LIPID ENCAPSULATED INTERFERING RNA CROSS-REFERENCES TO RELATED APPLICATIONS
5[0001] This application claims the benefit of U.S. Provisional Patent Application Nos. 60/529,406,
filed December 11,2003; 60/503,279, filed September 15, 2003, and 60/488,144, filed July 16, 2003,
the disclosures of each of which are hereby incorporated by reference in their entirety for all purposes.
FIELD OF THE INVENTION 10100021 The present invention relates to compositions and methods for
the therapeutic delivery of a nucleic acid by delivering a serum-stable lipid delivery vehicle
encapsulating the nucleic acid to provide efficient RNA interference (RNAI) in a cell or mammal. More
particularly, the present invention is directed to using a small interfering RNA (siRNA) encapsulated in

a serum-stable lipid particle hFRTD FNCKRPN T FHDUEPERIGIRI Axggiwe - BACKGROUND
OF THE INVENTION [0003] RNA interference (RNAI) is an evolutionarily conserved, sequence

specific mechanism triggered by double stranded RNA (dsRNA) that induces degradation of
complementary target single st éﬁ}a%gd Eﬁr‘?@ssﬁg [ 91@‘%%{1%:5%"6 g translated 20

sequences (McM ng.hs Nature. Rey. Genet. 3;737,(2002)) . BNA fun .tions’t%yenzymatic
cleavage of Il\(;gr?ge dskN sl%ra%r%g iﬁ%;}cl){)I%)%é\tﬁggﬁ%/eaﬁéﬁggiﬁc%?ﬁ%%?%e%%&kmwgﬂﬂ BS sequences

of about 21-23 nuEPEBHAES: iRl ferRfFFTIE R ASHPOB &Y 5 Beti@s Tk SersmnBe (20200). wiRkdiA Hathe used

downregulate or silensa fhe, vanslaionala-aesrrmsduatiel iieresty iRoaxampYs, itisdesikable to
downregulate genes associa%erd a'q\/ith various diseases 25and disorders. 10004] Delivery of SIRNA

remains problemélﬁ%r(%%‘é% SVIRZEnd Sharp, Nature 430::161-163 (2004); and Garber, .1 Nast
Cancer Inst. 95(7):500-2 (2003)). An effectiveldnG i hiERNadOMNIelivery system is required for

SIRNA (o be {frergagyigcatiiseli Nakiethdsbiaadmnisisiedsie-uaskonhigc gl dd be degraded

by endogenous nucleases; 30and (2) will not be able to cross cell membranes to contact and silence
their target gene S84BMREIUYBEES T\ dPleEiore ssuretsilelipdfrizem yeneaeresy airgems, but
suffer from a varielymtsafefidcopretinseSthtaNpotesatiakios pudesited dNMLRTRSNOUSAS.

Furthermore, viral YSIem® A raRidhiadied ipmdi gieyiaton, iiag faafoclion jo “frst pass:
organs such as the ungs; 1|ve|'r,J and spleen.In aoﬁzclltlon, these systlems iInduce Immune responses that
Scompromise dehveassuateidnBsegieritiidptomnsidahaviesaltmat diarierentatisl oesyssystems are
receiving ingreasiag.afiention (Worgall, et al., Human Gene Therapy 8:37 (1997); Peeters, et at,
Human Gene Therapy 7:1693 (1996); Yei, et at, Gene Therapy 1: 192 (1994); Hope, et at, Molecular

Membrane Biology 15:1 (1998)). BACKGROUND OF THE INVENTION

[0003] RNA interference (RNAI) is an evolutionarily conserved, sequence specific
mechanism triggered by double stranded RNA (dsRNA) that induces degradation of
complementary target single stranded mRNA and "silencing” of the correspondiﬁg translated
20 sequences (McManus and Sharp, Nature Rev. Genet. 3:737 (2002)). RNAi functions by
enzymatic cieavage of longer dsRNA strands into biologically active "short-interfering RNA"
{siRNA) sequences of about 21-23 mucleotides in length (Elbashir, ez al, Genes Dev. 15:188
{2001)). siRNA can be used downregulate or silence the translation of a gene product of
interest. For example, it is desirabie to downreguiate genes associated with various diseases
25 and disorders.
10004}  Delivery of siRNA remains problematic (see, e.g., Novina and Sharp, Nature
430::161-163 (2004}; and Garber, J. Natl. Cancer Inst, 95(73:500-2 (2003)). An éffective
and safe nucleic acid delivery system is required for siRNA to be therapeutically useful,
Naked dsRNA administered to most subjects will: (1) be degraded by endogenous nucleases;
30 and (2)'wi13 not be able to cross cell membranes to contact and silence their target gene

sequences.



[0006] Plasmid DNA-cationic liposome complexes are currently the most commonly 10employed
nonviral gene delivery vehicles (Feigner, Scientific American 276:102 (1997); Chonn, et at, Current
Opinion in Biotechnology 6:698 (1995)). For instance, cationic liposome complexes made of an
amphipathic compound, a neutral lipid, and a detergent for transfecting insect cells are disclosed in
U.S. Patent No. 6,458,382. Cationic liposome complexes are also disclosed in U.S. Patent Application
Publication No. 2003/0073640. 15Cationic liposome complexes, however, are large, poorly defined
systems that are not suited for systemic applications and can elicit considerable toxic side effects
(Harrison, et al [0B#6iecHitdvedoroag1s(aiogt) cificiertage TSI enes g s, (LHog¥feem evaictGene Ther.
7:1867 (2000)) A fakgenmbasiliviely £hRigad aoeiesales #pniRxesaiefapidiysleaedimhen

administered in vivo, with highest expressiciin levels observed in first-pass organs, particularly 20 the
lungs (Huang, SYSFRARIFR BiotseIfidIoEy 1B 630 (0 P FRadPASAI Gt Q1. TRPLAAS Bi§8%hnology
15:647 (1997); ddflantle eihgt, RarmasguticalnRddiars thi: #1983« [ Qihentipasaomal

delivery systems, sl ion examaie, s use glisyaica ticeliae.anipnig audpalinerlipgsomes as

disclosed in, e.g. atent No. 6,429,200; U.S. Patent Application No. 2003/002 ;and U.S.

Patent ApplicaiBHNesiszoZe0M 755 ERd Ystabaroeb g e divetyy fodbEPRBeent work has
shown that nugleigeacils Canheransapsdaed insmakdahaet, Warceirmeien; stabiized4lasmid-lipid

particles" (SP that consist of a single plasmjd encap d within a bilayer lipid vesicle (Wheeler,
et at, Gene Tfﬁ%y%%?@%@@f). é@%‘%%ﬁ@t@%?&ggb%ﬁmam the "fusogenic” lipid
dioleoylphospH&fitlietRsoia Ae-GC®O FEscmwcevplerof vattoninlipids st tossronless), and are
stabilized; i aqueausmedia-thedursanagela meluethyiene AlvcabHBES) 50aling $PLP have

systemic application as they exhibit extended circulation lifetimes foIIowin%ntraveno‘us (i.v.) injection,

accumulate prEfEhAfl SPAAPRIFGH &R EIEXHE BIRNEACRY VRS BTEP e E%Hility in such
regions, 2 andigasmediaid-imnsgend exprespiohiatdshpsentd) messitd Spihaleyetsenfctiaisgene
expression obser t ite following i\ iRiact c ind [yciferase marker
gene are supe‘sft%lr\ét%q%ﬁg %%é@@%?é?%@\éaﬁcqrﬁé}v\%ﬂ%%%@i%% gsg)% %q&%f}xpggf(&gmg liposome

complexes (lipwheiexsy 8¢ AR bR 5 LoD Fo e Sweket o Brbl i Al a2885 ARy A4 in the art for

novel and gnore glfician-RaihessardsCRIMRASIIRE afs, INsadurineDeieif Bl gresiieassIRNA, into

cells. The present invention addresseCF this.and othgr needs. BRAEF SUMMARY OF THE INVENTION
%fonsw ahic effect ’I\&ng

10100101 Thgoﬂr%@&eﬁﬂ’frﬁfi’gﬁff’éiﬁ”ﬁr%’h&%’é%1 dbfeniidéicadt 9If‘56|3 par?l ff:"‘)i'ﬂseful for

encapsulatingtinedrinerd SIRNAINDIdcuke s, Nidt Geds df8aliPy SNAL Ps:édraprithag SIRNA, SNALPs
comprising siBNAsanshistheds,of delivering-andiaragminiiering e SNALRS 9 a-shRieg! to silence
expression of a target gene sequence. [0011] In one embodiment, the invention provide nucleic
acid-lipid parti@é@l’%ﬁﬁﬁ‘iﬁ’rfgiﬂ@?dwm highest expression levels observed in first-pass organs, particularly

20  the lungs (Huang, et al., Nature Biotechnology 15:620 (1997); Templeton, et al., Nature
Biotechnology 15:647 (1997); Hofland, et al., Pharmaceutical Research 14:742 (1997)).
f6007] Other liposomal delivery systems include, for example, the use of reverse micelles,
anionic and polymer liposomes as disclosed in, e.g., U.S. Patent No. 6,429,200; U.S. Patent
Application No. 2003/0026831; and U.S. Patent Application Nos. 2002/0081736 and

25 2003/0082103, respectively.

[6008] Recent work has shown that nucleic acids can be encapsulated in small (about 70
nm diameter) "stabilized plasmid-lipid particles" (SPLP) that consist of a single plasmid
encapsulated within a bilayer lipid vesicle (Wheeler, ef al., Gene Therapy 6:271 (1999)).
These SPLPs typically contain the "fusogenic” lipid dioleoylphosphatidylethanolamine

30 (DOPE)}, low levels of cationic lipid (7.e., 10% or less), and are stabilized in agueous media
by the presence of a poly(ethylene glycol) (PEG) coating. SPLP have systemic application as

they exhibit extended circulation lifetimes following intravenous (i.v.} injection, accumulate
preferentially at distal tumor sites due to the enhanced vascular permeability in such regions,
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15cationic lipid, a non-cationic lipid, a conjugated lipid that inhibits aggregation of particles and a
siRNA. In some embodiments, the siRNA molecule is fully encapsulated within the lipid bilayer of the
nucleic acid-lipid particle such that the nucleic acid in the nucleic acid-lipid particle is resistant in
agueous solution to degradation by a nuclease. The nucleic acid particle are substantially non-toxic to
mammals. The siRNA molecule may comprise about 2015 to about 60 nucleotides. The siRNA
molecule may be derived from a double-stranded RNA greater than about 25 nucleotides in length. hi
some embodiments the siRNA is transcribed from a plasmid, in particular a plasmid comprising a DNA
template of a targetosecisdnteir{OELe] Freceatioitipidumensites oheedeveiond oinsgene

N.N-dioley N, Nty aREmaniu T2 BRhloter ROBACY, M@%@@@m&ﬁm%@@ammonium
bromide (DDAB), N-(1-(2,3- dioleoyloxy)propy1)-N,N,N-trimethylammonium chloride (DOTAP),
N-(1-(2,3- dioleJWﬁ%Bﬁ‘)‘iﬁ\%?ﬂﬁ@fﬁml SR RS TEXSTIN AT AR AR INETethy 1-2, 3-
dioleyloxy)propyiaaHzetiiho Livk)y atchal grex i pherepér ThedDheationic lipid may be one or more of
dioleoylphogphati thanolami 3 Imitoylol ‘ i? cholin%{aP.O C), eqgg
phosphatid;?lchgﬁﬁgé?EPﬂe)g,%%g%% p a%pﬁ%%&érgé% i}?leﬁ%%g& Iilp{l%c}) e&éltglr%rl? an ]?:%fr)nbinations
thereof. 100131etrscHid]cefapasitinsietn At TARTSIRG AvelrEcetiton Bf e i nialy belori@or more of a
polyethyleneglygpkéiRELziriRid Meniieatas apolamiga{ATTA)-lipid conjugate, and combinations
thereof. The PEG-lipid conjugate may be one or more of a PEGdialkyloxypropyl (DAA), a
PEG-diacylglycerol (DAG), a PEG-phospholipid, a PEG- S ceramide, and combinations thereof The

PEG-DAG conjugate may be one or more of a PEG-dilauroylglycerol 5012), a PEG-dimyristoylglycerol
(C14), a PEG-dipalmitoylglycerol (@féﬁ%ﬁ@‘ﬁﬁ%&%%?é’é%y YE¥S1@24.8), and combinations
thereof. The PEG-DAA conjugate may be one or more of a PEG-dilauryloxypropyl (C12), a

PEG-dimytistyld§8isiopyh¢@edintrr EGodipanivty s romldi¢ a6 mhdeatPIEG SNgtb B yiayipropy!
(C18), and 10cesbinatiansthereef [dhe arcleis acihlipid RAsEcls Maw lusther FORRNSE:A.cationic

polymer lipid. 00141 In some embadiments th%foarticles are made by providing an aqueous solution

in a first reservéi?‘%fﬁdw&ﬁf@ﬂw&%ﬂm&? Dbt feduReadEn AR tReoEdkRous solution

with the organiGNpidrsatutionjsa assiesulkstantiaiyvinstagtapacushngraduce a 15liposome
encapsulating ap,interferi - . | t rticles .are made by formation of
hydrophobic inie@ro_r%} ,di&e&&%@&ﬁﬁ%ﬁﬁ%{?ﬁgﬁ%ER’?E%@%S%%?}Z‘E%%E ale(I)}f'S‘/eesn “based syStems,
followed by?renséiciliofitid HarBrgdarisliigaiensorveatind drariabishpsansitmefaeticles and
charge-neutralizegN@0151dp oasmempedimentithainisdaning RiNAspanseahedfiom gRiasmid and

the bilayer of the nucleic acid-lipid particle such that the nucleic acid in the nucleic acid-lipid

particle is resistant in aqueous solution to degradation by a nuclease. The nucleic acid
particle are substantiaily non-toxic to mammals. The siRNA molecule may comprise about
20 15 to about 60 nucleotides. The siRNA molecule may be derived from a double-stranded
RNA greater than about 25 nucleotides in length. In some embodiments the siRNA is
transcribed from a plasmid, in particular a plasmid comprising a DNA template of a target
sequence,
 [0012]  The cationic lipid may be one or more of N,N-dioleyl-N,N-dimethylammonium
25  chloride (DODAC), N,N-distearyl-N,N-dimethylammonium bromide (DDAB), N-(1-(2,3-
dioleoyloxy)propyl)-N,N,N-trimethylammenium chloride (DOTAP), N-(1-(2,3-
dioleyloxy)propyl)-N,N,N-trimethylammonium chloiide (DOTMA), and N,N-dimethyi-2,3-
dioleyloxy)propylamine (DODMA), and a mixture thereof. The non-cationic lipid may be
one or more of dioleoylphosphatidylethanolamine (DOPE),
30  palmitoyloleoylphosphatidylcholine (POPC), egg phosphatidylcholine (EPC),
distearoylphosphatidylcholine {(DSPC), cholesterol, and combinations thereof,



20plasmid is combined with cationic lipids in a detergent solution to provide a coated nucleic acid-lipid
complex. The complex is then contacted with non-cationic lipids to provide a solution of detergent, a
nucleic acid-lipid complex and non-cationic lipids, and the detergent is then removed to provide a
solution of serum-stable nucleic acid-lipid particles, in which the plasmid comprising an interfering RNA
template is encapsulated in a lipid bilayer. The 25 particles thus formed have a size of about 50-150
nm. [0016] In another embodiment, serum-stable nucleic acid-lipid particles are formed by preparing a
mixture of cationic lipids and non-cationic lipids in an organic solvent; contacting an aqueous solution
of nucleic acids pomprising datarfesindRNeMatibine pabstarRObCplianie ang Romeatippie ipids to
provide a clear single phase; g, 10ving the organic solvent t orovijde a suspension of nucleic
acid-lipid particlg(i';l,%:rﬁfl \)ﬁ/ﬁli]g ?¥ﬁ%ep uﬁﬁgfg%%’%ug%ggag su gt%%n%%% 1 gfgﬂﬁﬁ%’tﬁ%gparticles are
stable in serumfthiraiena ke bf BSRRGOPIGOHH[o OETPElsadrichsie atiBlgid particles of the

present invention.araJsefu Jorshe thesapeuttic,dalivesy @fnticleissacigs canmplisinge;SIRNA sequence.
' [ i de in vitro and in vivo methods for treatment of a

In particular, it is an 4, object of this inventio '

disease in & maifTARA Ay b GORT GRS %Foé}e!ﬁ’é?ﬁ%%ﬁ%‘%%ﬁ%‘fﬁ%eﬁ% PErys BRI O Bid sequence.
In these method@&GdEiRNA ghekecUE:is, fof FHdater ity gl yneodé i€ atid #ipid Ppaticle ylahdsdhe particles
are administereg 9 RAeRBISAUIGINERIIRAIMaRS (& b ARANGHLiponpseauih 2a disease or

disorder associated with the expression or overexpression of a gene comprising the target nucleic acid

sequence). AltéaiRAy I EehE dreoraree Rl frof & papisrirmediftn ad BEidisns v axsorid the cells

are reinjected intp, jhensatiepalinonepmopadinenidhe pesrakuaniappieyigesdor a method of
introducingoa sicl(?}rl}Il mr?rguooleé: Igéggo&ce!}lcp%{c%%gg_%c? agl.&%lgnvgit dqrégcleic acid-lipid particle
comprising of a cationic ﬂpl , a fon- 10CATIONIC |I[Zﬁ ) conjuggte ﬁpl&%ﬁg{lfﬁﬁiﬁﬁ ?%gregation, and a
SiRNA. 10018pTtmerdislisic acid-lipid particle may be administered, e.g., intravenously, parenterally or
intraperitoneallysglfy Pne.eBaosimet:atianshanont 0%k ahagdminisieraddess:of the nucleic
acid-lipid particles is present jn plasma ab(?ut 24, 36, 48, 60, 72, 84, or 96 hours after injection. In other
embodiments, %ngﬁﬁéﬁrf@%?@ﬁ%?ﬁé% SRR AR eI Re b5 PeoAe BUF BB SR otal injected
dose of the nustdiciacidilipid partitiésis phesertdoinsplashmeds BGn 8yt a0y Bhdocb hours after
injection. @ on I IRNA I in t tissue (i.e,, liver, tumor
o 2t 8 st o oL e B T e el e
embodiment, dBWi#EgIERBHGh s i8R BreFrRIF et Sedlierddreabhacediotap, 48, 72 and 96

- hours after admipigitation. Hemne 20pmbndimenidonnseewationobexpwessieon afthetarget sequence
occurs preferentially, in tumor cells ori(?r ells at a site of inflammation. In one embodiment, the

< ments are charge-neuirallzed, . .. . .
presence of a Si IF°CetlS SIE5SitE Gistarto the site of administration is detectable at least four days

after intravenadi#§ifjechiomotatiediiensichadiertipidpRHisls. tmantic entpdimdnndte presence of a

SIRNA ingf celisdniti & @asiiasus GBontdngidiMe, SmOLRLatAsItE ghlnlammation)..rhis detectable
at least four days after injection_of the nucleic acid-lipid particle. 100191 The particles are suitable for

use in intrave AU RITCTRIRPIRIA A ALY S TS Soa atsm ik th Rare AR B10a QiR Ys§ dired for
pharmacodynashiddaeliavtergrasultingdie adddssitoepiravascutarditescaipiitasgethecltpaphdations. The

invention also,pridgs oAb AINARS eI, aecaRipRia RMABSURRS ARSI R ugleic acid-libid
particle. 3010020) Another embodiment of the gresent invention provides methods for in vivo delivery
the plasmid comprising an interfering RNA template is encapsulated in a lipid bilayer. The

25 particles thus formed have a size of about 50-150 nm,
[0016] In another embodiment, serum-stable nucleic acid-lipid particies are formed by
preparing a mixture of cationic lipids and non-cationic lipids in an organic solvent; contacting
an aqueous solution of nucleic acids comprising interfering RNA with the mixture of cationic
and non-cationic lipids to provide a clear single phase; and removing the organic solvent to
30 provide a suspension of nucleic acid-lipid particles, in which the nucleic acid is encapsulated
in a lipid bilayer, and the particles are stabie in serum and have a size of about 50-150 nm.
[0017] The nucleic acid-lipid particles of the present invention are useful for the
therapeatic delivery of nucleic acids comprising a siRNA sequence. In particular, it is an
4



of siRNA. A nucleic acid-lipid particle comprising a cationic lipid, a non-cationic lipid, a conjugated lipid
that inhibits aggregation of particles, and siRNA is administered (e.g., intravenously, subcutaneously,
intraperitoneally, or subdermally) to a subject (e.g., a mammal 5 such as a human). In some
embodiments, the invention provides methods for in vivo delivery of interfering RNA to the liver of a
mammalian subject. [0021] A further embodiment of the present invention provides a method of
treating a disease or disorder in a mammalian subject. A therapeutically effective amount of a nucleic

5acid-lipid partigle comprising a cationic lipid, a non-catianic lipid,, a.conjugated lipid that inhibits
aggregation of %a{?ﬁtc e’}ﬂé% I%fﬁ%sn%ﬁ%? A n%fﬁigz écr?éadténtﬁlgorﬁna%h?ﬁg |%rntrséﬁ &% e%es odeht such as
a mouse, a primaterslibb devarhgmatnzor slmonkdys withlzhendiSe ésgebngisorded. skysmee In

embodiments, the disease, ordispdenis.Assasiags witheXRRRsioRandar aveIeXRrEssion of a gene

and expression or overexpression of the gene is silenced by the 10siRNA. In some embaodiments, the
disease is a virHRS AL SIERHEFIP BUFHDIETHERRTHD (ERER fafiia U gRE0E! Willhatitis C,
Hepatitis D5 Hepatitisdmr Hepatitis Geinedvdonte natiessihiese oferénpsamie embadimenbrikiadisease or
disorder is a liver disease,or disorder, such,as, far example, dyslipidemia. 15BRIEE DESCRIPTION
OF THE DRATN g et NS ST XSRS R, R bl
CT26,CL25 ceiisiciysreditroitteliishipordncapsinge ann-Beguliasto Snerseesimriingnt, the
DSPC:CholestgralR QRMAPESRME lipeeeesinrod0923} Kignre Roilluskaies:the sifuctures of
PEG-Diacylglycerols and PFGt-iglera ide C_ZIO,. %g0%4l Figure 3 il ustrtate,s hat clearance studies with
'ATVs showed TS EREAIBY Hh R PEG BARE IS S TR 8bfe 88 8Ig AP &Shtaining
PEG-Ceréinidei20ic 1982 5 cFigngated lipirsthatedith st N#daPencamtaisiRi PEG-DAGs can. be formulated

via a detergeniygiglysigneibod acidﬂ%?gzﬁlrﬁ%@éqmmﬁem Pharmacokinglic. papeliies of
SNALPs containing PEG-25 DAGs. [0027] Figure 6 illustrates the biodistribution properties of SNALPs

containing PESSIAERSTIO0EY Figoie snadparttiesheriadeapdiee sphadmisistonddesssdt 1v
administrationtsf nucl&P ks igeatainices RbGséeramidee 20vers i RE GO AGS! pivauks2a Tumor
Bearing Male g’@é?‘ /m]jeMxlgr? In other embodiments, more than 20%, 30%, 40% and as much as 60%, 70%
15 or 80% of the total injected dose of the nucleic acid-lipid particles is present in plasma 24, 36,
48, 60, 72, 84, or 96 hours after injection. In one embodiment, the presence of a siRNA in
ceils in a target tissue (i.¢., lung, liver, tumor or at a site of inflammation) is detectable at 24,
48, 72 and 96 hours afier administration. In one embodiment, downreguiation of expression
of the target sequencé is detectable at 24, 48, 72 and 96 hours after administration. In one
20  embodiment, downregulation of expression of the target sequence occurs preferentially in
tumor cells or in cells at a site of inflammation. In one embodiment, the presence of a siRNA
in cells at a site distal to the site of administration is detectable at least four days after
intravenous injection of the nucleic acid-lipid particle. In another embodiment, the presence
of a siRNA in of cells in t a target tissue (i.e., lung, liver, tumor or at a site of inflammation)
25  is detectable at least four days after injection of the nucleic acid-lipid particle,
[0019] The particles are suitable for use in intravenous nucleic acid transfer as they are
stable in civrcuiation, of a size required for pharmacodynamic behavior resulting in access to
extravascular sites and target cell populations. The invention also provides for
pharmaceutically acceptable compesitions comprising a nucleic acid-lipid particle.
30 [06020] Another embodiment of the present invention provides methods for in vivo delivery
of siRNA. A nucleic acid-lipid particle comprising a cationic lipid, a non-cationic lipid, a
conjugated [ipid that inhibits aggregation of particles, and siRNA is administered (e.g.,
intravenously, subcutaneously, intraperitoneally, or subdermally) to a subject (e.g., a mammal

5



[0029] Figure 8 illustrates the luciferase gene expression 48 hrs post IV administration of SPLPs
containing PEG-CeramideC20 versus PEG-DAGs in Neuro-2a Tumor Bearing Male kJ Mice. (00301
Figure 9 illustrates the luciferase gene expression 72 hrs post IV administration of 5 SPLPs containing
PEG-CeramideC20 versus PEG-DAGs in Neuro-2a Tumor Bearing Male AB Mice. [0031] Figure 10
illustrates the structures of three exemplary PEG-dialkyloxypropyl derivatives suitable for use in the
present invention, i.e., N-(2,3-dimyristyloxypropyl)  carbamate PEG2000 methyl ether (i.e.,
PEG-C-DMA), N-(2,3-dimyristyloxypropyl) amide 10PEG2000 methyl ether (i.e., PEG-A-DMA), and
N-(2,3-dimyristytexyprepyhrsy cémmmidenPEGrot. hethyleetenthei] P BEGHSdDMAY. 10032 tagure 11

illustrates data %Wéﬁgr}h%(@@?@tQ@H?@P&PJmmH%%&% hours after intravenous administration
of SPLP comprising PEG-DAA conjugates and PEG-DAG conjugates. 15[0033] Figure 12 illustrates

data showing Iutférdse’UHEEKFROSERFA R PTTSHTG Iapinn MedAeshatimtiemingy intravenous
administration ofi &Rk Rrepmaeising RGrAds g9t gatesana REG-AG conjiugalesa 2RA341 Figure
13 iIIustrate§ daatg J_rﬁrpdd%%?ncce s}t_ysgrgeg cizgtﬂr%léﬁ?'i aatg(r)rglgcragearci gi@gleoég rﬂi iaf(tletgJ Qdministration
of SPLPs comprlsllngpa B -E)KE%onjﬁgate and (?on’talnlng 220 pII smid eﬁc%cﬁng%m érase under
the control of thislGRyvaggBettEr And SieA 2P e isidg ia FEGL DARK tenjughte smhibddatnining
anti-luciferase siRNAJAPASLficre Jdhillusiratas data frosm studies phiharhaimacokingtieproperties

of SPLPs comprising a PEG-DAA con'%te and %?nt,aining a plasmid encaoding luciferase under the
control of the CIISPBRTRBASFRAF S, OB PR AR E SRR 4R Y5 containing
anti-luciferase sikMApinsNeurdaZarttmdreimessing malerkipmsten JTOG3GhRpuikedd Hiudkrates data

from cleargpce gieles I RuR-BRHMouREAKAC Rale:Al iesAller AdmINslon L ARLPS
comprising a PEG-DAA conjuc};ﬁ%te or a PEG-DAG conjugate and containing a plasmid encoding

luciferase undethefEBREH of HieaEG: penibief-FEPPs BoRprtiiFatPEEID R thNjugate and
containing a plasmtichareading S0iluaitesass cslest e caniiel ofdberdeMVapramatessand SNALPs
comprising a PLEG-%%@U&%Q!y%ate anq cgntlaiQJQ%ignti-luciferase siRNA. [0037] Figure 16 illustrates

data from studies o1 the P Armacokinetic Sr(!)ppertles of SPLPs comprising a PEG-DAA conjugate or a

PEG-DAG conjugate and containing a plasmid encoding luciferase under the control of the CMV
promoter, pSPLPs comprising a PEGDAG conjugate and containing a plasmid encoding luciferase
under theigontrol of the CMV proRRIEF s SNATRI ORTBNDRAEBEAA conjugate and containing
anti-luciferase siRNA in Neuro-2a tumor bearing male AB mice. 510038] Figure 17 illustrates in vitro

data demonstrﬁ;m[lsilmgleg afduciferaseexpressiandnlucierasegxriessing palletreatad with SPLPs
comprising a PEG-lipid cor_ljugat? and (‘:é)nt inin%aéﬁlasmiéi encoding luciferase under the control of
the CMV promBfef &HEP SRIAFP L BB ?ﬁegéﬂﬁ EAHEOHYEIEBhjugate and containing
anti-luciferase BIRNAL[0GE9) HIGUr AP HUSHER Sipaseiwesdata demonstrating silencing of lueiferase

expression in 16 Neurg-2a tumor hearnomalg AR pies. Baled Wit SREBE $NRHRG2 PEG-DAA
20 [0024] Figure 3 illustrates that clearance studies with LUVs showed that SNALPs
containing PEG-DAGs were comparable to SNALPs containing PEG-CeramideC20.
10625} Figure 4 llustrates that SNALPs containing PEG-DAGs can be formulated via a
detergent dialysis method.
[0026] Figure 5 illustrates the pharmacokinetic properties of SNALPE; containing PEG-
25  DAGs. '
[6027} Figure 6 illustrates the biodistribution properties of SNALPs containing PEG-
DAGs.
{0028] Figure 7 illustrates the luciferase gene expression 24 hrs post IV administration of

SPLPs containing PEG-CeramideCyg versus PEG-DAGs in Neuro-2a Tumor Bearing Male
3¢ A/l Mice.



conjugate and containing a plasmid encoding luciferase under the control of the CMV promoter and
SNALPs comprising a PEG-DAA conjugate and containing anti-luciferase siRNA. [0040] Figure 19
illustrates in vivo data demonstrating silencing of luciferase expression in 15 Neuro-2a tumor bearing
male AB mice treated with SPLPs comprising a PEG-DAA conjugate and containing a plasmid
encoding luciferase under the control of the CMV promoter and SNALPs comprising a PEG-DAA
conjugate and containing anti-luciferase siRNA.  [0041) Figure 20 illustrates in vivo data
demonstrating silencing of luciferase expression in 20 Neuro-2a tumor bearing male AB mice treated
with SPLPs coniiiid€ingFaeRe &Hbstatcotjayaieasczeontaintag a plsmideidedingilteiferase under the

control of the CMY mromotar, apgSNALRS£9MRHINGES PREDAGANIIALS ALcontaining

anti-luciferase siRNA. [0042] Figure 21 illustrates in viva data demonstrating silencing of luciferase
expression in o8R¥ifd-2a tumor bearing male Ail mice treated with SPLPs comprising a PEG-DAA
conjugate and ¢ormgiininga{dsmitkencedingfdtisifierasexprdanite aanitel Of HaeeMY(prynoter and

SNALPs cqmprising 8 PEG-DRA cealigaie-and coniaining etluclierase siRNA. 00431 oure 22
illustrates iR vivo data demonstra Ing SI encw%@ of luciferase expressionin 35 Netifo-a timor bearing
male AB mice tfghddidanith SPLPs comprising a PEG-DAA conjugate and containing a plasmid

encoding lucifefagg unggniheosnntral fitberaMyepromaier.ant BN ARBs:carRising, @ PEG-DAA
conjugate and containing anti-lyciferase siRNA. DETAILED DESCRIPTION OF INVENTION

H
I.Introduction [GBAK R BIaNE TV eiRiBR B RAEL LI fiu Dt st pERioRD (SNALP) useful
for encapsulaticgteneioP Ribse siRiyActhal oul @8 Geihbids, Of -1 dking \SMALBgecpmpisidy 5 SIRNA,

SNALPs ¢gmpgsiag si net At geliveringapdios. nisteri VALPS. to a subject to
silence eggresg%ﬁ%? {ﬁ% eggﬂ ggre?;gégﬁe%% 054%%}?]’ E%épégs%\%ﬁ?%é% %%;C\'Jsgg é% the
unexpected suBESsedrerispstidind ERohhtérering RNA (siRNA) molecules in SNALPs. Using the

methods of the@EgertifiventidnssiRN Amelecilg faarrenqaps ukpiecion SNALRS mitlhan efficiency
greater than 1%9%%% mare %SHa”Xi s\’%go%% féﬂggg rselat%[EtEE%/g é%%) Jgn%owésgfr}?e%@ described

. rﬁve%ou_ il I‘Ial
herein can conveniently be used In vitro and in vivo to effitien iver adminis molecules
locally or systesgrissicto cells expressing a target gene. Once delivered, the siRNA molecules in the

SNALPs silenggegxprassien oftheiargehaenss1046lthe aNALPs describedhgiginase.typically <
150 run diameﬁggné}ggdrggg r%oil?gggxggi?ntravenous administration of SPLP comprising PEG-DAA
conjugates and PEG-DAG conjugates. '
[0034] Figure 13 illustrates data from clearance studies in Neuro-2a tumor bearing male
A/] mice after administration of SPLPs comprising a PEG-DAA conjugate and containing a
20 plasmid encoding luciferase under the control of the CMV promoter and SNALPs comprising
a PEG-DAA conjugate and containing anti-luciferase siRNA.
{0635} Figure 14 illustrates data from studies of the pharmacokinetic properties of SPLPs
comprising a PEG-DAA conjugate and containing a plasmid encoding luciferase under the
control of the CMV promoter and SNALPs comprising a PEG-DAA conjugate and
25  containing anti-luciferase siRNA in Neuro-2a tumor bearing male A/J mice.
 [0036] Figure 15 illustrates data from clearance studies in Neuro-2a tumor bearing male
AJT mice after administration of SPLPs comprising a PEG-DAA conjugate or a PEG-DAG
conjugate and containing a plasmid encoding luciferase under the control of the CMV
promoter, pSPLPs comprising a PEG-DAG conjugate and containing a plasmid encoding
30 luciferase under the control of the CMV promoter and SNALPs comprising 2 PEG-DAA
conjugate and containing anti-luciferase siRNA.
[0037] Figure 16 illustrates data from studies of the pharmacokinetic properties of SPLPs
comprising a PEG-DAA conjugate or a PEG-DAG conjugate and containing a plasmid
7



15the circulation for an extended period of time in order to achieve delivery of siRNA to target tissues.
The SNALPs are highly stable, serum-resistant nucleic acid-containing particles that does not interact
with cells and other components of the vascular compartment. Moreover, the SNALPs also readily
interact with target cells at a disease site in order to facilitate intracellular delivery of a desired nucleic
acid (e.g., a SiRNA or a plasmid encoding a 20 siRNA). Definitions [0047] The term "lipid" refers to a
group of organic compounds that include, but are not limited to, esters of fatty acids and are
characterized by being insoluble in water, but soluble in many organic solvents. They are usually
divided into at leastihgéeidtassand ¢l simple 26heiddTWhichislud® fRtscamdroilsgas et as waxes; (2)
"compound lipigssi whigh dnelide-phasphelipids.and glyslivids-(udrrived Inids . seh-pg steroids.
[0048] "Lipid vesicle" refers to any lipid composition that can be used to deliver a compound including,
but not limited RICRIEESAERNNHSRTRFF B AdSTER AR Re e cap SomtEnB BB athic lipid
bilayer; or whesgtNtha: iNisls-coatnast ntehigm30eamprising a large molecular component, such as a
plasmid cogﬂpr' %ggugﬁug.ygterior' or Iipid.aggregates

. oy _ ; J
or micelles Wh'@lﬁ%f”#{‘ e ‘?‘i'ﬂﬁiﬁw'ﬁtfé zﬁ%%e&‘a??d%ﬁ%&rzﬁﬁné%c‘? ; e

rein the encapsulated component is contain withira refa |vealg3? %gar(feor%lcjllipid
mixture. [0049)AEaseexpreseirg CHbid ehsh e exrprsfas el Efigiaifoeniveaionnthat provides a
compound with dulkgnecansuiatiomdaparntialrieapswatione eshethbAmaaNefergs.ambadiment, Sthe

nucleic acid is fully encapsulated j ligid formulatian. [005Q) As used herein, the term, "SNALP"
refers to a stab%g% C?ﬁgﬁ)&ﬂqﬁ)?f%gﬁg g?ﬁ"@ﬁ?ﬁ%“ﬂgﬁr&a@ ERYBER A BT IPEE RN a reduced

aqueous interigHiddnp¥igimg i& flvsteitcaividisudhaabamiverderiignR N oSegiienseeeprasplasimid from
which an jptertering RN, (5 y&ﬁﬁg@bﬁ%ﬂl@@é&a@mﬁ{@pi\f%sﬁ&lﬁpém@iQgﬂéei.%}»!iintended o include

any amphipathic lipid having a hydrophobic moiety and a polar head group, and which by itself can
form spontaneBTHaKASE S Ay ERTIISTHA SRt R uskBris HrEBYE I RO YO ds. 100521 The
term "vesicle-ge@ptingalipish isLintentdedsiogaciBdaany amphipathicdpidnthatisiStalfydrcorporated into
lipid bilayers irg. Q{%bination with other amphipathic lipids, with its 15hydrophobic moiety in contact with
the interior, hyélrop lobic region of the bilayer membrane, and its polar head group moiety oriented
toward the ext®f#] pdligrsudabessitgsémenisadenvnssitieeadoptingdipistrsiaienpits that on their

own tendstp adeptAnemaMsianpharesrehwhichare srpabie eRassurRIng Bdayer structure in the
presence of a bilayer-stapilizing. comgé)oneén. Aé}ﬁ)iﬁ:alfxampl iSiPOPE
(dioleoylphos ﬁﬂ%@?ﬁ%?ﬂ 3t fﬂ%f Eillsér)‘/l [encoding luciferase under e control of the CMV

promoter and SNALPs comprising a PEG-DAA conjugate and containing anti-luciferase
siRNA.
[0041] Figure 20 illustrates in vivo data demonstrating silencing of luciferase expression in
20 Neuro-2a tumor bearing male A/J mice treated with SPLPs comprising a PEG-DAA
conjugate and containing a plasmid encoding luciferase under the control of the CMV
promoter and SNALPs comprising a PEG-DAA conjugate and containing anti-luciferase
siIRNA,
[0042} Figure 21 illustrates in vivo data demonstrating silencing of luciferase expression in
25  Neuro-2a tumor bearing male A/J mice treated with SPLPs comprising a PEG-DAA
conjugate and containing a plasmid encoding luciferase under the control of the CMV
promoter and SNALPs comprising a PEG-DAA conjugate and containing anti-luciferase
siRNA.
[0043] Figure 22 illustrates in vivo data demonstrating silencing of luciferase expression in
30  Neuro-2a tumor bearing maie A/] mice treated with SPLPs comprising a PEG-DAA
conjugate and containing a plasmid encoding luciferase under the control of the CMV
promoter and SNALPs comprising a PEG-DAA conjugate and contaming anti-luciferase

SiRNA.



20stabilizing components include, but are not limited to, conjugated lipids that inhibit aggregation of
the SNALPSs, polyamide oligomers (e.g., ATTA-lipid derivatives), peptides, proteins, detergents,
lipid-derivatives, PEG-lipid derivatives such as PEG coupled to dialkyloxypropyls, PEG coupled to
diacylglycerols, PEG coupled to phosphatidyl- ethanolamines, and PEG conjugated to ceramides (see,
U.S. Pat. No. 5,885,613, which is 25incorporated herein by reference). 100531 The term "amphipathic
lipid" refers, in part, to any suitable material wherein the hydrophobic portion of the lipid material
orients into a hydrophobic phase, while the hydrophilic portion orients toward the agqueous phase.
Amphipathic lipids are usually tRE Trdjot R SrRpORE AT 6O KpidIVEEiENY Y EFGphilic characteristics derive
from the presence of 30polar or charged groups such as carbohydrates, phosphate, carboxylic,
sulfato, amino, sulfhydryl, nitro, hydroxy and other like groups. Hydrophobicity can be conferred by the
inclusion of apdlar grdmpedhetidnclude, but are not limited to, long chain saturated and unsaturated
aliphatic hydrocarbon groups and such groups substituted by one or more 10 aromatic, cycloaliphatic
or heterocyclic giadp(SyhEyaReptesvehamphipathicsbbmpaeiads:ibiihid padiul-areNnoL finitegito,

phospholipids, aminolipids.and sphingolipjgs. Representative £x es holipids include, but
are not limited t%f %}%égp zg{ﬁiﬂgﬁ%ﬂﬁlefepﬁggp rgtlc?ﬂléfﬁ’aiﬁeot éjr%%r?gpjp 0 %@é@?ﬁ"e"ﬁﬁfsmg
phosphatidylinsgilsh fhbshhutidiodsig, sShamtitsyistbeys phidprangyrdulmieiygepmEshatidylcholine,
lysophosphatidyigthanelarninrcdipsiaitexiphasphalidyishaling. digiegyiphosphatidylcholine,
distearoylphosphatidylcholine or dilinoleoyl hogphzg[idylcholine Other cgmpounds lacking in
phosphorus, stlftas s%‘?r?é??ﬁﬂfd?‘ﬁﬂ}b%ﬁﬁﬁﬁ@oﬁﬁit ‘?éfﬁf’i’ﬁ%%f%ﬁé%ﬁﬁaﬁ/e FBReRSHE BR A Bcyloxyacids,
are also within itherfgrogRties{gRdadas @nighipatid. Rpidss iglditiowrtlbds tfehtQasmphipathic lipid
described abOY&E&\%R%W%Mmgméfé?pa%%maqﬁﬁmgmmﬁ ARG 16/ Q.40 The tenn

“neutral lipid" refers to any of a number of lipid species that exist either in an uncharged or neutral
zwitterionl€ fori?%: BEs el pith A gl gregepih e fetriffids ThasdGLSs Assaibsiipresin
diacylphosphatigylehetines tiaeylgpacs phatichdethanalastinenagramidesdhfisphingrryelin, cephalin,

cholesterol, ce}rnecgégsigqgca ] dodisa'%}gr%l%acﬁr?lsdeg})soe?S The term ';rgogceat' rr]}:ig 1{@9{9'}&8“‘3{? to any neutral
lipid as described above as wellrds Aniontc lipids. 5@56?%e R anIonic |p|dq refers to any lipid that
is negatively chi@gédralqshipsivldwicalAdH s Tirase diipitkssinalRicbe tugagensot limited to,
phosphatidylglyag!. 2@candiclinin.diacdnesphrtickisarine; diacylphasehatidic.asidnNedadecanoyl
15 the circulation for an extended period of time in order to achieve delivery of siRNA to target
~ tissues. The SNALPs are highly stable, serum-resistant nucleic acid-containing particles that
does not interact with cells and other components of the vascular compartment, Moreover,
the SNALPs also readily interact with target cells at a disease site in order to facilitate

intraceliular delivery of a desired nucleic acid (e.g., a siIRNA or a plasmid encoding a

20  siRNA)
IL Definitions

[0047] The term "lipid" refers to a group of organic compounds that include, but are not
jimited to, esters of fatty acids and are characterized by being insoluble in water, but soluble
in many organic sclvents, They are usually divided into at least three classes: (1) "simple

25  lipids' which include fats and oils as well as waxes; (2) "compound lipids" which include
phospholipids and glycolipids; (3) "derived lipids" such as steroids.
[0048] "Lipid vesicle" refers to any lipid composition that can be used to deliver a
compound including, but not limited to, liposomes, wherein an agueous volume is
encapsulated by an amphipathic lpid bilayer; or wherein the lipids coat an interior

30  comprising & large molecular component, such as a plasmid comprising an interfering RNA

g



phosphatidylethanolamines, N-succinyl phosphatidylethanolamines,
Nglutarylphosphatidylethanolamines, lysylphosphatidylglycerols, palmitoyloleyolphosphatidylglycerol
(POPG), and other anionic modifying groups joined to neutral lipids. 25[0057] The term "cationic lipid"
refers to any of a number of lipid species that carry a net positive charge at a selected pH, such as
physiological pH. Such lipids include, but are not limited to, N,N-dioleyl-N,N-dimethylammonium
chloride ("DODAC"); N-(2,3- dioleyloxy)propy1)-N,N,N-trimethylammonium chloride ("DOTMA");
N,N-distearyl-N,Ndimethylammonium bromide ("DDAB"); N-(2,3-dioleoyloxy)propyl)-N,N,N-
30trimethylammemimee wohideetiog TaR s Bnt¢Re (N Nipdi metiegléeninos thbicre W earinahroyl) cholesterol

("DC-Chol’) andel}kéagaa&iém@wwe&Hgﬁﬁ\é&lawhm-gwaﬁnx;'ymﬁxﬂf&éaﬁp?amwnium bromide

("DMRIE"). The foIIowiB%ﬂlipids are cationic and have a positive charge at below P?féysiol_%gical pH:
feREPE t65compounds

DODAP, DODMAMSMDM AsshRririe (iRaid £reapseiaist TFE t&FFh tora iR g
having apolar graupsthatiachidendaphsreonofditaitec: tpslongchaty sathrateefand vnsatirted aliphatic

hydrocarborg groups 21”% s&g@s%ﬁu&s{:%@ggp@g &%khstgg.l}oergnu ,One or more aromatic, cycloaliphatic or
(nsts guitab Ampl clude,

heterocyclic’ group e examples in Su ufare not fimited to, diacylglycerol, 5dialkylglycerol,

N-N-dialkylamini$ 9302 -disosprsbdesiniiinsproifarelanacicn dialkgticaualsinopt opahwrtidos591 The term

"fusogenic” refegsiig the abilit ofaliposarms anSl Akl el s AU dRive ¥ sie MR iise with

membranes of a cell. The mem@%&nes can be either thiplas a membrane or membranes surrounding
I

organdies, e.g.,2SHdYEORAT ALTIETHEE BRATETUTE0T HRETBIh GNP ERs &5 R tompound
having 2-fatty acyhghigids, Rl and R2, both of which have independently between 2 and 30 carbons

bonded to the 1, 2 ition of. - aster |i C s » saturated or
v varyi ddats ﬁf%%%&’%?%%%ﬁggﬁé#?éi‘%??ﬁ!#&%ﬁ%@ﬁﬁ%ﬁ%@?ﬁ%ﬁa_ 0 H20RI

H-0 CH20- 15[B0BEE FrEoRehoMmalky & prOATIETErew 2Pdovhisbbnd sty @mikyl chains, RI and

R2, spontaneously into bilayer vesicles in water, as exemplified by most phospholipids.
[6052] The term "vesicle-adopting lipid” is intended to include any amphipathic lipid that is
stably incorporated into lipid bilayers in combination with other amphipathic lipids, with its
15 hydrophobic moiety in contact with the interior, hydrophobic region of the bilayer membrane,
and its polar head group moiety oriented toward the exterior, polar surface of the membrane.
Vesicle-adopting lipids include lipids that on their own tend to adopt a nonlamellar phase, yet
which are capable ofassurning a bilayer structure in the presence of a bilayer-stabilizing
component. A typicai example is DOPE (dioleoylphosphatidylethanciamine). Bilayer
20  stabilizing components include, but are not limited to, conjugated lipids that inhibit
aggregation of the SNALPs, polyamide oligomers {e.g., ATTA-lipid derivatives), peptides,
proteins, detergents, lipid-derivatives, PEG-lipid derivatives such as PEG coupled to
dialkyloxypropyls, PEG coupled to diacylglycerols, PEG coupled to phosphatidyl-
ethanolamines, and PEG conjugated to ceramides (see, U.S, Pat. No. 5,885,613, which is
25 incorporated herein by reference). '
{0053] The tenm "amphipathic lipid” refers, in part, to any suitable material wherein the
hydrophobic portion of the lipid material orients inte a hydrophobic phase, while the
* hydrophitic portion orients toward the aqueous phase. Amphipathic lipids are usually the
major component of a lipid vesicle. Hydrophilic characteristics derive from the presence of
30 polar or charged groups such as carbohydrates, phosphate, carboxylic, sulfato, amino,
sulfhydryl, nitre, hydroxy and other like groups. Hydrophobicity can be conferred by the
inclusion of apolar groups that include, but are not limited to, long chain saturated and
unsaturated aliphatic hydrocarbon groups and such groups substituted by one or more
10



both of which have independently between 2 and 30 carbons. The alkyl groups can be saturated or
have varying degrees of unsaturation. Dialkyloxypropyls have the following general formula: CH20-R1
CH20-R2 CHj 20 The term 'Al IA" or "polyarnide" refers to, but is not limited to, compounds disclosed
in U.S. Patent Nos. 6,320,017 and 6,586,559, both of which are incorporated herein by reference.
These compounds include a compound having the formula R10 RR2\ N-(CH2CH20);,-,-(CH2)17-4
(Ni-f---C),1R3 ( Ho! n wherein: R is a member selected from the group consisting of hydrogen, alkyl
and acyl; Rl is a member selected from the group consisting of hydrogen and alkyl; or optionally, R
and RI and the nritrogen ¢eclyblichathvay bretbawid form(an EzidolenofetypR2aibiaanemibveisof the group

Sselected from hydrageq, getienalineaubsiitbtad A, mﬁ'&eng'@g suPshiuied AR Roga sidlg chain of an

amino acid; R3 is a member selected from the group consisting of hydrogen, halogen, hydroxy, alkoxy,
mercapto, hydrﬁﬁ?&lﬁrﬁfﬁéﬁﬁﬁow&?§%@?§iﬁ@2‘dﬁHthst%r@‘ﬂﬁB HEBiRENydrogen or alkyl; n is
410 80; m is 2 tehGsphisditdhamiahints fhosphadtiyvidirbe, appatentioiibose, ehaghatuiheart that other
polyamides.can be ysed.in .of 10t resent invention. 100621 The term "nucleic acid"
or "polynucfecoti %Enﬁeo z%e%t{;{%%%ﬁlh?ﬁﬁ ggﬁ?iﬁ#&%ﬁt%&sﬁggﬁ% d](gggyzibonucleotides or ribonucleotides
in either single-lpyostbuiblatistriitradi farns. Upbsdiosirbeiibalighiphitees. dieleyinkoemetdyphstes nucleic
acids containing;kRewnAbaipauerinatralinvelsatideshat havensimilas bindingaropgrties as the
reference nucleic acid and 15are metabolized in a r?lann?r?%ﬂfgto naturally occurring nucleotides.
Unless otherwiSbTHETRARES, B B4R AR e R O LA R R BRI o e
conservatively mpbifiedidndardsdhetenti{egor deaetadecodgnstbstiifions)jiatedBg, thethologs,

SNPs, angeomplemenian seauchaes.as ek g dhessarnee asldildicaind. spadlizaly
degenerate codon substltuﬁons may be achieved by generating sequences ih w |cﬁ the third
20position of of&"BEmore selected (or all) codons is substituted with mixed-base and/or deoxyinosine

residues (Batzgomsugl. Meeleic AxiteResd 1LfR0 8144991 ), rohtsu kAl Bt dénedicB bk G prthebR:2605-2608
(1985); and Cassol et al, {1992): Rossgolini et.al.. Mot Cell. Pr :91-98. ))- "Nucleotides™
contain a suga?%lgg%r eégért%‘ﬁ%%{?% %rgg f"g}ll?ﬁﬂlﬁ\lit\)a a egssef) gt‘r?g‘?d% Sé%%ﬁé%g%?’ogﬁﬁb Udeotides are
linked togetherthlwsigglenbeaphiss plaarsghaipschBasedasriohaiehstifidedaandpipdmigimads, which
further inglside patHERHGOIMPQURLS adeRIE o [ydeinSs SMaRING . SYIRRRIUracil, inosine, and natural

analogs, and synthetic e .. .
K}GSS} The term "noncationic lipid" refers to any neutral lipid as described above as well as

anionic lipids.
{6056] The term "anionic lipid" refers to any lipid that is negatively charged at
physiological pH. These lipids include, but are not limited to, phosphatidylgivcerol,

20 cardiolipin, diacylphosphatidylserine, diacylphosphatidic acid, N-dodecanoyl
phosphatidyiethanolamines, N-succiny! phosphatidylethanolamines, N-
glutarylphosphatidylethanolamines, lysylphosphatidylglycerols,
palmitoyloleyolphosphatidylglycerol (POPG), and other anionic modifying groups joined to
neutral lipids.

