METHOD OF DELI VERI NG A PROTEIN | NTO A CELL

CROSS- REFERENCE TO RELATEDAPPLI CATI ON [ 0001] This
WappBiigspt on claims benefit of, and priority fPONEG2008000151

provi sional patent application No. 60/924,092, filed

on Apri | 30 2007, the contents of which are fully

W&I i 0002] PELTVBRING rePRO TEE INFOTAECELL

The present invention relates
generally to nethods of deliverin roteln into a
CROSS-REKERENAET O RELWEKD 6\1’? fWNapeuti c

approaches to various disorders, dlseases and
[006Indi t Tassapphyationrdaing Ibameéitpﬁ@nd@hmer ﬁomf Ug. provisional

pategt GRAGEHLGRRO SV T 7% BLecioh T LaoT i sty i e
full;‘?ﬁ h|8 techPé}E y>bt v refd@f4] Exi sting nethods for delivery

ogl cal active proteins into cells include
physi cal nethods such as mcroinjection [6, 7] and
FIELB:OEEIZHEINWENTIQN whi ch may prove difficult to
apply in vivo. [0005] Ml ecular techniques include
[0062)] UTRE hRBerdfinnfontatates genaraifuc methndd offdélivetiRgB)protoin
an actlve protein for nediation of cellular uptake of
intotagell protein. The three nost actively studied PTDs are
derived from Drosophi I ia annt ennapedi a pepti de,
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conRAMdtE eherTtlivpryaife Hioldgical‘l{ﬁﬂc}twb @Vc&em istoraoeed], swthattha praein
with the content and distribution of positively

canprefprga its bipdogieal dwrrtign gyithina celBUaFQBEXE-n the PTDs [ 10,
11]. [0006] Another approach in rational drug delivery

0063@ € aﬁﬁﬁhhg Hettiodis I?ﬁccgarﬁ'veﬁ JFPEd18 ?éélﬁ%c‘ﬁv@ QRIbiAE mt(l) cells

ol ves cationic ds "and nmers. For exanple

mclpdxt qutstoﬁll fmtlmdsl suqhREInicton] paztgmt [éd7]mnéte&_qcﬁ9p%rﬂtéoraiﬂ 8Lt o
er ce .oni ¢ charge interactions [12].
Wh‘?ﬂ@“@é’ﬁ?‘(?g‘ﬁﬁb%’it tgppﬁlyd{z &"s with PEl nust be conducted
[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 a 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 (PEI)-conjugated proteins are able to enter cells based on ionic
charge interactions [12]. The conjugation of proteins with PEl must be conducted
under mild conditions to protect proteins from denaturation. Moreover, cytotoxicity of

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



under mld conditions to protect proteins from
denat urati on. Moreover, cytotoxicity of PEl,

weepeasxmbt y PElI havi ng hi gh nol ecul ar wei ght, BCES8G2008/000151
limts its in vivo applications [0007] There exists a

d I
toodic; eftire Prief e cs BRarER STor i B UaNEkiRd hotcin,
1nchﬂﬁ‘ﬁg D8 NogiddN %cﬁ‘v&ﬁbfem &M\So&f itz deN\VENTI ON [ 0008]
one aspec there is presently provided a

n1ce||e proteln Iex conprising: a nmcelle of a
SUNHWA)RI%QEIME[EI ni ¢ pol ynmer having a
structure of the general formula I-(W
[0008]Y- Zlhpm(e\Aéﬁéct Vhefe )sqpresenﬁy qbr(a/uiﬂdc&t mme],le—pr;éelprcgmiqu

havi ng a n aval ahle t lex with.t
commﬂ@n&r%%ie dpga EHIANBRRF g@%é’f’w efé’fav‘fﬁﬁ%%
weer't he mptei andagrdiéia,
°fﬂ{p§t%§%ﬂﬁft;:°¥ljélg a?negw[ooogmﬂ)ﬁbq}w Jener T s |g]r
the Iﬁ‘a’@in Tdvilig a(regwmvdlla‘ble & ¢anopelpe M ﬁh¢ wiagllpe dhe roteiB s

comtnfo s Shosbesde BE AAARR 3U Sh hthtA e
aﬁdﬁbé%@ﬁmﬁ'. [0010] Also in the general formula I, each

, Y and Z' is independently sel ected from
and not hi ng, wherein_only ogne XM/' L. g' agd é; is d
[0008]: hi Inghe apreralfomuna {, arRobMAX, Yand s igdepepdently selecte
ﬁnnigroup contai ning nitrogen bonded to R* or R". [001
] Also in the general formula I, each of Rand R is
i ndependently H, _al kyl or heterpalkyl each of R' and
RO is |ndepende tly a hydroph ic group; each of p

d g i s indepen ently a t eder reater han zer o;
nﬂ—e@n? N CH Nﬁ——i t' s
i ndepen tly anlnt Pgr atert [(0012] In the
p eI

resent !y dprovided mc rotein corrple , the

cationi ¢ pol ymer may conpglse pol y{
-nethylgiethene sebigate) co-[ (chol esteryl
oxocarb ﬁyl )

yl am do| et thyI l{} t yI ene) anmoni um
Cse . |The o ;

ollgopeptlde eptji de, a polypeptld , l.
protein, a- p_rot ein fragment, a protein ’c?gnﬁlﬁlhh,m%?@%wn
onl}féjt?é&‘WPK?Yeénﬁ'Z RRALHIBY alkBatéRt O W X, Y and Z is a group

containing nitrogen bonded to R or R’.

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

selected from

{ o—cC (C”%} { c,l O—(CHQ#
’ ; 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



active. [001 3] hi various enbodi nents, the protein

may conprise a hornone, a receptor |ligand, a
W@ e@BR883ISHpti on factor, a transcription enhancePCT/8G2008/000151

transcription suppressor, an enzyne, a kinase, a

phosphat ase, a nucl ease, a protease, a growh factor,
grogimcoppinisgdytrogen bended tRXOIR prot ei n hi particul ar

enbodi ments, the growh factor nmay conprise

Cal - - . .. .

R A L AR
or hetenqulkyd pedeh o€ ®Ytand R'T BAdddpeidently adydraphybiprgomipg each of p

m cel | e- prot.ei n.conpl ex further c i se an Vo
and g RdeG e_n%lﬁé%l gﬁe@?@ig&% 2 hénd SR T, S '
s’ a@ﬁiﬁﬁ&@ﬁéﬁﬂ&ﬁiyﬁﬁﬁ&%& Atbk@gh DN the interior of the

m cel l e 'or a pharmaceutical agent or a nucleic acid
nmol ecul e conpl exed to the exterior of the mcelle.
[00figh1 B therpressntlnprovidsdanicelle-protain pemplenctha cationig pRlyaet

a _nmet hod of .del lver. a _protein.int The
maf R eshy T B R R i B Gl
oxocaBph@imi dedy melslbizgstiefehepainmonige blorside] debhcdidie The

m celle-protein conplex is taken up into. the cell.
profegypap pe I aligeneptiden neatisls apolpsptids aﬁa@lﬂaggﬁ BiotFity 8

. C .

Do i o A, Ph e L bRy
actiexanpl e a human. [001 7] In certain enbodi nents the

protein is biologically active and retainsbi ol ogi cal

ivity after .delivery, intp.the cell. [0018] In yet
1003 h it Varliss BpmvogmasrE®. Yod bRty §Smpii 4k Higne s #8éptor
ligaR B2 HREEMH SiPfacod HPMistiiRbnCARRIdes iatghnk&ption suppressor, an
m cel | e-protein conplex as described herein. The
enzpings plsivese: £ phospbaieps sinuclsasentprotense Hegrowdngetosangantibody,
j.cal rher ' il
or OYRRRE St o bR HEP B tally i eron it mal oSpbrise,
Glistidegivb@peabeopic Cang| e cgteias protdie thayaoaiphisé tectin A and the
delivering a protein into a cell of a subject. The
antibady way cigpriphecenti®an. [ 0020] hi vari ous enbodi ments,
the protein is biologically active and retains

[0014] The presently provided micelle-protein complex may further comprise an

additional therapeutic agent, including a pharmaceutical agent included in the interior
of the micelle or a pharmaceutical agent or a nucleic acid molecule complexed to the

exterior 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 into 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.

