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WD 2008/ 022309 PCT/ US2007/ 076202 Pol yconj ugates for
In Vivo Delivery of Polynucl eoti des CROSS- REFERENCE TO

WEREASDEDOAPPLI CATI ONS Thi s Application clai ns P&EUS2007/076202

benefit of U S. Provisional Application No. 60/822, 83
3 filed 5 Aug. 18, 2006, and U.S. Provisiona
Application No. 60/915,868 filed May 3, 2007.
BACKGROUND piofs B AT §hbo B8 645! dr Y8t Bkgrides

pol ynucl eoti de ang ot her nenbrane’i nperneabl

conmpounds into living cells is highly restrlcted by

the compl ex MeRiaNg.SYSLERROLLAAGLIng ugs used

in 10 antisense a ene erapies are relatively
Tais @epﬁgadmogihiimsiﬂ@ m}b@tnﬁé IsS. &mi/lmr@l Apelgaeon Ny 6RI3gRRYA filed

[ Y, I '
AR A MBS 30 S Robieafit N o BREE ARIXRL R 2007
across the cell nenbrane. For this reason, the ngjor
barrier to polynu I|v the del i very of
t he polynucleotidegﬁgﬁiﬁgﬁ@éﬁ g“%NR erior. Nunerous
Thaddivegtifpolyhedgeidt and ater llﬂelﬁnraﬁkemqieﬁp@xﬂlet@mﬂ)ehndg éfito 11V1ng

|y oti des s .in 15 vitro.
B 0 B o B8R i chSsealet mEgbbbhsh ety Batgyell B e in
hiOXEBE bid g&RIthkRpitsire Fadivearge ARGoPIARE pbl1amee tahdd grecﬁequently
RS ah B rea oL Ao o e st b Biclude their
Giddct QIfGsidA0 laViTRY $hedREl] | h@thistane. tHRI hdl rdhsord et albjol 2Rrrier to
cell menbranes and formlarge particles, The cationic

pupugleotde deliiger Bcte difliveneatietie moRERFFetidecs e eller interior.
ﬁ'ﬁfngrogé elsRgtiGsreehls n@ve Gh lieRidpdil fbgdeh%'sﬂo%h&lé@tﬁ%é Qells in
20 menbranes facilitates delivery o menbr ane

wrrpeHﬁ’efa\mrempwm/ deleviesopf delyawdlegtdesals @@Mphca@nby &precity, serum
: r r t e

FRERAOR, AR BP RaBfELr W BIRER, foAlnl SR M affectve iy o
Tranjfedtion acadeot thitt Workewelinie oo vetiense pelyinets awWukrids, typlcally

lioati of o y '

EREAZ bhf kb Bfneind (i DALY BEALEC ISt S ERS S Wunstection
teagagetfaciljtateCaticloivi ecid hla'n@'eg naayweil 30 d¢edallintliogi Mewtabibzation of

mgmgran%y fag{\lﬁ/té {Tb degh &I tee% 1?[18 Prla{llee 1mpﬁrmea?fé: doo? n%l(t‘lgontidle dgrgss a cell

membraxé.CTHeye Ipfbp\tttMS) rerElef traimsfactivio rebgkty eneffectdve or toxic in vivo.

ransf ection onp ex tra ection rea
e e AT T e RGBT § D ST et dgbilzation
shawd GoBaudenildb-trahE&Siot hdfehOQntBittich dhdpRbLEbioARkbility and
referably .1less thanggo nm Even small er caonpl exes,

@é%egn% hattiosls fiaresy Magsalso frad twnwr%%ﬁlﬂ%y%brﬁ% activity of

Hﬁﬁfe@ﬁorﬁﬁ%ﬁ%ent—[ KARGICACHd GfecERIMVEXLSHAEAR o foRRAY #0BvgIm
have very little access to cells other than bl ood

vessel cells in vivo. In vitro conplexes are al so

PaSH L&l Gt tect b éomﬂ?és&etﬁahéf@cugﬁ aéag@ntuﬁ aﬁ%&@@cﬁ%ﬂh the
for attachment of the conplex to the cell and f

Pl eaieto bewlslivicd) deasilalbst ymadlalepsotharot00ding Fkﬁb‘!fn‘ﬁ% and preferably
Egstafélgﬁ] 5& nﬁp &L gF sﬂ?’ﬂl& @oﬁ{ l\é)gest fe?sntﬁgteﬁ)t 11119 3>r ?ﬁﬁﬂﬂa 18%hm would be

fo adverse seruminteracti ons an ererore poor
wowaweli] wdoi Trinsfectidieeomphexgs leeder than 140 nm have very little access to cells

other than blood vessel cells in vivo. In vitro complexes are also positively charged. This
positive charge is necessary for attachment of the complex to the cell and for membrane
fusion, destabilization or disruption. Cationic charge on in vivo transfection complexes

leads to adverse serum interactions and therefore poor bioavailability. Near neutral or
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WD 2008/ 022309 PCT/ US2007/ 076202 negatively charged
conpl exes woul d have better in vivo distribution and

W 200802330y capabilities. However, in vitro  PCT/US2007/076202

transfection conpl exes associate with nucleic acid via
charge-charge (el ectrostatic) interactions. Negatively
charged polyners and lipids do not interact with
H@g%&élw%h Egdrewﬁex&uebﬁu%@el Bhster M reraealstrrohe&Ie and targeting
el'ectrostatic conplexes tend 5 to aggregate or fal
@ﬂp&bl{ltlwé}@nger;ogf/edmpotr@qgegqlm @gmtl%es gajogiate with nucleic acid via
GRALEMEAY L08R s@lic) SHREMMions ORRRAAEN SharEdd ¥ d lipids do not
trggr%sf eegtélt(on cg 1(i)exes t at are Jk%? ar%:I \r}@)% neri/lart1 rcl)plasr e0 no
oforash Withxiegatively cyirgel nuplsliasseidssFerthar, Ithase elsctipstatic fomplexes tend
ot I
%a%%?efg ngdr?%lll glb%i ?\?1%{1 t%g/(pc%gé tt@?h} oqg%&? sth "5 1?@22?)55 IorS serum
p@nefa&l‘lnwllal trans feetibn cmmplct)qesthahan erfﬁactlvwv oyztrolz@e Vel exic in
¥zvo efro S | :ng‘g Elplrglavuese oret Oa{ngfégtleorrrle 1§rupt 0 n? 9&‘6512(3 ceﬁ' membranes
Bhierrcmgr ﬁ'maactiﬂt}awnh} edclé1o facid dfehremu hsalhoremamlyaatttamed in vztro than in
effectively delivers a polynucleotide together with a
&ivery agent to a target cell without the toxicity
normal |y associated with in vivo adm nistration of

nsfecHlon reﬁ ents, The éent |nvent|on(f5 )

éﬁ@e. SAEL PO 1 edﬁedeawarewgrtﬁ HRPIP R e OYAT G5\ BINOVag sene
1@NEFS6 c@fs zﬂ vﬂ»@' ¥ GERahd 88ediToa fdﬁﬁ{ll'anétﬁ!hﬁhgeffectlvely delivers a
blologlcal | abi | e conjugate deliver st

dortogstieer MeEnEl eIl peenk o tarest ¢ dW bfar Higity normally

ﬁslé]@cldt&y Qithi ANyife Al iHnRGafonC HMBARELLAN rda@éntd efHeVI?rEéeﬁg iffention
20 polynucleotide to a cell in vivo conprising

Preveeer%mgwswgeﬂ@@ mehsk deretha delivesy psl Wrrere Ofraeﬁpérrelplﬁptgﬂe toa
ge?lwgc%%ﬁcﬁ@gdaﬂy@abﬂgkaﬂ%éﬁ'te%h{f%s sIdag. pol ynmer i's

ed, vVia one or nmore first- reversible coval ent
| i nkages, to one or nore masking agents and is further

attached, via one %BMWR&?0F%%Q&@Eﬁﬁ¥§rS'ble coval ent

I i nkages, to one or nore polynucleotides. The first

bnd petond miwdmsinb| e cmvernlemtfeatuwkaageemnwlqno hpr ddgering a
goqﬁl%eulrcgerogé:e otﬂ% ?Hznn\gz\hogéonﬁﬁl%m%l rgve?ﬁdbl gﬁ%ﬁr eIlElbI‘ aneg at%H\?e CQolymer
coasiblyl @npigated & a pdsltam;clermgve (T(hﬁ'pb]ymr Qrattthcﬂgd) Mméah one or more first

reversi bl e bgnds. nucle i de- r.c )
(eGSR et ERs O R AR RGO RacR Rl AR PR v
aieC‘(an gﬁoil&)heEOMeﬁérablevaﬂéddt UEKF?%QS ko dﬂm&fr@pdlﬁdlcleotldes The first
enbodi nent a nmenbr ane .active, p

%‘nsﬁi"? Rile e 15(90}5% %ﬂe%t’%rco‘ﬁlﬁﬂiforﬁi’ ‘?:?%} ‘ﬂ?ﬁ@r@at aff Gleaved
By ey e o 1mike @@{cwm& Sr MRy Bg yRbdhasder ibtinétr @itions, i.c.
two, three, or nore different npnoners. Mynoners nay

they 2y sempiperorhpgqnRlkreyqraple beefr?prhf‘swglu%meemlwraﬁ%%ate is

YdofiMistcRURGE nR kG AS: PRERRbLFLAPCORA Qi@ oY i,
et hers, butyl vinyl ether, dodecyl vinyl ether,

octadecyl vinyl ether. A preferred polyvrnylether
ff QdBfoer?ed embodiment are disclosed membrane active polymers comprising:

polyvinylether random copolymers. The polyvinylether copolymers may be synthesized
from two, three, or more different monomers. Monomers may be selected from the list
comprising: protected amino vinyl ether such as phthalimido-containing vinyl ethers, butyl

vinyl ether, dodecyl vinyl ether, octadecyl vinyl ether. A preferred polyvinylether random
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WD 2008/ 022309 PCT/ US2007/ 076202 copol ymer conpri ses
three nononers: an am ne containi ng nononer, a butyl

waoreeglo2esoher, and an octadecyl vinyl ether. |PCHUS2007/076202

preferred enbodi nent, one or nore biophysica

characteristics of the nenbrane 5 active polyner are

reversibly shielded or nodified by a maski ng agent.

&%Mac@ﬁ&ﬁéssthrmon*a@leﬁehrﬁﬁﬁﬁg ittt RRNGHAUR butyl vinyl ether,

rising steric stabilizers, targeting groups and

@ﬁ%Wg@md%WHWﬂyﬁﬂgragents The maski ng agent can

i nprove biodistribution or targeting of the

pol ymer - pol ynucl eoti de conjugate by inhibiting

o psgfereddf ﬁ':requrrm@t,a@tei onmotsf bivpleysisall ghagacterigiiias hofstee wpambrane
e

gﬁ? ?12%12 al \;l:gsgts)gl% gfélglt%lg% %Ie l&oﬁlﬁﬁJ tﬂg ar[;ﬁass& n%g:tlg@lg Nfasl&?g agents

poy i?meqmﬂ fwmmdie@n@upd@rrmusnpg gatie stalwbsd(s, mggagg rgtips and charge

{%8&1 ngltlgm g (‘5 : CeI aspg & lgn gf)ganc?n%roevg aloc?l%ququIO{l-Osr t%i%h&rllgc of the

p@jyummqaﬂﬁmsly&tcbmoh}ngae <b9|1hh1l$1ung aares;reemcﬁe pntelracnole @f the polymer

kln ent can be con e e nenbr.ane
¥ ARG BB Eae s el Bl i p o educe
ﬁggrdghﬁion B! l}hHEpolizlﬁera 010 qiowlp@@ilhdi@tld& 5cdnﬁ1gatep ﬂ\&:ﬁsﬁfng eagents
enmbodi nent,. the | eoti t be d
tQpg %ar%?élflﬁér “E P5eHe Seﬁﬁt?%ﬁﬁﬁe N §st Fﬂf@zaﬁ@n by
afleand e &d n?]@afeh@/s@fnoté)pa GeNMHEdN@eepRINAThENAsking agent can be

blockln Po nucl eoti des, antisense oligonucl eot|

mirgAted g YRSREIIC SR PRGBS Priopio) Qj spRieTUSaES tg@gnjugation of the
ﬁﬂﬁﬁﬁtogbgﬁgﬁ%&mngNA ShRNA and ri bozynmes. 20 In a
preferred énbodi nent, the maski ng agent(s) and the

pol ynucl eoti de(s) are covalently linked to the
FEABIARRI Al RO LBy HIcRO AV RLEHRY o labRUARER: coliuifis the
maski ng of the polyner; and attachnent of

flmclthdaoemgm@l gystons may bolsyln@tﬁq frarﬂethﬁ raumptca)mp,rlsmhegém RNA,

91%&9%; %@%ﬁclgﬁweé mé {sfer?s% e ob*éo%@cl%c}ttﬁ?ﬁéﬁ%%hﬁg @%rgs\éiohy vectors,

mer or t e actli
fdtﬁoyml@ltldcﬂ; FIB&IA, BycraRNAc mRMNA, SN Ams & iibgpysgent and t he
pol ynucl eotide to the polymer via reversibly |inkages
that are cleaved at an appropriate tine, activity is
hesprofeerdd tiobddi@entpibt yrekingagint(Henp dicypolicluelodtidde) ms covalently

el s Reversi bl.e ¢ alent S, cont
FEGER R Pt e SRy Threis e TSRl Bhie moyiing of the
pchlyamgl[ Qup a@t@dm{eins iof gheI lpplblywtl)@:no@ g@ ahd y)ollyﬁiat |2&e bmpﬁimm, these
ce ul ar I.Ca aplil e. po e ..
em%/%ég'ylyn rﬁ liﬂhH?f}SﬁecBQih Blivity ? Cil?nl%% g li?f ﬂaao?qt%lty of the
g@ﬁdﬁleoﬁdbz phatthdhalgl tie Mba&araddem Ao adSolyanestidsud fie@Blymer via
(0]

nds, The presence of two reversible |inkages
ESNBR: [geehBeREFiEred 8 thaPvTBRiyh dereatinge aged to the

paskEngndagnt ownqwb@l% fsokcl&RedeRENRIBIe AoviIBR linkages contain
ynucl eotide with a_ delivery polyner and sel ective

pPo
texprgiblel 9 'abide iheady iwhagh gvpyofbet prectRd] ifipat ythg o3rgie rcopyprising:
f;lﬂ@mlogwally labile bonds, cellular physiologically labile bonds, pH labile bonds, very

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 a

delivery polymer and selective targeting and inactivation of the delivery polymer by the
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Reversibility of the |inkages provides for rel ease of

w@elogieasbeot i de from the nenbrane active pol yPeT/Us2vd7/076202

sel ective activation of the nenbrane active pol yner.

In a preferred enbodi nent, we describe a conposition

conprising: a delivery polyner 5 covalently |inked

Fn@s'ki@? adeht€ R@{ferﬂpihﬁy $ehd ﬁBlkd%@s BloPMBSfor $E184sk ©f polynucleotide from

stabilizers or charge nodifiers via one or nore

the yembraye @ctrverpgb(ggg and@ql@cn\@)ac‘@‘ﬁéw@ pf the pembrane active polymer.

pol ynucl eoti des via one or nore reversible |linkages.

I n one enbodi nent, the targeting agent, steric

bt avpidfdroed rembodingsinh rvgredesprpiti 4 cempasigipe rooimplisgng oy d¢lvaty polymer
i o . i- r i bl e

TR R SESR Bart Bl PRNTHE AR FYRRL Rt

die 90t bb@o rp@lrybie tinkaggy; agdtbe osqelt wonefpolynd@tdtidey vingnaor more
evet&ﬁﬁ:gl]n&me%sggn (t)rget gml%qe%hmen?nt?re tat eqlng gnt g]tf:rhc stabilizer, or charge

momﬁmu cheoitildeovdusr bikapy i€ omhugﬁmbdo tth)e Poiyantie@ide reversible

act%vﬁggrfyner which is itself reversibly conjugated

0§ " HSR¥hg agent. The conjugati on bonds may be the

same or they 15 may be dlfferent In addition, the

ﬁfnju ation bonds na Iea d under the sane

e e REmAR PN EY ARG S SP G SE Gy e oF fglivering a

paptilcicbfdctoppleymand eQakigahe pelyﬁﬁcwasrlﬁ@ lint6l@hd ¥@I EdMgprding: the
menbr ane i nper neabl e nol ecule to a cell and rel easi ng

RHENISPRdS, FEoRIvY Kenegrad (T ReMmeprapy AT PABRfUgRE R itself
RYSE8H &)ﬁjﬁ@itb@?@% ﬁlmlngegartane doRfaBA TR BBh® IﬂagJ IRGHE @me or they
reversi bly linked to a nmenbrane actlve pol ynrer wherein
@@bbgﬂéﬁﬁﬁvléﬁdﬁﬂ§kﬂh90@§@%mgnh?@hﬂn%k@ﬁdf%@dﬂh@ﬂtheSmneOf
IRRLANGIRGLd Ve pol ymer via reversible coval ent bonds.
Menbrane active polynmers nay be toxic or may not be
targeted when applied in vivo. Reversible attachnent
fﬁf refgﬁeﬁk&ﬂ&dﬁﬂ&@t wk %M&Elﬁé gl ol#rﬂé}l &) !’L%atg rsyaln{nef"og gelivering a
menbrane i nteracti’ons, serun1 eract cell
mpinbrac umpﬂnmr;abﬂeomommy to @rcetl lrad gelewingt the npdéoptvemn. thi\cell. The
referr rev |b| n .
it “r%‘% %YS‘%F? cﬁrogl ch§| y ?rage i %‘J’Sf o Rl gversibly
Ghked va b nenibnohe ractnmmasrtrmhar asrherent 1 ploalibubfanaskmg digenmme Jinked to

referred npLi ses . A
Br Sl 5 B rE WoRa e Bl oS e B g Potvmers
Aayabbr esxip beay metlbd alpgdtel @E&hdappﬁ&lmf Vis® Rexedibsuhtfaclil@ent of a
@: Menbr ane i erneab cul es include, hut are
matking arglertrtéraversglay blB(ﬂr )#t]ed% meperage glterﬁﬁl]a{l% Ise{gm mteractions, cell

AfdrddAesk, @SxiciBNdr PRATRE @meﬁe F@fp@éﬁe@@kaerfierdues(mbﬁ @valent bond
referred enbodi nent, nucl eotide is attached to

f%@rrﬁ%ﬁ yAmgabil PrPOlnF‘rearﬁhé(%l@ g@aI&f lablp Ropd e¥s2 diong ilgpygdfle under
TRRMBKALHEaRALMAEIndRYs. 3 PreFdrell MUY bBhd &8infsed JnsH lab1le bond.
pol ynucl eoti de- pol yner conjugate. The excess@p (y

erre lablle bond

frefcleseilipid lalg rb@g@r:@rawser a ppdcapiate) ket Anetberin

comprises a disulfide bond. Membrane impermeable molecules include, but are not limited

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
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4 WO 2008/ 022309 PCT/ US2007/076202 formul ati on of the
conj ugate. The pol ynucl eoti de-pol yner conjugate may be

waepazised fromthe excess polynmer prior to PCT/US2007/076202

adm ni stration of the conjugate to the cell or
organism Alternatively, the pol ynucl eoti de-pol yner
conjugate nmay be co-admnistered wwth the excess

Mma@@n Bpthfeft%nﬁlgatla @ﬁe pagﬁme%me Jdilﬁn&xao%ﬁ%a@%w separated

may be the sane as | ymer or it may
&met@ @Y§ESS Pofymzer ;ﬁflelf f@r%dém@%@@ Phibgconjugrde E?o‘lh? felf or organism.
gh&t%fyeﬁhe%ol& 1doNERSH A BTk hEP Dol @ladhfnisttll N the
deli very of nuc |de of ot her
¢&¢p@émﬁé3&mret0rfb¢ edb e orglzmsml Ahe ickqess p@l@mm\/@ﬂy ,be the same as the
|& (of the polymer enhances
@ﬁgﬁéﬁg?ilaﬂﬁzg%gg}ty of sone 10 otherw se ineffective
polyanlnes such as polylysine. Reversibly nasklng can

ﬁl 'cr 9referre gd%peaeni lrf]%lq t(én?{err ctorg)l(lig'ﬂes ofqﬁe 1nVFE{10nar%%¥ bet Hsed for in

rmn‘mlekmaey df espcblpﬁucibendﬂmml&tr efientb®ane nmlpaomﬂﬂe niohac@le For in vitro

f d b
B b PR S TRE o BE SRS Qe PhER R acgigity of some
ctepfides ineffectic© vilhyartidey, kidhk b ol lyisiied®lehdrgbgr Mdgkiigd can also

| ynucl eot.i de ovalently l.i nki ng a second t etin
51?’6{&? ‘518 i I%PHBPg‘ﬁ BOrape 58YS ReY %e%?n‘%V Fofueieg it f%écgty or

H@hmgM&h&ﬁkﬂﬁ&w&ﬂﬁmﬂﬁﬁbﬁﬁﬂﬁx@?&kM@nﬂ@|yner into an
organi sm Further objects, features, and advant ages of

the invention will be apparent fron1the 20 foll ow ng

et fetefidd d868dim Bt @@ dWRBK: 4 kR fob d&%hh’%& Fla%ﬁhcmoﬁ!?e to a cell
t he acconpanyi ng draw ngs. BRI EF DESCRI PT

B AIREIIEREE: govaRen tinkiAg §HEriEng FPuhs § Relynuckgotign cefalently
919!11}@/ ' n%'c&{dh%ﬁ‘ eﬁﬁ!g %q@.[ps to 4omEthFané: actgeaé‘él)l?ﬁer and 1nJectf1ng the

| ustrating seve enbodi ment s of hg agents o
pqibnuc}qro@riﬁt dnd menfbra@e agiveDokygea mt 411 rganism.i ng
pol ynucl eoti de- pol yner reversi bl e conjugates and
reversi ble mnasking of the conjugate by nal eanates.
Fur(er dhjedi, (Eaaorgersaphi agdhowd gagioft the petrgion dell by gnpgrenofirém ther

C AVE % ?8 % CD\MV .PEG
Fﬂ'ﬁg‘y dgaﬁ%c? 1%8h91r! endblg/i_)rﬁuﬁc'clﬁﬁ X‘Aﬁl depqmpagying
&hwn@graph show ng dellvery of a masked
pol ynucl eoti de- pol yner conjugate to hepatocytes in
vivo. FIG 6. Gaph illustrating target gene knockdown
in vivo foll ovvi ng BRoF YeeeyrigeN eF tTorediadeed del i very of
B&? aRSIRNA V¥)2008/022309 PCT/ US2007/ 076202

eaction scheme for polymerization of polyvinylether polymers.

FIG. 2. Drawing illustrating several embodiments of masking agents of the invention.

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 plus CDM-Pip-LBA.

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 siRNA.
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FIG 7. Mcrographs showi ng delivery of ds DNA to the
l[iver in vivo with (A) DNA DW360- CDM PEG NAG (B) DNA

WG 2008038090 CDM PEG NAG ( pol ynucl eotide not conPCyasmdr/076202

to the polyner, (C) DNA-DW360-CDM PEG gl ucose, and
(D) DNA- DWL360- CDM PEG Mannose. Cy3-1 abel ed DNA =
upper left quadrant in each panel, 5 ALEXA(r)-488

pi@hl Qirieo raﬁﬁ@m%ga@éuvay-of%p@mrﬂoqm 10843811 ARE with (A) DNA-
nucl ei = [ower uad rant, and OSIte |cture =

| oWBY 13{@09@1?1\40?[%}\1% (Bir|ANA g WH@HSC%MOPESII@N} (polynucleotide
' L Sdoh %ht@@toﬁﬂ@ﬁ&?@%(@bﬁ@rmﬁ3(9)9@191\49?‘@(@%&% s‘énaﬂdR’lA) DNA-

livers 0 r rntravenous |nject|on )

po |DW’5 WW@SEG/ Manngre dusct lbie doPN A ro® pari quidsys i edch panel,
P ORI ool A ARG s o

polqymbmt,wgét:enpqsaapedlreﬂc bosver (1ght qRantt ion of ppar a
ect i

pp A %\%d bl?t 1flus?rat1naf1%ne rkcfont PRR O &nei eﬁ{)refﬁlon 1 hv?rs of mice
ap@ﬂerhnﬁmﬁ“\wpﬂiem&mmm@ﬁm p@menjnmqsom)eRed@A)on of apoB mRNA

5 ] ??YFP RLvEr afieﬁg‘ 33‘6‘8% ‘?[lﬂéf’@%%rA“%gﬁy%@f‘ﬁ%@é‘g{t%ss >E§efum levels of

KnapkaloomprofeirbinaBo FRIRA A Hb1econjugheatcad ntide. W@ Bddagion of ppara

ano of siRNA .15 FIG 1 |IIutrat

chOTEYE &V 1} iNps plerimray ppms TIJ%CP?&&F G % liicgnlugates
Freat @fhph M Latinklafo 81 LirRNA 96 n?@a& ds)m\espwsd (40 Khnockdown of
accumul ation in nouse |iver ow ng pol yconj ugat e
deFPYePRIeY 2 GGA}HJ%S‘@B%%@RNA“]&FIOI(SB)f ﬂ@.@@OEégﬂﬁNé@O@&%vgﬁre- (B)
Si RNOBekd®vn GEYpHARNEG P fecuofé@a rylfe anfduBRdf siRNA.

|IIustrat|ng |nh|b|t|on 0 ene expression (A), and
FEs 10 &erhg eptedive ghplesterok équllSn ig Bt ERHIA p@ycoa@ma@atyeated
2-lpcd ol owi ng admi nistration of apoB-1 si RNA
conjugate in mce on day 0. FIG 13. Mcrograph '
EKoWwil nYicregraphy shavang bpid pecaniabon inemouse likefatloeipg eelywinggate
adri i . oni U
DTS e el SR @B 3R Sty SR ST St atone
FIt.t12q @admaﬂust@hwhlbabml @C@%ﬂﬁK}h@&Sl%S{A) Up]cdenesmiiaghdecrease in
qu n t] I | ef t .
%?rm%’ Eho%eéper V\@{j nrci ?1 2u1§\é\foélo¥vm§hacﬁﬁl1§%{r§ %tl; Igélvz}l SiRNA
| meggugatdihGicdeh da@ﬂaph | I | ust ratl ng gene knockdovvn in

Bl T3 st AR B8 U PERLF S AES 1 FERGr dRy pminisration
r eaganibody re%rklhly\/cghﬂl%aétﬁl to&JﬁWﬁB!f()lsa}ngl;rlgaﬁ\]g?lﬁ/]iﬁi ADX-PEG and CDM-
P P iR ol ppaienbeisd il minods, isa s phays actin,

| N 10kdr 1P quad@nGABRVUBRIE, Al Wier FighRBkEahtShENA c%lnlposd%' ifAage.
16. Gr%gh illustrating fluorescence of DPH in
Ry psiame gepgs kngexdowp Apinary (epatomyich gtra}:\ﬁfected with

EI WoB @lm&ﬁéﬁv%fed%thPa&%nﬁﬁemgm 90 IRARE Yea ggm 80Fith varying
col um, %@‘% libration plot for Shodex SB-803 col um,

an @m@mt saBN%Ego@ﬁpnjugate

FIG. 15. Graph illustrating transfection of siRNA-conjugates to Hepa-1clc7 cells in vitro:
Conjugate alone = masked siRNA-PLL.

FIG. 16. Graph illustrating fluorescence of DPH in the presence or PBAVE.

FIG. 17. Graphs illustrating A) Elution profiles of PEG standards on Shodex SB-803
column, B) Calibration plot for Shodex SB-803 column, and C) Molecular weight

calculation for PBAVE polymer.
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cal cul ation for PBAVE polynmer. 6 WO 2008/ 022309
PCT/ US2007/ 076202 FIG 18. Gaphs illustrating A

wabkassiozazopr of i | es of Cy3-1abel ed nucl ei ¢ aci d BCHOS20TUB76202

and masked pol ynucl eoti de-pol yner conjugate, B)
Calibration plot for the Sephacryl S-500 size
excl usi on chromat ogr aphy, and C) Mol ecul ar wei ght

£rl.qy! @;abmuﬁglranﬁgl%mkﬁgmfmon @yghﬁ,%u AGc18@ laYidREandards and
conjugate. 5

crogra sSNOW N in vivo
poIn}ﬂﬁlﬁ‘élP@b’tnll@]@t@é1pi0\¥€}e§/cqn¢il%u§bc§ﬁ>lmé@ﬂ @gbé for dlecYppligeryl S-500
Itoa%% ?Xc?%sﬁd{%@ﬁan&t&grﬁah ObnPel REALERr WeRAPLALuIAHBH 3L HE masked
ol ipglnuddotide-pelempidopimgnte CDM PEG NAG conj ugates (A, O

[ - - - 0

Bl 9y R s B RSB R oSertor
pr @sete i tnwmerst i(ArB)i rdigrlegbed rt@ptoorrpezgatiﬂs tumors (C—D) using

Onﬁgoangfslleootnd% CPO mer 'ﬁ%@@%&@g f%%ﬂﬁ Oies g | ecu
na@n&hma@DmﬁPE@@hwa&smnmgﬁ&uﬂeD@ln is a polyconjugate
system for delivering pol ynucl eotides or other
menbr ane i nperneabl e nol ecules to cells in vivo. The
pol yconj ugat e spstanmd Desorpoioatoesd brvearget i ng,

ti-opsoni zati on regati on, and transf i on

i PR‘/‘F‘{)“F YRS éf“%tﬁﬂs o %%’gp “g% (FAPBPRA - I@?}E‘?f{? uscful for
&@Nbl@ﬂge Bo Llﬁﬁébtlﬁ&nﬁlo o8Bt cel- 1rﬁﬂbﬁn§a}l’)$et 1N dcBled R® mammalian cells.
reverS| of _bonds connect | ng, t he conponent

Pescriged erﬂﬂr B JuhiserEgtc o7 SteRefoy JshivsrigePpgieges or other

PORYAHE [ RHhA8IIRYIEARE Yo GIRIHERS A% HONBIHRAR s stera anorporates
hysi ol ogi cal ly reversi bl e coval ent |inkage o

fgedey g @nBOPIEati QL. ANtragasegRtian. 2@t itipasfegsion )aﬁ%‘ﬁtleSG@t\@& wppll sub

G Bmtdegée& @hl@l@l anua? c%(ﬂ{p'og&t of tﬁeh %s&ﬁmf @ap @evermblhty of

active polyner” ensures fhat the polynucleotide I's not

badelrenpedding sycdompenent pasih t he pol ymer when

adm nistered in vivo, or ex vivo in the presence of

serum and thus provides for co- delivery of the

lergtro;mbemmt dehevilastritied én w‘mrbvlam@leatidd dﬁéivp‘alcymiagawsaompéses a

é)}%lrs%ﬁotgcc]% trevgfzs%lec%lvglegp 1nk%%5 %‘t;rh legtldertgn " emPJHane active

paymearucloedtntdetachmaant IOW ehe pbl&m&:ﬂmm tap thet i’membrane active polymer

ERTT NN aegaﬁllschﬁ%q§c§?tg<??g%€§h S e

fdmeketddl zﬁ Wivd) l@ﬁ@ﬁ Wavo hof. pre@yicdlst RGuid, and thus provides for co-
e |linkage, the pol ynucleoti

| [ 1 | i de
Eeg grlblg Ca tll.ﬂeet Wtﬁ) IE)GOWH@F'& raé‘fl\éeagglﬁale{ Ithethe target cell.

PN Yy Cdtt@@linhéﬂe dan eﬁtﬁlﬁﬁ@lebtﬁﬁef WG poRakr i0ah ehaCdicBNEender the
with cell 30 conmponents. choosi ng an approprlate
PAVRIEPYce Teptivea gtiachmentso %&ses PRIyBuAtife ey the membrane active

FAPhMGR R rd Rt acE RhRRBQSthEJIEh RPhY N6 LEALY @EerQBk MinREde&Sr bond.
It has been delivered to a desired |ocation, such as
Ry agpg a@?ysgﬁ@g@qw reversible linkage, the polynucleotide can be cleaved from the

onucleotide-
g es tlo

polymer, releasing the polynucleotide to engage in functional interactions with cell
components. By choosing an appropriate reversible linkage, it is possible to form a
conjugate that releases the polynucleotide only after it has been delivered to a desired

location, such as a cell cytoplasm.
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7 WO 2008/ 022309 PCT/ US2007/ 076202 A second conponent
of the described in vivo polynucl eotide delivery

W@ omggades conprises a reversi bl e nodifi catiPeT/ob20011@76202

menbrane active polyner. Reversible nodification of

t he nenbrane active pol yner reduces non-productive

serum and non- target cell interactions and reduces
hOoXdc6hd YompBgenMBFKinRJaRGRRL f;zamwéll @@%@@Qo@ed @8liveRd cdnjugates
function to the conjugate such as enhancing target
eanrises tae Fyersibdh repdifggaramcafngic ewebEpe ostise difOl}tnFF‘é Reversible
ﬁ:lggﬁjﬁezgﬁheof tﬂ@ %eﬁfﬁkéﬁ%%tl&@pm&e%d@éﬁ G9N- ﬂo%lﬁ&tlve serum and non-
attachnent of a nmasking agent yner via a

oregs cdl odrecsions andesedvesh bxaciyorhe ansking ﬁg@g gan Flhe add a desired

n S e

RS, RE RninE AL 8 D bhing (Rl bAEmchBEGERE Whancing
ghiloeltobig Mehwnylgene Fhreqrolymom assrpwkcd b)ccqvnlmtraatacthnmnSQf a masking

a%.?{l{é tﬁég@lt nrle(::rl'{flaa iy IBIS{otl 1ca11¥: regfermb?e cov nt 1 g%ﬁ%e ‘flﬁe maskm&agent
tdnebpo lstytm% Btablﬂiaﬁhtalﬁetlh@ @8, m)diaf'gecmt)dlﬁﬂs Tl’mynaalhhg lagents can

t.h ctivity of. th I render.i.n

it TRORORREr St Yidseloct BRrBo e SRTRRD BS, pugance

ﬁﬁhﬁﬁuﬁ%@ahm@emhﬁhhaﬁﬁﬁemﬁaﬁﬁ“mhehﬂgfbfﬂ@]xﬁgﬁﬁtEhﬁngh%e
nme rane ctive (0] ner Is tnere re acc e

PR 15‘&@1‘?“%1 n&%fi rthGgrPg’étP‘% agtixify & ths e %ﬂdren%}’gj F]énoéhﬁed

PoYSEOhRBIcGal thalith@ VRN GdrP o thd ?‘dﬂﬁlﬁﬁleoﬁd’éﬁ‘ Avaakhdhg oﬁﬂﬁnﬂlaskmg

can be 15 cl eaved fromthe her eby unmas

ng
1958t 9 Sy RYPLIARFRCHESRAY NG G téerter‘qw wmaph%hﬁdsthrwhﬁéoﬂawologwaﬂy
fé%ryl%rbon@YB}Q hansh Bgygmo%mmg, QRVekW1€ 1ihIBYET 1BE Rlafking agent can be
i nk a% IS possi orma conjugate tha
¢lexseddeg ﬂaémowntey tb?f@b)hénwmgahfep@zzmprv@dpr@wym acgivitepf the
hﬁmeﬂﬁ@d Igb?ﬁﬁ'? dﬁj!/ EIYO%ElﬁQ an Qﬁpr&ﬁfa&%@&isl&g hﬁkfgg%Sl't [s% sqlﬁE Ito form a
type or cellular |ocation. he i nvention incl udes
e gatgdhas r@éir%\péwtysqféheemn@fanet drdivgpelemel afiet it et bpce delivered
r [ ol ynucl eoti de or
N%hgmbd{L%%%@ﬁﬁfeggﬁﬁ ?EQI é%%ﬁ@?PL- is a reversible
Ilnkage P is a polyner, L2 is a second reversible
nka n Skl ent M
fhe 1nye31§b% ?ncfrjlrlgas CFO%_EJ atnﬁghvealgs 1% E)f the N%lreglcl: glocﬁgo f Py
is an integer greater 261t hm( M)Q, preferred pol yner

bBrSnay T & o er sHE R RBhe I &) o revenive

nEGke, Y isag @Oltyﬁleﬂ'ﬂy ba detsikiedvdrdbia 1Bikagl end™ YR inaskif§ @gent.

allt ents may he |inked. to .the
@6%9%?%6 SQWE\S SoF 31%93% S BPropeerdnisiagtion ‘?fr&é(d%én infgg g ereater
thhReVARFRfRfed HENBIBis kalr&nmrm@ag@v&p%lyrﬁda %m&k 9£éfeﬁfea PEK/h¥r is a
or interaction is restored to poly P.
HYBREIM pANSd & %lﬁraatytqfwwmgsa@@ﬁs a@y &éﬂmk?de@eapﬁlagle polymer.
’@he"ﬂhﬁﬁty &Qnafsgng Qéemfg%%ﬁ,e 1iR&d f&ﬁ@%&yﬁbﬁvlpemrm b reversibly

he sanme or different thgn (orthogonal to) the
k@%@Ss |UrBP’é clsavige of revprsibimnkegg dr sthpneaskrshngropsity or interaction is

fe BRUS P&l?mblj P mﬁln% agMt M—gan| a%ld Gh Qéﬁlﬂy, SECL & zilwgceptor binding,

eavage occurs 1 n a eSI E ySIO oglcal condi tion,
‘@mehyn@g; Pt lhhg regereiblerbond pf h may ¢ the same or different than (orthogonal t0)

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
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desired tissue, organ, and sub-cellular location or in
response to the addition of a 8 WO 2008/ 022309

wWEABWRA0D7/ 076202 pharmaceuti cal |y accept abl BCT/US2007/076202

exogenous agent. Pol ynucl eotide N and nmaski ng agent M
may be attached to polyner P anywhere along the length
of polynmer P. Polyners 5 A polyner is a nolecule

mtﬁltceuﬂ@cany aE&B%Blet éxtsgen*aasn Qgeng ﬁo@ﬁﬁtle&rdeqﬁ ST8hdsRihg agent M

units cal nmononers. A pol yner  can l'i near,
maraheﬁeahqqlé@ el racr %ﬂwhetemg tlg lengily e%volxrwsé’ The

mai n chain of a polynmer is conposed of the atons whose
bonds are required for propagation of polyner |ength.
For exanple, in poly-L- Iyékﬁ%mﬂ%he car bonyl carbon, a-

AgRRRbr 128 GAccRE Bl 8p BYRSpeailife belilg" @Qetﬁ&foftsﬁﬁlléraﬁﬂﬁ Ralled
of the polyner and are therefore 10 main chai n atons.

moaqrass- ch AP WMeF car Rolinpre Pranghadophpark sty cele atlgidgr type. The
WhRS P BAS lﬁneﬂ"ﬁt confytdd 6l tﬁ@ﬁtoﬁ{so@ﬁ&@tﬁo‘ﬁﬂs Qfc required for
pol ymer |en A pol ymer can be a honopol in
ivepagatien of p V@ernbngihoe orj exaggled ippolg-Lplybiperethe é%rhmtyé carbon, a-
I I

ciry X@% 8 the V\ir}btﬁﬁ aw\%ﬂﬁ}&efg%g teg!; r%lfIBﬁth ppgfﬁ‘%g%n(ﬁa@ tlerefore

(nsmaﬁlalstaltml N, sidsl dele errcbodymadrtis ¢aarosyd ofthe etomatwhage bonds are
I [ 2 defined repeating

g&ééﬁeéf&ﬁ%g%aﬂfgggf%a lén%he nmononers of alternating
pol yners typlcally do not honDponnerlze I nst ead

eactin oget her. to al t er nat.ing .copol
B0 SRR bR L PRk BO ARV Wby R ERP U FREcen be
o:rpdszmee lin avhidngen®nimoad diffpraunynongines nare haéd), Capulymeassmay by

e FooR et BTRE Sl R onaner s. *rowever

the exact ratio of one nononer to another may differ
bftmeen chai ns. The dIStrIbutIOP of nmononers may al so

a t?rfl%ttngditobﬁber% Fntgin HYEANEP 1y 2 Slating rf@ﬂ’eé“‘i}ﬁ)P“;?‘ﬁ’e PUCh S shA—B i
TREMERBEE M allRFARES fd1@fer® typRalP 0o H@trhoﬁﬁﬁol?ﬁlfeﬁiet idste®d reacting
rate of |ncoﬂforat|on into a random copolynmer and its

weeheritp yiteldghe slfermsting epelstymer . Thus, while the

rati o of nononers in a random polynmer is dependent on

the input ratio of nonomer, the input ratio may not

Hea @hn@&%m angerp Cpmlyréer@fhawm; fefemtg toadpr r@bﬁewment%ong any

hgspa I NRL refl

ST 89 S8R o LB P e
«;/rﬁélp 0@ prmuympnomere Howep@i §hacplt yBo. of Themopgdrtto prother may

{%lﬁg{jb%‘gée{ngcﬁl? Hcongfagsﬁr?)glplolg Efaljnf%ﬁ n?e?semﬁ)g lgcg glﬂjep?lgnrﬁsthe length ofa

$1ngieeprolynmrratsgeﬂentheuﬁcablpmmjcsne@fofda fni@panlt mwlﬁf'eer its rate of

1%0? orajtlttbongoc k??lrgcf i ﬁlol}/r?g/ngelﬂr]oalfll 1tsn(?15t{1huetq)n Wit 1n tt&e Boelplmer Thus,

Wbﬂﬁt)dfeet@{tl@fof ancdbfelrient random polymer is dependent on the input ratio of

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

A block polymer has a segment or block of one polymer (polyA) followed by a segment or
block of a second polymer (polyB): i.e., —polyA—polyB—. The result is that different
polymer 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
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9 WO 2008/ 022309 PCT/ US2007/ 076202 nononer than
pol ynmer B. A di bl ock copolyner is pol yA-polyB, and a

w0 pioblozaskd copol yner i s pol yA-pol yB-pol yA. | f BCT/ESH07/076202

hydrophilic group and B is hydrophobic group, the
resul tant bl ock copol ynmer can be regarded a pol yneric
surfactant. A graft polynmer is a type of block

&@%&nﬁlﬁnlgblmrm tAhedﬂQlB@d % d?jf'mé}n% E&p@nﬁay@r &nd a triblock
grafted 5 onto side chains t he ot her nononer,

?qpoméﬁ%pﬁlyAnpole—pylyAaﬁﬁAzlSa% aydiaplabie ezopp @A B jis hydrophoblc
gl()@ XnérdsMii '%‘lc(cﬁ) c%pol!ymell Oarl BHEI‘ Mﬁgfﬁ%r S olﬁné/ﬂcdﬁlrfé@tﬁhtew graft
nononers can be used er i zat on processes.
Mimwels ¢ typmoblelocle aqpo{ymec in afﬂanﬁh@ chanw aftase inemiomer are grafted
Ei%g (9o ﬂs%}f tﬂ% %P&%R&h& as 1h éh'n? ’x rgﬁﬁ LR tlme ers)or
oter noners tan thens€l ves ' be pol yners
anoners can contaln cheBical groups that can be
nodi fi ed before or after Ipolynerization. Such nononers
may have reactive gfdupd <8l edtdd)fromthe group
conprising: amne (primary, sedondary, and tertiary),
am de, carboxylic acid, ester, Baydrazi.ne, hydrazi de,
hydr oxyl am ne, al kyl halide, al dehyde, and ketone.
Preferably, the reactive group can be nodified after
conjugation of 20 the pohwnumtgotide, or i n aqueous
sol ution. those skilled jn the art

pori mé?ri%? AR @sr%e%@\mlmer@a%%Pqeé?S .gylonomers can be

QRbYOE hhidAk] OWittcPbREE R$@SphifQ hyRXGPKBbIE, 11%&1@11110 amphipathic, or
polynerlzatlon can be chain or step. 25

WWW Wpﬁﬁrsl%nst{lweb@qi )lpﬁfpfo YIRS donoppegs can contain chemical

PRlpBA! ZAtHcORoABEH bSFolcorearit ?&%ﬁﬁzafn@l% héRR - m&EB4REBhay have
grow h occurs by reaction ween nononers, oligoners

Badiveargynsrsslecid fram ttheag@ﬂlm@rrmé@dédamw Hpemare seangary, and
| u t S
%ﬁg@f), %@dgﬁgﬁﬁ%gﬂk%ﬁ Qé?é?uﬁ dRehe! id Ic1 Ihﬂﬂ’o %{Hlé‘@ Pﬁhhde

, end gr ups ar reactive.
pd¢hydwraing &etoon Predereblyebe sastes geupt dae bt umdlified rmdter ogqnmgptson of

@gﬁowggﬂ&ggg%p§%§uémggh¥ Jer can be created using step

nononers that have two
reactive groups (A and B) in the sane nononer

{"? bger s(?(q f un g%lgmgnza}g\o b eaﬁ ar%or{pFa(l) ﬁap & gie% : apg éymverlza‘uon
mwmsmremrﬁﬁe,ftlwgmyrmraamml aanbé yhabomdtepi t h A) .
Pol ynmeri zation of A-B yields -[A-B]ri . Reactive

Step Polymerization
In step polymerization, the polymerization occurs in a stepwise fashion. Polymer growth
occurs by reaction between monomers, oligomers and polymers. No initiator is 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

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 a reactive group and B comprises an A-reactive group (a reactive group which

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

10
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10 WO 2008/ 022309 PCT/ US2007/076202 groups A and B
can be joined by a covalent bond or a plurality of

w@ oo0aloza3d9 bonds, thereby form ng the pol yner PORORE07/076202

A polymer can also be created using step
pol yneri zation by using honnbifunctional nononer s
such that A-A + B-B yields -[A-A-B-B], General ly,

%_ﬂaﬁl%eA LRAB LIPS ofRA bl A\eT A&t a&wl &t p%}am& o@bmeﬁﬂ bfAbs, thereby
he two reactive of a nononer can be JOIned

grou
foymae shapplemergyeioast. “g@ﬁldmé? ca gioearatsd usmecipatobimerization
BeRdRe dofnobBatktibyg I%IBHIQI‘SA?#CE 1R @”Anﬁ g Iﬁegheﬁlfs' S[Aaﬁ B —Bl—

am ne-reactl ve grou can be sel ected rom:t
@pmqjlycthnmnemtlnge caunsm\tOh\re@@ylah@t e, alk}ém@yaﬁm tao reastive groups of

B ooy S e b B ¥ R T AR oy B B O AF 4R bongs.

