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The present invention generally relates to biodegradable polymer compositions, n

15  particular those containing both phosphoester linkages in the polymer backbone and

chargeable groups linked to the backbone through a P-N bond. The polymers of the

invention are useful for drug and gene delivery, particularly as carriers for gene therapy

and for the delivery of protein drugs.

200 2. Background

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

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

25  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 (Mahato, et al.,

1999, Pharmaceutical perspectives of nonviral gene therapy, Adv. Genet. 41: 95-156).

An ideal gene delivery carrier should be bioabsorable, non-toxic, non-immunogenic,

stable during storage and after administration, able to access target cells, and efficient in

30 aiding gene expression. As many studies demonstrated, the limitations of viral vectors

make synthetic vectors an attractive alternative. Advantages of non-viral vectors include

non-immunogenicity, low acute toxicity, versatility, reproducibility and feasibility to be
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Cationic |liposone and cationic polyners are the two ngjor types of
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organi zed structures include mcelles, plannar bilayer sheets, and

| anel | ar vesicles. Through the condensation process, |iposaRseanss
cationic polyners formconplexes with DNA due to 5 charge interaction. A

| arge variety of |iposomal conpositions have been devel oped for gene
delivery (Ghesired onadarbtaings. Cadhic Bidsusicuned cafichit polgiieanarefthd fwi ghafoiA
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dependent immunomodulator synthesis, macrophage toxicity, neurotoxicity and acute
pulmonary inflammation (Filion and Phillips, 1998, Major limitations in the use of

cationic liposomes for DNA delivery, Int. J. Pharm. 162: 159-170).

20 Because of the limitations of viral vectors, cationic lipids, cationic polymers as the

»~

basis of gene delivery systems have gained increasing attention recently. A number of - )

polycations have been reported to effect transfection of DNA, including poly-L-lysine,
poly-L-ornithine, poly(4-hydroxy-L-proline ester), polyiminocarbonate containing
cyclodextrin, poly[o-(4-aminobutyl)-L-glycolic acid}, polyamidoamines, polyamidoamine
25  dendrimers, chitosan, polyethylenimine, poly(2-dimethylaminoethyl methacrylate), etc.
Significant progress has been made in the development of polymer based systems,
especially biodegradable polymers that have lower toxicity and can mediate gene
transfection via condensing DNA into small particles and protecting DNA from
enzymatic degradation. Nevertheless, searching for a safer and more efficient gene

30 carrier still remains a major challenge in the field of non-viral gene delivery.



especi al Il y bi odegradabl e pol ynmers that have | ower toxicity and can nedi ate
gene transfection via condensing DNA into small particles and protecting
DNA fronWVOdd@0#aei c degradati on. Neverthel ess, searchi ng POFS@IZY0Ry and
nore efficient gene 30 carrier still remains a major challenge in the field
of non-viral gene delivery. WD 03/000776 PCT/ SG2/ 00091 8 Junrin@be SUMVARY
OF THE | NVENTI ON The invention provides positively chargeabl e bi odegradabl e
pol ymers that conprises at |east one phosphoester |inkage in the polyner
backbone antvdMAREASF TOIERINYBNTIONe! y char geabl e group wherein the
positively chargeable group is a substitutent of a 5 side chain attached to
_ the pol ymer ba&%@dﬁ@&t’r%ﬁmﬁgﬁd%ﬁ MH%W&@F&%Q‘F&“?“%@&‘@@F polyjners fnatp_ N hond.
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subst ance;poaitidelythatkepbisictoupel yereiahgpadilieclpioagebldgblie ipotupsttutavmpri si ng
at | east one phosphoester |inkage in the polynmer backbone d at | east one
posi L1 Gel ysidsrebaioatiacked gribe BOWHISF BrokDpRe EMeEYa Dasph I BReres: SBpai s a
substi tuerr%;_Noﬁonﬁ side chain attached to the polyner backbone through a
phosphor ani date Ti nkage. 15 The invention additionally provides a nethod of
preparing a positively chargeabl e biodegradable polyners. The net hod

conprising the steps of: polynerizin t Least t nonone to.forma
pol ymer wi t h at Theigyeny ﬂbﬁ&gﬁ}ﬁé@%&%ﬁ“{%‘%&%@% &‘ﬂ‘gegﬁ%({%}?éplﬂ%’kbope; 20
reacting t&%&g{t%gggo%ﬁgg% primary or secondary am ne having a positively

char geabl e grioup or a tuent that can be functionalized to a
posi tingel y char@pabl & legpt onpbiotgasallyaoidve jubsieneyatdici ve to the formation of

a positively chargeabl e . bi pdegradabl e pol [ [1.S] t_one

phosphoest er |ifRage 'R?Sttwsgﬁg‘%gﬂ?g@e bogggﬁﬁﬁr@egﬁg'@etr cﬁ%lggfﬁgﬁ(g%%%s?%%i vel y

char geabl e grARRHHAB&E S tkabE 1 1B Polymied biicldat Bk 1€ast one positively chargeable
group wherein the positively chargeable group is a substituent of a side chain attached

to the polymer backbone through a phosphoramidate linkage.

15
The invention additionally provides a method of preparing a positively chargeable
biodegradable polymers. The method comprising the steps of:
polymerizing at least two monomers to form a polymer with at least one
phosphoester linkage in the polymer backbone;
20 reacting the polymer with a primary or secondary amine having a positively

chargeable group or a substituent that can be functionalized to a positively chargeable
group under conditions conducive to the formation of a positively chargeable
biodegradable polymer comprising at least one phosphoester linkage in the polymer
backbone and at least one positively chargeable group wherein the positively chargeable

25  group is a substitutent of a side chain attached to the polymer backbone through a
phosphoramidate linkage.

The invention provides a method of preparing a positively chargeable
biodegradable polymer composition. The method comprises the steps of:
30 providing a positively chargeable biodegradable polymer comprising at least one
phosphoester linkage in the polymer backbone and at least one positively chargeable



25 group is a substitutent of a side chain attached to the pol yner backbone
t hrough a phosphoram date |inkage. The invention provides a nethod of
prepari n§¥Q0HY76i vel y chargeabl e bi odegradabl e pol yner FEHEROPEN. The
nmet hod conprises the steps of 30 providing a positively chargeabl e

bi odegr adabl e pol ymer conprising at |east one phosphoester djjkages in the
pol ymer backbone and at | east one positively chargeable 3 WO 03/000776
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conpri s8s tIeEposiien, ermpritng he\pogitivgly shawsrhle bradgeadablg eabier Brd fisyr adabl e
pol ymer co it 9@5' ing. (a) at least one biologically active

subst ance; rﬁéﬁ%gtcgﬁ}oi\&pom P%@%&/ char geabl e bi odegradabl e pol ymer conpri sing
at | east one phosphoester linkage in the polyner backbone and at | east one

positively chargeable group wherein the positively chargeabl e group is a
substituent of allq@EcRHA ﬂsoaﬁrto&@?%@rttge ﬁ‘g‘W@dﬁ‘gF%ﬁé’? aﬁ’g‘b‘%‘ﬁﬁl@? #HFGugh a
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fluid, cell or tissue under cohditions conducive to the delivery of at

| east dOporti on mbvidieg bpodityily ehdrgeabis hiodegadadblepnd pmencapositisingtasgrsag: - )

fluid, cell or tjssue. 20 The, invention.further proyides nethods for gene *-
transfection usiéﬂ‘g t het lEdhepghro caltllg'agggeésu&;é&aﬂgggnind the positively

chargeabl e bi Odegigadanl ;ﬁ)sﬁmeg’”@{argéﬁl@]lé%dégﬁhﬂablé?ﬁﬁﬁﬁ&icﬂﬁlp@is%t seauaRce, a
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group wherein the positively chargeable group is a substituent of a side chain attached to
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15  the polymer backbone through a phosphoramidate linkage;
contacting the composition 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.

20 The invention further provides methods for gene transfection using the controlled
release methods and the positively chargeable biodegradable polymer composition )
comprising a DNA sequence, a gene or a gene fragment, to deliver a DNA sequence, a
gene or a gene fragment to a specified tissue target in a patient. Gene transfection
methods of the invention are suitable for use in treatment of any disease or disorder which

25  is currently treatable by gene therapy or is contemplated as a disease or disorder suitable
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 DNA fragment, gene or gene fragment; and
30 (b) a positively chargeable biodegradable polymer comprising

at least one phosphoester linkage in the polymer backbone and at least one



met hods of the invention are suitable for use in treatnment of any disease
or disorder which 25 is currently treatable by gene therapy or is

cont enpl WOLH08Y 76 di sease or disorder suitable for treateHBCHROLNne
therapy in the for future. Gene transfection nmethods of the invention
conprise the steps of providing a positively chargeabl e bi odegradagd e

pol ymer conposition conprising: (a) at |east one DNA fragnent, gene or
gene fragment; and 30 (b) a positively chargeabl e bi odegradabl e pol yner
conprising at pesitdtelpciearpdubipiroas wbierdin theqgeitivalytdhergpably gesuphiaakbone and
at | east one -4 WD _03/000776 PCT/ SG02/ OOOq%é 8 Jung 2006 ;t)osi tively

. chargeabl e gr oufpbafieert ¢f & Hide ghsdn attarbrq tocthg pPghamr 363’885 hrgugh a g bst i t uent

of a side chain -B]_@% pol ymer backbone through a phosphoram date
| i nkage; cont acP%Bﬂﬁgg%%ﬁpl@lom “on with a biol ogical fluid, cell or tissue

under conditi onsontictingribieiconpositoort With délidlogicyl ffid atelllop dissuecaindor ¢cdnditiank t he
DNA sequence, gene Qqr ne fragnment to the, bi ical fluid, cell or
tissue. BRFSEﬁ“BE’S@?T #&wa?ﬁgawwﬁhﬁbaﬁu&ge@m%rgFﬂ%_g'i &M8chenme of
P5-SP; 10 Ei igargt glecggj%b%%rapggihl a1 shyLpat ograph of P5-SP; Figure 3.

Structures o DMA, P5-DEA and P5-TMA; Figure 4.
Cytotoxicity of PPAs in COS-7 Cells as conpared wwth PEI and PLL; Figure

i qure o PRIGE DG EAEPS A SHECoRAIES o PPa DNA coacer vat es 1n HEK
293 cel | s; pla i 9WiGiiksislsBhathd 6op3-spnsf ection efficiency of P5-SP-DNA

coacervates 1 n HEK293 cells at different charge ratios (+/-); Figure 8.
'TransfHrt i Biguof2.s €vepatmeation dhremegfographgf BhiSPer ent pol yneric carriers and

o B, Rl B SP  TRpRRS gt CoLed T
celI's; 7. 5rpgk 40 ¢Rbtokiigd? Poalslis CAXPB-Celisak bompardd Weh@EIcpUIPE)L; and
Figure 5. Gel electrophoretic analysis of the complexation of PPAs with DNA;
Figure 6. In vitro transfection efficiency of PPA-DNA coacervates in HEK 293 cells;
15  Figure 7. In vitro transfection efficiency of P5-SP-DNA coacervates in HEK 293 cells at
different charge ratios (+/-);
Figure 8. Transfection of several cell lines using different polymeric carriers and PRE-
Luciferase as a model plasmid. P5-SP-DNA coacervates are tested with
different charge ratios (5 and 10 for CaCo-2 cells, HeLa cells and HUH 7
20 cells; 7.5 and 10 for HEK293 cells, COS-7 cells and HepG?2 cells); and
Figure 9. Transfectioﬁ mediated by PPA-SP/PPA-DMA mixtures at different molar
ratios in COS-7 cells and Hel a cells compared with PPA-SP and PPA-DMA

alone.

25 DETAILED DESCRIPTION OF THE INVENTION
This invention discloses a new class of cationic biodegradable polymers containing
phosphoester group in the backbone and chargeable groups linked to the backbone
through a phosphoramidate linkage, e.g., a P-N bond. The biodegradable
polyphosphoramidate of the invention comprise the recurring monomeric units shown

30  the Formula I;



Figure 9. Transfection nedi ated by PPA-SP/ PPA-DVA m xtures at different
nmolar ratios in COS-7 cells and HelLa cells conpared with PPA-SP and

PPA- DVA W0 83e007785 DETAI LED DESCRI PTI ON OF THE | NVENTI ON RUTESGOPML on

di scl oses a new cl ass of cationic bi odegradabl e pol yners cont ai ni ng
phosphoester group in the backbone and chargeabl e groups |i nkegetood he
backbone through a phosphoranidate |inkage, e.g., a P-N bond. The

bi odegradabl e pol yphosphoram date of the invention conprise the recurring
nononeric unig® shown in O the Formula 1I: 5 WD 03/000776 PCT/ SG02/ 00091 8
June 2006 N !j}FCRNULA I erein:. 5 R is a divalent organic noiety that

is aliphati onmat or héterocyclic; R2 and R3 are each independently
selected fr '~consy’sting of hydrogen, alkyl, aryl, heteroaryl,

het er oal i cy cI oal k)ﬂ aral kyl or cycl oal kyl al kyl ; each non-hydr ogen
occurrence o NRzamd R3 is gubstituted with one or nore positively .
chargeabl e functional groupgs (e.g. primary am no group, secondary amno 10

group, ter;ﬁ‘:(ﬁ{{mqo group and quaternary am no group, etc.); and nis 5

to 2000. P I'y preferred polymers according to forrmula | include
polynmers of fornula Il: 15 FORMJULA Il wherein: n, R2 and R3 are as
defined in Fornula |I; R4 and R5 are independently selected fromthe group

consi sting Wherh‘}ﬂdr ogen, 20 al kyl, cycloal kyl, al koxy, aryl, heteroaryl,
het er oaI5| cyclic, Ralrs%lI cl( ¥alént%r§ztmeur: %{O(ijet)gj ﬁ{ait }/S%tlfp‘ﬂgt’w, %poqnatic or heterocyclic;
R; and Rj are each independently selected from the group consisting of hydrogen,
alkyl, aryl, heteroaryl, heteroalicyclic, cycloalkyl, aralkyl or cycloalkylalkyl; t)
each non-hydrogen occurrence of R; and Rj is substituted with one or more
positively chargeable functional groups (e.g. primary amino group, secondary amino
10  group, tertiary amino group and quaternary amino group, etc.); and

nis 5 to 2000.

