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In a first aspect, there is provided a compesition for delivering a molecule to a cell comprising a

conjugate of formula;

(Lmh,

N-L'-p
\(L%M?)z,

wherein,

N is an RNA interference polynucleotide,

L' is a physiotogically tabile covalent linkage that is orthogona! to Ly
P is 2 membrane active polyamine;

L? is a disubstituted maleamate linkage,

M’ is a masking agent containing a galactose derivative,

M? is a masking agent containing a polyethylene giycol

y and z are integers grealer than 1 wherein the vaiue of y and z together is greater than 50% of

amines of P,



In a preferred enbodi nrent are di scl osed nenbrane active pol yners

conpri sing: polyvinylether random copol yners. The pol yvi nyl et her copol yners
may be synthesized fromtwo, three, or nore different nononmers. Mnoners
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10 In a preferred enbodi nent, we describe a pol yner conjugate system for
delivering a polynucleotide to a cell and rel easing the pol ynucl eotide into
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active polynmer which is itself reversibly conjugated to a nmaski ng agent.
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In a preferred embodiment, the masking agent(s) and the polynucleotide(s) are covalently
linked to the membrane active polymer via reversible linkages. While masking of the
polymer, and attachment of the polynuclectide to the polymer, are important, these
attachments can interfere with transfection activity of the polymer or the activity of the
25 polymucleotide. By attaching the masking agent and the polynucleotide to the polymer via
reversibly linkages that are cleaved at an appropriate time, activity is restored to the
polymer and the polynucleotide is released. Reversible covalent linkages contain
reversible or labile bonds which may be selected from the group comprising:
physiologically labile bonds, cellular physiologically labile bonds, pH labite bonds, very
30  pH labile bonds, extremely pH labile bonds, enzymatically cleavable bonds, and disulfide
bonds. The presence of two reversible linkages connecting the polymer to the
polynucleotide and a masking agent provides for co-delivery of the polynucleotide with 2

delivery polymer and selective targeting and inactivation of the delivery polymer by the



10 ot herw se ineffective polyam nes, such as polylysine. Reversibly masking
can al so enhance the utility of other nenbrane active polynmers by reducing
their toXVeRepO30inmting their membrane disruptive cRaFEE B2
endosones. In a preferred enbodi nent, we describe a systemfor delivering a
pol ynucl eotide to a cell 15 in vivo conprising: covale,ntly linking a
targeting group to a pol ynucl eotide, covalently linking a second targeting
group to anfElily apet. Beteraislifalf yinelinkagen rdavidee ¢dri migas hé pplohytwddehémde and
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and advant J5EETBFE HEVE RBSHF TR P ET S &S K1 DEF SRR P DE PARPSY ent  20f r om
the followi ng detail ed description when taken in conjunction wth the

acconpanyi drawi ngs. BRI EF DESCRI PTION OF.THE FI GURES FIG 1. Reaction
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3. Diagramjllustratin | ynucl eot i de- pol yner reversibl e conjugates and
reversibIeVﬁé@ﬁPh@oﬁﬁ@%ﬁgg%ﬁﬂ?ﬁﬁa?g’g&”ﬁé?éﬁﬁﬁFgggmé? esﬁ@{ﬂfh?%a?aph
showi ng t argetplt BekidehyoteCeniodi@tent) epahneyiesccef sRBAVRbiliadryoethaipasked with
A) CDM PEG (left) or, 4)mECDMP G, pl us C%\/LPi - LBA. 30FI 5. M cr.ograph
Showi ng. eIV BRH SR JEGEru I SERiEatd o1 ieho EBRE e, B FoT
hepat ocyt egpdalbnMink@ee. FI G 6. Graph illustrating target um knockdown in
Vi Vo fqblomjng pol yconj ugate - nedi ated delivery of ppara
In a preferred cmbodiment, we describe a polymer conjugate system for delivering 2
nolynucleotide to a cell and releasing the polynucleotide into the cell comprising: the
polynucleotide reversibly conjugated to a membrane active polymer which is itself
reversibly conjugated to a masking agent. The conjugation bonds may be the same or they
15 may be different. In addition, the conjugation bonds may be cleaved under the same or

different conditions.

In a preferred embodiment, we describe a polymer conjugate system for deltvering a
membrane impermeable molecule to a cell and releasing the molecule in the cell. The
20 polymer conjugate system comprises the membrane impermeable molecule reversibly
tinked to a membrane active polymer wherein a plurality of masking agents are linked to
the membrane active polymer via reversible covalent bonds. Membrane active polymers
may be toxic or may not be targeted when applied in vivo. Reversible attachment of a
masking agent reversibly inhibits or alters membrane interactions, serum interactions, cell
25  interactions, toxicity, or charge of the polymer. A preferred reversible covalent bond
comprises: a labile bond, a physiologically labile bond or a bond cleavable under
mammalian intracellular conditions. A preferred labile bond comprises a pH labile bond.
A preferred pH labile bond comprises a maleamate bond. Another preferred labile bond
comprises a disulfide bond. Membrane impermeable molecules include, but are not limited

30 to: polynucleotides, proteins, antibodies, and membranes impermeable drugs.

In a preferred embodiment, a polynucleotide is attached to the polymer in the presence of
an excess of polymer. The excess polymer may aid in formulation of the polynucleotide-

polymer conjugate. The excess polymer may reduce aggregation of the conjugate during



FIG 7. M cfographs showi ng delivery of ds DNAto the liver in-vivo with
(A) DNAMLRR9:6PM PEG NAG (B) DNA + DW360- CDM PEGHAGSLMGIYG0T| eot i de
not conjugated to the polyner, (C) DNA-DW360- CDM PEJ gl ucose, and (D)
DNADWL360- CDM PEG Mannose. Cy3-1 abel ed DNA = upper |eft quadrant in each
panel , ALEXA(r)-488 phalloidin stained actin = upper right quadrant, nuclei
- lower |eft quadr and co r o 9t Ruadrant . FIG 8.
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after intravenous injection of ppara si RNA pol yconjugates. FIG 9. G aph
|IIustr5at|H@§'H&b@Bt@a%P 50t yconj ugate dose response. (A) Knockdown of
apoB nRNA after injection of serial dilutions of the apoB-1 si RNA

pol yconj ugatc B) Knockdown of ap r ecti on of, varyi ng
anount s of Ins3 fredarredjambortinggnt, . powbwwgﬁtﬁ%?{t ?lﬁ%O%Wﬁ%s gty el's in
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reversi bl yﬁg mf%ga?%g'!b?a% %&i@ 0 and nmsked wi th CDMHPEG and CDWNAG. Upper
| ef t quadrant shows | abel ed anti bodi es, Upper right quadrant shows actin,
25| over uadrant, s a0k QWRF0 9Dk AuacIARE Shows a
conposite I%@gfa ?qa@qbof%gg% %quﬂ I Ss?r ati érlly(gadeéenegdrlljojcﬂ'sztkdown ?n prl mary
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masked si RNA-PLL. FIG 16. Gaph illustrating fluorescence of DPH in the
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Further objects, features, and &

20 from the following detailed description when taken in conjunction with the accompanying

dvantages of the embodiments disclosed herein will be apparent

drawings.

Briar DESCRIPTION OF THE FIGURES
FIG. 1. Reaction scheme for polymerization of polyvinylether poiymers.
25 FIG. 2. Drawing illustrating several embodiments of masking agents of { the mvention.
FIG. 3. Diagram illustrating polynucleotide-polymer reversible conjugates and reversible
masking of the conjugate by maleamates. |
FIG. 4. Micrograph showing targeted delivery to liver hepatocytes of PBAVE polymer
masked with A} CDM-PEG (left) or B) CDM-PEG pius CDM-Pip-LBA.
30 FIG. 5. Micrograph showing delivery of a masked polynucleotide-polymer conjugate to
hepatocytes in vivo.
FIG. 6. Graph illustrating target gene knockdown in vivo following polyconjugate

mediated delivery of ppara siRINA.

un



FIG 17. Gaphs illustrating A) Elution profiles of PEG standards on Shodex
SB-803 colum, B) Calibration plot for Shodex SB-803 colum, and C

Mol ecul anvoweiocghbizzeal cul ation for PBAVE pol ynmer. FI G A@yuGuepliszo2
illustrating A) Elution profiles of Cy3-Iabel ed nucleic acid standards and
masked pol ynucl eoti de- pol yner conjugate, B) Calibration plot for the
Sephacryl S-500 size exclusion chromatography, and C) Ml ecul ar wei ght

cal cul ati opyf or m&la%gﬁaﬁkﬁgwﬂolc%m&al %pag @empg)l Mg%em Nisoate (A PENG. 19.
M crographs showi ng in vivo g (%)nuc eotid |verl_)0/qto nouse aI act ose
)

recept or posﬂWiﬂéOtQPMTP@G(%A r DYl ﬁcIPWééﬁ()r@EMp? /Nﬁé?gémwe tiddrs (C D)
using ol i gonyg] & #gggﬁa%y me% BR&. M@s@@b@@t@gm@&c £all (9Y DNA-

ol i gonucl eoti de yner - G gl ucose conj ugat es 10DETAI LED

DESCRI PTI ON &FV 1346 qWé’rﬁﬁ/mlwﬁﬁe Cpi-&delad DNdve H@H@bh’%l%ﬁ%w &teeelrngl.
conpoungs, CORAS{TiR waﬁ@ﬁ‘iq %ﬁe@%n%%ﬂ& rio@f q@@}ahtv%a:fag~ nelynuge! eot i des
or ot her cel | -inperneabl e nol ecul es to mammalian cel [s. Described herein is
a pol yconj ugav@l‘@sflsitl@aﬁ‘?nf‘n@ﬁﬂwfﬂf\?erliﬂﬁﬁ 1981 g¥idietteot i des or ot her nmenbrane

i mper meabl g;d1al §LULER bR Afbkadink Bodtk¥ B oG o RALYCAPIMGRALE 9% bEMce

i ncorporates 15 targeting, anti- %%sonl zatjon, anti-aggregation, and

transf ect i on a&etinyivenas HFJPPE?QH af SRR PdyisnBeaitta AbhBEEEI APl RN cl e. A

key conponent.of; if BecS¥St & Wik afy%’%'i&!ﬁpb&%&é b D ABOS-ERMBRTI NG the
conponent parts. A first conponent of escrllb in vivo polynucl eoti de

del i ved§ conjenefat éspreshpn i %1&%@%9@?3@%@%@9@ fe\adestismef Bosial ent

l'inkage of thgpe cw@l'[s'ﬁ! %P éﬂ?nﬁ@vc@o&'@m’é&%ﬂ%f ﬂ&}r‘& VRNRQYoWBEngatoval ent
attachnment of the nucl eotide to th e nenbrane acti've polyner ensures

that the pbl§iuEre nllueﬂedtmgam@rl FIB A nojreanisssedont BEPopio Mt RckMprér when
adm ni st ered a%QB MIRWQ, afRF 1;1?8&1&{{ HQerhd? it RnPEERENLS- IOJ;RﬁﬁrpH@b?ﬁtfgqtet s

provi des for co-delivery of the polynucleotide with rane active

pol ymer to t H@OGIﬁiOg’éﬁJf@@IBImRWB altyvaib@ivn chvargehmernsof si&NJol ynucl eotide to a
pol ymer s Capyg hfb"‘%b inhGRARS cﬁch&to?&h}{»%cll%wﬁdﬁ s?Rmebl}%nﬂALtE%Qﬂ%Ent of the
pol ynucl eotide to the nenbrane active polymer is therefore accorrpl i shed

t hrough a phy®it®l ogical ly reversible |inkage or bond. By using a

physi ol ogi gt Iy M%‘g@@hp%])%wkd%mwmgmmhmu&h@@;ﬂoﬁ&qﬁapo? n)qllgﬁ@ved from
the pol yner, releasin i onal

g nucl eoti de to ecg%é] func
i nteracti ons d@iiehy @féF\D ABEB B hPon &Rt SL3 BgaleicosiR §RA . apir 681F aloee r ever si bl e

l'i nkage, i §d Sl.’zp@ﬁa%'ht]#l@m:rﬁt%u ﬁ-lﬁlmtx%n GP %hi&ég&b?esst}&fi%)r el LRBA Nrease in
polynucleotlde only after it been delivered to a desired | ocation, such

as a céfl cyt*@]gmaéhﬁieqtcﬂls@é@ﬁél d%n%é%éﬁlﬂomg PHBINGEIEM pledPqbhl iRAYA

pol ynucl eoti qg,: q?m Mqﬁlg& &afj,ygates conprises a reversible nodification of

t he nmenbrane act yner. Reversible nodification of the nenbrane active
pol yner rediéds. Méﬁm%ﬁ%dlﬂ?’flili%'@ véierdghy eanertihedestta Pepstocriey Yie pipisEEE P ons and
reduces toxi Gieb¥ipodd %v%ﬁi%'c@ﬂu%qg DRR368LSCmALE RindeBhf.BEG and &BLLI On to
the conjugate such as enhanci'ng target cell 1 nteraction or enhancing
endocyt osi s OfA® Héppeolaft avralrast slwweicﬁ@iwmboqhss Regx si@htsypadEent ahavitacit t achment
of a magking 1808 alfadlfa&%hm AR a¥d Ry Br 1@1}’&&1@&9&%8@4 1 donfRViRrishil e coval ent

| i nkage. The naski ng agent can a steric stabilizer, targeting ?roup, or
char ge nodFfG.el4. Grheh fHasikiting fﬂ@%ﬂﬂi@kw §hD’é$1@'Yth¢éd‘i%’lta§ rﬁEﬁﬂlbfPWﬂﬂWﬁ

nON- Speci {1 ¢ 4 LRIACK ANSrod WAGTRANFefeld SRS LNk IReacBRNRRSE VI gpeci 1 C

i nteractions, AR bi t toxi city, or alter the charge of the polymer. Each of
t hese nodifi @a’mﬁ@iﬁgfw BRY A polheygeivbr ane act i vi ty of the polyner,

rendering the ﬁvgfa[)m qmiglgﬂguqqfaﬁ@@llo&@lm@Afc&gh dheds & ﬁq% loh ede¥s B viddre

pol ynucl eot i d e maski ng age t to menbrane active
pol ymer3li s t Hemaigelr eloact onpicil sRéeh-Phk-ough a physi ol ogically reversible

oond. By U@d63cRPY @Ak BRI Yelce ¥PHP B fe blkaas pelfie. Msking agent can
' FIG. 17. Graphs illustrating A) Elution profiles of PEG standards on Shodex SB-803
column, BY Calibration plot for Shodex SB-803 column, and C) Molecular weight

calculation for PBAVE polymer.



15 cl eaved fromthe polyner, thereby unmasking the polynmer and restoring
activity of the unmasked pol yner. By choosing an appropriate reversible

| i nkage, wa 2do80paesi bl e to forma conjugate that restoresusebiorisioy of the
menbrane active polyner after it has been delivered or targeted to a
desired cell type or cellular location. 20The invention includes conjugate
delivery systens of the general structure: N-L1-P-(L2-M wherein Nis a

pol ynucl eotjcflgg %m@khﬁ&sﬂ% | o) FTRSTRERLE R a8 mubibic bSid afaﬁ&vcﬁrd% bl e
|l i nkage, P is a po i's a second reversible |inkage

e, IS a
maski ng agentnmiwﬁw%fﬁ@ci%z@éwolm@wplépw & Cﬁ@mtm@éot fr éIHCW §r500

Interaction gf, EXCIWYS](JHSCh%“IaIt@Ji Tan@ 8 A QEcu? wlell@NcdleulMoR &1 B MeGkeOl yMer is
a nenbrane active poly ﬁhot er preferred polyner is a transfection

pol yner. A pmaWaWﬁ%Vd%wdﬁﬁﬁwmﬁyﬁﬁgents may be linked to a single polyner.
The plugal iy 1QfMﬂR%lt?lprsh@Qﬁqgtu%zWolﬁﬁcileéﬂﬁlé%Eknlopu h RRURAYEBLe MiPtoR

plurality of reversibly |inkages. Upon cleavage of reversible Iinkage L2,
the masked ppepérct yusersi phEp aet i gpciose rBerer edegedvpolyprer (B:DIMasREng agent

Mcan add an Gﬁg&lluc\!lb&)ﬁc—p%ﬁﬁﬁ @;@w@d;mm@eo% dfa barldi NI NG, B HOmRRLYAEr P. The
reversi bl e bond E%fle t he sane or fferent than (orthogonal to) the
é

reversible bd?ﬁ’dmélf CDM/P upesg epgidsice (bdhd of reversible |inkage L1 or L2
is chosen Such that cleavage occurs in a deS|red physi ol ogi cal conditi on,
such as that present in a desired tissue, an, and sub-cellular |ocation
or in fésponse to the add@?ﬁ%ﬂbéﬁﬁ@ﬂmﬁﬁﬁﬁﬂﬁé fW@@NIy accept abl e exogenous

agent. Pol Yﬁ'&ﬁJe%% 'iiﬁlz@ntMn 6}0 ‘Eizré%ktb %mﬁgﬁfaz MMU&I@ alat Iﬁ&h&g kOupRkymer P

anywher e al ong ? pol yme Pol ymers 5A poly is a nolecule
built up b?cl?‘félp‘@ p@lww %@Ml%gOth%g@ﬂlﬁ@PCYWd@qu@P ey P tr%anwh%dw%norrer s. A

pol ymer cap.h@pld ﬂ@@m’ isbf %Bgrbﬁﬁiuo@ﬁt é%’{cﬁl fo?t@éiwcrﬁ@ma y1ﬁ51c$t%g%E &ipe. The

mai n chain of a polynmer is conposed of the atons ose bonds are required
for propagarinbrnoimpsyhghiemadlsnigt t.ccktol vagahisirelyconiugses| sysiem npgippstes t he

car bonyk C ks ARy, i SRR Rion2 M- ARTANE, HOKRSAIR LIS of Qaitde | ength
of the pol yﬁ%r and are therefore 10mai n chain atoms. A S|de chain of a

pol yner i sS¢aonpowstd dofiverhechition’s kaheyertondy By evirot i g uersdiitprof

propagat i 0f,Qf -RRLHE thel SRRt paris. A POl ymer can be a honopol yner in which a
si ngl e nonomer 1s us% or a polymer can be copolynmer in which two or nore

di fferent nononers are used. Copolyners nay by 15al ternating, random
(statisticg ﬁrst c@lnﬂ&i%nm%c@ér;be& %qm)poiynucleotide delivery conjugates comprises a

20 physiologically reversible covalent linkage of the polynucleotide to a membrane active
polymer. Covalent attachment of the polynucieotide to the membrane active polymer
ensures that the polynucleotide is not readily dissociated from the polymer when
adminisiered in vive, or ex vive in the presence of serum, and thus provides for co-
delivery of the polynucieotide with the membrane active polymer to the target cell.

25 Covalent attachment of a polynucleotide to a polymer can, however, render the
polynucleotide inactive, Attachment of the polynucleotide to the membrane active .
polymer is therefore accomplished through a physiologically reversible linkage or bond.
By using a physiologically reversible linkage, the polynucleotide can be cleaved from the
polymer, releasing the polynucleotide to engage in functional interactions with cell

30 components. By choosing an appropriate reversible linkage, it is possible to form a
conjugate that reieases the polynucleotide only after it has been delivered to a desired

location, such as a cell cytoplasm.



Al ternating polynmers contain nononers in a defined repeating order, such as
The nononers of alternating polyners typically do not honopol yneri ze,

i nst ead re@edokngstoget her to yield the alternating copetyosne7i@6ziihe
nmononers in random copol ynmers have no definite order or arrangenent al ong
any given chain, such as: -A"-B",-. The general conpositions of such
polynmers are reflective of the ratio of input nononers. However, the exact

rati o of oRe NP TEAHpSRnABPIREIedBYeddf Tah ﬁ@&ﬂﬂ%@&l&h@&mry I&ﬁugakestrl buti on
of nononers may also differ along the |engt 25 single pol yner Al so,

t he cheni caimpbeper tovesiblt medifetiores! rﬂ%@ywﬁv@@ﬁ atize rpbancsf Reyeedblpor ati on

into ar an%@@ﬁigﬁﬂaglcﬁf RS n@Rfrahd Stk $6 ghgijédg&svﬂowf)‘r&iu&ﬂ% BRLY BRI nonl hus,
while the ratio of nonomers in a random pol dependent on _the input

rati o of nispashesll infapstipispand rpdesoloRBY- ﬁfcbp nﬁﬁék@a agsua &t 915¢ R f 485169 of

I ncor pog at ﬁﬁlamﬁnm'ié 0 gQua& R OCKs RAYYERE ta@,%t Rc1S eHERMon0Lr Rhpekingf one
pol ymer (pol a segnent or blo of a second olyner (polyB):

i.e., -pol Wﬁmwsﬁ thﬂqmug@gmh@ ) gm@matmﬂchbbp@ﬁicnmqaghmﬂ lePH51&r e | oi ned

in a head-10s5f t%'tllm ﬁo%dt g'}éraaﬂv 1;3/91910@&&1!3!’% evesitit OGKIcROLYARS Thcsm@skln'g'leé}ft
arrangenent of bl ocks erent fmononmer conposition. General [y, t hough

not requi r e, be wcmstylmwcr bﬂa@é‘k@ APE. WO KBS JREIIST Whe Waplery AENSA2Bei ng

conposed Oéné"}d dj § F;Ql?fﬁl@xt iy oﬁoﬁ&nﬁécrﬁ@ AMerRAIN B herBrse Andhi i @CKnE %Qllﬁéger i's
pol yA-pol'y copol yner iI's pol yA-polyB-polyA If Ais a
hydr opAf1 i epeglﬁe uxyeraﬁwna uﬂstblh ydmcetpsh@b@ ©r Jreatipiee théhd pdyperaktchfB®e copol ymer

can be regﬁ{oﬁ'i%@dtfa AOQ{HL d i %%Ib?a% %&ﬁwmf@tﬁ@fg&ym Yéﬁ@éndgsth@n{o)d%é of bl ock
copol ymer 1n h alns one nohoner are gra 5ont o side chains

of the ot he&vlymn@mhe to é@ﬂitﬁe (%@ryeoihthe rppimuclgymdfarf‘eﬁaﬂhra@ﬂé of heapskisy: Br, -
(A=A (AlerViohhic Iﬁéo‘)ibrane alcti\;]e%iyﬂwpﬂ%@éf&c%é@'nﬂﬁqh‘é@@h@JOYL 2 Qhy SRNQEBY S can be

used in polymerization processes. Monomers can be cationic, anionic,
Zwi tt er i onisrsilechoophiy ising hylysislasbicreveryiple pkadecthe awpiigeachi @n ber 15

anphot qF' C1edRAG, me@ @ﬂ&h%ﬁ@&,lyvmmg&%)ﬁwg%ﬁr Mﬁ%ﬁﬁga&% goptain

cheni cal groups t bé modr f ore or after polymerization. Such
nmonomer s m@l%&@ﬂeﬁq}m tBweogriengsePsEbdde edesblsrinkes. §rauwpidepeiBing: ani ne

(primary, i f
hodr agi e, OGRS res B gLl o I erfaf S SRERAVAACE (B Ghon BOLERL - one.

Preferablyorw%@mﬁéavﬁwv@C@H@WQOE@Hﬂ@éO%WQ?f|ed after conjugation of

20 The invention includes conjugate delivery systems of the general structure:
N-L-P—(L:M),,

wherein N is a polynucleotide or other cell impermeable molecule, L' is a reversible
linkage, P is a polymer, L7 is a second reversible linkage, and M is a masking agent.
Masking agent M shields or modifies a property or interaction of P, y is an integer greater

25 than 0. A preferred polymer is a membrane active polymer. Another preferred polymer is a
transfection polymer. A plurality of masking agents may be linked to a single polymer.
The plurality of masking agents may be linked to the polymer via a plurality of reversibly
linkages. Upon cleavage of reversible linkage L%, the masked property or interaction is
restored to polymer P. Masking agent M can add an activity, such as cell receptor binding,

30 to polymer P. The reversible bond of L' may be the same or different than (orthogonal to)
the reversible bond of L%, The reversible bond of reversible linkage L' or L? is chosen
such that cleavage occurs in a desired physiological condition, such as that present in a

desired tissue, organ, and sub-cellular location or in response to the addition of a



20t he pol ynucl eotide, or in aqueous solution. To those skilled in the art
of polynerization, there are several categories of polynerization
processesvo kEmeioezanpl e, the polynerization can be chairCcwouszsstraps2025St ep
Pol yneri zation In step polynerization, the polynerization occurs in a
stepwi se fashion. Polynmer growh occurs by reaction between nononers,
oligoners and polyners. No initiator is needed since the sane reaction

occurs thrguﬁh&e&m@mddécbﬁme bfogBRub Qb A RBeSERPN 250 n{aﬁléﬁgj E%’bﬂ + &nd groups
are still reactive. §mr| zation rate decreases as th ncti onal

groups ar e™30 %ﬁ@HﬁMOIW% |3 prEieredpnagbe kpEbrERPYE Ry st ep pol ymeri zati on
by using nonomers that have two reactive groups (A and B) in the same

nmononer (|ieterobifunctional), vvherlgz A conprises a reactive group and B
conprises an A-reactive group (a reaty?V& group which 35forms a coval ently
bond wi £ h A)po§§lﬁ(®lry¢mbiokaﬁih onilafp Wﬁpgtmeé ds:l@ag,ctogemer of roulps vAitaclleB can be

j oined by a coval ent bond or ova ent. bon t hereby form ng
the pol yne?lo%]f% poi%{n?)rong} I?g%n%aéubm é%dy %e?w%lg 11{1%|or ldccl@%; %pe TR
pol ymer i zatkianchai blﬁnqg)}}fmmmblcbmpmeﬂ affiahe mcsmhacmhs h;ha;tequeé\ for B- B

yields -[ A hese eactl ons, can jnvol ve, acyl ati on or
al kyl at i onpml?‘f’rém{’\/\?)f l?Gié %‘ﬁb#ﬁﬂhﬁ’é‘m}? % PRSHOREPS AR “HOFHIRER By a singl e
coval ent  bemisbnoindac-phine @kdubyarefxec@xt}v@.fcmlﬁte bmmldsf thbfpolyemcknd\me geatipe A is an
am ne en B is .an amne:reactiyve sel ected, fromthe
aroup SomoPreichy SoEE e BesBACE: PTEBty At EoRe ArE TR RSy
succi ni m deot r&pirédfdy propiratun deolyakdelptde (i ncl udi ng formal dehyde and
gl ut ar al dehyde), 10ketone, epoxide, carbonate, im doester, carboxylate
activated with a carbodiim de,

A polymer can be a homopolymer in which a single monomer is used or a polymer can be

copolymer in which two or more different monomers are used. Copolymers may by

15  alternating, random (statistical), block and graft (comb).

Alternating polymers contain monomers in a defined repeating order, such as ~[A-BJ.—
The monomers of alternating polymers typically do not homopolymerize, instead reacting
together to yield the alternating copolymer.
20
The monomers in random copolymers have no definite order or arrangement along any
given chain, such as: —~A,~B,— The general compositions of such polymers are reflective
of the ratio of input monomers. However, the exact ratio of one monomer to another may
differ between chains. The distribution of monomers may also differ along the length of a
25  single polymer. Also, the chemical properties of a monomer may affect its rate of
incorporation into a random copolymer and its distribution within the polymer. Thus,
while the ratio of monomers in a random polymer is dependent on the input ratio of

monomer, the input ratio may not match exactly the ratio of incorporated monomers.

30 Ablock polymer has a segment or block of one polvmer {polyA) followed by 2 segment or
block of a second polymer (polyB): ie., —polyA-polyB—. The result is that different
nolymer chains are joined in a head-to-tail configuration. Thus, a block polymer is a linear
arrangement of blocks of different monomer composition. Generally, though not required,

the polymer blocks are homopolymers with polymer A being composed of a different



al kyl phosphate, aryl halides (difluoro-dinitrobenzene), anhydride, acid
hal i de, p-nitrophenyl ester, o-nitrophenyl ester, pentachl orophenyl ester,
pent af | uar@phenykosest er, carbonyl im dazol e, carbonyl pyrusksmwamoe:and

car bonyl di nmet hyl am nopyridinium In other terns when reactive group Ais
an am ne then B can be acylating or allcylating agent 150or am nation agent.
If reactive group Ais a sulfhydryl (thiol) then Bis a thiol-reactive

group, Whi ﬁltan&@e? fgh %@iﬁﬁ% i.r amybRex gfoeéapm&orm&)b%nﬁmya ogEag etiplock
derivative, naleimdé, "aziridine derivative, acryloyl derivative,

f I uor obenzeapelvenst isvety A@slyBanelydi Hub fis advdephiVative 1ud B i Bslrewbpli i dyl
20di sul fidgQf s tRene Rkl LORBRZL| Gn B611EbaldbB) pdehéali-M@sn. Al fraf €active

group Ais carboxylate t hen reactive rqdﬁ B is a carboxyl ate-reactive
group, whi pHYBRINS bevreetfdieckdropolpnen ineViihollp BB Giergrolra¥b Edtat e and an

amne i B WRkGhd haﬁl@ﬁmgbﬂlgﬂ rgﬁno'm%r Ysedwh&t Reh, 2ddinhi- YRS BYbe utilized
such as” carbonyl di i m dazol e" 25di net hyl am no pyfi di ne (DW&)

N-hydr oxysucci ni m de or al cohol u§%ng carbodi i m de and DNAP. I f reactive
group A is a hydroxyl then reactive oup B is a hydroxyl-reactive group,
whi ch can be sel ected fron1théA@r6hd%é ﬁgrpgvng epoxi de, oxirane, an
activated 30carbamate, activated ester, and al kyl halide. If reactive group
A is ahlal dehyde or ketone then reactlvé&group B is a al dehyde- or

ket one-reactive group, which can be selected fromthe group conprising:
hydrazi ne, hydrazide derivative, amne (to forma Schiff Base that may or
may not be reduced by reducing ageﬂﬂ@“@@@h as NaCNBH3), and hydroxyl

conpound. A wide variety of monomers can be used in polymerization processes. Monomers can be
cationic, anionic, zwitterionic, hydrophilic, hydrophobic, lipophilic, amphipathic, or

i5  amphoteric. Monomers can themselves be polymers. Monomers can contain chemical

groups that can be modified before or after polymerization. Such monomers may have

reactive groups selected from the group comprising: amine {(primary, secondary, and

tertiary), amide, carboxylic acid, ester, hydrazine, hydrazide, hydroxylamine, alkyl halide,

aldehyde, and ketone. Preferably, the reactive group can be modified after conjugation of

20 the polynucleotide, or in aqueous solution.

To those skilled in the art of polymerization, there are several categories of polymerization

processes. For example, the polymerization can be chain or step.

25 Step Polymerization
In step polymerization, the polymerization occurs in a stepwise fashion. Polymer growth
occurs by reaction between monomers, oligomers and polymers. No initiator 15 needed
since the same reaction occurs throughout and there is no termination step, so that the end
groups are still reactive. The polymerization rate decreases as the functional groups are

30  consumed.

A polymer can be created using step polymerization by using monomers that have two
reactive groups (A and B) in the same monomer (heterobifunctional), wherein A
comprises & reactive group and B comprises an A-reactive group (a reactive group which

35 forms a covalently bond with A). Polymerization of A-B yields —-[A-B],~ Reactive

10



A pol yner can be created usi ng step polynerization by using bifitnctional
nononmer s and 5anot her agent, such that that A-A plus another agent yields

-[ A-Al, - whhodsganhd ve group A is a sulfhydryl (thiol) grpugahesd:t can be
converted to disul fide bonds by oxidizing agents such as iodine (b), sodium

periodate (Nai &), or oxygen (02). If reactive group A can is an amne, it
can be converted to a thiol by reaction with 10 2-Imnothiolate (Traut's

reagent) wikgh A 060 VAARIER,OXLABLLAR A0, g 386 LT TR Aot SUl 1 de

derivativ uch as a di su e or erivatives) can al so be
used to catf@myagéh@lp@mtfnmwom@ndx padymatcriopso be cr%atmmr\ge»tegyrmhmﬂmt@n B in any

of the abo}éﬁ d{% W‘iﬁh%gaf&}%{? e %%n@;ﬁc@ sﬂg{g;th%{ SaGt Lve groyn 1asuch Bgs _aryl

azide (inc enated ar ( di azo, beﬁ}o henone, afkyne, or
di azirine éfenqralm ihoss. YG@E@@tQmWOUﬁ agytion i mléylathyxdﬂ“b@(wo reastive gry@ifrswf , or

car boxykat ¢, a1 RSV EELPICIT AL RERASI IR, Al IEPELLBRI AR, ani des,

am di nes esters, enamn nes, ureas, 20
i sot hi oureas i sour eas, sul f onani des, carbanates, alkylanine bonds

(secondary, tﬁr@lcfgl %/rou@Aqs E@A{)ﬁ@aﬁh 199}?3 alc-'}gd'ﬁﬁxapbéQg% thH: Wi Ghsdldigq car bon

contains a group, I OEt her di azo, or sul fone.
Chai n Pol yrﬁteml Zlat | Wenp2 Bomaiinng: eaeﬁlmwnpm yirmwnzm i ol gazmw N-bfdrotye poI ymer

b |
o owi ng. sharEarRy Qb A, NicRARIRNAD bind@rfu WE DEHIMREL 1 and
there il8 typbwal dpyxide. chrebionatcenmidnetarngabesefple @aiad polty rechadingde. r eact i ons
can be radl&?i&m%@t 0”' h&i[dc&at(h%]b;% dHMPSh%{TFc ), f%h d‘% n B&Jiy”ﬁ%h{i&at' on may

be sel ect ed u S conpri sing her acrylate, 30
met hacr yl apeytrapbenyl esmldenmeivintnmtha@mw@}w@écw oanqzrspcn@ﬁlamnplmﬂmm zation

can al so b%&r@&aﬁxpg@dflfohce%a%nﬁy rfliffim, b ﬂ&gca‘?rﬂ%gl e i%lgﬁ(_ﬁ)lgflalg Juf- Sever al

different type reé radical” initrators be u I'ng, but not
limted tovthpermxivdes rcabpdroony Jperoringedhendhain dz ecyiomgountiszimgebers
2,2'-A€9bi%£&ﬁﬂhghgg§£opane) di hydrochl oride (AAP). Transfection Activity

If reactive group A is a sulfhydryl {thicl) then B is a thiol-reactive group, which can be
select from the group comprising: iodoacetyl derivative, maleimide, aziridine derivative,
acryloyl derivative, fluorobenzene derivatives, and disulfide dertvative (such as a pyridyl

20 disulfide or 5-thio-2-nitrobenzoic acid (TNB) derivatives).

If reactive group A is carboxylate then reactive group B is a carboxylate-reactive group,
which can be selected from the group comprising: diazoacetate and an amine i which a
carbodiimide is used. Other additives may be utilized such as carbonvldiimidazole,

25  dimethylamino pyridine (DMAT), N-hydroxysuccinimide or alcohol using carbodiimide
and DMAP,

If reactive group A is a hydroxyl then reactive group B is a hydroxyl-reactive group,
which can be selected from the group comprising: epoxide, oxirane, an activated

30 carbamate, activated ester, and alkyl halide.

