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systems can be divided into viral and non-viral (or plasmid DNA-based). The present gene

delivery technology being used in clinics today can be considered first generation, in that

they possess the ability to transfect or infect target cells through their inherent chemical,

biochemical, and molecular biological properties. Relying on these sole properties,

25  however, limits their therapeutic applications. For example, viruses with the ability to

infect mammalian cells, have been effectively used for gene transfer with high transduction

efficiency. However, serious safety concerns (e.g., strong immune response by the host and
potential for mutagenesis) have been raised when used in clinical situations.

The non-viral gene delivery systems, based on “naked DNA” or formulated plasmid

30 DNA, have potential benefits over viral vectors due to simplicity of use and lack of inciting

a specific immune response. A number of synthetic gene delivery systems have been

described to overcome the limitations of naked DNA, including cationic lipids, peptides,

and polymers. Despite early optimism, the clinical relevance of the cationic lipid-based
systems is limited due to their low efficiency, toxicity, and refractory nature.

35 Polymers, on the other hand, have emerged as viable alternatives to current systems

because their excellent molecular flexibility allows for complex modifications and
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Poly(ethyleneimine) (PEI) efficiently condenses DNA into small narrowly
25  distributed positively charged spherical complexes and can transfect cells in vitro and in
vivo. PEI is similar to other cationic polymers in that the transfection activity of PEI
increases with increasing polymer/DNA ratios. A distinct advantage of PEI over PLL is its
endosomolytic activity which enables PEI to yield high transfection efficiency.
Commercial branched PEI is composed of 25% primary amines, 50% secondary amines and
30 25% tertiary amines. The overall protonation level of PEI doubles from pH 7 to pH 5,
which means in the endosome PEI becomes heavily protonated. Protonation of PEI triggers
chloride influx across the endosomal membrane, and water follows to counter the high ion
concentration inside the endosome, which eventually leads to endosomal disruption from
osmotic swelling and release of the entrapped DNA. Because of its intrinsic endosomolytic

35 activity, PEI generally does not require the addition of an endosomolytic agent for
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fluorescent markers, lipid anchors or their derivatives, i.e., cholesterol, fatty acids or their

derivatives. Preferably, the molecular weight of the linear PEI used in this invention is

within the range of 1000 to 25000 Daltons. The linear PEI blocks are preferably linked to

25  one another via a diamide linkage utilizing a biodegradable disulfidediacid-derived linker,

i.e., dithiodipropionate defivatives. The molar ratio of the linker to the PEI is preferably

within a range of 1/1 to 5/1; the molar ratio of the lipid anchors to PEI is preferably from

0/1 to 3/1. The polymer of the present invention is formulated as a polyammonium salt,

preferably with a chloride counterion. Since the toxicity of PEI increases with an increase in

30 its molecular weight, the use of lower molecular weight PEIs as blocks in the polymer of the

present invention provides an improved gene carrier for use as a general reagent for
transfection of mammalian cells, and for the in vivo application of gene therapy.

The biodegradable, cross-linked cationic multi-block copolymer of this invention

can spontaneously form discrete nanometer-sized particles with a nucleic acid, which

35  promotes gene transfection into mammalian cell lines more efficiently than can be achieved
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polymers carrying specialized tracers, i.¢., fluorescent markers or some other functionalized

ligands. Such polymers are capable of condensing nucleic acids or other anionic bioactive

agents and forming stable complexes under physiological conditions, with additional

advantages for use in analytical and research work.

25
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates the synthesis scheme of the linear PEI (LPEI) of the present
invention;
Fig. 2 shows 1H NMR data for analysis of the LPEI;
30 Fig. 3 illustrates the synthesis scheme for the biodegradable, cross-linked, cationic |

multi-block copolymers of LPEI of the present invention;
Fig. 4 shows 1H NMR data for analysis of biodegradable, cross-linked, cationic
multi-block lipopolymers of LPEI 3.6K (BD3.6K-0) with a lipid moiety;
Fig. 5 shows the particle size of DNA complexes with biodegradable, cross-linked,
35  cationic multi-block lipopolymers of LPEI 3.6 kD (BD3.6K-O) at various N/P ratios;
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Fig. 12 shows in vitro gene transfer using biodegradable, cross-linked, cationic
multi-block lipopolymers of linear PEI 3.6 kD (BD3.6K-0) in 4T1 tumors; and
20 Fig. 13 shows the use of fluorescent-labeled biodegradable, cross-linked, cationic
multi-block lipopolymers of linear PEI 3.6 kD (BD3.6K-O) for gene transfer and cellular

localization of the polymer/DNA complexes.

DETAILED DESCRIPTION
25 Before the present composition and method for delivery of a bioactive agent are
disclosed and described, it is to be understood that this invention is not limited to the
particular configurations, process steps, and materials disclosed herein as such
configurations, process steps, and materials may vary somewhat. It is also to be understood
that the terminology employed herein is used for the purpose of describing particular
30 embodiments only and is not intended to be limiting since the scope of the present invention
will be limited only by the appended claims and equivalents thereof.
It must be noted that, as used in this specification and the appended claims, the
singular forms "a," "an," and "the" include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to a polymer containing “a disulfide link™ includes

35  reference to two or more of such disulfide links, reference to “a ligand” includes reference
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di sease, 2B% ghespical or biological material or compound suitable for administration by the methods

previously known in the art and/or by the methods taught in the present invention, which

induce a desired biological or pharmacological effect, and which may include but are not

limited to (1) having a prophylactic effect on the organism and preventing an undesired

25  biological effect such as preventing an infection, (2) alleviating a condition caused by a

disease, for example, alleviating pain or inflammation caused as a result of disease, and/or

(3) either alleviating, reducing, or completely eliminating a disease from the organism. The
effect may be local, such as providing for a local anesthetic effect, or it may be systemic.

This invention is not drawn to novel drugs or to new classes of bioactive agents per

30 se. Rather it is drawn to biodegradable cationic copolymer compositions and methods of

using such compositions for the delivery of genes or other bioactive agents that exist in the

state of the art or that may later be established as active agents and that are suitable for

delivery by the present invention. Such substances include broad classes of compounds

normally delivered into the body. In general, this includes but is not limited to: nucleic

35 acids, such as DNA, RNA, and oligonucleotides, anti-infective such as antibiotics and
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that of functionality which can be readily determ ned by routine

exper i neﬁf‘%‘?r’_r%‘?ﬂtat@' used herein, the term "bi odegradabl e" or

"bi odegradat i fy" piey HEEINYKL ASml MSoENRLRN 08t GfiodBk£TatiBhS id QEANdEES the
conpl ex internmediates or end products by sol ubilization hydrolysis, or b

t he acti conafsitn of agiteréald intd dessedmpiexi inieamediates lor cad fredustsz hyreslubitidaiderher
products.o he organi sm. As_.used.herein, reffective amunt" means,the
rount - ofvdropiicy of B Heapion o5 bftsicyeRtgh fER e AT ey BR: Pk BFovi de
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- bioactive agent that is sufficient to provide the desired local or systemic effect and

performance at a reasonable risk/benefit ratio as would attend any medical treatment.
As used herein, "peptide" means peptides of any length and includes proteins. The
25  terms "polypeptide" and "oligopeptide" are used herein without any particular intended size
limitation, unless a particular size is otherwise stated. Typical of peptides that can be
utilized are those selected from the group consisting of oxytocin, vasopressin,
adrenocorticotrophic hormone, epidermal growth factor, prolactin, luliberin or luteinising
hormone releasing hormone, growth hormone, growth hormone releasing factor, insulin,
30 somatostatin, glucagon, interferon, gastrin, tetragastrin, pentagastrin, urogastroine, secretin,
calcitonin, enkephalins, endorphins, angiotensins, renin, bradykinin, bacitracins,
polymixins, colistins, tyrocidin, gramicidines, and synthetic analogues, modifications and
pharmacologically active fragments thereof, monoclonal antibodies and soluble vaccines.
The only limitation to the peptide or protein drug which may be utilized is one of

35 functionality.
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synt hesi zed by cross-iinkinhg ['ow nol écul ar wei ght |ine units via a
bi odegr abi@dtgradable, cross-linked cationic multi-block copolymers of the present invention are
synthesized by cross-linking low molecular weight linear PEI units via a biodegradable
disulfide linkage. These biodegradable cross-linked cationic multi-block copolymers are
water soluble and transfectionally superior (68-70 fold higher activity) to single block
25  polymers. This vast difference in transfection activity between the copolymers of the
present invention and that of current available polymers may be due to the differences in the
polymer composition, synthesis scheme and physiochemical properties.
For example, the multi-block copolymers of the present invention are synthesized
using linear polyethyleneimine (LPEI) blocks, which exhibit rather distinct solubility
30 patterns as compared to branched polyethyleneiminés. Since the structure of linear PEIs
does not possess any primary amines, different linking/coupling reagents are used in the
present invention compared to those used in previous reports. Bioconjugate Chem., 2003,
14, 934; Bioconjugate chem. 2001, 12, 989 Furthermore, when the molecular weight ratio of
the linker to the branched PEI is > 1, it may cause significant dilution of the polyamine

35  backbone of the cationic polymer and may have been the reason for the modest increase in
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by the following formula:
(CPRLyY,

wherein CP represents a cationic polymer containing at least one secondary amine group,
25  said CP polymer has a number averaged molecular weight within the range of 1000 Daltons

to 25000 Daltons; Y represents a bifunctional biodegradable linker containing ester, amide,

disulfide, or phosphate linkages ; L represents a ligand; x is an integer in the range from 1 to

20; y is an integer from 1 to 100; and z is an integer in the range from 0 to 40.

