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[0003] Among the various aspects of the invention is a composition
comprising a block copolymer associated with a therapeutic agent (such as a
polynucleotide). The block copolymer comprises at least three compositionally distinct
blocks. The first of the three blocks is a hydrophilic polymer block. The second of the
three blocks is a polymer block, located between the first and third blocks, the second
block (i) being associated with the therapeutic agent, or (iii) possessing a functional
group for attaching the therapeutic agent. The third block is a hydrophobic polymer
block comprising anionic repeat units; the anionic repeat units have 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.

[0004] Among the various aspects of the present disclosure is a composition
comprising a block copolymer associated with a polynucleotide, the block copolymer
comprising a first block, the first block being a hydrophilic polymer block suitable for
targeting or steric shielding of the polynucleotide, a second block between the first block
and a third block, the second block associating with the polynucleotide, and a third
block, the third block comprising a hydrophobic pH-dependent, membrane-destabilizing

polymer block.



bl ock, the third bl ock conprising a hydrophobi c pH dependent,

menbr ane- dest abi | i zi ng pol yner bl ock.[0005] Anot her aspect of the
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comprising a first block, the first block being a hydrophilic polymer block, a second block
between the first block and a third block, the second block being a polymer bioconjugate
comprising the polynucleotide covalently coupled to the second block, and a third block,
the third block being or comprising a hydrophobic pH-dependent,

membrane-destabilizing polymer block.

[0008] Another aspect of the disclosure is directed to a composition
comprising a block copolymer associated with a polynucleotide, the block copolymer
comprising a first block, the first block being a hydrophilic polymer block suitable for
targeting or steric shielding of the polynucleotide, a second block between the first block
and a third block, the second block being a polymer bioconjugate comprising the
polynucleotide covalently coupled to the second block, and 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.

[0009]1 Yet another aspect of the disclosure is directed to polymeric micelles

comprising the compositions described herein.



residues and a plurality of anionic nononeric residues. [0009] Yet another
aspect of the disclosure is directed to polyneric mcelles conprising the
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at pH 7.4. [0012] rﬁé&Mhdﬁ?E)H fiusome enbodi ments herein is a conposition
conprising a polymeric mcelle and a pol ynucl eoti de associated with the
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a. afirst block, the first block being a hydrophilic polymer block suitable for

targeting or steric shielding of the polynucleotide,

b. a second block between the first block and a third block, the second block

associating the polynucleotide, and

c. athird block, the third block comprising a hydrophobic pH-dependent,
membrane-destabilizing polymer block, the plurality of block copolymers
being associated in micelle, the micelle being stable in an aqueous
medium at pH 7.4.

[0012] Provided in some embodiments herein is a composition comprising a
polymeric micelle and a polynucleotide associated with the micelle, the micelle
comprising a plurality of block copolymers comprising:

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

b. a second block between the first block and a third block, the second block

associating the polynucleotide, and

c. athird 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



c . athird block, the third bl ock being or conprising a polynmer bl ock
conprising a plurality of hydrophobic nononeric residues and a plurality of
ani oni ¢ rwoanvise2e6esi dues, the plurality of bl ock copolPgEaIS2009/063648

bei ngassociated in the mcelle, the mcelle being stable in an aqueous
medium at pH 7.4. [0013] Provided in certain enbodinents herein is a
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[0014] Provided in some embodiments herein is a composition comprising a
polymeric micelle and a polynucleotide associated with the micelle, the micelle

comprising a plurality of block copolymers comprising
a. afirst block, the first block being a hydrophilic polymer block,

b. a second block between the first block and a third block, the second block
being a polymer bioconjugate comprising the polynucleotide covalently
coupled to the second block, and

c. athird block, the third block being or comprising a hydrophobic
pH-dependent, membrane-destabilizing polymer block, the plurality of
block copolymers being associated in the micelle, the micelle being stable
in an aqueous medium at pH 7.4.

[0015] Another aspect of the disclosure is directed to a method for preparing a
composition comprising a polymeric micelle and a polynucleotide associated with the
micelle, the method comprising admixing a block copolymer with a first denaturing
medium, the block copolymer comprising a first, a second and a third block, the first
block being a hydrophilic polymer block, the second block being a hydrophilic polymer
block located between the first and third blocks comprising a moiety having the capacity
for association with a polynucleotide, the third block being a hydrophobic pH-dependant,
membrane destabilizing polymer block, exposing the block copolymer to a second
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medi um the bl ock copol yner conprising a first, a second and a third bl ock,
the first bl ock being a hydrophilic polyner block, the second bl ock being a
hydr ophi IWo 2pwlopmes bl ock | ocat ed between the first andPChiusdoooloessks
conprising a noiety having the capacity for association with a

pol ynucl eotide, the third bl ock being a hydrophobi c pH dependant, nenbrane
destabi l i zi ng pol yner bl ock, exposing the block copolyner to a
secondagaqoeemismeedium, abdwiogitmybloble chbayrkeciopasisygarate it dhaaguadustreedinmttbe
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i nvent i opopalyrdephar maceuti cal conposition conprising any of the bl ock
copolynmers or micelles of the present invention. [0017] A further aspect of
the present ipyerd] OAnb1$1et aspdts of ik meéHmWeﬁﬂm@isWarmacéhmndlle of the

present inventjon in the manu{)%ctbirci( medi cane r\t L%Ol% A further

aspect oFOTRBSIHPLEXRPIIFIRG BRY PLiRelock GaRPNBETS 8F MiGHIEaeEINe TSP tel i very of a
pol ynucl gRbhgsh. the net hod conprising contacting a conposition conprising a
bl ock copolynmer or micelle of the present invention with a cell surface in

a nediumat arpoisf AHrthdHdsPeLCf Mige b@eﬁﬂﬁ%’rﬂiohh@ﬂwé MHeDofaolgBlos omal
menbrane w t h| n the cell through endocytosis; and destabilizing the

endosomaFoRRiBeadeNicRiR PEIHE Rreeent S1vsBHEdn indhemarturi?ecttpfsmf@uﬁ@@@@ma@t | s
delivered to the cytosol of the cell. [0019] A further aspect of
present i nvent?&kBT sAduriRarasgesiat the BIGSEP iRYenties B atmeineq s fmtégpellular

I ntracel hahky b4 B8 nu&e&uo“ee}He méfh%drﬁ%hmem %Edc‘ﬁ ng% coftfldsitehl N9 a

polynucleotl etot eCtOSO of a cel USI a conposition conp r|S|nga
bl ock cop@nnyﬁ@ng @rblcpﬁl@@pbb'mﬁr Otrmcqiiee@‘éhﬂ pi%eehnvemlonamth ake¢lbsvrtageting

pol ynucl ent 4 he
activity o%ﬂﬁﬁ Qﬂ ? @Id%lhngﬁr%g 6&%{3'3#&%@%”&%%'%%% CF THE
DRAW NGStf{d)MOpro‘ngb enduettosisadnar destadfilizingethereneonsdoal membsate, ivbetdbywhé h
particul arit h en t andi ng of the
Pt ur oscamposlichht @aiﬂ%ﬁ’v@ﬁ@ﬁa&pﬁeﬁx@edﬁ@ﬁn% %ﬁSQ‘L% Sl oY a ned by
reference to ol | det i l,ed descrj.
1 ostrative LB nATHR fiBhR ot RESER R HRatd Bimethbd fardddiasinadre
utili zedactng of be irtcengmanyrgd inlaaell s ndthadcernprising: delivering a

polynucleotide to the cytosol of a cell using a composition comprising a block copolymer

or micelle of the present invention, and allowing the polynucleotide to interact with the

intracellular target, whereby the activity of the intracellular target is modulated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The novel features of the invention are set forth with particularity in the
appended claims. A better understanding of the features and advantages of the present
invention will be obtained by reference to the following detailed description that sets
forth illustrative embodiments, in which the principles of the invention are utilized, and

the accompanying drawings of which:

[0021] Figure 1 illustrates the synthesis of poly[PEGMA-MAA(NHS)]-b-
[DMAEMA].

[0022] Figure 2 illustrates characterization of poly[PEGMA-MAA(NHS)]-b-
[DMAEMA] by NMR.



[0021] Figure 1 illustrates the synthesis of poly[ PEGVA- MAA(NHS) ] - b-

[ DMAEMA] . [0022] Figure 2 illustrates characterization of

pol y[ PEGWONB NS ]| - b- [ DMAEMA] by NVR [ 0023] Fi gure 3PCriussematisgs
characterization of poly[ PEGVA- MAA(NHS)]-b- [ DMAEMA] by GPC. [0024] Figure
4 illustrates the synthesis of poly[ PEGVA- MAA(NHS) ] - b-

[ DMAEMA] - b- [ DMAEMA- BMA- PAA] . [0025] Figure 5 illustrates the

characteri zat {0o0R3f Ppiguye BEGEHaMEA(HLHR)EH 2atioh DVpEVN EGMADNARIKE Bjb- PAA] by
NVR. [Og@&h Laure P(iBIIustrates t he characterization of

pol y[ PE @EWQ%)‘? - [ DMAEMA] - b- [ DVAEMA- BVA- PAA] by GPC. [0027] Figure 7
illustrates t terizati | v[ PEGVA- -b-

Exweang o bR R By b ARE S BB i o

t he char EVaENZHL-OMAEMPEBVAREGNA- MVAA(NHS) | - b- [ DMAEMA] - b- [ DMAENVA- BMA- PAA]

by DLS. ABBREVI ATI ONS AND DEFI NI TI ONS [ 0029] When introducing el enents of
the present ipyerdj oRiguire BHkugdeSLhe etaerhoidbi®@nbi(S0ly[PESNSAMAAME LI cl es

a," "an " " ! "said' are inte d to nean that there are one or nore
of the e[%Mé ]%%é&@sBM&%éPQV ﬂg& "including” and "having" are
intended to be_ inclusjve and nean that there may he i tion ts

ot her than t hE09%&k eg'géﬁr%%éﬁ{%ﬂate[ﬁgg afﬂcfeﬁﬁéy?%?})%ﬂgg@\@f&ﬁ@%wg'

i ndi cat ethMAEMA)VAIDMAE IA-BRIALPAAT hyeGeoup” neans an optional ly
substituted, non-aromatic hydrocarbon noiety. The noiety may be, for

exanpl e, |inepso2Pr apRfiRd 7 iMist@¥ed thé cheradterizARIOof ;str|y[pEGm1_;(MA&(hm&)n1Pas
er eor.

fused, bri dgl ng, or Sﬁl ro-fused polycycli 33 or a conbination t

Unl ess ol ﬁvgbd'bs@é EMEBMA P AALEY NV BUPESEont ai n 1- 20 carbon at ons.
[0031] Al kyl: unless _otherw se indicated, the al ktyl roups described herein
are pref erabl J09%%kr Figure B ilustiatanihagharastargaton o I%Q'ﬁﬁﬁ HAAXMEWELT n t he

princi paprgmdﬁﬁmﬁEm_ggAcpAR% plgns. They may be linear, branched or

cyclic a I nc

ABBREVIATIONS AND DEFINITIONS

[0029] 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 more of the elements. The terms "comprising”, "including” and "having"
are intended to be inclusive and mean that there may be additional elements other than

the listed elements.

[0030] Aliphatic: unless otherwise indicated, "aliphatic" or "aliphatic group”
means an optionally substituted, non-aromatic hydrocarbon moiety. The moiety may be,
for example, linear, branched, or cyclic (e.g., mono- or polycyclic such as fused,
bridging, or spiro-fused polycyclic), or a combination thereof. Unless otherwise

specified, aliphatic groups contain 1-20 carbon atoms.

[0031] 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 linear, branched or cyclic and include

methyl, ethyl, propyl, butyl, hexyl and the like.

[0032] Amino: unless otherwise indicated, the term "amino" as used herein
alone or as part of another group denotes the moiety -NR{R, wherein Ry and R; are
hydrogen, hydrocarbyl, substituted hydrocarbyl or heterocyclo.
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met hyl, ethyl, propyl, butyl, hexyl and the like. [0032] Am no: unless

ot herwi se indicated, the term"am no" as used herein alone or as part of
anot her gwouplidsmsbes the noiety -NR R2 wherein Rl andPRR/Use@9lyibnogen,
hydr ocar byl , substituted hydrocarbyl or heterocyclo.[0033] Am de or Am do:
unl ess otherw se indicated, the "am de" or "am do" nvieties represent a
group of the formula -CONR 1R2 wherein RL and R2 are as defined in
connection w [@0331]e Aaide SaAmitn.: unBedssithénwi sdindicatdel, thef "amidxXarpbmjdo’ ef er s

to a group.qf er ei I as one_of Rl and re other
t han hydﬂg’ S re?ﬁﬁéﬁ% %W"HP&%W uk %@ﬁﬁﬁ%ﬁﬁ gein ey 3?%?:‘?8“’ asg
forml a inCéddRedith with efecierm Rimard "B&béﬁt&tebtlinhldb,yﬂlirag@mple{ verRA toA;(\gu@rmpp
o e ool SRR S s bR s BT c
repeat unihsudsttutedBMRIGE ToPEx M MRFdrS td!AigkoRedibimguIa ~DONR, H.h@heleh R esent
in an anionic charged state or in a non-charged state, but in the

h t%d t at h d stat but th

non- char 86 Re@ BONYEEINSHI e of becom ng anioni c charged, e.g., upon
removal of an el ectrophile (e.g., proton (Ht) , for exanple in a pH
dependent manh@934] Iﬁn@QMMPWPmﬂ%MI%’é%MOF%@e@@ 80 oF Snniss amaté-frl'ty

negat | Vel yshalaRdisBindich B PSR ChUgAUE ARG AonBHeRLnAoLARRR

protonation and becones substantially neutral at a weakly acidic pH The
non- | i m teRegt eRiETd BEBORIM YUY HNYIBUYE UidhepdiegEagroor yatds pigsent inanbi t uri c

d d d
o Bl e A 0 kA e oD AR SR B0 o BRI ©
sul fonamﬂb@conﬁlﬁ@aﬁ]onmmed SR CU s remﬂvab@‘ ant ¢lectraphdei(@di, caatreubn (&Iﬁ)

" Ani oni c.Speci e§ rou resi d e,or rtml ecul e th i S { |t DRAn
ani oni ¢ BrgER P Heh RS G BT LEUT 1B be TR ottty SBRlastiAY
capabl e négdamthaggmamn @pmbﬁ.l‘rgmly payﬂologlualqm betmazrgads @otopbtert aaphi | e

| et ahcolBbTHES gy e/ P TR WA AC pEC CTBRHPEND P aRpieE o,

charged gfoupB ifdNMIOXdrBBkye bhoupRYBarBliae £ad aﬁh*dBHtfatN/@gﬂlieQ@@fS x@itainendidl on and
becones substantially neutral at a weakly acidic 0036 Aryl . unl ess

ot her wi sEeiyalVeaNalect; BRronisapdsa PYPPIHHC agis) p@ssﬁwﬂc neite, i 8@ioFonal | y

substi t uhREsIHRAC ¥Rl isGiforkingi¥es.i ¢, and tricyclic ring systems having a total
of

[0035] Anionic species: unless otherwise indicated, an "Anionic species” is a
group, residue or molecule that is present in an anionic charged or non-charged state,
but in the non charged state is capable of becoming anionic charged, e.g., upon removal
of an electrophile (e.g., a proton (H*), for example in a pH dependent manner). In certain
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.

[0036] Aryl: unless otherwise indicated, the term "aryl" or "aryl group" refers to
optionally substituted monocyclic, bicyclic, 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
homocyclic aromatic groups, preferably monocyclic or bicyclic 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
more preferred aryl.



five to fourteen ring nenbers, wherein at least one ring in the systemis
aromati ¢ and wherein each ring in the systemcontains three to seven ring
menbers. wWbeotisuxe" aryl " or "ar" as used herein al one ®CTAS2063688

anot her group denote optionally substituted honocyclic aromatic groups,
preferably nmonocyclic or bicyclic groups containing from6 to 12 carbons in
the ring portion, such as phenyl, biphenyl, naphthyl, substituted phenyl,
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conbi nat tmecsfhereof. [ 0038] Bl ock Copol ymer: unless otherw se indicated, a
"bl ock copol yner" conprises two or nore honopol yner or copol yner subunits

l'i nked by covam] bpREk c@b%@rcga@syw&rwwmw@doa"mdskfke@gémﬁérnct
bl ocks are called di bl ock copolyners and triblock co mers, respectively.
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nol ecul aconitgivhabdr reaicdmedioerkit, iandtwhesrein lslack lsubsyipk yon@ consisutongyest ed by
the schepatic nt%ﬁ] sone tan ure
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i's not nﬂmthaemes/mmdrmaher’een@oalsb bedeweg condtruticnay unied iatdaeh Hiuck and
what soever

t titutignal units or the nunber of
G Tt or onth g8 SRiete B P RGETee Rsioh ST each HOGRRHnS AR POl e i o the
schemat i gugmafidd bpthdeshbematc an ¥oRrlihstahtsy, tHumitaberdndthe aadeERNEas t he
constitutional units within a particul ar bl ock. In each bl ock the

const i t uEPRRYtionAl it iswprarately sprisdligdifer eachlietky TheRfaRMada IBNetePeRRti ng
random gng %%blérnof"bé %rﬁ’éﬁ}e@% n?fetIr é’rg}JrIethlohéﬁlE '@vf&"tsc’évé@@é’tﬁl@bﬁltﬁ@ﬁumber

configuration unless expressly s be otherw se. A purely random
conf i gur at ¢ansitutionalesimer &e mbwavéilffqﬁ@ntﬁmﬂs @fiqonafutional 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
constitutional units may be disposed in a purely random, an alternating random, a
regular alternating, a regular block or a random block configuration unless expressly
stated to be otherwise. A purely random configuration, for example, may have the non-
limiting form: x-x-y-z-x-y-y-z-y-z-z-z... A non-limiting, exemplary alternating random
configuration may have the non-limiting 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-z-x-y-z... An
exemplary regular block configuration may have the following non-limiting configuration:
... X-X-X-y-y-y-2-Z-2-X-X-X..., While an exemplary random block configuration may have
the non-limiting configuration: ...X-X-X-z-z-X-X-y-y-y-y-z-z-z-X-x-z-z-z-... In a gradient
polymer, the content of one or more monomeric units increases or 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 particular juxtaposition 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
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form X-X-y-z-X-y-y-z-y-z-z-z.. . Anon-limting, exenplary alternating
random configuration nay have the non-limting form
X-Y-X-2Z- yWR-2910205¥y26%-z. . . , and an exenpl ary regul ar al PETABLINY63648
configuration may have the non-limting form X-y-z-X-y-z-X-y-z... An
exenpl ary regul ar bl ock configuration may have the follow ng non-limting
configuration: . . .X-X-X-y-y-y-2-z-Z-X-X-X..., while an exenplary random
bl ock conépgymatsiformimgya maeke tdescrived-hiereim t Asglsedm{a'rejwtbe baatkets enclosing
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al ternate, gracs1 ent or random b}maiécopo ners n sone e I ments, the
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Mononer, Cgtl on# c I\/B o] g c@#g ﬁ.. t?r éocﬁ t eat)I tJB uepl Iss é)t herw se
i ndi cat eofn AHTEG rﬁg nOSNGYYShE" (9%3 v ca?.nr}g. 8194 oni ¢
repeat umidiéty capablenhhawng arcaaonﬁvnbar@emponraddmpaaif anmidctrophite {eeg.ns

"nmononeric ur%_t]" and "repeat unit" being used interchangeably) bearing a
cation oP"° ’é)?y capabl e of having a cationic charge upon addition of an

& oup, or Cral G0 <BoBioGRBE Pedkk: Chardeatie oG o < Dbae dhnamate ¢

" char geabhg: SRRk @therwisehiadiefal! £ diafibzblOspecidyr gRaReabBRPOUERTdrc unit” is
a species, group or nononmeric unit in either a charged or non-char ged

state. |EhEIeAImMORSTEHE Bl ig & PIeaIEgeAOLB HFIEIATE UiNiln eitheyr prargskht can
gfafg;wggF R6h Eﬁa@ea Redigeth &drdliPinsRintBera @RafftiaBlY MHoREMEAE LRFi§ oRbdfed
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 "chargeable species”, "chargeable
group", or "chargeable monomeric unit" includes the disclosure of any other of a

"chargeable species", "chargeable group”, or "chargeable monomeric unit" unless
otherwise stated. A "chargeable species" that is "charged or chargeable to an anion" or
"charged or chargeable 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 to an anionic charged state, e.g., by the removal of an electrophile,
such as a proton (H*). A "chargeable species" that is "charged or chargeable to a
cation" or "charged or chargeable to a cationic species" is a species or group that is
either in an cationic charged state or non-charged state, but in the non-charged state is
capable of being converted to a cationic charged state, e.g., by the addition of an
electrophile, such as a proton (H*). "Chargeable monomeric units" described herein are

used interchangeably with "chargeable monomeric residues”.



addition or renoval of an electrophile (e.g., a proton (H+) , for exanple
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e conc n at which a mcelle selfassenbl es. 0043] Dicer
Substrat interfarpeescitadisesMitys ingehe stlentingby aiRMA keedikdowat e” i s a substrate
for the RNase Il famly menber Dicer in cells, the substrate possessing at
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pr oduce i mat el y STe} (si RNAs)
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bne §not Btk iz nais a4 toan g hem ddiies. £ et adinany £ Up6Sa iy HradtGan o

particl etlm'eée1 Uhigdes! $.3 18A6s, t1f@ﬂm53tdrme$ timtéstthéBgarodyridnie partiéld §ip®dfa 1. 8
tines, ._tlrres 15t|rres . tlrres 1.3 tines, 1.2 tines, or 1. 1 tines

t he hydr gw%lgrﬁomp‘glgmgﬂbq; éa@ieztéongcqpolymers and as formed in an aqueous solution at

a pH of 7.4, or formed in human serum. In one instance, a micelle is "disrupted" if it
does not have a concentration of assembly 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 a micelle comprising the same block copolymers and as

formed in an aqueous solution at a pH of 7.4, or formed in human serum.

[0045] Endosome Disruptive & Endosomolytic: unless otherwise indicated, a
composition is "endosome disruptive," also sometimes referred to as "endosomolytic,” if
the effect of the composition upon the endosome is to increase the permeability of the

endosomal membrane.

[0046] Heteroalkyl: unless otherwise indicated, the term "heteroalkyl" means
an alkyl group wherein at least one of the backbone carbon atoms is replaced with a
heteroatom.

[0047] Heteroaryl: unless otherwise indicated, the term "heteroaryl” means an
aryl group wherein at least one of the ring members is a heteroatom, and preferably 5 or
6 atoms in each ring. The heteroaromatic group preferably has 1 or 2 oxygen atoms, 1
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hydr ocar byl , E&‘éfs]( tero%ﬁ J}ffggsoaﬁ{ﬁmﬁéeoﬁw%taf‘e‘& g)’edtre%é’ *'hé?&%!cyclé"cé(rjlooxy’

al koxy, al kenoxy, NOX cyano
t hi ol , kéheidarsapy@méﬁabsed bartegr aloaeadr as balrtsaf ah@48¢rodp tdenotat aptionally ess

ot hervm se i e t.he. t rm"h t ond' ans, an_at om ot.her. than
hydrogen l?sqg gﬂﬂrﬁﬂ% &i@;aéeﬁan?ap?ﬁc Oﬁpicygbﬁ:eﬁro%ﬂ&%horus bor on,
ar seni c, nsmremaltlmgﬁfupSIHav&@ﬂat@éa(strbn{aﬂh@@c])atbbt |era®daacst one ting sl prefeedbly Se

i ndi cat ed the terns " het d}é/e(r:{l o" nd "het egﬁ c ic" as used herei n al one

or as. paPt 6 GO B TR 100 UM EIBI08Y B TR FIPTRIBEES (| F SVPED FIPeRit ur at ed
or unsat gf alglur ABMECA/6C1 & 4 Rit@yeh iafom&nABLinG, &id MRPDeWBRIES t(QfHeUpS
having at |east one heteroatomin at |east one ri n% and preferably 5

remainder of the molecule through a carbon or heteroatom xemplary heterocycld

include heteroaromatics such as furyl, thienyl, pyridyl, oxazolyl, pyrrolyl, indolyl,

quinolinyl, or isoquinolinyl and the like. Exemplary substituents include one or more of

the following groups: hydrocarbyl, substituted hydrocarbyl, keto, hydroxy, protected

hydroxy, acyl, acyloxy, alkoxy, alkenoxy, alkynoxy, aryloxy, halogen, amido, amino,

nitro, cyano, thiol, ketals, acetals, esters and ethers.

[0050] Heterohydrocarbyl: unless otherwise indicated, the term
"heterohydrocarbyl” means a hydrocarbyl group wherein at least one of the chain

carbon atoms is replaced with a heteroatom.

[0051] 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, alkenyl, alkynyl, and aryl moieties. These moieties also include alkyl,
alkenyl, alkynyl, and aryl moieties substituted with other aliphatic or cyclic hydrocarbon
groups, such as alkaryl, alkenaryl and alkynaryl. Unless otherwise indicated, these

moieties preferably comprise 1 to 20 carbon atoms
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or 6 atons in each ring. The heterocyclo group preferably has 1 or 2 oxygen
atons, 1 or 2 sulfur atons, and/or 1 to 4 nitrogen atons in the ring, and
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roperty,of a.c osi tion asured by the f ft f f th
Eongosi #8@%%‘?&%@% a&yl,n%r}g_ *ﬁ?%&’?@@f‘%ﬁe{’ﬁt :ndr\(/avgt ZPGE %d?oph(r)gin(s:i 1?;/ (r)egai ﬁed.
Kar pl P. A, ej cl, 19 6: 1302-1 307.). The h habi.city of
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coeffi cideqamp(isEés hwnd)pﬁr?biicsmde][tibmedj @atdmms}rembbg ep'fhqu’pmglbk:rc@?ef"dﬂs of a
conpound in .t t WO ases, 0 m xture of two. i mr sci sol vents, e.g.,
P shBbtb el T B s At Bl S oA RS e ot hydr ohoni o 1y
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inventi O%dd&@bﬂid'%r@%yéfo%hﬂﬁib roriBriét irit' & & Phpdiat Gnit BEMRROREHO DAk bEa aryl,
and heteroaryl groups. [0053] Hydrophobic Core: unless otherw se indicated,
a a "hydP8yREhPESIEssEg a hydrophobic substituent.

[0055] Hydrophobic Species: unless otherwise indicated, the terms
"hydrophobic species" and "hydrophobic-enhancing moiety" is a moiety such as a
substituent, residue or a group which, when covalently attached to a molecule, such as
a monomer or a polymer, increases the molecule's hydrophobicity. .

[0056] Inhibition, Silencing, Attenuation or Knock-Down: unless otherwise
indicated, the terms "inhibition," "silencing,” and "attenuation" as used herein refer to a
measurable reduction in expression of a target mMRNA or the corresponding protein as
compared with the expression of the target mMRNA or the corresponding protein in the
absence of a knockdown agent. "Knockdown," or the reduction in expression of the
target mMRNA or the corresponding protein, can be assessed by measuring the mRNA
levels using techniques 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 microarray; and in the
case of proteins by techniques well known in the art such as SDS-PAGE, antibody

binding, western blot analysis, immunoprecipitation, radioimmunoassay or enzyme-
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conprises hydrophobic noieties. In certain instances, a "hydrophobic core"
is substantially non-charged (e.g., the charge is substantially net

neut r al ) .wpQ0BYIS43d¢dr ophobi ¢ Repeat Unit: unl ess ot her wesg/usnawoaicesl, a
"hydr ophobi c repeat unit” or a "hydrophobic nmononehc unit” is a repeat unit
or nononeric unit of a polyner possessing a hydrophobic substituent. [0055]
Hydr ophobi ¢ Speci es: unl ess otherw se indicated, the terns "hydrophobic
speci es" lired ih’iTITyLdTC(SpﬁlEbli asEyH&hS Agflmesteriteiastivatadicell gnalysib aad a

substi t uent z qlg gr, & group whi ch, when covalently attached to a

nol ecul e'm@HE?\C 3 rrH%Fnyomar or a polymer, increases the nol ecul e’ s

hydr ophobi ci t 0 Inhibition, Silenci Att i n qr_Knpck:.Down:
o her vl 228 Th MM ot d<itm: Ui fewids b GRER, b atfasd QR

" ?t t enuagé@@msywdﬁbamﬂdbamé@gytme@urm@ womlahm Inelg Glimauint bharexpr essi on
(0] ata t or the orres In roteln as co

expr essi BPGFSPRETadkichh RRRAS o o 1sadiesPioB S5O g BP oY N eNefbegns ence

of a knogkgome gaaent.g., KARKASWAd/or fpolypeplisittehdiedifdne s hegaon of the
target nMRNA or the correspondl ng protein, can be assessed by neasuring the

MRNA | evERESQiDRA Jrore Bleridige s hRepYel ioh 6T epsion My delaehingd ugiharsandzd ve
pol y”era?e%hﬁf@ﬁb@fdr‘?ﬁ@ééuﬂﬂﬂ(rm)or?%%bi'nf' cation, RNA solution hybridization,

nucl ease protection, northern ting and hybrldlzatlon and gene

expr essi on ”Dp?éféj ”Qlemdr%@Dﬁbt%bm%g%Iyrﬁé\dor'I\VFeﬁwB%n%@%stéﬁlhzﬁHg)B%'cQs by

t echni ques we nown In the art suc DS- PAGE, anti body bindi ng,
west ern Bniess aﬂwlrw@emdl¢atﬂdsrm'ﬁn@nbr@neﬂeﬁtablhzmmwrnﬂunbasmynttﬁane

|
anal yai sOandoiATYBRER: BEP LAy RS sk By g MR ERERE B Ml B e ok o
ot her w s& & neliuatreeimbtane gitucase ( é gn lanlandog@nal regMbEBE) 6n'asnepagnit an cause
I d t h t of th
qene. - TeOBR B eSO, M-3Rt B BT e PER R 2Gene (e o
an i mMRNAporagtiddent palymdrylwedaﬁ) de dasaﬂﬁbagreﬁjcﬂfmmrarrﬂwcwrenfscexémdlef toom t he

ene. The | evel e ress det er m ned s n andard techni ques
Por  measERIChg GERRAGHTES GO VR SRS VBRI s raderoge HOSSHGHRAS or

Menmbr ane atyﬁieabah b3i(h@ iBhethscedbaya ﬁfehﬂfrmmsemruyﬁl/@@b@ﬁwera BB RRe

destabi | Idélrungt’lve po ynrr?err"cagrdlraectlllyrrgrn?rgdlggctly elicit lysis of a cellular vesicle or otherwise
disrupt a cellular membrane (e.g., as observed 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
assessment in assays that measure (directly or indirectly) release of an agent (e.g.,
polynucleotide) from cellular membranes (e.g., endosomal membranes), for example, by
determining the presence or absence of such agent, or an activity of such agent, in an
environment external to such membrane. Another non-limiting approach involves
measuring red blood cell lysis (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 a range

of pH values.

[0059] Micelle: unless otherwise indicated, a "micelle" is a particle comprising
a core and a hydrophilic shell, wherein the core is held together at least partially,
predominantly or substantially through hydrophobic interactions. The micelle may be,
for example, a multi-component, nanoparticle comprising at least two domains, the inner
domain or core, and the outer domain or shell. Micelle particles described herein may

have any suitable or desired diameter, e.g., of less than 1000 nanometers (nm). In
13



destabilizing block” can directly or indirectly elicit a change {e.g., a
pernmeability change) in a cellular nmenbrane structure {e.g., an endosonal
menbr ane)weaosgsizwsoper mt an agent (e.g., polynucl eoti derT/lisnooassisaes ati on
wi th or independent of a micelle (or a constituent polyner thereof), to
pass through such nenbrane structure, for exanple, to enter a cell or to
exit a cellular vesicle (e.g., an endosone). A nenbrane destabilizing

pol ymer gemerhg tifeomiceile shomldmauesiﬁaerildigf)s smateerugheo dilswuipdit vetapobymer . A

menbr ane _di sr r.,can. d|r or i elicit lysis of a

ol ut ar YRTVARLAR. BORERTY L5F iR TRt 2eBiact P e nshsh: ElbgnbibZs

%leaser VleFtHeOdlaﬂnlgwb@‘tmtmﬁE_r }‘e_rsapnm Qmeferrﬁ%qm@ﬁm%tthemm@éllecrﬁﬁsl albamam@ndir aneS)
nera rane destabili zi nmenbr ane disr roper

ol yror 5169 T GupresSERiB calen S anpo dameits sratmut 1 ARLREERAESR t i ng

appr oachnng apbat@enrio abs @l 100 h, SFEERARE I6ds! BEt, W BmGBU M eareh el Ve domk

assessnent in assays. that neasure (directly or i ndirectl ) rel ease of an

agent ( eSfbodimarinuMicede ipaeice %W@rébﬁapbarmm%n@ﬁém@e@ Incléwa@s*M@p
b h
menbr anefhited &, b9§%f§é@neé%n%ﬁwﬁéfbgﬂa@ﬁy @ﬁcﬂ\fﬁ@%ﬂﬁ&@{text RERGIDRE) SUC

agent, or an acti such agent; I'n to such

menbr ane eleaion eeropenpyl teefinidurs (@dhr baldh ansaiheresetfedsuri ng red bl ood cel |
| ysis (henolysis), e.g., as a surrogUte assay for a cellular nenbrane of
i nterest. Suchogé%hyblon&hahs@edﬁﬁ@e%tt reiss juntise oprerwisededioatedvarnan-r ange of

pH val ueﬁharhp eéyluﬁf?l 135 regQ%ﬁJgﬁtﬁ%r Opmtﬁ&d e(?ﬁ% ?%h] a‘?‘um’f’b cﬁﬁonlés. a

particle co Ing a core 'Tcs erein e core is
hel d t ogeddeat uait. | east partially, predom nantly or substanti aI |y through
hydr ophobi ¢ interactions. The micelle may be, for exanple, a
mul ti - conponen®Qénknpeaebside e unlesp oirenmige atditaed.tthe weymdoweaiensidet iseusedner

i soLe and t he.outer domain _or she C IIe ga&%lcles descri bed

d N

nor ot s SfaTe XUt By SR pBhofitEharad “fdalBsBTThRC S an 1000
nanolrr:st errmﬁ@ﬁ@ehahﬂ@%cﬁb blgt fsandnlmﬁatbﬂleo pboobe aharlex@hmﬂﬁﬂsmmhismr?l enough
to a oW, elr e e otic ce al e mce e as a

| onaest " The Sanot Bt dieRiaR o KRLESS menRsagsharde Ribuesand Bonowsohmids | cas.

I n some mmwéur@rmsnmh@g ﬁy@r@kyl@rm Wit haogésy, nedthd90 hwinogén besminoSmal | er

mcelles, e.g. having dianeters of about 10 nmto about 200 nm about 20 nm
to about gmsn%byo‘?s’[%rdf'%ﬁ?'bpf *F@Eonaéhﬁdroxﬁ HPHRS0 nm are used in sonme

enbodi nents. Mcelle particle size can be determ ned in any manner
i ncl udi ng, bufO®%31 Nucleotide: unless otherwise indicated, the term "nucleotide,” in its

broadest sense, refers to any compound and/or substance that is or can be incorporated
into a polynucleotide (e.g., oligonucleotide) chain. In some embodiments, a nucleotide
is a compound and/or substance that is or can be incorporated into a polynucleotide
(e.g., oligonucleotide) chain via a phosphodiester linkage. In some embodiments,
"nucleotide” refers to individual nucleic acid residues (e.g. nucleotides and/or
nucleosides). In certain embodiments, "at least one nucleotide" refers to one or more
nucleotides present; in various embodiments, the one or more nucleotides are discrete
nucleotides, are non-covalently attached to one another, or are covalently attached to
one another. As such, in certain instances, "at least one nucleotide" refers to one or
more polynucleotide (e.g., oligonucleotide). In some embodiments, a polynucleotide is a

polymer comprising two or more nucleotide monomeric units.

[0063]1 Oligonucleotide: unless otherwise indicated, the term "oligonucleotide”
refers to a polymer comprising 7-200 nucleotide monomeric units. In some
embodiments, "oligonucleotide" encompasses single and or/double stranded RNA as
well as single and/or double-stranded DNA. Furthermore, the terms "nucleotide",
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limted to, by gel perneation chromatography (GPC), dynam c |ight
scattering (DLS), electron mcroscopy techniques (e.g., TEM, and ot her

nmet hods. WOQ60Joskshn- Char ged Repeat Units: unl ess ot her wese/usnawoaicesl, a
"noncharged repeat unit" is a repeat unit that is neither an anionic repeat
unit or a cationic repeat unit. [0061] Nucl eoside: unless otherw se

I ndi cated, the term "nucl eoside" is used to describe a conposition

conpr i si hyucteicracids ADdIAGT 1RIMA, &add/ar biaslar tefime imnbmrd:esamtéialabueariamgsudes but is

I h I
I e et N e L
substi t u(pmg yetked xytlefy anides(LMA hplﬁtﬁpﬁlﬁcﬂ@NAmﬁderMmohmrm&@dQroram no

gr oups, erificati nof addi tion ydr ox ro

Sol'Por | BBl AEsSl! ReRlRd BnpsRis ot R RO G BN IR, mEoS A

br oadest SSNWspﬁ&Eﬂcﬁteﬂmk )CWﬂé@éﬂéesﬁB@H @é pﬁﬁlﬁl&i W%a&d’réﬁsd@céﬁ can be
I ncor porate nto a nucl eotide (e.g r|eﬁ%;;onucl eotide) chain. In sone

embodi neRfslucgd Hﬁ'@gé@fqrﬁl@n?@ Qi(p&ﬁ%lﬁﬂ(éte&‘?ﬁﬁ‘ OBQ%?{%HH@'%éPem@aW can be
i ncor por gfffedindP e?c plﬁlébﬂ#@érﬁeédl%nfse athucl it HARYrisd8la i@ via a

phosphodi est er [1'nkage. I n some enbodi ments, "nucleotide” refers to

i ndi vi duauclﬁwd@pbowa@e (eegiafigasgsipe. §ymiding, @vyenesise aytdioe. widin@osi des) . In
certain e,

ol oot | E2HEREL Te. By iRRing MEORBLE snd SeByldhEBodtha®l B
are discsemeemdenwmwemetmweunmnksavwnﬁmespcamnaghemnmw|0Nenamnmmwm¢ or
are coval e tl¥g%$ﬁac d to g & anoth As such, in _c IInstances, "
| east on8“ftd Wpegifcqtigns mf«FBFé’rﬁ%?%td%FH% P@ué‘ra(%O&C“”'”g

ol i gonucbesds. dex)nlmhrngsexmn?ebodgwdmted or depudtired bheed indl@ud]esfaofajqwhmniler g
conpri si two or re nucl eoti nonoperic ynits. 63 I gonucl eot i de:
il s oPREPRPYECI PRRILERCE RAoqauih Byreenitine santme. Aacetidfese.pol yrror
conpri si BQcaYm@Q%y@k&Jyﬁﬁéthﬂ%rﬁ@iﬂ@%rb@xymth)ﬂamirﬁ)rﬁ&ﬁ?ﬂ -efieicment s,

"ol i gonucl eoti de” enconpasses single and or/doubl e stranded RNA as wel | as

singl'e 2 eEPERO B AB PRI BRA G aLaf bR Digaiadtesiaueosine, inosine,
" nucl eot jagopdigrpicerftl, d-methPiarine Nhein AL AL, 2Dty lfafRel nol ude

nucl ei ¢ aC|d analogs i.e., analogs having a nodified backbone I ncl udi ng
but not Brmethwade@nge%mqmlgumr@ -raeihalsyoeiNg) 5-mejbkiertosinel Wb@danings (LNA),

phosphone-ENAy o IRAiRE - hkth JisthinthfetdfirdSil, 5%hethoxyaminomethyl-2-thiouracil, beta-

D-mannosylqueosine, 5'-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-

at

N6-isopentenyladenine, uracil-5-oxyacetic acid, wybutoxosine, pseudouracil, queosine,
2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5 methyluracil, uracil-5-
oxyacetic acid methylester, uracil-5-oxyacetic acid, 5-methyl-2-thiouracil, 3-(3-amino-3-
N-2-carboxypropyl)uracil, 2-aminoadenine, pyrrolopyrimidine, and 2,6-diaminopurine.
Nucleoside bases also include universal nucleobases such as difluorotolyl, nitroindolyl,
nitropyrrolyl, or nitroimidazolyl. Nucleotides also include nucleotides which harbor a
label or contain abasic, i.e., lacking a base, monomers. A nucleic acid sequence is
presented in the 5' to 3' direction unless otherwise indicated. A nucleotide can bind to
another nucleotide in a sequence-specific manner through hydrogen bonding via
Watson-Crick base pairs. Such base pairs are said to be complementary to one
another. An oligonucleotide can be single stranded, double-stranded or triple-stranded.

[0064] Oligonucleotide gene expression modulator: as used herein, an
"oligonucleotide gene expression modulator” is an oligonucleotide agent capable of
inducing a selective modulation of gene expression in a living cell by mechanisms

including but not limited to an antisense mechanism or by way of an RNA interference
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nucleic acids with nodified phosphate groups (e.g., phosphorot hi oates,
phosphonat es, 5'-N-phosphoram dite |inkages). Nucl eotides can be purified
from nat weal20massmes, produced usi ng reconbi nant expres®CONSIY90638S and
optionally purified, chemcally synthesized, etc. In some enbodi nents, a
nucl eotide is or conprises a natural nucl eosi de phosphate (e.g. adenosine,
t hym di ne, guanosi ne, cytidine, uridine, deoxyadenosine, deoxythym dine,
deoxygua(i%NAi)enediatdd@admayyWhidh rreaypha:iscnma'l Eanscriptimhnactiamiiodi (emBNA t he base
i ncludes a ses occurrin rlous n cl elc acids.as well as
ot her  modPereaRT b KHESERR D G Rrtionly KRR o R G PG T ot bas os
Nonlim t bngttmrﬁph estrafs|anuh. Dllgdnl@tﬂedﬁﬂlelge@bleﬂ@ﬁbsbmeﬁodmgthmclude

5- quoroura @mgronn raC|I 5-chl or urac&bﬁ 5- |odo aci | Q%Poxanthlne

xant hi nere%a&e@t YNELARG Virialy any sSIHIFIaRORYIPNEYER A, EPi“m'
5- car box yARidmsb b EUBRIIMES, 2nHN/ADWIRNANRNAR SHRNPO X ERATY laatTiang Rklbgk W aci |

di hydrouracil, beta-D-gal actosyl queosine, inosine, N6-isopentenyladenine,
1- et hyl Q(P&Hfﬁ%s thergglt hyl i nosi ne, 2, 2- di met hyl guani ne, 2-met hyl adeni ne,
2-met hyl guani ne, 3-methyl cytosine, 5-nethyl cytosine, N6-adenine,

7- met hyl guani 5@0655]_ n@ﬂlg@;} qﬁlgﬁéﬁr}%‘k@g}mﬁgent unless otherwise indicated, an
S- met hOXV&.@bH@&E&ﬂB@ kn%ckc%\/%‘ géntt is a@\eél on&l?ﬁH@%ﬁ@c%%‘%W@an inhibit gene

5' - met hoxycCar boxymet hyl ur aci 5- met hoXyur a nmet hyl t hi o-
N6- i sopentRRgsiademilagpting and bmsmwhatémeilumnuclew xdsequenceseadber aci |,

queosi nep, aﬁn[epWlirﬁlﬁh@rﬁé%rﬁ)l@tomﬂhg% E@oﬂ&é ﬂﬁbc%kdo@vnta{b'gﬂ{érlﬁﬁb{je SRNA,

4-t hi our acl ur ac oxyacet i1 ¢ aci ester
uracil - SmRMAcehRINAadlcelr subsiratesy Bntsenbe oligaicleotiBeg, Slcaay EDN#Ser RNA,

Ef%ZS?Qﬁﬁﬁ%ﬁﬁ%w%f’%@wwﬁ“t@&s.%@%&?@% 2o RSO Sal el eopases such

as difluoroto r.ad ndol opVvE ni troiym dazol

Nl ot des ardgsencpliddbhs MERLERY Deftablivindt Messhuftaedndearey. o
abasi c, i'pHdepéraighit, mgerabizageiesmailirgy’ Yroud drusibek is aagrbdp setlvek deatiissat
presente

rection un s ot indicated. A
LT ot | [rstasr g inaihe o sHIratR G B A AKIE 500 /. BRS¢ manner
t hrough By&tepiggng rPadHEEpEndeMahadmerClh B&rAAstResSa pBfdpehasm pairs are
said to be conplenentary to one another. An oli onucl eotide can be single

stranded me’(ﬂ'&ﬁjﬁ'ﬂ%dgﬂﬁﬁ'ﬁﬁéa PEY M&r k- '%ﬁﬂ“é{ﬁﬂ’@mb'm@é}’@]'er@ SR PEaPjagk gene
expr essi ghndIhie ﬁﬁc%r COMip r#b"e%fé PI6Fahty of WHrop‘beF&%’b\éEub@%ddj@orS&*‘L%s%pr ession
nodul ator™ 1s an ol gonuc eot1de agent “capabl
plurality of chargeable species. In some embodlments the chargeable species is
anionic. In some embodiments, 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 repeat units the substituents of which are
predominantly ionized (anions) at one pH, e.g., pH 7.4, and predominantly neutral at a
lesser pH, e.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 t0 5.0.

[0067] RNAI agent: unless otherwise indicated, the term "RNAi agent" refers
to an oligonucleotide which can mediate inhibition of gene expression 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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i nduci ng a sel ective nodul ati on of gene expression in a living cell by
mechani sns i ncluding but not limted to an anti sense nechani smor by way of
an RNA i nverhavesmse( RNA ) - medi at ed pat hway whi ch may i n@Cuas2¢oopN63648
transcription inactivation; (ii) mRNA degradation or sequestration; (iii)
transcriptional inhibition or attenuation or (iv) inhibition or attenuation
of translation. A igonucleotide gene expression nodul ators incl ude,

regul at ory RNPo@ésicl RiliAnigtevierencal (RNAanyuniessudtheranise iRbidptesitiie taem "BMA not

limted t ant i sens Ligpnucl eotides, m . RNA . si RNA RNAi ., shRNA tanmers
and any BRTSGASD o nErEBTE T SR EHFS spBuRS Miiogo eere e e kAR EBn
Agenlt_: urécmieﬂor@_tmterg@tmam@m@rﬁdm lavels ﬁjdc_ﬁ}ﬂédlbvaﬁtdtﬂhaskﬂmhm,gmutﬂ@ent "is
an ol i gonucl eo speci es ich can inhibit gene expression targeting
o’ bi naianda iR HRER oo taes eoParb b S BT AbeCa BB s
hbn-lirﬁt%%%%qugnples of oligonucl eotide knockdown agents include siRNA,

m RNA, sh , dicer substrates, antisense oligonucl eotides, decoy DNA or

RNA, anti gene[obéHPNBAR6E AhirsiA RN ¢s HENVA RN Qg SotREWlidY iIRaERRI SshoheiRdfn
[ 0066] pH Dependent, Menbrane-Destabilizing: unless otherw se indicated, a

"DH depeRO¥ROr "shitNA aredera de ARISIGEHGRPIAg NGUIRI G lassbve ¢amplementasy or bl ock
that is i i b aant Ly iak| ic and
o mermbr B e Ty aRPfed & cabadl STEGBHAGRG i Ao BT dNREY s
pH depen@dmlexyrsiroetareanibat iadstiang sieglgsirgnded peréer i s a hydr ophobi ¢

pol ymeric segnment of a bl ock copol yner and/or conprises a plurality of

hydr ophobi ¢ spe@7@k; Sherd irteigrinasBEAdsiRNA) alunteps otharwisegedibatedssbeites. | n
sonme enbogdi he . e ' ' Loni - Lgents,
he. an o e AL, SEBLATRRS 1S BEFIE doBpPRER bprc SR PEPRELERTLS,

or alt er pairs ndergib@idroptiosallytfhehamicomirises argeaiyb esingie-cirasdadsovenmarggsar ged

t alower, e, .d. .end | pH. | di,nents, th
Gestabi | e Bl GRS E ATy aPgsnone liR SeLoZEE i BP oA RY o

speci es. cdinelepténtary emaleret et n‘fglsmﬁaaim_bdggrﬁam;,lﬁneimgn%zhailligeahikesmﬁdnamhmlbe

conpri ses, on-pepti dlc. an non-11pI dl olyner, K pbackbone. or, exa e, a
o GeponaEA S et BaBPT oF ineyBisich By st o Bt BPBCITAERT uni &'s
t he substiANmMhediate WhibdnasTQeRE @slpEsBiantdy\causiny zrRdrdiibe B largét one pH,
e.g., pH 7.4, and predom nantly neutral at a | esser pH, e.g., pH5.0

wher eby {RBSERiYependent, nenbrane- destabi | i zing group or

[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 initially formed in an
aqueous solution at a pH of 7.4 (e.g., a phosphate-buffered saline, pH 7.4). In some
instances, a 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
concentration of formation/assembly of a micellic assembly comprising the same block
copolymers initially in an aqueous solution at a pH of 7.4 (e.g., a phosphate-buffered
saline, pH 7.4).

[0072] Substantially Non-Charged Block: 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

block will be anionic, cationic or zwitterionic repeat units in a substantially non-charged
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bl ock becones increasingly hydrophobic as a function of the drop in pH from
7.4 to 5.0. [0067] RNAI agent: unless otherw se indicated, the term"RNA
agent"” reaveneis4ma ol i gonucl eoti de which can nedi at e i mhirhiSeéoon6ishs gene
expression through an RNAi nechani sm and includes, but is not limted to,

Si RNA, mcroRNA (m RNA), short hairpin RNA (shRNA), asymmetri cal

interfering RNA (ai RNA), dicer substrate and the precursors thereof.[0068]
RNA i nt ebfoek.eByavayRifAurtherexhagpte, dddsahan akoutridinot/e df thelrepearumits RNAblock
interferer '

" "RNAi " refers to. - i fic inhibiti
expr ess! S Smanapior ol Gt TerloRiBPE A= 1hg Sspeal Al s e pdREg by
t | east iall | est rand which al ' ti
that i s oubst LpRTE | SuESHAeE e CREPG Ao lilbE v iS o FRSs Pt of

RNfA (s hFMN)nI "suP$t&@@d0§mw[wgi8ﬁiliy‘$ﬂb@am:ﬁd:}" rr'iéi?w@{thaﬂtaé rr@‘Fmerl?‘\'grwp i'é@f‘RNA"
rerers 0 an olirLgonucieoll de nhavin . as WO CO e ar ortil ons
ybri di o BT SRR RN OS PT s e Pt SBLe Gragioh BB Aod

doubl e- strigamnglegly GAd hdpbnaétycddis @edREmadcet 88 ey BBYIS XY Gl@NSkY, HMESE,
portion. [0070] Short interfering RNA (si RNA): unl ess ot herw se indicated,

" short_ i A hthie,ralhs@ommm@p, ?@imﬁf‘yl,raéi"éﬂé arythig oamnyb@amoxméao,i S _
appr oxi ”Eér%'oXyl,l?'a'i_ﬁg, b&aeR, Bgiefré HyBrdc%FtQﬁ,%u%Qﬁiubeth Rt by f AE AR oo R a1, S€s
zero to two si1ngle-stranded overhangs.” One strand of the si RNA' I ncludes a

portion Sueatitigdhetrefysrealiy, eyctoaiybhaiagani hetarasbeyslienraiemegy| iyerey, | n

sonme enb ?%PJI ;i r L SIS t n gJ\IA rgeted
portion %ﬂc e ?é‘?’%ﬁ@c 0 rfak%teg%(’i st ‘%%%@%nbmgrﬁb%él r%léj%lk \ Sé’?’%ﬂx@“ﬁ@ﬂ ate
i nhi bi ti eulfayl,dltinearbrpyl ethicpandiy, thalsindprdeg padatted deofativas detreafr anscri pt s.
[0071] Stable: unless otherwi se indicated, a mcelle described herein is
"stable" if theoaskefbénapdoiesagent: dnleas stherwise irglicdied dhe ptesedineramsetic | n
certain inst.ances, a stabl icellic assenbly iIs one that has a
nydr odyndAFL Fav it ReY 2070 AL el TP RIS I6 R REE ePWRB00 U8 0% Hove 3096
20% or haYmalierapeutitysifeat gind/or cliqitarat desired bictegicdl aadr pahimacoisperietfygct.
conprising the sanme bl ock copolyners initially formed in an aqueous
solution at a[eth®f Thérapeutitally affpitverimdetbuhees etheprise edicqetl, thd Yerm n
sone ins;ﬁnces, .a st?fbl e mcelljc, a senblu¥. is one that has a conpcentration
of therapedutically effective amount” of a therapeutic agent means an amount that is

sufficient, when administered to a subject suffering from or susceptible to a disease,

disorder, and/or condition, to treat, diagnose, prevent, and/or delay the onset of the

symptom(s) of the disease, disorder, and/or condition.

[0076] Zwitterionic Monomer, Zwitterionic Monomeric Unit or Zwitterionic

Repeat Unit: unless otherwise indicated, a "zwitterionic monomer," " zwitterionic
monomeric unit" or "zwitterionic repeat unit" is @ monomer or a monomeric or repeat unit
(the terms "monomeric unit" and "repeat unit" being used interchangeably) bearing (i) a
cation or a moiety capable of having a cationic charge upon addition of an electrophile
(e.g., a proton (H+)) and (ii) an anion or a moiety capable of having an anionic charge

upon removal of an electrophile (e.g., a proton (H+)).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0077] One aspect of the present invention is a copolymer comprising three
discrete polymeric blocks, each possessing somewhat different characteristics or
providing a somewhat different function. One of these blocks is a hydrophilic polymeric

block, sometimes referred to herein as the "first block," the "shielding block," the
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formati on/assenbly that is within about 60% 50% 40% 30% 20% or 10% of
the concentration of formation/assenbly of a mcellic assenbly conpri sing
t he sane wDaolo/seel yners initially in an aqueous sol ut iPOm/UsRo/opdd4®f 7. 4
(e.g., a phosphate-buffered saline, pH 7.4). [0072] Substantially

Non- Char ged Bl ock: unl ess otherw se indicated, the term"substantially
non- charged bl ock™ nmeans a polyneric block that has a neutral charge, or a
near neut'ma:lrom‘riiwgriaeldiﬁgrblcml«anpsimply hes hydraphiid blotk.1 CAs1oés=dbed in g(eat@peat

R e LT B R e
about 5 sopaPmef, té biel in efiele forméation, b Arddt Atk cypdlyméeetoanteinize or oer oni c or

ZWitteri nl C, r eat. units i substantlall non- char bl ock. [0073
Gibet | 1 upBIPC BOso A TSlc ST APeLG A0S s Bendeiatad BEP (HRIPGRR e PR tor m

"substit Uérﬂdlnaﬂ@ﬁiof NS brafglel tMeﬁe'ébSThé Eé&ﬁfbl JTRREER BIBeKs, bhRclinbs reragedt@roup
Is or may be substituted with one or e additional suitable group(s),

whi ch mapetsdn an ey isaernd @JO%dDﬁﬂﬁ\%eGﬁérﬂﬁiéqlﬁqky' '§éltté@1@9c1t°farf@ﬁfae?@é'il%@gentaem
acyl oxy, | ;

a1 oxy. e B e et Bane BBV et
hydr ocar Bje thlsmfsthesmbleakmm m@mmﬂblc miyréem]placb@@nmtllmesget%tadttgtb@dem

het er ohydt qal oyl ’bloccﬁkcdr%?r{w;ﬁy the gﬁhﬁgﬁ%ge . a%é?{ Oa's'o‘é%S |Be%r in g;féa?téuo&%t&h ’

hydr oxy, Tsocyanato, 1S0O ocy

per hal oablsyeWhesa tharein, thel mmdlalucbimnaysbﬂ tisad/flo, detclnawathewayer sold’nulmycybhhat 0,
thiol, and/ th rot ect derjivatives th r eof 0074 Therap utic agent:
unl ess obnesvmea e A hETRER PREMR: I GSanii ot MghREs AREI T any
agent thatolog:tztmmrgetrrbnasbmletub@oatvam @ote there@inThé cspolgmeomagel | has a
t herapeuti¢c effect and/or its a desir

d bi
o e opbarEly Pabs e tdtofabion et Btk B4 AyRLy R RineBoaAtRErtunt ess

ot her wi seetdidi £t @fld bidtks bEIH® CopbRhaRe bt ’dh@%iréé/erﬁfr‘fv%ﬁﬁd)r\/%rWlhtro@ucea
t herapeutic agent nmeans an anpunt that is sufficient, en admnistered to

a subj ecPtheafunstipnajilies srPoPesiesde e saRolxeTa lifanedsss oﬁjhhwua@@r ohRlarks
condi 1 0fis bendrkBAYrerdliRARASMe cBFRY Mok LANGEAEd Belvibentihe f|F§ﬂ§@)ﬁdr8§h|ﬁd?e

synpt om(s) he di sease, disorder, and/or condition. ZWtterionic
Mononer , az@vm“tde(ﬂw@ﬁﬁ)pboh&@h@ﬁ@lﬁ clntacﬂrittloarthz\mmt@r|%ﬁra@em@@wlawelght efihess

ot herw sgh NAUEAY Gf 11rd BIYEHS! Héo‘?ﬁ%uﬁat%ﬂg%But"s '(')OGYH étScﬁft 18BI0B0HRRGRE" | €

unit" or "Zw tterl oni c repeat nononeric or repeat
uni t Additionally, in one embodlment the Zeta potent|al of a polymenc solution containing a

block copolymer of the present invention (without an associated therapeutic agent such
as a polynucleotide) is between 6 mV (millivolt). In one preferred embodiment, the
Zeta potential of the polymeric solution (without an associated therapeutic agent such as
a polynucleotide) is between £5 mV. In one preferred embodiment, the Zeta potential
of the polymeric solution (without an associated therapeutic agent such as a
polynucleotide) is between £2 mV.

[0078] 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 blocks or
the relative mole fractions. For example, the first block is hydrophilic and the third block
is hydrophobic 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 blocks, but the first block will
contain a relatively greater percentage of hydrophilic monomeric residues to provide the
first block with an overall hydrophilic character whereas the third block will contain a

relatively greater percentage of hydrophobic monomeric residues to provide the
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(the ternms "nmononeric unit" and "repeat unit" being used interchangeably)
bearing (i) a cation or a noiety capable of having a cationic charge upon
addi ti on Wb 2ar0/8km6t r ophi l e (e.g., a proton (H+)) and (PCI/UBR00QOGIBAS OF a
noi ety capabl e of having an ani oni c charge upon renoval of an el ectrophile
[e.g., a proton (H+)). DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
[0077] One aspect of the present invention is a copolyner conprising three
di scr et ehparophebic bldek ectksan @achl pEsspiaiinchaacenhaimidily fteeertond block is

char act er ro di.ng a _so erent. function t hese

bl ocks ®ah&eio ti Fefabeliip 3o g B 4Rk pOideloE0 Rlwiatafal Fhp 8 BBbuhd ® o
the ' . "fi lratthérlap@lkt;cd R@ﬁn\?estbltﬁé drsﬁgnbltmjéblocltshgndgeﬁdr@wm batzmesﬂgbtek d/illng bl %k
or sSi I o 111 oC escri pe 1.N reater e e ere
ool ! YoBiise I TERBURS b5 OlsBrart sal SignaaNDE R et e BB EwaTo i HIRERS ne

copol ynepy at 18asti fdiff8refit §@kbﬁtab@ro'ﬂ&ﬁdn@ﬁwenb@eéléuwai 8@ (=eBAab BiBEh the a _
cel lular or other biol ogl cal target, to shield a therapeutlc agent that is

associ at BIPrapaUicrgentiopBe gawier bl a THE At r8ao0BF @1 ik DEICkRIE RARSPEDT . The
second ofohBERS! @#f@@hﬁproﬁeﬁ%@ crt|8|f1 FEIEARL BRI A% IR oPigoNd bl ock”

or the "carrier s attached to a't eraEeutlc agent, or at |east
possesse@o@pbﬂh@ta'dﬁt@lrer@eélh@t\ﬁl@ﬁn @etragtrotiye Alocker apeutic agent to the
copolymer. The third of these blocks is a hydrophobic pol yneric bl ock,

somet i mes ref €90 B t Bltheugdi the gerrien blackiis wchleddietweersiheglydramhdicthyelr ashobi ¢
bl ock , d bl ock
magcbe used’w Sﬁjeo%fégggék gﬂ\[)/vgﬁ%%%é%d”kgﬁh%? ¥§?J%§é@38§ HESHE%% ai dofn
m cel | e Hiffenattlyothe daorietdddckbnay ke cavaiemtlyLdmnplemmbheihyadrophm hleck biacd ogi cal

t t, nbi_nat f 1 . t h f

opt P ona $5PeEERL LB Rad <Dl RBahoulr v EREY: areSuli/Eiea™BY hiekon o
the fi rsmayWIeﬁ]n¢C?MIgdtdatr@?ir?sir@ﬁhoﬂomfolc@mh%amm@ﬁc éhmrppcﬂ;zmatlc .
I nventi o r | C Intro e o0 er lonal 11 eSs, or |,.e e
Copal y moRR Ay o EQT 1S e eBafer BIOSh oNas ooy KR LVATRPIE R 1 g
that t heag@F tHerhyiresHobhReplb&icEy 8@ehes wﬁ@ﬁmb%dﬂersﬁiueé%bﬁﬂ’ué fegiduasd third

(hydrophobi c) bl ocks. In addition, the number averaﬁe nol ecul ar wei ght of
the firspuclgieasifiresicues iiPdbingeguce  pleayagn RARt @rPther fRGHANAKY REHVESN about

100, 000 9@r‘é@Béctlvéquékbo'B?flvbéSﬁof'fﬂrti@é?eex%m@'tﬁ@eérrleF Bl%c@ﬁ{a% et ivhieaty of a

pol ynmeri c sol ution containing copol ﬁner of présent 1 nvention

(W t hout caypled %@eahyédnnhﬁ@rté@f&motéordg@ﬁvdr@@ ﬁblaablca;kpbdl elgavair mesty i s
bet ween @um/aé g‘dléu'lf\é%l, E)nydljar}lo%?ﬁn %@Fef & §&t§|UBPQbHE§BhOd e@?er linking moiety.

In general, it is presently preferred that the carrier block be immediately adjacent to the
hydrophilic block. It is also presently preferred that the carrier block be immediately

adjacent to the hydrophobic block.

[0080] Provided in certain embodiments herein, a block copolymer described
herein, or a micelle comprising a plurality of such block copolymers, comprises a
hydrophilic shielding block, a carrier block and a hydrophobic block. In specific
embodiments, the carrier block is between the hydrophilic shielding block and the

hydrophobic block.

