DIBLOCK COPOLYMERS AND POLYNUCLEOTIDE COMPLEXES THEREOF FOR DELIVERY INTO
CELLS CROSS-REFERENCE [0001] This application claims the benefit of U.S. Provisional
Application No. 61/052,908, filed May 13, 2008, U.S. Provisional Application No. 61/052,914, filed May
13, 2008, U. ¥ B¥Ni8#8#l Application No. 61/091,294, filed August 22, 2868/U$2809%56iSional
Application No. 61/112,054, filed November 06, 2008, U.S. Provisional Application No. 61/112,048,
filed November 06, 2008, U.S. Provisional Application No. 611120,769, filed December 12, 2008, U.S.

Provisional Application 22._/ Ii) &/ﬁ nal Application No.
61/140,774, filed Dece ﬁé%%ﬁ%{%ﬁ%%gg%ig Fb%i: ﬁ%%i?l,S??, filed April 21,
2009; the contents of all of these documents is herein incorporated by reference in their entirety.
STATEMENT AS TO FEDERALLY SPONGRIRERERESEARCH [0002] This invention was made with

aov?trmint ém@rtmaq i&@mtaﬁﬁm b%mkﬁﬁ ?x%ﬂ%o%ﬁ%ﬂﬁ?i{%ﬁ‘ﬂlpmm%&@ﬂﬂg@l 'nstitllﬂfs Otf "
ea e Gover certai s in n Is invention relates to the
fields of organ% %hge:%&%r oIy marCh %)n'”lcl%‘{o"wﬁléc %:’%@t%}?dmo eéu%g(% ology" SAd medicine. In
particular it reléwkcfé%ébcﬁi/ﬁ%@“(étg@fdﬁﬂ%& HBpoiyntersyentiepirnitoiessthibiddfwith
polynueleotidefsgpae: vike dsamoe bislesfRiotle Ayemnanh the polynus|anticiesine d/ingscells.
BACKGROUNBLGE, THE NENTI QN J00R4L el iansss i e ol prgvide therapeuti

agents (e.g., oligonucleotides) to living cells. In some instances, deliver HYﬁQ) suc ynucleotldes toa

living cell provﬁfeglgﬁgflgaﬁ@ﬂf?&c heetit. %Wﬁﬁwsm?fﬁ%m & H”f‘r@ﬁ‘{; provided herein
are copolymerBeconbgiisipipSinica st RurasitaCksplitadofitet. BIOGK BTG priding 23t 16@sthene constitutional unit
that is hydrophilige(g &1 aRQubRIsOlagia Rkb-RRed e seranth hlackgemprising a plurality of

hydrophobic moieties. In certain embodiments, the second block further comprises a chargeable

species, in either the chargﬁg&mq«ggq@@%@ﬁé@gﬁ&@gm&gpﬁﬁlog|c pH. However, when

the pH is at about the pK, of the chargeable species, there will exist an equilibrium distribution of
chargeable splef&s —irlji’ bBYFPHSPHES "t’ﬁ%ft"@h&%eﬁ‘?"%e@bf REAT B SeoHRet M %bﬁ@ 586" Will be
non-charged. Twredtd tthibe NavopdHligifeoneitHeitheTpGrofthaChargeabigispobiéscthiere will be a
corresponding shift in this equilibrium such that at higher pH values, the anionic form will predominate
and at lower pH values, the uncharged form will FggeHominate. The embodiments described herein

include the forfgye) e GRARAMALRAS AHRELY %célemkl Vi @r%mgengeésgmwan endosomal
pH), the chargeable species will be . %re(gomlnant the unc ed form. [0006] Preferably, in certain
e

instances, whaIfR'S" ;E IR YRELT e o RETSH Bﬁ%é%‘iowi?ﬁ A< TRSFRFBANINE S disrupts or
otherwise dessamnizestBHeOﬁveWHweeaMSéﬁbereeﬁﬂe Yeiekes Ediuikiveanefifesrriantleptidspiatsific

- embodiments,gigalymer provided herein is endosomolytic or otherwise destabilizing of an endosomal
membrane [0007] In certain embodiments, provided herein is a cellular membrane destabilizing (e.qg.,

an endosomolytic or an endosome-ggRBENENIASEARIZRG: SPRAMYMer comprising: (a) a first block,
the first block R)%Hl? a hexggqghlllc bla

stances, 11 15 Eéngi[i"cczjal to provide therapeutic agents (e.g., oligonucleotides) to

living cells. In some instances, delivery of such polynucleotides to a living cell provides a therapeutic

benefit,

SUMBIARY
{0005] in some embodiments, provided herein are copolymers comprising at least two blocks, the
first block comprising at least one constitutional unit that is hydrophilic (e.g., at about physiologic
pH}, and the second block comprising a plurality of hydrophobic maieties. In certain embodiments,
the second block further comprises a chargeable species, in either the charged or non-charged state,
that is anionic at physiologic pH. However, when the pH is at about the pK, of the chargeable species,
there will exist an equilibrium distribution of chargeable species in both forms, that is about 50 % will
be anionic and about 50% will be non-charged. The further the pH is from the the pK, of the
chargeable species, there will be a corresponding shift in this equilibrium such that at higher pH

values, the anionic form will predominate and at lower pH values, the uncharged form will
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(b) a second block, the second block being a membrane destab zing hydrophobic block comprising:
(i) a first chargeable species that is anionic at about physiologic pH (i) a second
chargeable species that cationic at about physiologic pH. [0008] In some embodiments, provided
herein is a cellular membrane destabilizing (e.g., an endosomolytic or an endosome-membrane
destabilizing) copolymer comprising: (a) a first block, the first block being a hydrophilic block
comprising a first chargeable species that is cationic at about physiologic pH; (b) a second block, the
second block AFERT & midAHIRedievestabilic hysnjideophabiebidd coomiisingn(ya sagond chargeable

species that isanninesabedbRRMEALRELANGH)A i jes that s cationic at about
physiologic pk; a{gga‘(g% %r;jm(‘)ligonucltgotide ass%ﬁﬁ?&%ﬁﬁé%ﬁ%ﬁ%@%&%ﬁnftlﬁ Certain
embodiments, provided herein is a cellular membrane destabilizing (e.g., an endosomolytic or an
endosome-m&%@é’ﬁ@&?@%é{b‘iﬁﬁ?ﬁgﬁs%ﬁbI‘yhﬁ@in@@ﬁ*bmgﬂqgriéaq trbirss bloogethexifigst block being a
hydrophilic bladkix(bkatseenthlnck olivevaecansiiiack heing.a membrans Assiahilizing hydrophobic

block compriging.an-actylic.asid residue or alkvlacrylic acid.residue. [0009a]In a first aspect,there is
ymer com%)risinré?ﬁ%%s’ ’ E%ab'ﬁeﬁ?rs%g?ﬁ@f%’%}%bﬁgﬁ% N SR Rutional unit that is

provided a codool m |
hydrophilic af F‘F&“ﬁﬂé‘f‘%f‘%i&‘l@d%ﬁl JBforane (b) a second block comprising: (i)a second
constitutionall i thrercisicatibricatoomal phyisiologinat penaast whighisan e the same as or different
than the first GRESHLURNRALMMH osome-membrane destabilizing) copolymer comprising:
(a) a first block, the first block being & hydrophilic block; and
(b} 2 second block, the second block being a membrane destabilizing
hydrophobic block comprising:
(i} afirst chargeable species that is anionic at about physiologic pH
(i} 2 second chargeable species that cationic at about physiologic pH.
f0008] In some embodiments, provided herein is & cellular membrane destabilizing (e.g., an
endosomolytic or an endosome-membrane destabilizing) copolymer comprising:
() a first biocl;, the first block being a hydrophilic block comprising a first
chargeable species that is cationic at about physiologic pH;
{b) a second block, the second block being a membrane destabilizing
hydrophobic block comprising:
() asecond chargeable species that is anionic al about nevtral rH; and
(i1} athird chargeable species that is cationic at about physiclogic pH;
and
(c) an oligonucleotide associated with the first block.
[0009] . In certain embodiments, provided herein is a cellular membrane destabilizing (e.g;, an
endosomolytic or an endosome-membrane destabilizing) copolymer comprising:
() a first block, the first block being a hydrophilic block:
(b) a second black, the second block being 2 membrane destabilizing
hydrophobic biock comprising an acrylic acid residue or alkylacrylic acid

residue.



i)a third constitutional unit that is anionic at normal physiological pH; (iii)a hydrophobicity-enhancing

moiety wherein: the hydrophobicity-enhancing moiety is covalently bonded to the
second constitutional unit; the hydrophobicity enhancing moiety is covalently bonded to
the third constitutional unit; the hydrophobicity-enhancing moiety is comprised in a

fourth constitutional unit of the second block; or, any combination thereof. [0009b]in a second aspect,
there is PiBUIadd the JBa@ &rd amssiyihree ispaevided apend Imtieonamisiagture of a medicament for

inhibiting gene expre?ﬁéon. [00Q9c I?) aéigird aspect, there is provided the use of a copolymer as
defined above in the ranufaitirs o e dRERIER $or stetrnsryERvaly Bih Psfyrticleotide. [0010]

nufacture o

In one em@%mggg{%ﬁgﬂ%%jgggﬁ[%gplates to a copolymer (e.g., diblock copolymer) comprising:
a first block comprising a first constitUtional unit that is hydrophilic at normal physiological p1-I; a

second block comprisihp:  a sesendbibconstitpitising! unit that is cationic at normal physiological p11
and which can be the same as or different than the first constitutional unit; a third constitutional unit
that is anionic at normal phy&iblogicaF¢A9né KYRIBHHEBRityDEn Ha dingatiotyaivheraial

physiological pH and which can be the same as or different than the first
constitutional unit;
(i1) a third constitutional unit that is anionic at normal
physiological pH,
(iii)  a hydrophobicity-enhancing moiety wherein:
the hydrophobicity-enhancing moiety is ;‘:c'iValenﬁy
bonded to the second constitutional unit;
the hydrophobicity enhancing moiety is covalently
bonded to the third constitutional unit;
| the hydrophebicity-enhancing moiety is comprised in a
fourth constitutional unit of the second block; or,
any combination thereof.
[6009Db] In a second aspect, there is provided the use of a copolymer as defined
above in the manufacture of a medicament for inhibiting gene expression.
[0009¢] In a third aspect, there is provided the use of a copolymer as defined
above in the manufacture of a medicament for intracellular delivery of a

polynucleotide.

[0030] In one embodiment the current disclosure relates to a copolymer (e.g., diblock copolymer)
comprising:
a first block comprising a first constitutional unit that is hydrophilic at normal physiological
pH;
a second block comprising:
a second constitutional unit that is cationic at normal physiological pH and

which can be the same as or different than the first constitutional unit;

2a-



the hydrophobicity-enhancing moiety is covalently bonded to the second constitutional unit; or, the
hydrophobicity enhancing moiety is covalently bonded to the third constitutional unit; or, the
hydrophobicity-enhancing moiety.is comprised in a fourth constitutional unit of the second block; or,

~ any combination of the above; and, the second block is substantially neutral in overall charge. [0011]
In various embodimentgittheofisstc@nstibuticva iunitas catiomicaapneioiatiphysiological pH (i.e., about

physiologic pH), is anLqﬂj&.&;%g[mgjmﬁﬁlggﬁg{me@ggutral at normal physiological pH, or is

zwitterionic at normal physiological pH. In some embodiments, the first block of the copolymer is
polycationic at normal physiologicaffﬁmﬁ’éoﬁbﬂb&ﬁ%ﬁi@%ﬁ&ﬁﬁ?%%w@@%%WI@ tetial at normal
physiological pH, or is polyzwéstteidenicatnarnaliphysiological pH. In further embodiments, the first

block of the copolymer has substantggu? dIIigJehs%m ionic properties at enqgnstf)rgal I% as,at normal

. . . . 4] 10153 NCIn; qulet. 15.COV, OIC1E tolq)a
physiological pH, e.qg., is polycationic at endosomal pH, IS polyanionic at endosomal pH, is neutral at

endosomal pH, or is polyzwithédeaisttérmdbsnimeal. pH. [0012] In one embodiment the current

disclosure relates 10 a copolymer (a1 GHjac CAPANR CAMRHSNG: A fitst Blogk samprising a frs
constitutional unit that is cationic at .nognlﬁhggﬁsiological pH; a second block comprising: a second
[

constitutional unit that is catBHE SHRBH BETEHI DI P vhich can be the same as or different
than the first constitutional umt; etthrokcomstitbtignakunitithat is anionic at normal physiological pH; a

hydrophobicitynRancing. AEIWIREEIN neural D DY ErORAQRICIty-enhancing moiety is covalently
' he h

bonded to the second constitutional unit; or, the hydrophobicity enhancing moiety is covalently
bonded Pt {RivateHSHRbGgmRIh Roirst coniB s oPHb RN HANERY PhoiidpssddHprised in a
fourth constidutinmaltinibgt i#18).Seacihdbloakind nyicombinaOR Mhike aboyeiangsidesacond block
coms ) A B PRt 0 TR BN caonic a
normal [SABRGNSEieaPPERiRian eprbahiaicsiaisiisaebursotie atationit Mirdgeticspebids is an
ammonisiSPAGISSad NpaRsRIBBREI Men: of this-dischosukathns i physiological pH. In further
embodiments, the first block of the copolymer has substantially the same ionic propertics at
endosomal pH as at normal physiological pH, e.g., is polycationic at endosomal pH, is polyanionic at
endosomal pH, is neutral at endosomal pH, or is polyzwitterionic at endosomal pH.
[0012] In one embodiment the current disclosure relates to a copolymer (e.g., diblock copolymer)
comprising: _ |
a first block comprising a first constitutional unit that is cationic at normal physiological pH;
a second block comprising:
a second constitutional unit that is cationic at normal physiological pH and
which can be the same as or different than the first constitutional unit;
a third constitutional unit that is anionic at normal physiological pH;
a hydrophobicity-enhancing moiety wherein;
the hydrophobicity-enhancing moiety is covalently bonded to the
second constitutional unit; or,
the hydrophobicity enhancing moiety is covalently bonded to the
third  constitutional unit; or,
the hydrophobicity-enhancing moiety is comprised in a fourth
constitutional  unit of the second block; or,
any combination of the above; and,
the second block is substantially neutral in overall charge.
f0013]  in an embodiment of this disclosure, the first constitutional unit comprises a cationic nitrogen species (j.e., a nitrogen
species that is cationic at normal physiological pH). in an embodiment of this disclosure the cationic nitrogen species is an

ammonium species. In an embodiment of this disctosure the

3.



second constitutional unit is the same as the first constitutional unit. In an embodiment of this
disclosure the anionic-species comprises a carboxylic acid anion. In an embodiment of this disclosure
the first block further comprises a charge neutral constitutional unit randomly interspersed among the
first constitutional units. In an embodiment of this disclosure, the first and/or second block comprises at
least onectermttivetiortanabnabiiettosaedifitativs gnotpsioinlanienhodimeditmefthishligalasure, if present,

the fourthconstitufional ulhremrrses,fonabaut. 10% aReHLE0PhRyeiaht of.the, seggnd block.
[0014] Ir}hc%gam embodiments, the first polymer block is approximately 10,000 daltons in size, or about

2,000 daORS 8BS S000 daRbFES B PUBBLE: 556 A SHE RFRBOTTRS, B0 g LI irebme
embodirieitdn tefibotipshyeithibbekdyars, shn Stspositivecchial Yledinitaritab solitevaiueioothe net
ne?ativailﬁaadig_@t@ﬂﬁh@@k%hlémlﬁg Ila}?el%iiagﬂé@d Ml%es%%llgéfl, oy ﬁeléaﬁ iﬁl@%&%ﬁi!ﬁ&%%%@ﬁaﬁgcg ”50'
polymer block is approximately equal to the first polymer block jn molecular weight, or about 0.2-
times, or a (E’)Outpf.l-sgS ﬁ{rﬂgg & g?zzeg%a!fﬂlg garétg om%gﬁ%%gﬁeﬁ?ﬁf H%ost preferred embodiments the
second Pi{henshoieiisaisdiorinratedyinipehact dldnies ptimes thekiZ6, 0t el firstipstyaner block.

[0016] Insaimeoembadineisdin bydnbiic .chargad iiachkis complexedoniti.(isedinigrchangeably

herein witq)"%ssociat%d ith" or "a%jch d to", e.g., by one or more covalent bond, one or more ionical
interactiGh° & COMBINKHBR RUYEST, P Bk APrSiNE Shu sR iR Aselugir) s iohfhitieotide, e.g.,
an siRN#egi002 Fhdreammembotimentlefithibetigcldsured.the polynucleotide block is attached to one of

the polypgsplagksth r&y&*aiﬂ;axﬁgtéf?@@e%ﬁi%@%@%@&ﬂ'@%@@&é%&é&%ggg’P@ﬁ%&%?natural o

disclosure, the polynucleotide acid is selectedfrom the group consis 0

syntheti@ 8o GO HrERISTeRN b ATeRb Bitme Hgt wishargcl ok tireesiike sizy Al B Bt eckyaeriderise. In an
embodimennehdkisreiscidsmeothepolynudesiideisRNAcdniamembediereniaiihis,disspsure the RNA

is select&q fggr@ the rQUp.con isting of MRNA, piRNA, miRNA and siRNA. In an embodiment of this
disclosure SE:he RSI{IZ&?% SFRﬁSX)?TM%%&Cg embodiment of this disclosure each of the constitutional

units is if8&Pe Mg cabadaeienhahveémpidiicchrd e aind aypitrediv df thertopolymer comprises
living polyererization, FORLO) 1 anembedimantofdhisdiscloswesthaethylsnicmaaemeiis an acrylic
monom%r.e[QIQZOgngovi(iied Lgcgi%gagrég%rgggggrgt réggo erlgain is a diblock copolymer, having the chemical
Formula 11 ﬁ]io 3 I}E%a ﬁ)ée R , ot the like) at least one nucleotide, including a

polymucieotide, e.g., an siRNA.,

{6017] In an embodiment of this disclosure, the polynucleotide block is attached to one of the polymer

blocks through an optionally cleavable covalent bond. In an embodiment of this disclosure, the

polynucleotide acid is selected from the group consisting of DNA, RNA and naturai and synthetic analogs

thereof. In an embodiment of this disclosure the polynucleotide is antisense. In an embodiment of this

disclosure the polynucieotide is RNA. In an embodiment of this disclosure the RNA is selected from the

group consisting of mRNA, piRNA, miRNA and siRNA. In an embodiment of this disclosure the RNA is

siRINA,

{0018] In an embodiment of this disclosure each of the constitutional units is independently derived from

an ethylenic monomer and synthesis of the copolymer comprises living polymerization.

[0619] In an embodiment of this disclosure, the ethylenic monomer is an acrylic monomer.

[0620] Provided in certain embodiments herein is a diblock copolymer, having the chemical

Formula I:
FIQ1 I|22 ?3 F|24 [?5
| E
"o Tq v Tz Ts Y, W
Qo Q1 QZ Qs
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WO 2009/140427 -, PCT/US20469/643847

[0021] In some embodiments:

Ag Ay, Ay, Ay and A, are selected from the group consisting of -C-C-, -C-,
-COHCHLO)O-, -O(C)LC(O} and ~HC),0-; wherein,

ais I -4

bis2-4
Y, is selected from the group consisting of hydrogen, (1C-10C}alkyl, (3C-
6Cxeyeloalkyl, O-(1C-10CYalkyt, -C{O)YO(FC-10C)alkyl, C(O)NR(1C-10C) and aryl,
any of which is optionally substituted with one or more fluorine groups;

Yo, Y, and Y; are independentty selected from the group consisting of a covalent
bond, (1C-10Caikyl-, -C(O)YO(2C-10C) alkyl-, -OC(O)1C-10C)-atkyl-, -O(2C-
10C)alkyt- and -S(2C-10C)alkyl- ~-C(OWNR(2C-10C) alkyl-;
Y is selected from the group consisting of a covalent bond, (1C-10C)alkyl and
(6C-10C)aryl; wherein
tetravalent carbon atoms of A-A, that are not fully substituted with
R|-Rs and
Yo Y, are completed with an appropriate number of hydrogen atoms;
each Ry, Ry, Ry, Ry, Ry, and R are independently selected from the group
consisting of hydrogen, -CN, alkyl, alkynyt, heteroalkyl, cycloatkyl, heterocycloaltkyl,
aryl and heteroaryl, any of which may be optionally substituted with one or more
fluorine atoms; ' '

)y is a residue selected from the group consisting of residues which are
hydrophilic at physiologic pH and are at least partiatly positively charged at
physiologic pH (e.g., amino, alkylamino, ammonium, alkylammonium, guanidine,
imidazolyl, pyridyl, or the like); at least partially negatively charged at physiologic
pH but undergo protonation at lower pH (e.g.. carboxyl, sulfonamide, boronate,
phosphonate, phosphate, or the like); substantially neutral (or non-charged) at
physiologic pH (e.g., hydroxy, polyoxylated alkyl, polyethylene glyeol,
polypropylene glycol, thiol, or the like); at least partially zwitterionic at physiologic
_pH {e.g., a monomeric residue comprising a phosphate group and an ammonium
group at physiologic pH}; conjugatable or functionalizable residues (e.g. residues that
comprise a reactive group, e.g., azide, alkyne, succinimide ester, tetrafluoropheny]
ester, pentafluorophenyl ester, p-nitrophenyl ester, pyridy! disulfide, or the like); or
hydrogen;

Q, is a residue which is hydrophilic at physiologic pH, and is at least partially
positively charged ai physiologic pH (e.g., amino, alkylamino, ammonium,
alkylammaonium, guanidine, imidazolyl, pyridyl, or the like); at least partially

negatively charged at physiologic pH but undergoes protonation at lower pH
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Y1V 12 Y314 60 QiQ2 Q3 [0021] In some embodiments: Ao, Al, A2, A] and A4 are selected
from the group consisting of -C-C-, -C-, -C(0)(C)"C(0)0-, -0(C)"C(0)- and -0(C)b0-; wherein, ais 1 -4; b
is 2-4; Y4 is selected from the group consisting of hydrogen, (I C-10C)alkyl, (3C6C)cycloalkyl, O-( |
C-10C)alkyl We @¥i4##210C)alkyl, C(0)NR6(1C-10C) and aryl, any of whER{EBEHHER$substituted
with one or more fluorine groups; Yo, Yland Y2 are independently selected from the group consisting
of a covalent bond, (| C-IOC)aIk%/I-, C('%V%%;Q%I OC) alkyl- -OC(g%(lC-lOC alkyl-, -0(2C10C)alkyl- and
-S(2C-10C)alkyl- -C(0)NREGEXTEE) HHR beranate RS IOBH eRpsul BeHting of a covalent
bond, (1C-10C)alkyl and (6@ yaryk! ovhensdiagic plietraviaidmtyceniyorylzitdnliviof A1-A4 that are not
fully substituted with 11,-RGi@08hene glyco, polypropylene glycol, thicl, or the like); or at least partially

zwitterionic at physiologic pH (e.g., a monomeric residue comprising a phosphate
grbﬁp and an ammonium group at physiologic pH},

Q; 15 a residue which is positively charged at physiologic pH, including but
not limited to amino, alkylamino, ammonium, alkylammonium, guanidine,
imidazotyl, and pyridyl; .

Q; is a residue which is negatively charged at physiologic pH, but undergoes
protonation at lower pH, including but not limited to carboxyl, sulfonamide, boronate,
phosphonate, and phosphate;

mis 0 to less than 1.0 {e.g., 0 to about 0.49);

tt is greater than 0 to 1.0 (e.g., about 0.51 to about 1.0); wherein

m+n=|

pis about 1.1 to about 0.9 (e.g., about 0.2 to about 0.5);

q 15 about 0.1 to about 0.9 (e.g., about 0.2 to about 0.5); wherein:

115 0 to about 0.8 {e.g.,  to about 0.6); wherein

pHq+r=| '

v is from about | to about 25 kDa;.and, _

w is from about | 1o about 56 kDa.
[0022] In a specific embodiment, v is about 5 to about 25 kDa. In further or alternaiive specific
embodiments, w is about 1 to about 30 kDa. .
{0023] In some embodiments, the number or ratio of monomeric residues represented by p and g are
within about 30% of each otth, about 20% of each other, about 10% of each other, or the like. In
specific embodiments, p is substantially the same as q. In certain embodiments, at least partially
charged generally includes more than a trace amount of charged species, including, e.g., at least 20%
of the residues are charged, 4t least 30% of the residues are charged, at least 40% of the residues are
charged, at least 50% of the residues are charged, at least 60% of the residues are charged, at least
70% of the residues are charged, or the like.
[0024] In certain embodiments, m is 0 and Q is a residue which is hydrophilic and substantialty
neutrai {or non-charged) at physiologic pH. That is, at physiologic pH, any chargeable species on Q,
is predominantly in 4 neutral form. In some embodiments, substantially non-charged includes, e.g.,
less than 5% are charged, less than 3% are charged, less than 1% are charged, or the like. In certain
embodiments, m is 0 and Q is a residue which is hydrophilic and at [east partially cationic at
physiclogic pH. In certain embodiments, m is G and Q, is a residue which is hydrophilic and at least
partially anionic at physiologic pH. In certain embodiments, m is >0 and n is >0 and one of and Qg or

Q. is a residue which is hydrophilic and at least partially cationic at physiologic pH and the other of
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Yo-Y4 are completed with an appropriate number of hydrogen atoms; each 121, R2, R3, R4, R5,
and R6 are independently selected from the group consisting of hydrogen, -CN, alkyl, alkynyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl and heteroaryl, any of which may be optionally
substituted WHf 84&YP4hore fluorine atoms; Qo is a residue selected FOHTH38Mfdd%# tonsisting of
residues which are hydrophilic at physiologic pH and are at least partially positively charged at
physiologic pH_(e.qg,, amino, alkylamino, ammonium, alkylammonium, guanidine, imidazolyl, pyridyl, or
the like); at Iea%“tob i Ivsﬁéb‘a'ﬂf)é‘lifhéﬁ%léﬁa%'bf’r&'?%‘f‘ﬂiﬁéfé‘eﬂl—f‘lﬁb‘f}lﬁﬂ %E’QB%rEﬁ‘ﬁﬁﬁon at lower pH
(e.g., carboxylershedoraminls >bardnate) phospliendle) thesptrde, voicthehikephiubstantially neutral (or

non-charged) gh®pysialagisniobl (8GhioBy Groa tRAMEEY aisichalkyleRnivathyenr:givgel, polypropylene
glycaol, thiol, or tg% |SI e{anatnler%ﬁgr art@léylcwttﬁrlg%gmag gme/%IOL%gIC D) >O(e "f?i aqon merlc residue
comprising apaﬂ spha SUp and &n Ammaonium group a yS|o ogic p }’ conjug table or
functlonal|zablfésl‘§§|ﬁﬁf€‘s‘5(éy.ﬁf??@§kfa‘é§ matvaaﬂiw@ena fodutiviessatpd &gs, aa%'i‘é@ wiieYne, succinimide
ester, tetrafluosophpiyhsste fypent@iborephenyihesten erilophenyd estain pwidy djsudfide, or the
like); or hydrogepie wnifd h%@ogﬁlﬁms s\wz HiflafFy %{9{99%&@}5@%&&@& Pl ADeisaL least partially
. positively charged at phy SIOO %{’é amino, alkylamino, ammonium, alkylammonium, guanidine,
imidazolyl, yr?&?ﬂ‘“é?‘atﬂ%oﬁ%‘f ?@ ‘Erﬁ%\?fﬁilly negatively charged at physiologic pH but undergoes
protonation at [Rfi&iar bticte ig cecarbokydirsatfbrramicepthorariates phosphoblate, phisphate, or the like);

substantially nﬁsmraka&gqua@mi@onkmaedgmeb&@ﬁ@mmmg@sm%@dmmmlwmlane glycol,
polypropylene g XCPII’:etryo'éé%smr% or at es‘{H‘J)e%agoally zwitterionic at physiologic pH (e.g., a

er fn re
monomeric residue comprising a osp afe‘group and an ammonium group at physiologic pH);

Q2 is a residue WhICh is positively charged at physiologic pH, including but not limited to amino,
alkylamino, ammoni kylammqﬁnum guanidine, imidazolyl, amg pyrldyla Q3 i5 a residue which
is negatively charge at yS| ogjc pH, but unde o § protona a at | 1&\ H, including but not
limited to carboxyl, ulfo rml e, mate;, phospho a%pa dp 68 rO to'less than 1.0 (e.g.,
0 to about 0.49); n i gr ter than Q,to 1.0 (e.g., a ou b5lto ab ut O) erein m{+n=1p is about
0.1 to about 0.9 (e.g-, abc?ut 0.2 to about 05Y; q is abqﬁt 0.1to ab%ut 0.9 (e.§., about 8.2 to about 0.5):
wherein: r is 0 to about 8 (e.g., 0% about 0.6); whefe&in p+q+r=% v is from about | to about 25 kDa;
and, w is from about 1 to about 5@4Da. [0022] In a specific embodimggt, v is about 5 to about 25
IcDa. In further or alternative specific embodiments, w is about 1 to about 50 kDa.