If reactive group A is an aldehyde or ketone then reactive group B is a aldehyde- or

ketone-reactive group, which can be selected from the group comprising: hydrazine,
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The termtransfection refers to the transfer of a pol ynucl eoti de or other
bi ol ogically active conpound fromoutside a cell to inside a cell such that
t he pol yRughe@miobdes or bi ol ogically active conpound is panetioenak2ezExanpl es
of transfection reagents for delivery of 5 polynucleotides to cells in
vitro include, but are not limted to: |iposones, |ipids, polyam nes,

cal ci um phosphate precipitates, histone proteins, polyethylenimne, and
pol yamphol yi &, SQMRLGXRS, arRRY (5 Q0B n@Eﬁiﬁ%@@tha{ Ea%s 8r n Jyﬁ% b reiiced By
transfection reagents are cationic, which to allows e reagent to

associ at e widn¢ing eenth @ﬁm&a’q@@ﬁﬁﬁéxﬁi\ﬂnhwﬁﬂxbﬁéwqwél y charged nucl eic acids
via electrostatic interaction. 10 Menbrane active polyners Menbrane active
pol ymers are anphi pathic polyners that are able to induce one or nore of

t he fol | owhrizphefich et loe qigrens waingissh oglyealizaiehby Bivs bifwctEHnplaperonsrs o

di st upt 50, Qnd: BETEIRANG,L DAL oAl LRWR: ARRIREDI ANE per meabl e ol ecul es to
enter a cel Tross t 15 mehbrane, pore formation in the nenbrane,
fission of menbranes, or disruption or dissolving of the nenbrane. As used
herein, ﬁﬁ%ﬁ@p ou K i aegu r@?ﬂq 0"ro HB{ 1't §§1Soc%01wcﬂ&ﬂtotﬂ'mlu% EJcmdMerrbr ane
active polymers o e i nvent | on |ncTu e those polyners that tfacilitate
delivery oby @Xﬁ@ﬂmﬁnmnfwmhd@ ofingthesodremneandty pdPneabiecableduife from
outside a gglh,.t g%a“%d £ tqhﬁ Gl ja0d i (&1@&% 1 OnibinGy q%wcm asm of the
cell. The altera I sruption of rane can be functionally
def i ned0by 2ﬂmemﬁmlwé%m§s orcaonpoandes ugierdow eydaiipn and Jivdgle fonatiphe

fol | ow ng PRIIR - dc11ﬁQVQ|(%g af g%{mcﬁﬂﬁfﬂﬂﬁﬁ&'& dEX %l!:i%)atwds d?lsd%lg%c u@cfﬁkt@ge

| i posone fusion, fusion, SIS end osona rel ease. Menbrane
active poIyﬂéV%HhWHMC@@nﬂbamﬁeﬂlyS|s of cell nenbranes are also terned
menbrane |ytic polynmers. Menbrane active polyners that can cause disruption
of 25 endosones or |ysosones are consi dered endosonol ytic. The effect of
menbr ane afgiolige pl@lu@wé 105 Bon aay eethk ah@flert@mmée%rmy alse bt paphsiowattive REnbr ane

activity of, g Q%@ﬁ@{de (ﬁmggi; %wﬁaénaeaﬁa; aéyf 'ci’l%é Yoeh {phén%ﬁe RO ape,  which

causes a denaturation or rmation o fe bi ayer structure. NMenbrane
acti ve pol yrerige deyyatbe. synt heti ¢ or non- natural anphi pat hi ¢ pol yners.
Menbrane active polyners may have in vitro transfection activity. Menbrane
30 active polyners may be cationic, anionic, anphipathic, anphoteric,
surface acRewdponsorf toombinaydrons. withidndse. cabekylate eypups vield ginyeal ébwiot i de, or

other membyang. ﬁﬁﬁéﬁ%%ﬁdc@!&%&lﬂé@ﬁ LBk &ﬁil eLt? s”&%%@%ﬁ& GRS ”E”br ane

active pol ymer rupting or dest abrlizin asma nenbrane or
i nternap V@Qﬂ@du@dﬁsﬁﬂ@m(@héqu@llﬂqueaSCﬂdﬁﬂ“@Wﬁid%b’ﬁmmm byngs dssoprery anmﬂbhdl ng

formng a RRd %a;lbgl h@% mrz%g ndQfin dShURL! 8% 8ndasanel gamwsg%ﬁng'm .

functi on. use rane active polyners are t1'nc
cl ass of p@ﬂigqm,shqi,éwﬁg@ne diazo, or sulfone,

Chain Polymerization
25  In chain-reaction polymerization growth of the polymer cccurs by successive addition of
monomer units to a limited number of growing chains. The initiation and propagation
mechanisms are different and there is typically a chain-terminating step. Chain
polymerization reactions can be radical, anionic, or cationic. Monomers for chain
polymerization may be selected from the groups comprising: vinyl, vinyl cther, acrvlate,
30  methacrylate, acrvlamide, and methacrylamide groups. Chain polymerization can also be
accomplished by cycle or ring opening polymerization, Several different types of free
radical initiators can be used including, but not imited to: percxides, hydroxy peroxides,

and azo compounds such as 2,2"-Azobis(-amidinopropane) dihydrochioride (AAP).
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5 cell penetrating peptides or polyners represented by conpounds such as
the arginine-rich peptide derived fromthe H 'V TAT protein, the

ant ennapedd asgepiside, VP22 peptide, transportan, argi ntgeovrieshoaski ficia
peptides, small guanidiniumrich artificial polymers and the like. Wile
cell penetrating conpounds appear to transport sone nol ecul es across a
menbrane, fromone side of a lipid bilayer to other side of the lipid

bi l ayer, apparently 10 wi thout r.eQuidaguepdocytosis and without

di sturbing the integrity of the nenbrane, their nechanismis not understood
and the acihwicey tppsistion jeserdp dhputasefor EridwsoHIPYIE e phinpirdegicalivagyenol yt i c

pol ymers arg,pehy %ﬁ%ukhi@% cell b ﬁl%ﬁ@@ BSLsukP 18 4B %H@@uc‘ié@tx@é‘%r whisianle to 15
cause disruption or lysis of an endosome or provide for escape of a

nor mal | y néfbe agnanioniske imdistienat oBypoipied, ofs Grenpsfecgon rmﬂc%u@r dstivae or

proteing fE&Pﬁﬁkﬁﬁ&%%&@kukQ&Q&ﬂﬁhmﬂﬁﬁbB@n%meaﬁHQﬁﬁQ VeSSl des SHGiDs, @S an
endosone or [ysosone. Endosonal rel ease is i nportance for the delivery of a
wi de vari epgiyehingtp| calsire shashbath PaceiBRtobifRs S BLE Hohelplbimincofandi f f usi on
across cel Lul a iR AR&S es, ERAQRRIRIYEIf 1R X/frﬁf% chg@ﬁlg@cc@ons;]@écfchs 20 in

t heir physi co- chenlcal pro?ertles over a physiologically relevant pH range
(usual |y pHe5agonic,gyhiclTk gllosii the resasntte a&%Oéﬁ@n‘géb i e apimpipsrwidh,

sol ubi I'i tymggmm k@ nbRHEEAR L o BhGRcGOMROUNTS, and @ shift in

hydr ophobi city or hydrophilicity. Exenplary endosonol ytic pol yners can have
pH-titr@tabl e groups or pH Il abile groups or bonds. As used herein,
pHtitratabl e groups reversi bl yagGeRtac8fe #9RaE protons in water as a
function of pH under 25 physiological conditions, i.e. a pHrange of 4-8.
pH-ti t r at ableebyme upisyemalymeysiee wnithipatifenalamngye thet arg algle md%pnagl BYEf er s
within thise B 6RAAG: ofiSunoRl dibibLiah HbBrBOMPRARLN LluishBRE Ghakge 1n the
| ower pH environnent" an endosone. G oups titratable at physiol ogical pH
can be det eembriad thax p&rwSnmtrmmlyalwypﬁém%l@cimlﬁ@ﬂeérw gefey 2 [sal o £iofT BEi on and
exper i rent Q'Jeln 1ag§tﬁcﬁénf(§}hﬁgod fa thQ%n&ﬁiQHlR—: Wi}&? P w\@mﬁa%n@% te’?%h@t!f‘)‘txoﬂrbge of 4-8.
Exanpl es 30 o rouPs that can exhibit buff fering wthin this pH range

i ncl ude butlissbdnmolthy meipeek. i useldheln i mambsicdy, coll meghrat.eomRISaBSt i t ut ed

i ni dazol e, lﬁmgy&em%ﬁﬂ@Iaéweada@n&m aﬁam: rlfr\%utuf’?ir%ﬁﬁé %hom @&ymkh t, 4o at abl e
groups nmay disrupt internal vesicles @{ the so-called oh sponge effect.
A rever si bfapiliwas Reliverrenior apkemuséptideeop 1§rrﬂ@¢nﬁnmmehmta fé masRienfiomagent s
are at t achet {0 bOPoRRLIITRL ol affibibably e RS g 8k BAL ThoL Ry

consi dered to be an endosonol ytic pol yner, Subset endosonol ytic
conpouRts P%<hﬁ@6@@nﬁbm@oﬁﬁ@bﬁﬁscwiﬁ@lﬁ@ﬁﬁ@dhu§é@éﬁlbYBb%m@b@@SSCFusogenic
peptides can,fagh 's'aétﬁz'it? u‘?BCiQa%P(%'ther 1%!1&@1%@ a§éd q%k%ﬁo%d%bkﬂ}s@%éﬂlo‘lﬁﬂ?ﬁ“ c
conpounds to the cytoplasm i's believeéd % usogenlc pepti‘des change
confornatlbﬁﬁpmea@ﬁﬁg% hH“Wﬁf%%@iV@ﬂyﬁ@@gtaﬂiWﬁﬁlﬁg tdrdosemdosderat menbr ane
ther eby enhanging &M&@P&%Qﬂq Cthﬂeéahvc%% Rkis &das oy ﬁ@@tfr@tdﬁo t@ﬁ%ﬁp' e
fusogeni ¢ peptides 1 nclude pgf des deri'ved from polynyxin B, 1nfluenza
HA2, GALA, mkmbpne BaficApolympist Mombsang avtivd ppiymesoder care daye plisndsisn ol zhei ner
- any|29l d . RRRShAEor 1%{6%&4‘%& édﬁ%derﬁ’d hdhs FRy RO ThY Eﬁ‘éctAfB{%ln%PaH@Qchv)ét eis a

pol ynmer cont ai ni ng anioni ¢ and cationic nononer units.
polymers on a cell membrane may be transient. Membrane activity of a polymer is dex 1ved

from its affinity for the membrane, which causes a denaturation or deformation of the
bilayer structure. Membrane active polymers may be synthetic or non-natural amphipathic
polymers. Membrane active polymers may have in vitro transfection activity. Membrane
30 active polymers may be cationic, anionic, amphipathic, amphoteric, surface active, or

combinations of these.

Delivery of a polynucleotide, or other membrane impermeable moiecule, to a cell is

mediated by the membrane active polymer distupting or destabilizing the plasma
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specifically, as used herein, a pol yanpholyte contains a plurality of

anionic nononers and 15 a plurality of cationic units. A polyanphol yte

pol ymer gy 20@tchepal |y contain non-ioni c nmononer unitspcthRsadyeaus

sol uti ons pol yanphol ytes precipitate near their isoelectric points. A

pol yanphol yte can be fornmed by pol ynerizi ng anionic and cationi c nononers,

i ncl udi ng polyneric nononers. Alternatively, a polyanpholyte can be forned

by nodi fyi . t I

ol yrrer . 1 £ e pL AR AR et R er Mo EH AL,

pol yarrphol yarginige fossr il mwhr)?m@patdﬁﬂwﬁmwpmﬂhpldyqoétvmaéiﬁt}?ﬁii%h| |l c, polyners

are well known and recognized in the art and have both hydrophilic (polar,

wat er - sol ubl e) and hydrophobic (non-polar, lipophilic, water- 25 insoluble)

groups or parssl hagperogrhiriicacgreaehsndrmeli ditiectifrvryugleistdpblrecseemedt hat t he

chemni ca pr.ef C royps are

water oo UBl ok e e L B oo B R, Pty ™ 2

hydrophlI|@qgwgubﬂﬂénﬁ@eihméﬁ@éﬁybpﬁmhmhécge@nm@hhﬁgeﬁmgrﬁﬁﬁépﬁﬁﬁcbe

post t1 vel y (Gharaed L amon hcgmfesm%g@ﬁaqvmﬁ %ngfd%gn(lsﬁtam i hoeRoth. An

anphi pat hi nmpound can be a polyani on ycat 1 on 0 terion, or

a pol yanphehd/the thk’élnblce%p@fctrﬁy!aﬁ@tpmund%dlrgﬁm@gamm*t e n@t@@pbumgbw th the

fol I ow ng %‘?Jﬂb%' 98 é&‘&c efgﬁ é;t? a‘éé%%ﬁm DAL Yo%y ﬁ%@% 15482 ;ga%ntt

peptides, ol |gonu01 eoti des an contal ni ng am 8 | koxy

am des IOCabeé)wytlwcmnaxgmd@cy@@nB fut Vgiﬂmt dingprebinscps gltchsydfvdemﬂvalgr 619]@)5_ _

| ndi cat e "ﬂac%ﬁ thhét\ﬁﬁ?ctﬁ%orﬁsdn& Rk ;&J?P%féﬁdm lety is water-avoiding.

Typi cal Iy, suc em cal groups are n soluble, and tend not to

f orm hydrogen bonds. Lipophilic groups dlssolve in fats, oils, lipids, and

non- pol ar sol vents and have |it ity to form hydr ogen bonds.

Hydr ocar bons (containing 2 or %%b%m%% ﬁ&gﬁgﬁs) certain substituted

hydr ocar boisdosemolyas pelyobrs agchodlastre thol, ldewpmat: |t®/@§ha1andn oEr traiahlepept i des

are ex I 0 r [el to

arphi pat ni SoserisMEHGPRINR b A BbGSme 67 TR0 CRERT0r st BERRERL one

coval ent bombxmgabbr cﬂ(mumdmﬂepq ac:@ﬁfnwedhiyldmg:eoiemfmm exeatiplee intgrpalbut yl

amne, a b%?eﬁl‘é%%?cPc‘?({qué@%E'sélé‘%&%PQI? {é}g 9 %Ean%O Sasotht %ﬁ% pjacenment

wi th hydrogens, results n damonia (hy and ut ane rophob| c).

However , i fimfgrigncedioniendsbutramé 2ivede W@m?sedf a@lenultsr*aglelnmmbmtob@hw and

r epl aced W, nia (2x)

and but anelﬁog%ég}éq{fggﬁl%gﬁd&ghg C%lﬁnaggﬁﬂ gﬁla!ie}&?gmr?g?]ﬁ@g@% %T er e%gl%h%%gngghl c

becaus@0f ofmttir physoh-chitaicH pdmephobic a phrsiolveally rédsaymtbkegduoklly wd bonds. A

natural ly Uk T L o h ound i n. r e.

T S

pol ysaCChaICpiﬁle(Siﬁdb( ghéarchdsin h;s@impi]m@éf OIQIlssﬂemém’md?gdeynchnscndemntdlmip agar,

agar ose). I Kol urce or

it can be g“ﬂ%ﬁt chgg\%ggﬁla dggl%é:&goF ner ﬁ%glfo{é&grﬁ FﬂldA‘ lg%c?r@rﬁ%%é% ured by a

cheni cal nsg@@lsis gtduys reaersibbragedps onmndtcrmewgdmbw@[ ap atfumcabt yf pdowdari ng

bi ol ogi~cal - nat I nt Y hat is

ot made. 1 PRTSaRaLe AR 1 KGR, AR STEE. PR SMT LGN GaPRYTRL ok

monomer s ( sangh 0848 aaranoasdwitds anchh@an tegs. Tand ;%%awmiq gegp.calk g@ol yner

may be fully.o r l. ra pol ymer may
136e OlnaRR {;) l%Ie You%? I%vﬁ% I%Ilﬂg)?] dd% .?c{os@ﬁé" {} ‘Bﬁ gxltr%%éa a

have one or nore T a ) eava nas are
phystological pH can be detexnmzed experimentally by conducting an acid-base titration
and experimentally determining if the group buffers within the pH-range of 4-8, Examples
30 of groups that can cxhibit buffering within this pH range include but are not limited to:
carboxylic acids, imidazole, N-substituted imidazole, pyridine, phenols, and polyamines.
Polymers with pH-titratable groups may disrupt internal vesicles by the so-called proton

sponge effect. A reversibly masked membrane active polymer, wherein the masking
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25 cl eavabl e i n physiol ogical conditions or cellular physiological
conditions, the polyner is biodegradable. The cl eavabl e bond nay either be
in the maydH+G@RALI0Or in a side chain. If the cl eavabl epbpogieseyss in the

- main chain, then cleavage of the bond results in a decrease in polyner

| ength and the formation of two or nore nol ecul es. For exanple, smaller

pol yvi nyl et her pol yners can be joined via labile bonds to formlarge 30

pol yvi nyl e o) i h ] i chai n,

t hen cl eavg‘;‘é’g{qofe ltﬁm%g Peé'ﬁl%r ‘%ﬁﬁ ?[gs?g)oo E’?n e('Cr O%lﬂr?rhg%o%éélftggﬁn t he

pol ymer . DwsaﬂogewhWemeanfs a class of anmhi pathic polyvinyl random

copol yners. The pol yvinyl copolyners nmay be synthesized fromtwo, three, or
nmore different nmononmers. Preferred nonomers may be selected fromthe |ist
conpri si ngA sobrat geddaspmylytieedrmoundy infpogethermmpondsainpiidige &isgaeaitect ed i onic
group, pht L i 1hat al kyl

Vi nyl e?heP&hP&Iﬂﬁog%gyﬁsﬁggy qgg M¥ n%liﬁlhazFﬁgﬁ%bﬁﬁé th ggﬁ&gﬁtyl Vi nyl
et her, dodeumwum%ﬁyHW@WhehmndtmédewyﬂhvﬁwygmeiMQh&ﬂchmE@gménmmnmumyl et her,
and ot her RIE BEAUROR e PEORBALAL AR 0RhRD Y by EIER, A 1 ass of
particul arly uSefu po ynmers conprise: am ne-containing pol¥yvinyl et her
random copeoitymensc grdivgmef ciletbnwl tdstenisr Bammbriomeess peptiddsatdlude deptidononer s,
smal | hydr ] r gphob ot ection
o the ht B T, L R B oo <
nmonomneri§ cderpri setides Boneihygdi-ogenidohaidesandithehikewo t o si x car bon at ons.

Lar ge hydr ophobi ¢ nononers conprise carbon-hydrogen chains with about ten
to about 22 carbon atons, or about 12 to about 18 carbon atons. Medi um
hydrophobic nnnoners conpri se carB@MMhydb@gen chains with about 6 to about
10 carbon o 1S &

I5am nof buryi Respidge | oy BB RR e bkl Rl R RS EATRL NG
ponvinyIemﬁEWQﬂWh@IbﬁUHMysmqah@@pbﬁﬂct@é@n%ﬁwum%Wpﬁwyﬁmimwkeﬁhemﬂ random
copol yners Y At , atio at
wh ch They™ S ECRLIE Y o R BRRS L b B PB B Qe AR p Bt ULl P
Di fferent pohynersitan gpeomadeiuynsapdiemiphglyteh erdcaedtermi themfﬂ@@cmrgnorrer s in
t he pol yne t , N e i hor , ' rs in a
pol ymer cafUhe b REsBEARNLE R b W) ol R R LA A ol o MR b

di ff er ent . icWiegherlymére monones.sAblgreativalyorzpoiatephobte tche bbednedabiyo or at a
di fferent S t o rs to
achi eve a esﬁﬁa%ﬁﬁ%”:%%ﬁgi%%§%@%¥§%?%%ﬁ#§%P%ﬁ&gsg @@&h_ gﬁgﬁ?ﬁ%ﬁ?
polyviﬁ@leghmp<msnxwm@w@mME%MUbMBﬂﬂbhbohmemEMMqvénzsdanlne/butyPoctadecyI

or am ne/ butyl/dodecyl randomtripolynmer. It is possible to synthesize
polymers with simlar am ne and hydrophobi ¢ nononmer content from pol yam nes
such as: polyethyleneinine ponIyéﬁmbmﬁbﬁlyvinylanine and pol yal | yl ami ne,

or ot her p?xhﬁy@raﬁ’ncs& hx}p%ﬁshg%l [yo\{};n% Q’L %(Bf] ﬂxo&;hgncdlil&%gﬂ?e%% 'th%acll;t af?cphfgrf the side

chai ns of
bath hydrophlhc (polar, water-soluble) and hydrophobic (non-polar, lipophilic, water-

25  insoluble) groups or perts. Hydrophilic groups indicate in qualitative terms that the
chemical moiety is water-preferring. Typically, such chemical groups are water soluble,
and are hydrogen bond donors or acceptors with water. A hydrophilic group can be
charged or uncharged. Charged groups can be positively charged (anionic) or negatively
charged (cationic) or both. An amphipathic compound can be a polyanion, a polycation, a

30 zwitterion, or a pelyampholyte. Examples of hydrophilic groups include compounds with
the following chemical moieties; carbohydrates, polyoxyethylene, certain peptides,
oligonucleotides and groups containing amines, amides, alkoxy amides, carboxylic acids,
sulfurs, or hvdroxvls. Hydrophobic groups indicate in qualitative terms that the chemical

moiety is water-avoiding. Typically, such chemical groups are not water soluble, and tend
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Preferred nmenbrane active polynmers of the invention are water soluble at 1
nmg/ M or greater. Preferred nenbrane active polyners of the invention are
surface agbiwmsw2ienbrane active polyners of the inventponusmergeaberably in
the size range of about 5 kDa to about 100 kDa, nore preferably about 7.5
kDa to about 50 kDa, and nore preferably 35 about 10 kDa to about 30 kDa
Masking agent Polyners capable of delivering a polynucleotide from outside

a cell to L{ig, ehaRLAsM &a‘nda 311111@61%11%4&@9@@9& Batst O] Gpild, allPYR-ROST
bio-distribution in vivo. Therefore, it is necessary to 5 mask properties

of the pol yihems af aavediilsie noapacEx Py skoasa Bpndsi Téywcem@mo@@wﬁmg Because
modi fying bhg BElY BRbod QRS kceh'a”&ﬁsﬁsbﬁft&&?ﬁx&&a%éax%@ é‘ﬁo‘i&teld“agﬁdléé%kﬁ the
transfection activity or nenbrane activit é pol ymer, nasking agents
are |inkeddreatitie Hel spfaip WP%@%HSFS@XGWB@F € ihycjfom}@berewm At piskdE#. O eavage
of the ki nmg%qf;@cﬂc%ﬁlaugdaﬁc g&glebldaﬁpﬂis MBGkeA s erﬁ’(ﬂ&'ilIeYdeﬁtfcdtanﬁEyner 10
As used herein, a masking agent conprises a nol ecul e which, when linked to
a pol yner , caficsl fend i%nlpfplfﬂnt eldolfcpliawéchﬁ DyressnoRer pyamplss & hrhemitices

(bi ophysi cgleq0k. RiACBEML Bl GNP EHBEISEES) wRf Iéﬁlﬁcsﬁﬂitmlr hy (ﬁ)g{gﬁ@k' ng
agent can also add an activity or function to the polyner that the polyner
did not haV@uﬁn1¥h@n@b@enﬂed6@mﬁﬁeda@k@ﬁ@maé%mﬁqﬁﬁw®peH@W%@foﬁ 1#5 pol yners
that may bgi,fRkeehd RCLMIE TRRADEARGBE bbydst ¥nd RRGLSOIRL Wit oAkt iyl tY,
charge, effective charge, transfection aCtIVIté' serum i nfteraction, cel

i nt er adfi ofesulEPRIMPlsRYles 4y 2eAURIRPAYE SgeArdbuans. HPwerer dkiBiaminsbuiprcey ent

aggr egat i ofoQfynGe.dCRAlHPIGHIERLLAL rRRLYIIRIE 1RORIHGRLS. bzﬂ“t ROYRL alagiscal
condi ti ons. Masking agents of the invention ray be selected fromthe group
consi sti ngobtobsadsy i ¢ stabilizers, targeting groups, and charge nodifiers.
20 Mul ti pl e maski ng agents can be reversibly linked to a single polynmer. To
i nactivate a progerty of a polynmer, it may be necessary to |link nore than
one maski ng ety ccoirinerguns et polame ke Fe kerfounfuryaiprcobxampikiiegdagent s are
| i nked 50 b&gnmbwg@r bOARI eMgelde aQ@s'peeddck@dveLq of ek PRET | Va0 The
de5|red | evel of nodification of a polymer attachment of nmaski ng

agent (s) i slyewaminogyenss. efrhmﬁm@awusgwehﬁpr}ﬁpm avlemgofainks ispleteil Viopy 2assays.
For 25 exgfploRaly fqoﬁlb@ PO ky&ﬁrb&%é;eﬁeeg Qﬁmlérﬁ%lﬁﬁé N' foymmae@ given
assay, a suff|C|ent | evel of masking agent i polyner to

achi eve th@&ﬂﬁﬁW@%ﬁYev%mﬂeﬁpﬁﬁ%bbhtm@hd@@Hweﬁ@ﬁdﬁebeeﬂ@W@ﬁwoﬁhW@Eat assay.
A suffici e’B’Foidgtéﬂib;fi{)ceQJ mhﬂﬂaﬂg}@ﬁﬂe] Gap qﬁﬁhe‘i@‘b@fy%fephﬁt N n@kﬁlgdet Rorh he

pol yrmer to i nhibi regation pol yme physi ol ogi cal |

condi t i28ns hatnle Otcmwaaheueaée@u @eﬁbﬂlatmsﬁkmgme@ew trash P aiged acifpr

exanpl e, baLtlSh&r Ly SbalkbdsZ el foly3G ARdpd ANGSL RSB RMRS, TRYhRE J:1 nked to
a polynmer. Steric stabilizers and targéting groups rimay or nmay not al so
function asokbdige nodifiers. The masking agents of the invention are
reversibly linked to the polyner. As used herein, a masking agent is
reversibly linked to a polyner if reversal of the | i nkage results in
restorati oft pAlymifemmaskEdIgctivite yabdp. erieayatigrhonds. UagRkilpicdyedt scar e
linked ;50 the,.pRlY FRLGHEQHOM ks %%naaﬂ B}r}mglfomrcﬁvc%ﬁcﬁh&lqethe HOVALERL

| i nkages with reac Jt oups on t Reactive groups’ may be

sel ected f b@ﬁwﬁeblgr“ﬂwggea@mb@@u% el fmhﬁea theameeﬁhﬂusm il sedeschainyldr azi des,

al dehydes, geanhxpl %oncfro&:um':ﬁ ma%'a@n EiR! ther fEleM%; Of ﬁ‘gt‘&o\ﬁg ELRURS 2 OF
charged groups on amg rever3|% one enbodi nent,
at | east tWerropas K P@yva@émgh the éveiﬁe@bpﬁ/twq %we@cenq@ukhﬁ opekammt:. . | n

anot her e n ts,,a rsib [ d 0% 30%
40% 50% ng%%&sfg}/y Vugﬁé 5 Olgﬂgﬁeéarneggt i Sl\é@gﬁguiﬁ%ﬁéor?% e t%gogpngg;gel

anot her30enbolsyindepter nmswm@f g elarwblabend esgurssh Bleysidejchidedhanocleeastof20% 30%
40% 50% @%q@)nglgs@lts%logq %cﬂah?et&g@ﬁ&ﬁ%e?f LRMRE on the polynmer. In another
enbodi nent, the percentage of ‘maski ng agents reversibly |inked the pol yner
to charged groups on the

Disclosed herein is a class of amphipathic polyvinyl random copolymers. The polyvinyt

copolymers may be synthesized from two, three, or more different monomers. Preferred
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10 polyner is about 20% 30% 40% 50% 60% 70% or 80% As used herein, a
polymer is masked if one or nore properties of the polyner is inhibited or

i nact i vatwgglrdayoabésachment of one or nore maski ng agentscréspolopeme i S
reversi bly masked if cleavage of bonds |inking the nmasking agents to the
polymer results in 15restoration of the polyner's masked property.
Preferred maski ng agents of the invention are able to nodify the pol yner

(forma regﬁ@ﬁ&?&é ﬁlap%ectemtw ﬁfot}lethgq Jty@@ﬁ;)mln@ a%geeuanﬁ%&lem e

particular utility is a maleic anh derivative I'n i's nethyl
(- CH3) andedReitieg & ppriespidonnie Mdplghaénpde(protz@@mm@wﬂ)ﬂherr aeét‘-’ewél am des

derived frgm, tng,lq,ﬁqgﬂem&fio%@&(ﬁ%{n‘;; ﬁherama%e@smﬁ V%xﬁemu Eﬁ%l Jisyl dnpyat ural,

synthetlc or non- tural non-i1oniC ymner t revents
i nt r anol ecdddaeyl sinyl eibesr epadeyliviay! dter, @1@9@@1@Hsi%ﬁﬂlpbhw}*efth@dr\ﬂ#ﬁlw it is

attached rﬁh@ﬁ%%ﬁghﬁgﬁaﬁ Pb%ggg containing no steric stabilizer. A steric

25 stabilizer mer fromengaging in electrostatic
i nteractions, Electyostatlc interactions are the non-coval ent association
of two or Awtes ubsicandewsetlpolypera pemteiapendoneEsngiwEertisoendive and

negative CE&% %ﬁéﬁ éﬁ%‘é}’ ehgedsog'lﬁlbduee El%ﬁ&né}@ghﬂhﬁﬂhige I:noh&ﬁé?{ %51"1 ﬁ’ﬂlrdﬁl‘xglﬂc bl OOd

conponents ore op sonl zat1 on hagocyt osi s an upta e
reti cul oendotdyedrs, ahd @;@tledmpl&bam@wmcebppmvéchomafrﬂl@ phibalinndy reezyewi

circul gbi opifik g :ﬁ)tane?g)n %&C%&% L QrpbGo n%cﬂgﬁée@r&#@trﬁ@gﬁﬁ%-hﬁwg—’& ¢

stabil'izers can al so |n It ‘aggregation o Preferred steric
stabi | i zer ghags emﬁbtvyéewhw epboy IW@@I Lf(1 EE@d“aﬁﬁblpE@i@WiSvf@mW@scan used

herein, %ﬁ%gggﬁlﬁfﬁgﬂlca%guh@ﬁ/% B litz c;rbépgoﬁ]@ hyLene 191y skt I@Q%H?rlg 2-20

ethylene g nononer s - yl ene gl ycol nononers, or about
et hyl ene ghtymelemhﬂT@hOm mygeirerheyreirig C@bwieﬁmgﬁledlapﬁ@ltbahmélﬁ% have a

mol ecul ar a 8 0 QRS 00- 1000
Da, about 20 - 7%% %agﬁ &{)out @%&ed Siﬂg% hggy‘smg': ¢ é)g eef‘gl o s 1ia}ii)elzl izers
may bel§el eeme'autff}fmdmep@y‘emﬁctb%r@pminep/hgtylfimls%a@&ﬁasrlﬁtbles, dextran,

cycl odextrin, poly(vinyl alcohol), polyvinylpyrrolidone, 2-hydroxypropyl

met hacryl abf, l&@h@%ﬁ ’pl’(ﬂ;@giew Bt p<§19&Vﬂgleﬁmﬁqj‘iﬁ&h10§>$01§51@z% fare determined by
the particular monomers chosen, the ratio at which they are incorporated mto the polymer,
and the size of the polymer. Different polymers can be made by altering the feed ratio of
20 monomers in the polymerization reaction. While the incorporated ratio of monomers in a
polymer can be the same ag the feed ratio of monomers, the ratios can be different.
Whether the monomers are incorporated at the feed ratio or at.a different ration, it is
possible to alter the feed ratio of monomers to achieve a desired monomer incorporation
ratio. A preferred amino polyvinylether i a water soluble membrane active
25  amine/butyl/octadecyl or amine/butyl/dodecyl random tripolymer. It is possible 1o
synthesize polymers with similar amine and hydrophobic monomer content from
polyamines such as: polyvethyleneimine, polylysine, polyvinylamine, and polyallylamine,
or other polymers such as polyvinylalcohol through modification of the side chains of

these polymers.

30
Preferred membrane active polymers of the invention are water soluble at 1 mg/ml or

greater. Preferred membrane active polymers of the invention are surface active.

Membrane active polymers of the invention are preferably in the size range of about 5 kDa

to about 100 kDa, more preferably about 7.5 kDa to about 50 kDa, and more preferably
35 about 10 kDa to about 30 kDa.
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5 Targeting groups, or |ligands, are used for targeting or delivery a
polymer to target cells or tissues, or specific cells types. Targeting
groups enhgneRehirgy associ ati on of nol ecules with a targetugabtersdiaus,
targeting groups can enhance the pharnmacokinetic or biodistribution
properties of a conjugate to which they are attached to inprove cellul ar
distribution and 10 cel lul ar uptake of the conjugate. One or nore targeting
groups can be linked to the nenbrane active polynmer either directly or via
a linkage with a spacer. Binding of a targeting group, such as a ligand, to
a cell or cell receptor may initiéﬂ@k@Qd@mytosis Targeting groups may be
rmonoval ent p fgln\éé' %%Bre Jriabinals gozfyl%tcfe&‘{ | out%e Q@e‘{ﬁm Q}&&%‘?Jpzam' oBRCY-
Targeting gr be selec romt group npri sing: ounds with
15 aff|n|tydt@e@@@kﬂ@u&ﬁ@@ehnmH@@Uﬁ@dﬂ@@mkmne@epfﬁwwﬁwgahﬂgﬁm&wdto

anti bodies Qg% QIR ' to cel
surface nDPg%ﬂﬁhg pr%%err%%g?gggggﬂﬁéggrﬁﬂg}@%ﬁ%gr%%ghgkce %£¥%ceptor

li gand. A wedifety tlef pdlygandsmhdy teigepnpusedeanoaltcargetivadr igsiraasfdctigenes t o
cells and gl.l I y be

sel ected f%%h1 hehé#%a&hm i 3ﬁg&%ﬁﬁﬂk9 S%%%&%?&gﬁqﬁ'(ggﬁ%g%Pgééngrldes
(|nclud|ngpbbuﬂ%mnﬂyhmwmﬂédhm@gUQGﬂqahacvbﬁe ligabtactsose dershiched vwes,
mannose, a iyes), vitamns, folate, biotin, aptamers, and
pepti des (?%ﬁ#ﬁﬁnﬁaﬁr|ﬂcaﬁ%ﬁ¥1n1ted to: ROD- contai ning peptides, insulin,
EGF, anfl transferrin). Exanples of targeting groups include those that
target theaasial 1@%&@%@1@5@%& EREREAT AYled® REicRSHRL AIkNGORTO RIS OF

gal act ose resi dues, . For exanpl I'i ver hepatocytes contain A Recept or s.
Ther ef or e, Sgfachpais @bﬁ%ﬂﬁrwﬁt%gm@s% DY FHGGF Shigehirsy! Be bigshamiesd t ar get
hepat oCyt eghardaetkidécd PSERGRM R, rn R is R A8k Rl QYRS abtRet) YbBnctRYko AL e not
limted to: gal actose, acety al act osam ne, ollgosaccharldes and
sacchari dePebist Btshy Beleheradd nfrt favegythegeprepesnfribhaskye agarnieyaties of

| ysi ne-basggy@ak aft ASELChgbEmLSIudAREnHRAL aRRDaASEd BBl ac @SRy chitst ers) .
Further suitable conjugates can include oligosaccharides that can bind to
car bohydr atiéectist 6ies: i'QPsTRfGmeFS T CROYM figgetiosn ceth étagption, and toxicity.

asi al ogl ycmﬁigggeh&bn&%ﬁ%grmﬁléﬁ@pPe)vemEs)gaﬂzgin%nQﬁ%@ﬁ@a&ﬁ&@h&tﬂoﬁﬁne@ont ai ni ng
ollgosaccharldes and/ or carbohydrate conpl éxes are provided in U S. Pat.

No. 6,525, 6B1UeAs ipdbypitere ondgioahMekingpaety ef thy snvangmongy bhilecsfiters t he
charge of @afmi @OIRuPOMRLERY 0B ROk YWiBlizerd NErEMAr Qﬁuﬁmﬂ{df bRl GRAMNiMeUtrali ze a
charged group on a olyner or reverse the charg frompositive to

negat i v OMW%%FH&W?{ wepo s Py aeveniblnliniH marsinegdhpolonar g msaTHs eati on of
a pol yi on gapekyestucsoithe, ﬁ%@r% 1Rbesh e 1P MOR  thdnO8Hd ResRAL ¥R e OPPOSI T €
charge, or form a pol yanphol yte.” Charge nodificati on can al so be used to
forma pol PHERCSWAHITICHEITRSE ohBts kil ALY B likaldo gstnshicare, actisi tigat es wi th
near neutr alsiB@levd r@?—ﬁl@ﬁwgﬁonz’?ﬁ@dénmﬁr@%ﬂ AddiBdaBoPsEf RIyned of Oacherny! VO
delivery of polynucleotides. A preferred charge nodifier reversibly

modi fi es aCERATFEHSeBr) Somdaly gPBRIped REGEPBIOBTYS BHEMgeAcHD 156 dmy be

sel ect ed fEeomidIe @ RUPn S PHRE ke‘?s'ﬁglb Q@M:‘{ Qg%ms esliBoieiVEmRS ki ng
agent, CI»Astéflc stablllgerb T ‘d%ﬁﬁw et mlelalactose

10Zet a pot &ntlig 2gegt i Myéﬁ%éﬁpc b?lw@r w%mw% Ehei @esg%ieﬁiﬂt@‘dmgvmawf particle
i n suspensihRmbLARE. d&@ny L OB sl ?emhﬁféwﬁpnu%%_ { SCBask B8 céz%&qmyf medi a,
the pH of the sanple 1s one of the nost inportant factors that affects zeta
pot ent i al . Wlferc ERaPlyEer ¥ Bk deapsRopighopriy B/ Y epritesratly eepdiions.

bases/ aci dgjord 6 Gha g%ﬂk@nﬁ%&%ﬂﬂ%ﬂhn@ﬂ%ﬁk&if&gﬁg&ﬁ%QKﬂaﬁéﬁLﬁ$Hﬁ&§ntIal

val ue nust include the solution conditions, especi al |

meani ngP ul 2FGFeCTR YISy RralitPeE [%ed poly Ry ﬁﬁgﬁﬁfﬂ’eiaémowdttw(getmt%wtm@t enti al

gi ves an i gl 6ahhPi ko &Rk enk ge%o&ﬁ@prrm E¥a@fo dobies 6ahd Rl dabn system | f
all the partlcles in suspension have a |large negative or positive zeta
potential {aaRbBHERedo|the padyiaert H F“@ﬁ)é@leléa%wa%mégerﬁmef% I ligkad|to pe no
tendency f BélyﬁﬁelfF}@J&sap Bﬁﬁletlgﬂi sﬁl@gﬁt g@iatlolfb%eﬂ{@ Tmasitdy &RG:PEF hiCl es have
| ow zeta potential values then there wll be no force to prevent the
particl es ediinagMasljat pesntsae llnheéd@ﬁlveamqlsﬁ@et trrechode dgemenen ofgieverdblipg | ne
bet ween stabl e and unstabl e suspensions for typical particles is generally
taken at either +30 or -30 nV. Particlg; with zeta potentials nore positive
than +30 nV or nore negative than -301 are normal ly considered stable, W
show here, that CDM masked pol ynucl eoti de-pol ynmer conjugates can form snall
particles, <20 nmor < 10 nm (as neasured by dynam c |light scattering,
analytic ultracentrifugation, or atomc



25 force mcroscopy), that are stable despite having a zeta potenti al

bet ween +30 and -30 nV at physiological salt and pH 9. Net charge, or zeta
pot ent i alyw@hodshe;sp9! ynucl eoti de- pol yner conj ugates of pRegykiwesti@n, can be
controlled by the attachnment of masking agents or charge nodifiers. Polyner
30 charge, especially positive charge, can result in unwanted interactions
Wi th serum conponents or non-target cells. By shielding charge with steric
stabilizer [ o rge g de with
an appar onto ST Eb b B s SR T o the
pol yner, sélomnuhs‘eaiubeccmamsmgl emnwralcb@lmmls; Iy dydaidesdr atdabydzetcarbp&tient ial,

nmeasur ed at pH S

bet ween +16°an %1 f%)e JF?’VSf \8@&% §V\°/e918§ E%lpg(r%ﬁw%ge@né X\%%rbnl-%goﬁﬁ%e net charge of
t he conj ugactvelswgwhckhb@i bxpe ctboditentbd Ewwom@skmg mnus haneatsipHliged Net

char ge or (il p%%f'?ncf hﬁraggﬁlerj eﬁnl%dﬁﬁegﬂ tla{s%ﬁma ?scﬁrg %\}c 1b§$ 1111chrt¥ Iyut .
polynuc eot exes 1n Vvivo a age age or |nker is a
connection zb%t wem@v\osoat oo, tat of ishkesolohe rehewi gakpsgmotip polymsednent  of
nterest ! QuaoLAR G Rh SLAND, Ol SIOTTALAN bl SLEShouli, one, o o e
coval ent bon For 8[ a1 connec yhucl eoti de or
maski ng agéﬁ%, ﬂ@%}aolpﬁﬁlr’/ynﬁethg ch‘rzcrgcrdagmqn wf tha pblymka de amil}cr @mbn@mpntt tho separate
mol ecul es into.a o 1 the sane
mol ecul e ?ﬁrcgv%‘:ﬁk of rhgasﬁn%g JIPS ﬁg&glglyﬁluﬁ(c& tkip-% Oﬁx%-'qg %Baig&P%;%%é% {h\lcje or
negati Vé chalyger is Abaque8s, §D‘bz| @"x@ﬁ@@bﬂ%éﬂ% ek&le. contains a reversible or

| abil e bond. A |inkage may optionally include a spacer that increases the
di stance between the two joined atons. A spacer may further add flexibility
and/ or | engﬁtbhlsctddzerdile alpbivkage maSpadeos: arayrd proparde,of Betpobmer nothilbed| i mi t ed
to: alkyl grou lken |.kynyl ar S l.. ar ar al kyl
groups, ar %f l1<neanﬁ ate% 3 XChn%e t?i&%o?f m@ (51 %%‘,}émégdg%%{gf‘a \’/ﬂ;%ﬁl %ar%%gg?] ain one
or nore heumkrat@rmca\f@nd)fhle:mdi dmi;tmge‘.}se nﬁplangraggm)ttpﬂleapcéyml festaown in the
art and.t he o 0 nt tolimt the scope of the

i nvent ﬁgn “"qu’ Eﬁmghﬂ P%Y%&ciqungsp%dtq“épe%gnd is a coval ent bond other than a
coval ent bond to a hydrogen atomthat is capable of being selectively

br oken or ved under | It hat 0 e lLe t her
coval ent b%n m%s ke %%ergldm i‘sveﬁﬁ e CLsb&eegll bmgl?;i s Bgaﬂ%ervgr Sible or

| abil e bondewesnbdac oonatidnthe ipoiydhet)Hataqiesnd sewlost @bhe'tlczﬂdrremhrgdyraamlcsal ly) or
nore rapidl ki netical Ly r tate n ot her
non-1| abil e % @3 en métmdm Wh’&z% gs Hélqur{?(ﬁ% d&Pk ag Eﬁ%g%gc %{}%‘f qaabi |l e
bond wi20hi MCHE:)r-€0 ot terseynide slalitedifront theadidr matl on of two or nore

nol ecul es. For those skilled in the art, cleavage or lability of a bond is
generally discussed in terns of half-life (t1/2) of bond cl eavage, or the
time requi redusedrhehad, fa oferit hebboads & matkdaverthelr,t ogonsdturhlondsioaice bonds
ta:]gt Cg:’lgﬁ\éz}? aﬁeﬂ merhﬁap ]Infs,veng Llltm%h?%vﬁ Qr 1&61%}?860&?} m c1agt1<91ts h? p %&\36??223
envi r onmento ahehLOsf machcd rrelaweetodhd Helymat cdmtemnng) ne sanobﬂablhzchhlm,nc

ror e 281 Ay vRdn ifrer TSORGL A argeEar o d o RanuSs TR, oe
donat i ng oflintevadtivdy awitegnogrooupsit eancib@nl deab ed more @bsmlcecdledo stkétivei ent | y

near the cl.eav e bond. suc he e ectronic effe f the electron
donat i ng OrfO;\{/:\%q,?Jh een OSi We dncr' neé,.!!}we nc etert tagﬂiztelﬁ caz% ;nglh% énQSlfwzlon ngtﬁ

El ectron wibidodr aavmmjgcagf Gmpsth(eEWB) amemaiuoms pbrgopardis aofi nwhlec by eghet hat
Wi t hdr aw e'r&%% oendo%eﬂﬁ : tygtem %ric stabilizers can thys imcrease circulation time of
30  molecules to which they are attached. Steric stabilizers can also inhibit aggregation of a
polymer. Preferred steric stabilizers are polyethylene glycol (PEG) and PEG derivatives.
As used herein, a preferred PEG can have about 1-500 ethylene glycol monomers, 2-20
ethylene glycol monomers, 5-15 ethylene glycol monomers, or about 10 ethylene glycol

monomers. As used herein, a preferred PEG can also have a molecular weight average of
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5 another atom bond, or part of the nolecule wherein there is a decrease

in electron density to the bond of interest (donor). Electron donating

groups ( E&ho@icezsaé ons or parts of nol ecul es that donapergkestirns to

anot her atom bond, or part of the nolecule wherein there is an increased

el ectron density to the bond of interest (acceptor). The el ectron

Wi t hdr awi ng/ donati ng groups need to be in close enough proxi mty to effect

i nfluence, I i u opdpbei ng

br oken. Ano&cf%ﬁ,?25 2{3‘9%(?2%%0%% gl?ehl %’8%%& ig)galgﬁegbrogt iemng%bon Qf‘ougvagepl s to

i ncor por at &ifeunstiebinabtegy otghs 1zemt enalyhéﬁ s@h@‘m&o Iﬁetmlihe agotrthecomabiihe bond.