More specifically, preferred embodiments of the present invention can be
30 represented by the following formula:
Ly[-CO(CH:)aSS(CH),CO-1p{ [(CH2)aNH: Jg}«
wherein (CHy), is an aliphatic carbon chain which covalently attaches to nitrogens and
forms the backbone of a linear polyalkyleneimine block; L represents a ligand selected from

the group consisting of lipids, fluorescent markers and targeting moieties;



In general, the cationic block copolyners of the present invention can be
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cat i oni c wolyewmis2eont ai ni ng at | east one secondary am necgruse@s/osand CP
pol ymer has a nunber averaged nol ecul ar, wei ght within the range of 1000
Daltons to 25000 Daltons; Y represents 19 bi functional bi odegr adabl e |i nker
cont ai ni Pl SIBNISSEMEC O ifbprtlerithen biote ghduebphditidodinciddipker; wheraptlesengs a
ligand; x is an integer in the range froml to 20; y.iS ar}inte elr from1l
to 100; KRGS & iaffopnt &yéd: 0 18 anyategsmbamsy il s 2B dutegH, éonéaetgi 0cans y,

preferre i  <Af. L ' d by the
fol | ow ngn?‘gg%%f@‘p%g PBMI%%%T%% 2\5%5?’6? F(g ((}:Té—l@} %Eﬁ%rzeﬁ?g?ls?wvﬁgr eiyn
(CH2)n is an dlingahatolyetidedeaninel aifnvaritius hmoleealhe vwdights tcan chee syntbesizedr egens
and forns_the hackbgne of a_ || near | yal kyl.enei.mi ne bl ogk; . L represents a
li gand séllh_@gta@a i oﬁ*@hég}”@l‘fb é%nssl{)gg‘fl n&“%llfﬁqdl d‘iaa"s‘{,e ' %%E%énpp?ﬁa‘%&s
and tar IWdchmBRERES, ° 62 Ploogkagr pokab! gpeliifitlindi Agittkd iDsRhy1-MoRARIIhe! e
range of integer ai's from1l to 15, ni1s an integer from2'to 15, p is an
i nt eger folymetized il Bilk at) 146" GQuin ihet mowencé phvargdigZomunts ¢fsthe mitiatonddeShom 1

var tous. 19t selabeRe g lstries shhinatars bTRRT by Biattiedh Sh P i
whi ch i s gabj pipsby M frbgegviatade Bpplanak deszdi asiedpy SreaMbgisonalons Wpgss 16:

849- 853, 1983. Specifically, purified Z-fl)_henyl -2-oxazoline is po!a%/rreri zed
in b0k @MRGs picted e Fig: @3 @nc ecpafatechinghigh yagtd omt epodbing timdhq firmy ef sifatave SO

. The pol enzoyl et hyl eneidn ne).s .oht.ai ned dr ol ' to
140, 150 € PR gooR raee Rk TEByG Rl O h MR ENCY R o9 |
st eam di ghdll k@b i AitogdaB! STHel SebBvhtor@ifi WucREbrienintdgity 2uriabehastpdiydiotykid n
high yield on cooling in the formof sulfate salts (stqichiqnetry close to
sul fate kgeiitiors was inslicsitas By tireameasnrrme o1 ihe aralgclas rweights of genbelgayintedao

Condi t1 one RS HRITIEMEY", e noasurement of the mol ccdl ar wel ghts of
re- bemzoyl at edhedHulfatecsalthas g I(REI@obsrty R soltisilny widef adrenad abhditiofs, bhe
LPEl's ppslgess | ow sol u_gi lity alljr]dse.r nor malr ,congi tions, Bute &ilﬁwjﬁ!é&)? B
either i@ e_stS‘P]@h)@ githen <l (reze) ds (pHMY) qr dgue @lsaqHS%‘és wid

Sepr ot o0a Pl BRI OcPILkEATR 104 oplo e 01 LAl
LPEl s andrytstliinie ldeice ) aftiy ksv hdsbiligeof thel v fitasptud DPElsadl thyir dsrivativies basat i on
and pur fbiegnag .V%gtaggoulé yEllls%d %g%stlrrl] ?sioEaﬁ%%rain %Elirﬁllgastion of LPEIs and their derivatives.

20  Other, more soluble salts of LPEIs could be prepared from the sulfates by exchange with
corresponding barium salts. Free bases (as poorly soluble hydrates) are prepared by treating
the sulfates with a large excess of NaOH. A series of LPEIs with Mws from 2kD to 20kD
can be prepared in this way. '

The biodegradable cross-linked cationic multi-block copolymers of LPEI can be

25  synthesized as illustrated in FIG. 3. Chemical modification of LPEIs presents certain
inconveniences due to their low solubility as hydrates and hygroscopicity as anhydrous free
bases. Any bifunctional linker used for PEI cross-linking can form a link either between
two nitrogen atoms belonging to the same polymer block (i.e. forming a loop without
actually linking polymer molecules) or between two nitrogen atoms from different polymer

30  blocks (i.e. truly linking polymer blocks). Since it is very difficult to distinguish between
these two modes of linkage spectroscopically, the easiest analytical tests would be
determination of molecular weight by light scattering or solution viscosity measurements
and determination of fhe biological activity of the resulting multiblock product. J. Mater.
Chem. 1995, 5, 405-411 In the vicinity of any given nitrogen atom the [local] concentration

35 of the same-backbone nitrogens is high and not dependent on the solution concentration,



O her, nore soluble salts of LPEIs could be prepared fromthe sul fates by
exchange with correspondi ng bariumsalts. Free bases (as poorly soluble
hydr at es)waneogseqar ed by treating the sulfates with a lpargs2esoss3s9 of
NaOH A series of LPEIs with Mvs from 2kD to 20kD can be prepared in this
way. The bi odegradabl e cross-linked cationic nulti-block copolyners of LPEI
can be syiiflivethezEthivdatidtiont 6T rthé dtitrogers| Gons. thChdiffersat basldbdnes alsi by ofndl PE| s

presents certain inconveni epnces.due to their:low,solubjljty as.h t,es and
hygr oscoffifeFitaties Qmé? us%?rgg’rfya%‘%.r l}ﬁ{g}iaﬂ)ﬁpﬂﬂfz‘f’fl%nfgf’h%HQ@?O%%@ b?}or
PEI crosgzleb{afitdBe BAHréRFEA ReablistpRlyieforlied gieR. two nitrogen atons

bel onging ‘'to the sa pol ymer block (i.e. formng a |loop wthout actually

| i nki ng pol ynkr order eo uhisinizsr susbt nep rformgsian, tanggenvldituserdat legsh emnef efr Bist

| locks (i.e. .t i nki | S qf i
BT i 1R Sriistrtn e PRSP P @O ¥ o oot AERAA of fre fyimer
spect r osgRRicERS iy thd PGS heGred FRevES Polyineat luwilidyhdses dietiensniimithiions of

mol ecul ar wei ght by |ight scattering or solutjon viscosity nmeasurements and
det er mi nan itlis approadte Bhekesgnd abpmoeeh i by insreasihg the aumbeinel axalabls miggen

product. J. Mater. em_ 19 - Qew L Gl | ]
ni t r ogen® QIS &Y }%ﬁé’gﬁ 1%03%‘%%‘%?3? get i 58?1&%fb h(&}]{?a saﬁ%%b%g&%g%tgtﬁﬁynlgg%ﬂesﬁ i's
hi gh andThRRtaleReRASRthE Boltbiitys6f LPERNncegasaolatntanAhicilinit, witldehly one
dnc'dritSti"bn:; """ "the nitrogens fr%mth_e i fferent bagckbones is {ow

and Bbncaitogen iatom depidaidie per mpiretlss doop IQrmasPn MsPomps dBpefstiloARd the,gply

e g g i g e R el A
one) of threhedtioavimgtrag nanbéom Jther polysier ejpinodestinesingyaraliet matisthalgoft he
ol yrer | Gl GBIcHTheiR pERESHBY: GBS PG SOTBHEDoL I AP S Acin s FHEMBeTond
o yror bFing Y05, RREbE 0P MU 0 W th a sui ¢ abl 2;5? otecting oroup.

Thi s1%l so i ncieiasetchinensisl wibialized/asbccuRifigsstepwise.crnei eoukbgstarvithin istreadhe
limt, with only one nitrogen om avai |l abl e, per nol equl op. for I on
becones neopdyit @@r%@a{eh%rg%mffﬂ%%gkgar I@‘?aﬁg%dr 58{37 rirgoclgcug?,nl%u(r%_a[f ofg xﬁgc;hs
exhausti gf%hhér PERERTEEL RAMYTES thelfd8yhQCRhc&RAGEALY Aifficontdf high tiapgasthat oms
from ot hér polyner chains declines i'n parallel wth that of the sanme-chain

ni t r ogengolyuter aaoletde wates cuitijarthis eoluwei and b@@meg gwgﬂa‘tée Stygethgh Yt gfe
st epwi ccrorntit gt G Ready ptichet B PG IRONER Y s PRAUBILE ! RbatarHERY,

al reagly ghiiaghedeRelY "Bl JHASRSUrSwbdk! ofadhiOappréashiis the necessity of using very

long linkers with correspondingly high molecular weights and unavoidable dilution of the

cross-linked product with high mass linkers.

Based on these considerations the use of higher PEI aggregates is problematic.

Therefore, in the present invention, a linear PEI with the lowest (less-toxic) molecular

25  weight is chosen as the PEI building block. Macromolecules, 1983, vol 16, 849; J. Polym.

