Processes and Conpositions for Liposonmal and Efficient Delivery of Cene

Si | enci ng Therapeutics FIELD OF THE | NVENTI ON Thi s di scl osure rel ates

gener al | ywoaoprasagses, conpositions and uses for delivecy/useddbsoBogi cal |y
active agents and drug agents. The processes and conpositions of this

di scl osure are useful for delivery of therapeutic agents to selected cells,
ti ssues, organs or subjects. Enbodinents of this invention may provide for
delivery of pharnmaceuticals and therapeutic agents, including nucleic acid
agents, and nethods for pRiktRG AT cUPosigodiBbErlip@bmatadef f ect drug delivery.
In particular, this inv ion relates to processes and 10conpositions
contai ning |iposones or %tpﬁ}‘v%%ﬁs@r’éé}le% f)lieﬁ’(??mfcér ns of delivery-
enhanci ng conpositions and formul ati ons, as well as therapeutic nethods and
uses for these delivery naterirSD OSEQUENCEENTHN NG Thi s
application includes a Sequence Listing submtted herewith via EFS-Wb as
15an ASCII file.created on tober.. 14, 2009, named.NMD-08-16 Lt xt, which
12759, 622 byt es T QISR AES SO REPLEP RS e SOP Rl By Brereneehn s
entiretys BAGKHR@ANDactive agenthanddiehg agenty. Ohe @otehes apbetniposidomspdund to a

subj ect can_ be inpeded limte bility of the co nd to reach a target
cort or ¢ 1 outtonrn ool RieniafiPingbs aelbutd RUERAG Pops b URENEE mpouns
wi t hin cel | sibjeBlel Emesdimoits af thikei@pest ey pravias forklelivery ¢f phanecalkicslesid i ct ed
by nenbranes of cells, These barrierg and restrjctions to delivery can

result in tHEPREEEEG ULV RUHTIG ALY 28 BHc ¥R PLRISAY Toking OHIBANd t han i s

desirabl e t@a@6di @\Ered dr@SdliVery WMH (Salitidalak RIS ifvBRidni rSlkieOfo frévebses gfdf ect s and
side effects. A further limtation in delivering certain therapeutic
conpountl | @upREtipRscanipginegippeie or RRslFgkHeahd 4 eBehiteyreadediiebh in the
transport PHAGRSS: cohfPoR@bilslafdlRfhulaSdRt &R 4 QlekapBline MéBoRlaRPGeSEdCuUl at i on
can subject the conpound to a variety of proteins, enzynes and

i munol ogi ch¢sedempyanapesaland f act ors. One strategy for delivery is to
i nprove transport of a conpound into cells using natural or synthetic

|'i pophilic or polyneric carrier smhegentesistivese nmaterials can take

advant age of nechani sns that exist for selective entry into a cell, while
still excluding _exogenous nol ecul es such as nucl eic acids,. an roteins. For
exanpl e, a cati dniS %Pﬂcﬁflﬂn PR de st WABIES fristipe %P%H]I“ﬁf’& h&ﬁ’@’hﬁ v '&8{? e

cont act13m tdh AsCelile SRR 0HERT4, 200, Aahéd AD-G b YNk @hic id d@phi | i ¢
nol ecul es can al so be organi zed into |iposones or particles as 5 carriers

Al S . : P S |
for drug addisdn sirg gabiRESbHMCHRABIFE O refeen b it e1U64Ydi nensi on can t ake
advant age of nechanisnms that exist for selective entry into a cell, such as
endocytosis. Liposomal drug carri esCKRGROPMNIS ect a drug nol ecule from
degradation while inproving its uptake by cells. Al so, |iposomal drug

carriers can en | ate or bind. certain conpounds .electraostatic and
ther C1 it or act 1 JHE Sl R et S R b SR yan B rSRLp g e |

menbr anes tilithif that@mpduad §esidh saeiessl ar IBIR baRErestricted ehryddramirakingof

| i posones is that biological activity of a therapeutic |iposomal

f or mul at orPiviq ‘foné’@H‘éjr‘éﬂ 1y CﬂEpQﬁBV%}ﬁoﬁ %@er&%eglflééla ia} %&tﬁeﬁ&rabrFStflﬁéd active
agent into gh@ehbRRSQNESLs, MResd 8RGERland Restic@bhs AS QIR EryQhn tRAHinNGe heeadesi rabl e
to provide high therapeutic activity. Further, the | oading of |iposones nmay
require addPtPomash kigher pacenstiges it asompernd tpiis desprahlaiorpehieyent qulﬁe

formul ati onyhich bringMARLNRTf Lok ¥ i@t @ Qde drfep@somes for drug agent delivery
is that using them adds mass to the delivery fornulation. The biol ogical
activity of a tHefapeuimigtippdelizgringeeanig tiefapeyts|campunds sxhaenced tani | | be

af f ect by. : hii : J.i pophilic
ol coul 65 B TR o e PR B St af P i o
20 based | idsdzorala Hendrriceltiiarsn fgyect ik icompgundfo agariceofageeins coamehave a
rati o of ”Q&Ei&ﬁﬁﬂd%&@1%8mé5%£§?&1ﬁ% s the mass of |ipid nolecules to the
mass of active agent- T general, a lower ratio of lipid or carrier to
active agent i s Omersgatedy fiocildiveryant idgsive abhsport Scépohpopodmiadell$ osiml at i ons

for nucleic §cid ggln in no nore t ew hundred copi es of

t he nucl ei Cnaaucriﬂll 35 Hi2 Ilrl.Brr(})a i Oor}tpgf meric carrier molgcglgf*_fﬁﬂlese AL {sS5h GRP

ent ecule“per 11 posone. e understandi ng” of

regul atory RNA and the devel opnent of RNA interference (RNAI ), RNAI

t herapy, RNA drugs, antisense therapy, and gene therapy, anong others, has
i ncreased the need for effective neans of introducing active nucleic acid
agents into cells. In general, nucleic acids are stable for only limted
times in cells or plasma. However, nucleic acid-based agents can be
stabilized in conpositions and fornul ati ons 30which may then be di spersed
for cellular delivery. What is needed are processes, conpositions, and
uses for system c and | ocal delivery of drugs and biologically active
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BRI EF SUMVARY 5Thi s di scl osure provides novel processes, conpositions and
formulations for intracellular and in vivo delivery of drug agents for use,
ul ti mat elwp 2an/@531ker apeuti ¢, which in general maintai nPCytusprootnem®ss on and
relatively low toxicity. The nethods and conpositions of this disclosure
are useful for delivery of drug agents to selected cells, tissues, and
organs. 10l n sone aspects, this disclosure provides processes, conpositions
and met hOdSadT\IQnth%|df\/r%Eha%Fs¥ﬂsY@at BY&!red &1@%%&9%; $caf wmté aardxeraing cells.
The active agents ﬁé provi de therapeutic or pharmacol ogi cal effects,

ei t her t hr cugEeIShamAkedenuehts neleicarids aid mgleipp oHUCrAEDIeHecaeipbpide of RNA

| nt erf er encay Alor@Nbiif SRR Qb hPARVNE GRILEHR o cAPhLNBrAI CUrirDfaud)l S

di scl osure nmay be useful i'n"the regulation of genom c expression, or for
15gene t herapgyynthetic lipppihliiinpiesnles wh alshbsoigavientinlonippronys depaatidiernge of
brocesses QB (18,3, GAMIRbhAN dATHUA PGB8 B SRURASLL  O1S,
cont ai ning one or FePact | agents providing a first stream conprising
an aqueous bhmﬁem(ébkmesnmdmtaﬂmaQmeanagmhtnnbaodldmhgsaubebbmﬁ stream
conpri sing u [ 20 form ng
conpounds H%pgggﬁﬁﬂggg%lﬁég &Dga;(ﬂu%ns?'ﬂeg?r egﬂzﬁéggﬁgﬁug%nvm%cond
stream themebymébynutham mNpmngum@gGmmﬂammhnmmmgmaon@n@enmnat|on of the
organi c solvent o out i ngj.ng stream
Ty have.a SEor s R BT anddniSeRog, e e R B P can bo

i ncubat 81 i¢hamed adll ﬁ&hb@ﬁbslt@ﬁlﬁ[ama‘nsﬁdﬁﬂ‘acﬁ)speMemﬂra@é fromabout 0.5 hours to

about 8 hours at ture of fr ab t 20 t o about 2535 C, thereby
formng an i ncub%t?éwggc%&f ?B‘?Sﬁﬁle’f tsbl?fégmé) ica aCthltX%aéE??%uﬂc B8 dtment s,

processes ft@fmﬂ&&lnﬂﬁll%eﬂ@mpéﬂdm tﬁ@dﬁgﬁder(bf ngdlagtef @E adBE Qg@C inty@e agent s may
i ncl ude quenchi ng the incubate er to the incubate sufficient
to make t he'lROSHBSNLR SEEHh aé‘tgltq’i’ér%%]aﬁﬁh&g §61F§}@ﬁte tp ¥ide high LRG0 v/ v,

I'n some aspRElsy. Rirthbd @S MRk T ThABmeORRPRAGiIrOlddlddhd chiéeRbietiles @M be one
or 30 nore DI LA2 amino acid conpounds. A DI'LA2 amino acid conpound is a
synt het 1T ovglapmeincoihpgontPresktien ni ng an amino acid group that may forma
|'i posone. DI LA2 %H%Phﬁﬁhtﬁm‘iﬁﬂﬁfs'dﬂt%fo?éﬁg%g&ﬁ @él[be@y idelal YiongRhanci ng or
l'ipophilic tail at either the term nus or term nus of the am no

aci d group, m@ﬁs tathe deftvierst lermilaon. The btotpggah@tlmr @fatth@mseuubf%@el@g@sanrdor

maki ng a co ’Hﬁ% er

i ncl ude that 2&%@ %@QP?&&#@g?gﬂﬁ the zﬁ??@&i%ﬁ%%ﬁ?ﬂhﬁ @y%%ﬁtalns
the active @g@ntohlhq woleqdestdnfrestrions umsilrte pteipare Vo fameulfdoowCoateatiofal tipid- second
stream ,phi [ [
ariat Odr']"g 1§ats%cf519ﬁ%’s<ﬁhﬁ?or ?attoﬁ@f%?&’g%el{yhfg%twg g&'ts Gl Ill§\§aalja?%8fer£(§rg‘ tﬂr%.éls of more
t he vol ume mhamﬁmﬁnenmi&mbemsﬁdanmSMmﬁan@ﬂmnmﬁsvhmuwngsnmﬂngmmelmhe vol ume
flowrate of t n acti.ve i s¢l psure may be a
Usi RN e GREE oS I asf o Bt PordShinEond PtethgSifiont ©
gene-regul ampos@nﬂg@ﬂtulatlam faniucsanssd @ﬁustnayaomapmbd[e)mtmh eferw lacidttdagent, a
ri bozyne agent, ent. In sone enbodi nents, the

t
active agen‘tOPIr?é?F@En'ad?}ﬁge?rﬂtﬁ%?&h‘t“?]g%t‘f B3 8%?%’ or a small ol ecul e

phar maceut i cal . e Q6@SSaRlidoT rdgRlatdrg RAA drdasOdEREloFAEM OB RNNGReFBRh@I Ni Nng one
or nore actjve 15agents may further include addin buffer to the collection
reservoi r t &N} &YgAltﬂFFéaHé’oﬁNérﬂW%?t igisense therey-Gng apnedh Ly RPN OES pH of t he

I pi ngi NG Sk %E@aﬁ@}’th@&ea@drléﬁ%&ﬂ/emaﬁ&%fftﬁtﬂﬁfh@lbg)hﬁtwgnﬁ&et@-@&&'ﬁge@ts idbe
i ncubating step nmay be perfor med at a pH from about 3 to about 6.

In certain @¥pel®rasnerplhgicieiq qoids agtgeaple ﬁ?ﬁ%%é@ﬁ%ﬁﬁ%ﬂ@é%@rupﬁsmﬁ posonmes at a
llevel 20 grgaf&kr, hiABC 800%¥hscal96niQfan B %ﬁtﬁfedﬁﬂ@&nﬁtﬁf?f&hs Aol aRALTE
aspects, this invention may provide a |Iposonal conposition that retains
gene- S|$Qanc‘iV1ﬁgh@ét’Wilbfydlﬁwse‘ilf@f&yguléltdeawtrérrper ature of 45 C. In certain
aspects, the |i RORQMBl.GAMROSHL &Qc’bﬂ’%!%r@'iﬁd%@&efgﬁ L@ ¥eaf he active
agent for 7 dayﬁt aefenper%?uﬁe of g 25A rocesgt o*c tﬂ?scallt nventi on
may i ncl udedefivéry of flmgs aﬂdévlqlmcﬂblataetl\bynqlm@@nﬂn@hg pihexyhinigs, tthreat isemeethd
diafiltrati I I be of
ant  or m o1 2 PieEs @i AR Figh bl bl B Sifes LRARAIARIRI UC, 2 e
di anet er f riormsabeuincé@senimn ¢fbcietvy ot ddlﬁ@rymﬁblmgldaﬂlumtab(aud th8@peutict o about 150
nmln further enbodi nents, the incubate may be sterilized, and the organic
sol vent may be exchanged 30with a different pharnmaceutically-acceptable

buffer. In sonme processes of this disclosure, the incubate may be
filtered by tangential flow filtratiom and diafiltration. In certain
enbodi nents, the incubate may be sterilized. A process of this

invention may include adding organic solvent to the first streamat a
concentratl on of from about 1%to about 40% v/v The or gani c sol vent
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variation of the disclosed processes. In general, this disclosure

i ncl udes nethods for delivering a therapeutic nucleic acid to a biol ogi cal
cell. WO 2010/@530ene enbodi nents, this disclosure proviPpdedSeevioeadso f or

i nhibiting expression 10of a gene in a biological cell by preparing a
conposition according to a process of this invention and treating the cel
with the conposition. Met hods for inhibiting expression of a gene in a
manmal  di schegafesheri®ufirhhe lHeQe PITRRAN deNder af ﬁhlg'h%l@gi@a@ﬁéiivﬁ? to a
process of this disclosure and adnlnlsterlnﬂ the conposition to the mamal .
15Enmbodi mentséededuced smeuNset caisiar Hefprigly esnseipp o liperemabioRpatimsreens eat i ng a
di sease i n Q.QUBReAYeuFERA! btRY aBetOMPOSI tion according to a process of
this disclosure and adm nistering the conposition to the human, wherein the
di sease i s cancer, bladder cancer, liver cancer, liver disease,

hyper chol esterol enia, an inflanmatREy SHMYARY a metabolic di sease,
inflammation, arthritis, rheumatoid arthritis, encephalitis, bone

20fract e, hearmidiiS@R6R prévittds Mb\re@-?rodés%,a@enpositions ahBifsiniiasiehsasir e further
contenpl ates uses of a conpaositign for treating a disease, and in the
prepar at i onngfccHulapd appntelively of deigrageys tor aﬁesgl&%t.ely’ as a thegpauticyent j on
provides a RGO géflerﬁl%f?tﬁintck/%ﬁﬁ)te%ﬁgn L oMl Rty BRSofibity. d8leiny@idaen®

bi ol ogi cal agent to a cell. re particularly, in certain aspects, this

di scl osur e E¥Repidens of 8is dedesisl 216 et fardelbrssy Arlucagents & seppatetlicellses that are
nanonet er sgah& dnd opdaf€. The carrier particles can be |oaded into

| i posones, may exhibit increased stability in delivery, and can efficiently
deliverl® drug dyeeine aspeqtp it ds@osyenEoadqs PEsssisen conpatiopyindynethods to Thj s

di scl osure pr.ovi j it - I i ystem c
and | ocal d%%?%ﬁ?@éh e rgéghgﬁgégio %g%%gf?ggagﬁfégpﬁ%Fggﬁ%ggﬁa%ﬁing ot her
t hi ngs, t hitbeBRusppt pheanicolvgiprloiedessithevkiougophaosicentmabkacdioa orby hods f or
maki ng and i i t [.ers_whi deliyer an

noti ve agertioug flit i VR RS GEED GRS EOMEY AR TEAY® "o
enbodi ment sagetth bSthdidssclossamey e owdfdes tha reguipios bf geonmeapresssomgr @r | | posone
containiﬁg one _or nore carrier particles, each carrier particle conprising
an active %ﬂ%ﬂﬁﬁ@yacid agent and a peptide, wherein the ratio of the mass
of the peptide pinusdinatsrdsigss divertioe ptdvile soamye tod ptobasasdsismalding hie nucl ei ¢
acid agent is |ess ég?%§9QQut 15, or |ess than about 12, or |ess than about
10, or | ess"PREHIAbIUTURNE Ios e SOPRAHIORH GURIUBINE GPC PR A 8HBLYY 5. 51 n
certai n enbgagiiamphSirst kidasn doMpRRink @R agicOd KMESr IERAROS idiohadbayi Ng a
knockdown activity of 50% or greater, or 70% or greater, or 90% or greater
for gene silT@HEINEG SERONANEHBN GEIIPFiygE @ non-aquepys sQIFHEN Qe 9f MGFFSliPoppiRe-

conposi t( oN®rfihg thihsoudiSaloBHIcoBM, BN cdignharitst RREATR KO ddSiBEn,an am no
acid lipid. 10ln certain aspects, a conposition of this disclosure nay
contai n a cHAFPeWBEE AN ERPIPiRg plEsem haying @ gardeyEtipn ehde gesgnic apVee Pt particl e,
or a positiy&hYo&haiQesatRt $085/vPant trfpifaing stream thdy Ha®& & BI1df MBfiBbU @GNS, the
active nucleic acid agent is an RNA -inducing agent or an antisense agent.
Each | i posofaberiy 4e dile 4npingogstepanyesp be mephatasl in g collegdon igperyair fer e pgiods, or
5000 O MY & (f@PaL @5 nblleABbESBAGHR ARLAGHL B rdm bbby ST HAlb! | NS, the
peptide used for a carrier particle is a cleavable peptide or a

cr ossl i Hkable’(oéptdby dorming angnaubatrioodpmens lposes. pepti de is PN4110 or PN183.
This discl osur e pr.qul O il BLO HRRINET] O RABELINSRYELS)C aci d
agent to a cell conprising preparing a |1 posoma conposfklon and treating
the cel |l w mbretabigvecgepomny inolude @@inchicgetht aicnbaspesidyg Hufiestodhcsiotubgr e

provi des a JRAad ] Ol ALl AL 8L 0 R len B AGHE B BoEEY] cOmPr i si ng
preparing a |posona? conposi tion and tréa i'ng R& "1 e

conposi tion. In some dspecsO ABp@sPedbsying funspolhé 6fl 1B e ngynauaydesona ofret hod f or

i nhi biting expr Lon. of ene in | .co ising preparing a
RRSRE R ey AR R R R ek e AT R R —"
I n sonme enb@@iniefingouhdidédmtaahi SCAOSMhE addd Ovupl @at AayRik adipbsinet TEBARNY a

di sease in a human, the disease being selected frominflammuatory di seases
i ncluding rheumatoid arthritis, netabolic diseases including

hyperchol esterol em a, |iver disease, encephalitis, bone fracture, heart

di sease, viral disease including hepatitis and influenza, and cancer, 30
conprising preparing a |iposomal conposition and adm ni stering the
conposition to the human. In certain enbodi nents, this disclosure
provides a use of a |liposomal conposision in the preparation of a

medi canment for treating a disease including inflammatory di seases incl uding
rheumatoid arthritis, metabolic diseases including hyperchol esterol em a,
liver



di sease, encephalitis, bone fracture, heart disease, viral disease

i ncludi ng hepatitis and influenza, and cancer. In sonme vari ations,

t hi s di scwo=ore4psiovi des a use of a |iposormal conpositi @aTfusRooe®sé ng a

di sease selected frominflammatory di seases including rheumatoid arthritis,
5net abol i ¢ di seases including hyperchol esterolem a, |iver disease,

encephal itis, bone fracture, heart disease, viral disease including
hepatitis angind Mil b&RFRANIPRE c6RINE B delivery-enhhidiSe SUFOBKiMe all AKEheAMORG W th
the detail ed description of the invention, as well as the figures, the
appended ex@mpMesCr dird--Eraingg Of e apingel €rovendohpAB &TRHE di scl osure of the

i nvention. 10BRIEE, RESCRIG! Des TG RRAW NS ofili cohiainSid IRk hfpre |
representation of a |iposonmal enbodi ment "of this invention in which certain
| i posomne- f orchivhegeae mpodthsT inglude Babiht agleme Vlewirak ef the first pirqami, whishbodi ment
the out l&%@ﬁns e de Ge Aéeﬂt?ﬁq tihes 8 rﬂ&ﬁ%e%h}?% fﬁb% %?et&wlees@g&l:d}é& m,ChaI ns
20 attached to a head group of one of the liposonme-form ng nol ecules. The
outer | ayerwloth ednenibsi thobpvend-bahsy pelesidnit & @rtingandiodd tovolgpedowi c.

tar gef[ | ng Olfate%f ﬁl%lflrst%gre;}nll RIMEe ti%?seorlfn!l&é) ey \é%ﬁ)lwclja% of tsg‘éorﬂﬁ Stgéarr]n this
enbodi nent, a cargo o active inter ering conponents r1ncluding a
condensed RMAivaanepar hoeltle viblmealldworsslrtianadechdRMéamgupl ex pepti de conjugate
50, a three-stranded ndR 0, .a.dicer enz bstrat.e RNA 70.. a dsRNA
wthoa long overMand BBt ghs ARy Marhns B TRaRE T Sa e @hind €° pool e
i n thisienaedniepine-sdbhcgGge; a gdneveguhiaing adear, ag edtisanso agiinadiepitet s f or
preparing |iposo conposi tions of | S disclo e. Reagent sol utions

el udi ng. GG YL eEonaowadrsh o RS SLOPHE 3hn MG sol ut i on of
one or NOI eerhbodDSAOR the QEtVicRGert 1N BY A GRardhccuE L panpshng aparksakehivland provi ded
in reservoirs 200. The active agent solution and the solution of |iposone-
25 forni ng RGHRSEHHE are contacted in an inpinging stream 210. The

i mpi ngi ng st r eamrb@sseOldr kg ailifoRnfaPtdn@fekiion coRSMhY Ohd ordefde acliie col | ect ed
material is held in the reservoir for an incubation process 230, after

whi ch step a8 may dpthsr inplideadding huslegopie llestionirgsgrvou ¢ adiysethuenched
material i Scoabi8GdRd thelorarid dolveht 1190 pPr FERSTparafhe st full bE AjgQub put 260
continues to a finishing process. 30 EIG. 3: EIOM/chart for cértain

embodi ment sbeffsrm pbhayi 3 ki avguy 6. pldis dreatbating ¥iso $hay ibe merfeyined a§ apldirew abswide. The

|'i posomal c@npQsicti on, which may be a filtrate output material from
preparation of the |iposomal conposition, is sterilized 300. Vessels for
carrying the st dniérfamegpetositvegermeyfoe lchags@ad! mdigofomys steeldved20, after

whi ch t S ile C bt i 0 0 for storage 340. The fina
CONpPosi |oﬁ£?g&gﬁpﬁ%§@9@%bb? Fhﬁgéﬁ”éggéﬁéh; Process diagramfor certain

enbodi nents for Ips@passpeds, thiposoneah ey pposicta lipnsoned catpositidh sef esunse.  An
active agent solution is intained in re voai r 400. A sol ution

cont ai i ng 1 5oLhedRe i Tl TR ARt BByt as S I o s Bull o & 11 pid
i S mai nt ai ngesdmal aompEaicatreayrre@mrencdpsuldidd. of Aebufifecagestdbiut dagmai s mai nt ai ned
i n anot her {eservoir gze. The solutions are punped using separate
peristal ti cCPRFRY L33 at" 10i ndependent |y sel ected flow rates. The sol utions
may opt2onal |y pap®cdshootghn@itionmby ineludd fikeihg tRrindi®atk b tepediabedwr e bei ng
charged to the reservair. In_an inpingin rocess,.the active agent

sol ution i ﬂE@H@&@gQHBWF¥ﬂ?tﬁgm§ﬂ¥ﬁWFgﬂ?géﬁﬁﬁ?ﬁﬁﬁquﬂgmﬁF%%§ﬁ -formi ng
conponent s @fifofin 698 te8EthaPMolt 1663h in UndidFPinAGhHhasd HRABBBYaRBkE RAal | Y pass
t hrough one or nore HIX|n%8tubes 436. The inpinging streamenters a

col | ecti on FoeutO} fo g 108 nmy sifrom Abqyp &Y P80 Hroge b¥m Andidhitehi ng process
buf fer sol ulhRiEY, ARiAAPA My BEs M8 3hd 8 drfinR sSRPARSRRNYRAI I 450.
The |iposonmal conposition 460 exits the collection reservoir 440 to enter a
filtrat3bn pibeddlsrenmpharmapeutpaiy-aecepighlalylson f or certain enbodi nents for
preparing |1 posqpel,cauRAss b MR 2RRAret Bl hetAEhASMY Brerd) @Rchd 4 ed

| i posonmal conposition is provided 1n a reservoir 500 fromthe output 460 of
t he col | ectflonfitager ang diafilgatgnafn ¢ertpiateinbadibghisethe mobhatd way besstardiizert ai ned i n
a separate reseryQi - . 1] roi i [ on of
Phe oo T vea 1A Bldkesot th%?n‘%ﬁééf%@n@@%%@% Wi SLRG hhr%gfﬁggiﬁlr%% ube
cont ai ni ng @ alvohdeotmation loéfrommbiut d fretoBbddut 4Tangential flow filtrati on occurs
via this circulation to concentrate the 25stabilized |iposomal conposition
by the renoval of filtrate 530. The addition of replacenent buffer from
reservoir 520 allows for diafiltration at a fixed or variable vol une.
Optionally, dialysis of the stabilized |iposomal conposition nay be
performed using peristaltic punp 506 to drive the dialysis buffer solution
fromreservoir 540. The stabilized |iposomal conposition at a particular
concentration is output 550 to a finishing 30process. FIG 6: Figure 6
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5t herapeuti c agents, including nucleic acid agents, and nethods for making
and using materials to effect drug delivery. This invention further
rel at es tworowal4sdeug del i very enhanci ng processes and ®Oms2000i060930 t hat
are useful for delivering various nolecules and structures to cells. This
i nvention provides a range of processes, conpounds, conpositions,
formul ati ons, and 10uses directed ultinmately toward drug delivery,

t her apeuti cs, aﬁqteforg%nfélsalgagsﬁa§ b@@SCI %ﬁa&aﬁmﬁ a ObncOhiB:@os 6SadMchoqendi ti ons,

i ncl udi ng t hose t hat respond t0o nodul ati on of gene expression or activity
in a subj ect OUW%V@&%?HIP ater {pr injeeiign,jon glyt ?Q)W abaptgd %s to processes and
conposi tions conggiRiRgink ibPOOTESQkssd RWES hidfobRShE) RStror@ MhuPl N&rs for s of
del i very-enhanci ng conpoSitions and formul ations, as well as therapeutic
met hods andbggleshdugyin iBetese delivery material s. The processes and
conposi t4 ons of f
CherapeLti c. prashyl et e Ol A R S AT B D
agents, poIvma@@e@ﬁhﬂhgkmgéppﬁdes proteins, and small nol ecul e conpounds
and drugs. The 48 IT«Pn%?atl tfn? 8%01@? Qe {lggltuge?sqﬁetﬁgds tf(t}ld%h\%'n%% a R, ?ut?cr glcféiscef ul for
delivery of 20thegapeut|c ag ent ornms such as caps ed Wthin

l'i posomes amuhamﬁhﬂqpaﬂaﬁ]cles These forms may |nclude nanopartlcles of
various di anmet ers The Engpr ndi n ﬁk& 4ﬁb

devel opment of FRATHERIVEPESe TSP Or% er énﬁyeXPﬁF\?A"“dr ugs,
anti sense odf argeb@m)armolbgiém agyby pmphnlag\lé\ cgmp@utdﬁabapgdng anpigeest drahis, has

i ncreased the need ({or ef ect ﬁ%@%gns of . i ntroduci ng 25active nuclelc aci d

agent s |ntdngﬁWP%an'ﬁmB@h P &¢I W PRPEY%s are stable for only linited
times when introdesed f@rnhlﬁblﬁﬁg b5pr@kioR bpOgne HONRMRIMmal dibiGdsed Berdigliftikrs ed

agents can be stabilized in conpositions and formlations. which nay then be
adni ni st er SUCRHHGS AFYPRIHIog aprdi ng%ﬁol a ragesd | thiy disglosure and adminggieringjtge 3¢ g

agents |nch%ﬂ@0§aMlmu§Lgmﬁmgpld cont ai ni ng noi eti es such as gene-
305|IenC|ng agents, gene-regul ati ng agents, antisense agents, peptide

nucl ei claci d agditbodinentses dipinsepsion s1ay RaghcRprowde mededs PRAcaIge Adisease I'n
sone enmbodi fBMhan b BrepAHRAT PRSP ROSSro8ss bfthR dflcRGlOaM e are
useful for delivery of a therapeutic agent encapsulated in a |iposonme. In
t hese enmbocidmerisisTing the cetrasisige it the helem whamip thediseapeis cenger, Blagédert he car go.

For exanpl t spmal

enbodi nent (?ggrqh |elécﬁ%§é3\éﬁ\{e?g%&?§ ér&ﬁﬁe\%%%ﬁ%ﬁg ﬁ% %@%t?l? d gcagl es forma
bi | ayer vegmdmemmﬁwe%nlnﬂmsménmo@ﬂm@nuhmmw@némﬂ@ﬁwl%WGﬁMEﬁSbMQ | i posone is
pr ot ect b%(gﬁéxﬁ&pygggfghyg 1d%@@%”s 20 attached to a head group of one
of the Tipophili’c nolecu e outer |layer of the |iposone also presents
a ligand 30 forTﬁpehummamﬁaﬂqennmgmﬂﬁaameewkumnmbmmanrH@hﬁghﬂpasawa
vesicle CO“H@'Qﬁm |na%v Sﬁf &ﬂ%ﬂﬁmr %%r88m8£ active RNA conponents

i ncluding a 0 RaEREY ﬁﬂnnanopartlc 2 fwo- st randed RNA dupl ex
pepti de conj ugatmlﬁﬁvenaom jsmelaem faagﬁiﬁ“domﬁmzbnﬁﬂnd f@nﬂml@tﬁms sarlisliveaing aRNA 70,
a dsRNA with 2 %ﬁg overh 80 aqﬁﬂgp F %nt ends 9%» whi ch are
pooled in t'?%? geig Wﬁ)eeh?e ‘H%Pal? B]fceftﬁléﬂ%’éﬁt ¢ SEsloYB° Ry el ude

m cr ERI\H lmepo@@n;n f&MﬁlatlaNPanﬁrcamleblﬁblwm tflﬂlhféﬁn;n(brﬂetge;ﬂﬁéﬁi size@Myie aﬁ?ewﬁ agent
can be utilized as ca ocesses._an 15 ¢ ositions of this
dlsclosurelmﬁﬁ”§6ﬁ% %%%%ﬂﬂﬂﬁ jpeso ﬁémﬁé?é%uﬂﬁvmﬁgs %gﬁﬁkahW§&ﬁW€ nol ecul e
phar maceut | GalefrRgR0Y dellver £&fhk abdht M&ﬂmdﬂ@g&g exﬁr&@mﬁ@f geivipy be a negatively
charged or neutral therapeutic agent. processes and conpositions
provided in some asprdaseresrovidss 50%?‘?6108% lﬁffe@oﬁlﬁ?ﬂdd@?ﬁ PR MPOHiREIYASEER | ¢ agent
ina releaSﬁ@h&mf&ﬁﬁb?%f&ﬁ Qﬁﬁﬁaﬁ eﬂﬁ@&@@ﬁﬁﬁ&%k%o%ﬁ%n?@dm?@ﬁ@gﬁﬁ§'t'OnS

i nclude nol ecules th rel ease an active agen nol ecul es t hat

bi nd an Qactwbcaag@mwélﬁﬂnwls@ﬁwgéw ap methpds feamakisg pad wingdefigrease of the
agent, Ol &Gl Efs hARanbl I8N RR ALIYE AAEH: S0 Wb SUBSAANRGLLY) DUl at ed
in formw thin a biological conpartnent to assist 1n release of the agent,
and conposidfigaeyobatlaieni ng nol ecul es that bind an active agent adm xed
wth a rel ease rﬂ?%ng‘é b RRRAU Rk c}lzc%sﬂreﬁ)%\&@é g&‘sﬁ o%coIn hﬁngé scl osure
provi des net hods and appar at uses In ositions suitable
for del i verlyposdmg mraalp@dmemragmnasmerlpmrtlcbs teactlrr:amebpmldenompnmg active agent
of this disclosure is a Usi RNA. The net hods of this disclosure may provide
| i posonmal conpositions of nucleic acid agents such as two- or

t hree-stranded RNA structures, RNA peptide conjugates, condensed RNA
nanoparticles, 30 dicer substrate RNAS, dsRNAs, siRNAs, m croRNAs, hairpin
RNAs, and ot her active RNA forns. The active agent of this disclosure
may be a peptide condensate of an active RNA agent. For exanpl e,
nanopartlcles forned by conden5|ng an actlve RNA agent mnth a peptlde or

o e L R LA s L e e



| oaded as cargo into a |liposomal conposition of this invention. The
nanoparticles may be crosslinked In further enbodi nents, an active agent of
t hi s di scwo=ore4aely be a peptide, a protein, a proteasas2@/0e0y8é body, a
nonocl onal anti body, an anti body-based drug, a 5vacci ne agent, or a small
nol ecul e drug. A conposition containing an active agent nmay be an aqueous
solution. As used herein, the term aqueous solution refers to a water

sol ution, axchlehiciec Wt QlnSal UhkRNe, Pherdf YheSAdSH RMMAR L WRIpERide PRsTB) Ori ty
of the solvent is water. An aqueous solution nay contain some organic

sol vent, f dbe BRembIhe Iippomxamhcasass Pl By Dedeis 29drarahis dosp HEP st haoer , sterile
vater for 119kt B0ut 1R S tHin30b 1D 1@DHah SVPDI ff 130N MDE QU 1€

sol ution. A conposition containing a |Iiposome-formng nolecule or

l'i pophi |'i c thwl@eul® may be a non-aqueous solution. As used herein, the term
non- aquepus ol h 4T Ghikind, AVnRANibh bABaEOL cotffloGloh ARjkTel ori Ly of the
sol vent 1s not water. non- agqueous sol ution may contaln séhe water.

Exanpl es of knedrloanuenuy of 60%emgsaicnor Bdhe ooggatni, or YW vegreaentthiagenar e mi sci bl e
wth water, . n (.C1- 6) al kanol s, ethanol, isopropanol, isobutanol,
secbut anol ,Slﬁl(lé%(gjﬁfﬁo}g lgl Q’g'nol -water, ethanol-water, acetonitrile, acetone,
ket ones, di net hylh sethd oxiadens, die nahpogitioos ofethis declosue hay t@rmdin 8 ibesbinens,

det er gent sc%lmutn.isitr)lngl alnd al(r:n' ry%.t ur es t hereof . 20 Processes for |iposonal
conposi t i on®MPIsng ApIHIGAGd KL o ¢ hi's i nvention may provide a range of
processBs for makcergimashédn)sotmp@aivhal thindsdBnpesdytdonnineaht@edicdigeran acti ve

agent, as well as nethaods for. drug delivery. I n sqne gspects, . a |iposonal
Composi t 1 oI BECHINEY BYATRHSEHGT YU 28RS TSRS TR ikl o,
conposi tion contiakétangvaeRgom] theB e i’ﬁﬁdl&iv eciag%yﬁt B.an &mdxi?ncaﬁ?@ragére or an
conposition containing one or nore |iposome-form ng nol ecul es. . In
general , thaéltlﬁ‘?nﬁ%%%%safl? BI&‘%SB%?%FOIF%P§8%|Prsf8‘|’r8§ﬁi?lgs’ ar bOOﬁBf neweesed in
fully activg 5000 BBms0tbpieAdtlheSicaRsageht hblecus, €par ati on process have been
conpleted. Certain tine periods are required for each step in the processes
of thislinventi dhsonhgria @résthemep@éeflwﬂgﬁﬁC@ﬁieépamplﬁa%@o%ﬁva%ﬁ%ém ons Wl |
in general Q&B&Hf»ﬂka@l&ﬂeﬂ?de!“ﬂ%&‘qﬂa‘é%ﬁ%@in?en%fﬂh@?&p‘ﬁd@ﬁs rNa 16erP At i on of many
vari abl es, for exanple, flow rates, tenperature, pH and the concentration
of each conponenihis dissloseigwravidss dinpEedor dghvirme @b agtive Mugleir peid ageit (pved t o
CO””_O' theceil%{) idi r_@é}a@ﬁ?ﬁ% osomarconllzogitiogalﬁnpéﬁﬁn hgkay\()v et for certain
enbodi nents for preparing Fi posomal conpositions of this disclosure.

Ref erri ng tenfogtioR, reagent sol utions, including an active agent sol ution,
a buffes, sol uti . olut i.on 2. Qf, B - ] onpounds
are pr e%oar ed seggrc%r g]d @Sg%ﬁsdthgéd&gﬁl‘ﬁg% p?(gr}g%eglau |c§)§ f!rnlég%?@g? F%ﬂ%ﬂ%ﬁ%e
reagent 5sadent iron®llcampopng prapdring abipofonial emgebsisiep andatatiyg de cgh eplathed

asepti cal | yCOmT%Seltiargzti ve agent solution and the solution of |iposone-form ng
conpounds ar&beditscted in an i npi ngi ng process 210. The i npinging stream
is collected inlasand dspetd, diis digd@nreqirovi@2Q.mellvel fonihhibeing dxprafsenioah 1s hel d
in the reservoir for an incubation. praocess 230, after Cng ch. ste t he
material | SEQF MK PROEA S5 PRIBR BRPHE 24T o CoytieReio B an bR ENF e g b ect ed
to a 1043 | tdoatposiiopoakemsmddl). The filtrate output 260 is renoved to a
finishing process. This invention includes enbodi nents of a process
for making a |i§6§‘8?rea?m'&5%%’é%’f IOHSSRPREPT9 AL g qasthog {or gt %‘@eaﬁ‘?‘é‘&ess. An
i Ppi NQi NG PKLRAGASHe DBYasPBM By QMR (A TrofPinBaiin@Bs) fi®hscs HRAdiNIGh&madi®i Ngi ng
stream by i npi nging a conposition containing an_active agent on a

conposi t i orfrEEHE ArHMRYC fisesdpaluding wipaighelsideismis livergispass giecriaiiset s, a
process of gk $rafllRCheAR WisBask OiraMBikdaBDinBluliinP ASRATRY aiQRMRSLL bR agferan active
agent may have one or nore steps of an incubation process. An incubation

pr ocess3& arronEPing erepdinectiopn A AeMPRSIIN 4ed adininlsisring Ihe GORPsEnm Hea
reservoir fp,.@n i ncubating period. Enbodinents of this invention may
further include a process for making a 20 |iposomal conposition in which
the incubated cdnpain ¢nghedingengtischsstpsuRperyedes agsnefyr lipesaieh eothyosiiddi ng a
sol vent, buff.er 1 . rm . i
conpositi o;ﬁl t%})é%%ﬁaﬁlﬁg H{ég}rﬁle{lﬂl?ﬁn&%%{rﬁ%ﬂcﬂ r?c%gr?%%eglgcﬁ%cgﬁgolkﬁgn%g@wﬁg%?%rs
conponent sindhdiag rlenmatoglaanthotis oletebnlic dseashs sppdrdsepritypbreh@evtegolpmeskver bed

| evel . In general, quenching of an incubated conposition nay forma
conposition which is stable in relation to further 25process or finishing
steps. Steps of quenching are operable to stabilize the incubated
conposition which may contain |iposomal structures.



| ncubation of the inpinging streamin a collection reservoir, along with

ot her steps of a process, can provide a |liposomal fornulation in which an
active ageotoim4biighl y encapsul ated by |i posones. For ePpamlise)o9iosnndsert ai n
enbodi ments, formation of the 30liposonal conpositions and structures of
this disclosure may require any of the steps of inpinging, mXxing,

diluting, collecting, incubating, adjusting pH, quenching, and filtering.
Processes f@fcaf@kiRphaiid, ibBRSPIRIre, HOAP@Sdakd, ORalQfischiise1elii S pattls@ndry furt her
include one or nore steps of filtration. Steps of filtration nmay be used to
change varigllecnpgr-geés¥cjar amet ers, for exanple, to control or alter the
concentration Oﬁn@n&?ﬂﬂﬁﬁ&ﬁtmeﬁmkﬁmébﬁﬁkméaQﬁ%ﬁh%b&m%h?&mﬂbm%b§ﬁﬁrS'ty as
wel | as other physical solution paraneters. Fig. shows a flow chart for
certai n enbedinehdiscapgseldciedilzon] ngdainplonodizdases @wb@mgtrhwt%ri anthyitis,

di scl osuye. mﬁﬁrﬁo‘?&rdts@&eé (Plchhlg hgpr réhBﬁestEfoPe%QpRL cﬁ&%oéﬂc%igrﬁa%tpus Wi ch Smay be a
filtrate output mat erial trom eparation o h I'i poso conposition, is
sterilized 380ire, Regedivosy, sirflghiscamrinaidug epatitstaed influged, aodwpwsi-tion are
filled 310 and f f h i i s frozen
330 for storage @%&ﬁpﬁﬂe’;%%ﬁ% bl rrﬁ%@lretaftg}rlrgf%e%s 10}18“%%%'8?[ Oﬂl 3% H
Processes ofs thdhiigirgdi the hposudael erxmmplbwmlqlzsmeras h iwhalkej rmapmpasl; theairmdlofsurni sh of
materials t t10 contarners and storage of finished fornulations may use
steps and ﬁ%tﬁaﬁgﬁwﬁ%mn in the art, such as those described in Renington's
Phar maceuti cal Sciences (18th ed. 1990). Some net hods for eval uating
encapsul@tion, sizing, aBRIgepPESERIPHODLIRTHEDRAWINGdsones are given, for
exanpl e, in W2001005374, U.S. Pat. Publ. Nos. 20040142025 and 20070252295,
and U.S. Paﬁ 1G. WO Sc&ﬁﬁgreggent%l%n ofrph l)ltﬁgl d e)ﬁt Nhis i Ventlolnrfn% ha' n
aspects, this invention provides a r 0 ods andlprocess condi ti ons
f or maki ng @rthingipeemefonning oghpduods f@fm arhilas@t mﬁeclfa@edn .thls:errgbodﬁnelhoh@ a
process di 1 aj i t i B
ompos: t 1 o ariepFrEfibds SERREIRR fuicll L ARAS Lijhs PRBRARRIG, o o,
active ageﬂumdgmﬂ@oﬁuwnﬁawnedmhmamnnmgem&muks4H&(mkrkghuﬁMmﬂqmemn@|nrng

| i poso forntn one such.as a .Dl L m no aci.d r alipid
P ot i g e SRR T P aE S Britanh 5 Yo PR Lt GRFBRTIE M At ai hed
i n anot her doasafsyiaitis élﬂﬂoduilftsm mlrgﬂdfemeantelf@uwwmpmgms trrcaardﬁ]fger t ubes

402 usi ng separ at rrstalt s 43 endently. sel ected fl ow
faes The SRR ERER mag ittt ™ kel S JURPERTRAE MBS e & or be
filtered bethﬁeetrar%dbﬂkm\ ahala@eﬂartzpmt dsEAE REDPT)E SN A 88@RMOI . |1 n an

i mpi ngi ng process, the acfive agbent sol ution can be contacted wth the

sol ution cotdins 8 2nden MRYSSEHER AT wBith aridreisd it this cEBASEERt poi nt 434
The congact point may be of any shape, angle, orientation or size. The

i mpi ngi ng streantnay optionally pass through one or nore turbul ent mxing

t ubes 436. HiRle2i HISPHERH {PrSETBRAMROHIBPYS for prPrrEetliposP b SUpRASitionyolGhis A buf f er
sol ution cafsdiRur0 Rl%h%’éﬂ%hftwﬁ@n&%&ﬁg \iﬁ’hcrtwé%&nt MiQichNeo Rl L&t dnOhar£ser voi r
440. The m xture collected in the collection reservoir 440 can be held for
a period ofsoltigg of eneap njosclitysernofPrpscespounds gisempared gensrasdeswl buf f er

sol ution ”P%ox‘;l@éd {RBLAKiDRITHBL ARG ol HERATRLBILEER 6 RS dS0. The
guenched | i'posomal conposition 460 eXits he col | ection reservoir 440 to
ent er az¥ i |forming opmpruodeas contacted in ap mlm@lmastlﬁaler%@dTlrrﬁelntpmglrtgweemfsr er

O ON T rpIESE] Yl o B0, HRYAPSIP AlKRE A48 Md R 1R oL IRl TRY N1 N0
stream and” e ‘cont act the inpinging stream ore

col l ection anesereht,tormrodaen‘meafa:nyzhwhmepgletmmmal Astathilgedibs@eneimgy240. t o form a

!hB?ﬁS?ﬁ'g < fgqg]%nc%' glﬁten%rés%' %ct%d?ocaefsﬁraﬁon nprf)%_legg §505d1‘ R T oo 260 I de an
optronallycxmummturbﬂmﬂﬂﬁgmmmxﬂg tube coIIectron in a vessel or reservoir,
an incu(etron process, and quenching. The quenched material is output for
filtration and fi nishing. An inpinging streamw !l in general result
from cont acrfr(}ng Hloﬁ‘ijBiH@f $Sdrlck@din [Q{lb(ﬁll'\maﬁi foﬁﬁnlagﬁglhp(y&.bfnhl (%rrfp@ﬂm&idf yo%))
containing |.iposone nol ecul es. The 1 npinging 10 stream nmay serve
only to corfi twtehéheﬁ B GOGHE . Wé‘t%f%ﬁyéﬁeﬁétl g P Lo Zfrplﬁp. ngi ng
stream may not in general provi de conpl ete interdispersion or interm Xxing
of the conpositions. In optional steps, an inpinging streamnay be
subjected to turbulent m xing conditions. The pH of the inpinging stream
may be controlled in the range of fromabout 3 to 15 about 9. In sone

enbodi nents, the pH of the inpinging $treamis fromabout 5 to about 8, or
fromabout 6 to about 7, or about 7.4. In certain variations, the pH of the
inmpinging streamis fromabout 3 to about 6. The pH of the inpinging stream
can be adjusted durrng transfer of the |np|ng|ng streantthrough the

Y o



or phases larger in dinmension than about 200 nanoneters (nn), or |arger

t han about 300 nm or larger than about 500 nm A conposition containing
vari ous |wpasmvmsfior mi ng nol ecul es may be filtered by, Por/uszeapb@3ofl ow
filtration techniques to renove undesirable particles or phases larger in
di rensi on than about 200 nm or |arger than 30 about 300 nm or |arger than

about 500 nm The tenperature of the inpinging streamcan be controlled
in the rangﬁe@frattoﬁemhehtgystomtﬁc&lﬁo@tuamy&erﬁ&e@soo Vesse&seﬁ@at@ @fthd hi s
i nvention further provide that the conposition t he inpinging stream may

be cont r ol | ¥diliged ¢Rynnopigon Pfé\ﬁtllﬁ%§3’sanﬂémlstl%37é’ohfﬁféﬂmqhthsSt‘tfH%Of&I?OémPhp| nged.
In general fr%%*'ssﬁ%ﬂ%ﬁﬁéée'ﬂﬁ hd tlnaﬁE&ﬁﬁdg}t&)H'isos% e@3304BEyRf a sel ected

di aneter, therefore, the relative volune flow rates of the streans that are
conbined in an inpinging stream provides a description of the concentration
of various GeMBOPRAL dlalrahe: bRINGIHGRHEGHD pp%ﬁ £ 163AMR! SunpBligthsan

i mpi nging stream s y | npingling two e streans oW ng

t hr ough t ubdshieflis¢tlheirs ahmeadive agenesolutiohenmaiheinkd owe regresr 400. thhelwiepar at e
streans wi | n f n the

rpi ngi ng. sty HeRhut R UE AN B R nL A3 PRI Bplah e s i

t he orlglnahma@neansa&ﬁhﬂ@xamhenﬂﬂmmAmaﬁesomannbemmmedahmapm0M|de a desired
hav g par sy RonaRs Sy Bl id Qind R R oG BERR TS The 11 ow
rates Oﬂ)th@d@kﬁ@ﬁﬂﬁ&&&&dﬁbwUﬁed TMHmhmbﬁQMaﬁ@@mﬁﬂb@ﬁmhhﬁbgom&ndhethe
active ageqﬁs reh h 9 % oso form 30 ecul.es, as well as other
paranet ers T HEU4F !jerf” ] 8‘é]ﬁt° %t%‘t ﬂt?rre%?wé’ | LAY IOGHNELlg Rrocesy e | as

m xi ng and gheaigehottion isahaced®ih he@blutibi Sontamigniht Oposone!foidigngr ocesses
for making a Ii osonal 15fornuh§l|on i n.which encapsul ati on of active
agents and {OPSEOE AP PaINEFFe ThedmpmamgseEbBeY grimalbnastthPehdapt i ng
the flow radR%r ford HRid2It@6:E 336 APRAMPING g stream edtéls @ B6llcRIiGh REPREL A0 f8r Pr ocess
of this invention may enploy tubes of the same diameters for inpinging a
stream bY aANCBIYBLINATYITSHIA Hirachipg Proeesa el solgronamay erbightllytbea conposi ti on
contai ni ng hhipapki id &seﬁl}ht%%élﬂ%xr 450 BRI TRk bhAlsldAF60 ENE did oW rates of
the 20 conpositions may be equal, or unequal. In particular enbodinents,

t he flom1ra%@aéﬂnWW@V@@ﬁﬂ%gvmﬁﬁﬁﬁ@&ﬁ@ﬁ?ﬁﬁﬁ@ the active agents may be
unequal to the flowrate of the conposition containing the lipophilic

nol ecul es. For exanple, in certain enbodinents, the flowrate of the
conposi ti onflEeht Bionesagiagtaen e cdripm mdm@nmiyr Ivepagisg hpeshmakcomppgeonshe f | ow
rate of,4he n . I er

vari ati Sho. o fRTEGRbE N SARLAGB R Cop AR TR R Sy D0 B
agents may thewutbutde8 odrhe pollegti¢rh@sertdie A Hipfaltraaerebwfer sdieticmosmaemiairied n

more than thaop 6l PaPE g Rre LS el P E IR SRR bR o
nol ecul es, mmm®nMe0mpmﬁﬁmdﬁmﬂmmﬁwhhﬂMHhMmgHimMEC@mamﬂéahh@n@ﬁM@OSItIOn

cont ai ni ng the | i e tubes of

appar at us iy et g e RES R jon g s i VR SR PP dBke of chi s
invent iz rebilaplipysomdb@spofitict by @e emtoval @meda 5300 Ohe hd@iiRgéMg a stream of

a conposition of the i ve agent a stre mof a osi t.iQn cont ai ni ng
Iiposone-forFHIF‘?F&leﬁb‘P‘E’gﬁ%ré@ Tese 08&39 étn‘?t"%/faﬁh atf‘ﬁ‘éngg‘i’r VﬁEt@‘?s of the
tubes may bgnafdlabpicakiny aRFERB L thE@fab@iéélﬂHJo@omdl @o@ﬁdsttainnna@m@%ﬁmtts t he
di aneter of the tube contajning the solution of active agents Tg be

)

t hr ee- quar t'68 RCREAIHF avap 896 rdrive e dipbeisdyHeBioming omeewbH 8n

l'i pophi l'i ¢ JaiBedlifSsomhcoRipB&lio ?cra'p@f‘tfc@l@ﬁ@on%é]@ra%rﬁ@%ﬁt?ﬁt 0 14 hanikmbe
containing the solution of active agents may be di aneter of the

t ube co#ft aimiPesgs-t he sol ution of |ipophilic nolecules. In other variations,
the dianeter of the 5tube containing the solution of active agents nmay be
greater than the dianeter of the tube containing the solution of |ipophilic
mol ecul es. FIG. 6: qugdnﬁoenﬁ@ﬁhnbmﬂggOfheﬂWﬁﬁmWQwhghgﬂvgemﬁnhBNbe further

m xed usin ' through

m xi ng | nclgitrj1 e;{s‘g@%ﬂgg% 3 ﬁ&rthéétqwrélnﬁr%g?gﬁmgkﬁn&? ap| I ar| fo}lf’% ‘é‘{'

pat hways arranged to change the direction of flow, 10 where the channels,
capillaries, or pathways nay diverge and re-connect one or nore times to
provi de turbul ent m xing. Means for flowthrough m xing may optionally

i nclude a nmechanical agitator, a shaker, or a stirring rod, blade, paddle,
pl ate, or vane. The Reynol ds nun®er for turbulent m xi ng nay be
greater than 2000, or greater than 2400. 15The residence tinme of the

m xture streamin a turbulent m xer can be controlled by adjusting the fl ow
rate of the inpinging streant In sone varlatlons the flow rates and

o, - a



The vessel s, tubes, and other flow conponents are in general in fluid
communi cation with one or nore controll able punps that allow for control of
t he fl owwet2eloaf4531he sol uti ons and m xtures in each stepCT/iseotapp@s@t us nay
i ncl ude various 30val ves, for exanple check valves, to control the flow.
The vessel s, tubes, and other flow conponents may be attached wth various
fasteners, which may include ferrules or o- rings. The apparatus nay

i ncl ude t enmdigg W8 1BRINSeURpALe g‘@BRQ&bﬁd 91@,1) Rfa$ ots@rvtattlemtl PR PR AR Yyas

The net hods an apparat uses of this disclosure may be used in a batch or a
cont i nuous iBEERPUICHINfAERIRG YoRled dP ¢EiTNCS| ncubat i on process, and quenching
process Referring to Fig. 4, in sone enbodi nents, the inpinging stream

enters a 5col |l ection reser]yg'rAIL@@DEg(@Rthqubﬁp[@]jgm reservoir 440, the
col l ected inpinging streamis subjected to an incubation process. An

i ncubation process i ncl ude one or t eps of Xin col | ected
material, one O?ESWHEX Seogéhl%‘liw‘fﬂuloﬂf‘i”bﬂo\’/@‘tﬁ) E&H’efyu‘tfl PAH B “I“é?ﬁ ahe or nore
steps ofs adheapdullg afdhes, Mtlullifg hii@eic adill 8€ntsOihdRERIN Pormakafdithn@REnr NI e
steps of holding the collected 10material for an incubation period at a
particul ar DY Qteffeg drug delivetfie col | ect ed material can be mixed in the
col I ection reserp@iifydaBbRBirthéAE1aRY BRIVEL dréy di@&é@@hl@aﬁl:m@?f&c@s*s&fanda rocker,
or a stirring rod, blade, paddle, plate, or vane n sone varlatlons
an i npi ngi n‘@mﬂ)?le%t]ﬁ%ymb’éefﬂbﬁoﬁéfdwﬁl&”ngcﬁﬁt)%mﬂﬁ@ﬂf‘é 2p ppEssires e relf T acti ve
agent with 1ﬂv&1%]991%'vfdle9£‘raﬁ§@$teﬂr&e£h9s b RASATE b AP R, koo RIROHNdSa and
adding a buffer, solvent of diluent to the i'npihging stream T1he addition
of buffll, wet «l&emted@}tlrr@ntqlnwardﬁyg ddveny. hefapeusicsriand g disgnessldndct i on of t he
i mpi ngi ng er-lon) rt of an
i ncubat i ngs%{ ocesgpélsré%ge)éag(glccg@g%n% E) gdr?ésta%“& tnﬁgfﬁgaﬁ%tg)ﬁtao? %Q%uces t he
concent r at | pssoén Ql‘rvetlatytm weutaependord sppo iy, thorimenigonmelaes Ui wesesend ot her
conponent s ectd ¥ In
somp. embodi P uBSy AR LRNpARYKEPhet Bk ERRT Rk A RSP R

i npi ngi ng Sttnhaa:mg cwh@bshmfnmand fdnmultanmsefsezvelltaslti&sa,pemrc mﬂhctdsendmseisftg t ube, or
in the ff tﬁ cti.or reser\/@ may dilute the concentration of the organic
solvent to %SSLSIF @&ﬂf@?? or | ower, or about 40% (v/v) or |ower, or about
35% (v/v) or Iom,pmmf:ssedmdtcoﬁﬁ%t(onéw)thmrdldcrmmema@lfurﬂbﬂb&us%ﬁﬁ)%(v/ V) or

| oner, or a 2 v/ V. r about 22% /v r. | ower, or about
2056 (vl v) . GvrgaEerapentit, S i d HaSRoN wtaasolia bt s Bsosi ion i n
the col | ectpddyhuties@IcY,Peptidedpral€ing; and §i0d1l @dledule EdMrotaB@ad @fugf.r om about 3 to

about 9. In some_enbodi nents, thleEH of the col | ect ed |rrp| nging streamis
adj usted to be fihg PaBetions atdmethestsor fiis dclasprsrreassid (a5 delyeds about 7. 4.

In certajn @ luEfE s in FdMBs PdhQE ehdafsut@ld iedi® Hpdtbmbddr@ahdlat v@mI@bout 5 to
about 8, and t is adjusted after the initial inpingenent to a range
from about Biepef Oé}%ttweclurlﬁn%ﬁet%w faereniglianigias-pH of the col | ect ed

i mpi ngi ng str ea”ﬁhb%ncﬁ@ét&]{dﬁigﬂﬁ%gﬁiatcﬁ‘PRWA dnd4he cﬁv!:lbﬁﬂé@%ﬁkNQQHﬂé{%&’eﬁdeon of
this disclosure may al so fornmed 1n a process whi ch BH i s about

7.4 in each®tAdprikNA), RNlAn tlsféw BY peletas,; anfippase e rlbeéxre@thﬁﬁam @n@
conposi tio n tion hold
peri od. Thgg ghhtget yCa?l dnﬁ%&fﬁﬁ , Sg@?‘fa‘o tﬁ? hﬁ%ﬁz&fgrfl%uga?neéaﬁsn&? %dagglpgecti on
reservoly nayive austpec fordagents irsqveadisn it gogenab nedsie padls fiostrde fayonlylioniedbout 15

m nutes to r hours, or
from about gt?%‘{%h ﬁggg)glu{ga%t il Oﬂj{tgg} g@&&'&er?l ’ gl%ﬁgggﬁ%age% a%%ﬁér% g)eabout 4
hours, or fstabihizath outonipokiooms atl(bf(&bmlatlolg wioclr may then be ddmisisteedwvad | at i ons of

t he process;, %%JQHHC&Lﬂma%+W: occurs after dilution of the inpinging stream
with buf fer IS6FVvent or and the hold period of the incubate nmay
range from aboutNtfdle!B: dvaluesntk ﬁlCBJh@UIﬁy ﬁlclmmw:m c@talﬂlmg)mlab@uhctﬂastgenﬂ to about
4 hours 10 .from about 1 hour to ab d e rtain

vari at i %915 IERFRR ASSAE: STy R ReRts, tf’é‘flf?ﬁl%e acﬁe]ilt&tﬂegth edlludf‘ﬁé‘c‘l ApT1Yi ng stream
W th buffermboaghyegbtltspRN@tlana&ntandEmztgla@tshol d period of the incubate may
range froma few mnutes to several hours, or fromabout 15 m nutes to
about eight hours, or fromabout 0.5 hours to about 8 hours, or from about
0.5 hours to about 4 hours, or from about 151 hour to about 4 hours, or
fromabout 1 hour to about 2 hours. The |l ength of the incubating
period for the incubation process may depend in general on other process
paranmeters such as the flow rates of the inpinging stream as well as the
tenperature and pH During the hold period, the tenperature of the
col | ected conposition in the 20col |l ection reservoir can be controlled in
the range of fromabout 15 C to about 37 C, or fromabout 22 C to about 35
C. In sone aspects the |ncubat| on process may. be term nat ed by

I 1 . . s g,



250r | ower, or about 10% (v/v) or lower, or about 5% (v/v) or |ower.

In sone enbodi nents, the quenching process may further provide a stabilized
| i posonmalwoanparsilzon contai ni ng | i posonmes that encapsulPaTAS2IIL/0aEB6 ve
agent. Filtration and finishing As discussed above, in sonme enbodi nents, an
i mpi ngi ng stream undergoes 30m xi ng, collection, an incubation process, and
a quenching process. The quenched nmaterial nay be a stabilized |i posonal
conposi tion whi R sdie QHbdAMheriQ thefcbpésAtdn® Bn@REthbdsr 81 Mlosure are fleil 5 shows
a process diagram for certain enbodinents for preparing |iposonal

conposi t i on'§r SFliveR;cs a desprgiaacentspcaprylatediniadpoger: fip fieshempdinmte e ng to
Fig. 5, a glapiuitZ&6 hhPOSRFRed &PIRASItdPON, such as the quenched |iposonal
conposition 460, 1s charged to a reservoir 500. A diafiltration buffer

sol ution is mai Aagyewld, Figal skperageikentatis gapyeserat®RE! a Npgrepiakemaadingenpunp 502
provi dess Ci ' - albl ] ' [ f reservoir
500 hr oug o (e S B R R T R o ¥ ow
filtration auwdmeenyite qurdayer ofchd ndsone toraomsientpogetyichegl wobdiains 28d

| i posomal c itipn, fo e L % fr he be contai ni ng
t he hol | ow algthg%g t%ﬁ%rd §%§l%§63{lé (%Iﬁfée lépg)ﬁglthf gnr?ﬁeggigsr'ggfeé)é%rrmea t %fttﬁllfﬂaf er from
reservoi r Sa®séme dlbrepresens allizghndod? fat spoviic fapgetidg af a ¢dllratison. dbe dpokow@ad or
vari able volune. The stabili.zed |iposomal. co ition . al so be diluted
by the. addi 1-OR <P Berh BF° bl ROERTY riSTRRBHuRPPIR 867  he acti ve
agent i 10 t henlakeUREAIinanopatete 40natwosstraddal RISA sluplbx pdpadstahigaie500a | 1 posonmal
conposition may be per d usin eristaltic 906 to drive jhe
G alyei s bupreRgeeRRRRRARE A REr Yo RER! Sol PR RidR 4 bt
conposi t i onandtan 8iRK Witk Blual end® BE,&¥Hi¢hadré PblddSin Gid @hibodtbéht.t Otar ok sthi ng
process. In general, the filtrate 532 lllrr:fgl% contain organi c sol vent and

NAY F%‘% ofor

unencapsul afearytt Faree PEY i Hide ngipRD . dPI.\I P%y%fér%y renove and
reduce the concapbémbdl iy aétivkRger® E4PRY RiliSQl & @Rlo imtht PR cska@binki zed |1 posonal
conposition, as well as renove the unencapsul ated active agent. In

gener al 15 t OMpaEHemed HindiBene thyorfrebod neddiie BHICrae ek do R STHECEAtF ve agent
that is bel gWetiieptaangeuilapideRDIIL c&Rin RERRAANNI IR RBBLERGEHLE Sdlely
conposition. In sone 20 enbodi nents, the quenched incubate nmay have a
concent r at | dharged oneniraldhesangytisetedient that is too high for preparing a

phar maceut i cal GRURARLLLOR cTRERR; QL4 Al doRRSs %R0 PR R hE G RY
tangential fl ow%%t rat%on gnﬁﬁﬁﬁgﬁgpﬁgatiﬁon? asSI%i S((:)usgzog Cabove.agl n sonme
enbodi ment sdelivérer theravoheskennio alietasahls farinras gdrapediono Ralesrablk doyndsiabér
tangentjal f| ]t i . tri C enti al
row £ r st bilindid ARuaRRayal Who oo R 0P B BISRIId BIRETE 8,

or sol vent , antaanygeszentaind flischardei d moiatyition agsetsan ndeashief the gesonmelecdentpasi t i ons
in a decreagsi vol ume of buffer and solvent. there increasing its
concentr at ia%rrllc.pgl active aggniandiafe s gse(f lb%l(raﬁtm &é‘“f%@% lub}eonﬁsyvelt Ynl o1dloglf ‘iﬁl trati on node
to renove nempagmenusasot weeltasantihe egdngaead cdmpisitiondioataiding @odleaneshhedtf er . I n
diafiltratigon, node, thet voI.ueﬁe g{ tre 30circulating retentate is held
essenti al | yPROHSIHNE 2850t A0 I IR BT BUPPEF:  Thus, the

concentzati on ofn efrg@Nispecd thiediclGePeas@S nshods aRNippiratutdofirdkigat e and i s
removed. , T%e concentr at @%E o%,the ﬁgti ve ,agent ma%e be adj usted by the
addi tion of §§PR4 compositpas sutaplyd o delivry phBeraPetis F3snky ilBFTe%ep t o achi eve a

desired finghboa@RGENLT R%ivORentd8hic AREIBHRHE RLITARNAL UBS AGhbAIEMiat e may
thereafter be provided to a sterilization unit in which direct flow
filtration fiEclopuEdnayPratids inoporaalcAupesitoan pLtusIei (s ALENE HChEP BYP- OThe

sterilized pfedHsldeTRNAEESRY, RVAPeSiRCbhiBedsadonfibdstd REARRGRARIesand the
product vials stored at | ow tenperature. FII ash freezing, |yophilizing, and

| ow t enffer adigar subsireip IRN/Asz s Asa i NoshaicraRNiins heigmn BRAssiad othsT gitigpar e and
store the pgQAygh,s 2/ N certain enbodiments, to reach a desired active agent
concentration the quenched i ncubate may be concentrated first by tangenti al
flow filtrati on,Theettiveweent lofthei dadcidsene atay bn atpeptide wondengatgdan ectssIRMht , t hen
fol |l oned by digt | t ] Qﬂéf. ] astly dilution with
buf fer, solaentF%%gﬁﬁkﬁéﬁﬁggﬁég%%Pgé 0 (%%%%%%gggﬁﬁﬁgg%%}%%#%W#HA
filtration mpedgenegrer MankleOile Rondemssteskd aHRhNdbewlka pblyhmpdusecieabalVienbr ane
Technol ogy (Noyes 1990), pp. 186-87. Sone aspects of filtration are given
in Munir Cheryan, Utrafiltration and Mcrofiltration Handbook (1998).
Encapsul ati on of Active Agents The degree of encapsul ati on of
the active agent by the |iposone partiocles is in 1lbgeneral affecting by
many process paraneters.



In sone enbodi nents, the degree of encapsul ation of the active agent by the
| i posone particles after the incubation process is 50% or greater, or 60%
or great ewp20r0/048820r greater, or 80% or greater, or 90®CwOrUSQRAG®B) Or 95%
or greater, or 96%or greater, or 97% or greater, or 98%or greater, or 99%
or greater, or essentially 100% 20The active agent |iposonmal conpositions
of this disclosure in general contain |iposone particles of uniformsize.
The |'i poson@ldeRat tdrbd Ricsd EsomM BRpaRIMtor 3ROInNERHLR. SheBb Sl s thSR,  Or
about 250 nmor |ess, or about 200 nmor |ess, or about 180 nmor |ess, or
about 160 nfPBHniedss, or about 150 nmor |less, or about 140 nmor |ess, or
about 130 nm or ¢, @§fer YhibARAUEs, HEQ DL QN: 8BS disCbs PR bddQepifd, ar | ess, or
about 100 nmor |ess, 25or about 90 nmor |ess, or about 80 nmor |ess, or
about 70 nniretein, @grptease, an antiphdy, pingpgeipral apbedy, @h entdiodebasgd druange fr om about
50 nmtao a - f 60 nmto about 400 nm or from about
70 nm tgs ag‘gdg%mg%%nphg}]a%éaufr&%% a %}Hé 70 nmto about 200 nm or from about
70 nmto about YeGummwsition céntonmng boerttiveaganmnipbaoyuedBGolnmeB0l n sonme

vari ations, the stabilliz i I . i-1 L on in.l.es an
about 10% of t héAXS Sad(::g 4%/6(5&%3%%1&68?%%%?858%%@? IgsP?eééerL g)fa th%é ﬁ%ﬁ‘%@é %ﬁengea\ﬁ%t%lgl es and
not encapsuwoatied,orany $chg®ntibravhiabibe maB¥yod!l thdwlaotis watcagsmbquehast | s not
encapsulatedltor Iesstthan about. g%boffthe active agent that is not

encapsul at ed I8P LS PRIAMGBIEITC 35 B WHEYHEFi ve agent that is not
encapsul@t ed, orExhepks dhapedb celtenddmoiidd Wiae@stiile &vagg @ittinjediiah, Riggaiot
encapsulated1 or less than about 2% of. the active agent that is not
encapsulatéﬁmePawgggn?%éﬂhﬂBBQPn‘@%ﬁ%wPhe active agent that is not

encapsul at ed. Thecdstioptoriigiaps UbabineTodiing Meleadé bVgophiEid inolddulhe
stabilized |iposomal conposition may range from about 70%to about 99% or
from about 'B&A%HIRFIUEOUSEH A or from about 90% to about 99% or from
about 95%to abqutys@PHbreilNBe leBY 8bn-2fucBRGBREHA AErOD a‘ﬁ? séI@onA6t Whigh agent i n
the stabilized |iposonal conmposition may be essentially 100% Efficient

Del i verd of M@eHY oStesplypHds nh @R e tirR-aduephy 108 12y spRtain seN@Vasr-gener al | y
to novel Comouﬁiﬁmﬁﬁgpﬁwﬁ%ﬁé&k 9819entAAcME] drofe SHIRE MRESe AN BIS RFn T her eof
for delivery of biologically active agents and drug agents. The conpounds
and conposi Vagmalkeols, (i ls6)dikardls slarol apaprepgeglyisotfuganol edchyiara), tdlutappler apeut i ¢
agent s {0 SEkGGEEHCL Ehlfbl-fulc? SUGSnin L 4805 Lo S0l il iy MRARpar L cul arl y,
this disclosure relates to the delivery o t%erapeutlc agents, including
nucl ei ¢ aci dmadehersanadedsuriatianidslufions, dekizeny selndonasind gnintates thiegdo§ cont ai ni ng

peptideﬁ%tomgggggﬁmq§£&%£ﬁxnggSgkﬁgogicalIy 15active agents and drug
agents. Thi range of conpounds, conpositions,

met hods and use$nitodinghfsiof itleninveyioh ery previntd al reggalof dekesyesrfyr mékiag aigs and

bi ol ogi cal v, agti ve, IOl eeUl &S0 bil Shishty d8LEYSLY (Camy Be, phOYIded, by a hi gh
degree of |'0ading OYARRS SRS agen% i%?o‘iﬁpo oﬁeswh5|ng Vari dus Mearri er
nol ecul es iduetibvergli Nng pepti des. The conpounds and 20conpositions of this

di scl osure can 3chieve a high effh&{encr of eli%egy.of an active agent.
One neasure of th&RE ?Sp%citseﬁgﬁos(?fna MRPAHON F40 e RACE 8Y FURPSIMERS ci ency rati o.
As used2her@intpositibis, e btangile) aebhpdsitRneynthiaing@né 6r bR attatel a@erdf, ahdig t ot al
mass of carrier nolecules to the mass of the active agent. The | ower the
del i very ef¥PHRERYPIHPGONPIRINE 08E 8r aredipgsomgalerming mofeayles. or gt erj al

conpared to act ipyeeRefho liR6né Htch@SDf tSs diftGospRt@N dtdbmp&Ed Hitvant ed
toxicity and side effects. used herein, a |lower delivery efficiency

As
ratio i s noACEVRFENYRHE alb sepsl dhcRrnaraion grocess have heor FRRIFCY. o dteBsiBener al | y

to the fielgsiofar€fGLir&S or MH sERIHTMHE AlobQRS of Biis MR niver YnahieHHE! €1 C aci ds.
Carriers for nucleic acids include conmpounds and conpositions 30forned with

pept i de3tonfpandionof liprspuigl qepresibes Wik kingsnerabdvgend adbamimscdicytls ¢feccts

Struct ur es- oMl @nBRfakibeU! Bldyharibbiisd dr BYRIHL PRWRLEY LG RrEROSHL LNkRP! ©
peptide structures and cl eavabl e peptide structures ich bind wmth a

nucl ei ¢ aci @neatrhigrmafcadgloapercnor Insomd embediacys rp oxibition periddns gisddo

enbodi nent s, Qhﬁeghﬁ&k8§k&g$provides conpl exes fornmed froma peptide and a
nucl ei ¢ aci d. ese conplexes include core structures having a conplex of a
peptide and a nucleic acid, and core structures having various |ayers of
pepti des and nucl eic acids. Peptides suitable for formng a conplex of this
invention with a nucleic 5acid include any cationic peptide. In sone
aspects, a conplex, condensate, or nanoparticle of a peptide and a nucleic
acid may be |loaded into a |iposomal fuarnul ation. Liposonal fornulations of
this disclosure can provide stable delivery systens for biologically active
agents and drug agents, in particular, nucleic acid agents. 10ln sone
respects, the conpositions and fornul ati ons of this disclosure can provide



bi ol ogi cal activity with reduced toxicity. Met hods of using the
carriers, peptides, nucleic acid constructs or conplexes with peptides, and
f or nul at iwa0mfo4s312s di scl osure in altering gene expres®COUSeI09A6M9BYIty are
al so provided, optionally in conmbination with cell-targeting conponents and
ot her 15 pharmaceutical formnulation conponents. This invention
provides a range of carrier conpositions for delivering a biologically
active agent to g oehbws MR cRA fof Edtadldndbodinfthg f&*p?@ﬂaﬁﬁ%ﬁﬁ‘os%@lw des a range
of carrier structures that are nanometer scale in size having a nucleic

aci d agent “HgEHBE! {ht Gsdopre Refminglodiss. 2saceaqioytions. Mﬂ‘tdiﬂtgl BCt¥n have

i ncreased Sé‘c%@&' sbiuti¥n, labuf! oUR6Y, an@RYo1688h A0RE b rﬁbr%nﬁabs)()rrﬁ%fn\{lﬁg an active
agent. Fornul ations ‘of carrier particles |oaded into |iposomes can provide
i ncreased stoatopidsyremepagl senesalyly @hd provideEip solution feseméfsr?@()eﬂh%@ﬁmtmds and
conmposi t4 o S

del i ver yfj e?sf% }lgﬁog%]%;l%})géllﬁggBéﬁ%&g(g%ga% oog\f)rﬁ\grg]rtegq %oﬁgéé?%?o gyof this

i nvent i on pyobwiodendthd edlitvarof ligsoineifemayg canpoondsgire @mntfRNAun amidwpoigng agent  of
| ess than 25fif nQf | i ng, and net hods
of this di srgr{)%é%?@nr%lg 1%%‘3%@%%%%&#5 g(ﬂgetiefl bnear%})]ig logi %%?%% rtz? 0 oPhe prophyl acti c,
and di agnosctqllectagmmtsalsmfﬂd ashawgsdralicfoaa nisubapmi mnuasst 233!]; aMsv,hlqhesmps des,

pr ot ei ns, I e [of0) r 0 itions may
Phel ude: hanBpaniered s SREALT OTRGE 208, BRS S me IR BETRERA oot des
novel ctrpolilfaison pEeRROZS0 rrhaﬁltarwbuf;mmmﬂlatmmsd fwﬁmﬂﬁmmeéelsul ar and in
vivo delivery of an active use, ulti as.a therapeutic,

whi on'i n gener alTHRAMHELY EGEBEIEPEED AT ARG TR oty The
conpounds  aghposiapO&hich aRRded antlhipﬁagdigqﬁdc@gum& i gl ehotkssirady et bnery of
active agents to selected cells, tissues, ans or conpartnments in order
to alter a Yir¥aYEPsIPLErEatigr a%l%m%ﬁ% SHram by tm 1NgIng Cgﬁﬁﬁlt&?p?@{%&a’élmgtaﬁl S

di scl osure mloe\/a%éﬁﬁo&pdm@uad@n coRQIMASIifdsONS f@ichgREIBQAS. to deliver RNA
structures to cells to produce the response of I%NA interference, antisense
ef fect s1d or the Ipegug %?P?Céfn 2 gFocess @f that disipseire foendinec: kposeaasppRosition

I n some vari@hi,gng. ag&ﬂh?ay%&@dn@%%ﬁm%%mfjﬁﬁnm AHRE&ss. CORCSalibPns and
Smet hods to deliver DNA Structures or containing materials to cells.