[0081] Provided in certain embodiments are block copolymers comprising at
least three blocks and micelles thereof. In more specific embodiments, block
copolymers comprise at least three blocks. In some embodiments, polymers described
herein comprise at least one hydrophobic block and at least two hydrophilic 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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Zeta potential of the polyneric solution (w thout an associ ated therapeutic
agent such as a polynucleotide) is between 5 nV. In one preferred
enbodi nerw9 20tvsZba potential of the polymeric sol uti oRCLRISRIVOMOE36a%

associ ated therapeutic agent such as a pol ynucleotide) is between 2 nV.
[0078] In general, the properties of the first, second and third bl ocks may
be tuned by selection of the nononeric residues constituting each of the

t hr ee bl tekapautictagent @l @t palgnuabdcide roa pepiioey, thEdloaoaasptiatedtviith &i r st bl ock
S hydro ilic and t

d bl biic and th di ff
nyaropit 1 ered bbbt bt B0 b BiePlite o ont “set's o
f st d third block | t t
rononer < may EAStALaT P ARl S Basfa bl R hVV&OYﬁhB'PEEi%%CPWS@&ﬁ%’ ain a
rel ati veb)pllgamatoebh@ge@epéagg /st |J;1y>d||y0@tlnnhc @olyanionky; bebotefiahdes i$ o provi de
the first bl ock an over s the third

h @ hilic crr%)? cter, where
bl ock wi PPSQEHEAMHN & Talegyiey @RPO Fé&? A Al &8@98?' SH?B%Z)‘%@@C nononeri c
resi duesp b@n@é@wdéeortWﬁ@@hQﬁ)Isgeail@émbw?ﬂmw PWRBbhe BYIHE PPHIPhLic

character., Simlarly, the second block is attached to the therapeutic agent
or at | eQ@FK%%@@%%Ssa BIUraliReof shegiesdhaiase CoRragrtah eRP W X tieheir bR Ui c.

Rel ative, Bﬁcétfb% id 83 TanféPFé BPb(?tﬁ al?'aBSiﬁ%euttr‘a%ﬁ%olheoert%mee l%dn‘n%htsbhpl%ﬁstw .

conprlse the resi erent set noner s re ative to the first

and t hi r an@pbitledyderphdic hlecistis a stieldieg bleck pér spatifisgemieddimenionihe shigldsd dues
t hat t toth bl ock. Th
fltrastar gg@%ﬁ%ﬁ gﬁ%rﬁ dé§1 %ﬁbﬁﬁgg&%@ssggg so?remh:tcgirugent O(p:)roper'?i es
or function r Ve

differences b é@éé t#e) %ﬁe(s}%e}pér?\%r '%S(][Tpd-hg%]c’fklp%ﬁglgﬁ%?%tgkggér i er

bl ock i scopagnedblbek arethat Hee d:qpmtmpmmlmck iblaocakdem dopblgmiey tloophdbus, fot ock,
it 1s not neces arl at el adj, a nt t St at ed erently, the
carrter BIUBREARSF danery DT eleies okl €57 Bhe PRuRATS: it il hBOhS 4

pﬁl yneri mr@rorrnmqudmhk srrrmrb nnmusing*ntkuortg nmie&toynpoclnélt"roealhlr;acﬂusmgitmog@gnemdg?sudgml ly,
the carrier ma e cova n u e t ro onl C oC vVia a
o e e e ring 1 ket ey Sl s lic i Sroh AR SaRaEReTs) ook
may be C@I@I@k%@ rpﬂsuhgw/bbdm@bbmgoah@wdﬂyw/n@rmbh@nbwr@m;é@ AdattRakipy a

series of am no acid residues, saccharide residues, nucleic acid residues,
etc., toOf Atqrpatinel. H“%?ng%ocﬂfdl’ it ”@rc%'f'?fet?b(f‘i)rﬁ‘@)ﬁ %QIV@W@P”E)@%EHG’E he

Egzegféhgémtﬁhgﬁéﬁmo BY moRY cSthpbifid iy oRiABIhEnorhBifc FRTdUes! ARbiRiBKallyr be
alternatlvely the third block (i.e., the hydrophaobic block) may be a random copolymer
comprising two or more compaositionally distinct monomeric residues. In some
embodiments, the first or second block of the polymers described herein are
homopolymer blocks. For example, 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 compositionally distinct
homopolymers. By way of yet further example, in one embodiment, the three blocks are

compositionally distinct random copolymers.

[0084] The first, second and third blocks comprise chain atoms and pendant
groups covalently coupled to the chain atoms. Preferably, the chain atoms are carbon
or a combination of (i) carbon and (ii) sulfur and/or oxygen atoms. Thus, for example,
the repeat units of the first, second and third blocks are independently selected 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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coupled to the hydrophilic block and/or the hydrophobic block by a

cl eavabl e noiety such as a disulfide, a hydrazide, an ester, an acetal, or
a phosphoapestoars4isbnki ng noiety. In general, it is presecrius2@ebtisns ed t hat
the carrier block be inmedi ately adjacent to the hydrophilic block. It is
al so presently preferred that the carrier block be i mediately adjacent to
t he hydrophobi c bl ock. [0080] Provided in certain enbodi nents herein, a

bl ock copuoibpdienerdegbe chhiedaibrs ef the fost, aetancedridethad inprcks mrgycarbph.uiral i ty of

h bl ock ol i h I h ' [
b ook andab Ry arbREs 87 Bheh ors BB dridtesiPhe hecR? etk it Rieh bl ook
l[ gogii \Allc:a)earbbhearby@rmmhu'ttlohmfs;hmlndbm;ehlmksLﬁflndatEhs byldltrmods‘rmtm atdphoeikhe t
rovli de In certaln e are C CO r CcO risi a
st t hiE HFGkAE Gt B aPRe CHERERRE ) DR SRBeid MEe GRbIT Here.
bl ock COB@chéT‘afeSm@@Mdeﬁﬂy aérbbﬁ@‘ﬁh dohitfeatidh s %érbohrhn'ii%@%@ﬂ‘@ﬂﬂ%mﬂb&he
pol yners descrlbed her e at | east one hydrophobic bl ock and at

least twehd)AHpRPI ihe tBfbBIOGK aracarBpp al ARSI TR B eNt §18,Fhais 8RN bed
herein c rhlS @éedoﬁ@%ﬁo&@%k@mbﬁ&mﬂg cat kR)?lkor orhi5iARiarPa ey aRhi | i c

bl ock, an east one associ at e erapeutic agent (e.g.,
pol ynucl @tﬂfur@éorns ansiihe ¢bRin ateres 1of mthawtm;k@tr@dampﬂhIraalﬂwsea@@u@ lmea]gent

bei ng be r

enbodi rre?n rigﬁ%eas(? t@%ﬂ?s@?%gﬁ%%}%éﬁh%ﬁﬁ%h%BPO E%g%k??&%ﬂe%ﬂoﬁqép?ur ality
of chargété dpm:a’@ms(wf tee sec'ncmdmﬂcytbiidibtmksarepomrpanl thadependentlobtite) selegtidhor i s
associ at e h.a . ml e uI e that conprises.a V. of .charged species
oo Bl b Bea b w BT als 521 eEy SeRrle b S FelPs Be”) east
one of t bendistihgagd ytifogeh) ingktscarbypsutstitited pydroedrbyly soibstianed bansbohtnlaetndar e
char ged ﬁt about neutral pH (i.e., is polycationic, polyanionic, or both at
about ne(P¥EERCY fQ) In certain enmbodi ments, at |east one of the hydrophilic

bl ocks is a shleldin bl ock. In Ci fi e shi el ding bl ock
- char oot 685 "Th ApRiisn SBReiiant dng EREE IOV e IR skt br of orr ed
t hat oneijmentio i© paépérB@ bp @ MEBOd RS KRan By StepRie! Fn@b@&’éa@tﬁ&; .hb@tnng he
copol yner block is a random copol yner bl ock. Thus, for exa

gener al | § SALEGS HdnyliRle ”H'V'%%léf—‘a‘iiﬁélsé? G H‘é'C*F AP Kpowa i e ar nEfPrPHIPWf bl ocks
ggngn;?r‘gﬂgfggfwgt gﬁ?%hg&rQIHHdtlaé ROnth¥BisPT FARH@nTAETROBhé eRRbInYerd] slibag!
one of the first, second and third blocks is formed by chain-growth polymerization,
sometimes referred to as addition polymerization. By way of further example, in one
embodiment, at least two of the first, second and third blocks is formed by chain-growth
polymerization. By way of further example, in one embodiment, 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.

[0086] Although each of the blocks may contain repeat units linked by amide
bonds, formed for example, by the condensation reaction of amino acids or by the
condensation reaction of species other than amino acids (e.g., diamines and
dicarboxylic 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
generally preferred that the substantial majority of the residues of the first, second and
third blocks are other than amino acid residues linked by peptide bonds. For example,
in one embodiment at least 90% of the residues constituting the first block are other
than amino acid residues linked by peptide bonds. By way of further example, in one
embodiment at least 90% of the residues constituting the second block are other than
amino acid residues linked by peptide bonds. By way of further example, in one
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In one such exanple, the first block (i.e., the hydrophilic block) is a
random copol ynmer bl ock conprising two or nore conpositionally distinct
nononer i cwoesiidsexss Additionally, or alternatively, thepPsgasa@obbimek (Ae.,
the carrier block) nmay be a random copol yner conprising two or nore
conpositionally distinct nononmeric residues. Additionally, or

alternatively, the third block (Ae., the hydrophobic bl ock) may be a random
copol ymeembodionerd iah tpasin@0%6 rof e resh:kuﬂpoehs;titlath@l thg tldrasblooc arenathemthan ¢

residues, ln so enbodi bl ock f the polyners

Goscr i boAmih Bl e oBER FY meb s bt BopaERERHNE SinBhahéRshai ront
the fi errTibbdm’f@nt&@pi‘dﬁéfﬁ@ﬂh&ﬁﬂ&[leéﬂ@d%@f B@&@ﬁudu@s\dorﬁsmtutﬁgbh@ﬂ&ss are random

copol yners of further one di nent, the f| rst and
SO e ESiare g thiglnindhe: Potsa e Rp iy, ﬂ@ﬁ&%@f&maﬁ&@trﬁ@ UES 1 d bl ock
is a ranﬁm&@p@ém@erbonay BRY fofg/@fiu'ﬁl‘ﬁér EXRAPILEin drid @ﬂ&&mb@m@ent the

three bl ocks are conpositionall stinct honop olgners

further BreieRedthatat l6Ae 96136 GLiNerRBIdUEHEOTHHEBOEE I@étf@rfésgéﬁ%ﬁ andnal | y
di stinct tm@rtﬁé)éns%o&hmﬁaﬁ an{ RO8EH rdb8udd frikec bﬁ/%bﬂge 80 MbfeforBbigeks

conprise chain atons and pendant groups covale coupled to the’chain
atons. Peatheblapk is a sukstaniilyn nan pesticie QOkvmemmortsrstSaofca)n@vmf piher gran(an

carbon a and/ or oxygen atonms. Thus, for exanple, the repeat
uni ts of Qﬁ{(d ?Q'd?wyhtgécond and third bl ocks are |ndependently selected from

the group Conibééwﬁ éon?r‘é%?tfdrtéﬂérﬁ? rﬂ:'t\%h’ﬂs“t‘&?dm@HP&Wthb‘&tgﬁn%Jﬁb?éé'tgﬂ?e gl ycol ,

and substitut ene throglycol’ repeat uni I'nati ons thereof
I n one pfceé@mlng:dbewgemr@mplettlbeaoti/ar ntfm brmnatécwdrreag‘elntssmf the exventioresnchnt hi r d

bl ocks a rbon. her e . chaj,n f the first and
seconz bf)%gﬁgarﬁﬁgapl igﬁ%f Tt ynggﬁb 06? néfc n%(fclfgg?@%]%ng? 86% bon, Io>s<ygen
and ﬁul futrir%catuormnd@)rt?ha bty sdeaharid. drr&:fn@{préﬂ@getjmtmibbdbhmkpapstme?sar Eon. I n
anot her e e. chain atons o irs secon ocks are

D emend Satanarage i AuBBI A hsroh@trags cipdiad b5 Readi ghgien e PEaersang  he
chai n at gnams @finérdasd Watdd sblubaiy, @W@n@@étﬂ@lﬂhng' Ehr@étﬂighaf a@ﬁb@&bﬁ@uﬂtc. addm®s.chai n

atoms of the first and second bl ocks are i ndependently carbon or a
combi nat PbAthET hyHPRHC ahi@reqiing arowsoRre alaRRed. 196 RENEART HPBRS NSt dRea hi r d

bl ock ar gngarafen a'ttﬁcﬁé@é@ﬁénc?dﬁ%%dﬁ%”ﬁowé\}é‘? tﬁ@@eﬂtu@é&@ﬁc&fanb@@ dridf St E' ock

are a conbi nation carbon and Ooxygen atons, and hai n atons of
second aﬁuclelmacwsmcnm@sar@\rwée @aptlstmg pﬁ@@lsaﬁ@éﬁﬁpwq% kogide @langrihe

backbone of the polymer block which they would do if incorporated as repeat units.

[0088] Conveniently, the first, second and third blocks may be prepared from
readily polymerizable monomers. For example, in one embodiment, the repeat units are
residues of ethylenically unsaturated monomer(s). In another, the first, second and third
blocks comprise repeat units independently derived from optionally substituted acrylic
acid monomers, optionally substituted vinyl aryl monomers, optionally substituted
acrylamide monomers, optionally substituted acrylate monomers and combinations

thereof.

[0089] In one preferred embodiment, the first block, the second block or the
third block comprises repeat units of Formula 1

x3 x4
*
*
X! X2
Formula 1
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of the chain atons, the pendant groups are preferably selected fromthe
group consisting of hydrogen, hydrocarbyl, substituted hydrocarbyl,
substi t utwo 20awdseasyl and het erocycl o. [0085] In a preferceaseobodionent , the
bl ock copolyners of the present invention is prepared by a method ot her
than by stepw se coupling approaches involving a sequence of nultiple

i ndi vidual reactions {e.g., such as known in the art for peptide synthesis
or for ol/vihgm'rmtbesighates$r3mp¢iescbfsa)ttacﬁmene«fah@repeaitunbanrmmmbaih neotherat | east

f the fi hird blo by ch
poryner i BRePbH: sAEE Rngad PEee ebforts 0N Selsliee Tt e Yo oA PR Oy vy o
further ay@r@gée hydro@meyleetnmlme@hyd@t:adb@aaetdrmcw ahbeubstitsted cagsmyt] and

third bl ocks, is, forned rovvt ol yneri zati on. f further
ol o, DI S NERRT Xohns Kotk s T e RTPTEPe e B TR e B e | s

f or med bMor‘ié?@tlrfg Mt Hi\et@r@ayylﬁl’ﬁété@%wﬂrtutéé cékbbfrhlyl BA& chbimbfatioseeAsbfand third
bl ocks are no pidic 0086] Al though each of the bl ocks gay contain

repeat uRpEBX FISHR@%PWGH bdregey alky Brr srstitLged é'%)ﬁ'rrﬁ'ﬂ‘éea%ﬂl t ife condensati on
reaction; fegéﬁ@é?ﬁlg%‘té?és&ﬂsnm{ed Bﬁrbﬁﬁ)ﬂd&?ls B h@!’éré&(j’l‘:t?o@%xQ%f){%oﬁPbﬁeSSL%hher

t han am no gg di am nes and arboxylic acid I's generally
pr ef er r e@mbRdimartieths dirsit saponglor H‘Hl’ddlﬂ@@lsﬁ aemprise reesatdngs C@Eﬁﬁmqnﬁlﬂgl tag t he

first, ?SHH'L‘H?&MH Jﬂtr{ﬂ“ B'tﬁg‘%? h@ﬁ%ro ﬁ%‘oﬂ{eﬁ: s%@i éﬁn%gﬂ‘?ﬁérﬁ%grﬁﬂty’ ' E 'es

gener aI |y preferre sub nmaj ori e residues of
first, seecomd Gribird hiocbls tbd)mptk@ mpeammtsrcorrleaporaimgltm Boimlla ¢é dbies Aisked by

pepti de 4<For i }ﬁﬂb sl east, 90% of resi dues
consti tuti @6 cka?BB@t er (’X % 'ingep%%éi déi‘yﬁ"’ﬁﬁ@d by
pepti de hSmdSarbBy Swltlﬂéd hvﬁﬁobanbyt?)hat‘qﬂbIWdrb@rbﬂESLﬂj‘slmmedTB@tbr(ﬁtydfdbasﬂyl,90% of
the residues constitutin the secon bIo ther than a 'n cid
e oot o feelavEl. 1iBnPle’ Breoagmaan e OF Gt Sesalrr i ofbcks
oneerrbodbampﬁs@tedeea@rﬁ|ts9<9>%e@boﬁd1ﬁg @Sbnﬂr@mmqmmtdhtxﬁ.sn@ I)@x'éf’hl rd block are
other than am no acid resj Hes | i nked by peptide bonds. % of further

Y

exampl e, “¢©) OH oR s GUPTERE i and X UL ol Mesporgenlly furauest BYarosRsby
resi dues gonmib wididgaid)e hfatéréﬁydr@%?@ﬁdsut%ﬂﬁjtéd‘hét@rﬂ BRftBro R apsi der ed

col l ectively, be Other than am™no acid residues lin ed ndébpeptl de bonds. By
way of yaeterwwerln@ﬂaﬂapreuch embedimenbdbe fikshtseicond eng irufcellpeke qomerisgt | east

90% of  t Ney P Sk tES resPBRihG 1 FBAAG NN Hhidd®* &' I§b)oXEC orfo)$kd o
-C(O)NX*X*" and X* and X*' are independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl, 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(O)OX* or -C(O)NX*X*'and X*° and X*'
are independently hydrogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl,
substituted heterohydrocarbyl, or heterocyclo.

HYDROPHILIC BLOCK

[0090] The first block of the copolymer of the present invention may be used
to contribute 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 to
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 incorporated into micelles, 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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third bl ocks be other than am no acid residues |inked by peptide bonds.
Preferably, each block is a substantially non peptidic polynmer (consists of
a pol ynmerwotzhvosgdsan an anmi no acid polynmer). [0087] |n ®omusaew/0636as
clarity, notw thstanding and without prejudice to the foregoing, the
targeting noieties and/ or other bionolecular agents of the inventions can
be an am no acid polyner (e.g., a peptide) or a nucleic acid polyner (e.g.,
an oli gonﬂmﬁlleaiohder)trahiona)rpmejgommdnm ilo@ependenine npicelfesiorradtiemioznumebér,
peptides gace arbdes

c es are att ndant
P oupe rd BREBREHATEY Rl Bl SRS o T b FE 0Bl e o AR TR
shi el di ngolytn@r g icollarcdr cﬁﬁergolélbgubalnatgelt.cAagaatnselpror@ﬁh&ubnhmdtrmommb@r \%
targetin rousare t ache endant_groups to the repeat units en
Lot S headad SoRas Rt g bk sensuuaalS of A el bR ey b R G hud o
aci ds dOtHé%péUtl@\éﬂg@ﬁtﬂh@ﬁ%'a@@oc@ﬂeﬁ%ﬁﬂtﬂé“co@élyﬁﬂé@spmd' ester bonds al ong the
backbone of the polynmer bl ock which they would do if incorporated as repeat

units. [0088] [6?@@1/ nD@pérthng Lipén fHer ddsired fesptdtidnshd funefbriligs ke frBYbIBEK

prepared fromrea Fvj)marl zabl e mononers. For exanple, 'in one
enmbodi rreﬁtay Q%h@@ﬁé%’m@h losk gF a cpralymge §logk. &Wﬁ@ﬁﬂ@&ﬂl@eﬂ}ﬁﬂh‘ﬂ’h'ﬁﬁﬂ@ﬂ

monorer ( 3) gblgent ?Fotés it ist éfe?étﬂ?'é raﬁc?d?ﬁ'&ﬁ?&{?ﬂet)ﬁlbbl@' PbP&!&%pﬂ?Wﬁé‘h&ﬁ repeat

units in eri romoptlona y Su stituted acrylic acl d
Mononer s blogbtmayrm ayomlb@er blacle gomprsing &g br moraRNEBoSitgallp gitingt

substi t ubpd gl ?ﬂélr%e‘sop@m/ggrggjurﬁ@ LAAbLY %Lf*?aipléérgbrﬁ%)( BS@Sbé\ﬁ/ﬁee RBEKEN S

and conbi nati ons n one pre erre I rst
bl ock, themgesogdhagedkemeatuhgs (im raatlbhloa:kpemmptts am;omce;mmat umig, s of
Forrrula 1 For.nul a 1

n * de nat S of atta nt of t he
Fepeat uRMEEGPHEZAENEE Boa sORBIIE Bt L Mandie HBHUTROY
i ndependeombiatien Ehetr@@‘ fii one tsbecn@nf empomm't ghé ﬁgt ofockydmpgeds cHnarde@car byl ,

substi tut ed ocar het e an ted carbo rovi ded,
onover - TSRPAlHATSOR Ebtresso e e eiibodineat g e black o et REs Sl Bithe
group COUﬁI'[§t In@t BhotABY Embb@irRINGaRY First b%tcﬁrc@ﬁﬂp;h@és &étfdﬁd: r@aés)nwﬂs ana@nd
conbi nations thereof; each X3 is independently gen al kyl or

subst i t uPeErchpISen repsal U@H%h'WH@WWﬂ@B@HG@ﬁWW%é‘@ @m&rﬁ?éd car bonyl ,
aryl, or RffeRbRRT¥peat TRl BXAABhEhaldedIBEeatYmhls. In yet another embodiment, the

first block comprises exclusively 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 compositionally distinct anionic repeat units; in those embodiments in which the
first block comprises zwitterionic repeat units, the first block may comprise a
combination of two or more compositionally distinct zwitterionic repeat units; and in
those embodiments in which the first block comprises non-charged repeat units, the first
block may comprise a combination of two or more compositionally distinct non-charged

repeat units.

[0092] 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 repeat units, or anionic, cationic and zwitterionic repeat units),
substantially non-charged repeat units, or a combination thereof, provided that its overall
character is hydrophilic. Stated differently, the hydrophilic first block may contain any of
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enbodi nent, the first, second or third bl ocks conprise repeat units
corresponding to Formula 1 in which X4 is aryl or heteroaryl. In another
such enbosDremios4zche first, second or third bl ocks conpPCITaASE@I®aic4sinit s
corresponding to Fornula 1 in which X4 is -C(O Ox40, -C(O SX40 , or

-C(O NX40X4 1 , and X40 and X4 1 are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl, substituted heterohydrocarbyl,
or heter a(widdz mngemfaqmaiemitswhrcmmmcﬁrrwan hydropholbict previtled $hat tiseesamaf and
third bl rise eat uni,ts corre di to Fornul a n,_whi ch

o |00 BRG T Rep e 6Bk ub o RRFGE5AT IR A8 ae bR pdihg

Ih ndepeﬂdgntowrdnmdmglc dhmrot%—arr\]/bwén tkﬁugﬁéattumﬁtsldohmﬂf |ﬁﬂ@éblyé|groups, the

et er ohydr oc substijtute etero roca , 0Ol eterocyc|o n
hnother SHRHDURRSARRaVCk R SPeRSIT! GG AL Zhava Rt o2k Bk MBh epeat
units COﬂ@él@@ﬁ‘ﬁlttﬁkﬂnﬂn@a r{mb@f&nétfbn%ht@'b@é"relaﬂ}lve%@)e%@f the@nOrénméf . or
-C(ONX 40X4 1 , and X40 X4 1 are independently hydrogen, hydrocar byI
subst i tutre‘dh'ﬁpd)tr'%)f%ngyl':or ﬁé@@P@h?W&%ﬁ*ﬂiﬂ acid (apeat Uied het er ohydr ocar byl ,
or heter %Hgé(eszmzeﬁgﬂ@eb@u%?wlﬂsm Iy iohiB&d bl B3 7. o AGPRCLIRE drf 1 d

bl ocks conprise repeat units cor espondln
- C( O) Ox4thusy thectv@ywkw@mq@rmtlxa@f amyb@mhcaazced rengap eniteteta ploply gr ogen

h drocar d

et er onySEplsilieirebish BERXNG Bl B 7, IAGSRPRIAAERERE Ve B ROBECS, b ook
of the copmbymuoolfzabllae:aporeseepeatum@mon ionizakle angonic eghebbuitnitns prefeared r ange
of prope S or f ctlon Q th For e nunbe and
conposr ¢ it 5 S o" B el det AFrB2BEatRle pbPL i RBk Frat B MRER: 6 't o
i rrpalrt thmtd@m\reedll d@*}aeter Oﬁthwwlcﬁjk |§hycdxbph|l|wf ohysjresgieddioH. t fortexatripte, in ]
copol yner . ernative r n .t ments i ic
Che ol y e Embparientsf s Bredesm b e A plck bE VBRI EPVens AnGe Pl &Y. ¢ he
nunber ananpp}qrgqpﬂotpwm 50f the consti tuent_ units of the first block nmay be
selected to provide mcelles having a desired size, criticalmcelle

concentrati onp@so®f hpy sdii® BRIbbYimdnisiaRe RpGBphiné flm BRck & é@u%@émt@mz nbAe
nunber and conposition of the constituent units of the first block may be

cel oot edChyIBARIREK. {hEPesdicArBPodiBeats B4 RHCEPPIIC WEHRIPCHISEUBGRRERIMnANgot
Al ter nat baigka o8 SRR 4 BRALLY sotdify BIBEDAIQBN RATRO S bBRLRIadehe

constituent "units of the first block may be sel ec ed to shi el
t her apeuBpOGRjeMwith ifagecosd sk c |F92f e@ampehtheﬁés tdopel paepe a polysaccharide

block. In some other embodiments, the hydrophilic first block is a polyzwitterionic (i.e.,

comprising a plurality of both cationic and anionic species or monomeric residues at
about neutral pH) or polyanionic block (i.e., comprising a plurality of anionic monomeric
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

functional 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 micelle 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
micelle described (e.g., by shielding a charged second hydrophilic block and reducing
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[ 0091] Dependi ng upon the desired properties and functionality, the first
bl ock may be a honopol yner bl ock or a copol yner bl ock. In those enbodi nents
i n which wo 20e/@4mepol ynmer bl ock, it is preferably a ramrdorascapobisner

bl ock. For exanple, the first block may be a copol yner block conprising two
or nore conpositionally distinct nononmeric residues. By way of further
exanpl e, the first block nay be copol yner bl ock conprising charged repeat
uni ts (i the effectivé ewifacer aaege oluapolgmeani ondeatle). epaditionatly t ar, altewatively] tei ¢
repeat unjts.or_a conbinpatiaon thereof. gn-.charged repeat units r a
Conbi nat PORCITL RS R BH: R0t OB iahbn s A U R R PR EEs T BRoeBor i ses
char ged eepeasingfd Solyhbr. anddifieiallg pecdlfertateslyotheratididing Reedies atayldeock
conprises,catiqnic repeat, units. In yet anpother enbodinent, the first block
Conpri se8TeaVEdRt BoreapBarne fratondinie . HiacRA NeulRalpaIaRrS &6 by et

anot her egfegd ment, the first block conprises zwitterionic repeat units and
non-charged repeat units. In yet another enbodinent, the first bl ock

conpri ses exclygsye! Depoitid apethe @xRal probdrie Mk sMBIdPIgaplecies onan- char ged
at neutral pH Furthernore, in those enbodinents in which the first block
conpr i seBOYREr BhMicallgpeait beipelecteddoa firarge of eirtiotyFdgMPi® tBe conbi nat i on

of TWo OkniBRfirfy Wﬁ% Bgéh|a¥cog1:o§t§'<p5}fétnoﬁ"étthféﬂiacpdlﬁﬁfyf’étedjﬁlir&ls('e.d.ﬁ those

enbodi nents i n irst conprises anioni'c repeat uUnits, the
first bl pelyetngienediysol, Polyrrenytasieralydabrorde tikg, an ether.ea hinpider tar drealikey

di stinct L ORLG I 6 Sl B My i i L r st

bl ock. colipr R eseBfidhs dfibhiarobfiu} ARTEIERBHAER: 3 pal PP RonBAcht  *e 4
conbi nat resduEls havmgoa pemdant goypoxinirsivg 4 ghididetg oligomeni(¢.ge polyethylenepeat
units; anp iln tlhorse Ierrbogi nﬁntrﬁ1 iln Y\hlnCh tﬂjg firs bltoctg cg]@r.i ses .

non- char &6t BR¥BEPYIE 8VPh & NS LE) b odeCiigy isiirFls NeSHIRTNESPeH vt two
or nore obapolynicronalitelledtestiiveazt harein-is bapofectymepeakyl wiihttae sirO682] ofl n
general , _the h¥drophilic first block nmay contain anionic repeat units,
cationi c T PERU&! units, zwitterionic repeat units, a conbination of two or
nore charged repeat units (e.g., anignic and cationic repeat units, anionic
and zwitterionic repeat units, catignic and zwitterionic repeat units, or
ani onic, cationic and zw ttegjg(:ni c rlepeat éuni ts), substantially non-charged

repeat units, or a conbinati ovi ded( |§ hat its overall character
is hydrophilic. Stated differ dr ophi I| c first block may contain
any ofa wi de range of repeat uni hydr ophil i c or even hydrophobi c,

provided that the sum of R

wherein each R' and R® are each independently selected from the group consisting of
hydrogen, halogen, and optionally substituted C-Cs alkyl, and n is an integer. Ina
preferred embodiment, the number of repeat units, n, will provide a shielding 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 8-9, or the like. In some embodiments, the shielding species
corresponds to Formula Il and has a molecular weight of about 40 to about 2000 dalton,
or about 100 to about 2000 dalton.

[0096] In some embodiments, the hydrophilic first block has a structure

corresponding to Formula la-1:
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the contributions of the repeat units conprised by the first bl ock provide
a bl ock having an overall hydrophilic character. Wen the repeat units

cont ai n iwoi2asllseegr oups, the contribution of an indivi d#calusSe@pmeicstinit 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 environnent in
which it is found. For exanple, propyl acrylic acid repeat units, -CH 2C(CH

2CH2CH3) (COOH) -, are Fdom’ nantly ionized at_pH 77but not at pH 5 and

bl ock is significantl reatier t han pH T . In general,
therefore, when the fi|rst /bdlcg ges io alqa(b_l cationic repeat units
or ionizable anionic rlepeat u it 16 preflrred]|thda-hhe sum of the
contributions of the repeafs units cdhstitutinG the f)jrst bl ock be such that
the overall character of the block ils hydrophi|ic at’ physiol ogi cal pH For
exanpl e, in one enbodi menth it is ppeferred t®eat the first block be

hydr ophi |jherdyer the range of pH frompH 5.0 to pH 7.5. [0093] In sone
enbodi ments, the hydrophilic first block is a substantially noncharged

bllock. In spegpbé-f eapgiommn %,,antdl‘& 5%%%@85%&& 418 e(g:frgﬁtthg%;é?%pr .

e
substantially nonc argedband shields a c ed secon
char ged corgisiipgufi-€-agefrt, -&6SHC)A(Owi-PHC)aCEeke and 61(6¢k-; For exanpl e, the
first block may be a pol ysaccharide block. In sonme other enbodi nents, the
hydrophilic fi?@98bl 8¢kl i-st;a polyzwitterionic [i.e., conprising a plurality
of both cationic and anionic species or nononeric residues at about neutral
pH) or pol yanlo®92] bbix®—(4;.e., conprising a plurality of anionic nononeric
resi dues at about neutral pH). In either of these enbodi nents, the
hydr ophi | i ¢ fI[9500Db| eakh ofes, Yorand ¥eargtindependeothesalesipd famatbeqgroup
functioni 0 ' ' i 2\ =1 £.Or ~exar olink a
targeti nS@%ﬁ‘&@% CSV\B/:@%{Ei ,ee&[ ég'?dugrﬁ1?@%”‘@?68@‘%@??%?%@? ?3?1@[?8 ocﬁgllk Igr oup to

t he pol yr@(O)BI(2CK 0Chatity- p@ @t iC-a0Cpalkylf,0092¢- 106)akg-, p8& G 1 0@ lleirbodi ment
the hydr ophi lic,fi k i hydr ophi | i | bl.ock suitable f
(eapabt o SEDNFEESH 30 FsP S S PR REn I R SRSt de. i this

enbodi nment, t drophilic first bloc opprises a.plurali of .noponeric
oo duce havi RLGEEHRERRG: b Bl APREeE A% f Rb beitie wIRRRRe: | ve
for sterRs Bhaed ¥i-vg agd campletednwict eotppi@paseatintiedf Wildgbhatdned;ynmer or a
m cell e conprising the

[0102] each Resa, Rz, and Rs is independently selected from the group

t hus, the hydrophobic cont'?dabuti n 5\‘7 propyl ?ﬁtryl iic acid repeat units to a
H
rféﬁﬁw
ts,

consisting of hydrogen, -CN, alkyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl
and heteroaryl, any of which may be optionally substituted with one or more fluorine

atoms;

[0103] Qg is aresidue selected from the group consisting of residues which
are hydrophilic at physiologic pH and are substantially non-charged at about neutral pH
(e.g., hydroxy, polyoxylated alkyl, polyethylene glycol, polypropylene glycol, thiol, or the
like);

[0104] Qyis aresidue selected from the group consisting of residues which
are hydrophilic at physiologic pH, and are at least partially positively charged at about
neutral pH (e.g., amino, alkylamino, ammonium, alkylammonium, guanidine, imidazolyl,
pyridyl, or the like); at least partially negatively charged at about neutral pH but undergo
protonation at lower pH (e.g., carboxyl, sulfonamide, boronate, phosphonate,
phosphate, or the like); at least partially zwitterionic at physiologic pH (e.g., a
monomeric residue comprising a phosphate group and an ammonium group at
physiologic pH), or hydrogen,;
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pol ymer. For exanple, the shielding species may be effective for enhancing
the stability of the pol ynucl eoti de agai nst enzymatic digestion in plasna.
Addi t i onawbDyp10as4mbt er nati vel y, the shiel ding speci es mr¢ThS2@Pewus ve for
reducing toxicity of a polymer or mcelle described (e.g., by shielding a
charged second hydrophilic bl ock and reduci ngthe effective surface charge
of a polyner or mcelle). Additionally, or alternatively, the shielding

speci es i s ef{eraseCtdrsetadtad &Hom agralpsionaistieg sta Catjegainbleenrt i es of a

m cell e conpri.si th | yner... Addi tional.l or .alternativel t he

hi el df nirpeuFede peust i TR G G el ORI e sftiey HELES bialvemldes AN e |
gr dec (r]I e@sd:dhgrriic_leSesiéleaétﬁﬂIQ_Gr(Tpg_bﬁyl@stdrhﬁedthﬂimyﬁher’l[yﬁéﬁéﬂ, pD&tD@pﬂﬁﬂ?gesiQant he
esire roperties, the shi ing species of a polynmer or mcelle may be
o ect eaPTiFis R UdEh R kel Bea Be, O e o RO hedosThs pSids ay
be an al esle, ida@hesstlde, 8r thBiliRk); a pol yoxyl ated al kyl (e.g., polyethylene
gl ycol, polypropylene glycol, or the like), an ether, a thio-ether, or the
like. I'n sonerenpodi Frnd g0 11 he hydrophilic first block conprises a
plurality of nononeric residues having a pendant group conprising a
shi el ding ol i gei®i] (BiLo to R_E WYl ene gl ycol, pol ypropyl ene glycol, or the
like). In specific enbodi nents, the shielding species of a polyner or
mcelle desc\r,\}]@mjgpekqg Mtd $; a pol yoxyl ated alkyl with the structure of
Formula I1: erein each Rl and R2 are each independently selected fromthe

group consistifipo®f WHEFEROED h halogedhd and optionally substituted O C3
alkyl, and nis an integer. In a preferred enbodi nent, the nunber of repeat

units, n, wllopi®yi ges @bcihiiabdbbg: fREEDL or RBYLNYIPaBt 8OWDR! Wei ght  of
about 40 to about 2000 daltons. In specific enbodinments, n will be about

2-20; for exapplfi) Nin@mdemdbaiments, thd hfddphile RRDBioBk hdB arstiudgirgol ymer,
about 4-5, about 8-9, or the like. In some enbodi nents, the shielding
speci es EoFewOpEiNgdotrerPBlenai2a |1 and has a nol ecul ar wei ght of about 40 to
about 2000 dalton, or about 100 to about 2000 dalton. [0096] In sone
enbodi nents, the hydrophilic first I:{bl ock has a structure corresponding to
Formula la-1 :wherein: [0097] each 6% A§, A7, and A8 are independently
sel ected fromthe group consisLi_ngPAoq_--C-, -G, -CO (0 OO, -0(0©
C(O- and - C) bO; 6
| (la-2)

L \l(s v

Qe

wherein:

[0112] Agis selected from the group consisting of —-C-C-, -C-,
-C(0)(C)aC(O)O-, -O(C)aC(O)- and —~O(C)pO-;

[0113] ais1-—4;
[0114] bis2-4;

[0115] R*is selected from the group consisting of hydrogen, and optionally
substituted C1-Ce alkyl,

[0116] Ysis selected from the group consisting of a covalent bond,
(1C-10C)alkyl-, (3C-6C)cycloalkyl, O-(1C-10C)alkyl, —C(O)O(2C-10C) alkyl-,
-OC(O)(1C-10C) alkyl-, -O(2C-10C)alkyl-, -S(2C-10C)alkyl-, ~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 Ys is completed with an appropriate number of hydrogen atoms;
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[0098] ais 1 - 4 ; [0099] bis 2 - 4 ; [0100] each of Y6, Y, and Y8 are
i ndependently sel ected fromthe group consisting of a covalent bond, ( 1
C- 1 0C) alwwl2010/058%666C) cycl oal kyl, O (1 G 1 0C) al kyl, -CPOr@S2@one®y

al kyl-, -OC(O (I CG1 OC) alkyl-, -2C1 0Qal kyl-, -S(2C-1 0C)al kyl -
-C(ONR 6(2C1 0C) alkyl-, and aryl, any of which is optionally
substituted; [0101] tetraval ent carbon atons of A6-A8 that are not fully
substituted W01 86 aadk RsR8 irmepeivdently satexterbingrhabe drovptdonaistiagpf opri at e

Ceoet eahydbaEPRER, BIGT Mikn ey BEbrE G dioReudE neiialSoady i NIERar oot Y

het er oal kigleroaryic hopbkwhich hedyeseooptiinafy kythstitaed it el nesrodugtine aynsf
whi ch may be optionally substituted with one or nore fluorine atons; [0103]

SGdi S ﬁ Iresi dp@lﬁ!ﬂ _lelg@Ia fésixnnelmecgé@trprrﬁmasjram mﬁungmLMm§m|mbar e
ydrophilic a S1.,0l 0Ql H an aresustatla non- char ged at out
ot ral B8 pareP GRS oS aroithe sabSFRGHY BBIeraRH BBy gepeR o

pol ypr opyd gnaydoxg, qiolydxbla@éd alRyl, w@ethw@ﬁé g|y[:8|196|}yp@byleﬁe@|yc@s itsloe opgleect ed
fromthe group consi sting of residues which are hydrophilic at phyS| ol ogi c
pH, and WY @d|east partially positively charged at about neutral pH
(e.g., amno, alkylam no, amoni um al kyl ammoni um guani di ne, i m dazolyl,

pyridyl, or tF@l20keyis aioutdde@bpdir3q KPRy negatively charged at about
neutral pH but under protonation at |ower pH ( car boxyl
ox Bic st B

sul fonam de, B%k¥hhat &) SqiRRSHREAFIRANLS. Sk B)Hap E 4’(6990|)éme'f east
partiall Xoﬁlylélﬁgwd?ﬁhﬂ‘er@treﬁauéé Qérpéﬂp%n&h' (& Fermuld IWHéﬁﬂBﬁ&hgh@
conpri si ng hate group and an ammoRi um grodp at physiologic pH), or

hydr ogeanES(lﬁlL@E] Il@ref@rr@@e@@pékmefm)ﬁh@o@wueomn@me@pge&d@eaﬁremwmha@%d abl e or
functlon I - i ) I Ve e.g.,
oS OnE0hE LB SO pu MR BLGPBCRE 5 A 3R it

pent af | uembpHiemsrits,dse eth,er pqqmotrretmpheslgluemm eot sigyificahyly affestithéioderallal dehyde,

cetone: B yuSh 1 bR RbBege 19 00T, (o0 susar rest due

[0122] In one preferred embodiment, the hydrophilic block comprises repeat

units corresponding to Formula 1

x3 x4
*
*
x1 X2
Formula 1

wherein * designates the point of attachment of the repeat unit of Formula 1 to 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;
each X® is independently hydrogen, alkyl or substituted alkyl, and each X* is
independently heterosubstituted carbonyl, aryl, or heteroaryl. For example, in one such
embodiment, the hydrophilic block comprises repeat units corresponding to Formula 1
and X' and X? are each hydrogen. In another such example, the hydrophilic block
comprises repeat units corresponding to Formula 1, X' and X? are each hydrogen and
X is hydrogen or alkyl. In a further example, the hydrophilic block comprises repeat

units corresponding to Formula 1, X' and X® are each hydrogen, X® is hydrogen or alkyl,
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[0107] his o less than 1; [0108] k is O to 1; [0109] wherein g + h + k =
1; and [0110] y is about 1 to about 100 kDa, or about 1 to about 30 kDa.
[0111] | rwecenw/swsedi ments, the hydrophilic first bl ockPhagisacmiosisas ur e
corresponding to Fornula | a-2: wherein: [0112] A6 is selected fromthe
group consisting of -GG, -G, -(O(CQ (OO0, -0( O- and -((C)bO;
[0113] ais 1 - 4 ; [0114] bis 2 - 4; [0115] R4 is selected fromthe
group coasdsacmd* &f inbgpbroigatly hanecbsmpsmtutmildaybmylbsmlamtrmdr E&ariplel thel , [ 0116]

5% af kot iSroB e Bk e ekt RnBal TR P aphndlod B ot o8 i ﬁf@@%“kw-
6Og(CO)l( :)- FS@ oalt&yD) Nx4°>@( %ﬁdlx"e@habmhremd@ﬁé&ﬁeﬂ:tl@@@rbgw -hy df%?WROll?
o aval éﬁ?ﬁwé%amd@%m Detesaiiariy e bt At ho SRR IR B i t b Roa_ard)

Y6 is copplefd@ion hla faRha@Rbaae, Qh@hﬂ&i’@'@ﬁlhc Qfocm':@ﬁ\@ﬁ%‘s @p@a’ﬁurﬁ@lle’] each

R6a i s independently sel ected fro g:tp caons, §1t| n rﬁ/ 50g9en,
al kyl, aFRyespondingttafeamula 1. %y%rcaé? (@I Y& oanR S aRd

het er oar yq egéﬁ'd’erﬁlg h?’ﬂl‘d@@nnﬁ?'drgé'a@ﬂt bR LJt %@g&?ﬁoglt ﬁgﬁ%%r%ﬁr fror e

fluorine at resi due se roup con5|st|ng

of resi deetstiwied GW@M@.{P&DI@W o1 hfzt%nocmiqSIrba tgiher pramplg, theehysiedtlient i al |y
non- char P%@ % ?é Relggﬁf Smfy'éolﬁ'l%sgonq @%ﬂ{ Pc)%?]ule??l Xoé%% %t SFe %#Myéjﬁ%gﬁnolzo]

pol yet hy ene
y is abodf lsjh)tobogmmltalm X0 -C[co)m an x“éimehmmgm mdtcmarumesuhynmwm lic
first bl LS8, P 1S riLc r s, corr ondlng to
Formul a N ogaTo RBROHERERE Rl ke RACRY osh ) & ikt the
ot her nofgimer egamplel di@dﬁ/d&di@llMeMrgﬁthes repeat units corresponding to Formula

1, X" and X* are each hydrogen, X® is hydrogen or alkyl, X* is -C(O)OX*°, X*’ is

-(CH,CH,0):X*®, tis a positive integer, and X*® is alkyl, substituted alkyl, or

heterocyclo. In a further example, the hydrophilic block comprises repeat units
corresponding to Formula 1, X' and X® are each hydrogen, X® is hydrogen or alkyl, X* is
-C(0)OX*, X* is -(CH,CH,0)X*%, tis a positive integer, and X*®° comprises a targeting
moiety. In a further example, the hydrophilic block comprises repeat units
corresponding to Formula 1 and the repeat units corresponding to Formula 1 constitute
a majority 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 and
the repeat units corresponding to Formula 1 constitute at least 75% 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 and the repeat units corresponding
to Formula 1 constitute at least 90% of the total number of repeat units in the hydrophilic
block.

[0123] 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 a random copolymer comprising at least two compaositionally distinct repeat
units, each of which corresponds to Formula 1. For example, the hydrophilic block may
be a random copolymer comprising (i) a first repeat unit corresponding to Formula 1 in
which X*is -C(O)OH and (i) a compositionally distinct second repeat unit corresponding

to Formula 1. In a further example, the hydrophilic block is a random copolymer
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I n sone enbodi nents, the other nononeric residues are non-hydrophobic. In
certain enbodi nents, the other nononeric residues do not significantly

af fect t woavsvmahicehydrophilicity of the hydrophilic fiPst/usb@ols3sh®122] |In
one preferred enbodi ment, the hydrophilic block conprises repeat units
corresponding to Fornula 1 Formula 1 wherein * designates the point of
attachnment of the repeat unit of Fornula 1 to other repeat units; each X1
and X2 i soinpdgpgadieast lyvosceinmﬁsﬁhbnhﬂ;odisﬁ@rgmmnnmmcbtoif mhicofcomedparpsn,

hydr ocar ituted rocarb erocyclo stitute

s ot B ForstfiaTddd bR BYt S8 eRese N ol PRENSHHE S hHBED ot ¢

sel gct efltrfertotal hbhmbegr @M@pé@ﬂlﬂiﬁt&tlrh te Iﬁ)jdr@?]mlg(csblbelt elhgzairuythgr eﬁmplﬁstgbst i tut ed
car bony ations, ther . eac is in endent r

ST | ndBenfie Bk e ey o apcbiae Shimrend A aaun er g et er S BRRRt ut e
car bonyl re@raylJn|té)reaBIﬁ?bﬁ\Fvﬁ@h)ébrreE&Fno%&@%hﬁula' 1 afBens kpeapmiedi nent, the
hydr ophi lic bl oc der%’“ ses repeat units corresponding to Formul a 1 and X1

and X2 afFeTesronding ERulay 1n0%ﬂ$5i%%ﬁt @ﬁéW%QHWGéOtaﬂ Hemﬁ?HPfdﬁﬁWti Witg iy c k
conpri seg,d h,wm(?]g)@k corresponding to Fornula 1, X1 and X2 are each

hydr ogen an I's hydrogen or alkyl. In a furt her exanpl e, the hydrophilic
bl ock conpris gpe t i are each
hydr ogen, X3 ?gliydrt%ae@%érrsp ?%E/rllée eac t&e@d@@%gﬁeﬁﬂn%

het er osulssat upigcaeasponging to ﬁoﬁnlﬂlaﬂtEﬁ'@r exanpl e, the hydrophilic block
conprises repeat units corresponding to Formula 1, X4 is -C(O Ox40,

-C(0O) SX40 , or -C(O) NX40X4 1, and X4@xand RX* are independently hydrogen,
hydr ocar byl , substituted hydrocarbyl, erohydrocar byl , substituted

het er ohydrocarbyl, or heterocyclo. In alfuxeher exanple, the hydrophilic

bl ock conprises repeat units correspon gto Formula 1, X4 is -C(0O Ox40 or
-C(ONX40X4 1 , and X40 and X4 1 ar ndent |y hydrogen hydr ocar byl ,
substituted hydrocarbyl, heterohydr , Substituted heterohydrocarbyl,
or heterocyclo. In a further exanpHe, Hhe hydrophilic bl ock conprises
repeat units corresponding to Fornmula 1, X1 and X2 are each hydrogen, X3 is
hydrogen or alkyl, X4 is -C(O Ox40 Foramth DYA® i s hydrogen, hydrocarbyl,
substituted hydrocarbyl, het er ohydr ocar byl , substituted heterohydrocarbyl,
or het erwdnprdirm dersi@ate,srthbeaoimmaamwmed’nefthpdepp&ﬁdriitmftﬁoanklacﬁﬂiﬁtoses

repeat un{her repeat |Psor3@' glkyl Iz'w's a targeting or shielding moiety. For example,

X** may be a polyol, a vitamin, a peptide, or other moiety that has a binding affinity for a
cellular or biological target. For example, in one such embodiment the hydrophilic block
comprises repeat units corresponding to Formula 1ETS and X** is a polyol. In a further
example, the hydrophilic block comprises repeat units corresponding to Formula 1ETS
and the repeat units corresponding to Formula 1ETS may constitute 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 1ETS and the repeat
units corresponding to Formula 1ETS may constitute at least 5% of the total number of
repeat units in the hydrophilic block. In a further example, the hydrophilic block is a
random copolymer comprising at least two repeat units, one corresponding to Formula
1ETS and the other being a compositionally distinct repeat unit corresponding to
Formula 1. In a further example, the hydrophilic block is a random copolymer
comprising at least two repeat units, one corresponding to Formula 1ETS and another
corresponding to Formula 1 wherein X* is =COOH.
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1, X1 and X2 are each hydrogen, X3 is hydrogen or alkyl, X4 is -C(O Ox40,
X40 is -(CH2CH20), X400 , t is a positive integer, and X400 is al kyl,

subst i t utwo 2alokophze6or het erocyclo. In a further exanpl epPCrhus2tvasispilic

bl ock conprises repeat units corresponding to Fornula 1, X1 and X2 are each
hydrogen, X3 is hydrogen or alkyl, X4 is -C(OOX40 , X40 is -(CH2CH20 X400
, t is a positive integer, and X400 conprises a targeting noiety. In a
further exanp[@lzs:he Ilhlyelrrtaipreintbondirbdemiekthemyprdp@éis hicmkemmpuis'e!m ptarlitgpondi ng
to Fornmula 1 and f § at HIHE cogresg %a 1 constitute a
maj ori ty BY OBy wés Btigied & e pRACUAT °§‘ e OPHé(”}%F'éF‘ TR, 1 n a
further ekpomhga llfdie hydrophilic bl ock conprises repeat units correspondi ng
to Fornula 1 and the repeat units corresponding to Fornula 1 constitute at

| east 75% of the total nmhber of repgat pnits in the hydrophilic block. In
a further exanple, the hydrophilic b conprises repeat units
corresponding to Fornulajl and the r és corresponding to Formula 1
constitute at least 9 0 gpeat unbys in the
hydrophilic block. [0123] Ir|one al e e di rent, the hydrophilic

bl ock is a random copol yner lconprising gi least two conp05|t|onally
distinct repeat units, at |é&ast one of which corresponds to Formula 1. In
another alterpgizoe @ﬁ@@ﬂ1nent t he hydrophilic block is a random copol yner
conprising at |east two conpositionally distinct repeat units, each of

whi ch corresppgfisrf onkpamntégek ra,ng:;,ﬁg f¥aPlez0;t he hydrophilic bl ock may be a
random copol yner conprising (i) first repeat unit corresponding to

Formula 1 in yphpigdy X% id S(CR@RQ)nOwh@mh (ﬂ is)o- %%Wréh%'dr%n@es(bﬂmg) second

repeat unit correspondin | In a further exanple, th
hydr ophi un@lw%@ﬁah%ws;lg#%mﬂ&d}% FrePBORpIIRIng at |east two
conpositional ly distinct R@gt units each of which corresponds to Formul a
1, and the rep@bo2LnVts @or p@rnd% fl» Formula 1 constitute a nmajority of

the total nunber of repeaL ts in the hydrophilic block. In a further
exampl e, the h‘)/bﬁ%h?iﬁ@bR IPOCB i% A AnErINIRNSONg R SRt fraMi§e sroureast

Luo_COMPRahd AR orlish! Aflbas e RABlopNBRA o BRDIRIONRL alRycor Tesponds to

Formula 1, and“the’re ea’t units corresponding to Formifa’il constitute at

| east 90% of E f3£]0t Ak é’%&@%ﬁénﬁfmtﬁ@ ud‘ﬁt&e tlgg ﬂﬁr?%ﬁé‘rﬁ%‘ddtu%n@l‘l)mk

[0124] In ano preferred enbodi ne bl ock conpri ses
substltuted C1 Ce alkyl,

[0132]1 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

[01331 R?is hydrogen, halogen, optionally substituted C;-Cs alkyl, polyol,
vitamin, peptide, small molecule having a molecular weight of 200 — 1200 Daltons, or a

conjugatable group.

[0134] In certain embodiments, the hydrophilic block comprises a plurality of

monomeric residues obtained by the polymerization or copolymerization of a monomer

(0] R1 Z1
0]
o re  (lllo)
n
R3 R2 22

[0135] wherein:

of Formula lllc:

[0136] nis an integer ranging from 2 to 20;
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repeat units corresponding to Fornmula 1ETS Formul a 1ETS wherein *

desi gnates the point of attachnent of the repeat unit of Formula 1ETS to
ot her repeatowisiss X3 is al kyl, and X44 is a targeti ngPor/ushéosloaions)

noi ety. For exanple, X44 may be a polyol, a vitamn, a peptide, or other
noi ety that has a binding affinity for a cellular or biological target. For
exanpl e, in one such embodi nent the hydrophilic block conprises repeat

uni ts corresp{)@nttk'n]g Xds HORTRFa- MEERimntis X410, isdavipstipalne drrmaref(CR REr

exanpl e, the dro h||| ire t units corresponding to
Formul a YBY '8”?' ﬁ%’g‘?oo\’yﬁl tﬁgﬁﬂ% @ép%gﬁﬁg to Fornul a 1ETS may
constitute at %o 4tot repeat units in the

hydr ophi lic bFé)ﬁf(BS] In 'R Gr'Fﬁe' grﬁ;hg)b the hydrophilic bl ock conprises

repeat units on 1rru| AETS and the re

corpr espondi ngfﬁgfﬁp chﬁ?lfﬁr ?rfsd?(iepgpd?%tg's é?%&e%ﬁo%tget%%ﬂ
nunber otorsigteatof iydiogehnhalbgerh yrtaptiohally substited ©;-8; byl her exanpl e, the
hydrophilic block is a random copol ymer conprising at |east two repeat
units, one copoesEPNAF rgsdlectEdfroml the JRIP eordisting obhirrogbeidang aptionally
conposi ti onallé %ﬁéﬁl nct repeat unit corresponding to Formula 1. In a
further # rophilic block is a random copol ynmer conpri sing at
| east two repeat uni one corre to Fornmyla 1ETS and anot her

cor respond! ngtebAHor Buls ol & (YU e WERAT D15 8110 A1e Sz h one o

enbodi "efcse (CRERNYIAR RPHBIonGIPE @St REdith SRR, POR! @k LER, @hdmonomer i ¢
resi dues obt al ned by the pol ynmerization or copol ynerization of a nononer of

Fornul a 1Mb: [@ilZ8] wheyBdRegdr) haibhen, dpstioRBlly SiRERked 8NE, ki, "ol to 20;
[0128] X is - CRZG]] R2) m whergel n mz}lbs -Fﬁ 0, y nd wher ei EIL@Sneyordbm)re (CR
1R2) uni ¥itarginppeptisigapmall sumequle h@\é@gwm%ecmﬂ\wght of GR01- H#0Q Bgdtans, poa2g] v
iS -0, Wﬁéatae"é r& 1R2)-, [0130] each R1l, R2, R3, Z 1 and Z2 are
|ndepende selected fromthe group consi sting of hydrogen, hal ogen, and

Consi sti ng of Tyt boen’ 2 ﬁ@%l"!*’éhalew’@“‘h%ﬁﬁhﬁs”ﬁ%@“%Sﬁ’stfi&f‘@5B@“g"ff“p

of monomeric residues correspondlng to Formula llic, R, Z' and Z° aré hydrogen,

R® is hydrogen or C4-Cj alkyl, n is 2-20 and R® is a polyol, vitamin, peptide, or small
molecule having a molecular weight of 200 — 1200 Daltons.

[0144] In certain 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 I11:

0 R2
})‘\Y/X\V\O%R (Il
R3 R?

[0145] wherein:

[0146] 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,

[0147] VYis O, NR* or CR'R?,

[0148] each R', R? R®and R® are independently selected from the group
consisting of hydrogen, halogen, optionally substituted C1-Cs alkyl, or a targeting group,
such as but not limited to galactose, N-acetyl galactosamine, folate, RGD peptide,
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[0132] R8 is hydrogen or (CR 1R2)nR9, wherein mis 0-1 0, and wherein one
or nore (CR 1R2) unit is optionally substituted with -NR 1R2, -OR 1 or -SR
1, and [ w83P10RG4i6s hydr ogen, hal ogen, optionally substiPCuiusdooQioe3s48 al kyl ,
polyol, vitam n, peptide, small nol ecul e having a nol ecul ar wei ght of 200 -
1200 Daltons, or a conjugatable group. [0134] In certain enbodi nents, the
hydr ophilic block conprises a plurality of nononeric residues obtained by
t he pol yneri z0io9] oR” cogeidaret fromahe grnougf cansiming e hyarbgétoranal aptibNelly [ 0135]
wherein: [0 [ n integer ranging from2 to 20;[0137] X is -(CR

1R2) m mﬁ%P%ﬁﬁ&ﬁ?ré%ﬁ WO, and wherein one or nore (CR 1R2) unit is
optionally su jtuted with -NR 1R2, - -SR 1, [0138] YIS -0, -NR
4- or -(CR 1 ?Bé][ 0&”3991‘” @éﬁgrﬁqglrﬂ@fro% t’Lozgd’and Z2 are independently
selected fro r Qs bStiong, of . hydr .. _hal.ogen, and opti 3y
subst tut ed HLSLE] VR (b Rin Bl S BPEh an rePRE cpR 3t sB5 RSN g o
hydr ogenuniaitbmiphaibnaibsyitusetbatth NR'RE GRCo6SAI kyl, [0141] R8 is hydrogen or
(CRLIR2) nR9, wherein mis 0-1 0, and wherein one or nore (CRLR2) unit is
ﬁp; i onal | yhs:Jbeifoz]ut &ob_puictﬁlhlefm%rﬁéms;t@BdhygiUpgﬁmlrit,bl@dkobrl[sme;@hgR9 i's

ydr ogen al ogen, optiona ubstijute -C3. yl, polyol, vitamn,
pept i de. MUFAPNGBIoek GPmPRSRA A LA P bERNAMSHE AU SSIOBRIBed DY R0 Dal tons, or
a conj Ugﬁb@meﬁzﬁﬁm-cdp@mriz&%n SXRMRdhBmek Bf PO gaRdi nent, the _
hydrophilic first block a plurality of nonomeric residues corresponding to
Formula Nlc, Rl, R2, Z1 and Z2.are hydrogen,.,R3 is hydrogen or d-C 3 alkyl,
nis 2-20 and RO is a polyol, yitamn, peptigde, or small nol ecul e having a
nol ecul ar wei ght of 200 - 1200||Dal tons. [0144] In certain enbodinments, the
hydrophilic first block shrerdi ng-h N_c Ypitbck cgmg?ises a
plurality of nononeric resifdues ol ai ned by theCpl] yneri zatton or
copol yneri zation of a nononer of Forrmulallll: [0145] wherein:

R3 R!

[0153] wherein:

[0154] 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,

[0155] each R', R? R®and R® are independently selected from the group

consisting of hydrogen, halogen, and optionally substituted C+-Cs alkyl,
[0156] nis aninteger ranging from 2 to 20,

[0157] R®is (CR'R?),R® wherein mis 0-10, and wherein one or more (CR'R?)
unit is optionally substituted with NR'R?, OR" or SR".
[0158] In one embodiment, the hydrophilic first block comprises a plurality of

monomeric residues corresponding to Formula llla and R® is methyl (i.e., the monomer
of Formula lll is a PEGMA).

[0159] In certain 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 IV:

0O R'
o)
\J\O/g\( %RS (1V)
R3 R2
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[0146] X is (CRIR2)m wherein mis 0-1 0, and wherein one or nore (CR 1R2)
unit is optionally substituted with NRIR2, ORL or SR1, [0147] Y is O NR4,
O CRIR2,wpamdl4mwach R1, R2, R3 and RO are independent PgTask@otesb4$ r om t he
group consi sting of hydrogen, hal ogen, optionally substituted CC 3 al kyl,
or a targeting group, such as but not Iimted to gal actose, N acetyl

gal actosam ne, folate, RCGD peptide,[0149] R4 is selected fromthe group
consi sting of [dyévogeheregmd optional |y substituted G-C 6 alkyl, [0150] n
is an integer ranging from2 to 20, [0151] R8 is (CR1R2)nR9, whereln mis
0 1 0 and V\,he@EGn] oeactoR’ rﬁfrzmo(lﬁi%ﬁzmdeparﬂenﬁy seledtod &ohytheigostp t ut ed with

f d hi | f
o ook’ or SR Cpin Pod ok bR LB RN oF Mronomer [ o
resi dues obta ét y the E]? ITEI‘I zat i{ @?olymsri zation of a nononer of
Formula Ilia: ?g n\ﬁﬁrﬂ er[r%rlgggfgj r%mi O( R2)m wherein mis 0-1 0, and

wherein one o e i t 1 anal i t.uted w

or s [015ofo Rt B RALIL i@ ina Brtel sBt GRier e o8 ok miela POt o
group cousit & doprignaly él.)bitlmenHﬂNngté,roRéadsaﬂ)tl onally substituted O C 3
al kyl, [0156] n is an integer ranging from2 to 20, [0157] R8 is

(CRIR2) nR9, wherean m drse &mbodimedndhavhgdrephili©fisst brocmbmphéw&%ahuralmj'bf i's
optionally substituted with NRIR2, g{ o ﬁl?% [Olg I n one_enbodi nent,
t he hydr BIPRPMEECHE$dYes,FUaSPLeE e Ul Y BT Bt9etay angibiser £&- r esi dues
corresponding to Forpula 11 n 1s. t hyl i.e., mer of
o RO " b Cepegcnar s B Eronbulc i Pl et & PIUTRATIE G ||
first bl ggis,0k., aficlktivitd 1RErREHbbddimhesk rfy@mwhn@eﬁstwdktﬂfal pdiymed

nononeri c resi dues obtai ned by the polymerization or copol ﬁrrerl zation of a
nononer @esEBeiiesein fap arembaieEos: MPlogwa W@Isbhofmboum OfHdPattende e
' ”d.epe”dﬁ utysosédoe@él?cg] fabemé Bﬁ%ﬁ&md?%b%t%b'd‘cb@ itohy SbQ9Svod BhRgFR and
opti onal substitute

about 20,000 Dalton, or about 7 OOO Dalton to 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 Dalton, 14,000 Dalton, or

15,000 Dalton.

