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The invention relates to an article and nethod for
the delivery of nucleic acids or drugs and, in
particular, to an article and nethod for the
co-delivery of a nucleic acid and a drug. Discussion
of the Related Art The delivery of DNA to cells is an
MERODSMNBESHRTICIES FORYTHE & IYIRR Y OFHHERARFLAICI AGENTS
procedures in the fields of nedical treatnent and
research. Methods of delivering DNAto cells are
typically divided iBdcRerdlfidbf tABMve@Royi ral gene
dellvery systenms. [n general, viral systens have
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pepti de- DNA conpl exes. Al so included are nmechanical
hods, such as m croinjection, pressure and
particle bonbardment. Electrically oriented
techni ques include el ectroporation at different
Disendsicapa$he Rhlatedctt t echni ques i ncl ude the use of
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polyarmdoamme dendnmers These materials typically work by condensing DNA in

aqueous media and then delivering the DNA to a target such as a cell.

Successful transfection of DNA to a cell can involve more than just delivering the
DNA to the cell membrane. The DNA must pass through the cell membrane and be
delivered, intact, to the nucleus of the cell in order, for example, to succeed in
transferring a vector for the purposes of therapy. Furthermore, this transfection
preferably should occur without causing death or damage to the cell that is being treated.
Gene therapy and other methods that make use of DNA transfection may be more
successful when used in conjunction with a drug that can, for example, help to stabilize
the DNA, facilitate delivery of the DNA to the nucleus, or stabilize the cell that is being
transfected. Different drugs may also be used in conjunction with gene therapy for the



the DNA, facilitate delivery of the DNA to the

nucl eus, or stabilize the cell that is being
transfected. Different drugs may al so be used in
conjunction with gene therapy for the -2 treatnent

of a specific disorder. For “exanple, both gene

t herapy and chenot herapy nay be useful in treating
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mat eri al s such as drugs qﬂd/or nucleic acids. In a
first aspect, there is pr an-article for
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at least one of X’, Y* and Z' includes R’, and X, Y'and Z’ are selected,
independently, from



O I I(CH )n" L and/or 0 c-O(CH2)pi wherein, R
is H an alkyl or a substituted alkyl, R is a
hydr ophobic group; and n, m p, n', m and p' are
greater than zero. In one enbodinent, an article for
delivering a drug and a nucleic acid is provided,
the article conprising a-rfanoparticle having a first
portion capable of associating a nucleic acid and a
second portion capable of associating a drug. In
R anot her -enbodi nent, a conposition is provided, the
conposition conprising a chem cal having the
Nst_rg,ﬁ_f re: -(X-Y-Z-0q (X-Y-Z-OP wherein X Y and
Z, até'"Sel ected, independently, from 0 1(CH2 R
lhh(CHQ)n12b- and/or O L O(CHZ)P and -3- at |east
R'one of X, Yand Z' includes R, and X, Y and Z' are
sel ect ed, independently,
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wherein, R is H, an alkyl or a substituted alkyl,

R' is a hydrophobic group; and
n, m, p,n’, m’ and p' are greater than zero.

In one embodiment, an article for delivering a drug and a nucleic acid is
provided, the article comprising a nanoparticle having a first portion capable of
associating a nucleic acid and a second portion capable of associating a drug.

In ancther embodiment, a compos;ition is provided, the composition

comprising a chemical having the structure:
-(X-Y-Z-0)q-(X'-Y'-Z'-O}p-
wherein X, Y and Z, are selected, independently, from

O
“——'%Cth

R

N——(CH2)m



fromR 1+ (CH2)mi R 5 O L--(CH2)n" and/or 10.0
LO (CH2)P wherein, Ris H an alkyl or a
substituted alkyl, R is a hydrophobic group; and 15
n, m p, if, M and p' are greater than zero. In a
second aspect, there is provided a conposition
conprising an article as -dbscl osed herein above and
a pharmaceutically acceptable carrier. In a third
aspect, there is provided a polyneric structure
conprising the chemcal structure as disclosed

affdésrei n above wherein the polyneric structure forns a
20 core-shell nanoparticle having an interior and an
Qoxterior. In a fourth aspect, there is provided the
‘Pse of a polymeric structure as disclosed herein

vg-as hated—w th a non-nucleic acid drug, in the

nanufactﬁ?ﬁﬁ%f a nedi canent for gene therapy or for
treating di seases caused by genetic disorders. In
anot her enbodi nent, -a nmethod of adm nistering a drug
and a nucleic acid to a 2%ndubject is provided, the
nmet hod conprising providing a drug/nucleic acid
conplex, the “conplex including a non-nucleic acid.
drug nol ecularly associated with a nucleic acid, and
delivering the conplex to the subject. -3a- In a
fifth aspect, there is provided a nethod of nmaking a
drug delivery conposition conprising: providing a
fluid conprising a polynmer having the nononeric
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structure as disclosed herein above and a drug;
allowing the polyner to forma mcelle having an
interior and an exterior, the drug being associ ated
with the interior of the mcelle; and associating a
nucleic acid with the exterior of the mcelle. In

anot her enbodi nent, a nethod of making a drug

delivery conposition is praqowyded, the nethod e
conprising providing a fluid conprising a poLyner and

Haot i o2 P B dReBR Y ERG Pond 7 hB G166 Barargeenty,

9§BOC|ated MAth the interior of the mcelle, and
associating a nucleic acid with the exterior of the

Rmicelle. In a sixth aspect, there is provided a kit
conprising: a container including an article as
di scl gsed herein above; a drug associated w-th a

N ht'i on of the nanoparticle; a nucleic acid
associated with a second portion of the nanoparticle;
and instructions for adm nistering the nanoparticle

Rto a subject. In another enbodinent, a kit is
provi ded, the kit conprising a cont ai ner i ncl udi ng

Qan anphoteric pol yneric nanoparticle, a drug
associated with a first portion of the nanoparticle,
a nucleic-acid associated with a second portion of

@hbparticle, .and instructions for admnistering
the nanoparticle to a subject. In a seventh aspect,
"there is provided a kit conprising: a container
including an article as disclosed herein above; and
%ﬁstructlons for .associating a non-nucleic acid drug

a nucleic acid with the polyner. -4 In another

enbodi ment, a kit is provided, the kit conprising a
cont ai ner including an anphoteric pol yneric powder .

1 capabl e of associating both a nucleic acid and a non-
nucl ei c "acid-drug and instructions for associating a
no g acid drug and a nucleic acid with the
polyne 2dowder.; I n an ei ghth aspect, there |s
prOV|ded a composition of matter conprising:

- whéfeld, ® 8 Hsn@lisd e aedbsitued alkghove; a non- nucl e| c acid

drug associated with a first portion of the article;
R'laﬁdIYdIQPh@b@@fO%@Gdassom ated with a second portion

of th c enbodi nent, a conposition
n’%’fp’ﬁla??%flal ;!,IS %ﬁggﬁ?%g con‘polsi tion of. . gt ?IerI
CONry 'sééd?% a%p&% QQ&%G& gx‘b'vﬁied% cB&BoﬁHGﬁ Ebfip b Hafiitbic as

associ at e th a t port
disclosed herein above and a pharmaceuticaily acceptable carrier.

In a third aspect, there is provided a polymeric structure comprising the

chemical structure as disclosed herein above wherein the polymeric structure forms a

core-shell nanoparticle having an interior and an exterior.

In a fourth aspect, there is provided the use of a polymeric structure as disclosed
herein above associated with a non-nucleic acid drug, in the manufacture of a
medicament for gene therapy or for treating discases caused by genetic disorders.

In another embodiment, a method of administering a drug and a nucleic acid to a

subject is provided, the method comprising providing a drug/mucleic acid complex, the

complex including a non-nucleic acid drug molecularly associated with a nucleic acid,

and delivering the complex to the subject.



of the nanoparticle, and a nucleic acid associated

wWith a second portion of the nanoparticle. Oher

advant ages, novel features, and objects of the

di sclosure will become apparent fromthe follow ng

detail ed description of non-limting enbodi nents of

the disclosure when considered in conjunction with
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cells transfected with the core-shell nanoparticles
at various NP ratios in conparison wth PEI; FIG 8
provi des data in bar graph form show ng | uciferase
expression level in 5 I1EK 293 cells transfected
with the core-shell nanoparticles at various NP
ratios in conparison wwth£EI. FIG 9 provides data
in bar graph form showi ng GFP expression efficiency
in BEK 293 cells transfected with the core-shell
nangparticles at variqus NP ratiqos in conparisqon . . .
wi t 6 pEther pamtedunent ol KIS et st SRS e s Bk dncluding
B e L R e N e s
nuflbieacisdrag tindrinstrogioap forshowiatigg sinohinsclegatcad drogahda nucleic
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EM of core-shel | no i ( ' | ony..and
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or RUEHEHE RG] DnkRrRE: that is illustrated in various figures typically is represented |
by a single numeral. For purposes of clarity, not every component is labeled in every
figure, nor is every component of each embodiment of the disclosure shown where
illustration is not necessary to allow those of ordinary skill in the art to understand the
disclosure. In cases where the present specification and a document "mcorporatéd by

reference include conflicting disclosure, the present specification shall control.

Brief Description of the Drawings
In the drawings,
FIG. 1 provides a schematic illustration of a nanoparticle of the invention
associated with a drug and a nucleic acid; | | | |
FIG. 2 provides a schematic illustration of a polymeric molecule that may be
used to make the nanoparticle of FIG. 1;
FIG. 3 illustrates a synthetic scheme for manufacturing a compouﬁd of the

mvention;



concurrently delivered to a cell. The articles and
nmet hods may be useful, for exanple, WO 2005/112886
PCTI US2005/ 017709 --6 for delivering DNAto a
subject, e.g., a manmal, for gene transfection such
as may be desired during gene therapy and with other
t herapeutic techni ques. A4drug may be delivered to
the cell with the nucleic acid allow ng for

addi tional therapies or for inproving the

tlven ss for the.desired.trapsfecti
A FE NS B peral B i By BR ot By Ausfts oy four
defeféQfWeﬂlbﬁQnEl@s of ;?eiéscmﬂlé MvetgRE. gene carriers under
conparative conditions. However, experinental data
shd@. 6 rpmwd%e%xnﬁfrtweapwttﬂ for wn@cmﬁném sorgisbel ngpoparticles
| east. an e t ene
ot iR B R it s e
t qtlh}ﬂ b@e@ddesl| gaalﬁﬂ@l titbRRicity SMECe Saifyitlg Yanatiepr essi on
has been  achi eved using core-shell nanoparticles of
the 10 invention. A variety of conpounds can be
co-delivered with plasm d DNA to enhance gene
- transfection -or achieve a synergy of drug and gene
t herapi es. For exanple, such a systemmay be used to
carry an anti-cancer drug, such .as paclitaxol, or
cisplatin, inits hydrophobic core, while binding a
nucleic acid agent to its hydrophilic corona. The
nucl.ei c acid conponent may be a vector that encodes
an antisense nol ecule directed 15 agai nst the
P-gl ycoprotein nRNA in the target cell. It is
believed that this will inhibit P- glycoprotein.
expression by the target and incapacitate its ability
to effect nmulti-drug resistance, a conmon trait
anong cancer cells. This, coupled with the cytotoxic
effects of the anti-cancer drug, and other
advant ages, may inprove the therapeutic effect of
gene delivery. 20 In connection with the present
i nvention, a "nanoparticle"” is a particle that can be
suspended in a fluid and has a maxi mum
cross-sectional dinension of no nore than 1 gm
Nanoparticles can be nade of material that is, e.g.,
i norgani c or organic, polyneric, ceramc,
sem conductor, netallic (e.g. gold), non-netallic,
crystalline, anorphous, or a conbination. Typically,
nanoparticles used in accordance with the invention
are of less 25 than 250 nm cross section in any
di mension, nore typically |l ess than 100 nm cross
section in any dinension, and in nost cases are of
about 2-30 nm cross section. One
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cl ass of nanoparticles suitable for use in the
invention is 10-30 nmin cross section, and another
about 2-10 nmin cross section. As used herein this

WO 5(;5?%583 | udes the definition comonly useGdfyd:bR017700

e bi ochem stry. 30 A "mcelle" is a chem cal
structure that is present in or is forned in an
aqueous solution and includes a hydrophilic region
in contact wth the aqueous solvent and a WO
20051112886 PCT/ US2005/ 017709 -7 hydrophobic region
t a5 B RRIEE i BAV el B AAM ARHSrSOL YR Aion lovel in
TypicalFy, a mcelle “i1s a generally spherrcal shape
cellpirtsfectdl dito flecbieshe menapadictes bt drioph NV rtigsiinf wogarison

a potential" provides a neasurenent of the
ity

‘nity of one particle for another. Zeta potenti al
MR Refoille ddid heaepesh foamtshewmb daffeiacabxpedmaiogdevel in

bet ween a | ayer, urroundj ng a particle and the .
HER72p gelioansirsted i G cerﬁ-éﬂgtgag*@%‘ggeﬁr 1 pEo BV s in
conAFERURER pEL. he particle. Zeta potential is typically

measured in mllivolts. "Critical association
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other. The two nolecyles may be coyalently. g
i orfii@all i HRARERSEAPY HEWHB‘E‘“'?"S’PW%'G‘? AROHBE SV@L?F data to that

Ofﬁ};@[f@&t#rmr@ggueti c forces or one nol ecule may be

physical ly poﬁtained or trapped by the second
ol w1 2 prewvidgs e prdter NVGh spertrgiad BBl ecules. 15 A

fir I el at ed” froma second

ml@g}uﬁfgp%%ydgrs#?wg %c%hrﬁmﬁ% | cﬂ I't is associated.

Di SESS 04 patvixlts apasten NMR. speoguhiforsi-(2abt sty carbamoy

'ndea_endently of the second nolecule. The first
cho:”F‘ﬁeé‘{ul e can al so be disassociated from a second

ol |euh & pRivides @ATFAIR fdctr@meor K- heorseegicca-acyl e or

article degrades or is broken down so that it is no
chofesiggdr |inked to the first molecule. 20 An

"a LGy I i (i ihi ts both
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" PHBIS. bV poivisiek ag AR spegirsth far e-(&v%eni cal

co rﬁk}t Ilé) Ersovg egta p?g% io% %nténglty Hﬁ%s at%%!}ng concentrations;

FIG. 19 is a photocopy of a TEM of core-shell nanoparticles of the invention; and

FIG. 20 shows graphically the particle size and the zeta potential of core-shell

nanoparticles at varying N/P ratios.

Detailed Description

The present invention provides articles and methods for the delivery of nucleic
acids, non-nucleic acid drugs or a combination of nucleic acids and non-nucleic acid
drugs. Both a drug, specifically a non-nucleic acid drug, and a nucleic acid, such as
DNA, may be associated with a nanoparticle allowing the drug and nucleic acid to be

concurrently delivered to a cell. The articles and methods may be useful, for example,
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conditions may include tenperature, pressure, pH
ionic strength, etc. In one aspect, a core-shel
WAEPIaBE6i cl e nay associate with both a drug, PETRIS2005/017709
a 25 non-nucleic acid drug, and a nucleic acid. In
an enbodinent illustrated in Fig. 1, a core shel
nanoparticle for the delivery of a drug, a nucleic
acid, or both may be made fr-cima grafted pol yner.
Pol ynmeri c conpound 20 may include a backbone 30 and a
foyidafivegihg DA o @@ulﬂj@ctb@.%!, AGnAhhhefR RbndE-ARE b §uc§ﬂ¥f§rhlay be
does the backbone 30. For exanple, the backbone nay
desyred durang.enng tharapscandowih othenthompeaiqfedwigiespdl dmi tyay be
[ 0 br.angh .may Jncl.ude
ity BRI MO BRI RI0Er £ sl hfniger fn
inMiproving deergffeetiveniesd fos ther debiredlrfhsffetieh and pol yphenol s.
In the odi pent shqwn, a_ nunber of polyneric

mol et %Ec ohokiag rveation may bays lower evtpioxieity comperediivp y
PRI 8 L0OE AR ETHRRRLALRREIRD iy fperimen

shel | nanoparticle.

dagroshowithatdhe varmiparticée/BRtecoroplexds yidlhat lehe hh cquisalehievel of in
hydrophobi ¢ branches 40 .ext.end inwardly to the .
W;I'l % ?%‘FP%‘P”&F“’P R sprpaceayith conyentional tephniquss) lscaddisien,
I beh:
subfesSTOIRRAB eRHEsDn AR 1ReH a@hx@&,dﬁiéfdg %ﬁhggﬁgé?@vﬁaﬁéﬁhe

. in_this nmanner takes place is dés
In¥RRgeBp A varistyrf e bpeusdBauniecoalelivercd imithDlasmdd DA ite enhance

.S, ntiall ar el to the surfage of the

ek B S oP OF AU e BBl e s raFiiiasofipcraunpls, such a
sySteramedyetse wb8d eRsarBearintEednRer drapasieh ¥s pRBRRLE b} Yisplatin, in its

normal, to the exterior shell of the core shell
hydronBonis eore) whilghindingranycleie aeif agent ¢ #shydiophibic taronedThe

i .Ng: ' r i.al.ysi s and .
nulfSIeRid cofpoRbitfiny BE 0pdt0: MRTALRAS ofl aflidebigpdtute dircotad
against¢hmBghroproteif BaRNAdN ehepfpee tell. & iD BEIRIVRH thiat tifs WSl inhibit P-
ly|orov%:ded that is tglagag_bl e of assqciating with both a

ElYGPRIG e BFPIeSTIAL Ry e feef aafdnGapaciiagfnl abligy to effect multi-drug

£:Rmd8) d doRirh Stk eTRYCL G | -
o R O il B A TR Wk Sy gects of
thepotiecantreidiug and pthet advantagey, dravimpreve th tierdpeltic i@ o€ gene
de32 and an interior region 42. A chem cal species,

lévl%‘ﬁ as drug 50, represented by dark triangles in

FI Gn donnB@ionbeitRfRreRhetvikidd, AtndndpaticRP% :gf)article that can be

interior 15 region 42 and exterior surface 32 or a
suspendeil dma Guid andeeis amacggiuomerdSs-sectiend dinansiolofhaaord Zhan 1

50.. he a non-pucl ei c.acid drug. A second, .

MM ne 0%%?@%%%1%%@33%?%% | hatiy e-wegtsﬁa@%ioag% polymeric,
cer@fiicDiicoabactor, As@I @8 goM), dndhethiGBSdryRalRAE, ldnftpRius, or a

surface 32 or . .
combination. Typically, nanoparticles used in accordance with the invention are of less

than 250 nm cross section in any dimension, more typically less than 100 nm cross
section in any dimension, and in most cases are of about 2-30 nm cross section. One
class of nanoparticles suitable for use in the invention is 10-30 nm in cross section, and
another about 2-10 nm in cross section. As used herein this term includes the definition
commonly used in the field of biochemistry.

