MULTIBLOCK COPOLYMERS
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BACKGROUND OF THE INVENTION

[00021 In certain instances, it is benefictal o provide therapeutic agents, such
as polynucieotides (e.g., oligonuclectides) o fiving cells. in scme instances, defivery of
such polynucleotides fo a living celt provides a therapeutic benefit.

[0602a] In onc aspect of the present disclosure, there is provided a composition comprising a block

copolymer associated with a polynucleotide, the block copolymer comprising a first, a second and a third

compositionally distinct blocks, the first block being a hydrophilic palymer block, the second block being located

between the first and third blocks and associated with the polynucleotide, the third block being a hydrophabic

polymer block comprising anionic repeat units, the anionic repeat units having a popuiation of anions as substituents

thereof that varies in number in a pH dependent manner, the population being greater at pH 7.4 than at pH 5,

wherein at least 90% of the repeat units of the first, second and third blocks are not the residues of amino acids

linked by a peptidic bond.

SUMMARY OF THE INVENTION

[0063] Also disclosed is a composition
cemprising a block copolymer associated with a therapeutic agent {such as a
polynucieotide). The block copolymer comprises at ieast three compositicnally distinct
blocks. The first of the three biocks is a hydrophilic polymer block. The second of the
three blacks is a polymer biock, iocated batween the first and third blocks, the second
block (i) being associated with the therapeutic agent, or {iif) possessing a functional
group for attaching the therapeutic agent. The third block is & hydrophobic polymer
biock comprising anionic repeat units; the anionic repeat units have a population of
anicns as substituents thersof that varies in number in a pH dependant manner, the
population being greater at pH 7.4 than at pH 5.

[0064] Also disclosed is a composition
comprising & block copolymer associated with a polynucieotide, the biock copolymer
comprising a first block, the first block being a hydrophiiic poiymer block suitabie for
targeting or steric shielding of the polynuclectide, a second block between the first biock
and 2 third block, the second block assodiating with the polynuciectide, and a third
block, the third block comprising a hydrophobic pH-dependent, membrane-destabilizing
polymer block, '
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[0005] Also disclosed is a composition
comprising & block copolyrer associated with a polynuclestide, the biock copolymer
comprising & first biock, the first block being a hydrophilic polymer biock, a second block
hatwean the first block and a third block, the second black asscciating with the
polynucieotide, and a third block, the third black being or comprising & potymer block
comprising a plurality of hydrophabic manomeric residues and a plurality of anionic
monomeric residues.

[6066] Also disclosed is a composition
comprising & biock copolymer associated with a polynucieotide, the block copotymer
comprising a first biock, the first tlock being a hydrophilic polymer block, a second biock
hetween the first block and a third black, the secbnd block being hydraphilic and
comprising & piurality of cationic monomeric residues in ionic associafion with the
polynuclectide, and a third block, the third blogk comprising 2 hydrophobic
pH-dependent, membrane-destabilizing polymer biock.

(0007] Also disclosedis a composition
comprising a biock copolymer associated with & polynucieotide, the biock copolymer
‘somprising a first biock, the first block being a hydrophilic palymer biock, a second black
between the first block and a third biock, the second block being a polymer bioconjugate
comprising the polynucieatide covalently coupled to the second block, and a third block,
the third block being or comprising a hydrophobic pH-dependent,
membrans-destabilizing polymar plock,

j0008] Also disclosed is a composition
comyprising & Diock copolymer associated with & polynucleotide, the block copolymer
comprising a first block, the first black being a hydrophiiic polymer biock suitabie for
targeting or steric shisiding of the polynucleotide, a second hinck between the first block
and a third block, the secand block being a polymer bioconjugate comprising the
poiynucieotide covalently coupled to the second biack, and a third block, the third block
beirg or comptising a polymer biock comprising a plurality of hydrophobic monomeric
residues and a plurality of anionic monomeric residues.

[0009] Also disclosed is polymeric micelles

comprising the compositions described herein,
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[0030} Provided in certain embodiments herein is a composition comprising a
polymeric miseliz and a poiynuciestide associated with the micelle, the micelle
comprising a plurality of block copoiymer camprising:

a. a first block, the first block baing a hydrophilic shielding biock;

b. a second block, the second biock'being batween the first block and a third
block, the second block being a polynudiectide carrier bieck; and

¢. & third block, the third block being & hydrophobic pH-dependent,
membrane destabiiizing block; the plurality of block copoiymers

associating info the icelle such that the micelie is stabie in an agueous
medium at ptH 7.4,

[0011] Provided in certain embodiments herein is a compesition comprising 2
polymeatic micelle and a polynudlestide assodiated with the micells, the micslle
comptising a plurality of biock copolymers comptrising:

a. g first biock, the first biock being a hydrophilic polymer block suitable for
targeting or steric shielding of the polynuciestide,

b. & second block between the first biock and a third blogk, the second block
associating the polynucieotide, and

c. = third block, the third block comprising a hydrophobiz pH-dependent,
membrane-destabilizing polymer block, the plurality of biock copotymers
baing associated in micelie, the micelle being stable in an agueous
medium al pH 7.4,

[0012] Another aspect of the disclosure is a composition comprising a
polymeric micelie and a polynuciectide associated with the micelie, the micelle
comgrising a plurality of block sopolymers comprising:

a', a first block, the first biock being a hydrophilic polymer block,

b. & second block batween the first black and a third block, the second block
associating the polynucleotide, and

c. a third block, the third block being or comprising a polymer block
comprising & plurality of hydrophobic monomeric residuas and a plurality
of anionic monomenc residues, the piurality of block copolymers being
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associated in the micelie, the micelle being siabie in an agueous medium
atpH7.4.

{00131 Provided In certaln embodiments herein is a compuosition com;)r%éing a
polymeric micelle and a polynudiectide assocdiated with the micelle, the micelle
comprising a plurality of block copolymers comprising

a. a first biock, the first block baing a hydrophilic polymer black,

b. a second block betweaen the first biock and & thire block; the second biock
being hydrophilic and comprising a plurality of cationic monomeric
residugs in ionic association with the polynusieotide, and

c. a third biock, the third block comprising a hydrophobic pH-dependent,
membrane-testabilizing polymer biogk, the plurality of biock copolymers
‘being associated in the micelie, the micelfie being stable in an aqueous
medium at pH 7.4,

[0014] Provided in soms embodiments herein is a composttion comprising a
noiymeric miceile and a polynucieotide assoctated with the micelie, the micelle
comprising a plurailly of block copolymers comprising

a. afirst block, the first biock being a hydrophilic polymer block,

h. a second biock betwesn the first block and & thirg block, the second block

being a poalymer bioconjugate comprising the polynucieotide covalentiy
coupled fo the second block, and

¢. a third block, the third biock being or comprising a hydrophobic
pH-dependent, membrane-destabilizing poiymer block, the plurality of
block copoiymers beaing associated in the miceli, the micelie being stable
in an agueous medium &t pH 7.4,

[0015] Also disclosed is a method for preparing a

compaosition comprising a poelymeric micelle and a polynuclesiide assoniated with the
| micelle, the method comprising admixing a biock copofymer with a first denaturing
medium, the block copolymer comprising & first, 2 second and a third biock, the first
block being & hydrophiiicg palymer block, the second block being a hydrophilic polymer
plock located between the first and third blocks comprising a moiety having the capacity
for association with a palynucleotide, the third biock being a nydrophobic pH-dependant,
membrane destabilizing polymer biock, exposing the block copolymer o a second
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agueous medium, aflowing the block copolymer to associate in the agueous madium to
form a micelie, and associaling a polynuciectide with the second block of the block
copolymer.

[0616] Another aspect of the present disclosure is a pharmaceutical
composition comprising any of the block copalymers or micelles of the present
invertion.

[6616a] A further aspect of the present disclosure is the use of a composition as defined above in the

manufacture of a medicament for the intracellular delivery of a polvnucleotide.

[6617] Also disclosed is the use of a block

capolymer or micalle of the present invention in the manufacture of a medicament.

[0017a] A further aspect of the present disclosure is a method for intraceliuiar delivery of a polynucleotide,

comprising contacting a cell with a composition ag defined above in an in vitro mediomnm:.

[0618] Also disclosed is a method for intraceltular
defivery of a polynuclectide, the meathod comprising contacting a compostiion
comprising a block copolymer or micelie of the present invention with a cell surface in g
medium at a first pH; infroducing the compasition info an endosomal membrane within
the cell through endocytosis; and destabilizing the endosomal membrane, whereby the
composition or the polynucleotide is delivered to the cytosol of the cell.

f0019] A further aspect of the present disclosure is a method for modulating the
activity of an intraceliular target in a call, the methad comprising: delivering a

noiynucieotide to the cytosol of a cell using a composition comprising a block copolymer
or micelle of the present invention, and allowing the poiynucieotide fo interact with the
intracellular 1arget, whereby the activity of the intraceliular target is modutated,

BRIEF DESCRIFTION OF THE DRAWINGS

{00203 The novel features of the invention are set forth with particutarity in the
appended claims. A batter understan'din of the fsatures and advantagss of the present
invention will e obtained by reference {o the following detailed description that sets
farth iliustrative embodimants, in which the principtes of the Invention are utilized, and
the accompanying drawings of which:

106211 Figure 1 iliustrates the synthesis of poly[PEGMA-MAA(NHS)}-b-
[DMAEMA). '

(60227 Figure 2 illustrates characterization of poly[PEGMA-MAANHE)}-b-
[DMAEMA] by NMR.
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[00231 Figure 3 iliustrates characterization of poly[PEGMA-MAA{NHS)}-b-
[OMAEMA] by GPC.

[0024]1 Figure 4 illustrates the synthesis of poly[PEGMA-MAA(NHSE)]-b-
[DMAEMA]-b-[DMAEMA-BMA-PAAL

[0025] Figure 5 illustrates the characterization of poly[PEGMA-MAA{NHS)]-b-
[DMAEMA]-b-[DMAEMA-BMA-PAA] by NMR.

100261 Figure 6 iilustrates the characterization of polyfP EGMA-MAA(NHS}-b-
[DMAEMAJ-b-[DMAEMA-BMA-PAA] by GPC. '

[00271 Figure 7 illustrates the characterization of poly]PEGMA-MAA{NHS)}-b-
iDMAEMA]-b-[DMAEMA-BMA-PAA] by NMR in PBS-d.

[0028] Figure 8 illustrates the characterization of poly[PEGMA-MAAINHS)]-b-
[DMAEMA}-b-[DMAEMA-BMA-PAA] by DLS.

ABBREVIATIONS AND DEFINITIONS

[00291 When introducing elements of the present invention or the preferred
embodiment(s) thereof, the articles "a,” "an," "the" and "said" are intended to mean that
there are one or mors of the slements. The terms "comprising”, "including” and "having"
are intended to be inclusive and mean that there may be additional elements other than
the listed elements. '

{00303 Afiphatic: unless otherwise indicated, "aliphatic” or "aliphatic group”
means an gptionally substituted, non-aromatic hydrocarbon moiety. The moiety may be,
for ex'ampie, linear, branched, or cyclic {e.g., mono- ar polyeyclic such as fused,
bridiging, or spiro-fused polycyclic), or a combination thereof. Unless otherwise
specified, aliphatic groups contain 1-20 carbon atoms. '

{60311 Alkyl: unless otherwise indicated, the alkyl groups described herein
are preferably lower alkyl containing from one to eight carbon atoms in the principal
chain and up to 20 carbon atoms. They may be Iineér, branched or cyclic and include
methyl, ethyl, propyl, butyl, hexyl and the like.

[0032) Amino: unless otherwise indicated, the ferm "amino” as used herein
alone or as part of another group denotes the moiely -NR R, wherein Ry and R, are
hydrogen, hydrocarbyl, substituted hydrocarbyl or heterocycle.
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{00331 Amide or Amido: uniess otherwise indicated, the "amide" or "amido”
moieties represent a group of the formula ~CONR4R; wherein Ry and Rp are as defined
in connection with the term "amino. "Substituted amide," for example, refers to a groun
of formula ~CONR Rz wherein at least one of Ry and Rq are other than hydrogen,
"Unsubstituted amide,” for example, refers to a group of formula ~CONR4 Rz, wherein R,
and Rz are both hydrogen.

[00341 Anionic Monomer, Anionic Monomeric Unit or Anionic Repeat Unit:
unless otherwise indicated, an "anionic monomer," "anionic monomeric unit” or "anionic
repeat unit" is a menomer or monomeric unit bearing a group that is present in an
anionic charged state or in a non-charged state, but in the non-charged state Is capabie
of becoming anionic charged, e.g., upon removal of an electrophiie (e.g., a proton {H™),
for example in a pH dependent manner). In certain instances, the group is substantially
negatively charged at an approximately physiological pH put undergoes protonation and
becomes substantially neutral at a weakly acidic pH. The non-imiting examples of such
groups inciude carboxy! groups, barbituric acid and derivatives thereof, xanthine anc
derivatives thereof, boronic acids, phosphinic acids, phosphonic acids, sulfinic acids,
phosphates, and sulfonamides.

{0035] Anionic species: unless otherwise indicated, an "Anionic species” is a
group, residue or molecule that is present in an anienic charged or non-charged state,
but in the non charged state is capable of becoming anionic charged, e.g., upon removal
of an electrophile (6.g., a proton (H*), for example in a pH dependent mannet). In certaln
instances, the group, residue or molecule is substantially negatively charged at an
approximately physiological pH but undergoes protonation and becomes substantially
neutral at a weakly acidic pH.

[0636]1 Aryl: unless otherwise indicated, the term "aryl” or "aryl group” refers to
optionally substituted monocyclic, bicycfic, and tricyclic ring systems having a total of
five to fourteen ring members, wherein at least one ring in the system is aromatic and
wherein each ring in the system contains three to seven ring members. The terms "aryl"
or."ar" as used herein alone or as part of another group denote optionally substituted
hemocyclic aromatic groups, preferably monocyclic or bicydlic groups containing from 6
to 12 carbons in the ring portion, such as phenyl, biphenyl, naphthyl, substituted phenyl,
substituted biphenyl or substituted naphthyl. Phenyl and substituted phenyl are the
mare preferred aryl,
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[0037} Attached: unless otherwise indicated, two moieties or compounds are
"attached" if they are held together by any interaction including, by way of example, one
or more covalent bonds, one or more nan-covaleni inferactions (e.g., ionic bonds, static
forces, van der Waals Interactions, combinations thereof, or the like), or a combination
thereof.

[0038] Block Copolymer: unless otherwise indicated, a "biock copolymer”
comprises two or more homopolymer or copelymer subunits linked by covalent bonds,
Block copolymers with two or three distinet blocks are called diblock copolymers and
triblock copolymers, respectively. A schematic generalization of a diblock copolymer is
represented by the formula [AB,Cc ... Jm - [XxYyZz ...]n, wherein each lettar stands for a
constitutional or monomeric unit, and wherein each subscript to a constitutional unit
represents the mole fraction of that unit in the particular block, the three dots indicate
that there may be more (there may also be fewer) constitutional units in each block and
m and nh indicate the molecular weight of each block in the diblock copolymer. As
suggested by the schematic, in some instances, the number and the nature of each
constituticnal unit is separately controlled for egeh block. The schematic is not meant.
and should not be construed to infer any relationship whatsoever between the number
of constitutional units or the number of different types of constitutional units in each of
the blocks. Nor is the schematic meant to describe any particular number or
arrangement of the constitutional units within a particular block. In each block the
constituticnal units may be disposed in a burely random, an akernating random, a
regular aliernating, a regular block or a random block configuration unless expressly
stated to be otherwise. A purely randorm configuration, for example, may have the non-
fimiting form; x-xey-zox-y-y-z-y-z-z-z... A non-limiting, exemplary altermating random
configuration may have the non-imiting form: X-y-x-z-y-x-y-z-y-x-Z..., and an exemplary
regular alternating configuration may have the non-limiting form: x-y-z-X-y-2-x-y-z... An
exémplary regular block configuration may have the foliowing non-limiting configuration:
o X-X-X-Y-y-yeZ-2-2-X-XX ., while an exemplary random biock configuration may have
the non-limiting configuration: ... X-X-X-Z-Z-X-X-y-y-y-y-Z-z-2-X-X-z-z-z-... in a gracient
polymer, the content of one or more monomeric units increases of decreases in a
gradient manner from the a-end of the polymer to the w-end. In none of the preceding
generic examples is the particuiar juxtapdsitio'n of individual constitutional units or blocks
or the number of 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 block

8



WO 2016/054266 PCT/US2009/063648

copolymers forming a micelle described herein. As used herein, the brackets enciosing
the constitutional units are not meant and are not to be construed fo mean that the
constitutiona! units themselves form blocks. That is, the constitutional units within the
square brackets may combing in any manner with the other constitutional units within
the block, i.e., purely random, alternating random, regular alternating, regutar block or
random block configurations. The block copolymers described herein are, optionally,
altemate, gradiant or random block copolymers. In some embodiments, the biock
copolymers are dendrimer, star or graft copolymers.

{00291 Cationic Monomer, Cationic Monomeric Unit or Cationic Repeat Unit:
unless otherwise indicated, an "cationic monomar,” “cationic monomeric unit” or
“cationic repeat unit’ is a monomer or a monomeric or repeat uhit (the terms
"monomeric unit' and "repeat unit” being used interchangeably) bearing a cation or a
moiety capable of having a cationic charge upon addition of an electrophile {(8.g., a
proton (H+)).

[0040] Chargeable spacies, Chargeable Group, or Chargeabie Monomeric

Unit: unless otherwise indicated, a "chargeable species,” "chargeable group” or
"chargeable monomeric unit" is a species, group or monomeric unit in either a charged
or non-charged state. In certain instances, a “chargeable monomeric unit” is one that
can be converted to a charged state {either an anionic or cationic charged state) by the
addition or removal of an electrophile (e.g., a proton (H*), for example in a pH
dependent manner). The use of any of the terms "chargeabie species”, "chargeable
group", or "chargeabie monomeric unit" includes the disclosure of any other of a
"chargeabie species”, "chargeable group”, or "chargeable monomeric unit” unless
otherwise stated. A "chargeable species” that is "charged or chargeable to an anion” or -
"charged or chargeabie to an anionic species” is a species or group that is either in an
anionic charged state or non-charged state, but in the non-charged state is capable of
being converted 1o an anionic charged state, e.g., by the removal of an electrophile,
such as a proton (HY). A "chargeabie species” that is "charged or chargeable fo a
cation' or "charged or chargeabie to a cationic species” is a species or group that is

" either in an cationfc charged state or non-charged statg, but in the non-charged state is
capable of being converted to a cationic charged state, £.g., by the addition of an
electrophiie, such as a proton (H*). "Chargeable manomaric units” described herein are
usad interchangsaably with "chargsable monomeric residues”,
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[0041] Copolymer: uniess otherwise indicaied, the term "copolymer” signifies
that the polymer is the result of polymerization of two or more different monomers.

{00421 Critical Micelle Concentration and CMC: unless otherwise indicated,
the “critical micelle concentration™ or "CMC" is the concentration at which a micelle seff-
assembiles..

{00431 Dicer Substrats: unlgss otherwise indicated, a "dicer substrate™ is a
substrate for the RNase Hi family member Dicer in cells, the substrate possessing at
least abaut 25 base pair duplex RNA. Dicer substrates are cleaved to produce
approximately 21 base pair duptex small interfering RNAs (siRNAs) that evoke an RNA
interference effect resulting in gene silencing by mBNA knackdown,

[0044] Disrupted: unless otherwise indicated, a micelle is "disrupted" if it does
not function in an identical, substantially similar or similar manner and/or possess
identical, substantially similar or similar physical and/or chemical charactetistics as
would a stable micelle, In "disruption” of a miceile can be determined in any suitabie
manner, In one instance, a micelle is "disrupted” if it does not have a hydrodynamig
particle size that is less than 5 times, 4 times, 3 times, 2 times, 1.8 times, 1.6 times, 1.5
times, 1.4 times, 1.3 times, 1.2 times, or 1.1 times the hydrodynamic particle size of 2
micelie comprising the same block copolymers and as formed in an agueous solution at
a pH of 7.4, or formed in human serum. In one instance, a mice'le is "disrupted” if it
does not have a concentration of assembiy that is less than 5 times, 4 times, 3 times, 2
times, 1.8 times, 1.6 times, 1.5 times, 1.4 times, 1.3 times; 1.2 times, or 1.1 times the
concentration of assembly of & micelie comprising the same biock copolymers and as
formed in an agueous solution at a pH of 7.4, or formed in human serum.

[0045] Endosome Disruptive & Endosamolytic: uniess otherwise indicated, a
composition is "endosome disruptive,” also sometimes referred 10 as "endosomolytic,” if
the effect of the compuosition upon the endosoms Is to Increase the permeability of the
endosomal membrane.

‘[0046] Heteroalkyl: uniess otherwise indicated, the term “heteroalky!l" means
an alkyl group wherein at ieast one of the backbone carbon atoms is replaced with a
heteroatom,

[0047] Hetercaryi: uniess otherwise indicated, the term "heteroary!” means an
aryl group wherein at least ong of the ring members is a heteroatom, and preferabiy 5 or
6 atoms in each ring. The heteroaromatic group preferably has 1 or 2 oxygen atoms, 1
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or 2 sulfur atoms, and/or 1 to 4 nitrogen atoms in the ring, and may be bondad to the
remaingler of the molecute through a carbon or hetercatom. Exemplary heteroaromatics
include furyl, thienyl, pyridyf, oxazoiyl, pyrrolyl, indalyl, quinolinyi, or isoguinoliny! and the
ltke. Exemplary substituents include one cr more of the following groups: hydrocarbyl,
substituied hydrocarbyl, keto (i.e., =0}, hydroxy, protected hydroxy, acyl, acyloxy,
alkoxy, atkenoxy, atkynoxy, aryloxy, haiogen, amido, aming, nitro, cyano, thiol, ketals,
acsetals, esters and ethers.

[00481 Heteroatom: unless otherwise indicated, the term "heteroatom” means
an atom other than hydrogen or carbon, such as an oxygen, sulfur, nitrogen,
phosphorus, boron, arsenic, selenium or silicon atom.

[0049] Heterocyclo: unless otherwise indicated, the terms "heterocyclo” and
"heterocyciic” as used herein alone or as part of another group denote optionally
substituted, fully saturated or unsaturated, monocyclic or bigyctic, aromatic or
nonaromatic groups having at least one heteroatom in at least one ring. and preferably 5
or & atoms in each ring. The heterocycio group preferably has 1 or 2 oxygen atoms, 1
or 2 sulfur atoms, and/or 1 to 4 nitrogen atoms in the ring, and may be bonded to the
remainder of the moleculs through a carbon or heteroatom. Examplary heterocyclo
include heteroaromatics such as fury!, thienyl, pyridyl, oxazolyl, pyrroiyl, indoiyl,
quinolinyt, or isoguinolinyl and the like. Exemplary substituents include one or more of
the foliowing groups: hydrocarbyl, substituted hydrocarbyl, keto, hydroxy, protected
hydroxy, acyl, acyloxy, atkoxy, alkenoxy, alkynoxy, aryloxy, haiogen, amido, aming,
nitro, cyano, thiol, ketals, acetals, esters and ethers.

[0050]1 Heterohydrocarbyl; uniess ctherwise indicated, the term
"heterohydrocarbyl® means a hydrocarbyi group wherein at least ane of the chain
carbon atoms is replaced with a heteroatom.

[6051]1 Hydrocarbon or Hydrocarbyl: unless otherwise indicated, the terms
"hydrocarbon® and "hydrocarbyl” as used herein describe organic compounds or
radicals consisting exclusively of the elements carbon and hydrogen. These moieties
include alkyl, atkenyl, atkynyl, and aryi moielies. These moieties aiso include alkyl,
alkenyl, alkynyl, and aryt moieties substituted with other aliphatic or cyclic hydrocarbon
groups, such as alkaryl, atkenary! and alkynaryl. Unless ctherwise indicated, these
moieties preferably comprise 1 to 20 carbon atoms
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[0052] Hydrophobic: unless otherwise indicated, the terms "hydrophobic" and
"hydrophobicity” are terms of art describing a physical property of a composition
reasured by the free energy of transfer of the composition between a non-polar solvent
and water {Hydrophobicity regained. Karplus P.A., Prolein Sci,, 1897, 6: 1302-1307.).
The hydrophobicity of a compasition can be measured by its logP value, the logarithm of
a partition coefficient (P}, which is defined as the ratio of concentrations of a compound
in the two phases of a mixture of two immiscible solvents, e.g., octanol and water.
Experimental methods of determination of hydrophobicity as welt as methods of
computer-assisted caiculation of logP values are known to those skilled in the art.
Hydrophobic species of the present invention include but are not limited o aliphatic,
heteroaliphatic, aryl, and heteroary! groups.

[0053} Hydrophobic Core: unless otherwise indicated, a & "hydrophobic core”
comprises hydrophobic moieties. In certain Instances, a "hydrophabic core” is
substantially non-charged (e.g., the charge is substantiaily net neutral).

[0054F Hydrophobic Repeat Unit: unless otherwise indicated, a "hydrophobic
repeat unit" or a "hydrophobic monemeric unit" is a repeat unit or monomeric unit of a
polymer possessing a hydrophobic substituent.

{00551 Hydrophobic Species: unless otherwise indicated, the terms

~ “hydrophabic species" and "hydrophobic-enhancing moiety" is a moiety such as a
substituent, residue or a group which, when covalenily attached to a molecule, such as
a monomer or a polymer, ingreases the molecule's hydrophobicity. .

[06561 Inhibition, Sitencing, Attenuation or Knock-Down: unless otherwise
indicated, the terms "inhibition,” "silencing," and "aftenuation” as used herein referic a
meastirable reduction in expression of a target mRNA or the corresponding protein as
compared with the expression of the target mRNA or the corresponding protein in the
abzence of a knockdown agent. "Knockdown,” or the reduction in expression of the
target mRNA or the corresponding protein, can be assessed by measuring the mRNA
ievels using téchniques well known in the art such as quantitative polymerase chain
reaction {QPCR) amplification, RNA solution hybridization, nuclease protection, northern
blotting and hybridization, and gene expression monitoring with a microamray, and in the
case of proteins by techniques well known in the art such as SDS-PAGE, antibody
binding, western blot analysis, immunoprecipitation, radicimmunoassay of enzyme-
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linked immunosorbent assay (ELISA), fluorescence activated cell analysis and
immunogcytochemistry.

[0057]1 Inhibit gene expression: uniess otherwise indicated, the phrase "inhibit
gene expression” means to cause any measurable reduction in the amount of an
expression product of the gene. The expression product can be an RNA transcribed
from the gene (€.g., an mRNA} and/or & polypeptide franslated from an mRNA
transoribed from the gene. The leval of expression may be determined using standard
technigues for measuring mRNA or protein,

[0058] Membrane Destabilizing Polymer or Membrane Destabilizing Block:
unless otherwise indicated, a "membrane destabilizing polymer” or a "membrane
destabilizing block" can directly or indirectly elicit a change (e.g., a permeability change)
in a cellular membrane structure (e.g., an endosomal membrane) s as 10 permit an
agent (e.g., poiynucleotide), in association with or independent of a micelie (or a
constituent polymer thereof), to pass through such membrane structure, for example, to
enter a cell or to exit a cellular vesicle (e.g., an endosome). A membrane destabilizing
polymer can be (but is not necessarily) a membrane distruptive polymer. A membrane
disruptive polymer can directly or indirectly elicit lysis of a cellular vesicle or otherwise
disrupt a cellular membrane (e.g., as chserved for a substantial fraction of a population
of cellular membranes). Generally, membrane destabilizing or membrane disruptive
properties of polymers or micelles can be assessed by various means. in one non-
limiting approach, a change in a cellular membrane structure can be observed by
agsessment in assays that measure [(direcily or indirectly) release of an agent {e.g.,
polynucleotide) from cellufar membranes (e.g., endosomat membranes), for example, by
determining the presence or absence of such agent, or an activity of such agent, in an
snvironment external 1o such membrane. Ancther non-limiting approach involves
measuring red blood cell lysis (hemolysis), e.g., as a surrogate assay for a cellular
membrane of interest. Such assays may be done at a single pH value or over arange
of pt! values.

160591 Micelle: unless otherwise indicated, a "micelle” Is a particle comprising
a core and a hydrophilic shelt, wherein the core is held together at least partially,
predominantly or substantialiy through hydrophobic interactions. The micelle may be,
for example, a multi-component, nanoparticie comprising at least two domains, the inner
domain or core, and the cuter domain or shell. Micelie particles described herein may

have any suitable or desired diameter, e.g., of less than 1000 nanometers (nm). In
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general, the micelle should have dimensions small enough to allow their uptake by
eukaryotic cells. Typically, the micelle has a iongest lateral dimension, aiso known as
the diameter, of 200 nm or less. In some embodiments, the micelle has a diameter of
100 nm or less. Smaller micelles, e.9. having diameters of about 10 nm to about 200
nm, about 20 nm to about 100 nm, or 50 nm or less, e.g., 5 nm-30 nm, are used in some
embodiments. Micelle pariicle size can be determined in any manner, inciuding, but not
limited ta, by gel permeation chromatography (GPC), dynamic light écattering (DL.S),
electron microscopy techniques (e.g., TEM), and other methods.

{00601 Non-Charged Repeat Units: unless otherwise indicated, a "non-
charged repeat unit” is a repeat unit that is neither an anionic repeat unit or a cationic
repeat uni,

[0061] Nucleoside: unless otherwise indicated, the term "nucleoside” is used
to describe & compasition comprising a monosaccharide and a base. The
monesaccharide includes but is not fimited {0 pentose and hexose monosaccharides.
The monosaccharide also includes monosaccharide mimetics and monosaccharides
modified by substituting hydroxyl groups with halogens, methoxy, hydrogen or amino
groups, or by esterification of additional hydroxyt groups.

[0662]1 Nucieotide: unless otherwise indicated, the term "nuciectide.” in its
broadest sense, refers fo any compound and/or substance that is or can be incorporated
into a poiynucleotide (e.g., oligonucieoctide) chain. In some embodiments, a nuciectide
is a compound and/or substance that is or can be incorporated into a polynucieotide
(e.g., vligonucleotide) chain via a phosphodiester linkage. In some embodiments,
“nucteotide" refers to individual nucleic acid residues (e.g. nucleotides andfor
nucleosides). In certain embodiments, “at least ane nucieotide” refers to one or more
nucleotides present; in various embadiments, the one or more nuclectides are discrete
nucleotides, are non-covalently attached to one another, or are covalently attached to
ohe another, As such, in certain instances, "at least one nucleoctide” refers to one or
more polynucleotide (e.g., oligonucieotide). In some embodiments, a polynucleotide is a
polymer comprising two or more nucleotide monomeric units.

[0063]1 Ofigonucleotide: uniess otherwise indicated, the term "oligonucieotide”
refers to a polymer comprising 7-200 nucleotide monomeric units. In some
embodiments, "oligonucleotide” encompasses single and ar/double stranded RNA as
well as single and/or double-stranded DNA. Furthermore, the terms "nucieotide",
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"nucleic acid,” "DNA," “RNA,” and/or similar terms include nucleic acid analogs, i.e., .
analogs having a modified backbone, including but not limited to peptide nucleic acids
{PNA), locked nucleic acids (LNA), phosphono-PNA, marpholine nucleic acids, or
nucleic acids with modified phosphate groups (e.g., phosphorothioates, phosphonates,
5'-N-phosphoramidite inkages). Nucleotides can be purified from naturat sources,
produced using recombinant expression systems and optionally purified, chemically
synthesized, efc. In some embodiments, a nucleotide is or comprises a natural
nucleoside phosphate {e.g. adencsineg, thymidine, guanosine, cylidine, uridine,
deoxyadenosing, deoxythymidine, deoxyguanosine, and deoxycytidine phosphate). in
some embodiments, the base includes any bases occurring naturally in various nucleic
acids as well as other modifications which mimic or resemble such naturally occurring
bases, Nonlimiting examples of modified or derivatized bases inciude 5-fluorouracii,
5-bromouraci, 5-chlorouracil, 5-iodouraci, hypoxanthine, xanthine, 4-acetylcytosine,
5-(cérboxyhydroxylmethyt)uracil, 5-carboxymethylaminomethyl-2-thiouridine,
5-carboxymethylaminomethyluracil, dinydrouracil, beta-D-galactosylqueosine, inosine,
NS-isopehtenyladenine, t-methyiguanine, 1-methylingsine, 2,2-dimethyiguanine,
z-methyiadenine, 2-methylguanineg, 3-methyicytosine, 5-methylcytosine, NE-adenine,
7-methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-
D-mannosylgueocsine, 5-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methyithio-
Né-isopentenyladenine, uréoil—S—oxyacetic acid, wybutoxosing, pseudouracil, queosine,
2-thiscytosine, 5-methyl-2-thiourack, 2-thiouracil, 4-thiouracil, 5 methyluracil, uracil-5-
oxyacetic acid methylaster, uracil-5-oxyacetic acid, B-methyl-2-thiouraci, 3-(3-amino-3-
N-2-carboxypropyljuracil, 2-aminoadenine, pyrrotopyrimidine, and 2,6-diaminopurine.
Nucleoside bases also include universal nucleobases such as difiucrotolyl, nitroindolyl,
nitropyrrolyl,.or nitroimidazolyl. Nucleotides also include nucleotides which harbor a
label or contain abasic, 'i.e., tacking a base, monomers, A nucleic acid sequence is
presented in the 5'to §' direction unless otherwise indicated. A nucleoctide can bind to
another nucleotide in & sequence-specific manner through hydrogen bonding via
Watson-Crick base pairs. Such base pairs are said 1o be complementary to one
another. An oligonucieotide can be single siranded, double-stranded or triple-stranded.

[a064] Oligonucleotide gene exprassion moduiator: as used herein, an
"ofigonucleotide gene expression modulator” is an oligonucieotide agent capabie of
inducing a selective medulation of gene expression in a living cell by mechanisms
including but not limited to an antisense mechanism or by way of an RNA inferference
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(RNAi)-mediated pathway which may inciude (i) transcription inactivation; (i) mRNA
degradation ar sequestration; {iil) transcriptional inhibition or attenuation or (iv} inhibition
or attenuation of transiation. Oligonucleotide gene expression medulators inciude,
regutatory RNA (including virtually any regulatory RNA} such as, but not limited to,
antisense oligonucieotides, miRNA, siRNA, RNAI, shRNA, aptamers and any analogs or

precursors thereof,

100651 Oligonuclectide Khockdown Agent: uniess otherwise indicated, an
"oligonucieotide knackdown agent” is an ofigonucleotide species which can inhibit gene
expression by targeting and binding an intracellular nucleic acid in a sequence-specific
manner. Non-limiting examples of aligonucleotide knockdown agents include siRNA,
miRNA, shRNA, dicsr substrales, antisense oligonucleotides, decoy DNA or BNA,
antigene oligonucleotides and any analogs and precursors thereof.

[00663 pH Dependent, Membrane-Destabilizing: unless otherwise indicated, a
"nH dependent, membrane-destabilizing” group or block is a group or block that is at
least partially, predominantly, or substantially hydroghobic and is membrane '
destahiizing in a pH dependent manner. In cetfain instances, a pH dependent
membrane destabilizing polymer block is a hydrophabic polymeric segment of a block
copolymer and/or comprises a plurality of hydrophobic species; and comprises a
plurality of chargeébie speciss. In some embodiments, the chargeabie species is
anionic. In some embadimens, the anionic chargeable species is anionic at about
neutral pH. In further or alternative embodiments, the anionic chargeable species is
non-charged at a lower, e.g., endosomal pH. In some embodiments, the membrane
destabilizing chargeable hydrophobe comprises a plurality of cationic species. The pH
dependent membrane-destabilizing chargeable hydrophobe comprises a non-peptidic
and non-lipidic polymer backbone. For example, a pH dependent, membrane-
destabilizing block may possess anionic rapeat units the substituents of which are
predominantly ionized (anions) at one pH, e.g., pH 7.4, and predominantly neutrai at a
!esser_pH, 2.g., pH 5.0 whereby the pH dependent, membrane-destabilizing group or
block becomes increasingly hydrophobic as a function of the drop in pH from 7.4 10 5.0.

{00671 RNAi agent: uniess otherwise indicated, the term "RNAI agent” refers
o an oligonucieotide which can mediate inhibition of gene expresgsion through an RNAI
mechanism and includes, but is not limited to, siRNA, microRNA (miRNA), short hairpin
RNA (shRNA), asymmetrical interfering RNA (aiRNA), dicer substrate and the

precursors thereof.
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10068} RNA interference (RNAI): unless otherwise indicated, the term "RNA
interference” or "RNAI" refers {o sequence-specific inhibition of gene expression and/or
reduction in target mRNA and protein levels mediated by an at least partially double-
stranded RNA, which aiso comprises a portion that is substantially complementary 1o a
target RNA.

(00697 Short hairpin RNA {shRNA): unless otherwise indicated, "short hairpin
RNA" or "shRNA" refers to an oligonucleotide having at least two complementary
portions hybridized or capable of hybridizing with each other to form a double-stranded
(duplex) structure and at least one single-stranded partion.

(00701 Shortinterfering RNA {siRNA): uniess otherwise indicaled, "short
interfering RNA" or "siRNA" refers to an RNAI agent that is approximately 15-50 base
pairs in léngth and optionally further comprises zero to two single-stranded overhangs.
One sirand of the sIRNA includes a portion that hybridizes with a target RNA ina
complementary manner. In some embodiments, one or more mismatches betwsaen the
siRNA and the targeted portion of the target RNA may exist. in some embbd’tments,
siRNAs mediaie inhibition of gene expression by causing degradation of target
transcripts.

