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BACKGROUND OF THE INVENTION 1. Field of the Invention The pgfssentos
invention generally relates to bi odegradabl e pol yner conpositions, in 15
particul ar those containing both phosphoester |inkages in the polyner

backbone a ﬂ“mmLe groups linked to the backbone through a

phosphoest wmﬁ m e biodegradabl e polyners of the invention are

desi gned f e ntroll ed rel ease of drugs and genes, particularly as
561587

carriers for gé e therapy and for the delivery of protein drugs. The
invention also has wide applicability in tissue engineering applications,

- where th ,@%@@W&QELQ@I@R&Q@M@{lggko"cﬁ)ﬁ’g&i‘?‘ﬂmbei{émﬂ%h gene

transfer. groun nmeric contro drug very has

si gni fi cant IOF BEOAWHY E SUBSIe€ESof nany drug therapies (Langer, 1990,
New net hods of drug delivery, Science 249: 1527- 25 33: Poznansky, et al.,
1984, Biol ogi cal approaches to the controlled delivery of drugs: a critical

review, Pharmacqy;s égﬁﬂcati%_ﬁ clathd thidhefit o (B8 Proisihi Xpplcasivh Seful No.
phar macoki neti cs and bi odi stribution of the drug depend upon the

- physi ochenb@®2P0,3p8 Gifarvine $4,2001 othe traghingie i olricly pspaearperstedtheraie bpol yner
carriei o %eneral, polynmeric <carriers offer advantages over ot her
delive @ s{é}? A€ pol yneric systens potentially have 30 nore controllable
rel ease kinetics, better stability in storage, and have better

bi oconpatibility. A biodegradabl e dr%g-carrier could offer features
difficult BAGK W%&H&M@i@@ dabl e systems. Other than obviating

the need t remy 8§y Bpﬁleqll;\%glﬁwv\/\#n%er ~i *cOooo2* WD 02/092667 PCT/ SG02/ 00090
8 June 2006°
The present invention generally relates to biodegradable polymer compositions, in

15 ‘particular those containing both phosphoester linkages in the polymer backbone and
chargeable groups linked to the backbone through a phosphoester bond.  These
biodegradable polymers of the invention are designed for the controlled release of drugs
and genes, particularly as carriers for gene therapy and for the delivery of protein drugs.
The invention also has wide applicability in tissue engineering applications, where the

20  sustained delivery of growth factors is achieved through gene transfer. °

2. Background
Polymeric controlled drug delivery has significantly improved the success of
many drug thcrapies (Langer, 1990, New methods of drug delivery, Science 249: 1527-
25  33; Poznansky, et al., 1984, Biological approaches to the controlled delivery of drugs: a
critical review, Pharmacol. Rev. 36: 277-336). In such a delivery system,
pharmacokinetics and biodistribution of the drug depend upon the physiochemical
properties and/or degradation properties of the polymer carriers. In general, polymeric
carriers offer advantages over other delivery systems: polymeric systems potentially have
30 more controllable release kinetics, better stability in storage, and have better
biocompatibility. A biodegradable drug-carrier could offer features difficult to attain

from non-biodegradable systems. Other than obviating the need to remove the drug-
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depl et ed devi ces, a bi odegradable systemis also applicable to a w der
range of drugs. More and nore new polyner carriers have been proposed for
controll r elivery, although poly(lactide-co-glycald | yners
still doﬁ&%gwggFﬂe field. There is clearly justificatic;?¢¥?%?gﬁ??%ue to
devel op new bi odegradabl e drug-carriers, because of the 5 i ®iwagdotg need
I n the enmergi ng new applications. The w dening scope of applications
requires polyneric carriers to assune different configurations and serve

additional , fungtjons other, th | us assj.ye 1Y.e '

appl yi ng tﬁsp'e@ﬁt Siee @pgggcga%l%w}egg 'iéis}rémarp gﬁ%zpfgen{%ﬁs lagr #@%?’??ﬁf &
mat rix, fonisamal oreafevapSigatel BatriBR! IRive Meek PropdsedifosGoatralléddrugt dubiverynay
obligate the polyner to have el astonmeric properties. |n the new 10 nrﬁl
exciting f iatthoughfpdalyastide-caglycelide) sgpolmess stibdomunaty the ield. n'ghcraé*f F@é Y of

grow h factors and/ or _genes. e ' h ct.ofr: Wl g e
the cour seJBS?'tfc'f‘té‘ghéo CB&%Weoﬁngﬁfe?Wﬁ‘é‘l"dﬁég‘?@g&rﬁ?gF‘ {/a?é ggﬁ %?ggé togqns
per for msa qRarbshrednked ihh@eMeigies nat apslidatishs. s Thperidentag scopk foflapphications
functions. To achieve active targeting, it would.involve on&vuga(yion%?f

| i gands t o reqirepapalymenic caarery dp sassuipg (itfpreplicPrlsyrations ofghsrive addiendl ¢ o
15 contain d unchL opal tlgarncﬁﬂﬁgpgsgce detvernt Féafsice, dpplyitey fHeCloftBlled fildase
delivery, po?ynerlc gene " carriers need to be of pocha ionic nature and
.shoul d haveleire astmerettharajust banomlithic ynatox, foncixanele: a3 gewoating Maderial domad

paranmeters affecting the intracellul trafficking of .the S et
al., 2000, qyé&'é\“&ﬂ&é??f‘“d‘?‘“’b‘?‘ﬂ‘r%‘f'e‘#‘? 86@“?‘:630 58 eeel?ﬂ%mgxb@?rqggﬁ%gulhé&mﬁ%\y apy
21 3031031 75nd Ve BLAAF tissBO CRginERMB PivRére MBEH] dnd Cub@l@at doligedf ofgRavth -~
delivery vectors: 50 I nsights from nolecul ar nechani snms for inproved

vehi cl e desfagors Bidadregemenencagingethgse grpith Facosonyy influences thencoprssy ehssue
utility for, these biodegradable drug-garriar ' terial can
be expect eddVElORTENs 1€ JTHEFLATT ﬁ@g ¢ e%quf £ eg'&%n e“aSBﬁb'w‘fy (t &%{éﬁg

I cations.

therapy hasghegitalRuPSHTESSickEbMittefuatied Tw ddhidvbacivepargetiag, it tvowld invblrean
25 integral part of nedical nodalities in the future. tg?ppg’%{iyeré.s%stem

is one of tdmmjugatiorofibernssite thepQJEmer G TIErsn & highhieaHres; e GELd o
q%.lyﬂ_&}ﬁ; gt rol

expressjon plasm.ds .10t L€, L0 atd | el BBV,
of genzlsgxp oé'gag'i‘ unnclnégaell Eoﬁlé)\sle(ﬁe%b%tl ﬁtlﬁﬁ'eﬁcﬁhﬁgﬁewhemc?i Stribution and
stability ofarfitrasiediso iba ofi podycationit matuac @ed shotldtliage the agwitus! fiexibhlityttar get

cells, and affecting the intracellular trafficking st the olasm ds 30
(Vahat o- et inalu tareging et oatariii poraipacts bREeJh PR IR oEhg Rt
therapy, Ady, 200810 ¥ h) of BMERYYs o BekEheFupIN Mol&iRasTHagpy 2:
I nt er est inelﬂél\?gpg%izng 'sygter‘;}t;s7 fo?fsustai ne({-?@V\D 02/ 092667
302-317; Varga, et al., 2000, Receptor-mediated targeting of gene delivery vectors:
20  insights from molecular mechanisms for improved vehicle design. Biotechnol. Bioeng.

70: 593-605). With such a broad utility for these biodegradable drug-carriers, no one /:)

single material can be expected to satisfy all requirements of different applications.

Gene therapy has been progressively developed with the hope that it will be an

25  integral part of medical modalities in the future. Gene delivery system is one of the
key components in gene medicine, which directs the gene expression plasmids to the
specific locations within the body. The control of gene expression is achieved by
influencing the distribution and stability of plasmids in vivo and the access of the
plasmids to the target cells, and affecting the intracellular trafficking steps of the plasmids

30 (Mahato, et al., 1999, Pharmaceutical perspectives of nonviral gene therapy, Adv. Genet.

" 41: 95-156). Recently, there is an increasing interest in developing systems for sustained



PCT/ S&02/ 00090 8 June 2006 rel ease of DNA. Such a systemcould be used to
achi eve | ocalized and enhanced gene expression in skeletal nuscle. It

woul d. fi ggh WildssedPP! i cations in treating nuscle and nervg-diSHldedeS:
providing systemc circulation of secretory proteins, and as a genetic
vaccine carrier. Encapsulation of DNA in PLGA nanoparticles 4 f@pbebgs et a!.,
2000, 5 Sustained delivery and expression of DNA encapsul ated in polyneric
nanoparticles. Gene Therapy 7: 1896-1905) and absorption of plasmd to the

surface of t i QRi m.croparti.cle i . .,
Char acteri Eei%ﬁ%ﬁpﬁq@;&&gn? @? Srtﬁrg?g%@ﬁﬁ @?egﬁovq\}% F'ﬁ’vggo ggrz%deéggg%hsar%c%d BRIE
Proceed. | gipréssionyifipskefetitmadcle. ReouRi Giadtwiddaipplicatiods in GéAling ahiXcle fraive

been reported recently to achieve sustained release of plasm d DNA 10

_ Sustai ned PeVeslsordses, MUViding HBSELS sHCYlalion of seetaBeREDIGIAS, 1 AMdsts 3 \Bsnelifs.
The cationjg. .. ar kLGl I: - I ene, ;ex ssi on
l evel in mlfgcgf'{ey (gd["? aykﬁ’ch‘,"g‘ﬁ%ﬂﬁ Pﬁ%@gﬂﬁ%ﬁg%@%&rﬁﬁ% %E?h?gsép?)oar{'éejgfoﬁ'n

- m ce (P ngByst@neddelivezPtad &prisoioncof DiNetr epapkilaledsin polpaesntnadepanizley.

" system for acci ge tl. Acad.. Sci. USA 97(2): .811-81

Covever | bt TyGaBe: 1915 oG bsprted GLAUFENATS BirRHEor B0 EROnGEL ey
and the |1 pfili8pd 088 (9ingPPEl B1.Z2000 "CREraEI Iz A(RInC BE GalibMBt hkPopdstiliBE wilst ems
currently under investigations are non-bi odegradabl e pol yneric systens,
-e.g. pol yaétonbdddeplesraid- PNy |Pracretd alrngy. $imm Cattrodl Rel. Baasy. Moters A7 Sd0DNA

del i . Ph ._16(8): 1300-1308). and Pol i, uX,
ot al Y 2obPO i ARt pSReR e bieadEREv Al hinedorelse Darantt TN
pl asm g DNSuitiinsk eli@kalbf DHEL Mas obeiteedTioe naBY Woeké: inI8Ee2dkms. Thige BaRBRNT

patent features a novel gene delivery systemthat based on the
bi odegr adatiigapaticlepingiesd abogh faurdeld highes gppeeressionderglie muselec slay d .

plasm d DRnd Budheod HEHP TR RETR rospbMNRY ke T, AN, of> ddfonic

i nvention provides po i vel y chargea gra e polyners
conpri ses aficlopasicieond poraus pblowsp eystdm fiaDNAi vactines. Roby. Wt béakb Soie Usitd  at

| east one itivel argeahl e group wher.ei.n the positi y. chargeabl e
group is a92&z'st9“'gfén§‘g&e & q’ﬁﬂhgysé ?ﬁrea['f‘%ttﬁﬂéﬁ’ ths @We%ﬂﬂi‘ﬂ"%g%‘f?gbne
throughs a pEGRPLATHE indd AKAITar uicHiAbR DN ILEMBheRisC OGS systems
positively chargeabl e bi odegradabl e pol yner conpositions conprising: -3
currently under investigations are non-biodegradable polymeric systems, e.g.
poly(ethylene-co-vinyl acetate) (Luo, et al, 1999, Controlled DNA delivery systems.
Pharm. Res. 16(8): 1300-1308) and Poloxamers (Lemieux, et al., 2000, A combination of
poloxamers increases gene expression of plasmid DNA in skeletal muscle. Gene Therapy
20  7: 986-991). The present patent features a novel gene delivery system that based on the
biodegradation of polymeric carriers to achieve a sustained release of plasmid DNA in a

controlled manner.

SUMMARY OF THE INVENTION

25 The invention provides positively chargcable biodegradable polymers that
comprises at least one phosphoester linkage in the polymer backbonc and at least one
positively chargeable group wherein the positively chargeablc group is a substitutent of a

side chain attached to the polymer backbone through a phosphoester linkage.

30 The invention further provides positively chargeable biodegradable polymer

compositions comprising:



WO 02/ 092667 PCT/ S&2/ 00090 8 June 2006 (a) at |east one biologically
active substance; and (b) A positively chargeabl e bi odegradabl e pol yner

conpri si st one phosphoester |inkage in the poly e and
W i FEf Gp84S,

at | east € positively chargeable group wherein the posi rgeabl e
group is a substituent of a side chain attached 5 to the pddymenrotmckbone
t hrough a phosphoester |inkage. The invention additionally provides a

met hod of preparing a positively chargeabl e biodegradable polyners. The

met hod conpri si the, steps of . pol.yner.i zi | east one nmononer to forma
pol ymer with at rz%eastat %ﬁg O“E8'%?%%%%@8@1’%?&1%?%&%65& n the pol ymer backbone;
reacting the polyyrer Avpbkitioly alhaqieable hiddegeadableasdlymstetymptising eatibat @heup

or a substituent’ that can be functionalized to a positi vel'%/, char geabl e
group under cprsphaesies linkasedndhe polymer hickbengrand rleast oge pasitivelyghprgeable

h bl e bi od dabl |y i Si i
i mkage 1 { HEOBBPgRGR BeepuEy R il i) shEREkn PO, BUORRIRSILERY, |

group wher ei notthe pplgict backbyncihedughalphesgioastpr likage.substitutent of a side
chain attached to the pol yner backbone through a phosphoester |inkage. The
i nvention provides a nethod of preparing a. positively chargeable

bi odegr adabl e po&%ﬂﬁ{eﬁﬁgﬁgm}%ﬂy %Jnaewm%dmrﬁpédaﬁﬁg alpgoSitivEERhaRfablg0

provi ding a positively rgea I odegr adabl e pol'ymer conpriSing at |east
‘one phosphiekigeadable pkbgers. MThdeethod yormpriing Risstepsafid at | east one
positively chargeabl e. .group wherein the positively chargeable group is a
substitutent of Pg?)gi‘%"gﬂ-.é‘it ﬁe%t?t%ﬂ?hgﬁ)"f’g'epttﬂe BB M?{}thgkﬁ’@heat?r\?a(gﬂéwea
‘phosphggst LiHkagen 81 AGE bBEnic8adk®shd;i Vel y char geabl e bi odegradable .,
pol yrre?gwi ﬁ{%\oa&@i‘éol oé’.’k%% 'y E’Sggfzt i ?/e subst ance under conditions conduci *@)
to the formatiomeadting thopplymer ootipan gicabpl hdvengra positivelyycharggpljeispep or a

bi odegr adabl ol r anqg the biologically.active substance. e lnvention
al so provi d‘é‘SStRB?‘th A c%gier%??t@&ait’zeegetgsaep%sf‘mﬁa Her egaig?:eagrl°§pé‘gggrvceén%\{noq‘s
subst ance iddn¥hdiPe & thi TorvidtioR -ofIhﬁsiﬁB&le;%@ﬂﬁlé biisgialisbls pemed fcompbising
provi ding a positively chargeabl e hi odegradabl e pol ynmer caqnposition .
conpri si ng:at lgas} oae phesphoeyerclinkage dgyitheapplymsr backdoag Bad a4 deast gRg Pesiprly

02/ 092487 chargeable group wherein the positively chargeable group is a substitutent of a side chain

attached to the polymer backbone through a phosphoester linkage.

The invention provides a method of preparing a. positively chargeable
biodegradable polymer composition. The method comprises the steps of:

20 providing a positively chargeable biodegradable polymer comprising at least one
phosphoester linkage in the polymer backBonc and at least one positively chargeable ,)
group wherein the positively chargeable group is a substitutent of a side chain attached to "
the polymer backbone through a phosphoester linkage.

contacting the positively chargeable biodegradable polymer with a biologically
25  active substance under conditions conducive to the formation of a complex comprising

the positively chargeable biodegradable polymer and the biologically active substance.