Sci. Polym. Lett. Ed. 1978, vol16 (1), 13 Having investigated LPEIs of different molecular

weights for gene transfection capacity and toxicity, an LPEI with an MW of 3.6K is chosen

as a suitable LPEI block. A tert-butoxycarbonyl (Boc) group is used as a removable

protecting group. The anhydrous LPEIs are then converted into their non-exhaustively

30  protected forms. Itis found that 90%-95% Boc incorporation produces optimal results. The

materials obtained possess greater soh\lbility and are amenable to chemical modification on

their remaining free NH groups. The NMR of these polymers is depicted in Fig. 4. This

approach is preferable for linking several smaller LPEI molecules due to minimization of

loop formation which is unavoidable when using unprotected LPEL
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present the available amino groups are coupled to the ligand. The targeting ligands conjugated to
the polymers direct the polymers-nucleic acid/drug complex to bind to specific target cells
and penetrate into such cells (tumor cells, liver cells, hematopoietic cells, and the like). The
25  target ligands can also be an intracellular targeting element, enabling the transfer of the
nucleic . acid/drug to be guided towards certain favored cellular compartments
(mitochondria, nucleus, and the like). In a preferred embodiment, the ligands can be sugar
moieties coupled to the amino groups. Such sugar moieties are preferably mono- or oligo-
saccharides, such as galactose, glucose, fucose, fructose, lactose, sucrose, mannose,
30 cellobiose, nytrose, triose, dextrose, trehalose, maltose, galactosamine, glucosamine,
galacturonic acid, glucuronic acid, and gluconic acid. The galactosyl unit of lactose
provides a convenient targeting molecule for hepatocyte cells because of the high affinity

and avidity of the galactose receptor on these cells.

Other types of targeting ligands that can be used include peptides such as antibodies

35 or antibody fragments, cell receptors, growth factor receptors, cytokine receptors, folate,
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25

An advantage of the present invention is that it provides a gene carrier wherein the

particle size and charge density are easily controlled. Control of particle size is crucial for



solutions at a pH 2.5. For branched PEls one has to incorporate "shape
factor", >1, accounting for nore dense packing of polynmer nolecules into

t he sane wynatdoeab radi us. Thus, the actual nol ecul ar weirgistoosisdrranched
PElI is higher than its apparent val ue measured agai nst a |inear PEI
standard by the shape factor value. Thi $is illustrated bel ow by |i near
mol ecul e dptiindZatiolit of “hepsnts délivdy Hiyistear |Heya1d;eaﬂm padeleatie¢ yoftemagoteds 3heini t

nol ecul es the shape factor can be very h. Fromthe a on bi ode radabl e
cross- | i f1ég €fe eEfinmy pEiciene B YA SR aé‘éttlswet r%‘flﬂrné ngyvop tﬁ’atéiﬁé’é?sgmt Wé{?

shape | aGhObaiit1d 8608 shMh 10l b8 curk D LRCAHRRRAT(PLS O] BT isi &1 éﬁﬁc?énk

probability closer to a trimer Li near es of 2 units
Moder at elpartivieasizhed entlyciotol eclisf via andoct}etosém éxﬂ\addttmgeposfltlvdig qhal@sé rarticle

i nvention i s that |t rovi ene car.r.i er wherein size and
char g deHdRisy MPEde 45t |aysq§§ﬁﬁl? Bt SEindins 1 megaiiy cubgrd sEl Sulbhs, o
foropti pighfidadd 9?} into cel® B endodtodis. VEHeY geneS¥attieid) SGGdasint the MBsdnt Cl €

size often governs the transfection’efficiency, cytotoxicity, and tissue
t ar get i ngnvention have d reta-heteptia de the rangeefiomdrl 0 -t28 p¥i(Figebk si ze is shovvn to

b d 100 di t Ei fi t . t
ont 1y i nto oo/l HANE AR eoBtymat ot o8 0Bt I Bb ot R ple R e o1 o
surfaces d@ﬁ@éfy%@nﬁ&&orﬁoléwlés SicBNds IONANGE HanthhdHALNGILS, omeg@m%% )éoﬁdb%'é@ed
cell surfaces, fol entg into cells by endo?t 0Si S gene

carri@ ][ s thit &egosed negatmév shageh DN Avmalecels lnéwémall st pome rﬂndaPOSiltwedYne
F |
(anae | STtk kA ol o SO SRAORLE M bepl Bl RRRLAIPRC, .,

as DNA i 1mhe pamigi@kizeang eblaspotebitial abthel dayiohie QBN A f@nplax@es anfluenced
negatively charged DNA nol ecule into small 200 n and _positively

char ged quaﬁbwirpg@} tophosgphaim@Y/ B radig bstwdh%\polﬁn@bam the AN apeewesiafthe by

cationic t ing| I

pol yrror  BRAHETA LR R, (Db el ind Shed B AR befl W ATAT o

rat i 05 betivweghysicoehpmiicabpropannids bfl&lelﬂwelgfﬂdeblelpahynne’r alréleompdtMWltDIﬁA use as
conpl exes. The experi rrent and results presented bel ow denonstrate that the
physi co- @ﬁéf?laéléleffg“rlﬁﬁ@ﬁl? Ivsty i§Ebi odegr adabl e poI ynmer are conpatible
with its use

t he bi odegradab e %i?%gg @ giaggl??grn(ggmrrlﬁ@&dub ﬁ%’%%g%@& l%%}g 'of]ﬂﬂs o
i nventi omxtentmmﬂdemséertsheth@%ﬁoMekuﬁle initt pmal’rqiahﬂqiw wiag | examiveesl estmgrigebd
using 0ol Shestionhor Pl s A per el S ook n The ELegl opher sl b 11
of ba@de%@gﬁpﬂ fhe a%ﬁ’ﬁ)% d 1Hé&’é‘£’smg3€’<§ric@ﬁ‘t'ré%1dﬁ§'otf'bléliegfa'ﬂaﬁ@,p&Wd]Eﬁl&d' Sat in
Fig. 7. degree of DNA conplexation with the polyner inproved as the
ratio bemmwlctoﬂtecopolyynms insiboviNn Rigs 7i nThedsgde ofIdNAmtomplexation with the
polymer improved as the ratio between the polymer and DNA was increased. Optimal
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polymer/DNA complexes was under 200 nm, a suitable size distribution for endocytotic

25  uptake of the complexes by target cells.

The DNA complexes of the biodegradable multi-block copolymer are
transfectionally active in mammalian cells. A comparison of the transfection efficiencies

~ of the biodegradable cross-linked cationic multi-block copolymer gene carriers of the
present invention to that of the basic structural polymer block is illustrated in Fig. 8.

30 Approximately a 70-fold improvement in expression was made when using the
biodegradable polymeric carrier. Covalent attachment of a lipid moiety to the
biodegradable multiblock copolymer further enhanced the gene transfer efficiency with a
total enhancement of 140 fold over the basic structural polymer block (Fig. 8). In a

different type of assay where the gene transfer is quantified as a percent of the total number

35 of cells exposed to the transfection complexes, the biodegradable cross-linked cationic
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cross- | i erpotimecss itoyask rfal wie, 18 Betne tumor model was incorporated. For these studies

syngenic mouse strains were implanted with murine mammary carcinoma cells. Following

a period of growth the tumors were injected with luciferase plasmid complexed with the

biodegradable polymeric carriers. Twenty-four hours after treatment the tumors were

25 removed and the homogenates were analyzed for protein expression (Fig. 12). Both of the

biodegradable cross-linked cationic multi-block copolymers (with and without the lipid

moiety) were able to transfect tumor tissue, demonstrating therapeutic potential of these
polymers for gene therapy of human diseases.

To aid in cellular localization of the transfection complexes a fluorescent thodamine

30  was covalently attached to the biodegradable cross-linked cationic multi-block copolymers.

The fluorescent-labeled biodegradable multiblock copolymers were complexed with B-

galactosidase plasmids and added to Cos-1 cell cultures for 4 hours. Fluorescent

microscopy of cells transfected with labeled polymer showed a near 100% uptake by Cos-1

cells (Fig. 13, panel A). The fluorescent labeling of the biodegradable multiblock

35  copolymer did not affect gene transfer when compared with the unlabeled polymer/DNA
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to be understood that, while the inventi'on has been described in
conjunction with the prefeSyathespafilinesr polpotiylenihinet her eof , that which
follows is intended to illustrate and not Jimt {h?’[if%g e. of {he |bR)v ntion.
O her aspect s Tois eaepieiiastaterhqpraparstion ghlipeas polysthy 108 PPIYEWT PP he art
to which | LR pestal tthesi s of |inear

pol yet hylolgﬂll%rﬁr%\eéﬁ{;lm}%ﬁlggé%ptﬁg@m Efs(s?lwgte%ﬁst @e@plr’ g%ar ation of I|inear

pol yes hyl enei Mhoe podiytisds Wweec lpsepafed: vy pr eBghily imedified ohgnaka’st peockdumm of

sulfate salts (Fig. 1, 2). es rials were prepared by a slightly
modi fi ed Tana C§"’ﬁ?%€?€6%r18.§- =I\Yé’§|1%géétﬁl es, 1983, vol 16, 849-853 1.
Puri fi cati i@kat nfgnmer ci al  2-phenyl oxazoline is usually col ored
(yel I ow glh?glﬁl t%&@r own noa-nd was distilled in a vacuum (bp 110/8 mHg) to
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distilled in a vacuum (bp 110°/8 mmHg) to obtain a colorless material. To 300g of such

20 distillate was added about 45g of ground (powder) KOH, and the mixture placed in a 500
mL flask. The flask was connected to a rotary evaporator and was then rotated in a 50°C
bath at atmospheric pressure for 4-5 hrs. Yellowish coloration developed. The mixture was
filtered through a sintered glass funnel; the solid cake was washed with a small amount of
methylene chloride, and then discarded. The filtrates were washed with water (2x100-

25  150mL), and then dried over Na,SO4. To the dried liquid was added 1g of benzoyl chloride
and the mixture was distilled (first methylene chloridé was removed at 760mm, then a small
cloudy forerun (bp<100%8) with the strong smell of benzonitrile, and then purified
phenyloxazoline was collected at 110%8 mmHg). It can be stored over Na;SO4 under an
argon atmosphere, at least for a few days. The recovery rate is about 90%.