CARRIER BLoCK

[0166] The block copolymer described herein comprises a second (i.e.,
intermediate block, or a block between the hydrophilic first block and the hydrophobic
block), that is (i) associated with a therapeutic agent (e.g., polynucleotide or peptide) or
(i) possesses a functional group for associating the therapeutic agent. For example, the
carrier block may possess polycations for ionically associating with a therapeutic agent
such as a polynucleotide. Alternatively, or additionally, the carrier block, may contain a
disulfide linkage 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 carrier (second) block is hydrophobic. In one embodiment, the second
block is polycationic. In some embodiments, the second block is hydrophilic and
comprises a plurality of cationic monomeric residues (e.g., at about neutral pH). In
another embodiment, the carrier (second) block is hydrophobic and comprises a plurality
of cationic monomeric residues (e.g., at about neutral pH). In specific embodiments, the
second block is ionically associated with a polynucleotide. In certain embodiments, the

second block is non-charged or, at least substantially non-charged, and is attached to a
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[0162] n is an integer ranging from2 to 20, [0163] R8 is (CRLR2)nR9,
wherein mis 0-1 0, and wherein one or nore (CRLR2) unit is optionally
substit utwo 20id54R1IR2, OR1 or SR1. [0164] In one enbodiPEEMIS2000/063648
hydrophilic first block conprises a plurality of nononeric residues
corresponding to Fornula IV, R3 is nmethyl and nis 2-20.. [0165] In
general, the hydrophilic first block conprises a plurality of repeat units,
i . e., atpblgastiettioz. |hsosermaneodindniseiitessecantpibca pdhydroptiiiic, polyichtakc ahd a

pol ymer desgcrib her.ejn, has unber average nmol ecul ar wei ght,. of about
000" bafs BchBS TrBEeTBEnaaTaRaf bR I b E- S ReF RS SRobBLeRMR 55 000

Dal t on, about 0 |ton to about 20,000 Dalton, .or about 7,000.Dalton to
Shout 15000 B Th. M eerBRalt e Etirstenany S REngle Bl s PRiant & Cof
about 7, edHeabahity awitfbriofid rbpddtamits Sa 68bibatidroof, twblorGodreldmlat gu, repéatQivits

Dal t on, 12, 000. Dal t%n, 13, 000 Dal ton, .14, 008 Dal ton, or 15,000 Dalton.

CARRI ER (-&cRNPHELEEC CAIANISI 'BREAI LGS SHHC 8BS MHSHANKGLPREFH UERBlSRS a
second ( ARd zwitizhiBhidREbadt@inb Asrlanidiic, &abbie knd elwreBnichepdatdinghi i c first
bl ock and the hydrophobic block), that is (i) associated with a therapeutic

agent ( eSyostanyisily RgBicaataeddeBpalyEE @fed CHTPINRATIGN hgtants Siajed diffgrritly olhgl

group f oea@gsBRER )L n BRPORRGHI %@%@hﬁ%mﬁ Jo?hiliE%?eGéﬁr!er bl ock
may possess polycations Tor 1onically assocrating w therapeutic agent
such as Aygrephekiel svenalembagimanhdbe semyof the cerdbutionsaf IRe reprat wilsr i er

bl ock, in syl f i [ . ' i Ly

coupl i ngB %/rﬁéﬁ%%]ogﬂr))étph%u |rcé+a%(]()an r,k) {ga%%g&%?{)%% %)%pgérrréﬁ }ﬁy(?r%bgﬂg\é@%r%g ir'ment,

t he car rirean éeroatind erbbodiknens they duroptithe contiiutne thére repbatdinitsrtompriked

s pol yoil TonraterhBESnveRAPRERAS anvERTSRERBMGEE therdel: oBfEM e ana
conpri lsesermaphuitad:drtt?ilnwdnizmde grdu@snmetr?nsarriibutiqsmsi aiumwﬁcgiag[)elpeaf(u@bmhe
neutra ..Ln another e i ment, . the carrier (secon 0 .S :

nyer ophoBre ek B RERERg BlackBbinid) e deBiebl ReR b 1S it e g.
at about prauékfle PHhe pHofaRE ehiitshnes asliviRAtiSs foURI. SR @REmpled pkopys
lonically associated with gkgglé/nucl eotide. In certain enbodi nents, the

second bPREYKS AYJrRERRA HAlYe (CleaChlzbada (CSYBEh-aitte RIPAYMIRGALE [PRIZGEAL Pahd i s

ﬁ;;?g gﬁ?rlttfgjt ﬁg%%\wgf} !aﬁﬁ}tﬂé&% ;c]rhé Ry OFRoRET BRSO f phdly 865ROEiB a5t S
units to a bl>clnck is significantly greater at pH 5 than at pH 7. In general, therefore, when
the carrier block comprises ionizable cationic repeat units or ionizable anionic repeat
units and it is desired that the carrier 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 physiological pH. For example, in one
embodiment, it is preferred that the carrier block be hydrophilic over the range of pH
from pH 5.0 to pH 7.5. Alternatively, when the carrier block comprises ionizable cationic
repeat units or ionizable anionic repeat units and it is desired that the carrier block be
hydrophobic, 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
hydrophobic at physiological pH. For example, in one 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
10.0, typically between about 6.2 and about 9.5, 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 unpolymerized monomer; in

37



is attached through both coval ent bond and ionic interactions to a

pol ynucl eotide. [0167] In general, the carrier block may contain anionic
repeat urwop100@iéoni ¢ repeat units, zwitterionic repeaPCUuiSREI/063648

conbi nation of two or nore charged repeat units (e.g., anionic and cationic
repeat units, anionic and zwitterionic repeat units, cationic and
ZzZwWitterionic repeat units, or anionic, cationic and zwitterionic repeat

uni ts), gehasbhmbtdralory, the pkKalvhtigeidcorppesdied tapels unity widl bedreiweent abouttéh@r eof .
Stated diff nt | the carrier . hlock ntain any of a w.de range of
Cepeat ue S0 ThbmcshBEMErARhLR A SR aEe B e SMbodimsdin W Pe cum
of the cabtutidsthedn.of the repeat units conprised by the carrier block
provi de a bl ock having an overall hydrophilic character. In an alternative

enbodi ment, tpe16aM Bf cdrizin e@bbditTizumts, mseﬁonhhﬁom@pawdrophinb andeamiprisesl by
the carrier block provide a bl ock havi an overall hydr o%ﬁm c.character.

When t he @ BH4Re" H%'%&Rmfﬁ'ﬁgcﬁﬂ%%'%g@%ﬁw FHhEMEEn Rt PSR an
i ndi vi duglaikyea@ale, dntte Ike), tdheacury itdihe (B/6lr @R MhinkeChb YIKOF intife dPHRCkeyfa wWhi ch

it is a constituent may vary as a function of its pKa relative to the pH of
t he envi FEHREMING (- GhPHeridiNe). RiBReRN CRBRINEGAMPETECYP? 61 PHEHIDE PE aci d

t ?r@iﬁeg@w d at pH 7
Lﬁfeﬁot Ug%héhnegcgﬁntﬁgﬁﬁy the )drop Og?tgaégﬁﬁrﬁggé%c{ﬁ@%ihﬁedmgs reac?yl :Oc
acid r epé@tud@ﬁuatmomaéedﬁcwlkc a@m (grg- farcaminey ag edat @ming apfallsyl erare. & pH 7

In genﬁ{eaime()itiﬁeéc‘?lfcﬁ’cf %.némeeg 25@%9@ bh %Ikgpllﬁﬂﬁé( dr WD i te§e B'a%rﬂhég%

cationic repedt unrts or abl'e ahroni ¢ rep€at uni % red

t hat t hepiparidine), anivogerbeortgidingdtetérocyclé te. gspwncbrheorquinolhwt) aribe skan of t he
contributions of the repeat units constituting the carrier block be such
that the over abl7e¢haNaotientirgf exaneples otkeyckc aydresphellde mathypdgiseol ogi cal pH.
For exarrB st in ane ﬁ} odi genlé Vft ii S reféarredlst hat pne carrier block be
hydr ophi e B}()grrn & PEGE oq %1 N F]E?-P% LRL YY) BPfof"y Wternatlvely, when
t he carrdﬁodncbmwmmerr@rsos&ﬁ)ylemhwlzraimleenmtylmine sepbatylauiing, Sembutydmnmabl e
anionic re

’F&) its and it . is. demwgdthahthe Qarrn?]r {fﬁem&

hydr ophoBPeY'd rﬁ'”‘?é‘eﬁr%ﬁw?‘@&‘eﬁ [$RrPe e aFxanzEnas Rt ey IBRitiEge

r epeat uekérﬁp@@%bbwbnrﬁme&hmmrmbﬂfymhlr@c5tr®mnm¢cbrdpwmmteh%ogwymhlne
character of the block is hyd rogwobl c at physiol ogical pH  For exanple, in

one enboBiHEAIMING [ReCAYiMine MEHSiMiess Nge- igpRR BPPORMIMiNReh@Atge It pH
from pH gy fhetiReP Nof:Rnitih é%plb@ of BYEic AIMHAEY MBREE cytiBBropfahtifs, bl ock
conprises repeat units derived

cyclobutylamlne cyclopentylamine, cyclohexylamine, cycloheptylamine, piperidine,

pyrazine, pyrolidine, homopiperidine, azabicylcoheptane, diazabicycloundecane, or the

like. Non-limiting examples of cyclic imines include cyclopropylimine, cyclobutylimine,

cyclopentylimine, cyclohexylimine, cycloheptylimine, or the like. Non-limiting examples

of nitrogen containing heteroaryls include imidazolyl, pyrrolyl, pyridyl, indolyl, or the like.

[0171] In some embodiments, the second block of a polymer described herein
is hydrophilic and comprises a plurality of monomeric residues of optionally substituted,
amino(C+-Cg)alkyl-ethacrylate, amino(C+-Ce)alkyl-methacrylate, amino(C+-Cg)alkyl-
acrylate, (N-(C+-Cg)alkyl-amino(C+-Ce)alkyl-ethacrylate, N-(C+-Cg)alkyl-amino(C+-
Cs)alkyl-methacrylate, N-(C+-Ce)alkyl-amino(C+-Ce)alkyl-acrylate, (N,N-di(C+-Cs)alkyl-
amino(C+-Ce)alkyl-ethacrylate, N,N-di(C+-Ce)alkyl-amino(C+-Cg)alkyl-methacrylate, N,N-
di(C4-Cg)alkyl-amino(C+-Ce)alkyl-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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fromcationic nononmers having a pKa rangi ng anywhere between about 6.0 and
about 10.0, typically between about 6.2 and about 9.5, and in sone

enbodi mrerwe 2bavosen about 6.5 and about 8.5. Upon i ncor poraisezan/ocfe4s he
nmononer into the polyner block, the pKa of the residue tends to decrease
relative to the unpol ynmerized nononer; ingeneral, therefore, the pKa of the
I ncorporated repeat units wll be between about 6.0 and 10.0, typically

bet ween about [61'22]anhh @@emhmﬂrrient Shmeareiabbbblnaomsrisémnm«aadityabbaniorﬁCS and
8.0. [016 l.nent s thesec nd bl o

In cert.
conpri seg‘JQOFPc?ﬁ'&F%? ‘Sﬂ% %’%'0%'8%%0@%{8 r&ﬁ' %@8‘?@ ﬁa‘é% ﬁBg‘Z &5 Shargaﬁ °5m ne,
an al kyl clazﬁrg@ableao dhalnioy, mmmﬁg,apfot@diﬁiablelae)ommpe@casclm dhargeat(e. g. an
i mne, an alk i mne, or the Ilkeg i c.am ne er|d|ne
1t ogen SeSRESFH Figrarapsns e fesssufh Rl B it s bitarBa BeCal el 1 Re.
I n speci hbk cRaReE gty SH oatr@ahemaramesmw @éstarbunieoz&cb@@p@une gcdréll‘é%l

prot onated acyclic am ne am ne, an al kyl am ne, al kg/l am ne,

or the | aka) endesoma) e dnuswm%ocbmen%%ntherﬁaﬁ@er taq»p@qmﬂﬁemarmuraa afhe
like), aaﬁobﬁlc' @d@dﬁwa%.c(rﬁ SomefR ﬂ%%rdu%nﬁbnoﬁeﬁé Fésﬂ?%@ SHHrRjndityan het er ocycl e

(e.g., é U|n0|ne or the lik Non-I'i m ti ng exanpl es of
acyclic mlrﬁéboblﬂ@p@m@s f@ghgth&rﬁ)aq@kyI@uh@ttthqmt Athepe@ehghataecher chargeable

di et hyl apg %(; |'10pyl am ne, isopropylam ne, diisopropylam ne,
di i sopropyle ?ﬂy am ne n butyl am ne, sec-butylanine, tert-butylam ne,

pentyl am ne, Bﬁbpbﬁﬁ%rﬁﬁﬁéf L&y A%&ﬁ’é rHSr ﬂécér‘pﬁ%’%té ke.

Non-limting Exarrp eso acyclrc rm’nes i1nc

propyl i m':omaprls;lsg)mmmymuulemldercobaleyﬂly mmd ®ebe Isamynd tvh)de In pemeyl i m ne
neo- pent yl i mne |so i.m ne, hex ne ar, t n-limting
xanpt os SBPOEYE T SR RRAL et o P inn Beranifssbeli e,

cycl openpyllyamle@ndecqrqjecphee(yehrwme@,elndaﬁtl ijiireatiarmsmﬁ menorperpsen itied pelympy.r mzi ne,
pyrolidin Z cohe

aza cl oundecane, or the
P ke, NoRSTIE RGeS BE 60510 BOEK PEMPHr S Ge Rt GRBORSS POy oHpRE.
cycl obut W ihgiseeond PR BEBLYH aﬂThlﬂﬁ? nfi§tly O e xarkdifeAbodiyénto RO st iH heek OF
the like, Non-limting exanples of nitrogen containing heteroaryls include

| i dazol {1 VPN EGHPISR it TRy el RHIRACIVTBICIackES, INieeme embad meAtss e

enbodi ”E@ééondtth@clé@%%eﬁﬂﬁ@dﬁd?éd @ Ry &Ry oﬂﬁé%fowaﬁéletiﬁcﬁee' Irr\ dedtaftydrophili c
and conprises a plurality ‘of nmononeric residues of optionally substituted,

am no( G- eObpding/ts,dhe daing atoeety e peNat bepd) IkygomeeemBedigneats the linking
am no( Cly (Rl kYdRRENGR § multifunctional moiety comprising two or more reactive

functional groups. In certain embodiments, the linking moiety 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 6.0. 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.g., a pendant
group of a monomeric residue). A conjugated side chain, as used herein is meant to
include monomeric residues that when initially polymerized possessed a conjugatable
side chain, which was later conjugated, e.g., to a polynucleotide. 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 Applications.
Aldrichim. Acta, 2007, 40, 7-17). In certain embodiments, conjugatable or functionizable
side chains provided herein comprise one or more of any suitable electrophilic or
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(N(G-C6)alkyl-am no(GC -C 6)al kyl -ethacrylate, N-(Ci-GC6)al kyl-am no(C -
C6) al kyl -met hacrylate, N-(G -C 6)al kyl -am no(C -C 6)al kyl -acryl at e,
(N, N-di (avoQot)mhicyl am no( C--C6)al kyl - et hacryl at e, PCT/US2009/063648
N, N- di (C1-C6) al kyl -am no(C 1-C6) al kyl -nmet hacrylate, N, Ndi( C

1- C6) al kyl -am no(C 1-C6)al kyl -acrylate, or a conbination thereof. In

speci fi c enbodi nents, such nononeric residues constitute a cationic
nononer i nuclesphjluefuat:tioraugmb plrthasss Itiﬁsmtihhxételd treNé1ymrc[s(Dm:6’i2]mide (WH&)ester,

enmbodi ne ar r |l oc ris C_.MoNoneri c
oot dueeom M EuARk RS TRoRiAREl SR AiReRell Yy bl Bladal L ffoa or
Cﬂargeaglbéntbﬂu@'bpﬁmyﬂ)@sterWldﬂld‘ajlfajd)grobpnah%bhldeaﬁldéﬂw@ 891@?968. |TheH 4
char geabl e,_speci can _pre a ni oni c erum iolo a an
e B celia AR RiskoRneod falie. o ue oo it FHE Sisathlinig

dest abi | tr@ﬁc@hd%lcﬁklb@hﬁﬁlse@oﬂe or ﬁfoeé @f@lﬁhﬁuﬁétlo@&a@@@é@ﬁﬁémﬁhm g1 sone
enbodi ments, the carrier block conprises a plurality of anionic hydrophobic

monorrer i BiocaRjLgRied W'%B‘ﬁ’ﬁﬁ'@?“f‘%@l Gu BOYBRPFPLIERY ASPLIAChy dr ophobi ¢ speci es
{e.g., a C2-C8 alk substituent) and species charged or chargeable to an
ani on [0173] [@W-’sﬁn’é‘ arisieREAdIgeN{h e 8N W%@@m@”sﬁsﬁ%ﬂ%ﬁ’t&r'c

birocon] Ugdh 8 B B SdifmBRkABHRK %QﬁJU?&aﬁ%Vrﬂbﬁd]%% Rl =siniu fie second
bl ock. In sonme enbodi ments, coval ent confugates are et ween

therapeutic agent (e.g. poI nucl eoti de org peptide) and the pendant side
chai ns of monomers in the pol Ih\$ enbodi nents, the second bl ock
conpri ses the pol ynucl eotide co aIentIy coupled to the second bl ock through
a linking noiety. In certain enfjodi nents, the s@ewnd bl ock is covalently
coupled to the 3" end of the polynucl eotide. In sonme enbodi nents, the
second bl ock is covalently coupled to the 5 end of the polynucleotide. In
certain enbodinents the linking noiety is a coval ent bond. In sone

enbodi nment s, ng %hggmpolety is derived froma nultifunctional noiety
conprising t re reactive functional groups. In certain enbodi nents,

t he Iinking [ i ment s,

the Iinking |€R;] i Zl%;%%‘?tﬁag@riéﬁﬁ%lpaﬁdgﬁsgﬂgg g%Pa l?P dzﬁa %E@ggiomal

I n sone divhedi Geiitisaryt,lemdld dikalegt @pCamete@asylabl e at pH 7.4 and acid Iabl | e
at pH6.0. In certain enbodiments, the linking noiety is a disulfide.

[0174] In certelimendosiamenalsnt hdrel areclnkihgogroak seleciadi fees optienadly nor e
substituted divalent C4-Cyg alkyl, optionally substituted divalent C4-Co heteroalkyl,

optionally substituted divalent C-C, alkenyl, optionally divalent substituted C-Cy
alkynyl, optionally substituted divalent C1-Cx cycloalkyl, optionally substituted divalent
C1-Cyo cycloheteroalkyl optionally substituted divalent Cs-C+o aryl, or optionally
substituted divalent C3-C+ heteroaryl,

[01791 R?is selected from the group consisting of hydrogen and optionally
substituted C1-C4 alkyl,

[0180] Qs the conjugatable group such as but not limited to
N-hydrosuccinimide (NHS)ester, HOBt (1-hydroxybenzotriazole) ester, p-nitrophenyl
ester, tetrafluorophenyl ester, pentafluorophenyl ester, pyridyl disulfide group,

maleimide, aldehyde, ketone, anhydride, thiol, amine, hydroxyl, alkyl halide, or the like.

[0181] In certain embodiments, the second hydrophilic block further comprises
a plurality of monomeric residues described in the hydrophilic block of Formula la. In
specific embodiments, the second hydrophilic block is a random copolymer comprising

at least about 5%, at least about 10%, at least about 20%, at least about 30%, or at
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nmononeri c residue conprising a conjugatable or conjugated side chain (e.g
a pendant group of a nononeric residue). A conjugated side chain, as used
her ei n i swoearost2s6i ncl ude nmononeri c resi dues that whenPCHIUS2E0I0§3648

pol ynmeri zed possessed a conj ugat abl e side chain, which was |ater
conjugated, e.g., to a polynucleotide. In some instances, a conjugatable
side chain is a group bearing one or nore reactive groups that can be used
for post iqast gomitidded bpweight obmlooomeric afsicuebdi (eigqri%fEGMM@ai/iogaJ pandast vi a
known in_the art chenlstr es Qr_e i ck" stry (for exanple

of "cli cRYPEANRGHY, agfggd{m O'Eomeﬁg%ﬁnaﬂ?'ye\ﬁy'%% %'P’?x fnc Azi de- Al kyne

| dd 2007, 40, 7-1
N DRt o o B nalefndNg il s SNBerell A it dnlic B (€60 Lt s

provi ded pb@nmleotmymrpe@ad@rie ccmug@treel tofthearsgcond hpdrbghikd BI@'CIK omy $doond
or nucl eOEE’GLI c functi

N hydr oS BREK ffah AR Op AR ACEChER & Do ugapbiks Biark e o DIk

p- ni t r opBRRY), wesdhak cohﬁbét@fﬂ't@ﬂfé)fhbﬂa{bélutléf&g@rﬁtz pent af | uor ophenyl ester,
pyridyl disulfide group, maleimde, aldehyde, ketone, anhydride, thi oI

am ne, hydroxybig®l KiH cdi@lin 8@bo@imenkie thd iﬁ%rrﬁe@hd@b%cﬁlﬁ%&ﬁé fr@0kodi ment s,
the second bl ock conprises one or nore of such functionizable side chalns

that is bioconjugated with a bi onol ecul e, e1g., a polynucleotide or

peptide. [0175] In certai erﬁjod 2 t he [second bl ock conpri ses

nmononeri c residues derive m/y .Zatl on of conjugatabl e nononers
having Forrmula VIII: [017 ] | n: n77] X is sel@cted froma group
consi sting of a coval ent bondy, C(O), d| vallent C5-Ci 0 aryl, and a
divalent C2-C 0 heteroaryl, é0178] Yiis a coval ent bond or a Iinki ng group
selected from opt| onal |y sub$Wi tuted &valent G-C 20 al kyl, optionally
substituted d ?/ Wﬁ:ér% 0 heteroal kyl, optionally substituted dival ent

C -C 20 al keny optional l'y di vaI ent substituted & C20 al kynyl, optionally

substituted d ?%( tA(();raq:lde % é@’#rom?rﬁd’é QRJ@' léOYlSI%@ibsg tGItC?d cjl vaI ent CC

20 cycl ohet er 0a opt1 onal stl tute | ent 0 aryl,
opt i onal Hy( Q)((E))s@(@)@ efD( )aﬁé(&)ﬂanctSO@)b@ heteroaryl, [0179] R3 is sel ect ed

fromthe group consisting of hydrogen and optionally substituted &C 4
al kyl, [0180] [@86&] t &dés terf;ugat abl e group such as but not linited to

[0187] Dbis2-4;

[0188] Yo, and Y4 are independently selected from the group consisting of a
covalent bond, (1C-10C)alkyl-, —C(O)O(2C-10C) alkyl-, -OC(O)(1C-10C) alkyl-,
-O(2C-10C)alkyl- and -S(2C-10C)alkyl- —C(O)NRg(2C-10C) alkyl-;

[0189] tetravalent carbon atoms of Ao-A4 that are not fully substituted with

Ri-R2 and Yo-Y; are completed with an appropriate number of hydrogen atoms;

[0190] each Ry Ry, and Rg are independently selected from the group
consisting of hydrogen, -CN, alkyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl
and heteroaryl, any of which may be optionally substituted with one or more fluorine

atoms;

[0191] Qo is a residue selected from the group consisting of residues which
are hydrophilic at physiologic pH and are at least partially positively charged at
physiologic pH (e.g., amino, alkylamino, ammonium, alkylammonium, guanidine,
imidazolyl, pyridyl, or the like); conjugatable or functionizable residues (e.g. residues

that comprise a reactive group, e.g., azide, alkyne, succinimide ester, tetrafluorophenyl
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N- hydr osucci ni m de (NHS)ester, HOBt ( 1 -hydroxybenzotriazole) ester,

p- ni trophenyl ester, tetrafluorophenyl ester, pentafl uorophenyl ester,
pyridyl oweubfodeegr oup, mal ei m de, al dehyde, ketone, amhydseae/063chs ol ,

am ne, hydroxyl, alkyl halide, or the Iike. [0181] In certain enbodinents,
the second hydrophilic block further conprises a plurality of nononeric
resi dues described in the hydrophilic block of Fornmula la. In specific
enbodi nenster, pemtafsie cphenilyasteyppinitraphiehyddstars pgidybdidolfide,apdhe ie); aonpr i si ng
at | east a(?out 5% at | east about 10% at | east about 20% at |east about

30% or QY Q45" about 40% by wei ght of nononeric residues (e.g., PEGW)

ol yetnyl bne. Er5eBl o R iC EBYA BB i ek NS RO i s st

t her apguﬁhgia&;@ﬁ@?ith{eﬂ% iﬂnarg?@byﬁ}wsicﬁ@gié gl b(lerg.,impmb;iakylgamimﬂaw%@ii@ﬁ, It ot ge
e o BRI PR BR TG By PO IBEY 2 eaekhartidh agattely
conj ugat gRarged bh phydEb B SH tha ng@fyoes%ﬁi%@%tidnrmqmé@% gg.})@dﬂuas&m s, the

i nternedi ate bl ock has the fornmula: | 4] wherein: | A0, and Ai are

sel ect edSHfaAMIgR Rorenase cdesPaenalg, Rifosphate. or thelike); sugtantjaligneptal at- o( o)

O - - ; ; 0 i = : i < : Yo, d
W e T o B fg-%’eﬁ@?%’é% PpBoyiaieh alol HohBnPerifeol, foliproBREE 01 ona.
( 1 C 1 olgyel kjol.or thefigy)Opratleagi@yartially ymwitteriopg(@physicdogeqH &-gyl-, - Q(2C 1
0C) al kyl - = S(2G eyl - 3 - 9
Dot £ oyl efBfheripkeSiade BohBlsilo a oy BEANE Rl S rifdhimoredtal] Lo o

and YO- Yphgsi@ogiompl)et ed wi th an appropri ate nunber of hydrogen atons;
[0190] each R1L R2, and R6 are independently selected fromthe group
consi sti ng of [ye3ogemis O-tGNessah&ay 1,0 @.kydyd abhetdetDal kyl , cycl oal kyl
het erocycl oal kyl, aryl and heteroaryl, any of which may be optionally
substitut ed WMoh94nen s greates thidrudto hé (atgoreouf 059 1p aQoui 50 wheseidue

sel ected fromthe group consisting of residues which are hydrophilic at
physi ol ogi ¢ pHD®B98] ame+ at=1east partially positively charged at

[0196] vis from about 1 to about 25 kDa.

[0197] In certain embodiments, the conjugatable or functionizable residue of

Qo is conjugated to at least one amino acid or at least one nucleic acid.

[0198] In one preferred embodiment, the carrier block comprises repeat units

corresponding to Formula 1

x3 x4
*
*
X! X2
Formula 1

wherein * designates the point of attachment of the repeat unit of Formula 1 to 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;
each X® is independently hydrogen, alkyl 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'

42



physi ol ogic pH (e.g., am no, alkylam no, amoni um al kyl anmoni um

guani di ne, imdazolyl, pyridyl, or the like); conjugatable or

functi oniwabkbw/sembdues (e.g. residues that conprise a PERAS2ML/0636a81D,

e.g., azide, alkyne, succinimde ester, tetrafl uorophenyl ester,

pent af [ uor ophenyl ester, p-nitrophenyl ester, pyridyl disulfide, or the

|l i ke); or hydrogen; [0192] QL is a residue V\/m ch is hydrophilic at

physi ol ognd Xpldre aach hyiragen. elasanopraar tsuah Ieyarpplel, thevcmlnyerddimlg&dn;a"tsepmgmabl ogi c

it o g Pasadhcing RO FAGny RTER T 2 B BT PTataoR B S0l hbfo0en o yed a
phlyf3| ol Oglk§7I pLﬂaﬁutth@@@hﬁﬂ@&h@batrrenatolclaraoﬁtpnb@y\ty etair;hrﬁutls cglrresparﬁdg t}d Lo
Su Oona Qr 0S a or e | Ke ST an | a
et o EOMa g S 3he - B SRR e S8 NBuesor aliiahy eueh Xy ar byt ens
gl ycol , p@'e]é@ﬁ&mﬂ %%r@éu’c?éﬂ[uted Bar@bnyloﬂn bh@rtﬂér'@&hmp@ tf@é h}cﬁ@ﬁﬁlll@@lbbk ally
zwitterionic at physiologic pH (e eS| eco%glnga

phosphat EOHPOERS @ﬁaaﬁm'ﬁﬁ?ﬁﬁﬁmﬁ%%W%[m%ySXdﬁo& Mis 0to
l'ess thangd RIX@@(“Q and@(“p%nab@%reo mﬁ@@en&eﬁﬁgﬂgdregéﬁ rﬁfd?&taﬁfylt@@@tlt@téoo 1.0

(e.qg., bot 51 to about 1. erelin 196] v 1s from
about 1t by@"sganbmseteww[@mwl subsn@mchhete@wwmcm ®r helesoeysty. Ug& abl e or

functi onizay ﬁxérﬂﬁl‘ d 69%3755 éﬁc%@ér}é%@tr Qea&?m@é c&r‘?@sg}on%‘ta 18 FoRAuRd, &eor at

| east one nucleic ne preterre the carrier
bl ock coigpi( @&@X?’Eerﬁ(é& SHM, bs- Q(@r NX¥§PS ?ldamdg}(fanﬁdr?’ralrleandepémldﬂnﬂ)ahgdrmgm ein *

d t th nt { th t of F | t th
Gest 002 a0 e AR BB B o e 0 ©1 7
consi st Bgamblehy'@rcwm bldsnkobfammrsbylrep@nhatm torregbohylishgac &obyilila het'és ocycl o,

epeat  urtiOI08 SECABIKERTE RBIGE oand Borrpardengr ARy ROl oyt

het er osuaéferénydﬁfbaew tb?mdtero@-Wﬂo CRrdiuriet exgmpleeihearric atdtksd f‘rlses
mdependentlg hydr ogen, al ki‘? Eor substituted al kyl, and each

i ndependEaReay UR @}r&ﬁﬁ’egfﬁlﬂg arr@aﬁﬂoﬁyﬁndéﬁr e e@,q:h hﬂr@@%r&lls hpdpg@Xanpl e,
in one syehikyl, X* is -C(O)OX*®, and X*° is hydrogen, hydrocarbyl, substituted hydrocarbyl,

heterohydrocarbyl, substituted heterohydrocarbyl, or heterocyclo. In a further example,
the carrier block comprises repeat units corresponding to Formula 1, X' and X? are each
hydrogen, X is hydrogen or alkyl, X* is -C(O)OX*°, X*° is a disulfide substituted alkyl
moiety (for example, pyridyl disulfide substituted ethyl). In a further example, the carrier
block comprises repeat units corresponding to Formula 1, X' and X? are each hydrogen,
X3 is hydrogen or alkyl, X* is -C(O)NX*'X**, X*" is hydrogen, and X** is alkyl or
substituted alkyl.

[0199] In one alternative embodiment, the carrier block is a random copolymer
comprising at least two compositionally distinct repeat units, each of which corresponds
to Formula 1. For example, the carrier block may be a random copolymer comprising
(i) a first repeat unit corresponding to Formula 1 in which X* is -C(O)OX* and (i) a
second repeat unit corresponding to Formula 1 in which X* is -C(O)NX*'X**.
Advantageously, when the carrier block is a random copolymer comprising at least two
compositionally distinct repeat units, one of the repeat units may provide a functional
group for attaching a therapeutic agent such as a nucleic acid. Thus, for example, the
carrier block may comprise (i) a first repeat unit corresponding to Formula 1 wherein X*
is -C(O)OX*, -C(O)SX™®, or -C(O)NX*'X* and a therapeutic agent such as a nucleic
acid is attached to the carrier block via X** or X* comprises a functional group for
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enbodi ment the carrier block conprises repeat units corresponding to
Formula 1 and Xland X2 are each hydrogen. In another such exanple, the
carrier bWockioosmssi ses repeat units correspondi ng to FeCcES2002/06318 and X2
are each hydrogen and X3 is hydrogen or alkyl. In a further exanple, the
carrier block conprises repeat units corresponding to Fornmula 1, X1 and X2
are each hydrogen, X3 is hydrogen or al kyl, and each X4 is independently
het er osubgaching e tbarapentjd agdm, and (i} &ltempexzitiopdlly,distimet repedabptit | | ¢ bl ock
conpri sesorrre$%%t. uqi th coar1espondi ng to Fornula 1, X4 is -C(0O Ox40,
-C(O)SX46, it 6{”@) REORY@' - and x40 and X4 1 are i ndependent|y hydrogen,
hydr ocar byl , i tuted hydrocarbyl, heter.ohydrocarbyl, substituted

et er ohydr ocal 4301 off Sty SeBeRbios, i prBrUPCEEaRees S HBRILOF o b1 ock
conpri semoheprAt residilics esthined pnik polymerikationudracobolyXkrizatior i ASAbmer

-C(O Sx45, _or - NX4 1X45 , and X4 1 and X45 are independently hydrogen,
hydr ocar By FOMU {8t ut ed hydrocarbyl, heterohydrocarbyl, or heterocyclo. In
a further exanple, the carrier block conprises repeat units corresponding
to Formula 1, X4 is -C(Of{OX45 or -C(R)NXZ' 1X45 , and X4 1 and X45 are

i ndependent |y hydrocarbyl|, heterohydrycarbyl, or heterocyclo. In a further
exanpl e, the carrier bl i s corresgonding to Formul a
1, X1 and X2 are eachiydro r® al ky(lllb)xa s - c(0O) Ox45,
and X45 i s hydrogen, hydroc
het er ohydr ocar byl , substitutged heterohydtocafbyl, or heterocyclo. In a
further exanple, the carrier block conprises repeat units corresponding to
Formul a 1, X1[@#RLIXoWHE®iEach hydrogen, X3 is hydrogen or alkyl, X4 is
-C(O)Ox45, X45 is a disulfide substituted al kyl noiety (for exanple,
pyridyl disul f02@2kuBdt AR (tRersanging from? i 2Qirt her exanpl e, the carrier

bl ock conprises repeat units,corresponding to Fornula 1, X1 and X2 are each

hydrogen, X3 192®3kdr §derCht Ramkphereiam is O- 1], gnrbehersigsnexer moredCiyBrlogen,
and X45 hﬁit%‘tﬁ%ﬂonﬁﬁy &b@ﬁ%{t%dé{gﬁﬁ'-l@hkyéﬁ -OR18PIspm one alternative

enbodi nment , carrier is a random copol yner conprising at |east two

conposi ti onal wzéi%]]stimé:t_ote_ t ouideRr2gach of which corresponds to Fornul a
1. For exanple, the carrier block may be a random copol ymer conprising (i)
a first repea ! s B i 1 I 45 and
(ii) a secondt?éej%ge];t gfﬂénr}l{tR ’(E,??P ?{eg%oénrﬁ %Eér?gﬁ%&% QHPQ%%%%\%FE@ t;w(g(g%@(
- C( O) NX4 cansigingad\hyetogge obalbgen, ehdptibeallyaubsiiutasl Geks BKyla r andom copol ymer
conprising at |east two

[0206] R*is selected from the group consisting of hydrogen, and optionally

substituted C4-Ce alkyl,

[02071 R®is hydrogen or (CR'R®)nR®, wherein m is 0-10, and wherein one or
more (CR'R?) unit is optionally substituted with -NR'R?, -OR’ or -SR’, and

[02081 R?is hydrogen, halogen, optionally substituted C;-Cs alkyl, polyol,
vitamin, peptide, small molecule having a molecular weight of 200 — 1200 Daltons, or a

conjugatable group.

[0209] In certain embodiments, the carrier block comprises a plurality of
monomeric residues obtained by the polymerization or copolymerization of a monomer

of Formula lllc:

o O\)Rs (Illc)

n
R3 R2 22
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conpositionally distinct repeat units, one of the repeat units may provide
a functional group for attaching a therapeutic agent such as a nucleic

aci d. Thuso 2borvoseeanpl e, the carrier bl ock may conpri sePCir)usaooios3sus r epeat
unit corresponding to Fornula 1 wherein X4 is -C(O Ox45 , -C(O) Sx45, or
-C(O NX4 1X45 and a therapeutic agent such as a nucleic acid is attached to
the carrier block via X45 or X45 conprises a functional group forattaching
t he therapeut {e2ngfenwhermird (ii) a compositionally distinct repeat unit
corresponding to Formula 1. [0200] In certain enbodinments, the carrier

bl ock conpri s¢e2HL pl nisahn tnyeger ramgiogréoimc2 toe@d;dues obt ai ned by the

pol yneri zati on or copol yrrerl zation of a nononmer of Fornula I Nb: [0201]
wher ei n: [ 020pd21R] sXan-(OM'BEer whareih nyisfo- tOnaRdtwhezin dn@2@3hons (CR'RE)CR

IRR)m wherein.mis 0-1 yeln e or re (CRIR2) unit is

opt i onal Pt MPF?&%&P%&?&W&&V@E{ % ORroh s oR 1, [0204] YiS -O,
-NR4- or - [[02 5] R3, Z1 and ZZ are i ndependently
sel ected fror‘r{‘{}‘ﬁ@]g Xd t?r g%ﬁ‘ Eﬁlf’drogen hal ogen, and optionally
substituted [ sel ec t he u OI’ISI sting of
hydr ogen, and %%][3‘*]3 WR %Zoﬁib’tﬁd@?s%:r%feén quent{n tg??% F]s Ry 8yen or
( CR1R2) nBonsigvmgyr e ingdidgies, Raldgéh, anadpiibedlyi subetatear C A0k alk9lCR1R2) unit is
optionally substltuteg with -NR 1R2, -OR'1 or -SR 1, and [0208] RO is

hydrogen, hal P@EIB] opt isoseddiyd frubsihe igebgcdrsStiBg af kydrogem! arel optivhaigm n,
pepti de, small ul e having a nol ecul ar wei ght of 200 - 1200 Dal tons, or
a conj ugé‘t‘%'l“@eg%od% if36209] In certain enbodi nents, the carrier block

conprises a pluralit NONEr | i dyes obt ai n meri zation
or copol yneri £%%1%h éf QR ( gﬁﬁ?))rn gi‘%{ herRe r[”d%gd]%yﬂﬂgﬁ"@ﬁefﬁ' POSPi] nis

an int egﬂoré@@ﬂiﬁ@uﬁﬁ%pﬂldnﬁl QibdtiflRdd it -NR'RE CBR1B2) SR’ whgrein mis 0-1

0, and wherein one or nore R2) unit is optionally substituted with -NRL
-R2, -OR1 or (&Rl71 R°is hydrogen, halogen, optionally substituted C+-Cs alkyl, polyol,

vitamin, peptide, small molecule having a molecular 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 polymerization or copolymerization of a monomer

0 R2
Y‘\Y/X\ﬁ)\oa/R (1)
R3 R

[0219] wherein:

of Formula lll:

[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?, O R' or S R’,

[0221] Yis O, NR* or CR'R?

[0222] each R', R? R®and R® are independently selected from the group
consisting of hydrogen, halogen, optionally substituted C4-C5 alkyl, or a targeting group,
such as but not limited to galactose, N-acetyl galactosamine, folate, RGD peptide,

[0223] R*is selected from the group consisting of hydrogen, and optionally
substituted C+-Cg alkyl,
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[0213] YiS -O, -NR4- or -(CR 1R2)-, [0214] each R1, R2, R3, Z1 and Z2 are
i ndependently selected fromthe group consisting of hydrogen, hal ogen, and
opt i onal Iwo=otmsizeat ed CrC 3 al kyl, [0215] R4 is sel ect edTfuseonoobss4gr oup
consi sting of hydrogen, and optionally substituted CrC 6 al kyl, [0216] R8

i s hydrogen or (CRLIR2)nR9, wherein mis 0-1 0, and wherein one or nore
(CRLR2) unit is optionally substituted with -NR1IR2, -ORlL or -SR 1, and
[0217] RO is h@zzagen,s &alndegan ramgng ooed 2 1o Aybstituted CrC 3 al kyl, pol yol,
vitam n, peptide, small nol ecul e having a nol ecul ar wei ght of 200 - 1200
Dal tons, or al[ez2gugRf &(GR'§F MRS, whériBin is -tk andiwheesib ode e mae (ERER?)

i bl ock c. i : T VA i id btained by th
ol yner i D38 P BRELLHERYRER VS NEBero8 RO her Cof Formita 11 - [0210]
A Rt I R e e L L e
is O NRAydophifRbIE2k chdA2ds &athall of R3noMariarskidR®sasrainadepengdent | y

selected fromthe group consjsting of hydro , _hal ogen, optionally

substi t uPBYMeUZERorRaaAPoIVBITZ AN et MAGOBE B! Ot IBS. but ot 1 ted to
gal act ose, N-acetyl gal actosam ne, folate, RCGD peptide, [0223] R4 is

sel ected fromthe group consis®ing of hydroggn, and optionally substituted
C-C6 alkyl,[0224] n is an infeger ranging from2 to 20, [0225] R8 is
(CR1IR2) "R9, wherein mis0-1 and einQpe or_ffore (CRLIR2) unit is
optional ly substituted w R1.>NpOR26] I n (Bleecific

enbodi nents, the hydrophilipc first block |or shiel’d ng hydrophilic block
conprises a plurality of oneric residdgs obtained by the pol ynerization
or copol ynerization of a nonomer of Fornula Ilia: [0227] wherein: [0228] X
is (CRIRZ)m yhes€j Nwhkieh:0-1 0, and wherein one or nore (CRLR2)

[0228]1 Xis (CR'R®)m, wherein m is 0-10, and wherein one or more (CR'R?)
unit is optionally substituted with NR'R? O R' or S R,

[0229]1 each R', R? R®and R® are independently selected from the group

consisting of hydrogen, halogen, and optionally substituted C+-Cj alkyl,
[0230] nis aninteger ranging from 2 to 20,

[0231] R®is (CR'R?)mR®, 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, R3is methyl (i.e., the monomer of Formula Il
isa PEGMA).

[0233] In certain 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 IV:

0 R!
o}
})‘\04)\( %RS (1V)
R3 R?

[0234] wherein:

[0235] each R', R®and R® are independently selected from the group
consisting of hydrogen, halogen, , and optionally substituted C4-C5 alkyl,
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unit is optionally substituted wwth NRIR2, ORl or S Rl, [0229] each Ri,
R2, R3 and RO are independently selected fromthe group consisting of

hydr ogen,wbabogsmesand optional ly substituted CrC 3 al KPCT/USO®30p36m8 i S an
integer ranging from2 to 20, [0231] RBis (CRR )R, wherein mis 0-1 O,
and wherein one or nore (CRR ) unit is optionally substituted with NRLR2,
ORL or S RL. [0232] In specific enbodinents, R3is nethyl (i.e., the
nonormer of Fo[0234&] | hiis asinkedEGMYIng fro@331o 20y certai n enbodi ments, the
hydrophilic first block or shleldlng hydr ophilic bl ock conprises a
plurality of pezdmerREis @R 'RipKR°owherciren ibP-tthangethenein ionator orore(CR'R?)

copol erEI’I ati b | ¥:,1[0234] wherein: [0235] each
Rl, R2 aHH pgllpgal yn%@%gﬂg%ﬁmtg}\lggﬁ getjl% Of ggmthe group consi sting of
hydr ogen, hal onal stituted CrC 0236]. n is an
eegartangi FEETHOEs B0 B RS vl ket A gt 3
and wher gjast e Iarsonw@nbmbs ﬁméarr@r @welcembloxcks)ﬂbspblyrmarwsmtiém NRlRfZ
OR1 or 0238 enera the carrier ty o
Copeat upfielt Rag hunbe? GUSiae maletid Wdio L A8k HENe DatPRiD StBeroog:
second bbagkn, oot E‘QbMWtoﬁ%ﬁbe UG Qallfbrh%@oé‘t @U@@@raltéﬁlﬁf assut ol gpoul ar
wei ght of about 1,000 ton to about 50, 000 'ton, about 2,000 Dalton to

about 30Dation.4IabgHt 7 QB@@@“Q” trabT| TBANG: %alk%bdf‘ specitipgmbarinnts. ¢he about

7000 Da {
hydr ophi W@BBH'QC %?gqso%@tg’gg?w) [Hhon, Bgﬁm%b%omgd%mw@ooob%n

10, 000 DAl {06A,Daiten0td 08 Daden. 11320mealmn f1ér90012alEm0 0 0&%.06H Dattan 000 Dal t on,
or 15,000 Dal t on. HYDROPHOBI C BLOCK [0239] In certain enbodi nents, a

hydr ophobi ¢ bl ock of a polynmer described herein is a hydrophobic

pH dependent , HyppbBHOHC BESERDI | 1 zi ng bl ock. I n sone enbodi nents, a

hydr ophobi ¢ bl ock of a polyner described herein is or conprises a polyner

bl ock conprisioae® plrusatairt ¥mebdimemits) RRIFSHHIBROBTBEH 6f 4 88l fdE8estided

plurality of anionic nononeric residues. In specific enbodjinents, the

pluralit ewin is@ bysrephobic pH-dependent, membrane d stablllzmg block. In some
embodiments, a hydrophobic block of a polymer described herein is or comprises a
polymer block comprising a plurality of hydrophobic monomeric residues and a plurality
of anionic monomeric residues. In specific embodiments, the plurality of anionic
monomeric residues is anionic at about neutral pH. In more specific embodiments, at
least 50%, at least 70%, at least 80%, at least 90%, at least 95%, or at least 99% of the
plurality 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 value of the given monomeric residue).

[0240] In certain embodiments, the hydrophobic species or hydrophobic
monomeric unit has a 1 value of the hydrophobic block ranging from about 1 to about
20. A compound's 1T value, which is a measure of its relative hydrophilic-lipophilic
value (see, e.g., Cates, L.A., "Calculation of Drug Solubilities by Pharmacy Students"
Am. J. Pharm. Educ. 45:11-13 (1981)), is used to describe the compound's
hydrophobicity or hydrophilicity.

[0241] 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
example, alkyl (which, as used herein, includes saturated and unsaturated alkyl groups),

aryl-alkyl, alkyl-aryl, alkyl-aryl-alkyl, heteroalkyl, aryl, heteroaryl, or the like, each of
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nmononeric residues is anionic at about neutral pH In nore specific
enbodi nents, at least 50% at |east 70% at |east 80% at |east 90% at
| east 959voOan10t5436east 99% of the plurality of anionic ROMASREVO6I6EST dues
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 fromthe pKa val ue of the given nononeric residue). [0240] In
cert ai n amohdiainnostjonahe silyaditudedidbispesifie embsdiorents, dne ppadrbpoobiospaces is uni t
has a p val ye of the hydrophobic block ranging fromabout 1 to about 20. A
conmpound®¥ a%ybgrﬂ—éﬂ(yl R e aiky(rfr—ggg—&flgl,&ra 's relative
hydr ophilic-1] I 1jc val ue ee, .e. Q. tes, L. A ., "Calculation of Drug
Soiubt it oo bEBRby e PRkt by i popiescriBu FoR 15" 1 oba
%2),2 i]s ue@mptisempmmbﬁofcﬂm-cmrg@whmﬁ.,suﬁmgh@albnoﬂael 'eibggmbletwﬁr%mbﬂ icity.

41] In certain enbodinents, r obi ¢ o]} escri pe rein
compr | seCORPBtalY HeF o) YD HIABRL BRI T 888N (S atn SRy Cher i n vi ¢ h
" hydr ophehibetinyerfs HAfHhS b mbSHOR@RIIeS REfIpASe BRYabisHeUklRIroghopRy Of
non-limting exanple, alkyl (which, as used herein, includes saturated and
unsat ur afRRFIeS- KyydrgpaRRIe sPeces may ingiyde, By Way-of nen;limiling exaipRie. aky| |
het er oal Iyhich HMbse R SihORENbes Qhtutdled hhéf BnsSarlePAWY FBuBS! B9)-QRYi onal 1y
subst i tupe/d? n uSS‘;)eeC| [&c’ ‘erbod: nent S, the H?ﬁrop%o I:kg éép%’%ﬁ’e@?lgl %’n al kyl ,
aryl - al kslkyl-aiyk plkyhanyl-alkgl Rgtereail -aiylik heteraarylapythe like2eerh af whiinleeing
enbodi ne by | | ' : ality of
non- char g@@o”{aﬁy E.M;gétgﬁgg’t Iggsto ?gqﬂﬁl)é n&?@@ﬁ%&@ﬁh%&ﬁ@%@ﬁ@?&ébégg |s§%rr%l?iglt ely free
of a whobgl-algh g&yl-anydratiyhatyl-alkybooast.i in soese dmesdimeants petinférchaimsadnnent s,

hydr ophohi ¢ _nmononeric resid . ' t | t h hobj Ci es.
ry r ophobioEeaaaeofgySF it Gaus AP RGF mEfoks Rriody HARRDSLE BEGS
(V\/n: Chi kaieleutgleﬂrdm(@a-?s) sillln,ttk,l(lccget%) amb?ﬂa(lc@dﬁamyuwls at;::JuamUthf@bbWﬂ (egarcmq®|8) :
ar -a , ,a -ar a s arl - , el er.oa rvyl. et er oar , Or
Th 1 ke WnisaaAt pe SRt et B st el o Redein cBbea Manis e Blibedlr ¢ oY
enbodi mefchoniehie réMaiPEahE dePre fism pdlyaieriabion of @530s) @lkﬁb’étha@&l&Yé,'aar yl,
al kyl -aryl -al kyl, or aryl. In sone enbodi nents, po(lér.ymer chai ns can

|

I
i ndepend&rafy oHpIataacryais, ar alFe{rebd kyhasomiei(agheefi whielks maxnerRptignally
hydr ophoglijkgstmgg)i_ es selected from (C2-C8) al kyl, (C2-C8) al kenyl, (C2-C8)
al kynyl, aryl, and heteroaryl (each of which nmay be optionally

substituted). (S $Lr iebit SNBOGHERDN LR ndBpROYIE Block koRfprises a plurality of
anionic monomeric residues. In general, it is preferred that the hydrophobic block
comprises in the tens or even hundreds of anionic monomeric residues. For example, in
one 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 least 100
such residues. In such embodiments, the hydrophobic block will typically comprise
about 10 to about 500 anionic 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 less charged at the pH of the membrane being destabilized or disrupted,
e.g., preferably at an endosomal pH. In some preferred embodiments, the hydrophobic
block comprises a plurality of anionic hydrophobic monomeric residues, monomeric
residues comprising both hydrophobic species (e.g., a C,-Cg alkyl substituent) and
species charged or chargeable to an anion. In each of such aforementioned

embodiments, the hydrophobic block can be considered hydrophobic in the aggregate.
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nmononeri c residues can be derived from pol ynmerization of (C2-C8) alkyl
ethacrylate, a (C2-C8) al kyl nethacrylate, or a (C2-C8) al kyl acrylate
(each of wbizetv/oseaeebe optional ly substituted). [0243] | RConsS2@voesbisrent ,

t he hydrophobi c bl ock conprises a plurality of anionic nononeric residues.
In general, it is preferred that the hydrophobic bl ock conprises in the
tens or even hundreds of anionic nononeric residues. For exanple, in one
enbodi ment th@zmljrbmmm meoefkrecdrq)mydswmﬁc H)Iealstnay@:ostaadrhamiesiicdewt I n
anot her e 0 suc | n_anot her
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char geabP@éa@uﬁms)aéub%fhntlhﬂsﬁh&@bﬁﬂrg@d PE R DAk @ @Mb?ﬁétﬁbn&ﬁ@t‘ébﬁ%roﬂdi@
chargeabl e species can prefera be anionic at serum physi ol o Q?I cal pH and

subst ant fhat ity oyl chamacRs ds BYdrPIH@lM—I etatethdiffpeangy.dhe hydiopgobie lagsimazed or
di srupt egont‘érngang ﬂrﬁ%b@b?’e éﬁre@@iﬁﬂﬂgsﬁy@b phJdic {)Pev%?lrm/dpcgﬁﬁ RY bRRided

enbodi nment s ydr opho conprises a plurality onlc
hydr ophoBiag thepsusmef the costibutiens omﬁdﬁp@awnﬂ@@pmaésed:bwﬁm fwdn@orw@mblock

hydr 0PNOB} & APEEILER hafin an el HiBréople GHaPSbLL URREN HAIOSBEGRS:APAY 9o

or chargea 0 an ani suc orenen i one t he
hydr ophomnazableogmuparth@eorcntobsmqimfm |hglldtob|[ahr@peat umit toliee ayeral ggdrophiiaigs] | n

general, ther e. hydro bi ¢ bl ock nmay .cont ai Qnic..repeat units,
oot Toni oot DR fvrlci R'F bR w3ty R4 bR LS BKATP RN B o o
rm(rje chapgle;ﬂ thieepeditonkient & Which it,is &ﬂljndniF(bragshp@t pplyCadreljredid tepeias uniegi oni ¢
and zwi tt catipni.c and zwitteri re units, or
ot oni ¢ -GS CHREHERRRIGERAR sk R BEamtiinfieed o 30d AT BIRY SAH: char ged
repeat UfHusStheiydrosHamiY dbtrituitioh e pRpli a@ylwa&l@ebﬂdaaumtét@ a)meblalsl character
i's hydr ophob| C. St ated differently, the hydrophobic bl ock contai n any

of a wi dBIOPHAGAIYGACRiSERPH Grihe8 at Hbidr opIasHPE Ghowlais: 'hgﬁdqrs@ﬁrep.teat the ovi ded
that thesginrdfe LfriSAAS obtd RBSaCiniishRnsABER réyefortRBRbISECbO e

hydr ophobi ¢ bl ock FrOVIde a havi ng an overal I” hydrophobi c character.
When theth’c?éﬁlé%l@vqml chargelat af tnheubdmkzabv@rogh@m@gt p*r'lﬁéh%t(ﬁri@ﬂ@%dha@n of an

'“d' vi d“@ @ngélncw Fol & e,%%'h?u mB&éﬂﬁQ&htHe's‘Urr‘i R reﬁ%ﬂﬁl %IS%}L‘JCWI ch

s a may vary as a nction of 'its
that the overall character of the block is hydrophobic at a pH of about 5.0. By way of

further 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 5.5. By way of further 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 6.0. By way of further 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 6.8. By way of further example, in one embodiment, the
sum of the contributions of the repeat units is such that the overall character of the
hydrophobic block is hydrophobic at a pH within the range of about 6.2 to 6.8.

[0245] In certain embodiments, a hydrophobic block described herein
comprises monomeric 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, (C»-Cs)alkyl-
ethacrylate, a (Co-Cg)alkyl-methacrylate, a (C2-Cs)alkyl-acrylate, styrene, (C2-Cs)alkyl-
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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pH of the environnment in which it is found. For exanple, propyl acrylic

acid repeat units, -CH 2C(CH 2CH2CH3) (COOH) -, are predom nantly ionized at

pH 7 but wotoomtospide5 and t hus, the hydrophobi c contri burCosedoopssps |

acrylic acid repeat units to a block is significantly greater at pH 5 than

at pH7 . In general, therefore, it is preferred that the sumof the

contributions of the repeat units constituting the hydrophobic bl ock be

such that the overall character of therblock is hydrophobic at pH s that

are |l ess than physiol ogi cal pH For exanple, in one enbodi nent, the sum of

the contributions is such that ghe ovedall character of the block is

hydr ophobi ¢ at a pH of about 5.0. , £ O her exanpl e, in one

enbodi nent, the sumof the contribufions is such that the overall character

of the block is hydrophobic at a pH of about 5.5. By way of further

exanpl e, in one enbodi ment, the surfof the contributions is such that the

overal |l char ago2s6pf whbeil ock i s hydrophobic at a pH of about 6.0. By way

of further exanple, in one enbodi ment, the sum of the contributions is such

Ehgt Ehe over ?bi+4rhaRéaheR2@1‘rebh§1 hb@p&nd@tl%ﬁ@ﬁ@@bﬁbﬁ;\&o@én,@ppd;hzﬁr@/ about

.8. By 0 rther exanple, in gne odi nment , e sumo e

cont r  bubtiG e itk fasonan shellidakena ctnbal S Dt abiiBter of tne

hydr ophobpgorlipekbstiutbd @yeIBAIRPI 6ptAsnafty BiibMtitBd Bryi & dplibesyubetiatd 6.2 to

6.8. [024 In certain enbodi ents, a hydrophobi'c bl ock descri bed herein

conpri sefe Wehc residues resulting fromthe pol ymerization or

copol yneri zation of a.nononer conprising a hydrophobic species. Mnoners

conprising a RYM&bhBhischysiegsne gﬁ’ﬂ@l‘ ionglly siBptisiechomJsialivhiohg exanpl e,

optional | (= hRstituted, (C2-C8)alkylethacrylate, a

(C2-cC8)al kyl -'nmet hacryl ate, a (C2-C8)al kyl -acryl ate, styrene,

(C2-C8) al kyl vi OR4 } rt i I . rs conprising
k&¥d97 OR Eﬁdrd()]égn Sbﬂ)\%gﬁ, 6@?093{@% iftRey &,-CIANQe

a hydr ophobi ¢ species i nclu y of non-limting exanpl'e, nonomers of

Formula M : [0 b & 0t R | _epeh qjpvd 1y
hydr ogen, hal gg%elwggt ?éoé\bgllokgﬁgidbbgﬁhttﬁ?gé%a?:{ygl %e{l , doFgf ?@ﬁgﬁ%ﬂ’substi t ut ed

al kenyl , opti Bl j ; I L L bk ; | kyl ,
bt onal |y subarE e B B e e B R Dl b B Ed )
R3 i s hyéakegynoptinaiatyeulstisfed ehanylyortionety suhssitutey cycoalipyl, opdionally( =O) R5;

substituted aryl, or optionally substituted heteroaryl;

[0252]1 R’ and R® are each independently 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.

[0253] In certain embodiments, in addition to a hydrophobic species, a
hydrophobic block described herein further comprises an anionic species. In specific
embodiments, the anionic species is anionic at about neutral pH. In specific
embodiments, the hydrophobic block comprises a first monomer residue comprising a

hydrophobic species and a second monomer residue comprising an anionic species.

[0254] In certain embodiments, a hydrophobic block described herein
comprises a polymer block comprising a plurality of hydrophobic monomeric residues
and a plurality of anionic monomeric residues. In some embodiments, a hydrophobic
block described herein comprises a polymer block comprising a plurality of chargeable
residues. In some embodiments, monomeric residues that are anionic, (1) are anionic
at about neutral pH, a pH greater than about 7.2, or any pH greater 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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[0249] R4 is hydrogen, hal ogen, optionally substituted Cl1-C6 al kyl; [0250]
R5 is optionally substituted G-C 6 alkyl, -SR6, -OR6, or -NR 7R8; [0251]
R6 i s hyowogeryosebi onal | y substituted CrC 6 al kyl, optipomaiskgoosedsss i t ut ed
al kenyl, optionally substituted al kynyl, optionally substituted cycl oal kyl,
optionally substituted aryl, or optionally substituted heteroaryl; [0252]
R7 and R8 are each independently hydrogen, optionally substituted al kyl,
opt i onal 5y7 tasbghan ab@d Setlessohbik pboutdpb lesathan abobsS .Ut leSemaryabantIeyl

opti onal ubstlt with the nitrogen to

| R8 t et
P P lebs T 4 dul 5iE o felisin gl a0k A o A e e Bo &R 69531
Ibln cEr Ej ardslcﬂmgdwr\]/ genbisa ahyv)[/fﬁddlbbtvmeddbo@t mahr&pmﬂute osmszwaér,el ety e p]p_hobl C
ocC escri r er | Ses a an n| C ec n ecitTlC
o rmoni neaBut i ahg ePalt .5 corruberEbeean aBodt . AmpiabRatL-Baln detiar &
speci f i cemmgmémﬁtrﬁondrﬁ@rsmu@lrvﬂwmkmmbﬂ@%r@ﬁa@ﬁh@gﬁuoﬁcfmérﬁimémnorrer

resi due conprising a hydrophobi c speci es and a second nononer residue

conpri si MRFIAESAAVER RXS pRGYRAse bpbypesd aqayt der and aPABIY iBRENDETe REIWGER ophobi c
bl ock deggyibes aRGLBHM 'an@rrér’@/ %@é’cbvlé@ﬁ oBLOES aﬁ@@%h?? pg a plurality of

hydr ophobi c rmnorrerl c resid a pl ura Ity of anionic nononeric

residues. "Ef e'Eﬁl'&te?mbcﬁilrﬂé!Ht%%)ﬂﬁHb%loQ&@§K/P%Srﬁéy Béﬁd?uﬁ\%rc?ri n

conpri ses a conprising a plura chargeabl e residues. In
some errbadlpﬁé:rm@norﬁ@mrreétdues des¢ringdnareintincivde, @mw&maf nog-limiingexarapleoni ¢ at

about_neyhfshyiiHicid A ARLSorb AR iorts o oSy aBH SiRRE St han_abou

nan- char ge | ess "ess han about
5 8 I esshmmnalaomit Ehdsphlresamtjhamd phascthoBus, adldagr@upaam tb&)oumjuﬁaté bakess

t han abouF 2.4 Cgnlfghan abo di t lL.ess .t han_about . ’ essdth

about 4. 5" 31} %Hﬁée os&”heeﬁ?” b 'm?@ $oRORRPHE r?%’%%%c eﬁ'Q\‘/S %% b Lé%%nMere
bet vvee\rllmabpl)%)am(y&ca/ﬁdaahout ac&yl@: %mmmmertﬁlnmnmmembop@ncﬁn&s&pdh about 7.5,
or any et we an out certain enbo nts,
o o TS S s L e noRaee . b pr et e M B s have
a pKa anﬁWSEHbﬂin‘éﬁe%cﬁPQMbk‘B @t@?@h @@Oabsﬁor%;veamy‘d% r@@@ﬂmcabom 5.5
and about 7.5, or anywhere between about 6.0 and about 7.0. [0255] In

speci fi ca@ﬂ%@ﬁhﬁ”ﬁ)’?m'%p@ﬁPb’”b%%Eﬂré’%tr%ﬁ*i“éﬁr REHe Belives RioBACRAIAsues
MONONET i 80fESA, QUEH-2d¢8FalRRANNE iBirBdldlieh e nioki spR¥%ieS by HRBE-bbInktibation

exanpl e,
i hydrolysis of the maleic anhydride monomeric units.

[0256] In certain embodiments, in addition to a hydrophobic species, a
hydrophobic block described herein further comprises a cationic species. In some
embodiments, in addition to a hydrophobic species and an anionic species, a
hydrophobic block described herein further comprises a cationic species. In certain
embodiments, in addition to a hydrophobic monomeric residue, a hydrophobic block
described herein further comprises a cationic monomeric residue. In some
embodiments, in addition to a hydrophobic monomeric residue and an anionic
monomeric residue, a hydrophobic block described herein further comprises a cationic
monomeric residue. In some embodiments, species and/or monomeric residues that are

cationic are cationic at about neutral pH.

[0257] In some embodiments, a cationic monomeric residues described herein
has a pKa ranging anywhere between about 6.0 and about 10.0, typically between
about 6.2 and about 9.5, 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 unpolymerized monomer; in general, therefore, the pKa of the
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carboxylic acid, sulfonam de, boronic acid, sulfonic acid, sulfinic acid,
sul furic acid, phosphoric acid, phosphinic acid, and phosphorous acid
groups, owothw/sespugat e bases or anions thereof. |n someTArsbadionsng s, the
ani oni ¢ nononeric residue is a residue of (CrC 8)al kylacrylic acid, or
acrylic acid. In certain enbodi nents nononers such as nal ei c-anhydri de,
(Scott M Henry, Mhanmed E. H El-Sayed, Christopher M Pirie, Allan S.