The invention also provides for the controlled release of a biologically active
substance in-vivo or in-vitro. The mcthod comprises the steps of:
30 providing a positively chargeable biodegradable polymer composition comprising:

(a)  atleast one biologically active substance; and



PCT/ SG&02/ 00090 8 June 2006 (b) A positively chargeabl e bi odegradabl e
pol ymer conprising at | east one phosphoester |inkage in the polyner

backbone east one positively chargeable group ‘M}?(E i
posi ti vel"‘i&%g%%éé’abl e group is a substituent of a side chalﬁé(gﬂzkog@ed to

the pol ynmer backbone through a phosphoester |inkage; 5 contagiinegotde
conposition in vivo or in vitro with a biological fluid, cell or tissue
under conditions conducive to the delivery of at |east a portion of the

bi ol ogi cal | y ac&é);/ﬁeﬁ‘ésghggggch%&eﬂggSbﬁ)#o%%ggglﬁ@ptoﬁ}r}{érdco E%:J,l]]n fat t!%a§tts§§e

The invention f oVvi ene 't rransf ec s n

control | ed phdéphoedt@alitkagetiil aHs pahieher Rickinmietdndedtyleahasr@gepdsitively elagestdabl e
pol ymer conposition conprisin DNag sequence, ~a,gene or .a gene fragnment,

to deliver gaom\wh@@iqdb%e@ilti‘@lyg gee ble grogptte ubsigHeMofiaside SR AachEd 19 ssue
target in Qheoﬁ‘ggfﬁ%bﬂcgﬁﬂﬁ tHoﬂQ@%%ﬁ&%?ﬂgestMMQ% of the invention are

sui table for nent an i sease of disorder which is
currentby treat abhtacting thesempbsitiarpin vivo osinodnd evithl ashiieldgical Auvid sclbsitisste

di sorder suitable 15 for treatnment hy gene thera in the for future. Gene
transfecti d’r‘?dﬁ‘é‘tol‘féﬂ’é’“ﬁf’o'idr\'é"’ei‘ﬂ\?%‘?‘itiWﬁryc‘lfr?bﬁ‘?%ba B§%'°§t‘gﬁ§e B‘I"l‘fﬁ‘?ﬂiliy&cﬂée a
positively (g rg:gqg)h% b@&ggggrfﬂg@@eﬁ oPfkseEr conposition conprising: (a) at
| east one biologically active substance; and (b) A positively chargeable

bi odegr adabl e pol yner conprising at | east one 20 phosphoester |inkage in

th I backb . t | t itivel h bl wh [
the post t1vel JHERAPGiERG st arssanefost bt ErAa B e cdhftid ened”
to thgopol ke hardRana tidpaupklychahrsplb ordegiadiblo kagficr eonpayifiong t he
conposition with a biological fluid, cell or tissue under conditions

conduci ve tcomprisingal DN Arspqusmceta geaa st a gensdragment. & deliver pipiNA seaiene® 2 gene

or gene 25 fragne to t .0 i Ll -cel | . i F
DESCRI PTI o@eﬂﬁgﬁi@’ﬁm&g a %P?%Sr%&ew'i;“e %ﬁ?‘ﬁggi"é“%{éh?ﬁ? &&%&@EA Fi gure
2. Gel per mahbdyofthy PVaitREraaesuinbleABEudAn trafimichgol ay3liseayd atdisdrdértwhiot

PPE-EA in COS-7 Cell.s as conpared with PE| ar?d PLL; .. Figure, 4. Cel.
el ect r ophorigevwenibydrepaple hyreens tegapyar sconteatplyed pordispasgior disprdar suitpble

15  for treatment by gene therapy in the for future. Gene transfection methods of the
invention comprise the steps of
providing a positively chargeable biodegradable polymer composition comprising:
(a) at least one biologically active substance; and
(b) A positively chargeable biodegradable polymer comprising at least one
20  phosphoester linkage in the pofymer backbone and at least one positively chargeable
group whercin the positively chargeable group is a substituent of a side chain altached to
the polymer backbone through a phosphoester linkage;
contacting the composition with a biological fluid, cell or tissue under conditions
conducive to the dclivery of at least a portion of the DNA sequence, gene or gene

25 fragment to the biological fluid, cell or tissue.

BRIEF DESCRIPTION OF THE DRAWINGS:
Figure 1. Synthesis scheme of PPE-EA;
Figure 2. Gel permeation chromatograph of PPE-EA;
30 Figure 3. Cytotoxicity of PPE-EA in COS-7 Cells as compared with PEl and PLL;
Figure 4. Gel electrophoretic analysis of the complexation of PPE-EA with DNA;



WO 02/ 092667 PCT/ SG2/ 00090 8 June 2006 Figure 5. In vitro release profiles
of plasm d DNA from PPE- EA- DNA coacervates prepared at different charge
ratios In vitro transfection efficiency of PPE; 009
coacerva@ ?0826E<‘EK 293 cells; 5 Figure 7. Beta-gal actosi dase Ievel0 in
ouse nuscle follow ng int rarrucul ar injection of PPE-EA- DN n@acese/at es at
a dose of 2 .tg DNA/nuscle; Figure 8. Tissue response at day 7 follow ng
intranuscul ar injection of PPE-EA and PEI. (a) Saline injection (40 I),
showed nor SS &P midI QA #8m( BBEEALDNA Jda8dreadyTi N0
group) , gg%é‘&ﬂ#oc'gl ’f’%?’%eg%é |}ooln d% 10 (e): PEl (Mv 25 KDa, 2.5 g, 60
nnol e charged grOLms;)are(ShQiAﬁ'deBMBrwraﬁl%fl ammat i on and nuscl e necrosis; and

Figure 9. | FN-a2b concentratian in.serum ' | owi.n o r
nfection iBiriadd BRA (miecgon il SRR SRS aleb it TR (2 iz
5-7). Each nouse gggm ved a dose equivalent to 50 g of plasm d DNA Nai ve

m ce served as a 15 control (n=4). DETAI LED DESCRI PTI ON OF THE | NVENT] ON
The bi oflegFiglabl e wh@mwpndmkemlsnmoqsaérmsrqlﬁefﬁilpwgclawﬁrw%afﬂwW%BF ring

nononeric units shg wherein: R is a
di val ent organic VgtEj;A Hi‘@ﬁc‘?@e%(ﬁ{eﬁﬁ%% F%SC O%W ‘ﬂ%t erocyclic; 25 R2
is alkyl, LY 9abl GV sl iRtrarAi el R if¥dtion VFRPRYEA afd
cycl oal kyI al %‘Jrfg §§‘%a'%\3°8§§1§é% g? PCT/ §éo§7 00090 8[{5Ju‘r£1)[e] 2006 eagh

occurrence of R2 iBEEUapSalinstigjdctidrt (40 g showerbmampabtissue;y 81)y& (NaPRfedid e

injection (13.1 pg, 60 nmole amino group), showed focal inflammation; (d) &

L1

10 (¢): PEI (Mw 25 KDa, 2.5 pg, 60 nmole charged groups), showed severe ’)
inflammation and muscle necrosis; and
Figure 9. IFN-o2b concentration in serum of mice following intramuscular injection of
naked DNA (n = 5~7) or complexes at N/P ratio of 0.5 (n = 5~7). Each mouse
received a dose equivalent to SO pg of plasmid DNA. Naive mice served as a

15 control (n=4).

DETAILED DESCRIPTION OF THE INVENTION
The biodegradable polyphosphoesters of the invention comprise the recurring

monomeric units shown in the Formula I:

\ P \ | )
OR2 0
20

FORMULA I

L

wherein:
R, is a divalent organic moiety that is aliphatic, aromatic or heterocyclic; .
25 R; is alkyl, aryl, heteroaryl, heteroalicyclic, cycloalkyl, aralkyl, or cycloalkylalkyl;

and



functional groups (e.g. primary am no group, secondary am no group,
tertiary amno group and quaternary am no group, etc.); and nis 5to

2000. 5 rt rly preferred polyners according to for i ude
pol yrner ﬁ@f’%gfczgérfml all: FORMJLA 11 10 wherein: R2 is aggéééoﬁg@%n
Fornmula 1; R3 and R4 are independently selected at each occus neaeeo®df R3

and R4 fromthe group consisting of hydrogen, alkyl, cycloal kyl, alkoxy,
aryl, heteroaryl, heteroalicyclic, aralkyl, a steroid derivative; and 15 q

is an integer from about | to.about, 5. Preferr ositively. cha

bi odegr adabl e p8f rﬂffF'é"%Wet(l"éRi’ H\S/eSHP?qB?\tegr‘gﬁﬁ & ga TR p?ﬁ 8'3(%81#9&%?@%#% ex
Wi th negat fyetiohaf FROuPsde @l phidttry Almifd Prag, GetdndadChini®d gfoups tatiagSamino
Preferred biologically active substances include DNA, RNA, proteins, snall
20 ol ecul grot endguaternay amRRIgIoNB, 4t¢-kendx her preferred positively

char geabl e biodeg&gdgﬁ@@ pol ymers of the invention include polyners
capabl e of corrp'l1 19 -60% by wei ght of a negatively charged or neutral
bi ol ogigcal | y active substance such as DNA, RNA, proteins, small nolecule
25 therapeutics, and the |ike. 7 WO 02/092667 PCT/SGDZ@QOOQ 8 June 2006
Furthernore, prfteylady pweferred epalymersr yeauiee 89 ofesgriad HP%‘“g‘bl €S off t he
i nvention i”o%l:ﬁq? pol ynmers havi ng between about 5 and about 2,000 phosphate
groups, nore preferably between about 10 and about 1500 phosphate groups,
-and particulardy preferredyare polyners having between about 20 and 1000
S. 8.0 pre{erred are pol yners having a nol ecul ar wei ght
504, 000, nore preferably having a nol ecul ar

d 200,000, particularly preferable are

i ght of between about 2000

n

FORMULA il

10  wherein:

R, is as defined in Formula I;

R; and R4 are independently selected at each occurrence of Rj and Ry from the
group consisting of hydrogen, alkyl, cycloalkyl, alkoxy, aryl, heteroaryl, heteroalicyclic,
aralkyl, a steroid derivative; and

15 q is an integer from about 1 to about 5.

Preferred positively chargeable biodegradable polymers of the invention are
capable of forming a complex with negatively charged or neutral biologically active
substances. Preferred biologically active substances include DNA, RNA, proteins, small

20  molecule therapeutics, and the like.

Other preferred positively chargeable biodegradable polymers of the invention
include polymers capable of complexing 20-60% by weight of a negatively charged or
neutral biologically active substance such as DNA, RNA, proteins, small molecule

25  therapeutics, and the like.



and 100,000. 10 In additional preferred enbodi nents, positively chargeable
bi odegradabl e polyners of the invention further conprise one or nore

groups that facilitate intracellular or extracellular delivery of a

negat i veV %M266kd or neutral biologically active subst arfﬂ’sc‘éfﬂg?%r red
groups for facilitating intracellular delivery of a biol ogi caiuny 28641 ve
substance include a |ysosonal ytic agent, an anphiphilic peptide, a steroid
derivative, and the like. 15 In preferred enbodi nents, the biodegradable

pol yphosphoester polyners of the invention, including polynmers according

to Fornula | orFuetemmpee, |prefeaed pusstvshpghagpeble peipdegsadable pebmaelatht i on.
20 I'n anot her enbodi nent I i f sef ul
For the BN YR RERaE: tshabS L e ehatn EPALS B30 2o GREZ6NY PhRpRiE ERIRLSE) o
pol ymer of mbgy prefcatily Yetweenfabouh @6 aatdizbddunes@Q phosphatevgnupnand grrembdcht es a
process of making polynmeric 25 coacervates (ﬁ]or dﬁbirqve@% gf bi oact i é‘ﬁ *
macr onol ecplegated) areypalymers chavmechawasimabeut 2¢ and 00 PRATPRUMEPYSs A% cl es
conpri si ng r i I I ' K i

Formil & 1 nHiond YRR g SiRbaRe YERHCTABet! ML 00 IR0,
negat i vel ynobkapgeerabhc having ex uhascflar wsight ad i betwesh estmat 63000hest 280,000,

bi oacti ve substances jn-vivo apd ins;vi.tro. ditionally, .the biogacti

subst ancespatfulady prefeighiecte ipﬁ{g’&‘eé%h?‘f‘% Panolegyiat Jejghy Oﬁﬁ’ﬁ[% °“e%PH§,-?8®1
intracell u%ﬁ{l@mb()ext racel l ul ar manner. 14 8 WD 02/ 092667 PCT/ SG02/ 00090 8

June 2006 I'n a $till further enbodi ment, the invention contenplates a
process for preparing biodegradabl e pol yphosphoesters, which conprises a

step of,reacting a_ ppl r_shown i a |l ' I 2f%)g]@n N
and R {Q s as de n%‘gﬁﬁ'%gﬁopwgq”ggl Fﬁ‘v‘&"g %éﬁﬁg’alpé%hgfl\og%hg\%g%%{e aﬁgg%%?g £
structure asiyRREHf mbanehtiorRRirther @niprse oae vt mohepmupathal facilasenneddeliylat i c,
cycl oal kyl,; aralk or cycl oal kyl al kyl wherein eaclg)iocc_urrence of i

| R2
substi t ut edr mtmeﬁuiﬁred@ivemb@%a pegatiy F&é‘f?‘?" 28t 8F e ?lﬂﬁ'ﬁfli%?féﬂvegﬁ“éﬂﬁ%‘“!e? e.g.
primary a;‘lpge%:;ﬂ%oo g{()%lﬁsp ?&g@gﬂ?ﬁﬁ%gqmr&%llﬂﬁp HBtivdr§ o 1a35i%102M0all§ a8fi AL BuRBAce

quat er nar

include a lysosomalytic agent, an amphiphilic peptide, a steroid derivative, and the like.

15
In preferred embodiments, the biodegradable polyphosphoester polymers of the
invention, including polymers according to Formula I or Formula II, are biocompatible
before and upon degradation.
20 In another embodiment, the invention features a coacervate system useful for the

delivery of bioactive macromolecules comprising the biodegradable polymer of Formula

L

In a further embodiment, the invention contemplates a process of making polymeric

25  coacervates for delivery of bioactive macromolecules.

In yet another embodiment, the invention comprises articles comprising one or several

different polymers with structures shown in Formula [ and bioactive substanccs, e.g.
nucleic acids and other negatively charged macromolecules for sustained release of these

30 bioactive substances in-vivo and in-vitro. Additionally, the bioactive substances can be

released in a controlled, sustained manner either an intracellular and extracellular manner.



10 FORMULA Il In specific enbodi nents, one or nore charged groups present
in R2 are capable of reacting with a P-hal ogen bond. Preferably, reactive
char ged e protected using 15 standard organic c ) ot ecting
group téghﬁgﬁﬁﬁgf The protected al cohol, R2ZOH, is then Bﬁg%ig@%%ﬁph t he
polymer of Forrmula Ill. In particularly preferred enbodi mentsjune et i ve
charged groups include primary or secondary am ne groups. The bi odegradabl e
pol yrmeric system described in the present invention achieves 20 sustained
and | ocalized delivery of one or nore therapeutic agents to a designated

bi ol ogical tissue or site in a patient. In particular, the polyneric system
of the iny 3 AR CYfiSodtMERC tHE And&ilidnOEsH bmBRedCh | BBESs Ofor QftepRingTOr €
genes in skeletal nuscles or intradermally and achieve a hi gher gene
transfer dfibdagraiablegolyhasphotsters, whigheothpeists a/gep of rpetingnspelimeeshiown iinder

i nvestigatjion. 25 The polypho ate_camni.er the or -0V '

t ypi cal Igy ‘l'c.ﬂ‘f"é'tla ﬁhé’n?eé‘?'f‘ﬁ%@ﬁggg%ﬁ?gé{éégg\%g?ﬁ%etdhlgrlp%r?‘%gag%r\@gjagrptgicgg?lri ers
descri ied miﬁg;@gédemrs&wa@_@rldzma,t\emrsi:n ROsQRLAIRHE hielRBShBAREGARGR1IE June
2006 The pol yphosphate carriers of the present |nvent|?n are nore gft|C|ent
at bi ndi ngcycfo@“thcardkzzl erceyslpalioyipliorloviareia each ogaesnsg of Koty subsbityed Withe g

herei n have hi gher ml e r i : h bi agiahl e riers
and a rel a?qevg?ymﬂlregWoéﬁg%lgec}ba\ggééalg y,fhﬁﬁﬁgﬁpﬁ% gs@t’% gﬁgﬁ%reasedg‘g di ng
capacity tgcehdsyhdinodoup, titiggadnOpdubiandiqnatemapearning gioupesiel)t s i n
i ncreased nucleic acid |loading | evels for the pol yphosphate carriers

provided herein. Conpared to the PLGA mcroparticle systens reported in
the literatu , the coagervate system provided by the present invention

i s capable- ch higher \oading |levels of nucleic acids (in a range of
20 to 60% |E1c-|)rrpared with less than 1% for the mcroparticle systens
reported in Iit};*&t{re > This is particularly beneficial when a 10
hi gher dos i'ni str&’ijon i s needed. The structures of the

pol yphosphate arriers of {he present invention can be nodified to have
vari ab{r@ chaXxge groups wt i fferent pKb, different charge density,

nol ecul ar wei ght hi/drophi li'city/ hydrophobicity bal ance to optim ze the
degr adat i oﬁoﬂgﬂ@tf‘“[

In specific embodiments, one or more charged groups present in R; are capable of

reacting with a P-halogen bond. Preferably, reactive charged groups are protected using

15  standard organic chemistry protecting group techniques. The protected alcohol, R,0H, is
then reacted with the polymer of Formula IIl. In particularly preferred embodiments,

reactive charged groups include primary or secondary amine groups.

The biodegradable polymeric system described in the present invention achieves

20 sustained and localized delivery of one or more therapeutic agents to a designated
biological tissue or site in a patient. In particular, the polymeric system of the invention
achieves sustained and localized delivery of one or more genes in skeletal muscles or
intradermally and achicve a higher gene transfer cfficiencies than other plasmid delivery

systems currently under investigation.