As used hermpeess ¢anandluderppligstipg inlehoidind @i ipaeing serermp Inedcesanedinliosat o a pept i de
bound or cqudb%&g%ehgda nucleic acid. Efficient delivery of RNA -inducing
and anti sense age In sone aspects, the conpositions and nethods of this
i nvention provi denteflifnenisen thid Geedtiop ary fofthcamchde i procesyéntmasngpr ovi di ng
carrieryparg o%rﬁpﬁfﬁﬁgés’l%n% Wh%ﬂ tthH(ﬁJ%Qt%& @&h@o@u% is J@gﬁéh%%! {,en%ﬁ"ﬁ A% 'Ve
agent no ec e carrier es can 0 one

provi de a mmncmegmoilx@nt bmffa:lenélilueyttofa stréeen eicinixwge afgbﬂtnctuhatedcul es | n a
phar maceut i cal 08 Pon etncﬁ)rrll (:alndICFertt al ] cen IQeCto%a aﬁc 1%. oS ;[:r{t(s)nc and

met hods of THIFS™I'AVentT ol provi-dé ll%coflorrru St R RNATT Phd i ng agent
or an anti smganammenmmspgsm beogea p@efscxﬁigklﬂaper )ln géﬂeran c@lamymrgatﬂams A
formulation for an RNAi-in i n ent. or an, anti sens

i scl osur o R GaRPRyiB IR oRBy SAPPn vBR TR R bt | oss ¢ han
fifteens orprb@ssortiihahidgwepy eSeoflg@ahinpar dpemble@s sthi@b& thdiatubaicde, or | ess
than eight, or |ess E’lhgn five. In cerfain enbodi ments, efficient delivery

can be achi SYWESHET HHCh My contap BOPRETRCEESconposed of a nucl ei ¢ aci d
agent condensed Héubiich o @l B in%m%@ﬁédn@ﬁiadﬁﬂéct@ﬁ@é@@ﬂv&r Mdzediniindrhe char ges
of the cationic peptides conbined with a nucleic acid agent such as an

RNAI - i nduci P 8@ Rtocess: cam Pionide @ dinesomad irmulationein whyighi aéra“tb‘ﬁratgiﬂ&fll%m&l&ﬁ i ncl ude
structures dapMiael by BpbLBnst XFRexdYIE iP&RtalenHIuRENRIARIADE ¥Ry bind to
an active RNA agent. In sonme variations, in a formulation containing

carri er3barlnogead cepypgsgsmg ask stRCHER @ thisj disclpsirg N3y dprtuire ppcf thgsstens of

RNAI - i nduci n t s, the

| i posones ma I%g%e}ngg%gr agl(l)t%& %O?E%l\ﬁ/%rﬁ&%h%g %rﬂggl\g?gwé&gg%ggﬁgggver 6, 000,
or over 7,0@@ringr over 8,000, or over 9,000, or over 10,000 or nore copies
of the RNAli ndu cle. For
exanple, in sorrfs\ij réa%%sggﬁ)?ha %%Eh%ﬁa?a H?I%glrla %)?gﬁ a@?‘ﬁgﬁ{aﬁpﬁh&} of 2, a
density 30 ioflude gleoc mog goaps i Gluatiom| Sieps ob filthfiGEma Y Be mﬁ;o dongosedusof

pepti de having MWV 3781.2 (net 7 cationic charges) and dupl ex RNA havi ng MV
13,500 (net 40 anionic charges), the nass of a particle is 1.26x10-9

m crograns, and the particle has 11.4 peptides per duplex RNA. In this
exanpl e, the delivery efficiency ratin is the ratio of the mass of peptide
to the mass of the RNA which is 3.2. The fraction of the mass of the
particle represented by RNA is 0.24, the nunber of duplex RNA nolecules in
t he partlcle IS 13 369 and t he nunber of peptlde rml ecul es per partlcle |s

a N AN . Y T o



10U. S. Pat. Application No. 12/114, 284. In certain enbodi nents, a
phar maceutical formulation of carrier particles of this invention delivered
as encapswbavsd4piriza | i posonal fornul ati on may i ncreasePChaspayloom®do of a
dupl ex RNA by 20-fold conpared to a |iposomal fornulation of the RNA

wi thout the peptide carrier particle conposition of this invention. 15For
exanpl e, in sone enbodinents, a pharnaceutical formulation of carrier
particles ofrodedi ﬁararﬁef@ratfblo&aﬁlgiel ¥RbAEL] 35 alRP BRRS Ml fnioN a Bothpddesosel

formul ation may decrease the anpunt of carrier nass by 45% conpared to a

| i posomal RN RS e A HISPRIA- & T Abt olads @hysisat SodBior apimgerspar ti cl e
conposi tion of tHh § hHWENEILD Bhard f3r SPAR RIPBAG R E:StinidRNBLIRGEUt | cal

formul ation of carrier particles for an 20 RNA agent includes a

pept i de- conoaipabignsdeé Hivéipglossies tRefarid ©RisSetde bwpmale@mpnma@l wheghi ng

nucl ei ¢ Aci 48, pTPfifaB¥%a ﬁ%&t&@al'ﬂ%ﬁ{ 015‘-} atlton%f &@&&%ﬁlaf’éo JgNt Wwhich can
be i ncorporat ed into a I posonal r ation ing a peptide-containing
nanopart i clserilizbe 3y fHeséremrs)fomaﬂdmgithﬁweyllwmoehha&reéﬂed&H) amdl | as the
tissue di Stﬂﬁl&%&??@ aR@rt&l?Eﬂ]thQ fstertlllg%oag Lor'id fré%ﬁggg}or S 391 frent S
the delivery s denonstrate an 1ncrease In payloa up to
20-fold percolmppmammlshlppafdtasmf@usz I e redum ng the tot aI anount of carrier
exci pi ents by approxi erce st em may
Soni bve o 305 r aatereon i B Sl s bRy SRT RS M el T

f or mul at0 oncdnkaiﬂmuhndm&phgedﬁ$1msf1@rfoﬁmaatpinemagaaserms uniceﬁletbydslkmown vmthknoc kdown

of ApoB, while ta nn 5% knockdo in mouse |iver_ and kdown in
nmouse j ej untifrt" Cgaﬁﬁgm %ﬁﬁﬂﬁgﬂ%@@m%é EREIRE 51 e Q:@? Pe- ggg(garti cl es of

this invention reayhesh@vid f(ﬁ@ﬂeilhaﬁng eRrapMeatiohSsiAR, uﬂ(egeylelaf Iﬁrbp‘drzﬁi’(bﬁ)()f of an RNA
agent, such, as an si RNA, an. ant i ense

a
nanoparti cl liposomes are giyeng %Xf’é’i‘lﬁ%d‘? Rerod 100é Pg%lP ’t"i’lclN%% 2%940114171(@5
i nvention caq 2067(REERA! 8l 13S. HENJ. bRaslodn U S Pat Application No.
61/ 106, 062, filed Cct o,b,er 16, 2008. The carri er particles of this
di scl oslit e BB MIKIDL of uniform particle size. The 5carrier particle
size may be abouf (306 PRl 1%0@1"{1% pl%"wdla@???angé)éfrﬁ&&i&"sa oy or less, or
about 200 nmor |ess, of about 180 nmor |ess, or about 160 nmor |ess, or
about 150 nipnditiopssiesmalgng abwpmilmm@mlmn of@gactivsraggihout 130 nm or | ess. or
about 120 nm or | ess, or
about 90 nm or l%%?%ho&!a%%@é& dl%glﬁ%qg?r&ﬁg%g%g?ﬂ% 03(%}%%1‘9%269 %1 10The
active agemontpaﬁllﬂvl@rof pas disddsere. d¥efarhigstodiis ¢l oslutonwhyn raiveagent iange of

e oL Bl PARIR L O SRR ST BB LT

about 70 nnastad)Iala@mtmmﬂ@ldmmponnd prm@malrﬂﬂnadnnn@emMeseiﬁﬁr 419, or from

about 80 n % QQUt .160. nm ILn so enbodi the active ag&gt Earrler
. rﬁ%u fe solution IS ain alned 1N ano er If%erVOII' solu ons areCP ID#_D
particles o I sclosure nay nega | ar e or “exanpl e,

carrier parrrransﬂeeslbesmm(msmgl s@farawrpeRNAitle agapd 431)nrd uﬁlepmﬁetrmllylselecpapﬂ‘l@vde may be

condensed so th articles etal egative charge. In sone

enbodt ment St ohee ol cbu g islet FEpewt Sret A st ¥l e mmy be
positivedy &h@rd cge@ed foahe @fﬁ@ﬂﬂnﬂlgg e@arvb%r Imngipmlgm% pmmﬁ&edctﬁiﬁa agdht |
RNAi - agent and a cationic peptide e con ed so that the particles
acquire a pBHUep g PﬁgﬁgﬁgﬁéﬁﬁPrag% §¥ A OBICHETHES FURIogRYs I'n
SONMe aspect§.a c6AdtpBint SIWTARY DGk POinCAMPRSHlah P HupOlantIB] FicHafG] @SUke May be
formed with _peptide conponents that condense mntﬁ |olog|call active
nucl ei ¢ aci Hledglﬁﬁ‘éﬁ‘éﬁfre%?mﬁ)/ ARt et R Wé‘)uﬁﬁépee‘?rdn‘% bRt PuFing PRt i cl es of
nanomet er djygensk Qﬂﬁnglhgst&gﬁ%n%ﬁb&@ll%ﬁh§ese1Rz§i?T4h61e§ bﬁH&ﬁs@iﬁh@n @a@JbeC arrier
conpositions of thi's disclosure 25are described in U S i cation
No. 61/3016, meged fiopmagserisiietfdrto thg cobgggn reservoir %‘bé‘?helf@?(tuwﬂwdﬁéﬁhﬁed when
one pept i decdipio GesBR6ir A0 BRI tRitH NrfoR St GE upannqalbat%ngn&uégé. &{ ¢ acid.

In certain variations, nore than one cationic binding region of a peptide
may bi nd t oquehehingsrecesy buffef Sadwtmntmayieplienadly de dintrphedg h eepara@OFivevoir

crossl i nkabj , [de. st | y
advantageodﬁly%ﬁgs&%g%%q %F??g&%gggééﬁgﬁ%%&re5| ﬁ%§h§ ﬁﬁggi% ﬁ?gflbuted
al ong t he pebltiade gbasyn i n one or nore binding regions. Variation of the
nunber and distribution of cationic residues can be used vary the strength
of binding of the peptide to an active agent. Peptides of this invention
include a cationic peptide having a binding region with sufficient positive
charge to bind to a nucleic acid and Bne or nore |inker groups. A binding
region of a peptide of this invention may have sufficient positive charge
to bind to a nucleic acid. Linker groups can link to each other to
crosslink two or nore peptides



5into a single nolecule. Pepti des capabl e of condensing with an active
nucl eic acid agent to forma carrier particle of this disclosure may have
suf fi ci erwoporyvassae charge to bind to a nucleic acid an#C3afSkéoviosnyso | i nker
groups to forma self-crosslinked construct that includes a bound nucleic
acid. 10This disclosure provides peptides having sufficient
positively-charged residues to bind to a nucleic acid, and being capable of
form ng a crosslh pk@eh AEEYIAGs, the butfémMoRAIRiISEREDIMBI ey obiénally 8L 0gi cal |y
active agent is a nucleic acid agent which can bind vvl,tlyu, a cationic
peptide. A Weeiolivicdbs dnrarpana suiay. Bl ey SR eon el Witlhihe 1DigRE SURMVe, or si x
peptides, OfdPiR collQibRIIRA SPMREEMy rixmeRfensat e particle my be formed
15by aggregation and binding of nucléic acid-peptide conpl exes. In
some enbodi ment ghs dischgsed ehaye.de famaggamesoma yorpestiop otetthipmsocofsengriis t han one
pepti de Ssuc L.de: - ! an i Ld agent.
Carrier SZt r{l%%l%rﬂ%sp& é(}?degaglﬁ}sn{p ?lgggé&%gﬁn%gﬁgh? or rfé)gs E‘y adl(r%‘iq% %Q%F%?%Sgagliji nkabl e
or cl eavabl @tipegllyiine tghuletingxing wbatdoberting trhe westyll of oggingal, hiyinadtative agent to
which the p [ i.hds.Bi ndi -he ide. to. can be
per f or med a}% B{eﬁsg%%(ﬁ%gg%lﬂlgr% Ta{lg qlclgdc?g‘g(i ‘?tf‘fﬁﬁt‘%gs %ﬁ% ﬁ‘%?%%%toﬁggd @%glﬁ{ri% or before
or after the peptnidgsgarestreamn sl infdeectal result ffom sorretigspest®sitiphef @arrier i s

a crosslinke eptide construct whi.ch be .a condensat e.of . a .peptide and
2 ol o aEny AL SRRHE (5B IR R BEPRRLT a %6 1B B et o

di mensi th whieaih ne@Reive ol pocataet e boropagioaadolfyrnactingle s@gantThsuch as a

nucl ei ¢ 25aci d. . Crossl i nkabl.e QeE i des I.n some enmbodi nents, the
crossl i nkabM@SHSTEER "BY PPHP SRR BHIMGS S ORBY B HTAPHE N OF DL PHIEY e

term nal regé digpmitiofd. JHPptional steps, ani@hin@@aRRtan may 6¢ Qbfcich kahtaldept i de may
have a single term nal cysteine residue 30 which may cros slink by form ng
an i nt er pept 4 GNLlPFi de bond resulting in dimers of the peptide. I n

some variati ons,htRE d¥@Rtih@eSindBYeHOMhRbOCARBIQ in MRS 18n W FoMdbYl 3HOoUPS
whi ch can crosslink to forma nultineric peptide construct which binds to,

and maylbe ®ovat rlpapme gjnbodimenst. digindhef] e impinging stigans from pbaipito BRBodi nent s,
a crossl i nkall goQB85R 6TE NPT Brabsih 83Y &Pt AR akdnk ke SiPdE mBBYMpiREng! eaved
at low pH or may be cleaved by the action of a protein or enzyne. anpl es
of cl eavabl sregnasisern Akat P hrahoded. chemttel] the/impingangeem &1 o 4dasielle cr ossl i nks
and enzyne- i 0 ExamR] f I - i.ncl ude
organi c gr oﬁ%@gxﬁ%ﬁéﬁ E%qﬂgm%(lif)%ééat om,uﬁg&%itﬁ‘aggr{%??%éﬁ’gf Eﬁlp%l ﬁ‘ﬁ’gfé%)%gé of

bi f unct i onah teradedtion keseryoianth @rthieeambobivkundhd oral piliohthe pmpiTgiag stream
crosslipkab r It i . i may be
ot achol ar il Uy ReB5. ant bt ol 7, RREhL PR L £l MSperhe

cr ossl i nkabheiap@epingdmestto o cinge eStrom eband 8 tqepti @ds chrgam aigbdddoens gei nkabl e
groups at eaﬁzg thg{mm.rrllqg Sltrneasqsngw\a/lasra{b%tic?ofs, crosslinkabl e peptide
structures ‘include di SO B P8R d Trul ti ner s of pepti des havi ng
crossl i nkabl e gripsmpdsitas hsetl@s formuis: i@pagingBlreanpejay bplemally be filtered |1 n sone
aspects, thtl)e? di scl asur {i)rovi des cl eavabl e [gelpti des cont 'b.ni ng]gan i nt er nal
15c| eavabl *7 R HBI?IH%‘P%u%C 'BRALEY BEFREE B P8ﬁ§t”6’fag%{“i)%§ P 48T tience. In
sonme entpodi mEyNbesiltede dye Ay akingplf Epiv fleativhYedialBesttwBenGat ufdusigabdd pudiidg r egi ons
| i nked together by a clcﬁavabl e gr%g{l)'. he cl eavabl e group may b 8I eaved to
detach var i GP5a%5t REEChY FRghssndhgya t@O@@mq%eﬁr G duRerhaggbout 30

The cat i oni g Qjr MR thah @86RBE0 ARY ARioRfodiGorPeditadiQOVLRLY Npsihé-¥@magent such
as a 20nucl eic acid. . In sone variatians, cleavage of the |inker group
of the peptPelscHes refptbedHicied &y pioneanyler BV SHEUOR HCRRAEH HSPEYE api d

di ssoci at i afhdefirafle PaRikied6r fHaQ R LiPhiaBh G thiin Ml B RYSPlar&PHAr €d to a
pepti de that woul d not be cl eave%. An intracellularly-cleavabl e

| i nker #hy #peuiciOfapedr lbigeehanieal S40a@yct i on, or by 25the action of various
proteins or enzyifesrhile of Mk HAGRLhUkRAmEAN bl AMEBAL in BUIIRASA BrPAr L CI es
and rel easabl e forns Conmpounds™ and conpositions of this disclosure

i ncl ude combenslat € tpabautdT'es. or carriers conposed of one or nore peptide
conponent s and i - » particles
formed wth a pgj[p}? ?&Oﬁgﬁgﬁﬁggﬁ:&%@ggﬁﬁf tﬂ#gglgggﬁg%htgﬁﬁgﬁgggﬁﬁgﬁg ral, or
cationi c. Foreadelay\beicyntofled hengtae floemratpsafiot the kcempaesriions e arainm@ugedalln or
cationic formnmay be preferred. A condensate particle may be referred to as
a core particle. In sone enbodi nents, a condensate particle may be
formed wwth a first portion of a crosslinkable peptide and an active agent.
One or nore additional |layers of the mane or different crosslinkable

pepti de may be added to the particle.



In sonme variations, a condensate particle my be formed with a first
portion of a 5cl eavable peptide and an active agent. One or nore additional
| ayers ofwohelwmass2zor di fferent cleavabl e peptide nmay becadseanenIshe
particle. In certain enbodi nents, a condensate particle may be forned
with a first portion of a cleavable peptide and an active agent. One or
nore additional |ayers of a crosslinkable peptide may be added to the
particle. 1OhEafesB MRApbsAldnONS stréhnt MRHGAS AR oPAkd1bGddei iR erPBeleRrdmit Wi th a
first portion of a crosslinkable peptide and an active agent. One or nore
addi ti onal Th{Et wlyne How ragnrhiestipap hfaraenbied At EeHar t i cl e.

I'n sone embdl BB RscribiGPOARDSHEtRAbE b1C)aRolN@mpbSenfih MligpiiBhgLe forned
with a first portion of a crosslinkable or cleavable peptide and an active
nucl ei ¢ acidreagent. An 15additional |ayer or layers of a cationic
crosslinkabl e or [-cle: - - ani o article to
forma Eiutral ngggﬁﬁﬁgk@mggﬁ%kgﬁugg¥??§Fﬂgg&%l&q?%ﬂggg?g?%b%ggiations, a
condensat e fyaams dowing Haoughgutzn iobihi samdiatbeier, temdw flawt tateainfthe spager t i on of a
crosslinkable. o 6] SAYAR.GnPEREHG AR Dr AR AGhdnkis "}P%' %hlgmﬁ% dragent- An
addi ti onal ﬁayer orfﬁayers of & Cationl & EYOREITRKADT & Ore'tt E5VAbT e pepti de
may be addedntpared®s the canvemrationperthd @ngohants iortim aighmaltireains.ofhwathe finwc
carrier part{cIeT)Andgdditi na J%yer orfIaX rs._of an §nio i c_endosonol ytic
conpound may BEAHAEH PETTHE ST A TSP AT O B PSS SEF DT T1EE Yt o form a
| ayer edlne ulipoabma compdsitmibaviag pariierlarfuaitéetis®ics. In sonme aspects, the

active agents be.on I nor ug co unds, one or re antisense
Soents, ome or i et reY s TRETAE LT MR S e B et rt a1 ni ng

agents. contdhtrSQHTE oL 1HD QCtiIRBESS reRitiCOMARSEFosGfie-@rmin@rmidlédlds R vl ak hi s

di scl osure ﬁq% be preparg? b%?loadig%BCondensate particles or |ayered
carrier par®PEPAETEREGNIUIMHRP COMFHEEGRES? SA W albenBisd Bt atdhe

conposi t i ongheaTorco®tHMRAinRntst I iifs GBS0l Siélle PRYcs3TOOMLIER SBbds¥MEY Of

t herapeutic agents in releasable forns or conpositions. Rel easable forns
and conposi PorBHeiqnie PisE CREPEEUICBST LHE apfintdnd HEoToBICPARIEICAHC 4EY | ve agent
ol ecul es t hRhndleDek1@hnagdel ¥§ 1 @PERE 2 MY wdhSENAROSrodesIRipataust hat assists in
rel ease of the agent, nolecules that bind an active agent and are
subsequent | y nodiFgtaEtasperts @ PrACHs thihis iavasiion Bgy employ elitheymet o assi st in
rel ease of §ihg. aQeH; GRS hitd QoGART &l 2% IRl A haSuLhRbs pi nd an
active agenf d%nixeémﬁﬁgﬁga rel ease %ggﬁatortconpguﬁ%. As ugégﬁ erein,

rel easabl e foomesitipmedntrdeng hepbilic orieinies. g cartgn gersitionk disIflowortes pethe abl e
pepti de,pf [.S..di r 0 J, NI i & conpound
O st 271 aonros b S oat B Bk T SR el SO RAT R B

cl eavabl e peptposigostantrditing ée ectivergentsxmaydheasnqgétoathe Hopeqpt pldbe st ruct ure can
b € tri gger e(%mb sifi&H (t:oa ari]nir%é/ SMido %l[d?chm Aecy ergt ¥ e%];m%l}éein%g‘rrta{irll Shbo ir.Elg (&

bi ol ogi cal environnent or conBé% rent cont al ni'ng a’conpouﬁa i ch”’can

cl eave t he thefibwdee of ths sbmpiksion Coreaiviag eheal tipepptnts aly bakanudrawpise tan occur
10intraceII@Iarkyj%Q t he c.toso%.or in.varlouslcehluhﬁn or extracel | ul ar
conpar t ment 0% rale of thagomposian eniaifiag ihp ligePhiicPolgalss; fkebergpaitse> i be done
chem catd y, fiéwratecotangdodpolijiod &dtedih®ihe aftive Agenth 1mak friodBndsiol More than the

tris(2-carbgxyet hyl hosphi ne hydrochl oride (TCEP), dithiothreitol (DTT),
or mercapt ?‘%%&.tﬁe Eompofiiion CQnliRg g‘ﬁihﬁo@ﬂtfd‘é‘?l sOT 13 SHRSTM I i educt ase
may be usednfe® tiflesaVvifomReRini slerickp thiSst thd &enpaandScontaining thONGEhMd hin a cel |,
di sul fide crosslinks may be reduced, thereby releasing an active agent for
ef ficient d@P?Q%%y@*?ﬁém§ﬁ9¥W@ﬁﬁ%%ﬁh%ﬁoWF%@%HH%%EW@“P@“B@F?@V&HWto be
reduci ng anghobRilifRdiRLEs di sul fide reduction and rel ease of the active
agent. Release within a cell can occur by disruption or cleavage of the
pept i de3&r ossl i ARgencmbale (ags| of de appargugs By Paeh gk dnetarelnyicBingi cal |y acti ve
agent from &g Rentd ngcé;@ 6t BRI RS ARCREBE LAG HAMALHGRFRL bl S

i nvention may advantageously contaln one, two, or nore binding regions

havi ng one iowingoges syoaih of  ednypasitian geidie agtiva gt ah a i 9és comprsitiohndi ng

regi ons can - B i sitiwvel v- .hdi ng
region is Cc@%gg%%@@%@ﬁig%m?gqgﬁ%ﬂH%C§ﬁ%pﬁgSg%ﬂ%é%ﬁ%h1%$§§@éﬂ§g3§g?e
crosslink 25The: aatli eninequaggia@resampy; is eartaen auobinrdisnge dagieensf thetuban acti ve
agent, such as a nucleic acid agent, and several cationic regions may bind
to the sane active agent to cooperatively attach the peptide to the active
agent . In certain enbodi nents, a releasable formof this disclosure

i ncl udes a condensate particle of a pe#ptide and a nucleic acid, where the
pepti de conmponent includes crosslinks



30t hat can be cleaved to effect release of the nucleic acid. C eavage of

| i nker groups of the peptides nay be triggered by a change in the

envi r onmewo 20fo/idb|2pept i de such as woul d occur in transportUSRe9m60930
extracellular to intracellular domains, or during endocytosis or uptake and
delivery of endosonmes by cells. WD 2010/ 045512PCT/ US2009/ 060930

Exanpl es of cleavable linkers for peptides include acid-cl eavabl e groups

such as hydiazaie whsahidmy a&ﬁvecag&ﬁsvﬁgy I%&He@giumyﬁﬁﬁkér 8 thé OUgh
intracellular interaction with I n sone enbodi nents,

rel ease of OREINRS e eolgédr hﬁﬁﬁhﬂt?én‘ﬂ?‘dlﬁsdéumb‘if vanatiap.dhe Bragien o tej nker

Exanpl es of yBCLA i h€ sV SchVAGLUAEMhY E@‘I?aﬁﬁh&&i%@tbﬁéf’lﬂe @Re Or t hoest er
group, a hydrazone, a cis-acetonyl, "an acetal, a ketal, a silyl ether, a

sil azane, aspniafingethe goletiqnraf élemhehcanﬁwilﬂqu@ otherpyatiatiops. alnﬁﬂ}mﬁtt@re)f the crown
et her, N AGRCL AN 11‘1:353I Jﬂg Eolu@o Iat@t eoal\é\%tf a%')ffl;e %r@atgj tfli}ii{ﬁtpﬁ XtJer & tﬁ)éJtBbe

ci s-aconitic aci a cis-carb oxy € acry Ic acid,
10m xt ures Mm@nemﬁheEﬂmnmkéspmﬂmann@&h@blIe groups and linkers are glven in

S, Patent Nos., 1,008,037 8. AST,A000. i3 08R: LAndudfRin,2uAR, 250 and

5, 505, 931. Exanp es o eava S es inc
Cat hepsi n- chemy &bylllow- thrdug]n s H\/Ie&ns Yl flo@i- ﬂhrqmgh nimumgylclluée a:hmaavhd/utgy

t Ilular Cath fsubst 5 Cat h
B, b and LeERROMAN: RO B T dho gl gR4E) B haRETERG R S0 o' "

| i nker s10 nc\k/hﬁﬂethdlchannélsmapﬂla[ﬁtd cbrqiamaj[amﬁm}dmvérg@mrﬂrbsomfect%b bemsien B, D, and
L substrates P2-P25 ep B sub trates SEQ.I D .NO. P4 P3 P2
P1 P1' P2’ ([B8es tpprovide tﬁB@erﬁﬁ%xg&g leg fEVEOW throu mixing may optionally

include a mechanical agitator, a shaker, or a stirring rod, blade, paddle, plate, or vane.

The Reynolds number for turbulent mixing may be greater than 2000, or greater
than 2400.

15 The residence time of the mixture stream in a turbulent mixer can be controlled by
adjusting the flow rate of the impinging stream. In some variations, the flow rates and
residence time of the impinging stream in the turbulent mixer can be used to control the
sizing of the liposome particles.

An example of a turbulent mixing tube means for flow-through mixing is Cole-

20  Parmer in-line static mixer K-04669-52, 316 stainless steel tube mixer; 3/16" tube OD, 21
elements.

The vessels, tubes, and other flow components of the apparatus used in each
process of this disclosure may be made of any material that is inert to the reactants and
solvents used, and suitable for the reaction conditions such as temperature and pH.

25  Examples of materials include polymers, metals, stainless steel, glass, and ceramics. The
vessels, tubes, and other flow components may also be coated with an inert substance.

The vessels, tubes, and other flow components are in general in fluid
communication with one or more controllable pumps that allow for control of the flow
rate of the solutions and mixtures in each step. The apparatus may include various

30 valves, for example check valves, to control the flow. The vessels, tubes, and other flow
components may be attached with various fasteners, which may include ferrules or o-
rings. The apparatus may include temperature sensors at various points in the flow

pathway.
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The methods and apparatuses of this disclosure may be used in a batch or a
continuous process.
Collection reservoir, incubation process., and quenching process
Referring to Fig. 4, in some embodiments, the impinging stream enters a
5  collection reservoir 440. In the collection reservoir 440, the collected impinging stream is
subjected to an incubation process.

An incubation process may include one or more steps of mixing the collected
material, one or more steps of dilution with a dilution buffer, one or more steps of
adjusting the pH in the collection reservoir, and one or more steps of holding the collected

10 material for an incubation period at a particular temperature.

The collected material can be mixed in the collection reservoir using, for example,
a mechanical agitator, a rocker, or a stirring rod, blade, paddle, plate, or vane.

In some variations, an impinging stream may be formed by contacting a
composition of an active agent with a composition containing liposome-forming

15  compounds, and adding a buffer, solvent or diluent to the impinging stream. The addition
of buffer, solvent or diluent may occur before mixing or collection of the impinging
stream, or may be done in the collection reservoir as part of an incubating process. The
addition of buffer, solvent or diluent reduces the concentrations of the active agent,
liposome-forming molecules, and other components such as another solvent in the

20  collection reservoir.

In some embodiments, the addition of buffer, solvent or diluent to the impinging
stream, whether in the transfer tubes, or in the mixing tube, or in the collection reservoir,
may dilute the concentration of the organic solvent to about 50% (v/v) or lower, or about
40% (v/v) or lower, or about 35% (v/v) or lower, or about 33% (v/v) or lower, or about

25  30% (v/v) or lower, or about 25% (v/v) or lower, or about 22% (v/v) or lower, or about
20% (v/v), or lower.

The pH of the collected mixture or composition in the collection reservoir can be
controlled in the range of from about 3 to about 9. In some embodiments, the pH of the
collected impinging stream is adjusted to be from about 5 to about 8, or from about 6 to

30  about 7.4. In certain embodiments, the pH of the collected mixture is from about 5 to
about 8, and the pH is adjusted after the initial impingement to a range from about 3 to
about 6. In some variations, the pH of the collected impinging stream is maintained at
about 7.4. A liposomal composition of this disclosure may also be formed in a process

for which the pH is about 7.4 in each step.
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In some aspects, the collected mixture or composition in the collection reservoir is
subjected to an incubation hold period. The length of the hold period of the incubate in
the collection reservoir may range from a few minutes to several hours, or from about 15
minutes to about eight hours, or from about 0.5 hours to about 8 hours, or from about 0.5
hours to about 4 hours, or from about 1 hour to about 4 hours, or from about 1 hour to
about 2 hours.

In some variations of the process, turbulent mixing occurs after dilution of the
impinging stream with buffer, solvent or diluent, and the hold period of the incubate may
range from about 0.5 hours to about 8 hours, or from about 1 hour to about 4 hours, or
from about 1 hour to about 2 hours.

In certain variations, turbulent mixing occurs before dilution of the impinging
stream with buffer, solvent or diluent, and the hold period of the incubate may range from
a few minutes to several hours, or from about 15 minutes to about eight hours, or from
about 0.5 hours to about 8 hours, or from about 0.5 hours to about 4 hours, or from about
1 hour to about 4 hours, or from about 1 hour to about 2 hours.

The length of the incubating period for the incubation process may depend in
general on other process parameters such as the flow rates of the impinging stream, as
well as the temperature and pH.

During the hold period, the temperature of the collected composition in the
collection reservoir can be controlled in the range of from about 15° C to about 37° C, or
from about 22° C to about 35° C.

In some aspects, the incubation process may be terminated by quenching the
incubate with rapid addition of buffer, solvent or diluent. The quenching step may reduce
the concentration of the organic solvent to about 20% (v/v) or lower, or about 15% (v/v)
or lower, or about 10% (v/v) or lower, or about 5% (v/v) or lower.

In some embodiments, the quenching process may further provide a stabilized
liposomal composition containing liposomes that encapsulate the active agent.

Filtration and finishing

As discussed above, in some embodiments, an impinging stream undergoes
mixing, collection, an incubation process, and a quenching process. The quenched
material may be a stabilized liposomal composition which is output for filtration and
finishing.

Ilig. 5 shows a process diagram for certain embodiments for preparing liposomal

compositions of this disclosure by filtration and finishing. Referring to Fig. 5, a
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stabilized liposomal composition, such as the quenched liposomal composition 460, is
charged to a reservoir 500. A diafiltration buffer solution is maintained in a separate
reservoir 520. A peristaltic pump 502 provides circulation of the stabilized liposomal
composition from reservoir 500 through a tube containing a hollow fiber membrane 504.
5  Tangential flow filtration occurs via this circulation to concentrate the stabilized
liposomal composition, and filtrate 530 is removed from the tube containing the hollow
fiber membrane 504. The addition of replacement buffer from reservoir 520 to the
circulation allows for diafiltration at a fixed or variable volume. The stabilized liposomal
composition may also be diluted by the addition of buffer to attain the final concentration
10 of the active agent in the formulation. Optionally, dialysis of the stabilized liposomal
composition may be performed using peristaltic pump 506 to drive the dialysis bufter
solution from reservoir 540. The stabilized liposomal composition at a particular
concentration is output 550 to a finishing process.
In general, the filtrate 530 may contain organic solvent and unencapsulated active
15 agent. Thus, the removal of filtrate may remove and reduce the concentration of the
organic solvent in the stabilized liposomal composition, as well as remove the
unencapsulated active agent.
In general, the quenched incubate may have a concentration of the active agent
that is below the range desirable for preparing a pharmaceutical composition. In some
20  embodiments, the quenched incubate may have a concentration of non-aqueous solvent
that is too high for preparing a pharmaceutical composition. These concentrations can be
adjusted by tangential flow filtration and diafiltration, as discussed above.
In some embodiments, the quenched incubate is circulated to a hollow fiber
tangential flow filtration apparatus, or cartridge or cassette tangential flow filtration
25  apparatuses. When cycled without the addition of buffer or solvent, tangential flow
filtration retains the liposomal compositions in a decreasing volume of buffer and solvent,
thereby increasing its concentration.
A similar apparatus may be used in diafiltration mode to remove non-aqueous
solvent and replace it with diafiltration buffer, In diafiltration mode, the volume of the
30  circulating retentate is held essentially constant by adding diafiltration buffer. Thus, the
concentration of organic solvent decreases as it enters the permeate and is removed.
The concentration of the active agent may be adjusted by the addition of buffer to
the retentate of the diafiltration step to achieve a desired final concentration. The

concentration-adjusted retentate may thereafter be provided to a sterilization unit in which
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direct flow filtration is used to sterilize the retentate product solution. The sterilized
product may be used in a sterile vial-filling process, and the product vials stored at low
temperature. Flash freezing, lyophilizing, and low temperature lyophilizing, and other
means can be used to prepare and store the product.

5 In certain embodiments, to reach a desired active agent concentration the
quenched incubate may be concentrated first by tangential flow filtration, followed by
diafiltration to remove organic solvent, then followed by additional tangential flow
filtration, and lastly dilution with buffer, solvent or diluent.

Examples of methods and materials for filtration are given Mark C. Porter,
10  Handbook of Industrial Membrane Technology (Noyes 1990), pp. 186-87. Some aspects
of filtration are given in Munir Cheryan, Ultrafiltration and Microfiltration Handbook
(1998).

Encapsulation of Active Agents

The degree of encapsulation of the active agent by the liposome particles is in

15  general affecting by many process parameters.

In some embodiments, the degree of encapsulation of the active agent by the
liposome particles after the incubation process is 50% or greater, or 60% or greater, or
70% or greater, or 80% or greater, or 90% or greater, or 95% or greater, or 96% or
greater, or 97% or greater, or 98% or greater, or 99% or greater, or essentially 100%.

20 The active agent liposomal compositions of this disclosure in general contain
liposome particles of uniform size. The liposomal particle size may be about 300 nm in
diameter or less, or about 250 nm or less, or about 200 nm or less, or about 180 nm or
less, or about 160 nm or less, or about 150 nm or less, or about 140 nm or less, or about
130 nm or less, or about 120 nm or less, or about 110 nm or less, or about 100 nm or less,

25  or about 90 nm or less, or about 80 nm or less, or about 70 nm or less.

The liposomal particle size may range from about 50 nm to about 500 nm, or from
about 60 nm to about 400 nm, or from about 70 nm to about 300 nm, or from about 70 nm
to about 200 nm, or from about 70 nm to about 160 nm, or from about 80 nm to about 160
nm.

30 In some variations, the stabilized liposomal composition may contain less than
about 10% of the active agent that is outside of the liposome particles and not
encapsulated, or less than about 8% of the active agent that is not encapsulated, or less
than about 5% of the active agent that is not encapsulated, or less than about 4% of the

active agent that is not encapsulated, or less than about 3% of the active agent that is not

20



16 Leu Cya Ay Ser H's Leu Val GQu 17 H's Leu Val Gu Ala Leu Tyr Leu
Val Qu Ala Leu Tyr Leu Val Cya 19 Qu Ala Leu Tyr Leu Val Cya

10

15

20

25

30

WO 2010/045512 PCT/US2009/060930

encapsulated, or less than about 2% of the active agent that is not encapsulated, or less
than about 1% of the active agent that is not encapsulated.

The level of encapsulation of the active agent in the stabilized liposomal
composition may range from about 70% to about 99%, or from about 80% to about 99%,
or from about 90% to about 99%, or from about 95% to about 99%. The level of
encapsulation of the active agent in the stabilized liposomal composition may be
essentially 100%.

Efficient Delivery of Gene Silencing Therapeutics

This disclosure relates generally to novel compounds and compositions, as well as
methods and uses thereof, for delivery of biologically active agents and drug agents. The
compounds and compositions of this disclosure are useful for delivery of therapeutic
agents to selected cells, tissues, organs or subjects. More particularly, this disclosure
relates to the delivery of therapeutic agents, including nucleic acid agents, and methods
for making and using materials containing peptides to effect delivery of biologically
active agents and drug agents.

This disclosure provides a range of compounds, compositions, methods and uses
for efficient systemic and local delivery of drugs and biologically active molecules.
Efficient delivery can be provided by a high degree of loading of an active agent into
liposomes using various carrier molecules including peptides. The compounds and
compositions of this disclosure can achieve a high efficiency of delivery of an active
agent.

One measure of the efficiency of delivery is the delivery efficiency ratio. As used
herein, the delivery efficiency ratio is the ratio of the total mass of carrier molecules to
the mass of the active agent. The lower the delivery efficiency ratio, the less is the mass
of carrier material compared to active agent, and the less is the potential for unwanted
toxicity and side effects. As used herein, a lower delivery efficiency ratio is more
advantageous and desirable.

This invention relates generally to the fields of carriers and formulations for
delivery of nucleic acids. Carriers for nucleic acids include compounds and compositions
formed with peptide components including crosslinkable and cleavable peptide structures.
More particularly, this invention provides crosslinkable peptide structures and cleavable
peptide structures which bind with a nucleic acid to form complexes or condensate

compositions.
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In some embodiments, this disclosure provides complexes formed from a peptide
and a nucleic acid. These complexes include core structures having a complex of a
peptide and a nucleic acid, and core structures having various layers of peptides and
nucleic acids. Peptides suitable for forming a complex of this invention with a nucleic

5 acid include any cationic peptide.

In some aspects, a complex, condensate, or nanoparticle of a peptide and a nucleic
acid may be loaded into a liposomal formulation. Liposomal formulations of this
disclosure can provide stable delivery systems for biologically active agents and drug
agents, in particular, nucleic acid agents.

10 In some respects, the compositions and formulations of this disclosure can provide
biological activity with reduced toxicity.

Methods of using the carriers, peptides, nucleic acid constructs or complexes with
peptides, and formulations of this disclosure in altering gene expression or activity are
also provided, optionally in combination with cell-targeting components and other

15  pharmaceutical formulation components.

This invention provides a range of carrier compositions for delivering a
biologically active agent to a cell. More particularly, this disclosure provides a range of
carrier structures that are nanometer scale in size having a nucleic acid agent condensed
into small particles. The carrier particles can have increased stability in delivery, and can

20  efficiently deliver an active agent. Formulations of carrier particles loaded into liposomes
can provide increased stability and delivery efficiency.

The novel compounds and compositions of this disclosure can achieve a range of
advantageous delivery efficiency ratios. In some embodiments, the compositions of this
invention provide a delivery efficiency ratio for an RNAi-inducing agent of less than

25  fifteen, or less than ten.

The compositions and methods of this disclosure may be useful for delivery of
therapeutic, prophylactic, and diagnostic agents such as nucleic acids, polynucleotides,
peptides, proteins, and small molecule compounds and drugs. These compositions may
include nanoparticles of various diameters.

30 This disclosure provides novel compounds, compositions and formulations for
intracellular and in vivo delivery of an active agent for use, ultimately, as a therapeutic,
which in general maintain cytoprotection and relatively low toxicity. The compounds and
compositions of this disclosure are useful for delivery of active agents to selected cells,

tissues, organs or compartments in order to alter a disease state or a phenotype.
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In some aspects, this disclosure provides compounds, compositions and methods
to deliver RNA structures to cells to produce the response of RNA interference, antisense
effects, or the regulation or modulation of genomic expression.

In some variations, this disclosure provides compounds, compositions and

5 methods to deliver DNA structures or DNA-containing materials to cells.

As used herein, the term “peptide nucleic acid complex” refers to a peptide bound

or complexed to a nucleic acid.

Efficient delivery of RNAi-inducing and antisense agents

In some aspects, the compositions and methods of this invention provide efficient
10  delivery of an active agent by providing carrier particles having a high concentration or
density of the active agent molecules. The carrier particles can be loaded into liposomes
to provide a high concentration or density of the active agent molecules in a
pharmaceutical formulation.
In certain aspects, the compositions and methods of this invention provide
15  formulations of an RNAi-inducing agent or an antisense agent having a range of delivery
efficiency ratios. A formulation for an RNAi-inducing agent or an antisense agent of this
disclosure may advantageously have a delivery efficiency ratio of less than fifteen, or less
than twelve, or less than ten, or less than nine, or less than eight, or less than five.
In certain embodiments, efficient delivery can be achieved using a carrier particle
20  composed of a nucleic acid agent condensed with a cationic peptide. or example, based
on the charges of the cationic peptides combined with a nucleic acid agent such as an
RNAi-inducing agent or an antisense agent, the carrier particle can include structures in
which up to six or more peptide binding regions may bind to an active RNA agent.
In some variations, in a formulation containing carrier particles composed of a
25 nucleic acid agent, such as an RNAi-inducing agent or an antisense agent, loaded into
liposomes, the liposomes may have over 500, or over 1,000, or over 5,000, or over 6,000,
or over 7,000, or over 8,000, or over 9,000, or over 10,000 or more copies of the RNAi-
inducing agent or antisense agent molecules per particle.
FFor example, in some aspects, for spherical particles having an N:P of 2, a density
30 of 1 g/cc, a particle volume of 1.26x10° nm’, composed of peptide having MW 3781.2
(net 7 cationic charges) and duplex RNA having MW 13,500 (net 40 anionic charges), the
mass of a particle is 1.26x10” micrograms, and the particle has 11.4 peptides per duplex
RNA. In this example, the delivery efficiency ratio is the ratio of the mass of peptide to

the mass of the RNA which is 3.2. The fraction of the mass of the particle represented by
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RNA is 0.24, the number of duplex RNA molecules in the particle is 13,369, and the

number of peptide molecules per particle is 1.53 x10°. In other words, a formulation

containing these carrier particles and no additional carrier molecules would have a

delivery efficiency ratio of 3.2 and an RNAi-agent mass fraction loading of 24% based on
5  the particles.

Liposomal formulations

In some aspects, the carrier particles of this invention may be loaded or
encapsulated in a liposomal formulation. For example, in some embodiments, carrier
particles may be delivered as encapsulated in a liposomal formulation such as disclosed in

10 U.S. Pat. Application No. 12/114,284.

In certain embodiments, a pharmaceutical formulation of carrier particles of this
invention delivered as encapsulated in a liposomal formulation may increase the payload
of a duplex RNA by 20-fold compared to a liposomal formulation of the RNA without the
peptide carrier particle composition of this invention.

15 For example, in some embodiments, a pharmaceutical formulation of carrier
particles of this invention delivered as encapsulated in a liposomal formulation may
decrease the amount of carrier mass by 45% compared to a liposomal formulation of the
RNA without the peptide carrier particle composition of this invention.

In some embodiments, a pharmaceutical formulation of carrier particles for an

20  RNA agent includes a peptide-containing delivery system which uses peptides in
delivering nucleic acids. This system can increase the payload of RNA agent which can
be incorporated into a liposomal formulation. Using a peptide-containing nanoparticle,
the efficiency of delivery may be enhanced, as well as the tissue distribution pattern of the
delivery system. In some embodiments, the delivery system may demonstrate an increase

25  in RNA payload up to 20-fold per liposomal particle, while reducing the total amount of
carrier excipients by approximately 45 percent. In some variations, the system may
achieve a 30% reduction in RNA agent dose as compared to a liposomal formulation
without peptides, for example, as measured by in vivo knockdown of ApoB, while
maintaining 85% knockdown in mouse liver and knockdown in mouse jejunum. Thus, a

30  pharmaceutical formulation of carrier particles of this invention may significantly
improve the delivery efficiency of an RNA agent, such as an siRNA, mdRNA, or an

antisense agent.
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Carrier nanoparticles

In some embodiments, carrier particles of this invention can be prepared as
described in U.S. Pat. Application No. 61/106,062, filed October 16, 2008.

The carrier particles of this disclosure are generally of uniform particle size. The
carrier particle size may be about 300 nm in diameter or less, or about 250 nm or less, or
about 200 nm or less, or about 180 nm or less, or about 160 nm or less, or about 150 nm
or less, or about 140 nm or less, or about 130 nm or less, or about 120 nm or less, or
about 110 nm or less, or about 100 nm or less, or about 90 nm or less, or about 80 nm or
less, or about 70 nm or less.

The active agent carrier particles of this disclosure may have a range of particle
sizes, for example, from about 50 nm to about 500 nm, or from about 60 nm to about 400
nm, or from about 70 nm to about 300 nm, or from about 70 nm to about 200 nm, or from
about 70 nm to about 160 nm, or from about 8) nm to about 160 nm.

In some embodiments, the active agent carrier particles of this disclosure may be
negatively charged. For example, carrier particles composed of an RNAi-agent and a
cationic peptide may be condensed so that the particles retain a negative charge.

In some embodiments, the active agent carrier particles of this disclosure may be
positively charged. For example, carrier particles composed of an RNAi-agent and a
cationic peptide may be condensed so that the particles acquire a positive charge.

Carriers and peptide binding regions

In some aspects, carrier compounds and compositions of this disclosure may be
formed with peptide components that condense with a biologically active nucleic acid
component by binding to the nucleic acid to form particles of nanometer dimensions.

In some embodiments, peptides suitable for carrier compositions of this disclosure
are described in U.S. Pat. Application No. 61/116,258, filed November 19, 2008.

A carrier may be formed when one peptide having one or more binding regions
binds to a nucleic acid.

In certain variations, more than one cationic binding region of a peptide may bind
to the same or different nucleic acid molecules.

The crosslinkable and cleavable peptide structures of this disclosure may
advantageously have a plurality of cationic residues which are distributed along the
peptide chain in one or more binding regions. Variation of the number and distribution of
cationic residues can be used vary the strength of binding of the peptide to an active

agent.
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Peptides of this invention include a cationic peptide having a binding region with
sufficient positive charge to bind to a nucleic acid and one or more linker groups. A
binding region of a peptide of this invention may have sufficient positive charge to bind
to a nucleic acid. Linker groups can link to each other to crosslink two or more peptides
into a single molecule.

Peptides capable of condensing with an active nucleic acid agent to form a carrier
particle of this disclosure may have sufficient positive charge to bind to a nucleic acid and
sufficient linker groups to form a self-crosslinked construct that includes a bound nucleic
acid.

This disclosure provides peptides having sufficient positively-charged residues to
bind to a nucleic acid, and being capable of forming a crosslinked peptide.

In some embodiments, the biologically active agent is a nucleic acid agent which
can bind with a cationic peptide. A nucleic acid agent may bind one, two, three, four,
five, or six peptides, or more, to form a complex. A condensate particle may be formed
by aggregation and binding of nucleic acid-peptide complexes.

In some embodiments, a nucleic acid agent may bind portions of more than one
peptide such that the peptide attaches to more than one nucleic acid agent.

Carrier structures or constructs can be formed by admixing a crosslinkable or
cleavable peptide of this invention with a biologically active agent to which the peptide
binds. Binding of the peptide to the agent can be performed at the same time as
crosslinking of the peptide occurs, or before or after the peptides are crosslinked.

In some aspects, the carrier is a crosslinked peptide construct which may be a
condensate of a peptide and a nucleic acid. The condensate may form a carrier particle of
nanometer dimension which can incorporate a biologically active agent such as a nucleic
acid.

Crosslinkable peptides

In some embodiments, the crosslinkable peptides of this invention may contain a
crosslinkable terminal residue or group.

FFor example, a crosslinkable peptide may have a single terminal cysteine residue
which may crosslink by forming an interpeptide disulfide bond resulting in dimers of the
peptide.

In some variations, the peptides may contain one or more sulthydryl groups which
can crosslink to form a multimeric peptide construct which binds to, and may be a carrier

for a biologically active agent.
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In some embodiments, a crosslinkable group may form a cleavable crosslink that
may be cleaved at low pH or may be cleaved by the action of a protein or enzyme.
Examples of cleavable crosslinks include chemically-cleavable acid labile crosslinks and
enzyme-cleavable crosslinks.

5 Examples of crosslinkable groups include organic groups having up to 1000
atoms, a bifunctional linker, a bifunctional crosslinker, and a heterobifunctional linker.
The crosslinkable groups may be substituents of a peptide residue, or may be attached at
the terminus of the peptide.

In certain embodiments, crosslinkable peptide structures include peptides having

10 crosslinkable groups at each terminus. In some variations, crosslinkable peptide
structures include dimers, trimers, and multimers of peptides having crosslinkable groups
at each terminus.

Cleavable peptides

In some aspects, this disclosure provides cleavable peptides containing an internal
15  cleavable linker group located between portions of a peptide sequence.

In some embodiments, a cleavable peptide may have two cationic binding regions
linked together by a cleavable group. The cleavable group may be cleaved to detach
various binding regions of the peptide from each other.

The cationic binding regions may bind to a biologically active agent such as a

20  nucleic acid.

In some variations, cleavage of the linker group of the peptide to detach the
binding regions can allow more rapid dissociation of a peptide from a biologically active
agent compared to a peptide that would not be cleaved.

An intracellularly-cleavable linker may be cleaved by chemical reduction, or by

25  the action of various proteins or enzymes in the intracellular environment.

Condensate particles and releasable forms

Compounds and compositions of this disclosure include condensate particles or
carriers composed of one or more peptide components and one or more active agents.
In general, condensate particles formed with a peptide and an active agent may be
30 anionic, neutral, or cationic. For delivery of the carrier particles in vivo, a neutral or
cationic form may be preferred. A condensate particle may be referred to as a core

particle.
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In some embodiments, a condensate particle may be formed with a first portion of
a crosslinkable peptide and an active agent. One or more additional layers of the same or
different crosslinkable peptide may be added to the particle.

In some variations, a condensate particle may be formed with a first portion of a

5  cleavable peptide and an active agent. One or more additional layers of the same or
different cleavable peptide may be added to the particle.

In certain embodiments, a condensate particle may be formed with a first portion
of a cleavable peptide and an active agent. One or more additional layers of a
crosslinkable peptide may be added to the particle.

10 In some variations, a condensate particle may be formed with a first portion of a
crosslinkable peptide and an active agent. One or more additional layers of a cleavable
peptide may be added to the particle.

In some embodiments, a condensate particle that is anionic may be formed with a
first portion of a crosslinkable or cleavable peptide and an active nucleic acid agent. An

15  additional layer or layers of a cationic crosslinkable or cleavable peptide may be added to
the anionic particle to form a neutral or cationic carrier particle.

In certain variations, a condensate particle that is anionic may be formed with a
first portion of a crosslinkable or cleavable peptide and an active nucleic acid agent. An
additional layer or layers of a cationic crosslinkable or cleavable peptide may be added to

20  the anionic particle to form a neutral or cationic carrier particle. An additional layer or
layers of an anionic endosomolytic compound may be added to the neutral or cationic
carrier particle to form a layered neutral or cationic carrier particle.

In some aspects, the active agents may be one or more drug compounds, one or
more antisense agents, one or more RNAi-inducing agents, or one or more DNA-

25  containing agents.

In some embodiments, a composition or formulation of this disclosure may be
prepared by loading condensate particles or layered carrier particles into cationic
liposomes.

In some embodiments, the compositions and methods of this disclosure may

30  provide delivery of therapeutic agents in releasable forms or compositions. Releasable
forms and compositions include molecules that bind and release an active agent,
molecules that bind an active agent and discharge a moiety that assists in release of the

agent, molecules that bind an active agent and are subsequently modulated in form within
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a biological compartment to assist in release of the agent, and compositions containing
molecules that bind an active agent admixed with a release mediator compound.

As used herein, releasable forms include those containing a crosslinkable or
cleavable peptide of this disclosure, or a form containing an endosomolytic compound or

5  material.

A condensate or carrier particle may contain a cleavable peptide structure or
matrix. Cleavage of a peptide structure can be triggered by certain events such as entry of
the carrier into a biological environment or compartment containing a compound which
can cleave the peptide crosslinks. Cleavage of peptide linker groups can occur

10  intracellularly in the cytosol or in various cellular or extracellular compartments.

Cleavage of disulfide peptide linker groups can be done chemically, for example,
by reduction of the disulfide with tris(2-carboxyethyl) phosphine hydrochloride (TCEP),
dithiothreitol (D'TT), or mercaptoethanol.

In certain embodiments, a disulfide reductase may be used to cleave peptide

15  disulfide bonds.

Once within a cell, disulfide crosslinks may be reduced, thereby releasing an
active agent for efficient delivery. The environment of the endosome is believed to be
reducing and to mediate disulfide reduction and release of the active agent.

Release within a cell can occur by disruption or cleavage of the peptide crosslinks,

20  as well as by dissociation of the biologically active agent from the peptide.

The peptides and peptide constructs of this invention may advantageously contain
one, two, or more binding regions having one or more positively-charged amino acid
residues. The binding regions can be attached in a chain where one positively-charged
binding region is cleavably-linked to the next binding region by a cleavable crosslink.

25 The cationic regions may serve as binding regions for an active agent, such as a
nucleic acid agent, and several cationic regions may bind to the same active agent to
cooperatively attach the peptide to the active agent.

In certain embodiments, a releasable form of this disclosure includes a condensate
particle of a peptide and a nucleic acid, where the peptide component includes crosslinks

30  that can be cleaved to effect release of the nucleic acid. Cleavage of linker groups of the
peptides may be triggered by a change in the environment of the peptide such as would
occur in transport from extracellular to intracellular domains, or during endocytosis or

uptake and delivery of endosomes by cells.
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Examples of cleavable linkers for peptides include acid-cleavable groups such as

hydrazone which may be cleaved during endocytosis or through intracellular interaction

with lysosomes.

In some embodiments, release of the active agent may be provided by an acid-

labile linker.

Examples of acid-labile linkers include linkers containing an orthoester group, a

hydrazone, a cis-acetonyl, an acetal, a ketal, a silyl ether, a silazane, an imine, a citriconic

anhydride, a maleic anhydride, a crown ether, an azacrown ether, a thiacrown ether, a

dithiobenzyl group, a cis-aconitic acid, a cis-carboxylic alkatriene, methacrylic acid, and

mixtures thereof.

Examples of acid-labile groups and linkers are given in U.S. Patent Nos.
7,098,032; 6,897,196; 6,426,086; 7,138,382; 5,563,250; and 5,505,931.

Examples of cleavable linkers for peptides include Cathepsin-cleavable linkers

such as Val-Cit which may be cleaved by intracellular Cathepsins. Examples of substrate

sequences for Cathepsin B, D, and L. are shown in Tables 1, 2, and 3, respectively.

Cleavable linkers include di-, tri-, and tetrapeptide subunits of Cathepsin B, D, and L
substrates (P2-P2’).

Table 1: Cathepsin B substrates

SEQ ID
P4 P3 P2 Pl P1' P2’ P37 P4’

NO:

1 - Abz Phe Arg Ala Lyd - -

2 - Abz Phe Arg Lyd Trp - -

3 - Abz Phe Arg Neh Phe - -

4 - Abz Phe Arg Phe Lyd - -

5 Asn Phe Phe Gly val Gly Gly Glu
6 Cys Pro val Thr Tyr Gly Gln Cys
7 Gln Ala Ser Arg Ser Phe Asn Gln
8 Ser Arg Ser Phe Asn Gln Gly Arg
9 Ala Ser Arg Ser Phe Asn Gln Gly
10 Boc Gly Arg Arg AMC - - -
11 - - Bz Arg NH2 - - -
12 - - Bz Gly Arg - - -
13 Tyr Leu Lys Arg Leu Cys Gly Thr
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Leu Val Met Leu Lys 54 Lys Leu Val Phe Phe Ala Qu Asp 55 Leu Val Phe Phe
Ala Qu Asp Val 56 Thr Tyr Lys Phe Phe Qu Gn Met 57 Vval Ile
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SEQ ID
P4 P3 P2 Pl P1' P2’ P37 P4’

NO:
14 Lys Arg Leu Cys Gly Thr Phe Leu
15 Phe val Asn Gln His Leu Cya Gly
16 Leu Cva Gly Ser His Leu val Glu
17 His Leu val Glu Ala Leu Tyr Leu
18 val Glu Ala Leu Tyr Leu val Cvya
19 Glu Ala Leu Tyr Leu val Cvya Gly
20 Leu Tyr Leu val Cva Gly Glu Arg
21 val Cva Gly Glu Arg Gly Phe Phe
22 Gly Glu Arg Gly Phe Phe Tyr Thr
23 Gly Phe Phe Tyr Thr Pro Lys Ala
24 Leu Lys Pro Ala Lys Ser Ala Arg
25 Ala Pro Leu Lys Pro Ala Lys Ser
26 Lys Pro Ala Lys Ser Ala Arg Ser
27 Lys Leu Ser Gly Phe Ser Phe Lys
28 Lys Ser Phe Lys Leu Ser Gly Phe
29 Ala Tyr Arg Arg Phe Tyr Gly Pro
30 Gln Trp Leu Gly Ala Pro val Pro
31 Met Lys Leu Thr Leu Lys Gly Gly
32 Lys Lys Leu Thr val Asn Pro Gly
33 Leu Ser Lys Lys val Lys Asn Met
34 Thr Phe Leu Arg Leu Ala Ala Leu
35 Ser Leu Asn His Tyr Ala Gly Tyr
36 Leu Leu val Tyr AMC - - -
37 Arg Glu Ala Ala Ser Gly Asn Phe
38 Pro Thr val Gly Ser Phe Gly Phe
39 Glu val Asp Leu Leu Ile Gly Ser
40 Pro Arg Phe Lys Ile Ile Gly Gly
41 - Z Arg Arg AMC - - -
42 - z Arg Arg NAN - - -
43 - Z Leu Arg AMC - - -
44 - Z Phe Arg AMC - - -
45 - Z Phe Arg AMC - - -
46 - z Phe Arg NAN - - -
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Ala Thr Val Ile Val Ile 58 Ile Val Ile Thr Leu Val Met Leu 59 Leu Ay Asp
Phe Phe Arg Lys Ser 60 Ile Lys Asp Phe Leu Arg Asn Leu 61 dvy
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Table 2: Cathepsin D substrates

SEQ ID

P4 P3 P2 Pl P1' P2’ P37 P4’
NO:
47 Abz Ile Glu Phe Nph Arg Leu NH2
48 Leu Leu Ser Ala Leu Val Glu Thr
49 Ile Thr Leu Leu Ser Ala Leu vVal
50 Leu Ser Ala Leu val Glu Thr Arg
51 val val Ile Ala Thr val Ile val
52 Ile Ile Gly Leu Met val Gly Gly
53 val Ile Thr Leu val Met Leu Lys
54 Lys Leu val Phe Phe Ala Glu Asp
55 Leu val Phe Phe Ala Glu Asp val
56 Thr Tyr Lys Phe Phe Glu Gln Met
57 val Ile Ala Thr val Ile val Ile
58 Ile val Ile Thr Leu val Met Leu
59 Leu Gly Asp Phe Phe Arg Lys Ser
60 Ile Lys Asp Phe Leu Arg Asn Leu
61 Gly Tyr Asp Leu Ser Phe Leu Pro
62 Ala Pro Gly Phe Leu Gly Leu Pro
63 Thr Met Thr Leu Ser Lys Ser Thr
64 Asn Tyr Phe Leu Asp val Glu Leu
65 Ala Leu Asp Phe Ala val Gly Glu
66 Phe Gln Ile Tyr Ala val Pro Trp
67 Lys Asp val Leu Asp Ser val Leu
68 val Glu Asp Leu Glu Ser val Gly
69 Gly Asn Phe Lys Ser Gln Leu Gln
70 Trp Gly Thr Phe Glu Glu val Ser
71 Leu Gly Glu Phe val Ser Glu Thr
72 Ser His Cys Leu Leu val Thr Leu
73 Leu val Thr Leu Ala Ala His Leu
74 Ser Thr val Leu Thr Ser Lys Tyr
75 Ala Glu Ala Leu Glu Arg Met Phe
76 Leu Glu Arg Met Phe Leu Ser Phe
77 Leu Asp Lys Phe Leu Ala Ser val
78 Glu Arg Met Phe Leu Ser Phe Pro
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Tyr Asp Leu Ser

Thr

Phe Leu Pro 62 Ala Pro Gy Phe Leu Ay Leu Pro 63 Thr

Met

Leu Ser Lys Ser Thr 64 Asn Tyr Phe Leu Asp Val GQu Leu 65
WO 2010/045512 PCT/US2009/060930
SEQ ID
P4 P3 P2 Pl P1' P2’ P37 P4’
NO:
79 Phe Leu Ser Phe Pro Thr Thr Lys
80 Ala Asn val Ser Thr val Leu Thr
81 Ala Ser val Ser Thr val Leu Thr
82 Leu Leu val Thr Leu Ala Ser His
83 Leu Leu Val Thr Leu Ala Ala His
84 Ala Ala Glu Tyr Gly Ala Glu Ala
85 - - - Val Leu Ser Ala Ala
86 val Gln Ala Ala Tyr Gln Lys val
87 Thr Ala Glu Glu Lys Ala Ala val
88 val Thr Ala Leu Trp Gly Lys val
89 - val His Leu Thr Pro Glu Glu
90 Leu Gly Arg Leu Leu val val Tyr
91 Leu Gly Arg Leu Leu val val Tyr
92 Gly Arg Leu Leu val val Tyr Pro
93 Gly Arg Leu Leu val val Tyr Pro
94 val Thr Ala Phe Trp Gly Lys val
95 Thr Gln Arg Phe Phe Glu Ser Phe
96 Thr Gln Arg Phe Phe Glu Ser Phe
97 Phe Glu Ser Phe Gly Asp Leu Ser
98 Phe Glu Ser Phe Gly Asp Leu Ser
99 Lys Gly Thr Phe Ala Thr Leu Ser
100 Thr Ala Leu Trp Gly Lys val Asn
101 Ala Asp Ala val Met Asn Asn Pro
102 val Glu Ala Leu Tyr Leu val Cvya
103 Ala Leu Tyr Leu val Cvya Gly Glu
104 Glu Arg Gly Phe Phe Tyr Thr Pro
105 Arg Leu Arg Ala Tyr Leu Leu Pro
106 Leu Lys Phe Leu Asn val Leu Ser
107 Ser Gln Arg Tyr Lys val Asp Tyr
108 Lys val Asp Tyr Glu Ser Gln Ser
109 Ser Gly Gly Lys Met Lys val Asn
110 Arg Pro Phe Leu val val Ile Phe
111 Ala Ile Lys Phe Phe Ser Ala Gln
112 Ile Lys Phe Phe Ser Ala Gln Thr
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Ala Leu Asp Phe Ala Val Ay Qu 66 Phe Gn Ile Tyr Ala Val Pro Trp 67 Lys
Asp Val Leu Asp Ser Val Leu 68 Val Qu Asp Leu Qu Ser Val Ay
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SEQ ID
P4 P3 P2 Pl P1' P2’ P37 P4’
NO:
113 Ile Thr Lys Leu Asn Ala Glu Asn
114 Ala Gly Lys Lys Tyr Phe Ile Asp
115 Phe Ile Asp Phe val Ala Arg Glu
116 Pro Tyr Ile Leu Lys Arg Gly Ser
117 Phe Gln Glu Ala Tyr Arg Arg Phe
118 Leu Leu Lys Glu Ala Gln Leu Pro
119 val val Leu Leu Pro Asp val Glu
120 Asp val val Leu Phe Glu Lys Lys
121 Gly Met Glu Leu Ile val Ser Gln
122 Tyr Pro val Trp Ser Gly Leu Pro
123 Asn Glu Ile Tyr Pro val Trp Ser
124 Phe Ile val Gly Phe Thr Arg Gln
125 Ala Asn Pro Lys Gln Thr Trp val
126 His Pro Lys Phe Ile val Gly Phe
127 Lys Gln Thr Trp val Lys Tyr Ile
128 Trp val Lys Tyr Ile val Arg Leu
129 Pro Lys Glu Leu Trp val Gln Gln
130 Leu Arg Tyr Asp Thr Glu Tyr Tyr
131 Lys Ile Leu Gly Cys Asp Trp Tyr
132 Asp val Gln Leu Lys Asn Ile Thr
133 Phe Asn Asn Leu Asp Arg Ile Leu
134 Gln Leu Lys Leu Tyr Asp Asp Lys
135 Ser Leu Gly Leu val Gly Thr His
136 Arg Asp Ile Leu Ile Ala Ser Asn
137 Thr Asp Tyr Met Tyr Leu Thr Asn
138 Ser Ile Thr Phe Leu Arg Asp Phe
139 Gly Leu Lys Phe Ile Ile Lys Arg
140 Ile Asp Ser Phe val Lys Ser Gly
141 Glu Ile Asp Ser Phe val Lys Ser
142 Lys Thr Tyr Ser val Gln Leu Lys
143 Ala Ser Asn Trp Tyr Phe Asn His
144 Gly Cys Asp Trp Tyr Phe val Pro
145 Asp Thr Glu Tyr Tyr Leu Ile Pro
146 Ile Thr Asp Tyr Met Tyr Leu Thr
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69 Ay Asn Phe Lys Ser Gn Leu Gn 70 Trp Ay Thr Phe u du Val Ser 71
Leu Ay GQu Phe Val Ser Qu Thr 72 Ser H's Cys Leu Leu Val Thr
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SEQ ID
P4 P3 P2 Pl P1' P2’ P37 P4’
NO:
147 Asp Tyr Met Tyr Leu Thr Asn Ala
148 Leu Asn Ile Tyr Tyr Arg Arg Leu
149 Ile Pro Leu Tyr Lys Lys Met Glu
150 Lys Phe Leu Ala Ser Leu Leu Glu
151 Thr Thr Glu Leu Phe Ser Pro val
152 Asp Gly His Phe Leu Arg Glu Pro
153 Phe Ser His Phe Ile Arg Ser Gly

Table 3: Cathepsin L substrates

SEQ ID

P4 P3 P2 Pl P1' P2’ P37 P4’
NO:
154 - Abz Phe Arg Ala Lyd NH2 -
155 Met Phe Leu Glu Ala Ile Pro Met
156 Ala Ile Pro Met Ser Ile Pro Pro
157 Cys Pro val Thr Tyr Gly Gln Cys
158 Gln Ala Ser Arg Ser Phe Asn Gln
159 Lys val Phe Gln Glu Pro Leu Phe
160 Leu Phe Tyr Glu Ala Pro Arg Ser
161 Ala Thr Leu Thr Phe Asp His Ser
162 Pro Leu Phe Tyr Glu Ala Pro Arg
163 Gln Gly Phe Gln Gly Pro Hyp Gly
164 Gly Pro Arg Gly Leu Hyp Gly Pro
165 Gly Pro Hyp Gly Ala Hyp Gly Pro
166 Arg Leu val Gly Gly Pro Met Asp
167 Thr Gly Leu Arg Asp Pro Phe Asn
168 Lys Ile Leu His Leu Pro Thr Ser
169 Ala His Leu Lys Asn Ser Gln Glu
170 Ile Gln Gln Lys Ile Leu His Leu
171 Ala Pro Leu Thr Ala Glu Ile Gln
172 Ile Met Phe Thr Ser Leu Pro Leu
173 - Cap Leu CyB AMC - - -
174 - Cap Leu Phe AMC - - -
175 - Cap Leu ThB AMC - - -
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Leu 73 Leu Val Thr Leu Ala Ala H's Leu 74 Ser Thr Val Leu Thr Ser Lys
75 Ala Qu Ala Leu Qu Arg Met Phe 76 Leu Gu Arg Met Phe Leu

10

Tyr
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SEQ ID
P4 P3 P2 Pl P1' P2’ P37 P4’

NO:
176 Glu His Tyr Gln Lys Lys Phe Lys
177 - Phe val Asn Gln His Leu Cya
178 His Leu val Glu Ala Leu Tyr Leu
179 Ala Leu Tyr Leu val Cvya Gly Glu
180 Arg Gly Phe Phe Tyr Thr Pro Lys
181 Gly Phe Phe Tyr Thr Pro Lys Ala
182 His Ser Lys Ile Ile Ile Ile Lys
183 val Leu Pro Arg Ser Ala Lys Glu
184 Glu Ala Tyr Arg Arg Phe Tyr Gly
185 Gln Trp Leu Gly Ala Pro val Pro
186 Leu Ser Leu Ala His Thr His Gln
187 Lys Leu Leu Ala val Ser Gly Pro
188 Gln Leu Phe Arg Arg Ala val Leu
189 Glu Phe Ser Arg Lys val Pro Thr
190 Leu Leu Ile Gly Ser Ser Gln Asp
191 Pro Arg Phe Lys Ile Ile Gly Gly
192 - Z Leu Arg AMC - - -
193 - Z Phe Arg AMC - - -
194 - - Tyr Gly Gly Phe Met -

In some variations, a releasable form of this disclosure includes a condensate
particle of a peptide and a nucleic acid and an endosomolytic compound. In these
variations, an endosomolytic compound can assist in release of the core particle and
active agent into the cell from an endosome, while the peptide component can include
crosslinks that may be cleaved to effect release and dissociation of the nucleic acid from
the core condensate particle within the cell.

Examples of endosomolytic compounds include Chloroquin, 4-aminoquinoline,
aminoquinoline, Amodiaquine, cell penetrating peptides, Transportan, Penetratin, a
hemagglutinin fusion peptide from influenza virus (see for example Han et al., Nat.
Struct. Biol. Vol. 8, 715-720, 2001), and influenza-based peptide diINLI7.

In certain embodiments, carrier particles or constructs can be formulated with a
targeting agent for cellular or sub-cellular delivery. In some variations, a carrier particle

may be combined with a synthetic polymer such as polyethylene glycol (PEG) to reduce
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non-specific effects or interaction with blood components. A suitable synthetic polymer
includes a polyethylene glycol chain (PEG), or a PEG copolymer such as PEG-
polyurethane or PEG-polypropylene. See, e.g., J. Milton Harris, Poly(ethylene glycol)
chemistry: biotechnical and biomedical applications (1992).

Methods of use

This disclosure includes a method for delivering a therapeutic nucleic acid to a
cell comprising preparing a composition containing a carrier particle containing a nucleic
acid agent and treating a cell with the composition.

This disclosure includes a method for inhibiting expression of a gene in a cell
comprising preparing a composition containing a carrier particle containing a nucleic acid
agent and treating a cell with the composition.

This disclosure includes a method for inhibiting expression of a gene in a mammal
comprising preparing a composition containing a carrier particle containing a nucleic acid
agent and administering the composition to the mammal.

This disclosure includes a method for treating a disease in a human, the disease
being selected from inflammatory diseases including rheumatoid arthritis, metabolic
diseases including hypercholesterolemia, liver disease, encephalitis, bone fracture, heart
disease, viral disease including hepatitis and influenza, and cancer, comprising preparing
a liposomal composition and administering the composition to the human.

Active agents

In some aspects, this disclosure provides methods for making compositions
suitable for delivery of therapeutic agents. The methods of this disclosure may provide
compositions of nucleic acid agents, such as condensed RNA nanoparticles, two- or three-
stranded RNA structures, RNA peptide conjugates, dicer substrate RNAs, dsRNAs,
siRNAs, microRNAs, hairpin RNAs, other active and regulatory RNA forms, antisense
therapeutic forms including antisense RNA and DNA, and DNA and DNA-containing
forms.

The active agent of this disclosure may be a single-stranded or double-stranded
nucleic acid. The active agent of this disclosure may be an antigenic or immunogenic
protein or polypeptide.

The active agent of this disclosure may be a peptide condensate of an active agent.
For example, an active agent may be composed of nanoparticles formed by condensing an
active agent with a peptide or other biomolecule, or a condensate or complex of an active

agent with a peptide, biomolecule, or polymeric molecule. Nanoparticles or condensates
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WO 2010/045512 PCT/US2009/060930

10

15

20

25

30

Leu Thr 82 Leu Leu Val Thr Leu Ala Ser H's 83 Leu

may be crosslinked. Nanoparticles or condensates can be loaded as cargo into a
liposomal composition.

The active agent of this disclosure may be an antisense or sense, DNA or RNA
oligonucleotide, or a modified DNA or RNA oligonucleotide which binds to target
nucleic acid sequence to block transcription or translation of the target sequence by
various interactions. An antisense or sense agent may form a triple helix with a
nucleotide double helix, or may be a ribozyme, or may encode transcriptional or
translational regulatory sequences including promoter sequences or enhancer sequences.
An antisense or sense oligonucleotide may be used to block expression of a protein and
may have modified nucleobases or sugar groups, or other groups, or may be a conjugate
with a biomolecule, peptide, or protein, for enhanced stability or activity. An antisense or
sense oligonucleotide may be delivered into a cell containing its target nucleic acid by the
compositions and methods described herein. An antisense or sense oligonucleotide may
be delivered into a cell containing its target nucleic acid using an oligonucleotide-carrier
complex, or a liposomal formulation, as described herein.

Crosslinkable and cleavable peptides

Crosslinkable peptides of this invention include those having the structure shown

in Formula I:
A-B  Formula I

where A is a peptide of from two to about 16 amino acid residues which may
contain a cationic binding region, and B is a crosslinkable group, wherein A contains one
or more positively charged residues at pH 7.

Examples of B include cysteine.

Other examples of B include organic groups having up to 1000 atoms, a
bifunctional linker, a bifunctional crosslinker, a heterobifunctional linker, a carbamate,
and an ester.

Examples of A include cationic peptides.

Examples of A include cationic peptides having the structure shown in Formula II:

(Xalall)m—(Xalalz)n—(Xalal3)o—(Xalal4)p Formula II
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where Xaa is an amino acid residue, each of Xaal, Xaaz, Xaa3, and Xaa* are
independently selected amino acid residues which are the same or different, each of m, n,
0, and p is from zero to four provided that the sum of m, n, 0, and p is two or more,
wherein one or more of Xaa', Xaa®, Xaa’, and Xaa' is a positively charged residue at pH
7.

Cationic peptides can be prepared where, for example, a residue of A has a basic
side chain. Examples of amino acids having a basic side chain include arginine (Arg),
homoarginine (homoArg) (side chain —(CH,)sNH(C=NH)NH,), norarginine (norArg)
(side chain —(CH,),NH(C=NH)NH,), nor-norarginine (nornorArg) (side chain
-(CH,)NH(C=NH)NHs), ornithine, lysine, homolysine, histidine, 1-methylhistidine,
pyridylalanine (Pal), asparagine, N-ethylasparagine, glutamine, and
4-aminophenylalanine, and side chain modified derivatives thereof.

As used herein, the term “homo,” when referring to an amino acid, means that an
additional carbon is added to the side chain, while the term “nor,” when referring to an
amino acid, means that a carbon is subtracted from the side chain. Thus, homolysine
refers to side chain—(CH,)sNH,.

Cationic peptides can also be prepared where the side chain of a residue contains
an ionizable group or substituent.

In some embodiments, the cationic residue is NG—methylarginine, symmetric or
asymmetric NG,NG—dimethylarginine, NG—methyl—homoarginine, symmetric or
asymmetric NG,NG—dimethyl—homoarginine, NG—methyl—norarginine, symmetric or
asymmetric NG,NG—dimethyl—norarginine, or NG—methyl—nor—norarginine, symmetric or
asymmetric N% N°-dimethyl-nor-norarginine.

In some embodiments, the cationic residue is NG—ethylarginine, symmetric or
asymmetric N° N diethylarginine, N%-ethyl-homoarginine, symmetric or asymmetric
N9 N diethyl-homoarginine, N®-ethyl-norarginine, symmetric or asymmetric N% N°-
diethyl-norarginine, or NG—ethyl—nor—norarginine, symmetric or asymmetric N NC-
diethyl-nor-norarginine.

In certain embodiments, the cationic residue is NG—alkylarginine, symmetric or
asymmetric NG,NG—dialkylarginine, NG—alkyl—homoarginine, symmetric or asymmetric
NG,NG—dialkyl—homoarginine, NG—alkyl—norarginine, symmetric or asymmetric N N°-
dialkyl-norarginine, or NG—alkyl—nor—norarginine, symmetric or asymmetric N NC-

dialkyl-nor-norarginine.
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Thr Ala Qu Gu Lys Ala Ala Val 88 Vval Thr Ala Leu Trp Ay Lys Val 89
Hs Leu Thr Pro Qu GQu 90 Leu Ay Arg Leu Leu Val Val Tyr
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In some embodiments, the cationic residue is an amino acid having a guanidine-
or amidine-containing side chain. For example, the side chain of the Xaa residue may
contain a group such as guanido, amidino, dihydroimidazole, 4-guanido-phenyl,
4-amidino-phenyl, N-amidino-piperidine, N-amidino-piperazine, 4,5-dihydroimidazole,

5 2-(N-amidino)-pyrrolidinyl, or 4-[(2-aminopyrimidinyl)]ethyl.
Examples of cationic residues may have side chains that include the following

structures, as well as their salt forms:

H,N

R £

O O

N
2 /\/\ ~
e >_N/_\N_\<SS\ E\ZI_E <SS

HN N
10
Cleavable peptides of this invention include those which are dimers of the
structure shown in Formula I, for example, the dimer A-B-B-A, wherein the linker groups
B are capable of linking to each other, and where the linkage -B-B- can be cleaved.
15 For example, the dimer A-B-B-A may be A-B-(S-S)-B-A where (S-S) is a

disulfide linkage.
Other examples of linkage -B-B- include organic groups having up to 1000 atoms,

a linkage formed with a bifunctional linker, a linkage formed with a bifunctional
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91 Leu Ay Arg Leu Leu Val Val Tyr 92 Ay Arg Leu Leu Val Val Tyr Pro 93
Gy Arg Leu Leu Val Val Tyr Pro 94 Val Thr Ala Phe Trp Ay Lys
WO 2010/045512 PCT/US2009/060930

crosslinker, a linkage formed with a heterobifunctional linker, a hydrzone linker, a
carbamate linkage, and an ester linkage.
Crosslinkable peptides of this invention include those having the structure shown

in Formula II:

B-A-B Formula IT

where A is a peptide of from about two to about 16 amino acid residues, and B is
a crosslinkable group as defined above, wherein A contains one or more positively
10 charged residues at pH 7.
Examples of B include cysteine.
Examples of A include cationic peptides.
Cleavable peptides of this invention include those which are dimers, trimers, or
multimers of the structure shown in Formula II, for example, the dimer B-A-B-B-A-B,
15  and the multimer -(B-A-B),-, wherein the linker groups B are capable of linking to each
other, and where the linkage -B-B- can be cleaved. Some of these cleavable peptides
remain crosslinkable because they retain a crosslinkable group at each terminus.
Examples of cationic binding regions suitable for preparation of peptides of this
disclosure are shown in Table 4. A crosslinkable peptide of this disclosure may have a
20  binding region shown in Table 4 with a cysteine attached at either the N-terminus or the
C-terminus of the peptide shown in Table 4. A crosslinkable peptide of this disclosure

may form a dimer.