[0017] In certain embodiments the protein is biologically active and retains
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bi ol ogi cal activity after delivery into the cell.
[0021 ] O her aspects and features of the present
WO po8nsiseh wi I | becone apparent to those of orBCTI8G3008/000151
skill in the art upon review of the foll ow ng
di ments of the invention
b1o (%lgﬁah}rl] fgﬁd%{)\{éw{nﬁgt@c{gg@manyl ng figures. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0022] hi the figures,
[0048]ch Inlyetatotler espebty theay isqfresentiyrptowided| ayphaﬁﬁt@dtﬂﬁ nts

corgﬁ)cisitl{]e (t%)ngg{seseg‘}g ?n éﬁ{] llgﬁ)r}%tp{rmqgtﬁéeoozs )&tﬁg e béd hz?élgl'lgﬁee
phatin@&duiiRAl RedpoSitibn GRFRLAXSE S0 B ﬁ&%e{cbﬁ’cf&a §c<tbe$)§aﬁafed
in triplicate. The Standard devia |on|s
carger or bars. [0024] Figure 2: Viability of I\/DA- MB-23 1
(a), Hep& (b), HeLa (c) and 4Tl (d) cells after being
i1la6 Ub [l ectin co es nt aln ng a
10097 ¢ 3 St AP oG erp et R B G
provam ycbrﬁgleﬁ andestibat lheﬁ?éln fEaddtiveang b bt AGin W atdéﬁt(ﬁ@ sulsy ect.
u% repl i cates. The standard deviation is shown by
et By ea[h@UE‘Q] Figure 3: Viability of MDA-MB-23 1
(a) Hep&2 (b), HeLa (c) and 4Tl (d) cells after being
b t / a
[0020F UDah Gaki st tduffddi& s #@ﬁ%ge?? ﬁs t&&ﬁﬁig&l??ctﬁzgghé‘ L hing

varyl ng concentration’o

biologimabattivity iafter ddlivRyND® thec@ES) . Each conditi on was
tested in eight repl i cates. The standard deviation is

[0 Oiq Ewn d)cﬂerearsr Ol Cts at&%é)& mecpéﬁ%ggmventlon vrvTHlabrecome apparent

di es of

to tMHéBf@Rﬁﬁdr?rshﬁﬂHﬂ it AthipRClekdwrodRE flen$ Qe P2 31
(a), HerG2 (b), HeLa (c) and 4Tl (d)_ cel

spegifigrsmbeginggnty of fhe INyseiipthin cenjungiien wih FORBA———— figrarps.
20 ppm (b) 50 ppm (c) 40 ppmand (d) 100 ppm

cond| on Wa Tﬁ(gﬁfgﬁjﬁg‘: %%N%ggjgls E?Il'ﬁg st andard
e e e e

the pregerdtaiveatib@n of a conpl ex between a bi odegradabl e
cationic mcelle and a protein, and the use of such
| exes to _deljver the protein to the interior of a
[00gg] i

ng}E'Q dt Pridigler sizeand gstacpatential ehRMMDFiceTEDs wer e
micBAGHCAH A bniSk] BRH doRdion Bk §%ed 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 concentration. Each

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

[0025]  Figure 3: Viability of MDA-MB-231 (), 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 P(MDS-co-CES) micelles- and
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Application No. 10/849, 498 (published as US

2005/ 0260276). That application relates to the use of
whe@daspsatdabl e cationic core-shell mcelles foPCT/R&2008/000151

delivery of pharnmaceuti cal drugs i ncl udi ng drugs

o AFEERMUALAN N Do) P24 LR BB

4T @) delio [PeMtIDSeso GEESQ Siag e aMatﬂacetl henc&ntreﬂicbmdif @f 20 pgm, (b)
mcel | es. The ners that formthe mcelles are
S0 pRIAGL A4 PRI ARy &@bﬁm PR T9SReGHBIYEN SerHheonjFining medium. Each

o SPGBl e 1 PR o

quat ernary am no groups provide the polynmer with a

DEDAIE EDDMESCRIPTAOMN t h non-neutral i zabl e positive
charges distributed al ong the backbone. The pol yners

[0027730 awBipadsantiBEthb@ shdadbhipRsitibasRsatetie féiamtibackhone
whi ch can be_ protonated and deprotonated, allow ng for

complex peswgera Siodegradable satipnic micellg aed 8 prateinand the use of such

oSSR Motz 0o 10 8

encapsul ated within the interior of the mcelles by
[0028% | uNowel cdtioaicchor@shﬂlltrhlchlﬂm wark praviowdlyr desgritseglsn il Patent

Aoflyatigphen  @es5aes (bl TREAoy” '0%%”%%851&9@13& gelates

to tBd ﬁswfvbwaeﬁﬁhh D¥icBGori@ Eo@%hél?ﬁ@@éll%& f&"ﬂhé’&él%ﬁfbft
dru hydr ophobi ¢ pendant groups on t

phannmeutleai drugs, msbxdggdregs encapruldted wrthmrth@ interioe odfﬂcashicelles,

t |t rou
B e D T R S
witlil fecsktdpivd of theldtcdRRSTRS S8l #rh6rs thatGbeh hedfiicdBesd#s BorBfosed
be readily associated with the exterior of the

of hﬁlﬁwgﬁwacnmeéhéma siitahydraphpbigypenpdant gistups attachediiq the
|
bac ta't ﬁﬁat ac bonegg?lédlplfs Ellflugl%g)g%ﬁg%&n?gh¥ C?A'rg%}ﬂ%& sSur ?IXCE

ammb gtd'ups preoidd the palythee méthtar il y@tioaildajure ssidch@t-reutralizable

thth ti h th t r surface of the
posiiveahirges BBl ot brbpne. poteq HESHApowen g giry
amih® gfdouf ?9 ARhE ¥hShdcKEEAE Which bﬂ?ﬂ)é‘ﬁ‘o%a&:‘d%ﬂ |d@15rotonated

structures, particularly in the case of biologically
allogdng fpe ﬂmpﬁlﬁnﬁm tovhaves buffaringteffectsintphysickigiopl @tmb@ml[elﬁﬂ
on the conformational folding of the proteln

[OOE%gt eij&@%lg%c%\rg)g{f 1{‘0@?06? g@zg%t %ﬁ%u%gﬁl ﬁ'ggst ar\é ?eadlly

enc&ijsﬁlatddbmﬂthlﬁ fhetintepiok Wtheanicelld’ lbﬁﬁ iB¢lasiag bes drugneith gied

not to be able to conformto the
polymer during assembly of the micelles. Many phannaceutlcal 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 micelle.

[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 contour to the surface of the micelles and electrostatically associate with
5



surface of the mcelle in the same manner as a nucleic
acid. As well, proteins tend to be quite sensitive to
w@pasnaaseent , i ncl udi ng m cro-environnment, andPEEYG2008/000151
Fenature under unfavourable conditions, resulting in a
SS. 0 | LYj .te these apparent
the c&ﬁ?’ﬂcfﬁ?&?%%c%gésé%%ﬁ %?%Eé”v’ﬁﬁ ngrs%?gi ns, the i g\eent ors
have now determ ned that the previously described
[0031]cel Ina®ntrasn, soteprsinsiynigd fplded inteednipbexoriuctnaes, pchidénas,

i ncl udi f ol [ ' ' ' i
ST T Rer e
acting}Jl i('g,) yﬁ;}% R ePiRicht dfhe chi®rhiidial Rldiak o tteQirbteihi Bréteins,

) r'retention of biological activity that the
everpwhérehavimpy ragissessgatetdiprge; do neidendtofayg she peay haresn

aisegarinse PHBEOLY "Remmiay ST npA REEI bl p Aot

surf&le) d VRS BikaIBiOthe 8hrh niRber ffiwicdnidiy. AbareliBpmiRang tend to
a commercially avail able protein carrier

. el / ) t hat
be quierpetisitiys te ervirongrent inglydiag migropga jronpeR, é‘iﬁa By denarg

of lectin A i nst | . i .
ol oSG P CR Sl Mgy, mae
appﬁ’bﬁ’t'%ﬁff%c?_[tie_s Ekﬁé&igtelﬁheit}ppmm thesihherders draye newg determined that

very efficient deljvery of . t ei into.. [] . whil
the previeusly SRRIOR BRI 581 RaPritegRPecyed MBIy
incch?lﬁg ?glﬁ?d,-gﬂﬁoéﬂ:ﬁ? e{cgifpgﬂftﬁhﬂiﬁt@%eﬁ?( has a variety of

appficatrons,”including in vitro applications,

research, and human nedi cal applications. [0033] . .

[0034{211 holige corecshelhmicelas mas b ua@iO tordelixerapratein prothsipterior of
.present t hods ang. Rl . ' '

T
Cytbtoglc8EHOA iHs ubQTHse, ex%ﬂllplﬁ%i propbia hheing dptlogicaliactivity, land is

be appreci ated that the nethods and conpl exes {8 not
denglgp@ﬁd‘éhY Egpmpleyl Sshowtielavaredtin 472 éﬁld‘r;‘gsfg e 8“3 Sgpore

1Ok Odl . Vi . i i

eftigtp e BioRilsh Pty RHBAR Poldh i dibCudipirieck
catib@ic 1. | Aewenghacpoixdity dfitaintA egainsteriiows ehcer cgllines

Wa%cﬁ!ggg g{ﬁlfe;,l@ﬂvérrgc? B% &brlggc%ﬁ%s;tﬁg@% ?&9]&%‘& ﬁ]i‘}i{:ulg,éthg Haesent
methSa BErds LU BRATRUEHyM bitpidhind e ebell Whié miaftdining

2delIvered. The conplex is then contacted with the
anytedlbgical ashiviththelpeotpinohay possesst d i anigel]e-preteiconyplex has a

conpl ex..i S. appropt.i at el AR .
varl PR ORGP L5 P oA e A B Rl
appﬁeggﬁ,g; osed and thus be taken into the cell,