A “micelle” is a chemical structure that is present in or is formed in an aqueous

solution and includes a hydrophilic region in contact with the aqueous solvent and a
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interior region 42. Typically, the nucleic acid wll
be associated with a region or surface that is not
WOHESHRB®h i s associated with the drug. 20 As PERERRMNSIH7709
FIG 1, drug 50 is associated with interior region 42
which is also popul ated by hydrophobic grafted
sections, branches 40 of polyner 20. A nucleic acid
60, such as DNA fragnments, 43-associated with
exterior surface 32 of nanoparticle 10, and,
hy&®RpRotit fdidthalts bichide aﬁzb?ﬁ@ﬁﬁh@ G I3 OTyPiRh Ny B micelle
20. Nuclelic acids typically ~carry a negative charge
is mgehetrdlylepbericabehapa yides Bydraphebisi cors/an ephilic fiufase.
assqQgiate, 25 t.he nucl ej Cl e, .
cor o2t e reR e ApR A nEafanteaP U b bty At pllclor

andtBed ZeRtpobatigiovadsardsliye diffetennd taht ylebigicalchatpetYeeween a layer

nanoparticle, but in sone cases,  coval ent r..ionic
suHdEecaparpec gad the 9&%@&%@3?15% pEthe susperged fluid that surrounds

L a | t: I [ T - shel |
ek P pbtenilal 8 B T B ] PR 20 ot her
f or ¢€Esiticd] asdociatioh icomstarms? (CAGY provides y cmcentratic aiedhithna
he core of fhe_.panagparticle, The,core:-shell
colﬁmea oF Frojecules ifla Fesera Bte #oTeiRel SRR n at
resul 8¢ WoldlulehRayhd s QR RN With 2sd28hd hiflechle, bhéer set

C
core. There may "be no diffusion path or other
comBtidresnifshe fvarmoleeulds nypve togsteoara umisvedse itkase donifions. For

20051112886 PCT{ US20Q5/.017709 -9 .with e interio
exiFblSHES B BBl BT Cv e i tect feeech bk “Fhe wo
molcBRS 3051 Rt doPRletfly bPRnicARY BRRIH] b bé jisdd by The der Waal’s
core-shel |l nanoparticle nmay be bi odegradabl e,
foredsl aownaggetic fomensi & ane spdequbsmay: beplaysirally icanteined epfrapped by the
be.,di sassoci at . lip. vivo as the core
36088%}%? ecél.fe qﬁew%%%ﬂ%fp%%@ﬁggglgg&be tailored to
degnagigt abledilk inesEly “digissiantt fom e sedinfifeslentle or article with
conditions by varying the con‘gﬁéiti on of the
whirdyibissqeiated. THisassogialed sygage thahthe fiygaglpeule can move
indepetRAAFbLRR s8on SASARE End B EOLEAR AR oo Biobinted from
a s€nd paditdutd e frdmenpetiglaithe secong mobstu®or articdé derades or is

brok R gBE op Fisbi‘di o FOHegD AR kst OBt i ng &

nucl i=1§an@ﬁ'é' 7 SlyRRARO Y thet SO RYoudRy 6 FIES 88
or grﬁa t b4gctEa may bfg(q%’]gieect ed to asso%atgﬂa
hydtoplpbiEpgpertiehey may be of a nore hydrophobic

Qﬁfﬂ e'sﬁ%@wﬁﬁﬁ&hﬁpﬁgﬁ egg %ﬁegl%m%} ng 'oh%@%ﬂg)?%t in vivo. Such
coRBRAHEI RALinBuAS Reriptehifies F%@étﬁe,cﬁl-ﬂﬁoﬁib Sfcodpls ofc.MOT €

hydrophcobi ¢ character. ) . .
In one aspect, a core-shell nanoparticle may associate with both a drug, suchas a

1

vy

[@:m

non-nucleic acid drug, and a nucleic acid. In an embodiment illustrated in Fig. 1, a core
shell nanoparticle for the delivery of a drug, a nucleic acid, or both may be made from a
grafted polymer. Polymeric compound 20 may include a backbone 30 and a grafted
section 40 having different properties than does the backbone 30. For example, the
backbone may include polar functional groups to provide polarity to the backbone while
the branch 40 may include a hydrophobic group. Hydrophobic groups may include, for
example, cholesterol, PL.A, PLGA and polyphenols. In the embodiment shown, a

number of polymeric molecules 20 have self assembled to form a generally spherical
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sonme enbodi nents, the polyneric conpound of FIG 2
may be placed in solution wwth a 15 drug to produce a
core shell nanoparticle as shown in FIG 1. After
woRbRAYztd on of the core shell nanoparticl e pctii®2005/017709
nucl el ¢ acid, such as DNA nol ecul e 60, may be
associ at ed vvlth the exterior surface of the core
shel | nanoparticle. In one aspect, an article of the
invention is capable of assaciating both a nucleic
acid and a non-nucleic acid drug with the
oo . e R 50 B ke af @6 BRchiGf
the aheﬁbandahemydsmpimbtcémwhsd 40 exind inardlygh éherinigripoefthecore

o QB S0y SR AT SR gy

ﬁnsﬁmﬁﬁkt ﬁtﬁés, plaseds &&bfﬂl)@maw i 'ﬂm H}Bdropﬁlﬁlca)ap]dfcmﬁsjﬂ m{iy orient in
i ssue type or , ce pe._.in e arti
a diggpfiop ghabfs S&Wﬁéﬁ%ﬁg 1do the s “%Y%& q%ﬁlép‘iﬂ %Pﬁwpﬁt%ged While

the th?dl% dHc &@fléh%s b ﬂnay%@ dﬁ'@&&?ﬂ&féﬁﬂﬁ geférhiMPhihal fohe exterior
ticles ma eS|nc?ermeCU|eS or two or nore
0]

shetwif #sisioessshe Jarershell napopartigles cap g dormed using

[
T B AP ML) RSB
cucs]pc&mcesThe core shell nanoparticle may be conposed

t | bl £ .a.
] SRR oS SLOSE PO
druB2RP Rtk lhEidHRY id daphBlelef @-ddlivaiingthe Hmyunﬂhm nuicksic ac1d toa

charged to 30 associate nucleic acid cul e
farged oa. BeleBeRERpE EIChr o1 SHoHE B FesRel patopaticls Fiay have

| d CopbQ&H, QthtaBatugi 59,
i T Sy —
repﬁ@aﬂtedsesomﬁk @1@2@9 in FiH lnm@y b essoeipigd avithgt lerspge of iferior

par I
i SLSuBRUERE 1 6L ol BBy oL LRt

n%iﬁhnaﬁb@a ﬁ@ﬁﬁhcﬁmc atitisisuge /second thenlical spreicsfoochiampls, 2
e core _sh

ol pEAANIE TV R BT GFL bR ERL apgraley sifiee 32 o

inta R fegittedd. TARGDR! the &h@eit acif il @adisotiriet I‘M’&Jm 1agjus otisurface
5 solution under phyS|oIog|caI conditions. The core
thathellot ongaviphistassqceicduith B $8'®e sized so they are
capablg i iREASY f:ﬂ{l% 5@ ﬁﬁ&h&d%ﬂ%&%r yégi&nathzm B0
associated W th bo nucl eic acid and a drug
popLﬂatted nmmophobmrmaﬁtmmlsdamw 40 @ﬁpc%mﬁrag M@é@m acid
i d t a C eI r T
oEAE e By B gl 8y TR Sap Lt

and @ﬁedi@d&ﬂj?,aﬁ&h thk Q;hhgec‘b‘mkbme Ahdipolyher eel Nuglbic @bidi typu@lly

ent erin For ex e, article
CaITy a negatlge charge and%)rra.gkbone %] may carry § positive charge to help associate

the nucleic acid 60 o the shell of the core-shell nanoparticle. The drug and nucleic acid
need not be covalently or ionically bound fo the nanoparticle, but in some cases, covalent
or ionic bonds can be used. A chemical species may be associated with the interior of a
core-shell nanoparticle through Van der Waals forces or other forces of attraction, or
may simioiy be contained in the core of the nanoparticle. The core-shell nanoparticle
may be formed in a manmer that results with the drug occupying a portion of the core.

There may be no diffusion path or other mechanism for the drug to become unassociated
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10 of the invention may be | ess than about 20 gmin
di aneter and preferably I ess than about 5 gmin
dianmeter. In sone enbodinents, the article is a core
woskehlzzsg@anoparticle having a nean di anet er pafrydsems/o177oe
than 1 gm less than 500 nm |ess than 250 ME, |ess
than 100 rim or less than 50 urn. The core shell
nanoparticle nmay al so have a nean di aneter of
greater than 10 nm greatergthan 20 urn, greater than
50 nm greater than 100 run, or 15 greater than 250
La . . cle
it i AT B T BRO T ﬂ#&%@@ﬁ%@@*SPE%ﬁ@%ﬁf# cal
nagsbpanddeitelfiray i ncl ude an outer surface and an inner
tai

At et BnraroRian Gofietaray e Tleutie eaih i

coﬁtalrﬁﬂﬁi@ib CordGb Be Maéssmm’e@ 204 t@EassdinaELas BY cd¥€ deki8dbs. The
t o associ at e a dru n non-viral vectors
ébd&{f

napepapticht ¢ap hedailpred t%jrf’é}i?é§ genigatse aadandspiiiissent gngditigns
by va%khe ﬁ’l@ c&ﬁb@ﬁ@aﬂ@tﬁg ippkes themless than ideal -

for treatnment of a SU%J ect. In one enbodinent, the
pr e$EGEL2 provisins & sthemativ iltegationrof 4 compeunsi{which can be a polymer)

PR St A eI T Pl P 20

mﬁmlbeskbbhew tdar mag be by dropiipand poeit:edry&hhghd mvaderto
VeaCtOtOXICII I is |les t.hat .of 2

far;s@ agﬁ@ﬁwfagﬁ% AAPFlris ﬁ%aéheaf)mp? 3@& 51 ifeuderbrang %ézar grafts

40ftR4t nfa@rr& -sSlReikd 1 ARORAE hldﬁi . BFePRay BE Sﬁé fibrd Hwbphéﬁc

ng/ L, "greater than 250 L or greater. than or equal

nauge. s KaBplG, thmg/bLancﬁlﬁway nglade ghalestarel|or othgn gioyps theh can be
usEfPt agﬁq%&@agfgén(;%@mgm sélg s ? (R4 s LFddeh zll)a&dbﬁs!n@ 'cﬁarﬁcﬁ&" Gn

I'njuring
some letbddigents, the golynesie rempafndtai EIGc&ainﬂy be pia‘mihn edlstiorg@ith a

arlg ogryfed 8k sl S POl ) iy Rab e or me
cote @8l Ashoph@iclepthambitic sl sichak DNraokenle 60 sy boassociated

rel ease nucleic acid or dru | ocal i zed
withHe PYiEReIsuEfrce qfdhe enrs s %ﬁmcg"e nperature, or

enz Xﬁrﬁné/@?&g OR/ #8861 @Heh@?xpﬁ b/ ssovihiing both a nucleic

concent ion. For treatnent of the central nervous
acishand empn-maeleiciagiddrea pathitee repopgradleiosgolyawec spisprind that

fo%&s?%]%n&%gﬁﬂugfe Q&nﬂéﬁ&l&{tr&% c er\;ears%cﬁiagé’d%nﬂlwewsly. The

has econe assocl at e
artivkmpyp farinc @ymplex ofn drdesi malsicegeid mdsheratielntite . némiesably, the
com%le%lc%g ge(iwere% tE) r.*z‘tesu J%&?an%r}r%rg rspecﬁ?caﬁ ,%o ag] Cl]lElI‘otrlgS‘llg] type or
cell type in the subject.

The article may be of any shape or size, and is preferably sized to enter celis via
endocytosis. Although the articles may be single molecules or two or more molecules
working together, in a preferred embodiment, the article is a core shell nanoparticle that
includes an exterior surface and an interior space. The core shell nanoparticle may be
composed of any materials capable of associating both a drug and a nucleic acid. For
example, the core shell nanoparticle may include a first portion that is charged to
associate nucleic acid molecules, such as DNA. A second portion of the core shell

nanoparticle may include a hydrophobic region that is capable of associating a non-
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5 nanoparticle. Wen both a drug and a nucleic acid
are associated wth a nanoparticle, the drug and
nucl eic acid nmay be di sassociated fromthe

wo BsaQpasd | cl e simul taneously or at differemcThjspmsnizroo

Oten, the drug and/or nucleic acid nay di sassoci ate
fromthe nanoparticle under physiol ogical

condi tions. Disassociating may include the breaking
of covalent or ionic bondsi¢t.o rel ease the drug or
nucl ei ¢ acid. Disassociating can also 10 include

nudlfofuRil . oﬁué @L& H&e%ﬁe%logérﬁd@ﬂ KRR %fa@ﬁwf %gfh a drug

nanopartlc e. actors S lonfc strengt
ang b aetleic eeild ssmdtaeeqmb' ta Ia§'@‘gbteswch B & q:aetcxﬁcftwud ortcali e

di s C unds g
ad mﬁ?lgtég?% %nt’a 5 u‘gjg 5}2 o%ﬁ%) 2% i Si?egag 2{“{’3 £ Suﬁ?endlble m
aqmaosls stdutidno Ppasfe;mblyeﬂ:b h‘,gred;lhslaﬁmpd m&leﬁmwﬁfaeﬁdhﬂe Hil’ dsbgtqlgéous
nucl ei I.n. anof her odinent, the article o
solfen ade Belologio OBy THE SolP Sasap B Ales S8 $iros dzed
so they @reQiapfBie bBhche@aing a\ch nRinFRR AR th& re Associated with both a
blod%gradable core shell nanoparticle” may facilitate

muglejg apidjapda drugs I thisjepencs, sippligneansdieliyery of ﬁmgmnm@nclexc
aciB9Sh Eélp&%g?ﬁe%%%e RiiAd T8t thg% aefiﬁ«icy?o%tsé}t is oﬁ;referred

nucl eus rug Is assocl ate
that the @andpagichelropeatier thae fhelsield d\égﬁladatentmngxf Férfexample, an article

-t cl d t d
of (2 ARRAG O FifodTeks Bha Ml 98 ST S BRRE BnB Bie ettt ISs thap pout
5 p&i ineﬁarhdsta ga nmg E]flb@dlﬁlﬁifit@,tstﬁe Aticlegsla c&te s]ﬁe%llenaﬁ‘aﬁﬂ)dmdc having a
ew se, e 1 O (0] nanop | Cl € na
mf*% ameiea%lefa%ﬂ# Qeé @ﬁw:a tﬁ@r 250 ren éP% thw; 10 nm,
or R8s thixgso ﬁﬂie TRHEAS 'sEel?x'&!ng &fifle Qf‘aytafs% MY ELmesh difnGefor

target nucleus. The pol ymer may be chosen so that it
grepigr g’é@ A Bamd stsgice thay A8 sm; Brententhen pP awe greatenthan § (bpmeor

‘ng&fﬂﬁn bagggt ed region of a subject. For exanple,

ynmer degradati on may be caused by hydrol ysis and
rmyﬂmmmmbbémﬁa&ad theyomrshyliremophditicds ef apg@smﬁy splerical

, rse, if 25 drug ca el eased
strRh g The eGSR tinat meg i oty S hcd End o e pore which
maPbe d@@ﬁ:@ datrhih intdyndTeN 4304 VRE), R GRHeF B6te MY e used to contain a

|ode ablllty of a core shell nanoparticle can be
i %? P‘é 9846 ontc sedaceingaydisgised @ aswisiatbirugxanpl e, t he

chegiag@ho LG %étgfs%neﬁﬂﬁuse@ B4 YBBSsel ?&g%@@@&@ Eﬂhﬁﬂt &

can be adjusted to allow the nanoparticle to
levgltod cr‘fatogtmﬂy ﬂrmt ke t@emlleﬁd dymadkal foo reatProef effeatobject. In one

emi RS B B Ol s RERo i REEh ke sho L BopRaRR b e o
cytditbﬂcmﬁhmmat}ian@hee oflﬂ:ﬁnjf h&ﬁd‘lﬂd)n}-ﬂml ﬂaﬁ@@t vectols. [irle®imple, the

e di ments noparti Ies of diffe
corp ) SRORRA 1 ERG chy S5 & IO iRgp 1o tophat of

polydiRAénkt B8 PG bt h&ﬁ@&éﬂf&é? TROIC5018r core-shell nanoparticles may be
greater than 160 mg/L, greater than 250 mg/L or greater than or equal to about 500

mg/L. Thus, the core shell nanoparticle may be capable of delivering a drug, a nucleic
acid, or both to a cell without injuring or killing the cell due to the presence of the
dehvery vehicle.

Materials for forming core-shell nanoparticles may also be chosen based on the
target that is to be treated. For example, materials may be chosen to release nucleic acid

or drug under localized conditions of, for example, pH, temperature, or enzyme
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order to deliver drug or nucleic acid to a target at
different tinmes or over an extended tine period.
Conpositions for nanoparticle manufacture nay be
woshRseRsPy the drug and/or nucleic acid forpcisatvsionrroe
they are designed to associate with. A screening test
may be 5 perfornmed by one of ordinary skill in the
art to determne if a particular conpositionis
capabl e of associating a drug and/or nucleic acid. To
screen for drug conpatibility, the nanoparticle my
conbdnbrifio €rdr e t bfthd P&Hapﬁﬁﬁﬁ%?stﬁﬁjoﬁlﬂ@ﬂﬂé BiéhabMf Bbssing
the techniques descri bed herein (nenbrane dialysis or
the bioed bfain banemmawsmpretedn) or by using ot her net hods
known to, t ho skid . £.0; ] i § -
t he rlﬁ‘éh%aén%goeréir?dgiscgaglgﬂa%fﬁé)g&vl\l/l?e{aﬁs%cgag narﬁ%ggﬁi C e%e’ fis
desi@dble, ragapashbelimentiay distisodste e depandtredckicarid fign the

sol ytion that may confain.any.free drug .that has not
naoiigieie o 0GR PG T 4 REIRaHD AP erEeprfce nbplibie, te
dru? SRENRII O By BE aeResiatb® ﬁoﬁ?@ﬁﬁé@ﬁaﬁﬂe&imﬂt&ngeuﬂy or at

i qui dll{égpltud extraction based on the co sting

t
diffpreniefithes. &¥iiepf the Weugrradp apeleie peldapay @%SOCQ*F%@@W
nan n%a'i'{uﬁé Lhddr ?&%@ﬁg?@% &nffordsh ﬁ)i§és§&ia‘i‘ifng include the breaking of

nopartic y analyzing the sol ution 15 for
covhlemer donigbarsts hyredmase fmdrgagswgleisracisk Haipassociating can also

incﬁ@%@ig@?%# gf % gxﬁj.\g:oﬁ %ﬁc}lgi%?iﬁﬁﬁ%? ?gﬁ% Igg%ﬂe%a n'cgg ¥actors such as
ionig @ﬁbﬁ/gﬂl@,?ﬂ-i %lb%thhdaafwiﬁ ahaw,atls‘ogfe_vtaﬁei toifpﬁ%i‘gmlﬁsasﬁocidﬁen.

rug, e anou etected s statistica :
At FrERHIONy TaY ARA BT BRSO REIL 455l oRdsve
to prGth&te iﬂ%faisakib%&rt]ib{} ﬁgﬂk Weud@ubRRIRcRICCessT ul |y

associ ated wit nanoparticle and the

narlppasthpredrebagivtentithe aitigly ofithe RrcseRt i@Nentioy cey e disassociated