Particularly preferred polymers according to formula I include polymers of

formula IT:

NR2R3 n ‘)
15

FORMULA I
wherein:
n, Ry and Rj are as defined in Formula I;
R4 and R;s are independently selected from the group consisting of hydrogen,
20  alkyl, cycloalkyl, alkoxy, aryl, heteroaryl, heteroalicyclic, aralkyl, a steroid derivative; and

q is an integer from about 1 to about 5.



g is an integer fromabout 1 to about 5. WD 03/000776 PCT/SG02/00091 8 June
2006 Preferred positively chargeabl e bi odegradabl e pol yners of the

i nvent i oWQ#3000F8pabl e of form ng a conplex with biol ogi cECMEGAYP0E
substances. Preferred biologically active substances include DNA, RNA,
proteins, small nolecule therapeutics, and the like. 5 O herg pnebedd ed
positively chargeabl e bi odegradabl e pol yners of the invention include

pol ymers capabl e of conpl exi ng 20-60% by wei ght of a biologically active
subst ance such Pgfdad, pdsitikelypehatgiable bicdegtddablelpetyrhes bfitreapeattionsye and t he

| i ke. Furth , ef d jtivel bl bi od d ]
of the 10 SRR SHTHAG FGABDII I b A NGB ES MBHIST0dre BT BlBBENG. 000
phosphor a%ﬁfe%ub&&%@ﬁm TSNR! RRGY 3P ikink SR ER o RO h & QpAliRs aRAYhe RO0

phosphoram dat e groups, an pafticularly preferred are pol yners having
. between about 20 and 1000 phosphoram date groups. Al so preferred are

I havi I I i ght. of t t 1000 d 500,,000,
Dref or dbl y. navi ARG PROFEROPeS VALY I ESP O GEE AR SR U6 TIN50, 000,
par ticul ar mg%tl)%?é?é EaRbR mbmﬁéx%mm% By WBleRESH Aiolial abfivdet ween

about 2000 an , 000." I'n addi tional preferred enbodi ments, positively
char geabl esulistiegsuntialb DINA pRNYprateins, snwdl moleevieitamagautich end damlpes. se one or
nore groups that facilitate intracellular 20 or extracellular delivery of a.
‘biologically active substance. Preferred groups for facilitating

intracel lul ar dehi@fbrdbréfeRbdbOiively) targéible/HogsadBRESoliinelsWdeha
| ysosonal yti ¢ agent, an anphi ghl lic peptide, a steroid derivative, and the
a

|ike. 10 pioketioesidckidbpdlymans baving betiieerialmui o abpe 3 AMbehssphermmidate

polynmers of the 25 invepiion. ingludi ' | or
Formul a 118 %P& %‘?%86%%%9 beqeéw e%‘e%bgﬁgwa%ndﬁp %Aﬁ%lg?élé%@ goﬁg{“?%ﬁgd%t%g%%@ e raed
enbodi ment Eartibﬁl@rl?bﬁﬂf&@écpzﬁrb pylyacdrs havisgibahveat ebows 20@gatl D9@ blosphearagedate
Preferred biologically active substances include anioni ¢ groups such as
phosphat e gfasapsAlsemrefsred 257 nedmers Hayiag aduelechlar yrightrf behye; ahept 1000

negat i vel y _chagegsh Bl SRRl H:6i B HBRou R O3HO0PTAE B HIIRIPRRRL 8

June 2006
15 200,000, particularly preferable are polymers having a molecular weight of between about

2000 and 100,000.

In additional preferred embodiments, positively chargeable biodegradable
polymers of the invention further comprise one or more groups that facilitate intracellular
20  or extracellular delivery of a biologically active substgnce. Preferred groups for
facilitating intracellular delivery of a biologically active substance include a

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

In preferred embodiments, the biodegradable polyphosphoramidate polymers of the
25  invention, including polymers according to Formula I or Formula II, are biocompatible

before and upon degradation.

In preferred embodiments, the biologically active substance is negatively charged.
Preferred biologically active substances include anionic groups such as phosphate groups,

30 carboxylate groups, sulfate groups and other negatively charged bio-compatible groups.



I n -anot her enbodi nent, the invention features a coacervate system usefu

for the delivery of bioactive macronol ecul es conprising the bi odegradabl e
pol ymer WO Bd0HMa |. 5 In anot her enbodi ment, the invent PEA/SEOPes

pol ynmer conjugates conprising polynmers of Fornula | and bioactive |igands
that could facilitate cell uptake and intracellular traffickjungz2séeps. In
anot her enbodi nent of the invention, coacervate systens useful for delivery
of 10 nucleic acids (DNA or RNA) and/or protein drugs and conprise the

bi odegr adabl enpgoyiee entodbpéntLihe ihvedtioh fataboy eocstesatd Hettnpadefiuteor the
conjugates are described. In a further enbodiment, the invention

cont enpl at eleliseryof biasstive mearomleqesysoatarsingthe bndgeradable gelymst pf Epymyp X
protein drqgs or nucleic acid. 15 This invention al so describes a nunber of
procedures for preparing the biodegradable polymers described above. The

bi odegr adabl e pol yners coul d be copol yners havi ng one or several different

20 nmononeric recurring units described in Formula |I. A lipophilic noiety,
e.g. a group Beathey cthoduuendy the 1yeniiep tﬁ?aé?re%g&mf BQHJE%ﬁﬁg%‘POHBmSH%j ugat ed

to the Ca”'o?y;@eﬁs%ffggﬁugq &H%ida@ﬁféﬁ%{nﬁﬁ@m@@&%ﬁ?ﬁbiﬁﬁf&eﬂ engdcel |

menbr ane tHe ore tates ce 25 An endol ysosonual yti c agent,
e. g. an anphirgpdellulac trafipdkinestegoul d be conjugated to the carriers to
enhance the endosonal escape after cell uptake step. A nucleus |ocalization
signal could be conjugated to the carriers to facilitate the 30 nucleus

translocationy, Y3/ e%%ﬁ?ﬁeﬁ%tl%%éﬂ%? é?ﬁzegﬁé[besyg@% uskfull fordlel&g@¥ery of

the present invention at nuclerc acid nol ecul es”of various chain™ |engths

can conpl exauididadide@iNAi adRI§A R datibeprp iy degs and céropms the biddagradatdous 3
conditions to for oacervates or soli icroparticles ranging from 5
subni cron tHS’?W‘Err(g]r@mi“ﬁ“ I\s/(?rztgﬁ." aBgyge S%%?MQSCOBW%F ﬁ’feh%sﬁrg%qdei c acids,
when appropriately targeted, can

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

coacervates for delivery of protein drugs or nucleic acid.

15

This invention also describes a number of procedures for preparing the biodegradable

polymers described above.

The biodegradable polymers could be copolymers having one or several different

20  monomeric recurring units described in Formula I.

A lipophilic moiety, e.g. a group bearing cholesterol structural or lipid, could be
conjugated to the carriers to enhance the interaction between complexes and cell
membrane therefore facilitates cell uptake.

25
An endolysosomalytic agent, e.g. an amphiphilic peptide, could be conjugated to the

carriers to enhance the endosomal escape after cell uptake step.

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

30 nucleus translocation.



5 transfect cells with phagocytic activity. According to the present

i nvention, other nol ecules, especially those carry charges and have

rel ati veW 03/080%3¢ nol ecul ar wei ghts coul d al so be i ncor poPGHeA¥MPY t he
conpl exes/ coacervates. 10 In a further enbodi nent, the invention

contenpl ates a process of naking polyneric coacervates for glghtygese of

bi oactive nmacronol ecul es. In yet another enbodi nent, the invention
conprises articles conprising one or several 15 different polymers with
structures slpwa discoverynafltee presed ilbieation thaensaldis heidaeslgcdegof vauoliechaimci ds
and ot her negatively charged macr.onol ecu] es_for syg;ai P? rel ease of these

bi cacti ve lsuBbs sareedmplex W lwhﬁsr?thlﬁ‘?eg a(glagietgo&ymgaa Y1 aqURBYYi oact i ve
subst ances Siidfition g%o rﬂ?ﬂ’?&?ﬁ%%{és 3r &9{21%%5 Smlésl"t%h%h?‘iﬂ) 3 Erofith GRS

i ntracel | uf4r"an manner . I'n a rther enbodi nent,
the i nvent ingfize Orﬁeeérbd)aa:bﬁ&ta cpnargssndadeic peidpaviiengppivipodtdy tdmwidde can

pol yphosphoram dates, which conprjses a step of reacting a polymer shown
in For riul atras ec\ﬁ/ﬁ%‘ﬂseWHth?&o%{“%%‘ftB’&éfn and RL is as defined in Formula I,
with a primary or secondary am ne having a general structure as R2R3NH
wherein R2 and R3 are 25 each independently selected fromthe group

consi sting ofAdypdiing emtheairdsght, inwention, dtbermokeeyles, esprsiadlydhodecpal icharges

cycl oal kyl , al k r oal K er each non

occurrence“1 ‘ﬁ’?%{ﬁ& %ﬁé‘%ﬁ’@i‘%’wﬁ f"%’bﬁl\%n?or‘l&%ﬂéo E? “}‘fBFpé’r?)%‘gF{&?g’& y

char geabl ecgﬂpgkéépg&bewg{egups (e.g. primary am no group, secondary am no
group, tertratry amno group and quaternary am no group, etc.). 30 9 WO

03/000¥6 PCT/ SG02/ 00091 8 June 2006 In specific enbodi nents, one or nore
charged grou t ar esen e ca r i W th
a P-hal ogen E‘g‘ﬁoé}?té?re éﬁc}ﬂveﬁﬁ%fc orﬁsm %éﬁsta R/rg?&sggk&a% g pBRfibdS

coacervates for delivery of bioactive macromoleculcs

In yet another embodiment, the invention comprises articles comprising one or several
15  different polymers with structures shown in Formula I and bioactive substances, e.g.
nucleic acids and other negatively charged macromolecules for sustained release of these
bioactive substances in-vivo and/or in-vitro. Additionally, the bioactive substances can
be released in a controlled, sustained manner either an intracellular and extracellular
manner.
20
In a still further embodiment, the invention contemplates a process for preparing
biodegradable polyphosphoramidates, which comprises a step of reacting a polymer
shown in Formula II, wherein X is a halogen and R!is as defined in Formula I, with a
primary or secondary amine having a general structure as R’R3NH, wherein R, and R; are
25  each independently selected from the group consisting of hydrogen, alkyl, aryl, heteroaryl,
heteroalicyclic, cycloalkyl, aralkyl or cycloalkylalkyl wherein each non-hydrogen
occurrence of R, and R is substituted with one or more positively chargeable functional
groups (e.g. primary amino group, secondary amino group, tertiary amino group and
quaternary amino group, etc.).
30



chargeabl e groups are protected using standard organic chem stry protecting
group techniques to prevent reaction of such groups with the P-X bond. The
prot ect ewoid/geard or secondary am ne, R2R3NH, is then reRCTEG00091t he
polymer of Fornmula Ill where X is a halogen. In particularly preferred
enbodi nents, reactive positively chargeabl e groups 10 includejjpeiosdy or
secondary am ne groups which are protected using standard ami ne protection
met hodol ogi es. I n other preferred enbodi nents, phosphoram date pol yners of

the invention gan be prepared by formation of a P-N |inkage by reacting a
pol ymer of Forpula Il wheréi{n X 15 is hydrogen with a primary or secondary
amne in a pol aprotic solvent m xture such as DM/ CCl4 to Schene 1. ||
[
> 9

;
NR2R3 n Sch Pi\\ggxfhe\b egr adabl e pol ymeric system described in the
present invgntion@chi eved®” [sustained and | ocalized delivery of one or nore
t herapeutic \agents to a desfgnated biological tissue or site in a patient. |
In particulaN, the polyner¥c systemof the invention achieve sustained and

| ocal i zed delivery of one or nore genes in skeletal muscles or -10 WO

03/ 000776 BERMBZY Bboo1 8 June 2006 intradermally and achieve a higher

gene transfer efficiencies than other plasmd delivery systens currently
under investigation. The bi odegradabl e polyneric carriers described in the
present inventi anspehiicembatimentsy anesfrenorefchanged griups thah arei presgnbinoRi or B vo

that are superior. tq other | ycationic caryiers,currently under
i nvest i Yat AENCaP8LIEIE T%F‘?%Hc&gﬁr%g%lﬁgﬁh?@(ﬁaﬁ’?ﬁ%@i’é > §pch W@c%‘feé’soéﬁlve}ynvent i on
typically 9bleGifaBteaAYiAR kALAS VY QIO HaTisth) 8 carriers
descri bed ?&&%ﬁaem%l toéli)at Sﬁtﬂé ar?d 1pgt ents: 10 Pol phog}:) or am %gfﬁe@pol yner S‘)
of the i nvesahingmestoeprovedeepctidabf sichvizseunsnvitthibe P-X bond. The protected primary
or secondary amine, R,R;NH, is then reacted with the pollymer of Formula IIT where X is
a halogen. In particularly preferred embodiments, reactive positively chargeable groups

10  include primary or secondary amine groups which are protected using standard amine

protection methodologies.

In other preferred embodiments, phosphoramidate polymers of the invention can
be prepared by formation of a P-N linkage by reacting a polymer of Formula II wherein X
15  is hydrogen with a primary or secondary amine in a polar aprotic solvent mixture such as

DMF/CCl, to Scheme 1.