25  [0057] The term "cationic Hipid" refers to any of a number of lipid species that carry a net
positive charge at a selected pH, such as physiological pH. Such lipids include, but are not
limited to, N,N-dicleyl-N,N-dimethylammonium chloride ("DODAC"), N-(2,3-
dioleyloxy)propyl)-N,N,N-trimethylammonium chloride ("DOTMA"); N,N-distearyl-N,N-
gimethylammonium bromide ("DDAB"); N-(2,3-dioleoyloxy)propyl)-N,N,N-

30 trimethylammonium chloride ("DOTAP"); 3 -(N-{N',N'-dimethylaminoethane)-
carbamoy!)cholesterol ("DC-Chol") and N-( 1,2~dimyri$tyloxyprop-3—yl)-N,N~dimethyl-N—
hydroxyethyl ammonium bromide ("DMRIE"). The following lipids are cationic and have a
positive charge at below physiological pH: DODAP, DODMA, DMDMA and the like.

Hy



derivatives of purines and pyrimidines, which include, but are not limited to, modifications which place
new reactive groups such as, but not limited to, amines, alcohols, thiols, carboxylates, and
alkylhalides. DNA may be in the form of antisense, plasmid DNA, parts of 30 a plasmid DNA,
pre-condensed DNA, product of a polyrnerase chain reaction (PCR), vectors (Pl, PAC, BAC, YAC,
artificial chromosomes), expression cassettes, chimeric sequences, 13 chromosomal DNA, or
derivatives of these groups. The term nucleic acid is used interchangeably with gene, cDNA, mRNA
encoded by a gene, and an interfering RNA molecule. [00631 The term "gene" refers to a nucleic acid
(e.g., DNA or WAgjseE}ﬁfe‘}fiEB it 9@%’55%3@3 LGP TR B S AR SSREH &BdmidPebquences
necessary for thepkgducirenoiia: palypdptigehan aapotypbpiidenprecues alifiatc ipdiypaptisles or
polypeptice preyreqrs, FOMNERAIR VI AR firely ol Gl DEIRCR SITIRIEX VR) 0064 "Gene

product,” as used herein, re product of a gene such as an RNA transcript, including, e.g.,

MRNA. 10 [008SFPhe ke grpuiite ridiia rRraarls HeliAe: it aremdfneRNAlBeabreel refers to
double-strandeghRNAvee1, duRlexRNAY: a1 s Ganable- ohredusing & drhibitimenexpression of a target

gene (i.e., by mediating the degradation of mMRNAs which are complementary to the sequence of the
interfering RNATWHERPHRE interfering RNA is in the same cell as the target gene. Interfering RNA thus

refers to the déiilsi stFantect RidkAgkineefdytovie 1BdonTile irentary stralRds.Dobytmrsingle,
self-complemepiaiysivang: dniaiering. RN HRIGAI xosRyRsiantial.on compieie g enlify, o the target

gene. The sequenceé of the interfering RNA can correspond to the full length target gene, or a

subsequence PHETEGRH T ERHGRINATACIIIe S GRllShiefe R RRNATGHOWRIEA, " i.e., interfering RNA
of about 15-6000d850TASHEH, dial G -éetirptesesnueleatifaminhlength; fngrecty pically Rhewdt, 15-30,
15-25 or 19-2520(duplex) nucleotides in | nd is rabl 0 - r about 21-22 or 21-23
(duplex) nucleio‘figé%1 %i*é)%él%ﬁ“?‘éeg”‘ ?fgaeﬁgﬁgﬁegn%gi%{ggﬁ%@%ﬁ%ﬁ%é98gﬁeb?éas“?%%ded SsiRNA is
15-60, 15-50, Aosife: afpiyesrabhgestagivsigns-1 dhpBayh eTewioes e kehyeedmidiavabiyaiBout 20-24 or

about 21-22 ofegA23 Nusieatides inienoth.and tha doublastiandad siRNAlLS about 15-60, 15-50,
15-50, 15-40, 15-30, 15-25 or 19-25 preferably about,20-24 or about 21- 2522 or 21-23 base pairs in

length). siRNA duplexes may comprise 3' overhangsipbf about Ito about 4 nucleotides, preferably of
about 2 to about 3 nucleotides and 5' phosphate tngE@ The siRNA can be chemically synthesized or
maybe encoded by a plasrnid (e.g., transcrib &s sequétices that automatically fold into duplexes.
with hairpin loops). siRNA can also be generated by ¢leavage of longer dsRNA (e.g., dsRNA greater
than about 25 nucleotides in 30length) with the E colijRNase Ill or Dicer. These enzymes process the
dsRNA into biologically active siRNA (see, e.q. Yapgﬂ;a;, PNAS USA 99: 9942-7 (2002); Calegari et
at, PNAS USA 99: 14236 (2002); Byrom et at 1i\_F'n%ion TéchNotes 10(1): 4-6 (2003); Kawasaki et al.,
Nucleic Acids .Res. 31: 981-7 (2003); Knight and Bass, Science 293: 2269-71 14

CH,0~—

15  [0061] The term "diatkyloxypropyl” refers to a compound having 2-alkyi chains, R' and R,
both of which have independently between 2 and 30 carbons. The alky! groups can be
saturated or have varying degrees of unsaturation. Dialkyloxypropyls have the following
general formula:

CH,O-R!
CH,0-R?

CHy
20
The term "ATTA" or "polyamide" refers to, but is not limited to, compounds disclosed in
U.S. Patent Nos. 6,320,017 and 6,586,559, both of which are incorporated herein by

reference. These compounds include a compound having the formula
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(2001); and Robertson et al., | Biol. Chem. 243: 82 (1968)). Preferably, dsSRNA are at least 50
nucleotides to about 100, 200, 300, 400 or 500 nucleotides in length. A dsRNA may be as long as
1000, 1500, 2000, 5000 nucleotides in length, or longer. The dsRNA can encode for an entire gene
transcript or a partial gene transcript. 5100661"Substantial identity"” refers to a sequence that
hybridizes to a reference sequence under stringent conditions, or to a sequence that has a specified
percent identity over a specified region of a reference sequence. 100671 The phrase "stringent
hybridization conditions" refers to conditions under which a probe will hybridize to its target
subsequence, typically in a co ]!{ex mixture of nucleic()lOacidstbut 0 no other sequences. Stringent

conditions are sequence-dependeént and will be _differeint in different circumstances. Longer
sequences hybridize specific%lll Bt h%%%:;ﬁfé)ﬁ‘?égrgé res. ,&Iﬁyé'xfeng?v gﬁide to the hybridization of

nucleic acids is found in Tijsseny Techniques in Biochemistry and Krbkecular Biology-Hybridization with

Nucleic Probes, jQverviqus gfpincinlaselimdridizglion and: e siralroy.of nugeicacid.assys”

(19@3). 15Generally, stringent conditions are selected to be about 5-100C lower than the thermal

d
melting point (TATFFBIPEh S B a8 B AR AP BATREY SoRsE SRSt i or't 8t iR #7 Remperature
(under defined imnicﬂasmﬁngﬂn,tpw;ia_mdwym@bomentmﬁﬂda) ataimbip_h_%@é’/mahﬁmqmabgﬁmp
complemengary {g the, ?5%%}@%’%&'0% iic%éﬁ? JYGELSF RGN _fé%%%ﬂ}’éugﬁ&un?% hedargel sequences

are present in excess, at I'nt, 50% of the probes are occupied at equilibrium). 20Stringent conditions
may also be ackieieef withrire ol FEBEABHSITY aeerks stitr e fsHnamiteirmsnselective or
specific hybridizatigen spasitivesign ahdpcaite asthum direm dackerowa dy pieie reialy e tirges

background hybridization. 100681 Exemplary stringent hybridization conditjons can pe as following:
006 ormamice- Sk SLEL A D LA B e A AA0C. 1 55 ESC. 9 SBLCTHedbdlihg at 650C,

with 25wash in & 288 tathds ol 3415 D Sa e JeO tForPIGR detamdsratet éndhabout@6 6 i typical for
low stringgpcy appificatioh-although annealing temperatures may vary between about 32 C and 48C

depending on primer length. For high st_ringepci PCR amplification, a temperature of about 62C is

typical, althougH#igh stiRGERCT SRt P TeR] ﬁ?@g]eéé?f‘?ﬁr’iﬁé RPORRSISOLEETRE 8 585but 65C,

depending on the gemertenglicand spemificifigoildapicatiB0r dygle- codditing:iadhiokihigh and low
stringency amAllireions Inclite.A denrialan ehas et . Ak atAd 065 ity A annealing
phase lasting 30 sec. - 2 mm., and anh extension phase of about 72C?or 1 -2 min. Proto oFs and
guidelines for et HigHestidas BACHE VA MPRBEBHEH sPaRHES ardbprslaes rugeiapsidmadet al. (1990)
PCR Protggols; A feiggitedviethads-anchApplications, Asadapiediesss. NG NsbtheAPQ691 Nucleic
acids that do ot B2 e S e S S e O AT St cnservatively
modified variants thereof (e.g., degenerate codon substitutions), alleles, orthologs, SNPs, and
complementary sequences as well as the sequence explicitly indicated. Specifically,
degenerate codon substitutions may be achieved by generating sequences in which the third
20 pesition of one or more selected (or all) codons is substituted with mixed-base and/or
deoxyinosine residues (Batzer et al., Nucleic Acid Res, 19:5081 (1991); Ohtsuka et al., J.
Biol Chem. 260:2605-2608 (1985); and Casscl ef al. {(1992); Rossolini et al., Mol. Cell
Probes 8:91-98 (1694)). "Nucleotides" contain a sugar deoxyribose (DNA) or ribose (RNA),
a base, and a phosphate group. Nucleotides are linked together through the phosphate
25  groups. "Bases" include purines and pyrimidines, which further include natural éompounds
adenine, thymine, guanine, cytosine, uracil, inosine, and natural analogs, and synthetic
derivatives of purines and pyrimidines, which include, but are not limited to, modifications
which place new reactive groups such as, but not limited to, amines, alcohols, thiols,
carboxylates, and alkylhalides. DNA may be in the form of antisense, plasmid DNA, parts of
30  aplasmid DNA, pre-condensed DNA, product of a polymerase chain reaction {PCR), vectors

(P1, PAC, BAC, YAC, artificial chromosomes), expression cassettes, chimeric sequences,
13



substantially identical if the polypeptides which they encode are substantially identical. This 5occurs,
for example, when a copy of a nucleic acid is created using the maximum codon degeneracy permitted
by the genetic code. In such cases, the nucleic acids typically hybridize under moderately stringent
hybridization conditions. Exemplary "moderately stringent hybridization conditions™ include a
hybridization in a buffer of 40% formamide, 1 M NaCl, 1% SDS at 370C, and a wash in IX SSC at
459C. A positive hybridization is at least twice 10background, Those of ordinary skill will readily
recognize that alternative hybridization and wash conditions can be utilized to provide conditions of
similar stringencjiroNtdition &Nidefires foetettrrsgry Blidizatonparatiétersare provided in
numerous refergncen &gk aifusentBrotosmisnNMoleauan Bialogys e AlaybeirRtal. (0070] The

terrns "substantially identical” or "substantial identity," in the context of two or 15more nucleic acids,
refer to two or n‘f&lé"g@quences or subsequences that are the same or have a specified percentage of
nucleotides tha{@esthersaraen (fencatrdéastabout 6050idieafe PRly &IV AGQYU LAY chareferably 80%,

85%, 90%, or 950 'Qﬁga%tmwgn&ﬁes&ilg%ilgsgigwd;wg&gu%%%?%ésgs%r @‘%QE%&%&EQ%FQ“”"

correspondence over a comparison window, or designated region as nieasured using one of the
following sequefiEeRiApar el RRRG TS BHP Obs-Aalbrltisiig AriehPapoiBtsaists postion. This
definition, whemthgigontextingicatosE abs a1 efersRnalpgrushnig the complement of a sequence.

Preferably, the ? tantial identity exists aver a region that is at least about 5, 10, 15, 20, 25, 30, 35,
40, 45, 50, 75, @:d 0 né%iéeo%%%ﬁh Tér‘fé?%.h irﬁﬁl’iﬁ%eﬁot?] EEHUBSLY A SIS AL W;&%M\Iy one sequence

acts as a refereméeth@é}w-zsmﬁﬁkﬁtest sequences are compared. When using a sequence
comparisqg alggpgsM. 16t ARdFRIBERCRIGIUGEREA S SUREHINR ] COBRUIEH SHhsrauence

coordinates are designated, if necessary, and sequence algorithm program parameters are

designated, DASEVBBHE R dhtotbrE EaR b0 s TPARE IR BE LB AP ¥Rsignated.
The sequence mmgigam@gg%@hmﬁmﬁgmedb@twtm pRIIENA seqitknee ddepidtiratior ihe test
sequences SOrglallve.I0.I0g eRIERGe SAUeNGR.NASSH. ORNE BOAMPABMEISIS, [§072] A
comparison window", as used herein, Thcludes reference to a segment of any one osft e number of

contiguous pos#istsBelckiedraaRNe drsupiesiaibangubitamandd FBobmsdanyvbout 50 to about
200, more usuaipiaHd)Qdmabauylbinn gk drseauanse may 16iherrRmparediom reference
sequence of t. e same numberm%f ect)eniégrlljt%u%ptgesitgpré? aeLtg:-r e tgvo sequences a g,optimally aligned.
Methods of aI%ﬁsrﬁ%[%faé]f@eﬂLfen § for cornparison-are well- Sl ﬁﬁcﬁﬂ%etg‘ﬁ.l%{?ﬁ% I‘:*‘él]l\llgﬁ\‘nment of
sequences forwompassord cathdigltngdlctegt: e, by abertegaire thelady latedeithgROTASmith &
Waterman, Adi\ﬁclﬁﬁ)&!erﬂmﬁgf%%?g@ﬁﬁg’)or “sIRNA,” i.e., interfering RNA of about 15-60, 15-50,
15-50, or 15-40 (duplex) nucleotides in length, more typically about, 15-30, 15-25 or 19-25
20 {duplex) nucleotides in length, and is preferably about 20-24 or about 21-22 or 21-23
{duplex) nucleotides in length (e.g., each compiementary sequence of the double stranded
SiRNA is 15-60, 15-50, 15-50, 15-40, 15-30, 15-25 o1 19-25 nuc}eotidés in length, preferably
about 20-24 or about 21-22 or 21-23 nucleotides in length, and the double stranded siRNA is
about 15-60, 15-50, 15-50, 15-40, 15-30, 15-25 or 19-25 preferably about 20-24 or about 21~
25 22 or 21-23 base pairs in length). siRNA duplexes may comprise 3' overhangs of about 1 to
about 4 nucleotides, preferably of about 2 to about 3 nucleotides and 5" phosphate termini.
The siRNA can be chemically synthesized or maybe encoded by a plasmid (e.g., transcribed
as sequences that antomatically fold into duplexes with hairpin loops). siRNA can also be
generated by cleavage of longer dsRNA (e.g., dsRNA greater than about 25 nucleotides in
30 length) with the £ coli RNase III or Dicer. These enzymes process the dsRNA into
biologically active siRNA (see, e.g., Yang et al., PNAS US4 99: 9942-7 (2002); Calegani et
al., PNAS USA 99: 14236 (2002); Byrom ef al., Ambion TechNotes 10(1): 4-6 (2003);
Kawasaki et al., Nucleic Acids Res. 31: 981-7 (2003); Knight and Bass, Science 293: 2266-71
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$ by the homology alignment algorithm of Needleman & Wunsch, T. Mot Biol. 48:443 (1970), by the
search for similarity method of Pearson & Lipman, Proc. Nat'l. Acad. Set. USA 85:2444 (1988), by
computerized implementations of these algorithms (GAP, BESTFIT, PASTA, and TFASTA in the
Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr., Madison, WI), or
by manual alignment and visual inspection (see, 10e.g., Current Protocols in Molecular Biology
(Ausubel et al., eds. 1995 supplement)). [0073] A preferred example of algorithm that is suitable for
determining percent sequence identi | sequence similarity are the BLAST and BLAST 2.0
algorithms, Whi@&gr' 3&%3&%’8%% $?f?é%02t§ﬁ?m%% E%@é %Qs.Pé%f% %- 8951199 1518 Altschul et
al., J. Mot Biol. hbid08idki & (H990)00ctpe tiuedp) BLNE Tralwd BEAS TezO.aredsRadh, wvithtihe
15parameters describeghergingdagdetermink ARISSR SRALSPES ety fok the nycleig,agids and
proteins of the invention. Software for performing BLAST analysés is publicly available through the
National Centef¥6HBIoteEHHEREY b AHEALHLRARRAARMY.nCbi.nlm.nih.gov/). This algorithm involves
first identifying faiglsScorinm:aemmIensa PaksFIo R sydusidentifyingishertwords:afdengthidt in the query
sequence, Whichdeithter me%tch o{ satis [ sorgeug%seiggﬁzgvalu (}hresh%)l score T when aligned with
a word of the SAMa TGRUTA IR 3 database sequence. T i rerarrad 1o s the halgRBsM80d word score
threshold (Altsebreidakgisupfaycfnamse seqtiateeighborhood word hits act as seeds for initiating
searches to fingdgageniSRsconaipingshem s wanhbis arexensadn o disegtions along

each sequence for as far as the cumulative alignment score can be increased. Cumulative scores are

calculated 25 G&RG HOHHHRHRASHAA S BERTE SRRSETYAI S AYBIEYEHS ANTORRlFA PR Est 8 BYSEISair of matching
residues; @lwaysds, Bxanddipenaliynseorstifoigmismalichingresiguase-dbpaytent 4 &0rmmino acid
sequences, a I0g Matex | 11 u X ve.score. B sign o tpe word hits in
each direction§aﬁ% }F%gltg? tggﬁée% :H&%gctﬁ?rﬁg‘flgti\%g aglggar%%gﬁt%gc%}g ?;%(I%ss%?fgg%%tﬂ}é%%l nteity X from its
maximum achiéVeersaleie; AREX ettt s dre RyoRE tatisB /F BrdbdtciwidsD fueddnthissrseumulation of

one or more NegANRSCRENG AaRISHeAlgIIetSs; Bt ihe embaleither sepnense isseached. The
BLAST algorithm parameters W, T, and X.determine the sensitivity, and speed Qjétfb lignment. The
BLASTN progrg‘ﬁg( OrT n%cﬂ%%‘ﬁ\%{gssoef%tngrﬁéégfoﬁsagé] g’se 8% §%§¥am\f\¥%)erlﬁl%cﬁdgf’ﬁsm) %e)l an expectation
(E) or 10; M=5; a4 anrtirgeaoropitisnnef brilcs tiabdshdaos-amin o acidrse queneesi the BLASTP

program uses as, default rdlength of 3, and expectation.(E) of 10, and t OSUM62 scoring
matrix (see H%%E‘éﬁ %?‘lgfe(r?mvic/)?ﬂr Fo%e % .s%\qtl:lgré‘f%gﬁ %%“&%é@%éi%ﬁé@qg)% %#ﬁﬁ%%?s (B) of 50,
expectation (Eymfctehidahdddednand:accarpdt)stin of hothestrands«o{0Qy 4 wHieh BisAST algorithm
also performs, g statistical analysis of imilarity: between wo sequences See. L. erIin&
Altschul, Proctﬁﬁlgﬁhsiggﬁggg% %‘%&"é%gé%ﬁ t%‘%‘?%d&é%%%és &suire S(Js?ngl grr%/ésb%vided by the
BLAST algoriﬁﬁrgﬁ@qﬁ@wanégtegerﬁﬁwéﬁ%iﬁtf (B(?r@%, WHichrpbesideeceypisdiic agofitofuthe probability
by whichyg m%‘r%léég%vc%%ﬂi&%on{% QHQECBIQ%E'&ﬂrﬂ%'é]f'aé&fﬂHEQF&%%?H&%@E%&SE% ghance. For

example, a nuc icid 10 Is conisidered similar to a reference sequence | m: fest sum
probability in SEBASOR SRy eesERfGEISIRYABRIZS oH e RO A SieTl M dldeasiéMe 1S than about 0.2,
more preferablytioss.thanahant @ Odmarshinastpieianabbyless than about 0.001. [0075] The phrase

"inhibiting ex jon of a target.gene’, refers to the ahility of a SIRNA of the | tion to initiate gene
silencinggof tﬁéﬁt%%enfz ffem 5?‘%98‘%&#3% {F%e!zgé?gnc? ;(%%ﬁé afgbsﬁlaesr%%odf ]gﬁrm%}gefsy%rfnglsxaég?s of thge
organism of isiesest aidcels DRcliéubeaxpIeesSnga Pasticulas sossindatake eofIparegto control
samples lacking expression of the construct. Control samples (lacking construct expression) are
assigned’a ret3iE A8 ¥ 180! ThiindOA O e ifedsioA rRTaryECgeh S HeHisRttwhen the test
value relativersothesaontialy sral il 006 prefer ally 5086 mere peefeiably 2R tQ%n Setitable assays
include, e.g., 20-examination of protein or A Is using technigues known tq those of skill in the
art such asg,J do% Ig@fﬁ‘é@?ﬁg%%gg%%, |ﬁr§ﬁru£?1 ri |zggﬁloéﬁsgﬁg§%y i?narguanmdﬁgecg\l%{léﬁon, enzyme

function, as ieliPas preiGhppic ASsasierb W s Ihbigh BRI FMsdig temperatures can
range from about 30C to about 65C, depending on the primer length and specificity. Typical

30 cycle conditions for both high and low stringency amplifications include a denaturation phase
of 90C - 95C for 30 sec - 2 min., an annealing phase lasting 30 sec. - 2 min., and an extension

phase of about 72C for 1 - 2 min. Protocols and guidelines for low and high stringency
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[00761 "Nucleic acid" refers to deoxyribonucleotides or ribonucleotides and polymers thereof in single-
or double-stranded form. The term encompasses nucleic acids containing 25known nucleotide analogs
or modified backbone residues or linkages, which are synthetic, naturally occurring, and non-naturally
occurring, which have similar binding properties as the reference nucleic acid, and which are
metabolized in a manner similar to the reference nucleotides. Examples of such analogs include,
without limitation, phosphorothioates, phosphoramidates, methyl phosphonates, chiral-methy]
phosphonates, 2-0-methyl 30ribonucleotides, peptide-nucleic acids (PNAs). [0077] By "silencing" or
"downregulationirgfidigetine eratischeic: acididsdntendethid medn YBtECtaBlededcreasrigé translation of
a target nucleic ggigl SRIMENGSs Jﬁi@;ﬂ]@éﬁ%ﬁ?@ﬁ%@ﬁ%tm the RNAI, or a decrease in the amount

or activity of the target sequence or protein, in_comparison to the level that is detected in the absence
of the interfering IRAEA oNeisesT aifeIBT derpSadidiredo seetditapldcn serasaecertitivasasesilall as about

5% or 10%, or agsigtaalas Abail80%e: SA%RLIN% . Mate bipirily. aseiesiabladacieasgss about
20%, 30%, glO% 50%,.60%, or 70%. 5[00781 A "thera %tsicgéléxe%ffgctiv amount" or an "effective

amount” of a silﬁﬁfﬁrslsﬂé:hexgm tint sel?fﬁccz%)ﬁtotoabl%gfﬁ%ec{ e desire eiﬁ%c?}ét?d(},méi &Créase in the
expression of adegerersyqeanitedcbmgradsorrs. thesndnyabexprevdion dadehgetgbidatindhe absence

of the siRNA. [00:49] ﬁéa@é?aglmﬁ' nt AGIRERHGALBANUD SO/ wloR el r;%&@e?a@mm;&%@}@n comprising in
whole, or in part, water. 10[0080] As used herein, the term "organic i 0|d solution” refers to a
composition cofBASIAYIT GRGIE s ?ﬁ%%,%’ﬁ%‘ﬂéﬂﬁ%l%’ﬁ%ﬁra?ﬁﬁg/&fﬁﬁféﬁmf’(ﬁ()é%}‘;ﬁ%tal site," as
_uselddhere?n, ret)fprﬁiﬁ?szgpim,cagyf@mrﬁtm stie av¥ed, i%ﬁﬁ%ﬂm@t%ﬁ%@?iaﬁi@gﬂ%&s%{aw@ry bfed, but
includes sites broa istributed throughout an organism. In some embodiments, distal site refers to a
Site pivyoicilly SEEAFAHG S S e G s AP HEE GRET A TRt o
the site pf an infezs.tilonr)d{ﬁ@SZ]aﬂSéemﬁm&abmdxﬁdmmmiﬁmms sfistieleratidsépi. padtitlesaineans that the
particle is not signiligaathy dearadadAfisk aYRRHIEIAGSIB GLBLFIE AR ASSAY DAl wayd

significantly degrade free DNA. Suit assays Include, for example, a standard serum aSsay or a
DNAse assay SHEI-4EsHdaiefestinddel srtH E’%rﬂ%&ﬁé‘l’é\%z 9dl0083] "Systemic delivery,” as used
herein, refers teodetiveshthatte aslsiarmahrordiiadisttutiomehiadanpoundaihiekasr arganism. Some

techniquef of administration can tle d.to the s(Xstemic deIive%of certair{ com %unds bulgl not others.
. CF . MOore nucieic Eﬁ:l(% e er%o fWO Or Tik 658(%%&[1085 Or suDsequence }}a are the same pr have
Systemic delivery means that & useful, preferably therapeutic, amount of a compound is'exposed to

most parts of thersedipd Pereibtaga tromtedhiden shabu e genetadly adepsirdmal blodrietaviz such that the
25compound ig gt feRidlyedegradad aooleasaddsich ashYqtirst PaRS PLPANSHINSTodYRE RIC.) OF by

rapid, nonspecific cell bindin be{ore reaching a disease site distal to the site of administration.

q)
Systemic delivENP LIS R ZRr- RSB PR fET BRADSE 6 XA AR VAL SRASUMIYAE art including, for
example, intradengus;asirbitutaneeassydh traperitonthk follavpreferqechembodinment; systemicrdelivery of

nucleic agilinid partiaiesdsiun BARNRHR0RR! VPR J0RRAA, WACRAEINRLY AR URRLAGTein refers to
delivery of a compound directly to a target site within an organism. For example, a compound can be
locally deIiveréﬂfﬁ”? #piplagpusly fo the complement of 2 sequence. Preferably, the substantial identity

exists over a region that is at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 75, or 100
nucleotides in length. |
[0671] For sequence comparison, typically one sequence acts as a reference sequence, to
25  which test sequences are compared. When using a sequence comparison algorithm, test and
reference sequences are entered into a computer, subseqguence coordinates are designated, if
necessary, and sequence algorithm program parameters are designated. Default program
parameters can be used, or alternative parameters can be designated. The sequence
comparison algorithm then calculates the percent sequence identities for the test sequences
30 relative o the reference sequence, based on the program parameters,
[0672] A “comparison window”, as used herein, includes reference to a segment of any one
of the number of contiguous positions selected from the group consisting of from 20 to 600,

usually about 50 to about 200, more usually about 100 to about 150 in which a sequence may
16



injection into a disease site such as a tumor or other target site such as a site of inflammation or a
target organ such as the liver, heart, pancreas, kidney, and the like, Ill.Stable Nucleic Acid-Lipid
Particles [00851 The stable nucleic acid-lipid particles (SNALPs) described herein typically 5 comprise
a nucleic acid (e.g., a SiRNA sequence or a DNA sequence encoding a siRNA sequence), a cationic
lipid, a noncationic lipid and a bilayer stabilizing component such as, e.g., a conjugated lipid that
inhibits aggregation of the SNALPs. The SNALPs of the present invention have a mean diameter of

less than about 150 nm and are sulggts% i%ll}g g Xic.. In additi .0 lejc_acids engapsulated in the
SNALPs of thegﬁr%osme%atr?%\}%ﬁtrlgﬁfg]re re@gtanﬁﬁ 1%gq5élgijn§ %ro%tﬁ)n%(%sé ?ggg%fo%ﬁ\?v% "a nuclease.
A.Cationic Lipié&o15088saotiiBgitabliesdionidngidy sigyppent riegavense SNampsriesdibed herein,

iggg; illféne_ ormlz_eze_zgabmﬁii%@ MIFDQ{%%FQEIQ%&;E@&W@@J&@QMG@%@@&&%W&%@B@ fsgglclej
ationic lipids which are yseful in the present jnvention can, be any ymber of 15lipi

species which &rr AP O8N WidtEY ﬁég%’ltg]g%ﬁgf%% é&g,ﬁ%ﬁ%%{ﬁ;&"éz STN1A, DDAB,

DOTAP, DOSPAHD BGSoRCHEhokardDHRI Bf Becdbemisin&tidhusstheredh./Abruimbead b i#isse lipids and

related analogg, Woch-ar Al selhin e Preser! 10¥solion. Aueheendessbed n U.S. Patent
Nos. 5,208,036, 5,264,618, 5,279,833, 5,283,185, 5,753,613 and 5,785,992, the disclosures of each of

which are incobparfbt Mdely Byanetard el creraiym i BaetorreTiBayERa B oHbrises from about
2% to about 6@%safsthedatakkpid presenisinsaidpaiticlsopreierablyf9pabaytcipaabout 45% of
the total lipid present.in said icle. In certain preferred embodiments, the.cationic lipid comprises
from about 593 Aot TaTb o e LA T bbbt e B 8y S Har SIS G Brmbodiments,

the 25catidnicdipidsorepaisesdeérin Mdurio%ebatsussodsofihaliotdf figitnresait in said particle.
Depending onrgaedntendedss ahthancieiciacid-ipid Rarisles: e pepansofdir.cemponents
are varied and the delivery efficiency of a particylar formulation can lfg?nwgg%sure_d using an endosomal
release parametBl PEBPIGLENS Y aé‘%?ﬁep%é‘f%gf %%t?é’ﬂw%‘d’éﬁ/%&a G BB HTE R may comprise
from about 5% dariaailit 23&ciol the/iatal. i SBprasetisih BHizl (el tickedanitkébullecdl, or #&dional

delivery, the C&%@@%‘é@digﬁg%&gaég H0;309u A0 abaul SPYRaf e folablipid present in said

particle. B.Noncationic Li 089] The noncationic lipid component of the SNALPs described herein
can be ahy of ETGHISEE SPFBRATAITRIBHAFFEEN AR RETEH REBIEBSRGHRIIH S eaprae afiftddficing a
stable complexohfialie prefeiah s opuraaiibeiahnhey £on alignaiivelyike positively or
Snegatively cliarqel Exampler of noncafionic Iids ysefulin the esen enlioninglyge

This algorithm involves first identifying high scoring sequence pairs (HSPs) by identifying

short words of length W in the query sequence, which either match or satisfy some positive-

20 valued threshold score T when aligned with a word of the same length in a database

sequence. T is referred to as the neighborhood word score threshold (Altschul ef al., supra).

These initial neighborhood word hits act as seeds for initiating searches to find longer HSPs

containing them. The word hits are extended in both directions along each sequence for as

far as the cumulative alignment score can be increased. Cumulative scores are calculated

25  using, for nucleotide sequences, the parameters M (reward score for a pair of matching
residues; always > 0} and N (penaity score for mismatching residues; always < 0). For amino
acid seguences, a scoring matrix is used to calculate the cumulative score. Extension of the
word hits in each direction are halted when: the cumulative alignment score falls off by the
guantity X from its maximum achieved value; the cumulative score goes to zero or below,

30  due to the accumulation of one or more negative-scoring residue alignments; or the end of
either sequence is reached. The BLAST algorithm parameters W, T, and X determine the
sensitivity and speed of the alignment. The BLASTN program (for nucleotide sequences)
uses as defaults a wordlength (W) of 11, an expectation (E) or 10, M=5, N=-4 and a
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phospholipid-related materials, such as lecithin, phosphatidylethanolamine, lysolecithin,
lysophosphatidylethanolamine, phosphatidylserine, phosphatidylinositol, sphingomyelin, cephalin,
cardiolipin, phosphatidic acid, cerebrosides, dicetylphosphate, distearoylphosphatidyleholine (DSPC),
dioleoylphosphatidylcholine (DOPC), 10dipalmitoylphosphatidylcholine (DPPC),
dioleoylphosphatidylglycerol (DOPG), palmitoyloleyolphosphatidylglycerol (POPG),
dipalmitoylphosphatidylglycerol (DPPG), dioleoyl-phosphatidylethanolamine (DOPE),
palmitoyloleoylphosphatidylcholine (POPC), palmitoyloleoyl- phosphatidylethanolamine (POPE) and
dioleoyl-phosphatichptetirardfzaiinceud{ NFmaleintidofmedwghceyclshitivah R prarboseykates (DOPE-mal),
Noncationic “p'd&ﬁﬁﬂéﬁ&{ﬁ %@Hpbfgsaﬁbeig%@mr{t@yomopa%w hdditions! gaeﬁpgmmorous

containing lipids are , Stearylamine, dodecyla ﬁﬁfjne hexad eCﬁ amine acetyl palmitate,

glycerolricinoleat¥¢ MI%‘?&?@&’E@P ’"i%%a%w‘l” yRstate dmmphotefic é?ﬁ]@%ﬁ?ﬁ%@% of
triethanolamine-fausybautate Bl {an-suNate, polyathyimtidated fatiytaeidsamides,

dioctadecyldime ﬁmﬁ% Eﬁ‘sfi‘rﬁ“&%%‘ tB&f'&sﬁs 'ﬁ&Y&B@aﬁ%ﬂﬂi}f gxm ung, ity herwcen

20d|acylphosph tl thanolamine, Terami e, sphingomyelin, cephalin, an cere r05|des Other lipids

such as Iysophdmﬁwmm%dqy%%&%@h ylé%h%?fdlaf?ﬁﬁegﬁﬁaﬂ}yde Hesétt Noncationic lipids
also include polyra,tbmber&aM%h}medrmwmﬁss;mhﬁse%@saeggeﬁﬁﬁm@@n@ﬂespﬁiwthylene

glycol conjugated Ifg qe“ toc ramides refer d to a5 de in U.S.
Patent No. 5, 826r c(g 2} (ﬁgfer?éfllneﬁynigre elr%rh%é% 5’56 lye‘?/erre mat tzr‘f’ifennts the

noncationic Ilpldyeam@hawmn@sphmmymMQB (ecnld dm@oﬂpﬂmsmqaﬁwmmclew acid

dioleoylphegphati | adidyighlingard dilinglen hatidvlghgline),
dlacylphos(i;)ﬁhatiiyglj%{i%g%%laf;gglﬁl%rz%ajlr;j;;li(e}%}l?:ohlEe%f/élﬁiohos|t;)hat|dylethagtingf)ulam|neé\gg‘qﬁQ K

30palmitoylolecSifd&HRAtain At %ﬁ?ﬁq@ﬁcﬁé}ﬁ}ﬁﬁ@@ﬁ&?ﬁ?ﬁwﬁ%‘w FROSRFGIRRIYS in these
lipids are prefenakﬂymaﬁ:ybgrml@s derived frafmatajticacids heuing @10-C24 carbon chains. More

preferably the ?ﬁj 9}:0%3 gu,&r 19@/ 5&5@4 éd?lac!ﬂtﬁ ée égf@er Q%Ifé%g%?l%yibllﬂy%% '&H&@}&ly preferred

embodiments, ncati n|c I|p| ne or more of cholestero
1,2-sh- d|o|eoy|mﬁé@pnmmyremmmﬁ@m&ﬁ@@wéwg@ﬁw@% @sm;nfem@mﬁé poasneationic lipid

typically C@B“Wb’i%ﬁcﬁ&%”&a%ﬁ%ﬁ&%s@sﬁh%ﬂ S0t HTentota bpitipresainio é@ﬁsﬁﬁﬁ@'e preferably
from about 20% to, about 85% of the total Jipid 5 reseq r?s%ld particle. hfe PEG-DAG conjugate
typically comprf?é%c GhTCDSHE AI5SOPBHSE O Hhe" ot%ﬂ 6?es RN 5ar ic npre':rterably from 4%

to about 15% ofthedotahiilsid lpreise ntistsaid particte) él'rhesmachehe @hidviprdupatticle®.of the present
invention may ffRe/ GompHse.calesterak gém%%me\tmmI@ét%@bmgaumqmeg@mom about

10% to about 60% of the total lipid present in sal ?Eartlcle preferably the cholesterol comprises from
about 1020% té a8t ABep R totPmRIsIESst v Sl parifeRte Bsiaydrdidhififing Component
[00921 In;ne erabocifoet, foeis ANy tEvels @mnm&eﬁq&dml@y@m%&bdmn@hﬂmmaamt (BSC).

Suitable BSCs in J Iud t are not |In‘!lt%dr§ 2::RRlyamide grsﬁ%qgl% es) S, detergents,
lipid- derlvatlves Cé ﬂtgl’llcj?és §1ng§ as PEG1 coupﬁ)i%g’ to dgla?ﬂﬁ % p% e 29’%
function, as well as phenotypic assays known to those of sk1 m Lhe art.

