WO 2005/007196 PCT/CA2004/001051 LIPID ENCAPSULATED
WO 2REREERING RNA CROSS-REFERENCES TO RELATEBCA2004/001051
APPLICATIONS 5 100011 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 601488,144, filed July 16,
2003, the dis osures of each of which are hereby incorporated b
E&Q@ EiﬂbN 10

referenel,ellﬁ M@t}) ﬁ%“@&eﬁﬁg

100021 The present invention relates to compositions and methods for the

therapeutic-ggie it PrFRIEEPHE RE VRN Aefsiaie liid

delivery vehicle encapsulating the nucleic acid to provide efficient RNA

[oodRferferanes (RINA dnansellordnampral. Mers Rasts R tRE et tNos.

invention is directed to using a small interfering RNA (SiRNA)

60/ 2R s e B sRean Bl m-28 té%%?&r%cﬁéq%ﬁﬁ@@ afl- diefAetad 60/488,144,
fileSUHhlE, tosy sie ] df A8 IVRREHBAGKGRAUNRIGREHE JMEENTHENence in

100031 RNA interference (RNAI) is an evolutionarily conserved, sequence
theiggaiiely It hAWRAIHggered by double stranded RNA (dsRNA) that

induces degradation of ErEnileoETER INGENSINg® stranded mMRNA and
of the corre ondln translated 20 s anus and
10008 o RSB AE 49 (o060 SR AT THENGIS By (B Dpeagie
delictenvigenndltingead dsl%lhwvsattwgldsamm buaﬂ»@glqakllydahw@"@é’nmm ptesiefinging
se ut 21-23 nu tides in length (Elbashi
the 1 Nr%lcécelﬁes eV "?&%pﬁfmsﬁi ﬁ%QA fedacfovf\]/%re]éu e%orfvIore
partsiidmde, the pramaﬁwnrm&m @eﬁeepmﬂduotsofglmmﬁtnﬁmfmm isiBNA)

encAlflY 9&6}&%0004 r&%ﬂ@ﬁpﬂ?ﬁﬁ%&%@%iﬁ eéjs‘ﬁl{ }é‘?ﬁ!%?&%x%@?%ﬁ%%?s@&@%m

. sor ers. 1 elivery of ' sIRNA remains problematic (see, e.g.,
deliXwyina and Sharp, Nature 430::161-163 (2004); and Garber, J. Natl.
Cancer Inst. 95(7):500-2 (2003)). An effective and safe nucleic acid

delivery system is rgauined; foosIRD A fotiethenapavtically useful. Naked
dsRNA administered to most subjects will: (1) he degraded by endogenous

[OO&ﬂ qe encin% rf%peqléggt geq?%)ﬁ %pé?u@og ¥ V% é f) é%o%&ge%ég s%%gltteilg t

e their targ ne sequences.
medh@i T ARFOFDODLd5tble stranded RNA (dsRNA) that induces degradation of

complementary target single stranded mRNA and "silencing" of the corresponding translated
sequences (McManus and Sharp, Nature Rev. Genet. 3:737 (2002)). RNAI functions by
enzymatic cleavage of longer dsRNA strands into biologically active "short-interfering RNA"
(siRNA) sequences of about 21-23 nucleotides in length (Elbashir, ef 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 desirable to downregulate genes associated with various diseases
and disorders.

[0004] Delivery of siRNA remains problematic (see, e.g., Novina and Sharp, Nature
430::161-163 (2004); and Garber, J. Natl. Cancer Inst. 95(7):500-2 (2003)). An effective
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;
and (2) will not be able to cross cell membranes to contact and silence their target gene

sequences.
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WlOO(())_Sl Vi9r9l vectors are relatively efficient gene delivery systems, but
AMEYHARa variety of safety concerns, such as potential for’GHdesHad001051

immune responses. Furthermore., viral systems are rapidly cleared from
the circulation, limiting transfection to "first-pass” organs such as the

[O(l)ldg s,\I/ivre{,vgC d spleen Itn afidi ion, these systems induce immune .
re‘sgons}egs HESIOESCBRISTAIEY GRIVEN Bans LeHYay aniomRdit suliastiom a variety
of rabuiit coonwital yehedptiveriasistendssate ienaiibgdnuRasinguEeRBR:, viral

Worgall, et al., Human Gene Therapy 8:37 (1997); Peeters, etal.,
s e O T P i b gy Ao oreons
su¢h99he IdapelietalinMeteculair\ddibanehBiologyets: i (1808)HmtAOE&Donses that
[ -cationic liposame complexes are currently the most =

Coglzk?rrhTES riir{l1 (k)gr? @Qﬁ)e?m‘%%yélg %egﬁsllleria:%eecﬁg r&féliéér?/ r\?é}%lcfés“(‘ﬁ’éﬁlé%%}? delivery systems
argsientifie Avteritan AV OR(Y00%), Shdniietah (2uerEht/Qpirid i1997);
pBigtechppl -6 Iy agionic, liposome complex ,

e o i et it TR LT Ty 122 (1994
Hepsnefedbiinpineder déielierdiBiiesed iU 983tent No. 6,458,382.

0663ONIG HROSPINE, CAMPIEXES A& 2SR f [ tent
[ AEJP)Iicati%n Publication No. 003/00736%(%.5! % gc%ua‘o’#@ﬁ B Hhost commonty
[

AYBRRERYIFbWER A cline Ty bl Yool arnctrisstBma tieatcans bt §2ité897);
cﬁ@ﬁ@@t@m'@«@mé@99{9&@9@aﬁ&ﬁ»sibg(«?'@é@%@l@i9stﬂ?<iﬁo%iﬂ€sé3ﬁ8e§témomc
. (Harrison, et al., Biotechniques 19:816 (1995); Li, etal., The Gene 4:891
lRAseg) CTEREE SR ALRIAEIP PR ZDDOYAS NstE! hipikiver/a detergent for

traelIRgRE agercadics-daapiexasiare sapignmeiRared e administarstiine
Vivo, with hiagg)e 1 pres,si%n levels observed. in first-pass organs

“Opurittitay t‘tég §4 ibih g APAr ReHGH B IRIBLAHB gy B EBE0T3640.

C44Q97 Jiptsonpleianpkixak, INatver, Biotackh) ology 1 fdd (HARM: HalaRgnot suited
et al., Pharmaceutical Research 14:74 1&%72% 100071 Other liposomal

) .
OGRIVER SYRIEME Thaite For Sl rie matlel ot s sdircdtgson. e al,

Biatridmigeed peliem@PRppdome s/asTtisClesed: 9, 1609, T aRatent/Nesne Ther.

) ~U.S. Patent lication Np, 2003/0026831: and U.S. Patent
TN, B e s o 5 BBy eared when
adnpouBT Rederivav ot haiglsiso enpitrsionuclests abists carhérerpapsutated particularly

( 7 j o fli | idslipid-particles” (SPLP,

i R i Ll e e TR
Bigfgrssiaet af4 GRS DhEeliné: o7al.(1goacehtse SricphyicaBy (1997)).
[ogontaimhe: if §Qgﬁ51i(2iéimi§>ﬁi?@8m99ﬁﬁ%?ﬂﬁy&ﬁﬁ%ﬂ8,'%‘I@i{}% 39 reverse micelles,

(DOPE), low levels of cationic lipid (i.e., 10% or less), and are stabilized in

anieie s PABAIST By PRsRetisa rd Bok@thyrRatsyicdD. (RIS R06atRY, Patent
ASRERIbRYR SYsterinapplication aspHiey RpRILEXIERIeDEIEMHICA S and
2()'5?}(')%18%31 E‘g[lggg}i;gﬁigg}gyenous (i.v.) infection, accumulate

[0008] 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, et al., Gene Therapy 6:271 (1999)).
These SPLPs typically contain the "fusogenic" lipid dioleoylphosphatidylethanolamine
(DOPE), low levels of cationic li;ﬁid (i.e., 10% or less), and are stabilized in aqueous 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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preferentially at distal tumor sites due to the enhanced vascular
WPeitednitiy in such regions, WO 2005/007196 PCIYCA2004/8040340.80 051
can mediate transgene expression at these tumor sites. The levels of
transgene expression observed at the tumor site following i.v. injection of
SPLP containing the luciferase marker gene are superior to the levels
angrendapdirecaiiesca exnployimgpthsseidirN Aiteationie ipasMeansgene

x ol { e OI}INQ 5i1V0(1)O%% However, there remains
exSRARIPESIARORIENE AL NACH I 2 ADO0L O URNET

a strong need in the art for novel and more'e ictent SHypning the
luEtosiaties senirmosisryr tudsiteacldsaucn bs siRNAJiBiRIS/Is Premid

DIpkesAMInvenianaddresses isandather needs RRIEF SUMMARY OF
THE INVENTION 10 100101 r?é’%g%gé%ﬁr?\?eﬁ |on§6?‘ovides stable

(04178 1eiE avpisipid partaIeing S AR nesefill thorashfapsuidting enecsimaear

m@RNARBAaERIRH sHeedRefRaing SNALES.COMRISInG \SIRNA,
SNALPs c,om%rising SIRNA and ﬁ%thods of cieﬁvgé?r?gagﬁgfff&’ nto cells. The

PreSGhRSTRIR AT esRiAR B a1 AsiBjeedso silence expression of a target
gene sequence. 100111 In one embodiment, the invention provide nucleic
acid-lipid particles comprising: a 15 cationic lipid, a non-cationic lipid, a

conjugated lipid tha,inhi %ﬁﬁg{ iQn. o ticles and a siRNA. In
some embodimen%‘#ﬁelal m%%@g%ii%fgﬁ/gﬁg&%d within the
lipid bilayer of the nucleic acid-lipid particle such that the nucleic acid in
10411 ERsiersesatiipisnhartiievid e slabdmnislatpueodisisdlption ke (SNALP) useful

deghasationdvne &l&ﬁ@@%ﬂ(m&enﬂﬂG&%‘F&Q%t%st'Sﬁn%ignggaﬁﬁq%%%gx?gsmg

..nhon-toxic to mammals. The siRNA molecule may compris
LA ol

But O hUt reonerREns SR SR KR msibediohis) beridernud fromimistering the

ShuoLiblessirangied (RINAngERAIREINBA abOUEZa PUGleQlideR.In length. In
[Omre mbodi eréts the siRNA is transcribed from a'plasmid, in particular
ap

asmit Compriig K‘Y&H{HB@%Y%%}&&@%%%@W&?W% Wrgprising: a
ca@amigrlliipiflip@g\g%h&)ﬂhﬁipiﬁmor@x@fgﬂl\tfdi&-ﬂéglﬁﬂﬁ%'limii@%g@‘%?mﬂgmmdes and
e -distearyl-N,N-dimet| ylammonium I’Ol’nl. e
o R N B e RIS 7 RO TR T GBRee ipic
bxlem@mm,wc(miogzggddimé%m@@tﬁeﬂ)ﬁmwmftnimﬁtrw@m(mmuabm‘a%ﬁﬁpid

. . -dj -2.3- digleyi opylamine (DOQDMA), and a
P R Y P e e muclete cid
paa}a@@ﬁﬂﬁﬁbﬁmimm[amm@wm@ﬁ EYh86iRNA molecule may comprise about

15R8mifavtpiaavipherrhatiddeheling (RORS): hosphatidyleholine
I\igpc), distearoylphosphatidylchplingg(?gé%ac%,q%hggféé‘%%ﬂ”gﬁo“h’“{’qe'smnded
RNA #isiisiidiae asapsde 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
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)propyl)-N,N,N-trimethylammonium chloride (DOTMA), and N,N-dimethyl-2,3-
dioleyloxy)propylamine (DODMA), and a mixture thereof. The non-cationic lipid may be
one or more of dioleoylphosphatidylethanolamine (DOPE),
palmitoyloleoylphosphatidylcholine (POPC), egg phosphatidylcholine (EPC),
distearoylphosphatidylcholine (DSPC), cholesterol, and combinations thereof
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WO 2005/607196 PCT/CA2004/067051 10013] The conjugated lipid that
Winhigis@Egyregation of particles may be one or more of a  pcyicA2004/001051

polyethyleneglycol (PEG)-lipid conjugate, a polyamide (ATTA)-lipid

conjugate, and combinations thereof. The PEG-lipid conjugate maybe

one or more of a PEG- dialkyloxypropyl (DAA), a PEG-diacylglycerol

[00DHG)T hcREGuphios hipalipid; AREG Lugecantideo anekom BARURNShe or more of 2

PEG:- conjugate may he one o re of a _
po@?c@%%%@%@?g iéceri'lﬁ(%ffin% ek %ﬁﬁ@ﬁéﬁ/ﬁ@l’{’@%ﬁ‘&wgm’ and
copieBagips thineplyderBEGA i6), @amgha REGadistearoytglyseref {GI8);-and

; nati rgof REG-DAA . conjugate e one or more of a
G A e S e o PEC
ceppiiyigadrempiorgbropigees) Thad B GEB-disteanydoxypobyli@l8)mandof a
. ingtiansihersof; HGIRIGR6:Nnid. 'cea urther .
e B P e piovtelveerol
(Coarerg BFS istramay phovsih-an. agdesubivlivortlinrao fir e 8BG A A

coafifkAB REGARIG1ipig %%tmipétﬁgﬁ%%f&a%%%g%%& he 2 KRy propy!

(Csi[tjtion with the organic lipid solution s6 as'to s
gl

3 MRS pERr Y SeREBYL 6ipb $Fhe RREapsiskmiig arrimdrteningaRNA.

cotbtseaterBMRAM NS n iR RAAEH RS MRUERY, FOHMAUYNBise a cationic
POE%V’?‘rO hobic intermediate complexes in either detergent-based or organic

\Vénthsed systems, followed by removal of the detergent or organic

[08b#yenin Boeteerstb @mbnslime ke Chay aRAaiizadnd 90181 MO8 ution in a
mbadiment,.the interfeﬂg% RNA is transcribed from a plasmid and the 20
C

ﬁr%ﬁ LSTTACE A e P AglE T A iRes AL R GRS BId Bk e s agkeous

asmid’is combined wit
Sowﬁwwdmcleigaxaciﬂpﬁ@iﬁ)hmMSTMMMQXW%B@B&@&B@%%MU& a

; -cafi iRids,to provide. a tion of detergent, a nucleic acid-lipid
B b Bt mase

foprauiecd Ruitdntor sermediatsleomleiesioidiipidiperieleshdsewbicgthe
soRlEROUcrResing. AR iedeynd RNNA femnfale s rcapsulatedn & g,

bilayer. The 25 particles thus formed have a size of a

- emRYEBEI aFfothwiceneiwiaedt, serum-stable nucleic acid-lipid particles

[0eus)formed umpreRaingR MbdveR Q! RAUQRIG RIS RRdNAN:Ccationic lipids |
In an organic SOlvelrt; ContaCtlng an agueous solution of nucleic acids

Pl RTRG AREFEHRE RISt dhin misetre K salivini tapth nisk-eatignitnucleic
aclipidsidepipitde Thelemnsingle ihbasea@eLdsma g e AIRNG SANGHLIR o

?gggmfj ed suspension of nucleic acid-lipid particles, in which the nucleic
SR AN LhELSE Rttt 'S AT Hidyram Ak fitd Peptraanisdinidblant the detergent
is tenuranandhavereyiiza eblationo3eehiB-Bible nucleic acid-lipid particles, in which

the plasmid comprising an interfering RNA template is encapsulated in a lipid bilayer. The
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 comprising interfering RNA with the mixture of cationic
and non-cationic lipids to provide a clear single phase; and removing the organic solvent to
provide a suspension of nucleic acid-lipid particles, in which the nucleic acid is encapsulated
in a lipid bilayer, and the particles are stable 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
therapeutic delivery of nucleic acids comprising a siRNA sequence. In particular, it is an
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[0017] The nucleic acid-lipid particles of the present invention are useful 051
wdantheotiterapeutic delivery of nucleic acids comprising a SIBNRCA2004/00105

sequence. In particular, it is an 4 WO 2005/007196 PCT/CA200410010

51 object of this invention to provide in vitro and in vivo methods for
obfiECAment ol 2 diseass. 0:a. MAmmal i, ARG, OrAlERENG NBscase in o

{ransiation of a target nucleic acid sequence. In” these methods, a siRNA
mamelecbiedisvorpulated intolensugléhe acioklipichpertitlegamadlieec peristegence. In
th QIS 3 5,%%@@5%8&%@@ regvining s dreatpRnt {6 @i APASRe, and the

5|agnose with 5 a disease or disorder associated with the expression or ‘
paniseexrpredsionstiedde metumm peisitin ghiedatipatmeeldicsacid sbefiahes)osed with
a d?‘slgggg%pﬁ Xm%(lal%xés%'&a@m}fﬁ%fé%%?eﬁ%f?w’%&ﬁ%oﬁ selivereddtprising

vitro, and the cells are reinjected into the patient. In one embodiment, the

thpregentisianton pravdes foh kemaihety oftrgueng A iromme Prilee@e sSIRNA

is IR 2 Sl By, CoRtacHRY i stk withi s fudclgic deigalinid. PRI icleLREBRIISIAG the
of a cationic lipid, a non 10 cationic lipid, a conjugated lipid that inhibits
Pressaf dRjeamsOn ARAVAISHNS rsthus) afHa tFRibieRE Ry Attt migy/B&el BY
coRAMIRISteced waig o IHERYERQUSIY PRERNIRY 8l pelsin apeitenaalllipld, ann-
embodiment, at least about 10% of the total administered dose of the
cafigpieiapidia-fnir saRftledd 3t RRIR hag e RAE b0 24138 48, 60, 72,
[0818]10r Paaus;i Afted-injecienidie s endbogisnesds .notetthamaids, parenterally
30%, 40% and as much 0/0, 70% 15 or 80% qof the total injected dos .
orgPRBRUEISE B hTET BT TG B AP I A e DA A g doseof
th84niR6: biduisiafpertnjectigiresano hepdminedimen At i® pfeseh e of 4 or 96 hours
IRNA in cells in a target tissue (i.e., lung,.liyer, or.Qr at a site o 0 0
R or D S, 8 o e S 5h as 0%, 0%
oegvinisthation] injeriedsinioadithemydeowacallifbtigniticeepsassiont of phgma 24, 36,

4§a egfeﬂ{eop 5? hsogl%tg%%?é%%@égrﬂ ﬂxS%rYezem%gxﬁngﬁyfﬁe%}Q{ence_ of a siRNA in

administration: In one 2 bodiment, downregulation of expression of
ceheiterdeicsetisendeadens yeferentiafly dhe tinof edimrendhanlis deteckide at 24,

49Tnflamenations Inangembedimant g eseasael ASHRNAuIER!S kgression

site distal to the site of administration is detectable at least four days after
ofithetrserrsdrsasacndstariatitelat: ASidlhsRe Farhons Highetfdpistiation. In one
ERRdIRERL hecpresancsr SfRSIRNAfimotaels dnhamRrgaiiispuadicially in

lung, liver, tumor or at a site of inflammation) 25 is detectable at least four .
terBgkcatte Pifeetib b s ﬂ&mgmmpidfb%&ﬁa@b@dﬁ?@?trﬂg BAFfdIEE of @ SiIRNA
ikeIRuitabircfarsus e thintravenals mvelricrasideanairr Asciesoarelastattier
_in circulation, of a sjze reqﬁi‘isred f%{ Ph rmachy amic ehav{)or resugi
RSB SR ELNG PUHEL AR LRSLPEL ogURHORE, USRS

AlSH ROV Ies t@lls in t a target tissue (i.e., lung, liver, tumor or at a site of inflammation)

in
fIe presence

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 circulation, of a size required for pharmacodynamic behavior resulting in access to
extravascular sites and target cell populations. The invention also provides for
pharmaceutically acceptable compositions comprising a nucleic acid-lipid particle.

[0020] Another embodiment of the present invention provides methods for in vivo delivery
of siRNA. A nucleic acid-lipid particle comprising a cationic 1ipidl, 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
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pharmaceutically acceptable compositions comprising a nucleic acid-lipid
WOAE8 30100201 Another embodiment of the present inve RS zvices 051

methods for in vivo delivery 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.,
S“ﬁ%‘tﬁé\?jﬂﬁw%w, 1 e ABbadif 4B aritsisatng, rsp sdeue i) fes a vivo delivery
of Stilejéaire IIN A i ane MabSoYVGh2RRRQET 196 KCT/CA2004/001051 such
nglg hgr?}g}rg. In sgme embo lér;ents, the invention provides methods for in
VRIS a i e rErsy RNk BSciia liverBr R Hides i elinfbef reating a
di§602 bf Aifurtberembadimenihehtiecpresanipanton pevides Anethefa nucleic
acoé_ﬁrqgtirggi% digease or disotr,der i? a mammalian su?je_ct. A .

the Caly CHREGEEASBUNY D B AL 90 S HeCRY pafaieated lipid that
inkcomrgngicatio mkrt:iﬁieh,_allﬁmﬂR@%ﬂQﬂﬁiﬂiﬁsﬁ@ﬁb@ﬁ%ﬂ&iﬂ}?lm@&ubj ect (e.g., a

ts,aggregation of particles, and si is administered to t

o B P L e S AR e Soemasmaisonser
In somaendodimonkee Witiedteod iSsasierais disordged nisomeraxbodimeonts,

i IS i clated with expression and/or . .
e L AL e S N SRR B gt
sl clidspp etemnbodiireuss. thesbismesermbodimiehtsatheudiseaserisxanvjiial hepatitis

(e ISER3ERICH %pfﬁft@(gmpéﬁatﬂ?s[@tﬁ%pg%gs’ﬁ%pe?mﬁiéb'ﬁ He %%H 3 E,’ or a

Hepatitis C, Hepatitis D, Hepatitis E, Hepatitis G, of a  combin ion.
COfBIREINN el dntsanmaie divcaistesdisesisoidieridenitiveidisdiasasenr

dishaprdeicHE T @ Toherampie,dyslipidemia, 15 BRIEF DESCRIPTION
OF THE DRAWINGS 100221 Figure 1 illustrates downregulating

B-galactosidase expression in CT26.CL25 cells via in vitro delivery of
encapsulated anti-B-galactosidase siRNA in DS PC: Choi

esterol: DODMA: FEEGHIVIE Hpnn e N OR T HE @ira Yillvstgates the
structures of PEG-Diacylglycerols and PEG-Ceramide C20. 20 [00241

[oGiayrer3silustrates that 8@%?&%8%%%?5%&%9&4@ é%%‘é?%&qgﬁ%bﬁs cells

.containing PEG-DAGs were comparable to SNALPs containing
Vil eatshivias eboncene s edmpting gringiridess HRNSNALPSs containing

D& ERMeRcaD lanmpiated s apdeigiaent dialysis method. [0026]
igure 5 illustrates the phannacokinetic properties of SNALPs containing
0B R

- Spasilupgees) hrire BiRset BhHitshvsaiplstiod BRSpéitresite Cao.
[0BMAL P oRBainipgatE@at clearance studies with LUV showed that SNALPs

containing PEG-DAGs were comparable to SNALPs containing PEG-CeramideC20.
[0025]  Figure 4 illustrates that SNALPs containing PEG-DAGs can be formulated via a
detergent dialysis method. '

[0026] Figure 5 illustrates the pharmacokinetic properties of SNALPs containing PEG-
DAGs. | |

[0027]  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
A/J Mice.
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Wﬁm% ?9]5 Figure 7 illustrates the luciferase gene expression 24 hrs

post IV administration of SPLPs containing PEG-Ceramide C2H4E(642004/001051
PEG-DAGs in Neuro-2a Tumor Bearing Male 30 A/J Mice, 6 WO

2005/007146 PCT/CA2004/001051 [0029] Figure 8 illustrates the

lyciterase. gen ression 48 hrs post TV administration of SPPLPs
e B RS b iE Frme e m Rihfores: Turmgmimisisation o
B8afngaleint/F MiceerO0BAL Figite SHUSHAESINRIMEIIASG A5 Saring Male
epiession 72 hrs post IV administration of 5 SPLPs containing
PEG-CefamideCZo versus PEG-DAGs in Neuro-2a Tumor Bearing Male
é@ﬁﬁﬁ&gqeig@@mlm@&esmeumfme? dheestrposiies 0f WQW%%WSH&@H of
i | ~derivatives suita oL Use in the present invention,
ie., N;(Z,S-mgrfiﬁgoxy%%%l 2par S§ﬁ?{§§ W&%‘gﬂi%ﬁﬂ’é}@ﬁ%@mg Male
ﬁ@@d@fDMA), N-(2,3-dimyristyloxypropyl) amide 10 PEG200e methyl
¢b081 (.6 REGATRMAY. Ad N (Z3-dimyristyioxypropyl) succinamide
PEGZ]QOOn%eth | ether (fe., P%é@l%ﬁ%%&%%{%%%&eﬁéﬁﬂ X ypgepy!
Risteation,o 1GRBPISINg ER6: pjpgates an - .
jugates, 15 00363]}I/:i ure (r12 illustrates datgﬁﬁn‘g’%?&é%%@ﬁém amide
% BeSTBRINIRTBFT iRy PESteb D MAdrendit (latifoltewig intraveénausinamide

admipistration aheRLE, permopsising BEG-DAA conjugates and PEG-DAG
WE afs. 003;4, Fi%ure 13 illustrates data from clearance studies in
euiro-24 fiHfor bRRTYGHAIR 9 Yinselati&r asranme semspsohSPLPsors 48 hours

eﬁmmsangmeawmmmu%l&am@&gﬁﬁ@%@@%'@&ﬁﬂ eOCoding: .
IC g}"ger se under the control of the CMV promoter and SNAL sgélomprr‘[}éri}r%G DAG
a PEG-DAA conjugate and containing anti-luciferase siRNA. 10035]

Higdk 1Higlustidtdbsiatedomn stodigg Mdﬁ&%&%&ﬁé@%@ﬁ&ﬁ@ﬁ%&ﬂqax@ spleen
P isi \%PE’ -DAA conjugate and containing a plasmi ’
§é§!‘t, &GCRJ%BF N3 n nt{?]venous aHJ o?lﬁ%rgtt?ﬁlf)/f &Potngd@paﬂgw'@gaQAA

encoding luciterase under the contro

evmstihgral PEC-DAA conjggete and 25 containing anti-luciferase siRNA
pmossie e el NS RER RtR
Al] mice after administration 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 containing anti-luciferase siRNA.

[0035]  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
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
A/) mice after administration of SPLPs comprising a PEG-DAA conjugate Gr 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
luciferase under the control of the CMV promoter and SNALPs comprising a 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
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wh/domieeraster administration of SPLPs comprising a PEG-DARK tonjti@aie 1051
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

encomtigliatifae MM promeotetanc SNANRY ¢osnpsisingS® PEGdRMAsing a PEG-
onjugate and containin j-luciferase SIRNA. [0037 e 16

an Figu
D RS PR T SR A SRS SIShDS s pthe MV
progimgeristipSa RERs- AR tanjugRCoDa REGr DAL caljugaterdmelanti-luciferase
.gﬁﬁaingg}a _glla mid 7bWO 200%00 191609!30T/CA200-0/001051 encoding
31 eYhsE URedr e oSt st ot the Wprc)moter, pSPLPs comprising a
[OPBG- DAGredhjligatetand containing @nplasmidngndedine ot enfsesarderession in
luth? sy trg}l)r%];at%e g?wsvtr&rt%crln \gtﬁlr %%ng@%ﬁﬁ?ﬁm#@gqu c%%)ﬁ%a’%’eo‘ and

conjugate an ntaining anti-lue euro-Za tum
ccmnimg mpleAld enicdis 100883 Tignderitidihestraieas tha/hd daramoter and

sxgg y @é&%@&%‘@@%@%&ﬁ%ﬁ%@ﬁ% ERIESONIN LMCHRIRP SR XRISTSIAG siRNA.

treate N SPLPs comprising a PEG-lipid conjugate and containing
(0430 hsrfiiguendSdling fatiferayaaiide d emecnstition D FilBRCORIN broiseres amgession in

NalYALPR.GRTREISING ASnESIRd CoMHIRR F RIS ARG GRPAIHRED A A

anti-luciferase siRNA. 100391 Figure 18 illustrates in vivo data
cQIdngIRStTRY GiRIAGIA B BT fERASEN Xy KEnsA WidED e Graid ehitie MY
pRSHIBg.MAtAIPDICR R WIHESPARS 6RMPIS R 3AREHRA dhti-luciferase

conjugate and containing a plasmid encoding luciferase under the control
siENRe CMV promoter and SNALPs comprising a PEG-DAA conjugate and

[ptainnguantiolucierase IR Aa{H048bhigtn L YilhsHales iniwvadlataression in
demonstrating silencing of lyciferase expression in 15 Neuro-2 r
NSEEE HATS X A B oA SRR TN A PP ECE SR AL DAA
coonjigatadochenmtain pipenpthamidendodifgdscifedasteincerdhel ton@d vV

of the CM romoter and SNA rising a PEG-DAA conjugate a.
PR SN TS R T A T Fi b Lo R B rase

sifd¥onstrating silencing of luciferase expression in 20 Neuro-2a tumor

[&?ﬂTJn %Pg%n(%“d)xﬁrﬁ'&?a{é‘é?&%‘%ﬁ%&aﬁ’énﬁ’&%%ﬁ?%ﬁ’ﬂ&&fg%@n%éase expression in

conjugat containing a plasmid encoding luciferase under the control
Nofuthe2@ Miopbeanote mako S NacP & easpdpvisin g B-PEoomaain A Kiatd Add

CSQRJ@]@r&%ﬁ%&ﬂiﬁf@ﬁﬂa%codmg luciferase under the control of the CMV

promoter and SNALPs comprising a PEG-DAA conjugate and containing anti-luciferase
siRNA.

[0042] Figure 21 illustrates in vivo data demonstrating silencing of Iuciferase expression in
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-tuciferase
siRNA.