The polyphosphate carriers of the present invention typically offer the following

advantages over other biodegradable carriers described in the literature and patents:



15 of the polyners, nucleic acid release rates fromthe systens and
transfeclion activity of the polwne-s. Sustained release of plasmd DNA is
achieved either jn an eviracellular or intracellular man e

i ntracel M 05’a%‘#"ivery and sustai ned rel ease of nucleic a@?fg, ﬂgm&b
Tysosomal ytic agent, e.g. an anphiphilic peptide, could be connhegeded to
the carriers to enhance the |ysosonal escape after cell uptake. A
lipophilic noiety, e.g. a group bearing 20 chol esterol structural or lipid,
coul d be conjugated to . the carrier A6 adeHhGeagtidion Radings
coacer vat es and ﬁ?hwgﬂﬁﬁﬁ éﬁpﬁ%?éfﬁ%éﬁgggpﬁﬁ?ﬁ$§‘%gﬂf Gpt ake. A nucteus

| ocal i zat i Qe nadleieatids el probsing: dnjgegahle golymetshmovided harem ttaye higheet inoktcelar he
nucl eus translocation. 25 Polyphosphate pol yma{?gag{y t eci nvent i r.e

bi odegr adabyeghtdhatmes (ofhes biodsgipdable crig and|are HRESC AP Uy gD o g

by at |east,_on E'Mﬂﬁ | qnéieasc@MIN ARSI it

degr adat i or{?a%lgg? 5@#@%&%&@@@@%@%@93@ t emi %I\i%n? inor?aszfre bi oéqrrggatc ?‘)t)zjc:ay

bef or e, 5durredigts df dncréBedmuekichacid dopdangalevals foBhe dedyphdapliath csrieeskriovided
products are typically pon-toxjc. The pol.yphosphorani dat e I I fathe

i nventi on dreeein-e<omeRArest Gxithe EL]&'@ El_l?fg)gi}fhée ¥ mﬁr{apqrg% mP%/ %‘%880@ 8
June 2006 14 bt ke predenP invetinN e Gipableefafiindhighart loagiaky ner
of Formul a 4099%2%@5%@@??’36% éggﬁ%gﬁt&e&l, 21“ reopl)aned(ighfgl and et hangF%m' ne. gThe
‘cyt ot oxi ci tiyvelsshpuclauggeds (in arangerafl 20 6x68Y4 vs eprapared cithatesuthan t!vo den the £ or

24 hours at a concentration i gher, than, 5 / . t
sui tabl e f JPICHRTHGE fﬁée“i‘%%’ﬂiqf(gw %Jnﬁrgtu&%gi ?Iﬂégl P %élgg%yﬁ%gégﬂg @g?n fror e

speci f iy | | gaRg oSO ddaahiedatich it Reedsiide chain or as a side chain group to .,
enhanceé the°cellul ar uptake of one or nore bioactive nol ecules (nucleic &
acids and proteins) dispersed in carrier polyner and/or achieve
tissuelcell specific delijvery,of ¢t ' j 3P 152 HERentPR YRGS RRA RS
suitable for usehi‘%swcemr?%t(ﬁotgg %%lﬂ}%ﬁgdh%?egtgléﬁétﬁrsi nvent Poneri] ncl ude any and
al | differ epbdigiecdab hapeinaribislo rohage apoupsi withrdifferoft piib, diffenent ehargendansity,The

term isomer is intended to include diastereoisoners,.enantioners,.
r egi ot somer wolesulapweighty hydrophilicity/hydropho lCltyebaHance fo optimize ﬂw (Begrafduon rate

15  of the polymers, nucleic acid release rates from the systeins and transfection activity of

the polymers. Sustained release of plasmid DNA is achieved either in an extracellular or
intracellular manner. For the intracellular delivery and sustained release of nucleic acids,
a lysosomalytic agent, e.g. an amphiphilic peptide, could be conjugated to the carriers to
enhance the lysosomal escape after cell uptake. A lipophilic moiety, €.g. a group bearing
20  cholesterol structural or lipid, could be conjugated to the carriers to enhance the
interaction between coacervates and cell membrane therefore facilitate cell uptake. A

nucleus localization signal could be conjugated to the carriers to facilitate the nucleus

translocation.

25 Polyphosphate polymers of the invention are biodegradable, such polymers have a

cleavable backbone, which is cleaved by at least onc pathway selected from hydrolystic or

enzymatic degradation.

Polyphosphate polymers of the invention are biocompatible before, during and
30 after biodcgradation. Biodegradation breakdown products are typically non-toxic. The

polyphosphoramidate polymers of the invention are less cytotoxic poly-L-lysine, PEI and
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_A5geonet 82-rot"ati onal isonmers, tautoners, and the |ike. For conpounds

wHi ch contain one or nore stereogenic centers, e.g., chiral COEEJWOP%
* methods of the invention nmay be carried out with a enantionerically
enriched conmpound, a racenmate, or a mxture of diastereoners. Preferred
‘enantionerically enriched conpounds have an enantioneric excras20ds 50% or
nore, nore preferably the conpound has anenantioneric excess of 20 60%
70a/ a; 809% 90% 95% 98% or 99a/a or nore. . Pol yphosphates suitable for
use in the nethods of the present invention include any and all nol ecul ar

wei ght distribution profiles, [.e., poly Y&i@ne r & Fainuldb &t ween
| and about lipeomepsampoFiHPR 1 Y- ViR ,on%ror{m‘éggl?méen“ab%ﬂ. 2 .and about |0.

25 Moreover, pho £ eng-gtbpinadiol nudnethawlamine AhpAUIRPEr SRy | ndex
deREtPROPHAGRELE 1 B0

of between _ b .As_al so.di sgusse QNCat 4 YodceatkatidHbj ect s
for adnini stsngektsmihmaédeﬁﬁ'&éﬂ’@%“\M‘T‘H““"fl’f’é’ﬂi Cnc\i}sen 5 g?\qgre Tamml s, such as

pri mates, especiall unpns. 30 -11 300714 AVENDED SHEET | PFAI AU WO
02/ 092667 P@Wi@tg‘??ém June 2006 Bi odegradabl e polyners differ from

non- bi odegr adabl e polymers in that they can be degraded during in vivo
therapy. This generally involves breakimng: dowi.the feahddiBEd tol ddipribd cne
mononeri ¢ subuni tPé’.‘YPF‘?FPB?tFﬁﬂ“ﬁﬁS,fmt‘ﬁgldu(ggl mat enhrghc?r ol ytic breakdown
products of Orqﬁ{,]r)g Slifiahadédjidpated s theisidetchain weahd side ghaip BEOUR R ce

i nvention shoul'd be 5 biocgnpatible, non-toxi I Gt Gtelnspm a
patient's bothy.celiiaewptake ©f @ne joF BORHYPACHEC oﬁﬁaﬁgr(ﬁ%%ﬁ% éﬁﬁ%t s olfﬂ ¢ hep
hydr ol ysi s have, di PLAARG chiBFe tisEae/Gell specific delivgy of theebioactive

bi odegradablng-é’b%\feérf%r i ﬁféﬁglté\g for inplantation or injection, even one
synt hesi 3@d tapen apparent!|y innocuous nononeric structures, is typically
detgrmned after one or nore toxicity analyses. 10 The bi odegradabl e

pol ymer of the invention is preferably sufficiently pure to be

Polyphosphates suitable for use in the methods of the present invention include
any and all different single pure isomers and mixtures of two or more isomers. The term
isomer is intended to include diastereoisomers, enantiomers, regiotsomers, structural

15 isomers, rotational isomers, tautomers, and the like. For compounds which contain ane
.or more stercogcnic centers, €.g., chiral compounds, the methods of the invention may be
carried out with a enantiomerically enriched compound, a racemate, or a mixture of
diastereomers. Preferred enantiomerically enriched compounds have an enantiomeric

1 ic excess of
excess of 50% or more, more preferably the compound has an enantiomeric ex _

20  60%, 70%, 80%, 90%, 95%, 98%, or 99% or more. .

Polyphosphates suitable for use in the methods of the present invention include
any and all molecular weight distribution profiles, i.e., polymers having a M,,, or M, of
beMeen 1 and about 50, more typically a My, or M, between about 1.2 and about 10.

25  Moreover, polyphosphoesters of the invention have a polydispersity index of between
about 1 and about 5.

As also discussed above, typical subjects for administration in accordance with
the invention are mammals, such as primates, especially humans.

30
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bi oconpatible itself and renmai ns bi oconpati bl e upon bi odegradati on.
"Bi oconpatible" is defined to nean that the biodegradation products and/or

t he pol yper i f are nontoxic and result in only mni i
el piohdee FOUSGERRY .

imtatio stilled in the bladder or Transported or

localized to other tissues within a patient. It will be apprewhavess t hat
the actual preferred anmounts of therapeutic agent or other conponent used
in a given conposition will vary according to the therapeutic agent being

utilized including th ol yner q{ql“) . , RP@aChey can

appl i cation, tﬁélogggrﬁtgqb?q %%Y@Frsyft%é 0 ggl?ng)hl s rag%@gﬁ,o i)glfec. ti e

admi ni stragd @éﬁr&&ﬁ%ﬁriﬁ%fn v@iheQpy ITIis gamraltyf invalyes bieskingdown thapolywer eadi | y
ascertained by those skilled in the ar Ufing ﬁ&ngti onal dosa(ﬂle sof

det er mi nat intmit menemetimhenbuniés W\PE‘W‘P'@Q‘&F& tirgate hydrobytic I POy R IRTYCY.  As
used herein, "al kyl" is in ' n soGfd it - chai n and
cyclic 25P§§Fﬁ§§¥§@‘%?°.‘b‘ﬁaﬁqggﬂ‘f rgggfhﬂéﬁﬁgﬁﬁggg?ﬁél udi ng al kyl ene,

havi ng ¢ hepppaapititts nbrihee and ety booretad frosn a patient’s bedyf Hawryar, thacl ude, but |
are not limted to, nethyl, efh

r . [ | ,..n- prapyl . i-pro - but v utyl,
-butyl, ningemegial %lree@ﬂfﬁfﬂtv% %‘Wﬂféig%ﬁ?ﬂpﬁ%gﬁfqﬁ@ﬁzt i out 16
carpbon at ops. %’nié?i}u fOF 1 a injdtic@relvemonat ons.
Preferred a "cyl roftl?)[’)bg(j’%?ea )C‘:?IBZ al kylngroupls,prmre,pre_f erred are

'Cl. 12- al kykymheizZ30 fiém &ppatckily impoouqss. MERRRFICatTugYsese feyPical LS ’gMiBsbups ar e
nmet hyl , et hg{l, and roFyl.. WD 02/ 092667 PCT/ SG02/ 00090 8 June 2006 As used
herein, "heheragogiore [CGityABAM3S t o i ncl ude branched, straight-chain and
cycli ci§aturat ed aliphatic hydrocarbon groups including al kylene, having
the specified nunber of carbon atons and at | east R%Eg t}_gt.er at om .9 N,)
0 or S. Het er oalThybiagegragable pplymer githe iveption {sPrpistaRbeH IHBIGRYY BU S0 PGbout
20 carbon atonms a bqut | tao. f gl npAabtis | to
about 12 cg’l“{f(‘?ﬂ‘pé{g@ﬁilsgﬁﬂ‘darﬁg‘&fn%f%?#tgnﬁggg{éqﬁ)%h%Z(%ée}rg%g? gérsrrg q;lé?(tél%‘ erred

het er oal kyljefih@RSnéanchaldie: Bibéegiadationproglugsengbr thier pflpneeitsel farkpontpxie

groups include those groups having.one oy nore.thiqether . lin from
| to aboutandZesulrimonlyamipimal “ﬁﬂ#eé”ﬂf‘téqrb‘ﬁéﬁ} V‘S%‘P‘b%“ﬁﬁ? EE‘QB ru(fr%%ggﬁaorr%g%r

atons, .and still abl%s Vi@ dpitengtbout 6 carbon atoms. Alylthio
groupslﬁavi lbeq','seg? aﬁ,zedgt:()% car 0?1 io atgms are particularly preferred.

Prefered al kyl sul finyl groups include those groups having one or nore
From 1 to about TevekpoorPrertbinaLie 8er refitied PpRaRe i EfRten Bt SeeREFLDO0L &
other component used in a given composition will vary according to the therapeutic agent
being utilized including the polymer system being employed, the mode of application, the
20  particular site of administration, etc. Optimal administration rates for a given protocol of
administration can be readily ascertained by those skilled in the art using conventional : )

dosage determination tests conducted with regard to the foregoing guidelines.

As used herein, "alkyl" is intended to include branched, straight-chain and cyclic
25  saturated aliphatic hydrocarbon groups including alkylene, having the specified number
of carbon atoms. Examples of alkyl include, but are not limited to, methyl, ethyl, n-
propyl, i-propyl, n-butyl, s-butyl, t-butyl, n-pentyl, and s-pentyl. Alkyl groups typically
have 1 to about 16 carbon atoms, more typically 1 to about 20 or 1 to about 12 carbon
atoms. Preferred alkyl groups are C;-Cy alkyl groups, more preferred are Cy.2-alkyl and

30 C,s-alkyl groups. Especially preferred alkyl groups are methyl, ethyl, and propyl.
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carbon atons. Al kylsulfinyl groups having 1, 2, 3, or 4 carbon atons are
particularly preferred. Preferred al kyl sul fonyl groups include those
groups havi ng one or nore 15 sul fonyl (SO2) groups and from t g about 12
carbon at9f %t e preferably froml to about 8 carbon (o) z’é{?ﬂ?‘)stl |
nor e preferably froml to about 6 carbon atons. Alyl sulfondeugéQucms havi ng
I, 2, 3, or 4 carbon atons are particularly preferred. Preferred

am noal kyl groups include those groups having one or nore primary,

secondary and/o rtiarya.a uy . b

at ons, nore pre‘é‘ﬁr‘%{% Rerqipo e rc{agcygoﬂ @ (E%ggé'g({l %Qntlmﬁcq‘ea S?Hr‘ﬁlj'}g?:ﬁﬁflp

pr ef erabl YC)fch@HAtﬁraiéa AipAbic I@ydi@daﬂﬂiﬁ @b@yssincluditigtiglidae] hayimgihs speviigdg 1 2
3, or 4 carbon atonms are particularly preferred. As used herei

" het er oal keynpber of sarbpm ateerscand @t l%l%ﬁé‘eﬁf%%‘ﬂe%% 5 p$r®tHaﬁaﬁﬂy' &i¥PEyclic
- saturated gyl RRRLIS VUG ALLRBO] rgp&dupﬁbu%ﬂﬂa%hﬁwlaﬁﬂﬁltB%}Sbﬁ'&}theO%

speci fied A car Lo an gast one heteroatom e N,
S. Het.‘FrOaét&eﬂmhsgp:@w&lwabduttlyp|ab¢altl1)2 dachom dparhsvarehataioblito dboand about 20

Shout 13 chReORORsoRECtaEt BHSRRRYI PSRRI BBl aPit BHE BraPer eq
het er oal ke?ﬂ(glélg{) %P(R@s HMud&ﬁ%&&%ﬁﬂglﬂaomgQﬁ\e% 9169& thloéﬂi&flﬁkﬁﬁk‘d afd ohi hi o

groups inc groups I ng one or nore thiocther |inkages 30 and
from!| to whbout I2cabobatomas moe, prnbraél)pfremelr alsbyutt § earbon ate tstif reerebon

A keny! t i gl SoRL 1port 6 4pbnelogs, Bed ek e Bedood B T ibena006 2.

3, or fgcanBARr akd ﬁrmcuermy prfdricau ipasttied an@a‘l@nm.qd grdips et thoseqrpytpsul f i nyl
groups i ncl ude ose groups having one or nore sul foxide (SO groups and

from!| to hiboug onlezoroamwcsnl oxide (%0) grours Hdefren dp pbeytd qarkas AHB/IMBE car bon

ij Egﬁw 23?\978&' lglﬁ%ﬂbﬁ%g?ﬂuﬁlg%, OE af?)gﬂ,.s}grrl& %llgg{rat%%'@at ongﬂglrngit r%g‘rlgt? cularly

preferred. b6k Qtrohfsd Aakyq&nﬁhﬁltgrémyiavgngduaﬁimdlaadEntdmmealgranmslalnlyw ng one
or nore sul fonyl grou s and from|l gbout 12 car bon atons, nore
pref er abl y preferpg: 1Pf?f6"8 aliy!s Blf%@f‘lgﬁ’r\‘l’af'lfrlr‘éd“ Pt BLP¥RS hayiBs@nE PEMEF LI y f r om

to abput (Geg Sviet]%g'ﬁ) BHAE and ﬁ‘ohlei“?d &'dhﬂ‘ Pi‘b!;lrb&{ R6RS, haw ;ngfeilablnym:{% 1@ 4

car bon atons a y preterred Preferred am noal kenyl groups
i ncl ude t habautGreadps deas,pgd stikk nore nwfﬂatpimfwm Y to a@us 6 catbdaptpmsnd/ or

tertiary amlasu] onyvgroupéi z(xjvnfl : ?,rﬁ,% (t)r04 9at380n atoms%zrier ;?z?rp Clﬂar?y pl’efcrrc{i.e Preferred

aminoalkyl groups include those groups having one or more primary, secondary and/or
tertiary amine groups, and from | to about 12 carbon atoms, more preferably from 1 to
20  about 8 carbon atoms, and still more preferably from 1 to about 6 carbon atoms.

Aminoalkyl groups having 1, 2, 3, or 4 carbon atoms are particularly preferred.

As used herein, "heteroalkenyl" is intended to include branched, straight-chain
and cyclic saturated aliphatic hydrocarbon groups including alkenylene, having the
25  specified number of carbon atoms and at least one heteroatom, e.g., N, OorS.
Heteroalkeny! groups will typically have between about 1 and about 20 carbon atoms and
about 1 to about 8 heteroatoms, preferably about 1 to about 12 carbon atoms and about 1
to about 4 heteroatoms. Preferred heteroalkenyl groups include the following groups.
Preferred alkylthio groups include thosc groups having one or more thiocther linkages
30 and from | to about 12 carbon atoms, more preferably from 1 to about 8 carbon atoms,

and still more preferably from 1 to about 6 carbon atoms. Alkenylthio groups having 1,
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preferably from1l to about 8 carbon atons, and still nore preferably froml
to about 6 carbon atons. Am noal kenyl groups having 1, 2, 3, or 4 carbon
atons are particularly preferred. 15 As used herein, "heteroal kynyl" is

i nt endedM®0%/Me¢qide branched, straight-chain and cyclic %%T’W‘éﬁ%

‘al i phatic hydrocarbon groups including al kynyl ene, having theunspead fi ed
nunber of carbon atons and at | east one heteroatom e.g., N, 0 or S
Het er oal kynyl groups will typically have between about | and about 20

Cout 12 car boR desan iams assRTCN sl ROt oAk R DY efig lnuds”
het er oal ky Pﬁ({éjg g{(ﬁ%Qﬁa\hHg bHI8: hbg fubkiav{$) Sroaptmd frdth ¢fieabad 131dspayl t hi o

groups inc se groups having one or nore thioether |inkages and from
| to about afb?hs;ardeprefiratiy fromot & ghouf 8carbpy atomsnand stidl ragrswprelgrablir i lat ons,

and still nore preferably fr | tq-ahout n L.O

groups hav F%@b%? 6 cg:?blog,at%ps. d&)@ﬁ?)ﬂﬁ'ﬂﬁgﬁ&%“pgrh éﬁég?t %’% ?g& F?/&Iglﬁé%%%g .