10 ketone epOX|de car bonat e, |n1doester carboxylate
LS P B0 AR S IR 3 Ry s
fraﬂnl de, grmmldompphegyhsodﬁb@/anat@ idotyanpheragll esider ,N-hydroxy-

REPHBRG P APITZH T Bl Tt PGP RRE sl ey o)

EBtdeEt hepbaiad, nedpydnatd] MinitBestdm) cafoR@tet BdtivatetMeith rL@aibbdiénide,

ou is an am.pe then B can be acylating or . :
bt elehdeys' offhari B Stiine PR fEaceive halid

M)Phé[\yl Ssted, &Hitlfom’éﬂ&l/éste&tﬂbh@bﬁlo%bﬁiﬁy&slte‘i @ntaﬂuoro;ahenyl ester,
th| -reactlvgﬁggou which can be select fromt

byl Biiralsi sEpoYbawtimty 2ad Gahenyl dimefhyagyippygdinium. In

é't?lérr th6Hs e @SN AL ¥ A iBAT MhiBY thefl Bl da BE hd¥Bating or alkylating agent
fl uorobenzene derivatives, and disulfide derrvative

PrrEpetieg agenbyr i dyl 20 di sul fide or

5-thi o-2-nitrobenzoic acid (TNB) derivatives). If
reactive group A is carboxylate then reactive group B
Hgcativagipox Y Bteesutibpdyl (dolythend is avhiadticagtiye greup, which can be

Sc'e?éc? ﬁ{)l%dthé %1%5\1]% Itcgﬁplgsrn?% @9%?}?1 Lilive, dllnﬁé gﬂ ta%hﬁm@ ngrlvatlve

an am ne de 1§
amﬂpﬂﬂmssmneyﬂm%dmmhmbﬂadmswwhmabmséﬁﬁnmdemwﬁmaa@@hewndﬂ

%gﬂg?cokg% @ﬂhngbgé 8H ggﬁg MIN-hydroxysu00|n|n1de

usi ng Carb P. If reactive
group Ais a hydroxyl then reactlve group Bis a

B b A P G R Doy PRk SR B =GOS GeBER erou.

which ambmr@dl@ted&mnn vt g,ﬁﬁh[ﬁﬁ)ﬁl@ﬁmln@ﬂdh@h&@dte &l ardgminé fin which a

react.i v rou I S al dehyde or. tone the
?aé%Pé‘PW‘Ee 8% 5%?5- éﬂf% %H‘é‘iVBSeﬁﬁ?g e il lzegescuﬁlhé‘s g&?t“?/\%n“damle
G lanid pHtiERN(IMAPE Ne6) @Oxsi@Mifhfie d@raléRol using carbodiimide
conprising: hydrazine, 11 W 2008/022309

M@@OO7/076202 hydr azi de derivative, amne (to
forma Schiff Base that may or may not be reduced by

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

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,

11
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reduci ng agents such as NaCNBH3), and hydr oxyl
conpound. A polyner can be created using step

w@odogmeasdzat i on by using bifunctional nononer SPERUS2087/076202

anot her agent, such that that A-A plus another agent
yields -[A-Alri . If reactive group Ais a sulfhydryl
(thiol) group then it can be converted to disulfide
BRrdsie &ylvgwedarmn@ QtoaﬁﬁrﬂtaSSo‘BHF Ba@sthbtolqh}n §r fnd?hot SORUMA by
peri odate ( or ox reactive group
mdecipg 4g§ntaﬁucarw CNBH: ;4 lb@r%hmnoe@d to a thiol by
reaction wiwth 10 2-Imnothiolate (Traut's reagent)

whi ch t hen under goes oxi dati on and di sul fide

Amoyaerr g#n be @pated fsingesteperalwradrizetecn t(ys@mg té@ln@tiqaylrm@mners and

%§?§}¢¥g?éusuﬂyﬁﬁegrAﬁﬁk o@ﬁ%i aﬁy%k%a SS?OLSS A

or Bin any of the above exanpl es can a!so be a
S e T e T ek T e
by ox1d1zmg| agene sder by atdinee(l,) Redain persodafe (ﬁ\hﬁ)amm@gygen (0y). If

@ﬁ%{ﬁg)éépﬂpoxl fh %I%lta 1?6:r 1@2@1}2??%'8%&62@ r OU£@EXI gy reaction with
2 thothesate (T r‘élhﬂsfrd':die&) which élied , un@&t ek Hxidefi@mindessulfide formation.

LM nes,. ureas, 0 i sot.hi.our , _i.squreas,
@@Pff}‘&ﬁ e gayes (E‘éﬂ%k?éﬁd)ty 853’1 Jiﬁ“ﬁ?fﬁ’*%@ AENALV LR hgdeysed to
S IRSsul fRR Gosdfop@ftionl t rogen single bonds in which the
carbon contains a hydroxyl group, thioether, diol,
hydrazone, diazo, or sulfone. Chain Polynerization 25
RBachh@bBupRAGH iBOR RPloY AR bEAL &xampak @4 Ms@be b %ﬁot%w% froup
occurs by successive addition of nononer units to
suchias eyl reaide dinclyrlingr helgearptedhayhazidephdiazon |b9m7@ph@ﬁnw&<yne or
BLARRO@: QR .. NeCchani sms are different and there is
typically a chain-term nating step. Chain
pol ymeri zation reactions can be radical, anionic, or

[ r -
ﬁ cggrgeg‘tl%er'\%lﬁinﬁmg/ﬁm%o Us@ﬂ?ﬁrﬂﬁ rOIP gir%@[a'te‘z%{)?&@/\}%al&rﬁcal bonds
@amre demubeyil aatamldésoarmdtnhacdusylfalbe ethawy yitanicdaninan (iinines, ureas,

%gtﬁnougeaél ?qurl]re%% sgl{‘rgﬁla%ﬁdes cair%ameR lelpgfamln%t tl)o%las ‘(:secon ryoamines),

gmil yarboni- ma’ogemn sm@evlemad; milxirmetr elmt Chl’ﬂbpl@&:onﬁlnﬁ redydroxyl group,

adi.cal tlator can be. used includi ng, but not
ﬁ?%#?%&‘% 5?3x$8%%0ﬁw 8"oxy peroxides, and azo

conpounds such as 2,2 Azobls( am di nopr opane)
di hydrochl ori de (AAP M@ 2008/.022309
PCT/ US2007/ 076202 Tr aﬂ?f BHZALM vity The term

tor eame&dtib® PolyBkBFSioh @rdvie of ﬂl@@)‘é)fy(ﬁ{er Qfcuds by successwe addition of
pol ynucl eoti de  or other biologically active npound

PPBATSGT d &g noper /6 Resatng Bl 3 Aitasiap Aferopagation
pelniat et | diercRht Rh®! BBICRl ltYpicallGt b VELGORRAHAG ! Step. Chain
functional. Exanples of transfection reagents for

g@ym@;@ayorbfreactlons can be radical, anionic, or cationic. Monomers for chain
polymerization may be selected from the groups comprising: vinyl, vinyl ether, acrylate,
methacrylate, acrylamide, 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 limited to: peroxides, hydroxy peroxides,

and azo compounds such as 2,2'-Azobis(-amidinopropane) dihydrochloride (AAP).
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5 polynucleotides to cells in vitro include, but are
not limted to: |iposones, |ipids, polyam nes,

wa@ alosiogasnphosphat e preci pitates, histone prot eP@BEUS2007/076202

pol yet hyl eni m ne, and pol yanphol yte conpl exes, and
conbi nations of these. Many in vitro transfection
reagents are cationic, which to allows the reagent to

associate with, or forﬁ%ﬁﬂ&ggphggwgﬁth negatively
char ged nucl ei c acids via el ectrostatic interaction.

Te %ﬂwﬁwﬁ@tla@tqf%t%m {ransfos of Rply Brdcotde prvahgs Hiojegiqadly active
@Jn?poﬁﬁ@ﬁbﬂaéumd% ao&lllxgnﬁ{sﬁie arl%fl s@crhethﬁml@p&?ndc[égH&eor%ﬁoglcally
nor e follow ng effects upon a’ bi ol ogi
mélrvrbr@ﬁeooulah l%zlftlmtlanaloﬂixemplm i uparistsati redgents nfehtﬂehmw of
n n b I lies. t (P
byt TR BMGREE TRERE PSR 1RoRMAEY oias.
peydnriagse, cafcuslsmdmsprhﬁte npmdaplmu@s hls(urnedpls)taupt ipolyethylenimine, and
gr:ai%r?phoigt coormpcl:ex'eT arqg rc.r%mbma{‘:ﬂons of tHesedMQr?y z% vzﬂfo ? aglsfectlon reagents
arlayetic, ’\Mkmtbltcalaﬂo\m:thewm@hi ;cmmsmlé vhtha olr rfmamal @mplex with,
i nc rs that acilitate delivery of a
BaROTCRER Guter YR e SHElsPiR B mreabl & ol ecul o
fron1 outside a cell to inside the cell, and
preferably to the cyﬁﬁg%asn1of t he ceII. The
alteration 20 or dis 1285 208 ¢ PRE™SBbr ane can be
MeRBEan® B@tlvle)f)ogfﬁfekMQ alphipdiBic @@1y)rﬁéﬁrthz& aed abl@%fm&llée @n@ or more
activity .in | east one the foll ow ng assay

o @6&01{0&% P@f%qt%ulzqaearrbqow@) membwaﬁ%saar?étem@alk 8% élsruptlon of the

Ik RERAMRhat UBHA norLRkhbhkS h@heafl€lnloldBE $o e@Bda cell or cross the
endosormal rel ease. Menbrane active polyners that can

wanseng.yIre fermagen |in ghenBrephege.afisiod) efomemprpgep, or disruption or
B NG thy Heﬁlbﬁﬁé y/fﬁel[sgd h&@iﬁbzi ARELAGE, | of %(lalpﬁlleﬁﬁgﬁﬁé cBHl@Pises a

can cause di sr uptl on O en osones or ySOSOones are
bod shlldjeqrehﬂembws @n@‘{'wpqlﬁmersrwé te frventionf ingtadd thepe polymers  that

%Etrlrlt)a\(ee delRR ogfﬂycqeo(flg!: Ior 'B‘%HEP rdlRYi @rn#eragi%sﬂil(tﬁgéuie from

rane a IVI ymer is derive
aftiflna call tbonSIdehtbe n@hbndmleferalvﬂﬁ ehheaugdssmaoidbneatlliTat pltaration

& dgs rrlmotf 81” em raﬁe cgn ?%%Wc%'gnalﬂm Hfftied I\éem?liq pglymer’s or

actl poI Ynon- nat ur
emqhxupxﬁs h¢to/1ty pnohtylmt gne th’élﬁﬂlom aedyb:ved poby n@l lysingyemolysis),

t fect
UREFoe st bep b Beokaty DA 1 oNTE, Rl papR) cclose
mmbfalhe rdctive Hollymat ethaC tanv aus®rysi ofrigeln afidnibimcofard ARS ermed
or .ot her_ nmenbrane

ver ol ynucl eot i de,

b ﬁ}fﬂ‘c pa]éfﬁ‘@’éu Irf\iem‘%r?)“e adiye | qu%mer?retﬁ‘fta‘faé‘dc%‘?e tdiguption. of
aﬁmneaa r agdobores ¢ YO Ide bl STl dE e TIESERD b émB@ine active
the plasma 13 WO 2008/ 022309 PCT/ US2007/ 076202

PRivBrrane 2 651 BAMPRIGHARPe Gasiep! Membrase 3R 1Yy of @ Rolymenjy derived
B0HAROTBNIQ) fdr UBOERABIanc,! WELMEANRE: a fafdiirBEhnPoP@F&inialon of the
t he nenbrane, or disrupting endosomal or |ysosona

bilpyex Stiygture. Membrane active polymers may be synthetic or non-natural amphipathic
polymers. Membrane active polymers may have in vitro transfection activity. Membrane
active polymers may be cationic, anionic, amphipathic, amphoteric, surface active, or

combinations of these.

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

mediated by the membrane active polymer disrupting or destabilizing the plasma
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As used herein, nmenbrane active polyners are distinct
froma class of polyners ternmed 5 cell penetrating

w@eqsioed3s or pol yners represented by conmpoundsPETIUR208%076202

the arginine-rich peptide derived fromthe HV TAT
protein, the antennapedi a peptide, VP22 pepti de,
transportan, arginine-rich artificial peptides, sml

&Hﬁﬂﬂaﬁé 6111 éhnih{ehﬁhve%fcié théfbrahe RAARA Snd RO b sdsbi®), including
Wil e cell penetrating conmpounds appear to tfansport

@ém’élgmc)@cla thegmenehraygs or disthrtingreadrsompl Qs iyseynanad fpelict  a
lipid bilayer to other side of the lipid bilayer,
apparently 10 without requiring endocytosis and

W vmddterqiiril, gJeamisingcpctinepdlpmery aie ¢istoict frpm anededyrodmelymers termed

&ﬂ?e ?tr E%g gg{% CP%I}&?% gg:g{ g qufjc ﬁfbguﬁcg %u&lca{s tﬂé Lrémme rich

Epdds (dmm‘l’eylt ﬁrco:m |c1b¢ yHEr EA'ﬁrI:eotpml y’rwezrsemlh;aﬂ;a paptide sYi2es peptide,
franSPorgan 1n1ne -Ti 2’11"[1?1013,1 pe tlﬁe e ]gr%rugr% f?lleumd}lc%{ ul%tﬁmap pglymers

n endosomne or " provr
mmlrtlmh]key Wigleler b penctratinpetompatnd ds app):rxpmumdspmome a[mlaules across

ol ucle tide or ot ei froma ce ar..|.
P BirbPiaie B P St LT Bossh BB S L BThIEER apparcny
Withas aamiringRdOs98ls ahd hedse dhsﬁ1rb1hgf'ﬂ&r1ha@1¢t§ off @ite thé¥Bbrane, their
delivery of a w de variet ul es which are
BRAGRY RIS RY “B%ﬁrsm‘?dﬁélaﬁé&ﬂcé“@f 115§ fsr YUEH- acr oss
cel l ul ar nmenbranes. Endosonol ytic pol yners undergo a
shift 20 in their physico-chem cal properties over a
physi ol ogi cal |y rel evEWesyMI¥igRgbMeGsual |y pH 5.5 -
ﬁﬂdoerﬁd)l?tlcSBd)lgfﬁle@ Eh'?e B8y Rek NI/ ﬂeEbo‘hgbetopap LYAXBE S pH, are able to
solubility, ty to interact with other —conmpounds
eaer é‘s@h‘ilcfnt ofj lﬁsmyﬁ%no@ﬁl@mr@l qrproyideniprpsspts ofianoppally membrane-
%Hﬁéa@feyco%mﬁﬁ@ rgaklytaé @ pogglu}ffggﬁd% &a otéﬂlv%rom a c llular internal
pHtitratabl'e groups or p ' e groups or
mls@blrah@mml%ed prticle.i suclataalsinecngpimnssor bf\?@pmﬁbEydﬁem@lptelease is
%gpogtg G{eo&eﬂo 0@ e rvaﬁec‘tr %ffnlﬂcﬁgctu'_elg Q)vlgcf,h QJ‘;' eﬂg&g{osed but

yS|o ogi cal itions range -

pEbpable oA tidfubien gero pslhﬂa\menph(aies Enri0$0hr®1ytlca>ngmet:sfun4elgo a shift
%Eg%na ?l%ryagg bFélmlcaﬁr %o ert}egloﬂertélrplhyfl %10 ﬁ/gr%levant %ISI rﬁrége (usually pH
@H @nvihisehifierah beﬁ chmlge ks pelgmerG ©ldity, |abﬂm>t ta)bhteraattwnh other

TR SN NG T T T

payecan nge pf-tithebyr Qoups bu il abisicWrdups Or Bdnds. pts-uséhigein, pH-
30 of aroups t hat .can exhi

of 1%8. Exagpl i g 5} ¢ d
HUAHRT By FPRL 3P P%@@OF%E [ §atehat @ dwmstipn,pf pH under
pliyRiol@gtat &nditoag, hQXk('pEEraﬁgé g64-81 pHAABAbR, groups have pK.’s in the
N-substituted inidazole, pyridine, Ehenols and

Poes aint-fiead actpy) Riterssvigip i RE e at By} BHGiaiBls sraups cain or

Rk reBtge | At BleNRweY Bt Cdn@fof¥enk NG 80 G@bdoBR. REGLAN titratable at
sponﬁg effect. A reversibly masked nmenbrane active

cal D spebA detanineds gipRGMentl Wiy codBtmg2Brgid-base titration
E@Jx%&?&ﬁl&@%ﬁ%mn@gﬂ% %ro%f) %uﬁtérg A5h&dnd ™ tr:ﬁl%e BPh Y rrE}[amples

Vi a bonds, can"therefore be consi dered t
Qﬁqgrgum;db@nagn yxliibit p@ﬂfgrmrwnhm this pH range include but are not 11m1ted 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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A subset of endosonol ytic conpounds is fusogenic
conpounds, including fusogenic 5 peptides. Fusogenic

w@ewsioesgd can facilitate endosonal rel ease of BUEOER07/076202

such as oligoneric conpounds to the cytoplasm It is
bel i eved that fusogenic peptides change confornmation
in acidic pH, effectively destabilizing the endosonal
5@%{1@ ARtk A6 e p%ml@émaqg{ 1a%y1& g@flc@S&h%éﬂabﬂevo%rdénQ&ered to be
endosomal contents.” Exanpl e fusogeni c peptides include
pepdpyawlytgeelywed from pol ymyxin B, influenza HA2,
GALA, KALA, EALA, nelittin and nellttin 10 derived
peptides, Al zheinmer (3-anyloid peptide, and the |iKke.
Robsghyflvodgppmslytincqapapadioh Sisggaaic compoywuis yingipding fusogenic
[ [ [

Pgés E%sggenscoﬂ% {I’a@ cQ@fa‘&&Zﬁg%e géogpaﬁfe?eggég o g@\{ts ﬁ.l% Essohgomenc

comtoandygo ghep;bftq)phbmt lyisdcliamed drat ﬁlsqrg@nmmptsieaddlngécquormatlon in

QCICHE g téercP quyg/(?esjtagftilllz&lﬁ lfilnel etnﬁosomapmeﬁgrn}lje t%er%l{)y rt?lo'

@qom@um &adilv eityi o amdop@hay amnbmda yEb;enaplp |f1ao gq:mnd Epadas emﬂude peptides
hel I soe ctr 0|nt can..be ”
R OB bGR e o RRE TR o ROAVRNERT 58 retvin-

dmzhdlﬂetpﬂlgespallzylaﬁrer B-anp I pdpsde, Ahd e mas.i vel y, a
pol yanphol yte can be forned by nodifying nore than

one, but not all, of the charged groups on a pol yner.
If the charged 20 groug@b@ﬁ?h@9%§r5|bly nodi fi ed, a
reversi bl e pol yanphol yte is forned I pat hi c

Aphiepabeyte is %Pola??ﬁqﬁoamm%boﬂb BhgHe P%d S QNIGEINORRIHs. More
ﬁiégiﬁEaﬁBroﬂsrUsé&ﬁer&H atms apho @ﬂ:d:ol?@iﬁ@a pRe4IHy Bmﬁmhmbﬁ&ners and
(pol ar, wat er - sol ubl €) and” hydr oph ObIC (‘non- pol ar,

? pblf?éw pf eationjg tugits. %p@lﬁzgmhgbflt@yolgm@ruﬁ@/ @ytloﬁgl i gontaln non-ionic

Jﬁ%%rf?&mdnb CIngglcﬁﬂé&E éo”lﬁ oﬁ@p@lyhlﬂpWQ bf%%llp}fﬁe n%gunﬁlefr I'@(;electrlc
chem cal noi et erring. Typically,

B@@th £ pelypopliolyje guplse @rreed/\lat mly@@lzutg anionicygng catienic monomers,
e or r r

%@?@ hﬁlﬁ&gcr %&%8@% Ah%ﬁl%ﬁ%l? 2 1¥81§a%1r?‘g{ﬁlgf‘eg cayf*be formed by

@héﬁgmdmgmﬂhpsm@ahnbetﬁb@ﬁﬂwwémgmt@@ugeﬁléadymmi@yhapmHgﬂ

%r%%%tare é(r51b c@ﬁe% é%evgrsf%pe polga%l(rg)}lglo{e fo%e@nggl pathic

can t'1 on
zwitterion, or a polyanpholyte Exanples of
hydrophlllc gr oups |nclqug ounds with the
fol | owi ng chemi cal noi et | %ohydrates

Palpy@AiR] bnydnmhq;hﬂmepdlﬁmérs pep&dlldelswn afdl regognitel @0the d@%ind have

Bl BB BT e BEIL S ybie, P M Biombih c vacer

BESIWRS) bRUPE BE aitd) WRbPHIIRL bvapd efditatet habudlifgive hemsCabt the
noi ety 1s water-avojding. Typically, such chem ca
Moty KoV alGlRIgicrrig| Emlgallyamhtcéﬁalcallgoqm are water soluble,

ARO08L 024R128 BEld WSRO O Q4e3R%& witttwdi@, fa0 hmrbmﬂﬁcogfdup can be
bonds. "Li pophilic groups dissolve in fats, oil
¢thapged o1 uasharasdnClysgedrerows (co At @0%%‘@13h‘é\?$eﬁl(@ltl1>féc)t% nggatively

8%%%?;%%19%18) $1JoMm. M%I%@%th@%oulw &B%Qrﬂ%wﬁlon a polycation, a
zwitterion, or a polyampholyte. Examples of hydrophilic groups include compounds with

the following chemical moicties; carbohydrates, polyoxyethylene, certain peptides,
oligonucleotides and groups containing amines, amides, alkoxy amides, carboxylic acids,
sulfurs, or hydroxyls. 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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2 or nore carbon atons), certain substituted
hydr ocar bons, chol esterol, chol esterol derivatives,

wa@pasoza3dai n peptides are exanpl es of hydr ophoPCT/US2007/076202

groups. As used herein, 5 with respect to anphi pathic
polymers, a part is defined as a nol ecul e derived when
one covalent bond is broken and repl aced by hydrogen.

FQto EFAMMRAR el Boﬂaytm{é @mcrg%up@ dls@ae@mg@ At M}ﬁ@sﬂ ahdon-polar

carbon and ni trogen bonds, with repl acenment with

e gandave lrt@%tﬂ Roscap#Fity rEWMAy(ipgen bystdh-| Hydyocarhgns (containing
@%raﬂl%re( BMQ&P Q%Rb C%ertahp\é‘@aéﬁﬁlted' f Cfﬁ ochibotld agﬂoﬁhg{%}glaeﬁolilsterol

I's cleaved at nitrogen-carbon and replaced wt

#erdriogensd @eliemmmgmﬁr@ |en@nm@| @fclwde@hable gagab-nAs used herein,
ARGl 2B e, ERIF ks f A LA S re o
tdvelehty boraipisobyiokenpaird rap@qcﬂ be shydrogerk aigye exafaneV\/lin botytlsmine, a
st fieky SHE iy Cnd BGEER oo BB RGP oy S,
mmﬂmenmsmanMhag@mnmanﬂ)pnhy&manhaﬂwdﬁ@hdﬁSIchha&L if 1,4-
eIlu ose, lyc n no cans h|t|n r,.

S8mrBbBT i e 3T MBRRORERoge SeDinBER bty byrogens. the

f&sﬂh@m@ﬁbmlys &0 ugaﬁﬁe a@fmohia (C@andeusyiat@tdver, 14,-diaminobutane is

Bl PoREEe bl i O gy TEPLERCE R hakas

QQWQm@hhy occurring biological process. A non-natura
polymer is a synthetic polyner that is not nmade from
20 natural l'y occurring (aninael or plant) materials or

m{dﬁﬁxﬁ]&ﬁocé@rfiﬁg‘pﬁ%eﬁﬁr‘a ROlyAfket ﬁilat, canDHGhBAtH HRSre. %@hples include
sacchari des). A polyner rmmay fully or partiall

pRIYRHCEPtidesy npRstise, C@Hagehonal}@at Delggaccharigs) yﬁFé‘FrCI’I\‘?éy cellulose,
Fﬁgﬁcﬁﬁlgﬁ%gl95an@5lﬁlﬂ aa%lcu] ectgar9§ CJA%YLQ‘Q' 1?01 rgf}n&ﬁ beI fsoltagg from a

) I bohds are ceava elnpyS|o oglca
bioledicellyoriguror aselt| eanabe pmtbﬁ:tm oYyi watheto mdlymeonis, formelated or

BONERI By o O RUEATALRL & pllenf] ESUANLALR PRy v
mhbgmwaaveb$e\bomdmm@bgwsnmmwUh%mﬁEMmp@hmhnmamhemtnmdeﬁom
atur a%@cu?ru%g:,lz%frgqng 1“211%‘[5J r%latcf%rlaﬁ]s %r ngo%gmgla S(Iguch SD O|n¥1|n_o acids,

or mat

m)cmmieﬂ ancssfaad:ﬂaedespm‘k )p\l]yl’ry:f etahéx fpldbf ylnmrSallyammbel synthetic, or
0|n via | abile bonds to formlarge 30

E &Iether pol yners. |If the cl eavabl e bond occurs

in the side chain, then cleavage of the bond results

in |loss of side chaln ato fromt ol )

5 RO B 80 Bsi onei & morg) lalule, o Cgﬁ’baﬂﬁp EP‘PHVSSE{)@F ;}%h“ﬁ;}fronds are
£18dBIiE PRI S con-ﬁlftﬁ)nﬁ’ o Yl phySQpatY FBKdEidBYthE olymer is
ﬁ%nthe3|zed fromtwo, three, or nore different

le. Breagtleavaldgy bor@gnw@@bg? gothg gin-chain or in a side chain. If
RETNAIPANO BHRY B inHROHEH ThARY (RR 3@ &%t 8t r&)ﬁu tB&ilts in a

|ist conprising: charged vinyl ether, vinyl ether
estrees i prdyaerpeistle end e f@m%logroél}mo or more molecules. For example,

QRIRA! AR EERRET BGREs2 BN eV idNdd |EdN8bilcABYhdsV kdWorm large

polyvinylether polymers. If the cleavable bond occurs in the side chain, then cleavage of

the bond results in loss of side chain atoms from the polymer.

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

copolymers may be synthesized from two, three, or more different monomers. Preferred

16



10

15

20

25

30

35

et her, al kyl vinyl ether, |ower alkyl vinyl ether,
hi gher al kyl vinyl ether, butyl vinyl ether, dodecyl

wa eevglo2soher, octadecyl vinyl ether, chol est erpCT/UB2U91/076202
et her, and ot her hydrocarbon- 5 containing hydrophobic
vinyl ethers. A class of particularly useful polyners
conpri se: am ne-containing polyvinylether random

ﬁ@%&ﬁ%{@ ROLYITRA ZGH (N m édﬂ{ emgoae@easmyl ether, vinyl ether
pht hal i m de nononers, snal ob nmonomers, and

mﬁag@nmmr@%@doiO@ICnﬁﬁmrmhﬁlahwﬁmr@?@@t pBie giny jgeher, acyl vinyl
érhﬁld{]l RN RE atkQ1 Vbl HRr, rﬂgh@ﬂﬂ?ﬁ ViR efES, butﬁﬂﬁhh ether,

dro obi’c nononers conpri se car bon drogen
d@dtewltvwwl ethers pstadsaylbony! athemsholestareleviyy dthelp hmbvtber hydrocarbon-
i n- hydrogen chains wth about
?g%%T g%%ﬁ?Bgﬁ%ggP%%%Qatons or about 12 to about 18
carbon at ons. Nbdiun1hydrophob|c nonomners conpri se
Aa:idsmlf -fhaytchuage msafilgiolysners dolmpailbo aire-dootaindgdgopely vy lether random

tQ ef d | i h
bRl B iy PR BRI G SR P Fonobic
Aanhemdr hy llafr@)l@elcqﬂholﬁl@ In;owmnyﬂs e]DdE}ﬁll‘otechnEOﬁIh@pllityﬂlrm&é monomer

B 20 Gl e ey Pt SO B o e peho SO Pyozen
Eratns owidtt tWhine Bixtdagon alt@nd. NeefePBidadpobit MdhotldR @BpyRE Carbon-

nd the size of the polyne fferent pol rs can, be
ﬁa@a%%ew Hps Wit ARput fa g BT ¢ ETBTAODY OFhRLE L F0ut Heparbon
ROmY NREdidA hi @OpKoBRChdRdersWhipBisd &fbdn5AFIRer laffl WithtdbBut 6 to
of nmononers in a polyner can_be the sane as the feed

thott olQf cHbeibnaipws. tlyefeprgd | awinea rpobeyinyilqthes eptymers  comprise:
Mhﬁ%ﬁmwﬁeegq %@?y@fn?le@féleoﬂ a%ﬁ%/&ﬁ&lﬁfoﬁ&y%ol%hﬁ%@tﬁ@rd
rati o or at ferent ration It Is possi le to

alter the feed rati o of nmononers to achieve a desired

Fembineltysicelquensoicatof die pobdvinpletha) p?t@perqoe@lmmsm determined by

RPN ShRAE oL i LA B RSO A Lot

andi thobigeref the polyinsr. ;ﬂ)ﬁ‘emmrelmrs @ylrhehmei)e a;bedng.mter: $eed ratio of

woﬁglne% m;tlhg h.IOlgHileH%tlg eaIQtYOqlr l?%ll ]II’I IJ;{E:H rgt%ngfql%nomers ma
rom es such as: et ' mne,

prdylyblysalnnlm thp alayng | asythelrfeeldel;atlamﬂ qlmiomfsl yHearstiorecan be different.

gt R A e T S
pseibrrto atlern¢rived naioadthot@nmeal tyrelisveod désired mdu@nhér ifgorporation
are ter .sol ubl e at or greate ref erred

Roron Bretey s ebr I her s it ohublE e e sige wctive
ﬂﬁhb/%ﬁtyl/od’t&l@@'la&e aﬁﬁﬁ&%@lﬂ@&&?ﬁﬁﬁld@ﬁl &Iﬁmyﬂwem IO poddilele to

pr ef er abl in the sjize range of t o about
%é’(‘)‘ﬁleR‘Efa PORBRES pYIEY Py ya%mndﬁsd% oH%QBB‘B?r gentent  from

mif@GuBPhE PRIRIYalne, 38t é‘,tpow rgr%lﬁc@ 80 QYkyalBJamine,
Da. 17 WD 2008/ 022309 PCT? %OO?/ 076202 . . .
or other polymers such as polyvinylalcohol through modification of the side chains of

these polymers.

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
about 10 kDa to about 30 kDa.
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Maski ng agent Pol ynmers capabl e of delivering a
pol ynucl eotide fromoutside a cell to the cytopl asm of

w@200802130are frequently toxic or have poor PCT/US2007/076202

bi o-distribution in vivo. Therefore, it is necessary

to 5 mask properties of the polyners that cause the

toxicity or poor bio-distribution. Because nodifying

the polyner to nask these properties can al so

i nactivate the transfection activity or nmenbrane

activity of the polyner, Maddig agghtagent s are |inked to

%ﬂ thlcyﬂ'ﬁgfe 0\f|d@11V6P1'H g Qiyﬁgdl&ﬁllde YromBNRAR! £ %e@l th ltﬂé@%@asm ofa
eavage of age'restores the shie

mwe&ecme@tgbeWy omﬁla‘feH@OprO;Aﬁmbutlm gV éréléreﬁ?e% eﬁ i neggssary to

. . :
RSB ASE n QIRLL S55 BTEESUL 0 S0 BT b H s
modiéyipg dpaepd)liymsr (b ma}sihy]ﬁsc: @Irop@rtlelsnoamh@m wadtivate the transfectlon
gﬁ@l@%yaglt egl’lg nraréecatcLVl%{ Oftt p XJI’H%I‘ t m%Srll(II{g agf: are %nﬁe%qnt[he pﬁp mer via
physiopgicphie rrevdirsibla dinkmv eCleavdgheofaths elnﬂtegeofestot'ﬁe tas kahiegfled or
&ﬁ@?%' Pnﬁgﬁﬁﬁie of 15 polyners that may be nasked

chigere %@1 "Betivity, endosonolytic activity,
char ge, effective charge transfection activity,

t d

A N A g A
giicldd enkubitsy rou chaolateke-opol or mapre pm)pj:rug&'at(blophyswal or biochemical

&a}{a J[G{IF’[IC% Cf%ile nnqer}: eg]?azlamg/?ge%ﬁ?a?lhaes%g :a% ﬁrb acéuafll,% {uln%ta)n to the

pilymat thiti the eblghmeﬂ iiders haviean glet at’gnog rod mlpsaska| dgehaPmgperties of
difiers. 20 Ml ti pl maski hg agents

Pais fl el P ettt e PRSP EAERERED <RERoRfixts peixing e

SfRAGS tar®S, tAnTedtiABIctivity, sBRiYh bﬁermess@lr Mltérﬂ:tlbh Ndnd toxicity.

nore than one sking agent to the

Vgsking eSS ROy BPOTQf SINF YRy a%%?ﬁagoepé ﬂvq méélam%esﬂ%@lymer

lupAR N in Ry A6105i8M @ohdlBonsdBREKIRE ad @M BE 1riv@1§fdn| ﬁﬂ[@t bdlected
The desired |l evel of nodification of a poly

Hemdbh genp copfistitg i vigricayahitizes) targeting gipupy. i @wraen%ﬁlﬁers

VRIS ﬁlﬁﬂ(rn%oﬁ%eﬁ{secagQJeyrg?errs@l?tllnY(bd Yo A38R¥Spolfidr, 28 inactivate a
exanpl e, if | ynmer possesses nembrane activity in

Broperivesf :mpEyer, & Byf PG egceysaryl teviak mpfre thegsiop ppskige agent do the
#agﬁsgﬂ&s%fﬁ t H%%%% nfabki E%,E%é Grd hﬁ«eﬁ &5tk E)glgln{.%}’ % adfeve the

tion o rane ac In that assay
dasired lovanf imetivigton. ghe desskd yelay ewﬂlﬁ*;atrlprbe‘ arpelyares by kjachment

t
S S5 PELNTEL B L AR Gy o
spepiceH tinf pqimsérlpn@eag&embmhraye avins ach g1Fe{mras®xampjfﬁq1ent level of
Flgstkkhnézg ee% C lTaeE to! i€ fgt%lé/mer %2 ?18 tlgxfregtglte Irc[sg:glae%l{jf%?tgsofﬁa lek%mn of
gembipse ad’fﬁycy Glf thmag/sseryom Qifidert utmbermf naaskm@ ag@e can be revers1bly

di.fi The king a nts i nv

RS PRy KEATLY "ERETOD phaF PR Sba R BRI gondicons
m%mmg?@@?e&%sl e: § lnﬁ@kﬁﬁg s¢dat yhal be K% k& eaamﬂil@mbﬂf{tericf stabilizers
reversal of the ge results in restoratio e
PSRRI TOYRS li}‘ayo{"’ r ﬂ@ﬁ D GIPS?L?@?@ #\]‘/ﬁ%‘k?t?@ﬂ ar?gstarﬁte“g groups
by KIGIQa}tblfbt tRe Rl RIchiidE Adaiictshenhd Iﬁisﬁﬁltglagéhth the invention are
rever si

reversibly linked to the polymer. As used herein, a masking agent is reversibly linked to a
polymer if reversal of the linkage results in restoration of the masked activity of the

polymer. Masking agents are linked to the polymer through the formation of reversible
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18 WD 2008/ 022309 PCT/ US2007/ 076202 coval ent |inkages
Wi th reactive groups on the polyner. Reactive groups

woreysioz23gel ected fromthe groups conprising: BOT/NER7/076202

al cohols, thiols, hydrazi des, al dehydes, carboxyls,

etc. Fromone to all of the reactive groups or charged

groups on a polynmer may be reversibly nodified. In

QRBIRMARAL BRI reddtivk @Aps BM&WJ&&QR@&%&E o%semay be selected

reversibly linked 5 to (g yner. In ano

Bepdbe gENPS corisingy a@g@m%c ple, thiake hyfligriges, |atﬁikla=>diet,c:arboxyls
poP‘ltom &% 0% tl%eoléhctﬁlgo/mtﬁ)g%r Jlgrébd %lfo‘.ﬁg%hoaf 51'91%& may be

reactive groups on the po anot

witrol y@@dlﬁedrasmerﬁglbagms atalp'est t\@x@ﬁ%ﬂlr@l agentp pieaelersaply linked
b Q% R0%

fg‘) tgl?tgp 5/ 5% olgi asﬁ‘btgép ‘{'ﬁ%&%g%m 1@195@1 an/ ‘fﬁtg %]E]egleg n@ Ly Jinke 1Hl?ed to about

20% 3(Bér4ﬂ%tt WQ @T’A),rrﬁ@klmg&)éfgeﬁtﬂs reestye Gralpy dni nhkepdlymer In

oﬁleferﬁ‘%(i;e ! %t%g gsg d r ou g S1 Oﬁ/tltled 0 %)Sﬁ})i%%b% 30%, 50%,

m%et(]%, @ 300¢ yfrﬁte dhsrgmhgfoepls Dtﬁ t}&n@lyanerrrm mo}tifeopmbt)dm]snt the

of t i s 1 nhibi nactivated b
SR R D g R Poygp R R S Rt sy @ the
paviasss Moyt 20vasdoe 409, 8096 08g 0w ortBDBY(dS linking the
maski ng agents to the polynmer results in 15

restoration of the polynmer's masked property.