[0043] Figure 22 illustrates in vivo data demonstrating silencing of luciferase expression in
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.
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10042] Fi ure 21 illustrates in vivo data demonstrating silencin
MY 8 pression in 25 Neuro-2a tumor bearing male A/F ﬁ%ﬁé‘é"‘z"“‘”"‘"‘m
treated with SPLPs comprising a PEG-DAA conjugate and containing a
plasmid encoding luciferase under the control of the CMV promoter and
SNALPS comprisin EG DAA co ate and containing anti-luciferase
SRNA. 0043] Ache o e el S SRR BN ncing o
luciferase expression in 30 Neuro-2a tumor bearing male A/J mice
treated with SPLPs comprising a PEG-DAA conjugate and containing a
Lplasnrtessisdiog luciferase under the control of the CMV promoter and
SNALPs comprising a PEG-DAA conjugate and containing anti-luciferase

[GORNYA. ﬁMﬁ&%OWMT&@B@H@A&Q@W&Q%i@ﬁ&k&eﬁﬁlles (SNALP) useful
DESCRIPTION OF THE IN NTI

P | ]? Intro&auc#lon 10%&& resent
R SRTRSH! BB ids SN § “&cf%f‘f S pEr RIS (ST I\%‘é [° Fgpprising
sE¢apSMAfifg memsmsd%ﬂRMﬁdmmkﬁodLesﬁ dedtods ahtiakideh SNRERSthe
SROMRIND A A W eNe el SOmPRRnE SR A 20 meihods of
elivering and/or administering usbﬂa {6 silence
@()eﬁﬂesé'ibn westargengenessegeénoehd 00APECTbE ukesent freviemtioinisg short

f terfering RN
A RS e RN e

1%@@#&@@!&1@%!}&%@%%%@ %@@ﬁb@éﬁé&ﬂa&é&f\m N’A@bFaQ ﬂfnﬁmamry greater than
7@%%5@@&9%}@% éPﬁZQr{ fg&ra‘%e&i%@a"@’d’w@@% Eff'ﬁé%ﬁng’%%% nbed herein

than 80 to 90%. The SNALPs escrlbed herein can conveniently be used

CHA GRIY AR Y Vit 8@t érfvisn s divier Eushiisisietl sl ver sirisiessiGoily
nfgisxstemically spsGel erﬁ%m@em%gga%@w%ﬂélw&ddéh&red the

siRNA molecules in the SNALPs silence expression of the target gene

siBOUsRIRE SRIRL RS THEALAB SHREFSHPEFS Y REMNF L1928026R diameter

[eoubrenTainINACPNddoribedgiestirtin fercanyextescag m&@&&faﬂmﬁﬁhm intact in
order t§1a0h| ve dellve fS|RN to ta[ et tissues Thet?NALPs

s T LA OGP  FRLF RAT A Cle S OB IT AN P RIS SR to tarees

, tmaﬁmt@i‘mswmmHﬁeaﬂghgthmbegmmmﬂeatssmhthﬁ;mutﬁd-e@maiﬂmﬁmides that

C{VIOSrI?O the Sltlf\llA FS an C%f{gad” Inter?Ct $h tar S a%%%%nagr%ngésteal\d% cOVer,
site In or (fo\¥a0| ate mtracellu(iatpae?very 0 eS|red nuclieica r

tte.@N/’alé;iRNstb oradiplaserictewgbdimgebc2lssiRNBAJease site in order to facmtate
intracellular delivery of a desired nucleic acid (e.g., a sSiRNA or a plasmid encoding a
SiRNA).

1. 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 least three classes: (1) "simple
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 aqueous volume is
encapsulated by an amphipathic lipid bilayer; or wherein the lipids coat an interior

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

9



10

15

20

25

30

WO 2QaMiATiYNS [0047] The term "lipid" refers to a group of org&iL/CA2004/001051
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 least three classes: (1) "simple
senBelisid 8 i chdired da veryaintroils as ivedl asvgaxes of2ntedhnpodiin the
el MARICHIRCIER iPRasRARKRIAR ANA GNMARIIR R (L de TN RAIRIIR
such as steroids. [0048] "Lipid vesicle" refers t6 any lipid composition that

1084l berAised b dBIvel R I CerrpsUREEhclapifféc bigtnbe idhiteaetion that provides a

cdiRpSRISRIRSIRABAAHEOYSNAIUMEISISRGARSUWRIRD BY At eferred embodiment,
amphipathic lipid bilayer; or wherein the lipids coat an interior'30

the sprisiag HiTdRLl fomaicdomis A, SEaR1aEop plasmid comprising
[oasonteering Béﬂan&wgraomm%@gd%%@%@ﬂe@éAcia%ﬁe@ﬁﬁ%ue. A
e

with a reduced aqueous?iﬂt,erior; or lipid aggregates or micelles, wherein

ShHel b Rp Yt CHTH oINS LB &N ST WithiAM TR0 Jisornstape @ nucleic

adipichBhixteiRERAhARISCdhesam ofipisl ShtaprtatesicEan (Bf8fdeha RNA is
¢ Ii‘%id formulation that provides a compound with full encapsulation, partial
"8RG Bgﬁ‘lation, or both. In a preferred embodiment, 5 the nucleic acid is
[OfdiL] erCapemateddividiéolipiot foipndll ationekR0 30 i Adudsach henehhi phki darpid
"SNALP" refers to a stable nuclejc acid,lipid particle, A, SNALP represents
SRt R R G R
sprcitiswchl asanbittederisr RNA weguersca onplileds midifoonp elsfblolgids.

ipterfering. JS, AT r .0. 100511 T, rm.vesicle-forming lipid". .

Ot A RS, ARSIl R v

stably s pokertieddgréwpd Arlavorhichcby toeH wan itbrathgponphiredus iyt with its

hgam%yf%%%{im%ﬁac@@ﬁ}ﬁ{ymwﬁgrpumfshm%%@gﬁpgﬁhé%%gé membrane,
he'term "vesicle-adopting lipid" is intended to include any amphipathic

atfihit hriridcalBRIn oY eenialo tipradineyis i conlpirratibaapitthe thembrane.
VRERIRAIG iBidas Withige iirdiysionhakic MQiebdtCeaReh Wil MR ar phase, vet

interior, hydrophobic region of the hilayer membrane, and'its polar head

VB AR SRA OP AR ArB e TSHTBHYFE o lhf BtrfseecstihaiimemraHizing
cMesicienadopting lipidsinehidsdipiigiviab ApHESIE AR teneh iRa800t Bilayer

RFRamela e, el uheh e Copebe ol seuming a ey St
aOpHifdiofaby PRadphatidijethidn o] avine} Bitayar 20, sighil@fgatives), peptides,
pEAERORSRIS NG e B RrE Rt Bt d fo yeonivgated lipids,hat inhiplt
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
incorporated herein by reference).

[0053] 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 aqueous phase. Amphipathic lipids are usually the
major component of a lipid vesicle. Hydrophilic characteristics derive from the presence of
polar 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 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
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waggregation of the SNALPs, polyamide oligomers (e.9., ATTAPEA 2004/001051
derivatives), peptides, proteins, detergents, lipid-derivatives, PEG-lipid
derivatives such as PEG coupled to dialkyloxypropyis, PEG coupled to
diacylglycerols, PEG coupled to phosphatidyl- ethanolamines, and PEG

amﬁmjﬁtgageﬂbmiplﬁ%tﬁmidGStémcUc%nﬂ@(sN@x@rﬁﬁ@&gﬁlrﬁ‘ﬂﬂﬁﬁﬁ%c%mpounds
. Incor ortated h [ein by b é%renﬁlg){é%é)%l The term ghrpathrc lipid
retersih Parttto Iz}\jrlrﬁ/g S’ T\ﬁﬂ]é?girpfﬂ%a‘r@a? BRI miep Gentative
eﬁhedipn@ﬁmtmpabbprﬂmmmdeamwﬁomhobmﬁmﬁpmiﬁztheyila)rdm@hrhc
Q ts towar ase, cli ds are usually
ﬁs thm{]éao }r%:pc?ﬁrop%rhlénﬁ r}’osf’ p|§ %%src 85 ﬁl%’aéh 5% PRDRigacd
pﬁﬂmrrr)ﬂlhéfpmelséneehaﬁa@lcpoihn@ﬂyﬂwigsdlgroi;@@shnh as carbohydrates
Ifato,, amin suI ni rox ther
lyﬁé}g] gﬂﬁd%%%gﬁc%’[y% 6 PePre %gi eltr?r?o usronyﬁf?é %ﬂrgylcm 1ne,
Q‘i@tﬁbéﬁh‘amhﬁﬂéid@hbhﬁ@@é W@mmﬁé@hos}bbﬂ@doﬂﬁmlmt@&tedcah@ounds lacking
nHRRIEAIR UG e R0 GLBHAS Y PHGA BLOURR SHRSIILIALRY 1,

one or more 10 WO 20 1 aro trc
acsiRtatigRaRTe %erér@rat%r|érgwouqfeggnazéme@bmmpﬁuparmmddmonauy, the

arkPRYRAUR %rm%eg%%% et Beniteckio, RRozRBOl 'ﬁjssm%m §§Qt%sfl>§endes and

sphingolipids. Representative examples of phospho pIdS inclu re
StHS#%imited to, phosphatidylcholine, phosphatidylethanolamine,

[mbﬂsphaiédﬂﬁ@"m%h9§m%@&m@§59|OPQQ§HW®Nlﬁfd@p§cres that exist either in
almrt(gggleoyl ph phatrdylcholrne Iysophosphatr rkélcholrne

RAfGYHER e SR, [Tty A BRatidBKulegical pH, such lipids

mdiﬁdiepﬁdphmbﬁtldwﬁﬂghﬁ%hdﬂﬁiﬂafﬁﬁmM}@ﬁﬂo’éﬁh&k@}@&Eanoiamme ceramide,
|I|noleo hos trdgéﬂ oIrne Oth com d Iackrng in phosphorus
y

* “%)%@/ sp ing |p|d cotseﬁhmcgeo |‘&ST3 f bﬁ}ﬁ fatvis and

[0056ta. - Broylomy doints;atrmal sipid/thifethe gr@urbdesllgipada@ &S BPRIRAMNIGS well as
arllmhg‘i A\glgrtronally, the 10 amphipathic lipid described above can be mixed

with other I|p|ds including triglycerides and sterols. [0054] The term
[0G5élitralhipidrne faronis dimydd frefera tebery offlipitspeciesthatextiat githar in

piRRibRCRANgRE ofReUIRl AWRRRRNG.frmal A n%%e 8 dp}?ospﬁ‘z;[tldylglycerol

physro ogical pH, such lipids include, for exam

Mmo@p%énh%éhﬁr@résmémwﬁﬁmmmw Ahiledecarayhide,
Ho‘ép‘rﬁhﬁggawr%hmnrrﬁe@hﬁhrh&h@ﬁﬁ%@hﬁ%ﬁ'@{%@%ﬂ% digeylglycerols.

[0055] The term "noncationic li refers to any neutral lipid as described
giﬁ@&(}@%%é‘ﬂ%’sﬁaﬁ‘i‘@rﬁ@mﬁﬂ ysylphosphatldylglycerols

palmitoyloleyolphosphatidylglycerol (POPG), and other anionic modifying groups joined to
neutral lipids.
[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)propyl)}-N,N,N-trimethylammonium chloride ("DOTMA"); N,N-distearyl-N,N-
dimethylammonium bromide ("DDAB"); N-(2,3-dioleoyloxy)propyl)-N,N,N-
trimethylammonium chloride ("DOTAP"); 3 -(N-(N',N'-dimethylaminoethane)-
carbamoyl)cholesterol ("DC-Chol") and N-(1,2-dimyristyloxyprop-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.
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’ R)%\é?]therﬂ%' k%"n‘%“%%‘ﬁ?y‘?é?'y{a?f@y‘f l‘ar:e?ers to a compound having 2-alkyl chains, R' and R®

{985263,1/}%%5%rm "anionic lipid" refers to any lipid that is negative
at pﬂy%lologl’cal PH. These lipids include, but are not limited to?
phosphatidylglycerol, 20 cardiolipin, diacylphosphatidylserine,
diacylphosphatidic acid, N-dodecanoyl phosphatidylethanolamines,
Nessgcinylobasphatidylsthanglamings. Ny 9 l&? hatidvlethanol

amines Iysylphosp%a%%ylglycerols, palmﬁo;l/&lléﬁgo E%%%\éﬁgt%ﬁ%fygé)rﬁs that
%é@iuéﬁff 5Bt e RrehaRgaretsedembenttuetst alipigise Bedrocarbon
[OpE]ahbe el iroeptiopithRle) Fafaraie ARy %@&%P@MHHHQ, 7ng(ca'l%lzﬁlisl:)hatic or
hat carry a net Eosm\_/e charge at a selected pH, such as physiologica

{Seéﬁf%‘iy GiBTQURFe I RALB5 SRS infkeded NaRe-BRsIBpTiNdNedifirextgiycerol,
airlkyorivueraniondeiaR@RASe )1 N-{ZSy10xy-3-aminopropane and 1,2-dialkyl-3-
dlolec}/logéfropyl)-N,N,N-trlmethylammonlum chloride ('%OTMA");

RN S

Ié’ charged
T/CA2004/001051

)C/I-N,N- dimethylammonium bromide ("DDAB");

N6 B-ditleaytox ey} NN BQHE RSHYIBMMPMIREHONNE LP or other drug
(g"gOTASP'% r% ESA%QN'{y;-dime hylami oethe@n%; carbamoyl)cholesterol
BEERGH AR -fl,é-}b%ef/]?t%%ﬂ&‘&%ﬁoﬁ- IRIRERRAERyIaR be either the plasma
hydioxyethryinaminanisiseboondide (RMBIES)  Bhesfabovring dipidearac.
janic ave itive charge at below physjological pH: DODMP,

e oMM T TD, T 2B TBENb e 1Tty aey! chains, ' and
B)chwcbmmmioba%mdm&@nﬂméamfhwmpmbmbmmmgmmhe I-and 2-
Mgl%ﬁl@@gm aRolay; s that, in lude. but are not limited to, long
chain saturated and unsaﬁ%a%a% aﬁ%gﬁﬁiﬁfapgég@o%e Sgar%{ﬁ%%%?{ glenaryms
reEps U pHsHENgtisub dRtetERivyenrle rvmone fulbomatiz geyetobdiphatie: or
heterocyclic group(s)- Suitable examples igclude, but are not limited to.
diacylglycerol, 5 dialkylglycerol, N-N-dialkylamino,

[,2-diacyloxy-3-aminopropane and 1,2-di -3- aminopropane. [0059]

The term "fusogenic" refers to the %ﬁﬁty of a liBosome, an SNALP or other

drug delivery system to fuse with membrangs of a cell. The membranes
can be either the plasma membranpe or mefnbranes surrounding
organelles, e.g., endosome, nucleus, etc./lm[QOGO] The term "d i acyl
glycerol" refers to a compound haiHg52fatty a&yl chains, R~ and R2,
both of which have independently between 2 and 30 carbons bonded to
the 1- and 2- position of glycerol b &ggi_l_inkages. The acyl groups can
be saturated or have varying degrees of unsaturation. Diacylglycerols

b

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:

CH,0-R!
CH,0-R?
CHy"
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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CHZO~ R, CH-O"R" CH,O 15[0061] The term "dialkyloxypropyl" refers
WRAEBHPYUNd having 2-alkyl chains, R' and R 2, both of wHIER/hARe04/001051

independently between 2 and 30 carbons. The alkyl groups can be

saturated or have varying degrees of unsaturation. Dialkyloxypropyls have

the following general formula: (H20 Rt H20-R2 CH2 20 The term

"ATTA" or "polyamide” refers to, but is ngt limited o, compounds

disclosed in UiS./Pat s,.6,320,0171and 6,586,559, both of which are

incorporatedRh rgT’; b&/ |{é eﬁgﬂ'éj.g’gﬂ@sec cor{ﬁﬁ%uﬁdsﬁ}q ludé a compound

having the formula 12 WO 2005/00 7 1 9 6 1CT/CA2004/001051 R 0 R2
WReAGI12CHQLIGHAIR CNREG-G) ofd. b awhersin; Reis, g member "

sglected from the g?oupecons%%]g quﬁ‘i}éi’ré\géﬁ,s éﬂ?\/‘iﬁ{%l’#? ?(%ﬁ?’ﬁﬁfgl Snd acyl; R is
a ferilss s elskieteliono et e gpagp eoinsi sty dbydogenkahdatipylpoally, R and R’
aRPHRHR 0B, 306 Rih 809 1he SUERORIPWRISR NG e;@qug%@r{l@eﬁ Of the group

azido moiéety; R2 is a member of the group 5 selectedfrom hydrogen,

sgprishanshisiverpPatignalbptspyityted Bhtiliertianiliamitatsided ehdiandfa side
cRIAMIC.AGIH Riisa membehseleciedifiom,the g&%c%gﬁ%iﬁrggfquro gen,

hydrogen hangen, hydroxy, alkoxy, mercapto, hydraZJng), amirno an 5
halpesRa iR A REREPH N ABH) YIRSy o igih R ieatB’ are
if@p bR dendl Yh Ot % otk @Nel 18 IO, & 16 Wil e pRnakent 104NPRES: 1. 1t will

skill in the art that other polyamides can be used in the compounds of 10

OEHPRPEBLIR IV RIoH I EIBERA bR RalisR e st Bsgamounds of

thefeeseto mpalypier containing at least two deoxyribonucleotides or
ihgnucleotides jn either single-, or doutile-s anded form. Unless
‘@gggifiz}a%ﬁ/{ﬁ%ter&,“‘tl‘ﬁle" Féﬁﬁ%g"én%‘rﬁ% %Oééct‘rﬁul':?g%sé%iﬂgoémi RiRgpining at least
tkodenx aiialogeiestidfsmattibaimutiendiddas titehaivgisinilaskindif@nded form.
Lﬂﬁ?&%ﬁ%‘c%?ﬁ%%ﬁ?%&% %(ri?ﬁl%%g]rlrjn%l %Ir?cgr%&gjasasrég nucleic acids containing known analogues

of natural nucleotides that have similar binding properties as the reference nucleic acid and
are metabolized in a manner similar to naturally occurring nucleotides. Unless otherwise
indicated, a particular nucleic acid sequence also implicitly encompasses conservatively
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
position 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 Cassol ez al. (1992); Rossolini et al., Mol. Cell,
Probes 8:91-98 (1994)). "Nucleotides" contain a sugar deoxyribose (DNA) or ribose (RNA),
a base, and a phosphate group. Nucleotides are linked together through the phosphate
groups. "Bases" include purines and pyrimidines, which further iﬁclude natural compounds
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
a plasmid DNA, pre-condensed DNA, product of a polymerase ‘chain reaction (PCR), vectors

(P1,PAC, BAC, YAC, artificial chromosomes), expression cassettes, chimeric sequences,
13
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WE(}'S are, g%bolized in a manner similar to naturally occurring nucleotides.
nﬁes‘s otherwise indicated, a particular nucleic acid sequené’ecgfg 2004/001051

implicitly encompasses conservatively modified variants thereof (e.g.,

degenerate codon substitutions), alleles, orthologs, SNPs, and
HfSMPEMANSAN Sgauenees s elas s sequence explicly, indicate,

pecitically, degenerate codon SUbStUtIGHS may be acrieved Yy

ingreplevagiviy Isevitiepees IPWAIch RigAlindRRpogitiganef anéorimerring RNA
maglegted (or all) codons is substituted with mixed-base and/or

deoxyinosine residues (Batzer et al., Nucleic Acid Res, 19:5081 (1991);
[0OkibukEhettenn JzeBior deree. PBEREDBR08: (1088);caftiNdaseghet @l that

' Solinj : : r 91- ! otides".

B T L B M MR ion o
PIMBEPHEREGraalyPRRiE dlierassarddiakad mgetiies thirpolimehadshosphetefrom

hRERORSs Bases  Naude Puwings RS RiRidings, which further include
natural compounds adenine, thymine, guanine, cytosine, uracil, inosine,

[0994] nat G RTABYS, MR dSHIREHR vt vaE STUstAhasaspdhimsiadodA
trivRighhinglkieinut aremRiIKNited to, modifications which place new
reactive groups such_as, but nat limited to, amines, alcohols, thiols,

(080t oy RS AETA N GRE IO, DN ARRY berin s F8Ing S isangese” refers to
dplamicabddARPaLts; of 3 gl amig N4 @iesendeaseda NANRIBRMEteRbression

polymerasechain reaction (PCR), vectars (P1, PAC, BAC, YAC,
ORfifis! 8RB ‘8-s§%51§>,‘ Wprdlg; ?ﬁ?&%é&*ﬁ@f%ﬁﬂﬁﬁw% (EREREPiegentary to
tha/©qRe05 00 kA6 BEHIGAZ084 0BdD bk iasdenesardah DINA (18 same cell as the

derivatives of these . The term nucleic.acid is.u

O R S R R B SRS i S By v

cimtelferimgeRNitandotedyle. sia06 3k tephanigeney sefers therfudiei® Neidypically
C ises partial length qr.entire . .

e e R Bteripe R

can solypptdéophecits bin@hgtarpel\aseptieles subjrolypmptiier préursersciog RN A

iRERAUUISMIUS A B R A G ‘%R@Wﬁ%@&?iﬁi@?@ﬁ@’ﬂ@- qua%%].xltll? ?I\%?& 15-50,

roduct,” as used herein, refers to a product of a gefne such as an

Larafseript-Mdtients) 8slcriRreAn 1o gbo BT T heieaky abrutfdint) RINAS o 19-25
(dTNAY IR e NG RNASaqy sRgeratr{esse. Hrsbls-saRdad RN 1 23

i.e., duplex RNA) that is capable of reducing or inhibiting expression of a

(QuphRy gEsiEQiides iy neidtity FEHEIRRIGER BY SARIGRSSARiLIF dauble stranded

sicamplemestanys teo the-seqrengel of Ibelintesfering RNAWGIRR M length, preferably

interfering RNA is in the same_cell as the :
about E%-Elg or 'a\{)out 21- B 01'%1»23 nuc COU%GS 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-

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 automatically 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
length) with the E coli RNase I1I or Dicer. These enzymes process the dsSRNA into
biologically active siRNA (see, e.g., Yang et al., PNAS US4 99: 9942-7 (2002); Calegari et
al., PNAS USA4 99: 14236 (2002); Byrom et al., Ambion TechNotes 10(1): 4-6 (2003);
Kawasaki et al., Nucleic Acids Res. 31: 981-7 (2003); Knight and Bass, Science 293: 2269-71
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target gene. Interfering RNA thus refers to the double stranded RNA
W%ﬁﬂ?éf vfvo 15 complementary strands or by a single, ~ PCT/CA2004/001051
self-complementary strand. Interfering RNA typically has substantial or
complete identity to the target gene. The sequence of the interfering RNA
(2@@n; cadespensoodne. ull lpgth/argel gene W SUBSEIHBNCIRRIZ e at Teast
5Olnteife_rm RNﬁ mcléJdes small-lnterferln% RNA" or "siRNA," i.e.,
inte ?8%1%% KNRY aBout 560 180, ~98 mis] esttitissan kenglex) dsRNA may be as

lomued @660 5500 |ength , Stay alﬁym@auysab%ﬂgﬂ@&()oﬁée@ﬁ% &R0 encode for
dLé lex) nucleotides in length, and is preferably about 20-24 or about
i g

5P SRl SIedd HUBlBHE L SERGth (e.g., each complementary

[08@queritetotititioisble Sirafided siRblASIHBbERL: 16D e sequence
un E’rﬁ% ?'??08“ %—250r11 cleotides in!ﬁn%;?, prefer,gblél about 20-24 or

about 21-27 or 21293 Ruclotides IR IERG IS ahP i a0 BT L idrrfdy over a
speiFfiRv égiaboln 18ed0)ct5a@es50, 15-40, 15-30, 15-25 or 19-25

fer t.20-24 or.about 21 25 22 or.21-23 base pairs in length).

[O(gi{ Nﬁggﬁﬁ%{i %%5%%961}] rls%%ﬁaa]gggr ARGSCOF abBatIts 4BB RS under which a
ProfscieBiges dpreferdblyrettabboatitocabopi Gl theotidesl ant G tplesphateic

{&rmink THeEIR e ' thesized or maybe encoded by.
a(f a plas.rr?id‘ e.tg., t%g%r;]‘ga](;ri%g%d gﬁ?@éﬁ%ﬁ‘?@@% Sa%rglft%qr%%ﬁc% R??B%?rg%l 4l be
difdfiphe ke SRS AifshMeepays siRNEcTar atsodd ererateetficdleatagenof
terPREGEASRN iR i SR %Q@éq{gg}ﬁﬂz@{wm)%%w& legriges %u%%in Tijssen,

length) with the E coli RNase Il or Dicer. These enzymes process the
Teglupss ith & 56 rIgRRIG St Rlesibn Bileey elgy ridigtion ati PN &g 8pobes,
“098:294 31 h(AQ02: CAIRYAKiRhBh RNAS UFAI% ARG 2002 BYF o3
et at, Ambion TechNotes 10(1): 4-6 (2003); Kawasaki et at, Nucleic Acids
Gepgall g 1stomaat cpodsionsrithtelenicB ssbe Stivn Se 1298: [2R6OHTD T \WEmal
2R 196 Pl 20400, : on.etal.,.d Biol. .
® Claenz. 2%31:1{2 (1968)). Prefe%%?%%s%l\%%ﬁrgg a!l? ?e%;lesértt%%g%hn %eg)%llgé%"tés the
teraprsRO@n200dS0G:d400i 05 5OQ th ok otidksuci dengihcdtasRBRNAIMAYRS 0% of
h nucleotides in length, or longer. The
e heaa Tor 3 B R oo (as the
larg HEEHPCS HOUBEICS ubsteial atEntit0 fedéith tpmsequencentiat at equilibrium).

Stxl?ﬁl rigize .E) a reference sequence u .d r %g} ent conditigps, or toa
R B A R il of Lo o
forrafierigincd seglienve. *OPEFNT hevplitaseiistipgant bylpridizadiaBast two times
ba 8‘&%8,” reiefer tgocgndlt ns, under, which.a probe will hybridize to its

?g%et suggeeque ce, tyr&%sa ?/C?{ éoggén}qé%rigrﬁz&%% of nucleic 10 acids, but
[0668ho EnverpenirnoesnSynidntitonditichsasesehtentittdependent ethamide,

il be ‘ . '

5x \ggct,)and 1% SDS, incubating at 420C, or, 5x SSC, 1% SDS, incubating at 650C, with
wash in 0.2x SSC, and 0.1% SDS at 65°C. For PCR, a temperature of about 36C is typical

for low stringency amplification, although annealing temperatures may vary between about

32 Cand 48C depending on primer length. For high stringency PCR amplification, a

temperature of about 62C is typical, although high stringency annealing temperatures can
range from about 50C to about 65C, depending on the primer length and specificity. Typical
cycle conditions for both high and low stringency amplifications include a denaturation phase
0f 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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wdiBBgsepsin different circumstances. Longer sequences hybridize i
specifically at higher temperatures. An extensive guide to thBCT/CA2004/001051
hybridization of nucleic acids is found in Tijssen, Techniques in
Biochemist?), and Molecular Biology--Hybridization with Nucleic Probes,

i} rview of principles of hybridization and the,s y of nucleic acid
o R R o R s SeD L g 4 Guide o
Mayordssea0ayidiven ehanittesl ¢heePakssimielting. oint (Tnr) for the specific
e : i ignic strength pH. The Tm is the temperature,. . .
(un ern§§ﬁ?r%é9 %gé%gﬁ%gﬁgt%%gﬁ%ﬁé)ﬁu% 8|§co(t:5£%rc%nn a |51r§5g8’f‘\/\9ﬁ?§ﬁ“§5‘ff are still
s\ifstesi g bkes e hmeatarsptad thevta rhahhyloridizie toethebtangétlly identical. This
segvence.ah auiligrium (ast rget.s resent in excess,
0at Tm, 50% o? the probesggryegggé%ggtjc g%qgjq?lsﬁﬁ r%ia%s .l%t Q[I’IlIillaé%nr}P it codon
degsnsrichs srated<ty beganisicee itH nraicitcition bk dwstalsibizidgtageslly hybridize

uAlchas darmamide ol Selec M SRRSHC hykudl pf%%g%?%ieqvesmn ent
signal is at least two times background, preferably 10 times bac g¥oun
hyopdigiciorniiness mevprmby ﬁwgéﬁﬂhy@rmg@ﬁ@ﬁ “Bnditionsnotm bd1 NaCl,
sdallowing;-50% fo 1d d 1% SDS, incubating at 42C, ,

S ik bR TR o v
bachgrrgpis Biasof puliRORKE tefi perdilrecod abioet!86 @l tetypicatytoidievtion and

' q ificati ) ng.t res.may vary . ...
N SR haaiona
suifpigendyrdetmmamisirib deridizatice paseraine vtabovided @ iutypioad reference, e.g.,

aRdtoQu@h g slingeR _nRealing 46 mperalyres can,range from about
50C to about 65C, de&ending on the primer length and specificity. Typical

(U Yy cI&ordmfors teRpotH Mg AT 166 SHbsese) denphicandhsdemiadef two or
nivAafiRivaliansphase o0 mBRGdAl30885% bR heRRANNEAINL same or have

hase lasting 30 sec, - 2 min,, and an extension phase of about 72C for 1

P . .
2 SHRI POt A A YU RIS S b PTo W EPMigh stAhtgerapas §0B. preferably
62003(0071:96, PETHEAZG04/001050 AMmplicatidereaciens secaravidsln), when
&% riQdIQQcisal?t ae!d(Jt.(%Qr%) FL%'? Protocols.dA Guide to Methaods and

%\“p?%éflcatlons, REademic PrEse” (ERP a0 NASKRPARIE tHEtay: 16t
dbybmittxkrtgieach otheuneddemgtoingef thedotlitions; asqustide subgianitalbl gorithms or
b&?ﬁgﬂﬁﬁl ﬂ%S R J%B%R}'Qe whic 'thg ncode are suhstantially identical. )

s 5 occurs, {%r examp 2’1%%%(3183[@50?%@%%@&@/ acly ?8?&5@&}’@&&?&5’ also
refresrapptivaens xtdt degelveremyopessittencby Fhefgebistitheadestintsiliéhentity
eSRRESy AL DYGlela AGlds ypicallyhybridize 5@% raplystingent

hybritjizat_iorg conditions. Exemplgry’"mbde’raté y égﬁgghﬁﬁnﬁzﬁo‘ﬁ 100
npgikefititshdn lerttitle a hybridization in a buffer of 40% formamide, | M NaCl,
[0071] For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are compared. When using a sequence comparison al gorithm, test and
reference sequences are entered into a computer, subsequence 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
relative to the reference sequence, based on the program parameters.