The pr oxi ct o] t.hi e can be

such that Py Stady) 4808, SauRtcho AREANR IRholt, P kB pRapRat:

i nt er nol ecdthadroxgaetyl @nﬁlaCT“j’ieteﬁﬁWﬁmanf}'Weﬁer ffmmtqqeﬁﬁaﬂe ethebups to one anot her

W t hin ;She nol ecule can in effect result in locally higher concentrations

of the functional groups. In general, intranolecular reactions are much

mor e rapi d Tefyaimg growes.mollievdb.are ysed & itogding Redadivity e pghvoups tsegariited by 5

and 6 ato r B e n of 5

and 6 menbarad ¢f RERERTE b, BeighilsBblE R ol Wi IR B vt

20 acid deraltauaettloaésTl(ua,cﬁmstmf:%DmS%n an&ldd@si)hc ahdmatakolind sy bibfistobgion

car boxylic l. 1 er .t o make

cators, caPbau: & AIhAER 0 R ARRP RGO ol EREHLAT BRI P TS

aci d ariﬁyducq:lu% uptaka mif dies conBtgetei @nﬁrmemaettmeﬁsxewwpalcgm behahege it He cl eavage

rate for a, C a e e . type of

| abi | e bond %%ﬁ?ﬁ%mgrf %&ér%&ﬁwlcﬁﬁ% gﬁﬁg 40{1]& %ﬂﬁryﬁg%a??”zeln‘bga can be

sensitive taggiky coxipdatchve ohgamédisct |cvle ocenkbllretqezoinlsmey nag@ntesdocyiesper at ur e,

salt conce on, the pres r r an added

agent . For Eaisy Broute FefioE BRRR G BRaRR Kot ikt B 8P R n e e

cl eaved i nvtlheypiegemgereps the bapq:jcc@qﬂrflean eheegrztyn@mpkisﬂngrt@m;remndemtﬁpl e

i ncreased e ronfr.i a

o+ 1 abiire A ARGk AR MEhlfi AR AR LB GE b AN AL %, e

appropri at edd sohdit momss ok aimitoxd cw}thiedeyndﬂe@taidsef&lpmﬁdledltmgsjmg ganot her

exanpl e, Y r j ra

Feduct | vel SOMEBE SoBERTr iR R Rey R AREHARHA R PHLH 805 18T P

al kyl thi O|g$ﬂ€b$3 cHpahlte %pﬁﬁiﬁbewih@r1®ﬁwk1erﬁdb§nc¢€et¢ubgandmmamb€tchecipcﬁ ésmnce of

thiols, w e o) the

car bon- car %1% %u gr%\éi?ig ncg%oﬁﬁ%%%%e g@é"&l{% @C&gp&l}?zl(ﬁ&ﬁd&%&ﬁ% ?%tﬁ{sm he rate at

whi ch 20| algilkgosgr a@ipcwmldeumde?r gmlmosansmmnmmq%@rdcle\ainvcbe vemisolfdiad by

altering 5t e labile

ar oup, | Por CAT A A BAREL. bR, By At S SOMALD DAL

el ectron adeelpt. GG, erd donbrs). Exealplcs hémrmng gogrsdupudsahosafifaecreet He

particul ar con ( enm.c [ r on will

occur. 10M %c%yéog Oé%ltrﬁ Eg‘jo Hé%lgé] gaglalrrgft}cgprmetglgs? ;Hf b (Ilaac%)rqg%sb egra dE:I)nds | f

nore t han emmieevlemsmblbzeocmes IcahmineASGﬁd[{ctceptplneé’eencforcn Gaiheiowe:loefemlng and all

of the eversihle o r AN t, about

the sa r%g rg %6113% zeoFJ{wt xﬁ]gbll)e I%O(P‘g)g%l Ft?ll dt&{ytet@ I“ﬁalgc c&%ﬂ:ﬁn%% %%X{ch%?

mul tipl e réwbnsj hiteronot| labick ¢obguirdese, M am%rlﬁﬁctctmm}oﬂwlllgeaneahembls,eandr I abile

3loplgelr anr Se?c%pdudf clustelg (U% G& uIly? Gh?‘eiﬁju Eam?no'hgxy‘la’ b%h\PAc‘? ?que %Qéed e&a Q&Q%S are of
clusters, and cholane-based galactose clusters)., Further suitable conjugates can include

oligosaccharides that can bind to carbohydrate recognition domains (CRD) found on the
30  asialoglycoprotein-receptor (ASGP-R).  Example conjugate moieties containing

oligosaccharides and/or carbohydrate complexes are provided in U.S. Pat. No. 6,525,631

As used herein, a charge modifier is a group that alters the charge of an ionic group on a

polvmer. The charge modifier can neutralize a charged group on a polymer or reverse the
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15 either on the appropriate conditions for lability, or the chem cal
functional group of the labile bonds), then the nol ecul e contains

ort hogonagohaxgbsudl e or | abile bonds. Othogonal revepstbksooish@abil e
bonds provides for the ability to cleave one type of reversible or labile

bond while | eaving a second type of reversible bond not cleaved or broken.
In other words, two | abile bonds are orthogonal to each other if one can be

o) eaved undkee ol bR, Lkl SGbIEC O ARKe! B A5kynEF WipagnRl

prot ecting gr%ups a nown in Organic chenistr conpri se
or t hogonal ni@dﬁ!d@lonﬂéamsle@nh@wdwe tl gbiige pothe goleiah fyrmi abilyien bowgodis a | abile

Dot hose erinPESaE s ol o0 e b R e iy
| i nkage gr oliths dasieed sief dietge dr stigivtenhalt Coregptes W@Ié nefs bautishedtickage or zeta
transf 0k nabbt%gia ﬁ'egre’ferl%ld ?&\{991% d% o@ [’»& L 6011&‘4 CeL { 1‘811 g‘ttb‘h}[g?e'eﬁ?%ggé C_al

condi ti ons herein, a ce yS|o ogi c nd is a
| abi | e bond:veiity n@dﬁilceavdm%d,u@d@rmmml Rayersilye rChxi:reCt Imgddierscwadibei ons.

Vel | an LOLACRLY AL GRRShLARSCRE! e AR BhETLC A6 ondihi 9as. Such as

t enperature, oxi e or reductive conditions or agents, sal t
concentratKEMM%@dmﬂdnmwoKfﬁﬁégﬂgoﬁﬁhﬁ%&3hoé@Déheﬁumﬁered in manmal i an
cells. Mammalian intracellular conditions also include the presence of
enzymatic activity normally present in a mamalian cell such as from
pr ot eollPt i copotyich blaphygcabppperysyhidh ic ethitutcd by phyrsitol fdg seatisipnlaadbisl e bond

may al so bg clieayad {onﬁuffgc%pc%%%g Ehf)?slqogl ngl {ﬁ%@& hﬁlnoefq{% EU]IE peGenk! cally

accept abl e exogenous agent ysi at are cl eaved
with a halhu$uﬁmp®ﬁmiéssmth®m:ASGmanmmap@mﬁahsMﬁenedwu@ry begoil | enon

Physi ol ogi i r I | €ss than
15 mn areB@%%%Fgégggﬁgﬁ§gg§b%aﬁ%mgtﬁ o G gﬁ g&ﬁ Fh&ﬁ%ﬁs gf%%?ﬁ%% (cl eavage
of the Iame@ﬁbbmdwemmgim%mﬁﬂmﬁpahedcmmﬁmhecaﬁd&bnéhi@b@m@gﬁ&ﬁﬁaﬁﬂut|caIIy

accept gl et@gcgi“@%x{%@?stéﬁb ncié%nlmcfér IR 5 DC ;g&éénm%ﬂo@%saa'ﬁ 19&1?44[%11‘6’@@? da%zeﬁﬁ?ilecu' e

cont ai ni ng ond reéaches an ppropriate Intra-an
extra- cel | shiafityerivior ofingntsystiorlf ek dwpheicles iptispeabivd eevberdenmaggebe «l eaved

wh th | f , | e bond
n’a;\nbe gog&hﬁ%\% Stat%meﬁ‘&ﬁ i3 thjcg wﬂ?f\e 1(11{0 ijslgegs a %91% éhc]%wgl bﬁglog{{éigiv ijl g bgg ds
may be cIeévem:mmwmxe«pm@e@gﬁbnéﬁzywssﬁ@uqhﬂ@@*&h@ﬁeWpﬂeggmﬁmﬂwﬂan endosone
or |ysos ONg..f ther%]‘ﬁ/eh?e A iIGPCQ étgﬁmen'ta‘g% A cch g(?rmlag?n%t tﬁ@ryang qﬂ{) Ju?a%%gdfh\éhen t he

nmol ecul e enters nore re I ronnent cytopl asm Thus,
a d|suwﬂ|dgmnaycbe@e@dmbdeﬂ@ﬂMB@bhema1@%ﬂdphasmn&M@Hba%abbbp%nﬁ@ 1515

generally taken at either +30 or —30 mV. Particles with zeta potentials more positive than
+30 mV or more negative than ~30 mV are normally considered stable. We show here,
that CDM-masked polynucleotide-polymer conjugates can form small pariicles, <20 nm or
<10 nm (as measured by dynamic light scattering, analytic ultracentrifugation, or atomic
25 force microscopy), that are stable despite having a zeta potential between +30 and —30 mV

at physiological salt and pH 9.

Net charge, or zeta potential of the polynucleotide-polymer conjugates of the invention,
can be controlled by the attachment of masking agents or charge modifiers. Polymer
30  charge, especially positive charge, can result in unwanted interactions with serum
components or non-target cells. By siiic—:fding charge with steric stabilizers or modification
of charge, conjugates can be readily made with an apparent surface charge near neutral,
By modifying charged groups on the polymer, serum stable particles can be made in which

the zeta potential, measured at pH 9, is between +30 and —30 mV, between +20 and —20
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pH-1abil e bond: As used herein, a pHlabile bonds is a labile bond that is
sel ectively broken under acidic conditions (pH<7). Such bonds may al so be

termed erg@sqambisys | abil e bonds, since cell endosones gnghytMeosemes have a
pH |l ess than 7. The term pH1labile includes bonds that are pH | abile, very

pH-1abile, and extrenely pHlabile. pH labile 20 bonds may be sel ected from
the group conprising: a) ketals that are labile in acidic environnents (pH

| ess t han er. t.han , | oL e | s that
are Iablle%ﬂkgéggé ﬁuﬁﬁ€|}g%ﬁ%§1%g%%hqug§ %ﬁﬂﬂﬁgpﬁfﬁggﬁgvﬁ%ﬁg %? to form
a diol andccanugaiedeEG; e@Belpd tbnasreopositing mliaure th%ttN@rcéargtab)r Iserfdca aci di c

envi ronme nE1§dri(epi|§| a q%ﬁﬁ'}c ?%tcﬁ in &[l@&i 8@3@%@%‘1?% éiﬁ tc?m%l%(c@uﬁvr}v am ne and an

al dehyde or a@kéto I con-0 ages that are labile
under acidic conditions, e) silicon-nitrogen (S|Iazanes) | i nkages, and f)
siliconzcarbon |inkages (aryIS|IaQ%B e Miy) silanes, and allylsilanes). 309)
naleanage am de bonds synt hesi ze ¥r0n1 l eic anhydride derivatives and
am nes h) drliheccestlmke i p chygrtandreween jyo atots viat dukscar lsboyibdl grapicd

E)e r l/:/ﬁ;: Ve cﬁ,(n%%t (%r 1§1t01 c%{rh) a%%)hcpaﬁ:h‘g&?%mtug 0&" Qgﬁﬁogl? oﬁﬁltgc&@ aé»}% ?qné}gdr ol ySI S

oovalcnt bonds. For exampie, a linkage can connect a polynucleotide or masking agent to
a polymer. Formation of a hnkage may connect two separate molecules into a single
10 molecule or it may connect two atoms in the same molecule. The linkage may be charge
necutral, or may bear a positive or negative charge. A reversible or labile linkage contains a
reversible or labile bond. A linkage may optionaily include a spacer that increases the
distance between the two joined atoms. A spacer may further add flexibility and/or length
to the linkage. Spacers may include, but are not be limited to: alkyl groups, alkenyl
15 groups, alkynyl groups, aryl groups, aralkyl groups, aralkenyl groups, aralkynyl groups,
each of which can contain one or more heteroatoms, and heterocycles. Spacer groups are
well known in the art and the preceding list is not meant fo limit the scope of the

invention.

20 A reversible or labile bond is a covalent bond other than a covalent bond to 2 hydrogen
atom that is capable of being selectively broken or cleaved under conditions that will not
break or cleave other covalent bonds in the same molecule. More specifically, a reversible
or labile bond is a covalent bond that is less stable (thermodynamically) or more rapidly
broken (kinetically) under appropriate conditions than other non-labile covalent bonds m

25  the same molecule, Cleavage of a labile bond within & molecule may result in the
formation of two or more molecules. For those skilled in t’he'art, cleavage or lability of a
bond is generally discussed in terms of half-life (t.,) of bond cleavage, or the fime required
for half of the bonds to cleave. Orthogonal bonds are bonds that cleave under conditions
that cleave one and not the other. Two bonds are considered orthogonal if their haif-lives

30 of cleavage in a defined environment are [0-fold or more different from one another.
Thus, réversible or labile bonds encompass bonds that can be selectively cleaved more

rapidly than other bonds a molecule.
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50r ganosi | anes have | ong been utilized as oxygen protecting groups in
organi c synthesis due to both the ease in preparation (of the

si | i con- exygppuegasdbon |inkage) and the facile renoval wmfr/tdrerrefect i ng
group under acidic conditions. For exanple, silyl ethers and

silylenol ethers, both posses such a |inkage. Silicon-oxygen-carbon |inkages
are susceptible to hydrolysis under acidic conditions formng silanols and
an al cohol 1{of.&nQ) af elétf@n %Qna%h@%; wﬁtyalmm %uﬁa@m bR csid hpp&m%&@&n and the
al cohol carbon can affect the Folysis due to steric and
eIectronlcﬂéﬁ¢@éW§mestd&%ﬁ@@é”ﬂ@ﬁ“@hé“b@ﬁ%P@ﬁﬂﬁ@yﬂﬁﬁﬁt@hﬁﬁg*ﬂﬁ@irate of
hydrolysi s Qbuihe. ﬁhﬂa&ﬂ;@ LXNY ﬁ@u&éé BRRatk LAY %lc%gg @&%@Mdﬂﬁmc
substitution omnm eit he or ganosi | ane, the al cohol, both the”
organ05|Iaﬁ@mﬁn@ﬂ%@béWoﬂmﬁbOT@éﬁﬂPfawémﬁﬁ%ﬁﬂé§mﬁééwaﬁﬂ@éﬁ<Rm%Wa@H¥t|on

char geds or ar{o%%tb%%&ﬁ%‘@% oBHE oRSuIBWHRABE. (Aire (A REXYL A QectlBRYenkpPe | i nked
to the silicon atom whi confers the labile conpound wth charge and/ or
reactivityto #ydewl gisingrest (dangi.| Hoctive dopids arowt WEDE b pivertdresnoratarta o§i | ano
and an am e @zanGs. %rcalan@fa@aﬂa&clrxm&%wt&%%@t@r BleSndiQuitydiQliysi s than
is the silicon-oxygen-carbon |'inkage, 20 however, the rate of hydrolysis is
i ncreased taels 2achaased eheion dnsty Mhibe Sotb ol inerpsbracseptasdt Fhetdestien | i con
atom and t Qg (ﬁm ﬂga&@aﬂﬂ@fnfﬁ ndeli 8o HEGE Bl M@!s}p}wmﬁ@d@%ﬁa itfghie and

el ectronic ef is alTows for the possibifity of tuning the rate of
hydr ol y8i swbikch ishepieily iwihinesbiy Sdhadigit fig bekbodigdelierut i on on either the
silicon or the amne to facilitate the desired affect. 25 Anot her exanple
of a pHlabile bond is the use of the acid | abile enol ether bond. The rate
at whi ch t hihghératyiriesy Boniderissing baved of bpehdsagae they weepaearfestiofa t he

car bonyl r b6 ANl ogs of
et hyl |sopP%%%%Hﬁt%9%§?9n§ﬂ9m§£%h@i gﬁg%ﬁtﬁ%§§§§ ﬂ??2ﬁ$g§ﬁgpgg$%e€s have
haIf-I|ve50@$mpﬁaghﬂyﬂQfm$ﬂUbﬁﬂqﬁ¢%Fhﬁmbm@ggd@@%¢r@W%VUS@W@ﬁ@h@%@ﬁyl et her,
whi ch Ry g)edn amfa%mzfﬁ acfuwr’@h@gg) %%&ﬁmh%\éﬁ)qh@%& b %ESviy houghl y 14
mn at pH eac ion of an anh dg mne forns an am de and an
aci d. Typ|G@kﬁ930¥heeﬂbVQW@blﬂéﬂébﬂbﬁw(ﬁ6FWﬁﬁﬁ@ﬁ<6ﬁmamﬁﬁﬁhﬁéﬁwﬁbland ani ne)
|s very sl %\(e@%@m 168k Galckih UL NRNABLE . ral VBN L Imerkil LM RARYAL T de 1S 2
cyclic anh i de, reaction mnlh an am ne 7ecu e in which the

am de and Rbwstiscirdumrsepairatod tyed signfeatpnd e @npﬁﬁméﬁﬂdéﬂgtﬁ@%dmemhéepresence
of both re?o%ktvo% 5 UHPE- n(em&eamlgsmgmnkt%s %ﬁmy nbif eal‘Ea'vﬁ%; chiBodyie sane

nol ecul e accelerates the reverse reacti on. |cu he product of
pr|nar@Oanwn@§MMﬁtﬁﬂﬁwhél@ﬁ%hhvmkﬂd@dahdﬂwnﬂéwéCﬁWh&dWW@é“@éﬁ@Wﬁﬂnves

mal eam ¢ ag.dg. Bl Ragt ng 1@&@9 e@t@@yei&g)a@h@s&@%aw]a& &APL3 times

tﬁeﬁ
faster than its noncyclic afna % ues (Kirby 19
phosphate esters, thiol esters, ac1d anhydzldcs or amides. Steric interactions can also

change the cleavage rate for a bond.

25  Appropriate conditions are determined by the type of labile bond and are well known in
organic chemistry. A labile bond can be sensitive to pH, oxidative or reductive conditions
or agents, temperature, sait concentration, the presence of an enzyme, or the presence of
an added agent. For example, certain peptide, ester, or saccharide linkers may be cleaved
in the presence of the appropriate enzyme. [n another example, increased or decreased pH

30 may be the appropriate conditions for a pH-labile bond. In yet another example, oxidative
conditions may be the appropriated conditions for an oxidatively labile bond. In yet
another example, reductive conditions may be the appropriate conditions for a reductively

labile bond. For instance, a disulfide constructed from two alkyl thiols is capable of being
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Reaction of an amne wth an anhydride to forman amde and an acid. 0 0 O
NR z-RR3../"? OR4 12.1 R3orR4 R2 HOR3 orR4 Reaction of an amne with a

cyclic anbgdnds@ershe® form an am de aci d. Cl eavage of pthesaneer@cid to
forman am ne and an anhydride is pH dependent, and is greatly accel erated

at acidic pH This pH dependent reactivity can be exploited to form

broken by reduction in the presence of thicls, without cleavage of carbon-carbon bonds. In

this example, the carbon-carbon bonds are non-labile to the reducing conditions,

The rate at which a labile group will undergo transformation can be controlled by altering
5 the chemical constituents of the molecule containing the labile group. For example,
addition of particular chemical moieties (e.g., electron acceptors or donors) near the labile
group can affect the particular conditions (e.g., pH) under which chemical transformation

will occur.,

16 Molecules can contain one or more reversible or labilé bonds. If more than one reversible
or labile bond is present in the molecule, and all of the reversible or labile bonds are of the
same type (cleaved at about the same rate under the same conditions), then the molecule
contains muitiple reversible or fabile bonds. If more than one reversible or labile bond is
present in the molecule, and the reversibie or labile bonds are of different types (based

15 either on the appropriate conditions for lability, or the chentical functional group of the
Iabile bonds), then the molecule contains orthogonal reversible or labile bonds, Orthogonal
reversible or labile bonds provides for the ability to cleave one type of reversible or labile
bond while feaving a second type of reversible bond not cleaved or broken. In other words,
two labile bonds are orthogonal fo each other if one can be cleaved under conditions that

20 Teave the other intact. Orthogonal protecting groups are well known in organic chemistry

and comprise orthogonal bonds.

As used herein, a physiologically labile bond is a labile bond that is cleavable under
conditions normally encountered or analogous o those encountered within a mammalian
25  body. Physiologically labile linkage groups are selected such that they undergo a chemical

transformation (e.g., cleavage) when present in certain physiological conditions,

As used hercin, a cellular physiologicaily labile bond is & labile bond that is cleavable
under mammalian intraceliular conditions. Mammalian intracellular conditions include
30 chemical conditions such as pH, temperature, oxidative or reductive conditions or agents,
and salt concentration found in or analogous tc those encountered in mammalian cells.
Mammalian intraceliular conditions also include the presence of enzymatic activity
normally present in a mammalian cell such as from proteolytic or hydrolytic enzymes. A

cellular physiologically labile bond may also be cleaved in response to administration of 2
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reversi ble pH-sensitive bonds and linkers. G s-aconitic acid has been. used
as such a pH 20 sensitive linker nolecule. The y-carboxylate is first
coupl ed twoasmmbseul e. I n a second step, either the a, poruiBeveshoxyl ate is
coupled to a second nolecule to forma pH sensitive coupling of the two

nol ecul es. The half life for cleavage of this linker at pH5 is between 8
and 24 h. WD 2008/ 022309PCT/ US2007/ 076202 Structures of cis-aconitic

anhydri de gagh,iRl&l.gy aRBEHIA80 e us aoaﬁ0@11§r§1&og%€a'lig”@l&%' GoRBMygr h,de systerr
The pH at which cleavage occursis control dition of chem cal

const i t uentlsaied vSiththiali Blsigf despliaatdy. mmh@ercalesedetﬁd Cohlpers iPrsidecienllly eam ¢

acids to a%ﬂ@%ﬂ'&?@xaﬂﬁé BlefveARRN A 08T bSleSEANG! ¥in dRPSNYENL: QRFrbSti tution
(R2 and R32 of the mal eic anhydride system Wen R2 is nethyl, the rate of

conver si on'@8e.50-f ol d hi gher than when R2 and R3 are hydrogen. Wien there
are al kyl substitutions at both R2 and R3 (e.g., 2,3-
di et hyl mal ei canhydride) the rate increase is dramatl c, 10,000-fold faster

than non- ©hesigdsrpdermetioniaicataee afthy Wpilchond They hranidaedbetbpadbicnst red from
the nodifi E@Jrhq%ut@cfalﬁrkc@cﬂaﬂﬁ Web t2 13 gdllmc%P a?”@écﬁa‘ Q%&m&gﬂyd@héns 2Cl eaved

to restore the anhydride and amne wth a hal et ween and 10 mn at
pH 5. 1t i &okat; cppaniag ti}hé?tbﬂpbeF@ TeAsRSRE. anpeorgrisupse- kY getxtresaliviany dr ogen,

the rate Otnv%%hxqﬁlt% gxaqw 1o I%ietb%n@mapgc @l@gfc@%)ﬁgﬁ]'c% Iclcmgﬁ shaster
than if R2 and/ are A very pHIlabile

oo b8 sgafied Frdoaorsiy Tior eeavﬁg@bléq b A 0 be [cemplcradat_ W50
constructi Ql@dv%f)lc\ﬁgﬁd/ FRE A0k, 8,1 DONMS lﬂa§ bw@ilclwcg rm@ cmq&zh@ AR Gl art.

Extrenely pH-I abil bons An extrenely pH |'e bond has a half -Ilfefor
cl eavage ats POBHr %elmn IneendospOMANT lyBosping or ﬂrrﬂee Cdﬁlﬁkiﬁfﬁuft\, tisplidopond xiay dael y

pH-l abile QE@M& ‘\théi} ‘ﬂﬁldlolgdﬂ%v\ﬁtér the more reducing environment of the cell cytoplasm.
Thus, a disulfide may be considered to be a cytoplasmic cleavable bond.
15
pH-labile bond: As used herein, a pH-labile bonds is a labile bond that is selectively
broken under acidic condittons (pH<7). Such bonds may also be termed endosomally
Jabile bonds, since cell endosomes and lysosomes have a pH less than 7. The term pH-
labile includes bonds that are pH-iabile, very pH-labile, and extremely pH-labile. pH labile
20 bonds may be selected from the group comprising:
a) ketals that are labile in acidic environments (pH less than 7, greater than 4) to form
a diol and a ketone,
b) acetals that are labile in acidic environments (pH less than 7, greater than 4) to form
a diol and an aldehyde,
25 ¢) imines or iminiums that are labile in acidic environments (pH less than 7, greater
than 4) to form an amine and an aldehyde of a ketone,
d) silicon—oxygen-carbon linkages that are labile under acidic conditions,
¢) silicon—nitrogen (silazanes) linkages, and
f) silicon-carbon linkages (arvisilanes, vinylsilanes, and allvisilanes),
30 g) maleamates- amide bonds synthesized from maleic anhydride derivatives and
aImines |
h) ortho esters

1) hydrazones
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the chemical art. Li nkage of pol ynucl eotide to pol yner Most previous

met hods for delivery of polynucleotide to cells have relied upon 25

conpl exaty;@Rpfafo24s06 anionic nucleic acid with a cationpgrggloh¥eiyzagent
such as a cationic polyner or cationic lipid. Electrostatic conplexes with
| ar ger pol ynucl eotides, e.g. plasmds, tend to aggregate and becone | arge,
>500 nm in physiol ogi cal solutions. Smaller poI ynucl eoti des,

ol i gonucl eot i, cause .of th size unst.a rostatic
conpl exes Wi tJﬂ dCsﬁvfubnt aPXygil@Iac%flegemgtsveeﬁt(eswr% amldess) dF YoctiVe nrﬁf%&ed Eif or
packagi ng pol ym@ﬂy&octh;cﬂaﬂyms to coval ently li nk the poI ynucl eotide to the
del i very vehi Vm] Hovever , attachnment to the polyner can inhibit the
activity of t ynucleotlde inthe 5 cell. W have found that by

attachi ng the poI ynucl eotide to the poI ymer via a reversi ble linker that is
br oken after vered to the cel L i Qssible to
del 1 ver s acTEmetBRar Ty PE B et ey v St hist By DSwlRt b rhSFhe
reversibl e dim mktﬁalth ihs csqehe@tced atgancof tﬂaatlacmtwomdlecagm}u&agﬁem dalfacile
transformatlon ( e en sent. in certal | agi,cal
condi ti ons V&Y gf{gf I’Qw%crcg%g'% %uencélafnolr?r%)ﬁfh%mq e P QQX 06 asa% 10

At t achnment Sl@flciﬂlcﬂﬂiqyﬂmﬂcb@%ﬁﬁtﬁl atlmk@ged&xﬂzcomyvmcammmq actisvptipol ymer
enhances del |l eotide tg a.ce ' 0. Rel ase of the
pol ynucl eot? b h 1}//%1 ull‘%cé 36% %Qélﬁﬁwbs by & golam}lqofﬁl m{ @ drcéjheeﬁr(g% B’I]Oe) bond,

facili tiat esubistiize@sra ot ibotk ﬁxf: ﬁlllmenpmdiynmélthﬂhiccﬂﬁ)iwatbkmtdae Hpgr bpritate ceI | ul ar
conponent s f act i vi t dd| L b eot | ot her deI ivery
of ot her ?‘r@?lé{ﬁ%ducnﬁ 1¥1r’r(fa %ICICC 1‘:é?:u Ctessrrf(;lﬁ dl?ov%/glélut:hc quqgﬁ%’? mmlﬁ% rane

per nmeabi | i &ate chydodydebi memldoﬁ e ygel-tabanninkhgeobudianging ke cdmmnnobed

I ' bl I.b
Bt Bohnent 06 LersHBr S MRty P Rapiae® bR Ak S YRR b8 s,

ant i body f ﬁa,gﬁ@mmﬁ:t hﬁ ﬁcalntsmmhptgjed)m feativopsypss mah bs mhmmlcabdsmlm ;manti cancer
dr ugs, ?nd 0 t| c %Orml e uI es i ale 13d]1 ol ho eWItﬂh lt]ar \ a}
transcr?pt £9 lﬁ?ng mtﬁ”l "ine |ﬂb§r 88‘? i &80

menbr ane ao:etatmetypol yrrer enabl es the formatl on of an approprl ately SI zed in
vivo delivery vehicle. The described nol ecul ar conjugates are essentially
pol ynmeric and have simlar size and targeting 25 propertied as that
observed f @ﬂydm}he rof[acslilyzmdf BadsHorthd fobmaioasd ul séianof myd; wieapindetilavaryathe

vehi cl e neeq ? g og tihe %90%'}?6 . bgrrll%ar n prder reach
par enchymal EERT ng)fe q?ﬁ?g} O e A est1 endot lﬁ%rf P S EReSr d8“FHol es i n
t he endot habwaler, biaerﬂateeyf)hydn@gms i mcrtehred hmdﬁeramamcboinhmmsaﬁwaauéstag'ﬁntharret er of
about 100 trans-e hel i.al kD ot h r are_much smal |l er.
For - exanpl B S Sl aRaB ERA T i B e e A oG AR St Dl o 30
has a | argele&mmedsffeon‘q "SlmraIa]lovpgofoeshevgnomblatyrcédums,, of: Idtc remﬁﬂzyank;}waof ow nunber
of large pores w th ucl eoti de
el 1 very vanrarey Sefibe huPlnaft oF S Uhr uf B imbae PP By

Cel | ul ar | atsemafféiczat i on t hrough endocytosis is thought to be limted to
conpl exes of about 100 nmin dianmeter, the size of endocytic

Another example of & pH labile bond is the use of the acid Iabile enol ether bond. The rate
at which this labile bond is cleaved depends on the structures of the carbonyl compound
formed and the alcohol released. For example analogs of ethyl isopropenyl ether, which
may be synthesized from f-haloethers, have half-lives of roughly 2 min at pH 5. Analogs
30 of ethyl cyclohexenyl ether, which may be synthesized from phenol ethers, have half-lives

of roughly 14 min at pH 5.
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vesi cl es. The descri bed conjugates are |l ess than 100 nm nore preferably
| ess than 50 nM and nore preferably less than 20 nMor |ess than 10 nm
Renal ul tyghilsih@pdon is one of the main routes of e"Bb?@&h@ﬂvﬁ%n
hydrophilic proteins, 5 polynmers and pol ymer-protein conjugates from bl ood.
Anong the paraneters affecting this process are chem cal conposition, size,
char ge. (]obular proteins Iarger t han about 70 kDa are Iargely excl uded
from cl ear e q d %lltra 2 A % er| S %ablllzers
such as PEGTTHér é%rﬁ“y 88%%"’ W PBR AT Wt B ““ “““ aﬁ AFhe the
effective mokeem&mﬁmsﬁmﬂwohlpbhyme@Sn&pamhnmhﬂhhemyamewahdamhgdey
IIItraf|Itr ecul ar hﬁiﬁi mer t h. n kDa i s not
Fale

restricted” ?"r%ée J‘F‘t"r%r‘. mtthgtai‘ﬂgvﬁjng(f %EGECIIC o 6t ?S'b WBS i s
gover ned bywkhewwmhm&umaMnetweaanhmdnmianmhannmmagh&;examkdmm@na@ kDa, PEG

el i mnation .is.dranati ecr reased

ol yior pol JtcTEarras: S igies EMRE e 1 SrsF AP T 1SR wPger ¢ han
about 10 kbejechlargederidiahe abotst rStidkDay perichlar gerprbdha:n ofibomtiry 3thikdda ar e
preferred. | ecreasi,n 15 ultrafil.trati n increase
ol ecul o waigees SRt miotdn gt St aerineih o pEPe o

ti ssues, sumhma&dMMmpﬁﬂclby)nhexpaSsnmeﬁemhamﬁeﬂrpe@pmamum@mah@hﬂ@tentron
mechani sm &@ ynucl eotide 20The term pol ynucl eotide, or nucleic acid or
ponnucIer& %id, is atermof art that refers to a pol ymer cont ai ni ng at

| east trwo nucleotrdes Nucl eoti des are the nononeric units of

pol ynucl eoti de p ner s PoI eotid 120, mononeric units
are often caIIedq%¥g58ﬁa&1%% g%ml%ﬁ?ﬁﬁgﬁo%h@ﬁ%ﬁ@“%@?%@”ﬁ&be a

deoxyri bose- or ribose-phosphate backbone. A mbn-natural or ;synthetic
ponnucIeotrde||s a poljynugl eotide that ig Zﬁjbplynerrzed inffvitroor in a

cell free sysﬂegtahd% { t hé*'samne or §Wp1lé%m%ﬁses (61713 01teontarn a
backboné of 'a type ot’her "t han'the natural riggose or deoxyri bose- phosphate

backbone, Pol ynucl eoti des can be synthesized using any known technique in
the art. PonnucIeotide backbones known in the art include: PNAs (peptide

nucl ei ¢ aci ds), o éJMﬁ%yG% (% %ﬂ &%PU?ou ates,..no rphoIrnos and
ot her variants of phospha e tirve nuc?elc aci ds. Bases
i ncl ude purines and pyrrnldrne§, whi ch further |nclud t he nat ur al
conpounds adeni ne, thym ne, gu @, cytosiogpe, uraéil A pBsine, and natural
anal ogs. Synt heti qR-tlét,i vati ves o purrneg:anﬂfpyrrntﬁrn s include, but are
not limted to, nodifications pl ace neWw reacti @ QuUpPS on the

nucl eotide such as, but not lidvited to, amines, alcoh@s, thiols,
carboxﬁpates, and al kyl hal i des. The term base enconpasses any of the known
base anal ogs of DNA and RNA. The term pol ynucl eoti de incl udes

deoxyri bon 0 n I tions of
oA, A andcral TecirtiTa iy Bfoh ot AR Gl AT AR RRERAERT NF P
of CDNA, i rgreaily a@:cpokeﬁrmmzzedﬂms - n DNAGH VR Ictis bo £xpéoi il a‘sfnrmj DNA,
genetic melgriah. 4eriniad. LEAMLAL KIS cilLNSAT oM, (EFLQLS, (Rh AC BAC
YAC, and ar I'Cl r'onDSOITesS expressi on vectors, expression cassettes,
chi neri2 seqummeemmxmemmuhrﬁhﬂtcﬁbMWMGhmdhnspmﬁhiﬁNAmoEmﬂoHngonumﬁeotide
anti-sense or deri of th rou n the f or m of
messenger R SRS o fEXBPET b SHBIGB A SR BRACIT Bolifbf AHHE

ol i gonucl eqbiptiag RNAe tWd ADSE S, ﬂma(fttﬁt%) cleSviat bftnis;qlhearatﬁmlt tsemﬂt%)

ri bosomal RNA ér NA), chimeric sequences, anti-sense RNA interfering RNA
smal | int e8I Phg RNA (si RNA), nicroRNA (ni RNA), ribozynes, external guide
sequences, small non-nmessenger R NAs (snnmRNA), untransl atedRNA (ut RNA),
snoRNAs (24-ners, nodified snnRNA that act by an anti-sense nechanism, 15
tiny non-coding RNAs (tncRNAs), small hairpin RNA (shRNA), or derivatives
of these groups. In addition, DNA and RNA may be single, double, triple, or
quadrupl e stranded. Double, triple, and quadrupl e stranded pol ynucl eoti de
may contain both RNA and DNA or ot her conbinations of natural and/or

synt hetic nucleic acids.



