METHODS AND ARTI CLES FOR THE DELI VERY OF THERAPEUTI C
ACGENTS Background of the Invention Field of the

wo noosniigen The i nvention relates to an arti cl ePenuds2005/017709
nmet hod 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. Di scussion
of the Related Art The delivery of DNA to cells is an
i mportant aspect of nany therapeutic and di agnostic
NMEPHEHN aND ARMEr Eseli? TfE PEUICBR Y OR SHIFA PBUTIC AGENTS
research. Methods of delivering DNA to cells are
typically divided into viral and non-viral gene

delivery systens. | ener uj Vi @I systens have been
nore effective at tE%ﬁ%¥%%§iﬂ%&%4¥?lgﬁﬁ=to the target
Figaldr thaMaémionon-viral systens are typically safer and
easier to produce. Nonviral delivery methods include
| i pdEhsninventionir¢letey ta/ahargicleqang mept dhe. dolixerygrpLeleicsacids or
Also i nel a t ronS
“hrSh e P A B Rl 0P B coR et g cteic acid and
a@%gctrlcally ori ented techni ques include
el ectroporation at different voltages. Chem ca
techni ques include the use of DEAE-dextran, cal cium
proteins, dendriners and ot her
Di S e RutBlef & Saltzman WM Synthetic DNA
del i Vey dellsrygzt cffrﬁNAI‘tlabeMsas Bh mhpo:dm:nb bspk8t of3Bary7the¢@pedic. and

ity BreRetE e e O bR GO S0t T fro PLthods of
deﬂ}@ﬁlg% gﬂ Qs aﬁ%ﬁ% %Qi'l}l &vi’&%ﬂ Knt@Wlﬁpﬂﬁﬁ'ib?i Vigal @%ﬁe ﬁéhvery

aque la an delivering the DNA to a target
systenis. &s genecal Viral Smtaes béve been arg € effedtion aoframlfwtme the DNA to

¢ e G WNRRET R B s Bl ot Bk Brregp o
vifte le‘i@éi‘f bR eniedel (RE el deﬁif@@ftvehic‘lbstah& BptedecDB A0fomplexes.
the cell in order, for exanple, to succeeg

Alsp améxﬁ@drarmgleahaxm oiettiods, supleapuiqseRisstion, mﬁélar&rﬁ}ad particle
h
e gt bR b B BB R P tp L A6

V&@EE‘Q @E&ﬁbﬁdectﬁﬁi@s ireaideplye ﬁ?d&d)f OJEI@E-dI&‘Eﬁ*an dslctunaphosphate,
e use of DNA transfection may be

lipids, proteins, dendrimers and other polymers. (Luo D & Saltzman W. M. Synthetic
DNA delivery systems. Nature Biotechnol. 18, 33-37 (2000).)

Specific polymers include polyethyleneimine (PEI), polylysene (pLys), and

polyamidoamine dendrimers. 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



10

15

20

25

successful when used in conjunction with a drug that
can, for exanple, help to stabilize the DNA,
wo a@ishiisas e delivery of the DNA to the nucl eusPCDUS2005/017709
stabilize the cell that is being transfected.
Different drugs may al so be used in conjunction with
gene therapy for thetreatnent of a specific disorder.
For exanpl e, both gene therapy-and chenot herapy nay be
useful in treating specific fornms of cancer. Summary
tréfeheh YRS WeOfichl e
con”p03| ti (?ns andéb\rfrg%hgrog E}de%fél@soolt g}g&[ﬁ%%% Y gnd chemotherapy may
be gsefiel] in yuspijng Ipeaificdoims of smedr. as dr ugs and/or nucl eic
acids. In one aspect, an aétlcle for delivering a drug
and a nucleic acid is provi he article conprising

a namag ﬁfvbhl@érﬁprbﬁide@ frtilds] sonipduadd, 'c@ﬁpﬁﬁﬁ@ﬁg ﬁld%ethods useful in
assqciating a _nucleic acid and a second port

thelsHnery op FO-dekivay of magerialsaugly as fimga ami/hlenucdmp ec:tls a

conp S he co osi tion conpr.isin
c hemﬁiégfel dﬁ ?/(Jit nano Xlegﬁ I(lrjcliﬁl: \iia H%% apd % GI;P%V pidlvided, the
antiolere@inpri¥ing 4 mdpﬁ‘tlclarlﬁvﬁ@ acferbesbrtibm éﬁi&éﬁﬁdﬁ%io\émﬂﬁ%‘ﬂuelelc
O andat, | east. _one of X1, Y and Z1lincl udes

and/ or
acigh an(ﬁ a secpRd partipngapable pEasseciatingwidmendent | y, and/ or
wher d.al k
o oS e, oD iton & prBviBHE The LathSiidn domprifng o
chpngeal davinpdlre stewcture:l n anot her aspect, a method of
adm nistering a drug and a nucleic acid to a subject
is provided, the nethod conprising providing a
drug/ nucl eic acid conpl ex, the conplex including a
non-nucleic acid drug nolecularly associated with a
“(Ko¥1i-€ X&di'd))rand delivering the conplex to the
subject. In another aspect, a nethod of making a drug
delivery conposition is provided, the nethod
conprising providing a fluid conprising a polyner and
a drug, allow ng the

wherein X, Y and Z, are selected, independently, from
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polymer to forma mcelle having an interior and an
exterior, the drug being associated with the interior
w@booshesss cel | e, and associ ating a nucl ei ¢ aci BCTMIB1005/017709
the exterior of the mcelle. In another aspect, a kit
I's provided, the kit conprising a container including
an anphoteric polyneric nanoparticle, a drug
associated with a first portgen of the nanoparticle, a
nucl ei c acid associated with a second portion of the
at RABARRIIrHE! 1 anf 4 irlcdiRfel RE h@RS, ¥0ma2d B VeRRil RehdiBently,
ﬁqb?nopart|01e to a subject.- A~ In another aspect’, a
I't is provided, the kit conprising a container
Rincluding an anphoteric polyneric powder capabl e of
associ ating both a nucleic acid and a nonnucl eic acid
drag and instructions for associating a non-nucleic
Nﬁcid epy?land a nucleic acid with the polyneric
pomdé . 2{" anot her aspect, a conposition of matter is
provi ded, the conposition of matter conprising a
Rmanoparticle, a non-nucleic acid drug associated wth
a first portion of the nanoparticle, and a nucleic
C)acid associated with a second portion of the
nanoparticle. O her advantages, novel features, and
objects of the invention will becone apparent fromthe
foll &a detailed description of non-linmting
enbodi s of the invention when considered in
conjunction with the acconpanyi ng draw ngs, which are
schemati c and which are not intended to be drawn to
scale. In the figures, each identical or nearly
and@gnti cal conponent that is illustrated in various
figures typically is represented by a single nuneral.
oFor purposes of clarity, not every conponent is
| abel ed in every figure, nor is every conponent of
each enbodi nent of the invention shown where
illustration is not necessary to allow those of
i@ar(@CHLpH—Tn the art to understand the invention.
In cases where thé present specification and a
docunent _i ncor porated by reterence include conflictin
whgreig) Bdy Hean plkgl o5 ﬁtﬂ% @ilﬂfl’l cation shall control. )
1B 1 A} s Ty the Drawi ngs I n the draw ngs,
RE% %%‘?L‘le?%@? g{edggéarg{:hermti c illustration of a
n,mamppant' aed p' a0 gtehter thanematd. on

In another aspect, a method of administering a drug and a nucleic acid to a
subject is provided, the method comprising providing a drug/nucleic acid complex, the
complex including a non-nucleic acid drug molecularly associated with a nucleic acid,
and delivering the complex to the subject.

In another aspect, a method of making a drug delivery composition is provided,
the method comprising providing a fluid comprising a polymer and a drug, allowing the
polymer to form a micelle having an interior and an exterior, the drug being associated
with the interior of the micelle, and associating a nucleic acid with the exterior of the
micelle.

In another aspect, a kit is provided, the kit comprising a container including an
amphoteric polymeric nanoparticle, a drug associated with a first portion of the
nanopatticle, a nucleic acid associated with a second portion of the nanoparticle, and

instructions for administering the nanoparticle to a subject.
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associated with a drug and a nucleic acid; FIG 2
provi des a schematic illustration of a polyneric
woelosaudses t hat nmay be used to make t he nanoparPCTU8200$/017709
FIG 1; FIG 3 illustrates a synthetic schene for
manuf acturi ng a conpound of the invention; FIG 4 is a
phot ocopy of an el ectrophoresis plate show ng EMSA
results for four different n@noparticles or conpl exes
of the invention. FIG 5 provides excitation spectra
for pvhehRr adpstes §1t'1§%1%9fd;éd S8 kit cOAPERAE L Ghitned ﬂﬂ:ludmg an
pyrene | n nanoparticle/ DNA conpl exes at vari ous
anijgtotterss; palyGeriGppwdaricapsblgofgshodatingt otlox m;q:lw agligh a@daatnon-

N P F
n‘-}cﬁﬁl‘%ﬁl@& M&@@qhéﬁﬁgp%%r gfg{:@ﬁgg %ﬁog beg‘ewl aﬁugcgrlug r&rallg a nucleic
acﬁc{@ﬁﬁ AGmekit o\g,a@ core-shell nanoparticles at
vari ous rat|03|n conparison with PEl;, FIG 8
pr ovindassth¢nasperin a bampegidpmhof watierdhpuivityd) theicp@mpasition of matter
gg?@%?rigi%{?ﬁ%ohe ig a:';x.trtllf) Hllrzugglgw acf/cf;#rlh agsro gd%{&?g ﬁ\f\étﬁ?grtfo%eof the

npepRAtles it MiidleiPEbidRkdacialedowinl b dﬁ@)nd Postidnrofhike naiopptticle.
f or m showi ng GFP expreSS| on efficien in HEK 2

cel | Qther adentages moypkipatirees agrabieskt] |t%{%5welﬁm Wal Regome
varl

o B E SR SRR A Sl

inf tntivnesieaneasidered év esrjlinationWideihe btesumnyingelsawiag G whith are

scbFppli AT HES RO RO B DRy ShIc 4 they Bt gachjdentical
oﬂ{e%}/ly g&%tlealm'ﬁp%ﬂeﬂ\tl%t ?Pﬁﬁlgtrré:féﬂ frP\FarBVPﬁgm%b @pl@aﬁy is represented

rovi des an spectrum f or rovi des a
bspﬂ single iidkeralp dor Pumpbﬁasrolea(rIZy, moomey h@/mpormt Eelnlmd in every
choI esterol; FIG 15 s an FTH? n?l
1gpr(: ZH(B'rl%ﬁSfféY HW)‘)OIE’CQF tj'em odiment o he en 1on oWl Where

illustration is not necessary to allow those of ordinary skill in the art to understand the

invention. In cases where the present specification and a document incorporated 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 compound of the
invention;

FIG. 4 is a photocopy of an electrophoresis plate showing EMSA results for four
different nanoparticles or complexes of the invention.

FIG. 5 provides excitation spectra for pyrene, pyrene in core-shell nanoparticles
and pyrene in nanoparticle/DNA complexes at various N/P ratios;

FIG. 6 provides graphic cytotoxicity data at varying N/P ratios;
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chol esterol; FIG 16 provides a proton NVR spectrum
for P(MDS-co-CES); FIG 17 provides an FTIR spectrum

wo 0005R{I8BS- co- CES); FIG 18 provides a pl ot of PCT/US2005/017709

intensity ratios at varying 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 pét-ential of core-shell
nanoparticles at varying NP ratios. Detail ed
Des q1iGpY ippdviddiedal] P ?ra‘pﬁ\f&ﬂ{ kl%lviﬂ% RN RSe BXdrbskldSevel in
and nethods for the del'ivery of nucleic acids,
celptransiiesitest with dhedcode-sldl manoparticled pieariousn NOP raiigs liegemparison
. Cjé]gf and non-nucl ei c acid drugs. Both a drug,
W‘@b ’fically a non-nucleic acid drug, and a nucleic
aci[{G. 34kbvides dMNAin TR\ rdpd foss eiid vihg ucifetdie @xpression level in
nanogartl cle all ow ng@t he drug and nucleic acid be

to
HEl R84 celbnirqnpiagtad widh By core-shellalapopariddesattvagious Nghgtios in
colBLhods fRyppe useful, for exanple, for delivering DNA
a su%fj ecP,' e.g., a manmal, for gene transfection
suclFIas 9payviths dhesinrted grhphifoign geveng BEPagxyraasion eifidiency in

ot her therapeutic techniques,. A drug may be delivered,
Higl 20p eelbetrpnsicted Wit thw@reeﬁhsﬂld@papaa&?lswnvgﬂpw N/P ratios in

It erapies or for inproving the
co@t&?@%ﬁnﬁx&@hé’?@ for the desired transfection. The
ar t iKiGe40 if a pisodapyerftai fmorayegnt hdve gtaphehowirganbamced t y
flwespaicedn keveeRveliltaraiiald typessed gene carri ers under
conparative conditions. However, experinental data
showghag id J‘ﬁh&@&%?@ffta' fﬁio?és%&%nﬁ&rag}e@a&%ﬁow@ Smkr data to that
| east an equival e l evel of in vitrO gene expression
ofiiien1 ¢ eftgradetiy®i t h conventional techniques. In

addi t.io successfu expressi S been achi eved
usi 1 Gci?@%‘ﬁ‘i?slamg{%m S@F%M?Mmﬁﬁhventi on. A

var i Ey 19hr&edeRua U RGPBctAfn €Q-FdgbRyered with plasmd
DNA t o enhance gene transfection or achieve a synergy

of dfiy 14meovadase pritondpVBssperteim SoraNpi dromerthyl carhamigy
c rrg% ebq_ used to carry an anti-cancer drug, such as
e sxo0l, or cisplatin, inits hydrophobic core,

whi 1T i1 B ghdigdés AMUCTIRI Pedtfing f@@e42-bianddtsylhyabantuiyl i ¢

corona. The nucleic acid conponent may be a vector
cholesterddhcodes an anti sense nol ecul e directed agai nst

t he I . ' NOVR Il .is

bel i @\%éxﬁg‘g‘{l&%ﬁ @Oﬁ 1] MEE&. h g‘%‘%ﬁ%%? é’tb e(fﬂﬁé)’

FIG. 17 provides an FTIR spectrum for P(MDS-co-CES);

FIG. 18 provides a plot of intensity ratios at varying 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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expression by the target and incapacitate its ability
to effect nulti-drug resistance, a common trait anong

w@asanssel | s. This, coupled with the cytotoxi BCEUS®0$/617709

of the anti-cancer drug, and other advantages, nay

i nprove the therapeutic effect of gene delivery. In
connection with the present invention, a
"nanoparticle” is a particle.ghat can be suspended in
a fluid and has a maxi mum cross-sectional dinension of

fGPdém_Eﬁ?é Pﬁg} fh é;é’ﬁbéé\ég,@é’aé HafilnG, o8 er%reuée[égfe?flgn such as may be

mat eri a | inorganic o
desitednbring gesetherdpy, and evitlcathetthérapeuticictnidues.( A. dfug may be

| d non-netalljc, crystalline, anorphous, or a
BBtk PR AT Witk vl B sHar riecPE sl R herapics or for