[0033]  Although lectin 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 example 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 is to be
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t hereby delivering the protein into the cell. [0035]
First, a mcelle conplexed to a protein is provided.
wE@RNBELY micell es, as described in US 2005/ 0RPGDRGB08/000151
conprise a cationic polymer. As described above, the
delPRkeAYEIM Rt U RNt g i lohsn AT 29
groups. The pgem no gﬁggbtagféldﬁﬁt e E@é?%hﬁcﬁ?@é%%&ﬁwg%e
delevezad. fidhernomphex is appropriatelyfpositivelyaiharged layder agfiaprintar e
.terti m po . groups. The tertiary ami no _groups na
i opS U HRPL B o Reliler Grinssib ek el ana g be R agpip the cel,
thetdblyldeBMGid20hE BR1EARINBYR delive charge depending on
sol ution conditions. However, a hydrophobi c pendant
ﬁ%ﬁUp I.s attached to the hydrophilic main chain via at
[00394st Eirsh@rmpicelte emplpxed: te irrefen i providegk dixemplary micelles,
AYisatil S ] . per pet ual | osi.tivel
»® %ﬁar ggdh 3?5 oups/ i e%zqC gé%érgef}%\%hogurﬁ Iﬁojyrapro S Efscnéed abote,
the pelymier haga hpdraphitic paektbond eat tentsias kDM Cerb@artHeassin®f

erofjofarthF Ry PRl moleculq el TR T ackiome ofthieamain popoBs 7]

cha Sty it Bl T he LMD SROR biokop SRl BE B8Ry,

depmteréaigdmlep)e%dx‘ng gndhe[Z}g)Hginﬂumongt' ><he m$t pdsttijvegzphaﬁgb rdeg@mlri]ng on
onde 0 . , X, Y and Z' are eac

sol AR ASE R4 AT | over et Rerprhiits Desdenngh is el (e 7 -

hydrophiliic Meinhihath vib GO a%hibfncﬂﬁhxéjfe\t‘ﬁqry giﬁlénovzgrolﬁgsq cgr'weh%n&

not hing and at |east one of W .Y a grou
such ging groHpS teinerrsieally positiuelytcbaged grougs (i.e. f0@drhaty ainh

o J Sl dently H kyl het er oal kyl .
sofisdoiitial ind I HIPERRT Shioe HerBIeXeeRl: o ai ont or
branched chai n saturated hydrocarbon nonoval ent

[0086}i cdhe hatiinigpolpmitieast ungetdsd oflgdneral foremildpn at ons, 1
to 12 carbon atons or 1 to 8 carbon atons and is

optionally substituyte or ex l,e by al koxy (of an

(optional Iy IFMT%T%WEEFJUQW?%E%Q@%%—

trifluoronmethyl, cyano, carboxyl, carbamate, sulfonyl,
[0087] suW,o0aTeal®Z are each independently selected from

ICI) 0
{ 0—C (CH%S { L o (CH?%
; ; and nothing,

[0038]  Only one of W, X, Y and Z is nothing and at least one of W,X,Yand Zis

a group containing nitrogen bonded to R or R'.

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



[0043] As used herein, heteroal kyl is as defined for
al kyl above, but includes one or nore heteroatons
W@ ewg/i133shy O S, or the like) as part of the nBETSG2008/000151
hydrocarbon chain. [0044] Each of R' and R" is
|n gependently a Rydrophobl c groa’p [ 0045] As used

e| n, a hydr op Obl c gr rmnoval ent qr adi cal
rred b (fﬂ-% f @m y_rd) hobi c
r exgnpl Ies er ylactlc aci d,

poI y(I ac - ycol ic) lacid, oI ycapr ol agt one,
pol ycar bon te or Ra pol yphenol . 0046] Each of ;p and ¢

i s independently a p05|t|cye i nteger, for exanple an
integer from1 tq 2000, oml to 1000 or from1l to

500. 1t willy prieci at -(WX-Y-2)- and
[eachQ(W - 7))l (5 8'?% orﬂy arranged

al ong the pol ynmer] bgckbone and that t For rrul a

| does not necessatily inply that the m)aﬁl r?é’

arranged in bl ocks. [0047] Each of m n, r, s, t, m,
[0040] r inﬁ ‘onanfiW, X1 ¥ amruznendmmg ahdadd ldafBﬁ(ﬁ@Qaf W, XZ'OY’ and
,.greaterthan 0, for e an integer from1 to
Z' gﬁ%f?ﬂpe‘if a“?lP%H%tTgF%éﬁ‘g)eértogn Fd'eger [0048] In

particul ar enbodi nents, the polynmer may have a

[00t1} uC BACk ofR sHeme Eﬁhdé&hﬁéﬁt@ H ! alkstl%%gﬂerd%ﬂ{ryéf ormul a

each of p, g, n, s, , Ra R' are as
gﬁi,l ned above for_ formul a I [0050] In particul ar
[00424) o diArarsed heteine allsy] spfiess tqmstrﬁnght@r hrasich Qhﬂmesa@irated

hydg@daﬁfcﬁ&l mf)ﬁ)(fx}a‘télnﬁra,d i hi&r?gS 121’1] t}_:}.: Parng ﬂ'[: T’g? 20 L%F&’H@d? to 12

carlajmmtmnﬁ or 1 f®8 oarban htoms[dﬂﬂ SS?éptidihaH’ﬁl Eibseitit&d, for example by

nts I have a structure of
alk‘lj‘gr@?%ﬁ‘ ‘fP&PHﬂiyalor‘%%% DAl g P iOTOme sl pyage, D,
carbbxy[llcatbantate, bulfdflyl, of syl , R R, R and R" are
" Xydeflnegeab%vdgyfgr S‘?o(gnr%rfl&e : [0054] hi a

particul ar enbodi ment, the pol yner conprises
[0043] y{ Avrasediysreinehdiemalio isas sleﬁmdafbealkybab[o@emt eafhatey bne

or nfst8 ﬁ@f'epo%@%sa(g g(.jﬁ\l,e(s,hé/,l ()r tlgrehkéf as part of the main hydrocarbon chain.
[0044]  Each of R” and R" is independently a hydrophobic group.

[0045]  Asused 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 of p 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

necessarily imply that the monomers are arranged in blocks.
[0047] Eachofm,n,r1,s,t,m’,n’,r,s and t'is independently an integer greater
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bi s(et hyl ene) ammoni um bronm de] sebacat e}
(P(MDS-co-CES)), as described in US 2005/ 0260276. Li a

wW@a008i183shar enbodi ment, the pol ynmer is P(MDS- cRETZES)008/000151
[ 0055] The polynmer as descri bed above is bi odegradabl e
thaﬁ'@efdr% 01 8L.OUDPS
05 il ) el i B0 i ko HRLP LALLM Rtcger
fromndptoi $ohi | i cdue to the ester, ether and am no groups
| ocat ed al ong the backbone and t he hydrophobi ¢ groups
fted o t he. backbone at. am no groups al ong the
10085, i, 3 beRler SFBARHFA the PRSEHE TR HHE AULSES Oleseherm
fort@m POl yner to formmcelles, with the hydrophobic

groups tending to be located toward the interior of
the g celleand the, hydrophilic cationi¢ backbone

end|||ng to qe Iocat |ed tovvard _eJ:exterl r of t e
Q:e+0|—e( mhenl —Io(y»e)r-eg bH)J“rc——o—(cHzar

ol uti on. [0056] The degre *of substifutli on 'df the
backbone with the grafted hydrophobi c gFfoup influences
the total net charge and positive charge distribution

[004P1 t h&Fop &rywba isach o pf @maatti ns'off, Boawd Ri aesl ag definecdygmve
for"ﬂcH-ﬁhJ pary substituted am no groups, as can be seen in
or mu ae I -1V. The backbone is thus substituted with
the grafted hydrophobic group to a degree sufficient
[0050] al lopartivelapahyodiments, the polymes eddydtiveadtrhuid of\peféral
P gl 3ﬁpropr| ate cationic charge to the polyner in order
Otpyiagit ow for the micelle to conplex with a protein to

deliver the protein into a cell. The degree of

substi t ut i orﬁ rraybe Lﬁr exanpl e, dCLr om alpout 1%t
f

I 1 6 9
—shet g gh e LRI e o )

Al ternatively, the degr ee of substitution naybe Ipess
t han about 100% | ess than about 90% | ess than about

[00§@f/° FSﬁﬁ)rﬁ‘iHParIIﬁ B o f?ﬁg n, €8 %28'}1{%98 i af‘g {% %éffﬁ%& above

han about 30% |ess h "abdut r eat er
forﬁlbmulaIZS% greater than about 30% greater than about
40% greater than about 50% greater t han about 80%

ater t ut..90% The rcent
m%%ﬁr egl %zflpglﬁﬁrsw (l?ln?’SlntS APeP {ﬂn@éf%g ? %Wﬁr?gtgim%?l
formlatlér nary am no groups on the backbone that include a
hydr ophobi ¢ group substituent) divided by (the nunmber

oof possi bl e am no groups avaiyl abl e for sybstitut
llvvl ! h a dr diph roup I||t [ I igd b 00% 0@57]
J( < a?a%ﬁ*%@ﬁ@%z)ag hf TR —(cm%o%
m)l ecul ar wei ght
[0053]  For formula IV, each of p, g, m, n, 1, t, m’, 0, 1, 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} (P(MDS-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



sufficient to allow the polyner to forminto a

mcelle, including by self-assenbly. In various
wWerissdsisent s, the pol ymer has a wei ght aver agePCT/SG2008/000151

nol ecul ar wei ght of from about 1 kDa to about 50 kDa,

dud toaRe &Q&y&thér da8intifo ?ﬁ?g EISC%%BE Q?’gggﬁgﬁ%C%g%@ thDa to

about 30 kDa, from abou ¥rom
hydaephebicgikps graftebonto thcbackhgnef at amimdgratpSalkiatte baaltb,