[G026] In certain embodiments, provided herein is a compound of Formula I1;

" W
i/~ i | [ /= [l hd =
Yo \:(1 v \:’2 \:'3 ‘1’4 w
Qq Q. Q3 an

{0027] In some embodiments: ‘

Ag, Ay, Ay, Ay and Ay are selected from the group consisting of ~C-C-,
-C{OXC),C(0)O-, -O(C),C{O)- and —-O(C),0-; wherein,

aisl-4;

bis2-4;
Yo and Y, are independently selected from the group consisting of hydrogen,
{1C-10C)alkyt, (3C-6C)eycloalkyl, O-(1C-10C)alkyl, -C(OYO(1C-10C)alkyl,
C{OINR4(1C-10C) and aryl, any of which is optionally substituted with one or more

fluorine groups;
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[0023] In some embodiments, the number or ratio of monomeric residues represented by p and q are
within about 30% of each other, about 20% of each other, about 10% of each other, or the like. In
specific embodiments, p is substantially the same as q. In certain embodiments, at least partially
charged gen&@NtiieRds more than a trace amount of charged speciesPRIkHNG 083647 at least 20%
of the residues are charged, at least 30% of the residues are charged, at least 40% of the residues are
charged, at least 50% of the residues are charged, at least 60% of the residues are charged, at least
70% of the residues are cHaftfe¥k ¥t TH@IRepoelUd flooehusrPerFBoHiPa ehaso e @8nd Q is a residue
which is hydrophilic and sulsstaoyily. ree (eroapikeh ageo)) k paysigloaieeHodrgis, at
physiologic pH, any charggﬁbﬁzggg@ g%pn@)mﬁgqggg}wtly in a neutral form. In some

clud

embodiments, substantially non-charged in es, e ess than 5% are charged less than 3% are
charged, less than 1% are'eRaFSEE GYIHE HiRE ‘i?i‘%’f‘t%?ﬂaéﬁ‘i’ﬁ'%ﬁﬂ@n&kc HGEEH98 Q1 is a residue
which is hydrophilic and atded&Epattidievationic at physiologic pH. In certain embodiments, mis 0

and Q is a residue which is hydrophiIi@@mgjeﬁtc@@ﬁta%taw ﬁﬂiﬂm{:e %tmm@@gﬁ%gﬂh In certain
embodiments, mis >0 and n is >OI§nqﬁc\( of and QB% is a residue Whlcﬂ1 drophlllc and at

least partially cationic at physiologic b St the GIREr 0F Db P e imbet 9ty w ich is hydrophilic
and is substantially neutral at pi#§&ilogic pH. In certaln embodiments, m is >0 and n is >0 and one of
and Qo or Qi is a residue whichdgth§drophike Bnehak|eastdapdtialyy amoricrat physiglogic pH and the

other of Qo or Q is a residyg.whicty i@ch}égﬁoeh"L&ﬂﬂﬂ(ﬁﬁ%@%I@ﬂ&/ﬁ'é%f&%\ﬁf%@k@&yo%ﬁ@?g'C pH. In

certain embodiments, m is >0 and n is >0 and Q is a residue which rophilic and at least partially
cationic at physiologic pH ZAA"OY oA et Wl&ﬁ}@e ﬁB‘(‘)‘i’?ﬁJéé‘l‘é?ﬂi@egt”’fﬁ‘r%ﬁfﬁ&‘ﬂﬁable residues. In

certain embodiments, m idls@wagmris >0 and Qi is a residue which is hydrophilic and substantially
neutral at physiologic pH and Qo, i&,aqgﬁ&d@@;mmgrbg&nmm@@ apfyaetigpatizable residues.
[0025] Provided in certain.e I{nFmd?] Qtlsmhe é’%lﬁl) :;ST(OCOI% a%mﬁraha\é!,jrllhgnall@ast two blocks, the first block

having the chemical Formu e secon havmg t emica ormur]a% wherein each of the
terms described therein a4t SEABEY-4BRE Al ITT 0o R2 1 Ad 11- 11 v R3 i - | A2 Y12 Q2 R4 |

R5 i Qs s a residue which is negatively charged at physiologic pH, but undergoes
protonation ai lower pH, including but not limited to carboxyl, sulfonamide, boronate,
phosphonate, and phosphate;

m is 0 to about .49,
1 is about 0.51 to about 1.0; wherein
m+n=]
p is about 0.2 to about 0.5,
« 15 about (1.2 to about 0.5; wherein:
p is substantially the same as g;
ris 0 to about 0.6; wherein
prgir=|
v is from about 5 10 about 25 kDa; and,
w is from about 5 to about 50 kDa.
[0028] Provided in some embodiments herein is a diblock copolymer, having (at normal

physiological pH) the chemical formula 11

F?I R,
|
Aclm s Al i — A ~
[Io}m/ {£1]n I 2] / [As / am
YQ Y1 \4
*NRgB; R NRngR,, coo
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| A3l enT Y3 1031 A4lrY4 (Ib) [0026] In certain _
embodiments, provided herein is a compound of Formula H: R2 R3 R4 Ail 67 | A2l p A3l 0i IA41r

[0029] In some embodiments:
Ag, Ay, Ag, Ay and A, are selected from the group consisting of —C-C-, -C(O}C),C(0)O-, -
0(C),C(0)- and —O(C),O-; wherein,
ais 1l -4
bis2 -4, '
Ry, Ry, Ra, Ry, Ry, R, Ry Ry, Ro, Ry and Ry are independently selected from the grbup
consisting of hydrogen, (1C-5C)alkyl, (3C-6C)cycloalky? and phenyl, any of which may be
optionally substituted with one or more fluorine atoms;
Yo and Y, are independently selected from the group consisting of hydrogen, (1C-10C)alkyl,
(3C-6C)cycloalkyl, O-(1C-10C)alkyl, -C{(OYO(1C-10C)atkyl and phenyl, any of which is
optionally substituted with one or more fluorine groups;
Y, and Y are independently selected from the group consisting of a covalent bond,
(1C-10C)alkyl-, ~C(O)O(2C-10C) alkyl-, -OC(O)(1C-10C) alkyl-, -O(2C-10C)alkyl- and
-S{2C-10C)alkyl-;
Y is selected from the group consisting of a covalent bond, (1C-5C)aikyl and phenyl;
wherein
tetravalent carbon atoms of A;-A, that are not fully substituted with R,-R;; and Y,-Y,
are completed with an appropriate number of hydrogen atoms;
Z 1s a physiologically acceptable counterion,
m is {} to about 0.49;
n is abowut .51 to about 1.0; wherein
m+n=i
p is about 0.2 to about 0.5;
q is about 0.2 to about 0.5; wherein:
p is substantially the same as g;
t 15 O to about 0.6; wherein
ptq+r=1
v is from about 5 to about 25 kDa; and,
w is from about 5 to about 50 kDa.
[0038] In an embodiment of this disclosuré,
Ay 1s ~C-C-
Y, is ~C{OYOCH,CH,-;
R 1s hydrogen;
R7 and Ry are each —CH;; and,
R, is ~CHa.
{0031] In ar embodiment of this disclosure,
Ay is ~-C-C-;



YiVY2Y3Y41l 010203 [0027] In some embodiments: Ao, Al, A2, A3 and A4 are selected from
the group consisting of -C-C-, -C(0)(C)C(0)0-, -0(C)"C(0)- and -0(C)b0-; wherein, ais 1'-4; bis 2-4; Yo
and Y4 are independently selected from the group consisting of hydrogen, (| C- | OC)alkyl,

(3C-6C)cycloalkyl, 0-(1C-I OC)alkyl, -C(0)0(I C- OC)alkyl, C(O)NR6( I C- IOC) and aryl, any of which is
optionally substituted @Wifb@A& He-more fluorine groups; Yland Y2 are mdependently selected from the

group con5|st|r1% gf@&ggalent bond,

R,y and Ry; are each —~CH;; and,

R; is —CHs.
[0032] Inan embodiment of this disclosure,

C Ayis—C-Co;

R; is CH;CH,CH,+;

Y is a covalent bond; and

Z 1s a physiologically acceptable anion (e.g., polycation or plurality of cations).
[0033] In certain embodiments:

Ay 18 —C-C-;

Rs 1s selected from the group consisting of hydrogen and —~CHs; and,

Y is ~C{O)YO(CH;):CHa,
[6034] In some embodiments:

Ay is C-C-

R, 1s selected from the group consisting of hydrogen and (1C-3C)alkyl; and

Yy 1s selected from the group consisting of ~C(0)O(1C-3C)alkyl.
[0035] In some embodiments, m is 0. In certain embodiments, r is 0. In some embodiments, m and r
are both 0.
[0036] In certain embodiments, provided herein is a method of delivering a polynucleotide into a
cell, comprising contacting the cell with a polymer: polynucleotide complex hereof. In specific
embodiments, the polymer: polynucleotide complex is attached in any suitable manner inchuding, by
way of non-limiting example, ionic and non-ionic interactions, such as one or more covalent bond,
combinations thereof, or the like. In a specific embodiment, provided herein is a method of delivering
a polynucleotide into a cell, comprising contacting the cell with a covalent conjugate of the polymer
and polynucleotide.
[B037] In an embodiment of this disclosure, the polynucleotide is selected from the group consisting of
DNA, RNA and natural and synthetic analogs thereof.
[0038] In an embodiment of this disclosure, the DNA, RNA or natural or synthetic analogs thereof is
antisense. In an embodiment of this disclosure, the polynucleotide is RNA. In an embodiment of this disclosure,
the RNA is siRNA. In an embodiment of this disclosure, the siRNA is delivered to a cell in vive. In an
embodiment of this disclosure, the polymer of this disclosure is attached or complexed to a targeting moiety. In
an embodiment of this disclosure, the targeting moiety is covalently attached to the o-end of the copolymer
(e.g., diblock copolymer). In an embodiment of this disclosure, the targeting moiety is covalently attached to the
w-end of the copolymer, or is covalently attached to a pendant group of the copolymer (e.g., diblock

copolymer). In an embodiment of this disclosure, the targeting moiety is selected form but not

-10-



(1 C-10QC)alkyl-, -C(0)0(2C-IOC) alkyl-, -0C(0)(1C-10C) alkyl-, -0(2C-10C)alkyland -S(2C-10C)alkyl-
-C(0)NR6(2C-10C) alkyl; Y3 is selected from the group consisting of a covalent bond, (1C-10C)alkyl
and (6C-10C)aryl; wherein tetravalent carbon atoms of Al-A4 that are not fully substituted with
121-R51 and"PFNA49EEompleted with an appropriate number of hydrod®&rF4teae/043848ach R1,12,,
R3, Ry, R5, and R6 are independently selected from the group consisting of hydrogen, -CN, alkyl,
alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl and heteroaryl, an which may be optionally
substituted witHTSFHCAP RS ABANETAEBRAS; a“”b“dé/ eé??éﬂ‘fjlisd}eéq@&% ifeh #ife positively
charged at physidlogisybdd, including but not limited to amino, alkylamino, ammonium, alkylammonium,
guanidine, imidazolyl, and pyridyl; Q is a residue which is negatively charged at physiologic pH, but
undergoes protonation at lower pH, BRCIRRIMNOG ATRONE Yi REBERINCA boXyl, sulfonamide, boronate,

phosphonate, @i PkesRNAIR 9:&9@ oqsﬁ%n{b@d%b@}gts&%&%pg%&no wherein m+n=1p is

about 0.2 to about 0.5; g is about 2 to-about 0.5; wherein: p is substantlal%"[he same as q; ris 0 to

about 0.6; whé colrﬁobafaw 1efels e fPo e RWBTIESS R Mgk P B ‘ﬂ&asdﬁﬁcwgvf? WEtPSto about 50 kDa.
[0028] Providewtir sphasiesrnkrodénenits fné redivifvadydiblotik ©dpoisamperrddayinfyréatenormal physiological
pH) the chemical formula RIR2

BRIEF DESCRIPTION OF THE DRAWINGS

[60407 The novel features of the invention are set forth with particularity in the appended claims. A
better understanding of the features and advantages of the present invention will be obtained by
reference {0 the following detailed description that sets forth illustrative embodiments, in which the
principles of the invention are utilized, and the accompanying drawings of which:

[0041] Figure 1is an illustrative summary of various potymers described herein

{6642} Figure 2 is an illustrative synthesis of [PEGMAw{B-P-D]

[0043]) Figure 3 is an illustrative characterization of PT-PEGMA100-40 kDa

[0044] Figure 4 is an iltustrative description of the composition and properties of PEGMA-
DMAEMA copolymers

{0045] Figure 5 is an iltustrative synthesis of [PEGMAw-MAA(NHSY]-[B-P-D]

{0046] Figure 6 is an illustrative RAFT copolymerization of PEGMA and MAA-NHS

[0047} Figure 7 is an illustrative RAFT copolymerization of DMAEMA and MAA~NHS

[0048; Figure § is an illustrative synthesis of PDSMA

[0049] Figure 9 is an iltusirative synthesis of HPMA-PDSMA copolymer for 5iRNA conjugation
[0050] Figere 10 illustrates the hemolysis of (A) polymers and (B) polymer/siRNA constructs
[0051] Figure 11 illustrates HeLa cell internalization of FAM-labeled siRNA and polymer/siRNA
complexes.

[0052] Figure 12 illustrates nonspecific HeLa cytotoxicity (A) and GAPDH knockdown (B) as a
function of siRNA polymer camier

[6053] Figare 13 illustrates GAPDH knockdown in HeLas

[0654] Figure 14 illustrates. the polymer design for Poly{HPMA}-b-[(PAAXBMAXDMAEMA)}
[0G55] Figure 15 ittustrates the synthesis of pyridyl disulfide-CTA

[0056] Figure 16 iliustrates reaction of pyridyl disulfide polymer end group with the peptide cysteine
{0057] Figure 17 illustrales An SDS PAGE gel for characterizing peptide-polymer conjugates
[0058] Figure 18 illustraies a membrane disruption assay used to measure the capacity of the
polymer 1o trigger pH-dependent disruption of jipid bilayer membranes

[0059] Figure 19 iflustraies peptide intracellular localization following polymer conjugation
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li -1 A0O11-71 Aliri- - 11 YOYi- | + NR6R7R8 100291 In some embodiments: Ab, Al, A2, A3 and A4 are
selected from the group consisting of -C-C-, -C(0)(C),C(0)0-, - 0(C),C(0)- and -0(C)b0-; wherein, a is 1
-4;bis 2-4;RI, R2, R3, R4, R5, R6, R7, R8, R9, R10 and RI, are independently selected from the
group consistgd¥PRicgen, (1C-5C)alkyl, (3C-6C)cycloalkyl and phenyR EiSeti/iéttmay be

optionally substituted with one or more fluorine atoms; Yo and Y4 are independently selected from the

‘group consisti dro 1C-10C)alleyl, (3C-6 cloalk 1C-10C alk l, -C(O)O(I C-10C)alkyl
AR ol e S e,

and phenyl, a gﬁsé?y’ 5‘5 onrgS S ojiints ?f)up% Yland Y2 are

independentlycslété‘(ﬁ"e@i‘nﬂ@ﬁihﬂfétgmﬁ|H’é’éﬁﬁi’éﬁrﬁ@“@m covalent bond, (I C-10C)alkyl-, -C(0)0(2C-1 0C)

alkyl-, -0C(0)(i00s 10 dundioy iR bRy bepiaelcodjbefes1 0C)alkyl-; Y3 is selected from the group
consisting of a covalent bond, (I C-5C)alkyl and phenyl; wherein tetravalent carbon atoms of A1-A4

that are not fully substituted wigkReitkeh b pifoXbarasarmaistedwith an appropriate number of
hydrogen ato%%ﬁﬁ Iﬁfhalcp prr]é/fs rlr%éq:gnl %“Meat & tgé%gzlseen?gyc%%ggav’e Iggen shogv% % %Lcjstcrcl)bgdgﬂlerei n,
it will be obvious ta those skilled in the art that such embodiments are provided by way of example
only. Numerous variations, changes, and substitutions will now occur to those skilled in the art
without departing from the invention. It should be understood that various alternatives to the
embodiments of the invention described herein may be employed in practicing the invention. Bis
intended that the following claims define the scope of the invention and that methods and structures
within the scope of these claims and their equivalents be covered thereby.
Polymer
[0063] Prowcied in certain embodiments, the present invention provides carrier poiymcrs and
polymer: polynucleotide constructs. in certain instances, these polymers and polymer: polynucleotide
constructs meet the need for a safe, robust system for delivering therapeutic polynucleotides into cells.
[8064] In certain embodiments, provided herein is a cellular membrane destabilizing {e.g., an
endosomolytic or an endosome-membrane destabilizing) copolymer comprising:
{a) a first block, the first block being a hydrophilic block: and
{b) a second block, the second block being a membrane destabilizing
hydrophoﬁic block comprising:
(i)  a first chargeable species that is anionic at about physiologic pH
{ii)  asecond chargeable species that cationic at about physiologic pH.
[0065] In some embodiments, provided herein is a cellular membrane destabilizing (e.g., an
endosomolytic or ar endosome-membrane destabilizing) copolymer comprising:
{a) a first block, the first block being a hydrophilic block comprising a first
chargeable species that is cationic at about physiclogic pH;
{t) a second block, the second block being a membrane destabilizing
hydrophibic block comprising:
(i)  asecond chargeabie species that is anionic at about neutral pH; and
(i) a third chargeable species that is cationic at about physiologic pH;
and '
{c) an oligonucleotide associated with the first block.
[6066} In specific embodiments of the polymers described herein, each chargeable species is present
on a different constitutional unil. In some embodiments, a first constitutional unit comprises the first

chargeable species. In further or alternalive embodiments, a second constitutional unit comprises the
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n is about 0.51 to about 1.0; wherein m + n =1 p is about 0.2 to about 0.5; q is about 0.2 to about 0.5;
wherein: p is substantially the same as q; r is 0 to about 0.6; wherein p+g+r= 1 v is from about 5 to
about 25 IcDa; and, w is from about 5 to about 50 IcDa. 100301 In an embodiment of this disclosure,
Al is -C-C- YWY $5208302H2CD2-; R6 is hydrogen; R7 and R8 are each -CTT3SAHE/8847S -C113.
100311 In an embodiment of this disclosure, A2 1S -C-C-; Y2 is -C(0)0CH2CH2-; R9 is hydrogen;

R10 and R11 are each -CH3; and, R3 is -CH3. [00321] In an embodiment of this disclosure,
second chargeable species. In further or alternative embodiments, a third constitutional unit comprises

the third chargeable species.

{60677 Some of the constitutional units of this invention are stated o be cationic or anionic at normal
physiological pH. Thus, in certain instances, at normal physiological pH, the species have a pKa that
results in it being protonated {cationic, positively charged) or deprotonated {anionic, negatively
charged). Presently preferred cationic species at physiological pH are nitrogen species such as
ammonium, -NRR'R", guanidinium (-NRC(=NR'H)'NR"R", ignoring canonical forms that are known
1o those skilled in the art) wherein the R groups are independently hydrogen, alkyl, cycloalkyl or aryl
or two R groups bonded (o the same or adjacent nitrogen atoms may be also be joined to one another
1o form & heterocyclic species such as pyrrole, imidazole, indole and the like. Monomeric residues or
constitutional units described herein as cationic at normat physiological pH comprise 2 species
charged or chargeable to a cation, including a deprotonatable cationic species,

[0068] In various embodiments described herein, constitutional units, that are cationic or posisively
charged at physiological pH (including, e.g., certain hydrophilic constitutional units) described herein
comprise one or more amino groups, atkylamino groups, guanidine groups, imidazoly! groups, pyridyl
groups, or the like, or the protonated, alkylated or otherwise charged forms thereof. In some
embodiments, constitutional units that are cationic at normal physiological pH that are utilized herein
include, by way of non-limiting example, monomeric residaes of dialkylaminoalkylmethacrylates
{e.g., DMAEMA). In various embodiments described herein, constitutional units, that are anionic or
negatively charged at physiological pH (including, e.g., certain hydrophilic constitutional units)
described herein comprise one or more acid group or conjugate base thereof, including, by way of
non-limiting example, carboxylate, sulfonamide, borenate, phosphonate, phosphate, or the like. In
some embodimens, canstitutional units that are anionic or negatively charged at normal physiological
pH that are utilized herein include, by way of non-limiting example, monomeric residues of acrylic
acid, alkyl acrylic acid {e.g.. methyl acrylic acid, ethy! acrylic acid, propyi acrylic acid, etc.), or the
like. In various embodiments described herein, hydrophilic constitutional units that are neutral at
physiologic pH comprise one or more hydrophilic group, e.g., hydroxy, polyoxylated alkyl,
polyethylene glycol, polypropylene glycol, thiol, or the like. In some embodiments, hydrophilic
constitutional units that are neutral at normal physiological pH that are utilized herein include, by way
of non-limiting example, monomeric residues of PEGylated acrylic acid, PEGylated methacrylic acid,
hydroxyalkylacrylic acid, hydroxyalkylalkacrylc acid (e.g, HPMA), or the like. In various
embodiments described heretn, hydrophilic constitutional units that are zwitlerionic at physiologic pH
comprise an anionic or negatively charged group at physiologic pH and a cationic or pbs?tively
charged group at physiologic pH. In some embodiments, hydrophilic constitutional units that are
zwitterionic at normal physiological pH that are utilized herein include, by way of non-limiting

example, monomeric residues of comprising a phosphate group and an ammonium group at
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A3is -C-C-; R3 is CH3CH9CH2-; Y3 is a covalent bond; and is a physiologically acceptable
anion (e.g., polycation or plurality of cations). [0033] In certain embodiments: A4 is -C-C-; R5 is
selected from the rouop consisting of hydrogen and -CH3; and, Y4 is -QC:1)0(012)3M. [0034] In some
embodiment?:’(})ﬁ’?g’ BY%7R1 is selected from the group consisting of hydF§géHas/¢43843C)alkyl and
YO is selected from the group consisting of -C(0)0(IC-3C)alicyl. 100351 In some embodiments, m is 0.
In certain embadiments, r is 0. In some embodiments, m and r are both 0. [0036] In certain
embodiments, B¥EOIRP HePEhAS L HIMEIGY o PUET PR S BEN HEeRGH i o 8480, comprising
contacting the @ssibwithoatisdkemer: polynucleotide complex hereof In specific embodiments, the
polymer polynymiggtide-aampliexiisatisahad:iparydeitabiemannsinaluding. by way of non-limiting
example, ioniccca}nrgﬁimrg;o!rlwa-ligﬁrilitc:ointig?sri%lc;[iiQorgsLir %gﬁhog%]%g& or rﬂgr%ec%/ialgnt bondg, combir;ations thereof,
or the like. In a specific embodimerit. provided herein 1s a method of GEIVEING stpotyhiicleotide into a
cell, comprisinBBBHtACHH g thd SeNeRtiree L 6 vRn st ALY itrd pensbr sngioplynucleotide. [0037]
In an embodimenirgbihis disckasikerilie palanbeleatidepis: selaaied fsombtbe@inup consisting of DNA,
RNA and natutghianch SBelic-analags ther selnddRaR] i @{Lﬂf@b@ﬁd@&@&%ﬁ&?lﬁr@%&é%sure' the DNA,

RNA or natural gr synthetic analogs thereof is antisense. In an embodiment 6f this disclosure, the
polynucleotide’fs RRACIAA S@ﬁ%%ﬁihﬁ%‘ﬂ?’ Of this &G A4 r iR RYGRAIGR R B Embodiment of
this disclosureAthécgiRNAdSctaligenrettd 4 cell Inndwtrin prdmdanmivo dimeretdd ehis disclosure, the
(r;olylmer of tfrllisualiﬁ@t@wm g&i@éﬁaﬁhﬁdvglemra@@e@ds;ém mmtmgram?@ﬁw aUa\@faoengdimegtb?f tf;(is
isclosure, the_ targetin olety is, covalently att to 5 of the capolymer (e.g., dibloc
copolymer). |ns':la%ll %%%&Tﬁﬁngﬁgtxgi t )llé,{ disc %éﬁfe, t %e‘?éerrgtgﬁr?g(gﬁﬂ Fé??/ytlbgnézg\?g Oe%tfys/[%’t ached to the
co-end of the @SB D& eniepsnTh i REHET IS PRepE A Yol s idneep polyhifér (e.g., diblock
copolymer). In[éT@mbodinentliofthisciscosareyithbatargeting moiety peyselgatediform but not limited

to antibodies, ggj @%@gﬂn@m&u@m@@%ﬂlﬁ%@@@%&ﬁ@@ﬁ&i@lﬁ&@ﬂ&@%&ﬁﬁ@&a and small
molecules. INCORPORATION BY REF%RENCE [0039] All publications and patent applications
i

mentioned in thit §5EXHEAIBH WE REFEIROIR Lo B PIRePlY s At érkE 6 HE piirHBE s cited to the same
extent as if eatthidlidithuah puishizsalionivrsricacit dppliedtionswhs Bpecifivetiyed setdrdividually indicated
to be incorporaiediby e R e Meres acid, in the selected polymerization process is also within the

contemplation of this invention. Anionic monomeric resicues or constitutional units described herein

comprise a species charged or chargeable to an anion, including a protonatable anionic species. In

certain instances, anionic menomeric residues can be anionic at neutral pH 7.0

{0071} Monomers such as maleic-anhydride, (Scott M. Henry, Mohamed E. H. El-Sayed,

Christopher M. Pirie, AHlan 8. Hoffman, and Pairick S. Stayton "pH-Responsive Poly(styrene-alt-

maleic anhydride) Alkylamide Copolymers for Intracellular Drug Delivery” Biomacromolecules

7:2407-2414, 2006) may also be used for introduction of negatively charged units (e.g., the third

constitutional unit} into the second block. In such embodiments, the negatively charged constitutional

unit is 2 maleic anhydride monomeric residue.

[0072] An embodiment of this invention is a polymer having the followiﬁg general structure of

Formula I
e, N BT
| {f*vln?"/““{?flﬁ”"'" {?215_/—[!’-\3}( —[ad .
| |
l. To \if1 v Tg TB Y, W
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BRIEF DESCRIPTION OF THE DRAWINGS [0040] The novel features of the invention are set forth
with particularity in the appended claims. A better understanding of the features and advantages of the
present invention will be obtained by reference to the following detailed description that sets forth
illustrative eNNBI#INEHR7in which the principles of the invention are utiliz&GT&idM&6¢dmpanying
drawings of which: [0041] Figure | is an illustrative summary of various polymers described herein
[0042] Figure 2 is an illustrative synthesis of 112EGMAwHB-P-DI [0043] Figure 3 is an illustrative
characterizatiiﬁg,% Plrzs-f%gsml\él 100-40 kDa [0044] Figure 4 is an illustrative description of the
composition a operties o EMADMAEMA copolymers [0045] Figure 5 is an illustrative synthesis
of [PEGMAwW-MAA(NHS)]4BR-] 10846} Fifgles's foamiuestpativesRIFE LT eopélymerization of PEGMA
and MAA-NHS [0047] Figuredgcaoolusirative RAFDeopewresization of DMAEMA and MAA-NHS
[0048] Figure 8 is an illustrative as!}s(rllt_hggsis of PDSMA [0049] Figure 9 is an illustrative synthesis of
HPMA-PDSMA copolymer for SIRNA conjugation [0050] Figure 10 illustrates the hemolysis of (A)
polymers and (B) ponmertsiRNN%%)ﬁ%*cructs [0051] Figure 11 illustrates HelLa cell internalization of
FAM-labeled siRNA and polismirieiRdiviearmpl exesu{OgBdbdeueClBdikistrates nonspecific HelLa

cytotoxicity (A) and GAPDktkeeskdawn dBl@me MNckon of i sIARL WinRRGaEIREI0053] Figure 13
illustrates GAPDH knockdg B]#/F HeLaa %%O%é] @%ur]e 14 | I%stl;ates,th : oglmetrdde?i n for
Pon[HPMA]-b-[(PAA)(EMSA?(/ KCIL:CM@] (5 f |g[¥r‘em%’ iifUSth A ssﬁljnftﬁéglswbt i§7ridyl
disulfide-CTA [0056] Figufe%Fiflipstiatseaction of pyridyl disulfide polymer end group with the
peptide cysteine [0057] Figuig shd Y ustiabpsddm s RAGHigetdar chatagiarizingepeptide-polymer

conjugates [0058] Figure %J!IH@%E‘?Q@I-@%[B%%Q(55?5}%91@95@5?@&4 ]%?gk%?d gsure the capacity of

the polymer to trigger pH-de%pendent disruption of lipid bilayer membranes [0059] Figure 19 illustrates
peptide intracellular localiz X8 FotfS\nHG bERAEr coMiGHEEH Foakd] FiGUIE eIt ates conjugates

that lacked the pH-responsidédtbtdéRanére similar to both control groups and did not result in significant
toxicity [0061] Figure 21 ilsiriesbivacivithethepiigercepineaivsREIALRR DEKCRIPTION OF
THE INVENTION [0C)heteroaryl- and -(6C-10C)aryl-; wherein
tetravalent carbon atoms of A;-Ay that are not fully substituted with
Ri-R; and
Yg-Y 4 are completed with an appropriate number of hydrogen atofns;

Ry, Ry, Ry, Ry, Rs, and R are independently selected from the group
consisting of hydrogen, -CN, alkyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl and heteroaryl, any of which may be optionally substituted with one or more
fluorine atoms;

Qq is a residue selected from the group consisting of residues which are
hydrophilic at physiclogic pH, and are at least partially positively charged at
physiologic pH (e.g., amino, alkylamino, ammonium, alkylammonium, guanidine,
imidazolyl, pyridyl, or the like); at least partially negatively charped at physiologic
pH but undergo protoration at lower pH (e.g., carboxyl, sulfonamide, boronsate,
phosphonate, phosphate, or the like); substantiaily neutral (or non-charged) at
physiologic pH {e.g., hydroxy, polyoxylated alkyl, polyethyiene glycol,
polypropylene glycol, thiol, or the like); at least partially zwitterionic at physiologic

" pH (e.g., 2a monomeric residue comprising a phosphate group and an ammonium
group at physiologic pH); conjugatable or functionalizable residues (e.g. residues that
comprise a reactive group, €.g., azide, alkyne, succinimide ester, tetrafluorophenyl
ester, pentafluorophenyl ester, p-nitropheny! ester, pyridyt disulfide, or the like); or
hydrogen;

UWOTLA3IZBAP dic -}5-



[0062] While preferred embodiments of the present invention have been shown and described herein,
it will be obvious to those skilled in the art that such embodiments are provided by way of example
only. Numerous variations, changes, and substitutions will now occur to those skilled in the art without
departing frofPEEIAHERGon. It should be understood that various alternaliv&8 834%& €% Bodiments of
the invention described herein may be employed in practicing the invention. It is intended that the
following claims define the scope of the invention and that methods and structures within the scope of
these claims and their equivalefts BELHTSARAT IRy B EIPRRYBORE B 5 ¢ dRt TR e ain
embodiments, the presenpdsivehtidaotovitieplcsemntnpolyrrierstiériampolyrmemipolynucleotide constructs.

In certain instances, thesg gelymarsand-RalymeskpRlyRyelectide tenatiiiatsyneet the need for a safe,
robust system for delivering therapeuti lynucleotides into cells, [0064] In certain embodiments,
ovidod harein is & conuF G RS R RE SR ASE i IR ST
endosome-membrane de&t&bfAMY) EESRI b EBA T PRI LR RER et irst block being a
hydrophilic block; and (6)aubeaty aekathesstgand klockyteingpadvmenndranye destabilizing

hydrophobic block comprigiigiiene giycol, potyprby Rt &hatgeANE MREGISHAALIs.Apionic at about
physiologic pli (i) a seconcfc%aﬁ%eab e species that cationic at about ﬁgh%smloglc pH.

[0065] In some embodim&H S SPAAREY RBFSIAT & & ORI RS RIS, an
endosomolytic or an endasoma-phedzanr®:.destabilizing) copolymer comprising: (a)a first block, the

first block being a hydrophilic blogk cenapriging igpfisst ahargeablerspesiesthatissatanic at about
physiologic pH; (b)a secon& [ploc the sego d.block beiqlg qkn[lembrane destabilizing hydrophibic block

.. . mite amino, a AMino, ArmunonIum, a ammorninm, guan | .. .
comprising: (i) a second c'hargea fe spemeys, that'is anionic at about nedtral pH; and (ii) a third

chargeable species that is"eatBcuPEstit physiologic pH; and (c)an oligonucleotide associated with
the first block. [0066] In specificiembedimentshaftireipdiyherd debithed piérein,éagpkschargeable

species is present on a differant sanstitienahRE HRSAME2BbLsiveRiR A s beeRRLitutional unit

comprises the first chargeable species. In féjrther or alternative embodiments, a second constitutional
unit comprises the seconﬂ’%‘ﬁ%“l’ggaaﬂﬁé’%%%éf%s. In further or alternative embodiments, a third
constitutional unit comprises thenthitdut Atrgesabsiel sdesiddo #P0G7P)Some of the constitutional units of

this invention are stated to be catiQrig-Pihai W E-at: PoEN abphySiniogisal piiwihis, in certain
instances, at normal physiological pHmth-):species have a pKa that results in it being protonated
(cationic, positively charged) or deprotonated (anionic, negatively charged). Presently preferred
cationic species at physiofdg e Bt Hit b §en Sprdige é‘g,]?ﬂ‘fhoa? ; ammonium, -NRR'R", guanidinium
(-NRC(=NR11)"NR"R", igntrihg:caitoaboaldd s dtvat G e kboVUidtethese skilled in the art) wherein the

R groups are independently hydragen, @k arsieaswearyl or two R groups bonded to the same or
adjacent nitrogen atoms may be also be joined to one another to form a heterocyclic species such as

pyrrole, imidazole, indole and theJ'Iﬁ(Jrer.ﬂonomeric residues or constitutional units described herein as
cationic at normal physiolB¢iEamEPrediapse’a S ctide it At g 6t Eattfeable to a cation, including a
deprotonatable cationic SRegHREx about 1 to about 50 kDa, or about 5 to about 50 kDa.

[0074] In some embodiments, the number or ratio of monomeric residues represented by p and g are
within about 30% of each other, about 20% of each other, about 10% of each other, or the like. In
specific embodiments, p is substantially the same as q. [n certain embodiments, at least partially
charged generally includes more than 2 race amount of charped species, mcluding, e.g., a1 least 20%
of the residues are charged, at least 30% of the residues are charged, at least 40% of the residues are
charged, at least 50% of the residues are charged, at least 60% of the residues are charged, at least
70% of the residues are charged, or the like.