Pref er egl a?)K&i&Miamlﬂréfe&kd.gmmdlancehudﬂf&ﬁyl gfoapeingluds issk gutupg havieg one nor e
sul foxide (SO groups and froml to about 12 carbon atons, nore 8{ef erably °

from| to apoere sulfmybSOAEwes avth oyl tojabavl 12 GIrRonatoBt. yere BHiferablyy about
6 carbon atonms, Al kynyl sul fi A . ns
are parti fom ) |u§, a%«?’ué caH)o(r]; a(%!gségﬁﬁ) Hﬂ?mgﬁﬁx@gzlrésb&)r from?’l toQbott & BANaBhR!

erred. erred al keny onyl groups include those
:groups havigigeiulfody] grotigs lawldgan 2| 3,(cS@prtgnaupss amgpafticolarly prafemtbut 12
carbon atons, nore preterably 30 from | to about.8 carbon atons, and still

more pr ef erPapfesred pwinonlkeaylgsons includg hese SrowpRhaving 906 o0 MOge PREYY: gr oups
having, 4, i ' P &dr6s §8ms; rhéreNO

021 003887 meseeltiiaPan HNAEyERS RE okt Ligtok B it S GrUpS | ncl ua)
those groupsefeabilyffomrictoaibourns erlpor atemy,,and stlf orde piefeaally fiom btq abauy6ani ne ™
groups, and from1 to,ahout, 12 carbqn at , o NOre r l, to
about 8 carBHIPNAIRE, AHHBO@W"V‘ Bt ﬁﬁ?@‘%?"@folg?a%l S 4fcra(r)bﬁ°1n?a];(§](rl)sa§%§3{dcg mrlcy ar bon
atons. Am noatkygyl groups having 1, 2, 3, or 4 carbon atons are

particularl'y 5 preferred. As used herein, "cycloalkyl" is intended to
I ncl ude saturated ring groups, having the specified nunber of carbon

B AR UL ORR e B

and cyclic saturated aliphatic hydrocarbon groups including alkynylene, having the
specified number of carbon atoms and at least one heteroatom, e.g., N, O or S.
Heteroalkynyl groups will typically have between about 1 and about 20 carbon atoms and
about 1 to about 8 heteroatoms, preferably about 1 to about 12 carbon atoms and about 1

20  to about 4 heteroatoms. Preferred heteroalkynyl groups include the following groups.
Preferred alkynylthio groups include those groups having one or more thioether linkages -
and from 1 to about 12 carbon atoms, more preferably from 1 to about 8 carbon atoms,
and still more preferably from 1 to about 6 carbon atoms. Alkynylthio groups having 1,
2, 3, or 4 carbon atoms are particularly preferred. Prefered alkynylsulfinyl groups include

25  those groups having one or more sulfoxide (SO) groups and from | to about 12 carbon
atoms, more preferably from 1 to about 8 carbon atoms, and still more preferably from 1
to about 6 carbon atoms. Alkynylsulfinyl groups having 1, 2, 3, or 4 carbon atoms are
particularly preferred. Prefcrred alkynylsulfonyl groups include those groups having one
or more sulfonyl (SO;) groups and from 1 to about 12 carbon atoms, more preferably

30 from 1 to about 8 carbon atoms, and still more preferably from 1 to about 6 carbon atoms.

Alkynylsulfonyl groups having 1, 2, 3, or 4 carbon atoms are particularly prefcrred.
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10 In the term"(C3.6 cycloalkyl)Cl -4 alkyl", as defined above, the point
of attachnment is on the alkyl group. This term enconpasses, but is not

limted ‘R,B,m;g?%kppropyl nmet hyl, cycl ohexyl met hyl, cycl Oh?ﬁﬁs@&@%b%t 15 As

used here, enyl"” is intended to include hydrocarbon rai ght,
‘cyclic or branched configuration, including al kenyl ene, and @©fige @bog10r €
unsaturated carbon-carbon bonds which may occur in any stable point along
the chain, such as ethenyl and propenyl. Al kenyl groups typically will have

2 to about . ' gﬁoq% atonms. 20
As used hel;réléﬁr,%gﬁgnfr&?ﬁ{yﬁpp & ggl?s;\' %lﬁg%gllogﬁér#)ﬁ%ﬁagg‘ y ;Hcr)gior% %gﬁﬁ‘?ﬁgl ns of
strai ght, se€yaiycandforhéréiagimtine groupgundioon] td abouutl cgben dymg) moe, and one
or nore triple carbon-carbon bonds whi cg nﬁy occur, i ?n}/rbﬁt aq{e goi nt

al ong t he Ri&rably SemH taabautf sarbon alpgys,3nd sl wore N“'@Fﬁ@y wRbLsaRahPcal |y

w || have t YO \Ae{EToF=\ 12
carbon at o%é&o%ﬁzaﬁge‘éaﬁ%@g{ﬁ?pgﬁg‘ oal f(rﬁq' 9|’ g’a)irtr‘]‘tdeaﬁg@ddt%gg?gﬁ%Iaﬁ%gwlglgt h
branch&d gurdferrsd.r ai ght - chai n saturated aliphatic hydrocarbon groups having

t he specified nunber of carbon atons, substituted with 1 or nore hal ogen
(for exanple -C'Fw where v =1 to 3 30 and w =1 to (2v+1l). Exanples of

hal oal kyl i ncl Uﬂ?use@q{eréi‘ﬁ,e‘c?&balk*l”ristiﬁ@nd&,to ifidlidd saqirae@tify kroups, having
trichloronmethyl, pentafluoroethyl, and pentachl oroeth ical -15 WO

. T
-02/ 092667 RETHSEZ/ 00080 oBcartmaatgme&unlaawcmnror@/ﬂ,wﬁl@gm, Pg'/qqawt)ﬂ, ? about
16 b t typically. |. - As d
o o1 . gy Safioali] ERlnY upichly BPhve Yro BRI ERERBers T UORT

i ndi caged number of carbon atons attached through an oxygen bri dge.

- Exanpl es of al koxg i nclude, but are not limted to, nethoxy, ethoxy,

n- propoxy, i - priogbsiemi(Gus eelealkyDCurbad; a3 defined aioven sty o) attashment oxy |
3- pentoxy,_ | to 0 3 Yis notdih YeycRipl&ayd¥nyAnd

3- et hyl peiﬁtogiﬁgﬁg\yll%%lgp'g?@ggés;%t%%?%g?spg &e(ltvlséml) 'Eoﬁa oh%yclg car bto?ll’at ons,
mor e typi ceydighekylhmetinihaytiohexydmethgh at ons.

15 As used here, "alkenyl" is intended to include hydrocarbon chains of straight,
cyclic or branched configuration, including alkenylene, and one or more unsaturated
carbon-carbon bonds which may occur in any stable point along the chain, such as ethenyl
and propenyl. Alkenyl groups typically will have 2 to about 12 carbon atoms, more
typically 2 to about 12 carbon atoms.

20

As used herein, "alkynyl" is intended to include hydrocarbon chains of straight,
éyclic or branched configuration, including alkynylene, and one or more triple
carbon-carbon-bonds which may occur in any stable point along the chain, such as ethynyl
and propynyl. Alkynyl groups typically will have 2 to about 20 carbon atoms, more

25  typically 2 to about 12 carbon atoms.

As used herein, "haloalkyl" is intended to include both branched and
straight-chain saturated aliphatic hydrocarbon groups having the specified number of
carbon atoms, substituted with 1 or more halogen (for example -C,Fw wherc v=11to 3

30 and w =1 to (2v+1). Examples of haloalky! include, but are not limited to,

trifluoromethyl, trichloromethyl, pentafluoroethyl, and pentachloroethyl. Typical

-15 -



10 "Prodrugs" are intended to include any coval ently bonded carriers which

rel ease the active parent drug according to fornmula I in vivo when such
prodrug &3 A ¥stered to a mamualian subject. Prodrugs@Efscufogssaound are
pr epar ed by nD ying functional groups present in the drug conpound in

‘such a way that the nodifications are cleaved, 15 either i adbose
mani pul ation or in vivo, to the parent corrpound. Conbi nati ons of

substituents and/or variables are permissible only if such conbinations

result in shahl é?&UEEQHﬂ%ve Prositpll B BV BEhsOmod tgpicallt taiatiout ¢2i s meant
toinmply a con‘pﬁ nd that is sufficiently robust to survive isolation to a

useful degecaslonofto®®. purity froma reaction mxture, and formulation into an
refers

effective therapeutic agent. 25 As used herein, the term"aliphatic"
to a linear, branched, cyclic al kane, alkene, or alkyne. Preferred

al i phatic groupag hghdtmee[ﬁoiabk()nyro&pfwaﬂﬁ e alkot groupl ey defoled mbove wfth thee

invention are |linear or branched and have from !l to ﬁo ca bon . As
used héb ei indicated nugber obgaghon qt@?é?%acbﬁf‘ %O‘éﬁbs"é't%)'&?'b ”@%Fc P‘EmB gf]
conpound th any J r -bateyt 5- 18
aromatic rf ﬁxya‘["SH’é ebéﬁé} %?ﬁ \{\438 out mﬁ%%@@%ﬂé’g& 02/ 092667

PCT/ SG02/ 09G40, Lb6xy Qo&nmymmthw, & pentokg nso@cnmxnmeep@ugw, inchexpEY.er s

to a saturated or unsaturated r nmp nd havi n ot her
‘than car boR-Hexoxé-hexpy. andp- %%iéﬂg?ﬂéoxym@ éggrou%g%cg y Javd P[P8 2t

pol ymer s o

Igt?aeomgen.u RAfy Vol 1£8abacheiiszed by a rel ease rate of
t he therapeu C agen VI vo that is controlled at least in part as a

functiop of hydrolysis of the phosphoester bond of the polyner during

e, L i AT P

conj ugated to ther hram te repeat unit to

i mpor tant. e of a bi odegradabl e polyper in vivo al ends upon
i ts nol ecult@a manengimn, SUbjleyls Peadrugsiof ¢ compeuidHr Pfqpﬁ‘redﬁi’d“‘t"?\‘gv‘ 'ba}]l
cross-linkin eneral , the t. t I nel tc'l'@a i gher
t he degree & IS By ,pyessggit s qmg “% ﬁ% 'SE?Céla{]g?m}hg&u rRdi e v'

15 either in routine mampulatlon or in vivo, to the parent compound.

Combinations of substituents and/or variables are permissible only if such

Efayb

rma
pendant dr 'r'l%h&ﬁlvb}ﬁ%ﬂt i Ta&'ﬁ}dlﬁg'fd fdfhuladtiheso Waehsnsh prbﬂnfgne adihggstered

combinations result in stable compounds. A stable compound or stable structure is meant

to imply a compound that is sufficiently robust to survive isolation to a useful degree of

20  purity from a reaction mixture, and formulation into an effective therapeutic agent.

As used herein, the term "aliphatic" refers to a linear, branched, cyclic alkane,

alkene, or alkyne. Preferred aliphatic groups in the poly(phosphoester-co-amide) polymer

of the invention are linear or branched and have from 1 to 20 carbon atoms.

As used herein, the term “aryl"” refers to an unsaturated cyclic carbon compound

with 4n+2 electrons where n is a non-negative integer, about 5-18 aromatic ring aloms

and about 1 to about 3 aromatic rings.
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15 biostability, the slower biodegradation will be. The therapeutic agent

of the invention can vary widely with the purpose for the conposition. The
agnet (s) escribed as a single entity or a conbi ngti ntities.
The del in’?@?"’g@‘Q?em is designed to be used with ther apeuﬁ)itdg%%?(?shavi ng
‘high 20 water-solubility as well as with those having | ow wad Rihe 300a1bi ity
to produce a delivery systemthat has controlled release rates. The terns
"therapeutic agent" and "biologically active substance" include w thout

i mtation medheaeleleintht i hetoMIEh! referd 0R SHRFALS or HHURFABE ARg US e
for the treatnent, prevention, diagnosis, cure or mtigation o I 8ease or
i1l ness; ocomphaiddneag onbbemosd dtems ottiee tismroadtonrie therrifg,) fatdxemplef nittogedody;
or 25 pro-drugs, which becone biologically active or nore active after they
have been pr¥E8@rsfurg predet er i ned physi ol ogi cal environment .
Non-limting exanples of useful therapeutic agents and biologically active
subst ances include the foll ow ng expanded t herapeutic categories: anabolic
agent s, 530 ant adhelpolyaetsi ofalt mvedtian angusitally characteniesl ysa eeleaberatecofthel
anti-lipid agents, anti-.coagul ant nti -convu | nts, anti-diarrheals,
anti - enot | LEroRaiR afthl v BobidRpGondtiesst BB 42788 B P B 00000 8
June 2006 iy JHagpReREYbHATS pafther diRiNgbiddRidatioR M dditieHAsganE S,

anti-neopl astic agents, anti- obesity agents, anti-pyretic and anal gesic
‘agent s, antherapsutieregtnttochgaraleasedamay ba eangiggindte th ainof e - urijcem c

S ppr obsanpboBris e PR i Bbir LA e Al WS S FRR o

decongegt antsalsdlimportatcs, 5 di agnostic agents, erythropoietic agents,
.expectorants, gastrointestinal sedatives, hyperglycem c agents, hypnotics,
‘hypogl ycem ¢ agents, ion exchange resins, |axatives, mneral supplenents,

nucol ytic agent sy, Wa?é’&%ﬁ&égrﬁfabwr#gﬁncrgﬁr\ﬁimﬁ'ﬁg@hep\éﬂ&p@ddnqrs%&ecular

psychotropics, sedat i ves, stimulants, thyroid and anti-thyroid agents,
ut eri ne relveeiging aystallinitygiviasgabiléptangaie degreet efrdredsdjnkangl ipgogralgbe gredter

Subst ances, e FoeulStygiaR fhrar DR oetse FAERHEDABB) BedriGuh o nel ude:
(a) anyk- nepEkasthy Ghe SIHGRr BiSdegadhtioaAIlbENI bi tors, antinetabolites,
cytotoxi c agents, "I munonodul ators; (b) anti-

The therapeutic agent of the invention can vary widely with the purpose for the
composition. The agnet(s) may be described as a single entity or a combination of
entities. The delivery system is designed to be used with therapeutic agents having high

20  water-solubility as well as with those having low water-solubility to produce a delivery
system that has controlled release rates. The terms "therapeutic agent"” and "biologically
active substance" include without limitation, medicaments; vitamins; mineral
supplements; substances used for the treatment, prevention, diagnosis, cure or mitigation
of disease or illness; or substances which affect the structure or function of the body; or

25  pro-drugs, which become biologically active or more active aftcr they have been placed in

a predctermined physiological environment.

Non-limiting examples of useful therapcutic agents and biologically active
substances include the following expanded therapeutic categories: anabolic agents,
30 antacids, anti-asthmatic agents, anti-cholcsterolemic and anti-lipid agents, anti-

coagulants, anti-convulsants, anti-diarrheals, anti-emetics, anti-infective agents, anti-
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tussi ves such as dextronethorphan, dextronethorphan hydrobron de,
nOfpﬁpl?e,.15 carbﬁtapentane citrate, and chl ophedi anol hydrochl oride; (c)
anti histam nes such as chl orpheniranine mal eate, phenindgni ri{rate,
pyrilam RO POl e doxyl am ne succinate, and phenyltol ogg'}n%gﬁoei@o% at e;
(d) decongestants such as phenyl ephrine hydrochloride, pherg/iupeapanol am ne
hydrochl ori de, pseudoephedrine hydrochloride, and ephedrine; (e) various
?r:ﬁglr g: dzusrlgmcgngstcodel Ee phosphat e, codlei ne sul fate and norphine; 20 (f)
s such as. pot. | J) i fCium
car bonat es,P %ﬂ%‘%’l PA A 'e'?‘g}é'gég%#ﬂgﬁhé]lg[gécﬁﬁt’s’rré{tugll% Ognmégg?%gﬁ’ ﬁ@ll earth
metal sal t ghesitagéms) s Pyedtibrandransigesic sgents, asti-spusinoedicragents; anti-th(dmibotic
anti-arrhythm cs such as N acetyl proc?l nam de; g‘lﬁ . antipyretics a P
anal gesi cs 2gelth 2pE-URCEMEASEBIS LA -angas; f‘%erﬁ‘tsaﬁﬂ"*?' r“l‘ffe‘ﬁ‘,"'%‘ﬁ'veépﬁ‘%?[eﬂ %
cxpoct or antPBESIEDSEIsH; PraRAIRLAR, CBrEy ARG epbigthiafi®, dighenes, (1)
. . .. ! . . . -as a u.m num
KHEL I e r ey s e e
, i m no acids, hornones., interferons,or.cytokines ’
and ot her W&M%‘cp?éﬁ?‘fd}y@“%‘??pE’G%‘?&S’,ce'gtfc"rgeﬁg’ 'ﬂ&ﬁf‘&laﬁﬁf resing; faret Vrﬁx’n, ANF,
EPO and 1 ngith b su&)g)en?é?&é, b BAE byt aBITbMmuSHAR Roesapériptevdl gasdlilarnd, i -
virals, antisepticS and antibrotics; and (o) antigenic materials,
. g(gr '; rS IG((; g} gg(k%cgbhoples,us@ftules,i stinGdaniea doreid 2ap prii-tareidagentiytomerogats,
bi ol ogi II")‘/‘aﬁ’(i:'sz' %‘gpggﬂ%gfq%ﬁﬂpélgfag’higc}&h# T om R e ol st
ogi ca P i ectéd from the group consisting of
DNA, pgpysaccharides, growth factors, hornones, anti- angiogenesis factors
interferons or cytokines, and pro-drugs. In a part.i.cul arl&/?&refe red f:')

enbodi nent, t he Speeifigpaamples afusefulitherapepbin agets ankbielogisally pefly e suppipnces,

sequence 5 .encodi an, anii j . i
nture. of ERorcr SRIENE T B0 SRRERE MRRROR St Aot ARl @

preferred tdharaap iiHikitcigentimetboliss|kytornde sgdnimausornagabioes; ¢f) ambielul at i ng
the i mune response of a patient. Pref errg\% t her a&&gti c..agents.capabl e of

modul at i ng FFivES SphaRflexremsBRsRhan At g e gihen RYgroRImidE: S4B v acci nes.
Mre prgf ercra?&tag)gﬁ{aﬁé’%tgr?g@&ﬁﬁ&d%@ﬂﬂldﬁ‘o&iormg@ ahtiliStadinds BHRNG I esponse

are vaccines.” In gen DNA vacci'ne incl ude vacci nes which conprise
o gl o= o T 6o TSGRty RYRERI ne or 2
succinate, and p en)r;\toqon?a%ge it te{,ipd)%régén%%ﬁams such as phenylephrine
hydrochloride, phenylpropanolamine hydrochloride, pseudoephedrine hydrochloride, and
ephedrine; (€) various alkaloids such as codeine phosphate, codeine sulfate and morphine;
20  (f) mineral supplements such as potassium chloride, zinc chloride, calcium carbonates,
magnesium oxide, and other alkali metal and alkaline earth metal salts; (g) ion exchange =
| resins such as cholestryramine; (h) anti-arrhythmics such as N-acetylprocainamide; (1) \*J
antipyretics and analgesics such as acetaminophen, aspirin and ibuprofen; (j) appetite
suppressants such as phenyl-propanolamine hydrochloride or caffeine; (k) expectorants
25 - such as guaifenesin; (1) antacids such as aluminum hydroxide and magnesium hydroxide;
(m) biologicals such as peptides, polypeptides, proteins and amino acids, hormones,
interferons or cytokines and other bioactive peptidic compounds, such as hGH, tPA,
calcitonin, ANF, EPO and insulin; (n) anti-infective agents such as anti-fungals, anti-
virals, antiseptics and antibiotics; and (o) antigenic materials, partricularly those useful in