B DR e Bl i b
hyc&@ﬂfbﬁid;%g%;/)d@@ﬂﬁﬁ tdbd 138ated towdrd @ﬂé&ﬂieﬁig% B{‘tﬁg %éggﬁegdr’ng%g

in US 2005/ 0260276 and those set out
hydgephili¢ easienisdiagiibone dendingitetiedpcated tosstardthe@ntieios af themicelle

Lons b dt Q. react appropriate nononers to
Wh%ej‘t%gﬂh%@phaedagée{%slO&eh&aﬁoyhﬁbcpﬁ?ﬁ%log backbone. The backbone
may then be reacted with an appropriate hydrophobic

[0066] eche degree oflaubghitution @8 tHelbatkBuak WHEN tha giifled AYBFHALKIE

of. g terti ary@gm no group on the pol yner backbone and
groupinllugnges the t9tsb petbatacantd positize phargo dissibutionsf tegpotymer

. Lf .G i i f or
by BB TR b ) B AR5 SO RRIATL B! B, s can e
seeninigprmaiacdtLV. NEtie bavkbare. is 0 Subdhituté@itanie graftdBydrophobic
060],. The cationic pol yner

erofft Fafesn PG I PLGH i nes e micelles A evidagn

ibRIJARENid Sh ' and
appggnd escri bed iiﬁ%e E;Sﬁgg’g%%g%&d%@eg@é%pﬁt@%e%é f[:oel | es

compigx Widlha peateip todeliver thecprbigindingsatelt. i Bie depoderifgubsitution
' i chnj S by, si nmul si o chnj qu
may ok Db SRR DS %pBlyatoft. SR dhabl Lhao Bbitfsive
fronmralyoud 0%etsiah o 096) fsin bbog 2% RIBEHMU L] AleriAlical] Bs.
i ncl g}%l ng by usi ngi di al ysis techni ques in which the
dogigg OF SRSENHEN Firer D sssdhat Stone H00%, lastsimn al 98K lesnthan
e 0

o A5 PRkl LRI i e g
abow{ 205 \geentes than fbent 259y greatsr tham abatdi30%, gecathe Siemi Abog: 40%,

S..2005/ 0 76 gnd.in the anpl e set out bel ow.
e SR BORE o P L BOGE S0V cpivs Eho01960% b E1e when
percetaRdsRiRsh ok torde Of _@ﬂ)@ﬂitﬂtiomk?ﬁeagﬁea Wk Kthg hefberdEZe to
allow for endocytosis of the mcelle-protern conplex
quatggpagy ZBip grerpaiondhe bavkbpnathel include & bydrephietic gerupd. For
subsﬁﬁ%ﬂﬁld?vidé%y &hé: Slllﬁgerrg%%o?s?blggm?no 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 weight of from
about 1 kDa to about 50 kDa, from about 1 kDa 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 8 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



cross-sectional size of |less than about 1 mm about

250 run or |less, about 180 nmor |ess, from about 10
woposa3mbout 250 nm from about 50 nm to about PQDSG2008/000151

fromabout 100 nmto about 200 nm from about 100 nm

o R RO AR e PRI DR kiR e

badkbbivoday tHeh ®eFeartdd with &n @f@]%n@te Hydvopliobic ﬁi’onicﬁler’co undergo a
Ref erences herein to a "mcelle-protein conpl ex" or
rean@rnebeéW@@sa nilogematonpal & Bdiapy gpEORreFomibe @olaner hagkbone
I to an interaction
%@ﬁj t og?m cﬂﬁéﬂ%%g&w%%gc nr}B l% is sufficiently
stable to allow for the protein to aSSOCIate with the
[0099¢ e| ISpecificaliy ersymmesﬁe nbehanisan &ot A(WDS- aomS) is described in

UsTRFOFRITR P 5ee. ot b ot e 200 TR =5 i e Bxompler

destfibgd Bi@ynteri or of the cell fromthe exterior of the
ceII becom ng localised in the cytosol or within an
anel le of the cell. [0064] As used herein, protein
OOﬁQ er Shesatiqc pelymsr mayhysdeasssanebled mt@al nug@@t Hidhe niinelte

s TR B ASRAG AA  RARBE SL SO

ZOQSVO%GJ’ZTB fBX&@lmml ble, mugﬂl@ﬁ fiaf gé@éi‘alllﬂloe frmed By?is@ﬂlutlon
r.ot ei n. pol ypepti de nmay be an ol i gopeptide or a
teckpiges fHalypig é@@fuqvﬁ%orpml@glﬁ ew&&mcwete@mw.aé arq knoxerin fee
art.1 N that it possesses a biological function in certain
bi ol ogi cal contexts, such as enzyne activity, binding
to a target nolecule such as another protein or
[006bt eiThe @@tmmp@lmr may beidesignddcsosms doiesi G essemblenintvemicelles,

It C alling ac it tra cri
incfifing fiyioéine Gl I PRgurof Bt heleftonit B Gies i diShved ina
sultﬁlﬁib soloyst stch egabelht Sitoti@filvert A€, Qﬁm@ﬂiylﬁﬁhﬁé(mﬂ'é) and then
cytotoxic activity. [0066] The protein will have a

dlale/&gl. agAInst WaiT o1 radseoesautisr selation,ineluding andescribed i U9
2005RDBy 7 L1H0L O M dhib B It} 6Ly e For example, the
orm a conpl ht

protein may ex W he micelle via a
hydr ophobi c, electrostatic or hydrogen bondi ng
[0062] er bt nucellosiaed e Buchathatdhs miiceties wheratongslexkdswith a protein,

ma e LG Ris oD R PPioPL B TR el omplex by a
cell [t@ Qbiidh G Eﬁ)telh s QTHRTelil e OPB! &Aaniplé tHE Mfe] 1@ rd@l'ytblé ofge

protein t is to be delivered intd the cel
crogsrseetesinal sieg ofilaseethan alpgatl ipne|apowt 250gea or s, abmuril80 Jam or

less, §gm a%out 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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such as a portion of the protein or a tag attached to

the protein. The negative charges on the protein allow
W@ b@spsspein to forma conplex with the cati onPCI/SG2008/000151

mcelle via electrostatic interaction. For exanple, if

. th t ' hort ali tid he. ol i '
iy R TR AP i o M BepyP i ar s s GYRsr e
withltrPOorchSelle@F e vellsUCh as aspartic acid or glutamc

acid. I'f the protein is a folded chain, including a
full-length protein, an antibody, a protein domain or

[0064]us dnussd dewim pratpia 1pfest teitiyoraynae Anioracidsliied togsther
o RS AL (RN AAELL b s BSUSR YRR 10840

fulblehgth pactkias a piotéih Eragiiehin araibintdoenain, @ aiftsion pdtgin.onei n
may be designed as a, fusion protein having a stretch
polypentide #epyRe HO %H?I&}dﬁi%éﬂ%g‘é@ci vely charged ami no
acids, for exanple at the Ctermnus of a biologically
i v . . . .
e R A T R e T
fungtiown esrtainchjolagicakbératexts sutheasmnayme activity, bindingde a target

eciated that gny nodification, including by fusion
e PRI P e il Pl B L RIRSHE o8 sdduent®
hom@@Rtaci @y cellgiealng adtivish @hihsdripRorl v aton aSsuppiession
interfere with the biological function of the protein,
activiiyeell gwi eraacilearlp regulatinng anti-cancepagiively of KEtofaxdeaqtivity.
with the protein that is to be delivered into the

[0d6¥] » FRGrBR x?il%a@@% rQ@Sﬁ o@g?ﬁﬁ‘aﬁ QP r&eflﬁtg%tqtg g%iﬁagle to

as"a portion o e protern a tag attac
forpr otanplex With thehiceilb.oborexaagileihaprotdiempy dbrai a cahplewsvith
the protein. to, farma copplex wth the cat.ionic.
the el wa iy diRPRO BT HE 6F BEdrEh DgACipEpipaction between
v TR Bmcgr&séﬁ%aﬂawé O BR RIRASEM Dhpl iRl Fhh@Hon i
the mcelle. For exanple, if the protein is a short
grovps gplebleiondhe exterien afgopmpellde may contain one or nore

hydr ophobi ¢ am no acids along its length, for exanple

nyl [ | [ ' f
Tod¥33"y thtrtier k0 XRRORR M i ol BHE! AP prat M ELLR e
delfweldd-ihngé belpied @otein Ay havé b aeckativelyhariged ordaionid) region
Sucg fusion protein, .the protein may contain_a region on

196 adertoncef the Profrin BF iag aitached:tojthe Protsiny pHabReat YR chagges
. ) . e
on RG-SR Bl 8L AERTE R S RRIONNE calpopteii
cledusiagicaoterstian. f Bei cxampiey i fthe prodein iga shostt eligopéptate, tei no
ongfﬁo'egﬁ%&gg@ Soniain %QQ g?&g?@ﬁé’éaﬁva?cﬂ%g% | %o dols SATR! ©

length, such as aspartic acid or glutamic acid. 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 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
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bi ol ogically active protein or protein domain.
Alternatively, the protein my be nodified with a

wWhywsopsobi c group or tag attached to the protRECHSGL008/000151
will be appreciated that any nodification, including

ttR¥mleHSd : i ' of I ttachmen

sl PO L ROag LIRS 5505 B GBS0 e

biologieai fierctombf thetpheteini ol ogi cal function of the protein.
[0069] Alternatively, in order to conplex the mcelle