20A bl ocki ng pol ynucl eotide is a polynucleotide that interferes wth the
function or expression of DNA or RNA Bl ocking pol ynucl eoti des are not
transl at gglg hatlk@2B360t €i N but their presence or expressi gyjhodr#ghd alters
t he expression or function of cellular genes or RNA Bl ocking

pol ynucl eoti des cause the degradation of or inhibit the function or
translation of a specific cellular RNA, wusually an nRNA, in a
sequence-specific na h us effectively

i nhi bit expression osp&%h%(§ *QE&Qvﬂﬁﬁﬂh ﬂaﬁgﬁﬁNéaﬁﬁggﬁgcrlbed As used
herein, a bIockinﬁCponnucIeotlde may be selected fromthe |ist conprising:
anti-sense oligon ";4.ide, RNA i nterference pol ynucl eotide, dsRNA, siRNA
m RNA, hRNA, ribozymne,  hamerhead ri bozynme, external guide sequence (US
5,962, 426), sSnoRNA\ triple-helix formng ollgonu%ﬁeothe RNA Pol ymer ase |
transcrlbed 30 DNA gmepdi ng a bl ocki ng pol ynucl eothd Pol yner ase |1
transcri bed DNAg=e pagoa bl ocki ng polynucleotld%. %cklng

pol ynucl eoti de can ' , Or may contain
non- nat ural or syntgeﬁic nucl eoti des. Bl ocking ti des may be

pol ynerized in vitro, they may be reconbi nant, contain chineric sequences,
or derivatives of these groups. A bl ocking polynucleotlde may contain

ri bonucl eot i des, #88¥§A5iHonucl eoti des, synt het ingtlaghedidedescr or  any

sui tabl e conbi nation such that the target RNA or gene is inhibited. 5 An
RNA interference (RNAi) polymcleo ide is a nolecule capabl e induci ng RNA
interferen&bepﬁmbw@mlﬂneeyawnmeﬁ(WbuﬁkﬂWeﬁRNﬁdﬁhnefﬂ@n@ﬂb@mgauﬁmay

machi necy gf. FRIMAIAN 68 Le 50 HSILAH% OhalbdMi Bickss U AR AL AN, QLic messenger
RNA ( nRNA) %ranscrlpts of a transgene in a sequence specific manner. Two
pri mary RNaihygoleprisictreshi desndznieon Quistitalion (R ansihlbﬁt(})f thenmelefcegnhpdyidRNAS

(si RNAs) ap y t ave been
shown to @1%&%R£?ﬁ§?&,lé}gné%oﬁgﬁgﬁQanqﬁﬁgdla |H@§thgdgg$§gfected
fromthe gamubydmgrpr iVsliengthesi REAalkpl emhaﬂmlt&gmsd@ﬁubbté Bt reat dR RNAS. ( dSRNA) |

short hair ] d.expr i Qn n N apable if
i nduci ng R%kgﬁﬁygﬁéége dm @Qﬁﬁ§ Hm%%%lgég&gﬁ Eﬁgpg%fg%%gghstructure
typi calily sttt a;har}dimglhyﬁmﬁoTbeswelemaﬁtp éoahﬁalmpceﬁelmabdr yogific@Bnbdse pairs
and having, @m@% i ;P?i 'd ﬂﬁﬁ%&@%ﬁﬁﬁ&é‘&'c?e%Led(:B%sft&Q eyanﬁgd?f}a' SHEALALY) or
nearly identica enent ar equence 1 n an
expressed thélalf@&d@ﬁmcn Rl‘alﬂd W tnfvi pHrﬁeItcmﬂtmpﬁtﬁd élﬁﬁf\% fm})ﬁ hua@\/goupq

di nucl eot ga? thdg\ﬁa?ﬁiag&gﬁe 1@{@ 0%'&1%% Ao @m%ﬁ%o ﬁge 91d il\ﬂgdlﬂi%n\%ﬁl

pol ynucl eot1des or e pol ynucl eot | orms a h irpin structure.
An 20 5|RN&NnDﬁe@dmeamﬂmﬂﬁemﬂnﬂEﬁmlon conpri ses a sense region and an
antlsque region. In one enbodinent, the si RNA of the conjugate is
assenbled fromtwo ol i gonucl eoti de fragnents wherei n one fragment

conpri ses thg 1rsh1|~@lbé@b®mﬂePsmueﬁﬁd@ﬂeﬁ)onmeasaanlnalfsi?e”%@ ceragackt pil 5t ¢fdessi RNA

nol ecul e a he sense
regi on of p%n§5%§ﬁﬁ?9 %N%%$§Q&W%8§H{#ﬁggm§ 5 é“38W§gq§?§%ﬁg%f§{rand i's
connected 25 to the antisense strand via a Ilnker nol ecul e, such as a

Gl 1 noncotl iy kA gan oo PHEhaTLHByle T he MALRRIP L) ot Fon

or traﬂ@lapHdn&Hmsépné@smoﬁhetmﬁhmmpnnRNAemdw@@Uﬁmkﬂmn$hewebkmpMEmentarlty
between th w@thA, Hd the target nRNA is partial, then translation of the
target NMRNAI'S repressed whereas if conplenentarlty i s extensive, the
target nmRNA 30 is cleaved. For m RNAs, the conplex binds to target sites
usual ly located in the 3" UTR. 0 Qf¢w6 hat.typically share only partia
honol ogy with the m RNA Aqxgégéo gdwgﬁ&ﬁﬁggu%@p% ch of about 7 consecutive
nucleotidegﬁmnrﬂMEmB1nemdmoﬁmthﬁvaRNApohmmkbﬁmmﬂopeﬂié@tebaeé m&hring W th

its t ar, gﬁ;com@ﬁa}ﬁgn ?f tlﬁg %mom cIezc am%%%gt dn.flcl e'h%é%z e np gucﬂgs 9 at;om%

Rl SC/ m to eit repressron of protein
transl at i opelgmec Ioemagm: dipd. (T:é@naﬂatq ormpéxet hethriRixger I%medt:omiai ae.g.ndi cate
that nmRN vage, happens tially ere t | ogy

al ong the Rﬁo g‘l%ﬁit 8 w%ﬂgkﬂd %'lggftghka%EePl %ﬁpﬂ% dpgﬂmﬂggn

perfect base-pairing onIy in the seed region (P|IIa| et al. 2007). S

Anti sense ol i gonucl eotide conprise a pol ynucl eotide containing sequence
that is conplinmentary to a sequence présent in a target nmRNA. The anti sense
ol i gonucl eotide binds to (base pairs with) nRNA in a sequence specific
manner. This binding can prevent other cellular enzynmes frombinding to the
nMRNA, thereby | eading to inhibition of



10 transl ation of the nRNA or degradation of the nmRNA. External guide
sequences are short antisense oligoribonucleotides that induce RNasc

P- medi at gglg %@@y@,@@ of a target RNA by form ng a precupspisisirsbike
conpl ex (US ,624,824). 15 Ri bozynes are typically RNA oligonucl eotides

that contain sequence conplenmentary to the target nessenger RNA and an RNA
sequence that acts as an enzyne to cl eave the messenger RNA. C eavage of
the nRNA p nts tr Iatl n, n. ol ha bl ocki ng
pol ynucl eo?ma er Cp nuc 1dccl, ofig rglc%léhdae? Ee%QuQH en ?Jdlﬁ 512% I“o%lenia{a{}lt%h 3
-end, or bektiroefatid I@emﬁl'exean‘dzt}ﬁ ‘poemdd . derﬁmey @gqmﬁrm‘l ebore méfmtbe mptd f® not
Ilmtedto n.inverte XY, . aba i et egx m di ne
noiety, a £ ?l&raﬁl%%% Ynﬁlﬁg‘é SO of C%Vafenﬁ/fc%(rtéﬁ%auc e|°{c1%t ohne deg‘éﬂ\liehwq%/ynerase
LE and [11 Howamwuadﬂelmbnﬂ‘d%e p«dymbecata rignisc thie bed ity rof theepobahtledtde pr dduce smal |
hai r pi n “ o te sense _and an ense

st rand Fi iy Il‘ mgbun ga(t;tbg} o8 acﬁm %usl E)oi%nu%lemg ?1}5'3 dj[epymer ua,n%ﬁr%}%ﬁas

anti sense RiNAr tlE‘NAs prmlkgmeﬁzaasbc bd)lymtc‘rcamsacmd@ecbzm\lmsthc@nfﬁ ait e prsehiptter s

sel ected fr m t he ris r. onot and t RNA
pronot ers. Y alfunﬁe‘? s\eg%mﬁ’r ;éeJﬁlgglt%calcﬁ & 350 PPC U glg{ljinkcrl
pronoters, smcﬁi‘mu@r@mt mrdsxgommhoﬁméi fpmelivob@ios (¢ andearkNAwpeoprodeet is. L| sts
of known m_ R ces. C f ou d in _dat abases |nt ai,.ne esearch
or gani zat i 6F rglﬁlsh Hokg nc%}éﬂﬁu%q FrirsPC SERGEF PRSP li]}?g = e %@dtm f or

Bi oi nf af rramltte@a;ncnﬂvbﬁnrpoalnuﬁbcmﬂn tdkext ﬂeelwexmgorGammnmwempEymad elunapean

Mol ecul e Blg Vcﬁ%efl'tgbogla}m% Htid?d n&lloi%hvevles RCK&!:%‘NQ’{ ﬁ}ull\éo zdglfi%’ﬁlﬁ thscequences
and cognat “bi PYES Are 81565 wel'f rep resente

| i t erat ur epoliRiné, byrmlcemgb eﬁthanevcrseﬁcdbd:gd fheéntcgcmenltcxambnp]fomqréﬁwblyotldc

t echnol ogi es, kl NI Ce[ art. nc dfdr&;moln there are conputational tools
that incre ég §ap%gpéeh ance o’ nd 8 H’(E:yctlve and specific sequence
notifs (Pei et aI 2006, Reynol ds et al. 2004 Khvorova et al. 2003,

Schwar z .et . al 200

2004 Atmr FoiCHGT polshiebStiso RiogRas o TR abr Pl ap R MU on can be
chem cal | y omdictuledvitiloe mﬂnmfc pehmbmgd day bk CGelivaebidftd edlqmokiymuszh@ﬁ)t:l de can

i nprove var.iQ 4o cl.eot i limted
tor resi ot dretr B R b EReRiet RGPRPHRS e b R e ditenl e iy,
and sequeneesspdeint i ecthybpolglmmatmajmc Narotelnis i dnnbtgh@xampbcety dfagmerah) chem cal
m)dlflcatlen5| clu phos teln .enucl otldell

29- 0- net hylra?%%%lr?f}cgde%)fl &g f?‘agf‘g%x P98 1T | Bﬁ‘luche {] ]r(jegnhcf“C - deoxy
ri bonuceotothesles theindive thesd thhaﬁept trasclijgotl des, 5- C

Attachment of the membrane impermeable molecule t0 a membrane active polymer
enables the formation of an appropriately sized in vivo delivery vehicle. The described
molecular conjugates are essentially polymeric and have similar size and targeting
25  propertied as that observed for other polymers. For intravascular (system) delivery the
vehicle needs to be able to cross the endothelial barrier in order reach parenchymal cells of
interest. The largest endothelia fenestrae (holes in the endothelial barrier) occur in the liver
and have an average diameter of about 100 nm. The trans-¢pithelial pores in other organs
are much smaller, For example, muscle endothelium can be described as a structure which
30 has a large number of small pores with a radius of 4 nm, and a low number of large pores
with a radivs of 20-30 nm, The size of the polynucleotide delivery vehicle is also
inportant for the cellular uptake process. Cellular internalization through endocytosis is

thought to be limited to complexes of about 100 nm in diameter, the size of endocytic

29



15 net hyl nucl eotides, and inverted deoxyabasi c residue incorporation.
These chem cal nodifications, when used in various pol ynucl eoti de
const r uctw zame2shown to preserve pol ynucl eotide acti veeyusmonelsbe whil e at
the sane tinme, dramatically increasing the serumstability of these
compounds. Chemically nodified si RNA can al so minimze the possibility of
activating interferon activity in humans. 20 In one enbodi nent, the

chem cal | yvamthisf TiRdicRNAL RajuRucientd €& mh rtnhendr@,ﬁl@ﬁ_téb@nes@qtmrsbst_ﬁ‘«ﬁ a dupl ex
havi ng two strands, one or both of which can be chem cally-nodified,

wherei n eal B B lbgln PaM oy 1gp e 1997 e g., about 19, 20, 21, 22,
23, 24, 25, 26, 27, 28,or 29) nucleotides. In one enbodinent, an RNA|

pol ynucl eog%ﬁ f }ﬂ%e invention 25 conprises, one or nore modi fi ed

nucl eot i de U OHTTIRR &) AR IRemabiTpyiesy ok eimegioard REPMIRIIYES cel | or

reconst it Up&Gmbrd a¥d bHI9mSY-BEoRSR cmoaéwroﬁatlqutmtgltﬂ@pmﬂe@@ aedinki ed
wher ei n the chem cal nodificatiaon conprises _qne or about 1, 2,

3, 4, 5, 6t 11s7p10c§sq age © 1f611cabq;on%ﬂgﬁig§n e CAE S GhPhusy pﬂ)&gm lgxﬁctﬁp@pddbout 70

pol ynucl eokibd@rcOfrgeiecsicR¥@N b AN 1GARCE BRIk B 1Bkt fide d oppehiRetdrdasicas a
percentage of the total nunber of nucleotides present 30 in the

RNAI
pol ynucl eot'PAEFIsalicl g REC o enfgrg. d6gPRucrE stsaaacoby fieeing it an
general l'y ﬁ@r@pmrsmmdbtm&mucm&t ilesird b@hah QiltraMuki@nalioptGsl Q@0 of the
nucl eoti de positions ( 10% 15% 20%. 25% 30% 35% 40% 45%
50% 55%, B’@%ﬂl@s‘@/slélvdﬁ)atm 7%%8 %‘B%* 1‘8’5%*‘*’“9@%W]@@O)Gl’ibtﬁ“fﬁﬁ%ﬂétﬁﬁhél fcl eot i de
posi tions) r&n;rch@" @uf W is g@m@awg@ nfleciRAiifd. @danHatRek RS REQgRAkpi N a
gi ven RNAI nucl eoti de depends on_ the taotal nunber of nucl eot i des

present ink % TR Ition e 1 oesratigidly. foercpisd RRIAMID GFaHu Pabed aelymersi ngl e

stranded, phenRREGRVonIRMALT Galch @R ooaal e lb%ﬁ%dﬂu@@isbut ek OlAder papber of
nucl eot i des present in the single stranded ol ynucl eoti de. Likewi se,

i f the RNAPHoIYHIR LGP §b%‘b%t‘%a &t PEAIE, Iﬂtdﬁ@nﬁ‘ét‘)@éﬁt‘m%d‘i“ﬁeﬁat i on can

be based up@BnRatdieat Heahsubbele o l'ﬁllﬁ|a%u}|n§i3@%arpba%ﬁﬁi%tdcbtﬂmﬁfﬁi%n s@pse
strand, antisense strand or both tﬁe sense and anti sense strands. In

addi tion, PHEH fisres sidetit HFETSoPY HifdPFHe eﬁlt?é%’otql’ﬁ%?éiobrd@%é‘ﬂt“ttoﬁ a given
RNAI  pol yng@&lﬁ@tﬂn_de can al so depend on the total number of purine and

pyri m di ne nucl eoti des present in the RNAI polynucl eotide. For exanple,
wherein all pyrimdine nucleotides and/or all purine nucleotides present in
the RNAI pol ynucl eotide 10are nodiphiygghicofle RNAI pol ynucl eoti de nodul at es
expre55| on_of RNA encoded by a gene. Because multiple genes can share sone

degr ee 2bf g%@%’ﬁ@@y%t?ﬁil%9i ‘%\Ctet? a6Klco PRl AHeic agid. merrbat yhiieletsitde can be

desi gned t @ pbBh@Ltoifh@s61:06 98NaSeMith Nablbidel @Rt ms aAMENGR dishermol ogy.
Thus an RNAI po) ynucl eotide can contain sequence that has conplenentarity

to sequencé@ylt%]éa??“d&rféﬂ%? eavaRdengdes Witk tcégr At 1 H’é?n‘t%“rﬂjét@s 8 AdieB uni que

for a specidiicg oHeRBchMBENardBERRIQ RidshavERNAIoRAUNAUG eBbddf 0GR D
designed to tar get conserved regions of a RNA sequence having honpl ogy

bet ween sebKRINCgendOIRBFELY FEIRGEE | PR REGed Sganadviusleatidse it fiami 11 es

(e.g., 2dif @yﬁatze@%n@mbs)et@t Bl ﬁ@epé;lsféﬁt MATchARRS theMiant sidPgeRss |kc. ). In
anot her enbodi nent, the RNAI pol ynucl eotide can be designed to target a

sequence t &Y c9daityp PakEoReN 4 fglﬂfe‘tﬂ‘q@ |ﬂta“M‘%‘éé}d@’t‘i&f‘eﬁd‘@o’ﬁﬂ@iﬁ@gﬁh@s%@ﬁe The
term conpl gRRdndr PhynUcRbBIS daf onNen@biidel t¥in0fand 1RGN NLGhBRL kgt £ form
hydrogen Polynucleotide backbones known in the art include: PNAs (peptide nucleic acids),
phosphorothioates, phosphorediamidates, morpholinos, and other variants of the
30 phosphate backbone of native nucleic acids. Bases include purines and pyrimidines, which
further include the natural compounds adenine, thymine, guanine, cytosine, uracil, inosine,
and natural analogs. Synthetic derivatives of purines and pyrimidines include, but are not
imited to, modifications which place new reactive groups on the nucleotide such as, but

not limited to, amines, alcohols, thiols, carboxylates, and alkylhalides. The term base

30



bond(s) w th another pol ynucl eotide sequence by either traditional

Wat son-Crick or other 25 non-traditional types. In reference to the

pol ynucl aghigiganhecul es of the present invention, theppipdidgefige energy
for a polynucleotide nolecule with its target (effector binding site) or
conpl ementary sequence is sufficient to allow the relevant function of the
pol ynucl eotide to proceed, e.g. enzymati ¢ naRNA cl eavage or translation

i nhibition. Determnati of b ndl n ner nucl

mol ecul es FECTBRPNE RS T ARpREOAS oh ‘i?s Erﬁu@r &“e‘*%@iﬁ ﬁ“fé%‘@* P ‘{i*r‘“g%cr%d& al .
1987). A perchﬂentdaomrmoem arnid I[IyNAhmdaaioew:iet;hecqbeﬁllﬁa]namg@nmﬁnabaﬁ;eﬁ in a
conti guous (3t i?&an'dnota fc'mﬁﬁlt RQ ﬁ] Cﬂuc fLde nol ecul e which can form

hydr ogen bond% %{l e pal i ng) with a second

pol ynucl eoti de sequence (e.g., 5, 6, 7 8 9, 10 out of 10 being 50% 60%
70% 80% % 100% c tar ans t hat
A1 the badaet ik b5 AN oﬂ%ﬁﬂi b FELRa N, SRIR SRRy pEane ¢
hydr ogen bohsmidiliNe, tgamctsanm:; aluviiesd Mm emmlst gmnBNhas@&rs {1 2P 8. dEod

pol ynucl eo sequence. By inhi ul ate ene

b essi on At T8 IR R PRL el T8 R RS L MR 8 by
the | evel ofquiddss, recambopitdRdAf chommdsh@algens, alDDIl@OhEZMC&\i@|dnﬂ-chqse)weptI de,
protein or protein spbunit translate f.rom IS &€ el ow t hat
obser ved |Hpikﬁmu 58 Pﬁ)‘ o ro%pﬁe b ocal¥|db ' D6 f%] thmcl de- ‘g%%ﬁ*ﬁ*gg 25 "of the

i nvent iién. vdz:mmobmteum Rldﬁmemﬁgawhaﬂﬁnohgonudimdkﬂﬁmtrmfsfog@m @XPAessi on,
vmthapol Ie red b £9 tions. of the invention, is
ot ef er ably BT B hard SV p SRR Oy 100 b BRECe el G o

i nactive mRNAemﬂerﬁmnglRN& gl \iecfedgy M\IMﬁﬂtﬂ\?sﬁmm‘bkﬁd (sﬁ@&ﬁhuéozgmcw th

i nactivati ng m smat ches abse ce of IRE@ e,
pol ynucl eot| alt ?Ig%écq?ﬁmlféd&bﬂ]l 1 Hw%%g&elﬁq@A ghfimlmﬁfuf%N%an stay

wi t hi n t he (giNap|saskN.of (Méreuso@ﬁﬂr%amﬂﬂﬁ@ﬂhhh&t .‘bﬁ aemd@gcﬁmusc}gmme‘t iC
material.. Alterna nmbi.n art. of) the
endogendus LA € it it AP ERT R Bt KR TR B Piber f e

i nt o chr omgsepaln RNAidy DAt dngrRNvo ral mg@mgleodouhmmﬂpmnm @gausle segcdabi nat i on.
A pol ynucl ot| d expres ous

nucl eoti de 81511 ‘ﬁ@% dngﬁfag”ipnehb%ﬁmgd p%?”’mr%ﬁa’ﬁé%e ey, Cﬁﬁﬁgﬁtf},}%ﬁl& ‘?gr eXpr essi on
of an endogénousibimatdrat hderatagenodetioructet affect a speci fic physi ol ogi cal
characteristic not naturally associated with the cell. Polynucl eoti des may
contain an expression cassette coded to express a whole or partial protein,
or RNA.20ANn Aexmchsgimrynuea&siﬁene a ea‘ﬂgm&lebﬁ)deaﬂmatimexédzcqomithetcharfbixdﬁamtdly

erm 1 econbiNan S0 0CE Rerorne b BRETE s bty L ErSsb 4 RERUEERE  nat i s
conpri sed dfergegoentos cxpﬁcspoﬂa ynucilleditd de qxpnem drdgetibiest d@}lulmn& of

nmol ecul ar Qi ol ogi cal The cassette C tains.the coding region of
t he gene OW%?%Q@ Pelg %}]&ﬁ My 31?hee?rag%tﬁ)ﬂe?1fn81 “?thﬁ% hﬁfffc”éc '™ eXpr essi on
of the seqmn%ambf ﬁﬁﬂieeife&"eﬂu ;ArR}eax,prqﬁﬂlslaﬁrmﬂbm,sletateeqﬁeym c(padlfcymhlmf udes a
AL R e T e T R
limted toRNA Bnsascriptd. @maxbccbimlnﬂnmeﬂ@:klng@my@ﬁxdwnge sﬁgﬂjemmmd fsmi ihei ng
signal s,

RNA o pr esdhor AELET B TUE P iones daea uBraRe ia B PlPhn codon
(al l ow ng tiRaws lnaRNAN hRNiAL riad4yon,) hanaunhead ﬁBWﬁﬁp&tﬁM@dlngeqﬁﬂx&:eQUS nor e
proteins. %%52?6%,' gl%&NE\P%pE:)-(I%Eig %05141}81% oligonucleotide RNA Polymerase [I transcribed
30  DNA encoding a blocking polynucleotide, RNA Polymerase III transcribed DNAs
encoding a blocking polynucleotide. Blocking polynucleotide can be DNA, RNA,

combination of RNA and DNA, or may contain non-natural or synthetic nucleotides.
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cassette may include, but is not limted to, translation term nation

signal s, a polyadenosi ne sequence, internal ribosone entry sites (IRES),
and non- C\lezﬁgmgggyences The pol ynucl eotide nmay contappypgeauensss that do
not serve a specific fitnction in the 5 target cell but are used in the
generation of the pol ynucl eotide. Such sequences include, but are not
limted to, sequences required for replication or selection of the

pol ynuci COtEfio ink Do nuc?eo%uti af, ?7%' 3 n”;lenze"edtn? rmogt% mg}égg lrc%‘(lmlllymdn?fcgigt%nt 0 a

pol ynucl eot' ae 53 ence tha PIses co uences necessary for
the pr oductchlmuoch@endaer rapé&ntvamepozlfythmlgmmsde (dbclgn polybazeonegd moy a

oLy PePL ! 06 Rl PiRagls. ThS,RBLXPERILOC SAROS ERGR000, DN A b, 1 enath
codi ng sequénce or 1on of the seq uence”'so as the
desired actcombmgmoomucﬂamlmthecmmt Rptopegetd ie ;h{béed). " enzyrratl o act| VI ty, ligand
bi ndi ng,. signal transduction) of the full-length pol ypeptide or fragnent
are ret gi ned. The term al so enconpasses the coding 15 region of a gene and
t he incl udiA«agRﬁe.qimn@e:scd @E&Aédpc&ﬂjuakaetﬂe toa tﬂnéecubdéapgaler egiuommdﬁ\bbot h the
> and 3 HQCI’%C!GQCC ?IOdA’hSti%Cl %en ] l{lﬁ}{( 114E! fGT ncc (%{'IWEI tla Gend SUCh that
t he gene corresp Ghds the 18 ‘f”h Fen Pah eysequences
that are Immatn@dalsécils)fo ddgerdeodmhvgltmegsmmn aﬁdcmﬂtg&hRNme(nm%)emmouptst he nRNA

are ref err e & tl ﬂ'\a.Sn ;.}’1 yg(.‘?t ra]'l%S| aétc 1C rﬂan 111'1-'|1_¢!:]e I;gﬁue()r}]cec eOtlL Cb ala
| ocated 3' “Of St Feam ISt t Bty 0?1 Whi CH ST e“hH&sent on

t he nRNA arsmalt ejrehm“edmr@xag R&‘Aqumt{m@m} atdenhcs;efﬁuememﬁNA‘EhéIotaevm aghme
enconpasses far. or clone
of & bane. SoNPuTRERP et B STh s GRUR S TnBEdoiaer RRRD AL Bir R Squences
termed int mmysbc jeiited \{mm ﬁg gregp omspriingi Mmemrm@mmwemicmandlmmons are

segnents of \1(\/{1 cribed into n I,‘_ea ntr may
contain re ﬁ?htg‘g’rﬁme e lﬁ\ﬂl‘ S‘mel TAARCET scabq%%b ) 1(I)ligls ér%dpdbq%gved or

spliced outinduciognie mmrfdnenwe cSrRNbﬁk i crapyiseh raadeudtid pﬁandbmhmmmttmceﬁ&or e are
absent i.n th NA tr.ans n ctions
Gur g ‘ot asenal T o8 Enebrry A i P lon” Bt Gi AavakrBE | o
nascent polx@cpan:m ciéenﬁéaige@afem:ﬂy abmp]emamh:uhjesx otnheﬁy re@nn‘ms Qrartsiguences
i ncl udi ng, qu fact or

ers
bi ndi ng si t%“’pleme‘ tar?a)d%ﬁ P‘gf‘% %éﬂ“és?’i“’g%?a%“ SxPeRE Q’“"e ?‘h f%“g RCFY sites,

sil encers, AmsRﬂNAtmai}ghareqimemh:eedc 3’r&tveuhxngat Aaefmemmaayelm mnsameﬁhéseosequences
may be present

h di f t hi n 40,000
nucl eot i des}mﬁaltcg ﬁq ?ctk‘tou % ::a?%dlg %E/ “‘%93 PSOG%QQ% V\gﬂ m&%%rc AIi’hese

AUt BGtS
non- codng s ﬁ?eqfumnbeﬁe oﬁ’tﬁd- nencien bh@rlq&/aedensmrreglat sdah abtisamscediqt hmmeand/ or

transl ation_of th ent modi fication g i,nfluence the
are of oA 8 EEG O BT et S e P B TR S ey "o
MRNA (e. g. frabeagt hwimfeut lge &agrpmityanhenmsnllmenm@aoln)ic qcrcaz'em:codf the ansk@ki on
(e.g., 5 ca dre air ar tran enicity.
e exanpl arpt LG PR Astins AR beon? S RRL e EREERG piGOrusEREYact on o
LABELI T(r) semsesg@nbosth¢ MRIG\ olk@ox:. &t drother dvbtahidsens, ﬂWa)chSt;M lstS}ﬁﬁhch:ér ein, the
termg e EX@resgl on ref rs tod t he E ces of caﬁ k&glg

i nfor SdeEd™i *’r%lm B TS SRR (BT @ 8 1“}““13 " ie‘RRiAa “‘P%hNA r RNA,
t RNA, or sthBiIA)udé hn]&u@hxctdmmmmmjmmr@mal whacodury BieAageheprodqigandbou(te. g., via
the enzynma ctl on.of  an RNA po .as and n.en i'ng genes,
nto’ bt ot o % RPblghdRs FRerapr b B TR e s PBAE S eEah e

regul at ed a;bnmlamwett;agasreémhé heR Ppr oot ds. targlﬁ-mleg(uhﬁpamal thén @oklbtatafon refers

to regul ati that increases . the prqoduction of r.essi on ducts
(o rn s AGRAAT SRR B Pyt PR ero Ry Ese
r egul atioon ig d‘iéhtvecﬂ eeﬂ;emSpmedmiﬁlhyolﬁmdsl\lb koege hies ufallglocattd ANCY IR afn

factors) t@{ﬁ[gglnvo ved in.u elg |on r. do egul ati on are of ten
cal | ed acti i atémcal] éa i gt&}} Eam eymvi&‘& 7. qeeé region

stretch of about 7 consecutive nucleotides on ﬁae 5’ end of the miRNA that forms perfect

base pairing with 1ts target ~ plays a key role in miRNA specificity. Binding of the

RISC/mIRNA complex to the mRNA can lead to either the repression of protein
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The pol ynucl eoti de nmay be used for research purposes or to produce a change
in a cell that can be therapeutic. The delivery of a polynucl eotide for

t her apeuty;g »RidfpPRsES 1s commonly called gene therapy. gegugabiyeiy of a

pol ynucl eotide can lead to nodification of the 20 genetic material present
in the target cell. The termstable transfection or stably transfected
generally refers to the introduction and integration of an exogenous

POl y et SOk b LbOckREOBIOMEARlich 19 b ARRACRLES, 66 bhuclRSpl SRt ab! e

pol ynucl eotldegt mpperts pefgeniehy d (HHNAS pStf@bh@ndﬂomchgam wivle kngthlo§the be

gSLZIr Sggl Excﬁlﬁ%&n%fi\e/? Istal (gsiﬁgea?mto sﬁqgw}nggjtezfa c& (& alirlm%ta(gn?yd 111((::I glrﬁ![qg(ginfegzeon

papi | | oma ¥iiilaist 9r30§7n of replication, artificial chronosones). The term
transi ept transfection or transiently transfected refers to the

i ntroduction of a polynucleotide into a cell where the polynucleotlde does
not i ntegr aheschsit oligdvecigedoneongfrist he fohanstedt echnedlibg sbquehdve that s
et AT T L 8 it R
endogenous bgdénesbisn pmhemthh mRm mrmss:qucﬁb:espt:eﬁnmaman§l]hn5rtnndntgaaas bestant r efers
to a cell wWaleh.as Laken wp, & RlYDULegtide bub, Nasifiol hbbsghaged the
pol ynucl eoti'de i h PYGehohi ¢ BRA” PFor mu i

pol ynudDeotmﬂ@:tipmb@ﬁhemmarqrtdwt@nmsoﬂ‘thxrmﬁdlAby covalently linking the

pol ynucl eotide to the polyner. The polyner is polynerized or nodified such
that it contains a reactive group A The pol ynucl eotide is also polynerized
or nodi fi edxsuehgtifraicqudncaomnt a]iumsawi@scealégdxﬂmmg]wmm Biat Relagt Rvsscdr-oups A
and B are chos uch t at t a |.i nked vi a rsible al ent

| i nkage usi nggatr%f%tcﬁ a‘c’fisgck mwcg)ﬁtl\ﬁA %g\r Prml % pﬁ%]célfl or?ll{%‘fg\{?ﬁéjomglcyﬁegl eotidc
to the pol yie4.888an be perforned in the presence of an excess of pol yner.
Becaus t he pol ynucl eoti de and the polyner may be of opposite charge 10
during gonj ugation, the presence of excess polyner can reduce or elimnate
aggregati oﬁﬂmfaymdrselr«;tmicalgaREA Algbarchratidey ehay coann exgess cmfnp&nmﬁ&nyi ter

Pglr%\r/rgzj, fr glr%l}%l‘ﬁ(ét mcsgenogrg[?l\é% aB% laﬁ E}&}? %?qlillsncg tha-[ Qe%e)r(,.%‘g tels 1e tﬁ nge]gwe[ ﬁ 0 be

conj ugat e tmrsﬁch@raﬁmwa@ge c&ht m@ﬁ}lﬂmb@nm;@dah%maﬂ vely, the excess pol yner
can be co-adm nistered with the conjugate to the animal or cell culture.

20 An oligonucieotide that forms the blocking polynucleotide can include a terminal cap
motety at the §' -end, the 3’ -end, or both of the 5’ and 3’ ends. The cap moiety can be, but

15 not limited to, an inverted deoxy abasic moiety, an inverted decxy thymidine moicty, a

thymidine moiety, or 3’ glyceryl modification,

25  RNA polymerase [ and I transcribed DNAs can be transcribed in the cell to produce
small hairpin RNAs that can function as siRNA, separate sense and anti-sense strand
linear siRNAs, ribozymes, or linear RNAs that can function as antisense RNA. RNA
polymerase III transcribed DNAs contain promoters selected from the list comprising: U6
promoters, H1 promoters, and tRNA promoters. RNA polymerase i promoters include

30 UL, U2, U4, and U5 promoters, seRNA promoters, microRNA promoters, and mRNA

promoters.

Lists of known miRNA sequences can be found in databases maintained by rescarch

organizations such as Wellcome Trust Sanger Institute, Penn Center for Bioinformatics,
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15 Simlarly, the polyner can be conjugated to the masking agent in the
presence of an excess of polynmer or masking agent. Because the

pol ynucl gphhglignaigs t he pol ymer nay be of opposite chargerguihN@so

conj ugation, the presence of excess polynmer can reduce or elimnate
aggregation of the conjugate. Alternatively, an excess of a carrier polyner
can 20 be used. The excess polynmer can be renpved fromthe conjugated

pol ymer pr h ' t ] [ cel
R R T A R T
conj ugat e amothamlmm@ffe@seb bIRM tequcexcesTdne cpgiaycmrdixmebec atyd infell ed pr| or
to or subse uent f t I

Tr ansf ect i &&" ntod m t aljhieevglﬂ erdturg l}l&‘% rlnggéeu?clq '#\’e 1%8}1% ‘il%l?eld a9§ P\Eﬁ (%/ g a ceI |
has been cbmmlnt@ogm rkreein tnrtaﬂ srft etetaddmcno rthethae pommeamdftowit tasheetseng. The
termtrans her el r f

pol ynuc eO][fdl mnc ng]ﬁﬁn %ﬁemlwe ‘mgallgel% fie S% %eg%e %gnf% ? in da?rcjgh?gﬁ %?l%ecta 30cel |
to inside eleB@OflsHht’mtnhe:t pto]zgl}ﬂuﬁdheeta eéiel RS, bi- 6b1@galcatvﬂ4yﬂa&i¢ el 12005, The

pol ynucl eo V. useq faor..r r.ch purposes or to produce a change in
a cell thakkggﬁ&ggop Amcuzm’tmum“ﬁ%&ﬁi’d’el|very of a pol ynucl eotide can Iead
to nodification of the genetic materi al present in the target cel

transfecti ?‘pc p@g P;gm%; of 1|0|11¥v%1r1t nvc%zr}"b(c: lc cm; aﬂa 1%Od%)§upocl yQﬁ d)%?l@ﬁ&ggs t hat

bi nd(s) to or gonuc es an and
nmedi at €8 t heiificé rpbllyyucﬁaondn aaehmsrovd: mmuuts pm)ptmasneffth@pw mlwcteea@emtlsdmg)r
delivery vehicl e.Gompaunds, or. conpasit.ions E pat bi nd
to or conp %%KMA?kaﬁ? m%ﬁﬂc FE§ES(%ﬁ%E§KTI%UE 5%‘ﬂ%é%8' ﬁfg e their

entry |ntOS@mhksspﬁﬁamp%e$znmﬁtNamemeu@ummmweag@n&bchamhﬁ@aﬂdhmtmare not
! I'm ted to ﬁ{ggtpﬂ I{ﬁ)hg‘;%gn(}%% tcrnucilco%ggllm Xa%é ?pgln}égly?n ¢icotfggs 9’5 dog

| i posones E
(IipopolypEeﬂmBQ;mmakmbmnmphoe@hanempmﬁmnmmtane&rmhmﬂddmnmmhMEr§(}

Typi cal,l.y transfection reage itive
chargeii FH'WIEF% ﬁmf ‘P'é“%rtgéﬁﬁ?@g“tu e%gpumoﬁbw‘ Fé% id %ggﬁnegatlve
char ge. Cahuﬂﬁbﬁmmsaﬂ&%e@bd@nvagemmswnmyamhsomeemdem&edkamqmInmmhelc aci ds.