O
l | HNR,R;
P. R4 Ry
l\o/ ~o ) 0
DMF/CCly
H n NR,R3 0

Scheme 1.

p—— g}
=

Y

—7'0
\
/

20
The biodegradable polymeric system described in the present invention achieves
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

achieve sustained and localized delivery of one or more genes in skeletal muscles or

-10 -



pol ymers have a cl eavabl e backbone , either hydrolytically or
enzymatically. The two nost effective polyneric carriers currently

avai | abl w0 BBPO7ahd vari ous dendrineric nmaterials, are noPCHSEHMAOabI e
and their fate, in vivo, after admnistration is still unclear. 15

Pol yphosphor am date pol yners of the invention are bioconpatigdigebedore,
during and after biodegradation. Biodegradation breakdown products are
typically non-toxic. The pol yphosphoram date pol yners of the invention are
L ess cyt ot jpirh@eriAB al@hohidvel Alsighe genlrhndfaceficiensiesthan @mipe pidshid deliveryi t r o.
In a preferred enbodi ment, polyners of Formula | are degraded to . .
phosphat e, systeRsshopaiieundsy inyssfigatione d hrbresieeradahle polimsiic caonge describsdh by

t he side chains, t.he r ' J. D i GJ: re and
upon degr RGRIFEH 1 5?@%%%@8“%&%%ﬁ;gggk%%F@%%?%Q%gE%%%ﬁgﬁq%%ﬁ?ﬁgkgresent
pat ent havgpbiighelothdipoBeulichiveirgibis dubentlynsderdtvmtighiondegr adabl e carriers
reported in the literatures whose 25 nunber average nol ecul ar weights are
in theXange of 3,000 to 9,000. The bi odegradabl e polyners described here
general |y have : I i E 000 to
200, 000. *Hi gher T HOPOYRAPAGARITR. SEHLRLNR B W chlitn LPTARY offe Y,

i ncreases fdtlewiigstivagtagesaet bthepbiotlbgradable carisrsslesériticddn thelteptargsend of
the invention typically exhibit superior uptake of DNA and protein. 30 WD
03/ 000776 PHIMSED2/ 00091 8 June 2006 The structures of pol yphosphoran date
polynmers are tailorable to have variable charged groups with different
pKb, different charge density, nolecul ar wei ght,

hydr opt0 | i ci t y/ hylgplgsphivaniidate pallyareceoftthe openton erctthedegrafablecehdren thet i vi ty

of the carriers. . An epdol ysps | yti.gc agent. e.g4. an a ighi li,.c pepti de,
may be conP@Qﬁ?@HwFBaﬁgﬁvﬁxﬁgWﬁggwg’lﬁwéﬁﬂﬁﬂ@@w?ﬁ%oﬁﬂﬁgggﬁﬁﬁgéé@gﬂgmgfter
cel | upt akgost Geetids hoIPRRAE bafiefRivgletily Bvlable2 PEI BdvARiksidegdshetiest er ol
structural or lipid,~ may be conjugated to the carriers to enhance the

i nt er act i omatesialseane nobhiodegradabdmandtbieir fateniyrvaves aftprcadanipistration is stilginsleag| |
upt ake. A nucleus localization signal could be conjugated to the carriers
to facilitate the nucleus translocation. 10 :

15 Polyphosphoramidate polymers of the invention are biocompatible before, during
and after biodegradation. Biodegradation breakdown products are typically non-toxic.
The polyphosphoramidate polymers of the invention are less cytotoxic than poly-L-lysine,
PEI and liposome compositions in vitro. In a preferred embodiment, polymers of
Formula I are degraded to phosphate, 1,2-propanediol and amines R*R’NH. By prudent

20 selection of the side chains, the polymer potentially has minimal toxicity before and upon

degradation.

Polyphosphoramidate polymers described in the present patent have higher
molecule weight than most other biodegradable carriers reported in the literatures whose
25  number average molecular weights are in the range of 3,000 to 9,000. The biodegradable
polymers described here generally have number average molecular weights in the range
of 10,000 to 500,000. Higher molecular weight of the polymeﬁc carriers generally
increases the binding capacity of the carriers such that the polymers of the invention
typically exhibit superior uptake of DNA and protein.
30
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Pol yphosphor am dates suitable for use in the invention nmay be nodified to
conprise one or nore specific ligands conjugated to the side chain or as a
si de chaWO 03#08T#6 t o enhance the cellul ar uptake of one oPCH@290WActi ve
nol ecul es (nucleic acids and proteins) dispersed in carrier polymer and/or
achieve tissue/cell specific delivery of 15 the bioactive 802006

Pol yphosphor ami date pol yners suitable for use in the nethods of the
invention typically posses higher nol ecular weights than pol yneric

carriers di scl oggd strilctufed ofipblyph6sphotdmidatepobects afetaidorablead hsve earpublesi ng

t he pol yphosphoram dates of the invention are 20 pore stable than other

pol ycat i onichanged efouns with; differeptulib a4 flerent eharggedaty, melseylanyeighbr ani dat e X
pol ymers and,conmpasi k.l LS t le LOACT I nd a
Pol yphosphay ePRECRY B RORLPORE bilnth Blopkis @ Rane B ARCIHNEY SENES el

scal abl e prarefielyessonZdytthagunt,leqe tah \aenphipiiiis paptidedeby beconjagaedta thequires a .
del i cate bal ance anmpbng factors such as the licity of preparation, cost

[
ef f ect | §enseniernigenbprcesbe gadasgmal ergapeatiar ,Ceﬁ upiake steped hpnbalicemalsty,ie g,
storage stahbj] i i LGl gt & delivery
system des%r %‘g%yﬁgr g%%%&?g?ﬂ%t‘gtagﬁ{ g%*él’sﬂ‘g%r?gg? gggitﬂgégot ﬁgr a%%?{lﬁ)cul ate 30
del i very syahsis thd intdradiondhetnesn dopgsenealand ysil arembrane therehire fixcilathte cell
instability, low |oading |level, .and controlled relegse abilit re better
60l ved wibikehdsuITIRAlizEton SRS GPP B et SRt Botifie (006
systens. CoRRLEHal o&ﬁpgr synt hetic polyneric systens, such as the
extensively studie pol'yl acti ¢/ pol ygl ycolic copolyners, the mild
condi ti®ns of coacervate formulation are appealing. Unlike the sol vent .-;:f"‘u')

evaporation and hot-nelt techni qu used to fornmul ate synthet.i.c ol ymeric+
coacervates, co ?EPOEE)‘&E@P qngﬁ%gﬁg?‘r‘?S “h&ﬁ_et“?l‘éqn%% aé(\ci}e W‘ﬁ‘ﬁ‘egl&br gani ¢

sol vent's nQLaheRE ond br ndrdpeBifRaldah&dd il datedltb tidddige Eiin 8PEAPSHE BhdiATY bi O-
macr onol ecul es such as nucleic acids and proteins not only through passive

sol vent  cagrowy foraghice the selludgr upitakscaf ooh ar gere bispgive melsedlet (Noakeic Fudgyet i ng
'Tgands ¢ anang%rcﬂl:{ng)céilsﬁler?e%g%a%r?er tpgﬁln?el# LhA6F alieVeMesd &Qng\é@fﬁ%sdelivery of

15 the bioactive cargo.

Polyphosphoramidate polymers suitable for use in the methods of the invention
typically posses higher molecular weights than polymeric carriers disclosed in the art such
that complexes/coacervates comprising the polyphosphoramidates of the invention are

20  more stable than other polycationic materials with lower molecular weights.

Polyphosphoramidate polymers and compositions comprising at least one
bioactive molecule and a polyphosphoramidate polymer are prepared by reproducible and
easily scalable procedures.

25
An attractive coacervate delivery system requires a delicate balance among factors
such as the simplicity of preparation, cost effectiveness, nucleic acids loading level,
controlled release ability, storage stability, and immunogenicity of the components. The
gene delivery system described here may offer advantages compared to other particulate .
30 delivery systems, including the liposomal system. The problems of instability, low

loading level, and controlled release ability are better resolved with these polymeric

-12-



10 Alternatively, such ligands can be conjugated to the polyneric carriers
to formnol ecul ar conjugates, which then conplex with nucleic acids and/or
pr ot ei nSWOPaOKEF¢ ng | i gands according to the present inRGEFGR/MPY any

nol ecul es, which bind to specific types of cells in the body. These may be
any types of nolecules for which a cellular receptor exists.gjjeebsg ably
the cellular receptors are expressed on specific cell types only. Exanples
of 15 targeting ligands that may be used are hornones, antibodies,

cel | - adhesiyermanCenphed o otler gpshdichatynes, sydﬂﬁﬂlgsSUChrad thveentessivelissthdiedr s

doccrt bod paviesio plyentols wpsbRier trAd sprdions Ggegter Bk mBIRGE e o st em
and US Pat @}fe?ﬁx#%ﬁﬁl% R0 sé1VE orfiorPnd hot ¥Rl teSpliheksMsed apRikuBkes for

Gene Deliv he process is optimzed in this invention to best suit
the conpl esyathetin pofynnuic @iceruates) somplexisoatieptiofabyures aertherrcontagt WHBr mul a | .

It |sad|scovery of the present.inv n t.h ifferen olymers with

di fferent Uganigsn VCQ@DQFB‘%;S It 13 al5o pgy ‘F’f‘%ﬁ@ﬁ?lt%’h‘? 5 GrEaH “@ﬂ’ a wide range
of acidity Qﬁ%ﬁ)ole QH'SQCIPQS R aGds bt RoRNR RRBAE/ tHAfUEh pasEN oISt em f or
t he |ntracml e ivery. Such a systemcould offer buffering capacity

simlar tocapaingiiut Riso byRbteghtiasgesdrargs igterassiossii t abl e for use in the
nmet hods of the present invention 30 include any and all different single
pure isonmers and m xtures of two or nore isonmers. The termisoner is

i ntended to i 5%)&%1 aﬁ&i@in%cﬁtwﬂyboutﬂrtamlhd@ﬁﬁbéofﬂﬁgﬂo@tms -13 WO
03/ 000776 PCT/ 091 8 June 2006 structural isomers, tion

|
i somerH) t Alteontively, wieh ligheds qapde CF@PgQ,*é‘FTWBﬁGQIYWﬁ”@Wa“&%M OH“dﬂ‘gle%"rla ror e
?r;[air ggggglr %ﬁnﬁﬁgnag %v’hic,?xﬁg%n cO CIH#)] eg%&m%ﬁqﬁds z{daﬁ?rg%&tlgﬂlqs ’Iqagézhﬂg ll?hﬂﬁéent ion

enantironerically enric acennt e,
or a m Xt WéRrdhg & @S pedsepriBrentioklragd atyr IﬁdleaﬂaSmWIQﬁBWMdad) bpecifitr typéseaf cells

conpounds have an 5 enantioneric excess of 50% o re pref erabl y the
conpound histhghodriahhessmaay ke anglyres %81?01%"(9%9 ) “’gD HEED/SCC@EW % Y8y or

99% or mr £Qlkic U8R tyds b, FRAMEES 0pf t he
present i n\‘ljaéef‘ta tM?EégﬁR%é}Egé#&%% ?#érregmgc arlcwel g tsd%ﬂ?t ri bu€| oﬁ
profil &%, targatmgmgaylmﬂrlﬁt ﬂnaybags%l ave hormanes, antlbodles cell-adhesion molecules,

oligosaccharides, drugs, and neurotransmitters.

The method of the present invention involves a coacervation process described in US

Patent 5,972,707 (Roy, et al., 1999, Gene Delivery System) and US Patent 6,025337
20  (Truong, et al., 2000, Solid Microparticles for Gene Delivery). The process is optimized
in this invention to best suit the complexation of nucleic acids and biodegradable carriers

of Formula 1.

It is a discovery of the present invention that different polymers with different charged
25  groups, e.g. different amino groups with a wide range of acidity (pKb), could be included
into one coacervate/complex system for the intracellular delivery. Such a system could

offer buffering capacity similar to that of PEL

Polyphosphoramidates suitable for use in the methods of the present invention
30 include any and all different single pure isomers and mixtures of two or more isomers.

The term isomer is intended to include diastereoisomers, enantiomers, regioisomers,

-13 -



10 M of between 1 and about 50, nore typically a M,,, or M between about
1.2 and about 10. Moreover, polyphosphroanm dates of the invention have a
pol ydi sp¥0s13t00077hdex of between about | and about 5. As BfESGHAM85sed
above, typical subjects for adm nistration in accordance with 15 the
invention are manmmal s, such as primates, especially humans. $jadegicadabl e
polymers differ from non-bi odegradabl e polyners in that they can be
degraded during in vivo therapy. This generally involves breaking down the
pol ymer i sifietirilSisomenrestatiosil isomérs,. taltonpars, aidpthe, likehe Fot compoendsyehishyt i ¢
breakdown products of 20 - pol g,rrers sui t abl E.for use in the tglgdsf f the
present i rABEA SHRESHOTAORE SETEILERISHTSRISTS| S8 Bk SUPROUIS: sfnlrg@'10 ¢ d
froma paticlich RAke cﬁgﬁé?\f)‘ﬁf withenahRbREABMyALRIcAbd BABSUR, Rraskicds G

t he hydrolysris may ‘have different properties. Thus, toxicology of a

bi odegr adapnsixpuet yieliastaitemasd Porferiadpérantiamietpalyy enm¢hedt ¢ammpouade haye@an
synt hesi zed fr.om appar ent i nnocuous nonoperic..structur IS typically
det er nichedenapHoREHe Px‘i‘iﬁ%ok)go%ﬂé“‘frWﬂetWe FFQIXIQE@SQO“W%H&?‘B%%F% BrEre

pol ymer _of o Jag dFReeRti0oR, 0%, 0094, 5oRbBys uF D% gifthbre. pure 1o be

bi oconpat i BI€ Tsel? ‘and remai ng bi oconpati bl e upon bi odegradati on.

"Bi oconpatible" is defined to nean that the biodegradation products and/or
the polyner itself are nontoxic 30 and result in only mninmal tissue

irritation when_ instilled i.n the .bladder ar. t r\wi S6:

| ocal i zed to ot Rgl]ypl%?sg ﬁ‘@gna?t?ghpraéﬁepg% i‘éS%tl.n t@}ﬁ %Béé%%e%gé}ﬁ i éiftion
PCT/ SQ02/ 0QQfHe Any 4iE al QeddlarvtibhindstEBRISL pRifek, § BApolyneraniviag apvgfar r ed
anounts of therapeutic agent or other conponent used in a_ gi

conposlQ i oMwiflbetweenyl andahatt 46, meora typicaly adler M hgisen ab@vt\ﬁgg andl 2o £
i ncl udi | i i cat i 5
oot st o V0 DSV oSSR ETBr U sk B TRV Ol BB 2 46,

gi ven pr ot p&alee®fibou@diindiabbiited.i on can be readily ascertai ned by those
skilled in the art using conventional dosage determ nation tests conducted

with regard to the foregoing guidelines. As used herein, "alkyl" is
intended to include branched, straight-chain and cyclic 10 saturated
al i phati ¢ hydr odarbordispusspdsabprie tyrical Guipty farrd mipistratiep Mmscerdarse Vikly

number 15  the invention are mammals, such as primates, especially humans.

Biodegradable polymers differ from non-biodegradable polymers in that they can

be degraded during in vivo therapy. This generally involves breaking down the polymer
into its monomeric subunits. In principle, the ultimate hydrolytic breakdown products of

20 . polymers suitable for use in the methods of the present invention should be )
biocompatible, non-toxic and easily excreted from a patient's body. However, the
intermediate oligomeric products of the hydrolysis may have different prope’rties. Thus,
toxicology of a biodegradable polymer intended for implantation or injection, even one
synthesized from apparently innocuous monomeric structures, is typically determined

25  after one or more toxicity analyses.