0081 APt omay oreavirler BoParells ke geicndgaianto be
delfAFa 1A the BAL, ihdFroRiin 1§ hBYS BYdtoobic fe%ﬂmﬁsh%lﬁgglf 801Iti8n of

the protein. The pol ar or charge groups o
thepraseiaion adeg atachedtoghe peiteint dhé bydrophabapdgion ofi théptoben

tionic .mcell i a.hydr di i nt ti ..
e R e el A
intdrixeionwigoRsiHyideephabic peadir icfoudl exSselBh Ehd Xt or OF the

arged amno acids along 1ts |length that contain

.C . i O ; .
ml(iﬁﬁﬁc PIFAMPYS: S B Prodpians @shent oligopeptides theydigoprptids aray
for exanple

corfifBfe O mBRABREHhoB<HiRRe aSHENORR il Rinefy AfRixfiuple o,
phelfnylls}anline, trf/ptopleanpisoteaitine; ISuctEh_leEJ @ﬂdMELe.C b&he prdtéiidi ligI5lfondeda

ull -1 engt otein, an antibody, a protein donmin or
charp, f’lfé‘fdg?é] ) ?Lﬂff?fiﬁt% Rty AR R tpdirey ProgiR dpmaii arédigian on
protelif 1 PrbREEMAY cbRinPY h%nttﬂégur?l%e B?{H%rpr&rei Ghar;ged

due to the spatial arrangenment of polar “or é’har ged

hydseghabicaivie de thetspatid asrangenmnt of hydrephurbit hino athie apthetsaifice

. ' d. f ysi. tei n havi a .stretch of
of e e i e S S b o Do P iR » S oF
amifie bciix soTthifingthyiRhEbicihd h'cﬁd@,ffoxaeyﬁhﬁblhé)&itﬁ@tl—%nﬁﬁﬁé ¥

. protein or protein domain. Aternatively, the protein
biolggigalbpactiygiproteia axiprotein domain. Ahemhtyelndhepotain oraytheg

r ' ins _functional
R e R R R T
applaec'xdaﬁd_tthat @ycnmmi.iﬁd:aftiog/j ilnlclubﬁlgf&@/ﬁh_ sieh @%‘ @dﬁég&?ﬂ aﬁh’illib acids or by
nodi fi cati on, including usi on of additional am no
attaglent o hﬁgma??bée Fﬁgeﬂw“éff gf‘adw sqras gt ioraterfere Wislythe
biologieM! fEnMRndFME: Bt NOt to interfere with the
brol ogi cal function of the protein. [0070] Particul ar

roteins that may be conplexed with the mcelle for
[0068) ; vAkomegvely,dalordamnty cenplex ieanizellbwith thoproteie thatis to be

: (] Az i pti fact .
el R ol IE rbah v RanCE o RA-ere ehisprebsere an
portRMZf s prdtein Bi8S fig attadease HRIRERIN. AT AAE tharded groups on

rotease, a growh factor, for exanple Gial-derrve
the ]ﬁgmrbql}qybﬂ@ prefeingp forn 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, glutamine 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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cytotoxic protein, for exanple lectin A or an
anti body, for exanple herceptin. [0071 ] If desired,

w0 b@st33s5el | e may be used to deliver an additi oP@l/SG2008/000151
t herapeutic agent into a cell along with the protein.

Al tical . h :
or 30 BUEN et P BTG il AR 58 i ol
exdnoplerat the IC-iminne offh bldgicallyactes pirotdi dr pidtdifSdomain,
2005/ 026 276.,Alternatiyelg,,if t he pharnmaceuti ca
Altgmahyelydhe praten mayrbeimodified wi§anolar aieharged group &x tag

o 0060 RO 000 SR o U1 DS 009
bomi ddnot heaexrpter gonp.oft willderappeciated that dig madificativnn@icluding

h tein. A | el id anpd tein be both
R O Y L
be @bdedy ds @bt fRBefbtCw iR iHSiHI0 gicélnﬁﬁé’t!ionsd‘frlﬁﬁgx‘o%ih.c

t herapeutic effect in the cell. [0072] Thus, the

mcelle is conplexed with a protein that is to be
[0078]; v Regérulasmeoteing thaf maxbg coppiasnd with the mickllietfoodedivery to

I B e | ding.a . small_ nolecule drug or

o AMEEERGHRAE AR UnorhRL O R PRLESUL e
trarsdeiptiorognhahcernetrafisCigption duppRssop] dif drepmeONkiahdd, A ghddpBatase,
otein and optional additional therapeutic agent (if

a nk?fgeaé& LRIRSEES & Erol thfaciere fenaxamply Ghal-dasiaedmewspirenic ac;or, a
: j f : j t
cyt&tQQ%ﬁrgtEﬁ? §6r%khﬁgf3.le&fﬁe%,% aﬁ&b&%}? gﬁje%u i leaf%‘?eﬁgl . e

m ce may be optim zed to ensur ion
of the conplex and to provide a conpl ex having the
[007d%i r dfidesired, thehicele angydiearsed & eliver ayadditidriah eherapeutic

a

I rat nmet . Ip.certain enbodjnents, .a nmass
el PR A4 MBS mpli i Boble & Phigecgiisdt R pyeh as
a diigakdy Be iAEluBEERIBE int@Hor dPHE mieelle Bhriftg RAnSfion O tha BRLHILe,

5 or 8r,eater, or about 10 or greater, or about20 or

as depethedin Usy200560360279. ohlteynativeby, if the pharowceutabagent

. | f fficient
BB 5 AU T8 S AR K R P
hydsephohivalontwdnsy the phaymdveuticud dgan niy(brr il éXed twithhb §terior

onpl ex .formati on. For exanple, a positive zeta
of tﬁ%&‘?‘?ﬁ?é’i‘ thersgme gianpen 3 the Pttt Asuplrigacid prdg protein may; be

boti E‘&H%)le%edWitB eher@itHor %@éﬁ?fnicgﬁe Eyﬂﬂgﬁ I%Q$ Yilow %{)%ée%i °

abou 00 nV may be us to 1 fidicate fornmatl
targgiing el ordypengistip thescaripatiovefacttiméhepretit ei N and t he
mcelle. [0074] Once a mcelle conplexed to a protein

bS1 Pr QY| i ngludi ng,any optional. additional.. .
100721, 3Hisf e iyl 1 CopRacitl wifs Sfn Bt b PY Belivered i o
cellgaid optionélly avaddtional therapeutic agent, including a small molecule drug
or anucleic 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 cell conprises contacting the mcelle-protein
W@oplia3s9mi t h the surface of a cell. Wthout bRECT§G2008/000151
limted to any particular theory, the mcelleprotein
maybe endocytosed by the cell, resulting in uptake of
20 qrigseaircl] abelip? QeTgrRatel pp kot AP OB SteRter. g aboutd0s greptsTde
alloly %?rce?hkiem% Qt?tbl%%ﬂﬁpﬁf& IR atinS S8 tEatidi qhﬁ@fshﬁgoftshﬁ‘ace
protein rnto a celtular conmpartnment, such as an
chapeg@apbe usddustaarandasopaugatondes formatien.oFort dxemple, a

tert 1 i th b
posyiY6 £E PP ISClo BTGRP IS SBP U BT EEFaiFin SoBHBEOREY 0
abogigzyg@nsr ﬁaﬁ DoLOYd B foMBoGOMRIEY he BS6RA% farmd he

ofre, thus releasing the protein into the cytosol.
forh8AGI afilappioptihtetcomphaxdietwéna t& prog¢in apd thegniselle.
delivered may be any cell, including an in vitro cell,

ell.in culture roan in vi.v I i£ hi.n: .
10024F o Dpod et imaRsef o hBrafii s el (i amy optigpal
additiahudespeutR dg@in?, th€tomplex playhal detiverefl te € kélbtoatlloav for

popul ati on of cells where context permits, unless

uptakelod the preteirpiat thegll. The cell may be an in vitro cell
including a cell explanted froma subject or it may be
v L j i o )
100781, Dty ool BofpfgoBiactind it lle pb RAEERRAS Wit
the swficef apell.nWithout/bding Eimiteh v mysparspdai thewd, the a0t le-

brotgih o B 1Oy e GRS R CE T UACPLRLEROER
con%ge)@iﬂw@k ckMCOWEL RSidR (HEEEIBthel JORIpik Mdy iskusis, relefidSihe

hen delivered into the cell', thé protein may retain
profeirsintsi otdlyilar abmpariments suchia agepdosemed d8 ¢hq endasune wbleagt

skilled person can readily.de ] e (ST
somfing ik St fup Dpetp ARk BEelr b Eal U caucine e
bred@bRAGT tikchdossihaliretBbrand Nl altbwigg thet@hipleketoestdpefrom the

nmet hods, i mmunoassays, and fl uorescence | abelling
endpgoanm thjisasleasing fheiprelgingatodbaciastlal so readily

determ ne whether the protein retains its biological

ct Vi w-1a Mol Walal :

oo, THE o RS ACHERIFIS LS Bty B bl i
an mhetreedll, a cBlbin eltimrploe aniid vike nels withit 4 sibjset.i ‘The tpripé'cell” as

e ey RSB RGGHR 515,A BE Rghor
cellP AR ddntdxDpérdfisNEnless JiBerivadisptahed. ethddulisabvbean 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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[0079] There is also provided a mcelle-protein
conpl ex as descri bed above, including a
wWOorRR@8l183s9pr ot ei n conpl ex contai ning an addi ti oP@l/SG2008/000151
t herapeutic agent. [0080] There is al so provided use
of the above-described mcel] e-protei ]%gggl ex f.or
protgig defestipp gethnds grsmuogssens andsleqspycencsylabling fechpigues. A
i q ' ' it JeP't frelas it ological
skl R TRE D R BB wioficl PRIl iologionl |
fundtioh@ravided therd existuialdinert whadirettess for that particwlan/biolpgical
cell in subject. [0Q81]...To aid in.admnistyation of
funfgwemlﬁ%%@eqqﬁe- BF 8%6&%1 S dbKiARA 181%1538516258?69{%(;
h %ﬁm 18%orRY 1081 § OB lhAdteid RSy B eIl &Pb&TBle dnfl after delive
pho arrraceuti%al qon‘%?itior?.:i‘@?y 0082] Therefore, there igy
of ther preteiig dncludihg nsing eadiolabelled o atei on conprising a
m cell e-protein conplex as descri bed above. The

r eut.i cal _co Siti . [

(oo f Ry ARG % pl A 2 sbliie Ptoih MBSk o BB dogue,
inclaiiap AaeiRLlld-prdteif OOtk coMainifyan aiditional therapoitic agent.