IRGFRAAIRE BffWbthRnéRTos MY AR ALRQSn. ! €SS than 250 nm
cross section in any dinension, nore typically |ess

t han Theartimlescafdbsinyentioromay hawrlywei cytotexisity camgated to
t..cases are of about 2-30 nm cross secti . One .
cEARHORARURE St pATIES vofipiceptharatyr chudtipps. Pltivever, experimental
da\sBo¥itRA thenaHOpABCIDNA Cnfises isféldl BNeasR B eQROAIRR level of in
about 2-10 nmin cross section. used herein this

Vitea gAnCSEDIga¥an hen dernpaied mdih conventionyl tadmdiques. Inkaddition,

' 0 i 1.SEIY. "mcelle" is hem cal.
b eaP RSP Yooyl g o Rl O s o
ilguton SAsatitlyl ofitompduhdidat 86 Sodelyae@PMth!plasntie WNA td nhance
contact with the aqueous sol vent and ahydrophobic

gpsyfrasiackaR of achagvicariyaeraxwh yirdg and gene thetaniesu Eosenamphe, such a

- , ' j s | ] shape.. . .
QPSR B G 6 o An8T60 Lt SPRRHER pE BB, n
hydepbolpotens whil¢ bindmgi aderldc andsgene reid hpfroptiBe corona. The

affinity of one particle for another. Zeta potentjal
el dFIEkeoPRonER g & ESteF thHENepdse b paltenshmolpsule directed

a%’fﬁé@@l?é?%l}lc@%%’teiﬁ WRIQANH itlg%tg@fef@eﬁﬁ h“i% Be@Rdq e ﬂgg R19 Sahibit P-

the bul’k of the suspen urd that surroun
glyaoprotsimexessngnt tha targét and inoppaditatd iys abilityuo effedtmulti-drug

e ea AL 550 SRR B SSIRAAR b G o
tHEnECah et dtiid, land BtHer AGWRAMRES nhdlithpREledhd ﬁ{e%eg’lclic ﬁf?cﬁ ofa' gene

structure. A first nolecul’e may be "associate
d nol ecul e, under set conditions, if the two

nol ecu Ve ether as_a unit . under these .

conal ERe RSy NS piFlent i @il HREBMRILLE " g paticle hat can be
suspeideld|ih 2 €hi Mhrid has@SASEIubPcrB ARG HimeRRnt ¥ho more than 1

nol_ecul es may be covalently or ionically bonded, may

UBle T}I@Oﬁ@t@cw cambe mage p@mptesial that is, e.g., inorganic or organic, polymeric,
ceramic, semiconductor, metallic (e.g. gold), non-metallic, crystalline, amorphous, or a
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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forces or magnetic forces or one nol ecule may be

physi cal ly contained or trapped by the second nol ecul e
wo@rood/1c238¢ ect i on of second nol ecul es. A first pol/E@s208017709

may be "di sassoci ated" froma second nol ecul e or

article with which it is associated. D sassociated

means that the first nol ecul e can nove i ndependently

of the second nol ecul e. The.fjirst nolecule can al so be

di sassoci ated from a second nol ecule or from an

rticle if. the sec i :

B abiab e SRR RS A bl R e aen ot mic
is higeRéral¥p ksierik sl shdpe Wiahphgtephobic poteyamdra liysiraphflad spnface.

that exhibits both hydrophilic and hngogh?blc .

pr op&eta pafentiabhprovisicd giresaFureRa ofi thsiingy of ppgRgticle for
arpAR 1’?&5 §eRgh tlﬁéﬁglﬁi‘eg ARldif&bide ihhy¥Gricatéhhige between a layer

CondiT7 oRs may 1 nclude tenperature, pressure, pH
sur@héing tarpanyldandethe chdrge ofithedsiffectt the suspemdedghrad fhat surrounds

nanoparticle may associﬁte Wi th botﬁra Frug, such as a
the pATTH I%ﬁ%?%’i‘%ﬁl & Lo hipeasyed gy i n an

enboghaRnj flésb%i 864 8RB (TA Q) prévidds & 86rRefti@ldn at which a

nanoparticle for the delivery of a drug, a nucleic
cdlection of mblettesrayl] bidf-amdeblerinio aa qydered slaugierey mer .

Pol i d .20, may. i ngl backb 3
or o) R CRaRr R TRy Heaarabialee rfien feoBRE AR tadl et

c n?fon%hi?tlﬁat%tlﬁ&%clﬁ_@s mb9é t02¥@MEPAea uihendea elebosenditions. For
| u

e polar functional groups to provide polarity to
exanepl bk yonmolgkitles el dehmamed1zed iresnest (gacl other.” The two

hydr ophobi.c gr ou dr o I cogr ' >
oG B R ST S et OBRLY B e Rl Be ed el By Wl
fdrb8 R HRRALIRYrcasv9'Vhe nidldtulenady b pipsiaaiie contaimet ec trthgsed by the
20 have self assenbled to form a generall

[ y
sesphé miodesulsora collastionRissprndipelegilesrhe hydr ophili ¢
backhone, 30, | t 5 - @At ot H¥ol8duld Bearticle with
shel Wﬁmg}?éﬁ]ﬁy 0 p%é%%%ﬁg}ag%dc htggn %ECS;QP e n%l iunvvar dl 1§/ oW
wWhthtibR dssdcitéd rDRhssbéiated aneans that therfastapeletile ban move

irggggrcm}ginﬁ; pgtfhp Eg&%ﬁgﬁﬁ%&@;@]’é@ﬁ%ﬁ 13119@60}21@ ng %Espfbgggsagseolc{ated from
agl doW-mdiB lgéffr&ﬂ%l Tl AGKORBRA AfdldTRle &rah'@dl%] gég}a@es oris

rection I's substantially parallel to t
bedkeh doanad thdiét is ao dorgerlihkeadan diafitst wlecwigi | e t he

hydr ophobi ¢ brapches 40 may be di t ' |\t
gg nert) ‘I‘aﬁlllﬁ?ﬁ‘@?el‘i“ﬁp pply TR &5 %R%@%gﬁgaé%ﬁ%péoﬂ%%&g%}}%c and
h?&%h%%m@gg%@ﬁ{éspl e. Core-shell nanoparticles can be
or usi

g techni ques such as nmenbrane dial ysis and
soni ¢Rhysvlpgizalcondijions] dre ghnse sheraicalpaditipgpthal exist in vivo. Such

conditions may include temperature, pressure, pH, ionic strength, etc.

In one aspect, a core-shell nanoparticle may associate with both a drug, such as a
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, PLA, 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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circunstances. In one aspect, a nanoparticle is
provided that is capable of associating with both a

waeleag/ 182386 a nucl ei c acid and i s capabl e of PCT/US2005/017709
co-delivering the drug and the nucleic acid to a
target cell. Referring again to FIG 1, as shown, the

core-shell nanoparticle may have an exterior surface

32 and an interior region 428-A chem cal species, such

as drug 50, represented by dark triangles in FIG 1,
31 k18! ?ﬂepr, gﬁhc b&3SonoB86 i QonkQtRAdLE thEGGTbr of

erior su or aportron of Interior
the si@pllcnmdztﬁe bydrephahi¢ branshes B cwteBa invibardly t60heveerioe ofithe core

n- nucl ei c id drug. A seco hem cal cje for , .
shell apasartile.  Slpetiop oL eprpaRRdr denpRpule ol susbhatselasy in
thi¥hdhndt tak 8PSTheBis RIRSGTHRM bOIbwS We&@ﬁr@p%ﬂﬂfbdcﬁbrﬁfe‘s 80 may orient in

region 42. pically, the nucleic acid wll

a diswtion dhas & sthn’raallyagtraiwl tor the gvnfaceef theagore shqiﬂcnan@n@tlcle while

o e BA0E AT WSRO s by
shell 99t ﬁieﬁdlahN dniele opbabitell gaadpaedclseeini lerfsrmed using
branches 40 of ymar 20. A nucleic acid 6Q, such as

weheamembrang diaksisAnd gonicetiore gpd may seldgssenible wader some

c&&m artl cle 10, and, specifically, with the
charged backbone 30 of polyner 20. Nucleic acids
t y pi Inadnesget, rynadopartielt iivprostiad geat amrzhpb]aie lob emeciﬁﬁngrwjzth both a
arry a posrtrve charge tao, he associ ate the. nucl ei
drig er}ur lgictaqid aldp pa letqféOdJ&ﬁgefgrge e he eglele acid to a

tar-géﬁ? AL I y Efénﬂ%drg‘ﬁhﬁg"ﬁtidl NR&HRALMP %%&%Yl@h %Qﬁdr%rtﬁﬂe may have

e nanoparticle, in so
arcaseior safvad Fndndam inenibcregomds’. Q%nhdlmcaﬂwdcws; sotteas drag 50,

speci e sQci with the.in r.of a -
reBbPEheY R RATE: CHFBUGHAOSF P et 8oy Gl afdoterior
regfonQLcha%ﬁ kR BF SurPlce 3010k @bt oﬁﬁtef]@ﬂ're%idﬁﬂﬂork%%tenor surface 32.
ontained In the core of 'the nanoparti cle. The

Dmgrfé}mhyabt amanapeleid acidedmay Ascomst chethi¢al speasnfsexample, a

sul t, vvlth dru occu Qrtiaqn t or

¢ el R e e AR o BB R 2 o
m{éi‘f%r?é i&h 4D )Pﬁﬁ@ﬂl?y HRARSREd Afi@® Ml b& adsbeiaiet tvelth :Dfegilfn or surface

he core shel1” nanoparticle w thout the disassociation

ther ismheonravbish it dsspaated wéthithe de. cor e- shel |

nanoparticl e FRY b
spec & PVTH al Sed gmgtsﬁggg%?éa%h%gtﬁb 62%3 Cl a@%mcgl;}%also
poRilReSBEhydrophotic gaftbd @ecﬂ@ﬁs betmghedésof pbilgmer 20. A nucleic acid

nanoparticle can be tailor degrade at__different
64, st asg AN A RETReTHS, 1§ aspesiate éetx;eéwg surface 32 of nanoparticle 10,

and, specifically, with the charged backbone 30 of polymer 20. Nucleic acids typically

carry a negative charge and backbone 30 may carry a positive charge to help associate
the nucleic acid 60 to the shell of the core-shell nanoparticle. The drug and nucleic acid
need not be covalently or ionically bound to 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 simply be contained in the core of the nanoparticle. The core-shell nanoparticle
may be formed in a manner 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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by varying the conposition of the nanoparticle. FIG 2
provides a schematic illustration of a conpound (which
wa@205hes8s86 pol ymer) that can be used to producePer/tsres/017709
shel I nanoparticle. The polymeric conpound 20 includes

a backbone 30 that may be hydrophilic and positively
charged in order to facilitate associating a nucleic
acid. The conpound may al so igclude branches or grafts
40 t hat nay be selected to associate a drug. E. g.,

w% Ee T ordhe R L SR ORRB R R IIE Grostis G

1t§afused to associate a non-nucleic acid drug
that has a nDre hydrophoblc character. In sone

embodibgeatesshellmanepsariele may bediqsisgradable, #llawing aighgmisal species
cBht@ﬁl%g lé{he%%kéjtto' H%rhﬁgsg&lﬁﬁj é’f@ielé)a&?cg ﬂld\%'g a8 Uoge e%?alufes. The

nanoparticle as shown pr oduction

nhhepactivie cahled lailomdapdedrhdd £ différentaek an@ uddr diff&eititonditions
DNA nol ecul e 60, na be assoc¢iated with the exterior
0¥ Yarypst fCO{IWQSIE‘SP@ Ehﬁ’é}apoﬁ?&%%art icle. In one aspect,

an armGeh ?r&fldésl'éescla i 1'118§’[rdt1%n%@F%Bﬁm‘ﬁg@xﬁdd@glﬁ%gﬁée{]@polymer)

both a nutl ei ¢ aci a non-nuclerc
thah eambmowdrto ipoddaice acopahylpanapartmhg dliredpdliratrié compounde0

B3R A et B A e B el eeP el e order 0

fé‘c@l’i’@{e%s&ﬁatﬁlgchrlﬂﬁ:leléad'i@C*I"Eé Qoﬁﬁdtgld%‘% ilg@uﬁfddb (Bkﬁlches or grafts
itself. Preferably, the conpl ex can be delivered

489 ikt easty, b%ﬁ@bbctﬁdrte asqs»e@tefa &gl ¥,g.1theyampabe iof anzore hyérsphoblc
cel | e Ssu The articl
ogRE 105 okinpiel 1Rs binilS sRihaRls aflfiGotorferBdum fogt can be
us&l oisyicaatendosuaisicaciddrup eis Rad HRods iy debSifobiBohalRter. In
singl e nol ecul es or two or nore nol ecul es worKking

spg embedimants, thegpodyraprieeprensivad iOﬁrEHEr 2 mig baplaced in godutipn with a
dﬁgg:tﬁ %gcﬁlcle %%Peoﬁl%!ltnaﬁégfarﬁ&ggs éh e d o(r‘rg?s %ﬁer pro%uctlon of the

an rnterior space.

carsbpld hhﬂdﬁaﬁldlmyh@lﬁldmm& eficiobs BINA fdl2ulead 05 ngrbk®ciated
of associ ati ngﬁboth a drug_and a nucl eic acid. For

vdthihp peieriphairiage af hgepre aha%aﬁraqp@mql% may i ncl ude a
f' rSt{n 81% ﬁégg& Ellﬂglrtlc asﬁ%h%% Qs %ﬁgﬁe’ Bl n%'b?)%hea nucleic

I"es, suc secand portion o
acidraﬁd ahxehlfnunmm)md tlirugl veithreny n'amqjamtée ar pphmogpieaidnmound that
[ cleic

regi on that abl e of, assoqci at a nonn
BB PR P SEQPEMEHETOU el HBeously. The
aHREImhP rélgl 4 E@ﬂﬁ?llegok‘a AnfY, 39udBY Rid Wl RE &rtﬁ{é 1%elf Preferably, the

sinultaneously to a target, such as a speci t1ssue
complesichn be delivered to a subject, and more specifically, to a particular tissue type or

cell type in the subject.