3 4 CAUH GHS; [ BhaGd BiRRddophific
o S el A ol DL Db e e
map fasliiatt thetrdlcnead amecitiaciet drygoorchoth wherppositipaed to act on a

ti . 1f th t t Lal. of 1
sty oo el oplev A s ReRCARR R b o ett e
nandp e8! Bib&detadatio@Plthe Mrophticlatiayedibocthatiuggobtaimed in the
nucl eic acid. Zeta potential _ca 5%5 rrpasug%ﬁcl Si n}?tﬁa
nanppECIB Y BhEAPAREIA A1 2D A O AGFILERFEY PP acls P F

bisY.s de i . i . d A
the %?g ggﬁuwfs& d %%%Qmﬁlsof%ﬁe ﬁﬂﬁgﬁgﬁﬂaﬁr@mﬁﬂé@ thekli®sd 6{aINA or

aven, I'n one enbodi nent, the core shell

otheramoleir 0id; e thabihe beclrisdeidforn e Fapdefedeinios tagshpiimg. The

: pol&qgrég&%ng{ois?%g&)gﬁaqﬁ@ %eé@é’ed. ﬁfgénggﬁeﬁhg%é hl%@en@ apalibfect or

nucl erc aci a Se_CO portion
a tetafpabbgion bl assldedt.aFomgamplis poymEhdegpegieijoremiy be caused by

hyq%q?lg‘%g %m%ée gcg:e%}:ageha!g/gehn?zgm 3 {hyi{ra‘.an[: ipl%sé:n% E{Pﬁﬁﬁga a@f’coﬁ.lps%, if
the drug can be released from the nanoparticle by diffusion or other means,
biodegradability may not be required. The biodegradability of a core shell nanoparticle
can be tailored for a specific application. For example, the chemical compasition ofa
polymer-based nanoparticie can be adjusted to allow the nanoparticle to reach its target
prior to biodegradation. Preferably, biodegradation does not occur until the nanoparticle
has reached its target and does take place after the nanoparticle has reached its target. In
other embodiments, nanoparticles of different biodegradabilities may be used together in
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30 onto a backbone. In one enbodi ment, the polyneric
conpound may be an anphiphilic co-polynmer and, nore
WOHeH1RE%al | y, a cationic anphi philic co-pol yBer/USTH8/017709
pol ymeric backbone may include a series of tertiary
am nes, at |east sone of which may be WO 2005/ 112886
PCT/ US2005/ 017709 -13 quaterni zed. For exanple, the
backbone may i ncl ude pol y(n-p®thyl di et henei m ne
sebacate) (PVDS). To obtain a cationic anphiphilic
order paelit@ drug o ¥R BEil t€ o G- QM Rt diffeRint ﬁF:%gB{ Sver an extended
.cholesterol, nmay be grafted onto the polyneric
tipaPRRshe. For instance n- (2-bronoet hyl)car bar noyl
chol L f1ed onto PNDS.t hrou a b5
quat B Rio Wy BB S R Bk b o e o Srvesacon
mucteit acdd fedvideid tHegragedasibned to B0662¥ itOTL s&B8lihe test may be
t.hat are_ capabl e of delivering a drug

nanopasrticle
PeEEA Py e ordiagy sidil insthe geltie dnteraie éfmbarticuli@mposition is
Cagéa%é‘Bfﬁs‘g&i%@%a%ﬁfgza%/oﬁ?ﬂu&éic%&% tertiary amne on the

kbone may Vvaryfrom greater than 1%to |l ess than
1009k casvdeaneyr dmg chmpatibitityp (te, nangpeetsle mdyfast elformed, in the

r eat than 2Q, greater than 30, greater than 40,
préjech ahns A Soioe Bedtblavee dewanstiros (ymbamediaino:
diséBfttioh Br SStiGHioBYHOBY ﬁg%&g a&gagfgﬁmﬁo illed i
r erni 4 may = be iﬂsn;h?ﬁtgn 100, esﬂéoste ﬁglr%le%l,l the art. To

quat erni zati on
detegninetifithe dgng hasdwsn pssaniad, wittethe neigparttide, ang sandgagtivles may
I han.40, . |.es han 30,.1ess. than 20, or
fict e st OB RoliiE Dk AP somtyin 8 i ik has ot e
assquiteditiethe rAndpdrave) T atior38aPBE Whidd)
. hydrophobi c chol est er ol Sgsrélg?t. .0 Thefbackb(’)ﬁ(g eg?mplﬁéby a
i cxeaglipe baspdroaphe canrasting pedgritiesof Gbenanaparticls and the

q

' - id d | ,
Ay SR e BB e 3R of MRl RS oV S e sotution
forditehirag udhian FamuasasD) 6 othdtantibedsinred tRY. OAG sFRaRE from

ester Ijgﬁksﬁge, pol yester groups, or polyethers. In
AGRANORRILG S BR FempREiZ el ufics Cpie beranadyzed] quaniitaizely, for the

b f . L | [i .
0S80 g i 09 R s o
the-afi@nt a@dn@thecsé)mﬁd’ﬂh ﬂbﬂﬂ%lniruig has-beeh sddcssilly Sksbtiaed with the
nan:?gﬁ.qﬂ;%@{] qr(glé;ée ngnopar%cle an(zirthgt dru% arg ari(r)rijarigch(.)r ‘s

One screening technique for determining if a nanoparticle can be associated with

a nucleic acid such as DNA or siRNA is to measure the zeta potential of the nanoparticle.
If the zeta potential of the nanoparticle is greater than about +20 mV, then the
nanoparticle is appropriate for associating the nucleic acid. Zeta potential can be
measured using a zeta potential analyzer with dynamic light scattering capability, such as
the ZETAPLUS, available from Brookhaven, USA.

In one embodiment, the core shell nanoparticle may be made from a polymeric
compound. The polymeric compound may include a portion capable of associating a
nucleic acid and a second portion capable of associating a drug. The polymeric
compound may be a branched polymeric compound and the branches may be grafted
onto a backbone. In one embodiment, the polymeric compound may be an amphiphilic
co-polymer and, more specifically, a cationic amphiphilic co-polymer. The polymeric
backbone may include a series of tertiary amines, at least some of which may be
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25 R : hydrophobic group (e.g. chol esterol, PLA, PLGA
and pol yphenols etc) Formula 2 (1j~ ,1Q RLO E
-fCH2)UCG-0-CH2)mN-fCH2)-O -fCn " -~

wohbsMysdCH2)t-O R YP 30 m n, r, m, n', mrcTrusBoidbr77o9

2005/ 112886 PCTI US2005/ 017709 -14- R H or al kyl
group or its derivatives R : hydrophobic group (e.g
chol esterol, PLA, PLGA and pol yphenols etc) Formula
35RI RR CCH\N-CHZC O--)r N- Ez -TCHZIn CHZr ~
(CH)r~-CHz~ ~" R.. m n, r, r, 1'>0 R

aopfomisddy ool R fhcon: by t*%‘*r%‘“m‘ﬁﬁ'f]f‘%&?&e’%‘ame
selpmhiyb@éﬁb$)s 'E!I ad)talfi @ camm@ ampliiphifo b(y-pelymbr; 3 hytlmphjlnc teyoup,

foraffgig 1eedc %%f W&ﬁ ﬁiﬂé@gﬁ)g}r}a Qn?’g]gbo&gn ior instance n-

(24bﬁﬁhdbd@l)cﬁx®ﬁm&)§@ﬂkﬂlﬁster0ﬁ%n®é gfifie® onfPNIDE Higphatd cal |y
nodi. fi.ed PEL, i tosan and .PAMAM dedriners.. 15 The

quglemARtiaR reae SRR UBLOIGE wﬁﬁé@a%l}e%@mgﬁed t0

ackiBWEdoRdheIRbESak files tHR iat Yabalii® 8 ddlieSild sﬁdﬁu@ aﬁd]a nucleic acid
article that can associate a nucleic acid

of psretameined ¢hoigsi dFhe @moynt qhiqustemingtign of the twrﬁ éwr@ron the
bat}’l@:' 8{&4}’ (fargrl}ﬁ)n?%il %ﬁ?ﬂmﬁ 51?/"‘5 Uk B 169%%%&&2%&%9 example,

ymer sel P-A8s8hbl i n
graatﬂr ¢hag 6| gremtantbpa,i gréats thanddr greaet ﬁam%,cgmﬁtdr itlomsS0, preater

B AR TR A - ——

be &5 @RS 1001044 diganf 900 WBsSihhe 88 Qeds Baun 70! 288 tﬁaﬁ 90,3&93 M,SO, less
from5 to 20 kDa and fromb5 to 15 kDa. In one

thapdfelersia 30.dese thag e o Lags thien e fnpngexamplpet nskbpng is
quétgﬁiz%g to KI&Bel of about 39.6% with a hydrophobic cholesterol graft.

The backbone of the polymer may be hydrophilic and may include various

functional groups that provide charged or polar regions that can be used to associate
nucleic acid such as DNA. For example, the backbone may include an ester linkage,
polyester groups, or polyethers. In one embodiment, the polymeric material may be

represented by one or more of the co-polymeric structures shown below:

Formula I: .
R R
E | ﬁ) E L+ l? 5
—(CHR N CH )i C—O—(CHy— —~(CHo)p— N—(CH)py—C—O0— (CIHD)7

m,n,r,m,n’,r >0
R: H or alkyi group or its derivatives
R’: hydrophobic group (e.g. cholesterol, PLA, PLGA and polyphenols etc)

Formula 2

R 0
‘é@ —{CHz)lr(f'll)——O—(Cﬂz)xrll‘T—(CHz)r—O E %Cm)ﬁ*gf-o-ECHz)nf—T+—€CH2)f —0
, | .

m,n,r,m’, n’,r >0
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In sonme enbodi nents, the conpound nmay be pegyl ated by
grafting a polyethylene glycol group to a portion of
the polyner, eg, the backbone. A pegylated 25
woRMsyHERs My be of particul ar use, for exanp@Eyud2005/017709
system c and/or targeted delivery. Adding one or nore
PEG groups to a polyner can alter sone properties of
the polyner, such as solubility, stability,
bi odegradability and the abylLity of the conpound to
enter cells. Exanples of pegyl ated pol ynmers of the

1@?%’ g%%ﬁ % pegyl ated PMVDS, pegyl at ed
t e can
e o gL HEANR A, B MDA Thes e o

Fo %%R%%(PEGESO) PMVDS- PEGG50, PEGE50- P( MDS-
S) - PEGG50, PEG 100- PMDS- PEGL100, PEQ
100 P( MDS- co- CES) - PEGL100, EGZOOO PMDS- PEG2000, _,
G2000& P(1VI -co CE PEGz\P PEG5000- PDS- E
%8%-0}!—6% —S@‘Iz;rv QE%Q (CHr O~ (CHZ)F—T_(CHJ—O
an Am
EG5000- P( MDA- co- CEA) PEG500 These corrpounds can be
synt hesi zed using the WD 2005/ 112886
m, RGTLW82006, DFAY09 - 15 net hods described herein for
R, Ry bedky popdupRirAls OSieatite( MDS- co- CES) . PEG can be
R”) Rk @eldiophdtiegrBMDS. © ch@bdAohRLA., EhGiArenidypolsherplagehy |
oxi de poly(ethyl glycol) as the term nating agent
f Or T8 tERAHR PO Rined forsedility and bdade‘gr&dabﬂil%l\/@&eo corAdnmey
nt hesi zed. PEG5000_can B l'inked rg)%% acid more
alsp be arofias o fRDSIAIRE FRTSASEJEVE R FIRHC > one o

5@ AN B EdiIntret heneani ne
Ofggﬁ%pﬂmg C%}L&?d%ilgl@ggg?g#yl oxocar bony| alm do etl.gwl}:llzlaI

et B¢ glitsogolyes mey bararepy mﬂﬂ@ﬁl@hwa'éil (@¥erpsae

we[ggg)g%t ﬁeﬁuﬁse C%)%r% GISﬁlléipl ns g:t% &!l_%élé' (aP5hd £ Abh-B&leic acid

drfg] Oéabi) ﬂﬁ%@?ﬁculdn ateighs of ghp ipolytdey isuighdn p pangh ghat can result in

th

S b mo g RareER e Es i i ph Il MR Lo BN R 1n
soﬁl@ @ﬁ:bclz-(ﬁﬁa@ntrs Qﬁ@ﬂﬁﬂeélﬁllaﬁ%itéﬁt of th@lpﬁmneﬂ‘s icell kPa ahdiess than 50

exa cancer ce S Qqr.
KDt (ol e BebHe Ba1E 00 AS 1 10 1% ESpnp e md
oS AP d;? I8 heBmBbdiakh:, iR Iﬁole&ﬂirtvlréigﬂt Rdings & betwdehi Ssand 12

'S ca actlve targeting. (See, eg, Yingjuan Lu and
kDehilip S Low "Fol at e- nedi ated delivery of

mact onol ecul BEYUL

Adv %Oé]&ee.f% %ﬁeﬂﬁl ve y“ﬁ%ﬁag 2 %ﬁaﬂgﬁp%ém‘% 693,
poly8&RTeRe gﬂk@lcgr&;p toaf pexidorce thseptdymyr, En tkm@ckbone A pegylated
polymer may be of particular use, for example, for systemic and/or targeted delivery.

Adding one or more PEG groups to 2 polymer can alter some properties of the polymer,
such as solubility, stability, biodegradability and the ability of the compound to enter
cells. Examples of pegylated polymers of the invention include pegylated PMDS,
pegylated P(MDS-co-CES) and pegylated P(MDA-co-CEA). These can include, for
example, poly(ethylene glycol) (Mw 550} (PEGS50)-PMDS-PEGS50, PEGS50-P(MDS-
co-CES)-PEG550, PEG1100-PMDS-PEG1100, PEG1 100-P(MDS-co-CES}-PEG1100,
PEG2000-PMDS-PEG2000, PEG2000-P(MDS-co-CES)-PEG2000, PEG5000-PMDS-
PEGS000, PEG5000-P(MDS-co-CES)-PEG5000, PEG5 000-PMDA-PEGS000 and
PEG5000-P(MDA-co-CEA)-PEG5000. These compounds can be synthesized using the
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enbodi nent of the invention, folate can be attached
to a core-shell nanoparticle directly or by a spacer

WQYLI2845G) so that the core-shel|l nanoparti cPETEEA005/017709

recogni ze cancer cells on the surface of which the
folate receptor has been overexpressed. Fol ate and

ot her groups can be attached to the nol ecules of the
i nvention by using nmethods kbdwn to those 20 skilled
in the art and by the nethods described herein.

medpds ét;sex_aihe@llzwdnkfer oynthiesig laf ENﬂZDS})gnd P@BBdR-CESE MG can be
. | e tentl . provjdes a neasurenent o
1t to BSHNAPS e SR, ok cfain Dydineancth pamsdegons( i bglyaot) as
thé edrrm'ﬁzﬁﬁh@uﬁe | o phfn kS

bel i eved t af%@%ﬁg%%aﬁg%%%ﬁ%ﬁﬂ%$ﬁe%g&§ gr%lp}é@)A are
sysHseiFe. BE 088 can be lisiedab carboyl aoid teRniehed MMIS shBMDA by

t] the.present invention have a positive
usg{&rgé%o gg F:é?h%%%m‘?% sone enbodi ments, the zeta
ot ek pratu I ERAVKIL =11 ,
p deEpol PRINGH S’. ethdh@AmA 2diiafHLR [l(%@@égtﬁgﬁ
ipsthylanehammenpios btamide]akliate } [PMDA-

Oxgir?g%tgfyr t aréﬂ&%kngéyggeater thc:an’
ORI, BbaP L QIO Y BT B R i agtonfot e

ClEoeH€Hy)eCHOE] that isappibally isedin ihaGYHNESS 8f P@@bsic%-@i%s)g’

a dru nd core shell nanoparticle. A positive

zet %%‘Et@?ﬁf‘n@?‘)d&a?ﬂtﬂge pplvmer gan bepeniagaged fospedfic tiotecules that
cartifed8g@islcd ' i d.] L1 g some ...

cases, therﬁliﬁl n@?gi?fo‘%uggb ge%ge’?:ﬁﬁ%ﬁ gellsy g:eorini"?faé’rc?’df is known

to @tach adiepelecdh bt & narmpenizte socthat theyanophitRle dhStEEL @ a
(0]

il -0f . th icle, . f le, b i si
pmﬁgﬁmlléﬁ] ‘.t‘é%g T};}O@ 13}5@@&5 gqr,tlfvle ﬁq.rgmgg &gé%gg‘ggg]ua% Ifuaa:n?il P?J%ip g Low,
“F G hSRA0H 1613vE ) i ; he
zeta potenti al Yfgfnlgla%r@giro gegt&l;a% %&aéﬁg%%gﬁ&utug% ?nhsg ﬁgganced
DrageBe/ivery Bevipor, Q00216551698 ipaorporitel byTfeferaideitetds) In one
r erein be nuf act yred usi ng techni ques
e 8 tnd s Bl i@ Gl BE P 04 ety BlAPmopartichy rectly

or $pfaceraB@PREG) 6b et He cblesH '
i e BPRED) 6 i ysis Feliel@lop %ggﬁ?ﬁﬁgggﬁ%@ﬂ cells on
the g fage|of Jrhiclyihe Solatsirroapeor hem e axvrenprésont. Hukois antother groups
| ar.ticles can be
can i ARHERRD T hOfafiRs St BQ Bven O R e Frchinds Rime to those
skilbtiddih yiss art aed byothe neetiatselcsdtbiell hBRMD PREIcGhs aﬂ@lhﬁe 6njugated to
as

the BidnsS BETERGPanThe pol yher My {1ret 10 be di seol ved

ie)r: az?'rbiptzlj? gd’)t}éﬁﬁk{l pPGbsSmastiRfnfbr AR rrgﬂuils(iog 8t 488 on 1Rk ween
particles. For a carrier/DNA complex to be taken up by a cell, it is believed that the zeta
potential of the complex should be greater than about 20 mV. Preferably, the articles of
the present invention have a positive zeta potential and in some embodiments, the zeta
potential may be greater than 20, greater than 40, greater than 60, or greater than 80 mV.
In some embodiments, the zeta potential is positive after association with a drug and/or
association with a nucleic acid. Therefore, the zeta potential may be positive fora
complex that includes a nucleic acid, a drug, and a core shell nanoparticle. A positive
zeta potential may facilitate transportation of the drug and the nucleic acid into a cell. In
some cases, the inclusion of a drug in the core interior of the core shell nanoparticle may

alter the zeta potential of the particle, for example, by raising or lowering it. However, it
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di met hyl f ormam de (DMF), and can then be dial yzed

agai nst dionized water or a sodium acetate/acetic
WO20PH1138f6f er having a pH of from4.6 to 5.6. BETA§2005/017709

this technique, core shell nanoparticles of various

si zes can be produced. For exanple, core shel

nanoparticles produced by this nmethod nay have

ef fective dianeters of abouf682, about 96, or about

15 160 nm These same nanoparticles may possess

is JHRh YA feREd Hat theizBEipoRHtiEN refhairOgrédter tin 0 @fidde drligthal bé
shel'l nanoparticles of the invention may also be

mcprmwj@cbmlt‘lﬂhﬁ@émok by dissolving or dispersing the

pol ' ' [ '
B e B L
thob@slanacgmtthy ati Goesxafupie, paretshell ﬁ&z@@rtmlasdxﬁdﬁﬁnbmﬂohenay be
menbrane dialysis nethod th nthose rod & }g
mag B &smluw SRS BATIRE RGBT OF BY B a1l aps) gater sthgte
emlgﬁ glialysis nethod may be preferred to the
PSSol Ut T on/ soni cati on technique. I n another exanple,
th eIm:mnB: ahlezidlmﬂuta,dbacmre shdl manppiygiclss o@ub@ﬁlr@@ﬂ thyough self-

assmely itk Spepivanty Gy gb g A58 Sho detRpBRCTR be seir
ass%ﬁﬁmleﬁ Frth & %Qiyﬁﬁglc'lﬁhtéﬁhl &Py F(Mim MSTESHUdhe @ﬁly@l‘@@aay first

F, Thi s solution then
be dlissqiwdsmdl someut fawhaq adms&,arwmt@rspl@nu f@ﬂﬁ-’é‘a@i’b‘@ml c

ke R T S e BV S BSAEE Ysoi

acebREae i aaidashRy havif Wﬁfr(ﬁn 4(&tbt5rﬂ? f Ugiag ildntechiique, core shell
nmeasure of how stable caore sheII nanoparticle ]{agpcles

narigpatticles §f waISses b be Progused. (19T el P ort ey

Ly T ISPIARP 04y e L o
16(Padn! IThkassamel danbgartities mag possessomrtydisersitysindites of 0 ﬂd}ﬁ or

be nost appreciated in applications where nucleic
02&0 d/ drug conpl exes are to be WD 20051112886

CT/rPeRe3 (Qllmﬁarm £ oY lﬁ{/éﬁfoh%yt ﬂscﬁbé’;ﬁr&ﬂ@&ﬁ dectly by

I ow concen{"ratl 0 or exanpl e, | ess
disstging oh dizpersihg the pd)lpmsr ﬂmﬂeﬂan@bmcatm@ﬂ@d@pﬁmm at es

Byl s shah it S Asfeco Bt gl s sRREMghe: 18 bactictes
proaﬁ d@ﬁﬂﬁf the Hkﬂbrﬁ{eedlﬂﬁkﬁ metBs HRh thoss podues thbhe PLYS

MAM do not exhi bit a CAC because they are vvater
dlsﬁalstmmsmmaummaﬂmdnagxer@fpm the amsirebree diglyrispegthedmay be

pre?ene%qe Fisso ut:lon]s%n%atlgn £t ﬁ?ﬁq&g' ch

In another example, the core shell nanoparticle may be produced using an oil in
water single emulsion method. The polymer, and any drug that it is to be associated
with, can be dissolved in an organic solvent such as DMSO, DMAc, DMF, THF, or
DCM. This solution then may be dispersed into an aqueous solvent and the organic
solvent can be removed, for example, by extraction or evaporation. The nanoparticles
may then be concentrated by, for example, centrifugation.