[0075] In certain embodiments, m is 0 and Q is a residue which is hydrophilic and substantially
neutral {or non-charged) at physiologic pH. In some embodiments, substantially non-charged
includes, e.g., less than 3% are charged, less than 3% are charged, less than 1% are charged, or the
jike. In certain embodiments, m is 0 and Q, is a residue which is hydrophilic and at least partially
cationic at physiclogic pH. In certain embodiments, m is 0 and Q, is & residue which is hydrophilic

and at least partially anionic at physiologic pH. In certain embodiments, m is >0 and n is >0 and one
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[00681 In various embodiments described herein, constitutional units, that are cationic or positively
charged at physiological pH (including, e.g., certain hydrophilic constitutional units) described herein
comprise one or more amino groups, alkylamino groups, guanidine groups, imidazolyl groups, pyridyl
groups, or tHEHREGHE protonated, alkylated or otherwise charged fornf§ THEr&WP 1585 me
embodiments, constitutional units that are cationic at normal physiological pH that are utilized herein
include, by way of non-limiting example, monomeric residues of dialkylarninoalkylmethacrylates (e.g.,
DMAENAL 1n VA OhST ShBENE 10 R AR R AT AT A TAP L7 At onic o
negatively chahgeiteat Baysibliogresiusty ifiticidrghitizgnd dertesiantiyo rspirilis RosidieiBhal units)
described hergjB.RARRHSERAE AHIBOERIRAGS BIAURQF FRTLGIAhaamibereaks aluging, by way of
DI ROEDALP.RIEBNeNAIG, PREPRate. o the like. In

non-fimiting example, carbpxylale. SRR

some embodirrients, ¢ nstif{utlonal uhits that re anionic or negatively charged at normal physiological
pH that are util2EdHisahS HERRIE By RE) HPHONMHhRTh greREE R ABREnE I &iBities of acrylic acid,
alkyl acrylic acitlafe @.ismetdyd abieyilichadicphithipt] aideyd paaid), qariopy hiabpyleacidl @8dd)ior the like. In
VaHinUS embowmmsaﬁ?%% a'i%?l[@épfnnalgﬁmmléﬁéééaﬁb?ﬂmaﬁ@LH%H%%(;UHE}FK @lml%wttaﬁl Iat phylsioklugic

pH comprise one ar more hydrophilic group, e.g., roxy, polyoxylated alkyl, palyethylene glycol,
polypropylene’d {78t i 6‘1‘?’%\? AR ﬁeﬁg%og%%&“%%%%ﬂiﬁ{gﬂ%f %ﬁ}ﬁéﬁ?ﬁﬁ% Sgﬁgﬁ tiohal units that are
neutral at normsitipiwisiblogionib gabin at raionlizol eetein include, by way of non-limiting example,
monomeric refighées.Qbiktmiatacaaniiciael RiEG ylaiedsmpathacplievagichahydioxyalkylacrylic acid,
hydroxyalkylalkacrylic agid (e.q, HRMA), or the like, In, yari ' cribed herein,
hydrophilic co#&ﬁu%%%ﬁ FHIPS%[ﬁ;}:[ﬁél%e W t't‘ﬁe‘nrllﬁcg.ﬂla%’iit:ﬁ aat%ﬁy%%@a%n %ﬂ%g&?ﬁ“ﬁ anionic or negatively
charged groupasHy sttt iy apfd e iR G RPN AR5 A G BHPat BPSologic pH. In some
embodiments hhiygiophiilic lgonstitptionahdnitsnirat areozwvitterioniatat hodsmakpeysiological pH that 'are

utilized herein jnclude, by Wakof N iningexaMRIR.MRBNIRIGBRIueR Al 1eMPrising a phosphate

group and an ammohium group at physiologic pH, suck set forth in US 7,300,990, which is hereby
incorporated W@Fé‘ihcflﬁe?ﬁ%‘ﬁe'd&%%ﬁ%? 6’?%’%%#)%’.5 06 T}hergié’rifs Osmve% i e

n enmbodimen s,'poiymers provided
herein further povrprisetoeie B gabrertuivstitpd may ekdedmprisingnlisifaganiiedrfunctionalizable

side chain (e.GikRARRAAKI IR, Of A TRAAP LT IGpEaSIRLEN-ARSQAN G jaaliad Casydrdaaniigatable or
functionalizablg si hain.i r bearing one ar r ' rouns.t e used for
post-polymerize%i%it)gﬁ%?rg3 Po%ﬂ@%r%t%%%&ﬁ%r%?%ﬁ& déi\‘]?tgigg%i@f}é}r/{%% !%“&%'g?#}é?@%ﬁé{t}ﬁes, for
example, "clicke s sty o HIQ BT desiERed fissians Aes ity oIR8 UK PRAAY Catalytic
Azide-Alkyne G otoagdistesn: aRbgdilvity diektApiotivat ipnsiatda ridtwm pAriagh200Y 0 &-17). In certain
embodiments, coningatahle.er fnclionalizebissidashainsuravided hetsin.caramrise one or more of
any suitable activated group, such as but not limited to I\L-hg/dros ccjnirnid q)\IHS)ester, HOBt
(I-hydroxybenfﬂ[lri%ffﬁrl'éf‘cé%t‘g\",sB}?fff&f)lﬂ’é’rqwg@{ce?’?l?e‘f?gﬁ‘fu%rr pliens eStet beftafluorophenyl ester,
pyridyl disulfidésgetaped rahestikeasf0BTof It $oike embodiments, constitutional units that are anionic at
normal physiolggipalkhsesBrsacarbrxiicneids stepasd withewldimitation, monomeric residues of
2-propyl acrylic acid (i.e., the constitutional unit derived from it, 2-propylpropionic acid,
-CH2COCH2)2CH3)(COOH)- (FAA)), although@any organic or inorganic acid that gan be present,
either as a protected sp%cies, .g.,Fan ester, orlas tﬁe free cid?:in the sefécted polymerization process
is also within the ¢ r}ﬂl%yz_ojﬁl dnventio nio i gﬁn ric gas[(iu s or.cpnstitutional units
described herein cam ri spe 'qé Chargkd ar ¢ @? ble 'éi‘ ion, fﬁ luding|a pro@natable
anionic species. In certajp instances, anionig;mpnomgric residygs can beygnionic atyeutral pH 7.0.
[0071] Monomers such as maleic-z&‘s'uhydride, (Scott M. Henry, Pﬁlohamed E. H. El-Sayed, Christopher
M. Pine, Allan S. Hoffman, and Patfitk S. Stayton "pH-Respondie Poly(styrene-altmaleic anhydride)
Alkylamide Copolymers for Intracellular Drug Delivery" Biotnacromolecules 7:2407-2414, 2006) may
also be used 8 Ttrdaetionbedimetatively charged units (e.g., the third constitutional unit) into the
second block. In such, emhgdinetsathenegaively chakgesieqnstiutioabudjd®omaleic anhydride

monomeric residue._Qg{]@k%qﬂ%mg{@ggn%gﬁmhis invention is a polymer having the following general
structure of Formula I [0073] In some embodiments: Ao, Ai, A2, A3 and A4 are selected from the

group consisting of-C-, -C&-1 2é(0)(C),C(0)0-, -0(C)0C(0)- and -0(C)b0-; wherein, a is 1 - 4; bis 2-4;
Y4 is selected from the groigd ednsisting of hydrogen, (I C-I0C)alkyl, (3C-6C)cycloalkyl, 0-(1
C-10C)alkyl, -C(0)0( 1 C-10C)alkyl, C(0)N126(1C- 1 OC), (4C-10C)heteroaryl and (6C-I OC)aryl, any of
which is optionally substituted with one or more fluorine groups; Yo, Y1 and Y2 are independently
selected from the group consisting of a covalent bond, (1C-10C)alkyl-, -C(0)0(2C-10C) alkyl-,
-0C(0)(1C-10Cy&kye+:0(2C10C)alkyl- and -S(2C-10C)alkyl-, -C(0)NR6(2C-10C) alkyl-,
-(4C-10C)heteroaryland -(6C-10C)aryl-; Y3 is selected from the group consisting of a covalent bond,
-(1C-10C)alkyl-, -(4C10C)heteroaryl- and -(6C-10C)aryl-; wherein tetravalent carbon atoms ofthat are
not fully substituted with RI-Rs and Yo-Y4 are completed with an appropriate number of hydrogen
atoms;



RI, R2, RI, R4, R5, and Ro are independently selected from the group consisting of hydrogen, -CN,
alkyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl and heteroaryl, any of which may be
optionally substituted with one or more fluorine atoms; Qo is a residue selected from the group
consisting ofY&sitfiid444#Tich are hydrophilic at physiologic pH, and are atR€38t538#ta#8sHositively
charged at physiologic pH (e.g., amino, alkylamino, ammonium, alkylammonium, guanidine,
imidazolyl, pyridyl, or the like); at least !oartially negatively charged at physiologic pH but undergo
protonation at lower ysepde gire ExepERsAY stiifswAfmee E@Péﬁ%ﬁ%i“b%ﬁéﬁ%ﬁaté‘,cpwggﬁﬁhte, or the like);
substantially neutral(¥owsapyichiniged)@tqehyisiploghopid-{eniknyiORR O olyaRykatest,alkyl, polyethylene
glycol, polypropyleng, aly Gl Rigli Qi stkale A 4838 Rasialy.Audatipnic at physiologic pH (e.g., a
monomeric residue comdprising ?é)hosphate clrou and an ammonium group at physiologic pH);
conjugatable or functidhhlizbIa °§f’<§&@fs“déc.‘§q. PR B9 P P US4 ZA B e group, e.g., azide,
alkyne, succinimide @St&€)araftGePienyledtdr, -BeriirdPe piieiiEsteldGekittapheny| ester, pyridyl
disulfide, or the like)sachydipgenconidsiaoiesgue which is hydrophilic at physiologic pH, and is at
least partially positi\iel d hysiglogic e.q. i ino ium,
alkylammonium, guﬁ%f%%é?}%?ﬁ?{gng%ﬁﬁguﬁﬁéa yI{l ngrgtééoﬁﬂ’ee ;%i%%%lﬁgﬁ%ﬁﬁnﬂmwiéharged at
physiologic pH but UH#&fyoes protonation at lower pH (e.g., carboxyl, sulfonamide, boronate,
phosphonate, phosphate, tarathienlike)osutrstaiiadlmeudnak &€lp hpsicledicp R gd hydroxy,

polyoxylated alkyl, polyethyleng Qiyaak-RoivPiopyisne aleel thighQeihedike); or at least partially

zwitterionic at physiglogic pH (e.9., comprisin hosphaje group and an ammopium group at
oysiologic pHy - e R e R OB e R g BB oucing but ot
limited to amino, alkHEMkb 2éiirhGrRtrHkAIRYAarhdrRmey clyaisYi dinandrgezolyirarid pyridyl; Qis
a residue which i; nggati»se;lysgxfpa&g@tgl @bdﬂh}éﬁi_wlm@i& phhohkUtuundargaes protonation at lower pH,
including but not "ma?é;LJ%z%@JbPegéxés @h&tfpmég@mﬁap&@gga@a?pmeg@@tgf%a%@ng%m%phate; m is about

0 to less than 1.0 (e.g., O t0 about 0.49); n is greater than O t6 about 1.0 (e.g., about 0.51 to about 1.0);
wherein m + n = 1 p'fEhBERE% 28 EFHG: T80T 2RIBUr T BtewBBRe 682451 @out 0.1 to about 0.9
(e.g., about 0.2 to abpiu#y0.5); wherein: r is 0 to about 0.8 (e.g., 0 to about 0.6); wherein p+g+r=1v is
from about Ito abouiRg m@upmmggéammug%@sm%@@i@pw ks iR qMihiRARout 50 kDa, or

[

about 5 to about 50 kDa. %OO 4{3 Irbstom? e(r%}k%o cbréeqts he n rrf)ber orr tlohof gnondomeric residues
represented by p anawtfrgré ’Wlfh?\gaf)cﬁ}ﬁ 3065 Gf €ach ’5#18??”3 out 285% of &ach Bffier, about 10% of
each other, or the liR&*H#&pecific embodiments, p is substantially the same as g. In certain
embodiments, at leastspastiadly €farged generally includes more than a trace amount of charged .
species, including, €,4.,aL!63L205%0 Ph.Wg Lesidues are charged, at least 30% of the residues are
charged, at least 40% of the residues are charged, at least 50% of the residues are charged, at least
60% of the residues are cW&r&Ed, at least 70% of the residues are charged, or the like. [0075) In
certain embodiments;sibéat 0 dndb(210is a residue which is hydrophilic and substantially neutral (or
non-charged) at physiplegie pid lBus@seneripodiments, substantially non-charged includes, e.g., less
than 5% are charged, Iessp ;p&gség@ G ggaggﬁd, less than 1% are charged, or the like. In certain
embodiments, m is 0 and Q'is a residue which 15 hydrophilic and at least partially cationic at
physiologic pH. In ceitain LRIbbHIERES, m is 0 and Q1 is a residue which is hydrophilic and at least
partially anionic at physiologic pH-dr cettain embodiments, m is >0 and n is >0 and one of and Qo or
Q, is a residue which isydsarhilic.anctate astRarial b REPR. atohysiologic pH and the other of Qo
or Q, is a residue which is hydrophilic and is substantially neutral at physiologic pH. In certain
embodiments, m is 3 ARG LSl 3lbr? tghﬂéb%foé%au omc%%fbgl%kg%sidue which is hydrophilic and at
least partially Hifidhis sgriphpawsIdERs P Hieaek graobire s e fdDlock paarigner reasidgidawhsitlals hydrophilic and
is substantiallygneiinal @tphysiotoagicpirtbGertal presipesimants, m is >0 and n is

it N i e s -
IfE\o] ;n—/— [?1]5’“ o= {T\z] p—/“" [Ad ar/mlAzJ il
| ;
Yo \E v '\l’z ‘(3 Y, w
+NRgRsRg *NRgRygR(; COO"

Z-
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>0 and Q, is a residue which is hydrophilic and at least partially cationic at physiologic pH and Qo is a
residue which is a conjugatable or functionalizable residue. In certain embodiments, m is >0 and n is
>0 and Q, is a residue which is hydrophilic and substantially neutral at physiologic pH and Qo is a
residue whicl $%8%¢8ffdtatable or functionalizable residue. [0076] In SomBCERBHUAAEIS, the
positively charged or at least partially positively charged at physiologic pH group is a -NRJR" group,
wherein R" and R" are independently selected from hydrogen, alkyl, cycloalkyl, or heteroalkyl which
may be option % B EHRREHRRAHBI o in Ore hAIE fer i besHTRHsA AagRspEeand/or comprise one
or more unsatétatedibehass (irsomelengbotimentsjiRiramhRicangstakéintogethertdufetm a substituted
of un_sutlastit#tag ti;@,samlm mnaligysﬂhq ﬁ@@@%@néﬂs?éﬁ%%m@?m%&%nﬁmfﬂgﬁ:?%scribbed herefin as
positively charged or.at least. parti ositively char at physiologjc pH may.include, by way o
non-limiting eg?ﬁ%flg{%%%o#%fﬁf@ é%%‘%%f’aol §}t§?%%%r & cp? cx%{?ﬁf’ﬁ%“ eE.Slg'_l.lfz iperidine or N-alkylated
piperidine), aliéeERecimieyient.baibsrsro-epritingiel 208, A GGairaplyaen siyrediessh Sisthie like), heteroaryl
imino (e.qg., pysiginyiyd efdhestike:. 4y samaieadime psneraidnsidessihad brreingas negatively
charged or at Immgsugymggﬁyyﬁx@yﬁ’rgeﬁgimmmlg%gm%gﬁ)@ndercq%?ﬁopxet nation at lower

pH, such as, by way of non-limiting example, carboxylic acid (C ) 'éi]ffaonamld.e, Sronic acid,
sulfonic acid, stilfii eAﬁgiﬂ’,b§d’|ﬁ1r‘iﬁgﬁ’8m?’b&ééﬁ’ﬁ:&ff&%éfd?‘p%‘bs%ﬁ%@%ﬁﬂ"b‘ﬂ%%‘ﬁ’b?bus acid, carbonic
acid, the deprotdretdd BonjudadBaseiReteot; wivthiedikie 007 7jd prgeriainrenteddinaents, provided
Pereinhis a corrmgyuo@pf;,%pfmg%y ;,ég,@;&]cl%%;ggﬁm@&gmg)@p@gd@z @Lﬁgwgﬁ(}a&g A4.ar1e ssz{lebc'ged2
rom the group consisting of -C-C-. - (C)" e 0)- - rein,ais1l-4;bis
TN and vA L e kst M e TSRk T S0y
(3C-6C)cycloatRY/Frony e potepieur epb jotrebedeiandiridi@Riratic Rioejesmtearyl, any of which is
optionally substituteth vptivio sebedimaaseiftuatine graupsenrancod?adesingdaprpdendly selected from the

group consistipg0f.a.coxalent pa@mdw-(gngﬂﬂ-%&)g&&ydad SRS QR A i (QCLQLEC-10C) alkyl-,
-0(2C-10C)alkyl- and -S(2C-I0C)alkyl- -C(Q)NR (ZC-1O§%r:(t@{r};'ii/ijléi Y3 is selected from the group
0C)aryr,

consisting of atovalent Barnd, 1t fo &y Angfsey (Rt AERT carbon atoms of
Al-A4 that areperdftcfotigoserirstiitie spwifly bR Beandof0bY ¥ ark chmpiatedhwitheanuappropriate number

of hydrogen at@@Esdl nR2md 23, RésrfRs sl RA3dMind epmdanty relecirdiframdhgigroup consisting

of ycrogen, 1 sl ko hecraelit cycloglyl Teleroryeoaliyl ant and eproany an o

. 1 . "
which may be lg‘f)tlsoana y substituted with one of more fluorine atonts; n 065’21%1% residues which are

positively chargf&dt physiologic pH, including but not limited to amino, alkylamino, ammonium,
alkylammoniunagglidmickriés entickimelyl Ramgl pyiicyieiQisyaciesidtenahiehdis negativelyxharged at
physiologic Dﬂa@H}&a%{ﬁQ@, BEQIOBRIIANAL IPWEN, PihelBSIMEIRG: DRI NQLUmIE S RaEPOXYI,
sulfonamide, boronate,np osphonate, and phosphate. m is 0 to about 0.49; n is about 0.51 to about
. . " “with one or more fluorine, cycloalkyl, or phenyl, which may optionally be further substitated with one

1.0; wherein

or more alky! group.

{0082] In certain specific embodiments, Yy and Y, are independentty selected from hydrogen, alkyl

(e.g., 1C-10C alkyl), cycloalkyl (e.g., 3C-6C cyclealkyl), O-alkyl (e.g., O-(2C-10C)alkyl, -C(0)O-

alkyl {e.g., -C{OYO-(2C-10C)alkyl), or phenyl, any of which is optionally substituted with one or

more fluorine.

{0083] In some embodimenis, Y, and Y; are independently selected from a covalent bond, alkyl,

preferably at present a (1C-10Cjalkyl, -C(O)O-alkyl, preferably al present -C(QY0-(2C-10C)alky!,

-0C(O)alkyl, preferably at present ~OC(0)-(2C-10C)alkyl, O-alkyl, preferably at present —-O(2C-

10C)alkyl and —S-alkyl, preferably ai present -S-(2C-10C)alkyl. In certain embodiments, Y is

selected from a covaient bond, alkyl, preferably at present (1C-5C)alkyl and phenyl.

{6084] In some embodiments, Z- is present or absent. In certain embodiments, wherein R, and/or R,

is hydrogen, Z- is OH-. In certain embodiments, Z' is any counterion {e.g., one or more counterion},

preferably a biocompatible counter ion, such as, by way of non-limiting example, chloride, inorganic

or organic phosphate, sulfate, sulfonate, acetate, propionate, butyrate, valerate, caproate, caprylate,

caprate, laurate, myristate, palmate, stearaie, palmitolate, oleate, linolate, arachidate, gadoleate,

UWOTLBI268AP doc «19.



m + n =1 pis about 0.2 to about 0.5; q is about 0.2 to about 0.5; wherein: p is substantially the same
as g; ris 0 to about 0.6; wherein p+g+r= 1 v is from about Ito about 25 kDa, or about 5 to about 25
kDa; and, w is from about Ito about 50 kDa, or about 5 to about 50 kDa. [0079] In certain
embodiment® A8BIHER2Eopolymer is a diblock copolymer, having the ch@flcdFd4at normal
physiological or about neutral pH) of Formula RI R2 R3 R4 R5 Aoi Alin
vaccinate, lactate, glycolate, salicylate, desamionphenylalanine, desaminoserine, desaminothreonine,
-hydroxycaproate, 3-hydroxybutyirate, 4-hydroxybutyrate or 3-hydroxyvalerate. In some
embodiments, when 2ach Y, R and optional fluorine is covalemly bonded to a carbon of the selected
backbone, any carbons that are not fully substitnted are completed with the appropriate number of
hydrogen atoms. The numbers m, n, p, q and r represent the mole fraction of each constitutional unit
in its block and v and w provide the molecular weight of each block.
[0085] In certain embodiments,
Ap, Ay, Ay, Az and A, are selected from the group consisting of - -C-, -C-C-,
CIOHCR 2R 13).CN0-, -O(CR 1R 33,C(0)- and O{CR 3R 13),0; wherein,
ais | -4;
bis2-4;
R, Rz, Rs, Ry, Rs, Rg, Ry Ry, Rg, Ryg, Ryy, Rip, and Ry5 are independently selected from the
group consisting of hydrogen, (1C-3C)alkyl, (3C-6C)eycloalkyl, (3C-10C)aryl, (4C-
10Cheteroaryl, any of which may be optionalty substituted with one or more fluerine atoms;
.Yu and Y, are independently seiected from the group consisting of hydrogen, (EC-10C)alkyl,
(3C-6Ceyeloatkyl, O-(1C10Calkyl, -C(OYO(HC-10C)alky! and phenyl, any of which is
optionally substituted with one or more fluorine groups;
Y, and Y; are independently selected from the group consisting of a covalent bond,
(1C-10C)alkyl-, —C{OYO(2C-10C) alkyl-, -OC{OY1C-10C) alkyi-, -OQC-10Calkyl- and -
SQ2C-10C)alkyl-; ‘ _
Y5 is selected from the group consisting of a covalent bond, {}C-5C}alkyl and phenyl;
wherein tetravalent carbon atoms of A-A, that are not fully substituted with R;-R; and Yg-Y,
are compieted with an appropriate number of hydrogen atoms;
Z is one or more physiologically acceptable counterions,
m is 0 to about 0.4%;
n is about .51 to about 1.0; wherein
m+n=1
p is about 0.2 to about 0.5;
q is about 0.2 to about (.5; wherein:
p is substantially the same as q;
ris U to about (L.6; wherein
ptger=|
v is from about [ to about 25 kDa, or about 5 to about 25 kDa; and,
w is from about | to about 50 kDa, or about $ o aboui 50 kDa.
[0086] In a specific embodiment,
Ag, Ay, Ay, A; and A, are independently selected from the group consisting of ~C-C-,
~CIOXCLC(0M0-, -O(C),((O}- and -O(C),0-; wherein,
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Azi Pkai IA41 C (In) .Y2Y3Y4 NE16137R8+NR9R10R1 COO. Z- [0080] In certain embodiments,
Au, 4.1, Ao, A3, and A4, substituted as indicated, comprise the constitutional units (used
interchangeably herein with "monomeric units" and "monomeric residues") of the polymer of Formula
1. In specifi¢ehapsdifiErts, the monomeric units of constituting the A grdpEERMYIMEReTDI are
polymerizably compatible under appropriate conditions. In certain instances, an ethylenic backbone or
constitutional unit, -(C-C-)"- polymer, wherein each C is di-substituted with H and/or any other suitable
group, is polymerized usii¢f riohomers containing a carbon-carbon double bond, >C=Cc. In certain
embodiments, each A groupe4y., each of Ao, Al, A2, A3, and A4) may be (i.e., independently

selected from) 'C'CR,(iFS;RQ&?I@Q)@E@L%@[@Q@M@QIPﬂétiﬂfeéé%\éﬁg E:Rackhgngk sHP)(C).C(0)0,, (i.e., a

polyanhydride monomeric. unit olym . ,C(0)- (j.e., a polyester monomeric unit or
polymer backbone), -0683‘869%??&2% %813‘2‘1%9%@ ’BE%&% %X%ﬁ%%%é?&%ﬁ‘@ o b%ﬁ)‘/”n%cé‘r"ﬁ%ckbone), or the

like (wherein each C isbelrgighiitishstiupiivii andraraiyoiieiessitable group such as described herein,
including R12 and/oy Radras«drresibet abexe) ibm sReailiccomingdingiseihe tannalaylis an integer
from 1 to 4, and "b" is agyi 210 rtai Anst: each 'Y and 'R" group attached to
the backbone of Forml??at Igltlr:?ig.g,a% gbo%r%gﬁc\i(%@@l&@d\f}?q\g@?@fﬁgenﬁ%@%ﬁf %@ IS bonded to any

"C" (including any (C)aPBolENo B! IR &M CTRERFHEREEHRE In specific embodiments, both the Y
and R of a specific menofmeriedamitdstitielehaidrto thegsapreni@ihgof eestaimpetifiC-embodiments, both

the Y and R of a specifigipppomespsail b@pﬁ@ph@d;@(ﬁf@gmggiigb(ﬁhafj@;]@j@g alpha to the
carbonyl group of the nbﬁ&omh ri[? lﬂnit, if present. [0081) In specitic embodiments, RI-R11 are
independently selected Tfom g{i‘ r%gen, alkyl (e.g., 1C-5C alkyl), cycloalkyl (e.g., 3C-6C cycloalkyl), or
phenyl, wherein any:df RecRd froms Bsiemansstinssinrsasnitensnd Gt ndeng; cycloalkyl, or phenyl,
which may optionalynderfltithaesudstittad swikh Qnetar Mo Fe abiyugied it R,-R; and Yo-Ye

are completed with an appropriate number of hydroger atoms;
Z is a physiclogically acceptable counterion,
m is O to about 0.49,
n is about .51 to about 1.0,
whereinm +n = |
p is about 0.2 to about 0.5,
q is about 0.2 1o about 0.5: wherein:
p is substantially the same as q;
1 is O to about 0.6; wherein
ptg+r=1
v is from about 5 to about 25 kDa; and
w is from about 5 to about 25 kDa.
{0087] In some embodiments,

Ay is-C-C-

Y, is -C{ONOCHCH)-;

R; is hydrogen;

R+ and Ry are each —-CH;; and,

R; is -CH;.

[0088] In some embodiments,

Ay 18 -C-Co

¥, is -C(OYOCH,CH;-;

Ro 18 hydrogen;

Ry and Ry, are each —CHs; and,

Rqis ~CHa
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[0082) In certain specific embodiments, Yo and Y4 are independently selected from hydrogen, alkyl
(e.g., 1C-10C alkyl), cycloalkyl (e.g., 3C-6C cycloalkyl), 0-alkyl (e.g., 0-(2C-10C)alkyl, -C(0)0- alky!l
(e.g., -C(0)O(2C-10C)alkyl), or phenyl, any of which is optionally substituted with one or more fluorine.
[0083] In sortt@efipd#ifiénts, Y1 and Y3 are independently selected fror?GFEO%BYId, alkyl,
preferably at present a (1C-10C)alkyl, -C(0)0-alkyl, preferably at present -C(0)0-(2C-10C)alkyl,
-0C(0)alkyl, preferably at present -0C(0)-(2C-10C)alkyl, 0-alkyl, preferably at present -0(2C10C)alky!
and -S-alkyl, PSR} a8I5PmE PRS- (2C-10C)alkyl. In certain embodiments, Y3 is selected from a
covalent bond, alkyl Apiefefably at present (1C-5C)alkyl and phenyl. (0084) In some embodiments, Z-
is present or absentglnseggtain-gmbodiments, wherein 121 and/or R4 is hydrogen, Z- is OH-. In certain
embodiments, Z is apyscaqg\pli%iggnée.g., one or more counterion), preferably a biocompatible counter
ion, such as, by way of non-?lmltlng'example, chloride, inorganic or organic phosphate, sulfate,
sulfonate, acetate, pisptonapsyssligieatteacgeieblseieaproate, caprylate, caprate, laurate, myristate,
palmate, stean@bsopalmoitelateydoheaie, linolate, arachidate, gadoleate, vaccinate, lactate, glycolate,
salicylate, desamiongdhgg—}/_@l‘anine, desaminoserine, desaminothreonine, c-hydroxycaproate,
3-hydroxybutylrate, 4-hydroxybutyrate or 3-hydroxyvalerate. In some embodiments, when each?, R
and optional fluorine e CETAFETID BoHRF Y BarbbiiernmadsSe sl backbone, any carbons that are
not fully substituted Axés coiSIETdWIth the appropriate number of hydrogen atoms. The numbers m, n,
p, q and r repregent thedpelgdsagtion of each constitutional unit in its block and v and w provide the
molecular weight of gﬁ%_@!ock. [0085] In certain embodiments, AO, A1, A2, A3 and A4 are selected
from the group consisting of -C-, -C-C-, -C(0)(CR12R13)C(0)0-, -0(C12.12R13).C(0)- and
0(CRI2Ri3)b0; wher8irk 8¢t fipmyhie erounsopgtstippoiuinge e REDRPLRE, R9, RIO, R11, R12, and
12.13 are independahilsaelacted fiogripegioupcoording-afaydrogen, (1C-5C)alkyl,
(3C-6C)cycloq%§lz}(@gém&)@{;@in&%&mg@heteroaryl, any of which may be optionally substituted with
one or more flugrine atoms; Y0 and 174 are independently selected from the group consisting of
hydrogen, (I C6¢) ST EIEEEIEY &S A1kyl, 0-(1C-10C)alkyl, -C(0)0(1C-10C)alkyl and phenyl, any of
which is optiort@{l#}]sissstinsrepdiientomemsir anobestfliorine groups; Y1 and Y2 are independently selected
from the groupoe)SIFENGAH BREUABHRHIME <f Lerkis)alkuln 1nS (R Q6B mer bR Ak, -0C(0)(1C-10C)
alkyl-, -0(2C-10C)alkyl- and - S(2C-10C)alkyl-; Y3 is selected from the group consisting of a covalent
bond, (I C-5C)alkyl and phenyl; wherein tetravalent carboncatoms of A1-A4 that are not fully
substituted with 121-R5 and Y0-Y4 are completed with an éppropriate number of hydrogen atoms; Z is

one or more ph,/_siologicgug acteptabl cgur@,t,qfar' ns/m is Oél;gz bou .49;CHa .
: 2} 2 | H2 H
—C—G— || |—¢-¢—] [l—c—c— ——cz-—é—
0 0 e Ol 4 {i: © r
| | 0
cF‘HQ CH, - g
CH, OH
i i o
/ \ CHE
HeG” e” oH, i
k]
T— — b — W
V1

[6096] In certain instances, the constitutional units of compound 1 are as shown within the square

bracket on the left and the curved brackets on the right and they are derived from the monomers:

0
I l [

Hzc:?—C—O-CHZCHZ*N(CHs)z HZCZCII'C“OH Hzc:?-c-o(cag)3CH3
CH, - (CH2)2CH;3 o CH3
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n is about 0.51 to about 1.0; wherein m + n =1 p is about 0.2 to about 0.5; q is about 0.2 to about 0.5;
wherein; p is substantially the same as q; r is 0 to about 0.6; wherein p+qg+r=1v is from about Ito about
25 kDa, or about 5 to about 25 kDa; and, w is from about | to about 50 kDa, or about 5 to about 50
kDa. [0086] MO28pelifid Embodiment, A0, Al, A2, A3 and A4 are indepeB8&HHRF¥8{et¥d from the
group consisting of -C-C-, -C(0)(C)aC(0)0-, -0(C)hC(0)- and -0(C)h0-; wherein, ais 1 -4; bis2-4; RI,
R2, R2, R4, R5, R6, R7. Itg, R6, R10 and RI, are indep§ndently‘selected from the group consisting of
hydrogen, (1é%%ge;‘mi/f‘fé@l@é}%%?é?ﬁ?ﬁ/ﬁhﬁﬁ'ai?ﬁéﬁﬂ?aeﬁg}’B?Wﬁ‘fEPP?HﬁS‘) BUMBA8IHIy substituted with
one or more flliglitersaterdy; peesanidhd faplagdaindishendentarssegeictedcrpnktmang dihlpokconsisting of
hydrogen, (1Go}8¢nalkyl, (3C-6C)cycloalkyl, 0-(1C- I OC)alkyl, -C(0)0(1C-10C)alkyl and phenyl, any of
which is optio yg/ %%&%tes% r}}/giérqlb%e Qr.-more flu rilr%e. E)nl.ép%' Jiand ¥ 2 %r%iing\ependently selected
from the grougﬁcohsistlng oA covalenTebohcf, m?i@ﬂ))a“(y , _6(10556&;89 'D 3 aﬁ%wf—, -0C(0)(1C-10C)
alkyl-, -0(2C-F8€fkyl- and -S(2C-10C)alkyl-; Y3 is selected from the group consisting of a covalent
bond, (1C-5C)alkyl and phenyl;

o
_ - - ?Ha‘
CH CH CH C
Hy 1 ° Ho | ° /HE!Z HQIHE
“““‘C‘“‘?“‘“‘"‘ I “"""C““Cl.“"""" e e —C (ll""—'
CI=O C:=O \ C=0 C=0
o o P o q | r
(.6 E -0
Cl:Hz |
O CH,
iy |
1-20 VAN CH,
‘ vz

[0099] - As discussed above, letters p, q and 1 represent the mole fraction of each constitutional unit
within its block. The letters v and w represent the molecular weight (number average) of each block
in the diblock copolymer,

[00100}In some embediments, provided herein the following polymers:

[DMAEMA],-|B,/-P,/-D/J V3
{PEGMA],-{B,+P/-D], V4

[PEGMA ,-/-DMAEMA,},-[B,/-P,-/-D}, Ivs
[PEGMA ;/-MAA(NHS), ] -[B,/-P,+-D,}.s V6
[DMAEMA ,/-MAA(NHS),],-[B,/-Py/-D ] v?
 [HPMA,/-PDSM.),ABy/-P-Dll, | v
[PEGMAn/-PDSM, [ By-/-Pg-/-DyJs o Vg

[00101]1n some embodiments, B is butyl methacrylate residue; P is propyl acrylic acid residue; D and
DMAEMA are dimethylaminoethyl methacrylate residue; PEGMA is polyethyleneglycol
methacrylate residue {e.g., with [-20 ethylene oxide units, such as itlustrated in compound IV-2, or
4-5 ethylene oxide units, or 7-8 ethylene oxide units); MAA(NHS) is methylacrylic acid-N-hydroxy
succinimide residue; HPMA is N-(2-hydroxypropyl) methacrylamide residue; and PDSM is pyridyl

disulfide methacrylate residue. In certain embodiments, the terms m, n, p, g, v, w and v are as
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wherein tetravalent carbon atoms of Al-A4 that are not fully substituted with 12,-Rs and Yo-Y4 are
completed with an appropriate number of hydrogen atoms; Z is a physiologically acceptable
counterion, m is 0 to about 0.49; n is about 0.51 to about 1.0; wherein m + n =l p is about 0.2 to about
0.5; q is abotH®X6 H¥&Ut 0.5: wherein: p is substantially the same as q:AGEUSREH6HHD.6; wherein
p+qg+r=1 v is from about 5 to about 25 Oa; and w is from about 5w about 25 kDa. [0087] In some
embodiments, Al is -C-C-'11 is‘-,C(%?Og;HZCHZ-; Ro s hr);drogen; R7 and R8 are each -CH3; and, R2
iS -CH3. [008§T¥H‘§8H§’§’%MB’E§8’% 5 g’ tﬂf‘zﬂfs\yé_%g?t 0.1 times toabout 5 times v, or about | times to

about 5 times v.
[00102] Polymers IV1-IV9 are examples of polymers provided herein comprising a variety of
constitutional unit(s) making up the first block of the polymer. Moreover, polymers set forth in the
Figures and Table, as weli as structurally related polymers (such as variations in MW and/or
monomeric residue ratios) are specificalty provided for herein. In some embodiments, the
constitutional unit(s} of the first block are varied or chemically treated in order o create polymers
where the first block is or comprises a constitutional unit that {s neutral (e.g., PEGMA), cationic
(e.g., DMAEMA), anionic {e.g., PEGMA-NHS, where the NHS is hydfolyzed to the acid, or acrylic
acid), ampholytic (c.g., DMAEMA-NHS, where the NHS is hydrolyzed to the acid), or zwiterrionic
{for example, poly[2-methacryloyloxy-2'trimethylammoniurncthy! phosphate]). In some

_ embodiments, pelymers comprising pyridyl disulfide funcitonality in the first biock,
2.g., [PEGMA-PDSM)-{B-P-D3], that can be and is optionally reacted with a thiolated siRNA to form
& polymer-s1IRNA conjugate.
[06103]In some embodiments, the polymers of this mvention are "diblock copolymers.” The term
"copoi'ymer" signifies that the polymer is the result of polymerization of two or more different
monomers. In some instances, a "block” copolymer refers to a structure in which distinct
sub-combinations of consiitutional units are joined together. In certain instances, a "block” refers to a
segment ar portion of a polymer having a particular characteristics (e.g., a hydrophilic segment or a
bydm;ﬁhobic segment of a gradien[ copolymer). In some instances, a diblock copolymer comprises
just two blocks; a schematic peneralization of such a polymer would look like; [AB,C. .. .Jn -
{X\Y,Z, ...], wherein each letter stands for a constitutional unit, each subscript to a constitutional unit
represents the mole fraction of that unit in the particaiar block, the three dots indicate that there may
be more (but of course there may also be fewer) constitutional units ‘in each block and m and n
indicate the molecular weight of each block in the diblock copolymer. As suggested by the
schematic, the number and the nature of each constisutional unit is separately controlled for each -
block. It is understood that the schermatic is not meant and should not be construed {o infer any
relationship whatsoever between the number of constitutional units or the number of different .types of
constifutional units in each of the blocks. Noris the schematic meant to describe any particular
arrangement of the constitutional units within a particular block. That is, in each biock the
constitutional units may be disposed in a purely random, an alternating random, a regular alternating,
a regular block or a random block configuration unless expressly stated to be otherwise. A purely
random configuration wouid, for example, be: X-X-y-Z-K-y-y-2-y-Z-Z-Z... OF ¥-Z-X-y-Z-Y-Z-X-X.... Al
alternating random configuration wouid be: X-y-X-z-y-x-y-z-y-x-z..., and a regalar alternating
configuration woukd be: x-y-z-x-y-2z-x-y-z... A reguiar block configuration has the following general
configuration: ...X-X-K-y-y-y-Z-2-Z-X-%-X.. ., while.a random block configuration has the general

configuration: ... R-X-X-2-Z-X-X-y-¥-y-¥-2-2-Z-X-%-2-Z-Z~... In none of the preceding generic examples

‘
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Y2 is -C(0)0OCH2CH2-, R6 is hydrogen; R10 and 1211 are each -CH3; and, R3 is -CH. [0089] In some
embodiments, A3 is -C-C-; R4 is CH3012013-; Y3 IS a covalent bond; and t is a physiologically
acceptable anion. [0090] In some embodiments, A4 is -C-C-; R5 is selected from the group consisting
of hydrogen WStRCEHFEd, Y4 IS -C(0)0(CH2)3C113. [0091] In some emBoBm19%)488#7s C-C- R1 is
selected from the group consisting of hydrogen and (1C-3C)alkyl; and, Yo is selected from the group
consisting of -C(0)0(1C-3C)alkyl. [0092) In some embodiments, m is 0. [0093]f In some embodiments, r

is 0.

i5 the particular juxtaposition of individual constitutional units or blocks or the number ¢
constitutional units in a block or the number of blocks meant nor should they be construed as in any
manner bearing on or limiting the actual structure of diblock copolymers of this invention.