The biodegradable polymer of the invention is preferably sufficiently pure to be
biocompatible itself and remains biocompatible upon biodegradation. "Biocompatible" is
defined to mean that the biodegradation products and/or the polymer itself are nontoxic

30 and result in only minimal tissue irritation when instilled in the bladder or transported or

otherwise localized to other tissues within a patient.
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OI hC?r bon atons. Exanpl esI of al kyl include, but are not limted to, nethyl,
ethyl, n- pro i - propy n-butyl, s-butyl, t-butyl, n- ent
s-p_entyIWO,QP/W‘f/”@roups typl cally have | to about 1% car %W‘mrmre
typically 1 to about 20 or 1 to about 12 carbon atons. Preferred al kyl
groups are Cl-C20 al kyl groups, nore preferred are Cl-r2-al kyijunandoel5

Cl 6-al kyl groups. Especially preferred al kyl groups are nethyl, ethyl, and
propyl. As used herein, "heteroalkyl" is intended to include branched,
straight-chain and cyclic saturated aliphatic hydrocarbon groups incl uding

al kyl ene, havi eci f

het er oat om e. 319Wlﬁl%eGgwcg{e%&g?tgﬁ%3&%}?%@%8%%%9@1[1 %F &?gﬁﬁﬁ% &Etﬁg\?ge
bet ween ab@yty chnfdtle@AREd i12f gfeh bORpadiaoE wald dargtaetérdingt to tbebthatapButlc agent
het er oat ons, preferably abou% to about 12 carbon atons and about 1

about 4 hiedieg mtahzmsncmdlegéhmdym@t wistsat ksing gmplayed. the mode of AeplicatiPyy

groups._ Preferred alk | thio Qr oyps

Phi oot Fer  PFRUGeteRiaFPa o B o SRR iod 8%-5?0@”&%?‘3?&?2%{ oo
from1 to ahoulst:dti6mea0be @hm@sascaﬂ‘ﬂzﬁn& by thos®sidliebinpthe hetnshigycohvariohal o
about 6 carbon atons. Alylthio groups, having 1, 2, 3, or 4 carbon atons

are parti cddsagé detpmmifiationlgsts pprdusteddvih kg Pftb‘?@re@?‘%g'él FiRaSude t hose
~groups having one or nore sulfoxide (SO groups and from| to about 12
carbon atons, nore preferably froml to about 8 carbon atons, and still
nore pref er abl yAf 6¢d Hertia, “idiotit isGnteadediorinatidersrandtiddy steaigzlit-ayin gydoyplic

having 1, 2 , carb t 1 larly, 3

oyt 10 ovepuratse aliphateicERRa RSB B AP NV BE HRSPEi A PFBRGT
grou f [t

15 o 031 Bogi %@PM?@@*%@”EE@%@%&“@‘@% B St 11

TDHZ% pg ef efn&iﬂpb/b( l-i)fcs;m Int-buxyamutyla t?mylbtlwefmybmad s-pahil. s%dlkfybmupSgtrypway havi ng

, carbon ato are partic d P
ami noal kyl h@feo]u‘ié?sabio%mﬁaé ?rh?)tQEPgWBEFptg’pﬁé %150 gtho Oﬁért‘rée ?eﬁ{tr rcf/‘fbon
secondary gag{.0s ret%xg'ﬁﬁ bR aBlip it O AR By RBOUDS o phéTenbile Oi2-aliybomd

atons, nore prefera to 5 about carbon atons, and stil|l nore
pr ef er el yCﬁ_ﬁmmylgltotupabEsznecally@rftf@lmecmllmﬁfoumrﬁfﬁﬁmﬂk}skl cthiylotssPREVA ng 1, 2,
3, or 4 carbon atons are particularly preferred. As used herein,
"het eroal kenyl" is intended to include branched, straight-chain

As used herein, "heteroalkyl" is intended to include branched, straight-chain and

cyclic saturated aliphatic hydrocarbon groups including alkylene, having the specified
number of carbon atoms and at least one heteroatom, e.g., N, O or S. Heteroalkyl groups

20  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 heteroalkyl groups include the following groups. Preferred
alkylthio 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

25  preferably from 1 to about 6 carbon atoms. Alylthio groups having 1, 2, 3, or 4 carbon
atoms are particularly preferred. Prefered alkylsulfinyl groups include those groups
having one or more sulfoxide (SO) groups 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. Alkylsulfinyl groups having 1, 2, 3, or 4 carbon atoms are particularly

30 preferred. Preferred alkylsulfonyl groups include those groups having one or more

sulfonyl (SO,) groups and from 1 to about 12 carbon atoms, more preferably from 1 to

-15 -



and cyclic saturated aliphatic hydrocarbon groups including al kenyl ene,
havi ng the 10 specified nunber of carbon atons and at | east one heteroatom
e.g., N, WD e¥008776 Het er oal kenyl groups will typically hav@®OI&GREM4bout 1
and about 20 carbon atons and about 1 to about 8 heteroatons, preferably
about 1 to about 12 carbon atons and about | to about 4 het®sgatons.
Preferred heteroal kenyl groups include the follow ng groups. Preferred

al kylthi o groups include those groups having one or nore thioether |inkages
15 and fr ogbdutisaghiidtorhd, smdrsbitimede@iaferabibyr fomprletoabatl ¢/cdrbamatomso about 8

car bon atons, and still nore f f | t b
A kony! L h Qgedimy BEPRGAINE 102, b or Aetboni it s TaRE b e LUP B Ryl

preferred. EEJaggf KSRfh &b u&r R4S bCridsre . GEQIRE, fAvémy one

or nmore su OXI groups an roml to about 12 carbon atons, nore
pr ef er abl y tdrtigyp amihe gatupstand foman hao abewri, cagro adoms, Imwmrpeefpn'abfyeﬁqbllwa rom1 .

20 t bout 6 b t Al |

car bon &t oRROWELaThR} §P§’l§nf%ﬂdl Sllmbrears stberdrch REAR « BRYPLECSny 1 o oups

i ncl ude thage; g0 RUPSoQ den 18, 30pbr #RArBoR dlon itk phriiekihrigpiifBige@nd from |
on at ons,

to about 12 car € préferably from1 to abouf 8 carbon atons,
and still nore preferably fron11 to about 6 carbon atons. Alkenylsulfonyl
groups having 1,

car bgn t L ar |
Preferred anlnod?%@ﬁamﬁﬁ?%uBngW@Fﬂ %?ﬁﬁsﬁgﬁ ar £%%§%%ﬁﬁg£ﬁ§%§#{§@?%25
prinary, ﬁgggﬁurs)énﬁﬂ@ﬁ@ﬁpﬁﬁfct Tyﬂfdéaﬁi&lrg‘i‘o@sqwﬁdmgﬁﬁceflﬂ@ﬁé Jhat@gahkout 12
carbon atons preferably to about 8 carbon atons, and still

more pilef espérified mombdr afsarion@torss anskatienst aBoRRICToARIh §e-K4 ) 0T §r oups havi ngy

1, 2, 3, or_ 4 t td.cul
per Se001 ooiEoR S ghe RSRERY W sthvdengBpE hifiioupdo LITAREHAR
i ncl ude br gpghedio Moties ﬁBtTerdhhﬁhﬁ préfBbBybout smuuuau@dmabn ptoats and about 1

hydr ocar bon groups including a kyn | ene, having the C |ed nunber of
car bon at orie abeut 4chet¢reatomso éefﬁ@@@?i@is&oaihen@ @O“P%\am]@d%ﬁleéj ollowerauisky ny |

groups W | lPéB%%F& a{lﬁé{}e/{‘ig f%rg?%%%‘égt g{ﬂubs ﬁgsq ?Q?Q br 1%9 SRR BhRPesand 5

about 1 to to a out 12 carbon atons
and abggt |andtfﬂ)n@lll%lhbduthatoafmtm$ xﬂsxefpeefemmyrmranamabyw cagb@ugsmisnc| ude

the foll ow n ?

still more preferably from 1 to about 6 carbon atoms. Alkenylthio groups having 1,

2, 3, or 4 carbon atoms are particularly preferred. Prefered alkenylsulfinyl groups include
those groups having one or more sulfoxide (SO) groups and from 1 to about 12 carbon
atoms, more preferably from 1 to about 8 carbon atoms, and still more preferably from 1

20 to about 6 carbon atoms. Alkenylsulfinyl groups having 1, 2, 3, or 4 carbon atoms are
particularly preferred. Preferred alkenylsulfonyl groups include those groups having one
or more sulfonyl (SO;) groups 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.
Alkenylsulfonyl groups having 1, 2, 3, or 4 carbon atoms are particularly preferred.

25  Preferred aminoalkenyl groups include those groups having one or more primary,
secondary and/or tertiary amine groups, 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. Aminoalkenyl groups having 1, 2, 3, or 4 carbon atoms are particularly

preferred.
30
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Preferred al kynylthi o groups include those groups having one or nore

t hi oether linkages and froml| to about 12 carbon atons, nore preferably
froml tWOH3I®AC778 car bon atons, and still nore preferabl BCT/8GI/W0AU0 about
6 carbon atonms. Al kynylthio groups having 1, 10 2, 3, or 4 carbon atons are
particularly preferred. Prefered al kynylsul finyl groups incldifige 2bdse
groups having one or nore sulfoxide (SO groups and from1 to about 12
carbon atons, nore preferably froml| to about 8 carbon atons, and still
nor e preferabl yAbussd Hcreinp“tmtﬁmmﬂlkﬁyd:'bis litendeti dorencludlekyranydhs d,| stiarghit- chaiaups

having 1, 2, 3, .or 4 car 0 are arti.c I referred, Preferred
al kyn;g/l sul @Wd‘@?fﬁli‘ﬁ‘%e 32’(9?‘ hﬁ%%aéb‘ﬁ‘l'%ﬁﬂésl 1H§]\‘}$IW§%U§'QY%§C’JPVH¥( Csul f onyl
(SO2) grougs ﬂ%ﬂ b3 éféa%(gb Hffns%ﬁd GAERPBneh&BRatoMP e PeHe &Pl y from 1

to about 8°c on atons still nore preferably from 1 to about 6 carbon
atoms. Al Hyteydaﬂcﬂn&bgmhpsgwdutypldaﬁy hae betwoen @oubt aud gzouih 30 catbonetcrseand

ti | f ef d de th
Pavi ng Poncatn b B & her<rbtoBhaB Rl S b et TAPFoRR A iRt £GP
from1 to t%bé%htﬂrﬁet%ﬁfahﬂﬂs qilemedmsefe&,aa@axpr grbe,ssalhhmé B Polloineaheups. 8

carbon atons, and still nore preferably from1 to about 6 carbon atons.
Ami noal ky nmefgrﬁdmﬂsydy&hnmoups include thepe groups lwma@m raee thigethiee linkagesy

ferred. | Kk d
P o or caned e WBhE T cerSoEaPR Sore riletBlFRAR b AubfiH et ARt ©
cycl opr opyhnd &irmeRMirkferabdy GbAPERE dbout ®Earbéry @tbﬁi@ekanﬂﬁﬁiﬂ g@hﬂmha\g:@u ps

typically will have 3 to about 8 ring nenbers. he term' (
cycl oalkyl 23,08 4gptbpn’ atora%ara@mtwelbﬁﬂé{mwférred h%refs‘é‘rdﬂlkmylwlﬁ rﬁﬁ@ms inglydgn

* the al kyl Qu Th m

cyol opr opy Firet e hghELR SBSTRARSAT, ) eolplily ey BUhR ubar, 76
PCT/ SQ02/ 0638k, &oﬂdl;nefe;’élﬂﬁfréﬁl UBﬁbohES earbbmbioamyanid §till indtegndiecabip froncl ude
hydr ocar bon chains of stra cI ic or E‘Pa,nched configuration,

:Aﬂm udi ng KM&@HW@?’F@O“&W&‘SGH‘%“\WYI fiyl grups hruing d» 263105 4 FaEbonEEme 8i5d s
h d
propeny REala pRmak SenBfakynfs il BRy6Y Rellc TH6H SO HaT R one

nore 15 typi matd s;ulfznylc(Sﬁb))QlfOuﬁQartrbfrdmd tatabowt. | 2Asrhamedothg meone préfatablyny | * i s
I ntended t g‘olmnlC !:ou q)eoup g car%gr{i1 Elt%(x)rps g&? stHngze psrgge?z{b%bhbm 1 to about 6 carbon atoms.

Alkynylsulfonyl groups having 1, 2, 3, or 4 carbon atoms are particularly preferred.
Preferred aminoalkynyl groups include those groups having one or more primary,
secondary and/or tertiary amine groups, and from 1 to about 12 carbon atoms, more
20  preferably from 1 to about 8 carbon atoms, and still more preferably from 1 to about 6
carbon atoms. Aminoalkynyl groups having 1, 2, 3, or 4 carbon atoms are particularly

preferred.

As used herein, "cycloalkyl" is intended to include saturated ring groups, having
25  the specified number of carbon atoms, such as cyclopropyl, cyclobutyl, cyclopentyl, or

cyclohexyl. Cycloalkyl groups typically will have 3 to about 8 ring members.
In the term "(C;.¢ cycloalkyl)Cy-4 alkyl", as deﬁned above, the point of attachment

is on the alkyl group. This term encompasses, but is not limited to, cyclopropylmethyl,

30  cyclohexylmethyl, cyclohexylmethyl.
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cyclic or branched configuration, including alkynylene, and one or nore
triple carbon-carbon bonds which may occur in any stable point along the
chai n, sWhodWOE6hynyl 10 and propynyl. Al kynyl groups tyBCERGPIOMPT | have
2 to about 20 carbon atoms, nore typically 2 to about 12 carbon atoms. As
used herein, "haloalkyl"” is intended to include both brancheg@aadoos
straight-chain saturated aliphatic hydrocarbon groups having the specified
nunber of 15 carbon atons, substituted with 1 or nore hal ogen (for exanple
-Qti, FWwhere v As dked Bei?, "AkshyW! is intemded 2o ikcjudebyanglasdmnathaimalod atright,
include, but are not limted to, .trifluqronmethyl, trichloronethyl

pent af | uor 6¥elRAT branchied epRftguRtinne BICHAMS % ﬁ%}e: a%?%‘?ﬁ&?%ﬁ“ﬁ%é‘% Il have.
| to about I : ' i r te@ 1 20
ps' Used herabsitelR SehBRAIING, bR RPN XbIC RiflbRhe he cHal SRR SR
the indi cahdgropeniderAlkényd grdups tyticatly vaillttaye ddo ehowUgeachonoigiganmarei dge.
Exanpl es of al ko include, but are not limted to, nethoxy, ethoxy,
n-propo§y,tﬂmﬁﬂ5ﬁﬁ£¢PW¥ E4RON AtOBISY 1t oxy, t-butoxy, n-pentoxy, 2-pentoxy,
3- pentoxy, isopentoxy, neopentoxy, n-hexoxy, 25 2-hexoxy, 3-hexoxy, and
3- et hyl pent oxy. Al koxy groups typically have 1 to about 16 carbon atons,
more typical ly 1Adwsedhorein,1'2lkyaylborintendedsto inflndel hydrecarber chansepiodgighs,

i nclude any coval ently bonded carrier ich release the act.iye parent
“drug accor dVRHF ‘_P‘obrf‘%hﬁﬂlcﬁn lg‘ifﬁ“%\‘}&?ﬁ%%@mﬂe‘b% 85‘?8@6 ?fsm%ﬁ%f‘ﬁ}/e_st ered 30 to
a mammel i an, Rl @on HInAS Whikh by Sccap b3 poilit £PAE &F dMinYDELHL A6l efigymyl
functional WO 03/000776 PCT/ SG02Z/ 00091 8 June 2006 groups resent in the
drug cdfipound propysk Alksynyh groupatypidedly veibayet ghesit 2P saidpa , MQIEt her ir;;)
routine mani pul.ation.or inh vivo, to the parent conpound. Conbi nations of *7
subst i t uent£P! ?@7%‘% Qpé’luf L%F%r Og?té)m%ér m ssible only if such 5 conbinations
result in stable conpounds. A stable conpound or stable structure is neant

to inply a compound that is sufficiently robust to survive isqlation to a
useful degree ofAs wediherein,"batoalkyt dg interided itk inghugde botfubrepshediaati on into an

ef ect | ve Lot APSHEA SRRSOl o RAoDGESH Broub il Mo spLARBPAbRberlf 7 10

15  carbon atoms, substituted with 1 or more halogen (for example -C,Fw where v=1 to 3

and w =1 to (2v+1). Examples of haloalkyl include, but are not limited to,
trifluoromethyl, trichloromethyl, pentafluoroethyl, and pentachloroethyl. Typical
haloalkyl groups will have 1 to about 16 carbon atoms, more typically 1 to about 12
carbon atoms.