The article may be of any shape or size, and is preferably sized to enter cells 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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I n one enbodinent, the core shell nanoparticle is
sized so that it is suspendible in aqueous sol ution.

w@e@saIms y, the core shell nanoparticle is suB@ENSio0s/@17709

i n an aqueous sol ution under physiol ogical conditions.
The core shell nanoparticles nmay al so be sized so they
are capable of penetrating a cell nenbrane whil e they
are associated with both a nugleic acid and a drag. In
this manner, sinultaneous delivery of a drag_and aT

d . 10
HDUEICRE S5 TH B hL 01 hSETE HE GERN 88 B
anthe nhelpiopaidt simharizeusiyrtd b ergdthachtbe spaiuﬁc tsue br b4ll.1 S

o L BT i o e
ad@®8s §dlatlorR DRvdferablTthé Bord 'sﬁé'ﬂaﬁﬁfo 'cultlEleSi %@H@Bﬁ' 1H‘§Hta§ueous

the article is a core shell nano artlc aving a ne
S@pﬁmu@er Bhyal@lgglcalrmndmonm Theswe shedhndmopaninles Inwsalso be sized

l-ess s than 50 nm
S0 o ek ot R e Ry oo P e BB sepciiet with both o
odleigueidtead atdiag) HOhhartet aliltd r
recqesatan dap s satan S g0

agigo ¢ pelkgrisseepay bedelized.t he ceter teshBivia qmino}dasls lltisepreferred
tHa?th@ aﬁ‘o&?ﬁ@é Bl L%Fﬁéjﬁﬁéﬂ 2l ﬁ; (it Elr ? 15 Ceéltegﬁg i‘?? )ﬁﬂﬁ]gae an article

structure my eanouers

oflthe m\whtlmhmayjoe thess tisemchboot 20iihah diateMra@d preferably less than about
Alterpatively, the inner core may be used to contain a
S Mt ingiamefer. ingemeembodinents theuticlsdea perp sbell nampartisle having a

n@ﬁ?@ﬁhﬁ%& ofedé fe}%n 1 yle&ocﬂ 5(5(?1'1111\/1% sﬁﬂ%@ %§ B@Sf\%‘é% %8? 100 nm,

used or propos gene era
orlgssahax H ntny 'Eheamrmﬂieﬁmahmmmdleﬁ&yta[mmavd&&heaﬁ @iameter of

trea of a ec I n one enbadi nent, the present
SIEGE T O i SO or0 BcwRdon har b0 A Bpsatariteacel 00 o, o
g@ﬁﬁf@bﬁngnﬂlCytOtOXICIty | ower than that of many

known non-viral delivery vectors. For exanple, the

cor elnsyealel enphdipents,ith¢ eore shddhlhampaﬂicleas b gergerally spherical

sthGe ot %D#é{lﬁ%ri??ﬁuf%ﬁl S5 ef 2 o ks e apan e pgwhich
mePbeusddab omamaPdigi AllRmafieXybBe WRALSE Iﬁ%glﬁé tﬂs@g 88 rdtain a

greater than 250 ng/L or greater than or
n%&f‘émm@mﬂﬁ@hqoutmy@facq m@yeogmeedsuoeﬂss;ocmmgmgtu cle may

8 dr a nu e cC a r
pot Py 5Bl AR ol oo 5 R b
ledkl@f tptotdxicityr tﬁ@t&fiﬂ&s @ien‘i Iegs thah dear for eRintdn@ of a subject. In one

embodiment, the present invention provides for a core shell nanoparticle exhibiting a

cytotoxicity lower than that of many known non-viral delivery vectors. For example, the
core shell nanoparticle is believed to have a cytotoxicity that is less than that of
polyethyleneimine (PEI) or lipofectamine. The IC50 for 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
delivery 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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Materials for form ng core-shell nanoparticles may
al so be chosen based on the target that is to be
WO e@atiexsse For exanpl e, materials nay be chosenPtDUS2005/017709
rel ease nucleic acid or drag under |ocalized
conditions of, for exanple, pH tenperature, or
enzyneconcentration. For treatnent of the central
nervous system materials capabl e of crossing the
bl ood brain barrier nmay be preferred. After a drug
cofHBiof) uﬁ+ﬂk&tlﬁ&it%f g@ceﬁﬁﬂ%&ﬁ $9&LA! Rdte¥hiskagable of crossmg
nanoparti cl e, esir , I'n Sone” enbodi nent s,
th@blsadbrmmh&methmydbcqvgefam@ﬂ or nucl eic acid fromthe

nano oth and a ny eic acid

e o Rctivgnd o5l feil ot PR s hartle Sif apefidle, wis
deSigdtie, riﬁxoﬁa@ cflbSARRAE, & cﬁ@bséd&ma i@ BRpaF icki€acid from the

Si rrultaneously or at ‘different tines. Oten, the dr

ug
naa@mh!rmle ni¥denibotlag dxj,lgrmagi adivelpisanid areassactnted wéh a nanoparticle, the

argy SR ey RO R P R I dpylpaggpsty or
dlffél’@htctnh@ﬁ aSfié theedr8@ 88d/bheudiéiv gcidmayudibBbeciae fidm the

Di saSSOC|at|ng can al so include diffusion of a _dru .
napopdré¢le uadéerdhasialpeicaberndiiéonsahbgrasaciaiing mavapelyds ﬂ?ﬂeﬁakmg of

i I I

cof e GriZ PRED IR ABEEE HIER ookl A EadiBai P G iso
indodediffudionoiy dahsor heldcadid bsnge fled the nancpabidet Fantors such as

directly to a cell or tlSSU@ %Edpnggoyéeﬁhe . . .
ionf StemBi R poelegFicalstateimay alsp to fagilitpte disasspeiatien
AGRGH Toitbouddi il ddEhEadinePloRd flect SERHFTo 6301 or tissue
tolpraxtetg rtb@l&tsassasnladbltnfalje@nugdm hbeecacal. shel |

nanoparti.cl e {;ralfaml rggeree

aci dit agog}eggm meRk ﬂl etqrgﬁqgﬁisnf/%r%g&cagﬁ g1sassoc1ated

frba98hg oSHEdkidacia V?aelglbdé'gi'é‘da@iﬁﬁ Al lglo@eg%dégle' ddre shell nanoparticle
a3300|%ted wth the interior core of nanoparticl e,

mby faigatadiat IIeb?laSQ)tﬁf a nelaiaadgar diugl e hmlywapm positionedde gef on a

t d t t.
b sprnern o et Lo arge i e tidrd SubiRER i dole e o
ndnBfaritle! biokié é?ﬁ‘dﬂtl%ﬁ of dRH-AEFrtie18 ity dlloe thadapedontahel in the
may facilitate the rel ease of DNA or other nucleic

naopattickedo bk axpaseé tonibie lcrioplagii of acgH afer the aaaensticle hasgndered

o L a6 B A I oo

otBér ructeid 884,64 thadhonuoldic acid hyp be transifﬂitecbmmmtafget nucleus The
pol ymer degradatlon may be sed by hydrol ysis and
pcﬁﬁmelb@ahb@ ehesen s thabif l%ﬁf‘zg} HeREYRPhgh e BFRseRi{n a subject or
! belcaled b
o Pga B 008y, PGP 0 drlbasay ittty
hydrolysis and may be accelerated by enzymes that are present in plasma. Of course, 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 composition of a
polymer-based nanoparticle 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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bi odegradability may not be required. The
bi odegradability of a core shell nanoparticle can be
wo aosarmee f or a specific application. For exanptEBUS1008017709
chem cal conposition of a polyner-based nanoparticle
can be adjusted to allow the nanoparticle to reach its
target prior to biodegradation. Preferably,
bi odegradati on does not occurjpuntil the nanoparticle
has reached its target and does take place after the
j C [ .ot her
O ILef Ufoe T RS o d BB A Hrrch RS over an extonded
tioeopbeigpdadabi | i ti es nmay be used together inorder to
del i ver dr or, nuclei¢ acid oatar%et at different
{1 e ogPoSURRS Kot TeRpRARIUE MAPHECHES Mgy be chisedy thefie and/or
. * . 0 o e .
nh&kicRPRA L H tﬁeﬁ%qeﬁﬁf}ﬁ t?ha@ﬁ%t iREWHROSE &r?éﬁnyqtt%%tqﬁéﬂgbe

and/or nucleic acid for ey are desighe
pexfemeddatyeons affordiaarycski bini the att és detemyind & qyenfiad srednippsition is

one. of . ordi. nar kill in the art to determne if a
cﬁ%a?’ﬁ %ﬁﬁsgqmg‘d\%o@ﬂg PB‘H?T %uctge&f)ﬁ‘ﬂ e of associating a
dr ug Tndfeen f&kﬁhﬁ csmpatitity | deSEhGRRid0 !ina?rﬂfgt be formed, in the

compatibility, the nanop_arfl cle may first be
prasendee! preedragcesing the eehdiques dasetibegl hemein (membiape elalysis or

. i nh di al ysi [ | ution.
AU SRR TR AR Bt TR S e .
deteirhinedff he diupehadrtieen dBoéigled MAiHNBe hindpaftidly, Wby RasopafRRies may

associ ated wi th_the nanoparticle, any nanoparticles

figsd e penasated Erogrihg salution thabmeay kentaisl anyifeae dringithatrhas not been
4.aiin, fr d : . 10 ssoci at e
o{GPRRR R Rhe R id RSB BE Bt R BRE, v o
lityoid/1epidrattectiby baset o wheld dni@sting gotarities off et RasHA1i6B and the
the contrasting polarities qof the nanoparticle and the )
deHenly uﬁgﬁf frationrhased ot theiize £4 g nsroPHECles. 25 bypnglyang the solution

FEIARRAAL hghgan irﬁfnuﬁbfas?és}?éryo%ﬁé?%n iﬂ@dys-'ﬁ’z{sH% itegf.] gﬁse Jgf)grated from
drug usfng an i nmunoassay or ot her “anti body- base
atesdnoparictessthp acmiathgfsobmmoncyn bamehpaetl] qlansitativblg, for the

remai ni olution can be anal.yzed, . quantifatiyel.
PRSFICEIRE (i G8en BB AR il f Flauiediitcapteditiseent from
tHeSanSduk h&dddaa theysobitthnl ek ﬂ{étdrﬁ% dhd fRn LSRR hiiBeiated with the
anount added to the solution, Then the drug has been

ngnapesvdd aid the agwpeiti]ehdihe Hrugere narsgarti cl e and the
nanoparticle and,the drug, are.a t ch. SCreenin .
F oen itk skt hne Ranbiie ety Pbopsbils Yo RS isotated with

a A6Slef! RIEFHcHIal DNAA BHERSI L1526 ntbadie st hemial OF ahSparticle.
to measure the zeta potential of the nanoparticle. If

Ifithe zeta patepbaladitheamangpartiple i gicaisa tanabeuti 2 0gn¥athen thehan
n%%g}ticfezg a%/rophgt%r}o} Jﬂsgociating 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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nanoparticle is appropriate for associating the
nucl eic acid. Zeta potential can be neasured using a

waeda/1mssent i al anal yzer with dynam c |ight scetT/@82008017709

capability, such as the ZETAPLUS, avail able from

Br ookhaven, USA. In one enbodi nent, the core shel
nanoparticle my be made from a pol yneric conpound.
The pol yneric conpound may i.ngl.ude a portion capable
of associating a nucleic acid and a second portion

| ' d
T T T
setmlyatb)e(IQJIBS) .€To Obltélm aicdlmldla@llilﬁnpﬂﬁﬁc ﬁ@?o@ﬁt@% Hyﬁﬂbphﬂl@ Broup,
ol ymeri c, conpoun an anphi i . co-pol yrer
Gy rshomplsy EnREDL ] 1 araiie Lot 1R kTR biskbpes. For nstance -
(ES AU carbbiROARBIERIE} ] B 6 DRREA BT mﬂfs%%g olha

series oOf tertiary am nes, east sone o
qbaqlum;aepn reastion. FBhe anaurploé gratﬁm@ t:mx:ﬁebamnerohacyandtrat@t‘eﬂ to

| di n ne sehaca To obtain .
BR S TEL ethenel be cchacal o) (PUDSL. 10 AOLAIR,
oﬁ J.Q:Hé’ternfu%d BXAER| Bhe MR IF §hAmiZARYn BEHE1AHiLShRAL Bn the
e polyneric backbone. For "I nstance n-

becﬂcbbn@métvhw fromreieaterchan thdod bess &mullOG%mrhlen@r bd, tfedkexample,

S RYD, LS e SR DA OB Reh T 5.t

ﬂmmoemeg@aelethaﬂ gbbe. qﬁwetnrbealﬁentshﬁte a@t&m@ ap@%anﬁémn may
deliverin and a nucleic acid pr edet er m ned

rug
be fess Han lﬁaele%errbamf)o dessdbain &, desz dhandi, @ss thlae 60 eless thary 50, less

oSS PSRN TR YPRK RS Sl R0

qiflernipedasd elevehafabodt 3Y6%ak i a h@dpBébic elictadianl ghaan 40,
greater than 50, greater than 60, or_ greater t an 70%

In ot h%Paféﬁbeeepﬂ@ﬁpglqut@aarh?dwr%ﬁnlmmdéw inghuds iyariews

O 3D PRt el 00 855 A8 0l i
nh@ism atikia;uclsﬁ)s DNe's strfmam@[é therbatbldsme nfeyrindl0de an Bst@rltnkage,

e quater n! zed to a_level of .about

)r,srr“ﬂﬁ» afPrg I e srppasigntof egr)!a)fmemmetenal may be
rémtsm& 8y Ohe BP&oPé)J)ﬁ’tHE o B WnRBicRUdERRRIshd Fn @gré
i'nclude Vvarious functio groups that provide charged
or polar regions that can be used to associate nucleic
aciq 3uch as DNA. For exanple, the backbone may
e an ester |inkage, polyester groups, or

p Iyethers I n one enbodi t he pglynerlc mat eri al
be r resent d by one re of the co- onnerlc
stel@ma— CH2>n—I—<CH2)m—C—O— (CHz)F~

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

Formula 2

R 0
N@ %Cthrﬁ—-O—(CHz)rrll\I—(CHz)r—O ! +cm>f£'f—0-<CHz>m—T+—<CHz>r' —o0
R p

m,n,r,m’,n’,r’ >0
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Formula 1: m n, r, mM,n", r' >0 R Hor alkyl group
or its derivatives R : hydrophobic group (e.g.

webwbasises ol , PLA, PLGA and pol yphenol s etc) FeeTUBm0R2017709
mn r, M, n,r > OR H or alkyl group or its
derivatives R : hydrophobic group (e.g. chol esterol,
PLA, PLGA and pol yphenols etc) Formula 3 m n, r, 1,
m, n, r', I' >0R R : Hagpr alkyl grouporits
derlvatlves R', R" ' : hydrophobic group (e.g.