Table 4: Binding regions for preparation of peptides

SEQ ID NO: BINDING REGION

195 GRKKRRQRRRPPQ

196 KKKRKV

197 KKKRKVKKKRKV

198 GRKKRR

199 RRRPPQ

200 WKKKK

201 RRRPPQH

202 KKRRQH
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97 Phe d u Ser

95 Thr A n Arg Phe Phe du Ser

WO 2010/045512

Phe 96 Thr A n Arg Phe Phe du Ser

Phe Ay Asp Leu Ser 98 Phe Qu Ser Phe Ay Asp
PCT/US2009/060930
SEQ ID NO: BINDING REGION
203 RRR
204 RRRR
205 RRRRR
206 KKK
207 RRRRWW
208 RRRWW
209 RRWW
210 KKWW
211 KKKWW
212 WHHRRKK
213 RRKKHHWW
214 KKRRW
215 KKRRHW
216 KKRRHHW
217 KKRRQ
218 KKRRQ
219 GRKKRRQ
220 QGRKKRR
221 RRH
222 RRRH
223 RRRRH
224 RRRRRH
225 KKH
226 KKKH
227 HWKKRR
228 HWKKRR
229 PPHRRR
230 PPHRRR
231 GRKKRRVRRRPPQ
232 WWHHKKRRGGRRKKHHWW
233 WWHHKKRR
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Leu Ser 99 Lys Gy Thr Phe Ala Thr Leu Ser 100 Thr Ala Leu Trp Gy Lys Va
Asn 101 Ala Asp Ala Val Met Asn Asn Pro 102 Val Qu Ala Leu Tyr
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SEQ ID NO: BINDING REGION

234 YYHHKKRR
235 RRKKHHYY
236 VQAAIDYING
237 WWRRHH
238 HHRRWW
239 YYRRHH
240 HHRRYY
241 WWRRR
242 RRRWW
243 YYRRR
244 RRRYY
245 WWRRRHH
246 HHRRRWW
247 YYRRRHH
248 HHRRRYY
249 WWRRRR
250 RRRRWW
251 YYRRRR
252 RRRRYY
253 WWRRRRHH
254 HHRRRRWW
255 YYRRRRHH
256 HHRRRRYY
257 WWHH-Orn-0Orn—-RR
258 WWHHHRRR
259 WWHHHRRR
260 WWWHHHHRRR
261 WWWKKRRR
262 KKKWRRW
263 WRRRWRR
264 WWHHKKRR
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Leu Val Cya 103 Ala Leu Tyr Leu Val Cya Ay GQu 104 Gu Arg Ay Phe Phe Tyr
Thr Pro 105 Arg Leu Arg Ala Tyr Leu Leu Pro 106 Leu Lys Phe Leu

WO 2010/045512 PCT/US2009/060930
SEQ ID NO: BINDING REGION

265 WWCHHKKCRR

266 WWHHHRRR

267 WWHHCKKRR

268 WWHHKKCRR

269 RRWWKKHH

270 WWHHKKKK

271 WWHHRRRR

272 RRRRHH

273 HHKKKK

274 HHRRRR

275 YYRRRRHH

276 YYKKKKHH

Examples of cleavable peptides of this disclosure are shown in Table 5.

Table 5: Cleavable Peptides

SEQ ID NO: PEPTIDE
277 GRKKRRV-Cit—-RRRPPQ
278 GRKKRRV-C1it—-RRKKRG
279 RRRPPQV-Cit-PPRRR
280 RRKKRGV—C1it—-GRKKRR
281 QPPRRRV—-Cit—RRRPFQ
282 WKKKKV—C1it—KKKKW
283 KKKKWV—-C1it-WKKKK
284 HQPPRRRV-Cit—-RRRPPQH
285 QPPRRRV-Cit—RRRPPQ
286 HQRRKKV—C1it—-KKRRQH
287 RRV-Cit-RR
288 RRRV-Cit—-RRR
289 RRRRV—-Cit—-RRRR
290 RRRRRV—-C1it—-RRRRR
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Ser

Asn Val Leu Ser 107 Ser A n Arg Tyr Lys Val Asp Tyr 108 Lys Val Asp Tyr
A@n Ser 109 Ser Ay Ay Lys Met Lys Val Asn 110 Arg Pro Phe
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SEQ ID NO: PEPTIDE
291 KKV-Cit—KK
292 KKKV-Cit-KKK
293 KKKKV—-Cit—-KKKK
294 KKKKKV—-C1it-KKKKK
295 WWRRRRV—-C1it—RRRRWW
296 WWRRRV—-C1it—RRRWW
297 WWRRV-Cit—-RRWW
298 WWKKV—C1it—KKWW
299 WWKKKV—C1t—KKKWW
300 WWKKKKV-C1t-KKKKWW
301 KKRRHHWV-Cit-WHHRRKK
302 WWHHKKRRV—C1it—-RRKKHHWW
303 WRRKKV—C1it—KKRRW
304 WHRRKKV-C1it-KKRRHW
305 WHHRRKKV—Cit-KKRRHHW
306 QRRKKV—-Cit—-KKRRQ
307 KKRRQV—-C1it—-QRRKK
308 RRKKRGV—C1it—-GRKKRR
309 GRKKRRV—-Cit—-RRKKRG
310 QRRKKRGV-C1it-GRKKRRQ
311 QGRKKRRV-Cit-RRKKRGQ
312 HRRV-Cit—-RRH
313 HRRRV—-Cit—-RRRH
314 HRRRRV-Cit—-RRRRH
315 HRRRRRV—-C1it—-RRRRRH
316 HKKV-Cit—-KKH
317 HKKKV-Cit-KKKH
318 HKKKKV—-Cit—-KKKKH
319 HKKKKKV—-C1it-KKKKKH
320 HWKKRRV—-C1it—-RRKKWH
321 RRKKWHV-C1it-HWKKRR
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SEQ ID NO: PEPTIDE
322 PPHRRRV-Cit—-RRRHPP
323 RRRHPPV-Cit-PPHRRR
324 YYHHKKRRC—-disulfide—-CRRKKHHYY
325 YYHHKKRRV—-Cit—RRKKHHYY
326 WWRRC—-disulfide—CRRWW
327 WWRRV-Cit—RRWW
328 YYRRC-disulfide—-CRRYY
329 YYRRV-Cit-RRYY
330 WWRRHHC-disulfide—-CHHRRWW
331 WWRRHHV-Cit-HHRRWW
332 YYRRHHC-disulfide-CRRHHYY
333 YYRRHHV-Cit-RRHHYY
334 WWRRRC—disul fide-CRRRWW
335 WWRRRV—-C1it-RRRWW
336 YYRRRC-disulfide—CRRRYY
337 YYRRRV-Cit—RRRYY
338 WWRRRHHC-disulfide—CHHRRRWW
339 WWRRRHHV-Cit—-HHRRRWW
340 YYRRRHHC-disulfide—-CRRRHHYY
341 YYRRRHHV-Cit-RRRHHYY
342 WWRRRRC—disul fide—CRRRRWW
343 WWRRRRV-Cit-RRRRWHW
344 YYRRRRC—disulfide-CRRRRYY
345 YYRRRRV—-Cit-RRRRYY
346 WWRRRRHHC—-disulfide-CHHRRRRWW
347 WWRRRRHHV—Cit—-HHRRRRWW
348 YYRRRRHHC—-disulfide—CRRRRHHYY
349 YYRRRRHHV-Cit—RRRRHHYY
350 WWHHKKRRWV—Cit -WRRKKHHWHW
351 WWHH-Orn-0rn—-RRV-Cit-RR-0rn—-Orn—HHWW
352 WWHHC-disulfide—CKKRR
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As used herein, amino acid names and designations refer to any stereoisomer of
the corresponding amino acid.

In Table 5, a group which is internal to the peptide sequence may provide a
cleavage site. For example, an internal cleavage site can be a disulfide bond or a Val-Cit

5  linkage.

Examples of cleavable linkages include Phe-Lys, Val-Cit, Ala-Leu, Leu-Ala-Leu,
and Ala-Leu-Ala-Leu (SEQ ID NO: 376), as described in U.S. Pat. Publ. No.
20080166363.

Routes of administration

10 The active agent compositions of this disclosure may be used in pharmaceutical
compositions. Administration of liposomal formulations of this disclosure to a subject
may be parenteral, oral, by inhalation, topical, mucosal, rectal, or buccal. Parenteral use
includes subcutaneous, intracutaneous, intravenous, intramuscular, intraarticular,
intrasynovial, intrastemal, intrathecal, intralesional, and intracranial injection or infusion

15  techniques.

Effective amount

An effective amount of an active agent composition of this disclosure for treating
a particular disease is generally an amount sufficient to ameliorate or reduce a symptom
of the disease. An effective amount of an active agent composition of this disclosure may
20  be an amount sufficient to cause any biological effect attributed to the agent. The
composition may be administered as a single dosage, or may be administered by repeated
dosing.

DILLA2 amino acid liposome-forming compounds

Liposomal compositions of this disclosure may include one or more DIILA2 amino
25  acid compounds which are disclosed in US 2008-0317839 Al.

DILA?2 amino acid compounds are synthetic organic compounds that may form
liposomal structures under certain conditions. DILLA2 amino acid compounds may be
formed by substituting a delivery-enhancing or lipophilic tail at either the N-terminus or
the C-terminus of an amino acid, or at both termini. In some embodiments, the amino

30  acid core may include one or more amino acids, or may be a peptide of 2-20 amino acid
residues.

DILA2 amino acid compounds can be cationic or non-cationic, where
non-cationic includes neutral and anionic. As used herein, the physical state or ionicity of

a species refers to an environment having pH about 7, unless otherwise specified.
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In some aspects, DILLA2 amino acid compounds may provide delivery of a
therapeutic agent in a releasable form. Releasable forms and compositions are designed
to provide sufficient uptake of an agent by a cell to provide a therapeutic effect.

Releasable forms include DIILA2 amino acid compounds that bind and release an

5  active agent. In some embodiments, release of the active agent may be provided by an
acid-labile linker.

Examples of acid-labile linkers include linkers containing an orthoester group, a
hydrazone, a cis-acetonyl, an acetal, a ketal, a silyl ether, a silazane, an imine, a citriconic
anhydride, a maleic anhydride, a crown ether, an azacrown ether, a thiacrown ether, a

10  dithiobenzyl group, a cis-aconitic acid, a cis-carboxylic alkatriene, methacrylic acid, and
mixtures thereof.

Examples of acid-labile groups and linkers are given in U.S. Patent Nos.
7,098,032; 6,897,196; 6,426,086; 7,138,382; 5,563,250; and 5,505,931.

Releasable forms of compounds and compositions of this disclosure include

15  molecules that bind an active agent and discharge a moiety that assists in release of the
agent. In some embodiments, a DILLA2 amino acid compound may include a group which
releases a small molecule such as ethanol that assists in delivering an agent to a cell. A
DILLA2 amino acid compound may bind an active agent and, subsequent to contact with a
cell, or subsequent to transport within a biological compartment having a local pH lower

20  than physiological pH, be hydrolyzed in an acidic environment to release ethanol to assist
in delivery of the agent. In some embodiments, a small molecule such as ethanol, which
assists in delivery of the agent, may be bound to a lipophilic component.

In some embodiments, a DILLA2 amino acid compound may be admixed with a
compound that releases a small molecule such as ethanol to assists in delivering an agent

25 toacell

Releasable forms of compounds and compositions of this disclosure include
DILA2 amino acid compounds which may bind an active agent and, subsequent to
contact with a cell, or subsequent to transport within a biological compartment having a
local pH lower than physiological pH, be modulated in an acidic environment into a

30  cationic form to assist in release of the agent.

In some embodiments, a DILLA2 amino acid compound may bind an active agent,

and may be admixed with a compound that can be modulated in an acidic environment

into a cationic form to assist in release of an active agent.
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Examples of hydrolysable and modulatable groups are given in U.S. Patent Nos.
6,849,272; 6,200,599; as well as 7. H. Huang and I. C. Szoka, “Bioresponsive liposomes
and their use for macromolecular delivery,” in: G. Gregoriadis (ed.), Liposome
Technology, 3rd ed. (CRC Press 2006).

5 In some embodiments, releasable forms of compounds and compositions of this
disclosure include DILLA2 amino acid compounds which can bind an active agent, and
may be admixed with a lipid or compound that can be modulated in an acidic
environment into a neutral form to assist in release of an active agent. The acidic
environment may be entered subsequent to contact with a cell, or subsequent to transport

10 within a biological compartment having a local pH lower than physiological pH.

Examples of compounds which are modulatable from anionic to neutral forms
include cholesteryl hemisuccinate (CHEMS) as described in U.S. Patent Nos. 6,897,196;
6,426,086; and 7,108,863. In some examples, CHEMS exhibits pH sensitive
polymorphism as described in Cullis, 1463 Biochimica et Biophysica Acta 107-14

15 (2000).

In some embodiments, releasable forms of compounds and compositions of this
disclosure include DILLA2 amino acid compounds which can bind an active agent, and
may be admixed with a pH-sensitive polymeric material.

Examples of pH-sensitive polymeric materials are given in U.S. Patent No.

20 6,835,393.

In some embodiments, release of the active agent may be provided by an enzyme-
cleavable peptide.

In some aspects, this disclosure provides a range of DIILA2 amino acid

compounds as shown in Formula I:

25
R*-(C=0)-Xaa-Z-R* Formula I
wherein
Xaa is any D- or L-amino acid residue having the general formula
—NRN—CRle—(C:O)—, or a peptide of 2-20 amino acid residues, wherein
30 R'isa non-hydrogen, substituted or unsubstituted side chain of an amino

acid;
2. . .
R” is hydrogen, or an organic group consisting of carbon, oxygen,

nitrogen, sulfur, and hydrogen atoms, and having from 1 to 20 carbon
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atoms, or C(1-5)alkyl, cycloalkyl, cycloalkylalkyl, C(3-5)alkenyl, C(3-
S)alkynyl, C(1-5)alkanoyl, C(1-5)alkanoyloxy, C(1-5)alkoxy, C(1-
S)alkoxy-C(1-5)alkyl, C(1-5)alkoxy-C(1-5)alkoxy, C(1-
5)alkyl-amino-C(1-5)alkyl-, C(1-5)dialkyl-amino-C(1-5)alkyl-, nitro-
5 C(1-5)alkyl, cyano-C(1-5)alkyl, aryl-C(1-5)alkyl, 4-biphenyl-C(1-
S)alkyl, carboxyl, or hydroxyl,
RN is hydrogen, or an organic group consisting of carbon, oxygen,
nitrogen, sulfur, and hydrogen atoms, and having from 1 to 20 carbon
atoms, or C(1-5)alkyl, cycloalkyl, cycloalkylalkyl, C(3-5)alkenyl, C(3-
10 S)alkynyl, C(1-5)alkanoyl, C(1-5)alkanoyloxy, C(1-5)alkoxy, C(1-
S)alkoxy-C(1-5)alkyl, C(1-5)alkoxy-C(1-5)alkoxy, C(1-
5)alkyl-amino-C(1-5)alkyl-, C(1-5)dialkyl-amino-C(1-5)alkyl-, nitro-
C(1-5)alkyl, cyano-C(1-5)alkyl, aryl-C(1-5)alkyl, 4-biphenyl-C(1-
S)alkyl, carboxyl, or hydroxyl,

15 R’isa lipophilic tail derived from a naturally-occurring or synthetic phospholipid,
glycolipid, triacylglycerol, glycerophospholipid, sphingolipid, ceramide,
sphingomyelin, cerebroside, or ganglioside; or a substituted or unsubstituted
C(3-22)alkyl, C(6-12)cycloalkyl, C(6-12)cycloalkyl-C(3-22)alkyl, C(3-
22)alkenyl, C(3-22)alkynyl, C(3-22)alkoxy, or C(6-12)alkoxy-C(3-22)alkyl;

20 or a lipophilic tail of any other naturally-occurring or synthetic lipid, or a
lipophilic tail of any one of the lipids described hereinbelow, and may contain
a steroid;

R* is a lipophilic tail derived from a naturally-occurring or synthetic phospholipid,
glycolipid, triacylglycerol, glycerophospholipid, sphingolipid, ceramide,

25 sphingomyelin, cerebroside, or ganglioside; or substituted or unsubstituted
C(3-22)alkyl, C(6-12)cycloalkyl, C(6-12)cycloalkyl-C(3-22)alkyl, C(3-
22)alkenyl, C(3-22)alkynyl, C(3-22)alkoxy, or C(6-12)alkoxy-C(3-22)alkyl;
or a lipophilic tail of any other naturally-occurring or synthetic lipid, or a
lipophilic tail of any one of the lipids described hereinbelow, and may contain

30 a steroid;

7 is NH, O, S, -CH,S-, -CH,S(O)-, or an organic linker consisting of 1-40 atoms
selected from hydrogen, carbon, oxygen, nitrogen, and sulfur atoms;

and salts thereof.
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In some embodiments, R? is independently a substituted or unsubstituted C(6-
22)alkyl or C(6-22)alkenyl; R*is independently a substituted or unsubstituted C(6-
22)alkyl or C(6-22)alkeny]l.

The residue Xaa may be a D- or L-stereocenter.

5 In some embodiments, Rlisa non-hydrogen, substituted or unsubstituted side
chain of an amino acid wherein a substituent of a side chain is an organic group
consisting of 1 to 40 atoms selected from hydrogen, carbon, oxygen, nitrogen, and sulfur
atoms.

In some embodiments, Z is an alkyl or an organic linker synthetic polymer such as

10 apolyethylene glycol chain (PEG), or a PEG copolymer such as PEG-polyurethane or

PEG-polypropylene. See, e.g., J. Milton Harris, Poly(ethylene glycol) chemistry:
biotechnical and biomedical applications (1992).

In some embodiments, this invention provides a range of DILLA2 amino acid

compounds as shown in Formula [ above wherein:

15 Xaa is any D- or L-amino acid having the general formula ~NRM-CR'R*-(C=0)-,
wherein

R'isa non-hydrogen, substituted or unsubstituted basic side chain of an
amino acid;
R” is hydrogen, or C(1-5)alkyl,

20 RV is hydrogen, or C(1-5)alkyl,

R’isa lipophilic tail derived from a naturally-occurring or synthetic phospholipid,
glycolipid, triacylglycerol, glycerophospholipid, sphingolipid, ceramide,
sphingomyelin, cerebroside, or ganglioside; or a substituted or unsubstituted
C(3-22)alkyl, C(6-12)cycloalkyl, C(6-12)cycloalkyl-C(3-22)alkyl, C(3-

25 22)alkenyl, C(3-22)alkynyl, C(3-22)alkoxy, or C(6-12)alkoxy-C(3-22)alkyl;
or a lipophilic tail of any other naturally-occurring or synthetic lipid, or a
lipophilic tail of any one of the lipids described hereinbelow, and may contain
a steroid;

R'isa lipophilic tail derived from a naturally-occurring or synthetic phospholipid,

30 glycolipid, triacylglycerol, glycerophospholipid, sphingolipid, ceramide,
sphingomyelin, cerebroside, or ganglioside; or substituted or unsubstituted
C(3-22)alkyl, C(6-12)cycloalkyl, C(6-12)cycloalkyl-C(3-22)alkyl, C(3-
22)alkenyl, C(3-22)alkynyl, C(3-22)alkoxy, or C(6-12)alkoxy-C(3-22)alkyl;

or a lipophilic tail of any other naturally-occurring or synthetic lipid, or a
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lipophilic tail of any one of the lipids described hereinbelow, and may contain
a steroid;
7. is NH, O, S, -CH,S-, -CH,S(O)-, or an organic linker consisting of 1-40 atoms

selected from hydrogen, carbon, oxygen, nitrogen, and sulfur atoms.

5 In some embodiments, this invention provides a range of DILLA2 amino acid
compounds as shown in Formula I above wherein:

Xaa is any D- or L-amino acid having the general formula ~NRM-CR'R?*-(C=0)-,
wherein

R' is a non-hydrogen, substituted or unsubstituted basic side chain of an
10 amino acid;

R? is hydrogen, or C(1-5)alkyl,

R is hydrogen, or C(1-5)alkyl,

R’ is a substituted or unsubstituted C(3-22)alkyl, C(6-12)cycloalkyl, C(6-
12)cycloalkyl-C(3-22)alkyl, C(3-22)alkenyl, C(3-22)alkynyl, C(3-22)alkoxy,

15 or C(6-12)alkoxy-C(3-22)alkyl;

R* is a substituted or unsubstituted C(3-22)alkyl, C(6-12)cycloalkyl, C(6-
12)cycloalkyl-C(3-22)alkyl, C(3-22)alkenyl, C(3-22)alkynyl, C(3-22)alkoxy,
or C(6-12)alkoxy-C(3-22)alkyl;

7. is NH, O, S, -CH,S-, -CH,S(O)-, or an organic linker consisting of 1-40 atoms

20 selected from hydrogen, carbon, oxygen, nitrogen, and sulfur atoms.

In some embodiments, this invention provides a range of DILLA2 amino acid
compounds as shown in Formula I above wherein:
Xaa is any D- or L-amino acid having the general formula -NRN-CR'R*-(C=0)-,
wherein
25 R! is a non-hydrogen, substituted or unsubstituted basic side chain of an
amino acid;
R” is hydrogen, or C(1-5)alkyl,
R is hydrogen, or C(1-5)alkyl,
R’ is a substituted or unsubstituted C(3-22)alkyl, C(6-12)cycloalkyl, C(6-
30 12)cycloalkyl-C(3-22)alkyl, C(3-22)alkenyl, C(3-22)alkynyl, C(3-22)alkoxy,
or C(6-12)alkoxy-C(3-22)alkyl;
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R* is a substituted or unsubstituted C(3-22)alkyl, C(6-12)cycloalkyl, C(6-
12)cycloalkyl-C(3-22)alkyl, C(3-22)alkenyl, C(3-22)alkynyl, C(3-22)alkoxy,
or C(6-12)alkoxy-C(3-22)alkyl;

7.is NH.

5 In some embodiments, this invention provides a range of DILLA2 amino acid
compounds as shown in Formula I above wherein:

Xaa is any D- or L-amino acid having the general formula ~NRM-CR'R?*-(C=0)-,
wherein

R' is a non-hydrogen, substituted or unsubstituted basic side chain of an
10 amino acid;

R? is hydrogen, or C(1-5)alkyl,

R is hydrogen, or C(1-5)alkyl,

R’ is a substituted or unsubstituted C(3-22)alkyl, C(6-12)cycloalkyl, C(6-
12)cycloalkyl-C(3-22)alkyl, C(3-22)alkenyl, C(3-22)alkynyl, C(3-22)alkoxy,

15 or C(6-12)alkoxy-C(3-22)alkyl;

R* is a substituted or unsubstituted C(3-22)alkyl, C(6-12)cycloalkyl, C(6-
12)cycloalkyl-C(3-22)alkyl, C(3-22)alkenyl, C(3-22)alkynyl, C(3-22)alkoxy,
or C(6-12)alkoxy-C(3-22)alkyl;

Z.1s O.

20 Cationic DILLA2 amino acid compounds can be prepared where, for example, Xaa
has a basic side chain. Examples of amino acids having a basic side chain include
arginine (Arg), homoarginine (homoArg) (side chain —(CH,)sNH(C=NH)NH,),
norarginine (norArg) (side chain —(CH,),NH(C=NH)NH,), nor-norarginine (nornorArg)
(side chain -(CH,)NH(C=NH)NH3), ornithine, lysine, homolysine, histidine, 1-

25  methylhistidine, pyridylalanine (Pal), asparagine, N-ethylasparagine, glutamine, and
4-aminophenylalanine, and side chain modified derivatives thereof.

As used herein, the term “homo,” when referring to an amino acid, means that an
additional carbon is added to the side chain, while the term “nor,” when referring to an
amino acid, means that a carbon is subtracted from the side chain. Thus, homolysine

30  refers to side chain—(CH,)sNHo,.

Anionic DILLA2 amino acid compounds can be prepared where, for example, Xaa

is glutamate or aspartate.
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Tyr

10

15

20

25

Phe Val Lys Ser Ay 141 Qu Ile Asp Ser Phe Val Lys Ser 142 Lys

Gn Leu Lys 143 Ala Ser Asn Trp Tyr Phe Asn His 144

Cationic and anionic DILLA2 amino acid compounds can also be prepared where
the amino acid side chain contains an ionizable group or substituent.

Non-cationic DIILA2 amino acid compounds can be prepared where, for example,
Xaa is leucine, valine, alanine, or serine.

In some embodiments, Xaa is NG—methylarginine, symmetric or asymmetric
NG,NG—dimethylarginine, NG—methyl—homoarginine, symmetric or asymmetric N N°-
dimethyl-homoarginine, NG—methyl—norarginine, symmetric or asymmetric N9 NC-
dimethyl-norarginine, or NG—methyl—nor—norarginine, symmetric or asymmetric N9 NC-
dimethyl-nor-norarginine.

In some embodiments, Xaa is NG—ethylarginine, symmetric or asymmetric N NC-
diethylarginine, N®-ethyl-homoarginine, symmetric or asymmetric N9 Ndiethyl-
homoarginine, N-ethyl-norarginine, symmetric or asymmetric N°,N-diethyl-
norarginine, or N%-ethyl-nor-norarginine, symmetric or asymmetric N, N®-diethyl-nor-
norarginine.

In certain embodiments, Xaa is NG—alkylarginine, symmetric or asymmetric
N9 N dialkylarginine, N%-alkyl-homoarginine, symmetric or asymmetric N N%-dialkyl-
homoarginine, NG—alkyl—norarginine, symmetric or asymmetric NG,NG—dia]kyl—
norarginine, or NG—alkyl—nor—norarginine, symmetric or asymmetric NG,NG—dialkyl—nor—
norarginine.

In some embodiments, Xaa is an amino acid having a guanidine- or
amidine-containing side chain. For example, the side chain of the Xaa residue may
contain a group such as guanido, amidino, dihydroimidazole, 4-guanido-phenyl,
4-amidino-phenyl, N-amidino-piperidine, N-amidino-piperazine, 4,5-dihydroimidazole,
2-(N-amidino)-pyrrolidinyl, or 4-[(2-aminopyrimidinyl)]ethyl.

Examples of Xaa side chains include the following structures, as well as their salt

forms:
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Examples of a substituted side chain of an amino acid suitable for a releasable
form of a DILLA2 amino acid compound include a releasing functional group having a
5  pKa from about 5 to about 7.5, or from about 6 to about 7. In general, a releasing
functional group which is a weak base may exhibit a predominant neutral form at a local
pH above pKa, and may exhibit a predominant ionic form at a local pH below pKa. A
releasing functional group which is a weak acid may exhibit an ionic form at a local pH
above pKa, and may exhibit a neutral form at a local pH below pKa. See, e.g., P.
10  Heinrich Stahl, Handbook of Pharmaceutical Salts (2002).
In some embodiments, Xaa may have a side chain containing a functional group
having a pKa from 5 to 7.5.
Examples of a substituted side chain of an amino acid suitable for a releasable
form of a DILLA2 amino acid compound include 1-methylhistidine.
15 Examples of a substituted side chain of an amino acid suitable for a releasable
form of a DILLA2 amino acid compound include 3,5-diiodo-tyrosine.
Examples of a substituted side chain of an amino acid suitable for a releasable

form of a DILA2 amino acid compound include the following structures:
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Examples of DILLA2 amino acid compounds include the structures:
I

HN
HO
@)

HO 5 /

Examples of a substituent on a side chain of an amino acid suitable for a
releasable form of a DILA2 amino acid compound include releasing functional groups
derived from 3,5-diiodo-tyrosine, 1-methylhistidine, 2-Methylbutanoic acid,

10 2-0-Anisylpropanoic acid, meso-Tartaric acid, 4,6-Dimethylpyrimidinamine, p-Phthalic
acid, Creatinine, Butanoic acid, N,N-Dimethyl-1-naphthylamine, Pentanoic acid,
4-Methylpentanoic acid, N-Methylaniline, 1,10-Phenanthroline, 3-Pyridinecarboxylic
acid, Hexanoic acid, Propanoic acid, 4-Animobenzoic acid, 2-Methylpropanoic acid,
Heptanoic acid, Octanoic acid, Cyclohexanecarboxylic acid, Quinoline, 3-Quinolinamine,

15  2-Aminobenzoic acid, 4-Pyridinecarboxylic acid, Nonanic acid, Melamine, 8-Quinolinol,
Trimethylacetic acid, 6-Methoxyquinoline, 4-(Methylamino)benzoic acid, p-
Methylaniline, 3-(Methylamino)benzoic acid, Malic acid, N-Ethylaniline, 2-
Benzylpyridine, 3,6-Dinitrophenol, N,N-Dimethylaniline, 2,5-Dimethylpiperazine, p-
Phenetidine, 5-Methylquinoline, 2-Phenylbenzimidazole, Pyridine, Picolinic acid, 3,5-
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Diiodityrosine, p-Anisidine, 2-(Methylamino)benzoic acid, 2-Thiazolamine, Glutaric
acid, Adipic acid, Isoquinoline, Itaconic acid, o-Phthalic acid, Benzimidazole, Piperazine,
Heptanedioic acid, Acridine, Phenanthridine, Succinic acid, Methylsuccinic acid, 4-
Methylquinoline, 3-Methylpyridine, 7-Isoquinolinol, Malonic acid, Methymalonic acid,

5  2-Methylquinoline, 2-Ethylpyridine, 2-Methylpyridine, 4-Methylpyridine, Histamine,
Histidine, Maleic acid, cis-1,2-Cyclohexanediamine, 3,5-Dimethylpyridine, 2-
Ethylbenzimidazole, 2-Methylbenzimidazole, Cacodylic acid, Perimidine, Citric acid,
Isocitric acid, 2,5-Dimethylpyridine, Papaverine, 6-Hydroxy-4-methylpteridine, 7.-
Thyroxine, 3,4-Dimethylpyridine, Methoxypyridine, trans-1,2-Cyclohexanediamine,

10 2,5-Pyridinediamine, /-1-Methylhistidine, {-3-Methylhistidine, 2,3-Dimethylpyridine,
Xanthopterin, 1,2-Propanediamine, N,N-Diethylaniline, Alloxanic acid,
2,6-Dimethylpyridine, L-Carnosine, 2-Pyridinamine, N-b-Alanylhistidine, Pilocarpine,
1-Methylimidazol, 1H-Imidazole, 2,4-Dimethylpyridine, 4-Nitrophenol, 2-Nitrophenol,
Tyrosineamide, 5-Hydoxxyquinazoline, 1,1-Cyclopropanedicarboxylic acid,

15 2,4,6-Trimethylpyridine, Veronal, 2,3-Dichlorophenol, 1,2-Ethanediamine,
1-Isoquinolinamine, and combinations thereof,

In some embodiments, a range of DILLA2 amino acid compounds corresponding to

Formula I are represented by the structures

0 RN R? O
N
R3—cC N c|: C N R
R1
Structure 1A
20 and
| TN T2 I
R3—cC N c|: C 0 R*
R1

Structure 1B

where Rl, Rz, RN, R3, and R* are defined as above.
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P4 P3 P2 P1 P1' P2' P3'" P4' 154 Abz Phe Arg Ala Lyd NH2 155 Met Phe Leu

Au Alalle Pro Mt 156 Ala lle Pro Met Ser Ile Pro Pro
WO 2010/045512 PCT/US2009/060930

In some embodiments, R* and R* are independently selected lipophilic tails which
impart sufficient lipophilic character or lipophilicity, such as defined by water/octanol
partitioning, to provide delivery across a membrane or uptake by a cell. These tails
provide, when used in a DILLA2 amino acid compound, an amphipathic molecule.

5 Lipophilic tails may be derived from phospholipids, glycolipids, triacylglycerols,
glycerophospholipids, sphingolipids, ceramides, sphingomyelins, cerebrosides, or
gangliosides, among others, and may contain a steroid.

In certain embodiments, R? and R* may independently be a lipophilic tail having a
glycerol backbone.

10 In some embodiments, R? and R* may independently be C10alkyl, C11alkyl,
C12alkyl, C13alkyl, Cl4alkyl, C15alkyl, Cl6alkyl, C17alkyl, C18alkyl, C19alkyl,
C20alkyl, C21alkyl, or C22alkyl.

In some embodiments, R* and R* may independently be lipophilic tails having one

of the following structures:

15

N

18:2

18:1

X
P TR Ve Ve Ve
X

X
SN N NN NN 160
X

)(\/\/v\/w 14:1
X
){\/\/\/\/\/\/ 14

X

WU

In the structures above, X represents the atom of the tail that is directly attached to the

amino acid residue terminus, and is counted as one of the atoms in the numerical
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157 Cys Pro Val Thr Tyr Ay G n Cys 158 A n Ala Ser Arg Ser Phe Asn G n 159
Lys Val Phe An GQu Pro Leu Phe 160 Leu Phe Tyr Qu Ala Pro Arg
WO 2010/045512 PCT/US2009/060930

designation, for example, “18:3.” In some embodiments, X may be a carbon, nitrogen, or
oxygen atom.
In some embodiments, R* and R* may independently be lipophilic tails having one

of the following structures:

X
N NS TN NN 204
X\/\/ NS W 20:1

Phytanoyl
X

where X 1s as defined above.

In some embodiments, R* and R* are independently selected lipophilic tails which
10  may contain a cholesterol, a sterol, or a steroid such as gonanes, estranes, androstanes,
pregnanes, cholanes, cholestanes, ergostanes, campestanes, poriferastanes, stigmastanes,
gorgostanes, lanostanes, cycloartanes, as well as sterol or zoosterol derivatives of any of
the foregoing, and their biological intermediates and precursors, which may include, for
example, cholesterol, lanosterol, stigmastanol, dihydrolanosterol, zymosterol,
15  zymostenol, desmosterol, 7-dehydrocholesterol, and mixtures and derivatives thereof.

In certain embodiments, R* and R* may independently be derived from fatty acid-
like tails such as tails from myristic acid (C14:0)alkenyl, palmitic acid (C16:0)alkenyl,
stearic acid (C18:0)alkenyl, oleic acid (C18:1, double bond at carbon 9)alkenyl, linoleic
acid (C18:2, double bond at carbon 9 or 12)alkenyl, linonenic acid (C18:3, double bond at

20  carbon 9, 12, or 15)alkenyl, arachidonic acid (C20:4, double bond at carbon 5, 8, 11, or
14)alkenyl, and eicosapentaenoic acid (C20:5, double bond at carbon 5, 8, 11, 14, or
17)alkenyl. Other examples of fatty acid-like tails are found at Donald Voet and Judith
Voet, Biochemistry, 3rd Edition (2005), p. 383.

In some embodiments, R* and R* may independently be derived from an

25  isoprenoid.

As used herein, the term “amino acid” includes naturally-occurring and non-

naturally occurring amino acids. Thus, a DILLA2 amino acid compound can be made from
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Ser 161 Ala Thr Leu Thr Phe Asp His Ser 162 Pro Leu Phe Tyr Qu Ala Pro Arg
163 An dy Phe An Ay Pro Hyp Ay 164 Ay Pro Arg Ay Leu Hyp
WO 2010/045512 PCT/US2009/060930

a genetically encoded amino acid, a naturally occurring non-genetically encoded amino
acid, or a synthetic amino acid.

Examples of amino acids include Ala, Arg, Asn, Asp, Cys, Gln, Glu, Gly, His, Ile,
Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr, and Val.

5 Examples of amino acids include azetidine, 2-aminooctadecanoic acid, 2-
aminoadipic acid, 3-aminoadipic acid, 2,3-diaminopropionic acid, 2-aminobutyric acid, 4-
aminobutyric acid, 2,3-diaminobutyric acid, 2,4-diaminobutyric acid, 2-aminoisobutyric
acid, 4-aminoisobutyric acid, 2-aminopimelic acid, 2,2’-diaminopimelic acid,
6-aminohexanoic acid, 6-aminocaproic acid, 2-aminoheptanoic acid, desmosine,

10 ornithine, citrulline, N-methylisoleucine, norleucine, tert-leucine, phenylglycine,
t-butylglycine, N-methylglycine, sacrosine, N-ethylglycine, cyclohexylglycine, 4-oxo-
cyclohexylglycine, N-ethylasparagine, cyclohexylalanine, t-butylalanine,
naphthylalanine, pyridylalanine, 3-chloroalanine, 3-benzothienylalanine, 4-
halophenylalanine, 4-chlorophenylalanine, 2-fluorophenylalanine, 3-fluorophenylalanine,

15  4-fluorophenylalanine, penicillamine, 2-thienylalanine, methionine, methionine sulfoxide,
homoarginine, norarginine, nor-norarginine, N-acetyllysine, 4-aminophenylalanine,
N-methylvaline, homocysteine, homoserine, hydroxylysine, allo-hydroxylysine, 3-
hydroxyproline, 4-hydroxyproline, isodesmosine, allo-isoleucine, 6-N-methyllysine,
norvaline, O-allyl-serine, O-allyl-threonine, alpha-aminohexanoic acid, alpha-

20  aminovaleric acid, and pyroglutamic acid.

As used herein, the term “amino acid” includes alpha- and beta- amino acids.

Other amino acid residues can be found in Fasman, CRC Practical Handbook of
Biochemistry and Molecular Biology, CRC Press, Inc. (1989).

In general, a compound may contain one or more chiral centers. Compounds

25  containing one or more chiral centers may include those described as an "isomer," a
"stereoisomer," a "diastereomer," an "enantiomer," an "optical isomer," or as a "racemic
mixture.” Conventions for stereochemical nomenclature, for example the stereoisomer
naming rules of Cahn, Ingold and Prelog, as well as methods for the determination of
stereochemistry and the separation of stereoisomers are known in the art. See, for

30 example, Michael B. Smith and Jerry March, March’s Advanced Organic Chemistry, Sth
edition, 2001. The compounds and structures of this disclosure are meant to encompass
all possible isomers, stereoisomers, diastereomers, enantiomers, and/or optical isomers
that would be understood to exist for the specified compound or structure, including any

mixture, racemic or otherwise, thereof.
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Gy Pro 165 Ay Pro Hyp Gy Ala Hyp Ay Pro 166 Arg Leu Val Ay Gy Pro Met
Asp 167 Thr Ay Leu Arg Asp Pro Phe Asn 168 Lys Ile Leu His Leu
WO 2010/045512 PCT/US2009/060930

Examples of DILLA2 amino acid compounds include R3—(C:O)—Arg—NH—R4
wherein Arg is D- or L-arginine, and R’ and R” are independently alkyl or alkenyl.

Examples of DILLA2 amino acid compounds include the following structures:

HN NH
s NH,CI

Examples of DILLA2 amino acid compounds include the following structures:

NH, OH
/||||||||H|||||||II(CH2)14CH3
0 H H
0)

NH

HN
NH
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Pro Thr Ser 169 Ala His Leu Lys Asn Ser An GQu 170 Ile A n dn Lys Ile Leu
H s Leu 171 Ala Pro Leu Thr Ala Qu Ile dn 172 Ile Met Phe Thr
WO 2010/045512 PCT/US2009/060930

NH, OH
/||||||||| IIIIIICIIIIICH=CHI|“(CH2)12CH3
H
0 H ?
O

HN NH
H2N—< o)
NH

Examples of DILLA2 amino acid compounds include the following structures:

Ve Ve U U NN\

HN

e
HN NH

o _§NH O=<o
V\O

O

VSV N Ve S g

HN

Examples of DILLA2 amino acid compounds include R3—(C:O)—norArg—NH—R4
wherein norArg is D- or L-norarginine, and R* and R* are independently alkyl or alkenyl.

Examples of DILLA2 amino acid compounds include the following structures:
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Ser Leu Pro Leu 173 Cap Leu CyB AMC 174 Cap Leu Phe AMC 175 Cap

Leu ThB AMC WO 2010/ 045512PCT/ US2009/ 060930 SEQ I D NO
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PN e S Y N

(\(KO
H-N NH HN
2 \"/ jl/\/\/\/\/\/\/\/\/
NH (0]
T N SV . g N
@]
H-N NH HN
2 \"/ vaw
NH,* 0]

>N\"/NH HNMA/\/\/
5 NH o)
I e e e Ve e e N

@]
HZNYNH HN\[(\/\/\/\/\/\/\/\/
/NH 0]

TN e e e VY e e e N

0

—NYNH HN\"/\/\/\/\/\/\/\/\/
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P4 P3 P2 P1 P1' P2' P3'" P4'" 176 Qu H's Tyr Gn Lys Lys Phe Lys 177 Phe
Val Asn Gn H's Leu Cya 178 H's Leu Val Gu Ala Leu Tyr Leu
WO 2010/045512 PCT/US2009/060930

0
— N _N_ HN
AN \[r\/\/\/\/\/\/\/\/
NH 0
P P P S V2 N 7
0
_N\rNH HN\[(\/\/\/\/\/\/\/\/
NH 0
s
TN N V9 V. V2 N
0
_N\rNH HN\[(\/\/\/\/\/\/\/\/
PN 0

\/NH HN
Y \[(\/\/\/\/\/\/\/\/

; 2%

Examples of DILLA2 amino acid compounds include R*-(C=0)-nornorArg-NH-R*
wherein nornorArg is D- or L-nor-norarginine, and R® and R* are independently alkyl
such as heptyl, octyl, nonyl, decyl, and undecyl.

Examples of DILLA2 amino acid compounds include the following structures:

10
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179 Ala Leu Tyr Leu Val Cya Gy GQu 180 Arg Ay Phe Phe Tyr Thr Pro Lys 181
Gy Phe Phe Tyr Thr Pro Lys Ala 182 His Ser Lys Ille lle lle lle
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HN

HZN/\/KO

HNY\/\/\/\/\/\/\/\/

0]

HN

Examples of DILLA2 amino acid compounds include R3—(C:O)—homoArg—NH—R4
wherein homoArg is D- or L-homoarginine, and R and R* are independently alkyl such
as heptyl, octyl, nonyl, decyl, and undecyl.

Examples of DILLA2 amino acid compounds include

10  R’-(C=0)-4-pyridylalanine-NH-R* wherein the pyridylalanine is D- or L-pyridylalanine,
and R’ and R* are independently alkyl such as heptyl, octyl, nonyl, decyl, and undecyl.
Examples of R’-(C=0)-pyridylalanine-NH-R* DILA2 amino acid compounds include
pharmaceutically-acceptable pyridyl salts, such as 4-[N-methylpyridyl]alanine chloride.
Examples of pyridylalanine DILLA2 amino acid compounds include the following

15 structures:
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Lys 183 Val Leu Pro Arg Ser Ala Lys Qu 184 Au Ala Tyr Arg Arg Phe Tyr Gy
185 Gn Trp Leu Ay Ala Pro Val Pro 186 Leu Ser Leu Ala H's Thr
WO 2010/045512 PCT/US2009/060930

- f\/\/\/\/\/\/
\/ 0

Examples of DILLA2 amino acid compounds include R3—(C:O)—Lys—NH—R4
wherein R and R* are independently alkyl or alkenyl.

5 Examples of DILLA2 amino acid compounds include the following structures:

2N \"/\/\/\/\/\/\/\/\/
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Hs Gn 187 Lys Leu Leu Ala Val Ser Ay Pro 188 G n Leu Phe Arg Arg Al a Val
Leu 189 G u Phe Ser Arg Lys Val Pro Thr 190 Leu Leu Ile @y Ser
WO 2010/045512 PCT/US2009/060930

Irz
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Ser Gn Asp 191 Pro Arg Phe Lys Ilelle Gy Ay 192 Z Leu Arg AMC 193
Z Phe Arg AMC 194 Tyr Ay
WO 2010/045512 PCT/US2009/060930

| e e e e e e e N

o)
\ o INT N\ SV e
//N o
HN\H/\/\/\/\/\/\/\/\/
o)

Examples of DILLA2 amino acid compounds include R’-(C=0)-His-NH-R"
wherein R and R* are independently alkyl or alkenyl. Examples of His DILLA2 amino

acid compounds include the following structures:
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Gy Phe Met In sone variations, a releasable formof this

di scl osure includes a condensate particle of a peptide and a nucleic acid
and an emdoomal4giiec conpound. I n these variations, an eQuaseeNIyI9BE
conpound can assist in release of the core particle and 5 active agent into
the cell froman endosone, while the peptide conponent can include
crosslinks that nmay be cleaved to effect rel ease and di ssociation of the

nucl eic acid fromthe core conde te rtiche witlin c

Exanpl es of endosomNytic co f r ogurn, i ui nol i ne,
am noqui nol i ne, diqquithe, penetrating peptides, Transpoftan,
Penetratin, a 1q_| e g dtsi sion peptide fromui ¥rus (see for
exanpl e Han et al.] t. Strjuct. Biol. Vol. 8, 715-720, and

i nfl uenza-based peptide dil In cerfain

particles or constructs can for
cel lular or sub-cellular delivgry. i particle
may be conbined with a synthetioc pol ynmer such as pol ycol (PEG

to reduce non-specific effects or interaction with blo onents. A

sui tabl e synthetic pol yner includes a polyethylene glycol chain (PEG, or a
PEG copol ynmer such as PEG pol yuret hane or PEG pol ypropyl ene. See, e.g., J.
MIlton Harris, Poly(ethylene glycol) chem stry: biotechnical and bi onedi cal
applications (1992). 5 Methods of .use Thi s.di sclqsure~ncl udes a

i sing

preparing a conpo iNgn dtntaining a carrier particle containing a nucleic
aci d agent and treatiflg & el ith the conposition. This dis sure
i ncl udes a met hdd!" i nhi bifing xpression of a gene in a cél

10conprising preparing a c osition containing a carrier particle

n eaN T h osition.
Thi s disclosure includes a nmetfljod for inhibiting expression of gene in a
manmal conprising preparing a oonposition containing a car article
containing a nucleic acid agent and adm ni stering the conpos~fion to the
manmmal . 15Thi s disclosure includes a nethod for treating a disease in a
human, the di sease being selected frominflanmatory di seases i ncl udi ng
rheumatoid arthritis, metabolic diseases including hyperchol esterol em a,
i ver disease, encephalitis, bone fyracture, hegart di{seas viral disease
i ncluding hepatitis agd influe { eparing a
| i posomal conpositin |ynd Aadm ni to fhe human. 20
Active agents I ts, this disclosur oykdes net hods for
maki ng conposit[pn@ I tabl e & ivery of therapéutic agents. The
nmet hods of this disclosure provi de conpositions of nucleic acid agents,
such as condensed RNA nanopartt S, - < noed RNA
structures, RNA peptide conjugat|es, dicer substrate RNAs, dsRNAs, 25
si RNAs, m croRNAs, hairpin RNAs,gother active and regul atory RNA forns,
anti sense therapeutic fornms including anti sense RNA an , and DNA and
DNA- cont ai ni ng forns. The active agent of this disclosure nmay be a
si ngl e-stranded or doubl e-stranded nucleic acid. The active agent of this
di scl osure may be an antigenic or imunogenic 30protein orﬁgoLyEeptide.
The active agentt*8mPlehpsPRiIAZAYER#@Ed srgPosadsdngedstR &=Odridens Bt Bhgeingn
active ageng?is FRL1 SYRT LophfBoidCti ve agent nmay be conposed of nanoparticles
formed by condenSing an active agent with a peptide or other bionolecule,
or a condensat e lxamplgspl laN.Agfanipo aadd ¢apeponpdrinclydetthe Bllpwipgisdectups:onol ecul e,
or polyqgric mol ecule. Nanoparticles or condensates may be crosslinked
Nanoparti cl es or condensates can be | oaded as cargo into a |iposonal
conposition. The active agent of this disclosure nmay be an anti sense or
sense, DNA or RNA oligonucleotide, or a nodified DNA or RNA ol igonucl eotide
whi ch binds to target 5nucleic acid sequence to block transcription or
transl ation of the target sequence by various interactions. An antisense or
sense agent nmay forma triple helix with a nucl eotide double helix, or may
be a ribozyme, or may encode transcriptional or translational regulatory
sequences i ncludi ng pronoter sequences or enhancer sequences. An antisense
or sense oligonucleotide nay be used to bl ock expression of a protein and
10 may have nodified nucl eobases or sugar groups, or other groups, or nmay
be a conjugate with a bionol ecul e, peptide, or protein, for enhanced
stability or activity. An antisense o sense ol igonucl eoti de nay be
delivered into a cell containing its target nucleic acid by the
conpositions and net hods descri bed herein. An antisense or sense
ol i gonucl eotide may be delivered into a cell containing its target nucleic

_____________ o Ar-_ 1 o




20A-B Fornul a | where Ais a peptide of fromtwo to about 16 am no
aci d residues which may contain a cationic binding region, and Bis a
cr ossl i nkabl2elogrsp, wherein A contai ns one or nore posPCIskgonb@sged

residues at pH 7. 25Exanpl es of B include cysteine. O her exanpl es of
B i nclude organic groups having up to 1000 atons, a bifunctional |inker, a
bi functional crosslinker, a heterobifunctional |inker, a carbamate, and an

ester. Exanples of A include cationic peptides. 30Exanpl es of A include

(Xaal ) m ( Xaa2)"-(Xaa3),, - ( Xaad) pEqQr mul m no acid

resi due, each of Xagl, Xaa2, X , y | ected

am no acid residugé’ i chh,are tlhe sape or different, each of m|n, o, and p
is fromzero to f gL;SrUVI ed t ot i/ two or

nmore, wherein ondN nore ofY Xaal'® iééz, , Is avpositively

charged residue at pH 57.
for exanple, a residue of A
having a basic side chain incl
(side chain -(CH2) 4NH( C=NH) NH2), e chaln
- (CH2) 2NH( C=NH) NH2) , nor-norargi ni ne (nornorArg) (side
10- (CH2) NH(C=NH) NH2) , omi t hine, 1ysine, honolysine, histidine,
1- et hyl hi sti dine, pyridylalanine (Pal), asparagine, N-ethylasparagine,
gl utam ne, and 4-am nophenyl al ani ne, aft side chain nodified derivatives
t her eof . As used herein, the term "hono," when referring to an am no
acid, neans that an additional c on i t he side in, while the
term"nor," when ﬁ;gerring to & 15 no 1 d ans>t hat carpon is

e

subtracted fromt s\de &hai n.| Thus honDIysine refers to side
chain-(CH2)5NH2.HN // QN eptNHles can al so e d ere the
side chain of a Tesdue contlains 4n ioni zabl e group or substituent. In sone

enbodi nents, the cationic rgsidue is NG nethylarginine, tric or 20
asymmetri ¢ NG, NG di net hyl ar gi m. A€, - i tric or
asymetri ¢ NG NG di net hyl - honodr gi ni ne, NG net hyl ymetric or
asynmetri ¢ NG, NG di net hyl - norapgi ni ne, or NG net hyl - i ne,
symretric or asymretri c NG NG di net hyl - nor - nor ar gi ni ne.
enbodi ments, the cationic residue is NG ethylarginine, symetric or
25asymretri ¢ NG NG di et hyl ar gi ni ne, NG-etmyI-honDarginine, symmetric or
asynmetri c NG NG di et hyl - honpar gi ni ne, NG et hyl -norargi ni ne, symretric or
asymmetri c NG NG di et hyl -norarginine, or[ NG et hyl -nor-norarginine,

r £i I [t a

Cationic peptides can be prepared where,
i ' i am no aci ds

enbodi nents, the cat arginine, symmetric pr 30
asynmetri c NG NG di - honoar gi ni ne, symmretrig or
asymmetric NG NG dipl_k) *ge, NG al kyl - nor I e, tric or
asymmetric NG, NG—di a yl -norafr gi ni ne, or NG al kyl - nor-norar gi ni ne,
symmetric or asymmetric NG NGN. al kyk: norQor acgi n

enbodi nents, the cationic residu i ne- or

am di ne-cont ai ni ng side chain. F@r exanple, the side chain of the|Xaa

resi due y contain a group such®as guani do, ami dino, d\py ndazol e,

4- guani do- phenyl , 4-am di no- phenyl, N-am di no-pi peridi ne,

N- am di no- pi perazi ne, 4,5-di hydroi mi dazole, 52-(N-am di no)-pyrrolidinyl, or
4-11(2-am nopyr igy, di thyl. .. . l. fricat ORI C \reskdues nmay
have si de chaingﬁkﬂggykiéﬁﬁ\éh?ﬂ%w?%?rgﬁﬁﬁglgﬁw%g%u égﬁa%gb§£ | as their
sal t f or ns: wherein R® and R* are alkyl or alkenyl. Examples of DILA2 amino acid compounds

include the following structure:

10
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HZN FIN HN N \ >\/ CCS 10 Cl eavabl e peptides of this invention

i ncl ude those which are dinmers of the structure shown in Fornula I, for
exanpl e, wbeodvoses12A- B-B-A, wherein the |inker groups Brarasc@paiiso of
linking to each other, and where the |inkage -B-B- can be cleaved. 15For
exanple, the dinmer A-B-B-A may be A-B-(S-S)-B-A where (S-S) is a disulfide
| i nkage. O her exanples of |inkage -B-B- include organic groups
having up to 1000 atons, a Lirwka or Wi a _bNunckignal |inker, a

| i nkage formed_mith a bi fithhcti onal a |ihkagelformed with a
het er obi func{ on Igmker, a hydrzone |inker, a carbanmate li nkage, and an
ester |inkagg. // Xpkabl e peptides of thisgAn 1on include those
having the stro€ture shpwn in Fornula Il1: 5 B-A-B Fornula Il where Ais a
pepti de of from about t o_about. 16 am id si du and B is a
crosslinkabl e group as defkyne ovexwhe n ontarns e or nore
positively 10 charged resi|dues at pH 7. Exanples of B incl yde cysteine.
Exanpl es of A include cati®nic peptides. gay e ptides of this

i nvention include those which are dinmers, triners, timers of the
structure shown in Formula Il, for exanple, the dinmer B-A-B-B-A-B, 15and
the multinmer -(B:A-B)"- rei.n the linker .gro are capabl e of 1inking
toeach otner.  dnamikertPPRE FifdaCeon iR BERR PudhBa P& of ¢ hese

cl eavabl e peptides remai n crosslinkabl e because they retain a crosslinkable
group at eagh term nus Exanpl es of cationic binding regions suitable
for prepara \Pn of peptides of this disclosure are shown in Table 4. A
crosslinkabl e\peptide of this disclosure may have a 20 bi nding regi on shown
in Table 4 wifh a cysteine attached at either the N.terninus_er the
C-ternminus t he p@p(?He/§ﬁBwﬁ“bn/ﬁmNd;ﬂglﬁkﬂi%mﬁﬂwﬁﬂéﬂﬁ¥fggptide of this
di scl osure y formla diner. Table 4: Binding regions for preparation of
pepti des SEQ NDING REG ON 195 GRKKRRQRRRP P Q 196 KKKRKV

Cig.1-Glu-Cyg.

Examples of DILLA2 amino acid compounds include the following structure:

Cig.1-Asp-Cyq

10 Examples of DILLA2 amino acid compounds include the following structure:
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197 KKKRKVKKKRKV 198 CGRKKRR 199 RRRP P Q 200 WKKKK 201 RRRP P (H 202 KKRRH
SEQ I D NO BI NDI NG REA ON 203 RRR 204 RRRR 205 RRRRR 206 KKK 207 RRRRWV 208
RRRVWA 209WBRWINV@3332 KKWV 211 KKKWN 212 PCT/US2009/060930

Q HN
@)
(0] @]
OH HNW_J\/\M

o)

Cy5.1-Ser(succinylated)-C

Examples of DILLA2 amino acid compounds include
5  (ClOacyl)-Arg-NH-(C10alkyl) (SEQ ID NO: 11), (C12acyl)-Arg-NH-(C12alkyl) (SEQ
ID NO: 11), (Cl4acyl)-Arg-NH-(C14alkyl) (SEQ ID NO: 11),
(Cl6acyl)-Arg-NH-(Cl6alkyl) (SEQ ID NO: 11), (C18acyl)-Arg-NH-(C18alkyl) (SEQ
ID NO: 11), (C10acyl)-homoArg-NH-(C10alkyl), (C12acyl)-homoArg-NH-(C12alkyl),
(Cl4acyl)-homoArg-NH-(C14alkyl), (Cl6acyl)-homoArg-NH-(C16alkyl),

10 (Cl18acyl)-homoArg-NH-(C18alkyl), (C10acyD)-norArg-NH-(C10alkyl),
(C12acyl)-norArg-NH-(C12alkyl), (C14acyl)-norArg-NH-(C14alkyl),
(Cl6acyl)-norArg-NH-(C16alkyl), (C18acyl)-norArg-NH-(C18alkyl),
(C10acyl)-nornorArg-NH-(C10alkyl), (C12acyl)-nornorArg-NH-(C12alkyl),
(Cl4acyl)-nornorArg-NH-(C14alkyl), (C16acyl)-nornorArg-NH-(C16alkyl),

15  (Cl18acyl)-nornorArg-NH-(C18alkyl), (C10acyl)-4-Pal-NH-(C10alkyl),
(C12acyl)-4-Pal-NH-(C12alkyl), (Cl14acyl)-4-Pal-NH-(C14alkyl),
(Cl6acyl)-4-Pal-NH-(C16alkyl), (C18acyl)-4-Pal-NH-(C18alkyl),
(Cl10acyl)-4-Pal(Me)-NH-(C10alkyl), (C12acyl)-4-Pal(Me)-NH-(C12alkyl),
(Cl4dacyl)-4-Pal(Me)-NH-(Cl4alkyl), (Cl6acyl)-4-Pal(Me)-NH-(C16alkyl), and

20  (Cl8acyl)-4-Pal(Me)-NH-(C18alkyl).

In general, the designation “C14-norArg-C14,” for example, refers to
(C13alkyl)-(C=0)-norArg-NH-(C14alkyl) which is the same as
(Cl4acyD)-norArg-NH-(C14alkyl).

Examples of DILLA2 amino acid compounds include (C10acyl)-D-Arg-1-

25  Arg-NH-(C10alkyl), (C12acyl)-D-Arg-L-Arg-NH-(C12alkyl), (Cl4acyl)-D-Arg-L-
Arg-NH-(Cl4alkyl), (Cl6acyl)-D-Arg-L-Arg-NH-(C16alkyl), (C18acyl)-D-Arg-L-
Arg-NH-(C18alkyl), (C10acyl)-D-homoArg-I.-homoArg-NH-(C10alkyl), (C12acyl)-D-
homoArg-1.-homoArg-NH-(C12alkyl), (Cl14acyl)-D-homoArg-L.-
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VHHRRKK 213 RRKKHHWN 214 KKRRW 215 KKRRHW 216 KKRRHHW 217 KKRRQ 218 KKRRQ
219 GRKKRRQ 220 Q GRKKRR 221 RRH 222 RRRH 223 RRRRH 224 RRRRRH 225 KKH 226
KKKH 227 WoKEKRR42:A8 HVWKKRR 229 P P HRRR PCT/US2009/060930

homoArg-NH-(C14alkyl), (Cl6acyl)-D-homoArg-I.-homoArg-NH-(C16alkyl),
(C18acyl)-D-homoArg-1.-homoArg-NH-(C18alkyl), (C10acyl)-D-norArg-1.-
norArg-NH-(C10alkyl), (C12acyl)-D-norArg-L-norArg-NH-(C12alkyl), (Cl14acyl)-D-
norArg-L-norArg-NH-(C14alkyl), (C16acyl)-D-norArg-L.-norArg-NH-(C16alkyl),

5  (Cl8acyl)-D-norArg-L-norArg-NH-(C18alkyl), (C10acyl)-D-nornorArg-1.-
nornorArg-NH-(C10alkyl), (C12acyl)-D-nornorArg-L-nornorArg-NH-(C12alkyl),
(Cl4acyl)-D-nornorArg-1.-nornorArg-NH-(C14alkyl), (Cl16acyl)-D-nornorArg-1.-
nornorArg-NH-(C16alkyl), (C18acyl)-D-nornorArg-1-nornorArg-NH-(C18alkyl).

Examples of DILLA2 amino acid compounds include (C10acyl)-His-

10 Arg-NH-(C10alkyl), (C12acyl)-His-Arg-NH-(C12alkyl), (Cl4acyl)-His-
Arg-NH-(C14alkyl), (Cl6acyl)-His-Arg-NH-(C16alkyl), (C18acyl)-His-
Arg-NH-(C18alkyl), (C10acyl)-His-Arg-NH-(C10alkyl), (C12acyl)-His-
Arg-NH-(C12alkyl), (Cl4acyl)-His-Arg-NH-(Cl4alkyl), (Cl6acyl)-His-
Arg-NH-(C16alkyl), (C18acyl)-His-Arg-NH-(C18alkyl), (C10acyl)-His-Arg-(C10alkyl),

15  (Cl2acyl)-His-Arg-NH-(C12alkyl), (C14acyl)-His-Arg-NH-(C14alkyl), (Cl6acyl)-His-
Arg-NH-(C16alkyl), (C18acyl)-His-Arg-NH-(C18alkyl), (C10acyl)-His-
Arg-NH-(C10alkyl), (C12acyl)-His-Arg-NH-(C12alkyl), (Cl4acyl)-His-
Arg-NH-(C14alkyl), (Cl6acyl)-His-Arg-NH-(C16alkyl), (C18acyl)-His-
Arg-NH-(C18alkyl).

20 Examples of DILLA2 amino acid compounds include (C10acyl)-His-
Asp-NH-(C10alkyl), (C12acyl)-His-Asp-NH-(C12alkyl), (Cl4acyl)-His-
Asp-NH-(Cl4alkyl), (Cl6acyl)-His-Asp-NH-(C16alkyl), (C18acyl)-His-
Asp-NH-(C18alkyl), (C10acyl)-His-Asp-NH-(C10alkyl), (C12acyl)-His-
Asp-NH-(C12alkyl), (Cl4acyl)-His-Asp-NH-(C14alkyl), (Cl6acyl)-His-

25  Asp-NH-(Clé6alkyl), (C18acyl)-His-Asp-NH-(C18alkyl), (C10acyl)-His-Asp-(C10alkyl),
(C12acyl)-His-Asp-NH-(C12alkyl), (Cl4acyl)-His-Asp-NH-(Cl4alkyl), (Cl6acyl)-His-
Asp-NH-(Cl16alkyl), (C18acyl)-His-Asp-NH-(C18alkyl), (C10acyl)-His-
Asp-NH-(C10alkyl), (C12acyl)-His-Asp-NH-(C12alkyl), (Cl4acyl)-His-
Asp-NH-(Cl4alkyl), (Cl6acyl)-His-Asp-NH-(C16alkyl), (C18acyl)-His-

30  Asp-NH-(C18alkyl).

Examples of DILLA2 amino acid compounds include (C10acyl)-Pal-
Arg-NH-(C10alkyl), (C12acyl)-Pal-Arg-NH-(C12alkyl), (C14acyl)-Pal-
Arg-NH-(C14alkyl), (Cl6acyl)-Pal-Arg-NH-(C16alkyl), (C18acyl)-Pal-
Arg-NH-(C18alkyl), (C10acyl)-Pal-Arg-NH-(C10alkyl), (C12acyl)-Pal-
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230 P P HRRR 231 GRKKRRVRRRP P Q 232 WNHHKKRRGGRRKKHHWV 233 WAMHHKKRR  SEQ
I D NO BINDI NG REG ON 234 YYHHKKRR 235 RRKKHHYY 236 VQAAI DYI NG 237 WARRHH
238 HHRRWWO28B/MYRRHH 240 HHRRYY 241 WARRR 242 RRRWV 24 BCYNIRRRIDG6HIRRRYY
245

Arg-NH-(C12alkyl), (Cl4acyl)-Pal-Arg-NH-(C14alkyl), (Cl6acyl)-Pal-
Arg-NH-(C16alkyl), (C18acyl)-Pal-Arg-NH-(C18alkyl), (C10acyl)-Pal-Arg-(C10alkyl),
(C12acyl)-Pal-Arg-NH-(C12alkyl), (Cl4acyl)-Pal-Arg-NH-(C14alkyl), (Cl6acyl)-Pal-
Arg-NH-(Cl6alkyl), (C18acyl)-Pal-Arg-NH-(C18alkyl), (C10acyl)-Pal-

5  Arg-NH-(C10alkyl), (C12acyl)-Pal-Arg-NH-(C12alkyl), (Cl4acyl)-Pal-
Arg-NH-(Cl4alkyl), (Cl6acyl)-Pal-Arg-NH-(C16alkyl), (C18acyl)-Pal-
Arg-NH-(C18alkyl).

DILA?2 amino acid compounds can be prepared as poly-mer or multi-mer species,
such as dimers, trimers, or tetramers. The poly-mer or multi-mer species can be prepared
10 from a single DILLA2 amino acid compound, or from more than one species. Poly-mer or
multi-mer DILLA2 amino acid compounds can be prepared in some embodiments by
providing a sulfhydryl group or other cross-linkable group on a side chain of the amino
acid, or with linked or tethered amino acid structures such as desmosine or citrulline. In
other embodiments, a poly-mer or multi-mer DILLA2 amino acid compound can be
15  prepared with bioconjugate linker chemistries.

Examples of DILLA2 amino acid compounds include the following structures:

H, Hy H,
C —SH C —S—S—C
HN«§; HN{ HN
NH
o NH 0=\ ¢ o) NH
O 0
A\ A\ \

A DILA2 amino acid compound can be prepared as a conjugate having a peptide
20  or polymer chain covalently attached to the amino acid side chain. The peptide or
polymer chain can be attached using a reactive group of the amino acid side chain, for

example, using the thiol or methylmercaptan group of cysteine or methionine,
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WARRRHH 246 HHRRRWN 247 YYRRRHH 248 HHRRRYY 249 WARRRR 250 RRRRWWV 251
YYRRRR 252 RRRRYY 253 WARRRRHH 254 HHRRRRWV 255 YYRRRRHH 256 HHRRRRYY 257

WAHH- O n-woreRiR4288 WNWHHHRRR 259 WAHHHRRR 260 WAWHHHHRRRCZ AB200MBHERRR 262
KKKWRRW

respectively, or the alcohol group of serine, or the amino group of lysine. The peptide or
polymer chain can be attached using any reactive group of a substituted or modified
amino acid side chain. Various linker groups such as NHS, maleimido, and bioconjugate
techniques and linkers can be used.

5 DILA2 amino acid compounds can be prepared as constructs attached to an
oligomeric or polymeric framework. For example, a DILA2 amino acid compound can
be attached to polyethylene glycol, polypropylene glycol, an oilgonucleotide network or
lattice, a poly(amino acid), a carbohydrate, a dextran, a hydrogel, or a starch.

DILA?2 amino acid compounds can be prepared as constructs attached to a
10 pharmaceutical drug compound or composition, or a biologically active agent. For
example, a DILLA2 amino acid compound can be conjugated to a nucleic acid drug such as
a regulatory or interfering RNA.

Examples of DILLA2 amino acid compounds include the following structures:

g 9 R g o R
AR

57 s7
HN HN
0 NH o NH
O O

15  where R is any amino acid side chain.
The compounds and compositions of this disclosure may incorporate solubilizing

or functionalizing groups or structures including polymeric structures. See, e.g., R. L.

75



263 WRRRVWRR 264 WAHHKKRR SEQ I D NO BI NDI NG REG ON 265 WACHHKKCRR 266
WWHHHRRR 267 WAHHCKKRR 268 WWHHKKCRR 269 RRWAKKHH 270 WAHHKKKK 271 WAHHRRRR
272 RRRRAMO26B/HFMEKK 274 HHRRRR 275 YYRRRRHH 276 YYKKKRHEHUSEMQ0m1986 Of
cl eavabl e peptides of this disclosure are shown in Table 5. Table 5:
Cl eavabl e Pepti des

Dunn and R. M. Ottenbrite, Polymeric Drugs and Drug Delivery Systems, ACS Symp.

Ser. 469 (1991). DILA2 amino acid compounds can be derivatized to enhance solubility

such as, for example, to attach a diol, to prepare a quaternary ammonium or charged

group, to attach hydroxyl or amine groups such as alcohols, polyols, or polyethers, or to

5  attach a polyethyleneimine, a polyethyleneglycol or a polypropyleneglycol. The

molecular mass of an attached polymeric component such as a polyethyleneglycol can be

any value, for example, 200, 300, 400, 500, 750, 1000, 1250, 1500, 2000, 3000, 4000,

5000, 7500, 10,000, 15,000, 20,000, 25,000, or 30,000 Da, or greater. For example, a

polyethyleneglycol chain can be attached through an amino group or other reactive group

10 of an amino acid side chain.

In general, as used herein, general chemical terms refer to all groups of a specified
type, including groups having any number and type of atoms, unless otherwise specified.
For example “alkenyl” refers broadly to alkyls having 2 to 22 carbon atoms, as defined
below, while (C18:1)alkenyl refers to alkenyls having 18 carbon atoms and one double

15 bond.

The term "alkyl" as used herein refers to a saturated, branched or unbranched,
substituted or unsubstituted aliphatic group containing from 1-22 carbon atoms. This
definition applies to the alkyl portion of other groups such as, for example, alkoxy,
alkanoyl, aralkyl, and other groups defined below. The term "cycloalkyl" as used herein

20  refers to a saturated, substituted or unsubstituted cyclic alkyl ring containing from 3 to 12
carbon atoms.

The term "alkenyl" as used herein refers to an unsaturated, branched or
unbranched, substituted or unsubstituted alkyl or cycloalkyl having 2 to 22 carbon atoms
and at least one carbon-carbon double bond. The term "alkynyl" as used herein refers to

25  an unsaturated, branched or unbranched, substituted or unsubstituted alkyl or cycloalkyl
having 2 to 22 carbon atoms and at least one carbon-carbon triple bond.

The term "alkoxy" as used herein refers to an alkyl, cycloalkyl, alkenyl, or alkynyl
group covalently bonded to an oxygen atom. The term "alkanoyl" as used herein refers to
-C(=0)-alkyl, which may alternatively be referred to as "acyl." The term "alkanoyloxy" as

30 used herein refers to —O-C(=0)-alkyl groups. The term "alkylamino" as used herein refers
to the group -NRR', where R and R' are each either hydrogen or alkyl, and at least one of
R and R'is alkyl. Alkylamino includes groups such as piperidino wherein R and R’ form

aring. The term "alkylaminoalkyl" refers to —alkyl-NRR'.
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SEQ DNI Cl : PEPTI DE 277 GRKKRRV-Cit - RRRPPQ 278 GRKKRRV- Ci t - RRKKRG 279
RRRPPQV- Ci t - PPRRR 280 RRKKRGV-Cit-CGRKKRR 281 QPPRRRV- Cit - RRRPPQ 282
VKKKKV- Ci WOKBIHMEABZ3 KKKKW/- Ci t - WKKKK 284 HQPPRRRV- Ci t - RRIRRBC}M9IDED30
QPPRRRV- Ci t - RRRPPQ 286 HQRRKKV-Cit - KKRRQH 287 RRV-Cit-RR 288 RRRV-Cit-RRR
289 RRRRV-Cit-RRRR 290 RRRRRV-Cit-RRRRR SE() H Nl a PEPTI DE 291

The term "aryl" as used herein refers to any stable monocyclic, bicyclic, or
polycyclic carbon ring system of from 4 to 12 atoms in each ring, wherein at least one
ring is aromatic. Some examples of an aryl include phenyl, naphthyl, tetrahydro-
naphthyl, indanyl, and biphenyl. Where an aryl substituent is bicyclic and one ring is

5 non-aromatic, it is understood that attachment is to the aromatic ring. An aryl may be
substituted or unsubstituted.

The term "heteroaryl” as used herein refers to any stable monocyclic, bicyclic, or
polycyclic carbon ring system of from 4 to 12 atoms in each ring, wherein at least one
ring is aromatic and contains from 1 to 4 heteroatoms selected from oxygen, nitrogen and

10 sulfur. Some examples of a heteroaryl include acridinyl, quinoxalinyl, pyrazolyl, indolyl,
benzotriazolyl, furanyl, thienyl, benzothienyl, benzofuranyl, quinolinyl, isoquinolinyl,
oxazolyl, isoxazolyl, pyrazinyl, pyridazinyl, pyridinyl, pyrimidinyl, pyrrolyl, and
tetrahydroquinolinyl. A heteroaryl includes the N-oxide derivative of a nitrogen-
containing heteroaryl.

15 The term "heterocycle" or "heterocyclyl”" as used herein refers to an aromatic or
nonaromatic ring system of from five to twenty-two atoms, wherein from 1 to 4 of the
ring atoms are heteroatoms selected from oxygen, nitrogen, and sulfur. Thus, a
heterocycle may be a heteroaryl or a dihydro or tetrathydro version thereof.

The term "aroyl" as used herein refers to an aryl radical derived from an aromatic

20  carboxylic acid, such as a substituted benzoic acid. The term "aralkyl" as used herein
refers to an aryl group bonded to an alkyl group, for example, a benzyl group.

The term "carboxyl" as used herein represents a group of the formula -C(=0)OH
or -C(=0)O". The terms "carbonyl" and “acyl” as used herein refer to a group in which
an oxygen atom is double-bonded to a carbon atom >C=0. The term "hydroxyl" as used

25  herein refers to -OH or -O". The term "nitrile" or "cyano" as used herein refers to —CN.
The term "halogen" or "halo" refers to fluoro (-F), chloro (=Cl), bromo (-Br), and iodo
-D.