[00164]111 is further understood that the curved brackets enclosing the‘cens!itutionai units are not
meant and are not Lo be construed to mean that the constitutional units themselves form blocks. That
is, the constitutional units within the square brackets may combine in any manner with the other
constitutional units within the block, i.e., purely random, alternating random, regular alternating,
regular block or random block configurations. Thus in diblock copolymer 1, p, g and r represent the
mole fraction of that constitutional unit in the block and is not intended, and must not be construed, as
indicating or suggesting that the constitutional units within the brackets comprise a block within a
biock.

[06105] Thus, when it is stated herein that a charge neutral constitutional unit may be "randomly
interspersed” among the first constitutional units of the first block of a diblock copolymer of this
invention, it means that the first block would have a siructure generically akin to that described above
for a purely random configuration.

[00106] In some embodiments, the solubtlity of any of the block copolymers described herein in
aqueous solution or medium at about neutral pH is more than 1 mg/mL, more than 5 mg/mL, more
than 10mg/mL, more than 25 mg/ml., more than 50 mg/mL., more than 100mg/mL and more than
300 mg/ml. In some embodiments, in particular for diblock polymers having a hydrophilic {e.g., a
cationic hydrophilic) first block, the three species present in the hydrophobic block (anionic, cationic
and hydrophobic] are present as a random copolymer block, or are otherwise present in an
interspersed sequence such that the block is of approximately net neutral charge across its length. In
some instances, this orientation provides increased solubility of the block copolymer.

[00107] In certain embodiments, the diblock copolymers set forth in Table | are provided herein; in
certain instances, such polymers are used as polynucleotide complexing agents ard carciers. It is
vnderstood that the characteristics of diblock copolymers described in Table | and otherwise herein
will be transiatable to other diblock copolymers hereof such that, based on the disclosures herein,
those skilled in the art will be capable of preparing such copolymers, which will therefore be within
the scope of this invention.

[00108] The first block of exemplary diblock copolymers are composed of monomeric residues of
dimethylaminoethylmethacrylase (DMAEMA), which efficiently binds 10 and condenses nucleic acids
at physioiogical pH. The second block of an exemplary polymer described herein contained
monomeric residues of DMAEMA as a cationic constitutional unit; monomeric residues of propy|
acrylic acid (PAA) as an anionic constitutional unit and, due to the hydrophobic propyi substituent, a
contributor to the hydrophobicity enhancing moiety; and monomeric residues of butyl methylacryiate
(BMA) as a separate constitutional unit, constituting or comprising a hydrophobicity enhancing

moiety. In certain instances, the second block enables endosomal escape of the bound nucleic acid
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[0094] In some embodiments, m and r are both 0. [0095] Provided in some embodiments, is an
exemplary but non-limiting polymer of this invention: O0H 31 CH217 H2 ?H3\H2 CI H 2H2 CI H3\

---C-C - C=0-C --C ---C C\ .1 0=0C.0/ 6PlIIr 10-0 CH21
WO 2009/140427 PCT/US2009/043847

through a pH-induced conformartional change which, in some instances, results in membrane
destabilization. In some instances, under physiological conditions, the second or hydrophobic core
block has both positive (e.g., protonated DMAEMA) residues and negative (e.g., de-protonated PAA)
residues in similar amounts, resulting in approximate charge neutrality and charge stabilization of the
core by the formation of jon pairs. In certain instances, upon uptake of a polymer-nucleic acid
composition described herein into endosomal compartments of the cell, the lower pH of the
endosomal environment causes anionic residues of the third constitutional unit (e.g., PAA carboxylate
groups) to become protonated and thereby membrane disruptive. In Some instances, protonation or

neutralization some or all of the aniomic residucs results in
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0cH2 cH2 NH4 H3C/\C H3

1CH20W CO2 1C H2 NH'1 H3C/\CH3CI'L| CH3 CH 2H3I-C -C

PCT/US2009/043847

WO 2009/140427
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V 'VI [0096] In certain instances, the constitutional units of compound 1 are as shown within the square
bracket on the left and the curved brackets on the right and they are derived from the monomers: 000

I H2 aC-
WO 2009/146427 PCT/US2009/043847

charge neutralization of the PAA acidic residues and, in certain instances, in a conformational change
in the polymer 10 a hydrophobic membrane-destabilizing form.

[00109]1Poly(DMAEMA) and other polymeric entities used herein (e.g., copolymers or copotymer
blocks of BMA, DMAEMA and PAA) are prepared in any suitabie manner. In one instance,
poly{DMAEMA) was preparad by polymerizing DMAEMA in the presence of the RAFT CTA, ECT,
and a radical initiator. In some instances, a block, poly(DMAEMA) (9,100 gfmol; DP 58), was used
to prepare a series of diblock copolymers where the BMA content was increased and equimolar
quantities of DMAEMA and PAA were maintained, Characteristics of the resulting polymers are
shown in Table 1. Similar block sizes were observed for all seven diblocks giving the polymers an
overali molecular weight of around 20,000 g/mol. In certain embodiments, lower molecular weights
are chasen. In some instances, lower molecular weight polymers minimize polymer toxicity and
enable renal clearance of the polyvmers in order to ensure amenable franslation to in vive testing. Also
shown in Table 1 are the theorstical and experimentally derived monomer compositions of the second
block. Each polymer listed is an example of a class of related polymers. For example, polymers of the
P7 class have several versions, one of which is characierized in Table 1. While ali polymers are
refatively close to the theoretical composition, some deviation is observed in all cases and is likely
due 1o differences in the monomer reactivity ratios.

[00110] Alternatively, the orientation of the blocks on the diblock polymer is reversed, such that the @
end of the polymer is the hydrophilic block. In varicus embodiments, this is achieved in any suitable
manner, including a number of ways synthetically. For example, the synthesis of the block
copolymers of the present invention begins with the preparation of the PAA/BMA/DMAEMA
hydrophobic block, and the hydrophilic, charged block is added in the second synthetic step either by
subjecting the resulting PAA/BMA/DMAEMA macroCTA to a second RAFT polymerization step.
Alternate approaches inclode reducing the PAA/BMA/DMAEMA macroCTA to form a-thiol end and
then covaienily attaching a pre-formed hydrophilic, charged polymer to the formed thiol. This
synthetic approach provides a method for introduction of a reactive group on the w-end of the
hydrophilic end of the polymeric chain thus providing alternate approaches to chemical conjugation to
the polymer.

100111} The diblock copolymer P7, one example of 2 polymer of the present invention, consists of
two blocks; one is poly(DMAEMA), which is hydrophilic and charged at physiological pH, and the
other block is a random copolymer of monomer units: hiydrophobic (BMA) and tonized/hydrophobic
or ionizable/hydrophobic units (PAA, DMAEMA).

Definitions and Embodiments
[00112} ] is understocd that, with regard to this apphication, use of the singular includes the plural and
vice versa unless expressly stated to be otherwise. That is, "a" and "the" refer 10 one or more of

whatever the word modifies. For example, "the polymer” or "a nucleotide” may refer to one polymer
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-r-0-0-0-CH2CH2-N(CH3)2 H20=C-OH H2C=C-C-0(CH2)3CH3 CF-I3(CH2)2CH3 andCH3 [0097] The
letters p, q and r represent the mole fraction of each constitutional unit within its block. The letters v
and w represent the molecular weight (number average) of each block in the diblock copolymer. [0098]
Provided in S¥%&@¥FHEiments, a compound provided herein is a compoﬁﬁﬂw&tﬁé”structure
1-200 uCH3\2!9=0/P 01 CIH2 CH2 NH+ H3C/\CH3

or nucleotide or to a plurality of polymers or nucleotides. By the same token, "polymers” and
"nucleotides” would refer 1 one poiymer or one nucleotide as well as to a plurality of polymers or
nuclectides unless, again, it is expressly stated or obvious from the context that such is not intended,
[60113]A used herein, words of approximation such as, without limitation, "about” “substantially,”
"essentially” and "approximately” mean that the element of limitation so modified need not be exactly
that which is written but may vary from that written description to some extent, The extent to which
the description may vary wilt depend on how great a change one of ordinary skill in the art would
accept and still consider the element to have the characteristics and capabilities of that element or
limitation. In general, but subject 1o the preceding discussion, a numerica! value herein that is
modified by a word of approximation may vary from the stated value by at least +15%, about +15%,
about £10%, about £3%, about £3%, about 2%, or about £1%. As a specific non-limiting example
from this invention, the second block of a diblock copolymer of this invention, which contains both
cationic and anionic species at normal physiological pH, is described as being "substantially neutral in
overall charge" and substantially hydrophobic. Experimentally, however, it is extremely difficult 1o
achieve exact neutrality and either the cationic or the anionic species may predomninate to some extent -
as ilustrated in Table 1. One of ordinary skill in the art would, however, accept a second block with a
slight excess of one or the other charged species as still being "substantially neutral."

[06114] As used herein,‘a "potymer” refers to a molecule composed of one or more smaller molecules
called "monomers.” A monomear méy react with itself to create a homopolymer or it may react with
one or more other monomers to create copolymers. Groups of monomers may be reacted to form
"prepotymers,” which are then combined 10 form the polymer. The monomers comprise the
"constitutional units" of the polymer.

f00115]A "charge neutral” or "non-charged” constitutional unit refers to one in which no atom bears a
full pesitive or negative charge at physiological pH, that is, dipofar molecules are still considered
“charge neutral” or "non-charged”. An non-limiting example of a charge neutral constitutional unit
would be that derived from buty] methacrylate, CH,=C(CH;)C(0}O(CH,);CH; monomer.

[00116] As used herein, "alkyl" refers to a straight or branched chain fully saturated (no double or
triple bonds) hydrocarbon (carbon and hydrogen onty) group. Examples of alkyl groups include, but
are not limited to, methyl, ethy!, propyi, isopropyl, butyl, isobutyl, sec-butyl, tertiary butyl, pentyl and
héxyl. As used herein, "alkyl" includes "alkylene" groups, which refer io straight or branched fully
saturated hydrocarbon groups having two rather than one open valences for bonding to other groups.
Examples of alkylene groups inctude, but are not limited to methylene, -CH.-, ethylene, -CH,CH,-,
propyiene, -CH,CH,CH;-, n-butylene, -CH,CH,CH,CH;-, sec~bu1y§ené, -CHyCH,CH(CH,)- and the
like. An alkyl group of this invention may optionally be substituted with one or more fiucrine groups.
[00117] As used herein, "mC 1o nC," wherein m and n are integers refers to the number of possible
carbor atoms in the indicated group. That s, the group can contain from "m" to *n", incivsive, carbon
atoms. An alkyl group of this invention may compfise from { to |0 carbon atoms, that is, mis ! and n

is 10, Of course, a particular alkyl group may be more limited. For instance without limitation, an
UWOTLIREBAP duc 39



CHCH2 (CH2H2cicC=0 CH3H2|CCC-=00K2CtH2 CH2 CH3 )0-51V2 [0099] As discussed
above, letters p, g and r represent the mole fraction of each constitutional unit within its block. The
letters v and w represent the molecular weight (number average) of each block in the diblock

copolymer. [3&118Y1#%8me embodiments, provided herein the following Folyhi&ti043847

alkyl group of this invention may consist of 3 to § carbon atoms, in which case it would be designated
as a (3C-8Calkyl group. The numbers are inclusive and incorporate a1l straight or branched chain
structures having the indicated number of carbon atoms. For example without limitation, 2 "C 10 C4
alkyl" group refers to all alkyl groups having from I fo 4 carbons, that is, CHa-, CHiCHy-,
CH,CH.CH;-, CH;CH(CHa)-, CH,CH;CH,CH,-, CH;CHCH(CH;)-, (CH3),CHCH,- and (CH;):CH-.
[00118] As use herein, a cycloalkyl group refers to an alkyl group in which the end carbon atoms of
the a'ikyl chain are covalently bonded 10 one another. The numibers "m" and "n" refer 1o the number
of carbon atoms in the ring formed. Thus for instance, a (3C-8C) cycioalkyl group refers to a three,
four, five, six, seven or eight member ring, that is, cyclopropane, cyclobutane, cyciopentang,
cyclohexane, cycloheptane and cyclooctane. A cycloalkyl group of this invention may optionally be

substituted with one or more fluorine groups andfor one or more atkyl groups.

e

Fos™ ;

[00119] As used herein, "phenyl” simply refers to a v

group which, as shown, can
optionally be substituted with one or more fiuorine groups.

[00120] As used herein, a "hydrophobicity-enhancing moiety” is used interchangeably herein with a
"hydrophobic species” and refers to a substituent covalently bonded to a constitutional unit of a
diblock copotymer, with such constitutional units bearing said hydrophobicity-enhancing moieties
resulting in the diblock copolymer becoming more membrane disruptive or otherwise more membrane
desiabilizing than it would be without the addition of the moiety, Examples of such moieties include,
without limitation, alkyl groups, cycloalkyl groups and pheny! groups, any of which may be
substituted with one or more fluorine atoms. In some embodiments, a hvdrophobicity-enhancing
moiety has a 1 value of about one, or more. A compound's 7t value is a measure of its relative
hydrophilic-lipophilic vaiue (see, e.g., Cates, L.A., "Calculation of Drug Solubilities by Pharmacy
Students” Am. J. Pharm. Educ. 45:11-13 {1981)). Hydrophobic ‘monomeric residues or constitutional
units described herein comprise one or morg hydrophobic species. Moreover, hydrophilic monomeric
residues comprise one or more hydrophilic species.

[00121] With regard to the non-limiting exemplary potymer of this invention IV] shown above, such
a polymer would be characterized as being "ethylenic” in that the constitutional units are derived from
the reaction of an ethylene, -C=C-, functionality of each of the monomers. The particular ethylenic
monomers of the above example may be further described as being "acrylic” in that they are al}
derivatives of acrylic acid, CH=CHC{O)OH, the first monomer above being dimethylaminoethyl
methacrylate, the second being 2-propylacrylic acid and the third being butyl methacrylate.

[06122) As used herein, "normal physictogical pH" refers to the pH of the predominant fluids of the
mammalian body such as bloed, serum, the cytosol of rormal cells, etc. Moreover, as used herein,
"normal physiological pH", used interchangeably with "about physiologic pH" or "about neutral pH",
generally refers to an about neutral pH (i.e., about pH 7), including, €.g., a pH that is about 7.2 to
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[DMAEMA]r[Bp-/-P3-/-DrjwIV3 [PEGMAL-[Bp-/-Pg-/-DA"IV4
[PEGMA",--DMAEMAdV-[Bp-/-P,,-/-Dr],IV5 [PEGMA",-/-MAA(NHS),]4Bp4P3-/-D,1,,,IV6
[DMAEMA,,,-/-MAASNHS)"l4B34-Pq4-D,1“IV7 [HPMA.4-PDSM"Ilv4B24-P3-/-Dclw11/8
[PEGMA,"-/-BB3H[4¥pL/-Pg-/-Drkiv9 [00101]In some embodiments, B BBFFHEME 1ate residue;
P is propyl acrylic acid residue; D and DMAEMA are dimethylaminoethyl methacrylate residue;
PEGMA is polyethyleneglycol methacrylate residue (e.qg., with 1-20 ethylene oxide units, such as
illustrated in cé?ﬂ“bz-ﬁﬁa Rise B‘F‘Ef‘-“éseﬁth%%%%fia‘%ﬁ‘i{%‘, Srersd At s BB RIEF MAA(NHS) is
methylacrylic agiehNatpguinosycserddminytdenresiddike. HPMA is N-(2-hydroxypropyl) methacrylamide
residue; an dOI Rbds) As %ydiﬂi)dibﬁiiﬁblrl;ﬂ %meh%w@m&&é@lmdgm@er@m t@maaﬂgmms, the te tr)ms m, n,
p,q,r,wan e as describe rein. In specifi iments, w is about 0.1 times to about 5
e o B e L U R i oy mers
provided heref§®8iPfising a variety of constitutional unit(s) making up the first block of the polymer.
Moreover, polyitiessssatdortiriin dheatig Ines amnc: Tablaaas\REY aslstructiyaltyaalaied polymers (such
as variations i, MyY-200/QF MARANSLGESie Al A sRasicAlAIAYEGH Ly herein. In some

embodiments, the constitutional unlt(sé orf the first block are varied or chemically treated in order to
create polymeP¥SHHERhE it BoEksa oY edifbsdwd e ubonE Bt S IS helitfal (e.g.,
PEGMA), cationivd¢eaganDNAAENIY rapRoiie (e gpn-REGIVALNHSL wheratitrecM® is hydrolyzed to the
acid, or acryliGagighlec8 R BRMIBIR G IRNADNANMESe whassxihsNESie hyekahsed fo the acid), or
Zwiterrionic (fonrbOe>§]aé\1[3r(1)9‘!§1 ﬁglﬂ%@gé@ﬁgryloyloxy-2'trimethylammoniumethyl phosphate]). In some
embodiments, polymers comprising pyridy! disulfide functionality in the first block, e.g.,
[PEGMA-PDSNLIEL S5 sl S TS 6 A YEAEIE BN PREHERE SIRNA fo form a
polymer-siRNAckonjugiateo§pod0 sfkrsameembidindatijcthe polif@naidddtia itfuenrtion are "diblock
copolymers,” The.ferm, GRRAMMRI sIRRHeS-HRLIDSRRM GRS BRI eibRpolymerization of two or

more different monomers. In some instances, a "block” copolymer refers to a str}Jcture in which distinct
sub-combinatiBRPBFESHIMEL (AP TisRL S REimEd T géﬂ‘i?é{‘f“.“ﬂndé’éf’f’éﬁﬂf THEYAKERE a block” refers to a
segment or pdrduruet zppely aTar iy aisaritaids ehbradsitristdeite o substhytdropkiilis segment or a
hydrophobic sgghnsated.as of adigRlaROMMSutRsAMad SARGESnaidiIRclksapakymer comprises just
two blocks; a schemalie denefalizalion. ot Seh, A RIS OIS oPls lier [ BRGe DX YA . L whereln
each letter stands for & constitutional unit, each SUBbSCI'Ipt 0 a constitutional unit represents the mole
fraction of thatctnaeaf 5@ BB IsaectuApide WMYES thigenstls HRuisdreTiprdy9¥ more (but of course
there may als@hadawer)faenshititimabLRis dnlegbh bipskaansam:amnd intndicakeethie inolecular weight
of each block {n,the Aiblack CORAMIMER. AMIHILREIREDBYEIS SehE RS, FBeaN Mgs_nd the nature of
each constitutional unit |s,seearately controlled for each block. It is understood that the schematic is
not meant and"@HB0 HEPHR'E88&trued to infer any relationship whatsoever between the number of
constitutional (MDY ithretseinsthermdbrliffercmt sypessivfeeitsd stitestitnmg. amiistinne dekolfdhe blocks. Nor is
the schematic pgantioslesgibrdmy PadicuRRRIEQpeRaabak engoRlitutinn ak ks within a
particular block, Tnatis, in sashbinsks.sonstkanaluniie mayhs disnased ina prely random, an
alternating random, a régular alternating, a reguf’apr block 6r a random bloc (’:onaﬂsguratlon unless
expressly stat&étey BeeBRMer FaP N TsEa APPSO AU SYP TSt T fErEBaR e, Boe:
X-X-Y-Z-X-Y-Y-Zeal}t 2r B 2x it 200 NEr Xeyicle--Z - Xméndoséae pheraraiiing desatidmmg puifigurationbareuld be:

X-YX-Zy XY -Zi s AR R CONIGHERHORMANICL B Yoy -2 . A regular

block configuration Ha the followi eneral c_onfiguration: o X-X-X-Y-Y-Y-Z-7-7-X-X-X..,, While a random
block configuriBH KAl e BHAA D S A HBRP TR e Ui e §8, 5 S eJ554,  n none of
the preceding ybitreH eactienpiesonsiatine piartivalarcibaessbsition of individual constitutional units or
blocks or the ngnTiTRT-aé@ONSERBHARAsURItS IDARIAEKO BRI prhertiefblacksrmeant nor should they
e construed g8 .36y BIVIRLRCA 9 B AEATIReR S ARl IR e QlARak grolymers of this

can be observed by assessment in assays that measure (directly or indirectly) release of an agent

(e.g., polynucieotide) from cellular membranes (e.g., endosomal membranes) - for example, by

determining the presence or absence of such agent, or an activity of such agent, in an environment

external to such membrane. Another non-limiting approach involves measuring red blood cell lysis

{hemolysis) - e.g., as a surrogate assay for a celiuiar membrane of interest. Such assays may be done

at a singte pH value or over a range of pH values.
UWOTLAIINEAR t -3 fu



100104] It is further understood that the curved brackets enclosing the constitutional units are not
meant and are not to be construed to mean that the constitutional units themselves form blocks. That
is, the constitutional units within the square brackets may combine in any manner with the other
constitutiona"@itS Witk the block, i.e., purely random, alternating randoR{ Tai§as/ &s8¢hating, regular
block or random block configurations. Thus in diblock copolymer I, p, g and r represent the mole
fraction of that constitutional unit in the block and is not intended, and must not be construed, as
indicating or s[?ﬁb?égflﬁ@’ﬂffﬁf‘m@‘é&l‘%‘?ﬁbﬁ@ﬂé‘?‘?fr’?f@“%ﬂﬁ?f‘?‘ﬂféWEW@{E CIhELE S block within a
block. [00105] Brusypadid | itfts statechdnerdinpthatcacthargezad bytral tonstitdigrnddtiomit may be "randomly
interspersed” amQEAg ﬂ&iﬁghns%pgr@smmlyumr& g&mwwmw ) gﬂ&m@@pmlmer of this

invention, it means that irst b} k would have a tru ture. rlcatll \5{59 édescrlbed above
for a purely ra}%&%Wi“b‘B%‘F‘d& HGH. ﬁbfﬁgﬂﬁ"‘g&‘ﬁ"g“e" ddifients ggs[o y ofany of the block
copolymers dé%‘@nib@@fﬁeﬁ‘éimw#mu@@b%@hﬂG!l@ﬁ%“#ﬁ@dﬂﬁﬁ%?@ﬁébﬁt‘H@Gﬂ*@l‘b’FI i$smore than | mg/mL,
more than 5 Mm@k ofe drRBiOraghmindneRthanbdngivbomamithan 50 mg/mL, more than

LoomglmL anthinit, Ak AT g0, f?@ﬁ&&ﬁ&%&@?&?ﬂ%'ﬂl&ﬂ&&'&r {9 iplock polymers having

a hydrophilic (e.g., a cationic dro rst block, the three species present in the hydrophobic block

(anionic, catloﬁﬁaﬁWBCHWFbﬁob’ié)"%ré EF@%@HE‘B@ %Qﬁ&&ﬂi%ﬁﬁﬁﬁ‘fﬁeﬂI@é@ﬁffséﬂé‘"’fﬂherwse
present in an isftersgerged Seifueh césucinthahtreihl delmigtobapgproametelnngnsetral charge across

its length. IN seipadRstaREaH s NNt PavdesinaraserslRilitratihgpack copolymer.

[001071In certajn embodiments, the, dsbl?ck co o]I)g ers s tf(t){mén '[I;akaJtIec! reSQrowded herein; in
certain instanc8¥°% %‘ﬁtlﬁ?)[l)fﬁ%ré% Pape a0 = et G B SH R A EiFeY BEENES &R G carriers. It is
understood thalethaabhitiritote SIREY B AIISER COBBRES described in Table | and otherwise herein will

be translatablqotnw}hensaimkm eap@anwgﬁnhemafusumﬁme&amd encthandisciasures herein, those
skilled In the agt ill,be,canabic shoreparingesushsanalmas-Mich bR IR pe Within the scope

of this invention. TE)OlOSiT flrstnb lock ofl exemplary diblock copolymers are composed of monomeric

residues of d|r?fé@ﬂﬁ%i’i’ﬁﬂ?ﬁ%‘tﬁﬁlW@tﬁ%‘&?fé’i%sfﬁﬁAﬁWfﬂ)’eWﬁPéﬁe@‘fﬁl:?gf‘ﬁ‘ly?“ﬁmag%aﬁﬁd condenses
nucleic acids atephyisioitgitadcpirkiiine weicondinsleth: Of) amiexbniptasy 3blioweg Wesotibed herein

contained mO%%L%HEa@%k@Ua%&{gfz@MM&&%@%I@@@%@M@%&@@wmmrmgnc residues of

propyl acrylic acid (PAA as an anjonic const|tu]t| Ce}u &éggn?po rﬂgﬁjx%&g tl]1 ernr%:r)n mlgéc &)ropyl

substituent, a &8RS TRE: Ay EBRS R ShRanEg Ho MOnOMenic residues of butyl

methylacryIatet((BMAI)td@%@@ﬁ&%@ﬁ@%@’ﬁ%ﬁﬁﬁéﬁﬁﬁfwﬂs%ﬁﬁﬁfﬂﬁmﬁjﬂ&’&B%ﬁ‘ﬁﬂs' A&y eirophobicity
enhancing moighy:id Bikadai insiantes: shersenond hloeckanahipscpadasamapesaape of the bound

nuclelc acid. oHAR.A BHEIRAHGRY smz%mqa)mémﬁ,@gsa?mg%hmm%&mmﬁsémresults in

membrane deg zation. In some Instances, und el’é) siological conditions, the second or
&t

hydrophobic c&‘r)é"BYS'EW%%é’%W B’b@iﬂféh?éhif“%ﬁ? 8B Kﬁﬂﬂ?’?é%‘aﬁ@% %Ad negative (e.g.,
de-protonated RA@)sseSideiescinsinmiar mneuntsicrabult fgripeapphosinaatesslsrgétiveutrality and charge

stabilization of fagicoR BYHoRIGIARENRAT AQR-BRY S e GRHERIMINSIANGEET ukRAiURAke of a

polymer- nuclel acid c m sition desc%: ed h remn into Spdo soma compartments of the cell, the lower
(5 euilca ective amount of the com as cora ?_Ime %Hst& £ES, &t E{LREUIEC gent
pH of the endd EnviTonMment causes anibhic resigues ot constitutionalunit (e.g., PAA

carboxylate gré@%}%%%@ﬁ@bﬁ?@h&t@@‘ajﬁ@méﬁéﬂ%ﬁm@rﬁbﬂaﬁ@eﬂ%ﬁ?ﬁﬁ?}é‘.&'fﬁ@g?ﬁé‘instances
protonation or peit alirakienisomeiat al bafitanionie msiduesdesulisita@bbudeameom In In ctm
mm N ca. In specific embodiments, an RNAI polynucleotide is an polynucieotide which can mediate inhibition
of gene expression thraugh an RNAI mechanism and includes but is not limited 1o messenger RNA
(mRNA), siRNA, microRNA (miRNA), short hairpin RNA {(shRNA), asymmemcal interfering RNA
{aiRNA), dicer substrate and the precursors thereaf

[60131] As used herein, "living po}ymenzatlon refers 1o a method of synthesizing polymers using the
well-known concept of addition polymerization, that is, polymerization wherein menomers are added
one-by-one 10 an active site on the growing polymer chain but one wherein the active sites for
continuing addition of another monomer are never fully eliminated other than on purpose. That is, the
polymer chain is virtually atways capable of further extension by the addition of more monomer to the
reaction mixture unless the polymer has been capped, which may be reversible so as permit

polymerization to continue or quenched, which is usually permanent. While numerous genera of
UWOTLATI28AP.doc -32.
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living polymerizations are known, currently the predominant types are anionic, cationic and radical
living polymerizations. Of these, at present radical polymerization is of particular interest with regard
to this invention, Radical polymerization involves a free radical initiator that extracts one of the pi
electrons of the double bond of an ethylenic monomer resulting in a reactive unpaired electron on the
carhon at the other end of the former double bond from that with which the initiator reacted. The
unpaired electron then reacts with the double bond of another monomer creating a stable sigma bond
and another free radical and sc on. With conventional initiators the seguence is eventually stopped by
a termination reaction, generally a combination reaction in which the unpaired electrons of two
propagating chains combine (o form a stable sigma bond or a disproportionation in which a radical on
a active chain strips a hydrogen atom from another active chain or from an impurity in the reaction
mixture to produce a stable unreactive molecule and a molecule containing a double bond. In iiving
polymerization the ability of the growing chains to enter inte a termination reaction is eliminated,
effectively limiting the polymerization solely by the amount of monomer present; that is, the
polymerization continues until the supply of monomer has been exhausted. At this point the
remaining free radical species become substantially less active due to capping of the free radical end
group with such entities as, without limitation, nitroxy! radicals, halogen molecules, oxygen species
such as peroxide and metals or simply by interaction with solvent and the like. If, however, more
menomer is added to the solution, the polymerization rezction can resume except as noted above,

Svithesis

[60132}Polymers described herein can be prepared in any suitable manner, For example, in certain
embodiments, wherein polyraers of this invention, while being in no way limited to ethylenic species,
. with regard to such polymers, it presently particularly preferred that they be prepared by "living
polymerization."
[00133] Using living polymerization, polymers of very low polydispersity or differences in chain
tength can be obtained. Polydispersity is usually measured by dividing the weight average molecular
weight of the polymer chains by their number average molecuiar weight. The number average
molecule weight is sum of individual chain molecular weights divided by the number of chains. The
weight average molecular weight is proportional to the square of the molecular weight divided by the
number of molecules of that molecular weight. Since the weight average molecular weight is always
greater than the number average molecular weéght, potydispersity is always greater than or equal to
one. Asthe numbers come closer and closer to being the same, i.e., as the polydispersity approaches a
value of one, the polymer becomes closer to being monodisperse in which every chain has exactly the
same number of constitutional uriits. Polydispersity values approaching one are achievable using
radical living polymerization. Methods of determining polydispersity such as, without Hmitation, size
exclusion chromatography, dynamic light scattering, matrix-assisted laser desorption/ionization
chromatography and electrospray mass chromatography are well known in the art and will not be

further described herein.
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-52.0E,cr,a.nen0nl1'.0co000,00---.4PCl.k5el)VO0O0OO0O0O00000000000001CA010
-5.0 E ,1-90NCSNO01011 8 -5.,..: ¢ 25 ¢ E. charge neutralization of the PAA acidic residues and, in
certain instances, in a conformational change in the polymer to a hydrophobic membrane-destabilizing
form. [0010F{EbHNBIMBEEMA) and other polymeric entities used herein (e ¥ 863884 7or copolymer
blocks of BMA, DMAEMA and PAA) are prepared in any suitable manner. In one instance,
poly(DMAEMAé %igp%pared,bﬁ Qolgmerlzin DMAEMA in the presence of the RAFT CIA, ECT, and
a radical initiaf ?\{\{1 SO RASEUR R EReBRSER BBV AEME) 65 RS AAGT B EE8 . was used to
prepare a seripSyotEiBloOR PO fpnvey & whibes zther Bildric backbont miasdndtbiasechamd equimolar
quantities of DiMAEMAIaREWR Aeie Baainiainesh Ghaigetrishcs Qfithentrsultingmolymers are shown
in Table I Similag black 81265 ‘{Vg%fgn%bﬁw%% ed for.al ?&‘éeﬂygfk?t'ﬁﬁﬁ ﬁé‘ék’&%etshee éBS' mers an overall
molecular weight of arou_ngl1 é@ i) g/mol. In certain embodiments, Tower moleécular weights are
chosen. In sofiEREHRESOTINET HoleeTEhndmitipb itHesssimiifesrzdimsigmer toxicity and enable
renal clearancembdhepelmorsthaenderiare pdyreiamanablevtans atinndaf rdvatesting. Also shown

in Table | are e earell AN RPEHMEHalY ASTVEY JANAIENSUIRARIANE! dae second block

Each polymer listed is an example of a class of related polymers, For example, polymers of the P7
class have se%?ﬁl'?f’e?fsﬁ%ﬂgfegﬁ%‘%} R Hse P EY Rieh e et 2R 3BT Eers are relatively
close to the théorstivaieasmyossitinralsb sredddvidiio nognebzeiondd.irthdt caseshandrigidikely due to
differences in thespenemesiaackividaionn iiAddd TAltamatively vthersiepationafthe blocks on the
diblock polymgr i?ortea\éﬂ%?%'z L&I% EQQJ ttQJ% at %ngaogzetgg.g)ol}/trnersjs themp%pro hilic bzl' (il( In various
embodiments, {his’is achieved in any swta%fje afner. Inc uo}ﬁeneé’ aiumber o ngsy“sr,1 Isf}lnthetically. For
example, the SYAPAESIE BFTHEBIBE EH5AHTRErS Betredo i dsit servetiaie i vitaltie preparation of
the PAA/BMAy MA& M Anryitiiapookbicdioekyandibe. iy dtaphilicdichaigeydhisak is added in the

second synthefic,SIED: GINRLMCRUMESIRG e teSHEng RAMAMARMARNAMAGOCTA to a second
RAFT polymerization step. Alternate approaches include reducing the PAA/IBMAJDMAEMA

. h  reduy . :
macroCTA to fERF S RTOrENG RIFS tERES GaRSHR Dxeklitg A iatfrardd TR Fophilic, charged polymer
to the formed fhiply TnS aypité it Aapiwoidemprovide’sid Pnistho thédt4ptkduetib Policd reactive group on
the oi-end of thgadydiopnilicandual thenohmaricichan, tsspriding @tgsyate approaches to '

chemical conj Q&?}_A@r%%%o §c§_]9l¥er,r,‘s%~r¢cts

[80135] Provided in certain embodiments herein are polymer:polynucleotide constructs, or other

constructs including, e.g., pelymer:peptide constructs, polymer:polypeptide constructs, or other types
of potymer:biomolecule constructs. In certain embodiments, one or more polynucieotide
(e.g., siRNA) is assaciated with any polymer described herein. In various embodiments,
polynucleotide, peptides, polypeptides, or other biomolecules are conjugated to the polymer in any
suitable manner (e.g., by covalent and/or non-covalent interactions), and such conjugation is at any
sui.tab}c location, including, e.g., at the aipha end of the polymer, the ofmega end of the polymer, the
hydrophilic end of the polymer, the hydrophobic end of the polymer, or to a pendant group attached to
a monomer side chain of the polymer.
[00136]) As used herein, a polynucleotide refers to a member of the genus of organic polymer

* molecules comprised of 2 linear chain of nucleotide monomers covalently bonded in a chain, as such
are well-known to those skilled in the 'art. In brief, a nuclectide comprises a nucieoside that linked to
a single phosphate group (or, by convention, when referring to its incorporation into a polynucleotide,
a short-hand for a nucleoside triphosphate which is the species that actually undergoes polymerization
in the presence of a polymerase). A nucleoside, in turn, comprises a base linked to 2 sugar moiety.
For naturally-occurring polynucleotides, i.e., potymucleotides produced by unmodified living entities,
the sugar moiety is either ribose, which gives rise to ribonucleic acids or RNAs or deoxyribose, which
gives rige to deoxyribonucleic acids or DNA. The naturally-occurring bases are adenine (A), guanine
(3) or its natural substitute inosine (1), cytosing (C) or thymine (T) or its naturaf substitute vracii (U).