%p ﬂréo‘d R}a%sand pol yphenol s etc) To tailor
L’E K% iy Sl d PLG. PLOREAN IRk gt et
addltlves can include, for exanple, one or nore of

Faspgkaobhobi cal |y modified PEI5 chitosan, and PAVAM
dedriners. The graft co-pol ymer may be of any

Ielcul aLI{ wei ght (avera;ge nol u%ar wekght) bphat R'
sults in an frticle that anasomaJean
Cligre = CHomC T CBp G e H —%&bﬂ’—@w
| ecul ar wei ght of the poly |s W tﬁ? n a range thak"

can result in the polyner self- assenbllng into
cgrerﬁpehl n@qp@artlcles under certain conditions. In

r’n&*ntsf1 & Vg‘t% cular wei ght of the pol yrrers
LU 5, S B il

and from5 to 15 kDa. |In _one enbodi ng I I
vel e e okt ok pbIB 3L DIIaErEDH Y- et Compotnds may

al%o ﬁ?@ Erﬁ% F]%rbgjl@{g&p O41ack ARNHRS cREhehikee 78 QXarﬁﬁl@f S more

of ‘group to a portion o
oﬂl@*dymbblcemy nioﬁﬁidd&lﬂibdn@saﬁapé@wmhﬁdqminwmr may be
of particular se for

©ar b BhegralienrRAbrper e BHE e T SRR g o ular
wgghéﬂ? rgﬁ%ﬂt s &l LArtiSRTRatRER Q@s’b&a?esa ﬂﬁclé@ il @h¥ HRbn-nSWlett acid

stability, biodegradability and the
dmb) Prdfyrably, tHa:&no:lemiwmdghta)fem polymer is within a range that can result in
the polymer self-assembling into core-shell nanoparticles under certain conditions. In
some embodiments, the molecular weight of the polymers is > 1 kDa and less than 50
kDa. Other ranges include from 5 to 50 kDa, from 5 to 30 kDa, from 5 to 20 kDa and
from 5 to 15 kDa. In one embodiment, the molecular weight range is between 8 and 12
kDa.

In some embodiments, the compound may be pegylated by grafting a
polyethylene glycol group to a portion of the polymer, eg, the backbone. A pegylated
polymer may be of particular use, for example, for systemic and/or targeted delivery.
Adding one or more PEG groups to a 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) (PEG550)-PMDS-PEGS50, PEG550-P(MDS-
co-CES)-PEG550, PEG1100-PMDS-PEG1100, PEG1100-P(MDS-co-CES)-PEG1100,
PEG2000-PMDS-PEG2000, PEG2000-P(MDS-co-CES)-PEG2000, PEG5000-PMDS-
PEG5000, PEG5000-P(MDS-co-CES)-PEG5000, PEG5000-PMDA-PEG5000 and
PEG5000-P(MDA-co-CEA)-PEG5000. These compounds can be synthesized using the
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cells. Exanples of pegylated polyners of the invention
i ncl ude pegyl ated PMDS, pegyl ated P(MDS-co- CES) and

w@egyghaisedl P(VDA- co- CEA). These can include, fBET/US2005/017709

exanpl e, pol yethylene glycol) (Mwv 550)
( PEGE50) - PMDS- PEGS50, PEGE50 P(MDSco- CES) - PEGS50,
PEG 100-PMDS-PEA 100, PEA 100- P( MDS- co- CES) - PEA

100, PEG2000- PNDS- PEG2000, - 15 -
PEG2000- P MDS- co- CES) - PEG2000, PEG5000- PMDSPEG5000),
n%&jg ]d&E)% —.P _
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spahesiRANFEGE00E &n) beAgked € &etﬁﬁgsiyg atingnigs ";;sz:\/frﬁes fhd PMDA by

condensation reaction when MDS or PM _
ugipg meshaxidaP EPogoanlecan be 1inked to carboxyl acid

peG myaranr S e e R B RS orl Gneteat ne

oatiaparing)antide Egh nehyIesiy(bthokas PiR@BN A b &l Miphte } [POVDA-
bis(e | ene) anmoni um bromm pat'e }
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that the nanoparticle can attach to a“particular cell.
partirelat eellc alliet cabed awtive sargetirigndSed, gggY}rgmanﬂd?jd&&ﬂliﬂ-. Low,
« Phi J. i ... LOW, . " Fol at e- nedi at e elivery o .,

AR a8 Pel RN matpBpTeeHB: aisanrs ey agents” ddvanced

o | i - .

Ty e e e S A R
emnbedimgpieofithomventiin feate zan be atchead healcdre-shelt narpahizld directly

j ' I b .(.e.g. PEQ, so

o R PRRRY G BELA BF Ik s n v U R GG 18 Birosehiea s cells on
the slulfgcet wiich Sifblateare@iptoMhas Bedd W et pidsSed. SEARE Qhd DS groups

been overexpressed. Folate and other groups can be
C%ﬁ%@é&tﬁ@&dﬂe theysolegplerof the inyentioreby nsing tiethods ynown {trﬁthose

0 [ in.the art an e
SR aGE SEAoY B ARG thoriRl el nFolflelsafafto B confgated o
the endsugfah@thatrocaire ends of the main chain.

Zeta potential provides a measurement of the repulsion or attraction between

b

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 for a .
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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Zeta potential provides a neasurenent of the repul sion

or attraction between particles. For a carrier/DNA
wa@oeowpl1e288¢ 0 be taken up by a cell, it is beliereriusivas/o17709

the zeta potential of the conplex should be greater

than about 20 nV. Preferably, the articles of the

present invention have a positive zeta potential and

in sonme enbodi nents, the zetg potential may be greater

than 20, greater than 40, greater than 60, or greater

is %H%Pr%gerfgﬁ tPétnthec‘ 245 @fy?f?zg ir&ﬁﬁh%reét&%h&?@ th&oi &0k had bded

e after asso ron wth a drug and
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P heciticlft feronbEReaein b au 8 s bt B to
thhseRfilelli ?he:zﬁ{ ap RQkebicabordBNelf Aflobhdtidled of the invention may be

ranspor atlon of the dfug and the nucleic acid into a

madd By, dibsohsime delystsnembrane technigilesm onby an el ggd wiater giagle

re interjor of the core shell nanoparticle may alter
e@‘ﬁ%“’ﬁé‘%eéh‘#otential of the particle, for exanple, by

rai SignRleriidd8héMRY thd corbig@Memopartities eirt b fopmed eiroegh self-
that the zeta potential remain greater than 0O after a

asdm@yh Asingsemembee dir rtivaethad o2 ¢qre Slbeélr Rangparticiprpay be self-

t d bed
osPiatbfs §Rats RASMETE SR L S R RUAGEYY, TR W may first
bERMIN R in G@bRehRIch a8 aﬂqmwrfapﬁdtleSOEiﬁenﬁ, e eixamelet i on nay

be made by dissolution, dialy nbr.ane,. t echni ques,
digretiygfoamapide @MFW%F%ﬁhﬁ@P%d@M AEinThOioRiged eI fesodium

{
TN L A 0 i o
ne?@bbmdles of Oaﬁcfus%mh bambenapdudedc Fer examiple, coed $m§g@n@p@dcles
roma ymeri eri P
pl;@éugﬂééw thﬁyn?th?ifna@ Ve Elai“}s%“%’{ g/g SRPé’ﬁ ?%@8}’{‘ %8 g Opabout
lgép i, h aﬁ{e'r& 194(\‘& §ma§/ gf)ssﬁ spers1ty indices of 0, 0.15, or

d can then be di al yzed
oagalnst dlonlzed wat er or a sodium acetate/acetic acid

buffer h H of f 5.6, s
Cechihg e sboh Bulpereich shalsrtipadadial e Bl siseey by
dfs&dlvi kﬂg é)P ﬂﬁg&%ﬁ% th& {%lﬁﬁféﬁmﬁer &1 Pnkhehd tHeaigeaidd. cl es

pr o hi's net may have effective dianeters
E&perﬁmmlztl ré@lts ahow thad ¢he zsta paienital may be slighthekigherdgpparticles

redcl f 0,
PRt iy tng T, BT S TR M ARSE Prolatidd ¥4 667, ©
dsENBHSH/ShidHEYn Rhetlfodd ETHRETOC e nikinilgahd &1at§/3$15 method may be

preferred to the dissolution/sonication technique.

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 aqueous 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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di ssol ving or dispersing the polymer in water and
soni cating the dispersion. Experinental results show

WO b@s/ 113366 zet a potential may be slightly hi ghepCT/v82005/017709
particles produced by the menbrane dialysis nethod
than those produced by the dissolution/sonication
nmet hod. Therefore, the nenbrane dial ysis nmethod nay be
preferred to the dissol utionlaonication technique. In
anot her exanple, the core shell nanoparticle may be

ad IR0 U PatiéntaP 19 EoricBnit@ioR, f5i BEHNEH1E MY sk ean b Niesk than
The pol yner, and anz‘ drug that it is to be associ at ed
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poggg‘?% /1%1?18%1@ g»h—fé& F& Jrd RRPHaC Rl B8 ﬁemb%c?us“xgg:{h%'r&ultm

. exes are to beadm ni ster to a patlent
nawpﬁnMBconcentratlons for exanple, at less than 100,

at AT Heiebnteat PR shALPBeRar e Hibrbntmal HifERd and

dn%@'t(f) fRESLPBI @l Mhe pdwaer BapiiRhibe @@db@ﬁtﬂhieﬂ(ihﬁ uddak YoTatisn
hat are water soluble such as PEI ys an% PAMAM do

@tr a@hmmnﬁceu@aﬁzx@cwmﬁs@ammy f@mbtamdmm@@ﬁm .2 whiect.

p Ly QR ét rlgﬁ @ll hg a?}ﬁg gesmg %&%hweb 'I%{hgt 1?1?&1'3693 positively

chEt(gh@@u@@ sk ahéwh?'@ro@hw@ uiitfen@%hié ’EheQmI’tﬁ/ sllrfa&'é‘lef t(EAC
a nanoparticle may be altered by the presence
naaﬁm@u@ln mayibe ofe8p éhlalfr@as o may h@lqﬁ&ﬂ@a aPre dgss ﬂ@ﬁcﬁ 0%: Toss than
€1 do
20%’)%%5% ?f[n ld%, cgqé(ss}%ﬁ aﬁ%;%gggegcg%ﬂo 19} 8 %?Ll%({ﬂhaﬂfd@ﬁk%@ any
hydﬁipllvsbirc%daftBSﬂhﬁllgaré bﬁeﬂt@@ tdvidrd thenmropRthe naﬂlcq;artﬂ‘ﬂet ey completely

iy ope areharte bl dha wue oBTF RTIE frdhler XPRE pilder

D PSS B s s
leﬁdl‘mmi(s tlesatthannl O, or kessibbp 684 of the available volume of the interior of the
core shell nanoparticle. Any drugs or nucleic acids associated with the interior of the
core shell nanoparticle may 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
nucleic 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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A core shell nanoparticle may be a polyneric micelle
that includes a positively charged outer surface and a

why@sapdsebi ¢ i nterior core. The outer surface BET/URE05/017709

nanoparticle may be of any thickness and may be | ess
than 50% |ess than 30% I|ess than 20% |ess than 10%
or less than 5% of the dianeter of the nanoparticle.
Li kewi se, any hydrophobi c grafgts that are oriented
toward the core of the nanoparticle may conpletely
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belieyed. that,the foll ow ng disqrders, for which gene

a?%lﬁaéﬁu%ﬁ S fisesrealSprBraE %%lw@r%mﬂoslﬁ&%mcsﬁi P Bplioma,
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di sorders 1 nclude: AIDS, as omat’l C patients
ng¢urbblastehaywel dpsed/refvactors Muroﬂle&td)m@,rperﬂléstal afeey thseau;e rheumatoid
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(ABQYdeREibnddedi atric brain tunors, cancer, incl ud| ng
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r enalt ig alsp beligverl o dativersefaticlsia aid(ege atrie) end divgaan be

s ncer ect,ion durin her
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nHI&R %Eli]d%f gucﬁaal ,' A @)@at.mﬁg,l a%h%%mé@dr&@ﬁ& der'ﬁ 8B Ned that

amantadine hydrochloride can facilitate dopamine-producing nerve cells to open a
"window" and release stored dopamine into the synapse. Therefore, through co-delivery
of drug and nucleic acid, it is believed that dopamine 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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net astati c nel anoma, netastatic prostate carcinong,

ovari an cancer, recurrent pediatric malignant
wa@sdaosacygseras, non-small cell |ung cancer, smal PeT/®E1005/017709

| ung cancer, cystic fibrosis (adults with mld

di sease), enphysema, famlial hyperchol esterol em a,

Fanconi's anem a, Gaucher's di sease, | eptoneni ngea
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%&f{)‘l evg d‘ntf%(g]nepg gllé%ﬂ; Otc%ﬁfeg%%lbg n%l ?lﬁféle or Tnsoluble. Time

rdPedsk i bﬁlﬁﬂfgs ®r %ﬁﬁae@tﬁh@@ nﬁ? ak® fbe&iﬁ@djwﬁthfpmu@lﬁhc%ﬁ\@cal composmons
del i velrng1 t he ne to produce dopam ne, which w
opthednyengipan hysel ﬁgcéh:d\m the arhwilblnayepf Qtensuigpble wérr@m @r will be

gltc?Eéa:leftQﬁ sii¥ fu@&%o‘iﬁy %%tlhg%e%&%ﬁm he chem cal
rea own o amne 1 n the - synapse. The articles of
the invention nmay be applied dlrectly to the tissue

that s tpo be treated,,h such as b pIylngasqulon
i ncl J@P Afickes pf WapRresant iy eBiRRy e e 1 RSPt yids variety of

dﬁir%g g sbﬁ’l N arhgwnay bt hdhtEstertl fo g%mek ®ifh JHe1d 3Qd lﬁ?order to

ested or injécted into the circulatory system and
favilytatedradefecti@r eftthe nadléig aold ibtp a eellexftthosubjqet.eOdrealtugs may be

o G iPe LT ¢ AH Bl AontE0ndis ofich & Ena T & e

nSHER BRI THeSdrh@hlls® afR¥rvBeo 5idbilize Hfétc%ﬂ oRYtHehRisk PRot&Yt the cell
el ectroporation. The articles of the invention are

befpps, duting andiafteritensieetipn. rSompueiche doigk that ormyde usedrwith the

al%cpes of the invention include paclitaxol and cisplatin. Others include, for example,

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
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pharmaceutically acceptable carrier. Such preparations
may routinely contain salts, buffering agents,

w@e@saiasad i ves, conpatible carriers or other PCT/US2005/017709

t herapeutic ingredients. Exanples of well-known
carriers include glass, polystyrene, polypropylene,
pol yet hyl ene, dextran, nylon, anylase, natural and
nodi fied cel |l ul ose, pol yacrylzmu de, agarose and
magnetite. The nature of the carrier can be either
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rety herern, npounds™ such
e)@uip‘hﬁymefnyad:qfemﬂﬂ@e moertionc hi tosan or a protein may
be incorporated into the core shel | nanoparticle to
facilitate biodegradation by enzynes that act on these
speci es. Anot her aspect of the present invention
provi des one or nore conpositions of the
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

mol) was dropped into the flask that was incubated in an ice-water bath. One hour later,