Transfectio SOCIate functional roups with a
pol ynucl e Opnl %&?GIE%J ?‘ec n?g ]III cells vxhtH: athC b&u e 1(1:'nee| ?rdlfnattca e)f mmeaqm@t}}g Ferulp nucl ear

Iocal|zat|emMSQQnahsxeamnmmuﬂdsChMmmabnhamﬁeiméueESEnoﬁﬂnmnmemmsﬁkrom
endosones orﬁ@1 Etrace eﬁch (such as nenbrane active

ar. v
0881 vafin mten%ron ctl
conpounds)? 3 ounds €r the behavior or interactions

of the26onmpound or conplex to whi ch they are attached (|nteract|on

Lrgg:‘ L: e:: Z; I{qg ecﬁah#n%gtt Et(ljlrr}[ Cdﬂ%lmeo%tfllegel%l\lgl po ynuc eo%& 1em1/n%@1§t§o%n provi de

comprises a duplex having two strands, one or both of which can be chemically-modified,
wherein each strand is about 19 to about 29 (e.g., about 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,0r 29) nucleotides. In one embodiment, an RNAI pelynucleotide of the invention
25 comprises one or more modified nucleotides while maintaining the ability to mediate
RNAI inside a cell or reconstituted in vitro system, An RNAI polynucleotide can be
modified wherein the chemical modification comprises one or more {e.g., about 1, 2, 3, 4,
3, 6,7, 8,9, 10, or more) of the nucleotides. An RINAI polvnucleotide of the invention can
comprise modified nucleotides as a percentage of the total number of nucleotides present
30 in the RNAI polynucleotide. As such, an RNAi polynucleotide of the invention can
generally comprise modified nucleotides from about 5 to about 100% of the nucleotide
positions {e.g., 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%. 65%,
70%, 75%, 80%, 85%, 90%, 95% or 100% of the nucleotide positions). The actual

percentage of modified nucleotides present in a given RNAI polynucleotide depends on
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met hods for a variety of therapeutic, diagnostic, target validation,

genom ¢ di scovery, 20 genetic engi neering and pharnmacogenom ¢ applications.
The conj ygghel paLynucl eotide has inproved cellular Up%@b%s%?%éézi es
conpared W th the same unconjugated pol ynucl eotide. Parenteral routes of
adm ni stration include intravascular (intravenous, intraarterial), 25

i ntranuscul ar, i nt raparenchymal i ntrader mal , subder mal ,- subcut aneous,

i ntratunor erlto intra ur.al .

intral yrrphglte tc? | nj é’r. 8 ufiﬁoatdc ’cqel?sli}rtlh%%ﬁ‘g Hglg’mcg G‘%e igrﬂ”e‘cgwxelt er.

| nt r avascubanirenedanis megtssimnded] the petceriuhalifigtion canubeebasal g the wegsel t hat
is connected to i.S or _or wth t.h d Wthi.n t ecavuty of the
tubul ar st P%Ifeurgnu C%gﬁ' PSPy i ﬁl‘%{’ P “P‘f“ge(ﬁR%% é’ﬂ%yfnhcteeog v SR TExanpl es
of bodily 8@ I{Nmm;d) ynmcllacude 1<bdlcmbld Strﬁ:&lled:hha)ﬁqmmnahaoiﬂlﬁcﬂtﬂn (c%Fe basdacymmhatl C

fluid, i d
capi || afi e GEhlIBE YR OB Ge TRhE® Fompnats Lfoe MELAMAT Iy guct s

of the sal sanad YndentRthe ktraxachiadgitigh, abcdSctueI hercemigeasfasedifiar nuctrotidesi ncl udes

del h h h h bl ood
ci roul at or Sy bent pou el Syacait Eahe Betle SERI dhlihd ik e 0% an °°

adm ni st rabyxﬁmldi’iﬁu’iuelcbﬂﬂitﬁbbﬁ%m in tHbGRIMC@SEzhud’ﬁ@I&M a%es:xmﬁplctrealmrcm alli ncI ude

nasal, bronchial, i ation i

| nt r apar engmlnem@fzﬂﬁi@%dlﬁl Fé Qtpm N %‘E’k g%c pr’ﬁsg1t m% su%1 @‘%&WC SEFi ver,

| ung, hear tue nmdsftdde (skel etal nuscl e or diaphr agn), spl een, pancreas, br ain
(including intraventricular), spinal cord, ganglion, |ynph nodes, adipose
tissues, thyroid tissue, 5 adrenal glands, kidneys, prostate, and tunors.
Transder nalAnr RJNAE@o@ﬁucaﬂm'im imtlur atd otpréisive o @ ahdoded epl abyenpaBehes and

i ont ophor esi rout es i nclude  or al ratory,
Fect um and ViRl FAF: FOOVHS BT AT oER e oo Eih D Qe A e

i nj ected i polgnphatdmcalbe calikydaoceptabl dasean @Inees©f|1tht¢lufﬂmenﬂ.@equencc

Phar ma cal | le refers.to tho ert.i and/ r subst ances
e e bR IR R AR Dl et R NREES st P Ao B RS o
poi nt of Viewqudhes fhhrasehyplicamage uliffcal |<ryneaﬁ£geﬁt(ﬁbfeeurﬁcﬁlfc€fb18a ty@cifiol ecul ar

entities, conposi ns, a d qQpertie hat a si,al ogi cal | | erabl e
Snd do’ mot st (e dte AT S aRGltS Fbbh PR hare o riesierc
reaction V\/rt%n‘bnacblmdrikmare@ﬂncteoaaamgaml%y Beefeet ableyt] gams vsedyhavaing, the

t 15 ph t t | d b | at
of e Fodarart ghh Taraa’ FEUBrAn Br T Sre Rt 0 Sk dnaloper & or

ot her genegalek ytcr)emagmhaea@huahnmﬂmdmnmm ffobmutls®@ide narals d"EB;IOSed tandgarer e

t | ar | T fect 20V h di scl d -
Bglrylnﬁgl ZIJI.S Encﬁgﬁﬁgggliﬁﬂue g‘éﬁ%)cﬁjndgﬁ eeaﬁgl?%g gg’(fﬂl%%g%{%n chl grsnebl tion of gene

expressi on of reporter genes and endogenous genes in speC|f|c ti ssues.

Level s of orter ene .ex reSS| on_nea delivery
of a pol yn&@ &9t ‘6%“3‘%%“@31‘?% < g SR BRI °& FpRs{ At e%“r‘iie i (%ngh;(\‘wgﬁceﬂ ‘evel s of
gene expr essindod) il aln@ﬂwlrygﬂ}dleélwﬂe yecp)fmoeﬂap eithg ohyinioel Soidsoaesick hemedrs of

treat t considere bene ICI by a per avin 5 ordln ary skill in the
art di ffer "PHEM H‘?i?gé fa‘8%§et° f?r p@%‘é‘ﬁ%ﬁé‘ge %’#ﬁblﬁﬁ f & 3"5\ HE'B are
caused by @lﬁzfemmnenelbeﬁiugfﬁdefwezgy lar rhklﬁiﬂyrﬁbl@cbﬁdle mgalécaletveﬂasm\,fhﬂabt (afféi:ter
respectively.. Their clinical course i i nfl uenced er cent age
of hor Sl TR R R SEOGRr (SRR oSS ETEE R Sickas Woder af o
and 5- 30% mblyducicbiis to @l’bc‘cd’dic I‘c%aSﬁzirﬁﬂm th&6NA0 cE%agé ot hﬁnﬂﬂfoﬂ&hﬂubﬁ\tﬁl of
circulating factor % vere pat| en n be coln5|ider eﬂ %)enef lf 30
Level s gr eatBFMPAYH VERESHE hﬂ‘& s RegS B v bnot“ﬁdg msaecondary

t o surgery (Btericn}iurogs, Sir lml‘ letaeﬁl MSV)nhl ;blc%ht@:ﬁmplfcmantgﬁmendl’ftﬁ&dtﬁqie] cbi@tagkt00% t 0
prowdeatg rapeutic benefit (ﬁ 8 |51ary§ L the art of
gene therap | & aEEEBI ﬁmﬁ t! cai ?fé’o ?ﬁi gy Grolgea et b]ca“eg%?lessi on of
a gene Spe@:ly&bg:enfmldsa{c@i Seasa- d’i&ﬁﬂbﬁkeqﬁﬁﬁno}iuﬁfﬁ b edcend pdlemellesm&fseqmﬂdeer gene

resul ts. In the hempphiyig exanphg., if. HREKef, 95AES R SofRhESH6A

complementary). Perfectly complementary means that all the bases, in a contiguous strand
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yield a protein at a |level conparable in volune to 2% of the normal |evel
of factor VIII, it can be reasonably expected that the gene coding for
factor Vkd 20mutdosal so be expressed at simlar |evel s.pdhuporesoet er or
mar ker genes such as the genes for |uciferase and pgal act osi dase serve as
useful paradigns for expression of intracellular proteins in general.
SSimlarly, reporter or marker genes secreted al kaline phosphatase (SEAP)
serve as ugsef YhiyRRl-38i0%Budned wEEEFRERH bBAPH@h K bdheatnRdeabt cotibitag apeutic
effect of the protein expressed from a delivered polynucl eotide in

at t enuat i nBPsBYID PEEPBhPIIgcEOtifle SERE™E condi ti on, or synptom can be
acconplished by the 10 protein either staying mrthin the cell, remaining

attached to the cell in the nmenbrane or being secreted and dISSOCIatIng
fromthe cBYhjjHefevi-teeplal, Sriveskdp i S8 FaPEfsian; it auPern! BAt Gf KBIsey.

Secret ed proheLas ihatasGadvPenctiRel aPRVAI thinkdMBbd eem Ry r@t@aﬁ,ﬂt@mmf nes,
grow h factors, ciottlng factors, anti-protease E rot ei ns

al pha- ant | PYYRSEIG) PEN 6F Preiciprbiel Hanslgpd o & eﬁtmfﬁrﬁcct Prgovts b d.

Proteins ophsthed RERRY aencast MaeocRink %‘f}@lﬂ&%ﬂd@@@lﬁj&@% dyihd GnReeH ding a
receptor for the cell to take up a roteln or popr ot ei n. For exanple, the

| ow densi t {rhibitap dovetaguietoy or k@@éﬂ%& Oééa'redcwseszlbr\@éhs aPohmuessidt ocyt es

and | over BliReds 6pel-ashBbPhont 8VAL snvdittnt tla%[&’@_&bl?[dﬁé!@mat alheneseligr oti c
| esi ons that can cause strokes or myocardial infarction. Therapeutic

prot ei A% t BEPrasensgy ol EHITR! MpAIVE BYqleie i, Béluelﬁwﬁ*éérlthwatamétcéé?quaﬂceuOr cul ating

toxi c net aRgh iidsgi@snd MiPhHemyd, lsehpruatﬂo@ofIttﬁyoag@sno@th@@o@mﬂac gageer 20cel |
to be |l ess prollfera ive or cancerous Tess nmetastatic). A protein

within a cBeikegselydcal so interfere mnth the replication of a virus. Liver
is one of the nost inportant target tissues for gene therapy given its
central role in nmetabolism (e.g. oprotein nmetabolismin various

hyper chol edt éligpedivalyyucisndds ke siay é"é@‘t“eflredﬁ’t(@fa“@l PreRickEs AgpoPeihs (e. g.

clotting f @&i‘b?\f}%@ DenBE@RRRGEA | Alernaflell @RSA cRNRHHA @dh dictder £pirc ggnetic
di sorders could pofentially be corrected by |iver-directed gene therapy. In

addi tion, HequlPEaOHi sBPHelscyllc Reepnbitttghice? Repatith 4o MdNETiFY MiSi s are

conmmon andcl?r@ﬂrlbs@m@i @9»&@ dth @ ALBGofs BRI RRbIIE SR, | ver therapi es.
Gene therapies involving heterotropi c gene expression would further enlarge

the nunber of disorders treatable by 30 liver-directed gene transfer. For

exanpl e, drq%gtnﬁéc&ﬁla kit bScfiOsb Lo Rl t@etp%de chex@roesmcrwutéteqtdawl in gene
wi thin hep atocgtes whose physi ol ogy enabl g%g ucose- re ulated insulin

secr et i26n. t© PEbERIFTRAR at%nqnh@r aligs |Cﬁ@vsét0“d>§é’f* Bﬁ@u@eﬁé@ Yenisateded i n

met abol | smyO, H6ihS 635 incPB] VSN OfudRLMRUG! SoLbIdes i@t thdteui VO can al so
be used to stinulate the I mmune system stinulate the i nmune systemto

destroy the cancer cells, inactive oncogenes, or activate or deliver tunor
suppr essor P&?ﬂﬁ%oti&%lrﬂz@%lnﬁﬁlt And8Pre&ath SkRAc REuML LY RERA %iR1d BApGRu i MUNi ty

protein, or RNA. An expression cassette refers to a natural or recombinantly produced
25  polynucleotide that is capable of expressing a sequence. The term recombinant as used
herein refers to a polynucleotide molecule that is comprised of segments of polynucleotide
joined together by means of molecular biological techniques. The cassette contains the
coding region of the gene of interest along with any other sequences that affect expression
of the sequence of interest. An expression cassette typically includes a promoter (allowing
30 transcription initiation), and a transcribed sequence. Optionally, the expression cassette
may include, but is not limited to: transcriptional enhancers, non-coding sequences,
splicing signals, transcription termination signals, and polyadenylation signals. An RNA
expression cassette typically includes a translation initiation codon (allowing translation

initiation), and a sequence encoding one or more proteins, Optionally, the expression
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5to pathogens or to bl ock expression of pathogenic genes. M scel |l aneous

Definitions As used herein, in vivo neans that which takes place inside
an organigsm,aad. gy e specifically to a process perforngdp OQMWQ%zthe
living tissue o% a whole, living 10nulticellular organlsn1?%nina ), such as

a mammal , as opposed to a partial or dead one. As used herein, in vitro
refers to a process perfornmed in an artificial environnent created outside
aliving nulticellular qrganism.(e.qg. t est tuEe or cultyr | ate) used
" expor et e lulie PR R ool T P S BB b e
vitro incl pgdescd peagedsesepety dterEd ESp andit@edodmekdégmegeow Ng in cul ture. As
used herein, in situ refers to processes canied out in intact tissue.
However, the tissue can be in a living organismor renoved fromthe
organi sm 2RAsclusetoter @i coredn véquenceether o ha @nprogesifc fertiar iedei n an

s or tissue which

artificial environn%ntqqﬁgs%ge tgg org nisphqg Ijvuﬁgzgelg] I
are remdveld 5t 5 4 26 GEh IS SHETLGHS ﬁ’ﬁé‘ﬁ SRR HEY OSSR BFYShi sm
Cr ossl i nkebs ags @t Dinftetho! dcqitdtesrajuedifor seplis@idn boscotisreeithd pwyniEt@iaul es
together, i.e. form 25a |inkage between two nol ecul es. Bifunctional
nol ecul es EHﬁnﬁHﬁgﬂﬁﬁhhonn or beterobi fu nctionafity. As used herein, a
surface active polyner |lowers the surface tension of water and/or the
interfacia#ltensionrwith @}q%rxehaseﬁ, apdg_accoydig k%ﬁ iquo%&ILvely
adsor bed af§ FETIBHF GRSIHF Pa BB MhiePEEIoIE SETELAY emgRy® coting
I muNogb obkdgugheed mtcdskedy NG tantrodaothinasd sandhpbu@graymisicsthieegf sibd-rad) i nds a
specific epltﬁge..The pern1eqﬁ?npﬁ§s%®cep% chn%# nnnﬁgﬁgna kmgnd chinmeric
ant i bodi es? PRAPEEF BEAYEoRbi i A EFREC 19! PRt ¥tP BetUrdl “PertTditor an
anti body nedge&idt @r by any portion of the coding sequence so long as the desired activity or
functional properties {e.g., enzymatic activity, ligand binding, signal transduction} of the
full-length polypeptide or fragment are retained, The term also encompasses the coding
15 region of a gene and the including sequences located adjacent to the coding region on both
the 5 and 3’ ends for a distance of about 1 kb or more on either end such that the gene
corresponds to the length of the full-iength mRNA. The sequences that are located 5" of
the coding region and which are present on the mRNA are referred to as 5 untranslated
sequences. The sequences that are located 3" or downstream of the coding region and
20 which are present on the mRNA are referred to as 3' untranslated sequences. The term
gene encompasses both cONA and genomic forms of a gene. A genomic form or clone of
a gene contains the coding region interrupted with non-coding sequences termed introns,
intervening regions or intervening seqguences. Infrons are segments of a gene which are
transcribed into nuclear RNA, Introns may contain regulatory elements such as enhancers.
25 Introns are removed or spliced out from the nuclear or primary transcript; introns therefore
are absent in the mature RNA transcript. The messenger RNA (mRNA) functions during
translation to specify the sequence or order of amino acids in a nascent polypeptide, A
gene may also includes other regions or sequences including, but not limited to,
promoters, enhancers, transcription factor binding sites, polvadenylation signals, internal
30 ribosome entry sites, silepcers, insulating sequences, matrix attachment regions. These
sequences may be present close to the coding region of the gene (within 10,000
nucieotides) or at distant sites (more than 10,000 nucleotides). These non-coding

sequences influence the level or rate of transcription and/or translation of the gene.

Covalent modification of a gene may influence the rate of transcription (e.g., methylation
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conpri sed of heavy and |ight chain variable and hypervari abl e regi ons that
specifically binds antigen. The phrase anti body nolecule in its various

grammat i Gah -f@kiBeAS used herein contenpl ates both an p@gagleddigasaogl obul in
nmol ecul e and an 1 nmunol ogi cal ly active portion of an inmunogl obulin

nol ecul e. Exenplary anti body nol ecul es are intact 5 i mmunogl obulin
nol ecul es, substantially i.ntact innunoglobulin nol ecul es and t hose

_porti ons Of ac‘:goﬂnc hgt‘?u %oq%!]ﬁ\?%é 1 11%&11 &gﬁ'ebﬁlp@gﬁc}eggs&{%Q%ﬁtzgg%g 2 and

|nclud|ng por Ons
F(v), whi chaiptmbn @@ Arce) mtefce:racddepam muﬁ@r imnspire anth enapegenictymenhods

descri bed her elle of E({a\fgle?‘tn{qm 1%‘&1 10}1 (%unuc%%cpgcrl In?xfr(]) Veggheagc}tfogoqy ®I| es are
pr epar ed by € pro eaction of papain respectlvely,

on substanhmgmhyths@mmoanbnbbﬂwomﬁthules by nethods that are wel | -known.
The phrase nonocl onal antibody in its various grammatical forns refers to
an anti body having only one species of antibody conbining site capabl e of
innunoreacmﬁnguMh@hnampamhigmkampamﬁﬁgeﬁmsk»ﬁmnﬂmk&nafcawmﬁb@@wKMhus

pri cally ?nlfgs (%Dcngo 24 I;]rg gcne m ’3% (@f Fi IIP%I glRﬁ%Sm%&tA 9204 Whi ch it

i mmunor eac ona TOre contain ah anti body
nol ecul e haivmﬂ@sua} ol aug]altmhgcmptﬁonaoﬂ B bioaz}m ib@nbicii gnge ge.besiaz dachzymatic

|nnunospe0|flc f.or rent. an ec fic AL e ic)
ronoct onal “ait ooy ExaBlER R CTp ool Feit ' sk BLTEh ooy
assenbllg. Ehahhmi&bmkmg @ynmh@twﬁmﬁwwbémgnMNgnmumyaaﬁsde®cﬁﬁhasﬁhnon
Laf ayette CO used.. Sen cont ai n%d a Tar v anlne wth a

e 1dt1011 OI‘ dCl %1110 e C}‘S ?0 cwugttion Affat pereases e 138 u ti 11 CH
si x car bon"§pacer E% 5 onjugation'to t Re de |ver§ Vehicl e.

The 2' ACE pnm@ﬁoﬁedﬂﬁ%%@mlmgbhmqhemm)dﬂﬁbmbw34dﬁpmatacmgd%pmnckmU@ t he
anneal i ng st ord to the.m ctur r's.instructio e_si RNAs had
Ehe ol | owrirgrud TBh cedesh oo I uR IR s RSBS00 i °uf 05 2
Si RNA sens@vbived\R a@g&%@@@ﬂhﬁ@mmmﬂm@ilm@ws&@ kdpreksorant | sense
5' P—A GUUGCCACCCACAUUO nA*G SEQ I D 2; 30apoB-2 si RNA sense
aInUCCAAAnUnUAnC*G‘ SEQ ID 3, antisense 5'-
P-UnAAUUUGGAACCCAUGUCCnC*G, SEQ | D 4;

The polynucleotide may be used for research purposes or to produce 2 change in a cell that
can be therapeutic. The delivery of a polynucieotide for therapeutic purposes ts commonly
called gene therapy. The delivery of a polynucleotide can lead to modification of the
20 genetic material present in the target cell. The term stable transfection or stably transfected
generally refers to the introduction and integration of an exogenous polynucleotide into
the genome of the transfected cell. The term stable transfectant refers to a cell which has
stably integrated the polynucleotide into the genomic DNA, Stable transfection can also be
obhtained by using episomal .vectors that are replicated during the eukaryotic cell division
25 (e.g, plasmid DNA vectors containing a papilloma virus origin of replication, artificial
chromosomes). The term transient transfection or transiently transfected refers to the
introduction of a polynucleotide into a cell where the polynucleotide does not integrate
into the genome of the transfected cell. If the polymicleotide contains an expressible gene,
then the expression cassette is subject to the regulatory controls that govern the expression
30 of endogenous genes in the chromosomes. The term transient transfectant refers to a cell
which has iaken up a polynucleotide but has not integrated the polynucleotide into its

genomic DNA.



ppara (GenBank# NMD11144); ppara-1 si RNA, sense

51- NH4- MUMCANCGGAGTC nUNMCATCAGAAMUTUNCY U- 31, SEQ I D 5, anti sense
5 - P—AW@U -3', SEQ ID 6; 5ppara- 2ps}ResFRsse
57- NH4- MUTCAAAAMLFF U - 3", SEQ ID 7, anti sense 5' -

P- mUMJUUGAAGGAGCUUUGGGAMA* G- 3', SEQ I D 8; Control SIRNA (A&-3 lucifcrase
reporter gene), sense

5' - NH4- nCi nUmJANCG nCi nUGAGNLIAinC%U mOGANUE U- 3" ;- SEQ 101D9, anti sensc 5'-
P- UMCGAAGUACUCAGCG AAGMF 11; SEQ | BPT84" i = 2' - 0-CH3 substitution, * =
phOSphorOtﬁh@ﬂﬂﬁn&kﬂkﬁgﬁbm&mdnﬁmamR@ﬁmn&Eﬁenﬁﬁeﬁbdﬁﬂh@k&ﬂﬂﬁﬂwdedﬂe

ol i gonucl eot j. des. f or tar et se nce n m Xi eqU|nDIar
arounts. of TbUERUERA ABAETHET § PeaEEn &m0 TR Feis
t hen decre@ﬁmng&rheIﬁﬁﬂ@dbﬁtﬁh@a&ﬂ;@h&@u&ﬁE@Smﬁﬁﬁmtmmmglmhckdnmgsat each

SRR L i RN T T S e
prepar ed Viaekdachbldgt Anlclat ovigehliyddskhowt indlicher (25g, 0. 24 nol) and
pot assi um pht hal i m de (25g, 0.135 nol) in 100C DM(75 m ) using tetra
n- butyl ammoni um brom de (0.5g) as the phase transfer catalyst. This
sol ution masmhgabedf&e@o®HMmﬁﬂd:mhhnpﬁﬁﬂsheﬂb@uﬂﬁﬁmmmmubfmamdmhfbhered.
I? ;/zt ZFLI d )\écvacqsq otf n rylmgxe r{.: als}};(’%llc po gnqlcltco 1d%%1}5 {hg g]oiggglhr%z?y c of opl%q\{ echmct €
10- during conjugation, the presence of excess polymer can reduce or eliminate aggregation of
the conjugate. Alternatively, an cxcess of a carrier polymer, such as a polycation, can be
used. The excess polymer can be removed from the conjugated polymer prior to
administration of the conjugate to the animal or cell culture. Alternatively, the excess
polymer can be co-administered with the conjugate to the animal or cell culture.
15
Similarly, the polymer can be conjugated to the masking agent in the presence of an
excess of polymer or masking agent. Because the polynucleotide and the polymer may be
of opposite charge during conjugation, the presence of excess polymer can reduce or
eliminate aggregation of the conjugate. Aliernatively, an excess of a carrier polymer can
20 be used. The excess polvmer can be removed from the conjugated polymer prior to
administration of the conjugate to the animal or cell culture. Alternatively, the excess
polymer can be co-administered with the conjugate 1o the animal or celi culture. The
polymer can be modified prior to or subsequent to conjugation of the polynuciectide to the
polvmer.
25
Transfection Reagent
The process of delivering a polynucleotide to a cell has been commonly termed
transfection or the process of transfecting. The term transfecting as used herein refers to
the introduction of a polynucieotide or other biologically active compound from outside a
30 cell to inside cell such the polynucleotide has biologically activity. The polynmucleotide
may be used for research purposes or to produce a change fn a cell that can be therapeutic.

The delivery of a polynucleotide can lead to modification of the genetic material present in

the target cell. A transfection reagent or defivery velucle is a compound or compounds that
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B. Amine + |ower al kyl polyvinylether polyners. A series of copolyners was
synt hesi zed from vi nyl ether nononers with varying al kyl to am ne group

rati os amgpwokbh2@dkyl groups having fromone to four cegbosmoidFts: |, R and
R may be the sanme or different). Menbrane activity was dependent on the
size (alkyl chain length) and ratio of 30 hydrophobi c nononmers (Wakefield
2005). Propyl and butyl -derived polyners were found to be nenbrane |ytic
usi ng rodey; h(kﬂQ%P 134s | @uﬂrawaﬂcm%a@eq%w&ylﬁeﬁsﬁeoIaﬁgm@@wmé@ were not.
Ve terrredt ese polyners rret yl", ethyl, propyl, or butyl-am novinyl ethers
or (PNAVE, PEAVECCIBPAVE, or PBAVE respectivel y) These pol yners possess
sufficient charge to corrpl ex with DNA in physiol ogi cal concentrations of
salt. In contrast, small nenbrane |ytic cationic peptides such as nelittin
are too wedkviandrasdrmion reepdermsalNA FehiflgopBniEnenldsiE SBPUTERS! The

| arger si Z@ongjou{uﬂetlétyﬂﬁlﬁ‘etb'&r @dmhéxp%nlalgeﬂlcycme% Rt p@¥icERANGESs their
DNA bi ndi ng y, but al so kes themnore |ytic on a nolar basis than 5
melittin. Théatabhdii exirn Btq gdls. ﬁ%%n@fsﬂwfeﬁlqﬂe@%eﬁﬁrﬂB@Pd%ﬁmfp@ﬂeinér

ol ecul es Vl\fn}tédb a[ﬁ“btl:htaﬁ& solmcwao}ﬁgzcgmﬁ;{;ﬁc@@) ﬁal@eéadvrfas%mcw;e@m)

f I uor ophore- determ ned harge density fl

synt hesi ze@t)!lpinlllﬂ;f/ln@r@ pab{dlctﬁém tipigedipordinicxsy) stsidiym 9hq5ﬂld§3dﬁ'i3€rﬁétaf°€ anynt hesi s
of water - S@éﬂul%@m %@ilﬁ%chiaﬁafc&%ﬁ?&a@&?hé%do}{l‘fom&%{ m QM&%&@&C daglgyam nes 10
t er pol yners. % amne-protected Vi n?/ et her . 2- Vi nyl oxy Et hyl

Pht hal ilfr déiy \hamis a@dé@ obzanclentdn’sdey @@Yﬂ@fﬁwd%%tlicéafﬁ"ﬂ dgkecuridépnia bl anket
of nitrogep M&c "%ﬁﬁ@ g&&},\%@@ﬁsg{a% eic 4Qad maﬁgf@&,lo%gc% n&aymb% al kyl
(e.qg., ethy'f1 Vi n er was added, fol Z ol %
al kyl (dode@wto «tse@ctua@é@ywmwﬁws e’flﬂﬁearpc(larnwaeotn@p Fupiiqng! glﬁwp@ql‘gﬁmﬁ% detail ed
are deri Vegljcﬁf?ﬂl?rna% fiidcicfafafogzn&atmﬁrlmg SombBhdl BYERHERR rdiSs O cohici ted 10 15
a specific conposition vi nyl mononers. Polymers conprising nore
mononer s ofronichdapestor @ﬂﬁbﬁ’é%@f vl@fr‘@bfﬁ@a@ilqhws arpbsine e cqarouad.ged on was
brought,-to { b %

BF1 ELOE  vaL agaEg B Ak e e R e R oo PR AP o
-78C, and t?vh?@hthqmelr@@h@stlieﬁb\ilmtﬁa@tlomtqda’mﬂ) anmoni um hydr oxi de sol ution. The
pol ymer was brought to dryness under reduced pressure and then 20 brought
up in 30 nl of 1,4-dioxaneimethanol (2/1). 20 nmol eq. of hydrazine per

pht hal i mi d@heasnjagittddpadviuelestsive of Hee PrERleBVEINGN gYolfs hyedth BisIamihe. The
sol ution W@ﬁm&&f foﬁjé n%@rof?«hga%a}n@ndingn@gahiarctep vg{dm&§5gehmﬁermsea%ced
pressure. e Sso brough , l'uxed for 15 mm
di | ut e@0wi @tneﬁ@ epdinagiing mid @@W@mwwh@ﬁmmé@c fcelmu%@énﬂu nqh@lﬁ@ipotﬁeur The
sol ution [ e 0.0 ShRaf.at ure,
transferre "to @%‘818%%% écéﬁg ﬁeﬁﬁﬁonﬁﬁ%dngmkdf% %Hé%%fngr f’4{eﬁrs
(2x20L) aga@lmgtdcsﬁl@tl 1 ed vvater, and freeze dried. The nol ecul ar wei ght of
t he polyners was estimated using anal ytical size exclusion colums
according to standard procedures. Wile polyners containing the indicated
vinyl et heParmpohesdcart adugdtited dnde hasevaesuipmplisgyenohe Hyertialon is not

lim te%St OllﬁJa%ﬁ&uBEr Mtr%b'eh@x{chﬂ}?ﬂpqﬁ(a%mnﬁg subdermal, subcutaneous, intratumor,

intraperitoneal, intrathecal, subdural, epidural, and intralymphatic injections that use a
syringe and a needle or catheter. Intravascular herein means within a tubular structure
called a vessel that is connected fo a tissue or organ within the body. Within the cavity of
the twbular structure, a bodily fluid flows to or from the body part. Examples of bodily
30 fluid include blood, cerebrospinal fluid (CSF), lymphatic fluid, or bile. Examples of
vessels include arteries, arterioles, capillaries, venules, sinusoids, veins, Iymphatics, bile
ducts, and ducts of the salivary or other exocrine glands. The intravascular route includes
delivery through the blood vessels such as an artery or a vein. The blood circulatory

system provides systemic spread of the pharmaceutical. An administration route involving
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After renoval of the phthalimde groups by sequential treatnent with

hydr azi ne and HCl, the polyners were transfer to 3,500 nol ecul ar cell ul ose
tubing a for 24 h (2x20L) against distilled freeze
dri ed. Tﬁg b@%ﬁg were then dissolved in water and @@g@ogﬁ} %3
sephadex O- 15 coI um. The polynmers that were excl uded from scpbadex 0-15
were isolated and concentrated by |yophilization. The nol ecul ar wei ghts of
t he pol yrrers were then determ ned by GPC u .Eprogen I nc. CATSEC100,
CATSEC300, "riaucest seabroe ‘éBFHHﬁ%miCK‘d% B?S?legmn A 1Pkfﬁﬁioﬁgmﬁd1ﬁf1@€*v%s 50 nM

NaCl, 5 0. 1% HhEAyes aﬂdaﬁb@%%ﬁl’ﬁncB@éeSy&}cBb’llnjé&ftﬁdnCth@Ql %@M@n dsiiver gngised as
t he callbratlon curve. ecul ar wei ghts of t he ners._were in the

range 10, 006E™ 060 (ftlﬁ&]em%/\nr’t“ﬁc?h@ (HEAPET2REY &e%ollﬁ?ﬁ%?aﬁp S r TGRS over

20, 000 Da. Haave%fmn@anﬁmgf cdPPVda368n, AP, \}ﬁﬂh&%@ Dudiydst atiadetyoiatyyi nyl et her
terpol yner, was 10 iém hesi zed from 2- gl oxy Ethyl Phthalimde (3.27 g,
15 mol Y, B@J‘FVI Ay KR REr PIPRRIG A MO }ﬁdellgﬁld%te& SRR E%Vﬁer (0.29

g, 1 mmol) pBRNaTRES by TARLODRATBESHIORER. Ot:ss epiieh! iriudOmbldAbhY daQus
di chl oronet hane. These sql utions vvere then added to a -78C dry ice/acetone

bath. 2 mmfiSBEEeT: BEYmARE vagiee! paees §f adinsiRisn) was added and the reaction
was allowed to proceed for 3 h at -78C. The polynerization was then stopped

by 15 the addltl on of 50/50 m xture of amonj um hydroxi de |in nethanol or a
sol ution oflnfi PRHEHFHEHDRY dRicged e RBTRASHHIS (e e R FEHDVEETBY rotary

evapor abi opharkRuROdily BBk (188 ©i BRI yofrti®s S dH sdftances which are
1, 4- di oxanei r net hanol (2/ 1%/é_&§To this solution was added hydra2| ne (0.44 g,

138 nmol ) &GP étqﬁi%tnafﬂ‘x@ﬂ n b ghprpge o irirKigRosien! pantpt vidye TaoPEtt s wer e

t hen remV%ﬂm‘ﬁMccﬁz%a@?MC& @RS FRdrt QMBI la@mrc@sculnbbm)ns%u gropascdhen brought
up in 20 2 of O Cl and refluxed for 15 min, diluted wwth 20 nl

distilled wetdysolageely deipaileand &y ot daiceiborraruon sapllorsin og oBE wHI8H Sas t hen

neutral i zegyd tciNAQrhenCaRiBblcled (R mhhABSresEedyl & Fie@0RrdiD! R Wrar
cel l ul ose tubing, and dialyzed for 24 h (2820 L) agai nst distilled water,

and | ydphi PReraaccussdy gseqeaiply megnsaproye %ér”‘“sg“@éfﬁ"f aprn gt harrdid oFati os of

am ne, but ¥ateaRdc0Gl-ad6E YiktedIOURS U@YPI%1&MB&1@%$'&&Q o818, Qdchafizcgonomer s
may be i ncorporat ed. In particular, Fbutyl vinyl ether, dodecyl vinylether,

and oleic \V}lmlla{é’cpﬁélforﬁlé‘?/’é apEEh fi”ﬁdﬁ?‘b%@“&%"é”’dlyl% P61 ymers. I n one
enbodi ment, the am ne/l ower al kyl/higher al kyl polyvinylether terpolyners
can be 3OSynt hesi zed using nononers at a feed ratio of 15 am ne nononer : 4
| ower al kyl monomer | higher al kyl"eiB#tdFerect under the conditions descri bed

above, sphhe Wwhgat pREREdIGRIhadIb@IVASWST %sﬂi‘t;ﬂ%gl R Q?p}@ipféutor Sfbitfonranm ne
nmononer : 3-3.5 lower alkyl nmonomer : 1 higher al kyl _nononer. |n another

embodi ment 2ERHEPETITerT ToRGEter é‘f“l%wll%?ﬂﬁﬁ%ﬁm%ﬁl &Pes Lﬁo“fp%ﬁ%w%@éh%?vek*é\f Bol ynmer s
are synt hesizpe USiRG) FBNOBEN&sidh MeafBld fE1akii QélivirBof a polynucicotide

indicate a reasonable expectation of similar Ievels of gene expression following delivery
of other polynucleotides. Levels of treatment considered beneficial by a person having
25  ordinary skill in the art differ from diseasc to discase, for example: Hemophilia A and B
are caused by deficiencies of the X-linked clotting factors VIIT and IX, respectively. Their
clinical course is greatly influenced by the percentage of normal serum levels of factor
VI or IX: < 2%, severe; 2-5%, moderate; and 5-30% mild. Thus, an increase from 1% to
2% of the normal level of circulating factor in severe patients can be considered beneficial.
30 Levels greater than 6% prevent spontancous bieeds but not those secondary to surgery or
injury. Similarly inhibition of a gene need not be 100% to provide a therapeutic benefit. A
person having ordinary skill in the art of gene therapy would reasonably anticipate
beneficial ievels of expression of a gene specific for a disease based upon sufficient levels

of marker gene results. In the hemophilia example, if marker genes were expressed to
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am ne nononer : 3-5 |ower al kyl nononer : 1 higher alkyl nononer. In a
preferred enbodi nent, the polyners are water soluble (about 1 ng/m or
greater surface active. 5In one enbodi nent rs are
fractlong%g§§gdzgﬁgld pol ymers of nol ecul e wei ght of a 8ﬁﬁgﬁﬁﬁkégﬁo about
50 kDa, and nore preferably about 10 | (Da to about 30 kDa. E. O her

t er pol yners. Sinilar polyners can be synthesized of nodification of
different base inclu ut  naf ted to: | y-L-lysine
(PLL), pol Wfdn%, i f@fsﬂ?}/se))mpit&isﬂwog PS4l /wféﬂ% HEmPBRA] ¢ 24 ggéorl_\”b%/léhrrent of

al kyl groupsm B{Qeﬂbﬁﬂ)@f@ﬁédeﬁhﬁtt ﬂﬁlvﬁn&ﬂalng f@ffadifes8 ol RS expredstOiymers can

by made with a ratio_of ne | ower of aho it 6:3: 1.
£ 1T posoms s IEEh T SBiree gl A sk U b el e 84 i ¢h 1 i
of buffer lBa@eMaad GRGs i%trpmaa@mb@@m&brwm&ﬁenme( 1k pt@&dtslﬁ)oéﬂ&’iaHEPES pH

7.5. Li mes were then b extruded h. 10 onat e
filters- (N%Bt“@é‘éfdﬁ@onebf”e’%‘gﬁt%ﬁ?s Sé‘ﬂftc ri’ét gtf‘“élfggé@ %”ﬁdv@%? ‘ﬁy si ze
excl usi on ehh@ERE QYRR PH&LRginSeRRAr 0Se 4B—200 eluting with 10 nM HEPES pH
8. 0.1 MNad . A 200 pL aliquot of the CF-loaded |iposones were added to
1.8 M of isotonic buffer. Fluorescence (2% ,=488, 20 7,e,"=540) was
measured 30, Akfepahtice effad dift iheNprofein0 exdhesii@l @fonPa@l YdIRESE QolyiBElbdide Nint O
vesi cl e suspensions. At the end of each experinent, vesicle re disrupted
by the addPt§ M8 OrAFYERingsa ‘Sﬁff% *t?‘t YR LT LH P%Wctﬁpidgt%fwﬁﬁe maxi mal
lysis. 1Bxapphen &thcl\/ﬁt%%hdﬂgntﬁﬁam Scll, 2dhini Sy PRSI 5 tiikf cell in the membrane or
2- proplonlc 3- et hy InRIele anh dr|de @ ?rbox ydi me lenalele anhydri de or
d(;tﬁ & tcrf

CDM) . To al&figsiiidicnd gesosptire M m el ahes sgn g FHEE) Clichlaser 4pd
anhydr ous bRbob.abyeif poams Was oaﬁidedhtlapcewyrﬂmaeptaﬁﬁ@hpr@pﬂ{mas_ onad® (7.1 g,
30 nmmol ). After volu i on of hydroge

a ed, o
di met hy1- 2 858 et F@mégm@fﬁtWQE?WWﬁ%) Cignd @iﬂﬁﬂgﬁWdegﬁgmteWFﬁﬁydrofuran
was added @tt@la@tjléséledn 1M1, PloRins \BALRS merhBrafd canV@Se i hRApSRicaddedyand the
tetrahydrofuran was renpved b% rotary evaporaﬁlon The resultlnqgsolld and
it

wat er moxt BFIAHes? BREPILdPTERe G kiR 1R BB 2rotER Ky PEY el Forrerneih dhe 'e%t r act i ons
were conbi gedity GhbRetei @ DLIRGBRSH wmasué tr&scdaiiChesARGRRLAT@E thhed | 1 ght

yellow oil. The ail was purified ili chr natography elution with
2:1 et her : Kexeoltlgvely wdgtharcly ()WR?/ a&j Cﬁﬁwtﬁ lCﬁa%t fly RSB SUplg o

2- propi oni %ry%cdmtthwarsﬁb@ltqmﬁﬁ&wd@cﬁl@nsv\m& qtéyammﬁ@ﬂﬁeeu ban 6H @s@hsidmg of this
triester into 50 of a. 50/50 m xtu nd et hanol containing 4.5