A polynucleotide, then, comprises a plurality of nucleosides connected by a phosphodiester linkage
UWOTLZI 208 AP dov -34-



[00111]The diblock copolymer P7, one example of a polymer of the present invention, consists of two
blocks; one is poly(DMAEMA), which is hydrophilic and charged at physiological pH, and the other
block is a random copolymer of monomer units: hydrophobic (BMA) and ionized/hydrophobic or
ionizable/hydf8pi8bidtdhits (PAA, DMAEMA). Definitions and EmbodimeR€ST[6820¢21488¢"understood
that, with regard to this application, use of the singular includes the plural and vice versa unless
expressly stated to be g,t erwise. Tha}t is, "a" and "the" refer to one or more of whatever the word
modifies. For SXARTHYE e BERFRER  dbe AR RRBYtf e R ePaes P By SR &F M8 Fisticleotide or to a
plurality of polyareyrsferntsors eslided: Bycthetyambnkokdroutpshiretsdmdiiiclastidestwould refer to
one polymer onaeRiiusiaetge as well as to a plurality of polymers or nucleotides unless, again, it is
expressly stac g ayiaus Jramuhaconiext inal such s nobiniendsd: [904A3IA yspdnerein, words of
approximation such as, without limitation, a?)outy' substan |any, “essentially and "approximately"
mean that the EfEHIERE B Atk HE0 MRONHBUINA SBT Al ISE! SXREtRPHAE W IcR Tewiteh but may vary
from that writtenideseriptioniofsomee Riehtefie xicanhtaeqaichcih ecdestription spayivary will depend

on how great %aa@ggegpﬁaqamga_a{;yp%m iR Bearweuldacerpl ARd sHlonsiderie element to
have the characteristics and‘(gu?FEE'Nllltles of that element or limitation. In i%i(“ar]eral, but subject to the

preceding disE RS A REAH Vaills RERSIS TRV S B TS B WP 8PEhproximation may vary
from the stateePalasiayyar tausstst Bolsnustsoiide 1596 2prvepcietd 094 dbotingyeduabout 3%, about 2%, or
aboult 1%. A? ?ﬁ@ﬁﬁiﬁﬁdﬂ@%ﬁﬁﬁiﬁ@:@ﬁ%ﬂfrﬁﬁﬁbﬁﬂ@ IMeRHGE, staerseeqRd lhlock of aI dirt])IockI |'
copolymer of this inventign, which contajns,both cationic aniqnic species at hormal physiologica
o dmeon i B B R R o nobic
Experimentallﬁ?%%\ﬂ?%@gﬁﬁt‘ﬁ@%ém%w eliftrcsit 19 HevBUaicaet etk ane ithdidthe cationic or
the anionic spaciedhvaie preticionnatsidoisbndidxtenthasriistiatelt) msdhaddede gurenof ordinary skill in

the art would, a@&&@%@ﬁbﬁﬁ@ﬁﬂkaﬁmﬁ%%gﬁkuwém VAR CEHGRES A NAELH Q%ﬁe%@ﬁ&(?harged species
as still being "substTntlall% neutral.” [00114] A f

s used herein, a "polymer re ers,to a molecule composed
of one or mor&® SHRIZFIRGIBAHSL © dA'?ﬁ’b%qﬁ&%b.“dﬁ?dePﬁg SRR to create a
hothopolymer id#uitseriythetaepdedthy orrcoonardrectstiieat meorowrs et epeataticopolyiiéis. Groups of
monomers maysfrkaagtaddenier i eafly e issewhighare thenseombined deferm the polymer. The
monomers com&ri&&g@gﬂ'm ’stitutional units" of the polymer. [00115]A "charge neutral” or

" inven . . . .. .
non-charged” constitutional unit refers to one in which no atom bears a full positive or negative charge

at physiologicHIWH ¥het e s iRy pHoNS AP S AMSEHTRIA AR 8 GERNAWEEP or "non-charged”.

An non-limitingrefamA& kR IChargd A sulisal sednbbiteitiaR Bl mit woldldriectirat davivedtfrom butyl

methacrylate, z@&ﬂ?ﬁ'%bé&%@m@&g)ﬁgﬁ%m%%%%gm@%nﬁﬁﬁﬁﬁg RGN o 2lkyl” refers to a
e

[ onds) hydrocarbon (carbon and

straight or branched chain fully saturated (no double or tripl _

hydrogen only§P§FS0B’ EXA PSSP 4 ?&P&AIREW&@?‘&%TSE% Gt HIRR T FREmHE, ethyl, propyl,
isopropyl, butykopsest ity erdeady (rapbe teitiey bRy s Hexddopkaugwesd dallacein, "alkyl" includes
"alkylene" groppsantichdeiarn o siaightarbarehachiiRsAla R My dsasrrRARr-aEOUPS having two
rather than one open valences, for ding.to oth roups. Examples of alkylene groups include, but
are not limited"to %’g{{e grl?é%%ésl-?ﬁcmeq ﬁgﬁgﬂ%ﬁ%%ﬁﬁsiﬁgl&%%&B—%Efﬁ%%ﬂ%%f—%‘-’#n-butylene,
-CH2CH2CHXreeppt mBEAYTHTHEHes e oeie Srfiboroms) - TARd Wk R PEIRYPEGHBNAY6f this invention
may optionallydpe egprestituted with one or more fluorine groups. [001171As used herein, "mC to nC,"

wherein m anghg QRviERRIS FafersHta e MTReLRhPRsTRIgGR bem ﬁ&gmgbftaﬁrindicated group.
V4

That is, the group.can contain from "m" to "n", inclusive, carbon atoms. An al roup of this invention
may (:omprigeI Fgﬁ"f 3'1d aé%l?%ib%l%{g CHARTREOVERIE 1P AN GRS Cos PR P! 8 ?ﬂ‘éﬁirl?[icular alkyl group
may be more Hphitadkordss inbearriesulpitiologi Rpnisamanndn WA TIRISPEE/AMMA cuRBlateftky| group of this
invention mayaGeRsistafica\w Snqarnes mpmscttiiich casteikwautbsaidasigraigdas a (3C-8C)alkyl
roup. The numhe inclusive and.incorpor Il straight or branched chain structures having the
igndicgted num%ge% (Ef% E@?@“ﬁﬁ%ﬁ%ﬁ%‘@&%ﬁ%@%ﬁ f?@ﬁﬁ%%ﬁ%ﬁ%woﬁa%ma e'fgméal}ingﬁ?)}f"ﬁéeroup refersg to all
alkyl groups h&HRGHBRE 1R BBIFE t ¥ & venties. i e @ plesk o3t JeHNIC H3CH(CH3)-,
CH3CH2CH2 @ki2:oCi3€ HAGHECHE Yhe (@H3)XCHIE k42 fandi(G By 3@k 1j08E1R8] As use herein, a
cycloalkyl groypgigiens R ap-alkyhepaup inmiichiiesad sahenaonsel hiealkyhghain are

covalently bonded to ane an The.numbers."'m" and "n" refer to the nu r of carbon atoms in
the ring form&& AR lfﬁét?;{%gg?bg (%'8-?8)3%639@%&3% (g’gvregkuan RS geﬁﬁl:%pegsf(gffr’f five, six, seven or
eight memberAgiethlri§nesy eIk Brw seyrdiob et nes 'ePr Ropkritae, e stteiebives cycloheptane and
cyclooctane. Aikeysigalyharopeafs ik invention Raay bpbiakabyehs suasiirmtechivids one or more
fluorine groupsandtgs-one or more alkyl groups. Fy {80119]As used herein, "phenyl" simply refers to

agroup which, as shown, can



optionally be substituted with one or more fluorine groups. [00120] As used herein, a
"hydrophobicity-enhancing moiety" is used interchangeably herein with a "hydrophobic species” and
refers to a substituent covalently bonded to a constitutional unit of a diblock copolymer, with such
constitutionaf&hitg¥e8#ig said hydrophobicity-enhancing moieties resulthegBsgesdisieick copolymer
becoming more membrane disruptive or otherwise more membrane destabilizing than it would be
without the addition of the moiety. Examples of such moieties include, without limitation, alkyl groups,
- cycloalkyl groﬁ‘ﬁ%‘%&“ﬁﬁ@hﬁ@% e&ﬁ?ﬁ?&ﬁ‘ﬁéﬁ?ﬁ@fﬁéﬁb@iﬁﬁ%@ Rithe SrePBIHSore fluorine
atoms. In someugigtoediméntsieadBicnophdbicityRMaanbingtmbsetylhafalchl datiesefaddout one, or
more: A Comp@Nﬂ@l%érts\@l&g‘oli%ﬁlm@%Ur@h@fol'@J&%'Mﬁn@éﬂgﬂmlﬁoy&%@m!&ﬁ@§? (see, e.g., Cates,
LA, CalculatlorII oder Pharmac . 5;den§h Pharm, Educ. 45:11-13(1981)).
Hydrophobic SSRGS e reS| tles 6‘Sreconsf|fuﬂ’3ha FRits Pes bR YR W8I f¥Re one or more
hydrophobic s??@@?é@’um?@m@rwmmﬁﬁﬁéwW@ﬁé@@%’é@!ﬁ&?ﬁpﬂ%%ﬁ@%rkﬁ@re hydrophilic
species. [0012a\MilbnregaidRIoChr: AR iRMEDoIRXeIBIR RO gk Rl SRR shown above,

such a po'ym%awa)gf%@m ARGeLrsd ARbE. tﬁtméertu% LALINS saRplidiong! unts are derived

from the reaction of an ethylene, -C=C- ionality of each of the monomers. 1he particular ethylenic

monomers of TﬁéSM@eéfﬁﬂﬁb‘lé“?ﬁ%@ipﬁé’ﬂi‘fhé’ﬁﬁéé’eﬁ%ﬁbﬁ%"ﬁ)é*i‘ﬁﬁlsgéﬂ‘;ﬂ}‘éﬂ 5 &k they are all
derivatives of aBNAic @it H@e@HIE ()0 kHsdtlirefirghrhafdihe Aaltevatzeingptlimethylaminoethyl
methacrylate, ih¢.sec00d RAIRG %MW@@W%@%M%&%JA@wﬂﬁemmﬁwx{m@@ﬂy'me- [001221 As
used herein, normaltp ﬁjolog ﬁa 1h refe1 3 F thqg) exg naqt fluids of the mammalian
body such as BI6od. setum. the osélsg "?'ue)r e VSISV R RE ERSE netei, "normal
physiological ;BM‘“W@CP@H&?F@Q%@@WWR&%G@P@W@M@@P@@H orgrofaishisesutral pH", generally
refers to an abauhneuirat okl o abaish ﬁxbihyl);nmﬁallu@léngmes@araaﬂdymtnlﬁlamwh&%v@ about 7.4. In

specifcInstanges i IOVEALANVEIDAIGRLALL &%JTJ% ie &AL IR ARouidlenialn ap aqueous

medium, such as blood, serum, or the lik As used herein, R efers 10 a polynucleotlde

comprising A, RS U SENeEBe ‘aﬂd‘@‘i\fﬁ\%@?ﬁ’ﬁdp‘ﬁff}ﬁm%ﬁﬁ@mﬁéﬁ{bA&IA dC, dG and
dT, the "d" indicapang thatribdfistiGEA BN e BN bBEE. 4OR124}As usedhherémslat madural DNA analog” or

a "natural RNA.apaied dRohdpualiealide Mawhich-eRaQLmastiPalual RECHTHAG Micleotides are
substituted for thl car&g;gu I tal nuc Iiotﬂu&les olfsa B?{}'Eﬁla H}{\Iﬁqgr RNA bu E}g still exhibits the
functionality of the orlglnal BRA S FRE i inclides anadial f/cb“éicurrlng nucleotide in a non-natural
environmenkePBEsPECrBiRscReGtilenei St B APt Bebigp s Rretaatid eanliaiNMipholecule or a
deoxyribonucl&ety'ﬁeswﬂnsﬁtt&edciﬂf rAvEHaHiC lemid RO ar RN At el kgl As used herein, a
"synthetic DNA alialag’ e%fézsmﬁmmg m&ﬁam&um{waﬁd%@bmra%%%tb% ggmprised of one or

more modified nucleotides. A "modified nucleotide" refers to a non-naturally occurring nucleotide that

comprises a ﬁ@?{ﬁ%&ﬁ;}’ﬁhé’?@&%&@é““ét@&?%ﬁ?&ﬁ‘ﬁW&&&%&P&ﬁ?mﬁaﬁ@%ﬁ@ﬁwé&r ‘alteration may
involve additioh, @ielletiltph BABUKSHEGHO of individual atoms of a naturally-occurring nucleotide or the

addition, deletignafsubsiietion alamie nggmaamr@u%&ttmpwﬁé%@&c&@s QL the purposes of this
invention a mOdIfh QIQHrCaGOt'g% may. in .‘3? comprise naolqncoolfecukle that re?embles a natural nucleotide
little, if at all, BUF is hevertheless capable o eing mcorporataee |r’?8“§fﬁ% ;L/in'ﬂ [&8tide having the generic
structure descipag W@“@ﬁ@ﬁ&b@ﬁ?@j?’ﬁv é?ﬁ‘fh@ﬂ@%ﬁ?&“dﬁ%ﬂ%&%h@b@‘mt is typically maintained
is that the molesuiddgenérathpinegaifialychargedias asevath hapifahpehinoigheatidiasiso that it can
complex with 3 glibleek coRber QJnt-@é%I&YW&BoJ@Q%%M&Q&QEJ?%W%?é%%:‘ﬁg by theory not

expressly recited in the claims, a membrane destabilizing polymer can directly or indirectly elicit a

change (e.g., ‘é"B%q’fWé'gb[iﬁW%‘ﬁﬁWﬁésf?ﬁ'Q“égimfa‘}”m%eﬁ%ﬁaﬁ%[@tpﬂf‘éﬂﬁ%‘ pereeD ditefdosomal membrane)
SO as to permitchnugigaidt fes.gpedpdhyrmaviisotideicinnagsbdiativmuithitaiomdepéndaritef a polymer, to

pass through sHEEMBHREENE S UGTWER!s ik CHAMNIG SRR ALEHAT iRaXh acrliular vesicle (e.g.,

an endosome), (iHIRLANC. Aesiabilanaolimencan. oe, (ulde fol facessariyl 3 membrane
disruptive polymer. A -membrane disruptive polymer can dnrectfy orin wecﬁri/ &lici c1yS|s of a cellular

vesicle or disrtiBHEH IS HEN B YHE isramh & Y blogk Breddortiforolyegisgidantibicrisction of a population
of cellular memibyrahyes)a@0ldTEE eneratyf eelptatesdastabilizing or membrane disruptive properties
of polymers can be assessed by various means. In one non-limiting approach, a change in a cellular
membrane structure can be observed by assessment in assays that measure (directly or indirectly)
release of an agent (e.g., polynucleotide) from cellular membranes (e.g., endosomal membranes) - for
example, by determining the presence or absence of such agent, or an activity of such agent, in an
environment external to such membrane. Another non-limiting approach involves measuring red blood
cell lysis (hemetysms)e.g., as a surrogate assay for#-cellular membrane of interest. Such assays may
be done at a single pH value or over a range of pH values. UWOTL 33268AYS:-31-



[00128]lt is preferred that a diblock copolymer provided herein is biocompatible. As used herein,
"biocompatible"” refers to a property of a polymer characterized by it, or its in vivo degradation
products, being not, or at least minimally and/or reparably, injurious to living tissue; and/or not, or at
least minimaffy? &t edHiollably, causing an immunological reaction in liviRgHEsHEN## fegard to
salts, it is presently preferred that both the cationic and the anionic species be biocompatible. As used
herein, "physiologically acceptable" is interchangeable with biocompatible. [00129]In certain aspects,
the compositions and/or agents described hereffnare used as in vivo therapeutic agents. By "in vivo' is
meant that they are intended to be administeyed tp subjects in need of such therapy, "Subjects” refers
to any living entity that might benefit from treatj¥{ent using the complexes of this invention. As used
herein "subject” and "patient” may be used Wterc eally. A subject or patient refers in particular to
a mammal such as, without limitation, cat, dog, horse,fcow\slmep, rabbit, etc., and preferably at
present, a human being. [00130] As used hergjn, "thefapeutic agent” refers to a complex hereof that,
when administered in a therapeutically effectivé\@m nt 10 a subject suffering from a disease, has a
therapeutic beneficial effect on the health an'@’\'/’v,‘ell-being of the subject. A therapeutic beneficial effect
on the health and well-being of a subject includ&s, but is not limited to: (1) curing the disease; (2)
slowing the progress of the disease; (3) causingrtﬁre disease to retrogress; or, (4) alleviating one or
more symptoms of the disease. As used herein, a therapeutic agent also includes any complex herein
that when adnigistgvedcteapatientidrown ehiuspectedapidoaing pantiguay susceptible to a disease
in particular a ag@&%ﬁ@e&ﬁaﬁtt&%&?ﬁ&%@@%ﬁf%&'a&%%m%%ﬁ'@;%laﬁi%%émé%bﬁa'th and

well-being of the patient. A prophylactic béneficial effect on the health and well-being of a patient
includes, but iSHEY fIRTSA Ty Briveitiseg oy Berbity oH Qv SrIAY b AL TR 4R st place: (2)
maintaining a diseaséiaraifeirogiassadievelonesisuchdeus!iivabdmeem dehivedby a therapeutically
effective amoyat.afiade amimie; ¢ of 3d:Risyentingh Rl deiay nigs uisnsrINf fasdisease after a course
of treatment V\éittrgngeéhglr%% P%H eaél% gffegtiyee?gmg%?t %1; {'gp L£com zlﬁz)\(:egﬁao% g}&nclude&d. In some instances,
a therapeutic agent Bt erapeutica(fﬁ/ 5ﬁ“ectlvepp5f§/nuc edtide (e.g., an Nfgfi”ﬁolynucleotide), a
therapeuticallPRAEE it ayaipeickoos fhishiage atiduarr s Suppaptadebe S8 méBther therapeutically
effective biomplaasiir stmsproditan) be ginecits;idrmNAdhpalny cleada is mrpgatgnbicleotide which can

mediate inhibifign lgens ApiRian fuangh SHENALTRGIARAM Anigkes,but s not limited to
messenger RNA (MRNA), siRNA, rnicroRN (mlnglg% short hairpin RNA (shRNA), asymmetrical

interfering RNIRYAYEFQKY, TLRT WI55EANs ShTtieh POt raB e thigte B BB I TKEsed herein, "living
polymerization'ereferdanicambilod bindyhthésizing iplyrersdsing thexwBHekmomasrconcept of addition
polymerizatiorsctarkis: RyhRHaAtie el eibrioa baaidArRiRdded RNg Ry eNekesan active site on
the growing p(g;l}/.aner h% n but one Wq%r%lmgﬁeactlve S't%%hgalrat%ﬁ Ergs%régngg?%}(l)gq of another monomer

S-CarboX eTs, ?ﬂme-su TS, lﬂf-—ﬁ:&r
are never fully eliminated other than on putpose. That is, t ain 1s virtually always capable

olymer'c

of further extel#&fdh By riaviag eh WW&@%H}%M?WCPW@VE%‘?R?WWMW@unless the polymer has

been capped, sarbiei-mpdryxpiditieve raitaley/lsarbs p éinkatt, polyiekzaborte: doptinuaodrguenched, which is

usually permaﬂ%&ywm?s,@Hmﬁmﬁlﬂﬁnﬁnﬁ,@tsH}(}é&;&%@ﬁ%@&ﬁﬁ@&;%@x@& polymerizations are
ntly

known, curre the predominant%%/ €s are anjonic, cationic and radical living polymerizations. Of

these, at pres&RITEE-EI PSTYATE IS hTE SPL AP AP IHERH SR E 3 I B EFET TS AHIL invention. Radical
polymerizationirpetilissbanfreadrimicalitlidinmobutmat loxtrd sidsivacof thepidlokigens dfithe double bond of

an ethylenie maneerRsMitGdn a e activarARal 8 £elr an Linhe madnpastheigther end of the
former double bond fr at.wit ich the initiator. reacted. The unpaired electron then reacts with
the double boﬁra?g? rg’nl%{%g@crnﬁbﬁ%rﬁmyég:ag?e%atfﬁeés g{‘ esrffla%lg%ngr%amgésnm LA Ogﬁ}g?ﬁetroftﬁéae radical and-so on.
With conventii Thomsed Fa%HS BeeplidRe€"is Boerdaalgrses ppeeiPel et artfdtion reaction, generally a
combination r@@ttig)A serievlichither L aliedsedatl ORE Ot dwdenprigpaigad ingcehatasasbine to form a
stable sigma Iggglg,gguﬁagﬁp{,?pg{gimp@gméqa\gggjgQ]@“,ngiﬁ@jegn a active chain strips a hydrogen atom

from another iﬁ:tj{\@ghamor rom an impurity in the re?ctbon mixture to produce a stable unreactive
molecule and &3l SR R d AN B R erS BRSBTS 8 i TG HESBility of the growing
chains to entefrdmteekinerihalbn rabeotrverishalntitiotett: bfestiedizdimmitivig-2henpoPrererization solely by
the amount ofseapanmenpiemenk thatis heRely merizatienensBres il HesHPPly of monomer has
been eXhaUStﬁglyétr BIIiRoY e emaning: e Ladica PReCISS:REG @%}é&%ﬁ%@?&%@%ﬁesg active due

to capping of the free radical end group with such entities as, without limitation, nitroxyl radicals,
halogen moleétifdst gl Spaefscctiie RSB ErORTE I thialé B EhepReEriRiesastion with solvent
and the like. Ifyshidemes fmessmroromes ishat ded 16 hessohhon ihedelyoneid sation reaction can
resume exceptaswoted above. Synthesis [00132] P&lymers described herein can be prepared in any
suitable manner. For example, in certain embodiments, wherein polymers of this invention, while being
in no way limited to ethylenic species, with regard to such polymers, it presently particularly preferred
that they be prepared by "living polymerization." (00133] Using living polymerization, polymers of very

low polydispersity or differences in chain length can be obtained. Polydispersity is usually measured
hys dAinvzidina the weinht avverane moleaciilar weiaht of the nolvvmar chaine hy their niimhbear avverane




radical living polymerization. Methods of determining polydispersity such as, without limitation, size
exclusion chromatography, dynamic light scattering, matrix-assisted laser desorption/ionization
chromatography and electrospray mass chromatography are well known in the art and will not be
further describBd™M&Pdi27[00134] Reversible addition-fragmentation chaiP§BHSIEIWHBAFT' is a
presently preferred living polymerization technique for use in synthesizing ethylenic backbone polymer
of this invention. RAFT is well-known to those skilled in the art and will only briefly be described herein.
RAFT comprided Behed Bfearigl geraranineneamirsheib Frgicads e reret Bibtedures employ
thiocarbonylthiadcerrpotnds islighe &s PolitrosiR ik tatidnsiditiioesterspdithip carisagmates,

trithiocarbonatgs.andXantnalesda mediaie,polymetization Ry.a reversible chain transfer mechanism.
Reaction of a polymeric radical with the C=S group of any of the, preceding compounds leads to the

formaion of stgyfsed sliat fmeslines,Ieps siaPllassiadiealineregisies,do not undergo the

termination reactions typical of standard ra ical polymerization but, rather, reintroduce a radical

capable of re-fHREBIP 8F praifystiohohhth mehmsmer cPERSHHifg the C=S bond in the process. This
cycle of additjQn to the C=S bond followed by fragmentation of the ensuing radical continues until all
monomer has been consumed oP#mgteeaction is did@nched. Tae Fosntoncentratiodwdf active radicals at
any particular tim&Ifs normal tfffination reactions. In other éfodiments, géiyimers are
synthesized by-M ‘": ecHardesigna-reversible-additien-fragmentation-chaitransier of
Xanthates (MADD) gpirect Synthe%%of Double Hé{gz{ophilic Stati tiical Di- and T[ilt])#)ck Copolymers
Comprised of Acrylamide and Acrylic Acid Units via the MAD1X Process", Daniel Taton, et al.,
Macromolecular Rapid Communicagmons, 22, No. d@, 1497-1503¢(200I).) PolvmegBiomolecule
Constructs [00135]Provided in certain embodiments herein are polymer:polynucleotide constructs, or
other constructs inclidding, e.g., polyer:peptide €8fstructs, poly#ier:polypeptideS@onstructs, or other
types of polymer:bigmolecule conslt&lcts. In certaj fembodimentgmone or more (Qlynucleotide (e.g.,
siRNA) is associated with any polymer described herein. In various embodiments, polynucleotide,
peptides, polypeptidas, or other biggolecules argygenjugated to ghe polymer in gy suitable manner
(e.g., by covalent and/or non-covalent interactions), and such conjugation is at any suitable location,
including, e.g., at thBbalpha end of #ffe polymer, thé#Mega end ofttbie polymer, tlghydrophilic end of
the polymer, the hydrophobic end of the polymer, or to a pendant group attached to a monomer side
chain of the pelymebl[00136jAs-usBl-herein-apdiShuciectiderdidis to-amembbl-atthe genus of
organic polymer molecules comprised of a linear chain of nucleotide monomers covalently bonded in
a chain, as such are well-known to those skilled in the art. In brief, a nucleotide comprises a
nucleoside that ket fFa S gRe PR EFHEE GO pabreh Eslse b Aokiieh Yéferring to its
incorporation itopesipolyiticlegtides; lughartehaumd &N sudleosidel thpkosiainate which is the species
that actually undergoes polymerization in the presence of a polymerase). A nucleoside, in turn,
comprises a basauakaehio a SUOBmEIETY. FOr N@IbIrally-OCCRERPodaeAy NUCIEOI[Giaad €.,
polynueleotideShagpdaded/by unmddified living entities, the sugammoiety is eithexdgibose, which gives
rise to ribonucleic adidls or RNAs of¢feoxyribose,ahich gives risg2to deoxyribonucleic acids or DNA.
The naturally-occurring bases are adenine (A), guanine (0) or its natural substitute inosine (I), cytosine
(C) or thymine (T) ofits natural subsfitute uracil (ij?A polynucle%?ﬁje, then, cor?\f)'rises a plurality of
nucleosides connected by a phosphediester linkage mara332084pA0c-34- betyyﬁen the 3'-hydroxyl
group of the sugar moiety of one nucleoside and the 5'-hydroxyl of the sugar moiety of a second
nucleoside which ingurn is linked thspugh its 3'-hydroxyl to the 54.40f yet anotheg pucleoside and so on.
100137IA DNA_or an RNA of this invention may be sense or antisense. DNA is double-stranded, one
strand being the sense strand and the other being its complement or antisense strand. The sense

strand is charggiRenecRnthaafact ihalammda mi@ay%;ta@,@gggg REAYRSESAN be translated into a
protein. The antisense strapd garl)no.t nﬁ)g{tfi%jp[asf in the sfamT sequence. The consequence of this is
that protein prOGUEHom By a particira? S PR RE AR5 bE R UBE Py introducing a
complementa®y! &t AftiSe NsEepolyia s bttecst wieriaispropreibietsteldd 6f pfdiend piasugtion. [00138]In
brief, protein produetioeenirgiedworphaseshifRnIcipianRN tpamslatians In transcription, DNA is
used as a temglatg 49, (5 QIR RFSRANASLRNE ALARNALIRE Lanslation phase, the MRNA travels to

a region of the cell where it communicates the genetic message provided by the bolilA to the ribosome,
which is the cEfUFAF ATRRTFEHP (X SO ARy Hesaipr & thePAro s PR fothar ) hre DNA. An
antisense polyeugedesil equpttizhincoragrides & muchsiosoidssequehtes thiatisresmplzmentary to that of
an rnRNA can bind or hybridize to the rnRNA and the hybridized mRNA is subsequently degraded by
one or more bigchemieal mechanisms thereby preveiiting the mRNA's instructions from reaching the
ribosome. It is presently preferred that a polynucleotide of this invention be an RNA,