[0076]  “Nucleic acid” refers to deoxyribonucleotides or ribonucleotides and polymers
thereof in single- or double-stranded form. The term encompasses nucleic acids containing
25  known nucleotide analogs or modified backbone residues or linkages, which are synthetic,
naturally occurring, and non-naturally occurring, which have similar binding properties as the
reference nucleic acid, and which are metabolized in 2 manner similar to the reference
nucieotides. Examples of such analogs include, without limitation, phosphorothioates,
phosphoramidates, methy! phosphonates, chiral-methy! phosphonates, 2-O-methyl
30 ribonucleotides, peptide-nucleic acids (PNAs).
[06077] By "silencing” or "downregulation” of a gene or nucleic acid is intended to mean a
deteciable decrease of translation of a target nucleic acid sequence, i.e., the sequence targeted
by the RNAI, or a decrease in the amount or activity of the target sequence or protein, in
18



15 (PEG-DAA), PEG coupled to diacylglycerol (PEG-DAG), PEG coupled to phosphatidylethanolamine
(PE) (PEG-PE), or PEG conjugated to ceramides, or a mixture thereof (see, U.S. Patent No.
5,885,613, which is incorporated herein by reference). In one embodiment, the bilayer stabilizing
component is a PEG-lipid, or an Al TA-lipid. In one preferred embodiment, the BSC is a conjugated
lipid that inhibits aggregation of the 20SNALPSs. Suitable conjugated lipids include, but are not limited
to PEG-lipid conjugates, All A-lipid conjugates, cationic-polymer-lipid conjugates (CPLs) or mixtures
thereof In one preferred embodiment, the SNALPs comprise either a PEG-lipid conjugate or an
ATTAlipid conjugatgtiogeth trewdthl tha@ R defedoBin TypidatiscethbthilayetstiabRiXingoomporéit is present
ranging from aboiit Q. 5e4-0 25RRHR0%% QLD E.IARLIRILL RIRSERLIRING RAFIGIE, IR, Spreferred

embodiment, the bilayger stabilizing component is present from about 0.5% to gbout 25% of the total
lipid in the partieh8u fosthdP prafiie MAsduminEnts FRisIRGFLEasis iRy Eatbotenti®present from
about 1% to abewt, 20%, &r7about 3% to about 15% or about 4% to about 10% of the total lipid in the
partcle. One of gyginary skl in.the.aruil pppreciate hat ing soncenration,of 3o bilaver stabilizing
component cant be varied depending on the bilayer stabilizing component employed and the rate at
which the liposemerissidiisesomeniser sidssiod o By sontiestinass théhesrpessitionfanerzgdncentration
of the bilayer stahilizing CRMPARERt MEneAMranalifedatealwhiGh dhe.bilaversiahiiiaing component
exchanges out of the I(iégoso?e and Fﬂ'}g turn, the rateﬂ?étwwh,ich the liposome becomes fusqgenic. For

instance, when! ™ pBIy&thys 58@/‘80 ﬁ%bﬁﬁﬁﬁi%? BPaRTiTe LohfrgReBien $BIpaHRGEheglycol-

5ceramide conjadg:fl&eo'ts'nmd asihe bilayer stabilizing component, the rate at which the Iiposom_e_ _
pecomes fljsogfile can.laceaiash (At RAMBERY MRS e cRRCRNIAAN Bldh e Bllang stabilzing

component, by varying the molecular weight of the polyethyleneglycol, or by varying the chain length
and degree of Bat{ifatioh BTk MRERSIHPYFBLPR BR #®'Bhosphatidylethanolamine or the ceramide. In
addition, other pgagigbleniinliti1q:s fiased Oexampies pih fRyRpsiialsardeaissrerghis géc. can be used to
vary and/or contrgl the rate.at which,the lippsome becomes fuspgenjc, Qther methods which can be
used to controF{ﬁ%eég ea %bﬁ%’ﬁ %ﬁ%lfﬁﬁ%ts}g%%u lélg%imegglﬁségagﬁigﬁiﬁ%%%%%rﬁrgu p%%r%lnt to those of
skill in the art upsenissadmynvsabsdiownte disEisits1eisedocl Pelyerkigitieghpusttbppgates 15[0095] In
one embogimeit.Aa¢;kil@yersiahilizingcanpRneRlLeamprses & dirtaixcaralRelysthyleneglycol
conjugate, i.e., a DAG-PEG conjugate or a PEG-DAG cqnjugate. In a preferred embodiment, the
DAG-PEG corlflifate iSqha @l%@aﬁ’?&%‘fﬁ%@t‘s‘gﬁjﬁ REgmeRn geardired et peG
conjugate (DMGt)signifipaltyittgighcenbin( &IOsRE B comugatewcizasdstaamlglyoekbl (C18)-PEG
conjugate (DSG).. f skill j rt Wi i it t iaGyl erols can be
used in the D&%@‘ggﬁgou%ﬁ%%%gs% %%I%e' p%éﬁ%%%ﬁ?ﬁgéﬁgﬁg@fg%%%g}?éér%%ates for use in
the present in¢&AYiSh: B FREFRHOVET #h HIdTr enabgdinghErimales d/desed in U.S. Application No

10/136,787 pybiished essthScRoAva003M0RET 828inaneeR G laRateptiApRligatiorbad CA 02/00669, each
of which is incig(r} g{gﬁ%&og%ﬁ%' QJ&IID%SUSQ &;’;‘3{% QX JI%%%';?QC %'ome techniques of administration can
iead to the systemic delivery of certain compounds, but not others. Systemic delivery means
that a useful, preferably therapeutic, amount of a compound is exposed to most parts of the
body. To obtain dbroad biodistribution generally requires a blood lifetime such that the
25  compound is not rapidly degraded or cleared (such as by first pass organs (liver, lung, etc.) or
| by rapid, nonspecific cell binding) before reaching a disease site distal to the site of
administration. Systemic delivery of nucleic acid-lipid particules can be by any means
known in the art including, for example, intravenous, subcutaneous, infraperitoneal, In a
preferred embodiment, systemic delivery of nucleic acid-lipid particles is by intravenous
30 delivery. -
[0084] “Local delivery” as used herein refers to delivery of a compound directly to a target

site within an organism. For example, a compound can be Jocally delivered by direct
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252.Dialkyloxypropyl conjugates [0096] In another embodiment, the bilayer stabilizing component
comprises a dialkyloxypropyl conjugate, i.e., a PEG-DAA conjugate. In one preferred embodiment, the
PEG-DAA conjugate has the following formula: CH20-R1 CH20-R2 OI-12-C-PEG [0097] In Formula
I, Rl and R2 are independently selected and are long-chain alkyl groups having from about 10 to about
22 carbon atoms. The long-chain alkyl groups can be saturated or unsaturated. Suitable alkyl groups
include, but are not limited to, lauryl (C12), Smyristyl (Cl 4), palmityl (C16), stearyl (C18) and icosyl
(C20). In preferred embodiments, Rl and R2 are the same, Le., Rl and R2 are both myristyl (i.e.,
dimyristyl), R1 &HECE 418 BOHFSER TS kBT BtE AreRsintish 2 Pete i pfgRaMene glycol
having an average mgectgar sidightheflfranhebopirbhAsdbeyta8 B0 1daltons. In a preferred
embodiment, the PEG has an average molecular weight of from about 1000 to about 5000 daltons,

more 10 prefergply, fronnRba 100G akop4,3300 daltons and, even more preferably, of about
2,000 daltons. The PEG can be optionally substituted by an alkyl, alkoxy, acyl or aryl group. In

Formulal, L s g jpker fpisty A inker majebysulahis (onoupling e ERGy o e dialkyloxypropy

backbone can be used. Suitable linker moieties include, but are not limited to 8(-C(O)NH-),
amino (-NR-), ¢ (retEicichibenai i c@yer ccabaMAE (L TSNP )SIBREA (-NHC(O)NH-),
sumc:(nyl (-(Q)C%ql@&&é%%gagamﬁmﬁﬁgigﬁ;ﬂlj;ah?@o ﬁlgn@l @ﬂm?]m%pmﬁh@me@b@fq@wm@ Iinkers} are
well known in the art. >hqsphatidylethanolamin , vatiety. o ain groups o
varying chain |5ﬁgtﬁ§°§wéa&§§%§§g8%% %Fséﬁ%eggtﬁogésgg%%é%%%tgﬁbctf%/\é%@%%%g?ﬁ%%% form the
bilayer stabilizing@toone atnSuchapiatss phisticiplethbnd (Hime salere srhstetcia patailable, or can
20be isolated qp gvRthesized RN, cQRVRRHGRalSRANIBUESKDANRI0IhasR Lhekillediin fhe art.

Phosphatidylethanolamines containing saturated or unsaturated fatty acids with carbon chain lengths

in the rand® of @H5Y eshichéosiesratabian PHBE L &Rethanolamines with mono- or diunsaturated fatty
acids and mixtures of saturated and unsaturated fatty acids can also be used. Suitable
phosphatidylethanolamine£ atidaigd:iBids are not limited to, the following:
25dimyristoylphosphatidylethanolamine (DMPE), dipalmitoylphosphatidylethanolamine (DPPE),
dioleoylphospheihyletiiaimalasminsl £ C@6HT) lpid disgdrnpgpinadplSatidyte thaaiiamiaei{DSRC). [0099] As
with the phosphatidylethan | i I an | chain grou .yarying chain
engths and e e B e b col e B e
stabilizing Con{@@ﬁ?éntpﬁtimﬁcg@igf)ﬂa@ﬁrwqp@g@ e present invention can be any of a number of ’

15  lipid species which carry a net positive charge at physiological pH, for example: DODAC,
DOTMA, DDAB, DOTAP, DOSPA, DOGS, DC-Chel and DMRIE, or combinations thereof,
A number of these lipids and related analogs, which are also useful in the present invention,
have been described in U.8. Patent Nos. 5,208,036, 5,264,618, 5,279,833, 5,283,185,
5,753,613 and 5,785,992, the disclosures of each of which are incorporated herein by

20 reference.
[0088] The cationic lipid typically comprises from about 2% to about 60% of the total hpid
present in said particle, preferably from about 5% to about 45% of the total lipid present in
said particle. In certain preferred embodiments, the cationic lipid comprises from about 5% to
about 15% of the total lipid present in said particle. In other preferred embodiments, the

25  cationic lipid comprises from about 40% to about 50% of the total lipid present in said
particle. Depending on the intended use of the nucleic acid-lipid particles, the proportions of
the components are varied and the delivery efficiency of a particular formulation can be
measured using an endosomai release parameter (ERP) assay. For example, for systemic
delivery, the cationic lipid may comprise from about 5% to about 15% of the total lipid

30  present in said particle and for local or regional delivery, the cationic lipid comprises from

about 40% to about 50% of the tota! lipid present in said particie.
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skill in the art that in contrast to the phosphatidylethanolamines, ceramides have only one acyl group
which can he readily varied in terms of its chain length and degree of saturation. Ceramides suitable
for use in accordance with the present invention are commercially available. In addition, ceramides
can be isolated, for example, from egg or brain using well- 5 known isolation techniques or,
alternatively, they can be synthesized using the methods and techniques disclosed in U.S. Patent No.
5,820,873, which is incorporated herein by reference. Using the synthetic routes set forth in the
foregoing application, ceramides having saturated or unsaturated fatty acids with carbon chain lengths
in the range of C2 to Ca1 canbe:piemanegids. Cationic polymer lipids 10101001 Cationic polymer lipids
(CPLs) can also be used in the SNALPS described herein. Suitable CPL typically have the following

architectural fea%db%@i (112 lipid-ApER e FUER A3 & MHIFRAODIG iRid. ABE BEAIRQUANG 16 GPUS into
the lipid bilayer; (2) a’hydrophilic spacer, such as a polyethylene glycol, for linking the lipid anchor to a

cationic head groefcHREN 4 BENEAAGHLIHIGRNT T REPPRE KMt R oRIndHEMmifaliid, to
produce a protorizapie 1 5cafinnit-Hfeatl greups Sittabie HiNAP slerdSAALPpeRhefosruse in the
present invepntion, and method making.and ;n NALPs and SNALP-CPLs, are.disclosed, e.g.,
0.5, Apprata N OTeEa 6 oA ol B D pe e R e S BT e Pt
Patent Applicatiohosdotipdoeloeusaiqb kb dsazs o, 0byepigtidylekate lemishidyseerborporated
herein in its entifety ay4airenee.A0H 1dn el the-ReesenbinvantianiRovidesasempound of
Formula II: A-W--Y Wherein,A], W agd \fl%rae as.]%)IIowg. [339102 ‘Witrll efe[[éence to Formula ll, "A" is a
lipid moiety suctf REAH-SABAIPRMREIBI S H &l AT UIS AN SHABIAIRid that acts as a lipid
anchor. Suit_ab_le:HM@dgmmwi@&hnM@Slé@)dié@fmvﬂ:bhgsﬁbw_smhwés@@@%pting lipids and include,
but are ”Otz'é)m't%E’p&%%@rﬁ;ﬂQJQ’E&{%M%%?%%EHF@{&%ﬁp@a%ﬂ@:ﬁ@g%}?ﬁ\?/)voye)

1,2-diacyloxy-3-aminopropanes and 1,2-dia 1-3—am|nppropanes. 8 "is‘a polymer or an
oligomer, such 285 HArEYAMECSIHAY S ERY G HE P Piardraiiny sty s ishrer f}dﬁﬁ?&)is a
biocompatable palysnerthapistidorinnlaege (MEOOERQROSECESRS fNokphetethFme (FRYETNCIty .
Alternatively, the rophilic, pal I e weakl 6?%? nic,if used. with ropriate adjuvants.
Suitable nonirru%atli;%ga Pﬁ}go %I@‘rﬁsﬁatﬁ?g:{%ﬁcfg%ﬁ%ér? not r%llltdeé"t’(f)ef%gé’é?s a}ﬁggoﬁ%t éag?%glllﬁ%ctic acid,

polyglycolic acidi-Poiykiectindeaieinalyiyretiaetcidetisslarers GRE-ssthbivatsesithiérasionn a preferred
embodimefy, thgHelyer asAnole sidpbivaighi ohalanith281RMNM ARQEAARARSALA4] "Y" is a

polycationic moiety. The term polycationic moiety refers to a compound, 5derivative, or functional
Group having a pBSIFE LA (B ETAPILI ATELer FRELR O Bh AT SRSy € SaHEI YR Dreferably
physiological pHe:Sddat kepatycationiymyietigs, inohidethasicylimpnyracid sratich ibleinidedaragives such
as arginine, as %{%pﬁkﬁlg}ﬁmﬁ%elg&iﬁ‘?h?ﬁ%ﬁﬁpﬁ&%?dﬁ@%@%, gg@g@é@@&ﬁ%ﬁnic dendrimers;

polyamines; polyamine sugars, and aniinopolysaccharides. The polycationic moieties can be linear,
such as linear t&fEIYSIE PIORASTERSE Gk ditiphaiesiidreRalirg. Polycationic moieties have between

about 2 tozgboutiddyiprsipyeienatgasapratctaiayibe typppabetic tprabouind 2pasiivecharges, and

more preferably jedieen abaul 20,8004 & nasiive ShaTss: 2t sloRieH At alues,The selection of

which polycationic m 13 Sysﬁg emplof/j y be ‘determined e type of liposome appﬁcgtion which is
desired. present, Noncationi¢ lipids also include polyethylene glycol-based polymers such as PEG

2000, PEG 5000 and polyethylene glycol conjugated to phospholipids or to ceramides
(referred to as PEG-Cer), as described in U.S, Patent No. 5,820,873, incorporated herein by
25 reference.
[0096] In preferred embodiments, the noncationic lipids are diacylphosphatidylcholine
(e.g., distearoylphosphatidylcholine, dioleoyiphosphatidylcholine,
dipalmitoylphosphatidylcholine and dilinoieoylphesphatidylcholine),
diacylphosphatidylethanolamine (e.g., dioleoyiphosphatidylethanolamine and
30 palmitoyloleoylphosphatidylethanolamine), ceramide or sphingomyelin. The acy! groups in
these lipids are preferably acyl groups derived from fatty acids having C,¢-Ca4 carbon chains.

More preferably the acyl groups are lauroyl, myrtistoyl, palmitoyl, stearoy! or oleoyl. In
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15[0105] The charges on the polycationic moieties can be either distributed around the entire liposome
moiety, or alternatively, they can be a discrete concentration of charge density in one particular area of
the liposome moiety e.g., a charge spike. If the charge density is distributed on the liposome, the
charge density can be equally distributed or unequally distributed. All variations of charge distribution
of the polycationic moiety are encompassed 20by the present invention. [0106] The lipid "A," and the
nonimmunogenic polymer "W," can be attached by various methods and preferably, by covalent
attachment. Methods known to those of skill in the art can be used for the covalent attachment of "A"
and "W." Suitabledinkagepietetudentiotiatennothémited fopianipdewihinedearbexyhoeasbonate,
carbamate, ester, and hydrazone.linkages. ' ent 1o those skilled i art that "A" and
"W" must have é:g?r[%psltgr%%n’té?f/‘%%%%?g%%%}é%g%h SQ%Qg ?ez?:%%tg ‘ié%%?ﬁ%ég?%‘él eé@ﬁ)bn of these two
groups, one on {ASApid Esdensabenit andtheipdlysrarpisisprovidecth & ‘déshleyt HRage e dptexample,
when the lipid ig;adiacyglycero anddhedermpinalhydrexyiisastivaiedsdosinstanaaiwith NHS and
DCC, to limp an active ester, anq isg%h?}ﬁ?g%gd with at;)ggm%ﬁr which cobgtainsbftn mirg%g/roup, such
30as with a“polf AL $EE P P LIS AENGY B, 308617 SR BEEBESCHE SR Lre "
incorporated heséihehytabfipié noadnian sudipletistndrfitdosnirbmtiie enativet tifte gfobp 140G In certain
instances, the pglycatignic maiet ca. have: adigans aHached  sHEN A%.A IRERINGIiganMder a chelating

moiety for complexing calcium. Preferably, after the ligand is 26 attached, the cationic moiety

maintains a poSItvEEsAHglesIF e trrsH e per phRAtr e suBtse ol R [0Gsi R ®harge.
Suitable ligandsingkides i apeinedstinkediopatedmpetindoritlesick it aneativédunttiianal group
a_nd indUdseO"pi.%%atmﬁ)hiQ%{EU}(EJ%Q'dS{bt%Fﬁ“xe com %Qq?pgigafeﬁnity compounds,_biomate_rials,
biopolymers, biomedica evices, 5ana ytﬁ:al?y etectable compounds, therapeutically active
compounds, enzymes, peptides, proteins, antibodies, immune stimulators, radiolabels, fluorogens,
biotimdrugs, haptens ONA BIRVAT BERUZRe- PR fibsomes, virosomes, micelles, immunoglobulins,
functional groups, other targeting moieties, or toxins. D.siRNA 10j0108] The nucleic acid component of

the SNALPs typi84RY cbapricahedimgetibe sy RiNAfurtaer sommmeeswhitay EaibbzBsasdimmseveral

forms includingps,@). asuRRZa 0PI ISe echamal lHintesdesne R R yRiexes, longer
double-stranded RNA %%sRNA%gr@s siRI\tIA orP NA tran%cri from]adttrags riptional cassette in a
DNA plasmid. [T58 At ERAL SRITSRBIERE He ot SIS Bst it S RIGRE™ RN Sng
precursor155R KAsGHRR Aa PEG ubgtan tial rdeypield idenbryGo BESeteotdd target sequence can be
used to phosphatidylethanolamine (PE) (PEG-PE), or PEG conjugated to ceramides, or a mixture

thereof (see, U.S. Patent No. 5,885,613, which is incorporated herein by reference). In one
embodiment, the bilayer stabilizing component is a PEG-lipid, or an ATTA-lipid. In one
preferred embodiment, the BSC is a conjugated lipid that inhibits aggregation of the
20 SNALPs. Suitable conjugated lipids include, but are not limited to PEG-lipid conjugates,
ATTA-lipid conjugates, cationic-polymer-lipid conjugates (CPLs) or mixtures thereof, In
one preferred embodiment, the SNALPs comprise either a PEG-lipid conjugate or an ATTA-
lipid conjugate together with a CPL.
[6093] Typically, the bilayer stabilizing component is present ranging from about 0.5% to
25 about 50% of the fotal lipid present in the particle. In a preferred embodiment, the bilayer
stabilizing component is present from about 0.5% to about 25% of the total lipid in the
particle. In other preferred embodiments, the bilayer stabilizing component is present from
about 1% to about 20%, or about 3% to about 15% or about 4% to about 10% of the total
lipid in the particle. One of ordinary skill in the art will appreciate that the concentration of
30 the bilayer stabilizing component can be varied depending on the bilayer stabilizing

component employed and the rate at which the liposome is to become fusogenic.
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make the siRNA. The RNAs can be isolated from cells or tissue, synthesized, and/or cloned according
to methods well known to those of skill in the art. The RNA can be a mixed population (obtained from
cells or tissue, transcribed from cDNA, subtrated, selected etc.), or can represent a single target
sequence. RNA can be naturally occurring, e.g., isolated from 20tissue or cell samples, synthesized in
vitro, e.g., using T7 or SP6 polymerase and PCR products or a cloned cDNA; or chemically
synthesized. [0110] To form a long dsRNA, for synthetic RNAs, the complement is also transcribed in
vitro and hybridized to form ads RNA. If a naturally occuring RNA population is used, the RNA
complements ard¢f4b pRovieidn {mgtheedopasit sSRNAJorcdigrattionithedilept Riligadll 250r Dicer),

e.g., by transcriping,cRMAS: cotresReRdIng 4@ the RN A Pomation orky Hsing BNARsymerases. The
precursor RNAs are then hybridized to form double stranded RNAs for dggstlon. The dsRNAs can be

directlu emcapsBiSEARRHRE ENAL B oELH TR WRSR ROING PBFfORRS BritssdubRignsec30111]

Alternatively, oneher: meiiec:iNA gibsnipieenetdituthanrdaarimooe; sl 4 toplalera@brekencapsulated
in a nucleic acid-lipid particle. siF e Ar ' t ut. ically fold into
duplexes ng h%%%%%g%nél%%%nﬁg&{ %ﬁj’éﬁ@ﬁﬁ%ﬁé@g %%%?%Q’%%E%o%yﬁ%a{s% [l transcriptional
units, for exampiaoeaRE G R EFRATHA ISRty T ArER e ey gitaefernsenattion ehe RNA 116

or f:juman RNaSﬁI%BNébiﬁHin%ﬁﬁn&ﬂéﬁﬂm?H@m@ tBéaheoB6IRNGR:1206; 5B ﬁ@@@z%lga&?@@;@oi,eﬁral-, Nducleic
Acids Res. 30:e46 (2002); P ison, etal., Genes Dev. .16: 2002):.Yu, et al., Proc. Nall. Acad. Sc!.
99:6047 (2002?? é"ser}”‘é‘ﬁz}i’f QaF B 565?68%8‘6@5‘?%%%%%{98?%?,%‘i?é’f?sﬁ?fb?éech. 20:497 5(2002);
Paul, et al., NatpRiptetdy ROB0520G0R)thane Suilecknadddion, Mzt vAdadksSeilugdE 345 (2002)).

Typically, etranseriptiopal WAibaseASISHe Ml emkaIn AN RNA IANSSLRY BrematerRsguence, such as

an HI-RNA or a U6 promoter, operably linked o a template for transcription of a desired sSIRNA
sequence and FEHiARSIPRSREENEE BiEprsLYsT EgAETLSR Ge Lssh & SPERIHS Filine (T5)
sequence (polyademHationpsighzl) B melkaipyil GSciseeepsupra) tibhecseldciechpeemoter can

provide for consjtuti e,or ilrﬂguac'lgfg r@nscription. Compositions and methods for DNA-directed
transcription of%%\ﬁ%%tie erentl:ge n%ﬁécules is described in detail in U.S. Patent No. 6,573,099,

incorporated herein by reference. Ffrefiarab?I}/, thel s%gthesized or transcribed siRNA have 3' overhangs
of about 1-4 nucleotides, preferatyP6Y BB S SRS e e st R L RE M USRBE phate termini (Elbashir, 15et

at, Genes Dev. 15:188(2001); Nykanen, et al, Cell 107:309 (2001)). The transcriptional
- 15 [0093} In one embodiment, the bilayer stabilizing component comprises a diacylglycerol-

polyethyleneglycol conjugate, i.e., a DAG-PEG conjugate or a PEG-DAG conjugate. Ina
preferred embodiment, the DAG-PEG conjugate is a dilaurylglycerol (C2)-PEG conjugate,
dimyristylglycerol (C;4)-PEG conjugate (DMG), a dipalmitoylglycerol (Cys)-PEG conjugate
or a distearylglycerol (C3)-PEG conjugate (DSG). Those of skill in the art will readily |

20  appreciate that other diacylglycerols can be used in the DAG-PEG conjugates of the present
invention. Suitable DAG-PEG conjugates for use in the present invention, and methods of
making and using them, are disclosed in U.S. Application No 10/136,707 published as
U.S.P.A. 2003/0077829, and PCT Patent Application: No. CA 02/00669, each of which is

incorporated herein in its entirety by reference.
25 2. Dialkyloxypropyl conjugates

[0096] In another embodiment, the bilayer stabilizing component comprises a
dialkyloxypropyl conjugate, i.e., a PEG-DAA conjugate. In one preferred embodiment, the
PEG-DAA conjugate has the foliowing formula:
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unit is incorporated into a plasmid or DNA vector from which the interfering RNA is transcribed.
Plasmids suitable for in vivo delivery of genetic material for therapeutic purposes are described in
detail in U.S. Patent Nos. 5,962,428 and 5,910,488, both of which are incorporated herein by
reference. The selected plasmid can provide for transient or stable 20 delivery of a target cell. It will
be apparent to those of skill in the art that plasmids originally designed to express desired gene
sequences can be modified to contain a transcriptional unit cassette for transcription of sSiRNA. [01121
Methods for isolating RNA, synthesizing RNA, hybridizing nucleic acids, making and screening cDNA
libraries, and performing PCR are well known in the ar€t&€eR'e.g., 25 Gubler & Hoffman, Gene
25:263-269 (1983); Sambrook et at, supra; Ausubel et FI, supra), as are PCR methods (see U.S.
Patents 4,683,195 and 4,683,202; PCR Protocols: A Gelige-85 Methods and Applications (Innis et al.,
eds, 1990)). Expression libraries are also well known t@ those of skill in the art. Additional basic texts
disclosing the general methods of use in this inventiondheluBiEESainbrook et al., Molecular Cloning, A
Laboratory Man %n .19 E})/l Q Kriegler. Tr ns? xpression:. A bfa ratory Manual
(1990); and Cur@r%t rg g%i% slfﬁa ﬁgﬁﬁ%ﬁ%%@%ﬁﬁ&gﬁ %egttaa%%e%%% f%gﬁmf %Pr et Genes

[0113] Generalljaiiig Hesirbouio ¢elivertie SNALPSO dbNMAregiiteabivsimmpecdidtransiation (i.e.,
expression) of a},@@ﬂé@&ﬁ%@ﬁ@&%@te@ﬁab%qit@b@c@ﬁ%e@m ﬁ@t@eﬁf&dﬁhﬁ&%ﬁ%'%@? ?@t(pie_},re not Iim(ijted
to, genes assoclated witn viral infectign and survival, nes clated wit efanolic dieases an
disorders (es.g.,ﬂ%&%égiﬁﬁxfﬁlﬂg?’%@éﬁi Wﬁgh&%gl rlfgslﬁzétgg e%," BFEETY %%oggggtgsand
disorders) and &isard8fsirgénesasseciieddfitraimbrigemedi¢. andicetitrah Fbanddtione hathiogenic
genes, immunomogdyiglor genes, sHehiasase assacled vy IRl ionAng arggimmune

responses, ligand receptor genes, and genes associated with neurodegenerative disorders. 10[0114]
Genes associaf@el S AeT AL ERIA Rl SetviAom durdR IRt eEdeaenyabofient Bider to bind,
enter and replicate insasalRinatiicular irighes! fra vialk I0Q0enseaEERociatesk witkechronic viral

diseases. Viral seqguences of parti interest i sequences of Hepatitis.vi s.(Hamasaki, et
o rEns Lt S oo R s e B B patoiogy
37:764 (2003); MPiechitensalThP FRC ckB heantimedy seeied presiedosioxapadia, aatlaromroc. Natl.

,lAcad. szt.f_lQO;g@J,\élgﬁagﬁ(J,S)I:\i/@&(lg&éEﬁaa&wIﬁ@&g@r\fnemmgéﬁg%gﬁe@%m 'I*EGJ‘%\r}hel 17
mmunoaerticienc Irus anerjea, et at, t er. Q. , 20Ng et at, J. Viml. .
(2003); Stephe%ﬁﬁlﬁw,&pﬁégﬁ@ﬁﬁe(%’fﬁh,é)g’t‘ ﬁﬁﬂf% 'R lﬁ??feaa?%eck%ﬁﬂ%é’cﬁﬁ%)), Herpes
viruses (Jia, ettatathidbifel( DT830 kRBOGHR ancibtunyidrCFAp) cmrandieu(EeS((HOY)cékbathaet @t, J.

20Viral. 7Yéﬁ0Ei@fféR@@J)_,J&?&%ﬁh@@fﬁﬁ?ﬁﬁﬁtﬁ%&dﬁg’@ﬁ)b@i'HHE%W@‘?;HE&@!%‘éra' nucleic acid

sequences that can be silenced include but are not limited to: nucleic acid sequences involved in
transcription as@PRaRRIaROREYS: , Bt EREYIK B ire aRl ASRIGdg ks encoding structural proteins
(e.g., core protgipsjnciudingGiantGoelaied proiginsatapsitkandranvelapes qraiging ifsluding S, M,
and/or L proteins, or fr ents thereof). (see, .25e.q., EIELDS VIROLOGY,.2001 . Exemplary
Fiopaits G nucE B e o e s R e B R e T B e protemses
(e.g., NS3/NS4jtiktivasemgergnN ST potsrnditidebae guiNS 3B ) amtenyslopaigrsteinste.g., El, E2,

and p7). hepaiisAUGelSAsidiseauances ara ¢al farhid:e thoaahank AeeessipnierNC_001489
; Hepatitis B nucleic acid sequences are set forth in eggé Genba%k Accession No. NC 003977,
in,’e.

Hepatitis C 30 RRRRAE KIS RRL O R G RSVEA S 06 B IR Aie RSB LB RIS RED04 102;
Hepatitis D nudegthacidrseeuendeare Skt fortheforal gf h@embdpletfaodssing M N@0081653; Hepatitis

E nuclelc acid seQURRGES ALS 8Lt iR Penhank AaGrsRin i, NGAdR i and Hepatils G

nucleic acid sequences are set forth in e.g., Genbank Accession No. NC 001710. Silencing of

sequences thatehcieblioresrhasddrbatp i Siiar e b Aranet SoNF04P ChnRdMRBSiently be used in
combinatign with theradministsaigemmicamientinvak agenis iisgghejrand hemoalaiaadition.

(DPPE), dioleoylphosphatidylethanolamine (DOPE) and distearoylphosphatidylethanolamine
(DSPE).
[0099] As with the phosphatidylethanolamines, ceramides having a variety of acy! chain
groups of varying chain lengths and degrees of saturation can be coupled to
30  polyethyleneglycol to form the bilayer stabilizing component. It will be apparent to those of
24



5[0115] Genes associated with metabolic diseases and disorders (e.g., disorders in which the liver is
the target and liver diseases and disorders) include, for example genes expressed in, for example,
dyslipidemia (e.g., liver X receptors (e.g., LXRa and LXRI3 Genback Accession No. NM_007121),
famesoid X receptors (FXR) (Genbank Accession No..NM_005123), sterol-regulatory element binding
protein (SREBP), Site-1 protease (S1P), 3-hydroxy-3- 10 methyl glutaryl coenzyme-A reductase (HMG
coenzyme-A reductase), Apolipoprotein (ApoB), and Apolipoprotein (ApoE)) and diabetes (e.g.,
Glucose 6-phosphatase) (see, e.g., Forman et al., Cell 81:687 (1995); Seol et at, MoL Endocrinot 9:72
(1995), Zavacki siat.inPNAShASA SA7R08 ({1ONH)pbaikkalc ksl aCrlSbinddd 046 (4896) Duncan, c/

at, .1. BioL Chem, 272:127./8:12785 e Wil ral.; Gepes Dev. 9(9):1033- 1995); Lehmann,
TEetal 3 Bior CHCEC SN ST S s e RERER PR S R TR Pt o
at, Cell 93:693- 7073 gosyyitayvlasuskin repTaare Wilhapppecietb tnertyaries aaspeiay with metabolic

diseases and digosdsys (8 ddfiseasemaeddisydersdn whishiheelvers targetangd divendiseases
and disorders) include genes thé%h,are expressed in the liver jtself as wel| as and genes expressed in

t
other organg an§TASEUSY “SiSEiRig s é’é&&%ﬁ&%&#ﬁé %%lﬁéjoedgém g?é?? LR BRSBTS Atabolic
diseases and disato@rs:cdinctony énithtRatvet 18ed,i3G8Mbriadion withrtbetedhrinistrateirofce.

conventional g, sed 1 ieab e diseansor sl JMAG) SrampleR.of ARNS SEdanCeS

associated with tumorigenesis and cell transformation include translocation sequerices such as MLL
fusion genes, BOTRIABIodifay aidy vidseshosghria | oelyrehotrasy oS ChdeCorcar beraured1:1566),
TEL-AML1, EWS-FLI1, TLS- FUS, PAX3-FICHR, BCL-2, AMLI-ETO and AMU -MTG8 (Heidenreich, et
at, Blood 101:3157 (2003)); bverekjatieséetokanerdinids such as multidrug resistance genes (Nieth, et
at, FEBS Lett. 545:144 (2003); Wu, et al, Cancer Res. 63:1515 (2003)), cyclins (Li, et al., Cancer Res.
63:3593 (2003)jHou; etatioGanea1deipid&CoPa (20812 betad GateriNAVer bac36at ®kiklin Cancer
Res. 9:1291 (2Q03))..L ras ne iolek, eta?.. Mol.-Cancer.Ther. 2:209 (2003)), c-MYC,
N-MYC, BcL-2@&%@%@%@%@3@%@@%&%%&%ﬁ“ IRaglsF‘?azgg%‘“?BélEfgﬁé%)?“én?g’r%“ﬁ a%éeé
sequences suchy@soRRE(ididefietitarmuisétd Bad Boriekdhatimbbilarer/@hadndrophiBBstr002)).

Silencing of sequangesihatENeRdeNAFe PRIk EMEIPRSRAof Rt USEHN CQMPIRALI0 AW H) the
administration oféchemothera euticéﬁara%ents (YC?IIis, et al., Cancer, Res. 63:1550 é2003 ). Genes

encoding prote ARSI SRS Wit Tt RGPRITST LK SF R 8 B R AP L SRS R BIPTRHEFESS, for example,
integrins, $&lectisimaindanttalippritemisBsalPeafar8lydiht- €Ramfplesaretingirexaltisivetidny whole or

partial gene sequeqce et Afaciiples ararenees uaoshesis oLealllians{orpaliens mor growth

or tumor migration can be inclu as a template sequence [0117] Angio enic& nes are able to
promote the forfwRlictien Newessets? (Retid iftehbdier ay Ake Giar @?@&fﬁﬂ il stth Eactor

(VEGF) (Reichpgieat AMdicMisn 81 T\ (@003 1 1Rf0iHa]wiuomsredilaiahgenasrie genes that
modulate one or mare lnaryune re§pg[lr}ses.b§é§%}gles of immunomodulator genes include cytokines

such as growth Tadtors (6.9 TCFs “TEPAECE ESE, IGF, NGF, PDGF, CGF, GM-CSF, SCF, etc.),

interleukiid (e. {10112, Bricdly|thg prepent imysatiomprviass Acrurrsbai Poosyy 15, 1L-18, 1L-20, etc.),
interferons (e.g., IFN-a,IFN-y, etc.) and TNF. Fas and Fas Ligand genes are also
AW Y I

wherein A, W and Y are as follows.
[0102] With reference to Formula II, "A" is & lipid moiety such as an amphipathic lipid, a
neutral lipid or a hydrophobic lipid that acts as a lipid anchor. Suitable lipid examples
25 include vesicle-forming lipids or vesicle adopting lipids and include, but are not limited fo,
diacyiglycerolyls, dialkylglycerolyls, N-N-dialkylaminos, 1,2-diacyloxy-3-aminopropanes
and 1,2-dialkyl-3-aminopropanes.
[0103] "W"isa polymer or an oligomer, such as a hydrophilic polymer or oligomer.
Preferably, the hydrophilic polymer is a biocompatable polymer that is nonimmunogenic or
30 possesses low inherent immunogenicity. Alternatively, the hydrophilic polymer can be

weakly antigenic if used with appropriate adjuvants. Suitable nonimmunogenic polymers

25



15immunomodulator target sequences of interest (Song, et at, Nat. Med. 9:347 (2003)). Genes
encoding secondary signaling molecules in hematopoietic and lymphoid cells are also included in the
present invention, for example, Tec family kinases, such as Bruton's tyrosine kinase (Btk) (Heinonen,
et at, FEES Lett. 527:274 (2002)). [0119] Cell receptor ligands include ligands that are able to bind to
cell surface receptors 20 (e.g., insulin receptor, EPO receptor, G-protein coupled receptors, receptors
with tyrosine kinase activity, cytokine receptors, growth factor receptors, etc.), to modulate (e.qg,.
inhibit, activate, etc.) the physiological pathway that the receptor is involved in (e.g., glucose level
modulation, blood«eltdevetopmemntehito§EGesidy@ici)s Fochraplesdd gell veeegitordigantddneliude
cytokines, growth f rs, inter 1M('n i - ieti rg psulin, 25glucaggan, G-protein
coupled recepto?‘ﬁgﬁ%g,’yé%g? .L% erér? f’é@f%%%%r% ﬁéﬂ?ﬂfr&%&%ﬁéﬁ ETQ r{#%?[g‘é}? %éorgégg%%s% fe.g., CAG

repeats), find useolimeifdre it PertsgrrrSqhercas i Mmautddeyénidative disorders caused by the

expansion of trinygiaptide rapgalscaieh asospinahviHasMuscsamaraphyrand b L )'s Disease
(Caplen, et gt, Hum. Mot Genet. 1]1:175 (%002 ). 30.1V.P%e aration fISI\%LP%Ié[ORO 'Ehe present
invention provid LS, B?tlﬁflé‘p ARG Bertms-REbIE SUck é%%glﬁé p%lartlc SEETIRE the nucleic
acid (e.g SiRNA: engitasthid] eprefrdibly giﬂﬁmggiisaieﬁba_ﬁs_imbll@glomcatﬂmid m_mwyes awbhds motected from
degradation. The,sNALRPSMafle By Ne: methans @éﬁiﬁé,%‘é?ﬁ%@?ﬂe%%ﬁ(ﬂ&ﬁ@]’%ﬁ‘&%ﬁ%m to about 150

nm in diameter. They generally have a median diameter of less than about 150 mu, more typically a
diameter of lesSHFEHISHBERED0 AT LA (P RE S RPERE R PN R e thersdifheter of about
65 to 85 5nm. Thripastislesctanite Ormet byiusingoaniesnathedildanwrtnihaartipaludirg, e.g., a
detergent dialysis, methad or v madifisalian ol eyaIse Rhasemethed which izes piganic solvents
to provide a smgfe phase dﬁurlng mixing of the cormponents. Without intending to be Bdun by any
particular mech&hrswitor foamsatiGrelerpldipitics? ehrietriiochset ddippgiteve dhrngen iid ewrtacted with a
detgrgent Solutiﬁ@f@:fas@ém&éims&m formoat @%ﬁﬁd«é%@ﬁg@@@;@@gﬂegwmﬁmﬁwﬁa&d nucleic
acids can aggregate and precipjtate. However, the presence.o tergent reduces this aggregation
and allows tgh% 8%5%8@@8&%%@5&0‘%%&% %?%%%%%%ﬁf%@?@ﬁgéﬁ|§gpﬁ8§§8%%’m8 Iipids??o fgrm
particles in whiehpiietplasirimd crdeshet. nucleic acid is encapsulated in a lipid bilayer. The methods

described faelowy fge therformativnphinysisicasit-linidnatislss ssingiaraanis selvents faliow a similar
scheme. 15 Exemplary methods of making SNALPS are disclosed in U.S. Pat. Nos. 5,705,385;

5,981,501; 5,97BBEPEGB8H,A161 G ENB Y &7 bipp FsstbhCeuERg PorbenTesdend B ip A,
Publication No$n2 8207 22 bandlip0Q3Me w7aR 8 )Y 0 6/dO64; andhdVe-Q0ME2813s 101211 In one
embodiment, t esent invention prqvides nueleic, acidlipid particl uced via a process that
includes provi(;gllgsgt;x31 rgﬁ%%q%ne%of?lslpsogﬂﬂ%dnhfn%ia%%? Elzrésslt r\%l?ri,) a%qgoa% %%Fg%lg{%oéﬁng Janic lipid solution in
a second reserdisiribated mikirigiehenagldvies dstahstionhthn edyepinid dipiel sp it erremarsibht the
organic lipigl salytign.raixeswithithe aqueous solution so as to substantially instantaneously produce a

liposome encapsulating the nucleic acid. This process and the apparatus for carrying this process is
described in dafAfl Lfge.lﬁéqeﬁt KB%&%?%H"&&“%?@H, 74%ile ’Jﬁ?‘?egﬁﬁft?é@%gw%gﬂufs
incorporated herghvdsy2bpeferady )yl 224 Thetastionétbotrtimvousiytinrodiskiignlithidaand buffer
solutions into 3 MRG.GRYIFRNIBEALSHERARIR & Miing chAMBRE. GRUSES:8 GRmtiLIghs dilution of the

lipid solution with the buffer solution, thereby producing a liposome substantially instantaneously upon
mixing. As usetPhEFit ihé P adBmESHRRISHSH itn G R AR stfstidid Wit Be fakases.

25 It will be apparent to those skilled in the art that "A" and "W" must have complementary
functional groups to effectuate the linkage. The reaction of these two groups, one on the lipid
and the other on the polymer, will provide the desired linkage. For example, when the lipid is
a diacylglycerol and the terminal hydroxyl is activated, for instance with NHS and DCC, to
form an active ester, and is then reacted with & polymer which contains an amino group, such

30 as with a polyarnide (see, U.S, Patent Nos. 6,320,017 and 6,586,559, both of which are
incorporated herein by reference), an amide bond will form between the two groups.

[0197] In certain instances, the polycationic moiety can have a ligand attached, such as a
targeting ligand or a chelating moiety for complexing calcium. Preferably, after the ligand is
26



30solution" (and variations) generally means that the lipid solution is diluted sufficiently rapidly in an
hydration process with sufficient force to effectuate vesicle generation. By mixing the aqueous solution
with the organic lipid solution, the organic lipid solution undergoes a continuous stepwise dilution in
the presence of the buffer (aqueous) solution to produce a liposome. 10123] In some embodiments,
the particles are formed using detergent dialysis. Thus, the present invention provides a method for
the preparation of serum-stable nucleic acid-lipid 5particles, comprising: (a) combining a nucleic acid
with cationic lipids in a detergent solution to form a coated nucleic acid-lipid complex; (b)
contacting noncatighielipids:with thei epated rinclaioseid-dipigompiexiafoimnea, detergentaolution
comprising a nuclejc acid-lipid complex and no ionic, 10lipids;.and (c) dialyzjng the detergent
solution of step tf)f! (a)%?(g\l}f é Oélg‘@tl%ﬁr %?'s%ﬁgn@%}fﬁpe Snlagﬁ)lélgce’gglcffﬁéllcc}it %gll’itlc({é(g, Whersin the nucleic
acid is encapsuletéevipcaviipielrbiraiye funstionnd pevr cebsippeddinisrabhévathe Have sasize of from about

50 to about 150 simy i 124datinintiabsoluiensheoatedippaiaicrcklinid sofpiaxes is formed by
combining the nuclei¢ acid with the cationig lipids in a detergent solution, [0125] In these
embodiments, tﬁ@ﬁ@f@*ﬁ&‘?@&ﬂﬁ&ﬁn@o&b&ﬁeﬁéﬁﬁf%{w RO SBITRBRGF S RETH P B yent having a

critical micelle cancemtratitindiés] F=300errivhuhore prifdriaidy RO GEOmiMoxdmplgsptsy)itable

detergents inclugefqnexaple. NN astanaulminolshis: 29U eInaNEbis:(Riglgonamice)
(BIGCHAP); BRIJ 35; Debdxy-BIGCHAP; odecylpoly(ethyfene glycol) ether; Tween 20; Tvveen 40;

Tween 60; TweSH'8Y; HhFEERESEIANNOHA &, REYEY: Zwittergent(r) 3-08; Zwittergente 3-10; Triton
X-405; hexyl-, heptyl-, octyl- and nonyl-p-D-glucopyranoside; and heptylthioglucopyranoside; with octyl
P-Dglucopyranoside dhd Twd€®a20 being the most preferred. The concentration of detergent in 25the
detergent solution is typically about 100 mM to about 2 M, preferably from about 200 mM to about 1.5

M. [0126] The qafigg)ic ipids.aed nicleiameids ofithéyyiedlts barembingstie preduceiachsrge ratio (+/-)

of about 1:1 to ahout 20:1, preferably i 8 ali9.okaboub it o aliout 124, and more preferably in a
ratio of about 2}1°to about 6-1. daé‘itloﬁaiﬂ’y, the overall concentration §Oo§ AlCIeIC acidn solution will

typically be frormabdotederingMlAtts RBGU dumestam iongrs fiordbys trndeaBdit @SRIgntr 86 about 200
p.g/mL, and meyepAefessRivAlieMs@heral: UHMicipahaukLiQaug MmN hegainbination of nucleic
acids and cationic lipids in detergent, ,
{0199? An RNA popuﬂxtxon can be used to provide long precursor RNAs, or long precursor
15 RNAs that have substantial or complete identity to a selected target sequence can be used to
make the siRNA. The RNAs can be isolated from cells or tissue, synthesized, and/or cloned
according to methods well known to those of skill in the art. The RNA can be a mixed
population (obtained from cells or tissue, transcribed from cDNA, subtrated, selected etc.)}, or
can represent a single target sequence. RNA can be naturally occurring, e.g., isolated from
20 tissue or cell samples, synthesized in vitro, e.g., using T7 or SP6 polymerase and PCR
products or a cloned cDNA; or chemically synthesized.
[0116] To form a long dsRNA, for synthetic RNAs, the complement is also transcribed in
vitro and hybridized to form a ds RNA. If a naturally occuring RNA population is used, the
RNA complements are also provided (e.g., to form dsRNA for digestion by £, co/i RNAse ITI
25  or Dicer), e.g., by transcribing cDNAs corresponding to the RNA population, or by using
RNA polymerases. The precursor RNAs are then hybridized to form double stranded RNAg
for digestion. The dsRNAs can be directlu emcapsulated in the SNALPs or can be digested
in vitro prior 1o encapsulation.
[0111] Alternatively, one or more DNA plasmids encoding one or more siRNA templates
30 are encapsulated in a nucleic acid-lipid particle. siRNA can be transcribed as sequences that
| automatically fold into duplexes with hairpin loops from DNA templates in plasmids having

RNA polymerase III transcriptional units, for example, based on the naturally occurring
27



solution is kept, typically at room temperature, for a period of time which is sufficient for the coated
complexes to form. Alternatively, the nucleic acids and cationic lipids can be combined in the detergent
solution and warmed to temperatures of up to about 37C. For nucleic acids which are particularly
sensitive to temperature, the coated complexes can be 5fanned at lower temperatures, typically down
to about 4C. [01271 In a preferred embodiment, the nucleic acid to lipid ratios (mass/mass ratios) in a
formed SNALP will range from about 0.01 to about 0.08. The ratio of the starting materials also falls
within this range because the purification step typically removes the unencapsulated nucleic acid as

ngg as thelempty%&@ﬁgﬁ%ﬁ%niﬁ ﬂralgfgn%rnm@semﬁkwBpﬁ&m%m%m@$N%&!%H{1Q8y§faratign u%eSSabogt
jig nucleic acid per 10 mg total lipid or a nuc cid to lipid ra about 0.01 to about 0.08 and,
more preferably,%@tﬂ%@ﬁ?ﬁﬁ?ﬁl 55%%3%35@ Q%bcqza%ég eoﬁ&{art’w “HerERsy SFftitleic acid.
10128] _Th(_a d_et_e@mﬁ)sldqmmmtﬂie@@m@mqaéi@ éimﬂm'gp‘i’dr,qom_fp_t@msﬁ@rfhefua‘.oma@ﬂeiwwnh o
non-cationic Ilpldé(;@z%rf;é@d 9:.dﬁli?,@%QEE%W?@@(%@%%%@%H;@P@,99&?%‘;%%%%& Eggigﬁnon-catlonlc

lipids. The non-cationic lipids which are useful in this step include, diacylphosp -holine,
diacylphospRatidythaRethitte Nbritisé, pHin Gt erif Eiokamh cafdiipifcandcterebrosides. In
preferred embodimesnts (Thef)omeatianie Hipiets:ptiendiaey phasphaticdylcbalintan RNA transcript
diacylphosphatidylethanolamine, ceramide or.sphin elin. The acyl gro in these lipids are
preferably acyl Egl?boseaé?wgﬁ?fé‘?ﬁ%fgsﬂafaﬁé%&sﬁ fg‘a?}.iF%g@g@m-tgzﬁp%ﬁgﬁnggafﬁ§.tﬁﬂ1§r‘%{e§#{gferabIy the
acyl groups are leamoyhtienypiStapbinpd rRtey egtearosidi slmoyktivn pertkngrarympredetidd-émbodiments,

the non-cationic.jipid,wi A1 ahdlielegdph 'g&@t%@w@@gﬂm&p B (pahniiaylgleoyl
phosphatid}llchoﬁli%qj(%ggied rﬁcﬁé%l?ﬁatid ?fr%ﬁ?e (EPC), distearpylp%%p%gtidylcholinég(DSPC),

gp : ]
cholesterol!Br aSifasreHEre SPCIH L HREUR B L FERBEY BATH B LRSI R & RftiERtacid-lipid particles will
25 be fusogenictpastidieswittoepbsEtires drgnopidniie DNV duredt ¢h eravecripattoni & Naid will be DSPC or

DOPE. In additign, [ae.ueieit Arddnihaiilasal she RresrRt yaniandbaydumter.gomprise

cholesterol. In other preferred embodiments, the noncationic lipids will further comprise polyethylene
glycol-based polifsiyBysistncacepEefesdbn e EBUTemEHEEEi RS yiyte P coriigateaito a
diacylglycerol, a;saramidapoadeosgbaebipids 430 descriadinhl $. PRaisRiNemR820B¢3-and in
co-pending Patent lication No. 10 . (publish 1S, ication No. 2003/0077829),
both of Wh%c aré ‘f’r@%}%ﬁﬁaﬂzﬁ‘a %Z%Sejﬁrg%ggé@r%%g%.e naﬁh(r%fvglzg %%fgf%%%%db@kﬁb% iman gP ?ﬁ}ga}loncationic
lipids will furthercioinpriseopubidtityfaneniyeoPhiseetioofyenerdich che &y PEG2REO, IPEG 5000 and

polyethylene glycol caniugated in a.diglkvloxyneRive 0k 22hdheamouatof aancationic lipid which is

used in the present methods is typically about 2 to about 20 mg of total lipids to 50 big of nucleic acid.
Preferably the 4R8O SraSearEirsitp %ﬁ%’éfﬁ Yol & dVab oetore G er Bt obeitcleftiskid. [0130]
Following formatiomafrtoa détergent selutionr. of rucleit:d piasipict-aopaplixdsr andsiranscatisiic lipids,
the deterggnt is,removed, pref I ' [ f. 2sults in the formation
of a lipid-bi ayefI ?Nlﬁ% %%r% %?cfg ?h)g%c gi%%%%&gié?d%?g%?um%a%?%\gfé%i%%éggﬁ%alg}particles
which have a sB%sigtFéprameidstPhets IRBHGE IB0PRMOdRed faraeias itrsssiptiesrtieniiot aggregate
and are optionajlyssizeerie-.aehipwe afdmfosm particle size.