[0072] 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
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1% SDS at 37C, and a wash in IX SSC at 45C. A positive hybridization is
BOeesyeite 10 background. Those of ordinary skill will readily*8€a80i%01051
that alternative hybridization and wash conditions can be utilized to
provide conditions of similar stringency. Additional guidelines for
bg%%'i[}lix%i@ rgryr%gdization goarame i}rs are provided in numerous reference,

e.g., 'and Current Protocals i MOIEEUTAP BB 88 CAMSISNE Rasations after the

NOSRDIETERS teemptiisabgtaitisly iNeriien'oox]] gﬂbﬁiﬂm@e@%@%%?é&ﬁpaﬂson are
V\%@lmﬁég&l IMRGOJH. %)nt]l%gl QH%%}C@I] CA Seé rgggéegéﬁ%f%%{%gﬁg@s%ggggiducted,

or subsequences that are theSame or

b 0 0 0,+0r igentity over a specirie

}r]e io%), wr?eggeafgﬁ%gnre%ggjrrlgﬁéﬁé)r?gﬁg?err%&%ngr%ll%sog s%ﬁzd e Bt (1970),
by B ar3Eeistn siritioiy orcthedighbesoe gidrasam gasuredUsiAgaNS9f US4
sieiallowiig § j rithms.or 20 by manual alignment
e s R A RS e
Fretdfs éﬁ%@é)ﬁ% 16 the Watepneiménnetics SefuencaBiraferalelysttheComputer
Geolstandiskidentity. evisisayena regi ' bout 2, 10, 15, 20,

25, 30, 35. 40, 45, 50, 75, Or 10%‘ﬁu%ﬁgﬁeésﬁﬁeng%thf.’j‘TBéJﬂsf%c‘ﬁSpe““‘*“ (see,
& cfg‘é hl é)GWrZ%Wﬂ/ﬁfé‘éﬂy%ﬁéo&ééﬁ%ia@@ ast refefenpplement)).

[EEquenceriter2hl whishlest SRAHENEeRATe LaaaRHahenusinga sequence
e comparison algorithm, test and reference sequencesg re

. enc go
1Eh Pea Clﬁl%q%\e 8?1?66{@’,‘%1%&%%@H@@E&&%%&%’%&mgﬁmdwﬂfnim are
deregbss anys bntiidequenvealganthRe:p Do agn-DARMEISHS ME ARSIENRAES: Mol
B %g?ﬂ{t ﬁﬁg@r&%% ameters can he ysed, o alternative parameters can

e designated. The SeqUenee <o ROAKIGErith SR Are drsdiatet the
pqsem@mss@quémddahieirnitkesefmrrtheetp&tcs&qwﬁeﬁ!@&@efﬁlgﬁm tRethcieic acids and

: , d on.th ters. 10072] A oo
pUAEOSRSSRRIER, SRS PO ARl LO0TELA e

"comparison window", as use ein, inc

: thmgbﬁa_-,e Yetaah ieiser fof dhntighoels pokifions seietest fowaAEHIEAHDmih. gov/).
a2 B o B b ying

about 100 to about 150 in which uence'ma
Shep VR0 anss 1 B5 i the gernperedteca vofehentesequbnceofdyesamgositive-

valpRE s BeRtigdaUS RISHIQAS BHan the . fQS6Y ‘d%%%%%(nﬁ Qpumally .

aligned. Methqds of alignment of sequences for comparisén are

SCUENEh ol L e @ﬁ‘ﬁm%?h’@?fh?@ﬁt‘m@é@@&é@fmﬂd:mmmﬁm earsupra).

ThsCanguctaghberdodaybel eahfomalosyra gar | |
opl. Math, 2:462 9ED) 5 %%Emr%{%%@g%%%%g%ﬂ HSPs

SR Al BB el 252 (261, Sy

S0 NEBS| lRIPsERdy Bidiresgionsalara7aich sequence for as
far as the cumulative alignment score can be increased. Cumulative scores are calculated
using, for nucleotide sequences, the parameters M (reward score for a pair of matching
residues; always > 0) and N (penalty score for mismatching residues; always < 0). For amino
acid sequences, 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
quantity X from its maximum achieved value; the cumulative score goes to zero or below,
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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whythe®eareh for similarity method of Pearson & Lipman, ProgeNak boo4/001051
Acad. Sci. 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.,

congelisom Whobrsoymianbal aligrmeit eageisea!insPEAIONP(5ear AR 858s.as

nt Pro CO oIe ular Biology (Ausubel et 1995 , .
deéqugsp{a ?n‘tve%t% %% ?{I p<r?e€fep St %9(% 8P§§a%§ﬁ#{h§§gr\§ﬁﬁ§ﬁ?@?§rmamx
(seetdemikirityép Eras b Kefuendéiddntity Mdz@q&enoeeﬂrmegﬂ)a arerthents (B) of

T T. 2.0 algqrithms, which are. desc |nA schul et at,
Sﬁté%g ﬁ%t%cf]sg&%eﬁsf%@?%g% 5@5%? ang’%?scﬁuq SEARERAL. Biol.
(3075140321 BYASI) | awrsipactivelpc BUAS T awadsemefrazyﬁ B0€ thssthidiiy between
niR&dpubAMEIers deggribed hereip, togete ff\'ﬁ nzefPe@e@S ee §73-5787

ident y for the nuc EIC acids and protelns 0 e |nvent|on ware
(P&3dkniitng BEASTE ahsifyslesiis patiidey é\yaﬁaﬁbﬁtﬁfwghﬂﬂeﬁ\iaﬂ@r\ma Jest sum

ploBRbEH tgo(ﬁf@?e%hﬂﬁ ez n e R sHTITIA x’&%@b?'@ i \\% %& xjfx%gh between

algorithm involves first identifying high scoring s quence pa
DefeRiAREI S RORIVRS 481 FraHERREAMAUITkogeis ) serpencd awkiempithemnucleic acid

idaatehier-aatisiyasame pesitive S%QU%W fheeshaldsqare, IOWEQ)%? dg%gmpanson

}g/lth a word of the same length in a database sequence. T is referre

%@Sﬁ@f@%ﬁ&ﬁ%%m&e@es?eetﬁwie|6°(s&1f§@ﬁwepaabw¢}a) npegxeferably
laptinhnethbortiocsvase: hitsfacbasiseediadab sitiging. searches to find

containing them. The word hits are extended in both )
oo LA GEEI A0 S BTN RO SN A
ofdarencantioa tn Gfﬁﬁzﬁé@eﬁ‘dﬂﬂﬂi&th@c&"&ﬁéﬁ&r@éeg@@U@%ia%ﬁx%t‘ﬁ' ef@nt of gene
nucleotide se ga uences th arameters reward scqre for a pair of

Sllenfcﬂ%ﬁg RIS S ays °GYENGN 08 tgﬂﬁ?t AP s ERRRg Sing @
paetsuﬂi@s;mhﬁrayga(e@prﬁmrednmoom saoplenceRif SRPFEdg dRalfihéSconstruct.

t core. xtenS|on 9 the. word htS|
S A B el Sl g 9
Igfibitny of wmfiﬁsqmeﬁmw%mnevedohmej Wimm}mlmtivelsemmgms the control
152%811‘?@@%%ei%%g%méhﬁﬁg%wgﬁﬁ%Q?fO@neﬂ% assays include, e.g.,

negative-scoring residue alignments; or the end of er sequence IS
U AR AP B T ARVl B AR S IG RS Andhwa de tbarsind shidl in the art

seenaiivbdnand aprre-Obibe, VAR ihaR kAT TNPragam ogpermrglntatlon enzyme

nucleotide sequences) uses as defaults a wordlength (W) ofl

PO R MEO0 VRIS apsays A sy (v 260510 tiosar.
[(Rﬁa |CAW§@5’%&E@WW’B&%H§%@@Q& FobAminQiaciding polymers

nces the BLASTP ro ram uses as defaults a wordlength of 3, and

O BB (£ BT 18) S o CTR A2 SEofhg iatags mucleic acids contaning

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 a manner similar to the reference
nucleotides. Examples of such analogs include, without limitation, phosphorothioates,
phosphoramidates, methyl phosphonates, chiral-methyl phosphonates, 2-O-methyl
ribonucleotides, peptide-nucleic acids (PNAs).

[0077] By "silencing" or "downregulation" of a gene or nucleic acid is intended to mean a
detectable 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
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koff & Henikoff, Proc. Natl. Acad. Sci. USA 89:10915 (1989)) i
Wéﬁ%ﬁﬂﬁﬁi&%e) of 50, expectation (E) of 10, M=5, N=-4, and"& 6mpaH&yhes!

of both strands. 5 [0074] The BLAST algorithm also performs a statistical

analysis of the similarity between two sequences (see, e.g., Karlin &

Altschul, Proc. Nat'L, Acad. Scj. USA 90;5873-5787 (1993)). One measure ,
A b b B e B AT e & I SHRIAISHIA o o1hr uclec
acptobastitg. (A(Ng)sadbichiprovidesiabdndisatibaoithet srabalilivy, ky whiedt as

a mate E weer, fwo plcleotide or amino acid sequences Woufog)c r by,
IR IR SRS DA R R 27 o
5Getdréhcerséjuence if the smallest sum probability in a comparison of the

0 nuglejg acid o the reference n (tai,c id.Js-dess than about 0.2. e

I preferably Iees tha(fn §b%ut go%g,rgn mc())ftgsre%?{er?g%?l‘\ﬁl I%%]so‘fﬁgnoé%ghlt{%{ s an

argEUtISYIBTSIt Therphires & tidhibiihe eepressiod wfreatangshgerpresefaro fa target

seRRDIChAHIEN D, AEHOIAR AL ARNES IR A the sikna.
target gene. To examine the extent of gene 15 silencing, samples or

[042%hy Ssfutes beerinishs Ermtawsoss selising ctatere expressiprtpn comprising in

wRAHIGHIRNERNSi&t are compared to control samples lacking expression of

the construct, Control samples (lacking construct expression) are

10888]gnaq wrdBgRmnv 16 & BT { otsia Mgt e xisfession efmapeiigen comprising

ing@ngdsoach ipredmbienmibedrehyvalienelative to the control is about 90%,
referably 50%, more preferably 25-0%. Suitable assays include, e.g., 20
l@%mni%xatﬁ?&ft&o%éi%} DereNIAT ARSI ey s SRt Ied o tEhasBde not
limftekilb inthé) arn stighilasydeidblatsinsnrdae sidlbis aisifidthybrédizatiaBhout an

ELISA, immunoprecipitation, enzyme function, as well as phenotypic
O R SO SRS CA S SR A S D07 Bt ISR PR i o
didesxyiibongcldotities b ribonudectides arfdpolytiversrtheraaf of singkection).

ouble-stra form., The term encompasses nucleic acids containing. . .
O R e e Rare e i
n¢trﬂ@g’ésa1Whiéhmée§wf§h§mq§am_r@|wm@m@m@nwamﬁaraﬂwld |
s{QEFHNG. JUBIER BRI IR G BIOPRIIGR: AR B BRSO R Grum
acid, and which are metabolized in a manner similar to the réference

At RGO B amplasbrstiaraeioiehl derEximples eliation,
(0B89S PherRiBiRRIaS: vBROSRNRIaMHERIRS Rty lRNOSRNARAESHS to a broad

chiral-methyl phosphonates, 2-0-methyl 30 ribonucleotides, L
bigdistiiRioRRfi@ SeTuROHBRIAEN I GO PTAARY TsiRATEM i CBR it admiairsrrtion can
leodl & GRSy SRR RsidbisHEendes iR MRaba: AateaiaklesdaciaaseAlery means

translatign Ofﬁrtairldgfet nuclei¢ acid sequence, i.e., the sequence targeted

tha} AHEE RN RTE 4P HeREaReY AR Aot S MRQRAY IS CRe et fRmost parts of the
b&BQUBNGBLEIR (HiOtRIBiddidBibution generally requires a blood lifetime such that the

A 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, intraperitoneal, In a
preferred embodiment, systemic delivery of nucleic acid-lipid particles is by intravenous
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 locally delivered by direct
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WO 2005/007196 PCT/0A2004/001051 comparison to the level that is
VEL ALY R the absence of the interfering RNA or other nucleRCHE§2004/001051

sequence. A detectable decrease can be as small as about 5% or 10%, or

as great as about 80%, 90% or 100%. More typically, a detectable
in2ehLRARR 17 AbouL ggg/ % 30% A0%R0r %Q%‘%h@@%?régt JENLRN (Y Z%lt'eb‘(')\f inflammation

'therapeutically effective amount” or an "effective amount” of a sIR Al
orgriaegelotatseiffitianthe prodliear tHawesie didffertaedghaliecrease in the

expression of a target sequence in comparison to the normal expression
11levelsigigetrddritha aasenna phttiei&iRNA. [0079] As used herein, the

term "aqueous solution” refers to a composition comprising in whole, or in
10RRE, Wale! 0199801 Assed herein, haterm organic lpid solution )

refers to a composition comprising in whole, or i par(f, an organlcbépofveﬁt
comauing aripidic 0081k Distal e, sapemadhe@iNArefarsnocapiybicallyiRN A

ted site, .which i imited jac illary bed, but
S D I A M s,
e gibodimesied laistahsitmbeidrsegrassiieophi/diedlly AePardibe SP6A1Bs1@. the present

inJRRRAMRIE bk ME IR ALITON MERTS LAY DA AR Whoxic. 1

of an infection). [0082] "Serum-stable" in relation to nucleic acic . .
adshiigBlay Haa A I sh asasylaigdiBidentt SibRefrbme P e graig ifasy are resistant in

ac?ﬁé@%%ﬁx%@t@%fé@%@itﬁﬂ%@% Assaysdhat would significantly degrade
ree DNA. Suitable assays include, for example, a standard serum assay

or a DNAse assay.such as those described in the Examples below. 20
Ctetic e

[0083?"Syst (i rly,s' as used herein, refers to delivery that leads to

a broad biodistribution of a compound within an organism. Some
[0@&FInigViersous @ldmhi%%imdﬁd%_ambéth%e@y@t@m%h%@ﬁmﬁv@d@mdn, either
alGRBRAHNAS AL QHEES. By B PRIGHHIE! MR P RS s F1812 MSEIral lipid species.

preferably therapeutic, amount of a compound is exposed to most parts of
[ Tholgtios Jirids Wil Broiehidntbnryeirerdnystig e A omay@f a number of

liffetipiisuchitnatdhe 2a&nReunehis ok mRidM dsarpgrdier slearad: DODAC,
Dgfuch as by first pass o;%ans liver Iunqaetc.) or bgyra id, nonspecific cell

T A P E A P BikaB0 Site HISEED £FE DTG offFpiations thereot

ASysierricttabivenyidt nucleihadddipidspatictas aao Bechy RNYEPRaRA! invention,

SRS oo Ao SUNE. Syar e s B AaeAss
5 AGHdificphstiIe S92 bihindisienousdB@abliviornijpaBd]itapatdelivernih as

ed herein refers to delivery of a compound directly to a target
rexrerence.

[0088] The cationic lipid typically comprises from about 2% to about 60% of the total lipid
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
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 endosomal release parameter (ERP) assay. For example, for systemic
delivery, the cationic lipid may comprise from about 5% to about 15% of the total lipid
present in said particle and for local or regional delivery, the cationic lipid comprises from

about 40% to about 50% of the total lipid present in said particle.
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whSHihg8p organism. For example, a compound can be locall <
delivered by direct 19 WO 2005/007196 PCT/CA2004/007051 GHigagi/0010s1
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,l ) le Nucleic Acid-Lipid Particles ]J0085] The stable
nuclellié:%acid}f‘:élh p%??ﬁ: I(\aiél%é SALPs) described herein typically 5 comprise

a nucleic acid (e.g., a siRNA sequence or a DNA sequence encoding a
[N A Tdsgireseayni KRidbrREmSTena Hoheatiomib Ripiesenbies biegjercan be any of a
v&ﬁé@}l|@m&%ﬂﬂ%§@eﬁ9§aiﬁ%ﬁﬁ1&-o@a?%\h'%@ﬁﬁgsl@iﬂam@%m%{ﬁing a stable
aggregation of the SNALPs. The SNALPs of the present invention have a
CHIBRFTdid HetardT e huABBLE KB s ARy v disrtint ARe moptdxety or

. nkégaadelifionapuC!eRx atidssencansuiaiad ip e iR i HRe-RIe$& M ion include:

inve tion_aare resjstant in. 10 aguepous solution to degradation with a o
P8R R GTE CS EOOS Aok SHRAAE EBeRIE e Yoelgeithin,
1mlﬂﬁeﬂﬂmiﬂ}eewwlﬁﬁid@_w@b%@gw&imﬁt@fosﬁl@mlﬁlj_ﬁﬁ%l@sﬁ@mﬁiﬂﬁ%yelin,
with.one or. more other cationic lipid species or neutral lipid species.
Cf&fél?] %flé(tlllog]nl' Hf‘l’p[frggs a}%c1 I%raéngs%?{ﬁblﬁ?fﬁ ebr@?@ﬁ?ﬂﬁéﬁﬁfﬁ can be any
doftearyinbespbhdSyligidl spetiss Whitbleayyhasiapasitivel pb aryerdt),
i ical pH,.for example: DAC, DOTM AB, DOTAP
B R R B SRS R e e o)
patmitiostodd whlpbesibidis! phatt cetatdB @iMa)o gmalvhithy e stbetidsedutder sh€DPPG),
1t ' ibed.in U. tent NOs. 036
B S D R L g i rorc
ralsetoxlpee bt epanlstidhichanad amsor BRREN dretdinloyyl2threpbreidoéethanolamine

%Q@%&leﬂ?ﬂﬁ&ﬂ@@&i?-ﬁ?&%%&i&?&m%&&% Rfﬁ@y%!%ﬁ)?%&%gz?&%@%’{as or

the total lipid present in said particle, preferably from about 5% to
sipeatusbaothrietstal a5 esesstin Addiipartsrnnboepktanyprenstieamg lipids are,

cmbeaimantse isdRliRMGEPit cemRlisam T omARYALRIA0 (AR Ao Rate,

theéot | lipid present in said particle. In other preferred embodiments, the

S0 TR SRR GBI SRt B G RsOYR EF haetopapkpRinc-Laury]
spresentiinl said spHiticls ] Repaodingeartihe iotendadddse afiihecpisisiehy]

acid-lipid particles, the prgportions of the components are varied and the
ag]erﬂ%%me%&rghd%yégg gh gz}llr %Lﬁf’frc %ﬁ%ﬁﬁ g\%’ﬁ%gh(%@emeasured using an
enghsonlrelgkse parametereERidy, apbayr droy @iauples forsysiemticosides.

&%gyﬁgfiﬁg%%a% r;fls%lla@égp@a?%}gl%g] i@%%ﬁ??f‘y‘sggﬁégp%% ?/le Rg%l%x%%ieo;lay be

the to
present. Noncationic lipids also include polyethylene glycol-based polymers such as PEG

2000, PEG 5000 and polyethylene glycol conjugated to phospholipids or to ceramides
(referred to aé PEG-Cer), as described in U.S. Patent No. 5,820,873, incorporated herein by
reference. »

[0090]  In preferred embodiments, the noncationic lipids are diacylphosphatidylcholine
(e.g., distearoylphosphatidylcholine, dioleoylphbsphatidylcholiné,
dipalmitoylphosphatidylcholine and dilinoleoylphosphatidylcholine),
diacylphosphatidylethanolamine (e.g., dioleoylphosphatidylethanolamine and
palmitoy}bleoylphosphatidylethanolamine), ceramide or sphingomyelin. The acyl groups in
these lipids are preferably acyl groups derived from fatty acids having C(-Ca4 carbon chains.

More preferably the acyl groups are lauroyl, myristoyl, palmitoyl, stearoy! or oleoyl. In
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30 present in said particle and for local or regional delivery, the cationic
WithiBdpises from about 40% to about 50% of the total lipiH@FEER041901051
said particle. 20 WO 2005/007196 PCT/CA2004/001051 B. Noncationic
Lipids [0089] The noncationic lipid component of the SNALPs described
herein can be any of a variety of neutral uncharged, zwitterionic or
pamioHieipioE eapebib of iprodadingrastaiteicomplel] Tebylampreferablyf
lthough: [ iti ,.hegatively
O e e e R ene
19881 de Thsrssprsimpit it o trrltesarspsisen zemeadioning % to about 90% of the total

plosRbatdy ethanelaming ys@IRCHBIR by pBosRhAldY lethanelaming piq
phosphatidylserine, phosphatidylinositol, sphingomyelin, cephalin,
pt%%ﬁﬁﬁ{%%&ﬁﬁagaﬁgﬁd%&mgmé,tmmgb}mmmfefmm 1% to about 20%

oflisterkayiphopphatidylchol %(Q@E@e%@i?@%ﬁh@@m%%hprgf the total lipid
(DOPC), 10 dipalmitaylphosphatidyleholine (DPPC),

pb‘??ﬁ%%ﬁﬁ@%ﬁ}&yla 8?6]?9%}?%6&%9?0‘?@ PRESHh AR cBgY further
069\?5’@?Gl%]ﬂ@ﬁkﬁrf?ﬁog%mﬁﬂb@w%%@gﬁé%ﬁﬁby comprises from about 10% to about
epyl-phosphatidylethanolamine . : ,
O Bt R R (PPN B oghelesil comprises fom abou
2phospiiatidyiErhantlamiaeliROR Eeana divdaaytiplosphatidylethanolamine
4-(N-maleimidomethyl)-cyclohexane-I-carboxylate (DOPE-mal).

\onca_@nic 'iEWEyQJ é&ﬁfﬁimé &S‘%ﬁﬁ é:‘“olesterol may be present.

Additional nonphosphorous containing lipids are, e.g., stearylamine,
dodecylamine, hexadecylamine, acetyl %glmitatc,‘ glycerolricinolCate,

[$3& de by Pater@RRd e o PRIGH ISR foHeRBHE adWmrcpsighilizinggomponent
(BE@NahamieHs aviykiaaifae. atkybenyhBeliaierppietad onpairdsiaitytides,
acid amjdes, dioetadecyldimeth % mFr]no, ium hromide and the like,
P ToHS ey |EHANE Y20 BB H RS B o R Essiaflderypropys
(Rphifigamy#iG coppiatinp did getebrositRsc - AR HpEscuabe®

soph tidylchalin ) idylethanolamine may, be ‘
e SR A RO R it or e i
timahphees suéh B @ER0. 2080, PBGBO00iand potyethi/ lenaglycedference). In one

' k [Ty ' rred to as -Cer), as

oY N S B S SR AT 3t T one
prefered cenPpoduninh theelfsited erbpdinteshtini dhbat oridbitioniztipidsoaref the

; h . e (600l ) tidyicholine. .
oo e (4.0 MR, i s
Pdﬂ%‘lgmﬂﬁﬁﬁ%’f%%d%‘l"?ﬁm@?}mer‘hpl 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.

[0093] Typically, the bilayer stabilizing component is present ranging from about 0.5% to
about 50% of the total 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
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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diacylphosphatidylethanolamine (e.g.; dioleoylphosphatidylethanol amine
wandi30padmitoyloleoylphosphatidyiethanol amine), ceramides@fyc42004/001051

sphingomyelin. The acyl groups in these lipids are preferably acyi groups

derived from fatty acids having C10-C24 carbon chains. More preferably

the acyl groups are lauroyl, myristoyl, palmitoyl, stearoyl! or oleoyl. In 21
[004@) 2005/NE LI ChE oARBOHAOHRD do RATIEHIBHY: PIRIGITE e stabilizing

embodiments, the noncationic lipid will include one or more of cholesteral,
CQMPUDE; SRESTAP ORIt HANGIGR e b Mo SomiFd eyt (ES M changes out
o009 Ebmaencatioric tipiehiy picali EoRaRvAsTOBLake % 10A0R: instance,

0% of ghe to}alﬁglpig%j)r%sent in said particle, preferably from about 20%

MREABBI 5% S HHE TR B BYEEARIREG pamgaleie Peiebreseetycol-
caamjidgatenjypicallyseimprisesifger 1040i0:abeubRUnof the tatalliRidich the
;iRresen in saig @Slrticle., preferabl ,fgo? 4% to abaqut 15% of the total lipid

Ereosrélnt LRI PR TAR HUE a S S D Srioid@ s 1R dhs agsptration of the
bihentiahi izayg furthemaonbpriseychotasterdkclflpreseaht heighplesterakneglycol, or

) . 0 0 S ‘

b%tz‘plcall%&oem rises fr m@b ut 10/19 to abgg;% K ﬂ@ gf tpe tatal lipid present

Sald particle. preferably thercholestarol KohpHseaFbHUB ST RD S0

- prosabanid Vst us tneitotal tipidepreséntin sidid partitle: GriBilryenGtdbiliziiog

opgnt 100 n. iment, the SNALP further comprise
e b e oot () A HRE 1A A Bt gt v
witshebetbppuiyerhidertigburaeni pepive s) choteins) detendgentssd to control the rate
ligiglslarivatives, REGARIIs. SIS ialkyl 5L
a(P EG-DAA%;I%,PE‘G couopled t?) d.ac&?ﬁi%ﬁ%@%%%%%g%ﬁ%%l ot%e art
UppRoSIHE RS s RORSIne (PE) (PEG-PE), or PEG conjugated to

ceramides, or a mixture thereof (see, U.S. Patent No. 5,885,613, which is
incorporated hereimhyyRigw@RcE holpcaneicasypadimenjurilayer

stabilizing component is a PEG-lipid, or an ATTA-lipid. In one preferred

odi : SC ' ipid that inhibits aggregation of t

A B D CO g Bt el

le conjugate de, butare n tad {0

 PriFduiisieebisil garszas T TA- i Bt EoRfig awssu gaiionie-PBfyMerdipithiugate. Ina

FABMAALES (& X he imegg the.
e Rt ot & PG I ol ome L SUREER, (i 20 (fugae

dHBHIHAR SRt He iR cem L eato 6O i cimgingiie B rkipsr Stébiliz GG conjugate
ofQMPRRARMLISBIGSEN! raraing frepmaboyey. 5thde gﬁsﬁhpﬁ&ttEQ‘i{&?tﬁbﬁeaday

total lipid present in the particle. In a preferred embodiment, the bilayer

AR G Sb ARRY I Ykt andin Lis o ik 5189846 e ticonimeatemel the present
itotalibpidInithite 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.
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 following formula:
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W(B’%H%Eml@ other preferred embodiments, the bilayer stabilizing component
is prasent from about 1% to about 20%, or about 3% to abolit vk /001051
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 depgncé_rghr}%on the bilayer stabilizing
component employed and the rate at wma? e liposome is to become
fusogenic. 22 WO 2005/007196 PCT/CA2004/001051 100941 By
controlling the composition and concent SHTF the bilayer stabilizing
component, one can control the rate at which the bilayer stabilizing
component exchanges out of the liposofigaritE® tdrn, the rate at which

lip comRe ' ' , n .
ook ool ekt Ao et ae lon-chain sy groups
hayadinieeylyébicrberariderbonjigate i$hskoasithe hllayjerstabitizing

saGRMEPRLMisHRIE aLndirh.ihe é&e%e%@@&&%@&é%??ﬁ&k&%&%“ B8 (C12)
varied, for examplcpas;_[%/lvarymg the concentration of the % f |Kg ’
[

1 ) ilayer stabiliz
Mgt dhary; By {he SRBTEASTAR sig krasT IHE HVly dthyleieglyoobadiments,

R byhvatying thesehain. Le,rmtm%ﬁzda@%%%%%%ﬁ@%l gﬁ%‘l@@ﬂ \ aimd R? are both

groups on the phosphatidylethanolamine or the eeramide. In"ad ition,
StERE A aridiBied e kiting. }T(BF‘?LW%ka?rﬁﬁlés, AT sty ket il eV Bteemgverage

meleanvbggisetifonanoansioncamildBecagehs W HRSHRASABE diment, the
Pé)'? omes fusogenic, Other me h?{?g%WhiCh can be used to control the rate
a

WHICH the B SRS BACEAEY Ridsarambaniit BEC b aniuhtasmpseore
prefesdﬂhll}ilnfthm ?bbunpqirr]mietacﬁn;gatmmﬁ&i}insmanai even more preferably, of about
jacviglycerol- t neglycol.conjugates 15 100951 in one
z’éﬂrgl?g m%n&ﬁg%ﬁfy%r% sta ﬁlf)z?ﬁlg%c%lr% SHEACSHRAHsEs Akgreyg esr! group.
Ingisiyetiylkheglytokeonjoiare, Ary, BIRAGREGOIUIRIEOUFREGDBG o the
eolal r iment, the.DAG-PEG. conjugate is a ..
B & S spire ot v
tocemjdgate (DMB)), aipalaiBylghpderay( CBIPECacbmjagate-O(@O-), carbamate (-
disteapyiglyrare 5,CQR] t_@g@ ; skillin the art wil
NreaE,oIi y 2% aﬁ?eh::(igt% that ot %ﬁg&% ycero%é ?z}%ﬁﬁgﬁég&ﬁ rfr?e‘c’lﬁp%\{gle’ and
COBRIAB RS 6T Dig UG FIBYIFUEEES iFveNEb kN SHtab O OXG-PEG

[0098]UIRLRS RIS EeiRaNS RERRE Ha Ve NtAR ARG NEINGAS Of - ki i
using them, are disclosed in U.S. Ap%licaticfr?pNo 1 /136,?0% pl%ﬁ:}e%@’g? chain

lepg 8PN SERROTAISG ISR ET PaIHI AbINRekSH Xencely o3 /00880 the bilayer
stataRbing whighrisnin CUROSRIEHARISIBIRANS SAHQNBY. S8IRIERERY 23 Atable, or can
be[?é%lié}/elg)%%%wgs?ge'y l{l%%[g gonventional techniques known to those of skilled in the art.
Phosphatidylethanolamines containing saturated or unsaturated fatty acids with carbon chain
lengths in the range of Cyo to Cy are preferred. Phosphatidylethanolamines with mono- or
diunsaturated fatty acids and mixtures of saturated and unsaturated fatty acids can also be
used. Suitable phosphatidylethanolamines include, but are not limited to, the following;
dimyristoylphosphatidylethanolamine (DMPE), dipalmitoylphosphatidylethanolamine
(DPPE), dioleoylphosphatidylethanolamine (DOPE) and distearoylphosphatidylethanolamine
(DSPE).