The term "substituted” as used herein refers to an atom having one or more
substitutions or substituents which can be the same or different and may include a

30  hydrogen substituent. Thus, the terms alkyl, cycloalkyl, alkenyl, alkynyl, alkoxy,
alkanoyl, alkanoyloxy, alkylamino, alkylaminoalkyl, aryl, heteroaryl, heterocycle, aroyl,
and aralkyl as used herein refer to groups which include substituted variations.
Substituted variations include linear, branched, and cyclic variations, and groups having a

substituent or substituents replacing one or more hydrogens attached to any carbon atom
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KKV-Cit- KK 292 KKKV-Cit-KKK 293 KKKKV-Cit-KKKK 294 KKKKKV- Cit - KKKKK 295
WARRRRV- Ci t - RRRRWV 296 WARRRV- Ci t - RRRWV 297 WARRV- Ci t - RRWN 298

WAKKV- Ci twBKWV@SA2 WAKKKV- Ci t - KKKWV 300 WAKKKKV- Ci t - KKKIRGWYUBd09/060930
KKRRHHW/- Ci t - WHHRRKK 302 WAHHKKRRV- Gi t - RRKKHHWA 303 WRRKKV- Ci t - KKRRW 304
VHRRKKV- Ci t - KKRRHW 305 WHHRRKKV- Ci t - KKRRHHW 306 QRRKKV- Ci t - KKRRQ 307
KKRRQV- Ci t - QRRKK 308 RRKKRGV- G t - GRKKRR

of the group. Substituents that may be attached to a carbon atom of the group include
alkyl, cycloalkyl, alkenyl, alkynyl, alkoxy, alkanoyl, alkanoyloxy, alkylamino,
alkylaminoalkyl, aryl, heteroaryl, heterocycle, aroyl, aralkyl, acyl, hydroxyl, cyano, halo,
haloalkyl, amino, aminoacyl, alkylaminoacyl, acyloxy, aryloxy, aryloxyalkyl, mercapto,
5 nitro, carbamyl, carbamoyl, and heterocycle. For example, the term ethyl includes without
limitation -CH,CH3;, -CHFCH3, -CF,CHjs, -CHFCH,E, -CHFCHIY,, -CHEFCL;, -CF,CH,F,
-CF,CHEF,, -CF,CF;, and other variations as described above. In general, substituents
may be further substituted with any atom or group of atoms.
DILLA2 amino acid compounds can be synthesized by methods known in the art.
10 Methods to prepare various organic groups and protective groups are known in the
art and their use and modification is generally within the ability of one of skill in the art.
See, e.g., Stanley R. Sandler and Wolf Karo, Organic Functional Group Preparations
(1989); Greg T. Hermanson, Bioconjugate Techniques (1996); Leroy G. Wade,
Compendium Of Organic Synthetic Methods (1980); examples of protective groups are
15  foundin T. W. Greene and P. G. M. Wuts, Protective Groups In Organic Synthesis (3rd
ed. 1991).
For example, the DILLA2 amino acid compound PONA can be synthesized

according to the following scheme:

') 2-chlorotrityl O
H chloride resin H 20% piperidine
BOC/ OH BOC/ Resin DMF
DIPEA HN
HN
“Fmoc ~Fmoc
1 2
0 1.1 eq Oleic acid
H 1eq HCTU
Boc” Resih ————»
2.2 eq DIPEA
NH,

20 3
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309 GRKKRRV-Cit - RRKKRG 310 QRRKKRGV- Gt - GRKKRRQ 311 QGRKKRRV- G t - RRKKRGQ
312 HRRV-Cit-RRH 313 HRRRV-Ci t-RRRH 314 HRRRRV-Cit - RRRRH 315

HRRRRRV- GVO-2RARARRH2316 HKKV- Cit - KKH 317 HKKKV- Ci t - KKKH BC8/UsSEdsin096 t - KKKKH
319 HKKKKKV-Ci t - KKKKKH 320 HWKKRRV- Ci t - RRKKWH 321 RRKKVWHV- Ci t - HAKKRR

SEQH) Nl a PEPTI DE 322 PPHRRRV-Cit - RRRHPP 323 RRRHPPV-Cit - PPHRRR 324

)

H
Boc Resin C|eavage
—>

HNT(CH2)7\=/ (CH2)7_ 1% TFA/DCM
4 O

ZT

7 OH 1) 1.5eq EDC; 2 eqHOBT
1.5 eq DIPEA; 1 eq Hexadecylamine

HN\I((CHZ)7_ ,(CH2)7\ (RT)

Boc

—_— =
O 2) Cation exchange resin

solid phase yield 100% removal of C16-amine
O

H
N CH
Boc” \/\H‘\N/( 2)15 1M HCI/AcOEt»

H
CH
HNT(CH2)7_ /( 2)7\
0]
6 75%
5
0 Ni1deq 00N ('s? CF,. 2 eq TEA DCM
1 eq N=5- ,y 2 €Q
HZN\/\‘)k ~(CH2)15 Boc-N" § 3
N H
H rt
HN (CH2)7_ ,(CH2)7\ L
2) HCI/EtOH
0O
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YYHHKKRRC- di sul fi de- CRRKKHHYY 325 YYHHKKRRV- Ci t - RRKKHHYY 326

WARRC- di sul fi de- CRRWN 327 WARRV-Cit - RRWV 328 YYRRC-di sul fi de- CRRYY 329
YYRRV- Ci twBRVM/@302 WARRHHC- di sul fi de- CHHRRWV 331 WARRHHYCTIUS2040B60080 332
YYRRHHC- di sul fi de- CRRHHYY 333 YYRRHHV-Ci t - RRHHYY 334

WARRRC- di sul fi de- CRRRWV 335 WARRRV- Ci t - RRRWV 336 YYRRRC- di sul fi de- CRRRYY
337 YYRRRV-Cit - RRRYY 338 WARRRHHC- di sul fi de- CHHRRRWN 339

WARRRHHV- Ci t - HHRRRWV 340 YYRRBHHC- di sul fi de- CRRRHHYY 341

YYRRRHHV- Ci t RRRHHYH
/(CH2)15
NH2

(CH2)7 p CH2)7

Cr
70% O

8
overall yield 53 %

A pharmaceutically acceptable salt of a peptide or protein composition of this
invention which is sufficiently basic may be an acid-addition salt with, for example, an
5 inorganic or organic acid such as hydrochloric, hydrobromic, sulfuric, nitric, phosphoric,
chlorosulfonic, trifluoroacetic, citric, maleic, acetic, propionic, oxalic, malic, maleic,
malonic, fumaric, or tartaric acids, and alkane- or arenesulfonic acids such as
methanesulfonic, ethanesulfonic, benzenesulfonic, chlorobenzenesulfonic,
toluenesulfonic, naphthalenesulfonic, naphthalenedisulfonic, and camphorsulfonic acids.

10 A pharmaceutically acceptable salt of a peptide or protein composition of this
invention which is sufficiently acidic may be an alkali metal salt, for example, a sodium
or potassium salt, or an alkaline earth metal salt, for example, a calcium or magnesium
salt, or a zinc or manganese salt, or an ammonium salt or a salt with an organic base
which provides a physiologically-acceptable cation, for example, a salt with

15  methylamine, dimethylamine, trimethylamine, triethylamine, ethanolamine,
diethanolamine, triethanolamine, ethylenediamine, tromethamine, N-methylglucamine,
piperidine, morpholine or tris-(2-hydroxyethyl)amine, and including salts of amino acids
such as arginate, and salts of organic acids such as glucuronic or galactunoric acids. See,
for example, Berge et al., J. Pharm. Sci. 66:1-19, 1977.

20 A salt or pharmaceutically-acceptable salt of a composition of this disclosure
which contains an interfering-RNA agent and a DILLA2 amino acid compound, a lipid, a
peptide, or protein, among other components, may contain a salt complex of the
interfering-RNA agent and the DILLA2 amino acid compound, lipid, peptide, or protein.
A salt complex of the interfering-RNA agent and the DILLA2 amino acid compound, lipid,

25  peptide, or protein may be formed from a pharmaceutically-acceptable salt of an
interfering-RNA agent, or from a pharmaceutically-acceptable salt of the DILLA2 amino

acid compound, lipid, peptide, or protein.
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342 WARRRRC- di sul fi de- CRRRRWV 343 WARRRRV- Ci t - RRRRWV 344
YYRRRRC- di sul fi de- CRRRRYY 345 YYRRRRV-Cit - RRRRYY 346
WARRRRHHGV Gi28 LV df4p3ie - CHHRRRRWWV 347 WARRRRHHV- Ci t - HHRRRRWAC3A452009/060930
YYRRRRHHC- di sul fi de- CRRRRHHYY 349 YYRRRRHHV- G t - RRRRHHYY 350
WANHHKKRRW/- Ci t - WRRKKHHWA 351 WWHH- Or n- Orn- RRV-Ci t - RR- Or n- Or n- HHWWV 352
WANHHC- di sul fi de- CKKRR As used herein, am no acid nanes and

desi gnations ref@melc@mpHdAdS HEHRRAISRIBRE nl cbhifin boNIHASPORMICRE: am no aci d.
In Table 5, a group which is internal to the peptide sequence nmay provide a

cl eavage sifractiopglitics hahmmealloanhthe aerapayads obe pdgymiasither £Rase peack! di sul fi de
bond or a Vahn&hiap! | nkage. Exanpl es of cl eavable |inkages include
Phe-Lys, Val-Ct, Al a-Leu, Leu-Ala-Leu, and Al a-Leu-Al a-Leu (SEQ I D NO
376), as descri Beteicamppu®ds, pgptidepgiisi/or preiein 200BGlB6S63his Rygnean vy

adm ni sty at .0 kO aeily CnfaeMhy s QRO KRS lnbfl 8- Hlas£l0RULE My be
used i n pharmaceuti cal conpositions: mnistration of [iposonal

f or mul at i onandaffis tchhesinderstobdthat the ingeraiog ghjompissanyll tweh pptrcehisenasd,, oral , by

| nhal ati on, 4, 0Bl %‘mers"ggo?éeﬁjic is&ﬁei% 3ha m%{tmjgy&l&[%!)f Parenteral use includes
: sfof,

subcut aneous, I ntracutaneous, 1 ntravenous, Intranuscular, intraarticular,
i ntrasynovi al , iThisydsieomelencdnmassas mycatl all tastanadrie sdobaell or amsdlvated,r acr ani al

i njection aor infusion 1gt hni que Ef f ective anpunt An effective
amount of i G angmiv en A FET s A Rof T bec v i Peat i ng a
parti cultar mghips@aaed/bsprgeineoalpbsiti@n danlsudthestd.fi ci ent to anmeliorate or
reduce a s;r%;tiom of the disease. An effective anount of an active agent
conpositio 3thi s disclosure may 20be an anobunt sufficient to cause any
bi ol ogi cal effeaqh s@hd 4spb &dhik vERMBNAGRM mofBI P ENISd hdi® Corifyindeand

adm ni ster e(gjnea(; m%resliip?gsl n?aydb%seaﬁ%?dyeg Il‘“orrcrlg 1ve%? anac'ldarcrlirn?riliést}a(tai{)r? gf rggulgtggleRal\tLg d dosing.
components, RNA antagonists, interfering RNA, or nucleic acids. More particularly, a

15  composition of this invention may include one or more DILLA2 amino acid compounds
along with cationic lipids and non-cationic lipids.

Cationic lipids may be monocationic or polycationic. Some cationic lipids include
neutral lipids and lipids having approximately zero net charge at a particular pH, for
example, a zwitterionic lipid. Non-cationic lipids also include anionic lipids.

20 In some embodiments, a composition is a mixture or complex of an RNA
component with a DILLA2 amino acid compound and a cationic lipid. In some
embodiments, a composition may be a mixture or complex of one or more regulatory or
interfering RNA agents with one or more DILLA2 amino acid compounds and one or more
cationic lipids.

25 The compounds and compositions of this disclosure can be admixed with, or
attached to various targeting ligands or agents to deliver an active agent to a cell, tissue,
organ or region of an organism. Examples of targeting agents include antibodies, ligands
for receptors, peptides, proteins, lectins, (poly)saccharides, galactose, mannose,
cyclodextrins, nucleic acids, DNA, RNA, aptamers, and polyamino acids.

30 Examples of cationic lipids include N-[1-(2,3-dioleoyloxy)propyl]-N,N,N-
trimethylammonium chloride (DOTMA); 1,2-bis(oleoyloxy)-3-3-
(trimethylammonium)propane (DOTAP), 1,2-bis(dimyrstoyloxy)-3-3-
(trimethylammonia)propane (DMTAP); 1,2-dimyristyloxypropyl-3-
dimethylhydroxyethylammonium bromide (DMRIE); dimethyldioctadecylammonium
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Dl LA2 am no acid |iposone-form ng conpounds Li posonal
conpositions of this disclosure may include one or nore DILA2 am no 25 acid
conpoundswotzobn4asie di scl osed in US 2008- 0317839 Al . PCT/USR4MD6@ad no aci d
conpounds are synthetic organi c conpounds that nmay form|i posonal
structures under certain conditions. DI LA2 am no acid conpounds may be
formed by substituting a delivery-enhancing or |ipophilic tail at either

the N-ter mw}ul%ldar(pbm)csm(mmwﬁn&ﬁ mﬁmaéﬂlﬁfa)caﬁﬂaﬁhoymo@heﬂap(ﬂt ‘cgeyi i I'n
sone enbodi nents, the am no 30 aci core rra?/ i ncl ud or nore am no

aci ds, or ralylNha"-digsupdipershybprminoodangisarksnigy @Okétgioa%TC)D?@@ §iFro aci d
corrpounds CARnAR oY) o arkiaDa&RhiQB. 6 - di@?rﬁcfecﬂ@&ta&xﬂﬁé @PR@OQ%% udes
neutral and anioni'c. As used herein, the physical state or ionicity of a
speci es r ef Rhagnacoutigall eingepteiigeahis thezepf. Bgd peteboleredt. unl ess ot her wi se

speci fi younds may provide
del i ver?dof a thgﬁgglgﬁgﬁégug@gﬁﬁ@ﬁwgh%ﬁ?easab %?é%,c&% Ieasabl e forns and
conposi t i onghdpspeshgmed(HPE’s p suhias é.2gliflé¢ytive slycaptakiy gosphckdont by a
cell to pro R e DI LA2 am no
acid corrpouir/i%lgEé a &hg %g&gén%%thgpfhg éocglﬁ?gea?t% ?@éﬁmugynt %&Jg;édrre enbodi nent s,
rel ease of ett]irgéplwsphoamlmgepharrmmwtioellyparcowptalmjsahythmoﬁancdmixabed teerbofnker .

Exanpl es of acid:l| ah nke d | nker s i njng,an orthoester
group, a hydr az%ﬁ%mpfgs 8fca 'qee [l%lﬁs ne g ?% LY RFYI0% ﬁﬁ’ﬁ'czlfrfelhéfgéi lyl ether, a
si l azany) aamlhdspm@ne aDSIHNIA) cm}tl@lean)lsaym Ndieethg1- &ahﬁio@r@aﬁw(momﬂm a,xrown

ci o< acont 1] R Ao R GeBy SRR INE. A8 bR e e AN G

m xt ur es t h@menll-3-BxaplopseqDIatidAh.abi | e groups and |inkers are given in
U.S. Patent Nos. 7,098, 032; 6,897,196; 6,426, 086; 7,138,6382; 5,6 563,250; and
5,505, 931. Rel ed&appks %%%a%?m%%solaﬂa& s paialmighE sRsrming s

di scl osur e ey aedamny@etdRs 1 ftahinb (M T8R), aGfahtAdfiMur@Rgkrflingchar ge a

noi ety that assists in release of the a%ent In some enbodi nents, a DI LA2
ami no abl d ddfbelnausashlisErpwistd sereins ChMIMS)r eranepddigleshpeiming| ecul e
such as et haRabhodpharAs@Bladly hlef@ble VAL NGe RMnB A8 Qhirek theftofel | . A DI LAZ
am no acid conpound may bind an active agent and, subsequent to contact
with a cell, or Ixanglegokrnlycadonic kpidpoelnda. t-hise- ambpmpm@m@lap) NdApar t nent
having a | I I n an
acidic env?@gjlﬁtangnty to r)e2 %%g%%?%anoﬁﬁ(&)(ggjscgsﬁ’s%g):agr%(%%?llw\g?@l%%ﬁg)h% agent .

I n sonme enb@dilit@mcsadec- %dﬂahﬂammb)eéak@ﬂsdﬂcmntasar@lﬂhms v d-bisSi st s i n

el LVer 3 o kA p FRYo BRI b ABORUL B SOTRROSI (T
conpound t h@ntanghidaglelsinGiS s (etleta- (M‘)‘#(Ebue such as et hanol to assists in
Compos t1 ot PR B dutalEben BTl AR R R Mg R S Gunds whi ch
may bi nd ammﬁbprv@zlagem)pemmmlmﬂﬁsmaam dﬂyk;dlomttea@tenmté kD@asem’R): 2,30r

over ¢ nan GgePSr Sariar el AL R T AR et RiBaT at o

30cati o ¢ fcoad(DOSRAS; phhrniadeutiehlBageepiibld faks @geot, and mixurdsnth&edTe

enbodi nents, a DI LA2 an ng d co un b ve ent, and may
be admi xed with Eé‘a‘EIBW’bg}Lﬁ?HO‘Pﬁ Pld%’zilﬁu %Dgrﬁ(glau%%égg (ﬁAéﬁgﬁﬁ:%cﬂéoqenvi r onment
into a catipOkEER QrAS ms@@-@asﬂ; Gme?y @1'79@193930)(6) RPRABIDY (CAYETH292-13-8),

Exanpl es of h droO%sa e and nodul at abl e grou s are g)ven in U S Patent

Nos. 6, 849, 12985 (E0208059d)06s Qe |C1§§) PLipfiS YAPFME (1876k45-
" Bi oresponsjyve |iposomes and their use for macrom)l ecul ar delivery,"” in: G
Gregori adi s (ed , Liposome Technol ogy, 3rd ed. (CRC Press 2006). 5In sone
embodi ntht s, r elfeawplsh ef dagpme lipifls ¥e ApsTibRIsn Ahd P@@ﬁ%@ﬁ t+88h33%f this

di scl osure 5@@%‘366 DA @%6@48‘3@’78’6 m%@@'@l ‘é%@hzﬁ%oé?bd?sq%@’ active

agent, and na adm xed w th i pi d of conpound that can be nodul ated in
an acidic efnﬁ(???r(b?ﬁn%%‘L 618t 2, %féuﬁ Q&$ 1§%pmP3.61 agrd 5785.992r el ease of an active
agent. The acidi gggq act with a
cell, or subseqt}g%ﬁﬂt%Iﬁléjopgﬁ%ttsé91?363%50&%11?%&%”%%% % (ﬁ:fgdrr%pq%% ment havi ng
a | ocal pH doowenent ith apHi 4P emowi acal copigound and aBreaploes’ lgpid. dospoends whi ch
are nodul atable fromanionic to neutral forns include chol esteryl

hem succi nate (CHEMS) as described in U S. Patent Nos. 6,897, 196;

6, 426, 086; and 7,108, 863. In sonme exanples, CHEMS exhibits pH sensitive

pol ynor phi sm as described in Cullis, 88463 Bi ochim ca et Bi ophysica Acta
107- 14 15(2000). In sonme enbodi nents, rel easable forns of conpounds
and conpositions of this disclosure include DI LA2 am no acid conpounds

V\:hl ch can bi nd an active agent, and nmay be admi xed with a pHsensitive

e



Exanpl es of pHsensitive polyneric materials are given in U S. Patent No.
206, 835, 393. In sone enbodi nents, rel ease of the active agent may be
provi ded W9 2ar/@pagmre- cl eavabl e pepti de. In some aPpEAise009hiso

di scl osure provides a range of DILA2 am no acid conpounds as shown in
Formula 1: 25 R3-(C=0)-Xaa-Z-R4Formula | wherein Xaa is any D- or L-am no
acid residue having the general fornmula -NR'-CRLR2-(C=0)-, or a peptide of
2-20 am no @piodii @S, B SmpdiRMed Nmd@de br &&n@emr@nwldm&g@am SMRsnkAt ed or
unsubstituted side chain of an am no acid; R2 is hydrogen, or an organic
group consi ¥tli oy BMERPHeN 2Ry geith compqundtid ong an ppte noakomirdiéien at ons,
and havi ng fromnytQigfc ﬁ@ﬁ?fﬁ@lué& TBral %m@(lémé)aﬁd KM bnic ﬁllylﬁi Oﬁlugya non-

cycl oal kyl al kyl , C(3-5)al kenyl, 3- 5)al kynyl’, C(1-5) al kanoyl,

C(1-5) al karmypmwwut@xlqmgmﬂ mwont@(l@xstyawmqg@pn 5) al kyl ,

L8 a0 LN Sidp B W0 TG DA IO 1,
ﬁr élr og(e ﬁ 52)1?2 @mynmmmg@fgml (@(Mﬁs)leil lkgphlmlt@a}r h};—)?ycterolébPﬁydﬂo&wearogJ:n| S
y an dsnl‘%/%(fl?g()l gﬁ%% 19' ]91lllag.1ro Al R/Eérg—?ar p%"élt[ 0 g%d gs)ééﬁg%rgalt rbﬁ}f&)

sul fur, ¥i ng on atons,
C(1-5) al kyl1, zmynmb)kyh ,glyc«yrquajokghaadhkyctld (O(liBnEpR] IREA;, 1:c:pasalrﬂ1®:5y) aI kynyl ,

1-5)al k oy - | . C(1- | koxy=C(1-5)al kyl,
0L 1- ) ol Koty RS A hgry PRRNE R ppfplfpata ) 2l
O( 1- 5) dial kyHosehaiidioa&l asoal)Jai A PSP 1 2ABASTIBI iy bycayandoGhiciat ky)

[ poph 11 0 CAT0 T TR A b bR PTG 1o ekl 1S

phosphol i pi dycegd- S(Jpﬂd)slpﬂ(bdﬂollﬁer(mm@)gl y@p@ﬂmtoglsycggrc@@hpapﬁcﬂ i pid,
sphingolipid, ceramd nyelin, cer ebr %§é9or angl ioside; or a

substi t ut eoPhBFPHSﬁ‘%%Bgfﬁhmfléaf%% Eonbeliey 2 egnno syehsdiiy

( 6- 12) cycl gakinvbndiad D3| KyIDistdrdyl- sh2gipdekeRyhospkdcBoit) @BW yl,

C(3-22)al kox ﬂ% (12) al ko>]<)18-t (%r Zéfde l6200Sgr a0|l (Ophl Ipl c tail of any
ot her nht ur1a¥ i'%v Efeﬁlu%nrglyrgr%% p@gﬁﬁhw&apﬁlammsﬂa@%} 1g- Wwaﬁtﬁylrﬁncglmrq 3-of any
one of the JHpiHdsndRimiihbasMbey ‘?'2ﬂﬁ§lllﬁmoylas‘ﬂdglfz@% §9ﬁ1§s§1‘1&t}ﬁn(§5ﬁfn@' d Rdis a
| i pophilic tail derived froma naturally-occurri ynt hetic

phosphol i pi @PP§); yc?oDisma@yl mglawp girhehesithanglapgner( gﬁﬁa}séﬂdpﬂfwwl sn-

Slibst 11 ut ect B e e (A LIRRLYE I PRARnRgy Oy e | oot 0 o
G(6-12) cyc Mgl G1G- (X2)uah ke DMOLCB: 123 iy kionylisn.- 0Bz Ylads kI
Q(3- 22) gr;%{(ieroq éaf%‘l(@nll}lﬁ)sﬁ lﬁMﬁ{ Iﬁ‘lle) ?beﬂ %M%itoﬁ%n%b’cﬁ%opﬁ{olsﬁ)lﬁ)gtﬁ Of any

ot her natur ccurring or P of any
one of the (Is@cpurdsaldMG) bleZ}Dlrsmaeayﬂ}lsxegbvwroérmhosmLyglgm gbduBGaltDI d; Z is
NH, 0, S, n or.gani c st 140 at ons
sel ect ed frd St‘?g(gg;rﬁgg%%?gopn S8 a}ycer Sé)aleuﬁn s ﬁ1§§f’ :‘13% g and
sal t s t her ebipalnlitoyson@ye@nhdghosphd-5.; sefﬂ& (ssdlmmdﬁpeaWSntlLBalﬂt@mst i t ut ed or

Subst tut od BIYRRRSET PR o3P LT e b AR ERAS e r osi due

Xaa may2%e p’cho@vhoﬂ[ohhe &t(m(gpnemlhewoyl Bblog e piEHoglycEbl (ssdidm

non- hydr ogen titu nsubstltut d side chain of an am no acid
wherein a sﬁﬁ‘lﬁsﬁdﬁf eﬁtpa@ltoé(?é‘o ylcﬁi‘i‘aﬁ RS QHOSBPWE’I &Pg‘ﬂﬁl S&](Srprsaprs}gi ng of 1
to 40 atonsi. Pﬁhﬂ@}leﬂolﬁéﬂ@hlgméﬁgﬁﬁhosﬂﬁ)%igf@é}ol (@Mﬁiﬁm Al rogsp1- and sul fur

at ons. or_an organic |inker
synt hetic pEIHH-Zsici-gycenp3 Qh?ﬁﬁll“iﬁé?lmﬁ’l (Bﬂlégogﬁq)cb teéli‘?éﬁ wbppeCelycdr- a PEG

copol yner syﬁﬁbsg%cﬁége@h%wp@)hﬁa%l%reg’ﬁ%d%@l ypropyl ene. See, e.g., J.
MIlton Harris ly(et Iy ene glycol) chem stry: biotechnical and bi onedi cal
n

appl i catl ons (1dapples o
conjugates or polymeric lipids, such as pegylated lipids having PEG regions of 300, 500,

1000, 1500, 2000, 3500, or 5000 molecular weight, including polyethyleneglycols, N-

on- catlomc lipids include polymeric compounds and polymer-lipid

(Carbonyl-methoxypolyethyleneglycol-2000)- 1,2-dimyristoyl-sn-glycero-3-
phosphoethanolamine (sodium salt; DMPE-MPEG-2000); N-(Carbonyl-
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I n sone enbodi nents, this invention provides a range of DI LA2 am no acid
conpounds as shown in Fornmula | above wherein: 15Xaa is any D- or L-am no
aci d haviwg 2oteaganer al fornul a - NRN- CRIR2- (C=0) -, wher @Cm/URR000H6@30

non- hydrogen, substituted or unsubstituted basic side chain of an am no
acid; R2 is hydrogen, or C(1-5)al kyl, 20RN is hydrogen, or C(1-5)alkyl, R3
is a lipophilic tail derived from a naturally-occurring or synthetic
phosphol i pi Iqeth&lym@émbﬂbgmcm ) gb;a@rﬁmkoﬂ G- g@@&@-@%@%@&hﬁioﬁmme

sphi ngolipid, ceramd S m)/e in, cerebroside, or or a
20bS1 L ut e Gy BT OB 2] GirRg - mepes TRie pelcashii] 200013

& 0- 12) oyl @plbnhngad el likondEhdrognaZ) ahkerh; pG vaR Rl donN.

C( 3- 22) al kox 12) al l; or a pophlllctall of any
ot her natur aﬂg@nﬂcféﬁhtmyn@iy@hylsl}ﬂﬁb’h@ltﬁ()@ )Hi %}ﬂrﬂ’alfrmoy]asnl glpesphdiic tail of any

one of tfe éﬂo@;}h@@thglﬁﬁ %(%lel}ﬁ i qﬂ%ﬁmm%o OPX-@ARALN @ steroid; R4 is a

l'i pophil'ic derived froma natura y-occurfing or synthetlc
phosphol i pi w¢th@0gblyebylepigtcot H50atPidgtspeet-on-glygérg- Senhogrthosthirolanpid,,

sphi ngol i pi } ] i e j hQsi de; or
ubst 1 ut ed s P PG o R DS oy Bhes AR RAO0BR1 2
C( 6- 12) cycl dstbdeyyl-s@(eBrci@)pptogphocBadblandiny abdiemshll; I3+ RIPEH0PAY IN-

3-22)al ko 2).al - I tail of
other - nat ur QMY RUBURR RSP BRE PR S S B8BR 1S (a1 o any
one of t(e phopplﬂ&hﬁiemlhéaeddlhmrseli rﬂfEIE@MPEGrﬂﬂ)Omayocnmmbmlmeaylsmﬁt@| d; Zis

NH, 0, S, an nker c nS|st|n of 1-40 atons
sel ected fr(glf?rgP‘l?B?Wtﬁ‘é‘??ug%Qr%ﬁwtab%g%ﬂere?fr:f”} ‘é‘H‘resé Ayl fugrJ atoms. 5In

sonme enbodi nment SExainb]eSoI rrmedatmnﬁ@11@&@Mt1d@§p@ymamg@1@fsuiﬂ dsADEMPRQ, aci d
conpounds as shown in Fornula | above V\/ner Xaa | 2 any D- or L-am no

aci d havi ngPtREPHEnBPRE-HESH htinRE- Nk e ey, I?ZL“'P@I FE &Y 000

121 is a non-hydreaeRs oﬁuiasctah@ﬂié dpﬂhduﬂ@ érthtpﬁﬁ sb@sdsGniddi-@Rneeai N of an
10am no acid; R2 is hydrogen, 1 !CDSHEd) RN i s _hydrogen, or
ilé

C( 1- 5) alky| pegylated pampaungs, ‘?Ilﬁ‘é%fp s PRITOMPSEYR- 22) al kyl |

C( 6-12) cycl oal k)ﬂxam&@of oA @Y & 15&1501%@%@%)1@40@{311& st Aral ety |
C(3-22)al kynyl, C(3-22)al koxy, 15or al koxy-C(3-22)alkyl; R4 is a

subst i t ut ecPdbyelyseBRbénids: ut ed C( 3-22) aI kyl, C(6-12)cycl oal kyl, C(6-

1295 88 1 SRy ok AL S YR g 5 22125

or an or gan(IDQHE)rmmyt&noﬂsh®phw@y1@ﬂlallela¢@maﬂblﬁl?Eist%Dedftoeflisrf ©brethysdr ogen,
carbon, , ﬂl%\%'}ljhg%otling BPC)@‘QI?d FD]’z' g@yta%gﬂ%iGlr%ro 3'15ﬂo RO oR AP g&!ﬁ?t s, this

|nvent|on pr es a 0 ac nds as
Forrmul a | above Bxheples pf no)(a:atwmc Bpiys 1Delu¢fr chioleaterofro stamISdaItdas‘tﬁrmgs fuake agener al

formul a - NRN- CR1R2- wherein 251 S ghogeosp ydro en, substituted or

unsubst i tut%)é‘a‘ﬁés‘?sggns‘?us BUOHARS pr?gné“r‘nesacm"lr%‘esacu PN ogen, or

C( 1-5) al kyl ganigbbtargs, lppdfemanes gign(@kthads) @rg«;staned?&nbﬁarﬂs wd:lezinahest edwar
unsubsti t ut ed 13 22&2 iﬁ tC\g %Zéy %Ial kg.l , Cé%? bioloe
3012) cycl odMRYTOIE Fo5B1e frepie s T Qrrppint g Bssypigtagig
C(3-22)&A koxyerm@liatés(ahd p)arsdeoxyhi €l Bayidd @ik Yor;example, cholesterol, lanosterol,
stigmastanol, dihydrolanosterol, zymosterol, zymostenol, desmosterol,
7-dehydrocholesterol, and mixtures and derivatives thereof.
Examples of non-cationic lipids include pegylated cholesterols, and cholestane
3-0x0(C1-22acyl) derivatives such as cholesteryl acetate, cholesteryl arachidonate,
30  cholesteryl butyrate, cholesteryl hexanoate, cholesteryl caprylate, cholesteryl n-
decanoate, cholesteryl dodecanoate, cholesteryl myristate, cholesteryl palmitate,
cholesteryl behenate, cholesteryl stearate, cholesteryl nervonate, cholesteryl pelargonate,

cholesteryl n-valerate, cholesteryl oleate, cholesteryl elaidate, cholesteryl erucate,
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R4 is a substituted or unsubstituted C(3-22)al kyl, C(6-12)cycl oal kyl, C(6-
12) cycl oal kyl - C( 3-22) al kyl , C(3-22)al kenyl, C(3-22)al kynyl, C(3-22)al koxy,
or C(6-12yval2kmousde3-22)al kyl; Z is NH 5In sonme enbodi REMUGS200006630

i nvention provides a range of DILA2 ami no acid conpounds as shown in
Formul a | above wherein: Xaa is any D- or L-am no acid having the general

formula - NRN- CR1R2- (C=0O) -, wherein 121 is a non-hydrogen,
substi t ut edch@rest@ﬂ@h@mnbatetcﬁélegw Eno¥188a:€ RAHIB QY1 1801k QIR xAcdsAng R2 1S
hydrogen, or C(1l-5)al kyl, RN is hydrogen, or C(1-5)al kyI R3is a

subst i t ut edlesivaiisstssel-t ut ed CO(3-22)al kyl, O(6-12)cycl oal kyl, C(6-

12) cycl oal kyl - C(BaggkabKyh: ca%tﬁcg hﬁlnglﬁﬁkyéom polits 2 eakyomy f)lantge:lgo'lgz) al koxy,
150r C(6-12)al koxy-C(3-22)alkyl; Rd 1s a substltut ed or unsubstituted

C( 3- 22) al kyin¢clud@ipg phiy2gsgsyels.dglaksytpsterol, eampestero).eirgateka) brafigasgpylafiaiipt 7-

g((g igg kos%ln&(tgggg%g%ﬁgﬁg%& %%g%%{aﬁgﬁg%va%?ef er%% no aci d conpounds

can be prepar ed lwhepks of mm-ekempligds Meladéhlahé agidpabplec ®id ehahddomychBk@anpl es of

am no aci ds n r A onoar gi ni ne
(honoAr g) (%:?agéiyc Q?Iﬁp%?d@@%ﬂla (f?m Oﬂgg?lgrlgl%(%lhﬁg a% Ofg’ktrhég] (side chain
- ( CH2) 2NH( Gzhibdhdk2)cid, mmd mnmrrasrrgldmimmu@mheremfAr 9) (SI de chain
- (CH2) NH(C=NH) N rn si.ne,. honol -
25met byl st | o nempli PP o bR e PEry A S N WP s par agi ne.,
gl ut am 1e, 1aadd14g gm:mphreﬂyloahaa]l, nﬁl,roc@nd;oﬁa dmlccksmrasnenmﬂprfegr&doldml vatives
t her eof . C% her ej %g)#n V\,ge(ﬁ]referrl ng fo an am no
aci d, neansPrP%é'te“’élﬁ’ B%PfCPFISH%E‘Fm‘& ¢ Pr§g‘§88188€ 1BTO8FWEO¥hal n, while the
term "nor, "divheorikdf @h&dlrﬂgnirﬂr(ﬁt’ér(ﬁﬁ] dbﬁy(ﬁﬁdzpﬂandﬂﬁ@ﬂﬁletsﬁlﬁdte andiadidiRbioh§

subtracted fromthe sjde chain. Thus, honolysine 30 refers to side
chai n- (CHZ)%M%E’IOHG 18-hydlraxyRFrHCsferoRs: tﬁ‘i‘i“ll%mé 16"%6%@5%8@“%% ‘l?é“sﬁ‘i‘eepar ed

where, for Qxanphe, 6a>£§@131§remk&feamﬂ&n@n6@§ﬁﬁéi>@mmsolone 90 ERbIOIHC and
ani oni ¢ DI LA2 ami no aci ounds can al so be prepared where the am no
acid site cfﬁﬁhﬂp@éﬁﬁ‘%h)fﬁs9%ﬂu‘i’f8?ﬂftzsé?lbIaéd BEHEs v dstpatve hesset.

Non- cationic Dl %mﬁm %&Qa@orﬁ@f@@éﬁﬂ@%d&%ﬂ%ﬁn&rd%ﬁ@erd%n\{\ﬂ%f%ls for exarrpl €,
Xaa is |leucine, valine, alanine, or serine. 5ln sone enbodi nents, Xaa is

NG- et hyl arlg?lndlngadrggﬁrmﬁéqueerw @hxﬂwt@tt@wormand@smnﬁﬁb@lh%dmsganmlw;

N.G met hyl - hﬁﬁ?ﬂe%&&%@ M(Ls[ i a@%}i&{ﬁ?&s ah& d&@a{\l\%s thereof.

di et hyl - honoar gi ni ne, -norargi nine, symetric or asynmmetric

NG, NGdi net hyl - ndixamglenpiveon- cgthINGJmé& ingludnempeondsrdgiividdeom sgnodst ri ¢ or
asynmet4d c I g Xaa is
NG ot hytar grey bR st RRIALALRAASY, fpl e TR E Bt

NG et hyl - honoar gixampbs oﬁrwmmatwmcclqmds aslydnenrhiosndNGefi@ddraet hylifveniaidgi ni ne,
NG et hyl - nor%mgn B'com oSyt ric or asymmetric NG NG di et hyl norargi ni ne, or
NG et hyl - nof ~Aor ar grnine,” synmetric or asymetric

NG, NG di et hyl - naixampls gf minrationlolipidciacihad lipidrteis nahtranging=eoni £10:0 to

NG al Kyl - hoa afr R HEPE R 1 ETY RS eyathey s REP RS RO PRERB g1 i ne,
mg g: ty:lkﬁ nm)aDng(mn(:)ﬁamom -79-0y, D&m?v_«‘rrges 1) @ AGI0YE-(31 18] vihPe(@rsgt)ni ne, or
NG NG At ol R B s Rl G (o B TRV TR bR RAPEAC20#L S o aci d

havi ng a gusné)dbDerATeS (CRNMeHiEs eBNRAR NI NHIHPHe1 EHad M), FQrALXa0R-86- t he side
chain of the Xaa residue nay contain a group such as guanido, am dino,

di hydr oi mi ddzol e, 4- guani do- phenyl, 4-am di no-phenyl, N-am di no-pi peridine,

N-ani di no- pi per%hﬁlg}es6fgl&mwsqhm&%%@aud?ﬂs@hh@gh&bml)dlcpa)éfdrol i dinyl, or

4-1(2-am nopyrimdinyl)lethyl. les of Xaa side chains include the
fol | owi Hy shogbetigderiolipg pladiet- sl R oR Q1AL o mbalid ethanolamine

phosphatidyl-DL-glycerol, phosphatidylinositol, phosphatidylinositol (pi(4)p, pi(4,5)p2),
cardiolipin (sodium salt), lysophosphatides, hydrogenated phospholipids, sphingoplipids,
gangliosides, phytosphingosine, sphinganines, pharmaceutically acceptable salts thereof,

and mixtures thereof.
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HNNH2 Exanpl es of a substituted side chain of an am no acid
suitable for a releasable formof a DI LA2 am no acid conpound include a

r el easi ngwobunord4es1al group havi ng a 5pKa from about 5 t@CahsaesNe®30 or from
about 6 to about 7. In general, a releasing functional group which is a
weak base may exhibit a predom nant neutral format a |ocal pH above pKa,
and may exhibit a predom nant ionic format a |ocal pH bel ow pKa. A

rel easi ng fUQGkiQRReridl RMNA Whilasdhibs a weak acid may exhibit an ionic form
at a | ocal pH above pKa, and exhibit a neutral format a |ocal pH bel ow
pKa. See, e.g., IPSOI&WSP@%fhl%ﬁS%?samrelaﬁéa%@@x tothe Bpidp et PdtN&al t s
(2002). and /RN & %fe%ﬁ@@thné%ﬂstestheréﬁﬁuﬁaéﬁd%}{@eréoislkﬁﬁ tﬁé??ﬂeﬂu&omcﬁé ning a
functional group having a pKa from5 to 7. Exanpl es of a substituted
si de chai n @ticarrignthisanveaiien relafes &moglm@rlo@ acnérf@alyhabp@s poripangfleig apiy. A2 ami no

aci d conmpo i ;@tﬁégﬁgggj . it uted side
chai n o;g) ag%g%ér}gdsg%;ﬁaﬂlggq?%%kﬂn? tf&l%gﬂfea easa eh Orj%ﬁsolﬁv %H%ﬁfk%&am no acid
conpound i rwﬂln@na@y @,rﬁethndsoﬂosmg/mmm@c acids in RiWa mpdréesenoé fog genebwpeéitiat ed si de

hai n of | ! f f a DLLA2 ani i d
comound | nerTHAReRELE sRHLRRG PRt PELFARRE 5385482t Us20001 060530

Exanpl es ofphhdtAR. am no aC| d corrpounds include the structures: | 5 HO HO
Exanpl es of a s itu for a

A Tersonl o 1 or mIETA LR ORedt B BB BBl R R D AR B, T ool
groups ter isiestidg @lﬁb&s&naduat@ldg atcy)nblslst‘imdedRm (dyR XA stdlldd aehort interfering

4 6 Di Mot hyR DO F AR i e, /g1 PN R o o R “ButERe < aci o,

N, N- Di et hydsstosoaphtiogd.arNneis shiead @nmms@mrﬁj ancﬂpﬁyﬁtdmyhmmamqb Be &ci d,
N Met hyl ani lipe, 1,10- Phewﬁ%hr ol i ne, Pyri di necar boxyl i c aC| d, Hexanoic
acid, Pr opa‘?YBl“é‘O%?éﬂ)ﬁCOfﬁer Blapddense H]EFIH‘mS?l Wﬁ)}ﬁ‘%"@é&%ﬂ} o Tgeieg,
Hept anoi c aghek, SeERNe &L, avhiils Gey&! Bhmganegar boxylic acid, Quinoline,

3- Qui nol i nam ne, 152- Ami nobenzoi c acid, 4- Pyri di necar boxyl i c acid, Nonanic
acid, M ami ne, RVAs Histeforep ubritqveengrssaeusiechuian el uyst WAl gnradiig ne,
4- ('VEt hyl angQ@} Hﬁsﬂ%ﬁﬁef‘geﬁ&éxgres%@tﬁwﬁﬁkﬂdoﬂ?D M: {ddfBt Db AN ALNZL] C acid,
Malic acid, N-Ethylaniline, 2- B enzyl pyri dine, 3,6-Dinit rophenol
N, N- Di et hyll?lamred &, 83775108 OO RN gk ir2ilnte 1mwwgh@mminm@ved in cell
5- Met hyl qui gl : cid, 3,5-
Diiodityr os(iﬂe(rgu-l-,l &}lﬁemﬁ?dg{&g%@a&%@pﬁﬁ 32/182%1 rﬁ%/%éﬂszrgt?g ﬂgéc ggﬁlghgﬁl azol am ne,
dutaric aomwdlfmcﬁepﬁ@ cdagied(s, ¢®©@ﬂdlhydtanm80nstaatmm8@s- a¥hah a 9RPAtihal i ¢ aci d,

Benzim WZ In&odup L P %[oaazée'ﬁ 1t binds to the endogenous RNAi machinery to disrupt the

expression of mRNA containing complementary sequences with high specificity. Any
disease-causing gene and any cell type or tissue can potentially be targeted. This
technique has been rapidly utilized for gene-function analysis and drug-target discovery
and validation. Harnessing RNAi also holds great promise for therapy, although

25  introducing siRNAs into cells in vivo remains an important obstacle.

The mechanism of RNAI, although not yet fully characterized, is through cleavage
of a target mRNA. The RNAI response involves an endonuclease complex known as the
RNA-induced silencing complex (RISC), which mediates cleavage of a single-stranded
RNA complementary to the antisense strand of the siRNA duplex. Cleavage of the target

30  RNA takes place in the middle of the region complementary to the antisense strand of the
siRNA duplex (Elbashir, et al., Genes Dev. 15:188, 2001).

One way to carry out RNAI is to introduce or express a siRNA in cells. Another

way is to make use of an endogenous ribonuclease III enzyme called dicer. One activity

of dicer is to process a long dsRNA into siRNAs. See Hamilton, et al., Science 286:950-
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Hept anedi oi ¢ aci d, Acridine, Phenanthridine, Succinic acid, Methylsuccinic
acid, 4- Methyl quinoline, 3-Methylpyridine, 7-1soquinolinol, Mlonic acid,
Met hymal omocoBdi46§1252- Met hyl qui nol i ne, 2- Et hyl pyri di ne, PRTNiSRévglopogse di ne,
4- Met hyl pyridi ne, Histam ne, Histidine, Mleic acid,

ci s-1, 2- Cycl ohexanedi am ne, 3,5-Di nethyl pyridine, 2- Ethyl benzi m dazol e,

2- Met hyl benzi m dazol e, Cacodylic acid, Perimdine, Gtric acid, Isocitric

acid, 2,5- E@smewml 9&%@ B%J ﬁ@%\@plm 200t WQMdé}lv'@@frmﬁlcQ@e?[sl di ne,
L- Thyr oxi ne, Di net i ne, Methoxypyridi ne

trans-1, 2- OyElF%JHe%PQWe?drérﬁuﬁ]éOtldfﬁ)@ aepliegithuid shophld base paimwpploredi st i di ne,
1-3- Met hyl hSéﬁiaﬁhl'&ﬁr et 3&9&@&)@1@@[ &ld'G}ﬁes E@nfﬁpg%t Q('Sdlnln essence, a long

1, 2- Propanedi am ne, N, N°Di et’hyl ani’l'i ne, Al oxanic acid,
2, 6- Di met hyflSB‘NA ehinrpe introdmed s pelkas aznrwrspd@fmawﬁh% N- b- Al anyl hi sti di ne,

= . .
4I N:)'f ?(r)p enoI hlh %{%éélgh‘gﬁl%%de#‘%l neani3 Jc)ise10n WI@%%‘P%% |S%3Ch

1, 1-Cycl oprlopladﬁe&jleglalatboxlwi\caramedenmcmcemfﬂrqr wptdeyispythérdofne, Ver onal ,

2, 3-Di chl or %%%{Lﬁ!m with Van%ghg&%n;gdnt%ﬁ'& "h%mdl]n h$iPq ? %?AL Aagﬁf“éoPn bm%ndl G nat i ons

t her eof . Somnme e a ran ge o o aci q conpounds
correspondlmlgmmrdForsymthaudpcayreersepresent ed by the structures ORN R2 0

[11111HR3-C -Nj5 G - G-, tr.uct.ur 2 R3-C
NG C 0 1 RY ISR IR A i ieferﬁz%a ﬁo‘(‘)bl% Str%%%“!\%ﬁédn%?ce“ ef i rod as
above. 10 capdhie sﬁnﬁmbﬁn@oﬂdmnhg;latﬁ@ sandexpésdome forrdapaadsnirdiyotsgl ect ed

| i pophilic |Is ich | rt s i,cient |ipophilic character or

[ hopni 11 ci RSN Eetes CIRRn or B LS e s SRR AT SRR "R ovi de
delivery aCHQ&SRNA@BmEﬁdiﬁldéﬁreuﬁy&k@uﬁh&ﬁle&uﬁ@ﬂa{es forlmee ofﬁirh@ocﬁﬁtﬂ)ﬁi wieh when
used in a DILA2 am no aci ound, c molecule. 5 Lipophilic

Lo T s Moy DRISGap M st o soBb o R dond oty T RN iog et b o

gl ycer ophosqhghikdi siﬁmnﬁlgmbgm@delgmugssucﬁ@sr@snpﬂ@s@haté Bhé NOQAIPKRBIPh RS, As
cerebrosi des, or gangli osides ﬁlgl thers, and may contain a steroid.
9n

I'n cert Bl n WaBUFIAERIA Raleges. pad f%&‘@é‘r?@@ﬁ?‘l’fylclﬁéu% tangBdKTl i ¢ tail

having a gl M@lﬁdi@s!ub&ﬁ&d%@ Qﬁemﬂe@ll}ﬂméélﬁ@d fIRQdhdeMihon Ricléfdlefd may
i ndependently be d Ca dlal kyl, d2alkyl, d3alkyl, d4alkyl,

Cl 5al kyl, d 6al @Pmp]@iVPIC&RW molegudes] dey be fagnd i, foy exangdo Al kyllaenc2] al kyl , or
C22al kyl . licat Jlll NP TR/ MRadi el s N3R, 205h £4 MY %E@@@%ﬂ@'?@’r' y be
i pophilic t%pll havi ng one OPrga ?ﬁ%ovmn structures?
International Application Pubhcatlon No. WO/2003/070897
20 Examples of a nucleic acid agent of this disclosure may contain one or more
acyclic monomers described in PCT International Application Publication No.
WO02008/147824. Examples of an acyclic monomer include monomers D through J
shown in Figs. 1 and 2 of W02008/147824.
Examples of an active agent of this disclosure include nucleic acid molecules
25  containing an acyclic monomer of W0O2008/147824.
Examples of an active agent of this disclosure include UsiRNAs. A UsiRNA is a
UNA-containing siRNA, where a UNA is an “unlocked nucleobase analog.” The acyclic
monomers D through J of W02008/147824 are examples of UNAs.
Examples of modified nucleosides are found in U.S. Patent Nos. 6,403,566,
30 6,509,320, 6,479,463, 6,191,266, 6,083,482, 5,712,378, and 5,681,940. A modified

nucleoside may have the following structure:
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In the structures above, X represents the atomof the tail that is directly
attached to the amno acid residue termnus, and is counted as one of the
atons i n wbheorwnassizcal WO 2010/ 045512PCT/ US2009/ 06093 @Caasegnatiosn, f or

exanple, "18:3." In sonme enbodi nents, X may be a carbon, nitrogen, or
oxygen atom In sonme enbodi nents, R3 and R4 may i ndependently be
| i pophilic tails having one of the followi ng structures: 5 20:4 20:1 a

genetically encoded am no acid, a natwally occurring non-genetically
encoded am no acid, or a synthetic am aci d. Exanpl es of am no aci ds
include Ala, Arg, Asn, Asp, Cys, r{ u Gy, H's, Ile, Leu, Lys, Met,
Phe, Pro, Ser, Thr, Trp, Tyr, and Val \/3Exanpl es of am no aci ds include
azetidine, 2-am nooctadecanoic acidz axi noadi pi ¢ acid, 3-am noadi pic
acid, 2,3-diam nopropionic acid, 2-/am fic acid, 4- am nobutyric acid,
2, 3-di am nobutyric acid, 2,4-diam utyri ¢ acid, 2-am noisobutyric acid,
4-am noi sobutyric acid, 2-amnopimrmelic acid, 2,2'-diam nopinelic acid,

6- am nohex .G [ I ' g, 2-am I.C i

deamsi ne, T0eaneRlo CRENIREPREPA R AR R e BLI AN AR For B

t ert - | euci nevtospleeguphigyhyperanthineburegil, glypenanand Nuatodyglegihgaiimése sacr osi ne,

N- et hyl gl ycji ¢l o I i 4- 0 cl | yci .

N- et hyl as p;ll?eg%i,)c g% lgcsfzzyls %ﬁggy t% grg)}l%%f,a u%%&é tf/ﬁ?g’s'éwn%zﬁlg’, annuglg%qsﬁtﬁllfegllfgﬁi ne,
pyri dyl & andimgge, 3adcdnl wosdali@red el inBdadelr 0L, hilierniyé;ahdRb,Rg aredindependently

hal ophenyl al

321 7 oor ophaript af KBS 85 ST SEER, FEPARC, R LIRPET e R

2-t hi enyl al @AiNiEr,)OTEHHON] OE0; MetifHosphateearsiutiplaspiches, whermaR,gindiRpe,

norargi ni ne, nor-norarginin cet i ne, 4-am nophenyl al anj npe,

ot oy varoaahe ivseyak BpRa RS S S R aedigmy e e it e

al | o- hydr oxyleysioReatyl3the ANFEQAIRTBhT Rfars G- BAMAN.QKY b@dvidtien “BSAORKBSI ne,

al l o-isol euci ne, 6-N-nethyl|ysine, norvaline, O-allyl-serine,

0-al | yI [ hri¥afihdhe dbpritige, ﬁwe%%fﬁréi%dlamh&?ytaiyﬂm%ﬁ bbby IR ki d,
and pyr ogl ubadtiabyd@6hyanyl; thAbblSRHoNETIEDNS” tdi&s tALIyl&HeMQ1sa¢l the | ncl udes
al pha- and beta- anmno acids. Qther amno acid residues can be found in
Fasman, CRGPPrywtipeallPPansbegsk erasperndiilsl ayd haabwpiadicn BRIBBY 8@y, CRC
Press, Inc. @ @8®)nsilyd general, a conpound may contain one or nore chiral
centers. CompoundS 25containing one or nore chiral centers may include

t hose descri bed Iagddgom psysaghereinghe ormy «lsRNSre RNAignduginggeetedndr , " an

“enanti pyre r”RN@i&g}él‘PLer%aPlj 3 %Er?};nol%'lyrﬁ(gus%th tﬁel}?eﬁl%gils(éd% AUt nucfRI¥RNT | ons

for stereochenmical nonenclature, for exanple the stereoi somer nam ng rul es
of Cahn, | ngoleehleribht Pregiapable efsnadeiting sxjuenst bieddicfRI¥ALihdudieg mewidvpdes on of

See. Tor 30CRARARS Ol RaRAOEh ey TR RORTLRIRUS PR e

O gani ¢ Chemickiaagid (SIRIN/Qd$iRNANMiQGIIA (MRN A sipgle nadsdR A shombdigpies of thi s
di scl osure to enc ass. all. possi.bl e | soners, stereoisoners,

di ast er eomelglg‘,g (gﬁ@%% %’r%trlgt?g%ﬁ]élozﬁgo%l&elg%%’ Sllogdﬂtﬁéeénqgﬁg?“%ﬁ{ d be under st ood
t o exi s20 f osligohelppes ishiredteeforipomndified olgionuddarle chémichllydinod fiahysRN At ur e,
racem c or otherw se,. t.heLeof . r@l %_?\Lﬁf Di am no aﬁi dFéorrpounds

i ncl ude R3-PEPOI-URPETRECTASH SEctne fRLes r S GrGPHCHEY™ 8antYR3 and R4
are indepengdemdvy. al kyl or al kenyl. Exanples of DILA2 am no acid conmpounds
include the fol li%\émter}% ”ﬂréeucfotuglre—estsrénc{gdl\l (c?s) EN:A/” rflz\flftlrs t(!_I anlylodouble—stranded RNA

longer than about 40 base pairs (bp) to about 100 bp or more, particularly up to about

25 300 bp to about 500 bp. The sequence of a large dsSRNA may represent a segment of an
mRNA or an entire mRNA. A double-stranded structure may be formed by
self-complementary nucleic acid molecule or by annealing of two or more distinct

complementary nucleic acid molecule strands.
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NH FINt O H2ZNHNNH O NH2Cl Exanpl es of DI LA2 am no acid conpounds
I nclude the follow ng structures: NH2 CH /111111111-1111""1(CH2) 14CH3 O

DI LA2 ami no acid conmpounds include the following structures: FINt O HN -/
NH H2ZN-' O NHO HN HNNH H2N-O NH2 O e HN t
In some aspects, a dSRNA comprises two separate oligonucleotides, comprising a
first strand (antisense) and a second strand (sense), wherein the antisense and sense
strands are self-complementary (i.e., each strand comprises a nucleotide sequence that is
complementary to a nucleotide sequence in the other strand and the two separate strands
5  form a duplex or double-stranded structure, for example, wherein the double-stranded
region is about 15 to about 24 base pairs or about 26 to about 40 base pairs); the antisense
strand comprises a nucleotide sequence that is complementary to a nucleotide sequence in
a target nucleic acid molecule or a portion thereof (e.g., a human mRNA); and the sense
strand comprises a nucleotide sequence corresponding (i.e., homologous) to the target
10 nucleic acid sequence or a portion thereof (e.g., a sense strand of about 15 to about
25 nucleotides or about 26 to about 40 nucleotides corresponds to the target nucleic acid
or a portion thereof).
In some embodiments, the dSRNA may be assembled from a single
oligonucleotide in which the self-complementary sense and antisense strands of the
15  dsRNA are linked by together by a nucleic acid based-linker or a non-nucleic acid-based
linker. In some embodiments, the first (antisense) and second (sense) strands of the
dsRNA molecule are covalently linked by a nucleotide or non-nucleotide linker as
described herein and known in the art. In some embodiments, a first dSRNA molecule is
covalently linked to at least one second dsRNA molecule by a nucleotide or
20  non-nucleotide linker known in the art, wherein the first dsSRNA molecule can be linked
to a plurality of other dsSRNA molecules that can be the same or different, or any
combination thereof. In some embodiments, the linked dSRNA may include a third strand
that forms a meroduplex with the linked dsRNA.
In some respects, dsSRNA molecules described herein form a meroduplex RNA
25 (mdRNA) having three or more strands, for example, an 'A’ (first or antisense) strand, 'S1'
(second) strand, and 'S2' (third) strand in which the 'S1' and 'S2' strands are
complementary to and form base pairs (bp) with non-overlapping regions of the 'A' strand
(e.g., an mdRNA can have the form of A:S1S2). The S1, S2, or more strands together
essentially comprise a sense strand to the 'A’ strand. The double-stranded region formed
30 Dby the annealing of the 'S1' and 'A’ strands is distinct from and non-overlapping with the
double-stranded region formed by the annealing of the 'S2' and 'A’ strands. An mdRNA
molecule is a "gapped" molecule, meaning a "gap" ranging from 0 nucleotides up to about
10 nucleotides. In some embodiments, the A:S1 duplex is separated from the A:S2

duplex by a gap resulting from at least one unpaired nucleotide (up to about 10 unpaired
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NH /N-,( O NH O Exanples of D LA2 am no acid conpounds i ncl ude
R3-(C=0)-nor Arg- NH-R4 wherein norArg is D or L-norarginine, and R3 and R4
ar e i ndepeoderwdsgsial kyl or al kenyl. Exanpl es of DI LA2 arChaSa@ode@aenpounds
include the following structures: HNHN HNHN NNHHN/ y NH HN HN WO
2010/ 045512PCT/ US2009/ 060930 HN HN HN\ ry0O NNH HN I HN Exanpl es
of DILA2 am no acid conpounds include R3-(C=0)-nornorArg-NH R4 wherein

nor nor Ar g i fucfRoi &%) ROk ARG AT BipB&iorRl HeR3e e ARA ®hRxiaRdgRengent Iy al kyl
such as heptyl, octyl, nonyl, decyl, and undecyl. Exanples of DILA2 am no

aci d conpouidrxiaae thgtiis disHeCt{igM BWioRgyOsheig R nuclggtde at the 3'-end of one
2010/ 0455 12@%&9&%@9 %(‘,0@0,%1)’%2' strands. In some embodiments, the A:S1 duplex is

separated from the A:B2 duplex by a gap of zero nucleotides (i.e., a nick in which only a
5  phosphodiester bond between two nucleotides is broken or missing in the polynucleotide
molecule) between the A:S1 duplex and the A:S2 duplex — which can also be referred to
as nicked dsRNA (ndsRNA). For example, A:S1S2 may be comprised of a dsSRNA
having at least two double-stranded regions that combined total about 14 base pairs to
about 40 base pairs and the double-stranded regions are separated by a gap of about O to
10 about 10 nucleotides, optionally having blunt ends, or A:S1S2 may comprise a dsSRNA
having at least two double-stranded regions separated by a gap of up to 10 nucleotides
wherein at least one of the double-stranded regions comprises between about 5 base pairs
and 13 base pairs.
As described herein, a dSRNA molecule which contains three or more strands may
15  be referred to as a "meroduplex” RNA (mdRNA). Examples of mdRNA molecules can
be found in U.S. Provisional Patent Application Nos. 60/934,930 and 60/973,398.
A dsRNA or large dsRNA may include a substitution or modification in which the
substitution or modification may be in a phosphate backbone bond, a sugar, a base, or a
nucleoside. Such nucleoside substitutions can include natural non-standard nucleosides
20  (e.g., 5S-methyluridine or 5-methylcytidine or a 2-thioribothymidine), and such backbone,
sugar, or nucleoside modifications can include an alkyl or heteroatom substitution or
addition, such as a methyl, alkoxyalkyl, halogen, nitrogen or sulfur, or other
modifications known in the art.
In addition, as used herein, the term "RNAi" is meant to be equivalent to other
25  terms used to describe sequence specific RNA interference, such as post transcriptional
gene silencing, translational inhibition, or epigenetics. For example, dSRNA molecules of
this disclosure can be used to epigenetically silence genes at the post-transcriptional level
or the pre-transcriptional level or any combination thereof.
In some aspects, this invention provides compositions containing one or more
30 RNAi-inducing agents which are targeted to one or more genes or target transcripts, along
with one or more delivery components. Examples of delivery components include
DILA?2 amino acid compounds, lipids, peptides, polymers, polymeric lipids, and

conjugates thereof.
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HN HN No HHN HN HN () \ HN5 Exanpl es of DI LA2 ami no acid
conpounds i ncl ude R3-(C=0)-honoArg-NH R4 wherein hombArg is D or

L- honoar gwoi2o®/04851d R3 and R4 are i ndependently al kyl sech/usgoonpiopt ,
octyl, nonyl, decyl, and undecyl. Exanples of DILA2 am no acid conpounds

I ncl ude 10R3-(C=0)-4-pyridylal ani ne-NH R4 wherein the pyridylalanine is D
or L-pyridylalanine, and R3 and R4 are independently al kyl such as heptyl,

octyl, nonyl, deg¥lemphdidanSRCimulfAIB @8 dkloRde (ﬂ&y% ufehcbeliddrof ne- NH- R4
DI LA2 am no _acid compounds include pharmnmaceuti cal | é accept abl e‘g‘yrl dyl

salts, suchRNAI-NAYsipe eRSLIRYTUSY A SHANA. SIRAH) e RO o 8@13

pyridyl al a%&'@cn% VeBraTLAR iRl ﬁ%ﬁﬁﬁlﬂﬁ%bje%'a‘d@ Ag*aﬁofaé’hieﬁ%ﬂ@hve
15structures: - N HN anples of DL am no aci d conpounds

i ncl ude R3-¢ICRBY ageps-LpEelRAN HErei n R3 and R4 are independently alkyl or
al kenyl .5 5Exarrp|1ﬁ% cﬁ{_ﬁghﬂeﬁf{s‘ 0 BOVIIRs AR aCRMRRUBEAR Y HGnHAEmbR& N QLT oW ng

structures
inducing agents or entities to cells, organs and tissues within the body of a mammal. In

some respects, compositions containing an RNAi-inducing entity may be introduced by
various routes to be transported within the body and taken up by cells in one or more
organs or tissues, where expression of a target transcript is modulated.

10 In general, this disclosure encompasses RNAi-inducing agents that are useful
therapeutics to prevent and treat diseases or disorders characterized by various aberrant
processes. Dor instance, viruses that infect mammals can replicate by taking control of
cellular machinery of the host cell. See, e.g., Fields Virology (2001). Thus, dsRNAs are
useful to disrupt viral pathways which control virus production or replication.

15 This disclosure includes methods for treating or preventing a viral infection in a
subject by use of one or more therapeutic RNAi-inducing agents having a broad spectrum
of efficacy against strains of a target virus. An RNAi-inducing agent of this invention can
be targeted to a sequence of a viral gene in a known variant strain or variants of a virus,
and exhibit sequence-specific gene silencing of the targeted viral gene in those variants.

20  Dor example, an RNAi-inducing agent may be targeted to, and exhibit efficacy against a
seasonal strain of influenza virus, as well as variant strains of influenza.

Compositions and formulations of this disclosure may be used for delivery of drug
agents or biologically active agents to a variety of cells in vitro. Examples of cells for
which in vitro delivery is encompassed include epithelial cells such as A549, immortal

25  cell lines such as Hel.a, hepatoma cells such as HepG2, rat gliosarcoma cells such as
91/L.acZ, human monocyte cells such as THP-1, Madin-Darby canine kidney cells
(MDCK), various fibroblast cell lines, and primary cells in culture in the presence or
absence of various sera, among others.

Compositions and formulations of this disclosure may be used for delivery of drug

30  agents or biologically active agents to a variety of cells, tissues or organs in vivo.
Modalities for delivering an agent in vivo include topical, enteral, and parenteral routes.
Examples of modalities for delivering an agent in viveo include inhalation of particles or
droplets, delivery of nasal or nasal-pharngyl drops, particles, or suspensions, transdermal

and transmucosal routes, as well as injection or infusion by intramuscular, subcutaneous,
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HN HN NO H HN O HN NO HN 0 HN C)NO 1HN HN Exanpl es of DI LA2 am no
aci d conpounds include R3-(C=0)-H s-NH R4 wherein R3 and R4 are

i ndependew®l2910zi4k31 or al kenyl . Exanples of Hi s DI LA2 amChaSa@owdc@@enpounds
i nclude the following structures: 0 HN O HN 68 WO

2010/ 045512PCT/ US2009/ 060930 Exanpl es of DI LA2 ami no acid
conpounds include R3-(C=0)-Xaa-O R4 wherein R3 is alkyl and R4 is a

sphi ngoi d. ExARRbRSinGharlhibAhuAT AR, ftiathe COTRPIOASs, iftfabsitlEnda@nd Ol | OWi ng
structures: WD 2010/ 045512PCT/ US2009/ 060930 OH
epidural routes.
In some embodiments, an agent can be administered ex vivo by direct exposure to
cells, tissues or organs originating from a mammalian subject.

5 A drug agent or biologically active agent to be delivered using a composition or
formulation of this disclosure may be found in any form including, for example, a pure
form, a crystalline form, a solid form, a nanoparticle, a condensed form, a complexed
form, or a conjugated form.

This invention also provides methods for the delivery of one or more RNAi-

10 inducing entities to organs and tissues within the body of a mammal. In some
embodiments, compositions containing an RNAi-inducing entity, one or more DILLA2
amino acid compounds, and one or more lipid components are introduced by various
routes to be transported within the body and taken up by cells in one or more organs or
tissues, where expression of a target transcript is modulated.

15 This disclosure provides pharmaceutically acceptable nucleic acid compositions
with various DILLA2 amino acid compounds or lipids useful for therapeutic delivery of
nucleic acids and gene-silencing RNAs. In particular, this invention provides
compositions and methods for in vitfro and in vivo delivery of dsRNAs for decreasing,
downregulating, or silencing the translation of a target nucleic acid sequence or

20  expression of a gene. These compositions and methods may be used for prevention
and/or treatment of diseases in a mammal. In exemplary methods of this invention, a
ribonucleic acid molecule such as an siRNA or shRNA is contacted with a DILLA2 amino
acid compound to formulate a composition which can be administered to cells or subjects
such as mammals. In some embodiments, this invention provides methods for delivering

25  ansiRNA or shRNA intracellularly by contacting a nucleic acid-containing composition
with a cell.

In exemplary embodiments, this invention includes compositions containing a
nucleic acid molecule, such as a double-stranded RNA (dsRNA), a short interfering RNA
(siRNA), or a short hairpin RNA (shRNA), admixed or complexed with a DILLA2 amino

30  acid compound, and a polymeric lipid to form a composition that enhances intracellular
delivery of the nucleic acid molecule. In some embodiments, a delivery composition of
this invention may contain a dsSRNA and one, two, or more DILLA2 amino acid
compounds, which may be cationic or non-cationic. In some variations, a delivery

composition may contain a dsSRNA, DILLA2 amino acid compounds, and one or more
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HN OH OH Exanpl es of DI LA2 ami no acid conpounds incl ude

R3- (C=0) - Xaa- NH- R4 wherein R3 and R4 are al kyl or al kenyl. Exanpl es of

Dl LA2 amwo 2anvdssienpounds i nclude the foll owi ng struct BCEUS2000060930

2010/ 045512PCT/ US2009/ 060930 Exanpl es of DI LA2 ami no acid conpounds i ncl ude
the followng structure: 0 C-0OH 0 HN5C 8:1-F UG 8:1 Exanpl es of DI LA2
am no acid conpounds include the followi ng structure: HN HO - C18:

1ASP- C16 10@1\/%15@9{0@%1@1‘ 0% n LR nACA @en@&gQ@MHRI@&%dnnﬁaly%ﬁtatnmﬁdsk@m, owi ng
structure: 2010/ 045512PCT/ US2009/ 060930 OHN  C
181- Ser ( suc¥iery Mefeldl /2 agnEcdemepupds. pe oRmossdiries: avd ehecdmo&unds i ncl ude

5(C 1 Gacy 0‘1}'7%81“0 idsCre %Mﬂtﬁ)ni s | ReMEn cdddorm stable particles which may
(Cl2acyl)-Arg-NH (Cl2al kyl) (SEQ I D NO 11), (Cl4acyl)-Arg-NH (Cl4al kyl)
(SEQ | D NO indorporate @1l By aningeriring RN@erekyth JCopsBedion antformalations of

(G20eev A ISR, LOEDMR Mo SRR ORI e (00,
(Cl6acyl) - honoArlg sduk ¢ntic@andad, JompiBica8ealys ynvhammAogtatdtabCI MKy | ) ,
(S na BN S b bR IO RS
(Cl18acyl) - nonbadgndils; (h€p8akky mhy h{velaGadyrh) diamaer ErigrnNikbo{iCl (Gech koydbppt
(Caaorhy PG RN LG8, LS DR E RIRN)
(4 Cacyll) - 450Rah tNHo((d50ahky! ) ,

Within exemplary compositions of this invention, a double-stranded RNA may be
admixed or complexed with DILLA2 amino acid compounds to form a composition that
enhances intracellular delivery of the dsRNA as compared to contacting target cells with
naked dsRNA.

15 In some embodiments, a composition of this invention may contain one or more
DILA?2 amino acid compounds which are from about 0.5% to about 70% (mol%) of the
total amount of DILLA2 amino acid compounds and lipids, if any, and delivery-enhancing
components, including any polymeric component, but not including the RNA component.
In some embodiments, a composition of this invention may contain one or more DILLA2

20  amino acid compounds from about 10% to about 55%. In some embodiments, a
composition of this invention may contain one or more DILLA2 amino acid compounds
from about 15% to about 35%.

In certain embodiments, a composition of this invention may contain one or more
non-cationic lipids, where the non-cationic lipids are from about 2% to about 95%

25  (mol%) of the total amount of DIILA2 amino acid compounds and lipids, if any, and
delivery-enhancing components, including any polymeric component, but not including
the RNA component. In some embodiments, a composition of this invention may contain
one or more non-cationic lipids from about 20% to about 75%, or from about 45% to
about 75%, or from about 45% to about 55%. In some embodiments, a composition of

30  this invention may contain one or more non-cationic lipids from about 10% to about 50%.

In some embodiments, a composition of this invention may contain one or more
polymeric lipids, where the polymeric lipids are from about 0.2% to about 20% (mol %)
of the total amount of DILLA2 amino acid compounds and lipids, if any, and delivery-

enhancing components, including any polymeric component, but not including the RNA
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(Cl2acyl)-4-Pal - NH (Cl2al kyl), (Cl4 acyl)-4-Pal-NH (C14 al kyl),

(Clbacyl) - 4- Pal - NH- (Cl6al kyl ), (Cl8acyl)-4-Pal - NH (Cl8al kyl ),

(Cd Cacyl)wo-2Pavoassak- NH- (G Qal kyl ), (Cl2acyl)-4- Pal ( Me) - REE(US ®alokopB) |,

(Cl4acyl)-4-Pal (Me) - NH (Cl4al kyl ), (Cl6acyl)-4-Pal (Me)-NH (Cl6al kyl), and

20( Cl8acyl) - 4- PaI (Me) - NH (C18al kyl ). In general, the designation
"Cl4-norArg-Cl4," for exanple, refers to (Cl3al kyl)-(C=0)-norArg-NH (Cl4

al kyl ) whi cfynippnddieInSaf® cABodifabAd G bhbofl@sr $dniNEvEfelbdh dlykyhin JaX8PI es of

DI LA2 amino acid conpounds include (C 1 Cacyl)-D Arg-L-

25Ar g- NH- ( GReagIPRYymeric {@ﬂ%frawmut@% t-aboyrlg rlpe@&ez%lvw;ryents a

(Cldacyl) - [%o‘ﬁ*{p@sﬂnon Nl Weﬁt%%alylg()hl)am &n@%@ﬁ%ﬁé@d}%a@i"c%plﬂ% Aogr Meh(16d fal kyl) ,

(Cl8acyl) - D- Arg- LArg- NH ( Cl8al kyl)

acyl)-D hon@APfgi%DﬁgﬁmngSNHn( d cal kyI ) (C12

acyl r 4acyl) - D- honmoAr g- L-
ho?/m?Ar %I—I— dsg% y ,uges Igl%y a%d& &L Elggg;l -hgrrz)Arg NH-(C%GaI kyl ),
(Cl8acy1l) - D- hondAsgnd erhiyripignts, M1(1@aalh ksplvdes a method of treating a disease or
Cl Cacyl) - I nor C10 | . : iy
Ec12ac§1§ - [91%’8‘5%#18? {? %gﬁ ﬁi&( é‘é‘gllé‘F ;1?“3“? Ceghs &Py ng! @ composition of
nor Ar g- L- nahﬁngvehlhbl(c@mhahﬂgydn)mte(féiﬁ@ddyA)aMMaMge hc-mhocrrvﬁrogncﬁxjtd-l(oﬁ:lGal kyl ),
5(Cl8acyl 18a k D- nor nor Ar g- L-
or nor a1 g, N 6P KAt et T B R g ey SR PR P R &2 at eyt
(Cld4acyl) - [bxﬂ@tdﬂ@fn@ﬁ‘y@eladﬁﬁﬁﬂ@éﬂogr dvbje{t@h#ag kis¢ase or disorder associated with
Cl6acyl) - D- nor nor Ar g- Lnor norAr
(CiBacy 1) - BARBIHEH A QLB BT R AR G ETBE TR BB 8BRS i no
acid corrpowﬁﬁcedrbgltmdﬁmﬁ)&ltlon(]acyl) His- 10 Arg-NH (d Qal kyl),
Cl2acyl)-Hi s- Ar Cl2al k Cl4dac Hi sAr Cl4al k
EClGacglg Hi s- Ar 1%%%’&‘1‘6%%2 P%SS@S%?‘E’EM&%%“GW%& Seﬁﬁﬁro}féféa?& F% as
(Q Cacyl) - Hespiriogy &ils-he(sglagaainlsyd )stic ﬂ@aﬁgm%nhysﬁf@rs%&@a@tm Ve
(Cl4acyl) - Hi s- Arg- NH ( Cl4al k (Cl6acyl) - H sArg- NH ( Cl6al kyl ),
(c18acy11§ HPudmegagy NF@aéfCPB)&FIPé%)/ff Jpr ef(@lyéﬁéay by adypipisggrige (acho seigey i ) |
15( C12acy 1) iy NelGL 2abkdlor  chifdBeyl) - H s- Arg- NH- ( Cl4al kyl ),
(Cl6acyl)-His- Ar -I%H—(ClGaI kyl), (Cl8acyl)-Hi s-Arg-NH (Cl8al kyl),
(d Qacyl) - Hi sAr W(@l@mn@ymyasse(selezlwy i()r-tﬁiatsngmr@seﬂwp@q%g aprar,
Cl4acyl 4 I NG ERRRh LY,
§C18ac§13 ﬂlzdgrgca%ﬁr(l%S o %VGTQQ&@@%& teﬁﬁ&mal-%% no aéétl ]é,)corrpounds
i ncl ude (C dise@scy tabplgc.dlm NiHam@later, kythijtis, rheumat01d arthritis, encephalitis,

ES%%ZE%% W@ﬁé&%ﬁ%@é@ e dl% i %’B“ R Cioa k1)

(A Cacyl) - Hi s Ag\petth(f@ r@a\dmgyup)osome@:amyeh)m I-ﬂmse‘ksmpkil—lé}( Gt2ariddysl, ) |,

(Cldacyl) - - 1),
(Cl8acy1l) - 1gos’&s C ﬁ&réog z‘IFg%I dss 3%14& . _J::{!)s%ro Ellgoi e&l_#/l rc%qgekkkgr
(Cl2acyl) - FKB?Asp NH-(C12aIkyI) (C14acy1) H s- Asp NH-(C14aIkyI)
(Cl6acyl) - Hi sAsp- NHu§C16aIk §d éé§§§§%¥% HIS (C%g kal)

(CQ Oacyl) - Hi sAspRIBV(ES el kYpyone mﬁf‘%‘ Wy AAOAPRY 1 Y |

E Cl4ac y23) Hios® penid-n{yHAaixky {olktla(thtér@ﬁrﬁaﬁly B)itable SneAR MY &l}} e &al dayth, g
Cl8acyl) - H s- 30As H (Cl8a DI LA2 am no aci

conpounds i fﬁ%qlﬂaeaf@gngw E?%)m‘ﬁgilﬁipﬁoﬁ\ﬁ%n{?@“@g%%f ad¢eg{othe mixture.

acyl) - Pal - AkgerNvEG1de BIKX? dminb Gdid c@ﬁiﬁf@x)ﬂd? SdnAVe Gnik¥d 16 ekt lriky kn) a sultable
(Cl6acyl) - Pal - Ar g- H-(ClGaIk ), (Cl8acyl) - Pal Arg- NH (Cl8al k (C10

acyl) - Pal - %thpi-S‘ﬁ“@f@ aé?lkwh)ure w@t%naaémyhlp% fhe nu%l?’(j amce@m%p{wia

(Cldacyl) - B@haﬁrg NH ( Cl4al kyl ), (Cl6acyl)-Pal Arg- NH (Cl6al kyl),
(C1l8acyl) - Pal - NH (Cl8al kyl), (d Cacyl) - Pal (d Qal kyl)

(C12acyd) - Pal - Ar\guhrw?r@m%wmmrylent%@Ilzpaeyep)lomldslAN& wv(nmcmth(yne)or

(Cléacyl) - Plﬁl)lAr[ﬁLszF aﬁngo% d@(’)lﬁ%oul{dgtﬁqc&ﬂﬁnngﬁdn dNofs %él’gﬁﬂkg Yhndno a01d

(d Cacyl) - Pal - C10 al k Cl2ac yl)-Pal-Arg-NH (C12 al kyl),
(Cl4acyl) - PammwgmNHmQGmHGﬁMV¢FWK¥C16acy1) Pal - Arg NH- ( Cl6al kyl ),

(Cl8acyl) - Pal Arg- NH ( C18al kyl ). DI LA2 am no acid conpounds can be
prepared as poly-nmer or multi-nmer species, such as dinmers, triners, or

tetraners. The poly-nmer or nmulti-nmer species can be prepared 10 from a

single DILA2 ami no acid conmpound, or from nore than one species. Poly-ner

or nmulti-mer DILA2 am no acid conpounds can be prepared in sonme enbodi nents
by providing a sul fhydryl group or other cross-Ilinkable group on a side

chain of the amno acid, or with link&ad or tethered am no acid structures

such as desnosine or citrulline. In other enbodinments, a poly-ner or

mul ti-mer DI LA2 amino acid conpound can be 15prepared w th bioconjugate
I|nker chenlstrles Exanples of DILA2 anlno aC|d conpounds |nclude the



respectively, or the alcohol group of serine, or the am no group of |ysine.
The peptide or polyner chain can be attached using any reactive group of a
substi t utwo 20ro/0¥esi2f i ed ami no aci d side chain. Various [PCHRESROgNOMPE such
as NHS, nmal ei m do, and bi oconjugate techni ques and |inkers can be used.