20

As used herein, "alkoxy" represents an alkyl group as defined above with the )
indicated number of carbon atoms attached through an oxygen bridge. Examples of
alkoxy include, but are not limited to, methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy,
2-butoxy, t-butoxy, n-pentoxy, 2-pentoxy, 3- pentoxy, isopentoxy, neopentoxy, n-hexoxy,
25  2-hexoxy, 3-hexoxy, and 3-methylpentoxy. Alkoxy groups typically have 1 to about 16

carbon atoms, more typically 1 to about 12 carbon atoms.
"Prodrugs" are intended to include any covalently bonded carriers which release

the active parent drug according to formula I in vivo when such prodrug is administered

30 to a mammalian subject. Prodrugs of a compound are prepared by modifying functional
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10 al kene, or alkyne. Preferred aliphatic groups in the

pol y( phosphoest er-co-am de) polyner of the invention are |inear or

br anchedwan/o6er7e from 1 to 20 carbon atons. As used her ePGT/SGHEO00REY m
"aryl" refers to an unsaturated cyclic carbon conmpound wth 4n+2 el ectrons
where n is a non-negative integer, about 5-18 aromatic ring @j@8voosl5 and
about 1 to about 3 aromatic rings. As used herein, the term"heterocyclic"
refers to a saturated or unsaturated ring conpound having one or nore

at oms ot hegroup@preséit i thel drug bempéuid, infsach £wagyiat thennbdifigations apxylgevedor

sul fur. 20 The polyners of the invention are usually characterized by a
rel ease ragishesfin rovéine mpsippelinn o iayeat tojthe PRIGBt QORROUNE. control | ed at | east
in part as a function of hydrolysis of the phosphoester bond of the

pol ynmer during bi odegradation. Additionally, the therapeutic agent to be
rel eased may be Coatbinmgiahe df substituents iaddohaanabdds aréperdfissiblplobpifisach dat e

repeat unit to fqQrma penda drug deliyvery system .Further, other facfors
hro al s | RYBPRARDT UL M TP foBb IRl BHISHPERGENY ABFAPR ROy Sttt

depends up Win'g‘l? a%b?ﬁh’xllda{hat Weh entl§rYGEsRd Sitliv¥ isdMtRst BRI dskfuy de@Béof he
degree of cross=linking. In general, "the greater 30 the nol ecul ar” wei ght,
t he hi gher pthity fiegyreeactibn enixtirglahd formulatzomdntoren effestive therdpsutibaget.abi lity,
t he sl ower biodegradation will be. -19 WO 03/000776 PCT/ SG2/ 00091 8 June
2006 The therapeutic agent of the invention can vary widely with the

purpose for the A GREPASIH AR terlh €13BR68 (BlerdRYa Bfcad StaidnRe kyRAc Alkahd)g! €
entity or a conbination of entities. The deli verg systemis designed to be

used widh thengpeatiyoe.yefersd htiphatig gnoups 16 theepody(pBesphbedtentgo-amidap polymsrwi t h
those having.law water-sol ubility .t rroduce a deljver em t hat has
control | ed Ogg*eé%%‘%f’ﬁtaéesﬁm?ﬁgr {)rgﬁ%ea.a%{ﬁglgxé%ga ilc%aigoe%atr%naﬁé&tsbi ol ogical Iy
active substance" include without |limtation, nmedicanents; vitam ns;

m neral suppl enments; substances used for the treatnent, prevention,
di agnosi s, cur e Asrusad herghy thsferm "aryl” refers to an unsaturated cyclic carbon compound

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

15 and about 1 to about 3 aromatic rings.

As used herein, the term "heterocyclic" refers to a saturated or unsaturated ring
compound having one or more atoms other than carbon in the ring, for example, nitrogen,
oxygen or sulfur.

20

The polymers of the invention are usually characterized by a release rate of the
therapeutic agent in vivo that is controlled at least in part as a function of hydrolysis of
the phosphoester bond of the polymer during biodegradation. Additionally, the
therapeutic agent to be released may be conjugated to the sidechain of the

25 - phosphramidate repeat unit to form a pendant drug delivery system. Further, other factors

are also important.

The life of a biodegradable polymer in vivo also depends upon its molecular
weight, crystallinity, biostability, and the degree of cross-linking. In general, the greater
30 the molecular weight, the higher the degree of crystallinity, and the greater the
biostability, the slower biodegradation will be.
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of di sease

or illness; or substances which affect the structure or function

of the body; or 10 pro-drugs, which becone biologically active or nore
active afWW@p38WEl¥ have been placed in a predeterm ned phyPiT63e3{00e

envi ronnent .

bi ol ogi cal |
cat egori es:

Non-limting exanpl es of useful therapeutic agents and
y active substances include the foll owi ng expandennt hetapeu
anabolic agents, 15 antacids, anti-asthmatic agents,

anti-chol esterolemc and anti-lipid agents, anti- coagul ants,

anti-convul

sants, anti-diarrheals, anti-enetics, anti-infective agents,

t1- fl t t tl t t t
anti - neopl asrt coﬁ&éﬁgrggeém%@nﬁ? i e vaB e, VA e Birmossfar (s
agents, antj; ng)%@ﬁgﬁdﬂ?e )srél% G%Hestcﬁﬁ&{m $ifigle ¥UBA G a GRMBindHonCM C

agents, anti

i nal I'stam nes, anti-tussives, appetite 20

suppr ess antax,tmbs dhhe gehairs ,sysienebd@hgrx&d tabe n@d with thesapgutic hgants I@Vlng high
decongest ant s, tics di agn ryt ol et|
expect oPant¥atersal ‘lﬂ’r‘ﬁfyrﬂsé’%ecq Haw gﬂ’ﬁ ﬁ%\ggg Vﬁgf 5?6‘@@@# Hf & ?R/Vﬁﬁ%t

hypogl ycem & @gefhthas cOftrStENBRAK rafs] Tioe tehAX BthéraBéutic ﬂteraﬂﬁ “51@&@1@'1'19“
mucol yti c agents, neuronuscul ar drugs, peripheral vasodil ators,

psychot r opi actiye setance/'daclude Mmlnpawmmtatnmy nmdwammtSahﬁammSymeaalag ents,

uterine rel

tic

c

i Cs,
ts,

: fi
xampl s orBRERGS; Rk aneth e Sany SEMnBnDPLAEh TR 0GR GR diRuEE, | ©

i.e., bioact&asPraAHEBSor SubSahded SvIRdHOMEcE BeaBRbiugSor ﬂﬁ‘ab&l&Eof thal)ody, or
anti-neopl astics such as androgen inhibitors, antinetabolites, cytotox

agent s,10i mmnatmgmwmc@rl@combﬁldﬂmalwwg ST eke aqtivR afer H@Xbﬁtﬁw‘%ﬁeﬁcﬂlwéhﬂ

dext r onmet hor [ car bet apentane citrate, and
chl ophedi an‘bg ﬁ@&ﬁ’% %‘?@r"?;gé??‘f%‘%%ﬁ?‘&hu st am nes such as -20 WO 03/00077
PCT/ S&2/ 00091 8 June 2006 chl orphem rai ni ne mal eate, phem ndam ne
tartrate, pyrilam ne nal eate, | ami ne succi nat e, phenyl toI oxami
inERRIGHTIL

citrate; (d) decHﬁ@é@tlang §x=§mlﬁs usshie MATEISHHE ABCI

active

phenyl pr OPa{@)sf%Hée’A Snd & l?x& %1‘?&%@5 gﬁ@aﬁtﬁgg ﬂgegegﬁﬁﬁb Bﬁ'e%)sf%ysogﬂybgﬁé gﬁ‘elntsand

ephedri ne;

varl ous a ne ph hat e

and noryghi ngitadids| biti-astheraet ag&lmlaﬂmhbbstswdd:m&and(anaémldlagemhﬂ enfide, zin
chl oride, calciumcar bonat mag nesh%a? and ot.her ..al kali netal
Elals)

al kal i ne eafaguispieantisenval Sa’(‘ﬁ) ajiisha

20

25

30

emctlcs anti-infective agents, anti-
inflammatory agents, anti-manic agents, anti-nauseants, anti-neoplastic agents, anti-
obesity agents, anti-pyretic and analgesic agents, anti-spasmodic agents, anti-thrombotic
agents, anti-uricemic agents, anti-anginal agents, antihistamines, anti-tussives, appetite
suppressants, biologicals, cerebral dilators, coronary dilators, decongestants, diuretics,
diagnostic agents, erythropoietic agents, expectorants, gastrointestinal sedatives,
hyperglycemic agents, hypnotics, hypoglycemic agents, ion exchange resins, laxatives,
mineral supplements, mucolytic agents, neuromuscular drugs, peripheral vasodilators,
psychotropics, sedatives, stimulants, thyroid and anti-thyroid agents, uterine relaxants,

vitamins, antigenic materials, and prodrugs.

iC

6

ne

c
and

Specific examples of useful therapeutic agents and biologically active substances,

i.e., bioactive molecules, from the above categories include: (a) anti-neoplastics such as
androgen inhibitors, antimetabolites, cytotoxic agents, immunomodulators; (b) anti-
tussives such as dextromethorphan, dextromethorphan hydrobromide, noscapine,

carbetapentane citrate, and chlophedianol hydrochloride; (c) antihistamines such as
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resins such as cholestryramne; (h) anti-arrhythm cs such as
N-acetyl procainam de; (i) antipyretics and anal gesics such as
acet am n¥PHBMA00736pi rin and i buprofen; (j) appetite supprBSHEAIX0MILh as
phenyl - propanol am ne hydrochl oride or caffeine; (k) expectorants 10 such as
guai fenesin; (1) antacids such as al um num hydroxi de and maghgskYbde
hydroxide; (m biologicals such as peptides, polypeptides, proteins and
am no acids, hornones, interferons or cytokines and other bioactive
pepti di c celilpphanisamins timlase, ipBehintdAine tathts] pymiamineAbleatEPdxylaninasul i n;
(n) anti-infective agents such as.anti-fuyngals, anti-: viral antiseptics
and anti bi 3icrizate, arsfﬁglmyﬁaWP@m Cdtf?fﬁ,t@ﬁ H%ﬂ%&gesﬁa&’rt? SYcbigs QF‘FV%M’Q useful in
15 vaccine 16:dd 1propafflShaR Y drothBridB SiseR@itbh&dra@eilirhloride, and
bi ol ogi cal P@ﬂg‘lcﬂtkl(;@aeéggﬁngt %rr?ge 'S sel%crtoed fnr o’ﬁin{S thebgr oupq{ggﬁsi sotr% ng _r:)f
DNA, pol ysgsetsne;depyarignswtkaldidcsuh as chdaimpplesphaatcodeian gilfye ned morphant;or s,
interferons_or. cytokines, and pro-drugs..ln.a particularly.preferred 20
enbodi et (D BHRETERPRISEISIS Sl B PO RSN EANGS A ST Ry SarBopgles
sequence E%%Xéihﬁﬂ oRfleditd StRE alRalPNArab ARSI ARATh A saltg;xtgpi@lehrchMnga

e

m xture of sequences encodi ng an antigen and a cytokine.

t her apeut | msagentisaseholessyriniine;dhpanit-sribmicssuch aelNaselyinrecainamides@ct i ve.
25 Wiile the. effective gnount of a ther.apeutic agent, | e t he
parti cul ar THEYEFCSRD B&@ﬁ@“iféé‘&‘} a%%&wg&gqent @ “?fh%‘%da‘%ﬁ‘{".f%‘@ﬁgﬁ?&p Fom
about 1% t g, APQYANS A \ReRAopLRFINiNe hfiBEHoad eckdfRine; (H)@xpeasnts
delivery systens while achieving controlled rel ease. Lesser_ anpunts, may be

used tH) achichwes gubifereain; O entaeids suchas alymintmeidrexdde ard magnesivny Bydiggide; ¢
ts. 30 03/ 000776, PCT/ /.00091,. . i A h
e RGNS RERR AR AT AORR b 0 it e

pol ymer co ventt o an a rrsep ends of
t he pol yneni&iferbh€or dWskihésamdwitlidt bidadaive péptidioqmbpdunds, potly aeh@GH, Al ong as
they do not interfere undesirably with _ the. biode ra&gbl e ,(:E\%‘rgalcterj stics
of the conp@@itQm@,nANFBEBQoPélddFSUthﬁé(rﬁ6!18’/&%‘1;‘3‘6‘@ AERBISISHGH ARRBYS Ach ot her
ol ymers ffer reat.er [JN o YE MO0 RV Welal: '
ol tage: pr ol ol aBRElio? ohd B aliecrhy moletle A Aty ol BEKAGN

15  vaccine applications.

Preferably, the therapeutic agent or biologically active substance is selected from
the group consisting of DNA, polysaccharides, growth factors, hormones, anti-
angiogenesis factors, interferons or cytokines, and pro-drugs. In a particularly preferred

20  embodiment, the therapeutic agent is a DNA vaccine comprising a DNA sequence
encoding an antigen, a DNA sequence encoding a cytokine or a mixture of DNA

sequences encoding an antigen and a cytokine.