R efcamereh, mtyhﬁg isaBRREBIf Ohe bnBorte PYEREticO B @B @o@tatefelstlﬁmbued
nodi fy the ymer (forma reversible bond with the

efotnwéfﬁ‘)e iy %ttﬁet%% 0§ SPRIOT Gipre opsking PEEE Ay PRIYMEY tSyreV%rSIbly
AadkRl 8F CleaRRYS b&l{%is Ciﬁiki nathk Viadkthg MR Blthlegpdts%é}ytesuus in
(-CH3) and is a £n$n|c acid group (
F@%EWQ@E@@&P@Vmé%&@¢§P OB¥Y- derived fromthe acid. As
used herein, a steric stabilizer is a natural,
synthetic,‘or non-natural non-ionic hydrophilic
Pisfoyiee rmasking qmeety eaft e j inyantipm laec ablarto opodifyt thenpilener derm a
C 0 [
feo%rgtblﬁvﬁedng %thh{he %%}y%@r in 9632{? rs?ﬂ‘ab% o(bfgtt)agécfu?acr‘ ql%ﬂty is a maleic
gthgiide cieelwatnﬂ lst\dmh:R?Es mmm (-CHerandi Ridie resprapipwik yaridr group (-
E %rs/aml ed%}l e%sﬁ'o% J[h% acl ?t eractions.
at PRt eractions aré 'the non-coval ent

ass00|at|on of tmo or nore substances due to

ttra [ ween po nd negativ

BhaPEEheg of RERERTIATET e Rt R BREe MRORbtfrgnon-ionic
M drdphillel poBanee ﬂﬁp@ﬁeemtssmtambltdmeaﬁ of mfeem@mammﬂatactmns of polymer

hagocyt osi s ag ta e_ by B' retlculoendothe
@y ighnit igratiache sr{ﬂé Y9 {0710F PORANT ARG Oesigry stab “Z“ A steric

QhHiGiek ShddRR b ipgvenh Bhn rabgsil @b elebtroditie NinfeR@NomI Electrostatic
attached. Steric stabilizers can also inhibit

%@0@@% 3rg) Hle&ona:ov%gﬂt}gﬁsgpamp} ol oy gnere splsgances due to attractive
B @D bthe & SosAive amtag@mydh@lrg@s glevie SlabiliFE R andRslb R raction with

derivatives. As used herein, a preferred PEG can have
lbedit compspatetdng| dElyry eptoniiBmeRegociosy apd hytdge by the
&'n&ﬁé?éndﬁﬂlél y§tem5 érlcets%hﬁé@ Shyartk PR Efouldtion time of

about 10 eth y ene glycol nononers. As used herein, a
polsfdey @dvIPEGhen nreadtgehcd abteria staplizasu bar alyeinhibit aggregatige of a

Sctlymer. 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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19 WO 2008/ 022309 PCT/ US2007/ 076202 about 85-20, 000
Dal tons (Da), about 200-1000 Da, about 200-750 Da, or

wW@b@an2B380 Da. Other suitable steric stabilizP€BUREYT/076202

be sel ected fromthe group conprising:

pol ysacchari des, dextran, cyclodextrin, poly(vinyl

al cohol ), pol yvinyl pyrrolidone, 2-hydroxypropyl
aﬂ%hh@fs:wb@i BaltddEMB)), apd zwmro QQ'aHQJtQO@—Q’ISb #a08€about 550 Da.
et her. 5 Targeting groups, | i gands, are used for

Py etuital)e oﬁte@fel jtehaliaprsy Ryl ;h?erselte@ed aﬁ@ét thee | graupo rcomprising:
ﬁdl Hhariddd! @&%Qﬁf ' ?cl‘é@éx'trﬁl t Fl?@rmy-far (Lj']g pgfngQEE/rrohdone

enhance the association of nolécul’es wt

Saydroxypnepy] methpgreleictgP ¥ ougnd veedan selnblageltnlesh ether.

phar macoki netic or biodistribution properties of a

conjugate to which they are attached to inprove

Eagd_atinlgaromb's g ighngls j 2o used dortérgetalg indakiveu}pa adademerf to_tt¢rget cells or

15859% SpeCIfr:r%Cre?llrsl gr S?t%f am\;ée{l grglape!@ne%hg{ OH]% as 0F1é1tc1:?11 %/fl rrléolgé(c\%?eg with

a tdrgan k:algeThms t ﬂargan@gmepss caBi emﬂ:nrrcg tloef p}armicakgeﬂid ogbiodistribution
a ligand, to a cell or cell ceptor .

eheitRi iRt b B ney S Rl Gy St ARG B@bution ana

mmnmvalbaﬁ& of dlha/adn@uigate tOnev@l @Bie, tateetiig ¢Rlupnican 66 lARMEto the

val ency. roups .. be sel ected, .fr.om
%%P%ﬂﬁwé i ‘égf é:‘bﬁ‘i-ﬁ%%ﬁd? ?thqﬁdvgfswﬁf Fusﬁ?ﬁepd@%dmg of a
féﬁéehngs gfdcuﬁc SuciDdseL Ubsd, &Lll cellesiegliOfecdpt @RS iniddel endocyt051s
anti bodi es, antibody fragnents, and anti body

mmc
RIEHINGF $OPRSE P2y &ec’é‘PlPOVélﬁP‘F PRI fél&lplés tetrAV%i?Iléf ay Pé\(f higher

{AsR! mgetﬁrF %‘r’cﬁlps RYMeI SRS 16R the @1%? I%ﬁ&bnidé@ %eﬁhpoﬁds with
vari et an S ave been used ar get rugs and

@fén@stq@ll @\eﬂfacg mpieguteocedigeqepfor gdnds.lanfl amlhOé@é p%l?@y fragments,
SRl dntib&EERIALs lvitﬂ %ﬁﬂﬁy 'I@L‘elioﬁ‘rﬁ@é BiofeEtled EAOHPefe"rJE& tBERMR group

conprisi'ng: carbohydrates gl ycans, saccharid
gameiserc el repaptor igend. iAnvarsty efdigand hyat hemnosed t0 target drugs and

e%tc%ﬁsea &5 E%e@%ﬂc%%lar%?%fsg Cel?%?%&gﬁcﬁ m; r}/Ebe selectec(lj from

rrvatives tam ns ap a
ﬁle@t(mpe@n(prlﬂog udr‘m)gydrmi ghobns, parchasides @ncluding, but not limited to:

G ni n e nsulin
a actos? 1!g'(ﬁact Qjégl 1V|e I%a%m%e aHd mdnnosg:derlvat(%iven)c|V1tam1ns folate,

trans és Of targeting gro
bintis eaptainats, taaat ge[i‘udbsh énclading| mglnyckm}nrtm ®i rRG’IDcap:tmmg lpgptides,

SRS BB OBoL B AL LR AR P e

Jshngeyd@pmeng abapiod S8 aeing aastaudggycaﬁroteafsgelt Igagct@scOusdues. For

e use o target he cytes
%’iﬁlﬁ’(pgﬁ MG ?‘?%ﬁ“t%{eﬁ g3t %%Q% %ﬁ“c?PYfP&SeGallhﬁiﬁfor&r galpfgsc-containing
{atgal@gkoh% mPAbAGED fargdt BpebyaaGartesaishRting targetmg groups
ol 1 gosacchari des, and saccharide clusters (such a

rriy‘lru & e aw%dmlﬁéﬁéxwa@imnaygylgﬁlﬁgm@ﬂt?a@Egosacchaﬂdes and

%&}ﬁﬁh@aﬁster@'(é&h Q5:Sryrafl LI PIndn@eRASEANER), 26 LiAS Based galactose
clusters). Further suitable conjugates can include

dhitegpsadcahalanetbascd iealactostelpitere) Forteuir Wil peyegates can include
51%9&@1'14&9&1199%'% &Qﬁ@oh%h‘t@ QG&QnﬁlB‘f? d&gami (CRD) found on the

asi al ogl ycopr ot ei n-recept or
solyairapwtaibieseiters COMERRRM n@xan@ﬂl@ g@glae@trar impegsican goefpining

@?gggagb% gij;_l@st £472 TR X AR AL ROV LEEBviddd H S5, PAtNe. NX25.031

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

polymer. The charge modifier can neutralize a charged group on a polymer or reverse the
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As used herein, a charge nodifier is a group that
alters the charge of an ionic group on a polyner. The

weba@sge23nodi fi er can neutralize a charged gr oupCDOSA07/076202

pol ymer or reverse the 20 WO 2008/ 022309

PCT/ US2007/ 076202 charge, from positive to negative

or negative to positive, of a polyner ion. Charge

ma@gef ifQat ?anmféf toan&ﬁhw 8 navE edyegtitdIefch @Bgﬁlepflont F@harge

yion, Torma yi on of opposite charge, or forma

@@dlﬁaﬁvn@f 9p@1y10@wa¢ gféuwm ¢haggstaf de noAnom s prolyigrel gposite

1k ah ¥ HIRRI I RHdAEn GhaT 46

Y B R R P A B MG P apotvmer

wiha dé@l@ém@rﬂﬂlmb oaiceéa prtetiel Conjugades With Rday aeudral oy elnaygeocfr zeta
iAf

?cg{:/r}eﬁ:agflﬁh ?%‘férl%g%?r zégzgg %g]ﬁ’g?f& &o%ﬁ%&&otﬁt%ég A %r@ferred charge modifier

Reuebbi b]loélﬁchar gkargcd,d of ii@is grayp. ki%ﬁvelsélleecltae@b fmodifictshmay be

424 ST B9 N O e B
GDM Gbnd gadilact, aTM-1ibn & DM PEGemtd GDMi-galaatoehysi cal
property which is exhibited by any particle in

suspension and is closely related to surface charge.

Véra porobUB arpbeliieal piopertypwhioh isteRRibEap/ zﬁhyipSrtﬁRen Slfsp&d‘sﬁ)n and is

ortant. fagtors that affects
%%?ﬁ?’ qui%dg‘@ jugfaggachargey, arﬁlue%sd?‘?ﬁlﬁ?atﬂé"dl?e%éﬁ S&PPQ |16r?“%1°f the
hogesh@iiafls fadihle Mbar@ectt SzcteRRREeNt WhePHharkhekebak®, upon
a zeta potentjal value nust include the solution

er@mw@/éwéotm&lﬁ@@f aﬁrwa%ﬂh the shagge irelgpendgttion PHEdhergfore, a zeta
boteitaBlalRahhdt SchiRic (ROQIABARbAdSISS onPécmﬁﬁ % p@ﬁl@ﬂﬁﬂ%‘h For

gives an indication of the potentia abi | of t
woicrlopaitigless {hstrasanitide off the gete Ppigptidl ¢ves ap rlxnds%l@le A5 thgrpotential
H%{ﬁty%f 'tl?er&)ﬁo gﬁ%EtkMeIf% th 1&1%1%9 s&s%%ﬁ"m a%‘%'lﬁlﬁ B&Q{‘ve or
they w tend t0 repel each other and there wil
P@Ittve ﬁ@t@ m‘yntla‘l dhen thee voRtanid ¢ epelicacloehe aﬂd) thetcheit be no tendency
v C :
{?g Yl% %ftlcl 0n EJt}ﬁeetFrag&fvl\%rl %lgge:exj%ﬁ\éﬁtfhl: ?égggltg% ﬁaaf? 2(15/\’2 gété ?{%tgntlal values
ham theml ‘eél lzomi fogeetto g@tvtm ltheamdth‘letsmoaun@ttogﬂ@er alhélog@lating. The
S g S e
@ne&lly ItEd!Bn &Gﬁthaﬁ}oaﬁ —IS’Q' m\Pafattiobds ezﬁthvmetal'pomtlals more positive than

itiye than +30Q nV o re.negative
ALY, oG R gt 65 RE el e S G Frere
ther @DM-iikktd Wmskwquﬁhemughg@ési e fcﬁ?@ﬂ syt fparticles, <2O nm or
cQonj ugates c fo artlcles
ﬁﬁ{)(‘“&é aﬁEﬁ%ﬁh‘Feg’ubyb nﬂ‘ﬁ}’r@ qa?tiiH’tg %‘E‘bi“ﬁ tfar‘iﬁnmé‘ﬁ%ﬂ%?t preatomic
fbldelrRicRREDY f, U@Birk @bl Abspat BiNlify L2td QI ERIaMBBIREGIPYAd —30 mV
that are stable despite having a zeta potenti al

pohyddncisd saleyd By v at physi ol ogi cal salt and pH

9. Net charge, or zeta potential of the

gol ynucl eot i de- pol i/)msr conj ugates of the invention,
airChBEEe c ointatopetentiahgf th@ohnuclecidenelyBrr peidugaiey of dunipyention,

gif y

S S ARND L 4 e Bk oy GRAASE HEBOSELGAY ot

Cliatds, sepagivle mqamlwerﬁthgrg@r caroriesulir Getmganitdds Int@gctions with serum

ﬁ{}ﬁ&)ﬁ%%t@& rfolﬂa[ﬁr%& C\QM %yssilf%[dn?g &Bpgglxél{hzs%ﬂ% s@bilizers or modification

cat
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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of charge, conjugates can be readily made with an
apparent surface charge near neutral. By nodifying

we basgzdoyr oups on the pol yner, serum stabl e pBCT/U8108%076202

can be nmade in which the zeta potential, nmeasured at

pH 9, is between +30 and -30 nV, between +20 and -20

21 WO 2008/ 022309 PCT/ US2007/ 076202 nV, between +10

awd betJV@eﬂMO A4 -etyeen ba%eands a1§1 MV vA ¢ pﬁl 77 thetB€chBB of the
ch arge of the conjugate woul d be expected to be nore
prodigaicveoulh & crecis 19 be Neqre PRl vethap et alir% d¥e charkrqeurface

&}ﬁrf,% ﬁ'ag@nfﬂcgﬁqact(trqgHﬁfvefyrbf%giyh &édﬁd@é %Q welgot i de

conpl exes i n vivo. age A age or
linker is a connectlon betmeen tmo atons that i nks
one chem cal group or gﬂgn interest to anot her
chem cal group or segnent interest via one or nore

Adinahgmr lbldmtdls a déonecemhthWe¢n v atorkathet ben ane whauitalgroup or

nuc ent t 0]
%gr rr%ttt (8] olrtll er 9 ?0 'fmot}ker cEemlgal nec §egEnenP gtle Xléer% % via one or more

mylakenwoaSS iFot ﬁxampisd a@hbag]:(damn&rme@laqw@mmlbotrmy)r aaskiggigent to
ato in.the nmol ecul e. The |inkage .may he .
bR E® otk St &AM Rasg G Fofen 0B b E G gie @ single
mbREWe or Arﬁa@\t@nﬁdc’otvﬂ) QA6m$ abiht €arhd MmsREEe.ClhatlRkige May be charge
reversible or |abile bond. A |linkage opt.l onal | .
P‘H‘EF‘L emay RS3h R RS NPREY pefRrge: A Vef@&aﬁ@ lﬂ’gf‘%%@ﬁtams
tch@sibWoor] 18biesbnat ANBnkade FRAGRHoMMY ihdhidehe Epa@&dthat 1ncreases the
flexibility and/or. length to the |Iinkage. Spacer

flinapasdhetwasiythegive 198gd oMt idnineed nay: Iatlwﬂ geobiby, andor length
R 8 Mhlkagkd SPERHPRay atdﬁycre?/ but94r0 US be alnYiled HOOHRS! groups, alkenyl
aral kyl groups, aral &ﬁou ps, aral kynyl groups

EREN, ékymlgéwwa%ylcgmtmt Aralsibeignpsarelkepid e AL HANSYNYA gEPUDS,
beh F Qaxalcas con%gﬁl%ﬁé o%gﬂé%te%a?omswgﬁd héff}gé%’alek rshpta&? g?Ju'ios are
and the preceding list I's not meant t mt t

vl tkhewn jimveneitomd the prepdivedist sl wotoneanhl Ihentbthnoscm@ af the
Goval.gent bond other than a coval ent bond to a hydrogen
atontthat i s capabl e of being selectively broken or

cl eaved under conditions that will not break or
gl S S hFarbilg %\OII?A Snat cogglnlgtsbond ofhe thI% acovd n%%%tl(? to 'M%}rlcﬁogen
SpECI i T cal y, a reversi ¥ or I's a

ﬁom&hﬂniabdﬂdofhangh@aheﬁsbsﬂmmbedémhéum@ﬂymmﬂmnaﬂhyyﬂlnm

b ST B e A G sl MR Peci iy vt
bolaise hond 25a bh@leslamdnmhtag WsestaliTk etamagﬁyﬁatmaallwbﬂ 6re rapidly

t hi ma resul mat i on  of
ERRE%& ailyhﬁt‘r%: EIH’Pé%P“aF@o%/O“f“ﬂ{%%Se %ka‘thre‘bOItlﬁbl[erFéW%tF‘tt bonds in
fhk e@aM@ dGole¢uld. abledviaky 00fa abﬂ@@aﬁh wsthgeBahdlkdle dagCildsiBeth the
.n ternms, of half-l1fe (t of bond cl eavage, or the
frmetignef (e e moregRolReH!¢s- %?r those skadian the apj deayage or lability of a

£¥dahegQRAlly Iagast§edaﬁeeraaeﬂaaltlh@gwbﬁam cRBERE, or the time required
condi ti ons hat cl eave one and not the other. Two

96 hel§ ohhe bopdso géaredl Qsthorengbhends iafe hangs thahglpgve |undescordjtions
@bt Gl 3@\69& Snd bt %edcﬁlflér nedo S&}’ds LANTEREeR SridddohRifkh8F half-lives

nore ferent from one anot her.
of cleavage in a defined environment are 10-fold or more different from one another.

Thus, reversible or labile bonds encompass bonds that can be selectively cleaved more

rapidly than other bonds a molecule.
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Thus, reversible or |abile bonds enconpass bonds t hat
can be selectively cleaved nore rapidly than other

whewds2230n0l ecul e. 22 WO 2008/ 022309 PCT/ US200F¢DUSA02076202

The presence of electron donating or w thdraw ng
groups can be located in a nolecule sufficiently near
the cl eavabl e bond such that the electronic effects of

*rﬁbepl%ée%é Bpaect%%ham S witdr ARV RGs B4R chBS I8 Rfecule
he rate of bond cl eavage. El ectron w thdraw ng

@Jff@@gglﬂ E?B)th%lcl@a‘éabmow Syshir that 8F eredteaisl @@eCtSh af the electron
M\Anfaﬁﬁ’g’ @r\%lﬁid%\llﬁé)é}o{?&Q%Jeﬁ d e [Qte’sofad%ﬁ& E‘l%{wagé %CUQIQ ijthdrawmg
part of the nbl ecul e m%ereln here is a decrease In
@10@1@& fMGY ens ptops qroparty eofbmﬂlacms hat witbdrew (dention)density from
510%1: 5891 g&ﬂaglj ]gi & Q&%@e&u%eréh Thedd Qqsdeglreasgqﬂ L tR)fn éiensity
nDIecu es't onate electrons to another atom % ond,
wrthpdotd of intdrest idnecu Eecire deiating ghepe (FRGharei steneaspats of
qnﬁﬁeg&lfr:so%ﬂ? r%oﬂn% e E‘XG%CLI‘ nsf,Jl v?nearr]lgog nro %tgf bg&dg: gﬁtprg %ﬁ élg CeixR?lec%eewherem
tharecik caeineeaad elgotrax idensity td ehebbricof inndrést€acentor). 10he electron

Wb s g tRing R bl a0y b S0P Ry 5, P igpence.

ahich andpicdligaviegeabiost 3 Bondn 60th P bt Riebckeh. onal gr oups
into the sanme nol ecule as the | abile bond. The
proximty of functional groups to one another within

Anéfﬁérefﬁl*éte@?r o inkRaskiC het AR of PéddadBdvesditsado meFHdra@Nfuh&ional
favored relative 15 to an internol ecul ar reaction. The

giowss o e sme pakeyls ﬁ%rhed%lﬁﬂ@n@ ol hsriEo Ry RE Fungfiqnal groups to

biGanofi®} Rfikth & AL uldal ol 86dh th@SMtkdmdiRulaPR@thoh iDEGBRE relative
concentrations of the functional groups. In general,

foriAntamadesulanreagtvl cThegmeximfte Oﬁ{v@ﬁlqmﬁlrgoupagﬁ@ enogagiher within the

hlﬂfegﬁlé‘f@éﬂaﬁll@fﬁ& EEACH IRy hidREAGhEE: %@%éﬁﬁ@foﬁ&leg%ups. In
atons can rn1part|cu | abi | ds

m;pgrat olntritfgolecfudﬁrmﬁ@qt]@m afc Bugnhdnoge megha@dmﬁqrmglecular reactions.
i nel I

SERISL LG8 SHRLEEy, SXATRE IF YA AR0 BRLIRINIE o

frpatholof 5 anthibehanbeodrringisphiitoraditers E@zrmpim lneisda Iwvinglrerboxylic

g’c‘? erlv {we% lﬂac? r&&§ I A9 es?gnet aﬁgohofs th % rgﬁx Fﬁc%{nds Qr amines in

|C ‘and’ car ona € es ers, % g
thblwine Gﬂd}lanﬂi: rﬂcﬂlr@ E)gbﬁl@ir lodmskeoesteam cdldﬁ)xylﬁt emd carbonate esters,

r ctlons can al so Y
HENE RS R oG R e Bbe g AL ERS o6 A8 G P BPey e rln also
Hmpgaméckabgéembmﬂdb@ﬁw are well known in organic
chem stry. A |l abile bond can be sensitive to pH
oxi dative or reductive conditions or agents,
hppBgiad titiohdble RIAGRBY bRklicoRpe bhBLIRY BHANGEE aff walknown in
enzyme, or the presence of an added g%ent. For

@%%F@mlw fdpbilehopd refebe waiidye o pH. exigptigor rdusivgieapdtions
&aa\geﬁx@ t@ﬂnﬁ@ﬁ(ﬁﬂ: sdlf‘cdnbﬁltlﬁﬁ@rﬁ NCHeRhicd SrenaRpfRR Ok resence of

I n anot her exanple, increased or decrease
R
¢ agrat. tFigi cxagp o sPIa Berigpdter. o sackbrida lipkers ey |b@ Cleaved

BQHQ% eéeﬂcé’ @ftth@%(l;}ﬁfateee)ﬁ%é € aihed @J{dnylﬁe 11?0%59 6r%§reased pH

e the approprlate condi tions for an oxidativel Yy
ma;bbq: the ppprapriqticgpditions 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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anot her exanpl e, reductive conditions nay be the
appropriate conditions for a reductively |abile bond.

wao-orosiozespance, a di sul fide constructed from t weCHIUK3007/076202

thiols is capable of being 23 WO 2008/ 022309
PCT/ US2007/ 076202 broken by reduction in the presence
of thiols, w thout cleavage of carbon-carbon bonds. In

bldk& @X@mh@n mtth@p@%b@@mﬁ@rsb@nh&@ BdSva8¢ 6f &%nlcamoh %onds In
to thé reducing conditions. The rate at which a labile

thisoupmilic] the epvlrar grebonbandstape et lplpile te die reducpigiserdtionsd by
altering 5 the chem cal constituents of the nol ecule
containing the labile group. For exanple, addition of
Pl tatecat March@hlebiecapupnipillemnidergo (rensgormatpreeanrbggorfeadiep by plicring
it c%&%f&lslorﬂﬁ i Q)? til@ dl&uleg&%)ltIdeﬁ%Qheai fbﬁ@ r&ﬁe For example,
particul ar condnt i ons chF chem cal
addatnmfod patitularnchemidal moictesr(e. g:L ©lemmneaccu¢p@<$s olaah)nomin tigair the labile
grﬂogp Foa{élvagfeétl %: gé{r%caar coBdlgonsb(g &4 p%[% un?eé S\’xgn h chem%Cﬁl transf%rmatlon
wil @cwl. e, and all of the reverS|bIe or | abile bonds
are of the sane type (cleaved at about the sanme rate
under the sanme conditions), then the nolecule
poRtalkNSnrsshtinpdne of edves &bé}klble@f 1dbdb bbl&isbﬂlﬂdﬁse thhi oﬁmfeeermble
ile ba

e reversi.bl e or I )
?I‘Dat@l:‘?&ogd ISR R thFé%?cé‘ %Pqéi %erfn%Po‘eYeéSl gﬂg? féonﬂ‘? are of the
ghinfe§ @pERMcal dPR LR ASEAMbTat8 |uhﬂ@rth@§hn{e%n@1ﬂ9ﬁsg’ AhéPdhe molecule
conditions for Iablllt or the chem cal functiona

g6 BYItPIRECYersitls prlabilmbrayls. f mere Ak orrorcetible or labile bond is

%@wnaime HALARORR] the %\ee&ssm@ lo 18F1¢ bakis! e BPE@Rrent types (based
thogonal reversible or Iabile bonds provides for

eifher ab ﬁheu gppropeate |cepdidons rer taw;léy of theeghemagab fuaciggnal gopp ef the
REMCb AL Gl R HONGR CSREANGhuloLBR Ay kiRl SoRRNriogonal
not cleaved or broken. In other words,
sersibleanr dabale by prmefides dorghe #bikity e eleae éyp@a)nﬁ rdyerSIble or labile
&Ln%%qlg I%QE% a sg&ﬂ? lt}épe %Plsévgljgl@fe ofld hgt‘%Ye%Vém b?cflJ@E.rIn other words,
I ntact. rotecting groups are we nown i n
moglabiiecbomﬂe e whygonalrtd e@@rmherrséomqah bgolkvalecdomderscondigons that
‘Se Ve th% ﬁ{hfgr 1ntac§ Idéglég%]lgie&%% é’ro%}o%%lr% %glgggog\%ﬂ lrra qq’gan‘rflcbl Ieglistry
anlcomptisr @thogenabib@ldegous t o t hose encount er ed Mﬁthln a
manmal i an 25 body. Physiologically |abile |inkage
groups are sel ected such that they undergo a chem ca
Ak ansl beréimt & @hydidogcallyClabity B@R) is BhRBilP b&l‘&ﬁ‘ﬂlht isncleavable under
certaln g i ol ogi cal conqltlons As used h

cRAiersp rﬂ%@% FRAcByFEd of gralogens & BeteeneQuniery Y?S 18 ak}B?}Hmahan
bouRt PhySioldgRRNARbRe likkade Erotpyarakdiatedisué @eahdyulm@Ergo a chemical
condi tions. Manmalian intracellul ar caonditions_include
SIS ERRATQIAF- S BlNRNAES THhen SErs st scosipin Dhytelagisy! gprditions.
oxi dative or reductive conditions or agents and salt

concentration found in or anal ogous to thos
Ahatdnicsring pPHlula mReliolagicadl) Ipkile bagd gl lpkils bond that is cleavable

{nﬁfef %ﬁ{nllalﬁlaﬁl nt&@&gﬂa{r' (,Q)Héltl@hss %érﬂﬁ&lﬁqem{rﬁ%llﬂﬁle é&ﬁlﬁﬁ)ng include

enzymatic activity normally present in manmal i an
chehiicat priditigs fychres pHotcawkspturg omdahxﬁdqrabciucnte eondiigrsor aents,

and salt concentration found in or analogous to those encountered in mammalian cells.
Mammalian intracellular 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 a
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cel lul ar physiologically |abile bond may al so be
cl eaved in response to admnistration of a 24 WD

wQe®802B3BB09 PCT/ US2007/ 076202 phar maceut i cal PgT/US2007/076202

accept abl e exogenous agent. Physiologically labile
bonds that are <cleaved with a half life of |ess than
45 mn. are considered very labile. Physiologically

%@%b&u@&ngsa&aﬁbh%g dg%h@@vsgénw Mysﬁldg%ﬁy Ilaﬁlr@, Bénds Bt are

han 15 mn are consi extrenely

dpraidl gth & hathEfeorfniati thn 4T mémvay éonéﬂelieﬁ é’elyallﬁblllee Phpyilygically
ﬂﬁﬁfe Bfdb {Ha{ ér@tc%gvéa){vﬁﬂqa?hﬁf{ﬁ{feto'f s Bbn &5 m1n are con51dered eilxtremely

g’arnaceutlca y acceptabl e agent to the cel

bidur spont aneously when a nol ecul e contalnlng t he

| abi | e bond reaches an appropriate intra-and/or
extra-cellular environnent. For exanple, a pH labile
memnﬂamtiela@mdewﬁ thic Hebilabbieh mhag bemtiested Iynthd @ddition of a

%armacgutlcacﬁ na%g%) e a errllgzig ot?lreéchll 3 magb?bcgllfrb opoayang.)usly when a

mbhanambmah0@d$enﬂywbmnmlmaﬂeﬂamh@pmmmnessﬂlMﬂkenzyw&&hﬂm

P ey BT a0l bR oo whise B B BAES b an

uxhﬁﬁed bedos®heCTHe, empHeilbile hﬁnd{rﬁnm lbeﬁd@lfsldlé@detﬁ\ftter anRRdvsomal

| cyto Ias u de na
F‘a @P%‘Ll Ef%e/ raeeﬁaave@e c?BPfgs‘PﬁYc becqleay e,(i‘}yihgl %i‘c?ﬁ ti gnzymes such
&%th)s@ Birdsént RONHin dOomesR By sB&MRI db in e @ﬁobl@ﬁh |A€d1*§1€ﬂﬂd§bdrﬁl nday be
| abil e bond that is selectlvel¥ﬁ broken under aci di

elenvad them she(pplecrye ertgre thendergdcthgipeangisonsent et thegell cytoplasmm,
ERAO0S GIRHlYmay B GdONRbe aTlyRPRsHRIdicaCiMlOsREES and

| ysosones have a pH Il ess than 7. The termpH labile
i ncl udes bonds that are pH | abile, very pHlabile, and

ﬁ?ftlib?l p,kk Iu?eﬂ heein pbphalgﬂ)ﬂeebon%g) 1p9r19rﬁler@%d t{ﬁat is selectively

sel ecte ron1t e group conprisin a) ketals that are
bralsén wnden agidicdiondidingg (diTiventush (i § @ay alsode Prmggr engoggmally

I
faﬁﬁ@F Z%15 ts‘i’nce cE%lmen Sgﬁlgg arfd' so%mlﬁgst IQaQ@ IEI (fﬁe 1R tﬂﬁg IZS %FBQ &rm pH-

ar e I N acl IC environnents
@b@mdudﬁlbamdﬁylatpm pffbtatnle a(e]dqp(ﬁ labﬂﬂj a@e;@ﬂed}@h@blabﬁﬁ pEl)labile

j Labi.le in acidic

Eéonn\g1 i rohmen etlec e? fﬁfg?th% uﬂg% P}HSH& eater than 4) to form

an a}ahet:lietmmie dabilalirdetidid envaronaeike {(pdhiess @dn 7, greater than 4) to form
S|I|cqp gggq carbon |inkages that are Iablle under

aci dic¥SRATEFSRS,  e) silicon-nitrogen (silazanes)

| i bKagedss thane: I&l)ﬂe&h latidi@renCiasnp@nts| (1 kagean ¢ agrydtsd thad $o form

i dc BRAe S gEREE: 2001 rom mai eic ahydri o
dekh Wahésv@Sin@ilms that are labile in acidic environments (pH less than 7, greater
than 4) to form an amine and an aldehyde or a ketone,
d) silicon—oxygen-carbon linkages that are labile under acidic conditions,
e) silicon—nitrogen (silazanes) linkages, and
f) silicon—carbon linkages (arylsilanes, vinylsilanes, and allylsilanes).
g) maleamates- amide bonds synthesized from maleic anhydride derivatives and
amines
h) ortho esters

1) hydrazones
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amnes h) ortho esters i) hydrazones 25 WO
2008/ 022309 PCT/ US2007/076202 ) activated carboxylic

wa@eood/oeh3pe vati ves (esters, am des) designed toPCNT82090076202

acid catalyzed hydrolysis. k) vinyl ethers 5
Organosi | anes have | ong been utilized as oxygen
protecting groups in organic synthesis due to both

t h?) £l rbai%%ﬁﬁ“ atd ‘a@m(a@ifvest tbetefsl ROy XYEEN S ABGBo acid
| i nkage) and t facil removal of the protecting

gr oupFa é¢h%EWM$% condltlons For exanple, silyl

etmz%ﬁ]Qﬂ%r silylenol ethers, both posses such a
age Sl i con- oxygen-carbon |inkages are

susceptlble to hydrolysis under acidic conditions

[ I I JThe
O R BB TRef o PRn PRl IE sl pn & i gy
dar o dothcthn ean‘efle(ptepallaeorr it ehmilllcdnyuygery@rlmndu]kage@ and the facile
electroni c effect

S d
rﬁ:gseg?lbolfﬁﬁ yrotec 1{1% Igroug %nﬁer acrlcgl éorbalftloﬁls dll"or exam e 19;1[1 I,e]:thers and
slyﬂenokeﬂ}emxycglepeﬁarsbdna hmkaga@dlcby-o@y@n@amgn llhllelges are susceptlble

ut | t t | coh
B REBR 1B%sBigid boTiion’ T ad SHRSH i bl PrdiLbE o, The
cdesitotech ah foedi thel fli@uditbinoimd tbadlgedl ofirbsie@ed iaffect the rate of

ERERR 46 Rse PR o G e ey B e pihglpf ine the

RENPOMAIEL IS Bf &B@ﬂﬂ@n@myge@rcarb&e ﬁﬁltdgwbtyyoharkgﬁg ﬂlb»sabs‘sm@lfon on
a silazane | eads to the formation a silanol and
gither the Ogamaszla%éhea%ohd PhEpPEkg V%W%ang (Fa¢ elsphadte f%ltate the

MQE@M&{ $n Ld¥@Ronl alat«g%e 0P Ieabt%rgr&ff))( gQ6 £ARAA Jr lcms@,%@ate may

0 however, the rate of hydrolysis is increased un
'afz:Ilalreé f@otheﬁtlicemtonrrw@l@ue@tfwﬁ kg Ehilo sompawd tigh charge and/or
§&hvg?n atom and the am ne can affect the rate of
hydrolysis due to steric and electronic effects. This
allows for the possibility of tuning the rate of

g%@%g’glg%lfﬁ Sﬂ;Z&BQ Eadi{eolrljhié 2(29139% 8#@@1%1’1%9 hﬁl amine. Sllazanes arc

stitutiron on elt con OI‘t eamne
I‘nbtm‘e]htlﬁ atoge tSimeeptithles i dgdralybiecthan 26 than s;htmlromamzalrl@nohnkage

b t.h I
e? ever gl%)n gfe Qt%q%/gr 51s is ?I%cyevﬁed 1hnd%>r acl 19 gndllt%l?l%on g sugsntunon on
bethaah/eesjlmlmmeasrdsmd)mhet freins tcan effet el mfe dhiey dedydixo dyel to steric and

eglﬁc oggnq"%]ets eiﬁglall?\g Bog&ﬁ eB@fFI%g‘?% 8 'ﬁl eas %rateﬁgéh%%alngs of the

sijnhb @gi chedbifg 0Bs(Bstingion ehhether, thh aﬂﬁorh aI thel dnvies t0facilitate the
rou%@lgyZ mn at pH 5. Anal ogs 30 of et hyl

dSFEFOHESENYl et her, which may be synthesized from

phenol et hers, have hal f-1ives

Another example of a pH labile bond is the use of the acid labile 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 B-haloethers, have half-lives of roughly 2 min at pH 5. Analogs
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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of roughly 14 mn at pH 5. 26 WO 2008/ 022309
PCT/ US2007/ 076202 Reaction of an anhydride with an

w@eionm2f30e ns an anmi de and an acid. Typically, PE¢EUS2007/076202

reverse reaction (formation of an anhydride and ami ne)
Is very slow and energetically unfavorable. However,
if the anhydride is a cyclic anhydride, reaction with
RE‘acﬁQﬂ B€ an Séhﬁ}lrdﬂﬁle ayilPhRGHER foPm¥ah Ghhiddende i 48d a?_ﬂpi&ﬁ‘l?, the
acid are in the sane nolecule, an amde 5 acid e
Fov s Freetionr (fofaation @fen jabley dgide apd apimey i ISaYﬁl’ﬂ elognand ppsrgetically
GERRRaY. 'P@ov@e‘%ld)lf {h@ efnﬂ?drﬁl%ni? a gg&ll@%lﬁﬂllﬁlrlﬁ@ %L&f‘oﬁltvﬁﬁl 5 8mine
reverse reaction. particul ar, product
preidprarnyolegulanimswhigh th¢ mﬂfem@d ﬁlnwdrarden ﬁmcﬁamalr@l@ule an amide
' . . . ) : )
R ARE RRSEERE A SRy TR i€} Tye pREELAp 8L e same
whioulg tasceimntcsythbircvemeaiewiuesln(pﬁrtﬁd@jar 19 80)ductl Of primary amines
QECta elc Chf dr1 de altn ma?lﬂc én%rcgﬁb%elil aglves ma %mfﬁoéc%]s reﬁerbb%k to
Rﬁlne ram ah-l@dRBe aK le to11x20'3 téneR fi’steRethmt itonomf clanamiigne (Kirby
@8&) a cyclic anhydride to forman amde acid. OO0 |
RNR RN + o H o RZORZ 15 O eavage of
the am de acid to forman am ne and an anhydride is
pH dependent, .and js .greatl| ccelerated at acidjc
pH. Thﬁ%ﬂa‘ﬁﬁnﬁé%ﬂﬁ‘é‘ﬁfm éﬁ&‘t‘}}%flﬁ‘i/to ant Hba“é‘%l“ Pégid o
form reversi ble pHsensitive bonds and Iinkers.
G s acon|t| cOaC| has been used a?sms ch a pH 20
SGDSJI\I ive |i | ecd®e—The y boryirat €' i s id
upl Bd t R m9| ecBte. In a secondR step, either the E
or R carboxylate is coupled to a second nol ecule to
forma pHsensitive coupling of the two nol ecul es.