[0099]  As with the phosphatidylethanolamines, ceramides having a variety of acyl chain
groups of varying chain lengths and degrees of saturation can be coupled to

polyethyleneglycol to form the bilayer stabilizing component. It will be apparent to those of
24
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100961 In another embodiment, the bilayer stabilizing component
cMﬁl‘f%@g"éwéialkyioxypropyl conjugate, i.e., a. PEG-DAA conjugateAmo4/001051
one preferred embodiment, the PEG-DAA conjugate has the following

formula: 23 wo 2005/007196 PCT/CA2004/001051 CH20-R1 | H20 R2

I 2-L-PEG ] [00971 in Formula 1, R1 and R2 are independently

Sé%éﬂtlgd bt é?étlghﬁl%tﬁadslht%mm Rjiipatihdeihgretrmimsouteronoleiowt only one

22coBpen athftts cditeclengiohaimi adkylarayps eanie, falbialed &oree of saturation,
unsaturated. S&Lﬂ}agle alkyl groups include, but are not limited to, lauryl
{

(CT2),"5 VHE (CL4), DA (1), Sty Presrsy neicosyitcoymmicially
prefelrisd. émbdimenisaREaoghR2 ssaithe ﬁﬁtr@hgmif@;ef‘!f%ﬁmg : @F‘é‘iﬁ using well-

i ' imvri " €., aryl),
o e B e isbs o ot n
niotetierswisightof frditaboth550.t6 M Ise @ﬁ&ﬂ@tmﬁa@tmf&@%y reference.
e ime . PEG has an aver molecular weight of from about ‘
AT i
aPoOUBIOB0d dionscaitly shenarhrorehpreTergihly ; wfaboni 2,000 @altonsin be prepared.
The PEG can be optionally substituted by an alkyl, alkoxy, acyl or aryl

group. In Formula 1,@@@@% maiely:gAny linker moiety suitable fpr
coupling the PEG to the dialkylo&yprc%l backbone can be used. Suitable

: aties incl b t limited _to, amido (-C(O)NH-), amino '
oSl ey S0 e Ptcd o, A CCIONLLATING i
mmbjg@mum@;Nm«ze(@x)é\mom)g\singein%ﬁt(e@@grsh%&}%zQ(@éﬂpﬁﬁiaﬁéhor, such as a
dj ide. and. binations thereof, Other suitable linkers are we B
B R VS e ce
aBjAtcaim gfssiipd aleveryivig fohdinkitertbttispahshdagrees ofatiurARNEaD;: and (3) a

| o] | to form the bilayer . stabilizin o
R L S N
of ERRioB e Herred GrbjniiesizBeudiAYy sbRvERioriak techniduesdsenivention,

tqﬂb%@iﬁ%@mm@&a@mﬁgwas@ﬁmﬂﬁ% Coé}‘:a%‘s%lggeg, eg.,inUS.

, dI’
saturated or unsaturated fatty acids with carbon c engths in

rAHSE BEER0 oS G2 are0f feter 88/ PhALP Fritldibedemdihfmhés JRYPAGRLR1 ) and PCT

OP aghttNSppltatech Uy @CIds/anes MisHIRR AT SAWERIRIARIYNSARIRE: 1 i
fatty acids {Cﬁlﬂ also be .
incorporated heren in its entirety by reference.

[0101] Briefly, the present invention provides a compound of Formula II:

A——W——Y I
wherein A, W and Y are as follows.
[0102]  With reference to Formuia II, "A" is a lipid moiety such as an amphipathic lipid, a
neutral lipid or a hydrophobic lipid that acts as a lipid anchor. Suitable lipid examples
include vesicle-forming lipids or vesicle adopting lipids and include, but are not limited to,
diacylglycerolyls, dialkylglycerolyis, N-N-dialkylaminos, 1,2-diacyloxy-3-aminopropanes
and 1,2-dialkyl-3-aminopropanes.
[03103] "W" is a polymer or an oligomer, such as a hydrophilic polymer or oligomer.
Preferably, the hydrophilic polymer is a biocompatable polymer that is nonimmunogenic or
possesses low inherent immunogenicity. Alternatively, the hydrophilic polymer can be

weakly antigenic if used with appropriate adjuvants. Suitable nonimmunogenic polymers
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used. Suitable phosphatidylethanolamines include, but are not limited to,

Wt%éof’éfpé\ﬁi%(g: 25 dimyristoylphosphatidylethanolamine (DMPEBY,T/CA2004/001051

dipalmitoylphosphatidylethanolamine (DPPE),
dioleoylphosphatidylethanolamine (DOPE) and
_ distearoylphosphatidylethanolamine (DSPE). [0099] As with the
B RetieRRet dhpithineB Ece rahiteisibavint lacarietyl of vl ghaIB acid, polylactic
aEiDPRIS QL YR IRGL Gi!%&%@@f}l %gg@% of saturatjon can.be coupled
30 polyethylene J:‘}j}éol to form the bilayer éisat ﬁfzei%gtcf:%ﬁ BSKSHEEIFWth’mCm’ the

t
PRYBRLATRATIE! rBEE BEigt WieP2uGEI00T 208 PEINMGAR004/001051  skill
[ cine a'nfl'h@tai@(ﬂ?@&'ﬁﬁﬁﬁ&%Bﬁtﬁh%@h@rqgﬂgl}/%rﬁ%ﬁmmg%t%?gmsj (?C%ca?ﬁ‘lpound,

dhave.only o&g acyl group which can he readily varied in terms of its
%Wﬁ{h\'%r?& ﬁ?é’&%f%%iré%ﬁg CeraYieeBasgnaridmblisetifeast 2 positive charges

ateee Hd&lﬂlqﬂi\bljihﬁé}@mwwmé%ﬂli‘ﬁmar%ﬂgmg}%fijéilyoﬁ%%%mgég nclude basic

arz;;ldditiond cer {}r]ﬂde can pe isolated, for example, from egg or brain using

well éﬁ%nso%’ﬂa SO H ORI EREIRcATRaT) SiReyebaarbime, lysine and

h@ﬁthe&z@nﬂﬁn@%ﬂﬁ&@d&@ﬂﬁdéﬂ@ﬁﬂi%?ﬁo@?& i0ed A N anyi fs; an

a%%bS §%9é§g3ﬁ‘g’hic is inciog{)orated herein by re erencef %gﬁg‘iﬁ%%&“ and
synthetic routes set forthbin YhE FIPE GOy &b pift Rfidmcaerapias ingeirigiral ysine,

8 G2t o o e et Coton A P i o bou

: 0 an be prepared. ionjc polymer lipids
R A LB s D el e A cp s esebere
Ty SbabloGR Dol g ot AhGEUIRl AU o
- a rophabic lipid. for incorporating the s

Zinto thgJ |iL%%i|g£?e§r’l;’]°?‘2§%§%§5‘%8?ﬁﬁ‘f)’é’%tégé!e‘%?%%ﬁ‘{]absy éﬁ&fwmﬂéﬁ%ﬂome

apiicdiop kg demrtipid anchor to a cationic head group; and (3) a
oaokieatippig,Iiety. ; ly.occurri ino.acid, to produce ,

I_ a pBr’{otonizableg:LS cgﬁgﬁc"?}%’gﬁ%g %u%).y%%%%aqbape%glgﬂ Sisgh uiekaround the entire

Lo PROsiS %@l}@@ﬁﬁ“fﬁé/ﬁl}@é’éﬁﬂim‘/@rﬁimﬁt@nmnmﬂnﬂﬁofﬂﬂﬁfg}gdensity in

oNshiEHESNALPH AR SNAFoLR LS, are disgloged, e@yin WS, . . .

AP Iicaéio; Nos. 09/5%3,639 and OS/S%Q,%SQ%%%%?S%{%J%& ?fléé}i’:g%ienmy 18
lﬁ&ﬁgﬁfﬁ 7317 Yogne e hoshasas ApisiiastiorbRen @ 0d/004sEdpublishediy

diasiMEORAEI) @adT ehwvChsSHINGH R in,in.its entirety b

v 1fqltsajrence. t20 LOlOl] Briefly ,%e i)resent inverﬁ%ﬂﬁfb@é&%ﬁé‘&%Iz[i)rouerx%ompassed
ot Formuta 11 ARRRY | wherein A. W and Y are as follows. [01021 With

[ Wy eriCies topFeor Ul anT vl autiieh Faaie osHEBask ABOIRAIBIC IRy 415 0us
m&thods 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." Suitable linkages include, but are
not limited to, amide, amine, carboxyl, carbonate, carbamate, ester and hydrazone linkages.

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 a polymer which contains an amino group, such
as with a polyamide (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.

{0107]  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
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ral livid or a hydrophobic lipid that acts as a lipid anchor. Suitable lipid
WQ)%;{&]%&I%HS}%S include vesicle-forming lipids or vesicle adoptingHiifas4t#{?01051
include, but are not limited to, diacyiglycerolyls, dialkylglycerolyls,
N-N-diaikylaminos, 1.2-diaeyloxy-3-aminopropanes and
-dialkyl-3-aminopropanes. [01031 "W" is a polymer or an oligomer,
o B R S B B B g TG e i th
1spotyehed Imadposompelialye [Solitadéy lipahds nejutiybinegemnit B3 to, a compound
ssesses low inherent immunogenicit .Alkte natively, th .hycgophiljc A
e A e oAk AU L SH R 5 B pr B LB s, carier
cSujrabldsnbrinfmityogemicupdly imersat26 AV (DiP0BMAT, I8Emedical devices,

/ 0 ' e hut are. limjted to, PEG, polyamides, .
S e o A es. Feptides
PGP riirB sl cormbirations! there ofdivl ab gre févredgembbidime dtutiie haptens,

D@QA},’ RES %@Wé’i WE@%QQ,W%B%%Q, 'i%l%g%& %]Qr%grgc%l@?gs*i&sg %nctionai

10104] *Y*'is a polycationic moiety. The term’ polycationic moi
ZEERPBEN I 24BRY sveli e Aikelidkal group having a positive charge,
preferably at least 2 positive charges at a selected pH, preferably
physiglogicadipiti sSuitable polycationic moieties include basic amino acids
and their derivatives such as arginine, aspar agine. glutamine, lysine and

istidine; rmine; spermidine; joni rimers; poiyamines; . ‘
ldp:foﬁi?/gmﬁlhg %ﬁg%g%gn d Oglrﬁ?ﬁ] 8%|c’§cg)gl?/g]aeccﬁa(relL esst.y?hcgqyo(fy(r:n 1515 & Bigtigdne RNA
(carsBeNbarhsbctimbdipreatdetralysite] kothsanchethgraendrimericrire isolated

sSUNGIHEERRR R?ﬁ%@@ﬁzﬁ@ﬁiféﬁﬁ%\éﬁ&%W%%%tﬁ?%tagdté% Mt(e%?ﬁ&%?ig&s

charges, preferably between about 2 to about 12 positive charges, an

sifibire op fsRPEb I dretrikeshiEpoat2nerHpEORE prskiteichdddEs pessldcted
[Pdgyalues RMg cHen QhwhighP @W@Uf@i@%ﬂ%{ﬁ&%&&&’ﬁﬁl}%%%% precursor
wnic

determined by the type of liposome application h is desired. 15

Rijpeshariey e REPgEatEh theopBiiaismEthiareieeisd esaitraugnsivibunde used to

naQuRd drerentirendiReSeIee Be kY@ MRFAtiNalY (iBY, SAMRE BHISHEE cloned
congentratlon of chargs%?céens%/ in onE articular area of the liposome

R ie e O Y S IR M HE SR AT HeRdits FE didiFiBiTAdceR e mixed

phposaote|dbeiebarfgeensity adasubaraguaibedisthWoN Qr uBaatal¥elected etc.), or
Cgrilsrtéit%g;[g% éA‘s!l a/a}ri?tior}ss of chgrnggiitribu ion of t?ﬁ olycationic moiety
ed 5Dy ThE Bresent ihvEhha A 108 THETDM &+ Lspigted from

are encompass
tiveersomvieHinsmpigeyentiolyiaweri Wit cangaeaitig cloek Isp ¥ ptiDuscraetBIBCR
oA RLIPIARbA Y SRYEEILAURRITPI HEegs known to those of skillin
[0110] 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 E. coli RNAse 111
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 RNAs
for digestion. The dsRNAs can be directlu emcapsulated in the SNALPs or can be digested
in vitro prior to encapsulation.
[0111] Alternatively, one or more DNA plasmids encoding one or more siRNA templates
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
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can be used for the covalent attachment of "A" and "W." Suitable linkages
winzlutieyhut are not limited to, amide, amine, carboxyl, carb@ggie s »a04/001051
carbomate, ester and hydrazone linkages. 25 It will be apparent to those
skilled in the alt that "A" and "W" must have complementary functional
groups to effectuate the linkage. The reaction of these two groups, one on

trihschipisbramditheothen ondherpaymes willpravidethe fesitaddinkage.

, W Iglycerol and the terminal hydroxyl

F | the lipid is_a di
B TERIEHIRAEN, FoF elSRUE A AT A DEiesto i i i, 40

e S L e b St o
a polyamide (see, U.S. Patent Nos, 6,320,017 and 6,586,559, both o
O B oS 100 oAty s bt i :497
(266BNdonithe aoNgroBseciO 20 F0N(LO R NaRSANCES ANS RRIYOMIONE, sei
nQiety, ave a ligand attached, such as a targeting ligand or a ‘
e R e R R er i ARt oy lanserip
PIWD ROOE007E 98 HCE/DAPOBNBOKOE U cgitasiveet, tir@alipnideaqieimemplate for
intai iti . .In certain instances, the ligand that is
s A S Rl B speioed of 23
urfiieit toiuaseoth powhdhonienidd Witka coac (ive fuhationa g ogRIAMBrummelkamp,
sangiude, lipids, ipathic lipi rier compounds, bjoaffinity,
comﬁou%@, g%r%%%%?aé?s%%%!po y(r&ngérgfr%\%gggg ica Sg\"/ll%(lz\é%f) élg%‘é“i%%ally
TEERENe COMpOtiHABS themptudelly RttivelcortpioundsriprinytoBRN A
inRERIERS nIeleiRg : AntRedies: g radi ¥
mqu,orogens, biotin; érugs, ha te“n%ﬁgﬁ%%%ﬂ%qﬁ%%&ﬁzﬁgéz meorporated
hﬁffﬁwﬁggﬁr?}?ﬁﬁsmgfw&ﬁéﬁé§mm@l&ﬁﬁ@ﬁh@ﬁ@ﬁi&h& lgraupsyverhangs of

awhannasgaaﬁgdegpiﬂeﬁa&@t@mgu&-?}i%&%L@%ﬁ@k@&%ﬁ%%ﬁ%&% (Elbashir
cgmponent of the %NALPS j[)éplcglly comprise an interfering RNA (i.e., = ’
efﬁ%@&;ﬁe fth B PO ArERveial 16refls ERRARGVRLY. Bherranseriptional

urti s énisaiaiadbdsinallaiptesheing BINA (SENALSUIEKE RS erine RNA is
trgn%gr%%ét@gge%&}lﬁ {)(EszNA) or as .siRNA or dsRNA transcribed from a

f RS CAPLONAl CAs St h A TINAYBISE Y (DL ITHATA S Sy ibiane e
pibpossedr taipruilide indgptecli SOPRMAN G BOERPIECURI0s, 9hD RNASIRAE which

ial or.complete identit elected. target sequence can be
R R RS STEIMec Y G e sat or suble
dediseriedidergeinelbr Hloribideagpordintotthnsethitsive iHawwndophesriObriginally
deskilldn the.art ' opulation (obtained from cells or . .
tiz%lue, tragcﬁ%ggsfl?éﬁrﬁg %2@3‘%‘%&%‘5?&&3@%&&%_ OB R A AE FRRRppal umit

cagssficoier tarpErEByae @R RAIA can be naturally occurring, e.g., isolated

ORI Methods for 1solating RNA, synthesizing RNA, hybridizing nucleic acids, making
and screening cDNA libraries, and performing PCR are well known in the art (see, e.g.,
Gubler & Hoffman, Gene 25:263-269 (1983); Sambrook et al., supra; Ausubel ef 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 Sambrook et al., Molecular Cloning, 4 Laboratory Manual (2nd ed, 1989);
Kriegler, Gene Transfer and Expression: A Laboratory Manual (1990); and Current
Protocols in Moleculaf Biology (Ausubel et al., eds., 1994)),
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20 tissue or cell samples, synthesized in vitro, e.g., using T7 or SP6
PORMEVALE %nd PCR products or a cloned eDNA: or chemicalyT/CA2004/001051
synthesized. [0110] To forma long dsRNA, for synthetic RN As, the
complement is also transcribed in vitro and hybridized to form ads RNA. If

a naturally occuring RNA population is used, the RNA complements are

also provided (e.g., I T8HHHERNA for digestion by E. coli RNAse 1l 25 or
Dicer), e.g., by transcribing cDNAs corresponding to the RNA population,

a3l ustxeTaNA pogmnsrasesdfh@dm&cmLi@\I@gsaamEﬂA%%/GF&QE%SQF the

- Jble stranded RNAs for digestian. The dsRNAs can be directlu
Rt he AT o1 e e o ne produce
BRkEsshitatonnJolitdicatergativetysehecdrmbre RNAfplasmigds eneRdiNgenes
folaT=Nol s Talf- ] 30 are encapsulated in a nucleic acid-lipid
,arti.clta. si%\lﬁ%ﬁoﬁfgﬁzﬁ%& ngﬁ asgrsgasﬁglgﬁe%% CSANDHSRTESTR Fofhich the
erﬁs Hupreiress i Niaiepidi Jeoiss #romi DN teanpl diesritep|asmigs HaMINEH with
RN palymerasedhl i iptional upits, for example, based on the
naturglly occurring ,27%%6%%%%%&%&%2%&%&%%““ genes, such as
HaMRSTBESIURHS foflammiriout ket RIMNBS orrhepmase R Nase! PeBRIAr lénes, and

4668, a Bodmerelkanbusl e Seianee 295:Rp0 (2002); Donze, et al., Nucleic
); Paddison, et al., Genes Dev. 16:948 (2002);

@ﬁl&j R&s. 30:e46 (2002); Paddi _ ‘
4]} AP AsIesiR A sEh sEalgoegien qboRYi vdanetudk tNat, Bintaehd by a
a5000(2602)b My agishingtapliNat iBiptegh.c20; : Paul, et at
Nat..Bi%tec : 6:505 (200112,);r a%l]d Su,li, et aﬁ, F%%ﬁ%%ﬁl%gg?e%%m viral sequences
RSN z’é‘gb%s ORI TEAN A shsEHBLISHAELRRE 6F paséatter wittuohisian
Rivéoransiinta promioiesSeaRNGR:; e, %88 HIRNA O BMB): v okot, o al.
@%’@o}%@r 9%@@% k dIPt}%atempl te for transcription of a desired
SIRNA SBguionic ang}eﬁ% A&t 6h % e lGRHCY BompHRER89D: WV isitine al., Proc.
]\Eidﬁ@d afad B0pClytriy(hidibe @5)?@&%9%@%@@@%@%5%% 14 (2003);
ience, supra ected promoter can provide
for %%Egﬁmpg%ﬁgﬁgﬁeat%n%% ‘ri%%or?p ’Sgélfﬂ PRdHsHY AR dE e (HIV)
mﬁaﬁﬁg@ ﬁ@ﬁs@ﬁ@ti@gﬁéﬁmﬁlﬁo; iiegenerice. mﬁ)lecpﬂes’ iSﬂ@&}tﬁMéﬁhensm
ibigol . : incorpor . inQy reference.
P,refe?FabI ,tﬁg%égr?t}rﬁ?;%’eﬁﬁglfg’t?fﬁg'c&%%d%@t K’haﬁég 'ggg\féﬁqgﬁggﬁpes VIruses
(Qﬁoﬁtaijn’(fé?éo ite30prefitaniyed Hboun 2@ilectectidlesearttisy) (Hall, et al., J.
TRssphatessenmini IrudS r48-188{2001); e
Nykanen etqat, C?a’ll 10 ’ggg%%ﬁ%ﬁ%ﬁr@g&%éﬁo Al ATy hepatitis viral
WH%S%%%&WW%S a5 AR sy DRIKeddeedide bt wisichtthmirterbering RNAvid

skansaribade Piasraide SR eRiR M Aoy £haen e MateT fory
sequenges 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,
e.g., 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.
NS3), 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 ; Hepatitis B
nucleic acid sequences are set forth in, e.g., Genbank Accession No. NC_003977; Hepatitis C
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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purposes are described in detail in U.S. Patent Nos, 5,962,428 and

WOZMIGUAS, both of which are incorporated herein by refereBE&/CAR804/001051

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

Hf’d?éﬁ%%ﬁ’dﬂ&rlﬁmﬁlfl LABEOEE IF teriSERptigheof STRRARK 15AcEsyimmetito di§°_001710.
sifiiciaglating RhAs ayitbesiangerdNAs dvbiidizing Rucleisrecids Mekitg val can

and screening cDNA libraries, and performing PCR are well known in the
CO%@%‘Y@@US@% B oBBPEAISHIL tes e saR0sey prouaytiesbiused to
tm@t s SHprasrusstbel et at, supra), as are PCR methods (see U.S.
atents 4,683,195 and 4 683,[2%%3 PC'R Protocals: A Guide to  Methods
0& APBREARSHS AN SP A ahic G695 ENsHELE ThifedispEigsn Which the

livetelt krawietarthoserafistdianathbdastrddditianad basiceexipligelasiagtbsed in,

genera of u e in h|s vention includ mbrook et al, A
o OHE U RN LaBoriy VAR 308 el RéBBI b KiGieck Accesson
N&eme ' Doansier Actoxpressiepions LBHRT)B(I@EWM&B uaﬂo(eb%a)wanm@tmogmm ),

R S A CRE R SR S

mﬁ}d@lredytmdﬁh\ymd@e ﬁMMWW&gﬁ&t&%SﬂeﬂﬁG@ tl?\@ohpoprotem

AR expiesIRmolages padict ollerest Sutable lacees

gene pf HePIRSH ré not genes associat
Farirainiafedticia/aft: é&?\(ll/%l%gé‘weé B @issmm@dimtﬁnnmﬁaﬁb[wé@agesaahdet al.,

P}QA%ofgi %ﬁ&oﬂgﬁaﬁeéaﬁ:@? gligprders | é%@ YEush e fiveris ;ﬁfgé*taf‘”dd Biol.

liver diseases an sdrders) and disorders, genes associate

ChamiTgeasis Bt NPT sTSYitlation/arigtogeRio g 033-45 $(1995); Lefumann,
et MTHDOMQONRIOr BrEIeS: SAS 1WSEIBRSOCIA AN RUMIAINAIORYT3 1 (1996):

and autoimmune responses, Ilgand receptor genes, an

Pthets Sheb WA o0 4§ Sh N Eoralfe oo 1A Fpetiase hat genes

asdssariatenwith rald alestien aRcisurdval ineludsthesarpesfgs iR ich the
virus in order to_bind, enter and repllcate in a cell. Of particular interest are

lisrdP adergetrkisgs ki Mt ERFIRR MelPdfsesnssdhtirss sxpfisatcdas the liver

xtmmruwlaf e geaemw@sc&e@u&nﬁe@rgfdsl epatitisud Useritiamasakhedtes that
FEES Lett. 543:51. ‘%oosg? kota, et aL. %f go Rep. 4:602 (2003); .
ef§8f%?o$ﬁ%ﬁs ArRE A sd Kk 48(‘3266%3“ 1801k %ﬁ“ R atlF used in

cohtaidaiSe! wih0d2y 8B (2003 dapfadiay etiaha PigatNaitdAcadaSae disease or
10% 2014 (2003); and FIELDS VIROLOGY (Knipe et al. eds. 2001)),
Uman Immunodeficiency Virus (HIV)
[0116] Examples of gene sequences associated with tumorigenesis and cell transformation

include translocation sequences such as MLL fusion genes, BCR-ABL (Wilda, et af.,
Oncogene, 21:5716 (2002); Scherr, et al:, Blood 101:1566), TEL-AML1, EWS-FLI1, TLS-
FUS, PAX3-FKHR, BCL-2, AMLI-ETO and AML1-MTG8 (Heidenreich, ef al., Blood
101:3157 (2003)); overexpressed sequences such as multidrug resistance genes (Nieth, ef al.,
FEBS Lett. 545:144 (2003); Wu, et al, Cancer Res. 63:1515 (2003)), cyclins (Li, ez al.,
Cancer Res. 63:3593 (2003); Zou, et al., Genes Dev. 16:2923 (2002)), beta-Catenin (Verma,
et al., Clin Cancer Res. 9:1291 (2003)), telomerase genes (Kosciolek, et al., Mol Cancer
Ther. 2:209 (2003)), c-MYC, N-MYC, BCL-2, ERBB1 and ERBB2 (Nagy, et al. Exp. Cell
Res. 285:39 (2003)); and mutated sequences such as RAS (reviewed in Tuschl and Borkhardt,
Mol. Interventions, 2:158 (2002)). Silencing of sequences that encode DNA repair enzymes
30
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Baneﬂr].jea, et al., MoL..Ther. 8:62 (2003); Song, et al., J Virol. 77:7174
00%y ¢tk Bhenson JAMA 289:1494 (2003); Out, et al., ProcedNait AA@eeho1051
Sci. 100:183 (2003)), Herpes viruses (Jia, et al., ,T. Tirol. 77:3301

(2003)), and Human Papilloma Viruses (HPV) (Hall, et al.,.J 20 Virol.

77:6066 (2003); Jiang, et al., Oncogene 21:6041 (2002)). Examplary

fyanie srmb gt cvabithe aduiricustina ahebeotitenpadimatade PObRIE of /.,

- owidimied &a: m?ﬂ)@ﬁ'ﬂ @&%%@831@@8&%‘9%@3’&@@ m%?r%%or migration are

translation (e.g., Eni, Ent, X, P), nucleic acid sequences enco

aéfﬂJ@f@Félsﬁﬂa?é‘i?f’é BleestepiretainB ménienng < salvsOsrandto iotbtpiniinases.

TaPRiekand protRINSNEIHAing, B, IWh DSl
jra me%g téﬁi%ﬁ%m?see, 25e.9., FlELDéVlR‘g%qé \an %%%I%,Qs%uﬁ%%‘?“ that

BREIRSRR) RIepAtHe BIEete i sdhtiandasmatioeainss sifsrdeer tumor migration
dachdedud aranoihmitedsusacine proteases (e.g., NS3/NS4), helicases

8. NS3),.polytnerases (e.g., NS5B), and envelope proteins (e.g., El,
[&%Z%And%%‘.gﬁ%ﬂ‘éﬁﬁgeﬁ a?%&ﬁb%%%e}a (R smatien af reihvierselg., O particular
iBernktainVActésson Mo:l NG00 89c biepaitis) BRoEleIc ACiH Seqyences)

(%%?Z?t forth in, e.g., Genbank Accession No. NC_003977; Hepatitis C 30
nucleic acid sequences are set forth in, e.g" Genbank Accession No.

[ﬂlﬂ@D4_ﬂGﬁnH@p&tﬁiﬂaﬂ>r garieiv agithaetaencdaiecsaiforidie (aaRbakesponses,
O T e

forth'ine.,g ccession
20050¢7 F98°PCITOAZOD4DORDST, BéiFalit G SRCHEIE atid SAGHRARES: (c.c., L-2,

r t forth.in e€,9., Genbhank SS| 0017'10. Silencing of
e T o Tl bk o peeros
(ean 1EOhvehidhily BdNusett inacdMbiRatien anitiF tha Rdmipisteation Qfo
%Ssgd to_tre ttpe v'{r condition.

. jonal 10115] Genes
e e o dieg 009, Genes
apeném ghiechivenis shmahngeraachlinsan diseasgsiatid aidorders)ihchidesrtaso
£X304l6,q80 I j dysliidemia (e.q., liver X ,
Ir,eceptors (e.gs ?e%f(%(ﬁ)? %?r(l%}g,)f(olg)(%{%l n ;Fcelg %&ggggﬁ Sﬁ%’osigﬁ}ﬁ/f‘_so%p}‘fﬂﬁ Jyrosine
Kiaase BIXHetup@r= (i RER sk Bate 83 No. NM_005123),

[etarn|-reciaiepp elementNingding proteindREBR). Rt Prolease (BIR
3-hr;§/:’droxy-3 10%?nethig(léqlutaryl coenéz%/gmet-A reductaes% Il-IAI\d/lI)tr C%ers]%{/%cg_):"&cep tors

(e IR BB o P SR IO B PRt AR s iesento (A poBpremavith tyrosine

idinbees (RyY oy @RS eEpRIOSRDMATAL(EE S fbrs '%%.T?@rﬁ&@x}xa%e{!a. g, inhibit,
81:687 1?&9'323, eoé) t al., Mol. Endocrinol. 9:72 (1995), Zavacki et at, ’

PRRS G Ger pEuKaY, e aiecons iy alvabin@es)gucose level
rihdntainebiiod cBlalevelbpiens 12ideéh et 285, (EQ8hhie Vet Bteptor Tigands
.Genes Dev. 929):103%-45 51995); Lehmann,

mclude cytokines, growth factors, interieukins, interferons, erythropoietin (EPO), insulin,
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 expansion of trinucleotide repeats, such as
spinobulbular muscular atrophy and Huntington's Disease (Caplen, et al., Hum. Mol. Genet.

11:175(2002)).
IV.  Preparation of SNALPs

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

lipid particles such that the nucleic acid (e.g., siRNA or plasmid encoding siRNA) is
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15 et at, T. Biol. Chem. 272(6):3137-3140 (1997); Janowski, et al,, Nature
WOSIFHRTIYN (1996): Peet, et al., Cell 93:693-704 (1998)). Ore'ntskilbino1051

the art will appreciate that genes associated with metabolic diseases and

disorders (e.g., diseases and disorders in which the live: is a target and

liver diseases and disorders) include genes that are expressed in the liver
eriggpiudiafen abradpresekirpsseddn Htinedoggaisiand TieSEBS\LPs made by the

! i : nes asspciated with metabglic

T S e eneraly
haygmimiedrenidinOr o derichan abeuts el to sy thiertisedsmater of less than

atfiisordend0116) ﬁﬂﬁﬁ@%@f&%ﬁ&?&%ﬂ?ﬁﬁg m%féﬁtﬁﬁn"q"&@r of abé)élé 65 to 85

tumorigenesis and cell transformation include translocation sequen
nrgy g etialenisaihederasd B ripsrnymighodkapvesOheegenduding, e.g., a

detdrhit @ie2002h Aehes: W%o@%@&p o ]aqfé@rs-g%lﬁas‘ypn Etl?o\é/%}!i:&hrﬂtilizes
TLS- FUS, PAX3-FKHR, BCL-2, AMLI-ETO and AMLI-MTG8

OrgaRin SARERE (R PRYIEIGoNnale PSS Ausing SN X b i csntp B e G Ut

infsidinas dbdiding Kesistapas denas dNIsthnet AtorERRILEHRARTE S ther nucleic
acg&oog); t.at, Cance({‘ Res, %3:1515 (2003)), cyclins (Li, et at, Cancer
el eﬁ.v’sgé%% (2608 8L P4 JelErneaisalrips. obsasippopipyds to form a coated

mbta-GaterimMarhesd @atld fultlanirr JRes s S:d29d 4ZDPRVipitate. However,
at, Mol Cancer, Ther. 2:209 (2083)),

telomerase genes (Kosciplek, et ) .
R R VAL G CEIBED 4 RS (e ol s eimgc scids
re285:3% @oeﬁ)ﬁp@dfmll(tfmmﬂéﬂ s_emmmlaslag%% éas Bpﬁspers_l @w&\@;ﬁﬂv’m@um‘magmid

[ ol. Interventions, 2: . lengci sequences
o DAL DA rena B BT Bty ata gt desH e bl for e
fopTI@REORLIO0 Lok i fintpesiciesecompinatiniv willvdine Adinistiation @heme.
i [ :cancer. R 1550 ( .
ELORER HAnR GrRant SOy Sl ML Oss bl R e

5,88 hiiBhiced Uh MBresB ot xamplet SAtdgfinsppiatettinG antio. 09/553,639; U.S.P.A.
PEBRLANRRIRIRINARES0 0T HEOLRE0NS HIPMPER ARSI UsMew Y Wonbele.

or partial gene sequence that 5 facilitates or promotes tumorigenesis or
1022t kra s RSKHFETRSS RO i SFES S RYFRSIomigPaiiin remteiseameiiniachasicles
priefuplate sequense dil idiAngiparmnicrgancs A6 RRIAIGRA MO N8 ervoir, and

formation of new vessels. Of particular interest is Vascular Endothelial

PTEYSIRR ELLTEHY ERE SRR bt SFCAb e Groas misnm)the eqerppsyolution

withnhenoematiuipidsgrities sielg8resEaLMadiida 084 MRES W RS queous
esponses. Ex%m les Pfjmmunomo ulator genes include cytokines suc

Sog% GrOWHATSCRSPS 8 1 P IR AR anF e yFPTRQRe e sfae sRespsubatiggthe nucleic
adRiGC AhG IS abCthe efephrinie feuddns g @hid brdcess is described in detail in U.S.
Patent Application No. 10/611, 274 filed June 30, 2003, which is incorporated herein by
reference.