[0071] Stable: unless otherwise indicated, a micelle described herein is
"stable" if the assembly does not disassociate or become destabilized. In certain
instances, a stable micellic assembly is one that has a hydrodynamic particle size that is
within approximately 60%, 50%, 40%, 30%, 20%, or 10% of the hydrodynamic particle
size of a micellic assembly comprising the same block copolymers initialiy formed in an
aqueous selution at a pH of 7.4 (e.g., a phosphate-buffered saline, pH 7.4). In some
instances, & stable micellic assembly is one that has a concentration of
formation/assembly that is within about 60%, 50%, 40%, 30%, 20%, or 10% of the
concentraiion of formation/assembly of a micetiic assembly comptising the same block
copolymers initially in an aqueous solution ataptH of 7.4 (e.g., a phosphate-buffered
saline, pH 7.4).

100721 Substantially Non-Charged Biock: unless otherwise indicated, the term
"substantially non-charged block" means a polymeric block that has a neutral charge, or
a near neutral charge. For example, less than about 10 mole% of the repeat units in a
black will be anionic, cationic or zwitterionic repeat units in a substantialiy non-charged
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block. By way of further example, less than about 5 mole% of the repeat units in a block
will be anionig, cationic or 2witterionic repeat uUnits in a substantiatly non-charged block.

[06073] Substituted or Optionaily Substituted: unless otherwise indfcated, the
term "substituted” and “optionally substituted" means that the refereniced group is or
may be substituted with one or more additional suitable group(s), which may be
individually and independently seiected from acetals, acyl, acyioxy, alkenoxy, alkoxy,
alkyithio, alkynoxy, amido, amino, aryi, aryloxy, arylthio, carbonyl, carboxamide,
carboxyi, cyano, esters, ethers, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl,
substituted heterchydroatkyl, cycloalkyl, hatogen, heteroalicyclic, hetercaryl, hydroxy,
isocyanato, isothincyanato, ketals, keto, mercapte, nitro, perhaloalkyl, sityl, sulfonamido,
sulfonyl, thiocarbonyl, thiocyanato, thiol, and/or the protected derivatives thereof.-

[00741 Therapeutic agent: uniess otherwise indicated, the phrase "therapeutic
agent” refers to any agent that, when administered to a subiect, organ, tissue, or cell
has a therapeutic effect and/or eficits a desired bioiogical and/or pharmacological effect.

100751 Therapeutically effective amount: unless otherwise indicated, the term
"therapeutically effective amount" of a therapeutic agent means an amount that is
sufficient, when administered to a subject suffering from or susceptible 10 a disease,
disorder, and/or condition, t0 treat, diagnose, prevent, and/or delay the onset of the
symptom(s) of the disease, disorder, and/or condition.

[oo76] Zwitterionic Monomaer, Zwitterionic Monomeric Unit or Zwitterionic
Repeat Unit: unless otherwise indicated, a "zwitterionic monomer,” " zwitterionic
monomeric unit" or "zwitterionic repeat unit" is 2 monomer or a monomeric or repeat unit
{the terms "monometic unit” and "repeat unit" being used interchangeably} bearing (i) a
cation or a moiety capable of having a cationic charge upon addition of an slectrophile
{e.g., a proton (H+)) and (i) an anion or a moiety capable of having an anionic charge
upon removal of an electrophiie (e.g., a proton (H+)).

DETAILED DESCRIFTION OF THE PREFERRED EMBODIMENTS

[6077] One aspect of the present invention is a copolymer comprising three
discrete polymeric blacks, each possessing somewhat different characteristics or
providing g somewhat different function. One of these blocks is a hydrophilic polymeric
biock, sometimes referred to herein as the "first block,” the "shielding block,” the
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“hydrophilic shielding block" or simply the "hydrophilic block." As described in greater
detail elsewhere herein, the first block may be used to contribute water solubility to the
copolymer, to aid in micelle formation, to target the copolymer to a celiular or other
hiological target, to shisld a therapeutic agent that Is associated with the copolymer, or a
combination of two or more thereof. The second of these biocks, sometimes referred to
herein as the "second block” or the *carrier block;" is attached to a therapeutic agent, or
ar least possesses a functionat group for attaching a therapeutic agent to the copolymer.
The third of these blocks is a hydrophobic polymeric block, sometimes referred to herein
as the third biock or simpiy the "hydrophobic block.” As described in greater detail
elsewhere herain, the third block may be used to decrease the water solubllity of the
copolymer, to aid in micelle formation, to destabilize a celiular membrane or ather
bioiogical target, or a combination of two or more thereof. The copolymer may
opltionally possess additional polymeric blocks that amplify the function of the first,
second and third blocks of the copolymers of the present invention, or which introduce
other functionalities or properties to the copolymer. Regardiess of the number of blocks,
it is generally preferred that the carrier block be located between the first {hydrophilic)
and third (hydrophobic) blocks. In addition, the number avarage moiecular weight of the
first, second and third blocks, in combination is about 5,000 to about 100,000 daltons.
Additionally, in one embodiment, the Zeta potential of a polymeric solution containing a
black copolymer of the present invention {without an associated therapeutic agent such
as a polynuciectide) is between 16 mV (miliivolf). In one preferred embodiment, the
Zeta potential of the polymeric soiution {without an associated therapeutic agent such as
a polynucieotide) is between +5 mV. |n one preferred embodiment, the Zeta potential
of the polymeric solution {(without an associated therapeutic agent such as a
polynucleotide) is between =2 mV.

[00781 _In general, the properties of the first, second and third blocks may be
tuned by selection of the monomeric residues constituting each of the three biocks or
the relative male fractions. For example, the first blogk is hydrophilic and the third block
is hydroghobic and this difference in hydrophilicity may be achieved by the
polymerization of different sets of monomers for the first and third blocks; alternatively,
the same set of monomers may be used for the two biocks, but the first block will
coniain & retatively greater percentage of hydrdphiﬁc monomeric residues 1o provide the
first block with an overall hydrophilic character whereas the third block will contain a
relatively greater percentage of hydrophoblc monomeric residues to provide the
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hydrophobic block with an overall hydrophobic character, Similarly, the second block is
attached to the therapeutic agent or at least possesses a functional group for atiaching
a therapeutic. Relative to the first and third blocks, therefore, the carrier block will
comprise the residues of a different set of mornomers relative to the first and third blocks,
or at least a different percentage of monomeric residues that are used to attach the
therapeutic agent o the carrier block. The first, second, and third blocks thus possess
somewhat different properties or function relative {0 each other as a result of the
compositional differences between the respective blocks.

[0079} Although the carrier block is located between the hydrophilic block and
the hydrophobic block, it is not necessarily immediately adjacent to each. Stated
differently, the carrier block may be covalently coupled to the hydrophilic block via a
polymeric or non-polymeric linking moiety. Alternatively, or additionally, the carrier biock
may be covalently coupled to the hydrophobic block via a polymeric or non-polymeric
linking moiety. For exampie, the casrier block may be coupled to the hydrophilic biock
and/or the hydrophobic block by a series of amino acid residues, saccharide residues,
nucleic acid residues, ete., to introduce a cleavage point or other functionality between
the respective blocks. By way of further example, the carrier block may be coavaientty
coupled to the hydrophilic block andfor the hydrophobic block by a cleavable moiety
such as a disulfide, a hydrazide, an estet, an acetal, or a phosphodiaster linking moiety.
in general, It is presently preferred that the carrier block be immediately adjacent to the
hydraphilic block. 1t is also presently preferred that the carrier block be immediately
adjacent to the hydrophobic block,

[00B0]1 Provided in certain embodiments herein, a block copolymer described
hersin, or a micelie comprising a plurality of such block copolymers, comprises a
hydrophilic shielding block, a carier block and a hydrophobic block. In specific
embodiments, the carrier block is betwaen the hydrophilic shieiding block and the
hydrophobic biock.

[0081] Provided in certain embodimenis are block copolymers comprising at
least three blocks and micelies thereof. In more specific embodiments, block
copolymers comprise at least three blocks. In some embodiments, polymers described
hergin comprise at ieast one hydrophaobic block and at least iwo hydrophitic blocks. In
certain embodiments, polymers described herein comprise at least one hydrophobic
block, at least one hydrophilic block, and at least one block associated with a
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therapeutic agent (2.g., polynucleotide or peptide), the block associated with a
therapeutic agent being between the hydrophilic and hydrophobic blocks.

100821 |n some embodiments, at least one of the hydrophilic blocks comprises
a plurality of charged species (i.8., Is polycationic, polyanionic, or both), and/or is
associated with a molecule that comprises a plurality of charged species {e.g., &
polynucleotide or polypeptide}. In specific embodiments, at least one of the hydrophilic
blocks comprises a piurality of species that are charged at about neutral pH (i.e., is
polycationic, polyanionic, or both at about neutral pH). In certain embodiments, at least
one of the hydrophilic biocks is a shieiding biock. In specific embodiments, the shielding
block is nan-charged, e.g., at about neutrat pH.

[00831 | is generslty preferred that one or more of the polymer blocks is a
copolymer block and that the copolymer block is a random copelymer block. Thus, for
example, it is generally preferred that at least one of the first, second or third biocks be a
random copolymer comprising two or mare compositionally distinct monomeric residues.
In one such example, the first block (i.e., the hydrophilic block) is a random copoiymer
block comprising two or more compositionally distinet monomeric residues. Additionally,
or alternatively, the second block (i.e., the carrier block) may be & random copolymer
comprising two or more compositionally distinct monemeric residues. Additionally, or
alternatively, the third block (i.e., the hydrophobic block) may be a random copolymer
comprising two or more compesitionally distinct monomeric residues. In some
embodiments, the first or second block of the polymers described hereln are
homopolymer blocks. For exampie, in one embodiment, the first block is a
homopolymer and the second and third blocks are random copolymers. By way of
further example, in one embodiment, the first and second blocks are compositionally
distinct homopolymers and the third block is a random copolymer. By way of further
example, in one embodiment, the three blocks are compositiohal!y distinct
homopolymers. By way of yet further example, in one embodiment, the three blocks are
compositionally distinet random copolyrers.

roog4]  The first, second and third blocks comprise chain atoms and pandant
groups covaiently coupled to the chain atoms. Preferably, the chain atoms are carbon
or a combination of (i} carbon and (i) sulfur and/or oxygen atoms. Thus, for example,
the repeat units of the first, second and third blocks are independently seiected from the
group consisting of substituted alkylene, substituted alkylene glycol, and substituted

alkylene thioglycol repeat units, and combinations thereof. In one preferred
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embodiment, the chain atoms of the first, second and third blocks are carbon. In
another embodiment, the ¢hain afoms of the first and second blocks are independently
carbon or a combination of carbon, oxygen and sulfur atoms, and the chain atoms of the
third block are carbon. In another embodiment, the chain atoms of the first and second
blocks are independently carbon or a combination of carbon and oxygen atoms, and the
chain atoms of the third block are carbon. In another embodiment, the chain atoms of
the first and second blocks are independently carbon or a combination of carben and
sulfur atoms, and the chain atoms of the third block are carbon. In another embodiment,
the chain atoms of the first block are @ combination of carbon and oxygen aioms, and
the chain atoms of the second and third blocks are carbon. independent of the selection
of the chain atoms, the pendant groups are preferably selected from the group
consisting of hydrogen, hydrocarbyl, substituted hydrocarbyl, subsiituted carbonyl and
heterocyclo.

[00851 In apreferred embodiment, the block copolymers of the present
invention is prepared by a method other than by stepwise coupling approaches invoiving
a sequence of multiple individual reactions (e.g., such as known in the ari for peptide
synthesis or for oligonuclectide synthesis). For example, in one embodiment, at lsast
one of the first, second and third biocks is formed by chain-growth polymerization,
sometimes referred to as addition polymerization. By way of further example, in one
embadiment, at least two of the first, second and third blocks is formed by chain-growth
polymerization. By way of further example, in one erﬁbodiment, each of the first, second
and third blocks is formed by chain-growth polymerization. As such, the first, second
and third blocks are non-lipidic.

[0o86] Although each of the blocks may contain repeat units linked by amide
bonds, formed for example, by the condensation reaction of amine acids or by the
condensation reaction of species other than amino acids {e.g., diamines and
dicarboxyiic acids), it is generally preferred that the substantial majority of the residues
constituting the first, second and third blocks not be peptidic. Stated differently, it is
generahy preferred that the substantial majority of the residues of ths first, second and
third blocks are other than amino acid residues linked by peptide bonds. For example,
in one embodiment at least 80% of the residues constituting the first block are other
than amino acid residues linked by peptide bonds. By way of further example, in ocne
embodiment at least 90% of the residues constituting the second biock are other than
amino acid residues linked by peptide bonds. By way of further example, in one
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embodiiment at least 90% of the residues constituting the third block are other than
amino acid residues linked by peptide bonds. By way of further example, in one
embodiment i is preferred that at least 90% of the residues constituting the first,
second, and third blocks, considered collectively, be other than amino acld residues
finked by peptide bonds. By way of yet further example, in one embodiment it is
preferred that at least 90% of the residues constituting each of the first, second, and
third blocks be other than amino acid residues inked by peptide bonds. Preferably,
each block is a substantially nan pepfidic polymer {consists of a polymer other than an
amino acid polymer).

100871 In conirast, for clarity, notwithstanding and without preiudice 1o the
foregoing, the targeting moieties and/or other biomolecular agents of the inventions can
be an aming acid polymer (e.g., a peptide} or a nucleic acid polymer {e.g., an
oligonucisotide) or a polysaccharide. In one praferred embodiment, peptides,
saccharides, or nugleic acid residues are attached, as pendant groups, to the repeat
units to increase water solubility, provide shielding, targeting, or as a therapeutic agents.
or other hydrophilic or targeting groups are attachad, as pendant groups to the repeat
units. When attached as pendant groups, howaver, the peptides, saccharides, and
nucleic acids de not provide peptide, glycosidic or phosphodiester bonds aiong the
backbone of the polymer block which they would do if incorporated as repeat units.

{00881 Conveniently, the first, second and third blocks may be prepared from
readily polymerizable monomers. For example, in one embcdiment, the repeat units are
residues of ethylenically unsaturated monomer(s). In another, the first, second énd third
blocks cofnprise repeat units independently derived from optionally substituied acrylic
acid monomers, optionaily substituted vinyl aryi monomers, optionally substituted
acrylamide monomers, optionally substiiuted acrylate monomers and combinations
therecf.

[008%] Inone preferred embodiment, the first biock, the second block or the
third block comprises repeat units of Formula 1

X x4
*
*
xt X
Formuta 1
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wherein * designates the point of attachment of the repeat unit of Formula 1 1o other
repeat units, each X! and X? is independently selected from the group consisting of
hydrogen, hydrocarbyl, substituted hydrocarbyl, heterocyclo, and substituted carbonyl,
provided, however, X' and X* are not, in the same repeat unit, selected from the group
consisting of aryl, heteroaryl, heterosubstituted carbonyl, and combinations thereof;
gach X is independently hydrogen, alkyl or substituted alkyl, and each X* is
independently heterosubstituted carbonyl, aryi, or heteroaryl. For example, in one such
embodiment, the first, second or third blocks comprise repeat units corresponding to
Formula 1 in which X* is aryl or heteroaryl. In another such embodiment, the first,
second or third biocks comprise repeat units corresponding to Formuia 1 in which X'is
COIOX™, -C(O)SX™, or -CONXPX!, and X*™ and X* are independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl, substituted heterohydrocarbyl,
or heterocyclo. In another such embodiment, two of the first, second and third blocks
comprise repeat units corresponding to Formula 1 in which X*is -C{0}OX*,
-CLOYSX®, or -CIOINX®XH, and X*° and X*' are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl, substituted heterohydrocarby, or
heterogyclo. [n another such embodiment, the first, second and third blocks comprise
repeat units corresponding to Formula 1 in which X* is -C(O)YOX™, -C(O)SX™, or
-C{OINXOXY, and X* and X*' are indepandently hydrogen, hydrocarbyl, substiiuted
hydracarbyl, heterchydrocarbyl, substituted heterohydrocarbyl, or heterocyclo. In
another such embodiment, the first, second or third blocks comprise repeat units
corresponding to Formula 1 in which X*is -C(OYOX* ar -CONX*X**and X* and X'
are independently hydrogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbwyi,
substituied heterohydrocarbyl, or heterocycio.

MYDROPHILIC BLOCK

[6090] The first biock of the copolymer of the present invention may be used
to contribuie a range of properties or functions to the copolymer. For example, the
number and composition of the constituent units of the first block may be selected 1o
impart the desired degree of water solubility/dispersability to the copolymer.
Alternatively, or additionally, in those embodiments in which the polymers of the present
invention are incarporated into micefles, the number and composition of the constituent
units of the first block may be selected to provide micelles having a desired size, critical
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micelle concentration or other property. independent of micelle formation, the number
and composition of the constituent units of the first biock may be seiected to target the
polymer to a callutar or other biological target. Alternatively, or additionally, the number
and composition of the constituent units of the first block may be selected to shield 2
therapeutic agent that is associated with the copalymer.

[0081] Depending upon the desired properties and functionality, the first block
may be a homopoiymer block or a copolymer block, In those embodiments in which it is
a copolymer biock, it is preferably a random copolymer block. For example, the first
block may be a copolymer block comprising two or more compositionally distinct
monomeric residues. By way of further example, the first block may be copolymer block
comprising charged repeat units {i.e., cationic repeat units, anionic repeat units,
2wittericnic repeat units or a combination théreaf), non-charged repeat unils, ora
combination thereof. In one specific embodiment, the first block comprises charged
repeat units. In another specific embodiment, the first block comprises cationic repeat
units. In yet another embodiment, the first block comprises cationic repeat units and
non-charged repeat units. In yet another embodiment, the first block comprises
zwitterionic repeat units and non-charged repeat units. In yet another embodiment, the
first block comprises exciusively non-charged repeat units and the block is non-charged
at neutral pH. Furthermore, in those embodiments in which the first block comprises
cationic repeat units, the first block may comprise a combination of two or more
compositionally distinct cationic repeat units; in those embodiments in which the first
block comprises anionic repeat units, the first block may comprise a combination of two
or more compasitionally distinct anionic repeat units; in those embodiments in which the
first biock comprises zwitterionic repeat units, the first biock may comprise a
combination of two or more compositionally distinct zwitterionic repeat units; and in
those embodiments in which the first biock comprises non-charged repeat units, the first
block may comprise a combination of two or more compositionaliy distinct non-charged
rapeat units.

[0082] In general, the hydrophilic first block may contain anionic repeat units,
cationic repeat units, zwitterionic repeat units, a combination of two or more charged
repeat units (e.g., anionic and cationic repeat units, anionic and zwitterionic repeat units,
cationic and zwitterionic repaat units, or anionic, cationic and zwitterionic repeat units),
substantiaty non-charged repeat units, or a combination thereof, provided that its overall
characior is hydrophilic. Stated differently, the hydrophilic first block may contain any of
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a wide range of repeat units, hydrophilic or even hydrophobic, provided that the sum of
the contributions of the repeat units comprised by the first block provide a block having
an overalt hydrophilic character. When the repeat units contain ionizable groups, the
contribution of an individual repeat unit to the overall hydrophilicity of the block of which
it is a constituent may vary as a function of its pKa relative to the pH of the environment
in which it is found. For example, propy! acrylic acid repeat units,
-CHaC{CHCHCHa}{COCH)-, are predominantly ionized at pH 7 but not at pH § and
thus, the hycrophobic contribution of propyl acrylic acid repeat units to a block is
significantly greater at pH 5 than at pH 7. In general, therefore, when the first black
comprises ionizable cationic repeat units or ionizable anicnic repeat unils, it is preferred
that the sum of the contributions of the repeat units constituting the first biock be such
that the overali character of the biock is hydrophilic at physiological pH. For exampie, in
- one embodiment, it is preferred that the first block be hydrophilic over the range of pH
from pH 5.0 1o pH 7.5. |

[0093] Insome embodimenis, the hydrophilic first bipck is a substantially non-
charged block, In specific embodiments, the hydraphiiic first blogk is substantially non-
charged and shields a charged second block and/or a charged therapeutic agent
associated with a secand block. For example, the first block may be a polysaccharide
piock. In some other embodiments, the hydrophilic first biock is a polyzwitterionic {i.e.,
comprising a piurality of both cationic and anionic species or monomeric residues at
abaout neutral p) or polyanionic block (i.e., comprising a plurality of anionic monemeric
residues at about neutral pH). In either of these embodiments, the hydrophilic first block
may comprise at least one conjugatable or functionizable monomeric residue that may
be used, for example, to link a targeting group, a water-solubilizing group, or other
funetional group to the polymer block, post-polymerization.

[0094] In one preferred embodiment, the hydrophilic first block is a hydrophilic
polymer block suitable for {capable of/effective for) steric shielding of the polynucleotide.
in this embodiment, the hydrophilic first block comprises a plurality of monomeric
residues having a shielding species, and the shielding species is effective for steric
shielding of a polynucleotide associated with the polymer or a miceiie comprising the
polymer. For example, the shielding species may be effective for enhancing the stability
of the polynucleotide against enzymatic digestion in plasma. Additionally, or
alternatively, the shielding species may be effective for reducing toxicity of a polymer or
micelie described (e.g., by shielding a charged second hydrophilic biock and reducing
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the effective surface éharge of a polymer or micelie). Additionatly, or alternatively, the
shielding species is effective for maintaining desirable surface properties of g micelle
comprising the polymer. Additionally, or alternatively, the shielding species may be
effactive for increasing the circulation time in or decreasing its clearance rate by the
kidneys.

100951 Depending upon the desired properties, the shielding species of a
polymer or micelle may be selected from a range of moisties. For example, the
shielding species may be an alcohol, a phenol, a thiol, a polyoxylated alkyl (e.g.,
poiyethylene glycol, polypropylene glycol, or the like), an ether, a thio-ether, or the like.
in some embodiments, the hydrophilic first block comprises a piurality of monomaeric
residues having a pendant group comprising & shielding oligomer {e.g., polyethylene
glycol, polypropylene giyeol, or the like). In specific embodiments, the shielding species
of a polymer or micelle described herein is a polyoxylated alkyl with the structure of

Formula il:
gz
%ﬁ)\o ,)% )
R '

wherein each R' and R? are each independently selected from the group consisting of
hydrogen, halogen, and optionally substituted C4-Cs alkyl, and nis an integer. Ina
preferred embodiment, the number of repeat units, n, will provide a shislding species
having a molecular weight of about 40 to about 2000 daltons. In specific embodiments,
n will be about 2-20; for example, n may be about 3-10 and, depending upon the
polymer, about 4-5, about 8-, or the like. in some embodiments, the shielding species
corresponds o Formula It and has a molecular weight of about 40 to about 2000 dalton,
or about 100 to about 2000 daiton,

{00961 Insome embodiments, the hydraphiiic first block has a structure
corresponding to Formula la-1:
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whereain:

100971 each of Ag A7, and Ag are independently selected from the group
consisting of ~C-C-, -C-, ~-C{O)C)oC{OIG-, -O{C)C{O)- and —C{C)pO-;

[0098] ais1—4;
{0098} bis2-—4,

101001 each of Y, Yy, and Y are independently selected from the group
consisting of a covalent bond, {1C-10C)alkyl-, (3C-8C)cycloalkyl, C-(1C-10C)alkyl,
-C(O)0(2C-10C) alkyl, -OC(O}1C-10C) alkyl-, -O(2C-10C)alkyl-, -5(2C-10C)alkyl-,
-C{OINRs(2C-10C) alityl-, and aryl, any of which is optionaily substituted;

[0L0L] tetravalent carbon atoms of As-As that are not fully substituted with Rsa,
Ry, Rg and Ye-Ys are completed with an appropriate number of hydrogen atoms;

[0102] each Rea, By, and Rg is indepandently seiected from the group
consisting of hydrogen, -CN, alkyl, alkynyl, heteroatkyl, cycloalkyl, heterocycloalkyl, aryl
and hateroaryl, any of which may be optionally substituted with one or more fluorine
atoms;

[0103] Qs & residue selected from the group consisting of residues which
are hydrophitic at physioclogic pH and are substantially non-charged at about neutral pH
(e.g., hydroxy, polyoxylated alkyl, polyethylene giycol, polypropylene glycol, thiol, or the
like); ‘ '

[o104] Q- is aresidue selected from the group consisting of residues which
are hydrophilic at physiologic pH, and are at least partially positively charged at about
neutrat pH (e.g., amino, alkylamino, ammonium, alkylammonium, guanidine, imidazolyl,
pyridyl, or the like); at least partially negatively charged at about neuiral pH but undergo
protonation at lawer pH (e.g., carboxyi, sulfonamide, boronate, phosphenate,
phosphate, or the like); at least parttally zwitterionic at physiologic pH (e.g., a
monomeric residue comprising a phosphate group and an ammonium group at
physiotogic.pH), or hydrogen;
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[0105] Qs is selected from a group consisting of a conjugatabie or
functionizable residue {e.g. residues that comprise a reactive group, e.¢., azide, alkyne,
succinimide ester, tetrafluorophenyl ester, pentafluorophenyl ester, p-nitropheny! ester,
pyridyt disulfide, aldehyde, ketone, amine, or the like) or a targeting agent (e.g., sugar
residue, folate, peptide, or the like);

foL06} gisOto1;

[6L07)] hisOtolessthan 1;

[0108] KisOto1;

[0108] whereing+h+k=1;and

[0110] vis about 1 to about 100 kDa, or about 1 to about 30 kDa.

{0111} In some embodiments, the hvdrophilic first block has a structure
coerresponding to Formula la-2:

wherein:

[0112} Agis selected from the group consisting of ~C-C-, -C-,
-C{O}C)aG{O)O-, -O(C)eC(O)- and —O{C)eO-;

(61131 ais1-—4;
[0114] bis2-4;

101151 R*is selected from the group consisting of hydrogen, and optionally
substituted C¢-Cg alky), '

[0116] Y:sis selected from the group consisting of a covalent bond,
{1C-10C)alkyl-, (8C-6C)cycloakkyl, O-{(1C-10Catkyl, ~C(OYO(2C-10C) atkyl-,
-OC(OY(1C-10C) aikyl-, -O(2C-10C)alkyl-, -S(2C-10C)aikyi-, ~C(O)NRg(2C-10C) alkyl-,

and aryl, any of which is optionally substituted;

[0117] tetravalent carbon atoms of Ag that are not fully substituted with Rea
and Y is completed with an appropriate number of hydrogen atoms;
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[0118} each Reais Independently selected from the group consisting of
hydrogen, -CN, alkyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryt and
heteroaryt, any of which may be optionally substituted with one or more fluorine atoms;

[0118] Qg is a residue selected from the group consisting of residues which
are hydrophilic at physiotogic pH and are substantially non-charged at physiologic pH
{e.g., hydroxy, polyoxylated alkyl, polyethyiene giycol, polypropylene giycol, thiol, or the
like); and

[0120] vyisabout 1 to about 30 kDa.

[01211 In some embodiments, the hydrophilic first biock is a copolymer
comprising monemeric residues corresponding {o Formuta la, and other monomeric
residuss. In preferred embodiments, the other monomeric residues are non-charged.
in some embodiments, the other monometic residues are non-hydrophobic. Ih certain
embodiments, the other monomeric residues do not sighificantly affect the overall
hydrophilicity of the hydrophiiic first block.

{01221 inone preferred embodiment, the hydrophilic block comprises repeat
units corresponding to Formuila 1

x3 x4
*
*
Xt xR
Formula 1

wherein * designates the point of attachment of the repeat unit of Formuia 1 to cther
repeat units; each X' and X2 is independently selected from the group consisting of
hydrogen, hydrocarbyl, substituted hydrocarbyl, heterocyclo, and substituted carbonyl,
provided, however, X* and X2 are not, in the same repeat unit, selected from the group
consisting of aryl, heteroaryl, heferosubstituted carbony!, and combinations thereof;
each X® is independently hydrogen, alkyl or substituted ali, and each X* is
independently heterosubstituted carbonyl, aryl, or hetercaryl. For example, in one such
embadiment, the hydrophilic block comprises repeat units corresponding to Formula 1
and X' and X are each hydrogen. In another such example, the hydraphilic block
comprises repeat units corresponding to Formuta 1, X' and X2 are each hydrogen and
X% is hydrogen or alky!'. in a further example, the hydrophilic biock comprises repeat
units corresponding to Formula 1, X' and X2 are each hydrogen, X2 is hydrogen or alkyl,
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and each X* is independently heterosubstituted carbonyl. in a further example, the
hydrophilic block comprises repeat units corresponding to Formula 1, X* is -C{O)OX™,
-C{OISX®, or -CIOINX®XH, and X% and X*' are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, heterofiydrocarbyl, substituted heterohydrocarbyl, or
heterocycto. In a further example, the hydrophilic biock comprises repeat units
corresponding to Formula 1, X* is -C{OYOX™ or -C{OINXX", and X*° and X*' are
independentiy hydrogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl,
subsiituted heterohydrocarbyl, or heterocycio. In a further example, the hydrophilic
block. chmprises repeat units corresponding to Formula 1, X' and X? are each hydrogen,
X3 is hydrogen or alkyl, X* is -G(OYOX™, and X* is hydrogen, hydrocarbyl, substituted
hydracarbyl, heterohydrocarbyl, substituted heterohydrocarbyi, or heterocycio. Ina
further examople, the hydrophiiic block comprises repeat units corresponding to Formula
1, X' and X? are each hydrogen, X® is hydrogen or alkyl, X* is -C{OYOX*, X*is
~(CH,CH,0}X*®, tis a positive integer, and X" is aiky'l, substituted alkyl, or
heterocycio. In a further exampie, the hydrophilic block comprises repeat units
corresponding to Farmula 1, X' and X are each hydrogen, X is hydrogen or alkyl, X* is
-CIO)OX®, X is -(CHCH,0)X*™, tis a positive integer, and X*° comprises a targeting
moiety. In a further example, the hydrophilic block comprises repeat uniis
corresponding to Formula 1 and the repeat units corresponding to Formuia 1 constitute
a majority of the totat number of repeat units in the hydrophilic block, tn a further
example, the hydrophilic block comprises repeat units corresponding to Formula 1.and
the repeat units corresponding to Formuia 1 constitute at ieast 75% of the total number
of repeat umts in the hydrophilic block. In a further example, the hydrophilic biock
comprises repeat units corresponding to Formula 1 and the repeat units corresponding
to Formula 1 constitute at least 90% of the total number of repeat units in the hydrophilic
block.

101231 In one alternative embodiment, the hydrophilic block is a random
copolymer comprising at least two compositionally distinct repeat units, at least one of
which corresponds to Formula 1. in another alternative embodiment, the hydrophilic
block is & random copolymer comprising at least two compositionally distinct repeat
units, each of which corresponds to Farmula 1. For example, the hydrophilic biock may
be a random copoiymer comprising (E) a first repeat unit corresponding to Formula 1 in
which X% is -C{O)YOH and (i) a compositionally distinct second repeat unit corresponding
to Formula 1. In a further example, the hydrophitic block is a random copolymer
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comprising at least two compositionally distinct repeat units, each of which corresponds
to Formula 1, and the repeat units correspending to Formula 1 constitute a majority of
the tota!l number of repeat units in the hydrophilic block. In a further example, the
hydrophilic block is a random copolymer comprising at ieast two compositionally distinct
repeat units, each of which corresponds to Formuia 1, and the repeat units
corresponding to Formula 1 constitute at least 30% of the total number of repeat units in
the hydrophilic black.

(01241 In another preferred embodiment, the hydrophilic block comprises
repeat units corresponding to Formula 1ETS

0 QX4
)(a

*

H H
Formula 1ETS

wherein * designates the point of attachment of the repeat unit of Formula 1ETS fo
other repeat units, X3 is alkyl, and X** is a targeting or shieiding moiety. For example,
X* may be a polyol, a vitamin, a peplide, or other moiety that has a binding affinity for a
cellutar or biological target. For example, in one such embodiment the hydrophitic block
comprisss repaat units corresponding o Formula 1ETS and X* is a polyol. in a further
axample, the hydrophilic block comprises repeat units corresponding fo Formula 1ETS
and the repeat units corresponding to Formula 1ETS may constituté at least 2% of the
total number of repeat units in the hydrophilic block. In a further example, the
hydrophilic block comprises repeat units corresponding to Formula 1£TS and the repeat
units corresponding to Formula 1ETS may constitute at least 5% of the fotal number of
repeal units in the hydrophilic block. in a further example, the hydrophilic block is a
random copolymer comprising at least two repeat units, one corresponding 1o Formula
1ETS and the other being a compositionally distinct repeat unit corresponding to
Formula 1. In a further example, the aydrophilic block is g random copolymer
comprising at least two repaat units, one corrasponding to Formula 1ETS and another
corresponding to Formula 1 wherein X' is ~COOH.
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[01251 In certain embodiments, the hydrophiiic block comprises a plurality of
monomeric residues cbiained by the polymerization or copolymerization of a monomer

of Formulza (it
R3 R‘l 21
Y. . O
)\"/\x‘?% %,Ra (Hib)
n
o rRE Z2

[o126] wherein:
[6127] nis aninteger ranging from 2 to 20;

[0128] X is -{CR'R%)n- whersin m is 0-10, and wherein one or more (CR'R?)
unit is optionally substituted with -NR*R?, -OR" or -SR’,

[0129] Y is=-O- -NR* or -{(CR'R?)-,

[0130] each R', R% R® Z' and Z% are independently selected from the group
" eonsisting of hydrogen, halogen, and optionally substituted C:-Cs alkyl,

[0131] R'is selected from the group éonsisting of hydrogen, and optionally
substituted C4-Ce ailkyl,

101321 R®is hydrogen or (CR'R%)nR®, whersin m is 0-10, and wherein one or
more (CR'R”) unit is optionally substituted with -NR'R?, -OR’ or -SR’, and

ro1331 R is hydrogen, halogen, optionally substituted Cy-Cs alkyl, polyol,
vitamin, peptide, small moiecule having a molecular weight of 200 — 1200 Daltons, or a
conjugatable group.

10134] In certain embodiments, the hydrophilic block comprises a plurality of
monomeric residues obtained by the polymerization or copolymerization of a monomer

of Formuta lle;
O R1 Z1
O
0 Re {llic)
fn
RS Rz 22

[0135] wherein:

foi36] nisaninteger ranging from 2 {o 20;
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[01371 Xis ~{CR'R%)- wherein m is 0-10, and wherein one or more (CR'R?)
unit is optionally substituted with -NR'R?, -OR" or -8R,

[0138] Y is-O- -NR* or <{CR'R?)-,

(01391 each R', R% R® Z' and 72 are independently selected from the group
consisting of hydrogen, halogen, and optionally substituted C+-Cs alky!,

[01401 R*is selected from the group consisting of hydrogen, and optionally
substituted Ci-Ce alkyl,

ro1411 R®is hydrogen or (CR'R®)mR?, wherein m is 0-10, and wherein one or
more (CR'R?) unit is optionally substituted with -NR'R?, -OR' or -SR’, and

{01421 R®is hydrogen, halogen, optionaliy substituted C-C, alkyl, polyel,

vitamin, peptide, small molecule having a molecular weight of 200 — 1200 Daltons, or a
conjugatable group.

[01431 For example, in one embodiment, the hydrophilic first block a plurality
of monomeric residues corresponding to Formula Hlie, &', R?, 2" and Z° are hydrogen,
R® is hydrogen or Cy-Cs alkyl, n is 2-20 and R%is a polyol, vitamin, peptide, or small
motecule having a molecuiar weight of 200 - 1200 Daltons.

[0L441 in cerfain embodiments, the hydrophilic first block or shielding
hydrophilic block comprises a plurality of monomeric residues obtained by the

polymerization or copolymerization of a monomer of Formula Hi:

H2

X RS
v o (1)

]
R R
[0145] wherein:

[0146] X is (CR'R®)m, wherein m is 0-10, and whersin one or more (CR'R?)
unit is optionally substituted with NR'RZ, OR” or SR,

[0147} Yis O, NR* or CR'R?

101481 each R', R% R® and R® are independently selected from the group
censisting of hydrogen, halogen, optionally substituted C-Cs alkyt, or a targeting group,
such as but not limited to galactose, N-acetyl galactosamine, folate, RGD peptide,
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101481 R*is seiected from the group consisting of hydrogen, and oplionally
substituted G4-Cg alkyi,

[0L30] nisan integer ranging from 2 o 20,

(01511 R%is (CR'R%mR®, wherein m is 0-10, and wherein one or more (CR'R?)
unit is optionally substituted with NR'R?, OR" or SR*.

[01521 In specific embodiments, the hydrophilic first block or shielding
aydrophiiic block comprises a plurality of monomeric residues obtained by the
polymarization or copolymaerization of a monomer of Formuia tHa:

o R?

8
P R

o (lila)

=

R3 A’
[0153] wherein:

[01541 X is (CR'R®)y, wherein m is 0-10, and wherein one or more (CR'R?)
unit Is optionally substituted with NR'R?, OR" or SR,

[0155] each R', R% R®and R® are independently selected from the group
consisting of hydrogen, halogen, and optionafly substifuted Cy-Cs alkyl,

[0156] nis an integer ranging from 2 to 20,

10157} R%is {CR'RH)LR®, wherein m is 0-10, and wherein one or more {CR'R?)
unit is optionally substituied with NR'R?, OR" or SR,

{01581 Inone embodiment, the hydrophiiic first block comprises a plurality of
monomeric residues corresponding o Formuia liia and R® is methyl (i.e., the monomer
of Formula il is a PEGMA).

[0158] In certain embodiments, the hydrophiiic first Dlock or shielding
hydrophilic block comprises a plurality of monomeric residues obtained by the
polymerization or copolymerization of a monomer of Formula IV:

9 R
‘ o
| \/LO A\f/ \};aa {Iv)
R R2
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[0160] wherein:

{01611 each R', R®and R® are independently selected from the group
consisting of hydrogen, halogen, and optionally substituted C+Cs alkyl,

{01621 nis aninteger ranging from 2 to 20,

[0163] R%is {CR'RAMR®, wherein m is 0-10, and wherein one or more (CR'R®)
unit is optionally substituted with NR'R?, OR or SR".

[01641 Inone embodiment, the hydrophilic first block comprises a piurality of
monomeric residues corresponding to Formula 1V, R® is methyl and n is 2-20..