pharmaceutically acceptable concentrati on of salts,

buf feri ng .agents, . preseryatiyes and.vayi ous co .atiblcla
[0080} 1 here ifgko providegrine obiealpyeAyribyd aicelle profbin complex

Lk bl adrfsddinfcdle-protei

for %%#ggg%%gﬁi@gﬁ%éﬁé{ %QHF%%%VP&FM pr opcc; r t.ei %rr? eé\r;}d
complenforr the ménutfimunp fvf p mestlécamicohfor Yehvaringtthe bevtein finte el

. carrier is determ.ned by.the chosen route of
mclg%ﬁxgmiepligq F@if? apdmge ioBH i § §M Ct%'h bi ol ogi cal |y active
proteins if appropriate, and standard pharnaceuti cal
[00B1RCt Totid {rOBdhistthtorpdtautig atitédkajrorinEaspltt ana sfjedyehe
prepared by known net hods for the preparation of,
conphery meax: beforantlated ascandperedieat Bonplsamascysal compasitians or
adm nistration to subjects, such that an effective
un ; N . ..
R S R e e
micele-prateintcomplexi as idescribbd ebaee (Fhie phhinyacgutiea terbpesition may

fuﬁﬁ%%gllgge B gﬂaatg{?{c?e}ﬁ% v g%%gﬁgtq{ﬁfugﬁcﬁg%lfrfe}g ﬁgg f)%%]rﬁ}aceutical
conyfitRflrha ProRHREIY bint A PHaAHaJdEH QI IOAHRLAS cREBIRdtion of

effective, osages and for periods of tine
saltpdusfosing pgends, pedsewedvespad yespysepmpsasiblercarness. Brtlogns of

o A1 e ot B sl

solMpl cl es are described, for exanple, in Rem ngton's

[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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Phar maceuti cal Sciences (Rem ngton's Pharnmaceuti cal

Sci ences, Mack Publishing Conpany, Easton, Pa., USA
wa2®Bi33sen this basis, the conpositions includeCT/aG1e8/000151

not exclusively, solutions of the mcelle-protein

conpl ex, in_association with one or nore )
megsp AR AReBR: gtfestivs ahdesegesmddoypariads o tmie ngressEy tQ achipe

' i 0 by ' it ' nd

the §QREALARH, toP cRifhpiElo SAE ot fo3ne Wrk@ seff of 1P
popolatiomavithircthagulijeetns of storage and use, such

phar maceuti cal conpositions may contain a preservative

prev. t wth of mi i .and that wll
[00bS) ht Siftie yHiEs Sfi by BLARHHRR i Rpmiplin ! A"
PhaRfice8icat Sicleh 88t (RRnfifiBoi@E PhivdidcButtdaPBtiBaues Magk PtilisBing
sui tabl e formul ati ons. Conventional procedures and

CompegyeBastort, Paf, SISA h283eQucthishasiarthie perapesiiensdnclyde, albeit not

ui tabl e formul.ation re . rihe . i
exclivbfier e Gt g e Pl H E IS b arpdfiadEATRA fpe drmore
phah@tegScdliyalceagaevéiiclther dikichrnald dontainddan puffelSidl@ibns

) NFlg'%g@PUbl ished in 1999. Alternatively, the conpl ex
withyg gui q@ﬂﬁ@ﬂlwwn@mcﬂhm@m@%ﬁ@m&l y close to use
by m xing the mcelle and protein solutions, wthout

n : | hidestieg ed
R B R
congositinnstnay edntain apresarvaiive te pfeventi the grrvdh af mi¢reongeriage.s

w0 B R S L B SR8

art Woula kbW Hwelogfepaie SBBld folfslafbikh. ATEAERToNAPFRBEAINYs dnd
deliver a protein which may function to alleviate,

ingned‘wms\dfer, theiseliegfianeandanrepargion of suisatde formptatiops axgciepcribed
spread .of, sl . i

o BRPERE S ondh S AP B OF PRI PSP T gla S o1
Phakrfifdopida; TheNatiendd Fotmiplaty (UIP24NFi 9) guplisifiedan 1999.

R oS e A T W
mix t‘ﬁP oBan aﬁﬂﬁ)t 8@{:@@?){ S, WitoRk tHeRieed forPresth@Bives.

regulatory co Yol 0 % e enzyne or pathway is
interrupted or inhibited, the activity of the enzyne
[00B%] i nVhenaudniinisteiasl torasatient; thermigelésspiotain epmplediis ease

e R Bt L B TR o

to aSHBY €L Hesiia ryalty Foe BLaaHIBhe hicalRyprb@ii @npleushyads t he
phar macodynam c propertiesof the mcelle-protein
admjoisisraskin quaetitinsdad gpsagepmencstarylol dshiver %fog‘é‘é whiehananh

fungtyo% 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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wei ght of the subject, the nature and extent of the
di sorder or disease state, the frequency of the

W@ e@ausasnt and the type of concurrent treat meneCT/862008/000151
any, and the concentration and form of the

m cel |l e-protein complex. [0089] One.of skill ip th

of the WiiceHer PERIPIBI IR, mexs Frdpiipistaiagy e seisalib AN he
. J i i e

e RBIRL o diboSRRIMAR O (BHBRAUNR AL JRRLTE | as

frequengyi ofehle treftmentdindghetype o€ calduniestreatreeioif apy,cindtthe
subj ect . T%e efff ective amount of mcelle-protein

congentrafiag and orpof fag miGelRPHERAPPISY | 'y and depends on
the maxi mal anount of the mcelle-protein conplex that

[0089] b©rR@GTLKlISh ettt Sl Rketmiddohe ¥psroplidie amidth Based on the
mcel l e-protein conpl ex adm ni stered should be the

abow¢ feictras. ‘Bhoeonjugatemay b adioinistensd injially e supgelemount that
09 The phar ti.cal i fq .
st 08T RUPR B o AR SRRl it e
effedapentlong ofmitde-seledristplentirtbadetadiined anpisitalbnandas
wi |l be understood by those skilled in_ the art.
deprpsls-osythe megimal emeugt ofrthe apeclie-prptem saugnley fhpt pan be
. . g . : bl , o ; .
R T R R S T
shouldreaké miimimabémbtwe that\ypeoduicestheslpsited raghii. ni st er ed
surgically or by injection to the desired site. In

tooBp] | HBE PhETCRFEhr aa T BTE oS pdmBay AR B £
varief}} SEAROEG M dink Bh RSO Ue oflaimihikteaion] &Y witl bon
into a targeted tissue or organ etc.) directly at

undgestdadery thpseskilfeddn the arh Npp-ea Fruterctrs gerfersith pa@églagwéf a

. further .e 1§ . i .
viofdliye AEkR: FGORE bt YR Rhed R b S0 Blbm with 5o
midene-bl’titsingbﬁiljﬁlﬁxe ,THlelebtn'pb sifionas thedevknsien araydeadplisistered
ani_oni ¢ bj ol qgi ca active protein t e delivered
surgigglly ¢ bydny ectigrpio @%é@ﬁ“&d sgfe- STeNSRACERC $Mpeen
co t}ﬂ)%ﬂﬁ)ﬁqs 'Q%Jn%?«érégg%r iR barkiem9f subSah&hSE), ffravenously,

f
erapeuti cal i ve substances for human cancer.
intranycuddrly bg dirbetvirjeckimcinide thrgetes tédsiig pt grga etgo daeetlnafch

desﬁrg(s gi e(.)xi ¢

[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 in vitro systems. Cytotoxic lectins

isolated from an extract of the Korean mistletoe (Viscum album var. Coloratum) are
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Korean m stletoe to i nduce apoptosis in several in
vitro systens. Cytotoxic lectins isolated froman
W@2108a8359Df t he Korean m stletoe {Vi scum al bunP@E8G2008/000151
Col or at un) aregl ycoproteins that i nduce apopt osi s in
t uno e ort have
e <GB Baoclppp Rt o CeRIAERepPE: b asoris tha
Kog&hlrgisfdoe Iﬂotln-flI‘TMLSH bhﬁomld%lmalwb&w[z oM PLsiable to
death of WA37 cells via activation of caspase cascades
bripg phoyt epeptptiodraiiceiidd7 edisivia adtizationeefaaspage cascadrsd4].
species of V. albumis due to lectin A which bel ongs
gyt he
100441, ¥ A4 BBet LUARSOHF D6 Y SHeb oPEPABIATs il gl a,
whiich, beBings TdY&le(Iﬁteal yibosoald iacivhiivgprdteiia(RIP W)} onsistig of two

displileriihed REotcie SRV LT cH DHe CRAIHIREY St YroArPR B BUERNA
N- %lﬁcésﬂfasg gélﬁg%dtl@]a’ces T r?ools&ﬁg 5ztc ﬁh?thg ldefi &H{a'uBg off

e translocation steps of 'ar ttanslation during
adqpinet 2 positipw 4924 ingbe QS&nRiNMS] l]?hms leadd tb thkedistuption uf the

gt b el Rt R Byl o Salhest A in B85

defiRdtate the transport and targetl ng of the cytotoxic
A-chain by binding to the glycoprotein on cell surface
wi th suitable carbohydrate residues. Lectin B also