10

15

20

25

30

invention in kits, including instructions for use of
the conposition for the treatnent or prevention of a

wale@sndmse Such a kit nay conprise a carrier nmRemES2005/017709

bei ng conpartnentalized to receive in close

confi nenment one or nore container neans such as vials,
tubes, and the |i ke, each of the container neans
conprising one of the separaty el enents to be used in
the nethod. The kit may include one or nore
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flask was renoved and the reaction was all owed
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anQk¥ent and residual triethylamne were renoved using
aro avapor The crude product was dissolved in 20 rnL

chl oThé Nir@+taoshoekhsl) caddraggichelestert] g LafRIYs HRPMDS
backbone in order to obtain P(MDS-co-CES). 85 g PMDS (0.01 mol) and 5.5 g N-(2-
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) carbarmoyl 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 a positive zeta potential as
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a menbrane with a nol ecul ar wei ght cut-off of 3500.
Chl or of orm was renoved using the rotavapor and the

wo povali13s®duct was dried in the vacuum oven f OPCT/S2005/017709

days. Product yield was about 75% i V-(2-Bronoethyl)
car banmoyl chol esterol was chosen as the hydrophobic
group to be grafted to the polyneric backbone. 50 ni
of chloroformdried over nol.egul ar sieves was put into
100 nL round-bottom fl ask, which was incubated in the
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To determine how well a nucleic acid could be associated with the core-shell

nanoparticles, a detectable plasmid DNA was associated with the exterior surface of a
P(MDS-co-CES) core-shell nanoparticle. A plasmid 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 dissolution 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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second run, against sodium acetate/acetic acid buffers
with pH values of 4.6 and 5.6. The core-shell

woa0vspasssé cl es had a narrow size distribution Bemus2005/017709
positive zeta potential ascharacterized by a zeta
potential analyzer with dynamic |ight scattering
capability (ZetaPlus, Brookhaven, USA). Their
effective dianeters in dei ovdxed water, sodium
acetate/acetic acid buffers (pH 5.6 and 4.6) were 160,
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nanoparticles. Results show that the bmdmg of DNA further improved the

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 pyrene-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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nanoparticles, displayed decreased nobility in an
el ectronobility shift assay (EMSA). FIG 4 provides

wo emalilimsechowi ng data from nanoparti cl es produreriub3005/017709
two different nmethods and from 2 | oaded nanoparti cl es,
each at various NP ratios fromO0:1 to 12:1. The first
is a nanoparticle (made by the direct dissolution
met hod) / DNA conpl ex (1), the mecond is a nanoparticle
produced by a different nethod (made by the nenbrane

i i sho
O R B sy B S o
(AFh‘é’le QHA)h T OB ﬁbn’oﬂvs‘eslmel eﬁbdsemﬁptae coretshell BMoparticles/ DNA
rge ratio,, or NP ratio, is

Th
PRSP B0 e D o e RSP SRt 503 SO/R 1ios of
SPOAMTEY: 1 10 c&!ik%nﬂéﬁ@iﬁ of 8 1P fzﬂ%pﬁ ag TughLUR, ohﬁg%/t?ﬁﬂ (pranched and

nucl ei ¢ ’aci d . For’ eXanp conpl e
MwP EhQOWIﬁﬂAIkomidde histhe sarhe DEP tative Shsplayamnytotoxmlty at all four

s 15 RO FBroniee et B gLkl q On s, the core-shel

RESRAM AR &fb @Il%,\reaﬁ R LRl
nmgﬁ“ n TObI ity O? t he DNA, cor('fpehig%f g%:ag%lgégaotfng%lew acids

thaﬁéogmh@ﬁ@y%b%p@mp@xm an NP ratio of 3 for the free
pol ynmer, 2 for the blank core-shell nanoparticles, 3

f or iImegortidrieapenméemtanhedtre ma&sfsd“tﬁ:)hll expanapas weed péirfoﬁtﬂléd 3n

e B e 500 P BRI o Frhy citrase

t t
Free o po%?é?mﬁ’ﬁﬁﬁ**g"mlm eI AR B D depdHer i
epepdoigthe iszlP@thl ragant (pIEFR-Cl) éSetqut Dewith ¢r7ddt ch'[venéiya‘he SV 40

<R iRy (Glomh, By bhmbledlochekaR el afpinefictos e

n&ib’paﬂﬁ:lé/bﬂ%ﬂbk&l A HEREEN P ratibE WHr& [REPMLY Qz‘i‘tﬁ%‘é cells for
of the | oaded FEﬁ/rene was studied by fl uorescence

foyp bevisod@chy 1 Ard@%em@édglbfe@mpbmquw@néo%w%oﬁumts

f f
AR AP AT R e Y00l PSS P e pima
trmysff@d‘n@nleﬁﬁdiﬂ{@ 2% B IN/P MWE\HO’EI d@ies WPN%@ ﬁﬁﬂ%’f&%%ﬁ eBficiency is
various N P ratios were obtained on

COmprARs &%H@EO%%‘%@N&@}I@?RWS@ HenG@Cﬁlé"r (blqgs,bﬁr)aifh¢ ershell

RIS R T BTS04 e

greatef pena ttdmefeetion bfficicnoy syhen toapmad tenalopaedled predievdiusing the
n was obt ai ned when pyrene was

FIG .5.. A higher rat
SQIBT&%%)@W&‘HO%H}%@@@ {Eﬂ#%l c environnent. The ratio

13 38/1333 incr eased with the | oading of pyrene into
t he dBHEKINS| qells (FIG. 8), the gene transfection reached the highest level at 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 PEI/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 HEK293 cells.
The nanoparticle/DNA complexes, at different N/P ratios, were incubated with the cells
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nanoparticles. Results show that the binding of DNA
further inproved the hydrophobicity of the

wore@saesssé r onnent of the pyrene, indicating thetT/UR®05/017709
pyrene remained in the core of the nanoparticles after
DNA binding. It was also found that the size of the
pyrene-| oaded core-shell nanoparticl es/ DNA conpl exes
ranged from 150 to 300 nm +E%h the NP ratios ranging
fromO:1 to 10:1, indicating that pyrene-| oaded
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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 sebacoy! 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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nanoparticles made via the nenbrane dial ysis nethod
(lighter bars) provided slightly greater gene

wo e@sdimses i on efficiency when conpared to nanoper/Usmo&e17709
produced using the sol ution/sonication nmethod (darker
bars). In HEK293 cells (FIG 8), the gene transfection
reached the highest level at an VP ratio of 15:1. The
nanoparticl e/ DNA conpl exes,-z-different NP rati os,
were incubated with the cells for four hours, at a 2.0
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chdMekit&GBE BheAirBsct Yas washed with diethyl ether for another four times. The yield

was about 70%.

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 (fuciferase-plasmid) or 6-well plates at a density of 1x10°% (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 ug 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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fluorescence. Row A shows results fromthe core-shell
nanoparticl e/ DNA conpl exes; row B shows results for
woadsd1BBA, and Row C, at Day 2; the control grOLYPS2005/017709
Sust ai ned transgene expression over 14 days was
obt ai ned using the conpl exes (see FIG 11). Results
show t hat when the sane experinment was run using naked
DNA, without the nanoparticly,- transgene expression
was nmuch weaker. It is believed that these
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anﬁth@tﬁochllba@lwawﬁmdéwem eglipredfifo paralnrmahichyde Girygh the round
tr.j et )
FDELT DS AL RE PSR it

As&! dé?ﬂp‘l’éie \ﬁﬁ§tldrh epechhbisen@d 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 7um on a Leica microtome (RM2125RT). Tissue
sections were dewaxed with xylene and mounted with Sigma mounting medium, 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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and distilled. The crude product was re-crystallized
W t h anhydrous et hanol once and anhydrous acetone
wo e0sa12836e final product was dried with a vacPomuses017709

for 24 hours. The yield was about 78% Synthesis of
P(MDS-WCES): 2.85 g PVMDS (0.01 nmol) and 5.5 g_V-(2-

br onoet hyl ) carbanoyl cholesterol (O A nol) were

di ssolved in 50 nL dry tol uel8- and refluxed at 1200C

for 4 days under the argon atnosphere. The sol ution

firyafeatbdSiitd lo@gnb Sit F)Eoﬁ}h @hlopidd YSRAove Qe RARM CankiBbd! 8NRas then
and 100 nlL diethyl ether was then added to precipitate

digtibled pnd ﬁ@%hly dried witseivel Yefpisrhsing usad Eercyathesis. 2-
Bripbot B8R T P, SRR e P BEAR e p R OB from

Sidig 3 &lafd wesl @b&&veﬂOTHFT(M@F Eﬁéﬁh@i&)&ﬁd@lﬁ&r&ﬁg@nw with
HEK293 cells were mai ntained i n Dul bbecco's nodified

sodiyg) kefereiseli um (DVEM) suppl emented with 10% fetal calf
serum (FCS) at 370C under an atnosphere with 5% CO .
Cells were seeded onto 24-well plates at a density of

I.BSylitﬁEsmﬂid S’htmdci‘er(zbﬂmi bﬁde&V—Meﬂglﬁtdt)heﬂémﬁm@abbacate) (PMDS)

?&t @%‘S}%qt‘tgﬂg} eagg m%@i(kj* B&pé %ﬁt &yaea}mllq,{mfsgﬁ paepl) werein a
159&%12 Eo&ﬂ(y%@cwn%d f%@?a&djinkﬁﬁa%ed'ﬁﬁdd' d‘f?ﬁé%efo?@ hahe fiMel Hirring,

l'um an exes contafnin
40miicoff sod amsre pied WM amntaﬁiﬁ’g pl 24hrgadf \mraeosdd:dihmdec(O@émhol) was

After 4 haours .i.ncubation, the culture nmedi
adif] o S G Tntcr ARR CLTR LA S MmO e e it BpeT oy duedsaction
ws faﬁoﬁr@&i tdﬁtsl%e@e@ A r¥8h iUt ed I'ﬁSreCd%JyE STHJoBvent and

washed with 0.5 PBS.” Then, 0.2tnL repOrter lysis

residifa] enietindamingdeate r@n@ef:@lhlsml 4 rotayaprs Ehe prede praduct was dissolved

. th b ted.t

in S HIEE! RO RS e R oA B E sl

mdlém@&@vélglﬁﬂ b B500t Elforofdien Wad aibssfchilyFdmairidtifom the
were measured using a | um noneter (Bio-Rad, USA)

dlémtmwrmhﬁ zetgvaner grdthsi fmal Biodaeitwassiried in pyagmm oven for two
dage%th%éﬂ 1&%%@%&%‘7%0/%‘1 USA). The GFP-positive cells

unt ed - ust ng a flow cytoneter (EPICS ELI TE ESP,
CQJlTFERtru&iﬁl‘k) of DS Waswihvmctxiped byrdi DNEVIR aindiRTIR gpedtmcas

shigst an Pk 2Ry L LIRS 5 i PRARPeAbiBt hactioh/ bfignal a), the
pelél?s)eﬁ%gr@t@ }‘Qﬂd @'ﬂ%zt(ﬁ a@%'ag&%m%@mu% th HRotons of

ar approach routin
four different -CH,- groups from the sebacate units. The triple peaks at § 4.17-4.19

(Signal ¢) and multiple peaks at § 2.30-2.37 (Signals f and g) were from the protons of
two different -CH,- groups and the -CHj; group linked to the nitrogen atom. The IR
spectrum also evidenced the formation of the polyester. As shown in Fig. 13, the
stretching vibration of -C=0 shifted to the lower wave number (1736 em™) compared
with that of carbony! 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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used for exposure of the tynpanic bony bulla. A small
openi ng of the tynpanic bulla was carefully made with
wo b@susmsof forceps to yield direct visualizatPOnusfo0s/017709

the round wi ndow nenbrane (RW). A small piece of dry
Gel foam was placed in the groove, in direct contact

wth the R"M An 11.0 m of conplex solution or naked
DNA was injected to Gel foam29njection of the vector

reagent into Gel foam prevents the spread of sol ution

1.3 SymRes@h bR ChBrdctesifisn ofTNE(ZlMWeﬂijzl)WbM%‘}PEhdlé‘sterol
| ayers, and total operating tinme was approxi hatel

A 0l councrhttompdiinck awatainiRg 5P adl. af c}d@rpfozm dredwid mplecular

o RSN i S T BB IR0 B s e
suﬁngn eg4lg5¢more©uag& dh®réforBap (86.603 oD aal Qaes cF dihe
pes was remved, and the cochl ea was fixe

br«pm?@wmmedwdm%w@f<gfw Ny e e g HotcAEeR 3 of freshly
drl\éﬁ ?ﬁ?ﬂ%lmﬁpﬁ, W&y S dgé\i/iteo\;\%? éfﬁgg %ﬁ%ﬁffﬁ%@og} tlgeo/ ﬂas}( Vgaes taken out

anﬁ theareaction wextljomeds;o pexcecdie cadm itdrhgatature ﬂ)ﬁ%ﬁlﬁﬂilé@\ 1Rdwousts. The
days. After decal cification, S were aced

orgaiopisdt W%Fe‘ﬂ%r%ﬁ‘gf}%e EHFO IR 25 n@f 28 iﬁ'}i@m@%&

satg %%ﬁﬁg I\%@l’ hhd BA&LGHN BO miY bENLC]-sHARa SR 8GH é&g §ol‘ﬁﬁ5§ to remove

paraffin and sectioned radially
residiat kr'mlssdamfne?”ﬂh@ ongagicpbhssavan @ﬂlcctodmnc( M@Bﬁ'ﬁ)g of anhydrous

ARG A T e et i ARG e s brget was
re-@@@fa‘ll‘i’z%ﬁ WiCAr S 8RRE efiehyNiHes and aRfdious heetSHEHWIBS I ThedHil
Characterization of Pb | DS-co-CES) Chol esteryl

predhicbwes 6m¢ﬁawéh wiveeuun pueti foy 26 hoaisosnasalysis by Hud lévieom
AI drl ch ecelY
G ERFR Ol FERLY i @) 15 Bavencalvgp e of
tolb@ﬁ‘) héme P4l hfetieaol\(8t§1 1 $10dblumme), aﬁMCzith@ﬁhM&EM uct was pure.
distilled, Sebacoyl chloride with a purity of 97%

TheAtild iveap ab Q}Bﬂ)g/was purified by vacuumdistillation.