;
g (5 equi v&lcent EI)"C“t?Fl“%ﬁtK&s@?iﬁt?ﬁhﬁyﬁr‘Bif Efﬁ’lkeﬁeﬁil gg%ﬁ“oﬂ*%“h%%“&% to

reflux ohor chit f-be ThepeRliRAMOE mweﬁcet—dte(b ¢ eDmedsiie).ropdlcih wapotatdoom and the
sol ution was acg%tfled to 5 with hydrochl oric acid. This aqueous

sol ution wa%C{Hg 1%&¥W@EF@ *ﬁfﬁﬁ“@@@mnt ethyl acetate, which was isol ated,
dried with magnesi um sul fate, and concentrated to a white solid. This solid
was then recrystallized from di chl oromet hane and hexane to ylel g (80%
yield) of i“ﬁtddméﬁfﬁmémﬁ%PHWVﬁﬁpﬁﬁﬁ“&WﬁygtSﬁ@"ﬁﬂW?%V%é§P@F§‘“) Pers and

am des nay nReibsydnt lt@ 2B6prbeRMnEAMIRN GORYEHST Bc@hol &M IEMial)t Sndagicd
chloride with oxaly chlioride foll owed y the addition of a thiol, ester or

amine and PYFTER ﬁécnqebwewateintée @eTiiyag Poies mpenonbdal Ky e ars ed sy et hods
standard i RifdR&t ddnbsic diSr@dcoduRIN@ehting velcORads] bySketdifecel adtcliicegfSin char ged
groups, and other reactive groups. The resultant mol ecul es can, be used to
reversibly ade He 90%}??%@%01 ders such as chronic hepatitis and cirrhosis are common and could

also be treated by polynucleotide-based liver therapies. Gene therapies involving

heterotropic gene expression would further enlarge the number of disorders treatable by

30 liver-directed gene transfer. For example, diabetes mellitus could be treated by expressing
the insulin gene within hepatocyfes whose physiclogy may enable glucose-regulated

insuiin secretion,
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15 B. Gal actose-containing targeting groups. The nost w del y-studi ed

hepat ocyte targeting |igands are based on gal actose, which is bound by the
asi al ogl Xﬁﬂﬂj‘ogﬁ]ﬁlﬁb receptor (ASGPr) on hepatocytes. Atgachimitg ey, 0al act ose
has been own to facilitate hepatocyte targeting of a few highly water

sol ubl e, uncharged polynmers, including: the oligosaccharide 20 chitosan, a
pol ystyrene derivative, and a pol yacr yI am de HPMA. (al actose targeting
goups are ener at ed sin I )

di sacchari eﬁgi\}liogi‘?r%r 1 dléﬁe‘g’ "tgﬁ1 » nl%dvege“gf%g%i%c]g% o qg&gb{?e(l)“ﬁ?% aci d
(LBA, a | acf p@ﬁxwhomdsatw vell iim vizhiwh aﬂ%héaeghaadasetiﬂm}stebbermnmxmjls%w to

gl uconi ¢ agi d readi raged inta | ei dr.i rivative
usi ng stan ar t%lale lew%:”(l)euérgFtle[h1 eg%g nﬁ'cﬁeglger CﬁlsGmggmeomoq % a&r 3%1?0 ure 25of
two LBA deuelmaattumessuphasqmc@uﬁl EOI@&JCEOU@SG&H @sdt tealehredred to iminbeyigmiey COM

Mal eamat e ication .1il.vel y-charged am ne group into a
negat| vel yQ’DéﬁélP <y oL tﬁ bloc%). xpressz ﬂO %%% ogeic gen s“ on can reduce non-specific
interaction of the polyner wt h negatl vely charged cells and serum
conponents. However, too nuch Sgg}fa Cou Bcfa“goels% can enhance interaction
W th scavenger receptors. A net neu al act ose- cont ai ni ng nal ei c
anhydri de derusadahérvie, mamda@eggnémaweﬁtb bykes nsgee tisddeaap ogptisuelny wdrar ged

tertiary anin 0 nto the i.ng, ag cretln Z erjqopn. Such a
conpound, W}gﬁ@%Lgﬁ ]?/\/80033 EREY 3’t°(idﬂfrom B&e ‘é”o”r%g%sﬁ*f‘%f’? %&}% TR

propyl aim nﬁmitioéruaazio@mslamﬂmhamsmma@mmamatail,dq (ploted 1@3 partior Stadrone st abi | i zer
CDAI - PEG and targeting group Call-NAG (N-acetyl gal actosam ne) syntheses
(FIG 2). To a solution of CDM (Rozema 2003) (300 ng, 0.16 mmol) in 50 m
met hyl ene ahheaxdildeinegsviaddgds axappdese hdréormedin(a2 agtjﬁciaﬂ) enviiron@ept kereared

di met hyl formam de,.(5 5 ttl The r.eac ceed .overni ght
at "whi oh ¢ PHESE HelERe dudboslilr PRl teue i naehl ShaTE T e vy o

renoved by eprp@hme;ytalemmmhabhmﬂv TﬂOdlSﬂa&| @t mb@:s{:DM aecd dechl or vide. indhéesaci d

chl ori soI ve ne chloride. To this solution was

added 171 H@F%\?esé’aﬁi’r{}“ﬁ?EHP?“;?BII[S%?‘W”% Cé‘ﬁ 'ycol nononmethyl ether (MN
average 450) for CDM PEG or

G no. bi St RBSIBINy 1 NAGS ¥ df PCENOA <A pyrtanae (58675 BERE S 10"

of met hyl ens wehh ﬁ)rmdgoromhensniembmdrﬁazva&ctnlge:msmt| rred 1.5 h. The sol vent was
then renoved and the resulting solid was dissolved into 5 m of water and
purified using reverse-phase HPLC using a 0.1% TFA water/acetonitrile

gradi ent (BkGsedHercirl 2 Bvangte toda pﬂaeaﬂepsfdmlned mtztnaﬂ:ﬂri“mhtemc;fomaityonuaibeot| de to
pol ymer l(alfl cat.ion of. .am n W t h S— ety roug dn sulted in

st abl e prot&ct'&d 't "hi Dl V’f‘%a"teﬁb SEltﬁ"%ew,’lg?eaé%éﬁn?vﬁ Basi'c Ut (pH>9)

i n the presgnapenfy ramrmadioe-ccgnisal ni ng pol ycati on. Standard deprot ection
conditions for renmoval of a thioester group require incubation with

hydr oxyl am ne. However, these deprotection conditions result in significant
si RNA Crosslinkers are bifunctional molecules used to connect two molecules together, i.e. form

25 a linkage between two molecules. Bifunctional molecules can contain homo or

heterobifunctionality,

As used herein, a surface active polymer lowers the surface tension of water and/or the
interfacial tension with other phases, and, accordingly, is positively adsorbed at the

30 liquid/vapor interface.

An antibody is any immunoglobulin, including antibodies and fragments thereof, that
binds a specific epitope. The term encompasses polyclonal, monoclonal, and chimeric

antibodies. An antibody combining site is that structural portion of an antibody molecule
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20 disulfide dinmer formation. Typically, the reaction between an al kyl
am ne and thioester is relatively slow, but in a conplex between

pol yani or%& (ﬁ]h%f&and a polycationic am ne, the reactl}lo@r Shiveehkunct i onal
groups beCARe essentl ally intranol ecul ar and was greatly accelerated (see

Step 2a in FIG 3). In addition to accelerating the deprotection, the
released thiol's reaction with activated disulfide groups on the pol ycation

was reatl nced t.ivated.disul fide r.idyl dithiol
(o) O o ¢ bartar Do S s CheP ot e RO ARG REL 0N 5 BXARIG (0 The
pol ycat i onbidgd Ni@igeommephiaad bitibddaidorblle if @agends. ;,réﬂneatrcasfairhs af ukchese
intra-partjcle react %ﬁlas >90%con u @tll on f dIS | fi.de t ‘}% 15\7/cat|on.
30Exanpl e Efe‘ﬁé\%?@?’lﬁ & P ReT By 18 TRIRV N 8“’5‘8‘?@ FIY A sATA
rmfli fi efl p@it%mg@ﬂne@bf ﬁlﬁumﬁ‘izrﬁ)gbﬁdli’ll mdlchple: Bxangirylahtiicdacetatles éxSAiEzﬁc)t m)di fied
ol ynucl eot i des re s i

P s btRap Y B e oy, RS R e Bt Tl rd 5% 5 i
eq. of NaHg&Boﬂsnoﬂ/\@I ehmatogBuli0 inolBulb. thélfl"kﬁ)nﬂﬁlﬁtﬁﬁtgﬂdtdphl mtludipgithised si RNAs
wer e precipi tat

t he add t hanol and.i ncubati on
BT ohorbions Ienb i ean a1 by B JloeD sut 2R bie 0B w8 R NA but T or
( Dhar maconjr @86k ﬂwamtﬂapcﬁﬁt;edndﬁ}bdma@uﬂiddn@1eabshctbbaﬂcﬁalalsubhepd?iﬁﬁs rafm
\_/I_Vi\ég gagtg? ant g’o%g‘%r V%I&?aog;pcg%aclf )i)anﬁllcg}ua?o gucwtrq%c‘uon OP pdp(am a;r]@ pcpbir{ n 5 m

4- succipi mcdydc@o@yﬁ@hl@dsswmafymatanwhm@dwnmwrcs ay lnghiliohd m]u-mwme@v@ﬁwpt
Pi erce).

after addjtion . of ded to 400
pl i sot oni gpﬁPlﬂéﬁ‘is‘:@m@BGOBﬁllaﬁﬁb@éﬂﬁ‘f 48 ?rﬁ’dfq §ZBW“?%\I5A§°§HC ' t?c?n il Il%Oc(jlgol ution
was added 5@:1’9901@ oSATACROAF hitdd:s cdiiningQitc tdpebldos enﬂnama@g Aith a

experiments re PBAVE con ation was .consta di ff unts of
si RNA wer epﬂﬂ | A0HEEE. G %“"\iz\%lgs’? AR tﬁ%‘ﬁ‘g&t Wpﬂ%?migc ﬁm P'Re ﬁﬂq{g way, the
pol ynucl eotdrdgyWase&0Riith gatied it mmﬁzheiepm ymaﬁomana Jnﬁl@’(&]ifsmb‘} ghegtifsul fi de

bone. A _di sulfl de Bond for_ conjugation t mer and Si

provi dd$ f 6entdiREr AURedY fpleeie i Iﬂgeﬂda@iaﬁ‘a’ @ﬁ ?'ifﬁﬁe“r?f%d’f%t H&e“ac%‘v‘gm asm
The si RNA- pahyiRFecERApUGAtEcMas RS tipedfidichgneio) hbwchadl utilony 5. 6 15 ng
of HEPES free base followed by a mxture of 3.7 ng CDM NAG and 1.9 ng CDw
PEG. The solution was then incubated 1 h at roomtenperature (RT) before
injection. B. Quantitation of conj ugiatvedepol ynucl eot i de To quanti fy t he
anount of conj ugat ed SI al i uots co at

cont ai ni ng FFARRYE sk W%f%ﬁc{"r @é{ﬁ?éds 2G5 V\?*St“ﬁ”l & pﬁle% *I*"I‘:‘ﬂk?f“‘ N%

addi tive ablifdhuéedtiddSHharnldbhn, pgfd@a{cy@@ywrbmqﬁcsdwa@tﬁhlﬁommgcohlaﬁiled\aere added
to the sanples to neutrali.ze EI ectrost agleractl ons. Aflt

i ncubat i onPUPAY WHRHMEE ANF &2 P%(‘Hafidpﬂﬁd RV o8 igh o dls %céllve%nd t he

si RNA }/l sgakm@dﬂ&y Czise%(@ ﬁbrd%@:téi& RNAebll'gcﬂhdidzsdﬁ'lfd@’ @mcdeepﬂmdspmmobamdsf wer e
quantl I ed usi ng Koda ecu of tware v unt of si RNA
unconj ugat E¥HEE YSAGFHY s el 3’6 PHE "éf At ‘é‘i‘cé‘éi’ésegmﬁp%}%ﬁ%??% g‘ﬁt ment to
determ ne panGeMsegRAfwgated. The ampunt of conjugated si RNA was typically
70- 90% Q her disul fide conjugation chem stry may be used wherein the
thiol i% protected as a disulfide or not protected at all. Additionally,

t he pol yrrer(,pmnmnmgNngmdobomttgr 30activated disulfide groups, thiol
groups, or protect ed t hi ol groups.
apoB-1 s1IRN .
sense 5'-NH;-GAAMUGmUGGCmUGGMCAAMCmUmUmUmA*G, SEQ 1D 1,
antisense 5'- P-AmMAAGUUGCCACCCACAUUCMA*G, SEQ ID Z;
30 apoB-2 sIRNA
sense 5-NH;-GGAMCAMUGGGamUmUCCAAAMUmUAmMC*G, SEQ 1D 3,

antisense 5'- P-UmAAUUUGGAACCCAUGUCCmC*G, SEQ ID 4;
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Exanpl e 6. Reversible attachment of CDM maski ng agents to

pol ynucl eoti de- pol yners conjugates. The pol ynucl eoti de- pol yner conjugates
may be £ ch as with maleic acid derivatives, ihly nodify
t he polgﬁgéz%ﬁﬁﬁ?&g, Step 4.). The si RNA-pol yner conjﬁggPéﬁggééagsked by
adding to the solution 5.6 ng of HEPES free base followed by a m xture of
3.7 ng CDMNAG and 1.9 ng CDM PEG. The solution was then incubated 1 h at
roomtenperature (RT) before jn vivo injection. 5Exanple 7. Targeting
activity of’p%é@@%a’@%ﬁf]‘dg(gtiz%b’ To denonstrate the ability of COM PlIP-LBA
(gal act ose- gpphaismg) agents to enable liver targeting of the anphipathic

pol yvinyl ether 25/75 (25 : 75 tyl . _am ne) PBAV h | r s | abel ed
with the fluortpRsr TRy %&%%‘&%ﬁ@%ééﬁwﬁéﬁ’%@%é@@% d with or
wi t hout CDWVPi pinkihse 51004 G UTHSKEUGRGCYTRIGUGA 4080 pl, IPIDDRi ¢ gl ucose was
injected into the tail vein 10 of mce. Liver sanples were renoved 1 h
after injectPBA2aHd #rozen liver sections were prepared and processed for

in}mnohi stocheg?ﬁs@ts{r-Nﬁlﬁ-EJLfﬁac@?AAA@ctamhm 1;1@@5&{&/{5@111@%@8 \Aﬁ;m iﬂl get ed

pol ymer was extensive ocated wi.thin _he cytes |, er eas e

(it 2 get od polYRET-avies b EH e BB SO ofHAded of the 11 ver
(A). 15 CDMdoBorrmai A icgd RBAMEsel rgpdakegdthy), ani oni ¢ and was found primarily
wi t h macrophages (not shown). Pip-LBA (zwitterjionic skj agent)
modi fi ed pol yrgte€ SikFemhadm ey @megﬁ@~ Ql%?FEHi?HQ#ﬂﬁagéégggﬂ t he amount
of polyper targeted to the liver as a whole and, nore inportantly, to
hepatocytes in particul ar %5%6. 4Bb. 1t 15 %éso*Yp%%éble'to shiel d charge,
such as’ negat i %BSBHar eV SraFVeASCAAGBIYSY: $ e ing coM 20 PEG
maski ng agentys- 2ExarmplsgbSwtidar geti ng of pol ynucl eoti de to hepatocytes. An
ol i gonucl eoti de- pol yner, conj.ugate was namde as descri bed above and nmasked

wi th CDM Pi p-"UBAOSBOT ot HEATAMY 3 nodified si RNA was conjugated to 1.8 ny
of PD-nodifiedphL and nodified 25 with CDM Pi p-LBA. The nmasked conj ugate
was injected in 400 [Il of saline into the tail vein of a use.. In the
sanme i rif ectrHh *abpiiErBh oliEudetidpyor st CPRE PRI BAYHE ¢ IsREE DI SIS PRAVE

| abel ed Wi tiuiGHiIegaHbuls @€ Bach TRELEORY HOatER: Wakig 36liithb eo@nd:r nenaggregati ng

i n physiol ogical conditions, ggstinjection, the liver was harvested and

1 h
frozen |ivErr&epe IgAanRmEEe Brbhartads 2 JELEd PE-PAiGhi st ocheni stry.
TO PRO- 3(r) 30was used to stain cell nuclei. After injection of into the
tail vein of m.ce, |abeled oligonucleotide and PBAVE were observed in
hepat ocyt eS*TERIH 21 /@PL I EHEN ragRonEroyay’s.

20 A, Symthesis of a vinyl ether monomer. 2-Vinyloxy Ethyl Phthalimide was prepared via

reacting 2-chloroethyl vinyl ether (25g, 0.24 mol) and potassium phthalimide (25g,
0.135 mol) in 100°C DMF(75 mi) using tetra n-butyl ammonium bromide (0.5g) as the
phase transfer catalyst, This solution was heated for 6 h and then crashed out in water and
filtered. This solid was then recrystallized twice from methanoi to give white crystals.
25
B. Amine + lower alkyl polyvinylether polymers. A series of copclymers was synthesized
from vinylether monomers with varying alkyl to amine group ratios and with alkyl groups
having from one to four carbons (FIG. 1, R and R’ may be the same or different).
Membrane activity was dependent on the size (alkyl chain length) and ratio of
30 hydrophobic monomers (Wakefield 2005). Propyl and butyl-derived polymers were found
to be membrane lytic using model liposomes while methy! and ethyl containing polymers
were not, We termed these polymers methyl, ethyl, propyl, or butyl-aminoviayl ethers or

(PMAVE, PEAVE, PPAVE, or PBAVE respectively). These polymers possess sufficient



Exanple 9. In vivo Activity of Conjugate. The ability of the masked

pol ynucl eoti de- pol yner conjugates to deliver siRNA for the inhibition of
an endog in nouse liver, peroxisone prolife ted
receptorqpﬁgﬁ}ggggh was assessed. C57B m ce (n=4) &gtﬁg%ﬁ?@%¥%d W th
CDM Pi p-LBA nodi fi ed PPARa Ssi RNA- PLL conjugate (20 fig siRNA, 1.8 nyg
PD-PLL) and 25/75- PBAVE (100 gg) in 400 M. of isotonic glucose via the tai
vein. RNA was prepared fromliver 48 h ter L] ect PPARa | evel s
were det er AFRHEHOEOMRG* V1 GuaN e P Y8y "%’%ailco‘%‘iewt F"'@R’O’l(%jPQT R st n‘ﬁm | evel s

wer e nor makieA8ent BtiabdtdRlcSeptieeaiR e Whlith adtdorbdgihecasa shdRNA.DIXChanges to
MRNA | evel s were nornal i zed_t o endogenous GAPDH T gg i ndependent

exper i ment & HRPHEC P SiHEaS TRS IEHONA® ?fﬁhwcﬁhmee argphipy qwnfﬁr% 15A%F  PPARa
MRNA | evel shivases aRl-aine 8indhQ BXanpbe ako mak& ﬂf(énv @mﬁiﬂ!yild/@f yhalat bavik tgn Of

conj ugate. Six to eight week ol d nal e ﬂjf é @ %%;BL/6, 2&%25 g) were
obt ai ned f FSHEAL ey ADTE g gfdjes B&W‘é‘i}es(‘l" Hi%h 0 mer \polgeutis Mallnoused at
| east 10 d@wgit¥ in0votnQclbiBh&6 tbiRBry. E@ﬁgﬂm@mﬁe E@WJdeﬁmdw@&itdrinbxb@ ey Wi th
Harl an Tekl ad Rodent Diet (Harlan, Madison W). Mce were jnfused with into

the tail vEMes %ﬁ%@éfﬁa|Sy1%q§ﬁﬁ%p06¥m%s %’dr‘fPPﬁ‘PﬁFé’&f SBRUREPESGuf fered (5 nM
pH 7.5) isotonic 15glucose. Mce were injected with either DNA or si RNA

conjugates. Mce were fasted for 4 h prior to serumco ctiaqn hy
retro- or bi CaPlBhEs® F/ETTds WHHPELC mEBPii F67veRes i rJ @\@sf?@faﬁwgésays was

col I ectjpd angh/pglgeds tn@bl%rhrﬁﬁélﬁlotcbfﬁb iR cetfer @@Hpbe\t;ﬁy BEWE&@EBhthd]hh&H)t or
Cocktail containing EDTA (Roche, | ndi napo stored at. 20 -20C.

Total RNA V&% aﬁ*‘@@)l‘%%“e?ifcfl tdﬂ?ﬁ 'foi“\’/de?‘}tif} %P@r béal‘N%“grO? RS A8 iy

TR REAGEWchhloﬁﬁlﬁ:ﬂ{an g thi@ qsib@ommﬁcﬂw ed ¢ Seth106:068)] or(MBl eeHliaker Resear ch
Center, G ncinnati r atocyte tar pol yconj ugat e

contaln|ng“@@a%h%ﬁmév@dpégépgdéM%ﬁiaﬁgwﬁéF é?@MA”W&@mf%?hLﬂEVQ

descri bed ?91%@ s IiPraifedta@d @riv¥Ohoie-30fiff8em nithoRRd, el Meibe s doﬂﬁ@ﬁéﬂ&be | CR
m ce (20-2 , . Harlan Sprague Dawl ey) by i.v. |nject|on 1 h after

[ oot 116N, AAPCHICAEMBOKR L oy A ARPIPIGSr P b BRSPS TRRCENIES 6 some

exper i Ment gisreldn® B nRAWEE Sealil PBAL MG, L dR8Non SR @&Igm Rr-agec andgpancr eas
were al so excised. Tissue sanples were fixed in 4% paraf or mal dehyde/ PBS f or

6 h and thés qgrialeﬁewﬂi Moothy s3wis ¢ med'e/BBSCRD ves 2ddddomd dherasightvaat  4C,
Fixed tissyg, s ?&ceefaefo? 2then Pﬂga@ ed% a%ocwl&hc%&k whgladﬁ&ﬁan%f)%%ﬂiblﬂg oCT

freezing nmedium (Fisher Scientif snap frozen in
l'i quid n|tmByedeF%nweﬁﬂﬁm§§u@1@@t@pmﬁ$ﬁﬂﬁymﬁagn$l <Edpm@p@ﬂ@dﬂWS|ng a

M crom,fl Mbg{a YPShaty (o@a égan@?mﬂ;h&r weocio 4\'90 c@nq;l placed gpto

Superfrost croscope s cirenti Ssue sections were
count er st alphfédlmmt stéa_cﬁxﬁ\(orljem%thp heptectyigdgrau 46m ﬂltﬂ\ﬂ,mlhm\l‘ ht redefeon, wagar | sbad

CA) and TO@%\ o 311 tgé% L{‘/Moh 1@‘6@%&%&& rddllcdd %%qﬁxﬁé 70 My ﬂb_ﬁ)%glﬁ'u' des were

nmounted in |eI oratories, ‘Burli'ngane ahal yzed by
a LSMb10 canibwaf.sid &C@s@ﬂ;p(ed (€ ImiZaiilysy ; with 20 ml dmﬂied water, and refluxed

for additional hour. The solution was then neutralized with NaOH, cooled to room
25 temperature, transferred to 3,500 molecular cellulose tubing, dialyzed for 24 hrs (2x20L)
against distilled water, and freeze dried. The molecular weight of the polymers was
estimated using analytical size exclusion columns according to standard procedures. While
polymers containing the indicated vinyl ether monomers are described in these examples,
the invention ig not Hmited to these particular monomers.
30
After removal of the phthalimide groups by sequential treatinent with hydrazine and HCI,
the polymers were transfer to 3,500 molecular cellulose tubing and dialyzed for 24 h

(2x20L) against distilled water, and freeze dried. The polymers were then dissolved
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Confocal m crographs of liver sections taken frommce 1 h after injection
w t h pol ynucl eoti de-pol yner conjugate containing a Cy3-1abeled, 21-ner

panal ). AGEIEEN I SRS Lpper 1 ght quadrants ot hred DR

outlines. Nuclei are shown in the |ower |eft quadrants. Merged pictures are
shown in the [ ower right quadrants. Accunul ation of the Cy3-1abeled 10
dsDNA i n hepat ocytes was observed when the p cont ai ned the NAG
targeting NBICBES PR F i icRRAO ST BBy K&}ﬁﬂ)fﬂéwe@éwéve&r exgdefiiPat i on in
l'iver si nUS@)‘hﬁiﬁ:x(CF  GSiverbAdolardd &I doatdnkr@Bd wgassyo@mﬂﬁdt%n hoRBEeRAIMS weigheughout
the different | obes of the liver. Inspection of other organs reveal ed m nor

Cy3- fl uor§§éléené’%lyinﬁrssﬁ?f%etﬁelhﬁiﬁteﬁ?la‘??e y GFC | wing krragty st T BE at | east

20-fol d |0\(\2@HSEU@{UU bt ctm@cxob@h@ﬁﬁmﬁﬂ s@fes UIHG Qiink@ajueel i Dok M4c) eot i de +
pol ynmer _or repl acenment of G.on the delivery vehicle with CDM gl ucose

resul ted i A-lrafkady Vhﬁ&@%ﬁiHEﬁﬁWB@VF@“ﬁﬁP&%@hdﬁﬂcﬁ%%#ﬁh@éﬁmﬁbﬁ§Re by

spl een and cihgdney nlokclar J@ﬂﬁ@@tﬂ&mlfvﬁ&@%ﬁd M el YhngcVIDIDOM 16@Gomans kethent with
glucose's low affinity for the asia coprotei-n receptor. Replacenent of

CDM NAG on theHeiQfey pRRSEney BRPEREGPYH 2 Hannose resulted in increased

macr ophage and |iver endothellal cell 20targeting (FIG 7D). Quantitative
PCR and | nyader Assa In preparatjon for quantitative PCR, total RNA (500
ng) was rever¥s/ ?Stlsaﬁg ATH46 dei HyrSPBERsSERFRT nobEwiether AePeliBgetj2sand

ol i go-df pPEimREScREear tiviigidx ]Eth PRAUEAE W8T ¢S 1PRhAE Obutyl QUANthd-at | ve PCR
was perforned by 25 using a 7500 Fast Real -Tinme PCR s ystem (Applied

Bi osyst ems ﬁb@t@%lm@t@d@&aécwkmw ¢ Rel wbg@v%ﬁcms@ay%m@wapos and

ppara were M&Qﬂsablﬂc@hgb% af18AEJuE @RBlolRctah P ITh &R LUk kxfc@%ﬁ’%dmwé\apr I ners
and probe u5|g? TACNA Uni versal PCR Master M x ( lied Blosystens)

The sequencéd6fary f&2¢sAPeh a‘br?ﬁ”é‘}‘é;”&rﬁf &8 0¢3 o3 we I“(fislaﬂ@ |2pg
30GAPDH- f oruafid vous A I GARSEREGQGEE GF (B The ér@dti()n%a%lrs@)ﬁﬁd%§

5' - CATGTAGI TGACGT CAATGAAGG- ', SEQ | D 12:  GAPDH pr 0
5' - Hex/!EGT HoedtTErACAR AT TS BRIONS™, hydforjde py mpeft anel ?reac’*@luﬁ%%fdﬁlé%nts of
ppar a ”RNAbbi%Hﬁiri%e V‘ﬁ{ee;o%ﬁtg QP eI SdrhtGed bf u&&gr@vdﬁwgn eﬂhé R(ds) MRNA

assay accordin he manufacturer's instrucfions
Technol ogi &¥n 6W§bﬁ1@@fnlBféﬁé¥°¥%%6¥@%%%(%%?é“béﬁ$éWH%d’Pﬁ“ﬁ?*ﬁllcate

using the m&@gnesguz;fgplmswhmgwam theagi&QF Ok Rhehd AR B AC Y Qilvesits
i nstructions west ern, cytokine assays and |iver toxicity and

met abol i ¢ rj&gﬁeﬂ}@% zezg@‘ﬁé,bg_trqt% cigporation and the fesulting solid was then brought Gip in 20
20 ml of 0.5 M HCI and refluxed for 15 min, diluted with 20 ml distilled water, and refluxed

for additional hour, This solution was then neutralized with NaQH, cooled to RT,
transferred to 3,500 molecular cellulose fubing, and dialyzed for 24 h (2x20 L) against
distilled water, and lyophilized.

25  Similarly, other polymers containing various ratios of amine, butyl and octadecyl groups
may be synthesized. Also other monomers may be incorporated. In particular, t-butyl vimy]

ether, dodecy! vinylether, and oleic vinylether have been incorporated into polymers,

In one embodiment, the amine/tower alkyl/higher alkyl polyvinylether terpolvmers can be
30 synthesized using monomers at a feed ratio of 15 amine monomer : 4 lower alkyl
monomer : | higher alkyl monomer. Under the conditions described above, the
incorporation ratio was determined to be about 5.4-7.5 amine monomer ; 3-3.5 lower alkyl
monomer ; | higher alkyl monomer. In another embodiment, the amine/lower alkyl/higher

alicyl polyvinylether terpolymers are synthesized using monomers at a feed ratio of 4-8
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5 serumproteins (0.1 ul) was acconplished by el ectrophoresis on 3-8%
pol yacryl am de/ SDS gels. The separated proteins were el ectrophoretically

transfergggz&gpggﬁg menbrane fol |l owed by i ncubation mj%?g@ﬁﬁm%&%dei|Ution

of a rabbit “pol'y¢lonal anti-ApoB anti body (Biodesign In ati'onal”, Saco
ME). The blot was then incubated with a 1:80,000 dilution of goat
anti-rabbit anti body conjugated to horseradi sh peroxidase 10 (Sigm), and
ant i body binding was det ected using enhanced cheni |l um nescent detection kit
( Amer sham BRBECPEREES: B ¥t W“gl‘fbm.e" Sedr YRR @Yt 808P & ArbiRdETeEyt oki nes
TNF-a and bhb&iimeftehigasetdardYvsandbeh abld SAnYSIING dr@agants@cqarding to
the manufactyrer's instructions (R& Systens, M nneapolis MN). Serum | evels
of mouse | FRESC §@Ve neasured using a sandwich ELISA kit according to the
manuf acturer's 15 instructions (PBL Bi onedical, Piscataway NJ). Serum

| evel s of ALT, AST, chol esterol, %nd_triglycerides were measur ed using

aut omat &d %‘y%‘teéﬁ%’o‘%lfne’ﬂth@ RELY SR PE1 ERCE el &0YE%JB(BPEP’SIESPE?O\?&‘EI%P’VFWB“r%Lil

Di agnost i ¢ abuyk $DO R AHMarse bk and mbkd prefoRbNILER Ve kS. 6f abtMt0kiDaes and Li ver
Enzynmes in si RNA Conjugate-Treated Mce. Treatnent TNF-a (pg./nil) IL-6

(pg/m) IFN-a (pg,/nml) ALT (U L) AST (UL) Saline
E. Other terpolymers. Similar polymers can be synthesized of modification of different

base polymers, including, but not limited to: poly-L-lysine (PLL), polyvinylamine (PVA),
10 and polyallylamine (PAA). By attachment of alkyi groups to different the main chain of
these polymers, terpolymers can by made with a ratio of amine ; lower alkyl : higher alkyl

of about-6:3:1.

F. Liposome lvsis. 10 mg of egg phosphatidylcholine was hydrated with 1 ml of buffer
15 containing 100 mM carboxyfluorescein (CF) and 10 mM HEPES pH 7.5. Liposomes were
then be extruded through 100-nm pores polycarbonate fifters (Nucleopore, Pleasanton,
CA). Unentrapped CF was removed by size exclusion chromatography using Sepharose
4B-200 eluting with 10 mM HEPES pH & 0.1 M NaCl. A 206G uL aliquct of the CF-
loaded liposomes were added to 1.8 ml of isotonic buffer, Fluorescence {A.=488,
20 Gen=540) was measured 30 min after addition of 0.23 ng of polymers or melittin to vesicle
suspensions. At the end of each experiment, vesicles were disrupted by the addition of 40

plofa 1% Triton X-100 solution to determine maximal fysis.

Example 3. Masking agents.

25 A, Synthesis of 2-propionic-3-methyvimaleic anhydride (carboxydimethylmaleic anhvdride
or CDM). To a suspension of sodium hydride (0.58 g, 25 mmol) in 50 ml anhydrous
tetrahydrofuran was added triethyl-2-phosphonopropionate (7.1 g, 30 mmol). After
evolution of hydrogen gas had stopped, dimethyl-2-oxoghutarate (3.5 g, 20 mmol) in 10 mi
anhydrous tetrahydrofuran was added and stirred for 30 min. Water, 10 mi, was then

30 added and the tetrahydrofuran was removed by rotary evaporation. The resulting solid and
water mixture was extracted with 3x50 ml ethy! ether. The ether extractions were
combined, dried with magnestum sulfate, and concentrated to a tight yvellow oil. The oil

was purified by silica gel chromatography elution with 2:1 ether:hexane to yield 4 g (82%
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yield) of pure triester. The 2-propionic-3-methylmaleic anhydride was then formed by
dissolving of this triester into 50 ml of a 50/50 mixture of water and ethano] containing 4.5
¢ (5 equivalents) of potassium hydroxide. This solution was heated to reflux for 1 h. The
ethanol was then removed by rotary evaporation and the solution was acidified to pH 2
5 with hydrochloric acid. This aqueous solution was then extracted with 200 ml ethyl
acetate, whic;h was isolated, dried with magnesium sulfatc, and concentrated to a white
solid. This solid was then recrystallized from dichloromethane and hexane to yield 2 ¢

(80% vield) of 2-propionic-3-methylmaleic anhydride,

10 Thioesters, esters and amides may be synthesized from CDM by conversion of CDM to its
acid chloride with oxalyl chloride followed by the addition of a thiol, cster or amine and
pyridine. CDM and its derivatives are readily modified by methods standard in the art, to
add targeting ligands, steric stabilizers, charged groups, and other reactive groups. The

resultant molecules can be used to reversibly modify amines.

B. Gaiactose-containing targeting groups. The most widely-studied hepatocyte targeting
licands arc based on galactose, which is bound by the asialoglycoprotein receptor (ASGPr)
on hepatocytes. Attachment of galactose has been shown to facilitate hepatocyte targeting
of a few highly water soluble, uncharged polymers, including: the oligosaccharide
20 chitosan, a polystyrene derivative, and a polyacrylamide HPMA. Galactose targeting
groups are readily generated using lactose, a galactose-glucose disaccharide, via
modification of the ghicose residue. Lactobionic acid (LBA, a lactose derivative in which
the glucose has been oxidized to ghuconic acid) is readily incorporated into a maleic
anhydride derivative using standard amide coupling techniques. FIG. 2 shows the structure

25  of two LBA derivatives that couple galactose to the maleic anhydride CDM,

Maleamate modification converts a positively-charged amine group into a negatively
charged one. This charge modification can reduce non-specific interaction of the polymer
with negatively charged cells and serum components. However, too much negative charge

30 can enhance interaction with scavenger receptors. A net neutral galactose-containing
maleic anhydride derivative can be generated by inserted a positively charged tertiary
amine group into the masking agent, creating a zwitterion. Such a compound, CDM-Pip-
LBA, was generated from the components: CDM, propylaminopiperazine, and lactobionic
acid (FIG. 2).
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C. Steric stabilizer CDM-PEG and targeting group CDM-NAG (N-acetvl galactosamine)
syntheses (FIG. 2). To a solution of CDM (Rozema 2003) (300 mg, 0.16 mmol) in 50 ml
methylene chloride was added oxalyl chloride (2 g, 10 wt. eq.) and dimethylformamide (5
5 ul). The reaction was allowed to proceed overnight at which time the excess oxalyl
chloride and methylene chioride were removed by rotary evaporation to yield the CDM
acid chloride. The acid chloride was dissolved in 1 ml of methylene chloride. To this
sohution was added 1.1 molar equivalents polycthylene glycol monomethy] ether (MW
average 450) for CDM-PEG or (aminocthoxy)ethoxy-2-(acetylamino)-2-deoxy-B-D-
10 glucopyranoside (i.c. amino biscthoxylethyl NAG) for CDM-NAG, and pyridine (200 ul,
1.5 eq) in 10 ml of methylene chloride. The solution was then stirred 1.5 h. The solvent
was then removed and the resulting solid was dissolved into 5 ml of water and purified

using reverse-phase HPLC using a 0.1% TFA water/acetonifrile gradient (FIG. 2).

15 Example 4. Reversible attachment of polynucleotide to polymer. Modification of amino
SIRNA oligos with S-acetyl groups resulted in stable protected thiols that could be released
in a basic solution (pH>9) in the presence of an amine-containing polycation, Standard
deprotection conditions for removal of a thioester group require incubation with
hydroxvlamine. However, these deprotection conditions result in significant siRNA

20 disulfide dimer formation. Typically, the reaction between an alkyl amine and thioester is
relatively slow, but in a complex between polyanionic siRNA and a polycationic amine,
the reaction between functional groups became essentially intramolecular and was greatly
accelerated (see Step 2a in FIG. 3). In addition to accelerating the deprotection, the
released thiol’s reaction with activated disulfide groups on the polycation was greatly

25 enhanced (Step 2b). The activated disulfide pyridyldithiol (PD) insured selective disulfide
formation, and was ecasily attached to the polycation using commercially available
reagents. The result of these intra-particle reactions was >90% conjugation of disulfide to

polycation,

30 Example 5. Reversible conjugation of polynucleotide to polvmer.
A. SATA modified polyrucleotide. N-succinimidyl-S-acetylthioacetate (SATA)-modified
polynucleotides were synthesized by reaction of 5 amine-modified siRNA with 1 weight
equivalents (wt. eq.) of SATA reagent (Pierce) and 0.36 wt. eq. of NaHCO3 in water at
4°C for 16 h. The protected thiol modified siRNAs were precipitated by the addition of 9
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volumes of etharol and incubation at —78°C for 2 h. The precipitate was isolated,
dissolved in 1x siRNA buffer (Dharmacon), and quantitated by measuring absorbance at

the 260 nm wavelength.

5  Polymer, in this example PBAVE or DW1360 (30 mg/ml in § mM TAPS pH 9), was
modified by addition of 1.3 wtd% 4-succinimidyloxycarbonyl-g-methyl-g-[2-
pyridyldithio]-toluene (SMPT, Pierce). 1h after addition of SMPT, 0.8 mg of SMPT-
polymer was added to 400 ui isotonic glucose solution containing 5 mM TAPS pH 9. To
this solution was added 50 pg of SATA-modified siRNA. For the dose response

10 cxperiments where PBAVE concentration was constant, different amounts of siRNA were
added. The mixture was then incubated for 16 h. In this way, the polynucleotide was
conjugated to the polymer via a reversible disulfide bone. A disulfide bond for conjugation
between the polymer and siRNA provides for reversibility in the reducing environment of
the cytoplasm. The siRNA-polymer conjugaté was masked by adding fo the solution 5.6

15 mg of HEPES free base followed by a mixture of 3.7 mg CDM-NAG and 1.9 mg CDM-

PEG. The solution was then incubated 1 h at room temperature (RT) before injection.