30 vaccine applications.
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and DNA sequence encoding a cytokine. 15 Preferred cytokine additives
suitable for use in a DNA vaccine include cytokines selected from

i nterl euk| interferons which can shift a patient's imn r onse
toward eﬂ&@/ogg@hll or T1-2 response. Preferred cytoki ne@ﬁé%ﬁz&@? for use
in nodul ating an inmmune response include interleukin-12, inrdgnkeokd n-10,
~interleukin-5, interleukin-4 20 and interferon-gamma. QO her preferred

cytokines include interferon for use in treatnent of Hepatitis C Suitable
genes for use ip the nethads of .the |nwenti n i ei ns
for administrat Pfﬁfe'f‘ll}éf’a‘ﬁ‘? 9‘6&%’8%‘%@{‘% rlﬂgfé)gﬁ: %”?? ‘g‘g&%’é‘;’]{}%‘%ﬁﬁu@%ﬁ?@oﬁr‘g at ed
di seases, gfGhodPcodBistifiCoMBNRAY poIysattidrides spo e fac@rlhadnsanet amtisy st eni ¢
delivery of therapeutic proteins such as secretory therapeuti cgﬁzrot ei ns

i ncl udi ng, angiegengsisrfictors, inederpay O ckingss anq prordrugs ehpargeulagly prglerieds ¢

- Methods of the.present.i ' DA : ' DNA based
30 vacci naﬁ"gﬂd'ﬁbef‘ﬁgl}ft\}/‘\higgﬁﬂl r?gl%(‘:tggsgei t hg?&#ﬁ éf%ﬁg%ré)gﬂggﬁrﬂ%f ion of TH

1 and T8 enondng a0intigtn, KaBPARSQRencdiichdilg axytokippdr cmbiterefaf DNy i | | ness

or di sease for ich a -19 WO 02/092667 PCT/ SG2/ 00090 8 June 2006

vacci nat i osequsngassnerdine Fuantigen and 3 £AaKIRENt i s effected by systenic

delivery of a therapeutic agent such as a small nolecule drug, protein or

DNA. i In preferred i nmune nodul ati on nethods of the invention, )

admi ni strati on (Ghergirdferted herapheid agerts aicsubstanced¢hit weer dapgbla of medalpting i ¢

agent to the |ynph nodes e sujitable r delj.veri an.thera - | gent
capabl e of hgiMuRS T5PORSe ‘?{rﬁﬂﬁqgnﬁ' J%ﬁl(?ﬁgéﬂ%aﬁeﬁiéﬁ a%tengsgal‘tapéhlf pgmf)gm&r@{ﬁ%gcmg
respongg i SmiRfEkabeste iddedd proRih Vikeificd 6r DNA Riccinke Mokdpriclerred itieespehitic

i mmune system stinulation; delivery of drugs, proteins, or DNA to_these

nodes r esugerss capableef mululating an immunhEespersg e PRprssises Al gsperph ODNA

m croparticles are 10 adm ni st er . Vanfl 6l atheir
t he t her ape@t5'ec Walit V%%’chgiw%lécgl ¢ ?’Wégg%%éﬁ%ﬁg%&% H‘ght%hagggﬁ{ég)t?\if c can be
observed i Refienel ERGHingiayRkinkatriaadmbinapioato DNA sequescesinonding as entigenof t he
| ynph nodes, as well as indirect evidence through positive
and DNA sequence encoding a cytokine.

15

Preferred cytokine additives suitable for use in a DNA vaccine include cytokines
sclected from interleukins or interferons which can shift a patient’s immune response
toward either a Ty;1 or Ty2 response. Preferred cytokines suitable for use in modulating
an immune response include interleukin-12, interleukin-10, interleukin-5, interleukin-4

20  and interferon-gamma. Other preferred cytokines include interferon  for use in

treatment of Hepatitis C.

Suitable genes for use in the methods of the invention encode therapeutic proteins

for administration locally such as for use in treatment of muscle related diseases, such as
25  the neuromuscular disorders and also for systemic delivery of therapeutic proteins such as
secretory therapeutic proteins including, for example, Interferon  for use in treatment of

Hepatitis C.
Methods of the present invention are suitable for any protein or DNA based

30 vaccination method which induces either Tyl Ty2 or a combination of Tyl and Ty2

immunological responses. Methods are applicable for any illness or disease for which a
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i mmune responses. 15 O her preferred therapeutic agents are substances th
_ _ at
are capabl e of nodulating the inmune response of a patient. Preferred

t her apeugiqs s capabl f ' i .
_ 029 5d3h pable of nodul ating an inmune respopep bode
protein vacci nes or DNA vaccines. Mire preferred therapeuti CSG?gignt S

‘capabl e of nmodul ating an imune response are DNA vaccines. lgugenesal, DNA
vacci ne include vaccines which conprise a DNA sequence encoding an antigen
DNA 20 sequence encodi ng a cytokine or a conbination of DNA sequence ’

encodi ng an anti.gen n i 1 i h i
agents ar e"‘t‘fg'é‘a'!' 'Sécﬁ"g\dﬁtow h@ﬁ&gﬁgﬁﬁﬁgﬁg(gﬁ&?ﬁ%? %Sttée?ﬁcg%liv%—lg%mvﬁir ?getj thleC

effective geRyaiticiget subleaapeauiil mokgelttdrug) proimpedNén the particul ar
material 25 being used, amounts of the therapeutic agent from about 1%to
about 65% have been <easily incorporated into the present delivery systens

whi | e achi evi ngy G it L& ion ke : : 4 :
. . t #2Rs of U dhtioBYyaddeinisaado
ef fi cacious | eve ‘SS}QESFr tr'gg\tuhgnt aggrlm(‘:ertai nogt herapttalutiyz:: agent s.ﬁ goafgl sve

ggfli trr:s @, bfriemoaobg«nse;i]m@omlzmﬁirtdiebmrb@ attherapentisragediio damlympbdodendei se
yner en of the .po r of .the jnv i it j j
R TR M A e e T
not interfgre, gfk%?& [l Wishdhst Rembdinstedr Ttabehoivaiedsder othe psmafy t he
conposition. ends of the polyner of the_ invention wt gﬁc“ﬁgt heé

g i

: Pg: g gg;s pnni]gzqsdbn‘ ?mmgs@neﬁmatim; delivsry pf Jrugh PEISINGAT &P

_ rofile. desir .or r elxl : i
bi odegr a_dal5‘?sf’|ti 9“5%510581(?{'?5?%@? ?ﬁ%ﬁu?g{sﬂgr&% émﬁg{h)séggﬁmggﬁ%‘%é}ragﬂ ﬁgp;gitg gf
appl i cayi oRgmidRiaeRIEHhe Wmphiabdeadticy ddivat theirdbothespehlicagsol gonstised ncl ude .
ot her pol ycar bonat es;qﬁpol esters; p%l yort hoesters; pol a}rri es; . fj
pol yur et hankssein. Belepsa ofi tho BErapeiit €48) ,"Ogﬁ?f" 1%@9’8??"&%@ fzaﬁg" afgre iTeh
del 1 very deyhgeiod S AObYHRIyAOTRARS (4t AlindiRt bRdeRicithfoupt putidec 3 10
pol ymeric ~capable o equestering a biologically active substance
and provi dempiddir&paddes, controll ed delivery of the substance. The

polymeric matrix then degrades to non-toxic residues. It will be
under st ood, however, that the specific dose |level for any particular

15 Other preferred therapeutic agents are substances that are capable of modulating
the immune response of a patient. Preferred therapeutic agehts capable of modulating an
immune response include protein vaccines or DNA vaccines. More preferred therapeutic
agents capable of modulating an immune response are DNA vaccines. In gencral, DNA
vaccine include vaccines which comprise a DNA sequence encoding an antigen, DNA

20  sequence encoding a cytokine or a combination of DNA sequence encoding an antigen

and DNA sequence encoding a cytokine. . )

The therapeutic agents are used in amouats that are therapeutically effcctive.
While the effective amount of a therapeutic agent will depend on the particular material
25  being used, amounts of the therapeutic agent from about 1% to about 65% have been
easily incorporated into the present delivery systems while achieving controlled release.

Lesser amounts may be used to achieve efficacious levels of treatment for certain

therapeutic agents.

30 In addition, the polymer compasition of the invention can also comprise polymer

blends of the polymer of the invention with other biocompatible polymers, so long as they
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15 patient will depend upon a variety of factors including the activity of
t he specific conmpound enpl oyed, the age, body wei ght, general health, sex,
diet, ti f mnistration, route of adm nistration, te of

excreti OW,E(‘) @Foaéﬁ%gorrbi nation (i.e., other drugs being ad?ﬁ%‘i’é&@ﬁ@@ot o the
‘patient), the severity of the particular di sease undergoi ng jaenagy, and

ot her factors, including the judgnent of the prescribing nedical 20
practitioner. A positively chargeabl e bi odegradabl e pol yner conposition of

it on: st gueGe e R BRIHER M RRRINTE sldahEN o fle RboRkiofi <ci osed

herein, e.Blend6f the pdlyMer bOthe irfvealiorewith elicheothetjobphers mady offer ieSelﬁ%‘&ﬁlept ible
to or sufferi n% froma disease or disorder which may be treated by.
11 1

~ adni ni st r aflexbilibf inglepigniag thamresien @&aﬁeer,’wS!egde,sir?dw&fé%/fee&eﬁéﬂeegftﬁrhit‘/?rymrélmr sed

in the positjve 2. bi OROBL bi

positivel yprg{;}lg? t%ea%@%%gag’gg‘ﬁé’g%%ﬂg‘gE"gsgﬁ‘t’e‘?“‘g %r%lggtlrstsﬁon o@lr E’h@‘ﬂ?eﬂ@e ntion be
30 admisi sipplicstiqnsr Bxingyléd dfsucipidditiorabbipcompatitd¢ polynerniackutiosiher

- pyrogen-free nedium The drug, deﬁending n the vehicle and concentration
used, can Belysashongiesspdysstsae golyprinosstepgpelyamudsRoltEIanes/ 00090 8 June

2006 di ssoé&%mih{bcgllggné{g@jﬁdgjﬁg%gﬁﬁﬁggg_eousl y, adjuvants such as | ocal

anest hetic preservati ves I ng agents can be dissolved in the
.vehicle. The term parenteral as used herein includes injections and the
i ke, such as sybcutaneous, jntradernal, intravascuylar.(e.q., .

it ravenousy .+ & AdIEE Y debiser B by oo BRI R wbFudbaprodden ke 5
I nj ectyen F(Slyin@ﬁé' fiafiik d2PEhIBbAsRBestiigha SiBEIalD active subBlah@danbvte and
‘intravasculaf injections or infusions being preferred. A positively

char geabl episilisthbip; gertisitied golivaresf @GﬁMWP-dﬁWmOIM@W mabix themdegrades toray  be

packaged to&ﬁ%her vudth instructions (i.e. witten, such as a witten sheet)
for 10 treBPHERLC 'GP 94%di sorder as discl osed herein, e. g. instruction for
treatment of a subject that is susceptible to or suffering from

i nflammation, cellular injury disorders, or ipmne systen1disorg§rs. The
present inventi Brvifbsvinderstopd.dwsienen il the sperific dosedryudl don anypapisulds, ri er s

15 tha&srebgﬁéeﬁwﬁm&e&h‘é\ub& v Pt Bllold iRSGing G ActRfityldfticdspktifid sust ai ned

manner. | n o
compound employed, the age, body weight, general health, sex, diet, time of
administration, route of administration, and rate of excretion, drug combination (i.e.,
other drugs being administered to the patient), the severity of the particular disease

undergoing therapy, and other factors, including the judgment of the prescribing medical

20  practitioner.

A positively chargeable biodegradable polymer composition of the invention also
may be packaged together with instructions (i.e. wrilten, such as a wntten sheet) for
treatment of a disorder as disclosed herein, e.g. instruction for treatment of a subject that

25 s susceptible to or suffering from a disease or disorder which may be treated by
administration of a bioactive molecule, ¢.g., therapeutic agent, dispersed in the positively

chargeable biodegradable polymer composition.
A positively chargeable biodegradable polymer composition of the invention be

30 administered parenterally, preferably in a sterile non-toxic, pyrogen-free medium. The

drug, depending on the vehicle and concentration used, can either be suspended or
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enbodi nent, the invention provides a PPE-EA pol yphosphate as a gene
carrier. The structure of PPE-EA is built on a phosphate backbone with a

1, 2- prop 0l moiety, and a charged am noethyl side@&hébddnoddde
ul timat ewhy ?’3?&'3?& c degradation products of this polyner (glpe expected to

‘be a-propyl ene glycol, phosphate and ethanol am ne, all w th gfnai2o00eral
toxicity profiles. Such a design has led to a mninmal toxicity profile of
this polyner carrier, as denonstrated in the vigorous cytotoxicity assay,

wher e genedigsaorhygdqrﬁ%%e,i Rﬁ%‘&)ﬁ{gﬁgué&talajlﬁlﬁhﬂs sudtPds 184al AReHtIfeticdhe acut e

ti ssue response to eval uated im nouse nuscles al so reveal ed a
similar copesarsitivenamhbafberperagdntaicarnbddissadvedan dhgrechitde eThoterppgranieyal as
charges. 25 PPE-EA has a.rel.ative i gher, ol ecul ' ared with
nmost "ot her“seﬂihﬁffé‘g}“ﬁg‘éiﬁf BUgaRBS E‘?ﬁr%? Ekg Bl oY ﬁ&f’ %‘%’uﬁ’?‘k‘ &mﬁ?g‘gggl atively

hi gh ol eciyyayasteiadfd g. Ofntrat¥tou intdiusflar3 Mikastd@gl, epinall iailtheesl bzdlikon:
100.2) was achieved by ri n‘glj'éopenl ng pol yneri zation of a cycli cﬂﬁhosphate
monomerS Thijestibaat infesiowteshrigues, wihspecubingaws IMmuselar anddpa@spiar

i ncreased the ability of PPE- orm condensat e conpl exes with DNA.
Conpl et e bIHENGES SF1° n\fé)gmggﬁ?%@%% with PPE-EA at a charge ratio of 1, 22
WO 02/ 092667 PCT/ S&2/ 00090 8 June 2006 which was several folds |Iower than

ot her bi odegradabl e gene carrjers. At this charge ratio, EPE— EA.vvaﬁ'shovvn
‘to effectively prrasételpshaserbletigdesradahipRalymer Comprstipnt ¢fdhe MySRUALA Sy
degradati on, i t b S hSKQ dnad fdche

rel ativel yW?Wgﬂ%%g%algg(ggﬁ%m%wﬁhg#&@&%%{;'?@%%g%h?%f \(;\fﬁfﬁ\e sutgjt ai ned

rel easeQof yienhbhdieadsr s disclesed heretn, eq. inistrircticndgr wepamentpf@fsubjeet that

pol yneric phosphate carri er, rggtaeas .occyrred .as early as .a fe hours)
B0 {he 1 owiagstpablege or suffhinedipmglantra ey cotiit oy §fosbprsnifte il | oo
NP ratio \g?,ﬁcmtdgg]{(je@é:tor that dom nated the kinetics of DNA rel ease,

n the ti

especially rst phase (wWithin 10 the first 6 days), during which
period the DNA rel ease rate decreased with the increase of NP ratio. Such

an adj ustabl e U¥A rel ease kinetics.is.po 44l .

achi eving differ é‘ﬁtpr‘?sﬁ?tl"%%\“loﬂIpé?w%%csimgcf%"ﬁ)ghté |alL] abfo%\é s?%ﬁﬁg%}%r%aﬂégge of

DNA. NQFer iR r8ssse thd DPRNAWYA thfle@AIRsUeAtEl Sl th beustgihddinametrf br oreach

particular application. i .
embodiment, the invention provides a PPE-EA polyphosphate as a gene carrier. The
structure of PPE-EA is built on a phosphate backbone with a 1,2-propylene diol moiety,
and a charged aminoethyl side chain. The ultimate hydrolytic degradation products of
this polymer are expected to be a-propylene glycol, phosphate and ethanolamine, all with

20  minimal toxicity profiles. Such a design has led to a minimal toxicity profile of this

polymer carrier, as demonstrated in the vigorous cytotoxicity assay, where gene carriers
were incubated with cells for 24 hours. The acute tissue response to PPE-EA evaluated in
mouse muscles also revealed a similar contrast, when compared with PEI at a same dose

of positive chargcs.
25

PPE-EA has a relatively higher molecular weight compared with most other
biodegradable gene carriers known in the art. The relatively high molecular weight of
PPE-EA (ﬁw: 30,300, degree of polymerization: 100.2) was achieved by ring opening
polymerization of a cyclic phosphate monomer. This feature coupled with the pedent

30 chain charges has increased the ability of PPE-EA to form condensate complexes with