Hof f man, inencoratedirefedd.uniss ayit mmbetpideRabpoind D \andRdl G, (Tgtivallyoethwéen atedudi c

anhydrid Al anm de Copol r.s for Intracell ul Del i very.
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In sone enbodinents, 1n addition to a hﬁg{ygphobi C ﬁ%ﬁd es ar?,d an ani onic
speci es, ! 'ﬁﬁ‘?&ir%ﬂﬁi'%'”ﬂ?% 90 88¢P Nsed" TN dife IR oA FYGIS &R €203 oni ¢
speci es. pigrigiRe}, a Mir6HErPEHMBAING hetdroa@dlé td.§N pldide By flinBIHRY] 6 theNITBRI C
resi due, a hydrophobic bl ock described herein further conprises a cationic
NONOMET | épf?%%/q ermecdimenty Recalipie $rAEIAS Stilized hedein indirass BroRihAGIsi e
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enbodi nef&-, aspaiicesn gyl isrinemndneliied, 2 exllid@aine kag. aiperidae).eniitogere
cationi Cc@ﬁtaﬁ%@%@@é&élQ!(%gg'pﬁli&ﬁéUrﬁbi’f‘loﬁr‘? offRGEL TNt s, a cationic

monomeri ¢ res Cri erern has a pka ranging anywhere between

about 6.0 and Q. .t ypi t. 6. @&99- 9.5, and in
sonme enbodi rrem%?%]tet \%\Iggﬁ:lmétﬁ)r%%&gﬁ@gséﬁﬁé%%?ﬁﬁﬁgm%%enﬁﬁﬁ or p'gtre’ati on of the
mononer dimeathylamine kethylEmibé odikthyleimeng Keomflamine, isepiapykantieeds t o decr ease
relative to the unpol ynerize i

I noner; i eneral , . therefore, t Ka of

t het noor PR S ERE.S RRIETRITIRTE! patfuding, St oeVE i aohbadfRea 1
bet ween pbotylanting recheéhtdaminad isorpestyramrh adkarantise obtHevikken Nupdimitieg 5 and
8.0 [0258] In certain enbodinents, the hydrophobi c bl ock conprises a
monorer | EXEBBIES O Gise TERRYHHS/BS B T MemP B pEeg PrOS s TPy
an ne, andudlikihe BEcRitylidfiné,enylikfle, nRB-RSWFin ige, 1ig8-pentlmie, h@flimAere, an
al kyl imne, or the like), a cyclic amne (e.,qg., piperidine), a nitrogen
cont ai ni ﬁbth‘i‘é'{k@r M‘c‘lr@t”@@%ﬁ.mmﬁﬂf ayqhe a@?'”%i”ﬁb’ﬂ?ﬁéﬁ’@p@rpyllaﬁﬁ”?:i ke. In

cyclobutylamine, cyclopentylamine, cyclohexylamine, cycloheptylamine, piperidine,

pyrazine, pyrolidine, homopiperidine, azabicylcoheptane, diazabicycloundecane, or the

like. Non-limiting examples of cyclic imines include cyclopropylimine, cyclobutylimine,

cyclopentylimine, cyclohexylimine, cycloheptylimine, or the like. Non-limiting examples

of nitrogen containing heteroaryls include imidazolyl, pyrrolyl, 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+-Ceg)alkyl-ethacrylate, amino(C+-Cg)alkyl-methacrylate, amino(C+-Ce)alkyl-
acrylate, (N-(C4-Cs)alkyl-amino(C+-Ce)alkyl-ethacrylate, N-(C+-Cg)alkyl-amino(C-
Cs)alkyl-methacrylate, N-(C+-Cg)alkyl-amino(C+-Ce)alkyl-acrylate, (N,N-di(C+-Cg)alkyl-
amino(C+-Ce)alkyl-ethacrylate, N,N-di(C+-Cs)alkyl-amino(C+-Ce)alkyl-methacrylate,
N,N-di(C+-Ce)alkyl-amino(C4-Cg)alkyl-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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specific enbodi nents, a cationic species utilized herein includes a
protonated acyclic amne (e.g., an am ne, an al kyl am ne, a dial kyl am ne,
or the |iweppleas4smeyclic imne (e.g., an imne, an al kylPCIrisa@9/063648 he
like), a cyclic amne (e.g., piperidine), a nitrogen containing heterocycle
(e.g., pyridine or quinoline), or the like. [0259] Non-limting exanpl es of
acyclic am nes include nethylam ne, dinethylam ne, ethylam ne,

di et hyl am ne, [@p2épy| bmc'tenta,in émbpdicrmpltsami meiropﬁoibmipjodpqéaﬂbe@herein

di i sopropyl et.hyl am am ne. sec-.hu a but yl am ne,
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exanpl es_o i.C cl ude c mne cl obut yl am ne,
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pyrolidi @seml’rtom@bcmﬁbmm su@é@ht.ﬂw r%m%%@é?ﬁu clibr 9@%@@0@@5&%@@@% or the

like. Non-limtin exag& es of cyclic imnes include cyclo ropkl/llmne

cycl obut {192RF Heat 2 {RasbBHt 31 IPASITR%.c3) deash 854 Rhieast 905y cAldnRsiOpr4. 9 Ak, or

Lhe |1 KeleapBedldTid ¢ a%rséarre.r?e?o@t U0 s eQ%FF{eO&Wﬁlé i ncl ude
i m dazolyl, pyrroly pyridyl, indoly 0260] In sone
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N, x gl ( gbb@aﬂ)ailaks'bmamcrmgﬁgu@@)nal kilis betweearapoat 85 and about 5:3, abour;[ .

I speci 1110 AR = SoSuHS Aot £y it nsfatatt ap e abakgebfile”

nonomner i gnd %b@iUﬂ)O@S @J@‘Hbé@t'989+®Cﬁ§ndj§§cﬁftl1b©¢b8h@©€érmr{aﬁ’i85b} ch&rgeeaficd n
enbodi nent s hydrophoblc bl ock descri bed herein conprises a plurality of

ani oni c ﬁ%bﬁ@Ph'@V?‘éﬁ uesitaplegnanngri e.9- by @tauialino dhersReret ofchagadiues, and

a plural lsbé(C,@g ué]b{%{@@@é)hﬁd/a‘pﬁgmépugsI’tﬁeﬁééﬁues [0262] In certain speci f e
enbodi nent s, out neutral pH (e.g., at about pH 7.4), the hydrophobic

bllock has a spgséant |rPddn¥e BRBbERMerY. &t Abbuttitf@PoH (89S tt bbofyH$7.4), the
hydrophobic block comprises anionic species and cationic species in a ratio 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 to about 1:4
(anionic species : cationic species). In a preferred embodiment, at about neutral pH
(e.g., at about pH 7.4), the hydrophobic block comprises anionic 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 monomeric residues and cationic monomeric residues in a ratio of
about 1:0 to about 1:4 (anionic monomeric residues : cationic monomeric residues ). In
a preferred embodiment, at about neutral pH (e.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
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speci fic enbodi nents, a substantially neutral overall charge of the

hydr ophobi ¢ bl ock neans that at |east 60% at |east 70% at |east 80% at
| east 90%wvoavid/isasb 95% or at | east 98% of the charge @eCTAiSRI063BHS t he
cationic nononeric residues or the anionic nononeric residues are
neutralized by the charge of the of the other of the cationic nononeric
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10: 1 to AByNerizable mpnogishavingr depraivpatabie calicaPeEied: 1 to about 1:4, about
1:0 to about 1:4 (anionic species : cationic species) a referred
enbodi nent, al02®%lut Imame ﬁmbﬁﬂi"(%‘t%g 4 hyshroRsiR PIBFK. ﬁsﬂesc'f'tl’ﬁéfwm”ophobi c

bl ock copphiasss ABIsROLEIrS BEEhRRIRZRD cati oni c species in a ratio of about

1:1 (anionic species : cationic species). In sone enbodi nents, at about
neutral pH (e.g., at about pH 7.4), the hydrophobnhc bl ock conprises anionic
mononeric residues an canonlc nnﬁpnerl ReS|due inaratio of about 1:0

to about 1:4 (anionic nnp We E : i onijc nmonomeric residues ) .
In a preferred enbodi @ abo Aﬂmp trA EH (e.lg., qr about pH 7.4), the

hydr ophobi ¢ bl ock conpri ni oni nome(,i ¢ resildues d cationic
nmononeric residues ina-r |o of a ut 1:1 GanionldNnDnonerlc resi dues :
cationic nononeric residugs ) . 64] In certain enbodi nents, at about
neutral pH (e. at about pH 7. 4) t he hydrophobi c bl ock conpri ses

hydr ophobi c nb&% |W B€H dues, cationic nononeric residues, and anionic

nmononeri c residues. In speC|f|c enbodi ments, the ratio of hydrophoblc
mononeri ¢ rest @& t B2 ety HBrieARAeNEenysseleried (redt g @reup consisting of

NDNOMEr i G @S] Q}rescpj )eni & rdfy L@ e$herdif, about 1:5 to about
5:1 , or about 1:3 tgls)aa%{g}ljt 3: Ef,S)a@:@'?about q\jg@to abolut 3:1, or about 1: 1

, or about 1: ?0265] aheuy 2.1 .
[0270] bis2-4;

[0271] Y.is selected from the group consisting of hydrogen, (1C-10C)alkyl,
(3C-6C)cycloalkyl, O-(1C-10C)alkyl, -C(O)O(1C-10C)alkyl, C(O)NRe(1C-10C) and aryl,

any of which is optionally substituted with one or more fluorine groups;

[0272] Y.is selected from the group consisting of a covalent bond,
(1C-10C)alkyl-, =C(0O)O(2C-10C) alkyl-, -OC(O)(1C-10C) alkyl-, -O(2C-10C)alkyl- and
-S(2C-10C)alkyl- —C(O)NRs(2C-10C) alkyl-;

[0273] Ysis selected from the group consisting of a covalent bond,
(1C-10C)alkyl and (6C-10C)aryl; wherein

[0274] tetravalent carbon atoms of Ax-A4 that are not fully substituted with

Rs-Rs and Y,-Y,4 are completed with an appropriate number of hydrogen atoms;

[0275] each Rs, R4, and Rs are independently selected from the group
consisting of hydrogen, -CN, alkyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl
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[0265] In certain enbodi nents, a hydrophobic bl ock, as described herein
conprises a plurality of first nononeric residues derived froma first
pol yrer i 28bl2e1omsmsier havi ng a prot onat abl e ani oni ¢ spe®CEUS2004/063648
hydr ophobi ¢ species, and optionally a plurality of second nononeric

resi dues derived froma second pol yneri zabl e nononer having a
depr ot onat abl e cati on species. [0266] In sone enbodi nents, a hydrophobic
bl ock, aandésterodrgidahgpiwvhich ompy bes egtidnady stivsiicutad evitbfonEar modra fluoting 0267]
wherein % 268] A2, A3 and A4 are independently selected fromthe group
consi sti APF -CC, -C, -C(O(C) (OO, -0(C) C(O- and -O(C) bO;

wherein, [026 1 0270 027 df
e o oL 2o Bha st ok o e trigt AL ST BRERE & o
C- 1 0Q) ablyhat linfle@teamins, hlI@@)rﬁhhydimm6(1@)TN%II@(arﬂm@ﬂiller@)Jaaiﬂmearnmuaz(ﬂwy of

which is ogtlonﬁ:ﬁlly substituted with one or nore fluorine groups; [0272] Y2
is sel ecBBAPYIdMh t he group consisting of a coval ent bond, ( 1C-1 0C)al kyl -

O 2C—10C | k G 1 OC 1 00) al kyl d
S on 1200 ar T e e Wik Bedajiely ora@%]qwgﬁ'@'og R Trom t he
group COUﬁ@&gb@Qpﬂfto@t@ﬁ\é@lcﬁ@r pb'p%ludlnd-&]tln&%baYé C%@X)(I %lfbn@ﬁﬁ)c% yl;

wherein %027 tetraval ent carbon atons of A2-A4 that are not ful

substitu & RheeRhRnaig @ngeheaphate. conpl et ed WI th an appropri at e nunber

of hydrogen atons; [0275] each R3, R4, and R5 are |ndependently sel ected
from the groupO2bki Bis ARPUWO. hiprRayeR;o CG(QN, akauk {12 thﬁWhQﬁ het er oal kyl ,
cycl oal kyl, heterocycl oal kyl , aryl and heteroary ny of which nay be
optionally sub327Lt @ @\WQLH Oph® #0UB%(erg- LRRQUSE: Qatlocﬁ?@u'f P@i?@]er@@ is a

resi due which is £)OS| tively charged at physiol ogic pH, including but not
linited to ani®B80kl kiplQigiaRout 886 Lo WY DLMUREEIR  guani di ne,

i m dazol yl, and ridyl; [0277] B is a residue which is negatively charged
at physi ol ogi E09%L1 bat-q+r =1;and,

[0282] w s from about 1 to about 50 kDa.

[0283] In one preferred embodiment, the hydrophobic block comprises repeat

units corresponding to Formula 1A

O, OH
X3
H H
Formula 1A

wherein * designates the point of attachment of the repeat unit of Formula 1A to other
repeat units; and x3is alkyl. Exemplary alkyls include methyl, ethyl, propyl and butyl.
Typically, X® is ethyl or propyl. In a preferred embodiment, X° is propyl.

[0284] In one preferred embodiment, the hydrophobic block comprises repeat
units corresponding to Formula 1E
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undergoes protonation at |lower pH, including but not limted to carboxyl,
sul fonam de, boronate, phosphonate, and phosphate; [0278] p is about 0.1 to
about 0. 9wQesw/os4mbout 0.2 to about 0.5); [0279] q is alpomtuseo/osas4@bout
0.9 (e.g., about 0.2 to about 0.5); wherein: [0280] r is O to about 0.8
(e.g., 0 to about 0.6); wherein [0281] p +q +r = 1; and, [0282] wis from
about 1 to about 50 kDa. [0283] In one preferred enbodlnent t he

hydr ophobi ¢ bl ock conprises repeat ts coxtesponding to Formul a 1A
wherein * designates the point of atta nt of the repeat unit of Formula
1A to other repeat units; and X3 is al kyl. xexenpl ary al kyl s i nclude nethyl,
ethyl, propyl and butyl. Typicall ks” ethyl or propyl. In a preferred
enbodi ment, X3 is propyl. [0284] ferred enbodi nent, the

hydr ophobi ¢ bl ock conprises repeat (ts corresponding to Formul a 1EFormul a
1E wherei n designates the point ofHatti@chnment of the repeat unit of Formula
1E to other repeat units; and X3 and X47 are independently al kyl. Exenplary
al kyl' s include nethyl, ethyl, propylFamdlaiBEyl. Typically, X3 is methyl,
ethyl or propyl and X47 is independently nmethyl, ethyl, propyl or butyl. In
one pref ehersin eTdeainakes the ¥aint of arddiyertbéthdédépest umittef IForh0R85 to dthene
preferred enbodi nent 3the Qy roEBoblc bl ock conprises repeat units

cor r espoFRRERGUPILS: BEF HLI1399PE RFfeingPReRdentY A ht e pRlaTY AR NSldgPeltWent of
the repegthyl @képWBnE@UW' p‘iéélﬁ/oxbishﬁéthyle@ﬂﬁt ottobyi; an2§:‘>(“I7 |ﬁbl§p(éndeﬁﬂ¢ X48
i's amno-substituted alkyl ry a i ncl udg net hyl , le propyl
and but yMmethy.7tBy| PRppyhes t7I“s§>"ei"h9’|‘e Be ?ﬁ@p@ﬂ”b%ﬂ‘eﬂhg( ig methyl and X

N, Ndi al k b@m noal kyl, e.g., N, N-di methyl am noethyl. [0286] In one preferred
enbodi msnt t he hydr ophob| c block is a random copol yner conprising (i)
repeat uni ts p nits
cor r espondi ngt:?%é%;r%%a F%g%éiﬁééoél@%%rrn%ﬁt thﬂ%‘gﬁaﬁ%%ﬁ%ég@ﬁ%{%’% g?ﬁg to
For mul a UAs a@respanding to fogeweridl , when t he hydrophobic block is a random

0O Ox48
X3
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, X is ethyl or propyl and X*® is N,N-
dialkylaminoalkyl, e.g., N,N-dimethylaminoethyl.

[0286] In one preferred embodiment, the hydrophobic block is a random
copolymer comprising (i) repeat units corresponding to Formula 1A and Formula 1E,
(i) repeat units corresponding to Formula 1A and 1C, or (iii) repeat units corresponding
to Formula 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 Formula 1A to the number of repeat units corresponding to
Formula 1E in the third block is between about 20:1 and 1:4, respectively. For example,
it is generally preferred that the ratio of the number of repeat units corresponding to

Formula 1A to the number of repeat units corresponding to Formula 1E in the third block
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copol ymer conprising repeat units corresponding to Fornula 1A and Fornul a
1E (with or without repeat units corresponding to Fornmula 1C), the ratio of
t he nunbewoahiwsgmsat units corresponding to Formula 1A PoTiUse0m0ndses of
repeat units corresponding to Formula 1E in the third bl ock is between
about 20:1 and 1:4, respectively. For exanple, it is generally preferred
that the ratio of the nunber of repeat units corresponding to Fornula 1A to
t he nunbbe befwearpaatut Grii arsd €:8r resppciiveiyn gAdditidratiynit ia geRerafly phefetred trtht bl ockbe

bet ween gbout 3:1 and 1:3. respectively.. Additionally, it I eneral |y

or ef or el o e uPns POTERBRONG FonBiR LB Tratiint bymBsPRIFRETA
exceed t heithesrsspoadingepEatmuaiiics corresponding to Fornmula 1C. [0287] In
general , the hydrophobic block conprises a plurality of repeat units, i.e.,

gt | eazt dt\r/]\o. [q)ms-;r;]]ertnagehﬁbm@immmob& Hlfwﬁ«mﬂmwes aﬁd)lw%#ﬂtyafg rapeuilugggr
escri pe ereln asS a nunper aver age Ccu r. | 0 abou N

Dol ton ¢ GeaBhERSUg. 46 EoBaN EaOBSTE. 4 NIvePEsle BRCR aBBIHTSS6SBHFE DAl t on
about 1, QERiPA4S anukberBRsragd AtbIEKNarlRdi§ b aBout, 060 ORfRoRe Asutooo Moout

50, 000 Dalton, about 10,000 Dalton to about 50, 000 Dal t on, about 15, 000

Dal ton t HalepAbog5 T 660 Lakpn dmabeyt A9AR0 Daltampebe 160 Paltabinabast, 000
Dal t on. - B0 RafbMoaddve 800! Maifib 2bBuEITRASY DB alf1Bbas baigRed yrer has
Ight (wth 't nber

a ratio of a numberaverage nol ecul ar we e nu aver age
mol ecul aebowigPhR0Palidne abpuists, G PRItON tocabouh B06R A0S, & Akt 20 8PPesent ed

by M lsP_,altmgo M%&@b%ggﬁ_ nol ecul ar wei ght of second or internediate or

t herapeutic carrier ock represented by Mh 2nd , and the nunber average
nol ecul ar wei ght of the third block represented by Mh 3rd) of (M1 1st + Wh

2pd) : (M1 3rd) of about 2:1 to about 1:9. In sone enbodi nents, (M 1st +MWh
LocK RATIOS

[0288] In certain embodiments, the block copolymer has a ratio of a number-
average molecular weight (with the number average molecular weight of the first block,
i.e., hydrophilic block, represented by M,'!, the number average molecular weight of
second or intermediate or therapeutic carrier block represented by M,>", and the
number average molecular weight of the third block represented by M,*%) of (M,"*" +
Mn2"%): (M2 of about 2:1 to about 1:9. In some embodiments, (My"" +Mn2"%: (M,>% is

about 1:1 to about 1:3.

POLYMERIZABLE MONOMERS

[0289] In certain embodiments, each of the first, second, and third blocks of
the block copolymer comprises monomeric residues derived from a polymerizable
monomer. 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 polymerizable monomer. In specific embodiments, any of the monomers
polymerized or copolymerized to provide the hydrophilic, intermediate, or hydrophobic
blocks include an ethylenically unsaturated monomer. In more specific embodiments,
ethylenically unsaturated monomers include, by way of non-limiting example, acrylic
monomers, a vinylic monomer, and the like. In some embodiments, the ethylenically
unsaturated monomer is an acrylic monomer selected from, by way of non-limiting

example, an optionally substituted acrylic acid, an optionally substituted acrylamide, and
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2pd) : (Mh 3rd) is about 1:1 to about 1:3. POLYMERI ZABLEMONOVERS [0289] In
certain enbodi nents, each of the first, second, and third bl ocks of the

bl ock copabynmvosewapri ses nonomneri ¢ resi dues derived frecTaSpaopnsns zabl e
nmononer. As noted previously, the block copolynmer may al so conprise one or
nore other blocks in addition to the first, second and third bl ocks and, in
those instances, the at |east one of the additional blocks nay al so

conpr i seanopborl iy substiudexcryatei \neckrfairoembogioiente the athlylenitaty oesaturated

speci fi c_enbadi ment, s of the nQNEr. ol rized a opol rized to
rovi de_TiRbBRromesedMmh Py AT ERE TR S TRt B ee At Lae: an

et Ey: eni saﬂlmtwutu@aatyuc abiegampmmly q1m8{muép-saggﬁuﬁeu@c?1mwargm an |

et eni cal uns ur at e npnoners | NCl uae, way O non-firmtin exa e,
acrg;l ic HB%}%@YE%%P YRAPHPRUHSAATENand t he I>/i ke?/ In some enbodi ?rents,npt he
et hyl eni cal |y _unsat urat ed. non ng.r IS %@9 ﬁcr | i c nmonomer sel ected from by
way of non- |1 KFI0y BLSERAITEEMARIBITD B FORANEIETS ( GdmSEIIATS aci d. an
opti onal b&st&yihﬁh@bmcﬂ@oat@|zWeaéﬁdﬂ%e REABs pRivideaa dréin T Rphiké @t%wlyl ate.

In certain enbodl nents, e ethylenically unsaturated nonomer is sel ected
from byURRBIUGHEhBRNPINEIS: iTRE tercargindenisglty unsalurgtedimenameyl s definsdthetqit ed
acrylic i Lonal - (I r ) +and an
opt i onal ?5 a%og?ﬂé)ugptﬁﬁlﬂ?{ﬁgu%gﬁaﬁ ﬁ?eegéﬂgébﬁg?%dr[trg%g%]oﬁ?.n'lf’iegrﬁ?%rgﬁrnlt@gbodi ment s,
bl ock copsaypessf the eihylenisathr wisatyatedanpnopensgre] atkkydpbyNaasylsle, 8f t he

m cel | es ' el o) ' | u rs. The
Cerm » ot RETArHER, IR oRh B E MPAIRaRMUR™ FRllb iR AR RERRESE .
havi ng astyreres anatigacenrd)@an alglabineoroumt a idgllglabomae).a dibkylaromohium, tanng-vawanpl es

A T T e N
acryl am darboaytsityinene phesphabbidirayonmalei aahydridermoni um a diallyl am ne, a
di al I yl ammoni um an N-vinyl formam de, a vinyl ether, a vinyl sulfonate, an
acrylic acid, [e2g1] f bbeirausembdiagiisxstyehandaer suitablesiphplaeidiigide or mal ei ¢
gpgz%: ggbkyh%%s%rlclbé}ng,aéb?t Se r%rer%%gelmrgegetsstébi |zri]r¥g gl‘c%gl?rcrgpgoly%érts %} t%efrgircelles

described herein is used. In some embodiments, monomers suitable for use in the

preparation of the polymers (including, e.g., the membrane destabilizing block

copolymers) of the micelles provided herein include, by way of non-limiting example,

one or more of the following monomers: methyl methacrylate, ethyl acrylate, propyl

methacrylate (all isomers), butyl methacrylate (all isomers), 2-ethylhexyl methacrylate,

isobornyl methacrylate, methacrylic acid, benzyl methacrylate, phenyl methacrylate,

methacrylonitrile, alpha-methylstyrene, methyl acrylate, ethyl acrylate, propyl acrylate

(all isomers), butyl acrylate (all isomers), 2-ethylhexyl acrylate, isobornyl acrylate, acrylic

acid, benzyl acrylate, phenyl acrylate, acrylonitrile, styrene, acrylates and styrenes

selected from glycidyl methacrylate, 2-hydroxyethyl methacrylate, hydroxypropyl

methacrylate (all isomers), hydroxybutyl methacrylate (all isomers),

N,N-dimethylaminoethyl methacrylate, N,N-diethylaminoethyl methacrylate,

triethyleneglycol methacrylate, itaconic anhydride, itaconic acid, glycidyl acrylate,

2-hydroxyethyl acrylate, hydroxypropyl acrylate (all isomers), hydroxybutyl acrylate (all

isomers), N,N-dimethylaminoethyl acrylate, N,N-diethylaminoethyl acrylate,

triethyleneglycol acrylate, methacrylamide, N-methylacrylamide,

N,N-dimethylacrylamide, N-tert-butylmethacrylamide, N-n-butylmethacrylamide,

N-methylolacrylamide, N-ethylolacrylamide, vinyl benzoic acid (all isomers),

diethylaminostyrene (all isomers), alpha-methylvinyl benzoic acid (all isomers),
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polymers (including, e.g., the nenbrane destabilizing bl ock copolyners) of
the mcelles described herein is used. In sone enbodi nents, nononers

sui t abl e wonouwas4ien t he preparation of the polyners (ineCudiseg/oeiegs, the
menbr ane destabilizing bl ock copolyners) of the mcelles provided herein

I nclude, by way of non-limting exanple, one or nore of the follow ng
nmononers: nethyl nethacrylate, ethyl acrylate, propyl nethacrylate (al

i somers) dlelmyﬂ@hlnnmjp‘thr@deeyreae I(aIIilstmelrse))p vipyleehzdrizsuljonicratibacr yl at e,

I sobonyl 18 ate, nethacr C, ac nmet hacryl ate, phenyl

ot hact y PAE Y B RE R TR T et R e P By TERLREMA Ry | atr vl at e,

et hyl aCtrLetram@snmrepMImemayHy@m tlﬁ@ltbxysﬂﬂﬁﬁfpﬂ mebthIatacryl ate (all

i somers), yl at e, |soborn rylic acid, benzyl

th
noryt at LrgERpImARASvan stetfhe ket Aok eRbnendia s  yr onos
sel ect eddfuedRyBleyigiylorépi hretiadrpate, du?solpmtrd%ymem}él|ylﬁﬁidwm@ma@1‘rﬁate
hydroxypropyl met hacryl ate (all 1soners) ¥ net hacryl ate ﬁal I
i soner s) diMEtRESHAPIOPY HREHeea)e. WHW'V'P&%@/' M| W'@?h?‘pai@%)ﬁjlé{{pﬁ%y
t h t
el . gl e e e e A e, viate

(al | i sotfistRoxysibyrippy\asttigte, wibutoxgsiylqrepyl acytater dmetiroxymgihyisiliiprenyl noet hyl

| at i i t | at e,
e et P Gigh U A DRI by 3R] Aibutohd REiYIANBRI/EAGr B V! 2t €
N-t er t - bdiisdpnextdxaoeih yéaity geg pyNaory ate, ;dimethloaywlIylpmpyd:lecrymtemlﬁetpbxysﬂyiplgdpam de,
N- et hyl ol | id di t
a1 sonREsae B Ryl Bny CRRTRE SRS ad Slybiy BT bl SRR I
al p_ha ll’fEbeFﬁéWllWlT?eﬁabdtel\ﬂmhﬁ)}lldtep\flfgy'lIﬂl}db??’lmlwlBMin’ﬁldélmal&il:l?wydrld(—l) t
-vin nzene sul foni c sodi um s, ri met hoxysi acryl ate,
P et o SEa st N aRansiide maTa St N s S e vl ot o
di met hOXNmﬁﬁ)hEﬂrﬁdhth@rMﬂWyldﬁﬂdd&@Fer Yueddrone, |soprene chloroprene ethylene
di et hoxynet hyl si | | ret hacryl ate, di but oxynmet h%/” Si | Ya(fenes

met hacr y PERYIENg; | édﬂﬂxé‘ﬁ@ﬁ%ﬂ fresadionss. dpy PuiREionges Y es!

di met hoxyg Ib)éoﬂbppbhlylarrmﬁé‘%%)Qyﬁﬂr@larﬂh@%&%héVN«%T %Mblaﬁﬁﬁé‘%%lbﬂa%ﬁe
di but oxysi KI propyl "net hacryl ate, I SO oxysi | propyl met hacryl at'e,

tri met hoRyalkylgintyiapine. atbylpnmlee WY'@t eNygalcmsaipglacaxdamlc@tsemethacryllc

tribut I | at
dlret ﬁo%éép y%llWIﬁ’i@ ac acrngIJty Qé%ut OX?Pé'(:Fg)lé gpgrogglryairsl at e,

di i sopr obleedmetet’r;dcsylaryllqesoﬁpiyﬂenacvalaa@thalenet\mwtmmdlye Jpetbyyinylaenzdrey e,
di et hoxyg n¥os?yr8t9é/|vmylpyrld|ne vinylimidazole, vinylbiphenyl, vinylanisole, vinylimidazolyl,

vinylpyridinyl, vinylpolyethyleneglycol, dimethylaminomethylstyrene, trimethylammonium
ethyl methacrylate, trimethylammonium ethyl acrylate, dimethylamino propylacrylamide,
trimethylammonium ethylacrylate, trimethylanunonium ethyl methacrylate,
trimethylammonium propyl acrylamide, dodecyl acrylate, octadecyl acrylate, or

octadecyl methacrylate monomers, or combinations thereof.

[0292] In some embodiments, functionalized versions of these monomers are
optionally used. A functionalized monomer, as used herein, is a monomer comprising a
masked or non-masked functional group, e.g. a group to which other moieties can be
attached following the polymerization. The non-limiting examples of such groups are
primary amino groups, carboxyls, thiols, hydroxyls, azides, and cyano groups. Several
suitable masking groups are available (see, e.g., T.W. Greene & P.G.M. Wuts,
Protective Groups in Organic Synthesis (2nd edition) J. Wiley & Sons, 1991. P. J.
Kocienski, Protecting Groups, Georg Thieme Verlag, 1994).
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acryl ate, dibutoxysilylpropyl acrylate, diisopropoxysilylpropyl acrylate,
vinyl acetate, vinyl butyrate, vinyl benzoate, vinyl chloride, vinyl

fl uori de,woizoylosizeem de, mal ei ¢ anhydri de, N aryl mal ei MPA®[US2009/063648

N phenyl mal ei m de, N-al kyl mal ei m de, N-butylinmal eimde, N-vinylpyrrolidone,
N-vi nyl car bazol e, butadi ene, isoprene, chloroprene, ethylene, propylene,

1, 5- hexadi enes, 1, 4-hexadi enes, 1, 3-butadi enes, 1, 4-pentadienes,

vi nyl al cohol , [0293] aRplyeerdNdesdcipkdiheyd am preparatliy BayrsniggbléNmainkgt. Suitgblam ne,
di al | yl am -N-al kyl di allylamne, alkylenimn crylic acids,

al kyl or g g sl bALER e e R ThiBeq FRGAR bR 6T weysr

met hacr y hamlihtihg ddadd piey | cadioik aanioteis andlfrekksioeit dohan orimbalea, softey r ene,

vi nyl napht hal ene, vinyl pyridine,. ethylyinylbenzene, amn styrepe

vi nyl pyr INSEaREes MRgN B RRERIHG PRCESS islssHpihg @n,orwrri§|trgﬁre§d¢f'§1acata ystto

vinyl i m gazeé He pd‘l*rﬁ&ﬂiﬁﬁbhdd)m@nally,i dhe Brahyet Myhemes e Qsed to form a
di nmet hyl am nonet hyl styrene, tri nethyl anmmoni um et h net hacryl at e,

|
t ri met hy FAPRIYRBLIM 82HYIeMRATaRTE, SWHNFeeadlyalnf 36 ifﬁﬁ%tﬁy|i%félﬂ<§)'%rﬁ-91-epr0t0ni0
trimethylLga ' t f iqd b Rt I W I t ate,
Lri met hy%@%&%ﬁﬂe&%&m‘é&ﬁ B O Al o TR OOk ™) Mt e,
or oct adédsh asreaieior plcahels @ alseroptionallycisedi masdnomembpdinasts, thegdi2lyst n some

enbodi mept L.anal.d [ 1 hese ) il.onal |y used.

A Tunct | on g e R G o (b o e P R ke

or non- npbagahofiarcid, bydiogen Bugjdes chlor@suionio @ciop methastsubioriie acidpi et i es can be
I%s of such

attached, f.ol | ow th 0l rjization,. The non-Jimtin Xa

ar oups. al LRI SehaBR T ALl isn B b IR BRI, iftes. ~anc
cyano gr olfjpsridé&esmapkikes uinttathenl ok Iaﬁ@mgnppeﬁtaahleri@el,ézidoadﬂlﬁidheﬁ e‘t%miuzmz ga,
T.W G eene P. G ts, Protective oups in Organic Synthesis n

sai 11 ony Eachiprids, Aaspias geRtachisrids, Pesams IRt of P i Bups. Geor g
Thi ene Vekjcribridk9 derliZ8@bolied ente odlydesi & hibedishe perfge iR ar Rtaryn any
sui tabl e manner. Suitable synthetic nethods used to produce the polyners

provi dedSWERS FOlveRY| HRiEaPIR FOIRRES dTClyfish but et oh g MR ipIReNtang: NBFANE; ani oni ¢
and freeqiAdr&RLNRAG YeRSrofit, 8 dinidinyi RFhdnfldé A0S In WBRAINB MAHdiIMBAES, Process
is used, the nononmer is treated wth a catalyst to initiate the

pol yner i #&pdymeCpnitiass isyperformaedat amy suiigbieovacionlicanesaidre, ausing, £-9.,

copol y”efrom'éb@?%@'qg%mo?%%?ﬂoﬁm fRbYEL ! oamﬁtgtiator, | ncl udi ng,
e.g., protonic acids (Bronsted acdid) or Lewms acids, In the case of using

Lewi s acid sopg,@f PR &rtain embodiments, the polymers are prepared by the means of a
free radical polymerization. When a free radical polymerization process is used, (i) the
monomer, (ii) optionally, the co-monomer, and (iii) an optional source of free radicals are
provided to trigger a free radical polymerization process. In some embodiments, the
source of free radicals is optional because some monomers may self-initiate upon
heating at high temperature. In certain instances, after forming the polymerization
mixture, the mixture is subjected to polymerization conditions. Polymerization 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 suitable level and include,
by way of non-limiting example, temperature, pressure, atmosphere, 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 solution, dispersion, suspension,

emulsion or bulk.

[0295] In some embodiments, initiators are present in the reaction mixture.
Any suitable initiator is optionally 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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such as water or alcohols are also optionally used. In sone enbodi nents,
the catalyst is, by way of non-limting exanple, hydrogen i odide,

per chl or iwoaeiodhs4xal f uri c aci d, phosphoric acid, hydrogeaTfuSaamiocisss

chl orosul fonic acid, nethansulfonic acid, trifluoromehtanesul fonic acid,
alum numtrichl oride, alkyl alum numchlorides, boron trifluoride

conpl exes, tin tetrachloride, antinony pentachloride, zinc chloride,
titani unakgltpao*ides isdbstitptedsxblkybpews(iq@enaraytpéroxikjde,, sqh)lstbmrdd)arybpemyidhd;,ori de,
or chrom_y '

n cer.tain odi n he [
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-50 0C. h?dr@b@#é)%db@oh&@roaﬂﬂ pfeF@d’ﬂe%bQ&Bst@t@@hé@r@é}ﬂ%eraﬂdé&heEé?@%] I'n

certain enbodi nents, ners are prepared b%t e neans of free

radi cal BlrpReroxices wstlvmx%terqa@é hyd@peEaxigrs: Al Rerastecn 315*?86@% 3Kyl used,
(i) the P@Fb@f@?é ar I'd&fﬁ@ﬁs' SMdtkted ragﬁpg%s@é‘odmizo D oﬁhbé)ln %Fle&ﬁ’é' onal
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tenperature. [®22&} t Hi sPigs@Adiesniaffobmerganemgraceesqsolrgragresheitona
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nononer Polyrrmrlrzahnm {PeTﬁFf om@xnekryedaateddsnr@ frrussied! paymenzat®odNMMONdi ti ons

are optionall aried to a ele by . "

o i (bt ol e Rall bl HegEne By valfel Bmclithe s 5%?‘\%4'“% arting

colrrponenFmgms@ﬂamom Traasfeo | XAET). mtngmmnnemﬁawaeamwr n\mgibmmmllbdrre The
olynmerization is carrjed out, i e naenner

o T on POl e entarsintiogds Se o BtheT S ReuFrdh A be pisBgsed sugs g bl

enbodi meAbslimitdd fol ASEK, Grai, Stap A8 @Rddidmt dob@lyrr%wtwmew lelhnormenuritdidra@bl e

initiator is optional I utilized if useful in the E’iel ymerization processes

descri be&'tm\%rr‘jéﬁtﬂbUtS@éFﬁt'ﬁm%”V&(!ﬂ%grafﬂt@ﬂicﬂ%sh'%a%%s GEHL P i ti ng exanpl e,
one or ”HB%OBBI%]‘&YE&PW&6&@@&1%%‘@%]9 béitipd gl%ifféﬂn &ﬁépérhgé’&meﬁfsy bo%fé?é(' des,

substituted aryl peroxides, acyl peroxides, kyl hydroperoxid

subst i t uBedsyaltkgaizeghir I‘dg@nomalm@r design V@Eﬁvgrﬁeblgmd@@n fr@@b’ﬁnﬁat@naﬂlam yl
hydroper gx} 8880t Xgith4Ra MADIRE ( BifeleSyntRYES bk bYLEE Hydrophilic Statistical Di-
and Triblock Copolymers Comprised of Acrylamide and Acrylic Acid Units via the
MADIX Process", Daniel Taton, et al., Macromolecular Rapid Communications, 22, No.
18, 1497-1503 (2001)).

[0297] In certain embodiments, Reversible Addition-Fragmentation chain
Transfer or RAFT is used in synthesizing ethylenic backbone polymers of this invention.
RAFT is a living polymerization process. RAFT comprises a free radical degenerative
chain transfer process. In some embodiments, RAFT procedures for preparing a
polymer described herein employs thiocarbonylthio compounds such as, without
limitation, dithioesters, dithiocarbamates, trithiocarbonates 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 compounds leads to
the formation of stabilized radical intermediates. Typically, these stabilized radical
intermediates 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 cycle of
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het er oal kyl peroxi des, heteroal kyl hydroperoxi des, substituted heteroal kyl
hydr oper oxi des, heteroaryl peroxides, substituted heteroaryl peroxides,

het er oar ywolydvispmsoxi des, substituted heteroaryl hydroperaseaess3cas Kyl
peresters, substituted al kyl peresters, aryl peresters, substituted aryl
peresters, or azo conpounds. In specific enbodi nents, benzoyl peroxi de (BPO
and/or AIBN are used as initiators. [0296] In sonme enbodi nents,

pol yrer i additiomtpthedesS bendfolowad by dchgmentationadf ithevemsyimgihejcai cordimpesui t abl e
manner, such ,as but not limted to Atgm Transfer Radi cal Pol rjzation
(ATRP) . AR R oE et b ol e oL e eaPfll Ssueitsd /GeTesh kbW
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et hyl eni ¢_backbone pol yners of this invention. FT is_ a livin .

ol yirer 1 D4t AR RoTE DY YETRGs s o el BRob B iRy ol el eeighha
t r ansf er pplydiepesity Isnalwaye gertwdhareot squdRi-dngir As eaumasbdéreicopeagieser rgda

pol ynmer descrihed herein empl o t hi ocar bonyl t hi o conpounds, such, as,
B thout oSt tadedng ieeeo By Sy Sne BPFHEDUSIh aPRIoR eR & PRe Ot aFpAnar es and
xant hat epolymefBetcHhes BRb¥MBIIHefRf inBRod¥peksé RVRAiSh llerycdhaimhid enstifthe
mechani sm "I n certain instances, reaction of a polyneric radical wth the

C=S gr oupa®f NAAYPes O ERNSHBHiOBBIINE. FOMSbARTERLY Vales drpreardincoiifadiPon of
stabil i Zﬁ@hié@éﬁl&%in? PAGEMBDindlRYymdnRLER! Méthddies Geldraiting 5819di§9&*sﬁf}'
I nternmedi ates do nol undergo the term nation reactions tR/pI cal of standard
radi cal such as, but not limited to, size exclusion chromatography, dynamic light scattering,
matrix-assisted laser desorption/ionization chromatography and electrospray mass
chromatography are well known in the art. In some embodiments, 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.

[0299] Polymerization processes described herein optionally 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 (DMSO), dimethylformamide (DMF), acetone, acetonitrile,
hexamethylphosphoramide, acetic acid, formic acid, hexane, cyclohexane, benzene,
toluene, dioxane, methylene chloride, ether (e.g., diethyl ether), chloroform, and ethyl
acetate. In one aspect, the solvent includes water, and mixtures of water and water-

miscible organic solvents such as DMF.

[0300] In certain embodiments, poly(DMAEMA) and other polymeric entities
used herein (e.g., copolymers or copolymer blocks of BMA, DMAEMA and PAA) are

prepared in any suitable manner. In one embodiment, poly(DMAEMA/PEGMA) is
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pol ymeri zation but, rather, reintroduce a radical capable of re-initiation
or propagation with nononer, reformng the C=S bond in the process. |In nost
i nst anceswot2hiogseze6l e of addition to the C=S bond fol | owedThis2600aceNt at i on
of the ensuing radical continues until all nononmer has been consumed or the
reaction is quenched. Generally, the | ow concentration of active radicals
at any particular tine limts nornmal term nation reactions. [0298] In sone
enbodi rreptep,arqembynm}psly(rmngmg DM ABNEnand BECAbA in mlerpge@rm.elof tepBAF T THA,

til d ded h h d
(b0 )~ or g il alTadEa! 'H?eﬁaqﬁ'ﬁwg%rﬁ%%@p & k. POV IMAERREBE M "D
deltermI nmiacrdcmie lﬁsadtf , hta arralar&mes@f glblod&}or@th@rdmmmolbﬁecomﬂﬁﬁérs&\rr%rr@?e
nol ecul ar r r aver e Nl ecul ar
wei ght . S BT B A DUREN SRS P ter e Tohar
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nol ecul ar weight is proportional to the square of the nol ecul ar wei ght
di vi ded FRverses. ﬁﬁ%@lat BPOBgbasasblpthe ha@n%ﬂtéemoa/mw grrosediondget he

wei ght - augesd ﬁm@%%«ﬁ?h@df tNEHBcHile! $n @érY&béserﬁkB&ﬁﬁw%ﬁtst ﬁﬁé‘lstd&ﬁleﬁ}égﬂ%nﬁver age

nmol ecul ar ~ wel ght ydispersity is always greater than or equal to one. As
t he numnbeévitabi® mansen Swiudingla uawer otwa!tﬁassmhettwa")salﬁ@r example, iasomee

po' ydi Sp%ﬁ@b&%&ﬁ?ﬁﬁ@% ﬁeﬂs\ﬁf#h‘éeol&% &JI}%HMFE dQQ%rfﬂ“é‘at e?&ﬁ%%@ﬁs%ngwst% to

bei ng nonodi spersé In ever as exac e sa
const i t upiepagtionrof thse PR&I@MAWAEMPycora%fmmngtppdroabOblq@Icm:hearai meeednlellevabl e

auch as. gt picromid SHiER0 LS Buadt B teRen S B e o SRR BT Ghe
s;:at teri o regmiting Pﬁﬁ&lM&VE@MAIEmmadaﬁDTAotd aBécanal RAFTcpolya’mrrmaﬁﬁrogepphy and
el ectros ay mass cnronmat ra e e art n sone

ot momEhall S AR Rt Baa SRA BB ald i A R B e

copol ynmegriol i atdajethah @@xbdl@&lyﬁﬁt&\f:hﬁhgda @@Efetme&ﬁycﬁoghlﬁ@|c%df®|@lq5cﬁyrﬁéfr toNREX
(PDI) of less than , or less than 1.8, or less than 1.6, | ess than

1.5, or fugedithigh Tﬂ'sﬁyn&e“P@@E’rQ@lﬁ’BrPqu'@es Bmatieadfor HHWdH!CtP” ‘Pf@@@f?“ve
Pol ymer i gadiinsh tﬂ%b%%ﬁé%?t%e&%&rhgﬁ@cmﬁ 8lpoLeBiith ML laceCs Wickile ROy Sui tabl e

sol vent Or m xture thereof uitabl e solvents include water, alcohol (e.g.,
met hanol PravdieghaliernalemnppRaniies (@ Shpniepetraiugaban &ng1e) miceke.r ahydr of uran (THF)
di et hyl sul foxi de (DVBO), di nmethyl formam de (DVF), acetone, acetonitrile,
hexamet hyl phoﬁmhnird@m%l@@tbpdméﬁﬂt% blgadrasipelyatsrsl arq]mmﬁgzqgim Geaxede,

benzene, ;oniugation of several polymer blocks that are prepared by separate polymerization
processes.

[0302] In certain embodiments, the ethylenically unsaturated monomer is
selected from, by way of non-limiting example:

[0303] wherein
[0304] R®is hydrogen, halogen, hydroxyl, or optionally substituted C+-Cs alkyl;
[0305]1 R*is-SR® -OR® -NR°R’, or

[0306] R*is Ci-Cuyo alkyl or C1-Cyo polyoxylatedalkyl, optionally substituted by
halogen, cyano, hydroxyl, alkoxy, thiol, alkylthio, silylalkyl, silylaryl, -NR°R™, cycloalkyl,
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tol uene, di oxane, nethylene chloride, ether (e.g., diethyl ether),
chloroform and ethyl acetate. In one aspect, the solvent includes water,
and m xt uwe=0miosywber and wat erm sci bl e organi ¢ sol vent CIUSk0QH6INE-.
[0300] In certain enbodi nents, poly(DVAEMA) and ot her polyneric entities
used herein (e.g., copolyners or copolymer blocks of BMA, DVAEMA and PAA)
are prepared in any suitable manner. In one enbodi nent, poly( DVAEMN PEGVR)

i spr epar bdtenycyctvaigl, y@&r@)ﬂﬁ‘?g SZQM@ENR aS&@EGH&, iG{-ON&RSREs eBEO©)NRIHE RAFT
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begi ns we H@Mﬁeﬁa@'&@ﬁﬂ\e BfOUPHRE PGS0/ ZIEMRUBGT e- f or i ng hydr ophobi ¢

bl ock, and the shellfgrmgg hydr ophilic, charged block is added in the
second synt hef9308&k e Byd @r%@@'pwdﬁﬁ@nq*eé@whwr@@emw B lpENX4aracr 0CTA

to a Secggﬁ?gl\%@dé’l%l}’ éoréikbﬁ?ﬁ &l %Qoaalfylr]ﬁﬁrc@ glkzpﬂé %a!kgﬁaﬂqeorr educi ng

t he PAA/ macr oCTA to ¥ nd th I'ent 1
at t achi njetrgang, ppifarady Ryastaad Ide‘Wa|0c§]¢ar @@@Opbﬂ@ﬁmﬂ a|b0>tYhéﬂl¢|oa|h‘dH"Q hi ol .

ar oup on DRk, SRERAPREN 56 eI, PEIRR ol 26, ohoR o i cet 1 e

t hus pr 0\7'$ (gD, t@rm)tm%ﬁtfﬁr@a@@wRPB”cIr&(nsoc)amgcfa?]Janaavam grouptee ani cel | e.
[0301] aodi nents, bl ock copol yners are synt hesi zed by chem cal

conj ugat F%ﬁ??ﬁa“gg@grgé?u%(?ryner bl ocks that are prepared by separate

pol ymeri zati o cess 30 Inc LN nt.s enically
unsat ur at ed ITE?'I%%% ﬁsgﬁglig?%egll'?rr%m %f?a%? g? “&6 he}ha{e[ ﬂgaci?gﬁﬁl%?ﬁ
[ 0303] whptigany sOB§itlite&Betesodyotly;ogen, haI ogen, hydroxyl, or optionally
substituted Cl1-C3 al kyl ;

[0310] R®and R are each independently hydrogen, optionally substituted

C+-Ce alkyl, optionally substituted cycloalkyl, optionally substituted aryl, optionally
substituted heteroaryl, or

[0311]1 R°®and R' together with the nitrogen to which they are attached form a
heterocycle.

TrRiBLocK COPOLYMERS

[0312] In certain embodiments, provided herein are triblock copolymers are
represented by Formula |:

[A1 X'A2y]Mn '[A"I X'A'2y]Mn'[B1 X'BZy'B3z]Mn (I)

[0313] In certain embodiments, [A1-A2] is the first block copolymer, composed
of monomeric residues A1 and A2, wherein A1 is a hydrophilic monomeric residue, and
[A1-A2] is overall hydrophilic. In some embodiments, [A'1-A'2] is the second block
copolymer, composed of monomeric residues A'1 and A'2. In certain embodiments, [B1-
B2-B3] is the 3rd block copolymer, composed of monomers B1, B2, B3. x, y, z defines
the polymer composition in mole % of the individual monomers. Mn is molecular weight

of each of the polymer blocks.
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[0305] R4 is -SR5, -OR5, -NR6R7, or [0306] R4 is O C 40 alkyl or G-C 40
pol yoxyl at edal kyl , optionally substituted by hal ogen, cyano, hydroxyl,

al koxy, twpabio/mahiegl t hi o, silylalkyl, silylaryl, -NRORLOCI/US2009/063648

cycl oal kyl , heterocycl oal kyl, -C(=OOR 9, -S(=OOR 9, -S(=0 20R9, -C(=0
NROR10, -S(=0 NRIOR1O - S(=0 2NROR10, a cl eavable group or a
functionalizable group; [0307] RS is & C 40 alkyl, O Cdo

pol yoxyl at eda[@@dt;] Cm asér erhkedigientsCil@ uidloak kkgpglymeciscdetatdtda/tfrom the

het er ocy kyl.. aryl, or heteroaryl, optionally substituted by hal ogen,
cyano, fP&' Wyt”b'QF'k%xy, thiol, alkylthio, silylalkyl, silylaryl, -NRORLO,

NSRIO, i =0] SRR B £y RES T el R P o 17, jp 0! <=0
o' a0 aikyr el R AR AR BT Res ﬁepeE‘f‘f?;ZByaf‘K%S?,e”
A b Rl s e A R T v
520 20r, B NEMR G TISRNFAPELY, o\rortb® o ol cavablc
o trogen (o whkot YRR R At B Ponc s onat 1y BBEG Tucen
Cubst i tut eq OB K @%O@%ﬂ%&h@[ﬂﬁ%&i@?%@%ﬁ%ﬁﬁﬁﬁaw?)5’ Yoptional Ly
Coget her w it nVHREE IGSREIE SRR Ch' they are attathed dFAla het or ocycl .
{11 bl ook copolyHes AAGUHIERER b, Formia 1 [ar Ry vy (A1
the T1rst LFéei?»-*?%% CAMRALGLBE0 0 onorer i ¢ rosi dudEoR 1 and A2,
hyar opni 1 c. 15RO IRG R RRETTER 1175 T fhe secdhdthi ook 7

[0325] [Gal-D]-[D]-[B-P-D] (I-11)
[0326] [NAcGal-D]-[D]-[B-P-D] (-12)
[0327] [Gall-{PA]-[B-P-D] (1-13)
[0328] [Gall-[HPMA-PA]-[B-P-D] (I-14)
[0329] [Gal-MAAJ-[PA]-[B-P-D] (I-15)
[0330] [Gal-MAA]-[HPMA-PA]-[B-P-D] (I-16)
[0331] [Gal-D]-[PA]-[B-P-D] (1-17)
[0332] [Gal-D]-[HPMA-PAJ-[B-P-D] (1-18)
[03331 [NAcGal]-[PA}-[B-P-D] (1-19)
[0334] [NAcGal]-[HPMA-PA]-[B-P-D] (I-20)
[0335] [NAcGal-MAAJ-[PA]-[B-P-D] (I-21)
[0336] [NAcGal-MAAJ-[HPMA-PA]-[B-P-D] (I-22)
[0337] [NAcGal-DJ-[PAJ-[B-P-D] (I-23)
[0338] [NAcGal-D]-[HPMA-PA]-[B-P-D] (I-24)
[0339] [PAA-BAJ- [HPMA-PDSMAJ-[Folate] (I-25)
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copol ynmer, conposed of nononeric residues A'1 and A'2. In certain

enbodi nents, [Bl1 - B2-B3] is the 3rd bl ock copol yner, conposed of nononers
B 1, B2,wB201005426¢, z defines the pol ynmer conposition iPOTaSk@9Ss3shHs t he

i ndi vi dual nononers. M is nol ecul ar wei ght of each of the pol yner

bl ocks.[0314] In other enbodinents, the triblock copolymer is selected from
the following triblocks: [0315] [ PEG MA7TO- MAA(N HS) 30 -[ DMAEMA] - [ B- P- D]

(1-1) [0316] [ DAMNEMRAZOBRRACIRING-MFA-PLOWMENRDIt- P- D] ((-26R) [0317]
[ Gal]-[ HPMA- PDSMA] - [ B-P-D] (1-3) [0318] [Gal - MAA] - [ HPMA- PDSMA- MAA] - [ B- P- D]

(1-4) [0319] [oB«x3l FolptdPiAEGHSMMA-PBIMA]LD-B-FH) [ 0320] (I-27)

[ NAcGal - MAA] - [ HPMA- PDSVA- MAA] - [ B-P-D] (1-6) [0321] [Gal]- [D] [B-P-D (1-7)

[0322] [NAcGa[9342] - FelarR-[BIEGIHEMA-OFUSP OSEAL-MABIP][ D) - [(B28) D] (1-9) [0324]
[ NAcGal - MAA] -[D]-[B-P-D] (1-1 0) [0325] [Gal-DJ-[D-[B-P-D (1-1 1) [0326]

[ NAcGal - Bhefd) B[iBtte Dpnérbedc Bsidue3d Hutyl Gadthadrifale; [PBs Bhdbinoadmeri8yedidl2 8]

[Gl]-[HP - D %4 Gal - ’\F -.B—P—y%&)_l.l- )

[ 0330] | [ EaPORRACTY rgRs - More 5 qcige phRURENLS el hBathy (1. 1
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(1-22) [ etkdile b rr{effﬂcr)[lﬁnlae@r N- bro%?bmét%é’@lbte (including all isomers),
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PA is a primary amino-group contalnlng monomeric residue, NAcGal 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-pyridinyldisulfanyl)ethyl methacrylate or 2-(2-pyridinyldisulfanyl)ethyl
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 CTA, or
conjugated to the thiol derived from the reduction of w end-group of the polymer. In
addition, it should be understood that HPMA-E (2-hydroxypropyl methacrylate or
monomeric residue derived therefrom) may be substituted for HPMA in each of the
foregoing examples in which HPMA appears, i.e., I-3to I-5, I-14, 1-16, |-18, 1-20, |-22,
and [-24 to 1-28; solely in the interest of brevity, such additional structures 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 block, a carrier block, and a hydrophobic block as
described elsewhere herein. In certain embodiments, a micelle described herein
comprises a plurality of block copolymers, the micelle comprising a core and a shell. In
specific embodiments, the core of the micelle comprises the hydrophobic blocks of the
plurality of block copolymers and the shell comprises the hydrophilic blocks of the block
copolymers. Moreover, in more specific embodiments, the shell comprises an inner
layer and an outer layer (relative to one another; further layers are also possible), 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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copol ynehsreirt per miceld | e conprising a core and a shell. In specific
enbodi nents, the core of the mcelle conprises the hydrophobic bl ocks of
the plurality[os4m] orkoreogabydmicdt, andicehe dssiveddtengn i(\witisout 3a dagosiateli | i c
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(millivolt). In one preferred embodiment, a micelle described herein (without an
associated therapeutic agent such as a polynucleotide) has a Zeta potential that is
between 5 mV. In one preferred embodiment, a micelle described herein (without an
associated therapeutic agent such as a polynucleotide) has a Zeta potential that is
between £2 mV.

[0348] In certain embodiments, micelle described herein has a critical micelle
concentration, CMC, ranging from about 0.2 ug/ml to about 20 ug/ml. In specific
embodiments, the micelle has a critical micelle concentration, CMC, ranging from about
0.5 ug/ml to about 10 ug/ml. In certain embodiments, a micelle described herein
comprises a plurality of block copolymers described herein, the plurality of block
copolymers described herein having a polydispersity index (PDI) 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 herein wherein the first block, second block and third block of the
block copolymer have a polydispersity index of not more than 1.5.

[0349] In certain embodiments, a micelle described herein comprise a plurality
of copolymers, as described herein, wherein at least one or more of the plurality of

copolymers is covalently crosslinked to the second polymer, whereby the polymeric
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1.0 to aBFngnlc solvent increases, such organic solvents including, but not limited to
dimethylformamide (DMF), dimethylsulfoxide (DMSQO), and dioxane. In some
embodiments, a micelle provided herein is characterized by having at least two of the
aforementioned properties. In some embodiments, a micelle provided herein is
characterized by having at least three of the aforementioned properties. In some
embodiments, a micelle provided herein is characterized by having all of the
aforementioned properties.

[0351] In some embodiments, a micelle provided herein self-assembles at any
suitable concentration. In certain embodiments, a micelle provided herein self-
assembles (e.g., has a critical micelle concentration (CMC), or the minimum
concentration at which a micelle forms) of about 2 ug/mL, about 5 pg/mL, about
8 ug/mL, about 10 pg/mL, about 20 ug/mL, about 25 pg/mL, about 30 pg/mL, about
40 pg/mL, about 50 pg/mL, about 60 pug/mL, about 70 ug/mL, about 80 ug/mL, about
90 pg/mL, about 100 pg/mL, or greater. In certain embodiments, a micelle provided
herein self assembles at least one concentration between about 1 ug/mL and about
100 pg/mL.

[0352] In some embodiments, the micelles provided herein are prepared by

spontaneous self-assembly of the polymers described herein. In certain embodiments,
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1.7, or about 1.0 to about 1.4. In sone enbodinents, a mcelle conprises a
plurality of copolyners described herein wherein the first bl ock, second
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provi ded ;p&li&iry ffthdr BRSHER|SHcic¥Mbodiments, a micelle provided herein is stable

at about a neutral pH (e.g., at a pH of about 7.4) in an aqueous medium. In specific
embodiments, the aqueous medium is animal (e.g., human) serum or animal (e.g.,
human) plasma. In certain embodiments, a micelle provided herein is stable in human
serum and/or human plasma. In specific embodiments, the micelle is stable in
circulating human plasma. It is to be understood that stability of the micelle is not limited
to designated pH, but that it is stable at pH values that include, at a minimum, the
designated pH. In specific embodiments, a micelle described herein is substantially less
stable at an acidic pH than at a pH that is about neutral. In more specific embodiments,
a micelle described herein is substantially less stable at a pH of about 5.8 than at a pH
of about 7.4.

[0355] In specific embodiments, the micelle is stable at a concentration of
about 10 pg/mL, or greater (e.g., at about a neutral pH). In some embodiments, the
micelle is stable at a concentration of about 100 ug/mL, or greater (e.g., at about a

neutral pH).
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herein is stable at about a neutral pH (e.g.; at a pH of about '7.4) in an
aqueous nedium In specific enbodi rrents t he agueous nmedi umis ani nmal

e.g., human)_serumor animal (e.qg.,
(e.g )TARGETING (e.g

[0357] In certain embodiments, 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 micelles provided herein are useful for
delivery of therapeutic agents to specifically targeted cells of an individual. In certain
instances, the efficiency of the cell 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 micelles. A "targeting moiety" (used interchangeably with "targeting
agent") recognizes the surface of a cell (e.g., a select cell). In some embodiments,
targeting moieties recognize a cell surface 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 to 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 receptor or target. Suitable targeting moieties include, 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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herein  syithydryl-hydroxyl linkers, sulfhydryl-sulfhydryl linkers, carbohydrate-hydroxyl linkers,

carbohydrate-carbohydrate linkers, and hydroxyl-hydroxyl linkers. In specific
embodiments, "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, 7-17). 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). Bioconjugate Techniques: 2" Edition.
New York: Academic Press,). In some embodiments the linker is physiologically labile
or contains a physiologically labile bond.

[0359] In some embodiments, targeting ligands are attached to 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 ligands are vinylic monomers. In
some instances, the monomers bearing such targeting ligands have the following

Formula VII:
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conprise at |east one targeting noiety (e.g., a noiety that targets a
specific cell or type of cell). In specific instances, the polyners and
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plurality of targeting noiety-bearing nononeric units, wherein the second
nonomeri ¢ uni tos&yVem Estath sPdoeimantd:t af f ordi ng groups of targeting

noi eties spatially positioned to nmaxim ze their binding to a multival ent

receIO_t or or teweill Su;tE@Ib%t@gtf@rngatglrcﬁlg)bmsﬁhhg%fh@lﬁbaldlﬁtbd?w ARP) O, ;
non-limtj xanpl e ti bodi es, ant.ibo e nol ecul es, or peptides,
such as 2 Qﬂh‘&(ﬂ P'Waiﬂ”hgﬁ Fgo ré(bﬁné‘@sd%@%%/%%CF@C&‘}tEr@ﬁfyél ni ng peptides, or
smal | ol ecul es, suchas vitam ns, ol at e, %ars such as | act ose,

gal act ose, N-E@8€3] 5é$§@9&%'@nra¢ﬁr}‘?e°rc?r"r6‘ﬂ'}9egr°§ﬁ§fe'l {861 TERPRYONEHY| | surface

ant i gens gjjhatinteg dﬁfafe%lt b 5&55 ?IeoB@éu%ﬂV's@bﬁH@t@d%ﬁ/aﬂ’erﬁmt@o'hete"?é'ﬂﬁ;ﬂ; l'ipid or
ot her antigen on the cell surface. |In specific enbodi nents he cel |

surface QRNFEN SUM@M@@@@’&'%&M ﬁﬂ@f‘b"@ﬁpt'CEbaé{YrﬁIVé@néﬁUQsé'the@@ﬂmee
antigensg, e et t her ei n
i ncl gde, &gﬁﬂ,aé@%rr]w%%(y %%’[IEL@%(?S{V%@? hﬁgtcrez%bﬁ?oeérngxl ngbﬁgca%@/e%drb%? %%&éfl/%%ﬂt 2, the
EGF r ecefptdizp CHEGTRRIoalkylBCHONally spbetitatedidivaientiGysG1oGH, orgptiocay, CD4, CD8,

CDL 9 , R0 . %R’a'e%tcd?c%%& 8, CD56, CD69, and the

asi al oglycopro nrece ] Targeting noieties (with or wthout

poryrer (e, g OB Hhkr e Snarsrted e AR ER bP nyd ol pAiTopflil

nononer i substituted @;-Csadlofporated i nto a pol ynmer bl ock. Attachrrent of the

targeting noiety to the polyner is achieved in any suitable manner, e.g.,
by any one of [@3éunbEris ttie taogf}timgajrbm\sejheteﬂ$mnythamnoumc¢>mpri$ingIauadfgalg but
not limted to_am

i ne- ool BUFATEEVE RN h ST RD DRyt MRS i 1K Tievineater s,
car boxy!l affialty fordr odll- durﬂakgelr@ep@@rd@@wgemar bohydrate |inkers,

[0365] In some embodiments, targeting moieties are attached to a block of a
first block copolymer, or to a block of a second block copolymer in a mixed micelle. In
some embodiments, the targeting ligand is attached 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 attached to a 5' or a 3' end of the sense or the antisense strand.