The half life for cleavage of this linker at pH5 is
bet weenReaction of an amine with a cyclic anhydride to form an amide acid.

0 o)
R, -OH R\N R,
RNH, + o | —_— |
+ e
(o) R2 H O R2

Cleavage of the amide acid to form an amine and an anhydride is pH-dependent, and is
greatly accelerated at acidic pH. This pH-dependent reactivity can be exploited to form
reversible pH-sensitive bonds and linkers. Cis-aconitic acid has been used as such a pH-
sensitive linker molecule. The y-carboxylate is first coupled to a molecule. In a second
step, either the o or B carboxylate is coupled to a second molecule to form a pH-sensitive
coupling of the two molecules. The half life for cleavage of this linker at pH 5 is between
8 and 24 h.
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8 and 24 h. 27 WD 2008/ 022309 PCT/ US2007/ 076202
Structures of cis-aconitic anhydride and mal eic

wardvpeizde. HO 7 R2 R3 0 Ra 02 3 OO OO0 BCDUSH0H076202

aconitic acid mal eic anhydri de system The pH at which
cl eavage occurs is controlled by the addition of

chem cal constituents to 5 the labile moiety. The
rate of coRuESLOSr A ad¥hiie aMlyAridCifiSndIQc aiMyaag.. and

mal ei ¢ anhydrides is strongly dependent on
substittion (R2 and R) of the mal ei c anhydri de
system R2 is nethyl, the rate of conversion is
50-fol d Wi gher than when R2 and R3 are hydrogen. Wen

there ar§ al kyl substitutions at both RZ and R3 (e.g.,
2,3- di mal ei canhydride) the rate I f eis
drana@ fold faster than non 10 7 tuted
mal ei ¢ anfRy@dyi de. The nal eamat e bond fqﬁ f t he
nodi fi catjjon;of an amine with 2, 3-di met hyl Rate

anhydride is cleaved to restore t he anhydri de and

amine wth a half-life between 4 and 10 mn at pH 5.

It is a¥fonérpetfied that if R2 and R3 amelcgranhypdside [spstayer

t han hydrogen, the rate of am de-acid conversion to

anine and anhydride will be faster than if R2 and/or
R i @t Wyidii clgenage d&uldds yorpidiibdby the abiditick o chemicd] constituents to

4&H—Ia ile. bo has a half-life .fo cleavgge at

I BRITYA5 i H©C PheORERAY GEMalHR™S 298 y° 6ﬂ1$eéb2}nldemalelc

hoRasdcs Ss Webdglk aqwnddnn oh habgineith GRF aadl IR*) oEXHer @ARIcYanhydride
pH-| abi | e honds: extrenely pH.I abile bond has

Wétefn Whea Pf &t mEﬁhéla\hﬁd%te&tf C%eﬁmnss o¢-fold dighenfhap W%e%r# rnd R’
B ehyReh ! WekdnOMheRf afX talk§MauYstidiltohabit! @oﬂbopa?d%na SR® (e.g., 2,3-

wel I -known in the chem cal art. Linkage of
daieyiied demnhpdided tiso Fyratcraps s drasvatiou $0-pR%fals §astesthan non-

Qi%kﬁtm%& Yna@eflc Q&lyﬁﬂ&’&'ﬁ@tﬂlﬁ@m{a% Gl Bril@VRorh 8hd REIMBADN of an
5 conpl exation of the anionic nucleic acid with a

@ramp ovithc2, dimaflsipalgigenhydside s elgavgd dardsond the aphydyide ang pmine
fn 5(1)15]1&‘ fel Beﬂbé%n 451'113@6 ity %tg[ﬁ—t 5 &98 ! en}%‘?&i ﬂ%ttlf]Rj a3 are oups

ynuc eotl . to aggregate an
b@o ﬂ@nlhad@een ﬂch@temﬁ armldue phy stokogindalanso andi awhgdride will be

faster than if R? and/or R® are hydrogen.

Very pH-labile bond: A very pH-labile bond has a half-life for cleavage at pH 5 of less

than 45 min. The construction of very pH-labile bonds is well-known in the chemical art.

Extremely pH-labile bonds: An extremely pH-labile bond has a half-life for cleavage at
pH 5 of less than 15 min. The construction of extremely pH-labile bonds is well-known in

the chemical art.

Linkage of polynucleotide to polymer
Most previous methods for delivery of polynucleotide to cells have relied upon
complexation of the anionic nucleic acid with a cationic delivery agent such as a cationic
polymer or cationic lipid. Electrostatic complexes with larger polynucleotides, e.g.

plasmids, tend to aggregate and become large, >500 nm, in physiological solutions.
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28 WD 2008/ 022309 PCT/ US2007/ 076202 Smal | er
pol ynucl eoti des, oligonucl eoti des, because of their

waemBl2sdze, formunstable electrostatic conpPERES2007/076202

with potential delivery agents. A nore effective

met hod for packagi ng pol ynucl eotides is to covalently

l'ink the pol ynucleotide to the delivery vehicle.

kluRy eﬂoryneéréerdarremgomréoneesp%ydﬁer op arblﬂ grlalrb Isze t ﬂ)em unstable

activity o polynucl eotide in the have

¢lexirontatiy &PmB]VX%t ik moregtlﬂlh@IwWymerse& mée teﬁethe method for

?&l(é’gﬁﬁ{ pO\H’IﬁlCQOﬁ(ﬁg ?sﬁ%'c@’lfael ntlly'lﬁllg %l Ilol ﬁﬁrcl’e@tuf&ﬁ@ 'fh%fheﬁlérf Lehicle.

nucl eotide is dellvered to the ce

H@\s’e\rebl %tarlment:l@l thg @plymar famiohibtrikd dopivide of the polynucleotlde in the

R ML 8 Bl By uiBlie P pbiKRcolE of BYBLERRY B s repersivle

hlllan$lfa©nsrrhtoil<an a(t@ e polyhedusige )is vlbief[eregirtestbe]tcell nit is possible to

éeﬁ{\/fe aloﬂrfrlglﬁ ona y % I1V%?%ql¥n%rcll%?t1 Iogzdn’f&FTgw%i tﬂehrkgc%llglepg%(er is

m}lc;erlumtletdihtl 1d&ndergoes :ddlelmt@lﬂ yrarmfornmndnr @ne chatigepwhen present in

hances ... del i very of .the nucle ide to

S Ty SROE e G feptsm R B G PG s

Aﬁllqhﬁﬁﬁt, oby pfbll}&lavla@&leab 4 leliveey er $rle|ﬁlbe~1nl6%dve polymer enhances
C|I|tages ﬂnt t|on L the ol nuc# Otlf I n

e%(p‘l:lrt QPY éﬁ“ec ‘l T S? gt 5 PO ?P“digrom the

% Bl b¥ cRAvAS o qJeyrev&élaenabﬁ@ sracﬂemlee Int&@dtiod &F YheQfolynucleotide
er nenbrane i nperneabl e nol ecul es  or nol ecul es

wﬂr Hre|apRiopEh FAMET BUPRABENT [ #§HVi%n be delivered to

cells in vivo using the described polyconjugate

delivery vehicles. Ml ecules suitable for reversible

bt addidterdn polyppclegtidas netherndelixgsy iof ethpiomgmeiens weegrgeeble molecules
8\ 1951@&&1% w1ﬁpl0lvbrﬁgll1ﬁ§ne @e@ﬁlé%ﬂgy c&l 9&9{@%@@1 to cells in vivo using the

transcription factors, nol ecu drugs,
dasetied rpeg'pordrg@gﬁsdehaw Vehlhler kéqlwlvetsmtablez‘or Kepéreiblglagachment to
ngl e ri
5 fhe ﬁﬁlaﬂg n‘%érlglr%epl)l ﬁltgrr ?Tl‘éaglg?é E)Dcﬁéelgsﬁ gﬂlﬂgﬁfa%s o njé@o%gﬁ%lgmems
mnscmrempofaymr snmﬂammukhémger amicaimer ofrugsn and other synthetic
%Bl%cuclg cﬁlﬁ% se tﬁ&l afflect\{rla\r{spcr1 {“:f‘ol j very vehicle. The
escCr i ecu ar conjugates are essentially
polynerlc and have S|n1Iar S|ze and targeting 25
Bﬁ ertle 1S th t observe orlotze{ Eol¥ners. For )
PPRGAS EL M “‘Eg’y‘é?ll% AP DEECHRIE FTOIPHE 1] & HPeT e &gy er plymer
babrblie foemaloass atn%pﬁipdﬂblhedm'eahn Baordetivery Rfembl@erhe described

C arenchymal cell i nterest. The ] ar

‘llh‘pF?‘%l“%a et reé%entllsllﬂ Belypgrig H‘@Csi DB 15 ana targeting
p@pémer ds OGE UBseivad thi€othérViglym@f R dpavavadtuRY @fyaeR) delivery the
di aneter of about 100 nm_The trans-epithelial pores

YRR prss 190G RS to gipes the edlodiglia! paiirier ipgydeg re&ﬁepaéemhneeweﬂs of
fndat ek ldﬂg@s%ﬂotlﬁ@hadl@%frhebﬁﬁgle@ﬁr the éldBHl@liél b8 idh ioedur *the liver

has a | arge nunber of ores wwth a radius of 4

#ih hagpan avorass dingietss of alpouf é%eanlreetsanSxﬁprh@hél oy iy §ther organs
49 nﬁrgh @ﬁl’allel‘—l'l%r %l(aqlﬁ)lé)fmllsa@ eH(thlYéllHﬁ:ll cgﬁ)l:)% ﬁ(ﬁcr‘ll@e'd'agg s¥ucture which

vehicle Is al so |rrportant for he ce [ ar upta
bﬁS@de@S nuigedr|ofj bmpll pereseyvitla b iradasi @ ¥ nih rapd, g fove perolesy 6 Birgs pores

%V}:th pa(allgh(lf E(p (pefml 'fﬂe $9e LP tl?eopakﬁl%?e%ngé d@l%l"}l véile MMaiso

di anet er, e St ze of endo
important 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
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29 WD 2008/ 022309 PCT/ US2007/ 076202 vesicles. The
descri bed conjugates are | ess than 100 nm nore

woe@BeenMy | ess than 50 nM and nore prefer abCyUB®8%076202

than 20 nMor less than 10 nm Renal ultrafiltration
is one of the main routes of elimnation of
hydrophilic proteins, 5 polynmers and polyner-protein

QRN @rﬁ{ee&scfrfb@m&iﬂsg@fés M&@%ﬁh@o RAT AR RER8H/ 186 S0 nM,
this process are chem cal composition, size, charge.

@dopur arcfartdy pnidan 2 gMdor iehaambbyp. 70 kDa are

| argel y excluded from cl earance by rena

ultrafiltration. Conjugation of steric stabilizers

Bengh viimfipRdon tihenefobdrle m@'@croel@geé‘ etli@ri@ﬁtionIédrydro@bilib;proteins

P e ST PR PR el W SR, Rl Bhe BUTRS Serecing
thistfmockes arotleoudad comisgion, dlmrgehﬁbbslak@atenrs layg¢r than about 70
{dg"h aree %{;gegr gt\%@ulglg ft %mt Elga{r!cérllctnerbglt %:ga qfrafp F C%G’ocr:llal l%onjugatlon of steric
thllnzerﬂ)sheh P13 @EG\[\/ﬂlegdfbre,eck@%das rrgnaZB @leaﬂaﬁ]&, byPmGreasing the effective

Fuls SR e o Re b Rhalohe) SBERde B bif ey pros win

bicellart Negiavieral thars 8 xDaiis nbtatgested, Retile amefiltration WDREGs in the

| ar ge . about 20 kDa,. or larger than about 30 k

aree %{86 d;]?[pae‘d gOY‘ﬁ“eé‘ﬁﬁi tF"r BRlepyargéey &in@ecw afy&phy Cee%g 30

ldbzl r ek | dlindhdtion, is adiamNtih BASRcEREE C Bbre thie r@ldn, C}flasﬁed polymer-
yner .can pronote accunulatlon into _perneabl

mlwﬁ@gtl csipanysaes ingvhithdhe pnpralizeinlaggey har pltoah KuPa, targer than

RRUMBRKDO R #gk: HIRh &Pt 00 KDARSGARFSEY. IE%aﬁﬂwoed&ﬂe%g kidney

20 The term pol ynucl eotide, or nucleic acid or

periliradoneias ingegass molecue pesight of a aplymengan premeiegicgwnulggion into

%an)éﬂﬁé tlgfqgst %'uai Q% ttﬁlﬁorg W{hetﬁ@@slw&{h%ﬂéeh%ﬁneatlon and retention

ucl eoti des are the nonoreric units of pol ynucl eoti de

pethpmsins.  Pol ynucl eotides with | ess than 120 nononeric

units are often called oligonucleotides. Natural

nucl ei ¢ aci ds have a deoxyri bose- or ribose-phosphate

backbone. A non- naturalibﬂwsyhbhﬁﬁic polynucleotide is

?heD t% 1‘1¥ p?lcnuc?eoltl og' H Fieid gmg ? e{cI azc?dd 1sI ante%/nll rf Rt repers to
el ree systémanda. contal T or si

b@sbﬁwbumnmnmgachmmamm1awhaﬂ&$oNﬁd0ﬁumsawphenmhmmmmhmnm(ﬂ

t he nat u se- pho ate back

POV GEI R bR o e PR RuB SRS, Mt U 3% often

tadledn m)illl(btﬁlcleﬁtldebl(E‘Naﬁial nudPeik )&Bid@ |he®at B dieo;tgmbk@o o€ $ibkdepMasphate

in the art inclu [ clelc a |ds?

%b‘"’r‘flﬁ%%‘ﬁo ot HgE{eY, Ob h% 8BRET 84 Y&H‘i Esls AroPYHYIcieRtide that s

poIgmeiRern vabi @Mhs ofl fich Rystén Rh@sphahetbaskbon @mﬁlfar bases but
native nucleic acjids. Bases include purines and

PoY PoRtR Adackbapg efp typg pthpithan Hie natyea! trlrl?ésen%{tda?wlbose -phosphate

RN B51yALERHIS, c&Wéﬁﬁﬂxesﬁé@ﬁhﬂ% ang Xh&wh A&hnid(@Gi khe art.
i nosi ne, “and natural anal hetic derivatives

Belymgheotidss bagkionsyr g | éhel ﬁlélla@léde pi¥Anr(eeptige nucleic acids),
f)ﬁogf)ﬁo?&hltogte% W%s&h&%lhﬁﬂ%eym 'n%'?pl{e)lllﬁgse DRV JIRACUAYSs of the

groups on the nucl eot 1 de such
phosphate backbone of native nucleic acids. Bases 1nclude 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
limited 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
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carboxyl ates, and al kyl hali des. The term base 30 WD

wQe®8/2B3BB09 PCT/ US2007/ 076202 enconpasses anpCDUS100%076202

known base anal ogs of DNA and RNA. The term
pol ynucl eoti de includes deoxyribonucleic acid (DNA)
and ribonucleic acid (RNA) and conbi nati ons of DNA,

:ﬂsgesoatn QF ﬂfé%u&vﬁdba@raqalégmmtmcm@ ! £ Ot A& poPyraNAotide
ma%g e in Tormof cDNA in vitro Eﬁ#gnerlzedlmwf

ot ¢poDNIRONyragie 8cigfDAA) phdsihpriciguciygit) andmembinagipns of
ﬁﬁIrA KRG, SR et shARERIBRgevect ors (P1, PAC
C, and artificial chronosomes), expression
vectors expressi on cassettes, chineric sequences,
0 I :
DRACHIL 2T bfor SORATRE 0D ey A pRLL YIRS B8 o
nlaymb@NAL gehaichmtenabdcerived SemgeriruRNime4iriRNA) veciors (R0, PAC, BAC,
rAtd’ %H@ C gfgf a}l %?%&?ggrlﬁ?sl) g)é%&?llogamctﬂsrqﬁmressmn calsTettes chimeric
qucéneasr rdddAbL{nsMRDMN, cltrbhOMﬁ]thWn(O’li@M)cleoﬁh‘ﬂ reti-sense DNA,

%ggiﬁgvr%? ﬂ@ﬁl%tﬁiﬂér‘?‘%gémf may 'gelr %t o 'o&%}ffsengqrm SRBNA), in

eznrto @bRalerigidi RICA SREbIabIeaS Rmnlgo@enommmwnsﬁmA (tRNA),

S prcint & TARGGRARHER Phoroms), R RN SER B s rrt-sense

RRAL inddHeRas R&Rdkng] Blfé%rlﬁ% RNRN@&)NA)Sﬂerd)le(mmRHE}ozymes
(shRNA) or derivatives of these RI%rou S. In addi t
PPN B ANACGHEY e SBIh GOB MERSBET eRNAS | (SPBRNG. Gt RN A

GRAAYRKhERSAL @ﬂdﬁgrs mQﬁH&i ﬁlmﬁI{IAFihﬁ,acﬁE‘}d ait] Hﬁﬂgéﬂﬁ)é fechanism),
st randed pol ynucl eoti d % contai n both RNA and DNA

oy n@rmrngc%mﬁ ﬁa@m&h@ oalhbaigitaRNAn@hdNAs yaitdegyatiyes of these
%ﬂgﬁé eﬁrpa(ﬁlﬁioquN%oarﬁ I@{LQQHA s%%lé’ QlHl%lﬁ q}lfr)l 'cﬁlaéﬁ'uple stranded.

ynucl eotide that interferes Wt unction or
Bryre e inéd flugdrur]ovtramigd poBinbd kitidg npw cynieio [bedt R Nid gndPYA or

ORL; c%ﬁlﬁﬂl%hé}k%@'n&%f’ R/ Q%ﬁhﬁktl@ﬁhcle& h&ly, Presence or
expression in a ce 17l t8r s e expression or function
of cellular genes or RNA Bl ocki ng pol ynucl eoti des

a h n nhi, bi he.functig .
{ir g%glfléﬁ %o?}l%g?lgoq%% Ny %/%ucl tl@F at#lgltRkI&e?feaes u\gft11 ytﬂ% %{mctlon or
offiAsion nf DNsAemIéNAeBE)pleng bolgznuc&mnéers ar@botltrahslixed inoe picin but

n. RNA can t hus .e ect ve {ﬁtb bi t. exg eSSI g? ﬁl
%Sﬁé’rﬁs?%ﬁwompéﬁs‘%@ ?’Si{h ?8’%%%9?‘1%8 DRON [ gguiar genes or
RﬁﬁeiTock&hgbb&Qkuoﬂ@u@@l yAue g0 e dedarmay dﬁebrfﬁhmfj e fhi’i\ﬁl@h or
t he is ris : t|- ns onucl eot i de,
frafslafipn ploth age ‘Blcﬁﬂ%‘ﬂ% i thgal Yd%ﬁﬂﬁw gél? RRW“G‘PHGFQR%“EE‘ manner.
HlBMlonr cbmzm call ammf&eamy kDAY EBres Q¥ 6F BakndfbMEvhich the

gg‘gnce U%@S 962, 426), SnORNA, triple-helix form ng

NERICED updahapgip yan%lp%%%lé% Py Rilehieds MBebe SiEctsdrom the

BACRHpRGng MOGkicngliRALYaHRE SR NAD GrterRMACP QL MBI @ | dIRNA,
transcri bed DNAs encodi ng a bl ocki ng pol ynucl eoti de.

BRYAK NN Po hNde rbetimse haramerBeadoprzy mvaxteTad gids agqueee (US
956%9 asﬂgRI@NAtrlpi%r}gqﬁ3f01‘&9ﬁg aiganm&’uﬁ@kWAaﬂ’ol%erase II transcribed

synthet’i ¢ nucl eot |
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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31 WD 2008/ 022309 PCT/ US2007/ 076202 Bl ocki ng
pol ynucl eoti des may be polynerized in vitro, they may

wheoosezsnbi nant, contain chineric sequences, BCT/US2007/076202

derivatives of these groups. A bl ocking pol ynucl eoti de
may contain ribonucl eotides, deoxyribonucl eoti des,
synthetic nucl eotides, or any suitable conbination
Elﬂ)@ﬁné @l&nﬁcﬁ%tlﬁér be%ﬂi’ﬁrrlzg@ﬁzevzz‘r§ thé}l'}hzgl Be&deontbif¥dt, contain
RNA i nterference ( pol ynucl eotidé is a nolecul e
Pl scqUARRSEI Pig d@NAUVan@fthIE@r arpebs. t Aroding aelenustaofidh may
Wik trﬁ%n@%tlh&t Q{c)eggg rfgg;ld%ﬁ&&y‘@%ntﬁaﬁh hi8ENid&f o anyf suitable

manmal | an cel g e or inhibit translation o
WE@B@ﬁ@e&mRNWﬁQﬁ*@@&”ﬂi@ﬂsgmbﬁﬂsmbWﬁ»a transgene in a
sequence specific manner. Two primary RNAI

pol ynucl eoti des are 10 small (or short) interfering
RNA&Nesinmtkm)learﬁﬂNmi)c pdymtiqmiﬂwplecubmp@ﬂq igluhigg RNA

nucl e es have been
Rl%tr IS & ql ac t10n S eg]?ﬁée 1ntg?erenc % W4y {néltc]hmery of

erence ynuc
fnammahzhﬁcegs m,ltﬂ):gc:‘(dﬂpr lrﬂmbmgranslaﬂxwof rmseahgﬁl\mNA (mRNA) transcripts

u?le strand RNA Rﬁw%ﬁ' short hairpi NA &§hﬁN§h

%tg%l B Es Yl %ﬁeq&‘S%CSeSP?Cé e i EEO RRR2Ba pab) Popprucicotides are
iU BigrfiRiNAerifaiing IMNeA LRIRAN A sSlafiiNAic0 RNAsS@BRE A0 tidhvever, other
stran ed struc ureléxglcally 1 contahgln

B%h”?‘@ caRIFS Jr¥s Brtp 110 FRedipte ENsh i ‘?ﬁ‘ag hég'i\hao%inu‘feondes

mUElbeakiceed fE@duaNs@up ¢empliGad: (RSAS aﬁ@rbRNA double-strand RNA
| ement ary) or nearly 1dentical ( arti al

@éﬁﬁﬁéﬁé‘m haitpyn BHAaislaP&}ﬂXh @ndswtﬁéﬁeléC%}S?Pt%e@sz%rl%%capable if

fnaﬁcg%t RIENEnfferBNA. %I(Ih‘}\ncclnﬁlsé‘selal doubRNsth RNABRYurd) ay@cauy

di nucl eoti de 3' over hangs si RNA may be conposed

sQRERINIAG A &R0 rpsp OriYEntied BisEarahbs 20125 basg ﬁ@lrseand having a nucleotlde
%ﬁ{ﬁe&l\&yd Qlttﬂcage Pﬁéctl&or%ﬂerﬁ@w}ﬂ' Nyt B%E/u I Rrentfl 2Qpar‘ually

ecu e of the invention conprises a sense
ragiloncnény) tar cading semsEcripg owreshad toiget scaprbodiNfeithin the cell.

F 1®B%£{1lxénﬁn¥%%{la@§’t gveﬁ?a gsf SA%”B% Haggmﬁéc\r’(:@lposed of two

i'gonuc ragnents, el n"one
wnmpbdseEHthnd%cwemsmgblséqmdmw@edhmﬂhsnamﬂmkwn§@udme.An

amnrgolgcule 0 1nv<%oﬁ%gr% rlilsleg gerg %ﬁiso% a1 gn t%gnng rergmnf In one

nprises nuc eot e S Sense reg
erhlmdﬂnefﬂﬂAthm Ri®NA mf ihﬂ amgltghter ise Emeldb]mk nfirgm t h&&) Shgﬁﬁcleotlde

ftran? i % to t.he anti | sens stran ¢ "
thdar deBal PR elme S, BRnPERRR ShE of' B dnisense
fiond og\me EiROIA aheletulo kgl a se%rmrfﬁhgi’ﬁéﬁt c(oﬁ’ipRM‘ill)lcl%tﬁle ﬁé’@lblhce of the
noncodi n NA cts abo 22 n ong that
FPEEROY gETﬁF Eﬂ@?ﬂe‘%ﬁogi"ﬁ? ﬁ‘éﬁ‘%‘?ﬂé‘?l [?ii%\cflmF%tp 8@%18%?#383 is connected
foh@k fanfigRING stuaﬁ@ efaSa linker trﬁwecuréomh e oRfiutdotRRt WREMNor a non-

the mi RNA and the target nmRNA partial, then
pyclgoifatinksh MicroRMes @Ry %Rﬁmalil §01?C€6‘|n§§§\é%l geww@a@ about

b4 nClORPIeNBRLAddstr¥ction of Xh@NRibMA refr&€ioh JF dRtr MINA tA8eth SIf the
cl eaved. For m RNAs, the conplex binds to target sites

CRUAE ISPt de hetween the MARNA: andrtire grect mRNAs istiaetal. ey teagplptjon of
f;\hg @efrget QIRVA Fi)safef)lle@ed homel.Q gfyco\’ﬂpielﬁle'hﬂﬁtﬂ‘s RNens 1\'7% th%qg'get mRNA

Ion" -
is cleaved. For mlRNAs the complex binds to target sites usually located in the 3’ UTR of

mRNAs that typically share only partial homology with the miRNA. A “seed region” — a
stretch of about 7 consecutive nucleotides on the 5’ end of the miRNA that forms perfect
base pairing with its 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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end of the mRNA that forns perfect base pairing with
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Bi nding of the RI SC/ m RNA conplex to the nRNA can

lead to either the repression of protein 32 WO

2008/ 022309 PCT/ US2007/ 076202 translation or cl eavage

ad1adleg Baglawag@ aff ddPRIIEINGY thRSGE0A. ﬁ@deﬁ‘t dRdinRbe thAFhRNA
MRNA ¢l eavag ens preferentially if there is

ﬁiéﬁr\*ﬁ&hapaw%ryntwﬁ@ ra@thwﬁes W%Ftélorr@mﬁv tlape thepeholerjerph, of the

ARALRatiRragk: losdeaf SMWI@WP ROLRELFRL BASH ARl bgion

nly in the seed region et al 007). 5

@Wﬂms@ﬁé@mﬁl|gonucleot|de conprlse a pol ynucl eoti de

cont ai ni ng sequence that is conplinentary to a

sequence present in a target nRNA. The anti sense

ahiiisgrmu cligoturidetidebicompritco a( beﬂsmlqtra)tide; asntamingrRNfichee dhat s
nﬂ)elf;?rpegl @ Suegr gcglenc%anpgres%ﬁtr in daar eg Imn'iguug' gTI%eﬁan RE eVeﬂgonucleo‘ude

blhﬁtetwasb paick \mgl)tm?RNAhlm b lsetq'uem:e @pecifiOmirman %atblrﬁimgﬁan prevent

L d dat.i. f t | ide. ..
B ST e apanar BT AP 8 BN br PSR A e Heghbiton of
trifafationofitBemRNRS 6 dRgrad®ibhal 6d ngtr¢avage of a target RNA

by formng a precursor tRNA-1i ke conplex (US
5,624,824). 15 Ribozynes are typically RNA

Bktb@eNEGdEeal uéRss irBahor€ amtisahsd &gm&ae&m@{mmﬂhw RNase P-
to . the target nessenger RNA and an RNA sequence that
mediated clegypgg oy dntrrgsd ‘%ﬂ%d% fapme %@%@ﬁ@e}ﬁﬁhhke complex (US
Sheayage of the mRNA prevents translation. 20 An

ol i gonucl eotide that forms the bl ocki ng pol ynucl eoti de
can include a termnal cap noiety at the 5 -end, the

ﬁ1bozﬁﬁkq’ar@fypﬁgfl)h R&A Bhﬁ)néclecﬁﬂgs that @d?lgﬁn sé[llﬂ@nc% %BmBEhl%hﬁéry to

can e, is not iImted an I nverted
@bé@g@t In@smgyr RAA dngvasr REG mmye that pdtslpnen myerteyto ckeave the

BOITHEL RSPy Pl Ry BEEF LR can e T

transcrlbed inthe cell to produce smal | hairpin RNAs

}AH 1g8 lefo%’I cllquEhaP gorl%? tﬁ'e B’B@tm&%ﬁg eoblag e 1nf%'[]u(:cile 3 termlgal cap

anti1 =s ens e
Rbidg dtlatsS’ e@d tlhelﬁciendg m>r h(Sth afithe Séasls3’ EQNA THRINAp moiety can be, but

ol rase |11 tran onot er.s. .
BIPLERLERE iy s ARED Qe gR Toar e PR A ifing oicry. o
iy oigeahSictyant®’ tIRbNAY Inhatifdaeios. RNA pol ynerase ||
pronoters include 30 Ul, U2, W, and U5 pronoters,

SnRNA pronoters, m croRNA pronoters, and nmRNA

RNANBYIRh& ase 11 and III 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 lincar 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 II promoters include
Ul, U2, U4, and U5 promoters, snRNA promoters, microRNA promoters, and mRNA

promoters.

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

organizations such as Wellcome Trust Sanger Institute, Penn Center for Bioinformatics,
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Li sts of known m RNA sequences can be found in
dat abases nai ntai ned by research organizations such

wW@2008®b13eone Trust Sanger Institute, Penn CentB€T/U82007/076202

Bi oi nformatics, 33 WD 2008/022309 PCT/ US2007/ 076202
Menori al Sloan Kettering Cancer Center, and European
Mol ecul e Bi ol ogy Laboratory, anong others. Known

f/feﬁl%ﬁml MearﬁKamng Q@Hﬂ@&c@&te@ngld(:@tgaﬁetaﬁ h@él%‘ler‘glo‘ﬁdgt}/%boratory,
are al so wel represented in the relevant literature.

RS %qreéinoeve chlieetives B A yeapengey Adicaghafe pindingcdes ampyplso well
Peﬁfe@é'h@edqg 't&sreﬁQ%mltérﬁﬁfehﬁN% 'inole'cﬂle@glg'rEddﬂg dest@%ﬂ Gn@bfoduced

nputatlona tools t I NCrease ance of
by edhnodpgech fkaowi viethard. Bpaiditfonctheie queereputadionglgoqlpeiat werease

Iechglgg gf ﬁﬁﬁ Q &L s% 1ﬂngQ1ﬂe cg sod’@ b %06 %Qe §olds ct
& RS o 4 A

hwar z “et e et’
2004, Kidabie ceel. 2003, SCiOan,rz @tmthj)Qﬁl,l GidTei et ala2004 20649 et al. 2005,

| gotides.of it i nvention can be chemcally
OB RULHE AR ARGy 8 L Pally 10 nodified

polynucleotlde can i nprove various properties of the

A T T A

pdifike polgsidiestilly candifhrove 8gHERRoSPRSG | I itlge polynucleotide including,

Eﬁbrldlza ion.. Non-limtin | es of fh chem cal
&P? 1185(?({ t8n1§51stlmi1{:€|t% agcleaﬁq:] g%‘ﬁ@? Vb (ée ar uptake, activity, and
éeﬁﬁ@fo&@ﬁ‘éoﬁﬁt liy®e dizhtha O 8- lindtingC et | of rsluap Bite i &0 tnh (diefFoations

2' - deoxy- -fluoro rlbonucleotldes

el @EPSQB?FOH%%“G imigHiugleptide linkages. 2’ %@F@bltrfb@e%c‘\{e%ide 7'5deoxy-
efdavd ribslROtdLeES, - @5}@ 1‘115%@61E&file§je%ﬁﬁ(f@11§ﬁsﬁa§e"r efcue%&s 5-C-
|ncorporat|on T hese hem cal |cat|ons whe

wetdyl nrclgaiidps pad pl@w;fwdcdfz@éﬁbaec déﬂ@t@r HEPTHOrakgT Eh«féwhemlcal
ﬁledle[:a%ﬁg V&henpelea{ Ry %ﬁ&fs' REkbYdet é/onbtﬂlc%‘se eS| € @Eserve

he sane time, dramati cal Yy |ncreaS|ng he serum
B(tlﬂblc cptige asfivithiseeslle ohpowrids sanghiéns, cia¢mqtlcmlbdnnﬁne@dlg the serum

sctb 11 gfacllhe@é SO @‘bﬁﬂdgn éﬁﬁﬁlfggﬂ S%@gﬁé&' 1R§\I¥A %%%2%5{ o ¥1§1I11hlr% the

feron acti I'n one e
EhebdMBkaa%ﬁmgnmﬂﬁﬂmedUﬁNAmhpuhynucleotlde of the
i nvention conprises a duplex having two strands, one
or both of which can be chem cally-nodified, wherein
baoire Stnba(h'dleilts tﬁboh&mi&aﬂlytmocﬁﬁﬂing fadymcleotdronf theO jnvention
20, 21,

26, 27
TGt ¢ ‘ﬁ‘é%ex aﬁ‘“%ﬁ‘éo F?&S%P}’r%ﬂrtb“%ﬂfs?ﬁéﬁﬂ? %)tfeﬂi‘ﬁﬂ@ calbpmgdified,
@ﬁer&h%aﬂﬂéﬁ@ﬂd{ iseiboRd 9ao BpIut 3¢ fe. gmaebocmL 1 9|rr;20 eimeizB 2425, 26, 27,
ti e nmai ntai.ning t ility ta nmediate
n‘%‘}cgeétlih [ong embadigyiaty jap D%%‘gl Pﬂly{}‘ﬁ‘?o&}d%;?gtﬂeiﬁnVemon
émnﬂim olRObY ReE BRUIfidE nGaBotkies wHRdithdi@diniMieneiaBility @ mediate
chem cal nodification conprises one or_npre .g.,.
%@utmside B celilg or A;econgltutgd ing vitig S}gtemlgm WW&T %Fottdﬁé:an be

ﬁ@&h@@%@l@;ﬁ thé\¥heFNAL mB@IX ARG BRDHAE 0RE off ASrei @Y RPN, 2, 3, 4,
can rise nodified nucleotides as a percentage of

§r6e7t8at9a 0, eupsEy obthe Audeaiges daR N isxwdrpciggridepf theanyerfagn can
&%ﬁﬂgy tlof el AGclcARles %Qper@éﬁta@%f tHRADAUMUAARPLF AR 10k dds I'b?esent

|nvent|on can
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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general ly conprise nodified nucl eotides from about 5
to about 100% of the nucleotide positions (e.g., 5%

waees/oinyy 20% 25% 30% 35% 40% 45% 50% BERAUSHO%976202

65% 70% 75% 80% 85% 90% 95% or 100% of the

nucl eoti de positions). The actual percentage of

nodi fi ed nucl eotides present in a given RNA

el ¥RYGhentl de Helrands @&en@fh We ﬁm&&%&%@@otlde If the RNAi
PCT/ US2007/ 076202 the total nunber of nucl eotides
mlgg;@}@ptlciqqlstspfglwd% |t1}mmgfq:e§bfqod1éicat;om qap derpagd upon the total
191941%? ¢ ln@g%dtﬂ@s br%%e%{ BOine éﬁl%[ R0&; P&glﬂiﬁﬂ%tlde Lf1kew1se if

nmodi ficatl on can base on t e tota mber o

ha RNt Hodiegclpotils antlovble &tmd@ fhglperosntrmgrtiaehtimnegn be based upon
I ' i: f t

PEIBLEIERLL PRkt b LA, BN BOLSOVELARLL o o

@a&edKUpUhmﬁeEheubohHMKMmmbémzmﬁmhp@t@mﬁmdﬂsn@hﬁsmeand%

%resenrI 1N a e@e%q}ﬁz& Ii]dn élt;cfﬁ%gr? a ?0 %{% ??ﬂ the tot'{ﬂ I,r]nelmabert 0% grlrme and

pﬂrrmémb agleleotﬁdesrmdesénteld thel ®Neat padasicleptides &0t ckampde, givlwedin all

RNAI. pol ynucl eot i an al so .depend on th I .
RS P GED i By e e PRS0 Pnbpeteotide
ard ntddd@icBNAI  pol ynucl eoti de. For exanpl e, wherein al
pyri m di ne nucl eotides and/or all purine nucleotides
present in the RNAI polynucleotide 10 are nodified.
AR IBNA pPIohyenieell€ atoddieciRape&iRSoERRAES&TELON B a Because
encoded by a gene. Because nmultiple ?enes can s
wyliplegiegpreenohas squie Hedh shtadsgfe RPRATogy dft oqaﬁzeptheraﬁn RNAi

E%Muclee@da/ BAC bs%glgﬁedcama@get degjagned gteloest@mg QhfRichl d&fence
qenes with sufficient sequence 15 b{ Thus an
hw@ ogo TP RYAT elyeusteotidneaai q@ﬂ@@cﬁ@@w@ée thﬁ as [ggplementarity
Oégﬁlhe%g&nthﬁrdré Xharécparﬁﬁ%gte&lﬁ%%ntt Qﬂfﬂ% tﬁé&s sh ere%lcﬁgtwlgas Epemﬁc

rent gene targets or are unlque or a spem
g@netangatr gTéIt:refGrh ¢heRdve nohmueispide pahyheuddsened de tarafﬁ @eserved

i%hg % g aVI %&E&e . eﬁ\ﬁ?oq V%/r ﬁeg\klgeqllsseg%ral %ﬁwthe }/ et%r§eting

quence en severa nes
wue@bgq:mg in geaeee éeimlg@n@@g i dnffaregw@lefiacrfpﬂrmsespl(ce \grignts, mutant

geglfﬁge gtrc.g.t a.?gtﬂ rnéngo%]; 2? ’t}éwé?ﬁéw? cieoﬁ(ﬁesﬁﬁ% tcfré gne%om target a

ghgnoe dlatstihidec warspbefidRNAga@dntooftaaingétgeae. sequence

that is unique to a specific RNA sequence of a single
gene. The term conplenmentarity refers to the ability

Olie &ria0doyiipledhe@Orkityd eefére t§ alicTuthilgr efge Ppolybaunafigd toMférin hydrogen

not her. . pol ynuc eotlde sequence b ither traditi o
6%\1‘1@*5;??“63?8 idi° Yd‘ﬁlﬁlé?“defsq BYf- ‘%Yr%i Ft ‘i”dﬂf na]{@a 80 le1 or other
hefeddenmel thpel. hth pebinsicCkeahd GRlyndiesidb e&ol@éulésh@f the present

present invention, the binding free enerq
was?rylﬁac‘ih% bindg fis| cagngy dosag pelyTucleotid getecy %M@dﬁdﬁrget (effector

bihmin Gigk) Sk E&ﬁpl%erﬁ&?’@&ﬁ&%ﬁ@@\fﬁé&ﬂ WERERy 1hS rddfahi ©h&Mh of the
to allow the relevant function of the polynucleotide

p(ﬂyrp}c@@@@ed to @rogeed @rgZayWﬁné“‘-‘nM‘% | céengeoropranslanon inhibition.
bEt@Hrﬁh@&o’n%@ b nﬁﬁkg tﬂe% 'eﬂé?gles Fe B‘Félgfb D&l IHR)%CQIf R'vﬂﬁil IHIQWB i€ fhe art

ener gl es for nucleic acid ecules Is MB nown I n
(Buier etral. 1986, Turner et al. 1987). A percent complementarity indicates the percentage

of bases, in a contiguous strand, in a first polynucleotide molecule which can form
hydrogen bonds (e.g., Watson-Crick base pairing) with a second polynucleotide sequence
(e.g., 5, 6, 7, 8, 9, 10 out of 10 being 50%, 60%, 70%, 80%, 90%, and 100%

complementary). Perfectly complementary means that all the bases, in a contiguous strand
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30 (Frier et al. 1986, Turner et al. 1987). A percent
conpl enentarity indicates the percentage of bases, in

w@2@eei3guous strand, in a first pol ynucl eoti dBCT/US2007/076202

nol ecul e which can form hydrogen bonds (e.g.,

Wat son-Crick base pairing) with a second

pol ynucl eoti de sequence (e.g., 5, 6, 7, 8, 9, 10 out

9ff %Qly%lt{&)ﬁd@Qe@le&g%lllﬁgf&ogg@?{%ncp%{h tl%‘@nﬂeolgl@ber of contiguous
m)amMar) Perfectly conpl enentary neans that all

b%@% laa%‘@ndpﬁlyaucé@ﬁfl@ faearse-strand 35 WO 2008/ 022309

PCT/ US2007/ 076202 of a pol ynucl eoti de sequence wi ||

hydrogen bond with the same nunber of contiguous '