30 2. Polymerization: poly (N-benzoylethyleneimine).

A specially made sealable vial was charged with 100g (680mMol) of purified
phenyloxazoline and 0.62g of Me;SO4. The mixture was swirled to ensure mixing, and the
vial connected to a vacuum/Ar manifold and placed in a cooling bath. As soon as the
mixture solidified, the vial was then placed in a warm water bath. The mixture was allowed

35 to melt and degas under vacuum and the vial sealed while under vacuum. The sealed vial



distillate was added about 45g of ground (powder) KOH, and the m xture
placed in a 500 nL flask. The flask was connected to a rotary evaporat or
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""(,140Q0C, however, for larger catalyst |oadings the polynerization can
procé®d emeraisofgatalysld | ower bath tenperatures (1200C) may be advisable, at
| east inat W TatWale hZ:at:i The vial was maintained at 1400C
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hot aci dygirj ne d gt mabfic §tﬁ'HEg fuafl%ng_rawairggeﬂw cORIHENECERS Vol is
Recovery is 98-990 wth a of 12K determ ned by GPC vs. pol ystyrene

st antiar dplacbliy aeldd-1d6°@ hbdtargebath i (tBatintusel Wps Wweated pnéstirred. ibmitinly shenay
using diff reg& anounts of cat %l St . ?’g Debea{z)o&&tion: {/\;&near. e

pol yet hy PRIBISHTEISA Y IPRUS mars Whiqhysopn PRGRHE HEPPORTIFPASRMSETIERAT BEY LY h
about 50g rﬁ&s%)ﬁotgfé Nedvp oM | saiiyg FeR dinfitled RALBbUH ABHRL) TIRNdirtiap sRBithat ed H

SO4 (3009). e flask was equi pped with a 1" egg-shaped magnetic stirring
bar and atepped; the meften oenzniel e¢iddprmethe (fophstparaie faysted hierhoh lawe- pugowas

R N

M Xi 9@ | &afsfBURLY to Th8omeripidly. arfds sélidified lowerey«&os tdilteidwitarvaboibodo
hrs. The stirring was then . o
400mL) and any residual benzoic acid removed by steam distillation. As an added test: the

hot pot liquid should become transparent before the end of steam distillation. The presence
of solids at this point indicates incomplete debenzoylation. On cooling the pot liquid
separate into white to off-white crystals of polyethyleneimine sulfate (hydrate); which were

25  collected by filtration, washed on a filter with water, then with acetone, and then dried.
Recovery is about 33g (97%).

The material obtained from benzoyl-LPEI with a MW of 51K has NMR (D,SOq,
Me;SiCD,CD,CO;Na as a standard) corresponding to its claimed structure: §3.62 (s, CH;
groups); 6.4-8.2 (small traces of benzoyl groups). Elemental analysis (Galbraith

30 Laboratories): C 22.37%; N 12.54%, S 16.58% Calculated for (-CH,NHCH,;CH,NHCH;-x
1 H,S04 x 1 Hy0) C 23.75%; N 13.87%, S 15.85%. A small sample of this material was re-
benzoylated (non-exhaustively) and had an MW of 45K, indicating that no significant

backbone degradation occurred under the harsh hydrolysis conditions.
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stopped; the nolten benzoic acid forned a (top) separate |ayer. The hot
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(non-exh i.vel ad _an MN I ca n i
backbone8§§é‘ﬂaﬁ'§¥%‘%cﬁ"ggegltﬁ Fited d e?ﬁ%‘ﬁ%&\pﬁeﬁo%& oll? Liree)gaﬁ |8§12§ anpl e
2 Synt hegp® @fid 8tiREP U893 adAbTRe Mikchir® vaskeooRid: @iy reaxyltmamm Byd@x@pise
illustrates the preparation of a bi odegradabl e multi-bl ock copolyrrer of 3.6

kD | 1heafilteed, vabed swth wategend driegd.. 1. Li near pol yet hyl enei nine free base.
A 2L Er EE% r Bg&sk was equi pped with a magnetic stirrer and charged with
LPEI 3 ate hydrate (30g, about 0.15Mbl SO4 2 ) and water
(IL). NaOH ( 280 predtabdB1)50ms flasid s tahatded with rIrREl ﬁe«ﬂauseehymdtet tielg) and

het er ogeneous mxture was warmed to 50- 600C and stirry for 3
m xt ure fernegiga ted vagyan bﬂ@cﬂé"r‘ vapuamizeddiask yps dcate 7? % IQ%YESW%@ with

wat er, Egd 9%3)8 cfc&t{v%rtg 84 fnftdr i %afcum%’ h@ftﬂ%bﬂlﬁ% gﬂﬁ' eofoase

hydr ate connec to a vacuu he vacuum
heat €3l t Beaf@Guider &acudind, tbatbfnwﬂ_BEEI quedltrwasaceélew @ndcttm\fmskenhm ﬂusheéwx‘éit of

hyd LPEI h b bb| h
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was adde I orof orm an magnetic stirring bar. The m xture
was sti r agdnufitiehe LPEI melt dissolved, formmg a shghtly cloudy solution. To this stirred

solution was added t-Butoxycarbony! (BOC) anhydride (26g, 119mMol, 95%) over 10 min.

20 The addition was accompanied by a mild exothermic reaction and gas evolution. The
mixture was stirred for 3 hrs, a small amount of suspended particulates was filtered out, and
the mixture was concentrated in a vacuum. Recovery is 17g. with a MW about 11700 (by
GPC against polystyrene standards).

3. LPELlinker conjugates.

25 A vial was equipped with a magnetic stirrer and charged with 2.3g (197uMol) of
LPEL40oBOCosy and SmL of dry chloroform. The mixture was warmed and stirred to
dissolution, and 150mg (600pMol) of dithiodipropiony! chloride (obtained from
commercial dithiodipropionic acid and thiony! chloride) in 0.5mL of chloroform was slowly
added to the stirred mixture over 10 min. The stirred mixture was kept at room temperature

30 for several days until there was strong gelling. At this point 10mL of trifluoroacetic acid
was added and the mixture was stirred for 30 min. The lower (brown) layer of the resulting
heterogeneous mixture was withdrawn, and diluted with 40mL of water. Residual
chloroform and a small amount of particulate impurities were removed by centrifugation.

An aqueous solution of Na,SO4 (3g) in 10mL of water was added to the supernatant, and the
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was char i . £ at f cAtiat er .
Bact 2. af B aFs o T S A e o b e
m xture wasww gad QB yitstationad thesodd résidue @egcklynprodmdeattbe wergett mefsrial int er ed
of f, the_aqueous filtrate was further filtered through a 0.2nm syringe
filter, aﬁﬁoﬁmérlﬁﬁf%@us filtrate was then concentrated under vacuumto
about a volune of 6 nmL. Upon dilution with 2001 of acetone, the |inked
LPElI chloride precipitated, was filtered, washed with acetone, and dried.
The asrount col | ected was about 0.9g.Exaimpde hatively, gelled BOC protected

mat eri al can be deprotected. hy treat t.wtih an €SS .,0 | oxane
sol uti on. Vacuum%é'('}ﬁ‘b“émorfé’tqmiﬁ CB?J“tgﬁge‘g'éb%fo @g'éadfaif’ A l‘%lk%%{rogicand THF
trituration of the solid residue directpglymepduces the target material in

hydrochl oride form Exanple 3 Synthesis of a.lipid conj %ate of the
bi odegr adabl e Tiid ¢iantplo dkustrates thei preprsntjoneef lipid conjugates of 1odegradable cross-

linked cationic multi-block copolymess. The biodegradable multi-block copolymers of 3.6
20 kD linear PEI (BD3.6K) were conjugated with the lipid oleoyltetracthyleneglycolcarbonyl
to form BD3.6K-Oleoyl (BD3.6K-0O).

A vial was equipped with a magnetic stirrer and charged with 2.3g (197pMol) of
LPEI;500BOCosy, and 6ml of dry chloroform. The mixture was warmed and stirred to
achieved dissolution, and 150mg (600uMol) of dithiodipropionyl chloride (obtained from

25  commercial dithiodipropionic acid and thionyl chloride) in 1.2mL of chloroform and 110mg
(about 200pMol) of oleoyltetracthyleneglycolcarbonyl chloride (obtained from commercial
polyethylene-glycol monooleoyl ester and phosgene) in 1.2mL of chloroform were slowly
added over 10 min to the stirred mixture. The stirred mixture was kept at room temperature
for several days until there was strong gelling. At this point, 10mL of trifluoroacetic acid

30 was added and the mixture was stirred for 30 min. The lower (brown) layer of the resulting
heterogeneous mixture was withdrawn, and diluted with 40mL of water. Residual
chloroform and the small amount of particulate impurities were removed by centrifugation.
An aqueous solution of Na;SO4 (3g) in 10mL water was added to the supernatant, and the
resulting precipitate of linked functionalized LPEI (BD3.6K-O) sulfate was collected,

35  washed with water, then with acetone, and dried. The yield was 1.35g of off-white material.



This exanple illustrates the preparation of |ipid conjugates of
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het er ogeﬁ%h@@mqmnmdleeted/a’@s\ﬂﬁgﬂdr awn, and diluted with 401 of water.