The therapeutic agents are used in amounts that are therapeutically effective.

25  While the effective amount of a therapeutic agent will depend on the particular material
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
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preci se rate of biodegradability desired for structural inplants such as
for orthopedic applications. Exanples of such additional bioconpatible
pol yner sWiHB(088E6 ot her  pol ycar bonat es; pol yest ers; ponoPFﬁ@%@g@W?}

pol yam des; pol yurethanes; poly(im nocarbonates); and pol yanhydrides. 10
As a drug delivery device, the polyner conpositions of the igywgaatoen
provide a polyneric matrix capabl e of sequestering a biologically active
substance and provide predictable, controlled delivery of the substance.
The pol yneri ¢ nat additidrh élre pldgmenmsnpositivorpftxinyentasr caneaso a@nprisejiolymere

under st ood, however, that e .speci fic.dgse .l.evel for a articul ar

patient wi Men&a‘bféhﬂ PORYGIET Q%Q’Qr’?%tr&oﬁfw Wha(gﬁﬁrr@_o?%?ﬂg)ll%ﬁo Pt f({?igtaﬁ BY t he .
specific go Wﬁ%?fe%ﬂﬁﬂ)lymﬁt%ﬁiod@@d&aﬁi@bﬁiﬁeteﬁﬁﬂﬁM'thef'&@xﬁﬁd@itio‘ilex,

diet, tine of admnistration, route of admnistration, and rate of

excr et i on, Btindg of thetpolranérarf tifd insentionowith sioh athergwlyyaens gnayaoffariesergedtef o t he .

patient), the severity of the particul ar gdiseas i nd
D ke BREARY Y e SRR LA o RSB chBHA 6y AP
practiti 0“ﬁfecisé\raesfBio\degmdwm«ygﬁaibécpfobis@@ta@zraaﬁﬁplhﬂtsmuyaefomanppam i on of
the invention also 25 nmay be packaged together with instructigns (i.e.

witten, sapplications. Bxamples of puchtadditipnal bigeampafible polymersigrlde ofer §i scl osed

herein, e.g.,instryction for tre 0 Jabi e .S susceptible to
or sufferi ﬁ@lyf’?rﬁﬂ’il G%nglggtgrsbp&éﬁgstﬂ;"r%g{eegs’&ﬁl 3%“%1%/5%1;& {érﬁ{eagte ééd by
adm ni st r ab,R{inRhoArkUnARSE); M€ pdBh@drides.€. 9., therapeutic agent, dispersed

in the positively chargeabl e bi odegradabl e pol ynmer conposition. 30 WD
03/ 000¥6 PCT/ S@2/ 00091 8 June 2006 A positively chargeabl e bi odegradabl ej

pol yner conposit,jon,of the | ngi i 0l .St d o
preferably in a% ae(?riugéi eﬁ%%ryt'a éﬁ?%tgﬁgag‘agﬁ%géﬁ%%ﬁ @{Ir'ﬁg&%&%%?h ca
dependi ng @Blynttgic\ektiigcapaicotenaesndrimgtad nlogkatly actve eibstaere el osigended or

di ssolved in the.vehicle. Advantageously, adjuvants such, as,| ocal
anest het i ¢ predictable, controlled delivery otgt he subs¥ance.di'he poqymenc matrix then(c:legrades to

non-toxic residues.

15
It will be understood, however, that the specific dose level for any particular

patient will depend upon a variety of factors including the activity of the specific
compound employed, the age, body weight, general health, sex, diet, time of
administration, route of administration, and rate of excretion, drug combination (i.e.,
20  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 ¢ )

practitioner.

A positively chargeable biodegradable polymer composition of the invention also
25  may be packaged together with instructions (i.e. written, such as a written sheet) for
treatment of a disorder as disclosed herein, e.g. instruction for treatment of a subject that
is susceptible to or suffering from a disease or disorder which may be treated by
administration of a bioactive molecule, e.g., therapeutic agent, dispersed in the positively
chargeable biodegradable polymer composition.

30
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5 preservatives and buffering agents can be dissolved in the vehicle. The
termparenteral as used herein includes injections and the |ike, such as
subcut a¥883/00077 r ader mal , i ntravascul ar (e.g., intraverddg<yGo2/00091

i ntranuscul ar, intrasternal, spinal, intrathecal, and like injection or

i nfusi on techni ques, w th subcutaneous, intranmuscul ar and irga¥asegl ar
injections or infusions being preferred. 10 A positively chargeable

bi odegr adabl e pol ymer conposition of the invention also may be packaged

t oget her with iApositively gharg¢ablebiodegradable pelypsr eamposiion efdhe s%@g npor
treatnment qf .a disorder as discloesed h i ' | . eat ment
of & subj AAMIEAGISY LT T B B e drpafefl RSkhHey ARall hid

cel | ul ar igyjalidépslidssy Sie e veRicld sMAdpRcdrfirasiva used, das eitlte ibs suspeadéddd owi ng
exanpl es are’i IPust rative of the invention. Al docunments _nentioned herein

are i ncor plssatved imtheaichidly: Adyantagseusly, \AdW3Inoousiyes local/anesibelssoo1 8 June
2006 MPLES: .The follow ng exanpl ] j [ on
and ar8 novSrREEPd B R TR ant f Akt ithERelierBe gl pirtibhEh
Synt hesi s @@ n&BaTiA6kaES Bpdtions afd welixphasphosenhtates, hirddSymd,hesi s of
P5-SP (structure shown in Figure 3) The %ynthetic sche of PS'SPdH% shown
in Fi gur e inravaseylae ot RifAVEPOBS) oinpiamparyiary ingrasternpl, spish, Jutrgibecah @pdilike

synt hesi zed: L%, o AER664 BathrhischPadd fltaisdtmr 10
(Biela T,15@%@@@@%§?ﬂgﬁgm@$§wgéb&gg%m%f 19 %% Racenfic gnd oStinaIractive
pol y( 4- metjipektignswtansions being pseferretl.oxaphosphol ane) :  Synt hesi s and
oxidation to the polyacids. Mkronol. Chenz. Rapid Commun. 3. 667-671).
Bri ef 1§, 2-hydroxy-4-nmethyl -1, 3, 2- di oxaphosphol ane (58g, 0.475n01)
[freshly prepar i g@ﬁi}hg rad ARE RBA{d: U6 APositidn oMhkikentiofr WsoJr .
and Scul |y CN,-§3@§?9 c||§$§ﬂ8§gﬁ??§é ostgﬁé aligﬁgﬁi%églycols} 15 J.

Ai n. Chemm&pbe packagai®gethdOwith irstypolignsef.t 2eati¢m .SQGO{ISrﬁ wofter $@§ﬁlf9f dried
S o AR lEc s ot RO o o RIS Bt Ll U Lt hat! €1

is susceptible to or suffering from inflammation, cellular injury disorders, or immune

15  system disorders.

The following examples are illustrative of the invention. All documents

mentioned herein are incorporated herein by reference.
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(Iw% 4nl of 15% solution in heptane). The polynmer is obtained by
precipitation into anhydrous benzene. This pol yner becone insoluble in

chl or of oW 83RM776pr eci pi tation, but it is soluble in anhPdd&E20MI1 20

Pol y(4- net hyl - 2- oxo- 2- hydr o- 1, 3, 2- di oxaphosphol ane) (1.094 g, 8.9 mmol P-H
groups) is dissolved in anhydrous DMF (10 m ). To this sol utd pRe h6ogadded 5
m of anhydrous CCl4 and N ,NB-bis(trifluroacetyl)sperm di ne
trifluroacetate (10.8 mol, 4.9 g) in 10 mM of DWMF using a syringe,
followed by addition of 5 m of anhydrous 25 triethyl am ne under ice-water
bath. The reaction is perfornmed at O C for 30 mnutes then at room

t enper at ur EXAMPRESAt . The resulted solution is concentrated and product is .

obt ai ned by PrECERILLAY %gaﬁﬁogg%y@% %gfsie% ﬂﬁyﬁ,ﬁomu&wﬂoﬁgﬁ RS0t YREHAA 1o ThE

resulted polyner 1s s of “concentrated ammni a sol uti on and
the 30 m Xinit theiibvestioniednymantferC for 16 hours. The solution is

concentrated and di al yzed agai nst wat er. overnight using . i al ysis tubing
with a MW?J‘?50@1/"‘#55'%9“1’§h??£tw%§Pd§@?@3g’m9€ﬂ’;‘§ég‘?g6%691 8 June 2006
obtained after |yophilizing the dialyzed solution. The structure of P5-SP

is confirnmed by proton-NVR S (ppm: 1.35-1.4 (d, 3H), 1.5-1.7 (4H)
1.75-1. 95 (12HSyntheiS of PSSR @tdpcturexhows. i@ Figiey 3) 3. 75-4. 15 (m 2H), 4.35-4.65

d, b, 1H . Fi .2 sh typical ch t b i

Chr omat ogr AP RaNG shemror s Hhis Fowndn FRdRe Sravermeingt R B ek? e
has a wei grlfioy?a)?%%‘ﬂ@laﬂgj r‘é%gﬁtﬁésim%i BBordeg th-tBSYrobBthre a0 BUIREMe lifthAge

nol ecul ar wel ght of 3.14x 10

4 (Polydispersity=1.46). 1.2 Synthesis of
P5- DVA1Qst r(Bédla fePatvoeinS,iandrSlerukavsg) S, Ti983, Redenti ard aptimal active poly(4-methyl-

pol y(4-met hyl - 2: 0xQ- 25 hydro- 1, 3, 2- di oxaph hal ane), i.n anhydr ... 10 DVF
ool ed it H-Piee2giar | Bt e ST st R Ve

di met hyl et hyhBBe@l AMene RapRPEEHHARS3 1575 ). BekOY,i0Rydroxy-fiahdthylel3 ay
addition of large excess of triethylanm ne. The reaction was perforned at 0

C for 30 nidienaphosphelaae (53%HMA70 shly ereppeadricgprdingsg Ly’ meshaddlarsied by
dialysis against MAYSH HSING stul) BNY 3550, CTRIDShosphiity o sSNERBhate DHis.
15  J. Am. Chem. Soc. 72: 5491-5497) is polymerized in 200 ml of freshly dried CHCl; at
room temperature for 48 hours. Polymerization is initiated with tritsobutylaluminum
(1wt%, 4ml of 15% solution in heptane). The polymer is obtained by precipitation into
anhydrous benzene. This polymer become insoluble in chloroform after precipitation, but
it is soluble in anhydrous DMF.
20
Poly(4-methyl-2-oxo0-2-hydro-1,3,2-dioxaphospholane) (1.094 g, 8.9 mmol P-H
groups) is dissolved in anhydrous DMF (10 ml). To this solution is added 5 ml of
anhydrous CCly and N’ ,N-bis(trifluroacetyl)spermidine trifluroacetate (10.8 mmol, 4.9 g)
in 10 ml of DMF using a syringe, followed by addition of 5 ml of anhydrous
25  triethylamine under ice-water bath. The reaction is performed at 0 C for 30 minutes
then at room temperature overnight. The resulted solution is concentrated and product is

obtained by precipitating in water followed by drying under vacuum.
The resulted polymer is suspended in 30 ml of concentrated ammonia solution and the

30 mixture is stirred at 60 C for 16 hours. The solution is concentrated and dialyzed

against water overnight using a dialysis tubing with a MWCO of 7,500. P5-SP is

S04 -



15 To the solution of P5-DVA (100 ng) in 5m of nethanol was added CH3l (1

m) and the mxture was allowed to stay at room tenperature overnight. The
resul t edWOdBWPIBH was concentrated and precipitated i nt oPET/REN2/0005 TVA was
obtai ned as yell owi sh power. The nunber average nol ecul ar wei ght of P5-TMA
was 2.62x 104 as neasured by GPC/LS/RI 20 nmet hod. P5-BA, PS5 gg&ad6y P5- TMA
(Structures are shown in Figure 3) are synthesized according to a sinmlar

procedure. 25 Exanple 2. Assay for the cytotoxicity of polyphosphoram dates
(PPAs)  Cydteiined sfidrilysphilfihy theasqipdacidiahe The BiuGRye FREIP isRoniiaed BS- DEA

and P5 TMA) in conparison wth other potential gene carriers [p L- |l ysine
(PLL) " and! prploahy by {52 (1) SH 1ok A A4Had- (51196 @Hb Vesr 2R3y

{he assay L0 oheendoid ot D BaSEERTE kD Mytfpandlf g fayrours berore

- for 4 hourgr¥mhiBehBh bly gef pdaMeMisreelirviaeraphe apaly s ofP§ISP. TORoihditakd tatur i ne
serum ( FBS) contgllgagl nggsaglous PPAs, or PLL or S'F,>EI at different -25 WO

03/ 000576 FCSP S@EMRLGO0IdEs 8 Weighs avenge o@rmiatrmgmﬁ§4r5§ng@ ‘ngnd pwmber t o 500
g/m. The nediumin each well is repl dvmth %g of fresh conplete
medi um andeeEage sneleilarygighta 3 g 18n(E: 1?366?1%{_1 )his. Ten nicroliters of
WET- 1 reagent (Roche Mol ecul ar Bi ochem cals) is added to each well and
allowed reacting for 4 his at 37 C. The absorbance of the supernatant at
450 nm (usk25SyEllesizrofds-RiMAe{snencesiwaneindfigithB)i s nmeasured using a

esul s (Fi éﬁﬁﬁaeéyutw@i’sﬁmﬁ%mhhyﬁwofﬁfﬁm@o%@ﬂlme? fous

cyt ot o ¥ g Mcag}, ABLECER ddqy N-PLL and PEI.
- The LD50 O?WO&)IQE%H&HB |V2§tggg\%t€e\!vss ééi%@glsﬁl of PE% is 42 g/m, LD50

of P5-SP i dinfhydéthylendddbifine 2ORBxBAs ItcsP{;‘D)(Boggiomm, follswed by Bidition oblsgor TVA

is well beyond 500 | ear th P t ot oxi ci t
than PLL afigepmtt P‘g)&ginwwt hhf’é?atc?‘ aéRP &Aéggp%gﬁ)& 3@6‘&?8& W%y
groups  havgnffaguh@We sinighy LIS DRILA ivfa¥ dbfhlﬁéﬂ'lﬁy @SI§EY against water using a dialysis

member with a MWCO of 2,000.

15
To the solution of P5-DMA (100 mg) in 5ml of methanol was added CHsl (1 ml) and
the mixture was allowed to stay at room temperature overnight. The resulted solution was
concentrated and precipitated into ether. PS-TMA was obtained as yellowish power. The
number average molecular weight of P5-TMA was 2.62x 10* as measured by GPC/LS/RI
20  method.