[01651 ingeneral, the hydrophitic first block comprises a plurality of repeat
units, i.e., at least two. in some smbodiments, a hydrophilic first block of a polymer
described herein has a number average molecular weight of about 1,000 Dalion to
about 50,000 Dalton, about 2,000 Dalton to about 30,000 Dalton, about 5,000 Dalton o
about 20,000 Dalton, or about 7,000 Dalton {c about 15,000 Dalton. In specific
embodiments, the hydrophilic block is of about 7,000 Dalton, 8,000 Dalton, 9,000
Dalton, 10,000 Dalton, 11,000 Dalton, 12,000 Dalton, 13,000 Daiton, 14,000 Dalton, or
15,000 Baiton. '

CARRIER BLOCK

[0L66] The block copolymer described herein comprises a second (i.g.,
intermediate block, or a block between the hydrophilic first block and the hydrophobic
block), that is {i) associated with a therapeutic agent (e.g., polynucieotide or peptide) or
(i) possesses a functional group for associating the therapeutic ageni. For exampie, the

" carrier block may possess polycations for ionically associating with a therapeutic agent
such as a polynucleotide. A!ternati'veiy, or additionally, the carrier block, may contain a
disulfide finkage or other moiety for divalently coupling the therapeutic agent to the block
copolymer. in one embodiment, the carrier {(second) block is hydrophilic. In another
embodiment, the cartier {(second) blogk is hydrophobic. |1n one embodiment, the second
block is polycationic, In some embodiments, the second biock is hydrophilic and
comprises a plurality of cationic monomeric residues (e.g., at about neutral pHj. in
another embodiment, the carrier (second) block is hydrophobic and comprisas a plurality
of cationic monomeric residues (e.g., at about neutral pH). in specific embodiments, the
second block is ionically associated w‘gth a polynuctectide. in certain embodiments, the

second block is non-charged ar, at least substantially non-charged, and is attached to &
36



WO 2010/054266 PCTI/US2009/663648

polynuciectide. In some embodiments, the second block is hydrophilic, polycationic and
is attached through both covaient bond and ionic interactions to a polynucieotide.

[0167]1 In general, the carrier block may contain anionic repeat units, cationic
repeat units, zwitterionic repeat units, a combination of two or more charged repeat units
{e.g., anionic and cationic repeat units, anionic and zwitterionic repeat units, cationic
and zwitterionic repeat units, or antonic, cationic and zwitterionic repeat units),
substantially non-charged repeat units, or a combination thereof. Stated differently, the
carrier block may contain any of a-wide range of repeat units, hydrophilic or even
hydrophobic. In one embodiment, the sum of the contributions of the repeat units
camprised by the carrier block provide a block having an overall hydrophilic character.
in an alternative embodiment, the sum of the contributions of the repeat units comprised
by the carrier bloek provide a block having an overall hydrophobic character.  When the
repeat units contain onizable groups, the contribution of an individual repeat unit o the
overall hydrophificity of the block of which it is a constituent may vary as a function of its
pia relative to the pH of the environment in which ii is found. For example, propyl
acryiic acid repaat units, -CHaC{CHCH,CHa){COCOH)-, are predominantly ionized at pH
7 but not.at pH 5 and thus, the hydrophobic contribution of propy! acrylic acid repeat
units to a block is significantly greater at pH & than at piH 7. in general, therefore, when
the carrier block comprises ionizable cationic repeat units or lonizable anionic repeat
units and it is desired that the carder block be hydrophilic, it is preferred that the sum of
the contributions of the repeat units constituting the carrier block be such that the overall
character of the block is hydrophilic at physiclogical pH. For exampie, in one
embodiment, it is preferred that the ¢arrier biock be hydrophilic over the range of pH
from pH 5.0 to pH 7.5, Alternatively, when the carrier block comprises lonizable cationic
repeat units or ionizable anionic repeat units and it is desired that the carrier block be
hydrophobic, it is prefetred that the sum of the contributions of the repeat units
constituting the carrier block be such that the overall character of the biock is
hydrophobic at physiological pH. For example, in ong embodiment, the carrier block
may be hydrophobic over the range of pH from pH 5.0 to pH 7.5.

[0168] In some embodiments, the carrier block comprises repeat units derived
from cationic monomers having a pKa ranging anywhere between about 6.0 and about
10.G, typically between about 6.2 and about 8.5, and in some embodiments between
about 6.5 and about 8.5. Upon incorporation of the monomer into the polymer block, the
pKa of the residue tends to decrease relative to the unpelymerized monomer; in
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general, therefore, the pKa of the incorporated repeat units will be between about 6.0
and 10.0, typically between about 6.2 and 9.0, and in some embodimenis, between
about 6.5 and 8.0.

[0169] In certain embodiments, the second block is hydrophilic and comprises
a monomeric species comprising an acyclic amine (e.g., an amine, an alkyt amine, a
dialky! amine, or the like), an acyclic imine {e.g., an imine, an alkyl imine, or the iike), a
cycdlic amine {e.g., piperidine), a nitrogen containing heterocycle (e.g., pyridine or
quinotine), or the like. In specific embodiments, a cationic species utilized herein
includes & profonated acyclic amine {(e.g., an amine, an alkyl amine, a dialky! amine, or
the like), an acyciic imine {8.g., an imire, an alkyl imine, or the iike), a cyclic amine {e.g.,
piperidine), a nitrogen containing heterocycle {e.g., pyridine or quinoling), or the like.

[0170] Non-iimiting examples of acyclic amines inciude methylamine,
dimethyiamine, athylaming, diethylaming, propylamine, isopropylamine,
diisopropylamine, diisopropylethylamine, n-butylamine, sec-butylamine, tert-butylamine,
pentylamine, nec-pentylamine, iso-pentylamine, hexanamine or the like. Non-limiting
examples of acyclic imines include methyliming,-ethylimine, propylimine, isopropylimine,
n-butylimine, sec-butylimine, pentylimine, neo-pentyiimine, iso-pentylimine, hexylimine
or the fike. Non-limiting examples of cyclic amines include cyclopropyiaming,
cyclobutylamine, cyclopentylamine, cyclohexylamine, cycloheptylamine, piperidine,
pyrazine, pyrolidine, homopiperidine, azabicylcoheptane, diazabicycloundecane, or the
fike. Non-limiting examples of cyclic imines inciude cyclopropyiimine, cyclobutylimine,
cyclopentylimine, cyciohexyiimine, cycicheptylimine, or the like. Non-limiting exampies
of nitrogen containing heteroaryls include imidazolyl, pyrrolyl, pyridyl, indolyl, or the like.

{01711 In some embodiments, the second block of a polymer described herein
is hydrophilic and comprises a plurality of monomeric residues of ogtionally substituted,
amino({C4-Ce)alkyl-ethacrylate, amine(Cy-Ce)alkyl-methacrylate, amino{C+-Celalkyl-
acrylate, (N»(CrCa)aikyI»amino(&-Cﬁ)alkyl-ethacrylate, N~(C;~Ce)a§kyi—amino(c1—
Ca)alkyl-methacrylate, N-(C+-Calaikyl-amino(C+-Ce)alkyi-acrylate, (N,N-di(Cy-Cejalkyl-
amino(C+-Ce)alkyl-ethacrylate, N,N-di(C4-Ce)alkyl-amino(Cy-Ce)alkyl-methacrylaie, N,N-
di{C+-Cealkyl-amino{C4-Celalkyt-acryiate, or a combination thereof. In specific
embodiments, such monomeric residues constitute a cationic menomeric residue at
neutral pH as described herein, ' '
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[0172] - inonhe embodimeny, the carrier block comprises a plurality of anionic
monomeric residues. The anionic monomeric residues can have a species charged or
chargeable to an anion, including a protonatable anionic species. The chargeable
species can preferably be anionic at serum physiological pH and substantially neutral or
non charged at the pH of the membrane being destabllized or disrupted, &.g., preferably
at an endosomal pH. In some embodiments, the carrer block comprises a plurality of
anionic hydrophobic monomeric residues, monomeric residues comprising both
hydrophobic species (e.g.. a CZ-CB atkyl substijuent) and species charged or chargeabile
to an anion.

[0173] Insome embodiments, the second block I a polymer bioconjugate
comprising the polynucieotide covalently coupled to the second block. In some
embodiments, covalent conjugates are made hetwaen the therapeutic agent (e.g.,
polynucleotide ot peptide) and the pendant side chaihg of monomers in the polymer. in
some embodiments, the second block comprises the poiynucleotide covalently coupled
1o the second block through & linking moiety. In certain embodiments, the second block
is covalently coupled to the 3’ end of the polynuclectide, In some embodimenis, the
second biock is covalently coupled to the 5" end of the polynuciectide. In certain
embodiments, the linking moiety is a covalent bond. In some embodiments, the linking
moisty Is derived from a multifunctional molety comprising two or more reactive
functional groups. n certain embodiments, the linking moiely is a pH-sensitive labile
moiety. In some embodiments, the linking moiety is stable at serum pH and acid labile at
endosomal pH. In some embodiments, the linking moiety is stable at pH 7.4 and acid
labile at pH €.0. In certain embodiments, the linking moiety is a disulfide.

[0174] In certain embodiments, the second block comprises one or more
monomeric residue comprising a conjugatable or conjugated side chain {e.¢., a pendant
group of a2 monomeric residue). A conjugated side chain, as used herein is meant to
include monomeric residues that when initially polymerized possessed a conjugatabie
sice chain, which was laler conjugated, e.g., to & polynuciedtide. In some instances, a
conjugatable side chain is a group bearing one or more reactive groups that can be
used for post-polymerization introduction of additional functionalities via known in the art
chemistries, for example, "click" chemistry (for example of "click” reactions, see Wu, P.;
Fokin, V. V. Catalytic Azide-Alkyne Cycloaddition: Reactivity and Agplications.
Aldrichim. Acta, 2007, 40, 7-17}. In centain embodiments, conjugatable or functionizable
side chains provided herein comprise one or more of any suitable slectrophilic or
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nucleophiiic functional group, such as but not limited to N-hydrosuccinimide (NHS)ester,
HOBt (1-hydroxybenzotriazole) ester, p-nitrophenyl ester, tetrafiuorophenyl ester,
pentafluoropheny! ester, pyridy! disulfide group, maleimide, aldehyde, ketone,
anhydride, thiol, amine, hydroxyl, alkyl halide, or the like. In more specific embodiments,
the second block comprises one or more of such functionizable side chains that is
bioconjugated with a biomolecule, e.g., a polynucleotide or peptide.

[0175] In cenain embodiments, the second block comprises monomeric
residues derived from polymerization of conjugatable monomers having Formula Vil

X &
| R (Vi)

01761 wherein:

[0177] Xis selected from a group consisting of a covalent bond, G(O), a
divalent Cs-Cao aryl, and a divalent C>-Cy heteroaryl,

[01781 Yis a covalent bond or a linking group selecied from optionally
substituted divalent C+-Cao alkyl, optionally substituted divalent C4Cypp heteroalkyl,
optionally substituted divalent C-Cao alkenyl, optionally divalent substituted C+-Czo
alkyny!, optionally substituted divalent G+-Gyo cyctoalkyl, optionally substituted divalent
C1-Cyo cycioheteroalkyl optionally substituted divalent Cs-Cqo aryl, or optionally
substituted divatent Cy-Cqy heteroaryl, '

[a1781 R®is selected from the group consisting of hydrogen and opticnally
substituted C1-Ca atkyl, '

roigo] Qis the conjugatable group such as but not limited {o
N-hydrosuccinimide (NHS)ester, HOBt (1-hydroxybenzotriazole) ester, p-nitropheny!
oster, tetraﬂuordphenyl ester, pentafluorophenyl ester, pyridyt disulfide group,
maleimide, aldehyde, ketone, anhydride, thiol, amine, hydroxyl, alkyl halide, or the like.

foisil] In certain embodiments, the second hydrophilic biock further comprises
a plurality of monomeric residues dascribad in the hydrophilic block of Formula ta. in
specific embodiments, the second hydrophilic black is a random copolymer comprising
at ieast about 5%, at least about 10%, at least about 20%, at least about 30%, or at .
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least about 40% by weight of monomeric residues {(e.g., PEGMA) having a pendant
group comprising a shielding otigomer (e.g., & polyethyiene glycof),

[oLez] In glternative embodiments, wherein a therapeutic agent (e.g.,
polynuclectide or peptide) is conjugated to the "second hydrophilic block”, the second
block may optionally be replaced with a non-hydrophilic block (e.g., a hydrophobic
block), which is conjugated o the therapeutic agent.

[01831 in certain embodiments, the intermediate block has the formuta:

i e
1 ”T/ g ©

[c184] wherein:

[G185} As, and A4 are selected from the group consisting of -C-C-, G-,
-C{ONCIC{OYC-, -O{C}aC(O)- and —O{C)0O-;

[0186] ais1=—4;
[0187] bis2—4:

[0188] Yo, and Y, are independentty selected from the group consisting of a
covalent bond, (1C-10C)alkyl-, ~C{OYO(RC-10C) 'aikyl-, -OC{OH1C-100) alkyi-,
-0(2C-10C)alkyl- and -S(2C-10C)aikyl- ~C{O)NRe(ZC-10C) alkyl-;

[o182] tetravalent carbon atoms of As-Ay that are not fully subslituted with
R:-Rp and Yo-Y: are completed with an appropriate number of hydrogen atoms;

(61901 each Ry, Rz, and Re are independently selected from the group
consisting of nydrogen, -CN, alkyl, alkynyl, heteroalkyl, cycloalkyi, heterocycloalkyl, aryl
and heteroaryl, any of which may be optionally substituted with ong or more fiuorine
atoms;

{01911 Qyis aresidue selected from the group consisting of residues which
are hydrophilic at physiclogic pH and are at least partially positively charged at
physialogic pH (e.g., amino, alkyiamino, ammonium, alkylammonium, guanidine,
imidazolyl, pyridyl, or the like); conjugatable or functicnizable residues (e.g. residues
that comprise a reactive group, e.g., azide, alkyne, succinimide ester, tetrafluorophenyl
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ester, peniafiuorophenyl ester, p-nitrophenyl ester, pyridyl disulfide, or the like); or
hydrogen;

[o1e2] Q) is aresidue which is hydrophiiic at physiologic pH, and is at least
partially posttively charged at physiologic pH (e.g., amino, aikylamino, ammonium,
alkylammonium, guanidine, imidazolyl, pyridyl, or the like); at least parfially negatively
charged at physiologic pH but undergoes protonation at lower pH {e.g., carboxyl,
sulfonamide, boronate, phosphenate, phosphate, or the like); substantially neutral at
physiologic pH {e.g., hydroxy, polyoxylated alkyl, polyethylene glycol, polypropyiens
glycol, thiol, or the like); or at least partially zwitterionic at physioiogic pH {e.g., a
monomeric residue comprising a phosphale group and an ammonium group at
physialogic pH);

[0193] mis Otoless than 1.0 {a.g., 0 to about 0.48);

[0194] nisgreaterthan 0 to 1.0 {e.g., about 0.51 to about 1.0); wherein
[O195] m+n=1

{01961 vis from about 1 to about 25 kDa.

{01971 In certain embodiments, the conjugatable or functionizable residue of
Qq is conjugated to af least one aming acid or at least one nucieic acid.

101981 n one preferred embodiment, the carrier block comprises repeat units
cotresponding to Formula 1

B oy
x‘1 XE
Formuia 1

wherein * designates the point of attachment of the repeat unit of Formula 1 to other
repeat units; each X' and X® is independently seiected from the group consisting of
hydrogen, hydrocarbyl, substituted hydrocarbyl, heterocyclo, and substituted carbonyl,
provided, however, X' and X® are not, in the same repeat unit, selected from the group
consisting of aryl, heteroaryl, heterosubstituted carbonyl, and combinations thereof;
each X® is independently hydrogen, atky! or substituted alkyl, and each X* is
independently heterosubstituted carbonyl, aryl, or heteroaryl. For example, in one such
embodiment the carrier block comprises repeat Units corresponding to Formula 1 and X'
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and X* are each hydrogen. In another such exampie, the carrier block comprises repeat
units corresponding to Formula 1, X' and X2 are each hydrogen and X® is hydrogen or
alkyl. In a further example, the carrier block comprises repeat units corresponding to
Formuta 1, X' and X* are each hydrogen, X® is hydrogen or alkyl, and each X" is
independently heterosubstituted carbonyi. in a further exampie, the hydrophilic block
comprises repeat units corresponding to Formula 1, X*is -CIOJOX*, -C(C)SX™, or
-C{OINX*X*, and X* and X*' are independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl, substituted heterohydrocarbyt, or heterocyclo. ina
further example, the carrier biock comprises repeat units corresponding to Formula 1, X*
is -C(O)OX™, -C{OYSX™, or -CIOINX"X™, and X*' and X*® are independently hydrogen,
hydrocarbyl, substituted hydrocarbyi, heterchydrocarbyl, or heterooycio. In a further
example, the carrier block comprises repeat units corresponding to Formula 1, X*is
-C{O)OX* or -CIOINX*'X*, and X*' and X™ are independently hydrocarbyl,
heterohydrocarbyl, or heterocyclo. in a further example, the carrier block comprises
repeat units corresponding to Fermuia 1, X' and X* are each hydrogen, X* is hydrogen
or alkyl, X* is -C{OYOX™, and X* is hydrogen, hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyi, substituied heterohydrocarbyl, or heterocybio. in a further exampie,
the carrier block comprises repeat units corresponding to Formula 1, X' and XZ are each
- hydrogen, X® s hydrogen or aikyi, X* is -C{O)OX*, X* is a disuifide substituted alkyl
moiety (for exampie, pyridyl disuifide subsiituied ethyl). In a further example, the carrier
block comprises repeat units corresponding to Formula 1, X' and X are each hydrogen,
X% is hydrogen or atkyl, X* is -C(OINX*'X**, X*' is hydrogen, and X** is alkyl or
substituted alkyt.

[01891 In one aiternative embodiment, the carrier block is a random copolymer
-comprising at least two compositionally distinet repeat units, each of which corresponds
to Formula 1. For example, the carrier biock may be a random copoiymer comprising
(i) a first repeat unit corresponding to Formula 1 in which X* is -C{O)CX* and (i) a
secend repeat unit corresponding to Formuia 1 in which X* is -C{O)NX*' X,
Advantageously, when the carrier block is a random copolymer comprising af ieast two
compasifionally distinct repeat units, one of the repeat units may provide a functional
group for attaching a therapeutic agent such as a nucteic acid. Thus, for exampie, the
carrier block may comprise (i} a first repeat unit corresponding to Formula 1 wherein X*
is -C{OYOX™, -C{O)SX™, or -C(OINX*'X* and a therapeutic agent such as a nucieic
acid is attached 1o the carrier block via X*° or X* comprises a funciicnal group for
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-~

attaching the therapeutic agent, and {ii) a compositionally distinct repeat unit
corresponding o Formuia 1.

[0200] In certain embodiments, the carrier block comprises a piurality of
monomeric residues obtained by the polymerization or copolymerization of a monomer

R3 =f 71
Y. O
)\((\x& \}nRg (Hb)
o S

[0201] wherein:

of Formula lllb:

[0202] nisan infeger ranging from 2 to 20;

[0203]1 Xis <{CR'R?)m wherein mis 0-10, and wherein one or more (CR'R%)
unit is optionally substituted with -NR' -R?, -OR' or -SR",

[0204] Yis-O-, -NR* or —(CR'R?),

(02051 each R R? R® Z'and 22 are independently selected from the group
consisting of hydrogen, haiogen, and optionally substituted G4-Cs alkyl,

[02061 R®is selected from the group consisting of hydrogen, and optionally
substituted G;-Gs alkyl,

102071 R®is hydragen or (CR'RHR®, wherein m is 0-10, and wherein one or
more (CR'R?) unit is optionally substituted with -NR*R?, -OR’ or -SR’, and

102081 R®is hydrogen, halogen, optionaily sugstituted C-Cs alkyl, polyol,
vitamin, pepiide, small molecule having a molecuiar weight of 200 — 1200 Daltons, or a

conjugatabie group.

(02093 In certain embodiments, the carrier block comprises a plurality of
monomeric residues obtained by the polymerization or copolymerization of a monomer
of Formula Hic:

O Ra‘x

rd
G
o gt (llle)
n]
RZ 22
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[02101 wherein:
{02111 nis aninteger ranging from 2 to 20;

{0212} Xis -{CR'R%) wherein m is 0-10, and wherain one or mors {CR'R?)
unit is optionally substituted with -NR" -R?, -OR’ or -SR,

[0213] Yis~O- -NR* or ~(CR'R?)-,

102141 each R', R% R®, Z' and Z% are independentiy selected from the group
consisting of nydrogen, halogen, and optionally substituted C1-Cs alkyl,

[0215] R*is selected from the group consisting of hycrogen, and optionaliy
substituted Cy-Ce atkyl,

[0216] R®is hydrogen or (CR'RYWR®, wherein m is 0-10, and wherein one or
more (CR'R?) unit is optionally substituted with -NR'R® -OR" or -SR’, and

[02171 R®is hydrogen, halogen, optionally substituted C+-Cs alkyl, polyo!,
vitamin, pepiide, small molecuie having a molecutar weight of 200 — 1200 Daltons, or a
conjugatable group.

[0218] In certain embodiments, the carrier block comprises a plurality of
monomeric residues obtained by the poiymarization or copolymerization of a monomer

of Formula It
o p2
X Re
fl
Hs Rf

[0219] wherein:

[0220] X is (CR'R%)m, wherein m is 0-10, and wherein one or more (CR'R?)
unit is optionally substituted with NR' R, OR' or SR',

[02211 Yis O, NRY, or CR'R?,

102221 each R', R?, R® and R® are independently selected from the group

consisting of hydrogen, halogen, optionally substituted C-C5 alkyi, or a targeting group,
such as but not limited (0 galactose, N-aeetyl gelactosamine, folate, RGD peptide,

[0223] R*is selected from the group conststing of hydrogen, and optionally
substituted Cy-GCy alkyl,
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1022431 nisaninteger ranging from 2 to 20,

(02251 R°is (CR'R*,R®, wherein m is 0-10, and wherein one or more (CR'R?)
unit is optionally substituted with NR'R?, OR” or SR™.

[62261 In specific embodiments, the hydrophilic first block or shieiding
hydrophiiic block comprises a plurality of monomeric residues obiained by the
polymerization or copolymerization of & monomer of Formuia fila:

RZ

R R!
[62271 wherein.

(02281 Xis (CR'R%m, wherain mis 0-10, and wherein one or more (CR'R%)
unit is optionally substituted with NR'R*, OR' or S R,

102291 each R', R% R and R are independently selected from the group
consisting of hydrogen, halagen, and optionally substituted G,-Ca alkyi,

102301 nis aninfeger ranging from 2 to 20,

[0231] R®is (CR'R?)R%, wherein mis 0-10, and wherein one or more (CR'R?)
unit is optionally substituted with NR'R%, O R or S R'.
[0232] in specific embodiments, R is methy! (i.e., the monomer of Formula |1l

is a PEGIMA).

[0233] in cerfain embodiments, the hydrophitic first block or shielding
hydrophilic block comprises a piurality of monometic residues obtained by the
polymerization or copolymerization of a monomer of Formula 1V:

0 Rt T
Q
ﬁ)‘\o A( %na (V)
R3 R?

[02341 whersin:

[0235] eachR’, R? and R® are independently selected from the group
consisting of hydrogen, halogen, . and optionally substituted G+-Cs alkyl,
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[02361 nis anintegerranging from 2 {o 20,

102371 R%is (CR'R®LR®, wherein mis 0-10, and whereln one or more (CR'R?)
unit is optionally substituted with NR'R?, OR" or SR'.

[0238] In general, the carrier block comprises a plurality of repeat units, Le., at
least two. In some embodiments, the carrier or second block of a pelymer described
herein has a number average molecular weight of aboui 1,000 Dalion to about 50,000
Dalton, about 2,000 Dalton to about 30,000 Dalton, about 5,000 Dalton to about 20,000
Dalton, or about 7,000 Dalion to about 15,000 Dalton . in specific embodiments, the
hydrophilic block is of about 7,000 Dalton, 8,000 Dalton, 8,000 Dalton, 10,000 Dalton,
11,000 Dalton, 12,000 Dalton, 13,000 Dalton, 14,000 Dalton, or 15,000 Dalton.

HYDROPHOBIC BLOCK

[0238] in certain embodiments, a hydrophobic block of a polymer described
herein is a hydrophobic pH-dependent, membrane destabilizing block. In some
embodimenis, a hydrophobic block of a polymer described herein is or comprises a
polymer block comgrising a piurality of hydrophobic monomeric residues and a plurality
of anionic monomeric residues. In specific embaodiments, the plurality of anionic
monomeric residues is anionic at about neutral'pH. In mors specific embodiments, at
least B0%, at laast 70%, at least B0%, at least 90%, at least 95%, or at least 99% of the
plurélity of anionic monomeric residues are non-charged at about pH 5, at about pH 5.5,
at about pH 5.7, at about pH 6.0, at about pH 6.2, at about pH 6.5, or at about
endosomal pH {e.g., as calculated from the pKa ifaiue of the given monomeric residue}.

102401 In certain embodiments, the hydrophobic species of hydrophobic
monomeric unit has a 1 value of the hydrophobic block ranging from about 1 to about
20. A compound's 1 value, which is a measure of its relative hydrophilic-lipophilic
vaiue (see, e.g., Cates, L.A., "Calculation of Drug Sclubilittes by Pharmacy Stugents”
Am, J. Pharm. Educ. 45:11-13 {1881)), is used 10 describe the compound's
hydrophobicity or hydrophilicity.

[0241]1 in certain embodiments, a hydrophobic block described herein
comprises a plurality hydrophobic species {Used interchangeably herein with
"hydrophobicity enhancers"). Hydrophobic species may include, by way of non-limiting
exampie, alkyl {which, as used herein, includes saturated and unsaturated alkyl groups),
aryl-alkyl, alkyl-aryi, alkyl-aryi-alkyl, heteroalnyl, aryi, heteroaryl, or the like, each of
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which being optionally substituted. in specific embodiments, the hydrephobic species is
an atkyl, aryl-atkyl, alkyi-aryl, aikyil-aryi-alkyl, or aryl.

[0242] In some embodiments, a hydrophobic block described herein
comprises a plurality of non-charged (i.e., substantially free of a whole charge, or
completely free of a whole charge) hydrophobic monomeric residues. In specific
embodiments, hydrophobic monomeric resiciues cornprise at least one hydrophobic
species. Hydrophobic species may include, by way of non-limiting example, alky!
(which, as used herein, includes saturated and unsaturated alkyt groups), aryl-alkyl,
alkyt-aryt, alkyl-aryl-alkyl, heteroalkyl, aryl, heteroaryl, or the like, each of which being
optionally substituted. in spacific embodiments, the hydraphobic species is an alkyl,
aryi-alkyi, alkyl-aryl, atkyl-aryl-alkyl, or aryl. In some embodiments, polymer chains can
independently comprise a plurality of monomeric residues having & hydrophobic species
selected from {Cx-Ce) atkyt, (Cx-Cg) aikenyi, (C2-Cs) alkynyl, aryl, and heteroaryl {each of
which may be optionally substituted). |n certain embodiments, the plurality of
monomeric residues can be derlved from polymerization of {Co-Cs) alkyl ethacrylate, a
(Ca-Ca} alkyt mathacrylate, or a (C.-Ca) alkyl acryiate {each of which may be optionally
substituted).

[0243] In one embodiment, the hydrophobic block comprises a plurality of
anionic monomeric residues. In general, it is preferred that the hydrophobic block
comprisas in the tens or even hundreds of anionic manomeric residues. For example, in
ong embodiment, the hydrophobic block comprises at least 10 such residues. In
another embodiment, it comprises as least 20 such residues. In another embodiment, it
comprises at least 50 such residues. In another embodiment, it comprises at feast 100
such residues. In such embodiments, the hydrophobic block will typically comprise
about 10 to about 500 anionic residues. The antonic monomeric restdues can have a
species charged or chargeable to an anion, inciuding a protonatable anionic species.
The chargeable species can preferably be anionic at serum physiologicat pH and
substantially less charged at the pH of the membrane being destabilized or disrupted,
g.g., preferably at an endosomal pH. In some preferred embodiments, the hydrophobic
block comprises a plurality of anionic hydrophobic monomeric residuas, monomeric
residuss comprising both hydrophobic species {(e.g., a Cx-Cy alkyl substituent) and
species charged or chargeable o an anion. In each of such aforementioned
embaodiments, the hydrdphobic block can be considered hydrophobic in the aggregate.
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[0244] In general, therefore, the hydrophobic block may contain anionic repeat
units, cationic repeat units, zwitterionic repeat units, a combination of two or more
charged repeat units {e.g., anionic and cationic repeat units, anionic and zwiterionic
repeat units, cationic and zwitterionic repeat units, or anionic, cationic and zwitterionic
repeal units), substantially non-charged repeat units, or a combination thereof, provided
that its overall character is hydrophobic. Stated differently, the hydrophobic block may
contain any of a wide range of repaat units, hydrophobic or even hydrophiiic, provided
that the sum of the contributions of the repeat units comprised by the hydrophobic block
provide a block having an 6vera£t hydrophobic character. When the repeat units contain
ionizable groups, the coniribution of an individual repeat unit 1o the overall hydrophilicity
of the block of which it is a constituent may vary as a function of its pKa reiative to the
pH of the environment in which it is found. For example, propyl acrylic acid repeat units,
-CH2C(CHRCH,CH3)(COOH)-, are predominantly ionized at pH 7 but not at pH 5 and
thus, the hydrophaobic contribution of propy! acrylic acid repeat units 1o a biock is
significantly greater at pH 5 than at pH 7. In general, therefore, it is preferred that the
sum of the contributions of the repeat units constituting the hydrophobic block be such
that the overall character of the block is hydrophobic at pH's that are less than
physiclogical pH. For example, in one embodiment, the sum of the contributions is such
that the overall character of the block is hydrophobic at a pH of about 5.0. By way of
further exampte, in one embodiment, the sum of the contributions is such that the overall
character of the biock is hydrophobic at a pH of about 5.5. By way of further exampie, in
one embodiment, the sum of the contributions is such that the overall character of the
block is hydrophobic at a pH of about 6.0. By way of further exampile, in one
embodiment, the sum of the contributions is such that the overall character of the block
is hydrophobic at a pH of about 6.8. By way of further example, in one embodiment, the
sum of the contributions of the repeat unliis is such that the overall character of the
hydrophobic block is hydrophobic at a pH within the range of about 6.2 io 6.8.

. [0245] In certain embodiments, a hydrophobic block described herein
comprises monomernic residues resulting from the polymerization or copolymerization of
a monomer comprising a hydrophaobic species. Monomers comprising a hydrophobic
species include, by way of non-limiting example, optionally substituted, {Cx-Cajalkyl
ethacrylate, a (C2-Ce)alkyl-methacrylate, a {Cx-Cslalkyl-acrylate, styrene, (C-Celalkyl-
vinyl, or the like. In certain embodiments, monomers comprising a hydrophobic species
include, by way of non-limiting example, monomers of Formula Vi
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Ra
R (Vi)

RE
[6246] wherein:
102471 R'and R? are each independently hydrogen, haiogen, optionaily-
substituted C4-Cs alkyl, optionally substituted alkenyl, optionally substituted alkynyl,

optionally substituted cycioalkyl, optionally substituted aryl, or optionally substiuted
heteroaryl;

roz4s] R*Is hydrogen, halogen, optionally substituted C+-Ce alkyl, or
-C(=0)R®;

(02481 R*is hydrogen, halogen, optionally substituted Cy-Ce alkyl;
102501 R®is optionally substituted Cy-Cg alkyl, -SR®, -OR®, or -NR'R?;

fo2s1] R®is hydrogen, optionally substituted Ci-Ce alkyl, optionally substituted
atkenyl, optionally substituted alkynyl, optionally substituted cycloalkyl, optionally
substituted aryl, or optionally substituted heteroary;

(0252} R’ and R® are sach independentiy hydrogen, optionally substituted
alkyl, optionally substituted heteroalkyl, optionally substituted cycloalkyl, optionally
substituted aryl; or R” and R®together with the nitrogen to which they are attached form
an optionally substituted heterocycle.

[02531 In certain embodiments, in addition to a hydrophobic species, a
hydrophobic biock described herein further comgrises an anionic spacies. in specific
embodiments, the anlonlc specles is anionic at about neutral pH. In specific
embodiments, the hydrophobic block comprises a first monomer residue comprising a
hydrophobic gpecies and a second monomer residue éomprising an anionic species.

-[0254] In certain embodiments, a hydrophobic block described herein
comprises a polymer biock comprising a plurality of hydrophobic monomeric residues
and a plurality of anionic monomeric residues. in some embodimenis, a hydrophobic
block described herein comprises a polymer block comprising a pluraiity of chargeable
residues. In some embodiments, monomeric residues that are anionic, (1) are anionic
at about neutral pH, a pH greafer than about 7.2, or any pH gréater than about 7.4, and

(2} are non-charged at a pH of less than about 6, less than about 5.8, less than about
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5.7, less than about 5.6, less than about 5.5, less than about 5.4, less than about 5.2,
less than about 5.0, or less than about 4.5. In some embodiments, the monometic
residues have a pKa anywhere batween about 4.5 and about 8.0, anywhere between
about 5.5 and about 7.5, or anywhere between about 6.0 and about 7.0, In certain
embediments, monomers that when polymerized provide the anionic menomeric
residues have a pKa anywhere between about 4.5 and about 8.0, anywhere between
about 5.5 and about 7.5, or anywhere between about 6.0 and about 7.0.

[0255]1 In specific embodiments, anionic species which may be found on
anionic monomeric residues described hergin include, by way of non-limiting example,
carboxylic acid, suifonamide, boronic acid, sulfonic acid, sulfinic acid, sulfuric acid,
phasphoric acid, phosphinic acid, and phosphorous acid groups. or the conjugate bases
or anions thereof. In some embodiments, the anionic monomeric residue is a residue of
(C4-Cplalkylacrylic acid, or acrylic acid. in certain embodiments monomers such as
maleic-anhydride, (Scott M. Henry, Mohamed E. H. El-Sayed, Christopher M. Pirig,
Allan S. Hoffman, and Patrick S. Stayton, pH-Responsive Poly(styrene-alt-maleic
anhydride) Alkylamide Copolymers for Intracellular Drug Delivery. Biomacromoleciies
2008, 7, 2407-2414) are used for introducticn of anionic species by post-polymerization
hydrolysis of the maleic anhydride monomeric units.

[0256]1 In cettain embodiments, in addition to a hydrophobic species, a
hydrophobic bleck described herein further comprises a cationic species. In some
embodiments, in addition to a hydrophobic species and an anlonic specias, a
hydrophobic block described herein further comprises a cationic species. In certain |
embGdiment_s, in addition to a hydrophebic monomertic residue, a hydrophobig black
described herein further comprises a cationic monomatic residue. In some
embodiments, in addition to a hydrophobic manomeric residue and an anionic
monomeric residue, a hydrophobic block described herein further comprises a cationlc
monomeric residue. In some embodiments, spacies andfor monomeric residues that are
cationic are cationic at about neutral pH.

[02571 In some embodiments, a cationic monomeric residues described herain
has a pKa ranging anywhere between about 6.0 and about 10.0, typicaily between
about 6.2 and about 8.5, and in some embodiments between about 6.5 and about 8.5.
Upon incorporation of the monomer into the polymer block, the pKa of the residue tends
to decrease relative o the unpolymetized monomer; in general, therefore, the pKa of the
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incorporated repeat units will be between about 6.0 and 10.0, typically between about
6.2 and 9.0, and in some embodiments, between about 6.5 and 8.0

[0258]1 In certain embodiments, the hydrophoblc block comprises a monomeric
species comprising an acyclic amine {e.g., an amine, an alkyl amine, a diatkyt amine, or
the like}, an acyclic imine (e.g., an iming, an alkyl imine, or the like), a cyclic amine {(e.g.,
piperidine), a nitrogen containing heterocycle (e.g., pyridine or guinoline), or the like. In
specific embodiments, a cationic species utilized herein inciudes a protonated acyciic
amine {e.g., an amine, an alkyl amine, a dialkyl amine, or the like}, an acyciic imine
(e.g., an imine, an alkyl imine, or the like}), a cyclic amine (e.g., piperiding), a nitrogen
containing heterocycle (2.9., pyridine or quinoline), or the like.

[0259] Non-imiting examples of acyclic amines include methylamine,
dimethyiamine, ethylamine, diethylamine, propylamine, isopropylamine,
diisopropylamine, diisopropylethylamine, n-butylamine, sec-butylamine, tert-butylamine,
pentylamine, neo-pentylarmine, iso-pentylamine, hexanamine or the like. Non-limiting
examples of acyclic imines include methylimine, ethylimine, propylimine, isopropylimine,
n-butylimine, sec-butylimine, pentylimine, neo-pentylimine, iso-pentylimine, hexylimine
or the like. Nan-limiting examples of oyclic amines include cyclopropylamine,
cyclobutylamine, cyclopentylamine, cyclohexylamine, cyciohepiylamine, piperidine,
pyrazine, pyrotidine, homopiperidine, azabicylcoheptans, diazabicycloundecane, or the
like. Non-limiting examples of cyclic imines include cyclopropylimine, cyclobutylimine,
cyclopentylimine, cyclohexylimine, cycioheptylimine, ar the like. Non-limiting examples
of nitrogen containing heteroaryts include imidazoiyl, pyrrolyt, pyridyl, indolyl, or the like.