Tri \ |
t ol ﬁ%ﬂr%e h@u o ny l(ﬂgﬁqmééﬁg‘))l) ¥\§§§rh{n§/ E/ %ﬁ(ggsg%ﬁgvgér{gy&g&n% Cterlzed by
"HINMBasad lmaspednr@gcoplb adkthodd. As slsdwod idHigd dnitichprstod |s1gm1 at 5.10

bef b f h hvl
(St 3r 0 HEmATSe GoRT (AUNGP. gkl o S RaUD T sroups are
SRS T T 01, .
4.39%:0h) endiS.40 (HI;)]arSﬁnnhhs icBolasteroOmaitsa T he imitegstianofahe peak areas

sh(?v?ils l}létrgeg (ﬁz, 4, an 5 1ssleP?Clai el)xdlgat{va%e 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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5.958 g i V-net hyl di et hanol am ne (0.05 nol) and 50.5 ¢
triethylamine (0.5 nol) were in a 150 nL

wo omsdiised t omed flask and i ncubated in a dry PCT/US2005/017709
i ce/ acetone bath. Wile stirring, 400 of sodiumdried
THF containing 11.945 g of sebacoyl chloride (0.05
nol ) was added drop-wise into the flask. The flask was
renoved one hour |ater and t3®-reaction was allowed to
proceed at roomtenperature for three nore days. The

1.38)ABdis aRE Chapd G4 Batibh bﬁPB&Y@m@ﬁszﬁéﬁeﬁ&im%@ gelﬂﬁhi} co-
a rotavapor. The crude product was dissol ved

[(ctﬁﬂoasmrndrmmnbpmnddtaewlémeélgd|bw£¢tthﬂhndrazﬁmmwﬂsbmgude]
h | ecul ar wei ght cut-off of 3500.
se%?ﬁ%??&%#fmg sequent ly renoved fromthe dialysate
2.855& BIPMIES (00 nm@%d@rEg bhﬁ-(&tmaﬂnoah?g léﬁﬂlaaiﬂﬁ@yl@hbl%ﬁetdﬂ
a vacuum oven for two days. was about 75%

(0-pAmobx wersdissalved PO Ly t@HWPﬂ‘P@@ 2419 forrR dapgrunder

oL ARSI PN G AU b b
to]%ﬁé(&nth(Hn]L cﬁ&hﬂ?dtlgﬁirairas bheraided! tolpraap(tsje diaproduct 2
were attributed to the p r ent

conml%elygﬁlaaﬁ%MPwC% W uembule E%bgéngﬁﬁéolg'ﬁ%f dheyprgyct was
withedwih 3&#@%&?&% 3&1153’%”%6@% [ WheaBepsmaat d

na were fromthe protons of
t wo Hief FENMR speChipm afiR{INMI3S-aonCES) és s}ﬁilvﬁl 1grRiGp16 |”Eﬂeqx¢aks at o

248 CErihel 0 b7 SRE0N fedrb NS bR FSHRaSEsa) and

2.3.be &i&Bl %}\ékebfréﬁl' tR&p ﬁions(éfgﬁeglkMﬁSelﬁalh(bhﬁlﬁeAl rRl\fYﬁfer of

wave numnber 36 cm 1) conpared with that of carbonyl
pehlsd ap@eal(in@ﬁﬁmoﬁnOﬂ) totde amgteatoﬁronméleuqhdl@eﬂerd grafph daesidss, the

r B 35BS AT S PR SR p ot

gr&ups (SiharCH). Was padit 4tithahieH nia@néti el B6t0; &Mﬂ&t@ﬂ@ th&thyl group
studi es (ﬁr oved that the synthesis of P
dirggdy: Hekgc o the gyobighyreospbop hRigapld)- ddedriopmetienprgyided by the

1 - t a
R PSR PRl B PSR G W S o
subédsefilllwgtdTied dﬁ!itd e PIMIDS Sty ehadd F1GN ¢ bladvesithie r]iRapehtIyIm of
i ce/acetone bath (tenperature: |ower than -

PP $-6o<2H ) Fitigh shsogndigates SuckigtsEy ﬂéatﬂm@ﬁlpaf%he&%@wﬂ e’

s RORF S a0 g e P e LIRSt BELARed cngiy pf i

peak comesdet withr theidintthé R specaumind PMIBS at izt dno tﬂdecatdsahé(
After half an hour, the flask was taken out
formation of a quaternary ammonium salt.
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,
Rg= (AApNgm/Npp Ady) % 100%,

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;
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and the reaction was allowed to proceed at room

tenperature for a further 12 hours. The organic
wa@eloatiizsee was washed three tines with 20 nL of P¢™MUBKD05/017709

aqueous sol ution saturated with NaC and once with 30

nmL of Nad -saturated aqueous solution to renove

residual triethylam ne. The organi c phase was

collected and dried with 5 @3lof anhydrous magnesi um

sul fate. The solution was then filtered and distilled.

Thea L) udds HeQRleCdf theSeléRed pabkiirinh teqstnwhrdtRhamhy dr ous
et hanol once and anhydrous acetone tw ce. The final

pr det \A&ﬁlecﬂfq:@e%fthf? plecied pralsdrane thermaiachain; hour s.

An
hd%v)ézlf p‘ tr{ﬁﬁrﬂ%e \idréig a?&%?%{@@ hglgéT& ggoupgfﬁn\ﬁ, the, pendant

m xture cahainphtgne, hexane and nmet hanol (8:8:1 in

vol.une), .indicating that the product was pure. The

yi e wads doaHmbgoet frdrogen amsr @ te selected group from the main
I V-(2-br gt hyl) carbarnoyl cholesterol was

characterized by 1H NVR and | R spectroscopi ¢ net hods.

As showed in Fig. 14, the proton signal at d 5.10

Fitss LD S SRR T DB eaeh Shap 20 s ey chinghasigpe:

sefe@egﬂ%t ai'["lﬂ dﬁ’%@m@ A bé %&W@lé:alghl)ate th€ %Pﬁﬁﬁ% H@éré’e T-HE $roton

gnal s at and 5. are fromt
s1gnlab$eé®lt®1r shlouldrriot sveerpalgnaﬂse@mlatoﬁlm pmtomsh & uphaknoae, dhsse protons

1n1§ %cﬁ)y ﬁﬁr o %gg%toH 05'["{%5? arg{pﬁlétshggg gEElfé Esegi: ﬁelc::hze:mzwal shifts of
soin\a! phdtoR QBRI kh&iakRAE H%éhd@rﬁ Ch#ia bR ®influeh&ad byothe
the I R spectrum of

shows br onoet hyl ) car bar noyl
quetstilieatioarod IammEh én ﬁéawréhessmagnmrﬂy p @pﬂ@y@ftﬂse arne&e groups was

ooBEE T BB By SRSt o
m@kAehERPas @ateougwaﬁlksmolthe ahﬁem@@kmﬁmﬁﬁaﬁwamelrgldsfférémrﬁom
the stretching vibration of - .. Thi_s caorroborates

thatiaked tghe gtipyanype desaussfof the indugiive esfeetfithe positive charge of
V. £s
RPN SOAL el el b SRy i, .o
these bastatieyacthus [ricedabak The rchd:mmXMaﬁt bariyd depedding bh yhe) distance
met hy] bi s(et hyl ene) amoni um brom de]. sebacat e}
mw@% md)yt que@%a@muw%fu% the Brptpnssignals fgem the
MS( ;iR 'E:g'ﬂﬁ %Egb)ﬁlxé d}g‘élﬁ%@aﬁlﬁe{:&@lqﬁ%ﬁﬁ%’tloﬁ%@&’ﬂy )arﬂiﬁé &or
|ss y toluene and refl uxe
indtancedthd éI;Ié\IMRc@ecmmm af §VIDSt o€ BRR(Rig. I'ﬁ)shcswd:drﬁhabsmnmw
mgna?s wﬂwitvlvelrle %gsm 5!1% prr(%gr?s}/ gfptﬁé g}o%pg Slrectﬁr hnked to quaternary
ammonium, appeared at § 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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toluene and 100 ni diethyl ether was then added to
precipitate the product. To conpletely renove

waioosacsed i V- (2- bronoet hyl ) carbanoyl chol est reDUS20051€17709
product was washed with diethyl ether four nore tines.
The yield was about 70% The 1H NWR spectrum of
P(MDS-co-CES) is shown in FIG 16. The peaks at d
2.7-2.8 (Signal a), 1.5-1.7.4fignal b), 1.2-1.4
(Signals c and d), 4.0-4.2 (Signal e) and 2.2-2.4

b S8, A T B ARE 1002 LRIEH bt W TN g posi
chltrg% dfﬁrésﬂlﬂtﬁﬁt}gMD%bi(I%)whﬁlbe&icﬁlluMecgr oups. Besi des,

eak at 5.38 ar f th f
dou bike molsaulenyeight ‘efjeﬂ!tsﬁltefssésvr ?%nggﬁéégﬂwgq d%?%ﬁ%d by GPC

F BR300 e, FRARERL, Bi et kU BRARR TRk W e 410, M,

group direct l'inked to
USKSITHe rﬂo'rdreqmasdmed (wBis it with.a ﬂldveratmé‘bl Mt ingn Welght average

mbleatloeeight peel RoPQRUSBSEBY HIcgs Va5 FESgRom a calibration
cusrﬁec ﬁﬁﬁ?% Qérbeé o EQ@E%I&@ a91d51rdl§ Ipd\@%ef@éﬁbrﬁﬁﬁéﬂnc EIVGA, T8A,

whi ch al
with aholetuds vetight essfing frqmalt3@o 1 2&@ oam PCI\HESp@a@Esl I?a%zaawelght

cmlis d e tq th
e G b SO L Aoy B 39 8o consent o
th‘é e? Wik dstirato b4 Ba% bRusdlesthtdnamlyZBhDS at 1240
Icates the formati on of a quaternary ammoni um
salt. The grafting degree can be estimted by
calculating the ratio of the peak area in the 1HNWR
2.5P&ekmiwarion sp Crinteld ggregutionCincentygon (H€he nain

h
Alidnofg of miseresalaia O KAl I copgae  aprded R PLY S Gosie
ayRer &, d R ncdichel W agfo‘@&f H't@gv BEE Tivdgfilif Lﬁﬂ:ri 8 RRebitepolymer
Pl B i et Jof - a

e nu quat erni zed b
s&lhﬁ&@atbﬂbﬁmhﬁws) rafginp é:romag) Il teh6 tn@L aveod thteo atlthesl t@tibe e

mber of h
velkg s kB oQBRBEEAS BUR® 1B ootk e ALt Vg fptutons

%ﬁﬁ 0§ %)?({ 53) %&ﬂ% C%?l)ﬁ‘ﬁltélﬁgn BEGH Jgr/xﬁﬁ‘ Tﬂ@sdlﬁﬂldhs%b Bllowed to

rogen atons in the selected
e@hﬁﬂlﬁtd‘ fop DY hbe&rs l@éftfd)antenqi&ﬂatme (209€). Fluorescence spectra 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 (1338/1333) of the band at 338 nm to the
band at 333 nm from the excitation spectra, 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-
co-CES) (10 mg) and indomethacin (2 mg) or pyrene (2 mg) as model drugs 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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NH, >, is the nunber of hydrogen atons in the sel ected
group fromthe main chain. First of all, suitable
w@e@sanssé rom t he pendant chain and the mai n ch@i/nsS2005/017709
shoul d be selected; not all the protons can be used to
cal cul ate the grafting degree. The proton signa
sel ected should not overlap signals from other
protons. Furthernore, those ®3atons influenced by the
quat er ni zati on of the am ne should not be used. The
e it Rin d1Scubdr wa g R RAl
t he pendant chai n V\‘/}Zr %Pﬁlcﬂ]f ?ﬂ@ﬁ?gg@g{}%ﬁ WE@ p ot for Phours.
The axlernal phase ovasoéplagedhenrly fortthe firss Briiones The g6lgiiG0was filtered
anl ortion of the am ne groups was quaternized.
uie P BF O 1R dung mersiotos e Hiem apRITEsH SldyopHGzseydr 4 burs beore
filrhRr BRiMbti Qs W i L nged Lo the . o
qu at er nar y “amo n|E %dgan%%%ip%lre £ féeﬁg#[l%%) %ll‘#ets il prolauced using
thei satng dprotocelhveittioat theadyitmmiofenodBedmgse of the inductive
effect of the positive charge of the quaternary
anmoni um these protons were deshielded and the
4ChamsAsioHElbbollMibsidpETPEROL ONS WS 1 hus
i ncreased. The chem cal "shift“varied dependi ng on the
Adirgp ahthe finshlyepeparednanopanicleasdlutibe containaregn®oy (w/v) %
' . As. such.. the proton signals fromthe PMS i
PP RO Bt aos e chwer G ettt gaben il eandloes air-
ddd dteoémasyip&aiuie(22P0y). THSTRM G serBonk vV RuSRE S ili
of P(MDS- Co- CES) EFi ? 16) showed that sone nem,h{&FéPhﬁms
CH3)QanisrosgppeciN E\ﬂ@r]@n%a ggthyineléqtrom kimpsicpnetgyrd 360k £WeFIG. 19

[: W 0 at ernar.y, a ni_u
P RUES P TP b ol g RORR S BT b aoolyager
cobeettedftonhenf 2ithg/d..not recomended to choose the protons
of the groups linked to the tertiary.-am ne or
guat er nary ammoni um The proton of the methyl ene group
SPAER Site IFZER PRI HeBliBehbhf> 16, Signal a) from
the main chain and the proton of the nethylidyne group
Tlge rts pize idistabiition ant ectd oldndabefitdarkFdoge-stdl naSoaréitlel)drug-

| h . f hyl i nked t
B SR o BiE SR oo BN e TLed 1o
conipléxes More Ried@fidbd iidindE28a pORAlASH z%ﬁl?ﬁir&rﬁig aigféttk%aﬁering

estimation of grafting degree. Baséd on the pea reas
cappbilityfAgtaPius Bioakhgyen, USA)t Ree warabtitiolys sege freshlpprepared as

R CQ- S, _esti ed. to, he 39.6% B ngi ng.
ccpptberibanS bor S Bihe ST ARG Rapop Pt pAbe bR gl on, the
cobijA¢xnts wdiealividd torgind €8 FPm@f plidiao EROhESLAIAntd e kibe

and the positive charge of resultant (I):’( MDS- co- CES) can
mepsuraReptsaverg conducted at a scattering angle of 90°.