Resi dual chl orgy r

renoved by cerﬁF %}dg&’ g%lheedA%&;ﬂthogl?ge%g%?tg{lﬁlgﬁaﬁl&el\gé@%c{f W t%éa'tlﬁwlﬂ?
was addedntéxckdiofSa HRCINdbRk, soittbnl Neact@s Wohtdigrapibs cifpiht alepradéctdd rdaeﬂon
functionalized LPEIPH%BDB 6K-O_ sul fate was col |l ected, washed with wa
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55m" h 1.3g (BD3.6K-O sulfate (about 550ng sulfate) and
30 nL vvathgmo(égf %ﬁgfﬁydrate (1.25g, 90%theory) was added and the )

het er ogeneous m xture was vigorously stirred for 48 hrs. Bariumsulfate was
then filtered off, the aqueous fiItrgte further filtered through 0.2mm
syringe filter, and the aqueous filt s then concentrated under vacuum
o about - a vol unessgin Bt MBI HilHdt0 Ry Wik s cE A0 it CentloRS. 0K O
chl ori de precipi t tered acetone, and dried. The
amounf col | ect ed was O. 9golymare:nndbntbehyke(ymaﬁdom@mmaﬂmed mat eri al can

be deprotecte tre nt wth an excess a HC X ol uti
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fl uorescent -
20  LPElgBOCesy and SmL of dry chloroform. The. mixture was warmed and stirred to

achieve dissolution. The fluorescent marker lissamine sulfonylchloride (9mg, about 15uMol
in 1mL CHCI3) and 120mg (470pMol) of dithiodipropionyl chloride in 0.5mL of CHCl; and
85mg(about 160uMol) of oleoyltetracthyleneglycolcarbonyl chloride in 0.5 mL of CHCl3
were slowly added to the stirred mixture over 10 min. The stirred mixture was further
25  concentrated under vacuum to a volume of 6 mL, and was placed in a 50°C bath for several
days until there was strong gelling. After 48 hrs, the mixture was diluted with 100mL of
petroleum ether and the solid material was collected by filtration and washed on a filter with
acetone until the filtrates were almost colorless and dried. To the dry material SmL of
CHCl; and 5mL of trifluoroacetic acid were added and the mixture was stirred for 90 min.
30  The lower (brown) layer of the heterogeneous mixture was withdrawn, and diluted with
40mL of water. Residual chloroform and a small amount of particulate impurities were
removed by centrifugation. An aqueous solution of Na;SO; (3g) in 10mL of water was
added to the mixture, and the resulting precipitate of linked functionalized LPEI sulfate was

collected, washed with water, then with acetone, and dried. A significant amount of
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(large beakfled! dsl thedeMtith VRESY. Bhe PkioCof ¥dtive viscosity to the concentration of

solution (measured in g/dl) was taken as the intrinsic viscosity (more strictly speaking, it

should be measured as the limiting value at infinite dilution). This value (g/dl) was plotted
against the molecular weight of the LPEI polymers, as previously measured from GPC of
precursor poly (N-benzoylethyleneimines) versus polystyrene standards. The result of the

25  viscosity measurements and molecular weight analysis are described in Table L

Table 1

Material cone time (sec) rel.time MW intr.n=t/c

Water (ref) 2744 I

LPEI 3.6 52/100 316.1 1.153 3600 2.28
30 LPEL7.5 51/100 387 1.41 7500 2.77

LPEI 11 51.7/101 451.3 1.645 11000 3.22

LPEI 15 51/100 517.6 1.886 15100 3.69

BD3.6K-O  51/100 387.2 141 7500 2.77
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pl aced a Cannon- Fenske routine visconeter and the flowng tines of fixed
vol unme of these solutions and of the solvent (distilled water) through a
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the solution flowtinme to solvent flow,tinme was recorded as the rel ative
viscosity. The ratio of relative viscostty to the concentration of solution
(nmeasured in g/dl) was taken as the intrinsic viscosity (nore strictly
speaking, it should be neasured as the limting value at infinite
dilution). This value (g/dl) was plotted agai nst the nol ecul ar wei ght of
the LPElI polyners, as previously ne . rom GPC of precursor poly
(N-benzoyl et hyl enei m nes) versus polystyrene standards. The result of the
vi scosity measurenents and Ampkfieation mﬂlgmﬁmtmlnyd'asplasmi(hescri bed in Tabl e
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purifi calpiasmlcbén@dpigaibnilutlfﬂassp@mnrphéthelnlmld@ﬂ@lﬂlm r frglpetpsidaser PdFal DNA

to b d t, I dabl

il - br SR BOOP R oG i hLUS e et i an 15 Do e ORoR AT or
luci fer a%sﬁﬁ@tl\%ﬁ -8l dr"@lfﬁlpﬁ‘%mkﬁs G(cmdwaﬁhf OA)bac@bAlii® 36 das endnfdcalrys
protein were anplified in

E.coli strains and then purified usin
Q agéh EmupEctiensP| asholdowngi - lé‘lpatmn Gthga- PN Konsentabian s\wst hdetegmyine

Concent r SRieBRPUGe RO S ahoRPHERAT OT-20 el T bR DA Thedty BAE P

concentr rop one rically usin ance of

260nm  Plagnited |a@él€§H dl ¥les@splRyaisiatieded by B@ncﬁgﬂﬂﬁéﬁh@ﬁdtalmng
el ectrophoresis foll owed y ethidium brom de staining. Exanple 7

Preparation of water-soluble conplexes of DNA with biodegradabl e
crosslinked cationic nulti-block copolynmers This exanple illustrates the
formati on of BD3. 6K- O DNA conpl exes. The BD3. 6K- O pol ynmer was di ssolved in
sterife water to give a final concerixaaipl® of 3 ng/m . The DNA was
dissolved in sterile water to give a final co traill qQn_ of & rIg/m . To
make Preparation of water-soluble complexes o th biodegradable cross-
linked cationic multi-block copolymers
This example illustrates the formation of BD3.6K-O/DNA complexes. The
BD3.6K-O polymer was dissolved in sterile water to give a final concentration of 3 mg/ml.
20 The DNA was dissolved in sterile water to give a final concentration of 1 mg/ml. To make
the polymer/ DNA complex, the two components were diluted separately with 5% glucose
to a volume of 150 pL each, and then the plasmid DNA solution was added to the polymer
solution. Complex formation was allowed to proceed for 15 minutes at room temperature.
To study the effect of the charge ratio on gene transfer, BD3.6K-O/DNA complexes were
25  prepared at different ratios 1/1, 5/1, 10/1, and 20/1 nitrogen/ phosphate (N/P). Following
complex formation, the complexes were diluted in a cuvette for measurement of particle
size (Fig. 5) and the { potential (Fig. 6) of the complex. The electrophoretic mobility of the
samples was measured at 25 °C, at a wavelength of 657 nm and at a constant angle of 90°
with a 90Plus/BI-MAS Particle size with BI-Zeta option (Brookhaven Instruments Corp.,

30 Holtsville, N.Y.).
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t he pol yner/ DNA conplex, the two conponents were diluted separately with
5% gl ucose to a volune of 150 nlL each, and then the plasm d DNA sol ution
was addedwDaoddns2qael ymer sol ution. Conpl ex formati on wagcahiseswsasdiza pr oceed
for 15 mnutes at roomtenperature. To,study the effect of the charge ratio
on gene transfer, BD3.6K-QO DNA conpl exaz were prepared at different ratios
1/1, 5/1, 10/1, and 20/1 nitrogen/ phosphate (N P). Follow ng conpl ex
.formation, the conplexes were diluted in a cuvette for neasurenent of
particle size (Fig. 5 and the z potential (Fig. 6) of the conplex. The

el ectrophoretic nobility of the san‘@xgﬁpy@@ neasured at 25 0C, at a

wavel ength of 657 nmand at a constant angle of 90 with a 90PI us/ Bl - MAS
Particle size with Bl-Zeta option GEretkidatien assayt r unents Corp. ,
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5/1, 10/ In"the presence of 5% glucose (wWv). The conplex was
el ect r optaioe @4, diil,al®d% 204 dsethgairesempge of %6 tgluedsy” @uk gddieBRBRIIRE (as

pol ynmer fornmed a strong,conpl ex w t he.. I i ons
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DNA was @&} comadiPivith $he fe tiv 619 cH@Bed prcyphite ionkhimsthes Ibackbovaesf DINAL tro
gene transf erC usi ngbv?he DN,gécom?)I eggs g\n th bi odegr adablagemcr oss-1inked

nul t 10 bl SdtendbpdlBrasiogeashed A/ bruosleept DNAVSRR 568" (Fi gs. 8, 9). Transfection
conpl exes containing luciferase plasm d, pCW-Luc, and BD3. 6K-O or high

nol ecul ar wei ght LPEI (25 kD) were prepared at different polyner/DNA (N P)
ratios in Dul becco's nodified Eagl e'Bxanpid am (DVEM and tested for

| uci ferase gene transfer in cell cultures. Cos-]1 cells (1.5X105) were
seeded to 80% confluency in 12-wel f# Vifrogsge dAnsifTe pl ates in 10% FBS.
Transfection I c i Qi o] ' isn ach
well in the pﬁgggﬁ%%ﬁ F %@sen(@ﬁerkg]frbl oef{er?lg%fasbo%\/?ﬁ%e?’%ﬁf?f or %%Suygthien a
C2 |fcubpidegradabie cidsalinked idti-bieiti copolyasrs efithe grezent inmentivnl (Figswds ).

i b df 40 h ith 1 m of _f M ini 9 . Th
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(50 M1 Tl e lor Ut Chr1 BSTEDETER pk R WBheni 01T DR X U0 i in

Luci ferase activi int was neasured as relative light units
(RLU)  usiDubeato’Onaatifiéd EnglplsamediumniDdEdieand( Beted ot diciferase gene transier

cell cultures. Cos-1 cells (1.5X105) were seeded to 80% confluency in 12-well tissue

20  culture plates in 10% FBS. Transfection complexes containing 1pg of plasmid DNA were
added into each well in the presence or absence of 10% fetal bovine serum for 6 hours in a
CO, incubator. The transfection medium was removed and the cells were incubated for 40
hours with 1 ml of fresh DMEM containing 10% FBS. The cells were washed with
phosphate-buffered saline and lysed with TENT buffer (50 mM Tris-Cl [pH 8.0], 2 mM

25 EDTA, 150 mM NaCl, 1% Triton X-100). Luciferase activity in the cell lysate was
measured as relative light units (RLU) using an Orion Microplate Luminometer (Berthold
Detection systems USA, Oak Ridge, TN). The final values of luciferase were reported in
terms of RLU/ mg total protein. A total protein assay was carried out using a BCA protein
assay kit (Pierce Chemical C, Rockford, IL).