One measure of how stable a core shell nanoparticle may be in agueous solution
is to measure the critical association concentration (CAC) of the nanoparticle. Typically,
the lower the CAC, the more stable the particles will be at lower concentrations. This

may be most appreciated in applications where nucleic acid/drug complexes are to be
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has a CAC of about 9.6 ng/l and p(MS-co- CES) having
a CAC of about 1.9 ng/l. The CAC of a nanoparticle
may be altered by the presence of a drug that is

wo s €ed with the nanoparticle and ther et@ngddkn17709
may be advantageous to determ ne CAC when the
polynmer is in the presence of a drug that is to be
delivered using the resulting 10 nanoparticle. After
production, the core shelliparticles of the invention
may be isolated and dried to forma powder. The

adnﬁﬁwél%a R YaitAL R 1DS cbﬁ&ﬁfi‘&ﬁdﬂs WP Ekalriple gIeQithiars 00U 1ds@than
/or a pharnaceutj cal acceptable carrjer to

10, fnal@sSI thaw? medd f?hﬁpﬁqwﬁ}% Sﬁ*owlaatgqrﬁae@féﬁtﬂonﬁhfcreﬁlﬁn%lﬁre| |
molgcﬁﬁ%% ts'eﬁ"a?se% 19% aaco?é:’lsﬁéﬁ'%{ah @lﬁo?yﬂlé}@iha't aeliegs

posSI ar ged out er sur ace ‘and
soldb!ﬁd puashias BEL, pl:ys end BAMYGYIalo ibhexhihit zeEAQhebatse thel archwater

e

has 4Q%AC 6f abo8S%6 HgﬂmnﬁﬁﬁMDSLMCHBﬁmhgra (C!ACtolﬁ ebout 1.9 mg/l The
nanopartic|e. Likew se, dro bi c, grafts,

CAG o8 a BRI T4 TIPS Beatict HEA (PR Jpar eyt

the ﬁ:giﬁgéﬁ%ﬁlaﬁd tHetdrbre i BaF B S1vahtap@Yis RAdddradileyC AT Wheh iR

the nanoparticle. For exanple, the 20
polyinystiniphbbpresegeadt sdmafhai ésce ba tdelwredl usEg thayeeauling
%‘%%slt han 50, |less than 40, |less than 30, |ess than
*&ss t han 10, or less than 5% of the avail abl e
vol A peddutiie, thetoerd shell pﬁrtibhe of the itafeailimi tay be isolated and
artlcle S or clelc s ass ia
cricl iy AR BovioEs T poGidel e el ts iR e o ALSOR Phen
andﬁb? aﬁﬁﬁﬁ@fa@éﬁoﬁﬂly arsRetlatadetotiicilih® ddydiisidtioht It@a gubadct.s

ly be cont ai ned, by the

n an‘bfé%??tslil%] x@nonesmlﬁ mgy he We@ﬂ t{Jﬁéﬁg‘r‘Q@‘F &ipasitiyly
chzng%& o{n;ay ﬁﬂfa’c@%ﬁ)] ectd???aﬂéﬁﬁzqnﬂeﬁmt SRALTIR: huRis@hoe of GRS

reated with a conpl ex that
nanop'ﬁcrmld my &e nﬁmgmdm@s end may he asethen 40%eglesiban 3o RgR than
0 Spch. L1 eat £
20% dis TP gy SN S QB {6 a0, THARE Py
hydﬁﬁih@lﬁibtgrzfﬂs@ﬁﬁthfe&ﬁieﬁﬁﬂttomrﬂ hhesmdnoﬁ;the nmmphIBE].e oiayrcompletely

xanple, the s C | biti
ﬂig&?ﬁﬁfe&@%’fpm@ﬂy@il %)C#é’gﬁ? T f&éﬁﬁ%ﬁ%r
hyd%pﬁe&e QFafls Rty A¥BOLnP forliEs &aad 00 TegUBHh 30) Rstitan ab, lgmkan 30,
erap Such di sorders include, for_ex

1ess seithen f Begrdess $hapet’h obtbe ayilable V&H@er‘gp ‘!éft intprigppf the
mr%% . e%%%%ﬁﬁgef R o ey 01 A RS 2L e
cord {tetlapyofazikldaey be molecularly associated with the hydrophobic grafts or
may simply be contained by the enclosed nanoparticle. ‘

In some embodiments, the articles of the invention may be used to treat a subject.
For example, a subject may be treated with a complex that includes a nanoparticle, a
mucleic acid such as DNA, and a drug. Such treatments may include, for example, gene

therapy. A subject may be any mammal that could benefit from treatment with such a

" complex. For example, the subject may be a human exhibiting symptoms of, or be

predisposed to, a particular disorder that may be treated through the use of gene therapy.

Such disorders include, for example, genetic disorders as well as cancer and related
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approved, are anong those for which the invention can
provide effective treatnment. These disorders
i nclude: AIDS, asynptonatic patients infected with
wobbodnhagsdd V i nfection, HV infection (identiwaluszeosiotr7oo
twins), brain |nfect|on brain tunors, including 5
gl i obl astoma, recurrent glioblastonma, recurrent
pediatric brain tunors, cancer, including advanced
cancer, advanced CNS mal i gngncy, advanced renal cel
carci noma, netastatic renal cell carcinoma, breast
e
ey e N R R e
approved eur areere)thosedvmwhichatheiinvsmtion cadvavidediwtvo rexneant.
car G BQ o BRL A8 AL £rRe e g8l CARCEL i RLAMRIV-1, HIv

i ncluding ance

mﬁcﬁiﬁ’@ HilVi alﬁfédldli’ﬂi(idegl’ilﬂlhfvvlﬁﬁ hﬂlll’]iﬁfccﬂm, Ibgal‘ihﬁﬁﬁndﬂﬁ? lirfih ol
tastatic nelan met ast ati c ate car ci nom,
slig'ar'P oA TecHEest el %ﬁtﬂn}% Fﬁc‘“ﬁ‘é‘iﬁhpﬁﬂg PHBFSyfpncer, theluding

adaHCBDEAHCER AdvaRQd QIS aliginby,| 4D Ehce @RAAT oeu%m%idonﬁ,ehlletastam
cystic fibrosis (adults with m

[ un ancer
rengi g%h@@gmommbr@ag@ﬁcerf (ahﬁrm@-arot?%@ Aeting theppy @ldé?ﬁsé
chgzﬁ@tﬁ&g V L ant EF reftac 12 %?ﬁ%unér%g E&gﬁ Eéu‘@l% 1?1%,

car ci ng tOSI S, sothel 1 ona met ast at
advascechorterectal ¢ad:uhdnma:, eretzsiatid colvesctal cancer, melanoma, including

i PO AP p s R mbb g RS nst Fapigpags melanoms.
mebBtRe hesl @onal meraytam 151@&3& cafcilaf b@driin cadded) rrd:dmamt pRiiric

vere conbi ned eficiency (SCLD) due
malguAT SFHEY e g ?fé‘F‘?l’e:?r%fﬂk‘iFH lplea F280) gyic fbrosis

(ad%ﬁls b@fﬁ%ﬁl& &l@éaséaoéiﬁﬁyﬂ &ﬁéé f&hﬂﬁyﬁﬂz&k&oﬁé‘ﬂe&l&lﬂ Fe88Hk

and drug can bé 20 benef|C|aI in the case of
angyaigr G Yesiiseasy derdoreninges! eareipomatosis, gavangetperothelioma,

[ I
e
nemmblastdma; ﬂahap sdirdiEhatorg myumblasﬂ)maglmwhém} ar(eky dibead® rhanathtoid
aﬂggurotéo ic factor,.with on- E@@“ﬁ gfmp dru such

T R e W e e S fadepqineicamimase
(Abal)idefigiendyhat  amant adi ne hydrochl ori de can
facilitate dopam ne-producing_ nerve cells to op

25 Tiip Alge Relicxpdthebradgivery pHRUEEIG BTG Sn geehEnst ‘?H%Caﬂ be
be AR Rethe LR ?B@&@dﬁgﬁﬁgr%%&gséé%ﬁéhva%rﬁér eRdmplt, E!Qz}ﬁﬂﬂer s,

nuclerc acid, 1t 1s"believed that dopam ne can
Algy mlkaédn@nfﬂ dioe margplmm thervese afRerlamspn sidiseawna b@atnmgan

I
2o BT e B, B o
nuﬁélfz acididves sehag é‘mthpfe fuentiEnk hyt&@cﬂﬂ(&ldél B M&ﬁeﬁeﬂﬁhat

ke BSOS R e P PR BinE e e AEH S gBene

"wiﬂdb{i/" bherddsdfbied ﬂb%anﬂﬁe h‘ff@ﬂﬁ%&*ﬂap%@' BietiréfoRethrough co-delivery
hydrochl ori de that bl ocks th

=

- of drug and nucleic acid, it is believed that dopamme can be produced efficiently by gene

therapy and can be made readily available in the synapse by the drug. In another
embodiment, it is believed that the effective management of the Parkinson’s disease can
be achieved through the delivery of the gene to produce dopamine, which will be
efficiently used with the co-delivery of the drug selegiline hydrochloride that blocks the -
chemical breakdown of dopamine in the synapse.
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chem cal breakdown of dopam ne in the synapse. WO
2005/ 112886 PCTI US2005/ 017709 -19 The articles of

WQ HE5/irg¥nt i on may be applied directly to thePCTasaens/617709
that is to be treated, such as by applying a
solution including a nanoparticle associated with DNA
and a drug to a particular tissue. The article may
al so be ingested or injectedi9nto the circulatory
system and may be delivered orally or by injection,

pr ef eheaditi¥leabt Ble ihPition R 5%@%%{;1‘1@31 cﬁ.ﬁe@ﬁg ?(Lﬁl@ +isdhat is to be

articles may al so be adm hi st the cornea
trepted; mch @R}Yrapahdngw sdutieminoludingat namnparayle lassomated with DNA and

a 40 YR oD TR EreBle €0 BP Bl Biimaviachiaioshe
citcilabsty @g:*,lémmﬁ l}hﬁd)ﬂfb dbhv&@&ﬁraﬂﬁsz@ by ﬂ@%dﬁ%ﬁf&hﬁg |a.Fi¥r the

accepta l e carrl er. Such preparati ons nmay routi

P%Bﬂ?fdﬁ pegsdnted. The ariclos may abgeietasiministesest theouigh dles cornea or the
SR A oo U AR LG BEAER" e
armibg/mﬁthe arventiq@ohg pymieallyederinisiesddya ts(édtz@ Solutl6X b¥ ftae other
Iase atural ﬁ nodi fj ed cel | ul ose,
%PSE‘FSE% %@%rfls% esaug BTGPREONS May 1quimeleantain salts,
buﬁﬁﬁn§ réé@ﬂzaﬁ@ese h&rﬁg tibROLaLsS 09 Bth'epfh@#%iﬁ%mglleﬁlee&ts

rel eas t| ngs or enteric coati use
E)wnphes pnh'f amﬂvlcrﬂmm caatiers inphelei glase,qmiysnjrehdf; @ol}@ll(q:ljﬂidneﬁ
a}f edlr]the :i\rtvvlll ow&fgpgthrsuitable .
polyatS; “é’f”‘s : Vi ipr Y lase, natyral laggcpelyacrylamide,
ag%ké%&ﬁh@eh@élwﬁhena%ﬁ@%fm'c&%e gi@]%r%ﬁlb&lo‘ﬁns\%iu le. Time

the present invention may be used to associate a
relgase |cg@t;ng§for enlienig soatBgrmayfalsote wed gsthmimraeeutical compositions

ter to uclecaC|d order to
Ofﬁlam % ﬂ?%? %&i%ljtelf%]ﬁe %?v@h@ e %’ihEr ﬁabfglcﬂfr@r%\ or will be
ableed hsdéftaiﬁn@cﬁ,uﬂh@dnly fauliae ePersent@pnbe 20 used to
treat the sane or a different disorder than that

which is being treated by the nucl ei ¢ acid. The drug

glr 2? et O\g‘ﬁﬂ‘% Sfe%él’? ?@r\’lghﬁ bg §.L»eél tg][a?sgotrcp afea w1<{ee variety of
mﬂﬁaﬁe@fﬂmﬂm@ fiy bk aﬂlhﬁnﬂémd @éeﬁﬁ” withya R4S 86d M &fder to

e B s e B oo iy P e may be
usdd@H kiRRShS gaén@gggaﬁfdggangtdgs%gqeg%btﬂat Lﬂ*ﬁtbfe Gited by the

m t omyci n upr 0Spor 1
nudiéip beidy I’I'hdldmm Hlgd miy&sanvb@m;ihhﬂlee tlrterdeHlm bﬂﬁh@i@e protect the cell

be:fal aonl de, t%asongow e rggg%};@?maybeusedmththe
e o T i O SRS ot
doxorubicin, teniposide, etoposide, daunomycin, methotrexate, mitomycin C,
indomethacin, ibuprofen, cyclosporin, biphenyl dimethyl dicarboxylate, triamcinolone
acetonide, betamethasone, amphotheracin B, ketoconazole, itranazole, daunorubicin,
griseofluvin, foropyrimidine, lidocaine, epirubicin, vincristine, vinblastine, ellipticine,
camptothecin, docetaxol, prednisone, dexamethasone, bleomycin, chloroquine
(endosome escape agent), imidazole (endosome escape agent), doxycyclin and methyl-
prednisone.

The core shell nanoparticle may be made using known techniques that can be

tailored to provide for release of drugs under specified conditions. For instance, as



10

15

20

25

30

canpt ot heci n, docet axol, predni sone, dexanethasone,
bl eonyci n, chl oroqui ne (endosone escape agent),
WQ 058128%¢ (endosone escape agent), doxycycl i ®CAAEE2005/017709
nmet hyl - 30 predni sone. The core shell nanoparticle
may be made using known techni ques that can be
tailored to provide for rel ease of drugs under
speci fied conditions. For inR8bance, as WD 2005/ 112886
PCT/ US2005/ 017709 -20 described in U S Patent No.
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EXAMPLES

In one embodiment, a core-shell nanoparticle capable of associating a drug, a
nucleic acid, or both may be produced from P(MDS-co-CES). P(MDS-co-CES) was
synthesized as described below. A schematic diagram of the synthesis is provided in
FIG. 3.

PMDS was produced as follows. 5.958 g N-methyldiethanolamine (0.05 mol)
and 50.5 g triethylamine (0.5 mol) were added to a 150 mL of round-bottom flask. While
stirring, 40mL THF (dried with sodium) containing 11.945 g sebacoyl chloride (0.05
mot) was dropped into the flask that was incubated in an ice-water bath. One hour later,
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25 In one enbodi nent, a core-shell nanoparticle
capabl e of associating a drug, a nucleic acid, or

WORP§eiL1288¢ be produced from P(MDS-co- CES). PCT/US2605/017709
P(MDS- co- CES) was synt hesized as descri bed below. A
schemati c diagramof the synthesis is provided in
FIG 3. PMDS was produced as follows. 5.958 g
N- et hyl di et hanol am ne (0. 082hwl) 30 and 50.5 ¢
triethylamne (0.5 nol) were added to a 150 ni of

the ﬂuﬂdwhmﬁemwed habthe Wutbe wa$ bil6wd '@ prdQak af fdonl fégi Efhture for
wi th sodiun) containing 11.945 g sebacoyl chl ori é’

thyeg dggs- The pelvaptand trigidamine warasimdvied tisings rotavapor. The
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a membrase withd mh]ecmlatawenghhcut@ﬁf ol I500e0h bR 4aS thnddved using

g g S A g kb 604 G P igocor o days. Product

yidl@way apaft 759e crude product was dissolved in 20 nL
chl orof orm and di al yzed agai nst chloroformusing a

e niV-thBrammedthyd) nm‘b@mﬂyachallmtght wesithooéif asathe Bﬁ&gphot?lc group
was r e avapor. and the
to b RS R P B R, 3P el LR ehr et molocur

swd@é/ﬁas Iﬁft o6l q00 nyll, @dtﬂd%ﬁeﬁpﬁ’éék Whih was incubated in the dry
(2- Bronoet hyl ) carbarmoyl chol esterol was chosen -as

lce{a@ewﬁ9 batBshe t%pqgatg@pof less than -Pa€ Sehitecstinting, mwalmeryl

Chlg | eves vvgos&%gtpﬂ Oﬁ &?(}8 %?LB,E gn%?#l ?’PSE‘WWHE ecﬁaﬁt‘ 2106 mol)

wereelded.CTHeadafidr, i3mIL hestdy dridtricte/lanme 96 aBaddodbe ﬂask, Aﬂer
era ure of Iess than -30 C. Wile stirring, 4

halgalé kaksn spbinddhe rqagu@gws pwedda qbr@e&é a’goom

te@gg%%gq%er t er, r%g%ﬂ ?%(gmtlﬁle éﬁol ?ﬁwaﬂt‘tﬁ@" mL of

INVES agdcms sbhltmheaﬁlkai&kmtﬁﬁ\tmﬂi andil ahde xﬁi‘ﬂh b@uﬂ, oft W&Cl-saturated
fl ask S taken out .and the_reaction was allowed to

A SO o FBAYe isHRYLAmIPG, B QsEanio Dl mess collested and driod
witR B%Iaf{ﬂhacé‘t%ﬂls Wao B8R Sl MBIk JORERR W Iﬂ{g\,,a} ﬁitﬁa%ﬁgd Hi‘gnﬁéd The

aqueous sol ution saturate

cru@m@dwttwss*e-cmstalbzedl\wﬂh antytdnrmteisinobayce aud aslofdibusietone

e THE RRAprie o i i iy it ol i Bt ield was

aboau‘vg%_te The solution was then filtered and
d| stl |l ed.. The crude product was re-crystallized

TheNi(gdremeethy aw@mmw@halndemmgmﬁsdmﬁmms
bac%l%n%jﬂ gd%?tc]; eﬂtﬁr Olgf\@?g f? S e 5 eiitvl’tﬁé hb81 mo an %’ ge R’-(Z-

ours
bromoethyl) carbarmoyl cholesterol (0.01mol) were dissolved in 50 mL dry toluene and

refluxed at 120°C for 4 days under argon. The solution was distilled using a rotavapor to
remove toluene and 100 mL diethyl ether was then added to precipitate the product, To
completely remove unreacted N-(2-bromoethyl) carbarmoy! cholesterol, the product was
washed four times with diethyl ether. Product yield was about 70%.