Bagehabii, dowin-sesnlted oproghdioinegsnp depresgipn et semedBy thahthie lgkpression

r

%t% ﬁg{ ﬁlte%ure(a b rtgé;gel‘é/gna’f%}@&?ﬁ ﬁﬁBéagﬁgﬂng‘esgé#‘g 6r5the c level of

bg}ynehadd Pvatin of pRWin tsnlamgctranbledd ffromrﬂteﬁﬁ\llgemerpdwbd bhlew that

b?s\érﬁflg alile {r)%ém t R %ﬁ oglgﬁge :pggalécég)ngt &l alugs s Ol}l {he invention.

h]ﬂl'fbétimedowmrégumtlalb&ﬁnhﬁ)cbdovxtnhef Qd:rrecéédpn:gsmn, w1th a polynucleotide

| ynuycl eoti de-c es of. the ventj an. .
PP By S <o S Friob pisBERRG bl phag gl observed in
0 Presft @ﬂa c&mn;dn 1rﬁcm| o] @l b decleid Glf:iﬂw&ﬂllesdrabwlleﬂhequence or
copposi.tions .of the invention, _ is. prefer y pbel qw .
Wﬁggnalc%‘{ﬁélflg SHEBYGASE G fgset“ﬁee 0%?0&%%@ 6"%?18 PSB(H’B&%H““ to the
mBael pMemBuicl eic acid, a nucleic acid with scranbled
sequence or Ww th inactivating msmatches, or in
absence of conjugation of the polynucleotide to the
m&éﬁe&e@ qumeaeotﬁe dahi¥8r ReniROhY RYGHRGA &Ienu%ﬁeﬂs ) ﬁy from the
wi thin the cytoplasm or "nucl eus apart fromthe
elgegenveciemateriel Aderantivgly, DNA é%wafqmténwtlomwaw part of)
{h@%ﬁpéeﬂgusv"lgénlatlcf %@e‘?ﬂ? I@ec@ﬁﬁﬁlat@crn) cant BRI EMHQYEDH q}éslnserted into
genetit materia Reconbi nati on can cause
¢heapsoad! PNADY attherdwowingais @mnhymeiogmérrewmmabgow or
non- honol ogous reconbi nati on. A pol ynucl eoti de can be
delivered to a cell to express an exogenous nucl eoti de
Aenquandeqtide 2an boddlvhichitda 2 cdl forrxp@tsegn Eugment nuctotidd $eauence
fo)c()i ? 1?111%21 g’g F'ﬁgm?r}q goqp Qroé'l g)r é'{gn 8{3 clln %n%ogegl?gsﬁ?ugc e’otlde sae uence,
oab affedt b ypageghyddle gicaMCh:tracttth ebtlnaturdMylaysoa@ted (;WlththSCGll
may contain an expression cassette coded to express a
whol e or partial protein, or RNA. An expression
Basﬁﬁtebeders ahBf Sontatn an Bgiressiah cadsetteciBith airtsy apyiadeloefartial

5 pol tide that is capable of expressin
E‘fH’e ﬁ% g{lﬂrh‘gn CENFSIO8 CBIBHH AN ™ 43 ad’é‘%’ﬁ“ﬁ Q’iéFCé}P}‘i’%}aB% prpduced
pAyucROtiJeMNE! B Gapabee HDEPELiR: bRdduchée. QEHWJrinSIQQOIﬁHmant as used
segnment s of pol ynucl eotide |ained tgﬁether by pean
brcipsifee i %Polm% ea@@edaple%%ﬁﬁﬁ ig geprisyhef segmenit 9%pdynucleotlde

foafetiabgghet Bg m&Gadbn Qlofe@th&o%fglcﬁlhfécﬂﬁt?ﬁ 5.0 hel AALRIE Sbntains the
along with any other sequences that fect expression

efdingegior glidp eencor interee rlogg withgne Rieesgnpescha §Eegt expression
LR Qcﬁhéﬂée 'of]ﬁlltelﬂé%? %naexBfeQ%TQ{ gaﬁs(j)(t@ Up@ﬁ’ll? g1cl?tlges a promoter (allowing

transcri ptl on initiation a transcri bed sequence.
@seaniah | iyitiatidne wdp astidred cagupace @ptionally, 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

36



10

15

20

25

30

may include, but is not limted to: transcriptional
enhancers, non-codi hg sequences, splicing signals,

WO e@as2230Ppt i on term nation signals, and pol yadeoyusiomnoere202

signals. An RNA expression cassette typically
includes a translation initiation codon (allow ng
translation initiation), and a sequence encodi ng one
OB iy REARI K18 is IR 1ilnRABR10, Hanslafn RXRIMESH s@ghalsseﬁpcw@denosme
2008/025309 PCT/ US2007/ 076202 cassette may i ncl ude,
tpguence, infginal niheperagientiy, sitey BREYatidgrniceding rrapenses-
signals, a polyadenosi ne sequence, internal ribosone
entry sites (I RES), and non-codi ng sequences. The
Plxl pq‘dmlce@tided@amyntei@rﬂe@uencesseta@edvce@ setyata shecifiotfunséipy en the
@r rép ﬁé:if lgdetﬁaéé; g%{%lﬁ téllln ﬁ%féeﬂ?]e po fStlﬁ% ?{glgﬁ'ﬁclle%g!.ié. gﬁ% se%{lgnclé§ ﬁlglude,
lsleqwefrm emltﬁahtol sedesncedngtiuisadgommeplidation ¢resdlettn o elgpumiyoesleotide
%Oﬁgy%ﬁgr replication or selection of the
ﬁ ynuc Ot1de in a host organi sm The term gene
generally refers to a pol ynucl eoti de sequence t hat

ri ses codin sequences necessary for the . .
ERO: £ Greaty PR Rl R OROr e Bt e qgrprises coding
ﬁeiq’@@ﬁym):es@z[ry f& tROpryPEdibh dea ﬂferapﬁ&ﬁlpl’osf(ﬁﬁcleoﬂde (e.g., ribozyme) or

tide can be enco ed by a Ien h cqq) .
E ﬁ’gﬁg‘éecﬁf IBFUERY ﬁ%ﬁ B¥ %88‘?0&45 i’ g‘ﬂLgeg% coding
ée@ﬁl@cas)r b endgirtiddofahb lc\zStlfh? s@c[uencfeuﬂﬁtdng fh@'thep Elébﬁ}@d tab@S&ty or
,. enzymatic activit i gand binding, sig

tg%tfpé}aheppqsms &®- FH@’maFlﬁlaF“‘P"é(nb%"ﬁ‘d PNYise @@P’ﬂéraawuctlon) of the
fumagl@m{io@gs@ma@bafrag{éem Thercla@lem ﬂhesenﬁ REE TREMF RSt AR coding
codi n 5°regi on of ene and the including sequences

Teé@ato &l Sel] aag é}@tlnftluﬂllegw@qwﬂ@ﬂgcaﬁ@gﬁd@ﬁewp e eofing feaiog on both
ﬁ\@qi #nd © fb‘ﬂés fa (ﬂ%ﬂicétoﬁg&%t ?TkbaR Mire bn léﬁhé? nﬁngﬁc% 04 the gene

ei ther end such gene corresponds to

tasregpdndpio thidenthl ¢f-the ﬁgltlhngﬂRmRNﬁrhElesﬂeqmremethattanmtocmfé5’ of

hg(e@?] SQ n%moafnd VE}B grg:f)'r%&ltroﬁgthg Wa%%féf}e@{o P4 SRt Mslated
are r erred to as untrans

s:gqeweesc dde s&'(h@ﬂ@@t{h&r&c@@cathéﬁ’ ar dovmtratre dbf 3he opding region and

wfl)lwfll %}'er Sr%se ? Hn t[h ITF\!?& I 4} 1gecp { a%n? gar\}%ﬁte%nstea e%c The, term

present on are F% erred to ‘as ansi at ed
Sang leecrmqrasses]'h@h BN angexreorgin cfm’rmaﬁ s%sneb @t genobNAXoamdr clone of
enom ¢ formor clon

S SofteS Eecfling el B PR fnkh T e SRE Ferfied iffrons,

mwﬂvaﬁﬁ@ rragoﬁsaqumme\eﬁmtgeéqiedcdsnInltr@msare segrh@tsvefd Behe which are
or | ni_n uences. trons are segnments

%Sﬂﬁa ﬁ‘@O\Wh In ‘?né ¥ CPHRIG r?%‘l‘?aéorﬁﬁ meyis s S cnhancers.

1n%ﬁ§%ﬁ§ ol e OMNipatdd JueGbhakOfulcel &PRiRtasy ﬁéiﬁ&h[ﬁlsintrons therefore
enhancers, 25 Introns are renoved ordpﬁllced out from

PRELITALINGAS MBRrORNAFaRseriPh e PGSt ener R NS { B RNy lapcsiops during

ﬁirﬁlaﬁ&% ecnspeblmy e cHRhEY 6 RS S ANEEHEP in d B&sc&ﬁ%ﬁtﬁ/@gﬁfde A
NA (nmRNA) functions during translation to spec

geﬁl@ Hay dyec Bchideso other TegioninPh GCRENESS mﬁu@ng}ab,@emt fimited to,
ﬁ%h%fe?sotehlgdﬁcerﬁ trag%Sn&Pfﬁct%k Bhal n@CS té@?&g%eﬂﬁ%ﬂ&?ggm internal

or sequences i'ncluding, but not
Pe@ABE entsy sdesh aﬁ@eﬁs,, mﬁtrl@tmgc&eqmﬂnp@n nfagiet @itacmmﬂﬂurn@ons These

sc'eiq{u%%es Bﬁkyé‘ed%%&ﬁ“ 3:195% t%i gﬂ%ako%'mg %g%nn%k the gene (within 10,000
nucleotides) 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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30 ribosone entry sites, silencers, insulating
sequences, matrix attachnment regions. These sequences

woreysioz23py esent cl ose to the coding regi on of POEUSENB076202

(within 10,000 nucleotides) or at distant sites (nore

t han 10, 000 nucl eoti des). These non-codi ng sequences

i nfluence the level or rate of transcription and/or

Mg%ﬁ&h@tm@m qfe suaﬁug@ﬂﬁRNAQe\gahe%gth Jragh ¥ ?G@ﬁdeﬁ&l&fta@) rate of

gene nmay luence the rate of transcription

masl@yplafq gynS cay). nologpead mgwcmw%wp@m%@ge@ﬁny One

B 6t @Ment LRRIRLAR 'of b1t a!l‘ﬁNﬁVBRIeQ the L&RAtd OABELIT®

the 3 adenosine tail), rate of translation

ﬁﬁggw(Nﬁﬂwééﬁpﬂﬂm&dﬂéhﬁmaBﬂh repai r, nuclear

transport, and i ”mmunogenicity. One exanple of

coval ent nodification of nucleic acid involves the

As:tuswh@‘élnLABEmnT (gel)e exm@gentrsfe(sl\/lor@s PBaegopatenymting genetic

{V?ormap on enco&ed 111 a ‘gene Ug Smatll AesrllgﬁgenﬁNA rRN{% tRNA,
ressi on refer%l% ? otESS 0 convertlng geneti C

omﬁmmﬁ): thesuge neanskeghtiom ol agmyml:rmmclﬁwge(le (gg., viamak|enzymatic

RNA i R MRNA, rR t RNA, . .or snRNA) t hrough

o A R Ao b e nketes, S Pjeip through

triiRla6ior YR NG Gand éx@ﬂ:smﬁn & bRWgulMﬁd)aﬂ'ﬁﬁﬁl}Sﬁéges antle p@tess. Up-
rotein encodin nes, ]é ei.n throygh 1 )

%ﬁ‘élﬁg‘?“atof o1 v TS é%rf%g *}H&Be § SRR g’% P@g‘tﬂ“ﬁ? etf gene

elprd¥BBY pHIdagesi.cl, RN Aer PFORG©S Srhildgowd-RGWla A me@ressmn refers to
actlvatlon refers to regulatlon that increases

fregatt il Grregenarodestishedlemionr Gductranseinton, fapéiw olpat are
m%@d 1) up-W3is Tl Bord WS R U LIRS dOFke Qffteh @RNRSRLPAork @h&Tressors,
?ulatlon t hat decrease production. Ml ecul es
ﬁ%ﬁﬁUV Xranscription factors) that are involved in
up-regul ation or down-regul ation are often called
activators and repressors, 15 respectively. The
Plrt ke leetidedesyrimysgefonteetrdharumoese teprogine pebee or 2 el that
%1%@3 Ip\%}lé‘[?é; %g el V@la/aof 3)' }yé%{l?tglde? Qhé? eepgcgﬁetﬁ'?c%gst céommonly
gﬂh@@@m@ﬂmsmzoﬁhnmﬂymwcdi¢@demm®mﬂhemabydtdhmxhﬁaﬁmn(ﬂthe
ge%%l V%r%rd'ﬁ ée%cérﬁ?n e lflatr%e%%l' d[%cre gegrél r#a%(ﬁqr % eC glror sét %Iér??sfected
ddneratle mefeis ttablheeintrodiresdre etid mtegmnostoﬁ lah )exd)geamf;&mtrmdleonde into

B S s g b gl s s D i, R R SRt g hos

{tian sheedtarthe pd)lb/nucilél@&dd i@toths g@bhﬁt DNANShEle tramifectieii €dnSalso be

%?lg?ﬂj@}} ]lésbqvgq%i)gshopﬁf Yoty % I‘rﬁ 1c ed &ch gukaryotic cell division

teraansgisatd iDNK 68dod|comtatatg @{@zﬁﬁlﬂd’l\ﬁdvﬁ}é SN Of RPIiGHIOR artificial
vectors that are replicated ring the eukaryotic cel

HiroPeoBIss )25 he dorg! tralaﬁl%vé ﬁ‘iaHSfBI‘ib@\n\/%ctf%‘F@mb’oﬁﬁ §gsfegreters to the

RaBilchoNBf ¥ ipoHSuQédtde ttffa def Rl QPRIyndEkdtidk Godd not integrate
chronosones). "The termtransi ent transfection or

mfoathe peremieyof thedrrantsetederl Hfthe rolymiclepade Gopteps g exresiblsy ene,
ﬁ\e@ﬁJeBéQ s%ﬁtc'aQ@tté S tsﬁ)oj &t @detlhé ré@ﬁﬁ{o?y E(th@rofg%a)f %H\celrl?f%'eg&essmn

does no I nt egra e
of endogenous genes in the chromosomes. The term transient transfectant refers to a cell

which has taken up a polynucleotide but has not integrated the polynucleotide into its

genomic DNA.
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into the genone of the transfected cell. If the
pol ynucl eoti de contains an expressi ble gene, then the

We@pBession cassette i s subject to the regul at BCYUS2007/076202

controls that govern the expression 30 of endogenous
genes in the chronosones. The termtransient
transfectant refers to a cell which has taken up a
pol ynucl eoti de but has notorhpi& at ed the

%olynucleotlde into its genom c DNA.
o3 orelseglerolyns 2oy vy § Jomed ﬁvaﬂﬁml%tﬁlwdwkma éhe polynucleotide

f&othé{ Pbll?ln@f)t"['hg %ol%le}’ ﬁeﬁolﬁﬁ 129(9 @I ﬁlohi%egl gﬁdﬂetgatqy contains a reactive
coval ent | nki'ng ynucl eoti de ol ynmer.
glhep leVWE@OIY®Cb@m@¢WErﬂ1®eﬂ01ﬂnemﬁ§dlqflfé‘@ﬂlﬁftdcwchﬁ at i contains a
r T I

G2 oot RRGH WourBUOHR e AR AR £ odlbe thkoq via
mea@bwuev@mmbpmgeuﬁ&ac@ﬁvéﬂgmsmmsmAaand B are chosen
such that they can be linked via a reversible
coval ent |inkage using nethods known in the art.
Codjjpgagiat oDthe (pblyhimieqnidb ynthe Ipekytriedeantbm fefernpwall i 1;1 niﬁarpresa:nce of an
be per.f n th rese XCess
BEeR b HE® poryi e BUFRGBS A nBy iidry e SR charee
oppesbhjagaidar e preddcdof dxtgs pORMeGRnh ir@ice I)Ihﬁlrrpﬁe@é@’g@@anon of
g% excessﬁﬁol mer. can redu elimnate a at on

e or
PHEELD ngely, Rlnteéi"ﬁ%lf)f?/é‘l‘r{}er ROV B c R gg Gation, can be

GRE TRE e&@ésyrmymeiucrah BS rénPRUYEahi 08, ¢ ﬁ\lgaté@ pomgsleed pr10r to
The excess ynmer can be renmpved from the conjugated

mly%%tloﬁrqfdhe Pamu%?éqﬁwhgt%nawdﬁ i cpfgec ol gfach. thy excess
fm@fruaﬂ@é c@adlﬁﬁis{eréawh%@eonﬁldgta%rtaaielaﬂfa{ay or dell@uRKEESS

ol ynmer can be co-adm nistered with the conjugate to

the animal or cell culture. 15 Simlarly, the polyner

§ﬁﬁlaﬁ§ HO HoHBRE ech tbQ PGBl 09 BORAL doBnd AEHPY ?e%@d&@ ®f an

excess of p yner or maski ng ag ent. Because t he
mbs)ﬁmﬁ oblrort eremaskhgtagentpddopune rthe:malyrbleleot@fe apf heesrofyaner may be

%12 %tedyl{a'ré?:gdtgglg oﬁl'gidtgc{ﬁ% tﬁeh cRLESGP 8}?0695f %(ﬁggrg?ls(?aﬁereduce or

mer canre m nat'e aggr egat |
dinmp@tg aggegation ef ﬁatdonziegw Palten@xi&@s,sano&fxcass cdrrcagrer polymer can

uéleqe g‘h? %xces? II')gle)‘lmef' %Qn b dmgvcﬁ%e g’m Hﬁ)e )éorll‘]u%a(t"eadnpokiymer prior to

Fernove e-’conj uga
ahhmnmraitonatf | tbe cmﬁugalnaetocmn ] angml @rto@ll toluhulanAlmhatozrelyc elhd excess
cyl ture. ternatively. . the excess | yreer . can be
St 80 &PRBRRER Yt A5 00ERS 1 B0 HERa SRl P Gpure. The
&l herciah bel @ difit Priofo by sidkeqaan tdeniupdiidn edhdsdldfuclketidarto the
%bsequent to conjugation of the polynucleotide to the
BoYYfter. 25 Transfection Reagent The process of
delivering a polynucleotide to a cell has been

commonly terned

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 polynucleotide or other biologically active compound from outside a
cell to inside cell such the polynucleotide has biologically activity. The polynucleotide
may be used for research purposes or to produce a change in 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 delivery vehicle is a compound or compounds that
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transfection or the process of transfecting. The term
transfecting as used herein refers to the

w0 ndosoehies i on of a pol ynucl eotide or other bi oPOOUSENNT/§76202

active conmpound fromoutside a 30 cell to inside cel
such the pol ynucl eotide has biologically activity. The
pol ynucl eoti de may be used for research purposes or
&%@"@%&4 @&n@eg&f;m oulgo@ceeﬁdes Eﬁlﬁﬁolﬁﬁl@legﬁdeﬁ faea aR@idkel their
deli very of "a pol ynucl eoti de can
ﬁﬁ@ﬂﬂ@@aﬂﬁon of the genetic materi al present in the
target cell. A transfection reagent or delivery
vehicle is a conpound or conpounds that 39 WO N
2200'81)OQBSt‘GQIOPGngSEOGI?ﬂ@W@Z/O@hIQﬁSndl(esc)OHtp@umis or compositions of
( t I [ - hol ynu '
SOMTRLEI, SRL oG b Bt cBRRNC! G} RS ERORe! AR BUAREIHRR and
medinsftbat icomy m@ageh\i sExarmplesI@If |tmesfyctioeme@gees inglnde, but are not
Fmﬂgcp tQ np[frotemran? Ill)np Imea (c)onrr& el ﬁpo Cyé)lexes 1p15]ﬁ a}p%dlg)? b gl éaopl%xes)
acrmdamamenh @tpelyinieed xnddrpﬁds;(hpcrpbbfpteed:sb SsalcEmaﬁFIisﬁsite(ﬁrempltates and
nsfec ion . re ent nc ude,. but are not
{1 rl‘ﬁﬁe%tj@f%cagﬁatﬁ%%‘l‘lv Onch?ﬁS’Pfe@?ég PPl %%%Fet HOF ﬁved@arge

aad Hlndpo&onme_o(lllgbm&bed@ess)or p@lgzmmaﬂe‘so negaofve petlaygeer Gationic

%'?ngglfsl Ia%{se%télmla ?} 8 Ic q{éeguc l o u(g]af c?ﬁltéggents may also be
tideaRs bR 6diat0 Purc8AGE @fouﬁ@&ﬂl@a?@%ﬁm&ﬁfﬂe vmﬁlbn@an ups include cell
@pSltlve char%e 10 that hinds to the oligonucleotide's

f

geglég §) wl¢ay docal 1@@@1&@1{;}@%@ &ngqj]g s that gng@|ce release of contents
fr&%ﬁ&%@ﬁlbm LS HidcdTRar aés&@esqar@ﬂ emﬁlemb%g §cti%’ %Iﬁp&mds) and
acids. Transfection agents may al so used
atbgrorompornds b taltemtr bghadws)r\mtﬁlﬁctwnp@f yww@m@tmdder. complex to
%H?EHEHeS?QPe' att&fh%&l'@ﬁteka@ﬁ&ﬂﬁﬂ@dﬁ@sﬂ targeting signals,
nucl ear 1ocalization signals, conmpounds that enhance
rel ease of contents from endosones or other
-0t rac I [ S t
U SO AyHERLAAETor B CHER RGP DRAE, 1yl rengents and
tethadsi tor aovaricht ef &Etapcmg, di‘dgmdsec ctargpovaidamm, gemgrhiexdigcavery,

%eneﬁc e%f%n%%?n(?hﬁaﬁ (%og dnfl 1?apflﬁctajﬂons dl{:&%ﬂ%ge)rc]ltpoygn%cleotide

es o0 nst an
mmomnﬂevﬂsekuMmre@gkatmoaﬂd% retnhadd woh thevsamicetuncafjugated
era |c di agnostic, target validation, genomc
?%8 20 genetic engineering and phar macogenoni c

appllcatlons The conjugat ed pol ynucl eoti de has

. mproved cell upt ake operties conpared with t
{é%{ °rih S U Qﬁt@anm BigH u‘g llé%t iRfERVassliak A UASINORY u‘PE%a“e“aD

RiraRGURAL S idt@pirekthiMel UglBadoihilavasgdtnadll {ibBilthiR¥ed)OUSratumor,
intraarteri al 25 intranuscul ar, |ntraparench nal

infepesiRaesba intratigerherubdral. <nidura. aar?édagalymﬁwlaﬂw%wns that use a

iynE@Red htRBB&lor chiBétERRRGAlculas HREMI Blans Q@{hﬂﬂﬁaﬁbula@rb%cture
intral ynphatic injections that use a  syringe and

prdledip Cop! thaitiheanapcted taartiiuesr Grasn Vbitihp bﬁ% Sithig thlencwlty of
ﬁettﬁﬁﬁwrﬂfméﬁlreuguﬂlﬁ ﬂlﬁalfio% t& oV %ﬁlethe BB‘@I P} dr® E%Qlﬂﬂl%é:BFgodlly
to a tissue or organ wthin the ¥ t he

thaid ingludsf blood, cerebrospinal ﬂu1d (CSF) lymp atic ﬂu1d or bile. Examples of
vessels include arteries, arterioles, capillaries, venules, sinusoids, veins, lymphatics, 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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the tubular structure, a bodily fluid flows to or from
the body part. Exanples of bodily 30 fluid include

whb@em223eer ebr ospi nal fluid (CSF), |ynphatic fPCi/ds2007/076202

bil e. Exanples of vessels include arteries,

arterioles, capillaries, venules, sinusoids, veins,

| ynphatics, bile ducts, and ducts of the salivary or

ok rﬂlﬁfcoﬁl( R mbRBek A4S to Tﬂb@ud‘e rhtaia@\’@&féﬁiaﬂrmlfafhﬂbl? into the lungs, or

i ncl udes delivery through the blood vessels such as

Bl the exep.yInppagenglaingpl inphusley disesd injection [inge @rtipsucsyish aydiver, lung,

REAY | HES1eS YRR CmRlee ¢ @l PNBLBRC MGl 1A (includi

agnlnlstﬁa¥%%n routeelnvoﬁd?n££ﬂ4oﬁﬁo 2g08/022 C (including

RCFYuBROBY) OFie2oordt Banghvis ols'allph N AdEP9sd @swesarthymtﬁ tissue,

écﬂg‘[lay gﬁn&aﬁﬁhe S,blglg%lgt@ aﬂlld tuﬁlgllg a'!l"l%h%dgﬂna!l D6 fRest A}‘gldlnﬂﬁglsatlon have

or vfia the ej%s. ntraparenchymal I ncl u

bemjleﬁei:tod} by mawh% itndswmpmncshs &xhdriopehglial cmlg:s in¢ledrr oral, nasal,
e et m, spleen,

reap lrator% l% 8V?$IH%I ges % a&imlrrl1 S}%t\&/lgeilnt ricular), spinal

cord gangllon Iynph nodes adi pose tissues, thyroid

i Ssu adr enal ds, kldne . pr,ost at and . )
TGP uedenn RGO iaf Rl B 2 WM RLY P tiiapi§ Gigier sotution.
Bl%ﬂﬁac&ﬁiﬁ@ﬁtf edtcipatpatrebestoaidsd pasperAROragios . subdtdiees which are

lia route |ncI de or.al asa i r.ator
%]ﬁ?toé %melaaaa fiomap ‘t‘%@cﬂl}Pglﬁa&EﬁWO gfcé[ H"B‘?} of Yo Yhe phrase
ﬁlﬁﬁha@aﬁ@ﬁy GE@Rptasle irdTh€ 64 RdletulardenBh! BRERIHOER Y properties that

acceptable carrier solution. 10 Pharnaceutlcally

3e @Eﬁﬂ%{?ﬂ@ ly delesable ppd do patdynicadly dFqduessanspligraig or other untoward or
RURSIANRR SwiMhl £dhifkRred 26 CL RIARAL PRIAM, %WIEEJ[ hélreﬁmee term
phar macol ogi cal / t oxi col ogi cal point of view
phrmaceutiqshy eerseiableinesany grpaeed @valbueeulafeeraﬁg@n«tYoof the Federal or a
gfytb egb%ﬁhleﬁ%} th%t% +in Gl §| tPhﬁﬁﬁcoI%ﬁdop OHRE rg‘eﬁe?ﬁlyt IPé@Bgmzed
are physiologically tolerable and do not typi call
prapdropciaforabd wraginglso rlndomhrerpalmlnulomamdlumans t oxi c
reacti on when adm nistered to a mammal . Preferably, as
used herein, the term 15 pharmaceutically acceptable
means approved by a r egThfmp@utjp digency of the Federal
%;e hr%P/r%\ g 89%&51%0}/}%:) r%lt d%itzll\ée Fs%gung n &ﬁ:ge ex@?essmn or inhibition of
gﬁamnpeﬁpeuahémnwugewsmn@nmn@hsmsgm@smommcﬁmnmmmauawbycﬁa
eutic e di sc
B Rt dEeaBrTOSP THBGH PR PR GENEY ool abtymypleorid
dichtd il Basbhable dpect@@meofexpile ISicBflnd eqxaerstlen f@eme@g delivery
and. end nous e es in specific tis els o .
?Q?}B?rt Eéq?ﬂw‘ﬁ]ﬁ?tﬂ@@?) ]ﬁé’rflé%ﬂ%?% F‘Hﬁldﬁ’@agﬁPg& a%WI aoB\ﬁr%P@‘ahang
e@lnatediii mfthaamiwem ohedtdasteto dléedé&ﬂir%xﬁnﬁl@a%@ﬁ@lﬂlﬁ A and B
expectation of simlar |evels of gene expressio

He bRt Py ddistancisy 9f theK-lkpdelofsige Jartrss ¥GE prl, re@@%lvely Their

Qfnidal e@\hme@tgréag? shtlRh&d hemefpkfebhedddf RrR8T &AM Na¥k R factor
25 ordlnaey ski in the art differ fromdi sease to

Hilsenke < Yorsewstardpl’e: mpdsrspRNY P07 mikd Thus. 4p énceaepsisem 1% to
o 3@ ﬁfe n%frﬁ'ﬂ @év@ﬁoﬂfrfﬁlaﬁ%&étoﬂﬁ ‘ﬁrlefel pgh%ﬂt@&mfb@%Bl%ﬁ(f%rewblefleﬁmal

X, respectl ve hei r nical course I s
bevekstdreatdrifidn@n @@delﬁ)ﬁmfh@ep@rtd@dﬁ hyfenod thopsogedasyetousmgery or

{n?u\f?lﬁmﬁ;rlyf @fbRon 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 levels 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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VIIlI or I X < 2% severe; 2-5% noderate; and 5-30%
mld. Thus, an increase froml1l%to 2% of the nornal

wo 20081022309 ci rcul ating factor in severe pati ent BCT/ER200E076202

consi dered beneficial. 30 Levels greater than 6%
prevent spontaneous bl eeds but not those secondary to
surgery or injury. Simlarly inhibition of a gene

figRd Iﬂ@&,mkaea 1Q0%chaibR VA d&uﬁe (AP A ﬁiétrﬂoﬁnah enef bitfactdy VIIL, it
person having ordinary skill in the art of gene

e dpATOnebLY e@rpwéf‘alstbmltﬂ geng prding fepfastor NEhapplgdiado besyiarpssed at

anﬂ%Xl%éﬁg STIRR, R &r%ﬂﬁarﬁ&e&héé GuchQk Re Qé&? %éﬁlu@ﬁér@s@ and B-

upon suffici ent P'evel's of Trarker gene results.

gedaptpiiabd serveeanpifel, paradigmesrfkieexpepsties olnairecclnlpr @rgt@éxa 11‘! general
/ 0/ ; :

S R S ey e AR Py (S RO B v

paudgmofor feottalrpritbing in generacan be reasonably expected

that the gene coding for factor VIII would al so be

expressed at simlar levels. Thus, reporter or marker

ge ﬂEBipSLUEh cisct t dfe tige peseif mXpﬂemd f fesrase dehderécB “polynucleotide in

1 0osi dase serve. as use par adi r ex
SRR R IR TR ¥ Tise o SR ety RARGRR By the
meamrﬁemrgﬁwﬁ@mMﬁmm?enegraﬁmﬁmgadm?b&aimeedpho&ﬁhﬂﬁﬂﬁaw(H
SEAP) r as use ns. for secreted
Ime:i %’fFrﬁ?ﬁ H(? ﬂ‘é?Pél"‘HPg gﬂmttﬁ ﬁﬁ’glff § it cqppqniet ghegengrpleeirculation and
BIO6d. €3 Bre@XPHroR &R Cthitl QM R GietapMific SHcIPQ Horioh &0tk @Rinkd) growth
attenuatlnﬁhor preventing a dlsease condi tion, or

Bo1opt sloftigHagiers aandighipiesss muefeiy (a- & lPhpanirmsiy) Ahd pihgkproteins
‘Eﬁﬁtaéfb Beks Wt G R iR, BRkdins Jneﬂﬁgmmgan@%@ﬁm% herapQiic effect by
cell in the nenbrane or being secreted and
priosidig agresantpr fordhe etlletodeicl upghrptein ¢r lpgarogat. dior expanple, the low
&@1@1%; ﬁboﬁbtélﬁl{t@tﬂ) Q&eﬁ{dg cmmi (BQ %Xpl%%%& et (ﬁgpamc%e? laf® lctvé;@tblood

herapeutic I nclude hornobnes, cytokihes, grow
ﬂa)&,qsm@ le‘@lSOQfldl therelbyaoreyen, atl@msplemﬂotl@sw@ tbat@@elcn@e strokes or
. |. —.ant ' t t
bt B BIRTAT TRl o ol UG5 WROREL B e W en B dha
tlearer @rcuhng peist inctalpflfie et lnkghemﬂkqjomwilad"lfhﬁg @n raéoeml@ra cancer
ce(i)lrto %hﬁes frﬁilfefa%vé 8r dpglﬁésje??u% ($ Clés% Imeta%{anc)( %ﬂf‘itgjﬁ%&lﬂﬁllq a gell could
ﬂmuh&ﬂb&xeﬂpme&$hdnmmohepamocytes and | ower bl ood
chol esterol |evels and thereby prevent atherosclerotic
| esions that can cause strokes or myocardi al
Livesis ©hé 0fthe B’mef agetthitGarpetaisQich Sortdand thsiapy gideh ith BerltiBrole in
cel ] can be nes that .clear a circul |0 oXi
J&%F’i {eSa 1PP Otﬁﬁle H&?Faﬁ?@ﬂ%‘h dP i Grod, dypes eéﬁ%@gen&%ﬁjs@d the
@ecfeﬁ&c ef cikQlati@d protethsh€e| 886inP Rl RIMRbyaliOr ACRME ShOMSdred
| ess netastatic). A protein within a cell could

e.g. . :

éliff%nﬁ grneticr dyasdai gl entially becormegd by livervlipeied sqnp fherapy. In
hRlitRCaRhirdd\Bs JTRSS sucHROERBRE heakiaShnd iSRS rd AImB&NEd could
therapy given its central role in metabolism (e.g.

plp(b begr gededh byepalyayclestifs-hased rlivst stherapies. Gene therapies 1nV01V1ng
ﬁ@f&%f&@ lg&l%te%[)fégs%ﬂ @é%ld 30ghek I@ﬁlargg ISEEhGS 0P ﬁls&fders treatable by
circullatrng proteins (e.g., clotting factors In

Presrdishited gone tans fireBestexamile lishgre encdljtst comlse trpeted by expressing
ﬁ]k 1H§uqilg geélgﬁgldlﬁ %ﬁ&%‘te@l \Lvyosp %h%%log}‘; tn%"jsil g%ble glucose-regulated

rver erap
insulin secretion.
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addi tion, acquired disorders such as chronic hepatitis
and cirrhosis are common and could also be treated by

w@oiogeasheot i de- based |iver therapies. Gene t hRCHPEHS7/076202

invol ving heterotropic gene expression would further

enl arge the nunber of disorders treatable by 30

liver-directed gene transfer. For exanple, diabetes

TR duitfod S0 ﬁ@wagngsr &Jc?e@&ﬁ%ﬁ&ﬁés ﬁ%@fv@éﬁﬁi RBtabdIRG drii®ldhdeNdelivery

gene w thin hepatocytes ose physi ol ogy may enabl e

off Dlpyelepbdnsitatel njAsuFih al@@@ﬁetspdaﬁp sipulye the mmune system,

&%ﬁét@ 31%38%11 g%’s%%%@!t%?@l?@c%nce'r Qelﬁdﬁiﬂa& V@%n&%enes r actlvate or
I ncreasi ng ecreasin enes invol ved i

dalivei ts@arsslpp@eﬂlor gacy PObfnu?imtgdﬂmﬂn@@plb@elgll‘te@edcte Ilrldupfnlmmumty
[ the i mune system

§¥¥gmg§$89(ﬁﬁmgnn@§§ﬂ?§g §&b¥%k g?roy t he cancer

cells, inactive oncogenes, or activate or deliver

tunor suppressor gen ot i des can al so be

delivered to induce Sﬁ%ﬁﬁ%¥%uéﬁ%{pumbathogens or to

hh (méfd hexrpme%lvtw rodanpabdogect cakgepkse iddidecel bapsiomsand more

f.i.ni used herein, in vivo.nean
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whole, living 10 nulticellular organism (animl),

such as a nmanmal, as opposed to a partial or dead one.
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PTG deliving aPuIBFYaRF sietremy (0-2q & &8t hber 6V My Iggleused in
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carried out in intact tissue. However, the tissue can
Beusad hgreiin, vit sty Tsfegrativipsenceses earieshad if ingagt tissoc. dtayeniprs the tissue
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Ag %s@n Sfﬁ?n %?g/ézé lrrnefgng? g%gorcés%g)uffﬂ 1Inrrc1:e¥l nallértﬂ“%? | %nvnaonment 0é1t51de
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wo ol ecul es. Bi functional nol ecul es
%@ﬁmggﬁpégﬂnﬁgﬁb "SFeAE8Y er obi functional ity. As used
herein, a surface active polyner |owers the surface
é éwﬁn of ter apd/or the interfacial tenS|on W t

i dieatfin G Beticingt { coripBuT ppeTy SaHaatorm

atlidkage BRvdeh Ot /Y ARRles| Bifhétamel ni¥lecart i &AdYoitsin aRdmo or
i mmunQqgl obul.in, including antibodies and fragnents

P%@P@Bfmtlwg&y

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

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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bi nds a specific epitope. The term enconpasses
pol ycl onal , nonocl onal, and chineric antibodies. An

wa@paoslozadyd conbi ning site is that structural poPCT/UR2007/076202

an anti body nol ecule 43 WD 2008/ 022309
PCT/ US2007/ 076202 conpri sed of heavy and |ight chain
variabl e and hypervariable regions that specifically
RinffiRe@0F h@QP-and méhm{aﬁlsﬁarﬁﬂlﬁ i.R@ qtypmrﬁsrel 1Bgibi 'Jhﬁtsspemﬁcally
various granmatical forns as used  herein contenpl ates
biadhantigen. nthecrhrasariengly opelpquie iolteraiaus grgnmagical forms as used
h&%ﬂ{ %h@&b&?és'%th %‘Ptlﬂté(& iR élhbgfl&rﬁﬁ A IITHRP G %thh(‘}logwally
mol ecul e. enplary anti ecul es are 1 ntact
#ative OGP l@ﬁ P et astab s mOémblst Bxemipddry yntibetly @tolecules are intact
e 0!
| mmnggk&gy }n{oﬁ]ecmg% e%ﬁ%t@rﬁlaﬂgﬁn%gtn thtln%lg)%{oﬁﬁ{elﬁgg?o%cuﬁg and those
pcmld)msdoﬁ}gn tummseoglgimlhtu peisclt ohven containk ehcalptaraame Fanbl,udmg those
%orp ?ris kn \an 1r¥ tC})lF: aﬁ & Flatg1 (}t‘taE( IyQ)aR%srug Zg antd \I;):T:Egﬁﬁ 80rt10ns are preferred
ﬁbesxsas Inbeld: therapéutic rhethodandbsdr{balb’ h):rem.l [FaB amdrH(alﬁ)’ﬁbaf portions of

PR Gip F p b Rerale Blgts Aty icc EARRE VERgabnd pepsin

&S{ik%ﬁ'&mﬁ ioal suystdnfibie tntaananti@oalwmmbﬂem}eﬁaetwdmama $Jell known.

at, are wel nown. . .The phrase nonocl qnal tibo
{r P]F%SG\}H‘PI}OB{?@ tlFldtcﬁl‘PaFIB‘fSn%raWE‘PE‘iaé ?‘frHISa{ e%frf?uch%‘ﬁ}bOdy

Heawgn@ﬂp Bhy sRRRs DPaEHEIRIAY %mamﬂgbﬁséycapmbmﬂﬁﬁu@réaetmg with a
caﬁab e of i rmunor eacting with ﬁartl cul ar, ant

@Pigeal APIOHORR} 2RHREY ﬁ%ﬁwa diplayy ayiaclgd '@ﬁwgwéﬁmty

Rir ey NG @& wikht Which Qf iRRYnAHctsI@n nyMnbaoMIaghbddty may therefore
[ mTunor eacts. A nonoclonal antibody may therefore 15

ewitimian aiibadit inedasylentavecup e lwalityngf antiody gompipingg sites, cach
1f1%95'1bi (ﬂff@lgnt%'nﬁge?v e. gag Blspécm{glﬂﬁleﬁ@ Ifldn%clfogzﬂ afitibody.

di fl%!erent antigen; e.qg., bi speci f (chi'meric)

nonocl onal anti body. EXAI\/PLES Exanpl e 1.