IR




[00139]The RNA of this invention may be sense or antisense mRNA, micro or miRNA or short
interfering RNA, siRNA. mRNA is discussed above. miRNAs are single-stranded RNA molecules
about 21 -23 nucleotides in length. Their function is to regulate gene expression. miRNAs are encoded
by genes thatAr8%/aH¥¢fibed from DNA but are not translated into proteih“REH&PM&R# are processed
from primary transcripts known a pri-miRNA to short stem-loop structures called pre-miRNA and finally
to functional mlR Funcl'gonal MiRNASs are. artltegelyéuc m& ebngar% to, ope or more mMRNAS. As such,
they perform i Iaf<’e e an |§ens ] ﬁ%ed%ﬁreegﬁfj’ego QiSCuUSsEd abbve an rmm et ‘hkﬁﬁqﬁl%’é instructions from
reaching the riB&seadn wmewhﬁefgsaréhcmﬁsm @f%v\ﬁﬁnfémﬁathq@agehecwmé@mmgmomm While
miRNAs are traasefiaskiionmythegenpimedtesify SN Ao sSalbinterfaringsarshatdnterfering RNAs,

are not, SIRN/A e i diacye sk dPnlBRRAIANS AREALID e MASLBHIRT.ReRUCleotides In the

molecular biologists' arsenal and is curre rgy considered a prime candidate for a next generation of

drugs, since tR&}AFepretied iy Gimet s s RETEd HEExpression of virtually any gene. For the purposes
of this inventidffiidtiix stRiNAntudrently kndwatiors aspmale hecodnerkrrohaginmthécfutaretcan be used to

form complexegg;gf disirv@ntian Wibiis 9;19!@% mn%%ss%%&mm%ﬁh&gﬁ}mg £an be transported

into the interior @ I|V|n cells fo |thout I| tion, therapeutic, prophylacti nostlc purposes.
il it was TRGAT HEC B B A SRR T s PR G HERa e (o1-25bp) wit
very specific Zopagnesverhangs to be active as siRNAs, but it is now clear that longer or shorter

blunt-ended, geoweibas RiepRMNAS Ape jratasriacivealgeoemsiienaing ininaanedalian cells. The
shorter SRNASGRLLPRRRACE I Salk 10L0ANS BNARAUARAMERIIMANIE R, Sllencing complex

(RISC), while lo e-stranded RNAs can be cleaved by the cytoplasmic multidomain

endonuclease’! &F‘imﬁ"%ﬁﬁi?@? YRR FPIEE L &plﬂ%\‘ﬁ"% Fia R p&‘é?ﬁﬁl@“%ﬂ%ﬁded RNA enters
the cytoplasmagfvayoet e iest feitigpcdipud|é sifarideddRM iy proces deddat 820 o128 didteleotide SIRNAS

byoflsm ENasel khéokmﬁc@t&zmem«?ék%lé %%ﬁh@m@% g?ﬁﬁsaﬁ%mtﬁd%oiym with nlSC. Af
endoriponucliease-containin, n as | C Comp X er
al’%é%fmfhg’ ﬂl[é’ns %i H%Og%;% EmaStibieE Q %Ge?ang %ﬁf BT 2

integration int§*tHe stran strand RS {2 UhVound and/or cleaved
leaving the S|F?Nmﬁhfrée‘mé@ﬁ@?ﬂﬁ%h‘ié‘ha@@f@é@@ﬁ@“RﬁS@ftd“ah@bﬁﬁé‘léﬁ@mW IRNA molecule. The
SiRNA then bigeissiexsbe-semplepagntary naRNA.aacescedioundotinddiSaralgiaves the target mRNA,

effectively silepging éﬁﬁ.}% %i?f%&‘?&x'aﬁ?cgemhamm% eﬁﬁ%ﬁ@oﬁ%&%@% pleglynucleotides that

may form complexe ock copolymers of this’invention and thereb{transported into living cells

are the so-call&f™ foEREEf r‘?’dEI@’lﬁp&lfi’ﬁ“‘"&?ﬁ%%ﬁ%ﬁﬁﬁ&@@ﬁ&’ég O HERBFNICIERYEEd polynucleotides
may be preparbaritta grearbemofmrecidn is mbegpetd ohiCv S thenfolirmatiencbfiaaPdioxygen to

41-carbon methyleqg, Nakags i tHe SHAAN MBiekHOl& &L&i%@smsmwﬁt\é%z wsaref any locked nucleic

acid polynucleqgtide {I)%SWJ: hin ht% scope. g‘gns n¥§rrs1ys ! ﬁr&e gllnarac}aelr(l)stlp of LNAs is their enhanced
thermal stablllf’y wien & o Wit Som clgorﬁ ntary IB s of RITAS compared to unmodified

DNA:DNA or DNNﬂW%*Wb#éS&%%%@H‘ﬁ?@?ﬁ%@H@ea"hr*ﬁfé?el"ta geiePrEto BRTRIATTINESR properties
make LNA polyisientidas: poiantathpilisefgbimashiastot mbletulanheapphicatignogheticexample, a
comparison Ofﬁﬂtkl\ﬁﬂ%}r%&%ﬁ%h&ﬁ c"g}m{élﬁéﬂﬁnd@%m&%ﬁéﬂ%ﬁr&}ﬂ% i2iginyl RNA-DNA

constructs against expression of vanilloid reCeptor subtype I (VR1) in Cos-7 cells revealed that, while
SIRNA were tHE 558y Bs st gticd e Gents against VR | expression, the LNA-DNA-LNA construct
was 175- and 550-fold more potent in suppressing VR | than isosequential phosphorothioate and

210-methyl oIig@mygggﬁgeﬁhgrmpuﬁﬁ,b%n@g@iab&%n NAR 31:2185-3193. (00141]An aspect of this
invention is a ﬁg%@ﬂg eogllrggm ra Iusr%ht LR I}Wucleo e mn te})rn(%t r"f}ttg‘:h%d to. Qr.a associated with
(e.g., in a covalent andfor nons cova entpmvanne fu&n)é I0NIC Interact %y%r nybondlng
interactions, aﬁéﬂﬁ?r\?ﬁ%r@e’rW%@%?éﬁ%ﬁﬁb%fﬁﬂ?%’@]%\*ﬁ&o%ééﬁlﬁ@&lFfé’P@Wimﬁﬁ certain
embodiments dtaebtisap ciatiapbepaean (he ipalurviesand daelyiyelaatitled ssachiesied by covalent bonds,
non-covalent InterAGHRRE AL qm@mlmmm@rse@,f“w m%f;hﬁkﬁ,&@m%@%&r&%ﬁmalem

associations of the polymer e% of the first block thereof) with polynucleotlde are used.

Non-covalent m‘?@f%%efréﬂg“rﬁ%ﬁ ”W@ﬁtﬁlﬁf’fé%%m?@??l&ﬁ?é?ﬁ@ﬁ@% WYP5o¥A BBnding and van der
Waals forces bigpdorlkHiespuy pobeisroftheheiadaisirentiorn the morbewvddentinpebaetion comprises ionic
interactions. Tﬁw;m&lmw@a&m@nm hetsaen themtiamﬁ@n;stauﬂmaé ﬁ%@& a polymer (e.g., of
the first block th reo@l 3“19 the tIlgae% %er oipllg‘rg 1';%{;‘1 atura Aguq) elyd Esg(ewnpy virtue of the
phosphodleste)r nkages: on covalentassociation may be achieve y several additional
methods. The‘b?ﬂ%[’i&‘leﬁi %@‘&'ﬁ?ﬂ%r“’fﬁ’é‘ﬁ%ﬁlymer may be modified with chemical moieties that lead
them to hive an affinity for one another, such as a linkage, arylboronic acid-salicylhydroxamic acid,
leucine zipperwrotherpeptide motifs, ionic interactiofis between positive and negative charges on the
polymer and polynucleotide, or other types of non-covalent chemical affinity linkages. Additionally, a
double-stranded polynucleotide can be complexed to a polymer of the present invention by forming a
polymer with a minor groove binding or an intercalating agent covalently attached to the polymer.

1091431 In some embodiments, the polynucleotide may be chemically conjugated to the polymer by
anv oetandard chemical conitiaatinn techniarie The covvalent bond hetween the nolvvmer and the




# Diameter (nm) PDI Zeta Potential (mV) Standard Error Pl 166 0.14 1.1 1.32 P2 189 0.09 0.13 0.69
P3

WO 2009/140427 PCT/AGS2009/043847

[00156] Endocytosis is the process by which a substance (for example, a polymer, or nucleic acid of
the present inventipn) gains entrance into a cell without having to traverse the plasma membrane. The
substance is enveloped by a portion of the cell membrane which then is pinched off forming an
intracellular vesicle. Once the substance has been endocytosed and the endosome has acidified, the
chemical composition of the polymer is altered because the pKa of the polymer is selected such that,
at the pH within 2 mature endosome, approximately 5 - 6.5, the equilibrium between the un-ionized
and the ionized forms of the acidic units, i.2., the anionic constitutional units of a polymer of this
invention, is shifted 1o the un-ionized form. In contrast 1o the ionized form of the polymer, which is
relatively hydrophilic, the un-ionized form is substantiaily hydrophobic and capable of interaction,
i.e., disruption of, the endosomal membrane which results in the release of the substance into the
cytesol.

{00151]Cellular internalization of sStRNA complexes at 4:1 charge ratios was investigated using flow
cytometry for polymers P4-P7 based on their relevant pH-responsive endosomolytic characteristics.
Following 4 hours of exposure to 25 nM of pelymer-complexed siRNA, cellular uptake was found to
positively correlate with BMA content of the second block, with polymer P7 showing the highest
fevel 6f uptake (23% sIRNA positive cells) during this timeframe. Positively charged complexes have
been previously demonstrated to affect internalization of cationic polymer/nucleic acid complexes,
with positively charged complexes achieving higher internalization rates and transgene expression.
These results are likely not a function of surface charge or size, as all the particies exhibit the same,
shightly positive net charge and sizes (85-236 nm) well within the limits for non-specific endocytosis
(Table 2). Rather, the effect on uptake may be a function of the endosomolytic effectiveness of the
BMA-containing block. Based on hemolysis reselts, as BMA conten! increases, endosomal escape
oCcurs 1o a greater extent, thus recycling from the cell decreases and net accumulation of siRNA
within the cell increases, similar to other propylacrylic acid-containing bicconjugates. Based on
electrostatic repuision between siIRINA and cell membranes, all polymer formulations showed much
greater uptake (up to 25x} by cells than siRNA not complexed with a carrier (naked siRNA).
Internalization of complexed siRNA by up to 23% of celis only after 4 hours is extremely promising
for therapeutic efficacy, as the cumulative uptake is likely to be much higher after the full 48 hour
reatment. In addition, siRNA activity is considered to be catalytic; it can be recycled within the
eytoplasm to destroy multiple mRNA transcripts, therefore having a long-term, mulii-generational
effect.

[60152] The nonspecific cytotoxicity of the polymer carriers was investigated by incubating HeLa
cells in the presence of the complexes at charge ratios of 4:] for 24 hours, High relative survival was
observed (>90% after 24 hours) for a'll polymers tested. Synthetic polymers, in particular cationic
polymers, can be associated with appreciable cytotoxicity. For instance, PEI has been shown to
trigger apoptosis and/or necrosis in a variety of cell lines. This toxicity can be reduced by chemically

modifying the polycation segment with hydrophilic segments; however, there is usually a tradeoff
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197 0.06 0.47 0.59 P4 144 0.11 0.41 1.2 P5 193 0.32 0.52 0.77 P6 236 0.06 0.67 0.95
WO 2009/140427 PCT/US2009/043847

between efficacy and toxicity. In this approach, the use of a charge-neutralized second block of the
polymer delivery vehicle presumably maintained high survivability of in vifro cultured Hela cells.
[00153] The ability of the carriers to effectively deliver siRNA was investizated with knockdown
experiments against GAPDH with complexes formed from all polymers at theoretical charge ratios of
4:1. GAPDH protein levels were evaluated 48 hours after treatment with the complexes. Polymer
carriers [-3 were ineffectual at eliciting reduction of protein levels, likely due to their inability to
mediate endosomal escape. However, GAPDH protein reduction became evident with the use of
polymer 4 as a siRNA carrier. The knockdown of protein further increased as the BMA content of the
carriers increased to 48% of the endosomolytic block {polymer P7). Polymer P7 showed the greatest
ability to mediate siRNA knockdown of protein where GAPDH was reduced (o 32% of control.
Furthermore, control siRNA showed negligible reduction in GAPDH protein levels.
f00154] To further characterize carrier efficacy, polymers were analyzed for their ability to
knockdown GAPDH mRNA levels. Similar to the protein measurements, pelymers 1-3 elicited very
little reduction of mRNA signal, as evaluated by RT-PCR. Again, polymers P4-P7 showed increased
knockdown of GAPDH as the BMA content of the endosomolytic biock increased, Specifically,
GAPDH knockdown was reduced to 39%, 30%, 31%, and 21% of conirot at a charge ratio of 4: 1, for
polymers P4, P35, P6, and P7, respectively. Overall, the results are consistent with findings from other
groups exploring delivery strategies for DNA which have found that the addition of hydrophobic
domains, specifically N-oleyl moteties, phenylalanine resides, and butyl methacrylate, as utilized
here, enhance transfection.
{00155] Further investigation into ability of P7, which includes the polymer of Table 2 and similar
‘structures (including various versions of P7, such as F7v6, which is used interchangeably herein with
- PRx(0729v6), to mediate gene knockdown was performed with respect to charge ratio and siRNA
dose. Alteration of theoretical charge ratios was found to greatly affect gene knockdown. GAFDH
was reduced to 51%, 42%, 21%, and 14% of control levels with charge ratios of 1.1, 2:1, 4.1, and 8:1,
respectively, Particularly at charge ratios of 411 and &1, gene knockdown was similar to the
commercially available carrier HiPerFect, where GAPDH levels were reduced by over 80%.
Importantly, the effecﬁs on GAPDH levels are specific to the sIRNA that is deliverad, as when a
control $IRNA is utiized at a charge ratio of 8:1, there is no significant effect on GAPDH levels.
Altering the charge ratio may have resulted in differing levels of condensation of the siRNA within
the nanoparticles. DLS experiments indicated that increasing copolymer content in the complexes
resuited in more condensed particles (Table 3), and these functional studies suggest that more
compact particies can be internalized more efficiently or with increased siRNA bioavailability, These
findings are consistent with previous reports indicating that more compact DNA/polyethyleneimine
and DNA/polylysine complexes internalize at higher rates and achieve higher transfection
efficiencies. A dose-response study using P7 at a charge ratic of 4:1 was conducted. Although there
was littte response in GAPDH gene expression at | nM or 5 nM siRNA, expression was reduced to
77%, 21%, and 12% of control when 10 nM, 25 aM, or 50 nM of siRNA was delivered using polymer
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P7 85 0.20 0.18 1.0 TABLE 3: Size and c-potential measurements of particles formulated with
polymer 7, the composition with the greatest butyl content, and siRNA as a function of charge ration.

Theoretical Charge Ratio (+/-) Diameter (nm) PIN Zeta Potential (mV) Standard Error 1:1 643 0.09
WO 2009/140427 PCT/US2009/043847

7. This level of knockdown approaches that seen using 50 nM HiPerFect, a commercialiy available
positive control. However, all polymers, including polymer 7, demonstrated enhanced
biocompatibility, as measured by nonspecific cytotoxicity compared to HiPerFect. Although
significant Jevels of gene knockdown with higher doses of siRNA {25-50 nM) were achieved, for
transiation to {n vivo applications, it may be more desirable to achieve significant reduction using
lower doses of 5iRNA to avoid off-targel effects. In some embodiments, this is accomplished by more
efficient uptake of the polymer/siRNA particies, perhaps best accomplished by rargeting ligands,
Uses
[80156}1n certain embodiments, the polynuclectides of this invention that are agministered 1o a
subject and ultimately delivered into the subject's cells are preferably DNA, RNA or natural or
synthetic analogs theréof. With regard to DNA/RNA and analogs thereof that are able to inhibit
expression of target genes, these include such species as, without limitation, antisense
polynucleotides, miRNA and siRNA,
[(01573 Diseases that are optionally treated using polymers and/or polymer: polynucleotide complexes
of this invention include, without limitation, pathogenic discrders, cancers, inflammatory diseases,
enzymie deficiencies, inborn ervors of metabolism, infections, auto-immune diseases;, cardiovascular
diseases, nesrological, neurodegenerative, diseases, neuromuscular diseases, blood disorders and
clotting disorders.
[O0158] The follewing examples are for illustration purposes and are not to be construed as limiting
the invention. All publications recited herein are hereby incorporated by reference for the information
to which the publications are cited. |
' Examples

. {OGISQjThmu ghout the description of the present invention, various known acronyms and
abbreviations are used to describe monomers or monomeric residues derived from polymerization of
such monomers, Without timitation, unless otherwise nated: "BMA”" {or the letter “B” as equivalent
shorthand notation) represents butyl methacrylate or monomeric residue derived therefrom,;
"DMAEMA" (or the letter "D" as equivalent shorthand notation) represents N,N-dimethylaminoethyl
methacrylate or monomeric residue derived therefrom; "Gal" refers to galactose or 2 galactose
residue, optionally including hydroxyl-protecting moieties {(e.g., acetyl) cr to a pegylated den‘vati.ve
thereof (as described below); HPMA represents 2-hydroxypropyl methacrylate or monomeric residue
derived therefrom, "MAA” represents methylacrvlic acid or monomeric residue derived therefrom;
"MAA(NHS)" represents N-hydroxyl-succinimide ester of methacrylic acid or monomeric residue
derived therefrom; "PAA" (or the letter "P" as equivalent shorthand notation) represents 2-
propylacrylic acid or monomeric residue derived therefrom, "PEGMA" refers to the pegylated
methacrylic monomer, CHy{CH;0),s0C(OYC(CH;)CH; or monomeric residue derived therefrom. In
each case, any such designation indicates the monemer (including all salts, or ionic analogs thereof),
or a monomeric residee derived from polymerization of the monomer (including all salts or ionic

analogs thereof), and the specific indicated form is evident by context to a person of skill in the art.
UWOTLAII26BAR din: 5



0.27 1.1 2:15300.16 0.99 0.91 4:1850.20.18 1.01 8:1 54 0.27 0.41 0.81 [00146]In certain instances,
surface charge of siRNA/polymer complexes, based on -potential

WO 2009/140427 PCTAIS2009/043847

Exampie 1: Preparation of di-block polymers and copolymers
[00166] Di-block potymers and copolymers of the foliaw'ing general formula are prepared:
[ALA-A2], -IB1/-B2,-/-B3.J 5,
Where [A1-A2] is the first block copo]yiner, composed of residues of monomers Al and A2
[B1-B2-B3] is the second block copolymer, composed of residues of monomers BI,
B2, B3
8 y.l zis the polymer composition in mole % monomer residue
n is molecular weight
[(9161]Exemplary di-block copolymers: [DMAEMA)-[B-/-P-/-D]
[PEGMA,-{B-/-P-/-D]
[PEGMA,-DMAEMA]-[B-/-P+/-D]
[PEGMA-MAA{NHS}}-|B-/-P-/-D]
[DMAEMA-/-MAA(NHS)}-[B-/-P-/-D]
[HPM A--PDSMI-[B-/-P-/-D]
Where:
B is butyl methacrylate
P is propyl acrylic acid -
D is DMAEMA is dimethylaminoethyl methacrylate
PEGMA is polyethyleneglycol methacrylate where, for example, w = 4-5 or 7-8
ethylene oxide units)
MAA(NHS) is methylacrylic acid-N-hydroxy succinamide
HPMA 1s N-(2-hydroxypropyl) methacrylamide |
PDSM is pyridy! disulfide methacrylate
[60162] These polymers represent structures where the composition of the first block of the polymer
or copolymer is varied or chemically treated in order (0 create polymers where the first block is
neutral (¢.g., PEGMA), cationic (DMAEMA), anionic (PEGMA-NHS, where the NHS is hydrolyzed
1o the acid), ampholytic (DMAEMA-NHS, where the NHS is hydrolyzed to the acid), or zwiterrionic
(for example, poly{2-methacryloyloxy-2'trimethylammoniumethyl phosphate]). In addition, the
[PEGMA-PDSM]-[B-P-D] polymer contains a pyridyl disulfide functionality in the first block that
can be reacted with a thiplated siRNA to form a polymer-siRNA conjugate.
Example 1.1: General synthetic procedureé for preparation of block copolymers by RAFT.
A. RAFT chain transfer agent. '
[00163] The synthesis of the chain transfer agent (CTA}, 4-Cyano-4-{ethylsulfanylthiocarbonyl)
sulfanylpentanoic acid (ECT), utilized for the following RAFT polymerizations, was adapted from a
procedire by Moad et al., Polymer, 2005, 46(19): 8458-68. Briefly, ethane thiot (4.72 g, 76 mmol)
was added over 10 minutes to a stirred suspension of sodium hydride (60% in oil) (3.15 g, 79 mmol)

in diethy! ether (150 mi) at 0 °C. The solution was then aliowed 1o stir for 10 minuies prior to the
UWOTIATIZ08AP.doe -43- .



measurements, is found to be similar and slightly positive for all polymers (-0.5 mV with a range of
0.13-1.1 mV). Moreover, in some instances, complexes formed at +/- of 1:1, 2:1, 4:1, and 8:1 using
polymer 7 showed no difference in surface charges, again with slightly positive values (0.18-0.99 mV)
with no trend¥fAdI1E942T to charge ratio. In some instances, at 1:1 chard& TaHS¥OpaHdes are
expected to have very little surface charge, as the FAA and DMAEMA charges in the second block
counterbalance ach other. 4) no s |n tan es, as tth charge ratio increase to 2:1,4:1, and 8:1,
one would expect"fn LEHOPE eéft m%)sﬁﬁ‘&&? H‘Bﬁg*‘é%%ﬂtttﬁfé%’&fﬁ& &uch was not
observed. In s@)@ﬁ%mn%t’aaﬁeé@}?wm fﬁmawgemmmmwﬂwmymmmwmmae\s%tmge morphology,

becoming morg, sigmsqa@ketchewmmmg»ma@a rﬁ&iﬂedWﬁu@@@&l@L@dﬁhﬁﬁtﬁbﬁl%face charge is
unaffected du% Eodl“]% fcfi%cyrvs%g?hlel ﬂtetcr:]}?% 't\él'(oél‘r:T}I’\{I Af‘B\ &E%\%ghal %%ﬁﬁ ¢ was eX dg’%}é@er chains and

SsiRNA become pacek in the core 0 gxﬁ;lc es, W certain embodiments, the alterations
in particle site Bt 1RO ark KisR ohsHEl H?'HB@R&H RonyE AN 8B E’Sﬂt’ﬂ?ex uptake by a
cell. In some ingtanbag -tyanpparie esdpearing atpbsitive sufaeatctiargs facHitadeatipiake by

electrostatic |r}teq@gﬂmm@&gg@t&g@%&t@&%,&g{Itme%na@dﬁgo_[pOMS]Both polymer and

SsiRNA/polyme s were evaluated for theijr abjlity to induce red blood cell hemolysis at pH

r
values relevant 15 BNUR A RAN B ATRIEG) R Aeh A0 S RHEA AP RERRBIE i not oecur for
polymers 1-3, owsive clresl o antiqaiy dayerd Enbhahriahptits hotvity weguenident with polymer 4, and
enhanced responsivgmesaxwasiawinas-BNA-centant aidherendesameliticdpplaimeseased. Polymer?
exhibited the gr eatgLPH dependent hemolysis with essentially no activity at pH = 7.4, about 25%
hemolysis at p and 85% hemolysis H = 5.8. Polymers 5-7 were subsequently evaluated for
hemolytic acUWWTﬂ%WﬁWWEBﬁH&fW!H?W Cﬁﬁ?ﬁf@%@%"f%@ﬂ%fﬁt“ﬁ%ﬁ@%eﬁ 7 at all charge
ratios tested wagnesfouai:ttR basesing BEICat A2rdlmbant pithepanitetyfashionrivovedyer, the hemolysis

exhibited by CW&%&%&M@%&@EW%WR@%@W&%&%M% EE?E RRAIVELGHNE, Wasreater at a charge
ratio of 4:1 verlﬁus 1 1 Polymer 7 showed the %%‘flﬁn tlc ac% |ty at a charge ratio of 4: 1, with

essentially no REMBIVSESY Bl P4 %’BWSH’&% LY DOB IR RBHR sis at pH 5.8.
These data su@@@ﬂﬂtﬂaméﬁp%ré’ép@nﬁwepﬁemmhm thesée jsolyekstigdimked to the
incorporation gfcthadnyelrapiucsdiciyienh AP eI  aty -Buiykimpihacndalassdiis iading corroborates
previous reports tabili mers that have utilized incorporation
of hydrophobic r%%?’é% uenﬁ ng s%a%iq}%mlnlggeg?agﬁo%nggt%gp@szv%u%nhance the pH dependent
hydrophobic transitién o qazaten ol Sl REABMEAAMEMion and/or Membrane
Destabilizationnf@Ia8]In certaln embodlments a polymer or polymer polynucleotlde construct (i.e.,

comprising anmn@kmeaééeaqtmgmte aaﬁeg)a@tnﬂamthw 2 Bpke.Rehdugleotide) is a cellular
membrane dest t&% dlsr 'Vt%s gmet stabj |z or. disruptive of a cellular
a|n em S,

md YQ ormarlm 110 er a
membrane). IFC ok

imen e ce &r fem rane |s VWA BPRSH miting example, an
extracellular nMeRRFEMRE, sahe%ﬁe@ttﬂdvm%ﬁvaﬁ@#&%b@é[famdtgaweﬁé?%h%wsome a liposome,
or a red bloodreglirisoromembrditacnist when sdninisierectia aiteltrdhe Memhrane disruptive

polymer or polymeinolyuelsaiide, i deHuSIdnIIne Sslhinestain AmRodnENlR, SIRNA is a

preferred polynuceotide to be associated with a polymer o thls invention and subse quently

endocytosed With i bE‘S@}H%’é]refﬂ‘tﬂpfﬁ@“ﬁttgﬁﬁefif”lwmQoeyé‘tfés 6T B Eisayed ibons ﬁﬁ‘e process by
which a substasteefatiyexairiple atqpsiyanar bmadsiécatet: of threop@spmitdavantion) gains entrance

into a cell Wlthatrﬂntaa\gma}mtf@warsseane &elaﬁmanmam}r@@gﬂsTan@pawh@anQ& iprnekpped by a portion
of the cell memft{)r nﬂel inc n intracellular eS|cIe Once the substance

e W]Epl:l\ acTo %} gfdtg';} ers esm%) 1h 1 tQ
has been endScytosed and the en osome has aualfle Emicar compoSIEBhdf the polymer is
altered becau§é‘tﬁ@}wkﬁ%ﬁm‘@fﬁéﬂ%ﬁéﬁr(?@%E%@t@@‘%ﬁ@h %ﬁ&ﬂ%ﬁ‘tﬁé‘?@ﬂ%ﬂn@oﬁn@ture endosome,
approximatelyBos6ibcet o gpanibifprivenphapiweerdhadia- ionizeganchthe. omzed 4@rms of the acidic units,
i.e., the anionig cnsiittipnal itk HRRINMEE %ﬁb@f@&’m@oﬁ rﬁngft%d 19,118, s ionized form. In

contrast to the ionized form of the_polymer, which is refatively hydrophilic, the un-ionized form is
substantially h%‘il@sp'ﬂ%‘ﬂ?e"ﬁﬁﬁat?agﬁﬂl‘éléfsﬁ‘ﬂ‘@?‘a‘@flHﬁ "]°5’°”Hfs“f8 if)‘?’i‘%i‘”?ﬁ@‘lé?i‘a&%’ﬁﬁ%fmembrane
which results ihetRéFedwakssizsf thlyreanh STBHE Pt wee inytdgude {00 BIRGE lules aptirmatization of SIRNA
complexes at %&:ﬁh@@@ﬁbﬂ@&ﬂﬁ@@d&%@ﬂ@%@ﬂ HBIGi HO WG REDRIRE AL NRNMEIS d-P7 based on
their relevant pH- 1-resn: onsive. ee'}qﬁ h%raetenstlcs Following 4 hours of exposure to 25 nM of
polymer- comp‘ie xed sik NA, cellular upta e was found to positively correlate with BMA content of the
second block, with polymer P7 showing the highest level of uptake (23% siRNA positive cells) during
this timeframe. Positively charged complexes have been previously demonstrated to affect
internalizationwfeattonic polymer/nucleic acid compi&xes, with positively charged complexes
achieving higher internalization rates and transgene expression. These results are likely not a function
of surface charge or size, as all the particles exhibit the same, slightly positive net charge and sizes
(85-236 nm) well within the limits for non-specific endocytosis (Table 2). Rather, the effect on uptake

may be a function of the endosomolytic effectiveness of the BMA-containing block. Based on
hemnhv/cic raciilte ac RMA content incraacece andnenmal ececane nectire t0 2 Areatear eavitent thiie



between efficacy and toxicity. In this approach, the use of a charge-neutralized second block of the
polymer delivery vehicle presumably maintained high survivability of in vitro cultured HelLa cells. -
1001531 The ability of the carriers to effectively deliver sSiRNA was investigated with knockdown
experiments*4g a4 8ABDH with complexes formed from all polymers affhEBRHEA4SRE ge ratios of
4:1. GAPDH protein levels were evaluated 48 hours after treatment with the complexes. Polymer
carriers 1-3 w e meffec ual at eIrcrtrng reductron of rotern Ievels I|keI due to their mabrlrty to mediate
endosomal est3EIHduraspe 2 : — : ' Bve-f

a siRNA carrlM fieor p

increased to %&mﬁﬂaeee&d@@emw@ @Bﬂ@&(ﬂ%@MR@AEQMBMARZ@M&Q the greatest ability to
mediate SiRNA

own of rotein wher, Was r fo 32% of ontr urthermore,
control siRNA% sﬁewed ne fh e rctiéS ﬂ‘éﬁ%‘ﬁgf fﬂ@ﬁﬁ””?&éﬁ 58&%3'1 @I{ er characterize
carrier efficacy? SR W@P&”ﬁﬁ%‘»‘?éﬂw tHéik amilfeyAd’ ﬁhd’t‘ﬁiﬁ%ﬁ% @Aﬂ‘lb‘l"-FHWRNA levels. Similar to
the protein mdasurembnisdinalyia®s teloaticiodveryptitienretdugtide BF mRNAIBIgHal, as evaluated by
RT-PCR. Agaig, pobimers E’ﬂzﬁ%@h&%\&jeﬁmgrﬁmg%%&%aw\é& QLEARRTb AR s AMA content of the

endosomolytic block increased ﬁr))ecr icall knockdown was reduced to 39%, 30%, 31%, and

21% of control" St 4 ShargEPEE'S Ef“f“efopBBTWé%drB%YW BB WA B0 YRS BEE Overall, the
results are comgissruprtivithctiiteid dpsofpemano thie nyrdrisp sverighiringade G nerstyaitengies for DNA which have
found that them&ui@gwfymem@t@lmmmeneeaﬁﬁia@dﬂruﬁlwmrﬁﬁethmmanine resides,
and butyl methﬁjcr gtebla&,éﬁg (rjn arg:e tcrgr(}{sfmeeetslgnrll 91(313 Furt@r |n¥estlgat|on into ability
of P7, which inc olymeér o ar structures (inctu Icli‘fng various versions of P7,
such as P7v6 C\Rﬁ;%‘hY§%§)§eE’P?ﬁf@?&ﬁﬁﬁ@e‘%ﬂ?%@ﬂ%ﬂﬁ“ﬁﬁxﬁ%@ - m AR RjRiRe knockdown
was performed.@witliie8peatedch argattdithan N diRizNkArdoss. AlBCAtien widheor&ticak charge ratios was
found to 9reatbe;ﬂremwmrr;r@rrpw%mk'orrﬁézr@o%mﬂgéﬂéﬂs(m%%[%Js{ameﬁd 14% of control

levels with charge ratios of 1.:l espectively. Particularly at charge ratios of 4:1 and
8:1, gene kno&k %BW AreB Lt yfge'iﬁ’ge&eo“rnrﬁércl‘[ BRPL Ntk MBI B ect, where GAPDH
levels were rethateleripnonad IREOXMAIMPEridntlymeheheffects 8n GAPDH levels are specific to the siRNA
that is deliverattampaen 600110 bs@%}gtr&ilgem;amhﬂm@tm%@sl there is no significant

effect on GAP (H yet Iterln the char ratio ma%ﬂhaver t(;h N deféa \{ele f condensation
of the siRNA v@th?rlﬁ ih rrr]f"zisopa?%lc\:messw ge%n fiments indicate qr1aetS(|:rrcreasrng c%spoﬁ/mer content in

the complexeTestitde o ridie ESHEEN A SNt dde [robirskaysaacedive sdrg e drdtudies suggest
that more compasbpibeiiciesivbmobdintasnakized movh el dsatbydon Figtivadcreased siRNA bioavailability.