A core-shell nanoparticles of P(MDS-co-CES) was fabricated using a membrane
dialysis method. 10.0 mg of P(MDS-co-CES) polymer was dissolved in 5.0 mL
dimethylformamide (DMF) and dialyzed against 500 mL deionized water and, in a
second run, against sodium acetate/acetic acid buffers with pH values of 4.6 and 5.6. The

core-shell nanoparticles had a narrow size distribution and 2 positive zeta potential as
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20 about 78% The N-(2-bronoethyl) carbarnoyl
chol esterol was grafted to the PMDS backbone in

WOR08€28%6 obt ai n P(MDS- co- CES). 85 g PMDS (0. BATAWSRO05/017709

and 5.5 g N-(2- bronoethyl) carbarnoyl chol esterol
(OAnol) were dissolved in 50 nL dry tol uene and
refluxed at 120C for 4 days under argon. The sol ution
was distilled using a rotavaibs to 25 renove tol uene
and 100 ni di ethyl ether was then added to
chafaertipéd B € z6tA DoRnAsl ; ﬁﬁﬁ‘[ﬁ ALe s
unr eact e? N- ( 2?b{|%(531rm§l %}37 lzé}%g;]? %ar rm%iﬁh%th% Lé%'giércgp ?blhty
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. i out 700 cof.e-shel | . .
R TE R —
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o8l A1 SREEN AORL LB AET LB fnine on

thecpmlpnethahin chainofibe teisultieg chresshallmanspawiciésaed a slightly higher zeta
as. WO

i st,ri buti nd a positi et otenti al .
pofshal /ot to s nsoBuBrst IHhusied 5 oiiartadtsehtivaanathods It is
holied . " . . | .
e A 1o IR Bhooplite by 30 B Puc el Bl 34 Mihod
havst ¢ batter organizadeorsrshell stradiusni zed wat er, sodi um

acetat tic_achd.buf.fers .(pH 5.6 and.4.. wer e

T oo IBiEhRaE EpAtinilie) HFhShE sl bt §Pehint edpasrmer to co-
delBret BrughndDORAINRdAIrb SRS asytRldted WHE (HeRDRESH thyY @%%fs‘hén

potentials of the 5 nanoparticles were 44, 72 and 84
nangpartiles| Jpdempihacinigad pyieop serd ehosen povedal dagsant mgher

[ . [ L [y eV t hat .t his,.i.s .due to

enc BB b ote-sheh s or ) R e Wi S iR, The

encppdwyatizin efficienehell indonidthadie avd Eyl’gﬁee ?Qdeg?rgﬁ@égol%yelgy_ sglectroscopy
| gher. z i

n Qrticle§ had a s|lightly | .
Wa%%fg% £ agl 220 Uh EesRastiyplyr 3!1@ pasdiclesgite inereesgd Biterndri desding (175
. . . i N
rnis 0 RaTELIR ahd 0 gL SR Byl P, e ot
potefitial gEthe napdpaciicldDaften denglobdint elecreasgd (62 &V w084 nS\h &y

. ,Structure o .eval yat he possibility of using this
md@&??‘@ﬂpém%ﬁgﬂ?fwlﬁﬁcm?éiﬁﬁp -‘?%‘?S)'to co- deliver drug
and_DNA, nodel drugs were associated with the core of

t hel @ getemaine hew widhbpedleir aridcouldbronssedinted withthe core-shell
man 08 RSPl RIS MRS BB e o of

capsul ate
P(Mi2Sroo-d01S ) diozd-steellimamepditicle. Phplasmid DNA encoding the 6.4 kb firefly
luciferase (pCMV-luciferase VR1255_C) (Seq ID 1) driven by the cytomegalovirus
(CMV) promoter was bound to both free polymer, blank core-shell nanoparticles, and

indomethacin or pyrene-loaded core-shell nanoparticles in a sodium acetate/acetic acid

buffer (pH 4.6). Plasmid DNA, complexed with the free polymer or core-shell
nanoparticles, displayed decreased mobility in an electromobility shift assay (EMSA).
FIG. 4 provides results showing data from nanoparticles produced by two different
methods and from 2 loaded nanoparticles, each at various N/P ratios from 0:1 to 12:1.
The first is a nanoparticle (made by the direct dissohution method)/DNA. complex (1), the
second is a nanoparticle produced by a different method (made by the membrane dialysis
method)/DNA. complex (2), the third shows indomethacin-loaded nanoparticles/DNA
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15 encapsul ation efficiency of indonethacin and

pyrene as determ ned by UV spectroscopy was 78.4 %
WORWES/'HB8% 0 respectively. The particle size i BETHS§2008017709

after drug loading (175 nmvs. 83 nmfor

i ndonmet hacin and 180 urn vs. 83 nmfor pyrene).

However, the zeta potential of the nanoparticles

after drug | oading decrease@d3¢63 nV vs. 84 nV for

i ndonmet hacin and 65 nV vs. 84 nV for pyrene). 20 To
corfleRds B and e it shdws poteptdomied dasspatiitl@EDHas0aIpM:RE (4).
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| - shel ' di_spl.
polObY 256 HERR el s RRRES BThE o BB et gy st
nanoFaf6les and8 Gor reicOMhdRiccor@sHel ItrBmohentleg mamAmmOF ability

nanoparticles produced by two different nmethods an

of the blank cois=shel npaenspinles wasslighdy stronger thaniting of fyedree polyrmer,

rat i farom Q: : ; fj . .
o e P AToscL o0 K ponpr B o R i i o i groster ot
poté@iahod) / DNA conmpl ex (1), the second is a

nanoparticle produced by a different nethod (rmade by

t helBNFe dtadiny® the stilinRahtdaNey 60IR@Noddel cofcidhell

third shows indonet haci n-1 oaded nanoparticl es/ DNA WO

nangﬂiu’s'fh? :d;ga'ﬁg ﬂﬁd?Nwszioéi@g @llmwg the. mpreayivispasaes of the lapded
e A B MR G BadSt DARGRRIG AP LEE N e i

sodfuih sedtab/acktioyac BT pgeridia cortwirell mhopatiitleomandivaen
the palyner to the nunber of phosphate groups in the

aceigipéacetie agid iy tieDnis) pyreteon cosearhstlananapaBeipt/ DR hermplgre st

vari'c%{ NP is Wer%%ﬂ’tﬂﬂnle{ii 0B 21508 ki éﬁé%%e ec%;%tegﬁ&arkin Elmer,
nrtrogens in e polyner as phosphates in the .

USAhatsooinitemperatire (198C)\ Therinihsgity (phak haiglehtasio (1338/1333) of the

per cent age of DNA associated with the conpl ex.
banfhdif pmdo Hsdanda) 33 oy m%mxcmﬂa wpSnakzed As shown
in F9G. 3. h%%lé: ' %ﬁ% Tﬂh&ﬁé’ hffobRe@in SrbR hydiSphobi
mF?{}eSe%p yn%@?‘g&pc‘)or t eﬁ% ank co‘;ve-shel I m_ jlleSp ovte
enviramueEr Thetatio 13384353 incrdased twittcthe ladingsef nyoine-igiodhd core-shell
nanopartjcles and.3 for.pyrene- ed core s I
nen O RV RO PR b o gt Bipfoved he
hydrophobicity of the microenvironment of the pyrene, indicating that the pyrene
remained in the core of the nanoparticles after DNA binding. It was also found that the

size of the pytene-loaded core-shell nanoparticles/DNA complexes ranged from 150 to
300 nm, with the N/P ratios ranging from 0:1 to 10:1, indicating that pyrene-loaded
nanoparticles did not collapse during the DNA binding. These findings demonstrate the
ability of these core-shell nanoparticles to carry drug and DNA simultaneously in a

stable colloidal solution form.

The cytotoxicity of a core-shell nanoparticle of the invention was evaluated to

determine the suitability of the core-shell nanoparticles for in vivo gene delivery. The
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10 of the blank core-shell nanoparticles was slightly
stronger than that of the free polyner, as well as
WOt2h¢5/1d28%¢- | oaded core-shell nanoparticl es, noRET/UBWe$§17709

due to their greater zeta potential. In an effort to
determine the structural integrity of a drug-I| oaded
core-shell nanoparticle during the DNA binding

process, the mcroenvironmem4.of the | oaded 15
pyrene was studi ed by fluorescence spectroscopy.
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ég ggi environment. The ratio 1338/133
F}e?s ¢ EH/ N comBlekoadi ng of pyrene into the
core-shell nanoparticles. Results show that the

bi néf ARPUT cERLimEnt: Inctitrp frendeaignienperimertophsiecformedbn

huxﬁ:lﬁﬁ h%%/a%rﬁe? @rﬁ;(%gllg %’é‘g {-ﬁ&?ﬁ %@ glgsgﬁ% nghtgl?b hre%[ytlga%erase

repoetingngent (9O -hictferasONR 1055 diyGeq 1D 1)\8sGRP %})Jr@k' Béhe,

encpdit e SEerus pRpent TS &S Sead B vt 73 ven b dhe SV 40

ool (ORI opbeatl i D bkl
namphﬂmbﬂéNMmIQedeﬁatmﬂ‘erbnﬁwlPrrguosTM&semﬁulmleMiih the cells for

bili h hel |
foul B et o2 8 LA 8256 g8 BNV HaP Brascist mh LOY BGSH Rastits
md&a@hﬁt@hﬁﬁﬁdoﬁ'e%w&?' ﬁé&@é@d%ﬁﬁgﬂx bl fga%hg b dimal

of a core-shell nanoparficle of t I nvent | on
ﬁa@f@ﬂ%ﬁﬁ'@mmy atian E/Rrram afH6: IsfiiG ab: I']I'tugftrmfsfdchen eﬂic1ency is

RS EIRRA st a1 B B ol et

nanbpatipies tiadk OBy tRBA caHilalisly siveiethail (UShRED 484
ngﬁgefubrobl asts  (ATCC, USA). Rt (HERBEbAIS) 8y 1d8d Aightly

greaten geng %@@@%@lqnoefﬁh@n@owbels prstiparechtoopapparttles poaced using the
and did not show any
801@{%5%0 gtz\?ﬁl% %a)ﬁc%la\%/ars)at NP ratios of 5:1 and

C on fr{, Ia'l@ K2§g, E?C]fs( (ﬁzflg %}ﬂ g% 2608 %‘ans]i2 ¢t O%Aiegc%gd gﬁest Ievelnat an

N/P ratio of 15:1. The nanoparticle/DNA complexes, at different N/P ratios, were
incubated with the cells for four hours, at a 2.0 pg DNA dose, in DMEM supplemented
with 10% FCS. At an N/P ratio higher than 5:1, the gene transfection level of the
nanoparticles/DNA complexes was higher than that of the PRI/DNA complexes. Lighter

bars show nanoparticles produced by the membrane dialysis method. Darker bars show

nanoparticles produced by sonication. The control (white bar) is PEI at an N/P ratio of
10:1.

As shown in FIG. 9, GFP expression displayed a similar trend in FTEK293 cells.
The nanoparticle/DNA complexes, at different N/P ratios, were incubated with the cells
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5 Mv = 25,000)/DNA conpl exes at the same NP rati os
di spl ayed cytotoxicity at all four concentrations,
WQ H0E1838%6ng nost pronounced at 48 g/ nL (FI G @LT/UBRS/017709

the core-shell nanoparticles described herein

provide a safer vehicle for the delivery of nucleic
acids that does the PEI/DNA conplex. In another
experinment, in vitro transf@gti on experinents were
performed on 10 human hepatoma, Hep& cells and
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| ' 1,0% . LAt .o hi r
cor UG RT b It ek, DRl iphRble bl
ﬂuomn@mp E{ }RIBF\MIA A sh@Mr@l ollfmfrfmetﬁe m-sgﬂgb@mﬁmwmﬁm cdhiplexes;
co xes, Liaghter ars_show
mwﬁéﬁ%%wws dar %&sg A ngi‘% CrhiBiadiche rentad iggoup.
t . 9 i y
CorStlineRdl Gonb Bksresoval AARA b bl BUHE B cifnploxes
(seerfd6i bl ofResalls shovBhatwhahihwsaing effpefimd} wak Rircugingesadied DNA,
.,di splayed a.sinmlar trend i.n HEK293 cel|ls. _ .The,
wittiguf (B SRS RaRiel ytjansm e ERBSSIon WAy TF Peakern I pelived that

thes¥BARPAREIRTLAR B sBd : .
S BCTI U82005/ 017709 52?(%%&‘% Soollfeh’ e et AR correcting hearing

loss.

SYNTHESIS OF P(MDS-co-CES)
Synthesis of PMDS: 5.958 g N-methyldiethanolamine (0.05 mol) and 50.5 g
triethylamine (0.5 mol) were added to 150 mL of round-bottom flask. With stirring,
40mL THF (dried with sodium) containing 11.945 g sebacoyl chloride (0.05 mol) was
dropped into the flask that was incubated in an ice-water bath. One hour later, the flask
was removed out and the reaction was carried out at room temperature for three days.
The solvent and residual triethylamine were removed using a rotavapor. The crude
product was dissolved in 20 mL chloroform and dialyzed against chloroform using a
membrane with a molecular weight cut-off of 3500. Chloroform was removed using the
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for four hours, at a 2.0 g DNA dose, in DVEM

suppl enrented with 10% FCS. Even at the NP ratio of
WOLR0E5/112886 nunber of GFP-positive cel | s transfBET@H200§/017709

the nanoparticl es/ DNA conpl exes was hi gher than that

transfected by the PEI/DNA conpl exes. 5 In another

experinment, in vivo transfection of the cochl ea of

gui nea pigs was conpl eted-2&FP reporter gene,

encodi ng the GFPnut| variant (pEGFP-C) with 4.7 kb
rotélfagéf%d% 8 pRYd O waREtYd RrBEVAR (el %ﬁ%gﬁxmhe yield

was enpl oyed. "The core-shell nanoparticles/
wacadrpt@5X¥s with the NP ratio of 5 were |oaded into a

 y SvifesiSh it Brod RABES eaP R R Sht3lt 3y wi of FRERRorm
Ari&PRIR Glolduld stehe wad pi iy 100a4D &f veund ButtaBTMMsRWhich was
Transgene expression of was _observed,

. GFPrrut |
incabated iaghe G0 REBSNGTSET (SBITHUES JSUE Epod. G R e, 434
& ofi g §fnoloR it QK05 APl L RS RTEC hirobromide
(0.0106as0]) efs adied.fTievéaties 3anlpfredhby diisd ticthylduhine mas edded to the

N A S A
out%li Ié(%tllgft‘:n%@r%[’ﬁul%l}ﬁf 12 RARE A8 or Sdré Q@f‘flﬁcﬁi RS WELhEQ W20 m1, of

eas indicate areas of uorescence. Row A
IN #HGwgueassbhuion samatddewitlo NaCh frgl thres timep and prdecwithhd0 mL of

ompl exes; row B.shows resul.ts for naked DNA ,and
NaEetog apegy SOERE L GHONE iR apncetBF e phai bvas
colfeﬁ@ﬂ%ﬂ@ﬁﬁe&%@@bﬁdﬂﬂﬁﬁn eslamSuliag. D hrReh Wi thén filtered
the conplexes (See FIG 1I). Results show that when

andtdistillednFhespde prosict wessreranystalEzadgvita rehydras ethapol once and

Wi, t hout .t he nangpard.icl s . '
enHS RE v, g el it PRSP RGN ER BRIl 24 hours
ThefblddviabeaemBo%or human cochl ear gene therapy in
correcting hearing |oss. SYNIHESI

! (S oF Pél\/Dg co- CE&)
25 SynihesisofsPOYIDSMOSCER): 358 HPMINetUR) BrBeRd Ao e
o . .

A B 355y A0 S DASEUIEN 4 L
reﬂﬁﬁéd.atﬁHF(C ﬁcrri @@hgsﬁuhgergg@ img:m atoosphénai T sgmmz? distilled

sebacoyl chloride (0. . dr gpped_i nt,0
usig G ROWHRROT SR YRR QL. it e B fm ed to
pre{ﬁ g%tte :ﬂgé nﬁrrodu(t,th?o Eé@glgtel})"@ﬁmrv‘é RRMReke AL (23R8niohyl) carbarmoy]

was carri ot at roomtenperature for .
choldateed, theymod®0 wikevashedweith disthyl edsi o ahother four times. The yield
tri et%@ai nine were renoved using a rotavapor. The
0.

wasahoyk

TRANSFECTION STUDIES

HepG2 or HEK293 cells were maintained in Dulbbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal calf serum (FCS) at 37°C under an
atmosphere with 5% CO,. Cells were seeded onto 24-well plates at a density of 8x10*
cells/well (luciferase-plasmid) or 6-well plates at a density of 1 x10° (GFP-plasmid) and
cultivated in 0.5mL DMEM supplemented with 10% FCS. After 24 hours, the culture
medium was replaced with fresh medium, and complexes containing 2.0 pg luciferase-
plasmid or GFP-plasmid were added to each well. After 4 hours incubation, the culture
media were replaced with DMEM containing 10% FCS. After two days, the culture
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product was dissolved in 20 nL chl orof orm and

di al yzed agai nst chloroformusing a nenbrane with a
WORPEEE¥8ar wei ght cut-of f of 3500. Chl or of or nP@EES2005/017709

renoved using the WO 2005/ 112886 PCTI US2005/ 017709

-26 rotavapor and the final product was dried in the

vacuum oven for two days. The yield was about 75%

Synt hesi s of N-(2-Bronoet hy?)- carbarnoyl chol esterol :

50 nL of chloroform dried with nolecul ar sieve was
megiiatweretemaolvod and thef cellowerk-wahedmith|eSial, BBS.CPhenp®2m L reporter

lysi Bk VRHCERtS Sachallio it (e Seumnfte 1ok oriLuihppion was
sub_ge_gt)erﬁrtQ 06 H?(Ttlé‘s 6@&&%%%{% kRav@fd afd LB antn‘rfruoget)i 2t 14,000 rpm for 5

onoet hyl am ne romde (0.0106
minsthgethe fEhedive dighbunitsARLLD) messhingasiwédoabing @ binkipdmefen@Bio-Rad,

s added,.to, the . flask.. 6 Afte an _hour he
usHf SRR dobrotstr Al b g HhA ridaiorty (BiFRad Usa).
TheC@FP-pB6ltivOtdlisavert @omité® afloweytdtet S SLITRESP,
or aJrI1)i c sol utSi on was vvaisigglz% vvithnyO err%Q(gjfm%O 1N HC1

COH| 500 Bet isrvhoxueanerts dlbino Ruiosa pigs veighiee between 250
Al f. .. - . .
and30f BRECusty’ Rufibhad el Ry ErcBlek 2 Bfin A3BHRS0n of ketamine
(40mgse) and the ahsaigesio dyklrine (1 0nd/ lkgh Posantivdacapproml paginely was
sul fate. The. sol ution was then f iaht ered

d
used| fQ EXPPWEL of%h% tyappre berydhdla. Hamatl openipg pgﬁlei tywgasip prila
was AR HRAE W ARRA, ulITorRE0L fo JION B8 SERMARE of iy
wintiow nsembrate (RIWM). 4l shalbsicadlry GebibarSywvis pbsied irofhe groove, in
. P(NDS- co- 2. P 0.0 .and 5. N-(2-
diregl ezt W RITM, Rl GG Somela o omn arbed N s
injelted &PG¥BGhrh NInRRLIBE ofth¥ veQbHRASeA Mo Ge@ifohﬁmsi@ts thefread of

for 4 days under the argon atnosphere. The sol ution
solniias telisighbdring tissedsn§he meistant wassqbened tim layerspansl total apereting

._and 100 nl di |, eth h 0
s ek St 0 finibt o be F TN Bl R dod. 7 and 14
respeRRBELRS shikdedy. Teaipoedl ibishd wery Wiavdsed frors Betheid R oPkhe head.

t he product was, washed with diethyl ether for another
Each bulla wpsegened meingirengeursig £xpossdie GohleaT Fagstpmes magemoved

and Bl k8 it SRSy iaPHplr 308 BackbrtELEL R Al T e dollng
windawp. lteoeohied waistthenlifdraddan 4apirafemuldehydeS)veatigit 4C4°C.
Aﬂeli'l r(]:gr?liale?enﬁxation, specimens were decalcified in 10% EDTA for 5 days. After
decalcification, the specimens were placed in PBS and dehydrated through a graded
alcohol series, and then equilibrated in xylene. The specimens were embedded in paraffin

and sectioned radially at a thickness of 7pm on a Leica microtome (RM2125RT). Tissue

sections were dewaxed with xylene and mounted with Sigma mounting medijum, and

then viewed under a confocal microscope (Olympus, Japan).