B. Quantitation of comjugated poivnuclectide. To quantify the amount of conjugated
siRNA, 10 pl aliquots of sSiRNA-polymer conjugate containing 1 pug siRNA were treated
20 with 2 pl of 1 M DTT or with no additive at RT for 16 h. 100 ug polyacrylic acid and 300
pg NaCl were added to the samples to neutralize electrostatic interactions, After a 2 h
incubation, the samples were electrophoresed on a 2% agarose gel and the siRNA
visnalized by staining with ethidium bromide. The siRNA bands were quantified using
Kodak Molecular Imaging Software v4.0, The amount of siRNA unconjugated was
25  normalized to the amount released upon DTT treatment to determine percent conjugated,

The amount of conjugated siRNA was typically 70-90%.

Other disulfide conjugation chemistry may be used wherein the thiol is protected as a
disulfide or not protected at all. Additionally, the polymer may be modified with other

30 activated disulfide groups, thiol groups, or protected thiol groups.

Example 6. Reversible attachment of CDM-maslking agents to polynucleotide-polymers
conjugates. The polynucleotide-polymer conjugates may be modified, such as with maleic

acid derivatives, to reversibly modify the polymer (FIG. 3, Step 4.). The siRNA-polymer
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20n=5, data are shown as nean s.d. Exanple 11. Knockdown qf target genes
inliver of mce. To denonstrate the ability of the systemto deliver siRNA
and knockdown target gene expression in vivo, conjugate containing apoB-1
si RNA ( 80®ongospotypsrer, 50 pg si RNA) was injected into E6TBEL®72E82m ce. As
inthe in vivo targeting studies, the si RNA conjugate was adm ni stered by
tail vein infusion. Livers frominjected mce were harvested two days after
i njection and assayed for apoB nRNA | evel s using reverse transcri ptase

quantitati \e@n;&’@% &ARR:@P@%)Y adding tcaROB TRNA ¢l I@g@ﬁ mm RecRASUNQdRlati ve to
the | evel of GAPDH utg . total in in order to reduce the

possi bi | i tyn*ffﬁkstoféﬂynsa@%“éﬁc@é Li%nmg EPAL F@‘é hroBluishines Beeinebtsd due to

nonspeC|f|%a@&%gﬁbﬁmgﬁmaQmﬁpkﬁﬁ@mng@ggagogxpreSS|on As shown in FIG 8A,
mce treated with apoB-1 si RNA conjugate had significantly reduced apoB

NRNA | evel s conpared to mice receiving a non-apoB control siRNA or mce

injected Sxwhtih7saki @@OQEHIM}’ OPmRskePE030R0 Il)o, deﬁﬁ)n%@estﬂé gdidy\wpcthays after
|nject|on Speci ficall t he nean apoB nRNA | evel in mce recejving apoB-1

si RNA conj d? P@A\A&gi"‘*?f@tﬁf@é@mb‘&ﬁ) %i‘&%"%&ﬁﬁ%“r eiyert Hreae A PhemPPEEPEd group

relative t @0%@?&1}@@%‘75‘ evels, buWDe'éﬁﬁa%) ARABENRNA eSS 1aBeidd &8h kifa) ect ed
with the control siRRNA were unaffected. Similar results were obtalned i f

apoB MRNA [TReePEoRey S foHonsd ¥ dGddication, with CIIMTEC mdaityesviiat $BBI-

anal ysi s ofpiapR 8- 100 cRr.otLi ylm%mlzuso LNis6lid BhuERE bv@@ﬁl@@m&t}@)ﬂh@&u%hon in
i ver apoB nRNA | evel s To confirmthe specificity of the apoB

knockdotin, 0 MUY @f@ﬁ%dﬁl%fcmﬁv%imt% PieaHUARG F7eR VY RIGATE #FGet i ng a

di fferent npeghen.af 1%5@5@%1813{131}4&11%%&@1”&@qexcy141)194@@@@11 Zn Fikp 4SCBNA
conj ugate al so exhl%lted a S|gn|f|cant reduction in B nRNA | evel s (606%

reduct i on, PH=EBAugctehpefymelrves exgayive v\é%fﬁ@ﬂmimﬂbbcrawaﬁ%@ VrereEhds- 1 00

protein | e\aaiasg,mm SO L:88da 8k @b A WiddsketdpBikek B the N&E (APOB MRNA | evel s
(FIG 88). ApoB WENA expressi on was not reduced in the j €j unum anot her

tissue that expresses the apoB gene, suggesting that the conjugate did not

target fshi N ssue. m&i'liréii tP'B%SLEE isPashif | snided 16kt Wal SfoRQC QasaglyeRtithW t h
hepatocyte targeting rep ar ed conj ugat es caont ai ni ng si RNAs

| so
targeting ﬁ@ﬁ@ﬂl@wnﬁr é’Pq“fnér Y- Plpa%%vé&“é@ﬂ Wé@eﬁ’caé?néaldﬁﬁlé) (Psaied) . a gene
i nportant ipBlyERRtFR! hdaNufrdtahY cathidd AR IR 1S MelaBount of polymer targeted to

the liver as a whole and, more importantly, to hepatocytes in particular (FIG. 4B). It is also
possible to shield charge, such as negative charge, with steric stabilizers, including CDM-

20 PEC masking agents.

Example 8. Targeting of polvnucleotide to hepatocytes.. An oligonucleotide-polymer
conjugate was made as described above and masked with CDM-Pip-LBA. 20 pg of
SATA/Cy3 modified siRNA was conjugated to 1.8 mg of PD-modified PLL and medified
25 with CDM-Pip-LBA. The masked conjugate was injected in 400 yL of saline into the tail
vein of a mouse. In the same injection solution was 100 ug of CDM-Pip-LBA-modified
25/75-PBAVE labeled with Oregon Green. The conjugates were soluble and
nonaggregating in physiological conditions. 1 h postinjection, the liver was harvested and
frozen liver sections were prepared and processed for immunchistochemistry. TO-PRO-3%
30 was used to stain cell nuclei. After injection of into the tail vein of mice, labeled

oligonucleotide and PBAVE were observed in hepatocytes (top left panel of FIG. 3).

Example 9. In vivo Activity of Conjugate. The ability of the masked polynucleotide-

potymer conjugates to deliver siRNA for the inhibition of an endogenous gene in mouse
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liver (Kersten 1999, Schoonjans 1996). Delivery of two different siRNAs
targeting ppara 25 resulted in significant knockdown of ppara nRNA | evel s,
as assayed by two independent nethods for quantifying miRNA | evel s (FIG

80). Rel a"E”p\?é)Sf”%z 3 ce receiving a control siRNA, ppar aPARNRWEVERR in nice
receiving ppara-1 si RNA were reduced by between 409% and 64+-9% as assayed
by Il NVADER(r) or RT-gPCR, respectively. A simlar reduction in ppara nRNA
| evel s was observed in mce injected with delivery vehicle 30 containing
ppar a- 2 Si Rm;ncmmi@mepmﬁ@m@ wtigepararer pletd GRABR), theappardaCifnicsequence.

The potent '(1?4%%»9%;8%&&1 Qlin ERS 9% dﬂﬁ&%d&%&%@ﬁ%‘ﬁ‘%ﬁé?ﬁg%& ¥ (5@?1%‘” | ng

serum | evel enzynes a cyt oki nes 1ons of "ALT and
AST IeveISSM%WEld@ﬂg@Déﬂiﬂmﬁﬁﬂé@SPBéEﬁWHanﬁunﬂﬂ@mhﬁﬂwwwmnOmmwiwm si RNA

conj ugat est}%%lf;@e@mdw{a g’) %ﬁlcd%ﬁﬁv%@ﬁﬁﬁ%ﬁeﬂ &tlorﬁ@P?R%{% ic%l?%‘ on.

However, the Increased €l's were not significan
hi st ol ogl cétfelexmuﬁlag p avengfativg pelrtingeltER @R -IFRD- mBNArlewéﬂawersngn@h@ﬂ liver

toxi ol ty.  RLAL L AIALNH Al IR A i OphAASL Sl 0 SBLHIAS ng ELI SA

reveal ed that were sl el evat I njection
si RNA- pol ymcepndomnpusgﬁt%EDHthbrﬂcendsrpmldntteap%mm W@Gme&GﬁtASSIW ihncr eases

obser ved aEFI(;@ 6ha Vil n% Ftn &?Pﬁﬁpgﬁ&@dl&cﬁ’s &?s%gm%hgm ficant inmune

stimul ation and aré at least four orders 0 magni t ude | ower than those
observed uponstinulation with |ipopol ysaccharide (Mtsunoto 1998, Mat suzaki

2001) apd . 1 RGN B0 f
adenbvi s "CEnapAd 74 8 REEE BBl PRERLLLA Sk Atk MIA R DLEEh O °
serum | evel(s7BE/6 1NF2ag werre odeibet frew Pétlalaﬁiyam I@dvécyl@ndsmpmsniﬁ\@ Mexcept for
a sli ght I %Fcel?o%@:daatt Ic@istlhl()aéagglba ez Eéﬂ%ﬁ] Igccdlﬁp Q&%s %Ez%%rﬁl\ﬁ\ag 9!} ”’Hg%t&x These

results indicate t ry systenfis ol erated

12. Dose- rébﬁmn”’s“@d@rkbdpt#elhm §prlen, d}riahg@sl\ﬁi) N&cepemtmfumd“d@secortbfspdnse
studies in e n elivered
o the m cdbinn KL BT ORI ek, AP by et DA B NP R Bne et ng
t he anddnt ﬂbrboscdﬂ]celgateedecsmﬂhw ciByr ENﬁpamRN@ qomwt@sul ts of these
experinments, we hoped to determ ne which of the two conponents of the
delivery vehicle was Iimti ng for delivery: the endosonol ytic polyner or

t he si RNA Miseivére fRBH Mjreiclt prom tofergh npleetimdni rafro-dibitaithlad gndliver hevapoB- 1

si RNA conj unt of
nockdonn SPOF e &Ry Bo Rt T S CRTHERN LR o PEATRCE (800
ug pol ymer Pitﬁ@tw@iﬁalwoclxmé coaiBingyfIKG) (RMQBEEWRMOB@\%D smq'l itorddeat] i ver

were T %gucegﬁ%%[{%]gl e&ﬁk:’]%gs i%%)ld%P%] o B‘Q’n a@tgis th%lmch?cl}q Wl'gﬁprrpar ed to

m ce injected Simlar resu talne en apoB
REAGENT® according to the manufacturer’s p:otocol (Mo]ecular Research Center,

Cincinnati OF).

For analysis of hepatocyte targeting, polyconjugate containing 10 pg of Cy3-labeled, 21-
25 mer dsDNA was formulated as described above in a total volume of 0.2 ml and delivered
into male ICR mice (20-25 ¢, Harlan Sprague Dawley) by 1.v. injection. 1 h after injection,
miice were sacrificed and liver samples were excised. In some experiments, tissue samples
from hung, kidney, spleen, brain and pancreas were also excised. Tissue samples were
fixed in 4% paraformaldehyde/PBS for 6 h and then placed into a 30% sucrose/PBS
30 solution overnight at 4°C. Fixed tissue samples were then placed into block holders
containing OCT freczing medium (Fisher Scientific, Pittsburgh, PA) and snap frozen in
liquid nitrogen. Frozen tissue sections (8-10 um) were prepared using a Microm HM 505N
cryostat (Carl Zeiss, Thornwood, NY) and placed onto Superfrost-Plus microscope slides

(Fisher Scientific). Tissue sections were counterstained with ALEXA®-488 phalloidin (13
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25 nRNA | evel s were neasured relative to total RNA. Injection of two-fold

| ess si RNA conjugate (400 ug polyner, 25 ug siRNA) resulted in a 508%
reduction in relative apoB nRNA | evels. Injection of four-fold |ess

resul t ed VA 2A83H8B knockdown as conpared to the sal i nBCESRPEP 6§ oup.

Hol di ng the anobunt of polynmer constant but decreasing the anbunt of apoB-1
Si RNA conjugated to the delivery vehicle led to quantitatively simlar 30
results to those obtained fromseri al d| lutions (Fig. 9B). This finding
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200602). To determne if the |level of knockdown of apoB shown in FIG 10
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roacur of | ATEan tefRRT|el VAP bl HR GO TBRAE NI MRS o 1 e
resul t ant dedteasith mmimﬂptakc(ﬁawrﬁupffmgmls at a@umelaempenh‘e:d sinpscadst(EFG.hepat i c
:);:_ ?: ng;' ?’@ blgl\é&lbﬁtﬁgo‘%%u&l%ﬂg rﬂogxlog(%%{d Glgczuﬁlg‘%u% rﬁﬁ% ﬁgfcrcn sp ro?‘hl%dln!fgt o VLDL
truncat ed flopentiof oA PtB; oxiumw ﬂcavdieﬁcmmhecybr %mmcdmmmdspiwnp%amiedﬂcs aith
famlial h r ared ced aaC|t

transport #e%%gt E@ﬂ%@&? 8gcgr ) es (f&ﬁJ %ngé%@ in r'im 1 10{‘0 fg%s?(én %/eﬁe effects
of apoBSkn@ellyukmmtldm+tp0iygicy®erwmb®emwrané [staThB NM@ qneﬂhé aﬂm@w o¢llicle @dthst ai ni ng
Pnspecti on o ERe Tty e Bk SR e MBS Bl RS e B SRt
20 lipid coeplternd onpadtéd. thaclolt repecride. ¢ReBis cbmc)lstc@mlg woshdws a nouse
{reatod W L ApoR AL EANRlo P IR BIBNER T SAba M Iy 1RggL LY

Decr eased sdrceamtithi PV eamhde taial & maﬁee@hmroplegeancéﬂvai rodigdiel cm:ilce,

provi dipg f V. nce for dimnished hepatic triglyceride export

capaci t?f 3 etﬁP {eng hgbese results indicate that sinple i.v. injection of
apoB-1 si RNA 25conjugate results in functi onal deI i very of the

R TR G e e A S e e e
accunul at i 670 nlg) ves r@&nplh%schb@numﬂﬂ?h&ﬂﬁ&l@ﬁtlﬁ- t(Ilefatcgeh)aamd cdxgortd?fol m ce
WA TN e Ry 2 8 S o o
4% f or reél dehygieM?ES 1500 F29 leﬂTmlmPtﬁl‘Re@suem (deplgddbiosylramge®stof Cithi €4} I I ed

wat er, and b riefl 09 opr opanol

sol utl on @ngr[%]garﬁé%d%% és ion XSSdbeg) %ﬁoé)anﬁ Eara w&reoused 19!)6[8@ cach,rons uslopr opanol
over ni ght amdicfte |widr 6APDE] u@Matzmam 5#1111 ﬁloliet mngpaa@m}\i‘bmmreadl OCRTr ki ng

sol ution WePasff E/l@)?‘{Ap% ey an‘%ys e 1g) %96 sequencc *gile bAWDthpnmeis ando probe (IDT,
Coralville TA) were:
30 GAPDH-forward 5-AAATGGTGAAGGTCGGTGTG-3, SEQ ID 11;
GAPDH-reverse 5-CATGTAGTTGAGGTCAATGAAGG-3', SEQID 12;
GAPDH-probe 5-Hex/CGTGCCGCCTGGAGAAACCTGCC/BHQ-3", SEQ ID 13.
Direct measurements of ppara mRNA levels were performed using a custom designed

INVADER® mRNA assay according to the manufacturer’s instructions (Third Wave
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oil red O stock solution and filtered using a 0.2 um Nal gene filtration
unit (Fisher Scientific). The fixed sections were stained with freshly
prepared oil red 0 working solution for 15 mn, ri nsed_brireflﬁ with 60%

i sopr opan®P 2088aR'er st ai ni ng of nuclei was performed byCHBHHY € He slides
into Harris nodified hematoxylin solution (Sigma, St. 5 Louis M)y 7 tines
and rinsed in distilled water. R nsed slides were then nounted with Cel
Mount (Biomedia Corp., Foster City CA). Stained slides were anal yzed using
a Zei ss Axileginalegies. Macison 80p Sipguicppiens Wire Rerforgipdyinttaplicegrsing thexebscam  Car |
Zeiss). D gLtgl, kg GARLME L A Axi oVi sion software (Carl
Zei ss). 109%%'#51 e 1%&%@?@8&% o% gtiuka?N&@%;{}Mg%%ﬁgati on to nenbrane active
polymer by a Cali or disulfide |abile |linkage. Disulfide Conjugate: 50 ng
of si RNA targeted againste Lugh! 81288 that, had AeonaMaho, HHRist he sense
Strand was ?gag‘%gm V\Il%ltﬁ 1T h %So N sucei n?mhfgzdyl Sace yl thi ggce%oate in the
presencé ofcrHEPESCBMse (BH 75, vSepacetngllighed50bihg clsttraphpretiy viony | ether

synt hesi zed { ; : of.q AW e REQLECLE AR iRUL Y redany! et her
15 mnomrgo&aégﬂklggg?gg%ﬁnmt E‘ﬁéégeﬁg 8?%@%2-%&%%&%@%{) ﬁei 0 roap% %rn%dcxaci d
Nhydr oxysu&&ibhi minderamsioewidnbit eulpries enta bFOGARPESopRf 7 r@bit Pebyclondi i ed

si RNA and 1A, \ 1hen.§ i ) 3k LOWLG eng «att achnent
of the si Rﬁﬁgfx %b]tg%g%gig(;ﬁn@f) %,{A?%%r %gn 2?‘]’% Qt&ﬁ‘“eﬁ}ggﬁyhe%\{}gl?% X {((}gnj hgat e was
react ed wi ghi: 3900 ditngomfol Zogranpirelriitcargibpdst hytiveaicéite harshsadish gerokidaskhe
presen of.«;HERE e The; i S : ” : atocyte
Fepa ool (T Rant Rat apal PRIAEL R IERE A BB e AR OF
sanpl es cotitaimenbprCRIEROEEst Pechtgyoly yWerSetum ehduef e RNSP cwekisesatided t o
cells. I'n ggy 'Iiwéew&éq{?eaE&cgf}% RAIMABY PRy 'FF&%J QL dfs gagé‘cjr&m%t% aleuci f erase
expressi on was suppressed 75% el ative to cells ex%ose to pol ynmer al one,

i ndi cat i ng ndeifestercys oftriagnet (RHAISysieRNAVingeaphis d8Y)| ScrumSle@bMWOonjsggat e: 50
ng of siR ar ge . i UGl : : 5 - am r ..on the
sense str gﬁ%ﬁ \%ag@lrreglgccd?lg%! \?ﬁ%% az&hgg%EW?ﬁf g%gifdgn# |1On{:htgl hlgg%j?ag@ﬁée of
HEPES pH 7 i8trucfiont HBlsBiRNAdivE sl isdtiedy 50). truf teaelpof yilnpSét Hekesigypht hesi zed
froma 50/ 1 e 0 1.ne-r ect Mo vi Ayl nmers.

A tor 624 R KRSk hGRl ALRE SRrRRe B S IR 06 g ot

2- pr opi oni ¢eBretetidyMetraihel Oianpyid Didgoi tMarkidicr ¥8ence of HEPES base. The
particles were added to a nouse hepatocyte HEPA cell line that stably
expresses the |luciferase gene. As a control, sanples containing

CDM rodi f i ed poboy Frevels@fiCy tebints aid RIVA) Ewemes addA Conjogdtd-Sreated M@t | s exposed

to the poly = TUga e, T tER feras XPIES g S
suppressed :86% rlataéingwe to e %Ef% to(g‘gﬂj 1 %&gpe, i?L T}ca i ng
delivery ofr-funett+onat 36: i the '\,g 8+ ';_ Per-cent—+mht-brt1+on of
| uci f erase |S881vi ty fcljlé)l]\l/v ng Eran fecgi on égiﬂ%:‘/\- hb{c Eel lE usj,ng
Smenbrane acti-ve-polyAer-5-RNA conj-ygates: 511+ 86 - ConjlubAti-on] COM
Con Loat i oq Crigs SRR To ek | YL SBTTMPEE ST T 207 58

48 h ) 40+£1.3 | 211 %16 07426 176+ 62

apoB-1 siRNA 6h| 57.9+72 | 48.6+2.5 ] 494+ 165
48 h <6 <2 257+ 70 71+ 30 144 = 34
20 n=5, data are shown as mean =+ s.d.

Example 11. Knockdown of target genes in liver of mice, To demonstrate the ability of the
systern to deliver siRNA and knockdown target gene expression in vive, conjugate
containing apoB-1 siRNA (800 pg polymer, 50 ug siRNA) was injected into C57Bi/6
25  mice. As in the in vivo targeting studies, the siRNA conjugate was administered by tail
vein infusion. Livers from injected mice were harvested two days after injection and
assayed for apoB mRNA levels using reverse transcriptase quantitative PCR (RT-gPCR).
The apoB mRNA levels were measured relative to the level of GAPDH mRNA and pg
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86% Exanple 14. Longevity of apoB knockdown and its phenotypic effect. W
performed a tinmecourse experinment to determ ne the duration of apoB
knockdown and chol esterol lowering in mce after injection of a single dose
of apoB- IWEi2pNA2EBHj ugat e. Consistent 10 with our resuPEEUFHSEPIRED in the
previ ous sections, injection of apoB-1 si RNA conjugate (800 |ag polynmer, 50
nmyg si RNA) resulted in reduction of nmean apoB nRNA | evel s by 878% on Day 2
relative to control mce (FIG 12A). The reduction in apoB expressi on was
acconpani edotyinaut £F25%in edigc toi wduck rihd pisaibiligethutnang hidffestcer ol relgveedpsB( Fi g.

| 23). Decr ﬁ?? ?BNA n dm ani fi.cant .t hrough Day
10, and hag\' Felé/plsjrn g o nea gg?\ ércgslanlhé\r%?(&%bl ex&%%‘%éé%%cﬁwgn in

ser um chol estErdA, mexairraed vslﬂrgmoBrlcaRNAtcmnmggh h@@w%ﬁ@mﬂﬁge@c@i @bB, and did
not fully rrrﬁﬁ\? %velté o&ggréé ?0 mlc%\/rgle ngéng Iné)n co(l)ltto h@ﬁg (glelgiléé 1;111Se<:lteradl cate

t hat sust ai ne apo down an ener: at| on o enotype can be
achi eved afsi@rsalaesinhglhes,i prfp Q0101 pas cfea%ueRI‘tIAo dayy aﬁgramlgptmnﬂpacifaallvt ke

phenot ype Gah R SYB190R5, ARSTEXMEBRON FRLILASLR DO MRlecagr ti

ol i gonucl eGb4idigs (dPRhid)te the b@ieicltsaatug grogp paddtivoes GRWD&IanRNgat‘e:ss whistang the
CDM t hi OeSta;%B %"ﬁ\ﬁ{j Iﬁ%’él?szg iﬂipck{n?cgteg tsvﬁgl Ehfc:) contloﬁ qf}i wcre unal%g %L%{(F?éfgﬂ%; I's also

possi ble to"reversi b I'i'gonuc
pol yners. keyujpardre olmtlmafnd, if miﬁ’&h&lﬂﬂéd&tsh@:ﬂdmbawed yclaﬁve RMOiat RNaeWestern5 25 nnol

of am PMB‘{ (aV\A?)és% %fba gﬁkl%O Illncbm vcls d sclﬁﬁs 1%h c?cd tpc Ie gcitlrfr}%tlg ﬁllt\rcrl‘uci%f erase

transcrl pt) e or stFahd of DNA
was react ethRdA kevelotHGNER)or vvlth 2 ng of CDMthl oester in the presence of
HEPES pH 7.9. To this was added 200 ng of pol yvinyl ether synthesized from
50% am no vinyl ether, 45% butyl vinylether and 5% dodecyl vi nyl et her

(DW650) . Affcennfidr ée sprifieby ef houpd kfmekcjm&haymmpam@a@l\@‘ nace }wd ﬁycrmﬂ PI\/D

conj ugate wa wi.th 5 n sghce of H

mai nt ai n pﬁB‘%‘. a’%ﬁgg%iaﬁ“?on@@el%ﬁﬁ”‘ ‘18 5%9‘5 iSF Lecpiaipe a@? i th PEG
WO 200850211’%9’%3’ ﬁ&ﬁf&&ﬂw &RHAOL aesjnﬁ”rcsmcrbdm{l m\M{pomaRNﬁ dedid ([ﬁ)dé%r omthe
acid chlorid thers of, v

wei ght s. Thed%?:t%)O A g@gov(\)gfg EG“; fﬁng%a%ﬁ q—?et anal 9f7a@§é ég(?jlné){mﬂgveg L'iLooI S,

Phi | omat h @R)lmgueﬁmduthdendwamdm iimsaploﬁenim\m lddelkaFiﬁeI%]Bs Aﬁb@ meNAs were

Iplngf.lggt Ies f%gp V\glﬂn \Kd %.\cg(!l t?lc _]uIJullUFl al?o eII u¥%1e gﬁrijﬁorgs kﬁl 6)nt=aﬁ?i?23 2 5

nnol am nos@g‘b&tmm}hz&ﬂb&s conTltgeteccﬁ& Inst veegee thmmsh)at ”éidq tiesue-dpehificracavibui di fi ed,
5% CO2 |0ncuba;ﬁ?mn tthﬁe Oc'{am engl a was then replaced with DVEM

cont ai ni ngfﬁ%} DOV ngi The cells were then incubated for an
addi ti onal 48 h. The cel I s vvere then harvested and the |ysates vvere t hen
assayed fo i.feras egem)nstrate e

a 50 ec{ 001 1 a%%lc%gtdmn 152%13}\% V\%ﬂ i CLOXIS01] }%1 101 .

del i very of ef 19ie édg ynuci Cot T de whieti the P& ?é’é‘f c?ﬁoagent is a
DW550 pol yw:tnfydcéh dveptor aipha (ppala) a gene important in controlling fatty acid metabolism in
liver (Kersten 1999, Schoonjans 1996). Delivery of two different siRNAs targeting ppara
25 resulted in significant knockdown of ppara mRNA levels, as assayed by two independent
methods for quantifying mRNA levels (FIG. 8C). Relative to mice receiving a control
SIRNA, ppara mRNA levels in mice receiving ppara-1 siRNA were reduced by between
40£9% and 6429%, as assayed by IINVADER®™ or RT-qPCR, respectively. A similar
reduction in ppara mRNA Jevels was observed in mice injected with delivery vehicle

30 containing ppara-2 siRNA, which targets a separate region of the ppara mRNA sequence.

The potential toxicity of the delivery system was assessed by measuring serum levels of
liver enzymes and cytokines, Slight elevations of ALT and AST levels were detected in

mice receiving control siRNA or apoB-1 siRNA conjugates as compared to saline-treated
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pol ynmer - PM conj ugate. Delivery of uncharged pol ynuel eotides to cells
Transfection vehicleFold induction of luciferase no Iinkage DW50 + bare
PMD2 DW650 + PMD bridized with DNA2 pol yner-PM conju

DWB50- CDW%?(@{BFW% 5 DW550- CDM hybri di zed PMD10 15 ExR g‘ﬂpémﬁl’é‘”é%%nj ugat e
del /yen'" of siRN,4 to nmuscle. 40 lig PPARa si RNA or control (GL3) siRNA was
conj ugated to PBAVE pol yner and masked as descri bed above. 250 111
conjugate was injected into the gastrocnem us nuscle in mce (n = 3).

| nj ection régcetSasitatoertiondlanergetbe nPRARIevel preessit genifieape(psO; )r@d

det er i ned, g, Aesce/.NRdAboME e 0BRATR AANLRLLIAN o D JHSGLE Sokibow ng

direct injecti conj ugate si conjuga e | evel s
GAPDH nRNA agadysggt i I Freand IbtfalevadRNAe@hgusing ELISA revealed that both were slightly

elevated 6 h after injection of siRNA-polymer conjugate, but returned to baseline by 48 h.
5  The increases observed at 6 h would not be expected to cause significant immune
stimulation and arc at least four orders of magnitude lower than those observed upon
stimulation with lipopolysaccharide {Matsumoto 1998, Matsuzaki 2001) and one to three
orders of magnitude lower than after injection of adenovirus (Lieber 1997, Benihoud
2007). No significant differences in serum levels of INF-a were detected at any of the
10 timepoints, except for a slight increase at 6 h afier injection of apoB-1 siRNA conjugate.

These results indicate the targeted delivery system is well-tolerated.

Example 12, Dose-response and phenotypic analysis. We performed dose-response studies
in two ways: by decreasing the amount of $iIRNA conjugate delivered to the mice or by
15 holding the amount of polymer constant but decreasing the amount of conjugated siRNA.
By comparing the results of these experiments, we hoped to determine which of the two
components of the delivery vehicle was limiting for delivery: the endosomolytic polymer

or the siRNA itself.

20 Injection of simple serial dilutions of the apoB-1 siRNA conjugate into mice led to a
progressive decrease in the amount of knockdown of liver apoB mRNA (Fig. 9A). At the
highest injected dose (800 pg polymer, 50 pg siRNA, 1e. 2.5 mg/kg), apoeB mRNA levels
in the liver were reduced 84+5% relative to GAPDH mRNA on Day 2 postinjection
compared to mice injected with saline only. Similar results were obtained when apoB

25  mRNA levels were measured relative o total RNA. Injection of two-fold less siRNA
conjugate (400 ug polymer, 25 pg siRNA) resulted in a 50£8% reduction in relative apoB
mRNA ievels. Injection of four-fold less resulted i no apoB knockdown as compared to
the saline control group. Holding the amount of polymer constant but decreasing the
amount of apoB-1 siRNA conjugated to the delivery vehicle led to quantitatively similar

30 results to those obtained from serial dilutions (Fig. 9B). This finding suggests that the
amount of endosomolytic polymer present in the delivery vehicle is not the limiting factor
for the knockdown observed, but rather it is the amount, or potency, of the siRNA

conjugated to it.
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1.00 0.26 1.00 0.15 PPARa 0.62 0.07 0.54 = 0.13 Exanple 17. In

delivery of siRNA expression cassette.

si RNA expre55|on cassette, which expresses SEAP si RNA under contr ol
U6 promot WP 204042388l exed with 400 jig menbrane activECHESINER R 453
(conposed of polynerization of 75 nol % ami no, 21 nol % | ower al kyl (butyl)
and 4 noWO0 higher alkyl 5 (C18, octadecyl) groups and nodified with

gal actose with | actobionic acid (LBA).

Vi Vo

20 ug of PCR-generated |inear SEAP

of the

Lact obi onyl ati on was perfornmed by

addi ti on ofA #@matk Afepu® dedicBcing dgmmﬁrﬁeﬂemﬂmhlomt@pbl bycladai it iroprimfenghf ng EDC
and 24 ng '\!'ﬂ% £5erd 13?%} (gh%hgfm%i T d‘%{ﬁ@m% gﬁ%ﬁgeﬁj iﬂﬁ nIcﬁﬁ:ﬁi%%Oé(% o)

was al so formu Me
of 0.65 weilghttewejud xf&eéwéofdmocgildwm@pd%hlmin%ﬁIlﬁvwaﬁgxfﬁcxmtug@ltcnt@n
over ni ght,
reduce cha

tail vein o

was c nj ugat e e pol yrner

(G.3)
addi ti on

IP%K% ﬁ%@@n@ﬁ%e‘é@@% ”{%’hafcés@%fi \é\lil:ethg tﬁ%ﬁ{/{ﬂ Shol& %{‘ ng%?tfﬁt eto
modi fi ed V\,ititeHHQhEWt dedigerpd/ siRdidt ém@ﬂﬁ%ag)kwn@bﬁgmdtd @M@E@@mm agecadO uni ts)
in the pr e%@‘gﬁe cnBlesidibl Whe§ bivﬂ!),etp‘tSs atﬂiﬁil PRI& nﬁln LS oL dNifE %E%E’gr&t o the

nmce exp reSS|n seCrete ine p osp atase {

after masked®Ngoby sﬁéme ionjvedi Gi ol). fihgacestlarget etteDdDWE A3 tpaky meth

SEAE Ievels ﬁﬁ&uggig%ggﬁg§g%§ §%%§mgéfgg#@gﬁ#§@§%@lvr?v%ggﬁgésayegEggr

conj ugat es ey

si RNA

10

i5

20

25

30

dcmcaqc in the amount of cholesterol lowering observed, consistent with decreased apoB

mMRNA knockdown measured in these animals,

Impairment of VLDL assembly in the liver and the resultant decrease in VLDL export
might also be cxpected to alter hepatic trighyceride levels because triglycerides are also
incorporated into VLDL particles (Gibbons 2004). Indeed, transgenic mice expressing a
truncated form of apoB, simular to the version found in patienis with familial
hypobetalipoproteinemia, also display a reduced capacity to transport hepatic triglycerides
{Chen 2000}. In order to assess the effects of apoB knockdown on triglyceride transport,
we performed oil red staining of liver sections obtained from mice injected with apoB-1
siRNA conjugate. Inspection of the liver sections revealed dramatically increased hepatic
lipid content compared o control mice (FIG. 11}, Panel A shows a mouse treated with
ApoB siRNA. Panel B shows a mouse treated with negative controi GL3 siRNA. Panel C
shows a mouse injected with saline alone. Decreased serum triglyceride levels were also
detected in these mice, providing further evidence for diminished hepatic triglyceride
export capacity. Together, these results indicate that simple i.v. injection of apoB-1 siRNA
conjugate results in functional delivery of the polynuclectide to hepatocyte and therefore

knockdown of expression of apoB in the liver with expected phenotypic effects.

For analysis of liver fat accumulation, liver samples from siRNA-conjugate-treated and
control mice were frozen in OCT freezing medium and frozen tissue sections (8-10 pm)
were prepared as  described above. Air dried tissue sections were fixed in
4% formaldehyde/PBS for 20 min, rinsed in several changes of distilled water, and then
rinsed briefly with 60% isopropanol. Oil red O stock solution was prepared by mixing
0.5 ¢ of oil red O in 100 m! of isopropanol overnight and filtered using Whatman #1 filter

papers. Oil red O working solution was prepared by mixing 20 m! of water with 30 ml of
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48 13 G.3 siRNA 87 17 Activity was the average of 4 aninmals standard
devi ation. 20 Exanple 18. Delivery of Antibodies. 35 jig of rabbit

(Si grra) antlbo@li/ was nodified with 2 w % SPDP (Pi erce}. DWL.360 %?30 rrg/m
in 6% was nmodified by addition of 2 wt % "/ReRiGPHhe. 530
jig of i m not h| ol ane- PBAVE was added to 400 ul isotonic glucose solution
containing 5 M TAPS pH 9. To this solution was added 35 jig 25 of

SPDP- nodi fi ed anti body. After 16 h, the anti body-pol yner conj ulgate was

modi fied woll ed7 Qngtod saietion andafilidrsd vriee of0. DM Nalgeamdlteim PEG (Fvks

conj ugate Was, {eﬁltceﬂ{ehr]steaxotnb%ve?eaktlcune\fae\vﬂh ofeshl %Hﬁ?@ﬂ &Pl O workin
post-injection, the nouse was sacrificed ﬁ ' ver was harves%ed and
processed favwtionifer Bswopirescdiais st %ﬁ@m%ﬁﬁil@n ConterigninE wé pualdi §88e

| ndi cated 5Lamhld 62RkyAEGHTURL 1RO 1Bl 3Ald ARUerl b IEPANARK BfnkFLG.  13)
Upper |eft quadrant S anti bodi es, W%? rg quadr ant shows
actin, Powbpui dQ) bﬁfa@fr%lﬁt“@%mdfﬁlﬂéql siater. Fiepell 6 W@fgﬂilﬁﬂ q@a@?‘hmﬂlshows a
conposi te | | r te as in
vitro tran? ectg?lg%i?%g&gr% % 5%1?’%(@&‘39 %&g@ggﬁe@gﬁ:ﬁ@yg&rusg}%@ e % rom adul t
m ce (straibaioghy &ﬂl@}oqqmcrfgumh@ vib astigipl eondragénager. gark LisorPipitdcedur e as
previously; Hepal. bility was 85-90% as

det erm ned rga%ﬁ'r ylgg% LEFJ %)(tgﬁ%}??%%mﬁepatgf?y%%s{%\%\gre plated at a density
of 1.5x105 ceIIs per well in collagen coated 12-well plates in 1 m of

medi a ggtn; %&g'{q{fcglﬁ'%z;e% 9}5119@4; &%fuu%on%m@m@ffﬁqgaame %&A»JHQ by%eszbw n

tripli S were transfected w thout nmedi a change with S|RNAu3|ng
TRANSI T- S| QJESAH kpild Kphage. BlipliidvHdingane V0 namelcoR Ui rigrzeted @W*Wﬁfﬁf@ét urer’

pr ot ocol , t tes were
harvested 24 l\t{?dé{st g}gl ntofgg foggﬁgl)%ﬂgegﬁmdt‘g%% I%W\Kggg{ (gc%\ll gét% gi%ﬂ&%dhse
TRlREAGEI\ﬂ'@&FC)yl@@a@@ﬁCt i b etoatnge dRelSERiFT hatentief.;- Simedttinatl L@H 2| STo
denonstr at f, .masked

pol ynucl cob A e s Ha el B3 SRR S el A T S Rt e
was dellfvermedomhos demr%ACﬂq@pa«tﬁbc;ﬁt esg usl ng(Tormdyidthimliirgpieniai kabl &-si RNA
Lranst ect | Bl ERRRntTOL LI HPRELARCG REPYOYA! LOUTICMGARLMGRY R omy

Transf ecti on the primry tocytes w the conjugate was highly
ef f ecti ve, modigd polmgeri Werﬁépznlcymm% eridek govaeng @ttashmap oBtheRNANA K 8 14) . The
| evel of s e a n

conpar abl ebjtigﬁtﬂ%ﬁe\;%%\%?ﬁaz%@ﬁ%@fr %% Qgegag%w(ﬁgs%

predi ct ed, 2dewiessi-ngthy melanolmdridstin thomjasgat ef Bt beso Tibheateley @6113 ed to

progr e%ﬁi V%Jic}éd goezglliﬁ?s% %anﬁﬂ?@ E@%Cé&ﬁ M that stably expresses the luciferase gene. Asa

control, samples containing CDM-modified polymer (without siRNA) were added to cells.

In cells exposed to the polymer-polynucieotide conjugate, luciferase expression was
suppressed 75% relative to cells exposed to polymer alone, indicating delivery of
functional siRNA to the cells.
25
CDM Conjugate: 50 ng of siRNA targeted against luciferase that had a 5'-amino group on
the sense strand was reacted with 2 pg of CDM thicester in the presence of HEPES
pH 7.9. To the siRNA was added 50 ug of & polyvinylether synthesized from a 50/50
mixture of amine-protected and butyl vinyl ether mbnomers. After 6-24 h, the polymer-
30 siRNA conjugate was reacted with 200 pg of 2-propionic-3-methylmaleic anhydride in the
presence of HEPES base. The particles were added to a mouse hepatocyte HEPA cell line
that stably expresses the luciferase gene. As a control, samples containing CDM-modified

polymer (without siRNA) were added to cells. In cells exposed to the polymer-
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25 Exanpl e 20. Masked Pol ynucl eoti de-pol ynmer conjugate as in vitro

transfection reagen
encodi ng firefl

h after ﬁV%§W¥@¥??ansfectlon

t.