6. Evaluation 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/DNA complexes increased with increasing N/P ratio,

reaching the maximal size of 300 nm at the N/P ratio of 2. At the N/P ratios ranging from
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The nol ecul ar wei ght of synthesized P(MDS-co- CES) was
determ ned by GPC (Waters 2690, MA, USA) with a

woedosarmed i al Refractoneter Detector (Waters 4BOT/UMAY5/017709

USA). The nobil e phase used was THF with a flow rate
of 1 nmL/mn. Weight average nol ecul ar wei ght as wel |
as pol ydispersity indices were calculated froma
calibration curve using a senyes of polystyrene
standards (Polymer Laboratories Inc., MA USA with

3mobaoul, de el @%Eea%&f‘@s‘ @ﬁn&ﬁ%ﬁ@@qaﬁg T?l%%epa }90)tentlgah of the

P( NDS- co- CES) had a wel ght average nol ecul ar wel
cgnpleges rgrghed a opgstynh leybasihe W/Bfratit 6F 4. Theingi the DYRObinding

PARIEAD iR ObISTints mas o 0 DFs s 3105 RY 20
in@idating ea glreﬁ@@dad@@ nﬁ%ﬁf&lé‘s%ﬂ A8t éfdBAedN | quot s of

pyrene so ut| on in acetone) were added to 5
nL véheeaitatien ﬁpe@ga@f pHilsde, myeemdea@d@ommﬁl anugtitles and

T T T
lmnactﬂmmp&dﬂﬁ@été@I&f@sé@BQWﬁ Iﬁtlf)i @ﬁﬂ‘}fteﬁ‘eoféﬁéécf‘écﬁlg-shell

resi due. Thus, all th %ueous
E

naglap 19{9 BORNA l?f@@lmgk’@é%@b%%érﬁgl(é ),an@oﬁu@thamylrm remained

g o S g B Rt] LAONION e kLS Pes padusopnoticiy

ofthei@semnoanspeof paend. Théwe fhlinpFelen®abtté HRbYIRY 8 these core-
Een obt allned usi a %BHB | um nescence spectroneter
shep dpponartiglessio cafE Afugand 13NA stplizncansly é a wiable colloidal solution

fogxcitation spectra were recorded from 300 to 360 nm
with an em ssion wavel ength of 395 nm The excitation
and em ssi on bandw dths were set at 4.5 nm The

hej a_t [ 1338/ 1333) of the band
II‘F "53259 aﬁ%ﬁg(%%? ‘é”&ﬂ P)aﬂ‘ agaqn eRGm t he) exci tation
Tl&ﬂe@dlﬁ@lev%ﬁldaéh@hp’sﬁﬁa@loﬁ%ﬂ?méﬂé?Q)tf ﬁlﬁi?)n%fﬂ;agﬁi %g?cﬁ errm?ed using a

concentration. The CAC val ue

UVHELS speetreaetes (MinadzudaVi23A @,e‘}innmm Hapag er:fm a fiked amount

hog i zon nt through the
R LT p—
Tl deRrectipamavelongthfwdslsardt 328 dmDor GrdofREREin and 273 nm for yrene.
Cor e-shel | Nanoparticles The core-shell nanopartic 3

Thesneansylgtipr sHiicdeney wag calciatadras lee 1tialof sétualite tlmodetical drug
colfePSco- CES) (10 ng) and indomethacin (2 ng) or

pyrene (2 ng) as nodel drugs were dissolved in 5nL

DMF. The solution was then dialyzed against 1 L

dei oni zed wat er or

8. Agarose Gel Electrophoresis

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 1rradiation.
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sodi um acetate/ acetic acid buffers wth pH val ues of
4.6 and 5.6 using a dialysisnmenbrane with a nol ecul ar

wowdoghiz2ssaut - of f of 2000 at room t enperat ure f oPCRES2005/017709
hours. The external phase was replaced hourly for the
first 8 hours. The solution was filtered using a
filter of 0.45 mm pore size and then anal yzed or
| yophilized for 24 hours befgye further exam nations
were made. The bl ank core-shell nanoparticles were
produced using the sanme protocol w thout the addition
of nodel drugs. 4. Transm ssion Electron M croscope
&g{rEl\/p A drop of the freshly-prepared nanoparticles

9. &3ratexiey Fsht ai ning 0. 01 (W v) % phosphot ungstic acid
was placed on a copper grid coated with carbon fil

m
Thenlcd 2Recs s iwetiy seedechaentp S6rivallepipies at Lk 80Q odisrey ekl dherpigfes were

observatjons.were j il
R
mERELLYF BE ird@RIonQf thddeSs, thd niRARMh diRSwalld WpleaapladddMyith 100 pl of
I mge of core-shell nanoparticles fabricated at a

frgshl gyowth medivenEacht hameparticle soiption at 50 pbaes thep eddsdste caplywell.
Zeta Potenti al . Me ts.T i i .

PiREEats BURGH SRS Bk St GriYant SPgieaRis B9 as Bsgeptive

cd&%? ﬁff%gﬂ.cfg%fe\%re FhdiHeRRRET0 GRS BioshiRbrs aR@ ARRaAThES HESHATO,, at

rug- core-shel |l nanoparticl es/ DNA conpl exes
3MREY, fornmasiod ©f 24,54 andsy 2zetves. Fotle saniple wan ddsieddn fopmraplicates per

D L 5 R R L 2B 3 of 16 et
! edy ; 0 (AF iRfio*daBlg wefl after th

P AU SSERIEPRuRIRNS0 195 408 g s i

dsamatedesonef expistiewEh plates wendthEn ret@@editnthorinatbatos and

the nmeasurenents. The size neasurenents were conducted
a6 g G o8P IO, Bhe EFAGIGHR gt Soah Wl was then

St abi. | Ly -of O okl |+ -
SR e Sl a0 g ks
pibleSdih¥n SrRFRS. &n ARfhot 6 POONALw!thiadn fodm kbeh well and transferred

pyrene-| oaded core-shell nanoparticl es/ DNA corTBI exes,
toaes freshf Arwell phato fThplatesawere thentpssaypd @hed( agad 690 nm using a

oS s e pies (PREdyent dig kg Bt Ea Bk 0oAEcSRABHER of the
f&ﬁﬁ@zﬁ%rgétﬁlls SferdVRken rstetiat A S50 enDiBtrackd by diat 64690myn. The
DNA in 2nL of the sodi um acet ate/ acetic acid

rdsullts were@ExpRMedps apegjentage v& teahaorkpse o thegegatipr ol
of the pyrenel oaded

10. In Vitro 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 8% 10* cells/well
(luciferase-plasmid) or 6-well plates at a density of 1x10°® (GFP-plasmid) and cultivated
in 0.5mI, DMEM supplemented with 10% FCS. After 24 hours, the culture medium was
replaced with fresh medium, and complexes containing 2.0 ug plasmid DNA encoding
the 6.4 kb firefly luciferase (pCMV-luciferase VR1255_C) driven by the
cytomegalovirus (CMV) promoter/enhancer (luciferase-plasmid) or GFP reporter gene,
encoding the GFPmut1 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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core-shell nanoparticl es/DNA conpl exes increased with

increasing VP ratio, reaching the maxi mal size of 300
wmpooatiizske NP ratio of 2. At the NP ratios reemusms/017709

fronB:1 to 10:1, the size decreased as a function of

NP ratio. The zeta potential of the conpl exes reached

a constant level at the NP ratio of 4. During the DNA

bi ndi ng process, the particl3 size varied within a

narrow range (from 150 run to 300 nn), indicating that

cuRiteeRatilfasRdeplaranrAit DMIES Dathines 109 HEP3ekk: tWhays, the
excitation spectra of pyrene, gyr ene- | oaded core-shell

culias apeiem oyasagaindepyy thedelts ‘were avashesl with 0.5 mL of PBS.

ti.cl es/ DNA .conpl exes re.recorded on an LS50B
TP AR ot PR ot € 00 550 S Bd il
Thefeaftyr, eitecellaatiRasion s STkt ted BNORAEYCles 08 Freadih € bndMAwing, and
i nding were obser vedoé FI G S%hgl ndi cating that pyrene

b
was Sl iegediah 14,080 sryp dorg¥ mintesn 4 ho priativiedighi unifr( WEIRIA
8 R R R PR o Reinaopigpp sing
thd bieinahediniciacialf (BlUregrotedr ssiye(BioRadpPS AN THeeGFP-posiaive Yells
drug and DNA sinmul taneous|y i nli'gét abl e col |l oi dal
Wege PAHIVGHITRE HIO. YU GRUTH HLEES EOPa RO ErtabedbALi on
Ef ficiency The | oading | evel and encapsul ation

ef ficiency of indonethacin was determ ned using a
111/ Wive BpesfectiomeExperinshitsradzu UV- 2501, Shi nadzu,

Japan Briefly, a fixed anpount of freeze-dried
uréaﬂﬂé?ﬁpéfp&a di ssol ved in DMF. The solution was
PYRSS UL SYIREA ebifplcKBewHRA AT YB I ARERL WL GHQS-co-

nm fof indomethacin and 273 nmfor pyrene.
CES)calysion 4t Bomgait ) wiithricy niefGERpiasinad entodingtthe GFRuiu! variant

al. .t oretijcal I content. 8 arqse .
ORGTRRGNgLA 7 KBERNETRE e SV 40 cBR7 bioMe a8 ABiech, USA) in
th&QJdaurs RedthteABRRNRLD (0002581, PH 436 Thé 9610€6hsGoE8 aBBREd to stand for

nanoparticl es/ DNA conpl exes was studi ed by agarose gel

30gniadefuphist-esi s. DNA conpl exes containing 0.28 ng of
| uci ferase-plasmd at various NP ratios were | oaded
into individual wells of 1.0 % agarose gel,

11¢) aGinkdighagees aad délivkBOof\Nhé BunSEeneicomptaxds st ai ned Wi th
et hidium brom de. The resultan igration pattern

Alhing SUEAFB IS ia DOWeER Ea0 A § TR Were et Rt udy- Fh1

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 total 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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The L929 cells were seeded onto 96-well plates at 10,
000 cells per well. The plates were then returned to
wo b@siimssbat or and the cells were all owed to gpOWUSZNOS/017709
confluence. On the norning of the initiation of the
tests, the nmedia in the wells were replaced with 100
m of fresh growth nedium Each nanoparticle solution
at 50 mM was then added to €¥th well.
Phosphat e- buffered saline (PBS) at an equival ent
wadQbMBPed\@Smatsiass dfiBe RGEALEAELIRRVAsYpendd @i Ah8Surs to
were then returned to the incubators and maintained in

exposeimpoockicag Thestapesrwas rpapyeshansk the gochien wasifixezl hydhc njection

f t
of??%aﬁf%?ﬁ%es : bR She B indofR 1bE 3o Giebhs Biof bimersed in
ﬂgmaldehy@d owinight 4t apt.| LRdresnipidte SRHHMIE spedirhEHsOlEe
T.solution at 20 M were added into each well

deaaﬂw@ﬁd ih b0% D B doey dpsr Ader @ﬁca@s@f@@eﬁé e ypretpensvease washed
in gag%gg*&g@%gwgme 51{;]12 ﬁlrlg&% ?ﬁ‘é 95nc%Hﬂatf8?1'é %E %cﬂﬁcﬂeg& re
beimg| dqui/lj’hatbdh ﬂ‘f]X);'lellHJ {Tael spethlens wené t@hsﬁ@lbmdded ingraraffidevhx and

tp each i ssol.ye the internalized purpl
SeqtPPRRZaA r%ﬁsatt wgnesmf im%e I SreaTpieraiemeSOMZRR KT} r om

each well and transferred to a fresh 96-well plate.

The plates were then assayed at 550 nm and 690 nm
IIMsFlm@ra;sceﬂaenmohat@y eader (PowerWave X, Bio-Tek

trunents The absaor bance readi ngs . of .the fornmaz

Priof JR PGS RBY-hF AR SPOIBe NEr ke R Sat ISk gt SRR it
Slétﬁﬁ‘hl(ﬁhﬁﬁ@ﬁleﬂfﬁm TR sh@plek tw%ré"&%ﬁ vRXRI& 360k @shifdcal microscope

per cent age of the absorbance of the negative control.
(OyanpuspJagan). dmTgesnsdre captured Ehpugh adivitel ¢amE2 or HEK293

cells were maintained in Dul bbecco's nodified Eagle's

medi um (DVEM suppl enented with 10% fetal calf serum

( FCSyha¢ sa3éCembdeiincas dtthdmpbrticn ive be&YddscBbedCGald iHustrated

wer e seeded_onto 24-well plates, at a density of 8*104
hepeat, | thosget ordipgryi skl indhe gt &’éhlrre(ﬂ‘t;iﬂ}s EngSigalay Vab‘PTé(tQécé’ﬂéﬁr mgans and

Gt SR RO b YaL e s
desaritied hereing cind radikesf suelpbataidnsot moflifiestionsasl dcnmedemdbe within the
SogIPER Presgr iy ention s More e i one AL b e pegldpadity

ap?febié?é"th%’aﬂ ﬁﬁaﬁ¥k%ﬂﬁén@1‘6h§ YatbiSAYY)anRcBARE BEAGRIREGRed herein
['uci ferase-plasm d) GFP reporter gene, encodi ng

ar¢ tmeaGRPira ekemplaryaand tb@ta@mal paratmwerm dimensiops.cnitodials, tapd
conﬁguratlons m?laéepgnd upon specific applications for which the teachings of the

present invention are used. Those skilled in the art will recognize, or be able to ascertain
using no more than routine experimentation, many equivalents to the specific
embodiments of the invention described herein. It 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.



pronoter (GFP-plasm d) were added to each well. After
4 hours of incubation, theculture nmediumwas replaced
wowdaok/1D8EM cont ai ni ng 10% FCS. After two days, P€TeS2005/017709
cul ture nmedium was again renoved and the cells were
washed with 0.5 nL of PBS. Then, 0.2nL of the reporter
| ysis buffer was added to each well to |yse the cells.
Thereafter, the cell suspensi®n was subjected to two
cycles of freezing and thaw ng, and was centrifuged at
14, %9%5 AFnf Qs Rellla8 8 88 J@ﬁca‘ti%h%tab%@ a1l Qmwiﬁﬂat ﬁhrases such
(RL wer e neasured using I 'um nonet ér (Bi o- Ra SA)
as a‘mﬂmpnmgl mwdmg”p?mmng”c‘dmvmgf’ ‘teohtainingis “mvolvmg” and the

ot BRI b S L1 AT B0 .
Oxﬂy&@@éﬁ{hoﬁﬁ? HegsekkbdsisERl of CHadLThRbistidpAdssentiblly bf* st @e