[0122] The action of continuously introducing lipid and buffer solutions into a mixing
environment, such as in a mixing chamber, causes a continuous dilution of the lipid solution
with the buffer solution, thereby producing a liposome substantially instantaneously upon
mixing. As used herein, the phrase "continuously diluting a lipid solution with a buffer
solution" (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
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IL-4, IL-12 (Hill, et al., J. Immunol. 171:691 (2003)), IL-15, IL-18, IL-20,
WEaY5iAteHErons (e.g., IFN-a, IFN-p, IFN etc.) and TNF. FasP4id(Baen/001051
Ligand genes are also 15 immunomodulator target sequences of interest
(Song, et al., Nat. Med. 9:347 (2003)). Genes encoding secondary
signaling molecules in hematopoietie and lymphoid cells are also
RO Hervaisradenivdhtisreseacerathplerffud fansiyRissistsp saphoduce a
1ipssBRon’s tyrosine kinase (Btk) (Heinonen, et al., FE13SLett. 527:274

2002)). [0119] Cell receptor ligands include ligands that are able to bind
19473411 dargrs roegstisrentothe prrtislssime dompre RO viseeptofial ysis. Thus, the
pfesBHOIBIRIARLICEN TEGLPERER JE SIS Yl A FASIRG . KINRSRAC i c acid-lipid
c%tolklne receptors, growth factor receptors, etc.), to modulate (e.g,. inhibit,
PHUR S BEEYSTE physiological pathway that the receptor is involved in
(e.9., @ucosevtewsinmedutationchiaatheal slavelprRINaN, JOIRHSNESISt on to form a
etc.). gx?rrd;pleﬁ of ceH eceptor ligands include cytokines, growth factors.
interléUKIRS, ntetfetdfie '%%/‘fﬂ fetin (EPO), insulin, 25 glucagon,

G-profein coupledtiecenpiodtigandpidtov)thliaegatesmemngalas dpid complex to

expansion of trinucleatide repeats (e.g., CAG re ts),. find use in o
silen(r:}?ﬁnpaa eoeé%%nl&S@euqﬁgncg)ég%sgﬁé%‘rg e&lénag?g%{}ézddf%’?mﬁ’%mmomc
by théipkjsaasion of trinucleotide repeats, such as spinobulbular muscular
atrophy,and Hyosi n's Piseas aplen, et al., Hum. Mol. Genet.

11:17@ 2002)). g%r‘]i%t@ﬁrﬁe%% "f?ic?r%]"g%‘é‘%m%ﬁ%p[aé‘i)z‘&p’i%é‘%raeé‘gﬁf‘on of serum-
invenfighlproviltisamétind fovigespatiengisshamustetol eond cleircassdialigidn a lipid
particigs, Such gt thequeleie agidh(e gy SIRNAOL RIgsId encodin

5iIRNA) is§31 WO 2005/007196 PC T/CA2004/001051 en$ca%%ﬁlg?8§tigoato about
lipid bi2Y8Fand is protected from degradation. The SNALPs made by the
methods of this invention are typically about 50 to about 150 nm in
[eHateternTrEY gelvdangf prriednpetairarididimidteroplesss tisdoralod bty kSEnbining

thinublateypicaltir dizmaten ahilass han Rhowiddg ran, with a majority
of the particles having a median diameter of about 65 to 85 5 nm. The

AR D CER BETIAHET Y SR AR SR RADRIG AP BPtAResaUirRglution of a
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25

30

neugralalctle iRrg ent tigly sisivae thadiy by darditicatian 9adeNRISRREAs rerably 20-
Sré:et}%odgwinc utili eslﬁiggnic solvents to provide a single phase during ,
Ritlg ORI AL BIARE SGATRET G B R BsuNd by @figmoyiimino)-bis-
(pantitulanmpohafisguof ferma) (BlaqibsmiBrIpieDrycieIGCd Abe ., '
Si N%g i tacted wité} a detergent salution of catjonic lipids to fonn a
B R A R D e e B e D rvcen s
Naggr8gtegaid Dvettipitati®d BiOReXittergent® 3-10; Triton X-405; hexyl-, heptyl-,
octyl- and nonyl-B-D-glucopyranoside; and heptylthioglucopyranoside; with octyl p-D-
glucopyranoside and Tween-20 being the most preferred. The concentration of detergent in
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
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 pug/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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the presence of a detergent reduces this aggregation and allows the
WOHEP NdMeic acids to react with excess lipids (typically, noREBi§@aRg4/001051
lipids) to form particles in which the plasmid or other nucleic acid is
encapsulated in a lipid bilayer. The methods described below for the
formation of nucleic acid-lipid particles using organic solvents follow a

SOUHRIMISERb @I crdl E X TR G RRETRY S BF MBI SNRPShieh diseibesdt for the

coftdd Sntx NNOs 5053850881 BRI BIQZ6.867 nSeRBBAR01HiR34A 84
U.S. aé)pllcatlon Ser. No. 09/553,639; U.S.P.A. Publication Nos.

CoRIBIH T SESEEFRFDOINOR PES SYGTRF O b ABOBAEAHEG WD D tvebsz 7°C. For

nutRl23dido wiierembpgieniithRiasent iBveeHAGBrMEesBYCIRIIexes can be
acid-liﬂg articles produced via a process that includes providing an

formeRk 8IS Y6 GHBRCH W YRUAHOHO WP 38 B sbiding an organic lipid
[0sotutiom inmesacenedodinain, admiKkno e taaeowusaiselHeR/ Mish Hs) in a

organic.lipig salution such that t rganic lipid solytion mixes with the ‘
Fo S R G R e o it mtrials
altip 68bmetiencapsutatinigethesatictaiorifcidion bisyprasesy anshthe appandidapsulated
far carrying this process i scribed in detail in U.S. Patent lication
S L R e SR R R sesreretharbiReny g snare
pregfergnoesd 021 e gotionesf contrudlisly tnted dpeing lipidciddoidferlipid ratio

ofSians g, ixing faﬁjgi&%?ﬂ%&% _Wa%%&%(g(é?iﬁ% cﬁ*a?%mebssgﬁaéyﬁis mg

1
.a continuous dilution o olution” with t uffer solution, thereby

~ ofgeslintithpariifose mensgleieasiihlly instantaneously upon mixing. As used

rea e g o QU OB,

WD MTeFIP RIS FO SRR At o sellinm Qfutiieleistdeiccintg complexes and

néffegtuaienRsicleigenstatioRnRYipiNI NG e rageRu S SAlVLAn, With soe
.organic Iigid solution, the organic lipid solution undergoes a 32 WO

di3H0BIERAEIE BT RSB BO RI R ylsthras lRdtep RsEHR e RpRing gAY elin,
cepiasancaabipmbuiieedpauents) Salptge-al RGN IDAROME-HIbAR] Lipids are
SRR SIS e e atlces s omeayane dacrn el
Thepaph-stalpkei ntieleicl adid-tiri gibfpatiicles] comprsiaty @ Foanipifiagid having
L TR R - -
stearoldioradidslipith gompleriy preferred embodiments, the non-cationic lipid will be 1,2-
sn-dioleoylphosphatidylethanolamine (DOPE), palmitoyl oleoyl phosphatidylcholine
(POPC), egg phosphatidylcholine (EPC), distearoylphosphatidylcholine (DSPC), cholesterol,
or a mixture thereof. In the most preferred embodiments, the nucleic acid-lipid particles will
be fusogenic particles with enhanced properties in vivo and the non-cationic lipid will be
DSPC or DOPE. In addition, the nucleic acid-lipid particles of the present invention may
further comprise cholesterol. In other preferred embodiments, the noncationic lipids will
further comprise polyethylene glycol-based polymers such as PEG 2000, PEG 5000 and
polyethylene glycol conjugated to a diacylglycerol, a ceramide or a phospholipid, as
described in U.S. Patent No. 5,820,873 and in co-pending Patent Application No. 10/136,707
(published as U.S.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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form a detergent solution comprising a nucleic acid-lipid complex and
WonReEtieni10 lipids; and (c) dialyzing the detergent solutionrafistele¢iy/éo10s1
provide a solution of serum- stable nucleic acid-lipid particles, wherein the
nucleic acid is encapsulated in a lipid bilayer and the particles are

rums-stable and have a size of from 0.t 0 50 nm, 15
P L B S R S A R o Rt e lveol
chyuptabiinglidheougteipgicid with the cationic lipids in a detergent
tion. [0 M iments, the detergent solution is , .
e e U T
abaiddlie ebpeeiraor sialdisde tmi, wgarenpriderably. 2BreSfiatilthe amount of total

i ) Kapl e- |1 ’
HpAnRD A 3%49 ngl%w;bg{ﬁg;;iimet L3/%651)(1;2()%q—‘t‘?})é‘??[])a%g?uconamide)

,N-((octanoylimino)-bis- 20
[{BiG CriatywBR (PBBaDamiIB G EIAR; sdbdbeyifalytbtrdenel ipidcolinplexes and

giher : 2 0: : N 85, Mega 8; .
Sl S IR

dﬁgwgre@ggﬁj famptienpglliesphianesiechrigrrounds the nucleic acid
pReiiidthiealHeapyraneside it Qatyh s WHRIPKIADQSI9E 3 about 50 nm to

Tween-20 being the most preferred. The concentration of detergent in 25
AR Jatehgent LORADBHSS Byl RaCE SRS albateo M opAse sty to achieve
a fipidabe.itid0QiseM to about 1.5 M. [0126] The cationic lipids and nucleic
ids will typically be combined to produce a charge ratio (+/-) of about
l@?ﬂo %ﬁ%ﬁ?‘ﬁ?&?&%ﬂfwiﬁw&w& BRI P 16 ptsliby ny, odde methods
avadablpfefaiainly lip@saite. Of iahozing thip ebostdidicdddiionallyadi@ve a desired

overall co%ce t{.ati n 30 of au Ilﬁﬁlg acid in salytion will typically be from

SaboUEDS g/l to about I mgmL-  BretePAR frSHicSbout 25 g/mL to about

[®10C]xghntsrandanonepreferabilptifoforabiziup 5he parileta@baeiddize. One sizing
L nhinati Ic. acids.and cationic lipids in detergent 33 .
O 00y LR B A Bo e Rl PR e o
Uenfiaeqaiite, 0132, petiderommdnctinid suffcrencdolStimcatomtegarticic
sEQARIEX RS- I BaR e IREHY @Mﬂé&%ﬂ%lﬁiﬁ&g'gzt%%gegﬁyg QMDA EA 4 own to
be combined in the detergent solution and warmed to temperatures of up
Pigtislse of rethen rbut R aHcis v Elo messrims il sesitivetird which relies on

sheMRpERILlS, (he contadi cOARRISRREC AP IRIBREL 20N E; cat homo genization

temperatures, typically down to about 4C. 101271 In a preférred

PSS eIt Haiac BRla atte fd samwaian fagieganizer until selected

particle sizes, typically between about 60 and 80 nm, are observed. In both methods, the
particle size distribution can be monitored by conventional laser-beam particle size
discrimination, or QELS.

[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
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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formed SNALP will range from about 0.01 to about 0.08. The ratio of the
W%t%gn/ﬁog]géerials also falls within this range because the purification step
typically removes the unencapsulated nucleic acid as well adfRé@xagit/001051
liposomes. In another preferred embodiment, the SNALP 10 preparation
uses about 400 ugFnucleic acid per 10 mg total lipid or a nucleic acid to
lipid r?ago rgfaabout 0.01 to about 0.08 and, more preferably, about 0.04, '
which ConeSponus 18 S8 HGPOF st pEPEl grdmaneriietaeipids m an organic
[0128%IMestdetergent solution of the coated nucleic acid-lipid complexes
is the ntacted with non-cationic lipids to provide a detergent solution
of nudiC AR RS HERKSS BHEP 15 ReHel A6 Hiice s fhtore n step (o to
non-ceitionrie lipidsrwhighe abesasafdl in this step include,
diacyl fidy ine, diacylphosphatidylethanolamine, eeramide,
sphing@é]r%%%%%ce% élﬁ ?tg%rsé%%?r??é)ﬁ vc%%eab%%ﬁa’é%f)ﬂqoéf%’lgﬁ‘éd“”d’hp‘d
embopAftictes, wherpiorsaidtionleitipids mrendipayipbosphaticylsiraliReand said
diacy i | ' mide or ingagmyelin. The acyl
o e SRR hoaafy g
ing >24 car hains, Mare preferably the acyl groups are_
e, B ayR O S LS rdiBacp i ar
ugshaR e grsuinel sorheditionie tisidswiisbetie@for the detergent dialysis methods
aBwgioleoylphosphatidylethanolamine (DOPE), palmitoyl oleoy!
hosphatidylcholine (POPC), egg phosphatidylcholine (EPC),
(Y3 ardPpFrisprrRia) RneTai (DSP@Y, wHblesterbl ioyAvmixtsii¢haienb  solvent
pbiatie m@&h@ﬁ%ﬁ%ﬁﬁ%WM@@%&%&@&H%%I?é%%lé?lt%é?[ﬁrc I gg\évs"(l) garticle
be fusogenic particles with enhanced properties in vivo and the
BRI oM RSRAHAISBE SPseich TR mS I aviainionbliring agent, acid-ipigmount

syiidiei Sooithedere sant MMERMAAYx i ATERIBRIRSICRRIESIRLO!S Dable solvents
. otlhgfr: %réafaerréedtegmboglsment , the noncationic lipids will further comprise
SO EtRyiehe Ty USEESSSd PERAURS dich e pebnnpshetbrehsooydpkexane,

- ipid, as SCIi in U.S. Patent No. 5, , andin =
R mpg?%an"1 t’i{%pﬁ?:aa?@ﬁsﬁ‘é’}l?é‘ﬂlsé??@?%ﬁﬁﬂi%ﬁ@&%s bogipingtions of two

aten
oPRBIisRivANON 20053007 7829), thethr@fewhicreat@incorporated herein by

e oo 2 B e B SR Ao psion snd mon-catoni
Iipngmwéﬁ@@q%élbyagé_drﬁd{;gﬁéps sticht agiRiEE AUOR]RECIS00RIEN? typically
somalssonshialconsaching oMLY eI
undgs g e g oK inesaitle B0 Yhomuvieid acid pRibtesably themple by
ROMAIRE PG such as by using vortex mixers,

[0138]  After the nucleic acid has been contacted with the organic solution of lipids, the
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., nitrogen or argon)
across the mixture.

[0139] The serum-stable nucleic acid-lipid particles thus formed will typically be sized
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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W'él% (i’g/$§7flr( m about 5 to about 10 mg per 50 g of nucleic acid. [0130]
ollowing formation of the detergent solution of nucleic acid-Hsid/CA2004/001051
complexes and non-cationic lipids, the detergent is removed, preferably
by dialysis. The removal of the detergent results in the formation of a
ipjd-bilayer which surrounds the nucleic acid providing serum-stable
[drlﬁ clei cﬁg&é]-ifpﬁgl%%érlﬁﬁ?@gsv&% fR HAQLs v ai BISh frorAtaRdR S g maeolindd
palyoui@BOvhinh Ifwsﬁ@i@&sffbﬁi#ﬁ@ﬁﬂ%ﬁb@&@@_&@g%ﬁ%%?%Q{tecompositions.
EQR [%%”cyfé'zi%%lteon%% ieye ?unlform ,p?r%%%glze. 101311 The ‘
serum-stable nucleic daidipid PariclBg BBty Betpdimethrine
brewitio e dvaifabtbdforasiding iREE0VBR ENERSiZing MAY:Be Coasieshin
argeniio.achieve a.desired size range and relatively narrow distribution of
particle %izes?ejc 1%53??O?§ﬁ%§é\9§?% g@%ﬂ?&h@é}éa AU EBFsiRiff ol yeations
inshidRIEy wxanidsiretissif @oBHe sizifignenpthodl - ussdifer JPI9SOMEsaNKbiy-D-lysine,
pEYLIY AR ﬁglg%mﬁl@%%éparticles is described in U.S. Patent No.

4,737,323, incorporated herein by reference. Sonicating a particle
[Mddpersisrrsimenbydiasmior heoloerasitivatiomeproducescal Pigigressiviessias be
caepdGian AV rRARIsieR OfesH e BP0 size. i

Homogenlization is anot%_er me}'{hod %“?c%?gﬁé}s\ %rﬁ%seﬁénaorrilﬁah@ﬁ%?éﬁ%ﬂar
MR EREIAAGET BRtERE iR AT dnad W phiygsicasteonvG genizabiermixing,

[r2ge dWRePRAHEHES Qe ﬁ?ecgﬁﬂlﬁ&gstm%{gi@cﬁo%dﬂ%g@ﬁbl}lgs%ns m, the
homogenijzer until selected particle sizes, typically betwee a%oulyétﬁ ahgl]
"%’(‘Y‘Hﬁ??%@é 8‘5%8}\95&“. A Po Rt GisoNed Brttidisize fikeribatiomloan mixture.

Chetrimanisorettinysonvantionallaseehean Raricle SiEewHliSEIMINANONQL form.
%EL%. 215 [Q133] Extrusion of the particles through a small-pore
polycarbonate FHERIBIShE B YA H5YRIRBATE RarhiFe Warhtshathe ¢stidnis inids bind

togffeotiveimathiotvocredpeing narticlagizas ihaserlaiyepuivel-definRd ganic
p}ﬂ?@ distribution. Typically, the suspension is cycled through the
membrane one or more times until the desired particle size distribution is

193 dPievEnantiesrsartictimenaytivepestmidedethioughositeessivelyd for the preparation
oﬁma@%-mqimgg}lkg{@[)eg"s,ugglrﬁé@g?ve a gradual 30 reduction in size.

[0134] In another group of embo ﬁ%ents, the present invention provides a
methicll fOREng B mRsids Psdrurebitiblecnugisiv acitipidopar lighes,and a
COMRIéBiAg:m R WEnZORY 198 Rid 151:1aR04/007051 (a) preparing a

mixture comprising cationic lipids and noncationic lipids in an organic
SONG{'B‘}i contacting cationic lipids with the nucleic acid-lipid mixture to neutralize a portion
of the negative charge of the nucleic acids and form a charge-neutralized mixture of

nucleic acids and lipids; and

(¢) removing the detergent from the charge-neutralized mixture to provide the nucleic

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
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
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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(b) contacting an aqueous solution of nucleic acid with said mixture in step
wWa)2@spioyide a clear single phase; and 5 (c) removing said o /' 2004/001057
solvent to provide a suspension of nucleic acid-lipid particles, wherein :

said nucleic acid is encapsulated in a lipid bilayer, and said particles are

stazfle in serum and have a size of from about 50 to about 150 non. [0135)
bappd O DB RMQB SR BRI usaticHi i ey AbRemichilifidso S times the
armdiiﬁhoal’@tilc}ﬁﬁf Mbhﬂ thistarayp pberbodi m§%5a§6%@5t9§%§§ﬂ%e§r]‘8£&%ﬁ cationic
T c%gtgr%fnt dialysis methods 10 above. [0136] The selection of an organic

ZS&nt will typically involve consideration of solvent polarity and the ease

(WAt} whickothe sebeainnh ean, hiecremeuestalsthe [MROSRASSIIRANSIGed in, c.0. U.S.
formation. The i lyent, which is also used as a solubilizing agent,
P?% #g% pﬁ&%ﬁﬁt%@oﬁé%%ﬁ%mwde a clear single phase mixture of
[0dd6]eicTaciduwbtlipids!iSditablesaiventsibdnskigradid aRnOlIRted iR ©
oform, dichloromethane, diethylether,.cyclohexane, cyclopentane,
AT Ehe, O TRARD o B & e SARAI L cH b plEpands o oher
pabispropsrotididanptetent: bilitanohoiso-biitatohi papianadandinaxaRally be sufficient

it ore splvents may also be used in the present ,
e B B e ot megative
cheagoid! dsaericiiiomen g i srigrapodinplishedday wiRingeiogathel Tationic
iRt wRiutian I, 2ot highds Bypigally san.aqueous sqlutign,

IPgecond organi%:&ggl Eiti{g)]r%l %%?l%tal :%%ésﬁt%%g%%ﬁll f|(|)1rt & AR %ﬁ#ﬁjﬁ%@%ﬁ%@“ﬂ

DRrABHROMAEInG EanhelkenpIRRIY amp Raibds afdretitodsfop exampledy
ddneRAnical MPARRIINGH 83 G/ ATN NI s Mixerse {91383 After t?,?ﬁéﬁé% and

ucleic acid has been contacted with the organic Solutioh of lipids,
5 S ST T TEEIE LS Wi By AU eRb wspesid afec
[0semym Gtakleingeiricaasiddlipitpariclas e metheds;Hsed ig.Lemove the

rganic, sqlvent will typically involve evaporation at reduced pressures or
ac%?o qr%‘eg yp y Inyolve po pressures

SO BRI Bl 6% amede abliohy TRbrRSstessthen@srution of
tha 043@iicTiyedserdimsslaiie busieicacitelinidipariclesus fapedimilh mixing the

_ w}g@io a!l be sized 30.from abouli‘gro nm to. 150 mu. To achieve further size

reduCtion oF homagana iy SR eTA NSOl ARBECR Y CRrERRvE sl atociated
Witk teseribrdaaiione 86 AN AR 095/60Td 06 R THEAZOGDLHAEAS [A%40] In
wRHIRAR OISR 350 RIS Y Sither.sgmprise adding nonlipid
{0148]  Afier 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-lipid particles. The methods used to remove the detergent will typically involve
dialysis. When organic solvents are present, removal is typically accomplished by
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
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 nonlipid polycations include, hexadimethrine bromide (sold under the
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olycations which are useful to effect the delivery to cells using the
Peé'éf’{f’%@ﬁ{‘positions. Examples of suitable nonlipid polycatiesiaghsdego1051
but are limited to, hexadimethrine bromide (sold under the brandname
POLYBRENE(r), from Aldrich Chemical Co., 5 Milwaukee, Wisconsin,

#ﬁ%@ or other salts of heaxadimettuine. Other suitable polycations

Deor RxAmple E&itdTorh SHATchriRnG 2 holy- IMakyinikee, Wisconsin, USA) or

@hby-dallysin Be)ﬂﬂhﬁaﬂMﬁmeOtﬂ@}y@M@l@Pbﬁy%&%BQ|Mﬁm¥!ee@cﬁj @lgx%gigls%% of poly-

n ce.r&ain embodiments, the formation of the nucleic acid-lipid particle’s
céoﬁél%eaﬁ% W B RPN thoeuphach Ndwsingerglyd Bighmrandyer

madrophasenansinitaiidl ofikibie efoauneus Ad MEARICHIMENSL 0L LA formed.
Mg-lgh%eagg tem with suitable mixing. [0142) When formation of the

complexes s carriag out 1 & FEHISHRALrRrSirestethoss SATdipRignarstion of
mshtei e @didipidnmeadts dissgiviethin a volume of the mono-phase mixture.
Combjnati the two solutions provides a single mixture in which the
complgﬁg %a?r(ﬁ. A rtlearrﬁlgﬁ\l}%é/%??ﬁgo%crﬂ@‘é&%é@ PURIGHA AR prigigion; the
mixturegutankishithemationicilipids bRk 5 icethe haslRicsacd WaHERS solvent and
present in, nd "pull: it into the organic, phase. [0143

In another%}r%b&géﬁcn%r%ﬁ %gg(r%gg}ﬁ ﬁ\‘%g%‘ﬁ%}‘f gor \f%gggeaarﬁ/étﬁ%%ﬁﬂ%‘) from
prepaf@ish0 8 naelkstet i tipidayadtiel bsiugringrisingel ¢a) aontastingmplex:
nucleig,acide Mith asalHigncRmPLs] neationic lipids and a 20
deterg%zﬂo fqr(r? a nu*gﬂpﬁa%%%ip{ilgé?n%%%g? 385 c%%r{%cﬁ(nlgnggﬁlcglﬁ)lg Tipiygon-
with tﬁ@tf’ﬁj’éféh?lééi(_ﬂ@lWrﬁ&ﬁﬁécﬂélﬁégﬁdﬁé mfsowigrndf the negative
chargecpcthemiciRicoacidR aBF (AR ARG AEURliZ M{gﬁlereotfo provide

nucleic acids and lipids; and (c) removing the detergent from the

charg@ljr‘fg‘ﬂfr%\‘ﬁ?éléﬂﬂ&fﬁ?élfé Broviird the mitrdrisca e asdipis tod fiicredégradation.
%igh thegnucleic acids are protected from degradation. [0144] In one

[g b of BRBSHIN AR, feSshieRE bPiderceiamaitnigidndnttaetesglmbis which are

wafidguetussalttiphe GoRaetinartha NuclRIGAGINS Wg:g%ﬁg@ds@%%%%{heds above

lipids and detergent js typically accomplished by mixing

-catignic : )
ﬁb%tﬁ%?ggﬁ?%‘%%‘iﬁt%h%r%ﬁeﬂﬂé’ RO e s Srp sRINOR 86 ALET thiidipitiono-
Rt détengehtr @nepof fkibindineeant Wil sislerstanddhal this30gmixing

ake nl by, any number of methods, far,example, by mechanical
e N AT SRac, TG AdaDOTM .

L3GRitionHYRED B 068 gentsbivdiims Theeafn druptiek PEdTeERMQH B IR ents, the

, n‘UE‘éﬁﬂo‘ﬁlHﬁﬁ%é%?@%%%@&’@,%d?%&? E%l?gﬁ?ﬂgﬁgeg yggl—based polymers (e.g.,

PEG 2000, PEG 5000, PEG-modified diacylglycerols, or PEG-modified dialkyloxypropyls),
distearoylphosphatidylcholine (DSPC), cholesterol, or combinations thereof. In still other
preferred embodiments, the organic solvents are methanol, chloroform, methylene chloride,
ethanol, diethyl ether or combinations thereof.

[6154]  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,
distearoylphosphatidylcholine (DSPC), cholesterol, or combinations thereof (e.g. DSPC and
DAG-PEGs}); and the organic solvent is methanol, chloroform, methylene chloride, ethanol,

diethyl ether or combinations thereof,
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WO 20051007196 PCT/CA20041001051 based on the amount of cationic
Wﬁ%i@(ﬁ’é{gﬁ,}%@nd is typically of from about 0.2 to 5 times the ari6uirtAf004/601051
cationic lipid, preferably from about 0.5 to about 2 times the amount of
cationic lipid used, 101451 In some embodiments, the nucleic acids are
[ggsgf)ndensbed as descnibeg)éln, e.g.. U.S. 5 Patent Application No.
ha 2047941 £8T AR R He it ik el o pida i typically
acontadtebdiithroatiopio igdss tofimesiratize of pasian AfithemMeIAMG.d solution of the
chgsr%)er va%%fl] i% asso%iatedlwith the nuclejc acids (or other polyanionic
atefials) present. The Aot B EscHi R BRRL I W Bicalipegesulting
nsifficterontonnentrplioccatiekstiBdbadbine Magativerchiarge O heuseised to

' .the negative 10.charge will be at least 70% neutralized,
R BN DBt SIS e R e aree sureme. The
ainenpredemomyeritions, lintla ey facabiampdenHERAEY DRTIMAIBRARIution of
\ =G : These lipids and related apalogs haye .
e e L P R SRS T Bl co
b5, 954, 18 BqPERt 6uB QM0 BTSBIGID] thettisclbsures obbstald of whith&Rnown to
tHIGORQIAIEH NRIEINY LefeIRIGS Q44 71 Contacting the cationic lipids

with the nucleic acid-lipid mixture can he accomplished by any of a
[%ﬁ_ﬁbgF&F@Eﬁhﬁtﬁ@é@p@‘e@wmgw&m@ toyestén thisolepion afftithenvention is
tgsamicadiniel and srsdutiancantaining the nuslelcacid linid g&%ura%lé*&a%”s) of

mixing.the two solutions (or contacting in any other manner), a portion of
“HIOHEGRIVEHEh s yset e iRIhh eI Hrabide et eitizeid: lipid complex.