30 The above protocol was also used for B-galactosidase gene transfer. The levels of B-
galactosidase gene transfer was quantified Witﬁ a X-Gal staining assay kit obtained from

Gene Therapy Systems, Inc. (San Diego, CA)
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Det ecti on systens USA, Cak Ridge, TN). The final values of luciferase were
reported in terns of RLU ng total protein. A total protein assay was
carried om0 2ua/03g648 BCA protein assay kit (Pierce Chem ealr/uSR08kiord,
IL). The above protocol was also used fr b-gal actosidase gene transfer.
The | evel s of b- gal actosi dase gene transfer was quantified wth a X Gl
stai ning assay kit obtained from Geﬂiaaﬂipbr]é)py Systens, Inc. (San D ego,

CA) Exanpl e 10 Cytotoxicity This exa ﬁ)g(gg éyes the steps involved in the
cytotoxicity screening of the bi odegy f& cross-1inked multi-block

copol yners usitng RMnp E”’%iv@%%e%t%{b Bio10de Gh afhe dbjtbRixedify BéreéfigeNoft Ghe
phosphate ratios (Figs e cytotoxicity of transfection corrpl exes
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bovi ne serum 1% penicilli 1% st r ept onyci m ne. The_ cells were
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density ]glg ? ks/well in a 96 well plate and incubated overnight
at 37C |§E$§g}ob% é reachi ng 70-80% confl uency, 0.1 ng of DNA was added

tgdBEiB 6K—OI ?Cogar()ﬁgﬁgarﬁ@ﬁdegedoﬁ{eyd&dnd‘jeoalls) e DG nGKd OiddiNAined ip DAARSI wer e
added to wells divided int : DMEM cont ai .nj ng and DVEM

wi t hdit  PEdiuR spppemented %Jgﬁgga@%tﬂ%d% ﬁemsﬂluv,cﬁztsﬂﬁwowew |
The ser uglfiifificght e1W&e'1<e§T§§%tﬁdc Rinidififd 5940, iddiBafdi a vas aspirat ed

of f, and™t hen norrra i a W|t out anti Ics was added. The wells
cont ai ni ng FBSoskr eel]srmmbqﬂaiddfaora @ehstip wf . 5:10d celts/welliah a9 well plhtesardum

?ﬁ?hﬁh?é?ﬁwﬁ%‘g BvBIRh Loy £ oY afr oAb RoCERE 10D iRty LR NG ) |

vell's, @Rt BOTRIK -G 9y Aindr gt Wt O UN RN i PROBI aI /MR 86id xéso al |
of the vveIF Next, 20nL of room'tenperature CefITiter 96(r) AQue One

Sol ut? onmgkh:ﬂ torelladitgded nteteh ginsps: DIMEM hentpinan&FB&smd ARBM Mthbutr 4
hour s. r the i ncubation pe te .was .S tr hoto [l cgl

Fond at” F55 vih ol SR eSkely v obimiceP B iF3RaR RGE" [ 2R SRy

vi abi | i t ywey@mcadtsdfted h@ﬁisnﬂietrﬂgdlﬁ ewa!sca\gplmwaﬂaam@men\ﬂoa:haﬂ growtH %edra
OD49o(sanpl e) / CD490(controf X 100 The OD49o(control) represents the

measur ensithofit aniibidiiss weak ladded: eBheeWeHﬁ ¢omtainipgABS were incubated for 24 hours, and
an equal volume of serum containing media was added (without antibiotics). After both

20  groups were incubated for 48 hours after transfection, the media was aspirated from all
wells, and 100uL normal growth media (without antibiotics) was added to all of the wells.
Next, 20pL of room temperature CellTiter 96® AQyeous One Solution Reagent was added to
each well and the plate was incubated for 4 hours. After the incubation period, the plate
was spectrophotometrically read at 490 nm on an ELISA plate reader. The relative percent

25  cell viability was calculated using the following equation:

Viability (%) = OD4go(sample) / ODggp(control) X 100
The ODygo(control) represents the measurement from the wells treated with growth
media only and the OD4go(sample) represents the measurement from the wells treated with
varying ratios of BD3.6K-O/DNA.

30 A side by side comparison of BD3.6K-O and 25 KD LPEI in a protein based
cytotoxcity assay demonstrates lesser cytotoxicity of BD3.6K-O(Fig. 10). The cytotoxcity
of BD3.6K and its lipid derivative BD3.6K-O was also examined in a cell viability assay.
As shown in Fig.11, exposure of Cos-1 cells to the transfection complexes containing
BD3.6K or BD3.6K-O did not affect cell viability.
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medi a only and the OD49o(sanpl e) represents the neasurenent fromthe wells
treated with varying ratios of BD3.6K-QO DNA. A side by side conparison of
BD3. 6K- O wodo@#skda9LPEl in a protein based cytotoxcity aesaw2esmBerserat es

| esser cytotoxicity of BD3.6K-Q Fig. 1 }5 The cytotoxcity of BD3.6K and its
lipid derivative BD3.6K-O was al so examined in a cell viability assay. As
shown i nABisboWn in Fgkliogxostugfor Cas=11cetle itd ﬁlettmnsﬂqethnmnle?ww@nta@@ngal exes
cont ai ni 6 ffect cell viability.As"shown "in
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BD3. 6K or BD3.6K-O did not affect cell viability. Exanple 11 In vivo gene

transfer This exanple illustrates in vivo glene expression using the
bi odegradabl e crosslinked rnulti-bl oEKall‘,iDbdl ynmer for plasm d delivery (Fig.
12)

The plasm d encoding for the ek fer ein was injected
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BD3. 6K- O DNA conpl exes. The
using Promega’s Luciferase Assay System (Madison, WI) according to the manufacturer’s

instructions using an Orion Microplate Luminometer (Berthold Detection Systems, Oak

20  Ridge, TN).

Example 12
Fluorescent labeled polymer:‘in vitro transfection/analysis

This example shows the application of fluorescent labeled biodegradable cross-
25  linked multi-block polymets in the cellular localization of transfection complexes and in
vitro gene transfer (Fig. 13). Cos-1 cells were seeded in twelve well tissue plates at a cell
density of 1.5x10°well in 10% FBS containing DMEM. The cells achieved 80%
confluency 24 hours after being transfected with the BD3.6K-O/DNA complexes. The total
amount of DNA loaded was maintained at a constant 1 pg/well and transfection was carried
30  out in the presence of 10% FBS or in the absence of serum. The cells were incubated in the
presence of the complex for 6 hours followed by replacement with I ml DMEM containing
10% FBS and incubated for an additional 40 hours, The expression levels of B-Gal were
then evaluated using the X-Gal staining assay kit from Gene Therapy Systems, Inc (San

Diego, CA).



amount of DNA | oaded was mai ntained at a constant 1 ng/well and
transfection was carried out in the presence of 10% FBS or in the absence
of serumwoOheosskd4s were i ncubated in the presence of treTasopses7for 6
hours foll owed by replacement with 1m M cont ai ni ng 10% FBS and

I ncubated for an additional 40 hours. e expression levels of b-Gal were
t hen eval uat edotigingirhiien ¥sica ittt ngicamsayy Hiet cellr insetion Phenedpse was
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BD15K-12 This exanple illustrates the preparation of a bi odegradable

mul t 0 bl Slukesdcansiahshadpohonsniegs, usgbwitk-ludierasgipdaselih (ranel Gbnoner
polyethylenimne is a 15 IcD linear PEl with twel ve dithiodipropionate

| i nkers per PEl nononer. |In previous exanples, we have used LEPI nononer a
3.6 kD for cross-linking. 1. Linear Examphi i3/l enei m ne (MN 15kD; free base)
A 2L Erlenneyer flask was equi pped with a magnetic stirrer and charged with

LPEI (Mw : ; i - d IL).
NaOH (2 05’ }ﬁg&g%f?%v%‘zéggégﬂﬂé ?%)‘ﬁ?ﬁbg% ﬁ:afr%fr%g acopmélg%#’e%ﬁt])ﬁe i P es \llj\ﬁ ? Flg ()

het er ogeneou¥hisiextmple illasgrasrthepreparation eDoiodegiadable malii-blockl datignicThe
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The vacuum zed ask 'was heated to 800C in an oil bath. LPEI

LEPI monomer a 3.6 kD for cross-linking.
1. Linear polyethyleneimine (MW: 15kD; free base)
A 2L Erlenmeyer flask was equipped with a magnetic stirrer and charged with LPEI

20 (Mw 15000D) sulfate hydrate (30g, ca. 0.15Mol SO4*), and water (1L). NaOH (20g,
0.5Mol) was added to the stirred mixture and the resulting heterogeneous mixture was
warmed to 50-60°C and stirred for 3 hrs. The mixture was cooled; the precipitated LPEI
hydrate was filtered, washed with water, and dried.