[0112] Methods for isolating RNA, synthesizing RNA, hybridizing nucleic acids, making
and screening ¢cDNA libraries, and performing PCR are well known in the art (see, e.g.,

25  Gubler & Hoffman, Gene 25:263-269 (1983); Sambrook et al., supra; Ausubel et al,, supra),
as are PCR methods (see U.S. Patents 4,683,195 and 4,683,202; PCR Protocols: A Guide to
Methods and Applications (Innis et al., eds, 1990)). Expression libraries are also well known

- to those of skill in the art. Additional basic texts disclosing the general methods of use in this
invention include Sambreok er al., Molecular Cloning, 4 Laboratory Manual {2nd ed. 1989),

30 Kriegler, Gene Transfer and Expression: A Laboratory Manual (1990); and Current

Protocols in Molecular Biology (Ausubel et al., eds., 1994})).
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101311 The serum-stable nucleic acid-lipid particles can be sized by any of the methods available for
sizing liposomes. The sizing may be conducted in order to achieve a desired size range and relatively
narrow distribution of particle sizes. 15101321 Several techniques are available for sizing the particles
to a desired size. One sizing method, used for liposomes and equally applicable to the present
particles is described in U.S. Patent No. 4,737,323, incorporated herein by reference. Sonicating a
particle suspension either by bath or probe sonication produces a progressive size reduction down to
particles of less than about 50 nm in size. Homogenization is another method which relies on 20

shearing energy to fragmentjlargenpastiotaséato smaller ones. In a typical homogenization procedure,
particles are recirculated through a standard emulsion homogenizer until selected particle sizes,

typically betweeg aRout 80 and §0;musare PRIRMas. dkbethamethads, e Paticle sige distribution can

be monitored by conventional laser-beam particle size discrimination, or QELS. 25[0133] Extrusion of
the particles thrEaRREC8H&I-FEVESHON CAABRERI G IfriafaSH altsmrretiCc temeRedHebrane is
also an effectivengnethiod fee ieduging paricles sisesdedwehativeliwelbdefinathsizr gistgbution.
Typically, the suspension.s, syeled{Rioudh the membiane one rmare fimas unth ihe, desired particle
size distribution’i achieved. The particles may be extru & t roug successweﬁ/ smaller-pore
membranes, to dichisves detpeicind] BOrdigetis AT Gizede(o a4 |dnosttstreengreupcotaimbddiments, the
present inventioppigpides adnethed-forthaiprenatationofseiUumnsiabie MsS e Acid:lipidparticles,
comprising: (@) preparing mjxtgg& comgrisina cationic lipids and nﬁ%:?%tjionic ipids in ag organic
solvent: (b) cortARitG &H &Y L0 Y EBTUREH SRR ALIRLRRS [RACLsHY TR S EDH ¥ provide a
clear single phase¢sasebSéoXreitiovingsamanianitssalvent to provide a suspension of nucleic

acid-lipid particigs, yyheseinsald anckeieAcidis.enaapshipied v A-inidaliawes andsajd particles are

stable in serum and have a size of from about 50 to about 150 nm. [0135] The nucleic acids (or
plasmids), catidiieslipifésaitiisheatore ik fiafdle Of AN MRS HIEUEremEs8iments are

as described fossthe deterge didiadysisl mathodsvitabayenciiIghtba selestianmefida organic solvent
will typically involve consideration of solvent polarit ase Wit ich the solvent,can be
removed at the'f&ter %ff%taesegl@ é|E?3513rt‘flc Sto ?rlnna. ?Sﬁgﬁﬁ%ﬁggﬁﬁt&%@ i? §f‘s,°§au%’e“ct§' ‘as a
solubilizing ageRYAS iReant HEAP B fiiblemetocpebvitradhsar3dinéld 3k d\irnure 4t Rugleic acid and

lipids. Suitable geiventy kpinchddesutoats, rRablmited A0 hloraformydishloramethangesiiethylether,
cyclohexane, cyclopentane, benzene, toluene, methanol, or other aliphatic alcohols_such as propanol,

isopropanol, b FLS YA AEORY, FSBRS A T RPAN ARt h EREHRT S G Yo & 8o or more
solvents may alBenbgeased/initoe Presénii(dishjiconk) 877, Coktaltifigy thie (0ekiSaghdaaith the organic

solution of cationig AchnaRCaHPHIQROIPIS 15 ACRAMINCSLPY SRS IRAR IR AL (R g tion of
nucleic acid, which is typically
(3a, et al., J. Virol, 77:3301 (2003)), and Human Papilloma Viruses (HPV) (Hall, et al, J.

20 Virol 77:6066 (2003); Yang, et al., Oncogene 21:6041 (2002)). Examplary hepatitis viral
nucleic acid sequences that can be silenced include but are not limited to: nucleic acid
sequences involved in transcription and translation {e.g., En!l, En2, X, P}, nucleic acid
sequences encoding structural proteins (e.g., core proteins including C and C-related proteins;
capsid and envelope proteins including S, M, and/or L proteins, or fragments thereof) (see,

25 eg, FIELDS VIROLOGY, 2001, supra). Exemplary Hepatits C nucleic acid sequences that can
be silenced include but are not limited to: serine proteases {e.g., NS3/NS4), helicases (e.g.
NS§3), polymerases (e.g., NS5B), and envelope proteins (e.g., E1, E2, and p7). Hepatitis A
nucleic acid sequences are set forth in e.g., Genbank Accession No. NC_001489 ; Hep'atitis B
nucleic acid sequences are set forth in, e.g., Genbank Accession No. NC_003977; Hepatitis C

30 nucleic acid sequences are set forth in, e.g., Genbank Accession No. NC_004102; Hepatitis D
nucleic acid sequence are set forth in, e.g., Genbank Accession No, NC_001653; Hepatitis E

nucleic acid sequences are set forth in e.g., Genbank Accession No. NC_001434;. and
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an aqueous solution, and a second organic solution of the lipids. One of skill in the art will understand
that this mixing can take place by any number of methods, for example by mechanical means such as
by using vortex mixers. [0138] After the nucleic acid has been contacted with the organic solution of
lipids, the 250rganic solvent is removed, thus forming an aqueous suspension of serum-stable nucleic
acid-lipid particles. The methods used to remove the organic solvent will typically involve evaporation
at reduced pressures or blowing a stream of inert gas (e.g., nitrogen or argon) across the mixture.
[0139] The serum-stable nucleic acid-lipid particles thus formed will typically be sized 30from about 50
rim to 150 nm. THeetisVerfuwithercsizeqedustionser homogeneltynbidiZeinsthm parfieles)sizihg can be

conducted as deggrihed ahoye.,J1401n aiher embodiments.oemetbads will furiber gpmprise

adding nonlipid polycations which are usefu] to effect the delivery to cells usllrﬁlgoéhe present
compositions. EseawspiedlsPeutdiecABRIRPH SR S iR Bl Capbermetr B R esedinethrine
bromide (sold ungeritheknandmasme POLYBRENE(r), from Aldrich Chemical Co., 5Milwaukee,

Wisconsin, USA ther salts of heaxadimethrine..Other sujtable, polycations include, for example,
salts of poly Lol ke G50 Car A b AC P e rers S ARBR IS B G £
polyethyleneimirieef@x1tid Janget erthlii o dibrashniaa t sarfero inshititsnfor eranpistenesaiedipid iparticles can

be carried out eigfler, In & MANRRRASE EYSIHN: (@ Lt BlAN.ANRY R MOnOPRRSEQ! SUNlgEL,10 mixture

of aqueous and organic solvents) or in a two-phase system with suitable mixmﬁ. 0142] When
formation of the ¥eipe%ed 1d)c Saetig dt TﬁcﬁP%ﬁR%éégé@%{‘éﬁ?WEé\{%H 1ipias2ahd nucleic acids

are each dissolveddirexvelsing aidiie mbnophitas SRRy eSitsanphirations ahihenpdrasgoiutions provides

a single mixture in which the complexes form, atively. the complexes can form in two-phase
itures iR O T e e SRR A S A, oL phase),

and "pull" it into(tkreBlgadié pstiasero[o243peR aast diabetsiiio dintdviowh e-prespdaaial/enticie provides a
method for the prepasation et.nycleis acisklivich RALICISEY. GOmRISINGS: 72 (1994RreRmiacting nucleic

acids with a solytion comprising nonca ionai.ce!ipi S a)?(g a_é&)ﬂ_ erg Qé&rm a nucleic acjd-lipid
mixture; (b) coﬁ%ﬁr@%gﬁgﬁ?g d]bggﬁ\/\%?ﬁ the Hud8ic aciee |p%4ﬁ%§§ég% H%aﬂtrgilfzj'eja%(%{tlon of the
negative charge aérh27auelEit: eiRIs( 89T foiMiBye aryeSmeutizdiz @) batne ofbak ebaads and lipids;
and 15 etal, J. Biol. Chem. 272(6):3137-3140 (1997); Janowski, et al., Nature 383:728-731 (1996);
Peet, e al., Cell 93:693-704 (1998)). One of skill in the art wil} appreciate that genes
associated with metabolic diseases and disorders (e.g., diseases and disorders in which the
lver is a target and liver diseases and disorders) include genes that are expressed in the liver
itself as well as and genes expressed in other organs and tissues. Silencing of sequences that
20 encode genes associated with metabolic diseases and disorders can conveniently be used in
combination with the administration of conventional agents used to treat the disease or
disorder.
[0116] Examples of gene sequences associated with tummerigenesis and cell transformation
include translocation sequences such as MLL fusion genes, BCR-ABL (Wiida, ef al.,
25 Oncogene, 21:5716 (2002); Scherr, et al,, Blood 101:1566), TEL-AMLI1, EWS-FLI1, TLS-
FUS, PAX3-FKHR, BCL-2, AMLI-ETO and AML1-MTGS (Heidenreich, et al., Blood
101:3157 (2003)); overexpressed sequences such as multidrug resistance genes (Nieth, et a/.,
FEBS Lett. 545:144 (2003); Wu, et al, Cancer Res. 63:1515 (2003)), cyclins (L, er al,,
Cancer Res. 63:3593 (2003); Zou, et al., Genes Dev, 16:2923 (2002}), beta-Catenin (Verma,
30 etal, Clin Cancer Res. 9:1291 (2003)}, telomerase genes (Kosciolek, ef al., Mo! Cancer
Ther. 2:209 (2003}), c-MYC, N-MYC, BCL-2, ERBB1 and ERBB2 (Nagy, ef al. Exp. Cell
Res. 285:39 (2003)); and mutated sequences such as RAS (reviewed in Tusch! and Borkhardt,

Mol Interventions, 2:158 (2002)). Silencing of sequences that encode DNA repair enzymes
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(c) removing the detergent from the charge-neutralized mixture to provide the nucleic 25acid-lipid
particles in which the nucleic acids are protected from degradation, [01441 In one group of
embodiments, the solution of non-cationic lipids and detergent is an aqueous solution. Contacting the
nucleic acids with the solution of non-cationic lipids and detergent is typically accomplished by mixing
together a first solution of nucleic acids and a second solution of the lipids and detergent. One of skill
in the art will understand that this 30 mixing can take place by any number of methods, for example, by
mechanical means such as by using vortex mixers. Preferably, the nucleic acid solution is also a
detergent solutiofndhleiameitntabnomcat atic lipidiwhichciewsedrindhe presentmeaethodlis typically
determined 37 b asn%edr %nstlgg_ QEP%:’ ca@ggigﬂl{i;%q %sergglz%gg is% E%ngalgyh% rl;{r(g)rm ab(?.ut 0.2 to 5 times
the amount of cationic |f)|'d, preterably from about 0.516 about 2 times the amount of cationic lipid
used. [01451 Wrstrase espisoeiprdmgreelpleIn kcios o pdedind erdaytabooesinibet in, e.g., U .S.
- SPatent Applicatign e Q94 (443 atOdA G LB NuGlgicaeid-ipickanixtuee s fofmed is contacted

with cationic lipids 1o neutralize a portion of the neg?gtive charge which is associated with the nucleic

acids (or other pERAAIGHIEHORENRIEPAPEERHTE FHELRABHRTY CRiBIHET PR LEHN B be
sufficient to neutralizeiailéabt SO¢mpfatheempagative charge of the nucleic acid, Preferably, the negative

Locharge will be gy pask [R3nruitalead dorepislaiabbiakizasl A9k neliRIERd. catapic Tnids
which are useful in the present invention, include, for example, DODAC, DOTMA, DDAB, DOTAP,
DC-Chol and DM#RIEst ’Fﬁ@%ﬂ?ﬁi@%daﬁﬁlﬁ%ﬁf%‘%ﬁé%ﬁé\f@ﬁ% EREFPde<rib&d fHixPS1Patent Nos.

5,208,036, 5,26&659). 5,279,833, 5,283,185, 5,753,613 and 5,785,992, the disclosures of each of
which are 'ﬂ?oriﬁ){ﬁfd ﬂr%%zl]r&gg (Iilgﬁf%rence. 15 Ol47&&0n{}tgqtl e% the cationic |IPIdS with the nucleic

. .. T, BENCS 8ro¢ gencs U € O more 1 e nses.. .
acid-lipid mixture can be ‘accomp Shed y any 6f a number of tec niques, pre erabelsf%y mixing

together a solutiwapitiseCaturietipidiapoeensontiot coickinsifydhes sroksidates lipil, FBRure. Upon
mixing the two gpleiang, (@sLqRACng IRGENYIRIeC BIRTIRIDSH RUHAR! iheedalie,charge
associated with the nucleic acid is neutralized: Nevertheless, the nucleic acid remains in an
20uncondensedistatt-aR dF ik itbs nirspiid EAHAE9 8 its ! folladp AfeCuste dafisFiEIMids have
been contactedmgthithed)uElelr, aoidyipid) mixtove, the setergeRtioreaningtion of detergent and
organic solyent) is removed, thus forming the pucleic acid-lipid particles, Tt ethods used to remove
the detergé twi Sféﬁﬂﬁl?ﬁ%l@reggﬁ?ﬁ‘s}%? %ﬁt%r%ta ﬁ:n%o%/‘élﬁ Saé%?ﬁé%%ﬂ%g&%vgj e|’§;efypically
accomplished bp@B8mgaporationsanaidg cadepriss suhes doipyehtomihgrepsiid anl ofrindst gas (e.g.,
nitrogen or arga) AT A Er ARk neprricendisdammedlomically b siged from

about 100 nm to several microns. To achieve further size reduction or homogeneity of size in the
particles, the ntiétait @ FisaPanieies: dPbéortd et Hiakd or subjected to other sizing

techniqgues  [0119] Cell receptor ligands include ligands that are able to bind to cell surface receptors

20 (eg.,insulin receptor, EPO receptor, G-protein coupled receptors, receptors with tyrosine
kinase activity, cytokine receptors, growth factor receptors, etc.), to modulate (e.g,. inhibit,
activate, etc.) the physiological pathway that the receptor is involved in (e.g., glucose level
modulation, blood cell development, mitogenesis, etc.). Examples of cell receptor ligands
include cytokines, growth factors, interleukins, interferons, erythropoietin (EPO), insulin,

25 glucagon, G-protein coupled receptor ligands, etc.). Templates coding for an expansion of
trinucleotide repeats (e.g., CAG repeats), find use in silencing pathogenic sequences in
neurodegenerative disorders caused by the expansien of trinucleotide repeats, such as
spinobulbular muscular atrophy and Huntington's Disease (Caplen, ef al., Hum. Mol. Genet.

14:175 (20020,
30 YV, Preparation of SNALPs

[0120] The present invention provides methods for preparing seram-stable nucleic acid-

lipid particles such that the nucleic acid (e.g., siRNA or plasmid encoding siRNA) is
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30which are used in liposornal formulations and are known to those of skill in the art. [01501 In other
embodiments, the methods will further comprise adding nonlipid polycations which are useful to effect
the lipofection of cells using the present compositions. Examples of suitable nonlipid polycations
include, hexadimethrine bromide (sold under the 38 brandnarne POLYBRENES, from Aldrich
Chemical Co., Milwaukee, Wisconsin, USA) or other salts of hexadimethrine. Other suitable
polycations include, for example, salts of polyL-omithine, poly-L-arginine, poly-L-lysine, poly-D-lysine,
polyallylamine and polyethyleneimine. Addition of these salts is preferably after the particles have
been formed. 5[@it5ishina@nothier: dspect, dvkipresentd ivent egrpixivid e Shm &rdds: fosdheypheparation of

nucleic acid-ipid, ARFicias RmeKinind. (3 RQ'aciNd A0 AU aLeafioniclldsWippnglelc acids in

a solution; the solution comprising from about 15-35% water and about 65-85% organic solvent and
the amount of IS RfsIrEREifreidhnabpro Mt aa more- WPt Y diergerdisst taBout 0.85 to
ab?jult 2-OC|L to prlab/édm@dlwm,r@ﬁxhcaﬁiﬁjaﬂgem}&@?ﬁ%&@ mmg@iﬁ@éﬁ@f%ae{&ﬁkﬁ%&gmrmbic, gucleic
acid-lipid ¢ ex in.solution with nop-cationic lipids, to provide a nucleic acid-lipid mixture; an
(Oyremoving e Bro b LR B E PO e BaE ALl R PG e S adict i
particles in whichtthesmdsibio samidsodre b oredieutivond degrasikatibre 181006 ohihatHirekeic acids,
non-cationic lipigg, Gaugnicdpids and 9@@%‘%}%&%’%@%@99@6?&@&%&%@ agRRGkOf the invention

are the same as those described for the methods apove which used detergents. In one group of

embodiments, fAEEBIGHO R IR vB TSP HSRE B ARE ST A RSTHEgr8 B SHE BRI  the solution
of step (a) is twaiphasesifNH31 dmpredé et edatoagithenisothe’ catiaiidifijgids &enlR@2®C, DDAB,

DOTMA, 28 DaRlidy R EIRBOGRe sambinalionsdvelect in. alnehpislened.cobadigents, he

noncationic lipids are E M,mlig)é‘)PE, DOPC, DSPC, polyethylene glycol-based p Iymers e.g., PEG
2000, PEG 5000¢ PEGSEffRIETHEE RgHAce fBis 28T Iristirstrfied i iepriss prefsinayids to
distearoylphosphatidulcheliseiit B@)cahg lesterahioniear)binatianstherenfinistithethampeeferred

embodiments, thetgglganilc.solv nts ares{]?a%ganol aglg{gfgr%@ggwgggeccmggi € c?é?thggol, diethyl

c
ether or combifiations thereor di%‘}fﬁn one énrﬁbig Imént, the nucleic acidisap asmid from which an

interfering RN Avisngtéersef ihstkichei¢dtisniertighs SIDODAC: RDAB, DOWMArDOSRAROMRIE, DOGS

or combinafions,theteef. the neneatienic dnidk issERM;sDQREN PAGRERS, 5,705 385;
distearoylphosphatid Iqhohneé[}S;%, cholesterol, or combinations thgreo?ée.%%gSPC and 30
DAG-PEGS); ahdihe br Gl SN eIEE TGN o B 2Ry SR SHGHHL: LB, diethy

ether or combibpatitas dnskeof002/0072121 and 2003/0077829YWO 96/40964; and WO 00/62813.
[0121] In one embodiment, the present invention provides nucleic acid-lipid particles
produced via a process that includes providing an agueous solution in a first reservoir, and
20 providing an organic lipid solution in a second reservoir, and mixing the aqueous solution
with the organic lipid solution: such that the organic lipid solution mixes with the aqueous
solution so as to substantially instantaneously produce a liposome encapsulating the nucleic
acid. This process and the apparatus for carrying this process is described in detail in U.S,
Patent Application No. 10/611, 274 filed June 30, 2003, which is incorporated herein by
25  reference.
[0122} The action of continuously infroducing lipid and buffer solutions into a mixing
environment, such as in a mixing chamber, causes a continuous dilution of the fipid solution
with the buffer solution, thereby producing a liposome substantially instantaneousty upon
mixing. As used herein, the phrase "continuously diluting a lipid solution with a buffer

30  solution” (and variations) generally means that the [ipid solution is diluted sufficiently rapidly
in an hydration process with sufficient force to effectuate vesicie generation. By mixing the

aqueous sclution with the organic lipid solution, the organic lipid solution undergoes a
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[0155] As above, contacting the nucleic acids with the cationic lipids is typically accomplished by
mixing together a first solution of nucleic acids and a second solution of the lipids, preferably by
mechanical means such as by using vortex mixers. The resulting mixture contains complexes as
described above. These complexes are then converted to 5 particles by the addition of non-cationic
lipids and the removal of the organic solvent. The addition of the non-cationic lipids is typically
accomplished by simply adding a solution of the non-cationic lipids to the mixture containing the
complexes. A reverse addition can also be used. Subsequent removal of organic solvents can be
accomplished by:pgthossskpawnditiiase dd siikioctbetabarier sgacasesieshabenznidl0156] The
amount of non-c%tiopoicgipids which is used in this aspect of the invention is typically an amount of
from about 0.2 to'BBGUL 15 times the amount (on a mole basis) of cationic lipids which was used to
provide the chard@#8utfakiged mildineatidiiiaredm prexomredardtiicttreaeandmdisisis Thomthbout 0.5 to
about 9 times the . amoeunt.pf catieRitinidsiused: IS Inyet aniherasmectc1heRIesent invention
provides nucleic acid-lipid particles 15which are prepared by the methods described above. In these
embodiments, tHREHGER BB nid particles are either net charge neutral or carry an overall charge
which provides the partitles witlvigieatendenedip efigctiaivaictiysitys iR redexaly: ihietiouctefcracid
component of the partigclgédigﬁ‘ﬁlg&%@&g@%qmgggginterferes with the production of an undesired
protein. In a preferred embodiment, the nucleic acid comprises an interfering RNA, the noncationic

lipid 20 is egg sphingoftyelifgtREreassNR AR bRt auskerasddiaispamssit, the nucleic
acid comprises an intefgringeRNox tapnoneatieniadipishiscr RN HRSRGRANheksterol, and the
cationic lipig.is DOTM.IA iHw.ot er preferred embodiments, the noncationic lipid may further comprise

e

cholesterol. [0158] A vaTiety 0 general methods for making SNALP-CPLs (CPL-containing SNALPS)

25are discussed hereift) Twéigsriegdbedetsniguios! iich déstpodt-nsertida tobiisiyofsetaat is, insertion of
a CPL into for examplg.gdugcformesi SNALR 1a0d theistandaidcleehRigle Whekein dngigPL is

included in the lipid mjxture during for. example, the SNALP formation steps. The gost-lnsertion
technique results in SRIAYBEWAVFRIEPE SS TS BT FHES DRI NAROGPYer membrane,
whereas standard techffigues provide SNALPs having 30CPLs on both internal and external faces.
The method is especially useful for vesicles made from phospholipids (which can contain cholesterol)
and also fdBveditlé4] comtamiiabsFERGR i ds (sUuttlsis PEEIIHAGED!Metinodsefl inatindgiSiaL P-CPL,

are taught, for exampig. il Rl e NeIipRid B 38R R 86ntkY, 5,981,501 and 6,534,484; in U.S.
application Ser. 40 Nos. 09/553,639 and 09/839,707 (published as U.S.P.A. Publication No.

2002/0072121) 14 HhellaEse SebpdierRats s Assali s B ANs ATEB OB SHiRBAHs WO
00/62813), eacheafrikigtr denineonporatedd etietlidyonetararics ofQ559) The, ructiefeigHipie particles of

the present invelion B AdRINIRIAA GbSL Raloie Af DUEWIBARIYRIolanigelly-acceptable
carrier (such as physiological saline or phosphate buffer) selected’in’accordance wi fe route of
administratfon artnstarensithdrralicetmedrRiciice AB REIARS; RepwyaBKaliHAVill be employed as the
pharmaceutically feoppiakis/carigr.Dthaesuilable cariers ncndansg . Twaiesobrifasedswater, 0.4%
saline, 0.3% glycine, and th ‘%g includi lycoprotei r.enhan tability, such as albumin,
10lipoprotein, g%ﬁﬁhgr?}%t%éf[ BTr %%p%%rgm%%lgﬁ{%a céﬁi%’r?gta%%gégrgn?‘gﬁ ‘ég%ﬁ wing particle
formation. Thuscattemtropditiclaisfomadidhapbbtiple bagbenlitated datvighentmdcButically
acceptable Car@ﬁﬁ%ﬁh‘%@%%ﬁ%%ﬁb@%ﬂing the most preferred. The concentration of detergent in
25  the detergent solution is typically about 100 mM to about 2 M, preferably from about
200 mM to about 1.5 M.
[0126] The cationic lipids and nucleic acids will typically be combined to produce a charge
ratio {(+/-) of about 1:1 to about 20:1, preferably in a ratio of about 1:1 to about 12:1, and
more preferably in a ratio of about 2:1 to about 6:1. Additionally, the overall concentration
30 of nucleic acid in solution will typically be from about 25 pg/mL to about 1 mg/mL,
preferably from about 25 pg/mL to about 200 pg/ml, and more preferably from about 50

pg/mL to about 100 pg/ml.. The combination of nucleic acids and cationic lipids in detergent
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101611 The concentration of particles in the pharmaceutical formulations can vary widely, 15i.e., from
less than about 0,05%, usually at or at least about 2.5% to as much as 10 to 30% by weight and will
be selected primarily by fluid volumes, viscosities, etc., in accordance with the particular mode of
administration selected. For example, the concentration may be increased to lower the fluid load
associated with treatment. This may be particularly desirable in patients having atherosclerosis
associated congestive heart failure or severe 20hypertension. Alternatively, particles composed of
irritating lipids may be diluted to low concentrations to lessen inflammation at the site of administration.
[0162] As describedabebentinysoalle grvodiempatsiotitie presedpinventibiciie mifsleic Gcithdipid
particles comprise DAG-BEG coRiHgalas e RModiments.of (e inventien. e nucleic acid-lipid

particles comprise PEG-dialkyloxypropyl conjugates. It is often desirable 25to |ncluode other
components th&Paptdn e sRisrasthiririe Ay DAmSS tcewsasRR efop eted dikoXgpropyl
conjugates andrifidisesne nprevepirpaiticle sagiegalipmpnstin previsitea irepRrsfofinsseasing
circulation Igfetilp%nagd tipcre sin 1_tal]g:rdej[iver(%/ of theé]u eiq gg&d-lipid particles to the target tissues.

.:ec ]%flig’@ 0,400

Such componencfs |ﬁc?u&g%u%m re not limit -lipid conjugates, such as PEG-ceramides or
PEG-phospholifith7[suiert ax PEG wibpdgughribtionidtcauiiamipifiedb f fitissoniT wAcKpivls to the
particles. Typicajly,dhergoneqnirationRi-the£e0woRaibin dhe particleyvll he abowt 1a40%-and, more

preferably from about 3-10%. [0163] The pharmaceutical composﬁions of the present invention may

] h
be sterilized by ESrEhHERE SRR S6TASt PP AR B FRHSBIIAR LAY IS S B HSREREH RS packaged
fo_r use or fiIteredmdma&jpﬁtasqméﬁqms@qdokyepmﬁm@ththprhfmIm&d)@m@ar&ﬁ@mhemg combi_ned
with a stefie agueenealORRHaGI aiEiIalion. 1Dhe.caRgRitens a0 Cenigi Py aceutically

acceptable auxiliary substances as required to approximaie pppésmlc_) ical conditions, such as pH
adjusting and e - BhErRoHohRS BRARIETIAG AR BAYY UV IRictsER Rt osbefiuRg acetate,
sodium lactatesseeiumiehleride.patassitnackhloride, and calcium chloride. Additionally, the particle

suspension may.include lipid-protective agents which protect lipids against free-radical
Iipid-peroxidatﬂ/éfe1 mdja%(égegcrlw%flgsst%}léﬁré gﬁg%%ﬁ%g ?rutlagée-lrcaa |Ica$%§§%%ﬁ§?{§ ,S éﬁ%ﬁnacg Igfﬁi%?ocopherol

and water-solubié roncatisebifipich sl aroridesudtieazete sribikiantfavdris seiddiis conmpdentmistdation of
SNALPs {9164].Tha:SNALRS. ofibs.presppiinyRRtian.can convenialiheriagd to introduce nucleic
Al IO el g e ot sy oI i, corAae, S ey egeion of a
cephalin, cardiolipin, and cerebrosides. In preferred embodiments, the non-cationic lipids are
diacylphosphatidylcholine, diacylphosphatidylethanolamine, ceramide or sphingomyelin,
The acyl groups in these lipids are preferably acyl groups derived from fatty acids having
20 Cyo-Cyq carbon chains. More preferably the acyl groups are lavroyl, myristoyl, palmitoyl,
stearoy! or oleoyl. In particularly preferred embodiments, the non-cationic lipid wili be 1,2-
sn-dioleoylphosphatidylethanolamine (DOPE), palmitoyl oleoyl phosphatidylcholine
(POPC), egg phosphatidyicholine (EPC), distearoylphosphatidylcholine (DSPC), cholesterol,
or 2 mixture thereof. In the most preferred embodiments, the nucleic acid-lipid particles will
25  be fusogenic particles with enhanced properties in vivo and the non-cationic lipid will be
DSPC or DOPE. In addition, the nucieic acid-lipid particles of the present invention may
further comprise cholesterol. In other preferred embodimeﬁts, the noncationic lipids wili
further comprise polyethylene glycol-based potymers such as PEG 2000, PEG 5000 and
polyethylene glycol conjugated to a diacylglycerol, a ceramide or a phospholipid, as
30  described in U.S. Patent No. 5,820,873 and in co-pending Patent Application No. 10/136,707
(published as 1.5.P.A. Publication No. 2003/0077829), both of which are incorporated herein

by reference. In further preferred embodiments, the noncationic lipids will further comprise
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15target gene). Accordingly, the present invention also provides methods for introducing a nucleic acid
(e.g., an interfering RNA) into a cell. The methods are carried out in vitro or in vivo by first forming the
particles as described above, then contacting the particles with the cells for a period of time sufficient
for delivery of siRNA to occur. [0165] The SNALPs of the present invention can be adsorbed to almost
any cell type with 20which they are mixed or contacted. Once adsorbed, the particles can either be
endocytosed by a portion of the cells, exchange lipids with cell membranes, or fuse with the cells.

Transfer or incorporation o the nucleic, acid portlon a ace via pne of these
pathways, In pg?f % W CO ubsal%en ?afemerslauccél t%%géa?rﬁg?é mem@rane i8 ﬁ/feeg)fa{l ?Fﬁ%lo the cell

membrane and?@hblgﬁfﬂﬁmgi@%ﬁ@xm% combine with the intracellular fluid. 25[0166] Among the cell

types most oﬁqmﬁ@ geted fanintracaiviabAelivernela SIRMAAIR RroRlpsit RIS (§Q.tymor cells) and
hepatocytes. er ceIIs that can be tar eted% g hematop0|et|c Eﬁecursor (stem) cells, fibroblasts,
keratinocytes, f‘?@ﬁ&%&&%’gt gﬁﬂ‘&ﬂi % & 'R B AP S fnasith PrugaRl CBREmeI 9b18&S, neurons,

guiescent Ig/mpikmb;stésntehnmmwm@ﬁerémmeidscenlﬁo&mmmrmmcychng primary cells, parenchymal
cel PO 5P RN Bbeglsy Bene aeliAnd e e, naielener embadiment

hepatocytes are targete To the extent that tissue cu ure of cell "Be requwed it is well

known in the afPnEASERiTdpI Q@a)d?@mmes FRMfth AT etenb! y&mwaﬁomar@mvﬁwﬁmue third edition

Wiley-Liss, Ne&&t&g&kt)reléu@hi%em}nia&m)amget@mygawwta@d&m&&élx{;&Hsérﬁ:@nd Virology,

Kuchler, R.I., Dow en Hutchl d Ro c and the elﬁerencesc dth@fa Prr%{g)rowdes.a
or

ToV1 1-3ta }C]t? WRC AVE & 3 Q
5general gwdg eFSitre'a ce S Efufture ysStems often Wilr be' inthé ’frf}n(%olayers of

cells, althidugreiewit S‘Eﬂspené‘ilmmwﬂéeatb@mfmdﬁﬂ rm@nafggrgeﬂe indrsfep{0168] o in witieapplications,
the delivery of,siBNA.GRARiPE {any cell grown in culture, whether of plant or animal origin, vertebrate
or invertebrate, and of any tissue or type. In 10 preferred embodiments, the cells will be animal cells,

More preferab‘l?}mgim'ﬁl?ﬁl?ﬁ’ﬁ“ﬁegl %blﬁﬂﬁcﬁf)éflﬁrlé?@rawm fRakeied Wf‘@@]"@gﬁf&?ﬂ’%tween the cells
and the lipid nuveliid afick angiblesomise Ticarking oay ife vittoy dekds placeinchidiolotidally compatible

medium. The goncentration g \@WHQ%%@&%Y*@Q%W ﬁgﬁgg&g on the particular application, but is

generally between about 1 gmoland 15about 10 mmo atment of the cells with the nucleic

acid-lipid! parti®dis §errerhinglwagrrarsar dteplysicisiie aemiaeatn reds fapbiite 70 foriperiods of time
of from about a8, heddrsorisferaldy-af diemyaleukB 0 AROMESent particles is described in

U.S. Patent No. 4,737,323, incorporated herein by reference. Sonicating a particle
suspension either by bath or probe sonication produces a progressive size reduction down to
particles of less than about 50 nm in size. Homogenization is another method which relies on

20  shearing energy to fragment larger particles into smaller ones. In a typical homogenization

procedure, particles are recirculated through a standard emulsion homogenizer until selected

P 0 and 80 mm, are observed. In both methods, the
particle size distribution can be monitored by conventional laser-beam particle size
discrimination, or QELS.

25 [0133] Extrusion of the particles through a small-pore polycarbonate membrane or an
asymmetric ceramic membrane is also an effective method for reducing particle sizes to a
relatively well-defined size distribution. Typically, the suspension is cycled through the
membrane one or more times until the desired particle size distribution is achieved. The
particles may be extruded through successively smaller-pore membranes, to achieve a gradual

30  reduction in size.
{0134] In another group of embodiments, the present invention provides a method for the

preparation of serum-stable nucleic acid-lipid particles, comprising:
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[0170] In one group of preferred embodiments, a lipid nucleic acid particle suspension is added to
60-80% confluent plated cells having a cell density of from about 103 to about 105 20 cells/mL, more
preferably about 2 x 104 cells/mL. The concentration of the suspension added to the cells is preferably
of from about 0.01 to 0.2 gg/mL, more preferably about 0.1 gg/mL. [01711 Using an Endosomal
Release Parameter (ERP) assay, the delivery efficiency of the SNALP or other lipid-based carrier
system can be optimized. An ERP assay is described in detail in U.S. Patent Application No.
10/136,707 (published as U.S.P.A. Publication No. 252003/0077829), incorporated herein by
reference. More particiaphepthiedpase ofrar ERRaissaylisdo distinguishhihkpelectobyarious
cationic lipids and heIpS%[vlé id components of SNALPs based on their relative effect on binding/uptake
or fusion with/destabilization’ of the endosomal membrane. This assay allows one to determine
quantitatively how eacftesrpgirarinsfitraSRALD of ToHer ipid wdseadcariaiedy stemtagtfects delivery
efficiency, 30 thereby gplfRizing:1heralMakts @i other lipid-based carrier systems. Usually, an FRY
assay measures expression of a re,porter.pro¥eint {gﬁg I,léciferase, J3-% Iac&o,sida%i,, %reen fluorescent
protein, etc.}, and in s6TETHIEARSHE SR AR P RO IS SHRHIZ SR TOP AT S451E<Ei8n plasmid wil
also be appropriate fopeticepsiiatinga interferingsRhbApsratter arigtaiickssamERR assay can be

~adapted to measure downregiiation.qf tansation &f A YehSRRRCSIR tgRiBasRAce or absence of
an interfering RNA. By comparing the ERPs for each of the various SNALPs or other lipid-based

formulations, ong@an readiy detening heAREMIZEIRIYSIR B ErdncliEna WPt ather lipid-based
formulation that has the greatest uptake in the cell. #)1,72 g)y%able labels, for carrying out the ERP

assay of the preS&R IRVEREEHT IR PHELT & RAt FfTRTtS S Ba AR siasi &g S U uorescent dyes

(e.g., fluoresceinbane derivatives, such as fluorescein isothiocyanate (FITC) and Oregon GreenTM,;

rhodamine and degyatives . J0SHEN Texas.redlelathadimiog jSatbiocnRieARHE o igy digoxigenin,
biotin, phycoerythrin, AMCA, CyDyesTm, and the like; radiolabels, such as 3H, 1251, 35S, 14 33P,

etc.; enzymes, SOERHSNORSCHEIh PhigKRFI08 eaiIcaN N8 [HKYphat fsdatclaepseénalchorimetric

labels, such as gelidal g@}@lo@ge@@@dsgdrglaa&prsma@ﬂgebeaamisuﬁﬁiagag@imswxﬁemﬁarmlupropylene,
latex, etc. The Ial%gél.cean be Coé‘epgll% dlrecﬂ%ll%ﬁr mdtrc%g:t‘[y0 alScogggoguErkt of tha NALP or other

- u t to provi S e mixture’of nucleic ac ds. Suifabie solvents — .
lipid-based carrier Sys empusmg Methodg WelfKnown in the art. As ndicaed a ove, a wide variety of

labels canife ussthduithitire ehidivétadftiabebpépendisiyormsdrsiivigtirdgbie dydelsaast.conjugation with

the SNALP COr@?&@&%ﬁa&&@ﬂ%@?%@%@ﬁ@ﬁ%ﬂ@@Y@ébﬁ%%@%@%@%@ﬁ%ﬂ&@?ﬁ' provisions.
B.In vivo gene transfer 20 017§bln some embodiments, the SNALPs can_be used for In vivo delivery of

SIRNA to a wid&RPRASPbOVER RIS PRy PR ATEIS Y 8 S EhineE tefHeY ¥diihes, bovines,
ovines, caprineg, regenisctagnamatphis; wadedepricsatesydncluding, e.g., humans. In vivo delivery of

the SNALPs mgﬁ?@ 1968k s degide dg Sl o IDISHESD 06 Y SIRNGH(L Gyudiiabiign, the site of

interest). 25[0174] Systemic delivery for in vivo gene therapy, i.e., delivery of a therapeutic nucleic acid
to a distal¥argeirédsiyrsnrmal sty turmiduchsd tha FTciakien chawliasigcHisisd vEifihucleic
acid-lipid particies guehsasithesastiscased dnpibiisbesh BGH: Baientdhppication WQ-06H0964, U.S.
Patent Nos. 5,79‘%3 5 g&g{%? .5,981 %(e)l and 6 410u3%8f gach of W?lch are llglg)grporated herein

by reference. THiS A i rf)"rpg\%célg% uﬂ?ceencyadﬁlglﬂa ed nuc eﬁcmd& of exaimp

mechanical means such as by using vortex mixers,
[0138] Afier the nucleic acid has been contacted with the organic solution of lipids, the

25  organic solvent is removed, thus forming an aqueous suspension of serum-stable nucleic
acid-lipid particles. The methods used to remove the organic solvent will typically involve
evaporation at reduced pressures or blowing a stream of inert gas {e.g., nifrogen or argon)
across the mixture.
[0139] The serum-stable nucleic acid-lipid particles thus formed will typically be sized

30  from about 50 nm to 150 nm. To achieve further size reduction or homogeneity of size in the

particles, sizing can be conducted as described above.
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30acid-lipid particle that protects the nucleic acid from nuclease degradation in serum, is
nonimmunogenic, is small in size and is suitable for repeat dosing. [0175] The SNALPs of the present
invention can be administered via any route known in the art including, e.g., intravenously,
intramuscularly, subcutaneously, intradermally, intraperitoneally, orally, intranasally, or topically. For
example, Zhu, et at, Science 261:209 (1993) describes the intravenous delivery of plasmid-cationic
lipid complexes; Hyde, et al, SNature 362:250 (1993) describes intranasal delivery of plasmid-liposome
complexes (i.e., lipoplexes); and Brigham, et at, Am. | Med. Sci. 298:278 (1989), describes
intravenous andinuefracheatdetiveiyaf:plasmidhcationiciipidcompliaxasdiihac.shpM-Ps may be
administered alone or.in mixture with a physiol ﬁ{!’ eﬁy/éz%c%egt b‘!lesicag ier gsucth as gph}/.siological saline
or phosphate buf e¥f selected in accBrciance with the rodte of Loadministation and standard
pharmaceutical Pracéss oistrpsjonhénpnobadierphishdadaticalipregasationsioetirnaucleic acid-lipid
particles of the ig¥anloR.ik imesefershicietseotuantiiesef thennurlels agidslipidparticles which have
been purified to reguc or __eljminatel?mpty lipid p rtic%es or particles with nucleic acid portion
associated with Wéé@?hﬁ‘?ﬁﬁ%’e. ThpAGFRTASSY ik%ﬁxéglfﬁé eV e e HNBwing
particle fonnaticircIii)Soraftemtie wastid]pois-lormétith epadticteioanr, heldilltedns oo pranyaeeutically
acceptable Ca”&%@m@%%%]am@?%%ﬁﬁﬁéﬁ@ﬂﬁﬂepf particles in the pharmaceutical formulations can vary

widely, i.e., from less than about 005 %, usu?&y at or at least about 2.5 % to as much as 10 to 30 %
by weight and Wi HE séresangmhegipeni rbsdrorines! fieaysitisscidripidpaticiarmds 20with the

particular modecefrrdminiatiation seleciaesdOi#a] Ehe, amounf paticlesadwinisiered will depend
upon the r?[%io o&&%ggé?aacigoﬁg li 'ccll)]l'L thewpsg#‘tficnlflslfl&r}g%h?ic_a?[id ussec{z!:mtr‘!vet iIsease state being

diagnosed; the Age. Weight and condition of the. patieAt and the jodgment PR ik %n: but will
generally be belidgh alyben doRémPabeGoBOItHe petakilsbpannaihenypvisigirstpretbeably between

about 0.1 and ahiamie 2P gAGRE Lo Weig e kot 408 10 RaritiesRes- isctinRRiectable
Delivery 10179] In certain circumstarlces it will he desirable to deliver.the SNALPs disclosed herein

parenterally, infrATEHBHER SRR SRRy PEVISES B REE SRF WE Ay SrpfEdPBneally as
described in U.Sité?edieved 1,64 3ohiBexick SarFfatant 5y64iih &t mantdrdd 15 wRateth 36 bi308xak 3inthe

SNALPs may g ieealbidugairg iehe sleatinivesldngsn agte.ah disease syah niilammation or

neoplasia or to a target organ or fissile) or systemically injected for broad distributioh t’hroughout the
organism. Solub#s8 of the SNALPs may be prepared in 45 water suitably mixed with a surfactant.