Hepa-lelc7 cells were transfected with plasm ds
and renilla luciferases using TRANSI T LTI

M B
100 ng luciferase S|RNA‘%%HFgﬂéyﬁﬁﬂﬁfthlg)j|g
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Example 15, The delivery of phosphorodiamidate morpholing oligonucleotide (PMQO) to
cells using polymer-PMO conjugates. Using the CDM-thioester based crossiinking used to
link siRNA and polymer, it is also possible to reversibly conjugate other types of
oligonucleotides to polymers. In particular, we studied the delivery of PMO to cells. 5
25 nmol of amino-PMO (which blocks a mutant splice site in the mutant Luciferase
transeript) either bare or hybridized with a complimentary strand of DNA was reacted with
nothing or with 2 ug of CDM thioester in the presence of HEPES pH 7.9, To this was
added 200 ug of polyvinyl ether synthesized from 50% amino vinylether, 45% butyl
vinylether and 5% dodecylvinylether (DW550). After three or more hours the poiymer +
30 PMO or polymer-PMO conjugate was reacted with 500 pg of CDM m the presence of

HEPES to maintain pH>7.5. In addition to CDM, the conjugates were reacted with PEG
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30 Al HAc Conpound Il N-Acetyl-gal act osani ne- PEG net hyl nal ei ¢ anhydri de
Conmpound | was used as a precursor to create conpound Il, a gal actose
targeting group 5 masking agent capable of reversibly nodifying _
ami ne- coriWai2Mis®g23fitnbr ane abtive pol yners such as PBAVECHEF3#EI$202React i on
of the mal ei c anhydride with an anine group on the polyners results in
formation of a pH labile |Iinkage between the gal actose and the pol yner.
Modi fication of a PBAVE polyrrier with compound Il results in: 0 CO2H
CONH- PBAVE esters GHapoLImdichlate ddbisted fremttheomidodhlRBAVECAM mal @E@m@nsozmthsh conmpound
L (0.75 .etherq ogwaz 0859 rrllloleculaz v&e?t)hts The conjugates were then added HeLa Luc/705 cells
- (Gene Tools, Philomath OR) grown under conditions used for HelLa cells. The cclls were
plated in 24-well culture dishes at a density of 3x10° cells/well and incubated for 24 h.
5 Media were replaced with 1.0 ml DMEM containing 2.5 nmol amino-PMO complexes.
The cells were incubated for 4 h'in a humidified, S% CO, incubator at 37°C. The media
was then replaced with DMEM containing10% fetal bovine serum, The cells were then
incubated for an additional 48 h. The &;cl!s were then hafvcsted and the lysates were then
assayed for Tuciferasc cxprcs_sion."'_fhe results demonstrate enhanced delivery of the
10 uncharged polyhucleotide when ‘the tfanéfcction agent is a DWS30 polyvinylether

polymer-PMO conjugate.

Delivery of uncharged polynucleotides to cells

Transfection vehicle Fold induction of luciferase

no linkage

DW550 + bare PMO 2
DW350 + PMO hybridized with DNA 2
polvmer-PMO conjugate
DW550-CDM-barePMO 7.5
| DW550-CDM-hybridized PMO 10

15 Example 16. Conjugate delivery of siRNA to muscle. 40 pg PPARa siRNA or control
(GL3) siRNA was conjugated to PBAVE polymer and masked as described above. 250 ul
conjugate was injected into the gastrocnemins muscle in mice (n = 3). Injection rate was

about 25 ul/sec. PPARa expression levels were determined as described ebove.

20 PPARa inhibition in muscle following direct injection of masked conjugate

. . PPARa mRNA levels relative to:
sIRNA conjugate

GAPDH mRNA total mRNA
GL3 1.00+0.26 1.00+0.15
PPARa 0.62+0.07 0.54+0.13
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pol yner am ne nolar ratio) and CDM PEO500 (0.25 CDM PEG to pol yner am ne
nolar 15 ratio) resulted in. a conjugate which exhibited targeting to

- hepatocytes in vivo. Varying spacer |engths of ethylene groups (n =1, 2,
3, or 7) Weremsgpieffective in delivering sigNA to hepBEbEHI8FII62vi vo as
evi denced by knock down of target gene expression. B. pH Il abile bond
with Al kyl spacer. Al kyl spacer groups nay also be used as illustrated 20
in conpound V. Al kyl spacers may, however, increase the hydrophobicity of
t he maski ngxaggat7. Ik esulidiveg of IRNGwer-esh uhiskie Y0 of of INER-paskiaddinagent and

Lne com W03ty mRIBRUDL Vbkeostd sgelccosam ol TRl TRl phe
wi t h hi gheproviheeness mylc@ddsmlbwomg herzleehe dexdengpliany mﬁbmi(mamoscdﬁf a
e A B BB SUSHES AL LT P o7
ASGP- R 5Ac NEGa o QTHE CHE ) ZNHEACOMHEGHRGH? 691 2Gak NHAC 1d6bNHic r{LE:@).O CO '
. Lactobionylation was performed by addition of 43 mg LBA to 60 mg polymef followed by
addition of '34'mg EDC and 24 mg NHS. As a_c_onirbi-, & cassette cxpressing iucifex‘ase
$iIRNA (GL3) was also formulated. The DNA was conjugated to the 'pplymer by the
addition of (.65 weight equivalents of glutaraldchydé Following conjugation ovcriligilt
10 the comp1cxcs were modified with 40 mole % NHS- acetate to reduce charoe on the

polymer.

500 pg of lactobionylated DW1453 was modified with 7 wt equivalents of masking agent
CDM-PEG (average 10 units) in the presence of 14 wt equivalents HEPES base and
I5  injected into the iail vemn of .mice expressing secreted alkaline phosphatase (SEAP). 10
min after masked polymer injection, the co-targeted DNA-DW 1453 pelymer conjugates

were injected. On days 1 and 14, blood was drawn and assayed for SEAP levels.

] SEAD activity

SIRNA day 14 relative 10 activity at day 1
SEAP siRNA L 48 + 13
GL3 siRNA S 8717

Activity was the average of 4 énimals + standard deviation.

20 | |
Example 18, Delivery of Antibodies. 35 ug of rabbit IGG (Sigma) antibody was modified
with 2 wt % SPDP (Pierce). DW1360 (30 mg/m! in 5 mM TAPS pH 9) was modiﬁed by
" addition of 2 wt % iminothiolane. 530 ug of iminothiolane-PBAVE was added to 400 ulk
isotonic glucose solution containing 5 mM TAPS pH 9. To this solution was added 35 ug
25  of SPDP-modified antibody. After 16 h, the antibody-polymer conjugate was modified
with 7 wt eq of & 2:1 mixture of CDM-NAG and CDM-PEG. The conjugate was injected
mnto the tail vein of a mouse. 20 min post-injection, the mouse was sacrificed and the liver
was harvested and processed for microscopic analysis. Examination of the Kver tissuc

indicated significant accumulation of antibedy in hepatocytes (FIG. 13). Upper left
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Conmpound VI CONH( CH2CH20) 2Gal NHAc H2N ( CH2) 2014CONH KCONH

CONH( CH2CH20) 2Gal NHAc - CONH( CH2CH20) 2Gal NHAc Conpound VII 15 D. Negati ve
control targeting ligands. Related targeting groups which have

signi fi cAMPRYWSIOBT affinity for the target cell may bBCHEEWIHY ®REgati ve
controls to determne efficacy of the preferred targeting group. As an
exanpl e, the ASGP-R of hepatocyte binds gal actose, but not glucose.
Therefore, a glucose targeting groups (VIIl1) may serve as a negative
20control pmdemt thobvaddpelked agibadisa Ypper NGt 20ABN0LR80 IRBT IowSR BO7udXER02 AcO

AcO0 QAc . . ] S
shows nuclei, and lower right quadrant shows a composite image.

Example 19. Masked polvnucleotide-polyvmer conjugate as in vitro zmhsfectioﬂ redgent.

5 'Pr-ima.ry'hepatecytes were harvested from adult mice (strain CS7BL/6) using the two-step

colla'_ge_:nase perfusion procedure’ as previously described (Klaunig I981). Hepatocyte

viability was 85—90% as determined by'Trypan Blue exclusion. Hepatocytes were plated at

a density of 1.5x10° cells per well in collagen coated 12-well plates in 1 mi of media

| containing 10% fetal éaff serum. 24 h after plating, celis in triplicate wells were

10 transfected without media change with siRNA using TRANSIT-SIQUEST® (Mirus Bio,

Madison WI) according to the manufacturer’s protocol, or with different amoﬁﬁts of

siRNA conjugate. Hepatocytes were harvested 24 h after transfection and fotal RNA was
isolated with TRIREAGENT® Reagent (Molecular Research Center, Cincinnéﬁ CH).

15 To demonstrate the in vitro transfection properties of the described masked
polynucleotide-polymer conjugates, -apolipoprotein B (apoB)-specific  siRNA  was
defivered to primary hepatocytes using commcrcialij} available siRNA transfection
reagents or the described polynuclectide conjugates. Transfection of the primary
hepatocytes with the conjugate was highly effective, resulting in nearly 80% knockdown

20 of apoB mRNA (FIG. 14). The Ievel of siRNA delivery, as measured by target gene
knockdown was comparable to that achieved with the commercial reagent SIQUEST®. As
predicted, decreasing the amount of conjugate added to the cells led to progressively

decreased apeB knockdown.

25  Example 20. Masked Polynucleotide-polymer conjugate as in vitro trangfection reagent.
Hepa-lcle7 cells were transfected with plasmids encoding firefly and renilla luciferases
using TRANSIT LT1® (Mirus Bio). 4 h after piasmid transfection, 100 ng luciferase
siRNA conjugated with 9 pg PD-PLL followed by modification with CDM-Pip-LBA
(45 g‘) was added to cells. For some sample, CDM-Pip-LBA modified 25/75-PBAVE (5

30 ug) was also added to cells. 48 after addition of siRNA, the cells were harvested and
aéséyed for firefly and renilla luciferage. The amount of firefly expression was normalized
to renilla for each sample and to cells not exposed to sSIRNA for each group. Alone, PLL-
sIRNA conjugates arg _una‘ole to deliver siRNA to cells in vitro (white bar, FIG, 5}

Addition of maleamate-masked, membrane Iytic polymer PBAVE results in activity equal
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G c 13-isonmer VIII E. Mannose targeting group. Macrophages and liver
Kupffer cells are known to have 5receptors whi ch bi nd nannose sacchari des.
Therefore, targeting groups wth mannose residues (1 X) may be used to
~target -t HEea0@B@#RI®Y Man a-isoner | X 10 F.- Li nkages w PRIFarMpi/AG242abi | ity.
Li nkages of varying lability (kinetics of cleavage) can be used to connect
t he maski ng agent or polytntleotide to the nmenbrane active pol yner. For
delivery of antisense polynucleotides, it may be possible to increase the
dur ati on ofio ddnikareiakehaniactldy rehg@ert eslsdkngrit hegehabiesiRNADGKH YNE hreotdcdensr el ease

fromthe conjugate. D sulfide baonds can.be made with_varying kinetics of

ol eavage | AT EHITE NG LIOFFD RNt IS PYRTEafCNRAITAR GNP ol ower

rel ease of wilASKRN@, ag8nknfatanid Rercpahy me iR Rmcigieaskyesl relthat from time of

the conjugate in vivo. For . exanple, 5-nethyl-2-imnothiolane (MIT, Linkage

S Cexni bi ¢ enpsomiL ke e B Pl A HeT SO B AR S Conpound.

X)) . sisRNRoSAers Wiy Podny Bultancousy shrAhepatocytes i vivo. In support of this
_expectation, we observed that coinjcctioﬂ of Cy_3~lébcled $iRNA c_:onjugatéd to PLL with

Oregon Green-labeled 25/75-PBAVE did indeed colocalize to hepaiocy&s (sec above).

The 'in vitro activity of the siRNA conjugate with delivery polymcts s equal to
10 unconjugated $iRNA transfected With commercial reagent TRANSIT TKO® (FIG. 15).
Experiments in parallel with an irreversible 1iukage of siRNA and polymer based upon
iodoacetamide alkylation chemistry (IA-conjugate spotted bar in FIG, 15) demonstrated
that siRNA-polymer conjugates are not active if the conjugation is not reversible,
suggesting that the disulfide bond must be reduced in order for functional delivery of
15 siRNA (The 20% knockdown observed is due to the roughly 10% of oligo that was not
conjugated, as determined by gel analysis). The activity observed for the maleamylated
conjugates Suggests that, even though the polymer is no longer positively-charged and
interacting with the oligonucicotide by eclectrostatic forcés, the siRNA-conjugate is
resistant to degradation by nucleases in the serum. Modified siRNA analogues that are
20  nuclease resistant may also be used,
Example 21. Labile linkages for attachment of masking agents and polynucleotides to a
membrane active polymer, .
A, pH labile bond with PEG spa,cér. One embodiment of an ASGP-R ligand target group

25  may be prepared as follows:

NH.

NHAC

Compound 1
{Aminoethoxy)ethyl derivatives of
2-acetamido-3,4,6-tri-O-acetyi-2-deoxy-f-D-galactopyranoside
30



Li nkage X

SMIP Li nkage XI The cl eavage rate for Conpound M ‘is expected
to be about 30x slower than for disubstituted nmaleic anhydride |inkages.

ro H®2C" XIl jj.,NH -Polyner @ ycoside- Spacer-NHO\/(

WO 2008/022309 . PCT/US2007/076202
HO /C\V/i]ch
HO, NH O
OH %\ }”\/ | o6
ﬁHAc

10

15

20

Compound 11
N- Acety Ualactosamme—PEG-methyl maleic anhydride

Compound T was used as a precursor to create compound 11, a galactose targeting group

.masking agent capable of reversibly modifying amine-containing membrane -active

polymers such as PBAVE polymers. Reaction of the maleic anlydride with an anime
group on the polymers resuls in formation of a pH labile linkage between the galactose

and the polymer. Modification of a PBAVE polymer with compound II results in:

]
HO
o - /C CO,H
HO o | NH
NOH \/\?LO% o CONH—PBAVE
NHAg |
Compound 111

Modification of PBAVE amino groups with compound I (0.75 : 1 compound T to
polymer amine molar ratio) and CDM-PEGsag (0.25 CDM-PEG to polymer amine molar
ratio) resulted in a conjugate which exhibited targeting to hepatocytes in vivo. Varying
spacer lengths of ethylene groups (n =1, 2, 3, or 7) were all effective in delivering siRNA

to hepatocytes in vivo as evidenced by knock down of target gene expression,
B. pH labile bond with Alkyl spacer. Alkyl spacer groups may also be used as illustrated

in compound V. Alkyl spacers may, however, increase the hydrophobicity of the masking

agent, resulting in lower solubility of the masking agent and the conjugate.
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At pH=5-6 Pol ynmer-NN2 Exanple 22. Characterization of PBAVE and

pol ynucl eot i de- PBAVE conjugates. A. Anphi pathic anal ysis. : _
1, 6-di phenyl1-1, 3, 5-hexatriene (DPH, Invitrogen) fluorescence 5 (k," - 350 °
nm ken, ®O£9B/ARP?i s enhanced in a hydrophobi c envi r oRfERE200THi6202

fl uorophore was used to anal yze the PBAVE (DW 360) polyner. 0.5 uM (final
concentration) DPH was added to 10 jig PBAVE in the presence or absence of
40 jig plasmid DNAin 0.5 m 50 nmM HEPES buffer, pH 8.0.. The solution was
then tested for DPHH@eguniulation in a hydropRobic environnent by neasuring
fluorescence of DPH. _Increase DPI-1 fI uorescemce 10 in yhe presence of the

conj ugat es i ndi cat g0 romat | a ronnment by the
pol ymer. Addition of € DNA di not Si gH i cantly al ter DPH
fluorescence (FIG 16). Mol ecul ar Wi ght. The nolesular wei ght of DW360

was determ ned using HPLC e 15 excl usion chromatography and a set of
pol yet hyl enegl ycol s as standards (Arrerl can Pol yner Stan@ard Corp.). The
pol ymers. were separated on a GPC H LC using a Shodec SB-803 HQ col unm with
0.2 M Li Cl04, 5% AcOH in nethanol . EYPQ&W“EI)& of the PBAVE pol yner fromthe
col um indi cat ed N-S¢cre-gaMebAFenedf alioUmak: Hhiddale (fkimg dgé)t 20C. Mol ecul ar
wei ght of pol ynucl eoti de-pol ynmer conjugate. The nol ecul ar wei ght of nasked
pol ynucl eoti de- pol ymer conjugate was determ ned using FPLC size excl usion
Chcrj omat @gr a:ghwulambllw&géta@e%e@snmﬁﬂuﬁdn@ @@ﬁ;ﬁsm}é nsdhanesicsls . ma_yh@h@Qiaj ugate
and st andar e separated.on a Shimadzu FPLC at u X2

Sephacry| 866, COPTHIAT aRECEITTE it S0 HERESS FG"S EPUe AR/ 1-1-11 n.
El uti on of 1md@@at@d)ﬂ¢1@gajoﬁra[fcﬁtomﬂ bel erbignmn(V2bi neticead dghnds Siaz ety Riphge of
about 77 k FI G lpb%q' EE Conj ugat e stoichionetry. The average nol ecul ar
wei ght of ta b@A\}}? r was experinentally determned to be about 13

| cDa. The average nol ecul ar wei ght of the nmasked pol ynucl eoti de- pol yner
conj ugate was experinentally determ ned to be about 77 30 kDa. The average
nol ecul e wei ghtAC%é’\G %’ HeP~of the PENAEQrGO)O).GaisHAX per i ment al |y
determ ned to be about 200 Da. The average nol ecul ar wei ght of the CDM

NH
~COo cO
. /
10 ‘ co
Compound VI
CONH(CH2CH,0),GalNHAC
HoN[(CHz)0],CONH ‘
] CONH(CH,CH,0),GalNHAG
CONH
CONH(CH2CH,0),GalNHAC
Compound ViI
E

D. Negative control targeting.}igands. Related targéting gfoups which have significantly
lower affinity for the target cell may be used as negative controls to determine efficacy of
the preferred targeting group. As an example, the ASGP-R of hepatocyte binds galactose,
but not glucose. Therefore, & glucose targeting groups (VIII) may serve as a negative

20 control in cell targeting assays.
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maski ng agent was cal cul ated to be about 550 Da. The average degree of

nodi fi cation of the PBAVE pol yner was experinentally determ ned to be about
75% of avail abl e am nes. The average nol ecul ar wei ght of the conjugated.

si RNA wadvea8iiezdeed to be about 14 kDa. Using these YVallUedV7fThé2aver age
nol ecul ar wei ght of the CDM masked PBAVE pol ymer naski ng agent was

cal cul ated to be about 30 kDa. Thus, the likely stoichionetry of siRNA to
~masked pol yner was estinmated to be about 1:2. 5E. Particle Sizing and Zeta
Potential. The sizes of thAeOegnjugates injected in vivo were neasured by
light scattering at 532 nmusiing-~a Brookhaven Instruments Corporation, -
ZetaPlus Particle Sizer, 190. @Fi Ga\l/aqal/ysi\s/ﬁﬂgpeaks vari ed between 100
and 30 nm Using nultinodal (§/ IS, theopeak with thc | argest nunber
(>95% of particles were he®s n 50 nmand nore typically less than 20
nm Pol yconj ugate size can al so Jeasured 10 using anal ytical
ultraccntrifugation or atomc force mcroscopy. In the sane way the zeta
‘potential of the conjugates V\ere@gﬁﬁ%ﬁeq usi ng Brookhaven Instrunments
Cor poration ZetaPALS. The zeta po tTal " of the CDM.masked conjugates

vari ed between 0 and -30 naV and norevipr edom nantly between 0 and -20 nV.
Zeta .potential was neasure in isotonic glucose buffered at pHO with 5 mM
TAPS. Stabl e, non-aggregating conjugates 15 were also forned with zeta

pot enti al s Ebetweed Weangd od. Mécaphkdetveive: Ggier c8lsrmve under «t heesame
conditigns. At pH 7, the conjugates, d be expected to In_sonme positive
char ge due™6P'yF d’fhb‘?lfa{"i“‘g ﬁna&fl&% ogﬁ?%?}f&gg#blcgﬁ?lﬁe@%e%ﬁ]ﬁ% %gd} T Fvo
delivery ofeskiofj(ugats HeQsdtoBigdieeat@n® xenogral | in nude mce. To 20
denonstrate that the described conjugates can be utilized to target tunor
cells CDM NAG nodi fied ol i%@nucl eoti de- D\WM360 conjugate was injected into
m ce that had been ipnpla w t h human hepat ocar ctnaoms Hep& cel | s

subcut aneously (SC) ¥l ank. Six week ol d femalie atdgym c nude m ce
wer e obtained from Harl eyl ndi { IN. Mce were

i noculated with 2 m | )4 p cells in 3 %I PBS 25%\subcut aneously on
the left flank. Control colon carcinoma HT-2%cells (2%illion in 300 ul of
PBS)- were inoculated SC on the right flank 2 weeks later. Later injection
was to conpensate for faster growh ﬁg_.i en SC tunors grew to -
approximately 8 nun in width and Ierﬁ% ) NAG and CDM PEG nodified
conjugate containing 10 ftg Cy3-| abel ed 21-ner dsDNA in 200 ul delivery
buffer was injected via the tail vein. 30 Accumul ati on of NAG targeted
conjugate was observed in a |large percentage of the SC hepatoma tunor nass
(30-60% n=4, FIG 19A). Representative area of tunor cells show ng uptake

is shown i | | 9A. A very Jow |evel of tunpr.targetin as observed in

m ce recei \rlili E’ﬁ%‘ieﬁg@g é(a”tyﬁllgd%LIJ@HW@S%%%{?‘@%W”%LH‘%{ ,1&&%(%%6?5%%0 “mass,
N=3). In ©6o6aa confdcOiec GRAKGHNQAR dr YODRB|cotMetth dtmgahaehase polgmept or, no
tunmor cell signal was observed wth either NAG or gl ucose nodified
conjugate (FIG 19 CD, n=2). Simlar results were al so observed using HuH 7

hepat ocar cirpoadvee!df antisense FopRhdisidxe Ragiyatiet (Sossible to increase the duration of

15 knockdown by decreasing the rate of polynucleotide release from the conjugate. Disulfide
bonds can be made with varying kinetics of cleavage in the reducing environment in a
typical mammakan ceil. A slower release of masking agent form the polymer may
increase circulation time of the conjugate in vivo. For exampie, S-methyl-2-iminothiolane
(M2IT, Linkage X) exhibits a 4x glower rate of cleavage than an SMTP linkage

20 (Compound XI).
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5 Exanple 24. Modification of Polyner with Reversible PEG nodification.
prior to conjugation. 400 Rg of polynmer DW360 (fornmed froma feed ratio of
75:20: 5 am ne: butyl : octadecyl vinyl ethers) was nodified with 1.5 wt % SMPT
| h | at erW2 20#8/6@%0f val ents of a 2:1 wi:wt m xture of CBVENAZGO7/076202
(N-acetyl gal act oseam ne) and CDMPEQ avcrage 11 unites) was added to the
polymer in the presence of 5.6 ng of HEPES 10 base. To this solution was
added 20 jig of SATA/ Cy3-nodified 22-nmer DNA oligonucl eotides. Aftcr
overnight incubation, 5 w equivalents of a 2:1 w:w mnixture of CDM NAG
and CDM PEG was aqugnto NRe—genmigal eprlhe masked conjjugate was injected
in 400 Rl of ifieTnto the tail vein of a nouse’ Hlepg@ymemed t hat

t he nndificaLiEES?f polynmer with CDM NAG agd C PEG prior to conjugation
did not 15 re the conjugation efficiency. 1 m™post ectjon, the liver
was harvested and frozen |liver sections were prepared ¢ processed for

i mmunohi stochemstry. TO- PRO-3(r) was u%3? to stain ce nucl ei . After
injection of imko the tail vein of mce,j “abel ed ol i gonuet@gti de was
observed in hepatocytes. 20 &anple . -ti%icationﬁof am ne groups in
conj ugate Weer M -reagentSandi ficdtion. O qﬁa B¥1"8bt i de- DW 1360 conj ugat e
pol ymer was synt hesized as descri®ed previously followed by treatnment with
14 wt equival ents HEPES base and 7 ﬁ%“%ﬁﬂﬁvalents of a 2:1 w:wt mxture of
CDM.NAG and CDM PEG (average 11 units). One hour later, the amine content
of the nmal ei c anhydride derivative treated conjugate was 25 nmeasured by
treatment with trinitrobenzene sulfﬁa%gegpid (rNBs) in 100 mM NaHCCB3. When
normal i zed to a conjugate that had ROt Héen nal eanat e nodi fied, it was
determ rfed that the amount of nodified am nes was about 75% of total. This
degree of nodification may be varied by changing the anount "of added mal eic
anhydride. 30 Exanple 26 El ectrophoresis of oligonucleotide-polymner
conjugate and its anhydri de derivatives., ADOgonucl eoti de-pol ynmer DW360
conjugates were nmade as described prg /. The conjugate containing 1
jig of oligonucleotide ngem_n nogd d/ Wi t Hg,rdém%rarmunt s of CDM PEH 1
1 units average) and G Tﬁe sonjugates were t'hen placed into agarose
gels (2 w% and eiectrophoresed. It was noted upon staining with ethidium
brom de that the conjugates' charge was altered depending on the
equi val ents of mal ei ¢ anhydride ggﬁhyg&ﬁmg§$n1positive to neutral to

negative. The foregoing is consi ed asTustrative only of the
princi ploes of the invention. 5 Furthernore, since numerous nodifications

and change th\ém clleltavaggg argl{el %r %%.(fnlé%mtdo XEI{: (i)ss ?xpsec é:c! ltoe %e : ag?ét h@xagingerl %a}% %orn ot
m e o ef

desired tol i'nvent’i on exact construction” and operation
shown anddeisebstibedsl maldiesrdfy diide linkddes.sui t abl e nodi fi cations and equi val ents
fall within the scope of the invention. W Caim |. A conposition for
delivering a nolecule to a cell conprising a conjugate of formula:
z(L2-M k, N-1 -P NN(L2-M mheiéin, ?
Ao R}
Y I o
o P
HOZC/'”\\//”\Y/ HGLC - ﬂ
XIf & com ©
| |
i : N
v 1k
v j
v | v
)/\/ COH o -~ r/‘CQZH
| NH-Polymer o oo
Glycoside-Spacer—NHOC™ ™ l\]{ Glycoside-Spacer—NHOC™ ™ }TNH Peptice
O" c
i /‘/
T AL pH=5-8 e
“\\ //
T ) s

Polymer—NH,
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Nis an. RNA interference polynucleotide, is a physiologically labile
coval ent linkage that is orthogonal to L2, P is a nenbrane active

- polyanine; L2 is a disubstituted nal eamate |inkage, M is a masking agent
cont ai ni rYOFOWARZET ose derivative, M2 is a. masking agBRT/USYRT/&IAIZng a

pol yet hyl ene glycol y and z are integers greater than 1 wherein the val ue
of y and z together is greater than 50% of am nes of P, positive charge of
P is neutralized and nmenbrane activity of P is reversibly inhibited by
modi fication of greater than 50% of P am nes by attachnent of M and M

t hrough the physiologically pHlabile Iinkages 12, and cl eavage off? in
response to a decrease in pH restores am nes and nenbrane activity of P. 2.
The conposiEkimple 0F. Chaicrryidannh ef BEAVhedpolyynickidePBAEE corpmuicses sil t NA or

m croRNA. 3. The.cqonposition of .any.of. cl al s 0 2 wherei,n the polymer is
larger t ha%' 19 “ﬁ%ﬂﬂpﬂ?aﬁyﬁﬁe ?’gg%lg?ﬁii?%osﬁgegfi gnc@,]lleaﬂDn]%kﬁ I\?\ﬁ%@%ﬁ“ﬁ i rgscﬁlec%br ane
active poi yap+ a8 eoris) sts of) iacpahoed inyhelrdygobic andonmeogoliyferophbre The
conposi tion of claim4 ' yvinyl andom copol cont ai ns
Three’or e vt e ks OSBRI o B GRS RS eRR Y PES o e
t he three omsadiee tdid iePBAVE DHopesssuce onsissiccof 4ang abmE-[oatad.findg vi nyl
et her nonongr ' r.al kyl, vinyl .ether npnoner, .and hi gher .al kyl vi nyl
et her m)noggtmM %%P%gﬁaéﬁgro 'ogsé{-tfi?% ﬁ‘)lBéonc‘fvaé;’lqﬁ‘fnG C%‘%@é%&fﬁ m?]g\‘f\téorn arkyl vinyl
et her nonoigdrogebRicstisnakntybttaylringiflyteseebdrar! DPON dvensaDH fhercitegher al Kyl
x: Eg: gbﬂgﬁn %E%%F;c SRS éo%}u?;atgsf i.ngigatgsctgﬁ?' o?rgglt!on\{)lf I X}lfdrglghggirc MRIATE L b?r dodecyl

the polymer, Addition of excess DNA did not significantly alter DPH fluorescence (FIG.
16).

B. Molecular Weight, The molecular weigh‘f of DW1360 was determined using HPLC size
15 exclusion chromatography and a set of polyethyleneglycols as standards (American
Polymer Standard Cbrp.). The polymers were separated on a GPC HPLC using a Shodec
SB-803 HQ column with 0.2 M LiClO4, 5% AcOH in methanol, Elution of the PBAVE

polymer from the column indicated a size average of about 12.8 kDa (FIG. 17)

20 C. Molecular weight of polynucleotide-polymer conjugate. The molecular weight of
masked polynucleotide-polymer contugate was determined using FPLC size excluston
chromatography and Cy3-labeled nucleic acids as standards. The conjugate and standards
were separated on a Shimadzu FPLC at using a2 1x22 cm Sephacryl S-500 column and
eluted with 50 mM HEPES, pH 8.0 at T mi/min. Elution of the conjugate from the column

25  indicated a size average of about 77 kDa (FIG. 18).

D. Conjugate stoichiometry. The average molecular weight of the PBAVE polymer was
experimentally determined to be about 13 kDa. The average molecular weight of the
masked polynucleotide-polymer conjugate was experimentally determined to be about 77
30 kDa. The a%erage molecule weight per charge {amine) of the PBAVE polymer was
experimentally determined to be about 200 Da. The average molecular weight of the CDM
masking agent was calculated to be about 550 Da. The average degree of modification of
the PBAVE polymer was experimentally determined to be about 75% of available amines.

The average molecular weight of the conjugated siRNA was calculated to be about 14
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8. The conposition of any of clains 1 to 7 wherein the polyner is a
blodegradable polymer. 9. The conposi.tion of any of clains Ito 8 wher ei n y
is 2 or greater. 10. The conposition of any of clains 1 to 9 wherein the
conj ugat eVfasosd2zet a potenti al between 0 nV and -20 nVPET/USHUD07630E, The
conposition of any of clains 1 to 10 wherein the conjugate is smaller than
20 nmin diameter. 12. The conposition of any of clainms | to |l whereinhas
the structure: HOHO OH )/ OOH NP 0O NHAc wherein n is an integer between
1 and 500. kDﬁ.BUqﬁl'@ehe@@mﬁ@@i theaave@fe anyecofir eleghnst the t@Ni2nasker BRAVE- 12- M2

has the str ulymei 1na<k1ng agent was calculated to be about 30 kDa. Thus, the likely stoichiometry

of sIRNA to masked polymer was estimated to be about 1:2.

S E. Particle Sizing and Zeta Pofential. The sizes of the conjugates injected in vivo were
measured by light scatfering at 532l nm using a Brookhaven Instruments Corporation,
ZetaPlus Particle Sizer, 190. Uﬂimociéi analysis of peaks varied between 100 and 30 nm.
Using multimodal analy;\?\is, the peak with the largest number (>95%) of particles were less
than 50 nm and more typically iess than 20 mmn. Polyconjugate size can also be measured

10 using analytical ultracentrifugation or atorn;c fo; ce m]croqcopy In the same way the zeta,
potential of the conjugates were measured using Brookhaven Inqtrumcnts Corporation
ZetaPALS, The zeta potential of the CDM-masked conjugates varied between 0 and —30
mV and more predominantly bctwecaa 0 and —20 mV. Zcta potential was measure in
isotonic glucose buffered at pH9 with 5 mM TAPS. Stable, non-aggregating conjugates

15  were also formed with zeta potentials between 0 and —10 mV and between 0 and —5 mV
under the same conditions. At pH 7, the conjugates would be expected to gain some

positive charge due to protonation of some of the amines.

Example 23. In vivo delivery of conjugate to human hepatoma xenograft .in nude mice. To

20 demonstrate that the described conjugates can be ntilized to target tumor cells CDM-NAG

modified oligonucleotide-DWI1360 conjugate was injected into mice that had been

implanted with human hepatocarcinoma HepG2 cells subcutaneously (SC) on the flank.

Six week old female athymic nude mice were obtained from Harlan Spraque Dawley

- (Indianapolis, IN). Mice were inoculated with 2 million HepG2 cells in 300 pl PBS

25 subcutaneously on the left flank. Control colon carcinoma HT-29 cells (2 million in 300 ul

of PBS) were inoculated SC on the right flank 2 weeks later. Later injection was 10

compensate for faster growth rate. When SC tumors grew to approximately 8 mm in width

and length, CDM-NAG and CDM-PEG modified conjugate containing 10 ug Cy3-labeled
21-mer dsDNA in 200 ul delivery buffer was injected via the tail vein,

Accurnulation of NAG targeted conjugate was observed in a large percentage of the SC
hepatoma tumor mass {30-60%, n=4, FIG. 19A). Representative area of tumor cells
showing uptake is shown in FIG. 19A. A very low level of tumor targeting was observed

in mice receiving glucose targeted conjugate (FIG. 19B, <5% of tumor mass, n=3), In
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wherein n is an integer between 1 and 500.

10

15

20

25

30
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control colon carcinoma tumors, without galactose receptor, no tumor cell signal was
observed with either NAG or gluocose modified conjugate (FIG. 19 C-D, n=2). Similar

results were also observed using HuF-7 hepatocarcinoma cells to establish xenografts.

Example 24. Modzﬁcaﬁon of Polymer with Reversible PEG madification prior ‘m :
conjugation. 400.pg of polymer DW1360 (formed from a feed ratio of 75:20:5
aminc:butyiﬁctadccyl vinyl ethers) was modified with 1.5 wt% SMPT. 1 h later 2 wt
equivalents of a 2:1 wtiwt mixture of CDM-NAG (N-acetylgalactoscamine) and CDM-
PE(i{average 11 unites) was add_cd to the polymer in the presence of 5.6 mg of HEPES
base. To this solution was added 20 ug of SATA/Cy3—modiﬁed 22-mer DNA
oligemicleotides. After overnight incubation, 5 wt equivalents of & 2:1 wtiwt mixture of
CDM-NAG and CDM-PEG was added to the conjugate. The masked conjugate was
injected in 400 pl of saline into the tail vein of a mouse. It was determined that the
modification of polymer with CDM-NAG and CDM-PEG prior to conjugation did not
reduce the conjugation efficiency. 1 h postinjection, the liver was harvested and frozen
tiver sections were prepared aﬁd processed for immunohistochemistry. TO-PRO-3% was

used to stain cell nuclel, After injection of into the tail vein of mice, labeled

oligonucleotide was observed in hepatocytes.

Example 25. Quantification of amine groups in comjugate after CDM-reagent
modification, Oligonucleotide-DW 1360 conjugate polymer was synthesized as described
previousty followed by treatment with 14 wt equivalents HEPES base and 7 wt
equivalents of a 2:1 wirwt mixture of CDM-NAG and CDMwPEG {average 11 units), One
hour later, the aminc content of the maleic anhydride derivative treated conjugate was
measured by treatment with trinitrobenzene sulfonic acid (TNBS) in 100 mM NaHCOs.
When normalized to a conjugate that had not been maleamate modified, it was determined
that the amount of modified amines was about 75% of total. This degree of modification

may be varied by changing the amount of added maleic anhydride.

Example 26. Electrophoresis of oligonucieotide-polymer conjugate and its maleic
anhydride derivatives. Oligonuclectide-polymer DWI1360 conjugates were made as
described previously. The conjugate containing 1 ng of oligonucleotide was then modified
with varying amounts of CDOM-PEG(11 units average) and CDM-NAG. The conjugates

were then placed into agarose gels (2 wt%) and electrophoresed. It was noted upon
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staining with ethidium bromide that the conjugates’ charge was altered depending on the

equivalents of maleic anhydride derivate from positive to neutral to negative.

The foregoing is considered as illustrative only of the principles of the invention.
Furthermore, since numerous modifications and changes will readily occur to those skilled
in the art, it is not desired to limit the invention to the. exact construction and operation

shown and-described. Therefore, all suitable modifications and equivalents fall within the

scope of the invention.
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We Claim:
|. A composition for delivering a molecule to a cell comprising a conjugate of formula:

(LMD,

N-L'-P
\\ (LEHMZ)

2
wherein,

N is an RNA interference polynucleotide,

L' is a physiologically tabile covalent linkage that is osthogonai to |
P is a membrane active polyamine;

12 is a disubstituted maleamate linkage,

M’ is a masking agent containing a galactose derivative,

M? is a masking agent containing a polyethylene giycol

y and z are integers greater than 1 wherein the value of y and z together is greater than 50% of

arrines of P,

positive charge of P is neutralized and membrane activity of P is reversibly inhibited by
modification of greater than 50% of P amines by attackment of M' and M? through the

physiologically pH-iabile linkages L7, and

cleavage of L7 in response 1o a decrease in pH restores amines and membrane activity of P.
2. The composition of claim 1 wherein the polynuclectide comprises SiIRNA or microRNA.
3, The composition of any of claims 1 to 2 wherein the polymer is larger than 10 kDa.

4. The composition of claim | wherein the membrane active polyamine consists of a

polyvinyiether random copolymer.

5. The composition of claim 4 wherein the polyvinylether random copolymer contains three of

more different monomers.
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6. The composition of claim 5 wherein the three or more different monomers consist of an amine-
containing vinyl ether monomer, a lower alkyl vinyl ether monomer, and a higher atkyl vinyl

ether monomer.

7. The composition of claim 6 wherein the lower alkyl vinyl ether monomer consists of a buty!
vinyl ether monomer and the higher alky! vinyl ether monomer consists of an octadecyl vinyl

ether monomer or dodecyl vinyl ether monomer.
8. The composition of any of claims 1 to 7 wherein the polymer is a biodegradable polymer.
9. The composition of any of claims ] to 8 wherein y is 2 or greater.

10. The compasition of any of claims 1 to 9 wherein the conjugate has a zeta potential between 0
mV and -20 mV at pH 9.

[1. The composition of any of claims | to 10 wherein the conjugate is smaller than 20 om in

diameter.

12. The composition of any of claims 1 to 11 wherein P—L>-M' has the structure:

wherein n is an integer between 1 and 500.

13. The composition of any of claims 1 to 12 wherein P-1.2-M? has the structure:

Q 0
o L
H
O

wherein n is an integer between | and 500.

74