These finding%erﬁpmrwiﬁ%%r}stwr}tEhpzerraaarﬁmrt@m@r@mmméraal&ﬁ%%mpact
DNA/polyethyleneimine an A \%p%ﬁrsmg complexes internalize at hﬁlr?er rates and achieve higher
re t

transfection eﬁﬁc‘!}éﬁé’f’é%’“%%%é‘ B USRI SRS AHAPG4 7418 BFF4RHE conducted.
Although therdigasittreaponadehy @mﬂm&t@eﬁec‘eﬂwé@@mﬁtm of rbmsaﬁelrﬂmeA, expression
was.reduced tRiglhf&s A2 $Bond T stAHarnt 60 BiRdEMRRN AL Mzdm er\rbemm v oRBIRNA was delivered

using polymerNQMIAZ0LL r\;ﬁ}gyﬁé s S ISYE! O KNOBAOWD APRIRaghss hat seen using 50

riM HiPerFect, a commercr positive control. However aI mers m%:ludlng polymer 7,

demonstrated P@Hﬁ’ﬁﬁé@b"%‘ﬂ?& ‘ﬂ)‘éﬁﬁ‘fﬁ?ﬁ}" %fg‘i’rf@%{@ﬂ}aé“cf”ﬁi}c%?@iﬁef&?fé gcft?ﬂ? &dmpared to
HiPerFect. Althoudhrsigrificampiewetsndi7jon ecknocie vrlyvith(highdodoses of SiRNA (25-50 nM) were

achiev_ed, for WW BRIDMMARRRISHIRARN Ef@ﬁXé%@AWﬁ(ﬂﬁﬁ@%y?Qe@Chieve significant
reduction usrn%d%?j r doses fisNAt avoid off- Ibar}q %ffects In e embodlmeng this is
I

accomplished Effic nEnetsﬁ wta§ R OF e de Siymerrs N’B\]eﬁar]trcr\ ﬂ%ﬂ?gog'gsff%ccomplrshed by
targeting Ilgan@@SLﬁéﬁ"(ﬂmeBﬂeﬁf%@ﬂﬁiﬁ“e’ﬁiw Wﬁ’é‘fﬂ@olh@p&mﬂéeme@ & this invention that are
administered tammstikjeetmndssliimateindelive wDvElne BuRiRels peioaeipraferably DNA, RNA or

natural o synipelic.analeasIaiERRANIR e salia R NA A Analags thigieor that are able to

inhibit expression of target genes, these include such species as, without limitation, antisense
polynucleotidd& it l\i’ﬁqﬁ?‘?ﬂsé’iﬁﬁl’ﬁ?hf@@i‘%ﬂ B‘fé’@%@&ea{r?ﬁltbé‘r@‘ﬁﬁtf&ﬁﬁﬁ)? fee it ﬁ‘éﬁ?ﬁ' polymers and/or
polymer: polyruciestidercd i plexesiofittiglivivedtiorishtinde, without limitation, pathogenic disorders,
cancers, inflammatory diseases, enzyme deficiencies, inborn errors of metabolism, infections,
auto-immune diseases, cardiovascular diseases, neurological, neurodegenerative, diseases,
neuromuscular diseases, blood disorders and clotting disorders. [00158]The following examples are
for illustration purposes and are not to be construed as limiting the invention. All publications recited
herein are hereby incorporated by reference for the information to which the publications are cited.
Examples [00¥59}:FERreoughout the description of the-ffresent invention, various known acronyms and
abbreviations are used to describe monomers or monomeric residues derived from polymerization of
such monomers. Without limitation, unless otherwise noted: "BMA" (or the letter "B" as equivalent
shorthand notation) represents butyl methacrylate or monomeric residue derived therefrom; -
"DMAEMA" (or the letter "D" as equivalent shorthand notation) represents N,N-dimethylaminoethyl

maethacrviate or monomerice recidiie derivved thearefrom: "Cal" reafare tn Analactace Nnr a Aaalacrtnce




Where [Al-A2] is the first block copolymer, composed of residues of monomers Al and A2 [131-132-B3]
is the second block copolymer, composed of residues of monomers B1, B2,133 x, vy, z is the polymer
composition in mole % monomer residue n is molecular weight [00161]Exemplary di-block copolymers:
[DMAEMA]-[B9BW/BPHPEGMA"-113-/-P-/-DI [PEGMA",-DMAEMA]-[B-/-PCL{Yp2009/043847
[PEGMA-MAA(NHS)]-113-/-P-/-D] [DMAEMA-/-MAA(NHS)]-[B-I-P-/-D] [HPMA-/-PDSM)]-[B-/-P-/-D]
Where: B is butyl methacrylate P is propyl acryllc acid D is DMAEMA is dlmethylamlnoethyl
methacrylate BEERER & HEREMRRHRaICeI Ao AR RIS ke radprenifgatesfass o 7.8 ethylene
oxide units) MaENMNHE)dgiverythylacrylic acid-N-hydroxy succinamide HPMA is N-(2-hydroxypropy!)

methacrylamide PD§M ismgw dﬂi@%ﬁiﬁﬂgﬁfﬁﬁ}@g%@,ﬁ@&%ﬂ@@ﬁh@g@molymers represent structures

where the co ef| th or £o tied or chemically treated in
order to creat méf m ésrsét %’StbOé&SIS neu Zrefflglg 9 éé%@\@atl i (DMAEMA), anionic

(PEGMA- NH§2\§%¥QI}W@SNH§VF§ ﬁﬁaft*}w&%%ﬂhmﬁedéé.a OQMBHOW@MWEWM where the NHS
is hydrolyzed teiifie ecidyi@edwiteinianic (Pog axamipiel) in 20 mi methanol over 30 min. The g

PObI2 e tha e A Uk Tl R A RBRRBAIER A IO
[PEGMA-PDSM]-[B-P-D] %oﬂﬁ/mer contains a_pyridyl disulfide functionality in the first block that can be

reacted with a"fKlsHHAe & AP‘%(S’%FFW'&F‘B%IW&?’%? RO WY B! ved in T0 mi of methanol

and the product was precipitated twice with 50 m) of diethy! ether to get the desired compound 1 as

slight yeltow solid. Yieid: 95 %.

[08171]Pyridine dithioethylamine (1, 6.7 g, 30.07 mmol) and triethylamine (4.23 ml, 30.37 mmol)

were dissolved in DMF (25ml) and pyridine (25 mi) and methacryloy] chloride (3.33 ml, 33.08 mmol)
was added slowly via syringe at 0 C. The reaction mixture was stirred for 2 h at R.T. After reaction,

the reaction was quenched by sat. NaHCQ; (350 mi) and extracted by ethyl acetate {350 ml). The

combined organic layer was further washed by 10 % HCH{100 ml, T time) andr pure water (100 mi,

2 times) and dried by MaSQO,. The pure product was purified by column chromatography (EA/Hex

1/1010 2/1) as yellow syrup. Rf =0.28 (EA/Hex = I/1). Yield : 55 %.

B. HPMA-PDSMA co-polymer synthesis
[00172}The RAFT polymerization of N-(2-hydroxypropyl) methacrylamide (HPMA) and pyridyl

disutfide methacrylate (typically al a 70:30 monomer ratio) is conducted in DMF(S0 weight percent
monomer:solvent) at 68°C under a nitrogen atmosphere for § hours using 2,2"-azo-bis-isobutyrylnitrile
(ATBNY as the free radical initiator (Figure 9) . The molar ratio of CTA to AIBN is 1010 1 and the
monomer 10 CTA ratio is sef 5o that a molecular weight of 25,000 g/mol would be achieved if at
100% conversion. The poly(HPMA-PDS) macre-CTA was isolated by repeated precipitation into
diethyl ether from methanol.
[00173]} The macro-CTA is dried under vacuum for 24 hours and then used for block
copolymerization of dimethylaminoethyl methacrylate (DMAEMA), propylacrylic acid (PAA}, and
buty] methacrylate (BMA). Equimolar quantities of DMAEMA, PAA, and EMA (IM],/ [CTA],
= 250) are added 10 the HPMA-PDS macroCT'A dissolved in N,N-dimsthylfofmamjde (25 wt %
monomer and macroCTA to solvent). The radical initiator AIBN is added with a CTA to initiator
ratio of 10 1o 1. The polymerization is alowed to proceed under a nitrogen atmosphere for 8 hours at
68 °C. Afterwards, the resultant diblock polymer is isolated by precipitation 4 times into 50:50
diethyl ether/pentane, redissolving in ethanol between precipitations, The product is then washed

- 1 time with diethyl ether and dried overnight in vacuo,

€. siRNA conjugation to HPMA-POSMA co-polymer

{00174) Thiolated siRNA was obtained commercially (Agilent, Boulder, CO) as a duplex RNA with a
disuifide modified 5'-sense strand. The free thiol form for conjugation is prepared by dissolving the

lyophilized compound in water and treated for [ hour with the disulfide reducing agent TCEP
UWOTLAH26BAP doc 46~



Example 1.1: General synthetic procedures for preparation of block copolymers by RAFT. A. RAFT
chain transfer agent. 100163]The synthesis of the chain transfer agent (CTA),
4-Cyano-4-(ethylsulfanylthiocarbonyl) sulfanylpentanoic acid (ECT), utilized for the following RAFT
polymerizati®H& 2({&$48tfdpted from a procedure by Moad et al., Polymer, B0UBS 46¢193847458-68.
Briefly, ethane thiol (4.72 g, 76 mmol) was added over 10 minutes to a stirred suspension of sodium
hydride (60% in oil) (3.15 g, 79 mmol) in diethyl ether (150 ml) at 0 C. The solution was then allowed to
stir for 10 minlTESHet toRRha eanrerErA 3 8 e RO 440 Kflarabien eadrd B Mikumadns.0 g, 79 mmol).
Crude sodiumtiethiyl distHige@nbamnaied o8y ithBdhanolfwasHoplaciritddy/miiration, suspended in

diethyl ether (J,Qgeg;mmg,@gt{aggggqgiy\(gbﬂgﬂiﬁf&,@ﬁ g, 0.025 mop.' After 1 hour the solution was
ngr and.dried over sodium sulfate, The crude bis

filtered, wash &iﬁw ha ueous sodium miomfa , ) , fate, .
(ethylsulfanyltiloc R AU ﬁ‘iéu S RBVAE S B FIAR BOLEara A€o of
bis-(ethylsulfabijithiatan eriphhaiaudtidall{ maTursd @.0eBoH anidstid¢iictis(4Tefamepentanoic acid)
(2.10 g, 0.007 i xisuiatbyiAGREAlR: (5Ruflls) Mamheaisdapielux farddbedroliowing rotary
evaporation ot ihear¥EUnile et dicARe:d (RINYRIRRYIEIRcPabAb sy lupgnianclc acid

(ECT) was isolated by column chromatography using silica gel as the stationary p 8¢ and 50:50 ethyl
acetate hexan8'3e fhideilidritom thegolpsasn ing RIiRE SHUARMTH COTBR AR EPSIRAATPPALERD chain transfer
agent (poly D MBI ARG soCHM)ct (801 64] e RARpoprmenzatbdikviddalkddersas conducted in
DMF at 30 C upder, gifrearnae asabere £04 dSOaW SaingoSkiaRnds o
2,2'-Azob|s(4-E1eth _-Wn&eth}g vaIT:ro\%ltrlle) V-70) (Wako chemicals) as the radical initiator, The
initial monomer 18 C TA &S | B FRELEUR W% the theoretical Al, at 100% conversion was
10,000 (g/molieorHeAfstizrErberefistmates serio-fidravikidAvempieation VEhearss et oD MAEMA macro
chain transfer sageghiyas-isalptee byrpreciniabon:nio H0:00 pincinthy ctherneriane: The resultant

polymer was rgdissolved in acetene and s 9§quwwspr§p‘iaoitated iq entape (3) and dried
overnight in vz;&é%a C. Block co;r)%g?yrlng’#za?ivci)n'of DMAEMA, Bﬁd&n tﬁ?}g’ B E rtg)'m a poly(DMAMEA)

macroCTA. [GtyEbS5prhiEcaEe/Berdasitibiasie §ametsdyiniientRSHiikomd BMA were added to
poly(DMAEM Ajnmplacso€rt Ardisidolvétiiion & g velione By BN dan{@bnna: e mdieder and macroCTA to

solvent). For afkpoAnaHzaiansiM AGEA AN 6T Aliiavers R R0fant 1 rgapestively. Following
the addition of V70 the sojutions W%@Apgggggigw mtrogen f?r 30 min and aIIowqut(gg react at 30 C for

18 h. The res&ﬂ%ltri?? diEioé '(c:oaﬁ%ﬂ/sf'ners ware sorated 'ﬁy %Fégliﬁ?feac{%ﬁ i tc?r%’é%gev{?v diethyl
ether/pentane? i hetskedipirare deisoRyh avsaiie resepiénré cisauikrdeien dcewne Hhdatitsequently
precipitated intpepentafeLs3) drdicy Ranaue saighihin MaatiGrl-peimeatag.chtemmrieography (GPC)

- was used L0 dgIgHIGPALEaHaLYRIORNTRANASREINER Rl M.AL batikine POV (DMAENA)

macroCTA and diblock copolymer samples in DMF with respect to’'po ymetﬁyrmet acrylate standards
(SEC Tosoh TRKRUSEIET IR c8eHed AUPRIA G Lo B LS IS HBREE  Montgomeryville, PA)
~ connected in dermpltd: Hdlsoditelt@P Cmax VE2001 and refractometer VE3580 (Viscotek, Houston,

TX). HPLC-gramerDMEaCaMRNng 4 Cihdhal-lR wascusahas.thenmeila Rhasgukigure IA summarizes

the molecular weights an ositions of some of the, RAFT. synthesized polymers, (PRx0729v6 is
et mteren S R B A e S SR ) rrgure 16
summarizes tHe% e ES, paitiners) siz8 aaw 66APbsitions of some of the RAFT synthesized

polymers. Exaramiges: pHRNpparak armirasncindpatock (3Ha2:483ksaphmeetizaiiasof DMAEMA PAA
and BMA TomaRAiGE Mblaacteetfie JORIARH IR RMIRASIAD BMSHIG fyaptes of

DMAEMA, PAA, and BMA were added to poly(PEGMA) macroCTA disso
N, N-dimethylf&‘ﬁﬁm[(%rW%%%ﬁBH'\@}“éﬁ TR GedeRTY Kifirking CrEF AN BER merizations
IMIACTAL and [GEAICH#Sonerd 260.dndlad choseme spectRichyicfiolbvidmgntivblacltdition of AIEN the

solutions weredeiges withimroaanifni 30 Mmineacallewed:te, mash 8bPRE Jorfsia h (Figure 2). The

resuiting diblog.copoNMEIRele Badted D ECRIRIgRIN G A0S0 disthyd iherpentane. The
precipitated polymers were then redissolved in acetone and su sequenrﬂy prpeupltated Into pentane

(x3) and driedPBYEMigRETRIVARY B Bh PR Pratiord dRterratrephy (BT iR Used to determine
molecular weigtgasovpolydisparsiiesti{BDRBIIalt mrebhothdherpabiREGM Arr@eroCTA and diblock

copolymer samples: inRMEzdisingnizerisk GECMMERNNLANLIGIRGIANEIETYE3580 (Viscotek,

Houston, TX). HPLC-grade DMFE tainin wt % LiBr.was used as the mobile phase. NMR
spectroscopy ?Ir% éﬁé%@m 5L Ofﬁg ecate)rﬁ‘!ﬁ’rgm]g%g mem%/an e’fsgtfjﬁﬂ?éﬂﬁﬁ@%ﬁv&ﬂ%wfﬁ%omposition of

was use epo
the 2" block. Fgjtrer i fRTpARF esofHE kymkprediiget IOB-amreplyBepsiBl olpwierewwhere w = 7-8. Figures

3A, 3B and 3C summarize the characterization of [PEGMA"HB-P-DI polymer where w = 7-8.

UWDTLIRZ8AR doe A7



Example 1.3. Preparation and characterization of PEGMA-DMAEMA co-polymers. [00167]Polymer
synthesis was carried out using a procedure similar to that described in Examples 1.1 and 1.2. The
ratio of the PEGM and DMAEMA in the first block was varied by using different feed ratios of the

~ individual moMBFEPs #84€Teate the co-polymers described in Figure 4. Exarapliestods/Pusgaration and
characterization of PEGMA-MAANHS) co-polymers. [00168]Polymer synthesis was performed as
described in Examples 1.1 and 1.2 (and summarized in Figure 5), using monomer feed ratios to obtain
the desired coPAPBERHDEAE LIRS EHPOI erddil dierobiic @ inntroorseimimlire the synthesis
and characterizatioineob{RE GMA' TMA((MH&M&[BB&{{@GW@ﬁM\ﬁfﬁgm&&Qr&mymer ratio of

monomers in t[q,gdecltcglg%@a@(&§Qndmjj-t§vggggamlng polymers can be incubated in aqueous buffer
(phosphate orbplcar @t% at pH between 7.4 and 8.5 for 1-4 hrs at room temperature or 37C to

generate the hydfdl EftﬁT%S"fc?Fﬁ?rﬁexd?ﬁ?i?ée‘lng%%&tlon and characterization of

DMAEMA- MANQNﬂg}rwuﬁmymgfS[M@dehwmﬂammﬁsmeﬁmw@ag described in
Examples 1.1 @aod [ iBtg SROARMPIGOH T AR t@@mﬁga the gesimatompagitian.of the 1g block
copolymer. Fi 7Csum marize S nd charact rization of

IDMAEMA- MEhAﬂ(NﬁZS‘AF%‘BFmgfw?“ e wWhere T ée}}:/o o&mncalabfor" JRE SO 1 e Ig block is
70:30. NHS cc§’ﬂ’t¥i‘i‘f’f’ﬁ‘gﬁ B‘G‘Iﬁ‘f‘f@r‘é”%&’d‘”’rﬂé Q%bﬁ’éﬁgc&‘lﬁ%’aﬁémﬂﬁﬂﬁé@@h@@éﬁéﬂe@ bicarbonate) at pH
between 7.4 apide8 5 oral»frhal SR Aoonvtemperatund. and icutaige nevalethpibydrolyred (acidic) form.

Example 2. Pr@P@éﬁ@%ﬁ mqmaaﬁ@rauzﬁmmw%%%@m 6% DONIREE Gopiygates for SIRNA
drug dellveryé&g nhze %gl dISU|fI(iO methacrylate monomer( SMA)rf 0170] The synthesis
arZe

scheme for P |s Shmnt: BT R PO AR P2 e Se5hifbI) was dissolved in 40 m
of methanol aftcamgnHPOI ADIEKeThe wmwmstmms H80tibrvot Raymnpethanethiol. HC1
(1.28 g, 11.30smmedpdm2esshametihanal &Vﬁhé’a@i BRI sdhig-feaelaR WassiHediypdes N2 for 48h at R.T.

After evaporalign qfsalyenis: AR sepichigt eTkNas washen bwias w0 bl kit giher. The crude

compound was dissolved in 10 m anof e product was précipitate tW|ce with 50 ml of

diethyl ether t&'g&t fﬁ%%‘é@ﬁféd‘%ﬁ?ﬁwﬁa fPa%ﬂ%wghf’%}@lﬁWﬁ@nadﬁhféréﬁ 95 % DpOOA7 1Py ridine
dithioethylamife{ nd€endgn 3hHimensrobyiand itriephiydamiihentd 23 Rp-203:4 mnaet) swer@ dissolved in DMF
(25m1) and pykidips, ( %mnl) and methacryloyl chlaride (3.33 ml, 33.08 mmol) was added slowly via
syringe at DC T e,]a (gdure Wa stirred for 2 h at R.T. After reaction, the reaction was
guenched by safl aHC'i,'%g‘(fn 5°mr§’cf RIS by ethyl acetate (350 m1). The combined organic
layer was furth® §iEHedrpyme0osme (000 csH vis derayisaddspuradiatas {d0dama® times) and dried by

MaSO4. The pwa)pmhmtiy\zﬁaopwiﬁaadayepqummW@mﬂ@&name(!%(é{d"% a9 ¢p 2/1) as yellow

f=0.2 h 00172]Th
syrup. R @6’5@“&@"@?& wr!”)a’nX £ﬁ$Qed§§ad{9er§dvElEMF l?é'%e‘z:[gm dﬁ))(/ll‘]ltdy?lsc;lssu[lfld]é7 IThe

RAFT polymerlzatlon 2-hy roxypropéyf%%laethacr J)
methacrylate AJETEAIR é‘lgé{“l?ﬁ”@b‘?w ’67@&%@%%@@*.?#%@(5 of frefgheperdent
monomer:solverntratr8BColiiddt SRt gb fatprosyttens foiod hoursusidd @ @Hazo-bis-isobutyrylnitrile

(AIBN) as thetﬁﬁ@aradm&ngu@a@@mgw&% m%umQlarsw@{él@y%&&ﬁn&?eéh@%& $Qto 1 andthe
monomer to CIA ra setlFo that a}]molggllli?r welgpt o 25,0 q/mol would be achieved if at 100%

conversion. The {m PRAAPIE) serarC IR WA idsiedisa” %re IPS" hesstod BREGBYAfion into diethyl ether
from methanoqlc[@) ﬂﬂ?ﬂé’%ﬁtﬁr ETARS mrlmﬁhﬁ%ﬁzﬂﬂ%ﬁﬁ&ﬁ@m used for block

copolymerizattrmdf ditnstyyaminaethylvnpetivacsytatedk) Nbﬁr&hdmm@mwka@mbk@mq,&PAA) and butyl
methacrylate (BMALERIMAIRHRARIIAT of RUATMARHMANY BMA MMIGTAK,
lactate dehydrogenase (LDH) by mixing with 100 pL. of the LDH substrate sofution. After a
10-20 min incubation for color formation, the absorbance was measured at 490 nm with the reference
set at 650 nm,
[00181] Figure 12A shows nonspecific HeLa cytotoxicity and Figure 12B shows GAPDH
knockdown as a function of siRNA polymer carrier. HeLa cells were transfected with siRNA against
GAPDH at 25 nM using polymer/siRNA complexes formulated at theoretical charge ratios of 4:1. (A)
After 24 b, cell lysate was collected and assayed for lactate dehydrogenase, a measure of cell viability,
and data is shown relative to untreated cells. (B) After 48 h, both protein (black) and mRNA levels
~ (white} were examined using a GAPDH enzyme activity assay and RT-PCR, respectively, and data is
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= 250) are added to the HPMA-PDS macroCTA dissolved in N,N-dimethylformamide (25 wt %
monomer and macroCTA to solvent). The radical initiator AIBN is added with a CTA to initiator ratio of
10 to I. The polymerization is allowed to proceed under a nitrogen atmosphere for 8 hours at 68 C.
Afterwards, & PELUIMAE diblock polymer is isolated by precipitation 4 timBSTHE2H 86 Hiethy!
ether/pentane, redissolving in ethanol between precipitations, The product is then washed | time with
diethyl ether and dried overnight in vacua C. siRNA conju ation to HPMA-PDSMA co-polymer
(001743 Thiol ¥4 SiEAA et at5eA1HE B° S HRRE DAy AR ErRe Blserersr! 4es) B9 duplex RNA with a
disulfide modifierd e erisglistrarid.cFirddraepttyiolifgsnmdor d@murgatlon is prepared by dissolving the

ng%;i gg ‘@M@Eﬁ&zﬁd’i@é@@iﬁgd‘%'aﬁ@gkrn\é\ﬁﬂa&th‘_%i_ﬁ%y%ﬁﬁﬁ[@%ﬁ&g ?e%s\} )CEP "
ized within an agar e reduce was then

reacted for Zﬁ%ﬁﬁe ?#?ﬁg i ridy! ais funcﬁ%ﬁ%hgz?é‘éfrﬁgfsr%mﬁd ”ﬁ%%Aﬁ%F%q%uffer (pH 7)

containing 5 nﬁ‘ﬁ?}"émé&i{édﬁa‘?f‘ﬁﬂ‘&éﬁﬁ&@@ilﬁeléﬁ%zémz)‘ﬂjig?ﬁée@}ﬂ{@@ﬂf‘@&zﬁﬁe reaction of the

pyridyl disulfidepgtymeragithdbe-RNAdhialdeiepteseRs pyy felin BN @M a1 in the |
spectrophotoneltcaly Pas il echARsRAss. sanl e All S'S&%J‘saa&g%agw\@kdate disulfide

exchange, the conjugates are run on an SDS-PAGE 16.5% tricine gel. In parallel, aliquots of the

conjugation re%é‘u%‘ﬁ‘ SPEn A ARG R AT BB S HROTER D PO SIS Bhins %Bperémg/ release of the
RNA from the (Qidsaméetinvagmehsbiriorenvinditime The @onjinedisPPreattions:aresonthacted at

polymer/RNA gigighiomgiriasabie. @i bV sRRUCRRMOMSHGRPsLBaNE sMRASUrements at 343
nm for 2- pyrldlnlet one re reused t6 mea ure con atlon efficiencies. le 3:
S|RNA/ponmer cot;anplgﬁoé r%tg%&e@atlg e%%]iu?g ea'rm\?g cation o u@%?ﬁ%’fetﬁ ;%EE& stable siRNA
complexation (HreErede ‘ﬁ‘éﬂ%a%ﬁﬁeﬁ“%ﬂﬂ%é@ﬁ?@ﬁ“&ﬁﬂtﬂ@%’é%@“@ BRarBigerized for size and

zeta potential usisigiantedaBiddl detesiotByatld aueDH asirsnanis:Compargiapsegteisville, NY, 15 mW

laser, incidentpeamh, & (G FuRHS{h RRYMAMARRIR WS 4 QM@ il iphosphate buffered
saline (PBS, Glbcggan complexes were formed by addition of polymer to GAPDH siRNA (Ambion) at

the indicated RESHEHER) "éﬁbfﬁémfah%@6%.‘&@8‘%?&366%’!??{?&9?E*Héﬁf‘g’é%‘) BRERRA Figmt s 509% protonated
at pH=7.4 andshbies fégathretykdhvar gdttlsiRiauGorratation RIASIRMshwisrarootiacted at a scattering
angle of 90, agghpeLticie. sizamveirKAlglatesd beabn@utBa%&pﬂéiwe@@ﬂerat@%m&%ex of water at 25C.

Particle sizes aﬁ%%?) E%ﬁ:on as effectlve |am &EII’S as umln Frﬂy OP[ec bSIStrIbUtIOI’] Average
t eta

electrophoretic mobilities Wergdrﬁé%ngﬂ?rec gta% ﬁgfﬁsg he. 5fe)htla[FanalyS|s software,
and zeta poteHtFA Fere CHERATRCLSIR ‘tﬁ@‘*‘@ﬁ%luchowsky model for aqueous suspensions.

Example 4: Hetasspibfeutiire: j0Q &4 HHédnaty, thavansan ihe pridade¢ ancinamauesiBNATEEE CL-2), were

maintained in ANBEAYAERIGNEAMEAIR-IMEM) SRR RINRAS: &Lm?eqairaﬁ §31PER) as%sed to
penicillin-streptomycin Glb}%&) and 10% fetal bovine serum ( nV|trc()Sgen) at 37C and 5% CO2.

Example 5: pH G &Hast P ISRl @%@?g‘gﬂ’&ﬁiﬁf\’fﬁ/ﬁ NEreshisiexes. [00178]
Hemolysis wawarseretovde8fniirie! B potarriddasidpozas icmelivignoR beth figkipsiymer and
siFijA/polymaem@ﬂg@ﬂm@mmm@uﬁﬁems miraig m@@%@ﬁhﬁ@ﬁé@@@&%&ﬁ@llw@w d7 4, early
endosome pH Qsome ri whole human blaod was collected in
vaccutainers cqonr?a%{?ﬁmﬁﬁcﬁi%rg 00d wa coé%?rai!u%%%&s )et)%égr%aggsm iTa e(‘*imrs 0 Washad three times in
1150 mM NaCl %I%Fét’ér&ﬁ’éa‘?%pﬁl’@d‘ﬁsd’éﬁ%”{%@?g F*Z‘B@‘Wé?@‘ﬁﬁre'ﬁf (Raapehdn ifigbhosphate buffer
(PB) at pH 7.&Rpkbonfs onsphtdSdB cPOsmersi{ 16 B0RE: empelyimenisii B sapplexes were then

incubated W'tfbﬁk%nﬁi%:@& %@mr@%@&s}gﬁ%usﬁrﬁgfaﬂd%ws@&a&y eﬁ%ﬁﬁ%m& then centrifuged
and the hemoglobin re g a}g%%ﬁ % ernatant was measured by a bsorbance at 541 nm as an
PN &

indication of pPI#&5& BFARE iU eigaie §94 %T‘?E)Wés (R EHloTsIESPholymers at a
concentration WO ksamant wigine GOHEushows [pdlyimensiRA 0o hiplekedNdt bpolpmers 5-7 at
theoretical chaggexatiosi®hkidanddiditemaytichactivinhas pgsmwéiza&m@me@@ positive control,

106 viv Trton K200BNNAS IeRIASERIRNLG daje -8 single RpRUmEnt eandceqn tiplicate
standard deviation. Exam easurement of carrier-mediate &)
used to guantify GAPDH normalized to beta-actin and relative to expression of untreated Helas.

Example 9. Fanctional Design of poly[HPMA}-b-{(PAA)Y(BMAXDMAEMA)].

{00185] Figure 14 shows the polymer design for Poly[HPMAJ-b-[(PAA)BMAYDMAEMA)].
Multifunctional properties were incorporated via RAFT polymer synthesis strategies using a pyridyl
disulfide end-functionalized CTA to form a diblock architecture designed 1o possess agueous

solubility and pH-dependent membrane destabilizing properties. The monomer chemical
UWOTLUGIZORAR doc Y-



[00179] Intracellular uptake of siRNA/polymer complexes was measured using flow cytometry (Becton
Dickinson LSR benchtop analyzer). Helas were seeded at 15,000 cells/cm2 and allowed to adhere
overnight. FAM (5-carboxyfluorescine) labeled siRNA (Ambion) was complexed with polymer at a
theoretical cH4tg&0P4t8+&t 4:1 for 30 min at room temperature and then ad§a@dE34dpiEted HelLas at a
final sSiRNA concentration of 25 n.M. After incubation with the complexes for 4 h, the cells were
trypsinized and resuspended in PBS with 0.5% BSA and 0.01% trypan blue. Trypan blue was utilized
as previously &ggtbﬁﬁléﬁsﬁha%w&ﬁm%‘%f%Y?F&&}éﬂfﬁﬁ‘r“fﬂ?b?‘ég(?@ﬁ%éeﬁﬁr?ﬂ’igﬁ’ﬁ?ﬁlﬁzﬁfon of complexes
that have beerdrmpboytdiel byrerditly 1060 cal devignrd ta hatyzetiyge neobripyle rmdofbgorescence gating

was determingd WgiRGisaENIeR IRGAIMAGDEHiIRAUREDLAN RAMBRLA-RED axed with FAM labeled

SRNA. Figure, 1 shows, el a cell ntemalzation of EAMabeled SENAARA polymer/siRNA

g 3
complexes formed wit olymers 4-/ and delivere ata are 1ro ree mo'l]ependent

experiments cB¥éitedt pinttpsicolwy vgtHiispibdefatd representing standard error of the mean (SEM).
Example 7: siiBhiadpDiysmemcanzphescieyiotoxietiy {00180 ]sikMAdp aliiTETTC oimpl@x vaytotoxicity was
determined using, andsaciate dehydregena &HQﬁHﬁXﬁQBQ&ﬁEMﬁ%ﬁ%‘@Q&H&@QQE@- HeLa cells were

seeded in 96-well plates at a density of 12_,3%0 cells per well and allowed to adheré overnight.

Complexes were 1OPRET B B aHEH SPEHRTET (6 Hei SR SRR & B APDH siRNA at
theoretical chargéylditipsbf arina ROl &ftait remebnebRtrakionsefcREnii GHIN A/wel) @amplexes (charge

ratlio =4:1) W%@@dﬁaﬁ;m m&li&ﬂmﬂk&%cm@«aﬁiﬁe& ﬁfll&hﬁd&bﬁendn@mh y dﬂﬁﬂ,&‘l hours Witr? theII
polymer complexes, t edia mo and the ce ere washe with P ig:e. The cells
e hom e e T e G SRR R CE S T
Na2EDTA, 1 rhiiuEradripen thgvditiechss (VeBBeirting 57 fo phos gHatevirhiapigndsrsihosphate, 1 M
sodium orthovamnadaliejifeddhdrgureatdi@e Adigiomixirgriayd pipettingyRa-aibnoTtheweiklysate was diluted
15 in PBS ang, gHantisd-oraeiledevaiossnrseiHa Y- miing MEeEQ) ik of the LDH substrate

solution. After a 10-20 min incubation for. color formation, the absorbance was measured at 490 nm

| f th ’
with the referehCER2t 40 BEGHHP SO 8T Y CRE iﬁﬂ@%\%"ﬁ(‘fﬁ%E)"@é’iﬂ%?’i—‘fgﬁ"é"%@}fb%%q(icity and Figure
1213 shows GnFHnkebekeiofarm.agsrachiyeletibre e giRNimdiyhter-ebiiiameMed treeadfisdvere transfected

with SIRNA agaipstiscARRalid MMiMsngROlyReisIR NA camplexas deimulaled at theoretical charge
ratios of 4:1. (@) After 24 By Gell ysate was collacted and assa e;%ﬁ?&!?i% a%%ﬁ%grg enase, a

measure of ceﬁ \})lgf)ﬂlty, anguasata iIs shown relative to untreated cells. ter 48 h,"both protein
(black) and mEINMeTR\RES perisTiRs (b e EFIFIaRE ST Ry Ieams y Y Yikirlgssay and RT-PCR,
respectively, amdodadans: sshoWhNER DG CENSITRE impl 126- tredtraBCHER IS Fom three

independent expefifieats saNsasiod jn FRiGARRWIN@INR ST epTRSenting siandtas @ deviation.
Example 8: Evaluation of GAPDH protein g&d*guerg]e nockdOW@%%l}R]NA/é)%%mer complexes
e, . .