[0366] 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 at the alpha end of the polymer by the
construction of a CTA (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 example, a polyethylene glycol. In
certain 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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car boxyl - hydroxyl Iinkers, carboxyl-carboxyl |inkers,

sul f hydryl - car bohydrate |inkers, sulfhydryl-hydroxyl |inkers,

sul f hydr yWweo=olodsymsyl |i nkers, carbohydrate-hydroxyl |i RKEMES2009/063648

car bohydr at e- car bohydrate |inkers, and hydroxyl-hydroxyl linkers. In
specific enbodi nents, "click"” chemstry is used to attach the targeting
| igand to the bl ock copolynmers formng the mcelles provided herein (for
exanpl e of a'oberokCTA aétbta moely sesse¥ding B.targebkg grouy, fov.exaanpld iy, ibot not

5007 a0 ™iEq I NE RERLOL BN coBRRY et o T BBP G C AR EN AR, € ot i anal 1y

utili zedp()mS.n@(ytaeg@niglgeoupBi oconj ugation, Aslam and Dent, Eds, Macml | an,
1998 and chapters therein, and Herrmanson, GI. (2008). Bi oconj ugat e

Tﬁchlni quS: _ 2[101?1@1' tirm*ertdhdﬁmmwlodumeln@s;@d@mers Br etsalips dbﬁcrmmeeéi‘lnlodi ln'egtls
the linker 1S SI1 0 ca abile gr contain P ol ogl Ca apil e
bond. | [0S6TPTsE L EnS B emea e S Hia dRacs PORAGLB A Bt B o o

nonomner eﬁ@oatheerfw&aﬂgbhg@gm@s@@u%el.ﬁcma@ﬁame@mégatém mhw@wméabyon
synthesis of a pol escribed herein (e.g bl ock copolyner% utilized in

2 mi ool | YRIBESH PhRHaHaHeNa) PolYMAr &Iack HScHSBEINALHIDSK PeNBeHBAONER 8 WRlr | ng
such tar gRfnbier gbgé’é?s% gANE 3Bl GrolprRTRHBin diflePETBodi AN & Getirld®

nononer s beari ng such targeting have t oW ng
VI OBGOHOUIPﬁ cae bedneluggthaldhawmega §ropg 1he Rolygies by sytbesis 0ban adgitiond

consi st I
and 1’1 d: 98'9’ %@Q@%%ﬁb t@ﬁ%’i"r’? %g@%%e%ﬁl}ﬂs\"égm gr\?g éﬁ!{e?ﬁ%ngé %9] | :]KI ng
group setmgetmg gjroom Iorn:enalmadthqr guhsilmemsethrgietml gafnupinarmemickjﬁled abpta onal |y
substituted di et er.pal.k t t al ent

1 coont RETSR Bt s 8 RGPL SRLARES Klee ARRIEEA eob ek Bhiery Mgt Bhnal 1y
substit ubbldk(f:bbky&iwllzé?( Gﬁlﬁh@mnydynd»mmmogs@gﬁmg)melthngeau@gtouputrecbrthlrvaihent

opt 1 onal BTSHBETS b BomreRrait eadenng e by dhogedhor pER e s mORdMEL L o
from t he @i tHeOMSlefhidd nsHorMrdh QB et atthe Rirgetiad @nouygﬁbsmlcteﬂbmobtﬁér A

al kyl, [0364] Qis the targeting ﬁ1g%rou sel ected fromt roup conprising a

sugar re§MPGEiMeNiHdpe Pa'élmeé'zﬁti'qnd ermipated by ikg pdgiiprela & MPBR'YEE, han
1. 5KDa) Qa¥iM tRmaleimido 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. Seott M. Henry, Anthony J. Convertine, Danielle 5. W, Benoit, Allan

S. Hoffrnan and Patrick 3. Stayion, Bioconjugate Chem., 2009, 20 (6), pp 1122—-1128).
In yet other embodiments, targeting groups can be included at the omega end of the
polymer by synthetic modification of the Z group on the macro CTA, for example,
reduction of a trithiocarbonyl group to a thiol group, followed to conjugation of the
targeting group to the thiol on the polymer.

[0368] In certain embodiments, a micelle or polymer described herein
comprises a mechanism for targeting the polymer, micelle, or therapeutic agent for a
selected cell. In some embodiments, targeting of the polymer, micelle, 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 a 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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affinity for a cell-surface receptor or antigen. [0365] In sone

enbodi nents, targeting noieties are attached to a block of a first block
copol ynerwoaniowis4me bl ock of a second bl ock copol ymer i nraTiSz@d/ondesel | e. | n
sone enbodi nents, the targeting ligand is attached to the sense or
antisense strand of si RNA bound to a polyner or a polyner of the mcelle.
In certain enbodi nents, the targeting agent is attached to a 5 or a 3 end
of the sense BIEMBReNBEDESHENIAATION and. [ 0366] In certain enbodi nents,
polymers or mcelles described herein conprise at |east one targeting

moi ety at thel@3@¥la bnzbnod emibedipranisrer polymercer migeltie desmideddetan (inaludieyi ng

O P PR, Ut AR iy Mhe 1B Rer BB i kb aRObIE i o b8 pE ‘SfELB?ts')O”
I n (r:]er t gabountfh@br m&tmﬁ,qoramnalfy at aeHi ntangnngcbrroam aldoutdy. @ &t ahﬂg;t@r&lmpesa pHsof

tet here ro er nt er er

exanpl o, a6 bf LriselrgRyptap EEhing o S Bt e OF gPapor °

conpri si Agod e‘@br RWae) &ere%mgalwa ip$1 rasgigds i BBoRATT td bt 810. tﬂ:lﬁr dxafiphs at i on
of polynmers descri bed herein. Al ternativel y, targeti n?%lgr oug n be

i ncl uded™eng HAPAFIRIRAL ARRIPBY MERar Brte)Ris Mty aee-ReippY pb—\:o P é9Reni cal

groupon  gnghesdodit @EAoW)rtIBsétHﬁﬂ'a%bMt @95§19§r3é§§3thﬂnta%gﬁé BNEF &3 hah @bofxanpl e
by, but not limted to, the reaction of a carboxylic acid on the macro CTA

wth an a|0cdn@prt9@se§@@@1lmgnt§ rersanagegabilizationasef7any ¢elllar mgrbrane

mbodi t
arget § ng A B o B o R P e e ot s,
t ar get i nQnegreps, awrsidle dmerigadeld, an endeseomnegalipasemst, ot hesecpbblogbdmell b!,n

SNt 3006 b AHLAORBI PO SR L A5K bl BB 21 LRI 0BK B | zec

with a vin nononer possessi ng ar cer a|n her
enbodl rredéstabilizingetdch@ogolgmss pra)mdled hHenaih lad@membrammdesmlghzleglde.gf, ir ae
pol yrer nthe 0 dd|t|on | polymer block, the additional bl ock
pol yrer | ?élde %tAe U(ﬂ)ﬁ‘@? $HWAPSE attaching the targeting gr oup In

corfaim e pof GREE by ﬁaﬁpﬂ'%&'}n@%@g%ﬁwﬁ?r Sricefe posrabeg et iRea
addi ti onpbrtibhe,cduchelsygmpymerediovhitd) traer@bﬁ)ysl hesmom)nceat m&seﬁles@matnf@ohawet I ng
Phe. adi 61 Biie5t AN ce! fibds! HORBTERN AHRGF SBro ke sraen APBS: HorBrAter or
i ncor por gk&patiteehBo@fHnRY tE B6IPNS) or hitef€ihalfingiddRions, such as polymer
subunits, thereof) is substantially non-hemolytic at pH greater than about 7.0. In specific
embodiments, a polymer or micelle (including portions, such as polymer subunits,
thereof) described herein is hemolytic at given concentration and a pH of about 6.2, and
substantially non-hemolytic at the same concentration and at a pH greater than about
7.0. In more specific embodiments, the concentration is between 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 micelle (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 or micelle described herein
(including portions, such as polymer subunits, thereof) is endosome disruptive. In some
embodiments, a polymer or micelle described herein (including 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 certain
embodiments, a polymer In certain embodiments, the endosome disruptive nature of a
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enbodi nents, the polynerization is termnated by the addition of a

mal ei m do nononer, wherein the mal ei m do nononer incorporates functionality
for attacwOngiodseésar geti ng group(s) for exanpl e as desecirhsdoooypeidesiry et
al (End-Functionalized Pol yners and Junction-Functionalized D bl ock

Copol yners Via RAFT Chain Extension with Ml eimdo Mononers. Scott M

Henry, Anthony J Convertine, Danielle S. W Benoit. Allan S. Hof f man and
Pat ri ck PBolyBteapt miceIIBi(mckmdjrlggmﬁnr@lemh aQﬁ@IQmeﬁ@ulﬁLﬁ')it,s ibprebfp@estrib@d) . I n
yet othe enbodj nment. s etin oups can be ing¢l uded he gnega end of
The ol yEETES AeSEhaRd by ARt aiRE € B ey Sog D el SR e BT A or
exanpl e, assgusuctoas ah invitrviehbossrmslpsisyksay, ovpn tim vio hbhdlunginotpmniad| | owed to
conj ugation of the tar%;letl ng group to the thiol on the polyner. [0368] In
certain ERPPMRIYSASS Wi cel l e or pol yner described herein conprises a
mechani sm for targeting the polynmer, mcelle, or therapeutic agent for a
selected cell. In sone enbodi nents, targeting of the polyner, mcelle, or

t her apeut i ¢ ag@rerArEgTIBAGEMed by provi ding a copol ymer descri bed herein, or
a mcelle conprising such a copolyner, conprising a targeting noiety. In
sone enbodi nef®372} hEravweanicagaimquiﬂnsma i$ agatyindrawinmgelef A5 niesgridedr one

t i at fi
erbod meR T e Y adRabR i b8, BRPREME SHpbat SRR 11 £

bl ock. NEVBRANMEIDEGEABE lal oNFILON A8 68 ., |ongawueoeamap@hmpe¢me ateol yner or
el | e URSShhAedans Shl L el uslis AL one . SHShe 37 ALY guBun €5
pref er abbyndifiord IpHohENGNBEdifTcs, &oterdpatié Qg@rﬁtqsltonﬁ:a'ﬁy a@éocﬁ’éte@aﬁbifo@f about

6.2 or |ower, preferably at a(ﬁH rangl ng fromabout 5.0 to about 6.2, or at
a pH of Q@GB@JUGa*GddY'thIthtemEﬁ 31810415 GOTKL DIgCHpf aa%qlwaerr%ﬁw 'Q%%U?reﬁ” 0to
about 6.0. For exanple, in one enbodi nent, the poly mcelle is

menbr ane- dest B3 13 %i Hbvaé'loué SHIPOSFMEIHS, r§§§arphé$|agﬁ5|&ﬂdla@ngstlcbagqﬂts 13860Tt han
about 6. fer@bellic dgBAE drbaRashtio the %IocREoEélyHé? or é%@el%%hftaﬂmg thd Bloger tai n

enbodi nents, menbrane destabilization is of cel lul ar nenbrane such as,
by way oﬁOMwnersnﬂWM@U%W@neanlwaéamm emendfiagheneniis aakhiavadel | ul ar

T T B o9 AIE o Al SRR B LSRRy bl oo
copol yneirggraotionse abi@rike, or combinations thereof. In some embodiments, the research
reagents, diagnostic agents, and/or therapeutic agents are attached to an intermediate
or second block of block copolymers, or micelles thereof. In certain embodiments, the
research reagents, diagnostic agents, or therapeutic agents form the intermediate or
second block of a block copolymer, or micelle thereof. In some embodiments, the
research reagents, diagnostic agents, or therapeutic agents are in the shell of the

micelle.

[0374] 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 micelle. In specific embodiments, the first therapeutic agent is a polynucleotide.
And the second therapeutic agent is a hydrophobic drug. In certain embodiments,
provided herein is a micelle comprising a hydrophobic drug (e.g., small molecule
hydrophobic drug) in the core of the micelle.

[0375] In certain embodiments, provided herein is a micelle comprising at
least 1-5, 5-250, 5-1000, 250-1000, at least 2, at least 5, at least 10, at least 20, or at
least 50 polymers with attached therapeutic agents. In some embodiments, provided

herein is a composition comprising a plurality of micelles described herein, wherein the
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destabilizing bl ock copolynmers provided herein are nmenbrane destabilizing
(e.g., in an aqueous nedium at an endosomal pH [0370] In sone

enbodi mrerwe,20e0/q5¢d6¢mer or mcel l e descri bed herei n (i nclPadiusgooosicuons,
such as pol yner subunits, thereof) is henolytic at pH of or |ess than about
6.2, of or |less than about 6.5, of or less than about 6.8, of or |ess than
about 7.0. In further or alternative enbodi nents, the polyner or mcelle

(1 ncl udi nycqles theyain, cosnriseasn podrageratdedsnnig, $-250 & €35f0) 268-1900.sdtdedst 2l | y

non- henmol yti ¢ ,at_ pH at.er n_about Q.. ln s i fic enmpodi nents, a
ol o 8 earia e AT dar 2Roe T drtst Soben e B e SRR AAERL e eor
descri bedgéstsein is henolytic at given concentration and a pH of about 6.2,
and substantially non-henolytic at the sane concentration and at a pH

greater than a1 7irlsonhdendbEinSPES; ithérapeniuosh omed)idiagnbbiic sgarendie.ahieon s
bet ween 2 and Jf8 ugq/ m., V\here.t.here I S 50-]1 00% hermI%qs,i s at pH 5.8 and
little oPCIRBICEITE.-MYKt OTMARSITYENG ©XRMBIR. 3t 18as ETUIACRTAS é3Bod nent s, the
henol yti po@a@@é&idé?, & |8t WAB caMohPHieed beat(éast londidhtin® kil (81RS, a Selstideds

pol ymer subunits, thereof) described herein is determned in any suitable
manner, & gpecifigyerpRedipenignthedhaiaRariic ALeniis/aPelyayeagtides gamwligenugieqtidevt r o
henol ysi i B LY, rﬂ‘%{ht - | NI ' | e
descri begeﬁéerége(rﬁs%lgﬁﬁdg !d’t‘n%r?ﬁokh@%ﬂghnsz és)%c ’.aséggﬁ’{%gr subL nlh%’rsg,&t rereof) i s
endosone sdpsifaigtaneiRNA Nbamtisense obggrvicieetide,qr am apgamer. desiherbed
herein (| ad] ' V | r ' dosone
di srupti %g&%@@%ﬂgg@ﬂ{gﬁﬁ?ﬁe sthf% n uaggggﬂ]téggﬁ aﬁ?ﬁ@%?b\%ﬁgrgbpﬁa@&gghﬁ X%QS, of
or | ess tleaimtalBiNA inGerigremde iomaressliam aellsaa@ngad .Sun, Harrg éy Ragoff eGbiadgent s,

a polyner. I,n. cept ai odi _, S I.sruptive nature of

apol yner Lb’&atHf ecgo?eec%(wlgfé?y %h?ﬁ?%oﬁ%@@?gﬁu@rﬂg%{ga'%Sﬁ@ﬁgﬁesnﬁ%Jﬁ?t s, thereof)
desc(rji bgdﬁin@pse]&jtin aiQSndieTaQJSrnieﬁ‘r&ﬂ)ebnd@,ranzymiet alhllkmdvgm‘rrmtibloey fragmbpt. Ussoraé any
st andar Si.s .assa such as an in vitro endoso I S assay, or an in
Vi vo nonCREREIGHTIAF MekeRRRAIOFE: € eatghyorleralFEs AR RSN 87 2]

Provi dednigled®irtvadight@rgretiterRbs absutes0pobatteys. or nicel e, as descri bed
herein in conbination with a therapeutic agent. In specific enbodi nents,

the therapeut [ ¢3BBENI ssmdeMBbitimthe &f pdlghchodlide a8bdAMNBH iR p6lghePbr a

peptide. The . . . , : ,
micelle described herein is an oligonucleotide gene expression modulator. In certain
embodiments, the polynucleotide is an oligonucleotide aptamer. In some embodiments,
the polynucleotide is an oligonucleotide knockdown agent. In certain embodiments, the
polynucleotide is an interfering RNA. In some embodiments, the polynucleotide is an
oligonucleotide selected from an siRNA, an antisense oligonucleotide, a dicer substrate,
an miRNA, an aiRNA or an shRNA. In specific embodiments, the polynucleotide is a

siRNA.

[0378] In some embodiments, the therapeutic agent (e.g., oligonucleotide)
comprises at least one negative charge (e.g., comprises a negatively charged
backbone) and is associated with an intermediate or second block of a polymer (e.g., in
a micelle). In specific embodiments, the intermediate or second block at least partially
neutralizes 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. In certain embodiments, one or more therapeutic agent (e.g., one or more
oligonucleotide, one or more siRNA, or a combination thereof) forms an association
(e.g., a complex) with the polycationic intermediate or second blocks of the micelle. In
some embodiments, the association (e.g., complex) between the polymer or the micelle

and therapeutic agent (e.g., oligonucleotide or siRNA) forms at any desired charge ratio
76



t herapeutic agent may be used prophylactically, as a vaccine or to treat a
medi cal condition. In sone enbodi nents, the therapeutic agent is ionically
associ at edoantvoss26bi oconj ugated with the internedi at e oPCTasernd/okdeagsk of a
copol ymer described herein. [0373] In various enbodi nents, research
reagents, diagnostic agents, and/or therapeutic agents are attached to the
bl ock copol ynmer or a mcelle containing the block copolyners in any

sui t abl eohtlnolecopdlymeampiedhérapeeibagintgan s oligiruetotea br sSRN)he gvdabtweerough
coval ent _hond on-coval ent inter ons tic interactions ophobi c
ot or act e 1Y L SRS e RER e Bhan B B e PTG it o,
the r ﬁsg&j’rm@ dteRgetitrge raticagfros4: € orgeNirSothanwbals, ihsinad embbdinaged)tite ar e
attached to

n internedi ate or second bl ock of bl ock copol rs, .or
i col | os AN A% NUTREE o) GBLPRIC SHBIGS FERTENT I e nteuBsHIle IREr e Mcliagnost | ¢
agents, ﬂfrnfeh&fy&ﬁ@ﬂité@nétﬁlﬁ@tb‘ﬁod@ro'f"tHe"&lyrﬁét%rd&@!h@é(ﬁh@f@lrﬁtéctﬁé\ﬂuﬁb@ﬁbf of a
bl ock copol ymer, m cell e thereof. 1n sonme enbodi nents, the research

r eagent san@n&gqmﬁqs&rag%ﬂﬂ%thedhem@uacpamnt@ a@e@k@%regrv@q% ettheakhb111 t6f t he
m cel | e. JbQR74L1,1dboPS® 1§%BEGH 88 Nitsout aﬁ%'éi)%@%h%ﬁ ,e%ﬂébdtt%.ﬁm Cefhheor

conprising a first therapeutic agent in _ l'e’and a
second t abrpldpﬁeutln@oa@eembwmteh@ BIGYNA isfcharge-newedliced by a mw@tl@m@

embodi me ed"{i ¢ foldcR o %W&&WBﬁéQW|né gwreﬁn%hé( e ?8&1 rpofeﬁﬂ the

second t er apeutr c agen hobi'c n cer ment s,
provi dedspexifEd embedlmamtscaIZOebasermmn mlyrgwdaedm;zldr(e;gh@lbg@ntchimgld(a@rgtFiNA mal I
of the_m cel Ln,certain

mol ecul e _hydr.o ic dru n_ the . .cor | 0375

Tbodt mertBigRa B nEathitidndrBed ApfRlfod oS al Gt e by BdBbetB Wi 850
5- 1I 000, nﬁ%éﬂeboﬂ(ﬂﬁisin@ta bﬁ@BMAEMMntém@aﬂh atd or s%odcﬂ@iéék@mo@dmérﬁa@mésza or
at least 5 [ ith attached therapeutic a ) sone, enhodi nent s,
o ovt ded gD RNTE! Bebl il SRKA RaHhf roRE Sk VA MY SHHTBiaR

descri bede v@ldhar%@@efr@rébyt rié@mnﬁghri @%otyh@él@bﬁdeclﬁfmmlea%,te @I@cl@‘é@écﬁ%wnat

| east 1- 5-250 1 000, 250- 00, at | east at least 5, at |east 10,

2t east (&8, camplg) t@aﬁswt%ﬁwtgﬂ%rﬁwnah@%kucqrm Hisiancrs. augiding a
[0376] | yr§ORBmMBERSH RS §03|ﬁ\;b96f?89§é’§ hQp&aLitiatice H AEHARLIE vidd e8¥icy. B C-

are selected from by way of non-ITmti ng exanpl e, at |east one nucI eot i de
(e.g., aspoeymiadipentde) thesapeutigaoeshe ¢ arllgonydeatide orsiBNA) ep@ttagerushii no

aci d (€. gssoct®ERIth S&ositively charged shell of a micelle provided herein.

[0379] In some embodiments, a therapeutic agent (e.g., oligonucleotide) is
chemically conjugated to the polymer or to the micelle and/or to one or more polymer of
the micelle by any suitable chemical conjugation technique. In some embodiments,
micelles 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, micelles containing an RNAIi agent are formed by conjugation of the
RNAi agent with a polymer (e.g., a membrane destabilizing block copolymer) and
subsequently forming the micelle in any suitable 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
copolymers) that are similar, identical, or different than those conjugated to the RNAI
agent. The covalent bond between a polymer and a therapeutic agent of a micelle
described herein is, optionally, non-cleavable, or cleavable. In certain embodiments, a
precursor of one or more RNAI agent (e.g. a dicer substrate) is attached to the micelle
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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In specific enbodinents, the therapeutic agent is a polynucl eotide, an

ol i gonucl eoti de, a gene expression nodul ator, a knockdown agent, an si RNA
an RNAI ayernniv/eimbcer substrate, an im RNA, an shRNA, &0TAISRSA635ES

ol i gonucl eotide, or an aptaner. In other specific enbodi nents, the

t herapeutic agent is an ai RNA (Asymmetric RNA dupl exes nedi ate RNA
interference in manmalian cells. Xiangao Sun, Harry A Rogoff , Chiang J Li
Nat ur e Bitet @edvatleobynd26tilizdY B the h382IeE21268)Hed hereinentiade l:eynfmddafnent s, the

t hera eutlc agent _is tide od ntlbod
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I n sone enbodi nents, ol ynucl eotide is an oligonucl eogtide knockdown

agent. | Medkad: i bk W?éhﬁ%tedﬂ%émﬂtﬂ caTbexwiekere argmaﬁulfhmvlfl@kewg RNA. I n
some e”bam.ﬁaeeérﬁohwsﬁenmk@&uam hﬂﬁokﬁnﬁuaere'érﬁfﬂ@%.ﬁemhﬁ@rssedrs&ﬁd froman

si RNA, an antisense oligonucleotid dicer substrate, an m RNA~ an ai RNA

or an shsammdryhh@lgﬁralGarbo@hb@'@phﬁdfatﬁ Ilrtkﬁés p@l@mmwdn@lmxyumhess £agiFA, [ 0378]

In sone

compr 1 s HER) TERYS, s REABRRM af AGH, sbfiniyIDhIAONHRCRE My

char ged balﬁWblqrhGmkeiaobairbo@@mieif’a{dﬁd(ywrﬂ(branaihmhecdrmmjbatbehyﬁra@dc‘ﬁats bhdck of
c _enmbadi ne I nt.ered at e

| . d. i . || e f th
o P erorhvaBsdinvat Sy Biers nome Smpgdients oBRRRITE ehio nilfociah ST, St ont
i n the opHE-sensiive @ohtieaag Btkers, |ﬁ©&<ﬂl}’n|§ e .ngt limivdd @0 hydlagohé dﬂ@hciét'a[ achted to
or rese Int r a (o e risi n certaln
Srood: melitacisn Ary R iable cBalighion Gl apioThy A 4o, 1o
oli 90nUCb%2’hpI@Qa Ia@lﬁvaﬂetmcﬁ)nﬁldawén cREMB iy de kil able {deer fRPfekamPlars an

association (e. onplex) wth the polycationic internediate or second
bl ocks oiB’thé?@JUﬁﬁB@? IAé'a”P And té?ﬁ?@&’l%?ﬂh'{aé‘ 19%%aa§§6%¢t8ﬁt6ﬁrec@ g., conplex)
between the polymer or the mcelle and therageutlc agent (e.

ol i gonucl eot i S y t

I I HR38R] s|nregerificimRodimentsythgagenedelveeadfey the m@ﬁﬁs Pithe k

copol ym?ol?ﬁhe? 'B?ff%prﬁ%bﬂé?pﬁ‘ﬂﬁ:léh l{e‘?elﬁ is a‘%ikdg%%ﬁl%é‘éﬁt' ﬂ?sc%e 2hRYImerts She

bet ween 1: :1 . 1n specific enbodinments, the conplex between the

mcell e giagngsstment is a diagnostic imaging agent, e.g., an agent useful in imaging the
mammalian vascular system which includes but is not limited to position emission
tomography (PET) agents, computerized tomography (CT) agents, magnetic resonance
imaging (MRI) agents, nuclear magnetic imaging agents (NMI), fluoroscopy agents and
ultrasound contrast agents. Such diagnostic agents include radioisotopes of such

123) 125) 131) "etc., barium (Ba), gadolinium (Gd),

elements as iodine (1), including
technetium (Tc), including **Tc, phosphorus (P), including ®'P, iron (Fe), manganese
(Mn), thallium (T1), chromium (Cr), including *'Cr, carbon (C), including '*C, or the like,
fluorescently labeled compounds, or their complexes, 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 like) and labeled nucleic
acid probes (e.g., radiolabeled or fluorescently labeled probes). In some embodiments,
covalent conjugation of diagnostics agents to the polymers or the micelles provided
herein is achieved according to a variety of conjugation processes. In other
embodiments, the diagnostic agent is non-covalently associated with the polymer or the

micelle provided herein by complexing with a chelating residue (e.g., a carboxylic acid
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forns at the charge ratio of 2:1, 4:1 or 81 . In other words, in sone
enbodi nents, the ratio of the nunber of cationic charges present in the

i nt er medivsiDeoioapers6of the mcelle formed by the internedcatus2mncicss of the
pol yners described herein to the nunber of anionic charges present in the
t herapeutic 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 about 12:1 , about 2:1 , about 4:1 ,
or about résidue) incorEwaedentodde bimck SopslyREA Ih somleangeedimabtsad iradidabgled

pol ycati @ni ¢ i nter nediat | ock of bl ock copal. r formng,the mcelle.
For ” exanfloadmeh (€Bne” < Gadheremong el et B8 ke bl rpRtRdns ae
(ﬁ' g., | otHegmtelie enyl dee i_ﬂferm'gﬂ(&ﬁé oucsem@haaildm).gﬂ sO@g;}ﬁrﬁMﬁjirﬂbﬂsg&@o@t’nqr or

si ol ogi ¢ is associated (e.g., conplexed) with a mcelle conprising a
Doy DVAERTPRIASORRCE MR S SIATRG RO CORD B RICP DO n | ongt b | WAL
1,680) with a pKa of about 7.4. At this pH pol yDMAEMA contains 40 negative
charges, thereby resulting in a polynucleotide-internedi ate bl ock
associ ati on ( MEgHOD EomPRERARING MiCcELSE €obppaimtanal | y net neutral in charge. In

certain instances, avoiding a | arge nunber of excess positive charges hel ps
to reduce in V0381] aRvidedinvertaioxanthadiments heogie isabwdhokior preparinper apeut i c

posi t1 vePgmBRGEEOHRATT i hediddoe hoP O hRRLE oo ETRRELBROT some
enbodi neatsocised nmith alpe oicetie aipe methed gompasingonucl eotide) is chemcally
conjugated to the polymer or to the mcelle and/or to one or nore polyner

of the mcell e hy moyidegithabloek chpotymal incapfijsuderiatonng eekininguiee blogk sone
enbodi nents, m celles, containing an i, .agent are formed by, conjugation of
Cho RNA agent i (GPPRN T cRy S g o BB idn Rt Ty of

polynmers (e.g.

, bl ock . | .. th nbodi t i cell
cont ai ni ng an Rﬁmeoéaé'ﬁge% é%%%ﬁ%ﬂy%99@&e§?@§p?@g§& f%‘?@%ﬁl :;ent with a

polyner (e.g., a nbr an estabi|izing block copolyne and. subsequently
Porning he o8 181oMrias T PRape Hidifks &1 BoeGSBIPEE ] #SBEelin o0t 't ne
resul ting conj ugatgfiebné therliuth &eldr@ LoMRIE sbrPrising thNAocReepdlymER avar i ous
enbodi nents, such a mcelle optionally further conprises unconjugated

pol yners (e.g., dblagkciafmph Yyorhstiebiid wah theSédBohablock @ fd otk coolghéd er ent
than those conjugated to the RNAI agent. The coval ent bond between a

pol ymer and apsesppriddrie ag@btintnts the eRith@ Uaner t¢dingtideeraioWingshe

optionally, non-cl|leavable, or cleavable. In certain epbodi nents, a
polynucleotide to form an ionic complex with the hydrophilic block of the first polymer. In
certain embodiments, the method further comprises covalently coupling the
polynucleotide, through a linking moiety, to the second block to a junction moiety
between the second block and the first block or the third block. Also provided herein is a

composition prepared according to such a method.

[0383] While preferred embodiments of the present invention have been
shown and described herein, it will be obvious to those skilled in the art that such
embodiments are provided by way of example only. Numerous variations, changes, and
substitutions will now occur to those skilled in the art without departing from the
invention. It should be understood that various alternatives to the embodiments of the
invention described herein may be employed in practicing the invention. It is intended
that the following claims define the scope of the invention and that methods and
structures within the scope of these claims and their equivalents be covered thereby.
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precursor of one or nore RNAi agent (e.g. a dicer substrate) is attached to
the mcelle or to the polyneric units of the mcelle by a non-cleavabl e
bond. | n wormeloasisdi nent s, one or nore RNAI agent is atrathmsdolssugh a

cl eavabl e bond. In certain enbodi nents,the cleavable bonds utilized in the
m cel |l es described herein include, by way of non-limting exanple,

di sul fide bonds (e.g., disulfide bonds that dissociate in the reducing
envi ronnment oPHaReAcsSUTERAL Zomrosimorssone enbodi nents, coval ent associ ati on
between a mcelle (including the conmponents thereof) and a therapeutic
agent (e.g., &0384] gEBhe:compoisiti@wmoreﬂarFan a ipslyashiios agub ynherguyieebgand ant abl e
chem cal | t I g 00 ted 1.he- car boxyl

[ mker o, 2R ERE s AR anatRe B a @Syl BbalrT- b e R eplrhscdica

am ne- hydompwtld)m nSmrsphamaceumal nembbmkcm san campidsgy ferudxamptl, \d pdlym&er s,

car boxyl - carb rate er C ers, car boxyl car boxyl
T nicer 3, OCAPRRINRgimEalhary e BeETRT ARt S S H Db O RoHGieoRPf & | ker s,

sul f hydryhgmﬁéd@yjﬁéa{uy g{cb@gﬁgb@ exemidmhydr at e- hydr oxyl |inkers,

carbohydrat e- carbohydrate |inkers, and hydroxyl -hydroxyl linkers. In some

embodi ment s, p@mzupapb@melr&nalnﬂ@e||@ecrd‘n¢¢dm@nwﬁrémcmd s&em (elg/ethbesds and
i nkers, i ncI udi n but nat limted to, %drazone and acetal |inkages. Any

ot her suPitagies L ORP R AMIBHNRIAKSAT heragioulic AGPMLy SUEN 75 SRRICRXOWR| |, for

exanmpl e gji @fua%oﬁaéle%sbpﬁénaqwr@@aéd P é&ﬂawﬁdd @,sga RarieRblgddlg (see, for
exanpl e, Bioconj ugatl on, Aslam and Dent, Eds, an, 1998 and chapters

t herei n) aC(E@M? CPWDQ@B@”% ila S@Fﬂ@(ﬁiﬂbﬁﬂﬁm@ntst ﬁ@ob/@!ﬁﬁtor dfféW”@é}O@%P%"WOﬂhe nmeans
of the pg C?O!H"er %re.hﬁ&aghfrﬁ%té%d%% |%F|t |H ng'sgutééle%éﬁr%g rrét With &9 §ithout N
I nments

some enb i agnosti c agent I agnostic inagi ng agent, e.g.,
an agent siagbiizeis, bufferﬁa@idw@jletllhe, mﬁmalmarmawlbalrcommséwnm ggneé ncl udes but

S ot | kbt RS bh R SFR o hAIRALRRA T cAGERY fy GBI or | 26

t onogr ap ¢ resonance inma ndcl ear
magneti c usedags tajaleag,empsul(eBM Elixifs faoo@s adpw&lmmh,sswpdsutdrtersa‘sromthl contrast

agents. nosti.c agents include radi |sot uch el nts as
odt ne. ( FlmishatERr S SENS A RPetSGd S iR b R P
(G&d), teahtiahy ather atablé BeMPOsiicnY9Tc, phosphorus (P), including 3 1P, iron
(Fe), manganese (M1), thallium (Tl), chromum (Cr), including 5 1Cr, carbon

(O, includingoidé] Providee érieIp(ﬁarrﬁémmaq&ﬁobptdb&br@hadlaﬂ@rﬁﬁ)@ﬂﬁlﬂ@lym@r ot heir
conpl exes, chel ates, adducts, and conjugates. |n other enbodi nents, the

di agnost IMicel§&RMROsitign campEFing &t éeashane BY thergpaitticiagent described herein.

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 composition or formulation 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, transdermal, or by injection. Thus, in specific embodiments
wherein the polymer or micelle composition comprises and is delivering a
polynucleotide, the formulation is in a form that does not prevent the polymer or micelle
composition and, more specifically, the polynucleotide (e.g., oligonucleotide or siRNA)
from reaching a target cell with the polynucleotide intact and/or functional. For example,
in certain embodiments, 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
effective amount of the composition comprising an RNAI therapeutic agent (e.g., a
polynucleotide, such as an siRNA) is administered. In an exemplary embodiment, a
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are readily detectable when expressed in a cell (including, but not limted
to, b-gal actosi dase, green fluorescent protein, luciferase, and the |ike)
and | abelw0 2010015¢366 aci d probes (e.g., radiol abel ed or PCuarseaoms3IcHs

| abel ed probes). In sone enbodi nents, coval ent conjugati on of diagnostics
agents to the polymers or the mcelles provided herein is achieved
according to a variety of conjugation processes. In other enbodinents, the
di agnost iheragmnicaliyseffextive armaushintiypdes a coifiztent amiouht ofreepq@wngmer maxell¢ he

m cell e provided herejn by c | exi ng wi a chel atjng.residue (e.g., a
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enbodi nmemdssidwaal.r adi ol abel ed nononer (e.g., a 14C-| abel ed nononer) is

i ncorporated into the polyneric backbone of the mcelle (e.g., the
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polyneric mcelle and a pol ynucl eoti de associated with the mcelle, the

met hod coVSHNYIE RGMENIStrayiopy MAaAE IN WEC 5 FERICOINRAEY O aecHMy|ation of iR | ng
medi um oWERIr |5 ki C ; i
hydrophomégmﬁtgg ?&E?&'expostfﬁ%&'ﬁ Lél&i) péf‘dgégﬁﬁs?g}'ff%w '.sAé.l@crﬁlﬁ t%a%neous

medi um outeaivhiswilersl toreysieyrie apbplien bichces withoui|ligdtatiempolrauesous.o associ at e

inth i : a1 I IS I : d
1 the 2gusoiadng WL LAC AnBRRaLFacRERIR B BhaRfsEgpely ™ o
copol ymesome@3@idirentsotime centpoditioestiss adrimisteretdopitallyt her conpri ses

all owi ng the pol ynucleotide to forman ionic conplex with the hydrophilic
bl ock of the {03838] pll sames embodicrantisithe eofnpdsiiers are réearase fdradiorige her

conprises _covalently coupling,. the pol. cl.eatide, thr h,a Iin%in noi ety,
Lo the sBubitiAbRRned e ABpreRedrbtEry wEpliscamend! dUoHE Bk 20600 ne
first bl oskpasing Bedymércbrivhioslie cothisasitionaybdedd hergi in 4 pharncaptisllyi on
pr epar ed acco?r‘R(ji ng to sa.?h a net hod. A@SSS . i I(ﬁ preferred e od,il,rre ts of
the pres8RtCRITRIRAEGHOh KPé“BeéHY SRERAARIA G5 P %ﬁﬁeﬁ“@i%}'oﬁ‘% Wit FeDe
obvi ous herdiM&pRchisichlrRis bAd Higerds Bnd Bad d&dtgibe@ M@ dinmRBintgdses pr ovi ded by
way of exanpl e only. Numerous varijations, changes, and
Pharmaceutical Sciences, Mack Publishing Co., A.R. Gennaro Ed., 1985. For example,
preservatives, stabilizers, dyes and flavoring agents are optionally added. These
include sodium benzoate, sorbic acid and esters of p-hydroxybenzoic acid. In addition,
antioxidants and suspending agents are optionally used. As used herein, the term
"pharmaceutically acceptable carrier" means a non-toxic, inert solid, semi-solid or liquid
filler, diluent, encapsulating material or formulation 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; cellulose and its derivatives such as sodium carboxymethyl cellulose, ethyl
cellulose, and cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients
such as cocoa butter and suppository waxes; oils such as peanut oil, cottonseed oil;
safflower oil; sesame oil; olive ail; corn oil and soybean oil; glycols such as propylene
glycol; esters such as ethyl oleate and ethyl laurate; agar; detergents such as Tween
80; buffering agents such as magnesium hydroxide and aluminum hydroxide; alginic
acid; pyrogen-free water; isotonic saline; Ringer's solution; ethyl alcohol; and phosphate
buffer solutions, as well as other non-toxic compatible lubricants such as sodium lauryl
sulfate and magnesium stearate, as well as coloring agents, releasing agents, coating

agents, sweetening, flavoring and perfuming agents, preservatives and antioxidants can
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substitutions will now occur to those skilled in the art w thout departing
fromthe invention. It should be understood that various alternatives to

t he enmbodwoentsefeét he i nventi on descri bed herein may becCemshagmaaes
practicing the invention. It is intended that the follow ng clains define

t he scope of the invention and that nethods and structures within the scope
of these clains and their equivalents be covered thereby. PHARVMACEUTI CAL
COVPCSI ThIShI®e r38ett iMthe aonpsdion; acrdioghe ihel jndgaepiodfyting formulaaom ol soree i ¢
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herei n (gughlly, bM&s8n ofd aEAgshispregne or nore RNAI agent therapeutic agent,
such as one or nore oligonucleotide) are optionally provided in a

conmposi tion (@ogsgl phwmge@mmlmyntgqm@MMa@eqm@rbracplahmldlétra&@rme
enbodi nent s, polymer or mcelle co sition provided hereinis
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agents.

[0390] In some embodiments, injectable preparations, for example, sterile
injectable aqueous or oleaginous suspensions are formulated 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
emulsion in a nontoxic parenterally acceptable diluent or solvent, for example, 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 chloride
solution. In addition, sterile, fixed oils are conventionally employed as a solvent or
suspending medium. For this purpose any bland fixed oil is optionally employed
including synthetic mono- or diglycerides. In additional embodiments, fatty acids such as
oleic acid are used in the preparation of injectables. In a specific embodiment, the
polymer or micelle composition provided herein is solubilized in a carrier fluid comprising

1% (w/v) sodium carboxymethyl cellulose and 0.1% (v/v) Tween 80.

[0391] In some embodiments, the injectable formulations are sterilized, for

example, by filtration through a bacteria-retaining filter, or by incorporating sterilizing
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pol ynucl eotide, the fornulation is in a formthat does not prevent the

polymer or mcelle conposition and, nore specifically, the polynucleotide

(e.g., olwganwaisewsi de or si RNA) fromreachi ng a target PCEIUS200000b364$ e

pol ynucl eoti de intact and/or functional. For exanple, in certain

enbodi ments, pharmacol ogi cal conpositions injected into the bl ood stream

are sol ubl e and/ or dispersible. Mreover, pharnaceutical conpositions
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P oept abl o abeR, B TRERIECERe S FERRE M &y AR i . Speci 112
Cﬁl‘ riers pﬁﬂdnafhe%ﬂ@l&&caaﬁtablbeexdmﬂ Iobeair,rleESlgt:h, as $bdR§B’i’ﬂc:ﬁt$t@EblrE glc:alchr)r;3 -
Phar naceuti c Ci ences u aro or
exanpl e, b %@@1‘%3@ /9ed) f'”&fsa%ﬁ %t%’ﬁeés SH‘%@* aﬁ&hﬁﬁﬁ@ﬁﬁoﬁﬂgs%é%ﬁ% glugpge,

opt i onal inanadslednd 'sﬁh@é@cidnﬁj bifl8eBaflicH MsbRP2R&ANBle, 8aDBkEMaBlBemssest er s of
p- hydroxyben20|c acid. In additjon, antioxidants and suspendi ng agents are

opt i onal Rlginadesy gelelin RRlyvindpyrelidinone. susrese, ;@ngaﬁﬁ%'éu@ W@Cﬁarﬁéééﬁi adl e
carrier” gRais o diMiad@sh§ agbme'stics ak adar-884R caBUhtcRbohdi8UbSato or

tapioca starch, alginic acid, certain silicates, and sodium carbonate, e) solution retarding
agents such as paraffin, f) absorption accelerators such as quaternary ammonium
compounds, g) wetting agents such as, for example, cetyl alcohol and glycerol
monostearate, h) absorbents such as kaolin and bentonite clay, and i) lubricants such
as talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl
sulfate, and mixtures thereof. In the case of capsules, tablets, and pills, the dosage form
may also comprise buffering agents.

[0394] Solid compositions of a similar type are also optionally employed as
fillers in soft and hard-filled gelatin 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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filler, diluent, encapsulating material or fornulation auxiliary of any
type. Sone exanples of nmaterials optionally used as pharnaceutically
accept ablwocarwisezes are sugars such as | actose, gl ucosepPCaIN$26906358€;
starches such as corn starch and potato starch; cellulose and its
derivatives such as sodi um car boxynet hyl cellul ose, ethyl cellul ose, and
cel lul ose acetate; powdered tragacanth; nmalt; gelatin; talc; excipients
such as cunmarbﬁxmnmeanﬂsmummnsmbedwngﬁ&mppgﬁmm$Wdeb,mﬁwapahmmrmmnmg
cottonseed_oi ane oil; olive oil; corn oil and soybean

oil; gl y86‘?@plgueﬂlyggr'ﬁPB%??'@?%‘ad] gfes esters such as ethyl oleate and
thyl | t d t. t h
mmgnesi um nylGTRL SRE S0 ORTS TR & SR TE Rt p gl BBy BRI TeRIE " °°
\g/a]E fer ;o sioft tand Qaﬁﬂllleﬂegellelﬁlm@tsglﬁsmlngts&h ,exe“pf@ﬁlts ad tag}mblorﬁmm sp:@tasa@at ﬁ

uf fer sol ytions, as we ot her i ble lubricants such as
sodi um | &’ﬁhl %&fﬂ m&%@u@ﬁéﬂ’ef?&@ﬁ@@?w e Seancgtggak% as col oring agents,
SIS e oL AR SR L RSB A
COMPOS t RSk @EAEcopbitbAh OB Way &f nbhARTYBIRIE. oifther i Pastes.

enbodi ments, the pharmaceutical conpositions provided herein are
adni ni st 6168MS; (lRNFHEIRS, HIWCEFS. £6lUHANsEPEYSoingRIapts, Pé@@@hw Insament eral |y,

i ntraci Sbmbirﬁents Qﬁér%ﬁé@ﬁd"é’dérﬁfs cérﬂbﬁﬁ?ﬁ?oiﬂneg'd?trﬁl RS ddnndlon: prB\ﬂﬁéc‘}al l'y

(as by po creans, , ucal or ‘as an ora
nasal s phalyem ﬁl@mlxwh uod@r swﬁe @m@u@mﬁe\mﬂs a mhaqna@tmcglb/g@ceotabiﬁ ¢asrieror al

adm’ ni st |thI§J BHS oppr?orr FeesléP\}a(ﬁ%lCYnea&Clﬁgrteanff%r% édn?ﬂﬁat'on ther cﬁ

m croenu SIO I ON’s, ps, and el Xxirs tion to
the acti &gl agme tmmtesqu(red)e Ophrhale1|¢ Eemﬂnu@hnupew@tromm aodrqybeixca@ Fecsaded

h I d IJ furth t t dil t
or - excl prEET s BRRT T BSoRRR PR byt o1 vater or other

copropyi al cbiite! PyFRER: Befar PRy A5 BRIV benzy

benzoat ecorntampyi mtﬁncgi wabé polymzr butryct@l@e:ogippembn prd viddchiydreor, BR¢Ipidets gi I's
an

(in partic cottonseed, gr.ou cast or

Cooame’ it 8L s hog vegan ok, S ees phse e Chal achoPe L ol s
and fatt Meﬁkﬁdtﬁe@%&hﬂéné@&&lé adliconbd yandritesssilidiea8af talcBasd dps oxir t
diluents, the oral conmpositions optlonally al so i ncl ude adjuvants such as

wet ting a@wt@r%éfﬁﬁrp@ﬁ fying and suspendi ng agents, sweetening, flavoring,

and perfum ng . o -
[0399] Powders and sprays optionally contain, in addition to a polymer or

micelle composition provided herein, excipients such as lactose, talc, silicic acid,
aluminum hydroxide, calcium silicates, and polyamide powder, or mixtures of these
substances. In some embodiments, sprays additionally contain customary propellants

such as chlorofluorohydrocarbons.

[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
controlling membrane or by dispersing a polymer or micelle composition provided herein

in a polymer matrix or gel.

[0401] In some aspects of the invention, a polymer 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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agents. [0390] In some enbodi ments, injectable preparations, for exanple,
sterile injectable aqueous or ol eagi nous suspensions are fornul at ed

accor di ngworoswmF4s6i t abl e manner, e.g., using di spersi n@CaPSra09/063688t i ng
agents and/ or suspendi ng agents. The sterile injectable preparation is,
optionally, a sterile injectable solution, suspension, or emulsion in a
nont oxi ¢ parenterally acceptable diluent or solvent, for exanple, as a

sol ution i n 178eAnpramedi/ses. Anong t he acceptabl e vehicl es and sol vents that
are optionally enployed are water, Ringer's solution, U S.P. and isotonic
sodi um chl ori @e462] uCoopositionadainpiising pslymeirs er, pdlyxedc oiidedlearmnd an agent

conventi glr}%! é%a%gwp%lggﬁ Sch Eﬂ%‘g&eﬁﬁp\%{g(ﬁgﬁp&ﬁ g medi um For this purpose

any bl an 'S optiona yed i ncludi ng synthetic nono- or

di gl yceri des. di-t | ' Sl ' ol ej id are
used in the pFé%%?lgt Ib%hg%?{ll sﬁ{éﬁ%ﬁk&%@@@h? ﬁ&gbéﬁggéﬂ folsr ceigﬁ%é)egﬁ%hgh%tdﬁé}

pol ynmer wmtranelbgan delieenypd @ntagent guahvagde dolyeudeotides Ba edmpositeth damn@isoay ri er
fluid conprising 1% (w.v) sodium carbox thyl cellul ose . and Q.1 % (v/v)
Tusen 80 RORRATr B PihE e PSS FoA 20 SUHET oy 2 eplpHEeriaratRe a o
sterilizetbrewien caxBaRkSosdato fantitcoptdcast with Quath Bcdipgiirkict qe betval dirdtged i | ter,
or by incorporating sterilizingagents in the formof sterile solid

conposi t fBAIMMITA B 5t ?fﬁ'ﬁ%ﬁlﬁ*ﬂg S SYTRRLAISY IS fiteqseiced Mtp AN SNPsPBahnat er

or ot her nfdnfdrbh& witRinefié 3Bl SoMBnkpIe, hi@bh@h_dééﬁosi[;%@?ih sofheC&rhbadiments,
enbodi nents, conpositions for rectal or va&l nal adm nistration are

supposi t H_HP@! r%@p@équ&t?‘é%@@%’t@&ﬁ-i Diaen .sgrr@d)mﬁé@br@pe Iﬁ Qﬁ&ﬁ@o”ﬂﬁ?é_
ther ?‘peuké.g., Bg%%nﬁfﬂﬁgﬁﬂ H&dlﬂﬁe@or&%éﬁﬁéré&‘?,.v@ﬂi&ﬁls‘£m%?rf6?é?r§é bE 480 il‘?%' ded
herein with stitable non-i1rritating excipients or carriers such as cocoa
butter, polyJerhitieseley delivetng ther campagifsosiritos poerixeghipshyrackecide)id the

anbi ent Eﬁ]@&ro?‘iﬁg EolPUtnd .!ngbfi'uﬂw gén Q?QM ir \%{FB%?&M?T%B%&J?%%%% L 1N
the rectudm Or vagi hal cavity and rel ease a polyner or nicell€ conposition
pr ovi dedvitrerrsedium[ Q88 3s Sphysadidgca ohediurdosage forns for oral adm nistration
i nclude, by way of non-limting exanple, capsules, tablets, pills, powdlers,
and granul es. [000suCBesetally fdosagepléosunh, coanpusitipne icanibenised fbremodutatirsy t i on

provi ded, herein ¢ risi an RNAI th eutic agent (e.qg. ,

ol i gonucEaqtiiy St ntrRselidtiteioetin 4 aell  MaosmeRic aspriugiatss: 3y

accept abbe dekvdrpd entheytasal 6ff £telbacddrdifg SOtheUneitbd Hak&ibed iditigal ci um
immediately preceding paragraph. The agent (e.g., polynucleotide) is allowed to interact
with the intracellular target, thereby modulating the activity of the intracellular target.

[0405] More specifically, for example, in some embodiments, the compositions
comprising polymers or polymeric micelles (e.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 oligonucleotide 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.g., an oligonucleotide or RNAI agent) silences proprotein convertase subtilisin/kexin
type 9 (PCSK9) gene responsible for regulation of low density lipoprotein (LDLR) levels
and function and, thus, polymers or polymeric micelles comprising such therapeutic
agents are used to 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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phosphate and/or a) fillers or extenders such as starches, |actose,
sucrose, glucose, mannitol, and silicic acid, b) binders such as, for
exanpl e, warbmospmsshyl cel | ul ose, al gi nates, gelatin, PCT/US2009/063648

pol yvi nyl pyrrolidi none, sucrose, and acacia, c) hunectants such as

gl ycerol, d) disintegrating agents such as agar-agar, calcium carbonate,
potato or tapioca starch, alginic acid, certain silicates, and sodi um
car bonat bypesthalestatdlemiar déh apuohieragnizapimestss thetpaisngrarca foblymeric)miabliasr pt i on

accel erators. s uat er ni_um.c ou tting.agents such
et or DR CSRT SRR TR B R ot BEPL 7 A et bl B3B8 e <
such as RasK:M Iarsdrrtwmmmmen@ e calngl ailiyed ¢gdr i cant s such as talc, calcium
stearate, nmagnesi um stearate, sol i d pol yet hyl ene gl ycols, sodium | auryl

sEl fgt e, and OAOET ek $dmes emfbodulmrernélehe:ps@rr@frs capsiyhesc micdibe(sg.,and pills,
t he dosa

SO .CO e bufferin 394] Solid
compos: t TGFRISH! PRvEpRiRen BFbeaidn JaEep eHBRa! 31k GALHCRE Wi | ers i n
sof t anduh@éﬁlrealdeh@eblm@bﬁ’éﬁwgaﬁ@u@@@wt@ﬁhagma neX6ll pioBekions. rASt ose or
m | k sugar as wel |l ecul ar wei ght pol yethyl ene glycols and the

[ ke. [ OBOBIMaTH CBRESRNBIOHICHER SOMPABIEDFPEPRAh EONERaTE" OB s,
dY agees, nfGe inei% thetddedtic ABEntIb I HPSdRhECIBBRRAGH ! WhBr o [;r]\e?ap%nﬁc

shell's such as enter coati'ngs an er sul e coati ngs
opt i onal Rgei®anailanespEcy-f Py plgavrge BsgenerPreegens mogmidhlatrmﬂmgtesmwné@(b of a

cOMposi t EQIPPrton%trat IAC¥n ﬁ%iﬁlﬁﬁgteﬁljﬂfa?@ér%ﬁgutlcﬁ rgﬁé&‘l@%%ge Bf' h\éoponer r

preferentiall In a certain par e I ntestinal trac t1 ona in a
del ayednanlrymenclﬁmaeiteltesa mbjemjnegbladwtﬂmﬂresicbjerg chnmeﬁnmmshmerdsude by way

of non-Iimting exa [..c substances 6 Solid

corpos: t Pt BoBRisFepRIRLE B Pher g ST i oo per en s ot
and har dahd chedilgeeatign Bepsalage) ageng. such excipients as |lactose or mlk
sugar as well as high nol ecul ar wei ght pol yethyl ene glycols and the |ike.

[ 0397] Dosage[boumB fmasertaopémabdumentsr amsd@ﬁen‘sl ba@dsnot Ismteaitiooa godwian
i nventi v?%?har mace ti cal n@om tion jnclude,

, | t
e b gkt i G0 ThI0F 0P RY SaMe 2 PRSP ESe (R ROACh e APTOl HidSgTRs

sprays, k&, anttieofhe Rﬁqta@@@@ne ldh &PRoraiFBRiH §aHY, s,gén@%r@egmglapew@t@trﬁ
conprising a polymer or mcel conposition provided herein are adm xed

under st évmr&ar@b/rmplrepwﬁsow gﬁn%e inthd E@WQ{@F'P? fagiere P 8BIME ipgARGRS: thend,

f’ﬁtG'r onal bymp8&iforPEorTBligos™ B8IFMEAD! X BolyRiERichicBR ShdH bbFhuciBbtidh hafrdi nati on
silences a gene that is expressed in a specific tissue or organ including, but not limited
to, lung, pancreas, liver, kidney, ovary, muscle, skin, breast, colon, stomach, and the

like.

[0408] 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 Erb-B-3), and thus can be
used to treat a subject having or at risk for a disorder characterized by unwanted Erb-B
expression, e.g., breast or lung cancer; the Src gene, and thus can be used to treat a
subject having or at risk for a disorder characterized by unwanted Src expression, e.g.,
colon cancers; the CRK gene, and thus can be used to treat 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
gene, 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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(e.g., as may be required). Ophthalmc formnul ati on, ear drops, and eye
drops are al so contenplated as being within the scope of this invention.

[ 0398] Gworeniiss26past es, creans, and gel s provi ded her eCh/uspeooonzshs v
contain, in addition to the polyner or mcelle conposition provided herein,
exci pients such as ani mal and vegetable fats, oils, waxes, paraffins,
starch, tragacanth, cellul ose derivatives, polyethylene glycols, silicones,
bent oni t asd cBﬁdnicnIbukaniiadthetMEKK gend, Znchthus)daddoe usedrio treat esubjhetrrmyfng [ 0399]

Powders and. s t on cont a n to a pal mar or mcelle
conmos: t Dot BRIGY &l PR Rl By AEKI Gt Gl B hugffaef ¢
acid, al gai wmnbpﬁiar el Zroma; r tdukemtd; |th@&NK%en@ﬂdndDﬂiu}é&ﬂhdfé Lryewdertreaoa
m xtures of these subst a?gq{ 3scllI n sone enbaodi rent s, &gé@r additionally

t

cont ai n EYIBTHAAMNIR G &E SQIERT %@aréﬁtﬁﬂ 3(16?‘8?1’3‘}8 DHRESSI3D £esb

Tr ansder gahcreafichesreBaantee; fddRalr QGM@@@QﬂUQEa@ be\lis8d fotreéat sjésd
dellvery of, a conpound to t he body. Such dosage forns are nade in any

sui t abl e ARG &F at réslgor alﬁﬂﬁoﬁﬁﬂ%'scﬁla@%'zéﬂ Wl%ﬁq%ﬁAﬂ%pfﬁsépﬁpﬁﬁt ||%rl‘€bs or
nanopar t pgh&s ok Téu@eﬂré)ﬁ’ﬁé EF@% %@;ﬁe PROR R bé}pbﬁ %Efbetrr@ataarﬁ hgﬂﬁbl Y used

to increase the flux of the cohfpound across t can
control | éurlﬁinyéatdeQJrcﬂsraranterqed byatravandaet Fo(113 expression, £ne tungwnmrs persi ng

a polyme Oﬁ?N‘A@ mg%eHQ caep O#‘B?nBE%\ébgnftrQﬂfé%ﬂéﬁ r%vﬂ‘é'&rf%‘r?nhggﬁtrrG' x o

gel. [04 nvent 1 on
conposi t dtsnrqar@harweterlgedbyplnwpetadl I%@Neeexgressmha:gl ,dag carfeer;thé M8 c. ) t hat

i pi ondere i PLGER P LRSS bl So b SRR Pk Rl © =

Conposi t bbmacmm@d by un@amumlsexpn'espmhyergr ioolam caplcbesr @nohiamyageyehogsich as
a pol ynugl Otld an used in various nethods. [04Q3] Cenerall uch
compoa & RS e S S geRerenilionis Pt PR vSSHR e 4 SYDlsoieoa o gt sk Bl 1 ver y
of an aga@s&@@mh@sa@embmummﬁweM%@x@r@w@ﬁlégoauﬂ@ﬂﬂ'@lyrﬁpﬁwn@orpol ymer
or a polyneric mcelle and an agen gﬁa%qdpol ynucl eot i de) ~associ at ed

t herew t H%@H'%’B’"@@(ﬁB%éHNtQ?nﬁnan@mH{Sé@f‘ HO &' o @ﬁu@eetemqv'%wf%td@k( e.g.,

via di reFdr%?dlE&E:IG%He{FQétehibcﬁbWﬁﬂhé‘rﬁbéUUN &igrédsidtle o NV HRAPEDESDr | S

i ntroduced 1 nto an endosonal
breast cancers; the FOS gene, and thus can be used to treat a subject 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.,
esophageal and colon cancers; the VEGF gene, and thus can be used to treat 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 to treat a subject
having or at risk for a disorder characterized by unwanted EGFR expression, e.g.,
breast cancer; the Cyclin A gene, and thus can be used to treat a subject having or at
risk for a disorder characterized by unwanted Cyclin A expression, e.g., lung and
cervical cancers; the Cyclin E gene, and thus can be used to treat a subject having or at
risk for a disorder characterized by unwanted Cyclin E expression, e.g., lung and breast
cancers; the WNT-1 gene, and thus can be used to treat a subject having or at risk for a
disorder characterized by unwanted WNT 1 expression, e.g., basal cell 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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menbrane within the cell, for exanple, through endocytosis and, in sone
enbodi nents, through receptor nedi ated endocytosis. The endosomal nenbrane
i s destabwbizamds§mwsg., by a constituent polynmer or bl ockcCrhse@ofingesowhi ch is
a nmenbrane destabilizing polymer), thereby delivering the conposition or
the agent (e.g., polynucleotide) to the cytosol of the cell. The nedi um can
be an in vitro nmedium The nediumcan be an in vitro nedium such as a
physioloQémﬂbcmhMﬁnumcmth&4heG@%Ef@bhgnaﬁdmhuexanpbeﬁedMEhemnnpdﬁémions can

be used faor. rmduLat fn ct Vi ntr?(f &\}ggd@r tar in a cell.
The agenf'@V'8g0h4 %SKaOLg)é 8?(%%9”28 V&@W&‘é“? Bred TR O%ﬁ%sm of a
cel | accﬁéﬂ@gzgelmrtchﬁnmmﬁ@(lde@e@l ger:&edmdghmmean mivlegécatgetkeat@r@@w hgvmgh ]
aragra ent . 0., polyn eot i allowed to interact with the
P o o Pripriok P g Bteoldar Shasfrtensad b ananfe{sﬂe*’%@ﬁwrwoaf S ond $7ALCABER ul ar
target. [Mﬁﬂ(BM@h@ érﬁtﬁmufslcﬁmbbwsea% tr@étaéfﬁulﬂectl H%avﬁr@rﬁ? a@ﬂbl@ﬁbr@cﬂl&@rde? he
corrp05| tions conpris ymers or polyneric mcell fé é-rA m cel | es)

provi dedchaaelenizegd By H§Wﬁﬁlledlw',:}f$ @é@rleﬁﬂoﬁ 0ppErast g@nqeir,st Toroeives APEt ed
wi th di sgqdess b’%s@éé%l' B Wshbjeéﬂga;\lﬂ{g &aé(tsr%ﬂ f{?rya Hl%gﬁaepbﬁérg&eh%@b? or

chol esterol, apolipoprotein b, esterol i
hyper cholBweRled| A 8 exRieesion & &, RioBat ﬂ@rmes the lsgrwwregemmrﬂnddbmﬁarsb@

rovidin r
gl i gonucﬁe%q fbgté(%‘gaaeén égégg\gh§ f‘gfjnﬁrgf'ﬁﬁ%grﬁﬁgf%‘?% Zteﬁeoyg‘her apeutl c agent
si | ences symivin exdrgssidre@vagedrvimaberencaratia cgeoe s pthe dare/Neusgener andttes such
o' gonuc PP uESTo R T bl feleB ah AL LBE S 5 e B Coutiufhzeey unwanteo
Zubti | i s?ﬂre/rzk(amu Rxpieseiof, é@g&(@él sitganmwmemmmlsbhﬁergwl gﬁﬁ@ubaﬁ :thm; @n beow
ensi t i rot LDL evel s unction, and, t . po rresor
ol yrrey 1 ES6 RLfeda it Raving oS abih Rerairerns cragsi zety & treat a
subj ect W@Md)l@élm@fas@tl ekpssionl e.@., dvaparsiand ebiah aahedrs Zee T@»owaw@aé@dn PCSK9
expression, e.g., disorders associated with and/or caused by gh plasm

I evel S oﬁ'p&‘ﬁtﬂeé§t@?%Hhuséﬁﬁlbi%’c?ﬁ%@ EEAL B sulifiel/hsvinamr &k Hisk &’tae@"é‘l”der
hyp%ﬁ&rﬁ@ﬂeﬁ%@bghﬁ%&w'%@%&é’@@@bgﬁr@5§onté‘@ BRISFBAE c@lbnp0| yneric

mcel | es deliver a | enci ng pol ynucl eot i de agent (e.qg., RNA) to a
cel | expfa’edrsig PCSK9. I n sonme enbodi nents, the cell is a liver ceII

[0406] In some enbodi ments, the polymers or polyneric micelles (e.qg.

m cel | es) prolP4Re hisy @ther emBodigents thBrﬁJ'IQ@MQ%IQG@Q%W@Gﬁe%mutat@ns1"br or

af i ctednuhk fhe following genes: the p73 gene, and thus can be used to treat a subject
having or at risk for a 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.g., liver cancer; the p27(KIP1) gene, and thus can be used to 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 to treat a subject having or at
risk for a disorder characterized by unwanted PPM1D expression, e.g., breast cancer;
the RAS gene, and thus can be used to treat a subject having or at risk for a disorder
characterized by unwanted RAS expression, e.g., breast cancer; the caveolin | gene,
and thus can be used to treat a subject having or at risk for a disorder characterized by
unwanted cavealin | 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.g., male 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, e.g., ovarian carcinoma; the M68 gene,
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unwanted cell proliferation (e.g., malignant or nonnalignant cell
proliferation). The treatnent conprises providing a conposition conprising
a pol ynerwonow/gseieyneri c mcelle and a therapeuti c agenPCraISg009/063648

ol i gonucl eoti de agent), wherein the therapeutic agent can silence (e.g., by
cl eavage) a gene or a gene product that pronotes unwanted cell
proliferation; and adm nistering a therapeutically effective dose of the
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di sor der gﬁgrtﬁgwél\gt%&(%%gﬂﬁp@g%e% nBDGF beta expression, e.g., testicular

and | ung caricers .g., Erb-B-2 or Erb-B-3), and thus can be
used to treat | eC i S - di , r ed by
unvant ed Er b- gﬁ‘%ﬁ%feEHS%OO"E@W“%”?%%03@95%%%'0%%@??"%nﬁgg‘gﬁétoﬂﬁa% and
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characteriz unwant.ed col on, ¢ . the CRK
o2t B ERReL A B B ToEn BSBERP 3hallp el nu S PR Rl Chior dhe

di sor der egltresaom &s.97 edutbyeldumnahai,eﬁe Bﬂlf{/ﬂgplflaﬁm géne, and.thuscdrobe ased taung
cancers,; e an t S Ccahn e se tQ treat a su Vi n or
2t TSk B ASAIRSRI oG 4k L e BT Hrachte G HRas P SGUAE e, o
squanous fisin g Sipnessiin, e, At ded ehroritdelikabias athe TE L WAL 1 F@sidr géﬁe a
subj ect haV| ng or at ri sk for a disorder characterized by unwant ed RAS

expr ossi 8RS IHIEan buracigiieat aguPisht NG gl 'Skiieie SAAKISE RNBRCITFBY Rk a:
the NEKK,gfBSedad /ADUS 16a5h Bend8RstebSon et cRIdHUbE ashicNaWidhia: the

EWS/FLI1 fusion gene, and thus can be used to treat a subject having or at risk for a
disorder characterized by unwanted EWS/FLI1 fusion gene expression, e.g., Ewing
Sarcoma; the TLS/ fusion gene, and thus can be used to treat a subject having or at risk
for a disorder characterized by unwanted TLS/FUS1 fusion gene expression, €.g.,
Myxoid liposarcoma; the PAX3/FKHR fusion gene, and thus can be used to treat a
subject having or at risk for a disorder characterized by unwanted PAX3/FKHR fusion
gene expression, e.g., Myxoid liposarcoma; the AML1/ETO fusion gene, and thus can
be used to treat a subject having or at risk for a disorder characterized by unwanted

AML1/ETO fusion gene expression, e.g., acute leukemia.