Piiesetiyetassnibennuctrigasishiemansoinued 2R sngandeRsed Sate A0 hids used.
teristics. 101481 After the cationic lipids havg

{@fgﬂ'irels kgdr%ghilic charac _ : sl
Seh cORtAC R ARSA UOE T eSEidRN T AR PEGPE des iuglste esadnligid particles
mmmw@mﬁﬂ@g@eﬂé@n@b Qkganiesabient) is rReBO¥Rlo MR IRMINGucieic acid-
1ihe QH&;' 2IC amd;ﬂg}d gar{glcles. The methods used to remove the

cna:

efté)rgent Will typically iivaes "Hidiesd SATReRPSFoeAl Loresrtiighgrrovides the
ppregentyitbransatdrigdypigefzacoormplishetiofe2fb gy aporatien: atiedifB6hent of the

' pr@<§§y f?% 9&&&?&%‘%%}15%&?&85 wﬁﬁtt gjﬁr edggtlrg)gxrgg%@&%l%%%&rotein. Ina

across the mixture, 1014 e particles thus tormed wil
PEFFREFfrembapsuet b nmdlsisavistabmyivrensn T athieyeRINrhek siageationic lipid

i %gg'?fiﬂ&'ﬂé&f i QE@@&B’CQ&%@%&H@ pRsticles. fhe nugleic, %Cig-llé?rige t, the
particles can be sonicated, filtered or subjected to 'o?}Per sizing ec?mlqulés
nYIGifhAcH sRRESEiANNOTSRE RN Ao et piclipidinn toititose BDSPC and
chbibsterthesadtcn (0ol pines BoPRdimentsnthe methods wiliurther o .
comprise adding nanlipid ) ’
noncationic lipid may further comprise cholesterol.
[0158] A variety of general methods for making SNALP-CPLs (CPL-containing SNALPs)
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
CPLs on both internal and external faces. The method is especially useful for vesicles made
from phospholipids (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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\)98' {%@ti)ons( which are useful to effect the lipofection of cells using the
prese’f%Hﬁ?positions. Examples of suitable nonlipid polycatieas/mctodgeo1os1
hexadirnethrine bromide (sold under the 38 WO 2005/007196
PCT/CA2004/001051 brandname POLYBRENEORSs. from Aldrich

]ﬁhegni%rgl Co., Milwaukee, Wisconsin, USA) or other salts of
BxkddimethnnenoierSultibiepligedtions RIdd@visicesamiple 2912082 121), as

veelyasliroPUthine:- Rl st gINER: RO EYS ly-D-lysine

D Iy%l&elﬁtngne.and polyetgﬁengimingﬁgﬁ%%%t é:gsue%ié% %g %sa}’&qu@@ﬁm),
gﬁhe? e B A RO RRIA R 4B @ g5 1] In another aspect, the
[pr&8ENtIhventicpravitss Wm&%m&f}%E%P%%Eﬂ%f?fc@%cé%i‘fmi?i&tgrsed either

Acid-lipid Igartticles,. ﬁ)om%rising: iE‘Ffi\ill‘contactin an amount of cationic i
With AUC éic adias’ I 8 HStORS Y Y SRR ADED FapTigirie ptoms thoinlogical saline or
rh&saB Wafier it aboitt 62388 @rEARILEIMABLANGARAMOL I tandard
p%@HQQ&%JlE&QiSpPeéQ&S écgr]j to prodﬁce a 1- charge ratio of from 10
abouit 0.85 to about 2.8t BrovitE A haBpHabiRe fieRify ettas thsigharmaceutically
aé@ﬁ);‘?’dﬁi"?@@o r@hm@mﬁlh%m@h lemgw @-|§~i9‘f@g?|“?g?ﬁe§9§\9!@é,i'@.4% saline,
SRILLRRWIt - Gagionic. lipids, to provide a nucleic acid-lipid mixture;
e T SR MbIE mpefors tgpumin,
1@M@nngﬂ@|}@%ilacﬂdllipid particles in which the nucleic acids are protected
degradati ' : ucleic acids, non-cationic lipids,

[mnic Iipigs grl?écc%%a%i? %I;\%Etge\r}v ic ﬁég %Hs% g???ﬁ”ﬁ‘ﬁigaé%l&ft)ﬁf‘ﬁ‘ﬂ@n- Thus,
aftRrdRtiBATasE tidosarr® He hosd deschibéiduiod theomithagteahave AvRighble

cusresdetargentsmii enggroup of embodiments, the solution of step (a) is
[@F{]ono- phase. In another group of embodiments, the solution of step (a)

o-pHESEEPPIS] R pfafettdasdmbedients cttsdaboniddipissarevary widely,
. DOIRACH DABa BRI TMAY, A RRSE A PMRIELRR §.§°/?§(ﬁ§?rgrs?ﬁgﬁt§g@/ﬁ 30% by

Wthe of..In %tger preferred embodiments, the noncationi are
B‘é’[g EVDEHBES rssted prpatiyIBkd g volumeedisetiners@, go, aRERance with
t@mimmmamdﬁ@dsaia&ﬂglwr%nﬂé?%@a@&gj{%&%on may be

ol, or

s dlialkvloxypropyls), cdistearoylphosphatidylcholine (DSPC), choleste
e L B e el s theromgetiy

ns

depigelsti aasiensthariog etileratoersimatiyiana ebloride, 25 athanak Aetivl:.
oL A A MSHANAB R AT i St e e e 1 low
ClfiEntE DD RAc DMHAE]DOTNA aDOSHA o-DMRIESPHAGS or
{fﬁ‘@mbi']Q%i99&%@%&@%&5’5}3@&%8&%&@ of the’ p?c%&%fn?&%&g%h%ihcleic 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
to include other components that act in a manner similar to the DAG-PEG conjugates or
PEG-dialkyloxypropyl 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),
ganglioside GM1-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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distearo IPhosphatidyIchoIine (DSPC), cholesterol, or combinations
"%ﬂ&?@éff)(vé.a(t DSPC and 30 DAG-PEGs); and the organic solVént/fsA2004/001051

methanol, chloroform, methylene chloride, ethanol, diethyl ether or

combinations thereof. 39 w0 2005/007196 PCT/CA2004/001051 [01551

As above, contacting the nucleic acids with the cationic lipids is typically

[0 edbm RSN B FRIAY fOBRARE Al SRS YR RIB R dB s A sipalized by
cHReANdsoluinrkabineskpidsagereiesahiydoy. MecRanicl VAR SHshASKAYed for

using. vortex mixers. The resulting mixture contains complexes as ‘
P A5 P LGB A LR Ry Cor e B Lttt b
céhemdditiah ofreikcationis lpitsoanditheretaviatohihie argavisHoREHs can

The addition of the non-cationic lipids is typically accomplished by simply
SHe DA a Rtk S el
poprnpiexes céndivensesaciditigriicativalan el beéttriSy bgeadcrniemaratdihg agents
organic solvents can be accomplished ethods known 10 those of skill
R B A o e RSt
clloridsatiohizlipids chbiolkdds B9ddiimhig, a@miofethespmhﬁmmés itypidallipid-
pRRAIRUILAL My %‘ééé?-%ﬁ%@a %%s%jré@%&@?aﬂg;ﬁgk

I %t—llggrno%ﬂ{i)\l/e. daglages on
basis) of “cationic lipids whi used to provide harge-neutralize

statrseiclapatlibriftsmipiése) Pratdreishsuticas sipuio pomome binsuy @6-toluble iron-
sﬁ’&% ehtimes the.amornt; of satirnic dipids ysed. [0157 In yet another

aspect, the present invention provides nucleic acid-lipid particles 15 which
are prepared by the methods described above. In these embodiments, the

Vaucleft BRI AT DL, BSeither net charge neutral or carry an overall

charge which provides the particles with greater gene lipofection activity.
[H@terabhy, e\ hiislefdecidesorhpoentottheopactictet yda wmed gidraciduce nucleic

aWHéQHtH“E@ﬁEe( . §d‘"{8*%rg&‘?c}?r&%kigﬁkoz{‘a‘?ée%@e%?‘?ﬁﬂﬁgr BE%%%”téﬁ' \91}__5! Neﬁ\prﬁ‘s]seion ofa

preferred embodiment, the nucleic acid comprises an interfering
taspicEmchic\feRI 0k dig BisRmbBrgRtivnabe tie Gdeometipls ioDophcing a
nitRiPrRieed emhadinant thea DHRISICARIERMIKISES: ARRIEHRI NG i virro or in

RNA, the noncationic lipid is a mixture ofDSPC and cholesterol, and the

vegShiEHREsrAT IR St ssreRe Aot evapBEnTeRtecting thioprsislsaiwith the

cﬁpmrng)fﬂﬁmai 661D @ﬁ%@ﬂ@k@ﬁ@e@&ﬁﬁkﬁ&/ﬁfgf&f{a gganZ?Sral
ods for making SNALP-CPLs (CPL-containing S are .
G h s e VA 0 SHER S 2 DR, R any ol ype with

viethnistyesrthabied dnsenianedl DeRdtotat, exapipie] pig-danned endocytosed

SNALP, and the "standard" technjque,, wherein the CPL is included in the
R ERALNS (50 Yo AP i UL PR O ot ot e G

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.
[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

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

targeted.
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waandnibe external face of the SNALP bilaver membrane, wherea

steps. The post-insertion technique results in SNALPs having CPLs

S
standard techniques provide SNALPs having 30 CPLs on boffiHfetALt/ 001051

and external faces. The method is especially useful for vesicles made
from phospholipids (which can contain cholesterol) and also for vesicles

[608TRINING (REGrelipitls: (SUeh @@ﬁ%%ﬁé@ﬁ)a%%@%ﬁﬁ%% i a}ls(/ig\gléggown in the art.

SNALP-CPL, are taught. for example, in U.S” Paten
Feesmen {0 s ere ahdBmaaCas; sriMarsalahesiicreSeiqae W@l edition Wiley-

12005100 A1) RGBT 2004 ' 707 . <.
SO P o SR e

RafohaPABFRRatibtrbesproomddiossdne grumlidisaaiase wo do/é2818), provides a

genehiqfuidaiehtis indarpasatethersimuky @IetoRes RN TNENHGRIG, m of

acid-lipid particles of the present invention can be administered either 5
%?8813%’( ?r??ﬁﬁﬂ&r@}%%gg f)ﬂiﬁ’@ﬁf@’ﬁaﬂ?-"éﬁé@ﬁtﬁfﬂé' carrier (such as

physiological saline or phosphate buffer) selected in accordance with the
route 6f administratipmamchstéierdard pharmaceutical practice. Generally,
normal saline will be employed as the pharmaceutically acceptable

[686BET. 1h@nshilable: CRIDRY SRS S -Or r , 0.4% .
al‘igﬁeFE>9 .3% glycinef 1and the like, inc(lztl;%ing’js %ﬁ?&ﬁ%ﬁ% Mr%gﬁgg& in culture,

By L SlRH HsRRIBFhIR S ROVIREISh8IR I IYsTEFRte and of &y tiwse or type. In

pptlafeachbibaaheyiaid s arnenib: asded dlOWHBE: RREHS!S, TOMANCR ian cells, and
Th s,e%frtehr{t e particle is formed, the particle can be diluted into

nﬁ) YaRTacdatic P 4tEeptable carriers such as normal saline. 10161] The

[ev6fientation: diepacticies telbanhaumaeestiasldasayations CaneEN mied out in
v\éy’i,del . 515133'%3 frggdoliess tag%n about.g 05%, usually at or at least about '
TEoATtS R it h S O S 00 AP ARG Tt e SB ReRtERt BriiaR A Blps varies
Wididndripenémewiscbsitiesiceter, dppdicetodahodvgithe thiey priiaeianpeade @hol and
i ion. . Ear exampl e concentration may be
e e Rl B W g
CRREIEIE QR PHESirsisicant pratienats iea Ehguatierd Joleposisiassotiate from about 1 to
48anaestverhest! tkisg,. onseve e 29 fiypertension. Alternatively, particles

composed of irrltati%g lipids may be diluted to low concentrations to lesser
HHAmntaes siowrdiscdeaehamsedinemisL o lisFinael desciibpattabevesiemsion is

agepesosdisntnafihrpiesertinvapticrithe Ruclsieagid:inid; o3 5
C%eggﬁ:les comprise DAGi?gEG conjygategs. In Othel’%gmkkfof%%?g%@,g 39 tht(é about 10

tioM ¥ FiGERBlY abstiipie Phrtidle&éorhpriserpens agionkyi sy propyision added
tednjugides pitierafien desiadieut 0.01 to 0.2 pg/mL, more preferably about 0.1 pg/mL.

[0171] 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 1s described in
detail in U.S. Patent Application No. 10/136,707 (published as U.S.P.A. Publication No.
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,
thereby optimizing the SNALPs or other lipid-based carrier systems. Usually, an ERP assay
measures expression of a reporter protein (e.g., luciferase, B-galactosidase, green fluorescent

protein, etc.), and in some instances, a SNALP formulation optimized for an expression
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25 to include other components that act in a manner similar to the
wODAGsBE®conjugates or PEG-dialky]oxypropyl conjugates aid{hedos€id%os1

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
pldemiteavid, a ] REG-digicbponju gatescaisaas PnGraefamMdRNAL In other instances, an

G-phospholipids (such as PEG-PE), 30 ganglioside GM] -modified .
B o S0 PRI o RS AT B Th i B PBh e e grgence i
thepragorent ibtbepafticlénvilfdom aBous 1 RO%oapdsingate praferiblyadiemthe

about.3-:10% 41 WO 2005/007196 PCT/CA20041001051 [0163] Th .
A o L R R TR SARare e gy i
sysenvengiotial SvéllLRnowthstéinlid-htion! teehnites. thgUeetisgokitian aieake in the
CJLe packaged for use or filtered under aseptic conditions and lyophilized,

the lyophilized preparation being combined with a sterile aqueous
(08B tiohyidble tatrdivriinisaration oThe s Bositiony darpEeortaivention include, but

P RAARRNTIE AN ARARIRRIR AUNaRAANGRS AN AUIRLI, ang derivatives
approximate physiological conditions, such as’pH aéyjustlng anélnbu ering
suglyamduetireiy sefsaanagd it QriadHartiken foresrAnpledsmdigrand derivatives,
suBREalgs %éat,iiemﬁ&&%némﬁac%kqgQ@R@?@,S%Mhigbéagaﬁn adgalcium

chloride. Addltlonalzsithe particle suspension may include Igg_ieoil’éza{ri%éegctllyg 2p

phygesid e idte SofpHse HoaiA dherbbsdarkalabsle. pweh ger

- Pplamagesened QRRIRtRNMIsHgJALIGALAURNANRFRaBHENAS; spectral

Iphatoeopherol and water-sojuble iron- specific chelators, such as

COrEFHBREHAIMRS SR STt SR VA S kBT oH SRALP&S o s such as
poBNNALds, QbiherpreRes] invedion Tanl SoavRniep iy Rcu SRR 40 ¥F (LR Y to a
nucleic acids | lls (e.q., to.treat or prevent a disease or disorder .
oGO AL ATy D B RECO BB G Bropip i
théraenionalsetpi abides meithodsitoy mfiabkicion daueleiovibichéesloi@ndf label
interfering RNA).into a cell., The methods are carried out.in.vifro or in vivo . ...
L S Rl NS e i o R e S S
regairiolestivithdtheai bdlls fortmpertotonf aimdispdfielgmo foridslivery of SIRNA
to occur. [01651 The SNALPs of the present invention can be adsorbed to

almogf any pfguitypgemgtt}aggfyyhich they are mixed or contacted. Once
adsorbed, the particles can either be endocytosed by a portion of the

A S R Rl e e el o
widleweridty afiyeniebrates, including mammals such as canines, felines, equines, bovines,
ovines, caprines, rodents, lagomorphs, swines, primates, including, e.g., humans. In 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).

[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

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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| i’fﬁ one grou

of these pathways. In particular, when fusion takes place, the particle
WREHBIUHEfS integrated into the cell membrane and the conteatscaiie 001051
particle combine with the intracellular fluid. 25 [01661 Among the cell
types most often targeted for intracellular delivery of a SIRNNA are
neoplastic cells (e.g. tumor cells) and hepatocytes. Other cells that can be
"@?é teEP%.%NWmaféb%@ﬂ&ewréwrémswmy ecisinfitieotlasisiny route known in

tikesAtinoevie ;B%Q@W@%@Pﬂ‘?ﬁﬂ%ﬂ%&&ﬁﬁf %%@é@a%@guamy?gttrg eyrrslgf%/,

. cells, osteoblasts. neurons, quiescent lymphacytes, termina

nfiRre nsRll cIR DS BTN e IRRIGH N IS ctenplar&hohymbl Selisce 261:209
(lpomhieida0:cells irpithalial aels cellfqand el 10 g Rreferrgd
A}aml‘)ogérg%%t hep;tocyte,s are ta?lggg% .42 \?Vag%é%%/g@fl%é% IHBXCS’ ﬁyde’ etal,
logy] (hid8TOsdes s 7] R thE lebverthaf pisel dliareret cetiwimey (i.c.

lipepteesiyechdEsiwalhkpown inthemst, Freshy %@@%bé%%M669§M%ﬂhus and
third edition Wiley- Liss. New York),

.‘_Erells 2 I\{I%n al of Basic Technique,
Rk, B0 CE7 A BOEH LaBH BT SRR IR NPy oy
a&uhﬂiﬂmr,eﬂaIme@\Mdﬁﬁxﬂdtﬁ@hiﬂ&%ﬁdﬁ@l@@@ﬂlﬁ%%ﬁﬁgl%ﬁﬁﬁﬁﬁ%%

[ted therein provides a 5 general guide to, the culture of cells. Cultured
P R SR R bioagerd orcati: etouirober
adugpeineionsade atsindsgeradenitsd igengctransfer [01681 For in vitro

icaj liv f SIRNA can be to an Il grown in culture.

O e B B PR Tt i B ctes of
theseyensietypeisinrerpbédderas: ambodimentse thekellasdiipei gaitabealisch have
bRRIRRIRIPIaR A BRlia. 8 :most preferably human.cells, .

[0169] Contact betwge}en the &ﬁ?gﬁﬁgﬁig‘%ﬁé ;%Sc?éig%téfde |Soz‘:’1‘/r1 f%:fé%‘fl%\’/ﬁ@ﬁ‘d
PRERS MR HFA NG takesproreur e bidlbgivhdlyreompatiblerme diurendFiiey added
fsenaanFatianoflpaYicies Tﬁﬂkeﬁﬁwi%lg%%ﬂgi ”dtflﬁepaaﬁi%f'%én be diluted

application, but is generall}/ between about 1 mol ang 15 about 10 Mol
“fgé’gﬁ%?ﬁeﬁ‘ﬂ?@%éﬂ%ewm @8 AGteic acid-lipid particles is generally

i
[aET]ed T anpbysinlogicah AATIRSTAMESSHEARAELHG) FOLRRKIRNS OLHME, widely,
ofvggm abog‘t Ito. 48 houyrs, preferably of from about 2 to 4 hours. 10170_YL

BrFHELHda Grtsuattnaries 2 fpii ARt i samerh as 10 to 30 %

by l}l@p@nﬁmfﬁ ‘#élldﬁﬁi&detmeﬁ %ﬂﬁéﬁl@oj]’-jé m&zﬂé\ﬂiﬁfﬁ@&?l&lﬁﬁg’igefe?@gl accordance
ty of from abaut to about cells'mL, more preferably
Wg’%gﬁ% éaﬁ lfé%f cells ?n(if Hleméso%ageoﬁﬁg fc?f‘f:%f the suspension added to the

[(Hels isPrefanablyt of frotieiebedhthBietedOa2i ligépundrapse prefarablymabil acid to
h&'&; tcfg;/ lg‘é\lnicular nucleic acid used, the disease state being diagnosed; the age, weight, and

m lesst

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
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
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 target organ or tissue) or systemically injected for

broad distribution throughout the organism. Solutions of the SNALPs may be prepared in
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Wg%gol:’] Usigl an Endosomal Release Parameter (ERP) assay, the delivery
effl 0

iEndydt the SNALP or other lipid-based carrier system CBlBeA2004/001051

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. 25 2003/0077829),

incor orglted hegain, y reference. More particularly, the purpose of an
VERP "HERay TS didtiht SHSH HHE e frUEP AN GUAYCH O RCATBRRSesrd tleshoes!, liquid
plibietiodenpeneints, ah SiNkkire basest endiesirelativg @IICHRRe preparations contain
. birégép\%/t%g?ker% futsitgn With/ge tabilization of the_endosomal membrane.

i5 assay allBWs The oSt RinR JaarRsTsly Hevreden "bsmisnisinterd

intiney SNALLR ﬁlbmtktéei&mgidbaﬁﬁﬂp@&wle& mmt&fég@ﬁedtﬂ&ﬁﬂam&ﬁwmcmame

) timizing, the SNALPs or other lipid-based carrier systems.
P PRI D LR EE U rebiiah Ptz be

Usua assay meadsures exp
epiferdse, [8-yeluotusidasslygraent fhiorescenth protain setei] ARG B SOMEsuffice.

[ a SNALP formulation, optimized iQn 43 WO
A B e e TR S R B e
SeHepEHag drirtishieg PRIy RivthéslimstaReed, 7aneE R 89SaYsGABd herein,
«herfapiaddQ meased lon of translation.of a target sequence

in the presence or abgen%&ewg%ﬂg’:]ﬂ%%g&é%rﬁ]bn NAY 3}%%%%5%%% uents,
a’E‘P@FiérfBlraé‘édﬁ%f‘W@IMB@siWALW@ plstbrptilipidebased fpemulbtifias, carrier
sEWEoRALheRAYH e eHMing tHRORIMIZEd e *Eﬂ’n ta%%n%’élﬁ‘f‘ x Leptable”

pta e celf

ther lipid-based formulation that has the greatest eint

T1%1 12 P YRRABTC AR R CUPRARG U e ERPtasedycofahel jsreisentsimilar
untneiidoRanmHden i daRReFMIath o speeiablabglsi 6P ASiqueous

fluorescent dyes (e.g., fluorescein and derivatives, such as fluorescein
COREPTBISTRRALS (RS LAY Gt oh esesnmmredisrnatnsd nndetoirkings,art.
T%}Q@E@hsﬁ_ekaémgdsmﬁ&wh@qj?mf&m@wx C@g@,@%@@%g idl_sié)lutions or

igoxigenin tin coerythrin , CyDyesTM, and the like;
s P R Sl Bt . sghmes: weection can
alss Yeoreep redis A pe poxidasenadkaliise phesphdtase, etc.; spectral
ri ic. labels, such as colloidal gald or colored glass or plastic_.

e e A B el Tl e spgon
tegbrig ey, ghedy oitiaidire cliitoanpssoomp onrgroofdinepEdA bR @icatielcceptable
JiRies ' i s well known in the art. As
o s e e B bR IO AT e

adﬁﬁé%@&&&fﬁg%ag@ﬂgﬁmm@mgr@mm,oacgmgaaigmwmhdm like. These
conlpbdios® %W&ﬁ@&ilﬁﬁn@@ '{@dﬂ%a[ﬁ%s ?&%ﬁé’@l@%‘%v‘@%{“ﬁ%@&%@f'v%ﬁ‘y, they

and disposal provisions. B. In vivo gene transfer
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

combined with a sterile aqueous 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,
mouthwash, suspensions, oral sprays, syrups, wafers, and the like (Mathiowitz ef al., 1997;
Hwang et 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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20 10173%1 In some embodiments. the SNALPs can be used for in vivo
&e(l)l\;g?g?/ BY4RNA to a wide variety of vertebrates, including mammadsoo4/001051
such as canines, felines, equines, bovines, ovines, caprines, rodents,
lagomorphs, swines, primates, including, e.g., humans. In vivo delivery of
ghgiSNALBRMavbe dagal (- gl he,site qf interest) or. systemic ‘
‘_é/i@a., distaltjpl) from the sﬁg Oéﬁg}%‘ﬁ%%}’géﬂliéﬂ l%‘géteerrﬂséaé RSy OfSR i @ capsule, it
SYLAR LR ndo BalRFEry of Hetbrsdutic autleid aeittto Ydistaloher

ntafgﬁl@ﬁibﬂ&@ﬁ%éﬂ@@ﬂﬁﬁ%&&c&%Jﬁ%ﬁiﬁgylﬁganéir?ﬁlg ! ?es;pc%(l: gﬁggﬁi the dosage

es such as those disclose publi

uu%r}g':gnucleic acid-lig)ld Ssrti . .
PET PSR AP CHGI Ve g8 RIsowIn e D, Pasast O oBy7 OBoaB5he
PB@MECE6cHl9BIEMhANE:G:ALI328a85h Af m@i&%oaﬁ%si%of@”%te"
[mﬁéﬂ q:,;%gecf Yent%e. This latter format provides a fully encapgu Ated
rucleic 30 ScidAiPIE pATHRIEA AR IR coataie HUemsiabeid Groth nlitleaseve
cdegraddtiominsedtin s theprrminagsmics issmalldnsiz is sujtable
\,g%gegq&aljﬂdog(i)ngfe 44V qejz 051007196 PCT/CA20 oo%%%f%i%i"“m’ be
The SNALPs 0 the PreSeRrRVERTIGRMA Bearmidishare 0 anftutemore of the
W ivo e carf }hchocﬁh@;rer@at.intrammuswifir&t@ﬁﬁuﬁwk%[!éﬁve fompound(s) in
SYDEUL radermally, . intraperitoneally, orally, intranasally, or
© topical %ﬂ%%‘#%{gaﬁ%ﬁeﬁj Cfﬂ?%i‘ﬁ“ IgcYanec%r 09 S‘(?Eb%y Hedw@ibesyithele dosage
wiks ehiairs dislivarngiobplasidscationic tipisboamplaxes sveeaed Ao iy
biYAMBH? :’%591& S Intranasal delivery of plasmid-liposome’
1complex§§, (i.e., |_pg@gﬁi@%’gﬁtéﬁ%ﬁgﬁI(Se%%llx.?xhﬁfoﬁiﬁbﬂ?%féi‘.f%%:2"7@ as other
pl&i@%ﬁ@%ﬁ%@ﬁf%@ﬁélmmm detivkiyiaf in the art of preparing
sudiapmienGatianis ivich SANEXES: Ps may.be administered )
alone or jn mixture with a phﬁ%@éﬁ%ﬁ‘&%ﬁa% & %Sa‘ri'ﬁ%raé{lgﬁaé@em regimens
mﬁﬁ)‘?&S?&&%ﬂFsaﬁne or phosphate buffer) selected in accordance with the
route of 10 administration and standard pharmaceutical practice. [01761

When prepaking phasaiatelikiaal preparations of the nucleic acid-lipid
particles of the invention, it is preferable to use quantities of the nucleic

foasi-linidl Radigleswhichiav ified to reduce or eliminate empty
ing%id articles or particles vﬁt@ﬁ%@%?éﬁa%}} 106%)?%1 QULSBLTY Rt GHyered by

té ﬁ}aﬁgﬁﬁ%_é@W@ﬁ%ﬁﬁhﬁc@ﬂréml’i@ﬁﬁgﬁNghailysaddedxd& for delivering
ndelkowicig patigledernation, Thus. afies e pary %Ieerolgoflos;gr]%%_/{%e#?ﬁ%gl 1 ibed

n iluted into pharmaceutically acceptable carrier

e‘%c'gh% niratiBior paticrsHiithe HHE RSt Red] Jorhiltationsicadeliaeyy of drugs
uszmigi elirariagal ffﬁt?okﬁi&ﬁcﬂ%&@s%ﬁ%Q@Q@g%%tléﬁ? Wy FLGH 6}%%%}%%%%%%%% yeerol
cm@ptc?uggsw.cg. %%tg'r?t g??%?,i%/lo) are also well-known in the pharmaceutical arts,
Likewise, transmucosal drug delivery in the form of a polytetrafluoroetheylene support

matrix is described in U. S. Patent 5,780,045.
4, Topical 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 particies can be

formulated and administered as topical creams, pastes, ointments, gels, lotions and the like
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by weight and will be selected primarily by fluid volumes, viscosities, etc.,
WA WeeOfddtce 20 with the particular mode of administration BelB€tezho4/001051
[0178] The amount of particles administered will depend upon the ratio of
nucleic acid to lipid; the particular nucleic acid used, the disease state
being diagnosed; the age, weight, and condition of the patient and the
judgrhent oftFRPBNIEHN2 B TERAT YeiaKrpetmenieen about 0.01 and
about 50 mg per kilogram of body weight; preferably between about 0.1
[0a88] abbtomemihglkg ok Hadswaight cirshout08: 13ppaiticlas BRapeutic
tr&i:nlrencetxi] n.flﬁgn'etgt ble DeIiverﬁ 101%91tln ceé{ai??circumst nces it \{viII be
GLiFable 18 4BV fid ERREPY SLdE L HE g issase Rtehsyder associated with
expteasien oushgringpesrice ol ter seibeyteneausly Brratetasllyd®inistered to the
mntraperitoneally.as described,in U.S. Patent 5,543,158; U.S. Patent
s A AR B Bl CRiAt R iRty amoum
adpjaete totectivenpliehchinterdsinel gs, ‘Ahsitepehdistasdlestich dssinflaanmationr
« ia_or | .or tissue)-or systemicallyipje
e e N R RE o e
admayisersiendhedrin s\ Or?085/B8 F1YE- AT B A 01 00LPBdssivater

ov%‘g?ﬁ]é’sm%%@ tWé.:ttth E%%}%E‘é-pﬁ?gﬂ%ﬁi QDAY aﬁglgﬁ?%rﬁgg{r%ﬁ@els of the

lycerol, ”%Uid polyethylene glycols, and mixtures thereo In oils,
S é&ggmw EBepHEpAratiBhTCaTRERN presdivutivest prsubntithexgrowtbn or
ol RIGEROIPEISHR S ZONRNRIlY AURGRBIMURISIR 5.2 DAY RIS A t;}i]lr?gle or divided

d nucleic acid-lipid particles fonnulations are formulated with a suitable™
Hft&rmaceutical carrier. Generally, normal buffered saline (135-150 mM

[ohg6T 1) Poil dxenprepipy st as thenpbaamasauiisallio acaaRtablcadiakifubs at risk of

other %uit le carriers will suffice. Additional suitable carriers are

PHBEBIEEEIN G PREMRE TSP BRARMAE UM Abo wdbpeiergbly, correspond
toMaefuendifhingCompassntRhitddelahiali RAycly i ©d.i1886)g AssHS@Hd should

herein, ."carrier" includes any and all solvents, gs ersion media, vehicles,
al%%aﬁ#&é?u(ﬁlﬁgé <0 Eh %geﬁél%ﬁ}e %tne?ﬁjeﬁb PE@&‘?@?@&&%@%BE‘W&I
gaalover pticrpaleinying agemisthsudfons, Tarnecl solutidrimisuspensionsntroduced into
taf [q’gl@ "i‘ﬂﬁl&hﬁ li ;@%.Ema e'.'p(p ceutically-acceptable" refers to. ,
arf%lg—:-culsar entifiersg%?j cbrﬁpos‘%gﬁs tﬁ{a?}g%)&#%\f%%%d%ﬁhogﬂgrag%%?p eutically
efépsiite daprowidenciaa o srandnsssabinh prisesiegktosaamomated Prith pathogenic

inPEERH RUAR B 2R AAHEALS: oM PAR IR hat.cental Qﬁ&ﬁ{&%g{%" 3 dnventional

active ingredient is well understood in the art. 15 Typically, su

AgHA pOSTtiGHE A hp Ras BN CRijdictem  cEh et mast IRsai Sesadmtioistersd
propEpRREIGIS: (SQJIFstrms SuitaPlR;ig BAHNIn %%RSQ&M@%%@Q:}&}} or to
peegc?gstglrlgzjﬁgtilgpecggg with the pathogenic microorganism.