Pol ynucl eoti de synt hesi s Fag %genbl y. The follow ng
synthetic RNA 20 oligonucleotides (Dharnmacon,

Esdnapjetlt ePdZm)ucmzvcé us@ksis Senk essstiband hRNRdlowmgt sintietic aBRNA

Fgloﬁgcrl%ogﬁesugﬁ}arr%aﬁo a?'clwéettggp? \\/Vé:Fe;c’/r?sae& %en? stltatr]@[@Azs,t C%&Eined a
piirodrg cinésk RINMA aodik g;alrbun: Ispabi alethe i te ahk@p rcotjegttion ttheodelivery
to.th a in te ccardin nufaturer
T o AT e AL ot s Vs B SRR e
AmedlpEBstefEnsesring  GNSVURIOGRAME8Y SAGuctiordp dBe 1siRNRNAhad the
%?nse 5' - NH4- | MJnJmA* G, SEQ I D

lowingSPQUEREE 5' - P- AMAAGUUGCCACCCACAUUCTA* G, SEQ | D
2; 30 apoB-2 si RNA

apoB (Ensembl# ENSMUST00000037520);
apoB-1 siRNA
sense 5'-NH,-GAAMUGmUGGGmUGGMCAAMCmUmUmUmA*G, SEQ ID 1,
antisense 5'- P-AmAAGUUGCCACCCACAUUCmA*G, SEQ ID 2;
apoB-2 siRNA
sense 5-NH;-GGAmCAMUGGGmUmMUCCAAAMUmUAmMC*G, SEQ ID 3,
antisense 5'- P-UmAAUUUGGAACCCAUGUCCmC*G, SEQ ID 4;
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sense 5' - NH4- GGATMCANMJGCGGTUMUCCAAANUMUANC* G SEQ I D 3,

anti sense 5' - P- UmMAAUUUGGAACCCAUGUCCTC*G, SEQ I D 4; 44
O\@0302B0D22309 PCT/ US2007/ 076202 ppara ( CenBeaki#S2007/076202
NM 011144); ppara-1 si RNA, sense

5' - NH4- mUnCATMCGGAGTCMUMCANCAGAATUNUNCrU-3', SEQ I D 5,

anti sense 5' - P- AMAUUCUGUGAGCUCCGUGANC*U -3', SEQ ID

%} re (GRBhAANST fNA4Ense
"~ NH4- mUnCCCAAA MUNCAAAAMFU -3', SEQ ID 7,
aPRdeanddNA; - P- mUnMUUUGAAGGAGCUUUGGGAMA* G- 3', SEQ I D

8, <CRBSLQl, R 1hEEGA ML RICASCAGRAUGAUMAERES:, SEQ D 5,
sense 5 - NH4- nOMUmUAMCGTOMUGAGTUATCTUNUNCGATL U- 3

SEQantigniely - -Aarti deHe GRrGCUCCGUGAMC*U -3', SEQ ID 6;

P> UNCGAARIRACUCAGCAUAAGM U, SEQ I D 10; m= 2'-O CH3
substitution, * = phosphorothioate |inkage, and P =
P04 s¢ise SeNBle ndhuCann Aséi{selU oCmfonlroC aNiAdES I e, ST 7,

target. se c L XJ g « | :

ol i e O S e G S T T

t CoRTsRNA G5B mycifehenrepaecgaasi Nng t he tenperature in

0. 3C st 50, ti , ~hol di t each st r 3,.Sec
St SRR R Al B b Py 03 s
Syntibesi s of a vinyl ether nononmer. 2-Vinyloxy Ethyl

Pht hal.i m d S e ' t] - r oet hyl

Vi netRser- 380D O by i OSSR SR m e

( 299+ 2'-0-AB3ub®@iytionn 100C DMF(75 m) using tetra

n-butyl ammoni um brom de (0.5g) as the phase transfer
cat al Rhotphorefiigate Bnkses.3d was heated for 6 h and then
crashgg, out in water and filtered. This solid was

then recrystallized twice fromnethanol to give white
eenya erd antisorse pligomwrletides (fogaph argey Isequenapyt oy aaalsd by mixing
Qﬁhﬂffgx{ nouftsSEEARIN@ he AP R VAR 1S: 52@%1 l%b/c{ifn@ €5 d@8%or § HAMthen

vinyl ether nononers w th varying 0 _am ne group
degtdapiag g dempierdturg kB (gytens @S0 timaw ihplginfzrap pach neep fay fsear
carbons (FIG 1, Rand R may be the sane or

different). Menbrane activity was dependent on the
Exanepl{ 2l Aoplvingledienrdndorgicyjobameds.r ati o of 30 hydr ophobi ¢

RO ? O3 O&E\c/z\avgney? Ieﬁzlel(’j m%99n§ v 2—F\);il%ﬁg)!y Etlﬂgl plll'{ﬁa}ﬁnilgee Hhy Sl%pared via
po )ilrrer S re-tound

reacting 2-chloroethyl vinyl ether (25g, 0.24 mol) and potassium phthalimide (25g,
0.135 mol) in 100°C DMF(75 ml) 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 methanol to give white crystals.

B. Amine + lower alkyl polyvinylether polymers. A series of copolymers 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
hydrophobic monomers (Wakefield 2005). Propyl and butyl-derived polymers were found
to be membrane lytic using model liposomes while methyl and ethyl containing polymers
were not. We termed these polymers methyl, ethyl, propyl, or butyl-aminovinyl ethers or

(PMAVE, PEAVE, PPAVE, or PBAVE respectively). These polymers possess sufficient
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to be nenbrane |ytic using nodel |iposones while
nmet hyl and et hyl containing polynmers were not. W

wWao evoseekidhese pol ymers nethyl, ethyl, propyl, BCT/US2007/076202

butyl -am novi nyl ethers or (PMAVE, PEAVE, PPAVE, or
PBAVE respectively). These pol yners possess sufficient

45 WO 2008/ 022309 PCT/US2007/ 076202 charge to conpl ex
Wak t@%nipréxmwmm ﬁ@klorogr&ﬁwne&ﬁﬂaﬁaﬁ S saf Ant condrddt, small
cont rast, menbrane |ytic cationic peptides such
msmpiang b ﬁatmléf nepédonsedh asmelitErmiotoo ceakl aks@nmgondepse DNA
nSiQJt é &llﬁ@gdhﬂﬁ)n§ qlhgtlérgé}%lze -ghﬁle sﬁ{tﬂe@irc aﬁipﬁﬁ)atgfc ﬂo%ers not only

synthetic a ol yners not
@Iﬂnenqes mm IHM] @mldglgatblhlty, byt alipumakep ﬁ@mrmkre éyttcrmsm In@lmebasw than

r [
+n¥1t1t|t1ﬁ P r an S%Wllyt %i}a;hsbgﬁ% n\xgtg:ﬁgéosf ﬁllﬂl‘t{lr o-f:}%}%%{l% cflé(cdeg will
f]mihltate thazmolnlutlanc ecidnlehveno Ihuglfbuomphmd!a‘txdbﬂ |DN§4:,we ddiﬂrlmgled the
%}layoe d[o sr}[g/; %1 %hﬁ esyréet{)}ehs%zﬁw}/mars ﬁ? co?%i{r%encg tgl tebl%l% 1835,
their stablllty in saline. C Synthe3|s of

menbr ane act i
ST B e R R e
gmoﬁefe:mm@g gﬁdl%dammapméck@r Vlﬁﬁetgi:/r,e%e&(-j M- Zﬁﬂy@@@rr un]?hglgf}tltgahmlde)
FRsadded, Hyy gVﬁn ?1 R‘E‘PS gf)tt‘?ﬂ‘ ?]f‘%ijﬁﬂe‘i %Llﬁﬁlﬁ‘y}ﬁ Biffgeen n anhydrous
gicKiblogicaRs. Mangis sémtibh 'Y5m51% hllkyloﬁ Y efH%ﬂl %’r@}Jy‘F)ﬁJr buA)vinylether
ethyl, propyl, or butyl)

a1 3495 dolisyed bired ol R (éaf%s-‘a@e Wade&li é_laéleghpl) <FTG 1). While the

ffdl%&l@ﬁ&@ﬂed(a’r:é gérw@a from 3 girfeRGt mBRINGIR iR iHEkBbA Rhoflifited to

derived from 2 f erent nononer s, the invention is
mEeCHfic FPMBeSIc Ofwlraﬂ eiheranenomeEso RpYBIE| COMPHFINg Maye monomers or
[ I
Rl SRR S ol B S G TS oIS LARAGTE- 5 in o ary
®olanttorenbatia ST dotheughttion d 0- rﬂ@% BR:EO8t yas adided apéttoneaction was

e chdriid G hif ety 7 BronBaEon 5 g Sfonium

hyB&xideadathtioh: ﬂheq&d)%&:lﬁ Qﬂs ‘Ndhghtao aBhBRARMAHcrabdied pidisure and then
hydr oxi de sal uti gn, pol ymer was_brought to dryness

browett yodtti 8ambrads b ﬂé)xslﬁ-‘&n%th%wl d0 brughtl S 9fnhisigRze per

ﬂ{thallnﬁdéjbvﬂs?(ﬁfd@d et PO the (dtdoting %Ebuﬁ‘ﬂonﬁﬂhe aBfind YHE 3AUNR was
pht hal i m de was added to renove the Erotectln

{fﬂwﬁ for Hbn thinranahie drmess wdpiiesdusad prgssure: dhe spbid gvap grought up

B 20t Heds BE peghtadQd %ryﬁerﬁﬁ él‘iﬂfti&f wi%l?@(‘)J 1 ‘alsﬁfl&lsﬁé{&e andTllgﬁuxed
solid was brought up in 20 | uxed f

@5 adilionadj hoyt. ebhanpalwtiopowag ﬂmnsmqurrﬁle?@dmﬁéﬁ\la%hcpooled to room
It X
RED PR v PO R R IRE fo0E (e L BReT R 21 ARG 2<200
agaamsﬂenﬂﬁdwa@r 38 Offeerp Ideicdi| Hire ulelelculhlosfelghUbf tigp, polymers was
I: : r
gsgg”’!a%rﬁglg%é%garl)ﬁéalhs %ﬁé&ﬁ%&‘gol @%%ﬁg&hlﬁg ko %tér{dhl%q)r&%%hl?res While
pegmere sontmaine aihmdmgedavuaylyetﬂnem zmhonsmzle am(dudswﬂqed fn t‘hei;emmmples
aeserding. Lo shandand pracedures, Jhi e polymers
GAtar Nyt swa VIRV MOE % nononers are
descrlbed in these exanples, the invention is not

JA%‘[QP rter%gva %f %hlg ﬁlaloﬂanrdtel gcr:olilllpg[)y sequergﬁli fcfeatment 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 in
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30 After renoval of the phthalimde groups by
sequential treatnment with hydrazine and HCl, the

w@oiogoe23gd were transfer to 3,500 nol ecul ar cel Pai/OS®07/076202

tubing and dialyzed for 24 h (2x20L) agai nst
distilled water, and freeze dried. The polyners were
then dissolved in 46 WO 2008/ 022309 PCT/ US2007/ 076202

%t%ﬁ&nd%ﬁ’ce@'oﬂfoeﬂséﬂﬁidéx% $8 e&aﬁhﬁm% HGS WIR wekh&cluded from
pol yners that were excluded from sephadex G 15 were

mbadaf &at 1 angrecigneieh end eageiatadyypbipphiizatipns A he Tppdecular weights
5@ lifC H&l?ﬁle%’e{v%t ‘?hen Q{eterrrlﬂﬁle@ Oclyy apCcs um%A ‘IIJT%H Inc. CATSECI100,

det erm hed by usi ng Eprogen Inc
CATSEC3®0 anda%T@@EE@ml@mn@m sgriers Thorugang ésffel’me 50 mM NaCl,

?/E‘Qn'fﬁ%o f (ﬁ% Mﬁﬁig’p M}hﬁ}g line stagld:f]ﬂé)s Wd% Qetadas]‘tﬁe/ calibration

yvi nyl pyridi ne st rds were used
oald. Efihamorlmulat:wmgbts offthe pnb'lrretsutfw i ginigs 10,000-h@0,000 Da, with

-100, 000 Da, with
@ﬁn}ﬁ rItYO O;i,vmefrpregﬁfatlons Og?re%g)rog l'ons over 20,000 Da.

D Synt heS| s of DWL360. An am ne/ butyl / oct adecyl

ﬁtz?n%&ﬁ}gﬁkﬁé%r pol b&g?%ga%efyg’%q{gl%s ed fr@{"g}Fr: was

S&Inﬂiﬁh iegddn@tom 2L-&idyQoxg, Etﬁhymli‘ﬁih)lhmﬁle d3oct @dESC yﬂnvalﬁ Y(iuej.'l heéfiylether

0.29 mer.s
@‘@s%aﬁv@a]l% a@dgcmﬁoﬁﬁ PdFtBers 33?.90&“ oM BYR RSlIanersT g nonomers
ﬁl@ﬂeldﬁsls&ﬂ&i a0 enltaiRfir&d ded 1 drém@hane FBes@iNutioaeivae ehcdn@ded to a

2 mn later, BF3.CEt2 (0.042

at h , 0.3 |
azﬁagdi%ﬁe/afqﬁ@le Yaths 2 mipy #fl%%%@%&%@&% Oérla@néﬁ dv)aﬁ ngeé apd the
ﬁﬁctloz%s af[&ﬁedﬁ@ W@Jd' 1884 h 9N-7486, Ma%ely%{eg%%ﬂ w@(ﬂﬂeﬁ stopsed by

addi tion of m xture of ammoni um hydroxide in
ibéta%h@.ﬂ Ofe%O/SQ f%léWEFt fgmngmiym pyireride i gregiepelrar @eolutpppeof lithium

ﬁ&hl‘é@lﬁh@ ﬂ&%rs%lxleﬂt@ rlerr@ HRY qgmg).‘yedr@,t dta¥y %V&;B&Eléﬁ AR polfHier was

0 yner was di ssol ved

t_hem -dtislxech éf ﬁ@tmhwéll A-gipagne/ mpghanpli §2/ 13)0 IT@t thésn seletgonawele @dded

L B R
Wetlmhﬁedelbyveﬂcbwyaotyry@vwmt@n jagehthg med;uttilng selalswistthangpreught ¢ in 20
6 9 %)[’]Hﬁ ela flor 15|2 I% Zglhﬂéq Wlﬂé gO %1 M&tﬁ:?d \iv%][gr and refluxed

uxed
fAmt aieldl,noam dhduef 1Fhl|X ea@lutlbm rwadﬂhlem inen@dlizeb wwith WaO®, cooled to RT,

sl 2300 ohRubt Sl e !, B B081 552 R deeins

dis@ll ey Zextbr famd 12philizRX20 L) against distilled water,
and | yophilized. 25 Simlarly, other polyners
cont ai ning various ratios of am ne, butyl and

Qﬁhﬁﬂ?cdfher%@hﬂé&s coXByhiREvAINE REiSt dLemind tﬁ@yl%@ @étadec 1 groups
noNoner s be incorporated. |n parti cul ar,

Penhs Syn&eﬁéqd AKSPEEY MOYGTHST BEH BS mcgrﬁarat?rieﬁndoamcw é‘%l’ﬁt&]r“nyl

hKaMedJaeaN vinY RBlcRAh@bRHY vidi@nd? %\)érﬂ%él§rncérﬁo@fé@ into polymers.
enbodi nent, "t he ‘am ne/ | ower al kyl / hi gher al kyl

ponV|nerther terpol ynmers can be 30 synthesized

Hﬁdd&%nﬁegi%ﬁtr ﬁleaaﬁnn?e/lg@gldalﬁﬁfhig‘ﬂeloglk)gl%ogfmng}ﬁtﬂgp{éﬁm?}rmers i be

[ ower al
synthesized using monomers at a feed ratio of 15 amine monomer : 4 lower alkyl

monomer : 1 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 : 1 higher alkyl monomer. In another embodiment, the amine/lower alkyl/higher

alkyl polyvinylether terpolymers are synthesized using monomers at a feed ratio of 4-8
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nmononer : 1 higher al kyl nonomer. Under the conditions
descri bed above, the incorporation ratio was

waeledosfop3ned to be about 5.4-7.5 am ne nononer PCBUS2087/076202

| ower al kyl nonomer : 1 higher al kyl nmononer. In
anot her enbodi ment, the am ne/l ower al kyl/higher
al kyl polyvinylether terpolyners are synthesized using
IR RIndnRt : 3-5 Rer bkl moBémé- 81 hég%e %A&&%Qﬁa preferred
PCT/ US2007/ 076202 ani ne nononer : ower al k
erobrsliraent, the nefygreay amgl watpr sdHvmEsbouy h n@g/@l} OF &reatey at 25°C) and
ﬁg@ﬁ?&ﬁg@t the polynmers are water soluble (about 1

or greater at 25C) and surface active. 5 In one
enbodi nent, the polyners are fractionated to yield

0 I :
B R0 g B Bols B, Btiofed BORH! pef S of B PRy ciaheof
Wioat 5 EDa @dbemt 5()é<ﬂ3@o¢nﬁrrm’rs pre&rahljlr aoupd] kPetosbaa 0 EPa.
synt hesi zed of nodification of different base
pol yners, including, but not limted to: poly-L-1ysine
EPOLLpr t@ﬂilyﬂérmySlmﬂhmﬁolyrﬁéfA)can bd Byralndizpd b/ aiotitﬁeaﬂﬁnmf different

b ROtemaren D R eb g iy ol BB ). BB iz

Mt Folyally Biniine ((PfAAamBjﬂ ettachmeiest atdyk gtoups tol diffeentathKyain ¢in of

bout 6:3: 1. posone |ysis. 10 of s
%ﬁ%?é”ﬁh‘fé’ﬁr% ;ﬁ“&%‘P‘Frﬁ éal\/é%xvsmi‘fl?dﬁ‘lﬁt %’&tlwgg‘mi}e nfog‘%f alfsyl-higher alkyl
dbe@d: 1N ng 100 mM car boxyfl uorescein (CF) and 10 mV
HEPES pH 7.5. Liposones were then be extruded through
100- nm pores pol ycarbonate filters (Nucl eopore,

Pl E?&@Weq i, 1%& Nél,fgn% @mﬁéﬂyl@{%hwsvag ﬁy&y@@m BhE &f buffer
us rap

exc i on chrona y using pharose 4B-2

eantpinipg 1Q0 N o> RRATMERESD (- )8andc10 mWHEd’@S pHAT. ngpcgsomes were
%Hl %% Q:B(trf?(iedt tﬂﬁ)ug{:%l ?(i()e ?ﬁd@?esl b@?&%ﬁe%{eﬁ éﬂfé?@ggérg,zlaineéanton,

I sotonic . uorescence (kex 488 '
GAQ))UlwatraméQEr@@B BO0REbyafize pxchupdint qhmmmgr@hzalsglgo‘-’repharose

(%M?fuﬁngﬁm‘ﬂe o faM ﬂ[E‘PEs:joeSIBg{) ¢ M%\‘I&%@ Sioﬁﬂth e@lub{ Q?Hle CF-

h exper i1 nent es were alsr
h)ddhdt lipisomes 4@re pddedofo &.8184 Tafi is@nniX- th@or. sﬂhoﬂewem:et 0Lex=488,

eterm ne maxi mal |ysis. anp . sking agents. 25 .
g% - W%&GES“EFI%Q “fb‘% BBFrc?HE@O% 0*@@%% ﬁw@%‘gaﬂﬁvﬁmﬂa@ vesicle
(B AR it RL di | oTeA Bl kp @ Hshel el €les Qére @EMptedT #e addition of 40
suspensi on of sodi um hydride (0.58 25 nol) in 50

W ofarifg Hrion - 1Q0sousRy i dsfaumus Dgranal d
triethyl-2-phosphonopropionate (7.1 g, 30 mol ). After
evol uti on of hydrogen gas had st opped,

Bramplhd: | Mpkisg ogdnit ar at e (3 5 g, 20 nnDI) in 10 ni

ﬁ.”gm{xgy% b 9@?%)/9&-% e Qg b8 aleR atarid
m n. tejr[,%l 1, vvaesy‘t en %@a de anéj';‘t%zne‘)g e an9”e
vreCPaly dp of wseansina st sedromdd dbye ((biey2%ewapdr at fom! ahglrous
' o]l d_. extractgd
R0, 301 SRR L A RS 1P Y
evolution of hydrogen gas had stopped, dimethyl-2- oxoglutarate (3 Sg, 20 mmol) in 10 ml
anhydrous tetrahydrofuran was added and stirred for 30 min. Water, 10 ml, was then
added and the tetrahydrofuran was removed by rotary evaporation. The resulting solid and
water mixture was extracted with 3x50 ml ethyl ether. The ether extractions were
combined, dried with magnesium sulfate, and concentrated to a light yellow oil. The oil

was purified by silica gel chromatography elution with 2:1 ether:hexane to yield 4 g (82%
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conbi ned, dried with magnesi um sul fate, and
concentrated to a light yellow oil. The oil was

w@oos223a9 by silica gel chromatography el uti onP@i/UR2087/176202

et her: hexane to yield 4 g (82% 48 WO 2008/ 022309
PCT/ US2007/ 076202 yield) of pure triester. The
2- propi oni c- 3- net hyl mal ei ¢ anhydri de was then formed

Bd) A peR! kg ahe b r§pl&m @Srﬁ&lﬁylﬂnﬁll%fé él@ymdeqbasathé@/fé&ed by
%

m xture of water and ethanol containing 4.5
e g efrikis Yricster Wit Wsal ofrh IXAreixiugeo! wirgnd @qh@n @ﬁmamgg 4.5

E@Ecﬁﬁa‘ie‘ﬁtﬁ gf {)d{%sﬁlﬁ{hy:ﬁr&ldeﬂ?ﬁls S gh@p@gs H@ﬁ:dt‘[@ #fux for 1 h. The

renoved ry evapor ation an he sol uti on was
ethangl fvwa%éhetl @erpweﬂ by watme\ﬁp@mmm@rth@ selufieh wathgogdified to pH 2

g:gféteh ?@cﬁ%&lﬁghﬁc\glgﬁf@g a? es??{{tigl?i gdthéﬁ‘l tﬁﬂra%%g Wit 9bAY%hI ethyl

magnesi um

wtateat\xél,ichaxmu is«zimtcérrtr'reatvédl magnasiwini fubfatesaldi d)ncéﬁltmed to a white

%O%d Ahias; QVETU C]{eg%éf?}ag d f L 81'81 Sighhonameihane, anf - o
exane to

Q&()m}oﬂdmfxprapmmthytha’mﬁmamcamhydﬂrdede 10 Thi oesters,
esters and am des nmay be synthesized from CDM by

conversion of CDMto its acid chloride wth oxalyl
Chib&tdrd @stére hhdwRidediyay hesyathdiitdddrondCDM bhtdlversi@s bECDM to its

FaLar sl ot BpeTiones by MRsaton A pHEoRFSr o gmine and

pdlidcat et hiitd degivndes a®treddily nfddaidl byzBétBods GhadGEch the art, to
gr oups and ot her reactive groups. The resultant

aHlsh taregting igands. éerigsAlpIlizers, ehpagedi BPUPS il peraivachivg gropgs. The
Bsul@8l A6EASK-EPDE Al tNGver@bYehddg agfiRps. The nost

wi del y-studi ed hepatocyte targeting I|igands are based

on gal actose, which is bound by the asial ogl ycoprotein

Be@?gﬂglg&—((d%% ﬁé targé?zng %9 C”M{eelﬁ st '%11& Eﬁ&@& hajatocyte targeting

al act ose has been 0 fac i tat e hepat ocyt
h%ﬁngmrﬁ heped o gdaﬁ@w \MhlglhIS;boumit yrthg @ﬁllmﬁljecomsntmm@p@é@ (ASGPr)

91911 es %@t%hglgénpgf atlal}?Osg Lés%%@@%%rtb ‘iiﬁ lﬁge ggﬂa‘ﬁgﬁﬁ%rgetmg

yrene erivatlve, a pol yacryl
Q%Iaa&vvobghb'awgm |snbjlbleg mocl]@sgeér leolyreersli inylugmge izt etgosaccharide

1‘[851 ¥ ]?otl%s fene fl%ﬁ/a 03%8 agl glcgc%ﬁlargnd% r I(gja(:fdctose z%aggetlng

1udosé ioni c ac
glbaﬁs age Ira&lﬂpsgndmtddvamng/elacttmey\/m cgialacmkmglgctdse odisactlaside, via

REEBe i 2t B bR R L feBSiih otif (AR s depisatsiip g hich
it greasdhanbae adipldi tﬂ%lﬁc&)ﬁhnacﬁﬂ)as reddilG. in@rsdi@es idtha maleic
S i veR e A r e o e G od S the structure

oo lIBXaddrR B Ge Wﬁ&duﬁle%aﬂ@t%bétb\ﬂﬁﬁ Mal€ibanig@edaabne group
into a negatively arged one. This charge
nodi fi cati on can reduce non-specific interaction of

VAR RSk YHBSificalloh RoRRBRtd ¥&lithefPEH8RE &8hd SrAPUin®eh Wkatively
conmponents. However, too nuch negative charge 30 can

elirasd oae. Thisehateeinnlifigetion eawdodicy apn-preiistiPrCtion ¢fdhe polymer
gﬁh‘ hég@l’tlv&? kl?a‘féeg%%ﬂsc&ﬂts@iluﬁi ﬁ)%poﬂﬁitse Tﬁw@%ytg{) nf€h negative charge

erivative can be generated by inserted a positively
cﬂnaerg]@@bet @tqrarcaply 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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am ne group into the masking agent, creating a
zwitterion. Such a conpound, CDM Pi p- LBA, was

w@emsnz3ed fromthe conponents: CDM PCT/US2007/076202

propyl am nopi perazi ne, and |actobionic acid (FIG 2).

49 WO 2008/ 022309 PCT/ US2007/ 076202 C. Steric

stabilizer CDOM PEG and targeting group CDM NAG

(N-acetyl gal actosam ne) syntheses (FIG 2). To a

sol ution of CDM (Rozema 2003) (300 , 0.16 mml) in
SoStetic stppitiay| (dNE-FEKT erd eeeviag saud PG IN-6¢60d g1 lgetogapnine)
Ymerk s WE1G. 891 Do eﬁgb%tg)h R Ot (06 g‘2@§3)((§?1(§mlg)0 1 Tﬂlﬁlol) in 50 ml

reaction was al pr ocee over ni
neglenhehleidsews adgedl Cyihlyl dﬂmﬂel@ & Hhat. I\mﬁ R @m@thylformamlde (5

I d, b

ﬁﬁ P ct‘ﬁﬁ{ asr EW‘?% "y é’n?ﬁée%h:{v?égl‘?%ﬁ Rxﬁgého{}mle I el oxalyl

dilgsig| anédnethylﬂlemhlomlﬂe rv@tdwgplrrwmal bh kasarly deapotasion Hp gield the CDM
d al o] vet

aﬁlci cltﬂP éT]eD \rﬁlﬁe Ccil (ﬁl(iior{dﬁ was lvgver\afl ele Ifslélfﬁ’l feXe gﬂﬁ%&_go this

mlut(oanw:n;o&itibtbxy) mbllaoxgn@ldn&cpdlydt@ﬂem@ly@l m;&methﬁl Eh&QMW

R A N M YN e e
grla&dpyfamede:(hh Odnhifl@ bisdthexyscalhyl IN AR 68 SDMMIA G tand p@idide 00 pl,

L en i AEmEFCiopnyfEte 111Pes TR “OHtichat srhamingie i e sobvent

Wed Mhgn FEYRES and M Sesulihl gcéoli& wag d@s&vell%thFﬂAml of water and purified
wat er/ acetonitril e gradient 2 15 Exa

4.
RaEE RS i Rhash H Bl Hipg 2 B4 %p%ﬁfwaf@{/@a qna@letgaadﬁgP Vigr2)-
Modi fication of amino siRNA oligos with S acetyl
roups resulted in stable protected thiols that could
g?eamréfr daBeirsiliq adadhrsnicol b gleniae prp gy Mogdfication of amino
ARRSENESs Rt §rbcé’c§7‘ &up% 9&%%(1‘]&1 RQbiR %a{é‘c"f’etd' 201 11k BNI@bIrelcased
deprot ection cond | ions for renoval a thioester
tr obysia @éfmondeh%)ulbahfr presance laf alhymlrr@wpn@mngepolmm éhtandard
PLQ | gn S
&Jb&ﬁ%tgg %) %Fé gﬂr g@ﬂr‘r&d fogr ?cfmtglﬁ)%ﬁg _%/orrglpcfeg{}l'ré 1ﬁ(ﬁ1@£t10n with
helctylaonnd etloweerr, athesl I@le;nrotacmonecmnddlonhlrcﬁeht mr siggificant SIRNA
d&&ﬁé\ 3{1%1§¥fosr'mgtl10n lf}lé&’dl]@/ %g‘ri“ﬁaggone%(et egetn\r’\ggz:]iy'l) X‘% &’ ﬁnoester is
fewmaely chosl, bgr mw&nﬁﬁ@@hmwmmmanmhicysﬂ{m raadral p@l}mhtmmc amine,

ed S 2a i 1G, 3).
R gl oKt R6 & S0f by rh S5 Bu ERbrlholt g s reaty
ietleatddsthbep' 2 mhepld. |39n1n/vhd1d1ncaﬁtoi V@bledmdg sy tigpdetection, the

oups.on the oI ati.on reat | ced Ste
%ﬁ?fsedfﬁ@?éé?ﬁc%}g? dthfedy ‘ft?cwa’é“ ¥ is EIPPH a]Q’ fgeaﬂy

bilhGale@ 4S8 DIeC They &tidlhtsdilikinelge pfrifyMhiod (RD)andradasle@s disalfide
attached to the polycation using commercially
fopgptfonp|agd ‘?""éa@"éHY sittaghisd foelg) polyatiph agigg commercially available

feRtdn@; PR Lkl 6F tﬁ@s@(iﬁtfaoﬁh%dl‘@l%aa%gs/%@i%ﬂw ablj@tiBd of disulfide to
disulfide to polycation. 30 Exanple 5. Reversible

ed¥§atigat i on of pol ynucl eotide to pol ymer. A. SATA
nodi fi ed pol ynucl eoti de.

N-succi ni m dyl - S-acetyl t hi oacetate (SATA)-nodified
Example 5. Reversible conjugation of polynucleotide to polymer.

A. SATA modified polynucleotide. 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 NaHCOj; in water at
4°C for 16 h. The protected thiol modified siRNAs were precipitated by the addition of 9
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pol ynucl eoti des were synthesized by reaction of 5
am ne-nodified siRNA wth 1 weight equivalents (wt.

W@ oop/02f305ATA reagent (Pierce) and 0.36 wt. eqPCD1S2007/076202

NaHCC3 in water at 4C for 16 h. The protected thiol
nodi fied si RNAs were precipitated by the addition of 9
50 WO 2008/ 022309 PCT/ US2007/ 076202 vol unes of

eiihanobs amdndinmdbAatigaoftat ~78€ Q22 hrhe Th@cipitate was isolated,
precipitate was isolated, dissolved in 1 x siRNA

@@ﬁOiV@ﬁ i bR ARDRE affer (Rermegemt Indzauarfiteigd f asasiring absorbance at

aP5es RaANGE1Btotn t he 260 nm wavel ength. 5 Polynmer, in
thi S exanpl & PBAVE or DWL360 (30 ng/ni in 5 nv TAPS pH

was nodified by addition of 1.5 w %

ﬁol?fﬂ%‘; |“m #@}t@/ F%éggn%ljslk/%ﬁl% S Cg/nh%_nl_ Shml\/¥ TAPS pH 9), was

addifitd orbyof a(ﬁméﬂi of 8 1rfy wﬁ%SMP?uccmohlydnbxqunalddmdthyba [2-
400 1d1df.1%?ttq( ne!n(e: (gwq"o%’wrcegaﬂl gtgr Cc?dg%oanl r01% EQIP% WI;lrgA F0)§ SMPT-

ution
18A§ﬁﬂerrmail afdde&ﬂto%OB‘(lesot%mrc glﬁte)sejmhﬁmme:smamag 31éM TAPS pH 9. To

T PR Manoie € B Penp BTy b, response

m@ﬁrlﬂhbﬁﬁ whére PiBaatcdnogntthBorhwad dontthintSdifanént dnfiints of siRNA were

I cleotide was co a to_t ol yper via a .
?dg‘\?i pEYP é‘(ﬂsftﬁ‘ale ‘gjﬁ‘ée% ff@\r g?élull? P%%Q‘Bﬁng‘%fpé}yynudeonde was
Eigd@atd @p olFﬁlElV\ﬁEEJ rdvBRibROdiyiTEde tHAE /8 HiRNAIPBOMIfeeBnjugation
for rever3|g ity.in the reducing. environnent of the

s ess the ely meieand SRR BEViTR for SBRISIYIAY do s dedraigg spvippment of
@1@ @?r{dﬁlahﬁ tiReiRRA oy %og %356 s &Bﬁé&%ﬁ%&hg% BRS6lution 5.6

a mxture o

@gmf HpbeES f%ﬁﬁéageoﬁomw%bmmtw@wf Brcud S0 NAG apg 1 ngé%ﬁﬂDM-
PEAPAIALIE §RTthePE: E@Jaﬁeg'lf}l £¢3dnPRm Qatu@(gie’[f ) ipb R 19j%ct9cfn

conj ugat ed pol ynucl eot To quanti f amount” of
conjugated siRNA, 10 p | aliquots of siRNA-polymner

BOGUHERL PO BN PoiShu ST, 46 QuabfGE e ¥ Fibidoated
@jBNykadﬁ il aliquatsi of sthﬁA POPMgr Neodigatweroptagndiet ng 6iRNre were treated
SAIRLESe LR BRYLE RLLES SAGLL AL 61 HLA8Ha8YRe acid and 300

|ncu ‘he sanp
et et oplosdsédo dr samﬁ% a@aem&hzegellectmstdnd: hecrgitidhA After a 2 h

visualized b tainin iu om de. .Th )
R 2 MRt Nl A PhirStd sf & B R R il 1 the SiRNA
bl@i&gkmb}s@tﬁ%m@r\emvéthﬁhurﬂ' mfbrﬂﬂ@UHie sﬂf\]NAI Hahds were C}uannﬁeél using

n ated was 2 or ma ed to the unt rel ease
gﬁ%\?f B%%C‘c‘]?“e&‘?lﬁ%ﬂ% %nga‘@t %4@ ﬁ]é AEPEYN? E‘gﬁﬂ% é‘ﬁ‘foé‘ﬂlgated was
Th8naRAR U theQfimBaNjclgakiag oS DRNArBSent ¥PiE@ing pReB0%nijugated.
Ot her disul fide conjugation chem stry nmay be used

WhreARquRt efiranivaited st Amaétt@maéld 7490%- d| sul fide or not

protected at all. Additionally, the polyner nmay be
nmodi fied with other 30 activated disulfide groups,

Orieb Kisglfige senugtiop cheraiste anay Hiegtsed rogfse thexhisplseprgiected as a
%}4?1&(:? bPhé p’i‘&t%&&h nent AQfdidotMyTRRKEIINAGRR Be hiddified with other

ynuc eot'| de- po ymers
activated disulfide groups, thiol groups, or protected thiol groups.

Example 6. Reversible attachment of CDM-masking 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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conj ugates. The pol ynucl eoti de- pol ymer conjugates may
be nodified, such as with maleic acid derivatives, to

wo ews/nz3 y nodify the polynmer (FIG 3, Step 4PQT/US1067/076202

si RNA- pol yner 51 WO 2008/ 022309 PCT/ US2007/ 076202
conj ugate was nmasked by adding to the solution 5.6 ng
of HEPES free base followed by a mxture of 3.7 ny

£ uglg&% a@%sﬂed%yrﬁad@% REG utldhss. @&lgwf H@PES@l%e HRgRollowed by a

roomtenperature (RT) before in vivo
mpjtee of éﬁ m%C%NmCeanﬁ L. %@ggfé?Mﬁéca b Helugonofasipgiiagpbated 1
£ MY UG rank@ (RERASL FALS ihfdgidabi | 1ty of CDM Pl P- LBA
(gal act ose cont al'ning) agents to enable |iver
targeting of the anphipathic polyvinylether 25/ 75 (25

e B TR P8 bR By iy A or com
NPt 1B £k IPEG canvdtamiitd)  agenty tbh@lableOIi)Mr tﬁgptmgBAf tlieO@mghlpathlc
?q}/wn}aﬁ[g L%"\Sﬂ%r érrﬁ%tyl Iafc’n%eg %3% N 2120 Irvlevarswallsnllabe‘fed with the
flesrophect Cyh fafotved bynp@hﬁoamn afitl CDMZIEG Iand/ etithseotithons CDM-

(i BpBR R e Pl D T T A Gl it vein

mollniceremvmnm eisé Vf&lll@(/ecﬂ Q(?naztfe:d mgednbn And eménonwr 8&ctiphl) were

s the tar cal i )
]E)rFP ?I}(k/prmetsshe I%BB tﬁy\@?@v% A(; A OWIlgl FIG. 4, CDM-
GONH By rpdeli f)d)1§caele1P%V&t¢r§wBlyglbbayedamtﬁmlHépaas@te\ela@) fudRds the

primarily with macrophages (not shown (p LBA
vrztwg%tﬁfémlwﬁ?rcwmgqallﬁg PEGEHLY) Wlﬁ‘b‘é‘?‘frPIé’&geSp)é ngﬁr}afﬁfs

near neutral and exhibited an increase in the am)unt

of polymer targeted to the liver as a whole and, nore
Hb@LBéntnn%dlﬁqdo PRéDAT oy highlyi anigaiet prdivaas (mmd; pemyrily with

fn‘élcrb]?ha S Qnotpgﬁo%\;nl?l M- F%IB]LEAd E\b@t&gﬁnc Srﬂgslﬂmgs agent) modified

negati ve charge, with steric stabl i zers, | ncludi ng

Eiwmere O cREGANEY Kilrigd axfabited an Ecagapt @ the al‘fr@lmgeﬁpqlngn%ftargeted to
&]9 |11¥5N1§ |a%%ledd dtrﬁorP %Rn]z&r&ﬁ%; %c'heéfﬁcytes in partialélara (g IG. 4B). It is also

i gonucl eoti de-pol'y dnj ugat € was
plesibleith eldcld lvbarge, anch avaskattic wharge, @hitsRirip-staBlizer2 Ongudig CDM-

3 nodj fied si RNA was conjugated to 1.8 ng of
é@%%%%%%ﬁg{ﬁu and modified 25 with CDM Pi p- LBA. The
masked conjugate was injected in 400 L of saline into

E’gﬂ%ﬂﬁ?{j‘@:ﬁ (ﬂ\é%eelﬂgécff QPO@fW@?ﬁﬁdﬁl 5 %@ﬂ(oﬁ%gie fliklé d)?lgonucﬂeotlde polymer
é’cﬁléu@tep\B&VElah@bﬂdesﬂ:rlbbd hb(% %1@ Nmésked N\zlthTGB%\/EBi@J-H.Egl&t B® ug of
SBESiR gt T WA Rt Toves p PR T g v

@il COM @ZEDB AT YIRS m&R6d tajSzawBi A iReapanemoandoReRecis®ae tail
for i mmunohi stochem stry. TO. PROS Qd 30 was used to .
¥§il Pha @poupe. fy diegrme Apiegtion jspiutien Wah 1 ug A GDMRIPLpA-modified

Yoy NppAvE AfhelddaR@te dorefhd JOREE! aBki e!@njagh@esP%v& WRIbE and
observed i n hepatocytes Stop | eft panel of FIG

Eoangreatiog in phyviclpgicakqanditipys. dth rostiersiat.ghe rs veﬂ@lhﬁwsyed and
Rbzch M8 erRekRd wRR ﬂféﬂd?e'decﬁ& blq)%essed for immunohistochemistry. TO-PRO-3%

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. 5).