DNA. Complete binding of DNA was achieved with PPE-EA at a charge ratio of 1,
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15 The PPE-EA/ DNA conpl exes of the invention offer superior controlled
rel ease profiles when conpared with the bi odegradabl e pol yner based

syst ens j inthe literature, e.g. PLGA and poly i
m cro/n ‘g§§g{olt)}|%gfes. Loading |l evels of DNA achieved in %ﬁ%ﬁ@&‘gﬂl wer e
much higher than that in PLGA mcroparticles. For exanple, RPEnEAOGNA
conplexes with a NP ratio of | have a DNA payl oad of 60% 20 conparing
with less than 2% for PLGA or pol yanhydride m crospheres. Hi gher |oading
| evel reduc the use.qof,,carrier i anlif i r, - EA/ DNA
system \/\/asm%gli’ gﬁ%\?cé’cﬁradgdg%ﬁqueéghazloogfé%:b \l/(g({eg%ﬁ%% gﬁég&}‘?ﬁ%&dé&wgc@? sion
met hod f orratib|PPE-EACS& ¥hoen3y sffectivel yTtetetoplasnidiDINAI frean Divsy | degradution
conditions at roomtenperature, whereas the latter involved organic
sol vent arRMd$emnEdagredatioBr t exi ng. The mild 25 preparation conditions
- yielded good structural and functional integrity of the DNA released from
PPE- EA/ DNA conpl exes. The sustai ned gene delivery system provided by the
pr esents i nvent i Applicantshaveabise surpasinglyeliscoverddrihal tterrelatively bighglegmdalality er y
“intranuscul ar| This has.tq be conpared t naked DNA.i njectj.on, .whi ch
o Sonmomnak! IBEVEA S bl tor s e AR Biipece oL DINA RIS eeeuiih SoeRiS il
expr essi ONjeold¥hfiGHTYSHE! 6[yn?éii@dihb§ﬁlfa@:tdaﬁihrpbﬁ’£5¢15a‘§éBb%r?e@@'e@ﬂ?ﬁs 4 esul ted
23 WD 02/ 092667 PCT/ SQ2//00090 8 June 2006 in significantly higher and
.del ayed n-lyairs @k lossNhratios,rto adee dayd eftrelatlation fordnginNderatins. NAT fasietwas

Cevel in  OrCRlspa L] U horBE 0 ONDY eabd iRBRvad I tlbiPHate Gtk

sust aiqged ﬂh@Ifmseiagégbamsgmdich@teﬁammeimﬂmaiem ratetdeci@agdivieh the diceedst of of
pl.asm d by PPE-EA npositions of a 5 Rpsi_ti_veléc,har eabl e phosphate
pol ymer anbti/BomiiopPuch aeeadipstabln ONA edease kinsiesisipgien

\ : : : tighhy %Yaﬁ'éﬁ@ué Mower NP
ratio ( <1)%p%gr{}icﬁ(ﬁﬁewnﬂacélﬁl@eaﬁd ehr&%n@laﬁf}gfag%ea; BflascYiI9R t NBrHelSs,

conplicate nismin gene Ivery to s tal muscle. nposi tions
havi ng hi gle®NAlrfleasatratesheuld bbe aptithized dor clypatichlackpploatnsh. | evel of gene
expression in the nuscle. This dimnished gene expression was not |ikely
due to any toxicity of PPE-EA in 10 the conplexes at higher NP rati o,

since igie t ot al TgOPPBIE ADNEEoEPIeNSESt thélinvBitfon fdrBupeior @onYeIRed 6lk¥se20% Of
the dose tested for the tissue conpatibility experinment. Miscle biopsy in

t hese gr oupsfithisavheatcosiparedaniyh thetbiasieataiieble prlyoier hassd shigems Jescgbedsinghe o
literature, e.g. PLGA and polyanhydride micro/nanoparticles. Loading levels of DNA
achieved in this system were much higher than that in PLGA microparticles. For
example, PPE-EA/DNA complexes with a N/P ratio of 1 have a DNA payload of 60%,

20  comparing with less than 2% for PLGA or polyanhydride microspheres. Higher loading
level reduced the use of carriers significantly. Moreover, the PPE-EA/DNA system was
prepared by complex coacervation versus the double emulsion method for the
microsphere systems. The former involved only aqueous conditions at room temperature,
whereas the latter involved organic solvent and sonication/vortexing. The mild

25  preparation conditions yielded good structural and functional integrity of the DNA
released from PPE-EA/DNA complexes.

The sustained gene delivery system provided by the present invention is suitable
for use in administration of gene delivery intramuscularly. This has to be compared to
30 naked DNA injection, which is somewhat effective in affording both local and systemic

transgene expression. Intramuscular administration of PPE-EA/DNA complexes resulted



consistent with the results fromother cationic polymer/DNA conpl exes in
nmuscle injection formulation, where no positive gene transfection has been

reportqu t 15 study reveal ed that intramuscul ar i
PEI / 8%{0&?&' i nduces gene expression in central nervous sys? em (e.g

‘brain sten) through retrograde transport of the conpl exes/ gk cbes (13)
It is unclear yet if these PPE-EA/ DNA conpl exes were transported out of
the muscle in a simlar manner. 20 This enhancenent of gene expression nay

be applied to del Iﬁf&@’gﬁs‘ Eq L§ Pég'al% rEdsilih lh%&ﬁég’lmo%gﬁ'tﬁ éHﬁ\%ééﬁ%n?UCh

as t he del'NFEUNGH ecret or rotel n-t hat serum

hal f-life gf €'be%onl(3’5' feds éll%ﬂ%]merﬁ'&t NeRer a'ﬂhhﬁ)lsﬁﬁtl& (ﬁ)sBaS‘hbﬁ%heﬁ&Jg@lClbed iflue to
|

its higher efticrenc e previous st ud?/ Fol | owi ng_ i ntramuscul ar
i nj ecti on,the PPE- mmt«mgqmbemsfegsmsamu yulug to thessystaingd seleasef almsmidy

bl ood | at th 25 naked 1 0. h at oth
e poi nt8.ha ISR RlsuieAe piyeon AP RsERthy BPERIC, fahoofliol¥a 3, o "'
i nj ect I50nbp01;fuv%||y c‘ha%&ﬁlb%ﬂbé}{hlabé poll giérfan@ DNA heeddakbohe phsentdhesitional f-1ife

of | FN-a2 s worth noting that this result was obtained at a

rel ati vel ywhichfhves a thyeee NgP r@m(«%@chx@g}i higher layglsof gewr GProssion( susgsiting

experiment, the a nt effect P nor e
signi fi can'the&?mpsﬁg?(p 1) %eﬁlﬁﬁ%e@é@%}gg@@ég% 000 gi&}]\gﬂgwgg% The
iposi ti vel yhghanueaaliss iﬁbﬁ)d?mfs&dabga@c padkgrhumd fonad eﬁgq:neawpnbesjodoyx thee present
i nvention are the first. polymeric carriers capabl.e of induci ng ﬁ%@theA
PYHENC in

| evel s of gmmle Thisdiminished ZpnGRIPEFSEION M NRLRELY G0 Ay
exper| &c B{gﬁéﬁeé%\og er NIP it Tinc® G%: tmaFﬁqouﬂtQ??PE[E’&lt!llsé(ﬁm?tldﬁges'f ed the

pot ent gene carrier for the [ocal 5 delivery as well as
syst eni c dﬁjdnwﬁhy;n@&asmh@tm%oﬁﬂmrdmcesmd&rth¢ tisson compfdhi i egyperimiget. pr esent

d | || |
wat o sol ublteclbionsy RIBGIEABPES R o0) TRECHRISL e S SA R, R IR °
propyl ene Qgr%?s%}ﬁ”vﬁ?h t[\? Pégﬁﬁs&{gommﬁ'erlé%d’xﬂ@ ol‘?ﬁﬁﬂmﬂdcérﬂpﬁﬁ& 1atml3;3IeC 10

t hrough theé cleavage o ackbone phosphate bonds, and it was
synt hesi zeghjwdtioh farmuletica, whererviagrositiieged Wansfgatignihas becarsparteda AstRceRlb| e

hydrol ytic stablllt as.a ne .carft S

Syt ot ot oi epsragielmbitrrarHaassrveet FPERNSSIRSIRE B oo a1

mouse NMusclog, CQRAMedntrA reABeByYerti$esl thaihsekt)th@nghiam gerid tmmortef the
complexes/particles (13). It is unclear yet if these PPE-EA/DNA complexes were

transported out of the muscle in a similar manner.

20 This enhancement of gene expression may be applied to deliver therapeutic
proteins to systemic circulation such as the delivery of IFN-a2b. This is a secretory £
protein that has a serum half-life of 1.7 hours (14). An N/P ratio of 0.5 has been selected )
due to its higher efficiency in the previous study. Following intramuscular injection,
PPE-EA/DNA complexes generated 1.8 times higher IFN-a2b in blood circulation than
25  naked DNA on day 14 (p<0.05), although at other time points, the expression levels were
similar to that of naked DNA injection. This is particularly significant because of the
short half-life of IFN-a2b. It is worth noting that this result was obtained at a relatively
higher dose of DNA (50 pg). As suggested by the B-gal experiment, the enhancement
effect by PPE-EA/DNA complexes might be more significant at lower doses.
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| ysi ne. PPE-EA condensed DNA efficiently and protected DNA from nucl ease
and serum 15 degradation. Sustained release of plasm d was achi eved from
PPE—EA/%&WéﬁxeS as a result of PPE-EA degradation. J@@s%ﬁ | ease
profil es appear to be predominantly controlled by carrier degr 2420 on and
the release rate of plasmd could be adjusted by varying theigbaoge ratio
of PPE-EA to DNA. At an NVP (am no to phosphate groups) ratio of 1, a 46%
burst was observed for the first day, followed by about 4% el ease per day

(24 20 g D\A/ da : ; nafqd uced
bot h t he DNA r)éf{hgggga‘r’eg? gﬁ %ﬁ%ﬂ%@%%fasdtqg%}fo (la)?lth .g%%tggpgq‘}g(gegetﬁ;tmr{s@ﬂai ned
ID'I[DSE SE:[A\ r uzgml’_vahté@nﬁkefﬂlﬁlﬁlfsi pcn&dnﬁl?dl:a caragns ichp’abfld d(s)ftngduw dhilghﬂfr léw,:lec% gedn Of ] |
- EA- p43- LacZ_conpl exes, at ratigs. o an resul ted in ephance
[i - gal act o§¥RI§SIOTEIIPYssLs thap P'ﬂ(egrq@'i gjm‘?’i‘ﬂh the exparmental profoc eYY’ﬁ;} r#9P®e, as

- conpar ed %éﬁm%ﬁ?ﬁie&@'\‘éﬂlt@kﬁ@é&&ﬂ%a ;%téﬁti'aﬁlliffypbli-ﬁgl-:ﬁs_ dntarier M Rcal

conpl exes generated an 1 ncreased systemc | eve I nterferon-a2b i n nouse
serum 5ol doliwengas well assystentiadelivereef protein plarmarsutieed wit h naked DNA
injection. The follow ng exanples are illustrative of the invention. Al
docunents nentioned herein are incorporated herein by reference. 30

EXAMPLES: 25 WO 3hOGRB&IImeA:] (he@ereMAR%ntiBn pradetAGfovin@ntolledpentg exanpl es

are offered by way of illustration and are not intended to |imt the

*invention idalivary sysiembascd Prarmpiter splubkyandriiedegradable prbphesrhopsten poly(%f
T L T
4- met hyd - 28 Rar N Ma0agk oF e BcREGRI Sl MRdS 284 it WashsiatmRbied fish! y
prepared according to Lucas' method (Lucas, Mtchell, and Scully, 1950,
Cyclic 10 pHesyhhighmobfoytamaveight frhensiie agiujiale Sydrolytiasabdiiy as 2 gers carger.
P01 9497 BT ey A BT, o
triisobutylpPBIBATHMdukaNYECIE cothpatd ESnmdnly ussl polydtieyiérmiie anihwipat ymer
lysine. PPE-EA condensed DNA efficiently and protected DNA from nuclease and serum
15  degradation. Sustained release of plasmid was achieved from PPE-EA/DNA complexes
as a result of PPE-EA degradation. The DNA release profiles appear to be predominantly
controlled by carrier degradation and the release rate of plasmid could be adjusted by
varying the charge ratio of PPE-EA to DNA. At an N/P (amino to phosphate groups) ratio
of 1, a 46% burst was observed for the first day, followed by about 4% release per day (24
20 pg DNA/day/mg of complex) for 12 days. Higher charge ratios reduced both the DNA
release rate and the burst effect. The released DNA retained its structural and functional
integrity. Intramuscular injection of PPE-EA-p43-LacZ complexes at N/P ratios of 0.5
and 1 resulted in enhanced B-galactosidase expression in anterior Tibialis muscle in
Balb/c mice, as compared with naked DNA injections. Similarly, PPE-EA/[FNa2b DNA

25 complexes generated an increased systemic level of interferon-a2b in mouse serum

following intramuscular injection, as compared with naked DNA injcction.

The following examples are illustrative of the invention. All documents

mentioned herein are incorporated herein by reference.

EXAMPLES:



was obtai ned by precipitation into anhydrous benzene. This pol ymer becane
insoluble in chloroformafter precipitation, but it is soluble in

anhydr ou [ﬁ;\f 1.2 Synthesis of PCT/SG02/00090

pol y(4- rrgvt y(o?ﬁﬁikzxo- 2-chl oro- 1, 3, 2- di oxaphosphol ane) 40nL of pol yner
'solution fromthe fornmer step was added into 200 nil of driegnbeo@ene. The
preci pitate was dried under vacuum and wei ghted to obtain white polyner
(4.187g). This polynmer was then suspended in dried CH2CI 2 and dry O 2 was
passed. The 2Q suspens le St By Wiy HEIIREERTdNad R ndddidnaed (of

C 2 was st opgﬁ}? %ﬁggﬂ@ ?’ﬁ"ﬁ? > %J;%pear anc)é of)J a l|oersfi stent yell ow color. The
excess of Ghi memvestioh/@hnymidnevacuum until a col orl ess solution
resulted. This solution was further used for preparation of different
derivatives w thout polyner isolation. 25 1.3 Synthesis of

Pol y(4- met byl - 2, 0K Qs 2 USALRSY b pATHRRPLBYA RIS 3, 2-

di oxaphosp%%f‘g‘r% ﬁ%’g%,{tlﬁ}%isgﬁ;{gf%ﬂg?éol ution ofp #

pol y(4- set hyl Fiz spithefle sdtleoreds hadvieindiigaghosphol ane) (24.4 nmmol of P-d)
in CH2Cl 2 fromthe. faqrner st Wwas ded P.(6. 6 mmol), then
the sol uti drf dymthssis ngfl(‘f‘?l‘ﬁ@d?zé‘?&é?'ﬂﬁﬁo'{gg?bdéér’g gg?‘g”??i‘%b, 26.9 mmol) 30
was added drpopwi se froman addition funnel. After the addition, the mxture

was heated “and the mixture was allowed to reflux for 48 h Lgrs. TZﬁ:
'sol ution was wadhaethyi-2-0xe-R-hydeo-I\d, odionaptmsrhabens/ s@%g’oo&g% giodnd sy Ho

ol f ot o e AEding oru e (fehBY {ratBS MilcRGLOURE SO /D, ST UM

€ produc obt ai ned 'by pour

gg(%cent%bit zﬁl%s?muﬁ} bﬁ%me}dl&p@aﬁé Eolay. AmiiTHes:. Sba T2y S621-5497) B pylyryirized .
. . nthesis o .. 13
pol y( 4- et hiy 1200md 06 fizska dried GHGH o yoam deppgraiee 5o 43 9P S YREHBUR" 8135t he'
Cbz group . aGconpl.. I 1,C i eNThe

report ed iRk wﬁ%w%ﬁﬁ%ﬁﬁaﬁ%‘g@%?“/pﬁi‘;‘aﬁa‘??ﬁzﬁ%@ﬁ Pl e o .
A struct ur akasashddiegliey pleciptiaienintcoardilydpois penzeser Tiie polymar bspamengplugleas:

3399-3406). In a 25 m round-bottomfl t he | 300 ng) was
di ssol ved iqli"%°f?r‘“f@°bPreBW?“%L‘c'W§Sgﬁ'ﬁ’E‘f 1“0‘19]12%8%?5&“%\]2 at nospher e was
added 159 of Pd/C (10% Aldrich). Wth vigorous stirring formc acid (14

m ) was added dropwi se over 15 min. The reaction
1.2 Synthesis of poly(4-methyl-2-oxo-2-chloro-1,3,2-d10xaphospholanc)

40mL of polymer solution from the former step was added into 200 ml of dried

benzene. The precipitate was dried under vacuum and weighted to obtain white polymer
(4.187g). This polymer was then suspended in dried CH,Cl, and dry Cl, was passed. The

20  suspension was dissolved during chlorination. Addition of Cl; was stopped at the first

appearance of a persistent yellow color. The excess of Cl, was removed under vacuum

<)

until a colorless solution resulted. This solution was further used for preparation of

different derivatives without polymer isolation.