[0260] In some embodiments, a hydrophobic block of a polymer described
herein comprises a plurality of monomeric residues of optionally substituted,
amino(C+-Ce)alkyl-ethacrylate, amino(C:-Ce)alkyl-methacrylate, amino(C4-Ce)alkyl-
acrylate, (N-{C4-Cglalkyl-amino(C;-Ce)alkyl-ethacrylate, N-{C4-Cgatkyl-amino(Cs-
Ce)alkyl-methacrylate, N-{G+-Cg)alkyl-amino{C.-Ce)alkyl-acrylate, (N,N-di(G+-Cg)alkyi-
amino{C4-Cg)alkyi-ethacrylate, N,N-di{C+-Cs)alkyl-amino{C+-Cejalkyl-methacrylate,
N,N-i(C;-Cglalkyl-amino(C4-Cslalkyl-acrylate, or a combination thereof. in specific
embodiments, such monomeric residues constitute a cationic monomeric residue at
neutral pH as described herein.
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{0261] In ceriain embodiments, a hydrophobic block described herein
comprises a plurality of anionic monomeric residues, a plurality of cationic monometic:
residues, and a pluraiity of hydrophobic manomeric residues.

[o262] In certain specific embodiments, at about neutral pH (e.g., at about pH
7.4}, the hydraphobic block has a substantially neutral overall charge. In still more
specific embodiments, a substantially neutral overall charge of the hydrophobic block
means that at least 60%, al least 70%, at least B0%, at least 80%, at least 85%, or at
least 98% of the charge of either of the cationic monomeric residues or the anionic
rmonomeric regidues are neutralized by the charge of the of the other of the cationic
monomeric residues ar the anionic monemeric residues. in other words, in various
embodiments, tﬁe ratio of the number of monomeric units in the hydrophobic block that
are calionic at about neutral pH to the number of monomeric units in the hydrophobic
block that are anionic at about neutral pH ig between about 3.5 and about 5:3, about
7:10 and about 10:7, about 4:5 and about 5:4, about 9:10 and about 108, about 85:100
and about 100:95, or about 88:100 and about 100:98. Determination of charge ratios
can be achieved in any suitable manner, e.g., by calculating the amount of charged
species using the pKa and/or pKh values thereof.

[0263] Insome embodiments, at about neutral pH {e.g., at about pH 7.4), the
hydrophobic biock comprises anionic species and cationic species in a ratic of about
10:1 to about 1:10, about 5:1 to about 1.5, about 4.1 to about 1:4, about 1:0 1o about 14
{anionic species : cationic species). In a preferred embodiment, at about neutral pH
(e.g., at about pH 7.4), the hydrophaobic block compriées anignic species and cationic
species in a ratio of about 1:1 (anionic species : cationic species). In some
embodiments, at about neutral pH {e.g., at about pH 7.4}, the hydrophobic block
‘comprises anionic manomeric residues and calionic monomeric residues in a rafio of
about 1:0 to about 1:4 (anionic monomeric residues | cationic manomeric residues ). In
a preferred embodimeant, at about neutral pH (8.g., at about pH 7.4}, the hydrophobic
block comprises anionic monomeric residues and cationic monomeric residues in a ratio
of about 1:1 (anionic monomeric residues : cationic monomeric residues ).

[0264] In certain embodiments, at about neutral pH (e.g., at about pH 7.4), the
hydrophobic block comprises hydrophobic monomeric residues, cationic monomeric
residues, and anionic monomeric residues, in specific embodiments, the ratio of
hydrophobic monomeric residues to charged monomeric residues (cationic monomeric

53



WO 2019/054266 PCT/USZ009/663648

residues plus anionic monomeric residues), is about 1:5 to about 5:1, or about 1:3 10
about 3:1, or about 1:2 to about 3:1, or about 1:1, or about 1.2, or about 2:1.

[0265] In .certain embodiments, a hycrophobic block, as described herein
comprises a plurality of first monomeric residues derived from a first polymerizable
monomer having a protonatable anionic species and a hydrophobic species, and
optionally a plurality of second monomeric residues derived from a second
polymerizable monomer having a deprotonatable cation species.

[0266] In some embodiments, a hydrophobic biock, as described herein
comprises the structure of Formula lc:

AL
g/ /|
\I’Z "{3 Y4 w

Qg Qs

[6267] wherain

102681 Ag, As and Ay are independently selected from the group conststing of
-G-C-, -C-, -C{ONC)COI0-, -OHC)CO}- and —O(CO-; wherein,

[02691" ais1—4;
[02701 bis2-4;

[0271] Y.is selected from the group consisting of hydrogen, (1C-10C)alkyl,
(3C-BC)cycioalkyt, O-{1C-10C)atkyt, -C{OYO(1C-10C)alkyt, CIOINR(1C-10C) and aryl,
any of which is optionally substituted with ane or mare fluoring groups;

[0272] Y,is seiected from the group consisting of a covalent bond,
{(1C-10C)alkyl-, ~G{O)YC{2C-10C) alkyl-, -OC{O}1C-10C) atkyl-, -0(2C-10C)alkyl- and
-5{2C-10C)alkyl- ~C{OINRg(2C-10C) atkyl-;

[02731 Yais selected from the group consisting of a covalent bond,
{(1C-100)alky! and (6C-10C)aryt; wherein

102741 tetravalent carbon atoms of As-A4 that are not fully substituted with

Rs-Rs and Yz-Y, are completed with an appropriate number of hydrogen atoms;

(02751 each Ra, R4, and Rs are independently selected from the group
consisting of hydrogen, -CN, alkyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloatkyl, aryl
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and heteroaryl, any of which may be optionally sﬁbstitutecl with one or more fiucrine
atoms;

[02761 Qgis aresidue which is positively charged at physiologic pH, including
but not fimited o amino, alkylamino, ammonium, alkylammonium, guanidine, imidazolyt,
and pyridyl;

ro2773 Qsis a residue which is negatively charged at physiologic pH, but
undergoes protonation at fower pH, including but not limited to carboxyl, sulfonamide,
boronate, phosphonate, and phosphate;

[0278] pisabout 0.1 to about 0.9 {e.g., about 0.2 to about 0.5});

[0279] qisabout0.1 to about 0.9 (e.9., about 0.2t ébout 0.5); whergin:
[0280]1 ris0ioabout 0.8 (e.g., 0to about 0.6}, whersein

[02811 p+qg+r=1;and,

[0282] wis from about 1 to about 50 xDa.

[02831 inone preferrad embodiment, the hydrophobic block comprises repeat
units corrgsponding to Formula 1A

o) OH
X3
H H
Formula 1A

wherein * designaies the point of attashment of the repeat unit of Formula 1A to ather
repeat units; and X is alkyl. Exemplary alkyls Include methyl, ethyi, propyl and butyl.
Typically, X? is ethyl or propyl. in a preferred embodiment, X* is propyl.

[0284] Inone preferrad embodiment, the hydrophobic block comprises repeat
units gorresponding to Formula 1E
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o) OXAT
)(3
H H
Formuta 1E

wherein * designates the point of aitachment of the repeat unit of Formula 1E t¢ other
repeat units; and X* and X*” are independentty alkyl. Exemplary alkyls inctude methyl,
ethyl, propy! and butyl. Typicatly, X® is methyl, ethy! or propy! and X* is independently
methyi, athyl, propyi of butyl. In one preferred embodiment, X° is methyl and X¥ is
buiyl. '

{02851 In one preferred smbodiment, the hydrophobic block comprises repeat
units corresponding fo Formulg 1C

O . OX48 .
XS
H H
Formula 1C

wherein * designates the point of attachment of the repeat unit of Formula 1C to other
repeat units; X° is alkyl, and X*® is amino-substituted alkyl. Exemplary alkyls include
methyl, ethyl, propyl and butyl. Typically, X2 is ethyl or propyl and X*® is N,N-
dialkylaminoatkyl, e.g., N,N-dimethylamincethyl.

102861 In one preferred embodiment, the hydrophebic block is a randam
copolymer comprising {) repeat units corresponding to Formula 1A and Formula 1E,
{ii} repeat units corresponding to Formuta 1A and 1C, or (i) repeat units corresponding
to Formuta 1A, 1C and 1E. In general, when the hydrophobic block is a random
copolymer comprising repeat units corresponding to Formula 1A and Formula 1E {(with
or without repeat units corresponding to Formula 1C), the ratio of the number of repeat
units corresponding to Farmula 1A to the number of repeat units corresponding to
Formulz 1E in the third block is between about 2011 and 1.4, respectively, For example,
it is generally preferred that the ratio of the number of repeat units correspanding to
Formula 1A to the number of repeat units corresponding to Formula 1E in the third block
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be between about 3:1 and 1:3, regpectively. Additionally, it is generally preferred that
the number of repeat units corresponding fo Formula 1A exceed the number of repeat
units corresponding to Formula 1C.

[02871 Ingeneral, the hydrophobic biock comprises a pluraiity of repeat units,
ie., atieastiwo. In certain embodiments, a hydrophobic block of a poiymer described
herein has a numbsar average molecular weight of about 1,000 Dalton to about 200,000
Dalton, about 1,000 Dalton to about 10¢,000 Dalton, about 1,000 Dalton to about
100,000 Dalton, about 5,000 Dalton to about 50,000 Dalton, about 10,000 Dalton to
about 50,000 Dalton, about 15,000 Dalton to about 35,000 Dalton, or about 20,000
Dalton to about 30,000 Dalion.

BLOCK RATIOS

[0288] in certain embodiments, the block copolymer has a ratio of a number-
averagae molecutar welght (with the number average molecular weight of the first block,
i.e., hydrophilic black, represented by M,'™, the number average molecular weight of
secend or intermediate or therapeutic carrier block represented by M™, and the
number average molecular weight of the third block represented by M,>®) of (M,'* +
M:2%: (Mo>) of about 2:1 to about 1:9. In some embodiments, (M, +M:2™: (M) is
about 1:1 to about 1:3.

POLYMERIZABLE MONOMERS

[0289] in certain embodiments, each of the first, second, and third biocks of
the block copolymer comprises monomeric residues derived from a polymerizable
monamer. As noted previously, the block copolymer may also comprise one or more
other blocks in addition to the first, second and third blocks and, in those instances, the
at least one of the additional blocks may also comprise monomeric residues derived
from a polymerizabie monomer. in specific embodiments, any of the monomers
polymerized or copolymerized to provide the hydrophilic, intermediate, or hydrophobic
blocks inciude an ethylenically unsaturated monomer. in more specific embodiments,
ethylenically unsaturated monomars include, by way of non-limiting example, acrylic
monamers, a vinylic manomer, and the lke. In some embodiments, the ethylenically
unsalurated monomer is an acrylic monomer selected from, by way of mndi%niting
example, an optionaliy substituted acryiic acid, an optionally substituted acrylamide, and
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an optionally substituted acrylate. in certain embodiments, the ethylenically unsaturated
monomer is selected from, by way of non-limiting example, optionally Cy-Cg alkyl-
substituted acrylic acid,Aan optionally C4-Cg atkyl-substituted acrylamide, and an
optionally C+-Cs alkyl-substitutet acrylaie.

{02901 In certain embodiments, block copolymers (e.g., membrane
destabitizing block copolymers) of the micelles provided herein comprise sthylenically
unsaturaied monomers. The ferm "ethylenically unsaturated monomer” is defined herein
as a compound having at least one carbon doubls or triple bond, The non-limiting
exampies of the ethylenically unsaturated monomers are: an alkyl (alkylacrylate, a
methacrylale, an acrylate, an alkylacrylamide, a methacrylamide, an gcrylamide, a
styrene, an allylamineg, an allylammonium, a diallylamine, a diallylammonium, an N-vinyl
formamide, a vinyl ether, a vinyl sulfonate, an acrylic acid, a sulfobetaine, a
carboxybetaine, a phosphobetaing, or maleic anhydride.

102311 In various embodiments, any monomer suitable for providing the
polymers {inciuding, e.g., the membrane destabilizing block copolymers} of the micelles
described herein is used. In some embodiments, monomers suitable for use in the
preparation of the polymers (inctuding, e.g., the membrane destabilizing block
copolymers) of the miceltes provided herein include, by way of non-limiting example,
one or mare of the foliowing monomers: methyl methacrylate, ethyl acrylate, propyl
methacryiate (all isomers), buty! methacrylate (all isomers), 2-etﬁyihexyt methacrylate,
isobornyl methacryiate, methacrylic acid, benzyl methacrylate, phenyl methacrylate,
methacrylonitrile, alpha-methylstyrene, methyl acrylate, ethyl acrylate, propyl acrylate
(all isomers), buty! acrylate (all isomars), 2-ethylhexyl acrylate, isobornyt acrylate, acrylic
acid, benzyl acrylate, phenyl acrylate, acrylonitrile, styrene, acrytates and styrenes
selected from glycidyl methacrylate, 2—hydrdxyethyl methacrytate, hydroxypropyl
methacrylate (all isomers), hydroxybutyl methacrylate (all isomers),
N,N-dimethylaminoethyl methacryiate, N,N-diethylaminoethyl methacryiate,
tristhyleneglycol methacrylate, itaconic anhydride, itaconic acid, glycidyl acrylate,
2-hydroxyethyl acrylate, hydroxypropyl acrylate (all isomers), hydroxybutyl acrylate {al
isomers), N,N-dimethylaminoethyl acrylate, N,N-diethylaminoethy! acrylate,
triethylenegiycol acrylate, methacrylamide, N-methylacrylamide,

N, N-dimethylacrvlamide, N-tert-butylmethacrylamide, N-n-butyimethacrytamide,
N-methylotacrylamide, N-ethylotacrylamide, vinyl benzoic acid {all isomers),
diethylaminostyrene (all isomers), alpha-methylvinyl benzoic acid {all isomers),
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diethylamino alpha-methylstyrens (all isomers}, p-vinylbenzenesulfonic acid,
pvinylbenzene sulfonic sodium salt, rimethoxysilyipropy! methacrylate,
triethoxysilylpropyl methacrylate, tributoxysilylpropyl methacryiate,
dimethoxymethylsilylpropyl methacrylate, disthoxymethylsilyvipropylimethacrylate,
dibutoxymethylsilvipropyl methacrylate, diisopropoxymethylsilylpropyl methacrylate,
dimethoxysilylpropyt methacrylate, diethoxysilylpropyt methacrylate, dibutoxysilylpropy!
methacrylate, dilsopropoxysillpropy: methacrylate, trimethoxysilyipropyl acrylate,
friethoxysilylpropyl acryiate, tributoxysilylpropyl acrylate, dimethoxymethyisilyipropy!
acrylate, disthoxymethylsilylpropyl acrylate, dibutoxymaethylsitvipropy! acrylate,
clisopropoxymethyisilylpropy! acrylate, dimethoxysilylpropyi acrylate, diethoxysilylpropyl
acrylate, dibutoxysilyipropyt acrylate, diisopropoxysilyipropyt acrylate, vinyl acetate, vinyl
bulyrate, vinyl benzoate, vinyl chloride, viny! fluoride, vinyl bromide, maleic anhydride,
N-arylimateimide, N-phenylmaleimide, N-alkyimaleimide, N-butylimaleimide,
N-vinylpyrrolidone, N-vinylcarbazole, butadiens, isoprene, chicroprene, ethylene,
propylene, 1,5-hexadienss, 1.4-hexadienes, 1,3-butadienes, 1,4-pentadienes,
vinylaicohol, vinylaming, N-alkylvinylamine, aliylamine, N-alkylallylaming, diallylamine,
N-alkyldiallylamine, alkylenimine, acrylic acids, alkylacryiates, acrylamides, methacrylic
acids, alkylmethacrylates, methacrylamides, N-alkylacrylamides,
N-alkyimethacrylamides, styrene, vinylnaphthalene, vinyl pyridine, ethylvinylbenzene,
aminostyrene, vinylpyriding, vinylimidazole, vinylbiphenyl, vinyianisole, vinylimidazolyl,
vinylpyridinyl, vinyipolyethyieneglycol, dimethylaminomethyistyrene, frimethylammonium
ethyl methacryiate, trimethylammonium ethyl acrylate, dimethylamine propylacrylamide,
trimethylammenium ethylacryiate, trimethylanunonium ethyl methacrylate,
trimethylammonium propyl acrylamide, dodecyt acrylate, octadecy! acryiate, or
octadecyl methacrylate monomers, or combinations thereof,

[0282] in some embodiments, functionalized versions of these monomers are
optionally used. A functionalized monomer, as used herein, is & monomer comprising a
masked or non-masked functicnal group, e.g. a group 1o which other maieties can be
attached following the polymerization. The non-limiting examples of such groups are
primary aming groups, carboxyls, thiols, hydroxyls, azides, and cyano groups. Several
suitable masking groups are available (see, 2.g., T.W. Greene & P.G.M. Wults,
Frofective Groups in Organic Synthesis (2nd edition} J. Wiley & Sons, 1991, P. .
Kocienski, Protecting Groups, Georg Thieme Verlag, 1984).
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[0293] Polymers described here are prepared in any suitable manner. Suitable
synthetic methods used to produce the polymers provided herein includs, by way of
non-limiting exampte, cationic, anionic and free radicai polymerization. In some
instances, when a cationic process is used, the monomer is treated with a catalyst o
initiate the polymerization. Optionally, one or more monomers are used o form a
copolymer. In some embodiments, such a caialyst is an initiator, including, e.g., protonic
acids (Bronsted acid) or Lewis acids, in the case of using Lewis acid some promoter
such as water or alcohols are aiso optionally used. In some embodiments, the catalyst
is, by way of non-limiting example, hydrogen iodide, perchioric acid, sulfuric acid,
phosphoric acid, hydrogen fluoride, chicrosulfonic acid, methansuifonic agid,
trifiuoromehtanasulfonic acid, aluminum trichioride, alkyi aluminum chiorides, boron
triflucride complexes, tin tetrachloride, antimony pentachioride, zine chioride, titanium
tetrachloride, phosphorous pentachioride, phosphorus oxychloride, or chromium
oxychioride. In certain embodiments, polymer synthesis is performed neat or in any
suitable solvent. Suitable solvents include, but are not limited i, pentane, hexane,
dichloromethane, chioroform, of dimethy! formamide (DMF). In certain embodiments,
the polymer synthesis is performed at any suitable reaction temperature, incluging, e.g.,
from about -50 °C. to about 100 °C, or from about ¢ °C to about 70 °C.

[0294] in certain embodiments, the polymers are prepared by the means of
free radical polymerization. When a free radical polymerization process is used, (i) the
monomer, {ii) optionally, the co-menomer, and (iii) an optional source of free radicals are
provided 10 trigger a iree radical polymerization process. [n some embodiments, the
source of free radicals is optional because some monomers may seff-initiate upon
heating at high temperature. In certain instances, after forming the polymerization
mixiure, the mixture is subjected to polymerization conditions. Pelymerization conditions
are those conditions that cause at least one monomer to form at least one polymer, as
discussed herein. Such conditions are optionally varied to any sultable level and include,
by way of non-limiting exampie, temperature, pressure, aimasphere, ratios of starting
components used in the polymerization mixture and reaction time. The polymerization is
carried out in any suitable manner, including, e.g., in salution, dispersion, suspension,
emulsion or bulk.

102951 In some embodiments, initiators are present in the reaction mixture.
Any suitable initiator is optianally utilized If useful in the polymerization processes
described herein. Such initiators include, by way of non-limiting example, one or more of
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alkyl peroxides, substituted alkyl peroxides, aryl peroxides, substituied aryl peroxides,
acyt peroxides, atkyl hydroperoxides, substituted alkyl hydroperoxides, ary!
hydroperoxides, substituted aryl hydroperoxides, heteroalkyl peroxides, substituted
heteroalkyl peroxides, heteroalky! hydroperoxides, substituted heteroalkyl
hydropercxides, hetaroaryl peroxides, substituted heteroaryl peroxides, heteroaryl
hydroperoxides, substituted heteroary! hydroperoxides, aiky! peresters, substituted afkyl
peresiers, aryl peresters, substituted aryl peresters, or g20 compounds. In specific
embodiments, benzoylpsroxide (BPO) and/or AIBN are used as initiators.

[02961 In some embodiments, polymerization processes are carrisd outin g
living mode, in any suitable manner, such as butnot limited to Atom Transfer Radical
Polymerization {ATRP), nitroxide-mediated living free radical polymerization (NMP),
ring-opening polymerization (ROP}, degenerative transfer (DT), or Reversible Addition
Fragmentation Transfer (RAFT). Using conventional and/or living/controlled
poiymerizations methods, various polymer architectures can be produced, such as but
not limited to block, graft, star and gradient copolymers, whereby the monomer units are
elther distributed statisticaliy or in g gradient fashion across the chain or
homopolymerized in block seguencs or pendant grafts. n other embediments, polymers
are synthesized by Macromolecular design via reversible addition-fragmentation chain
fransfer of Xanthates (MADIX) {'Direct Synthesis of Double Hydrophilic Stafisticat Di-
and Tribiock Copolymers Comprised of Acrylamide and Acrylic Acid Units via the
MADIX Process”, Daniel Taton, et al., Macromolecular Rapid Communications, 22, No.
18, 1487-1503 (2001)).

[02971 In cartain embodiments, Reversible Addition-Fragmentation chain
Transfer or BAFT is used in synthesizing ethylenic backbone polymers of this invention.
RAFT is a living polymerization process. RAFT comprises a fres radical degenerative
chain transfer process. In some embodiments, RAFT procedures for preparing &
polymer described herein employs thiocarbonylthio compounds such as, without
limitation, dithioesters, dithiocarbamates, trithiocarbenates and xanthates to mediate
polymerization by a reversible chain transfer mechanism. In certain instances, reaction
of a polymeric radical with the C=S group of any of the preceding compouncs leads to )
the formation of stabilized radica! intermediates. Typically, these stabilized radical
intermediate’s do not undergo the termination reactions typical of standard radical
polymerization but, rather, reintroduce a radical capable of re-initiation or propagation
with monomer, reforming the C=S bond in the process. in most instances, this cycie of
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addition to the C=8 bond followed by fragmentation of the ensuing radical continues
until ali monomer has been consumed or the reaction is quenched. Generally, the low

concentration of active radicals at any particular time limits normal termination reactions.

1062981 In some embodiments, polymers {e.g., membrane destabilizing block
copolymers) utilized in the micelles provided herein have a low polydispersity index
{PDI} or differences in chain length. Polydispersity index {PDl) can be determined in any
suitable manner, e.g., by dividing the weight average molecular weight of the polymer
chains by their number average molecular weight. The number average molecule
waight is sum of individual chain molecuiar weighis divided by the number of chains.
The weight average molecular weight is proportional to the square of the molecutar
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 weight,
polydispersity is always greater than or equal to one. Ag the numbers come closer and
closer to being the same, i.e., as the polydispersily approaches a value of one, the
polymer becomes cioser to being monodisperse in which every chain has exactly the
same number of constifutional units, Polydispersity values approaching one are
achigvable using radical Biving polymerization. Methods of determining palydispersity,
such as, but net limited to, size exclusion chromatography, dynamic light scattering,
matrix-assisted laser desorption/ionization chromatography and elecirospray mass
chromatography are wel! known in the arl. In some embodimenis, block copolymers
(e.g., membrane destabilizing block copolymers} of the micelles provided herein have a
polydispersity index {PDI) of less than 2.0, or less than 1.8, or less than 1.6, or less than

1.5, or less than 1.4, or less than 1.3, or less than 1.2.

102981 Polymerization processes described herein opiionally occur in any
suitable solvent or mixture thereof. Suitable solvents include water, alcohol(e.g.,
methanol, ethanol, n-propanol, isopropanol, butanol), tetrahydrofuran (THF) dimethyl
sulfoxide {DMSQ), dimethylformamide (DMF), acetone, acetonitrile,
hexamethyiphosphoramide, acetic‘acid, formic acid, hexane, cyclohexane, benzene,
toluene, dioxane, methylene chloride, ether (e.g., diethyl ether), chicroform, and ethyl
acetate. In one aspect, the solvent includes water, and mixtures of water and water-
miscible organic solvents such as DMF.

[a3007 In certain embodiments,'poly{DMA'EMA) and other polymeric entities
used herein {e.g., copolymers or copolymer biocks of BMA, DMAEMA and PAA) ae

prepared in any suitable manner. In cne embodiment, poly(DMAEMA/PEGMA) is
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prepared by co-polymerizing DMAEMA and PEGMA in the presence of the RAFT CTA,
ECT, and a radical initiator. In some embodiments, a block, poly(DMAEMA/PEGMA)
macroCTA is used to prepare a series of triblock or other multiblock copolymers where
the hydrophobic block contains BMA, DMAEMA and PAA. In other specific
embodiments, the orientation of the blocks on the triblock or other multiblock polymer is
reversed, such that upon self-assembly, the w end of the polymer is exposed on the
hydrophilic segment of the micelle. in various embodiments, this is achieved in any
suitable manner, including a number of ways synthetically. For example, in some
embodiments, the synthesis of the block copolymers described herein beging with the
pre;ﬁaration of the PAA/BMA/DMAENMA core-forming hydrophobie block, and the sheli-
forming hydrophilic, charged block is added in the second synthetic step by subjecting
the resufting PAA/BMA/DMAEMA macroCTA to a second RAFT potymerization step.
Alternate épproaches include reducing the FAA/BMA/DMAEMA macroCTA to form a
thiot end and then covalently attaching a pre-formed hydrophilic, charged polymer to the
formed thicl. This synthetic approach provides a method for introduction of a reactive
group on the w-end of the polymeric chain exposed to the surface of micelie thus
providing alternate approaches io chemical conjugation to the micelie.

[0301] In some embodiments, block copalymers are synthesized by chemical
conjugation of several polymaer biocks that are prepared by separate poiymerization
processes.

{0302] In certain embcdiments, the ethylenically unsaturated monomer is
selected from, by way of non-imiting example:

O

=y

[6303F wherein
(03043 R*is hydrogen, halogen, hydroxyl, or optionally substituted C-Cg alkyl;
[03051 R*is-SR® -OR°® -NR°R’, or

(03061 R*is C1-Cao alkyl or C1-Cyo polyoxylatedalkyi, optionally substituted by
halogen, cyano, hydroxyl, alkoxy, thiol, alkyithio, sitylalky!, silylaryl, -NR°R™, cycloaliyl,
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heterocycioalkyl, -C(=0)OR®, -S(=C)OR®, -§(=0).0R? -C(=0) NR®R"’, -§(=0) NR*R",
-S(=0).NR°R™, a cleavable group or a functionalizable group;

[0307] R®is Ci-Cuo alkyl, Cs-Cuo poivoxylatedalkyl, Ci-Cuo alkenyl, Ci-Cap
alkynyl, cycloalkyl, heterccycloalkyl, aryl, or heteroaryl, optionally substituted by
haiogen, cyano, hydroxyl, alkoxy, thiol, atkylthio, sitylalkyl, silylaryl, -NR°R', cycloalkyl,
heterocycloalkyl, -C(=0)OR®, -8(=0)OR?, -S(=0),0R?, -C(=0) NR*R"’, -S(=0) NR'R™,
-5{=0),NR°R'® a cleavable group or a functionalizable group;

(03081 R°®and R are each independently hydrogen, C4-Cao alkyl; C1-Cao
polyoxylatedaikyl, C1-Cao alkenyl, C4-Cy atkynyl, cycioalky!, heterocycloalkyl, aryl, or
heteroaryl, optionally substituled by halogen, cyano, hydroxyl, alkoxy, thiol, alkylthio,
silylalkyl, silylaryl, -NR®*R', cycloalkyl, heterocycloalkyl, -C(=0)OR?, -8(=0)OR®,
-5{=0),0R®, -C(=0) NR°R™, -S(=0) NR*R™, -3(=0):NR°R", a cleavable group or a
functionalizable group; or

[0309] R%and f%%ogether with the nitrogen to which they are attached form an
optionally substituted heterocycle;

(0310} R®and R" are each independently hydrogen, optionally substituted
- C41-Cs alkyl, optionally substituted cycloalky!, optionally substituted aryl, optionally
substituted heteroaryl, or

103111 R°and R togsther with the nitrogen to which they are attached form a
heterocycle.

TriBrLock COPOLYMERS

[0312] In ceriain embodiments, provided herein are triblock copolymers are
represented by Formula b

EA‘E x‘AEy]Mﬂ "EA“‘ x"‘A‘2y]Mn"[B1 x"Bzy"B3z]Mn {i)

103131 in certain embodiments, [A1-A2] is the first block copolymer, composed
of monomeric residues At and A2, wherein A1 s a hydrophilic monomeric residue, and
[A1-AZ}is overall hydrophilic. In some embodiments, [A'"1-A'2] is the second block
copolymer, camposed of monomeric residues A'1 and A'2. In certain embodiments, [B1-
B2-B3] is the 3rd block copoiymer, composed of manomers Bt, B2, B3, x, y, z defines
the polymer compasition in mole % of the individual monomers. Mn is moleguiar weighi
of each of the polymer blocks.
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[0314])

[G315]
[G316]
[0317]
[G318]
{03191
[0320]
[0321]
[0322]
[0323]
[0324]
[0325]
[0326]
[0327]
[0328]
{0329]
[0330}
{0331}
[0332]
103331
10334}
[0335]
[0336]
[$337]
[0338]

[0338]

PCT/US2089/06364%

In other embodiments, the tiiblock copolymer is selected from the
following triblocks:

[PEGMA7,-MAA(NHS)ao- DMAEMA]-[B-P-D]
[DMAEMA76-MAA(NHS)ao-[DMAEMA}-[B-P-D1

[Gal}-{HPMA-PDSMA}-B-P-D]

[Gal-MAA-[HPMA-PDSMA-MAAJ-{B-P-D]

INACGal-[HPMA-PDSMA]-{B-P-D]

[INACGal-MAA]-[HPMA-PDSMA-MAA]-{B-P-Dj

[Gal}-[DHB-P-D]
[NAcGal]-{D]-[B-P-D]
[Gal-MAA-[D}-[B-P-D]
[NACGal-MAAJ-{D}HB-P-D)
[Gal-D]-[D}{B-P-D]
[NACGal-D}[D}-[B-P-D]
[Gal}-[FA}B-P-D]
[Gall{HPMA-PAJ-{B-P-D]
[Gal-MAAJ-[PA}-[B-P-D]
[Gal-MAA]-{HPMA-PA]-{B-P-D]
[Gal-D}-{PA}-[B-P-D]
[Gal-D]-{HPMA-PA}-[B-P-D)
[NAcGal]-[PA}-[B-P-D}
[NACGal}-[HPMA-PA}-{B-P-D]
[NAcGal-MAAJ-{PA]-[B-P-D]
[NACGal-MAA-HPMA-PA]-{B-P-D]
INAcGal-D]-[PA}-{B-P-D]
INACGal-D-{HPMA-PA]-[B-P-D]
[PAA-BA]- [HPMA-PDSMA}HFolate]
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[0340] ' [PAA-BAJ- [HPMA-MAA-PDSMA}-{Folate] (1-26)
[0341] Folate-|PEGHHPMA-PDSMA}-[D-B-P] (1-27)
[0342] Folate-[PEGHHPMA-MAA-PDSMA}-[D-B-P] (1-28)

wherein B is the monomeric residue of butyl methacrylate; P is the monomeric residue
of propyl acrylic acid; D is the monomeric residue of DMAEMA is dimethylaminoethyl
methacrylate; PEGMA is the monomeric residue of polyethylenegiycol methacrylate
where, for example, w = 4-5 or 7-8 ethylene oxide units, HPMA is the monomeric
residue of N-(2-propylimethacryiamide or N-propyimethacrylate {including all isomers),
PA is a primary amino-group cortaining monomeric residue, NAcGat is the monomeric
residue derived from N-Acetyl galactose-PEG-vinyl monomer, Gal is the monomeric
residue derived from galactose-PEG-vinyl monomer, PDSMA is the monomeric residue
derived from 2-(2-pyridinyidisulfanyl}ethyl methacrylate or 2-{2-pyridinyldisulfanyhethyl
methacrylamde, and MAA(NHS) is the monomeric residue derived from methylacrylic
acid-N-hydroxy succinimide ester. Folate is a folic acid residue which can be
conjugated to a pendant group of a monomeric residue, incorporated into a GTA, or
conjugated to the thiol derived from the reduction of ® end-group of the polymer. In
addition, it should be understood that HPMA-E (2-hydroxypropyl methacrylate or
monometic residue derived therefrom) may be substituted for HPMA in each of the
foregoing examples in which HPMA appears, ie., F3to -5, I-14, 1-18, |-18, 1-20, |-22,
and 1-24 to {-28; sotely in the interest of brevity, such additional sttuctures are not
repeated but shall be considered part of this disclosure.

MicELLE

[0343] In certain embodiments, micelles are formed from a plurality of
polymers comprising a hydrophilic biock, a carrier block, and a hydrophobic block as
described elsewhere herein. In certain embodiments, a micelle described hergin
comprises a plurality of block copolymers, the micelle compriging a core and a'shell. n
specific embodiments, the core of the micelle comprises the hydrophobic blocks of the
plurality of block copolymers and the shell comprises the hydrophiiic blocks of the tlock
copolymers. Moreover, in more specific embodiments, the shell comprises an inner
layer and an outer layer {relative to one another, further layers are aiso possibie), the
hydrophilic first block forming the outer layer and the second hydrophilic block forming
the inner layer of the micelle shell.
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[0344] In certain smbodiments, the hydrophilic first block is at the surface {or
at least nearer the surface of the micelle relative to the hydrophilic or therapeutic
associated second block). In certain embodiments, the hydrophilic first block shields
(e.g., through steric and/or static interactions) an inner portion of the micelle {e.g., &
layer of a micelie made up by the hydrophilic and/or therapeutic associated second
biock, or a therapeutic agent, such as a polynucieotide, associated with the second
block;.

[0345] In specific embodiments, a piurality of any one or more polymer
described herein is assembled Into a miceile, In specific embodiments, such a micelle is
stable in at about neutral pH {e.q., Is stable In an agueous madium at about pH 7.4).

[0346] In some embodiments, a micelle described herein comprises any
number of polymers described herein, &.g., about 10 to about 100 of the copolymers
described herein per micelle, or about 20 to about 60 of the cdpolymers described
herein per micelie.

[03471 In one embodiment, a micelle described herein (without an associated
therapeutic agent such as a polynucleotide) has a Zeta potential that is between 6 mV
(millivolt). in one preferred embodiment, a micelie described hereln (without an
associated therapeutic agent such as a polynuciectide) has a Zeta potential that is
between £5 mV. In one preferred embodiment, a micelle described herein (without an
assoclated therapeutic agent such as a polynuclectide) has & Zetg potential that is
belween 2 mV.

[0348] In certain embodiments, micelle described herein has a critical micelie
concentration, CMC, ranging from about 0.2 ug/ml to about 20 ug/ml. tn specific
embodiments, the micelle has a criical micelle concentration, CMC, ranging from about
0.5 ug/ml to about 10 ug/ml. in certain embodiments, a micelie described herein
comprisas a plurality of block éopolymers described herein, the pluratity of block
copolymers déscribed hergin having a polydisparsity index (PD[) of about 1.0 to about
1.7, or about 1.0 to about 1.4. In some embodiments, a micelle comprises a plurality of
copolymers described hergin wherein the first block, second block and third block of the
block copolymer have a poiydispersity index of not more than 1.5

{03491 In certain embodiments, a micelle described herein comprise a plurality
of copolymers, as described herein, wherein at least one or more of the piurality of
copoiymers is covalently crosslinked fo the second polymer, whereby the polymeric
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micelle is a crossiinked polymeric micelle. In specific embodiments, the second palymer
is aiso a copolymer as described herein. in some embodiments, the block copolymer is
covalently crosslinked to the hydrophabic block of the second polymer. -in specific
embodiments, the hydrophobic biocks of two copolymers described herain are cross-
linked to each other. In certain embodiments, the block copolymer comprises a plurality
of monomeric residues derived from controlied radical polymerization of an ethylenic
monomer, at least one such monomer being a bis-functional crossiinking monomer.

(03501 [n some embodiments, a micelle provided herein is characterized by
one or more of the following: (1) the micelle is formed by spontaneous self association
of block copolymers o form organized assemblies {(e.g., micelles) upon dilution from a
water-miscible solvent (such as but not limited to ethanol) to aqueous solvents (for
example phosphate-buffered saline, pH 7.4); (2) the micelle is stable to dilution (e.g.,
downto a polym'er conceniration of 100 ug/ml, 50 ug/mi, 10 ug/ml, dug/mi or Tug/mi,
which constitutes the critical stability concentration or the critical micelle concentration
{CMCYY; {3) the micelle is stabie to high ionic strength of the surrounding media (e.g.
0.5M NaCh; and/or (4) the micelie hag an increasing instability as the concentration of
organic sclvent increases, such crgani'c solvents including, but not limited to
dimethylformamide (DMF}, dimethylsutfoxide (DMSO), and dioxane. In some
embodiments, a micelle provided herein is chargcterized by having at least two of the
aforementioned propetties. In some embodiments, a micelle provided herein is
characterized by having at leasi three of the aforementioned properties. in some
embodiments, a micelie provided herein is characierized by having all of the
aforementioned properties.

[035L] In some embodiments, a micelle provided herein self-assembies at any
' suitabée concentration. In certain ambodiments, a micelle provided herein self-
assembles (e.g., has a critical micelle concentration (CMG), or the minimum
concentration at which a micelle forms) of about 2 pg/mL, about 5 ug/ml, about

8 pg/ml., about 10 ug/mL, about 20 pg/mi., about 25 pg/mL., about 30 pg/mL, about

40 pg/ml., about 50 pg/mi, about 60 pg/mL, about 70 pg/mL, about 80 ug/mL, about

90 ug/mL, about 100 pg/mL, or greater. In certain embodiments, a micelie provided
herein self assembles at least one concentration between about 1 pg/ml and about

100 pg/mi.

{03521 In some embodiments, the micelies provided herein are prepared by

sponianeous self-assembily of the polymers described herein. In certain embodiments,
68



WG 2010/054266 PCT/US2009/063648

the polymers described herein assemble into the micelles provided hersin upon ditution
of a solution of the palymer in water-miscible organic solvent into agqueous media. In
some embodiments, the micelles provided herein are formed spontaneously upon
dissolution of the polymer directly in aqueous media. In some embodiments, the
micelies do not require the presence of a polynuclectice for micelle formation.