1. Synthesis and Characterization of P(MDS-co-CES)

Cholesteryl chloroformate with a purity of 98% was obtained from Aldrich, USA and
used as received, N-Methyldiethanolamine with a purity of 99% (Aldrich, USA) was
purified with sodium, and then vacuum distilled. Sebacoyl chloride with a purity of 97%
(Aldrich, USA) was purified by vacuum distillation. Triethylamine (Sigma, USA) was
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at nrosphere with 5% CO2. Cells were seeded onto
24-wel|l plates at a density of 8x104 cells/well

WO 300 112886ase- pl asmi d) or 6-well plates at a JdBAEUSH0§P17709
1 x106 (GFP-plasmd) and cultivated in 0.5n DVEM
suppl enented with 10% FCS. After 24 hours, the
culture 30 nediumwas replaced with fresh nmedium and
conpl exes containing 2.0 g P{ci f er ase- pl asm d or
GFP-plasm d were added to each well. After 4 hours

first reaithwith tylugresulphionyl éhloridedo semeeasccmplamcanines. Thwas then

R B o o B L

BronfyR124niae dydioBrasiak saw @ﬂb%éﬁﬁ@h&" thdh 6 Jg ggak o'B%%;ed from

Then, O. 2m_ reporter I‘i[F'I'@'éfrr uffer was to eac
Sigme) USA@nidy%l asreceieed. d. elafGemanywascalsd freshly dned with
RS |,Qn was subjected to two cycles of freezing
S0 andggfﬁ%v}n%ng, and was centrifuged at 14,000 rpmfor 5
mnutes The rel ative |ight unlts (RLU) wer e measured
a | um nomet er (Bio-Rad, USA) and nornalized

1.1 tS'E’"BF%{‘ @ CBW&WWGQ'P ﬂéPebreVMtJﬂdIeth@nﬁmawaybacate) (PMDS)

59488 oy HE T PSR, £ALGIE U0

ISOlﬁA}omﬁdrotﬂomed iflask exd mcubami m,a dily mmegms iheth. ]ng& stirring,

sonfepEhoniteied T Eh e 48 ol ebveomolnstde OgnoD) was

add&?%h%ﬂbﬁ@e iR AR) T sk Ras %}ﬁb&%%n% h&’& 1%' Bd 6% ion

Post auri cul ar approach routi nel use

wasalpwed teproteadiad rogmpemperatocrfpr tued more/tlasmil‘he smb@nt mgl

rosidiad Wit st Betyr B SR Rl i St B! Wuissotved
in 20 HINGF chbroEtR FRIMIAIRRE] 4o chl&‘o‘f‘d’fﬁi l!lsu% £ R Mrard With a
|

Gel foam was pl aced 1 n the groove, rect contact

molggular weight FQvafanf 3540 dlhlowfombm %»bsgbllenﬂy smeied fede the

d1a1¥5éa aegue gthe nétg%ézl%? a:;tﬁ]ﬂl%lu{laf ﬁ{rgdu (%16@ gag Lhg Yo R two
dayﬁqmatyidpmwh@amwbka@rl ng tissues. The i nci si on was
closed in Iayers and tot al opera in time was
o p G FirHEEIOf DA W STaTTHSGhY | ﬂ‘g\’fﬁéﬂémlsﬁ@ﬁﬁtab‘

Sho‘?ﬁ’*l %f&ﬁﬂ@éﬁgﬁﬁe IpESSDEE PGl BLAS K $97991 41 ipat ), the
peaﬁsemﬂ 1.62K8idnabbi atrﬂl 32 ¢pignad cand dgwermgﬁihuﬁedtto tleqrotds of
t coc a. The _stapes was repo tﬂg]%d t he %;)chl ea

four gilderent, LHngrougs Eom s sghacalsuyys. hiotdh
(Sighdl® %ara t%#aﬁ@%ws 2B § @@g%asggmémt e'ﬂmmﬂoﬂoﬂs of

S4% e overnig r co
two Hiffendrit eﬁHz-sgrecpmrdsthwe@H; drnpllinkéd dhe nitd@eh Etbm ThedR
Speci?rum z}iso ewcflenced the formation of the polyester. As shown in Fig. 13, the

stretching vibration of -C=0 shifted to the lower wave number (1736 cm™") compared

with that of carbonyl halide (1805 cm™) because of the inductive effect of halide. The
peak at 1172 cm™ had an intensity comparable to that from the stretching vibration of -
C=0, which was attributed to C-O. Both 'HNMR and IR studies proved that the
synthesis of PMDS was successful.
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decal ci fication, the specinens were placed in PBS and
dehydrated through a graded al cohol series, and then
W‘b%fl?%/’lnrzﬁ?ﬁat ed in xylene. The speci nens were eREEAFAPS017709

in paraffin and sectioned radially at a thickness of

7lmon a Leica mcrotonme (RWM2125RT). Tissue 25

sections were dewaxed wth xylene and nounted wth

Si gma nounti ng medi um and-2%hen vi ewed under a

confocal mcroscope (O ynmpus, Japan). 1. Synthesis
1.2Svati@sisroad1@rarecterimtion dp (\EEBranGEB)) Qnbumsayd cliblesterol

I r e W,t A f_ 989 s obtai.ned.from
A 0B SR Bk B B8 BHOP et
siet Whd iphishitet in aniy asddeetont bithatepifeldnire OowdPah ABEHd)CIVhile
was purified wth sodium and then vacuum

USA
sﬁr@ipng%-ﬁ 8 &8f chodestrrphghlernfosmrisd OR0PH meDandi2: 18 ©of 979

ol O XA ¥ ety
driddGTictigkiine Gy adRd to AR Mdsk sAfier tedft saxchout, tthe fladkueRetaken out

| phonyl chloride to reppve secondary amnes. |t was
aﬂfﬁﬁj@ﬁm ot Fvedie PFRceeth pyrORRY ERPT e (8 aifiihpdidiours. The
org %‘ﬁb BOuHSLHad QAU hRE Sihis with T RIREY ggédgxg%smsﬂ%uﬁon

ydrobronmde wth a purity of higher t
satuphted wnibdN4Cleml oStgwith 30841 afiNa(beutumtdreguaivs edlufibl to remove

. Ger. . al f [ Wtih 5
res G CipERURG e etEebic PHag hs cotlotef ab P ath 5 5 af adpydrous
mag@ieSRbyaiNa R Thy beligéeaetin E?D%ISGE%I& ‘H@%’ﬁgd.glgﬂg%%de prodmf was

g N net hyl di et hanol am ne (

re-orystadtizegl with srhydoous ethsinpl omos@nil anbydrausGicptone twice. The final

- flask and.i ed in a.d .

prodf2PA B8 SR S kol oPBT it Ao b i taver
chr@astbgrapkly () kel showtdihat ngldw.r24ORY) 210.65eRacRWent mixture of

chloride (Q.05 nmol) was added drop-wi se into the .
toluppe digxanggad mefhauolyls8: dnyolumedrindinging thatithe product was pure.
Thel\RA8 I QAnoNeRe@l | onwed to proceed at roomtenperature

f'or three nore days. The solvent and residual

t r i Eietsytineintanef ME2-brormomgl)l carbampyd clicléstarabwiis chifterized by

de oduct was, dissolved _in 20 nL of .chloroform
G S Serrosg o s Rt so A8 BV 01 14, FerBplaneraanl a5 5.10
SighaldT, RASESh 3nide] frid %%@sofr .
( lg;ﬁﬁ blg}é)?ﬁent [y r é%%]ggb? gcc))(rbnN%e dsll ysa?@u@?%{get eéﬁ)ﬁps are
alsorabsarvepatrd hne (3igealfHl) ahd prod dSignalids), tspeetively. Bhevsignalsmt &
0 f days. .The vield out 75% T
4553850 40 Uy onpioinate EndpuoL i B8 regteie ipmeak arcas
showd the 1 2RSS M A B SHy, Hy, and Hs s 1:1:1:2:2, indicating the successful synthesis
of N-(2-bromoethyl) carbarmoyl cholesterol. FIG. 15 shows the IR spectrum of N-(2-
bromoethyl) carbarmoyl cholesterol. The peak at 3325 cm™ represents the stretching
vibration of the -NH- bond. The signals of -C=0 stretching and -NH- bending vibration
are overlapped at 1685 cm™, The peak at 1536 cm™ is from the stretching vibration of -

C-N-. This corroborates the proof of the success of N-(2-bromoethyl) carbarmoyl

cholesterol synthesis.
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shown in FIG 12 and FIG 13. In FIG 12, the broad
peaks at 8 2.71-2.73 (Signal a), the 20 peaks at 8
WO01208F1128%6gnal b) and 8 1.32 (Signals ¢ and d) PGENS2005/017709
attributed to the protons of four different -CH2-
groups fromthe sebacate units. The triple peaks at S
4.17-4.19 (Signal e) and nultiple peaks at 6
2.30-2.37 (Signals f and gYy3Qere fromthe protons of
two different -CH2- groups and the -CH3 group linked-
L. 3uSyntivesismindrgrractetiotion B Poly{N-spetiptidiathenb nive sebiratep ¢o-

Ikt EFicalliony g D st bis elefeai) oo rygiide]

sebuBYB! (PIAIPSDpUTYEY)) (1736 cnf 1) conpared with that of
carbonyl halide (1805 cm 1) because of the inductive

2.88 prafdMBP (R8I imyd) a5 g9é ak(2abrommethybrrartasdogicholesterol

' ' . . tQ that f h t '
(0 GFRALR el PIRRGER 3 St O ke GRS BR B da pocer
an drblVRranghd® HidkbhabnprR\Bseh dibdlilcd thg thy ”thepbBtodemove the
was successful. 30 WO 2005/ 112886

tohgggg%é . mbetherwsfhgl asidstl R BAesiPHAL the product. To

oSO RIS N SRR e o ves

washed mtithafiethil atheffonmmoleitaneswilbéryeldwheahoua?0%si eve was
AR o LSS RGP T s

I 9 }8;

275PLEFAEEN 1 TSSORRTIR) 3,0 SR 5 G200 P XS

2.2-ddgnalskansag) taee frod the proforfsrod sl BMDE iieioh chain. A number of

b R, i e B B ol

peaRbt 98 atiehAf Mciprdton’ TR SQTIEbHIWaBInAECH-§ 11 thb 8holesterol
12 hours. The organic solution was washed three

growsrfSignal b Thopeak a$tthq highiglagaeficsfield 4bT trpresants the methyl group

. i £ s f .
direRR HRLEE B SRR bof SRR HL ) i et Bionprouidepu e
'"HNNIRephbitharoNBMDISecroC BAYindicates Sieat Wascholstety] toeslatd been
dried with 5 of anhgdrous .magnesi um sul fate. The

sucesssiutly grafipdonicibin PMIPP andeichin H0s 17 havs the b spqctrgen of

R T g e L o

is dues {He CeN setching winratiomvareinef Thie shift hndiirereaded intensity of this
lysis by thin | h TLE) fest

pea b it e b e PV RIS S ki

formateh WES téﬁ&%ﬁ%ﬁﬁngﬁﬁane and nmethanol (8:8:1 in
© vgfsune) ,q%%rs' Icating that the product was pure.

The grafting degree can be estimated by calculating the ratio of the peak area in
the "HNMR spectrum associated with the hydrogen on the main chain to that of the

pendant chain. This is calculated using the following formula,

where,
R, is the grafting degree, defined to be the ratio of the number of amine

quaternized by N-(2-bromoethyl} carbarmoyl cholesterol to the whole

number of amine on the PMDS main chain;



10

15

20

25

30

The yield was about 78% The structure of
N- ( 2- bronoet hyl ) car barnoyl chol esterol was

WOHEYHE®%ri zed by 'H NWR and | R spect r oscopi BCT/US2005/617709
nmet hods. As showed in Fig. 14, the proton signal at 8
5.10 (Signal HN) was from am de groups (COND). The
signals from 2-bronoethyl groups are 20 al so observed
at 8 3.60 (Signal H4) and 3361 (Signal H5),
respectively. The signals at S 4.52 (H) and 5.40

( HaYpar eisfthoares htthelsoleetsd peak framithespendive chaimegr at i on
0 H2, HN, H4,

f .the pe areas., S th ati.o of., H ,.
an®tps | ?%@ Tﬁ?ét.hf ,S‘%%\\ggfl Bﬁa?ﬁ %‘ﬁnﬁ?em@&é%@@sf ul
syR), hesi § thdhunhbdr &f B i I
ch)?:}flt esterol. FIG 15?%{%%%5&?%% Hli:%%?g%gite?l%rrﬁugfﬂol\lll}&e-pendam

br onpet hshajn; @a¢bannoyl chol esterol. The peak at 3325
R o TSRS LS L e Bl i o i

" bon e slgna
bendi ng ¢habr.ati on are overl apped at 1685 cm 1. The
peak at 1536 cm | is fromthe stretching vibration of

- CGN. This corroborates the proof of the success of

ol LU LR B T

seleBiedt had silshepricdisaaa be asédzatchlonlatd the grafting degree. The proton

e T P S 1 SR A Bt rmore, hos protons
. i i - brom . .
B Mok AR R SSORER e i it of
somgfprotogpeihemaain khdin ana tiegrendart chiio vest mfluknded by the

B O (A N I T T E—
quaRtiiBEp TR ford, Re SIRINMEMQRVINGEMEN O i }:@tiﬁd efén'ihé Aty 6r

rotavapor to renove the toluene and 100 niL di et hyl
methylpres grapps dirrsHy digkiedita ihe gratempiy apmonine waowue different from

t - t . 2- hya! e
tha AR 5 Ror T B PR et 8 TG O ok it e of
the gliatdrhiatly agti@fiudhpihiessBiotont wees deshiztdediaal the\tenabd whift, 5, of

70% 10 The 1H NWVR spectrum of P(MDS-co-CES) is shown
thesg proteny wasghusringregacd dhg chemical shifpvariedalegendingpn the distance

et o8 A8 B o B ol o
PMID$ amin tieaip bataorescontplichied BRESheguatemitaiion oftentiaryemind. For
instzgﬁgﬁﬁg ﬁ-g Wﬁég%qmgnf 4 93]%@&95%09@%%)2&%_ | 1%5 Qlijlotv?edf gtrgognlg%ew
signals, which were possibly from the protons of the groups directly linked to quaternary
ammonium, appeared at 8 4.6-4.7, 4.4-4.5, 3.7-3.9, and 3.2-3.3. Therefore, it is not
recommended to choose the protons of the groups linked to the tertiary amine or

quaternary ammonium. The proton of the methylene group linked to the carbonyl group
(FIG. 16, Signal a) from the main chain and the proton of the methylidyne group (-CH=)
linked to the double bond (FIG. 16, Signal h) as well as the proton of the methyl group
linked to the hexane and pentane cycles from the pendant chain (FIG. 16, Signal i) were
considered suitable for the estimation of grafting degree.

Based on the peak areas of Signal a and Signal h, the grafting degree for P(MDS-
co-CES) was estimated to be 39.6%. By changing the molar ratio of the pendant chain to
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peak at 8 5.38 arises fromthe proton of the double

bond carbon (=CH-) in the cholesterol 15 groups

WO 280YHAFS6h) . The peak at the high magnetic fi 8?5’"@2@.5’?17709
represents the nmethyl group directly linked to the
cyclic hydrocarbon (Signal i). The information
provi ded by the 1HNMR spectrum of P(NMDS-co- CES)
i ndi cates that the chol esteB®F group has been
successfully grafted onto the PMDS main chain. FIG

the PV Wil Blaih, RheNS: EIHegfee d(tPShelesteiob)moinlyi @fd the positive

al so i ndicates success guat erni zation. The peak at
charge of wemlanp BYIDScroeCER) edeanadudatedt chi ng vi brati on

f
o Tl b IS O LB sy
(WaA02690f MA, R rwith s DifferentiarReftactumabér Bctquelt @ atarsyu 0, MA,

UStly. Bt Wb Pise LAl Wi TIOF SRt B0 gafk ol B/t Vgt average
mo}éé%v%%qﬁ LEWRnas Qﬁrﬂﬁ%&@ty‘h{dﬁeﬁ RRrdvaieaed 18 4 ffibration

rmlncantotha he 25 pendant chain. This is
cuwahmngatseﬂemf podystihenef saridends rﬁ'golﬁrmenba@ramﬂg&h(cb MA, USA,

NPT T N S
avéi‘ﬁ%er}ﬁole&hlﬁlt &él@hﬁ@@ HM)é\lwitBafpbgimtaﬁw of 2. The fidgen content of

| esterol to the whole nunber of am ne on the PMDS
thermlmnmmasnneameﬂdg be 4 84%eky moslpmepisbaalyZez09 - 31
AAp, is the area of the sel ected peak fromthe
pendant chai n; is the area of the sel ected peak

2 Betartenafor ROl 6@%%@8 borgieRe: (iGhne onai n;
Allgﬂ 3 of g#&'ﬂ% sdlﬁtufuh Pg??& irPdcetoydly RERAAAEPRES il JidI'@:netnc

oup fr main chain. First of all
{laskg dralthe agta@icomss a‘lfowmdtth evqmmja rﬁwa:mdllmemml of anmeenes polymer

chain should.be sel ected al | the
sol PR EP R BOEHE i g dueghaute B8 iR 618 o°
volﬁh&ﬁﬁi 138t B&IEip Ay bfrenOtestive! TR, Al ﬂi&%lqﬁe(fds PRly@hdreblutions
otons. Furthernore; those protons influenced by
coﬂtiﬁﬁedqebaiem mirem dtarconterthisonnf A4 ol Theslutions xesd allowed to
The chem‘?ﬁ shifts of o
equilibrate for 24 hours at room temperature (22°C). Fluorescence specira of the polymer
solutions were then obtained using a LS50B luminescence spectrometer (Perkin Elmer,
USA) at room temperature. The excitation spectra were recorded from 300 to 360 nm
with an emission wavelength of 395 nm. The excitation and emission bandwidths were
set at 4.5 nm. The intensity (peak height) ratio (I338/1333) of the band at 338 nm to the
band at 333 nm from the excitation specira, was analyzed as a function of polymer
concentration. The CAC value (1.9 mg/L) was taken from the intersection of the tangent

to the curve at the inflection with the horizontal tangent through the points at the low

concentrations as shown in FIG, 18.