[00182]The efflcXcy 5f tHis ‘sHifee B pERIR NAZABI0E 5% SRE™ GAPDH activity
assay (AmbionfIHER36Y IR AUtredlty/tih 2 Yviee [praree GHIO 6 Hi 90 HiditBrsparetier F A0l complexes
(charge ratios reiil) WEHARGEIRD ke callsatadinpkaiRNAconensirmligaraf4%.nM in the presence of
10% serum. T i ~mediat APDH. praotei uction was assessed 48 h
post-transfect%&%ﬁ%@%@@gmgI@%ﬁgﬁéFﬁ%%%@d%ﬁ??ﬁ%@?ﬁ%#&%te?gy?ﬁﬁ%sing HiPerFect
(Qiagen) folloWTRY A APFFIEHEIFE FEmEBRR O ECI T BeFSy BRRATF RO | HCEvE a4 Pa&asured as
described by theaspanukaGtemey wsplZthe kinstiofigbtriedoiEl) ncresseatiethothiovdhd mm and was
]g:lalculated aCQ%QWQiJQf@]‘iAQ'WFﬁH@“9:'{8' a%rﬁarfs}@énm@mm@sw@& f% élmqnﬁa&%ﬂ??, _GAEEH /
uorescence, na tre ., Where  fluorescence = fluorescence-5min-fluoresecence Imin. The
transfection pff)%%aﬁ?f%g?(@g SO SGHS |§é‘ﬁ{t|§/vead$£%$ %ﬁ%ﬁr%%‘p%hse%#% é%'gaﬂgﬁf%é’éiing sequence of
SiIRNA was uséelarguiperBivshpiiscCAPHIh R AEKISIIE NoPl e [P hEkswedClia veal time RT-PCR 48
h after treatmentanitie-oaraplexes R AdiRticRplebiargefaitetiloSsl ians ightenhi3B shows GAPDH
knockdown 'nﬂﬁula@}ﬁ@a@ﬂ%'%{@ﬂ%m%ﬁ sRERASD AfleLIsAIMING Wilh complexes as a

function of siRNA dose (1-50 mer / as the carrier. Negative contro SIRNA #1 (Ambion)

and a commefeRifEAYMBR Pabttetd ST FOLY 1O M 1 BFY0sed as negative and
positive contraigsrpESpdetiniedy i 001868} kflertivgdnitiad st rewnnte entifipdiie vasiventhEteproduced the

most robust sighA-mediaiesEARBH, Mckd @urixaakiibe §ey/erss: FanssHRtign.Rolymerase chain
reaction (RT-F%E(}& Jvas lééggngoerdigl r([:)tlé{1 QQ,(‘%LUE‘E% ﬂ@gg\ ge"yﬁ . @ﬁgr %8 Ekg]ours1 oftincubation with
complexes as forme 2 ove, cells were finsad with PBS. Total Wéss‘isglrﬁstléanusing Qiagen's
Qiashredder sHRCRNRAES Wi FUHEIRM PrERIiRR YKo IS BN Alshvtisiegasriple sodise thg iisted
(RNase-Free DNase Set, Qiagen) and RNA was quantified using the RiboGreen assay (Molecular
Probes) basedvgrthesmanufacturer's instructions. [08184]|Reverse transcription was performed using
the Omniscript RT kit (Qiagen). A 25 ng total RNA sample was used for cDNA synthesis and PCR was
conducted using the AB1 Sequence Detection System 7000 using predesigned primer and probe sets
(Assays on Demand, Applied Biosystems) for GAPDH and beta-actin as the housekeeping gene.
Reactions (20 gl total) consisted of 10 p1. of 2X Tagman Universal PCR Mastermix, 1 gL of

nrimar/nrohe and 2 ni of cDNA hroticoht 1in to 20 til with niicleace-freae watar (Ambhinn) The followina



[s, (CH3)C(CN): MI, 2.33-2.59 Em, C(C113)(CN)(CH2CH2): 411], 2.86-2.97 [t, CH2SS: 211],
3,50-3.61 [t, NHCH2: 2H], 7.11-7.22 | m, Ar Para CH: 1111,7.46-7.52 Ern, Ar CH Ortho: IHI, 7.53-7.62
[br, NH: 1111,7.53-7.68 Ern, Ar meta CH: 11-11, 8.47-8.60 [in, meta CHN,[00164] Preparation of Thiol
Reactive PoRfét*AE+ Polymerization of Pyridyl Disulfide Functionaliz&§ T/US2009/043847
poly[HPMA]-b[(PAA)(BMA)(DMAEMA)1.The RAFT polymerization of N-(2-hydroxypropyl)
methacrylamide (HPMA) was conducted in methanol (50 weight percent monomer:solvent) at 70C
under a nitrog &R RO SR ERS POP 8 Mo lIsPRENSY S 98 S8 s LB LD IR ARERE as the free radical
~ initiator. The niete¥ehatioastCIA to AIBN was 10 to | and the monomer to CIA ratio was set so that a
molecular weigihtof 28 QR ginalywaliepie artpvadsial &AM CaNNaIsigagt i poly(HPMA)

macro-CTA was, i (S)Iarg;d d pr ipitation,i 'ogci:% ether rgm me‘g argroilﬁ [00165] The
macro-CIA wa%saﬁg?éjé l?r% er @%ﬁ%‘rﬁ%&%ﬁl%@@ ancg' %en%eﬁ g’re él%c% Cc{gplit]gf'f/merization of
dimethylamindSyIMAETHACH ¥ ALY RS R D355 6 PR e il R Ut et PRase va o Bt%iihethacrylate (BMA),
Equimolar quantitiesat Bitadvbhng RPA gude IBAR Aot/ Gres A5 @)orveTasakdedito the HPMA
macroCTA dissalvestim N AImeHMMIBHMARINE R ke RNRS ARk MARTRieT Ado solvent). The

a. (.

radical initiator V.70 was dded_wﬁh FA to initiator ratio of 10 tg |. The polymerization was allowed

to proceed unBEHY AvHSGR 5108 SEHAPEHP s TEGL BF STETRIL VAT ARG Itant diblock polymer
was isolated bygrrebpitahomdittmels: pxtodEon e iiah pf ethyefiparvare euis§i0iMdein) ethanol between
precipitations.iT hgepsoduehvasdhenivashaed e thdintay ke tharsnibanedevemight in vacuo.
[00187] Gel permea ion f(:horowatpgraphy (GPC) was used to determine molecular weight and

§Mw Mn, PIS‘FS orFeb'o'gh the poly(HPMA) macroCTA and the diblock copolymer in DMF.
Molecular weiteelfciaRpbetfstids{@ireioolumn elution times relative to polyrnethyl methacrylate
standards usin¢HBEGkgraitle® pdt contadmitig Gt temidd Binatoad @G asfleeaniabile phase.
TrIS(Z-carboxyﬂtayAgm%@haaﬁAmﬁsigsaBeE}I&rt&@ R R asised nEadies Hig Balkmer end pyridyl

disulfide, releasing. 2-pyridinethigne. Based on the experimentally determined polymer molecular
weight an th AL BAHRCHOI RSHIEREof S2ASHa R G2 SHF 5 AKB0BO M 1cmd) in aquieous
solvents, percBREGHEGFBRI prEIEMAIERAIATIERIRRINRR S fde GRBp By sk WA iviatoroCTA and the
diblock copolyshgighxameddt »RakorarRe pticke Ganfugation [RELGRIkUsIamwith.dhe peptide

transduction d,qm' ' ﬁg%ti%g.]tgay orgn }glso kp N as t@e tennapedia peptide (Antp) sequence
was utilized tod§§/r§:[ilr¢esi‘zema é]eﬁ iﬁltsﬂe“r%éﬁf |ﬁcésef errr?!v(\)l E[%(lég aﬁ’ﬁé}gﬁe@%@gﬁ eas&ent%?? §3rcontaining a
Carboxy_termiﬁgpwgt@h@e@gi%@seljlfipz_ndiunctaonahzed polymer in phosphate buffer (pH 7) containing
RQIKIWFQNRRMKMY KIKiB R EGRALAINGDDANRRYDSC-COOH). To ensure free thiols for

conjugation, theyRRLIAGWRR FREANSIIKLIGS I waRlARC MHRREREFer AdhRkp Withyhe tigulfide reducing
agent TCEP |mmob|I|zed§{|thln ap agarose gellj. he reduced %)eptlde (400 pM) was then reacted for

24 hours with TH& By e e S D e PR N LRGBS BEHEoH 7) containing 5
inlVI ethylenedfaivsretetfiasestid alerhEB TR dElot Sohaws Hown imFigerera®rmaction of the pyridyl
disulfide polynseserdmrossp with the pentite gystaibreremigsidr RtidiRekhiong.avhich can be
spectrophotometrically Wprg%%@g erize conj lon efficiency. To further validate disulfide
exchange, thei conjuge?t‘es Werg run on a%aﬁgngE E%aégjgg%‘}}gﬁﬁcelﬁ%mg%pﬁ %%Fgﬁel, aliquots of the
conjugation reBefIESWEE tRsated with immobilized TCEP prior to SDS-PAGE to verify release of the
peptide from tig¢18tIGmiegavarcedesingeendvaniaentyfgGtod} Codjugatienteactidns Wwere conducted at
gog/mer/f peg@&%@“ﬁgﬁlﬁtﬁﬁi&ﬁ%m%aﬁf&ﬁﬂe’ﬁts QV4§H§%FQ%RQ&9&]#JE£@%Q%?§Q@A@€ me?jsg(r)eoments at
43 nm for 2-pyridinethigne rele indicate, njugation efficiencies of 40%, 75%, an Y,
respectively (rr%’l’é%m -“p%/gr‘f‘uﬂ% H%ﬁr%o%%ﬁ@d%@%t% ‘ft%\er]? %ksgﬁﬁﬁnagl%e/ég'ﬁ?ﬂized to further
characterize pesptidfe-pBRiAEAEE RN Yaaditminlshemhuatel pokpivenpeptideniveieksr ratioof 1, a
detectable quaFigityeathe: peptide/fginnedonimessivia eistifide kiidgingdpnighdiha terminal cysteine.
However, the fiialreagliaR:iq.iag.pyrishyh disuificls: was favered.And 4 réasl@%g t'%gﬂﬁﬁ}“d was no

longer visible at polymer/peptide ratios equal to or greater than 2 (Figure 17 A). | treyating the
conjugates wifliFtHETEERIAG AL HE Teseetide fnd wgo ssimerty s avee e enifh etisemtitle disulfide
linkages as indicatedidyhthe Ejgpediahc @ vfdhegpeptdegbandtinhthebe igamplESHFigure 17 i3).
EXAMPLE 12,R4tbE RENBENTMEMBRANEDERIAR e NG-RR QPEREE Ok pide
POLY[HPMA]B%;N‘?@}\@Q(Q“M@@M@%)] f001911In order to assess the polymer's potential for
endosomolytic activity, a mem rane disruption assay was utilized to measure the capacity of the
polymer to trigger pH-dependent disruption of lipid bilayer membranes as shown in Figure 18. Whole
human blood was drawn and centrifuged for plasma removal, The remaining erythrocytes were
washed three timegswith 150 mM NaCl and resuspefitted into phosphate buffers corresponding to
physiological (pH 7,4), early endosome (pH 6.6), and late endosome (pH 5.8) environments, The
polymer (1-40 pg/mL) or 1% Triton X-100 was added to the erythrocyte suspensions and incubated for
1 hour at 37 C. Intact erythrocytes were pelieted via centrifugation, and the hemoglobin content within

the supernatant was measured via absorbance at 541 nm. Percent hemolysis was determined relative
tn Triton X100 Polvvmer hemonlveice wace Ariantified at conceantratinne ranaina from 1-40 na/ml realativve
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endosomal (5.8) environments. At physiologic pH, no significant red blood cell membrane disruption
was observed even at polymer concentrations as high as 40 pg/mL (Figure 18). However, as the pH
was lowered to endosomal values, a significant increase in hemolysis was detected, with greater
membrane dEARYIYHEZAH 5.8 compared to 6.6. The hemolytic behavior®¥fEtE38N I torrelated to
polymer concentration, with nearly 70% erythrocyte lysis occurring at 40pg/mL polymer in pH 5,8
buffer. This sharp "switch" to a membrane destabilizing conformation at endosomal pH combined with
negligible merff %&&ﬁvﬁ?iﬁ%ﬁ?ﬁ%%@%ﬁw}ﬁz LAY BBEH’M’F&&EB polymer as a
non-toxic intraBSRYTAPE VP ¥ KRV EXIANNAE 13. CHARACTERIZATION OF INTRACELLULAR
DELIVERY IN HELA CELLS [00193]HeLas, human cervical carcinoma cells (ATCC CCL-2), were
maintained in (HittmimdessantiakimedaMinih)ic dntatbiagdygl uievininendbrpedieilhtestreptomycin, and
10% FBS. Prig SHREHRAD R RS o@UQ‘B%EQz@%&iﬁ:ﬁ-‘d&f&@ﬂ%@éﬁ\é’rﬁ& ghamber slides

(20,000 ceIIs/WﬁII for microscopy or 96-well plates (10,000 cells/well) for other assays.

Polymer-peptida CoRiT s e CoR IS We rd S E ST T RIE R SR S BE 158 194] Polymer
intracellular defiseprgorentiht wesighhtedfotowiredidesningatib ortMNBARBH3 peptide fused

with the Antp (RegRHRlMGRlspRRSHRINOReRHIR: Bl Zilision AR AashasR.extensively studied as

a cell translocatjop. in and has preyiously been.found to trigger,apoptotic signaling (Li et al.
Neoplasia (Ne?ﬁ/@gglggﬁl?v eﬁ%"é“/“&?? %%i“ﬂﬁ?‘eﬁsovi% é’prﬂe?g] E)ggfi'gvge% (tj%t}%tg %@%%%?]eu ics delivered via
peptidic transdtféadslsddohtEmidrragy sstrmsionc RiHesAER pbeaiey dle S stythestieitafewithin
intracellular vq&i@@@\(&dgﬁa@ﬁa{,.g&fiﬂ@h&dwm@feﬁ%hﬁmﬁaﬁal@gyatHW@EuMMARdoc-szj 2008;
153(6):1143-1 ) pad kDG §9§'9&4‘."BQCH%\SL%‘BIﬁﬁk‘ﬂb@ﬁeﬂm%‘%ﬁﬁli&m%g&hﬁRSBF‘_BE%W:%Q Antp-BH3 peptide

cytoplasmic delivery and pro-apoptotic functionality was enhanced by conjudation to the diblock
polymer. [00198TRIERCEE AP AH &l e BrEBhiins R B 6L brTat Beddpe ! AN e t:ctive Alexa-488
succinimidyl e$terewpasmenixed @tnaidid 1 timo fatmsaenididinsihiitpBHSE Peptideovanhydrous dimethyl

formamide (DME)HAnrsacieddierorhoreAndiRrarniGsalventweke removed using a PDIO desalting
column, and the fluorescently labeled peptide was lyophilized. Alexa488 labeled AntpBH3 was

conjugated to B ROIREPSE eSO e BAWET 8 ErRAG Y STR B BSRAHERISREY & Wnjugate was applied
to HelLas growdibbark chratyies pepFrviro stopleng itislagia(édheehtraiiemaf b glakntp-BH3. Cells were
treated for 15 giidas (yeasheckhmeeAmitiBBS: pnainsihateddn dse sty madiaferapmslditional 30
minutes. The sampleswers washed adaip.and fed wilh 49 paraformaldenuds for A0 minutes at 37C,
Slides were mounted with Igro‘f_oyng &old _Antl?acfe Feag'erf1 convaan an’ofllmaned using a
fluorescent midsBEd [ OBRBERT Hristhidy EREAHECTRBIHERhEE MattitrdoM BAP¥EPtide endosomal
escape, the Alexa4ds8iialyatac: pEptidenwasi artady Zechinyofitiobeiseendimicrogeo pyreldnd duorescently
labeled peptidg was %Uéﬁ‘?rﬁﬁ&,@!r%‘ﬁeﬁy@@J@%@y@f?ﬁs%%ﬂéég&ﬁ?ywBS%EPiQ'W'yS'S revealed

0

clear differences, in peptide intracellular localization following polymer conju ation I':igure 19). The
peptide alone BBiafltF it EPAtE 4RGN éfégﬁl\’)é"@fcgﬁ%f A AP A &%‘%{ﬂ tion. Samples
delivered polymgyopiistitaneniipag e ieniids alelispless fidoteseantd foatismelyosnssistent with
peptide diffusigndthrarghatdithesytaplasian. Representative images illustrating (Figure 19A) punctate

peptide staini I @)Igj éﬂﬁ?ﬁ)ﬁﬂoﬂﬁ gﬂqﬁmlgfgggg

%@Eﬁﬁ;ﬂ‘ﬁw?& ) dispersed peptide
fluorescence within the cytoso wing delivery ept%ie-po ymer conjugate. Samples were treated

for 15 minutes%#Hh25 g M peptide and prepared for microscopic examination following DAPI nuclear

staining (blue) {0093 91 Baso rerviahtaofCongely g (Cy/I0ToXiciye Bioconjlgaiamfficacy for triggering

tumor cell deatiuuas AateNHAG MG agﬁaa;n%,Q%Msmgﬁga%ﬁsn{,k%adcm%woﬁésay. At the end
an

of each time point, cellsiyvirfe was eddtwo times with PBS then _%sed with cell Iysis buffer (100
gUwell, 20 mMPASBEFGE Y& A RE AR RN KESEBFRT P e e a0 on, 2.5 mM
sodium pyrophuspseare o1 hne! Bigky CEreselsptediér pivhssodidatyortironneivgsiesordl hour at 4 C. 20 g
| of lysate from®ash caapie wa&aﬁimmd:_yjmso g I_PBS,_ and LI:_)H was quantified by _mixing with 100
gL of the LDH gifisfiafe solsian. Ealpuino.ad0 maiie. napalion. LD ias deiypined by

measuring absorbance at 490 nm. Percént viability was express tive to samples receiving no
treatment. [00 P88 PPERL5EEUBEI TS PRpTHIY elRmgHRmerita RS DEshmoRRiv E‘ﬁ]ﬁy was
conducted in HetaicérvicideanodneelisatithdoAntpyis HS polymie beofjugaderiggasfound to potently
trigger HeLa cglideaitin 4 desasarandsntiashinnobess taan. OYeHelanighilitywas detected after

6 hours of treatment with 10 g M peptide conjugate (Figure , and samples receiving 25 gM
peptide conjugtg?épeﬁl—clsg%irlée gﬁfg ol%\fivcetﬁ it Cej“?? g%@ag\';lsagg%S?:%?@’)?&%\r}vdfﬁegﬁ%eﬂ?ﬂgu%o4 hours of
exposure. CorfiiFSaIRpREEIFRERANGTERtE 8RB oI hiatiz dnvend Rifkeaudisyligible treatment effect,
and there waswo-diffesence between these control tf8atment groups. Importantly, Antp-BH3
poly(HPMA) conjugates that lacked the pH-responsive block were similar to both control groups and
did not result in significant toxicity, further validating the functionality of the endosomolytic block
(Figure 20). [00199] Flow Cytometry Evaluation of Mitochondrial Membrane Potential. Loss of

mitochondrial membrane potential, a known indicator for apoptosis, was assessed using the JC-I dye.
1C-1 avhibite Aareean fliinrecrence \when dienerced in the oevitoenl and in healthy cealle it forme



WHAT IS CLAIMED IS: 1.A copolymer comprising: (a) a first block comprising a first
constitutional unit that is hydrophilic at normal physiological pH; (b) a second block
comprising: (Oa second constitutional unit that is cationic at normal physiological pH and which can be
the same as"o? diff¥t&HEThan the first constitutional unit; (ii)a third constitddriefeaftHE¢1s anionic at
normal physiological pH; (m) a hydrophobicity-enhancing moiety wherein: the
hyd,rophobicitél-swsgncjng moietﬁ,ﬁs o valently bonded to the second constitutional unit;

the hydrophobBitity BHARGnG MAIEAT I8 Ak /RMHRBSHRanesh B AHive NEHEH BB R  unit:

the hydropholretgeevibrigeindeliveriatyd s cwappstic dchivmaliy wethe donst tutonagaimtohthe second block;
or, any combigafieipbnareof 2. The copolymer of claim 1, wherein the second block is substantially

neutral in ove Eﬁdkﬁj?faﬁgrgs::opic gﬁa]m?o?e%’%meﬂrngsgr@i @sclap%.rAzn’ avryurrlxg {'gaic i;['Q S]&%ﬂ%ymer is a diblock
succinimidyl ester was mixed ata 110 | molar ratio with the Antp-BH3 peptide in anhydrous '
dimethyl formamide (DMF). Unreacted fluorophore and organic solvent were removed using a PD10
desalting column, and the fluorescently labeled pepiide was Iyophilized. Alexa-488 labeled Antp-
BH3 was conjugated to the polymer as described above. Free peptide or polymer-peptide conjugate
wa$ applied to HeLas grown on chambered microscope slides at a concenteation of 25 uM Antp-BH3.
Cells were treated for 15 minutes, washed twice with PBS, and incubated in fresh media for an
additional 30 minutes. The samples were washed again and fixed with 4% paraformaldehyde for
10 minutes at 37 °C. Slides were mounted with ProLong Gold Antifade reagent containing DAPT and
imaged using a fluorescent microscope.
[00196] To study the effects of polymer conjugation on peptide endosomal escape, the Alexa-488
labeled peptide was analyzed by fluorescent microscepy. The fluorescently labeled peptide was
delivered alone or as the polymer bioconjugate. Microscopic analysis revealed clear differences in
peptide intraceltular Tocalization following polymer conjugation (Figure 19). The peptide alone
displayed punctate staining, indicative of endosomal compartmentaiization. Samples delivered
polymer-peptide conjugate exhibited a dispersed fiborescence pattern, consistent with peptide
diffusion throughout the cytopiasm. Representative images illustrating (Figure 19A) punctate peptide
staining (green) in the samples delivered peptide alone and (Figure 198) dispersed pepﬁde
fluorescence within the cytoso! foltowing delivery of peptide-polymer conjugate. Samples were
treated for 15 minutes with 25 uM peptide and prepared for microscopic examination following DAPI
nuclear staining {blue}.
[00197 Measurement of Conjugate Cytotoxicity. Bioconjugate efficacy for triggering tumor cell
death was determined using a lactate dehydrogenase (LDH) cytotoxicity assay. At the end of each
time point, cells were washed two times with PBS and then lysed with cell bysis buffer (100 pL/well,
20 mM Tris-HCL, pH 7.5, 150 mM NaCl, | mM Na2EDTA, | mM EGTA, 1% Triton, 2.5 mM
sodium pyrophosphate, 1 mM B-glycerophosphate, | mM sodium orthovanadate) for | hour at 4 °C.
20 pl of lysate from each sample was diluted into 80 pl PBS, and LDH was quantified by mixing with
100 uL of the LDH substrate solution. Following a 10 minute incubation, LDH was determined by
measuring absorbance at 490 nm. Percent viability was expressed relative to samples receiving no
treatment,
[00198]To assess polymer-peptide conjugate bioactivity, a cytotoxicity study was conducted in HeLa
cervical cancer cells. The Antp-BH3 pelymer conjugate was found o potently trigger HeLa cell death
in & dose dependent fashion, Less than 50% HeLa viability was detected after 6 hours of treatment

with 10 uM peptide conjugate (Figure 20A), and samples receiving 25 M peptide conjugate
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copolymer. 4. The copolymer of claim 1 or 2, wherein the first constitutional unit is cationic. 5.
The copolymer of claim 1 or 2, wherein the firstblock comprises a plurality of first constitutional units.
6. The copolymer of claim 1 or 2, wherein the second block comprises a plurality of second
constitutiona rit€% & ttitality of third constitutional units, and a plurality SXHYEFIREBIBHY-enhancing
moieties. 7. The copolymer of claim 1, wherein the first polymer block is about 2,000 daltons to
about 30,000 daltons. The copolymer of claim 1 comprising the chemical Formula I: (1) Ao, Al,
A2, A3 and A4 %@8?@&'&&‘6@%%}% Hergithipr dsduliatingrotitieas 4hoes of expaspes) &eteno-, -0(C)ac(0)- and
-0(C)b0-; wheremjeareselvind pépgi@odpolymer Mehd digdl gdtedlifidithengnetfrcansistingsobhydrogen,
(1C-10C)alkyl giResEGImEInAl o ok k. qglggmcfxm)alwwﬁfﬁm R6lfel OC) and aryl,
any of which |§10[]')t|19r33y%/ L bstltuteg with one g ”0%} flol.rjlpr} rou§§ , 6@ Y1l and Y2 are
independently selecte wiﬁm’ rou C‘S"ﬁ%.‘s na 3 covarént Bof (’1’6 £ )aIkyI- -C(0)0(2C-10C)
alkyl-, -00(0)(fezu&@e}oamw-fur@ez@Mf@)&w@ﬂunamahs«é@ﬁm@m@ﬁCQQ%W%@@ 10C) alkyl; Y3is
selected from [lesgiasip@Gansisiipgefianco valentdaan el O&daikyl anet (GGckRsiaryl; wherein
tetravalent carhaih oM. ah/ikith AL RARLIM SHASINIBGMI. T35 2! Baatid are completed

with an appropriate number of hydrogen atoms
ereen fluorescence when dispersed in the cytosol, and in healthy cells. it forms red-fluorescent

aggregates at the rmtochondrial membrane (Cossarizza et al. Biochemical and biophysical research
communications. 1993;197(1):40-45). HeLas were incubated for 2 hours with 10 uM peptide or
equivalent conjugate or polymer alone. JC-1-was added at a final concentration of 5 ug/mL and
incubated-for 15 minutes. Cells were washed 2 times with PBS, trypsinized, and resuspended in 0.3%
BSA for flow cytomelric analysis. Percent of cells displaying mitochondrial depolarization was
quantified based on the number of green flucrescent cells that were negative for red fluorescence.
Here, & significant joss of red fluorescent JC-1 aggregates and therefore a loss in mitochondrial
polarization was detected following treatment with both the Antp-BH3 peptide and the polymer
peptide conjugate (Figure 21 A). Polymer controls were similar to cells receiving no treatment while
Antp-BH3 alone and in a polymer conjugate resulted in an approximately 4- and 10-fold increase,
respectively, in percent of cells exhibiting loss of mitockondrial polarity.
[00200]Caspase 3/7 Activity Assay. Caspase 3/7 activation was measured using a commercially
available assay kit. This assay utilizes a profluorescent caspase 3/7 substrate that once enzymatically
cleaved becomes fluorescent allowing for determination of relative enzyme activity using a
fluorescent plate reader. Here, Helas were incubated for 30 minutes with 25 uM peptide (afone or as
polymer conjugate) in addition to polymer alone in a quantity equivalent to the conjugate sampies,
Afterwards, a caspase 3/7 fluorigenic indicator was added directly to the culture media for each
sample. Plates were shaken for | hour and then assaved using a fluorescent plate reader. Data were
expressed as percent caspase activity relative to samples receiving no treatment,
[006201] Activation of caspases 3 and 7, which is indicative of pro-apoptotic signaling, can be
measured using a profluorescent substrate specific to these proteases. Figure 21 B shows that controls
containing the polymer alone displayed equivalent caspase activity relative to negative controls-
receiving no treatment. However, repid caspase activation (approximately 2.5-fold) was detected
following treatment with the Antp-BH3 peptide by itself or in the polymer conjugate form. The

. similar effects of Antp-BH3 alone or as a polymer conjugate could indicate that caspase signaling is
saturated by treatment with the peptide alone or that other positive feedback mechanisms exist for
amplification of perturbations in caspase activation state. Minimally, these results suggest that there
was 1o steric hindrance or other reductions in pepride-induced caspase activity as a result of

conjugation to the polymer.
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RI, R2, R3, 11.4, R3, and R6 are independently selected from the group consisting of hydrogen, -CN,
alkyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl and heteroaryl, any of which may be
optionally substituted with one or more fluorine atoms; Qo is a residue selected from the group
consisting of residues which are hydrophilic at physiologic pH; conjugatable or functionalizable
residues; or hydrogen; Ql is a residue which is hydrophilic at normal physiological pH; Q2 is a residue
which is positively charged at normal physiological pH; Q3 is a residue which is negatively charged
at normal physiological pH, but undergoes protonation at lower pH; m is about O to less than 1.0; n is
greater than 010 about 1.0; wherein m + n = 1; p is about 0.2 to about 0.5; g is about 0.2 to about 0.5;
wherein pygisulystantigdptiaggame as q; ris 0 to about 0.6; whereinp + q +r = 1; v is from about 5 to
about 25 kDa; and, w is from about 5 to about 50 kDa. 9.The copolymer of claim 8, wherein Qi is a
residue that is pasitiEiyaisaryetbasingrmal physiological pH; negatively charged at normal
physiological pH butu ergoes ro ion at lower neutral at normal physiological pH; or
zwitterionic at normal p S|0Ioag| %I t@Pak Cefﬁpﬁlégc%? iSRS FELORAR b Wohdrein the ratio of viw

is about 1};},@Oﬁrpggtajf1§3mal pebsibis:capplymer of claim 1, 2, 8 or 9, further comprising a therapeutic

agent. he copolymer of claim 11, wherein the therapeutic agent is associated with the
copolymer. (b) .asecond block comprising:
(i) a second constitutional unit that is cationic at normal

physiological pH and which can be the same as or different than the first
constitutional unit;
(ii)  a third constitutional unit that is anionic at normal
physiolc>gicai pH;
(iii})  a hydrophobicity-enhancing moiety wherein:
the hydrophobicity-enhancing moiety is covalently
bonded to the second constitutional unit;
the hydrophobicity enhancing moiety is covalently
bonded to the third constitutional unit;
the hydrophobicity-enhancing moiety is comprised in
a fourth constitutional unit of the second block; or,

any combination thereof,

2. The copolymer of claim 1, wherein the second block is substantially

neutral in overall charge.

3. The copolymer of claim 1 or 2, wherein the copolymer is a diblock

copolymer.
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13. The copolymer of claim 12, wherein the therapeutic agent is an s RNA. 14. The copolymer of
claim 13, wherein the therapeutic agent is covalently attached to the copolymer. 15. The
copolymer of claim 13, wherein the therapeutic agent is ionically associated Wit.h thg 'copolymer.

16. The use of a copolymer of claim 1 in the manufacture of a medicament for |nh|b!t|ng gene
expression. 17. The use of a copolymer of claim 1 in the manufacture of a medicament for

intracellular delivery of a polynucleotide

4, The copolymer of claim 1 or 2, wherein the first constitutional unit
i cationic.
5. The copolymer of claim 1 or 2, wherein the first block comprises a

plurality of first constitutional units.

6. The copolymer of claim 1 or 2, wherein the second block comprises
a plurality of second constitutional units, a piura}ity of third constitutional units,

and a plurality of hydrophobicity-enhancing moieties.

7. The copolymer of claim 1, wherein the first polymer block is about
2,000 daltons to about 30,000 daltons.

8. The copolymer of claim 1 comprising the chemical Formula I:
R1 Rz Rs R4 Rs
I ! i [ :
[f\o}ﬁr/_ [Ad g | — {Aglp—“/_ {Agfq—/w{ml e
i I E I
T{) T'} v \5/2 Ys Y4 w
!
QO Q1 QQ Q3
(1)

Ag, Ay, Ay, Az and A4 are selected from the group consisting of -C-, -C-C-,
-CLOYNC)C(0)0-, -O(C),C(0)- and —O(C),0-; wherein,

ais i —4;

bis2 -4
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Ys is selected from the group consisting of hydrogen, (1C-10C)alkyl,
(3C-6C)cycloalkyl, O-(1C-10C)alkyl, -C(OYO(1C-10C)alkyl, C{O)NR4(1C-10C) and aryl,
any of which is optionally substituted with one or more fluorine groups;

Yo, Y1 and Y are independently selected from the group consisting of a covalent
bond, (1C-10C)alkyl-, -C{O)O(2C-10C) alkyl-, -OC(OX1C-10C) alkyl-, -O(2C-
10C)alkyl- and -S(2C-10C)alkyl- —C(OINR4(2C-10C) alkyi;

Y3 is selected from the group consisting of a covalent bond, (1C-10C)alkyl and
(6C-10C)aryl; wherein tetravalent carbon atoms of A;-Ay4 that are not fully substituted with

Rj-Rs and Yo-Y4 are completed with an appropriate number of hydrogen atoms:

R;, Ro, Rs, Ry, Rs, and Ry are independently selected from the group consisting of
hydrogen, -CN, alkyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl and
heteroaryl, any of which may be optionally substituted with one or more fluorine atoms;

Qo is a residue selected from the gi‘oup consisting of reslidues which are hydrophilic
at physiologic pH; conjugatable or functionalizable residues; or hydrogen;

Q1 1s a residue which is hydrophilic at normal physiological pH;

Q: is a residue which is positively charged at normal physiological pH;

Qs is a residue which is negatively charged at normal physiological pH, but

undergoes protonation at lower pH;
m is about 0 to less than 1.0;
n is greater than 0 to about 1.0; whereinm +n = 1;
p 1s about 0.2 to about 0.5;
q is about 0.2 to about 0.5; wherein p is substantially the same as q;
1r1s 0 to about 0.6; whereinp + g +r=1;
v 18 from about 5 to about 25 kDa; and,

w is from about 35 to about 50 kDa.

9. The copolymer of claim 8, wherein Q; is a residue that is positively

charged at normal physiological pH; negatively charged at normal physiological
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pH but undergoes protonation at lower pH; neutral at normal physiological pH; or

zwitterionic at normal physiological pH.

10.  The copolymer of claim 8 or 9, wherein the ratio of viw is about 1:1

10 about 1:3.

11.  The copolymer of claim 1, 2, 8 or 9, further comprising a therapeutic

agent.

12. The copolymer of claim 11, wherein the therapeutic agent is

associated with the copolymer.

13, The copolymer of claim 12, wherein the therapeutic agent is an

siRNA.

14, The copolymer of claim 13, wherein the therapeutic agent is

covalently attached to the copolymer.

15. The copolymer of claim 13, wherein the therapeutic agent is

ionically associated with the copolymer.

16.  The use of a copolymer of claim 1 in the manufacture of a medicament for

mhibiting gene expression.

I7.  The use of a copolymer of claim 1 in the manufacture of a medicament for

intracellular delivery of a polynucleotide
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