P5-BA, P5-DEA and P5-TMA (Structures are shown in Figure 3) are synthesized

according to a similar procedure.

25 Example 2. Assay for the cytotoxicity of polyphosphoramidates (PPAs)
Cytotoxicity of polyphosphoramidates (P5-SP, P5-BA, P5-DMA, P5-DEA and P5-

TMA) in comparison with other potential gene carriers [poly-L-lysine (PLL) and
polyethylenimine (PEI)] is evaluated using the WST-1 dye reduction assay. COS-7 cells
are seeded in a 96 well plate 24 hours before the assay at the density of 5x10* cells/well.

30 The cells are incubated for 4 hours with 100 pul of DMEM medium complemented with
10% fetal bewine serum (FBS) containing various PPAs, or PLL or PEI at different
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15 Exanple 3. Cel retardation assay for the DNA binding capacity of PPAs
The formati on of PPA-DNA coacervates is exam ned by their el ectrophoretic
mobi | i t yWQP3/8§7%gar ose gel at various charge ratios of PPAI/SGH20008Eni d DNA
(Figure 5). No mgration of the plasm d DNA occurred at charge ratio

| arger than 1.0 (P5-DMVA, P5- DEA and P5-TMA) or 1.5 (P5-BA) #©fune200d P5- SP).
This lack of migration is due to 20 neutralization of the nucleic acid by
PPAs, suggesting the polycationic nature of PPAs. PPAs with tertiary am no

groups and cadt&itaasys Afging fne0ps SePpgatl. Thehasdéurhiig bssh WBAs depladédgith
capacity at the sanme charge ratio. Exanple 4. Preparation of PPA-DNA
coacer vat esl08nd of fssleeamplete medihm ang cells arcsylinggd fenars addatigrah 20 brsdikasol ved

in saline at. a . conc ion o -10.po/ m.. Jo this sol ution is added

ol aon o onAEFUBER PRV T ffbenb afashg Mt Pt P e ok e eang,
brief vort exioh@d re0flg 1 Mis%t 97 eCl ThahbiEshck of RealfedhtahPAMSONPAIAL Ur e
for 30 mnutes. The coOacervates prepared according to this procedure are

used di bectd5p oes & refershexcwamlength)dy measured usingie sdcplate readen (ModeThgo,
efficiency of conplexation ofi, DNA is close to 100% when the NP ratio is
over 1.0 aﬁ@é@%ﬁ?@dfﬁ?@%ﬁ’ eér)ect rophoretic nmobility analysis. -26 WD
03/ 000776 PCT/ SG2/ 00091 8 June 2006 Chl oroquine sulfate (CQ has been
wi dely proven to be an effective reaaggnt to disrupt _|ysosones and enhance

t he transfect Tba asspy resulis Kigine dindicalodihat pelyphisphefemddates gxhdhiylovweyst ens. CQ
- pon oo cROMYEDy PRl Raf 65 (LARIRATBL ket B P bl ne

procedype. PHyan @ aésﬁ?%mﬁ%ﬁmp%b&ﬁ%}lﬁ%@é 181, UERE of P5-SPNis 85 fuighnl, LDéoQ )

transfection without further puritfication since the total amount of
added i s stoflR5-BAtiHBO0 fthenlnbbs¢ aidRAcanDEAtardiM Ans metideyolick a0hpg/nd. It is

T fecti ffici PCEP- DNA . I i i ff t cell Ii 10 |
U To &t andReR R EaR TR Iosts ity thp B PR ELo B8P v fiesttioey Bcat eq
using | ucg%s&&%a g&@ﬁ[a:ﬁﬁﬁo ARABs néw! the A&t SREAREI94n BAYESapri or to

transfecti Into p (Becton-Di cKinson, "Lincol n Park, NJ) at
a density of 8x104 per well with 1 m of :

15 Example 3. Gel retardation assay for the DNA binding capacity of PPAs
The formation of PPA-DNA coacervates is examined by their electrophoretic mobility
on an agarose gel at various charge ratios of PPAs to plasmid DNA (Figure 5). No
migration of the plasmid DNA occurred at charge ratio larger than 1.0 (P5-DMA, P5-
DEA and P5-TMA) or 1.5 (P5-BA) or 2.0 (P5-SP). This lack of migration is due to
20  neutralization of the nucleic acid by PPAs, suggesting the polycationic nature of PPAs.
PPAs with tertiary amino groups and quternary amino groups appear to have higher DNA )

binding capacity at the same charge ratio.

Example4. Preparation of PPA-DNA coacervates and coacervates with
25  chloroquine sulfate
PPA is dissolved in saline at a concentration of 2-10 mg/ml. To this solution is added
plasmid DNA dissolved in saline to yield desired N/P ratios, followed by brief vortexing,
and the mixture is allowed to stand at room temperature for 30 minutes. The coacervates
prepared according to this procedure are used directly for transfection study unless stated .
30 otherwise. The efficiency of complexation of DNA is close to 100% when the N/P ratio

is over 1.0 as revezled by gel electrophoretic mobility analysis.
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P,

conpl ete medi um (DMEM cont ai ni ng 10% FBS, supplenmented with 2 nmv

L-gluta e units/m penicillin and 50 g/m strepto ' he tine
of tranrs@bcq'}(%%%the 15 mediumin each well is replaced %ft(gefmt@%%# serum
free DVEM PPA-DNA coacervates or PElI-DNA conpl exes or PLL-DNA conpl exes
or Transfast TM DNA conpl exes are incubated with the cells f®ynd2begirs at
37C. The nediumis replaced with I m of fresh conplete nediumand cells
are further incubated for 48 hours. Al the transfection tests are
performed in triplicate. After the incubation, cells are perneabilized with
200 pl of 20 y§i s RNRARFDroveNREbe AR eff¥¥ilve rEiRnt kLdik@pase
activity in %%ljogél(%?g@tf&swl@% Reasuggﬁ ug?rr% a luciferase asg%y ki t P
(Promega Qgsosolvidiagdenhafk} tenransfeativmeffietency in nenppdgoBionkaEBeislivey) . The

l'i ght it L lized I.nst tei trati WA -t h |1
extract s, BRI (G0 TS ROBPISPhGUBIR BRBTere Suesy P e par PRI BT or o
IL). 2% Fi : & lded &hocéife.CORE t

or tpar 3. {HoReo RS R Ao SRR f’%%%‘*“%‘“‘%?”c‘“q ot fout Qg

conpari ng iticotpoRtd cdackrvates areTusad §dras vitestransiestion withent furthenpwi fieatien
prepared with P5-SP in the es e of result .in the hi ghest
transf ect | YRCRHE it‘étl"“efﬁﬁ‘%mé’fﬁq %fﬁ'efciés %waf Wgﬁe B A Ae HoLsg T gﬁlsr 28%- DA 30

conpl exes and PEI - DNA conpl exes. O her PPAs only show noderate transfection
activity. It is also evident that CQ can enhance the transfection,
ef fi ci encyEkampibSuTransf@tion@i0gieoqort/BCEEPNa0mmwlen in differpet cedldinesi nes at

ose Tha pededise uaagiioNr oy RIRGFHEEP PO coFUEIENI RLRRTRRIL D

experi ment §cifefise RES hREAR Getié.t OelkQRe Bepdsd 24 hokiQpiioe tor parsfdotidn fito talPd-well
coacervates. 5 As the gel electrophoresis analysis shqws, at a +/- charge

ratio of 1phitd @cDicRisobHAneniul PRE, NIkt axfensitpof &SL(BAyf well with § pdo&p) “and
W th ppas, cemalebrgetun NERRT St PEFER AR R ALY Jafy L effu e
exani ned fgp LG palklilif bf® 56 Reffiafeh@lyctiFKA gt of (rihaestion, the ~
15 medium in each well is replaced with 1 ml of serum free DMEM. PPA-DNA coacervates
or PEI-DNA complexes or PLL-DNA complexes or TransfastTM-DNA complexes are
incubated with the cells for 3 hours at 37°C. The medium is replaced with 1 ml of fresh
complete medium and cells are further incubated for 48 hours. All the transfection tests
are performed in triplicate. After the incubation, cells are permeabilized with 200 pl of
20  cell lysis buffer (Promega Co., Madison, WI). The luciferase activity in cell extracts is
measured using a luciferase assay kit (Promega Co., Madison, W) on a luminometer
(Lumat9605, EG&G Wallac). The light units (LU) are normalized against protein
concentration in the cell extracts, which is measured using BCA protein assay kit (Pierce,
Rockford, IL).
25
Figure 6 shows the transfection efficiency of PPA-DNA coacervates prepared from
five different PPAs with 100 pg/ml of CQ or without CQ, comparing with PEIL PLL and
Transfast as gene carriers. Coacervates prepared with P5-SP in the presence of CQ result
in the highest transfection efficiency, similar to the level obtained by Transfast-DNA
30 complexes and PEI-DNA complexes. Other PPAs only show moderate transfection

activity. It is also evident that CQ can enhance the transfection efficiency for about 4
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Al t hough conpl ete DNA incorporation occurs at charge ratio of 2.0 and above
for P5-SP, 10 the highest |evel of gene transfection is observed when

coacer vaWés03408778ynt hesi zed at the +/- charge ratios bet \REE(?GPQ"‘%?M
above. Transfection efficiency slightly decreases when the charge ratio is
12.5 and above. The transfection efficiency is neasured agaigfihebbyse ot her
cell lines using PPA-DNA 15 coacervates containing pRE-Luciferase plasnid
(Figures 8). Like in HEK293 cells, the highest level of |uciferase

EXpr essi ontjiies @BLBorkefBhtich oﬂﬂﬂl;ag/mbf €Q, HahtfFctoal dff¢ie@ISnTreasasiwith dess Hep 2
cells is also found to be at a +/- ratio between 5 and 10, The transfection
ef fi ci ency andp@ksat 2 desd ¢f30 pgimh 0E 6N (datgmotphown)e dihedollewing sxperPgnts 3700

times higher ransf ect and 10 .to 50 tinmes |ower than v
that obt ai rﬁétfowlftﬁwélrOggg%ﬂ%@%"@@gateaﬂ%%f%%‘Eer‘éarge %fficiency in COS-7
cells or Hep& cells is about 100 to 300 tines higher than PLL nedi ated

transfection and 2 folds |ower than that obtained wth PEI-DNA corrpl exes.
Exanpl e56. GeAe ther geh sfeekmptmmesrﬂadlaatss@hbws,m% i shangeeratio DT ChiRSeRMA

SO b oy oA ane Pad AL Br 1 Sels A S ISP RGP R, AL AR s O %%B
were pre-mXgf gL (ﬁ np;fa%twnerﬁﬁ&ﬁreri@&drﬁﬁle?&f WHtE PPARD @é@éﬂv?@s ptebhremaa&iﬁ'dﬂerDNA

DNA- pol yner exes were fornmed by addi ng d oolg sol uti_on
cont ai ni ng chargy iratips aserulsm txanoificd Hintheir ahlbtlwomanéfec‘;/HE ﬁ@“ﬁbﬁEg‘FG d)f er ase

(60 pg/m % Na 4). and _vor PEe§pwer e

al | oned toﬁlgwga?mggt%)ﬁ!% C?%’(?Ff%n tevper & a{@r%g Efjﬁg O(%gnp%ﬁxaggg %(!Fe uged

f or tggSf 86 hfgﬁesﬂéuévop\%énlamhsf%mdrhe obgsvéd whai :mmoaeezeatmmmﬁmm at )
PCT/ SQ02/ 00091 ~8 June 2006 This is based on the hyp&t hesi shél?t conpl exes ~

cont ai ni ng thati-charge ygiss h@twm%%amb?bﬂyss Tyansfegtiph e LTy
capacity, t us rove ar delivery of the DNA to cyt osol
b BRRNE A e T O a to cptos

and nucl eus¥ | s using PPA-SP (containing 5 prinmary
am no group), PPA-DVA (containing tertiary am no gr oup) or PPA- SP/ PPA- DVA

m xture showed that PPA- SP/ PPA- DVA m xt re nme significant Lgher

| evel s of gendhespneectioneifisigneyds 1“??@?‘“5 %X ?‘i?é:}ﬂ?seusél}g J;%f{,\%% es

see Fi q4re %)aCervates containing pRE-Luciferase plasmid (Figures 8). Like in HEK293 cells, the
highest level of luciferase expression in CaCo-2 cells, HeLa cells, HuH-7 cells, COS-7

cells and HepG?2 cells is also found to be at a +/- ratio between 5 and 10. The transfection
efficiency in CaCO-2 cells, HeLa cells or HuH 7 cells is about 100 to‘200 times higher
than PLL mediated transfection, and 10 to 50 times lower than that obtained with PEI-

20 DNA complexes. Transfection efficiency in COS-7 cells or HepG2 cells is about 100 to
300 times higher than PLL mediated transfection and 2 folds lower than that obtained )
with PEI-DNA complexes.