3. Preparation of Blank and Drug-loaded Core-shell Nanoparticles

The core-shell nanoparticles were fabricated using a membrane dialysis method. P(MDS-
c0-CES) (10 mg) and indomethacin (2 mg) or pyrene (2 mg) as model drags were
dissolved in 5 mL. DMF. The solution was then dialyzed against 1 L deionized water or
sodium acetate/acetic acid buffers with pH values of 4.6 and 5.6 using a dialysis
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sonme protons on the main chain and the pendant chain
were influenced by the quaternization of amne. In

WO 2003112886t hesi s design, only a portion of thePERU§2005/017709

groups was quaternized. Therefore, the chem ca

envi ronnment of the hydrogen on the nmethyl or 15

nmet hyl ene groups directly linked to the quaternary
ammoni um was very different-3F3om that |inked to the
tertiary am ne. Because of the inductive effect of

merhbrapo svithi amolebalngweeight cut-d€f 2800 BNRLH t@ﬂi‘i@ﬁhﬂgﬁﬁ_ 2f4 hours.
shift,

these protons were deshiel de nd the chemn cal
Tf@,exgefmﬁtﬂ%é%"ewﬁf&iﬂa Tyl vt e it Schpwesy Thy kelutibwias ltered
i [ i ' e . .het wee he
e et U (e BER R  dndl el B0 BBt oF P hotes before
Tuthertesamyiationd werfernpade! Tiee RAnIPMS-sheii aitiiel edd'Broduced using

conplicate ter, the gquaternjzation of tertiary
theaﬁ?ﬁp?el?m%&f’ld i té‘?‘ﬁ:%“’c%é’ﬂ@‘iﬂkﬁ'“@ﬁect rum of

P(MDS-co-CES) (Fig. 16) showed that sone new
signals, which were possibly fromthe protons of the

4. Brapspissiine Blectrgn Mioneschpe gTEMIt er nary  anmoni um
.4-4.5 3.7-3.9, and 3.2-3

S 4.6-4.7, 4 . 3.
A SRR ER S by ot pdiopgsisssnlysin poriaminschot ) %
phasphbengstRf acid\Wagpiacidon 4 pper & &Jh?edtv?{ﬂ?]gﬁrﬁr%él% ﬁ)lﬁl,ga%éi%as air-

guat er nary anmoni um TheMproton of

25

drigg e gom; taperaivge (2280 aFisohsM psenvptionsFrege cdfied Sirgmed Philips
f i in .and th t f th

CMETb RS (RULARANRA IR B censy P00k W gFIG. 19

profideSa tiifical IRV @nade ofawroveiidl] meiopdifcies BbaRated af HSolymer

met hy] group  |inked to the hexane and pentane cytles
COI\CF%tF#/Wf Bt chain (FIG 16, Signal i) were

consi dered suitable for the estimtion of grafting
degree. 30 Based on the peak areas of Signal a and
5. PoirgielalSite andndetg PatentinbMaegnemekdr P(NDS- co- CES) was
estimat to be 39.6% By .c ing the nolar ratio of
The e, SRk AR S R e e e ehsIkapoDe icles bue-
loadedZodShePMERoPRiBleS Bl rupliBSiedcRfd- il (ﬁ%agﬁ%%fmme

chol esterol noiety and the positive
compleses wane mPAVIDS! enESta patential amelyetravididdyrBlagc light scattering

cap%@{i@f@eﬁag’gﬂgj; : ‘f’eﬁs/\?st@’:js . Z%oﬁ@“ﬁ%@%%%? V\grs»c-,pared as
desditeiabovd. iAdter Res mﬁ@ﬁ%ﬂﬁdﬁg—l@ﬁfe& %ﬂd_})ﬁ%ﬁﬁﬁﬁg&%bﬂ, the

5 USA). The nobil e phase used was
complges Bereialiavyad ta stapd ifof0 mireprigydo thst recashicomentsi. Fhe sias

' .hdi ces were.cal cul ated from a
o P Y RO b el 8% D s yr ene
standards (Pol yner Laboratories Inc., MA USA,

6. Evalnation of Stability of the Drug-loaded Core-shell nanoparticles during the DNA
Binding Process

FIG. 20 shows the effective diameter and zeta potential of the pyrene-loaded core-shell
nanoparticles/DNA complexes as a function of N/P ratio. The pyrene-loaded core-shell
nanoparticles were fabricated in the sodium acetate/acetic acid buffer (0.02M, pH 4.6).
The nanoparticles were added to the DNA solution (40 pg DNA in 2ml. of the sodium
acetate/acetic acid buffer-0.02M, pH 4.6) at various N/P ratios, The size of the pyrene-
loaded core-shell nanoparticles/fDNA complexes increased with increasing N/P ratio,
reaching the maximal size of 300 nm at the N/P ratic of 2. At the N/P ratios ranging from
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wi th nol ecul ar wei ght ranging from 1300 to 320, 000).
P(MDS- co- CES) had a wei ght average nol ecul ar wei ght
WQHI00F11RR§93 with a pol ydi spersity of 2.0. The BCTRISHWE017709
content of 10 the polymer was neasured to be 4. 34% by
an elenental analyzer. 2. Determnation of Critical
Aggregation Concentration (CAC) Aliquots of pyrene
solution (10 g/nL in acetone34were added to 5 nL
volunetric flasks, and the acetone was allowed to
3:bva poi sthe sizPidvaesset b adietisn of N%ﬁ@@h@ﬁfé’ﬁﬁémg% of the
ution gtt concent[?ati ons ranging fromO.1 to

|
O TR PR A S IV ELAt LN P amiontE 4 uriigbk DNA binding
pré&ss, dhdpardcit BRe %ﬁ&f"&iﬂ%@f&n%g:%gvxrgggez (ﬁb()?/‘]lF iﬁ(i Ql%ttg gHS %ﬁs

. tgol ynmer sol utions cont
n@eatngrthatanren-loded nangmpttidles Feldenos cbilipsans wer e

allq\ﬂg ©0..equilibrate for 24 hours at room

t enpér %f( %1?%1 0?%5?5“.&1 IPYEPESRyEFREsl08 erslsil naneparticles and
Evloaled LdhE) ' ' LS50

pypakyomied cofetdhtil dafopideINRA &Eﬁé’%ﬁq@#&eg%d%%% aIéESSOB

| um nescence spectroneter (Per

lurpiggirenes spestamrier Inoieasek B36A53 bratispefpyransiaded core-shell
60 i eni ssi

i el R N R R N —

in the nowicf tlsnaneparticke indthad DN AT diRb ®all %ﬁfb%%%ﬁlﬁ%ﬁ?g}ﬁhobicity

f%eié&:lht) ratio (1338/1333) of the band a
OL IR FUCTgER G Omens of RPRe: dieterEndingsidemonstrats frecbility oféi®se core-

shefiR@hyFRRc18St %% | ¢! r..goncentration. The |

CAC val ue (f .9 Qﬁ% Q[\E/\H/a@&fA a%}éﬂ%re&ﬁq? fie? Ftﬁé 8 %@P’(ﬁﬁ’?‘m‘-’n

forisf the tangent 25 to the curve at the inflection wth
the horizontal tangent through the points at the | ow
concentrations as shown in FIG 18. 3. Preparation of

7. D¥ugMoadnty EXveCanOBAES s RIS ﬁgﬁllf. noparticles The
core-shell nanoparti Ises w’ér lJg\'k’)%!iacat ed using a

Thertesdipg rvelansl epstpsulntion clficiRCyDS inddhetioc GRERs deléhiBdd using a
- hagi _ 2 del
UVEPS spBOR0R Bngdrud Y7301 i, gt et o Avebamoun

wer e
of ftebendidécBhanopartioRaivas diskolved B IO s
et at e/ acetpi cacid bUTlers wi wg&e%?ﬁé%% m}?%lr%cﬂ%uecﬂy.

Thegletsotion Hgvelerath s iset ahdl ® 0051 BB ABIHACH i 200 DhDbF g?&ne.
The S REAABEO: ks PR AEHGR (HERAD 515t ldrorisbs

at enper a
contemis repl aced hourly for the first 8 hours. The

solution was filtered wusing a filter of 0.45 m pore
size and then anal yzed or |yophilized for 24 hours
before further exam nations were nmade. The bl ank

8. Aggpore Geldlectrepfiopesis i cl es were produced using

The formation of polymer, core-shell nanoparticles or drug-loaded core-shell

nanoparticles/DNA complexes was studied by agarose gel electrophoresis. DNA
complexes containing 0.28 pg of luciferase-plasmid at various N/P ratios were loaded
into individual wells of 1.0 % agarose gel, electrophoresed at 100 V for 90 min, and
stained with ethidium bromide. The resultant DNA. migration pattern was revealed under

UV irradiation.
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5 the sane protocol w thout the addition of nodel

drugs. 4. Transm ssion Electron M croscope (TEM A
WOR08H113886t he freshl y-prepared nanoparticl es sBCUUSHNS/017709

containing 0.01 (wv) % phosphotungstic acid was

pl aced on a copper grid coated with carbon film and

was air- 10 dried at roomtenperature (22 C). The TEM

observations were carried e@f-on a Philips CM300

m croscope (Netherlands) with an el ectron kinetic

energy of 300k eV. FIG 19 provides a typical TEM

i mge of core-shell nanoparticles fabricated at a

ol yner. ncentration of 2 ng/nmL. 15 5. Particle
9. @Ytlgyx%f%]%gta Potential Measurenents The size, size

ThbSeh st et o HeHEReLS pi P B0 RO REE Tp plotes were
thef Petuflicl 9o R MatR aRd Heeclls fRRNIRMet ¢ efvPidonfluence. On the

conpl exes were neasured using a zeta potenti al .
mogning yfthe imitittorgtthetests, thgtmeedsainthe pelgwereasplsred wigh 100 pl of

frsty Iy g Fah AL DGR 30 00 B0 Jepafidsch @ chh well.
Ph@é&t@%u@fe qrsHﬁﬂ%Agﬁgﬁ %It lﬁ%ﬁg@ﬂ&ﬂt%ﬁﬁl@ﬁ}% N4 a8 Blelichiive

conpl exes to stand for 30 mn prior
corto] t e pimeswererthen sshuiitktoghe incubatersand mamtging inS5% CO;, at

37°Sﬁ? ri“%? agéﬁ%%id{acif ng iﬁcgttg{ g h@g"s%% gar%glp 3\9@ Ilitgﬁfqd%\{l%lograrte{)ﬁgaies per
TRRRT | ' A LR DR D683 8f b Rplicat
Pla%‘o S g\%& Vgérg?#ée%]??\?g 'arretogf&%(ﬁ‘d Zet a rg’{atenti al ofp foates
pertsagipRy Péigeets of METT salntiers el(l pl were egdadtintl eash B afier the
conpl exes as a functjon of NP ratio.

de gd 9E exnaspes. R plates ﬁgﬁg%ﬂlgpﬁ tg&,@}e(;_incubat{)1' and
; cat . -sod b ¢
mm(nggéééf]?x %%'CP]%%{]BQ] ?‘rgg:lr ﬁarﬂr?g%g ﬁ[‘tﬁlé gf(ﬁ&ﬁtrﬁéanﬁﬁ 'ggeeﬁ:ﬂ Wl was then

es were added to the

rentNAI SEY I TDNSLO Was?héh hdidednd eath wélbtostistolva B internalized
acetate/acetic acid buffer-0.02M pH 4.6) at various
purleFormgiaosrystis A aliquot of HY W@i@lﬁm foem sacloweld andkppsferred

to AP el DIk R e T e ed o5 e e gt 850 FF el o
miéfggla%/ rE’ade?gmv&fwa%e OB ibl kMot SThdBbAAnéd @AUME of the

5/ 112886 PCTI US2065/ 017709 -34 3:1 to 10:1, the
forminzan dipgals aeecitalen to bashet 3530 om wbtrapigd by that ge6Y . The

ial _of .th I
e S St B P SER e b

10. In Vitre Transfection Experiments

HepG2 or HEK293 cells were maintained in Dulbbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal calf serum (FCS) at 37°C under an atmosphere
with 5% CO,. Cells were seeded onto 24-well plates at a density of 8x10* cells/well
(luciferase-plasmid) or 6-well plates at a density of 1x1 0° (GFP-plasmid) and cultivated
in 0.5mL DMEM supplemented with 10% FCS. After 24 hours, the culture medium was
replaced with fresh medium, and complexes containing 2.0 pg plasmid DNA encoding
the 6.4 kb firefly uciferase (pCMV-luciferase VR1255_C) driven by the
cytomegalovirus (CMV) promoter/enhancer (luciferase-plasmid) or GFP reporter gene,
encoding the GFPmut] variant (pEGFP-C1) with 4.7 kb driven by the SV 40 early
promoter (GFP-plasmid) were added to each well. After 4 hours of incubation, the
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process, the particle size varied within a narrow

range (from 150 ran to 300 nn), indicating that
WOoe¥Hessboaded nanoparticles had not col | apseBCTHSTNE017709

excitation spectra of pyrene, pyrene-|oaded

core-shell nanoparticles and pyrene-|oaded

core-shell nanoparticl es/ DNA conpl exes were recorded

on an LS50B | uni nescence syectroneter. |ncreased

1338/ 1333 rati os of pyrene-|oaded core-shell
cultnenopdini wasasplatéewitbRMBMehnegning 1 6% rAfed tibldeds, the

di cating, that pyre remai ned jn the core of
Cmql??emﬁ(ﬁﬁ@p‘éﬁ‘st againggmge ke prls W drashedwEh Opgnbws §BS.
h
R i A S bl LN AT R 8 gl
Therdadisn thoeadl suslbmisionrvmcspbjec‘ued kesvd azycm roif ﬁreebrmg ammawwg and

w3 RE ol Boer B T 0 e 5 B e

meabtied oadiagmkRnedterqPio-RAGADSA) aid ﬂﬁnﬁﬁiédctbgi’&ﬂém%ntent using

i ndonet haci n was det erm ned usi

the bigchewnistagid @%ﬁ}m@m @sa}z(ﬂmq-Ra%hUﬁédthe GEp-anjitive cells
werEhBhed peifl 4 DO G RIRAB o s RSB RSP T BRI U5 s

nmeasured directly. The det ection wavel ength was set

at _318 ran_ for jndomethacin and 273 nm for pyrene.
11. ImKive e apsfestion BxpestRands ency was cal cul ated as the

111@5,1,,%,39 Eﬂ’% e theoretical drug 20 content. 8.

ectrophore3| s The formation of polyner,
P(MEIS eo-SHE)/DNva coppleecivere mepated oy fanlyenixagy ¥ s HMDS-co-

anopart es/ i ed by agargse )
ces) SBPa kL F3 Bmbiret TRl Siciihmuibeosmbdie hBmptyian
radi ;
ORI Wt TR0 331?31?2%2@5&"’3" &8 bﬁ*%té}ﬂ G Lot 54 in
the soldaun acptdterestisdicit (0XR0MYpHek6)9Thersaiyticusdvers aliowatito stand for
30 Wi {bh et hi di um brom de. The resultant DNA m gration
Wb Y6as reveal ed under UV irradiation. WO
2005/ 112886 PCTI US2005/ 017709 -35- 9. Cytotoxicity
Test The L929 cells were seeded onto 96-well plates
11.24ning! sgenocud delivery afidhe tramsgengcamplexoere  t hen
. . .he |
Alb1¥1§ %g{ng%g{g% Q?\ée'ig 111% g%@%&ﬁ %0 ?ILH%(SJ&QW&‘S luLeSd 0 e S%d )fﬁg
animals were initially anesthetized with a combination of ketamine (40mg/kg) and the

analgesic xylazine (10mg/ kg). The routine post-auricular approach was used to expose
the tympanic bony bulla. A small opening was carefully made in the tympanic bulla with
a pair of forceps to allow direct visualization of the round window membrane (RWM). A.

small piece of dry Gelfoam was placed in the groove, in direct contact with the RWM.
An 11.0 pl of complex solution or naked DNA was injected into Gelfoam. Injection of
the complexes or naked DNA into the Gelfoam prevents the spread of the solution to
neighboring tissues, The incision was closed in layers, and the {otal operating time was

approximately 20 minutes.