5Dl LA2 am no acid conpounds can be prepared as constructs attached to an
oligoneric or polyneric framework. For exanple, a DI LA2 am no acid conpound
can be attached g iR&kyRE RN LARnohYEalo b&%ﬁ@%@w N8 caljY&aRld .o &N

oi I gonucl eoti de network or lattice, (am no acid), a carbohydrate, a
dextran, a RYdY2ogEno agd cmpopagd elrpolqumpaﬁ?%a dgtixed VEETRIS OREBSTEIN” be

prepar ed aSc,GOMS ipiHS bof a BEHRGRARRA of BnorHibrP RA FRERY LhE&kiofiE tgiagompound or
conposition, or a biologically active agent. For exanple, a DI LA2 am no

aci d corrpound ca¥n iperferng RYyAtagent apd aDHuE] ahigo aafl dodpaygd s1ag e axed r egul at ory
or interd ering,RNA ncl ude the

fol | ow n% stg&%t ur ésfgﬂ&@vﬁ?rlégd B:Ogl%g?l@%én@‘i&ﬁ%ﬁ%%?ag g’glﬁg%é%n The
conpounds atwhbowtmposi tongagond artdviagondd lsmﬂmﬂﬁ@nmyltahh@mﬁcp@mau@ asalcabi | i zi ng

See, o g, . b MR NR oS e i K2 Bl B ER B, WU iRy O

Del | very émaﬁWIMssymwesey xheébﬁ@m()ﬂeﬁtw RN elgéﬂtlamsmmb&cn@ﬂlmmrrpounds can
Qo< to pr epar &7 T APEEIERY BidiielonRitar i8R il TR SieshBe iR hy e oxyi
or am n® gr@mpmusgmdirugm :a:lucz@hg@hsadnﬁfﬁdymIcsmple}redpmthya&ntﬂ)mm anﬁ)ﬂio dcal Sattach a

pol yet hyl enei m ne eth col oly. ro I he

ol Scul ar - neontis aid BTt TaRg bt Ln by Db SRcig deivers of

pol yet hyl enaglimgol agad agmeany val ue, for exanple, 200, 300, 400, 500, 750,
1000, 1250, 1500, 2000, 3000 4000, 5000, 7500, 10,000, 15, 000, 20, 000,

25, 000, or 30, Odﬁc‘ﬁﬁ‘m?ﬁ O&FE%‘fSef“ dls%?lo%%wlé‘ona HI%PHVFE}%QP%}%‘BI chain
can be att aghednlohy GUGHrafianbés, ghosin@t DILREEmmeatkic@panadipnd ORf an

am no acid side chain. In general, as used herein, general chem cal
terns rbY erotpprafispegiapiipdn wimea & piwp 4 delivary 5@npqsrsk9p@a’iyr«fgntg%ui§u§ Havi ng any
nunber and jfipeadfy, QH@F&sanH@'lﬁE&%ﬂ%a‘Md&% B&fd fdeh opliSial fXAABEE "al kenyl ™
refers broadl to al kyl's having 2 to 22 carbon atons, as defined bel ow,

whi | e (C18: lyglél ?@r@ffpelfs@mép@lp@%tms REMF| dsclpaviie g fogn sabls partisles wBich mtyone
doubl e 15b Lkyl" as used herein refers to a saturated,
branched O?Hgo ?rgtﬁ(t: ec%?g(gr%bstl tul!tﬁed or unsubstituted aliphatic group

cont ai ni ng fromlls@ge ssaedon depasmsn carhpositige pf 'ihiStdi&@le@Ipmaiye@snttai@ stahle al kyl
portio f al kyl,
P ot Y R sl GURRRHER RS il AR chry Al SR o 307

20r ef er s t osomesatbudiateed, ths pdygtles mayelthvon unmﬁsmbhamettmoéﬁocwmtdomkgol ring
containing fro to 12 car term" used

ner e n r of 0090 ghC A SfEPRRIRY T T ommiges A5 R FATmi R Efer FEatEa o
unsubst i tut@dutaﬂolthtocmbomyldtmml kyl having 2 to 22 car bon atons and at | east
one car bon-carbon doybl e bond. The t "al i.n refers to
O5an unsat ur at ed MSPHRCRESOR <t B whC et 8 ude Brreneused ot e

al kyl ozr5 cyacdhogblkachvmgehmgm&dt@ mlqmrmnu@t nBicamd daberki@Asin @B de

car bon- carb n trln@e bond e term' alltkygxy'f S usedr hgrein refers to
an al kyl , %He&laﬂ ?Plet%lP%&‘ﬁﬂ}EPam%‘?s YiRg APYdrgRhogls < élola‘ﬁICB’Pft 1Ve BRI t 0 an
oxygen at oman&kaeual@rcah beduspmayd in aadniuads RRERIsHhie! ArdspeRionGhm@ireal kyl,
which may alternatively be referred to as "acyl." The term "al kanoyl oxy as

30 used her‘é‘PﬁV‘Pl@F%fP%dl%lValéag@E inhyreny ig ppingp BEﬁﬁgma}ﬂ‘F@Ctﬁ@er’i 4Ny P no" as
used herei nacﬁ@@f %’eﬁts%ﬁdkﬁ?p&%@é‘@dvah{%s in M@f%ﬁ; H@cﬁa@@oﬁ@ﬁfepﬁﬁ@ Rofi t her
hydrogen or al and | east one of is al Al kyl am no

i ncl uded gr oups TéltﬁcdeC%urﬁupﬁmcieaiaﬁ@gm%m@p%arﬂlsaﬁawmcorﬂmmoas ?qu?gmngrhe term
"al kyl am nogji kil amih 8184 §0ntngun@s| Af¥1§1d§|a% dispersants for d;ié@ ot ﬁ%ﬁbarﬁgﬂs and@S used
herein refers to any stable nonocyclic bplcyc l'1c, pol'ycycli ¢ carbon ring
syst em of floodeligetyand 2dministratidoof &hagentsg, wher ei n at | east one ring is
aromatic. Sone g hyI :

t et r ahydr onapht hymfeggfacg{ﬂe?sgmg[ t]dé %&k}{éﬂ? %ﬁréh%ﬁag@y substituent is

bi cycl i c angblenegly¢aniges ECEW)@)@L}?&teld@apryltglycstrld@sd@h@t}'ah)glyttOﬂlatg)datt(achrrent is
to the aromatic ring. An aryl nay be substituted or unsubstituted.

The term "heteroaryl” as used herein refers to any stabl e nonocyclic,

bi cyclic, or polycyclic carbon ring systemof from4 to 12 atons in each
ring, wherein at least one ring is ar®matic and contains from1l to 4

het er oat ons sel ected from oxygen, nitrogen and 10sul fur. Sone exanples of a
het eroaryl include acridinyl, quinoxalinyl, pyrazolyl, indolyl,

benzotri azol yl , furanyl thlenyl benzothienyl, benzof uranyl, quinolinyl,



15The term "heterocycle” or "heterocyclyl” as used herein refers to an
aromati c or nonaromatic ring systemof fromfive to twenty-two atons,
wherei n fwornb/ie514 of the ring atons are heteroatons seCeaSea9fns@ar oxygen,
nitrogen, and sul fur. Thus, a heterocycle may be a heteroaryl or a dihydro
or tetrathydro version thereof. The term "aroyl" as used herein refers to
an aryl radical derived froman aromatic 20carboxylic acid, such as a

substi tut edfat@)eg@@érfae@mequmﬂbgyt:&rrﬁeno@thﬁl k. ﬁﬁmﬁﬁﬁé’s th@fé&l @xarﬁﬁl@sr& to an
aryl group bonded to an al ky

f Th
ter m " car bodigaersags inglide LABRAL ,ﬂﬁ#ﬁ%@gﬁiﬁé}% @NE %RAgIEé%FQﬂrgﬂ%a - C( =0) OH ©

- O(=0) 0- ixhh& h&kar® Ex&[ﬂfél@@(gfﬂs el@ﬁgs inBGYd synBRtidSRthoIRIQL Jsefer to a
group in which an oxygen atom i s doubl e- bona]ed to a carbon atom >C=0. The

term "hydr o@%@rlphoa@l%@@@ﬂw%@nelamméﬁ@ akqydsarcopingsy Ex@mplespfedisperspats nitri | e”
or "cyanp" au&§19§s E@ﬂ‘méﬂ)&@@ CN. The term "hal ogen" or "hal o"
oro I?

refers to fluoro bromo (-Br), and iodo (-1). The
term "subst it ut dasomsenizddndngy, edelivenf@nposinonef this dielhawé mgy omgaioa nor e

bstitut (s d
ot ude a 3005 a5 el SR rin b0 e bIG S B Qi bbb Ep BT ™
al kenyl , al d(mn;yfler aall ktalxiyzer zkpklanhlysbme ahaoy Iadx}y\;er)actdngpoamvm oAy Contam a
2wyt am noal b ool een Gt 6 QFM an IS GTOBH A Lun Bl 00 o P BT L | 35, used

herein refer" 4Ub% VAY »%3Bsti t ut ed
vari ati ons daﬁﬁﬂu(‘]dﬁldj anﬂaeprolyntmampided and cycl ic variations, and groups

havi ng a substityent or.subs ng, one .or re h drogens
attached to any Sf%ﬂosé{lOBﬁPft%%?ﬁ]%ﬁfrﬁﬁ &%lﬁlgﬂ)‘ﬁ]@?% of the group.
Subst i tuentlacdrhahtemyugbﬁ aatdeaganIﬂsbna a§@6i@0d’d)n®b§iffb1&fofﬂh£d1gﬂ@iiﬁ i ncl ude

al kyl', cycl oal al ken al kyn [0)'4 al kanoy! | kanoyl

al kyl ani no, CO&PR%//% ‘HB%P%VPVG 2N gm‘ﬂ%?%?%’é‘ﬁ?ﬁlhaVlﬁ%?@P’S@WF a ?/F‘%/“ aral kyl ,
acyl, hydr oasséb@utqy@ﬂ@, @R, enfhBlBRhKYhe pﬁﬂuspma}amveqaﬁﬁfd)rm cablkydnadp noacyl ,
acyl oxy | ox aryl oxyal Eioq mercapt o, 5nitro, carbanyl, carbanoyl, and

het er oc | roqré O%k%ﬁw‘éaboel réﬁln{népwypmb%me@ééhwamfé%tmqut ation
- CH2CHB, - GiaGHR dianfefe? GHBom 2680t SR 10 aldib Bdhan. - CHFCR3, - CR2CH2F, - CF2CHR2,

-CF2CF3, and other variations as described above. In general, substituents
may be further Jub¥ed enadeneals b dmayr agtoymagnt giep bpadpixed Qrpempkedapitani no

aci d conpoupds; ¢al,0GHSY RDMERS 46 gl&&d%ﬁn@%ﬁ Aﬁ'&%ﬁ% alg{égfr: E&R \Aﬁhﬁﬂ'\{%t hods to

prepare various organic groups and protective gr the art
and t heir ulsemakompesdiohitistilencds sntpeeibagldplyveni eftthardroger awbivd dgegt. of one of

skill g the arty, pe6 & &muls%nacghgg!uﬁ&é?o'}ﬁlhﬁhéﬁ@ﬂnnés%bé th%&o?x?aﬂ%&@m ¢

Functional G oup repara ions (1

Techni ques ¢RI or akevemgeid 1nv1£1dieg ROovigengeuims.Of - O gani c Synt het| c Met hods
(1980); exanpl es, of rotecti rou u in Gr,eene and P.

& M vacs provuct-PEPRF BT EABRER o s plhelonaaRaGEE " T
exanpl e, thblmmn@ulmmramudd mdrpimusad sBaAdoan Hyéroplymdmswtedrlaaccor ding to

the follow n 1schgrma1 02-chl or. tr|t3é Hc hl Crllde rteS| nH , N N CA—Bac D P
EA Resi n %?Ib IQP& r?énﬁ%ar &ﬁlbsgen 1n a continuous aqueousp ase

25  emulsion structure can avoid some disadvantages inherent in using a liposomal structure
for delivery of active agents, and can provide advantages in delivery because of the
lipophilic core.

A range of novel emulsion compositions are provided in this disclosure including
novel compositions and uses of oils, emulsifiers, DILLA2 amino acid compounds and lipid

30 components with interfering-RNA agents.

Examples of oils include synthetic oils, fatty acid esters of propylene glycols,
ethers of ethylene glycols, glyceryl oils, cholesteryl oils, vegetable oils, nut oils, essential
oils, mineral oil, lipid-soluble compounds such as tocopherols and Vitamin E, and

mixtures thereof. Examples of oils include synthetic oils such as CAPRYOL 90
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12 WD 2010/ 045512PCT/ US2009/ 060930 O 40 O 502) Cation exchange resin
solid phase yield 100% enoval of 0l16-amne O 6 0 75% 0 Boc-NH 9, 1)
1.1 eq. NNWOCRB/045732eq TEA DCM |1 Boc-N it H2N (CH2) 15 PHNUSRRP/DE(I93E¢ CH2) 7\

(propylene glycol monoester), CAPRYOL PGMC (propylene glycol monoester),
LABRAFAC PC (propylene glycol monoester), LABRAFAC PG (propylene glycol
diester), LAUROGLYCOL 90 (propylene glycol monoester), LAUROGLYCOL FCC
(propylene glycol monoester), PLUROL OLEIQUE CC 497 (propylene glycol

5 monoester), LABRAFAC LIPOPHILE WL 1349 (triglyceride), PECEOL (glyceryl
monoester), MAISINE 35-1 (glyceryl monoester), and mixtures thereof.

Compositions and methods for RNA therapeutics

This invention provides compositions and methods for modulating gene
expression using regulatory RNA such as by RNA interference. A composition of this

10 invention can deliver a ribonucleic acid agent to a cell which can produce the response of
RNAi. Examples of nucleic acid agents useful for this invention include double-stranded
nucleic acids, modified or degradation-resistant nucleic acids, RNA, siRNA, siRNA,
shRNA, miRNA, piRNA, RNA antagonists, single-stranded nucleic acids, DNA-RNA
chimeras, antisense nucleic acids, and ribozymes. As used herein, the terms siRNA,

15  siRNA, and shRNA include precursors of siRNA, siRNA, and shRNA, respectively. For
example, the term siRNA includes an RNA or double-stranded RNA that is suitable as a
substrate of dicer enzyme.

Ribonucleic acid agents useful for this invention may be targeted to various genes.
Examples of human genes suitable as targets include TNF, FLT1, the VEGF family, the

20  ERBB family, the PDGFR family, BCR-ABL, and the MAPK family, among others.
Examples of human genes suitable as targets and nucleic acid sequences thereto include
those disclosed in PCT/US08/55333, PCT/US08/55339, PCT/US08/55340,
PCT/USO08/55341, PCT/US08/55350, PCT/US08/55353, PCT/US08/55356,
PCT/US08/55357, PCT/US08/55360, PCT/US08/55362, PCT/US08/55365,

25 PCT/US08/55366, PCT/US08/55369, PCT/US08/55370, PCT/US08/55371,
PCT/USO08/55372, PCT/US08/55373, PCT/US08/55374, PCT/US08/55375,
PCT/USO08/55376, PCT/US08/55377, PCT/US08/55378, PCT/US08/55380,
PCT/USO08/55381, PCT/US08/55382, PCT/US08/55383, PCT/US08/55385,
PCT/US08/55386, PCT/US08/55505, PCT/US08/55511, PCT/US08/55515,

30  PCT/US08/55516, PCT/US08/55519, PCT/US08/55524, PCT/US08/55526,
PCT/USO08/55527, PCT/US08/55532, PCT/US08/55533, PCT/US08/55542,
PCT/US08/55548, PCT/US08/55550, PCT/US08/55551, PCT/US08/55554,
PCT/US08/55556, PCT/US08/55560, PCT/US08/55563, PCT/US08/55597,
PCT/US08/55599, PCT/US08/55601, PCT/US08/55603, PCT/US08/55604,
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2) HO/EtOH 7 (CH2)15, NH (CH2)7,r(CH2)7.," 70%0 8 overall yield 53 %
A pharmaceutically acceptable salt of a peptide or protein conposition of

t hi s i nvewoi2or/oabiiech is sufficiently basic nay be an acipdTasdéowiocryssal t

wi th, for exanple, an 5inorganic or organic acid such as hydrochloric,
hydrobrom c, sulfuric, nitric, phosphoric, chlorosulfonic, trifluoroacetic,
citric, maleic, acetic, propionic, oxalic, malic, maleic, malonic, fumaric,

or tartari CP@FJU@@S/S%@)@ wm@sxssﬁow@ﬂ@%@%%nCP@ﬁ/Utéssxgsmh as
nmet hanesul f oni c, chl orobenzenesulfonlc

t ol uenesul fignl’ Eso%%ﬁiéh%@“é@é@%ﬁ@ﬁn %CT/H§B${§$@%%HP§Q$/§WC and
camphor sul fani esaghstss. OfUBNaS Gt pabL¥sascRplaBhEsSAL! of a peptide or

protein conposition of this Invention I's sufficiently acidic may be

an al kal i n@fﬂUS@%{ﬁ%@fﬂﬁT/@ﬁ%ﬁ@l eCBban HOL/ESEs/aM8al t, or an
a kal | nes eap 1y B4 3sa7RarE /USRS SRR FusBuSss! MATRKoERARRS! um sal t. of a

zi nc or manganese salt, or an amohium salt or’ a salt W th an organic base
whi ch pr ovi lesUa0Yhy&BoPCHUSES/PY0AcieUant/es Bt PEHUSOYPSBRanpl e, a sal t

wi th 15net t ﬁﬁ% i met hyl am ne, triethylam ne,

et hanol am %&ﬂgﬁﬂg/gﬁg@%@# ri et %gnol am ne, ethyl enedi am ne,

t r omet ham ne, N-AreRN&xlo@thns:da.mlmre tpb@éeslwdredmaym'vemmhuamee that is

tris-(2- hydro et h am e aci

R e 7 G R e e S g
aci ds. Bee, offtlﬁllﬁ 1rﬁlxﬁmn|aﬁ: usB@t gﬁe@ﬂataéxp,reséon Ehtaé mral§em0m£fﬁ.aﬂlﬂﬂfﬁwnih977 20A
salt or pharrrac uticall able salt of a co 03|t|cgrr1115gf this

ccep
di scl osure Whtc S@Bf}‘?tegibﬁgmﬁﬂts th’tsél?vfgtr“?nrpdo‘ﬁf{‘ﬁ& QyBRMIUR 4" RN no aci d
conmpound, amllmmtﬁhg e.ﬁpr@ﬁ@hladﬁ1nf&hollil;l’afﬁt1€ityl’bf aamﬁn@nﬂtﬂymfgmmh a¢.s, may
contain a salt co ex the interferin ent and t eDILA2 am no
acid corrpoullafﬂ’reSFlP‘ﬂ)?‘Hﬂorﬁé%‘leydg an Hﬂuﬁ?zétcé‘? m d‘g%ﬁgq byc‘%ﬁ]fti‘f“%g 1B cglhdor
i nterferingexNpleagadtt idBerinaRNA hﬁ%calmha@@@ gdélu@@mumom*;kﬁbﬂtarﬁéapept i de,
or protein may be forned froma pharnaceutically- accegt able salt of an
i nt er f el ng®RRCKYBNA, Pobrmarass sy bl Binet claranpls ot Bpatirecshionnof  t he
DI LA2 am nojpAGdngda GRRRAUAGen ih TS BacRERILIERon No. PE@HEIF93 AL Sone
conmpounds of this disclosure nmay contain both basic and acidic
functional ities Inpeme ¢ragodandngnthisiavensappionidss compeaitipeedad imsthedeiorher a base
or acid addifen %%Essw§%@ta%§ém% in RERICE65a AR Bfin Pl LB LQIPOSI L Ons
of this inventioR have ©ne or re chiral centers and/or’ geonetric
i soneric ceQWmOstIQIEcon&mdngZan dreraimovand anRN/g-indiclig comderndtsoddistahat  t he

I nventign %&?ﬂﬁm R eg fl%énu&&?t*he%g&éc%%r Sﬂcsﬁ}&%Es%r thg}e%Ftﬁ(IROﬁs§§3§‘r?Jlls geometric

i somers, osure enconp es any and all
taut oneri c, in@dbmgENA@(SlRMAstwait@dmessenger RN@r(at@ﬂAs)randmttwmmmradlahom ns, as
wel | as any tclii i sot forns.of t mpoun epti.des .and/or protein
composi 1 1 or AUt BB Eu: 1R J8 « EBRAPRT ek RERERER R

i nvention, eamplera lvog ésRNA@ﬂ)c&mdmmmﬂdNAoffbﬂumdﬁum‘;doﬁm@ rmathmim)e | i pids
may be errpl ed for deliv and mnistratl n. of

Component 5, Fge i gainesdid i sPPlm S G iR et s nor e

parti cutar | tyans@ipl br £AMPOSH a fephidedr pkditis ehdvdenty @O RRY rhmclipide one or nore
DI LA2 am no acid ounds along with cationic I| I ds and non-cationic

li pids. Cationi &&F%Bﬁ’élcﬁ%}e%’ebmgb%? © yed iy triad AtYidaRee Bome cat i oni ¢
l'i pi ds i ncl ygdasddeytiddind dodindbe 0w drﬂh&ﬁo@@tvd ﬂﬂls@pﬁﬂi&&ir?ﬁﬁsﬂ{ s €l & net
charge at a particular pH, for exanp a zwitterionic lipid. Non-cationic

li pi ds al so™ %li‘t"itlﬂaéo‘éwh@rﬁ?@@‘i‘Bﬁad‘send%P‘PPS%‘FFePr@%bH‘lt%?ﬂﬂ%wayé’fél&rrpos| tionis
a mxture ofisa@pl ex of an RNA

30 In some embodiments, this invention provides novel compositions and methods
for delivery of RNAi-inducing entities such as short interfering oligonucleotide
molecules, and precursors thereof. In particular, this invention provides compositions
containing an RNAi-inducing entity which is targeted to one or more transcripts of a cell,

tissue, and/or organ of a subject.
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conponent with a DILA2 am no acid conpound and a cationic lipid. In sone
enbodi nents, a conposition may be a m xture or conplex of one or nore

regul at oryoanio/msaef eri ng RNA agents with one or nore DPCAAISaM0/0609ACi d
conpounds and one or nore cationic |ipids. 25The conpounds and conpositions
of this disclosure can be adm xed with, or attached to various targeting
ligands or agents to deliver an active agent to a cell, tissue, organ or

region of an orgagRsm ca%@mm ﬁNA%aﬁcﬁnﬁ%g agegﬁgledifc&nfgleﬁlw% yahddcbodi es,
| i gands for receptors, proteins, |lectins pol y) sacchari des,

gal act ose, ME@@G%@J@% eé%tsrlih‘ﬁfé opiuigiliingluges aag or prexingtniwandgk aner s, and
pol yam no agj.fanss3RRpgp! es of cationic lipids include

N41- (2, 3-dioleo %oxy)propyl | -N, N, N- trimethylamoni um chl oride (DOTMA),;

1, 2- bi s( ol eoy! oxyjhRN/gcan kers siedlgyN A rvirens hmngra@mwf(saovmlementanty

1, 2- bi s(di ) agpoln qug

1, 2-di rryérjl gﬂff%%gép@gé;g% cf)( folh E‘P‘%E% ?toxye% g%@ﬂ% Oguon(aBK}R | E);
di et hyl di ooradewyd wprmyi perionk atom ﬁi@nQ/DI)A@)rtlon of the RNA.

3-(N- (N, N -di ng, I G € I - X
313-[N, NI - di guani élétﬂvglé ﬂem%na %%t Eane Iil:e)g%%?l y d%:1:%0 e‘g%étgc})'?‘b%é%%q;
2- (2- (3- (bisfi8ance to nuclease degradation in vivo, and/or improved cellular uptake, which retains

am nopropylﬂﬁA ?&r&:opyl am no) acet am do) - N, N-di t et radecyl acet am de
(RPR209120) . phét'eteuti cal | y acceptable salts thereof, and nixtures

t her eof 10 5Exarrp|AesRNﬁA @aht od ihiCinkénpioa maly haveldeqden?e WaEh kengdythersary gl ay cer o- 3-
et hyl phosphochol nes (EPCs), . h.as . . .

T 2 dl of ooy ROkt st ns: BN S R Eviawies pay have 20-50 base pais, or

1, 2- di st ear&yhpkna @dm@nmﬁ;@@@énb@m&m o6k hérRary to a region of a target gene.

1, 2-di pal m t oyl - sn- gl - 3- et hyl phosphochol i ne, pharnmaceutical l'y

accept abl e ‘é]é%{wéeli/ Hg‘?%%’gle Sérﬁﬁdeﬁln}&%/lﬁlFégldlcﬂél?ee%‘ilS DNt anpl es of cationic Iipids
i ncl ude 1, 2-di stIﬁ@érbﬁL@éiﬂbd&M e tabiysk- a%entmlmgh@ﬂm&@émg@&m

1, 2-di ol eyl oxy- N, Ndi net hy1- 3- am nopr opane

di I'i nol Byl o DREHOTAHREHSTE R Ny RN A S e étmid%t;%“ (a3, micro-RNA,

1, 2-di |'i nol gnyboxyrph RIKAMRIRWAY B2 20 ROBEIAL 8K Lgh 8D product. Exanpl es of
pol ycationic |ipids include tetramethyltetrapal mtoy per mne (TMIPS),
tetranethyltetr e{iﬂr@yrabk;g@qthﬁdﬁ énq quyarosjionstasy pravig echihgit tangeleaigrsydn o 98¢ ni ne
15(TMILS), hyl di ol eyl
sperm ne (T(;r%&@,aﬂte ar e%%%%?él}é E:dtf&\illtha%}gﬁ%t ?ggglsggﬂg %@téoﬁét?%%‘?d]&gnd m Xt ures
t her eof . includipy amypifedargé npobey obgdanenivhosk eppresion ackngde to be aberrantly

2, 5-bi Sé@ %H%r%%%@?@a}’ éa%ggl Qloéonh}’ b(lang ﬁagt!op gstsgc(iiﬁ&y \lv@tmh@gélec%edodg%ggeQ%LA1tlon

pent anam d

2, 5-bi s(3-am notTrhe[R;Nﬁanndm)ngrd()mp@md(ozmmt/mgna&ngsedndmmysttand mo) - 2- oxoet hyl)
pent anam de +unc Ton wi %t r%ao E 3%3- ts for a disease copdition. . .

20ani nopr opy!"& no) - VOZPHDAR oLt S6ECAST ML i enyl ani no) - 2- oxoet hyl )
pent anam de ( DLilm Eﬁn)e erﬂaddﬁhfm{i Ms-l(lN'ihxlefeatures compositions containing a small

((jlggagb;? egzl?u)éﬁzgp srfugecu suc rs]ﬁ)o\{t 121telqer|1negsr¥u% eic acid, a éhG()Zt) iilterfen'ng RNA, a

am noprzpy!| caﬂb]acs)r@l&mﬂ RNNT1aGhgi or YA @ -akhdt Bippir RINacidutleatr Gcemprk&l ( DOSPER) ;

di ol eyl oxy- K27 cPEteaic && ApBEREHBILRASANPORAN- di et hyl - | - pr opanami ni um

trifluoro- 25ac eztsaisw KRGRRAY mnﬂﬁ% gkma’r yoraeeRiiaPheigahdig" t her eof
and m xtures there cationic lipids include D5404- 28

BGTC (CAS 1853%%- (”}‘élomntelf?eﬁgt‘?&“( ’ci&éOII?IB@“éﬁEHSQh@)HUC@_UdS?m{l%?@O?B 30- 0),

RPR209120 ("GASnitAR2H8aikdr Sbre it IS n@%aga@ aZlZ lolecul?@a ek @ aﬁﬁnuc@t@a&a DLi nGS
(C18:2), and DOTMA (104162-48- 3 30Exanpl es of cationic lipids are

descri b&d | molepud: capahle p reggatinggin @mns%dowsn PROla@yeeng expRSIpy vF, g 376 248:;

S 135 322 St Tob B dRD LINONE S0 BE IR 0P

conposi ti orseiigenge-priesifigmangr. Kogrpdteny RIFA aelurpysiegdeorpomdert RINAthtagomis. A2 ami no
aci d conpound al’iﬁi s&n@%o%ﬁﬁén?sp % SJRPPA % a doﬂbl%—%ggnded polynucleotide molecule

comprising self-complementary sense and antisense regions, wherein the antisense region
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enbodi nents, the conposition is a mxture or conplex of one or nore RNA
conponents with one or nore DILA2 am no acid conpounds and one or nore
non- cat i oNOQo10/(EsziS. Non-cationic |ipids include mewtusat09/060930
zwitterionic, and anionic lipids. Thus, a non-cationic zwitterionic lipid
may contain a cationic head group. 5Exanpl es of non-cationic |lipids include
1,2-Di lauroyl -sn-glycerol (DLG; 1,2-Dinyristoyl-sn-glycerol (DM3);

- Di pal m domphis@n ik b6 @IeQbqueRR@hat ideofiRnkingdy O mibralidkaeiiRhcdiR20) ;

| aur oyl - sn-gl ycero- 3-phosphatidic acid (sodium salt; DLPA);

myr i sy mbmquﬂgf gt groeply é@p’l‘?é/ﬁllr‘éﬁu@tlﬁé PEPIESSIO Qi hPSHIop therygband

pal m &19¥én§@re§1|o}{ CEhAisas PRASRIEAL !;éﬁ'h&lc@%r%sﬁcﬁfaﬁigl{mz%a|v$h1ch|?§’PA)

st earoyl -sn-gl ycero-3- 10phosphatidic aclid (Sodium salt; DSPA);

arac FﬁUBWHUaHYI lcénwbmae@mmmgbh@ targst TibnucpispCiy;sequence or portion

| ayr ot){jere?ﬁm gl ycer o- 3- phosphochol i ne (DLPC);

nyri stoyl -sngl ycer o- 3- phosphochol i ne (DVPC) ;

pal m t oyl -A§rusgd jea@n, d’sw"hyeﬁnsa srpdtibmp@hf@ung)lhqueclélchtldrthade aor triflate;
01, 2- h

st arrggf 9&% gﬂogtlol}érlé:%l? g(z 1 pcﬁ%é% d%luﬁl@fa%?]l@ rﬂgﬁgaﬂ§ a(l(gl)‘@er ])recursor

,2-Dil authelyd)f dihe gdngtheltf oscBulpid$fphweitiih dnoinaemting wilDinREng embodiments be

r| sto -o- D et no
ot m eyl i G osRORT R AR IR AR e panicula
I(Earlﬁyﬂtmmn{(gﬂlmegm-oBummsm irehding FIRNA{, DBPEample, siRNAs can
yr 1 SPBPTE By Rar s TG E G b B vUSER Gl LAFEN biptne
-Dinyri sdrcpycbcesssed Privice Etfé-sﬁﬂ‘ﬂm ﬂﬁpb‘vﬂ} &list dnd e&@g |g§!1€e6§il@ﬂ1011{gaéfﬁmw wpynsal t;
DVP-sn-| - 1, 2-Di pal m toyl-sn- g cer o- 3- phos o%lgécerol (sodi um salt

DPPG) ; 1, 2- fhhg‘fféa‘?f FL C?H%Weé%afg YSRGS RIS & B Malf ; DSPG) ;

1, 2-Di st ear&wnp@nmglw@;l%@n&r RRQSRE Qtehidntd 11k M@@f&bsséds q@gmuwsa!eﬁed or

DSP- sn- | m t oyl - sn-gl ycer o- Ble\?os pho- L-seri ne (SOdI um sal t;
DPPS); 1 Paql?ﬁV?‘b§tP12 erltlileﬂa%efﬂehw H1 Yjeld g sURN/p Rgsip Hefewlihﬁbthf il toPC) ;

1- Pal m t oy 1y Zristh elstisig! Yie & é%nboa?&lﬁgsﬁ)slaﬁﬁ BN AGyill BQPQprecursor

1- Pal m t oy1- 2- ol eoyl -sn-gl ycero phosphogl| ycer ol éSOdI umsalt; POPG;

1- Pal mi toy1lﬁl2gth>lf@wpm9hr@Iaynremlagﬂbpm&%wmﬁ oir S8 Paserpaizs, pr lefPOPG)

éar%' {“O;‘i’y %h%loﬁgﬁpﬁ)gd bﬁ&?a&é{s y@gﬁosp Cﬁ%ﬁ?ﬁghyﬁgﬁf&éed (s&ﬁ(iﬁp&ithm&%tget POPGQ) ; 1-
1- St ear oy1-1l| ﬁs@h@rm@bmw&uﬁhﬁéﬁﬂmmﬂw (P@CW@OMFI’@? apaedmaickt ur es

t her eof , | iR ude pol ymeric conpounds and
pol ymer q i p%ggcon?uoég%gg?%? 8 %b%mﬁto 3P bg feﬁlzé:dsluch as pegylated lipids

havi ng PEG regl dnmsergin eﬁlﬁ)dﬂﬁ@ﬁ of11@9ﬁl,verﬂtﬁvﬁmolﬁmaeotlcteﬂem\;ery)enlﬁﬁ)@ﬁ)g nol ecul ar

wei ght, i ncl n al n
N car bony ! kBRI R8I IR Ty micide srdglesyisy incldingyes  o- 3.
ph?rs] phoet lrlarnialeanlrncnbpré@mdlrmsgmm, PBNBE{rﬁREfEtem@I s alh\d-c(oﬁmt)kmm;slhﬁrem Hoeth I
met hoxypol ye en - ri stoyl -sn- cer o- 3- phosphoet hano
ani ne (sodi Ui aeini‘p %%@@“?ﬁé%]ﬂ) ery%ﬂ%&rrn(% gﬂaf?ﬁé?fﬁé?%&ﬁ“yet hyl enegl ycol
%gg(é) Mlszic-} Zgi(r)agafsmst Q))/dGSl%Si'S@U?IA@Fvﬂrﬁ&Ipﬂh@@]féblﬁﬁder a&[ﬂslﬂlﬁly(gg@gzhtﬂ?o‘ialt
- ar bonyl - net et ene

, 2-di pal mi t%ﬁﬁrz’“s& HTO%F%?%CL‘P%QB % durigg ﬁ%égﬁ‘ﬂ 6|taé ﬁéf%)sf{%rafi‘ cl¥ft;
DPPE- MPEG- 50RQ); mené(Q@efulﬂ? @yﬂe exPREMYiRRA M@&hgét@anfgl ycol
750) - 1, 2-di st ear oyl -sn-gl ycer o- 3- phosphoet hanol am ne (sodi um salt;

DSPE- MPEG- 750) ; QI pespko HQFR%?F?GRV?WO%‘P??W@%@W e el pcireylar,

di st ear oyI s%ﬁlgiegkti/a‘ﬁﬁécpp&yrﬂblg&ﬂﬁoﬁvhféﬁ% 3PP 16 Bites ahd a stRREmMRE 2000) ;

N( Car bonyl - net hox |'yet hyl enegl ycol 5000)-1, 2-di stearoyl -sn-gl ycero-3- 10
phosph hawlﬂoamp e(l@tyoﬁema@émuselgsmlme@%@@dy andssEsCUpgIeheInEssey vl

sul fate ( Scﬁucle%ﬁ@é éég&e%!:!é fngab kéﬁn@&ﬁ&ﬂ&&‘&l Lo ¥olide &H@Jn@@fn,a t?rtrggt Bk feur es

t her eof . of non-cationic’ lipids include polyngric |ipids such
as DOPE- PE@CI@D@EC@E@ HDDPEtl’-RE@)fDLrldrﬂﬂBeP’E@?glamhlavmgaclylegﬂl@ﬁééq@hcel?EG 2000 or

il 1< br anchgs T8 Ray SR BT b R b PR B R o

DSPE- AMD530K. Exarrpl es of non-cationic |lipids include polyneric |ipids
such as DSPE- PGG pol ygl ycerine |ipids. Exanpl es of non-cationic

| i pids include diol eoyl phosphati dyl et hanol am ne ( DOPE),

di phyt anoyl phosphati dyl et hanol am ne (DPhPE), 1, 2-Di ol eoyl-sn-Q ycero-3- 20
Phosphochol i ne (DOPC), and 1, 2-Di phyttanoyl - sn- d ycer o- 3- Phosphochol i ne
(DPhPC) . Exanpl es of non-cationic lipids include chol esterols,

sterols, and steroids such as gonanes, estranes, androstanes, pregnanes,
chol anes, chol est anes, er gost anes, carrpest anes, pori fer ast anes,

e . o o . B T o .y o

PRRPPRPRPRRRPR]

-Di
-Di
- Di
- Di
-Di
-Di
- Di
- Di

I\JNI\)I\)I\)NHI\)(‘D NI\)I\)I\JNI\)I\)I\)N

PO ;

N

a1

_(/)'O

-Di
- Di
-Di
-Di
-Di
- Di

PRRPPRPPRRPERPE



chol esteryl heptanoate, cholesteryl |inolelaidate, cholesteryl linoleate,
and m xtures and derivatives thereof. Exanpl es of non-cationic

i pi ds i wbrdw/@espounds derived from plant sterols i nclPaaiusgoopiogivest er ol s,
bet a-sitosterol, canpesterol, ergosterol, brassicasterol, delta-7-
5stigmasterol, delta-7-avenasterol, and m xtures and derivatives thereof.
Exanpl es of non-cationic lipids include bile acids, cholic acid,
chenodeoxyca&htappapmteogdey&%@?Jobsss@trduﬂer ih3HLRe hptltr@t@géh@atqu@a«mhol ic
acid, lithocholic acid, neth ithocholic acid, and m xtures and
der|vatlve§hﬁﬁ@¥@8F0ﬂE%ﬁﬁﬁFé ingdycingd®NARt i oni ¢ 1 pids incl ude compounds

derived from st gryAl %oieghllag)fl{ﬁ'fs rillg/egtlld'lllc Bﬁ@é&lérgfq{OQ%recﬁﬂfnt foﬁﬁé can be less
hydrocortisone, corticosterone, A5-pregnenol one, pr ogest er one,

deoxycorti coast @l@m@paumor@bmprléglﬁémotrdﬁ@l b]??“@-ﬂ—%ﬁr@gest erone, 11-

di oxycorg i sol, ' e at e,
androstenedlone ‘%%%@%%%%%hggggﬁﬁgﬁ%§§§§¥??@gg?g@g%gﬁhﬁg?@éﬁggb%cort|soI
t et rahydr ocleAs srorhea shory iqopsiodth &9 topd7ddsd maon @) the slemetlbyiepredisoleace

9a-fl uoro- 188: 1 1‘3’1{ 8%5&%{‘ 1Rl R e gk oftﬂe%@t%n}e e eld%ﬁ‘g]%: NYhRLS 9@@0' 0”9

9a-f | uorocortl 80 mxtures and derivatlves

non- cat i oni Maminpligscelln cdnudeveroshpo badsn BAA med;ﬂ{hmm mt@ato sdective gd:n@dl ng

adr ogens, eFtosterone di hydr ot est ost erone, androst enedi ol ,

andr ost enedi 6He"® andr ost enedi one, 3a, 5a- andr ost anedi ol , and ni xtures and
derivatiwes thermras€ meﬂia&lmle&@agé)bf fingle @R A lhapihg sequaret udeple@apaynds

et raai ol 5. Cdhdharras B HENAGRG oL Rt AT S PRI R o

non- cat :j oni withih ﬂiedéglblﬂcf:dntﬁiﬁnf@mﬂ@wiﬁﬁ&tﬁﬁfsé ?ﬁt&(ﬂdfé)f ﬂhmsﬂHlNHd attplwxolsammh vitamn D
conpounds. es. of non-cationic lipids include |inpids aV|ng
tails rangi %lef"?so‘?'f’tzéfﬁde‘)ttdﬁs @?Ey%ca?if BYOst@g Yoy en CORYBIRING Y B neg

253685- 27- Tver E (C12:0) (CAS 59752-57- 25 7), DSPE (C18: 0) (CAS

1069- 79-0), DOPE ( C18: 1) (CAS 4004-05-1), DLinPE (C18:2) (CAS 20707-71-5),
DLenPE [T18: 3) (ReABCigg §iEs-aurigynginparsapnis(Ea @1 A)er (BAG dguchagies) | DDHAPE
(C22:6) (CASMIA3A843 Bl erhings! WJE%EO;( 180 QlclcGHR: Mla)y nbGRDe 201R3Re Lect O) -

Exanpl es of anionic |ipids incl ude phosphati dyl'seri ne, phosphatidic acid,
30phosphat i Ry Ae#dvith eReplacigaipe 4 au¢leardes oreathendod tlteFSAl?i)T A with

phosphat i dy, , dyl - DL- gl ycerol, phosphatidylinositol,
phosphatldf%?%ggﬁﬁﬁém%ﬂ&“mgE9§%$?£d5)p2) cardiolipin (sodiumsalt),
Iysophosphatldegﬂwhyﬁvﬁg@dﬁﬂ@ﬁamﬁﬁ§@h@hﬂp$§®gb$mhmhgbvhmﬁhd@pngangliosides,

phyt osphi n i ne, | | ent ahl. . t her eof
and m X urggﬁ%ﬁg?% @Hkggggg&ggykgﬂﬁg%%E?EB&) tfﬁ%ﬁ%ﬁ%ﬁ@ﬁ%@egﬁkﬂg In sone
aspects, thind dilegmiolsurexpreediat eshig Gmngt aetl]syht thestehlebbiligledts tl@fdonlgul at ory RNA
and RNA interf n ense thera el iver

her apeut | coenGURA S FLRDIARG bR QPR LT SRRARELLSIS BB ons and
fornulatlon@mﬁnmummbmnﬁnbemmﬂadﬁds49andtthﬁhjouﬁﬁmtibm3ﬁmﬁmﬁ@nents and for
delivery as therapeutics. This invention rela era I t hods of
st ng. 11 bonucl ol VA SRR BrruRanbE Ryt ol SRR i on o
gene expy esshiohtwdsu@sdslase padied trl’zly aedvaA bslgt or @lshRatchal shirs@ss@ bsihat e or a
phenotype. RNA interference refers. to nethods of sequence- sp eci

post - t r anscPPYG-BRafedporens ot SRNAR Y WBCWOCWE‘P@ 5 5t &4 “89 rgite

doubl e-str m@%t@lﬁm{edsﬁt\iéaud@@tgn%ttsaa@hﬁé}tcohﬁtrﬁ{ot@;ﬁh JRWhs(asé M See
Fire, et al., Nature 391:806, 1998, and Ham | ton, et . Sci ence

286: 950- 95f“a@9@9m“ﬁﬁﬁ?(@§C@ﬁépgﬁuﬁymﬂ?vékéémﬁ¥6¥§0%RHmﬁﬁ?Wéb&ﬁﬁ

bel i eved tQkQﬁmgﬁl@E@&H%?&ﬂﬁ@k%ﬁmﬁﬁQﬁﬁﬁMﬁﬂb@ﬁkh%kﬁésﬁﬁh %§8eﬂﬁ&,an'5m
agai nst_the expression of foreign genes. See Fire, et a Trends Cenet.

15: 358, 301 9 NONPRBREIAPIOBS ¢k de €Prr1BCAAO 5] Qipnt @&@heymwgm%t%e wige HBNAs m t hat
uses smal | BARGRA! fitkoBVaTrbanEhis SELGRIGeNEy sasggrgé&t't@@ ngREGinPYARRRED. D M
and J. Lieberman, Annu. Rev. Bioned 402 can

regul ate i rmdrﬂteadwblgéﬁe@ied meegine diRNAsge Mhlqliém) Rirandp pfiewemay eaniapniromnd

devel opnent Y r to.t n Q

el enent s, enCE{Z{A"Ig oo atbrglléttftlgtft))gsbg¥ ggalﬁlc?aglflrgﬁsgl;@m\f& ﬁbljﬂgl\{%&egﬁg@&l nt r oduced
into a ceIhkakSbammérﬁmnﬂﬁeﬂ@hﬁngeﬂmugmﬁmmnnma0h$ﬁ@mwb@mldvgﬂmpbmthe
expressi on of nRNA contai ning conpl enentary sequences w th high
specificity. Any disease-causing gene and any cell type or tissue can
potentially be targeted. This technique has been rapidly utilized for
gene-function anal ysis and drug-targabl di scovery and validati on. Harnessing
RNAI al so holds great prom se for therapy, although 25i ntroduci ng si RNAs
into cells in vivo remains an inportant obstacle. The nmechani sm of

RNAI | aIthough not yet fuIIy characterlzed |s through cleavage of a target

. g A —— ——— - o S o "



951, 1999; Berstein, et al., Nature 409: 363, 2001. A siRNA derived from
dicer is typically about 21-23 nucleotides in overall length with about 19
base pai rwodoplezad. See Hamilton, et al., supra; El baskrCT/uSetsabesso Genes
Dev. 15:188, 2001. In essence, a |ong dsRNA can be introduced in a cell as
a precursor of a siRNA. 5This invention provides a range of conpositions,
formul ati ons and net hods which include a regulatory RNA an interfering

nucl ei ¢ aci fiod, Mo bRGHH IR cald FfiGthadies CRATRE BBhLABL LS 1 MafideOkS (RONPonent s
i ncl udi ng DI LA2 ami no acid conpounds, |ipids, and natural or synthetic

pol ymers. THeerdagil SyRnmIsnzechipgamyHRergri Ut?‘%!? dPeXePlenty adptigios e Gnded RNA
mol ecul e 10toeta@3cl9 A8 oPhixnHN RELANG a%on@ébWﬁdlf&%BWAaéddﬂg {9 & e RNA, gzpi on, for
exanpl e, gﬂom)tl ng RNA | nterference or "I'RNA") or gene si | enci ng
in a sequen«lt speses 41¢ elspragnienplatqhe dsRNAs of this disclosure may be

sui tabl e substr afeSerfiffal DhEFs fsil0ks ARROHRAI AN iRl Bank B BRAAL e gene
silencing by RNA. e or both strands o can further conprise a
t erm nal phosghagegyroupg asshehiRNe ratais itp hayph &t sleare eBpreSS‘mnchfpﬁhgﬂphat e. As
15used here ucl eot i de,
can furtheréelrﬂ(?lscIGIIE1 gé}segqgﬁ(ﬁ%ugﬁ%rﬁ@%ng gurcﬁgué(g In§91hr§§edft 3n§¥: B q’g]? and
non- nucl eotunded;as the 5' ovdxagink esuaidre dsIRhAaniteegnd aegvigalior imeucfmgjguﬂm n, for

exanpl e, Pat t . 7,022,828
ana 7. 034, 0bsnClnd" sedB VB N A EioeBingir BT 2B
WoY 20031(07018&]Zmu<ﬂa(§ﬂ)uaaaml tesnghuidbdr e h@lletiaes od lagen it rﬁﬁmt hitisitgdfscl osure may

contain one_or nore acyclic rs described in.P t er natj onal

oDl Cat | orinBUHTE Rt EHORG T RADO0ET LA PESIES T RIPEE T AP HOYAI ¢ monorrer
i ncl ude rmrmjafer)ﬁde@ drivfoalgt Inshowmesi n Figs. 1 and 2 of W)2008/ 147824.
Exanpl es of an a |ve aqent of this djsclosure include nuclejic acid

nol ecul es 25 co et SIRN s having oxghdigesnd sFuoingo Bigs Pa oxpassed in (erms Ex anpl es

of an activg t@eg@ttted QipléPosiicH 0 laAS SWePhanBith BoGonal BSHd. AokSlaliR, 4S @
UNA- contai ni ng si RNA, where a UNA is an "unl ocked nucl eobase anal og." The

acycl i clho e iRINASKBIRX Withp 220 oryistase@yahanechas 2 AiHics sense SUIRAS

Exanpl es of ,jmpdi7f ) &Anidadeeashd QBe R faEMPorlibn s ledZat &M pYos. 6, 403, 566,
306, 509, 320, 6,479, 463, 6,191, 266, 6,083,482, 5,712,378, and 5,681, 940. A
modi fi ed nucl eoﬁW@Vﬂ@?ngﬁ?&Q@n?%@aY B e dow ﬁy;CélwntptW@et geps, and may not be
[ Compleme’nary (Ymm ge?bﬂdet?&chﬁsé?lsegrto ﬁ;’é'%ar eY !31§3 sgqu %&Q /% lb§ &HZ RLis
sel ected fromthe group of adenine, cytoslne, % §n| ne, poxant I ne,

uracil, thythe a&NAamthing apietierfocgeod silonpiag.éf may mtahemelnmydtaeg patieed bet ed from

L 90oup, PR Rt sl e PO AR Bl e 2

sel ect ed fr®NA, heigk RN, afanltificld] REMI@pledBOVMSO, BnO, THPO, AcO BzO,
OP(Ni Pr2)0(CH2) PO3 H,  di dtrl hos n R2 and
R toget hor may D8 ERERD BB ARRN S < S ATRRR BT N

abbr evi at i cgnd$ éﬁ:onerselfe ef the idouldcattantied wdekicadebr @y c@he@ad ByBilinkeefeiesc t 0 benzyl ;

Lo i mot nowgtt ey TRy R oo 5 R sl SREABbA R By e

abbrevia i ?d’atn 'bd BOMSampRf €5 ® 490pt %rhlstt(y B?blﬂﬁt gb(iuﬁﬂ ty5|b3é) bphéngabireiaiiadly,on f
"TIPDS" re tralsoprop I Si ; the a reV|at| "DTBS" refers
to di(t- butfgt feé‘g‘ﬁ;? %eldﬁ“'ﬂﬁéﬁ odghregion t@ Bd THel Bmerining P’t"&?‘f‘rﬁ B@grilﬁ\

" RNAI - i nduchengpReRM1in a taffdbceiTmdyWAl fopeiple, apRoRaRly 1500 RS HSYAWTUS Wi th
ot her terms used to describe nucleic acid nol ecul es that are capabl e of
medi ati ng s¥y0eHeEt SlgecP PP ongNAi i ncl udi ng mer odupl ex RNA (ndRNA), ni cked
dsRNA (ndsRNA) , gaRiRees gﬁl@ﬂﬁta(n%?@%tmn@é@l‘}fo‘ynhﬂ&&fd@ BhViRga RiGdoglCc aci d
(siRNA), siRNA, microRNA (m RNA), single strand RNA, short hairpin RNA
(shRNA) 30 s h@ﬂtenpw%mleﬁqnt@y K] Ig@heeqlee?@ﬂliea@e ingHyeet nupleis rfidmaijsulsu®yst i t ut ed
20 Ol'i gONUChEAl iEreorRRLLin il s‘?t{gfléagtllaﬂ&d;ﬁg bligdhaP L DQRHE! FRIhiAR,
chem cal l y-nodi fi1 ed RNA, ost-tr criptional gene silencing RNA
(pt gsRNA) , 1&@&%@&@H&§ @ﬁb@ﬂtédmsﬂﬁ@wéhyeeﬁNhﬁ@ﬂabOWeC%”1105$hé7tern1 | ar ge
doubl e-str y e 5%@ nger than
about 40 bg§@§§§?§§ﬁtﬁg¢tté ¢5Q8gQE5§2§Q%gP§$ 9g§t&8 +9 up to about
25 300 bp to about 500 bp. The sequence of a | arge dsRNA nmay represent a
segnent of an nRNA or an entire nRNA. A doubl e-stranded structure may be
formed by self-conplenentary nucl eic acid nol ecule or by annealing of two
or nore distinct conplenentary nucleic acid nolecule strands. In sone
aspects, a dsRNA conprises two separavz ol i gonucl eotides, conprising a
first strand (antisense) and a second strand (sense), wherein the antisense
and sense strands are self-conplenmentary (i.e., each strand conprises a
nucleotlde ‘sequence that |s conplenentary to a nucleotlde sequence in the

o o o o, o, o - o o,



10nucl ei ¢ acid sequence or a portion thereof (e.g., a sense strand of about
15 to about 25 nucl eotides or about 26 to about 40 nucl eoti des corresponds
to the tawvgeviwmudsiei c acid or a portion thereof). In someTarsbadior®sts, the
dsRNA may be assenbled froma single oligonucl eotide in which the

sel f-conpl enmentary sense and anti sense strands of the 15dsRNA are |inked by
together by a nucleic acid based-linker or a non-nucleic acid-based |inker
In sonme enbodi mMe\tiied @ fthd 8fm GRNA 3 AOSIENi@NE NI nE@RREInIpt r ands of
the dsRNA nol ecul e are covalently Iinked by a nucl eotide or non-nucl eotide
linker as desErDbRGUIHEE &ND ardNRNBAISP AnGorpasses chemirallymedidisd Berlsatidess, a
first dsRNABLEGHEHISs. ARVGhERbNMihé K8 sh& BlterfeRAS hu@REa S FBIRGuIES RNA

nol ecul e by a nucl eotide or 20 non-nucleotide |inkefr known in the art,

wher ei n t heofftha igyenteRiak Adivdeosl €2'¢dh doetainingkwdleotiles Il samakinbgdigentyt her

dsRNA ec he. . i ~ ~ hnati on
thereopéiIﬁ$§§%g&gﬁgggﬁﬂgggggyﬁhéﬁF%ﬁﬁ%gg %%ﬁ&?gg$m#%8@%§%%gg?%frd strand

t hat forns lydmsygduplfexmediiting RieAilang kedickd sRNAIntdrierispnelaespenbculels RNA

nol ecul es d [l . herel n.f 0 nd . LN hree or
nor e strandﬁiﬁ3$%%§§§$ﬁ%guﬁﬁgH%ﬁmgﬁkfgygkgﬁggyﬁgéﬁé%)ﬁ%ﬁ%%%%¥mwg§g(second)
strand, and2“CBRgrogp)hisiRNA sioteauids thar dehiocteqtinetht Siesenaqdl ritbRAtclatidends ar e

conpl enmentary .tq a or e pair b ith non-overl i regi ons of
Ther Aot r b fheENA B TRRTR BRI RnbR B By RBr R BB A LFE, O, o,
nor e st r@andskesgebiher atasieant habdijeCaomssi S0icdesS enheains témaining ond dranord

strand. The doubl e-str d regign for 30by the annealing of the 'Si and
TN “otr anae B o D B NG BB P e e ROT Ao RaR B ot andeq

r e?i onI f or nieght yout ﬁaoazmele,lzﬂoni@ % sfhike nudRoti@sbsitibns. St I and?. AnorrdRNlA -
nmol ecule is a "gapped" nol ecul e, neaning a "gap". rangin rom 0 nucl eoti des
up to about 10 %ﬁgggg?¥ﬂ%§heﬁﬂn§@%%\@ﬁﬁ%ﬂ%ﬁﬁ%P&?cﬁﬁé%ﬁm%fbﬂGBF@9 is

separ at ed fd’a?ﬂilé Hiem &g AUPEAE sPAcifR: QR 8B B, TdrRarhfIOheH ink@REhg ARG

unpai red nucl eotide (up to about 10 unpaired nucleotides) in t%e "A
strand that CiRN/pgaelequisietpubletsiiaisd RN Wsi¥ A mslcewes AdcroRNamskEcdepl ex and
that is di sihbAGhirfih RNABRNRQASmSlectIBY, ShddNRRHEGE HYEHRRbIEEMBEcIREsHr- €nd of
one or nore of the "A, '"Si, or 'S2" strands. |1n sone enbodi nents, the A Sl
dupl ex is sejsaenrericiercaeidnelealmpsharpteskeripg mpdified obgonpeieptidsuatlewidsdes

(i.e., ani k i G .00 ggﬂ% ) ) - ucl eot i des
i s broken o§%ﬂ$%g¥ﬁgﬁ?ﬁ9?%%Uﬁg?§%8%$eot(ﬁz&ﬁ%?ﬂ%@ﬁg%gﬁgggggﬁﬂgﬁg A S
dupl ex and (reRRA) SRledulpd, esong gthéiteh can al so be referred to as nicked dsRNA

(ndsR For e : [ b ri 0, i t | east
t wo dyﬁ%q e-str aﬁgg@] e?%né?%g%%é}%ﬁﬁglg XI(:A oﬁ%@ﬁg% Cltoglﬁg ¢ %B%ﬁttg §%¥\ %Iglga\éhg%se?s to
about 40 basgqugpedsrog regivohstwierdo tholsenss imdantieths¢ egioonae aveledpénlatldg by a gap
of about 0 to,10.about 10 nucl.eoti des,, optional l avi lLunt .ends, or

n 5189y MO RNl s R R PR B M P T g ons
separ at ed hiiteeacgap, lofdragen bondify, narcdee 0iaild aserindtionse hpdraphobedstracivas,of t he
double-strgg@;d r@géons coqprises bet ween about 5 base pairs and 13 base
pairs. As A $BFECH™, dsRNA nol ecul e which contains three or nore
strands2smay 15 bantigherrRRed" fsan&NAstrane hadipd exierRNior freididdry texanget es of
NMdRNA nol ecul es n be found in Pr ovi si onal Paten&,AppIication Nos.

U.S. .
60/ 934, 930 %t B0yt sagginduce RN/ by bigdmedp hedprge S9RRRANRay i ncl ude a
substitution or gad RiNoatié ATRNA swichivinde ssqiRAdd dotpleafn@fy WRAkAdseRL! On may
be in a phosphate backbone bond, a sugar, a base, or a nucl eoside. Such
nucl eosi de %ﬁésﬁﬂ@ﬂ?ﬁ&ﬁ%“é%ﬁmﬂﬁE@ﬁﬁﬁaWﬁFﬁﬁéﬁ“%Bﬁbgﬁéﬁ@%yﬁ nucl eosi des
20(e.g., 5-met hy\dWstMihdd&n Qhe RrfTBRRXE Abing NG "RNAR pRe b0 Fd9tdwm di ne), and
such backbone, sugar, or nucl eoside nodifications can include an al kyl or
het er oatbm BB ndu¢ing emnopndengh e wwall igigepringsRMARSHRYAS), iR AN pd
hal ogen, ni §i£ Q980 YecRYvhidh carfte QLOGI i RGiS Fdrald DOGAKRRVA pledyddle art. In
addition, as used herein, the term"RNA" Is neant to be gqU|vaIent to
ot her 25t erhvecingleeinclydelexpeasiibe vereqs etrogefopetiofas RNRANAxiressonfvedteice, such as
post transcri.pti - i . 0G, iopal. i.nbikbiti on,. Qr
epigenetics&b@%% gﬁgﬁgsoﬁéﬁﬁﬂﬁﬁﬁﬁggﬁﬁég&%?&%ﬂ??55#25?%%&#gg%gﬁ“%% used to
epi genet i catrdnycrgitd elnclecagenamcasiRNAe iipost.- t ranscri pti onal | evel or the
pre-transcriptional |evel or any conbination thereof. In some aspects, this
i nvention provides conpositions containing one or nore 30 RNAI -i nduci ng
agents which are targeted to one or nore genes or target transcripts, along
with one or nore delivery conponents.10Exanpl es of delivery conponents
i ncl ude DI LA2 ami no acid conpounds, |ipids, peptides, polyners, polyneric
| i pi ds, and conjugates thereof. The conpositions and fornul ati ons of
this disclosure may be used for delivery of RNA -inducing entities such as

1 A I A . '] 8 e LA I '] o Y N e v



10l n general, this disclosure enconpasses RNAi -i nduci ng agents that are
useful therapeutics to prevent and treat diseases or disorders

char act erwoedidsssar i ous aberrant processes. For instan®el/usee09se®3e hat
infect manmal s can replicate by taking control of cellular machinery of the
host cell. See, e.g., Fields Virology (2001). Thus, dsRNAs are useful to

di srupt viral pathways which control virus production or replication.

15Thi s di scl osurAeSIH%Am@&cﬁ@;smréﬁblég{mﬁd@@aﬁa@ga&d thR( 1Y & BinliRP fudci¥dnr al
infection in a SUbhFCt use of one or nore therapeutic RNA -inducing

agent's havi RgiR\br Bagspeciorimssrnded R%@yleag%uaﬁﬁybgflﬂwﬁ@né@fd%aﬂar get
virus. An RNGh-sirRgUml DY SMnd0 Prdrdthisly | YRR s88n Fi@helRtidcAtcdfh ffwhieh @

sequence of a viral gene in a known VAriant strain or variants of a Vi rus,
and exhi b| t bindsgp e trrget SPaNA f The ldyhaidgir¢agaddiyiiee nbridisationzpf ghetldA wnd BNAgene i n
those v 5%@%-1 I be targeted to,
and exhi |t e???%g%gggﬁgpﬁgp&glgggg n@?ggfgggyﬁgﬁg%ﬁgﬁég virus, as well
as vari ant ¥treahangingfend.nf | uenza. Conposi tions and formul ations of this
di scl osure may for Lally active
agents to a var22?&§S@rg%\vg%%%X§§¥w%mC%éggﬁgggﬁ%fﬁ@%f€b8?%%lmhlch invitro
delivery igﬂ@nmumma&sedh@ﬁomummn@pnhheh%ahmuemhﬂxsumn1ameAﬁﬁ@me|nnnrta
25cel | Ilne rat gliosarcoma
cell's such ran reé‘%ﬁeﬁf%ir?%“e So‘fgset ra%és k Segfﬂcé’ﬁlpéeme?'ﬁﬁ/ Ge- 8 I%ar by

cani ne K dn@)ynpm@ésl rﬁﬂcl(ad&ﬂw@quen@rthmﬁcofrnphmﬁdntaaﬁﬁo rmelbd)tldelsétﬁﬁnceamdlemheﬁar y
cells in cultu n esence or agbsence of i OUsS sera ng ot hers.
Composi 1 on IR PORG GRe SHnd At SoroCarbimy BersoeioPlr " del i very
of drug 30agended s@tctreOop@iabipld Whedéih ihéeloﬁlgeﬁtfaSldéd)rteoﬂ@rdbSlﬁtM9Q)ﬁseC6| | s,
tissues or organs in vivo. Mddalities for deliverin ent in vivo

n
i ncl ude t op?at 1“8&@€W§FS“§HH“$%?%%¥%9%Pw¥%ﬂﬁ%§ﬂu?§gﬂﬁ1%§ BPRERAYi ti es for
delivering @m na@BMideisdyuiéhdéan b iegdidee1¢iORad alolcome Of a Pafibd BkRSf, @fd @e opl et s,
delivery of nasal or nasal -pharngyl drops, particles, or suspensions,

tr ansde%nal SeRTSPURRLNANEANBEISE 2 Pesigosde sequenge pprresRondjede the segmuslpiF gglon by

I ntr anuscul @puensdHCBARAHSeof, IAMEFANRML Ui sik A LRAEd BEdnled fkdHh h@GaKLdI ac,
intrathecal, intraosseus, intraperitoneal, and epi dural routes. In
some enbodi Hearusleotge, a@émth%@if dmplieniaisaseadd axtisgnse aedigns @f thestRNekposur e
to cells, 1isanes B iR SRS OIE QLDFh A hEL i bde@NnRi). ect . SA drug
agent or biologically active agent ivered using a conposnt|on or
formul ation of tlh sgnfmrslmdmswse Sﬂiﬁy%stfer 1f1m¢ﬁﬂlulmrﬂeawy tortma pedynudeotgle f or
exanpl e, a [ f0 rticle, a
condonsi” 1 B sbEE ke Bio bl Bhycindth bl IBORRRE L P00 s
provi des netdvodself-oomplhecdaly iseree yncbe[nusfnlee rgiony mdeRRihe ariBensadiginng entiti es
to or gans an(rjn tI‘lIS Sssaun%%leo 1&eh| n L hethat.% fleme Eﬂ?np%. nuc eOtICﬁ) Sge e%gbOdl ment S
conposi tions Gontai ni g an: RNAT < hdue i Y 2 BREVET WO E“ D' A2 ani no
acid conpoumﬁameangxmmﬂmﬁamdnkmxhkprdp@ﬂnmmm&nfanmﬂ@smméﬁ@dMQGMpﬁxsvarlous
routes to be tEan £orted within the @»g%gand t.ake up bg |s in one or
more or gans® BIFIPHLETERICGHEREBLEE & GPucdely a%@ S HrsacP‘?rB?n is

nodul ated. ¢hb&edbh. s di scl osure provi des pharnaceutically acceptable nucl ei c

acid conmpositions with various DI.|LA2 am no acid npou| |IpIdS usef ul
for therapeutic 'damplsepi hgmica %8m883%@“ﬁﬁ§ %EH§PP@ﬁ@§ I'n

particul ar ,pHols"@h%rdtﬁlMﬁ@Iﬂt&ﬁhcl%ﬁ&é mﬂég&,ozrmg&yfnb@fﬂﬁlean&sr@dme@lyﬁ or invitro
and in vivo _delivery a for decreasing, downregul ating, or silencing

dsRNAs
t he transla@%ﬁwﬂﬁﬁﬂﬁsQd#ﬁéX2H@EP%F@“§E¢@“@%&B@W@§H8%62@“%¥ﬁ¢§55|on of a
gene. These'cRMPORIILANS, §GQn&EﬁhﬁQ&xHEyaQ?mHﬁﬁQuﬁﬁfgﬂﬁﬁﬂ&ﬂﬁhﬁ@dand/Or
treatnment of diseases in a manmal | n exenplary netho this invention, a
ri bonuchi cdeasy ahbasisirestdyr enceiperitia®s an si RNA or shRNA is contacted with a
DILA2 ami no aci dreqmRendedit SofM Rt 2uRURAR b 2BndPhdnkag be
adm nistered to cells or subjects such as manmal s. one enbodi nent s,
thi s i nventinemuglcotdedabageet Hgdserdor sde itisersengeidb e ghiRiiAseargigh@NA
intracel | ul LChack g- [l iktion with a
ol 10 @plph BB 3 UE T M REL RGANALN M FATRAS ST one
containing & smld@hmeuseacgldl nidleed tdrpinabuclkroad: @edhongs|of a stRiNaohebcidcan ds RNA) |
a short interfering RNA (siRNA), or a short hairpin RNA (shRNA), adm xed or
conpl exed with a DILA2 am no 30 acid conpound, and a polyneric lipid to
forma conposition that enhances intracellular delivery of the nucleic acid
nol ecul e. I n sone enbodi nents, a delitgery conposition of this invention may
contain a dsRNA and one, two, or nore DILA2 am no acid conmpounds, which may
be cationic or non-cationic. In sonme variations, a delivery conposition may
contaln a dsRNA DI LA2 am no aC|d conpounds and one or nore polynerlc
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DI LA2 am no acid conmpounds which are from about 0.5%to about 70% (nol % of
the total anobunt of DI LA2 am no acid conpounds and lipids, if any, and

del i ver y-wohargi4sgy2conponent s, i ncludi ng any pol yneri c eorpsa@aosoddut not

i ncluding the RNA conponent. In sonme enbodi nents, a conposition of this
invention may contain one or nore DILA2 20 am no aci d conpounds from about
10% to about 55% In sone enbodi nents, a conposition of this invention may
cont ai N oNenANLdd TR dedRs &meagrﬁsﬁwe%aamwd@ chépinababdifidbitatrRcgRout 35%
In certain enbodi nents, a conposition of this invention may contain one or
more non- catCHbWEY: Paspian backiprsy e RetengpdleaeliPgiie o veh e sarapduds Gincabout 2%
to about 95ypR3n{yBRBasebohfi8ediRE ! THRMOUAhin@ nubbbifd ARG 6 dngRRPOUNdS
and lipids, if any, and delivery-enhancing conponents, including any

pol ymeric c@mﬁ@macml@tmﬁb@tldeﬁcl udi ng the RNA conponent. In sone

enbodi ments, a GRIPOSIH Q0 icARlSodiANERNkL R, MRK e GONGAL 5 BNE 505 AL e

non- camnl c lipids from a}tl)oul% QO@) o agc%lﬁt % P Fo’nn%’gbogt "45% t o about
75% or frophoartimuithms%nmn@lﬁ@udeEmesmommn@wbmmtQ)Sqrn@“ﬁpom tion of
30 this inv o from about
10% t o aboueaioods FRRhERRD ARt TRERN RIS THE B Bro R, |7 " Moent i on
may cont ai mnanmckaoudmmagmIcgmt&:rpresehulppntsqr bwhmlgomd‘wopdﬁ ymaedsi of thei pi ds ar e

fr om about t al an! am no acid
oo o Rk o181t R IR s QB bt Sos BNy 0l s 20 20!
any pol yoreric cemmmmeculbmanmempnmdnadr mrdmethhlm@mmotldm sone

enbodi nent s, jtio f thi i nvent ain one m)re

ol yrer o HisAes o P <iolle Seros e at o P0se I SEe BBt 5. a
cgrrpOSI (t)l Orhnﬁéen%@itﬁlélﬂ ﬂ)fq‘ﬂﬂl?]dtmﬂraﬁ’fay 1w Biaiple, @ﬂexempmpm&moﬂngman@ Gan:cl pl ds }‘r om
about 1% to about 5A)o t he conposi tion ositions and. uses nucl ei c
acid ther ap‘éf}tl ¢k 2 S, qr W%%%S%%Whﬁ&???thq?%‘? gl“if?ﬂ?éﬁil%lﬁlkﬁeé\% g‘és

net hod of t4.8ad binge ﬁan@d SRAS EncOIntiSinSOMARY, or Botd sHBREI | an subj ect .
therapeutically effective amount of a conposition of this inventi on

cont ai nthg an i Ak egfaEt sRRPARREAts, & siBNApolseln Bckidesdl. eohPolrfd 7 & 9n¥hor cati oni ¢
l'i pid, a pohyekiifiditdthdsphdfithi MREinQmudROEIARIKh X8 1Y hE RRROGHAE, gOMTPONENt s or
10 excipients may be administered to a subject having a disease or disorder
associ at ed aalisdRsesipprdosinbripsiragder expr essi on of a gene that can be reduced,
decreased, downtigquhaliishiRlneh SRRGEHRYuIL [HEBQIRASA U Ofy, 7. Mbsyq, Bent i on
enconpasses net hods for treating a disease o | Ung 'such’as respirat ory
di stress, astiaparincgwsphordtiipstogitasnuctoel dolekagesfin e seriss strapdr bargiseabyst r uct i ve
15pul moyary itis, or enphysenma, by adm nistering to the

subj ectﬂfjl uglrl(g%gﬁlte]?ogg{t%ﬂ&%ffectl ve anount of a conposition. Thi s

i nvention encorrpﬁasRéJsk melthm:l@mflmﬂudera@atulwglwlem asglas@equhc vahdnemghe:ancer,

bl adder can ive er -~ldver p t a, an

i nfl ammat or3c/£ iAslse%lbsOlel{%ctoa T 8I#|Ocexﬁm§ie6a%e Sn??{ 4%7@?%%% gi’t hritis,

rheumat oi d artebtiddsiislenghdaping labdut $§ ta2bbards, for acimple abdueasd t19diseaxe, vir al

di sease, he Ltis i uenz ds fo sones are
Given i n, T8O bpeire M ST afgonop BRI Fal B bRt R B
1984), 2znd Hdvind.ab&B 11D Baselpaipos@mEsodsMar cel Dekker 1987). The nucleic acid
conponent, DI LA2 am no i d conpounds, and ther 5 nponent be m xed
t oget her first |410159ug‘15 '%fébﬁ Wﬁn‘ﬁ?ﬁﬂﬂ@ﬂté‘r?tgg pé%‘?t% é’@’?fe&@eﬁégﬁ)tmpafter
whi ch one Gfortidk &f the RIRAA RblceABRMIRRSra0BYe. Der agdgsle, iR 1b&}EpINions U €.

Al ternatively, the DILA2 am no acid conpounds can be m xed tocget her first

in a suitabfiEukbHRIM BelemlaganbeEnsopnsd ijpao regingiie fquble-sfar®A t he nucleic
aci d COWO%@NA%e&% W2 dern3RY iR o & Shidhak B-@ARAM IniBIRS R1e @l erhfigs | Nventi on,
a dsRNA is adm xed with one or nore ? LA2 am no acid conpounds, or a

conbi natl orcopiprising aprut gPrEeqidesA? ani no aci d conmpounds and non-cati oni c

| i pids. MRS IR i, BRRAGEARL TN vBliShe BRisERIBl:GHoMl, wi th, _or
conjugated to a DILA2 am no acid conpound polyneric lipid, and adm xed
with one orsemrserambnrlmlmEnnecarnplmrmcshflqﬂrnuale@tohrbmdlaw@mNoﬁhqme or nore

non- cat i oni tign i i a DI LA2

am no acid Cf:bofrog%ﬁtg (eng N%gilér%g%dgf%ug? {e |ereg;’ S@% f‘%}% %ggt he addition
of one or moéezMnchawtmi f&pﬂngm‘d@lag@d a9&ﬁ{nn5iamaﬂd8®rﬁnmﬂeqmdwhaamg@m c and
cationic lipids added in a suitable nediumsuch as a cell culture medium
Alternatively, the DILA2 am no acid conmpounds and |ipid conponents nay be
m xed first, followed by the addition of the RNA agent in a suitable

medi um I n sonme enbodi nents, this digeiosure includes mcellar dispersion
conpositions 10 containing a drug or active agent adm xed or conplexed with
an DI LA2 amino acid conpounds and a dispersant to forma conposition that
provi des intracel | ul ar deI | very of the dr ug or actl ve agent In
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150r nore dispersants. In sonme variations, a delivery conposition may
contain a drug or active agent, a dispersant, a DI LA2 am no acid conpound,
and an opvpanslo4pilyneric |ipid. The dispersion conposi PCOMS2@0/064936

di scl osure can form stable particles which may incorporate the drug or
active agent. In sone aspects, a dispersion conmposition of this disclosure
may contain stable 20 nucleic acid dispersion particles having dianeters

from about RofH¥t @nAb@UtorARQuRMLEKRd SOTEC 8D AN APRIRotiddIge. Pav I, Gl-es may have
a uniformdianeter of fromabout 10 nmto about 300 nmIn some enbodi nents,

the parti cl@ehyigge-@aveolaraperyd opetedidantet eretory ¢hesm MSJUMNUSeetks o about 150

nm A m cel !ﬁéthﬁ'—tﬁi%%‘il%ﬂ,%d&ﬁ?-zbﬁu&é &1L RiadbOP RS & @ hiNRUE, bNBido

bi oavai l abil'ity of 25a drug or active agent, including RNAI therapeutics. A

m cel | ar diwpgkpsdesrandZnOpnahyldeclditsiper si on dropl ets or nanoparticles having

a_hydrophobi ¢ Oichefkfy ﬁl%p]ﬁ‘ied Iﬁtieoghéspc% B ARisBANSRAILLSS h%n%acﬁé‘&l RRiSHspended

in a continuous aqueous phase. I spersion structure c avol d sone

di sadvant ages sinnftenemainfamingstheigapacityi tpogdined R¥Ar uct ure for delivery of

a_ct Ive agent S ai%g (%1%%', tparn8vf9 8 ﬁ?evs%}l&g%ﬁﬂ\ll m%?elc{ll\é%{aé hgfecgtlélsn% @fcalg he

| i pophilic core. 3 s di sclosur e provi des a range o m cellar

di sper si on wonyoseht dsangnveoet doryabgsiOmbikly, arthad-cad) Yendopouimdsinds'-1 i pi ds and

di spersants for%ﬁg#%%ig&ggedicanents, and for delivery and adm nistration
ample

of RNA ageni’$s° " di spersants include synthetic conpounds

i ncl udi g pol yokghykeesi dapigsucinclade @ajuggly ool lahed deapibyd ingl yrgesd, des,

et hoxy diglyc peqyl at ed. t | yceri des,  di yl ene gl ycol nonoet hyl
ot her 2, - ancimCietdipp8tine St Nkl 0 5hE pupdl B o iR anmari L
LABRASOL, ARlefchcMNiureih RANSGUIGD, inchiithgthxdrdivegs.t her eof . Exanpl es of

di spersants include synthetic conpounds such as

al kyl phospho- N- B MY W%?%ﬁfﬁl@nglnéi?fﬂloﬁi ‘E%W%‘é‘%a@d%yﬂ??scwml%ﬁfté@%f

di sper sant Sio3hd dhehidRy-TEBIMEARANMCBEIAGR Mitode gradable IidkeS AR cGRPRIIHIENL S, @
dellverﬁ%conp95|t|on of this disclosure may contain a drug or active agent,
one or Mor ecogiuese mpdrsulgmayde aupihe st taid'1ad alcdi Gerbesatmysnd ArErIPsi £ i er
and st abi | i g@hd,lok BbiH Straddd oS@EBhALAIF I QiSod sRIFE hiovRN), conposi tion may
contain a drug or active agent, an oil, a lipid enulsifier, a DILA2 anino
acid conpound, dnaukin Rt telcppibghlc mpldcde iyalyared tidhd §'spd ol crther

conposi ti onge Qfsd Bafia BSHHASME Grafidbr bOhT2dR B B RAMSIL AL SRoMULIRIRY

i ncorporate a 3rug or active agent. |In sonme aspects, cgnp05|t|ons of this
di scl osur e wolatwé. Nnsvabtebalinenty thegonjugae agkavle smitadicd hothala 3'chésndhavi ng

di anetess f& t t, 4 [ he

part1 o158 ray T QORHEe e P o Moo iblad Wi 2 BT STPOEM TR S ¢ 300
nm I n sone woadbel sikNtspoledvde, paartyicombmateythéreste a uni form di ameter of from
about 50 nm to aRout: A50alMs, o conibdly A ATRAMIRNL S Ry A GhiuBEL L VE
agent may be adm xed or conp ek &GV H AR~ 01 1O PR EHUT ST G eF, A Bt A2 ami no
aci d conpoudliyerata ahepotayiganiddifiesltsehiVA nmilaeglelintp b hjol dgicat grrMAs@hEPOsi ti on

t hat enhanceﬁ intracel lular delivery of the drug or active agent. 20An

oi | -i n-wat €"enul si on can be used to fornulate and inprove the

bi oavai tsbi | ity 19forfe ehtigliméntaa tonjezataesltculd Aatheditd e RNMicillenapaed | cs.  An
oi | -in-water_enul sion can provide enul sion drop]ets or pangparticles having
a DI LA2 ami %ﬁ%ﬁéd?‘&ecé%ﬁfﬁ@)ﬂ clpylenq %YC(IETP}J DL PPER SR F‘J(?HWH]’ Ag? anﬁ r&ﬁﬁﬁ‘ﬂﬁrc oi |

core. The eRtdpidr@ht O ddiS cih]ah BRARATxhBPBS oCPBEci BEcHBRRMEIRE uIR a
conti nuous aqueous phase. An 25enul sion structure can avoid s

one
di sadvant ag@8tePRiéddntthy nserlingnden hygaphattaghed e chpnucallyrmeglfigd s8R YA of
active agent§lecdRGrC@Rcie@¥l Ueroady anLages. taknfRlbivaion NRRCRWSE 30184 he
| i pophilic core. A range of novel enul sion conpositions are
provi ded i mndRP8AY1&00sur e i ncl udi ng novel compositions and uses of oils,
enul si fiers, Dl LAZRRN Q) ACIHGOMRRIDER, Alnlddtide, 3PnERIRRASRHS/mYA L
interfering-RNA agents. Exanples of oils include synthetic oils,
fatty aci d wsteende lokephypgihethe sgisyeglon of dieldiNA of the tibisbrsa ecggrinyad dhies
gl yceryl oi} C t l;. 0l |.S IS, j los ential oils,
m ner al oiI+§Wﬁb?§%§%ﬁul%gm%%%b%ﬁﬁﬁgﬁgﬁgﬂgégbf%gbgﬁéPg*g’%ﬁ§§ itam n E, and
m xt ur es t herckofides ixkgngih.e b sofme@nibsdiments ublengaotifelinker cinlbs agwclhicasid CAPRYCOL
90 (propylene glycol nonoester), CAPRYCL PGMC (propyl ene glycol
nonoest er), LABRAFAC PC (propyl ene glycol nonoester), LABRAFAC PG
(propyl ene glycol diester), LAUROGYCOL 90 (propylene glycol nonoester),
LAUROGLYCOL FCC (propyl ene glycol noneester), PLUROL OLElI QUJE CC 497
(propyl ene glycol 5 nonoester), LABRAFAC LIPOPH LE WL 1349 (triglyceride),
PECEQL (gl yceryl nonoester), MAISINE 35-1 (glyceryl nonoester), and
m xtures thereof. Conpositions and nethods for RNA therapeutics This
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10i nvention can deliver a ribonucleic acid agent to a cell which can
produce the response of RNAi. Exanples of nucleic acid agents useful for

t hi s i nvewoi2on/i4stikude doubl e-stranded nucl ei ¢ aci ds, mpdirfuse@9050930
degradati on-resi stant nucleic acids, RNA siRNA siRNA shRNA m RNA,

pi RNA, RNA ant agoni sts, single-stranded nucleic acids, DNA-RNA chi ner as,
anti sense nucleic acids, and ribozynes. As used herein, the terns si RNA 15

si RNA, and ghiRNA Amieuqt@rem @ﬁ%ﬁ@r@pmar%ﬂ%le@ hENAptaRBd e5ddRMNAss a
respectively. For exanple, the termsi RNA i ncludes an RNA or

doubl e- st r sk W@lﬁ%ﬂe ‘ih§t binglsspgsificalhs to tangpispelegude. yhergindg nusiess me.