[00915dy s Tehe conpisrragal 1¢<6ineA4 the Batiain, daes 1 pesresssditsstepieteric
oA AP B AR B UG By i

bindfnfgeto e @jfd:c@lrotei‘n dmllkmﬁ’acd withstiesbld cHroolsdtdisresidlues. Lectin
O The isolatjan of M. ||l from plant extract aqr
@#&&GEXPPHWRIP% 1p ciBiRihe sHeteABeN iFDalitiionod the A-
cheﬁ’ﬁ (f1a eﬁHM}Jt(?s‘fs RUEHIPR 1?5151? B8 ¥R thfikit itS @ﬁbﬁ&fcaéfﬁcts after it
scal e-up "probl ems. Hence; the present exanple provides
hassheem importeslintpecells &4l e and conpetent carrier for
intracel lular delivery of lectin A [0097] Materi aI S

[0% Nglt&lgggckﬁac}%oc\%g\lsﬂgfogﬁfc@%rﬁ eﬁgﬁé gﬁlﬁ %%o ) ﬁtlugt{: via recombmant

methalioebaipysded Ay aBYsubh @b BRkRGTCRhrifidative hsd §ddle-up
S ngapore. P(MDS-c- CES) was_ synthesized accordi ng to

proplegisy, ﬁﬁne%éh%prreé?ﬁs P#@HPIS mmléﬁ;wwltpm}we sirlle @pg pompetent
‘Ml thyl formam de (DVF) were
Car%tyr%ﬁgllg%del¥ rom Véﬁg)fq%mfg% USA. Di al ygl S %Juf fer

used for mcelles fabrication was self-prepared using
[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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sodi um acetate and acetic acid of ACS grade from
Merck, USA. Unless stated otherwi se, all reagents and

W@ 008233587 wer e of commerci al grade, and were UBEHSG@H08/000151
recei ved. MDA- MB-231, HelLa, Hep& and 4Tl cell Iines

el e L B s LA AR,
%‘%ﬂ W&%@’%}l}})}@eﬁg’%&d bvﬁ'thl-l?)b/pﬁa‘féltcélf lserkmh, 206 Uﬁ‘ﬂﬂ Bérﬁmﬁfﬂ\ﬂnd 100

la were supplemented w th fetal
/Lg/nﬂi Istfrepkmnwm (HQOlouénﬂJSAerlonﬂterﬂw wiasl puehasgd ftom Genlantis,

USSR fror e e dnodac bl I Da - ety tpigzol-
-yg @S-Hgﬁﬁ ﬁﬁ%&ﬁz@ﬁu& Hr&%idel{MTWas obtalned from Sigma, USA,
Dimet hyl t hi azol - 2-yl]-2 &Act etrazol i um

Whlbhams aeed( lmphpspha@ “Totffeapchending (BRS ,37}@716) witlsa, congenirptioyeef 5

it e B P BTGC: a2 HiC s g rrBi g ke tridadh

cryfthlstered with a 0.22 mmfilter to renove blue formazan
cryst als. [0099] Preparation and characterization of
SI\/DS CO- CES) micelles: P(MDS-co-CES) was obtai ned by
[0099] hr é’eregm@pogynﬂw@grasct{:umnonmfrPiMD 16e- G miqeHess

P(I\RBE hé/s o%tagﬁéhelgfgmr&? st?@ ng-ﬁfi‘és?s) lgﬁli%}’?% 'thevﬁﬁm chain,

pr o uce ensat I on po |zat
polg(¥- ﬁi%ﬂfy]/dléﬂl&idaﬁﬂﬁﬂ @thfﬁe)&BN’]D&)bﬂz@S)piodﬂtﬂdijy cdmdeﬂt_satlelss
triethylam ne was uscij%orem)ve %{ nd
POlYmﬁWatlﬁflé’FBYPS’fl omeBryldigsanelapingapd xcess

Ak Ga E luféarﬂ) %rﬁ{)]@é' dl:l%%gch\i‘@?deainhqmg pfo@orfaﬁ@ﬁ tof Welt&rtiary

romoet hyl am ne romde 1 n an am dation
ammealfd extpcholéﬁtaeylrcbkubfommgtehWraﬂpmb tereatt-Wizh Brboeomeethylainine

r bar, hol est I t hen,.gr af 1t
b dFHaptn ice SO OIREERD! Thenarean Pl RdedFonariy
car’&fiﬁio?l &H&&w& WastHat Sfafed ohioGhe hRB6PIIRAPLG(MDL ai n t he
final product. The main chain was a pol yester, and the

me‘qbe'hhl%th‘tne@mmerﬁebmteémﬁé@ chyge &ﬁw@ 3 qumeémgn Teagfiqn to obtain

ol AR B85 SUUSIAN BB P

pot&hﬁﬂlltg,r h&ﬂr(ﬁ%caﬂ’{/ MBSe @Pethird) grbqﬂ; een\dem@ﬁumblggmr
nmol ecul ar wei

doggasops ?b%fl%gf?fyoﬂ o} halstleatl sratini g ABa A gy MJRF-co-CES)
S ST P O RO A 31408y
of B7 01s nheasrﬁreﬂ)bﬁ ,geWﬁrmhatwaschnd)mategraphy al dprepars ithe eagiohicane

mleMll lg Onnqlg g‘f: Hﬁf)s -CO | 8Eé) \%gsg dl(s)goflve%fln?So(P ml c?? D e tlcr:huxgvnas

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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Laboratories, USA). The dialysis bag was then i mmersed

in 500 M of 20 nM sodi um acetate/acetic acid buffer
WORR/1p397. 6 at room tenperature for 24 hours.PdreG2008/000151

di al ysi s buffer was replaced hourly with fresh buffer

t he rst 8 hours during the 24 hour
ave?a? el{la ue@ P]r S%’ﬁ%# of the dialysis process, the

resultlng mcelle solution was then filtered through a

[000002 nm MitélRYleétin Al @iiplex RitMiatioRIRBEHBInARTENR A 35&Bin

gates. . The mcelles were characterized wth
thig @%fb'ews kept iy oo Sptheiugng thespwenmentste areversidiguption to its

st RirASkARE \g'aﬁg'éd%é/riéghé}aéukéggﬁan gsaﬂe%{ qrhacs%%g dﬁ'g& Yo  sodjum

scatterl angl and eqdr ppe
acetaedmeab aGii®ufifer 4 6O MibslketlectineAtcomphixas e thdiefieméSby

o G AR RSE & Aoy BIo{Ry Selpfion in varying mass
rath @R hﬁ!{é %‘énl 19. ThEQITRIEX sglﬁﬁm&é)l?:ft tggﬁﬁggf %@g'f te{nﬁ‘e‘lta'tlﬂe

used in § study was kept 1n an i1ce
for 6& ainyipebéinrerheing chapactariend anll Btiogtéedrintocthé tancer cells.
structural stability caused by tenperature changes

10068} o ACYBEpNibEP SeuR LRGP 1Rt MDA RGN el

cellﬁ Wefﬁesiaebed @dd 0ogvdihlates esdhdishsity 6P axed* BbeShdr &veBOhnd i ON
g protel n soI ution in varyl ng mass ratios, and
cultm

nd 8wl of erppdh wﬁm%if heilaies werewhen tetrned to inqubators
for in h6 Q9B LR FHAL 8('5]' | rc]j)rﬂ{ug géfgfg he ta? rﬁsrtleatlgﬁ o?%we%l_e/lectm

characterized a troduce nto e can

A c{)mptbx&l]wmntthe dasieidtegll sonftlyencyeaédoackial, ehe sJidEl@t-gVEw&B 1
nd 4Tl can cells re seeded onto 96-wel |l plates

me vmava&éﬁ@w pmpach g ae@rqpéacsé withel Q0 ul o theqp-prspatesd

comp s oD Bticbd *&éﬁl‘%?ﬂ*‘#‘%ﬂ i Bo oI Tnd Bugppas

repleeadf witte fresh dref The plahes vaateriheh sttoated am t}reflnmb(a&irlaﬁdl ectin
. I d d_cell fl

maiPla R G 504 @GR Spro%ﬁ%shﬁaqh"me onetdoRe mgteach

replYlﬁJcels Ahge eﬁ@ bRGRS oY Tytger QQL tlféfcu;tnlee Iﬁé rv%é% Vﬁ?%e \ﬁléh

conpl ex sol uti on. ours 0 |nc |on
100qd opfrestermeditimeploe2ld uhofidS TrsehitdacThewplates fvweeesme@ f@urmnéd o
plates were then returned to the incubator and