Dispersions magialgo bepranacadia;giyectal plguid inodyethdeneiglycalsaned-mixiyess dareof and in

oils. Typically, g ese pre %fﬁ“%”%%g egag:rg a [Iglr(]-:'nservative to prevent the growth of microorganisms.
Generally, when aaminister Iffavenous \}’ e nucleic acid-lipid particles formulations are formulated

with a suitable 5 phafmaeeeatios sairerGenethalyonbemeinritére dovatifmic@%ds 5mM NacCl) will be

employedhgs the phagmacsuticalbhacreRihlesoaiiigh putother suitable carriers will suffice. Additional
suitable carriers are described in, e.g., REMINGTON'S PHARMACEUTICAL SCIENCES, Mack

Publishing CompanygPhilasetphiasdivs, 1i{Ee with {HE8R)eibacibasiMBiRHke to neutralize a portion
of the negative charge of the nucleic acids and form a charge-neutralized mixture of

nucleic acids and lipids; and

{c) removing the detergent from the charge-neutralized mixture to provide the nucleic

25 acid-lipid particles in which the nucleic acids are protected from degradation,

[0144] In one group of embodiments, the solution of non-cationic lipids and detergent is an
agueous solution. Contacting the nucleic acids with the solution of non-cationic lipids and
detergent is typically accomplished by mixing together a first solution of nucleic acids and a
second solution of the lipids and detergent. One of skill in the art will understand that this

30  mixing can take place by any number of methods, for example, by mechanical means such as
by using vortex mixers. Preferably, the nucleic acid solution is also a detergent solution. The

amount of non-cationic lipid which is used in the present method is typically determined
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"carrier" includes any and all solvents, dispersion media, vehicles, coatings, diluents, 10antibacterial
and antifungal agents, isotonic and absorption delaying agents, buffers, carrier solutions, suspensions,
colloids, and the like. The phrase "pharmaceutically-acceptable" refers to molecular entities and
compositions that do not produce an allergic or similar untoward reaction when administered to a
human. The preparation of an aqueous composition that contains a protein as an active ingredient is
well understood in the art. 15Typically, such compositions are prepared as injectables, either as liquid
solutions or suspensions; solid forms. suit?bJ for solytion in, Qr suspension in, liquid prior to injection
can also be prefaFeéq” ﬁ%ﬁé’%‘?‘@ﬁé’tgéﬁgﬂn&%t‘? S8R ﬁfgﬁféaﬁy ‘i%%%]a Qeié%ma%?ﬁ%%s can be
sterilized by comwentiaifiaitipdsipnhbstédidatiomtachniyfiessrsuch @sdilthationutihe compositions may
contain pharm%%ltli&gﬂy acceptable 20auxiliary substances as required to approximate physiological
conditions, such as pH adjusting and buffering agents, tonicity adjusting agents, wetting agents and

the like. These [8&#iboditisms EaROBEISHST IBREPHSIR gt fE B fieRdsasrrey Asertd abisvedort dlternatively,
they can bg prodicedpsnegnstesiesprditons. The resulting aqueous solutions may be packaged for

use or filtered aseptic conditions and Jyophilized, the lyophilized preparation being 25combined
with a sterile a#m%%[]ssg%oﬁ)ﬂlﬂ%ﬁmp?%ﬁ 15(5%‘%&?5 éﬁﬁ%}%%%%?\{/eeéry "f%i@ﬂ’?r%‘%’éi?tgeln applications,
the SNALPs discioged herdinunbides giliveiae¢iuhoraizaismnstatignthe theldidivitiuat otiise active

compounds may,evenhe incoRpraied: With exeiniests A08 Lssdsinsthedarpbingrstipie; tablets,
buccal tablets, troches, capsules, elixirs, 30mouthwash ?Ils;spenslons, oral sprays, syrups, wafers, and
the like (MathidREAEAl4E o 8% ek hi et eari iggieres & s it sty Briertls Bresiis®s80,579 and
U.S. Pateiit 5, 702p45d) bEheltad|21%; tachis:dpilisrcqapiulely andsthetikeanayialéo@ointain the

following: binders, 46, gelatin, excinienis. lbricants ok AaNoHnG. AgeRISH YR the Figgage unit form is

a capsule, it may contain, in addition t0 materials of the above type, a liquid catfrier. Various other

materials mayPeAdteReRtds Rexthny a8ty Bikeriiss nshitpdndandgiriaerditedetie dosage unit. Of
course, any maieriatased. inmrenariRgsany, ons age4nis formoestmuibbe, Behammeeutically pure and
substantially non-toxic in the amounts employed, 101821 Typically, these. formulations may contain at
least about Oﬁ’zg éﬁ? e a{:c?f%ceﬁ’ggﬁsp%%ﬁc 8#0 %%?ré,méelfﬁgolf@ i eg% p%%?e?ﬁé%greoqcﬁﬁe active ingredient(s)
may, of ddursédMélvafiedaatig thayationivdmignthth Sbeweencabpit mértRYsami: about 60% or 70% or

more of the weightofyolume, ot hentatalformulation, Natually vihe amouptebacivgigoppound(s) in
10each therapeutically useful composition may be prepared is such a way that a suitable dosage
the cationic lipid and a solution containing the nucleic acid lipid mixture. Upon mixing the
© two solutions {or contacting in any other manner), a portion of the negative charge associated
with the nucleic acid is neutralized. Nevertheless, the nucleic acid remains in an
20  uncondensed state and acquires hydrophilic characteristics.
[0148] After the cationic lipids have been contacted with the nucleic acid-lipid mixture, the
detergent (or combination of detergent and organic solvent) is removed, thus forming the
nucleic acid-fipid particles. The methods used to remove the detergent will typically involve
dialysis, When organic solvents are present, removal is typically accomplished by |
25  evaporation at reduced pressures or by blowing a stream of inert gas (e.g., nitrogen or argon)
across the mixture.
[0149] The particles thus formed will typically be sized from about 100 nm to several
microns. To achieve further size reduction or homogeneity of size in the particles, the
nucleic acid-lipid particles can be sonicated, filtered or subjected to other sizing techniques
30 which are used in liposomal formulations and are known to those of skill in the art,
[0150] In other embodiments, the methods will further comprise adding nonlipid
polycations which are useful to effect the lipofection of cells using the present compositions.
Examples of suitable noniipid polycations include, hexadimethrine bromide (sold under the
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will be obtained in any given unit dose of the compound. Factors such as solubility, bioavailability,
biological half-life, route of administration, product shelf life, as well as other pharmacological
considerations will be contemplated by one skilled in the art of preparing such pharmaceutical
formulations, and as such, a variety of dosages and treatment regimens 15may be desirable. 3.Nasal
Delivery [0183] In certain embodiments, the pharmaceutical compositions may be delivered by
intranasal sprays, inhalation, and/or other aerosol delivery vehicles. Methods for delivering nucleic acid
compositions directly to the lungs via nasal aerosol sprays has been described 20e.g., in U. S. Patent
5,756,353 and UWréndRiate RO BBRENED | ilewiséridheldeliverg of ilgs isingibanasas mieroparticle

resins (rakenaggc ol 988, ANIRDNORBIRHAME A EETRl cOmBoHNds (0.2 PRI 5,025.871) are
also well-known in tﬂe pharmaceutical arts. Likewise, transmucosa grug g‘ﬁ“ ry in the ToIio of a
polytetrafluoroetheyiéhacsaplydrarganis. Bolekstites talyD Sy iade B igondasa@54. Topical Delivery

10184] In anothgsiexapleahtheinusss bpalaicsasidsipidpariices sanhedreatherRiadMtea broad
range of topical (a 5 ge form% including, but nott.limitted to, gels, oilt% %n%éjlsions and the like, For
instance, th sugg ioff BHESIRIRG thE HISHER ‘BEFAR A DAATE WS R £ RS RIERAIEPEAN administered

as topical creamnsphaste‘é;lipidmaemgs, getsprisigns and the like. C.Prophylactic a_nd Therapeutiq
Treatment [0185] In somg, embAdiMents. e SNAEEISARNRE MRS 2L R RPIYIARHS qf sherapeutic

treatment of subjects (€.g., mammalian subjects) with a disease or disorder associated with

expression or overexpre&ian R8I g ErEdhoince’ SThe N M S 1bmhfstarsd by ek ubject in
an amount sufficient tmelieihatbtrapeiticoiesponse fiidhe pajieotcdn-anbagt adRqsgedo accomplish
this is defingd as "ther tically effective dose or amount”.or "effective,dose or amount.” In
determininlggthe effecﬁggﬁalﬂr}h%%ag i %ebé NAD u% 3[)%@’ Gaqg#ﬁ%l?ls él}lé ll%aﬁ%de'quéafr%né%f Or prophylaxis of
conditions owing to eXprestigingihebefssphbisiprrisiahedding compies theqhmicidh evaluates
circulating plasma leviglsogf.the 0SNoLEs . 2NRIRdexisitiesixapd prggression of the disease
associated with expression or overexpressipn of the target gene. Admjnistration can be accomplished
via single or divided d888RO YRS Eé}%r@‘?(g\ R #bca B BRI TEIE R8T S % ubject infected
with, or at risk of beingitfiected hvithrarpelth agwhichrtiicrociganisinart pe 8iRdN A shdalspaebarably
correspond 15to a sequence that plays an essential role in the lifecycle of the microorganism, and
should als® be lihfdlie Wremuctpierstrgasisitifoicdinidastatibe hipfe mndiresgrincnhent tiechataral

genome of a patignt WAKSHIMIRGHIr aRThe-uclein acidrlividicomplexnsipireausesinto target cells,
tissue, or organs, either ex vivo or by intravenous jnjection in a therapeutically effective dose. Silencing

of sequences tRAIBHEEHEF TR ST STAUP Wi AIsGEmi o SRS hSIRA B SH B MNtly be used in
combination withathe ladnoithisteatign HécbmiientioNat solution of step (a) is two-phase,

[0153] In preferred embodiments, the cationic lipids are DODAC, DDAB, DOTMA,

20  DOSPA, DMRIE, DOGS or combinations thereof. In other preferred embodiments, the
noncationic lipids are ESM, DOPE, DOPC, DSPC, polyethylene glycol-based polymers (e.g.,
PEG 2000, PEG 5000, PEG-meodified diacylglycerols, or PEG-modified dialkyloxypropyls),
distearoylphosphatidyicholine {DXSPC), cholesterol, or combinations thereof, In still other
preferred embodiments, the organic solvents are methanol, chloroform, methylene chloride,

25  ethanol, diethyl ether or combinations thereof. -
[0154] In one embodiment, the nucleic acid is a plasmid from which an interfering RNA is
transcribed; the cationic lipid is DODAC, DDAB, DOTMA, DOSPA, DMRIE, DOGS or
combinations thereof; the noncationic lipid is ESM, DOPE, DAG-PEGs,
distearoyiphosphatidylcholine {DSPC), cholesterol, or combinations thereof (e.g. DSPC and

30 DAG-PEGS); and the organic solvent is methanol, chloroform, methylene chioride, ethanol,

diethyl ether or combinations thereof.
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agents used to treat the pathogenic condition. The treatment can he administered prophylactically to
persons at risk of being infected with the pathogenic microorganism or to persons already infected with
the pathogenic microorganism. [0187] In a preferred embodiment, the compositions and methods of
the invention can 25conveniently be used to treat liver disorders such as, for example, hepatitis. For
example, suitable sites for inhibition on the Hepatitis B virus include nucleic acids sequences encoding
S, C, P, and X proteins, PRE, Enl, and Enll (see, e.g., FIELDS VIROLOGY, 2001, supra).) One of skill
in the art will appreciate that silencing of genes associated with hepatitis infection can be combined
with conventionajotregtmentsdos, bepatitis siechas: RIBXaMPIR, NN 3d0isgighly, interferon (e.g.,
pegylated and unpegylated, interferon a) (see..e.d.,.Medina et al., Antiviral Res.§0(2);135-143 (2003);
ribavirin (see, e.é%%ﬁ%ﬁ%dnl%ygéﬁl Q ééef\/?efg > ﬁlé'\l?.l %’é?%’%f?ﬂ“ﬁ*?i&&?)ﬁ £t %%\Slgl)r%zg}r?& Pa{:lrtnhievudine
(see, e.g. ,Kock Bpids, reéqeithl by ye8s) cilunerngs(olDaaly pratg tationrkilsitGiis: (sedtiezg., Bordier et
al., .1 Clin. Invest, 11 2(3); #0/s 4 (200 3 i RAEE DU S€Recl- omyiekdondin &t @by oEieRatol.
37(2):266-71 (2002); and saikosaponins ¢ and d qSe , €.¢., Chiang et al., Planta Med. 69(8):705-9
(2003). [0183] IP&HSIFR BRI ‘&ﬂ%%ﬁ?ﬁ&ﬁt,%% Sﬁgﬁ%fgféfmﬁvﬁﬁf&f}%@éﬁ?&ﬁ%’%iv%r
5example, suitabiiisites farinhikitianiotitide ipmpivillisdnciugisidARy RixMorddiag (Chatteteé et al.,
Sclence 258 14ah 1982, (haRaN R s Aeguaians RYAIRdRgRroleln. hal Jasliates lhe, export of
unspliced HIV pre-mRNA from the nucleus. Malim et al, Nature 338:254 %}989 . Tat Is thought to be a
transcriptional abtivater SHETRISBHETS 5y Hi Pt AYEE08 SHEATT deqUEHRS P B IR EIRIRNG. Karn 8i
Graeble, Trendsieengtsi@i36 hEiL9924) sl Thembeiqieacid-lipid complex is introduced into leukocytes
or hemopojetic cells, either ex vivo or by intravenous injection.in a therapeutically effective dose.
The treatimiht T achh AEISECH BPO gy At Lo T b S CHET Lt MK B G RAR HIv. o 1
persons alreadytinfeadte ahvamiauAlof fromaibgais2riethods Sricestd foosuipragssing bexisiession of

endogenous reciishi-¢etig RS eacoding adhesion pRAlEIns. 42404 804N anather esbgdiment, the
compositions and methods of the in\@%ggg can _conveniently be used to treat diseases and disorders

characterized by E557e¥sBhagI8VEr SR A-BfReGRNE SFPdbn Bl R Sa e HRads Uik ts, the
compositions arfiélt &féthbdg:ofthie vt gandneingedido predit netabblie-dispasestand disorders
(e.g., disegges | j ' VLIS anddiver di (%IllusG Ioéearcs such as,
for examplqe§, 20%%%%%%?1%%@&%%&%&%%%%&ki ['in thlti-;-'qz;%!r{t¥ %ifﬁfgg%%lﬁft}ggﬁat sﬁenc%g of genes

associated withlipié ieastresaressbecngifiassiadd ouriBe SovBMchGRataishusarieeraibeeatments for

these disorderspfrgé exanmpRacleaaingFtgenasiivolreskinklysipisemia cancheeampirerk reatment
with, for example, saatins bile acid eﬂlugstra ts/resins.and %holest rol alasorg&ion inhihitors such as
arh

ezetimibe, pIanF stacn%slg’/étrél%(éfg,c 6% y% gangrgée%% a%e?gﬂ HFARR OLEAR SRR R b E b B8, psyllium

and soy proteingefinptostdndiramalbg nedsisqual epmmsipsrasetinfibisdtd il aciddtanspitinhibitors
SREBP clgavagesactivatingpEateifRCARIAtNAI0 B HBARE S cotitic.Acith(RjaGIR) aRcipimox,

high-dose fish oils, antioxidants and poligcosanol, microsomal trigil_yg:e_ride transfer protein (MTP)

inhibitors, acylCBSITAAE STUNBE AU FRETIE A e FSBORERTS HTHRGIE GERDEHe 2hfibrol,

pantothenic acith3Gasralpgidass racatinidpatic Foidptoriagantsisfantt mnfanimateyyhagents (such as

Lp-PLA(2) noncationic Hpid may further comprise cholesterol.

[0158] A variety of general methods for making SNALP-CPLs (CPL-containing SNALPs)

25  are discussed herein. Two general techniques include "post-insertion” technique, that is,
insertion of a CPL into for example, a pre-formed SNALP, and the "standard" technique,
wherein the CPL is included in the lipid mixture during for example, the SNALP formation
steps. The post-insertion technique results in SNALPs having CPLs mainly in the external
face of the SNALP bilayer membrane, whereas standard techniques provide SNALPs having

30 CPLs on both internal and external faces. The method is especially useful for vesicles made
from phosphotipids (which can contain cholesterol) and also for vesicles containing PEG-
lipids (such as PEG-DAGs). Methods of making SNALP-CPL, are taught, for example, in
U.S. Patent Nos. 5,705,385, 6,586,410, 5,981,501 and 6,534,484; in U.S. application Ser.
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antagonists and AGII 067) functional oils, PPAR- -a, -y, -5 agonists, as well as dual PPAR- an and
'‘pan’' PPAR- a /y,/5 agonists, cholesteryl ester transfer protein (CETP) inhibitors (such as torcetrapib),
CETP vaccines, upregulators of ATP-binding cassette transporter (ABC) Al, lecithin cholesterol
acyltransferase (LCAT) and scavenger receptor class B Type 1 (SRB1), as well as synthetic
apolipoprotein (Apo)E-related peptides, extended-release niacinnovastatin, atorvastatin/amlodipine,
ezetimibe/simvastatin, atorvastatin/CETP inhibitor, statin/PPAR agonist, extended-release
niacin/simvastatin and pravastatin/aspirin are under 5development, and anti-obesity agents. (see, e.g.,
Bays and Stein, ¥¢pesis@nine Rhprwescatien:4(kidilR01 38 42008) ) kikewisrositencingoigenes
involved in diabetes can ombined wijth treat ith insulin as well as di [fication and
exercise. [01901“’}%?1%1 ol g@%ﬁgﬁ%ﬁgaéf? }f}?ggo%]}r? Qﬁp%p%%é@%g% p%@%%%na%%éﬁ}ggé%? S recipient
cell genes asso¢iateef witlihtisrinsoperiessid s welbfrmnstormation, tumor growth, and tumor 10
migration; angiogesys JeRes: IMMINOMRAIRIN: e RS, SURh:As: Hvse AtRoriaiadwithinflammatory
and autoimmune responses; ligand receptor genes; genes associated with neurodegenerative
disorders; and FAfGHE HEFEE KL A SR RtR Vi RRTaR SATER BRAY By T4l i s®quences of
particular interegh@gedesefibestupdan BrddetecioritofisMAtR g 4G Qdtibm samesimdodiments, the
nucleic acid-lipi rti ct ' cells of ubject 8, 1 36, 48, 60,
72,84,0r96 h hr‘pisgg%t%ﬁ%g{nﬁrr%%tigE%%ﬂ#éhl%ﬁgﬁlgeggn%%%A%{r%es%ﬁg%gﬁh%e6J§zrlt|c é:s“uc%grgll e detected
by any means K6 GEigRt (PRI TG FoRBIGHMBIdILe: Hatechvlicorhatgabitiesnetection of the
interfering RNAgsequarse, sefection, eideiargaisrsients efimesesitiey, bidetemsing.expression or
reduced Zé)lgxpliession of A% equence of interest), or a combination thereof. 1.Detection of Particles
[0192] Nucleic a P&’ﬂ?ﬁﬁﬁl’ THci8s 4e detected herein using any methods known in the art. For
example, a labéd b bdlsmptedadinesilyeorandigentiylho sddsd fuplonenst oftible HiALEGFlother
lipid-based C_arra&sr%}@%m&@t@gom%aaaféw@i&mwyam&@@ie{&-pﬁamggpw&%% giabels can be used,
with the choice of label depending on sensitivity required, ease of conjugation with the SNALP
component, staTFFTEHAS s3li§-available instrumentation and disposal provisions. Suitable
labels include, [sattre Tind tméeddtospgeital dabels; shichhasflisaréseehtidyesalevgry fluntescein and

derivative sugg Ofuers Ca%i" .' ) .0 | reentm; rho 0i ; d
derivativez,5 such %i)élg rg%‘, 38?5[?{??%%%%2@%%4%gg&%a?e‘%‘%%%ﬁéﬁ, %ﬁ?ﬂ}ﬁgg%@nﬁﬁ%tin,

phycoerythrin, BNeExndyil esSEE ederiaiiey Paioibers, sisepsiéissasrl Fpaccesigiceadth32p, 33P,
etc.; enzymes, gughk@Siar mode of administration selected. For example, the concentration may be ‘

increased to lower the fluid load associated with treatment. This may be particularly
desirable in patients having atherosclerosis associated congestive heart failure or severe
20 hypertension. Altemnatively, particles composed of irritating lipids may be diluted fo low
concentrations to lessen inflammation at the site of administration.
{0162] As described above, in some embodiments of the present invention the nucleic acid-
lipid particles comprise DAG-PEG conjugates. In other embodiments, of the invention, the
nucleic acid-lipid particles comprise PEG-dialkyloxypropyl conjugates. It is often desirable
25 to include other components that act in a manner similar to the DAG-PEG conjugates or
PEG-dialkyloxypropy! conjugates and that serve to prevent particle aggregation and to
provide a means for increasing circulation lifetime and increasing the delivery of the nucleic
acid-lipid particles to the target tissues. Such components include, but are not limited to,
PEG-lipid conjugates, such as PEG-ceramides or PEG-phospholipids (such as PEG-PE),
30 ganglioside GMI-modified lipids or ATTA-lipids to the particles. Typically, the
concentration of the component in the particle will be about 1-20% and, more preferably

from about 3-10%.
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horse radish peroxidase, alkaline phosphatase, etc.; spectral colorimetric labels, such as colloidal gold
or colored glass or plastic beads, such as polystyrene, polypropylene, latex, etc. The label can be
detected using any means known in the art. 2.Detection of Nucleic Acids 5[0193] Nucleic acids are
detected and quantified herein by any of a number of means well known to those of skill in the art. The
detection of nucleic acids proceeds by well known methods such as Southern analysis, northern
analysis, gel electrophoresis, PCR, radiolabeling, scintillation counting, and affinity chromatography.
Additional analytic biochemical methods such as spectrophotometry, radiography, electrophoresis,

Cﬁpillary 10 e|ﬁqbzf_ﬁiﬁégrﬁr§%h%?c@@tmrmnﬁ@di%iGfﬁhé%@éﬂ??ﬁ%ﬂ%ﬁ@%@g@x@%gﬁ% e elot
chromatography , hyperdiffusion chromatography, may also be employ e selection
of a nucleic acid/EHtH2 tigﬁlg‘lé%“é? & %aé’ﬁﬁé%ﬁq\%?'ié%g%@ﬁﬁﬁ?gfgoégﬁaﬂ%ﬁﬁ‘fﬁ%f’é}%rmats are
known to those skitiefllierdthendet. #eptie xandplencorhiyerhiond ats: ivohhdée shpapich assays and

competition or displacament assays. Jetviyidization- echpighesa5e geReialiv.daseibgd in "Nucleic
Acid Hybridization, A Practical Approach," Ed. Haines, B.D. and Higgins, S.J., IRL Press, 1985. [0195]

The sensitivity GPHE R BFsciGA HEasE R a  BIEN FEPREEthio (RGHI T LIRTAtENSTE acid
amplification systenansgiehcoaditipiesdheztargatnuaigiemdcidiRainogeiected iy sirerapyication
techniques suitable for,amplifying sequences for use. as molecular probes.20 or for generating nucleic
acid fragments af%c;r?gﬁ %%@e%%%l%nﬁ@n 3%[ tﬁ’o%?v%?%%?naﬁ b%%fe%%fﬁ%égoéaﬁfﬁgpent to direct
persons of skilldHeodgrslieticinmyithdoaAsplikiéditiortivcrist trciushesitnepolindedadipidhain reaction
(PCR) the ligasg£hain ipactiomdGRI-QRorenlisase mmplification and pthetBINA Aglyppesase
mediated techniques (e.g., NASBATM) are found in Sambyqok, et al., In Molecular Cloning: A
LaboratoryMafiHEC BRI R AP B B EFA SR B RS0 0eR i PR Fe B B e HORT
PROTOCOLS #pedAo LkRidtsAREB O B ¥angds . ¢r€surighie Protocols, a joint venture between Greene
Publishing Associates, Inc. and John Wiley & Sons, Inc., (2002), as well as Mullis et at (1987), U.S.
Patent No. 4,683,202 R&RsReriacers A G rgde to Methods and Applications (Innis et al. eds) Academic
Press Inc. San Diego, CA (1990) (Innis); Amheim & Levinson (October 1, 1990), C&EN 36; The

Journal 30 Of M'&hﬁ/e‘%ﬁéﬁhﬁé%f(ﬂ@ ilééeﬂﬁ}ﬂ%@&ﬂﬁé&ﬁzeh!@ﬁhfsz@gseﬁ‘%b iR Bkl (1989);

Guatelli eta!, Proc. Watt Acad. Sci. USA, 87:1874 (1990); Lomeli etal, I. Clin. Chem., 35:1826 (1989);
Landegren etafS&Seun el a g 1 97O g85Y Fhn ket B tedsnegiAte v s nessn piwu and
Wallace, Genaaddethél O8%)-Briinghs gtadhtGeaeicdAid fri.000nansiSoektagannand Malek,
Biotechnology, 13:563.(1995). Improved ods of cloning in vitro amplified nucleic acids are
dencribed W ETSRret 4 PR e B b008 B S bR B35 e the
nucleic acid setrenc@shisatnerns|fcttdehaNaSBAT Mo BChay errdadtiisdheparigdeOritarfs) and Q Beta

Replicase systemo{Q1ah Olinansslestidasforaisa-AsRIRRAS@&wiN in vitro amplification methods,
for use as gene prgbes, or as.i hi?t r companents are typically synthesized cheﬁnically,according to
the solid phas& pidspHhbr %?é; th ?8&%?5{&’8’&“&886’%%8aé%"é’égﬁ%s P4 ABYCRN ReIE Pretrahedron

Letts., 22§20): 1869 1862 € 1884d ce gniemidg Gmcaetoniatt the pattdsizen ather be endocytosed
by a portion of the cells, exchange lipids with ceill membranes, or fuse with the cells.
Transfer or incorporation of the nucleic acid portion of the particle can take place via any one
of these pathways, In particular, when fusion takes place, the particle membrane is integrated
into the cell membrane and the contents of the particle combine with the intracellular fluid.

25 [0166}) Among the cell types most often targeted for intracellular delivery of a siRNA are
neoplastic cells (e.g. tumor cells) and hepatocytes. Other cells that can be targeted, e.g.,
hematopoietic precursor (stem) cells, fibroblasts, keratinocytes, hepatocytes, endothelial
cells, skeletal and smooth muscle cells, osteoblasts, neurons, quiescent lymphocytes,
terminally differentiated cells, slow or noncycling primary cells, parenchymal cells, lymphoid

30 cells, epithelial cells, bone cells, and the like. In a preferred embodiment, hepatocytes are

targeted.
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10 described in Needham VanDevanter et al., Nucleic Acids Res., 12:6159 (1984). Purification of
oligonucleotides, where necessary, is typically performed by either native acrylamide gel
electrophoresis or by anion exchange FIPLC as described in Pearson and Regmier, J. Chrom.,
255:137 149 (1983). The sequence of the synthetic oligonucleotides can be verified using the chemical
degradation method of Maxam and Gilbert (1980) in Grossman and Moldave (eds.) 15 Academic
Press, New York, Methods in Enzymology, 65:499. [0197] An alternative means for determining the
level of translation is in situ hybridization. In situ hybridization assays are well known and are generally
described in Angerer] et B tid ethadth & rizymatl b 264 kG B): dayaireil) isikmkyidizationassay cells
are fixed to a solid supper i ide, If DNA | be ed, the cells.are atured with
heat or 20a|ka|i.Pfﬁ%nggﬁ%%%ﬁﬂ%?rﬁﬁﬁﬁ%ﬁ%’é@y #ﬁ%ﬁ%gﬁﬁ%&%ﬂug’ﬁgﬁ%ﬁdgﬁt@? gﬁﬁperature
to permit annealiifg: OfespBeifl probesetiiat G IdtietbemirhViibpésimkelh Fafsretsiyd dlirelegywith
radioisotopes ondiRhi-eR. ;e MARRA B IS S IRRSITN R eseRkinYeRIIGR AR QYIdRR NUCleic

acid-lipid payticles in kit form. The kit 25will typically be comprised of a container which is
compartme taliggbf’%(rgﬁ ARG FH8 t\}lé?i%ucse}ee@ﬁ@[l’t)é 0 &%Sﬁ%fé%g&c‘f’dﬁi fdriBsIELind the

endosomal memiwrateyalestalilizethteg cdhbommsionsiréldie kitediill contain the compositions of the
present inventions, preferably in dehydrated form, with instructions for their rehydration and

administration. In still gther pmbadimrnianthe particles and/or compositions comprising the particles
will have a targeting 30 moiety attached to the surface of the particle. Methods of attaching targeting

moieties (€.9., 3pfldies, zarQIﬁJ@égﬁe[auejg,sﬂ(%aml? Hhosavuset i ey eseabRaticiag)are known to

those of skill in the art. EXAMPLI 01991 The following examples are offered to illustrate, but not to
limit the claimed HitRERE0M = Rb U B SKif T YFE U T REEERRFA'E B E8Y it 8 BPRoticritical
parametersiwhighfeast batehianged e midifidddanieltcelsentialy-foaisamenasifiscdlExample 1.
SNALP formulations enc su atgggé sﬂgeNA [02001 This example demonstrates encapsulating siRNA in
most r,eﬁ:ra €:ls. . . ..
SNALP formulated with eitRer short- of long-chain PEG-DAG and produced by continuously mixing
organic lipid and&fle Sustinifrerssntio AdispEthnna ipircasiprijedsuerbep EGidimyristylglycerol
(Cm) (PEG-DM&z)oantbFifzedisiess e reintsatiBk (Rétanh S& LAniinfi-arlastosidaseliwgal) 10
SIRNA encapsul%[(édén D%PC:C olesl'gtecr Ia:rDaO A\A{.A\:PIEG:DMG/?I?F%-DSG %AW this method
resulted in > 90Y5 €h 5&% 12i0h aoér%en %slsaéi/ and S80% ypaerrt‘i‘(r:‘i%nﬁ én( éﬁ%izer). The
preparatiords haebthéfoltowirifretmeactéisticds 4ithitprepclenticBl-galdprRMNdeins generally
DSPC:ChO_I:DQQM@@%%BM&Q&%&};&M%%% ﬁ&é‘)/fazep&%é%ﬁﬂg@ oFahashdilption mix = 98%
encapsulation Post incubation mix = 97% encapsulation Post overnight dialysis = 96% encapsulation
48 hours, preferably of from about 2 to 4 hours.
{0170} In.one group of preferred embodiments, a lipid nucleic acid particle suspension is
added to 60-80% confluent plated celis having 2 cell density of from about 10° to about 10°
20 cells/mL, more preferably about 2 x 10* cells/mL. The concentration of the suspension added
to the cells is preferably of from about 0.01 to 0.2 pg/mL, more preferably about 0.1 ug/mlL.
[0171] Using an Endosomal Release Parameter (ERP) assay, the delivery efficiency of the
SNALP or other lipid-based carrier sysiem can be optimized. An ERP assay is described in
detail in U.S. Patent Application No. 10/136,707 (pubiished as U.S.P.A. Publication No.
25 2003/0077829), incorporated herein by reference. More particularly, the purpose of an ERP
assay is to distinguish the effect of various cationic lipids and helper lipid components of
SNALPs based on their relative effect on binding/uptake or fusion with/destabilization of the
endosomal membrane. This assay allows one to determine quantitatively how each
component of the SNALP or other lipid-based carrier system effects delivery efficiency,
30  thereby optimizing the SNALPs or other lipid-based carrier systems. Usually, an ERP assay
measures expression of a reporter protein (e.g., luciferase, 3-galactosidase, green fluorescent

protein, etc.), and in some instances, a SNALP formulation optimized for an expression
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Particle size = 109.7 run Polydispersity = 0.14 20 8 ml prep: anti-B-gal siRNA in
DSPC:Chol:DODMA:PEG-DMG liposomes Post dilution & incubated mix = 89% Post overnight dialysis

= 91% Particle size = 127.5 nm 25Polydispersity = 0.11 8 ml prep: anti-B-gal siRNA in DSPC.:
Chol:DODMA:PEG-DSG liposomes Post dilution & incubated mix = 90% Post overnight dialysis = 90%
30Post sterile-filter = 90% Particle size = 111.6 rim Polydispersity = 0.24 Example 2. Downregulation
of intracellular expression in cells by delivering in vitro an SNALP formulation encapsulating siRNA.
5[0201] This example demonstrates downregulation of (3-Gal expression in CT26.CL25 cells

delivered in vitro,RSRCiEhaleserebRRVA: REGRIMEdiRosameseeans waling antiaGahsiRNA.

The results are ?{@icted in F,Ei)%ure l. 3.02021 In vitro deli}/%%\ of O.ZI# .OIi%ofectamine-encapsulated
anti-p-Gal SIRNA® a5ae e AR Eh IR A 5y S e Ao 31 Tt ééf’r"i’s i 8 B SXBEEY Control cells.
10 Encapsulatingjelpfepgcanti«BeGalodiRNAecife DEREA hBlestensi DOBDMAR PG 42 G iposomes

decreased p-Cal 2V AhaULAOY GRRAHARL U0 DPRL 0NNl SRllsnEAmplR 3 Assays

for Serum Stability [0203] Lipid/therapeutic nucleic acid particles formulated according to the above

noted techmiquey & 5&- abeE o PERSHIREBNET Byraaiten diidisogeatest uptake in the

cell.
[0172] Suitable labels for carrying out the ERP assay of the present invention include, but

are not limited to, spectral labels, such as fluorescent dyes (e.g., fluorescein and derivatives,

such as fluorescein isothiocyanate (FITC) and Oregon Green™,; rhodamine and derivatives,
10 such Texas red, tetrarhodimine isothiocynate (TRITC), etc., digoxigenin, biotin,

phycoerythrin, AMCA, CyDyes™, and the like; radiolabels, such as *H, I, *s, Yc, *2p,

- 3P et enzymes, such as horse radish peroxidase, aikaline phosphatase, efc.; spectral
colorimetric labels, such as colloidal gold or colored glass or piéstic beads, such as
polystyrene, polypropylene, latex, etc. The label can be coupled directly or indirectly to a

15 component of the SNALP or other lipid-based carrier system using methods well known in
the art. As indicated above, 2 wide variety of labels can be used, with the choice of label
depending on sensitivity required, ease of conjugation with the SNALP component, stability

requirements, and availabie instrumentation and disposal provisions.

B. In vivo gene transfer

20 [0173] Insome embodiments, the SNALPs can be used for in vivo delivery of siRNA to a
wide variety of vertebrates, including mammals such as canines, felines, equines, bovines,
ovines, caprines, rodents, lagomorphs, swines, primates, including, e.g., humans. fn vivo
delivery of the SNALPs may be local (i.e., directly to the site of interest) or systemic (i.e.,
distal from the site of interest). '

25 [0174] Systemic delivery for in vivo gene therapy, i.e., delivery of a therapeutic nucleic
acid to a distal target cell via body systems such as the circulation, has been achieved using
nucleic acid-lipid particles such as those disclosed in published PCT Patent Application WO
96/40964, U.S. Patent Nos. 5,705,385, 5,976,567, 5,981,501, and 6,410,328, each of which
are incorporated herein by reference. This latter format provides a fully encapsulated nucleic

30  acid-lipid particle that protects the nucleic acid from nuclease degradation in serum, is

nonimmunogenic, is small in size and is suitable for repeat dosing.
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15[0204] For instance, in a typical DNase 1 digestion, 1 pg of DNA encapsulated in the particle of
interest is incubated in a total volume of 100 p1 of 5 mM HEPES, 150 mM NacCl, 10.0 mM MgC12 pH
7.4. DNase treated samples are treated with either 100 or 10 LI of DNase | (Gibco - BRL), 1.0% Triton
X-1 00 can be added in control experiments to ensure that lipid formulations are not directly inactivating
the enzyme. Samples are incubated at 37C for 30 20 min after which time the DNA is isolated by
addition of 500 pL of DNAZOL followed by 1.0 mL of ethanol. The samples are centrifuged for 30 min
at 15,000 rpm in a tabletop microfuge. The supernatant is decanted and the resulting DNA pellet is

washed trice wily B9%r5ura0g! a0 s This, RNA fseusRETAed. b 30 it 1 TRNIBL: 20 AL of

this sample is loaded on a 1.0% agarose gel and subjected to electrophoresis in TAE buffer. 25[0205]
In a typical seruthca8say B H§-&f BREXTITHFLE, BREAPEHAN Seheaieselidmtrdemnats Triton X100 was
aliquoted into 1.mtmpeEppendosfaubhesahasihe tubescaereradeeshdb, Miweraalsmeriee arimgman
serum, dH20 (to(f{B%edgisrgngé)l]yryn raSV%AiCQl.SEe ?VtUb§§ vere gg,g%grgmvyith pa:glafilm a (iln'curb??\ted at 37C.
A sample of the fre€, encapsu‘a ed, or encapsuﬁ%ﬁedﬂ 0'65% Triton XI 00 no eéfgstesf/eﬁ’ﬁyarmclease

(standard) Was frezen 362N SOnitaseered A ESheeltisr rilbasng-trssethato20BxAligaots were
taken at variousiggpQiNtSasdas: oGP R Auior ORI R PE@INASE K A3 RN o a0k

immediately frozen in liquid nit%;ggegpto stQp the reaction. Once al|.of the time points were collected,

the samples wePEIRRTIAAHY IR WSIEPBSHAS ST HroRSiRASE I BKEBng it to denature any
remaining exonudisaserfrateinase Kixligesteld sphypitdsgweie-apphietidogoidy &oramide gels to assess
levels of exonugeass degradation, 10206l Raricles disglosed.anavs demansiale serum stability by

showing less than 5% and 5preferably undetectable amounts of DNA degradation (partial or total) as a
result of subh tresHbistietie0aAd sl B rsEHEEeHi ROPr 55N ase 1. This compares favorably to free
DNA, which is qempleteldegepaed paghnlratmid/ ipisheonilexes stieh asdPiiARIPEIDAC:DOPE
complexes), wherein DNA is substantially (i.e, ater than 20%, often 8§0%) degraded after such
roatment 10 EASE A S ton LR ARIRER e (b AeiaR SR SR Coase sie
targeting and ge¢re pypledsiopdpssaitinignfreinanaiaond nerticenprisatition wiBNAeP dadumor bearing

mice. In this exgmplg «lh@eRgaRsUatedHrglgicrAGidTs A RIasRRIAG[ARORE T heaNALP mgthod resulted
in the enc?gsulftion of plasm%DNA in I§§mall gﬁédiameter --70 nm) "stabilized nucleic acid-lipid

particles” {SNAPE] & REBECHEISR o BYHASRIE DR BURS OB SRFRAZIEE SHRRRCLUIFId bilayer
stabilized by thafprgisemeecaiailyilayertsdirbiiziag. component, such as a poly(ethyleneglycol) (PEG)

coating. SNALferflioiad extendeclieulahan. ISt as. lowing RitAvERKS AdRIDRIAfion and

promoted delivery of intact plasmid to distal tumor sites resulting in reporter gene e pressvl’on at the

disease site. 2690 Z0T1 eSNMRBURHI EnG-ciFbell RO ATtiEs bRl A 2o TBiRI&s dOreddénding to five

to by weight and will be selected primarily by fluid volumes, viscosities, etc., in accordance
20  with the particular mode of administration selected.
[0178] The amount of particles administered will depend upon the ratio of nucleic acid io
lipid; the particular nucleic acid used, the discase state being diagnosed; the age, weight, and
condition of the patient and the judgment of the clinician; but will generally be between about
0.01 and about 50 mg per kilogram of body weight; preferably between about 0.1 and about 5
25 mg/kg of body weight or about 10%.10% particles per injection.

1. Injectable Delivery

[0179]  In certain circumstances it will be desirable to deliver the SNALPs disclosed herein
parenterally, intravenously, intramuscularly, subcutaneously, intradermally, or
intraperitoneally as described in U.S. Patent 5,543,158; U.S. Patent 5,641,515 and U.S. Patent
30 5,399,363, The SNALPs may be locally injected to the site of interest (e.g., a site of disease
such as inflammation or neoplasia or to a farget organ or tissue) or systemically injected for

broad distribution throughout the organism. Solutions of the SNALPs may be prepared in
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ten percent of the total injected dose per gram of tumor or greater than 1000 copies of plasmid DNA
per cell, giving rise to levels of gene expression that were more than two orders of magnitude greater
than those observed in any other tissue. Interestingly, although the liver accumulated 20-30% of the
total injected dose, very low levels of gene expression 25were observed in the liver. This is thought to
be due to the limited hepatocellular uptake of the PEG-ylated SNALP. See, Figures 7-9. [0210] The in
vivo delivery and transfection potential of nucleic acid-lipid particles containing a bilayer stabilizing
component was fustbhenenhanced tirbughthexsncDigersivonmofeaiatie pieR G RIdEER L sdnsisting of
a DSPE anchor, P 00 r ﬁmm ipni e roup. When CPL .were incorporated
into SNALP at cé}r?&:_e%;rﬁﬁt?laet%%@%%% to 4 mle%% ?ﬁ%%%i%ﬁl lr?g) %PL-)égxl\?%Lg)Ptv%e’rgrgf%alrsllmsilgc}ns%izne and
stability as native® SISIVEIhEOISErAtGE SPTP Piraiigsmisatr s hereamseministezsellular delivery

and a concomitapinereass, tne Hansfagtionachxity i easetonotcibvitinnd in YiugSpecifically,
CPL-SNALP yielded 10-5-f.olg mare ig vitro gene e>g r sign han tivj%S ?g CPL-SNALP
&) ?g% 150 m I

P.W
were adminigteré) ‘f"‘llﬁrtlraz(fl?/uet;rq’fi)u‘ﬁ’s"jﬁ;1 fﬁey%ﬂ%rlal 4a&ubs %% a1 256 mcreasea%)%qpaﬁc gene
expression compaigdytd meive!SNALRLETIHY incarizie tanlR bis Nkt PupdtEreyrisasydpediic.to Sthe

liver. The levels ghgane cxRisRsian;teasdied:fRdDe Junauiidneyrorieem Ak RearHigrained
unchanged, contributing to_ more than two orders of r? nitude differential in the gene expression

measured in the IR \< HHaF TR ST TP HH B ng§ SilfdsrdiB thrd Potandarmst Bsdtilating the

deliyery properti@rﬁ%PE@uﬁ@idmmtaﬂﬁi@wyﬁdmmﬂm@imnhﬁ@tém@mhéﬁydmﬂ}small uniform size
required to ﬂ&am@efa%t%@m'&gﬁmgagggeéﬁ;;ymﬂgsaﬁty@o;g@yn%@ﬂé@ﬁ@%&}@ﬁ%@#&%ﬁ%ﬁ'te

targeting and tissue specific gene expression can be re-programmed by altering the lipid composition
of non-viral gen&°dEIFerSRRAEMS, elgidhrbheika P abrsinmigrPresAl-rsaRRMes [0212] This
example demongftaiestheqiepanaiianef @sesitond B odiagylghyeerokiipigds d5(REG-DAG) SNALPS.
In this example, the encapsulated nugleic acid | lasmid, [0213] PEG-DAG SNALP were prepared
incorporating 10 R La et B A et B SR e e e .
PEG-dipalmitoyhgipeesisricies ren e distepag Riostolq Cuyds s vl sréerfisetinhottansfection
activity, phannagpkinglicaane e birdistribmtionotgpne i essian s eswling frem systemic
- administration in tumor 20 b?$2n§mic?b I%G-[%A%G Iipid containin SNALP demonstrated a similar
relationship betVVSET AT SAATHTERGTARE 17 S1 PRt RSy T B S SFHATF
PEGceramides aShorteremesd- chiadrpanohtes ¢airlyeibeani@didrdnd dipalmitoyl (C16)) resulted in SNALP

particles that wesesigssgiable,hithave bighetdansiectiemacivininyisaihan.fhass-ncorporating
longer acyl chain anchors (dlsterél (C18)). Evaluatign of the pharmacokinetics 25 of PEG-DAG

containing SNAEBRGMNTEH 2 EUHERoH bEWRRRSH tH LEX SRR BRIHETBREC Bl M5MpBHent and the
circulationdifetimeitii:$ NddtcSNAtcBueontainipg BE- rdiiyielyiy yodieb (€ 4k as pH '
PEC-dipalmitoylgxeaioh(Cha AN B steyIabicaieh ibds) damansUales Figylalionbairtives of

0.75, 7 and 15 hours respectively. Extended circulation lifetime in turn correlates with an increase in
tumor delivery SPTHPOSHE B RA AE @t@ﬂ]ézed using the techniques referred to above or, alternatively, they
can be produced under sterile conditions. The resulting aqueous solutions may be packaged

for use or filtered under aseptic conditions and lyophilized, the lyophilized preparation being

25  combined with a sterile agueous solution prior to administration,
2. Oral Delivery

[0181] In certain applications, the SNALPs disclosed herein may be delivered via oral
administration to the individual. The active compounds may even be incorporated with
excipients and used in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs,
30  mouthwash, suspensions, oral sprays, syrups, wafers, and the like (Mathiowitz er al, 1997;
Hwang ef al., 1998; U.S. Patent 5,641,515, U.S. Patent 5,580,579 and U.S. Patent 5,792,451).