2. LPEI;5000BOCos%

25 A pre-tared 250mL flask was charged with LPEI free base hydrate (6g) and
connected to a vacuum line. The vacuumized flask was heated to 80°C in an oil bath. LPEI
hydrate was slowly converted into a melt of anhydrous LPEI with bubbling. After 3 hrs of
heating under vacuum, the brownish LPEI melt was cooled, and the flask was flushed with
argon. 4g (93mMol of N) of anhydrous LPEI was obtained. 80mL of dry chloroform was

30 added to the flask with LPEI with a magnetic stirring bar. The mixture was stirred under
argon until the LPEI melt dissolved forming a slightly cloudy solution. BOC anhydride
(19.26g, 88mMol, 95%) was added to this stirred solution over 10 min. The addition was
accompanied by a mild exothermic reaction and gas evolution. The mixture was further

stirred for 16 hrs, filtered from the small amount of suspended particulates, and



hydrate was slowy converted into a nelt of anhydrous LPEI w th bubbling.
After 3 hrs of heating under vacuum the brownish LPEI nelt was cool ed, and
t he fl askwoasoddsesbed wi th argon. 4g (93mwbl of N) of amrbydseeskPE was
obtai ned. 80 of dry chloroformwas adged to the flask with LPEI with a
magnetic stirring bar. The mxture was stirred under argon until the LPEI
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i |1 ustratvegrousty gireqaiafoattB dms. oBaduthisotfatg vead dhérefiliered ioffh thecacudousaliltreie was

ol ymer, BD15K-12- PEG wherein the nonmey pol yethyleninmne is a 15 kD
|pi ng ar Piprther filtered thrGough a 0.2p syringe gll’ger, anJ th%n \%cu\m)( concentrated {6 a Voﬁnne of

20 0.25ml. Upon dilution with SmL of THF, linked LPEI chloride ﬁrecipitated and was

collected and dried. 60 mg was collected.

Example 14 -
Synthesis of a biodegradable multi-block cationic polymer BD15K-12-PEG
25 This example illustrates the preparation of a biodegradable multi-blocked cationic
polymer, BD15K-12-PEG, wherein the monomer polyethylenimine is a 15 kD linear PEI
with twelve dithiodipropionate linkers and one 2 kD mPEG per PEI 15kD monomer.
A vial was equipped with a magnetic stirrer and then charged with 100mg (2pMol)
of LPEI;5000BOCose, and 0.5mL of dry chloroform. The mixture was warmed and stirred to
30 dissolution, and 6mg (24uMol, 12-fold molar excess) of dithiodipropionyl chloride
(obtained from commercial dithiodipropionic acid and thionyl chloride) and 4mg (2ZuMol)
of freshly prepared MPEGygchloroformate (prepared by standard procedure from
commercial methoxypolyethyleneglycol MW2000 (MPEGa0OH) and phosgene) in

0.05mL of chloroform was slowly added to the stirred mixture. The stirred mixture was
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dried. 60ng was collected l.e gene transfer with the
mul ti - bl B@Rlpéféﬁﬁél g pol m@&%;@ﬂé%ﬁ 2 ‘gpﬁﬁé Thi s exanpl e denpnstrat es
the ability of the biodegradabl e cross-Ilinked cationic multiblock

copol ymers, BD15K-12 and BD15K-12-PEG to enhance in vivo gene transfer by
systggri ¢ admini stration. For corrparEsmplealSComrer Ci aI |y available 25 kD

branched PEI, bPEI-25K, was included in e .

exper i neﬁYStenﬂc(genW?l@feirh‘j‘@éf‘%ﬂ“‘i“ﬂfﬂ”&'%‘fﬂ? %hliggé -1 qm 8%% gi ?kvel nwth
pl asm ds encoding for the |luciferase gene that had been corgl exed vvlth t he
pr evi ous Tyiisnenini e ddmpnstsnesr the Fhdlityadfl thexpedégratabl crgswlipke crtiegicomubiia was

B concbinekavponae 1 i rode bR agieg 1, SuBtah St ks 47
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20  bPEI- 25K was 1ncluded in the study. In an initial experiment, mice were injected
intravenously (iv) into the tail vein with plasmids encoding for the luciferase gene that had
been complexed with the previously mentioned polymers. For all experimental groups 30
ng of DNA was utilized and complexed with the polymer at a N:P ratio of 11:1. The final
DNA concentration at injection was 0.1 mg/ml in 300 pl. After 24 hours the animals were
25  sacrificed and the lung, liver and spleen were harvested for analysis. Samples were
homogenized in lysis buffer and luciferase activity was determined. The results are
summarized in FIG 14 and indicate that both of the polymers (with and without the PEG
moiety) lead to expression levels in the lung, spleen and liver that are significantly higher

than produced when using the commercially available 25K BPEI polymer. These results

30 are highly pronounced in the lung and spleen and less-so in the liver.



honogeni zed in lysis buffer and luciferase activity was determ ned. The
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wi t hout departing fromthe principles and concepts of the invention as set

forth in the clains. CLAIMS W claim
20 It is to be understood that the above-described embodiments are only illustrative of

application of the principles of the present invention. Numerous modifications and
alternative embodiments can be derived without departing from the spirit and scope of the
present invention and the appended claims are intended to cover such modifications and
arrangements. Thus, while the present invention has been shown in the drawings and fully
25  described above with particularity and detail in connection with what is presently deemed to
be the most practical and preferred embodiment(s) of the invention, it will be apparent to
those of ordinary skill in the art that numerous modifications can be made without departing

from the principles and concepts of the invention as set forth in the claims.



1. A biodegradable cross-linked cationic multi-block copolyner of |inear
poly(al kyl eni mine) (LPAI) and a hydrophilic linker, wherein said LPAI

bl ocks arwocnessestol i nked t oget her by sai d hydrophilic Pcmkseoosiosdr7a

bi odegr adabl e |i nkage sel ected fromthgogroup consisting of ester, am de,
di sul fi de, phosphate bond and conbi nations thereof. 2. The bi odegradabl e
cross-linked cationic multi-block copolynmer according to Caim1, wherein
said |inear poly(alkylenimne) (LPAgLASVE Menber selected fromthe group
consi sting of polyethyl enei mne, polypropyl eneinm ne,

am nogl y®esilder:pol yam ne, di deoxy-di anmi no- b-cycl odextrin, spernine,

i di i nat i th 3. The. b abl i nked
chti ont o mut 1~ B oPICUEBON e FOARLBR B e R R0 paPRREa ol BPRtar
pol y(zl kydi Kylaﬁﬁm{d; REPAT) dndld meiRsphd e N ywHerdinsae LPAITboks afe cﬁsssed

bi odegr adag?le cross-li nke(? cationic multi-block copol ymer accordi ng t

d ai m 3, ligkeertepethemby s@g hydeophilic hnker agth m@@gxadablﬁémghge @ﬁlec,t_@bdimtrbt%ooo
Dal t 100 t
D o g8 SRR e A iR AU BBl B B! 100 12

within a range of 1/1 to 5/1. 5. The bi odegradable Cross- Ilnked cationic
mul ti-bl ock copol yner according tgo Claim1, further conprising a pendant

functional no?ethpeshiodegradpble smsra%kgﬁ saionie nawltithlogk spPaluaepperorfingainds,
menbyanes ﬁ%g?%h&g 250 i fear gﬂg@ﬂ{ﬁ&ﬁﬁﬁr&? %gﬁm)s is, DUG R Ae%%?el ?’ltnor B cont

seqguences, sensitive en hr onogeni C an

mar kers, gfbaptcymal@tmg oft ;istﬁyathyiarmm&teg \peslpampylmnhmaahmmlydmerdeqiobbmme T

" ;. Q' b*linked cationic nulti-block copolymer according to
d ai m 5, dw@%qhﬁmsrm Brovelpéestendpemipespemyidaesprnenbialiens berept-om the group
consisting of oleic acid, palmtic acid, and stearic acid and conbi nations
thereof, and wherein the nolar ratio of fatty acyl chain to LPEI is 0/1 to

3/1. 7. The b}.odegrbiddédradadieosms-linket] catdriomuudtirblddki ediodyplierc agukrdingrto
accor ding to Caimb5, wherei nllyzal d fl uor)gi{cent mar ker ‘i s_a nenber sel ected

f r o heClgitn p Whetedn wid Haeaspo grifaRe) AhHALHe lipey dolxrethylzauning) BFED.

fluorescent dyes, fluorescein and its derivatives, carboxyfl uoresceins,
atto | abel s and conbi nati ons thereof, wherein the nolar ratio between LPEI
and fl uorescefit Arerikdagridabl. 0ks-linkél t@Goni8. mi[hieblbblod@gohzﬂsdol sccordisg-tbi nked

cationi c | t] ock c yner accordi n m

hydr ophi $1agm)3; Pfﬂ‘@Fe“FEh gﬁﬁlt &BlaXFq@gﬁgﬁﬂ“&%‘ kttl’i’%é()@(g%gwmsf%m 1
(acetyl)nfdRopilid URRBE AAOW) aRiradd! MHI&DG QW%H@ oIt t£S0M DAltéhs, and the
blodegra abl'e disulfide bond or dithiodi raethyleneglycolcarbony ) or

contftnat molesulphetiowf thechydidydiliy limkey taldBlBl ie vathiis g rarigalo€d/1ctatsy/ bni ¢
mul ti-bl ock copol yner according to

5. The biodegradable cross-linked cationic multi-block copolymer according to

Claim 1, further comprising a pendant functional moiety selected from the group consisting

of receptor ligands, membrane permeating agents, endosomolytic agents, nuclear

25 localization sequences, pH sensitive endosomolytic peptides, chromogenic and fluorescent

markers, fatty acids, their derivatives and combinations thereof.