[0412] In some aspects herein the compositions comprising the polymers or
polymeric micelles and an agent, such as a polynucleotide, provide therapeutic agents
for treating a subject, e.g., a human, at risk for or afflicted with a disease or disorder that
may benefit by angiogenesis inhibition e.g., cancer or retinal degeneration. The
treatment comprises providing a polymer or a polymeric micelle comprising an
oligonucleotide agent, wherein said oligonucleotide agent is homologous to and/or can

silence, e.g., by cleavage, a gene that mediates angiogenesis (e.g., VEGF R1, VEGF
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or at risk for a disorder characterized by unwanted MEKK expression, e.g.,
squanous cell carcinoma, nelanoma, or |eukem a; the JNK gene, and thus can
be used twonwars4mesubj ect having or at risk for a di sorderusetvanessteri zed
by unwanted JNK expression, e.g., pancreatic or breast cancers; the RAF
gene, and thus can be used to treat a subject having or at risk for a

di sorder characterized by unwant ed RAF expression, e.g., lung cancer or
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for a disorder characterized by unwan eXpressi on
pr ost at eanadnetgasnesvasonaitoatigki n | ynphonma; the Cyclin D gene, and thus can
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expression, e.g., lung and cervical cancers; the Cyclin E gene, and thus
can be u§@@s'ﬂ%‘oﬁr%ﬂt by demypeera MEligghe oF aa&e“'r"?éﬂe'?%ihaé”‘tﬂd Ml

char act efingfigh, g\ BMRANbEGHoWHIS! dnid danfXiRf?ng! M erdpeltically U8 cARIdYEAThiId

oligonucleotide agent to a subject, e.g., a human subject.

[0415] In some embodiments, the composition comprising polymers or
polymeric micelles and an oligonucleotide agent are useful in treatment 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 a
polymeric micelle and an oligonucleotide agent silencing expression of a HPV gene is
reduced. In some embodiments, the HPV gene is selected from the group of E2, E6, or
E7.

[0417] In another embodiment the expression of a human gene that is
required for HPV replication is reduced.

[0418] In some embodiments, the composition comprises a polymer or a
polymeric micelle and an oligonucleotide agent useful in treating patients infected by the
Human Immunodeficiency Virus (HIV) or at risk for or afflicted with a disorder mediated
by HIV, e.g., Acquired Immune Deficiency Syndrome (AIDS). In some embodiments,
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cancers; the WNT-1 gene, and thus can be used to treat a subject having or
at risk for a disorder characterized by unwanted WNT 1 expression, e.g.,

basal celWwocarcismwia; the beta catenin gene, and thus caoThs2u90d6e treat
a subject having or at risk for a disorder characterized by unwanted beta
catenin expression, e.g., adenocarci nonma orhepatocellul ar carcinoma; the

c- MET gene, and thus can be used to treat a subject having or at risk for
di sor der thehenpaession afeah B genvanistreducedVET otheapresmidonents,. tge HIigeaedacel | ul ar
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gene, an thuse’n reat a subject Vi ng
di sor der thehaegiotg () zegiobylmoﬂvanemboa‘nmnﬂ&mtarm HBVeRJAssgueme is. g. ,

breast and col o nceﬁ@A t%qmﬁ?; her ngbqﬁl nent.s trne O|hl %rrl]ucl eot i de
agent si PampReho e PelA) P ey B PREEON Phe ITEEHE,  and
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characteri zed by unwanted p73 expression, e.g., colorectal adenocarcinong,

the p21 (WAFlf@iH]] ) Ingemes emibddinfargs, che ch@pusitch temprieata polgmej eca havi ng
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Virus (RSV); the herpes Cytomegalovirus (CMV); the herpes Epstein Barr Virus (EBV);
Kaposi's Sarcoma associated Herpes Virus (KSHV); the JC Virus (JCV); myxovirus
(e.g., virus causing influenza), rhinovirus (e.g., virus causing the common cold), or
coronavirus (e.g., virus causing the common cold); the St. Louis Encephalitis flavivirus;
the Tick borne encephalitis flavivirus; the Murray Valley encephalitis flavivirus; the
dengue flavivirus; the Simian Virus 40 (SV40); the encephalomyocarditis virus (EMCV);
the measles virus (MV); the Varicella 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.

[0421] In some embodiments, the composition comprises a polymer or a
polymeric micelle and an oligonucleotide agent useful for treating patients infected by
the Herpes Simplex Virus (HSV) or at risk for or afflicted with a disorder mediated by
HSV, e.g., genital herpes and cold sores, as well as life threatening or sight impairing
disease, e.¢g., mainly in immunocompromised patients. In some embodiments, the

expression of a HSV gene is reduced. In other embodiments, the targeted HSV gene
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t he RAS gene, and thus can be used to treat a subject having or at risk for
a di sorder characterized by unwanted RAS expression, e.g., breast cancer;

t he caveowOrolo/gezse, and thus can be used to treat a sulpCeatS2602063sg8 or at
risk for a disorder characterized by unwanted caveolin | expression, e.g.,
esophageal squanous cell carcinoma; the MB | gene, and thus can be used to
treat a subject having or at risk for a disorder characterized by unwanted
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fusion ge can use reat a subj aving or at risk for
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expr essi gdplicgtidh is réMded. Sar coma; the TLS/ fusion gene, and thus can be used
to treat a subject having or at risk for a disorder characterized by

unwant ed TLS/ Fbia f URT U@ BB RRE 86 PBsitiéh Bomprises a polymer or a polymeric
micelle and an oligonucleotide agent useful for treating a subject infected with a
pathogen, e.g., a bacterial, amoebic, parasitic, or fungal pathogen. The method of
treatment comprises providing a polymer or a polymeric micelle comprising an
oligonucleotide agent, wherein said oligonucleotide is homologous to and/or can silence,
e.g., by cleavage of a pathogen gene or a gene involved in the pathogen's growth; and
administering a therapeutically effective dose of said oligonucleotide agent to a subject,
e.g., a human subject. The target gene can be selected from a gene involved in the
pathogen's growth, cell wall synthesis, protein synthesis, transcription, energy

metabolism, e.g., the Krebs cycle, or toxin production.

[0425] Thus, in some embodiments, the composition comprises a polymer or
a polymeric micelle and an oligonucleotide agent useful for of treating patients infected
by a plasmodium 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 embodiments, the expression of a human gene that is

required for plasmodium replication is reduced.
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Myxoi d | i posarcoma; the PAX3/FKHR fusion gene, and thus can be used to
treat a subject having or at risk for a disorder characterized by unwanted
PAX3/ FKHRvbusiomi4zgene expressi on, e.g., Myxoid |iposarceca/ustéme/oédéud/ ETO
fusion gene, and thus can be used to treat a subject having or at risk for
a disorder characterized by unwanted AML1/ ETO fusi on gene expression, e.g.,
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t he pol yners 0042®] ymesdnee eim:)edilrrmtanhle polyange ot polgonehic m;'ceilemmln}m'lsebaoti de,

FPor "or aplEEEa f eOT rpeb ey 5ib Rl faost biafefpefrgiffbads, ="
angi ogenwbsbam?mhttmm#ogs,,M;z(ajmerenam Iegfaenatagﬂ?l@ea@cmtam@us The treatnent
Cco rse roviding a po ner, or nerirc m e Cco r-sin

o1 | bonuc PEBPIRCC e TIARS SHoBicabaHS oaBRs S i TRE A8 B TN Ao ogous 1 0
and/ or C%@plb@ﬂﬂ@%ne@rr@maeb&sr §U%@é§@@rdu@o@@ﬂ@séd%@éted‘ﬁﬁih@h?%f g@eogenesi s
(e.g ene encodi ng gnal ing proteins for these

: ecept or @athﬁa@mvauﬂsaom%@ba@m%ﬁ%ﬂ@ ewe%ﬁ%efr%pé%r@equ aefs @ 1B os age
of said BQrHé/fH“art|sorreq9ﬁ)é<¥f3?"trﬁé;réﬂléﬁlo'neoﬁrﬁ’égért%a%:t&% i hgaRlebigonucl eot i de agent

to a subject, e.g., uman subj ect 0413 n sone enbodi nents the
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i nfection. The nmethod conprises providi oly olynmeric mcelle

conpri si RGYBISTiE MigRles e 'ﬁ@@néﬁ'éﬁﬁ‘uc'W@@eﬁ%”Ekiﬁ;QfU'dPF @'Eﬁ*(ﬂ"c’le@i?‘ij He2agent is
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cel lular gene that nediates viral function, e.g., entry or growth; and
adm ni st dSPrgr gharseicdied by @alunyaatakigimyre gesHenss, esqi @ inflammatory disease

or disorder or an autoimmune disease or disorder. The method comprises providing a
polymer or a polymeric micelle comprising an oligonucleotide agent, wherein said
oligonucleotide agent is homologous to and/or can silence, e.g., by cleavage, a gene
that mediates an unwanted immune response; and administering said oligonucleotide
agent to 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, cardiopulmonary bypass,
surgical intervention, e.g., angioplasty, e.g., percutaneous transluminal coronary
angioplasty, the response to a transplanted organ or tissue, e.g., transplanted cardiac or
vascular tissue; or thrombolysis. In other embodiments, the disease or disorder is
restenosis, e.g., restenosis associated with surgical intervention, e.g., angioplasty, e.qg.,
percutaneous transluminal coronary angioplasty. In other embodiments, the disease or
disorder is Inflammatory Bowel Disease, e.g., Crohn'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 Il diabetes, arthritis, e.g., rheumatoid or psoriatic.

93



ol i gonucl eoti de agent to a subject, e.g., a human subject. [0415] In sone
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enbodi HEWB%_% %@nggs%@@%ﬁﬁ%vobgﬁ@ i's reduced. In another enbodi nent,
the targeted eng. encodes of the .groups of t eta|I region of the
1Y cor o pr ot WAREE D SPEE ESRerE Tnd perb@Sciio P dfptes  Sok@eL pEE PG
regi on. hicaleldn andligdhosodisde @gdnauge‘uef@rtdsmmssejquea@e d Bumamtir'sad of
the pol y(A) Il ments, the si on human gepe t hat
o baut e PRl e R Jeoa R S b.a38 M e o8 SHEPEABO TN, ¢ he
CONMPOoSi t pQIdlyEREYTr iaS&sHy rAeOMERE c@hpﬂsuﬁ@'aﬁ@@bﬁud@&@b' Al yrdiein said
ol i gonucl eot’i de agent useful for treating patients infected with
oligonucleotide is homologous to and/or can silence, e.g., by cleavage, a gene that
mediates a neurological disease or disorder; and administering a therapeutically
effective dose of said oligonucleotide agent to a subject, e.g., a human. In some
embodiments, the disease or disorder is Alzheimer Disease or Parkinson Disease. In
certain embodiments, the oligonucleotide 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 neurodegenerative trinucleotide repeat disorder, e.g.,
Huntington disease, dentatorubral pallidoluysian atrophy, or a spinocerebellar ataxia,
e.g., SCA1, SCA2, SCA3 (Machado Joseph disease), SCA7 or SCA8. In some
embodiments, the oligonucleotide agent silences HD, DRPLA, SCA1, SCA2, MJD1,

CACNL1A4, SCA7, or SCAS.

[0429] In certain aspects the composition comprises a polymer or a polymeric
micelle and an oligonucleotide agent capable 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 oligonucleotide agent

targeted to such sequences effectively silences the entire collection of genes.

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

invention as well as synthesis methods and various biological and other activity
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or at risk for or afflicted with a disorder nediated by a virus sel ected
fromthe followng viruses: the Hepatitis A Virus (HAV); Hepatitis C Virus
(HCV) ; anwoabiwdse2egr oup of Hepatitis Viral strains conpPC3iusgoobkopsststi s D,
E, F, G or H the Respiratory Syncytial Virus (RSV); the herpes

Cytonegal ovirus (CW); the herpes Epstein Barr Virus (EBV); Kaposi's
Sarcoma associ ated Herpes Virus (KSHV); the JC Virus (JCV); nyxovirus
(e.qg., vioamn&tanssiTm@ exafplem) hajveveh provider detai{secancernimg aisly sao®i aighé he common
col d), Qr.o rus causing the c n cold); the St. Louis
ncephal PEPBORTEN bt Paicdiian Fnd e B BleBReb Bhaf PR Favi vi rus: the Murray
Val | ey encephal i t| s flavivirus; the dengue flavivirus; the Siman Virus 40
(SVv40); the encephal onyocar di tis virus (EMCV); the measl es Vi rus (MV); the
Varicella zoster virus (VZV); an adenovirus (e.g., virus causing a
respiratory tract infection); the poXABWLES; or a poxvirus (a poxvirus
causing smal Il pox). In sone enbodi nents, the expression of a human gene that
is required fpp43kie Thiugbattitbedescripties ef therpressntiinveniducsdiou$ 84D | n sone

on o 1 gortonele n SRRERAS 8 AfF IR R estiBe oleth e ErifiptER e © ™
He(r]I P:tsegdgmmfrdm rpog/n(éﬁ‘d?l]cl)r:)of :alchrmsrh@rﬁe:ls Ngutrgfugluirnggmma\gmvitdgls ia)trtlar\‘sflr:s;e](calZr

b eat enPRgoEAGHRT e BER e s Rlert Sho e Atig RSB i SBBhpr o sed
pati ent s meltiacepae cﬁmcbnﬁ@rm @sidub&icBvdd Brseitom ODMAERX" gsinBe idter eduged. | n
ot her enbodi rrents the targeted HSV geneencodes ynerase or the

hel i case®ByiVAREESh orihase helARBLIEPRRSS %d@@ﬁPﬂ%@ir@ﬁPWf methasRdaefEne t hat
i's requi ﬁ%ofr@nc"@(du@@ér‘n%tth@ﬂéfﬂo% r @Hﬁc@%rs ft@églalzto%é‘ o$9'®la@f&‘é%%ﬂés the

COITpOSI tion COITpI’I Ses & yner or a po yneric m cell e and
ol i gonucPBENAE Inglling Bedsexyl-Preecting=apieles (o éﬁ@tyl)phfce@p@aw@tpdt he West

Nile Vir fu 0] fil i [ t Nile
e | BBl sl TRt B M ARG SR s B

reduced. rasidus, loptionsilg firl wding bydrowlmmesnng meieiies (€.l lheetyl) ou$o geagylated

sel et edol AL e BEOUIRATRLY SLOGS 5.y Mo Rloy TR SR, RGBS, e

expressi on o VAR replication
i s reducessidJeldetBEd Itlmersmm mmmlﬁ‘mebsesehw pypdirprypropyl npethyerglatecomi cel | e

conpr i ses an ol qonucl g0t g a9eRt VR o BLekt SALISLARLLERLS | nf ected by

monomeric residue derived therefrom; "MAA(NHS)" represents N-hydroxyl-succinimide

ester of methacrylic acid or monomeric residue derived therefrom; "PAA" (or the letter

"P" as equivalent shorthand notation) represents 2-propylacrylic acid or monomeric

residue derived therefrom, "PEGMA" refers to the pegylated methacrylic monomer,
CH30O(CH2CH20)7.sC(O)C(CH3)CH» or monomeric residue derived therefrom. In each

case, any such designation indicates the monomer (including all salts, or ionic analogs
thereof), or a monomeric residue derived from polymerization of the monomer (including

all salts or ionic analogs thereof), and the specific indicated form is evident by context to

a person of skill in the art.

TRIBLOCK POLYMER PREPARATION AND CHARACTERIZATION

[0432] In certain embodiments, provided herein are triblock copolymers

represented by Formula |:

[A1 X'A2y]Mn '[A'1 X'A'Zy]Mn'[B1 X'BZy'BSz]Mn (Pl)
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Lynphotropic Virus (HTLV) or a disease or disorder associated with this
virus, e.g., leukema or nyelopathy. In sonme enbodi nents, the expression of
a HTLV gewe 20n/0semdaced. | n sonme enbodi nents, the HTLV1 @emaSe@9tobis4dax
transcriptional activator. In some enbodi nents, the expression of a human
gene that is required for HTLV replication is reduced. [0424] In sone
aspects, the conposition conprises a polyner or a polyneric mcelle and an
ol i gonucl eot i ge4az3fentn custaﬁruémbodirrtern&t[/l\h@Z;aissthbjfie&ttbldchfcepblgmemcIoImm)sed

pat hogen,.e.qg.. a bacter aS| ungal . ath The
et hod o' Belanelin S AL and BRoVh et LS8 hisheplle mEPEBIeREb TR Pag e
ﬁorrpln Si RG> anardd | ao?omzljdt QOéHaFan@@hmc whned é]rb@dlmeots g@mlmi]eﬁtheckbdoad

onol ogo o and/or can sile . c at hogen gene or a
Gone. | oo biogkGopalvinae ERiLAT S0P Gah eI A 2 S8R nor apout: cal |3
ef f ect i venfieamndHts, 981 BBOBBHIS M BRBIbSkecR@B/Mer! BopSst GGhondindrs B1a Bayuman
subj ect. The tar et gene can be selected froma Tgene i nvol ved in the

pat hogenBs- ¥rotdefineathe RplYMerssamrrsition inmae & Af Deirdiddual menemarsr Mptis on,

ener gy \dr%&& 8- eacht BEHEN &Wid&s. Or toxin production. [0425] Thus,
in sone enbo |rrent t he conposition conprises a polyner or a polyneric

mi cel I'e and apyphigo Rl HFoARBh s Blaek cBGlyMr IfcRel N9 pat i ent s

i nfected by a Plasnodi umthat causes malaria sone enbodi nents, the

expression of a Pl aintém.ﬂml\ﬂ—% O?MQQMAAE [QIFh'QJj enfiadiynents, the gene

i s apical nenbrane rgen 1 (ANAl enbodi nents, the expression

of a human gene t hatpj/a Al JM@,Q({\]‘% (ﬂ’égmwm,gﬂq\[ggﬁlé (ms% is

reduced. [ 0426] I n sone enbo i men ol yner ric mcelle

compri ses an_ Ph1eonueag e &rsdﬂ@?LH.hué%ﬁ &tm%atahagua@bha%aukéy geted by

M,/CObaCt erium U cerans acterium tuber CU OSI S acterium | epr ae,
St aphy| oge®eiRstantasuthe f&ktwpthb@qk@@@ tmmlwﬁnmesedsofr @pﬂ@mm@tjx hpgrogeities,

assoc, at o L ang e NIRRT PRTHIR 2o Rae SbteReishRRARS: arfigHO%er i on
of a bactceredate gBQMyhufdai oatlcmlmsﬂmndgmn@pbrymerlbd;ookeqmnp%bd afr for legample,
i Seagos RPNy B Ten BRLE bl o BREAEE P ofd e Bt PRBE Y 2oL ¢
m cel | e SFARNMS)gEsHd fas coijoyatidadf ligamdstharyinbigon 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 shell. The third block contains both
hydrophobic and ionizable monomers that together form a predominantly hydrophobic
core that functions in intracellular endosome nucleic acid drug release. As demonstrated
in the examples, the triblock copolymer, consisting of a hydrophilic shell (with inner and
outer domains) and a hydrophobic core forms particles that have the properties of
micelles.

EXAMPLE 1. PREPARATION OF FIRST BLOCK [A1-A2] POLYMER MACRO-CTAS:
[PEGMA-MAA-NHS]-CTA

[0436] The RAFT polymerization of the first block co-polymer was typically
conducted in DMF at 68 °C under a nitrogen atmosphere for 1-4 hours using 4-Cyano-4-
(ethylsulfanylthiocarbonyl) sulfanylpentanoic acid (ECT) as the chain transfer agent
(CTA), and azobisisobutyronitrile (AIBN) (Wako chemicals) as the radical initiator. The
initial monomer to CTA ratio ([CTA]o/[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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system c or present in a specific tissue, e.g., the lung, skin, liver,
breast, kidney, pancreas, CNS, or the like. In certain aspects, the

ol i gonuclwotnuasgickences a gene that nediates or is i nveCras260/0es6aet abol i c
di sease or disorder, e.g., diabetes, obesity, and the like. In certain
enbodi ments, the oligonucleotide silences a gene that nediates or is

i nvolved in a pul nonary di sease or disorder, e.g., chronic obstructive

pul nonar WIA:R Né@@r@&ﬁm)\ andWAEMA inrtbe fist btmcklvmsg/auad@gmadgrdlﬁemet f@spect s

her ei n, mer ner mce [ I Ie de
ngent "usattr S BHEER PandmBE fo e 2058 e BT ERIRE T TG
human, atmt(rjal SR Af terinigatoafdtiol ((CEA Mo h/aé10It6Gaslmecrl’esmtlﬁg)d@ﬁfck(m@bl&ﬁie@rI zed by
an unwant ed |

e respon mmat ory di sease or r or
2h autof HASRCAA A SO Brec i beRaBiatdTA es GH EGTriRe S0 DErasH BTG 4 2ol y et
or a pol yAgbtied BU&RIdne i faiiol MAY1 AnoOKIDEePEtL£agi de agent, wherein said
ol i gonucl eoti de agent is honDIogous to and/or can silence, e.g., by

cl eavage, a gene that nedi ates an unwanted i rmune response; and

ubj oot 1 9 %%ﬂ%@%ﬁ%@mﬁgﬁ RESer T ok AR ik PEMA YLD o,

reperfusion i i schem a or reperf usion injury associated with

acute nyocar dj nstabl.e ang ul no bypass,

Surgical it ef i onn€ B pdfiip o) ol db S BTN  2her b nal

coronar yhamgpolpin@SQMAEMA MagpCIRAes Was aomdwt@:pé@néﬁdubeﬁgaexmplbnmeg e.g.,

t ranspl a Ctﬂ qﬂ r vascul ar t@&i[us\/l or te%ganbol ysis. In other

enbodi rre echf eroq,s USRS R 520 e.g., restenosis

associ at 9¢J)I\N|1t@ ST 1C§limmah,@ééfl%@trbéétbonescﬁeme&BQﬂh@Fﬁyﬁﬁkx‘bs #[PEGMA -

per cut aneous transl um nal coronary opl as | n ot her enbodi nents, the
GDBmeks Bratie

di sease MAHNstY @b NYB SPREIrRSHIRY 8t Gonfiem ihe pelyHRARSEUGIease or
Ul cerati ygy @Qllchlfa‘cegtheld&nﬁﬁb@ﬁloﬁ@% S8 ok F@%réjﬁz)s@ﬁﬁel‘?ﬁeéi?oﬁor der is

i nfl ammat i on assocl at an I nfecti on or i1njury. t her enbodi nents,
t he di se&R@MmatOGRBbY tféFr’C) waayﬁmrﬁn d%tewr@ﬂgynolwmﬁrs/,velwlstanglF@Imp@rsﬂg@%

di abet es W i

psori at i QD[?Ih (Y"él\r/lT aqqﬁ)o{en%wgdﬁ B@ﬁgém@’&lﬁé&%“ F@o??é%ﬁgg@ﬂ?é %rygéesr an

integri nsarmptee i D@%dsm@ar\é_&dqteleG@Qmaﬂ_\Aﬂzoamm refi@aidmdter YEBE30 enbodi nent s

(1, 1 SROSLEPLATR ARSI, L SRR P PELSRA oo R AU e 8, o7
I n cert‘rmbneehbsa@hw% 3At BB aotjl:f@os:hm et éldiragefies shdrétodeg lightconponent  of

the conplele TG RS et B flie indax Fﬁi’an%hbscgr%ﬁén %BS’DGC’[WGW-

EXAMPLE 3. PREPARATION OF THIRD BLOCK (B1-B2-B3) COPOLYMERIZATION OF
DMAEMA, PAA, AND BMA FrRoMm A POLY[PEGMA-MAA(NHS)]-[DMAEMA -
DIBLOCK MACROCTA.

[0438] The desired 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-dimethylformamide (25 wt % monomer and macroCTA to solvent). For
all polymerizations [M]o/[CTA], and [CTA]o/[l]lo were 250:1 and 10:1 respectively.
Following the addition of AIBN the solutions were purged with nitrogen for 30 min and
allowed to react at 68 °C for 6-12 h (Figure 4). The resulting triblock copolymer was
isolated by precipitation 4 times from acetone into hexane/Ether 75/25 and dried
overnight in vacuo. NMR spectroscopy in CDCl; was used to confirm the polymer
structure and calculate the composition of the 2™ block (Figure 5). Gel permeation
chromatography (GPC) was used to determine molecular weights and polydispersities
(PDI, My/Mp) of the macroCTAs and triblock copolymer samples in DMF using a
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convertase, and C5 convertase. In sone enbodi nents, the oligonucl eotide
agent silences a chenokine or receptor thereof, e.g., TNFlI, TNFJ, IL 11, IL
U, IL 2,wOoRoRs5436k 4 , IL 4R 1L 5, IL 6, IL 8, TNFRPCTIINEMRDI0s36UE,
SCYAl 1, and CCR3. In other enbodinents the oligonucleotide agent silences
GCSF, Gol , Go2, Go3, PF4, MG Pro Platelet Basic Protein (PPBP), MP
11, MP U, RANTES, MCP 1, MCP 2, MCP 3, CMBKR1L , CMBKR2, CMBKR3, CMBKR5,
Al F 1, oNisco®B3IGPC0vRIEANN 1 samateetisgieniessr MEBH580| N sosiek] HoustonprX)s e’ L&-

pol ymer qr yneric m,cel apd an ol i gonucl eptide agent us for
Preat 1 nootacl B PRAing" SEna R WA uBed BT mERA R Fldlyrof o p 286
neur ol olgBc:adu_nﬂhalmer@ltrimtbmﬁ&aicterﬁwor_ahb@dotl&smJéla&@n prodilgscthorgtoaingol _yger
or a polyneric mce conpri.sing a I cleotide agent, reln sal
o i gonacl GBrraRs waler Sissve BleRand: A VaRameR S5tivel i Savage. a
gene t hatomedhabps=a 4eurol ogi cal disease or disorder; and adm nistering a

therapeutically effective dose of said oligonucleotide agent to a subject,
e.g., a human. In some enbodi nents, the disease or disorder is Al zheiner

Di sease or Pagkinson, Di ) rtain di nent @EQEE?’W' i gonucl eot i de
agent sil enc%@%ﬁ% C%H P /B E%%RIQB, Lgﬁﬁﬁ fre gene, e.g.,
PSEN1 and PSENZ, ok {FAMES [ 18s0-Berieesl- SRS BE nts, the disease or

di sorder is a odegenerative trinucleaotide.r t disarder,.e.qg.,

Hunti ngton di LEREE GERCArOPLREICBR VIR S M sy Ssaapyytna e

spi nocer efptddkaolyahendomms &.ngcelleSEdIstruchtdh adqiaddis(shitibado Joseph di sease),
SCA7 or SCA8. In sone enbodi nents, the oligonucleotide agent silences HD,

DRPLA, SCAl , [&0A®, MIRMR sﬁé@l’iﬁzev@#ec&@é@,on(BruE@A@YBQﬂiﬂa?lﬂute}ratedertai3
aspects the co on rises a r.or a.polyneric m e an
o1 | gonucFBHTaRY daaie’ S pter e wRieh b e e R Pk 1R soha fene.
I n t hesewgsheed Y chertibd sBifisasd HebaikiRl iAGHM from teRAREIgRilate tiat it has
suf fici ent. honol %%{ to a sequence found in nore than one gene,

. . ce. d . e.g., a
sequence C&¥ry @ndelthmetyisiyiterienigenes.3-thasidi spdighsali tios doReftadyman
ol i gonucketdnilaia9®at stagaat ed to such sequences effectively silences the
entire collection of genes. [0430] The foll owi ng exanpl es provi de vari ous

illustrative egbogy ”ﬁﬂﬂ@s&éctﬁo@@oéﬁﬁﬁéis%h%zwb&)@%r,%m%}ﬁ%itﬁblw hods and

vari ous biol ogical” and other activityparaneters. The exanpl es, however,
provi de gelyaier &s @orexemmaidn aausous eppraviged evidence that the triblock polymers

of the present invention form micelles in aqueous 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 to show that the hydrophobic block of
the core of the micelle is effectively shielded. If micelles are formed in agueous media, a
disappearance of the signals due to the protons of the hydrophobic copolymer block

should occur.

[0442] Figure 7 shows the '"H NMR experiments of triblock polymer in D20
(aqueous solvent). The "H NMR spectrum of polymer in CDCl; at room temperature (not
shown) showed the signals attributed to all polymer protons indicating that the polymer
chains remain dispersed (non-aggregated) in CDCls and preserved their motion so their
protons could exchange with the solvent. This indicated that stable micelles with
shielded cores were not formed in organic solvent. Figure 7 shows the 'H NMR spectra
of triblock polymer in D,O. The signals representing the protons of the hydrophobic
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enbodi nents of the invention and are not intended to be limting. EXAVPLES
[ 0431] Throughout the description of the present invention, various known
acronyns WOQIBMISEBEi ati ons are used to descri be nononer PCOMSAENOGIBAS C
resi dues derived from pol ynmeri zation of such nmononers. Wthout limtation,
unl ess otherw se noted: "BMA" (or the letter "B" as equival ent shorthand
notati on) represents butyl nethacrylate or nononeric residue derived
t her ef r obiock IDBMEIVRAA( @rl\/IAEEMAD é'lsaapearéﬁ fram thqispeatremt Tisib ordideaesithabstableon)
represents t m noet h acr nononeric residue derived
t hor et r offfealel vt RBlefec a8 el e TRUORHL Vi ick el R Bl s SHURBRal Ty
11 ncl udi ng/ldnefa;]lre@xyIth@sa}he@bea]gm‘rqhetsigm ét@ntg;ted Emftﬁbyééor@hcé of theeaihaioed
erivative there e ce act osam e or a N Acetyl
ol nctosii #0 TEGYiarelBopt herivReMA B A5 il eR01S SeblEett siprikseln s
(e 9., ageblyihy tedt dn®y tﬁe@@@dﬁcﬁbl@@kﬁ@l&'D’lﬂAEW\ éfhﬁé%ﬁéll wasiBMfosddapRent s

2- hydr oxypropyl nethacryl am de or nononer due derived therefrom

" HPMA- E" |- PIedd HiesChRragaigioxp of @;BMEMét%W?M%@'éOUPGr%ﬂeﬁ%FH% copsfitylge
derived pRengAr §8ken lh\gé% hef %ﬁé‘?é&ﬂ*s%f mﬁtr\mfh%&@g ihen@GhdlcE FRIAERIIG esi due

derived therefrom resents N-hydroxyl-succinimde ester of
met hacr yDDWW@th]’mrmI@@Mﬁﬂmlth anp r@l@@or@e&heuéﬂupwée whemrthe firiAlogk@ndt he

letter \; t e c
aci d or FeRIRNCIBN R nyBRfcd BEF oAl Bt amiroa R ot f PR AgRe
pegyl at ednite(Bias) ynd elentorsiatng)ly SHBUZIDH UNTS 4R Qppe sBE(aDR@EeCR AR, CHAIRERIA).
nmononeric residue derived therefrom |In each case, any such designation

i ndi cates the nononer (including all salts, or ionic analogs thereof), or a

ggln fgeg'r CI gﬁfEﬂWP&%‘ DA B&?{PQ&M’?@/}E&V&?E)LS}‘D@?ERM)@\Wlnﬁél_%%#%ﬂ‘?dg'n't
by cont ext toF%EperKg%% 1'5 éﬁ? llhﬁ- t'?]e ar'?B&?gM% E@‘VM‘:@%&EEAWO\IAND
CHARACTERI ZATI'ON [ 0432] In certain enbodi nents, provided herein are

tribl ock copot ffﬁ]s Tﬁff&l%@ﬂ{ge&éﬂﬁplg%ﬁﬁghétrétes tf{ %rﬂo«%pfc]l%er Ibﬁilw

c- B2y- B3z] Mh 0433] In certai I ments t he |rst bl ock
copol yneﬂnlf@mmfﬁéaséﬂ MbiMosHES-i ¢ residues A 1 and A2, wherein A1l is a

hydr ophi | i ¢ nmononeric residue and X
[0444] Particle sizes of triblock polymer were measured by dynamic light

scattering using a Malvern Zetasizer Nano ZS. Figures 8A and 8B show the particle
size distribution by intensity and volume respectively. Polymer was measured in
phosphate buffered saline, pH 7.4 (PBS) at 1 mg/ml. Polymer showed patrticle sizes

with a near uniform distribution, PDI 0.130.

EXAMPLE 6. SYNTHESIS OF TRIBLOCK POLYMERS: [GAL]-[HPMA4,-PDSMA 10]-[D25-
B50-P 25 ] AND [ GAng-MAA 10]—[ HP MAsg-P DSMA 10-MAA 10]—[ Dz5-B5g-P o5 ].

[0445] The structure synthesized is represented by formulas (PIl) and (PIl.1):

[Gallak — [HPMAgo-PDSMA 10]12.0k — [D25-Bso-P2s]ox (P1I)

Bt B

Ji 1 a (PIL.1)

Q

(/)—\_
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is >0 and [AlL -A2] is overall hydrophilic. In some enbodi nents, [A'1

-A 2] is the second bl ock copol yner, conposed of nononeric residues A'1l and
A 2. I n ceotaims&sbodi ments, [Bl -B2-B3] is the 3rd bl oekTaspaynisns
conposed of nononmers B 1, B2, B3. x , vy, z defines the polyner conposition
in nole % of the individual nononmers. M is nolecular weight of each of the
pol ymer bl ocks. [0434] In specific enbodi nents, triblock copol yner incl ude:
[ PEGVA7 0- MAA( BIMBYR®| 6. | .LRMNENESIS [OF [FEG2 VINY( MIONOMER.

[ DMAEMA70- MAA(NHS) 30] -[ Dl vl AEMA] -[ [B-P-D] (PI-2) [0435] Triblock

copol yners of f@446hi Guethesis icperfaimedras dasadioedbnll eweadiali Belymen 2008e49,

i nst ance i L ¢k pi osed of predom nantly
hydr ophi ﬁ?%ﬂ?rzg%n@ﬁim WF ?HFO&%’ %? gg%”ﬁ%ﬁ%@ﬁn#%&% acts as a steric
shield (for exanple, in order to re %gn{o?d city) of a cationic second
honmopol ynmer bl ock, conposed of, for ek rrﬁgle, DMAEVA. The first bl ock may

al so contain am ne react/i\\//g\ﬁ\ster nononers, for exanple MAA(NHS), used for
conj ugation of |igands$“that fufiction in cell type specific targeting. A
second cationic bl ock,. A8 HIMIhe, DVAEMA functions as the nucleic acid drug
bi ndi ng domai n. Toget hergmashwefirst and second hcydr ophilic bl ocks conprise

the outer domain and inner,domain, cespeetively,j of a hydrophilic shell.
The third bl ock contains both hydraphobj,emand Yon?zZble ®Bnoners t hat

toget her forma predom nantly hydrophobic core that functions in

intracel l ul ar endosone nticl € c acid drug rel easecaAgudermenstrated in the
exanpl es, the triblock copol yner, consisting of H§t’6philic shell (with
i nner and outer donai IS ARE By dr ophobi ¢ core fornms particles that have
the properties of m celckesessEXAVPLE 1. PREPARATI ONOF Fl RST BLOCK[ Al- A2]
POLYMERVACRO- CTAS: [ PEGVA- MAA- NHSJ- CTA [ 0436] The RAFT pol yneri zati on of

the first bl ock co-polyner was typically conducted in DM at 68 OC under a
nitrogen at m)sphere 50950un§l-‘4 NOW, S Ushihg 4-a$rl%ﬁno- _4- miscellaneous

(et hyl sul f anyl t hi otz as—the chain
transfer agent (CTAF™ %8¢ azob°si sobitk yr'oft'irimte {(KFBN)™Wiko chemicals) as
the radical initiator. The initial nononmer to CTA ratio ([CTAJO/[MO was

suc h t hat t he t hedr'e@qcrylwlalplori% a?4.550%5.7 109,9.34 mL 1.07 g/mL at 25 °C(lit.)

triethylamine 101.2 119.6 12.1g,16.6 mL 0.726 g/mL at 25 °C(lit.)

CH,Cl, 84.93 - 350 mL bp: 39.8-40 °C, mp: -97 °C

[0447] To around-bottom flask was added diethylene glycol (120 mmol)
followed by anhydrous CH>Cl, (330 mL), and triethylamine (120 mmol). This mixture
was stirred at 0 °C for 5 min under a flow of argon gas. To a 25 mL addition funnel was
added anhydrous CH>Cl> (10 mL) and methacryloyl chloride (9. 3 mL, 96 mmol). The
methacryloyl chloride solution was then added drop wise into the cooled reaction
solution over 30 min. After the addition was complete the homogeneous mixture was
stirred at 0 °C for 30 min then warmed to room temperature over 30 min. The solution
was then stirred at room temperature overnight. Progress of the reaction was followed
by Thin Layer Chromatography (TLC) using SiO» stationary phase with EtOAc and
Hexanes (4:6 v/v) as mobile phase (R; of the desired product = 0.2) TLC plates were
developed with phosphomolybdic acid or visualized with UV.

[0448] The overnight reaction mixture was diluted with CH>ClI, (100 mL) and
washed with a saturated aqueous solution of NaHCO; (1 x 100 mL) then washed with
H>O (2 x 100 mL). The organic layer was separated, dried over Na,SOy, filtered, and

concentrated under reduced pressure to provide the crude product.
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conversion was the desired nol ecul ar weight (g/nol). The ratio of PEGVA
andMAA(NHS) or PEGVA and DMAEMA in the first block was varied by using

di f f er entwbeet/osatsbos of the individual nonomers, for eraFplise00068@8 The
[CTA]O/[MO was 100:1 . The initial CTAto initiator ratio ([CTAJ]Q[I1]O
was 10 to 1. The resulting diblock copolymer macro-CTA was isol ated by
precipitation 4 times from acetone into hexane/ Ether 75/25 and dried
overni ght in yvet4a®] Wheclibed0dibDayaskPikrtissdiged BXANFLE(ZE mMPRERARAITIHAON OF
SECOND BLOCK LA ' 1J PO YME

ol yner i JAI SHOaRRTEGILY o OEAP TV s Mecsoh et S BRI A S P e OB

macr o- CTAexaess 4.6 ckedtidrs \d@%c‘arnah&ddlu@lr@mrmlAﬂh U\Udemopiri‘i@ntf Fiagtiond ock
copol yner _as. a = 20.5 Kda, PDl = 1.2. ure su rlées t he

reacti onCQUAR n’ESrdeFﬁ%d QWHHE‘Q’?@ QS’FT“{'W%}‘W Y6 SOM@N )e"%?ra

spect r osa@ayg binthERdRicNasT WSEEk 6@ Biri6tird REs Véﬂfbé@ﬁ:fy '3 KNH ShetrdBbpy .
cal cul ate the conposition of the 2nd bl ock (Figure 2). Gel perneation

chromat ography (GPC) was used to deterni ne nol ecul ar wei ghts and

pol ydi spersi tj P of both th (o] - NHS) | - macr o- CTA
and di bl ock CEW%Z%'\@SOE‘%!7#06‘2?‘%89‘&#55@@&%% "VE2001 and
refractoneter 0 Pl Cs ning 1.0
wt % Li Br vvas[%qs;% Sglythggg\'\gﬁlélpeel_%@gggs %(%ﬂbeesla @%‘ %@%ﬁ%ﬁ:ﬁ?@%&ﬁv’ t he

el uti on Poof Pérd Trank.t H12008, 45-52) wisic atoddicatigns( bdksGnmarebd acScheme 2dex (R ),

and UV absorption respectively. EXAMPLE 3. PREPARATI ON OF THI RD BLOCK
(B1- B2- B3) COPGLSAVERTZATbON %ttMEMAweFEMddd&l\lDABWeER@\/&eves (4.6 g,

POLY[ PE NHS 043 Th d

St o1 chi oRBMETSE ANHEN! Fel0hiC) BIRWASRN P Bl VURBIARCTE (P ERATS & Sess 1889 25)
wer e addﬁdeia@nm@lew[ 5&% b:/M(rNhL%) ]ar{d%lihﬂ‘&usdmampégodhﬁ)s of € hitre was

N, N- di net hyl f or mani %‘I‘K]'” T % mononer and nmacr oCTA to sol vent? For al |

pol yrer i SHT§DRS4PMPIPY Ber2 Pcdrteyq-PresaiidrasD astactonyrancsy! romide

respecti yehyg F@b'rﬁr\(‘foﬂg\/ats%dég% EH%a@ﬁoﬂn%r@h@ll@@%y gm,grwere purged with
nitrogen for 30 min and allowed to react at 68 OC for 6-1 2 h (FI%UI’E 4).

The r esulrfiuaepraethanessiiosaisdR yrfes 8&mn§@|zmdethet§9luiﬁpwaﬁlsma@¢@h -4 1 s from
acetone b@f L‘Pndb%g%g{ ?4\,@5” for4 LﬁQqué r#é)r\ﬁiﬁ‘fré'bf?me reBcttRaHEs miMRined

spectroscopy In used to con € po
manually at -40 °C (5 °C) using a mixture of dry ice and acetone
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structure and cal cul ate the conposition of the 2nd bl ock (Figure 5). Cel
permeati on chromat ography (GPC) was used to determ ne nol ecul ar wei ghts and
pol ydi speweizbioas436PDl , MV Mh) of the macroCTAs and tri bipoTRIScapobisner
sanples in DVF using aViscotek GPCnax VE2001 and refractonmeter VE3580

(Vi scot ek, Houston, TX). HPLCgrade DMF containing 1.0 wt % Li Br was used as
t he nobi |l e phase. Figures 6A, 6B and 6C sumrari zes the tribl ock
characterization and shows the el utiSamepreo2il es nonitoring |ight scattering
(LAI'S), refractive index (R), and UV absorption respectively. M =
52.5Kda, PDI = 1.49. EXAMELE 4: NWVR SPECTROSCOPYOF TRI BLOCK

COPOLYMER] PEGVA WMM&STWOHDNAEMAH Bso-Pss-Dss]. (FIGURE 7) [0439] This
exanpl e provides evidence, using NWMR spectroscopy, that the triblock

pol ymer forns a mg@hdfeldke structure in aqueous solution. [0440] 1H NWR
spectra were recoetledron %@ke?’?&%ﬁiart,gesdeut erated chl orof or m/(CDCl 3) and
deuterated water (BEY*af*25QC. A-deuteri um fELK ~oDREGyMas used, and
chem cal shifts weprec erMm ned, F; RinPRIB TTom t etk Ryl si | aneo(for CDCl 3)
and 3-(trinethyl si I%/)cﬂ r gl oni c- mzbm82®d4 aci d, diumsalt (for D20).

Pol ymer concentrati 5} ng/m [ 0441] NMR spectroscopy of the

synt hesi zed pol yner, usi ng the triblock polyner C@@'Cm’;‘g gipPe, in aqueous
buf f er provi ded-eakdenaesytvlrake t he tri bl ock pol yners of the present
invention form FEEIPRE igi*¥Gueous solution. Formation of mcelles results
in the formation of a shielded viscous internal core that restricts the
notion of the protons formng the core segnents and prevents deuterium
exchange betweenthe solvent and the protons of the core. This is reflected
by a significance stppressi on oMVdi sappear arfcertof the 1H NWR signals of the
correspondi ng Jrorons. use is innerent property of solution NWMR
spectroscopy to ®Show t hat the hydr ophobi ¢ bl ock of the core of the mcelle
is effectively §ﬁ “f‘gggfﬁﬁzmﬁp m cabd es ape forsmeg in aqueous nedia, a

di sappear ance of "the s al’s due to the protons of the hydrophobic

copol ynmer bl ock shoatlardwg@@@ur [0442] EBkgure 3m3shows the 1H NVMR experinments

of triblock pol i n D2C|? aqueous sol vent) The 1H NWR spectrum of
sifyer uor S D,
pol yner in CDCl 5? PSR e perat’tr e (gﬁot
3 A molecular sieves N/A 4.6
CH,Cl, 84.93 - 90 mL
Step 2:
pyridine 79.10 618 48.9¢g, 50 mL
acetic anhydride 102.09 106 108 g, 10mL

[0452] After stirring for 4 h at -40 °C the reaction mixture was warmed to room
temperature, filtered via gravity filtration then the mother liquor 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
mmol). This mixture is stirred under an argon atmosphere at room temperature for 1.0

hour to cap the unreacted alcohol.

[0453] The reaction mixture was then evaporated using a rotary evaporator
yielding a brown liquid. The condensed mixture was dissolved in CH,Cl, (300 mL) and
vigorously stirred with a saturated aqueous NaHCOj solution (75 mL) in an open flask at
room temperature, quenching any remaining Ac,O. Transfer of the solution into a
closed flask was carried out after all Ac,O was reacted and no more gasses were being

generated (>15 min reaction time needed to quench Ac,O). After all Ac,O was
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shown) showed the signals attributed to all polynmer protons indicating that
the polyner chains remain dispersed (non-aggregated) in CDClI3 and preserved
t hei r notworromasstsei r prot ons coul d exchange with the s®CTarstoo9Dbicss
indicated that stable mcelles with shielded cores were not formed in
organi c solvent. Figure 7 shows the 1H NVR spectra of triblock polyner in
D20. The signals representing the protons of the hydrophobi cbl ock (BMA,
PAA, DNMARWEY) cheidsbg pelatiedwhs tnantieeed pe at500mL Taparatanyl fuoeeesnd thetorgaribl e
mcelles, with shielded res were formed fromtribl pol i,N _agueous
ol ut1 on'SRbreSaepra. ¢ Hie TulRUS el M dREet MR I LiRE ) 5P

r egonancergafnidIhﬁerfsrwnr@rasmfne‘dherﬂemwetdalyﬁc layeupss wésr}idmﬂwleﬁmﬁatéa. §|8 pErr)
underwent a signifjcant suppression, inplying. that t he secon oc
ol y Dvesmedie NarCEREIHTEE" €30 ol et atetiod Sier Nadpin frefEaEhar g
group of o{AMrMAdaminged foté\? e@bk/oR@fcorE PRVRIirY BBTridtaproaaas tiHelesioREHGVA.  Taken
together, the results of 1H NVR experinents indicate that the triblock

pol yner PYIGiRe Wae épmexedipy RVaRPraliedla@nt OMerrepgre Ustnoan ol aGHEY RUPRe fir st
bl ock an i i t I I i
corrposed%c@%ﬂg 53’%@@?@ nﬁﬁ?tms(ﬁe( Bﬁ;ﬁgﬁﬂ%@ﬁr st étﬁh%gltlﬁé)egu?ggg?@z#%%uni ts
of opposbioeed hlaB§EC(PAMIGIMMVAEMA) . EXAMPLE 5 @ DYNAM C LI GHT SCATTERI NG
(DLS) DETERM NATI ON OF PARTI CLE SI ZE OF TRI BLOCK POLYMER] PEGVA 70- MAA( NHS)
30] - [ DMAEMA] - [0436D- P2s cozis|prodyat magreersylisspload g Chikle {20 mbhvang pestiaepl e
denonstr at. .Rat it ribl r r. i Lo i I i ze.
0444 PP RSS2t h TRt YaBliaby ushBlchrdl SR B AL S Sillihed B
scatt eri mfy. Usactgpna wéie aealyz&k tsisg 7&C WinbVavelipgents TBédasicedBiBactioosy t he

particle size distribytion by . intensity.and volune te iyvely. Polymer
as meastPihEobRRY it b2 h AR T BV L BYER). SRlalraabory e
showed pputity Were Svaleates dyh' HAINWERspaotiobespy. di stri bution, PDI 0.1 30. EXAMPLE
6. SYNTHESI S OF TRI BLOCK POLYMERS:. [ GAL]-[HPMA 90- PDSVA 10]-[D 25 -

B50- P25] AND[ GAL 90 MAALQ - [ HPMAeO- PDSMA 10- MAALQ) - [ D 25- B50- P25] . [ 0445]

ol ] 4k | ﬂé@Wf;@%Mﬁﬁ?ﬁ@mﬂ SN
SYNTHESI S COF A .10 %] Synthesis is perfornmed as descri bed

by Tew et al. 4oy "Rl GPEY9Raly4E was conducted on a Viscoteck GPC max equipped
with UV/Vis, R, viscometer, and light scattering detectors (RALS and LALS). Samples

(100 uL, 0.1-0.3 % polymer) were run on two PolarGel-M columns (300 x 7.5 mm,
Polymer Laboratories) in series, DMF/1% LiBr eluent, at 60°C, with a flow rate of 0.75
mL/min. The GPC columns were standardized with PMMA Easi Vial Standards
(Polymer Laboratories).

EXAMPLE 6.4. POLYMERIZATION OF GALACTOSE-OAc-PEG2 ViINYL MONOMER.

[0456] Synthesis was performed as outlined in Scheme 3, as follows: Vinyl
galactose monomer obtained in Example 6.2 (1.5 g, 2.97 mmoles), ECT (19.6 g, 0.0744
mmoles), AIBN (0.31 mg, 0.00186 mmoles; CTA : AIBN 40:1) and DMF (0.99 ml) were
introduced under nitrogen into a sealed 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 mixture 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 placing 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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1761 - 1769) with nodifications, as sunmarized in schene 1. Schenme 1

di et hyl ene gl ycol Chem cal Fornula C4HL0O3 Exact Mass 106 1 d C8H14O4 1

met hacr ylwol20omisezsbde Chemi cal Forrnmul a CAHS5CI O Exact MagsTAB4000/0&sapound MV
mol e anount mi scel | aneous di et hyl ene glycol 106 1 119 6 12 7 g,1 1 35 nL 1
118 g/mL at 25 C(I it ) nethacryloyl chloride 104 5 95 7 10g, 9 34 m_ 1
07 g/nL at 25 OC(Nt ) triethylamne 101 2 119 6 12 1 g, 16 6 m _ 0 726 g/ nL
at 25 C(using a)2k02GEHb8MNed I he nBEDamdl was rdmMo8ed OnOE, renpcedtm@Spheddatid To a

round- bott om fl ask s added di et hyl e |, y.col 120 mmol ) foll owed by
anhydr ou e@wgrvg@%nﬁwg nv&cwrinéghé\ﬁg%%ghctuiéo mol ). This m xture was
stirred at 0 OC for 5 mn under a fl of 24rgon gas. To a 25 nlL addition
funnel was added anhydrous CH2Cl 2 ( MA%° and net hacryl oyl chloride (9. 3
m., 96 mol ). The nethacryl oyl chloride solution was then added drop w se
into the cool ed reaction solution over 30 mn. After the-addition was

conpl ete the honmpbgeneous mixture was stirred at 0 OC for 30 4qph then war ned
to roomtenperature over 30 min. The sobuti.enswag. hen stirred at room

t enper at ure over ni gty °Prlogress-6f the re¥ctPon was. fol | owedby Thin Layer
Chr omat ogr aphy (TLO)cowr@g Si 2 stationanyn pirase Wi th Et OAc and Hexanes
(4:6 v/v) as nobile ph&e (Rf of the desired product = 0.2),fTLC pl ates were
devel oped wi th phosphonol ybdic acid or visualized with U\ﬂvzc’ﬂé&048] The
overni ght reaction mxture was diluted with CH2ClI2 ( 100 nly and washed
with a saturated aqueous solution of NaHCO 3 ( 1 x 100 nlL) then washed with
H20 (2 x 100—+)—TFhe-organictayer—was—separated—dr+ed—eoever Na2SO4,

filtered, and Name FW (g/mol) Equiv. mol Weight
Gal(OAc)Peg2M8a4.2 40 2.97x10° 15¢g
ECT 263.4 1 7.44x10° 19.6ng
AIBN 164.21  0.025 1.86x10° 0.3mg

[Monomers]= 3M; N2 Purging: 30 min; Temperature = 68°C;

Polymerization Time = 300 min.

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

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

[0458] poly[Gal(OAC)PEG2]-[HPMA-PDSMA]  (PIII)
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concentrated under reduced pressure to provide the crude product.[0449] The
crude product was then dissolved in CH2CI 2 (25 ml ) and purified using Si Q2
col utm chworeatoagemphy using i socratic gradi ent el uti on WCThSEM0QAGc36ad
Hexanes 4:6 v/v. Fractions were analyzed using TLC with UV devel opnent.
Fractions containing the desired product were conbi ned and the sol vent was
evaporated to yield 4.54 g of the product (27% The correct structure was
verified by 1H NWR spectroscopy. EXAMPLE 6. 2. SYNTHESI S OF

GALACTOSE- OAC- PEG2 VI NYL . [ 0450] nt hesis was perfornmed as
descri bed by Anbrosi HeoGL- e . W Trans. 1, 2002, 45-52)
with nodifications, as su i 26U | ch [ 0451] To a round bott om

flask were added 3 A nol ecul ap sqé'\'>' s (&6 g, actlvated overni ght at 150
0C) followed by PER Vinyl I\/b mer<( prepared as described in exanple 6.1 )
(3.83 g, 22.0 mol) and anhy rous @H Cl (90 m _). This mxture was stirred
at -40 0C for 15 min. Then 2 4,6-tetra- Oacetyl a- D- gal act opyr anosyl

brom de (3.00 g, 7.33 mmol) wzl added tolthe reaction mxture fol | oned by
silver trifluoronmethanesul fonafe (2.27 N8 83 nmol ) (RINd)t he sol uti on was

stirred at -40 0C (5 0C) underf a flowo gon for 4 hours. The tenperature
of the reaction was mai ntmg@ﬁﬁually at -40 0C (5 0C) using a m xture of
Co

dry ice and acetone. SchAe ound MW mmol e anmount Step 1:
2,3,4,6-tetra- 0O acetyl - B F100m 7 33 3 0Qg gal act opyranosyl brom de
Starting material 1 174 1 22°9 3 83 g silver trifl uoronet hanesul fonate 256
94 8 83 2 27 3 A nolecular sieves NA - 4 6 CH2ClI2 84 93 - 90 nL Step 2 :

Poasz] "af Lor COPHE no Papioq TREles g B oo P R Ve S R 128008 ol 1

room t enp@NeA (3.860 fi 5.086 ernelea) AR DEWA (0. 133 g, En52 e motas ) ndt &rCTA quor

was evapRiabed ) AIBN (0.71 mg, 0.00434 mmoles; CTA : AIBN 10:1) and DMF (2.62 ml)
were introduced under nitrogen into a sealed vial. The monomer concentration was
approximately 2.5 M. The resulting solution was degassed by bubbling nitrogen into the
mixture for 30 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 to air. The resulting
polymer was purified by dialysis against methanol for 24 hours and then dried under
vacuum for at least 6 hours. Polymer structure was verified by '"H NMR (DMF-d7) and by
analytical GPC to determine polymer molecular weight and polydispersity: Mn = 17.9

kDa, PDI = 1.26.

EXAMPLE 6.6. SYNTHESIS AND CHARACTERIZATION OF A TRI-BLOCK POLYMER
POLY[GAL(OAC)PEG2]-[HPMA-PDSMA]-[DMAEMA-BMA-PAA] FROM THE Di-
BLOCK POLYMER POLY[GAL(OAC)PEG2]-[HPMA-PDSMA] (PIV)

[0460] poly[Gal(OAc)PEG2]-[HPMA-PDSMAJ-[DMAEMA-BMA-PAA]  (PIV)
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provi ding the crude product as a brown oil. The brown oil was then

di ssol ved in anhydrous pyridine (50 m _, 6 18 mmol) and treated with acetic
anhydri dewQ 2000/084266 106 mmol ). This m xture is stirred BOUHAIS2@9/0636g9N

at nosphere at roomtenperature for 1.0 hour to cap the unreacted al cohol.

[ 0453] The reaction m xture was then evaporated using a rotary evaporator
yielding a brown |iquid. The condensed m xture was dissolved in CH2CI 2 (300
m ) and vigorously stirred with a saturated aqueous NaHCO3 sol ution (75

m ) in an open flask at r00 enper isngsany remai ning Ac20.
Transfer of tH#&os§ NPT 58 carried out after all Ac20
was reacted and noNGror ?'ﬁ j ealed® (>1 5 nin reaction tine
needed to quench ACZO@ Ay‘é\e ag Ac20 vvas%uenched t he sol uti on was

transferred to a 500 m _ aratory f upnel )and the organic | ayer was
separated. The aqueousp | ayet" wassextraffed with CH2Cl2 (1 x 100 M ) and
all organic | ayers wefe conbineds Then the organic |ayer was washed with
sat urated agueous Na solutiohy( 1 x 20 M _), separated, dPiVed) over
Na2SO4, filtered and evagorated\y ing a rotary evaporator, providing the
crude product. The $eyi*dtfal pyridi ne was renoved by evaporation at very |ow
pressure usi ngacanc uum punp for no longer than 30 mn before
purification was atst®npted. Then the crude product was stored at -80 0OC
overni ght. [0454] The crude product was then dissolved in CH2ClI 2 (20 m )
and purified using Si2 colum chromatography using isocratic elution with
Et OAc and Hexgmmlﬂ BMﬁlwsszga&usmmolmerew@lasae@l G759 mollés) WD KA EWRA

cvapor ot B pF 008 AKDCR). MAOPA TS lebar e S D - b’ée%éﬁ'éovéscél%}%fed by

IH NWR Smerwrmgﬁ@uﬁ@ ﬁ%@@z@ﬁnmﬁéwmaloﬂ)% AR (PO YiMFietd=L
PERVEATI ON CHROVAT GPC) ANALYSI S, [0455] Al GPC ol ySi S was

conduct ewt@ﬁuﬁewﬁ"@%t@m@@or%%%@ﬂly'ﬁbg@eﬂ@wnW/(X?in§entF§t'on\)’V3§C%MatT@P and
l'ight  scadd i@ iRheed<ohen Ggﬁés%e@%’/ teefg n%gBlH o (helﬂgdlms for g1 -0.3 %

pol ymer) were“run on two Pol ar Gel - M"col umms ol ymer
Labor at ofiRg$s.i hesesuléag soMmn wes plagedén aémat blagk E;mSCt hrw(Thﬁr@omecbw Pat e of

0.75 N/ ghRe. didBialFFo-79! ity Yled SBABARLEEARM oML oFAOMRAGH). Xhal 11

St andar ds
hrs, the reaction was stopped by placing the vial on ice and exposing the solution to air.

The resulting polymer was purified 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 and analyzed by 'H NMR (CDCls) to verify the correct structure and by
analytical GPC to determine polymer molecular weight and polydispersity. Mn = 47 kDa,
PDI=1.7.

EXAMPLE 6.7. DEPROTECTION OF TRI-BLOCK POLYMER TO FORM POLYMER FROM
EXAMPLE 6.6

[0462] The reaction conditions are as described by Ambrosi et al. (J. Chem.

Soc. Perkin Trans. 1, 2002, 45-52) with modifications, as summarized in scheme 4.
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(Pol ymer Laboratories). EXAMPLE 6.4. POLYMERI ZATI ONOF GALACTGCSE- CAC- PE&R2
VI NYL MONOMER. [0456] Synthesis was perfornmed as outlined in Schene 3, as
fol | ows: wWonglo/gadeact ose nonomer obtai ned i n Exanpl e 6. PCI/UB2005/063648 2. 97
mmoles), ECT ( 1 9.6 g, 0.0744 mmoles), AIBN (0.31 ng, 0.00186 mmol es; CTA
AIBN 40:1 ) and DMF (0.99 m) were introduced under nitrogen into a
seal ed vial. The nononer concentration was 3 M w thout counting the vol une
of the gal actose nononer. The resul tSahgneod uti on was degassed by bubbling
nitrogen into the mxture for 30 mnutes. The resulting solution was pl aced

in a heat block (Thernoneter: 67-68 C, display: 70-71 ; stirring gpeed 350

rpm). After 5 hrg, tdag reactfi orcnwas [st epged b ng the Vil i ce and

exposing the m it ib—om Sa b c i al ysi s

agai nst net hanol f daysust a 2k nmbr an he nol- Hefas -r enoved
Weight

pl &c

ek
under reduced at phere arffiythe pol r was drﬁed und vacuum for at
| east 6 hours. Sc¢Rene 3 Nane FW (g/gbl) Equi v."rol [
Gal (OAc) Peg2l \Bft4.2 40 2 .97x1 B_4,5 g ECT 263.4 1 7 .44x1 G5 19. bng Al BN
164.21 0.025 1.86x%& 0-6 0.3tnmg [ M rs]= 3M N2 Purging: 30 mn;
Tenper at ur e.cz_R8LOC, Pol yneri zation Ti MBeen 300 mn. [0457] Characterization
of pol yner was A@P’f“ormed by GPC ana?ys emeThE hst ruct ure and conposition
were verified by 1H NVMR (CDCI3) . Mh = 5.8 KDa, PDI = 1. 1 4, dn/dc 0.075.