11.3 Tissue processing
Animals implanted with Gelfoam containing DNA complexes or naked DNA were

sacrificed at day 2, 4, 7 and 14 respectively post surgery. From these, the temporal bond
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5 norning of the initiation of the tests, the nedia

in the wells were replaced with 100 | of fresh
WOgP@WIPs3hredi um Each nanoparticle sol ution atPGHUAR005/017709

was then added to each well. Phosphate-buffered

saline (PBS) at an equival ent volune was used as the

negative control. The plates were then returned to

the incubators and mai ntaim®din 5% C02, at 37C, for

a period of 24, 48 and 72 hours. Each sanpl e was
wastresioged fromftmih Silde.‘pd)f thahesl. Becrh ljlﬂlap)lmto@ﬁnéﬂusém mhgdnes to

expie BETENTT Ji¢ SPo R LN RLARE SRS BHS P by the njection
of 439 b%fd?ﬂlaﬂeh?& thidugh®hErof Bl RahdoRdt. The @6(‘5]11@‘!@%113 @EA Bhmersed in

ed period of exposure. The plates were

t he nat
4% phr@fpm@ldﬁg yidso vasnighteat i4f(e ublierompirde fination, spastmenswdeo

r r T F in _each
leted POt & s O A per B e s SR pesta
in PBS dcalehydbled by idings<by i ihbeading esntahtratiRas bBalpolidd) efore
_forrm_zanﬁgryst als. An aliquot of 100 _pd_was taken
beiig GHLLARA YAOFY1CRE The FRRGiPE e theg CbRdastingetasin wax and

+ : | d
ol Ly B51 P 5N ) e

Bi o- Tek I nstrunents). The absorbance readi ngs of the
j mazan crystals were taken to be that at 550 nm
11 FEACSHE MIGTOSRHY at 690 run. The results were

Priof &Pﬁ%%&@g?%h@ﬁ%% GEARH0RY Freftf ddvhiGe @ BRAN &n@induifed with

negat | ve control. 20 10. In Vitro Transfection
Sigrex peuntieginsdidop Ghe camplEK 288 e Viewed ruadm mlﬁmqabmdmscope

Dul bbecc nodi fied S di,um

(O FiraR: TnPgieoners Gureped Sroudl s SBlbL REES) ar avc
under an atnosphere wth 5% CQ2. Cel I s were seeded
onto 24 vveII plates at a density of 8x104 cell s/ well

thy ingeniion hage hewsdoseribedfnd dilysjrated
hereﬁf ﬂ%f%%én{%%@hﬁ%ﬂ} e iy 4580 o vlifly R b s anc
stru@tu!leb m@enmnm@ maﬁmctzemd amlé:dlohtdnlnng ﬂmbsultsdjé _Hd‘i/anwtgﬁs
as odli
descet%"ﬂz%)éfq? 3@}1&&%@@%@@\# trchsa%iﬁﬁmﬁ ghe @)elthm the
scophof iR priddent Hﬁreﬁﬂ&r? nm?é é@ﬁ'efa.“d?, oAk IO RAE Ak %M&{ﬂy

'uci f'er ase- pl asm d) P Ffeporter gene,
apprematedhatgaﬂtﬁmxﬁtéhsud@empna miat¢nekGRRd c311)ﬁgmattons desdtibed herein

dri by the SV | t l,
ave el sy oA (il pood PR e, eigns. erdehle oo,
configiRatitls 20 FAdRB8R RIS RhAdsA8PwhicBGhe teachings of the

present invention are used. Those skilled in the art will recognize, or be able to ascertain

b~y

using no more than routine experimentation, many equivalents to the specific
embodiments of the invention described herein. Ii is, therefore, to be understood that the
foregoing embodiments are presented by way of example only and that, within the scope
of the appended claims and equivalents thereto, the invention may be practiced otherwise
than as specifically described. The present invention is directed to each individual
feature, system, material and/or method described herein, In addition, any combination
of two or more such features, systems, materials and/or methods, if such features,

systems, materials and/or methods are not mutually inconsistent, is included within the

scope of the present invention,



cul ture nmedi um was replaced with DVEM contai ni ng 10%
FCS. After two days, the culture nediumwas again

WO 20031&8%and the cells were washed with 0.5 nPCHUSRIEE017709
Then, 0.2nmL of the reporter lysis buffer was added to
‘each well to lyse the cells. Thereafter, the cel
suspensi on was subjected to two cycles of freezing
and thawi ng, and 5 was cent#$fuged at 14, 000 rpm for
5 mnutes. The relative light units (RLU) were
meafuthe dlairas (ag veell asiin tlengpeeificftRBinmbRec), alUBA)sitiorsl phrases such

hormalized,.t rofei n_confent ., usin the ., .. o e
as FEORPSHEm RUIE d PREATE pr BTG ST Giglying”, and the

likdf28)%o bd H1HbbPRI dg\gﬁ-eﬁ&éd $e. WRh@n GRS bESAA Yindited to.
flow cytonmeter (EPI ELI TE ESP, COULTER, "USA). 10

Onlyithe transitionsl Phrasest eondismgoipend Tronsisting gssentigByrpleshall be

reparation r COr / | e €. pr.epa
oSBT T RBERBY S8R A5 B PRt
Patédt- XBiceyianiudl ofiPakent FRahindilg FoleduresS B3otiog2¢0110RY t he
GFPmut| variant (pEGFP-Cl) with 4.7 kb driven by the
SV 40 early pronmoter (2.5 g; Clontech, USA/) in 15
t he sodi um acetate/acetic acid (0.02 M pH 4.6). The
Whebiswlaimedishere all owed to stand for 30 nin before
use. IL2 Aninmal surgery and delivery of the transgene
conpl exes Al bi no gui nea pi gs wei ghi ng between 250 and
300g were used for the study. The 20 aninmals were
initially anesthetized with a conbi nati on of ketam ne
(40nmg/ kg) and the anal gesic xylazine (10nmg/ kg). The
routi ne post-auricular approach was used to expose
the tynpanic bony bulla. A small opening was
carefully made in the tynpanic bulla with a pair of
forceps to allow direct visualization of the round
wi ndow nmenbrane (RWM. A small piece of dry Gel foam
was placed in the groove, in direct contact with the
RAWM 25 An 11.0 | of conplex solution or naked DNA
was injected into Gelfoam Injection of the
conpl exes or naked DNA into the Gel foam prevents the
spread of the solution to neighboring tissues. The
incision was closed in layers, and the total
operating tinme was approximtely 20 m nutes. 30 11.3
Ti ssue processing Aninmals inplanted with Gel foam
cont ai ni ng DNA conpl exes or naked DNA were
sacrificed at day 2, 4, 7 and 14 respectively post
surgery. Fromthese, the tenporal bond
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fromboth sides of the hea Each bulla was opened
usi ng rongeurs to expose the cochlea. The stapes was
renoved and the cochlea was fixed by-the injection
of 4% par af or mal dehyde tgf%ﬂQHSthe round wi ndow. The
cochl ea was then i merse IT 4% par af or mal dehyde
overnight at 4C. After conplete fixation, specinens
were 5 decalcified in 10% EDTA for 5 days. After
L. decdberickeder delivering a dpsanddna nueleic agid inéala c¢lh tiRBsticle
'coﬁmgsgghgdrated by imersion in increasing -
concentrations of alcohol, before being equilibrated
napgpaxtydlehavind b éirg pectiomsapable o Lassaati et adi and a second
araff%ﬂ wax and. se tioa&? radially at a thickness
POGOnFRPENC 8T 18PUAIRE T VLo Rt Igpaparticly is gomprised of a
polUR HEGIAE MEMPhGhARCARYFEI or to microscopy, the
ti ssue sections were dewaxed with xyl ene and nount ed
(XnYt-B-0)8H R eY FBt@Xei ng medi um The sanpl es were then

= n a confocal, mcroscope (d ynpus,. Japan).
Wh%#?é%@‘?ﬁ@é‘ﬁ?»@ﬁ%ﬁ%@é#ﬂ#%@@ﬁn@@%&t al canera. 15
VWi | e several enbodi ments of the invention have been
described and illustrated herein, those of ordinary
skill in the art will readily envision a variety -of
,other means and structures for performng the
—uf(CH) gns and/ or obtaining the results or ‘advant ages
descri bed herein, and each of such variations or
R nodifications is deened to be within the scope of
| the present invention. More generally, those skilled
N;Lnﬁb art would readily 20 appreciate that al
" paran€fers, dimensions, materials, and configurations
described herein are neant to be exenplary and that
actual paraneters, dinensions, nmaterials, and
andt@nfigurations will depend upon specific applications
for which the teachings of the present invention are
used. Those skilled in the art wll recognize, or be
o able to ascertain using no nore than routine
experinmentation, many equivalents to the specific 25
, enbodi nents of the invention described herein. It is,
@refdé¥ly), To be understood that the foregoing
enbodi ments are presented by way of exanple only and
that, within the scope of the appended cl ai.ns and
equi val ents thereto, the Eﬂéention may be practiced
ot herwi se than as specifically described. The
present invention is directed to each individua
f eat ur mat eri al and/or nethod descri bed

t
at lqast one ﬁ)_??ﬁ’i%iﬁ%i 'igudes R, #vadi. NaendA’ are selected,

independently, from

R

+
N=—(CHy)py

R|



30 of two or nore such features, systens, materials
and/ or nethods, if such features, systens, materials
and/ or methods are not nut y&kly inconsistent, is
included within the scope of the present invention.
CMD 2005/ 112886 PCT/ US2005/ 017709 -38 In the clainms
(as well as in the specification above), al
Ihransitional phrases such as "conprising",
r¢Ciddh ng”, "carrying”, "having", "containing",
"involving", and the Ilike are to be understood to be
open-ended, i.e. to nmean including but not limted
abi®r Only the transitional phrases "consisting of'
and "consisting essentially of' shall be 5 closed or
sem -cl osed transitional phrases, respectively, as
Oset forth in the United States Patent O fice Manua
[ Pat ent Exanlnlng Procedures, section 2111.03. What
clal 39 CLAIM5S 1. An article for _
erPverl QZb drug .and/or a nucleic acid into a cel
the article conprising: a nanoparticle having a
first portion capable of associating a nucleic acid
whefith, R iSRRIy KO bRl € of associating a drug,
mhereln the nano- particle’i's conprised of a polyner
R' s iigrhokis srymordr i ¢ struct ure:

n, rn,(ﬁ<n 1226 flalbrealr than 7P~ Wherein X, Y and Z, are
sel ected, independently, from O L(C}Q )n R N—(CH2)m

and/or O | 1O (CH2)p

2 An article as in claim 1 wherein the nanoparticle is capable of associating with and
maintaining association with a nucleic acid and a drug under non-physiological Conliitioﬁs,

and of disassociating the nucleic acid and drug under physiological conditions.

3. Anarticle as in claim 1 wherein the nanoparticle is capable of passing through a cell

membrane,
4 Anarticle as in claim I wherein the nucleic acid is DNA.
5. An article as in claim 1 wheréin the drug is a cancer drug.
6. An article as in claim 1 wherein the alticl_e forms a micelle.
7. An article as in claim 6, wherein a drug is associated with an interior of the micelle

and a nucleic acid is associated with an exterior of the micelle.

8. An article as in claim 1 wherein the nanoparticlé is stable at a concentration of -
greater than 5 mg/L.
9. An article as in claim 1 wherein the nanoparticle is capable of crossing the

blood/brain barrier.

10. A composition comprising an article of claim 1 and a pharmaceutically acceptable

carrier.,



L and ~at' | east one of X-, -Yand Z' includes R, and
X, Yand Z' are selected,y i ndependently, fromR |
(CH2)mM | R 39a O(CH2 )n and/or OLo-(CH2)p'
wherein, Ris H an alkyl or a substituted alkyl, R
11. '%n%%gwﬁr@%hﬂ WrRHRn (1RMAnSpartitle P,o gnses argraﬁ@ng-pglymer
are greater than zero. 2. Anarticle as intclaiml
having\bl bacﬂabnnd: fmluda@wmary ahgnessatdegsti pertioh ofi dheaeitiaty angines
E %g ntaln%;ﬁ]%ass ciiation with a nucleic acid
q“ater&i‘?& &GPy dreiob %‘fbéb‘? cal conditions, and
of disassociating the nucleic acid and drug under
physi ol ogi cal conditions. 3. An article as in claim]l
12, wherasiidie ahin daino phwhieritethc diydmpabbie sisfe chaiggiomgrises
hol thr{?ugh a cell nenbrane. 4. An article as inclaiml
cholesigi8t ein the nucleic acid is DNA. 5. An article as in
claim1 wherein the drug is a cancer drug. 6. An

artlcle as inclaiml1l wherein the article forns a
13, nifeartide ayin ggina} | preintheipleragicrhaskbegscoaingises &r ug

ocj at.e t and a
COp‘)l}rr1[m(3:rl Bl ugn!’aecl qila\éﬂdar{sbélc_)@mlt‘{)ﬁgéa %tr%a%gn exter % ngfg t he:
mcelle. 8 An article as in claim1 wherein the
nanopartl cle |s stable_at a concentration of greater
t harraclpgs o clgim kg wheteithg palymericchagkbroe W@"rfépﬁlpflﬁf‘é an
esterlgﬁ(gggartl cle is capabl e of crossing the bl ood/ brai n

I er
15. An article as in claim 13 wherein the polymeric backbone comprises a
polyester.
16.  An article as in claim 13 wherein the polymeric backbone further comprises a

polyether.



10. A conposition conprising an article of claiml
and a pharnmaceutically acceptable carrier. 40 11.
An article as in claimi1%hherein the nanoparticle
conprises a graft co-polyner having a backbone
including tertiary am pes t least a portion of the
17. t &} polxmpTg AirpiEre qompriae the SheGaaET o Gam | whertin
the pdIHAERP BRI G FHA% £OREBhell d%ﬁﬁﬁ:etlil intefiof had A 11
epm%ere?n t eehy ropﬂ%gicesﬁﬁé o a?n co E%ﬁgeso
exteriohol esterol. 13. An article as in claim 11l wherein
t he pol yneric backbone conprises a copol yner of
quatem zed and non-quaternized tertiary ammoni um
18.  9TOHPSmekt str¥tuRldsiif LRIAY 7 v iled dlhrhselRed B 20 hgh.
pol yneéri c backbone further conprises an ester
linkage. 15. An article as in claim 13 wherein the

neri c backbone prises .a | yester. 16.,An

19. Do dRbiert roe ey i AR 2 Rar e e REm(GR Mharr St e
and 1dsY iiahenocanpri ses a polyether. 41 17. A polyneric

structure conprising the chem cal structure of claim

1 wherein the polymeric structure forns a core-shel

n icle hayi ] .0 ri .
20 AR SR B iRl BN R AL L extdfis o
zeta ptchitial &f ork@&SthbmanmA0 m 19, The pol ynmeric structure

of claim 17 having a diameter of greater than 10 nm

and |l ess than 1000 run. 20. The polyneric structure

toclal . ¢ i
21, 2T BB RRER B 1 P wHRRi he kAR Bl Bid &
criticgiaksoriition cehstardtoliess dfanclOfimp/L7 wherein the pol yneric

structure has a critical associati on constant of
| ess than 100 ng/L. 22. The pol yneric structure of

22.  ClaleBolym e Qichird BECIRR Y T8iHeFeis e Yol Hh&id WticRire has a

critical association constant of |ess than or equa
criticalas$hefatiog/chnstant of less than or equal to 9.6 mg/L.

23. Use of a polymeric structure of claim 17 associated with a non-nucleic acid drug,
in the manufacture of a medicament for gene therapy or for treating diseases caused

by genetic disorders.



23. Use of a polyneric structure of claim 17
associated with a non-nucleic acid drug , in the
manuf acture of a medi cafént for gene therapy or for
treating di seases caused by genetic disorders. 42
24. A use _of a polyneric strycture of. claim117 . . .
agdodivse eba RPRIHTSiErtreLd dpml ' Hsoqaisd PARWelsiGRcid in
the mamdbctarssrtta hedicgaen fothmnea therayy érdor treaaig digashs seesd Dy
genetfcAsREy genetic disorders. 25. A use of an article
as claimed in claiml in the manufacture of a
medi canent for gene theraey_or_for_treatin
nedr od ey bsredian ayecly ps elaigecd Wplaimal i @P@Janﬂgipw ef a
medichinegl fu@erd thefdiyr Conpdatng hbabdéeguakiaties dBearo saitatieiec
form A drla M RIARTPEFHEE thallrclLls FH L FhEICRTI Rl d B andholit
‘with aa0alc1gadidei ated with a common nanoparticle. 27. A
use as in claim25 wherein the drug and nucleic acid
26. argusuistinllagmerwiketinghe @dFiand sheleR kA6 vidheRtdcyatéd

. ﬁﬁ! .4se as clained in claim?27, wherein the
“ﬂhékm ek%négﬁj ﬁgéDNA or siRNA. 29. A use as clained in

cl ai m 26, wherein the nanoparticle conprises a
27. pd\ yswes.in cBOm 2A wismeindhd drugland mudleicvieat &t suitdie for being

admif ABRARbhé it b AR mcelle. 31. Ause as clained in
clai m 26, wherein the nanoparticle includes a polar

region and a_hydrophobjc region. 32. A use as .
28, clAanseens clamefl ap plape 27, wwiagrainibe paclpigasidds DA ar SiRNA.
exhibits a cytotoxicity of |ess than

29. P ¥&tRYIARRE BRirk PE! Wwhefeih HHRQLAGEANLIB ordBrised a2 fyrAs:.
claimed 1n claim 26, wherein the nanoparticle

exhibits an | C50 of greater than or equal to 160
30. g Bse @B4n cRimSE vaherein dhavesmopprticlcgionme 8 migller ei n t he
conplex is suitable for being delivered orally. 43
K udd MSFaifid G BallR g& ngh %1?1 tH%aén {cfd @é@@% ?}"%‘:@%ﬁegl.on

3L
andt SR i, U g def

32. A use as claimed in claim 26, wherein the nanoparticle exhibits-a cytotoxicity
of less than poryethyleneimine (PEI) or lipofectamine

33. A use as claimed in claim 26, wherein the nanoparticle exhibits an IC50 of
greater than or equal to 160 mg/L.

34. A use as claimed in claim 25, wherein the complex is suitable for being

delivered orally.



36. A use as clainmed in claim?25 wherein the wherein

the conpl-ex is suitable for being delivered

i ntravenously. 37. A use §§ claimed in claim?25

wherein the wherein the conplex is suitable for

bei ng delivered transdermally. 38. A use as clained
35. i i\ odeads wlaBedvhecleinn 2§ Mbeisirethe ivhetedie thesepinds: is suitable for

S bei ng delivered parenterally. 39. A
beﬁgﬁélﬂﬁﬁgg?aﬁ%klng a drug delivery conposition
~ conprising: providing a fluid conprising a polymner
‘ havi ng the nononeric structure as clainmed in claim1l
36, anduse adrclagnedid oniongdS wherepothy yiherain thegrommexnds saitabde for

an |nter or and an exterior, the drug being
bmﬂ“é@ﬁ%ﬁ%ﬁF@@”ﬁWFﬁ3%he interior of the mcelle; and

associating a nucleic acid with the exterior of the

mcelle. 40. A nethod as in claim 39 wherein the
37. r &Y i asfcladnedin dammaﬁ ethereieihg Whetgin dhe papiesnis saigableyfor

. in,claim39 further conprising drying the
being egeffrfxg&m@? et hod as in claim4l further

conprising fornmng a powder conprising the micelle.
43. A kit conprisin a contai ner i ncl udi an
38, ok pisias chimed Bl an Pa SOREATARE WheTeR iy fé%@g%’f Brwirhl on

bemg%eflvgrgéPfrgﬁt%}a?lﬁ of the nanoparticl e; a nucleic acid

associ a second portion of the nanoparticle;
and instructions for adm nistering the nanoparticle
to a subject 44 44. A kit as clainmed i.n claim43,

39, wiemethed ohmakine 2 drg delvesy CAmBRBE FODRH Yorer
PR bl o ob L poSPIPELSh e RoB A o

chnnémﬁLﬁMﬁii@mﬁaﬂn@;associating a non-nucl eic acid drug

are]lﬂov%mgl%ﬁé S(I)lgm%% Itodfovr\f:ntahmltcgﬁe hqurllg A% Initerior and an exterior, the

drug being associated with the interior of the micelle; and

associating a nucleic acid with the exterior of the micelle.

40. A method as in claim 39 wherein the ratio of drug to nucleic acid is pre-

determined.
41.  A-method as in claim 39 further comprising drying the micelle.

42. A method as in claim 41 further comprising forming a powder comprising the

micelle.

43. A kit comprising:
a container including an article as claimed in claim 1;
a drug associated with a first portion of the naﬁoparticle;
a nucleic acid associated with a second portion of the nanoparticle; and

instructions for administering the nanoparticle to a subject.



46. A kit as clained in claim45, wherein said
article is an anphoteric polynmer capable of
associ ating both a nucleig acid and a non-nucleic
acid drug. 47. The kit of claim45 wherein the
pol ymer includes a hydrophilic backbone and a
hydr ophobi ¢ branch chain. 48. The kit of claim45

44, WhekRiaB clalife Rl JATBY 43, SvHeRaH kaili @eticle #An afphO¥pie polyin@st
of matter conprising: an article as clained in claim
nanopartigle.non- nucl ei ¢ acid drug associated with a first
portion of the article; and a nucleic acid associ ated
with a second portion of the article. 50. A
45. CONRA%bipeBings claimed in claim49, wherein said
. article is a nanoparticle. . . )
a container including an article as claimed in claim 1; and

instructions for associating a non-nucleic acid drug and a nucleic acid with the

polymer.

46. A kit as claimed in claim 45, wherein said article is an amphoteric polymer

capable of associating both a nucleic acid and a non-nucleic acid drug.

47.  The kit of claim 45 wherein the polymer includes a hydrophilic backbone and
a hydrophobic branch chain.

48. The kit of claim 45 wherein the polymer is pegylated.
49. A composition of matter comprising:

an article as claimed in claim 1; a non-nucleic acid drug associated with a first
portion of the article; and

a nucleic acid associated with a second portion of the article.

50. A composition as claimed in claim 49, wherein said article is a nanoparticle.