103531 In some embaodiments, the micelles are stabie {o dilution in an agueous
soiution, In specific embodiments, the micelles dre stable o dilution at physiologic pH
(including the pH of circulating blocd in a human) with a critical stability concentration
(e.g., a critical micelle concentration (CMC)) of approximately 50 to approximalely
100 ng/mL, or approximately 10 to approximately 50 ug/md, or less than 10 ug/mL. As
used herein, "destabilization of & micelle” means that the polymeric chains forming a
micelle at least partially disaggregate, structuraily atter {e.9.. expand in size and/or
change shape), and/or may form amorphous supramolecuiar structures (e.g..
non-micelliec supramolecutar structures).

[0354] In some embodiments, a micelte provided herein is stable in an
aqueous medium. In certain embodiments, a micelle provided herein is stable in an
aqueous medium at a selected pH, e.g., about physiological pH {g.g., the pH of
circulating human plasma).in specific embodiments, a micelle provided herein is stable
at about a neufral pH (2.¢., at a pH of about 7.4) in an aqueous medium. in specific
embodiments, the aquaous medium is animal {e.g., human) serum or animal (e.g.,
human) plasma. in certain emboediments, a micelle provided herein ig stabie in human
serum and/or human plasma. In specific embodiments, the micelle is stable in
cireulating human plasma. It is fo be understood that stability of the miceile is not limited
to desighated pH, but that it is stable at pH values that include, at a minimum, the
designated pH. In specific embodiments, a micelle dascribed herein is substantially less
stable at an acidic pH than at a pH that is about neutral. In more speclfic embodiments,
& micelle described herein is substantially less stable at a pH of about 5.8 than at a pH
of about 7.4, ‘

[03551 In specific embodiments, the micelle is stable ata conceniration of
about 10 yg/mi, or greater (e.g., at about a neutral pH). in some embodiments, the
micelie is stable at a concentration of about 100 ug/mi, or greater (e.g., at about &
neutral pH).
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[0356] Inone embodiment, the micefle is a helerogeneous polymeric micelle
comprising a block copotymer of the present invention and at least one acdditional
compositionally distinct polymer. Other compasitionally distinct polymers include, for
example, other block copolymers comprising a hydrophific block and a hydrophebic
biock. Advantageously, the hydrophobic block of the other block copolymer(s) can
associate with the hydrophobic biock of the copolymer of the present invention through
hydrophobic interactions to form a hydrophobic core. Preferably the heterogeneous
micelie is stable in agueous medium at a physiclagically relevant pH (e.g., pH 7.4). In
some embadirments, the heterogensous polymeric micelie comprises one or more
additional compositionally distinct polymers, such as a third polymer that is
compasitionally distinct from each of the first polymer and the second poiymer.
Generally, each block of a block copolymer (e.g., of the first polymer and/or the second
palymer) can be a homopolymer or a random copolymer, in each case linear or non
linear {&.g., branched), and in each case crosslinked or uncrosslinked, and can
generally comprise one or more manomeric residues derived from polymerization of a
polymerizable monomer (e.g., using controlied tiving radical polymerization approaches)

TARGETING

[03571 In certain embadiments, polymers or micelles described herein
comprise at least one targeting moiety (e.g., a moiety that targets a specific cell or type
of cell). In specific instances, the polymers and micelies provided herein are useful for
delivery of therapeutic agents to specifically targeted cells of an individual. In cerfain
instances, the efficiency of the celi uptake of the polymers or the micelles is enhanced
by incorporation of targeting moieties into the polymers or micelles, or into or on the
surface of the micelies. A “targeting moiety”" (used interchangeably with "targeting
agent") recognizes the surface of a cell (e.g., 2 select cell). In some embodiments,
targeting moieties recognize a cell surfate antigen or bind to a receptor on the surface
of the target cell. In certain other embodiments, the polymers or micelles described
herein comprise a plurality of second monomeric units in addition 1o a plurality of
targeting moiety-bearing monomeric units, wherein the second monomeric unit serves
as a spacer unit affording groups of targeting moieties spatially positioned to maximize
their binding to a multivalent recepter or target. Suitable targeting moieties inciude, by
way of non-limiting example, antibodies, antibody-like molecules, or peptides, such as
an integrin-binding peptides such as RGD-containing peptides, or small molecules, such
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as vitamins, e.g., folate, sugars such as lactose, galactose, N-acetyl galactose amine or
other smaill molecules. Cefl surface antigens include a cell surface moiecule such as a
protein, sugar, lipid or other antigen on the cell surface. In specific embodiments, the
cell surface antigen undergoes internalization. Examples of cell surface antigens
targeted by the targeting moieties of the micelies provided herein include, but are not
limited, to the transferrin receptor type 1 and 2, the EGF recepior, HER2/Neu, VEGF
raceptors, iritegrins, NGF, CD2,CD3, CD4, CD8, CD1g, CD2G, CDze, CD33, CD43,
CD38, CD56, CL69, and the asialogiycoprotein receptor.

[0358] Targeting moieties (with or without spacer units) are attached, in
various embodiments, o either end of a polymer (e.g., block copoiymer) of the micelle,
or to a side chain of a monomeric unit, or incorporated into a polymer block. Altachment
of the targeting moiety to the polymer is achieved in any suitable manner, a.9., by any
one of & number of conjugation chemistry approaches including but not limited to amine-
carboxy! linkers, amine-sulfhydryl linkers, amine-carbohydrate linkers, amine-hydroxy!
tinkers, aming-amine linkers, carboxyl-sulfhydryl linkers, carboxyl-carbohydrate linkers,
carboxyl-hydroxy! linkers, carboxyi-carboxy! linkers, sulfhydryl-carbohydrate linkers,
sulfhydryl-hydroxyl linkers, sulfhydryl-sulfhydryl linkers, carbohydrate-hydroxyi linkers,
carbohydraze—carbohydrate linkers, and hydroxyl-hydroxyl linkers. In specific
embediments, "click” chemistry is used to attach the targeting ligand to the block
copolymers forming the micelles provided herein (for example of "click" reactions, see
Wu, P.; Fokin, V. V. Catalytic Azide-Alkyne Cycloaddition: Reactivity and Applications.
Aldrichim. Acta 2007, 40, 7-1 7). A large variety of conjugation chemistries are optionally
utilized (see, for example, Bioconjugation, Aslam and Dent, Eds, Macmillan, 1998 and
chapters therein, and Hermanson, G.T. (2008). Bicconjugate Techniques: 2™ Edition.
New York: Academic Press,). In some embeodiments the linker is physiologically labile
or contains & physiologically iabile bond.

[0358] In some embodiments, iargeting kgands are attached o a monomer
and the resulting compound is then used in the polymerization synthesis of a polymer
described herein (e.g., block copolymer) utilized in a micelle described herein. In certain
embodiments, the monomers bearing such targeting figands are vinylic monomers. In
some Instances, the monomers bearing such targeting ligands have the following
Formula Vi
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1036071 in certain embodiments:

[0361] X is selected from a group consisting of a covalent bond -C{O)O-,
-C{O}NH-, a divalent Cs-Cyo aryl, and a divalent C2-Cqo heteroaryl,

[0362]1 Y is a covalent bond or a linking group selected from optionally
substituted divalent C+-Cg alkyl, optionally substiluted divalent C-Cg heteroalkyl,
optionally substituted divalent C4-Cso alkenyl, optionally divatent substituted Cr-Cz
alkynyl, optionally substituted divalent Cs-Czo cycloalkyl, optionally substituted divalent
C4-Cas cycioheteroalkyl, optionally substituted divalent Cs-C1o aryl, or optionally
substituted divalent Ca-Gip heteroaryl,

103631 R%is selected from the group consisting of hydrogen and optionally
substituted C+-C, atkyl,

[0364] Qs the targeting group selected from the g}'oup comprising a sugar
residue, a peptide, a vitamin, or a smail molecule (MW of less than 1.5KDa) having an
affinity for a cell-surface receptor or antigen.

[0365] In some embodiments, targeting moieties are attached to a block of a
first block copolymer, or 10 a block of a secand block copolymer in a mixec micelle. In
some embodiments, the targeting ligand is gitached to the sense or antisense strand of
SIRNA bound to a polymer or a polymer of the micelle. In certain embodiments, the
targeting agent is aftachedtoa b’ ora 3' end of the sense or the antisense strand.

[0366]1 In certain embodiments, polymers or micelles described herein
comprise at least one targeting moiety at the alpha end of the polymer, In certain
embodiments, targeting groups can be included af the alpha end of the potymer by the
construction of a GTA (chain transfer agent) that incorporates the targeting group(s). In
certain other embodiments, the incorporated targeting group(s) is tethered away from
the reactive center of the CTA via a linker'group, for exarmple, a polyethylene giycot. in
cerlain other embodiments, a CTA comprising a folic acid residue is used as the RAFT
CTA for the preparation of polymers described herein. Alternatively, targeting groups
can be included at the alpha end of the polymer by the modification of a chemical group
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on a macro-CTA with a molety possessing a targeting group, for example by, but not
limited tc, the reaction of a carboxylic acid on the macre CTA with an alcohoi
possessing a targeting group.

(03671 In certain embodiments, polymers or micelies described herein

- comprise at least one targeting moiety at the omega end of the polymer. in certain
embodiments, targeting groups can be included at the omega end of the polymer by
synthesis of an additional polymer block, the additional block polymerized with a viny
monomer possessing the targeting group. in certain other embodiments, targeting
groups can be inciuded at the omega end of the polymer by synthesis of an additional
polymer block, the additional block polymerized with a vinyl monomaer for attaching the
targeting group. In certain ather embodiments, fargeting groups can be included at the
omega end of the polymer by synthesis of an additional polymer block, the additional
biock polymerized with a viny! monomer possessing the {argeting group. In certain other
embodiments, the polymerizaticn is terminated by the addition of a maleimido monomer,
wherein the maieimido monomer incorporates the targeting group(s). in certain other
embodiments, the polymerization is terminaied by the addition of a maleimido monomer,
wherein the maleimido monomer incorporates functionality for attaching the targeting
group{s) for example as described by Henry et al (End-Functionalized Polymers and
Junction-Functionalized Diblock Copolymers Via RAFT Chain Extension with Maleimido
Monomers. Sontt M. Hanry, Anthony J. Gonverting, DRaniglie §. W, Benoit, Allan
S, Hoffman and Patrick 8. Stayion, Bioconjugaie Chem., 2008, 20 (6), pp 1122-1128).
In yet other embodiments, targeiing groups can be included at the omega end of the
polymer by synthetic modification of the Z group on the macre CTA, for example,
reduction of a trithiocarbonyt group to a thiol group, followed to conjugation of the
targeting group io the thiol on ithe polymer.

[0368] In certain embodiments, a micelie or polymer described herein
comprises a mechanism for targeting the polymar, miceile, or therapeutic agent for a
selected ceil. In some embodiments, targeting of the polymer, micelie, or therapeutic
agent is achieved by providing a copolymer described herein, or a micelle comprising
such a copolymer, comprising a targeting moiety. In some embodiments, the targeting
moiety is & ligand having affinity for one or more receptors effective for mediating
endocytosis. In specific embodiments, the targeting moiety is covalently coupled to the
first block.
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Memerane DESTABIEIZATION

[03691 In some embodiments, a polymer or micelle described herein {including
portions, such as polymer subunits, thereof) is membrane-destabilizing at a pH of
about 6.5 or lower, preferably at a pH ranging from about 5.0 to about 6.5, or at a pH of
about 6.2 or lower, preferably at a pH ranging from about 5.0 to about 6.2, or at a pH of
about 6.0 or lower, preferably at a pM ranging from about 5.0 to about 6.0. For example,
in one embodiment, the poiymer or micelle is membrane-desiabilizing at a pH of or less
than about 8.2, of or less than about 8.5, of or less than about 6.8, of or less than about
7.0. in certain embodiments, membrane destabilization is of any cellular membrane
such as, by way of nen-limiting example, an extracelluiar membrane, an intraceliuiar
membrane, a vesicle, an organells, an endoscme, a liposome, or a red blood ceil. in
some embodiments, membrane destabilizing polymers (e.g., copolymers) or membrane
destabilizing block copoiymers provided herein are membrane destabilizing (e.g., in an
agueous medium) at an endosomal pH.

[0370} |nsome embodiments, a polymer or micelle described herein (including
portions, such as polymer subunits, thereof) is hemalytic at pH of or less than about 6.2,
of or less than about 6.5, of or less than about 6.8, of or less than about 7.0. in further or
alternative embodiments, the polymer or micelie (including portions, such as polymer
subunits, tharsof) is substantially non-hemoalvtic at pH greater than about 7.0. in specific
embodiments, a polymer or micelle (including portions, such as polymer subunits,
thereof) described herein is hemaolytic at given concentration and a pH of about 6.2, and
substantially nen-hemolytic at the same conceniration and at a pH greate.r than about
7.0. In more specific embodiments, the conceniration is belween 2 and 18 ug/ml., where
there is 50-100% hemolysis at pH 5.8 and little or no significant hemolysis at pH 7.4, In
certain embodiments, the hemolytic nature of a polymer or micelte {including portions,
such as polymer subunits, thereof) described herein is determined in any suitable
manner, e.g., by use of any standard hemolysis assay, such as an in vitro hemolysis
assay.

[0371} in certain embodiments, a polymer ar micelle described herein
{including portions, such as polymer subunits, thereof) is endosome disruptive. In some
embodiments, a polymer or micelle described herein {inciuding portions, such as
polymer subunits, thereof) is endosome disruptive at pH of or less than about 6.2, of or
less than about 6.5, of or less than about 6.8, of or less than about 7.0. In ceriain
embodiments, a polymer In certain embodiments, the endosome disruptive nature of a
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nolymer or micelle (inciuding portions, such as poiymer subunits, thereof) described
herein is determined in any suitable manner, e.g., by use of any standard hemolysis
assay, such as an in vitro endosomoiysis assay, or an in vivo nop-human mammal
endosomolysis assay.

THERAPEUTIC AGENTS

{03721 Provided in certain embodiments is a polymer ar micelle, as described
harein in combination with a tharapautic agent. In specific embodiments, the
therapeutic agent is a polynuclectide {e.q., oligonucieotide) or a peplide. The
therapeutic agent may be used prophylactically, as a vaccine or to treat a medical
condition. In some embodiments, the therapeutic agent is ionically associated and/or
bioconjugated with the infermediate or second block of a copolymer described herein.

[063731 In various embodiments, research reagents, diagnostic agenis, and/or
therapeutic agents are attached to the block copolymer or a micelle containing the block
copolymers in any suitable manner. In specific embodiments, attachment is achieved
through covalent bonds, non-covalent interactions, static interactions, hydrophobic
interactions, or the like, or combinations thereof. tn some embodiments, the research
reagents, diagnostic agents, andfor therapeutic agents are attached to an intermediate
or second block of block copolymers, or micelies thereof. In certain embodiments, the
research reagents, diagnostic agents, or therapeutic agents form the intermediate or
second block of a block copolymer, or micelie thereof. In some embodiments, the
research reagents, diagnostic agents, or therapeutic agents are in the shell of the
micelle,

{03741 In some embodiments, provided herein is a micelle comprising a first
therapeutic agent in the shell of the micelle and a second therapeutic agent in the core
of the micelie. In gpecific embodiments, the first therapeutic agent is a polynucleotide,
And the second therapeutic agent is a hydrophobic drug. In certain embodiments,
provided herein is a micefie comprising a hydrophobic drug (e.g.. small molecule
hydrophohic drug) in the core of the micelte.

[0375] in certain embodiments, provided herein is a micelle comprising at
least 1-5, 5-250, 5-1004, 250-1000, at ieast 2, at isast 5, at least 10, at least 20, or at
teast B0 polymers with attached therapautic agents. In some embodiments, provided
herein is a composition comprising a plurality of micelles described herein, wherein the
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micelies therein comprise, on average, at least 1-5, 5-250, 5-1000, 250—1'000, at least 2,
at least 5, at least 10, at least 20, or at ieast 50 polymers with attached therapeutic
agents.

[03761 [n some embodiments, therapeutic agents, diagnostic agents, etc., are
selected from, by way of non-limiting example, ai least one nucleotide (e.g., a
polynucleotide), at least one carbohydrate or at ieast one amino acid {e.g., & peptide).

In specific embodiments, the therapeutic agent is a polynucleotide, an oligonucieotide, &
gene expression modulator, a knockdown agent, an siRNA, an RNAI agent, a dicer
substrate, an miRNA, an shRNA, an antisense cligonucieotide, or an aptamer. In other
specific embodiments, the therapautic agent is an aiBNA (Asymmetric RNA dupiexes
mediate RNA interference in mammalian cells. Xiangao Sun, Harry A Rogoff , Chiang J
Li Nature Biotechnology 26, 1379 - 1382 {2008)). In certain embodiments, the
therapeutic agent is a protein, peptide, enzyme, antibody, or antibody fragment. in some
embodiments, the therapeutic agent is a carbohydrate, or a small molecule with a
moiecutar weight of greater than about 500 Daltons.

[0377]1 Insome embddimenté, a polynucieotide associated with a polymer or
micelle described herein is an oligonucleotide gene expression modulator. n certain
embodiments, the poiynucleotide is an oligonucleotide aptamer. In some embodiments,
the polynuciectide is an oligonucieotide knockdown agent. In certain embodiments, the
polynucleotide is an interfering RNA. In some embodiments, the poiynucleotide is an
oligonucleotide selected from an siRNA, an antisense oligonucteotide, a dicer substrate,
an miRNA, an alRNA or an shRNA. In specific embodiments, the polynucleotide is a
SiRNA.

{03781 In some embodiments, the therapeutic agent (e.g., cligonuclectide)
comprises at least one negative charge (e.g., comprises a negatively charged
backbone) and Is assoclated with an intermediate or second biock of 2 polymer {e.g., i
a micelie}. - in specific embodiments, the intermediate or second block at least partially
neutratizes the negative charges present in the one or more therapeutic agents {e.g.,
oligonucleotides) attached to or present in the polymer or a micelle comprising the
polymer. [n certain embodiments, one or more thergpeutic agent {(¢.g., one or more
oligonucleotide, one or mare siRNA, or a combination thereof) forms an association
'(e.g., a complex) with the polycationic intermediate or secend blocks of the micelle. In
some embodiments, the association (6.9., complex) between the potymer or the micslle

and therapeutic agent (e.g., oligonuclectide or siRNA) forms at any desired charge ratio
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of block copolymer to therapeutic agent (e.g., oligonucieotide or siRNA), e.g., between
1:1 and 16:1. In specific embodiments, the complex between the micelie and siRNA
forms at the charge ratio of 2:1, 4:1 or 8:1. In other words, in some embodiments, the
ratio of the number of cationic charges present in the intermediate layer of the micelle
formed by the intermediate blocks of the polymers described herein to the number of
anionic charges present in the therapeutic agent is any desired value, e.g., about 1:1 to
about 16:1, about 2:1 to about 8:1, about 4:1 to gbout 12:1, abowt 21, about 4:1, or
abcut 8:1. In some embodiments, siRNA is ¢harge-neutralized by a polycationic
intermediate block of a block copolymer forming the micelle. For example, in some
specific embodiments, a 20-base pair polynucleotide (e.g., oligonuclectide or sIRNA)
comprising 40 negative charges at physiologic pH is associated (e.g., complexed) with a
micelle comprising a poiyDMAEMA intermediate or second biock (80 monometic units in
length, MW=11,680} with a pKa of about 7.4. At this pH, polyDMAEMA contains 40
negative charges, thereby resulting in a polynucieatide-intermediate block association
{e.g., complex) that is substantially net neutral in charge. In certain instances, avoiding a
targe number of excess positive charges helps to reduce in vitro and in vivo toxicity. in
some embodiments, g therapeutic agent {e.g., oligonucleotide or siRNA)} spontanecusly
associates with a positively charged shelt of a micelie provided herein.

103791 insome embodiments, a therapeufic agent {e.g., oliganuciectide} is
chemically conjugated to the. polymer or to the micelle and/or to one or more polymer of
the micelle by any suitabte chemical conjugation technique. In some embodiments,
miceiles containing an RNAI agent are formed by conjugation of the RNAI agent with an
already formed micelle comprising a plurality of polymers (e.g., block copolymers). In
other embodiments, micellas containing an RNAi agent are formed by canjugation of the
RNAI agent with a polymer (e.g., a membrane destabilizing block copolymer) and
subsequently forming the micelle in any stitable manner, e.g., by self assembly of the
resulting conjugates into a micelle comprising the RNAI agent. In various embodiments,
such a micelle optionally further comprises unconjugated polymers (e.g., block
copoiymers) that are simila?. identical, or different than those conjugated to the RNAJ
agent. The covalent bond between a polymer and a therapeutic agent of a micelle
described herein is, optionally, non-cleavabie, or cleavable. In certain embodiments, a
precursor of one or more RNAI agent (e.g. a dicer substrate) is aftached to the micelie
or to the polymeric units of the micelle by a non-cleavable bond. In some embodiments,
one or more RNAI agent is attached through a cleavable bond. In certain embodiments,
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the cleavable bonds utilized in the micelles described herein include, by way of
non-limiting example, disulfide bonds (e.g., disulfide bonds that dissociate in the
reducing environment of the cytoptasm). In some embodiments, covaient association
between a micelle (inciuding the components thereof) and a therapeutic agent (e.g., an
oligonucleotide or siRNA) is achieved through anhy suitable chemicat conjugation
method, including but not limited to amine-carboxyl linkers, amine-sulthydryl linkers,
amine-carbohydrate linkers, amine-hydroxyl linkers, amine-aming linkers, carboxyl-
sulfhydryl linkers, carboxyl-carbohydrate finkers, carboxyl-hydroxyl linkers, carboxyl-
carboxy! linkers, sulfhydryl-carbohydrate linkers, suifhydryl-hydroxyl linkers, sulfhydryl-
sulfhydryl linkers, carbonydrate-hyaroxyt linkers, carbohydrate-caroohydrate linkers, and
hydroxyi-hydroxyl linkers. In some embodiments, conjugation is.also performed with
pH-sensitive bonds and linkers, including, but not limited to, hydrazone and acetal
linkages. Any other suitable conjugation method is optionally utilized as well, for
example a large variety of conjugation chemistries are avaitable (see, for example,
Bioconjugation, Aslam and Dent, Eds, Macmillan, 1998 and chapters therein).

[03801 In specific embodiments, the agent delivered by the means of the
polymer or the micelle provided herein is a diagnostic agent. In some embodiments, the
diagnostic agent is a diagnostic imaging agent, .g., an agent useful in imaging the
mammalian vascular system which includes but is net limited to position emission
tomography (PET) agents, computerized tomography (CT) agents, magnetic resonance
imaging (MRI) agents, nuclear magnetic imaging agents (NM), flucroscopy agents and
ultrasound contrast agents. Such diagnostic agents include radicisotopes of such
elements as iodine (1), including *#1, "%, **'|, etc., barium (Ba), gadolinium (Gd),
technetium (Tc), induding **Te, phosphorus (P), including *'F, iron (Fe), manganese
(M), thallium (T1), chramium (Cr}, inctuding *'Cr, carban (C), including "*C, or the fike,
fluorescently labeled compounds, or their compiexes, chelates, adducts and conjugates.
in other embodiments, the diagnostic agent is a marker gene that encode proteins that
are readily detectable when expressed in a cell (including, but not limited to,
B-galactosidase, green fluorescent protein, luciferase, and the likey and labeled nucleic
acid probes {e.g., radiolabeled or flucrescently iabeled probes). in some embodiments,
cavalent conjugation of diaghostics agents to the polymers or the micelles provided
herein is achisved according to & variety of canjugation processes. It cther
embodiments, the diagnostic agent is non-covalently associated with the polymer or the
micelie provided herein by complexing with a chelating residue (e.g., a carboxylic acid
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residue) incorporated into the block copolymer. In some embodiments, a radiolabsled
monomer (e.g., a “C-labeled monomer) is incorporated into the polymeric backbone of
the micelle {e.g., the intermediate or second block). In some embodiments, a polymer or
a micelle associated with a diagnostic agent comprises a targeting moiety.

METHOD FOR PREPARING MICELLE COMPOSITION

10381} Provided in cerain embodiments harein is a method for preparing a
composition comprising a heterogeneous polymeric micelle and a polynucleotide
associated with the micelle, the method comprising

a. providing the biock copolymer in a first denaturing medium, the block
copolymer comprising a hydrophilic biock and a hydrophobic biock,

b. exposing the block copolymer to a second aqueous medium,

¢. allowing the hydrophobic blocks of block copolymer to associate in the
agueous medium to form a micelle comprising the block copolymer, and

d. associating a polynucteotide with the second block of the block copolymer.

[0382] in some embodiments, the method further comprises allowing the
polynuciectide 1o form an lonic complex with the hydrophilic block of the first polymer. In
certain embodiments, the methed further comprises covalently coupling the -
polynucieotide, through a linking moisty, to the second block to a junction moiety
between the second biock and the first biack or the third block. Also provided herein is a
composition prepared according to stich a method.

{03831 While preferred embodiments of the pregent invention have besn
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
substituiions will now occur to those skilied in the art without departing from the
invention. # should be understood that varicus altemaih}es to the embodiments of the
invention described harein may be empioyed in practicing the invention. 1t is intended
that the foliowing claims define the scope of the invention and that methods and
structures within the scope of these claims and their equivalents be covered thereby.
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PHABMACEUTICAL COMPOSITIONS

{03841 The compositions comprising a polymer or a poiymeric micelie and an
agent, such as & biomolecular agent {e.g., a polynucleatide), can be a pharmaceutical
composition. Such pharmaceutical composition can comprise, for example, a polymer
or & polymeric micelle, a biomolecular agent, such as a polynucieotide, and a

pharmaceutically acceptable excipient.

[0385] Polymer and micelie compositions provided herein {e.g., those
attached to one ar more RNAI agent therapeutic agent, such as one or more
oligonuclectide) are optionally provided in a composition (e.g., pharmaceutically
acceptable composition). In some embodiments, a polymer or micelle composition
provided herein is administered to a patient in any suitable manner, e.g., with or without
stabilizers, buffers, and the like, to form a pharmaceutical composition. In some
embodiments, the polymer or micelle composition provided herein is formulated and
used as tablets, capsules ar elixirs for oral administration, suppositories for rectal
administration, sterile solutions, sitispensions or solutions for injectable administration,
and any other suitabie compositions.

ro3s63 Provided are pharmaceutically acceptable formulations of a polymer or
micelle composition comprising at least one RNAI therapeutic agent described herain,
These formulations include salts of the above compounds, e.g., acid addition salts, e.g.,
salts of hydrochloric, hydrobromic, acetic acid, and benzene sulfonic acid. A
pharmacological composition or formulation refers to a compasition or formutation in a
form suitable for administration, e.g., systemic administration, into a cell or patient,
including for example a human. Suitable forms, in part, depend upon the use or the
route of entry, e.g., oral, franscdermal, or by injection. Thus, in specific embodiments
wherein the polymer or micelle camposition comprises and is delivering a
polynuclectide, the foeriation is in & form that does not prevent the polymer or micelle
compaosition and, more speciﬁcaiiy, the polynucleotide {e.g., oligonucteotide or siRNA)
from reaching a target cetl with the polynucleotide intact and/or functional. For example,
in certain smbodiments, pharmacological compositions injected into the blood stream
are soluble and/or dispersible. Moreover, pharmaceutical compositions described
herein are, preferably, non-toxic. in some embodiments, wherein a polymer or micelle
composition provided herein is administered for therapeutic benefit, a therapeutic
effactive amount of the composition comprising an RNAI therapeutic agent (e.¢., a
poiynucieotide, such as an siRNA) is administersd. In an exemplary embodiment, a
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therapeutically effective amount includes a sufficient amount of a polymer or micelle
composition provided herein 1o provide about 10 mg or less of 5iRNA per kg of
individual. '

[0387] In some embodiments, pharmaceutical compositions comprising a
polymer or micelie composition, which comprise an RNAI therapeutic agent (e.g.. a
polynucleotide, such as an siRNA), are administered systemically. As used herain,
"gystemic administration” means in vivo systemic absorpiion or accumutation of drugs in
the biood stream followed by distribution throughout the enfire body. Administration
routes which lead to systemic absorption include, without iimitation: intravenous,
subcutaneous, Intraperitoneal, inhalation, oral, intrapulmenary and intramuscular. in
some embodiments, the composifions are administered topically.

[03881 In some embodiments, the compositions are prepared for storage or
administration and include a pharmaceutically effective amount of the therapeutic agent
comprising a pelymer or micelle composition provided herein in a pharmaceutically
acceptabie carrier or dituent. Any acceptable carriers or diluents are optionally utilized
herein. Specific carriers and diluents and are described, e.g., in Remington's
Pharmaceutical Sciences, Mack Publishing Co., A.R. Gennaro Ed., 1985. For example,
praservatives, stabilizers, dyes and flavoring agents are optionally added. These
include sedium benzoate, sorbic acid and esters of p-hydroxybenzeic acid. In addition,
antioxidants and suspending agents are optionally used. As used herein, the ferm
"pharmacsutically acceptable carrier" means a non-toxie, inert solid, semi-solid or liguid
filler, diluent, encapsuiating material or formulalion auxiliary of any type, Some
examples of materials optionally used as pharmaceutically acceptable carriers are
sugars such as lactose, glucose, and sucrose, starches such as corn starch and potato
starch; celiulose and its derivatives such as sodium carboxymethy! celiulose, ethyt
cellulose, and celiulose acetate; powdered tragacanth; malt; gelatin; talc; excipients
such as cocoa butter and suppository waxes; oils such as peanut oil, cottonssed ofl;
safflower oil; sesame oll; olive oil; corn oil and soybean oll; giyeols such as propylense
glycol; esters such as ethyl oleate and ethyl lauraie; agar, detergents such as Tween
80, buffering agents such as magnesium hydroxide and aluminum hydroxide; alginic
acid; pyrogen-free water; isctonic saline; Ringer's solution; ethyl alcohol; and phosphate
buffer solutions, as well as other non-toxic compatible {ubricants such as sodium lauryl
sulfate and magnesium stearate, as well as coloring agents, releasing agenis, coating
agents, sweetening, flavoring and perfuming agents, preservatives and antioxidants ¢an

81



WO 2010/054266 PCT/USZN9/863648

also be present in the composition, according te the judgment of the formulator. In some
embodiments, the pharmaceutical compaositions provided herein are administered fo
humaﬁs andfor to animals, araily, rectally, parenterally, intracistemally, intravaginally,
intranasally, intraperitoneally, topically (as by powders, creams, ointments, or crops),
bucally, or as an oral or nasal spray.

[0389] In various embodiments, liguid dosage forms for oral administration
inciude pharmaceutically acceptable smuisions, microemulsions, solutions,
suspensions, syrups, and elixirs. In addition to the active ingredients {i.e., micelle-
oligonucleotide complexes provided herein), the liquid dosage forms optionally further
contain inert diluents or excipienis, such as by way of non-limiting example, water or
other solvents, solubilizing agents and emuisifiers such as ethy! aicohol, isopropy!
alcohol, ethyi carbonate, sthyl acetate, benzyl alcohel, benzyt benzoate, propylene
glyeol, 1,3-butylene glycol, dimethylformamide, ois {In particular, cottonseed, groundnut,
corn, germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryi aicohol,
polyethyiene glycols and fatly acid esters of sorbitan, and mixtures thereof. Besides
inert dituents, the oral compositions optionally also inciude adjuvants such as wetting
agents, emulsifying and suspending agents, sweetening, flavoring, and perfuming
agents.

[63901 In some embodiments, iniectable preparations, for exampie, sterile
injectable agueous or oleaginous suspensions are formutated according in any suitable
manner, e.g., using dispersing agents, wetting agents and/or suspending agents. The
sterile injectable preparation is, optionally, a sterile injectable solution, suspension, or
emuision in a nontoxic parenterally acceptable diluent or solvent, for exampie, as a
solution in 1,3-butanediol. Among the acceptable vehicles and solvents that are
optionally employed are water, Ringer's solution, U.S.P. and isotonic sodium chioride
solution. In addition, sterile, fixed vils are conventionally employed as a solvent or
suspending medium. For this purpose any bland fixed oil is opiionally employed
including synthetic mono- or diglycerides. In additional embodiments, fatly acids such as
oleic acid are used in the preparation of injeciables. In g specific embodiment, the
polymer or miceile composition provided herein is solubilized in a carrier fluid comprising
1% {(w/v) sodium carboxymethyl celiulose and 0.1% {v/v] Tween 80.

[0351] In some embodimenis, the injectable formulations are sterilized, for
éxampie, by filtration through 2 bacteria-retaining filter, or by incorporating sterilizing
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agents in the form of sterile solid compositions which are optionaily dissoived or
dispersed in sterile water or other sterile injectable medium prior to use.

[0392] in certain embodiments, compaositions for rectal or vaginal
administration are suppositories. Suppositories are optionally prepared by mixing the
therapeutic agent comprising a polymer or micelle composition provided herein with
suitable non-irritating excipients or carriers such as cocoa bultier, polyethylene glycol, or
a suppository wax which are solid at amibient temperature but liquid at body temperature
and therefore melt in the rectum or vaginal cavity and release a polymer ar micelie
composition provided herein.

103931 Suitable solid dosage forms for oral administration include, by way of
non-limiting example, capsules, tablets, pills, powders, and granules. In such solid
dosage forms, a polymer or micelle composition provided herein comprising an RNAE
therapeutic agent (e.g., oﬁgonuc]éotide) are mixed with at least ane inett,
pharmaceutically acceptable excipient or carrier such as sodium citrate or dicaicium
phosphate andfor a) fillers or extenders such as starches, lactose, sucrose, glucose,
mannitol, and silicic acid, b) binders such as, for example, carboxymethylcelluiose,
alginates, gelatin, polyvinylpyrrolidinone, sucrose, and acacia, ¢) humectants such as
glycerol, d) disintegrating agents such as agar-agar, calcium carbonate, potato or
tapioca starch, alginic acid, certain silicates, and sodium carbonate, ) solution retarding
agents such as paraffin, f) absofpﬁon acceleratars such as quaternary ammonium
compounds, g) wetling agents such as, for example, cetyl aiconol and glycerol
monostearate, h) absorbents such as kaolin and benionite clay, and i) lubricants such
as talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sadium lauryl
sulfate, and mixtures thereof. in the case of capsules, tablets, and pills, the dosage form
may also comprise buffering agents.

[63 941 Solid compositions of a similar type are also optionally employed as
fillers in soft and hard-filled gelalin capsules using such excipients as lactose or milk
sugar as well as high molecular weight polyethylene glycols and the like.

[0395] in some embodiments, the solid dosage forms of tablets, dragees,
capsules, pills, and granules are prepared with coatings and shells such as enteric
coatings and other suitable coatings. They optionally contain opacifying agents. in
certain embodiments, they are of a composition that they release the active ingredient(s)
only, or preferentially, in a certain part of the intestinal tract, optionally, in a delayed
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manner. Examples of suitable embedding compositions include, by way of non-limiting
exampte, polymeric substances and waxes.

roses1 Solid compositions of a similar ype are optionally employed as fillers in
soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar as
well as high motecular weight polyethylene glycols and the like.

103971 Dosage forms for topical or transdermal administration of an inventive
pharmaceutical compdsition include, by way of non-limiting example, ointments, pastes,
creams, lotions, gels, powdars, solufions, sprays, inhalants, or patches. In some
embodiments, therapeuiic agents comprising a polymer or micelle composition provided
herein are admixed under sterile conditions with a pharmaceuticaliy acceptable carrier
and, optionally, one or more preservative, one or more buffer, or a combination thereof
(e.g.; as may be reguired). Ophthalmic formulation, ear drops, and eye drops are also
contemplated as being within the scope of this invention.

(03981 Ointments, pastes, creams, and gels pravided herein optionaily
contain, in addition to the polymer or micelle compasition provided herein, excipients
such as animal and vegetable fats, oils, waxes, paraffing, starch, fragacanth, cellulose
derivatives, polysthylene glycols, silicones, bentonites, silicic acid, tale, and zinc oxide,
or mixiures thereof.

{0399] Powders énd sprays optionally contain, in addition to a polymer or
micelle composition provided herein, excipients such as lactose, tale, silicic acia,
aluminum hydroxide, caicium silicates, and polyamide powder, or mixiures of these
~ substances. In some embodiments, sprays additionally contain customary propefiants
such as chioroflucrohydrocarbons.

[0400] Transdermal patches have the added advantage of providing controlled
delivery of a compound to the body. Such dosage forms are made in any suitable
manner, e.g., by dissolving or dispensing the microparticles or nanoparticles in a proper
medium. Absorption enhancers are optionally used to increase the flux of the
compound across the skin. The rate can be controlled by either providing a rate
contraliing membrane or by dispersing a poiymer or ricelle composition provided herein
in a polymer matrix or gel.

10401] !n some aspects of the invention, a potymer or micelle composition
provides some properties (e.g. mechanical, thermal, etc.) that are usually performed by
excipients, thus decreasing the amount of such excipients required for the formulation,
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THERAPEUTIC USES

[04021 Compositions comprising polymers or polymeric micelles and an agent
such as a polynucleotide can be used in various methods.

[0403]1 Generally, such compositions can be used for example in a method for
intraceliular delivery of an agent such as a polynucleotide. The composition comprising
a polymer or a polymeric micelle and an agent (e.g., a polynucleotide) associated
therewith can be exposed fo and contacted with a with a cell surface (e.g., via directed
targeting) in a medium at a first pH. The compaosition is introduced into an endosomal
membrane within the cell, for example, through endocytosis and, in some embodiments,
through recepior mediated endocytosis. The endosomal membrane is destabilized
{e.g., by a constituent polymer or block thereof, which is @ membrane destabilizing
polymer), thereby delivering the composition or the agent {e.g., polynucleotide) to the
cytosol of the cell. The medium can be an in vitro medium. The medium can be an in
vitro medium such as a physiological medium.