EXAMPLE 6.5. SYNTHESHS AND; CHARACTERI ZATI A Dh- BLOCK POLYME
s ot ol p bl tely
POLY[ GAL ( OAC) PEG2] 458? al, L{ Qae) PEC] k[ - (Pl 0459] To

0. 0434 mmol es (}BPOI y[ GAL (€QA¢) PEG2] McroCTA re added HPMA (0.860 g,
(

5.996 mmol es) apgl PDSMA (0.1 332 g,s 0.521 6 nmuoles), J( 1 : 1 50 CTA :
Mononers), AIBN (0.71 ng, 0.00434 jnmmoles; CTA : AIBN 10:1 ) and DVF (2.62
m) were i ntjjg\g&ed under nitrog ﬁN nto a sealed vial. The nononer

concentratio AS
HO.

OH Compound MW umole amount
OH

Polymer 700 mg

GAL functionality

PDS functionality
sodium methoxide 54.02 1385 75 mg
MeOH 32.04 3.0mL
CHCI; 119.38 1.5mL
AcOH 60.05 693 40 uL

2,2-dipyridyl disulfide  220.0 227 50 mg

[0463] To a 50 mL round-bottom flask was added the polymer from example
6.6 (680 mg, 4334 umol polymer, 173 umol galactose, 87 umol pyridyl disulfide)
followed by anhydrous methanol (3.0 mL), anhydrous chloroform (1.5 mL) and sodium
methoxide (74.8 mg, 1386 umol, 8 equivalents relative to 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'-dipyridy! disulfide (49.5 mg, 225.2 umol, 2
equivalents relative to pyridyl disulfide). This mixture is stirred at room temperature for
1.0 hour under a flow of argon gas.

[0464] After capping with 2,2'-dipyridyl disulfide for 1.0 hour the reaction was
diluted with MeOH (5 mL) and filtered via gravity filtration. The filtered reaction mixture
was transferred to a dialysis membrane with a 2000 molecular weight cut off (Spectrum
Labs, 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 to a
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approximately 2.5 M The resulting solution was degassed by bubbling
nitrogen into the mxture for 30 mnutes. The resulting solution was placed
on a heatwblooksiws 4.5 hrs (thernometer: 68 0C, di spl apCTAB2002/063688 1 r ri ng
speed 300 rpn). After 4.5 hrs, the reaction was stopped by placing the vial
on ice and exposing the mxture to air. The resulting polynmer was purified
by di al ysis agai nst nethanol for 24 hours and then dried under vacuum for
at | east rdunderotom fadky aed the saledni vaswaspoated usag byotaky dipofadF- 819 and by

P e R U RSB T

TRI - BLOCKorP@t\éNE&uFElMﬁeGééié%@rlﬁE(ﬁﬂa EaibNd GRSV WBM%d%%A}ed%RO\/I THE

ool y{ Gal FOAE LBRED] 1 FONHEPTARIAL 2 ARMEROIRROP } %Mﬂ ohsth 628 1.5 g

, 6.1 6 gpalieps, MBAW. @uraéﬂa/\gs &n@@mmg/@ﬁ) DVAEMA (0.484 g, 3.075
nmol es), I\/acroCTA fromStep 6.5 (0.5073 g, 0.0284 mmol es; 1:434

CTA: Mononer s) 1o #65N S%c@@ﬂ@ﬂymbi@,ﬁIfldQTLA]ctloﬁéIBWoﬂ@n Tﬁdly@@dwab/ﬁlfﬁéblt&a m)

were introduced under nitrogen’into a seal ed vial e nononer_
concentr ﬁ?ieéhbW\HM%SMCt"Pﬁéoﬁ’Yeéw funegoralingwas AUaRISiedsI oY A4S HoWe 28kbbl i ng

nit rOgentTh%thHaliﬁ!ﬁ%rﬁéM %s?’cﬂséBI\Vé& |ﬁ~°EtOﬂ‘(@l d ﬁligbl;d(y ng'pBFyh%'? sWRioR! aced

in a hea | oc Ther nonet er: 70-71 ;
sti rri ngakpeedcesvationpaf 1%mﬂvhgﬁemb@t Qfdfﬂie@DM”lﬂﬂ)S0|UAﬁﬂ é*rO pl, he o,k

reaction ﬁ@ﬁrvzéssoq?%a?%% Wh@naacdru'égug leui{br?bf PB M aﬁhlgthelﬁ%gfbgh[]%d@ﬁ]ﬁ%ﬁjl ution

to air. urtfred by preci
Acet one/ DVF) flarH Oi mhdod’rimeetrwﬁ@dlhmd Wﬁh Y10 Bﬁm&gt\/mgeasbedufb@ polysgr sblutjon

Do U L, R, 8 P LA OELSAER B 10
pol ymer polyaeubae mlcgdébtpe@nmemmlnydmtsalﬂhﬁlﬂye lebhing gioukPaidindakb-tHode 7.
6. 6 | 0465104 BSIoFLTYA I SodIR KBRS 2P O0ASS Wl MaP Ry st araigt i (3.
Chem SogTT%@fd@g&ruﬁé@aﬁovel SiR6@ the HbtaP dbsotptivity By fidinatd- Bithe AB48WmRS | zed
'n schen§_48 g§x1%ge ! (Hermanson, G. T. Bioconjugate Techniques, 1996, 1 ed.
Academic Press, an imprint of Elsevier, page 66) and the path length of the NanoDrop
spectrometer used 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 determined absorption was A = 0.438 at 343 nm. This demonstrated
the presence of the pyridyl disulfide functionality in the polymer with the actual
concentration of 1% total pyridyl disulfide incorporation (theoretically calculated value

was 2%).

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

incorporation.

EXAMPLE 7. CONJUGATION OF SIRNA TO A TRI-BLOCK POLYMER.

[Gallak — [HPMAgo-PDSMA 0] 12 0k — [D2s-Bso-P2s]z0x (PV)
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Pol ymer 700 ng GAL functionality PDS functionality sodi um net hoxi de 54 02
1385 75 mg MeCH 32 04 3 OrL CHCI 3 119 38 1 5 nL AcOH 60 05 693 40 nL
2,2'-d i pypdylo/duxal fi de 220 0 227 50 ng [0463] To a 50Prir/usc@ioeeb®t t om
fl ask was added the polynmer fromexanple 6.6 (680 ng, 4334 mml polyner,
173 mmol gal actose, 87 mmol pyridyl disulfide) foll owed by anhydrous

met hanol (3.0 ml _), anhydrous chloroform( 1 .5 nl_) and sodi um et hoxi de
(74.8 ng, 1386 mmol, 8 equi val ents relative to gal actose). Theg resulting
m xture was stlrr d | und r an% m)[spkféar Bf arg%% ai Hr%%tenpgrbture for
1.0 hour. Then|gfacial f/Q CI g@ 2§\L93ﬁ T”Df/ggve ﬁvj? gents
d

relative to gala tBSe) "adde d tche r eact gjo di pyri dyl

di sul fide (49.5(ny, 225 |, qU|vaIents relat ve to pyridyl
disulfide). Thi% nmixture is stlrﬁéd at room'tenperdture for 1.0 hw gnder
a flow of ar gas. [0464] Aft Ncappl ng with 2,2 -dipyridyl dis e for
1.0 hour the kedttion was diluted’with MeOH (5 n1 ) and filtered via
gravity fud Len. The filtered reaction mxture was transferred to a

di al ysi s nmenmbgiane with a 2000 nol ecul ar wei ght cut off (Spectrum Labs,
Spectra/ Por Dialysis Menbrane MACO 2000) and di al yzed agai nst MeCH (2 X
500mL) for 24 hours. After the dialysis was conplete the pol yner was

transferred tgyzpe %7%&%& flbﬁ%mﬂ@nﬂ’rﬁoﬁi\wﬁﬂh %R%ﬁﬁbﬁﬂ using a

rotary evaporator. e resu ting polynmer was analyze MR usi ng CD30
D and DVF-d7 @,y ﬁV Oda'ﬂ&uo%%frtﬁeiaté&éuhﬂ%%és ad M08! o B%E‘rHE'F%kontu@e

sol ution of polyner was neasured 1 n 5% d ucose, 10 mM Hepes pH7. 4
and was et edaed &th( 20altb@X5etB§ll)WspmndtﬁydmCBIOZIEGrWOM@,345 kopss, TOBB) 0. 42

mrent Vs 0 Sl nc ri efunc |onaI|ty
on the pzﬂﬁg P%\Xé\ia’ﬁéf C%I"'{g 4[g%]d*é\rin@e\,’t ﬁ&%@@@tng@gp@ég (P\HQ

functi ongd bty dg Wa:§7 ﬂM@ﬂnglérﬂdl' e‘é‘ﬁh@l@glléyf Vihgs &Edt&érv&s%ﬁlbweahé stdnaiadt regthymer  (
100 ng) was dissol ved OH ( ) providi ? ol ymer sol ution
temperature. After 30 m|n 5.0M NaCI (20 0 ulL) was added oIIowed by cold (-20°C)

100% EtOH (5.0 mL). The mixture was placed into a -80 °C refrigerator for 30 min to

achieve complete RNA precipitation. The Falcon tube was then centrifuged to pellet the

RNA. The mother liquor was removed and the remaining RNA pellet was triturated

using cold (+4 °C) 70% EtOH (1 x 1.0 mL). The remaining RNA pellet was then

dissolved in isotonic glucose (5.0 mL, 5.05 wt% glucose, 10 mM HEPES, pH 7.4) to give

an aqueous RNA solution with RNA concentration at 0.7 ug/uL (by UV analysis).

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

EXAMPLE 7.2. CONJUGATION OF AN AcTIVE RNA DuPLEX TO TRI-BLOCK POLYMER
(FORMULAP Il) AND Di-BLOCK POLYMER (FORMULA Il WITHOUT GALACTOSE TARGETING
BLOCK).

[0469] Formulation 1. The polymer (Formula Pll) (500 mg) was dissolved into
100% EtOH (5.0 mL) providing a solution having polymer concentration of 100 mg/mL.
An aliquot of the polymer solution (34.69 uL, 22.9 umol) was transferred into a 15 mL
falcon tube. To the polymer/EtOH solution was added all at once an aliquot of the
reduced GAPDH RNA isotonic glucose solution (300 uL, 300 ug RNA, 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

electrophoreses (described below). After reacting overnight (ca. 18 h) the solution was
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at a concentration of 100 ng/nL An aliquot of this polyner solution ( 10
m , 1.0 ng, 6.6 mpl) was treated with an agueous solution of 1.0 M

di t hi ot hrept20l0/05486m _, 10.0 mmol, DIT) for 10 m n bef oreThis2evy/odicktit ed
with H20 (80 m _) giving a reduced polymer solution of 0.066 M Since the
expected incorporation of pyridyl disulfide should be 2% on the pol yner one
woul d expect the concentration of the | eaving group pyridine-2-thione

shoul d bdilute@@ithiddtonie glucOs@ 68666.DulDS.65 MBALBEDsK) 1@ht\e HBRTES, pdl yaer was

treated with T a escr.i bed .above. Since.the nol .absorptivity of
it eyt P8 e rdl%] § R TR Sy BieA Vi 58, VR it 1
Bi oconj ugiNA detdentrgties of 3.9 9g/mlsdncesh infsrridapoly isresdcerdrationof iinte of

El sevier, page 66), and the path |Iength of the NanoDrop spectroneter used is
0.1 cmtmg?'@gﬂégle)efar @%‘?rbti on for the reduced pol yner solution described

above is A =1.075. After analysis of the_reduc nmer sol ution b

DVIVis the oxBafTenaimylalena. e s vt JF BT LS00 BopwaasiSsovad Riam
Thi s derrw@%ramdgst.dﬂmmrp&wm@a%umbﬂ hRYint olyntrdehtbésteatioH e ttbomad/mly i n
the polynmer with the actual concentration of 1%total pyridyl disulfide

i ncor por ANiAYAURLafRR BelyEar PYIUERN 1N e we 9P uEchiaNRsAsANSsTeroRbio Af b @il
di al ysi s taeé.yﬁ‘%rthéﬂfa@iyme%@fdw%wuéien%%d&a drtdPgnalt aﬁ%ﬂ%m/d?}h

concentration and then direct used I n conjugation reactions with si RNA

Pol yrer egflviced |G DidiNisoteric allagseosplupnd@0e uk Aed2yaye RN sohdioper cent

porviver. PR ARG R sr e ooy s s PRI e ol
Ei(élr\)/?r_gt iVoorrl termbErRMIRA TT CFARNO ADTA vaTERERNA IDUBIEEDD yAJsAleNSTr o@idiBbes | 0467]

f iolat i RN/ f ol | T 15 M ,Fal con tub
raana or [fsfhed BUBWE! Allps sREe SRt Ba. i Bl infofbudR vl bRgih T upe e
AP S L B ) T ol o g atbmL
u X, . V. , I 1 en e n (0] . IS
o o S Bt A eRah B0 oA e pvan RIS RRY &0 M NaG
(20.0 M conowngradsisl6fo.f ohd/aneshdoan Fedritic-pdhRfer cbreentkitd df 3.64 mglml inlihe

m xture was Pllaced into a -80 OC refrigerator for 30 mn to achi eve
conpl et efIWI3sPBCiTHR1ZEE3 RRTeNt &f e COHIADWasaeasHERd (GemeMi(PagRehion o pel | et
the polymer) in 5% Glucose, 10 mM Hepes pH7.4) and was determined to be 1.2 mV (width

=5.71 mV, 100.6 kcps, Mob 0.09 pmem/Vs, Cond 0.15 mS/cm).
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RNA. The nother |iquor was renoved and the remaining RNA pell et was
triturated using cold (+4 0C) 70% EtOH ( 1 x 1.0 m ). The remai ni ng RNA
pel | et wawotzhewnsaiéssol ved i n isotonic glucose (5.0 m _, PETOB200863$48ICOSE,
10 MM HEPES, pH 7.4) to give an aqueous RNA solution with RNA concentration
at 0.7 mg/nL (by UV analysis). [0468] By simlar nethods the foll ow ng
activated RNA dupl ex (agai nst ApoB) was al so prepared. EXAMPLE 7. 2.
CONJUGATI ON OF AN ACTI VE RNA DUPLEX Sabetfel 5 BLOCK POLYMER ( FORMULAP 1) AND
Dl - BLOCK POLYMER (FO?I\/ULA [l W THOUT GALACTOSE TARGETI NG BLOCK) . [0469]
Formul ation 1. Th¥*pd F%‘rer (ForBﬁetiﬁézoF“‘FI) (500 ) W&‘é dissol ve? into 100%

EtOH (5.0 m ) pr vmehng ]o h&vln ent rlat o of 100
mg/ nL An al i quot U*E/go Tiesl
transferred into ﬁﬁsm R /U"th un1;she Opo‘? ﬂZrﬁ;@r NG iiém was

added all at once an al i quot of the educed PDH i sotoni c glucose
sol ution (300 uLJ’ 300 ug RNA, 0. O%F‘um)l RNA, “sol utfon preparation

descri bed above)X. The reaction m re was m xed and all owed to stand at
roomterrperaturoe.“‘o?he reacti on progress was nonitored by gel

el ectrophor€§E§;MScri bed below). After reacting overnight (ca. 18 h) the
sol ution wasdil Ut'ed with|isotgnjc Iouq)ose 2665, 3 uL, 5.05 wt % gl ucose, 10
mM HEPES, pH 7.4) giyipg| 3. ¢° t Otdfo GFEMEmpyl ati on ready for in vivo
testing. This gave an infended si RNA concentration of 0.1 ng/nL and an

i ntended pol yner concentfation of 1. 16 ng/nL in the formulation. [0470]
Formul ation 2. The polynmer (Forrmula PI1) (500 ng) was dissolved into 100%
EtOH (5.0 inl) providing a ®al utionshayin mereigongc erty tlon(g 100
my/ mL An aliq 8?2@ the {ﬁéﬂ/{yd ff[ﬁf/@%mﬁ* QHPESA%‘L ; k@g\whuw’k ﬂm

b

transferred int§ & 15,0 Cléﬁ e poloyrﬁaf"zm t50F §2§ M. (WAS
added all at orice an al |Oadot of the redfced GAP i[sot onic gI ucose
sol ution (300J/UL 0. 022 unol RN%SO ut’i —pre aratl on” descri bed above).
The reactionym xture was m xed @ng al tand at room tenperature.
The reactimogr ess was nonitored by gel el ectrophoreses (descri bed

e

bel ow) eacting overnight (ca. 18 h) the solution was diluted with
i sotoni c gl u€bse (2548.7 uL, 5.05 wt % gl ucose, 10 nmM HEPES, pH 7.4) giving
3.0 m _

[0471] Formulation 3. The polymer (Formula Pll) (500 mg) was dissolved into
100% EtOH (5.0 mL) providing a solution having polymer concentration of 100 mg/mL.
An aliquot of the polymer solution (69.54 uL, 45.9 umol) was transferred into a 15 mL
falcon tube. To the polymer/EtOH solution was added all at once an aliquot of the
reduced GAPDH RNA isotonic glucose solution (600 ulL, 600 ug RNA, 0.044 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
electrophoreses (described below). After reacting overnight (ca. 18 h) the solution was
diluted with isotonic glucose (2330.5 L, 5.05 wt% glucose, 10 mM HEPES, pH 7.4)
giving 3.0 mL total of a formulation ready for in vivo testing. This gave an intended
siRNA concentration of 0.2 mg/mL and an intended polymer concentration of 2.32

mg/mL in the formulation.

[0472] Formulation 4. The polymer (Formula PIl) (500 mg) was dissolved in
100% EtOH (5.0 mL) providing a solution having a polymer concentration of 100 mg/mL.
An aliquot of the polymer solution (295.6 uL, 195.1 umol) was transferred into a 15 mL
falcon tube. To the polymer/EtOH solution was added all at once an aliquot of the
reduced GAPDH RNA isotonic glucose solution (600 ulL, 600 ug RNA, 0.044 umol RNA,
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total of a formulation ready for in vivo testing. This gave an intended

si RNA concentration of 0.1 ng/nL and an intended pol yner concentration of
5. 04 ng/ mioi2niordse2sbor mul ati on. The zeta potential of theCrtarspugass4sas
nmeasured (40 nM (based on polyner) in 5% 3 ucose, 10 nM Hepes pH7.4) and
was determned to be 1.2 nv (wwdth = 5.71 nV, 100.6 kcps, Mb 0.09 mtm Vs,
Cond 0.1 5 nS/cm.Schene 5 [0471] Fornulation 3. The polynmer (Formula PIl)
(500 ny) selasorlpepatatied deBCrtib@Dzﬂ%va OFh¢ Bedation n’)ixtpreowasj'rrmgadeamballmw\ieunohavi ng
pol ymer ¢ entration of 100 n guat o mer solution
(60”54 nEBRZENSM 1SR ute? rER sictpa ol A sty EBRed T une. To the
pol yner/ Ereawbghﬂreses)(@ewﬂoe@df&@lm)alAft@tre@cnmg oa(@rrﬁghtquem 8oif) théeolugieinioad GAPDH
RNA |soton| c gl ucose solution (600 0. 044 mol RNA

sol ut | ondHES HBIsIANAGEPEBE »le)WErWé/or%%qsreohO MMARFESR fitked and

al | oved &ur’@tﬁﬁ%@fotél%@ﬁ‘féﬁﬁm%&ﬁﬂébé foWﬁ va‘éft‘ééti'n@” TRICSHVRSSh iWRshd@RnNi t or ed

by gel electrophoreses (describ After reacting overnlght (ca. 18
h) the s8IRNA wnc:ﬁ@yamn ot @d nv@/frw wbarowt@d@mp@bg@er(%swtatw of 983505 wt %

gl ucose, 4) giving 3.0 m _ total of aforrrulatlon r eady
for in VIN@Q FMH% ﬁ?sr?gave an i ntended si RNA concentration of 0.2 ng/nL

d i ntend
?847§]n IF(r;r (rarEI §€| on 4%%8%%ﬁrgmrﬁrel( rﬁ’ér %o@ﬁ %w %H‘&thbev\%glg@l ssofol(@d in
100% Et O2Q0emQ) whas pispolyed mtugoa%slﬂﬂhi [2b®1 n‘rLa\prmg;jlag palojuiien hagimgeaotymagri on of
100 [l A t h ti 295 6 ni 95. I
Lt anaper patttiehonoh st oL P At TRluetS! s RS oy ial /it o P e e
added al lyagtrapBRerednntald mmﬂ_fglfcoh hebe. eTly dfﬁd?&lrEt@NP\smamrpwasalbwgwe
solution (600 m _, 600 RNA, 0.044 mol RNA sol ution preparation

descri bedt ae) Ellqn@éofr@adedmdrﬁﬁ&PDHeWAgsqu@@k@ﬁae aPINER (BA001Ls 0072 at

t
L oet 1 opBEToERNC sl PRAGTABR ROHEPo0\RY TRENERNEA fuPhas shakan. ) o
sol ut i oncewatsifudiet enedallowved to stahdrait coogh tmo;ls@raglﬁé DHe Aealrdn;)n pﬁogﬁéssm% gl ucose,
10 mM HEPES 7.4 3.0 t.ot 0 ation r.e
sy e rianyor o etictiaAfrdsgs Mescltddhe By datét et dly SRisa el fhng an
i nt endedtr@édmfn \ﬁﬁ‘@lﬁﬁéd th AdtéHic uB8seT57B.5 jiL, 19185 Wek itk 010 4 73]

Forrul ati on 5. ymer (Formula PII WlthOUt 't he gal act ose bl ock)
HEPES pH 7. 4§)g|vmg 3.0 mL total of a formulation ready for in vivo testing.

[0474] 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
concentration of 100 mg/mL. An aliquot of the polymer solution (59.78 uL, 41.7 umol)
was transferred into a 15 mL 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
wmol RNA, solution preparation described above). The reaction mixture was shaken,
centrifuged and allowed to stand at room temperature. The reaction progress was
monitored by gel electrophoreses (described below). After reacting overnight (ca. 18 h)
at room temperature the solution was diluted with isotonic glucose (2340.2 uL, 5.05 wi%
glucose, 10 mM HEPES, pH 7.4) giving 3.0 mL total of a formulation ready for in vivo

testing.

[0475] By similar methods, the following formulations were prepared with
activated RNA duplex (ApoB) conjugated to tri-block polymer (Formula Pll) and di-block
polymer (Formula PII without the galactose block). Polymers were taken up in EtOH at
100 mg/mL. Activated RNA duplex was dissolved in isotonic glucose (5.0 mL, 5.05 wt%
glucose, 10 mM HEPES, pH 7.4) giving an aqueous RNA solution with RNA
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(200 nmy) was dissolved into 100% EtOH (2.0 m _) providing a solution having
pol ymer concentration of 100 ng/nL. An aliquot of the polyner solution ( 1
26.5 m _,wedo/B4ze6ol ) was transferred into a 15 m _ falPcorusams3cd® t he
pol ynmer/ Et OH sol uti on was added all at once an aliquot of the reduced GAPDH
RNA i sotonic glucose solution (300 mM _, 0.022 mmol RNA, solution
preparation descri bed above). The reaction m xture was shaken, centrifuged
and al | owmbem@raadbraam atugvmpmytLeeVmealgsue)r. efteThe hr esaihitional |pomgroeglacoses(5 0

noni t or ed b trop scrj hed be ter rea

over ni gnilg 505 weE afieohe Lo fEERESS Hi%ﬂ%ﬁaﬁﬁtot@%mﬂv@t@ gdee (2573 5
m _, 5.0ﬁnw\%@ﬁ@§p§_g mil0 mM HEPES, pH 7.4) giving 3.0 m _ tot aI of a
formul ation ready for in vivo testing. [0474] Formul ation 6. The pol yner
(Formula PI'l ppiheut the gal actose block) (200 ng) was dissolved into 100%
EtOH (2.0 m _) providing a solution having polyner concentration of 100

ny/ n1_f An afjduguo of thfﬁyrﬁe}:cylrrer s&ingu on (58/%8mﬁlbtlonfl . Final RgYmulatias
transferred intp a 15 al con tube. Fo:hepetyaertEiOH s j on wWas
added al| _at once an aliquot of [the red cggwéAP méri <oton(vgly% ucose
sol ution| (600 n FomPagida nmol RNA, ARSEI ut i ofP%r epar@Pi%n |descr PWBed abgve).
The reacfion m Xkaheawas shaken,| capbrifugesh and a,job(m/vecl to sb@nd at [room
t enper at p-e= The Ten Pil"mﬁthgurtﬁ")r SSy RS eh Ooore 'g"el et eethp hereges
(descri bed belo § A er rea %’l g gver nj ght (ca %T% at room tenperfat ure
the sol uti od wasFampaPBavitipyt Ball sot MeBc Tgl ubWse (2FO672 m_, 598 wt %

gl ucose, 10 MM HEPES, pH 7.4) giving 3.0 mi_ total of a formulation ready
for in vivo testing. [0475] By simlar methods, the follow ng formulations
wer e prepared vvith activated RNA dupl ex (ApoB) conjugated to tri-block

Gal égféls(eFB[E’é bt g o EL e BOP A RS G et 100 gl . Act vat ed
RNA 10
e et PEOT e ol 83k HERReh 0, b BBl LasEe

1.0 ng/ n‘pol@b@'ryld\vhlaeladl)y'ﬁBE)gel %melhwﬁrﬁgéﬁ,,ﬂ(&fﬂBEibuﬁélaﬂor ta.ot bt QO@WGQS’%d( 5.0
m wt % gl ucas was added . to the mxture to

e, Loy H 7.4
bri ng thé‘ 5‘?%%655%”1%5@ R 9°[CB By &P niandfigucts 8f thes.0 BilEMPHORESI S

ANALYSI Ssamples prepared above were withdrawn and a dilution series was prepared. For

example, the sample (4.0 uL) was diluted with blue-dye loading buffer (6.0 uL) giving a
sample with final RNA concentration of 0.04 ug/uL. Then 4 uL of this diluted sample
was applied to the gel. Similarly, the sample (4.0 uL) was treated with DTT (1.0 uL, 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/uL.

Then 4 uL of this reduced solution was also applied to the gel for analysis.

ExAMPLE 8. IN ViTRO MRNA KNOCKDOWN IN HEPG2 AND HELA CELLS WITH SIRNA
CONJUGATED TO A TRI-BLOCK POLYMER (FORMULA PII).

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

[0478] Cells were purchased from ATCC (Manassas, VA), unless otherwise
noted, and cultured according to the distributor's instructions. Cells were plated in 96
well plates at a density of 10,000 cells/well and allowed to adhere overnight in MEM
media with 10% FBS (100 uL). Transfection samples were diluted to a final volume of
25 pL with ITG (5.05 wt% glucose, 10 mM HEPES, pH 7.4) or PBS, and added to the
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[0477] The conjugation reactions were anal yzed by gel el ectrophoresis (20%
pol yacryl am de, 1X TBE gel fromlInvitrogen, 1X TBE buffer for ca. 1 h at
200 V, stworew/dasmes0 m _ 1X TBE with 2.5 m _ SYBR gol d POT/UB2002i063648
Aliquots of the 3.0 m _ in vivo sanpl es prepared above were wi thdrawn and a
dilution series was prepared. For exanple, the sanple (4.0 ml ) was diluted
with blue-dye | oading buffer (6.0 m ) giving a sanple with final RNA
concent raeliso(rﬁnalfvoﬂljrﬂdof’rgz&ruL 7then241hrEl theoéxtemt f stRNAtmeatistad)@AP Waor appl i ed
totheg lar | esa vvast dwth DIT (,1..0

0 NS SRpa a3 Rbish S g RRES ot B llo B AERB L bR B S sos
SDS (2 OPBIS.)A amdsﬂe@amr I‘-P@Fbcllf'écﬁlly fn(o’m Belntuliur@ivellgas pedoPhed wsind tHa Fadt RNA

concentr 4 of t reduced sol uti on was al so
appl i ed gyﬁ@@j‘éh C?'bgr'tgg‘wé.fg%%ﬁ@b' E&Aﬁ%ﬁ%ﬁ Bbﬁ WHICARDOWN | N
HEPG2 AN@ Fiid-R&alVWilld 16 RNy st S0 PR eF$Xoh SHRR @Fé&KPEﬁ-‘G\ﬁR)KI RGRMULA
PII). LE 8.1. CGENERAL TRANSFECTI PROCEDUREAND DETERM NATI ONOF

KNOCKDCN\RF’Mifr’{’\\,’F’f‘?'ﬂﬂal noaralizergsne Readiops etk éfak Fonsisigdof @%ﬂhﬁ & asyp) |
unl ess Ob%f%%en%ﬁ%aﬁeﬁn&ui LH'E)P rn%FsO"aHa @%G&‘M@n&békb‘v@%or S
instructions. Cells were plated | ates at a density of 10,000
ceI | s/ wehuclaase-Hee viaeal- tT@eéallva@g B@&mrgmeterﬁ VIR L HERgida 9 E ol FBS (1 100

(5, 05wt B GG ST00° Gy SEIoFs s i @ R W TS aRe Tl ' T

(final vwiaa msedto qaantify GAP DA, trmrmaldlzdmkts RR WS Aearncereiatiot ts eRdiassedioht ed GAPDH
B duct i i d. .. Th di d and |1
1 nsod whrpeweE e FRp ABRARBERERY. 1 G THArE niARe A BETRLED DeSEID. s

performed using the Fast SYBR Green Cells-to-Q Kit (Ambion). Real-time PCR
was conducted with the StepOnePlus Real -Tine PCR Systemusing prinmers for
SYBR G een PORXANEAES-L ANV NPBIODBITRIBUTIONAND MBNAL(NGaKDOYHEN LIVBELALLSNS ( 20
m _total) C OWEHSIRNAGONIIGATEDTO 2 XAFBIACKBIRMERSEQRPUR RISt NG IV ni of
prinmers, and DERVERYM BLTAIL MEINNSECTEINFO MicEaucl ease-free water. The fol | owi ng
PCR parameters were utilized: 95 QC for 20 s followed by 40 cycles of 95 QC
for 3 s and 60 2C for 30 s. Threshold cycle (CT) analysis was used to
quantify GAPDFXAMRLESS GENERAOPREEEDUSE. and rel ative to expression of

untreated cells. For_ApoB knockdown, the cells were treated as previously
descri bed. [0479] 7-9 weeks old female Balb/C mice (Charles River Laboratories) were

dosed with siRNA-polymer formulations via the tail vein at a dosing volume of 0.01
mL/g, n=5 per group. siRNA sequences for ApoB and GAPDH were as shown below.

[0480] RNA Sequences:

Gene Sense Strand: Antisense Strand:
5'-HO-(CH2)6-S-S-(CH2)6-rGrGrU rCrArU
GAPDH | rCrCrA rUrGrA rCrArA rCrUrlU rudTdT-3'

5'-rArArA rGrUrU rGrUrC rArUrG rGrArU rGrArC

rCdTdT-3' [SEQ ID NO:2]
[SEQ ID NO:1]
5' OH-(CH2)6-S-S-(CH2)6- 5'-
ApoB rGmUrCrAmUrCrArCrArCmUrGrArAmUrA | rArUrUrGrGrUrArUrUrCrArGrUrGrUrGrArUrGrAr
rCrCrArAmU-3' [SEQ ID NO:3] | CrArC-3' [SEQ ID NO4]

m = 2'-O-methyl modified, r = ribonucleotide, d = deoxynucleotide

[0481] 18-48 hours post dose animals were sacrificed. Blood was collected
via cardiac puncture for serum isolation for blood chemistry analysis. Liver tissue was
isolated (lower 2/3 of left lobe), placed in RNAlater (Ambion), and cut up in small pieces
for improved tissue penetration. RNA was isolated from ~50 mg of liver tissue using the
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EXAMPLE 8.2: | N VIVO BI ODI STRI BUTI ON AND MRNA KNOCKDOWN | N LI VER CELLS

W THSI RNA CONJUGATED TO A TRI - BLOCK POL YMER (FORMULA PI1) FOLLOWNG IV
DEL| VERY WBU 20d542El N | NJECTI ON TO M CE. EXAMPLE 8. 3 CERERAIS2PROCHKIARE.
[0479] 7-9 weeks old fermale Balb/C mce (Charles River Laboratories) were
dosed with si RNA-polyner forrmulations via the tail vein at a dosing vol une
of 0.01 nL/g, n=5 per group. siRNA sequences for ApoB and GAPDH were as
shown beMagMAXx0L80dr IRNAOBwse'FMalsRNmIsolaﬁorfkih(@thbn JrosiNA ives, converted to

ribonucle |de n e 048 18-4 dose animal s
nere sac N g R A6 LEBHE AR GAGE brap b of R AePESY BRSESR R
iZ/SgI a]E i FSfYFcW Géhddmlﬁe&menﬂibﬂ@l? l\g@@?ie%ff@rrﬁe%\ ﬁ)yﬂmmemgmw?ﬁels ﬁ;@bmmltal(rg@tyver

o] e in at er io and cu In sma i eces
For 1 mor Gvaes Fpa aal SETERN 2B 2-hekmaled Betrs e drnstng! eieryer
tissue ugéﬁgﬁa rices MROMBWr B8ofvpr M croArrays Total RNA |solation kit
(Ambi on) was converted to cDNA using the H gh Capacity cDNA Reverse

Transcri ptifen Segtief@pl i ed Bi osystenms). SYBR Green Real - Ti ne PCR was
performed to exam ne mRNA | evels for si RNA target genes ApoB and GAPDH as

wel | as PR TEreRRies Cal NCFbMars ARG PT T _(PT1Ter RERIEFrfe AT € Snawn
belomb_ riner 1ISequences: [04821 Step One Softhmare v2 1 (Apnlied

Bi osyst eps) wag used t pOTHETREFF TECEARTHEC4dnes| & 8T BRIFAOF NHACEETChRnds. A
cDNA al i g@#&RDH rf@YBBach buf fer control [S§@m@)N©5Mas pool ed and usedIXnO:6ldnpar e
to each freated—sanpte e, oT T
conparedl to theg pool ed %uffer sarrpl es Bl ood Chem stry anal ysi s was

perforrred""%itt1 PHoERTx Ceftral Labor at 0@85 d%@?let:?, WA) on bl oddF %W@s
col I ected 48 hqurs pos{5d0s6AAGEARBTITCROTAGIA0I 53-GODUNATAGGREAGATIUGCE@AC-80

detect sj RNA Vi %Ythyb édl zation assaﬁéEQq@ﬁogl | owi ng was pefdeeinRE:10)]
week ol deBallbh/ € m ce h he A'I._ a AnoB RNA- DO 0=

fornul atj ons vila the t P1AA98990TC,5&9%@EAQ&TP€3 s
dose. Bl pawBwag SYBRI ected via cardi ac[SﬁmjlcNmn]e,s aI | owed to c@ﬁgm]) sOe2]gt

room t enperature,centrifuged—to cottect—serum—and—tthenr—stored—omiTte or

at -200C for

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

[0483] For biodistribution/PK studies to detect siRNA via a hybridization
assay, the following was performed. 7-9 week old Balb/C mice were dosed with either
GAPDH or ApoB siRNA-polymer formulations via the tail vein. Animals were sacrificed
at 1 hour post dose. Blood was collected via cardiac puncture, allowed to coagulate at
room temperature, centrifuged to collect serum, and then stored on ice or at -20°C for
later analysis. In addition to blood, liver, spleen, kidney and lung tissues were collected
for analysis. An ~50 mg piece of tissue was weighed and placed in a homogenization
tube containing ~1 mL of tissue homogenization buffer (3 M guanidinium isothiocyanate/
10 mM EDTA/0.1M Tris pH 7.5, 0.5M NaCl) to make a final tissue concentration of 50
mg/ml. Tissues were homogenized using a FastPrep24 homogenizer (MP
Biomedicals), 3 times, 20 seconds each, with 3 minutes rest in between each run.
Samples were placed on ice for 5 minutes, followed by centrifugation for 5 minutes at
12,000 rpm. An aliquot of tissue homogenate was transferred to a 96 well plate and

115



| ater analysis. In addition to blood, Iiver, spleen, kidney and |ung
tissues were collected for analysis. An -50 ng piece of tissue was wei ghed
and pl aceaoi2nissrogeni zati on tube containing ~ 1 m _ @CTIUSS@9®63648
honogeni zati on buffer (3 M guani di ni um i sot hi ocyanate/ 10 mM EDTA/ 0. 1M Tri s
pH 7.5, 0.5M NaCl) to nake a final tissue concentration of 50 ng/nm.

Ti ssues were honogeni zed using a Fast Prep24 honogeni zer (MP Bi onedicals), 3
times, 26tosedteititks opdcpr aii -2H°Gfarilatat arsalys’est To mdemsa’RN@dehels iranoSdlatpdes

were placed on nu d by cent hfu on m nut e

o 2 oo b s S, tni T b4 B el RIS B e TR BEHE Rulrdihele o8 45 v |
pl g}\& findﬁ)}tlﬁyletédgjlllghgrﬁatQch)mﬁleﬂTen@éry{@%Gclfet@t’dééticbfés’RNAainYSdeﬁse s'.gteanmefilsur e

SI e S 1n 00 an Sa e -

| s wiht Srhlrs aieavas dined i S g 33 ml R 1k B e HeS |
conpl emepdéytd &ach ma{@aﬁh@talld%d% wﬁ:UE’é%éf@ﬁiQ@ ﬁﬁrﬂﬁ@s éttrroéﬁﬂtemﬂé?atgﬂa%wée oligo
was diluted to 250 nMin 20 i s- HCI , 100 ulL/we was added to

each pl aP@i&phaker M&N%St?ﬁéﬂﬁﬁuévqf&m Qﬁ rﬁﬁfmés 38¢ ng%rﬁié‘ﬂ%‘é‘?“éﬁﬁrﬁ@ on a
plate Shafﬁﬁfons@ta?rhr%'ﬁtl 54 Bl IhCWEY 8s Biﬂﬁi@n@ o?%%ruﬂgéﬁ@ ti su%%nﬁﬂ%é*@vel(e 11

two-fold serial tartlng at utions of
serum anéretnaml@ cglahm blsff%eﬂ Y gu@“p@lnwm isr:tanyana@h%mM aD TAO MM iEsPdi ni um

 sot i ocyangieq) Iy THETEL Bodbulid Rt o BocGosiY Mo TOBSRWSRIRIES ver e

heated to 9 e coated wt
pr obe waplatmsdmﬁeld wlthlqapEJre\ptdba/mesﬁefc& tlmbM\l\NH(\)llasrﬂoquelm ﬂMlNanbl-O MO, 2 nmiM

o ened PR T 88 M el 194, TwBn BqL BUSILARAES TR NaE & BRR Bhari o e
28 SL}mnglugogfcdgpidmm?@ubﬁm rGMnuagdlegwtugmomPi52@’23&%&@@«@@1&&go @i ckly,
o abat | U e e e e pigthss aleetReRed o BhutAvel Fes cei n

| abel ed eiRNID stahadmRlseHARURG tREUS 8B dsTFon® 0T NHELRSItIaH WeR Bid&aer at ur e.
Contents of plate were discarded and pl ates were washed 5 tines with wash

buf for . dBBICAIS RAMIRLeH CoPRING el higraseein Inbeled clge] Ramales reseNLbaIad iobd t o
15 i sicfinfB3 atRddn AdesanfbACRRIR! & e Rab otk chRledlartObltic8lwdreom

tenperature on plate shaker and then washed times wth wash buffer. 100

uL/ wel | wsm5élmﬁ§twﬁtwa%b@ff%dd@a udrwell @fdd:%atl@bﬁlﬁ%antmuquﬁ@m%abn t he
ond at SAHENRI e \Ele SR EREG W VERaER IAEs ARl B AT B 2 e
concent r gidno femperaiuss oe pldte 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 O.D.
Readouts were plotted as ng siRNA/mg tissue where siRNA concentration in tissues is
determined as ng siRNA/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
FoLLOWING TAIL VEIN DELIVERY TO MICE OF A COMPLEX OF SIRNA CONJUGATED TO
A TRI-BLOCK POLYMER (FORMULA PII).

[0484] Complexes were delivered to mice by tail vein injection as previously

described.
Biodistribution Studies and GAPDH/ApoB Knockdown Following Tail Vein

Protocol Delivery to Mice of a Complex of siRNA Conjugated to a Tri-block Polymer
(Formula PlI)

Purpose GAPDH knockdown and biodistribution study testing siRNA conjugates
with HPMA/PDSMA-HB +/- Galactose polymers
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determ ned as ng siRNA/ml from standard curve. Those val ues were then
divided by 50 ng/m tissue concentration fromstarting solution. EXAVMPLE
8. 4. BI ODVETRIBIII6EN STUDI ES AND GAPDH APOB KNOCKDOMN FEeCTr@AreGodzsis. VEI N
DELI VERY TO M CE OF A COWLEX OF SI RNA CONJUGATED TO A TRI - BLOCK POLYMER
(FORMULA PI ). [0484] Conpl exes were delivered to mce by tail vein
injection _as previously described. Biodistribution Studies and GAPDH ApoB
Knockdowanifiek| owi ri@aIEVamloe\Ye}mne Pr ot ocol Del i very to Mce of a Conpl ex of

si RNA Copgat et tgggedds’ - Pt OCK Polymer (Formot=a P —GAPBHkmockdown and
bi odi str ution st ||rl\/ testi ng si BNA rnnl ugates Purpose I with HPVA/ PDSIVA- HB
+/ - Gal aPPHRIUBEI yIrB PSR PAAMS Bal WP¥dri ce, femal e Age 7-8 weeks Dose vol une
0.2 m peout0 g use 10 ng/ kg Route 1.v. Tissues collected for liver,
|Ung, Sp **‘ et TOH OS oSt o0ttS PO OP SStes iver andlung
on day 2 osf’ dose. collected for KD Dosing : Dose mce once [[0485]

Bi odi str F‘B'ﬁ'ft?(bfﬁr st (Y- &89-REIPY" RBHEUELLEHESBr evi ousl y descri bed. Knockdown
assays welbmst:mnduct ed as preV| ousl y descrl bed. EXAMPLE 8. 5. GAPDH/ APOB
KNOCKDO O v N O vMCE—OA—COVP si RNA
CO\LJUGATEB 0 TR -Bb@ﬁKlLR@QN&E(I%E‘pOSt[(ﬁébBG] Compl exes of si RNA conj ugated to
tri-bl ockROBIPYAEY were prepared as previously described (Exafple 7.2). The
resul ti nPosngRNA t r|Deselroctonpol ymer

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

EXAMPLE 8.5. GAPDH/APoB KNOCKDOWN FOLLOWING 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 previously described (Example 7.2). The resulting siRNA tri-block polymer
conjugates were delivered to mice by tail vein injection as previously described, under
the listed study protocol. At 24-48 hr post dose, the animals are sacrificed and mRNA
levels determined as previously detailed in Example 8.3.

GAPDH and ApoB knockdown and biodistribution study testing siRNA

Protocol
conjugates with triblock polymers or control polymers
Animals Balb/c mice or C57 black mice, female
Age 7-8 weeks
Dose volume 0.2 ml per 20 g mouse: 10 mg/kg
Route iv.

Tissues collected for |
S Liver, lung, spleen, serum 1 hour post dose
biodistribution

Tissues collected for

Liver on day 2 post dose.
KD

Dosing: Dose mice once for each formulation

The results from these triblock polymer — siRNA conjugate in vivo knockdown activity
studies appear in the following table.
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conjugates were delivered to mce by tail

descri bed,

under the |isted study protocol.

At 24-48 h

r

vein injection as previously

post dose, the

ani mal s awe 2ssiefebced and NRNA | evel s determ ned as pr @¢iraissoog/oasstai | ed in
Exanple 8.3. The results fromthese triblock polynmer - siRNA conjugate in
vi vo knockdown activity studi es appear

Pol yner -

in the follow ng table.Tribl ock
Exanpl e 9:

si RNA Conjugate In Vivo Knockdown Activityblack m ce.

Synt hesi Jriblock Pelgimerk siftiNA GonjiqrRENMV BPKmMSL koW ertvAPSIVAL O]
[ D25- B50- P25] and Post Pol yrrerl zation Conjugation with Folate Targeting

Li gand @nd St RNA[O#87] Ay met hpd foOr [I Ncor por at | NJAGBWRNA MOI 8RRBHENANATANdS
(e.g., folate) into|triblpck polynerg that|targetRepecific cekivesurface
me R rv i R R i h
re_cept or'§ r.ru' S descrl @r't;ﬂf/kg"l'hé /“tfi mqp%%rél)tflség%?hegmggo K‘ ggntsgqu:‘AEEsfe 1c;the\\//(,
am ne (| ||r;| —zed 1 tS DUb' protectea 1 of i aeStgfiat ATy af]
opt i onal MP&ﬁ%@QQnd hydrophili ¢ nonormer (el g., BEGVA or FFM#». Fcllomﬁng
pol ymer 8 Medesi s the Boc| protecting |group|is renoved [resuliting ijn an|am ne
that can el FELEr e gp thp ,tlxatedniqa [”Uoleq_L? tgrgeting agept |to
forma $ uy dggc; They ot e of [ BPAM (AbdB AUy dITE 83 € 707G, [NERS 2cond
hydr ophiT1 ¢ nononmer [ (27 I h t.he[ poleyngr _as wedpbB aS da.fa€ [pbbocK Size [(IVh 1) can
be varied to achieve ThenpsiOeffettiVvie val prieyB of tde |t &dgeti ng ol ecule to
opt i ni ze—targeting—eifcipndYy | Th¥ stlructuyr 0880t K49 70895 4 OSBr as®¥t ed by
f or mul aso olos nd Vi|. 1 [ PEGVAX- BPAMY] Mhi -| HPI\/A 90 PDSMVA 1Q) Mh2-[|D
25- B5O PR tha (PVI| 1) Exanplg 9. 1| Synthesis of BOC- protected|Am ne
Vi nyl Nbﬁbwewm[ggheTe 6 G BoCDO HOHHONH2 HOO" G H2IOTHF|" NY|QL O
L ! NY ( 23 | ')I 1=t 5 2 '\AQ@] Thpa oy 'l-Apr\i o 1Q9 v-an-JQ-m r\r:llfzzﬂ |Q'\20C'\hen'e
| NL_U 5 J é.lo L J‘rU&é‘l LILLAYZ =) II.AFI)b'B)I =) _fT)4 T bblbé.a\.. bl_‘l.szu T d-l18\.1\4
6 . To @ sotutiom ol team e 18 ApoB 1.00 016
[HPMA-
PDSMAJ12 7kpa-
[D2s-Bso-Pa2s]15.3x0a 42 1.0 48 GAPDH 1.01 0.18
20 2.0 48 GAPDH 1.10 0.17
93 20 24 ApoB 0.80 0.16 1.38 0.13
[Nag-
OH(Peg3)]15.2kDa-
[OCH2CH20CH2CH
2NH2]10.7KDa'[D25'
B50-P25]23 0KDa 10 2.0 48 ApOB 1.14 0.10
[GAL-
OH(PEG1)]7 0skDa-
[HPMAgo-
PDSMA 1 0]7.1kpa[
D25-B5o- P25]23.3KDa 123 2.0 24 ApOB 0.23 0.06 0.90 0.10
62 1.0 24 ApoB 0.51 0.10 0.88 0.10
31 0.5 24 ApoB 0.67 0.04 0.89 0.08
124 2.0 24 a ApoB 0.41 0.14 1.32 0.20
124 20 24 ApoB 0.27 0.06 1.23 0.37
80 15 24 ApoB 0.63 0.20 0.97 0.22
50 0.9 24 ApoB 1.02 0.15 1.01 0.15
63 1.0 24 ApoB 0.48 0.10 0.89 0.10
126 20 24 a ApoB 0.30 0.05 0.84 0.10
126 2.0 24 ApoB 0.19 0.06 0.94 0.06
80 15 24 ApoB 0.93 0.14 1.04 0.22
50 0.9 24 ApoB 1.01 0.09 1.12 0.12
[GAL-
OH(PEG2)]3.9xpa-
[HPMAgo-
PDSMA]12.0xpa-
[D25-Bso-P2s)z9. 1kDa Q8 2.0 48 GAPDH 0.45 0.06
50 1.0 48 GAPDH 0.72 0.11
100 20 48 ApoB 0.28 0.14 119 0.17
100 2.0 24 ApoB 0.40 0.24 1.38 0.24
100 17 24 ApoB 111 0.02 1.77 0.02
75 7.2 24 ApoB 0.57 0.04 1,59 0.14
50 0.8 24 ApoB 0.92 0.08 1.24 0.14
25 04 24 ApoB 1.36 0.10 1.37 0.10
[Nag-CH
(PEG2)]24.7kDa-
[HPMAgo-
PDSMA1]14 oxpa-
[Dgs-Bso-Pgs]go_o}(Da 130 2.0 48 ApOB 0.70 0.13 1.1 0.08
[GALOH(PEG3)]s.21 60 1.0 24 ApoB 0.59 0.07 1.2 0.10
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Notes: a: formulation stored at 4°C for 7 days prior to administration. b: Injection to C57 black mice.

Example 9: Synthesis of Tri-Block Polymer [PEGMAx-BPAmy]-[HPMAg,-PDSMA +,]-
[D25-Bs5g-P25] and Post Polymerization Conjugation with Folate Targeting Ligand

and siRNA

[0487]

A method for incorporating small molecule ligands (e.g., folate) into

triblock polymers that target specific cell surface receptors is described. The first

coplolymer block contains a reactive amine (polymerized in its Boc-protected form,

designated BPAm) and optionally a second hydrophilic monomer (e.g., PEGMA or

HPMA). Following polymer synthesis the Boc protecting group is removed resulting in

an amine that can be reacted with the activated small molecule targeting agent to form

a 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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EXAMPLE 9. 2: SYNTHESI S OFlI PEGVAX- BPAMYHHPMA- PDSVAJ- CTA [ 0491] The second

bl ock of the triblock polynmer is synthesized and characteri zed as descri bed
i n Exanplwo@oB,osizeel udi ng [ PEGVAX- BPAMY] - CTA synt hesi ze#Caarsdesmsiched i n
Exanple 9.1 . Typically the nolar conposition is 90% HPMA and 10% PDSNVA
produced by adjusting the feed ratios of the vinyl nonomers in the

pol yneri zation reaction accordingly. Ml ecular weights of the second bl ock
ar e typi culst gffddivewalenby bf heKBaetingencddaquiectourpimize taogétingatiicidénycyl Fh&lVR

d -d6), S N 0 = - - i -
25. Boo- PRI GBI SRR BUSIOLIO PR T B0 ool yrer 1 s synt hesi zed

and purified as i in e ~ A nclhudin
[ PEGNA- BPAMY] I FOICIBE0R DAl R Phe DSyt Dt ForP bt | RVl ¢ he
macr o- CTA, synthesized as described in Exanple 9.2. Typically the nolar

conposition is 25% DVAEMA, 50% BVMA and 25% PAA produced by adjusting the
feed ratios of the vinyl nononers in the polynerization

reacti onacg¢ordi Rgl y. ecul ar iights of the third bl ock are typically
bet ween 4 % u 4 pzvﬁ' T gagéﬁ.z i e, A 6) MPLE
9.4: BOC P | ON OF, X TR POLYNER [ 04931 Pri ar,,

reacting thaé@@?;ogegi(hg bl oclﬁoHO,fJ the triblock polyner with activated
targeting ligand, the BOC protecting group is rgmoved to generate the
reactive primary amnes. After the dialysis stép and eVaporation (as
described in Ex | e 6.6) neat TFA@added under N2 and the deprotection
reaction is carp out for 2 hrs at¥roomtenperature foll owed by ether
precipitation. TR&:structure is confirnmed by 1H NVR (dnso-d6). EXAVPLE 9. 5:
CONJUGATI ON OF FOLA TE TARGETI NG LI GAND TO THE FI RST BLOCK OF THE, JRI BLOCK
POLYMER TO PRODUCE [ PEGVA x - MA(F qLATE)g] - [ HPMA go- PDSMA 10HD25{B%eVp25]
[ 0494] Fol ate i< coupl hrough | car bgoxyld c. agi.d a_spacer unit,
HONCH 2CroacH 2 EXBRARE T XTHeSIs S ARt Atere g Avtioa iy BafefRac: o (S gim)
i s dissolved in dinethyl sulfoxide. S'CE% the.resulting solution is added 1 to
3 fold nol ar excess of dicycl ohexyl Pm?d?i m de (DCC) and 5 nol ar

equi val ents of Nhydroxysucci nimde, and the rj::ti on is stirred at room

tenperature of 16 hrs under N2. Cl
Boc,0O H 0 H
HO~g~NH; HO\/\O/\/N\H/O‘{/ OV\O/\/N\H’O\{/
H,O/THF o CH,Cl,/NEts O o

[0488] The synthesis is represented in Scheme 6. To a solution of the amine
(10.51 g, 100 mmol) in a mixture of 100 mL 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
mixture is allowed to stir at room temperature overnight. To the mixture, 100mL of satd.
NaHCO3; solution and 400mL of EtOAc are added. The organic layer is washed with
satd. NaHCO3, water, then dried over Na,SOy, 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.

[0489] The crude product from step 1 (19.80 g, 96.5 mmol) and triethylamine
(16.1 mL, 115 mmol) is dissolved in anhydrous dichloromethane (180ml), the solution is
cooled to 0°C, and methacryloyl chloride (11.2 mL, 115 mmol) is added slowly 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. NaHCO3 solution (150 ml) and dichloromethane

(150 ml). The organic layer is separated, dried over Na,SOy, filtered and evaporated
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The activated fol ate-NHS conmpound is isolated by precipitation with diethyl
ether followed by washing with diethyl ether and acetone. The isol ated
conpound We 2droeseeeander vacuum and the structure confi r mea/usgoodidedddR. The

| evel of g-carboxylate activation to a-carboxylate activation is
approximately 3:1 . [0495] To the activated fol ate-NHS conpound in di nethyl
sulfoxide is added 1 to 2 fold nolar excess of H2NCH 2CH20OCH 2C H2NHBOC,

t oget her umﬂerWabuemuiT\m.l roducaifis pluriif'@drt;yl @i me chibineatography on silisagel rred at

oot et Atemnesl 1P atdudtidflanty rdafnERr P Eaantis) et B 5 49

di et hyl &4 H\EMR aﬁhe'ucsmbgtsadwmstMunsy @ai gds%mtﬂﬁe cum@uum Rslirifibe on

structure, confi 1H- . 96] Pri.or rea the f |IC aci d
Gor ot SUCAPEHER S Bl xits 5 At uapeatig | R pdies Palaing Patiors
gener at eahdﬂ'@ry”rﬁ;a%ltélé@r db'ldr!é%é bll @btﬁtﬁm@ﬂ Tﬂi\seplfo@bblcis %Fdré’d deaénvat in\eet gly-
descri bed in am ne folate is isqolated by

preci pi t B2PRA f\'/ﬁsi‘r?tcﬁcéphwe é’ir%@ﬂref'élcpﬂﬁi@?f%@b' MRMEr#)di et hyl ~ et her .

The isolated conpound is dried under vacuum and the structure confirnmed by
1H NVR. [ 0497] A 10- fold nolar excess of carbonyl diimdazole (CD) is
added to the BxameLedgdi $yvrdesslor{PEGMAL-BPAMW]-CTW f oxi de and the reaction
is stirred at roomtenperature for 16 hrs. The resulting fol ate derived

i m dazol e urep04%0) sdlhatfiest byckpofebe pidiadki pmiyrm’ertlb syintatsiyéd endipurifieal dowed by
washi ng t h. di

rore g, it Blampler heBed FRg a i SR i g i ML ER AR ot e

pol ymer @fesdléqsd % é@ roRinthitéTR Fénect gl dmed@onﬁbtlﬂbn lFﬁarfyxarr@te Rdesd ratio
tenperature, the gro uct is 1solated by |yophilization fol | owi na di al ysis

agai nst @a2&P0 CHEBEONMBIIYE & rglative H‘ié’r‘r%ﬁé’rﬁé?pm?‘ﬁ%at@tyﬁ@c/t’ GFENA apReO| at e

cont ai ni BE Atk bPEE%KP QAR QG%thr chvely tr NAR o nfefaMPLiir Biolecular
CONJUGATI ONOF SI RNA TO THE SECOND B OF E TRI BLOCK POLYMER TO PRODUCE

[ PEGVAX- [RCHgATINE wmpmmq?mg(@lmmwlvqrﬁzgde[em@m QXPRAMEBIAHY )
9] - [ HPMATRO1{ SIDSMY- vﬁ S st B8ER E{R-?ﬁé Bapis h afpp}% %a\%PVé hs K]fjalt[oﬂélQS]

The flnal step I'n the“construction of a ta ete I'nvol ves
conj ugat degersliNaf the debieed edoncl <bJ‘ItbeIkargetirtmlegamdlatmkdoskjetmer to produce

the fi nalexperlmentally The structure is confirmed by 'H NMR (dmso-d6).

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

[0491] The second block of the triblock polymer is synthesized and
characterized as described in Example 6.5, including [PEGMAx-BPAmMy]-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).

EXAMPLE 9.3: SYNTHESIS OF [PEGMAx-BPAMy]-[HPMAg,-PDSMA 10]-[D25-B50-P2s5]

[0492] The third block of the triblock polymer is synthesized and purified as
described in Example 6.6, including [PEGMAx-BPAmMy]-[HPMA-PDSMA]-CTA in the
polymerization reaction as the macro-CTA, synthesized as described in Example 9.2.
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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pol ymer structure represented by fornulas PVII and PVII. 1. The conjugation
reaction is carried out as described in Exanple 7. First, a thiolated

(acti vat ewip 20i0RNe66s prepared (Exanple 7.1 ) which is tirem/use@owesbssvi t h t he
PDS groups in the second block of the triblock polynmer (Exanple 7.2) to
formthe polynmer-si RNA conjugate. [0499] The final triblock polyner
containing a first block targeting the folate receptor and a second bl ock
cont ai ni agcardinglygdoétutar Rdighits obithal thizek diotle arebiypicaly betiveaotdOvdQ KDai Tle , gene

specific ckdown ctlv t1 gFSC“ ed in Exanple 8. Two different cell
| i nes caﬁ%(ltf)(gurlf’s'@&on e@@ﬁ e pecific folate receptor and the

ot her acontrol cell I|ne not expressing the folate receptor. Multiple cell
| i nes have been described that can be used to denonstrate cell

t ype- speci f i CEXAMRIEL9. ﬁgBﬁﬁcﬁmmﬂﬂ?ﬂﬂTEOTleNpﬁé'HEJF&L@CKE@@WB? (e.g Low
PS, Kul aratne SA. Fol ate-targeted therapeutic and imagin gents for
cancer. Curr U9 IChBrPmBodractingdbe laraetinglplggk Qf5t696f:2b|9%ED€%\WPEEWMD TRI BLOCK

POLYMERS, CEME I I W b yely,
the tribfock poﬁy% %b@ @?nt 1ze g"fﬁ%@e '??%IEICS)@%% @ﬁggr%lg aci d
( MAA) t oppolpn@nines odker the ajmbys% step raepreaapmraédn be;s demcrinéds DRVIDIE). Ga)nd
(PIX). T [ f ' th

Sol ubi 11 15701 [eRSsPnEe! Ry BB T BiRselst 5258 Ao B0 et ey pui -

[ 0502] Stampn fempyrepnas atllbwadcbfy ateaTETipitdtisagT RS sBodtk Gos WbAZadd HY0FORMR

O Acetyl -protected N-Acetyl gal actosam ne nononer Nag-P3-MA ( 1 .5 g, 2.74
nmol es), g 059 g, 0.685 mmoles), ECT (22.5 ng, 0.0856 mmol es; 1:40
CTA : Mononers), AIBN (0.351 ng, 0.00214 mmoles; ECT : AIBN 40:1 ) and DW
(1.64 mM) were introduced under nitrogen in a sealed vial. The nononers
concent r at i onEXAMPLE R5:1CONJUGAEION Ot ROLASE KB REETING hICAIGIOT e Fss THRIISIK Oy

ni t rogen i nt ot ERIBL CEKUPEL YMER T80PRUDVCE ERE Gy MAEFeL ATEAJEHPMAa heat er

bl ock ( Ther nORBSHMA ;B SBs0-Bogpl ay: 70-71 ; stirring speed 300 rpm). The
reaction was left 9 hours 5 mnutes. The reaction was stopped by placing
the vial in itedsd Ealptﬁsi'smgupllad thoxglitey cadbaiylic aditiéo pepacéramiti on of the

rtor v ehBVSHECRRQE LB IRRD QO TE callB RR oB e SR B8R cat 6"
hours. Th®solved in dimethyl sulfoxide. To the resulting solution is added 1 to 3 fold molar

excess of dicyclohexyl carbodiimide (DCC) and 5 molar equivalents of N-

hydroxysuccinimide, and the reaction is stirred at room temperature of 16 hrs under N..

The activated folate-NHS compound is isolated by precipitation with diethyl ether

followed by washing with diethyl 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.

[0495] To the activated folate-NHS compound in dimethyl sulfoxide is added 1
to 2 fold molar excess of HoNCH>CH.OCH>CH>NHBOC, together with 1 equivalent of
triethylamine. The reaction is stirred at room temperature for 16 hrs under N,. The Boc-
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.

[0496] Prior to 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 9.4. The 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.
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structure and conposition of the resulting nmacroCTA were confirned by

1H NVR. The nol ecul ar wei ght of the product ( 12.7 kDa) and its

pol ydi speweizd/i54b6. 1 ) were determ ned by GPC anal ysi $CraBebp/o&icep 2.
Preparati on of MacroCTA [ Nag- P3 80% MAA20% - b- [ HPMA82- PDSMVA8- MAA] [ 0505]
HPMA (0. 556g, 3.89 mmol es), PDSVA (0.097 g, 0.379 mmol es), [ Nag-

P380- MAA20] Macr oCTA (0.30 g , 0.0315 mmoles; 1: 1 50 CTA : Mnoners), AlIBN
(0.52 ng, 0.0084971 nAvIOefld Giokar. exde8Noflcaronyl divdidakBle((CDI). iS2daed tonvdiee

i ntroduced . under. nitrogen in sealed vial, The.nononers concentration was
L"5r 0 W i ey L8RP oin B SBa e ShBite BRSHPT ReTHR AR o e

m xture tamperiung fiutiGshrs Treyresehieg fblaeatbrivad imibaadieurdd iBdsolftéheynonet er: 68
0C, display; 70-71 . stirring speed 300 r .. The reaction was allowed to
br oceed. PEERIARL P SR RTFT <6 BRI nyasTEL G Clorly it BrereuSang

exposi NguhRACENCOI &% hfidaidle. ATHEfORIMblal REdBIbT Bhe iMGaitNd MFRYis ih MeE by
di al ysis agal nst nmet hanol for 36 hours, The solvent was renpoved, and the

resul ti nYitpés Aeproiastecipelwnelsgeion Sduiidimsthyhsulfoaxide: Aftasd@riys atonuvg
spectru eﬁﬁl@é{@ I i d faut VA Ay -

correspcr)r%di ng gjéé’? ﬁ%Btﬁﬂjgglgtléééatﬁgr?gr%nfpshm&g?&eﬁggg%\gedﬁy#ﬁgb%g?:ﬁg%tglrysi s of
t he prod(RAO0PAWE @ Higlysigmembanreiul iz stikstgriet of the BolkBacasyaininggtidodet ect i on,
93% of | |\ - s@nption) and good pol ydispersity ( 1. 1) .