25 1.3 Synthesis of Poly(4-methyl-2—oxo-2—(N-bcnzyloxycarbonyl)-aminocthyloxy—l,3,2-
dioxaphospholane)
To the cooled solution of poly(4-melhyl-2»oxo-2—ch|oro-l,3,2-dioxaphospholane)
(24.4 mmol of P-Cl) in CH,Cl, from the former step, was added DMAP (6.56 g, 53.6
mmol), then the solution of benzyl N-(2-hydroxyethyl) carbamate (5.24 g, 26.9 mmol)
30 was added dropwise from an addition funnel. Afier the addition, the mixture was heated

and the mixture was allowed to reflux for 48 hours. The solution was washed with IN
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was stirred at roomtenperature for 14 hours and filtered to renove Pd/C.
The catal yst was washed with 20 mM of INHCI. The filtrates were conbi ned

and con t under vacuum using a water bath bel ow 4 | unme of
5 mé?@&é@;&%%o m of INHO 15 was added. The sol uti §ﬁ?{,§;;§z/ﬁ‘oo¥8
reconcentrated as above to a volunme of | m and then added d§ qpwieesto 150

m of acetone with stirring and cooled to -20 C. The polyner was i sol ated
and dried thoroughly under vacuum Yield 166 ng (80% . The structure of

PPE- EA oic(! fﬁé gﬁggy% NYR.. ﬂ%y@hg?faﬁvg«mﬁe&@ F YhRJdrRi ﬂQﬁné&fCu/-:PPE

was 38, 8 spersity .64 as determned by"GPC/ LS/ R
met hod ( Fisglfite add .coRf2ntcatedple Frodvs yeas dbtainddnlsy poutrogahe conognidtedhilutivn
Cytotoxicity of PPE-EA in conparison w her potential gene carriers

[ pol y- L- .iplocthes ag F’I!Lh)teﬂ?ds)b%?‘aéf‘ﬁﬁ'é{%ﬁ%%g(PEl )] is evaluated using the
MIT assay. COS-7 cells (6,000 per well) were seeded in 96-well plates and
i ncubated for 24 hours at 37 Cin 5% 25 CO2 followed by addi ng pol yner

sol uti 6ns [ &Gyh)hesis oflpélyet-mathykdroxer-aminocthylogp-13,2-digxaphospaglars) 24 hour s

i ncubation, cell viabil.i s anal yzed by a.. assay..accordin
Hansen's net hoo&f("i‘-%"r‘?s«@h.tl‘%t .g.rOLTQ\é‘@,S ?f.cx?lﬂh%rgﬁo?s.mw HoGs fw“il%‘.d ?8{5 210) .
The assay z{c@&rﬁlr%étosﬁ‘(?%eﬁ%éthgdli(Zh&a'&Tnd RUHAOG 990 PRIpRADIONQY PolNL-serine

proliferation rate as conpared with cells w thout treatnent, when
PPE- EA wasestenk udatedcryial hadogue phreoprentigugls palby(lasarbed Macrynaesdesy 28 . 1 n

contrast, 0 S I I - p 8

June 2006 %/.m‘?? 53%(261!)'31\% algsf F‘gfl% M“gg%“gh‘?‘é&%)‘w@?'ﬁ ?ag%roetéé thgscé-\érge 0 @g{r)’\?]gd in

EEK 2;&@ gedﬂGIZrlvtFTh‘?Shié s?ggeﬁnﬁdhrtﬂ?ﬁ aﬁﬁﬁpﬁéﬁgd?dm giqﬁﬁ’W(g)ytm,?éclggEh)éA .
anple 3. Gel retardation assay for e n |n% Canpﬁﬁ'éﬁ - EA.

To 2 - g oWl AENTPYS AN o (Kb ovas e lopHERaREr Lt 1he spaelion

sol ution ipay@&li#]ég Kol tbAerdurd B 14NREORINGIGERIQ erfdVel RECT MTHD Qudtydi0 10

respective m xture was vortexed for 20 seconds and the coacervates
wer e i ncubaaedastied vatn20 tmé P éNaGt Thedtltra®s miereutambiaedtianchegncegrated ender

bt ween pl ESHITA WA Siitrath BsIoHAS Tofar vatude 85 gil MEGFPRR AP AT Hoday
(Fi gurg 4) o, Rt ofike BIRhRhs coikariiidd RMBoVeR AHRILAYSE 131 MdTHE BARled
dropwise to 150 ml of acetone with stirring and cooled to -20 °C. The polymer was
isolated and dried thoroughly under vacuum. Yield 166 mg (80%). The structure of PPE-
EA was confirmed by NMR. The weight average molecular weight of PPE was 38,800
with a polydispersity index of 1.64 as determined by GPC/LS/RI method (Figure 2).
20
Example 2. Assay for the cytotoxicity of PPE-EA.
Cytotoxicity of PPE-EA in comparison with other potential gene carriers [poly-L-
lysine (PLL) and polyethylenimine (PEI)] is evaluated using the MTT assay. COS-7 cells
(6,000 per well) were seeded in 96-well plates and incubated for 24 hours at 37 °C in 5%
25 CO, followed by adding polymer solutions (50 pl) at different concentrations (0-1
mg/ml). After 24 hours incubation, cell viability was analyzed by a MTT assay according
to Hansen's method (Hansen, et al., 1989, J. Immunol. Methods, 119: 203-210).

The assay results showed no significant change in morphology and proliferation
30 rate as compared with cells without treatment, when PPE-EA was incubated with cells for

24 hours at a dose up to 0.5 mg/ml. In contrast, LDsg values of PEI and PLL in this assay
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—+at7¢ (NP fafi0) of 1 and above. PPE-DNA coacervates at charge ratio of 1
~and abqve provided partial protection to plasnmid DNA from nucl #88#éSG02/00090

degradati on. Exanple 4. Preparation of coacervates and rel ease of plasmd
DNA from PPE-DNA 15 coacervates PPE- EA-DNA coacervates were prepared in
PBS with | MM EDTA by mixing plasmd DNA (60 g/m) wth PPE-&Ansobed i on
with concentration ranging from20 pg/m to 80 g/m to achieve various
charge ratios (0.5 to 2). The coacervates were incubated at room
tenperature for 30 m nutes before use. Plasm d DNA rel ease fromthe 20

coacervates was perforned at 37C _At. varipus {i | It S Wi e
centri f ugedwerndielopNA lt%ﬁé@dﬂ&%)‘oﬁ“?“?rfﬁgﬂssﬁﬁ}grog?g%t ﬂmlfggl(rsrlgg}s%hﬁd by W

spect r ophot g ﬁﬁ.ﬁimavemﬁnhﬂil% idxici§f DNA rel eased fromthe
coacer vat ess“\%géss{eértla gze by gel el ect?lgphor esis (0.8% agrose gel). Plasm d
DNA rel eased from PPE- EA-DNA coacervates over a period of two 25 weeks

when the copeer\ates. NEL e, dhalsdol e badiug bayaang of PRGBS prof il e for

up to two e coacervates was observed as a result of
degradation of PRE2. dhef plashihbelA dissolwed ira 26 u cifi selin twag taddesk a (BRE-BA

Figure 5). When the coacervates_were, epared at P |0, o |

E)ur gt of )145<1lut|iigvim20\né§f&3i§éﬂl@ﬁ “fcﬁ‘?“s‘l"ﬁg{‘?’g‘r’ 9?0‘3&?‘,“6({'%%%16 ?%"%8\?\%&1%? a

near constant. rel ﬁ:‘r}a‘ss%ogé)%ﬂli &)4 1694&1)6&6%& e %&c@ﬁﬁﬁs wire dndibRted adti womf 1.5,
owe

30 DNA rel eé’g’émfeo irst order release for the first week -@nd t hen was
near const anémgeRdture GG 0NEitiutesankthat 10 1 af evaoérvatesiway analyded on PRS2 38°% a

charge ratio of 2, DNA released at -28 3007 REP bl U WO
02/ 092667 pew.m»m@o@embmna@méﬁwﬂﬁ%%r%n aver"ggg%'f 3.2
g/ mi / dayyf or L - . €Bflplcitindd 4siridl YA wias achiibxedaba chargme
days. Nowburrgt%ﬁg éde%sgym(gls&g%?eregg fornl\l?%)‘r)‘gtios of 1.5 ?ndfqboveb DNA
rél ease fromth@¥@ ran-EA midaboye cREE BN coaerypisea' shrrsgcratig of L and dbouey
the gel el eclySRAALelbaRBh iitmia YR uah fRmseglatnem! pl asm d

e

occurred durfRg I ncubat i on.

Example 4. Preparation of coacervates and release of plasmid DNA from PPE-DNA
15 coacervates | ' o
PPE-EA-DNA coacervates were prepared in PBS with lmM EDTA by mixing
plasmid DNA (60 pg/mi) with PPE-EA solution with concentration ranging from 20
pg/ml to 80 pg/ml to achieve various charge ratios (0.5 to 2). The coacervates were
incubated at room temperature for 30 minutes before use. Plasmid DNA release from the
20 coacervates was performed at 37°C. At various time points, samplés were centrifuged and
Ju DNA concentration in the supernatant was measured by UV spectrophotometry at‘ 260nm.
The integrity of DNA released from the coacervates was analyzed by gel electrophoresis
(0.8% agrose gel). .
Plasmid DNA released from PPE-EA-DNA coacervates over a petiod of two
25  weeks when the coacervates were incubated in PBS. A sustained release profile for up to
two ‘weeks from the coacervates was observed as a result of (iegradation of PPE. The
release rate was a function of charge ratio (Figure 5). When the coacervales were
prepared at a N/P ratio of 1, a burst of 14.1 pg/ml was observed for the first day, then
followed by a near constant release of 1.24 pg/mV/day for 12 days. At a N/P ratio of 1.5,
30 DNA release followed first order release for the ﬁrst week and then was near constant for

the next week at a rate of 1.1 pg/ml/day. Whereas at a charge ratio of 2, DNA released at
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Exanpl e 5. Transfection efficiency of PPE-EA-DNA conplex in HEK293 cells In
vitro transfection of HEK293 cells with PPE-EA- DNA coacervates was

eval uat | uci ferase as a marker gene. Cells were ours

pri or tg‘goibg)oggghsf ection into a 24-well plate (Becton- D??gﬁg"gyﬁ(ﬁw& ncol n
‘Park, NJ) at a density of 8x104 per well with 1 m of conpl ef singedoasm ( DVEM
containing 10% FBS, supplenented with 2 nM L-glutamate, 50 units/mn

penicillin and 50 .ig/mM streptonycin). At the tine of transfection, the
mediumin e

coacer vat easﬁg{’]’eﬁ:’m%cl-' Sﬁé‘@?fg’:ag?i §§3 gnl‘ltg&zkdafgﬁobﬁl% fﬁrgt%lﬁqg I% é gg\t/\h/g%((@# H@Eﬂﬁé@a o

with the cgllige A&t mind1@bysS Nt birét éffect Weas "odEEnEA EBISN/F eRlod Gfd . vahll abovd.| oOf
fresh conplete nediumand cells were further incubated for 48 hours. All

t he transfNA wheasefom thesePBEBAYDNA coacervatgs| icamined ipfeteds indicateddybiei on,
~cells were,perneabilj.zed wmth 200 tl _ o | ysi fe o) sy

Madi son, qu)l.‘ﬁﬁ%@pg?ﬁhffaé‘?%‘é’ ggl?qu\%“t @orﬁt'cn%gg e éitpﬁ?ﬁ Isj %g&%adsaﬁﬁgd%gsi ng
a | uci feer ageutsatioay kit (Pronmega Co., 20 Madison, W) on a | um nometer

" (Lumat 9605, EGG Wallac). The light units (LU were normalized agai nst
protein concentration in the cell extracts, which was nmeasured using BCA

protein asg@ymbiels. (Frfshittiofefitiale of PPE-EALINASRBPHPHEKDDS AUST ect | on

ef ficiency coacervates prepare erent charge rati os.
As the gel el ecinr ophortessctamalof FIEK2%bwetls with PPH-EA2BNéhapgeervaies ovasf 1.0

and above, all the .pl gsni.d DNA added to the preparatio ILxture conpl exed
N L PRL: EAAEE TBOUCEEVE: BdRKED BN 4Ie. DEE BBl BSHER RO 4l e
to shoyy si ghiskdchantin@eN 248 ias! @RclogMBickinddie 1Nh&e Hark, VB! atof dERNG of

trransfection was observed with the coacervates synthesized at +1- charge

rati os bet8eld perametli8witihd nrlantfeeotplan mbdibint YDYENMPEeEANDYA 100 adBSat es
suggested that the 30 controlled release feature of this gene delivery
t echnol ogysupplamentads gvislenéf miYlall-glutamte, i 4P gnitgmly papicdlin eangb ¢ epg/ml

ST il 8 B8R TR AR B O, it 0
vitro. Fi gl ef6erahsfre¢ DMENedPREWEA-DiNFs tectivates efr fREIHRNAYycoofpiéNeE-dERLIDNA
gﬁﬁ;ﬁgv t elS)NV/VI\ E:cr)]m;])'l%gesgévrcﬂre i%ubat dWith the cells for ?rl]fourlstatvﬁs%g Vll"gg rr]t'%ed'&uhn? twagQ can
replaced with | ml of fresh complete medium and cells were further incubated for 48
hours. All the transfection tests were performed in triplicate. After the incubation, cells
were permeabilized with 200 pl of cell lysis buffer (Promega Co., Madison, WI). The
luciferase activity in cell extracts was measured using a luciferase assay kit (Promega Co.,
20  Madison, WI) on a luminometer (Lumat9605, EG&G Wallac). The light units (LU) were
normalized against protein concentration in the cell extracts, which was measured using
BCA protein assay kit (Pierce, Rockford, IL).
Figure 6 showed the transfection efficiency of PPE-EA-DNA coacervates
preparcd at different charge ratios. As the gel electrophoresis analysis showed, at a +/-
25 charge ratio of 1.0 and above, all the plasmid DNA added to the preparation mixture
complexed with PPE-EA. However, coacervates with a charge ratio lower than 4 failed
to show significant gene expression level. The highest level of gene transfection was
observed with the coacervates synthesized at +/- charge ratios between 6 and 8.
The transfection ability of PPE-EA-DNA coacervates suggested that the
30 controlled releasc feature of this gene dclivery technology could also beneficial in an

intracellular gene delivery application.
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the transfection efficiency for about 10 to 100 tines at this
concentration. The 5 enhancenent effect was nore prom nent for the
coacerva%sm% ared at lower charge ratio, suggesting the§EuIR@bdet i On

bet ween e ‘endosomal escape and DNA rel ease and degradation inside the
‘cells. Exanple 6. (3-Gal actosi dase expression in nouse nuscl&linelb@m ng
intramuscular 10 injection Balb/c mce (three per group) received
bilateral injections in the anterior tibialis nuscle of 2 g of p43-LacZ,
or PPE-p43:.LacZ o &hah&e &@ltidsfediiod Efficdepiof FRERE@EDNA i 0S
(0.5 and 1.0). ?ﬁ@%ﬁﬁ‘%ﬁ%’gsﬁﬁ es \%/ere isolated on day 1, 3, 7 _and 14.
The expr esscemvalesviebivat FRugebattostlddebthieriranstection efficicisy ofdPHEAONA ng a
(3-Gal Reporter 15 Cene Assa it. (Roche Mbl ecul ar Bi.ochem '

3- gal act oscertewaigs “athstQn&{wé PFP& FSFhTABRATSP™ Hj BT TV e“@ﬁ'%&@- %%kgﬁlaag%
conpl exes at an N P rat . of 0 geulg 86 100 qintesshaitARd cobéiratidn. The

0- gal act osﬂt?azfé’“%%'r"é‘s%f‘%h&{% gogt %Hroi or tibialis nuscle in Balb/c mce. At
a dose 9f ZnkhneémENAfREr wasisudre prétRiBe@NRr dbensbecereates pigpaned Nt ower eBarg® of
0.5 yielded a 20-fol d higher n-Gal expression on day 7. th roup
and the gendiopspggssiang e opyetiyan %’F‘%’%“ga%ﬁ%F“ 98‘336%%8&%"?%’35?’%3 and

I nterestingl XS cufidh an NP ratio of 1, although had a del ayed
gene expreggéggatﬁ{gﬁilﬁg eg DNA injection, yielded a | ower |evel of a-Gal
‘expression than conplexes at NP ratio of 0.5. Adifferent set of
experinment with a doge of 10 g of DNA. injection sho Ltk %
trend. Exarfpiampie 67 ﬁﬂ%a?tggﬂgﬁs%"P(stsﬂﬂE{-"Eﬂmluﬁe n"ﬁ%sscyaxe?rodltsogkﬁ g8 é@@@so@ PEI
di ssol \éﬁd i'”‘e%ﬁjni ne (40 1) was injected into the tibialis anterior rrusclg-.)
in Bal BFc M¥E& Al a dose equi val ent to 60 nnol of positive cha%%g g%Bl.l S
g/ 40 d -30 WO 02 66ide RETeE0 2tand 9ecyed hilatepgdpierdensppptheAnterigr S08lg, 40

| for PElI). The nuscles receiyed e I r _injectiaon < at
oy 71 oo a Tt B P T AR o ERLE Bl AR
paraffin. Tissue i r ; Weielsdliked bn@sg 1, pl aaed e
gelatin coaﬁhél@eg?t?oggéé%gr}\éﬁé?gﬁgﬁ 8&'3“ tﬁ Aée)srrat c?xill in and 'Zosi n (H&E) for

hi st ol 0gi CadxpRissiBh Nétel 0np-ghletdsidasaim the mesplonees massuesdavsiog od-pypl Reporter

i ndependent pat hol ogist. M ce receiving .intramuscul ar .
P 15 nge Assay l%it (Roche Molecular Biochc%nczﬂs) using [?-gal%ctosndase as a standard.

Intramuscular injection of PPE-p43-LacZ complexes at an N/P ratio of 0.5
resulted in a sustained level of B-galactosidase expression'in anterior tibialis muscle in
Balb/c mice. At a dose of 2 pg of DNA per muscle, PPE—IDNA complexes with an N/P

20 ratio of 0.5 yielded a 20-fold higher B-Gal expression on day 7 than naked DNA group o
and the gene expression level persisted for upto 4 weeks (Figure 7). Interestingly, )
complexes with an N/P ratio of 1, although had a delayed gene expression than naked
DNA injection, yielded a lower level of B-Gal expression than complexes at N/P ratio of

0.5. A different set of experiment with a dose of 10 pg of DNA injection showed the

25  similar trend.