[0404] Generally, for example, such compositions can be used for modulating
the activity of an intracellular target in a cell. The agent, such as & polynuclectide, can
be delivered to the cytosol of a cell according to the method described in the
immediately preceding paragraph. The agent {e.g., polynuclectide} is allowed 1o interact
with the intracellular target, thereby modulating the activity of the intraceliular target.

[0405] More specifically, for example, in some embodiments, the compositions
comprising palymers or polymeric micelles (¢.g., micelles) provided herein are useful in
treating a subject at risk for or afflicted with disorders associated with and/or caused by
high plasma levels or cholesterol, apolipoprotein b, and/or LDL cholesterol, e.g.,
hypercholesterolemia. In certain embodiments, the treatment comprises providing a
polymeric micelle and a therapeutic agent (e.g., an aligonucleotide agent} associated
therewith, wherein the therapeutic agent silences (e.g., by cleavage) a gene, or a gene
product that promotes such condition. In some embodiments the therapeutic agent
{e.0., an oligonuclectide or RNAI agent) silences proprotein converiase subtilisin/kexin
type 9 (PCSKS) gene regponsible for regulation of low density tipoprotein (LDLR) levels
and function and, thus, polymers or polymeric micelles comprising such therapeutic
agents are used io treat a subject having or at risk for a disorder characterized by
unwanted PCSK9 expression, e.g., disorders associated with and/or caused by high
plasma levels or cholesterol, apolipoprotein b, and/or LDL cholesterol, e.g.,
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hypercholesterolemia. In some embodiments, the polymers or polymeric micelles
deliver a PCSKY silencing polynucleotide ageni (e.g., siRNA) to a cell expressing
PCSKS. in some embodiments, the cell is a liver cell.

[0408] In scme embodiments, the polymers or polymaeric micelles (e.g.,
micelles) provided herein are useful in treating a subject at risk for or afflicted with
unwanted celf profiferation (e.g., maiignant or nonmalignant celi proliferation). The
treatment comprises providing a composition comprising a polymer or a polymeric
micelle and a therapeutic agent (e.g., an oligonucleotide agent), wherein the therapeutic
agent can silence (e.g., by cleavage) a gene or a gene product that promoies unwanted
cell proliferation; and administering a therapeutically effective dose of the polymer or
polymeric micelie (o a subject (e.¢., & human subject.). In some embodiments, the
therapeutic agent is a polynucleotide (e.g., an oligonucleotide) that is homologous to
and cén silence {e.g., by cleavage) a gene.

[04071 In cerain embodiments, the gene is, but is not limited to, a growth
factor or growth factor raceptor gene, a phosphatase, a kinase, e.g., a protein tyrosine,
serine, or threonine kinase gene, an adapior protein gene, a gene encoding a G protein
superfamily molecule, or a gene encoding a transcription factor. In some instances, the

~composition comprises a polymer or a polymeric micelie and a polynucleotide that
siiences a gene that is expressed in a specific tissue or organ including, but not iimited
to, lung, pancreas, liver, kidney, ovary, muscle, skin, breast, coton, stomach, and the
like.

f0408]  In some embodiments, the oligonucleotide agent silences one or more
of the following genes the PDGF beta gene, and thus can be used to treat a subject
having or at risk for a disorder characterized by unwanted PDGF beta expression, e.g.,
testicular and lung cancers; an Erb-B gene (e.g., Erb-B-2 or Etb-B-3), and thus can be
used to treat a sublect having or at risk for a disorder characterized by unwanted Erb-B
expression, &.g., breast or lung cancer; the Sre gene, and thus can be used to reat a
subject having or at risk for a disorder characietized by unwanted Src expression, e.¢.,
colon cancers; the CRK gene, and thus can be used to freat a subject having or at risk
for a disorder characterized by unwanted CRK expression, e.g., colon and lung cancers;
the GRB2 gene, and thus can be used to treat a subject having or at risk for a disorder
characterized by unwanted GRB2 expression, e.g., squamous cell carcinoma; the RAS
geng, and thus can be used to treat a subject having or at risk for a disorder

characterized by unwanted RAS expression, e.g., pancreatic, colon and lung cancers
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and chronic leukemia; the MEKK gene, and thus can be used to treat a subject having
or at risk for a disorder characterized by unwanted MEKK expression, e.g., squamous
cell carcinoma, melanoma, or leukemia; the JNK gene, and thus can be used to treat a
subject having or at risk for a disorder characterized by unwanted JNK expression, e.9.,
pancreatic or breast cancers; the RAF gene, and thus can be used to treat a subject
having or at risk for a disorder characterized by unwanied RAF exprassion, e.g., iung
cancer or leukemia; the Erk1/2 gene, and ihus can be used to treat a subject having or
at risk for a disorder characterized by unwanted Erk1/2 expression, e.g., lung cancer;
the PONA(p21) gene, and thus can be used to treat a subject having or at risk for a
disorder characterized by unwanted PCNA expression, e.g., lung cancer; the MYB
gene, and thus can be used to treat a subiect having or at risk for a disorder
characierized by unwanted MYB expression, e.g., colon cancer or chronic myeiogenous
jeukemia; the ¢-MYC gene, and thus can be used 1o treat a subject having or at risk for
a disorder characterized by unwanted ¢ MYC expression, e.g., Burkitt's lymphoma or
neurablastoma; the JUN gene, and thus can be used to treat a subject having or at risk
for a disorder characterized by unwanted JUN expression, .., ovarian, prostate or
breast cancers; the FOS gene, and thus can be used {o treat a subiect having or at risk
for a disorder characterized by unwanted FOS expression, e.g., skin or prostate
cancers; the BCL 2 gene, and thus can be used to treat a subject having or at risk for a
disorder characterized by unwanted BCL-2 expression, e.g., lung or-prostate cancers or
Non Hodgkin lymphoma; the Cyclin D gene, and thus can be used to treat a subject
having or at risk for a disorder characterized by unwanted Cyclin D expression, e.g.,
asophageal and colon cancers; the VEGF gene, and thus can be used to freat a subject
_having or at risk for a disorder characterized by unwanted VEGF expression, e.g.,
esophageal and colon cancers; the EGFR gene, and thus can be used (o ireat a subject
having or at risk for a disorder characterized by unwanied EGFR expression, &.g..
breast cancer; the Cyclin A gene, and thus can be used io treat a subject having or at
risk for a disorder characterized by unwanted Cyclin A expression, e.g., Eung and
cervical cancers; the Cyclin E gene, and thus ¢an be used 1o treal a subject having or at
risk for a disorder characterized by unwanted CGyalin E expression, e.g., lung and breast
cancers; the WNT-1 gene, and thus tan be used to treat a subject having or atrisk for a
disorder characterized by unwanted WNT 1 expression, e.g., basal celt carcinoma; the
beta catenin gene, and thus can be used to treat a subject having or at risk for a
disorder characterized by unwanted beta catenin expression, e.g., adenocarcinoma or
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hepatoceliular carcinoma; the ¢-MET gene, and thus can be used fo treat a subject
having or al risk for a disorder characterized by unwanted ¢-MET expression, e.g.,
hepatocelluiar carcinoma; the PKC gene, and thus can be used to treat a subject having
or at risk for a disorder charactetized by unwanted PKC expression, €.g., breast cancer,
the NFKB gene, and thus can be used to treat a subject having or at risk for a disorder
characterized by unwanted NFKB expression, e.g., breast cancer; the STAT3 gene, and
thus can be used to treat a subject having or at risk for a disorder characterized by
unwanied STATS expression, &.¢., prostate cancer; the survivin gene, and thus can be
used to treaf a subject having or at risk for a disorder characterized by unwanted
survivin expression, e.g., cervical ar pancreatic cancers; the Her2/Neu gene, and thus
can be used to treat a subject having or at risk for a disorder characterized by unwanted
Her2/Neu expression, .4., breast cancer; the Topoisomerase | gene, and thus can be
used to treat a subject having or at risk for a disorder characterized by unwanted
Tepoisomerass | expression, e.q., ovarian and colon cancers; the Topoisomerase 1
alpha gens, and thus can be used to treat a subject having or at risk for a disorder
characterized by unwanied Topoisomerase |l expression, e.g., breast and colon
cancers. '

[04091 In other embodiments the oligonucieotide agent silences mutations in
one of the following genes: the p73 gene, and thus can te used Ic treat a subject
having or at risk for & disorder characterized by unwanted p73 expression, e.g.,
colorectal adenocarcinoma; the p21(WAF1/CIP1) gene, and thus can be used to treat a
subject having or at risk for a disorder characterized by unwanted p21(WAF1/CIP1)
expression, e.q., liver cancet; the p27(KIP1) gene, and thus can be used {o treat a
subject having or at risk for a disorder characterized by unwanted p27 (KIP1} expression,
e.g., liver cancer; the PPM1D gene, and thus can be used 1o treat a subject having or at
risk for a disorder characterized by unwanted PPM1D expression, e.g., breast cancer;
the RAS gense, and thus can be used to treat a subject having or at risk for a disorder
charactetized by unwarnied RAS expression, 6.¢., breast cancer; the caveolin | gene,
and thus can be used fo treat a subjsct having or at risk for & disorder characterized by
unwanted caveaolin | expression, e.g., esophageal squamous cell carcinoma; the MIB |
gene, and thus can be used to treat a subject having or at risk for a disorder
characterized by unwanted MIB | expression, e.9., maie breast carcinoma (MBC); MTAI
gene, and thus can be used to treat a subject having or at risk for a disorder
characterized by unwanted MTAI expression, £.g., ovarian carcinoma; the Mé8 gene,
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and thus can be used to ireat a subject having or at risk for & disorder characterized by
unwanted MB8 expression, e.g., human adenocarcinomas of the esophagus, stomach,
coion, and rectum.

[0420] In some embodiments the oligonuciectide agent silences mutations in
tumor suppressor genes and thus can be used as a method [ promote apoptotic
activity in combination with chematherapeutics. in some embodiments the in the tumor
suppressor gene is selected from one or more of the following tumoer suppressor genes:
the p&3 tumor suppressor geng, the p53 family member DN p63, the pRb tumor
suppressor gene, the APC1 tumor suppressor gene, the BRCA1 tumor suppressor
gene, the PTEN tumor suppressor gene.

[0411] In some embodiments the oligonuclectide agent silences one of the
following fusion genes: miL fusion genes, e.g., mLL. AFS, and thus can be used to treat
a subiect having or at risk for a disorder characterized by unwanted mLL fusion gene
expression, e.g., acute leukemias; the BCR/ABL fusion gene, and thus can be used to
treat a subject having or at risk for a disorder-characterized by unwanted BCR/ABL
fusion gene expression, e.g., acute and chronic leukemias; the TEL/AMLI fusion gene,
and.thus can be used {o ireaf a subject having or at risk for a disorder characterized by
unwanted TEL/AML1 fusion gene expression, €.g., childhood acute leukemia; the
EWS/FLH tusion gene, and thus can be used to treat a subjest having or at risk for a
disorder characterized by unwarted EWS/FLI1 fusion gene expression, e.g., Ewing
Sarcoma; the TLS/ fusion gene, and thus can be used 1o treat a subject having or at risk
for a disorder characterized by unwanted TLS/FUST fusion gene expression, e.g.,
Myxoid liposarcoma; the PAX3/FKHR fusion gens, and thus can be used 1o treat a
subject having or at risk for a disorder characterized by unwanted PAX3/FKHR fusion
gene expression, e.g., Myxoid liposargoma,; the AML1/ETO fusion gene, and thus can
be used to ireat a subject having or at risk for a disorder characterized by unwanted
AMU/ETO fusion gene expression, e.g., acute ieukemia.

104121 In some aspects herein the compositions comprising the polymers or
palymeric micelies and an agent, such as a pblynucieotide, provide therapeutic agents
for treating a subiect, €.g., @ human, at risk for or afficted with a disease or disorder that
may henefit by angicgenesis inhibition e.g., cancer or retinal degeneration. The
treatment comprises providing a polymer or g polymeric micelle comprising an
ofigonucleotide agent, wherein said aligonucleotide agent is homologous to and/or can

silence, e.g., by cleavage, a gene that mediates anglogenesis (s.g., VEGF R1, VEGF
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Rz, or gena encoding signaling proteins for these receptors' pathways); and
administering a therapeutically effective dosage of said polymer or polymeric micelle
comprising the oligonucleotide agent to a subject, e.g., a human subject.

104131 In some embodiments the oligonucleotide agent silences one of the
following genes: the alpha v integrin gene, and thus can be used to treat a subject
- having or at risk for & disorder characterized by unwanied alpha V integrin. e.g., brain
tumors or tumors of epithelial origin; the Flt-1 recaptor gene, and thus can be used 1o
treat a subject having or at risk for a disorder characterized by unwanted Flii-1 receptors,
e.g., cancer and rheumalold arthritis; the tubulin gene, and thus can be used to treat a
subject having or at risk for a disorder characierized by unwanted tubulin, e.g., cancer
and retinal neovascularization.

[0414] In some aspects the composition comprising polymers pr polymeric
micelles and an oligonucleotide agent relate 1o a method of treating a subject infected
with a virus or at risk for or affiicted with a disorder or disease associated with a viral
infection. The method comprises providing a polymer or & polymeric micelle comprising
an oligonuclectide agent, wherein said oligonucieotide agent is homologous to and/or
can silence, e.g., by cleavage, a viral gene or a cellular gens that mediates viral
function, e.g., entry or growth; and administering a therapeuticaily effective dose of said
oligonucleotide agent fo a subject, e.g., a human subject.

{04157 [n some embodiments, the composition comiprising polymers or
polymeric micelles and an oligonucieotide agent are useful in freatment of subjects
infected with the Human Papilloma Virus (HPV) or at risk for or afflicted with a disorder
mediated by HPV, e.g., cervical cancer,

[0416] In some embodiments, a composition comprising a polymer or g
polymeric micelle and an oligonucleotide agent silencing expression of a HPV gene Is
raduced. In some smbuodiments, the HPV gene is selected from tha group of E2, EB, or
E7.

[04171 Inancther embcdimeht the expression of a human gene that is
required for HPV replication is reduced.

[04181 In some embodiments, the compaosition comprises a polymer or a
polymeric micelie and an oligonuciectide agent useful in trealing paiients infected by the
Human immuncdeficiency Virus (HIV) or at risk for or afflicted with a disorder mediated
by HIV, e.g., Acquited Immune Deficiency Syndrome (AIDS).. In some embodiments,

a0



WO Z010/054266 PCT/US2009/063648

the expression of an HIV gene is reduced. In other embodiments, the HIV gene is
CCRS5, Gag, or Rev. in some embodiments the expression of a human gene that is
required for HIV replication is reduced. In some embodiments, the gene is CD4 or
Tsgi01.

[04191 in some embodiments, the composition comprises a polymer ora
polymeric micells and an oligonuciectide agent useful for treating patients infected by
the Hepatitis B Virus (HBV) or at risk for or afflicted with a disorder mediated by HBY,
e.g., cirrhosis and heptocellular carcinoma. in one embodiment, the expression of a
HBY gere is reduced. In another embodiment, the targeted HBV gene encodes one of
the groups of the tall region of the HBYV core protein, the pre cregious {pre ¢} ragion, or
the cregious (¢} region. In other embodiments, a targeted HBY RNA sequence is
comprised of the poly(A) tail. In some embodiments, the expression of 2 human gene
that is required for HBV replication is reduced.

[0420] in some embodiments, the composition comprises a polymer or a
polymeric micelle and an oligonucleotide agent useful for treating patients infected with
or at risk for or afflicted with a disorder mediated by a virus selected from the following
viruses: the Hepatitis A Virus {(HAV); Hepatitis C Virus (HCV); any of the group of
Heapatitis Viral strains comprising Hepatitis D, £, F, G, or H; the Respiratory Syncytiai
Virus {RSV); the herpes Cytomegalovirus {CMV}; the herpes Epstein Barr Virus (EBV);
Kaposi's Sarcoma associated Herpes Virus (KSHYVY); the JC Virus (JCV); myxavirus
(e.g., virus causing influenza), rhinovirus {e.g., virus causing the common cold), or
coronavirus {e.q., virus causing the common cold); the St. Louis Encephalitis flavivirus;
the Tick bome encephalitis fiavivirus, the Murray Valley encephalitis flavivirus; the
dengue flavivirus; the Simian Virus 40 (SV40); the encephalomyocarditis virus (EMCVY;
the measies virus (MV); the Varicelia zoster virus (VZV); an adenovirus {e.g., virus
causing a respiratory tract infection); the poliovirus; or a poxvirus (a poxvirus causing
smallpox). In some embodiments, the expression of a human gene that is required for
the replication of these viruses is reduced.

(04211 In some embodiments, the composition comprises a poiymerara '
polymeric miceile and an oligonucleatide agent useful for treating patients infected by
the Herpes Simplex Virus (HSV) or at risk for or afflicted with a disorder mediated by
H8V, e.g., genital herpes and cold sores, as well as life threatening or sight impairing
disease, .¢., mainly in immunocompromised patients. In some embodiments, the

axpression of a HGV gene is reduced. in other embodiments, the targeted HSV gene
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encodes DNA polymerase or the helicase primase. In some embodiments the
exprassion of a human gene that is required for HEV replication is reduced.

[0422] In some embodiments, the composition comprises a polymer or a
polymeric micelle and an oligonucleotide agent useful for treating patients infected by
the West Nile Virusor at risk for or afflicted with a disorder mediated by West Nile Virus.
in some embodiments, the expression of a West Nile Virus gene is reduced. In other
preferred embodiments, the West Nile Virus gene is selected from the group comprising
E, NS3, or NS5. In some embodiments, the expression of 2 human gene that is
required for West Nile Virus replication is reduced.

[0423] In some embodiments, the polymer or polymeric micelle comprises an
oligonuclectide agent useful for treating patients infected by the Human T Celt
Lymphotropic Virus (HTLV) or a disease or disorder associated with this virus, e.g.,
teukemia or myelopathy. In some embodiments, the expression of a HTLY gene is
reduced. In some embodiments, the HTLV1 gene is the Tax transcriptional activator. In
some embaodimenis, the expression of a human gene that is required for HTLY
replication.is reduced.

[oaz4] Insome aspects, the compaosition comprises a polymer or a polymeric

micelle and an oligonuclectide agent useful for treating a subject infected with a
pathagen, e.g., a bacterial, amosbic, parasitic, or fungal pathogen. The method of
freatment comprisas providing a polymer or a polymeric miceile comprising an
oligonucleoctide agent, whereln sald ¢ligonucleotide ts homologous to and/or can sllence,

" e.g., by cleavage of a pathogen gene or a gene involved in the pathogen's growth; and
adiministering a therapeutically effective dose of said oligenuciectide agent 10 a subjec,
€.g., a human subject. The target gene can be selected from a gene invelved in the
pathogen's growth, cell wall synthesis, protein synthesis, transcription, energy
metabolism, e.4., the Krebs cycie, or toxin production.

ta4251 Thus, in some embodiments, the composition comprises g polymer of
a polymeric micelle and an oligonucleotide agent useful ?dr of treating patfients infected
by a piasmodium that causes malaria. In some embodiments, the expression of a
plasmodium gene is reduced. In other embodiments, the gene is apical membrane
antigen 1 (AMA1). In some embediments, the expression of a htiman gene that is
required for plasmodium replication is reduced.
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[0£26] In some embodiments, the polymer or polymeric micelle comprises an
oligonucleotide agent useful for treating patients infected by Mycobacterium ulcerans,
Mycobacterium tuberculosis, Mycobacterium leprae, Staphylococcus aureus,
Streplococous pheumoniag, Streptococcus pycgenes, Chlamydia pneumeniag,
Mycoplasma pneumoniae, or a disease or disorder associated with any of these
pathogens. In some embodiments, the expression of a bacterial gene and/or a human
gene that is required for the replication of these bacteria is reduced.

£0427]1 In some embodiments, the diseases treated by the compositions
compyrising a polymer or a polymeric micelle and an agent as provided herein may be
systermnic or present in a specific tissue, e.g., the lung, skin, liver, breast, kidnay,
pancreas, ONS, or the like. In certain aspects, the oligonucleotide silences a gene that
mediates or is involved in a metabolic disease or disorder, e.g., diabetes, obesity, and
the like. In certain embodiments, the oligonuciectide siiences a gene that mediates or is
involved in a pulmonary disease or disorder, e.g., chronic obstructive pulmonary disease
(COPDy, cystic fibrosis, or lung cancer. In some aspects herein, the polymers or
polymeric micelles comprise an oligonuclectide agent useful for and/or related to a
method of treating a subject, e.g., a human, at risk for or afflicted with a disease or
disorder characterized by an unwanted immune response, e.g., an inflammatory disease
or disorder or an autoimmune disease or disorder. The method comprises providing a
polymer of a polymeric micelle comprising an oligonucisctide agent, wherein said
oligonuciectide agent is homologous to and/or can silence, e.g., by c%eavége, agene
that mediates an unwanted immune response; and administering said oligonucieotide
agent 10 a subject, e.g., a human subject. In some embodiments, the disease or
disorder is an ischemia or reperfusion injury, e.g.. ischemia or reperfusion injury
associated with acute myocardial infarction, unstable angina, cardiopulimonary bypass,
surgical intervention, e.g., angioplasty, e.¢., percutaneous transiuminal coronary
angioplasty, the response o a transplanted organ or tissue, e.g., transplanted cardiac or
vascular tissue; or thrombolysis. In other embodiments, the disease or disorder is
restenocsis, e.g., restenosis associaied with surgical intervention, e.g., angioplasty, e.g.,
percuianeous transluminal coronary angioplasty. in other embodiments, the disease or
disorder is Inﬂamfnatory Bowel Disease, e.g., Ctohn's Disease or Ulcerative Colitis. in
some embodiments, the disease or disorder is inflammation associated with an infection
or injury. In other embodiments, the disease or disorder is asthma, allergy, lupus,
multiple sclerosis, diabetes, e.g., type | diabsies, arthritis, &.g., rheumatoid or psoriatic,
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in certain embadiments, the cligonucleotide agent sliences an integrin or co figand
thereof, e.g., VLA4, VCAM, ICAM. In other embodiments the oligonucleotide agent
silences a selectin or co ligand thereof, e.g., P selectin, E selectin (ELAM), | selectin, P
selectin glycoprotein 1 {PSGL 1). In certain embodiments, the oligonuclectide agent
silences a component of the complement system, e.g., C3, C5, G3aR, C5aR, C3,
convertase, and C5 convertase. in some embodiments, the cligonucleotide agent
silences a chemokine or receptor therecf, e.g., TNFi, TNFJ, IL 11 1L 14, 1L 2, IL 2R, IL 4,
iL4r, 1L 5, IL 6, IL 8, TNFRI, TNFRI, tgk, SCYA11, and CCR3. In other embodiments
the oligonucleotide agent silences GCSF, Gro1, Groz, Gro3d, PF4, MIG, Pro Platelet
Basic Protein (PPBP), MIP 11, MIP 1J, RANTES, MCP 1, MCP 2, MCP 3, CMBKR1,
CMBKR2, CMBKR3, CMBKRS, AllF 1, or | 308,

[0428]1 In some aspects, the composition comprises a polymer or a polymeric
micelle and an ofigonucieotide agent useful for treating a subject, e.g., a human, at risk
for or afflicted with a neurological disease or disorder. The method compriges providing
a polymer or a polymeric micelle comprising an aligonucleotide agent, wherein said
pligonucleotide is homologous to and/or can silence, e.g., by cleavage, a gene that
mediates a neurological disease or disorder; and administering a therapeutically
effactive dose of said oligomucleotide agent to a subject, e.g., a human. In some
embodiments, the disease or disorder ig Aizheimer Disease or Parkingon Disease. In
certain embodiments, the oligonucieotide agent silences an amyloid family gene, e.g.,
APP; a presenilin gene, e.g., PSEN1 and PSEN2, or | synuclein. In other embodiments,
the disease or disorder is a neuradegenerative trinuclectide repeat disorder, e.g.,
Huntington disease, dentatorubral paliidoluysian atrophy, or a spinocerebellar ataxia,
e.g., SCA1, SCA2, SCA3 (Machado Joseph disease), SCA7 or SCA8. In some
embodiments, the oligonuciectide agent sitences MD, DRPLA, SCA1, SCA2, MJD1,
CACNLIA4, SCA7, ar SCAS.

[0429] In certain aspacts the composition comprises a polymer or a poiymaeric
micelle and an oligonucleotide agent capabie of cleaving or silencing more than one
gene. in these embodiments, the oligonucleotide agent is selected so that it has
sufficient homology to a sequence found in more than one gene, .g., a sequence
conserved between these genes. Thus in some embodiments, an oligonucieotide agent
targeted to such sequences effeciively sitences the entire coilection of genes.

[0430] The following examples provide various illustrative embodiments of the

invention as weil as synthesis methods and various biological and other activity
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parameters. The examples, however, provide datails concerning only some of the
embodiments of the inventicn and are not intended to be limiting.

EXAMPLES

{0431] Throughout the description of the present invention, various known
acronyms and abbreviations are used to describe monomers or monometic residues
derived from polymerization of such monomers. Without limitation, unless otherwise
noied: "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 residug derived therefrom; "Gal” refers o galactose or a galactose residue,
optionally including hydroxyl-protecting moieties (e.g., acetyl) or to a pegylated
derivative thereof; "Nag" refers to N-acetyl galactosamine or a N-Acetyl galactosamine
residue, optionaily including hydroxyl-protecting moleties {e.g., acetvl) or to a pegyiated
derivative thereof; "MPMA" represents 2-hydroxypropyl methacrylamide or monomeric
residue derived therefrom; "MPFMA-E" represents 2-hydroxypropyl methacrylate or
manamaeric residue derived therefrom; "MAA" represents methylacrylic acid or
maonomeric residue derived therefrom; "MAANHS)Y" 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" refars 1o the pagvlated methacrylic monomer,
CHaO{CHCH0) s G{OYC{CH3YCH; or monomeric residue derived therefrom. In each
case, any such designation indicates the monomer (including ali salts, or ionic analogs
thereof}, or 2 monomeric residue derived from polymerization of the monomer {including
all salts or ionic anatogs thereof), and the specific indicated form is evident by coniext to
a person of skill In the art.

- TRIBLOCK POLYMER PREPARATION AND CHARACTERIZATION

{0432] In certain embodiments, provided herein are friblock copolymers
represented by Formuia t:

FAT-A2y 0 A" - A2y Iun[B15-B2y-B32mn )
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[0433] In certain embodiments, [A1-A2] is the first block copolymer, composad
of monomeric rasicues A1 and A2, wherein A1 is a hydrophiic menomeric residue and x
is » 0, and [A1-A2] is overall hydrophilic. In some embadiments, {A'1-A'2] is the second
block copolymer, composed of monomeric residues A't and A2, In certain
embodiments, [B1-B2-B3] is the 3rd block copolymer, composed of monomers B1, B2,
B3. x, y, z defines the poiymer composition in mole % of the individual monomers. Mn is
molecular weight of each of the polymer blocks,

104341 in specific embodiments, triblock copolymer include:
[PEGMA7-MAA(NHS Joo [DMAEMAT] [B-P-D]  (PI-1)
[DMAEMAz-MAA(NHS) 3] [DMAEMA [B-P-D]  (PI-2)

[04351 Triblock copolymers offer unigue structural and functional features. In
some instances, the first two blocks are typically composed of predominantly hydrophilic
monomers. A first block containing PEGMA acts as a steric shield (for example, in order
io reduce foxicity) of a cationic second homopolymer biock, composed of, for example,
DMAEMA. The first block may also contain amine reactive ester monomers, for example
MAA(NHS), used for conjugation of ligands that function in cell type specific targeting. A
second cationic block containing DMAEMA functions as the nucleic acid drug binding
domain. Together, the first and second hydrophilic blocks comprise the outer domain
and inner domain, respectively, of a hydrophilic shelt. The third block contaings both
hydrophobic and icnizable monomers that together form a predominantly hydrophabic
core that functions in Intracellular endosome nucleic acid drug release. As demonstrated
in the examples, the triblock copolymer, consisting of a hydrophilic shelt (with inner and
outer domains) and a hydrophobic core forms particles that have the properties of
micelies.

EXAMPLE 1. PREPARATION OF FIAST BLOCK [AT-AZ2] POLYMER MACRO-CTAS:

IPEGMA-MAA-NHS)-CTA

{04361 The RAFT péiymerization of the first biock co-polymer was typlcally
conducted in DMF at 68 °C under a nitrogen atmosphere for 1-4 hours using 4-Cyano-4-
(ethylsulfanylthiocarbonyl) sulfanyipentanoic acid (ECT) as the chain transfer agent
(CTA), and azobigisobutyronitrile (AIBN) (Wake chemicals) as the radical initiator. The
initial monamer 1o CTA ratio {CTAlo/{M]o was such that the theoretical M, at 50%
conversion was the desired molecular weight (g/mol). The ratio of PEGMA and
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MAA({NHS) or PEGMA and DMAEMA in the first block was varied by using different feed
ratios of the individual monomaers, for example 70:30. The [CTAl[M]s was 1001, The
initial CTA fo initiator ratio ({CTAJo/[llo} was 1010 1. The resulting diblock copolymer
macro-CTA was isolated by precipitation 4 times rom acetone into hexane/Ether 75/25
and dried overnight in vacuo. Mn= 11,700 KDa, PDI=1.48.

ExampLE 2. PREPARATION OF SECOND BLOCK [A'1] POLYMER DIMAEMA MACRO-
CTAs:

104371 The RAFT polymerization and tsolation of the second block
homopolymer DMAEMA macro-CTAs was conducted as described in exampie 1 using
the first biock copolymer as a macro-CTA. Mn = 20.5 Kda,

PDI = 1.2. Figure 1 summarizes the reaction scheme for the synthesis of [PEGMAze-
MAA(NHS)s}. NMR spectroscopy in CDCl; was used to confirm the polymer struciure
and caloulate the composition of the 2™ block (Figure 2). Gel permeation
chromatography (GPC) was used to determine molecular weights and polydispersities
(PDI, My/Mg) of both the poly[PEGMA-MAA(NHS)]-macro-CTA and diblock copolymer
samples in DMF using a Viscotek GPCmax VE2001 and refractometer VE3580
{Viscoiek, Housion, TX). HPLC-grade DMF containing 1.0 wt % LiBr was used as the
mobile phase. Figures 3A, 3B and 3C show the slution profiles monitoring light
scattering (LAIS), refractive index {R1), and UV absorption respectively.

ExampLE 8. PREPARATION OF THIRD BLOCK (B1-82-B3} COPOLYMERIZATION OF
DIMAEMA, PAA, anp BMA FrOM 4 POLY[PEGMA-MAA(NHS)-TDMAENMA]-
DIBLOCK MACBOUTA.

[0438] The deslred stoichiometric quantities of BMA, PAA, and DMAEMA {for
example, 50:25:25), were added to poly[PEGMA-MAA(NHS)-[DMAEMA]-diblock
dissolved in N,N-dimethylformanmide (25 wt % monomer and macroCTA to soivent). For
all polymerizations {M},/[CTA], and [CTA]/[l}e were 250:1 and 10:1 respectively.
Following the addition of AIBN the solutions were purged with niirogen for 30 min and
allowed to react at 68 °C for 6-12 h {Figure 4). The resuiting triblock eopolymer was
isolated by precipitation 4 times from acetone into hexane/Ether 75/25 and dried
overnight in vacuo. NMR spectroscopy in CDCly was used to confirm the polymer
structure and calcuiate the composition of the 2™ biock (Figure 5). Gel permeation
chromatography {(GPC) was used to determine molecular weights and polydispersities
(PO, Mw/My) of the macroCTAs and tribtock copolymer samples in DMF using a
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Viscotek GPCmax VE2001 and refractometer VE3580 {Viscotek, Houston, TX). HPLGC-
grade DMF containing 1.0 wt % LiBr was used as the mobile phase. Figures 8A, 6B and
8C summatrizes the triblock characterization and shows the elution profiles monitoring
light scattering (LAIS), refractive index (R1), and UV absorption respectively. Mn =
52.5Kda, PDI = 1.49. ‘

ExanpPLE 4: NMR SPECTROSCOPY OF TRI BLOCK COPOLYMER [PEGMA 7o~

MAA(NHS )zol-[DMAEMA]-[ [Beg-PasDas]. (FIGURE 7)

{04391 This example provides evidence, using NMR spectroscopy, that the
triblock polymer forms a micelledike structure in aqueous solution.

[6440] 'H NMR spectra were recorded on Bruker AV301 in deuterated
chloroform (CDCls) and deuterated water (D0} at 25°C. A deuterium lock {CDCls, D:O)
was usad, and chemical shifts were determined in ppm from tetramethylsilane (for
CDCls) and 3-(trimethylsilylypropionic-2,2,3,3-d4 acid, sodium salt {for D20). Palymer
concentration was 6 mg/mi,

[C4a41] NMR spectroscopy of the synthesized polymer, using the triblock
polymer as an example, in aqueous buffer provided evidence that the triblock polymers
of the present invention form micelles in agueous solution. Formation of micelles results
in the formation of a shielded viscous internal core that restricts the motion of the
protons forming the core segments and prevents deuterium exchange between the
solvent and the protons of the core. This is reflected by a significance suppression or
disappearance of the 'H NMR signals of the corresponding protons. We used this
inherent property of solution NMR spectroscopy 1o show that the hydrophobic biock of
the core of the micelle is effectively shielded. if micelles are formed in agueous media, a
disappearance of the signais due to the protons of the hydrophaobic copolymer block
should occur,

{64421 Figure 7 shows the 'H NMR experiments of triblock polymer in D20
(aqueous solvent). The "H NMR spectrum of polymer in CDCly at room temperature (not
shown) showed the signals attributed to all polymer protons indicating that the polymer
chains remain dispearsed (non-aggregated) in CDClg and preserved their motion so their
protons couid exchange with the solvent. This indicated ihat stable micelies with
shielded coras were not formed in organic solvent. Figure 7 shows the 'H NMR spectra
of triblock polymer in D,C. The signals representing the protons of the hydrophobic
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block (BMA, PAA, DMAEMA) disappeared from the gpectrum. This indicaias that stable
micelles with shielded cores wers formed from triblock polymer in agueous solution.
Moreover, in the same spectrum, the signal attributed to the resonance of the protons of
the two methyi groups of the DMAEMA (2.28 ppm} underwent a significant suppréssion,
impiving that only the second block poly DMAEMA of the shell was exposed to water,
i.e., mainly the charged group of DMAEMA as well as all of the protons that constitute
PEGMA. Taken together, the results of 'H NMR experiments indicate that the triblock
polymer forms micelies with an ordered core-sheli structure where the first block and
second btocks form a hydrated outer shell surrounding a core composed of hydrophobic
units (BMA} and electrostatically stabiiizing units of opposite charge (PAA, DMAEMA).

EXAMPLE 5: DYNAMIC LIGHT SCATTERING (DLS) DETERMINATION OF PARTICLE SIZE OF
TRIBLOCK POLYMER [PEGHMA o0-MAA(NHE)sp]-IDMAEMA]- [Bsg-Pas-Das]. (FIGURE
8).

[04431 The following example demonstrates that triblock polymer forms
uniform particles 54 nm in size.

104441 Particle sizes of iriblock polymer were measured by dynamic light
scattering using a Malvern Zetasizer Nano Z8. Figures 8A and 88 show the particle
gize distribution by intensity and volume respectively. Polymer was measured in
phosphate buffered saline, pH 7.4 (PBS) at 1 mg/ml. Polymer showed particie sizes
with & near uniform distribution, PDI 0.130.

EXAMPLE 6. SYNTHESIS OF TRIBLOCK POLYMERS! [GALJ~[HPMAge-PDSMA 10]~f D25
Bsuwngj AND { GALg-IHAA, g]-—-{ HPMAg-PDSMA 1 p-MAA m]-[Dgs-Bsg-Pgs}.

{04451 The structure synthesized is represented by formulas (P} and {PIL1):

{Gallak — [HPMAg-PDSMAgl1z.0k — [DasBso-Faslaok (Pih)

0% I i oy m v e
f R é{ ’< f (PIL1)

3

-
l

HC.
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ExampLE 6.1. SYNTHESIS OF PEG2 ViNvL MONOMER.

[0446] Synthesis is performed as described by Tew et al. {Polymer, 2008, 49,
1761-1789) with modifications, as summarized in scheme 1.

Scheme 1
o By
diethylene glycol
Chemicat Formuta: CyHygOg

Exact Mass: 166.1 o

. CHoCly, Bt ‘ o
SHCl B ﬁ,)ko/\, o

G 0 9C - room temp

C‘/u\( Cnemical Forma: Cghly 40y

Exact Mass: 174.1

mathacrytoyl chioride
Chemical Formula: GyHsGIC

Exact Mass: 104.D
Compeund MW mmgle amount miscetiansous
diethylene glycot 106.1 119.6 127 g,11.36 ml 1.118 g/iml. at 26 "C{lit.)
methacryloyl chioride 104.5 957 10g,9.34 mt. 1.07 giml, &l 25 “C[#.)
triethylamine 101.2 1186  12.1g,188mL D.726 gimd. At 25 *CAiL)
CH,Cly 84.93 - 350 mL bp: 38.6-40 °C, mp: -97 °C

[04471 To around-bottom flask was added diethyiene glycol {120 mmol)
followed by anhydrous CHxCiz (330 mb), and friethylamine (120 mmol). This mixture
was stirred at 0 °C for 5 min under a flow of argon gas. To a 25 mb addition funnel was
adgded afthydrous CHClz {10 mL} and methacryloyt chloride (2. 3 mi, 96 mmol}. The
methacryloyl chioride solution was then added. drop wise into the cooled reaction
solution over 30 min.  After the addition was complete the homogenecus mixture was
stirred at 0 °C for 30 min then warmed to room temperature over 30 min. The soiution
was then stirred at room temperature overnight. Progress of the reacticn was foliowed
by Thin Layer Chromatography (TLC) using SiC» stationary phase with £10Ac and
Hexanes {4:6 v/v) as mobile phase (R of the desired product = 0.2) TLC plates were
deveioped with phosphomolybdic acid or visualized with UV,

[0448] The overnight reaction mixiure was diluted with CHClz (100 mL) and
washed with a saturated agueous solution of NaHCOs {1 x 100 mL) then washed with
HaC (2 x 100 mL). The organic layer was separated, dried over NaS0q, filtered, and
concentrated under reduced pressure {o provids the crude product,
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[0449] The crude product was then dissoived in GH,Clp {25 mlL) and purified
using Si0; column chromatography using isocratic gradient elution with E1OAc and
Hexanes 4:6 viv. Fractions were analyzed using TLC with UV development. Fractions
coniaining the desired product were combined and the solvent was evaporated to yield
4.54 g of the product (27%) The correct structure was verified by *H NMR spectroscopy.