[ 0506] st’é'gﬂ‘%.r “%?@5‘2?‘3%?‘%?“% ected [Nag- P3- MAA] - b- [ HPMA- PDSVANAA]

- b- [ BVA- PAA- DVAEMA] [ 0507] BMA (0.776 g, 5.458 nmoles), PAA (0.31 2 g, 2.73
nol es), DMVAEMA (0.429 g, 2.73 mol es), MacroCTA (0.881 g, 0.02757 mol es;
1: 396 CTA: MonBX¥#HRYE 9.64 USATIOY GRSIRNAGSTHE BEGAYPE-OCKTOR THEARENOLK: 1 ) and
DMVF (1 .986 RPhYMgh & rPRADUSEEEEGMMdMA(ROTEYdTHPM A L RYBIRNA il P25 The
monomer conceBearBssi on was 3 M The mixtures were then degassed by bubbling
nitrogen into the mxture for 30 m nutes and placed into_a heat bl ock

( Ther nonet elPE@YIAgAE I ate)shiRRMARI PPEMA-RLG S (IRNS) spldets-B50P spm) . (TNE)

reaction was allowed to proceed for 11 hrs (assum ng 50-60% of conversion).

The reaction was stopped by placing the vial in ice and. exposing . the
mxture to @i}gHz. ["The | put' fig@Eg@ " of | £ H& pol yfrer \g@ECZ Il yHQEr%ci pifation
from Acet one o110 1L jRtlo hexape/ et o5/ 255(tlhree tiNges). nessl ting
pol ymer was drdredo.cader vacuum f or

e vacmpiter &7 TS

(¢]

J/ s” 3 AN
1
@ RNA

o |
L oA,

H

(PVII.1)

[0498] The final step in the construction of a targeted triblock polymer involves
conjugating siRNA to the second block of the triblock polymer to produce the final
polymer structure represented by formulas PVII 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 block of the
triblock polymer (Example 7.2) to form the polymer-siRNA conjugate.

[0499] The final triblock polymer containing a first block targeting 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 other a
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| east 8 hours. The NWR spectrum showed the high purity of the product. The
nol ecul ar wei ght of the product (43.2 KD) and its polydispersity ( 1 .9)
wer e det ewoiznedsie6 GPC anal ysis. [0508] Step 4 : Depr ot @criusnooofociche

N- Acetyl gal act osam ne pol yner [ Nag-P3- MAA] - b- [ HPMA- PDSVA- VAA]

- b- [ BVA- PAA- DVAEMA] [ 0509] To a 20 ml _ reaction glass vial the polyner
prepared in step 3 (CD-02- 22) (0.7 nmg, 4225 mmol pol yner) was added

f ol | owedcoytraickl dne@nst evprésing the 3olatemecgptoahyltivle sl tmeonafedvean( 1 .5 m _)

d di i,d | I
oo S0, BB 2o ER B B el B VB
Then gl agiaghe fsigtei rec@stod(e(RA0owPS, KoRbathetHA. Rl tirgaleaintherapeliad axe t o

N- Acet yl . gal act osea ne content of the polyner) was added to the reaction
mxture f ?9'%@8‘9’% SANCH pyridyl disulfide (15 ng, 68 mol, 1

equalet relatjive oprld This m xture was stirredaRT
for Ullndep g\ﬁ ozfyooﬁzmﬁaﬂga Aéthegfz he capping with 2,2' - dipyridyl
disulflde for 75 mnutes the reaction mxture was diluted with MeCH (5

m ) and filtered via si rrple gravity filtration. The filtered sol ution was
transferred tBxavelicalOy JrRBLISKIPORYMERS ¢AVRRISING Ag uwols INVMNR G IclBiaborse d

agai nst MeOH (4x1 L) over 18 h, followed by dialysis against mliQ water (5
X 4L) over 200050@] | Altercatively,ytog kridldckatalyoners Wese [dyRhasiacy by shanvedditiar éfor ned

i sul 1 dpueRioie INEAER iEhedbHs it e rrear B e Rl 15 le
spect r osanpyR X hThE admmnn offreidit yesiagsquanasdd e hysiaphiliohy Veslulitityaf pie on.

The deprot ect ed polymer ( 1 3.4 ng) was dissolved in EtOH (268 i)
provi di n§°%M561 ymer " sol ution at a concentration of 50 mg/ni. An aliquot of

aqueous Sof ut TR b °%xé%%1%’wﬂ-]%mﬂémfﬁofmeﬁ%ﬁ@8 0 ol . D) for 10
m n before being,dil lygaed WI t h E!—gpg 40 ) g| Vi ng A.J.educed pol yner sol ution

of 0.063 M(6 I/ . 06 ol /L) .. Singe the expecte
i ncor por p%d‘w %ﬁ% woul d
expect t neent-ratsison - e @ be

1.21 nM (| 0. 635“2‘3 0“° 953“”" OOi 1 eétf"‘t t He"pot yme¥"fs trédted
with DTT as des |bed above. Since t°Hé rml ar abserptivity of

pyri di ne-2-thi gne at 343 nmls eifj 8.08x1 03 M1 cm1 (Hermanson, G T.
Bi oconj ugat e tihi ques, 1996, 1 ed. Academ c Press, an inprint of

El sevier , ™

[0502] Step 1. Preparation of macroCTA [Nag-P3s0e.-CO-MAA2ge.]

[0503] O-Acetyl-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 monomers concentration was ~
2.1 M. The mixtures were then degassed by bubbling nitrogen into the mixture for 30
minutes. They were placed in a heater block (Thermometer: 68 °C; display: 70-71;
stirring 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 methanol for 36 hours. The solvent was after
removed. The resulting polymer was dried under vacuum for at least 6 hours. The
structure and composition 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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page 66 which is incorporated herein by reference) and the path | ength of
t he NanoDrop spectroneter used is 0.1 cm the expected absorption for the
reduced pwbDynsrosswbuti on above should be A = 0.98 (i.e. PCAUS20908%618 03 M 1
cmlx g. 1 cmx 0.001 53 M. After analysis of the reduced pol yner
solution by UV/Vis absorption the experinentally determ ned absorption was
A = 0.48 at 343 nm This denonstrates the presence of pyridyl disulfide
functional ity[0504heSpp 3 Rrepavation bhidaaoOTd [Nagrie 840, NAALn]-{HBMAZN t ot al

pyri dyl gi W%@?@{] ncorporation in the polyner ([0.48/0.98] x 1.9) conpared
to the 2. E) 0 ically cal cul at ed. EXAMPLE 10. 2: SYNTHESI S OF THE

POLYMERPI X: S thesj s of - 0
O Acet yl - pr o'E g@%@)& nﬁ'ﬁ@@l&ﬂ%‘% gﬁ@o@%'%ﬁ’%ﬁﬁ%&%ﬁ%[q'%']t'Wﬁl%ﬂem%géol
and AL BN (e e T e N (LD 0) et &
"t oducBt. Bad S Tele e ArtBN TosIEEd IMEIT D7D Hela BRECUERT Biok ed by
bubbl i ngnitiogeR@EA sbaled VdIETHE mbHEMefsOson2Bnitdtitint ss ~ BIEN. Phae@duids Werdeat

bl ock (Thernoneter: 67-68 0C, display: 70-71 ; stirring speed 350 rpn). The

react i onthgadegasssmbiay Pebilingduterpendptoghp nyxigreion 3P srineig- TRey wersieechip

pl aci ng 5%|aveir%:|oékmh@@n ePHROT; B pld)e 7m7xeyﬁrﬁn§§%§¢]dso gnpetpef i cation

of the final polymer was done by dialysis agal nst anol ‘for 2 days. No
vi nyl gr ;asionmes ajpwed Ve grocaed Fy SNWMR's ped thamstapred bieplepiegtthe vigbinfice med

11 8" kpa 8 o5t el ® 4F TR oriRgURR Wi iha bV RIS

t he t ar gap@dstshethanhalrfer P hyrnsaghe BSlyantiwas teDeovied( &iRMiheEe RDBMAPSIkDal wap0514]
crep 1 ( Od g YoehullT Ak BT Bis e soetiyTRRY e MR B o
0. 00347 teopreductCVA vinyAyBNpd Godegpamaithgdvfthé uhreatteg) mamsraeisiwarediveedednder
ni t rogen i centrat.i 3.M The

i nt | .ed . T t, ~
g e hdaraay S ot e oot e e AeF ret oy esaneeaRt (EBXDaBY it oc. ¢ hen
i mer seddbrcgol@ats, bl Ratg éTdasTOTRIEHiptER) A% gShBPoIRNSperSin7 @ 1). Sti rring

speed 300 rpm. The reaction was allowed to proceed for 3 hours, and then
st opped by pl pes) t BRpV3. Frepdrati6e oRHd PN AP - NAA] -b-[HPMA-PDSMA-

MAA] -b-[BMA-PAA-DMAEMA]

[0507] BMA (0.776 g, 5.458 mmoles), PAA (0.312 g, 2.73 mmoles), DMAEMA
(0.429 g, 2.73 mmoles), 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 ml) were
introduced under nitrogen into a sealed vial. The monomer concentration was 3 M. The
mixtures were then degassed by bubbling nitrogen into the mixture for 30 minutes and
placed 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).
The reaction was stopped by placing the vial in ice and exposing the mixture to air. The
purification of the polymer 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 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-PDSMA-MAA] -b-[BMA-PAA-DMAEMA]
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m xture to air. The purification of the polyner was done by dialysis

agai nst nethanol for 24 hours. The solvent was renoved, and the resulting
pol ynmer waie 2droveseeeander vacuum for at |east 6 hours. TheCRVR2&P66I6481IM
showed high purity of the polynmer and the presence of PDSMA. No chem cal
shifts of vinyl groups due to presence of unreactednononers were observed.
The GPC anal ysis gave a nol ecul ar wei ght of 16800 and a pol ydi spersity of
1. 1 for the resedx i hgamil mhweactjodlags \Bildpe Bolym®y ptdpasedsinadteNadCpr@-ect ed

| PVA 5kDa- b- [ BMA50- PAA40- 1
O} 30k bn £BS06T ToMACOBBPGYTER WEoAddRa PLALYSC BART BTG Hans BEE Ml o)
DVAEMA (@n d38u§chlo@f&§9NWL§§)1d sW&%FrP%ﬁwo&@e?’(@@nﬁ@ 11689 %O?P@e Iéﬁt's
1: 453 CTA: Mononers), AlB ng, 0.001 852 mmoles; N

and DVF (elatlvestoa%lgg) T\'ﬂlérfélxtwi@ megstiead Mnd@rramatrms@@ﬁrei ot @t %Eéqréep bﬂél
nMonomer s e ubbl i ng
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(Ther nongalactoséar-nﬁr& doBtent of Eh@l Eolyme) wak gddstlite tHengasteechixine follpwed tyhe

reacti on_was. al.l to proceed for 2 1 hr um ng 50- 60% of ,
omver o 81 ioRrie R o5 SR SRR § SByBleabiSIvere Pyfiayl Srsuiidey Tia
exposi NgifiGre s é'ﬁr?e&é’R@'fbr1Bﬁ?uM’ér'd‘ﬂld%%f IQPgé’J Atfﬂé?tr&% Wg@ne by

precipitation fromAcetone/ DM 1 :1 into hexane/ether %ree tinmes).
The r esuFipyrdyl séiuiiderfonds minutes Umd@actmmutnre@\rasaiﬂuma@lth BlerbltSssmLrhe NVR

showed p‘elﬁ@ﬂ?@%ﬁ ;vga([i%.mg dé‘%rtgt)@y mfrﬁﬁ&‘r{“:@é’fntf Q@%ugg@ﬁe tﬁéhg%'rreartc?%ﬁal%ﬁ to

|rrpur|t|eso anal ysI s
dn/ dc=0. 0B81rane Mith412009 D) WmelanMaly{a@Bwa]inStl\é@OH 4x11)s)|mvet &2 hi on.

2575 ol BuP e EE ShR PSPt B LR @0l TR B2 %%?AOTHE
anhydr ousiMfh koalg$ie was(petfonined waﬁﬁ)s@DlemrJnﬁwm hremaﬂ;&nér?ﬁrumg;rel329 nmol ,
equi valents relative to Nag content of the polyner). This m xture was

stirred under [@510Rt Bbephies pyrafyl daukitle RindtiondlitP ohithe psigmeR2was difiiqutrtody|

oS el ol PG T8, s ARl BELAaY R B VBt ot 12

[0519] Afrheteplotedte®pomeni 1314 T wadi disdaivd in ¢itom Re8enll)provd@ngian, t he

react! Onpolymer solution at a concentration of 50 mg/mL. An aliquot of this polymer solution (20
uL, 1.0 mg, 6.35 umol) was treated with an aqueous solution of 1.0 M dithiothreitol (10
uL, 10.0 umol, DTT) for 10 min before being diluted with H,O (70 uL) giving a reduced
polymer solution of 0.0635 M (6.35 umol/100 uL = 0.0635 mol/L). Since the expected
incorporation of pyridyl disulfide should be 1.9% in the polymer, one would expect the
concentration of the leaving group pyridine-2-thione should be 1.21 mM (i.e., 0.0635 x
0.019 = 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™ ¢cm™ (Hermanson,
G. T. Bioconjugate Techniques, 1996, 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 cm, the expected absorption for the reduced polymer solution
above should be A =0.98 (i.e., A=8.08x10°M" ¢cm™ 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
pyridy! disulfide functionality in the polymer with the actual concentration of 0.93% total
pyridyl disulfide incorporation in the polymer ([0.48/0.98] x 1.9) compared to the 2.4%
theoretically calculated.
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m xture was diluted with MeOH (5 m ). The filtered sol ution was
transferred to a dialysis nenbrane with a 2000 g/ nol MACO and di al yzed
agai nst NMeQHo(0msi26k) over 18 h, followed by dial ysis agacmaiS2emolosiysvat er (3
X 4L) over 10h, followed by |yophilization. The NVR anal ysis was perforned
using C D30OD, show ng the presence of PDSMA signals. The pyridyl disulfide
functionality o n the polyner was al so quantified using LJV/Vis absorption.
The final pol ErevPLECLOR2 18YNTHESIS dDF BB POEXMERPRXE OH (248 nm) providing a
pol ymer solution at a concentratl on of 25 ng/ L. n aliquot of this
pol yner sol ut i & (20 “’S’KDE o] ) was t‘?"eéf?éﬂww th an aqueous
sol ution of LC{O ith T{hréi“t rﬁ10® Q_Foc'@ mm o 1T) f[or 10} mn
bef ore bein [%% t  H20 educe r outlon of
0.031 25 M(3 2 ‘QQ:‘:@S P/L?;:nF zagﬂte *s{
i ncorporation pyr| dyI sulfl de shoul d be[1.2 %o Jn the pol ymer one
woul d expect e concentratl on ofs't he Ieawﬁg group pyridi ne-2-thione

5 mM (i.e. ,o.oslaéuox 0.01 2 =0.000375 M after the polymer
is treated Wi wBTT as descri bedNabove. Since the nolar absorptivity of
pyridi nex2_glhiQne at 343 nmis e = 8.08x1 03 M1 cm1 (Hermanson, G T .
Bi oconj ugat e gfechni ques 1996, 1st ed. Academc Press, an inprint of
El sevier , page 66 ath | engt he NanoDrop spectroneter used
is 0.1 cmthel® t atgypﬁﬁsbsn fo?%/{] duced pol yner soI uti on above
shoul d be A 0 303 (i cm X 000375 M.
After analysi 509F2k hé &%Uﬁateﬁ@%eybgﬂlﬁp@ﬁawwel_@‘?/nwgr ‘é{ﬁgorptl on the

exper i meHehiahedBicer Mkee INAPSBINIA) plno yas. 8Amrao|%éﬁ EGT @431 My 0.00H S

denonstrated that the presence of yrid sul fide functlonallty in

t he pol yfERolgsk ANg ALEM ¢Q-34P %H&&?@Béﬂmmoﬁq 3‘“%‘#& BiangyPMayiil-Ocl)sul fi de
i ncor por %ké’%trb&uéé&?urﬁ&@r)ﬁﬁ?dzqeﬁ [urﬁ)to?ef@épecﬁx%’til The ni ?etbré Wé& eagagleditie

theoretically cal cul ated 100% ret enti on of pyridyl di'sul fide
gr oups) . beblvpIrEtragen INQ'HERWMWGHQDBEMQSSWRU@RQQESI‘ a[f@eizbqocmsu ng the

or epar ed. TR a8 8 Ch Bkl Bt LR bed Fo. o o WRks can be
hydr oxy palgpyéd tmmrhaeﬂqrﬂoaeélrs5rrnmoheemmwasrﬁepm&deb;dplacmgdhe hial ieficoand nay be
substitu for f e_f ol ' tr| whi ch
PR appedrs RPN RE Rt Gt o el b o B B bR et ur s
are not wngpestmdthandl fehabhyebeda:vingsligdeln;mwvet@rdbsefve‘dhn $he1Nfs/tF{ ssaotem and

the spectra confirmed the desired structure. As determined by GPC analysis:

dn/dc=0.059234; Mn= 11.8 kDa (~ 21 units); PDI=1.2.

/

shoul d be 0.

[0513] Step 2. Synthesis of polymer of the targeted structure poly(Nag-
P3)11.8 kDa-b-(HPMA-E-PDSMA)5kDa].

[0514] 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, 0.00347 mmoles; CTA : AIBN 10:1) and DMF (1.6 g) were introduced under
nitrogen into a sealed vial. The monomer concentration 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 methanol for
24 hours. The solvent 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 to presence of unreacted
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[0521] [ PAA90- BAi 0]i 8 K-[ HPMA9o- PDSMA 10] 5K-[ Fol ate] [0522]

[ PAA90- BAl0o] 18K- [ HPMA8B0- MAAlo- PDSMALo] 5K- [ Fol ate] [ 0523] Fol at e-[ PEG

2k- [ HPVASWORDOMA4266] | 2 OK- [ D25- B50- P25] SOK [ 0524] Fol al @CrRES092636p3-PNVA
90 MAA 10 PDSMA 10] | 2 OK-[ D25-B50-P25] SOK [ 0525] [ PEG MA 70- MAA(N HS)
30 -[ DMAEMA] -[ B- P-D] [0526] [ DMAEMA 70- MAA(NHS) 3Q - [ DVAEMA] - [ B- P-D|
[0527] [Gal]-[ HPMA- PDSMA] - [ B- P- D] [ 0528] [ Gal - MAA] - [ HPVA- PDSVA- MAA] - [ B- P- D]
[ 0529] [ ManGaiels velrMbSDRMA[THE Bs PC Rhalyeis 3@)ve a molecular weight of 16800 and a

% mgg: ip }j'SF%VSWBFP?%ﬁ %;%QF qF\)}ﬁﬂ F0531]B_ I[D-G?)i ] [E)E]:M[ B-P-D [0532]
% mgg: i I\D/iA\A][ Di %]Bég %]e?%%)élﬁﬁ?% é\ﬁl%qigl]o %Cﬁ;&%}%ﬂﬁ%% ég]]ﬁ skpa-D-[HPMA-

[ Gal ] - [ HENYR-PBISM A 2o - [B0B301P AAX0-DMMEMA Rflkad.B- P- D [ 0540]
[ Gal - MAA] - [ HPMA- PA] - [ B-P- D] [0541] [Gal-D|-[PA]-[B-P-D] [0542]

[ Gal - D] - [ HPMAf 6%4 61 BBRIAD0. EE 3. 19 Ndekadd); PRA](0[3B3I, @]35[505#16]%

[ Naccal - FNAE e ,%j%’i 054%&{ S 10 RS oo, 140
[ NAcGal - @]Tﬂ[MB’MﬁnE’Ab -AIBN0R041H§400018¥¥ mBlies; [TAVPAIBREMA y depbtre] [ 0550]

[ PAA- BA] - gHPMA— - PDSMA|] - [ Fol at e]
067 g) were introduced under nitrogen into a sealed vial. The monomers

concentration was ~3 M. The mixture was degassed by bubbling nitrogen into the
mixture for 30 minutes, then placed into a heat block (Thermometer: 67-68 °C; display:
70-71; stirring speed 350 rpm). The reaction was allowed to proceed for 21 hrs
(assuming 50-60% of conversion). The reaction was stopped by placing the vial in ice
and exposing the mixture to air. The purification of the polymer 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 to impurities of unreacted
monomers. GPC analysis of the product gave dn/dc=0.058173; Mn=41.9 kDa;
PDI=1.30.

[0517] Step 4: Deprotection.

[0518] To a 20 mL reaction glass vial the polymer from step 3 (440 mg, 2575
wmol polymer) was added followed by anhydrous methanol (2.0 mL), anhydrous
chloroform (1 mL) and sodium methoxide (72 mg, 1329 umol, 6 equivalents relative to
Nag content of the polymer). This mixture was stirred under an atmosphere of N; at RT
to 1.0 hr, then 2,2'-dipyridyl disulfide (34 mg, 154.5 umol, 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'-dipyridyl disulfide for 30 min, the reaction
mixture was diluted with MeOH (5 mL). The filtered solution was transferred to a
dialysis membrane with a 2000 g/mol MWCO and dialyzed against MeOH (4x1L) over
18 h, followed by dialysis against miliQ water (3 x 4L) over 10h, followed by
lyophilization. The NMR analysis was performed using CD;0OD, showing the presence of
PDSMA signals. The pyridyl disulfide functionality on the polymer was also 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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[ 0551] Fol ate-[ PEQF - [ HPMA- PDSMVA] - [ D- B- P] [ 0552]

Fol at e- [ PEQF - [ HPMA- MAA- PDSMA] - [ D- B- P CLAIMS WHAT IS CLAIMED IS 1. A
conposi t iwo 200m3uicsi Ng a bl ock copol ymer associ at ed wi t RCa/ysedognessieot i de,
t he bl ock copol ymer conprising a first, a second and a third
conpositionally distinct blocks, the first block being a hydrophilic

pol ymer bl ock, the second bl ock being | ocated between the first and third
bl ocks abdlutss @0 @t @b wigt B. 1125qma) was tkeakd with art hguddusradithioaak 1keMng a
hydr ophobi ¢ mer bl rising anionic repeat units, the anionic

ic pol. ock co ( . ,
r epeat uﬁltrt"g{%ﬁ% Ty l&-aﬂ@pQJP@PnF&TTéfforam BHsPeferesliag Alyied mithites} &8kl hat
) o : ; Lon . ¢ ¢
bh 74 ¢ HREP Rl Bofer SBERGRB 0 E3TAE I (oL 1% BABIM G LIOD ol B8 gieR © °
first, sé&owedhapzpediéd thebipockimpnant@yndyl didudfidesshiodlaese v amnribe polydwerionaked

by a pept].dj n : . ption of clai .e]

aver age. MBHILTRPE e tane BrBHRY Fle eng el el B il B 75

conbi nat it (i.6.9.G31Q@Btx RO0DR01000aH M) aliedtheQsdlypadrtis neated. witthBTT@sposi ti on of
claiml or 2 wherein the third block is a yandom copol yner conpri sing

ani oni ¢ FEBERECERPYE. SGern Mo PRBRSVIS) o DERBIST & R sk SAFITES £ 2. The
conposi t p@ax9h° QHamM HGmaRs¥NES eF MBibEEhjddd:s Techfgeexd 1906! -hed dBbemks
conprise repeat units, the repeat units have chain atons and pendant groups
coval ent Pyessoaplireprint®f Erevishapadafbhand hedathienghuefthaNemeDsee car bon or a

conbi nat f : I T LA of
carm 1 SPRRmEer A 8 i the'b Mol UBRoRrRE neteaf O GATRBS LA
uni ts, thboveepuald b@iAt=D.BRY &.echaiB.CRxd A% Manem parfdhnm y0.60937cbly.aAieart | v

coupl ed i 2 chaij . r or onbi nati on
of car bo%ﬂ%%gggi&%erir%dgéegﬁgly@epﬁ@%cno%@ggm% %ﬁg%rﬁ {'(gnn@%o%%% f'ﬁkeﬁga Iy 5 wherein
t he penddaterginedEbsarntion &las® el.316@BUBangr Thip demossisated ghaifthdpdisegen,

hydr ocar byl , sulstj.t d. hydr ocar.byl ubstituted carbonyl or. heterpgyclo.

7 rhe cOhibbPRE cioH RSO G e odVRRE Wil % RaCRER Bk Cion e 1 fare

first, total pyridyl disulfide incorporation in the polymer ([0.345/0.303] x 1.2) instead of the
theoretically calculated 1.2 % (100% retention of the pyridyldisulfide groups).

EXAMPLE 11: ALTERNATIVE TRIBLOCK STRUCTURES.

[0520] Using the methods described above, the following additional triblock
polymers can be prepared. In addition, it should be understood that HPMA-E (2-
hydroxypropyl 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 interest of brevity, such additional structures are not repeated but shall be
considered part of this disclosure:

[0521] [PAAso-BA1o]iak-[HPMAgo-PDSMAq]sk-[Folate]

[0522] [PAAco-BA1o]1ak-[HPMAso-MAA10-PDSMAo]sk-[Folate]
[0523] Folate-[PEG]ok-[HPMAgo-PDSMA 0] 12 0x-[D25-Bso-Paslsox
[0524] Folate-[PEG]ok-[HPMAgo-MAA19-PDSMA 0] 12 ox-[D2s-Bso-Pasaok
[0525] [PEGMA70-MAA(NHS)so]-[DMAEMA]-[B-P-D]

[0526] [DMAEMA7o-MAA(NHS)so]-[DMAEMAJ-[B-P-D]

[0527] [Gall{HPMA-PDSMAJ-[B-P-D]
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second and third bl ocks are independently selected fromthe group
consi sting of substituted al kyl ene, substituted al kyl ene glycol, and
substi t utwo 2alkphmae t hi ogl ycol repeat units, and conbi maTiuse@9bssageof . 8.
The conposition of any of the preceding clains wherein the first, second
and third bl ocks each consist essentially of repeat units that are residues
of ethylenically unsaturated nononer(s).9. The conposition of any of the
precedi ng cl aios28hef@EMAAHAMA{,DSMAMAAREHEPDI rd bl ocks of the bl ock
copol ymer conprise repeat units derived fromoptionally substituted acrylic
aci d nononer s[0529) ofNAdGalBUHIA{RREdA}B:tDlar yl nmononers, optionally
substituted acryl am de nononers, optionally substituted acryl ate nononers
and conbi nat i o053 heNAIGal-MAATP MARRBSVIAIMAAPRB-BfY] of t he precedi ng
clainms wherein the first, second and third bl ocks are non-peptidic. 11. The
conposi tion ofosdy] ofGdR®]BdEBHi ng cl ai ns wherein the first, second and
third bl ocks are non-lipidic. 12. The conposition of claim1l wherein the
first, second[@832hi INAdaEl]-[BeDii se repeat units of Formula 1 Formula 1
wherein * designates the point of attachnment of the repeat unit of Fornula
1 to other repeza33unGa:MAAEID]XR-FABH X2 is i ndependently selected fromthe
group consisting of hydrogen, hydrocarbyl, substituted hydrocarbyl,
het erocycl o, a0834sUbENAdCGHIMARRIC}BAA-D] provi ded, however, X1 and X2 are
not, in the sanme repeat unit, selected fromthe group consisting of aryl,
het er oaryl, heo®3®suli3dliR])yDe[B-€adponyl, and conbi nati ons thereof; each X3
i s independently hydrogen, al kyl or substituted al kyl, and each X4 is
i ndependent | y[ &3 &y ofNAGaltD]t{ B [B&Dlonyl , aryl, or heteroaryl. 13. The
conposition of claim12 wherein the first, second or third bl ocks conprise
repeat units p05Foy nida]-[PA|fBWiDEh X4 is aryl or heteroaryl. 14. The
conposition of claim12 or 13 wherein the first, second or third bl ocks
[0538] [Gal]-[HPMA-PA]-[B-P-D]

[0539] [Gal-MAAJ-[PA]-[B-P-D]
[0540] [Gal-MAA]-{HPMA-PA]-[B-P-D]

[0541] [Gal-D]-[PAJ-{B-P-D]

[0542] [Gal-D]-[HPMA-PAJ-[B-P-D]

[0543] [NAcGal]-[PAJ-[B-P-D]

[0544] [NAcGal]-[HPMA-PA]-[B-P-D]

[0545] [NAcGal-MAAJ-[PAJ-[B-P-D]

[0546] [NAcGal-MAAJ-[HPMA-PAJ-[B-P-D]
[0547] [NAcGal-DJ-[PAJ-[B-P-D]

[0548] [NAcGal-DJ-[HPMA-PA]-[B-P-D]
[0549] [PAA-BAJ- [HPMA-PDSMAJ-[Folate]
[0550] [PAA-BAJ- [HPMA-MAA-PDSMA]-[Folate]
[0551] Folate-[PEG]-[HPMA-PDSMA]-[D-B-P]

[0552] Folate-[PEG]-[HPMA-MAA-PDSMA]-[D-B-P]
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conprise repeat units of Formula 1 in which X4 is -C(OOX 40 -C(O SX 40 ,
-C(ONX 40X4 1 , and X40 and X4 1 are independently hydrogen,

hydr ocar bwD,208ui38166t ut ed hydr ocar byl , het er ohydrocar byl pCIaisgamtoeices!

het er ohydr ocar byl , or heterocyclo. 15. The conposition of claim1l2 or 13

wherein two of the first, second and third bl ocks conprise repeat units of

Formula 1 in which X4 is -C(QOX 40 , -C(OQSX 40 , or-C(O) NX40x4 1, and X40

and X4 18’{ ndependently hydr ogen, hydrocarbyl, substituted hydrocarbyl,

het er ohy ocarbyl substituted heterohydrocarbyl, or heterocyclo. 16. The

conposition wherei n each of the first, second and third

bl ocks comr?gvﬂ-gkg;g%)&h%??of Formula 1 in which X4 is -C(0O Ox40,

- C( O SX40, or1.- cOMIs$0KA coMpaisithgXadioloan doptymeraassociathspwitit e polyyublgdiidsgen,

e PR A YRR R oIS BRSPS,
y\/ne[ ei rcl) bloeks,ithsfirst bm&ggmgra dem%l(])ﬂ gﬂﬁm}e{zblmpk|tlge|scra]gqgeiatblocmbelsg idcavrzdgi 22 X4
hydr ocar Bpiee e T Ba Ry Parasy Rosonares iy Hecpdiiestdebe Yot e

het er ohydémg@r Mropt@b@@d@ﬁ@ﬁ&l@b@corﬂqﬁnsuFr@am@arm@peétl udiits 0the ainjo S repbat
preceding clains wherein thF first or second bl ock comprises repeat units

derived PREMIAINORPRENEHDT &' FiATHES sepsiifusgtathesdhinal ViHes & nHmberiig ah

i nteger HapsHdiet haRte thepdBllatdn Seind SIRERY)MpHNE HeAatBH 8, \Qhérih tléié‘eﬁ
wher ei n onﬂg&or nor e Rgg&uarlnt |sIn &?l%on dTP substl?tlrﬁ ed with 5 _a

-ORl or 980f the rep nits pfthe figst, SG(C@FQﬁRQ)thIrd féa@wmnome rﬁglduz@énd 22 are
i nd d t f hyd hal d
i ndepen %HM&/ éwegg)yféa%tk{}fﬁ%pup c_on3| sting o ydrogen, hal ogen, an

optionally su stl tuted 'Cl R4 is selected fromthe group
consi sting of2hyte @g@posmrdowairromavheyelsmmisnlumbere@vemage Biokickiar welht jog

P ooy AP IR IS, Mk ulied, o AL A0S0 B IS oBp™L

hydr ogenDahahsgen, opti onal I y substituted O C 3 alkyl, polyol, vitamn,

8(rap;| de or sn§1I Ll'hg[c):!)r%%lcj)sforb%yclaﬁln ?om%lw Celftlei%rtht\aﬂﬁ%ir%%lo&ciszaor%naor%ZC%%oIDerHetrons
comprising anionic repeat units and non-ionizable hydrophobic repeat units.

4. The composition of claim 1 or 2 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.

5. The composition of claim 1 or 2 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 oxygen atoms.

6. The composition of any of claims 1-5 wherein the pendant groups are selected
from the group consisting of hydrogen, hydrocarbyl, substituted hydrocarbyl, substituted
carbonyl or heterocyclo.

7. The composition of any of claims 1-6 wherein the repeat units of the first,
second and third blocks are independently selected from the group consisting of
substituted alkylene, substituted alkylene glycol, and substituted alkylene thioglycol
repeat units, and combinations thereof.

8. The composition of any of the preceding claims wherein the first, second and
third blocks each consist essentially of repeat units that are residues of ethylenically

unsaturated monomer(s).
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conj ugat abl e group. 19. The conposition of any of the preceding clains
wherein the first or second bl ock conprises repeat units derived froma

pol ynehzawbeormieaser having a formulan i s an integer ramgirag2émonice2sto 20,
each Rl, R2, R3, Z1 and Z2 are independently selected fromthe group

consi sting of hydrogen, hal ogen, and optionally substituted & C 3 al kyl, R8
is hydrogen or (CRLR2)nR9, wherein mis 0-1 0, and wherein one or nore
(CR1R2) unit 9sTbetompakitign stitisy oftthe edeosiciny clAiRERZ)ereiORte dirst-s8Rbtndand RO i s

hydr ogen,, .hal ogen, .optiaonal ly substituted Cr.C 3 al kyl ol yal i tam n,
papt 1 de bPRRERE Y srEh AR Badly REPE st Er e Gutle Ve BB onalit' Bai ons,
or a congugstitabl acglioupid Aéhonldre, eettpaty sutstiteéd ainyl 0f hbeomecegiidrallg! ai s

wherein the first block conprises nmononeric resjidues derived fro

Cont r ol | SUCHMFA SEOIEET RS RARS SrP R AN ST SO RBRETEr A The
conposi t tembRktighythefedihe preceding clainms wherein first block is a random
copol yner conprising two or npre conpositionally distinct repeat units. 22.
The conpositi bhe sappesitiomefl #1eidhe Ripcerinoriaseyharainthe first. second aes
conpri Seg,; inh&. i~are residues of an ethylenically unsaturated
rmnorrer.%zlrrd.e&% aggrrr%gge?lﬁ%lﬁ of any of the preceding clains wherein the
first block cbhpfheesmpegten olaiv e toeprasegingdiaigstvehareinrie &irst Sesondandrul a
1ETS whegeing i t.es:t he point of attachment of the repeat unit of
For mul a E@‘Fg)l?%kgﬁhg'rgﬁrhggj'e%t units, X3 is alkyl, and X44 is a targeting or
shi el di ng noi €.yThe@dompbsgticoopdsint 1 eecdin thealirst, Bedorwhertbirad biths cemarigml yol |
vi tam n, réjgep“ d.g ofrFsma, | , ol ecul e having a nol ecul ar wei ght of 200 - 1200
Dal t ons. a ﬁ's%or%myq1on of any of the preceding clainms wherein the
second bl ock is a hydrophilic polyner kfocks26. The conposition of any of

t he preceding clainms wherein second blo S a random copol ynmer conpri sing
two or nore conpositionally distinet re units. 27. The conposition of
any of the preceding clains wherein tXe secohd bl ock conprises repeat units
that are residues of an ethyl eni caIXlI at urated nononer.

Formula 1

wherein

* designates the point of attachment of the repeat unit of Formula 1 to 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;

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

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

13. The composition of claim 12 wherein the first, second or third blocks
comprise repeat units of Formula 1 in which X* is aryl or heteroaryl.

14. The composition of claim 12 or 13 wherein the first, second or third blocks
comprise repeat units of Formula 1 in which X* is -C(O)OX*, -C(O)SX*, or
-C(O)NX*X*" and X* and X*' are independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl, substituted heterohydrocarbyl, or heterocyclo.

15. The composition of claim 12 or 13 wherein two of the first, second and third
blocks comprise repeat units of Formula 1 in which X* is -C(O)OX*, -C(O)SX*, or
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28. The conposition of any of the preceding clainms wherein the second bl ock
conprises repeat units that are residues derived fromcontrolled radical

pol yrer i 280i2010/05826a pol ynmeri zabl e nononer. 29. The conp®s€irttiseendnb3cany of

t he preceding clains wherein the second bl ock conprises repeat units
corresponding to Formula 1: Formula 1 X4 is -C(O OX 45 or -C(O) NX45X4 1,
X45 is substituted hydrocarbyl, substituted heterohydrocarbyl, or

het er ocyeC(@ Néﬁ‘ﬂ(“k%wdc)@“ﬁpndé(é‘éam idtlsperideddy hpdregsn, (8arocahey| caubstisitad on of

I 29, wh 4 bstitu b
i oul 11 dBMEPER. MR eRRRRb SR Be By o AR SRR Gl o e
\ll__\/nel’ e: n the se@omhle;( gbmpksuﬂ@ﬂpmlamgm epe@wgamurz ea@roofrtesmgmdsmnggtnﬁghpga 1:
or mul a ereln 'S - ltute
hydr ocar égP\lé,QS EQHRYIS (RPEgt W%[S)eqqéﬁ’y’ﬂl" W&%h %hNg (agﬂ?cr(t) 6 Cbnpri ses
the pol ynued) N@(ﬁq)dé,ar@fbd“fah@ )@bbwﬂlﬁéé@@{deﬁﬁy h%@?é@'@@?dd&r&@tﬁﬂ}ﬂ)sm@té&e

conposition throu h X46 . nposition o clains 1-21 wherein

t he secoRYWBFEN. 6Wmhy§é%car@6e%ubsuwtquh%m§@@am ﬁ@métqﬂéﬁ)’ﬁ{ﬂ a 1: Formul a
1 wherein X4 y3 ThL Q%rQFggé‘iﬁor%f CIQTQM @Me?&im WeGnrhts s@ccﬁ%p&lthltré’h%@ks

hydr ocar byl , het er ohydrocarb or het ergcycl o noi et 4¥ conpri ses t he
pol ynucl eomptes repeat uits upavrwmzs‘l 80E(QOXS ono@@)bk)h%nanqlx‘b@n@@(t @re he

conposi t @%Péﬁk%%@%ﬁéo%en %(] dg&% @R &Bc%ﬁlgﬂgt\ﬁé&@ﬁ%?@ﬁ] ng clains

wherein om c msr conpri si
conposi t sorsiituted deteromokocasipyg atr he’nemsycIQ'iS The conposition of any of the
precedi ng cl aj |l ock conpri.ses re S t hat, are

el dueeor ol eThO BaBbfalidof AbLehiPe BisberRTAm S ulcTBhThe Ikt bo 4Rl 205

any of t blecRicempdbegrepeat umitsvdegived frotrhe pblynietizthlo chorwongrrtiavies a p@ala uni t s
that are derived from control ed radical pol yrrerl zation of a polynerizable
nononmer. 36. The conposition of any of te pf'eceding clai ns wherein the

third block is a
o}
e
n
2

wherein:

n is an integer ranging from 2 to 20,

X is -(CR'R®)m- wherein mis 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 C4-C; alkyl,

R* is selected from the group consisting of hydrogen, and optionally substituted
C+-Cs 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.

19. The composition of any of the preceding claims wherein the first or second

block comprises repeat units derived from a polymerizable monomer having a formula
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hydr ophobi ¢ pH dependant, nenbrane destabilizing pol ymer, the nenbrane
destabilizing polyner being endosone disruptive at a pH of or |ess than
about 6. 2v¥02%10/0Bs6conposi ti on of claim 36 wherein the WERNIS2009/063648
destabilizing pol ymer being substantially non-endosone disruptive at a pH
greater than 7.0. 38. The conposition of any of the preceding clains
wherein the third block conprises repeat units corresponding to Formula 1A
Formul a 1A wherein * designates tBe paint pf attachnment of the repeat unit

of Formula 1A to other repeat uni 3 is alkyl. 39. The conposition
of any of the preceding cl [ [ | ock conprises repeat
units corresponding to Formu X ergrf * designates the point
of attachment of the repeat unjt of For mul E tomother repeat units, and

1-35 wherein the third bl ock conpri ses repeat units corresponding to
Fornul ae 1A amts arEinkegempargingNreordiel 20, 1E wherein * designates the point of

attachnent of T epe e its,
each X3 and )&éf“tF1 i %phﬁefpen en?l %/rgirﬁ;%leﬂdéﬁ (Fee&é;da{régmqh%l% %J (2031%%5}{8
repeat uof h;&jrogmrremmgledlalgjbpndﬁarlymmmtmﬁedmt@galkwmber of repeat units
correspondi ng to Fornul a ?“EF{EE gg tﬁn rd bl Oﬁb IS (?e ween about 20:1 and
1: 4, respectl elSyYAROGEN of iWRYRINGR 151y Oo N WO QBAPHEOL ai s
wher ei n m)re‘mzi)mhmusbcbm@hamomsnﬁﬁéd vepeRR 'RMLOR' eprgRSpAAdI ng to Fornula 1C
Formul a 1C whegein * designates the 0| nt of aftachnent of the repeat unit

of Formi a 10 & hygrRgen, BRegen. aatesaieibsytiadd)-Cs 2iky! eBol, yitamin,

am no- SUBébtﬁdeUcSreéi'na?}i m¥lecutdhavilyen FRIBRERI WeRiht 8f 260'Y. 1200 B HoRE, k0 wherein
the third bl ock conprises repeat units corresponding to For mul ae 1A and

1CFor nul goning#ablgdraun.C wherein * desi gnates the point of attachment of the
repeat unit o0by FRREULARE&ANEr any of the preceding claims wherein the first block

comprises monomeric residues derived from controlled radical polymerization of a
polymerizable monomer.

21. The composition of any of the preceding claims wherein first block is a
random copolymer comprising two or more compositionally distinct repeat units.

22. The composition of any of the preceding claims wherein the first block
comprises repeat units that are residues of an ethylenically unsaturated monomer.

23. The composition of any of the preceding claims wherein the first block
comprises repeat units corresponding to Formula 1ETS:

® 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.
24. The composition of claim 21 wherein X** is a polyol, vitamin, peptide or small
molecule having a molecular weight of 200 — 1200 Daltons.
25. The composition of any of the preceding claims wherein the second block is
a hydrophilic polymer block.
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1C to other repeat units, each X3 is independently alkyl, X48 is

am no-substituted al kyl, and the nunber of repeat units corresponding to
Formul a Iwoi2nioidse26bhi rd bl ock is at | east equal to the mrowsSeooofocIcepeat
units corresponding to Formula 1C in third bl ock. 43. The conposition of
any of the preceding clains wherein the anionic repeat units in the third
bl ock are predom nantly anionic at a pH greater than 7.0 and predom nantly
non- char ged a26. th@f:ompesitid)mafnar@/ @f. th@fprecféhmgam‘rpmsmrtdrein setoraplook ist de

precedin ai s eL el the third bl ock nic repeat units
ertved TrORITRAERR e g e P AonG bR A B AREES 1o 750,
45. The conpogy.t The compasiiondf adjeofphe pasbiedmgad @imzevhdneinahd sédend dibgkd bl ock
conprises ani.onic repeat units hayi ng a pr tonatlﬁ'bl e ani on| C speci es

sel ect ed“PPBHFLHEREIWNN'TS tBRL3fe RINYIBRFRIN ¢SFEIeAIPTURFe aci d,

sul finic acidggswphé Uér*n@os’%‘ﬁd)rdof mﬂh@bré‘ceawg%lalﬁl@@ﬂ@?élﬁltﬁe a6échd Rock
phosphorous acid groups, and conbi nations thereof. The conposition of

any of t ﬁ@mBF'%Qﬁer@Pﬁ@t lﬁ]'télth%t %é@%ﬁjlﬂﬁ&%'vﬁﬁlf@ﬂ“ %‘Pfﬁ@ﬂe@@ﬁi?@ﬁb’”ﬁﬂzéﬁ?r&

repeat u f | ymeri zation of a (C2-C8)al kylacrylic acid. 47.
The conpgg%?Ogﬁk%¥§§ﬁ;ﬁ%?%@ﬁe precedi ng clains wherein the third bl ock
further conpr2$eshecpnpesition of &ty &fdhe precedingpiaimswhareindee seeand blogh

pol yner i r from6.0 to 10.0. 48. The
conp05|t?@ﬁb@$ﬂ§%9g§?ﬁl%2%B?ggggﬁﬁgkhﬁgghgg&hereln the third bl ock
conprises at |east 10 anionic repeat un{tstaving a population of anions as
substituents thereof that varies in nu in a pH dependant manner. 49.
The conposition of any of the prec ims wherein the third bl ock
conprises at |least 20 anionic repeat Anits having a popul ati on of anions as
substituents thereof that varies ig¢hu r in a pH dependant manner.50. The
conposition of any of the preceding clains wherein the third bl ock

conpri ses tens of anionic repeat uni Fernaagiing a popul ation of anions as
substituents ereo varies_j.n n.a pH dependant manner. 5 1.

The conposi t i ¥niSerC( QAQX forelCAPHEX ?5415% wgéwe$tﬁutﬁﬁ@yamcamyé SUBpiEHEduni ts are
derived hERMMRIIERSE) ZA HeMlofcid a2 Cabmdhkyd 2 ARLdetm@ei,d.

30. The composition of claim 29 wherein X*° is substituted hydrocarbyl and X*°

comprises a disulfide moiety.
31. The composition of any of the preceding claims wherein the second block

comprises repeat units corresponding to Formula 1:

X3 x4
*
*
X1 X2
Formula 1

wherein X* is —C(O)OX* or -C(O)NX**X*', X*¢ is substituted hydrocarbyl,
substituted heterohydrocarbyl, or heterocyclo, X*® comprises the polynucleotide, and the
polynucleotide is covalently bound to the composition through X*.

30. The composition of any of claims 1-21 wherein the second block comprises

repeat units corresponding to Formula 1:
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52. The conposition of any of clains 48-50 wherein the anionic repeat units
are derived from polynerization of propylacrylic acid. 53. The conposition
of any ofwOhelosemwedi ng cl ai ms wherei n each of the firstPchlusesod/osmseond

bl ock and third bl ock of the bl ock copol ymer have a pol ydi spersity index of
not nore than about 1.7. 54. The conposition of any of the preceding clains
wherein each of the first block, second block and third bl ock of the bl ock
copol ymer have a pol ydi spersity index af ab@gut 1.0 to about 1.4. 55. The
conposition of any of the preceding clai wherein the bl ock copol yner has
a ratio of a nunber-average nol ecubyr rolt, Mh, of the first block (M
1st) , second bl ock (M1 2nd) and thi & bl ock® (M 3rd) defined by (M 1st
+MVh 2nd): (M 3rd) rangi ng from aboyt’ 2M\L to about 1:9. 56. The conposition
of any of the preceding clainms whefein the bl ock copolyner has a ratio of a
nunber - aver age nol ecul ar wei ght, M, chnm@e first bl ock (v 1st) , second
bl ock (Wn 2nd) and third bloc% (wvn 3 % (WMnh 1st +Wn 2nd): (M

3rd) rangi ng V&Rl ost-GCI0K0 db&l®) |\i $I@e’3U@éWHE%1 Wdéqpaé?wany of the

precedi ngefekdHyiRo s &rhetdlBc R W@)‘r&i/e)@“@ 'chnph§es the polynucleotide, and the

polynucleotide is non-covalently bound to the composition through X*°.

32. The composition of any of the preceding claims wherein third block is a
random copolymer comprising two or more compositionally distinct repeat units.

33. The composition of any of the preceding claims wherein the third block
comprises repeat units that are residues of an ethylenically unsaturated monomer.

35. The composition of any of the preceding claims wherein the third block
comprises repeat units that are derived from controlled radical polymerization of a
polymerizable monomer.

36. The composition of any of the preceding claims wherein the third block is a
hydrophobic pH-dependant, membrane destabilizing polymer, the membrane
destabilizing polymer being endosome disruptive at a pH of or less than about 6.2.

37. The composition of claim 36 wherein the membrane destabilizing polymer
being substantially non-endosome disruptive at a pH greater than 7.0.

38. The composition of any of the preceding claims wherein the third block

comprises repeat units corresponding to Formula 1A:

O, OH
X3
H H
Formula 1A

wherein * designates the point of attachment of the repeat unit of Formula 1A to
other repeat units, and X2 is alkyl.

39. The composition of any of the preceding claims wherein the third block
comprises repeat units corresponding to Formula 1E:
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a deoxyri bonucl eotide. 58. The conposition of any of clains 1-56 wherein
the polynucleotide is an si RNA, an anti sense oligonucl eotide, a dicer
substr at evoanmomsRMA, an ai RNA or an ShRNA. 59. The conp®@sirttiseenonb3cany of
the preceding clains wherein the polynucleotide is an si RNA. 60. A
conposition conprising a polymeric mcelle, the mcelle containing a bl ock
copol yner and a pol ynucl eoti de associated with the bl ock copol yner, the

bl ock copol ymer conprising a first, secgk*and a third conpositionally
di stinct blocks, the first block being hydr ophi li c pol yner bl ock, the
second bl ock being | ocated between the firsg and third bl ocks and

associ ated with the pol ynucl eoti ird block being a hydrophobic
pol ymer bl ock conprising anionic r i«ts, the anionic repeat

uni t shavi ng a popul ati on of ani ons substituents thereof that varies in
nunber in a pH dependant manner, the popul ation being greater at pH 7.4
than at pH5 , wherein at | east 90% of the repeat units of the first,
second and third blocks are not the Fesuthuds of anino acids |inked by a
peptidic bond. 6 1. L Ac¢c osjtion c risin meric el

ol yhuct eot | dunaiet-fesatrias ihe Rar Gradar s ol rebeel wic i e Bl °

pl ur al i t yiref réeat kinBALMTRING X'OBRS ingbpehddnlly algi.T St bl ock, the first bl ock
bei ng a hydrophilic polynmer block suitable for targeting or steric

shi el di ng of E%eTb%WWQ@%"B@i PNy ¢figlaimg 1s3% wharam H@kthwégwgbﬁomw% r st

bl ock angLcaat bt &%Bndlhg@o B6GANde BhagH ASSOCi ating with the

pol ynucl eotide, and (iil) third block, the third block conprising a

hydr ophobi ¢ pH dependent, ranqﬂ¢stabi|izi pol@¥Er bl ock; the
plurality of block copolyners ng associ at ed t he nlcelle, and the

m celle being stable in an aqu oug@nediun1at pH [7. 4X3 62. A conposition
conprising a polymeric mgcelle Kde associated with the
mcelle, the mcelle conp s bl otk copol ynmers conpri sing
(i) a first block, the fir bl ock being a rophilic polynmer block, (ii)
a second bl ock bet ween theg figst block andka third bl ock, the second bl ock
associating with the polynucleotide, and (iii) a third block, the third

bl ock being or conprising arpehyaes bl ock corprigarig a plurality of

hydr ophobi ¢ mononeric residues and a plurality of anionic
wherein * designates the point of attachment of the repeat unit of Formula 1A and

1E to other repeat units, each X® and X*’ are independently alkyl, and the ratio of the
number of repeat units corresponding to Formula 1A to the number of repeat units
corresponding to Formula 1E in the third block is between about 20:1 and 14,
respectively.

41. The composition of any of the preceding claims wherein the third block

comprises repeat units corresponding to Formula 1C:

0 Ox48
X3
H H
Formula 1C

wherein * designates the point of attachment of the repeat unit of Formula 1C to
other repeat units, X2 is alkyl, and X*® is amino-substituted alkyl.
42. The composition of any of claims 1-40 wherein the third block comprises

repeat units corresponding to Formulae 1A and 1C
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nmononeri c residues, the plurality of block copolyners being associated in
the mcelle, and the mcelle being stable in an aqueous nedium at pH 7. 4.
63. A compogntummesonpri sing a polynmeric mcelle and a poryuseabmcicusie
associated with the mcelle, the mcelle conprising a plurality of block
copolynmers conprising (i) a first block, the first block being a
hydr ophilic polynmer block, (ii) a second bl ock between the first bl ock and
a third block, the second bl gck beigig hydroph{lic @xtP conprising a
plurality of cationic nonomeri sidues in i ORYC association with the
pol ynucl eotide, and (iii) a thi s0ck, the th|rdxblock conmprising a
hydr ophobi ¢ pHdependent, penbra estabw izin ol ynmer bl ock, the
plurality of block copoly associ insthe mcelle, and the
m cell e being stable in an eous nedi um H7.4. 64. A conposition
conprising a polymeric mcg and a pol ynucl eptide associated with the
mcelle, the mcelle conprising a plurality of block copol yners conpri sing
(i) a first block, the firstgghpgkihei ng a HBadmalhid i c pol ymer bl ock, (ii)
a second bl ock between the first block and a third bl ock, the second bl ock
bei ng a pol ynwhergirocdesignaiestheaginti of iatigchmentsbithatepleabtnitiel fasrwlahh lapd
coupl ed ck, i Lr l\ae I bei ng
or corrpr|t1glthgtt;]na‘;"?(r?lglltsj)‘&ﬂ ﬂ't% ééCh%gée|Hgné ﬁq%ﬂlkgﬂggpgﬁelédae@ gbsﬁjp%;gtﬂtne% 69%{?’ymar
bl ock, thed mmmmhbemfmépéﬂtmks corpeﬂgamﬂi’r@ tb éiongu s oI the ddrd bioclhxs arlesst | e,
t he nicelle i,n gueous A conposi tion
compr 1 ot REa RUTSHEPRE el ar RO s ohacP EatmhE (& EPdpidiui th the
mi gel | eh tge #3.CThé eompwrmbfr@;eofbh@pl@dedpﬁloymrs ﬁ/ﬂfé_!élhghiaaﬁibhﬁ:glep@ell(tseCﬁnd
and a thir a hy ilic polyner ock, the
Second bUBEIES B IR GReRRERGBI ABEGIb SoH BRI B B ¢ he 1 1 51
and thi rﬁrédoﬂﬁmt B HbnasHRRGdPAIasH Wi [eBs tHa@ @20l ynucl eotide, the third bl ock
bei ng a hydrophobi ¢ pH dependant, nenbrane destabilizi ng polymer bl ock
wherein (i) t‘ﬁ‘é fhe §‘t)mBP%J an plany pfth® Peecedingidal t"VWﬁje'QgB? grrdflesk ¢
shi el di naor%néézearn@#q.y%Eéa%%néi&em!ewonﬁpslyﬁ%@@a@\e%mérermaom@%sp@t' oni ¢
repeat units 1n 1onic association with thé polynucleotide, or (11i) the
pol ynucl| easdingefrom 4oieal ént |y coupl ed to the second bl ock. 66. The
composi tion ofg agye 8{>m§}> %oﬁﬁgﬁo’? thE BrétleBingFai FRMRS LR RO uRRELSes the
conposition of ‘any arns 1-59.

comprises anionic repeat units having a protonatable anionic species selected from

carboxylic acid, sulfonamide, boronic acid, sulfonic acid, sulfinic acid, sulfuric acid,
phosphoric acid, phosphinic acid, and phosphorous acid groups, and combinations
thereof.

46. The composition of any of the preceding claims wherein the third block
comprises anionic repeat units derived from polymerization of a (C,-Csg)alkylacrylic acid.

47. The composition of any of the preceding claims wherein the third block
further comprises a plurality of cationic repeat units derived from polymerizable
monomers having a pKa ranging from 6.0 to 10.0.

48. The composition of any of the preceding claims wherein the third block
comprises at least 10 anionic repeat units having a population of anions as substituents
thereof that varies in number in a pH dependant manner.

49. The composition of any of the preceding claims wherein the third block
comprises at least 20 anionic repeat units having a population of anions as substituents

thereof that varies in number in a pH dependant manner.
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67. The conposition of any of clainms 60-65 wherein the polynucleotide is a
deoxyri bonucl eotide. 68. The conposition of any of clains 60-65 wherein the
pol ynucl ew0i2d®/a5826an si RNA, an anti sense ol i gonucl eot i deCTAISANODH3648
substrate, an m RNA, an ai RNA or an shRNA. 69. The conposition of any of

cl aims 60-65 wherein the polynucleotide is an si RNA. 70. The conposition of
any of clains 60-65 wherein the polyneric mcelle is characterized by an
aggr egat i on nborb&he camgosigorf oloanyadfdbe pldretimgadiaions viiGdeiohibe tisradsockmi cel | e. 7
1. The coqgos ition o 60- 69 mhe m.celle is

Shar not oBPBRRbes, 2 8 adP g te s MR nafng A RCIegon st Af 0B b MEpiEuds

m ce: : e. tr%ze(ﬂ"[ha mﬁp@ﬁgmngb@r iafa @-myjepéndzinam?néﬂ 69 wherein the polyneric
mcelle is ¢ terize acrltl m_c concentration, rangi ng
rom about 0. 31 ubIHEOTBOSEINS &t dlTaims S50 whe ST imeati o brersrt Uil 4
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55. The composition of any of the preceding claims wherein the block copolymer

'sYy second

has a ratio of a number-average molecular weight, My, of the first block (M,
block (My>"%) and third block (M,>"®) defined by (My"*! +Mp2"%:(M,*%) ranging from about
2:1 to about 1:9.

56. The composition of any of the preceding claims wherein the block copolymer
has a ratio of a number-average molecular weight, M, of the first block (M,'®"), second
block (My>"%) and third block (M,>"®) defined by (Mp"*! +Mp2"%:(M*%) ranging from about
1:1 to about 1:3.

57. The composition of any of the preceding claims wherein the polynucleotide is
a deoxyribonucleotide.

58. The composition of any of claims 1-56 wherein the polynucleotide is an
siRNA, an antisense oligonucleotide, a dicer substrate, an miRNA, an aiRNA or an
shRNA.

59. The composition of any of the preceding claims wherein the polynucleotide is
an siRNA.

60. A composition comprising a polymeric micelle, the micelle containing a block
copolymer and a polynucleotide associated with the block copolymer, the block
copolymer comprising a first, 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
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associated with the micelle, the micelle comprising a plurality of block copolymers
comprising (i) a first block, the first block being a hydrophilic polymer block, (ii) a second
block between the first block and a third block, the second block associating with the
polynucleotide, and (iii) 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.

63. 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 first block being a hydrophilic polymer block, (ii) a second
block between the first block and a third block, the second block being hydrophilic and
comprising a plurality of cationic monomeric residues in ionic association with the
polynucleotide, and (iii) a third block, the third block comprising a hydrophobic pH-
dependent, membrane-destabilizing polymer block, the plurality of block copolymers
being associated in the micelle, and the micelle being stable in an agqueous medium at
pH 7.4.

64. 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 first block being a hydrophilic polymer block, (ii) a second
block between the first block and a third block, the second block being a polymer

bioconjugate comprising the polynucleotide covalently coupled to the second block, and
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(iii) a third block, the third block being or comprising a hydrophobic pH-dependent,
membrane-destabilizing polymer block, the plurality of block copolymers being
associated in the micelle, the micelle being stable in an aqueous medium at pH 7.4.

65. A composition comprising a polymeric micelle and a polynucleotide
associated with the micelle, the micelle comprising a block copolymer having a first, a
second and a third block, the first block being a hydrophilic polymer block, the second
block being a hydrophilic polymer block located between the first and third blocks and
associated with the polynucleotide, the third block being a hydrophobic pH-dependant,
membrane destabilizing polymer block wherein (i) the first block is suitable for targeting
and/or steric shielding of the polynucleotide, (ii) the second block comprises cationic
repeat units in ionic association with the polynucleotide, or (jii) the polynucleotide is
covalently coupled to the second block.

66. The composition of any of claims 60-65 wherein the composition comprises
the composition of any of claims 1-59.

67. The composition of any of claims 60-65 wherein the polynucleotide is a
deoxyribonucleotide.

68. The composition of any of claims 60-65 wherein the polynucleotide is an
siRNA, an antisense oligonucleotide, a dicer substrate, an miRNA, an aiRNA or an
shRNA.

69. The composition of any of claims 60-65 wherein the polynucleotide is an
siRNA.

70. The composition of any of claims 60-65 wherein the polymeric micelle is
characterized by an aggregation number ranging from about 10 to about 100 chains per
micelle.

71. The composition of any of claims 60-69 wherein the polymeric micelle is
characterized by an aggregation number of up to about 60 chains per micelle.

72. The composition of any of claims 60-69 wherein the polymeric micelle is
characterized by a critical micelle concentration, CMC, ranging from about 0.2 ug/ml to
about 50 ug/ml.

73. The composition of any of claims 60-69 wherein the polymeric micelle is
characterized by a critical micelle concentration, CMC, ranging from about 0.5 ug/ml to

about 10 ug/ml.
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74. The composition of any of claims 60-73 wherein polymeric micelle contains
at least two compositionally distinct block copolymers, the micelle being stable in an
aqueous medium at pH 7.4.

75. A method for preparing a composition comprising a polymeric micelle and a
polynucleotide associated with the micelle, the method comprising

admixing a block copolymer with a first denaturing medium, the block copolymer
comprising a first, a second and a third block, the first block being a hydrophilic polymer
block, the second block being a hydrophilic polymer block located between the first and
third blocks comprising a moiety having the capacity for association with a
polynucleotide, the third block being a hydrophobic pH-dependant, membrane
destabilizing polymer block,

exposing the block copolymer to a second aqueous medium,

allowing the block copolymer to associate in the aqueous medium to form a
micelle, and

associating a polynucleotide with the second block of the block copolymer.

76. The method of claim 75 wherein the second block comprises a plurality of
cationic monomeric residues, the method further comprising allowing the polynucleotide
to form an ionic complex with the second block of the first polymer.

77. The method of claim 75 further comprising covalently coupling the
polynucleotide, through a linking moiety, to the second block or to a junction moiety
between the second block and the first block or the third block.

78. A pharmaceutical composition comprising the composition of any of claims 1-
74 and a pharmaceutically acceptable excipient.

79. Use of a composition of any of claims 1-74 in the manufacture of a
medicament.

80. A method for intracellular delivery of a polynucleotide, the method comprising
contacting a composition of any of claims 1-74, 78 and 79 with a cell surface in a
medium at a first pH; introducing the composition into 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.

81. A method for modulating the activity of an intracellular target in a cell, the
method comprising: delivering a polynucleotide to the cytosol of a cell according to the
method of claim 80, and allowing the polynucleotide to interact with the intracellular

target, whereby the activity of the intracellular target is modulated.
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82. The composition of any of claims 60-77 wherein the micelle has a Zeta
potential that is between 5 mV.
83. The composition of any of claims 60-77 wherein the micelle has a Zeta

potential that is between 2 mV.
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