The tablets, troches, pills, capsules and the like may also contain the following; binders,
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30expression. [0214] Upon intravenous administration, PEG-disterylglyeerol (C18) containing SNALP
bypass so-called 'first pass organs, including the lung, and elicited gene expression in distal tumor
tissue. The level of reporter gene expression observed in tumors represents a 100 to 1000-fold
differential over that observed in any other tissue. This compared well with the behavior of SNALP
containing PEG-ceramide C20. The incorporation of PEG-DAG in SNALP confirmed that small size,
low surface charge and extended circulation lifetimes are 5Sprerequisite to the passive disease site

targeting leading to accumulation of plasmjd DNA and ggne expression in tumors following systemic
adminisration B BN TN RN oI EE™ BigURE o0 NreT ER KPS ANBARETHODS
Materials 10 [G245]dD@R Eanid {28 RCnaterel obittinge fromp il edihexhchipils Yeancauver, BC). DODAC

and the PEG-digeylglycerals wers manyfagtiuiad SyngsRharmacepticals Burmahy B, The other

materials, HEPES, OGP ‘and 3H-cholesteryl hexadecy! ether, viere obtained from a number of different
commercial stk f9Pm6] POPLOBACIPERIEA )t g™ 18udYqarge unilamellar
vesicles were diarpiepRanesl lyigueteiaigenialiadysisdn biapesiulfesessSaliney 50 mM NaCl and 10 mM

HEPES) for 48 hours. Lipid stock sqolutions were prepared.in ethanaol then dried down to create a
lipid film whic (Hh24 rellc%ér)%‘ﬂé NG ﬁﬁ%?%%%ﬁ?%iﬁ@%ﬂ@ﬂ%ﬁéé% éﬁ%&%\/ﬁi‘t%aéﬁgholesteryl
hexadecy! ethematderditmepfipidliagtiche pixsstogerd teterimiiogrbliancormpyanbdpsise Radioactivity was
determined by, seintillation, copting wyith Pigaflyardl: 2002540 SN gtRinNg REGsRiReYglycerols

were formulated, via detergent dial%/sF%igjy VT‘?ry, ing. the salt concentratjon to maximize the percent of
DNA encapsuligH ot SafteiSHL ENPHRERWRE BROYe RGP LY ALY (‘iwmséﬂﬁlysis. Empty
vesicles Weredembeaddyiaie stdh! sucrosh aentnifugptépmred 5% ducrasalwassusddetdosgparate out the

empty particles frpm fhe plagmid: 9&%@%@%@4&%@1}{&6%%'c&;’fmﬁ'éﬂ%?@&&’fﬁ&?t for PEG-
25Dimyristylglycerol containing SNALP which used 5.0% sucrose. Emé})fa/ vesicles migrated to the top

of the tube wiHeR-wERilra bivReigb bt remisobeiminintrdiorapretictioh L 65 8] se{ 2pethsalis/m1 were
plated onto 24xaelhpiptas Land)dCallmvaeblefbiagpmedary on2dineuis (R0R:pirgfdsansfection media

(2.5pg/well) was a ded ang Jﬂ‘?{} in\ﬁlajtl?ated f(pr statit]ad 30ti ?#gcints. Tragsﬁtg%tiontme.dia was aspirated

after timepoinst and eﬁcg)l(posed?o co{r)ﬁlfjle e media fofan o hours a irr?%lﬁ% CO2.

Complets meday Weadeserhbsved. Cells were

3. Nasal Delivery

[0183] In certain embodiments, the pharmaceutical compositions may be delivered by
intranasal sprays, inhalation, and/or other aerosoi delivery vehicles. Methods for delivering
nucleic acid compositions directly to the lungs via nasal zerosol sprays has been described
20  eg,in U S.Patent 5,756,353 and U. S, Patent 5,804,212, Likewise, the delivery of drugs
using intranasal microparticle resins {Takenaga et al., 1098) and lysophosphatidyl-glycerol
compounds (U. S. Patent 5,725,871} are aiso well-known in the pharmaceutical arts.
Likewise, transmucosal drug delivery in the form of a polytetrafluoroetheylene support

mafrix is described in U. S. Patent 5,780,045.
25 4. Tapical Delivery

[0184] In another example of their use, nucleic acid-lipid particles can be incorporated into
a broad range of topical dosage forms including, but not limited to, gels, oils, emulsions and
the like. For instance, the suspension containing the nucleic acid-lipid particles can be

formulated and administered as fopical creams, pastes, ointments, gels, lotions and the like.
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washed with PBS twice and stored at -70C -until day of experiment. Cells were lysed with 57 150 ul of
Ix CCLR containing protease inhibitors. Plates were shaken for 5 minutes. 20 pi of each sample were
assayed in duplicate on a 96-well luminescence plate for luciferase activity. Pharmacokinetics,
Biodistribution, and in vivo Gene Expression 5[02191 Pharmacokinetics and biodistribution were all
determined by normalizing the data to the quantity of radioactivity present. Approximately 500 Al of
blood was obtained by cardiac puncture. Red blood cells and plasma were separated by
centrifugation (4C, 3000 rpm, 10 minutes) and 100 al of plasma was used to determine radioactive
counts. Organs were KarvestedphtapteifiadiherepoifsTanttiieniogenized in lysing matrix tubes (Fast
10Prep, 2 x 15 seconds, 4.5 intensity) to assay a portion of the mixture. [0220] Gene expression was
determined by Im‘ﬁqasﬁl assaymbrganstyers Manke stechehendogenizgi; ai:lfl'd d«ebézﬁwbimie throughout the

experiment. Lysgies, et GRntIvoed, (10,000 a5 iANISN 00 0 ol supermglan yere assaved

ed
in duplicate on ae?? Plimines eﬁée plate for lu ase activity. The results are eplcted in Figures
6-9. 15In vitro Gén@ssnéﬁém@rmzzsﬂoeeﬂétww@fﬁaﬁ%cm With S ee ednmppisiad PB6G-lipid

conjugates ﬁndsﬁeﬁt@mimamhﬁsmmc%aa@déngtIy@i&@@eﬁ@m@ﬁmﬁa@&aewl&t the, Ghb\npromoter and
SNALPs containing anti-lucifer |RN§ orolg to the f%?ds described aboye. Gene
SRR AT RS S RE° THE TR e REPICE RGOS 20 Example 6.

expression was”
Expression of ritefeit acids: enaaps@fét@cﬁﬁﬁ@ﬂ% timnffpmnga‘@ﬁ@dlmﬂyd(SNm{Bynémnjugates 102221

This examples %ﬁ&ﬁ@&éﬁéwk@%@p&?ﬁgﬁ%mwmmenefow@q&peﬂg@g}@nS@DSU'ated in SPLP
comprising PEG dlalkyloxypr(f?ﬁlgl conjugates. All SPLP formulations com@glse a plasmld encoding

luiferase underHEEBHEBIHP @Wﬂ/qamﬁhitamwsﬁalﬁaé?&aﬁufawﬂw e ietRbe

10 SNALPs, SNALP toxicities, and progression of the disease associated with expression or
overexpression of the target gene. Administration can be accomplished via single or divided
doses.

[0186] For example, the SNALP can be administered to a subject infected with, or at risk of
being infected with a pathogenic microorganism. The siRNA should preferably correspond

15 toa sequence that plays an essential role in the Lifecycle of the microorganism, and shouid
also be unique to the microorganism (or at least absent from the genome of the natural
genome of a patient undergoing therapy). The nucleic acid~1iﬁid complex is introduced into
target cells, tissue, or organs, either ex vivo or by intravenous injection in a therapeutically
effective dose. Silencing of sequences that encode genes associated with pathogenic

20  infection can conveniently be used in combination with the administration of conventional
agents used to treat the pathogenic condition. The treatment can be administered
prophylactically to persons at risk of being infected with the pathogenic microorganism or to
persons already infected with the pathogenic microorganism.

[6187] In a preferred embodiment, the compositions and methods of the invention can

25 conveniently be used to treat liver disorders such aé, for example, hepatitis. For example,
suitable sites for inhibition on the Hepatitis B virus include nucleic acids sequences encoding
S, C, P, and X proteins, PRE, Enl, and Enll (see, e.g., FIELDS VIROLOGY, 2001, supra).) One
of skill in the art will appreciate that silencing of genes associated with hepatitis infection can
be combined with conventional treatments for hepatitis such as, for example, immune

30 globulin, interferon (e.g., pegylated and unpegylated interferon o) (see, e.g., Medina et al.,

Antiviral Res.60(2):135-143 (2003); ribavirin (see, e.g., Hugle and Cemny, Rev. Med. Virol.
13(6):361-71(2003); adefovir and lamivudine (see, e.g. Kock et al., Hepatology 38(6):1410-
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‘Treatment Route-- Doses ,Timepoint ASSAY***, A 4 Neuro- 2a SC PBS IV 48 hrs Body weights,
Blood analyses, Lucifera se activity B 5 Nemo- 2a

8 (2003); prenylation inhibitors (see, e.g., Bordier et al., J. Clin. Invest, 112(3): 407-414
(2003)); famciclovir (see, e.g., Yurdaydin et al., J Hepatol. 37(2):266-71 (2002); and
saikosaponins ¢ and d (see, e.g., Chiang et al., Planta Med. 69(8):705-9 (2003).
[0188] In another exemplary embodiment, the pathogenic microorganism is HIV. For

5  example, suitable sites for inhibition on the HIV virus include TAR, REV or nef (Chatterjee
et al., Science 258:1485-1488 (1992)). Rev is a regulatory RNA binding protein that
facilitates the export of unspliced HIV pre-mRNA from the nucleus. Malim ef al., Nature
338:254 (1989). Tat is thought to be a transcriptional activator that functions by binding 2
recognition sequence in 5' flanking mRNA. Karn & Graeble, Trends Genet. 8:365 (1992).

10 The nucleic acid-lipid complex is introduced into leukocytes or hemopoietic stem cells, either
ex vive or by intravenous injection in a therapeutically effective dose. The treatment can be
administered prophylactically to persons at risk of being infected with HIV, or to persons
already infected with HIV. Analogous methods are used for suppressing expression of
endogenous recipient cell genes encoding adhesion proteins.

15 [0189] In another embodiment, the compositions and methods of the invention can
conveniently be used to treat diseases and disorders characterized by expression or
overexpression of a gene or group of genes. In some aspects, the compositions and methods
of the invention can be used to treat metabolic diseases and disorders (e.g., diseases and
disorders in which the liver is a target and liver diseases and disorders) such as, for example,

20  dyslipidemia and diabetes. One of skill in the art will appreciate that silencing of genes
associated with metabolic diseases and diserders can be combined with conventional
treatments for these disorders. For example, silencing of genes involved in dysiipidernia can
be combined treatment with, for example, statins, bile acid sequestrants/resins and cholesterol
absorption inhibitors such as ezefimibe, plant stanols/sterols, polyphernols, as well as

25  nutraceuticals such as oat bran, psyllium and soy proteins, phytostanol analogues, squalene
synthase inhibitors, bile acid transport inhibitors SREBP cleavage-activating protein (SCAP)
activating ligands, nicotinic acid {niacin), acipimox, high-dose fish oils, antioxidants and
policosanol, microsomal trigiyceride transfer protein (MTP) inhibitors, acylcoenzyme A:
cholesterol acyltransferase (ACATY) inhibitors, gemcabene, lifibrol, pantothenic acid

30  analogues, nicotinic acid-receptor agonists, anti-inflammatory agents (such as Lp-PLA(2)
antagonists and AGI1067) functional oils, PPAR- -u , -v, -8 agonists, as well as dual PPAR-
o./y and 'pan’ PPAR- o /v,/8 agonists, cholesteryl ester transfer protein (CETP) inhibitors

(such as torcetrapib), CETP vaccines, upregulators of ATP-binding cassette transporter
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SC SPLP PEG-DSG IV 148 hrs C 5 Neuro- 2a SC SPLP PEG-A-DSA IV 148 his D5 Neuro- 2a sc
SPLP PEG-A-DPA

(ABC) Al, lecithin cholesterol acyitransferase (LCAT) and scavenger receptor class B Type
1 (SRB1), as well as synthetic apolipoprotein (Apo)E-related peptides, extended-release
niacin/lovastatin, atorvastatin/amlodipine, ezetimibe/simvastatin, atorvastatin/CETP inhibitor,
statin/PPAR agonist, extended-release niacin/simvastatin and pravastatin/aspirin are uhder
5  development, and anti-obesity agents. (see, e.g., Bays and Stein, Expert Opin. Pharmacother.

4(11):1901-38 (2003)). Likewise, silencing of genes involved in diabetes can be combined
with {reatment with insulin as well as diet modification and exercise.
[0190] Analogous methods are used for suppressing expression of endogenous recipient
cell genes associated with tumorigenesis and cell transformation, tumor growth, and tumor

10 migration; angiogenic genes; immunomodulator genes, such as those associated with
inflammatory and autoimmune responses; ligand receptor genes; genes associated with
neurodegenerative disorders; and additional genes associated with viral infection and

survival. Target gene sequences of particular interest are described supra.

D. Detection of SNALPs

15 [6191] Insome embodiments, the nucleic acid-lipid particles are detectable in the plasma
and/or cells of the subject 8, 12, 24, 36, 48, 60, 72, 84, or 96 hours after administration of the
particles. The presence of the particles can be detected by any means known in the art
including, for example, direct detection of the particles, detection of the interfering RNA
sequence, detection of the target sequence of interest (i.e., by detecting expression or reduced

20  expression of the sequence of interest), or a comnbination thereof.
1. Detection of Particles

{0192] Nucleic acid-lipid particies are detected herein using any methods known in the art.
For example, a label can be coupled directly or indirectly to a component of the SNALP or
other lipid-based carrier system using methods well known in the art. A wide variety of

25  labels can be used, with the choice of Iabel depending on sensitivity required, ease of
conjugation with the SNALP component, stability requirements, and available
instrumentation and disposal provisicns. Suitable labels include, but are not limited to,
spectral 1abels, such as fluorescent dyes (e.g., fluorescein and derivatives, such as fluorescein
isothiocyanate {FITC) and Oregon Green™; rhodamine and derivatives, such Texas red,

30 tetrarhodimine isothiocynate (TRITC), etc., digoxigenin, biotin, phycoerythrin, AMCA,

CyDyes™ and the like; radiofabels, such as 3, 17, Bg ¥e 2p Pe ere.s enzymes, such as
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rv 48 his E Neuro- 2a SC SPLP PEG-A-DMA IV 48 hrs [0223] The lipids
(DSPC:CHOL:DODMA:PEG-Lipid ) were present in the SPLP in the following molar ratios
(20:55:15:10). The following formulations were made: A:PBS sterile filtered, 5 mL. 5 B:pL055-SPLP
with PEG-DSG, 2 mL at 0.50 mg/mL. C: pLO55-SPLP with PEG-A-DSA, 2 mL at 0.50 mg/mL. D:
pL0O55-SPLP with PEG-A-DPA, 2 mL at 0.50 mg/mL. E: pL0O55-SPLP with PEG-A-DMA, 2 mL at 0.50

mg/mL Group-

horse radish peroxidase, alkaline phosphatase, etc.; spectral colorimetric labels, such as
colloidal gold or colored glass or plastic beads, such as polystyrene, polypropylene, latex, etc.

The label can be detected using any means known in the art.
2. Detection of Nucleic Acids

5 [0193] Nucleic acids are detected and quantified herein by any of a number of means well |
known to those of skill in the art. The detection of nucleic acids proceeds by well known
methods such as Southern analysis, northern analysis, ge! electrophoresis, PCR,
radiolabeling, scintillation counting, and affinity chromatography. Additional analytic
biochemical methods such as spectrophotometry, radiography, electrophoresis, capillary

10 electrophorests, high performance liquid chromatography (HPLC), thin layer chromatography
(TLC), hyperdiffusion chromatography, may also be employed
[06194] The selection of a nucleic acid hybridization format is not critical. A variety of
nucleic acid hybridization formats are known to those skilled in the art. For example,
commeon formats include sandwich assays and competition or displacement assays.

15  Hybndization techniques are generally described in "Nucleic Acid Hybridization, A Practical
Approach,” Ed. Hames, B.D. and Higgins, 8.J., IRL Press, 1985,
[0195] The sensitivity of the hybridization assays may be enhanced through use of a
nucleic acid amplification system which multiplies the target nucleic acid being detected, In
vitro amplification techniques suitable for amplifying sequences for use as molecular probes

20 or for generating nucleic acid fragments for subsequent subcloning are known. Exampies of
techniques sufficient to direct persons of skill through such in vitre amplification methods,
including the polymerase chain reaction (PCR) the ligase chain reaction (LCR), Qf-replicase
amplification and other RNA polymerase mediated techniques (e.g., NASBA™) are found in
Sambrook, et al., In Molecular Cloning: A Laboratory Manual, Cold Spring Harbor

25  Laboratory Press, 2000, and Ausubel ef al., SHORT PROTOCOLS IN MOLECULAR BIOLOGY,
eds., Current Protocols, a joint venture between Greene Publishing Associates, Inc. and John
Wiley & Sons, Inc., (2002}, as well as Mullis ef al. (1987), U.S. Patent No. 4,683,202;'PCR
Protocols A Guide to Methods and Applications (Innis ef al. eds) Academic Press Inc. San
Diego, CA (1990} (Innis); Amheim & Levinson (October 1, 1990), C&EN 36; The Journal

30 Of NIH Research, 3:81 (1991); (Kwoh et al., Proc. Natl. Acad, Sci. USA, 86:1173 (1989);
Guatelli et al., Proc. Natl. Acad. Sci. US4, 87:1874 (1990); Lomell et al., J. Clin. Chem;,

35:1826 (1989); Landegren et al., Science, 241:1077 {1988); Van Brunt, Biotechnology,
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8:291 (1990}, Wu and Wallace, Gene, 4:560 (1989); Barringer et al., Gene, 89:117 (1990},
and Sooknanan and Malek, Biotechnology, 13:563 (1995). Improved methods of cloning in
vitro amplified nucleic acids are described in Wallace ef al., U.S. Pat. No. 5,426,039, Other
methods described in the art are the nucleic acid sequence based amplification (NASBA™,
Cangene, Mississauga, Ontario) and Q Beta Replicase systems.

[0196] Oligonucleotides for use as probes, e.g., in in vitro amplification methods, for use as
gene probes, or as inhibitor components are typically synthesized chemically according to the
solid phase phosphoramidite triester method described by Beaucage and Caruthers,
Tetrahedron Letts., 22(20):1859 1862 {1981), e.g., using an automated synthesizer, as
described in Needham VanDevanter et al., Nucleic Acids Res., 12:6159 (1984). Purification

of oligonucleotides, where necessary, is typically performed by either native acrylamide gel

electrophoresis or by anion exchange FIPLC as described in Pearson and Regnier, J. Chrom.,
255:137 149 (1983). The sequence of the synthetic oligonucleotides can be verified using the
chemical degradation method of Maxam and Gilbert (1980) in Grossman and Moldave (eds.)
Academic Press, New York, Methods in Enzymology, 65:499.

[0197] An alternative means for determining the level of transiation 1s in sifu hybridization. -
In situ hybridization assays are well known and are generally described in Angerer ef al.,
Methods Enzymol., 152:649 (1987). In an in situ hybridization assay cells are fixed to a solid
support, typically a glass slide. IfDNA is to be probed, the cells are denatured with heat or
alkali. The cells are then contacted with a hybridization solutior: at a moderate temperature to

permit annealing of specific probes that are labeled. The probes are preferably labeled with

..... P
3

radioisotopes or fluorescent reporter
VI  Kits

{G198] The present invention also provides nucleic acid-lipid particles in kit form. The kit
will typically be comprised of a container which is compartmentalized for holding the various
elements of the nucleic acid-lipid particles and the endosomal membrane destabilizer (e.g.,
calcium ions). The kit will contain the compositions of the present inventions, preferably in
dehydrated form, with instructions for their rehydration and administration. In still other
embodiments, the particles and/or compositions comprising the particles will have a targeting
moiety attached to the surface of the particle. Methods of attaching targeting moicties (e.g.,

antibodies, proteins) to lipids (such as those used in the present particles) are known to those

of skill in the art.
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5 Day 0 SPLP PEG-A-DSA Day 12 Day 14 D 5 Day 0 SPLP PEG-A-DPA Day 12 Day 14 E 5 Day O
SPLP PEG-A-DMA Day 12 Day 14 10 15 [02241 1.5x106Neuro2A cells were administered to each
mouse on day 0. When the tumors were of a suitable size (200 - 400 nam3), mice were randomized
and treated with one dose of an SPLP formulation or PBS by intravenous (1V) injection. Dose amounts

are based
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EXAMPLES

[0199] The following examples are offered to illustrate, but not to limit the claimed
invention. Those of skill in the art will readily recognize a variety of noncritical parameters

which can be changed or modified to yield essentially the same results.

Example 1. SNALP formulations encapsulating siRNA

{0200} This example demonstrates encapsulating siRNA in SNALP formulated with either
short- or long-chain PEG-DAG and produced by continucusly mixing organic Hpid and
aqueous buffer solutions. PEG-DAG lipids employed were PEG-dimyristylglycerol (C4)
(PEG-DMG) and PEG-distearyiglycerol (Cig) (PEG-DSG). Anti-B-galactosidase (B-gal)
siRNA encapsulated in DSPC:Cholesterol: DODMA:PEG-DMG/PEG-DSG SNALP by this

method resulted in > 90% encapsulation (Ribogreen Assay) and ~120 nm particle size

(Malvern sizer). The preparations had the following characteristics:
4 ml prep: anti-B-gal siRNA in DSPC:Chol:DODMA:PEG-DMG liposomes

Initial mix = 94% encapsulation

Post dilution mix = 98% encapsulation

Post incubation mix = 97% encapsulation
Post overnight dialysis = 96% encapsulation
Particle size = 109.7 nm

Polvdispersity = 0.14

& ml prep: anti-B-gal siRNA in DSPC:CholDODMA:PEG-DMG liposomes
Post dilution & incubated mix = 89%
Post overnight dialysis = 91%
Particle size = 127.5 nm

Poiydispersity = (.11

8 ml prep: anti-B-gal siRNA in DSPC: Chol:DODMA:PEG-DSG liposomes
Post dilution & incubated mix = $0% |
Post overnight dialysis = 90%
Post sterile-filter = 90%

Particle size = 111.6 nm
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20 on body weight measurements taken on the day of dosing. 48 hours after SPLP administration, the
mice were sacrificed, their blood was collected, and the following tissues were collected weighed,
immediately frozen and stored at -80C until fimther analysis: tumor, liver (cut in 2 halves), lungs,
spleen & heart. [0225] Gene expression in collected tissues was determined by assaying for
enzymatic activity of expressed luciferase reporter protein. The results are shown in Figures 11 and
12. 102261 The results indicate that SPLP comprising PEG-dialkyloxypropyls (i.e., PEG- DAA) can
conveniently be used t%{}qﬂ&j&%}dj_s@‘{umor to substantially the same extent as 5SPLP comprising
PEG-diacylglycerols. Moreover, the transfection levels seen with SPLP containing
PEG-dialkyloxypropyl are similar to those seen with SPLP containing PEGdiacylglyeerols (e.g.
PEG-DSG). It was also shown that similar to the PEG-diacylglycerol system, very little transfection
occurred in norEXERINE sslQREdIGAESLEE sl iim A SEAILET SLEERIEHERBEBEAS exhibit reduced
toxicity compargsooihenSriPAddfeumutatitnss Example 7, SNALPs containing PEG-dialkyloxvpropyl
conjugates f02271 This example described experiments analyzing the biodistribution (local and

systemic) énd pF4hhaddisnetieslofeansariespimreadiaicplokirapyplipdeiSNAIP £ 128 celip P
containing encapsidated siRNAspEteaakBipgisivlutiond(248] e delarminestheiiecalidistribution of

SPLP resulting from systemic adminisl,rga,tion .of anti-@ galactosidase siRNA containing SNALP in
Neuro-2a tumorbé ES SIS SEaHt Fhick8Schpy. A: PBS B: anti-pgal sSIRNA-Rhodamine-PE
labeled-DSPC{CHual D ODMAREE@ AN Az SN Al {1 20: St 5l d@ntthIictRNA-.Cells 'Treatment

Timepoint Assﬁgcreased B-Gal activity by about 60% in comparison to unexposed control ceils.
10 Encapsulating 1.5 pg anti-§-Gal siRNA in DSPC:Cholesterol: DODMA :PEG-DMG

liposomes decreased §-Gal activity by about 30% in comparison to unexposed contro! cells.

Example 3. Assays for Serum Stability

[6203] Lipid/therapeutic nucleic acid particles formulated according to the above noted
techniques can be assayed for serum stability by a variety of methods.

15 {0264] Forinstance, in a typical DNase 1 digestion, 1 pg of DNA encapsulated in the
partiéle of interest is incubated in a total volume of 100 pL of 3 mM HEPES, 150 mM NaCl,
10.0 mM MgCl; pH 7.4. DNase treated samples are treated with either 100 or 10 U of DNase
1(Gibeo ~ BRL), 1.0% Triton X-100 can be added in control experiments to ensure that lipid
formuiations are not directly inactivating the enzyme. Sampies are incubated at 37°C for 30

20  min after which time the DNA is isolated by addition of 500 uL of DNAZOL foliowed by 1.0
mL of ethanol. The samples are centrifuged for 30 min at 15,000 rpm in 2 tabletop
microfuge. The supernatant is decanted and the resulting DNA pellet is washed twice with
80% ethanol and dried. This DNA is resuspended in 30 uL of TE buffer. 20 pL of this
sample is loaded on a 1.0% agarose gel and subjected to electrophoresis in TAE buffer.

25  [6205] Inatypical serum assay, 50 ug of DNA in free, encapsuiated, or encapsulated +
0.5% Triton X100 was aliquoted into 1.5 mL Eppendorftubes. To the tubes were added
45 ul normal murine or human serum, dH20 (to make final volume 50 L), The tubes were
sealed with parafilm and incubated at 37°C. A sample of the free, encapsulated, or
encapsulated + 0.5% Triton X100 not digested by nuclease (standard) was frozen in liquid

30 nitrogen in an Eppendorf tube and stored at -20°C. Aliquots were taken at various time
points, added to GDP buffer containing proteinase K (133 ug/mL) and immediately frozen in

liquid nitrogen to stop the reaction. Once all of the time points were collected, the samples
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A 2 Neuro2A PBS 24hr Fluorescent Photomicroscopy Fluorescent Photomicroscopy B in Neuro2A
anti-Bgal siRNA-Rhodamine- PE labeled- DSPC:Chol:DODMA:PEG-A- DMA 24hr [0229] 1.5x106
Neuro2A cells were administered to each mouse on day 0. When the  tumors were of a suitable size
(200 - 400 mmg3, typically day 9-12)), mice were randomized 25 and treated with one dose of an
SNALP formulation comprising 100 jig SiRNA or PBS by intravenous (V) injection in a total volume of

230 ul. Dose amounts are based on body
were incubated at 55°C in a waterbath to activate proteinase K enabling it to denature any

remaining exonuclease. Proteinase K digested samples were appiied to polyacrylamide gels

to assess levels of exonuclease degradation.
[0206] Particles disclosed above demonstrate serum stability by showing less than 5% and

5 preferably undetectabie amounts of DNA degradation (partial or total) as a result of such
treatment, even in the presence of 100 U DNase 1. This compares favorably to free DNA,

which is completely degraded, and plasmid/lipid complexes (such as DOTMA or
DODAC:DOPE complexes), wherein DNA is substantially {i.e., greater than 20%, often

80%) degraded after such treatment.

10  Example 4. Characterization of SNALPs.

[0207] This example describes disease site targeting and gene expression resulting from
intravenous administration of SNALP in tumor bearing mice. In this example, the
encapsulated nucleic acid is a pldsmid.

{0208] The SNALP method resulted in the encapsulation of plasmid DNA in small

15 (diameter ~70 nm) "stabilized nucleic acid-lipid particles" (SNALP). SNALP consist of one
plasmid per particle, encapsulated within a lipid bilayer stabilized by the presence of a bilayer
stahilizing component, such as a poly(ethyleneglycol) (PEG) coating. SNALP exhibited
extended circulation lifetimes following intravenous administration and promoted delivery of
intact plasmid to distal tumor sites resulting in reporter gene expression at the disease site.

20 [0209] SNALP with long circulation times accumulated te levels corresponding to five to
ten percent qf the total injected dose per gram of tumor or greater than 1000 copies of
plasmid DNA per cell, giving rise to levels of gene expression that were more than two
orders of magnitude greater than those observed in any other tissue. Interestingly, aithough
the liver accumulated 20-30% of the total injected dose, very low levels of gene expression

25  were observed in the liver. This is thought to be due to the limited hepatocellular uptake of
the PEG-ylated SNALP. See, Figures 7-9.

{0210} The in vive delivery and transfection potential of nucleic acid-lipid particles
containing a bilayer stabilizing component was further enhanced through the incorporation of
a cationic PEG lipid (CPL) consisting of a DSPE anchor, PEGa4q¢ spacer chain and a cationic

30 head group. When CPL were incorporated into SNALP at concentrations of 2 to 4 mol% the

resulting CPL~-SNALP were of a similar size and stability as native SNALP. Incorporation of

CPL resulted in a dramatic increase in intracellular delivery and a concomitant increase in
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weight measurements taken on the day of dosing. 24 hours after SPLP administration, the mice were
sacrificed, their blood was collected, and the following tissues were collected weighed, immediately
frozen and stored at -80C until further analysis. tumor, liver (cut in 2 halves), lungs, spleen Se heart.
5{0230) Local distribution of the SNALP was determined by fluorescence microscopy. Accumulation of
SNALP is seen in, e.g., the liver, demonstrating the SNALP comprising PEG-dialkyloxypropyls are

able to extravasate, i.e., exit the circulation and home to a target tissue or organ. Pharmacokinetics
and Systemic Biodistribution 10[0231] This example illustrates the phannacokinetics and
tle: frd-contrer sfddedcMmy

biodistribution of*SPPLBARHIIAE PSR B HES IR UG T raRe
promoter (L055)ahehBNAlRs con @i sgpaRtiduaiiaraas siRNA M wWite seedadisirberianeously with

DAHICHE-L055. BSPt RROTBORIAE  A DR b B o B 6 RS AT BERE antiuc
SiRNA-DSPC: ChghBe BNV PG tABIMASOZE .P1 ThegiRaease in CPL-SNALP potency was specific to

5 the liver. The levels of gene expression measured in the lung, kidney, spieen or heart
remained unchanged, contributing to more than two orders of magnitude differential in the
gene expression measured in the Hver vs. other organs.

[0211] These results illustrate the potential for modulating the delivery properties of PEG-
lipid containing systems while retaining the stability and small uniform size required to
10 achieve systemic gene delivery. In particuiar they demonstrate that disease site targeting and

tissue specific gene expression can be re-programmed by eltering the lipid composition of

non-viral gene delivery systems.

Example 5. SNALPs containing PEG-DAG conjugates

[0212] This example demonstrates the prepération of a series of PEG-diacylglycerol lipids
15 (PEG-DAG) SNALPs. In this example, the encapsulated nucleic acid is a plasmid.

[0213] PEG-DAG SNALP were prepared incorporating 10 mol percent PEG-

dilaurylglycerol (Cj2), PEG-dimyristylglyecerol {Ci4), PEG-dipalmitoylglycerol (Ci5) or PEG-

disteryiglycerol (Cs) and evalvated for in vitre transfection activity, pharmacokinetics and

the biodistribution of gene expression resulting from systemic administration in tumor
20  bearing mice. PEG-DAG lipid containing SNALP demonstrated a similar relationship
between acyl chain length and in vitro transfection activity to those containing PEG-
ceramides. Shorter acyl chain anchors (dimyristyt (Cis) and dipalmitoyl {Cis)) resulted in
SNALP particles that were less stable but have higher transfection activity in vitro than those
incorporating longer acy! chain anchors (disteryl (Ci3)). Evaluation of the pharmacokinetics
of PEG-DAG containing SNALP confirmed a correlation between the stability of the PEG
lipid component and the circulation lifetime of SNALP. SNALP containing PEG-

25

dimyristylglycero] (Ci4), PEG-dipalmitoylglycerol (Cyg) and PEG-disterylglycerol (Cyg)
demonstrated circulation half-lives of 0.75, 7 and 15 hours respectively. Extended circulation

lifetime in turn correlates with an increase in tumor delivery and concomitant gene

33 expression.
[0214] Upon intravenous administration, PEG-disterylglycerol (C,5) containing SNALP

bypass so-calied 'first pass' organs, including the lung, and elicited gene expression in distal
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C 6 Neuro2A 13-NICHE-LOSS -DSPC:Chol:DODMA:PEG-C-DMA 0.25, |, 4, 8, 24 D 6 Neuro2A
[3-HICHE-LO55-pSPLP (PEI) 0.25, 1, 4, 8, 24 E 6 Neuro2A f3-1-11CHE-L055-DSPC:Chol:DODMA:P

G-DSG 0.25, 1,4 8,24 15 [0232] All samples are to be provided at 0.5 mg/ml nucleic acid. The

following SPLP and SNALP formulations were prepared: A. [311]
CHE-L0O55-DSPC:Chol:DODMA:PEG-A-DMA (20:55:15:10) B. [3H] C7E1E-anti-Inc
SiIRNA-DSPC:Chol:DoDIviA_TEcLA-DM4 (20:55:15:10) 20 C. CH] CHE-L055

-DSPCCHOIDGDVAPEGC PUAGOSOISH0) oo,
) pression observed in tumors represents a 100 to
1000-fold differential over that observed in any other tissue. This compared well with the
behavior of SNALP containing PEG-ceramide Cy. The incorporation of PEG-DAG in
SNALP confirmed that smali size, low surface charge and extended circulation lifetimes are
5  prerequisite to the passive disease site targeting leading to accumulation of plasmid DNA and

_gene expression in tumors following systemic administration of non-viral transfection

systems. See, Figures 3-9,
MATERIALS AND METHODS

Materials

10 [6215] DOPE and DSPC were obtained from Northern Lipids (Vancouver, BC). DODAC
and the PEG-diacylglycerols were manufactured by Inex Pharmaceuticals (Burnaby, BC).
The_ other materials, HEPES, OGP and 3H-cholester'y! hexadecyi sther, were 6btained froma
number of different commercial sources.

[0216] DOPE:DODAC:PEG-Diacyiglycerols (82.5:7.5:10) large unilamellar vesicles were
15  prepared via detergent dialysis in Hepes Buffered Saline (150 mM NaCl and 10 mM HEPES)
for 48 hours. Lipid stock solutions were prepared in ethano! and then dried down to create a

- lipid film which was reconstituted in final 200mM OGP. LUVs were labeled with *H-

cholesteryl hexadecy! ether at 1uCi/lmg lipid. Particle sizes were determined by nicomp
analysis. Radioactivity was determined by scintillation counting with Picofluor20.

20 [0217] SNALP containing PEG-Diacyglycerols were formulated via detergent dialysis by
varying the salt concentration to maximize the percent of DNA encapsulation. Optimal salt
concentration was chosen for the 48 hour detergent dialysis. Empty vesicles were removed
by one step sucrose centrifugation. 3.5% sucrose was used to separate out the empty particles
from the plasmid-containing PEG-Diacylglycerol formulations except for PEG-

25 Dimyristylglycerol containing SNALP which used 5.0% sucrose. Empty vesicles migrated to
the top of the tube which were fractioned cut and removed.

In vitro Transfection

[0218] 5 x 10* cells/ml were plated onto 24-well plétes (1 ml). Cells were left to grow for

24 hours. 500 ul of transfection media (2.5pg/well) was added and then incubated for stated
30  timepoints. Transfection media was aspirated after timepoint and then exposed to complete

media for another 24 hours at 37°C in 5.0% CO,. Complete media was removed. Cells were

washed with PBS twice and stored at -70°C untl day of experiment. Cells were lysed with
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D. [31-1] CHE-LO55-pSPLP (PEI) (i.e., precondensed SPLP) E. CH]
CHE-LO55-DSPC:Chol:DODMA:PEG-DSG (20:55:15:10) Group tt Mice Seeding date Treatment
Injection date Collection date A 6 Day 0 [3-1-ECHE-L055-DSPC:Chol:DODMA:PEG-A- DMA Day 12

July31 B 6 Day 0

10

15

20

150 ul of 1x CCLR containing protease inhibitors. Plates were shaken for 5 minutes. 20 pl
of each sample were assayed in duplicate on a 96-well luminescence plate for huciferase
activity.

Pharmacokinetics, Biodistribution, and in vivo Gene Expression
{0219] Pharmacokinetics and biodistribution were all determined by normalizing the data
to the quantity of radioactivity present. Approximately 500 pl of blood was obtained by
cardiac puncture. Red blood cells and plasma were separated by centrifugation (4°C,
3000 rpm, 10 minutes) and 100 ul of plasma was used to determine radioactive counts.
Organs were harvested at specified timepoints and homogenized in lysing matrix tubes (Fast
Prep, 2 x 15 seconds, 4.5 intensity) to assay a portion of the mixture.
[06220} Gene expression was determined by luciferase assay. Organs were harvested,
homogenized, and kept on ice throughout the experiment. Lysates were centrifuged (10,000
rpm, 5 minutes) and 20 pul of supernatant were assayed in duplicate on a 96-well
luminescence p]até for luciferase activity. The resnits are depicted in Figures 6-9.

In vitro Gene Silencing

[0221)  Cells were transfected with SPLP comprising PEG-lipid conjugates and containing
a plasmid encoding luciferase under the control of the CMV promoter and SNALPs
containing anti-luciferase siRNA, according to the methods described above. Gene

expression was determined by luciferase assay. The results are depicted in Figure 17,

Example 6. Expression of nucleic acids encagsuiéted in SPLP comprsing PEG-

duallkvilaxvnronyl conuoates

[0222] This examples describes experiments comparing expression of nucleic acids
encapsulated in SPLP comprising PEG-dialkyloxypropy! conjugates. All SPLP formulations
comprise a plasmid encoding luiferase under the control of the CMV promoter (pLO55)
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[3-1fiCHE-anti-luc siRNA- DSPC:Chol:DODMA:PEG-A-DMA Day 12 July31 C 6 Day 0
[3-1-1}CHE-L055 -DSPC:Chol:DODMA:PEG-C- DMA Day 13 Day 14 D 6 Day O

{3-IFIC1TE-LO55-pSPLP (PET) Day 13 Day 14 E 6 Day 0
{3-111CHE-L055-DSPC:ChoRDODMA:PEG-DSG Day 14

I Group | . # | Tumor | Route { v Treatment Route. = # -Timepoint |- . ..
| Mice: s i .. | Doses) CASSAYH*F
A |4 [N s PBS v 1 48 hrs
B 3 Newo- | o | SPIPPEG-DSG v I 48 frs .
2a ‘| Body weights,
c 5 Neurg- sC SPLP PEG-A-DSA v I 48 hrs Blood finalyscs,
2a Luciferase
D 5 Nz\;rc)- Yo SPLE PEG-A-DPA v 1 48 hrs activity
E 5 Nezuaron e SPLP PEG-A-DMA. v I 48 hrs

[0223] The lipids (DSPC:CHOL:DODMA:PEG-Lipid ) were present in the SPLP in the

following molar ratios (20:55:15:10). The following formulations were made:

A PBS sterile filtered, 5 mL.
5 B pL055-SPLP with PEG-DSG, 2 mL at §.50 mg/mL.
C:  pL055-SPLP with PEG-A-DSA, 2 mL at 0.50 mg/mL.
D: pL055-SPLP with PEG-A-DPA, 2 mL at 0.50 mg/mL.
E: pL055-SPLP with PEG-A-DMA, 2 mL at 0.50 mg/ml.
Group | # | Seeding | - Treatment  |:Injection }  Collection
F % Mice | fdate  |FT T T amte | T dae
A 4 Day 0 PBS Day 12 Day 14
B 5 Day 0 SPLP PEG-DSG Day 12 Day 14
C 5 Day( | SPIPPEG-A-DSA | Dayl2 Day 14
D 5 Day0 | SPLPPEG-A-DPA | Dayl2 Day 14
E 5 | Day0 | SPLPPEG-A-DMA | Day12 Day14 |
10
i5

[0224] 1.5%x10° Neura2A cells were administered to each mouse on day 0. When the
tumors were of a suitable size (200 - 400 mm3), mice were randomized and treated with one
dose of an SPLP formulation or PBS by intravenous (IV) injection. Dose amounts are based

20 onbody weight measurements taken on the day of dosing. 48 hours after SPLP
administration, the mice were sacrificed, their blood was collected, and the following tissues
were collected weighed, immediately frozen and stored at -80C until further analysis: tumor,
liver (ent in 2 halves), lungs, spleen & heart.
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Day 15 [0233] 30 male All mice (Jackson Laboratories) were seeded subcutaneously with Neuro 2A
cells at a dose of 1.5 x 106 cells in a total volume of 50 pL phosPhate buffered saline on day zero.
After tumors reached appropriate size (typically on day 9 or later), 200 ul (100 pg nucleic acid) of the
SPLP or SNALP preparations described above, were administered 5intravenously. 0.25, 1, 2, 4, and 8
hours after administration of SPLP or SNALP, mice were weighed and blood (typically 25 ).LL) was
collected by tail nick. 24 hours after administration of SPLP or SNALP, mice were sacrificed, blood
was collected and assayed for clearance of [31-f]CHE. Organs (e.g., liver, lung, spleen, kidney, heart)
and tumors werdlgdHeclecharidevatnated et fBHITH B acdurnmiafohy Thetesiitsnaenshiown in Figures

13-16. 10102341 faf,af foprauilatinn: -2l kB.sentaining E}Ee@em&:reeﬁ@mmg&iéguhaﬁmﬂﬁe longest,
with 50% of the njected dose remi[?mié]ira:t% ﬁ%ter 6 h. Interestinl%!é%gﬂi% e appeared to be a initial rapid
K4 y

clearance of pSPEPWithif&REHIS teE TSP RRES St YA SR HrmbRton. After Ih the
clearance profil® atthepSkleR ardg lguitedsimmbas ftot SRtzPubbis énittat aatpilclearance ot the pSPLP
sample may indigate that fhgieare ALY HHQ YRSSOL LRAREIRS AIRSent o thakelpars very
rapidly and one that behaves very much’like SPLP. [02351 Anti-Luc siRNA containing vesicles
(SNALP) formulamsamingP B Ekybremsyivi Shiwde st asepiateti-B seesiwng Bisod than SPLP
containing the Q3yRECRISE ¢ HEEayes) this«aNAb Brfarmulatipnishowed signifisaatixstower blood
clearance than SELE formulated with he same PEGlinid, A possible reason [ ihis result maybe that
siRNA 20 contaiming ’parﬁc e AR SUAde e Cett A iimune system more’ readily than plasmid
containing SPLPnjogda] BHG-piadbyipsipirry P PEIDedrcdiemor strameprsdapidbstedibihce from 1,166(1,
which was; gubstantially,the same as that observed for SPLP comprisig PEG-A-DMA. For both of these
formulations, the plasma half lives were approximately 2 h, lower than for SPLP 25containing C18
PEG-lipids. 10Z3#h 541 F3seiizd eGP DS diadothehiohestitwmer accumulation at 10.9% inject
dose per gam tissue. The two SPLP formulations containing the C14 PEG-lipids, PEG-ADMA and
PEG-C-DMA, Ha#muchiperempintissabed farimsne rmbang it biodsimedeadiausender gram tissue.

The SIRNA SNA&EHS G slighthn e deiner acauad ptioiirn anpssPlifisarpiewith the same
PEG-lipid at 7.3%, which also corremlgte relatively well with the . plasma half-life for this SNALP. The
pSPLP formulal fﬁr‘rﬁgﬁ%}ﬂ%ﬁ%&‘g tﬁgﬂo At 7.5%, which is lower than the comparable PEG-DSG
SPLP. 102381 AccumulationadBREG-D&@:containing SPLP and pSPLP in the heart and lungs was
higher than the other SPLP and SNALP, which is consistent with the increased circulation half lives of
particles with G432 $1E Gdigitsmietisunseisifgiputioes §BS ars e Sereiationstigribeitivesa plasma
half-life and acgtipylationiphadivenipcallsanyiss asietanhilenateng wasarparent for sample
accumulation in the spleen. Accumulation in the kidneys was very low for all formulations tested, with
accumulation RIS H{8°5Y4% injected dose per gram tissue. Example 8: Silencing of gene
expression with SNA 102391 This example illustrates silencing of gene expression in Neuro 2A

tumor bearing ’?Lb mice after co-administration of SPLPs containing a plasmid encoding luciferase

under the,gontol of the, CMY Bramolaland RNARE coB@eiRg. ABEHE A8 AR dreilii.
SNALP (1:20:54:15:10)

Group | Mice|= Cells | - ¢ Treatment * . Timepoint| — Agssay -
A 2 i NeuroZA PBS 24hr Fluorescent
Photomicroscopy
B 5 {Newo2A | anti-Bgal siRNA-Rhodamine- 24hr Fluorescent
PE labeled- Photomicroscopy
DSPC:Chol:DODMAPEG-A-
DMA

[0229] 1.5%10° Neuro2A cells were administered to each mouse on day 0. When the
tumors were of a suitable size (200 - 400 mm’, typically day 9-12)), mice were randomized
25  and treated with one dose of an SNALP formulation comprising 100 pg siRNA or PBS by

intravenous {IV) injection in a total volume of 230 ul. Dose amounts are based on body
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mite, , Timep_oin - rfroute- _ - -. - =LliiiiiMiS Treatment

10

20

weight measurements taken on the day of dosing. 24 hours after SPLP administration, the
mice were sacrificed, their blood was collected, and the following tissues were coliected
weighed, immediately frozen and stored at -80C until further analysis: tumor, liver (cut in2
halves), lungs, spleen & heart.