ExAMPLE 6.2. SYNTHESIS OF GALACTOSE-OAC-PEG2 ViNYL MONOMER.

[0430] Synthesis was performed as described by Ambrosi et al. (/. Chem.
Soc. Perkin Trans. 1, 2002, 45-52) with modifications, as summarized in Scheme 2.

[0451] To a round-bottom fiask were added 3 A molecular sieves (4.6 g,

activated overnight at 150 °C) followed by PEG2 Vinyl Monomer (prepared as described

- in exampie 6.1) (3.83 g, 22.0 mmol} and anhydrous CHoClz (80 mL). This mixture was
stirred at -40 °C for 15 min. Then 2,3,4,6-tefra-O-acetyl-a-D-galaciopyranosyl bromide
{2.00 g, 7.33 mmol) was added {0 the reaction mixiure followed by silver
trifluoromethanesuifonate (2.27 g, 8.83 mmol) and the solution was stirred at -40 °C (15
°C) under a flow of argon for 4 hours. The temperature of the regction was maintained
manuafly at -40 °C (45 °C) using a mixture of dry ice and acetone.
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Scheme 2
o]

HO/\/O\/\OJ\(

Starting material 1 1} AGOTL CHCl

Chemical Formuta: CyHiyOy 3 Amoiecular sleves

Exacl Mass: 1741 40°C 4 ACOHCy, O 0\/\0/\\/0
RSN oS

AoOHCa O, wBY 2.) pyricine, Ac,C Aoop:om ©
\ room temp, 24 h DA
AdD One
Ag Chemical Formula: CoybignOny
Exact Mass: 504.2

a-D-gatactepyranosyl bromide
Chemical Formuta: Cy;H 15BrOy
Exacl Mass: 410.0

Compound MW mimote amount

Step 1:

2,34 8-etra-O-aoalyl-a-D-

galactopyranosy! hromide # Q'G .33 oog
Starling material 1 1741 220 3.83g
sliver tifiucromethanesulfonate 256,94 8.83 227
3 A molecisar sieves NiA - 4.8
CH,CL, 8493 - 0 mi
Step 2:
pyridine 79,10 18 489g, SOmL
acelic anhydride 102.08 108 108g, 10mL

[0452] Afier stirring for 4 h at -40 °C the reaction mixture was warmed to room
temperature, filtered via gravity filtration then the mother liguor was evaporated
providing the crude product as a brown oil. The brown oil was then dissolved in
anhydrous pyridine (50 mL, 618 mmol) and treated with acetic anhydride (10 mL, 106
mmaol). This mixture is stired under an argon atmosphere at room temperature for 1.0
hour to cap the unreacted alcohot.

[0453] The reaction mixiure was then svaporated using a rotary evaporator
vielding a brown liguid. The condensed mixture was dissolved in CHaCla {300 mL) and
vigorously stirred with a saturated agueous NaHCO; solution (75 mL) in an open flask at
room temperature, guenching any remaining Ac:O. Transfer of the solutioninto 2
closed flask was carried out after all AcO was reacted and no more gasses were Deing
generated (>15 min reaction time needed to quench Acx(3).  After all Ac,O was
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quenched the solution was transferred to a 500 mL separatory funne! and the organic
tayer was separated. The agueous iayer was extracted with CHxCl {1 x 100 mL) and all
organic layers were combined. Then the organic layer was washed with saturated
agueous NaHCO; solution {1 x 20 mL), separated, dried over Na:SQy, filtered and
evaporated using a rotary evaporator, providing the crude product. The residual
pyridine was removed by evaporation at very low pressure using an oif vacuum pump
for no longer than 30 min before purification was attempted. Then the crude product was
stored at -80 °C overnight.

[04541 The crude product was then dissolved in CH»Cls {20 mb) and purified
using SIO; column chromatography using isocratic elution with EtOAc and Hexanes 4:6
viv. Fractions were analyzed using TLC with UV development. The desired fractions
were combined and the solvent was evaporated {o provide 1.6 g (43%). Struciure and
putity were evaluated by *H NMR spectroscopy.

EXAMPLE 6.3. STANDARD CONDITIONS FOR POLYMER GEL PERMEATION
CHROMATOGRAPHY (GPC) ANALYSIS.

to4s5] Al GPC analysis was conducted on a Viscoteck GPC max equipped
with UV/Vis, RI, viscometer, and light scattering detactors (RALS and LALS). Samples
(100 uL, ©.1-0.3 % polymer) were run on two PolarGel-M columns (300 x 7.5 mm,
Polymer Laboratories) in series, DMF/1% LiBr eluent, at 80°C, with a flow réte of 0.75
mL/min. The GPC columns were standardized with PIMMA Easi Vial Standards
{Polymer Laboratories).

EXAMPLE 6.4. POLYMERIZATION OF GaLACTOSE-QAC-PEGES VinvL MONOMER.

[0456] Synihesis was parformed as outiined in Schema &, as follows: Vinyl
galactose monomer obtained in Exampie 8.2 {1.5 ¢, 2.97 mmoles), ECT (18.6 ¢, 0.0744
mmoias), AIBN (0.31 mg, 0.00186 mmoles; CTA : AIBN 40:1) and DMF {0.99 mi) were
introduced under nitrogen into a seaied vial, The monomer concentration was 3 M
without counting the volume of the galactose monomer. The resulting solution was
degassed by bubbling nitrogen into the mixiure for 30 minutes. The resulting solution
was placed in a heat block (Thermometer: 67-68 ‘C; display: 70-71; stirring speed 350
rpm). After 5 hrs, the reaction was stopped by piacing the vial on ice and exposing the
mixture to air. The resulting polymer was purified by dialysis against methanol for 2 days
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using a 2kDa membrane. The methanol was removed under reduced atmosphere and
the polymer was dried under vacuum for at least 6 hours.

Scheme 3
006~ g e
?{ HoOCoG..~- 8. .8 v §
AcOH,C, ,O.TQ.VA\‘OIW\/ o \‘é’/; NC?\, )i (ECT) \
AT Ome MEN, DMF, 68°C . §

Oho
O ORo
S

Name FW (g/mol) Equiv. mol Weight
Gal(OAc)Peg2M804.2 40  2987x10° 15g
ECT 263.4 1 7.44x10° 19.6ng
AIBN 18421  0.025 1.86x10° 0.31ng

[Monomers}= 3M; N2 Purging: 30 min; Temperature = 68°C;
Polymerization Time = 300 min, '

[0457] Characterization of palymer was performed by GPC analysis. The
structure and composition were verified by 'H NMR (CDGIs). Mn = 5.8 KDa, PDI = 1.14,
dn/dc = 0.075.

ExampLE 6.5. SYNTHESIS AND CHARACTERIZATION OF A DI-BLOCK POLYMER
POLY[GAL(OCAC)PEG2]-[HPMA-PDSMA] (FORMULAS IV AND IV.1) FROM

PoLY[GAL(OAC)PEG2]
[0458] poly[Gal(OAc)PEG2]{HPMA-PDSMA]  (PHI).
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i
% g]v PIL1)
LA
ACOHC CAG
. Ac

[0459]1 To 0.0434 mmoles of Poly[GAL(OAC)PEG2]-MacroCTA were added

HPMA (0.860 g, 5.996 mmoles) and PDSMA (0.1332 g, 0.5216 mmoies), (1:150 CTA :
Monomers), AIBN (0.71 mg, 0.00434 mmoles; CTA : AIBN 10:1) and DMF {2.62 m)}
were introduced under nitrogen into a seated vial. The monomer concentration was
approximately 2.5 M. The resulting solution was degassed by bubbiing nitrogen into the
mixturg for 3¢ minutes. The resulting solution was placed on a heat block for 4.5 hrs
{thermometer: 68 °C; display: 70-71; stirring speed 300 rpm). After 4.5 hrs, the reaction
was stopped by placing the vial on ice and exposing the mixture o air. The resulting
polymer was putified by dialysis against methanot for 24 hours and then dried under
vacuum for at least & hours. Polymer structure was verified by 'H NMR (DMF-d7) and by
analytical GPC to determine polymer moiecular weight and polydispersity: Mn = 17.9
kDa, PDi = 1.26.

EXAMPLE 6.6, SYNTHESIS AND CHARACTERIZATION OF A TRI-BLOCK POLYMER
POLY[GAL{CAC)PEG2]-[HPMA-PODSMA]-[DMAEMA-BMA-PAA] FRON THE Di
BLOCK POLYMER POLY[GAL{QACIPEGZ]-[HPMA-PDSMA] (PIV)

[0860] poly[Gal(OACPEG2IHPMA-PDSMAI{DMAEMA-BMA-PAA]  (PIV)
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[0461] BMA {0.8B8 g, 6.16 mmoles), PAA {0.351 g, 3.075 mmolas), DMAEMA
{0.484 g, 3.075 mmoles), MacroCTA from Step 8.5 {0,5073 g, 0.0284 mmoles; 1:434
CTA:Monomers), AIBN (0.00284 mmales; CTA : AIBN 10:1) and DMF {2.22 mi) were
introduced under nitrogen into a sealed vial. The monomer concentration was 3 M. The

(PIV.1)

resuling solution was then degassed by bubbiing nitrogen into the mixture for 30
minutas. The resulting solution was placed in & heat block for 11 hrs (Thermometer: 67-
68 °C; display: 70-71; stiring speed 350 rpm, assuming 50% of conversion). After 11
hrs, the reaction was stopped by piacing the vial on ice and exposing the solution to air.
The resulting polymer was purified by precipitation from Acetona/DMF 1:1 into
hexane/ether 75/25 (three timas). The resulting polymer was dried under vacuum far at
least 8 hours and analyzed by 'H NMR {CDCls) to verify the correct structure and by
analytical GPC to determine polymer molecuiar weight and polydispersity. Mn = 47 kDa,
PDi=1.7.

EXAMDPLE 8.7. DEPROTECTION OF TRI-BLOCK POLYMER TO FORM POLYMER FROM
EXAMPLE 6.6

[0462]1 The reaction conditions are as descrived by Ambrosi et al. (J. Chem.
Soc. Perkin Trans, 1, 2002, 45-52) with modifications, as summarized in scheme 4.
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Scheme 4
ol L) Lopl Lol Lol [
" b%"“uoj ] bJr“% T ]

J, > N
o N
‘j:;:om g
A, MaOH, GHCIy
QAC Nedhte l raom temp, 1.0h
OAC

J g
[+ @e
o ~OH R
HO OH Compound MW

umole amount
OH
Polymer 70D rag
AL functionatity
POS funchionality
sodiur methoxide 54.02 1385 thmg
fMoOH 3284 3.0ml,
CHCH, 11638 t5mL
AcOH 4005 693 40 L
2 2-dipyridyltiisuifide 2200 227 50 mg

[04631 Toa 50 mL round-bottom flask was added the poiymer from example
6.6 (880 mg, 4334 umol polymer, 173 umol galaciose, 87 umol pyridyt disulfide)
followed by anhydrous methanol (3.0 mL}, anhydrous chioroform (1.5 mlL) and sodium
methoxide (74.8 mg, 1386 umol, 8 equivalents refative fo galactose}. The resulting
mixture was stirred under an atmosphere of argon at room temperature for 1.0 hour.
Then glacial acetic acid (39.7 pL, 693 umol, 4 equivalents relative to galactose) was
added to the reaction followed by 2,2'-dipyridyl disulfide (49.5 mg, 225.2 umol, 2
equivalents relative to pyridyl disulfide). This mixiure is stirred at room temperature for
1.0 hour under a flow of argon gas.

[04641 After capping with 2,2'-dipyridyt disulfide for 1.0 hour the reaction was
dituted with MeOH (5 mL) and filtered via gravity filtration. The filtered reaction mixiure
was transferred to a dialysiec membrane with a 2000 molecutar weight cut off (Spectrum
Laps, Spectra/Por Dialysis Membrane MWCO: 2000} and dialyzed against MeOH (2 x
500mL) for 24 hours. After the dialysis was complete the polymer was transferred 1o a
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round-bottom fiask, and the soivent was evaporated using a rotary evaporator. The
resulting polymer was analyzed by "H NMR using CDs0D and DMF-d7 1o verify the
correct structure. The zeta potential of a solution of polymer (40 mM) was measured in
5% Glucose, 10 mM Hepes pH7.4 and was determined to be 5.31 mV (width = 5.25 mV,
46.4 kops, Mob .42 ymom/Vs, Cond 0.15 mS/cm).

104651 Since the pyridyl disulfide functionality on the polymer was difficult to
detect by NMR spectroscopy, this functionality was quantified using UV/Vis {Figure 26).
The final polymer (100 mg) was dissolved in EtOH (1.0 mL) providing a polymer solution
at a conceniration of 100 mg/mL. An aliguct of this polymer solution (10 uL, 1.0 mg, 6.6

' umol) was freated with an aqueous solution of 1.0 M dithiothreitol (10 L, 10.0 timol,

DTT) for 10 min before being diluted with H20 (80 pL) giving a reduced polymer solution
of 0.066 M. Since the expected incorporation of pyridyl disulfide should be 2% on the
polymer one would expect the concentration of the leaving group pyridine-2-thione
should be 1.33 mM (i.e., 0.066 x 0.02 = 0.00133 M) after the polymer was treated with
DTT as described above. Since the molar abéorptivity of pyridine-2-thione at 343 nm is
£ = 8.08x10* M om™ (Hermanson, G. T. Bioconjugate Techniques, 1996, 1% ed.
Academic Press, an imprint of Elsevier, page 66) and the path length of the NanoDrop
spectrometer usad is 0.1 cm the expected absorption for the reduced polymer solution
described above is A = 1.075. After analysis of the reduced polymer solution by UV/vis
the experimentally determinad absorption was A = 0.438 at 343 nm. This demonstrated
the presence of the pyridyi disutfide functionality in the polymer with the actual
conceniration of 1% total pyridyl disulfide incorporation {theoretically calculated value
was 2%;.

[0466] After dialysis the polymer was dissolved in absolute EtOH at 100
mgimi. concentration and then directly used in conjugation reagtions with siRNA.
Polymer equivalent weight calculation is determined based on the percent monomer
incorporaﬁon.

EXAMPLE 7. CONJUGATION OF SIRNA TO A TRI-BILOCK POLYMER,

{Galla — [MHPMAg-PBEMA 6}12.0x = [D2s-BesPas]sox PV}

108



WO 2016/054266 PCT/US2009/063648

(PV.1)

EXAMPLE 7.1, PREPARATION OF AN ACTIVATED RNA DUPLEX AGAINST GAPDH.

{0467] FPreparation of thinlated siRNA was as foillows. To a 15 mL Falcon tube
was added tris(2-carboxyethyl)phosphine hycrochioride (1.0 mg, 3.5 umol, TCEP)
foliowed by NaHCGC; (1.2 mg, 14.6 umal), Ha0 (500 L) and GAPDH-5SC;0H duplex
(5.0 mg, 0.37 umol, Agilent Technologies). This mixture was allowed to stand at room
temperature. After 30 min, 5.0 M NaCl {20.0 uL) was added followed by cold (-20°C)
100% EOH (5.0 mL). The mixture was placed info a -80 °C refrigerator for 30 min fo
achieve complete RNA precipitation. The Falcon tube was then centrifuged to peliet the
RNA. The maother figuor was removed and the remaining BNA pellet was triturated
using cold {+4 °C) 70% EtOH {1 x 1.0 mL). The remaining RNA peliet was then
dissolved in isotonic glucose (5.0 mi, 5.05 wi% glucose, 10 mM HEPES, pH 7.4) to give
an aguecus RNA solution with RNA concentration at 0.7 ug/ul (by UV analysis).

[0468] By similar methods the foliowing activated RNA duplex (against ApoB)
was also prepared.

ExampLE 7.2. CONJUGATION OF AN ACTIVE RNA DUPLEX TO TRI-BLOCK POLYMER

{FORMULAP It} AND DI-BLOCK POLYMER (FORMULA Il WITHOUT GALACTOSE TARGETING

BLOCK). '

{04631 Formulation 1. The polymer (Formula Pil) (500 mg) was dissolved into
100% EtOH (5.0 mL) providing a soluticn having polymer concentration of 100 mg/mil.
An aliguot of the polymer solution {34.69 ul., 22.9 umol} was transferred info a 15 mL
falcon tube. To the polymer/EIOH soiution was added all at onge an aliquot of the
reduced GAPDH RNA isotonic glucose solution (300 ul., 300 ug RNA, 0.022 umol BNA,
sotution preparation described above). The reaction mixture was mixed and allowed to
stand at room temperature. The reaction progress was moniiored by gel
electrophoreses (described below). Afier reacting overnight {ca. 18 h) the solution was
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diluted with isotonic giucose (2665.3 ul, 5.05 wt% glucese, 10 mM HEPES, pi 7.4)
giving 3.0 mL total of a formulation ready for in vivo testing. This gave an intended
siRNA concentration of 0.1 mg/mL and an intended polymer concentration of 1.16
mg/mL in the formulation,

104707 Formulation 2. The polymer (Formula Pi) (500 mg) was dissclved into
100% £:0H (5.0 mi) providing a solution having polymer concentration of 100 mg/mL.
An aliquot of the polymer solution (151.3 ul,, 99.9 umol) was transferred intc a 15 mL
falcon tube. To the polymer/EtOH solution was added all at once an aliquot of the
reduced GAPDH RNA isotonic giucose solufion (300 ul, 0.022 umol RNA, solution
preparation described above). The reaction mixture was mixed and allowed to stand at
room temperature. The reaction progress was monitored by gel efectrophoreses
(described below). After reacting overnight {ca. 18 h} the solution was diluted with
isotonic glucose (2548.7 ul, 5.05 wt% glucose, 10 mM HEPES, pk 7.4) giving 3.0 mlL
total of a formuiation ready for in vivo testing. This gave an intended siRNA
concentration of 0.1 mg/mL and an intended polymer concentration of 5.04 mg/mL in the
formulation. The zeta potential of the conjugate was measured (40 mM (based on
polymer) in 5% Glucose, 10 mM Hepes pH7.4) and was determined to be 1.2 mV (width
=5.71 mY, 100.8 keps, Mob 0.09 pmem/Vs, Cond 0.15 mS/em). '
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Scheme 5
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fod71t Formulation 3. The polymer (Formuta Pl (500 mg) was dissolved into
100% EtOK (5.0 mL} providing a solufion having polymer concentration of 100 mg/mL.
An aliguot of the polymer solution (62.54 ul., 45.9 pmel) was transferred into a 15 mL
falcon tube. Te the polymer/EtOH solution was added all at once an aliquet of the
reduced GAPDH RNA isotonic glucose solution (600 ul., 600 g BNA, 0.044 umol BNA,
solution preparation described above). The reaction mixture was mixed and allowed o
stand at room temperature. The reaction progress was monitored by gel
electrophareses (described below). After reacting overnight (ca. 18 h) the solution was
diluted with isotonic giucose (2330.5 plL, 5.05 wit% glucose, 10 mM HEPES, pH 7.4)
giving 3.0 mL iotal of a formuiation ready for in vivo testing. This gave an intended
siRNA concentration of 0.2 mg/mU and an intended polymer concentration of 2.32
mg/mL in the formutation.

[0472} Formulation 4. The polymer (Formula PIly (500 mg) was dissolved in
100% EtOH (5.0 mL} providing a solution having a polymer concentration of 100 mg/mL.
An aliguet of the polymer solution (295.6 pl, 195.1 pmol) was fransferred into a 15 mL
fatcon tube. To the poiymer/CtOM solution was added all at once an aliquot of the
recuced GAPDH RNA isotonic glucose solution (600 ul, 800 ug RNA, 0.044 pmol BNA,
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soiution preparation described above). The reaction mixiure was mixed and altowed to
stand at room {emperature. The reaction progress was monitored by gel
electrophoreses (described below). After reacting ovemight (ca. 18 h} the solution was
diluted with isotonic glucose (2104.4 ul, 5.05 wi% glucose, 10 mM HEPES, pH 7.4}
giving 3.0 mi. total of a formulation ready for in vivo festing. This gave an intended
siRNA concentration of 0.2 mg/mL. and an intended polymer concentration of 9.85
mg/mL in the formulation.

f04731 Formulation 5. The polymer (Formula Pil without the galactose biock)
{200 mg) was dissolved into 100% EtOH {2.0 mL) providing a sctution having polymer
concentration of 100 mg/mbL.  An aliquot of the polymer solution (126.5 ul., 88.15 umol)
was transferred into a 15 mL falcontube. To the polymer/EtOH solution was added all
at once an aliquot of the reduced GAPDH RNA isctonic glucose solution (300 ul, 0.022
umol RNA, solution preparation described above). The reaction mixiure was shakan,
centrifuged and aflowed to stand at room temperature. The reaction progress was
monitored by gel electrophoreses {described below). After regcting overnight {ca. 18 h)
the solution was diluted with isotonic glucose (2573.5 pl., 5.05 wi% glucose, 10 mi
HEPES, pH 7.4) giving 3.0 ml total of a formulation ready for in vive testing.

{04741 Formulation 6. The polymer (Formula Pil without the galactose block)
(200 mg) was dissolved into 100% EtOH (2.0 ml) providing a solution having polymer -
conceniration of 100 mg/mL. An aliguot of the polymer solution (59.78 ul., 41.7 umal)
was transferred into a 15 mi falcon tube. To the polymer/EtOH solution was added all
at once an aliquot of the reduced GAPDH RNA isotonic glucose solution (600 ul., 0.044
umol RNA, solution preparation described above). The reaction mixiure was shaken,
centrifuged and allowed to stand at room temperature. The reaction progress was
manitored by gel elecirophoreses {described below). After reacting ovemnight (ca. 18 h)
at room temperature the solution was diluted with isotonic glucose (2340.2 ub, 5.05 wi%
glucose, 10 mM HEPES, pH 7.4) giving 3.0 mL total of a formutation ready for in vivo
testing. '

{04757 By similar methods, the following formulations were prepared with
activated RNA duplex (ApoB) conjugated to tri-block polymer {Formula Pi) and di-block
polymer (Formula Pll without the galactoss block). Polymers were taken up in EtOH at
100 mg/mL. Activated RNA duplex was dissolved in isotonic glucose (5.0 mL, 5.05 wi%
giucose, 10 mM HEPES, pH 7.4) giving an aqueous RNA solution with RNA
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concentration at 1.0 pg/ul. {by UV analysis). After 16 hr, additional isotonic glucose (5.0
mL., 5.05 wi% giucose, 10 mM HEPES, pH 7.4} was added fo the mixture 10 bring the
final volume 1o 3.0 mi.

[0476]
Goups Polymer siRNA ug / formulation Final Formulation
siRNA Poiymer {Vol ul}
1 Formula Pl ApoB 600 30000 800
2 Formula Pl ApoB 600 30000 ac0
3 Formuta PIl {withoLt ged) ApoB 600 25979 859.8
4 Formula PH (without gal) Apob 800 25979 868.8

ExampLE 7.3. GEL EL FCTROPHORESIS ANALYSIS.

[04771 The conjugation reactions were analyzed by gel e}ectrophoresis (20%
polyacrylamide, 1X TBE gel from invitrogen, 1X TBE buffer for ¢a. 1 h at 200 V, stained
in 50 mL 1X TBE with 2.5 pL. SYBR gold for 15 min}. Aliquots of the 3.0 mL in vivo
samples prepared above were withdrawn and a dilution series was prepéred‘ Faor
example, the sample (4.0 L) was diluted with blue-dye loading buffer {6.0 ul.) giving a
sample with final RNA concentration of 0.04 pg/ul. Then 4 pl of this diluted sample
was applied to the gel. Similarly, the sample (4.0 uL) was treated with DTT (1.0 pkL, 1.0
M solution) for 10 minutes before being diluted further with 2.5% SDS (2.0 ul) and
loading buffer (3.0 ul.) giving a sample with final RNA concentration of 0.04 ug/ut.
Then 4 pL of this reduced solution was also applied to the gel for analysis.

EXAMPLE 8. IN VITRO MMRNA KNOCKDOWN IN HEPG2 AND HELA CELLS WiITH SIRNA
CONJUGATED TO A TRI-BLOCK POLYMER (FORMULA PH),

EXAMPLE 8.1. GENERAL TRANSFECTION PROCEDURE AND DETERMINATION OF
KNOCKDOWN ACTIVITY.

[0478] Cells were purchased from ATCC (Manassas, VA), uniess otherwise
noted, and cultured-according {o the distributor's instructions. Cells were plated in 96
weill plates at a density of 10,000 celisiwell and aliowed to adhere ovemight in MEM
media with 10% FBS (100 pL). Transfection samples were diluted to a final volume of
25 ul with ITG (5.05 wt% glucose, 10 mM HEPES, pH 7.4) or PBS, and added to the
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ceﬂs {finat volume of 125 pl.). After 24 hrs, the extent of siRNA mediated GAPDH or
ApoB mRNA raduction is assessed. The media was remaved and cells were rinsed with
PBS. A two-step RT-PCR directly from cell culture wells was perfarmed using the Fast
SYBR Green Cells-to-Ct Kit (Ambion). Real-time PCR was conducted with the
StepOnePlus Real-Time PCR System using primers for SYBR Green PCR; GAPDH and
RPL13A intemal normalizer gene. Reactions (20 yl. total} consisted of 10 pi of 2X Fast
SYBR Green PCR Mastermix, 1 uL of primers, and-9 pi of 1:4 diluted cDNA in
nuclease-free water. The following PCR parameters were utiiized; 85 °C for 20 5
foliowed by 40 cycles of 95 2C for 3 s and 60 °C for 30 5. Threshold cycle {CT) analysis
was used to quantify GAPDH, normalized to RPL13A and relative {0 expression of
untreated cells. For ApoB knockdown, the cells were treated as previously described.

EXAMPLE 8.2: IN VivOo BIODISTRIBUTION AND RNA KNOCKDOWN IN LIvER CELLS
WITH SIRNA CONJUGATED To A TRI-BLOCK POLYMER (FORMULA PI) FoLLowiNG 1V
DELIVERY BY TAN. VEIN INIECTION TO MICE.

ExampLE 8.3 GENERAL PROCEDURE.

{6475%] 7-9 weeks 6ld female Balb/C mice (Charles River Laboratories) were
dosed with siRNA-polymer formulations via the tall vein at a dosing volume of 0.01
ml/g, n=5 per group. siRNA sequences for ApcB and GAPDH were as shown below,

[0480] RNA Sequences:

Gene Sense Strand: ) Antisense Strand:

5 HO-(CH2Y5-8-5-(CH2)B-rGrGrL rerAiy

5-rArArA rGrUrl rGrurC rArUrG sGrArl! rGrArG
GAPDH | vyCrCrA rUrGrA rCrArA «CrUrl rUgTdT-3'

rGaTdT-3' [SEG 1D ND:2)
[SEQ 1D NO:1j
5 OH-{CH2)6-3-5-(CH2)6- [
ApoB rGraUrCrAmUrCrArCrarGmUrGrArAmUrA | rArrUGrGrGrUrArUrUrCrArGrirGrirGrArUrGrAr
rCrCraArAmu-a I8EQ 1D NO3] | CrAarC-3' [SEG 10 NO:4)

m = 2"-O-methyl modified, r = fAbonucleotide, d = deoxynuciectide

[04811 18-4B hours post dose animals ware sacrificed. Blood was collected
via cardiac puncture for serum isolation for blood chemistry analysis. Liver tissue was
isolated (lower 2/3 of ieft lobe), placed in RNAlater (Ambion), and cut up in small piedes
for improved tissue penetration. RNA was isolated from ~50 mg of fiver tissue using tha
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MagMAXx -86 for MicroArrays Total BNA Isolation kit (Ambion). RNA was converted o
cDNA using the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems).
SYBR Green Real-Time PCR was perfarmed o examine mRNA ieveis for siRNA target

genes ApoB and GAPDH as well as normalize genes Galnexin 1 and Hprtl (primer

seguences are shown below).

Primer Seguences:

Name Chemistry Forward Primer: Reverse Primer:
5-CATGGCCTTCCGTGTTCCTA-S S-ATGCGTGCTTCACCACCTTCT-8
GAPDH | 8YBR [SEQ D NOE} [SEQ ID NO8)
5-CCTAAGATGAGCGCAAGTTGAA- | 5-CCACAGGACTAGAACACCTGCT-
Hprtl SYBR 3 [BEGIDNOT] | & : ISEG ID NOS8]
B-ATGGAAGGGAAGTGOTTACTGT- | 5-GCTITGTAGETGACCTTTGGAG-G
Calnexin { SYBR 3 [SEQ 1B NOg) [SEQIDNO0) |
5-AAGCACCTCCGAAAGTACGTG-3 | 5-CTCCAGCTCTACCTTACAGT TGA-
ApoB SYBR ISEQIDNO} | 3 [SEQ 1D NO112

[0482] Step One Software v2.1 (Appiied Biosystems) was used to normalize
target gensas to voth normalizer genes. A ¢DNA aliquot from each buffer control sample
was pooled and used to compare ¢ each treated sample. in addition, each buffer
control sample was compared to the pooled buffer samples. Blood Chemistry analysis
was performed at Phoenix Gentrai Laboratory (Everett, WA} on blood samples collected
48 hours post dose,

{04831 For biodistribution/PK studies to detect siRNA via a hybridization
assay, the following was performed. 7-9 week old Balo/C mice were dosed with either
GAPDH or ApoB siRNA-polymer farmulations via the tail vein. Animals were sacrificed
at 1 hour post dose. Blood was collected via cardiac puncture, allowed to coagulate at
room tempefature, centrifuged to collect serum, and then stored on ice or at -20°C for
iater analysis. in addition to blood, liver, splaen, Kidney and lung tissues were collectad
for analysis. An ~50 mg piece of issue was weighed and placed in a homogenization
tube containing ~1 mi of tissue homogenization buffer (3 M guanidinium isothiocyanate/
10 mM EDTA/. 1M Tris pH 7.5, 0.6M NaCl) to make & final tissue concentration of 50
mg/mi. Tissues were homogenized using a FastPrep24 homogenizer (MP
Biomedicals), 3 fimes, 20 seconds each, with 3 minutes rest in between each run.
Samples were placed on ice far § minutes, followed by centrifugation for 5 minutes at
12,000 rpm. An aliguot of fissue homogenate was transferred o a 96 well plate and
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stored either on ice or at -20°C for later analysis. To measure siRNA levels in blood and
tissue samples, streptavidin coated 96-well plates were incubated with capiure oligo, a
biotinylated oligo that is complementary to @ nucleotides of siRNA antisense strand.
The capture oligo was diluted to 250 nM in 20 mM Tris-HCI pH 7.5, 100 ul/well was
added to each plate and allowed to incubate for 30 minutes at room temperature on a
plate shaker. A siRNA standard curve from 0.293 ng/ml - 300 ng/mi (11 two-fold serial
dilutions starting at 300 ng/ml) as well as dilutions of serum and tissue samples were
prepared in dilution buffer: 1 M guanidinium isothiocyanate/ 10 mM EDTA/O. 1M Tris pH
7.5, 0.5M NaCl. These samples were heated {¢ 80C for 10 minutes. Meanwhile, the
plate coated with capture probe was washed 2 times with wash buffer: 1M NaCl, 0.1M
Tris pH 9.8, 2 mM MgClz, 1% Tween 20. 50 ul/well of a flucrescein iabeled reporter
oligo, complementary fo the remaining 11 nuciectides of antisense strand diluted to 0.1
uM in ditution buffer was added to the plates. Working vety quickly, 50 ub/well of
SIRNA standards and diluted tissue sampies from SOC incubation were added in
duplicate to plates containing the fluorescein labeled oligo. Samples were incubated for
5 minutes at room temperature. Contents of plate were discarded and plates were
washed 5 times with wash buffer. 100 ul/well of HRP-labeled anti-fluorescein Fab
{Roche) diluted to 15 mU/ml in PBS were added. Plates were incubated for 1 hnur/at
00Mm femperafure on plate shaker and then washed 5 times with wash buffer. 100
ul/well of TMB substrate were added and incubated for 10 minutes in the dark. 100
ul/well stop solution (1M phosphoric acid) is added. Plates were read at 450 nm Q.D.
Readouts were plotted as ng siRNA/mg tissue where siRNA concentration in tissues is
‘determined as ng sitNA/mI from standard curve. Those values were then divided by 50
mg/ml tissue concentration from starting solution.

EXAMPLE 8.4. BIODISTRIBUTION STUDIES AND GAPDH/APOB KNOCKDOWN
FoiLowing Tail VEiN DELIVERY TO MICE OF A COBPLEX OF SIRNA CONJUGATED TO
A TRI-BLOCK POLYMER (FORMULA PI),

ro4841 Complexes were delivered to mice by tall vein injection as previously

describad.

Blodistribution Studies and GAPDH/ApoE Knockdown Following Tall Vein
Protocal Delivery to Mice of a Complex of siRNA Conjugated 1o a Tri-block Polymer
(Formula Pl

IGAPDH knockdown and biodistribution study testing siRNA conjugaies
hwith HPMA/PDSMA-HB +/- Galactose polymers

PuIpose
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lAnimals Baib/c mice, famale

Age 7-8 weeks

Dose volume  [0.2 mi per 20 g mouse: 10 mgkg

Route AT

Tissues

cokiected for fiver, lung, spleen, serum 1 hour post dose
biodistribution

Tissues

fiver and lung on day 2 post dose.
collecied for KD

£0sing; Dose mice anee

[0485] Biodistribution studies were conducted as previousty described.
Knockdown assays were conducted as previously described.

ExampLE 8.5. GAPDH/ArPoB Knocknown FGLLOWING TAIL VEIN DELIVERY TO MICE
OF A COMPLEX OF SIRNA CONJUGATED TO TRI-BLOCK POLYMERS.

[0486] Complexes of siRNA conjugated to tri-block polymers were prepared
as previcusly described {Exampie 7.2). The resuiting siRNA tri-block polymer
conjugates were delivered to mice by tall vein injection as previously described, under
the listed study protocol. At 24-48 tir post dose, the animals are sacrificed and mRNA
leveis determined as previously detailed in Example 8.3.

GAPDH and ApoB knockdown and bicdistribution study testing siRNA

Protocot . -
conjugates with friblock polymers or conirol polymers
IAnimals Balo/c mice or CB7 black mice, female
Age 7-8 weeks
Dose volume 0.2 ml per 20 g mouse: 10 moky
Route iv.