Example 9. In vivo Activity of Conjugate. The ability of the masked polynucleotide-

polymer conjugates to deliver siRNA for the inhibition of an endogenous gene in mouse
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pol ymer conjugates to deliver siRNA for the inhibition
of an endogenous gene in nouse 52 WD 2008/ 022309

wWEABWBB0D7/ 076202 |iver, peroxi some proliferetDUS2007/076202

activated receptor al pha (PPARa), was assessed. C57B

mce (n=4) were injected with CDM Pi p- LBA nodifi ed

PPARa si RNA-PLL conjugate (20 g siRNA 1.8 ng PD PLL)
AR, ;%&!x?s%m%’%\{ﬁer%p&ugatea Rc4RG al;phtaf(Pm%)omscasgésg&owB mice

Vla the tail vein. NA was prep ared fromliver

art eyererpieded with Qﬂ%ﬁap hﬁmmwcbfm BP Agsr eRY Adiltle F‘Pﬁﬁ*@tﬁ (20 pg
f‘lﬁNﬁg 13 19!;‘ PR PEI@%n\ﬂ@SJ@@B&VE‘?IO‘B% (119 %—0 FE:?{ 1sofg?}NAglucose via

evel s were nor nal to aninmal's |n ec

ta tdil veur RNy wigseprepariAronCheaigd & after lmam)m B4R H\R@%Pelevels were
gé)?%grﬁllegégﬂg \tﬂgan%&%gg ?Hnléa %ﬁ?ﬂi’ﬁ ?%Rﬁgqéﬁéﬁqﬁﬂé n%rglg)lzed
forininml 1n@ntedfw1tﬂ?FaARauq1ﬂﬂd@e JiRMA| €haugss OLRINAdehelsvere normalized

éx enqﬁ%enous ﬁ{\b\%eﬁé Il;fflo eglgél]%\lér?({e%{ g%e%lg%:té \x%];e O%%?(gtgs shown in
EMBZﬁh20%mﬂM@U@hﬁé@Aﬁ@mﬂﬂﬁﬂﬂ&hﬁwamonmague DamAe&

(I ndianapolis, IN). Mce were housed at |east 10 days
prior to injection. Feeding was performed ad |ibitum

Bkdniple HATL amo Wﬁkzg@dlcﬁﬁﬂmfkoﬂi@ﬁe Gbl&lb|e£gfht wbsai1g analeMhie (strain
e fused wt I n e tal In_ 1N a
%ﬁl‘@e@f 2 AV Optﬁ ng%{rogﬁﬁgpégra@ﬂ? PéYV éf ( I%“W%‘ﬁ ﬁ}) Mice

%eﬂé)hou@@ta@ daGt lOlghy@ |pﬁ61©foelnjeM16he P‘é&fnﬁg Wi p&tRdedMud Woirum with
her DNA or si RNA conj Ng ates. Mce were fasted for 4

Har;m B@kladoR%d@%%e& Gilariens Madisen, Wb ¥ise gcrs infiseds vtk dntg b tail

{diY 8 ah@taY &8tume &Y WM RficcHSE HEPEYGSIRFA (@S&W?H\m) isotonic
col |l ected and added to an equal volune of Co

grerse isc wafsiipiceted With eiica PN Ac Gt RIN A o UBIBTA ( Roche,
I ndi anapolis IN and stored at 20 -20C. Total RNA was
isolated fromliver inmrediately after harvest using
Niﬂue—wm&rfqrrﬁa h perde dirmg coledtihe byreatiof cabital bleed gnd liver harvest.
se (Weg‘t la@sra &%e&)rllgaecpﬁﬂtaﬁﬁed togh @@laﬁ] Ogﬂlfne %omplete
or ana ysi s o hepg tocyte targeting, polyconjugate
Bofrtsi Inhﬂgtotl@ogkt@rﬂ o@y@mirngD&%l (Raithe, 2Bdipmapolis DN)Aanh stored at
f criih o] f 0.2
n?H C}% Zﬁlﬁl\?ér 4 & 1501 &d f VETR 1m%e&19t<3§r0 %qsr Harv?qg 11891% TRI-
BpAGHNE ®D&‘)Abtelylg y the manlufac}tmet’s qrotodol h(Mﬁlécmtar Research Center,
Qg#eCHIQP? m ce were sacrificed and |iver sanples
W PMded. 1n some experinents, tissue sanpl es
fromlung, kidney, spleen, brain and pancreas were
| so exci sed. Tissue sanples were fixed. in 4%
%ﬁr@?‘éﬁ?lﬁﬁ E“éﬂ%?ét? BEECNGy PRy RILEHC CHUHMBE AR &t 9F (g Tgpeled, 21-

BYABINA QEe{IPRTaRA 2§ AbsdfibeAmnbovein wht vatimé 6F 0. Fimedd delivered
tissue sanmples were then placed into bl ock holders

BENlE KR §IesTO£r 8eZiig Seest Reviey Shekv. gusedian Il gfter injection,

Ride tuadpifa@hficcBAhd B0E s8RpRs HERZ&AsddNIn dohfdtkperihhdntsOG&Me samples
Frozen tissue sections (8-10 m were prepared using a

firwrlapg, didnspomicery Praigt and NACEFIs TRIF 450 CRRBPhVIGHHES samples were
aad Al @%%rﬂ&%&ld%ﬂﬁﬁyﬁﬂso% Fhusdth&l Bﬁ&%pﬁl’[oshl?)@% sucrose/PBS

solution overnight at 4°C. Fixed tissue samples were then placed into block holders
containing OCT freezing 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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(Fisher Scientific). Tissue sections were
counterstained with ALEXA(r)-488 phalloidin (13 53 WO

wQe®802B32B09 PCT/ US2007/ 076202 nM | nvitrogenpCT/US2007/076202

Carl sbad CA) and TO-PRO-3(r) (40 nM Invitrogen) in

PBS for 20 mn. The slides were nounted in

Vect ashi el d (Vector Laboratories, Burlingane CA) and

ﬁ[ﬁakmﬁo%elbxcﬂsﬁa%h@mlglmfmw mocmsmnl%g&f;qﬁ IPBS for 20 min.

Zel ss 5 Confocal mcro i ver sections taken

Theo ghidep ceerq mpougfed ain V?ﬁt@g ﬁV%tqthaboratorles Burlingame CA) and

nal £05\d 8y RAFNIBhicRROI YRS Lz GQHt @i ning a

cy§¥?£%% l ed, 21-mer doﬁblelg?réhdeﬁﬂ DNA are shown in

FIG 7 (upper left quadrant in each panel). Actin is

é llrﬂlc}o%?agr’p Fb?rhvepﬁ%pﬁongu@% a@lrofh tficd qdbcﬁ{e? iﬁ]%uion with
I nes ucl ei are own int ower lert

ngaldlcant@ polvirgenjyghct cmesniag @ Shdvabeied £henel aleeble stranded

QN%R%&(% S Oa%é§§§%‘07y¢ ééel'rl at I rs%gltr 1€1e act;hc%eane 3% ltf%?s fhownlncl) the upper

dgintquhdvets tdéndidAE dcdir @mﬁnemgNua‘rm @t yhowd tnhthm lnweralleft quadrants.

&%ﬁﬁaﬁg g)icg%es(Kag? fgfogvrnf% lel l%wgrtrr}g%galﬁ Baﬁ?sflvlégcn | ialillog} ?{he Cy3-labeled

DY e Gidatddyted UghR asbsert/dte wilelf fier gilymérobasiell thOINAG targeting

liver Inspe tion of other gans reveal ed m nor

Peisse é@%‘e‘ﬁ%‘ém #priake g’é‘ &2‘&2’% %L?n‘gyacc‘ﬁ?“latfoé‘v‘&léwr ol (FIG.
241, I DB Bt dnOwRE n@kly | IRAsloe®fds fdotloaiviic diffednd I@)bbs‘ ¥E€the liver.
I njection of unconjugated 15 pal ynucl eoti de +

Bepsctipn atathenereans Eormidasitr Ghe ﬂ&@lleﬁ%?eymv%alﬁeew@gvlﬁl@w at

R glitease td BsUl 1&G b IIRILES! ad BOUCED 1@&@1@5 Qﬁ)ﬁfn@onjugated
upt ake and i ncreased upt ake g/CDWEl een an
%

Iecﬁmclev@eaﬁ cPopmper r0é§91é%<tem¢é‘l NS 08 the d@llVWemhlcle with
igﬁ&?é@ QsG] lnofﬂark@(m/ k¥ fléﬂ’atokﬂ@ uptake and increased uptake by
aS| a f CDM NAG o

cop rotein recept or. ep acenent o
siigenda k\de%y(FIGeTﬁ ende7 G respe TRy rarindsie cp@mnt weth |ghlcose s low

%fg?%)g???fﬁge ?@@9@% ?61%1&6%‘[%31{ ge Q&%%‘ gh\f Eﬂ\?\aé on 4 delivery
Yy with (D rreqpapst iconted ar ingreasetli m?aircmh@geP@R llweotealotIRM cell
{HF%GEH% (q‘.z[? reverse transcribed using SUPERSCRI PT

nvi’t

rogen) and oligo-dT primers according to
t he manuf acturer's protocol. QJant | tat i ve PCR was

f 2 [ |\/b 7500 R
BBt A vin iy Tar wskdiondf juediine PER, WG rua
BAONEINGEY rdvene tlanRFibss udng ASPARSCRMT alp%anamtg@pama oligo-dT

wer e usedln bi pl ex react|ons i tripljc W th
NP 2R H 19 H@r@a‘&‘#&t‘lﬁ?&b@%&ﬁﬂn Rl rﬁ)?‘ Ut perfged by

&@Fg a NR}‘&EI@SOME&M(MPTM&CP@ OpYedi @‘qﬁ))led BiRys@aeoae Oy CA).
QH rimers and probe (IDT, Coral VI l1e 1A

FARAT A GO S hebvtto s o o TR COT ORI reagiens in
!é 5%%%?8@22%%@3% pgmfe@%@T PYabd EREETEAN A B ersal PCR
KtastpiaMixadpeticd ~ heermersepiticstAPREQrinmrsjad probe (IDT,
Coralville TA) were:
GAPDH-forward 5-AAATGGTGAAGGTCGGTGTG-3', SEQ ID 11;
GAPDH-reverse 5'-CATGTAGTTGAGGTCAATGAAGG-3’, SEQ ID 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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Direct neasurenments of ppara nRNA | evels were
perfornmed using a custom desi gned |NVADER(r) nmRNA

waswap2:ecording to the manufacturer's instrucPCDNS2007/076202

(Third Wave 54 WD 2008/ 022309 PCT/ US2007/ 076202
Technol ogi es, Madi son W). Biplex reactions were
perfornmed in triplicate using the probe set for
HRIAMbEIED MBRIROR ngg%f)l@x tda&i RSt BFRId i triplicate using the probe
i nstructions. western, cytokine assays and |iver
%eéfaretbwmaﬁéporﬁb@&@dhq BaprEITe S IGEPSRALi on of 5 serum
proteins (0.1 1) was acconplished by el ectrophoresis

on 3-8% pol yacryl am de/ SDS gel s. The separ at ed

fradt eesigmneriekied estrsoghbliet teﬁa'rlbyawd avghelia penefso Scpygion of

| d 0
% r a an pgﬁe gﬁa‘lbﬁcg%?l&%l%khéﬁ N | bo(1&}1%?1%)rgsldéeUtohon3 8%
poitwrydfamddﬁas gesa&be B@)arate'ﬂrmotbin@mwmslewwhonemﬂbaltaesferred to
%b? mer{lbr'cane foﬂ ec{j lb iof w1 86 faﬂt?o%béft a fa%glt rg)agf}élonal

conj uga orse a | S per OXI éase
amt Amej yntibbdydiBiglcvigs Irdﬁhﬁﬁjneld Sa.tSIMi@) Ehébloceas then incubated with

scent det (Aner sh i 0sSci.en
BT RERE P sl i OR ruttishy (REREBHEE ByRERIREESRsidase
(@}\fm@ arﬁlrhdltlb(bdyﬁblmﬁﬁg w@fﬁd&bﬂ’t&ﬂudil)g Shochat Qherﬁhinﬁﬂestdﬁit [gtection
e ents ordln to the gufatu er smstruc%@nfN
% SCIRRC gﬁﬁﬁﬁ‘iv%y era eyis) o he rose chigliaes TNF-a
&IBNIE—GWe@e 'TRaSkEE doyU Shm@vieh SE’!HSN GbinELdeShenks taccordmg to the
according to the manufacturer's 15 instructions

BREedieal nspidioat Rl NriemssbinrrdyeYIs) &ewﬁeve}&sqf mouse

ek esdre dasure@RGing 1d WUMGRL BESAVRT CacBBIRY B 0th Shfi@facturer’s
automated systens at the Marshfield Adinic

matstignsoPiBesBigaedictln Bisqatawaaghtbs beremppvalss plof LT, AST, cholesterol,
&IMa[rfgh}tc'eﬁJiég Wr)e mé%{nléﬁ] 1!ts?t¥ge hﬁoﬁgte@sk//?grhg] &% RO (?Ma{-rkh\fﬁ[d Clinic
Enzynes i n si RNA Conj ugat e- Tr eat ed Tr eat ment
IrmraaorleﬁV@terlmyé?lmvstmsmvwg,(hvﬁayshw@w) (pg/ M) (U L)
(UL) Saline 6 h <6 <2 206 51 48h <6 <2 32177 6021
14921 Control siRNA 6 h 7.9 2.9 60.2 2.4 207 86
48Sern UsQlk.08 CZMKINGs SII6vA FpGICsap BNA EorffhgatcST iatsy Mce.

-z (o) V. Nal o (o) l ol A0 1 0. /I (o) 21——1—10 71 4/I/I"\

._L 40. 0O L. I HdIH TNJF II EU A J.OU [oL 3 %gT
e i R | G
B8RSt rat e th(?eh abi | bf  tRe f@?érﬁl tp deI ive
(

~

$i RNA and knotdyown <[6a¥g =i d@ne asg’gll gddi bnQH2{;j /n1,49i21
ER|iagERAA dorft iy rﬁ-%lﬁpa@-ziﬁ-‘hhﬂo{ 800  pol yrre

g_si RNA) wasg #hect & inr F-C5¥BR1/ @11+ 16 7£26
apoB-1 siRNA 6h|57.9+72|48.6+2.5 | 494+ 165
48h <6 <2 257+ 70 71 £ 30 144 + 34
n=5, data arec shown as mean £ s.d.

, 50
176 + 62

Example 11. Knockdown of target genes in liver of mice. To demonstrate the ability of the
system to deliver siRNA and knockdown target gene expression in vivo, conjugate
containing apoB-1 siRNA (800 pg polymer, 50 ug siRNA) was injected into C57Bl/6
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-qPCR).
The apoB mRNA levels were measured relative to the level of GAPDH mRNA and ug
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w0 njoas23me Livers frominjected mce were har vEGT/8820071076202

days after injection and assayed for apoB nRNA | evel s
usi ng reverse transcri ptase quantitative PCR
(RT-gPCR). The apoB nRNA | evel s were neasured
{O@all atpuY RN it BRiel ?ovl%hu&fthg‘ggﬁ'ﬂﬂﬁﬁ%t apd dgferelé@esV@ relatlve apoB
2008/ 022309 PCT/ US2007/ 076202 total input RNA,
BRAEY leyds vaigdeeta WSH?9§@|6§Pqt$ @lthUH%lqeemﬁg/g@Pfem?Séweeés shown
InPcekal i ARRR ARG LY U6 Gucflifad S RARRE RIdLL& apob
effects on housekeeping gene expression. %s shown 1n
FREA 8acls gpapared ¢ameed @EavingpoBL-Rpe RNKra o Ny @t enipa dhjected
Y5 12 asd T o
tﬂ Qél{né%gfgl (h pagﬁgﬁﬂ& cont LW (ﬁ&%k&:r(ﬂggai%h egpegl?lcally, the
mnqrecnoajnm tleh/elsai e mcdlymg rpdh -1 pdRNAO0QDgate agas reduced by
r s.after i ect ,
?;@‘;igﬁ‘y con@m‘éﬁmﬁ% Saliiie treﬁtegn COélprrglgg \IieVI %&%I%% eHlNX lﬁﬁ& whereas
qm)m m@NAe lawels ini exice @gecind witld It%amonipsR™A tvoret inaffsadd. r$émilar

ted graup, rel afi to PDH nRNA ] evel s S
1@% FRTET &Y i @ele‘( ] BEE SN elcaﬁ‘ée @6%@1?@% Western
Blb%ly&ﬁr(ﬁ‘ apoBf 11’()e|cptr(aein 1&kes 1|nasferunr([:l ﬁléll:tt:@ theele@uodbh lille& apoB
po vel s were neasured relative to tota
’P%W {r@&ﬁ gf% bl ot anal ysis of apoB-100 protein
| evels in serumreflected the reduction in |liver apoB
NRNA | evels (FIG 8B). To confirmthe specificity of
Tasonfpwahk ?R?Elrflél%ﬁf thy agel kpogkdovgh GLsPaRtc §TQUR ahauce was treated

fiteah QRN AVidr tﬁ%lasdh%tt REBRF R dpod eﬁﬁmemlcer l%eélolag QhoB-2
t he apoB nRl ce receiving apoB-2 15 siR

@BNJAu@%waﬁl d eshHiitef redenafieanyrdastioann apel %Wédevqlﬁ (60+6%
?L% At O e O§1 (Iﬁ@(S%M’ Q@éﬁ‘t‘e}ﬂ B3t arﬂlférs o 7 HE! otefnl 1&els in

ot anal ysis of apoB- protein 1levels
$emum geflagtadr @f: |reduction tihdivere padt indikNA rievelsy EflGa BB ARMA mRNA

J:xi) deﬁgﬁn (XFA 90 é@ced '%Pﬁ’l@ JQBN@h aﬁéﬁ&et%ﬁﬁ atl\f]@z?reg&g the a oB gene,

ced e | €J unum’ “anot’her ti ssue expres
tuggesap 319@ ehﬁe conjiegapgéid trion gargdiathis t theuec dhjsugatespgridic W@thlty is
ThIS ti ssue-specific activity is

%S%%%tsmn}ﬁeﬁ%to%%%ﬁr%? Pt ocyte targeting. W al so

prepar ed conj ugat es cont ai ni ng Si RNAs targeti ng

t )
B S TR Rl i, HEVES sf R Plrp S pppliferator-
ﬁnﬁltv;ab@ kdcspton diphal (ppfzeii) & Iga{esﬁ@ﬂrtarﬂ%?co@@hmgﬁm@n&lcﬂ&%bonsm in
Lver ere ar |
I K %993 .Vgo@l?ﬂomae%lh% IOk SRR O 1 %ﬁ% ADSIRRA targcting ppara

teeM&USn sigifiads ﬁh{&ﬂd@yn b atd’lﬂRN@ﬂ@%H as BREPADS thBlindependent
quantifying nRNA | evel s (FI G Rel ative to m.ce

pghads,fon guantidying PEINA deveNAFIG; p%@?ﬁ Retofire [Gipdqestersivipg @esontrol

LR ggﬁg nfRRK FevblsSh R M\!@&Gm%% Mﬁﬁ%ﬂ@NAh%ré!\@&lﬁced“thgb@tween
and 649% as assayed by |1 NVA or RT-qPCR

Hedheand G170 . abared & INEARER" o‘ﬁ RTrqBE;Br ESPARKIPely. A similar
}egﬁcﬁ oR ﬂi\%algbrﬁﬁf\ﬁ&efévélg] Wik GBsdritident fle \%JEaedj %Jlthv(feilyery vehicle

icle
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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measuring serum|levels of liver enzynes and

cytoki nes. Slight elevations of ALT and AST | evels

were detected in mce receiving control siRNA or

ARQB1gln SR GO HGALES (RSnGOIRARETs eS8t é1§ﬁﬁ$a‘h€$ﬁk§ @5) and

56 WO 2008/ 022309 PCT/ US2007/ 076202 mice

hiRfolgicrloFxampngiien ef liver ﬁ@tlpvﬁc@éa@b@waé@lén@ﬁ/\l@%tomity Similarly,

%ag)@ fO'f Wt £I91<1(i @@vel?ﬂfjsennﬁ §§19é EEIS@@&:V%@%H%&W@@ slightly
l'1ver sections did not reveal Iver toxicit

sivatdder h giter injpesion oF SIROTA-TFNer oanmgatt, -bet tetuyeddgo bescheg bynd 8 h.

| E S dy t I I t

B, M ebEUP AL 2 AR B DR Lo Bhe igflRUA! ffiunc

sterulative chntl ard ak Ehstfeubyrddi8 di. m@n‘ﬁn@ lower éms a6bose bﬁ)&émmldupon

§1muq'c1t10n w1?1 lﬁ%opolersagcehan)ég %lg[%tggm%tgllggfg ?\?%tsouﬁglg g&)g@a nd Spe to three

mdg'e | ctf uﬂ@nit@dmerovxteh ahrant dfes &nj jebiserofedengyims (Bicbaruloar,i Benihoud

AN TR SR R = g B RS

ahé@ints, Rik&pt fdn stifhtanleeny bf 618 aftbd 1ﬁﬁeﬁorﬂ.&glﬁoBBe§‘lthﬁuﬁnjugate.
007). Na significant fferences serum | evel s of
f ¢ %FS%EH@&@E‘T the faseptee giiﬁ‘ify SYSIEHE -tﬂew@?oi nts,

except for a slight increase at 6 h after inj ecti on of
apoB- 1 SI RNA conjugate. These results indi cate

Exfngpde bd Deet- révme @rverRiTEC geaisisy Biearepamed B@aﬁ?ﬁ?loése studies

h2awoRRS8- 5L ERANSE: ARLARAGNO IRNE RARLYS1dSliveY¥I to the mice or by
gé:rformsd dose-response studies in tw ways: by

¢ing ghei ampunted PoREIeA FO@fansbthAcré@mgugwreow pf Wﬂt&teﬂ OIRNA.
B? %oﬂbé}ﬁngﬁe J%Xults]& tllﬂ%é gk theh‘t@ WYY P thdetQI(PllnMéTanch of the two

constant “but decreasi ng t he am)unt conj uga
sinpaentByf e dplaveingehidewasekniting fofdetinegehe mﬁ@mm@mcspolymer

ﬁﬁg determ ne which of the two conponents of
the‘bﬁ 1Eeslrggg vehicle was limting for delivery: the

en_doso_m)l ytic pol yrrer or the siRNA itself. 20
isnir]]elﬁﬁ&% L mEafle erm) d ut10 [ Io?lt}redalaolo gﬁﬁ\le EOI%‘]IE%eateaHIQO mice led to a
phegnem&eiecneaiehe tl&rammht affknkciclokd @\ﬁ/hv@fapb]i% VeRNA BB 9YRINAt the

Fig,. 9A) . At hi.ghest i nj ed dose (,800
bl il g5 O e PS50 bPERRS S it et mio revels
{nethe | 17er maret feaudeﬂ\&i&svsefeﬁnrved@w@mmm (gi D‘dﬁ 2 postinjection
GAPDH nRNA on i nj ect are
PomReEadety Rice ngﬁ%/q Wah g f 5@}’ n$ F’E‘Pr Fesitn vee Faé“ed “When apoB
ARt Neds Whes @a@%cﬁﬁelama% |t&MeRNAV\@1{J@ct16Eaﬁli{5v6£fold less siRNA
relative to total RNA In:ectlon of two-fold le

CqnppgALe (@%pjtgj%ylger( 2pBe FW?d 1n215506§%srpcm%9n 1n relatlve apoB
PRI 1e0€ls. 11 &R %ouradatds Qultdl i&loddpbB &n8AQBwn ARMAnpared to

| evel s. Injection of four-fold I ess resulted in no
ﬁlsdalm@n%l&r@bwuasHe@ma@é&wnt pheolgmpn erasiapinbytfecreasing the

Shothe of %@N rﬁ%&{éﬁ%o e &%ﬂlféf'?%éhl@l@ &t t%rlfualﬁﬂﬁtlvtely similar

decr easi ng t apoB- RNA conj ugat ed
rehdtsdie | these roptaynsH j fedne s¢read dtlmthrqla aiﬁngl Pﬁi iKhed findgngrbuggests 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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is not the limting factor for the knockdown

observed, but rather it is the anount, or potency, of

the si RNA conjugated to it. 57 WO 2008/ 022309
K%ﬂ%%%éﬁ @&Q?encf&s hdkdwed h‘erﬁﬁl cﬁ@@s%rglqul’e@é &RGY 1rh[§41rment of

decreased serum chol esterol |evels due to inpairne
YEDL\aspimbhs ahidiolestaiod trarrapie Soay e liverd Rypstt tZ“Wlélfﬁlatnh e200602)
41"?' Y& rnin%uitf ﬁl%tli e%ﬁﬂﬁ@&'&i@&ﬂ og%wewn 1nTF)IGd ?6 %mlﬁﬁmérﬁ to clicit a
t eve nockdown of apoB shown in FIG
physifolagicahtesitonsceinithedse mace, mmrwgnhelatotade@pmr@eleﬁtnrol levels. At

S I O:
el v P RRA IR S st MhBhed EURIEAR GEhE0m mean
weurmb&emtedl d&evsls gaD£1% amtS, de0108 s ecldtive e amice gegeining a control
mﬁglée%te se Iime onle &é g(ﬁ 0/1larn r5 bvrereg)%:]f 1rﬁeé1 %ﬁtmn\{q%:tr&?ted with
dB-2 SRNIAI @Jnjugetmﬂbécseaweg daedntoannﬁmRMA da]n\rmddsled foeaapregkesswe

ith BZS|R ate. cre the
Scistoe BRT R0 &0 TR B U5l Sipe BS T Bt BB R apo
ARDINEn0okd osmah@sired @l thdsewkifaRg observed conS| st ent
W th decreased apoB 10 nRNA knockdown neasured in
these animals. Inpairnment of VLDL assenbly in the
trhpagieanst VhBLresutlyant the @ teasetht ResWedde d8BAE tin VIITghéxport
al so be expected to alter hepatic triglyceride |evels

Pighhalse be crpfcird dp jalershepptic tig aerlqenleeﬂspchae@dﬂglﬁfﬁ‘éld%w also

RBsbbialed Sntb F1HO ?érua@@@lbbélﬁdz@@ﬁ) Hdedn szﬁﬁggeﬁlc rﬂn@@ expressmg a
expressing a 15 truncated form of oB, simlar t he

trencaicd nfomgu At aipp,B,p atmilagt © Wit weqsgm quad in patients w1th familial
MBQQ‘@HOP&M& %!sBQl‘iEb?ay aQEﬁfBe(géafﬁ%lﬁ]Mo ?ra{ijs%glq qi?%‘g]lg ﬁrlglycerldes

capacity to transport hepatic triglyceri ' '
@30 PO00)nIngardksrto pgsessgbe sidectshed appB doockdofn apdielyceride transport,

lr%g g@ﬂf&%‘@ﬁ_oﬂ%& Fth@?%co?rlfvgleseyi&fg So%%ﬁr}ed fro QC%rJlJ%Etg@qmﬁ'aboB 1

starning o er sectirons obtained frommc
$iRNactoaihgaict Insrp®- df the liFMIAeqtionq wgeetl@l dramstpvekbt mon:a@ﬂ hepatic

Lpe cl?rllt\e/n r 8%%g}edgn%or{n[eoY Igr ?&HE n%fl ows %rrggusg céreated with

conten o contr ol
AE(bB’ijl\U@ Palﬂéaﬁedhoﬁxs 8 Imwse aealtﬂdu&dl magemme@mmlt(ﬁﬂ AKNB Panel C

Pan treated w
BiSRe AgORE s Be FRES Tl et LB were atso
Wtédfbdsllaﬂ thee alcn pro(\jfﬁﬁ@r ﬁlﬁtﬁﬁde\&@hwnfdrr dhglhr;ésheﬂ Ilﬂ@aticemglySerlde
were al so e N ese m ce oVl dl. n u
EPPHSHRAETY- grosd ‘?ﬁ Fsseﬁ%‘h% lepte that FIPE‘ ey‘ceFﬁJ"& %‘f@@Sgtl SIRNA
@@pﬁgatetrysuuérﬁgﬁh&ﬁfnal deiﬁee@ of @ dllFhut16tidead et teSdndheefore
v. injection of apoB-1 siRNA 25 conjugate results in

bigsdBrelRE el 9pq§3r ingthreliispith Su1ceisH plr@opgic cltects.

hepat ocyte and therefore knockdown of expression of
apoB in the liver with expected phenotypic effects.

Posranghyair péiligerofat pecymplafion. lyet eamnlest fram SIRNArepniygafpiressed and
%Jn%i RO C qRL GRS T ’ﬁ%@ztn%dm@&lﬁlm O] tiThE & MELQS-10 um)

rozen in OCT freezing nediumand frozen tissue
weiet ipsapare(8-ag Odespribed 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 g of oil red O in 100 ml of isopropanol overnight and filtered using Whatman #1 filter

papers. Oil red O working solution was prepared by mixing 20 ml of water with 30 ml of
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EadnhplZ €3. I%)iverDofdiREH by cOMQYRBioMRY Retlaphali@lle p&lyme ByheCDM or

B Pl Bg g Med B e GRrybuciemse

el BaTRrs' ind b O the inSaltfan @l @vab Aattk@whth NKRAAF N-succinimidyl-S-
Di sul fide Conjugate: 50 ng of SI RNAtar eted agai nst

pigilthiopestade 1p Hhe Presency of FERERoLYF dilp 7 s ng of a

séyandenasyh@asi-adom 4 So/do gll)QﬁreNf§1'aflﬁl%1p%t5@téhyeind%utyl vinyl ether
acetyl thi oacet ate in the presence of HEPES base pH

oBOMae pdidt étagted 5oVi of &g pdl VAriZnpiridyHehiopyonions pad N-

ﬁf&&y@c’é%rﬁge '@st&t ' Be %es@ﬂ& N RS gﬁfleldj aind Mﬂéd siRNA and

vinyl" et her nononers was reacte

@o@@e@p@ly@yﬂ m:r'p ﬁhe‘@)q@nﬂ;p}e@m elloye cevalqnt attachment of the siRNA to the
Y, G _ h E

DS INE2) T 95 SEAen B SIENGE SLLFORS M0 e o

2meplommofbmeéldlmacbelahﬁlwvlrl@a)m&heeprbseatd dd[ﬁiﬁ& bagf. Tthh eartlcles were

%dg? 0 aa 8us\cleva gpatoc Q g{f-g]ir A c’é_g;l];l%% 61%t 2t4b1%/ exlgres%esqge Mlm%érassé genc. As a

a}npbb pmmiemoﬁtanmtg‘@lbmlmdﬁecbpmm«srl (d@hown sﬂ?lNaA)pm@s eddceda t0 cells.
PES base. ,The particle re 20 add to a nmou

e S O L S ST S T SR R
iuppteﬁﬁﬂ AR gelaeve As calls egithédlto pPBMRr eSorep Riidd¢afing Aelivery of

ggl\/l ! I%HE r (wi thout siRNA) were added to
ffagal st &% posed to the pol yner-pol ynucl eoti de
conj ugate, |l uci fer ase expr essi on was suppressed 75%

relative to cells ex osed to mer al one, indicating
HEM Genyeay S0pg et arggteﬁeﬂ@alt% weHeratsMpidiad 95 gy group on

ek al@nd SQs RehcRll WikiRMAG 8f @m@h@&wr RS thd H&kefn@é 3B @IEPES
that had a 5' -anm no ro(f on the sense strand wa
%@I\ﬁ K

PRAS: @ the sIRNA grapfd £ Gé strolyvinylaths Smtb@s&eé érO@t a 50/50
KRR of amine-protected and butyl vinyl ether monomers. After 6-24 h, the polymer-

siRNA conjugate was reacted with 200 pug 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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pH 7.9. To the si RNA was added 50 g of a
pol yvi nyl et her synthesized froma 50/50 m xture of

w@eiosm230ot ect ed and butyl vinyl ether nonomerBCT/BE1087/076202

6-24 h, the polyner 30 si RNA conjugate was reacted

with 200 g of 2-propionic-3-nethylmleic anhydride in

the presence of HEPES base. The particles were added

bQy RuclBHEE c A RALO TYdiRraiERA & on lwamupptféa@fd géo@%mwe to cells
expresses thé 1uciferase gene. a control, sanples
exdatodite pelgmenieneoicptang defedry ﬁ*éﬁlmthnﬂlw&ww rragliswer e
added to cells. In cells exposed to the polyner- 59 WO
2008/ 022309 PCT/ US2007/ 076202 pol ynucl eoti de
Bayegntiphibetion] of dicierasesastieiplodewing trandestion phlEB4 d dic 8@txusing
ﬁl@ B'ltahé/ gctltvgH&ﬁnlﬂszﬁz&F&?ﬁgatg pol ymer al one,

ndi cat i ng Ivery of ctional siRNA to the cells.
Per cent iphi Bishﬂf‘&é‘c@ﬁ]uééﬂi%hf er ase CW'C\éi;ﬁ&atfoﬁ' | owi ng
t ransf ect nn n | r\ r\r\ : ¥ ndor anr
active po|ymer- SI REI% conj ugat es Di SLBG% de Conj ygati on
CDM Conj ugation 75% 386% Exanpte 14. Longevity of
apoB knockdown and its phenotypic effect. W perforned
Examnlmééoénngevilemﬂem%n@ckﬂwrdetwéritmphenoolzrfe: efteratlV opergdrmed a

e c f

ﬁﬁ?@gh?on ?H\%‘t 2@%6 %Hﬁ) g%zﬁee El 10n Ef"\%; gﬁ&ﬂ%(g;ﬁn gnde‘cl]io%sterol
[CorBngs tremice Bﬁew\nniehtlcmuwf a esglé tlesedaésapch-b eseRNA’n ct)il]egate C0n51stent

?gﬁ\é{lro rlileg’u ed%gclrlgncggl tlhnéree&hko Qerc elfgns?jl niegtl%rh %r I Cfl K o?onjugate
(mamgmanmmugems) h:ygulteaﬁﬁ%dmn@ayf ﬁleatrehpma M&NA0 levels by

K04 8 PR 3 S o GRS b 1255 308 resi RO swp cxpression
el adcompinied bhal 4£25i5ey %du&t&)&ﬂethto(aFh@umlalB)esteroDeﬁfeEa(iF% 12B).
i.n apoB. TRNA gﬁzores& on.renai ne |f|ﬁ16qngpthro

Ba%fe%* na ARPFH AER NS CXRIETI e PR é g ] g@ pApd had

feamelidto red ld:@ﬁtk(ﬂrle‘ifd[b Bﬁw Pﬂ"'qik&lﬁétﬁfnoin £cRUMRIJABdsterol remained
significant throu and di d not

figinficant deenegh Day s %oﬁt P 01|> e%ﬂéd mftf}llly r%\gﬁr ipconblegels until

DEp wh Uil iR tifditARatha St Rl 8L FARABKENALKAIOND oaREL LRSS the
eneration of the phenotype can be achieved arter a

Blicagiyee ic#] be tarlyevedfafisr rNnango mjiergian of sdNYAt¢patugttaeand that the
@Qﬁa@b&&% e cREd Eﬁa\b%ﬁ%ﬁéx?s%né}&ﬁﬁs R BIShRPHHLET Ur NS

o normal over tine anpl e . e delivery of
phosphor odi am dat e nor pholi no ol i gonucl eotide (PMO) to

: ,
BT {5 20 AT ARSI AL SPa bl B DR et (R110)
eaild upat ymimer—ﬂ’MOMSnJag@es Usmg ithsl @Mﬁhmeawr’cz@a;ddlcyosshnkmg used to
f:r(ﬂi s&% an? il a/aretr,?/ Cﬁllss 'ﬁso \R/eSSIb Sgougclaf%{osﬁlb e}g %:11]5% te othe]t types of
Gllxganﬁc:becmdbs! ®. pdbyrads. rinqjartmﬁlaamzen ﬂucﬂ?h@ﬂ(evﬂuhaéry hdf (RM(@ ta cells. 5
rrlrnl{glarol% aﬁﬁ’ﬁo’-ﬁﬁos I(\%lhelclll rt])lotcL]e amr{ltu an% sp 10%I gl er ?ns ?he mutant Luciferase

transcript) either bare or hybridized with a complimentary strand of DNA was reacted with

nothing or with 2 pg of CDM thioester in the presence of HEPES pH 7.9. To this was
added 200 pg of polyvinyl ether synthesized from 50% amino vinylether, 45% butyl
vinylether and 5% dodecylvinylether (DW550). After three or more hours the polymer +
PMO or polymer-PMO conjugate was reacted with 500 ug of CDM in the presence of
HEPES to maintain pH>7.5. In addition to CDM, the conjugates were reacted with PEG
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transcript) either bare or hybridized with a

conplinmentary strand of DNA was reacted with nothing
wW@r008i023302 g of CDM thi oester in the presence PET/HERES076202

pH 7.9. To this was added 200 g of pol yvinyl ether

synt hesi zed from 50% am no vi nyl et her, 45% butyl

vi nyl et her and 5% dodecyl vi nyl et her (DW50). After

&swr%f OOMIWHEhNRY i & Vel €roROMY BB chloAle Ef‘\@bpf and PEG monomethyl
| ymer - PMO conj ugate was reacted w th 500 CDM |

po
@th%rs 9? ‘é%’@ﬁ%: molgeulayppglgs. {The pARNHEHRGSHY HETEN addq%ﬂ{e&@dwﬁ% cells
ﬁlgﬁll-l rown Wed& cBﬁﬁt‘?&n@ leé@' t%pHgEagbell@ OTﬁéQells were
008/ 022309 PCT/ US2007/ 076202 esters
pleied die P4-wel cnhurmdu%es et deneity of 3o’ 9¢1180;®M mddn@EGed for 24 h.

.
L e e e L T
Thm¢eélﬁ wem inowhated f@R} hgn evmmithidiel S%0idi tnicadrsoras éb"Q‘ cTihe media
gas en re laced étﬁs ?V@amlﬁ%@k %ﬁ b/)Van%er\g\ﬁl 4 % cc:el:Jl sa\%lera then
fnomba%d fbt arBadeEId)lnai 4861 &he efilsaee&d than thirvist@l and tE)NEthes were then
cont The
Somba L it PEReat e TS B miGT: sy "RivGry o the
10 ﬁr&ﬁﬂ’@&t Golyaticléotide When Iﬂl’&:dltransfe&WSn tdgem f(sepl BRESE0Wdlvinylether
%ﬂbal ning 10% fetal bovine serum The cells were
P %‘ﬁer]? JBAPeNSf or an additional 48 h. The cells were
then harvested and the |ysates were then assayed for

| uci ferase expression. The results denonstrate
enhanPelyeaest upghaiecdmoppuciyyidgnioralyed pol ynucl eot i de
when | TREEGRASEREET O agent TS 5oy QI @l et neT
pol yper- PMO conjugate, Delivery of uncharged

pol yhucl eot i des’ to cells Tpénsfgection vehicle Fold

i ndug f erase no |inkage DW50,+ bare PMO|2
DVE5D bl“p%ﬁ)/%th e i DA 2 pol yref- PND

conj J@Wf@OB\MOh@%Mr\eﬂi\m\m 5 DWb50- CDM hybri di zeq

PMO Ho—5 Exam“!c +6—Cer-tgate—det-very—of—s-RNA—+o
muscle. 40 g PPARa sﬂ%ﬂ@%ﬁw@ (GL3) si RNA was
conj Jg&&g@ @m%ﬁgﬁﬁ[@ol ymer and masked asy gescri bed
above conjugate was injected into the

gast Q@Y@HTQRMHQ@E@@QW% ce (n =3). Inj¥ktion rate
was —about 25 f7Sec. PPARa eXpression [ evels Were

deternm ned as descri bed above. 20 PPARa inhibition in
nmuscle followi ng direct injection of masked conjugate

15 E}Ed?i%@e [@Q@An)ugytg éc'lzJeng o?glex% tg Qtuscie. 40 ug PPARa siRNA or control

(GL3) siRNA was conjugated to PBAVE polymer and masked as described above. 250 pl

conjugate was injected into the gastrocnemius muscle in mice (n = 3). Injection rate was

about 25 pl/sec. PPARa expression levels were determined as described above.