[0230) Local distribution of the SNALP was determined by fluorescence microscopy.
Accumulation of SNALP is seen in, e.g., the liver, demonstrating the SNALP comprising
PEG-dialkyloxypropyls are able to extravasate, i.e., exit the circulation and home to a target

tissue or organ.
Pharmacokinetics and Systemic Biodistribution

[0231] This exampie illustrates the pharmacokinetics and biodistribution of SPLPs
containing a plasmid encoding luciferase under the control of the CMV promoter (LO55) and

SNALPs containing anti-juciferase siRNA in mice seeded subcutaneously with Neuro2A

tumeors.

[ Groop | Mice?]  Cells E 2 3 Treatment - o [ Timepoint ()5
[ A 6 | Newro2A 3 H}CHE "L055-DSPC-Chol. DODMA -PEG- A—DMA 0.25,1,4, 8,24

¢ B 3 Neuro2A | [3-HICHE-anti-luc siRNA-DSPC:Chol: DODMA:PEG-A-DMA | 0.25,1,4, 8,24
I 6 | NeurolA [3-H]CHE-LA5S -DSPC:Chol:DODMAPEG-C-DMA 0.25,1, 4,8 24

L' D | 6 | Neuro2a [3-H)CHE-LOS5-pSPLP (PED) | 0251, 4, 8,24

I E '} 6 1} Neuro2A [3-H]CHE-1.053-DSPC:Chol DODMA :PEG-DSG {0251,4,8 24

[0232} All samples are to be provided at 0.5 mg/ml nucleic acid. The following SPLP and

SNALP formulations were prepared:
A. [’H] CHE-L055-DSPC:Chol:DODMA:PEG-A-DMA (20:35:15:10)

B. [*B] CHE-anti-luc siRNA-DSPC:Chol:DODMA :PEG-4-DMA (20:55:15:10)

. [*H] CHE-L055 -DSPC:Chol:DODMA:PEG-C-DMA (20:55:15:10)

C
D. [*H] CHE-LOS5-pSPLP (PEI) (i.e., precondensed SPLP)
E. [’H] CHE-L055-DSPC:Chol: DODMA:PEG-DSG (20:55:15:10)

Injection | Collection

Group # Seeding Treatment
Mice date 1 date date
A 6 Day 0 [3-HICHE-LG55-DSPC:Chol:DODMA:PEG-A- ( Day 12 Tuly3?
DMA
B 6 | Day0 [3-H]CHE-anti-Juc siRNA- _ ’ Day 12 July3!
! DSPC:Chol:DODMA:PEG-A-DMA ;
C 6 | Day0 | [3-HJCHE-LO55 -DSPC:ChokDODMAPEG-C- } Day 13 DayM"
| DMA |
D | 6 [Dayg | [3-H]CHE-LOS5-pSPLP (PETY Daylz [ Dayia |
[ E | 6 {Day0 | [3-H]CHE-L035-DSPC:Chol:DODMAPEG-DSG | Day14 | Dayis |
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Neuro- 2a SQ PBS/PBS 48h 1 24A 4 L055-SPLP /PBS mix 24 h

10

15

20

25

30

[0233] 30 maie A/J mice (Jackson Laboratories) were seeded subcutaneously with Neuro
2A cells at a dose of 1.5 x 10° cells in a total volume of 50 pL phosphate buffered saline o.n
day zero. Afier tamors reached appropriate size {typically on day 9 or later), 200 u! (100 ng
nucleic acid) of the SPLP or SNALP preparations described above, were administered
intravenously. 0.25, 1, 2, 4, and 8§ hours after administration of SPLP or SNALP, mice were
weighed and blood (typicaily 25 uL) was collected by tail nick. 24 hours after administration
of SPLP or SNALP, mice were sacrificed, blood was collected and assayed for clearance of
'[3H}CHE‘ Organs {e.g., liver, lung, spleen, kidney, heart} and tumors were cellected and
evaluated for [*H]JCHE accumulation. The resuits are shown in Figures 13-16.

{0234] For all formulations, SPLP containing PEG-DSG remained in circulation the

- longest, with 50% of the injected dose remaining after 6 h. Interestingly, there appeared to be

a initial rapid clearance of pSPLP within the first 15 minutes that was not seen for any other
formulation. After 1h the clearance profile of the pSPLP was quite similar to SPLP. This
initial rapid clearance for the pSPLP sample may indicate that there are actually two types of

particles present, one that clears very rapidly and one that behaves very much like SPLP.

[0235] Anti-Luc siRNA containing vesicles (SNALP) formulated with the C14 PEG-A-

DMA showed more rapid clearance from blood than SPLP containing the C18 PEG-DSG.
However, this SNALP formulation showed significantly slower blood clearance than SPLP
formulated with the same PEG lipid. A possible reason for this resuit maybe that siRNA

containing particles can evade the cellular immune systern more readily than plasmid

containing SPLP.
1 SPLP comprising PEG-C-DMA demonstrated a rapid clearance from blood, which

[ 2ol )

[0236
was substantially the same as that observed for SPLP comprisig PEG-A-DMA. For both of
these formulations, the plasma half lives were approximately 2 k, lower than for SPLP
containing C18 PEG-lipids.

{0237} SPLP containing PEG-DSG had the highest tumnor accumulation at 10.9% inject
dose per gram tissue. The two SPLP formulations containing the C14 PEG-lipids, PEG-A-
DMA and PEG-C-DMA, had much lower tumor accumulation of 6.1% and 5.9% injected
dose per gram tissne. The SIRNA SNALP had slightly more tumor accumulation than an
SPLP sample with the same PEG-lipid at 7.3%, which also correlates relatively well with the
plasma half-life for this SNALP. The pSPLP formulation had tumor accumulation at 7.5%,
which is lower than the comparable PEG-DSG SPLP.
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[6238] Accumulation of PEG-DSG containing SPLP and pSPLP in the heart and lungs was
higher than the other SPLP and SNALP, which is consistent with the increased circulation
half lives of particles with C18 PEG-lipids. Not surprisingly, there was an inverse
relationship between plasma half-life and accurnulation in the liver for all samples tested,
while no trend was apparent for sample accumulation in the spleen. Accumulation in the

kidneys was very low for all formulations tested, with accumulation between 1.2 and 2.4%

injected dose per gram tissue.

Exampie 8: Silencing of gene expression with SNALPS

[0239] This example illustrates silencing of gene expression in Neuro 2A tumor bearing
mice after co-administration of SPLPs containing a plasmid encoding luciferase under the

control of the CMV promoter and SNALPs containing anti-luciferase siRNA.

Gro 7 fli}eatment R
P 3 PBS/PBS
24A 4 L055-SPLP /PBS mix
4B 4 LOSS-S}I"LP /anu-lu‘c sIRNA 24h
IpOSOTRES MiX
48A 4 Neuro- $Q 1055-SPLP / PBS mix v 1
2a LO55-SPLP / anti-luc siRNA 48 h
48R 4 I .
IPOSOMEes mix
T2A 4 LG55-SPLP / PBS mix
778 4 LGSS—S]P"LP / antl—lu'c siRNA 72h
iposomes mix
- # | Seeding | 275 L o ' ) .
Group Mice | Date Epute - IV Treatment Timepoint
i 3 PBS/PBS 48 hi
24A 4 LOS5-SPLP / PBS mix
LOS5-SPLP / anii-luc 24k
24B | 4 SRNA liposomes mix
48A 4 L055-SPLP /PBS mix Day 13
wn | 4 Dayl 1 SQ 7555SPLP / amticiuc 48 h Day13 | 0¥
siRNA Hposomes mix
T2A 4 LOS55-SPLP / PBS mix Day 12
] LO55-SPLP / anti-luc 72h Day 12
728 4 [} SIRNA liposomes mix l

i
[0246) 36 male A/J mice (Jackson Laboratories) were seeded subcutaneously with Neuro
2A cells at a dose of 1.5 x 10° cells in a total volume of 50 uL phosphate buffered saline on
day zero. Once tumors reached appropriate size (typically on day 9 or later), 200-240 ul
PBS, SPLP, or SNALP formulations (100 pg nucleic acid total) prepared as described in

Example 6 above, were administered Intravenously. 24, 48, or 72 after administration of
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7Th 4 LO55-SPLP / anti-luc siRNA liposomes mix  Group #

PBS, SPLP or a mixture of SPLP and SNALP, mice were sacrificed and organs (e.g., liver,

lung, spleen, kidney, heart) and turnors were collected and evaluated for luciferase activity.

The results are shown in Figures 18-22. _
[0241] The results demonstrate that co-administration of pL055 SPLP and anti-huc siRNA

SNALP (both containing PEG-A-DMA) maximally decreases luciferase gene expression by
40% forty-eight hours after a single 1v dose.

Example 9. Synthesis of PEG-Dialtkvloxyvpropyls (PEG-DAA'S)

[0242] The following example illustrates the synthesis of three PEG-lipids, PEG-A-DMA
(7}, PEG-C-DMA (8), and PEG-S-DMA (9). They have a common precursor, the amine lpid
1,2-dimyristyloxypropytamine (5). This lipid has alkyl chains 14 carbon units (C;4) in length.
Other PEG DAAs suitable for use in the preseﬁt invention can be synthesized using similar
protocols. For instance, PEG-A-DSA and PEG-C-DSA can be synthesized by using the Cyy
anatogue of (5). The Cyg analogue can be synthesized by simply substituting an equimolar
amount of stearyl bromide for myristyl bromide in the very first step (synthesis of compound

().
1. Preparation of 1,2-Dimyvistyloxy-3-allyloxypropane (1)

\/\O/ﬁ/\o/\/\/\/\/\/\\/\
N NP N N NN

[0243] Benzene (250 ml) was added to 95% sodium hydride (11.4 g, 450.0 mmotl), and the
flask was flushed with nitrogen and sealed. A solution of 3-allyloxy-1,2-propanediol (6.6 g,
50.0 mmol} in benzene (75 ml) was added to the flask. Using a syringe, 97% 1-
bromotetradecane (36.7 ml, 120.0 mmol) was adde& to the flagk and the reaction was left to
reflux overnight under a constant stream of nitrogen. Once cooled to room temperature, the
excess sodium hydride was slowly quenched with ethano! until no further effervescence was
observed. The solution was transferred to a separatory funnel with benzene (250 mi) and
washed with distilled water (3 x 200 ml). The organic layer was dried with magnesium
sulfate and the solvent removed on the rotary evaporator to yield a colourless oil. TLC (5%
ether-hexane, developed in Molybdate) indicated that most of the starting material had

reacted to form product. This resulting product was further purified by flash column
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Seeding Date ..;,- Route IV Treatment Timepoin Inject oil, datei:FM Co *flan ,-----MAtate 1 3 Day 0
SQ PBS/PBS 48h Day 13 Day 15 24A 4 LO0O55-SPLP /PBS mix 24 h

chromatography (1-5% ether-hexane) to yield 15.0 g (57.3%) of 1,2-dimyristyloxy-3-
allyloxypropane 1.
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Day 14 24B 4 L055-SPLP / anti-luc siRNA liposomes mix Day 14 48A 4 LO55-SPLP /PBS mix 48
h Day 13 48B 4

2. Preparation of 1.2-Dimyristvloxypropan-3-ol (2}

vo N N NP N N N N
/\(\:\/\/\/\/\/\/

{0244}  1,2-Dimyristyloxy-3-allyloxypropane 1 (15.0 g, 28.6 mmol) was dissolved in
5  ethanol (250 ml). Trifluoroacetic acid (20 ml) was added, followed by
tetrakis{triphenylphosphine)palladivm(0} (4.5 g, 3.9 mmol). The flask was wrapped in tin
foil and flushed with nitrogen to reduce exposure to light and air, then left to stir at 80°C
overnight. The ethanol was removed on the rotary evaporator, TLC (100% CHCl;,
developed in Molybdate) indicated that most of the starting material had reacted to form
product. This resulting product was further purified by flash column chromatography (100%

10
DCM) to yield 11.5 g {83.1%) 1,2-dimyristyloxypropan-3-of 2.
3. Preparation of O-(2,3-Dimyristyloxypropyl)methanesulphonate (3)
ﬁ _
R /Y\O /W\\/W\\/\
(I:! OW\/\N\/\/’
15

[0245] A flask containing 97% methanesuiphonic anhydride (8.4 g, 48.0 mmol) was
flushed with nitrogen and dissolved in anhydrous dichloromethane (50 mi). Anhydrous
pyridine (3.9 ml, 48.0 mmol) was slowly added, forming a white precipitate. A solution of

20 1,2-dimyristyloxypropan-3-ol 15 (11.5 g, 24.0 mmol)} in anhydrous dichloromethane (100 ml)
was added and the reaction was left to stir overnight at room temperature. The solution was
transferred to a separatory funnel with dichloromethane (100 ml) and was washed with
distilled water (3 x 100 ml). The combined aqueous washes were then back-extracted with
dichloromethane (100 m!). The combined organic layers were dried with magnesium sulfate

25  and the dichloromethane was removed on the rotary evaporator to yield a colourless oil. TLC
(100% CHCl3, developed in Molybdate) indicated that the starting material had all reacted fo
form product. This reaction yielded 11.9 g of crude O-(2,3-

dimyristyloxypropyl)methanesulphonate 3.
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4. Preparation of N-(2,3-Dimyristyloxypropyljphthalimide (4)

‘ i n N N N NN
/\;[/\
, 5 o

R NP N NP A

[0246] Crude O-(2,3-dimyristyloxypropyl)methanesulphonate 3 (14.2 g, 25.3 mmol) and
potassium phthalimide (13.9 g, 75.0 mmol) were flushed with nitrogen and dissolved in
anhydrous N,N-dimethylformamide (250 ml). The reaction was left to stir at 70°C overnight
under a constant stream of nitrogen. The N, N-dimethylformamide was removed on the rotary
10 evaporator using a high vacuum pump instead of the usual aspirator. The residue was
dissolved m chloroform (300 ml) and transferred to a separatory funnel with a chloroform
rinse {50 ml), then washed with distilled water and ethanol (3 x 300 mi distilled water, 50 mi
ethanol). The combined aqueous washes were back-extracted with chioroform (2 x 100 ml).
The combined organic layers were dried with magnesium sulfate and the chioroform was
removed on the rotary evaporator, TLC (30% ether-hexane, developed in Molybdate)
indicated that the starting material had reacted to form product. This reaction yielded 13.5 g -

15
of crude N-(2,3-dimyristyloxypropyl)phthalimide 4.

3. Preparation of 1,2-Dimyristyloxypropylamine (5)

N N P S N N

[0247} Crude N-(2,3-dimyristyloxypropyl)phthalimide 4 (20.0 g, 25.0 mmol) was dissoived

20

in ethanol (300 ml). Hydrazine monohydrate (20 mil, 412.3 mmol) was added and the
reaction was left to reflux ovemight. The ethanol was removed on the rotary evaporator and
the residue was redissolved in chloroform (200 mi}. The precipitate was filtered off and the

chioroform was removed on the rotary evaporator. TLC (10% MeOH-CHCl3, developed in
67
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15102401 36 male AJJ mice (Jackson Laboratories) were seeded subcutaneously with Neuro 2A cells
at a dose of 1.5 x 106 cells in a total volume of 50 uL phosphate buffered saline on day zero. Once
tumors reached appropriate size (typically on day 9 or later), 200-240 ill PBS, SPLP, or SNALP
formulations (100 ug nucleic acid total) prepared as described in Example 6 above, were administered
intravenously. 24, 48, or 72 after administration of PBS, SPLP or a mixture of SPLP and SNALP, mice
were sacrificed and organs (e.g., liver, lung, spleen, kidney, heart) and tumors were collected and
evaluated for luciferase activity. The results are shown in Fi?ures 18-22. [0241] The results

demonstrate thatlebbsaienidsaabhvrpsbyshs prpngraaislheddmnisd 5 SarPPrdEstd Bontaining
PEG-A-DMA) maximaly-decieasds- e foraha penasexpressiandn:4ipferty-sightdoursritsr a single
iv dose. Example 9. thesis, 9f PEG-Dialkyloxyprapyls. (PEG-DAA's) [0242]. The following example
illustrates the sﬁt’ﬁ%@i}@é}f %f?%géIC:“@{I?Eﬁ%fs%ﬁ%&%%ﬁ&%%@@&%ﬁ%%ﬁ %f‘?lld8 PEG-S-DMA (9).
They have a codwmorstprecorgoizthieedmine lipid 101,2-dimyristyloxypropylamine (5). This lipid has

alkyl chains;14 carbon units (C14) in length. Other PEG DAAs suitable for use in the present invention

can be synthesized using similar protocgls. For instance, PEG-A-DSA and PEG-C-DSA can be
synthesized by using the CTEBRGEYLH Gels e ead S1418¢E&Lan be synthesized by simply

substituting an equimolar amount of stearyl bromide for myristyl bromide in the very first step

(synthesis of compound 15(1)). I.Preparation of 1,2-Dimyristyloxy-3-allyloxypropane (I) 20[0243]
Benzene (250 ml) was added to 95% sodium Pydriee (114, 0 ol), and the flask was flushed
with nitrogen and sealed. A solution of 3-allylo y9L,2-propa WQ, 50.0 mmol) in benzene (75
ml) was added to the flask. Using a syringe, 97% 1- bromotetradeagne (36.7 ml, 120.0 mmol) was

added to the flask and the reaction was left to reflux overnight under a constant stream of nitrogen.
Once cooled to room temperature, the 25 excess sodium hydride was slowly quenched with ethanol

until no futther Bé# et ftesitispplenrsatratpbseiimtioRidES trhamnsaed 180 paradssg finnel with
benzene (250 may;andismashed Wit distiled WaHEGL3, 200 gl Ehe eruanisdpyes WesReed with
magnesium sulfate and ctFe solvent remoyed on the rot vaporator tq yield a colourless oil. TLC (5%
ether-hexane, 12@165%8%11 ?ﬁaﬂﬁgﬁ’/ ?‘é}éotréﬂ{r}llgfgé &t 1%5{%%? 0 ﬁ%g% gfﬁcr%\%’ﬁ\eé?eﬁ%fyﬁeara] reacted to
fonn product. TFis pesuttimgsshet exiraciad faikesiopefofie 28 shdetuingthehiaskidvo graginn(1-5%
ether-hexane) Q. ¥igleh i G, (2Ke3%0d BfotnZs B ISEY QR VIR RRAR o dator, resulting
15 in a pale blue wax. TLC (13% MeOH-CHCl;, developed in iodine) indicated that most of the
starting material had reacted to form product. This crude material was then further purified
by flash column chromatography (0-15% MeOH-CHCly). The resulting product was then

crystallized in ether to yield 5.6 g (27.1%) of methoxy PEGagq acetic acid 6 as a white solid.

[
=

7, Preparation of N-(2, 3-dimyristyioxypropyl) amide PEG g methyl ether (7)

Q
\O%\/OMNY\O
n ]

Q

[0249] For preparation of N-(2,3-dimyristyloxypropyl) amide PEGyp00 methyl ether (i.e.,
25  PEG-A-DMA), methoxy PEGagy acetic acid 6 (3.4 g, 1.7 mmol) was dissolved in benzene

{40 ml) and flushed with nitrogen. Oxalyl chloride (1.7 ml, 2.5 g, 20 mmol) was slowly

added by a syringe and needle through the subaseal. This reaction was left 1o stir for 2 hours

then the benzene solvent was removed on the rotary evaporator. 2,3-
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2.Preparation of 1,2-Dimyristyloxypropan-3-ol (2) HOO [0244] 1,2-Dimyristyloxy-3-allyloxypropane
1(15.0 g, 28.6 mrnol) was dissolved in 5ethanol (250 ml). Trifluoroacetic acid (20 ml) was added,
followed by tetrakis(triphenylphosphine)palladium(0) (4.5 g, 3.9 mmol). The flask was wrapped in tin
foil and flushed with nitrogen to reduce exposure to light and air, then left to stir at 80C overnight, The
ethanol was removed on the rotary evaporator. TLC (100% CHC13, developed in Molybdate) indicated
that most of the starting material had reacted to form 10product. This resulting product was further
purified by flash column chromatography (100% DCNI) to yield 11.5 g (83.1%)
1,2-dimyristylox§pFsHar3areyBPRpaiatio . df 0n @) Dith pided () p fskd faibtiethesulphonate (3) 0 0
Il 15 [0245] A flaskyapntainine-Shnme taanesulphruigcianvide814 g3 0mmellwas.ushed with
nitrogen and diﬁs lved ig)anr%drou%diipIgrome%hﬁéweéso m1l), An drlou,s pyriding (3.9 m|, 48.0
rnmol) was slow?ﬁ KRB ST RAG AW rEtehitate™A WaTHidRCorS 61 WihniRatAg otean-3-ol
15(11.5 g, 24.0hyireh)lan aaby Oro us dich kirdere thd tie: (k06 was addbe@id Thepgeactiomvas left to
stir ovethight atgoom. [EMBERRIE.LOE RRIKIRRINASANsIerEad i %@%@@JA{M&H&';@&% aqueous

dichloromethane (100 ml) and was washed with distilled water (3’ x 100 m1). The combirie

washes were tHEHSFHIE B SRS Y for O SHRIRETIOOM ETOTFRBShSBRIEY BrRpERIPTAYers were
dried with magnesanysuiiaieiaband theswidkivivaiethaae wassiemoyeet andhesraamya@eporator to
yield a colourless, 0il. TLC (100% CHCI3, developed jn Molybdate) indicated, that the starting material
had all reacted” o]fcgﬁ?nl%r% Uc .Oﬁ'ﬁﬁssr%rg%ﬁé%a@%%%%# Té%{ %)f %ﬁ]} e E%B?hls crude material
dimyristyloxypropy Orstranésdiphitanhresma srepaemioh o N {2 e OHryHSlylokypopyt) phthalimide
(4) 5 102461 Guui.Rz64 3 dirnyp sbriexypeambmethancstiphenat® 24 Qodmgdiimol) and
potassium phthalimide (13.9 g, 75.0 m 02 were flushed with niIrogen_E%;ld dissaglved in anhydrous
N,N-dimethylfo’?ﬁﬁ‘l‘fﬁé‘érf%@%‘?ﬂcﬂﬁ% SRS SRR B AR BT DRethrERe LRt B nstant

stream of nitrog€ind e dhhhdlimestiepiformamiderstrag semewed. cfhtheodbianyas lyophilized to
- yield 1.7 g (38.1%) of N-(2,3-dimyristyloxypropyl)amide PEGyuoo methyl ether 7 as a fluffy

' white powder.
15 _
8. Preparation of N-(2, 3-dimyristyloxypropyl) carbamate PEG yg methyl ether (8)

N N N AN N e N

20 ‘[{)250} For preparation of N-(2,3-dimyristyloxypropyl) carbamate PEGzaq0 methyl ether
(i.e., PEG-C-DMA), steps 1-5 described above were followed. Then PEGagge methyl ether
(2.0 g, 1.0 mmol) was flushed with nitrogen and dissoived in anhydrous dichloromethane (15
ml). Diphosgene (300 pl, 2.5 mmol) was added and the reaction was left to stir at room
temperature for 3 hours. The dichloromethane was removed on the rotary evaporator and any

25  remaining diphosgene was removed using the high vacuum pump. The flask was flushed
with nitrogen and 2,3-dimyristyloxypropylamine 5 (0.7 g, 1.5 mmol) was added. This was
dissotved in anhydrous dichloromethane (15 ml), triethylamine was added (280 ul), énd the
reaction was {eft fo stir at room temperature overnight. The solution was transferred to a
separatory funnel with dichloromethane (5 mi) and washed with distilled water (2 x 20 ml).

30 The organic layer was dried with magnesium sulfate and the dichloromethane was removed
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10 evaporator using a high vacuum pump instead of the usual aspirator. The residue was dissolved in
chloroform (300 ml) and transferred to a separatory funnel with a chloroform rinse (50 ml), then
washed with distilled water and ethanol (3 x 300 ml distilled water, 50 ml ethanol). The combined
agqueous washes were back-extracted with chloroform (2 x 100 m1). The combined organic layers
were dried with magnesium sulfate and the chloroform was 15 removed on the rotary evaporator. TLC
(30% ether-hexane, developed in Molybdate) indicated that the starting material had reacted to form
product. This reaction yielded 13.5 g of crude N-(2,3-d myristyloxypropyl)phthalimide 4. 5,Preparation
of 1,2-Dimyristylbipioppiartneeals) 26-HENe WA EuadiNngzmdmiyiabideeambisdinshthalimide 4
(20.0 g,d 23-0 rgmﬁbezwa@td}@j@@b\feﬁh iﬂlaﬂf':hglﬂﬁt?ﬁ%@(ﬂa@@g&éﬁdﬁ%%@ﬁ%&ﬁ?hﬂ@?&&ﬂ&é@mﬁ%&-3 mmol)
was added and the 25 reaction, wa to reflux overnight. The e as removed on the rotary
evaporator and%ﬁ%f?gﬁ‘sfﬁﬁgqﬁgﬁ\g%g?%ﬁg I?r?gﬁf%art@%%%’ {égo" %@@@g\%igg&lﬁ&ﬁ% #¢ fiftéred off and
the chloroform (46 %emiovés baitheisotaxyrevaporatem it CEAQ80rMEHEIE 13, developed in 67

Molybdatekindicated ghat he skarting; i pr s kesulting
product Wa).SS further p%rifierdq%%#a{lgﬂ?cgﬁrfn’ﬁ cﬁ@%’%%%@%%% QI\IY/IJS{JIEE%&%}@{) %)J y?}egd 104 ¢

(89.7% over th&> Lte prRim 200 MRS EAORY TSR amIssl oyeramdediRtinsBAsRy Phedyimine 5.
6.Preparation efédethioleycRiE6G2000vacstitoaeid 169 rentif248d Aud(eticsaliution of concentrated sulfuric
acid (20 ml) in water (180 ml) Wagg,aegg%qﬁ;g 8%@‘}309%}5;%}8}1@ (3.0 g, 10 mmol). PEG2000 methyl
ether (20.0 g,10 mmol) was dissolved in this bright orange solution and the reaction was left to stir at
room temperature overnight. The product was then extracted with chloroform (3 x 250 ml) leaving the
dark blue colour in the aqueous layer. The chlorofokm solvent was removed on the rotary evaporator,

resulting 15 in a pale blue wax. TLC (13% MeQH-CHC13, developgd in iodine) indicated that most of
the starting material had reacted to\f@q roduét\T s crud‘e\mate ial was then further purified by flash
column chromatography (0-15% MeOH- HC13). Phe resulting progitict was then crystallized in ether to
yield 5.6 g (27.1%) of methoxy PEGz000 acetic acith6 as a white golid. 207,Preparation of N-(2,3-
imyristylaxypro,nyl) amide PE62000 methyl ether (7) \ N/NNZNZ

[0252] Mesyi anhydride (8.2 g, 47.1 mmol) was dissolved in anhydrous chloroform (80
ml). Pyridine (3.8 ml, 47.0 mmol) was added to the solution and fuming was observed while
a white precipitate formed. A solution of PEGygpp methyl ether (31.5 g, 15.5 mmol) in

15  anbydrous chioroform (70 mi) was added and the reaction was left to stir for 3 hours. The
white precipitate that had formed was filtered off and the chloroform solvent of the filtrate
was removed on the rotary evaporator, TLC (5% MeOH-CHCI;, developed in iodine)
indicated that most of the starting material had reacted to form product. This product was

further purified by flash column chromatography (0-10% MeOH-CHCl3) to yield 30.1 g

20 (92.8%) of PEGagy mesylate 9 as a white solid.

b, Preparation of PEGagpp phthalimide (10}

o

25
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[02491 For preparation of N-(2,3-dimyristyloxypropyl) amide PEG2000 methyl ether (i.e.,
25PEG-A-DMA), methoxy PEG2000 acetic acid 6(3.4 g, 1.7 mmol) was dissolved in benzene (40 ml)
and flushed with nitrogen. Oxalyl chloride (1.7 ml, 2.5 g, 20 mmol) was slowly added by a syringe and
needle through the subaseal. This reaction was left to stir for 2 hours then the benzene solvent was
removed on the rotary evaporator. 2,3- myristylyloxypropylamine 5 (0.87 g, 1.8 mmol) was added to
the flask, followed by anhydrous dichloromethane (40m1) and triethylamine (1.5 ml, 10 mmol). The
reaction was left to stir for 48 hours. Distilled water (250 ml) was added, the solution was acidified with
hydrochloric acith?435 niptassehshrakkaizadrl the sréhiviagierwalssoltediodrTizopsddiict was
Sextracted frompihe.agusousaxeiwithchamiarm&x 82 s The cambinad orgapis;layers were

dried with magnesium sulfate. The chloroform was removed on the rotary evaparator to yield a yellow
solid. TLC (1098 MISBRREHE P eiaviespEnies Cappet Batsnare Lrbeidath drdibraateerhaehidit of the
starting materialchaed sieBCEal tonfelimn TrodéDikhisytfuderiatanbwas:fustherspurfiedrbyrflash column
chromatography (0-7% MeQH- t Odecolauri ing activated.charcoal (2 g)
and ethano (10%&%?5%(?{ %ﬁg\fﬁlclﬁnl—gﬁ#ear\ﬁ%( urept%%%?gt(gg}?%u (lgﬁozdr;3 t I%%rlg%qu; ge\?g%g?aﬁ%)rd Fc‘)% 30 minutes.

The charcoal wa8sfiliesdercd e sl tiensthensdFifaslénovesticdrmiedisiting wotpOratdto TAkepdoduct was

R/cgiliﬁed to yi?ﬁa]{-fs%r@)g-T%H%Nr&%&hdﬂmwwm@&ﬁﬁmgﬁgﬂm @Qvlag%ﬂgaéla%ﬂﬂerh7las r?

uffy white powder. 15 8.Preparatio 12, 3-dimyristyloxypro, ca P 0 methyl ether

) 20102501 BTSSR AR (3 MR o PR 0 Byt cthor (o

PEG-C-DMA), Bepen)-bdlexteditiatinadsbvithwetetitdimweda Tiad neREd 2000:mettiydtetfies (2.0 g, 1.0

mmol) wasg flushed it Biteoen m&iﬁm@w@i&ﬁ%ﬂfm%Q&Hé%gg%ﬂmﬂﬁ%lﬁ%ﬁa Diphosgene
m (e

(300 pl, 2.5 mmol) was added and the reaction was left to stir at roo mperature for 3 hours. The
dichloromethartd a8 rdmforredishniprs rotalired BBty ndelth FaieihitnAb Riphceene was

removed usingpthkzhiglde/sicuum pump. The flask was flushed

c, Preparation of PEGgp amine (11}

\O’ 0 } hHo

[0254] PEGg00 phthalimide 10 (10.3g, 4.8 mmol) was dissolved in ethano! (200 ml).

15

Hydrazine monohydrate (6.0 ml, 123.7 mmol} was slowly added and the reaction was left to
20 reflux at 100°C overnight. The white precipitate was filtered off and the ethanol solvent was

removed on the rotary evaporator. The resuiting product was dissolved in chloroform and the

remaining white solid that was insoluble in the chloroform was filtered off and again the

chloroform was removed on the rotary evaporator. TLC (10% MeOH-CHCI;, developed in

iodine, Molybdate and Mary’s Reagent) indicated that all the starting material had reacted to
25  form product. This product was then crystallized from ether to yield 9.0 g (93.0%) of

PEGap00 amine 11 as a white powder.

d. Preparation of PEG g suceinamide (12)
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with nitrogen and 2,3-dimyristyloxypropylamine 5 (0.7 g, 1.5 mmol) was added. This was dissolved in
anhydrous dichloromethane (15 ml), triethylamine was added (280 ul), and the reaction was left to stir
at room temperature overnight. The solution was transferred to a separatory funnel with
dichloromethane (5 ml) and washed with distilled water (2 x 20 m1). 30 The organic layer was dried
with magnesium sulfate and the dichloromethane was removed on the rotary evaporator. TLC (3%
MeOH-CHC13, developed in Molybdate and iodine) showed that most of the starting material had
reacted to form product. This resulting product was further purified by flash column chromatography

1-5 described above were followed [The remathing procedbre follows" &.Preparation of PEG2000
mesylate (9) 10 10252j Mesyl anhygdride (8.2 ¢; 47.1 mmol) was dissolved in anhydrous chloroform
(80 ml). Pyridine (3.8 ml, 47.0 mmol) was added to the solution and furﬁng was observed while a
white precipitate formed. A solution of PE02000 methyl ether (31.5 g, 15.5 mmol) in 15anhydrous
chloroform (70 [pkyasyadded.andt e sonetionikas |sfhi0,stib ot fauss Be wiaprpclaliate that

had formed was filtered off %‘ion.d the chloroform solvent of the filtrate was removed on the rotary
evaporator. TLESYeRiaosrdirrd1y uhvebibederstionine tie B @ raisHodberimdistarting material
had reactes to foienpragusholdhispladueirnvasaforthe npsitedbyriast: celumadschromatagraphy (0-10%
ilieOH-CBC13) to vi 0 92.8%) of PEGZz0O00 mesylate 9 .as hite solid. .Preparation of
PEGZnoophth)avﬁ%%ﬁng&ﬁ’ gfi(%géeé%lwﬁéo%] éé?ﬁ%%ﬁﬁf‘h"é n%’f% g%ﬁﬁ%dagé}{ %nr%tg S\,Qgé drlré?é%ﬁ{/ed in
anhydrous N,NI9imbxhydferetariid e taoainm julfiso[THer BPPHEIdGH e sitetedB5.04n46.7.mmol) in
anhydrous N,NsRisaethwmiornastide (L00.mh.was addrddedhertiaskandiheneacion was left to stir at

75C overnight. The N,N-Dimethylformamide solvent was re oove%on the rotary 5evaporator using a
high vacuum p IRUTHIEY B HHED PO L SRR SR yr@s&%&dﬁ BUGH WAL afelbhved in
dichloromigthais 5ot Gnek washedtidatt2distilled water (2 x 250 ml) and brine (250 m1). The
dichloromethane solvent of the combined organic layers was removed on the rotary evaporator. TLC

(7% MeOH-CHC13, visualized with LTV light and Mary's
é Preparation of N-(2.3-difnyristyloxypropyli succinamide PEGapmg methy!

ether (13)

r | o] RV N N NP NP NN
\N\NJ\/TE\)\/ N N NP AN
. H
!

[0256] PEGaono succinamide (2.0 g, 0.9 mmol} and M-hydroxysuccinamide (0.2 g, 2.0

15

mmol} were dissolved in anhydrous chloroform (10 ml). Then, a solution of 1,3-
Dicyclohexyl-carbodiimide (0.3 g, 1.5 mmol) in anhydrous chloroform (5 ml) was added, and
20  thereaction was left to stir for an hour. A solution of 1,2-dimyristyloxypropylamine 5 (0.48
g, 1.0 mmol) in anhydrous chloroform (5 ml) and triethylamine (0.6 ml, 4 mmol) was added
and the reaction was lefl to stir for an hour. TLC (12%MeOH-CHCl;, developed in
Molybdate) indicated that most of the starting material had reacted to form product. The
solution was filtered through Celite with dichloromethane, acidified with hydrochloric acid,
25  and washed with distilled water {2 x 50 mi) and brine (50 ml). The aqueous layers were back
extracfed with dichloromethane (50 ml) and the combined organic layers were dried over

magnesium sulfate. The product was further purified my flash column chromatography (0-
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Reagent) indicated that most of the starting material had reacted to form product. This 10 resulting
product was further purified by flash column chromatography (0-10% MeOHCH2C12). The product was
crystallized from ether to yield 19.4 g (54.1%) of the PE02000 phthalimide 10. c.Preparation of
PEG200e amine (11) 15 102541 PEG2000 phthalimide 10 (10.3g, 4.8 mmol) was dissolved in
ethanol (200 m1). Hydrazine monohydrate (6.0 ml, 123.7 mmol) was slowly added and the reaction
was left to 20 reflux at 100C overnight. The white precipitate was filtered off and the ethanol solvent
was removed o h orat The u twas issolved in chloroform and the
remaining white s%l% @gté(‘/\fe’( ns G |é ip I}ﬂt)oro mqvé:as red off 2133&%%% chloroform was
removed on the RBtany exépbdrdterl ILC (10% MeOH-CHC13, developed in iodine, Molybdate and

Mary's Reagent?dfgiﬂdt: feel thak aﬂdté}%@mgtghmﬁ&@49@;&{@39&9&&9&@5{9rﬂy iRkQelct Higgproduct
was then crystallized from ether to yield 9 O)ﬂ 93.0%) of PEG2000 amine 11 as a white powder.

d.Preparation of PEEY UM SHCERRHBEES B"J@@%@ﬁ‘*ﬁ%@?ﬁ@é%ﬂlﬁ’eﬂﬁawﬂo@ rfﬂ}di%?ﬁﬁ)l) and
succinic anBydrigeyBd8s 3Bl mmﬁibwem}ﬂlsmhﬂed mopwldtaeﬂatbaﬂétaﬂdrﬁaelseMOn was left to
stir overnight. The l%ndi olve te svélr?z eRO oR.th ih ?)gargeeva or to OCC Th reS|due was
dissolved in distiied water (1 g t drochioric ac ac ed with dichisromethane
(100 ml, 2 x 70 #nPendedicdirss ﬂmma@ﬁesﬁam@aﬁafeqw@e(ﬁmw%bw@mm aeswitpld in iodine)

IndI?at(jeg thf?t rﬁﬁ@;ﬁ&t%&@ﬂﬂﬁ@@é@é@éﬁ 5&@&@%@&%@@@%& Bis.Rked éagéiiﬁlit;rgléé 2000
purified by flash colu ography % to yie %) o
succinamide 12’%6’#‘?85%%’%?0%“ St“ﬁtlfﬁ‘% LSVl Q%%xgg %y é&eﬁﬁﬁ%é@@fﬁ% methyl ether (13)
15
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[02561 PEG2000 succinamide (2.0 g, 0.9 mmol) and N-hydroxysuccinamide (0.2 g, 2.0 mmol) were
dissolved in anhydrous chloroform (10 nil). Then, a solution of 1,3- Dicyclohexyl-carbodiimide (0.3 g,
1.5 mmol) in anhydrous chloroform (5 ml) was added, and 20the reaction was left to stir for an hour. A
solution of 1,2-dimyristyloxypropylamine 5 (0.48 g, 1.0 mmol) in anhydrous chloroform (5 ml) and
triethylamine (0.6 ml, 4 mmol) was added and the reaction was left to stir for an hour. TLC
(12%MeOH-CIC13 developgd in Molybdate) indicated that most of the starting material had reacted to
focal product. The%% & rough Celite with dichloromethane, acidified with hydrochloric

acid, 25and Washqu with distilled v(\)(ate_r §2 x 50 I),and q_‘ine (50 mp The aquepus la ers were back
. . Hese IMyentive clauges are Not cialns. HoOowewver, 1i ey setl 0 d@ Inveniive .
extracted with dichloromethane 35 mf) and the combined organic layers were dried over magnesium

sulfate. The produgt was further, purified,mysflash, colurpp: chromatography (0- 7% MeOH-CHC13) to
yield 1.8 g (69.0%) of N-(2,3-dimyristyloxypropyl) succinamide PEG2000 methyl ether 13. 102571 It is

to be understood that the above descrptianiisciatended to-badllustrative: and Noprestrctive. Many
embodiments will be apparent to those of skill in the art upon reading the 5above description. The
scope ofithe inventiomshould, therefore, be determined not with reference to the above description,
but should instead be determined with reference to the appended claims, along with the full scope of
equivalents to which such claims&f&*éntitled. The disclosures of all Accession Nos., articles and
references, including patent applications, patents and PCT publications, are incorporated herein by
reference for an purposes. INVENTRECTAUSES These invve clauses are not claims. However,
they set out the inventive CO”%@%E%Q@SJ,%S%J%HHS divisional application An nucleic acid-lipid particle,
said nucleic acid-lipid particle comprising: a siRNA; a cationic lipid; a non-cationic lipid; and

a conjugated lipid that inhibits aggregation of particles.

10 2 The nucleic acid-lipid particle of mventive clause |, wherein said
siRNA component of said nucleic acid-lipid particle is resistant in aqueous solution to
degradation by a nuclease,

3. The nucleic acid-lipid particle of mventive clause 1, wherein said
particle has a median diameter of less than about 150 nm.

15 4, The nucleic acid-lipid particle of inventive clause 1, wherein said
siRNA comprises about 15 to about 6G nucleotides,

5. The nucleic acid-lipid particle of inventive clause 1, wherem said
SIRNA is transcribed from a plasmid encapsulated in said particie.
6. The nucieic acid-lipid particle in accordance with mventive clause
20 1, wherein said cationic lipid is a member selected from the group consisting of
N, N-dioleyl-N.N-dimethylammonium chloride (DODAC),
N, N-disteary!-N N-dimethylammonium bromide (DDAB),
N-(1-{2,5-dioleoyloxy)propyl)-N,N,N-trimethylammonium chloride (DOTAP), N-

(1-(2.3-dioleyloxy)propy )-NN,N-trimethylammonium chioride (DOTMAY, and

]
Ty

N N-dimethyi-2,3-dioleyloxy)propylamine (DODMA), and combinations thereof,
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a conjugated lipid that nhibits aggregation of particles. 102.The nucleic acid-lipid particle of inventive
clause 1, wherein said sSiRNA component of said nucleic acid-lipid particle is resistant in aqueous
solution to degradation by a nuclease. 3.The nucleic acid-lipid particle of inventive clause 1, wherein
said particle has a median diameter of less than about 150 zun 154.The nucleic acid-lipid particle of
inventive clause 1, wherein said SIRNA comprises about 15 to about 60 nucleotides. 5. The
nucleic acid-lipid particle of inventive clause 1, wherein said siRNA is transcribed from a plasmid
encapsulated in said particle. ;7 ThgiBucieisacidinid paicleinacsRIdanGe Wit jventive
clause 201, wherein said cationic lipid is a member selected from the group consisting of
N,N-dioleyl-N,N-dimethylammanium chicride i (DOQDAG), NsN edistefary] -N:Nrdimethykaimmeéonium
bromide (DDAB), N-(142,3-dioleoyloxy)propy1)-N,N,N-trimethylammonium chloride (DOTAP),N-
(1-(2,3-dioleyloxy)profsyL)HNsNiNidrintesthyikarnm ST chiTidey (DOTINE R} agAd choline (POPC),
N,N-dimethy1-2,3-dioleyloxy)propylamine (DODMA), and combinations thereof 7.The nucleic
acid-lipid particle irfECUSaRHER itk IR (R tiv e SRIISE PIOWREISIF Khier MoRECatiisiestirt /@4 member
selected from the group cansisting of dioleoylphosphatidylethanolamine (DOPE),

. 2 Al thertod, . .
palmitoyldleoylphosphatiahieRslihe g()POPC), egg phosphatidylcholine (EPC),
distearoylphosphatidylcholine (RSPC), cholasteralsandcompinations thereof 8The nycleic, acid-lipid

particle in accordance with inventive clause |. wherein the conjugated lipid that inhibits aggregation of

particles is a membey, salggtad framdtheigraunmeonsisting of-adalyethyleneglysal (REG)-lipid
conjugate, a polyanid (ATTA)-lipid conjugate, and combinations thereof 109.The nucleic acid-lipid

particle in accordanse:witli-inyentipreuglausestinyier gin thédsdomjayate dHigsd- tivat imhjbits@ggregation of
particles comprises a polyethyleneglycol-lipid and the PEG-lipid is member selected front the group
consisting of a PEG:tisieylglycerd{DAGY A RES didlRyToxypropyLiarPEG-phospholipid, a
PEG-ceramide, and combinations thereof 1510.The nucleic acid-lipid particle in accordance with
inventivétlause 9, wherein the tonjugafetfilsid s RS S oRaiE ot pEfidRE e MpPALSs a
polvethyleneglycol (REG)-dialkyloxypropyl coninaates Il The nuclsle Acidslipid partile in accordance

with inventive clause” " e cont ptses &
polyethyleneglycol-lipid and the PEG-lipid is member selected from the group
consisting of a PEG-diacylglycerol (DAG), a PEG dialkyloxypropyl, a
PEG-phospholipid, a PEG-ceramide, and combinations thereof.

15 ) 10. The nucleic acid-lipid particle in accordance with imventive
clause 9, wherein the conjugated fipid that inhibits aggregation of particies comprises a
nolyethyleneglveol (PEG}-diall-:j,flo>;j',fpz‘o;)§,’! conjngate.

11, The nucleic acid-lipid particle in accordance with inventive clause
10, wherein the PEG-dialiyloxypropyl conjugate is a member selected from the group

20 consisting of a PEG-dilauryloxypropyl (Cy»), a PEG-dimyristyioxypropyi (C4), a
PEG-dipalmityloxypropyl (C)s), and a PEG-distearyloxypropyi (C4). and combinations
thereof.