[0187] In a preferred embodiment, the compositions and methods of the invention can
conveniently 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 conventional treatments for hepatitis such as, for example, immune
globulin, interferon (e.g., pegylated and unpegylated interferon a) (see, e. g., Medina et al.,

Antiviral Res.60(2):135-143 (2003); ribavirin (see, e.g., Hugle and Cerny, 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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wélspAR pLgpared. The preparation can also be emulsified. 101801 These
compositions can be sterilized by conventional liposomal sterffiz&tigh*/001051
techniques, such as filtration. The compositions may contain
pharmaceutically acceptable 20 auxiliary substances as required to

' hysi i nditions, such as pH,adjusting an fferin
s ORI RA ot i et g B
(2€8Mb demienly vanste swriliAsdaydingthé, téchmigquésiigreed-ta dums; and

alternatively. ‘ I sterle congditions. ulting
D eous soﬁ%%?r?‘éfn%%pﬁé*%&*a@gf%?ﬂ Gl bl

[0dBBlaitiBharaigys prRmzey expko fBishili zednstbparation beimgagBoanibiNedFor

extiibia stevilnaguaeysisRiiion BriaaAdminisAY ralReliver .
10?81] In certain a§(§:)|ilcations, the SNALPS di%l%tge% ﬁér%% ﬁf}%&g (Chatterjee

! GLliVErEES i orddS ad HHRICRHON Rethis icssitiiary TR A Sivéirgopnpoi st

fabilayteyer beptiicomarpedavitny exeRIRRER 2RUSRAIRINE TRl o/ a1 ]Y]ature
335%%2t¢$§%%§3b1§ts, buccal tablets, troches, capsulgs, elixirs, 30 mouthwés ;o

‘fspehisions, bFalsSHRa! & Rgstrinareion 1H6 ke (rdwsnasdnabinding a
red@8iftjohlweangnet ah S198Kihk SBAE BB41GAR0M. 3+ RACOLRORBEH 1 002).
Tand S. P%t_?ntg,792,451).. The tabiﬁés, troches, pills, capsules and the '

TR gy 78S AR B BT AT eB Ak e e Gvkss S disTopneteg stem cells, either
exPOP/(HAR004/06108:lindetadin rex cipiapéasit HINCamEs: 08 Hayor e a8t can be
( nit.form is a capsule, it..may contain, in addition to

e i e R TP R s s
almr@ﬁ@f@@@ iﬁbdﬂiﬁgs@matk@gcthemv:i&ednacéifysﬂubfmlwg:ipadsﬁmgleﬁfﬁb@ion of

erf038Ms Y Q{@%@&&%&B@f@ig&#&?gni“rggparing any dosage unit

form should be 5 pharmaceutically pure and su s?g‘ntially non-toxic in the

[04%8buritseripreyathorirmeny theieaihpsitiese fodrmddtids s frisyicomtaon ain
colpant U Qude 0Ot ihe Active. agmgwagrgempa{&eaktgagggthgrgssio or

percentage of the active ingredient(s) may, of course, aried and may
OVEBAPERTEAN b S8R HOABAteRFs2 98 SAE B BIRACEOtectoRMsitionscrel afiethods

oftihe imvelghirofavaldmeofdhe dotad founy atien. Naturally ihe Q%eggeg and

d.act've cong).ou d(j in 10 each therapeutically useful composition may be

SR B St R Wy SRS S drdBiéct dissgies mdsisoplaimkasah anjor example,
dyghigedennit atoisé fctoe cmppPOLRIL FABtoRS SHCRARSSYUDMEY silencing of penes
as?&gﬁéﬁl@%&l}it ,epaigl?l%i%al half-life, i{outcegof administration, product shelf life,

25 Well A4 other ST IEESTS S EOF TR BRS AAPHECBHTerAPATs PR
tregtieeskilfied tiretheiaot ddrpréparngnslichilhaimmaraieal ioomelatianstidimia can
be%%rﬁﬂﬁ%datr\égt”fé}(t%i%%gg%a?nr}]) e}rs gttlrrps?ghfraeagcllrg %Qqsuestrants/resins and cholesterol
absorption inhibitors such as ezetimibe, plant stanols/sterols, polyphenols, as well as
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 triglyceride transfer protein (MTP) inhibitors, acylcoenzyme A:
cholesterol acyltransferase (ACAT) inhibitors, gemcabene, lifibrol, pantothenic acid

analogues, nicotinic acid-receptor agonists, anti-inflammatory agents (such as Lp-PLA(2)

antagonists and AGI1067) functional oils, PPAR- -a., -y, -8 agonists, as well as dual PPAR-
o.,/y and 'pan' PPAR- a /v,/8 agonists, cholesteryl ester transfer protein (CETP) inhibitors

(such as torcetrapib), CETP vaccines, upregulators of ATP-binding cassette transporter
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Wlémﬁ%pﬁg%esirable. 3. Nasal Delivery 101831 In certain embodiments,

the pharmaceutical compositions may be delivered by intrand&al"§pa4/001051
inhalation, and/or other aerosol delivery vehicles. Methods for delivering
nucleic acid compositions directly to the lungs via nasal aerosol sprays

n described 20 e.g., in U. S. Patent 5,756,353 and U. S. Patent
TR A Dl S ARy it arasaesresepureless B Type
I (65ihd {Taker hgasentitit 9@ andolyo phpshatidyiigyseiel, cQmnRNgs:

n in%&’ﬁgﬁﬁ%@&%%}barelaso WeII-k{]ov%n in the harﬁrﬁaceutical arts. e
, r anilo é}ilme eze{ é%§mugfi§atm, atorvastatin/CETP inhibitor,

Likewise, transmucosal drug deliveryin

S%@WP&M aeposth eylemiedugport niraamésiismwibeﬂkliprblva&aﬁﬁl@s%rm are under
d& 48043, Ayelal jvery 101841 In another example of their use,

nuclgic acid%ﬁ%)%] tp%%ﬁé@c%aﬁ%e(ﬁ%%gfédrg%gé ellrlllt%esrgelﬁlr & ?étnﬁé”bfp harmacother.
4ebhid APdoage I8 - ikewidingilensinio figeited itoyajets, iilliaBened sioNscaBethbined
wihedisamaringiancan{he surResRion sapiaining e qudelc acid-lipid

0partlcles can be formulated and administered as topical créams, pastes,
[ Ji%q}neﬁt’éf}lﬁé‘i’él,s iBdrsant tsediks supresiReEB06RI@60f endogenous recipient

cditied 04400 100 nnoR ERREYIaGHE AN 1NGIRRGHHIG Treatment ,1 38115 tumor

In some embodiments, theSNALPs can be used for probhy%ocrti or

T A e P RS BB At aPRAs afaeh eatijesshasittiased with

infiseastopy HiSOraOIARRRIAGHNIE 1RSI G QYRLe ionofa, .
target se The SNA are ac%iste%% tog%he Sés%ﬁt%%%ﬁ%cgﬁed with

uence. Ps ¢ . S subjec
R A Al TR PR A B ETBp e et Wbt mcsismout
swrdeqafereagsanplishteisoipdafined andihempadticaivelipsve dose
or amount” or "effective dose or amount.” In determining the effective

amoygt of the INALRFLRE 1gsiministered in the treatment or prophylaxis
of conditions owing to expression or overexpression of the target gene,

wgﬁfhgsician evablua,tes circulatinﬁ plasma levels of the 10 SNALPs,
L PtSRIBHiEE,! gﬂﬂnﬁ%ﬁﬁéggﬁg < Bseidisichrarteiss eirstdetovigble in the plasma

aneipresitiarf e QugeexpresSIanN 34, Ut sarget 9ens: AMBIRISYALIONEAR N8 ion of the
emp&lggedeggg ggglﬁ or divided doses. 10186] For example, the
g S RETEI% SHTBC SR i et ok et g

€ admini
inrifdiredfovigx anpathdgenidamicioorganigmrtthe, IRbA shoplgaierably R A

p S to.a sequence that plays an essential role in the tifecycle
Seg}a%h%%fngiglrgo%%%]aﬁgﬁﬁ?gﬁgg cglllﬁacép o nterast ?z.e., y detecting expression or reduced
expression of the sequence of interest), or a combination thereof

1. Detection of Particles

[0192] Nucleic acid-lipid particles 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
labels can be used, with the choice of label depending on sensitivity required, ease of

conjugation with the SNALP component, stability requirements, and available

~ instrumentation and disposal provisions. Suitable labels include, but are not limited to

spectral labels, such as fluorescent dyes (e.g., fluorescein and derivatives, such as fluorescein
isothioycyanate (FITC) and Oregon Green™; rhodamine and derivatives, such Texas red
tetrarhodimine isothiocynate (TRITC), etc., di goxigenin, biotin, phycoerythrin, AMCA.

CyDyes™, and the like; radiolabels, such as *H, "I, S 'C, 32p 33p e enzymes, such as
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also be unique to the microorganism (or at least absent from the genome
WEIAHE/Miatial genome of a patient undergoing therapy). ThePamalRie004/001051

acid-lipid 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
haRYe b REFCEME MEiy HEhSBRRIASE opfbinatierhitothe cidmiithstsasio as

cor@NRINIoNabl aeeia MR IR estdhe Rath &%%&@}iﬁ&y&l&%ﬂgnﬁ, latex, etc.

treatment can be administered prophylacti(;all?/ 0 persons at fisk eing
Thsrlbed ¢ itT SRiSSLEHBYBARNRFSBTSRARMIBE® 2Persons already
infected with the pathogenic microorganism. 101871 In a preferred
embodiment, the chatpagiicriNardtinaifidds of the invention can 25
conveniently be used to treat liver disorders such as, for example, ‘
(oRSRRR. 0k SXRIBIE o ALleR I SRS 0 I BIAN O S HoRANE BAS:c wen
include nucleic acids sequences encoding S, C, P and X proteins, F?I‘f
knewer tarthospinf@el, 18 Ge TEIbsdvimtrotvceo relsispraygecdnby ofetkithown
miHE® arwill appresiaiehatsieneing of genesesseciaiadwith hepatitis

infection can _be combined with conventional treatments for hepatitis’such
radiolfBplinampniliAR R g e ARt throm T g anegyddit ansd anal ytic
bidoRegataditesaransakteeeoshfoMaeing &b aleptVI MR phoresis, capillary
1Res.6‘90ﬁ%.?_g:,‘L35,—é43 003); ribavirin (see, e.g., Hu%lﬁ and Cerny, Rev.
CIRTHGPRANGY S 1386) REB P00 S SR iaser piiURA e (S [y Fermatography
(T8t @Y, hirtepathlogn 38(6ridb i), WL 200%/060AH26&ICT/CA2004/007051

003); prenylation.inhibitors (see,.e.q., Bordier et at., J. Clin. Invest.
B TSR et oy et otk o e il of
n@T¢R)RE6HYbr{2oR)ndnonsaikesaponins thesckiliseen eig arCIHangxatple,

ter, +705-9 (2003)..10188] In another exemplar
e b BTG o P Blepigssavs.
Hgbitdisrtishdsclorinisibitiogeoeraie étb¢ribadsiintiudieT AR IREVratinefon, A Practical
Afphateres: olal.Sumcs, 2R ARSLARLIF2Y. Rey Is a reguiatory

NA binding protein that facilitates the export of unspliced HIV pre-mRNA

[H8eh thEsensifsvirafiheb dbriNeatice B854y besoharendshiooghhistof 2

niRgei WaRSHAPHARM FCHKAAl &hﬁ&ﬁ%@t@%ﬂﬁ@%@%ﬁ@&%&zé‘?&%@@%
sequence in 5' flanking MRNA. Kam & Graeble, Trends Genet. 8:36

vipiyBPlIfisaon RIS RIfRIE donipaliianareerasesiftodrkoryieswar probes

onfem@apelatie Sierl ¢els eifeh BXs 0 G5Bk MBRIBHSD MURCHRSWR. 85 xamples of
therapeuti??llﬁ/ effecéive dose. The treatment can be administered

BRSO DRFEEHRR RS P B EPR Sttt Wit R 9Bl s qsiorsaeghods,

inalteaedytinfeolethawitk tHn Analogo@CMptholgasse hiae dhoriSHPRIGSSINY replicase

argf)(gﬁecgglgnna%]:i other RNA polymerase mediated techniques (e.g., NASBA™) are found in

% detected. In

Sambrook, et al., In Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, 2000, and Ausubel et 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 et al. (1987), U.S. Patent No. 4,683,202; PCR
Protocols A Guide to Methods and Applications (Innis et al. eds) Academic Press Inc. San
Diego, CA (1990) (Innis); Arnheim & Levinson (October 1, 1990), C&EN 36; The Journal
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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endogenous recipient cell genes encoding adhesion proteins, 15 [0189] In
WEaEhé0&fbodiment, the compositions and methods of the iMgEiEiaMEEGI1051

conveniently be used to treat diseases and disorders characterized by

expression or overexpression of a gene or group of genes. In some

ASp the co itions and the invention can.be use

B el ol R L i B 000,
anwatmkdaeaﬁl\mdiﬁ_@m,g@vmﬂrd@i@0 isbasdy W}jiéqnden&)dsmeﬁmam détloning in
Vil AMPISiA 9&@%Jéqgcw@ea&gcgi%eﬁxe%Vg?ﬁ%eoeft%ﬂ"L'ﬂsthggﬁr I‘”%,426,é)39. Other

appreciate that silencing of genes associated with’metabolic diseéase
metheddiderderslcanhisedantivatiolin edrventiona bresdtrepliifotithade\ SBA™,
CAIRMEN G xR BRIEn S| enF i Bef.geaaR uQlgd.j dyslipidemia can

be combined treatment with, for example, statins, bile acid
[0186jue StHntsplesiides Aer SN RSAETHIS abSoiptior ifmiBReEisathramethods, for use as
geBEetiophe oPlaRtItaRG! sl RRI¥RYSRAIS, &nmeli A% 2RAMIARSLLISH N, to the

such as oat bran, psyllium and soy proteins, phytostanol analogués,
sobqpasiePheyPRASSBIHIKIHIGYST BifdadidaramipsbbyiRsmitees smEgmuthers,
TEHRAYAIR-BElv AN Protein (SCARR 1actvatingdigansiso e RING AR zer, as
de(niacin), acipimox, high-dose fish oils, antioxidants and policosanol

ATPGE SN PR &R B ARSTRF o RIT A5 iHiG ol AEY SOy nfaification

of Ghplesiseotiasy tiassfemsss{ACA Tpiohibitpesiopmmrap eifed ol acrylamide gel

antathenic acid 30 analogues, njcotinic acid-receptor agonists A
e TRATS s SR TG B i BLORTSY PR AR Rty
25Eiaiddal (0H83 P PPAR sequenye & &@QNiﬁﬁSet&Sngﬂxﬁsléu?d@ RARseavyiAedlusing the
chlga}”gaf FARG 22000 t%&%rt‘?\%%%e@éﬁ@ﬁé@? 15 r%t%?o%nﬂbp d Moldave (eds.)

m ; 1
ftors? (stich as torcetrapi vaccines, upreguiators
Aggipndiniticsy, Cessefelr daporian 48 W@ REDSHOOPII6

: IO(E)I@A{ ?@599&4&9&/@%@2‘&%%%!&'&1&9%1 tﬁg%@gf(%ggrgr%ﬂit{%gsxge%assfu hybridization.

nd scavenger receptor class B Type | ‘as well as

Ingyithebio Apsiforrsia s eApd) knelateddraptisastdbivdasheibed imasagerer et al.,

MBIRGIR/IvaRIAtn, pienesatn amIadinite. a7sHmbaGiMvastal i
atorvagt;;%t?n/CBTP in?\%ﬁor Pﬂétatin/PPAR aggnist, extende%-ré%ggzﬁxed to 2 solid

SURRRSI RRRH S Bl s Bea A Dlfn o PERRed b sy dgmeiarid s heat or

alRANti-OhRSIN AgRNRn(56Ra &l WRAYSARE dHRILEIATb ORI moderate temperature to
Pharmacather. 4(11):1901-38 (2003)). Likewise, silencing of genes

PSHOH GRRFAITRA S SRES B PIRL SO S P RFHHH trd BEnREYRSK AT iR bl (efed with

radpidigbpredifiitasiescand-exateise. [01901 Analogous methods are used for
suppressing expression of endogenous recipient cell genes associated

Vyyith wsorigenesis and cell transformation, tumor growth, and tumor 10
migration; angiogenic genes; immunomodulator genes, such as those

associated with A ,
{0198] 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 moieties (e.g.,
antibodies, proteins) to lipids (such as those used in the présent particles) are known to those

of skill in the art.
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inflammatory and autoimmune responses; ligand receptor genes; genes
WA Wvith neurodegenerative disorders; and additional’jenga?004/001051
associated with viral infection and survival. Target gene sequences of

particular interest are described supra. D. Detection of SNALPs 15 (01911
In some embodiments, the nucleic@gidslipjg:particles are detectable in the
plasma and/or cells of the subject 8, 12, 24, 36, 48, 60, '12, 84, or 96
“hours after administration of the particles. The presence of the particles
[ be Hestdabioey Bie 1o PRESSIAOWH i s nBidIRG g rakimprmed
ifiegabaetaasien ptheipaitclesyideteationeb theznterteréng iR dhcritical parameters
sequence, detection of the target sequence of interest (i.e., by detecting
i S8R B SRR Coh 20 BEpIESIh ST L e AER S Rest), or &
ggem ien?.ti%rkt ePf. 1lalag}gcetrilgg (sjlfﬂlz:;t%{ti%l ot 01921N.ucleic acid-lipid
known in the art. For

(RTRIR S R 520 A5 RuREc A A Rl ORI B ciner

or ased carrier system using methods well known
sinthenlengdvide VBAEBAST 250 apulscedh beongatowith tHelekoleanst latyépnd

aQS&%GHﬁ‘Qe?Qomﬁvi%@%ﬁﬁiﬁé%ﬂho ij&i@@iwjgﬁﬁ%@@%&ml (Cia)

component, stability requirements, and available instrumentation an
(BRG I Pravisiie- durenle Mses (relldE bR e noblinimeedosidssefral)
siahelsesuph asduoressenives(@d.ptiraveseaitapiiderivalings: SNAY 2%y this

fluorescein isothiocyanate (FITC) and Oregon GreenTM; rhodamine and
R VAR LB TS e O el TR RO BB AR (PR PP Siz
(Mﬁlvfﬁgglﬁgﬁnirﬁéoﬂﬁégmmm&me%Mﬁ@c@y@mﬁmg and the IiEe;
radiolabels, such as 3H, X251 35S 34C, 32P tc.. ymes, such as
G B L 96 s FERSLO GBS P e o A R e
alkalineiphasphatasaptacHreriiahcolorimetric labels, such as colloidal
gold or colored glass or plastic beads, such as polystyrene,

polyprop 9 EURRBIEE YK Na3BIHaBe detected using any means

known ipdheRis4iJaetectionof Bheelrigaficids 5 [0193] Nucleic acids are
detected and quantified herein by any of a number of means well known

to thoseP 8F 'R B UMY the aé)tf/ét?ﬂ%’%&flﬁt?é}eic acids proceeds by well

known mgthedg.such@s Serthern analysis, northern analysis, gel
electrophoresis, PCR, radiolabeling, scintillation counting, and affinity

chromat}rapmyrsaidditidbhal analytic biochemical methods such as
spectrophotometry, radiography, electrophoresis, capillary

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

Polydispersity = 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%
Post sterile-filter = 90%

Particle size = 111.6 nm
53



10

15

20

25

30

10 electrophoresis, high performance liquid chromatography (HPLC), thin
waysnsiwomatography (TLC), hyperdiffusion chromatographypaya#Q/001051
be employed 101941 The selection of a nucleic acid hybridization format
is not critical. A variety of nucleic acid hybridization formats are known to
those skillsdiipdheartoBar example, common formats include sandwich
assays and competition or displacement assays. 15 Hybridization
techniques are generally described in "Nucleic Acid Hybridization, A
Practlcal Aproach " Ed Halnes B. D and ngglns S J., IRL Press, 1985.
1 [} A i ey A \

'ﬂm',.‘it Vitro an
__@,glﬁou@a & éh a;@\lﬁg MWNWcatlon system which multiplies the
target nucleic acid being detected. in vitro amplification techniques

emtamemns mmﬁmm@rsequmf@w@aaﬁ)m@m@ar APRES AP RTIPI6.CL2S cells
nera tlll;ll ) CB:-$] é%%f ragm eirgs t{%@‘}g’ equent subclonlng are known.
xamples S ‘ec Niques SUfic Y %é?%ﬁ’s BIOSRIMER FOGEPFYigERE anti-B-
Gal vitdlamplificatidrs metdmxﬂst,edmmgmg the polymerise chain reaction
) the liga ain tiony 3- re licas- amphfication and
65’@5& 7 vz%go a8l 1v@ F%af %ﬁe(ﬁ 2:‘ta élﬁapWRéelg ﬁr\uﬁ%}l? ;ﬁél ﬁ_’)ﬁﬁ(‘f*

other RNA pol ymerase meéd nlque
dpsr@aearéok aetivity by Riolectds BlomngrAdraloaraieps MaouatCelds.

ORT
DA R DR R e R B b v
llﬁﬁﬁ?%ﬁﬁ%%&q@v%&ﬁ@lﬁééfm@ PubliekiAg?Ass comtesisnctanskdpbued\Abie! cells.

&Sons Inc (2002) as WeII as Mullis et al. (1987), U.S. Patent No.
Ex3 bR ASEYS TSt CWide to Methods and Applications (Innis et

-'»L.!“

[@ ﬁ @demlc Press Inc. San Dleglo CA (19903 (Innis); Arnheim &
& OSBRI 0D N vh B TBHHHAH IsCOoringre tsarerye noted
tegmqmgm Kusedyed &y, Jeros. shsh@tht&xfb@zch il AnRbL{3 (1989);

elli.el at Proc.. NaI Ac A, 87:1874 (1990); Lomell et at, J.
G P b ISR S S, SR oD i o g the
Py7Hnl @«mﬁ mte&atenhmotb@qu 1154 WO ROOROET 166 RCH/CARIGHPBL0540 mM NaCl,

560 989 t
S RS 5 L S oo
I (Galoms) -1 Ripkovad tharsnsiof Blosingd mddnrbxanqmitftécbmmﬁmexa@ld&ﬂd@e that lipid

fABRERSE, B N6!ace -8l haddvasiky A NR1320 95 Q%%p 21 eg ino g%?l‘o% 37°C for 30

described in the art are the nucleiC acid séquence ase amp

MR ALE APIRR, UBERAgENe, 1M1§§i§§éégadé)ﬁtarl@§ HHOHD BERNRESICAsBowed by 1.0
nflysiemsntd 196t Qligopusleideminiuss 36 RIRRLS S8 @M‘& Bbletop

ampli flcatlon methods, for use as_gene probes, or as inhi

TEiyste é@%@ﬁﬂ&sﬁﬁ‘?ﬂ?&qi’@é @Weﬁ?ﬁ%ﬁ"}g&&ﬁmﬁ@emﬂheshed 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 électrophoresis in TAE buffer.
[0205] In atypical serum assay, 50 pg of DNA in iree, encapsulated, or encapsulated +
0.5% Triton X100 was aliquoted into 1.5 mL Eppendorf tubes. To the tubes were added

45 pl normal murine or human serum, dH20 (to make final volume 50 ul). 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
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 pg/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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sol'r%ﬁm_hase phosphoramidite triester method described by Beaucage and

VEURYNY Metrahedron Letts., 22(20):1859 1862 (1981), .., RGINGARN4/001051

automated synthesizer, as 10 described in Needham VanDevanter et al.,

Nucleic Acids Res., 12:6159 (1984). Purification of oligonucleotides,

where necessary,Js typically performed by either native aerylamide gel

SR Rr s o By ISR A g BT e b e S HrsoRamare any

ﬁ?gmegfmdo s, 2SAIAGKLA(PERA Fhvasoquencalilaq SHONRIG amide el

ligonueleoti n he verifie ing the chemical degradation metho

of Maxam and%%ﬁé‘reurlt (ﬁaégéf%aé’?(’)%gsman and Moldave (eds.) 15

[Ax¥dentierriessiisttwey oboyMéthodstint Enaymaianyit6 SO Mhan 5% and
BRIAUVE, Beais,for. g i level of translation is in situ _

Iﬁybridi?ation.‘ In situahﬁnﬁglg;ég:%%%]?f r%(%%rlleo l%ﬁ“ﬁﬁi Wi %A &Fa result of such

éeeal st insArgerel 6t WD NetodhEnaympates 152:649(198 2 DN A,

WRia S idizationa re.fixed tq a solid su typically
a glass S"%f.a#? g?\lﬁgﬁ%‘a‘[%dbgel?g%%%%?d&lglgeﬁ?? (rlgxggrdséﬁﬁrélg [\)/)v(%iﬁﬁ Por
9@%%%@@?\5 B st tharh esifdt WithbatmytinigiZatiopreattinnnal (s, often
soslecgtedenperatie de.mrynit annealing of specific probes that are
labeled. The probes are preferably labeled with radioisotopes or

HuargiscenCrapanieisaiin bitsXA198] The present invention also provides
nucleic acid-lipid particles in kit form. The kit 25 will typically be

[@Wbri%dmmpmﬁmﬁmidh3586@hmfgﬂﬂ@%hi@&ﬁ@reﬁﬁx@éﬁgﬁh@sumn g from

-var leme of. the leic acid-lipid particles and_the endosomal
R R R e, e

cBsrnpusitidnscdeithecppréseptamyentions, preferably in dehydrated form,

witRinstuct for. i ion,and administration. In still other
{e.mbkdimen%g}?%f pﬁ%élg%%ﬁ%q&%ﬁ%%ﬁﬁ%%%%’ gﬁ&ﬁﬁ’&@ﬁéﬂfbﬁé’é&”
(dinmsisve Ararybtriep Bored vletipiattaihbditopdte SenfA6RIAL e PRYATIE.consist of one
athodsohatiaching .l asing MOIelies (e1sh antikodies, prateins) to ,
IJI)iéli,d_s‘(gurgéaas those ﬁ%g% in thg}giégﬁ%%%grlﬁ% esg){%%gﬁ??og) r%‘t%pt%gg Accpt a bilayer

SO AR OB OBS Ty EY SO 00T 96 PP aD AL GRFIDN OB1in E XRNBLIES hibited
<4981 Fiba:feioningiexamnlesAenlferechin listrate, it nof 90'13%%‘e%tl‘<?envery of
y

ir?t'ﬁ‘é &)?ad . igg%n%%g%%%f skiISI in.the ail will readily recognize a varie .

of honctitical p FiCRSELH B &N CRBPRERBRSERIfRsEP oAy ibleldisease site.
[exsEntiatiAhe samivrestiti) &ibxample douRNALR 9TRVUAUSASsponding to five to

t n}g:ear esr'i{lgpﬁ%%'t?al}lﬁ\ljected 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 Qbserved in any other tissue. Interestingly, although
the liver accumnulated 20-30% of the total injected dose, very low levels of gene expression
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 vivo 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, PEGjs4q0 spacer chain and a cationic
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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‘,%rg)g(%oll()(;l;hgs example demonstrates encapsulating siRNA in SNALP

Ormutated With either short- or long -chain PEG-DAG and préduiceskimna/001051
continuously mixing organic lipid and aqueous buffer solutions. PEG-DAG
lipids employed were PEG-dimyristylglycerol (C14) (PEG-DMG) and

tpgsﬁgjgheﬂyw cer %é)PEG.-DS(%'? Anti-f-galactosidase (R-gal) 10
SIRNA encapsu%;tedg %r‘%(r %% :Eholeed I?b@\fﬂ\ﬂgﬁﬂﬁg@?ﬁMéﬁ‘Egﬁ@%Wlded

3

1 gﬁmmmiégregm ¢eg|mbts’§ﬂ nml\r/lgﬁ%mpzp\sw?mmmmmn%p were

SaY | =120 1 ' vern s preparations hax
“the fo!lgwing chapﬁﬁté?ig{%%. ffr?]?dpgr‘esgg g%fi)-tg@}gi A lfyfrease in hepatic gene
emea;r;gm@mgpgfmmp&@me&mml@?mm% potengy was specific to
tIneansyiationJdoRosh dilvl IX.=.98% encapsulation Post incubation
mix = 97% encapsu(%gtiong %gsstg?)%gﬁgig Eﬁé‘fys@ %r%%%dé}ﬁga Gifatseart
IPAHGR WishanzrocP HAD MbIgdfspersithan Owlalo RS ofiprepitaitidBrgahtial in the
(SR RSREGINOPRMAL ECIRIG pgsomes Post diluton &
('ﬁcubated mix = 89% Post overnight dialysis = 91% Particle size =127.5
[¥4h1bs PSSy stie1hs Riptep: BmirBdyitEiRNARIDER Groperties of PEG-
liStobDRRMAREGOAR dResames LashAIlVIoR &ineunaed mix.99% ,

Post over%ht dialysis = 90% 30 Post sterilé-filter = 90% Particle size =
APITVE R W@%8%ﬁﬁ@?&%ﬁ@#@éb\m@ﬁi@ﬁtmw@%ﬁa@eﬁng and

tifs@dshaamplen?. Rpwrrelationtef inFaseiuial axpras) i&g%@ o
n e_I‘i/\I/I%rlin nigd\éifro an S'NALP formulation encaglatir%%iRN 5 [Ooélg)%ofltlon of
is example dé?n%ﬁ%ﬁ%?éss downregulation of f3-Gal expression in

256l15. delivered ipitrg DSPC:Choi

[0212] This example demonstrates the preparation of a series of PEG-diacylglycerol lipids

ting anti-p-

(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 (C)), PEG-dimyristylglycerol (C4), PEG-dipalmitoylglycerol (Ci¢) or PEG-
disterylglycerol (Ci5) and evaluated for in vitro transfection activity, pharmacokinetics and
the biodistribution of gene expression resulting from systemic administration in tumor
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 (dimyristyl (C 14) and dipalmitoyl (C¢)) resulted in
SNALP particles that were less stable but have higher transfection activity in vitro than those
incorporating longer acyl chain anchors (disteryl (Cyg)). 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-
dimyristylglycerol (C,4), PEG-dipalmitoylglycerol (Ci6) and PEG-disterylglycerol (Cs)
demonstrated ;irculation half-lives 0of 0.75, 7 and 15 hours respectively. Extended circulation
lifetime in turn correlates with an increase in tumor delivery and concomitant gene
expression.