Ri bonUC|e'Cmﬁf&@k&ﬂ@&%ﬁmﬁ%ﬁ%&kn&ﬂhmﬁDﬁéogﬂ%ﬁB%HQQm@&%uﬂ%uEQHQ§£§Qaf0
various genes. Exanples of human genes suitable as targets include TNF,
FLT1, the \E@mgf adFngiely; ieappandERBED amicleys, actcholppirRatftards|iya (ABER- ABL, and
the NAPKS f ar%lleé/u © @H&Q&e‘?&r & olec'c:rfé%m Iﬁ)% %Lrapggﬁ'a g %§ abl e as targets

r
and nucl ei ¢ aci sequencesS thereto 1 nclude ose di sc
PCT/ USO8/ 55333, IPCHWM@@8HBEE@9wr@mﬁwU8@8¢55©4®ahEmﬂMmmﬁﬁydﬁﬁmnmfa

S0 S BB BB SR e

PCT/ US08/ 5586 Xor BCMpUSO8IASE 3iT.0AnCRAUBOBESD 7163, RCT3 ; US08/ 5P IR, J.

PCT/ US08/ 5537 5 P 08/ 55

PO/ US0B/ Soaa BT Sap A asby Gt g B a0 RO BoR Sodnol
PCT/ US08) 553827, 2607 Hbjﬁﬁh&hﬁﬁcBB:ﬁel RCHcLISTBE DS IBD; addQayd4SOSCHL3A6,
PCT/ US08/ 55@%5 P%‘Tﬁj]ggg § 511, PCT/ US08/ 55515, 30 PCT/ US08/ 55516,
PCT/ US08/ 55 ist éﬁ 3524, PCT/ US08/ 55526, PCT/ US08/ 55527,
PCT/ US08/ 55532, APhoil-hioRd(i&bnk3s canGl Ah@0Sic2081ddide ol et Sobami3,
PCT/ US08/ 55550, .PCT/ US08/ 55551, PCT/ US08/ 55554, PCIT/ USQ8/ 55556,

PCT/ US08/ 5 migsepenidparBeREEie. peid pdyRyBeRdrn. e Ry grgEEEgipounds

PCT/ US08/ 55(@% | poREth{ 1RO8L &p6M3h aﬁﬁ?ﬂe%&@ﬁé 5&664 2 arldGH0 biA gﬁh&%@&ﬁ units).

PCT/ US08/ 55608, PCT/ US08/ 55611, PCT/ US08/55612, PCT/ US08/ 55

PCT/ USOBY 55%gific pemlsopyishabose dperpeddngiesbens Kap@rwmeﬂsvéelz«?s

PCT/ US08/ 5563453 POB) U308, 8630 RET/SS08Y 3567 ¢10,0GK] YSHRBLBO00:

PCT/ US08/ 55651, PCT/ US08/ 55662, PCI/ US08/55672, PCT/ US08/ 55676,

PCT/ US08/ 556/78:. SpcT/ U608 5%d9Bichpdsnasd 8¢ 55697/ @CQMSOWCBHG@Qw

PCT/ USO8/ 55 / 10957, and

PCT/ USO8/ 551?%% ME’QMP%%&% Rf %?2@9%&9%31&3?% ggﬁ{ 5@32‘?@% have a
sequence th@@?mteodnﬁwdmeﬂm@kﬁatd8é3ihg9%hh@ihawvwwélNgéﬂewkﬁ&r exanpl e,
e o CMPOSK S AT AOR L IS L IYENLAN LR 3ol O pequ! at e
expression of t vifal’ genone o At f'uenza“viT us onb erbodi ment s,
this inventMoﬁumh@mmwe§7%ﬁﬁpﬁ@ﬂbﬂmnw,anm hmﬂMmdmﬂPoMuanUlatlng expression
and infecti f an influenza NA inte ression
and/ or act|$|§§6§%hﬁﬁ&¥%9 éﬁzgné%%nt“ma bF‘Fwa@% QQ§P§@§§FH§§FO a cel
for exanpl egr af, Birartationah Peslicet dngo. RINA 9F0 Nl @iy brel Feanntngnda esdog)gnee t hat i s
conpl enent of a RNA pol ynerase subunit of an influenza.
Exanpl es ofééﬂﬁsmfé}ggﬁgﬁ @ﬁ an influenza virus are given in U S. Patent
Publ i cats on No. ARO{AGRHZAARB likker" refers td Algr6 @@ cenposhiden tsn bd ihé@pdrie@nt i on
provi des conpositjons and met hods r inhibiti ression of a target
transcript P &Sl asEchp 1%1%???%? TRy Ituﬁg‘g%%ﬁ'r SnudingHiBE ti on

cont ai ni ng @@a@m@pﬁmﬁlamgmm%s aRd Eims-thMHﬁinmg HROIROEbisHER as a
20short interfering oligonucleotide nolecule, or precursor thereof. RNA

uses smal | §AYBRICEIYEY- “P@PRNH@%”P%C¥%W6@$“H€§§QHg@?sm%ﬂ@%%¥$uﬁ) and
attenuate tsRARSIA feB8bniAd ShdNHdABasHSEch Asrhdérmsﬁne ' gﬁ\iﬁﬁé NSAﬂamH@)ﬁraQﬁ oft Precursor
for dicer processing such as, for exanple, | ong dsRNA processed into a

si RNA. %hl§hWﬁV@ﬂ®T@ﬂmmk6Wﬂ@é§Jﬁﬁm@@é% @ﬁW¥Weat|ng or preventing di seases
or _condi ti ons ags QGhalthdtht, AORARS SAN AblcAIL BldRYe ARLHARSEEKRh: Of
activity of a peptide or protéin encoded by the targe anscript. A
therapeutldnghﬁqmeqynda@eﬂomﬂﬂmwwﬁp@énmb@h@@édﬂpsﬂmﬂéﬁhwaﬁmﬁde range of

di seases by, Y
mcroorganls%“lwgltlds Iﬁgw@lggg uttln 8&%Qt(g&?ﬁﬁ%gﬁgn&% gnegﬁhogenous
gene pr oducdceiamidalre p@gdrmdapulbnatehslidhmeids eul(80dia feomectdnthodémeadtd, t his

i nvention provides novel conpositions and nethods for delivery of
RNAI -i nduci ng entities such as short interfering oligonucl eotide nol ecul es,
and precursors thereof. In particular, this invention provides conpositions
contai ning an RNAI -inducing entity whbth is targeted to one or nore
transcripts of a cell, tissue, and/or organ of a subject. A si RNA
can be two RNA strands having a region of conplenentarity about 19
nucleotldes |n Iength A SIRNA optlonally |ncludes one or t wo

o o, - o A I o o o B o R I A Y 1



20i ncreased as a causal or contributing factor associated with the sel ected
di sease condition. The RNAI -i nduci ng conpound of this invention can
be adm niwoenwd4bsizconj unction with ot her known treat mne®C3/USor09Aa6@BEease
condi tion. In sonme enbodi nents, this invention features conpositions
containing a small nucleic acid nol ecule, such as short interfering nucleic
acid, a short interfering RNA, a 25 double-stranded RNA, a micro-RNA, or a
short hai r pjs/oRMA 1s@gr:1rth%adm@ﬁs QERbRY 6 Wohdtieoflic 6LRbAHE AR ichGons @re
deIrvery enhancin nmpound As used herein, the terns regulatory
RNA, " s hor §1v4mrif é%ﬂ@ktfrrgd hernasineNugdqigAeid Agpipgs» Syndiegs end Roaemies ihg RNA,

- short i nt eyl BuRl IRMEL 89t 86, TLAGBS andMbsnElRRIEA! hsaodi i ed

short interfering nucleic acid ecule,” refer to any nucieic acid

30nol ecul e Iéra]b@rbteéfeolncerf@gdlf@rt@lr@nurlrme 11 GeybolydawsModigguioss ilng gene
expression pr; fé\lAr g%?éi{p g %'4a§9 hepl i cation, by nediating RNA
interference 6 Rf ene encing in a sequence-specific manner

Regul atory RNA |SIRNttud®éecgieng&theGhstanandwdllﬂmrmwhfaegmwn%syntheslled by:n sone
embodi ment S(S)% ﬁlegs wo c% legl%HtQJRr str?uttc{s H%%ﬂ&%%ﬂa%ul%o nd(iil?) Eﬁea?ﬁg S

conpri sing -compl e ry sernse an antrsense regions erern the

anti sense rto@wompleomnqaryr mmdsaogwet aglel dmdsequmttalde tdmitam 8 dmonﬂﬁaitmnmnit ary to
a nucleotid |n a tar ri bonucl .ei

egui att ng SxNRdLaRaR: Bt Sy RAELT oFuR S TR ERY et o Onpr i ses
a nucl et i dﬁRNaqmﬂmmﬁ 1§oy mﬁtgxhﬁndromgoﬁuole@mdee;ymhm, oiby ®1i8 phst aamtletral ly

i denti cal kﬂ en ﬁP the target ribonucleic acid sequence or portion
5t her eof . @BE ?@m Csid.gi RNA" means a smal | interfering ribonucl eic
acid that is a r(ﬁlgatlmc\r@hyess(a@r tedaen@bdifldodtgloeucsdorla@dﬁdomuﬁd@i c acid, or
optionally a | on re or thereof. The | ength of usef srRNAs W t hin
this invent9an OP ‘? IO PsARH e  S hedtzég Bsrlt‘%?fo%?ﬁ‘ﬂa Qé’ﬁb‘tl i

appr oxi mat ejry f(ﬁerirﬁﬁﬂéQs REsCcriblMB Y BFuthek )81 &, Mei1dfs n@ntymg@ml@ loimtation to
the length of usef si RNAs, including si RNAs. For exa si RNAs can
initial [y bE9Br Buemwsey et @ Bugrpaiiong) P§ ubdigition NoF Y/ 59 é’l@eﬁser ghtially

different tham@alilingds. 8f279%85960s Wemtd0t: &lh@/le%o%w{oi 3. 7Wsh 110e%i st and
exert gene silencin actrvrt% upon del |ver§ or after delivery, to the
an

target cel | Breppaaceis oBiofeeines Botngs PRRAGS nigys: and Brenamdl-2 Paleac| ude precur sor
sequence el gﬁﬂkﬁ a S , ved at or
after the t?ne 0 332 ?%@%ﬁm?gﬁ§?eFﬁgﬂng%gﬁﬁggﬁb“@#éﬁéggfggkl&éﬁlﬁ§the cel
to nediate @én‘es glﬂbl@hmm‘ﬁyures as deaerbedfbockiamplet B Ususef atlal. si. RNAS heai. | Soc. have a

g(r)_e(igr)s%;se pai r s %%ﬁfs@t ’gln% C%E‘FA(%M%?%%gr}?@ggvﬁ%d%ﬁ&tﬁo?h{lr el d an

active, pro@a&sedad:ﬁ@#Q&@Gﬁmzﬁ&tHé9$anamteaul&kﬂmdthéBueﬁﬁGﬂH@ﬁﬁts a
,t‘lze];gl b?)l Ryf‘ glrod%i Fazlg}?rn ét%c a'tls ?r't”l al\Ifs]\lluI eld htf):{eehnals aﬁl(I)IéSI.I‘ X}ong:tg]'le 8%%rf'?n bnt sO:)f 15
this i nventammns@mgmnmlbe@pordm died daw esryprésa Inaﬂeotmtgs @oioyrmocitamtdles andy be used
to facilitate del.iv f nu | ei c ac %»n&te%ﬁé i ncl.udi n Ia%?%»nucleic
aci d precur¥8i°d°gf" rm?f?wﬂfﬁﬁﬁ ©s PRt PW%&?f%ﬂﬂleéﬁb '8hs herein
may be Bl @y amhsd REiog mhwai@ugtgcod@ldmearayy Rfcldoadges base phieivth 8@iadGschirat
represent 25"precursors” to desired si RNAs, wherein the precursor am no

aci ds may H@gePé%t%Hndfmﬁmﬁ@F"sﬁ processed before, during or after

delivery to a tatgetywatic igpE:0nMaa ekt ﬁlﬁsﬁdl\ﬁl\lﬁmfe@tﬂe @i sBghrgene
expression within the target cell. For exanp a dsRNA precursor

porynucreovmaehﬁaymﬁen&éﬁeet%@Kaan%mbrte%rarguern@rengeﬁanaeemm

pol ynucl eot d fewisfavh @ut MGidRE IR ah@RRseSESiE loURES (@D thafihS § G193 £QFRT | Si Ng
30sel f-conpl enentary sense and anti sense regi ons, wherein the antisense
regi on ¥bnphas sexigh complementig augeefiden©dasanr Wit ®9 ppIsense ragtanyang orgp a
nucleotrde(ﬁﬁgnence in a target nucleic acid nolecule or a portion thereof,
and the sense regi on havi ng nucl eoti de sequence corresponding to the target
nucl ei ¢ aci d sedioenpdulaie gangexptassienta @paddikreinin ¢ yhieguédthontdeanregitlpeul ar

pol ynucl eot | Q gl ' LVQ. Qr i ' - ate an
active dsRngﬁmﬁggﬂﬁgm%&ﬁ%@? ﬂ?ﬁhﬁ EgﬁﬁgmékﬂﬁFﬂ‘“hQWMEQﬂﬁXB%f?é@ﬁ es of
this invention, particularly non-precursor fornms, can be |ess than 30 base
pairs, or about 17-19 bp, or 19-21 bp, or 21-23 bp. 5si RNAs can nedi ate
sel ective gene silencing in the manmalian system Hairpin RNAs, with a
short loop and 19 to 27 base pairs in the stem also selectively silence
expression of genes that are honol ogaos to the sequence in the

doubl e-stranded stem Mamalian cells can convert short hairpin RNA into
si RNA to nedi ate sel ective gene silencing. 10RI SC nedi ates cl eavage of
srngle stranded RNA havrng sequence conplenentary to the antrsense strand

Y - 8 emam r A S - a R IA 2 1



2-nucl eoti de 3 overhangs w th deoxyribonucl eoti des may not have an adverse
effect on RNAI activity. Replacing up to 4 nucleotides on each end of the
si RNA wi twoademossiibonucl eoti des can be tol erated. Alter RaTivsedog/06@BRNAS can
be delivered as single or multiple transcription 20 products expressed by a
pol ynucl eoti de vector encoding the single or multiple siRNAs and directing
their expression within target cells. In these enbodi nents the
doubl e- st r apaed,PRAL thARe®for 8f RN rdnkRASE bf sy AR FPHGEin Of plolteh ST RNAs to
be expressed within the target cell can be, for exanple, 15 to 49 bp, 15 to
35 bp, or a%?@ﬂﬂltsz%ct)‘t?d@@t%allgétrﬁj’nel n sone enbodi nents of this invention,
the doubl e- Straﬁ%@@x&@%hﬁﬁu@“déhf%@ﬁakn(35mH@k% bR nStE AR heREmPAI Fed may
contain buh%e or m smatched portions, or ubl e-stranded portions of
si RNAs i n whitdhe ¢xpessgon @tfrtblﬁsgealﬁe)ré@/_ﬁt@dﬂ‘ét @lot?@tﬂ% prraqpizalent Ry mollastlel y pai red
nucl eotige gg %:J;\fe or Ak m%%Pgl%teﬂl &‘1‘8@@%‘ $1821 BB odMEr G T OT
exanpl e, msmatc the correspondi ng nucl eoti des not being conp enentary)
bul ge (IacMngmsnrmheucmbWBSpandﬁhgy@mmwtenentaﬂyaﬁu@kﬂohm@@&mwﬁome
strand), i rti ai ned to the extent
that they hg%%?&% ﬂmgﬁggQa??ﬁ&gQ 8%%y%§$ﬁgﬁnh$ﬁV§§%é enbodi nents, a
“bul ge" may conp(km@mmmnmfzsnuﬂmawnhn@nnu@mmahhdempmanmnmhendbyhée stranded
regi on of si RNAs t wo st " ont ai front bout lto
7 %0 " aboutpe ok Mt a P S PRRER O R Uha B BBR e B PP i
t he doulll e-sknamndeay tsaatgat@mlrmﬂ bg infAds ]ma)wnbﬁtmraﬁs@mte dfmhmhmb@r s fr om about 1
to 7, or about en . int f m smatches, one of the
nucIeotldes“ngﬁﬁg%?ﬂ@EH%ﬂ%wtﬁghﬁﬁﬁﬁﬁktgﬁa§22ﬁﬂg'Such m smat chi ng may be
attributable, fotswxamRie, thd @rmds HbbAicledNadid aml RNA" fefer b Mofcul@r M Xt ures
thereof, in a corresponding DNA coding for sense RNA, but ot her causes are
al so cont enfInL{maRE atdeppione @popuslcotide rpsidue Asribimuglpsidads %‘Fucieﬁt“%e Viént i on may

be either blydRixyPerogPhierd ygosﬁtmhaff%eﬁlmﬁbo BFakROBoRSy. lMeseSbMNAndI®leai Ns i ts
activity to silence expression of ta&g %genes The cohesive (overhangi ng)

end st r lict iieblesstarsied RNA. sivglersgranded RNbeiashiNA eth 3s patialderurifisd 5

over hangi NOR{AT MGdndhBy flite RRAY s;%he'uE R'N?i dBmbahdVAbducEPRNIANGUGANG gene
silencing. In addi tion, the nunber of overhanglng nucl eotides is not

limted to modfiedandpferiqd RNSothpigliters fom r@@tﬁllwcmngﬁwﬁ@ry taf addiii®neot i des as
long as it JgkidhNSpdkldo ¥'ﬁlé’dlﬁ&'hoh neuot ﬁ&ra&%ﬂ%f Seld 'ﬁﬁﬁé‘&cle Qﬁesexa”p' e,

over hangs may conprise from1 out nucl eot i rom2 to 4
nucIeotldesAHmaUmm¢ﬁ@lR@hg@hmgmdgmﬁwmgiﬁamlngﬂ®mé¢haﬁgﬂeﬂﬁhsﬁmumture may be
express t e r gi ng portion
ot cacrond MBS MEGRNA A BALE A B ARG bt A Re A, BUAIOSRDL"S

anti sense overhahgbhaﬁmalQBRNBnmﬂamken@u¢amms&mdmdn@ﬂanﬂﬁsanhhsemse strand,
where the palJr%g (potgrtrmon 0%1de or¢ &%ucalp S ntﬁesé)d nucleotld n% overhang sequence
may have Iom1sp Tt arg ha - ey hot® Be conpl enent ary
(anti sense)decrcynudleatde@a"rhdss elmcat)RNAs t:dm&)etrefegﬁt togeaml@equence. As |l ong as

th i RNA t ai , t it t ai i th
(e 5P TeLal e AR Lk A0 R0R SUbEch i LA IRluSa AL 0 e

nat ur al 2RNAnoRlr@Getsen & ta@g@:t ace@otFNAyargBighiRdUNtlydront 6l gelNionas trtet i fi ci al
RNA nol ecul e. rm nal Etéycture of the si RNAs may have a

stentloop:ﬁrq%R?WQMQHQﬁﬁﬁﬁﬁ“%ﬁﬁ Tone side of the doubl e-stranded

nucl ei c acid ar @ycQaReedhem" Rymant 4 AkROHMILLRIn6e SCd SRNAGoI&RMRVRg a | i nker
RNA. The | ength of the doubl e-stranded reglon (StEﬁ]pOfthﬂ% 25 can be,
for exanpl ecompleniegtagity (g3n apfjsess reghomef thasiRYA mglefyie. Jn additiongthg sensgng.

Al ternati velyion Bh@mkﬁ%%&e&fle éalﬂ%ofﬁﬁHQl EruelelcaRRISH RS BNink ABholo a:’ltfll nal
transcri ption product of siRRNAs to be expressed in a target ce ¥ e,
for exatfpl ea laggsprusieicasideieguense-t o 49 bp, or 15 to 35 bp, or about 21 to 3
bp long. The si BA.fRn&aatial s Aol Rildedtist Sfest-RPk YRNA! Gokbdenfad no a
nucl eoti de 30sequence conplenmentary to a nucleotide sequence In a target
nucl ei ¢ aci @mpidnEauine; togrtargetpoeltic apdtserperast In oddetroai the pifscrse megien atar anded

pol ynucl eot 1.nal. S

5 Phosphat KoAdAL AR FLAK ST RUBRRURL Ay ShRURn SUED BG8nsc, g
Schwar z, etregion of hbki&NA mple@dé.l 10: 537-568, 2002, or 5', 3' -di phosphat e.

As used herein, the termsiRNAis not Iimted to nol ecules containing only
natural l y-occurring RNA or DNA, but al so enconpasses chem cally-nodified
nucl eoti des and non-nucl eotides. In sonme enbodi nents, the short interfering
nucl ei ¢ acid nol ecul es of the inventiten | ack 2'-hydroxy (2'-0H) containing
nucl eoti des. In sone enbodi nents, 5short interfering nucleic acids do not
require the presence of nucl eotides having a 2- hydroxy group for

medi ati ng RNAI and as such, short |nterfer|ng nuclelc aC|d nDIecuIes of

o,



capabl e of nedi ating sequence specific RNAI such as, for exanple, short
interfering RNA 15 (5i RNA) nol ecul es, doubl e-stranded RNA ( dsRNA)

nmol ecul esworrbowvaasfRRMA nol ecul es, short hai rpin RNA (shRNACTrusk@oob@s) short
interfering oligonucl eotide nolecules, short interfering nucleic acid

nol ecul es, short interfering nodified oligonucl eotide nol ecul es,
chem cal I y-nodi fied si RNA nol ecul es, and post-transcriptional gene

sil encing RNA (pygsRNAhudIBL 8&Y! @%eaﬁrﬁapgu&&b%@ seq@EHcB whoR:xpRIQH drent s,
si RNA nol ecul es conpri se s@garate sense and anti sense seqguences or regions,

wher ei n t heAc8¥iRsie (aPramaditatedte s Brgeg g acad eands LAY 2 At RYAL i nked by nucl eot i de

or non- nPC|eOt'4§ﬂkbﬁﬁﬁﬁmﬁgh§ﬂﬂkﬁ§nuﬁha%hﬁm@%&d%%Yﬁhﬁ%&&% odrl RU8Q) by 1onic

i nteractions, hydrogen bondihg, van der waals interactions, hydrophobic

i nt er act i on%ith anedycopucddiaadd seguénge eithee by BrditiombWaRkpp-Eaipk er tIRNoAtteTingn-an  RNA

strand qg&ﬁ | ementary to a target gene nRNA, that can

i nduce EﬁAﬁﬁgﬁﬁﬁﬁn ggﬁ%ﬁ?ﬁg target gene nmRNA "Sense RNA" is an RNA

strand havi ng aTéequeﬁbeﬂenﬂbb@dmh@éaywxdh@ﬁmamﬁiSQm@sdﬁNAdd@ndmanneals to

|ts conpl e r the term
i constasrats AR RIT Bl E P SRS SRR (RREL B |0

conpound suableage ®rmbther md:lecrullee farrgarRNAS: gAY Jactieanalgiute tRP&IAﬂ{Nfand ot her
RA speci es, i 60, S0 DE. Sligaved. ) fad b0, LaoLm 2,1 AR pr ecur sor s
herein al so'f ficl utfe eXPressiOn Vectdrs f%? ABPEF Y% expr essi on

vect or s)0 calpabt ie dedigngil vadh@hdt iits eabibtytcamhs miobdyditsd Wﬂa@m&mﬁmu@&ﬁﬁwmcws hai r pi n

RNAs in cel and/ or .transcri roduce, si n vivo.

e b Il et I TR R e e B PLR el Nt b o i 1 ar
functi ondt q?sdegf\dﬁabld: nﬂieeaﬁleelﬁle aarfiﬁbbkbhsusii}t mandael, ]?N%x%flﬁlble(ldﬁcembﬁlaﬁ(bdslybr :j dis
conprised of  an RNA stra a DNA strand. Prefera the RNA strand is
the anti sen%féle??Céﬁ?Hd%?l‘i?ﬁyrﬂ?oﬁEQe%tGeSaa?da?lﬁg%caﬂkmdlf‘?ﬂé‘ué?qivﬁ% Ph@s eat ed by

the hybri di zaj-memyRb-fieeo, DNAnABD -BNAiRs r-ands1, havauq, lydshdiozeddified
conpl enentary portlon and preferablg at | east one 3" overhangi ng end.
@

si RNAs for Ydasainedifissd nuglsoiideye b Rindegedale nydaenid beker polerilaeassar at e

0|l90nUC|eQLhQ?%nthﬁﬁﬁnﬁnﬁkﬁ%&%ﬁgbkéwﬁhﬁﬂ§ﬁﬂﬁ§n§££ﬁ£9aﬁBﬁ@iﬁ@e&k@er is the
anti sense strand, wherein the antisense and sense strands are

sel f - conpleﬁ@h@éﬂy3@15é37 BacH): d1rlanth. 16 Do hprli skés 1 we Peprdlavddesdguence t hat
is comple , S where
he ant i sene sy e e b R o e e
structure, &@Kﬁﬂxuﬁmﬂ@emh@wsﬁmdﬁﬁelmﬁamléhsbnéﬂnéﬁbkegd@namélmb@ut 19 base
pal 1) 2 en BRLICERSRSLABIG B GOIRLLREN S nPUEL B0k LG, SPRNERCE:4 Nt ! ©
conplenenta nucl eo e sequence In a target n ferc aci d mol ecul e or
a portion tmmwemdﬁwammsthe 15 sense strand may conprise a nucl eoti de
sequence corres ondin eic nce., Qr a. portlon
thereof. AlternatiVe yfmfﬁe iR ﬁggcaﬁa(ﬁmgggen%wed§?roW1 A §TAGI &

ol i gonucl eaheale?'-Niesre' -OheH s elhichcainbé ﬁﬁﬁﬁb@ﬁmr&@ﬂﬁ“ﬁdﬁﬁﬁbh&ﬂﬁdlﬁ@@mm egi ons

aci d- based 17 RREVT) 7 PHODSE RHSGth F &= BREROAS 3 Q7 P PSR ar

del i verys canddnéic,ar pollysuetaoiNode2298%8.t h a dupl ex, asynnetrlc dupl ex,
hai rpi n or asyngﬁtrlc hglrpln secondar¥ structure,
t

sel f - conpl enent “PPISBHYY OF FMRIFPFUEY O 1F@@F5H@“@Wﬁgﬁéﬂﬁcgﬁgn%ﬁ???énse

regi on Conpfol §RSyithinUe RS aRRRUSMEE EMRhmpIS, i6 NKRIaL PRIt BFeMdst CelBBio.
nucl eoti de seqﬁence in a separate target nucleic acid nol ecul e or a portion

t her eof , and! PhéI¥endiveRgiteirsis MirindisasgOlgrnuglsetidsd hergitist ect or r espondi ng

to the targ&ﬁnﬂ“ﬁkﬁ'pmﬁ&fgaﬁgﬂyﬁmﬁﬁmpﬁh&<RQE@HQO ﬁ@@h@ﬁ%ﬁﬁamﬂHungxa”D|eS
of chenical nodifications that can be nade in an si RNA i ncl ude

phosphotbt hH@eflfﬂeEﬁpnP@rm@r@olﬂdéﬂ1%k1§a%§nd bee gabxyed bomuctiedtd s,

21- 0. met hyl 1l QAU AL, IR, 1l fRAN dczrlprhleafoﬁ Nd BRoGbeab! dger "uni ver sal
base" nucl eotides, "acyclic” nucleoti -G net hyl nucleotides, and

t er m nal gI@@@ﬂy$g@mﬁﬂ@@mpﬁvbr@@GGSGﬁémwyma®@%$m3%Etmdb@ﬂ%ncorporation

The anti sense region of a si RNA nol ecul e can include a phosphorothi oate

i ntemucl eotide linkage at the 3'-end of said antisense region. The

anti sense region can conprise about one to about five phosphorothioate
internucleotide |inkages at the 5 -end of said antisense region. The
3'-term nal nucleotide overhangs of a si RNA nol ecul e can include

ri bonucl eoti des or deoxyri bonucl eotides that are chemcally-nodified at a
nucl ei ¢ acid sugar, base, or backbona10 The 3'-term nal nucl eoti de overhangs
can include one or nore universal base ribonucleotides. The 3'-termnal
nucl eoti de overhangs can conpri se one or nore acyclic nucl eotides. 5For
exanple a chenlcally nDdlfled SIRNA can have 1 2 3, 4 5 6 7 8 or

- . o, - a



antisense strand, or in both strands. For exanple, an exenplary si RNA

nol ecul e can include 1, 2, 3, 4, 5, or nore consecutive phosphorothioate

i nt er nuclwotzn4biinkages at the 5 -end of the sense str &ow/USLIVO/060¥80 Sense
strand, or both strands. 15In certain enbodi nents, a si RNA nol ecul e
includes 1, 2, 3, 4, 5 6, 7, 8, 9, 10, or nore pyrimdine phosphorot hi oate
i nternucl eotide |inkages in the sense strand, the antisense strand, or in
both strands.  Nucleic acicnm&@émes%apQéiadﬁﬁﬁl%@redamﬁﬁﬂyﬁﬂmll&l@ wleinbnel sdes 1, 2,
3, 4, 5 6, 7, 8 9, 10, or nore purine phosphorothioate internucleotide

|i nkages | neTtpRIe SQpRaBent suGhcRs apharnmpets ¥ NS coptrbler AT, diFenteXBiBieRt st r ands. A
Si RNA 1ol ecyl & af@indIREEUHG TR, SuiICH), 8F plaliagi& acid nol ecul e, wherein the

si RNA i s about 38 to about 70, for exanple, about 38, 40, 45, 50, 55, 60,
65, or 70 nucl eo%&tm@%hqrﬁnltbm@trh  CapyEay| mganab@mrnmeemealhmmptam? sof@pr exanpl e,
about 18 19 2Riedlsol@y, f RARGIRA hiferitN L8 Ned ARaGhGitha

ol i gonuc eotucf12 l%rn%)é%aun%b&%f %ﬁaseﬁistgﬁcture]%g%av?nssa out 19 base
pairs and 2alinop®logical and phamiaceusicarbueRidenslaad biowgtally aweptahlqmedis. | oop
notifs, whe rfi i
b|odegradaﬁégmgﬁggﬁgggﬁgﬁﬁﬁ %ﬁgﬂfﬁgg&%ggﬁlonslgﬂg &?%h‘ﬁﬁﬁgvﬁﬁx nol ecul e
may be transhmmﬁ@dgagmmLMbmumgggmﬂsanmmanﬂnmpmaysﬁwandmdmshRNA nmol ecul e
with 3 ternl n cl eot | ove ngs
S0compr i st i TpBeeShnRREs: FHEE Aottt SaPHef B ud EhRE" S ra

nol ecul 8 Caﬂ‘(blvl&ﬁtsj sms;tehangaﬁd/ﬁaﬁmes@tmammgtagms ﬁfn&ﬁty&gdfrﬂﬂd/ettmg a@@ﬂtsmr For

exanpl e, dj fied nucleotide v nf ormation (

Noctbern podhibrom i bybrds BaenEt 5 RekTbho el b B IR B RL T i o
Aci d Structfétfl indRy U.59RkarMeEdped Nﬁ@omalm%b)larymﬂp[bﬁ$8ﬂt1859ds®fbﬂlla§ﬂs havi ng
a hbrthern confl uration |ncluq§6é?cke nucl ei.c acid nucleotldes

(e.qg., 2-0,Rapmopd CBOWG hfle {43y UrEHaessal kieipest v é@&)ﬁ 2006, a
2 - et hoxy etRagxde t&d\/ﬁiﬁé sheiet afd Pll@see of Pharﬂi@éyhyil'siem 2064, lR¥fikor David B. _
deoxy 21- fluoro nucl eoti des, 2'-deoxy-2 “chloro nucl eotides, 2'-azido
nucleotfﬁeéﬁﬁénd 21- 0- net hyl nucleotldes 5Chem cal ly nodi fied nucl eotides
can be resi stantgxh@pRY6t ﬁ@s@%a@@&ﬁ%ﬁk'pﬁého%ﬁét@l BlrabdAep 2R, thicABoIMaI Nt ai ni ng
the capacity to nedlate he sense strand o? a doubl e stranded
si RNA nol ed K@wﬁﬁybﬁﬁvbﬂﬁnW€wﬁﬁﬁ@Pf@éﬁnﬁﬁméﬂyﬁﬁﬁch as an inverted
deoxyabasi ¢ noi LY mpR oitslﬁﬁ gtant@fﬂgludéoleﬁqu Lk 1@9&%léteaggg§)r l&gs of the

sense strand. 10Ex aﬁp%es of conj ugat es |nc1udé conj ugat e nd |igands
descri bed ilnciVar, gbesphotidgichglines, vari@s lgggphpio alidlariSsrand phaspholipBlk 42¢, 160,
filed i i ncorporated by reference herein inits entirety,
|ncludﬁﬁg fﬁﬁgﬁaaﬂgéﬁ I n sone enbodi nents of this invention, the
conj ugat e nmay beExampm efiphloyphatipidcinelid¢ phospiatidylemlioalldcjthimodi fi ed si RNA

nol ecul e vi Pr S I the 1500njugate nol ecul e
may be attd@hé%md%%g%m“glﬁmﬂ9aOEhmO?W Ph@ﬁﬁﬂﬁgﬁg% s¥1%nd, the antisense
strand, or ﬂﬂmtphasdyiamimlaﬁﬁnet hel mhemesabdrbgf- nodi fi ed si RNA nol ecul e. I n
certain enbodi ugat e nolecule i.s attached at the 5 -end of
either the sens X§‘F‘P]§ﬁ dlm‘?gjalétgfnicglgﬁgtée]g?‘iﬂmnet%Pa%egf A%t rands of the
chem catd y- nodi fHxetpkk Msmh@whﬁmgbm DR, cﬂi[ﬁi@ﬂiiof@ﬁﬂa&ns @dres;onj ugat e

nol ecule is ched, bot nd 205' - end ﬂ% ei.t her the sense

e e
st rand, thé@%ﬂ‘@%ﬁ@@m§ﬁpgh§ “@W’ ?W\%?Véﬁ’gnﬁ?mf *Cheni cal | y- modi fi ed

si RNA ol ecul e, IR EerBilYer@alhded iheRiRNVEhRMr-the polypepiileS@iBe &FRRMIIRNES, A
conj ugat e nDIecuIe conprises a nolecule that facilitates delivery of a

cheni cal | y-Roa9R§sedr resignathaipneEg] & X! & Ainopeis, Caxigd ydhisPosiieh as a
cell. 25In gane o?ﬁ@&ﬁﬁhfﬁ@t@{‘eﬁ by For®PRbMGRLR u{EQJp%fa%HdQnt%'foHﬁP%%lésOsuch@s
chemi cal | y- modi f | si RNA norecu I'e is a pol yethyl ene glycol, human serum

al bumi n30 orh}’dfqu]gefh’dlofl@ﬁ{ﬂ@ kiedlqegadgple ﬁ@@émseé s, Divahesiyp MHerasPheTes o8l | ul ar

upt ake. LfifocBly SRREL ef, 16OBRHPR 61N £ W ERaOPEPTRLARGHPDY | he

i nst ant |n ention that can be attached to chem cally-nodified si RNA

mol ecul es drublicktion NobBW V53732 gddsmativety, alnucleitjagd corapasition Pyblbd leeallyon Nos.
20030130186 9 ucl eot i de,
non- nucl eot(?ewer%]Bly %]9@%13\ 9&1 (grc? i'de ?fn%ﬁ%gpﬁg‘gﬁ%eﬁ e& nécablﬂ%f?h?m ns the
sense regi onclzfc dchiongledINA of thetiiven@ent, W@ah@esub@ganmusorhtram@cslaﬂm In sone
enbodi nents, a nucleotide linker can be 3, 4, 5, 6, 7, 8 9, or 10

nucl eotides in length. In sone enbodi nents, the nucleotide |inker can be a
nucleic acid aptaner. As used herein, the terns "aptanmer” or "nucleic acid
apt aner" enconpass a nucleic acid noliecul e that binds specifically to a
target nol ecul e, wherein the nucleic acid nolecul e contains a sequence that
is recognized by the target nolecule in its natural



setting. Alternately, an aptanmer can be a nucleic acid nol ecul e that binds
to a target 5nol ecule where the target nol ecul e does not naturally bind to
a nucl ei cwaant/045512 For exanpl e, the aptamer can be u®e€W/USROMWINDH3E0 a

| i gand- bi ndi ng domain of a protein, thereby preventing interaction of the
naturally occurring ligand wth the protein. See, for exanple, Gold, et
al., Annu. Rev. Biochem 64:763, 1995; Brody and Gold, J. Biotechnol. 74:5,
2000; Sun, GifdermiPian akMplace I:hﬁ‘ﬁ! stardlardQRed1 Ry ri &hodotbgidB @tbgchnol .

1074: 27, 2000; Hermann and Pate Sci ence 287: 82 2000; and Jayasena,
Cinical Crissilletyey teghnoiepe suagghosa desrbedie Copwicd - IGlitkEancenRespe an abasi c
nucl eot i de, SQQRMﬁ%hQB99QHBE§H}Qﬁﬂ H&h&ﬁ%hﬁ%{ﬁﬁ%%h&%%nN&aﬁﬁpﬁyﬁﬁﬁée l'i pid,
pol yhydrocarbon, or’ other polynmeric conpounds (e.g., poiyethylene glycols
such as those hél&lpﬁgmb@ttwei@ﬁftnlsamntlwaéfohyﬂfwelgWl@@lyedmpﬂlsr)nacq@sﬁecu fic

exanple [ eptt S Res
6353551‘591‘%1(9){1'{gi PJE%%%P%%§§§ s eéégﬁg%%?%g?&%%gg%ﬂég%g&ﬁahdA%%ﬁepartz,
J . Am ChenallSage orkl8 nﬁ@@ﬁb’mpl@@(m toRi deteatabls onmamdraBelesgan ora dideaspstate Chem
Soc. 113:5109 cleic Acids Res. 21:2585, 1993, and
B|ochen1strycgf%%$%¥e%§55§) Mlgp et al., Nucleic Acids Res. 18:6353,
1990; McCurdy, dns@hemanMh@msﬂﬂeaw&nﬁﬂpMNMemedegmmﬁmgﬁmnmﬁﬁﬁﬁmndaSChke,
et al., Tetr C%rortl t% ? 0f et al. 1Bi ac istry
30: 9914, 19‘§i Hot'd'® t‘tpr%ﬁe“ce TR %%“hsé%a %nnalonﬁﬁﬁ’i“f’r@é’t"u%%cf\‘l%?‘“ °89/ 02439;
Usman, Hi aﬂyplpallyrnneroﬂﬁlbrecsﬂaNAPubﬂnbmad icomplbioed, YWRoAmbNEY 3ikh aDﬁﬁ&mmlrﬁt al .,
Internatlonal Publlc t|o Ng 3 Blg) a@ddFe entz and V dlne . Am
Chem Soc. afidfoﬁrﬁ’ﬁbn f iR may SWrher, By ogpigied it amfaé‘fuélrc yto a group or
conmpound th@&eﬂﬁﬂbéﬁ&@r&@ﬂi@ﬂﬂﬁh&d dtatilezed onbgkeel ¢ acid chain in the place of
one or nore nucleotéﬁe uni ts, including ejther sugar and/or hat e

substitutions, an8ically fesiiNG wilkfgschpg eﬁ%@é%“ﬁ?“éﬁﬁf%ﬁetleVlaWQEerVe]eaEi‘ynati c

activity. Th@sabodRubutsORPeHREoGAR Wkh ABasYj&t HiReakd@hite bf adleRS NOt contain a
commonl y_recogni zed nucl eoti de base, such as adenosi ne, guanlne cyt osi ne,

uraci | 3OnAARk, this gentest A hp s RNA Willedegtj veyslopnregRlaisrexpresicg py afte In
sone enbodi g@PiSievdPEATFr&Ans LIRVAETBY G ShlRTeriifMEreARRIRNRRE 9131951130 ne

modi fi cations including one or nore phosphorothi oate, phosphorodithioate,
met hyl phos ptersaatas] dlq@h%pjme'tOmSeéﬂtérrnauwar EHORILONS, dlsamtdiwp@%eérmdblaw@?@

car boxymnet | f amat e,
for macet al hé%p ﬁsgﬁéfﬁgécg?ggfgeng %? g(licgg ; ‘élg%’c@f‘& st | %H[E[Qg} n%ﬁueggrrp | es of
ol i gonucl eodisedee Qr@di@b@ﬂversmditw@adqmgldat@nglf ﬁ@riargﬁ gemvilkenetheleksLeunann,

Nucl ei c,Aci I o j , thetic
thhod§ﬂﬁ dgﬁﬁ%g?%g%§§%f$¥ﬂ@g§§§@%hggﬁg %ﬁﬁk&&?ée hﬂﬁ&?gﬁ%€%§¥ ackbone
Repl acenentsleted H@N@@mddmrlpe@tihqbesipctiqﬁtl@aal’gargﬁuﬁ)a%aemmeﬂy siRN/ond then 5
Anti sense ResSanehiy ACRroolB o e Sord S0 pr feRA, TRLECH) RS hi ch can be
cheni cal | y-'id By & IREhed BoneEsgye: syn KEST €Yo two

conpl enment alrgregalaluamdsa ’Qibwfnh&aﬁli B kaemk@slommdegdnovelammwtedng a4 he two
conplenentarﬁ%strands ;ﬁqgther under conditions suitable to obtain a
doubl e- st r ANEEH" & REMBIUHIEE &P some enbodi ment's, synthesis of the
conpl enent ary pGMﬁé@MNADBﬂhE@mlB&hﬁhﬁyBEh@ﬁMk%ﬁMSn&%ﬁ&ﬁhﬁﬁr@hﬁ@%
ollgonucleotld or EO|Id hase tandem.oli gapleotide
synt hesi s. &% |1?fé§m{e§“%j‘ e gc«lz‘?cﬁl ORI P @F Bfiof‘gtb 849Dt des or

portions ofydtj p@ﬁ@yg blemd tﬁ@folﬂt@@fiﬁjaﬂ&lté’ zith:EBdGzhﬂﬂisbﬁlﬁﬁ)artﬁﬁ@s sHhesi zed usi ng
protocols known in the art, for exanple, as described in Caruthers, et al.

Met hods i n IEAE e8ilehgmbygiments de 1%&%?%%#%&#@%% andjmethodifer nat i onal PCT
Publ i cat i on,dNgnistiQn Vée%ﬁéﬁl% eff\“tﬂ@gﬁﬁ)unt?Bf s@lj{NAs Mi'&:lte%' BaiRG 108 nfROEA of

23: 2677 2684 1995; ncott, et al Met Mol . Bi 0. 74:59, 1997;

Br ennan30 et TR0, Whitkelieshinay dsivm%glateahe @EFMN/i@%the@hﬂreBP@m@rﬁve@ S.

Patent No. &re%?i‘no?elﬁNF §Ya'§§o|aﬁ§e'd§m@dfmn'ﬂﬂﬁ cb&ﬁddh@é)”goﬁgaﬁ&% el ecul es
of the invention, | ows general proc dures as described, for exanple, in
Usman, et aqomposlltlomimre @heded BaidargA@IPYsskP4% ond 9gHore @é&mnng@es et al.

Nucl ei ¢ Aci - j - ' i ds Res.
23: 2677- 268 §°"§8‘%’ a\ﬁ%@%t%? dgs%t%gc I%fm) \{\{‘E‘ggitsdf %F.Ets’a}%?‘dl%éﬂgg{f%i@g%. An
"asymmetric halrpln as used herein is a linear siRNA nol ecule conprising

an antisense region, a |oop portion that can conprise nucl eotides or

non- nucl eoti des, and a sense region that conprises fewer nucleotides than

the anti sense region to the extent that
112



25t he sense regi on has enough conpl enentary nucl eotides to base pair with
the antisense region and forma duplex with | oop. An "asymetric dupl ex" as
used her evo 208/@532RNA nol ecul e havi ng two separ at e straodaSeanps93é ng a
sense region and an anti sense regi on, wherein the sense region conprises
fewer nucleotides than the antisense region to the extent that the sense
region 30 has enough conpl ementary nucleotides to base pair with the

anti sense rg@iRPoaRHS IR & plRbE K known to Flibe Ry i Rt @sAPRA aXAl &SSi on” as
used herein is_to upregul ate or downregul ate expression of a target gene,
whi ch can werrﬂw@%g?téwﬁ%ﬁt%hww thy Slieaticordigen. nRNA 1 evel s present in
a cell, or of mNALKL ﬁkﬁ&bﬂﬂep@&m?ﬁwé%ﬁhﬂﬁaaﬁo%@ﬂﬂ&ﬁh%h@n@ﬁxﬂ%@te'n
subunlts, encoded by the target gene ternms "inhibit

" down- r egul @kletscapsules oeelirdre f@rxmléé@umﬁraﬁoragumgwnh%foérqqtahéhmmtsmttont he

expr ©8S1.0n Blritd fw B0 uspBhiidhl Y5l RL B Cha0he SR Kb RN

mol ecul es 5encodi ng one or nore proteins or protein su n|ts vel or
activity ofthom® or nore proteins or protein subunits encoded by a target
gene, is reduce L | eic acid

nol ecul es (e.qg. ?K€E$$%%ﬁo cgiﬁﬁééﬂ?Hnn&ﬂﬁuﬁqa%ﬂzg 8&2§¥Rﬁgﬁﬁg as used
herein refdbsmﬂmumanamahanMﬂ@ﬁmh@hmmumhmbﬁtBmmmmisgmmmce&pmesmMUm in a
cell and ma o as " ene ent. of gene 10
=11 enct ng ity 0 BBl bRy kR homE SRR SRR M BeG kATl i 2 v e
sunmmar i ned upmn kietise nathe anad of Ruidy, |fm&txamp1eltslcm ttA&cEﬂﬁaBZtﬁah@epuhehal oAby used
herein, the terns

Cont ai ni ng BECHERSPULEN sgTe St Paupion Rl rEReTEEs o

nucl eoti de tigbtted (hey,dr @K Y whicRUR nefativble cBarp@bhucie@uclfis desirable for

bet a- D-ri bo-f uranaose noi ty Theségﬁirns i ncl ude 15d0u8?$istranded RNA,

singl e-str a%&éﬁykl@&r 2R %PB%IWO ﬁo%%"s‘é‘ﬁl“t HH&F‘IGQ ”’p‘i‘ﬁl 00 SRl

essenti al | yshputti ®e Rl SHPREbS dRNGownes elainaat haludercofidediofNachas wel | as
nodified and altered RNA that differs fronlnaturally occurring RNA by the
addltloH5 d@¥@¥¥on substitution, nodification, and/or alteration of one or

nore nucl eoti degy @&stt&ﬁléltaéhﬁl'ﬁ%t&tflona% RO ﬁz%o's%&rﬁfé%bﬁﬁﬁlo&ﬂo@n of
non- nucl eoti de naterlal such as to the 20 end(s) of si RNA or internally,

for exanpl excatmypeongt drss & theblogdstregasfolgwedrpyrighibution tthlEbP‘éélﬂei W@WEE i n an
RNA ol ecul t%d}/”%'dﬂﬁiﬁstﬁa& ﬁ)h?eg%[cfl 1&‘&% ﬁ@%ﬁf?@%s HGD né%dé‘%h@&t urally

occurri ng nuc eot| des or hem ca esli ze nuc eot1 des or
deoxynucledﬂh@é@nlﬂh@@emal$@@éﬁwRNAmH@amwb@ﬂr@héwnmdmﬁbué@pdn@h@gs.

By ' y &Bnaﬁlqggliequence region” is meant, a nucl eotide sequence of
one or regions in a target gene does not vary significantly from one
generatlon to tHﬁampheof@mn$smnmbmeﬂbnmﬂngm@ammmymmkmn&mimhbamﬁhér By
sense regi i S.nmea cl eot | yence ecul e havi ng
corrplemsntatrgfstuﬁ/ve thIlalﬂcan |§%ﬁm%m%%l?%%%%‘%PﬁemgﬁﬁﬂKCﬂg Wh IhCalfn addi tion,

t he sense repamen emiy @f@ﬁhﬁ\ommuelheamaﬁmmmﬂmeat ITfUﬁ‘dlcﬁl «Slz&Cl d sequence

i on® 1 5 et 8 Bl PRE R R Tl s AR Bl B g

conpl e rmmt atoigtyyolide) midréspa@ts ﬂauﬁisain@d adtdace @@qe@ RGer infrive R fohimtatione

antisense regi o a si nDIe nucl ei ¢ aC|d se uence
having co (%g}?é‘ﬁ]% i)r}ftff“(R%Ql ?gﬁg’ gé&ég @8 /E]gerél}eﬁl@? r%tlﬂﬁllg‘é ass. By
"target nUCAn@'l&d@&thopdrﬁcl@@ﬁﬁf&h a8 s EdeRIf GolgBiflic FRAMENER, WHOSneXPr €SSi on
or act|V|ty is to be nodulated. A target nucleic acid can be DNA or RNA

By "conple rsty efdrggy acioss thpblqed 'E’Iﬁlé‘tbagwﬁ aed @paltgraenrond wrrks eHpaE®gen bond(s)
with anoth rﬂy@k%bﬁg@&hﬂaﬁﬁﬂ&@ﬂGEP%khﬂﬁ&2?%41éﬁﬂhﬁ%ﬁnéhmMQ&ﬁgﬁsGF'Ck or by
ot her non- btraditional nodes of binding term " bi odegr adabl e
| i nker "3ts dediEely hettedios foy e andeig écuémﬁl?émlé‘i & t%ﬁ:m&ialﬁrmmmmnu@v@ gatgrgdld | i nker
mol ecul e t h&%orlb%d ﬂ?ﬁéa%ee%ﬁ% ?hﬁhpgﬁ%ﬁ%@l@l% BULCE ter? e?BP')%%tSLQHG mol ecul e

to another nolecule, for exanple bi ol ogi cal | Ive nolecule to a si RNA
mol ecul e or42/RE0SEASIO9%NdaNES, sers ENSTAHE2: 6592a55§6R|QR5 rade.ulde. Divlge

Pi odeor adab i A0 AR i RRISORBRSHERAhL 1 2181 AR B drodu) Bt ed
for a partlcuf ur pose, suc del i ver 0 a particular ti'ssue or cel
type. The sﬂﬁﬁumﬂﬂykmwtw|ﬂMﬂ&W&4Qéﬂliba%§dﬂﬁwodegradable | i nker nol ecul e
can be variously nodul ated, for exanple, by conbinations of

ri bonucl eoti des, deoxyri bonucl eoti des, and chem cal | y-nodi fi ed nucl eoti des,
such as 21-0-nethyl, 2I-fluoro, 2'-amno, 2l-0-amno, 2I-Callyl,
21-0-allyl, and other 2l-nodified 15013 base nodi fi ed nucl eoti des. The

bi odegradabl e nucleic acid |inker nolecule can be a dinmer, triner, tetramer
or longer nucleic acid nolecule, for exanple, an oligonucleotide of about
2 3 4, 5 6 7 8 9 10 11 12 13 14 15 16 17 18, 19, or 20

o, __‘.._I_



20mol ecul e can al so conpri se nucleic acid backbone, nucleic acid sugar, or
nucl eic acid base nodifications. In connection with 2I-nodified

nucl eot i owe 208/@ederi bed herein, by "am no" is nmeant 21 PNHAIS#09286980 NH2,

whi ch can be nodified or unnodified. Such nodified groups are descri bed,
for exanple, in Eckstein, et al., US. Patent No. 5,672,695 and Matulic-
25Adamc, et al., U S Patent. No. 6,248, 878. Suppl enent al or o
conpl enent ary netRpHSedt HvestR)nl a¥@ridc1®fes &uﬁﬁoﬂsﬂu@n%b@ﬁm{)ﬁ&% £Sorf Or use within
then invention are described, for exa : ar et al., Trends Cell

Bi 0. 2:139, adyg@ﬂtratweém%mgﬂuet%@taegwguqaay etfgetive apemt of theydestied eot i de

Ther apeut i C&mpofiths if PlAfacetAR a&%ﬁﬂ’aﬁl@ cﬁjhetaér diludyR! Ac%ﬂpﬁ: catfieRor

16: 129- 140, 1599 Hof I and and Huang, 30 Hand Exp. Pharmacol . 137:165-192,
1999; and L dilepts fog|therapamts 1S9 ATS. wegémowvmhiahlarmi@ztw@@momd gldeioiaed. et al .

| nt er nat4 ongl . 1¢PHPRA Pp I LR CfA Res general
nmet hods for de)rg\gery oé{rﬁﬁ%{bzyﬂnwrém%%?giggég%?éwﬁo I'ecu mg%( Nucl ei ¢
aci d nol eculremaad. B8Sadmr nkane, @isewathien sfabiliperb.alyeomd flaheringiagedtude one or
nore conpon ier, diluent,
exci pi ent, 1%%5 §e’vp r§f8 aﬁ]Ie& B@gdfe%gl%ﬁﬂeﬁ%asez% i ‘Iél%zﬁér%t?cl %te%agfg)ser vative. As
used herei rhydtdxebetnemmaéldahradelnibnmnamsdzmtmarsmemmg' agahtk ynaa(beemdabl e solid
or 5liquid diluent, solv Exanpl es of

carriers includé BEPRE UU%I%F%GCUX flésgr]‘lsdth r}% egrﬁ%mre grlev%lufl?he]?l st ens, and

bi ol ogi tal I@cm@bﬂbb& omdexaate Asjnﬂptammmm:aaxmnnqd digdsechtga@r A @no@an

contai n pha e caII bl.e addi such as |d| i Nng agents,
al kal i zi ﬁg 5% @b r?‘?%& ﬁ(ﬁ%oﬁf‘é@é&(fgf'oge%we %Ctl‘?l((‘)?((il b bgf i grl ng

agents, chegldarhmgtgreagent s, conpl exing agents, solubilizing agent S,
hunect ant s, losol vent s endi n and/ or viscosity-increasing agents,

tonicity agents, dNELYS; SHﬁ’e?fQ‘gﬁP%ntb‘ hsraBye lﬁﬁtﬁ%%ﬁlﬁéﬁ%ﬁit‘ére% (?F?lg‘f’%t Exanpl es
of ingredi efigblofor itan@RANRICAH QA ABp&BIdNDESUCR BRGpibls aﬂe@us?amﬁmg
Phar macopei a National Fornmul ar 1990, 1857- 1859, as well as in Raynond
C. Roweld etaggpts, forgxapplsordipm ¢ am%@dﬁ%ebzﬁ methylselwpss, hydsemionsdk, . 2006, and
" Rem ngt on: m&ﬁﬁc@ﬁﬂ&@%@dlﬁﬁ%ﬁp a@&bb&%nﬂby@&lﬁfoﬁ@%ﬁm tra%é&hth%ﬂd gmﬁ@@a@a edi tor
David B. 15Troy es of "preservatives include phenol, mnethyl

par aben, paHiglsEme qw@ttelg@gentﬁt ¢4n bae ma@rally weeirynsphosmiatda, EnlesenRle, and

m xtures t f n d aci d,
sorbitan t ﬁ?%ﬁg{aoeconde Sja}téoél rl-?fg(ﬁgss o Iaﬂe)%:llk?gﬁe &?&Sﬁ@g%a%¥ &Jé& ﬁ)ﬁo%‘a%rpgs vari ous

| ong chain mllgixy@bylﬁltte@am&d Oméghdidnmr@hlctsaﬁdh,@@m C)chd@rwagl Ioheehadf |

Exarrpl Lpi ' t I i.thi

phospha dy?@%%gd ? %}ﬂ{)lg’pfﬁ%%%ﬁlﬁeilﬁg6??%%%&?%16?%ktgg(ﬁhéar? :81'1 y %glﬁ E%,Hﬂcattsn(g
phosphat i dydtkgtlhamida Withepartmhehtars ckdme@ﬁromﬁar}@cofd.s aﬂkahepdltelssuoﬂi agdi spersants

| ncl ude et iy ened) AMSHELT ABERIIE. A%k o e RSN BIBLESo Ol 988 SR NehUde
nitrogen, Helam Chioror USroCar bons F%E(qflsl) pﬁ of1 GO B AFSENa™( HFCs)

car bon di oxpathén] eaers deramd frohdauy g&sdstané hexadol anhydndes Ifnr e@mpkipolyemplede ment s,

t he si RNA and/.or the ptide can be encapsul ated in Illposomes or

Fosi de et t nBian gy TR S PeRnt THaba R goned wpys i n' 1 | posore
| ayers,29r fheseadiidd] Bt exadthlduthyl atnqRBBN @ Siydrox fientdaGO bR aiRecdlfing ot her

vehlcles such as 30hyd§?gels 8%/clo extrins, biodegradabl e nanocapsul es,

bi oadhesi ve*SiiErBs BhEPEIaveingeeR s 2Rd ARG AIQTE RY GSTeQINESgents. puh as Juctsee |

O Hare and Mardmmsh, PCT International Publication No. WO 00/ 53722.

Al ternatively, a nucleic acid conposition can_be |ocally delivered by

di rect injecti orfPiBrsugRensiens cgp bafprinplpigd by suspending ty pcsive ingpidicatsiidh of t he

nucl ei ¢ aci ¢.ombie 6! Bex@inplcn@achR\ANSIVRRI, WRLNET orHRMYUL AN SPMSy mineral
intranuscul ar, or intradermal, can take place using standard needl e and
syri nge3tret ¢ibgieh dyfiqmad paé%fﬁhyTlfrFeem sHsepBenstcat o ip g thaakering pgeas femose
described ig, ﬁrb\ées%xq{ard SR or &%ﬁ%ﬁﬁh(ﬁe§weéerg%i%egt§§1¥d {14 a&'ﬂg Bar ry
et al., International PCT IIji>ubllcat|on No 62. The conpositions of
t hi s i nventdaohe eddedeprefifle palatellp prabpispargtends.a thqsheemippsiany ¢aalbe Bregarmtds .

Phar maceut i o BOROES fBﬁ‘EMFQ;hdan‘?BQH Leohe C%ccurrence or severity of, or
treat (alleviate one or nore rr?§ det ectabl e or neasurabl e
extent) of a disease state or ot her adverse condl tionin a patient. In sone
enbodi ments, this invention provides pharnmaceutical conpositions and

met hods featuring the presence or admi nistration of one or nore polynucleic
acid(s), 10 typically one or nore si RNAs, conbi ned, conpl exed, or
conjugated with a DILA2 am no acid campound or |ipid, which may further be
formul ated with a pharmaceutical |l y-acceptable carrier, such as a diluent,
stabilizer, or buffer.



Typically, the siRNA wll target a gene that is expressed at an el evated

| evel as a causal or contributing factor associated with the subject

di sease swatelmsadver se 15condition. In this context, Phe/Gs2MAc0B0 |
effectively downregul ate expression of the gene to levels that prevent,
alleviate, or reduce the severity or recurrence of one or nore associ ated
di sease synptons. Alternatively, for various distinct disease nodels where
expression of thgsfeaitgeboRRCinSrdles AEGER I PrépraBbe¥AIeu@tis@ consequence
or sequel of disease or other adverse condition, down regulation of the
target geneURRenpion By e pedibaoipaomvide the actiyhbeidisnt n adngsys Wiy | ower i ng
gene eXpre%ﬁﬁ%ﬁu&kn%wum%%g&ﬁ@H&%n&ﬁﬁ%&ﬁtQﬁxﬁeéﬁ&§£&ﬁQmQﬁNésa@@kPr protein
product of the target gene). Alternatively, siRNAs of the iInvention may be
targeted t oexciioats, kox pragepdd We@ﬁm@ﬁlﬂvg@m@ndmmhg agentsy e @lsp bp preggit.egul at i on
of a " dawnstr earmh,, GeRG, QS fpSIRIE TPk RiARAR LY AL 1 deRphat 6Py 8

pr oduct or activity o rget gene. |s SI i's di'scl osure
may be adm witertearudsionisn Tamﬂmdram cahde aefmmbIeemmratnmdenlrm] ¢ryn1@trureby>f | ocal

ot ion (g a5l AONFRLLOD: A BUkERSLEAROLLAME (L8BYPE R o
arthritis oarcampr gdnntmgacamtldeataraﬂlg@c@mmtg:bhmmedesifnemanmmy beanpr ovi des
formul ati ons tho dm ni st e eutic ffect Je; anDunts of
<1 RuAs i ot et car P R B S AT TR e PTG

down- regulaﬁamphemﬁwﬁamoﬁwmm&ndxhhe&mhymh@dﬂﬁﬁsofmpsﬁwpmﬁmamEmaﬁmnDre

TNF-a-aSSOCI ed |nf nmmat o ondltlon met h and
compos &1 orhE 9Py RHE IR DPA e TR MO U oL SPORETECH 1 f er ent
genes assoca@t@dtammetamsghﬁpﬂ@dnﬂg sease condition in aninmal subjects,
including any of a |arge er of genes whose exprﬁﬁilon i s known to be

nunb

aberrantly incr dd€&ger “ﬁuﬁﬁﬁggwmﬁwn%SWﬁFﬂ%@Fﬁﬁ@?Qﬁﬂ cigicc8ilifated with the
sel ected di §@ass of GB&HiAduOBuspension. ThRGuGOARASIah bORmBfarciRecoplifS@Nke | NVENti on
may al so be fornul ated and used as tablets, capsules or elixirs for oral
adni ni st atrewn agsine diososuitelle flisperpiag Pyt gss ARGIIRHRIING deNs thy

sol utions, ﬁN@B&ﬁ§&%ﬁ&uﬁ9&oﬁﬁh@€E@HkaQQQMQ?ﬁﬁﬁﬁRhQ%aﬂ@ﬂgaéﬁéﬂgther forms
known in the art. A phar macol ogi cal conposition or fornmulation refers to a
conposi t i onnigetable shilien GrersPRRFic in @ MAR-SQXa REinéally ggceawhicdilygnt ax sobyent. f or
exanpl e, sy, 8&5& (& I for
exanpl e a H%%an k%ggggkﬁ&g%Hég&nwﬁﬂ%gr?mﬁ%%%g%%@%ﬁ&%gﬂhds%&&g@gggg he
route of enhatecan boemplgendpirewgeaRingerssobiden aml isotpma paiapn tidetidegiolution. by

i njecti S I r Aation
fron1ré%thﬁgﬁguggrgEF’@%ﬁfgfggépge§¥§g%1&F%O§ﬁﬂpﬁ§%héﬁgh ($@%F€$charged
nucl ei ¢ acidisipsrpges kmallhel fixed odehn bmy@loyeﬂ@md@k@nyh@;:ﬂqnhmmcol ogi cal
conposi ti o & 1I nénedgs':[ eIn a cﬂ ion Ear%te at(?ll (s)(s)u%hsalgr A use Sorle ua?allteon o(f-l her
factors are RHowaCT i EHd Y Pricliude conS| erat’ H%

15t oxi ci ty.injectables.By ' systenlc adnlnlstratlon i's neant in VIVO systenic
absorption or accuny atio f dr in th stream f ol | owed
Gistrbutton t nriohotout: ERaBeRt P Esishy'™ Radvil SePaiTomer ot SETRT 2h 1 ead
to syst®m cloahsar mﬂlm@mitm loﬂﬂhe drup Ufhedétcoinpmltﬁcalts c@be préarc@\behAiNmg the

subcut aneou |n raper toneal , . inhal ation, i.ntrapul nonary 20and

i ntramuscul F@E lﬁﬁ%ﬁggxgﬂFWé%ﬁgSPB?”FE¢H§V§%N§ﬁmﬁF%%“the nucl ei c

aci d nol ec Ulllcgrﬁd thhetl’eétm iyt QRd WEhbdere ReliyBORERhBbRelbRB RIS (such
as Pluronic whi.ch can enhance entry of drugs into the CNS

(Jol li et - Ri‘¥Kh Hé?ﬁf‘dla}Fﬂ‘qu‘gﬁéﬂ?oa hﬂﬁﬁ&aﬁpowtgﬂen%&@ col . 13:16-26, 1999);

bi odegradabl e pafpyIRNAs GHBP nB&ifROLMedslety BChhA&s st B YRl ricteon

m crospheres for sustained release delivery after intracerebral

i mpl ant 3 i owit Fpkgapecssistmt groupg tforgixampleel janmmog A <(pplhlt 2 -glugrp. H8)-mpdgh

Al kermes, [ngy Fo%%éxg%’UsM%ﬁ Snd ¢ ec@ﬂgqed ﬂaﬁ@@aﬁgﬁ& €Bal., AMED;cAS those

made of polybutylcyanoacry at e, can deliver drugs across t e bl ood
brai n bar ri&ndsanwdpcten Hl 1t6ér199éuﬁ18h@4 anpjtmréecanb@hlarﬁeslm gelrdasgrophoresis

Neur opsych I | 9 npl es of
30deI|veryq§t %ég (%¥O{§%¥%%hﬁ%%%%§§]?4%$ﬁé%f é§ S%MH%& ﬁ%%ﬁgﬁt

i nvention |m@mmd@hnmm5rlal described in Boado, et al. . Pharm Sci
87:1308-1315, 1998; Tyler, et al., FEBS Lett. 421 . 280- 284, 1999;
Pardridge, et al., PNAS USA. 92:5592-5596, 1995; Boado, Adv. Drug Delivery
Rev. 15:73-107, 1995; Aldrian-Herrada et al., Nucleic Acids Res.

26: 4910- 4916, 1998; and Tyl er, et al 115 PNAS USA. 96: 7053- 7058, 1999

The present invention also includes conpositions prepared for storage or
adm ni stration, which include a pharmaceutically effective anount of the
de5|red conpounds |n a pharnaceutlcally acceptable carrler or dlluent
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10occurrence of, treat, or alleviate a synptomto sone extent of a disease
state. An anount of from0.01 ng/kg to 50 ng/ kg body wei ght/day of active
nucl ei c awodosasdld be adm ni st ered. Agqueous suspeRsirang000mni9ad n t he
active materials in adm xture with excipients suitable for the manufacture
of aqueous suspensions. Such excipients are suspending 15agents, for
exanpl e sodi um car boxynet hyl cel | ul ose, nethyl cel | ul ose, hydropropyl -

net hyl cel | ul ose,creRstatiMAidkinAk GuclBie hild nfYdcBis (ah hanRaq @Y Bakd, agasant h and
gum acaci a; dispersing or wetting agents can be a naturally-occurring
phosphat i de2ndfos phesphaipican preud their degradation Ry spearivorrclrsgutih &n an al kyl ene
oxi de wi th i, ati¥ sR& feency. Wee BRI ARUMORYE LAY BB ST RERH RionOT
condensati on products of” ethylene oxide wth |ong chain 20aliphatic

al cohol s, ¢ WRIRHI780T: Epiradiet aet/fyitre A6 X6k Y U Bickepp! dopeders 30 F.dm4.pr oduct s

of et hy'senek@%,i@&nﬁw anll CQ?{{ 1{eﬁ‘,' T8k ¥ Bio /’Fe‘h! ¥&6d; 750m @t fymacidy and a

hexi tol such as pol yoxye ene sorbitol nonooleate, or condensation
product s of Inetrhyibeah Euidicaden Ne.tWHOPEF61 %) aebResiser derlnadtifrabHutfligttion aci ds and
hexi t ol anhyelry Be5,03161. SEXRITPLE PRI B Ene1. 505 PLkan Jropaopsghe: The
aqueous suspensions can SO contaln Oné or nore preservatives, for

exanpl e et hyd.,6,390,0f4.pAD pyihe pbdvgdelforcydrs dzwebeyaronechemicabmedificdtons thgt agent s,
one or nore_ flavori agent d ope or nore.s teni.ng agents, such as
sucrose. o hefhpt nEREE R phAE 480G S i OB PGP RN Bt pendi ng
the actiwe desgibedhenins in a vegetable oil, for exanple arachis oil, olive
oil, sesanme oil or coconut oil, or jn a mneral 30pil such as liquid

par &t fim. The of M5eisariel SHRDERR RO 4oH s el Bht A KPS for exanpl e
beeswax, hanedipaitiahd thit cafi bEtrplucad tadhilcleiwaeheBiulg vAgesdnsfiand fl avori ng
agents can be added to provide pal atabl e oral preparatjons. These
conpos!tioﬁ§%@§ﬁn5§1%ﬂ@g€P9§HeB@mPWéngﬁﬁFWWOﬁbg?mgﬁkhﬂk$mBQWﬂgﬁ%m%uch as
ascor bi ¢ acihdifiedloTRRSE QhiS1if ANGIBF Shhand bl RSiviy by Abligicidh wathepar ati on

of an agﬁeous suspensi on by the addition of mater'ﬁrOV|Qe the active

i ngr edi bnt  TSICAYAPSHAN 8OWPY FormRiper-aming. orC-Hbt13-Hgorageit- mediik peldi ng
agent and ofif), or MR oRISHSS ¥BditiVARDns. X8 reviXE IsP) €8s anfl @ §¥RAPHES
sweet eni ng, flavoring and col oring agents, can al so be present.

5Phar maceut {c#. 18@aposin. ieotls Notleicisias AventSeod ! dah 1aPEBuszinienak.ne for m of
oil-in- watgy 4,518 5090Th i Qﬁﬂﬁﬁz. A8 cRiEIEE AR Rlide RE, @ M nera
oil or m xt%rofa@g%&l{@tjgésgg.o’ 8%6?5('18%% emu salﬁ?l{);? ngcalé:enlts can Be Ve 82

nat ur al | y- ozeamsivelndesgtihgl inflgrarie anptlsteguancacacimtional ubhcaraagdclant h,

natural }y- [ i des, 0 . , lecithin, and

oot or o & pus O ARTBECER OT8 A Bk TN, PO DERR o SRS O s,
for 10 exalotid4s8a7.biovai)smmneod Eedeggrermidendo nddngatii Bn PrBdbdPs1968; t he sai d
partial esters wt t hyl e i de NERATR | yox yl.ene sorbitan
nnnooleate.8*%%”%%EP§?3%§mQ§W8§F@8ﬁg ﬁgg?n sm%gygzi%%o%ﬁggf %ﬁ%ring agent s.
The phar macKots,33a)71t anpBsgdlinemn s @ad. el iChe. 026700, 0995aBsikenmiaher uhj ect abl e

aqueous or 0| eagin uspensi on. ' pensjon ca or nul at ed
accordi ng t 8% gozgEﬁgiﬁgﬁ?thgPﬂﬁzﬁﬁzgg%@ E%%h?%“ﬂf@p@?%%ﬂ&“or wetting
agents znd SuspaBSRNRGIAgand: sl t hat Phan Sobs ey, msniened cabarvematdiy¢rsteri | e
injectable preparation ¢ 5&? o be a sterile injectable solution or
suspensi on ﬁﬁﬁgnﬁ8hkkg§?§§ éﬁPEPF§QhEE@pF§EF@ Hffﬂ%ﬂ?”@deﬁﬂﬁgnp, f or
exanpl e as ®:5i8h U9 Earkkhdw 3ndUhia BEsHoBYner ANRAGIc 1RR REMERS 20be55abog| es and
solvents that can_be enployed are water s solution and isotonic

p . Ri nger’ .
sodi um chl oY§Ta8 284 Felisteih Andig 36V dtierien oty 9% +3dr 1998; argdi Buslinap 1 ad - friggrspe
enpl oyed asyg; kMENToP203YSPENASRY pIBIEHaHGs dEQELibE RirkrdP HicP88Engany bl and
fixed oil can be enployed including synthetic nono-or diglycerides. In
addi ti off) fiategica s @R thedgcagprpiing@Perafani spgse Hage anper phasphatat i on of
i nj ect abl sy, FheishRMASHEAR iRb$0c1BE 188 WolcsieE bRk holiidQalRfs. n
suppositories, for exanple, 25for rectal admnistration of the drug. These
conposi t i ongew ahsugk topelapesr saliliyymedifiGatignstdar belpsed apvileshribed daieirab [ngodify
non-irritatj ci pi . j I . j rat. . l'iquid
at the recﬁg gﬁ%ﬁ%@?k%%%ghgﬁgu&%fﬁ9%ﬁ%¥%#g&ég%£?§¥wﬁggﬁga@%@?ﬁ%ﬁ?ﬁ&reIease
t he drug. Suoommat BNAalscellnoinodegreibcody ibtbited. and pol yet hyl ene gl ycol s. The
si RNAs can be nodified extensively to enhance stability by nodification 30
wi th nucl ease resistant groups, for exanple, 2'-amno, 2'-Callyl,
2l -fluoro, 21-0-nethyl, 2'-H For a review see Usman and Cedergren, TIBS
17:34, 1992; Usnman, et al., Nucleic Atéds Synp. Ser. 31:163, 1994. si RNA
constructs can be purified by gel electrophoresis using general methods or
can be purified by high pressure liquid chromatography and resuspended in
water. Chem cally synthesizing nucleic acid nolecules with nodifications
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No. WD 92/07065; Perrault et al., Nature 344:565, 1990; Pieken, et al.

Sci ence 253, 314, 51991; Usman and Cedergren, Trends in Biochem Sci.

17: 334, 1MWO2posesHn, et al., International Publication ROT/UAO86®M3A87; and
Rossi et al., International Publication No. WO 91/03162; Sproat, U.S.
Patent No. 5,334,711; and Gold, et al., US. Patent No. 6,300,074. Al of
t he above references describe various chem cal nodifications that can be
nmade to the baseyhiph@sphal Godhdhion osugg%ﬁudi@uu@é inesnRfeotilneliMyedsalidm acid

nol ecul es 10descri bed herein. There are several exanples in the art
descri bi ng Bggdrrotyade phoghomdidpere endroid] Mmedrinhospforaiglinkagss iIBEravet r oduced
'nto,nPCIe'&mﬁﬁ¥QX&Rbgng§§wxwﬁﬁkéﬂd¥%esb&@&&uﬁ?%ﬁ&%ﬁﬁﬁﬂh&h%@lhe'r nucl ease
stability and efficac For exanpl e, oligonucléeotides are nodified to
enhance st ablierdfery. \ahﬂn/d@wgl@nmwéeec mubm@@i:ld@ﬂ thg @mioyittof these imstiiueieetadei on wi t h

15nucl ease [ &5i8 Iy eréfd&? AR 11 M le) rifs@lilbbes 2! -fluoro,
21-0- ne?ile&%% % IEI@ B%ue , nuc eot| é ﬁgéenndgF%Iéaﬁ?énsbmFor a
review, seeshb)sldquml@efd@s@n@”m @S dIcTEi@uy arkB9gher bipatigity ef thefe. , Nucl ei c
Aci ds Synp. §§§ S31:163, 1994; Burgin, et al., Biochem stry 35:14090, 1996.

Sugar modi fi'cation of nucleic acid nol ecul es have been extensively
descri bed i n thdnserhe erSadinkmics theiimveationaleatyre$ nivdifindisiRdiMamolPalis, wahi on PCT

20No. WD 92/.0706 Perra Nat ure 344: 56 8 19 0; Pi eken, et
20 ol ono PoERE s b g top@lam N B SRR BB uRRY: B SSPT Ch
17: 334- 889, phbgfﬂﬂrodhbm rﬁéthﬁbhosﬂ)ma‘en&bsphb&iestaubIorphahn(DlamREE No. WO

93/ 15187; r.oat Bel . Biol.
Chem 270: Watei%'%oxyﬁéﬁlégﬁ?%ﬁ’imdaé‘% pgi yalm“Ilnsc“ PI‘.%% “I‘fﬂ‘iS‘F“iecau on No.
WO 97/ 26270f;onﬁe&hggIﬁr@fnm@btaphnd/oruu&sﬂlyaglﬂﬂmua&i‘do Foba %&ﬁwaﬂ Usman, et al .,

U S. Patent No. 627, 053; et I.nt er nati onal g; Pu i cation No.
WD 98/ 135260 lg"l’ﬁ%f?Pﬁ&EI‘hbaC@?onﬁImOdlfI%é‘i‘%’é S§fi§lun7élferé’fld Leupanp Ve ett.