Transfectlon periments 11.1 Conpl expreparation

ReNDSsui- @E@ﬁ/tmﬁ@oﬁhﬂms roppeetivehe pa seidorl indrtlinjted States

n /L)
P%ﬂ? Ftlod tafg B el ol RroBahitls BRubE2ER P
vari ant (pEG-P-C) MAth 4.7 kb drlven by the SV 40
early pronmoter (2.5 ng; Contech, USA,) in the sodi um
wagsk aly gfgtlc acid (0.02 M pH 4.6). The solutions
were allowed to stand for 30 mn before use. 11.2
Ani mal surgery and delivery of the transgene conpl exes
Al bi no gui nea pigs wei ghing between 250 and 300g were
used for the study. The animals were initially
anest hetized with a conbi nati on of ketam ne (40ny/kg)
and the anal gesic xylazine (1 Omg/ kg). The routine
post-auricul ar approach was used to expose the
tynmpani c bony bulla. A small opening was carefully
made in the tynpanic bulla with a pair of forceps to
all ow direct visualization of the round w ndow
menbrane (RW). A small piece of dry Cel foam was
pl aced in the groove, in direct contact with the RAM
An 11.0 m of conplex solution or naked DNA was
injected into Gelfoam Injection of the conpl exes or
naked DNA into the Cel foam prevents the spread of the
solution to neighboring tissues. The incision was
closed in layers, and the total operating tinme was
approximately 20 m nutes. 11.3 Ti ssueprocessi ng
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Animal s inplanted with Gel foam contai ni ng DNA
conpl exes or naked DNA were sacrificed at day 2, 4, 7
war@sadssespecti vel y post surgery. Fromthese, P€TeS2005/017709
tenporal bondwas renoved from both sides of the head.
Each bull a was opened using rongeurs to expose the
cochl ea. The stapes was renoved and the cochl ea was
fixed by the injection of 4%9%araf ormal dehyde t hrough
the round wi ndow. The cochl ea was then i mersed in 4%
par af or mal dehyde over ni ghtciIgAiMOC. After conplete
fixation, specinens were decalcified in 10% EDTA for 5
1. day ﬁl&%rfgldﬁquxl %égg{g M a blleiS Q(ﬁ&'tﬂg Brtic{dm
I Mrersion i n 1 Ncreasin
c oncaefmhopmnda &amhg alfosthwirtiorbedpable off @ssogiatigg ia nublertaeit and a
i n ene. ecl.nens re then enbedded in
Se‘ﬁ’é‘fié%’ﬁ‘ %ﬂ §g§8@ﬁl%% TYadi al |y at a thickness of
7 mmon a Leica mcrotone (RWV125RT). 11.4
Fl uorescence mcroscopy Prior to m croscopy, the
2. t i sAreartieletas dmslaine il evivesia tednanopartiglelie capahlecbf] mssmiaﬁdg with

an it Soo sl a pbol e Al R e Beg Srdff won pi§ Saosical
COhMGﬁ an@ 6?d1§a%’@<§di£tﬁf§ thbhasle a@idHmdi &%Mhﬁsmmichp

several enbodi ments of the inventio een
condisiens.-bed and illustrated herein, those of ordinary
skill in the art will readily envision a variety of
ot her neans and structures for performng the
3. f UNGAA fisleal @4 Olhind B ivilicdin Bhd M@opatitletiS capabRbfPatsgLHhrough a
descri bed herein, and each of such variations or
celmpnbrang i ons is deened to be within the scope of the
present invention. Mdire generally, those skilled in
the art would readily appreciate that all paraneters,
4. di mexisartioke,as fmtlainm alveherdn dheonnrlesigacidis DN descri bed
herein are neant to be exenplary and that actua
parameters, dinensions materials, and configurations
5. M | LALIERERG auﬁ@ev%efrélﬁt@eocﬁhg%&eeﬁa drgg which the
t eachi ngs of e present invention are uséd. Those
skilled in the art will recognize, or be able to

6. rany b 4B éelg&@cﬁl?@“”eoadw?@ex Fee of the

i nvention described herein. is, therefore, to be
under stood that the fore90|ng enbodlnents are
7. pr edenartidlesy imelpino 6 velmmlaeirwis;asmcmdmth aniintpiior afiilee

ded h
iRl BRRT BE kimad B iRl o Be R ac” '
specifically described. The present invention is

directed to each, individual L )
An article as in claim 1 wherein the nanoparticle 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.
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feature, system material and/or nethod described

herein. In addition, any conbination of two or nore
waowk/1imad ures, systens, materials and/ or net hedepUSi05/017709

such features, systens, materials and/or nethods are

not mutually inconsistent, is included within the

scope of the present invention.In the clainms (as well

as in the specification abov#); all transitional

phrases such as "conprising”, "including", "carrying",
11, havARgricle &QAtRIA 1NGhoreinith RAnbbAdicle risB€a biafecopdtymer
to be understood to be open-ended, i.e. to nean

haiving| ajetickigprisuncinding ltértintyeatnines, a0ehst atpogtian efithé teriaarslamines
rases "gconsisti of . and . sisting essentially of
qug g?lFecgaéldgqoggg %Bgirgﬂ?&é? %lgégﬂ%nrl'ansi tional phrases,
respectively, as set forth in the United States Patent
O fice Manual of Patent Exam ning Procedures, section
12211 1An adiclewsdn claim dil avhesin the loidromigbic sidgchain gamprisesr
Chgﬁgkxﬁying.a drug and a nucleic acid, the article
conprising: a nanoparticle having a first portion
capabl e of associating a nucleic acid and a second
portion capahl e of associating.a drug. 2. An article
1335 o artiglegsin ghapdil mhqa@nﬁ%%&mﬂl%g@lﬁ%gnwﬁmsss afopolymer
li24d 220 ! 2Pl AR BnffbnAie @kl on with a
(ﬁﬁégﬁgP%£%£¥d%%ﬁﬁm§Hg%%Ekuﬁ%%r noﬁg%ﬁgsi Fogica
condi tions, and of disassociating the nucleic acid and

drug, under physj ol qgi cal .conditions.,3. An article as
141" Sharce Gt Pl TondrereingapetyBFae pakbal Birbefednfifes an
%ﬁ?gik through a cell menbrane. 4. An article as in
claim

"wherein the nucleic acid is DNA 5. An article
as in claim1 wherein the drug is a cancer drug 6. An

rticle as in claim,1 wherein the article forns.a

155 ¢ ek Bt agin Sl o BB Thpdi et badlns, iy apgtvester
associated with an interior of the mcelle and a
nucleic acid is associated with an exterior of the

16 cehh ertick: asin claimi 18] wheseinithe pelamariq begkopre firthgecomprises a
na ﬁgarticle is stable at a concentration of greater

pq}eg 'S ng/L. 9. An article as in claim1 wherein the
nanoparticle is capable of crossing the

17. A composition comprising a chemical having the structure:

(X-Y-2)g(X-Y'-Z )

wherein X, Y and Z, are selected, independently, from

O

U—(CHz)n



bl ood/ brain barrier. 10. A conposition conprising an
article of claim1 and a pharmaceutically acceptable
w@assiterssdl. An article as in claim1l wherein pEEUS2005/017709
nanoparticle conprises a graft co-polynmer having a
backbone including tertiary am nes, at |least a portion
of the tertiary am nes quaterni zed and bound to a
hydr ophobi ¢ side chain. 12.-fin-article as in claim11
wherei n the hydrophobic side chain conprises
cholesterol. 13. An article as in claim 11 wherein the
pol yneri c backbone conprises a copol yner of
guat er ni zed and non-quaterni zed tertiary anmoni um
groups. 14. An article as in claim13 wherein the
pol ymeri c backbone further conprises an ester |inkage.
15. An article as in claim13 wherein the polyneric
Nhﬂﬂkﬁgﬂe)conprises a polyester. 16. An article as in
cl ai 13 wherei n the pol ymeric backbone further
andnpri ses a polyether. 17. A conposition conprising a
chem cal having the structure: -(X-Y-2)g-(
X -Y -Z)Pwherein X, Y and Z, are selected,
A~ndependently, fromO*' (CH2)nR N (CH2) m and/ or O and
t least one of X1, Y and Z' includes Rl, and X1, Y

nd Zlare sel ected, independently, fromand/orO
erein, Ris H5 an alkyl or a substituted al kyl,

O—(CHy),

and

at least one of X', Y' and Z' includes R', and X', Y' and Z' are selected, independently,
10 from

(CHz)m’

A—2Z—owU0A0
+

®)

“—(CHz)n'

and/or

15
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R is a hydrophobic group; and n, m p, n', n and p'

are greater than zero. 18. A polyneric structure
wa@eowpnizssag the chem cal structure of clai m 17r@hesm05017709

the polyneric structure fornms a core-shel

nanoparticle having an interior and an exterior. 19. A

pol yneric structure as in claim 18 having a dianeter

| ess than 20 mm 20. The pol4deric structure of claim

18 having a dianmeter of greater than 10 nm and | ess

than 1000 nm 2 1. The polyneric structure of claim18

wherein the polyneric structure exhibits a zeta
Opotential of greater than 40 nV. 22. The polyneric

structure of claim 18 wherein the polyneric structure

has a critical association constant of |ess than 100

mg/ L. 23. The polyneric structure of claim 18 wherein

(peKzng?be—s%rycture has a critical association

constant of |less than or equal to 9.6 ng/L. 24. A

met hod of delivering a non-nucleic acid drug to a

subj ect conprising: associating the non-nucleic acid
withreig, Riig H, arhalkplodnansebstituetimligd,ure of claim 18 to form

a drug delivery vehicle; and adm nistering the drug
]ld%?FWngh@%%g%%ﬁﬂ 6 the subject.25. A method of
n, 4€1p, ¥Ehd BEH B JIEeBleF tiRARIzEol O @ subj ect conpri sing:
associating the nucleic acid with the polyneric

structure of claim18 to forma nucleic acid delivery
vehi cl e, and adm nisterin he, nucl ej ' | | yer .
18 g & PR Rl eI S EpRu S REL T il LT e e
polyHEiOstARELre fdHEl aose -t Ichah Opaticle D gidh af GMBfibiSdndgin exterior.
provi ding a drug/nucleic acid conplex, the conpl ex
i ncluding a non-nucleic acid drug associated with a

ucl ei ¢, aci d; ,and del.i verli the co e
190115, Kby A s b B e O REEK: Lo bl 20 ym,
and nucleic acid are each associated with a conmon
nanoparticle. 28. A nethod as in claim26 wherein the
20dr uglerpplymetiestoucant of eledn 48 hpving tadiameter of greater than 10 nm and

less than 1000 nm.

21.  The polymeric structure of claim 18 wherein the polymeric structure exhibits a

zeta potential of greater than 40 mV.

22.  The polymeric structure of claim 18 wherein the polymeric structure has a critical

association constant of less than 100 mg/L.

23.  The polymeric structure of claim 18 wherein the polymeric structure has a critical

association constant of less than or equal to 9.6 mg/L.

24. A method of delivering a non-nucleic acid drug to a subject comprising:
associating the non-nucleic acid drug with the polymeric structure of claim 18 to
form a drug delivery vehicle; and

administering the drug delivery vehicle to the subject.
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concurrently to a cell. 29. A nethod as in claim26
wherein the nucleic acid is DNA or si RNA 30. A nethod
W@3005n1288@i m 27 wherei n the nanoparticl e conprPCEESH05/017709

pol ynmer. 31. A nmethod as in claim30 wherein the
nanoparticle forns a mcelle 32. A nethod as in claim

27 wherein the nanoparticle includes a polar region

and a hydrophobi c region. 3343 A nethod as in claim?27
wherein the nanoparticle exhibits a cytotoxicity of

ess L lpe sGR [ gl,am ne 34.

A i b S R R e o

exhi &3sdcdatimg thehixlet agidesitlethetpolymenic seqotlke 6fcldiG01 8y form a

35. A nmethod as.i.n claim26 wherein the wherein the
n”&@’hﬁ)@%@(d?lé"e%}’? deedoral 1y. 36. A nethod as in claim
26 0§ N, MARIEE Bei ; i | ed
N e e e R N T e e
wherein the conplex is delivered intravenously. 38. A

t hod ' | ai.m 26 rein the.wher.ein t conpl ex.
2475 Rl EiHERERR Ay w5 MRS B0 S AT FORERping:
26 fofs{fiﬁhﬁl d c![lﬁﬁ)ﬁﬁ@l@i%‘ deid EnplefRhEXorhSled ﬁic'ldéﬁ‘x‘idgfﬁl non-nucleic acid
parenterally. 40. A nethod of maeking a drug delivery
drug aposiatedovitlconmpl¢isiapid; aggt ovi ding a fluid conprising a
pol ymer and.a drug. .all ow,ng the polyner to forma
i ce‘ﬁflé’e%ﬁ%ﬁom%f)ﬂ?gﬁ S\é\i:bjegﬁd an exterior, the drug
bei ng associated with the interior of the mcelle; and
associating a nucleic acid with the exterior of the
2% cehmesthofl a5, in glaprA¢ouhesainithe dugiand apclgisercist ae epe associated
[ f ucleic acid is predeterm ned. 42. A
Wﬁ@%ﬁgﬁgjfgq{aﬁg%ﬁ?lr% 40 further conprising drying the
mcelle. 43. Anmethod as in claim42 further
Zé:;znp&r%tﬂgdc%%wﬂag% veﬁamg%rthg rrlrlréraln Imr} eltcha%i ar(e: gldrlmeriistered

concurrently to a cell.

29, A method as in claim 26 wherein the nucleic acid is DNA or siRNA

30. A method as in claim 27 wherein the nanoparticle comprises a polymer.

31. A method as in claim 30 wherein the nanoparticle forms a micelle

32. A method as in claim 27 wherein the nanoparticle includes a polar region and a

hydrophobic region.

33. A method as in claim 27 wherein the nanoparticle exhibits a cytotoxicity of less

than polyethyleneimine (PEI) or lipofectamine

34. A method as in claim 27 wherein the nanoparticle exhibits an IC50 of greater
than or equal to 160 mg/L.

35. A method as in claim 26 wherein the wherein the complex is delivered orally.
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a container including an anphoteric polyneric

nanoparticle; a drug associated with a first portion
w@booshess@noparticle; a nucleic acid associ at eBCTMIB1005017709

second portion of the nanoparticle; and instructions

for adm nistering the nanoparticle to a subject.45. A

kit conprising: a container including an anphoteric

pol ynmer capabl e of associatiqg-both a nucleic acid and

a non-nucleic acid drug ; and instructions for

associating a non-nucleic acid drug and a nucleic acid

with the polynmer. 46. The kit of claim45 wherein the
3ol yaeicthatcasidemia J6ywhapihithé whereukibhe nempled imdelivered locally.

hydr ophobi ¢ branch chain. 47. The kit of claim 45

wherein the polynmer is pegylated. 48. A conposition of

3fTat t Rl GOSPL iﬁid:ﬁbﬂfn B WRRERARS {vhkiRin the BOMPRYGS BélfveRE d
drug associated wth a first portion of Phe

inravepaslyi cl e; and a nucleic acid associated with a
second portion of the nanoparticle.

38. A method as in claim 26 wherein the wherein the complex is delivered

transdermally.

39. A method as in claim 26 wherein the wherein the complex is delivered

parenterally.

40. A method of making a drug delivery composition comprising:

providing a fluid comprising a polymer and a drug;

allowing the polymer to form a micelle having an interior and an exterior, the
drug being associated with the interior of the micelle; and

associating a nucleic acid with the exterior of the micelle.

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

determined.
42. A method as in claim 40 further comprising drying the micelle.

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

micelle.

44,  AKkit comprising:
a container including an amphoteric polymeric nanoparticle;
a drug associated with a first portion of the nanoparticle;
a nucleic acid associated with a second portion of the nanoparticle; and

instructions for administering the nanoparticle to a subject.
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45.  AKkit comprising:

a container including an amphoteric polymer capable of associating both a
nucleic acid and a non-nucleic acid drug ; and

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

polymer.

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

47,  The kit of claim 45 wherein the polymer is pegylated.

48. A composition of matter comprising:
a nanoparticle;
a non-nucleic acid drug associated with a first portion of the nanoparticle; and

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