Claim 2, wherein said biodegradable |inkage is disulfide bond. 10. A

bi odegr adabl e cross-1linked cationic multi-block copol ynmer represented by

t he fol | omonrgodesml a: (CP) xLyY wherein CP represents aPCauseousm3qrod yner
containing at |east one secondary ami ngjgroup, said CP polyner has a nunber

averaged nol ecul ar weight within the range of 1000 Dal tortls to 2508_0
Dal tons; Y refr é@@ﬁﬁ@d%mﬁﬁbﬁi@f@%ﬂ@ke%lcéﬁ@gﬁ aaulbridosk sRAlyREhAssHiRg Wst er

am de, disul f4 d '

"t eger PR, “igrh SPAGHRLAE HpR)R EnghbbrRIERA e pARPaniistel &7,
an i nt eggkid dtid, iRAImaRIRId, namskiatio aéiﬂ andl szmdlﬁlmons tisrdd, and. wheaxtinahé enolar

mul ti- bl ock copol ymer represented by the follow ng fornula:

[ - CO( CH2yesis St GHip) Babehain fq BPE) R toﬁ/h}r wherein (CHa)n is an aliphatic
carbopn chain covalently attached to nitrogens in the backbone of a |inear
pol yet hyl enei mi ne bl ock; L represents a |igand selected fromthe group
consi sting of 7] iTHedbiodtgrddalts weoss- hmkedma‘sorémdnularlged;k ngpo’minet iaeeording JO( CH
2) aSS( CHZaaCO] represents a bi odegradabl e dlt éf\ g i nker ; er ei the
range of Clameyathezrin said hiqrepeqng magker ds p megber 5§ %Cg TPRGhy STQUR CPBSIStNg
integer [ Amydnek Oan&Qﬁmr ﬂeiﬁ tRds '@Wﬂu&r@%@@ye@oﬁmfesde& and Et@fd%ﬁ%tnfeﬁ om 1
to 20; and 615 an i rom 1 to 40. 12. A process for makin

bi odegr adﬁbd)ﬂihjo!BSelhs rdttredabﬁ& ammambmfmqns heyedd, wpmhyﬁmm@l@ttﬁﬁl@%?g“’@@
Claim1, conpr the S S) paring |inear roly(ethylenimne)
(LPEIY bL%EI(%n eﬁbmﬁéﬂeglst%@%ga f their nitrogen atons reversibly
protected before said LPElI bl ocks are cross-linked together by a

hydrophilic I'inker with biodegradabl e disulfide bonds; 2) crossi ng | i nki ng
sai d protect e8. HEl bisidogiadable tmosséin&echfdﬁ@phlmﬂlél-blpﬁ%h(éppo IWer @peRrting ©ai d

t ect of , t LPEI f I
[ pkcer  Gia). VEsParibbeSuh Rhrs - robeiiahol Bl ) (b udRaaT 1 ¢
t he resuhfehpg (%@@t"yl)YtOSQbU@in@e&h@ﬂ§ -dri étlgldnd Bhfcol Mneietiesl fadthea Slﬂbdegfraﬂabie 13.
A transfecting conposition conprising a nucleic acjd and degradabl e

cr os$d i ndisulfidgthiond pr dithipdi(tetres Y«le%b(ﬂown&ﬁ) oF cor@mation %HCR | eni mi ne)
(LPAI') and a hydrophilic linker, wherein said LPAl bl ocks are crossed
| i nked together by said hydroph| lic Iinker with biodegradabl e ester, am de,

di sul fide, or9phpgpBideglatstiagesssiimies cafidnic Theltitblacls copdlymer @ooqdiigt foon
according to Claim 13, wherein the nuclei CB]%CI g’ nprises a DNA sequence
whi ch en <, avhgesie s3id bipgegdable liakagsds disaliidehendr oup

20 10. A biodegradable cross-linked cationic multi-block copolymer represented by the
following formula:
(CPLLyY,
wherein CP represents a cationic polymer containing at least one secondary amine
group, said CP polymer has a number averaged molecular weight within the range of 1000
25  Daltons to 25000 Daltons; Y represents a bifunctional biodegradable linker containing ester,
amide, disulfide, or phosphate linkages; L represents a ligand; x is an integer in the range

from 1 to 20; y is an integer from 1 to 100; and z is an integer in the range from 0 to 40.



consisting of a luciferase gene, a b-gal actosi dase gene, a hygronycin

resi stance, neonycin resistance, chloranphenicol acetyl transferase and

m xt ur es wben@ais26485. The transfecting conposition accordirrg2as/o87as m 13
wherein the nucleic acid conprises a DNYA sequence which encodes a protein
sel ected fromth p consi.stin interl eukin-12(

i nterl eukin- 2(1}I1L§ %mdébkém@ﬁﬂm«%ﬂ Eatlgmc myitisplogk GﬂEOIYIPF?\éerS?IE}%PY the
necr osi St H}@Q vascul ar endot helial growth factor (VEG),

gl ucagon- 4%%8%1& € (GP-1), coagulation factors, ,Lunor suppressor genes,

tEym d:c n(inl _rll_ase p53, pI-@O(Dlhmsgf(ﬂﬁmw]g{@(ﬁﬂmé\fﬁmﬁ}conbl nations
Conpr i ses a DUAEBUGHEe 5P SRPBHE SAOTEEHGI Saveliitly GUActerde rUFodies dphgan
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nucl el ¢ a I's an romthe group consistin a si
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Composi { FHHESSEE g BORGEE0Rs PRSI ety e LM FEagron 1 to
condi ti ons; { Rafy lﬁ{elgeef\fr&m &qrspgsis 4 PRRedeP A Blo 1018 qGSbh Sntedid fRXPDESH0Lhe
nucleic acid in thé cel A conposition conprising a pharnmaceuti cal

agent ani mlbtegdle@olada@?@ @md)sl§lahnkfegbr(fm &0 80nul ti - bl ock copol yner of
i ne?‘é pol y(al kyl eni m ne) (LPAI') and a hydrophilic |inker, wherein said
LPAI bl ocks are crossed |inked together by said hydrophil i c linker with

bi odegr adabl e 12SA focesdiod Sakitigh¢ biodegradibhis pload-Bnlkddruacagis nadtidookr
conbi nations thereof. 20. The conposition according to C aim 19, wherein

the phar n@mémfsrcwco@g@ﬂo ¢1gma1,pz§>mmlémg the stgpy elch duchariag insar gr oup _
consi st | nglpr&m)ﬁelp {1&8#(%%%9 @iﬁ bg-ﬂ%:m Y SOG/ELFf &r%ﬁ?o%g'afbmfoagm ation

factors, eri 1 gens, vira

ant i gens revefsitsty psdtedtbd bﬁbfd siﬁSLBEICblcmtarmabss;hﬁke‘dhegabér by&]hyd?dsmuhc
conposi ti.on according im 19, wherein the pharnaceutic nt is an

ant i tancEpkegah bl@é?@ é‘iaé’ée qhﬁ‘éﬁf‘? h@ld@r DUFOoSHEskngSpIG Profests j ocks
bl |
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drug to ardsahﬂkehi wihde twalmphhhaclaxdqer ianid 4y isathtingiasd eorifygngeross-iwedi MEIdyount
of a drug and a blodegradable cr | i nke nic | ti-block copolymer
of |i neaPregBrigpan e rasl t,xﬁg@or](y@p ¢ %ﬂﬁ%@ﬁ@gﬁ‘?h ?ﬁ%&#om‘vmer ein said
LPAlI bl ocks are crossed |inked together by said hydrophilic linker with

bi odegradabl e ester, am de, disulfide, phosphate |inkages bonds or
conb2(at i ons fBeA émhsfecting composition comprising a nucleic acid and a biodegradable cross-

linked cationic multi-block copolymer of linear poly(alkylenimine) (LPAI) and a
hydrophilic linker, wherein said LPAI blocks are crossed linked together by said
hydrophilic linker with biodegradable ester, amide, disulfide, or phosphate linkages bonds.

25 14. The transfecting composition according to Claim 13, wherein the nucleic acid
comprises a DNA sequence which encodes a genetic marker selected from the group
consisting of a luciferase gene, a B-galactosidase gene, a hygromycin resistance, neomycin

resistance, chloramphenicol acetyl transferase and mixtures thereof.

30 15. The transfecting composition according to Claim 13 wherein the nucleic acid
comprises a DNA sequence which encodes a protein selected from the group consisting of
interleukin-12(IL-12), interleukin-2(IL-2), interleukin-4(IL-4), interferons (IFNs), - tumor
necrosis factor (TNF), vascular endothelial growth factor (VEGF), glucagon-like peptide
(GLP-1), coagulation factors, tumor suppressor genes, thymidine kinase, p53, p16,

35 transcription factors and combinations thereof.
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16. The composition according to Claim 13, wherein the nucleic acid comprises a

DNA sequence which encodes a viral antigen, bacterial antigen or tumor antigen.

17. The composition according to Claim 13 wherein the nucleic acid is an RNA
selected from the group consisting of a siRNA, a sense RNA, an antisense RNA, and a

ribozyme.

18. A method of transfecting cells comprising the steps of contacting cells with the
transfecting composition according to Claim 13, and incubating the cells under conditions

that allow the composition to enter the cells and express the nucleic acid in the cells.

19. A composition comprising a pharmaceutical agent and a biodegradable cross-
linked cationic multi-block copolymer of linear poly(alkylenimine) (LPAI) and a
hydrophilic linker, wherein said LPAI blocks are crossed linked together by said
hydrophilic linker with biodegradable ester, amide, disulfide, phosphate linkages bonds or

combinations thereof.

20. The composition according to Claim 19, wherein the pharmaceutical agent is a
polypeptide selected from the group consisting of IL-2, IL-12, IFNs, TNF, insulin, GLP-1,
excendin, coagulation factors, growth factors, bacterial antigens, viral antigens, tumor

antigens, other small peptides and combinations thereof.

21. The composition according to Claim 19, wherein the pharmaceutical agent is an
anticancer agent selected from the group consisting of adriamycin, bleomycin, cisplatin,

carboplatin, doxorubicin, 5-fluorouracil, taxol, topotecan and any combinations thereof.

22. A method of administering a drug to a warm blooded animal comprising
administering an effective amount of a drug and a biodegradable cross-linked cationic
multi-block copolymer of linear poly(alkylenimine) (LPAI) and a hydrophilic linker,
wherein said LPAI blocks are crossed linked together by said hydrophilic linker with

biodegradable ester, amide, disulfide, phosphate linkages bonds or combinations thereof.