39: 1131, 19880 drairsihanesanmd Brbleriddl in DR)YES e Muak Abds, PCHU19961 ences)
48:39-55, 1998; Verma and Eckstein, Annu. Rev. Bi ochem 67:99-134, 1998;

and Burl3 napp- 8¢1-417, ancEYlgunagkernv gL, 'Ofpyph Baskhapg Replagamentsdory . such

publ i cati ongli HRaQLdRies, #e08HMydiRd Nedsicalds 308idalse Rk &arch® A48t gjoml ne t he

| ocati on of inhcorporation of sugar, base and/or phosphate nodifications and
the like i o288l ei ¢ acid nol ecul es wi thout nodul ating catalysis. In view
of such t eachi eGPl AL oI fo FAIONTA FRReDE HS8LcARIIERRRLLEF e i n L0
nodi fy the si RNA nucleic acid ecu es o the instant 1 nvention so6 |ong as
t he abi | i t yTrefdsgidiNgo.t20130r BI98t '@eRNAY Sirategies fos Alnssen&ﬁtomogmlmtldant ly

i nhi bit I C f. 0 e

i nt er nucl eo eaageItICﬁﬁIghe@m\?\#’?‘h%g%a b?tolhl?ltco)a eem% hbggll %@%l@hI%%te and/ or
5' - met hyl phidsijindnaad HuzingnHa@@sExmﬁhwelsolsi%]GSr]199,, 19@9@@3%«7@@@.@& cations
can cause sg@ne I §'8as§ d actiwvi ef en desi gni ng
nucl ei ¢ aC|%’ﬁbIecu %M]gaiﬁﬁnnun COfMthé %éIgé?g?ﬁﬁcﬁgggfggﬂgﬁlinkages
shoul d be nSullivinzed. PE@\N@duansmﬁﬁwmmthaxmanmgﬁmﬂanmmmu@ﬁnwmamwdm nkages

shoul d | ower toxic resylting in,increa ffic an

Sheat 11 or tomustekl el S hie Dibebid AFRERE B SRR etk Hhvent 1 on
f eat ur exs nogicfeicedidshdAldrmMetdid £5d mvletilesian s hahigiskaekd osB bsrudzlaﬁuy ations
conprising gne or, nore phos hloate 0. phosphor odi t hi oat e,
nethylphosﬁﬁHﬁﬁW@Skﬁﬁﬂh% EP@ WINWHFHﬁéﬂﬁ%@m“£ﬁV8§P@a$@rbanate

car boxymet hykapsaa@éaificaalle or SR 1 Qiposunlek msﬁo Hortsfs Oy f@rposdiohamat e,
formacetal , thiofornmaceta and/ or_al kyl silyl, %stltutlons For a revi ew

of oli gonuclln@d’cﬂi‘eaéefb%IE%( ER?II@S I%’SEI‘W?ICI&@F|P8I¥§1ersslé>éir‘P-$E’I§z?>I€IéIde’§HEF (E@ufn&nn

Nucl ei ¢ Aci GodaR) ng'ﬁ%zoc%%ﬁ%ﬂ@@h@m 31@(11088 QORS, 1ORS Wdnb, (J)/Qﬂqut@m%mmahet ic

Met hods, VCH, 1995 Mesnaeker, et al . "Novel Backbone
Repl acefentRCF BVbl@li(gldm«:Wéb@?l/ﬁ@é?% aﬂ%""@a@%‘&ﬁiﬁéﬂr aelu(agbiercpicbyaplions id n

Anti sense R‘?’i@i@xr QR PLé%lcrﬂa%éres %4[3 §9Patent No 6, quﬁdiﬁ phfdfy delivery

of nucl eic acid nol ecul es are descrl ed In htar, ét al., Trends Cell Bio.
2: 139, 1992Applipetidnitublicagpn dpedd 840218043Ah fowslegrs@bta nagman%ﬂeéoetndde

20Ther apeut I I Bi ol .

16: 129- 140, Blﬁ%IBSS“%%‘FI%%II%?%n‘ﬁ%&%goﬁelm%‘%d’ﬁﬁggé Haﬁ%%@rlﬁé)émﬁl@m? 165- 192,
1999; and Lb@maabnadthCT PARIBa8gmiyo. \8@00/58522)1&4161_’:19@\/61)2(&&01%13@ag@l’whlnl,e et al. ,
U S. Patent No. 6,395,713, and Sullivan et al., PCT WD 94/02595 furt her
descri be the general nethods for delivery of nucleic acid nol ecules. These
protocols can be utilized for the delivery of virtually any 25nucleic acid
nol ecul e. Nucl eic acid nol ecules canibe adnm nistered to cells by a variety
of nethods known to those of skill in the art, including, but not
restricted to, encapsulation internally or externally by |liposones, by
iontophoresis or by |ncorporat|on |nto other vehlcles such as

N S ~ 1 .



5al., din. Cancer Res. 5:2330-2337, 1999, and Barry, et al., International
PCT Publication No. WO 99/31262. The nol ecul es of the instant invention can
be used awophavosstieuti cal agents. Pharnaceutical agent sPprasee/ocovedul at e
the occurrence, or treat (alleviate a synptomto sone extent, preferably
all of the synptons) of a disease state in a subject. By "RNA" is neant a
nDIecuIe conprising at |east one ribonucl eotide residue. 10By

"ribonucl eotdnfhhatibSisTEANY d&iveabeQlrbd ehjibh oﬁbfh)é@ Bpa(r}/1|nflﬂfoﬁ'~159m§t pibe 2
position of a .beta.-D-ribo-furanose noiety terns include

doubl e- st r aRgeEPRAe Wikl asiddnelegvs @f ermm FheberRxusieNsas partial ly
purified RNAyw,RSS80E bAhnlrYdeRHLIECA pPOLARE iR hee dIEGRIRERANT |y produced
RNA, as well as altered RNA that differs fromnatural I'y occurring RNA by

t he addi ti onetherlagidsoer, by SaesHe-freqiteshomnlogivd sush aghoes des¢rded of Come ¢or nor e
15nucl eqf i dgs rat{-@r G i de
rarerial  cnegndepR AS! SHLA0SSTA00h A6k BAZ, QLN I B R ET PUEER TE .
one or nor NaEOEFt31aes e mdkeuRNAL thiNistagonyagsn ¢an litehleed:%fsl/@hmae@mb@s of the
nstant i ARhLOPFRLASP.LRTRI S8, ACATLERIBLANNG! SaLLERRe SUGh as

non- nat ur al I occurring AucT €0 es’ or chem call y syn zed hiicl eot i des
or deoxynudyeptindesomé kesH, ptiefembgdalRNAlm syaptdoe) pied @seramjstate)ma@&mmaanal 0gs or
anal ogs of natural)) occurrln R . .By " ant

oha cal a1 d RS WA el s SR P el e s e nus of
t he ol i gonuey Hﬂiohﬁiﬂeo(tlﬂeas neag.a nAclastide ,widta Iﬁzldro,xyngr&p dedteemposiion 052998, 203,

i t h . t tect th
MR T R e st R R T TS S

delivery angNaris@ac@RAIA diah hopurillly puifi@l RIEAI ess&hell}c@ﬁem badptiesent at the
5'-term nus or. at the 3- term present on

ot bt r m TR R eHORPTHY PTobC S s e ene i A s Elisraor Bubrfls ot

limted to,o@hyaeRNA by Y 8ddiRch, daaxy:, abaghon @8lofMerdiFRioene)or nfbrd- Met hyl ene
nucl eoti de; 1-(beta- D-erythrofuranosy%%knucleotlde 4' -t hi o nucl eoti de;

car bocyb i cusleenidsst Serd: aligragonsiery iclide sddivan of pen-gerlsaside mptergle bushes Wes

al pha- nUC'Qﬁ&b&ﬁé(ﬁﬁﬁﬁﬁﬁWAbﬁﬁmQﬁﬁ§1BH&&§@E'ﬂ%meBhﬂ&EQﬁ&&ﬁk&bMQﬁ£e Ilnkage
t hr eo- pentofuranosy nucl eoti de; acyclic 3',4'-seco nucl eotide; acyclic
3, 4- di hydr 5yBuiNprleniides uhe B&IA la@ly@ﬂ%cpf thegnstapi hydrtmwemwonméqb BQti de,

3|1 31-inver & gaﬂa%ﬁ{tlg&weg§uapis%ﬂ natﬁrallg ocduﬂy rfuedo 9%}! ﬁlemaﬁ% Ys
3'-2'-inverted nucleotide noi et -inverted abasic noiety;
1, 4- but anediyotheppred aplaetates @'dephm,lplh@ir@m ‘BasealthahBN Hphogphatterrcdmanohexyl
phosph ; i oat e; phosphorodithioate; or

bri dgi ﬁ%&or%ab%pglfa{ﬁ %Se@fngm{%g osp gfﬁlgte noi ety. Exanpl es of the
3" -cap include, Ibdtmanﬂwmmdwdmﬂnmddmn@ﬂn@ﬂymanmb\mﬁdewebdmdmmmynaﬂhsic
Lest due (ol et spitiynR s FE MRS DY B ek At fOF! Fbp it D of ur anesyl)

5nucl eot i de* I'0 nuc ‘car ic nuc am no- al kyl
phosphat e; Imp$£@dﬂamnmmm&x@&Dmeﬁmhmsphahﬁ’Hﬁmﬂﬂnmmpmmmﬁkmmh@$nhaie;

hosphat o, ke BRSRGR Bhiscr iAo BREBerciserPal R R aGhon RECRYer cot i ge:

modi f i ezb bals&hﬂatﬁine)ﬁﬂﬁrd;ecellpmhs pionedibd frewat £ thetshtegapantsotap) anashd 3'-
nucl eoti de; %c 3',4'-seco nucl eotide; .3, 4- dlﬂ%drox bu%y nuycl eoti de;
103, 5- di hyo‘F’é‘%gﬂé W@%H@V & PTCHE OB, pot fermie g TR g S 21%9P

51- 51-i nverheddabas ishotRmttdio, éyceP}hQ§%}@ﬂ@86xg@b%dc émdmm@mtshl oat e;
1, 4- but anedi ol phosph gi ng and/ or_non- br

d
5' phosphor%ﬁ?ﬁﬁﬁé“wbﬁdgpﬁ@W$%Pﬁﬁﬁ@@ﬁﬁﬁdﬁﬂ?mﬁﬁd@ﬁ%dr@dﬂ?ﬁk@é&e bri dgi ng or

non br'dglQgﬂﬂﬁkﬂxhﬁdgﬁﬁﬁoﬂﬁh a@ﬂﬂeémﬂﬁﬁﬂ&ﬁHéQJHR%%E&%Smﬁ&p&mﬂﬁﬁ&mdeta'|S
see Beaucage and Lyer, Tetrahedron 49: 1925, 1993; 15|ncorporated by

ref erende hepdfigd base nu01eoB9e phespherpdifhieaimlitkagd: dueq- prttofprgnepsbicleatide: gr oup or
compound whicG;CAR. i, hiRBLRRLAKAT3 urangdﬁ)x%@l%ae@&de WSORIAsIN the place
of one or e nucleotide uni'ts, incl her sugar "and/ or phosphate
subst i t ut i ohbydrexydenylingasotidee3’ *r3emﬂ¢rtﬂdmgclb@t§bsm1@ye3<ﬁl ipvartetliabdsic enzymat i c
Y- G QU CATRRHARL 3 BPAS bRl hhicOPSalBhe@fCON LN &
comonly recog ized nuc I de base; such as adenosin uani ne, cytosine,
uracil or thysihae; anmomhenaamdateehd:)ezdzihssmlatbaésmneltexylhélowhalpo%mh@sghate 3- By
"nucl eotide" as used herein is as recognized in the art to include natural
bases (standard), and nodified bases well known in the art. Such bases are
generally located at the 1 position of a nucleotide sugar noiety.

Nucl eoti des generally conprise a basal8 sugar 25and a phosphate group. The
nucl eoti des can be unnodified or nodified at the sugar, phosphate and/or
base noiety, (also referred to interchangeably as nucl eoti de anal ogs,
nDdlfled nucleotldes ~non- natural nucleotides non- standard nucl eoti des and

o R A I~ " e o P T



30 Unl man & Peyman, supra, all are hereby incorporated by reference
herein). There are several exanples of nodified nucleic acid bases known in
the art awo=zomvmsiized by Li mbach, et al., Nucleic AcidsPRe4IS202/02088, 1994.
Some of the non-limting exanples of base nodifications that can be

i ntroduced into nucleic acid nolecul es include, inosine, purine,

pyridi n-4-one, pyridin-2-one, phenyl, pseudouracil, 2, 4, 6-trimnmethoxy
benzene, HOYdthib4i@ GhbsphBiops Q8 ok BfidiEng G3RBALRYSIng BN PRESAYate

5- aIkyIcytﬁgﬁﬁis (e.qg. %m5pnethylcyt|d|n&§ 5- alkyl%r%dlngg &% g.,

ri bot hym di®&fY- 5- hal ouridine (e.g., 5- bronouridine) or 6- azapyrlnidines
or 6- a'ky|pyr'”EQhBﬁﬁséﬁhQ?cﬁpﬁﬁhﬁXHﬁ[h@h&ﬂhm&ﬁ&@@ﬂﬂﬁr1@&%m&i&§&§ (Burgin,
et al., Biochem stry 35:14090, 1996; Unhl nan & Peyrmdn, supra) By 5" nodi fi ed
bases" in tdhagc E@gﬁeetmttlety)nréaﬁTtneﬂw@meetqlged%ds@etadi hathrefimnosableni ne,

guani ne.s CYFARLAR: 3o uBfbdaeAluthcDAR I ERAR! s LR RAhyBhaRLS. BY "target
site" or "target Sequence eted sequence ant a sequence
within a tahgemOﬁuUM6ﬂQh®mhﬁe@eﬂgnmﬂﬂNmymEHam3ﬁsmﬁmdﬁgﬂmbdmhﬁgﬂébleavage

nedi ated by, u S e i.n:4.ls antisense

regi on that “ziP ‘2“’0?%@%@9 en%?tl%%rrx p?%)yf ﬂ{&@{a& gét% g‘g d&éllﬁglewnsllﬁg&ge%

nol ecul es cmmlebeda:alrpm -gocdabtive; tnhpdmeklMseawr:leomEcpld)smmnq&buhM& threoeati oni c

i pids, packa 0S0 or _oth IS del i ver ed et cells

or "t ssube PHRERD e sl RERSRE Y Por SRS SISO B! Bl PRSI 1§

adm ni stcer exls5 tlmyttﬂorquﬂ:ghl nm;l@atte 6hs5'- m\mher@nltaﬂbopdamomty St¥miverteyd dbasior Wi t hout

their incor orat i Opo nother embodi,nen ol yet hyl ene

Gl'ycol  ( PRGNS BRouDoamiYy BPTeRUoRs 1o R DOHIG: Srufie or csent

invention, Brdgtnd@ngol yiepidede,s' @{osﬁﬁihmdatb@hai}ﬂlafbﬂﬁ‘@ht@zﬁﬁ/dian be any

nol ecul ar wei ght, preferably from about 2,000 tqo about 50,000 daltons (Da).

The sense r@@? rodghiopte ':H’(Slﬁ‘ﬂéef By 'trbigtnﬁén%ﬂtﬁ‘g hogpiogaty aryd gr’ine\li‘faﬁ | i nker

ol ecul e,  2Q5UER (RS nRrPRIIR UL BALEME ahd D}@@rTe%h@rmrmel B0obi de l'i nker.
"Inverted repeat” refers to a nucleic acid sequence conprising a sense and

an ant i 5ens8cupERehbY FEIERCE bpfed)-so that they are able to forma doubl e

stranded si RNA Re {ehf "AGPRRIcolid" i BRREAdyRRGp oFREmpOIMANIHRG dafBEat may

optionally include a Iinker or a heterol ogous sequence such as a

sel f - cl eaviingPrpirhiod inhea pelaipenid ehiaen in iy R4ce rbpresorgforg hieleplde epieat . The

el ements of; Lhg \’h‘% dr {RRE3L ﬁ‘a‘f@ B & M U1 S € el R g double

stranded Rﬁ& T§ ?Ca l% réh@ﬁﬁéf S “?ﬁﬂﬁannveft§%‘re5%a$59§ agout 15 to

about 100 nubﬂebmnﬁeswnmukengnh1%9gemepabhmxab@uwb&musmmbaseanumIeotrdes,

pref er y { - j i 3, 24, 25,

26, 27@Q£8(%ggguggggééﬁﬂ%%%%@%gggﬁ?%ﬂ’kg@%%G1 6M%KBD% uaéé?ég%mn ‘ers to

deoxyr i bonuohebdritidesnoandrthdyeioredhdo ibdesit diad' pnhwners thereof in single- or

doubl e- strandedIJant T euter encompasses .n ﬁ; acrd tai.ni ng known
nucle0t1 S use erel S as 1reco mze € art nce ude na ural pase
nucl eoti de anal ogs of bone ues st i I'Ch are

synt heti c, @ahmmalmwtmﬁMMﬂﬂmmgnwﬂnmowmnrmammmauhmmecnugamngyhmhmdhthave

| bi t th f | whi ch
SICR R S EE T TR N
such anz ogsmdiapbbspere gWup h(lflié ndcledtill @tch®be ufphRiSaer alodifeatese sugar,

hosphor am nat chiral - neth S honates
21- o-p met hylpcztD Iﬁﬁr‘?&g&% i) 1et>§éa§ Bérrﬁ‘htf’llé‘ie’ﬁc %@F%@%’i‘sﬁﬁlﬂ?ﬂp oanalogs,

doubl e- st r aneHeRNIeofi@s Sioh-rfafira wclstmet BosthmneeshcRYMRI AN Blierd sl 2
5greater than about 40 bp for exanpl e, Iarger than 100 bp or nore

par ti cul ar | §8-1UsPg8 G MESWiggen. s a:iksgiaqtiehcatesratignal B¢y UBRNRD ray
represent angagoRnin7ods; YsmNA Al IntddguiBhd iPCe FiBNAiod N8, Weyd3myTe$! ze of the
large dsRNA is not limted herein. The doubl e-stranded RNA nay i ncl ude

modi fi el badEmapseleymapnasupiseilf e a@rﬁ@nmﬁ@yowd by referengsthessphat eere eigar
backbone or.{ g, AemPCbERM: A nugféfcrhcﬂiqgké(s hGaA fﬁrtﬁe IRYs duRpland& @ 10 nitrogen

or sulfur heteroatom or any other nodification known in the art. The
doubl e- st r drdbdchs prale Vueleic r‘kaiyls Bes. PSR HEd 1 Bt Seiuk-of GpbeiieringroyaiRpes ¢ft r and
such as oc .Of . di stinct
conpl enent gt}é éﬂkghc&loﬂété&pdaﬁ 8%@%%‘%8 g Brﬁﬂfeie @%ﬁ%ﬁﬂgﬂ@ﬁh&ﬂ& &Nzhég‘ﬂa ot e
have sequenpese.\pyridin-doorer paplirtSoye, athutyu madudbyraof, 2rdy éttemteuhdgsbemmemne strand,
for exanple, where the plurality of nucleotides (nt) nunbers as few as 2-5
nucl eoti des or by 5-10 nucl eoti des or nore. "One or nore dsRNAs"
refers to dsRNAs that differ fromeach other on the basis of primary
sequence. "Target gene or nRNA" refensdto any gene or nmRNA of interest.
Target genes or 20 nRNA may i ncl ude devel opnental genes and regul atory
genes as well as netabolic or structural genes or genes encodi ng enzynes.
The target gene may be endogenous or exogenous. The target gene nmay be

S o T T




The conpounds and conpositions of this invention nmay be used for delivery
of any physiologically or biologically active agent, as well as any

conbi nat iwo 20fo/@siieve 30 agents, as descri bed above or PODRIS2009/06490 art .
The active agent may be present in the conpositions and uses of this
invention in an anount sufficient to provide the desired physiol ogical or
aneliorative effect. The conpounds and conpositions of this invention

are direct esimta Idc@am%%hmn@%hpmgn m@ﬁopaeﬂﬁrsgﬁkﬁéytﬂmg(e@ent s and

blologlcall ive %ents in manmal’i an suﬁéects i ncluding_ small nol ecul e

conpounds HRHWEQ@hn eptlikglagdingy(ggerikethyaidineh odiadariding el Bnal  ant i bodi es,
ant | body- baselofiidias or AUAGRARS oPOTR yr APLES OheBALiNR AgEAkS, 1 ude

a peptide, a protein, a nucleic acid doubl e- randed RNA
henat opoi etdnd othgrs (Butin. of ec Biogkemiginy AnTA008nOAG Ghimam&aiey gy, rsezvra) ay

Santi turr alyo ARl PRI koo dn@Rhaglife Ak ARk NELATTELAN, an
antiul cerative, an antia genic, an antidepressant, a psychotropic, a
cardloton|Gwﬂanwandmamiyﬂhnmawn@rﬂas@dmwa@6$ an anti hypertensive, a
hypot ensi ve di ur tlt;ﬁget%‘n ”%rl]t’ta%%g &enge" o?nta 2 ed%gﬁgﬁge ﬁtmeaﬁtase ence

chol esterol -1 oweri ng agent apeutlc or oSt eoporosi s, ornone, an
anti biotic, wwmnamngneudac@gdam;ﬂ@NAammnshm@apdabgdammg:mammndbya
cardiovascul fac%o ¢ l 13 actor, a %> or peripheral
nervous syst nﬁf"&%%%? W‘é“h""r?&%“&lse%"le%"ets roryt'e Fact o regl%“ &nif organic
subst antie, @ni}ﬂﬁ%ngarpwtdm et @gyende.gast roi ntestinal factor, a ki dney
factor, a conne |ss e fact a se factor, an i ne system
factor, a resplﬁ%?éﬁyﬁ 8W?%%%g8fmnge 5 ﬁgﬁﬂgaﬁﬁﬁm?§${%¥mxﬂﬂggﬁdrogen
an est r ogenatianiplipigs, @g&l@g&i Withi A1 SGORED b amrmseaiemwmdourgm bélls o@h
interleukin, a steroid, a bacterjal toxojd, an antibody nonocl onal

anti body, aipwsydhomsicigd ‘Hd@ﬁlelca?“:‘l‘i‘lfﬁﬁ‘ﬁ]ei@cfa%ﬁ? loﬁ%}HfdméIHSt%\rﬁ body

fragment, afgbudRiniddbMAGLOE ump or stent, BX@WPL@BoRIhedGhdovRragam s i ncl ude
erythro 0|et|n gr anul ocyt e- col ony stlnulatlng factor, insulin, Factor VII,

Factor M1 lomwl%% Innotheiteatbpdimeht, PelEgiAYIERe, Sl¥fiof (P&&i cambg v elentlyand
hi rudi ne. m@&w&gﬁN@ccoﬁ%hﬁ%ﬁo@%fﬁe%eﬂtﬂ%Mﬂﬁ IRESRINRp Y BF IR BloNe,

oxynor phone, | ovorphanol, | eval | or phan, codei ne, naIneFene nal or phi ne,
nal ozone, n%'laeheé%@ﬁ?ecanlbapmmelﬁ@ﬂfirn\selg%lmﬁﬁrphlarﬁ@m ahgbt H¥)05aabave30.0¢t t i sone,
hydrocorti sgiigs dj,yidr ocorti sone, predni sone, prednisol one,
nmet hyl predni so one triancti nol one, dexanet hoasone, betanet hoasone,
par amet hosone, ﬂma@@mnﬁgmm@anb@@nhm@ﬂheﬂwaméﬁawﬂn@pmeﬁﬂlakﬁbmﬂamﬁsteroidaI
AL e B Gy p AGGDko N BEXS MLl iRAYar L UYL EL uor ot hyridine,
Ara- A Arabinof uran , guanosi ne, nordeoxyguan05|ne
azi dot hym di ne, ”dlvdle@bqyp@é’rrgfsrsnea nuhlde@oiysqgtuémtﬁ nempryng oseodcant ame,
O e b P PorRa S e A R oot iSRG i GG e ome:
papaveri ne, ni rogf cePP R g Vas6adt Ve ' Th b ASP b calcrtdnin
gene-relataﬂeﬁ@amnxﬁmm@ﬂpdohmphaﬁmdﬁgmﬂ@msnmnmmMnmmhmﬁnmahx&ﬁa|netldlne,
dext ronet hor phan, cl ozari | uper, de d| mut a roen hal i nase,
armhoter i ¢ HHE kS QbR o At SRl e Eb S B e Tae S 1 SR g
itr acr:]on:aszol ©peat.| H&Clﬂtaﬂemls&)f ﬂ@&p&b@h@ﬁd@@dtmnvefaltleﬁgtlaﬁyﬁ&wrlrteo foaﬂi’ﬂal’dmgﬂ)lblCOSI de,
erythrom cin, in B, 5 uor our aci |_e

%‘9‘ m%ﬂg r%ﬁ’?f”ﬁ@g fhﬁénveftf”iﬁ?ﬂ‘??’it giahaut 1é ‘PT%%B&?Q opuri ne,

met hot r exat ¥an

doxor ubi ci nyycrbating I'uUféhgth rprefbmg@ragmtqono phRlkleoRRE | prdfexBll abodi 0g0pher ol ,
qui ni di ne, prazosin, verapaml!, nifed |£|ne dlltlazen% tissue plasnlnogen
5

activat or TEAlCoddss ifblepsth. e otk Al 2T 0l BER6: £1-380b] 8510 BIckRldes et or
FG--aci di ¢ pfigpasic, platelet derived growth factor PDGF, transform ng
growt h factor TGE-al pha or beta, vasoactive intestinal peptide, tunor
necrosi ¥ fact or "NNFsiclgidbrafes o deoraibenusiaey defoasbenuclepiidss and palymerhyr oi d

sti mul ati nneRTROGTSHhoREE SRARRA [dkORORLE AAPANES AT Rr at hyr oi d

hor none PTH, fol %e stinul ating hornone FSF, tel ni zi ng hornone

rel easi ng r@mm kneRie, nuelpelisie philpgs o Imeddigd hackbamecneftl@ws a1 liggesowhigh

car bet oci n, I . somat onedi n,
al pha- nelanocL g%égﬁ%u ?%5ﬁﬁ§$%%£g) @M%h@i%%@mngqgggﬁ%§g9, terbutallne
dr operi dol blsmmg)pﬂommﬂas tlm(rgbrmdmwleucmmd; pil wipcl o ,melmbsmerl@memameonol yn
sodi um nidazolan1 cyclosporin, lisinopril, captopril, delapril,
ranitidine, fanotidine, superoxide disnutase, asparagi nase, arginase,
argi ni ne deam nease, adenosi ne deam nase ri bonucl ease, trypsin,
chenotrypsi n, papain, bonbesin, substtamce P, vasopressin, al pha-globulins,
transferrin, fibrinogen, beta-I|ipoprotein, beta-globulin, prothronbin,
cerul opl asm n, al pha2-gl ycoprotein, alpha2- 15gl obulin, fetuin,
aIphaI-Ilpoproteln alpha 1 globulln aIbunin and prealbunln

p— oy LR - ey - . I o



30cl ozaril; antiarrhythm cs; antiepileptics; enzynes, such as superoxide
di snut ase and neur oenkephal i nase; anti-fungal agents, such as anphotericin
B, griseoWoliomsssmeconazol e, ketoconazol e, tioconazol, PCrasSeaneise) and
fluconazol e; antibacterials, such as penicillins, cephal osporins,
tetracyclines, am noglucosides, erythrom cin, gentam cins, polynyxin B;
anti-cancer agents, such as 5-fluorouracil, bleonycin, nethotrexate, and

hydr oxyur eas1mﬁérd§9fé)fét@1‘é§éeﬂﬁlclef)ﬂ1&>§ UEkQﬁﬁT&of@udﬁ%ﬁﬂ%&ﬁ@Md B@nowOxor ubi ci n,
daunorubi cin, |-darubicin, taxol, and paclitaxel; antioxidants, such as

t ocopherol s lmlr“éltoP@Pﬂ%lor%?%?seﬁlﬂs%rafﬂﬁ?tﬁﬁj msthybrhosphonaies. ehigtl-ate8ps, and

phytic aci dhogiHohfEd, BYb A ﬁS&ﬁEl%ehcﬁ:k‘cﬂ@ptﬁﬁ rHMIeI&'a@idE‘?PN&{jt' hypertensive
agents such as prazosin, verapam |, nifedipine, and diltiazenm 5anal gesics

such as acet ani nbpﬂgéﬁoldﬁt}ﬁjst@@@ﬁdrmﬁz‘\" mbt@laehéDU%ﬁrapéﬁr%Nérhavln&hw%od| es,

i ncl udi

Iolnfggnljcl eg}%&tﬁﬁgﬁg&%pﬁgqr egu?@?gr’%gﬁkﬁp btrp ?‘{B?%ﬁml-p{%xl II%E%QI?and vi ral
vect ors confiibpi de q@n@@eeﬁ@b@erngNHena’gemwm fp@;gtnﬁnte)ﬁ aanltl\lfppotha ns.
Conposi ti ong,;andpRar gl %&x&ﬁ‘u ;01 ofAﬁ'e”?ta L SR RA O R F%r&ﬂ REL §lddse- L e

terms "adm nistering m ni strati on enconpass a neans or “directl y
and i ndi recsttﬂaydedleA(may mqlmleaxmd;f@dlbdses)whemmtmsmdm@nom maﬁbsiottbe of action.

The conpoun t| ons m ni st ered
al one, or i gm%pg'ﬁ%l Onet(ﬁ He%ﬁgoﬁﬁﬁl Océgc t181¥S %) Hglweoar t her apeuti c
agent s whi ciitregea onﬁlﬂfudh&é:ﬂoﬁlsﬁd)rhﬁy‘ &her. mdﬂi’daeomhmsnthe@ns and net hods of

the i nvention e mnistered to subje rlet al

b ni st rat fon radSuU e TSy S e Jar ety RN AR

i ntrapul non@El as @Eurk fFANIARPiIARE a dedrd ROVAYor 9TanBlihOPI Galdistatt very to t he
eyes, ears, Skl n or other nucosal surfaces. In some aspects of this

i nvention, {ORPISRFABEARNASEaYE | ayer incl udes an epithelial cell layer. The

epithelial cell "c)a&lgpgln@u}eﬁ@mr%en&\K/@Rmaﬂragm%%mv&é&q@ncesa&n{@pmﬂa nasal ,
buccal , epidermal, or gastrointestinal. npositions of this invention can

be adni Hi stl@yr?eHU@EWr?é na@%qm&@wrsor@atfwda@rﬁ%%v@aw tagoplapliyef pedeotidess wel |

as pressuri@gGunBb8ad fenCRLlYnRELLNALEy 520 nRlIRRIded HRESe Of actuators.
Conpositions of this invention nay be adm nistered in an aqueous sol ution

as a nasal or puDmaﬁbmyrewﬁﬁs'érﬁ&rmﬁslﬁ@Aarhgbbﬁgrefa)m pach prhay ot Ge Ry a
variety of % 15 pown to those skilled in the art. Pulnonary delivery
of a corrpos@?lon o%‘e téé]ll s invention may be achieved by adm nistering the
conposi tion in t'Rergéigens @melNébsefeIparfmycgb@fsor NS of ajcreshhiohetgaresive, for

exanpl e, ab%ﬁglg méﬁ‘lﬂ%lu&’et c%%l%ﬁlﬂentﬁ ﬁ‘e%lat{ %Sllgtr(])rf %eéﬁ‘}f’e{l%&éﬁ ag?ﬂ LGy oY be

per f or ned erin 05| rops, particles,
or spray, vitactulegemasat geoes docaticdénalmpasida garget gawrma}dimdm‘enwse)r

conposi ti OnéXO3691% S. aﬁie tgretaerqeoégl Canrets)sedllrpthg‘seecle ls 1n Wthh uIh(%l:nor eSO| id form
Preferred systens for drs ﬁenm 8 S as a nasal rePdiscl osed in

U. S. Pat entbeg, invksbgdaledai % arﬁugms‘nornmjhamenha dimeytl e 1Mmmn@n&th ¥y prepared
by di ssol vi osi tions t he sen on in water to
o) oduee o HEESTR SRttt SER b Bt oy Sl R Gpy el 87 1 5. "he

f or mul a3 onsntrpyhidipiles @nhedcludingudide GoHe iLdalen eidh,as basursaxaapl e in the
seal ed dispensi g system di scl eld in US Patent No. 4,511, 069. O her
suitable n Or‘?Be 3/ ing &F pryagry © %@%"t‘é‘Fﬁs have been described i n Transder mal
System ¢ Medies ddridefveryoictitdisemsed. , El sevi er Publishers, New York, 1985;
and in U S Patent No. 4,778, 810. Add|t| onal aerosol deliver forms may

i nclude, for exé‘ﬁ*ﬁl“%mp‘?}’é‘ﬂb@é]%@@o%ﬁ“?ns of thisinvenjpp may Bppsed foré‘ﬁﬁ"ery of

Spi ezoel ect fiyGnhRENBLiLAR TP bioWically A&IvE Y&, B G RLOIRIbaBInhYoAG LR agent

di ssol ved or “suspended’in a pharmaceuti cal solvent, for exanple, water,

et hanol 30 oragentsas dessribaskaberst or known inNae al. Birrchcpud #Rshianay begrresgnideihgt | ons of
the present cdupi&fibQa b lof el ity A RBPH Gnollft HikEnOp PV (hOaRFefIe! | vered,
optionally fornulated a surface active agent, s noni oni ¢

surf act ant mlgsgloglcwry%h@am\@fﬁ@t and one or nore buffers In sone
10enbodi ment s of ti.Q rther
compri ses.a. pr opet FSnPOAEE KR rholfRSEi: SRLAN SRLUARBCHIT

about pH 6. &livey pf 2ranghel driazgrac end biokkicglhy actimt geetmm Imymdlabansuajest@ be a
slightly acidic aqueous buffer of pH 4-6. Qther conponents may be added to
enhance or maintain chemcal stability, including preservatives,
surfactants, dispersants, or gases. 15In sone enbodinents, this invention
is a pharmaceutical product which inakudes a solution containing a
conposition of this invention and an actuator for a pul nonary, nucosal, or
i ntranasal spray or aerosol. A dosage formof the composition of this
|nvent|on can be |IC]UId |n the formof dropl ets or an errulsmn ~or in the

Y o o SN N o o r o " Y "




25addi tives or delivery-enhanci ng conponents, as well as a base or carrier
for dispersion of the active agent(s). Exanples of additives or

del i ver y-wohargi4sgy2conponent s i ncl ude pH control agent sPSuaAl$2@s/06093é ni ne,
sodi um hydroxi de, glycine, hydrochloric acid, citric acid, and m xtures
thereof. O her additives or delivery-enhanci ng conponents include |ocal
anesthetics (e.g., benzyl alcohol), isotonizing agents (e.g., sodium
chloride, nBaQHHEkmaIBRSRENE thpoun@ds@URLk Pophideli RhERS, Infyags, Tween 80),
sol ubility enhanci ng agents ,ge. ., Ccyc od’ex?rl,ns and derivatives thereof),
st abi | i zer smRoclpnal aBEbqskns ety ‘Pﬁygl)ﬁseda% Hesr SUUEFHES 4GBt s (e.g., gl utathione).
When the COWpOS'Etx'afﬂﬂleg of acmf@%%ﬂtls ilﬁﬁldh‘é%é}%ﬁde,sa ﬁodelngh'hﬁloleié Rgq, Lokt y of the
formul ation, as neasured with reference to the tonicity of 0.9% (wv)

physi ol ogi célanded| RN adwmatopeinti, 4R epfiiplectiygi anantijlenanin] aantliviradipust ed to a
val ue at [.C: ] hJ.ever. st i il . be i nduced
o the rucors bR SHATHAR B apad el Bl b & A R oty of ¢ he
sol uti on i sanddjlargnedan antigderedsers, afsyettpoupic.ld @rdigodc, ampneartyipnicad |y 1/2 to 2,
and nost of . he  bi,Ql ogi cal . ctive. nt . be di spersed
in a base o\?a(g@déﬁfoglagelfant\]}\l}#gﬁ&rsﬁgg’ aggggtrgf%s?‘l%sdélxeat %/%}r{rggg‘i%?ﬁlcéaconﬁgﬁgmﬁavi ng a
capaci ty t oa chokperad-dovdning agint, wehagrentic fandsteupyrodie si oaomdl e dritibasic, aThe base
may be sel eCat gge falrcoo arieWil%e rnaén G OOfth fagtio'% at%:lar 'oca‘srcr 1aef Sforiar}:ci u%iegg but not
limted to, “COPBIRyMOFLC ST IONBPe & BISE TATO0 ACF OBV L [ O8N &8 ar boxyl i ¢
anhydri tes faeoga cemial &i peripidiyl deivdes) sywkintfacaérhehumanalanetrsly(efagor, a h@hdly|
(nmeth)acrylate, acrylic acid, ete¢.), hydrophilic vinyl. polynmers such as
oyt vl it Sov ol ¢ bl EERH i § SORROHETT del | ul ose
deri vat i vesconhehivagsshy e veish ytoas Fctrasemnhyesyexyphmapy b égbiratbgse, etc.,

and natural polynmers such as chitosan, collagen, sodium al gl nate, gelatin,
hyal ur oni ¢ SEFH aCifg? BOMRXEL IAEPR AN Aressn 1A &FlEsen. 30Tyt PPadlabl e pol ymer
may be sel eghREbudfinda QFEERHInG @ intefleukih, Al st@Na BB aBeriMAbMiAeh h&itday,d,
poly(lactic acid-glycolic acid) copol yner, pol yhydroxybutyric acid,

15pol y ( hy driasasienglrantbesly ypejysiens] aibagy d pugapeidpabodynth 39Redyr es t her eof .
Synthetic fgidwnaahdatslfindelobigh as polyglycerin fatty acid esters, sucrose
fatty acid esters, etc., can be enployed as carriers. Hydrophilic polyners
and ot her carri dixgmplspoinstivestagniglinghisle grythrppaieimbaatlpeyts-codeny sempiatieed
structural it ' ' '

crystalli zaﬁaﬁgﬁg{s}l%yﬁlfg&%oﬁg’i Fﬁg@ ﬁgg%géft?ﬂﬁ?%&g%@* f(ﬁ %%sﬁ?ﬂ @g‘.rgg‘%ﬁiamlé’%r rier can
be provi dedenduradig@vari ety of fornms, including, fluid or viscous solutions,
gels, pastes, p ] r I irec ication to the
nasal rr%ozosa. T%e&gﬁégs 8&%@%@%@%@%& rrﬁtﬂééer’rﬁﬁr%h? h((g:ngh(ﬁx X rlrlé)glér esult in
pronoti on obvablsoephievaliprpfant dvdeibe, ohlogifanal lajorplobd, udoagentaltrexone, The

bi ol ogi cal | y, Akl ke, AdeNtn.Gon ey ATDI e W £ LG DA R, L. SRLEL €T

accordi ng t 0K VRM& {IEPhangl ROTLOUIEE OTRPIA DRI TSRS TRdogdti08&nt nay be
by di f f usi ofrednikoat, preigisalohg meytfrednivelonaririaeeinoloe, &samethaisenk, f or mul ati on of
wat er channels. I n some circunstances, the active agent is dispersed in

m or ocapsul BUHSREr BEHREELgR: RTRIBa Ol it SRNEPL “ BEpar od from a
S:Ji t abl &5 Eodte)tﬂiﬁﬁl, anﬁnig]a.mﬂml&@bugéﬂt NSA@D,%&Q(;’JIGﬁM |righ§1riﬁ5tﬁﬁu01§thgﬁdin&ﬂﬁﬁhlael , et "
al ., J. Pharnmacy_ Pharnpacol. 43:1-5, 1991), an i spers In a bioconpatible
di spersing ‘%gginﬂ?ﬁaé’ﬁﬂq?déﬂm?ﬁcﬂﬁléanﬂﬁ’é%Inoﬁ]‘?ﬁ%?éﬁn‘)%‘?’éﬁd?fﬁgp‘&gles ust ai ned
delivery angladixpddeedsar! didQageyitdinkyspR¥@ilacRorR! @I bAGh R edilaliBl, progestin,

Formul ati ons for mucosal, nasal, or pulnmonary delivery nmay contain a

hydr ophi | i c8anadPUeBia i iragenvRIP BT RErRIBHTE NG SitEpelyserd. 8 vaserdivpistinalsych
hydrophi |'i cyd,au, PRERMM @he YEAEDSpRATROHDIES LRRVIAENR iRAtSAGE Medi um t hrough
whi ch a wat'er-sol ubl e active agent, such as a physiologically active

pept i de3br pweidng dexrgnediofmhas elazpilotighroxide disaase, geurptikemstijeseur f ace wher e
the active agenteits RRAQREHp, MTREDNEIQRIbASle ! @VRBLEfMEH.,NEI ght conpound
optionally absorbs noi'sture fromthe nmucosa or the admnistration

at nospher e fwdnatpksesiphadespphie terceding ginutrigducagdd, veytigerpicind gentahieinpol ecul ar

wei ght of t phiyl. i I i ght ] rally not
nore than 1%)? aﬁdyghdggléljf glr,’\lg%}glﬁﬁg’trﬁ%ég%&fgtg’ahﬁﬁ%gg‘%%gidg&(I esngT

hydr ophi | i cfléxandime| temercgrnomeing hiox @ompioudedsorupicinuddargatip.ohxot.gapoanetls, such
as oligo-, di- and nonosaccarides including sucrose, mannitol, |actose,

L- arabi nose, D-erythrose, Dribose, D xylose, D nannose, D gal actose,

| act ul ose, cell obi ose, gentibiose, glycerin, polyethylene glycol, and

m xtures thereof. Further exanples oft2zhydrophilic | ow nol ecul ar wei ght
conmpounds i nclude N 10net hyl pyrrolidone, alcohols (e.g., oligovinyl

al cohol , ethanol, ethylene glycol, propylene glycol, etc.), and m xtures

t her eof . The conpositions of this invention nmay alternatively contain

o, T o,




admnistered in a tine release fornulation, for exanple in a conposition
whi ch includes a slow rel ease polyner. The active agent can be prepared

wi t h carrweneiwdsiizwi | | protect against rapid rel ease, PoOT/US2zEIPb@3I@
controll ed rel ease vehicle such as a polyner, mcroencapsul ated delivery
system or bi oadhesive gel. Prolonged delivery of the active 25 agent, in
various conpositions of the invention can be brought about by including in

t he conposi &&@ﬁe@geﬂ&fdlﬂeh@taz&eﬂ aéfa@bfﬁpﬁ@édlﬁﬁb df1@dze @XM Rasn@héddh num
nonost er at e hydr gel s and in certain enbodi nents of this

i nvention, #U¥BHpPOE tepld?rnﬁggm&&hiaaq%%ﬁeﬁhwbl%g@Wﬁhiaa%FGBwaCléW heti c

sur f act ant s, ekl @l NadidtdE B usHEdb Aad@n ttﬁn%ﬁm‘ﬁg %'I%Qtﬂ BB alpHA Gr

30( pul monary surfactant), and are a conpl ex m xture of phospholipids and
prot ei ns t heta, vesopgtiae rmwenwemldattumhenearoseézlcmr TNt hmO@mﬂrdlclr@i@aémeace and
reduces sur i eol ar
it Y e R R G S L G e
phosphol i plmlsath\xrtnﬁ happme tilhta ta@ligre ﬂ@l&@%benmeﬁﬁpmamlmmerM| nder bei ng
unsat ur at ed, i I P h | gl ycerols. The
remai ni ng 18%&? \%/}el?g%ﬂf])sﬁﬂ énﬁg m lg?cn Ofgggggé}rlpdsegk%ﬁ C%Hgg%rra proteins and
apopr ot ei nsa,ld(sewchneaerﬂ@phaﬂla,csenmostnre Bmat()tﬁﬁb)n AomBPnBlin, S@h@ ngatchoSfe D.

Exanpl es of na sur fact ants that h| s jnvention include
SurvanTaTv Y EEE et SRR R R B G pltol M k& e o

5( cal f ant angopadeaeloh, Clib])opmai)eﬁuipheﬂidaoﬁomolyn sodluﬁxmmak(ﬂﬁn afycleypokinglisimpril,
surfactants incl ﬁg% ‘E‘ 3 natd

di pal ni t oyl BRGER ??Ri91 8 thP‘ﬁ am?th“iﬁ By1o61 Sgiffnuffﬁ%éfﬁ?é&gf“&% isfé&r ol and
palmtic aCeg%hnlnﬁu&EMM  MUdrlobigé a@eh@daé )lborﬁelgasEx%ud EFJHMn(od e@@sirfp@qemdl )
conponent s ich may contain tyl oxa DPPC, and hexadecanol ; and m xtures
t her eof . 1d?\?ért'4‘?8855u%§ta%% Yi§Or™y ‘inv@&%ﬂ -HehHiBS RN YAED; HEINgEE- Bitanol

i nj ection nelopRASH, - @tuliblSireRroRtd) edslopRimig, ;ﬁpﬁ\alqrgmefr@tetﬂ Rip®-Li pex
Extruder systemw th stacked pol ycarbonate nenbrane filters of defined pore

si ze. Sbhi cHeMWHA, G8imgIPpt lobrepFatgnahe bgtoRulsn albeain ped eHbWRINenpl oyed to
produce parti cl 5,Qb1eY8t 4cRVdRRhE Ercldde OPBRR BHSpiSAdnABRRAN, SRErge particle
sizes can be obtained without the addition of the nucleic acid 15
conponent . Fehing hyfitomerrhoan sk waerpbeneclorgalinpl. éwsllorpie. epdeinei ¢ aci d
conponent - cag, he, 2060 AL Lot i ANRE SGbARHRAE BhiokhaB A a3Mu a1 | i zed
by buffer conponent SS‘-}B For ni r?zvl?evg éé{alﬁv’eré c(g?rpom ttio ’t e nu?: eic acid
conponent i&rgrasteropés, sush af eariingthydrecortisone, ﬂuﬁmoneﬂl;mmetlmmms, and

formul at{ o [ . utes, for
exanpl o0 ¢ oPraftischt dub A G ToaEBER] O SLEIRG Y. oEBL TR O

20i nt r aper ipazm&alhosorwatebﬂuobmobomtlen’&udmﬂmnmst;onam s@gasltolntag/m@e del i vered
mtracellulg Y fOCli exa d|nce | s .of. targ thtlss ch as lung or
liver, or iRTRFMAAE |a§snuaﬂ PR pe s T an S ey o

conposi ti onﬁﬂamdthlsmdhhad!era#o(rArdghofuanSylaﬁerﬁrre) aagﬁgﬁanb;mer anivoxyguaekihs of a
subj ect, del lV ri n@ ar&cﬁg@, h@ a the m)vec{ S. and rei ntroduci ng the
celI's into %9ofyudpe. BEONRH 4B ?ﬁxé’cy ltdfﬂe aI} 0 R%%HBFPCB%W des a net hod
for 25d8 i v@iryndMci@R; &gaigtng, fuckiay @stoderopTRORIgthsOSuchaY edradial frogesiner ed
intravenousIa/S[C subcut anepusly, or |nﬁ@ﬁer|to eally to a subject. In sone

embodi ment sTUCKICRIAENTYCBAS PROVITHESY Ot SHBAS MHOGHY FENAEPAEYY of an

agent to thﬁtekﬁiﬁg%é@tld@ammﬁifblﬁ §eR6 beptiliB@nAkibhMmeaAd8iH as! | posonal
conposi tions of this disclosure e used in pharmaceutical caonpositions

in vivo. AdPHbsRRdiRg: 6%?“6?W1f1h1§5té@tnie\%?e%t@’efﬁtteb qu’é‘% SRR FER RIS FRIons of
this di scl oglifemiR, MdHiiRe; MRiYusOePAE A &xbme@bPhan; A¥urbBAR)S 34dhaR.

topi cal, nucosal, rectal, or buccal routes. Parenteral use includes

subcut affeoudozarihenisly RReGUNCPIRDigy BROSS shghtas anrsseideatisnyte redir t i cul ar

| nt T asynovi orochbhAth &R ruh B B AREGRh s LRHALRS BNAkeord0d, I Nt racrani a
injection or inf lon teéchniq fective anount of an active
agent | i posoivahazelonistsprdzol, tmcondipls 1tmp@@k@s Lwné fihgmazales antimgtenalpanet cul ar
di sease is Yoo t i€ synpt om
of the di se%gbgl.%@kls K gﬁhl&gg I;Illlﬁotr?tcf b e adnégﬁ?cg%{g‘%se g’%&rg&é i %e%%%ﬁﬁgsgage or
may be adm milgheirel; dyi- qae@eageed; slmhlan@\ﬂuéromddﬂ thlcomgtinEmttboiraxetat and Al |
publications, references, patents, patent publications and patent
applications cited herein are each hereby specifically incorporated by

reference in their entirety. Wil e this invention has been descri bed
inrelation to certain enbodi nents, amd nany details have been set forth
for purposes of illustration, it will be apparent to those 10skilled in the

art that this invention includes additional enbodinents, and that some of
the det a| I s descrl bed her e| n may be var| ed con5| der abI Y. WI t hout depart| ng

o o e



The terns "conprising," "having," "including" and "containing" are to be
construed as open-ended terns which nean, for exanple, "including, but not
limted twOo2000Fs18, ternms such as "conprising,” "havi n@CT/USeeveloeaddng” and
"containing” are to be construed as being inclusive, not exclusive.
Recitation of a range of values herein refers individually to each and any
separate value falling within the range as if it were individually recited
herei n, whetResxy@ka, MlcofRARifRf 1148 aia! @Sl bitirife, (RN RBACI AR GBI €SS] Y
recited. For exanple, the range "4 to 2512" includes without limtation the
val ues 5, 5l-darubicingaxohdqnd pieligiplerntighidpys: spehasgeephareladeingitti | or rati onal
val ue greatgrodfoaRl Miquehed, nfetil fneidls |88 phyliaRiaOin@AHdhmicQedids, ssegi fi C

val ues enployed herein wll be understood as exenplary and ™ not to limt the
scope of t haungpepnilnpertRsiye pgansouclvds piazogingeraphmdumtsdipingf andghlbarenat ons
herein refe Ladi vi | Falling wthin
t he rangﬁé a?{snﬁ}gkglgstS\ﬂ\&lxlgér[%ac%t%la%@?%agp? gé%?rgg F{'&%aﬁ%f%ﬁ@%%@% ]}ahgl}l{)(gdrléshot sone of
t he val ues wlhdhinghwh@izedpgébodiee, ast pridwdy Jragraaits; enti-sdher olgenumdogidest fral t er m

G, o, a0 e M TR ) DRERRE SN G SR esi o ana

C22. enDedingihtiapawsic péptidecdmdipeating.er ns provi ded herein shoul d be

construed to include w.thout recitati.on those neani ngs associated with
t hese ternég%ﬁ%ﬁ%E?%gﬁgéggﬂ?%ppggé%Q#mgﬁgggrt, and are not intended to

limt the scope Afustdieer¢invbBdtecinnytiadibafidierink® amb aditie@mbhon catohessal pr ovi ded
herein shall be _ const ueﬁ.to dﬁgjrate over al%ernative.definitions in the
art 5Sor defTHIT fGAUCHRI A GEETHE T HEHR BSPRPREIRE F AP 12t Edlice to the
extent thatactibe Plet@mpaidindy @nd@nipokitib@Ns daoaikdlosite may the ddignictekd alohd,on
provided herein. ~ ~ The exanples given herein, and the exenplary |anguage
used her ei n°TaR E0BRIpAI0P Wi Ptlteﬁg? Bg% gorggositions, 8t therapgiiic agapi ‘gﬁ)l%h ?’%t

i nt ended t ondt uiRtbsclimeregcope of the invention. Wien a list of exanples is
given, such as a list of conpounds or nolecules 10suitable for this
inventibh, it wilihecoapessioas et mebodsibde iweptionegay by adnenigeed {haPicf xt ur es of
the |isted gompeURdT nRicoiPARGHK@RicA MR, SR IR IR RE; re&AMRLIED EXAMPLE 1

Met hods for “preparing an RNA-containing |iposomal formulation 15This

exanpl e deseiringed, isdRyHNgnernt o winsdpsmplslelvarpror i kipisg! dehivermiee BeaYesi ni ng

i posomal  formyliati G nERIEY | 3 SondSBPdbrileINEHRAdnERE SRy i zed

bel ow. CiS:l-nor&rg-ClG 65%hito§%§cﬁ%fﬁ noryﬁﬁg?nine, BENA fNDRNA

I nc.) (for niaye ingdidghan @8BelRY cell layer. The epithelial cell can be pulmonary, tracheal,

ai yeol ) Xb0o0 b e R By R B BRSPS bR AT gy Y1 ene =0
Canbri dge, iMagso) cdiiteladsimsotd (Sod acaptdrhauchaceerthacied spray devices, as well ,

Chol esteryl - hem succi nat e ( CH GVP rck.Eprova AG Ethanol (absol ute,
200 proor ) : “Sar S R B EMR A S AR S ohat e: - monobas: <.
anhydr ous, di bagiceposiribnsdif duisinSetion sey b Adhnbtehdsiadh uquehyschobixivalesa 2 N
hydrochl oric gcid;, G acial acetic acid Tronethamn Tris) USP G ade
(Research s Buponds iy BEGHA v Eu a s PO e Bot 1L oBBRSh Cal 1 br at ed
Rai ni n 20 nilnowa@thiobe skared inl thatart pP@aioha Slelivwdy 6H asc@ndpbsiti@r offeliF Enrbntid

may be achieved by administering the composition in the form of drops, particles, or

spray, which can be, for example, aerosolized, atomized, or nebulized. Pulmonary
delivery may be performed by administering the composition in the form of drops,
particles, or spray, via the nasal or bronchial passages. Particles of the composition,

30  spray, or aerosol can be in a either liquid or solid form. Preferred systems for dispensing
liquids as a nasal spray are disclosed in U.S. Patent No. 4,511,069. Such formulations
may be conveniently prepared by dissolving compositions according to the present
invention in water to produce an aqueous solution, and rendering said solution sterile.

The formulations may be presented in multi-dose containers, for example in the sealed
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Col e-Parmer In-line static mxer Watson Marlow 520 Di punp; Watson Marl ow
523 punp; Filtertec punp Vivafl ow 50 100, 00 MACO PES (Sartori us)

Sl i de- a- Lyeen10di4ad1gsi s cassette 10, 000 MACO (Pi erce) 5TireThiskdon6@aed ut i on
Sucr ose Phosphate (SUP) Fornul ation Buffer (20 nM sodi um phosphate, 215 mM
sucrose, pH 7.4) was prepared as follows. 2.17 g anhydrous nonobasi c sodi um
phosphate and 8.79 g anhydrous di basi ¢ sodi um phosphate were added to 3600

. of MIligiQecRing@t@Mh dlraoaecgﬁlaﬂyqtaeéﬁt &yl4 ndesoanthePii@sle hhal @eghly with a
stir bar. The pH was adjusted with 5N sodi um hydroxi de or 2N hydrogen

chl ori de t odehpry Sxﬁtenlﬁlazeheea@eﬁr@%ﬂstrrrergwé@a@au%Mm@ﬂoan‘éer@s@@r ved

t horoughly. edF'E@MeY"?ﬁlﬁ{she\f@'NéWBYch’ﬁSl%% a'ﬂéh?g St Patbnilno. 1hes 8Q) Wddaadny@s
filtered with a 0 pm fi mvVi st ock sol ution of

| i posone- foaerﬁsrqlgdehmreé(ume@larymn@e%fw %aerplraﬁ@npre;srﬂ Yasichrdpserid- ard f ol | ows.
90 nL ofy et oqf t ut ocl aved 100
nm. Pyrex bo}%l %gﬂealfag‘ﬁe[{‘f@%% han &e\lrbe%zhea %JB%@%%%S%@S&%% C?/JS&%Q 1&um)l of 15
Ci8: 1- nor Ar gysi€héed iP@WAYrmaglicd solnwit, fof exehpleewhter, pthaidmir suixtoics dteecof. CHEVS)
powder , u f er f | . The

i ngredi ents werneN e%@ﬁpgfgl gggoﬁ%ﬁg%s{o ki ﬁggp%%%t%”glletﬁgt gérag gﬁ‘f‘@qs% th a
stir bar. Thedmgxt diue tm)afsdeshwmd;a)pe«zhaﬂpforﬂ]ﬁlamdwuﬂleassurfaﬁ acliveodgestt @ch | e wat er

for |nject|on USP wa h mxin stqck sol uti on was
(11 ered t HPGUERon Tl e P PR Db e AR IS Je! “The
stock sul utermmdmtssif(ﬂreqdesaht iB@nGom e masnadkyzedlition fﬁtﬂeﬂﬂorﬁpﬁsé\@a acid

conpounds and | pi 0 ent s Revyer se Pha HPLC parative Light
Scattering 35818&8& &Hepﬁ%?%eﬂﬁsaﬁﬁ%& !‘{t‘SBI?‘aé’(lj’F E‘A‘% éEyg ﬁ 9n sterile
wat er for ipHagGick@irab®lvenls leﬂr‘pﬁ)ye(ﬁcamglls@fbe Stsli‘ghtlb/acfd@taq&eohﬁ)buffdﬂjoﬁﬁﬂI4C6’.l was

di spensed into a sterile 15 Fal con tube. 100 grgiﬁf%li&?%f si, RNA powder was

added to théh ?Eﬂ?&lpaﬂ@t%ﬁ%?él&leq tﬁSP]Eﬂﬁ‘@‘f'r?ryma“Ttﬁ‘é‘ ck ipgdndydingar ed
through a OpréRrdid¥l duk@Xafed dispbs@iis, Upidsesusi Nng @ 10 mL syringe. The si RNA
solution was stored at -20C and tested by OD (A260 and A280) for purity and
concent Fat i on wilf FomS Qo tion venRonEASIATIE Y iSH ISbiEs WiseR ingludestd ¢ punp
was cal i br agoﬁféioh@oﬁaifﬁ'n?‘ﬁ’c{)lﬁfa@sltﬁ)fn oftthiSBveREOMLRY an R RY IR aWafnchgly, 0 210 rpm
and di sconnected fromthe tubing. 40 nL of 90% et hanol was punped t hrough
to rinse trreucrqsrieor@ramawbrprwap@ﬁqied into a beaker for 15 sec and wei ghed
to determine the filow fah8r fhd %}1@ L@y he'Rgiaadl of O provide
a flowrate of 40 SO&SOWL? t!hnCP st Por Si tl sﬁ\g@olse #rﬂr%ﬁsogﬂate

sol uti ons wérelets af athenaitlgen, ioninghsfortinjodan waesakr . Three sol utions were
used to,prepare i f o h i | ution for
punpi ng %s an s‘?@ﬁ%sg ut ?%IEEJ)%ASRQH% Slh+e%¥}§%%agl\?ﬁ§&ﬁ§3; hl%flctd%rﬁ?uti ng the
si RNA wi t h iSuRstiufefl ér a liquidpd@ torkdigioiviratain. flhbeolalndn bordnexiswgdtaher oughly.  (b)
The second sol soI t DI LA2 am no acid
conmpound 5 usdlé{ hr esoféca%g)em%gmr?e(g 1 P Bfgt%%eﬁ 90% et hanol was
prepared contai rﬁorfgrntuhm tahpwisfongfor pmlmdﬁary QHENE, witio e giraemlinveatiech, DIVPE- PEG
To the Iiprg E P added a geLAZ am no _acid cléa\rlrj%ountd To thte lip

stock was adueldoir? rc&u%rgegrcar §°‘i“hm BHR VEIs PRrAH lraﬂré%%eréweto rrake a
1:1 nol 2y TadasiveHEMBlicopesaheiag t@ipdnentd, Ae weld hild bRa or c?ﬁhearmeﬁnpérsﬁmloﬂtr on for

punpi ng was_ made with the m xed |jipid stock by etting with a 10positive
di spl acement® pithe 8@ Fhanrispoiadd B‘d?ﬁ ‘Eé‘Fh‘f%%‘“P B‘rp%?‘?fﬂt?nwti ‘I’i‘c%‘%’lgt hanol ,

and vort exi agubn@enyglith Ys ar%ﬁﬂnepsddhin{ Kl assXliddt 5I9BnE, By d O BBHi ki VB Sri di BUP
buffer solution. An siRNA tornul ation was prepared as follows. The first

si RNA sol ut3ndrnizmees theeeobePltddyives Prﬂ?llwyﬁpwg%%om@nﬁtﬁﬁchﬁ? Kt es were
si nul t aneouglMhRUIREA Heh)y aRBJLY; bt’?aﬁiz[h% S ERM, sdfBmfchlofilie, hathi@f the

ef fluent inpinging stream was i scar de then 15 the si RNA fornul ati on was
col | ect¥Y i sertatoheadsarptionyningiters fe- sy F WV erwy 8@23%@1&&? %ﬁ@cueeeelttwpgurrp SUP buf f er
S0l uti on | ngihilerieR BbrifaGvadidisdn, WRIEADEENEAN Bk, ShRERS O be about
33% The si formulation in the vessel was incubated W th gent

agi tation ofrgemtagsnetgleta@tan) rWhﬁneth¢ eympbsikipn for mucosal dehfvergns 4 haudbahd on, t he

formul atio I assette

wi th 10, 008tO Hﬁgﬁgﬂhlg yze ﬁﬁ&?ﬁ%égﬁfgceat%gﬁ% %ﬂ&? (?ﬁi)ls%%/ %%ESFVM unmes of
SUP. myslslogxalrﬁph@ solmtivh ekerdes ity be sy peathod]jwextts a ghlugretwiodsnd or maki ng
an RNA-containing |iposomal formulation by tangential flow and

diafiltration. A siRNA formul ati on was provi ded as descri bed above, except
that the last dialysis step was 25repl aced by a tangential flow filtration

(TFF) process. The si RNA formuliation was diluted to 10% (v/v) final
et hanol concentration under gentle agitation on rmagnetic stir plate for 2
m n. A TFF systemusing a Sartorius Vivaflow 50 100, 000 MACO PES

rrenbrane was rinsed vvrth 50 nmL of 70% et hanol UsP, and then re cr r cul at ed

N A NN Y —~ N NN N 1 o, . Y ~r~N - -y ————



5The concentrated si RNA fornulation was filtered by diafiltration against 5
vol umes of SUP, in which ethanol was renoved, at flow rate 2nm./mn The
concent r aveorw@EBA2f or mul ati on was further concentrat ed PCo/ush@9ne®ses ed
volune, at 1 ng/m siRNA This exanple further describes enbodi nents of

met hods for maki ng an RNA- 10containing |iposomal formulation by sterile
filtration of the siRNA |iposomal formulation. A siRNA formul ation was

provi ded asg@asfial, Red AV @suddintike At t8aRbRNAE ALEBLH 8t hOQwWrs drawn up in
a 10 nL pol ypropyl ene syringe, and air bubbles were removed. The si RNA

fornul ati onadm@stfqtmeﬁé@r%lm@egqmcatmf g1 spivtinn is |adiestesbors yajusof ghfut 1/310 ng of

si RNA for mul,at j,.0R t%,E;II cdi§ 133 BYNAhosBRer 4/k fe. £d though the Mlilex GP filter
unit with 15nmoderate pfessure on the syringe. 1 mL aliquots of this drug

product were st dhediolegillyictivgpgent may be flisgerygd asa basp g wehigle, Sml@npﬁyu or to

: ; ; I
g ;s ENA for rruL(I%nfpl %%%%dgﬂ %;t%@ b‘flﬁqﬁ kgtcs% %%%ﬁ;splg?sggs g\%l}]\%l aﬁ&fatfe gmaTabI e
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1.4 CHENB

carboxylic anhydrides (e.g., maleic anhydride) with other monomers (e. g., methyl
(meth)acrylate, acrylic acid, efc.), hydrophilic vinyl polymers such as polyvinyl acetate,

10 polyvinyl alcohol, polyvinylpyrrolidone, cellulose derivatives such as
hydroxymethylcellulose, hydroxypropylcellulose, etc., and natural polymers such as
chitosan, collagen, sodium alginate, gelatin, hyaluronic acid, and nontoxic metal salts
thereof. A biodegradable polymer may be selected as a base or carrier, for example,
polylactic acid, poly(lactic acid-glycolic acid) copolymer, polyhydroxybutyric acid,

15  polythydroxybutyric acid-glycolic acid) copolymer and mixtures thereof. Synthetic fatty
acid esters such as polyglycerin fatty acid esters, sucrose fatty acid esters, efc., can be
employed as carriers. Hydrophilic polymers and other carriers can be used alone or in
combination, and enhanced structural integrity can be imparted to the carrier by partial
crystallization, ionic bonding, crosslinking and the like. The carrier can be provided in a

20  variety of forms, including, fluid or viscous solutions, gels, pastes, powders, microspheres
and films for direct application to the nasal mucosa. The use of a selected carrier in this
context may result in promotion of absorption of the biologically active agent.

The biologically active agent can be combined with the base or carrier according
to a variety of methods, and release of the active agent may be by diffusion, disintegration

25  of the carrier, or associated formulation of water channels. In some circumstances, the
active agent is dispersed in microcapsules (microspheres) or nanocapsules (nanospheres)
prepared from a suitable polymer, e.g., isobutyl 2-cyanoacrylate (see, e.g., Michael, et al.,
J. Pharmacy Pharmacol. 43:1-5, 1991), and dispersed in a biocompatible dispersing
medium applied to the nasal mucosa, which yields sustained delivery and biological

30  activity over a protracted time.

Formulations for mucosal, nasal, or pulmonary delivery may contain a hydrophilic
low molecular weight compound as a base or excipient. Such hydrophilic low molecular
weight compounds provide a passage medium through which a water-soluble active

agent, such as a physiologically active peptide or protein, may diffuse through the base to
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506.8 486 0.246 2.5 PONA 929.3 683 0.635 6.3 25 EXAMPLE 3 Effects of
physi cal process paraneters on RNA-containing |iposonal conpositions

In this ewerzplogdsithe effects of certain process paranet @C3/Usero9naidBect i on,
i ncubati on and quenching on the properties of siRNA |iposomal conpositions
wer e observed. 5Conpositions were prepared by using the basic protocol
descri bed in Exanple 1. In each exanple, the active agent of the

conposi t i onhBSdydufaiRNVhetOthe 8diive BEINNE aARPRA. THEhdrHMSIRB e conmponent
was an et hanol -water solution containing the D LA2 am no acid conpound
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(Genzyne). In a first exanple, the effects of the concentration of organic
sol vent at yeopbdicller mioksgulst ey gl rompprod angenpratly petineors thae 18,A€0 dfidspersi ty

wer e Ob%ew;\s/&c gﬁ?lyﬁl&?ﬁlgré tHanL}'b?{).eEZam T&%f‘ﬁ%&(}‘&@?ﬁé 1%%./] rﬁ&e&%aé ‘%{iggﬁpi ¢ sol vent

et hanol ul at fro owrdates a ansfer tu I"Taneters. The
i ncubat i ng emoonsfimiude aclyobfontpaends oruply heatligon di-iand TahdseccAridGSwaduddnghour s.

Table 7: Oos'u'cﬁ&‘z'm%ﬂm?ogg ét%%}’l'!%%‘aiaﬁ()‘se‘?{)-éri BRE ﬁfﬁibo%%,. o3 1‘5%%{ %}b&b%ﬂﬁ
Formul ation p -avg f Vg ENncapsu ation col I ection a o Et 7.4 152
0. 11 89% Coddlaeis¢, davtiddse X2Uoro@Hentidiose, glycerin, polyethylene glycol, and mixtures
thereof. Further examples of hydrophilic low molecular weight compounds include N-
10 methylpyrrolidone, alcohols (e. g., oligovinyl alcohol, ethanol, ethylene glycol, propylene
glycol, efc.), and mixtures thereof,

The compositions of this invention may alternatively contain as pharmaceutically
acceptable carriers substances as required to approximate physiological conditions, such
as pH adjusting and buffering agents, tonicity adjusting agents, and wetting agents, for

15  example, sodium acetate, sodium lactate, sodium chloride, potassium chloride, calcium
chloride, sorbitan monolaurate, triethanolamine oleate, and mixtures thereof. For solid
compositions, nontoxic pharmaceutically acceptable carriers can be used which include,
for example, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate,
sodium saccharin, talcum, cellulose, glucose, sucrose, magnesium carbonate, and the like.

20 In certain embodiments of the invention, the biologically active agent may be
administered in a time release formulation, for example in a composition which includes a
slow release polymer. The active agent can be prepared with carriers that will protect
against rapid release, for example a controlled release vehicle such as a polymer,
microencapsulated delivery system or bioadhesive gel. Prolonged delivery of the active

25  agent, in various compositions of the invention can be brought about by including in the
composition agents that delay absorption, for example, aluminum monosterate hydrogels
and gelatin.

Within certain embodiments of this invention, a composition may contain one or
more natural or synthetic surfactants. Certain natural surfactants are found in human lung

30  (pulmonary surfactant), and are a complex mixture of phospholipids and proteins that
form a monolayer at the alveolar air-liquid interface and reduces surface tension to near
zero at expiration and prevents alveolar collapse. Over 90% (by weight) of pulmonary
surfactant is composed of phospholipids with approximately 40-80% being DPPC and the
remainder being unsaturated phosphatidylcholines POPG, POPC and
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161 0.12 89% Col | ection at 40% EtOH 7.4 242 0.30 89% The results in Table
7 showed in general that the size of |iposonal particles increased as the
concent r avpanioafssaaegani ¢ sol vent et hanol in the coll ect POM/USR@ROVDBE

20i ncreased. The dispersity of the particle size distribution also

i ncreased as the concentration of organic solvent increased. The results in
Tabl e 7 showed that high | evels of encapsul ation of the active si RNA agent

wer e achi evig@spMatidly 141, RASOMRle CANMRRS I1HHABS wRlBH BF SFfabhAT &IdRi 519 Ng stream
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polycarbonate membrane filters of defined pore size. Sonication using probe tip and bath
sonicators can be employed to produce particles of uniform size. Homogenous and
monodisperse particle sizes can be obtained without the addition of the nucleic acid
15  component. For in vifro transfection compositions, the nucleic acid component can be
added after the transfection agent is made and stabilized by buffer components. For in
vivo delivery compositions, the nucleic acid component is part of the formulation.
The compositions and formulations of this invention may be administered by
various routes, for example, to effect systemic delivery via intravenous, parenteral, or
20  intraperitoneal routes. In some embodiments, an agent may be delivered intracellularly,
for example, in cells of a target tissue such as lung or liver, or in inflamed tissues.
Included within this disclosure are compositions and methods for delivery of an agent by
removing cells of a subject, delivering an agent to the removed cells, and reintroducing
the cells into a subject. In some embodiments, this invention provides a method for
25  delivery of an agent in vivo. A composition may be administered intravenously,
subcutaneously, or intraperitoneally to a subject. In some embodiments, the invention
provides methods for in vivo delivery of an agent to the lung of a mammalian subject.
The active agent liposomal compositions of this disclosure may be used in
pharmaceutical compositions in vivo. Administration of the active agent liposomal
30  compositions of this disclosure to a subject may be parenteral, oral, by inhalation, topical,
mucosal, rectal, or buccal routes. Parenteral use includes subcutaneous, intracutaneous,

intravenous, intramuscular, intraarticular, intrasynovial, intrastemal, intrathecal,

intralesional, and intracranial injection or infusion techniques.
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4 51 27 10 The results in Table 8 showed that the in vivo

gene-sil enci ng knockdown activity for |iposomal fornulations containing an
ApoB genewei2beviasilg RNAI - agent increased to advant ageou®Cirasedn/oam3e he

i ncubating period increased. In a third exanple, the effects of an

i ncubating period on the in vivo gene- 15silencing activity of |iposonal

Si RNA fornul ati ons were observed as shown in Table 9. In these experinents,
the |iposomal sifNAt@IatlRL ANG VBRI Qg it BPSORE! WnipdsitlbRbMbis AistBEer t han
TFF filtration. The conpositions were prepared with an inpinging stream and
col | ecti on foegeaipgp parryliniwastis pggerally an prennt syfeirntia pmeliPrge Obiedersiac

sol vent et hanlont Pr hb8isGoL. | BEILAPoGESERNOAS adhRf sl h€MsihJ10Ms30:s, 36% as shown
in Table 9. "Each |'i posormal 20 fornulation in Table 9 was

11C18- nor ArigaGradarEnNSed hp FpBNREIPBG2k (50/ 28/ 20/ 2)]. Table 9: | ncubati on
effects on A RuNdiPeAENEnSid encing activity of |iposomal siRNA formulations
at various ethanol concentrations in the collection reservoir Protocol

| ncubat i ng peri ddl gubtiyations, viferoncp eBtekis orkedopubliCggonRediumtanbapplicatioay um

20101 oass 1364 B0y LbgY wRTlSITiTmd B vivo Apos

knockdown (%  While this invention has been described in relation to certain embodiments, and

many details have been set forth for purposes of illustration, it will be apparent to those

10  skilled in the art that this invention includes additional embodiments, and that some of the
details described herein may be varied considerably without departing from this
invention. This invention includes such additional embodiments, modifications and
equivalents, In particular, this invention includes any combination of the features, terms,
or elements of the various illustrative components and examples.

15 The use herein of the terms "a," "an," "the" and similar terms in describing the
invention, and in the claims, are to be construed to include both the singular and the
plural.

The terms "comprising,” "having,"” "including" and "containing" are to be
construed as open-ended terms which mean, for example, "including, but not limited to."

20  Thus, terms such as "comprising,” "having," "including" and "containing" are to be
construed as being inclusive, not exclusive.

Recitation of a range of values herein refers individually to each and any separate
value falling within the range as if it were individually recited herein, whether or not
some of the values within the range are expressly recited. For example, the range "4 to

25 12" includes without limitation the values 5, 5.1, 5.35 and any other whole, integer,
fractional, or rational value greater than or equal to 4 and less than or equal to 12.
Specific values employed herein will be understood as exemplary and not to limit the
scope of the invention.

Recitation of a range of number of carbon atoms herein refers individually to each

30  and any separate value falling within the range as if it were individually recited herein,
whether or not some of the values within the range are expressly recited. For example,

the term "C1-22" includes without limitation the species C1, C2, C3, C4, C5, C6, C7, C8,
C9, C10, C11, C12, C13, C14, C15, C16, C17, C18, C19, C20, C21, and C22.
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Reduction in serumchol esterol (% EtOH 33% 0 50 31 EtOH 33% 4 72 52 EtOH
33% turbulent mxing 0 8 19 EtOH 33% turbulent mxing 4 62 54 EtOH 36% 0
15 18 Et OMO262H04589 40 The results in Table 9 showed t IraT/uSh@9i050936 vo
nouse gene-silencing activity for |iposomal fornulations containing an ApoB
gene silencing RNA -agent significantly increased to advantageous |evels
when an incubating period was used. 5In a fourth exanple, the effects of

quenching the | iRESABE ofSbBNRT OTWré\lid QS reRNsHbRAIE chidrMdM® kiR e
gene-silencing activity were observed as shown in Table 10. In these
exper i ment sVitHWEreritgios divat MeIRNA 2P oFiAGH Aithdhrse wepeknomasathese skilled imn
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i ncubating period of 1 hour. The concentration of organic solvent ethanol

in the col |ewes pwavidesderajibihall Re songiressidh deminagmvaal 8@es teglefinitiongein the art
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the purpose of illustration, and are not intended to limit the scope of the invention.
When a list of examples is given, such as a list of compounds or molecules

10  suitable for this invention, it will be apparent to those skilled in the art that mixtures of

the listed compounds or molecules are also suitable.
EXAMPLES
EXAMPLE 1

Methods for preparing an RNA-containing liposomal formulation

15 This example describes embodiments of methods for making an RNA-containing
liposomal formulation. Some materials used in the method are summarized below:
C18:1-norArg-C16 (Palmitoyl Oleyl nor-Arginine, PONA) (MDRNA, Inc.)
(formula weight 683.3)
1,2-Dimyristoyl-sn-Glycero-3-Phosphoethanolamine-N-[Methoxy(Polyethylene
20  glycol)-2000] (Ammonium Salt) (DMPE-PEG2k) (Genzyme Pharmaceuticals,
Cambridge, Mass.)
Cholesterol (Solvay Pharmaceuticals)
Cholesteryl-hemisuccinate (CHEMS) GMP (Merck Eprova AG)
Ethanol (absolute, 200 proof); Sterile water for injection
25 Sodium phosphate: monobasic, anhydrous, dibasic, anhydrous
Sucrose, 99+%
5 N sodium hydroxide; 2 N hydrochloric acid; Glacial acetic acid
Tromethamine (Tris) USP Grade (Research Organics)
150 mL Capacity 0.2 um filter bottles, PES
30 Calibrated Rainin 20 pl., 200 pl., and 1 mL pipettors
Iso-disc filter PTTFE25-10

Cole-Parmer In-line static mixer
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Z-avg particle size (nm 1 hr48 hr % Encapsulation 1 hr48 hr 30 171 186 85
72 25 163 169 83 87 20 158 159 84 88 15 164 166 83 87 10 158 162 83 85 5
160 161 380&b10/045512 PCT/US2009/060930

Watson Marlow 520 Di pump; Watson Marlow 523 pump; Filtertec pump
Vivaflow 50 100,00 MWCO PES (Sartorius)
Slide-a-Lyser dialysis cassette 10,000 MWCO (Pierce)

5 The buffer solution Sucrose Phosphate (SUP) Formulation Buffer (20 mM sodium
phosphate, 215 mM sucrose, pH 7.4) was prepared as follows. 2.17 g anhydrous
monobasic sodium phosphate and 8.79 g anhydrous dibasic sodium phosphate were added
to 3600 mL of Milli-Q DI water in a graduated cylinder and mixed thoroughly with a stir
bar. The pH was adjusted with SN sodium hydroxide or 2N hydrogen chloride to pH 7.4.