20 PPARa inhibition in muscle following direct injection of masked conjugate
] ) PPARa mRNA levels relative to:
siRNA conjugate
GAPDH mRNA total mMRNA
GL3 1.00+0.26 1.00+0.15
PPARa 0.62+0.07 0.54+0.13
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wWEABWRA0D7/ 076202 Exanple 17. In vivo del i vePgT/u82007/076202

si RNA expression cassette. 20 g of PCR-generated

| inear SEAP si RNA expression cassette, which

expresses SEAP si RNA under control of the U6

Eié?ﬁﬁi’é €7 .l Wdé‘lﬂﬂ%j) m@m %;sts‘}&pcagse% rﬂ@rmm éﬁ%rated d fincar

mer DWL453 ose nmerization of
gﬁfﬁ% SIRNYY e%w/wn GWé?tteaWkW eweftsg/a §Eféﬂh SR Aoy mnglﬁb@f the U6
ﬁljoh%{er Qvds Ch 169 RAe Qdd th HeR¥Pme %&%'{5‘8%{& Xy 1458 I'ﬂcomposed of

| actose WI actobionrc acid (L
ndzm@mawwfaﬁ roqai%\m*smge%lfm@lﬁ(e@myalbﬂdbwlo andf mpEodggher alkyl
i .0
S SR g PR, Qg Mece ol PRt L& (oo
Lantoti@rybisien wa§ mﬂ@&@a addgion af ébnrngBAJloaﬁOeng pOTYteer[ﬂmbwed by
X?dSNu olyeﬁégrpat %1% n%lqﬁ%iar af a ﬁnt Ooe a faiags??t{e eeregsfmg Iucéerase
mRNJAugaES)masoaAm furglhtatedlﬂrhet mmmlcﬁxﬁgatm e thmpblﬁmﬁdby the

etaetor harge on t
st e BB AR s B e He ke Rt xgrmieht
e tdomplents egiel madiged svidf 40mamld Mg NeFedtbtatecCloMeiG charge on the
é verage 10 units) in the presence of 14 w
‘am‘?fal ents HEPES base and 15 injected into the tail
vein of mce expressing secreted aI kal i ne phosphat ase

SEAP 10 mn after rraskedﬁ% % i njection, the
w%ﬁd&@@aor@medd?&%é@ P8t padfic WHP dgetcauivalis gf masking agent

tbeste ave@&gedﬁyﬁm@s almdhelﬂreséalc@%ﬁ 1¥ast dudMnANGEPES base and
assayed SEAP Ievel S. SiRNA SEAP activity day 14

mgsctt jigte th%tadcwepw Pk picat exawysnag seored %kqhmph@phweéﬁEAP) 10
iR Sfaskeh dll\ﬁﬁér 1h]{e¥t1dﬁaﬁletéaeca1%¥t@ﬁ PHE gWﬂlS@'EoWe? conjugates

st andar d deV| ation. [ivery
wereiledede On d3%s lgangfl4y ldbm WaSI ctm?zw( &dgqmyedafw SEéB)leV\ﬂ)és
nodified with 2 w % SPDP (Pierce). DW360 (30 ng/ m
in 5 MM TAPS DH9 was nodified by addition of 2 wt %
i m not h| ol %K? 3D g of i m not3HAR amiePBAVE was added
to 400 on| C gl ucaise 14 allative cracdoint @iday hg 5 niV
TAPS p"éEg\PsIﬁNkhi 5 sol ution was @dﬁg}l 35 g 25 of
SPDP- netht—ftet—ant budy AfHter—3t6—th—the
ant i body=huRYier conj ugat e was ntydi 1 ed

Activity was the average of 4 animals + standard deviation.

Example 18. Delivery of Antibodies. 35 pg of rabbit IGG (Sigma) antibody was modified
with 2 wt % SPDP (Pierce). DW1360 (30 mg/ml in 5 mM TAPS pH 9) was modified by
addition of 2 wt % iminothiolane. 530 pg of iminothiolane-PBAVE was added to 400 ul
isotonic glucose solution containing 5 mM TAPS pH 9. To this solution was added 35 ug
of SPDP-modified antibody. After 16 h, the antibody-polymer conjugate was modified
with 7 wt eq of a 2:1 mixture of CDM-NAG and CDM-PEG. The conjugate was injected
into 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 liver tissue

indicated significant accumulation of antibody in hepatocytes (FIG. 13). Upper left
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with 7w eq of a 2:1 mxture of CDM NAG and CDM PEG
The conjugate was injected into the tail vein of a

woRwWs®22329 nin post-injection, the nouse was SBCT/UF100®076202

and the liver was harvested and processed for
m croscopi ¢ anal ysis. Exam nation of the liver tissue
i ndi cated significant accunul ati on of antibody in
AhPWE Satk el Gntitodles, WRRE Flgllthfuﬁdralﬁ?shm &Qigsfo%rzﬁ@t%uadrant
CT/ US2007/ 076202 quadrant shows | abel ed anti bodi es,
thope nuelpigind leierdichhquadrstidione & FeMPIsBvaRagkef t quadr ant
shows nuclei, and | ower right quadrant shows a
conposite image. Exanple 19. Masked
BrAnyni ¢ 9. edeskeré pplorugleetidepmjny atosjuagre ian i vitooiransfection reagent.
f I ry: ] )
S LIPS RGPl o AFR e BB IERE phe wo-sep
tmg@mspper@mldnageme pepfaydudn robed(Kéuag 1981). Hepatocyte
ablgjtyOUS|8¥ 9%3/8'@& g ngcﬁna e]{yggnméﬁlg a)ubusmpp %te%a%gc%ﬁes were plated at
e)deﬂsuglo(ﬁrl SXHBSpadll@@yt e/sll\mmlla(gbmt:&decmz wall (INHTESI ihyl o of media

[ | t
SrRuge % e E0r KGara Bottef HiflgEL608 it EirlRappvelss were
&k ftoled Mthbutaﬁlécﬁdi cingt iwig, sikeA | Sinig MRANPITE SIQUESHE| (MVErus Bio,

re 1 ransfected w thout nedia ch n t

F“ﬁ%n ?’ﬂkfﬂé‘f"fdlég @E@r(l‘ﬂjl“flé‘f\%‘%% PEjtecoL ‘%a‘dwﬁ dﬂffo)t amounts  of
ARV @nfigatt m&ﬂa@cpﬁ@%@%weaea 84 Bra@tElot@Qisfecth Adttbkal RNA was
di fferent_anou RNA conj ugat e. at ocytes

{telped WaﬁhJ&B%éGENTh Pa?ﬁ%eélf (ol Betqetsh (%?ﬁ F CGRAITARQED
was isolated with TRI REAGENT(r) Reagent (Mol ecul ar

ReS8AhGRuSENHUR! .in CLG1 MRAlkCHERD) proberidl &te "[Pé"s@ers@{t%dt Rfisked

in vitro transfection properties of the describ
PRIgRIsOtigeapalYInRY| Semibghiesp odDPHRIPTRoRn| [y aliaes)- speCIﬁc SIRNA was

r c
BARLLRSR"Oh gy Rafspol AL aie kR 0B SR Shahin
SRERNA foF athsf@@mb@ﬁ palpagkntids @pnjugﬂéeSdeTg@lrSfdge@h of the primary
I ' e J 1
RALKPLS, 0 W D93, iy TRORERAL A O 914 RENin
ofeanoiBt mRYNA (FledH). yrhig ooy mécsm&mieﬁﬁbrmf asalpruwRM target gene

%nl:olckGd W]fl as c-ghearlaglﬁgo th(?a%c aclsnevw wﬁihe he\éer ercw? ﬁeagen‘? %E}(?@EW As

arget gene owWn Was corrparab ved -
pdieﬂibtetl,h&cﬁe@ﬁﬁ@ tied ahoune af enhjuGlt S T( o) the Aslls frledipedgreksively
ecre anount of conjugate added to the cells
S "]8?% §§9%| y decreased apoB knockdown. 25

Exanpl e 20. Masked Pol ynucl eoti de-pol ynmer conj ugate as

in vitro transfect nrea ent. Hepa-lclc7 cells were
Eranpls &L ¥eh 66? Fﬂlg Zeg %Vo‘iﬂ’ﬁ%‘féatf?i‘ﬁsé‘? Mrodpgsfeeiin feggent.

Huyse f@ERBER wdis kr@@f&%'\ﬁlh-rplhﬁﬂiﬂé’ Endoinb UeBi &d. reﬂﬂlﬁ‘ 1uc1ferases

after plasmd transfection, 100 ng |uciferase
Bty GBANSHT iTth OligsPobi4 headier @%élaldbvarwf?ewq c@?.%nlumferase

mta, &Q}ﬁ(%ﬁe W9 &fﬁong?%%%logg/d% $n0diGedton - wﬁmm@% LBA

4P 5 N Agr o Ol e Songs s RN bRAGTOGTIRAS 15 RBAVE (5
ﬁ@l \va§s W& Qdcfé@rtéf %@ﬁs‘?qS aa@tgr addition of siRNA, the cells were harvested and
assayed for firefly and renilla luciferase. The amount of firefly expression was normalized
to renilla for each sample and to cells not exposed to siRNA for each group. Alone, PLL-
siRNA conjugates are unable to deliver siRNA to cells in vitro (white bar, FIG. 15).

Addition of maleamate-masked, membrane lytic polymer PBAVE results in activity equal
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assayed for firefly and renilla luciferase. The anount
of firefly expression was normalized to renilla for

weawh/0zanpl e and to cells not exposed to si RNAPEDUSB®ATH76202

group. Alone, PLL- siRNA conjugates are unable to
deliver siRNAto cells in vitro (white bar, FIG 15).
Addi ti on of nmal eanat e- masked, nenbrane |ytic pol yner

3 %Mx%l&&ﬁq}ah§feétf&)n@§4gbﬁ’t|(BMCI@Q@H?'In c&RrY\RQRORELP DRZORansfections
PCT/ US2007/ 076202 to commercial transfection reagent

UPRHCR TSR CXqops tageat dixcess rdpaaing malymiga abpendptareedagrig interact
@RH%@RNAO thBA AR %L 8350 2898 ivo @ﬁﬁ&%ﬁalf &%ﬁ@@' F\l%lease from

ol yner, above that needed to interact
miysmﬂahrlﬂ}@ tp phoimfay ssagcnil shargy betf’vgmfthHﬁapolsdmrlwgmgates and

éﬂ%’n&é‘s‘ﬁle FOIN s@ﬂ%ﬁ%ggég%mr 218 aj%?ocgrt%? Wb agm ShupforR this

ar ge bet ween ates and
pokgtamms Wetohwyvetdahatspmctianeﬁfaﬁﬂ ytbetlaf gBNAh@pmg@t@@ttceELL with

n. Vi cratio bser ved
{Dhegf)n &reeﬁjla{g:)g elﬁgﬁﬁg f B%/V,ﬁ flld 1nd|ee(i( POGI‘O 8%%?%%5@% gseef‘ %bove).
PLL with Oregon G een-| abel ed 25/ 75- PBAVE di d i ndeed

I I to, h b ... The i it
R G R (A e O e
ngorjgpatd flaNmtrm@a?nRxﬁg _?_ax%@eﬁmrdag]ﬁmsﬁ%ﬁﬁd TKOR (FIG. 15).
ICl ent . ]
mé?ﬁeﬂtéﬁ’t‘ é’a‘iaﬁ‘gp‘ﬁ%ﬁfr EFeVﬁﬁsibi?ﬁé% é %E?x‘g?‘]sﬁ B‘%depqlYfH?{at&éed upon

R0 NNl 1ARN YoNBhisBRTRU colipiate IpoBQPBLLAFIGL]S) demonstrated
al kyl ati on chem stry (1A-conjugate spotted bar in FIG

s {iRdHoRaly s Serugest 2re) Wcam yhehe coHpgsgat ds ngf geversible,

gesﬁﬁ% itee mef ditNBdC BRMUEBLt RNreliSeclQh oF Y §6:Sfultfonal delivery of
at the disulfide bond nust be reduced in

B0y oEkdomal Sho S e 6 hegoBmH R Slggdkal was not
&ﬁﬂ%‘é@@m &%ﬁ[n%g%y|g%l %@ysﬁs? T}{éeacﬁgﬁﬁg ds\érv%&)%rotile %a‘leﬁﬁlylated

t hat” was not conj ugate as determne
envitlgpish syggesth éhagctview |tltcylgb e palperf i rnot lhegemo@amly -glasgpd and

ﬁl?e[i]+cltig Lei%h 9 gﬁ%&ﬂﬁcl%&ﬂfaer téf C??e'atr Cfl?agfég Fbr&elg e tlﬁoglw %dn;fiw'élte is

onger positi I'nteracting wt
shibgonealegatiitie lbymwlleams riogheasargn.f dpdidis] stRiNA analogues that are

sistant to degradation by
gucll:%ase r%gabnqg‘%yﬁaésoi)gus% Modi fi ed si RNA anal ogues t hat

are 20 nucl ease resistant may al so be used. Exanple

Bl o BRIl BB R PIE SR PR e o

pbmbiaké heivbpoidnad t h PEG spacer. One enbodi ment of an

ﬁg%)éR lel c[] WA& %lﬁg?et %F_&SIIP SOéjan%lt OF arfJ Aggg eldganﬁ target group

may be prepared as follows:

Ac
AcO Q
OAc O\E/\O}/\/NHz
n

NHAc

Compound 1
(Aminoethoxy)ethyl derivatives of
2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-p-D-galactopyranoside
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w@resioeks09 30 64 WO 2008/ 022309 PCT/ US2007/ 0762BCT/US200#1)6202

CCO HOOONHO OHj----01---~ CO NHAc Compound I
N- Acet yl - gal act osam ne- PEG net hyl nal ei ¢ anhydri de
Conpound | was used as a precursor to create conpound
I'l, a galactose targeting group 5drasking agent
capabl e of ypgversi bly nodifying an1he contalnlng
menbrane activ ol yners such as Br'S.

Reaction oHG h I anh ride th an a |neo gr oup
on the pol ymeX@Hr eglu ofor |on of a bablle

| i nkage bet wee e g ac @ and the pol yner.

Modi fication of al PBAVE pol yner with conpound |
results in: 0 HNPFEEO CO2H NH OH CONH-PBAVE n 10
NHAc Conpound 111 WNModifi atlo PBAVE am no groups
wi th conpound 111 (0.75 .OT‘B und 111 to polyner
am ne nol ar Nt detyd)gaRitdseid- PECHRGhy( halkie HPMREG t 0

&h@ ymer amne polar 15 ratio) resulted in_a conjugate
Rernd THTasiusebies aPgetidi 0 FEeRepaperyilbse galaciysg grecting group

M@fﬂc‘{ﬂgng &P aGpibld IODSsiBfy BlolMiBE Cantlh QERRaikiRe Tmdmbréne active
3, or 7) were all effective in delivering siRNA to

papatrocyeheds PRAYE plugerevRepshieeal By maleis kenbydiide gfith an anime
ér%{qg h tHERES WPy et P FRRR! i@ Tormation of a pH labile linkage between the galactose

and the polymer. Modification of a PBAVE polymer with compound II results in:

Q
HO
/C CO,H
HO /—Q
AaVe NH
O CONH—PBAVE
n
NHAG
Compound ITI

Modification of PBAVE amino groups with compound III (0.75 : 1 compound III to
polymer amine molar ratio) and CDM-PEGsy, (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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B. pH Il abile bond with Al kyl spacer. Al kyl spacer
groups may al so be used as illustrated 20 in conpound

w¥/2008I0k38D9 spacers may, however, increase the PCT/US2007/076202

hydr ophobi city of the masking agent, resulting in

| ower solubility of the maski ng agent and the

conj ugate. 65 WD 2008/ 022309 PCT/ US2007/076202 HO HO
O 0 OH NHy@— N HAc Conpound V

N- Acet yl - gal act gsam ne- C6- net hyl naﬁ%ic anhydr de

maski ng adg@n .oMul tival ent targeCing groups.
'fh/ﬂ?ghés\vérénmy may alii!’

Tar geti ng grd2ips

utilized. Ex ry enmbodi nents of a nultiva
gal act ose targetling groups are illustrated bé&j ow.
Dival ent (V1) aMAGivalent (VI1) gal actose |igands
may have higher affinity for the ASGP-R AcN

HGal (CXZHZCHZ) 2N HCO CON dp@ip@dX0) 2Gal NHAc  NH~CO CO 0

10 CO d Vi 0).2Gal N HA
TN (o D] ol o T T B AN NARRE e oo

H(CHQCHQC»ZGaIN HAc Conpound VI1 15 D. Negative

0 targetjng |i ds Rel ated targetin r oups
i RPYRIETE “EFGEr R [ BharouR YT D oFoIEg hay also be

target E@@h;blar@raymb&m&ﬁgi cﬁ‘San@gmﬁvaMﬁ calndtbsel &rgeﬂng groups are
determ ne effijcacy referred targftl gr oup

g@stgaftpde%%| ]alvalleﬁte(VAggrd [Ql enf, é}SIaIQ (gelﬁ Y ds may have higher

gahactpar.AsdR. not gl ucose. Therefore, a glucose
targeting groups (VII1) may serve as a negative 20

control in cell targeting assays. 66
AcNHGal(OCH>CH2)2N HCOWCONH(CHZCHZO)ZGalNHAc

NH._

9]

> zo

NP
\O/

Compound VI

CONH(CH,CH,0),GalNHAc
HoN[(CH2),0],CONH

CONH(CH,CH,0),GalNHAc
CONH

CONH(CH,CH,0),GalNHAc

Compound VII

D. Negative control targeting ligands. Related targeting groups 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, a glucose targeting groups (VIII) may serve as a negative

control in cell targeting assays.
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WD 2008/ 022309 PCT/ US2007/ 076202 AcO O ZO OAc AcO
QAc dc 13-isoner VIII E Mannose targeting group.

wor@sopdsages and |iver Kupffer cells are knownP€DURZENE076202

5 receptors which bind mannose saccharides. Therefore,
targeting groups with mannose residues (IX) may be
used to target these cells. OHOHHO OO HOHO O
Man a-isomer | Xacg F. Linkages with varying lability.
Li nkages of varying aqglity (ki netics of cleavage)

can be used to con t e maski ng _agegf, or
féﬁéQEOf?Ve/bolﬁner. For

pol ynucl eotide to t

delivery of antiss | ynucl eotides, it may be

possi ble to increase the duration of 15 knockdown by
decreasing the rate of @¥ynucl eotide rel ease fromthe
conjugate. Disulfide bonds can be nmade with varying

ki netics of cleavage i nGtdikispegnci ng environment in a
typi cal manmalian cell. A sb r rel ease of nmasking

agent formthe polynmer may ‘iricrease circulation tine

of the conjugate in vivo. For exanple,

5-pet hyl -2-im not hial ane  (MIT,  Linkage exhibits a

B Vneiie titesing PPUR: 1N RTAsE A 1aieT SwpPen § ef@f‘eim%l to have
fe QU ¥bihd Bahn¥¥ 08B 022308 Rl /t 7é1@ﬂ&2?\'§15 mannose

NH2 NH2ClI NH2- Pole/mer + DTNB NH Pol yner \ ~ ~
residues (IX) may be used fo

target these cells.

O
OH OH

HO -0 0
/\/O\/\
O N-C
HO H & o)
Man o—isomer

IX

F. Linkages with varying lability. Linkages of varying lability (kinetics of cleavage) can

be used to connect the masking agent or polynucleotide to the membrane active polymer.

For delivery of antisense polynucleotides, it may be possible to increase the duration of
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 mammalian cell. A slower release of masking agent form the polymer may
increase circulation time of the conjugate in vivo. For example, 5-methyl-2-iminothiolane
(M2IT, Linkage X) exhibits a 4x slower rate of cleavage than an SMTP linkage
(Compound XIT).
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M2AT X NH2 S CO2H si RNA- SAC NH-Pol yner S", S-si RNA

Linkage X 5 O siRNA-S-S NH polyner SMIP Linkage Xl
waoosiz23ed eavage rate for Conpound Xl is expeRCEUS1007/076202

be about 30x slower than for disubstituted maleic

anhydride linkages. o 0 o HO2C HO2C XI1 0 CDM CO2H

CO2H NH Pol yner NH Peptide d ycoside- Spacer NHOC

G ycosi de- Spacer- NHOC O O At pH=5-6 Pol ynegyNH2 68

WO 2008/ 09 / Exanpl e 22.
Charqacterizat i oﬁﬁT gﬁ% yn uWﬁﬁ—%lymer

ugat es. A Arrphl pat hi c anal ysi s.

1, 6xdi-phenyl - , b-hexatri ene (DPH | N\At rog
fl uorescence 5 (hex = 350 nm a,e. = 458K
enh&#kd i n a hydrophobic environment. This
fl uonpphore was used to anal ydd2t he PBAVE ( DWM O)H
polymer. 0.5 M (final concentration) DPH was added to
10 g PBAVE. /| nA_t . prese abNenrdehoherd0 g pl asm d
DNA in 0.5 nmM HERES buffer, pH 8.0. The

sol uti on was—then—#est ed TrsRRA accunul ation in a
hydr ophobi ¢ envi ronment by neasuring fluorescence of
DPH. I ncrease DPH fluorescence 10 in the presence of
the conjugates indicates the formati on of a

hydr ophobi ¢ envi ronnent b¥inkage X

siRNA—S—S NH—polymer

SMTP Linkage XI

The cleavage rate for Compound XII is expected to be about 30x slower than for

disubstituted maleic anhydride linkages.

fe) (0]
\ \
o o)
HOLC | HO,C c‘)
Xi g

i : COH COH
NH—Polymer .
. NH—Peptide
Glycoside-Spacer—NHOC Gcho&de-SpacerNHOCAI[

O o)

\ At pH=5-6 /

Polymer—NH,
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the polynmer. Addition of excess DNA did not
significantly alter DPH fluorescence (FIG 16). B

wopdsoed3ey Wi ght. The nol ecul ar wei ght of DWBGDUSES7/076202

determ ned using HPLC size 15 exclusion
chromat ogr aphy and a set of polyethyl eneglycols as
standards (Anerican Polyner Standard Corp.). The
pol ymers were separated on a GPC HPLC usi ng a Shodec
SB-803 HQ colum with 0.2 MLiClO4, 5% AcCOH in

met hanol . El ution of the PBAVE polynmer fromthe

EQJn’tngﬂ @bﬁz@kﬁgmﬁm %Y?’BA Ay gﬁfﬂﬁyiﬁl@fe%&uﬁ?ﬂ% gmﬁ@ﬁtes

[ ecul ar we
150 ﬁyrmhma@m ﬁ@éyspollﬁﬁphe@y)ln ﬁég@@tﬂeﬂh DRl devitregenivdirgrhicence
f _ 0l L
&t erm neg‘ rBS 4%? Mﬁ:’]l_ %Llléaggeedplgxc Eo%w é‘lll%?%lrﬁ}na%ﬁgsfhls f%uyorophore

aquS@glfﬁe hiztbyerk ebb PBAVEI (B%Bbl)spcasm@t aﬁdmi dBnal fhl@:entration) DPH
Con@ég(? ¥0ulsqfjl Pﬁg?ﬁz@ I:[}geﬁqrg\g; regogf’ay ar a%‘[gg) %%]i)lasmlg ﬂﬁé&i m 0.5 ml

&0 uiMadIEMESIbuﬁBr il SHEPHES, solutoB w@s dten Tesmdd/ for DPHECcainmd4tion in a

te f t h | t
%(ﬁégpglalgco%&oﬁgﬁ{% ;I%?r?[%rnte ‘%reus‘rl‘reg‘fe O%Db%) ]gliaf&sgq)efaﬂ ?luorescence

Bt thd @hsdﬁlﬁéﬂ tb(e cohigaRy RilrgeRs e lfeatatiad ofetiyghdphoic EM@ronment by

e tbmES Ao e sson PR R Gt e BB Mo cence (FIG

gsked polynucleotide-polyner conj ugat e was
experinentally determ ned to be about 77 30 kDa. The
aver age nol ecul e wei ght per charge (am ne) of the

BBOVE-RY WiRht. m@@mor@&nﬁrwagﬁbabm 3dehal H@t&ﬁﬁheﬁ%m‘ﬁg HPLC size

about 200 Da. The average ecul ar

prelikRion gchagrasosraRly end @useatOéopOtlﬁﬂwéena@ma?S Bsotaaéardsrlﬁémeﬂcan
?M%élgﬁalgﬁgf @&pngl{&gngl)tﬂl&éi% r?selgrate& b5 . CheMEP PO lu¥1H§5 Shodec

was experi nental’l tern1ne be about 75% o
ARADP &8 eolumi vatd, 0 2 héiEQeriy écmﬂ @cmfrtharnowhgtw abfthe PRAVE

e e SN LR B

val ues, the average nol ecul ar meight of the CDM nmasked

B I b )
CoAY B A TS PO, STLHLE AR v o
maSMspIQMucpedtyderz@olyms celgtlgammd dbterrhleecalummg FPLE. sife Eclusion
Par t | Si z P t
kil PSR el i Rk BT R AP g Standaras

®6ratst:@rrdttl§kg oftth ShddadznAPSINg Lamgraomdzaone ISe[bHASﬂ.'y[ 8re0tcdlumn and

t|o taP s Particle_ Si.zer, 190.
B il ydh &Pﬁ% QL1 0 5B e u&%oféhacwgmf{?ﬂtﬁﬁeﬁ@mmn
fﬁuicatbar@@l@éa@ﬁ%wsa&mn@ma@ mith the I argest nunber

(>95% of particles were less than 50 nm and nore
typically less than 20 nm Pol yconjugate size can al so

becomasi adiclBmesy. ngaeagnr@llagé oRbuld vEidkestthd PBAME QI Rér was

atom c force m.croscopy he sane way the zeta

pocanentaly é%tewwc@n?%we%@ae The agerpeed meleewgr weight of the
Rhaek B@i\{/ﬁ&léoﬂ% [)MSTBQII &nﬁ%ﬁt@ er;a@tekﬁ)e?lmentally determined to be about 77

kDa. The average 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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Zet aPALS. The zeta potential of the CDM nasked
conjugates varied between 0 and -30 n¥V and nore

w@e@domsnant | y between 0 and -20 nV. Zeta pot ePCT/EB200a876202

measure in isotonic glucose buffered at pHO with 5 nV
TAPS. Stabl e, non-aggregating conjugates 15 were al so
formed with zeta potentials between 0 and -10 nV and

i@@& V‘tﬁﬁﬁg thedndain&, MV axléna%@ 'md10&i1a3 avl'/@g}ﬁ Yrdhd ic@3-mabkedPPBAVE

7, the conjugates woul |Jf)gecte gwen sone
pdymen nekioaaeYE Vb éalfléataci @tt@ PG kbta. Shupetheflikelyjgtoichiometry
ﬁmﬁ%‘; o S QIR Ly Arer widbsiin¥@d f8cl 465 . 0f _conj ugate to

uman hepat onm xenografS In nuge mce. To 20

denonstrate that the descri bed conjugates can be

t .
5L PLUEECAR: LA, AR P U2 LB i o ver
miegerctl Mt lighadciieeng at AP ant e&jng/viatBrobid]m Instruments Corporation,

?%Qﬂﬁsoﬁgrggle RPAR | k oﬁjé%z § all flnalfs:flsﬁo ca r%ev%glg’cll %et&%&) ldbn and@% nm.

Ublhgmuhrﬂncfdahma]ylalﬂ IthenpeSp mamuhae l@aow;telymbéﬂ (Pr%%hdpp@ftlck:s were less
ce . were. i nogu

i 500 S 5 PR L iEaRan C - BriTvoniieR Bt R RIEARS be Freasured
Gy analytic luitfaceafifigitieor HiondO faed mcrdséopyl [d theRarhdwaP the zeta
| of PE were i nocul ated SC on hekri hi fl ank )
Dtential pf flie, conjugptes ViCH] Bty 0 I&Y&b HEHmEnt §rorporation
yastLers amewkh potthfal O\MI%"CISKZI ﬁlhkﬂf@d[ SorJliWws tvlried between 0 and —30
%%;'\)léom rratelg(?S mmin wdth and | ength, CDM NAG and

ORI ARy nhetvenel) @ptht AP ifYigZath ngteayjal wash@easgre in
%&oﬁ% rgl&%%ffe%dm Ho @&k bugiyT ey, fS%iblé"@l%nJaggr@ﬂﬁQ cYitjfgates

he tail vein. ccurul ati on of NAG targe
@fﬁjaﬂﬁgéﬂ@l%t%@%PQ?@\ﬂlaiSrbeﬁveP%pgéd pe&y e%@r&gl@twent(}ﬁéldsé mV
ﬁ%@@&&”@an{emﬁltﬂ&s §At(p?f@ 76@11@ cdﬂjlﬁgatef I\x%'uldlgéA)axpected to gain some

Representative area of tunor ce show ng uptake s
BdsEWR charg G, to ponaonefsymp ofghp emaics.of t unor targeti ng
was observed in mce receiving glucose targeted
conjugate (FIG 19B, <5% of tunmor nmass, n=3). In 70
P03 . 02 230 ge/PET/ QﬂSQ@@gﬁt@ibG@@@n hemematencglafinn nude mice. To
%e%hnst?ﬂgﬁla{ tﬂg‘aes%ﬂb V&' ctog%g%esgc%l{l 9 fﬁ“d & %Tt glrrﬂ agg@—NAG
nodiifitd e:dhgommjeugdﬁ DV&(IBB@ECO]’iﬁg@e Dvasnm&)ctedSlrm Irmr:e that had been

serve Sj HuH 7 hepat o cin

RERLC g F R RR R RO Rl by ARBRY (8 oo R
S:ﬁdwfdkC(ﬁﬂlferﬁalefatﬂ?ﬁhcy ABde mdehwﬂe\tﬁfamemfﬁanEﬁfrlan Slpraque Dawley

| |cat| rror taq u t1.on 0

AWBOlEy 1 YT dn‘?CE@HJd \gﬁl? g ‘aflll%%fggg el 350 1 s
aibtineiddukly bi ﬂl@ﬂs"fdﬂfﬁﬂd CMitf&)YEol@ﬁ bRE8dmIES-29RdilS q‘zeﬁuwntuhmo ul
1.5 wt % SMPT. |1 equi val ents of a 2:1
o PRRR) weset @P@l%?d é@mnr\ﬂ&e am é'@%lf vl Wyeaka deteis daIFF Agctiondvas to

&%{}enfﬁ%ﬁ%@t@ﬁ%wﬁﬂmﬁnwh@ls ECW%ﬁor@%ﬂ:@dto tafprbligaRB) yﬁa@fr in width

in the presence of 10 base. To th

a1 o RS A C@iM -BEGrMEAfioy copimerp 4P BiAS 30 iy 3-labeled
MNAer dsDNA in 200 ul delivery buffer was injected via the tail vein.

Accumulation 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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ol i gonucl eoti des. After overnight incubation, 5 w
equivalents of a 2:1 w:w mxture of CDWM NAG and

weDMBREGRINas added to the conjugate. The maskeRICT/US2007/076202

conjugate was injected in 400 | of saline into the
tail vein of a nouse. It was determ ned that the
nodi fi cati on of polynmer with CDM NAG and CDM PEG pri or

ErS P Bo 10 RhcRABmE | tEmBRL waﬁodtegm%sé R HONInNEABMbOBeIl signal was
efficiency. 1 h postinjectio the liver was harvested

ehserved gz@reithps NéiG @reg:ltl¢Q§ﬁ§n0\ﬂ€Jr6é oragHe g Elbdeds dmilar
fe@ﬁlts'v@é"ﬂ?d"&kﬁ@@gm E?E‘Iﬁl—l’ 7 h&gt(PcBQ‘ I%(Ifa)cel\i\éat% estglﬁﬁﬁi xErﬁ)graftS
stain cell nuclel ter injection of into

vein of mce, |abeled oligonucleotide was observed in

B’)?cpr%tlé) CZW: %odfcgtzé? aO??p)? )éi%g} Cﬁ%’ aﬁé\Je;s bggtﬁnég%i rﬁdgﬁé@ﬁh@ﬁ . prior to

groups in co reagent
@rjugotiere | €0t |uge91DW>11/Bﬁf) I@thﬁ@gafoengblfwera Wexd ratio of 75:20:5

d bed | .
e R S s A A

eminalcatsestt s 2 d)fwtathmiktuM OWCDNINAG éNatet@hMadtbEaming) and CDM-

e P BB e diCL i prREen PG 4y RbES o S0y wf O Mepes

bRe) dgatids vsasmaﬁ m&ddeﬂd 2by ug r e@tSEM/Cy8-idddified 22-mer DNA

trini ne sulfonic acid ( TNBS in 1Q0 NaHCCO3.
%ﬁé)ﬁuch ‘Brﬁﬁ @3 HOY%m&htdB?ﬂba'g‘a‘té Whcqu VﬁL?HtS ﬁ)gta th/l&’ﬁ‘“’t mixture of
OBNVERES @ndTOINIIPEd: whai W@t @etherdshingdle. ThahmatiRe RARYAL was
of nmodified am nes was about 75%of total. This degree

giecisBdn 1408 at!i Grialinfaipip drovial ived dlye eMafithg ™ HetCepBihfhat the
pbdiaddrd JT8o8inter ARty @DW@IA(?’%CE@@MFEG%@M to conjugation did not
Electrophore5|s of ol igonucl eoti de-pol yner conjugate
mduce the copipgsatien eﬁ'ﬁ:ﬁ\}a@f i lgk pagjeghen. fesliver was harvested and frozen
£ J0RHAL Gekc! el AT G0 SRRINGROERHGHE TERAORS was
descri bed previously e conjugate containing 1 g o
wicil gonsieineoell dwclansAftere mieabidi f ¢fednto vihe htai) argpn f mice, labeled
COM average) and CDM NAG The
g%ﬁﬁ%%?@éwlmeﬁ§§9%$%wg¥b%aﬁ into agarose gels (2 W%
and electrophoresed It was noted upon 71 MD

008/,022309, PCH US2007/ 076202 ~ staini n
ARG nQ s o0 0E il SRRl oy D Raen

@&e@ﬁmﬂon gOh)gbnuctieondeq)W viab@ ndsrgugafe oty redr oved BWMSlzrdé as described
sitive to. nqgtr

0 ' The
PEr R T OeT BR et cat s ST hE R rG RO S ok and 7 w
guivatingl s 20 wi:wemixtve ot COM-NAS; &ridr CIDRIEPRGE €aveSid CRunits). One
unqrous nmodi ficatio s and, cha %Ss will readily occur

F‘B‘ #o's hesiung é&mel?trP tthe mefeic afﬂ’t fide ﬂ"c?tVaHWéﬁ‘sﬁr? %1 ‘E%‘Jugate was
ke &¥uted thyerdativedn tiit Nrihi@obddCerR%aFbni€ QEI8 Y TNBE) ﬁﬂl(@l’hﬂM NaHCO:x.
operation shown and descri bed. Therefore,

3\@@9 apmalizddp #icenipgabnbaidivgd natheey &a@ﬁ%tefnaqdvﬁ% it Wehdgterained

H8OME aRburtt M nidauRAtahBits whd AWKt 2008408388 Ris degree of modification
PCT/ US2007/ 076202
may be varied by changing the amount of added maleic anhydride.

Example 26. Electrophoresis of oligonucleotide-polymer conjugate and its maleic
anhydride derivatives. Oligonucleotide-polymer DW1360 conjugates were made as
described previously. The conjugate containing 1 pg of oligonucleotide was then modified
with varying amounts of CDM-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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W Caim 1. A conposition for delivering a nolecule

to a cell conprising a conjugate of fornula:
WORMWSAR30L.2- My, wherein, N is a nmenbrane i npRCTESINNB076202

nol ecul e or nolecule with | ow nenbrane perneability,,

L' is a first reversible |linkage containing a

physiologically labile bond, P is a polyner, L2 is a

§tﬁﬁfﬁ? Gyifh eé{ﬁﬂﬁhpﬂ)r@mideﬁﬁaﬂgﬁe é&ﬁfg@ﬂe@'c‘ﬂgrg@ WADYR&] 8FPehd@hd ¥n the
Mis a masking agent, and is an

Py adpats Oé ﬁ@&@Ceaﬂht/qlrzm dgrivape frn @O dyage 8Fetiably nseatiai m 1
wherein the nolecule is selected fromthe group

consi sting ynucl eoti de, protein, peptide,

Bt ifbrogiyng emdows{%mdaaﬁe iljuyisveready eof dhegringipleyhd the invention.
| - e .

EOTRARLL R A LR, ML ErMREEELD G DR POIVUBLAPELS e st

pohy aucit éonat eﬂe$1reﬂ>m11nfﬂl\tAp ilsieﬁimbﬂn, tonth&niact aomdtrexipn @sd pparation

%%?V%eatna %escrlP%d;nT“g?rgf FQJOI?I {ag%a déf; ca.?i;]r?s1 a%dvml%va f:n S %ahl \?zlthm the

ﬁbp¢mmﬂemMQﬂmnn t he polyner is a nenbrane actlve

polymer. 6. The conposition of claimb5 wherein the

menbrane active polynmer is a polyamne. 7. The

conposition of claim6 wherein the nenbrane active

pol yam ne consi sts of a polyvinylether random

copolymer. 8. The conposition of claim?7 wherein the

pol yvi nyl et her random copol yner contains three of

nore different nononmers. 9. The conposition of claim8

wherein the three or nore different nononers consi st

of an am ne-containing vinyl ether nononer, a |ower

al kyl vinyl ether nononer, and a higher al kyl vinyl

et her nmononer. 10. The conposition of claim9 wherein

the | ower al kyl vinyl ether nononer consists of a

butyl vinyl ether nononer and the higher al kyl vinyl

et her nononer consists of an octadecyl vinyl ether

nmononer or dodecyl vinyl ether nmononer. 11. The

conposition of claim1 wherein the polynmer is a

bi odegradabl e pol yner. 12. The conposition of claiml

wherein the physiologically |labile bond of the first

reversible linkage is orthogonal to the

physi ol ogically | abile bond of the second reversible

| i nkage.
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conposition of claim12 wherein the first reversible

wo ookaep30and the second reversi bl e | i nkage cone@i/ns2007/076202
physi ol ogically | abile bones that are independently
sel ected fromthe group consisting of.
physi ol ogically | abile bond, cellular physiologically
Wwaldhin:bond, pH | abile bond, very pH | abile bond
extremely pH |l abile bond, a nmaleamte bond,
EnAyeemniosiEpn for delesungt molsewle to el camsniting seonipssts. of formula:
The conmposy g (pf g aim 1 wherein y is 2 or greater.
15. The conposition Of clai m14 wherein the masking
ageereitare the same or different. 16. The conposition
OF N BB PR GluBaih o TBRE LA BARN i RS BHERS e
fromthe group consisting of. steric stabillzers,
t apgatceigtygr oups and charge nodi fyi ng agents. 17. The
copposition of. clajm 16 wherein at l.east .one of the
gt RSB S el SRS IR R ect e
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10. The composition of claim 9 wherein the lower alkyl vinyl ether monomer consists of a
butyl vinyl ether monomer and the higher alkyl vinyl ether monomer consists of an
octadecyl vinyl ether monomer or dodecyl vinyl ether monomer.

11. The composition of claim 1 wherein the polymer is a biodegradable polymer.

12. The composition of claim 1 wherein the physiologically labile bond of the first
reversible linkage is orthogonal to the physiologically labile bond of the second

reversible linkage.
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15. The composition of claim 14 wherein the masking agents are the same or different.

16. The composition of claim 15 wherein the masking agents are selected from the group
consisting of: steric stabilizers, targeting groups and charge modifying agents.

17. The composition of claim 16 wherein at least one of the masking agent consists of a
targeting group selected from the group consisting of: compound with affinity to cell
surface molecule, cell receptor ligand, antibody with affinity to a cell surface
molecule, cell receptor ligand, saccharide, galactose, galactose derivative, N-
acetylgalactosamine, mannose, mannose derivative, vitamins, folate, biotin, aptamer,
peptide, RGD-containing peptide, insulin, and EGF.

18. The composition of claim 14 wherein the masking agents are indipendently selected
from the group consisting of: dimethylmaleic anhydride, carboxy dimethylmaleic
anhydride (CDM), CDM-thioester, CDM derivative, CDM-steric stabilizer, CDM-
PEG, CDM-PEG, CDM-ligand, CDM-galactose, CDM-lactobionic acid (LBA), CDM-
Pip-LBA, and CDM-NAG.

19. The composition of claim 1 wherein further comprising an excess of polymer.

20. The composition of claim 1 wherein the conjugate has a zeta potential between +30
mV and —30 mV atpH 7.

21. The composition of claim 1 wherein the conjugate is smaller than 20 nm in diameter.
22. A method for delivering an oligonucleotide to a cell in a mammal in vivo comprising:
a) covalently attaching the oligonucleotide to a reversibly masked polymer via a

physiologically labile bond to form a conjugate; and,
b) administering said conjugate to said mammal.
23. A composition for delivering a molecule to a cell comprising a conjugate of formula:
N-L'-P—(L>-M),,
wherein,
N is a membrane impermeable molecule or molecule with low membrane
permeability,,

L' is a first reversible linkage containing a physiologically labile bond,
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24.

P is a polymer,

L? is a second reversible linkage containing an orthogonal physiologically labile bond,
M is a masking agent, and

y is an integer greater than 0.

A conjugate for delivering a molecule to a cell comprising: a membrane active
polymer reversibly linked to the molecule via a physiologically labile bond and further
linked to two or more masking agents via physiologically labile bonds wherein the two
or more masking agents consist of at least one targeting group and at least one steric

stabilizer or charge modifier.

75