Example 6. Gene transfection mediated by PPA mixtures
25 Complexes comprising plasmid DNA and PPA mixture were prepared according
to a similar procedure as described in Example 4, except that PPA-SP and PPA-DMA
were pre-mixed at different ratios before complexation with plasmid DNA. DNA-
polymer complexes were formed by adding 50 pl of polymer solution containing varying
amounts of polymer to 50 pl of vortexing pRE-luciferase (60 pg/ml, in 0.9% NaCl, pH
30  7.4) and vortexed for 15-30s. Complexes were allowed to form for 30 min at room

temperature. The complexes were used for transfection study without further purification.
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Transfection was performed with 3 g DNA per well. The charge ratio of total
positive <charges in PPA to negative charges in DNA was mai ntai ned at 9.
Under opWiOragloodrgs condi tion (at a PPA- SP/ PPA- DVA nol ar r at PEI/8G02400081 9) |
transfection efficiency achieved by PPA-SP/ PPA-DVA m xture was 20 and 160
ti mes higher than PPA-SP and PPA- DVA nedi ated transfection,gigapesdi vely.
Thi s met hod of introducing polyneric carriers with different charged groups
into 15 the same conpl exes represents a sinple yet effective approach in
devel opi ng pol yneric gene carriers and understandi ng the nechani sns of

pol ynmer nedi ated gene transfer. PCT/SG02/ 0009 11 Wuat is nlained %s:.8 June
2006 1. A wat er Thisigbased aﬁahﬁ‘p‘w(’f‘}eéﬁlt’g}ateﬂaﬁpgeéﬁs EPYBRY IS FRIONE types of amino

pol yphosph oﬂ]g% QLA ihdalselthe GRa CcaPhily0 tHlls RhpRove AP Bracdlar digakyiofel y
charged bYoactive nacronol ecul es 1 n aqueous sol utions and conprises the
recurring fiiemNARS cytossliandsinclens.i TraRsfectioneofICOB 7 ¢ellls Rsing PPMREREcontaamgUL A |

wherein R i s a dival ent I tic organic iety. R2 and h

i ndeperdenPMPAATRIEP §H’Wg¢# ‘ﬂi:ﬁwér (8%&%‘.’6&?% 61}{'690 W?H&oﬁﬁﬁ §?’®1§& or
heteroal | C%R)LA fnidtupY RowRAh PIASPYES ISV AGR i aR6Rated siBaifRantl Bighse
substituted with one or nore positively charged groups; and n_is from 20
to 2,000. RvelsAfpasi dipvessiondhear gthdr polytheyalade (Figursd), phibeiursh seakigteg - of

claim1l, wherein the biodegradabl e I hosphor.anm dat e has tween. about
20 and abodransfegen WﬁﬁB%fﬁ?fB}%éﬁ’(IE}b% étggi?olg%g)gy w%n '{‘ﬁe charge ratio of ?oeial positive

charges in PPA to negative charges in DNA was maintained at 9. Under optimal
10  condition (at a PPA-SP/PPA-DMA molar ratio of 4 to 9), transfection efficiency achieved
by PPA-SP/PPA-DMA mixture was 20 and 160 times higher than PPA-SP and PPA-

DMA mediated transfection, respectively.
This method of introducing polymeric carriers with different charged groups into

15  the same complexes represents a simple yet effective approach in developing polymeric

gene carriers and understanding the mechanisms of polymer mediated gene transfer.
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3. A positively charged bi odegradabl e pol yphosphoram date of cI'a?@rT’ﬁGOZ/OOOS"*
wher ei 1 non-hydrogen occurrences R2 and R3 are substituted with one or nore
charged groups selected fromthe group consisting of primry am ne,
secondary amne, tertiary am ne, quaternary am ne or i m dazoyl. 4. A
positively charged bi odegradabl e pol yphosphorani date of cl aignhe 208b1€rein
one or nifhetisfclaRmed M2 or R3 is substituted with one. or nore groups capabl e
of facilitating intracellular delivery of a negatively charged bioactive
pacr onol ecul e fr he gpou st I lgtic agent,
an anphi phi i pepg 5‘53?% g8ﬁb{eer 4 Bositiiety ° i éoarAl\%N D SHEET | PENAJ
PCT/ SQ02409pKbkpRordniidate?Babis dipab&e pﬁfmrmmgehwomlgxmfdh inegrdively hatre

pol yphos horamdate of | ai m 4, rein t litating

i ntracel BMWG@WF%‘P? s%éﬁ‘é?f’%ﬂ?‘?"eﬁﬁq %o&%rggsgtgg?e%ve n?algéno%ﬁgcul es is a
chol est e Foﬁmﬂe\ ositively-charged bi odegradabl e

polyphos ora te of alml wherein R is defined in Formula I'l, ( I H

sel ected fro the group \consisting of hydrogen or al kyl group; and

Ra FORMULA/1Q wherein each occurrence of R3 and R4 are |ndependently
gi s2t 04. p05| theI y jcharged bi odegradabl e pol yphosphoram date
conpositi W\ npl exation i n aqueous sol utions conprising: (a)
NR2R3
FORMULAI
wherein

R, is a divalent aliphatic organic moiety;
R and R; are each independentl); selected from the grdup consisting of
hydrogen, alkyl, or heteroalicyclic groups;
each non-hydrogen occutrence of Ry and R3 is substltuted with one or more
positively charged groups; and _ |
| n is from 20 to 2,000. -
2. A positively charged biodegfadable polyphosphoramidate of claim 1, :
wherein the biodegradable polyphosphoramidate has between about 20 and about 2,000
phosphoramidate groups.

3. A positively charged biodegradable polyphosphoram_iglatc of claim 1,
| wherein non-hydrogen occurrences R, and R; are substituted with one or more charged
" groups selected from the group consisting of primary amine, secondary amine, tertiary

amine, quaternary amine or imidazoyl.

4, A positively charged biodegradable polyphosphoramidate of claim 1, |
wherein one or more of Ry, Rz or Ry is substituted with one or more groups capable of
facilitating intracellular delivery of a negatively charged bioactive macromolecules,
sélected from the group consisting of lysosomalytic agent, an amphiphilic peptide, or a

steroid derivative.
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('b) at | east one negatively charged bioactive nmacronol ecul e; and PETYS(62/00091
sol ubl e and 'positively charged bi odegradabl e pol yphosphoram date of claim

1. 8. A positively charged bi odegradabl e pol yphosphoram date conposition

of claim7, wherein the negatively charged bioactive nmacronol ecuPere 2086

sel ected from the group consisting of . RNA,  prot.eins, ,and

pol ysacchari de%. 9.A positvaly chagged %@MF@@W 0 8f S8 Sphor ani dat e
conposi ti o of, ItRing idbolfula YR58 F Ay itp deggeacab! e

pol yphosp%?gﬁ%g%uﬁgﬁagfgﬁgg%g 0 E(gorrpfaexi ng 2%60(;)%3 V\gi gh% of the

negat i vel pioattiegedrontolemdes imchoteststyd group0. A nmet hod of preparing a water

sol ubl e and positively chargeabl e biodegradabl e pol yphosphoram date of

Formula |, conprising the steps of: (a). reacting a precursor polyner with
recurring unitgshowy pogitiveliynehaiied IbiodegRdabie/pbipphdsthirhnhidatePéfAtlaiin 1, -
PCT/ S@2/ 00091 8 June 2006 FORMJLA Il wherein R is a divalent aliphatic

organi c 'nmhémRvdﬁ@ﬁf‘@dﬂFfﬂ%“}aEr secondary ami ne having a structure of
HNR2R3i wher ey each occurrence of R2 and R3 are selected fromthe group

consi sting f| yqrogen or positively charged al kyl or heteroalicyclic

cont ai ni ng_él_@%%!-ed primary ami ne, protected secondary amne, tertiary
am ne, and ua‘te gqary amne; followed by (b). deprotecting the protected
am no groups, RS applicable. 11. A nethod of preparing a positively charged
bi odegr adabl e pol yphosphoram date of claim 10, wherein the bi odegradabl e
pol yphospH éﬂi has between about 20 and about 200 phosphoram date

groups. wherein

each occurrence of R3 and Ry are independcntly selected from the group
consisting of hydrogen or alkyl group; and
qis2to 4.

7. A positi\lfely charged biodegradable polyphosphoramidate cbmpo‘sitiqn
‘formed by complexation in aqueous solutions comprising: ' .

(2  atleast one negatively charged bio;ctive macromolecule; and

(b)  a water soluble and positively charng biodegradable
polyphos’phorami'date of claim 1. | o - |

8. A positively charged biodegradable polyphosphoramidate composition
of claim 7, wherein the negatively charged bioactive macromolecules are se]epted from

the group consisting of DNA, RNA, proteins, and polysaccharides.

9. A positively charged biodegradable polyphosphoramidate composition
of any one of claims 7 and 8, wherein the biodegradable polyphosphoramidate is
capable of complexing 20-60% by weight of the negatively charged

biomacromolecules.

10 A method of i)reparing a water soluble and positively chargeable
biodegradable polyphosphoramidate of Formula I, comprising the steps of:
(a). reacting a precursor polymer with recurring unit shown in Formula 101,
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12. A nethod of preparing a positively charged bi odegradabl e PCHVSGOZQOO91
pol yphosphor am date conposition of claim 7, conprising the steps of: mXing
an aqueous solution of the positively charged bi odegradabl e pol ynmer of
Formula | with concentrations ranging from1l tg/m to. 500 g/m, with an
aqueous solution of one or nore biological active macronol ecghgg,2008hich is
able to coppbex with polymer of Formula |. 13. A nethod of preparing a

posi tivel y/ cflar ged bi odeqr adabl e pol yphosphoram date conposition of claim
12, whereiln phe neggafivell,. charged or bioactive nacronol ecules are
selected § ' gr oyycpnsi sting of DNA, RNA, proteins, and

pol ysaccha ié}s. 14. A ngthod of preparing a positively charged

bi odegr adaly] pol yphosphdv ani dat e conposition of claim12 or 13, wherein

t he bi odegradabl e -32- AVMENDED SHEET | PENAJ PCT/ SG02/ 00091 8 June 2006

pol yphospfORMUIdeIlE i s capabl e of conpl exi ng 20-60% by wei ght of the
negatively charged bioactive macronol ecul es. 15. A nethod of preparing a
positivelvhﬁﬁ&rged bi odegradabl e pol yphosphoram date comnposition of claim
12 or 13, whergjif aldfaldit Afpaicsaiemoesl;yphosphor ani date has between about
20 and about 200 phosphoram date groups. 16. A nethod for the controlled
rel ease of -a bioactive nacronol ecule conprising the steps of providing a
posi 1 Vel Yy NALARGPbP 463hAAR Blnfind BaViRE oS RRRAGE! fARRRORIIh Gfch Of cl ai m
7, and contacting the conmposftion in vivo or in vitro wth a biol ogi.cal
fluid, cebécumencetofs Byeandnideare saletited &om thenanoup \eonsiginghal dydiogen wrof at

|l east a portion of the bialogi t L Me SUbS t oilnB& Rh@heogi cal
fluid, cel’ﬁ""“nbvreP icgﬁgfs@(ﬂh%? t@%@%% gg#cal | yQa l?%gd gﬂ%?@ance I's
rel eased ppteied@Béondhry @cthins; fertary amine, and quaternary amine; followed by

(b). deprotécting the protected amino groups, if applicable.

. 11. A method of preparing a positively charged biodegr:adable
polyphosphorémidate of claim 10, wherein the biodegradable polyphosphoramidate has
between about 20 and about 200 phosphoramidate groups.

12. A method of preparing a positively charged biodegradable
polyphosphoramidate composition of claim 7, comprising the Steps oft

mixing an aqueous solution of the posiﬁvcly charged biodegradable polymer of
Formula I with concentrations ranging from 1-pg/ml to 500 pg/ml,

w1th an  aqueous solution of one or more biological active macromolecules,

which is able to complex with polymer of Formula L.

13. . A méthod of preparing a positively charged biodegradable
polyphosphoramidate compc‘»sftion_ of claim 12, wherein the negatively charged or
bioactive macromolecules are selected from the group consisting_ of DNA, RNA,

proteins, and polysaccharides.

14. A method of preparing a positively charged biodegradable _
polyphosphoramidate composition of claim 12 or 13, wherein the biodegradable
P
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17. A method of claim 16, wherein the bioactive macronol ecul e i s Fel/S52400091
I n-vivo. 18." A nethod of claim 16, wherein the bioactive macronol ecule is
rel eased in-vitro. 19. A nethod of claim 16, wherein the bi oacté V, 2006
macronol ecul e is released extracellularly. 20. A method of claim 16,
wherein the bioactive macronol ecule is rel easS Eglé fa el [ ul.arl y 21. A
met hod of pawhaspmammwapablnefmmﬂw&@ Averdy isight ot e B5BAVEY” sef ect ed
fromthe consi stin RNA, proteins, and poI ysaccharl des. 22. A
met hod of % 1qagtv W@?‘rgﬁnﬁ{ef‘ﬁg@bi odegr adabl e pol ymer is capabl e of |
conpl exi ng 20-60% by wei ght of the negatively charged bioactive '
macr onol ecul e. -33- AVENDED SHEET | PEAAJ. PCT/ SG02/.000 S June 2006 23. A
net hod of clai &§-16,4A \M‘Pé‘i“@ﬂfpﬁl’énmﬁﬂ%ﬂ?"é@'% g% 1% between about 20
and about ﬁ&g Eo?ﬁ-ﬂﬁ?dhf‘e &Hﬁﬁﬂﬁon@fﬂdmﬁ mrhgdwﬂémﬁlﬂﬁmdegﬁdamer ein the

ro

bi oactiveP e Is’agrowh factor. 25. A nethod, of cl ai m 16,

wher ei n t lpelyphasphéramidatectas betwleeahoyt 20anskeabeut 200 Ph?SrPBﬂ'ia{nl‘ﬂ:ategEIBHb‘ consi sti ng
of DNA sequences, genes, gene fragnents, DNA encodi ng = vacci nes,

t herapeuti c agents, cytokines, inmunoadjuvants, cancer thera eutic agents,
proteins, and ggnbi Aahétms&sfotﬂeroemrroneaaeleamenfeahioactbre_nmcmmnl@s,e wherein the

DNA sequence, gene or gepe fragnent is admnistered in connection with
gene ;her&ipylpﬂﬂllgﬂﬁsﬁﬁﬁ d of any one of clainms 17 through 26 wherein the
positively ch Ec%ﬂn%b RA@ft R bR d¢ s sl ilosilibfant daip canpdsition

I ncl udi ng conp exes ‘nandparticles s delivered in vivo.

f claim 7, and
contacting the composition in vivo or in vitro with a blologlcal fluid, cell or
tlssue under conditions conducive to the delivery of at least a portion of the bxologlca.lly '
active substance to the biological fluid, cell or tissue so that the b1ologlcally active

substance is released in a controlled manner.

17. A method of claim 16, wherein the bioactive macromolecule is released

in-vivo. =
18, A method of claim 16, wherein the bioactive macromolecule is relcased

in-vitro.

19. A method of claim 16, wherein the bioactive mac_romolecule is released

extracellularly.

70. A method of claim 16, wherein the bioactive macromolecule is released

intracellularly.

21; A method of claim 16, wherein the bioactive macromolecule(s) are

selected from the group consisting of DNA, RNA, proteins, and polysaccharides.

22. A method of claim 16, wherein the biodegradable polymer is capable (_)_f
complexing 20-60% by weight of the negatively charged bioactive macromolecule.

-33-

AMENDED SHEET
IPEAAY



-34 AVENBED SHEET | PEA/ AU PCT/3G02/00091

8 June 2006

23. A method of claim 16, wherein the biodcg;addbldpolymer has between
about 20 and about 200 phosphate groups. '

24. A method of claim 16, wherein the bioactive macromolecule is a growth

factor.

25. A method of claim 16, wherein the bioactive macromolecule is selected -

“from the group consisting of DNA sequences, genes, gene fragments, DNA encoding

vaccines, iherapeutic agents, cytokines, immunoadjuvants, cancer therapeutic agents,

proteins, and combinations thereof.

'26. A method of claim 25, wherein the DNA sequence, gene or gene

_ fragmeht is administered in connection with gene therapy.

27. A method of any one of claims 17 through 26 wherein the positively
charged biodegradable polyphosphoramidate composition, including complexes or

nanoparticles is delivered in vivo.
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