12, A method of introducing an siRNA into a cell, said method
comprising contacting said cell with a aucleic acid-lipid particle comprising

235 a SiRNA;



10, wherein the PEG-dialkyloxypropy! conjugate is a member selected from the group consisting of a
PEG-dilauryloxypropyl (C12), a PPC, 66¢-c.my styloxypropyl (CH), a PEG-dipalmityloxypropy! (C16),
and a PEG-distearyloxypropyl (C10, and combinations thereof 12.A method of introducing an siRNA
into a cell,said method comprising contacting said cell with a nucleic acid-lipid particle comprising a
siRNA,; a cationic lipid; a non-cationic lipid; and a conjugated lipid that inhibits aggregation of particles.
13. The method of inventive clause 12, wherein said siRNA component of said nucleic acid-lipid
particle is resistant in aqueous §ggg}j)g§£tgpgggradation with a nuclease. 14. The method of
inventive clause 12 herein said particle has a median diameter of less than about 150 nm. 15The
method of inventive clause 12; whereinsaidigiRNAds 10transcribed from a plasmid encapsulated in
said particle. 16. The method of inventive clause 12, wherein said cationic lipid is a member
selected from the group consistingudfdsF{Nxdioleyling Nt mmptteglammdmurtschloride (DODAC),
N,N-distearyl-N,N-dimethylammonium bromide (DDAB),
N-(1-(2,3-dioleoyloxy)propyl)-N,N;N-tritethsih ionlE eh s (DOTRPT: Nif siIRNA
-(2,3-dioleyloxy)propy1)-N,N,N-trimethylammanium chloride (DOTMA), and ,
N,N-dimethy1-2,3-EiBIBSIERY SPropymie O BMAT 4Ha COMBMAIEHS tRRfRE " © 17, The
method of inventivg@g}lgggg %%iwhqrgggg%id non-cationic lipid is a member selected from the group
consisting of dioleoy[ﬁﬁosﬁ)hatiélyl%t anolamine (DOPE), palmitoyloleoylphosphatidylcholine (POPC),
egg phosphatidylcholine (EPC), distearoylphosphatidyighaling (PSPG)echolestersh and,combinations
thereof 18. The method of inventive clause 12, wherein the conjugated lipid that inhibits
aggregation of partiglgsisareemiiesseleateshfrormithengroup consisting of a polyethylene:dyad
(PEG)-lipid conjugate, a polyamide (ATTA)-lipid conjugate, and combinations thereof. 19. The
method of inventive clause 12 wifereiff theretnjligfatecttipid cthiacinhibitsraggredysition' of particles
comprises a polyethyleneglycol (PEG)-lipid and the PEG-lipid is member selected from the group
consistind of a PE@aﬁﬁaféméI?’@é?él%lPEéaeﬁF&Wﬁﬂ@%%ﬁ%ﬁé@@@-phosphoIipid, a PEG-ceramide, and
combinations thereof 20. The method $f ‘ifnventi‘ve clause 12, wherein the,conjuga}t,ed lipid that
inhibits aggregation of particles domprisé& 5 BBIyEtHYIEREGITE (PEC) RIS ISRy Bonjigate
' member selected {rom the group consisting of N,N-dicleyl-N,N-dimethylammonium

chloride (DODAC), N N-distearvl-N,N-dimethylammonium bromide (DDAB),

N-(1-{2,3-dicleayloxy)propyl}-N.N,N-trimethylammonium chloride (DOTAP), N-(1
> -(2,3-dioleyloxy)propyi)-N,N,N-trimethylammoniwm chloride (DOTMA), and

N,N-dimethyl-2.3-dioleyloxy)propylamine {(DODMA), and combinations thereof.
17. The method of inventive clause 12, wherein said non-cationic linid

is a member selected from the group consistng of dioleoylphosphatidylethanolamine

(DOPE), palmitoyloleoviphosphatidyicholine (POPC), egg phosphatidvicholine (EPC),

20 distearoyiphosphatidylcholine (DSPC), cholesterel, and combinations thereof.
I8, The method of inventive clause 12, wherem the conjugated lipid

that inhibits aggregation of particles is a member selected from the group consisting of a
polyethyleneglycol (PEG-lipid conjugate, a polyamide (ATTA)-lipid conjugate, and

combinations thereof,

D
[P

19. The method of mventive clause 12, wherein the conjugated fipid
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21. The method of inventive clause 20, wherein the PEG-dialltyloxypropyl conjugate is a member
selected from the group consisting of a PEG-dilauryloxypropyl (E12), a PEG-dimyristyloxypropyl (EN),
a 10PEG-dmairnityloxypropyl (C16), and a PEG-clistearyloxyProfiY1 (Cis). 62The method of inventive
clause 12, wherein the presence of said nucleic acid-lipid particle in target cells is detectable at least
48 hours after administration of said particle. The method of inventive clause 12,
wherein the presence of said 15nucleic acid -lipid particle is detectable at least 24 hours after
administration of saigt paiticie:c94.dherméthad 01vRbilille plalusdyl2ewhereirtsaid gelhsiina
mammal. 25,The method of inventive clause 24, wherein more than 10% of such particles are present
inplasma of said midmirhial @4 heuts aftbscadministiatizaup consisugesT hé ntethod ishipventivEtlause 24
therein presence of a SiRNA at a site distal to the site of administration is detectable for at least 48
hours after adminiStrdton P& Fartitie "o P THE HetHod sTaiVeiing R4 WhErER presence of a

siRNA at a site distal to the Slt%(gf adnﬂnlstr%tléadﬁelfsidetectablle for at Iqast 24 hours afi:e

- . . . e me avenive clause 10 wherein the ponjueated bipid ... ...
administration of said particle. 28.The method of iInventive clatse 27, wherein the mammat’is a iii iii an

A method for silenging.expression af A E@ﬂ%&é@gH&H?%s&aiqﬁ%%&%ﬁ?%isi“9 administering to a
mammalian subject an effect amount of a a therapeutically effective amount of a nucleic acid-lipid
particle comprisinge2cSIRNAY 13:.63HORICHRidgate.
21. The method of inventive clause 20, wherein the

PEG-dialkyloxypropy! conjugate is a member selected from the group consisting of a

PEG-dilavryloxypropyl (Cyz), a PEG-dimyristyloxypropyl (Cy.), a
10 PEG-dipalmitvioxypropyl (Cyg), and a PEG-distearyloxypropyl-(Cig).

22, The method of inventive clause 12, wherein the presence of said

nucieic acid-lipid particle in target cells is detectable at least 48 hours after administration

of said particle.

23. The method of inventive clause 12, wherein the presence of said
15 nucleic acid-lipid particle is detectable at least 24 hours afier administration of said
particle,
24, The method of inventive clause 12, wherein said cell is i a
mammal.
25, The method of inventive clause 24, wherein more than 10% of
20 such particles are present in plasma of sald mammal 24 hours after administration,
26. The method of inventive clause 24, wherein presence of a siRNA

at a site distal to the site of administration is detectabie for at least 48 hours after
administration of said particle.
27. The method of inventive clause 24, wherein presence of a siRNA

23 at a site distal to the site of administration is detectable for at least 24 hours afer
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a non-cationic lipid; and Ua conjugated lipid that inhibits aggregation of particles. 30.The method of
inventive clause 29, wherein said administration is intravenous. The method of inventive clause 29,
wherein said mammal is a human. 1532.The method of inventive clause 3 i, wherein said human has a
disease or disorder associated with expression of a gene comprising a target sequence for said
siRNA. 33.The method of inventive clause 32 :herein said disease or disorder is hepatitis 2034.A
method for in vivo delivery of sSiRNA, said method comprising administering to a mammalian subject a
nucleic acid-lipid particie Gamprisiegd asiRNA; a cationic lipid; a non-cationic lipid; and a conjugated
lipid that inhibits aggregation of particles. 35. The method of inventive clause 4 wherein said
administration is 36. The methdél. of inrentisteodlalise S4ivwhiereirt Savdi enamiinahisranal isa - 37. The
method of inventive clause 36, wherein said human has a disease or disorder associated with
expression of a gerigieaimprising a target sequence for said siRNA.  38. The method of inventive
clause 37 herein said disease or disorder is gssociated with overex ressmn of said g ergie 1039.The

method of inventive clause 37 Wherefh Sai GiSe 48 OF GeraEI 18 Hepiti scauence.a

5 method comprising administering to a mammalian subject an effect amount of a2 a
therapeutically effective amount of a nucleic acid-lipid particle comprising:
a siRNA;
a cationic lipid;
a non-cationic lipid; and
10 a conjugated lipid that inhibits aggregation of particles,
30. The method of mventive clause 29, wherein said administration is

Intravenous.

31 The method of inventive clause 29, wherein said mammal Is a
humarn.

15 32 The method of inventive clause 31, wherein said human has a
disease or disorder associated with expression of a gene comprising a target sequence for
said sSIRNA.

33 The method of inveniive clause 32, wherein said disease or disorder
is hepatitis,
20 34. A method for in vive delivery of siIRNA, said method comprising
administering to a mammalian subject a nucleic acid-lipid particle comprising:
a s1IRNA;
a cationic iipid;
a non-cationic lpid; and
25

a conjugated lipid that inhibits aggregation of particles.
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40. A method for in vivo delivery of siRNA to a liver cell, said method comprising administering to a
mammalian subject a nucleic acid-lipid particle comprising: a SiRNA: a cationic lipid; a non-cationic
lipid;.and conjugated lipid that inhibits aggregation of pantie Pc 41. The method of inventive
clause 40 1 rein said mammal is a human. 2042.The method of inventive clause 41, wherein said
human has a disease or disorder associated with expression of a gene comprising a target sequence
for said siRNA. 43. The method of inventive clause 42 wherein said disease or disorder is
associated with overexpression-pf saighgenesod of inverfide TRe:0thod-0f inventive clause.42, wherein
said disease or disorder is hepatitis. 45.The method of inventive clause 40, wherein said
administration is intranvebBous 46A method of treating a disease in a mammalian subject, said method
comprising administering to said subject a therapeutically effective amount of a nucleic acid-lipid
particle comprising: a siRNA; a¥ationiédipidhednonceationie ipid ahaviOaicenjugatetklipid that inhibits
aggregation of particles. wherein said disease is associated with expression of a gene
comprising a target'é8dtience for said siRNA. 47.The method ofv clause 46, wherein said mammal is a

) 37. The method of inventive clause 36, wherein said human has a
disease or disorder associated with expression of a gene comprising a target sequence for
said sIRNA.

38. The method of inventive clause 37, wherein said disease or disorder
is associated with overexpression of sald gene.
140 39, The method of inventive clause 37, wherein said disease or disorder
is hepatitis.
40. A method for in vive delivery of siRNA to a liver cell, said method
comprising administering to a mammalian subject a nucleic acid-hpid particle comprising:
a siRNA;
13 & cationic Hpid;
a non-cationic lipid;.and
a conjugated ipid that inhibits agaregation of particles,
41, The method of inventive clause 40, wherein said mammal is a
human.

20 47, The method of inventive clause 41, wherein said human has a
disease or disorder associated with expression of a gene comprising a target sequence for
said siRNA.

43, The method of inventive clause 42, wherein said disease or disorder
is associated with overexpression of sald gene.

25 44, The method of inventive clause 42, whersin said disease or disorder
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human. 1548.The method of inventive clause 46, wherein said disease is hepatitis. 49 .The method of
inventive clause 48, wherein si Hepatitis B. 50.The method of inventive clause 48. wherein said
hepatitis is 20Hepatitis C. The method ofve clause 46, wherein said administration is ntra enous.
52.The use of a nucleic acid-lipid particle to formulate a composition for introducing an siRNA into a
cell, wherein said nucleic acid-lipid particle comprises: a siRNA; a cationic lipid; a non-cationic lipid;
and a conjugated lipid that inhibits aggregation of particles D53.The use of inventive clause. 52,
wherein said sift_NA.gemponent of said nucleic acid-lipid particle is resistant in aqueous solution to
degradation with a nuclease. 54.The use of inventive clause 52, wherein said particle has a median
diameter of less than about 156:hm T0B5SuEheduseofamventiveseldlse S2inwhereinisaichSIRNA is

transcribed from a plasmid encapsulated in said particle.
ntravenous.

46. A method of treating a disease in a mammalian subject, said

method comprising administering to said subject a therapeutically effective amount of a

B
nucleic acid-lipid particie comprising:
a siRNA;
a cationic lipid;
a non-cationic lipid; and
10 a conjugated lipid that inhibits aggregation of particies,
wherein said disease is associated with expression of a gene comprising
a target sequence for said sSIRNA.
47, The method of inventive clause 46, wherein said mammal s 2
human.
15 48, The method of inventive clause 46, wherein said disease 13
hepatitis.
49 . The method of inventive clause 48, wherein said hepatitis is
Hepatitis B.
50, The method of inventive clause 48, wherein said hepatitis is
20 Hepatitis C.
51, The method of inventive clause 46, wherein said administration
i infravenous.
52. The use of a nucleic acid-lipid particle to formulate a
composition for introducing an siRNA into a cell, wherein said nucleic acid-tipid
25 particle comprises:
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56.The use of inventive clause 52, wherein said cationic lipid is a member selected from the group
consisting of N,N-clioleyl-N,N-dimethylammonium chloride (DODAC).
NiN-distearyl-N,N-dimethylammonium bromide (DDAB). N-(1-(2.3-dioleoyloxy)propy1)-N,N,N-tr
len-1:Gammon m chloride (DOTAP), N-(J-(2,3-clioleyloxy)propy1)-N,N,N-trimethylammonium chloride
(DOTMA), and N1,1S-dimethyl-2,3-dioleyloxy)propylamine (DODMA), and combinations thereof

57. The use of inventive clause 52, wherein said non-cationic lipid is a member selected from the
group consisting of dioleoylphosphatidylethanolamine (DOPE), 20palmitoyloleoylphosphatidylcholine
(POPC), egg phosphatidylcholine (EPC)t distearoylphosphandvicholine (DSPC), cholesterol, and
combinations thereof 58. Bhenusérodinventive clause 52, wherein the conjugated lipid that
inhibits aggregation of particles is a member selected from the group consisting of a
polyethyleneglycol (PEG)-lipid eonjugsitenia polyzanide (ATTA)-lipid conjugate, and 25combinations
thereof. 59. The use of inventive clause 52, wherein the conjugated lipid that inhibits
aggregation of particles comprid&8"asaIt AR Lo FPEE TR ah dAHE BEG-lipid is member
selected from the group consisting ofAIaI EEG-qlg%lg!xce[ol a_PE dlalk%:?j)(%fgrﬁk%lég

.. 537 e US€ O € Ciause 52 “wherem onent of
PEG-pho:’sphollpld, a PEG-ceramide, and combinations Aereot: e Use of inventive

clause 52. wherein the caniugated |ipid that ii'_?Pﬁi@i@?’a%gr?@é“%%sﬁ{}ﬁ@ﬂti&)l%%ﬁ%@%iz?%@a

polyetbyleneglycol (PEG)-dialkyloxypropyl conjugate. . The use of inventive clause 52
wherein the PEG-gdialkylexypropyl 10conjugate is a member selected from the group consisting of a
PEG-dilauryloxypropyl (C12), a PEG-dimyristyloxyproPY1(C14, a PEG-dipahnityloxyproPYI (Cis), and
a PEG-distea yloxypropyl (C18). The use6Z.iThetuseibhinventierclause b2;whérein the presence
of said nucleic acid-lipid particle in target cells is detectable at least 48 hours after administration of
15said particle.  medizggiaTiseeusel st ifveAtive ¢lUBE 52, wherein the presence of said nucleic
acid-lipid particle is detectable at least 24 hours after administration of said particle. 64. The

S

use of ifYentive clause 52, wherein saltf 881195 T & HARIMAT, Z0&BHE Hée DRMdRivatidide 64,

wherein more thaq_lO% qf su.%hmpartlc#es are present in plasma of said mammal 24 hours after

.. . rom a St CapsL ate y . . .
administration. 6" He Udé ot inventive EfaUSE 64, wherein presence of a siRNA at a

56.  The use of inventive clause 52, wherein said cationic lipid is 2
member selected from the group consisting of N,N-dioleyl-N,N-dimethylammonium
chloride (DODAC), N, N-disteary!-N,N-dimethylammonium bromide (DDAB).

i3 N-(1-(2.3-dicleovioxy)propyD)-MN,N,N-trimethylammonium chioride (DOTAP),
N~ ] —(2.3—dioiey]oxy)propyl}—N,N,N-trime{hylammonium chiloride {DOTMA), and
N.N-dimethyl-2 3-dicleyloxyipropylamine {DODMA), and combinations thereof.
57 The use of inventive clause 52, wherein said non-cationic lipid is a
member selected from the group consisting of dioleoylphosphatidylethanolamine (DOPE),
20 palmitoyloleoyiphosphatidyicholine {POPC), egg phosphatidyicholine (EPC),
distearoylphosphatidvicholine (DSPC), cholesterol, and combinations thereof.
58. The use of inventive clause 52, wherein the conjugated lipid that
inhibits aggregation of particles is a member selected from the group consisting of a
polyethyleneglycol (PEG)-lipid conjugate. a polyamide (ATTA)-lipid conjugate, and

combinations thereof,

)
A



site distal to the site of administration is detectable for at least 48 hours after administration of said
particle 67. The use of inventive clause 64 wherein presence of a SIRNA at a site distal to the
site of administration is detectable for at least 24 hours after administration of said particle. 68.The use
of inventive clause 67, wherein the mammal is a human. 70The use of a nucleic acid-lipid particle to
formulate a medicament for silencing expression of a target sequence in a mammalian subject,
wherein said nucleic acid-lipid particle comprises: a siRNA; a cationic lipid; a non-cationic lipid; and
10a conjugated lipid that inhibitscaggragation GfipatiiclesiatiThie userehimwentive:elause JOawherein
said nucleic acid-lipid particle is formulated for intravenous administration. The use of inventive
clause 70, wherein saithimapmmadtistaohpsriaresz8Thasgse pf ivventivelclal $BETD; whereinisaid human
has a disease 1$or disorder associated with expression of a gene comprising a target sequence for
said siRNA. PPY-Te In8eBPimveRtive Critises Z22owHarsintesia didseasd 8nddsrder s hepatitis.
75. A use of a nuclei¢c acjd-|ipid particle t ‘mulate a.medi ient 20for in vivo delivery of sSiRNA,
wherein said nucIe%%a(gié‘-‘aﬁlﬁlﬁ%Qﬁgﬁﬁﬁb%%%[ﬁ?gg?%qgi A %a%c%ft%}haﬁlg ]I%rcfl;“g HONh2¢a 'f81n¥70 lipid; and

5 e thereof.

60, The use of inventive clause 52, wherein the conjugated lipid that
inhibits aggregation of particies comprises a polyethyvieneglycol
(PEG)-dialkyloxypropyl conjugate.

| 61. The use of inventive clause 52, wherein the PEG-dialkyloxypropy!
10 cbnj ugate is a member selected from the group consisting of a PEG-dilauryvioxypropy!
(Cy»), a PEG-dimyristvloxypropyl (Cy4). a PEG-dipaimityloxypropyl {Cy), and a
PEG-distearyloxypropyl (Chs).
G2, The use of inventive clause 52, wherein the presence of said nucleic

acid-iipid particle in target cells is detectable at least 48 hours after administration of

13 said pérticie.

63, The use of inventive clause 52, wherein the presence of said
nucleic acid-hpid particle s detectable at least 24 hours after adminisiration of said
particle,

64, The use of inventive clause 52, wherein said cell is in a2 mammal.

20 A5, The use of inventive clause 64, wherein more than 109 (a. of such
particles are present in plasma of said mammal 24 hours after administration.

66, The use of inventive clause 64, wherein presence of & siRNA at a
site distal to the site of administration is detectable for at least 48 hours after
administration of said particle.

25 67. The use of inventive clause 64, wherein presence of a siRNA af g



a conjugated lipid that inhibits aggregation of particles, 76. The use of inventive clause 75,
wherein said administration is intravenous. 77. The use of inventive clause 75, wherein said
mammal is a human. 78. The use of inventive clause 77, wherein said human has a disease
or disorder associated with expression of a gene comprising a target sequence for said siRNA.

79. The use of inventive clause 78 herein said disease or disorder is associated with overexpression of
said gene 80. The use of inventive clause 78, wherein said disease or disorder is hepatitis.
1081.A use of a nugleigaeiddipidsparticlen fesnulateiamesicament fariniivaedelivery of sSiRNA to a
liver cellherein said nucleic acid-lipid particle comprises: a siRNA; a cationic lipid; a non-cationic lipid;
and 15a conjugatecdidipidithatdnhibitsiaggrdgation of particles. 87. The use of inventive clause 81,
wherein said mammal is a human. 83.The use of inventive clause 82, wherein said human has a
disease or disorder associated ®fth expresgich bf & gendaemptising antdgersemiénceuorsaid
siRNA. 2084.The use of inventive clause 83, wherein said disease or disorder is associated with

overexpression of said gene. 0 BE Y& (LB OFIRGENIVE CREUSEcEs IR aTd Hesase or

disorder is hepatitis. ., . 86. The use of inyentive clause 81helrein aid_a_dministraéion iS.
3 for sifencing ExXpression of a target sequenicé m a marnmalian sabject, whereln said Qucigic

acid-lipid particle comprises:
a siIRNA;
a cationic lipid;

a non-cationic lipid; and

1) a conjugated lipid that inhibits aggregation of particles,
71. The use of inventive clause 70, wherein said nucleic acid-lipid

particie is formulated for intravepous administration.
72. The use of inventive clause 70, wherein said mammal is a human.
73. The use of inventive clause 72, wherein said human has a disease
15 or disorder associated with expression of a gene comprising a target sequence for said
sIRNA.

he use of inventive clause 72, wherein said disease or disorder is

|

pay

=
5

hepatits,
75, A use of a nucleic acid-lipid particle to formulate a medicament
20 for in vivo delivery of siRNA, wherein said nucleic acid-lipid particle comprises:
.a SIRNA;
a cafionic lpid;
a non-cationic lipid; and
a conjugated lipid that inhibits aggregation of particies.

25 76. The use of inventive clause 75, wherein said administration is



intravenous. 87.A use of a nucleic acid-lipid particle to formulate a medicament for treating a disease
in a mammalian subject, wherein said nucleic acid-lipid particle comprises, a sSiRNA; a cationic lipid; a
non-cationic lipid; and a conjugated lipid that inhibits aggregation of particles, wherein said
disease is associated with expression of a gene comprising a target sequence for said siRNA. 88.The
use of inventive clause 87 herein said mammal is a human. 1089.The use of inventive clause 87,
wherein said disease is hepatitis. 90. The use of inventive clause 89, wherein said hepatitis is
Hepatitis B. 91. Thenusezofunventive clause 89, wherein said hepatitis is Hepatitis C. 92. The
use of inventive clause 87, wherein said medicament is adapted for intravenous administration.
WHAT IS CLAIMED IS 1. A nudieic adigiief paititieseif fuclelt acid-ipid pariele cotpitging: an
interfering RNA,; a cationic lipid; a non-cationifcg

ionic lipid; and a conjugated lipid that inhibits aggregation of
particles. 2. The nucleic aci@lipid P&HiEIE f%%illr‘ﬁef, Whier in‘gé E%i%ﬁr%égr ety ﬁﬂ%@%%firises about

15 to about 60 nUEIERIAES: . ood INGAUCISI AGICL IR ARLIGIS: L 1A' & WRRLRLR R Jgterfering

RNA comprises about 15 to about 30 nucleotides.
5 siRNA.
79, The use of inventive clause 78, wherein said disease or disorder is
associated with overexpression of said gene.
80.  The use of inventive clause 78, wherein said disease or disorder is
hepatitis,
10 81 A use of a nucleic acid-lipid particle to formulate a medicament for
in vive delivery of sSIRNA to a liver cell, wherein said nucleic acid-lipid particle comprises:
a siIRNA;
a cationic lipid;
a non-cationic lipid; and
15 a conjugated hpid that inhibits aggregation of particies.
82. The use of inventive clause 81, wherein said mammal is a human.
83 Theuse of mventive clause 82, wherein sajd human has a disease
or disorder associated with expression of a gene comprising a target sequence for said
SIRNA.
20 84, The use of inventive clause 83, wherein said disease or disorder Is
asscciated with overexpression of said gene.
8s. The use of mventive clause 83, wherein said disease or disorder is
hepatitis,
86, The use of inventive clause §1, wherein said administration is
25 intravenous,

84



4. The nucleic acid-lipid particle of claim 1, wherein said interfering RNA is chemically synthesized.

5. The nucleic acid-lipid particle of claim 1, wherein said interfering RNA is transcribed from a plasmid
encapsulated in said particle. 6. The nucleic acid-lipid particle of claim I, wherein said interfering
RNA silences the expression of a gene associated with a metabolic disease or disorder. 7. The
nucleic acid-lipid particle of claim 6, wherein said interfering RNA silences Apolipoprotein B (ApoB)
expression. 8. The nucleic acid-lipid particle of claim 6, wherein said metabolic disease or disorder
is dyslipidemia. 9. The nucleic d¢id-lipidyarticlewsfatainydipvhsrdiicsaitbintefering-RNW silérices the
expression of a gene associated with tumorigenesis or cell transformation. 86 ~10. The nucleic
acid-lipid particle ofalaind §isperei SR TEriReH NS fail epeisrsiidied imsaicpamice. 11,
The nucleic acid-lipid particle of claim 1, wherein said interfering RNA is resistant in aqueous solution
to degradation by a nuclease. #5812 The nucleic acid-lipid particle of claim 1, wherein said particle
has a median diameter of less @@ﬂgg@g%@o nm. 13. The nucleic acid-lipid particle of claim 1,
wherein said particle has a median diameter of less than about 100 nm. 14. The nucleic acid-lipid
particle of claim 1, wherein said; gationicHpid jsiaanrember selected from the group consisting of
N,N-dioleyl-N,N-dimethylammonium chloride (DODAC), N,N-distearyl-N,N-dimethylammonium
bromide (DDAB), N-(1- (2,3-diocieoyioxy)propy )Ny, N« igethytamnigniticiechloride (DOTAP),
N-(1-(2,3- dioleyloxy)propyl)-N,N,N-trimethylammonitun chloride (DOTMA), N,N-dimethy1-2,3-
dioleyloxypropylamine (DODMAY &t eiribinEtichs thatseryith exigssthehugteicasiditipid particle of
claim 1, wherein said non-cationic lipid is a member selected from the group consisting of
dioleoylphosphatid{igthsABTARGIHE {BHPE) palmitoyloleoylphosphatidylcholine (POPC), egg

phosphatidylcholine (EPC), dipalmitoylphosphatidylcholine (DPPC),. distearoylphosphatidylcholine
(DSPC), cholesterol, and com iehati(?%s %5%926*%?’3“ e f%j.usThgel?”n\ﬁc (Ie)?f:ﬂe{’éigfﬁﬁl&l%paaﬁtsiélléug}d}élaim 1,

wherein;the conjugated lipid that inhifits.a0gregation ofpartelesisa.ember.selested;from the group
consisting of a polyethyleneglycol (PEG)-lipid conjugate, a polyamide (ATTA)-lipid conjugate, and
combinations thereof 17 9The nuigleie: acid+kpic, particlesof elaimlsavheneinthe wenjugated lipid
that inhibits aggregation of particles comprises a polyethyleneglycol-lipid and the PEG- lipid is
member selected from the gréup consistirigrofrasPEG diasyiglycbrol (DAG) e REG Hiakkilokypropyl, a
PEG-phospholipid, a PEG-ceramide, and combinations thereof. ~ 18. The nucleic acid-lipid particle
of claim 17, wherein the conjugated Tipid'that mFHie shgiedatvhfsipiticisd comsprisedgsd
polyethyleneglycol (PEG)- dialkyloxypropyl conjugate. 19. The nucleic acid-lipid particle of claim
18, wherein the Péé&%ﬂ%ﬂ&ﬁ/fé%&l&é%ﬁ%gate is a member selected from the group consisting of a
PEGdilauryloxypropyl (C12) conjugate, a PEG-dimyristyloxypropyl (C14) conjugate, a
PEGdipalmityloxypropyl (C16) conjugate, a PEG-distearyloxypropyl (C18) conjugate, and
combinations thereof. - 20. The nucleic acid-lipid particle of claim 1, wherein said cationic lipid
comprises from about 2% to about 60% of the total lipid present in said particle.



21. The nucleic acid-lipid particle of claim 1, wherein said cationic lipid comprises from about 5% to
about 45% of the total lipid present in said particle. 72.The nuclei acid-lipid particle of claim I, wherein
said cationic lipid comprises from about 5% to about 15% of the total lipid present in said particle.

23. The nucleic acid-lipid particle of claim 1, wherein said cationic lipid comprises from about 40% to
about 50% of the total lipid present in said particle. 24. The nucleic acid-lipid particle of claim 1,
wherein said non-cationic lipid comprises from about 5% to about 90% of the total lipid present in said
particle. W&I&%mm particle of claim 1, wherein said conjugated lipid that inhibits
aggregation of particles comprises from about 0.5% to about 50% of the total lipid present in said
particle. 27. The nucleic ac |]p| tlcle of claim 1, wherein jugated lipid that inhibits
aggregation of particles co %"fr?) ﬁp@rgso 15 4HBHE ‘6 t Bl‘f{;‘fﬁﬁ‘ﬂﬁicﬁ?é@éﬁf% said
particle. 28. The nUC|eI§n&ﬁ[@rﬂﬁIﬂ§RN@l§ of claim 1, wherein said conjugated lipid that inhibits
aggregation of particles comprises from about 1% to about 20% of the total lipid present in said
particle. 29. The nucleit @4%piPEkrticle of claim 1, wherein said conjugated lipid that inhibits
aggregation of particles comﬁﬂmﬁmﬁ@ apm;taa% to about 15% of the total lipid present in said

particle. 30. The nucleic acid- I| artic tlLl]121 im 1, wherein said conjugated lipid that inhibits
aggregation of particles cofhpriges FE) ! 1%&?&%‘?08 %]f% Flipid present in said
particle. 31. The nucleic acid-lipid particle of clalm 1, Whereln said nucleic acid-lipid particle

further comprises choplesterql T Ielc Cldg rticle of. claim 31 here

cholesterol comprises from dﬂ’tci%@afoggﬂef 5@81]’% tf % 8533%%} H #;éf 33.
The nucleic agigkiypictpaistialel 6ficlsionBa4) windeetidthe cholesterol comprises from about 20% to about
45% of the total lipid present in said particle.

3. The nucleic acid-lipid particle of claim 1, wherein said interfering RNA

comprises about 15 to about 30 nucleotides.

4. The nucleic acid-lipid particle of claim 1, wherein said interfering RNA

1s chemically synthesized.

5. The nucleic acid-lipid particle of claim 1, wherein said interfering RNA
is transcribed from a plasmid encapsulated in said particle.

6. The nucleic acid-lipid particle of claim 1, wherein said interfering RNA

“0

silences the expression of a gene associated with a metabolic disease or disorder.

7. The nucleic acid-lipid particle of claim 6, wherein said interfering RNA

silences Apolipoprotein B (ApoB) expression.

8. The nucleic acid-lipid particle of claim 6, wherein said metabolic disease

or disorder is dyslipidemia.

9. The nucleic acid-lipid particle of claim 1, wherein said interfering RNA

silences the expression of a gene associated with tumorigenesis or cell transformation.
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34. The nucleic acid-lipid particle of claim 1, wherein said non-cationic lipid comprises a phospholipid
and cholesterol, and wherein said conjugated lipid that inhibits aggregation of particles comprises a
PEG-lipid conjugate. 35. The nucleic acid-lipid particle of claim 1, wherein said particle has an
interfering RNA:lipid ratio (mg:mg) of from about 0.01 to about 0.08. 36. The nucleic acid-lipid
particle of claim 1, wherein said particle has an interfering RNA:lipid ratio (mg:mg) of about 0.04.

37. The use of a nucleic acid-lipid particle to formulate a composition for introducing an interfering
RNA into a cell, wherkih said udieleiaaridiiRiartiireSmisHees: Wiemsiafaiing rieang Rattonic lipid;
a non-cationic ligidipag sanjvgatadilinid:thas inhibits aggregation of particles. 38. The use of
claim 37, wherein the presence of said nucleic acid-lipid particle in target cells is detectable at least 48
hours after administration of said particle. 39. The use of claim 37, wherein the presence of said
nucleic acid -lipid particle is Tigteciable atileasi2dhams aflaradmitisiation of geitpagivieas  40.
The use of claim 37, wherein said cell is in a mammal. 41. The use of claim 37, wherein said cell is

a hepatocyte. 'S TS0 AUCGPRRAHIPR (R AEREITALON Bent RUS FsSplastic cell. 43. The use of

claim 40, wherein more than 10% of said particles are present in the plasma of said mammal 24 hours

after administration. 44, The uie of cl ig1 40, wh?rei tlhe resence. of Sf]id integf??rin RNA at a
site distal to the site ofadmiRiSERTH € YERILARTSI SLLp Ul ROSTS BRAIRIVIRERATBN of said
particle. median diameter of less than about 150 nm,
13.  The nucleic acid-lipid particle of claim 1, wherein said particle has a
median diameter of less than about 1060 nm.
14.  The nucleic acid-lipid particle of claim 1, wherein said cationic lipid is a

member selected from the group consisting of N,N-dioleyl-N,N-dimethylammonium
chloride (DODAC), N,N-distearyl-N,N-dimethylammonium bromide (DDAB), N-(1-
(2,3-dioleoyloxy)propyl)-N,N,N-trimethylammonium chloride (DOTAP), N-(1-(2.3-
dioleyloxy)propyD-N,N,N-trimethylammonium chloride (DOTMA), N.N-dimethyl-2,3-
dioleyloxypropylamine (DODMA), and combinations thereof.

15. The nucleic acid-lipid particle of claim 1, wherein said non-cationic lipid
is a member selected from the group consisting of dioleoylphosphatidylethanolamine
(DOPE), palmitoyloleoylphosphatidylcholine (POPC), egg phosphatidylcholine (EPC),
dipalmitoylphosphatidylcholine (DPPC), distearoylphosphatidylcholine (DSPC),

cholesterol, and combinations thereof,

16.  The nucleic acid-lipid particle of claim 1, wherein the conjugated lipid
that inhibits aggregation of particles 1s a member selected from the group consisting of a
polyethyleneglycol (PEG)-lipid conjugate, a polyamide (ATTA)-lipid conjugate, and

combinations thereof,

17. The nucleic acid-lipid particle of claim 1, wherein the conjugated lipid

that inhibits aggregation of particles comprises a polyethyleneglycol-lipid and the PEG-
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45. The use of claim 40, wherein the presence of said interfering RNA at a site distal to the site of
administration is detectable for at least 24 hours after administration of said patrticle. 46. The use of
claim 40, wherein the mammal is a human. 47. The use of claim 37, wherein said particle has the
features of any of claims 2-36. 48. The use of a nucleic acid-lipid particle to formulate a
medicament for silencing the expression of a target sequence in a mammal, wherein said nucleic
acid-lipid particle comprises: an interfering RNA; a cationic lipid; a non-cationic lipid; and a conjugated
lipid that inhibli®dggregationsefegtedidies: the groumhensiséing efairf 2@-disvatelnossd Mudfelcacid-lipid

particle is foll yateck{pfi URYSARYE APIIIHRIADIIpia APEOR UM RICHT Aauheralo said mammal

is a human. 51. The us m 50, wherein said human has a disease or disorder associated
with expressidhasée.gene comprising a target sequence for said interfering RNA. 52. The use of
claim 51, wherein said disease or disorder is associated with overexpression of said gene.91 53.
The use of claim 51, wherein said disease or disorder is dyslipidemia. 54. The use of claim 51,

wherein said diseasel 8r disdtertie eigricit-1pid perifhe isdaghcldinviercinHE peinrs ki tsd fiié has the
features of any, of GRS 253R-patioR B PRTIUSE égﬁp%eﬁqaagigﬂupi&%g%ﬂw@mu'ate a

medicament for the in vivo delivery of an interfering RNA, wheérein said nucleic acid-lipid particle
Comprises: dlalkyloxypropyi conjugate.

19.  The nucleic acid-lipid particle of claim 18, wherein the PEG-
dialkyloxypropyl conjugate is a member selected from the group consisting of a PEG-
dilauryloxypropyl (C12) conjugate, a PEG—dimyristyloxypropyI (Cl4) conjugate, a PEG-
dipalmityloxypropyl (CI6) conjugate, a PEG-distearyloxypropyl (C18) conjugate, and

combinations thereof.

20.  The nucleic acid-lipid particle of claim 1, wherein said cationic lipid

comprises from about 2% to about 60% of the total lipid present in said particle.

21. The nucleic acid-lipid particle of claim 1, wherein said cationic lipid

comprises from about 5% to about 45% of the total lipid present in said particle.

22. The nucleic acid-lipid particle of claim 1, wherein said cationic lipid

& ia

comprises from about 5% to about 15% of the total lipid present in said particle.

23, The nucleic acid-lipid particle of claim 1, wherein said cationic lipid

comprises from about 40% to about 50% of the total lipid present in said particle.

24, The nuclete acid-lipid particle of claim 1, wherein said non-cationic lipid

comprises from about 5% to about 90% of the total lipid present in said particle.

25.  The nucleic acid-lipid particle of claim 1, wherein said non-cationic lipid
comprises from about 20% to about 85% of the total lipid present in said particle.
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an interfering RNA; a cationic lipid; a non-cationic lipid; and a conjugated lipid that inhibits aggregation
of particles. 57. The use of claim 56, wherein said nucleic acid-lipid particle is formulated for
intravenous administration. 58. The use of claim 56, wherein said mammal is a human. 59. The
use of claim 58, wherein said human has a disease or disorder associated with expression of a gene
comprising a target sequence for said interfering RNA. 60. The use of claim 59, wherein said

disease or disorder is assocjated with overexpression of said gene. 61. The use of claim 59,
wherein said diseaseagr dis ?‘fglays?(ﬁf{i%m?a?am%fé%aérﬁs% Bhergimeay! Wﬂ@f%?ﬁegaha‘@jisease or
disorder is cank@rinhibitS3zgbbgatise of glaiirlsaompereinfaaid paticlesfias thedesteses afeany of
claims 2-36. use of a nucleic, gcid-lipid particle to formulate a medicament for the in vivo

. The us 3
delivery of an fﬂ@éb"r’iﬂgr A {6 FIRBFESE wherein said nucleic acid-lipid particle comprises: an
interfering RNA; a cationic lipid; a non-cationic lipid; and a conjugated lipid that inhibits aggregation of

particles.  65. The,yse of claim 64, wherein said nucleic, acid:lipid particle is formul%a d for
intravenous adminis(te%gtion.fr%e BB T1ie'tse 6t aﬂrrﬁcg ?%v%%lr%]ir%’&vi?lﬁ r%lgr‘?}arhdaﬁ”%uéf% erli’.lg
that inhibits aggregation of particles comprises from about 0.5% to about 25% of the

total lipid present in said particle,

28.  The nucleic actd-lipid particle of claim 1, wherein said conjugated lipid
that inhibits aggregation of particles comprises from about 1% to about 20% of the total
lipid present in said particle.

29.  The nucleic acid-lipid particle of claim 1, wherein said conjugated lipid
that inhibits aggregation of particles comprises from about 3% to about 15% of the total

lipid present in said particle.

30. The nucleic acid-lipid particle of claim 1, wherein said conjugated lipid
that inhibits aggregation of particles comprises from about 4% to about 10% of the total

lipid present in said particle.

31.  The nucleic acid-lipid particle of claim 1, wherein said nucleic acid-lipid

particte further comprises cholesterol.

32.  The nucleic acid-lipid particle of claim 31, wherein the cholesterol

comprises from about 10% to about 60% of the total lipid present in said particle.

33.  The nucleic acid-lipid particle of claim 31, wherein the cholesterol

comprises from about 20% to about 45% of the total lipid present in said particle.

34. The nucleic acid-lipid particle of claim 1, wherein said non-cationic lipid
comprises a phospholipid and cholesterol, and wherein said conjugated lipid that

inhibits aggregation of particles comprises a PEG-lipid conjugate.
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67. The use of claim 66, wherein said human has a disease or disorder associated with expression of
a gene comprising a target sequence for said interfering RNA. 68. The use of claim 67, wherein
said disease or disorder is associated with overexpression of said gene. 69. The use of claim 67,
wherein said disease or disorder is dyslipidemia. 70. The use of claim 67, wherein said disease or
disorder is cancer. 71. The use of claim 64, wherein said particle has the features of any of claims
2-36. 72. The use of a nucleic acid-lipid particle to formulate a medicament for treating a disease
or disorder in a mammal, wherein said nucleic acid-lipid particle comprises: an interfering RNA; a
cationic lipid; a non-gationicriiiduaeg acidalpanisgated dipiththat iRfibitsragauegation pigarticles,
wherein said disease or disorder is associated with expression of a gene comprising a target
sequence for SARIIFHHRSBAHY BiNphratio (mgmgof Sograigh0r%! &Rt medicament is adapted
for intravenous administration. 74. The use of claim 72, wherein said mammal is a human. 75.
The use of claim 72, wherein said disease qr disorder is associated with overexpression of said gene.

76. The use of claim>72, whEtERPSH ARGARIdREs R JrSThSHRA 5a1d PAFtSiRA33AR of claim 77,
wherein said disgase@mANsONaaH isEaNeafmg) of 8odh®.0ge of claim 72, wherein said particle has the

features of any of claims 2-36.
37. The use of a nucleic acid-lipid particle to formulate a composition for
introducing an interfering RNA into a cell, wherein said nucleic acid-lipid particle
COMPIISEs:
an interfering RNA; e
" a cationic lipid;
a non-cationic lipid; and

a conjugated lipid that inhibits aggregation of particles.

38. The use of claim 37, wherein the presence of said nucleic acid-lipid

particle in target cells is detectable at least 48 hours after administration of said particle.

39.  The use of claim 37, wherein the presence of said nucleic acid-lipid

particle is detectable at least 24 hours after administration of said particle.

40, The use of claim 37, wherein said cell is in a mammal,

41.  The use of claim 37, wherein said cell is a hepatocyte,

42. The use of claim 37, wherein said cell is a neoplastic cell.

43. The use of claim 40, wherein more than 10% of said particles are present

in the plasma of said mammal 24 hours after administration.
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44. The use of claim 40, wherein the presence of said interfering RNA at a

site distal to the site of administration is detectable for at least 48 hours after

administration of said particle.

45. The use of claim 40, wherein the presence of said interfering RNA at a

site distal to the site of administration is detectable for at least 24 hours after

administration of said particle.

46. The use of claim 40, wherein the mammal is a human.

47. The use of claim 37, wherein said particle has the features of any of

claims 2-36.

48.  The use of a nucleic acid-lipid particle to formulate a medicament for
silencing the expression of a target sequence in a mammal, wherein said nucleic acid-
lipid particle comprises:

an interfering RNA;

a cationic lipid;

a non-cationic lipid; and

a conjugated lipid that inhibits aggregation of particles.

49. The use of claim 48, wherein said nucleic acid-lipid particle is

formulated for intravenous administration.
50. The use of claim 48, wherein said mammal is a human.

51. The use of claim 50, wherein said human has a disease or disorder

associated with expression of a gene comprising a target sequence for said interfering

RNA.

52. The use of claim 51, wherein said disease or disorder is associated with

overexpression of said gene. 91



53.  The use of claim 51, wherein said disease or disorder is dyslipidemia.

54, The use of claim 51, wherein said disease or disorder is cancer.
55.  The use of claim 48, wherein said particle has the features of any of
claims 2-36.

56.  The use of a nucleic acid-hipid particle to formulate a medicament for the
in vive delivery of an interfering RNA, wherein said nucleic acid-lipid particle
comprises:

an interfering RNA;

a cationic lipid;

a non-cationic lipid; and

a conjugated lipid that inhibits aggregation of particles.

57. The use of claim 56, wherein said nucleic acid-lipid particle is

formulated for intravenous administration.
58. The use of claim 56, wherein said mammal 15 a human.

59, The use of claim 58, wherein said human has a disease or disorder
associated with expression of a gene comprising a target sequence for said interfering

RNA.

60. The use of claim 59, wherein said disease or disorder is associated with

overexpression of said gene.

61.  Theuse of claim 59, wherein said disease or disorder is dyslipidemia.

62. The use of claim 59, wherein said disease or disorder is cancer.
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63.  The use of claim 56, wherein said particle has the features of any of

claims 2-36.

64.  The use of a nucleic acid-lipid particle to formulate a medicament for the
in vivo delivery of an interfering RNA to a liver cell, wherein said nucleic acid-lipid
particle comprises:

an interfering RNA;

a cationic lipid;

a non-cationic lpid; and

a conjugated lipid that inhibits aggregation of particles.

65. The use of claim 64, wherein said nucleic acid-lipid particle is

formulated for intravenous administration.
66. The use of claim 64, wherein said mammal is a human.

67. The use of claim 66, wherein said human has a disease or disorder
associated with expression of a gene comprising a target sequence for said interfering

RNA.

68. The use of claim 67, wherein said disease or disorder is associated with

overexpression of said gene.

69.  The use of claim 67, wherein said disease or disorder is dyslipidemia.

70. The use of claim 67, wherein said discase or disorder is cancer.
71.  The use of claim 64, wherein said particle has the features of any of
claims 2-36.



72. The use of a nucleic acid-lipid particle to formulate a medicament for
treating a disease or disorder in a mammal, wherein said nucleic acid-lipid particle
comprises:

an interfering RNA;

a cationic lipid;

a non-cationic lipid; and

a conjugated lipid that inhibits aggregation of particles, wherein said disease or
disorder 1s associated with expression of a gene comprising a target sequence for said

interfering RNA.

73. The use of claim 72, wherein said medicament is adapted for intravenous

administration.
74, The use of claim 72, wherein said mammal is a human.

75. The use of claim 72, wherein said disease or disorder is associated with

overexpression of said gene.
76.  The use of clatm 72, wherein said disease or disorder is dyslipidemia.

werein said disease or disorder is cancer,

77. The use of claim 72, w

78.  The use of claim 72, wherein said particle has the features of any of

claims 2-36.
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