Tissues collected for |
o Liver, lung, spleen, serum t hour post dose
bicdistribution

iTigsues collectad for

Liver onday 2 post dose.
KD

Dosing: Dose mice once for each formulation

The results from these triblock polymer — siRNA conjugaie in vivo knockdown activity
siudies appear in the foliowing tabls.
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Triblock Folymer- sIRNA Conjugate In Vivo Knockdown Activity

ApoB mRNA GAPDH mRNA
Relative Relative
polymer | siRNA | harvest | Special mANA mRNA
Stiucture ma/kg mgkg | Hmepoint | note SIRNA levels [ stdev | levels | stdev
{Nag-
OH{Pag3}is2xoa
[HP MAgo-
PD8MAzhe, s -
{Das-Ban-Posliz xoa 38.7 1.0 48 o 072 .12 0.81 0.18
38.7 1.0 44 ApoB 1.02 G.13 1.37 .22
38.7 1.0 48 ApoB 0.74 0.17
77.7 2.0 48 ApoB 5.07 0.14
122 2.0 24 ApoB 0.49 0.08 0,90 0.02
iNag-
OH({Pey3)lis.2koa-
2NHzlio 7xpa Des-
Bso-Paslod oxoa 5 1.0 48 ApoB 1.09 0.10 1,27 0,20
5 2.0 48 ApoB 1.14 0.22 1.34 .18
10 2.0 43 ApoB 1.60 0.18
{HPMA-
PDSMA}z rgos-
| [Des-Bag-Pashis skita 42 1.0 4 GAPDH 161 | 018
) 20 2.0 48 GAPDIH 1.10 Q.17
93 2.0 24 ApcB 0.80 0.16 1.38 0.13
[Nag-
OH{Peg3)]jie.240a"
[OCHCH0GHCH
aNHzjso 7inaf Dos=
Bao-Faslzaonea 19 2,0 48 ApoB 1.14 0.10
[GAL- : :
CGHIPEG Y7 .08k02-
HPMAgy-
PLSMA10)7 114pa-{
| Doo-Bsn-Paslea s 123 2.0 24 - ApoB 0.23 0.06 0.90 0.10
62 1.0 24 ApoB .51 0.10 (.88 G.10
31 0.5 24 ApoB 0.67 .04 0.89 .08
124 2.0 24 a Aol 0.41 0,14 1.32 0.20
124 2.0 24 ApoB 0.27 .06 1.23 0.37
80 1.5 24 ApoB 0.63 0.20 0.97 0.22
50 0.8 24 ApoB 1.02 .18 1.01 0.15
83 1.0 24 ApoB 048 ¢.10 0,89 0.10
126 2.0 24 a ApcB 0.30 6,06 0,84 Q.10
126 2.0 24 Anol 0.19 006 0,84 0.08
a0 1.5 24 ApocB 0.93 0.14 1.04 (.22
50 0.9 24 ApoB 1.01 .09 1.12 .12
[GAL-
OHPEG2)]5 9xpa-
[HPMAgp-
PDSMA gz oxpa
| [DasBioo-Parles.sxoa 98 2.0 48 GAPDH 045 | 0.06
50 1.0 48 GAPRH 0.72 0.1
100 2.0 48 ApoB 028 0.14 118 0.37
100 2.0 24 ApoB .40 0.24 1.38 0.24
100 1.7 24 ApoB 1.1 .02 1,77 0.02
75 7.2 24 ApoB 0,57 Q.04 1.59 0.14
50 0.8 24 ApoB 0.82 0.08 1.24 0.14
28 0.4 24 ApoB 1.38 0.10 1.37 0.10
{Nag-CH
(PEG2)lea. 710
{HPMAge-
PDSMAo}a.000-
| 1D2s-Beo-Faplonns 180 2.0 48 ApoB 0.70 0.13 1.17 C.08
JGALOHIPEGS))s.0x 60 1.0 24 ApoB 0,58 0.07 .22 0.10
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na -JHPMA-
POSMAJ14.a100 -
| [Das-Boe-Fasloski
75 14 24 ApoB 0,79 0,08 0,85 (.14
100 1.8 24 ApoB 0.52 0,16 0.62 0.14
80 0.8 24 ApoB 0.60 0.14 .66 G.10
[Nag-OH
{(PEG)}s.0x0a -
[HPMAge-
PDSMAs}12.840a -
{ [Dos-Beg-Pasienoxne 100 1.8 24 ApcB 042 0.08 0.73 0,16
80 1.0 24 ApaB Q.70 0,14 0.95 0.20
[Nag-OH [PEGje-
MAAzolr sx0e -
[HPMAgs-
PDSMA-
MAA 6l sios -{Dzs-
Bao-fjgély,_z;(ga 100 1.7 24 AncB Q.48 0.28 0.92 0.18
75 1.3 24 ApoB 0.95 0.14 1.05 .12
[GALOM(PEGT Han
oa -{HPMA-
PDSMAS gpa -
_[D_zs-Bsszs; 30K D 160 1.5 24 ApoB Q.78 0.06 0.67 Q.08
80 0.8 24 ApcB Q.71 0.12 (.85 Q.18
[GALOM(PEGA s
pa-[HPMA -
PDSMAJB 540 [Dus-
Bro-Pasleaxta 100 1.9 24 ApcB .54 0.08 110 048
80 1.0 24 ApcB .81 0.10 0.76 0.08
[GAL-
OB(PEGT)]5.510a -
[HPMA-Eoo-
PDSMAsofraxpe -
[imidazoiess-Boor
Peslooxkns 100 1.7 24 ApoB 0.86 £.30 0,99 0.08
50 0.8 24 ApoB 0.68 0.04 (.99 .22
75 1.0 24 ApoB D.88 0.14 1.18 015
50 0.7 24 ApoB 0.87 0.22 1.12 0.18

Notes: a: formulation stered at 4°C for 7 days prior to administration. b Injection to C57 black mice.

Example 9: Synthesis of Tri-Block Polymer [PEGMAx-BPAM vJ-[HPMAg-PDSMA o]
{D2:-Bse-P2s] and Post Polymerization Conjugation with Folate Targeting Ligand
and sIRNA

[0487] A method for incorporating smail molecule ligands {e.g., folate) into
tribtock polymers that target specific cell surface receptors is described. The first
copiolymer block contains a reactive amine (polymerized in its Boc-protected form,
designated BPAm) and optionally a second hydrophilic menomer {e.g., PEGMA or
HPMA). Following polymer synthesis the Boc protecting graup is removed resulting in
an amine that can be reacted with the activated small molecule targeting agent to form
& stable conjugate. The mole% of BPAm (Y) and the mole% of the second hydrophilic
monomer (X} in the polymer as well as the block size (Mn1) can be varied to achieve the
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most effective valency of the targeting molecuie to optimize targeting efficiency. The
siructure synthesized is represented by formulas VIl and Vil

[PEGMAR-BPAMylun1-[HP MAg-PDSMA oln2{D2s-Bso-Pashuns - (FV1)

AV DU P O .3 O O . N O 1 T
Hy CHp Jo] CHy I} b—TCH; CHy T CH,
?’L‘OJ 1— O/L.OJ [ MR O/L‘O } L o} OJ i‘ [ -E i-HETJ\C) j
CH,CHOICH; 1) Ho\ﬁ
G

I ¢
R

g (s]
{CHa)y
(PVLT)
Example 8.1 Synthesis of BOC-protected Amine Viny! Monomer.
Scheme 6
Ao
Boc,0 H G H
HO e~ i HOV/\O/\,N QO )wow A~ N
© H OTHF _ E \}/ CHZCI/NEL, & © }‘; \k

[0488] The synthesis is represented in Scheme 6. To & solution of the amine
(10,51 g, 100 mmel} in a mixture of 100 mb. of water and 1 mL of satd. NaHCO3 solution,
a solution of Boc anhydride (22.94 g, 105 mmol) in 200 ml. of THF is added. The
mixiure is allowed to stir at room temperature overnight. To the mixture, 100mL of sad.
NaHCOs sotution and 400mL of EtOAc are added. The organic tayer is washed with
satd. NaHCO;, water, then dried over Na:SO;, filtered and evaporated. The residue is
dried under vacuum to yield the crude product as a clear oil. The compound is used in
the next step without purification.

164881 The crude product from step 1 (18.80 g, 86.5 mmol} and tristhylamine
(16.1 mL, 115 mmol) is dissoived in anhydrous dichloromethane {180ml), the solution is
cooled to 0°C, and methacfyioyl chioride {11.2 mL., 118 mmaol} is added stowly via
syringe at 0°C under a nitrogen atmosphere. The reaction mixture is allowed to
gradually warm up to room temperature and is stirred at room temperature overnight.
The reaction is then diluted with sat. NaHGGO, soiution (150 mi) and dichloromethane
(150 ml}. The organic layer is separated, dried over Na,SQ,, filtered and evaporated
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under vacuum. The product is purified by column chromatography on silica gel
{ether/Hexanas: 1/1). Preduci-containing fractions are pooled and evaporated (Rf (.35).
"H NMR and TLC may show a small impurity (ca. 2-3%). The compound is purified on
silica gel (EtOAc/hexanes 1/3). Afier evaporation of the product-containing fractions
and drying, a clear colorless oil is obtained. The product is stored under air in a tightly-
capped flask at -20°C. The sfruciure is confirmed by 'H NMR (dmso-d8).

EXAMPLE 9.2: SYNTHESIS OF [PEGMAx-BPAMy]-CTA

[0490%1 The first biock of the triblock polymer is synthesized and purified as
described in Example 1. The feed ratios of the vinyl manomaers for PEGMA and BPAm
are selected 1o approximately reflect the desired compasition. For example, a feed ratio
of 50:50 or 80:20 may give a relative mole% of approximately 50% PEGMA and 50%
BPAm ar 80% PEGMA and 20% BPAm respectively for monomers of similar molecular
reactivity. Fine tuning of the desired molar compositions is determined experimentally.
The molecular wetght of the first block can be adjusted o approximately 5-15 KDallons
depending of the desired valency of the targeting ligand and is determined
experimentally. The structure is confirmed by "H NMR (dmsc-dé).

EXAMPLE 8.2: SYNTHESIS OF [PEGMA x-BP Any]-[HPIMA-PDSMA]-CTA

104911 The second block of the triblack polymer is synthesized and
characterized as described in Example 6.5, including [PEGMAx-BPAMy}-CTA
synthesized as described in Example 9.1. Typically the molar composition is 90% HPMA
and 10% PDSMA produced by adjusting the feed ratios of the vinyl monomers in the
polymerization reaction accordingly. Molecular weights of the second block are typically
between 5-10 KDa. The structure is confirmed by "H NMR (dmso-d6).

ExamMPLE 9.9: SYNTHESIS OF [PEGMAx-BP AMy]-[HP M Aor-POSMA 10]+{D2s-Bgo-Pas]

[0482]1 The third biock of the triblock polymer is synthesized and purified as
described in Example 6.6, inciuding [PEGMAy-BPAMy]-{HPMA-PDSMA]-CTA in the
polymerization reaction as the macro-CTA, synthesized as described in Example 8.2
Typically the molar composition is 25% DMAEMA, 50% BMA and 25% PAA produced
by adjusting the feed ratios of the vinyl monomers in the polymerization reaction
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accordingly. Molecular weights of the third biock are typically between 20-40 KDa. The
structure is confirmed by *H NMR (dmso-d6).

ExAMPLE 8.4: BOC Group DEPROTECTION OF THE TRIBLOCK POLYMER

[0493] Prior to reacting the targéﬁng block of the tribiock polymer with
activated targeting ligand, the BOGC protecting group is removed to generate the reactive
primary amines. After the dialysis step and evaporation (as described in Example 6.6)
neat TFA is added under N, and the deprotection reaction is carried out for 2 hrs at
room temperature followed by ether precipitation. The structure is confirmed by H NMR
{dmso-d6).

ExampLE 8.5: CONJUGATION OF FOLATE TARGETING LIGAND TO THE FIRST BLOCK OF

THE TRIBLOCK POLYMER TO PRODUCE [PEGMA-MA{FOLATE}y]-[HPMAcr-

PDSMA :9]-[DosBg-Pos]

[0494] Folate is coupled through iis v carboxylic acid to a spacer unit,
HaNCHCHOCHCHNHBOG using a carbodiimide procedure. Folic acid (Sigma) is
dissolved in dimethyl sulfoxide. To the resulting solution is added 1 to 3 fold molar
excess of dicyclohexy! carbodiimide {DCC) and & molar equivalents of N-
hydroxysuccinimide, and the reaction is stirred at room temperature of 16 hrs under Na.
The activated folale-NHS compound s isolated Dy precipitation with diethyl ether
followed by washing with diethyt ether and acetone. The isolated compound is dried
under vacuum and the structure confirmed by 'H-NMR. The level of y-carboxylate
activation to a-carboxylate activation is approximately 3:1.

104551 To the activated folate-NHS com;ﬁound in dimethyi sulfoxide is added 1
1o 2 fold molar excess of HoNCHCHOCHCH-NHBQOC, together with 1 equivalent of
triethylamine. The reaction is stirred at room temperature for 16 hrs under No. The Boe-
amine modified folate is isolated by precipitation with diethyl ether followed by washing
with diethyl ether. The isolated compound is dried under vacuum and the structure
confirmed by "H-NMR, '

[0436} Prior fo reacting the folic acid derivative with the polymer, the Boc
protecting group is removed to generate the reactive primary amine on the folic acid
derivative as described in Example 8.4. The amine modified folate is isolated by
pracipitation with diethy! ether followed by washing with diethyl sther. The isolated
compound is dried under vacuum and the structure confirmed by ‘H-NMR.
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[04971 A 10- fold molar excess of carbonyl diimidazole (CD1) is added to the
amine modified folate in dimethyl sulfoxide and the reaction is stirred at room
temperature for 16 hrs. The resulting folate derived imidazole urea is isolated by
precipitation with diethy! ether followed by washing with diethyl ether, to remove
unreacted CD1 and imidazole. A 5- fold molar excess of the imidazole urea is then mixed
with the daprotected polymer {section 9.4) in dimethyl suifoxide. After 16 hrs at room
temperature, the product is isolated by lyophilization foliowing dialysis against water
(2000 MW GO dialysis membrane). The structure of the Folate containing tribiock
polymer is confirmed by "H-NMR.

EXAMPLE 9.6: CONJUGATION OF SIRINA TO THE SECOND BLOCK OF THE TRIBLOCK
POLYMER TO PRODUCE [PEGMAx-MA{FOLATE)y]-[HPMAgy-PDS(SIRNA )19]-[Dos
Bsp-Pas]

[PEGMAx-MA(Folate)y]-{HPMAgy-(PDSMA-P DS(SIRNA)}10]-[D2s-Bso-P2s] (PVIN)

) |
cn,] f cu;] + ({‘H,] [ ot CH, + Hy | CH, e
Gy Loy, h—tciy Hy Hgi—]—b cchmiHcmi—%—
Q”L‘o} ’L‘cj HN’LOJ l J‘*‘o 0 oj o HO 0
{CHCHaOMTH ; 50! ; éj ; )j

o o o M
o G .

HN 'L°O

\

UINH . § N
5 5%,

o7 oH Hi N
Hily

(PVIL 1)

[0498] The final step in the construction of a targeted triblock polymer involves
conjugéting SIRNA to the second block of the triblock oolymer to produce the final
polymer structure represented by formulas PVil and PVIi.1. The conjugation reaction is
carried out as described in Example 7. First, a thiolated {activated) siRNA is prepared
(Example 7.1) which is then reacted with the PDS groups in the second biock of the
triblock polymer. (Exampie 7.2) to form the polymer-siRNA conjugate.

104991 The final triblock polymer containing a first block targsiing the folate
receptor and a second block containing conjugated siRNA is analyzed for biological
activity (i.e., gene specific knockdown activity) as described in Example 8. Two different
cell lines can be used, one expressing the specific folate receptor and the cther a
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corirol cell line not expressing the folate receptor. Multiple cell fines have been
described that can be used to demonstrate cell type-specific targeting and knockdown
via the folate recepior {e.g., Low P8, Kularatne SA. Folate-targeted therapeutic and
imaging agents for cancer.

Curr Opin Chem Biol. 2009 Jun;13(3):256-62.)

ExarpLE 10: TRIBLOCK POLYMERS COMPRISING MAA UNITS IN HYDROPHILIC BLOCKS.

[0500] Allemalively, the triblock polymers were synthesized by the addition of
methacrytic acid (MAA) to polymer blocks 1 and 2 as represented by formulas (PVH)
and (PIX). The addition of acidic residues increased the hydrophilicity / solubiiity of the
polymer,

{05011 Example 16.1 Synthesis of Polymer PVINI:

Block 1 = 7.6 kD Block 2= 96 kD3 Block 3 =24.2k0Da )
(7

[ 1 el loel el |
,«/‘\, j15.&. KT*O B.8% i 0320% g n o L wo/g JI!B% l /R J17% i /}\o js:'.% k w"go Jﬁ‘%
4 units 17 unite :Y”T 53 units £.5 unjts !/1 Mumwf 87 units 44 units
s

>\/< 2 5 sounlls -
[0502] Step 1. Preparation of macroCTA [Nag-P 3agx.co-MAAg,]

[0503] O-Acstyl-protected N-Acetyl galactosamine monomer Nag-P3-MA (1.5
g, 2.74 mmoles), MAA (0.059 g, 0.685 mmoles), ECT (22.5 mg, 0.0856 mmoles; 1:40
CTA : Monomers), AIBN (0.351 mg, 0.00214 mmoles; ECT [ AIBN 40:1) and DMF (1.64
ml} were introduced under nitrogen in a sealed vial. The monomaers canceniration was ~
2.1 M. The mixtures were then degassed by bubbling nitrogen into the mbﬁiure for 30
minutes. They were placed in a haater block (Thermometer. 68 OC; display: 70-71;
stirting speed 300 rpm). The reaction was left 9 hours 5 minutes. The reaction was
stopped by placing the vial in ice and exposing the mixtures to air. The purification of the
polymer was done by dialysis against metharo! for 36 hours. The solvent was after
removed, The resulting polymer was dried urnder vacuum for at least 6 hours, The
structure and compasition of the resulting macroCTA were confirmed by "H-NMR. The
molecular weight of the product (12.7 kDa) and its polydispersity (1.1) were determined
by GPC analysis. ‘
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[0504] Step 2. Preparation of MacroCTA [Nag-P 3an-MAAg]-b-[HPMAg,-
PDSMAg-MAA]

[05057 HPMA (0.556g, 3.89 mmoles), PDSMA (0.087 g, 0.379 mmoles), [Nag-
P380-MAA20] MacroCTA (0.30 g, 0.0315 mmoles; 1:150 CTA : Manamers), AIBN {(0.52
mg, 0.00316 mmoles; CTA ; AIBN 10:1) and DMF (1.52 ml) were introduced under
nitrogen in a sealed vial. The monomers concentration was ~ 3.0 M. The mixiures were
then degassed by 'bubbling nitrogen into the mixture for 30 minutes. They were placed in
a heater block (Thermometer: 68 °C; dispiay: 70-71; stirring speed 300 rpm). The
reaction was allowed to proceed for 5 hours and then stopped by placing the vial in ice
and exposing the mixturas to air. The purification of the polymer was done by dialysis
against methanol for 36 hours. The solvent was removed, and the resulting polymer was
dried under vacuum for at least 6 hours. The NMR spectrum showed the high purity of
the product. No vinyl groups corresponding to the unreacted monomers were ocbserved.
The GPC analysts of the product gave the right molecular weight (12 KDa by triple
detection, 33% of living ends by UV absorpticn) and good'poiyciispersity (1.1).

105061 Step 3. Preparation of protected [Nag-P3-MAA] -b-[HPMA-PDSMA-
MAA] -b-[BMA-PAA-DMAEMA] |

105071 BMA (0.776 g, 5.458 mmoies), FAA (0.312 g, 2.73 mmoles), DMAEMA
(0.429 g, 2.73 mmioles), MacroCTA (0.881 g, 0.02757 mmoles; 1:396 CTA:Monomers),
AIBN (0.452 mg, 0.002757 mmoles; CTA : AIBN 10:1) and DMF (1.986 mi) were
intfroduced under nitrogen into a sealed vial. The monomer concentration was 3 M. The
mixiures were then degassed by bubbling nitrogen into the mixture for 3¢ minutes and
ptaced into a heat block (Thermometer: 67-68 °C; display: 70-71; stirring speed 350
rpm). The reaction was allowed to proceed for 11 hrs (assuming 50-60% of conversion).
Tﬁe reaction was stopped by placing the vial in ice and exposing the mixture to air, The
purification of the polvmer was done by precipitation from Acetone/DMF 1.1 into
hexanefether 75/25 (three times). The resulting polymer was dried under vacuum for at
least 8 hours. The NMR spectrum showed the high purity of the product. The molecular
weight of the product (43.2 KD) and its polydispersity (1.9} were determined by GPC
analysis.

[0508] | Step 4: Deprotection of the N-Acetyl galactosamine polymer [Nag-P3-
MAA] -b-[HPMA-P DEMA-MAA] -b-{BMA-PAA-DMAEMA]
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[0509] To a 20 mb reaction glass vial the polymer prepared in step 3 (CD-02-
22) (0.7 mg, 4225 umol polymer} was added followed by anhydrous methanot (3.0 mL},
anhydrous chioroform (1.5 ml) and sodium methoxide (80 mg, 1650 umol, 6 equivalents
relative to Nag). This mixture was stirred under an atmosphere of N at RT for 1.0 h 15",
Then glacial acetic acid (540 ul, 695 wmol, 3 equivalents relative to N-Acetyl
galactoseaming content of the polymer) was added fo the reaction mixture followed by
2. 2-dipyridyl disulfide (15 mg, 66 pmol, 1 equivalant relative to pyridy! disulfide). This
mixture was stirred a RT for 1.0 h under a flow of N2 gas. After the capping with 2,2'-
dipyridy! disulfide for 75 minutes, the reaction mixture was diluted with MeOHM (5 mL)
and filtered vig simple gravity filiration. The filtered solution was translerred to a dialysis
membrane with a 2000 g/mol MWCC and dialyzed against MeOH (4x1L) over 18 b,
foliowed by dialysis against miliQ water {5 x 4L} over 20h, followed by lyophilization. The
NMR analysis was performed in CD30D to confirm the polymer structure.

105107 Since the pyridyl disulfide functionality on the polymer was difficult to
detect by NMR spectroscopy, this functionality was quaniified using UV/Vis absorption.
The deprotecied polymer (13.4 mg) was dissolved in EIOH (268 mL) providing a
polymer solution at a concentration of 50 mg/mL. An aliquot of this polymer solution (20
gLJ .0 mg, 6.35 umol) was treated with an aguecus solution of 1.0 M dithiothreitol {10
pl, 10.0 umot, OTT) for 10 min before being diluted with He0O {70 ul) giving a reduced
polymer solution of 0.0636 M (6.35 pmol/100 ul. = 0.0635 mollL). Since the expected
incarporation of pyridyl disuffide should be 1.9% in the polymer, one would expect the
concentration of the ieaving group pyriding-2-thione should be 1.21 mM (i.e., 0.0635 x
0.012 = 0.00121 M) after the polymer is treated with DTT as described above. Since the
molar absorptivity of pyridine-2-thione at 343 nm is ¢ = 8.08x10° M em™ (Hermanson,
G. T. Bioconjugate Technigues, 19986, 1* ed. Academic Press, an imprint of Elsevier
page 66 which is incorporated herein by reference) and the path length of the NanoDrop
spectrometer used Is 0.1 ¢m, the expecled absorption for the reduced polymer solution
above should be A = 0.98 (i.e., A = 8.08x10° M om™ x 0.1 cm x 0.00153 M). After
analysis of the reduced polymer solution by UV/Vis absorption the experimentally
determined absorption was A = 0.48 at 343 nm. This demonstrates the presence of
pyridyt disulfide functionality in the polymer with the actual concentration of ¢.93% total
pyridy! disulfide incorporation in the polymer ([0.48/0.98] x 1.8) compared to the 2.4%
theoretically calculated.
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ExampPLE 10.2; SYNTHESIS OF THE POLYMER PIX:

Biock 1 =8.9 kDa Binck 2 =5 KDa Blogk 3 = 25,1 kDa
Hg CH3
CHy b»—~~~c:rq2 cwa
§_ o) Ja, B% o 412% 0d12% L 0 18% 3 o 31%
271 unils HO 30 units 3 units 19 un!ls g5 lels 70 unils

\( ,s /N\
P .
o hiiA = :
HO on .
OH

f0511] Siep 1. Synthesis of poly (Nag-P3)

105121 C-Acetyi-protected N-Acetyl galactosamine monomer with
triethylenegiycol linker (Nag-P3-MA) (1.0 g, 1.83 mmoles), ECT (24.1 mg, 0.0913
mmotes), and AIBN (0.375 mg, 0.00228 mmoles; ECT : AIBN 40:1) and DMF (1.0 g)
were introduced under nitrogén into a sealed vigl. The mixture was degassed by
bubbling nitrogen into the mixiure for 30 minutes, then placed in a heat biock
(Thermometer: 67-68 °C; display: 70-71; stirring speed 350 rpm). The reaction was
allowed to proceed for @ hrs 5 minutes and was stopped by placing the vial in ice and
exposing the mixture to air. The purification of the final polymer was done by dialysis
against methanol for 2 days. No vinyl groups were abserved in the NMR spectrum and
the specira confirmed the desired structure. As determined by GPC analysis:
dn/dc=0.059234; Mn= 11.8 kDa (~ 21 units); PDI= 1.2 '

[0513} Step 2. Synthesis of polymer of the targeted structure poly{Nag-
P3)11.8 kDa-b-(HPMA-E-PDSMA)BkDa].

[05141 HPMA-E (0.69 g, 4.79 mmoles), PDSMA (0.11 g, 0.47mmoles),
MacroCTA from step 1 (0.41 g, 0.0347 mmoles; 1:150 CTA : Monomers), AIBN (0.57
mg, 0.00'347 mmoles; CTA : AIBN 10:1) and DMF (1.6 g) were introduced under
nitrogen into a sealed vial, The monomer concentratidn was ~ 3 M. The mixture was
then degassed by bubbling nitrogen into it for 30 minutes, then immersed in a heat block
(Thermometer:; 68 °C; display: 70-71; stirring speed 300 rpm}. The reaction was allowed
to proceed for 3 hours, and then stopped by placing the vial in ice and exposing the
mixture to air. The purification of the polymer was done by dialysis against methanot for
24 hours. The soivent was removed, and the resulting polymer was dried under vacuum
for at least 6 hours. The NMR spectrum showed high purity of the polymer and the
presence of PDSMA. No chemical shifts of vinyl groups due 1o presence of unreacted
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monomers were obsarved. The GPC analysls gave a molecular weight of 16800 and a
polydispersity of 1.1 for the resulting polymer,

[0515] Step 3. Synthesis of Nag-protectaed polymer INag-P3]11 soa-b-[HPMA-
E-92-PDSMAS]si0a-D-[BMASG-PAA4D-DMAEMA1 Olackna

[o516] BMA (0.596 g, 4.194 mmoles), PAA {0.383 g, 3.355 mmoles),
DMAEMA (0.132 g, 0.839 mmoies), MacroCTA (0.300 g, 0.01852 mmoles; 1:453
CTAMonomers), AIBN (0.304 mg, 0.001852 mmoles; CTA : AIBN 10:1) and DMF
(1.5067 g) were introduced undsr nitrogen intc a seaied vial. The monomers
concentration was ~3 M. The mixture was degassed by bubbling nitrogen into the
mixture for 30 minutes, then placed inio a heat block (Thermometer: 67-68 °C; display:
70-71; stirring speed 350 rpm). The reaction was-allowed to proceed for 21 hrs
{assuming B0-80% of conversion). The reaction was stopped by placing the vial in ice
and exposing the mixture {o air. The purification of the poiymer was done by
precipitation from Acetone/DMF 1:1 into hexane/ether 75/25 (three times). The resulting
polymer was dried under vacuum for at least 8 hours. The NMR showed pure polymer
with the presence of PDSMA and no vinyl groups due fo impurities of unreacted
monomers. GPC analysis of the product gave dn/dc=0.058173; Mn=41.9 kDa;
PDI=1:30. -

[0517] Stép 4: Deprotection.

[0518] Toa 20 ml reaction glass vial the polymer from step 3 (440 mg, 2575
umol polymer) was added followed by anhydrous methano! (2.0 mL), anhydrous
chioroform (1 mL) and sodium methoxide (72 mg, 1329 umo!, 6 equivalents relative o
Nag content of the polymer). This mixiure was sfirred under an atmosphere of N at RT
toc 1.0 ﬁr, then 2,2"-dipyricyl disulfide (34 mg, 154.5 pumoi, 5 equivalents relative to pyridyl
disulfide was added to the reaction. This mixture was stirred a RT for 30 minutes.

[0519] After the capping with 2,2'-dipyridyt disuifide for 30 min, the reaction
mixiure was diluted with MeOH (5 mL). The fillered solution was transferred o a
dialysis membrane with a 2000 g/mol MWCO and dialyzed against MeQHM (4x1L) over
18 h, followed by dialysis against miliQ water (3 x 4L) over 10h, followed by
lyophilization. The NMR analysis was performed using CDs0D, showing the presence of
PDSMA signals. The pyridy! disulfide functiohaiity on the polymer was aiso quantified
using UV/Vis absorption. The final polymer (6.2 mg) was dissolved in EtOH (248 ul)
providing a polymer solution at a concentration of 25 mg/mL. An aliquot of this polymer
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solution (20 ul., 0.5 mg, 3.125 umol) was treated with an agueous solution of 1.0 M
dithiothreitol (10 pL, 10.0 umol, DTT) for 10 min bafore being diluted with HaC (76 pl)
giving a reduced polymer solution of 0.03125 M {3.125 umol/100 ul = 0.03125mol/L).
Since the expected incorporation of pyridyt disulfide should be 1.2 % on the palymer one
would expect the concentration of the leaving group pyridine-2-thione shouid be 0.375
mM (i.e.,0.03125 x 0.012 =0.000375 M} after the polymer is trealed with DTT as
described above, Since the molar absorptivity of pyridine-2-thione at 343 nmise =
8.08x10° M om™ (Hermanson, G. T. Bicconjugate Techniques, 1996, 1* ed. Academic
Press, an imprint of Eisevier , page 66) and the path length of the NanoDrop
spectrometer used is 0.1 cm the expected absarption for the reduced polymer solution
above should be A =0.303 (i.e., A = 8.08x10° M" em™ x 0.1 cm x 0.000375 M). After
analysis of the reduced polymer solution by UV/Vis absorption the experimentally
determined absorption was A =0.345 at 343 nm. This demonstirated that the presence
of the pyridyl disuffide functionality in the polymer with the actual concentration of 1.3 %
total pyridyl disulfide incorporation in the palymer (J0.345/0.303] x 1.2) instead of the
theoreticalty calculated 1.2 % (100% retention of the pyridyldisulfide groups;.

EXAMPLE 11: ALTERNATIVE TRIBLOCK STRUCTURES.

(05201 Using the methods described above, the following additional triblock
polymers can be prepared. In addition, it should be understood that HPMA-E (2-
hydroxypropy! methacrylate or monomeric residue derived therefrom) may be
substituted for HPMA in each of the following triblock polymers in which HPMA appears;
solely in the interast of brevity, such additional structures are not repeated but shall be
considered part of this disclosure: |

[05211  [PAAo-BAioliox-[HPMAgo-PDSMAcfsk-[Folate]

[0522] [PAAso-BAsojrex-[HPMAz-MAA-PDSMAJsic[Folate]
[0523] Folate-[PEG]zc-[HPMAs-PDSMA (}:2 o[ DasBao-Peslaox
[0524] Folate-[PEGx-[HPMAg-MAA-PDSMA6]12 ox-[ Das-Beo-Paslsox
[0525] [PEGMA7o-MAA(NHS)ac-{DMAEMA]-[B-P-D]

[0526] [DMAEMA7-MAA{NHS)s-[DMAEMA}-B-P-D]

[0527] [Gall{HPMA-PDSMAJ-{B-P-D)
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[CB28]
[C529]
[G530]
{0531}

{0b32]

[0533]

{0534]
[0535]
[6536]
[0537]
[0538]
[0539]
[0540]
[0541)
[0542]
[0543]
[0544]
[0545]
[0546]
[0547]
[0548]
[0549)
[0550]
{0551]

{0552]

PCT/US2009/063648

[Ga-MAA]{HPMA-P DSMA-MAA}{B-P-D]
INAcGal]-{HPMA-PDSMAJ-[B-P-D]
[NAéGal—MAAHHPMA-P DSMA-MAA]-[B-P-D]
[Gal]-{D]{B-P-D]

[NAcGalj-[DI-[B-P-D]
[Gal-MAARDB-P-D]

[NAcGal-MAAH DJ-{B-P-D)
[Gal-D}-[D]-[B-P-D]
INAcGal-D}-[DI-[B-P-D]

[Gall-[PAHB-P-D]
[Gal]-[HPMA-PA}-[B-P-D]
(Gal-MAAJ-[PAJ-[B-P-D]
[Gal-MAAJ-{HPMA-PAJ-[B-P-D]
[Gal-D}-[PA}[B-P-D]
[Ga#-D]—{HPMA-I;’A]—[B-P-D]
[NAcGall-[PA}{B-P-D
[NAcGal]-[HPMA-PA]-[B-P-D]
[NACGa-MAAJPAJ-[B-P-D]

* [NAcGa-MAAFHPMA-PA}-[B-P-D]

[NAcGal-D]-[PAJ-{B-P-D]
[NAcGal-DHHPMA-PAL{B-P-D]

[PAA-BAl- [HPMA-PDSMA}-[Folate]
[PAA-BA}- [HPMA-MAA-PDSMAF olate]
Folate-[PEG]-{HPMA-PDSMA}-{D-B-P]
Folate-[PEG]-{HPMA-MAA-PDSMA}-[D-B-P]
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CLAIMS

WHAT IS CLAIMED I5:

I. A composition comprising a block copolymer associated with a polynucleotide,
the biock copolymer comprising a f{irst, a second and a third compositionally distinct
blocks, the first block being a hydrophilic polymer block, the second block being located
between the first and third blocks and associated with the polynucleotide, the third block
being a hydrophobic polymer block comprising anionic repeat units, the anionic repeat
units having a population of anions as substituents thereof that varies in number in a pH
dependant manner, the population being greater at pH 7.4 than at pH 5, wherein at least
90% of the repeat units of the first, second and third blocks are not the residues of amino

acids linked by a peptidic bond.

2. The composition of claim 1 wherein the first, second and third blocks comprise
repeat units, the repeat units have chain atoms and pendant groups covalently coupled to
the chain atoms, and the chain atoms are carbon or a combination of carbon and sulfur or

oxygen atoms.

3. The composition of claim 2 wherein the pendant groups are selected from the
group consisting of hydrogen, hydrocarbyl, substituted hydrocarbyl, substituted carbonyl

or heterocyclo.

4, The composition of claim 1 wherein the first, second and third blocks of the block
copolymer comprise repeat units derived from optionally substituted acrylic acid
monomers, optionally substituted viny! aryl monomers, optionally substituted acrylamide

monomers, optionally substituted acrylate monomers and combinations thereof.
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5. The composition of claim 1 wherein the first, second or third blocks comprise

repeat units of Formula 1:

X3 x4
*
X' X2
Formula 1

wherein

* designates the point of attachment of the repeat unit of Formula [ to other repeat units;
each X' and X* is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl, heterocycio, and substituted carbonyl, provided,
however, X' and X are not, in the same repeat unit, selected from the group consisting of
aryl, heteroaryl, heterosubstituted carbonyl, and combinations thereof;

each X° is independently hydrogen, alkyl or substituted alkyi, and

each X* is independently heterosubstituted carbonyl, aryl, or heteroaryt.

6. The composition of claim 5 wherein the first, second or third blocks comprise
repeat units of Formula 1 in which X* is -C(O)YOX", -C(0)SXY, or -C{ONX"X", and
X" and X% are independently hydrogen, hydrocarbyl, substituted hydrocarbyl,

heterohydrocarbyl, substituted heterohydrocarbyl, or heterocyclo.

7. The composition of claim | wherein the first or second block comprises repeat

units derived from a polymerizable monomer having the formula:

RS R‘E Z1
Y. O
%1/ \X%( ﬁ‘gﬁ
fi
8 R?  Z2

wherein:



n is an integer ranging from 2 to 20,

X is «(CR'R?) .- wherein m is 0-10, and wherein one or more (CR'R?) unit is optionally
substituted with -NR' -R?, -OR" or -SR’,

Y is ~O-, -NR*- or -(CR'R)-,

each R!, R?, R’ Z' and Z” are independently selected from the group consisting of
hydrogen, halogen, and optionally substituted C,-Cjy alkyl,

R* is selected from the group consisting of hydrogen, and optionally substituted C;-Cq
alkyl,

R® is hydrogen or (CR'R™),R®, wherein m is 0-10, and wherein one or more (CR'R?) unit
is optionally substituted with NR'R?, -OR! or -SR', and

R® is hydrogen, halogen, optionally substituted C;-Cs alkyl, polyol, vitamin, peptide or
small molecule having a molecular weight of 200 — 1200 Daltons, or a conjugatable

group.

8. The composition of any one of claims | or 5-7 wherein first block is a random

copolymer comprising two or more compositionally distinct repeat units.

9. The composition of claim 1 wherein the first block comprises repeat units
corresponding to Formula 1ETS:
0 Ox*
X3
*

H H

Formula 1ETS

wherein * designates the point of attachment of the repeat unit of Formula 1ETS to other

repeat units, X° is alkyl, and X* is a targeting or shielding moiety.
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10.  The composition of claim 9 wherein X* is a polyol, vitamin, peptide or small

motecule having a molecular weight of 200 — 1200 Daltons.

11.  The composition of claim | wherein the second block comprises repeat units

corresponding to Formula 1:

X3 x4
W
%
X! X?
Formula 1

Xt is —C(OY0OX® or -CONX®XY, X is substituted hydrocarbyl, substituted

heterohydrocarbyl, or heterocyclo, and X* comprises a disulfide moiety.

12.  The composition of claim 11 wherein X% comprises the polynucleotide, and the

polynucieotide is covalently bound to the composition through X,

i3.  The composition of any one of claims 1, 5, 6, or 9-12 wherein the first, second or
third blocks each consist essentially of repeat units that are residues of ethylenically

unsaturated monomer(s).

14, The composition of claim 1 wherein the third block comprises repeat units

corresponding to Formula TA:

0 OH
XS
H H
Formula 1A
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wherein * designates the point of attachment of the repeat unit of Formula 1A to other

repeat units, and X is atkyl.

15.  The composition of claims I or 14 wherein the third block comprises repeat units

corresponding to Formula 1E:

o) OX*4
XS
H H
Faormula 1E

wherein * designates the point of aftachment of the repeat unit of Formula 1E to other

repeat units, and X° and X'7 are independently alkyl.

16. The composition of any one of claims 1, 14, or 15 wherein the third block

comprises repeat units corresponding to Formula 1C:

o} OX48
XB
H H
Formula 1C

wherein * designates the point of attachment of the repeat unit of Formula 1C to other

repeat units, X" is alkyl, and X*® is amino-substituted alkyl.

17. The composition of claim 1 wherein the third block comprises anionic repeat units

derived from polymerization of a {C,-Cglalkylacryiic acid.
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18. The composition of claim 17 wherein the anionic repeat units are derived from

polymerization of propylacrylic acid.

19. The composition of any one of claims 1-18 wherein the polynucieotide is a
deoxyribonucleotide, an siRNA, an antisense oligonucleotide, a dicer substrate, an

miRNA, an aiRNA or an shRNA.

20. The composition of any one of claims 1-18 wherein the polynucleotide is an
siRNA.
21.  Use of a composition of any one of claims 1-20 in the manufacture of a

medicament for the intracellular delivery of a polynucleotide.

22, A method for intracellnlar delivery of a polynucleotide, comprising contacting a

cell with a composition of any one of claims 1-20 in an in vitro medium.

23. A composition comprising a polymeric micelle and a polynucleotide associated
with the micelle, the micelle comprising a plurality of block copolymers comprising (i) a
first block, the f“ifst block being a hydrophitlic polymer block, (ii) a second block between
the first block and a third block, the second block associating with the polynucleotide,
and (ii1) a third block, the third block being or comprising a polymer block comprising a
plurality of hydrophobic monomeric residues and a plurality of anionic monomeric
residues, the plurality of block copolymers being associated in the micelle, and the

micelle being stable in an aqueous medium at pH 7.4.

24, A pharmaceutical composition comprising the composition of any one of claims

1-20 and a pharmaceutically acceptable excipient.
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