the WﬁPl?ﬁt%f Fnddanaiptaigg @op% GP2,3787°G, cf@r pfugthys3 hewrshlThe gTOW’th

%& g&as\‘g@lzf ’lII ﬁlif% Fvie ﬁ)vereﬁag Imdé&ﬁ(i H @P&&? was then
addé(ﬁld caciletrelMtd BisddiPe tHe 1@tfer1fa[1%%tﬂﬁ@'fb&%d%ﬂ &ygfals”kn%thﬁ@—t-%f

solution. The plates were then returned
100 pul 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 to lectin A mass ratios of 5 or
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the incubator and maintained in 5% CO>2, at 37C, for a

further 3 hours. The growth nmedi um and excess MIT in
w@2wh/1%8hT were then renoved. 200 m of DMSO WeGT/SGzN8/000151

added to each well to dissolve the internalised purple

f t_of. 100 t.aken f
belyy R RS dipolydorat B Pt BhesS ly Sutdaid engrtan Sleoh &
andih8sB8 oWeHeDalthdds RRRAYEHoakred T aﬂbéﬁsné @ﬁtmtee@q 60 nm). At

wavel ength of 690 nmusing a mcroplate reader
magsgiies dpve Sxthe Bizg-of éhe qoman emﬁn@meisl@tlvemmﬂar at

cr yst.al re .
ap I{%g’gg{a%g?goe@hose a Z?@QO%%I@U Sr ac yto 3@62\/\2 lgfhcg%g
thafiiin thdsaéndse fatiob Sedtil & vesprabsRdemed an@ esaplRkedwithihd he
absor bance_of the bl ank. [001 02] Results and
migslles (Jhsisanll e ang ppsitharee p@ﬁentz%hqf e omplexcs rendlered them to

As shown in Figure 1,
be 1%?@@{%@%@“@&%; m @el I es had an aver age size of
140 nm and zeta potential of about 28 nV. At |ow
[001i04¢| | esClytotdxicity nf RetinAs miatllessandfmizelie/leetinvg cdrnplexes:

Cy@RtE R S, et R bicshSeh AucomptreE S Rrgeed
agadgst MIDALMBOS 1f Bel £NAQRYL /id £T URIR kﬁlém&xﬁ@mmales PossERE

rati os above 5, the size of the conpl exes renai hed
non-gdleative eytptoxiigiyl whichtinergpred sitheinetegsing closm:m Wmferet pelymer

I n_.2
corf R ol M5B AR BE 0 s
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[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. On 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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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 biologically 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 good
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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mcelle of a cationic polyner, the cationic polymer

;}a\\l(l 2? o- a E&% Bfgtté’iﬁ,ethgf 5&8 H%%%‘fn faorgg% ?ealulnablet‘r% cogllpoqxevlwljih the

havindigelle; r egi on avai |l abl e to conpl ex wth the mcelle;
the protein conplexed to the exterior of the m'ceIIe
via an interaction en the protein and t

pol yner; s o Iﬁ’tf‘gﬁ% tha extes et Q‘lqmwelé%xﬁ agfipipragtion
Y ag%eﬁ%elﬁ?&%&e&ﬂQHékmyﬁﬁ¥ .ected from not hi ng,

wherein only one Y dnd Z is not hi ng and at

| east one of W X, Y and Z is a group contai ning
nltrogenWﬂi@WdedngneFalcfomlaIeach of W, X, Y and Z
is independently sel ected fromot hing, wher ei n only

one of W eaclt of VO(, X,a?' dan&Z iis §n&8&meﬂgy sagéj[ec? %roﬁeaSt

S
l

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

; and
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eacﬁ of W/, X', Y’ and Z' is independently selected from
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one of W, X, Y and Z' is a group containing nitrogen
bonded to R' or R"; each of Rand R is independently

woHR200811838b7 or het er oal kyl ; each of R' and R " iBCT/SG2008/000151

i ndependent|ly a hydrophobic group; each of p and q is
|ndependently an |@teger greater than zero; and each
ofm n, r, n“ S! agt S

|ndepende tIy an [ tegp great n 0. 2. T e

m cel | e-pyoterf @ —r@i rein
the regi on of the proteln va|IabIe to conplex ith

the micellle is a negatively eharged region, a p | ggnd
g1 on Ohordirily #hERAARIS ohest W1 xSy Lttri%ms it BA@ LA
conpl ex accordlng to c aim 1 or ¢larm

cat i oni copvPWEX'c¥hgd £'ds a guiup{contatiiy hitiogénboskditan B or
sebacat e}»¢0-[ (chol esteryl oxocarbonyl am do et hyl)
nmet hyl bi's{et hyl ene) anmoni um brom de] sebacate}. 4.
The micelle-protein conplex according to any one of

clai ms ledch 3R aMdeR'ds hdepeéndehtdf Hi AlkiSordetepbdlp@pept i de,
a peptide, a polypeptide, a full length protein, a

protein fr rotein domain, or_ a fusion
pr ot ei n. %’ﬁ%gﬁg &Ft%ﬂ?ﬁ%@@ﬂ%&ﬁ*ﬂt@@@@@@mng to

any one of clains 1 to 4, wherein the protein is
bi ol ogi cgdchwf ﬁ%ﬂlﬁm %@nﬂl@&? ok ep Lk fhafi 2ER); Gd
according to cl a|n15 m%ereln t he el n conpri$es a
hor none, a receptor gand a transcrlptlon factor, a
transcri ?ﬁch@ﬁme ﬁhlaﬁc‘fem i, 1, ishansiaf ispndepandanpipragssteger an
enzyne, g_ LN@sSo. @ phosphat ase, a nucl ease, a
protease; a growh factor, an antibody, or a cytotoxic
protein. 7. The mcelle-protein conplex according to
2. C| arl hn Bicalie paitein tchmpipxaistdrdfnpad el mpwhefs the region of the
1dbelr|ved euroélcnggl G factor the cytotoxic
PfotﬁP’otVé‘t APle Sporley withdhe migelleas,ynegativelychaigad resom @insly
regiof 0§ 8 Bl h&m;l'ggem{n celle-protein conplex according to
any one o? claims 1 to 7, further conprising an
addi tional therapeutic agent 9. The mcelle-protein
comeanicglieprodein gomples| asFordRig toklkaimilror chema aibieraim de

cationic polymer comprises poly {V-methyldietheneamine sebacate)-co-[(cholesteryl

r t

oxocarbonylamido ethyl) methyl bis(ethylene) ammonium bromide] sebacate}.

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
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therapeutic agent is a pharmaceutical agent included
inthe interior of the mcelle. 10. The
wone@eli339pr ot ei n conpl ex according to clai m 8, PEIBGHEI08000151
the additional therapeutic agent is a pharmaceuti cal
agent_ or. nucl ei c_aci | ecul e, conpl ex . .
compen i BreR b cs S B ) SRTR B b Byl fecin
andf&[e%{q?ﬁ'bﬂdﬂr%rﬁpﬁs&%ﬂce gQypri sing: contacting the
mcell e-protein conplex according to any one of clains
1to 10 with a cell so that the mcelle-protei
8. corfificanicikic-prakein corppieKpECArAiaE é@ ARy ongot IS lp o Girther

accordi ng ..o _cl.aj . rein the cell is in vitro.
COmpESIgE aﬁé’?ﬁ%’8§”§?§%‘gﬂé’f°ﬁgg?b claim 12, wherein the cell
is in vivo and the method conprises adm nistering the
9. m Cﬂiddrﬁican@pﬁitfin complemactadmgso bjabu B, whereinTthe adeitinod
according to claim 13, wherein . the subject is a h .
therapruTISEORdE R OGN SRR HEG S et e S
14, wherein the protein is biologically active and
10." etﬁ{é}ﬁm@h&bﬁﬁaﬁ bmP ekl abbdrilingftb @lairl @, iwherein thtadditibeal
cell. 16. A pharnaceutical conposition conprising th
theniqmﬂd1 agemisa@hmmﬂo@kag@@t@rr aRurlele acid moleriee ?ﬂmglﬁé‘?
taQ 17.. The pharmaceuti cal conposition accordin
the??&é’&?%?ﬁ#‘i%?“l‘ﬁrt her conprising a gﬁar maceutical |y °
acceptable carrier. 18. Use of the mcelle-protein
11. conph@sh@cefdelivaing ®pmiin ome actll comprising: to 10 for
delivering a protein into a cell of a subject. 19. The

use according to_ claim18, erein.t o] I
PaniRiachpe BRI UE e oA Rinets 28 pE Sl il 10
Whefvﬁhﬁ kRS0 BIPHRIMickife-Rlotdin 8bBplek ¥s AREA Weirddthercellai ns
bi ol ogical activity after delivery into the cell.

12.  The method according to claim 11, wherein the cell is in vitro.

13.  The method according to claim 12, wherein the cell is in vivo and the method
comprises administering the micelle-protein complex to a subject.
14.  The method according to claim 13, wherein the subject is a human.

15. The method according to any one of claims 11 to 14, wherein the protein is

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

16. A pharmaceutical composition comprising the micelle-protein complex

according to any one of claims 1 to 10.

17.  The pharmaceutical composition according to claim 16, further comprising a

pharmaceutically acceptable carrier.

18.  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.
19.  The use according to claim 18, wherein the subject is a human.

20.  The use according to claim 18 or claim 19, wherein the protein is biologically

active and retains biological activity after delivery into the cell.
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