Example 7. Tissue response of PPE-EA in mouse muscle

PPE-EA or PEI dissolved in saline (40 pl) was injected into the tibialis anterior

muscle in Balb/c mice at a dose equivalent to 60 nmol of positive charge (13.1 pe/40 pl
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injection of 40 1 of saline were used as a control for this experinment. Six
to eight-week-old fenale Balb/c mce were obtained and housed in Nati onal
Uni versity of Singapore Animal Holding Unit. Mce were j i FO n ad

| i bi tumWO %8Nt feed and water at room tenperature, 48?6({?/&03{3 yg(8 Al l

ani mal procedures were approved by the National University sfun&ee@fapore
Faculty of Medicine Animal Care and Use Commttee. The acute tissue
response to PPE-EA was evaluated in nuscles in Balb/c mce, using saline

570f posi b DBEdHapwb2 668 i b PElrithe e st S pi el i onnfieCD e
total am ngQ f Pformah{(10% dds amd enbdddet én
assunpt i on's?lﬁtg?%kjﬂ%@t?g;f(gﬁ&fhg%&m?éhtﬁr{)oonmgrls( pr e)(gj)(%ant! y stens from

their catigRhffint YisshSseatidreswdre cutREEH gamuashicknessplagedongelisy coatedishides. 5. 2
- folds higher than PEl in nass (13.1. PPE- ver er
i nj ect | og)andl-ﬂita:it@d wigh bama@ﬁ&\lwéq%eoéwmbgébgﬁﬂ‘%c 'e?%imf“aﬁf’ﬁaﬁm{% “glr“ixpzo
reacti Qn at MUSE L8 Sl difsted g'gg,gmgp%g,n paliR16HrE: Fifce(fetgving iBframudeataeas
y p

severe® i nfTAMMBMLOTY response was observed in the PEl group. Moreover,
sever e nNecinpé&tisn ¥R40 phof daliaablese usad as 4 cartieol fersbiseexperpErls r ecei vi ng PEI
injection, Wwith a large anount of rmacrophages, histiocytes and neutrophils
present at the injection sites. 25 Exanple 8. Delivery of interferon-a2b to
system c circul ation using PPE-EA/ DNA conpl exes WO 02/ 092667

PCT/ S&02/ 00090 8 June 2006 A plasm d, pCW-1VS-1FN npbd2, encoding

interferon-azb gf.F {%éﬁlﬂlwwﬁiolu%ﬂalemm/esﬁicé herebbtaiici\wnddamsaf inARRIdAl as a
carrier for the systemc delivery of secretory proteins vi intra]rgj cul ar
i nj ecti on. Uriivensity pf Sirigdate bynimab Holding dJie s piise everedPpaFatsdont g Big,
CA) as a gift. -1 VS- | EN- nmgd2 480 Dln ' biedarkivigecat a
concenifat i'?ﬁ?“b?eeﬁ%é”%/%r‘.)o%gﬁ%ﬁ)%%gggem\f\grﬁ e prep .rg%ﬁ%ilin‘éﬁ id[)]g: 40 | of
PPE- EA sol ybj@ed By e KBdHal UnlvetsatyiofSingaporeFaculty oDNfedswne tingmaleare andi ng
50 g DNA to achieve the NP ratio of 0.5 and vortexed for about 20
seconds. TRésedmmphdices were i ncubated at room tenperature for 60 ninutes.
Balb/c mce (6 to 8 weeks old, five to seven mce per group) received 10

Eiolnf[a ;ie;]flln gi gge;t’lih%rll%utieQisg&eregdotﬂisé‘ioi@@Ek%iﬂvamuﬁ:ﬁhﬁ nfsckf il Batb/coaitp) exes
using saline and PEI injections as controls. PPE-EA and PEI were given at the same dose
15  of positive charge (60 nmol of amino groups for PPE-EA and 60 nmol of total amino
groups for PEI), to allow for a fair comparison with the assumption that the toxicity of
these polymers predominantly stems from their cationicity. As a result, PPE-EA was
given at a higher amount, 5.2 folds higher than PEI in mass (13.1 pg of PPE-EA versus
2.5 pg of PEI per injection). Histological analysis at day 7revealed mild I nflammatory
720 reaction at muscle sites injected with the PPE-EA (Figure 8), whereas severe
inflammatory response was observed in the PEI group. Moreover, severe Necrosis was

noticeable in all the muscle samples receiving PEI injection, with a large amount of

macrophages, histiocytes and neutrophils present at the injcction sites.

25 Example 8. Delivery of interferon-a2b to systemic circulation using PPE-EA/DNA

complexes
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of DNA. One group of mce received bilateral injections of 25 g of plasmd
DNA in 40 | of saline, and another group of mce receiving 40 | of saline

was used ﬁ }26 background control. The mice were bl ed apcfiagedoonl0, 14
and 21, ¥ $20456 M sanples were isolated and stored at -80 C until assay.
The concentrations of interferon-a2b in 15 serum at differemJune@@0fpoi nts
were anal yzed using a human |FN-a ELISA kit (Pierce Endogen, Inc. Wburn,
My . No significant [evel of IFN-a2b was detected in mice received 50 g of
naked DNA inj ectl on nt B dEused

| FN-a2b in ser ufhRi#F d&’fhﬁpgﬁ%@ mg(?zgg}b%?t'r?g\]/lz ol %ﬁ?ﬁg&wth naked DNA

I nj ection,, rTFﬁulfes“xe(*’f?é%@t'wfs’ﬂe@silo1?1@1:'@@1@a:r,:iezrrﬁufmeforyneeslysteuhuade\dwgrbemfssenet,mry| FN-a2b
of 1.61 ng} day 14 (p<0.05), although IFI\I-ﬁZtimconc tration in serum
decl i ned t progdims wanntra@u@pulaswmlea HNYAS BFPY (B eP

PCT/ SG02/ 0 0908\]%;}%%)8 y&gg% s Cl ai rredls 1. A water soluble and
posi tivel y-EREGEY dihagr 4 epolyrrer that is capable of forning a

conplex with negatively charged biologically active substances in aqueous :
sol utiops and cgEMVIVS-IFNembeZ plasimihDhnwredises vadintsakipoiirs qoncms\faﬁﬂna 1, O

I P~-OR | O CH2)mR2 11 FORMULA | wh d | t

organic rmlléﬁyng/g(ﬂ @%‘%W@Eﬂwaféﬂéyﬁgﬁggﬁbw ORBPbﬁﬁ‘%Fclbl\é &fﬁ??‘(’:{ggrpgulpc
| ected f th i

S eEtes T oM & R SR eSO g

from 20 to,2400Qxed for about 20 seconds. The complexes were incubated at room temperature

for 60 minutes. Balb/c mice (G to 8 weeks old, five to seven mice per group) received (:)
10  bilateral injections in the tibialis anterior muscle of 40 pl of complexes containing 25 pg e
of DNA. One group of mice received bilateral injections of 25 pg of plasmid DNA in 40
pl of saline, and another group of mice receiving 40 pl of saline was used as the
background control. The mice were bled at days 6, 10, 14 and 21, and serum samples
were isolated and stored at -80 °C until assay. The concentrations of interferon-o2b in

15  serum at different time points were analyzed using a human [FN-a ELISA kit (Pierce

Endogen, Inc. Woburn, MA).

No significant level of IFN-a2b was detected in mice received 50 pg of naked

DNA injection until day 14, reaching 917 pg/ml and 790 pg/ml of [FN-a2b in serum on
day 14 and 21, respectively. Comparing with naked DNA injection, PPE-EA mediated _:3
20  gene transfer yielded a higher serum IFN-a2b of 1.61 ng/ml on day 14 (p<0.05), although

[FN-a2b concentration in serum declined to similar level as naked DNA on day 21

(Figure 9).
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2.. A water soluble and positively charged bi odegradabl e pol yner i
.1, wherein the bi odegradabl e pol yner has between about 30 and ab &Tlgé%%ogo
phosphat e groups in the backbone. 3. A water soluble' and positively

char ged bi odegr adabl e pol yphosphate of claiml1l, wherein R is defined in
‘Formula 11, "1 g R4 FORMULA Il wherein each occurrenceint 268 and R4
are i ndepwnt sed get ed fromthe group consisting of hydrogen or al kyl
group; an ﬁé’f‘?rnm SHEET AMENDED SHEET | PEA AU PCT/ SG02/ 00090

gi s2to4. 8 Jung 2008 Wateﬂsblmteﬂﬁd(iﬁlbitﬁ'e@oblymgeddmﬁngsadalﬂﬂpb@rmgd by
conplexation in aqueous solutions conprising: (a) At { .one egatl vely
char ged rmlmtoxsod:&pmbleeef fetmaingedl complex math g\egﬂﬁﬂ)"%quﬁg ﬁl&

proteins, and p sacchari des b wat er eI y
char geabl actiye éﬁs%www@?q“g &%‘T‘ﬁ %@%g%@?@le pol yner
conposi ti on th %Mﬂ ein the negati veI y charged bi oactive

macr onol ectl'e accounts '20-60% by weight of the total weight of. the
conpl exes or oanoparticlgs. 6. A nethod of preparing a water sol uble and

positively Hr geabl e bi pdegradabl e pol yner of Fornula |, conprising the
a)p

steps of: reactkng a\precursor polymer with recurri ng unit shown in
For mul a \

- O(CHImR2

FORMULA 1
wherein
Ri is a divalent allphatlc organic moiety;
Ro is a positively charged alkyl or heteroalicyclic group selected from the
groups consisting of primary amine, secondary amine, tertiary amine, and
' quaternary amine;
m is an integer from 1 to 6;

n is from 20 to 2,000.

2. A water soluble and posiﬁvely charged biodegradable polymer of
claim 1, wherein the biodegrédable polymer has between about 30 and about
200 phosphate groups in the backbone.

3. A water soluble and positively charged biodegradablg
polyphosphate of claim 1, wherein Ry is defined in Formula I,

Ta
L)

| 74

R4
FORMULA Il
wherein

each occurrence of Rs and R4 are independently selected from the group

consisting of hydrogen or alkyl group; and
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in, FORMULA Il wherein Rl is a divalent aliphatic organic mi epGT/8G63Y06090
.alcohol. having a structure of HQ(CHz)nRz, wherein R2 is a positively

charged al kyl aqr heteroalicyclic group selected fromthe groups consisting

of "~ protected pri mary am ne, protected secondary am ne, tertiary amne, and
‘quaternary anine and mis an integer from1l to 6; followed hyjubroos
deprotecting tt]%pf(p;ect ed charge groups, if applicable. -34 ORD0414 I T C

.Cl CCT AMENDED SHEET | PEA/ AU PCT/ SG2/ 00090 8 June 2006 .7. A nethod of
preparing a water soluble and positively charged blodegradable pol ymer as

described in claim er ein wgren 30 and
200 phosphat e 6T oupg b‘g Raﬁ@ #? %#“prep ri ng corrp ex S %‘%ﬁgpartl cles
conpri si ng,Q uedq@tsg[utgﬂslég sitively charged bi odegradabl e pol yner of
Forrmul a | ani | east one nega |ver charged macraonol ecul es conpri si ng.

the steps of: .(n)x. nét eastouenegativelydhasgedmacreanqleailes splacied:f

t °388ra?i£23pﬁ$$%3u§’éq%ef&i% et g Eye%d}%a»d%e Ctive omm
0 g active

macr onol ecul e, f cﬁgﬁ b d is able
to conplex wt F&‘y %Ph#—’gr g&flﬁ%ly thod of “pr eparP g conpl exes

or nanopargflcmlpf cl ai m - 8, conprising of water soluble, positively

char geabl e bi odegradabl e polymer of Formula | and at | east one negatively
charged bi oactive macronol ecul e, wherein the negatively charged or neutral

bi oacti ve nacr | ecul es are eletedfrom [0 n f DNA,
RNA, prot ei ns, 2and Ppb?f er co glit‘lgngof &MQ %ﬁé&ﬂlgﬂﬂa

‘negatively charged bloactxve macromolecule accounts for 20-60% by weight of
the total weight of the complexes or nanopartlcles

6. A method of preparmg a water soluble and posmvely chargeable
biodegradable polymer of Formula I, compnsmg the steps of:

(a). reacting a precursor polymer with recurring unit shown in Formula

et

FORMULA II . e
wherein | | |

Riisa ciivalent aliphatic organic moiety;

with an elcohol having a structure of HO(CIh)mRz,' wheréin Ryisa positively
charged alkyl or heteroalicyclic group selected from the groups consisting of
protected primary amine, protected secondary amme, tertiary amine, and
quaternary amine and m is an integer from 1 to 6; followed by

(b). deprotecting the protected charge groups, if applicable.
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10. A method of preparing conpl exes or nanoparticles of claim8
~wherein the biodegradabl e pol yner is capable of conpl exing 20- 6&&9138682/00090

wei ght. 'of the negatively charged bi oactive macronol ecul es. 11. A nethod for
the controlled rel ease of a bioactive macronol ecul e conprising fiiae X08ps
of . providing a biodegradabl e polyner conposition of claim4, and

contacting th S | a\hAd positivel gnar dfl uid,
| BN A ”@e,ﬁéd‘ Iong%a wilte¥ isblubl positivelyogharge:

cell or tiss i con ducive to the deliver ab | east a
portion ofolifEadible! Pl Ias desctived dn bddiom 6e wherein cthp @Pé@"&é‘l‘ Ie|uid, cell
or tissue so that the "biolo |caIIy active substance is released in a _
contr ol | egolyrrendas betygeen 38 EEMAte BE9YPRU PCT/ SGD2/ 00090 8 June 2006 .
12. A nethod of. claim1ll, wherein the bi oacti ve macronol ecule is. rel eased
in vivo. 13. A nethod of claim 11, wherein the bioactive macronolecule is

rel eased in vigro. d4nethod® ?@%ﬁo@\ ,ael;,or\ﬂaﬁbpamdebeoﬂnpommgufe
macronol ecul e I's released e acellal)qlil arlly‘ll 15. A net 1 | m 11,
wher ei n t patd sohdiile,vpositivelp whhxged| egradable pelyaver of ‘&E‘E‘ﬁ? I 3} 16. A
‘met hod  of Qﬁgléﬁlpﬂm 11, me%e%nﬂbl %l\cl’im%e nmacr om)l %L&"‘S}s are sel ected
fromthe erpgatly ol ysaccharl des. 17.
A nmet-hod of clai.m \Maghﬁéqlﬁ&gﬁogl oslitols g{,a RMaY; bicgilegraxablb| e of

conpl exi ng 20- Bi%%s e bl oact rracrorm ecul e. 18 A net hod of
claim11, &J&po@ﬁlm pmr@ﬁaé;{tmﬁmbymmgﬁSmbngm 50pg/ml and about
200 phosp at'e groups. 19.., A nethod of claim11l, wherein tecuel bi oactlve
macr onol ecul e mdthaan aqueous solution of one or more bloachve macromolecule, 0

of which is negatively charged macromolecule and is able to complex with

polymer of Formula L.

9. A method of preparing complexes or nanopartlcles of claim8,
-compnsmg of water soluble, positively chargeable bxodegradable polymer of
Formula I and at least one negatively charged biocactive macromolecule,
wherein the negatively charged or neutral bioactive macromolecules are
selected from the group consisting of DNA, RNA, protems and
polysaccharides.

10. A method of preparing complexes or nanoparticles of claim 8 and
9, wherein the biodegradable polymer is capable of complexing 20-60% by
weight of the negatively charged bioactive macromolecules.

11. A method for the controlled release of a bioactive macromolecule
comprising the steps of:

providing a biodegradable polymer composition of claim 4, and

contacting the composition in vivo or in vitro with a biological fluid, cell
or tissue under conditions conducive to the delivery of at least a portion of the
biologically active substance to the biological fluid, cell or tissue so that the

biologically active substance is released in a controlled manner.
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growt h factor. 20. A nethod of claim1l, wherein the bioactive PCT/SG02/00090
macronol ecule is selected fromthe group consisting of DNA sequences,

genes, “gene fragnents, DNA encoding vaccines, therapeutic agents,

cyt bki nes, irmmunoadjuvants, cancer therapeutic agents, proteins, Juid2006
“conbi nations thereof. -36 AMENDED SHEET PCT/ SG02/ 00090 8 June 2006 21. A

met hod of cl ai M20, Aviaethiod diﬂ]daﬁ\lAlSBd[lemlndhe dinsetive xganmnoieca@rmnt is
.adm nistered in_connpection with gene therapy. 22. A nethod of claim 20,

wher ei n thee%ﬂseé&vw& macronol ecule is a protein vaccine or a DNA vacci ne.
23. A nethod of claim22, wherein the DNA vaccine conprises DNA encoding
an antigen, DNA encoding a cytokine or a conbination of DNA encoding an

anti gen and DNAjgEncoalimgthadcyt akimell, wherdinrth lhishctie anycromeleetilecisai s 11
t hrough 23 wherein the positively charged bi odegr adabl e pol yner

conpositi orﬁleasndlll!rmtl@ conpl exes or nanoparticles is delivered in vivo.
25. A nmethod of claim24 wherein the water soluble and positively charged
bi odegr adabl e pol ymer conposition-is delivered to a patient. 26. A nethod

of any one of ci{fi A 2hetHyOBPRaRR 11N WHHrGA thEDioREFE hi@bihofdtaldRd

" bi odegr adabl e pol yner conposition is delivered intranuscularly. -37
AVENDED SHi#idased extracellularly.

15. A method of claim 11, wherein the bioactive macromolecule is
released intracellularly.

16. A method of claim 11, wherein the bioactive macromolecule(s)
are selected from the group consisting of DNA, RNA, protems and
polysaccharldes

17. A method of claim 11, wherein the biodegradable polymer is
capable of complexing 20-60% by weight of the bioactive macromolecule.

18. A method of claim 11, wherein the biodegradable polymer has
between about 20 and about 200 phosphate groups. |

19. . A method of claim 11, wherein the bioactive macromolecule isa
growth factor.

_ 20. A method of claim 11, wherein the bioactive macromolecule is
selected from the group consisting of DNA sequenées, genes, gene fragments,
DNA encoding vaécines, therapeutic agents, cytokines, immunoadjuvrm_ts,_

cancer therapeutic agents, proteins, and combinations thereof.
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PCT/S5G02/00090

8 June 2006

21. A method of claim 20, wherein the DNA sequence, gene or gene
fragment is administered in connection with gene therapy.

22 A method of claim 20, wherein the bioactive macromolecult_e isa

- protein vaccine or a DNA vaccine.

23. A method of claim 22, wherein the DNA vaccine comprises DNA
encoding an antigen, DNA encoding a cytokine or a combination of DNA .
encoding an antigen and DNA encoding a cytokine.

'24. A method of any one of claims 11 through 23 wherein the
positively charged biodegradable polymer composition, including complexes

or nanoparticles is delivered in vivo.

25. A method of claim 24 wherein the water soluble and positively
charged biodegradable polymer composition is delivered to a patient.

26. A method of any one of claims 24 through 25 in which the-
posiﬁvely. charged biodegradablé polymer composition is delivered
intramuscularly.
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