10 294.38 g sucrose was added slowly and dissolved thoroughly. Final water volume was
adjusted to 4 L.. The solution was filtered with a 0.2 um filter.

A 25 mM stock solution of liposome-forming molecules in 90% v/v ethanol USP
was prepared as follows. 90 mL of ethanol USP (200 proof) was dispensed into a clean
autoclaved 100 mL Pyrex bottle. To the ethanol were added successively 1291 umol of

15  C18:1-norArg-C16 (PONA), 721.6 umol of cholesteryl-hemisuccinate (CHEMS) powder,
61.7 umol of DMPE-PEG2K powder, and 515 umol of cholesterol. The ingredients were
each added to the solution and mixed thoroughly with a stir bar. The mixture was
sonicated for 15 minutes. 10 mL of sterile water for injection USP was added with
thorough mixing. The stock solution was filtered through an ISO-DISC filter PTFE-25

20  mm, 1 um pore size. The stock solution was stored at 80 °C and analyzed for DILLA2
amino acid compounds and lipid components by Reverse Phase HPL.C with Evaporative
Light Scattering Detection.

An siRNA stock solution was prepared in sterile water for injection as follows. 5
mL of sterile water for injection was dispensed into a sterile 15 mL Falcon tube. 100 mg

25  of siRNA powder was added to the tube and vortexed thoroughly. The solution was
filtered through a 0.22 uM Millex GP filter unit using a 10 mL syringe. The siRNA
solution was stored at -20°C and tested by OD (A260 and A280) for purity and
concentration with 1:1000 dilution.

A Watson Marlow 520Di peristaltic pump was calibrated to a flow rate of 40

30 mL/min. The pump was set to 210 rpm and disconnected from the tubing. 40 mL of 90%
ethanol was pumped through to rinse the line. Ethanol was pumped into a beaker for 15
sec and weighed to determine the flow rate in ml./min. The pump speed was adjusted to
provide a flow rate of 40 + 0.5 m[./min. Pumps for siRNA and sucrose phosphate

solutions were calibrated in a similar manner.
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The results in Table 10 showed that |iposonmal fornulations containing an
RNAI agent mai ntained a stable average particle size and high | evel of
encapsul avpanioafs531e RNAI - agent over 48 hours after queRCHIUSGIOO6@30
concentration of ethanol bel ow about 25% 5EXAMPLE 4 Effect of pH on
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effect of pH on the preparation of |iposomal conpositions was observed.

Conposi tions werggRseRabRAvdY udcir %%ﬂ@a@ﬁﬁNlA%Hﬁﬁ&doﬂgs HHoRY._ tahendasi ¢
protocol described in Exanple 1. 1 e active agent was a dsRNA for

si | enci ng ApsBotagr fanaymping gap afisiRNAaseluaigire SisiSololtion vas Bade Mg/ mL. The

| i posone- f ogifiking i QBN GAth SH@HuAD: B LARAl c&%apﬁlb@fﬁhdcxf?)%ﬁh%ih@ﬂqu%ﬂﬁ?. DI LA2
am no acid conpound C18: 1-nor Arg(NH3C1)-Cl16, along with the |ipids

chol est er yl (bhhd ssoendisplatien (cCPENBNE pEat pAeeon CCRDIDN2 apkg| agislicemppundAnat r ace

CH200), an - PEG K ﬁﬁg - ) ' a4 - he DI LA2

anm no aé?dqg%%%ggﬁgmgngggﬁé |%¥g§Lﬁg§Q?§%?§§%%éﬁi), &g%%ﬁgéé%?esents t he

pDIerL ZS nt (w fsjlowing dipiclk @Wéf@ntesw%gnd @?@ﬂfeP?ﬁOTo He lipot sockarraddedaf t he
am n | ids, . . .

(Cr8: 1. mor AP SRR RE K e BBl b o O EBRIEAR S i e oy 1 1

Tabl e 11, dsRdiXof mjenuibrainoiks a hdunoigr BisZ-1ANY S pandehcdtensi the sélngom. 2AMe 128- 137

nm were made at, bot.h pH 7.4 and pH. 4.. The protocol r making .t he
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m xi ng. The stream was, co : he coIIect?%ﬂﬂjéﬁ%ge was i ncubated
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| l.ected, and

For 1 hour - “BSTaRME RIS {5} QUbiE o BB RHBERETORE s LAY E M PoH Pal -2 Avg
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89 4 0.15 13%(7:0n?1gsol%tgion of liposome-forming molecules were simultaneously pumped into an

impinging stream. The first 1 mL of the effluent impinging stream was discarded, then

15  the siRNA formulation was collected in a vessel. A Watson Marlow 323 pump was used

to pump SUP buffer solution into the vessel to adjust the concentration of ethanol to be

about 33%. 'The siRNA formulation in the vessel was incubated with gentle agitation on

magnetic stir plate for 1 hr.

After incubation, the formulation was loaded into a Pierce slide-a-lyzer dialysis

20 cassette with 10,000 MWCO, and dialyzed for 12-18 hrs at 4 °C against 100 volumes of
SUP.

This example further describes embodiments of methods for making an RNA-
containing liposomal formulation by tangential flow and diafiltration. A siRNA
formulation was provided as described above, except that the last dialysis step was

25  replaced by a tangential flow filtration (TTF) process.

The siRNA formulation was diluted to 10% (v/v) final ethanol concentration
under gentle agitation on magnetic stir plate for 2 min.

A TFF system using a Sartorius Vivaflow 50 100,000 MWCO PES membrane
was rinsed with 50 mL of 70% ethanol USP, and then re-circulated with 100 mL of 70%

30  ethanol at a pump flow rate of 60 mL/min. The TFT system was rinsed with 50 mL. of
sterile water and then re-circulated with 100 mL of sterile water at a pump flow rate of 60

ml/min. The TET system was rinsed with 50 mL. of SUP and then re-circulated with 100

mL of SUP at a pump flow rate of 60 mL/min.
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0.12 130 78 105 In sum the results shown in Table 11, as well as the
results shown in Tables 7, 9 and 10 of Exanple 3 showed that a fornulation
of a |iposormetemasapsul at ed RNAI i nduci ng agent was prepaPetl/tskoo/opid3of 7. 4.
EXAMPLE 5 5Preparation of RNA-containing |iposomal conpositions by flow
rate control In this exanple, |iposomal conpositions were prepared
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(% 12 5:1 siRNA formulation was filtered through a (.22 uM Millex GP filter unit. 10 mg of
siRNA formulation (1 mg siRNA/mL.) was filtered though the Millex GP filter unit with

15  moderate pressure on the syringe. 1 mL aliquots of this drug product were stored in 3 mL

type [ sterile glass vials at 80 °C prior to use.

EXAMPLE 2

siRNA Liposomal Formulation

20 An example of a liposomal siRNA formulation embodiment of this disclosure is

shown in Table 6.

Table 6: Liposomal siRNA Formulation

Component uM MW mg/ml mg/kg dosed
dsRNA 7.5 13255.4 0.100 1.0
DMPE-PEG2K 38.5 2815 0.108 1.1
chol 366.2 386 0.141 1.4
CHEMS 506.8 486 0.246 2.5
PONA 929.3 683 0.635 6.3

25
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EXAMPLE 3

Effects of physical process parameters on RNA-containing liposomal compositions

In this example, the effects of certain process parameters for collection, incubation

and quenching on the properties of siRNA liposomal compositions were observed.
5  Compositions were prepared by using the basic protocol described in Example 1.

In each example, the active agent of the composition was a dsSRNA for silencing
ApoB. The liposome-forming component was an ethanol-water solution containing the
DILA2 amino acid compound C18:1-norArg(NH3CI)-C16, along with the lipids
cholesteryl hemisuccinate (CHEMS, Anatrace, CH210), cholesterol (Anatrace CH200),

10  and DMPE-PEG2k (Genzyme).

In a first example, the effects of the concentration of organic solvent at the
collection step on liposome particle size and dispersity were observed as shown in Table
7. The concentration of organic solvent ethanol was calculated from flow rates and
transfer tube diameters. The incubating period for each of the formulations in Table 7

15 was 4 hours.

Table 7: Collection and incubation of liposomal siRNA formulations

Formulation pH 7Z-avg | PdI Avg | Encapsulation
Collection at 33% FtOH 7.4 152 0.11 89%
Collection at 37% EtOH 7.4 161 0.12 89%
Collection at 40% EtOH 7.4 242 0.30 89%

The results in Table 7 showed in general that the size of liposomal particles
increased as the concentration of organic solvent ethanol in the collection reservoir
20  increased. The dispersity of the particle size distribution also increased as the
concentration of organic solvent increased. The results in Table 7 showed that high levels
of encapsulation of the active siRNA agent were achieved with liposomal compositions
prepared from an impinging stream and collection reservoir mixture at pH 7.4.
In a second example, effects of the incubating period on the gene-silencing
25  activity of the liposomal siRNA formulation ir vivo mouse were observed. ApoB gene
silencing activity was determined in vivo mouse liver for liposomal formulations. Some

RNAi-agents for silencing ApoB are described in WO08/109357.
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The results in Table 8 showed that the in vivo gene-silencing knockdown activity

for liposomal formulations containing an ApoB gene silencing RNAi-agent increased to

advantageous levels as the incubating period increased.

15

In a third example, the effects of an incubating period on the in vivo gene-

silencing activity of liposomal siRNA formulations were observed as shown in Table 9.

In these experiments, the liposomal siRNA formulations were prepared with dialysis

rather than TFF filtration. The compositions were prepared with an impinging stream and

collection reservoir mixture at pH 7.4. The concentration of organic solvent ethanol in

the collection reservoir was varied from 30-36% as shown in Table 9. Each liposomal

20

(50/28/20/2)].

formulation in Table 9 was [C18-norArg-C16/CHEMS/chol/DMPE-PEG2k

Table 9: Incubation effects on in vivo gene-silencing activity of liposomal
siRNA formulations at various ethanol concentrations in the
collection reservoir

Protocol Incpbating In vivo ApoB Recllé(;lt]igln "
period (hr) | knockdown (%) | oo (%)
EtOH 30% 1 °
EtOH 30% ahi i
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TFF WO 2010/ 045512PCT/ US2009/ 060930 Protocol Conc. factor Z-avg (nm
Pdl % Encapsul ation 4X 130 0.16 84 TFF 8X 133 0.15 80 TFF
WO 2010/045512 PCT/US2009/060930

Protocol Incpbating In vivo ApoB Recllé(r:lt]i;n in
period (hr) | knockdown (%) cholesterol (%)
EtOH 33% 0 50 31
EtOH 33% 4 72 52
EtOH 33%, turbulent mixing 0 8 19
EtOH 33%, turbulent mixing 4 62 54
EtOH 36% 0 15 18
EtOH 36% 4 59 40

The results in Table 9 showed that the in vivo mouse gene-silencing activity for
liposomal formulations containing an ApoB gene silencing RNAi-agent significantly
increased to advantageous levels when an incubating period was used.

5 In a fourth example, the effects of quenching the liposomal siRNA formulations
on their in vivo mouse gene-silencing activity were observed as shown in Table 10. In
these experiments, the liposomal siRNA formulations were prepared with an impinging
stream and collection reservoir mixture at pH 7.4 and an incubating period of 1 hour. The
concentration of organic solvent ethanol in the collection reservoir was quenched from

10 33% to a lower concentration as shown in Table 10. Each liposomal formulation in Table
10 was [C18-norArg-C16/CHEMS/chol/DMPE-PEG2K]. The stability of the formulation
was determined by measuring average particle size and encapsulation of the siRNA active

agent at 1 hour and 48 hours after quenching.

Table 10: Quenching of liposomal siRNA formulations

7-avg particle size (nm) % Encapsulation
Reduced EtOH

1 hr 48 hr 1 hr 48 hr

30 171 186 85 72

25 163 169 83 87

20 158 159 84 88

15 164 166 83 87

10 158 162 83 85

5 160 161 83 85

15
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12X 132 0.16 82 TFF 16X 134 0.17 84 TFF EXAMPLE 7 Stability of
RNA- cont ai ning | i posonal conpositions In this exanple, the stability of a
| i posonmalwoanporsilzons was observed after 5 being hel d Por/UR2eape09a4

el evated tenperature. The conposition was prepared by inpinging and

i ncubating for 1 hour using the basic protocol described in Exanple 1. A
turbul ent m xi ng tube was used and the concentration of EtOH in the

col I ection reserygirdsult@is 138%010M v Rt & @s'bﬁltal Rfnulhitfs tMHhabh RRAMAS hel d
for 7 days at a tenperature of 45 C. Af 7 days, the average particle
size was 11®Behiapfainehestaile aysase RETSH Swaénqlegll%velrféﬁnqaaelqﬁleap feeat ed

formul ati ongNAR, 7ée9§§ve9ﬁ8 H&E@af%g P@lhﬂ@toaacéohé/énh)(uénq{f MRAB bbiBwbYR Mouse was

observed after days. EXAMPLE eptT de Bi ndi ng Regi ons The
relative st¥¥ngth of the binding of a cationic peptide to an RNAi -i nduci ng
15agent was neasured wth a dye binding assay. The RNAI -i nduci ng agent

was prepared at 7.8 [11 in 10ml to pRKepar20 ug/ ml stock, then 75 [11/well.
A SYBR gold dilution was prepared at 3 75 [11 in 15 n for 1: 4000 dilution
for a 2.5X stock. Pegeil@erH w8 ARSHNY POSitPRS paked byusqubation t h 5% dext r ose
and di | uted.Peqhlifesal wheeffwtr)h@q omﬂe e?pQraﬁgn bR Lddodifighd be added
to each well resulting fnthe Si ranging fromO0-4 Pepti des were
assuned t o Wenabsevashompogfioms0ngre mparerbbxraipurgem and éncabasa using e kA own.

A SYBR- GOL s performed. A 96-well plate assay with
sanpl e vol rg% ?l%gf[%gb%nﬁﬁﬁ vya Fi nal dsRNA concentration was 10ng/nl in
10mv 10 The active agent was a dsRNA for silencing ApoB that was prepared in an

aqueous solution to 1 mg/mlL..

The liposome-forming component was an ethanol solution containing the DILLA2
amino acid compound C18:1-norArg(NH;C1)-C16, along with the lipids cholesteryl
hemisuccinate (CHEMS, Anatrace, CH210), cholesterol (Anatrace CH200), and

15  DMPE-PEG2k (Genzyme). The relative amounts of the DILLA2 amino acid compound
and the lipids was (50/28/20/2), which represents the percent (w/w) of each component
with respect to the total amount of the DILLA2 amino acid compound plus lipids, for the
composition (C18:1-norArg(NH;C1)-C16 / CHEMS / cholesterol / DMPE-PEG2k).

As shown in Table 11, dsRNA formulations having a Z-avg particle size from

20  128-137 nm were made at both pH 7.4 and pH 4. The protocol for making the
formulations of Table 11 was to add buffer to the impinging stream to adjust the
concentration of ethanol to about 33%, followed by turbulent mixing. The stream was

collected, and the collected mixture was incubated for 1 hour.

25 Table 11: Liposomal compositions at pH 7.4 and 4
pH Pdl 7-Avg D(v) 0.25 D(v) 0.5 | % Encapsulation
0.11 134 94 120 90
74 0.13 128 80 107 89
0.15 137 59 99
) 0.12 130 78 105
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25hepes/ 5%lextrose at pH 7.4. Peptides were diluted into different working
sol utions such that equal volunes were added to reach different NVP rati os.
For the awlOizbioomsjeocedure, dsRNA was first added (75 ®CTAfS2000/06a950m1) ,
foll owed by 150[ 11 of 2.5X SYBR Gold. Peptide (75ul) was then added to
conpete off the SYBR dye. Total volune was 300ul. Fluorescence was
corrected from background of dye alone in buffer. SYBR-CGold ex/em was

495nmL537nm 1 eaf s ey lsREwPaVIla6RS 1PAsatcl & @RABNuls SfodmMIraditonoparticle
si zes were determ ned b%/ transferring to 384-well plate to be tested using

the Watt padtlPef Exanplep shqugdphapa fermgfatipmel olgogeime-epsppiuliteRNAi- ansferred in
duplicate. Vol ofaRk Ridddel & Lhbey was 200 ul. Pepti de rel ease was
triggered by disulfide reduction or enzymatic cl eavage where appropriate.
Cysteine-term nated peptides were cl eavabl e by gl utathione reduction. V- 10
Cit containing peptides were cl eavabXaMi.Eénzymati c cl eavage by Cat hepsin
B. Qutathione was present at 0.1-10 mMintracellularly; Cathepsin B was 1
MM i n | y550S0Mes prb 50k o (GRS Maifind lipQoh AN ositi SRy Hiwchebn@dl BMC
Gastroent erol ogy 2002, 2:16). For rel'ease, the appropriate nol ecule
was added to a fliHag cxemnteelnasempleamppsiiopywes: Hrwam@lévy@pntmgnﬁhpl icated wells

fol | owed by - ; aﬁgnl% bt QL deBsoluti shown
in Figure 6005{?9%%9%1?%%88%1% §g§§% yar gg{ th?ﬁé&%%%&)ﬁ ﬁlge\/%ﬂé‘gﬁ %éﬁﬁfsgl 3(5)??%&3
i ncreased wht koltthe of §pgome gorntiecqudopenty i Conm@sitiondwerg preggiedhy 1 n Figure 6,

it Proasonmi a0 b e8Ik e R AR, (AR e

pept i delConfi@ay rita@f thetRNAilagerdt sditiar gidnhaedutioE)XANMRIsEMS fdrming donpokssay f or

PPl B Gene Expression Knockdown .in A549 cells . | ophi.lin B
(PPIE) genc RiGURONS hoRir eheht el B o upigsonenppmd YRR W
25act i vi t y-datis@idn ird¢sewbir athasadyitibm SURtbefttére rliha goriMAL ol ware pigpdred with at i ons.

TP cally L5, TERSY, SIETL R 53, ASSELL PEG, o0 ot 1 Bt

measur ed i nacAbdSehiwmm ’Rxaabatilehasahpapi t hel i al cells. For PPIB gene
knockdown neasurenents, A549 cells were transfected with an jnterfering RNA

formul atd on, tot'&F llﬁﬂi&mﬁrf%f&%ﬁ)%n%maé a%t?tfl%‘}ol %‘_“’tqnéﬁgtﬁ’é‘tntgiﬂéenl?l% PPI B
MRNA assay eghnily adfd cdhdundBT: S;E’!ﬁ&%@@@‘ﬂ)_ée&mhg with BRIPER chlB@SPhopr ot ei n
PO nRNA expression was performed for nornalization. A549 cells were
seeded at 7heHpRyCeigy é%@ﬁﬁ, Lotagie (H2 1@k ghqlsttcatl b eatrasy eHAYYndi n - medi um
Conf | uency mR@ralQik @8 5yak) IR hlafif SlouhfsdPafaat hORmint RRRLEHHIRN conpl ex
was prepared by adding an interfering RNA to nedium (Opti MEMI) and
vort exi ng, @éé@rdét"@ﬁys%z%@%?g a delivery fornulation to nmedium (Qpti MEMIm
and vors@xing, dnduh i AI1ATHRNIG (drfilalifHd-Ehk o N ST AEGH HE Wi th the
delivery fornulation in medium and | ncubating 2 nutes at room
t enper at ur eflevoratadeghe REAt-agensfodwion emthe daplrax of i eolpteai of dipdsomeifngnibat ed
cells was r i,th, fre ti MEMIm and transfection conpl ex was added
to each vvel(f%mpggﬁqsswvbéﬁ}rhe’ 3|'ln%1{z}lasz'i'ed for 5 hrs at 37C and 5% CO2, then
conpl ete medi um was added (to a final fetal bovine serumconcentration 10%
and 10i ncubati contd nued. unti.l 24 hours .post-transf i on, . For PPI B
Gene knockdown it P2 VErESey S hPohie iRty BOR el PRRVRIBPE ikt | ke
96-Kit/C, lInvitek, |Berlin, lor RNeasly 96 Kit|, Q agen). Quantftgtiye RT-PCR
was per f or redsk¥fing Imerdlogp N PGR Kid'e (1 nvi pgogen) dh a DNébEE i he
Opticon2 tHerm¥ cydNerbI(BiloRad). LUSPrnmers| used f ofin@PpBioper 'U@EQ | D

SEQ 1 D N Q{?,;I 5

8

NO 354) 5' |-GCTFCCTAGITCITAATCAC- 3 (forward) and {

- CCTTCOGCAQCACETC- 3 (F:éver|se) 16 t H 2086EQ || D (D 35/6) 58 | 48
- FAM CTAGA TGTLEGTGITT TANRA- I TOr priobeg,For| 36B4, pfi ners
were: (SEQ[LD m 357) 55 | T T(‘AT(‘AIZZ(OT:(TTA(dZ%A(‘[? -q'83(fgc malég) ahd

18 31 2 80 0.10 75 59

18 31 2 170 0.22 91 69

26 1.7:1 33 189 0.17 73 75

25
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(SEQ I D NG 358) 5' -CTITTTCAGCAAGIGGGAAGGTG 3' (reverse) with (SEQ ID

NO 359) 5' - FAM CCTGGCCTTGTCTGTGGAGACGGATTA- TAMRA-3' for the probe. 30

The strucworen/w@ssigone doubl e-stranded RNAs (dsRNA) of whirasdiwob@sure are
shown in Table 14. WD 2010/ 045512PCT/ US2009/ 060930 Tabl e 14:

Doubl e- stranded RNAs RNA SEQUENCES DX4227 ApoB (SEQ | D NO 360)

Sense5' - GGAAUC', U', UA", UA", U', U', UGAUC', CABA-3' (SEQ I D NO 361)

AntisenseS’ - ", UnbKLatle in GARE"1 2 WhbwddAeRpeddhlel edaposifiod ndvinP¥deiz 1l PPI B ( SEQ
| D NG 362) Sense 5' - GGAAAGACUGUUCCAAAAACAGUAGIG 3" ((SEQ | D NO 363)

Ant i sense5' ICTATHYERIIICOSARCHAELIGCENIINg ac iy IryApD} B éwri]eHyaters( SEQ | D
NO. 364)  Sengesapod FHOARAMGHEVHCAMMAAHURE Ai (BB b 1RiNR 38Fow rate of the

Ant i sense5' - UUUUUGGAACAGUCUUUCCUU- 3' Conj ugated with Transportan on 3' end
of sense styodutign of SESPINOINOIBEEMPNELNSGHIONSARGYI A GRPMNIL RALAALAKKI L- ani de

E)X_Z L8J 16 :§ on- %Wé%% (}%Eﬁg% %@g%ﬂa%%egg fticle size as low as 80 nm with

Ant i sense5' loAxQatt @A i Ted3wittDX@E4 0f tha dlZw rate of the RNAi-agent

solution to the flow rate of the solution of liposome-forming components of from about 3

to about 5.

EXAMPLE 6

10 Filtration of RNA-containing liposomal compositions

In this example, the effect of concentrating the active RNAi-agent by tangential
flow filtration in the preparation of liposomal compositions was observed. Compositions
were prepared at pH 7.4 using the basic protocol described in Example 1 by collecting the
impinging stream at 22% EtOH in the collection reservoir and incubating for 30 minutes.

15  The composition was quenched to a concentration of EtOH of 10% for tangential flow
filtration.

The liposome-forming component was an ethanol solution containing the DILLA2
amino acid compound C18:1-norArg-C16, along with the lipids cholesteryl hemisuccinate
(CHEMS, Anatrace, CH210), cholesterol (Anatrace CH200), and DMPE-PEG2k

20  (Genzyme). The relative amounts of the DILLA2 amino acid compound and lipids was
(50/28/20/2).

The formulations were filtered by tangential flow filtration using an Amersham
PES column. As shown in Table 13, the compositions remained stable regarding particle
size and encapsulation of the active RNAi-agent under tangential flow filtration

25  performed to concentrate the active RNAi-agent by a factor of up to sixteen. The final

concentration of the active RNAi-agent was up to 5 mg/ml.

Table 13: In vivo gene-silencing activity of liposomal RNAi
formulations made with incubation and filtration

Protocol Conc. Z-avg PdI % Encapsulation
factor (nm)
TFF 1X 130 0.17 85
TEF 2X 132 0.13 84
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(SEQ I D NO 369) Sense 5'

Ant i senseb

Ant i senseb’

met hyl

uridi ne,

"nC' represents 21-0-net hyl

- CUACACAAAUCAGCGAUULTAT- 3'
- AAAUCGCUGAUUUGUGUATAC- 3'
NO 371) SE0=2010F4553GAAAGACUGUUCCAAAAAUU- 3!
- UUUUUGGAACAGUCUUUCCUU- 3'
represents 21-0-

DX2742

PPIB o

In Tabl e 14,

5cyti di ne,

(SEQ I D NO 370)

M CypB (SEQ I D
(SEQ I D NG 372{T/US2009/060930

n m}l
and

s" represents a phosphorothioate |inkage. EXAMPLE 10 PPI B gene expression
knockdown usi ng[a rayerjed-carrier,_and [triggered release peptijde
Nanoparticle carﬂh@neﬂfor an’ RNAI g%dUC|d@lagent%wequMQRMed for PPIB gene
knockdown activity in A5 Sblls (an bijnary complex of a dsRNA RNAI -i nduci ng
agent 10with a tri@@%red reX ease pEptijdeOviads initiallBy forned at a

articular NP ratj n endosonmol yi i ¢ agent Wwas added, which adj usted the
RI/P ratioto(;11ing119F\/aIm=SBEI p/ a'r%ﬁgnq of |ayered rarrierjs were in
general prepared byFﬁlrstlaﬁrteX|mg2a dsBNA i nt o HEPBS/ Dextrase buffer.
Triggered rel ease tidelﬁgs <ddﬁ? tn vgrtexing tg conpiex the dsRNA
The conpl ex was lincClbatled r nutle itarald ﬁiyde was added and t he

core allowed to crosslink for 1.5 h. The reacti on was quenched by addition
of 1 MTris buffer pH 7.4 Endosonol ytic agent was added, and the carrier

m xture incubated for 15 m nutes befoigpagdi ng to cells. PPIB gene
expressi on knockdown neasurements using a |ayered carrier 5Sconprising a
triggered rel ease peptide,. are shomn in TabIe 15 The results in Table 15
indi cate that the carriSPiliys gt Se peptide was
effective in the,pieSQRGR, QEs@&h%ﬂﬁQQQHthﬂb&n@ﬁﬁﬁhs&&s&%&w&ﬁﬁman active
dsRNA agent to cells to produce a significant gene silencing effect.

10Tabl e 215: bepry IBldfen & dak g dewicdricRPIEERGoWAe EETRPGLAN Pias BgereddY el ease

pept i de Tr i ggeree hehRasRine e iter BAIARCBI b GeAdBRknd RAmM P, R nal N P
S

turbulent mixing tube was used and the concentration of EtOH in the collection reservoir
was 33%. After preparation, the formulation was held for 7 days at a temperature of
45 °C. After 7 days, the average particle size was 116 nm and the encapsulation was

10 71%. For the heat-treated formulation, no loss of gene-silencing activity for ApoB in vivo

mouse was observed after 7 days.
EXAMPLE 8

Peptide Binding Regions

The relative strength of the binding of a cationic peptide to an RNAi-inducing

15  agent was measured with a dye binding assay.

The RNAi-inducing agent was prepared at 7.8 pl in 10ml to make a 20 ug/ml
stock, then 75 pl/well. A SYBR gold dilution was prepared at 3.75 ul in 15 ml for 1:4000
dilution for a 2.5X stock.

Peptides were dissolved in Hepes buffer with 5% dextrose and diluted. Peptides
20  were further diluted so that 75 ul could be added to each well resulting in the desired N:P
(ranging from 0-4). Peptides were assumed to have a purity of 50%, but actual peptide
amount was unknown.

A SYBR-GOLD Dye Binding Assay was performed. A 96-well plate assay with
sample volume of 150 pl per well. Final dsRNA concentration was 10ug/ml in 10mM
25  hepes/5%dextrose at pH 7.4. Peptides were diluted into different working solutions such

that equal volumes were added to reach different N/P ratios. For the addition procedure,
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Knockdown (% (vs dsRNA control) PN4110 none 5 --- DC4377 100 nM O PN4110
PN3033 5 2.5 DC4377 100 nM 65 PN4110 PN3033 10 5 DC4377 100 nM 63 RNAI MAX
none DXB201028551M 94 Materials used in this exanpl e ReTASLINE/06@®B ow ng:
PN4110 SEQ I D NO 373 15WNHHKKRRCCRRKKHHW/A PN3033 (di | NF7)

dsRNA was first added (75 ul of 20 pg/ml), followed by 150ul of 2.5X SYBR Gold.
Peptide (75ul) was then added to compete off the SYBR dye. Total volume was 300ul.
Iluorescence was corrected from background of dye alone in buffer. SYBR-Gold ex/em
was 495nm/537nm, read on Molecular Devices plate reader.

5 Formulation particle sizes were determined by transferring to 384-well plate to be
tested using the Wyatt particle sizer. Fach well of the 96 well plate was transferred in
duplicate. Volume remaining in plate was 200 ul.

Peptide release was triggered by disulfide reduction or enzymatic cleavage where
appropriate. Cysteine-terminated peptides were cleavable by glutathione reduction. V-

10 Cit containing peptides were cleavable by enzymatic cleavage by Cathepsin B.
Glutathione was present at 0.1-10 mM intracellularly; Cathepsin B was 1 mM in
lysosomes. (For Cathepsin B at 0.14ng/ul, see Teich et al BMC Gastroenterology 2002,
2:16).

For release, the appropriate molecule was added to a final concentration of 1mM

15  in one of the duplicated wells followed by measurement of SYBR GOLD fluorescence
with time.

As shown in Figure 6, the binding of a polyarginine binding region to dsRNA
increased with the length of the polyarginine binding region. In Figure 6, the strongest
binding (best ability to displace SYBR-Gold dye) was observed with PN3499, peptide

20  (SEQ ID NO:353) RRRRRCCRRRRR, which was a dimer peptide containing a total of

10 arginines.
EXAMPLE 9

In Vitro Assay for PPIB Gene Expression Knockdown in A549 cells

Cyclophilin B (PPIB) gene knockdown measurements can be used as a primary
25  activity-based in vitro assay for interfering RNA delivery formulations. Typically, the
measurements were made as described below, with minor variations.

Cyclophilin B (PPIB) gene expression knockdown was measured in A549 human
alveolar basal epithelial cells. For PPIB gene knockdown measurements, A549 cells were
transfected with an interfering RNA formulation, total RNA prepared 24 hours after

30  transfection, and PPIB mRNA assayed by RT-PCR. QRT-PCR of 36B4 (acidic

ribosomal phosphoprotein PO) mRNA expression was performed for normalization.
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SEQ I D NO 374 NH2- GLFEAI EGFI ENGWEGM DGWYGC- CO2H 20 The effect of the
final NP ratio on PPIB gene expressi on knockdown neasurenents using a

| ayer ed cwiornsyo4saiapri sing a triggered rel ease pepti de wmag/useteonised, and
the results are shown in Table 16. The results in Table 16 indicate that
the carrier conprising a triggered rel ease peptide was effective in the
presence of an WD 2010/ 045512PCT/ US2009/ 060930 endosonol ytic agent to

deliver an acti vg49sBNAV@YRted £ 7800 LaIshRIRYQAME LA ifdueibd bediinc@iene
silencing effects. Further, the results in Table 16 indicate that in vitro

knockdown f8pdigmy Goritusgexcupsrabert OGngihedingotdrapsipqyger dgnieftioasemplept i de is
enhanced atya JrQWRi vfylaD@he M Ridr@EhOR]N 8 nmradmPopaMIaRhS addyorkkingct of final

NP ratio on gen knockdownh in vitro Triggered rel ease peptide Endosonol ytic
agent Bi narsgpNaPlyRddiag a Nelpveghsiripaulationko se i@ pdAEN'S) and yaaesihgsandont r ol

PNA110 none;my RiAE he HA% Mo RivAL th FRHA QiENRORAV Ay formuRiER Amd i "M 70

and incubating 20 minutes at room temperature to make the transfection complex. The
medium for incubated cells was replaced with fresh OptiMEM™ and transfection
complex was added to each well. Cells were incubated for 5 hrs at 37°C and 5% CO,,
then complete medium was added (to a final fetal bovine serum concentration 10%) and
10 incubation continued until 24 hours post-transfection.
For PPIB gene knockdown cells were lysed and RNA prepared (Invisorb RNA
Cell HTS 96-Kit/C, Invitek, Berlin, or RNeasy 96 Kit, Qiagen). Quantitative RT-PCR
was performed using One-Step qRT-PCR kit (Invitrogen) on a DNA Engine Opticon2
thermal cycler (BioRad).
15 Primers used for PPIB were:
(SEQ ID NO:354)
5’-GGCTCCCAGTTCTTCATCAC-3’ (forward) and
(SEQ ID NO:355)
5-CCTTCCGCACCACCTC-3’ (reverse) with
20 (SEQ ID NO:356)
5’-FAM-CTAGATGGCAAGCATGTGGTGTTTGG-TAMRA-3’ for the probe.

For 36B4, primers were:

(SEQ ID NO:357)
25 5S-TCTATCATCAACGGGTACAAACGA-3’ (forward) and

(SEQ ID NO:358)

5 -CTTTTCAGCAAGTGGGAAGGTG-3’ (reverse) with

(SEQ ID NO:359)

5’-FAM-CCTGGCCTTGTCTGTGGAGACGGATTA-TAMRA-3’ for the probe.
30

The structures of some double-stranded RNAs (dsRNA) of this disclosure are
shown in Table 14,
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72 PNA110 PN3033 5 3.5 DX4221 100 nM 72 74 PN4110 PN3033 5 4.5 DxX4221 100
nM 40 36 PN4110 PN3033 4 2.5 DXx4221 100 nM 55 50 PN4110 PN3033 4 3.5 Dx4221
100 nM 36WOR010EMANPLE 11 Carrier particles having advanragasasioneiose
delivery efficiency ratio 10A batch of carrier nanoparticles was prepared
usi ng DX4227 condensed with PN4110. The delivery efficiency ratio of the
batch was 0.63. The particle dianmeter was 223 nm (Z-avg, PD 0.2).

A batch of carrier nanoparticles was prepared using DX4227 condensed with
PN183. The delivery efficiency ratio of the batch was 1.28. The particle

di ameter was 15208 nm ( Z- avg,Tappl4pDoyble-stranded RNAs

RNA SEQUENCES
(SEQ ID NO:360)
DX4227 Sense 5-GGAAUC,U,UA,UA,U,U,UGAUC,CAsA-3'
ApoB (SEQ ID NO:361)
Antisense 5" UnUGGAU,,CAAA, UA, UAAGA,UUC,Cs,,CsU-3'
(SEQ ID NO:362)
DX4221 Sense 5-GGAAAGACUGUUCCAAAAACAGUAGAG-3'
PPIB (SEQ ID NO:363)
Antisense 5-CCACUGUUUUUGGAACAGUCUUUCCUU-3'
(SEQ ID NO:364)
Sense  5-GGAAAGACUGUUCCAAAAAUU-3'
DCA37T (SEQ ID NO:365)
PPIB Antisense 5-UUUUUGGAACAGUCUUUCCUU-3'
conjugate Conjugated with Transportan on 3’ end of sense strand:
(SEQ ID NO:366)
Mal-GWTLNSAGYLLGKINLKALAALAKKII -amide
DX2816 (SEQ ID NO:367)
Non-target Sense 5-UUCUCCGAACGUGUCACGUATAT-3'
Qneg (SEQ ID NO:368)
Antisense 5-ACGUGACACGUUCGGAGAAdTIT-3'
(SEQ ID NO:369)
DX2940 Sense 5-CUACACAAAUCAGCGAUUUdTAT-3'
LacZ (SEQ ID NO:370)
Antisense 5-AAAUCGCUGAUUUGUGUAGdTdC-3'
DX2742 (SEQ ID NO:371)
PPIR Sense  5-GGAAAGACUGUUCCAAAAAUU-3'
MoCypB (SEQ ID NO:372)
Antisense 5-UUUUUGGAACAGUCUUUCCUU-3'

In Table 14, “mU” represents 2'-O-methyl uridine, “mC” represents 2'-O-methyl

P
S

5  cytidine, and “s” represents a phosphorothioate linkage.
EXAMPLE 10

PPIB gene expression knockdown using a layered carrier and triggered release peptide

Nanoparticle carriers for an RNAi-inducing agent were tested for PPIB gene
knockdown activity in A549 cells. A binary complex of a dsSRNA RNAi-inducing agent
10 with a triggered release peptide was initially formed at a particular N/P ratio. An
endosomolytic agent was added, which adjusted the N/P ratio to a final value.
Formulations of layered carriers were in general prepared by first vortexing a
dsRNA into HEPES/Dextrose buffer. Triggered release peptide was added with

vortexing to complex the dsRNA. The complex was incubated for 15 minutes.
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Materials used in this exanple were the follow ng: PN183 SEQ I D NO 375
NH2 - KETWAETWAT EVBQPGRKKRRORRRPPQ WD 2010/ 045512PCT/ US2009/ 060930 EXAMPLE
12 Li posowal2ofoastuikat i ons prepared from am no acid |i pi @#sTIusaeemd6osse h
carrier particles Liposomal fornulations of an RNAi -agent with an am no
acid lipid were prepared wi th the conpositions shown in Table 17.
RNAI - agents directed to ApoB are described 5 in WO08/109357. Table 17:

Li posomal  f Qfutididdnly @ asOfad@landReE: JRNMNowad &t roMifihroR M. SAMTIRE rédGiidh WdsPi d No.
Li posomal fornulation Carrier particles Initial Nip Particle size Z-avg

di amet er ( nigengbet by addjtiear il dYl dmie pulfernt/ 4 Epdospnebrisagencygy added, andfhens)
1 Chol/ DX422{dr BN&dAQnib&ed for 15 minutes before adding to cells.

PPIB gene expression knockdown measurements using a layered carrier
5  comprising a triggered release peptide are shown in Table 15. The results in Table 15
indicate that the carrier comprising a triggered release peptide was effective in the
presence of an endosomolytic agent to deliver an active dsRNA agent to cells to produce

a significant gene silencing effect.

10 Table 15: PPIB gene expression knockdown using a triggered release peptide
Triggered . . .
reloase Endosomolytic | Binary | Final dsRNA Knockdown (%)
. agent N/P N/P (vs dsRNA control)
peptide
DC4377
PN4110 none 5 --- 0
100 nM
DC4377
PN4110 PN3033 5 2.5 65
100 nM
DC4377
PN4110 PN3033 10 5 63
100 nM
DC4377
RNAIMAX none 94
25 oM

Materials used in this example were the following:
PN4110
SEQ ID NO:373
15 WWHHKKRRCCRRKKHHWW

PN3033 (diINE7)
SEQ ID NO:374
NH,-GLFEAIEGFIENGWEGMIDGWYGC-COH
20
The effect of the final N/P ratio on PPIB gene expression knockdown
measurements using a layered carrier comprising a triggered release peptide was
determined, and the results are shown in Table 16. The results in Table 16 indicate that

the carrier comprising a triggered release peptide was effective in the presence of an
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185 (pH 7.4) 9.21 DWE-PEGk 202 (pH 4.0)  (50/32/16/2)
C18: 1- nor Ar g- C16/ 2 CHEMS/ Chol/ DX4227/PN183 1.6 298 (pH 7. 4) 9.86
DVPE- PEGAKO 2081@551pH 4. 0) (50/ 32/ 16/ 2) PCT/US2009/060930

10

15

endosomolytic agent to deliver an active dsRNA agent to cells to produce a significant
gene silencing effects. Further, the results in Table 16 indicate that in vifro knockdown
for a layered carrier comprising a triggered release peptide is enhanced at a lower final

N/P ratio of 2.5-3.5.

Table 16: Effect of final N/P ratio on gen knockdown in vifro

Triggered

Endosomolytic | Binary | Final Knockdown (%)
relegse agent N/P N/P dsRNA vs untransf vs control
peptide

DX4221

PN4110 none 5 --- 11 14
100 nM
DX4221

PN4110 PN3033 5 25 70 72
100 nM
DX4221

PN4110 PN3033 5 35 72 74
100 nM
DX4221

PN4110 PN3033 5 45 40 36
100 nM
DX4221

PN4110 PN3033 4 25 55 50
100 nM
DX4221

PN4110 PN3033 4 35 36 41
100 nM

EXAMPLE 11

Carrier particles having advantageously low delivery efficiency ratio

A batch of carrier nanoparticles was prepared using DX4227 condensed with
PN4110. The delivery efficiency ratio of the batch was 0.63. The particle diameter was
223 nm (Z-avg, PDI 0.2).

A batch of carrier nanoparticles was prepared using DX4227 condensed with
PN183. The delivery efficiency ratio of the batch was 1.28. The particle diameter was
208 nm (Z-avg, PDI 0.2).

Materials used in this example were the following:

PN183
SEQ ID NO:375
NH,-KETWWETWWTEWSQPGRKKRRQRRRPPQ
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C18: 1- nor Ar g- C16/ CHEMB/ 3 Chol/ DX4227/PN183 1.6 180 (pH 7.4)
9.86 DVPE- PEG2k (50/ 32/ 16/ 2) C18: 1- nor Ar g- C16/
WO 2010/045512 PCT/US2009/060930

EXAMPLE 12

Liposomal formulations prepared from amino acid lipids loaded with carrier particles

Liposomal formulations of an RNAi-agent with an amino acid lipid were prepared
with the compositions shown in Table 17. RNAi-agents directed to ApoB are described
5 in WO08/109357.

Table 17: Iiposomal formulations of an ApoB RNAi-agent with an amino acid lipid

Initial Particle size Delivery
No. | Liposomal formulation Catrier particles N/P Z-avg diameter efficiency
(nm) ratio
C18:1-norArg-C16/
CHEMS/
1 | Chol/ DX4227/PN4110 | 1.6 e Epg Z'gg 9.21
DMPE-PEG2k P =
(50/32/16/2)
C18:1-norArg-C16/
CHEMS/
2 | Chol/ DX4227/PN183 1.6 g?g Epg 471?); 9.86
DMPE-PEG2k P =
(50/32/16/2)
C18:1-norArg-C16/
CHEMS/
3 | Chol/ DX4227/PN183 1.6 180 (pH 7.4) 9.86
DMPE-PEG2k
(50/32/16/2)
C18:1-norArg-C16/
CHEMS/
4 | Chol/ DX4227/PN183 0.8 192
DMPE-PEG2k
(50/32/16/2)
EXAMPLE 13
10 ApoB gene silencing knockdown in vitro HepG2 cells using liposomal formulations

prepared from amino acid lipids loaded with peptide condensate carrier particles

ApoB gene silencing activity was determined in vitro for a liposomal formulation
prepared from an amino acid lipid loaded with peptide condensate carrier particles. ApoB
gene knockdown activity was obtained from an in vitro assay in HepG2 cells. The

15  normalized ApoB mRNA expression values for the formulation were measured.

Methods and protocol for the HepG2 assay were as follows:

Day 1: 25 uL. complexes were added to wells, then 75 ul. cells were added to
wells in DMEM with 10% FBS or in OPTIMEM, no-serum. If in no-serum OPTIMEM,
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CHEMS/ 4 Chol/ DX4227/PN183 0.8 192 DMPE- PEG2k (50/ 32/ 16/ 2)
EXAMPLE 13 10ApoB gene sil enci ng knockdown in vitro Hep& cel |l s using

| i posomalwOaentul4silizons prepared from am no acid |i pi dsPCodaseaonsiobo pept i de
condensate carrier particles ApoB gene silencing activity was
determned in vitro for a |liposomal fornulation prepared froman amno acid
lipid | oaded with peptide condensate carrier particles. ApoB gene knockdown

activity wagoQht @inedivh! K1k 80 séruMi Wds AR his TardfeR a2 rigg 1 b%-FeRhe 15
normal i zed ApoB nRNA expression values for the formul ati on were neasured.

Met hods andCOBFrBaedn for the Hep& assay were as follows:
Day 2: Cells were lysed at 24 hrs, RNA was prepared, and qRT-PCR was

performed for ApoB and 36B4, or GAPDH mRNA was performed on Day 3.

5 The liposomal formulation [C18:1-norArg-C16/CHEMS/chol/DMPE-PEG2k
(50/32/16/2)] was prepared, where C18:1-norArg-C16 is an amino acid lipid as described
in U.S. Pat. Application No. 12/114,284. The liposomal formulation was loaded with
peptide condensate carrier particles DX4227/PN4110. The initial N/P ratio was 0.8. This
formulation exhibited 91% knockdown compared to Qneg for a concentration of 100 nM

10 of the DX4227 RNAi-agent.
Additional liposomal formulations [C18:1-norArg-C16/CHEMS/chol/DMPE-
PEG2k (50/32/16/2)] were prepared and loaded with peptide condensate carrier particles
DX4227/PN183 as shown in Table 18.

Table 18: ApoB gene silencing knockdown in vitro HepG2 for liposomal formulations

No. | Comrpicenin | NPl | iy | onee | ans
ratio (25 nM) (2.5 nM)
1 DX4227/PN183 0.6 9.54 95 95
2 DX4227/PN183 0.7 9.7 95 89
3 DX4227/PN183 0.8 9.86 87 76
4 DX4227/PN183 0.6 11.69 89 88
5 DX4227/PN183 0.7 11.85 91 88
6 DX4227/PN183 0.8 12.01 90 80
15
As shown in Table 18, these formulations exhibited advantageously high
knockdown activity compared to Qneg for concentrations of the DX4227 RNAi-agent of
25 nM and 2.5 nM.
EXAMPLE 14
20 ApoB gene silencing knockdown in vivo using liposomal formulations prepared from

amino acid lipids loaded with peptide condensate carrier particles

Liposomal formulations were prepared with an amino acid lipid loaded with

peptide condensate carrier particles containing an ApoB gene silencing RNAi-agent.
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Day 1: 25 [IL conplexes were added to wells, then 75 [IL cells were added
to wells in DMEMw th 10% FBS or in OPTIMEM no-serum |If in no-serum
OPTI MEM WwOQofokd4s51al | medi umwi th 20% serum was added 4PETHISg000A6@B3) Wit h
final 10% FBS concentrati on. Day 2: Cells were lysed at 24 hrs, RNA
was prepared, and gRT-PCR was perforned for ApoB and 36B4, or GAPDH nRNA
was performed on Day 3. 5The |iposomal fornulation

[ C18: 1- nor AKgly wﬁég&mﬁ/y%&&ﬂ%@éﬁ it 906 3udblo b scpdsdgpar ed, where
Cl18: 1-norArg-Cl s an amno acid lipid as described in U S. Pat.

Appl i cat i ont%maulatlozlﬁ padcopparcd ThROpIeSEEBIFAPICH oMY et | b %9@ nB¥ded with
pepti de condgnsah QCtﬁ/ﬁ? bl 8o BT &h%%o%ﬂ%?e%rﬁ’%ﬂélés@eroﬂ@&chéﬂ L@l N P ratio

was 0.8. This fornulation exhibited 91% knockdown conpared to Qneg for a
concent r at i bawain Tade HiviThe ligpsopablopyulatan irNjaple 4§ s [C18:1-norAggdi t i onal

| | posomy f@gd)@hg%%&@&%% PEAR(S/82/56/81) dSJ&%éR!%{PEPEx%Lﬁnﬁ 32/ 16/ 2)]

wer e prepare oaded w th peptide condensate carrier partic
DX4227/ PN183 as shown in Table 18. Table 18: ApoB gene silencing knockdovvn

invitro HepGd. a!l FOerﬁ{l(gl{Scia%gd

hposomal formo 7D vs (Qneg
(25 nM %KD vs Q‘leg ( 2 5 nM Dfﬁ)tlﬂb(d@ﬁ@dsmt&&eﬂpaﬁt1(96354 95 95 2 DX4227/ PN183
0.7 9. % Reduction
Carrier particles % Reduction % Body serum
No. (initial N/P)/ ApoB mRNA | weight change cholesterol
(final N/P) (p-value) (48 hrs) (p-value)
| DX4227 alone 55 0.6 45
0.8)/(--) (0.003) - (0.000)
5 DX4227 alone 64 +13 56
(1.4)/(--) (0.001) ] (0.000)
3 DX4227/PN183 50 408 43
(0.8)/(0.6) (0.009 ] (0.004)
4 DX4227/PN183 48 +0.9 38
0.8) /(0.7 (0.007) ] (0.000)
5 DX4227/PN183 34 L1l 27
(0.8)/(0.8) (0.036) ) (0.002)
6 DX4227/PN183 70 14 52
(L.OY/(0.6) (0.00D) ) (0.000)
7 DX4227/PN183 42 +0.6 31
(LOY /(0.7 (0.014) ) (0.00D)
3 DX4227/PN183 26 30 18
(L.OY/(0.8) (0.073) ) (0.004)
9 Control 0 +3.5 0

10 The results in Table 19 show that the liposomal formulations loaded with peptide
condensate carrier particles containing an ApoB gene silencing RNAi-agent were
advantageously well-tolerated in mouse because of the generally higher body weight
increase 48 hours after administration as compared to the same formulations without the
peptide condensate carrier particles.

15 Further, the results in Table 19 show that the liposomal formulations loaded with
peptide condensate carrier particles were advantageously highly active for ApoB gene
silencing in vivo, both in terms of reducing ApoB mRNA and reducing serum cholesterol.
The results in Table 19 show that a higher initial N/P of 1.0 and a lower final N/P of 0.6-
0.7 was preferred.

20
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95 89 3 DXx4227/PN183 0.8 9.86 87 76 4 DX4227/PN183 0.6 11.69 89 88 5
DX4227/ PN183 0.7 11.85 91 88 6 DX4227/PN183 0.8 12.01 90 80 7 Dx4227
PCT/US2009/060930

control

10

15
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Additional liposomal formulations were prepared with an amino acid lipid loaded

with peptide condensate carrier particles containing an ApoB gene silencing RNAi-agent.

ApoB gene silencing activity was determined in vivo mouse for these liposomal

formulations and compared to mouse serum cholesterol levels. The ApoB mRNA

reduction activity in vivo and the corresponding serum cholesterol reduction in vivo are

shown in Table 20.

Table 20: ApoB gene silencing in vivo mouse using liposomal formulations loaded with

peptide condensate carrier particles

Carrier particles

% Reduction

% Reduction

Liposomal A % Body weight serum
No. formulation D(lmtlal Nl/llz) ApoB nllRNA change (48 hrs) cholesterol
ose (mg/kg) (p-value) (p-value)
C18:1-norArg-C16/
CHEMS/ DX4227 alone 71 64
1 Chol/ 0.8) 0.5
DMPE.PEG2K 5 ((mg e) (0.001) (0.000)
(50/32/16/2)
C18:1-norArg-C16/
CHEMS/ DX4227 alone 32 71
2 Chol/ 1.6) -1.2
DMPE-PEG2k 2 (Eng Ika) (0.0001) (0.000)
(50/32/16/2)
C18:1-norArg-C16/
CHEMS/ DX4227/PN4110 71 52
3 Chol/ 1.6) +0.5
DMPE-PEGAK 17 ((mg o) (0.0001) (0.0001)
(50/32/16/2)
C18:1-norArg-C16/
CHEMS/ DX4227/PN183 38 64
4 Chol/ 1.6) +3.7
DMPE-PEGAK 4 ((mg o) (0.0002) (0.0001)
(50/32/16/2)
5 Control PBS -2 0.2 0

For the liposomal formulations loaded with peptide condensate carrier particles in

Table 20, the delivery efficiency ratio for Formulation 3 was 9.21 and the delivery

efficiency ratio for Formulation 4 was 9.86.

The results in Table 20 show that the liposomal formulations loaded with peptide

condensate carrier particles containing an ApoB gene silencing RNAi-agent were

advantageously well-tolerated in mouse because of the body weight increase 48 hours

after administration as compared to the body weight loss for the same formulations

without the peptide condensate carrier particles.
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As shown in Table 18, these fornul ations exhi bited advantageously high
knockdown activity conpared to Qneg for concentrations of the DX4227

RNAI - agerwoah102855:1M and 2. 5 nM EXAVPLE 14 20ApoB gene #cCiramseimgetonockdown
in vivo using |iposonmal fornulations prepared from amno acid |lipids
| oaded with peptide condensate carrier particles Liposomal formulations
were prepared with an amno acid |ipid | oaded with peptide condensate
carrier particl egr@Nhakddhidn 3ab1000 Bheis: & ligREh AT AIRAded MR _
2010/ 045512PCT/ US2009/ 060930 ApoB gene silencing activity was determ ned in
vi vo nouse HepHde ¢padensatp prEefrRaricles meif v puspasowhanigipetive dor APaboisse serum
chol est er ol . gy & ﬁ-vithﬁotﬁ&qg}Mdﬁﬁﬁ%‘ Abb®hrRAeA hvd I%bfuc'ix{ghs\équIPqIﬁ[bgteHﬂe
correspondi ng serum chol esterol reduction in vivo are shown in Table 19.
The |iposomal fornulation in Table 19 was r 18:1-norArg- 5

C16/ CHEVS/ chol / DVPE- PE&Rk (50/32/16/2)] and the dose in each case was 2

ng/ kg. Table 19: ApoB gene silencing in vivo nouse using |iposonal

formul ati ons | oaded with peptide condensate carrier particles No. Carrier
particles (initial NIP)! (final NP) % Reducti on ApoB nRNA (p-val ue) % Body
wei ght change (48 hrs) % Reduction serum chol esterol (p-value) 1 Dx4227
alone (0.8) / (---) 55 (0.003) -0 6. 45 (0.000) 2 DXx4227 alone (1.4) /
(---) 64
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(0.001) . +13 56 (0.000) 3 DX4227/PNL183 (0.8) / (0.6) 50 (0.009) +0. 8 43
(0.004) 4 DX4227/PN183 (0.8) / (0.7) 48 (0.007) +0. 9 38 (0.000) 5

DX4227/ PNY®20(00148y12/ (0.8) 34 (0.036) +1. 1 27 (0.002) GCDX42®F/0RNIB3 (1. 0)
/ (0.6) 70 (0.001) +14

WHAT IS CLAIMED IS:

1. A process for making a composition comprising an active agent, the process

comprising:
a) providing a first stream comprising an aqueous buffer solution of an active agent;

b) providing a second stream comprising a non-aqueous solution of one or more

liposome-forming compounds in organic solvent;

c) impinging the first stream on the second stream, thereby forming an impinging stream
having a concentration of the organic solvent of from about 20% to about 50% v/v,

and having a pH of from about 6 to about 7.4;

d) incubating the impinging stream in a collection reservoir for a period of from about
0.5 hours to about 8§ hours at a temperature of from about 20 °C to about 35 °C,

thereby forming an incubate comprising liposomes.

2. The process of claim 1, further comprising quenching the incubate by adding buffer
to the incubate sufficient to make the concentration of the organic solvent less than about

20% vlv.

3. The process of claim 1, wherein the liposome-forming compounds are one or more

DILA2 amino acid compounds.

4. The process of claim 1, wherein one of the liposome-forming compounds is PONA,

C18:1-norArg-C16.

5. The process of claim 1, further comprising that the volume flow rate of the first

stream is two times or more the volume flow rate of the second stream.

6. The process of claim 1, further comprising that the volume flow rate of the first

stream is three times or more the volume flow rate of the second stream.

7. The process of claim 1, further comprising the volume flow rate of the first stream

being five times or more the volume flow rate of the second stream.
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. 52 (0.000) 7 Dx4227/PN183 (1.0) / (0.7) 42 (0.014) +0. 6 31 (0.001) 8
DX4227/PN183 (1.0) / (0.8) 26 (0.073) +3 2. 18 (0.004) 9 Control 0 +3.5 0
10The reswbtg10/massiabl e 19 show that the |iposonal fornulpatriusa@oloemded wi t h
pepti de condensate carrier particles containing an ApoB gene sil encing
RNAI - agent were advant ageously well-tolerated in nouse because of the
general |y hi gher body wei ght i ncrease 48 hours after adm nistration as

corrpared to t anme f ons W thout the pepti ndensate carrier
or ot es: 15 Rl B of FETP ds HPer { i Aran e BRos thar TeHgPT eSS

f or mul at goqﬂqrcgrﬁ@gﬁg WMblBoRepti de condensate carrier particles were

advant ageously highly active for ApoB gene silencing in vivo, both in terns
of reducing A_EOB MRNA and reduci ng serum chol esterol. The results in Table
19 show Phat Ehtpighess of alaim | fuxher egmprisingsingubating wea pHifrean abgud 3¢ abowg- 0. 7
was prefgrred. 20 WD 2010/ 045512PCT/ US2009/ 060930 Addi ti onal

| i posomal” formul ati ons were prepared with an amno acid lipid | oaded with
pepti de condensate carrier particles containing an ApoB gene silencing

RNAI - ageil.. AphBpigeew of clagndi fugthactdmprisyn gratklichethefemitanehd colleatiov @edepusietof or

t hese |ipgsomal fornulatigns and co ared to nouse serum chol esterol

| evel s. %Stﬂtf'o‘@nﬁwt@?@g tqr%gﬁn‘éﬁi’q;’itty in vivo and the corresponding
serum chol esterol reduction in vivo are

11. The process of claim 1, further comprising that the active agent is encapsulated in

liposomes at a level greater than about 50%.

12. The process of claim 1, further comprising that the active agent is encapsulated in

liposomes at a level greater than about 70%.

13. The process of claim 1, wherein the active agent is a gene-silencing agent, a gene-
regulating agent, an antisense agent, a peptide nucleic acid agent, a ribozyme agent, an RNA

agent, or a DNA agent.

14. The process of claim 1, wherein the active agent is a UsiRNA.
15. The process of claim 1, wherein the active agent is a pharmaceutical compound.
16. The process of claim 1, wherein the liposomal composition retains gene-silencing

activity for 7 days at a temperature of 45 °C.

17. The process of claim 1, wherein the liposomal composition retains encapsulation of

the active agent for 7 days at a temperature of 45 °C.

18. The process of claim 1, wherein after tangential flow filtration the liposomes are of

uniform size less than about 160 nm in diameter.

19. The process of claim 1, wherein after tangential flow filtration the liposomes are of

uniform size with an average diameter from about 40 nm to about 160 nm.
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shown in Table 20. Table 20: ApoB gene silencing in vivo nouse using

| i posomal formulations | oaded with peptide condensate carrier particles
No. Li poswoabiomassml ati on Carrier particles (initial N PCTDSg@90ppskg) %
Reducti on ApoB nRNA (p-val ue) % Body wei ght change (48 hrs) % Reduction
serum chol esterol (p-value) 1 C18:1-norArg-Cl61 CHEMS/ Chol/ DMPE- PEG2k
(50/ 32/ 1612) DX4227 alone (0.8) 2 (ng/kg) 71 (0.001) -0.5 64 (0.000) 2

c18:1- nOEOA.\ o %66 I/)rog:flz_g'\o/?/claim 1, wherein after tangential flow filtration the liposomes are of

uniform size with an average diameter from about 80 nm to about 150 nm.

21. The process of claim 1, further comprising filtering the incubate by tangential flow

filtration and diafiltration.
22. The process of claim 1, further comprising sterilizing the incubate.

23. The process of claim 1, further comprising exchanging the organic solvent with a

different pharmaceutically-acceptable buffer.

24. The process of claim 1, further comprising adding organic solvent to the first stream

at a concentration of from about 1% to about 40% v/v.

25. The process of claim 1, wherein the organic solvent is a (C1-6)alkanol at a

concentration of about 40 to about 99% v/v in sterile water for injection.

26. The process of claim 1, wherein the organic solvent is a (C1-6)alkanol at a

concentration of about 70 to about 95% v/v in sterile water for injection.

27. The process of claim 1, wherein the incubating period is from about 1 hours to about
4 hours.

28. A pharmaceutical composition made by a process of any one of claims 1-27.

29. A method for delivering a therapeutic nucleic acid to a biological cell comprising

preparing a composition according to a process of any one of claims 1-27 and treating the

cell with the composition.

30. A method for inhibiting expression of a gene in a biological cell comprising preparing
a composition according to a process of any one of claims 1-27 and treating the cell with the

composition.

31. A method for inhibiting expression of a gene in a mammal comprising preparing a
composition according to a process of any one of claims 1-27 and administering the

composition to the mammal.
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Chol / DMPE- PEG2K (50/32/16/2) DX4227 alone (1.6) 2 (mg/kg) 82 (0.0001) -1.

71 (0.000) 3 C18:1-nor Arg- C16/ CHEMS/ Chol / DMPE- PEGRK (50/ 32/ 16/ 2)
DX4227/ PNEORO10fa58Y 1.7 (mg/ kg) 71 (0.0001) +0.5 52 (0. GOOA)S26h9/060930

C18: 1- nor Arg- C16/ CHEMS/ Chol / DWMPE- PEG2k (50/ 32/ 16/2) DX4227/ PN183 (1. 6)
1.4 (nyl/kg) 88

32. A method for treating a disease in a human comprising preparing a composition
according to a process of any one of claims 1-27 and administering the composition to the
human, wherein the disease is cancer, bladder cancer, liver cancer, liver disease,
hypercholesterolemia, an inflammatory disease, a metabolic disease, inflammation, arthritis,

rheumatoid arthritis, encephalitis, bone fracture, heart disease, and viral disease.

33. A use of a composition made according to a process of any one of claims 1-27 for
treating a disease including cancer, bladder cancer, liver cancer, liver disease,
hypercholesterolemia, an inflammatory disease, a metabolic disease, inflammation, arthritis,

rheumatoid arthritis, encephalitis, bone fracture, heart disease, and viral disease.

34. A use of a composition made according to a process of any one of claims 1-27 in the
preparation of a medicament for treating a disease including cancer, bladder cancer, liver
cancer, liver disease, hypercholesterolemia, an inflammatory disease, a metabolic disease,
inflammation, arthritis, rheumatoid arthritis, encephalitis, bone fracture, heart disease, and

viral disease.

35. A composition comprising a liposome containing one or more carrier particles, each
carrier particle comprising an active nucleic acid agent and a peptide, wherein the ratio of the
mass of the peptide plus the mass of the liposome to the mass of the nucleic acid agent is less

than about 15.

36. The composition of claim 35, wherein the ratio of the mass of the peptide plus the

mass of the liposome to the mass of the nucleic acid agent is less than about 12.

37. The composition of claim 35, wherein the ratio of the mass of the peptide plus the

mass of the liposome to the mass of the nucleic acid agent is less than about 10.

38. The composition of claim 35, wherein the ratio of the mass of the peptide plus the

mass of the liposome to the mass of the nucleic acid agent is less than about 9.

39. The composition of claim 35, wherein the ratio of the mass of the peptide plus the

mass of the liposome to the mass of the nucleic acid agent is less than about 8.
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(0.0002) +3.7 (0.0001) 64 5 Control PBS -2 0.2 0 10 For the |iposomnal
formul ati ons | oaded with peptide condensate carrier particles in Table 20,
t he del i wwoyposidsszizency ratio for Fornul ation 3 was 9. 2PCarus$2aoameadad i very
efficiency ratio for Fornmulation 4 was 9.86. The results in Table 20 show
that the |iposomal fornulations | oaded with peptide 15condensate carrier
particles containing an ApoB gene sil enci ng RNAI - agent were advant ageously

WeII-toI ate i n nouse bec of .the body. wei ght increase 48 hours after
e i ot e ofind o ras SR e bty Rerdin B bt G phil g the

f or mul at jha@Sofhd H?’(H;bmreh@ tHRER4ds B (AN RNS AL @ a £k 141184 tRaH dHomt §S-

Further, the results in Table 20 show that the |iposomal fornulations

| oaded wi th peptide condensate carrier ;ﬂartl cl es were advantageously highly
active fék Ap gm@sgiqneﬁ@m@ Idnwihengn thp epmppsitiorehass kafockduitaatiyitApbB mRNA
and reduqu/g%rzeea%gtf&h Inggltl& al ofA\elﬁvZ)bﬁTmlv‘?‘v CLAIMED | S: 1. A process for making
a conposition<co 5 ent, "the process conprising: a)
providing a first stream corrprl si ng an aqueous buffer solution of an active
agent; b¥2.pr oThej&mgpaithadmthimtasemleﬁmhe kcsmpgsidomnivay-adiciseldisy s adtivity @f - of
one or 0 f orm ng. conpounds i.n organi c solvent; c) inpinging the
first stT%eél’ﬁréFFa gers?@%ﬁ]ée”ect rﬁpoﬁn’@r"é‘ffy form ng an inpinging stream

havi ng a concentration of the organic solvent of from about 20%to about
50% v/ v, 48nd Tﬁé’&(ﬂﬂp(ﬁltﬂ)‘ﬂ d?fclaflﬁl% aheMin Be tBMBOYGHEN Hash kifbkkddiebRAk DGt he
inpinging streamin a collection reservoir for a period of fromabout 0.5
hour s t 09Qfbouiredten burgenasilancingmpexpaBuinenaX from about 20 C to about 35 C,
thereby form ng an incubate conprising i posones. 2. The process of claim1,
further npri-sin in uffe t he incubate
suffici e&F Tﬁ guoglorgfg‘nﬁ]}gt W@%}émfaﬁl?ﬁ Br am%ongo ve%?gﬁ%ess t han about
20% V/V.ce?rnﬁi’fi'sengﬂirﬂﬁﬁﬁls a0id 1gdi@i m 1, wherein the | i posore- f or mi ng conpounds
are one or nore DILA2 amino acid conpounds. 4. The process of claiml,
wherein one of the |liposone-formn ounds i.s PONA, C18: 1-nor Arg- Cl6.

5. The protess %?CQ{P%HSFHOP of iRy W g%‘i‘?ﬁ‘r S CARPPHEPN FHUAIDHY EhAESTd GiisTat e of

t he firs%rﬁﬁgeamls two tines or nore the volune flowrate of the second

stream e process of claim1l1, further conprising that the volune flow
rate of the first
46. The composition of claim 35, wherein the composition contains a negatively charged

carrier particle.

47. The composition of claim 35, wherein the composition contains a positively charged

carrier particle.

48. The composition of claim 35, wherein the active nucleic acid agent is an RNAi-

inducing agent or an antisense agent.

49. The composition of claim 35, wherein the active nucleic acid agent is an RNAi-
inducing agent or an antisense agent and each liposome contains 500 or more copies of the

active agent molecule.

50. The composition of claim 35, wherein the active nucleic acid agent is an RNAi-
inducing agent or an antisense agent and each liposome contains 1000 or more copies of the

active agent molecule.
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streamis three tines or nore the volune flow rate of the second stream
7. The process of claim1, further conprising the volunme flowrate of the
first strwemiy4ngy2five tinmes or nore the volume flow r aCe/uskomleossecond
stream WD 2010/ 045512PCT/ US2009/ 060930 8. The process of claim1
further conprising adjusting the pH of the inpinging streamto be from
about 3 to about 6. 9. The process of claim1, further conprising

incubati at H from ahout to rocess laim 1,
urthor b T8 REetidi g B P SECRHLTE GRS TARBRER N G ot t he
concentr ﬁhﬁhélﬁg Qber BRaPEGRBAEL a30h A kach HfosorhBRoMaRS 8860 8f meledidpiel of trér t her
conprising that the active agent is encapsulated in |iposones at a | evel
great er adtiap agbvumol&ade. 12, The process of claim 1, further conprising
that the active agent is encapsulated in |iposones at a level greater than
about 7034 13y, JJ}S t%% %Scm% %! ?/'hmetlﬁ thté‘g eé]tfder]s Sﬁféaﬁ%ﬁé Sefgent is a
gene- S|IenC|ng age ne-regula t I sense agent, a

pepti de nucleic aC|d agent a ribozyne agent, an RNA agent, or a DNA agent.
14. The f3.0ceThe admmdsitiom of clabeySeivhelchethapeptide iagerdsslirkablegepfRiA.  15. The
process of claim1l, wherein the active agent is a pharmaceutical conpound.

16. The oce of claim rein the |ipospma Si.ti tai ns

gene- o: 1 Bhor nate gl naiay ¥ et oRaeds g O hane SR i
process Rbh:¢j@aim 1, wherein the |iposomal conposition retains encapsul ation
of the active agent for 7 days at a tenperature of 45 C. 18. The process
of claiml1l, wherein after tangential flow filtration the |iposones are of
uni f orm $%.ze Teseompriticalsd ¢laimel, wheict @ apptideris PN183 havieg pEQIESNOuI75¢| ai m
1, wherein after tangential flow filtration the |iposonmes are of uniform

size wit

2010/ 04551 2P /‘ﬁ@‘gﬁ@? 6@6%%%‘ %SSﬁﬁti&pérl%gggggé % g‘%ﬁoﬁﬁ%ﬁmﬂ% er
t angent i @mpdsaiwnfactdrtladgi toany bee bfi PoiaBrRsss Sadnel tﬁfatltjgl tHeae ihvaittzihe woinposdtion.
aver age di aneter from about 80 nmto about 150 nm 21 The process of

claim1l, _further conprisi. filtering the incub tan ential flow
filtrati %fq anfh ERtied ok il PiAE cxpsssio Rt PIPEMLEC t S Prepor

conpri si &gnsdsflonl dcgdlthgltB&ny UGB Sms 33355 GRS %ﬁ:eﬁfwﬁﬂ @k Bbrhpoditisd. her
conpri si ng exchangi ng the organic solvent with a different
pharmaceutical | y-acceptabl e buffer. 24. The process of claim1, further
conprisi My addi m@h@d @amlublﬁlog vepressian efiiegene i e mpumreal goaIprising prepering at i on of
f rom about 10%1t on. accorH o(y oY/ ¥e of %al T3§—530an%c P gt];cerl% ﬁ} 3t ; V\{It'ler? et he
organi c Sorke i'sTa F@i éyaPﬁanéi Concentrati ons BIRB 2 SCabout
99% v/ v n@nﬁmﬂrlle wat er for |n]ect|on. 26. The process of claim1l,
wherein the organic solvent is a (Cl- 6)a|kano| at a concentration of about

70 to about 95% v/v in sterile water for ection, he process of

cl ai m 1, Y%hher imethebiar feating 3 Aigeqse in vhuman. ftfa%%%ﬂﬁ%ta%mg Sﬂeﬁ?%free about 4
hour s. I d ny one of
cl ai ns 1g§%n€h%%§c%?%§$hh%@% $9§9Fa52%%ﬂgﬂ% ﬁhg%gg%g??§§§%% ef% acid to a
bi ol ogi chij'petxéllolestemimuas lingr diseepa enceghditcobpedirddton, lmoclisthseg vird daisepseocess
of any onegﬁt 27_and trgatlng the cell with the conpositio &

A met hod" g8 PBW%W&%Q‘&“&%@%“ YARTET & OgRhE e TP ANE A GGTOa e pycording
conpri si RGhnR'RAPAF bl@ﬁn@?)ﬁ@frﬁﬁ)@hdﬂlfﬂ%t&ﬁngﬁgbcﬁﬁpésﬁuﬁl BRCERFRaPf any one of
clainms 1-27 and treating the cel he conposition. 31. A method for
i nhi biting expression of a gene |n a nannal conprising preparing a
conposi t $&n adave 8f dgompostiqiy asceisngoiP aakipne abclaimscddap i the prepafagon of a

adm ni st i.tion t

2010/ 0asS P CLabBERER asB B LA TRER ol Yiscases ngudingy buaoid,
human co#tiritBi MgtapoRPEkéRE: iAcAMRasticholeaeontih el disdasel @repilioh, way one
of clains 1-27 and adnlnlsterlng t he conposition to the human, wherein the
di sease fractergnbesyt diggasedipl disgree includingchepatitivand inflpspep. aadsances,

hyper chol esterol em a, an inflamuatory di sease, a netabolic disease,
inflanmmation, arthritis, rheunmatoid arthritis, encephalitis, bone fracture,
heart di sease, and viral disease. 33. A use of a conposition nmade
according to a process of any one of clains 1-27 for treating a di sease

i ncl udi ng cancer, bl adder cancer, l|iver cancer, liver disease,

hyperchol esterol em a, an inflammtory di sease, a netabolic di sease,
inflammation, arthritis, rheumatoid arthritis, encephalitis, bone fracture,
heart disease, and viral disease. 3456 A use of a conposition nmade
according to a process of any one of clainms 1-27 in the preparation of a
medi cament for treating a disease including cancer, bladder cancer, |iver
cancer, I|ver dlsease hypercholesterolenla -an |nflannatory dlsease a
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35. A conposition conprising a |iposone containing one or nore carrier
particles, each carrier particle conprising an active nucleic acid agent
and a pepwvpDdelo/oabarei n the ratio of the mass of the pepPCiaspiesctde nass
of the liposone to the mass of the nucleic acid agent is |ess than about

15. 36. The conposition of claim35, wherein the ratio of the mass of the
peptide plus the mass of the |iposone to the mass of the nucleic acid agent
is Iessnéﬁan boutf12. 37. The cp ositignlof g%g'g]SS,.mherein the ratio
of the s of PhE' HEFPPYRIY] HEOTHE 10X O5F 4R % WdiaiPSa &% Fass of the
nucl ei ¢ @4dPEGALnflIheSs ditdReAROMHInEFheundfoid BB rie O MRASbJlicWke@iesC! ai m 35,
wherein the ratio of the rass of the peptide plus the nass of the |iposone
to the maskidofg hyipercholebteioteraiai laves gesnasei encepladitis Hzome dtsotre, ieart @Geastheral
CO”pOSitéPQBOfkaﬁi”H§5fﬁ“ﬂ§{egﬂeth%n{%gingf the mass of the peptide plus
the nmass"of ?HE‘Tl%%%éﬁé 18"t fle"THEs gf A& nucl eic acid agent is less than
about 8. WO 2010/ 045512PCT/ US2009/ 060930 40. The conposition of claim 35,
wherein the ratio of the mass of the peptide plus the mass of the |iposone
to the mass of the nucleic acid agent is |ess than about 5. 41. The
conposition of claim35, wherein the conposition has a knockdown activity
of 50% or greater for gene silencing of ApoB in vivo. 42. The conposition
of claim 35, wherein the conposition has a knockdown activity of 70% or
greater for gene silencing of ApoB in vivo. 43. The conposition of claim
35, wherein the conposition has a knockdown activity of 90% or greater for
gene silencing of ApoB in vivo. 44. The conposition of claim 35, wherein

t he conposition contains a |iposonme conprising an amno acid lipid. 45.
The conposition of claim 35, wherein the conposition contains a charged
carrier particle. 46. The conposition of claim 35, wherein the conposition
contains a negatively charged carrier particle. 47. The conposition of
claim 35, wherein the conposition contains a positively charged carrier
particle. 48. The conposition of claim35, wherein the active nucleic acid
agent is an RNAiinducing agent or an antisense agent. 49. The conposition
of claim35, wherein the active nucleic acid agent is an RNA i nduci ng agent
or an antisense agent and each |iposone contains 500 or nore copies of the
active agent nolecule. 50. The conposition of claim35, wherein the active
nucl eic acid agent is an RNAiinduci ng agent or an anti sense agent and each
| i posone contains 1000 or nore copies of the active agent nolecule. WO
2010/ 045512PCT/ US2009/ 060930 51. The conposition of claim 35, wherein the
active nucleic acid agent is an RNAi i nduci ng agent or an antisense agent
and each |iposone contains 5000 or nore copies of the active agent

nol ecul e. 52. The conposition of claim35, wherein the peptide is a

cl eavabl e peptide. 53. The conposition of claim35, wherein the peptide is
a crosslinkable peptide. 54. The conposition of claim35, wherein the
peptide is PNA110 having SEQ ID NO 373. 55. The conposition of claim 35,
wherein the peptide is PN183 having SEQ I D NO 375. 56. A nethod for
delivering an active nucleic acid agent to a cell conprising preparing a
conposition according to any one of clains 35-55 and treating the cell with
the conposition. 57. A nethod for inhibiting expression of a gene in a
cell conprising preparing a conposition according to any one of clains
35-55 and treating the cell with the conposition. 58. A nmethod for

i nhibiting expression of a gene in a manmmal conprising preparing a
conposition according to any one of clainms 35-55 and adm nistering the

conposition to the mammal. 59. A nethod for treating a disease in a human
t he di sease being selected frominflammatory di seases including rheumatoid
arthritis, metabolic diseases including hyperchol esterolema, |iver

di sease, encephalitis, bone fracture, heart disease, viral disease

i ncluding hepatitis and influenza, and cancer, conprising preparing a
conposition according to any one of clains 35-55 and adm nistering the
conposition to the human. 60. A use of a conposition according to any one
of clainms 35-55 in the preparation of a medicanent for treating a disease

i ncluding inflamuatory di seases including rheumatoid arthritis, netabolic
di seases i ncluding hyperchol esterol em a, liver disease, encephalitis, bone
fracture, heart disease, viral disease including hepatitis and influenza,
and cancer. WD 2010/ 045512PCT/ US2009/ 060930 61. A use of a conposition
according to any of clains 35-55 for 1fTeati ng a di sease sel ected from

i nfl ammat ory di seases including rheunatoid arthritis, netabolic di seases

i ncludi ng hyperchol esterol em a, |iver disease, encephalitis, bone fracture,
heart di sease, viral disease including hepatitis and influenza, and cancer.