[0214]  Upon intravenous administration, PEG-disterylglycerol (Cig) containing SNALP

bypass so-called 'first pass' organs, including the lung, and elicited gene expression in distal
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- lip H;rbnl

Wg%l"%’i 5 @.(The results are depicted in Figure 1. [0202] In vitro deIivery of

2 pg Oligofectamine-encapsulated anti-(3-Gal SiRNA decrBaS&d {80E410s1
activity by about 60% in comparison to unexposed control cells. 10
Encapsulating 1.5 pg anti-Il-Gal siRNA in

iSRG Ehdlasiersl DAPMARES IMEslpcsames ereasrd i Behs , 100
tivit apout 0 In comparison to unexposed control cells. Example
Lo i

PSS AF AR SEAb AR50 3] RIpiaHITEIESeatE HE cRmP asd) well with the
bepaviicles SorniUtatestAceQrHING- teithe @boye TIRieHc deshRiseSIeaTPB AG in

yed for serum stahility by a variety of methods. 15 [0204] For
e S A Ble TR St S SO o6 BPCtpSorstation Wigimes are
praqucigcoitie restiseitcubatetedmetaial atlineetiftdurtisnoVbHERESNA and

mM NaCl, .10.0 MgC12 pH 7.4. DNase treated samples are.
SRR e e G
syXeaB0 &an beadsledin control experiments to ensure that lipid

M‘K’f@ﬁ%ﬁ”iﬁfﬁ’ éo%%tﬁé}@§?/ inactivating the enzyme. Samples are
or 30

incubated at 37 min after which time the DNA is isolated by

addition of %Q Iﬁ((z)lf DNAZOL followed by 1.0 mL of ethanol. The samples

are centrifugecffor 30 min at 15,000 rpm in a tabletop microfuge. The
er IS ed and the resulting DNA pellet is washed twice with
[020 Yo etaanolgggg griedﬁ?ﬁi%ﬁfgs% roéglsnlﬂgé,opﬁeﬁrl?gé)éﬁl%( P el BYPAC
ang theRis-Gamigly tsridaded: oncauf:0%r eljay dsexgeh andistibvjedte@ianaby, BC).
TigleattoRhecasis INFAR RyT, 2(02081403 typical serum assay, 50 ng of
DNA in free, encapsulated, or encapglaé#eegj%' Jlr%%xé%:lhe QIyrliiteotneg(1"(‘) %’a%gﬁe‘a from a
nugies Gfedi fivisnt oMb EppeingGeEiubes. To the tubes were added 45 pl

[oR¥MabmpHNeH RUBRE; S8T; g%é%&k‘%i@a*%% Héé%lé‘m?la %h():a)'lf'-,l[\-fr%sgcles were

tubes were sealed with parafilmand incubated at 37C."A samp
Prepagedviadlsstimnaiaialy siriediseta Butiergds8al ingo X mod NeCHigestédidy HEPES)
foruelease (sipnroand) WasHoazenie Hapifea0 g NAn S RRRAIRN IR reate a

a storﬁd at -20C. Aliquots were taken at various time points, added to

AP OBATARTANS HHO iR EBak O QR ) R minseciahelgdivient-

chisiedignitiieitadgey! tthsiap theireagtiond Oraeall af 8 iraR RO WEIS nicomp
ang Iéclectid, the §ar¥5ples dS? WO 2 tC))5/OO 711 96 PCTICA2004/001051
S incubated A BEC I SRS AR R AR EBRUtR LS RieaiRinAg it

TS InCLBATS
[023 Yen&titd BrynremagnitifeRonygleaselsRrete fiasmistcigast@dspeples ysis by

e e B0 B0 AR TR S R Dt s
cogeghitiagidy eiroshirsgridestitat® Sundelergent dialysis. Empty vesicles were removed
by one step sucrose centrifugation. 3.5% sucrose was used to separate out the empty particles
from the plasmid-vcontaining PEG-Diacylglycerol formulations except for PEG-
Dimyristylglycerol containing SNALP which used 5.0% sucrose. Empty vesicles migrated to
the top of the tube which were fractioned out and removed.

Invitro T ransfection

[0218] 5 x 10" cells/m! were plated onto 24-well plates (1 ml). Cells were left to grow for
24 hours. 500 pl of transfection media (2.5pg/well) was added and then incubated for stated
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 until day of experiment. Cells were lysed with
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5 preferably undetectable amounts of DNA degradation (partial or total) as
vegesedtoofsuch treatment, even in the presence of 100 U DNgse, 1. Thi <
compares favorably to free DNA, which is completely degradgg, a(’/l;lA(% 0}35%01051
plasmid/lipid complexes (such as DOTMA or DODAC:DOPE complexes),
wherein DNA is substantially (i.e., greater than 20%, often 80%)

1a8gragetr 4t gent tiatienenoteioet Kailmiples 4 PGinar acteritaiion of SRS, 20 ul
oQR07 Luiis fxRmRle dashines diseass Sits frpsting and gene -
expressio? resulting %m intrgvenous a mi‘ﬁfzgrat%ﬁl% OF NP B o g ferase
a5%HRg mice. In this example, the encapsulated nucleic acid is a plasmid.

(02081 The SNALRmeHadIasyliss R encapsyiatien of plasmid DNA

in small 15 (diameter -70 run) "stabilized nucleic acid-lipid par)%lpcrégéwn

[6SNAL L SNALR cansishatanesRIRRBIL RSt pa" lé%l%ne”é;@gg;r}?ﬁ%%yfﬁg‘&e data

a lipid bilayer stabilized by the presence of a bilayer stab

5 SRR elkigach poKRE e nbEIyeBiNEG) KoatinghISMALE obtained by
caxhibitag caxtendeohricaianiiglings, mg%%%ﬂ&gggé?gc%ﬂs?aﬁu g rtTi1on (4°C,

3§$ministration and promoted delivery of intact plasmi I fmor
[

SRR U A T e et ERIsraRS b A6 tA e tistumursit (BB AD2G0]mts.
CHRHAL R otithalong raupiian dimesporumlaiRhibIRYals GOSSRORLING: Bes (Fast

five to t ercent of the total injected dose per gram of hurnor or greater
PESRA %5(%] g%c ﬂé%o‘%qu15§%%&>ﬁf@&8§@f BAPTENARY theatirtesdels of gene
[@Xqtessibndhapwaienmeredbiaading BydarsahMagniuds geateL e ested,
h@ﬂqge@gp% rv%g in any othﬁr tissue. Interestingly, although the liver
A O R P TR S AGLREIE N ISR 98 Vet SepEHiged (10,000
reRpPessioE5indste phsisvpehinttheviver aEhisds ihnipplbio he.duedgithe
i elular untake of. the REG-ylajed SNALP. See, Figures 7-9.
%&f&%@%@%ﬂ%ﬁé%ﬁ%ﬁ hsfec iosﬁl}f)so?é% %‘i"&fﬁ%&l@?@‘ﬁ&h@%id
particles cofitafiing arsilsyercétgbilizing component was further enhanced
through the incorporation of* a cationic PEG lipid (CPL) consisting of a
[$38BE 4ridhorer nasdenshachSEna r@EnpkaicaidEtcFdeagugiedstind containing
BERiF Bl WETE1IRSRIRY | LP at concentrations of 2 tQ 4
agol%;lthe resulting CP.L.-%FI\IS%I%%B%@%%# é’i{f‘rﬁm r%rﬁatgrt%%i%%
CHRMAETSNRY-PIcifEaip SRtk atcaping ds tiendthadd devatieindreasedene
cifprasaiiuiaisdriMannang R GORSANILaN]NGiRASE IS5 W G,2005/007 196
T ICAZOOAIOLOES T a%%\;:ty rﬁ%%gggg(?%\c% ?ﬁ%%ﬁé‘o}g‘r%rﬁ]”'

EvivepBredficats GRIESNAL Rotelded ) $05dold mare in vito.gensc.

de)ﬂ?r ssion thlan native SNALP. When CPL-SNALP were
131IKVIOXYDIODY comugates

[06222] This examples describes experiments comparing expression of nucleic acids
encapsulated in SPLP comprising PEG-dialkyloxypropyl conjugates. All SPLP formulations

comprise a plasmid encoding luiferase under the control of the CMV promoter (pLOS55)
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administered intravenously they yielded a substantial (250 fold) increase
WORHeBatHEGene expression compared to native SNALP. ThRGREH&8e/i11051

CPL-SNALP potency was specific to 5 the liver. The levels of gene

expression measured in the lung, kidney, spleen or heart remained

nged._contributing.to-more than twq orders of magnitude differential
Griﬁ“ﬂ‘ugwgehélg%?e S8 meadlifdd i 'the Iive‘f?)’s‘.eoth%r%r ahgeredng
The:;e'rees Ults illugtrate the potentiat-for modulating the del very properff\?sé,s‘/:\y’kw .

of PEG- lipid containing systems while retaining thejstability and small

uniform sizé'f@quireddo 10 achigye systemic gene deliyery. Id8darticular

d

gand-Hs
8xpriession canp be réprogrethiddd Pp@lteringthe lipid bompoéi ion af weights,
raon-vwal genandelive Y Systemse&Exanple 5. ?\I/\IAL S containgBREG-BAEA analyses,
coniteates 10212] This éxample demonstrates the orebaration of a seriesciferase
of PEGdiad¥igiyceratlipidd T3 ¥PREUIAG) SNALPS. In this ékkmple, thactivity

ale-aeidac-a-nlacmid N2 31 PE(: D'I_\‘(" SNAL P A ere

ancanciilata e
CTiv IJQ A TTUOCTCTS ATT U

Brepared incorporatifg 10° ol pgr_éérrWBEG- daurylglycerol é‘ébfé),

thavidaom
(9} IU_y o LI

no talthat dicanca cita tarnaotino fhqQcl acifi
A atethat-tisease-Shetargetn SHe-Sf ecific-gen

PEG-dimyristylglyeerol (Cl4), PEG-dipalmitoylglycerol (C16) or PEG-
[disteryiralyesied (Sihand eyabatad Aop Hrvitie: i 3NaiRCHRBACHVING SPLP in the

fqﬁharmacokinetics and the biodistribution of gene expression resulting

BRI SRl CliginTstration T (AT BOMRE ARG IS XSRS dipid

AcontairiBg §biAit Ricgeaofsitated a similar relationship between acyl

B ramiBEL SRHar M) ERBI Gk Bl (ARG R L2) and cipaimitoy

C(C16)) pesaiketPIrP SNAPE partittes thal vaetesSieasgatable but have higher

transfection.activity in. vj tmlzcl 0Se_inc ating longer acyl chain
Danchoréﬂ gd?gtagg%%c"@})g%é l]% |oﬁs‘6eﬂlgea%@?§(rgrﬁna%%o‘kghetics 25 of
EPEG-DAGeptaiNingISRIAL-P -Govfirniadlaat Orfél aigimbetween the stability

of the PEG lipid component and the circulation lifetime of SNALP. SNALP

contain(ig 5 6= WMy ISy CPTOr trdgth e G-I TDRITTHIGN Ol CERRAfs 16

and PEG:distennNniycerolifteig) | demonstrated cinculatien half-livasef 0.75,
7 and 15 héurs respectiveiyl ExtendedBirculation lifetimie in turay 14
correlates WithlanSingredse dn tumeildérebfand coboarhitant gemel 80
expres_:nng [0Z 14 UpoPittaverntls HdmidistationPPES- iquﬁﬂgl\%prr
(C18) cantginirg é."\}r-\L."—gaﬁ‘%pa“%ngg §§§eﬁ'§£§§* ,Ja%%w*a. S; 'Qf‘%hjng
the lung;andeticited gen%}exp ESSIon nféibtal 56-Wo-2005/06 1‘.3‘3/9\1:6
PCT/CA2004/001051

[0224] 1.5x10° Neuro2A cells were administered to each mouse on day 0. When the
tumors were of a suitable size (200 — 400 mm® ), mice were randomized and treated with one
dose of an SPLP formulation or PBS by intravenous (IV) injection. Dose amounts are based
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 further analysis: tumor,

liver (cut in 2 halves), lungs, spleen & heart.
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ATATOI A , The level of reporter gene expression observed in tumors

W repré/s&é’?l?gi 100 to 1000-fold differential over that observed fnf &} StHER 051
tissue. This compared well with the behavior of SNALP containing
PEG-ceramide C20. The incorporation of PEG-DAG in SNALP confirmed

W% sn@élngigg Laos‘é\ﬁ (;snulrga&) }CQQ(E%%S%”Q exte ged circulation lifetimes are 5
prefequisite 10 the Sasaive diseass oie TArgHRgIELAIRY 15 aKNag I sHpAmatic

activplas fripDNadandi igesereppressiorin. tdinorssidtowing systenFiures 11 and 12,

SSr R i Foc X s 3.9
e e R b R R i PEC-
Divévecaibeamenifrothy Nontsdro bipisisqiscbuvery BCUDODIAD andstiee extent as
i ls: lnex Ph tical ‘
o S IR e
coReaaechFEter kreypiomihatg ot tatmbeseshdifiér8Rt Bammtntig) PEG-
diaoHHEeS2164 PEREBRYDAGRE s Riawidaarals 8 %) Wé XEEIJ_(]Q )dkgcr%?gl ycerol

unilamellar vesicles were 15 prgqgared via detergent dialysis in Hepes
SYEGHe T SHHR PISETH REOT Eh N TOHIMTERES)Y. fddagdveurthe SBioP
coTiRekiselntongiWRICRIGRI A dRrethanal.aaf then dHush Aown Lo, aeats 2y
" lipid film which was reconstituted in final 200mM OGP, LUVs were labeled
W EI9NSholesteryl hexadecyl ether at luCi/lmg lipid. Particle sizes were
2 A LR U o
o5 -Dﬁ@/ yeerpl re formulated via detergent dialysis by .varying the
{ sgﬁ goncen%a%%?%n%ﬁﬁ%pt %mﬁé‘%éﬁ?%? ’éqﬁlg\‘ %n‘@ab%ﬂ?a}ifboﬁ’. %?ﬁﬁh?&fl
sySEmico aoe miramorcokisetho sén forahe A hodiatiotergentoialisids SXYLPs (i.c.,
SP’EF@&%%‘M?:{E 5@@&{3%@&@&&@ sucrose centrifugation. 3_.5% sucrose
was used to separate out the empty particles from the plasmid-containing
PEG-DiacylgRfséiioiisilieins except for PEG 25 Dimyristylglycerol
containing SNALP which used 5.0% sucrose. Empty vesicles migrated to
108 ko plo5¥ dRts IS Wisidor ol dieirifaciaone B Pansuitnaolyent. sysidtngs administration
- of ERNBfeation RIS RN AL NS, Wgﬁ@ﬁm:%r—lﬁg ?u‘}ﬁ@{etgle&lﬁ;[%%g%e via
ml). Cells were left to grow for 24 hours. 500 pi of transfection media
flusraReRIE M I5FRECaBYed and then incubated for stated 30 timepoints.
Transfection media was aspirated after timepoint and then exposed to
Acompleﬁ@%edia for another 24 hours at 37C in 5.0% CO,. Complete
media was removed, Cells were washed with PBS twice and stored at

Bi70c upiiidgp stiaNgefitrdamioeibiehelofsedRiitehol: DODMA PEG-A-DMA
SNALP (1:20:54:15:10)

Group | Mice |* Cells ' “ Treatment | Timepoint| ~  Assay
A 2 | Neuro2A PBS 24hr Fluorescent
Photomicroscopy
B 5 | Neuro2A | anti-Bgal siRNA-Rhodamine- 24hr Fluorescent
PE labeled- Photomicroscopy
DSPC:Chol:DODMA:PEG-A-
DMA

[0229] 1.5x10° 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
and treated with one dose of an SNALP formulation comprising 100 ug siRNA or PBS by

intravenous (IV) injection in a total volume of 230 ul. Dose amounts are based on body
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57 WO 20 05/00 7 196 PC7'/CA2004/001051 150t 1 of Ix CCLR
WesHtaibint protease inhibitors. Plates were shaken for 5 minBeE 200461051

each sample were assayed in duplicate on a 96-well luminescence plate

for luciferase activity. Pharmacokinetics, Biodistribution, and in vivo Gene

wEiRression &il4d AlBharmacekingticsiapd piodisitpytio §l’)’iﬁ%’r§d%|;linistration, the

determined by normalizing the data to the quantity of radioactivi
MGRESHE SAPHIEXIAtEI) 1800 ¥rbFpiseEariobainlavvpadiatiecpunctirested
wBgnkblosgheellsand plasma were seraetestpy. canirifiegian (45,3000 cut in 2
hi{fm io minutes) and 100 pl of plasma was used to determine radioactive
YEiht Ung SR hvr B Afrvested at specified timepoints and homogenized
|oizBlysingonatixitifies{bagic SNRIEP R Yl sesenss M dMeNSIiiitscopy.
Aassa }at.portip%\s?&}r e mixture. [0220] Gene expression was determined —~
B DRI AL 288y T O § s Tére HAFVE G d STHORSBGRAE B, SRR pesarising
PHse-dribyghowt dhel expelilnentxtysates wereegeniitfugediA0000 KBk B a target
" ryinutes and 20 pl of supernatant were assayed in duplicate on a 96-well
Uuc o1 organ. . .. . .
uminescance plate for luciferase activity. The results are depicted in
Figures 6-9 PhBrmaditfnGene siisnongd 6224} ielsisvere transfected with
SPLP comprising PEG-lipid conjugates and containing a plasmid
[08Atbdihyitucifenakei llnttetethib cpimtrolaob e CIVI N AMOIB e NG SNAPPS

i-Jucif iIRNA ding to th t ibed
SEAA D el AENA amaigs e e ARSI o

- SHYel He pintadnin Eigtiridi fer2® ERAMple 18] &xpedsdisubotinneeitasits Neuro2A

wnghgansulated in SPLP comprising PEG- dialkyloxypropvl conjugates
[0222] This examples describes experiments comparing expression of
nuclejc acids encapsulated in S}PI?P comprising PEG-dialkyloxypropyl

OREEMisE | MCEIDL D formulations comdieRmerlaemid encoding fuiferEimepoint (n) &
4 O L Neurodae o iy Sy SRy QIAMAS 7196025, 1,4, 8,24

ol B ornRYEn
JEUEE U VONGRV A YIS PCChSDODMAPEG.A-DMA | 0.25,1,4.8, 24

3. AT
PC TTCALODAHBIINST GraundhH-UiRODRRUE, f FBIE Pt dX oSG 7 0.25,1,4,8,24

Tmepoint Migeridoses ASSAY**3AINeLIs 2esP SCPEBS TV T 48NS (25 1,4, 8 04
E 6 | Neuro2A [3-H]CHE-L055-DSPC:Chol:DODMA :PEG-DSG 0.25,1,4, 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 (20:55:15:10)

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

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

D. {BH} CHE-LO55-pSPLP (PEI) (i.e., precondensed SPLP)

E. [’H] CHE-L055-DSPC:Chol: DODMA :PEG-DSG (20:55:15:10)

Group # Seeding Treatment Injection | Collection
Mice date date date

A 6 Day 0 [3-H]CHE-L055-DSPC:Chol: DODMA:PEG-A- Day 12 July31
DMA

B 6 Day 0 [3-H]CHE-anti-luc siRNA- Day 12 July31

DSPC:Chol:DODMA:PEG-A-DMA

C 6 Day 0 [3-HJCHE-L055 -DSPC:Chol:DODMA :PEG-C- Day 13 Day. 14
DMA

D 6 Day 0 [3-H]CHE-LO55-pSPLP {(PED) Day 13 Day 14

E 6 Day( [3-HJCHE-LOS55-DSPC:Chol:DODMA PEG-DSG Day 14 Day 15
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wo bleeer A8 hrs B 2 SC SPLP PEG-DSG IV a Body weights,, &R-42004/001051
Neuro- SC SPLP PEG-A-DSA IV 1 48 tits Blood analyses. 2a Luciferase
D 5N uo- SC SPLP PEG-A-DPA IV 1 48 firs activity B 5 Neuro SC SPLP
PEG-A-DMA IV 1 48 kvs 2a 102231 The lipids

[0@DIP C3C W QL DODIMATREGoh iDilorivere reserddel daes SRURIBIASy with Neuro
llaywing molar ratips (2Q:55:15:10). The followjng formulations were ]
2 B L Rl SRR e b b M Bt oeredsaline on
dapkzeab 0 S0amgfmirs r€ichk0appBRtiRavith: PiyGeAHD Si\d 2 rhloala@B0200 ul (100 pg
imL.. D: pL055-SPLP.with PEG-A-DPA, 2 mL at.0,50 mg/mL. E: .
b R e R SR Vg ered
ineyatraenly a{12feétiar Colted tionrs; pfivica datstdaterdat SPARI D SWNA BB Giice were
G,Day 12 Day 14.1 C5Day 0. . .
BBt R R ST ORI RARY M5 30 Brcin
oFRLEPTERBAY @iSPWPfP@G‘iﬁCSWOD@yV&QCD&WM A0 855022 4dr clearance of
LRG0 NgreZA g%eﬂiéeg%ﬁgmafﬁtﬂ(ﬁ% O1R3R THEYUSE QP g@%%m\{xasg and

the tumors were of a suitablé size (200 - 400 mm'), mice wer
evauatsthfred BdHFeateunivietione Tho sesvit arrshpPTombigatienldr IBBS by

[onsavengHs (WMIREHRY. P9SeAMaHRLs ﬁﬁ%tl%@dreﬁ%i%é)ﬂfg{ﬁé{ﬁ&%% the

measurements taken on the day of dosing. 48 hours after SP

longrsiniifa a0 thahmivis it dssdrmesdnarfichiobd Ristesbnabicbersimprred to be
a falieavingiti ssiemwempsoliaciehweaighed: mmadiatel i ozmend §losedny other

at -80C until further analysis: tumor, liver (cutin 2 halves), lungs, spleen
fm@gﬁo%gﬁt{er ﬂl the c]e)e/u*ance proﬁl’e of the( pSPLP was quit%: simiiar topSPLP. 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 result maybe that siRNA
containing particles can evade the cellular immune system more readily than plasmid
containing SPLP.

[0236] SPLP comprising PEG-C-DMA demonstrated a rapid clearance from blood, which
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 h, lower than for SPLP
containing C18 PEG-lipids.

[0237]  SPLP containing PEG-DSG had the highest tumor 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 tissue. 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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7196 PCT/C420041001051 102251 Gene expression in
W\écl)%e(%&g(? {l%gues was determined by assaying for enzymatic cti{ityp /001051
expressed luciferase reporter protein. The results are shown in Figures 11
and 12, [0226] The results indicate that SPLP comprising
[0P33G-dialkoxyREANP K DBE GoddAvia £8PI0PANE HEPHIY REHSRLLIPand lungs was

transfect ﬁ%ieStal tumor to substantially the same extent as 5 SPLP

PighthPrGIAY PRe-A g O EvBedvisrcant e statnts isversebairculation
haifith SRIfBateitainingd? E CBdialipiloxyReepyh A 8 similalde thass, seei.with
PLP containing PEG- diagylglycerols (e.g. PEG-DSG). It was also shown
re%&%“&m3?%%?{%?&&%g@@%gﬁfé@rwﬂgw@m%};}hﬁﬁ@wiﬁgf@éﬁwles tested,
winteuoredrit wanatipaen tissuemplboreavierdhe SPILR ssrrpisieenREGoadialihe

kylox ypropyl s exhibit reduced toxicity compared to other SPLP 10
o B o e TR AIB BgRegt 12 nd 2.4%
ingotjd date 0227} Tikiscexample described experiments analyzing the

biodistribution (local and systemic) and pharnacokineties of a series of

E@%ﬁ%@@lﬂ&g@r%@%wgi% %Iéls/f\cl)_Ps. ?%VP gggtaining encapsulated
S ] 0 i mine the local distribution

[08% PLﬁ(@éﬁﬂ%éﬁﬂ&t&%&%&&ﬁgﬁ@igéﬁ%t%ré)sf.s%“ﬁﬂ%ﬁ%c% SI935€) caring
siRNA containing SNALP in Neuro-2a tumor bearing mice via fluorescent

Moy Imipatop of AnEGepntaimnge Risouihfinecd B AssfodsOiSRr the

oo hOH RO LREG ARMN SNA LB 20:54: 15N REOUR Wice Cells

Treatment Time oint Assay A 2 Neuro2A PBS 24hr Fluorescent
tomicrac RO 1 1 1

P o
TOTOTTeTO

Flurescent, FE abe tomicrosbepyneSPC:Chgl Df
DMA (0229 1 .5x 106 ZA Cells Wgte mgministeret
day28aWhen the tumors were of rossitabite mzen{200 - A00 mm3;|typically
day,9g12)), mice were randomii@d&%&ahmﬁr@mﬁmth onédose |of an
SNALP-fermuiation camprising-100-g'RIRABEPBS by
48A AR g o ¥ “1055-SPLP/PBS mix  ° v
2a L055-SPLP / anti-luc siRNA 48 h 1
48B 4 . )
liposomes mix
2A 4 L055-SPLP / PBS mix
128 4 L055-SPLP / anti-luc siRNA 72 h
liposomes mix
# | Seeding | 5 .| ¢ ] [ Injection
Group Mice | Date Rpute - "1V Treatment Timepoint J;:t;on
1 3 PBS /PBS 48 h Day 13
24A 4 LO55-SPLP / PBS mix Day 14
4B 4 17055—SI?LP /anti-lug 24 h Day 14
siRNA liposomes mix
48A 4 LO55-SPLP / PBS mix Day 13
Day0 | S Y
ay Q TL055.SPLP / antilue 48k Day13 | D1
48B 4 : . <
siRNA liposomes mix
T2A 4 L055-SPLP / PBS mix Day 12
798 4 IjOSS-SI?LP / ami-lu; 72 h Day 12
siRNA liposomes mix

[0240] 36 male A/J mice (Jackson Laboratories) were seeded sﬁbcutaneously with Neuro
2A cells at a dose of 1.5 x 10° cells in a total volume of 50 pL 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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wii@¥rious (V) injection in a total volume of 230 Al. Dose amounts are
based on body 60 WO 2005/1107196 PCTICA2004/001051 " {wEight04/001051
measurements taken on the day of dosing. 24 hours after SPLP

“administration, the mice were sacrificed, their blood was collected, and

PHife $8ldWing tissuesiSRE Boliecteth Wejghied varaiediatebaiadenand e ¢ . liver,

T~ orsggiegt 'Q%%eurﬁla f _ghe([ tfillnmal}/ss\lg: tum%{, Ilv%r?écut in 2 halves), lungs,
SPIEBN & heart’s 1023011 0CaT HisHiB RO CHHRE SRAP PSR derduesisriprerptivity.

Thyyriisid e scerhosvmicBswopy] 8/&R8cumulation of SNALP is seen in, e.g., the

ohvg". demo ting the SNALP comprising PEG-di Iﬁ I opyls are _

| \é?g Sl r@g“% @gngnséatepfhgt Co-a in ni ratlanh%%% %%éé?ré&]qiggaé%sﬁu\} A

a to eXtravasate, I.e., exit the circulation an
SHffdh (Rtasreiokinstics dndBystemicBiidistribetion 116i H0R3 Pehbisk pression by

4(9)8%81%&1{%@}%%% Q@%gl%%%&etics and biodistribution of SPLPs
vy T X

containing a plasmid encoding luciterase under the control of the CMV

EpmeEr(LARS) andrENALRScONARING @HblysHarase SIRNA in mice

seeded subcutaneously with Neuro2A tumors. Group Mice 1 Cells f _
[0ZHRAtmER fhifoe @grxdmph fiNeUrePthd (3rhesis of three PEG-lipids, PEG-A-DMA

-LQ55-PSPC:Chal:DODMA:PEG-A-DMA 0.25, 1, 4, 8,24 B 6
Uﬁ?ﬁ%égﬁ%ﬁﬁi éﬁ'ﬂ%’iﬁ%&%@%@sP@@H&%@WN}WH@W@MAM amine lipid
CDSBC Chol DODMAREC-C-OMA 075, 1.4 5. 54-5 -6 Marrapi §5) 0 lneth

= : , : -C- : .4, 8, -6 Neuro -H
O@ﬁ@%@&é ﬁ‘ﬂﬁ%lﬁéﬁf Eéﬁé’}[ﬁ?e@fﬁfﬂf EYR 63008 SrEigtize ysursimilar
proC:dhof:DODMACE BRSO N5 IR BGSR2DSIH (0282 1yithsanples @@ dahe C,;
L BEMER 3402 Gl el e LS ORI Sk ¥ Gimotar
anE-pDF8DEROnC ol D ORAXI PEG: RiOMh( 205 Fikbs14) Byftdlis of compound
(lg!-lE-anti-luc SIRNA-DSPC:Chol:DODMA:PEG-A-DMA (20:55:15:10) 20

. [3H] CHE-L055 -DSPC:Chol: DODMA:PEG-C-DMA (20:55:15:10) D.

[3H) EHE-LE55930Po(PENRine  iphdcandendddxgmoPy € (I3H]

CHE-L055-DSPC:Chol:DODMA:PEG-DSG (20:55:15:10) Group Seeding

Treatment (injection Collection Mice date date date

0 NN\ N Ny
/T\ ,
SN TN TN TN N

[0243] Benzene (250 ml) was added to 95% sodium hydride (11.4 g, 450.0 mmol), 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 added to the flask 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 ethanol until no further effervescence was
‘observed. The solution was transferred to a separatory funnel with benzene (250 ml) 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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“%QOQ%Q@;H]CHE-L055-DSPC:ChoI:DODMA:PEG-A- Dayl12 July31

DMA'B 6 Day 0 [3-H)CHE-anti-luc siRNA- Day 12 luly3l D PCT/CA2004/001051
SPC:Chol:DODMA: PEG-A-DMA C 6 Day 0 [3-H)CHE-LO55
-DSPC:Chol:DODMA:PEG-C- Day 13 Day 14 DMA D 6 Day 0 3-H
CirtEnbOgbyShLP- {PEhBayekand) Ravidid 15.6 P83 of 1 0-dimyristyloxy-3-

-H1CHE-L055-DSPC:Chol:DODMA.TEG-DSG Day 14 1 Day 1%%1 WO

%6%%’15669&%“ PCTICA2004/001051 [0233] 30 male A/J mice (Jackson
Laboratories) were seeded subcutaneously with Neuro 2A cells at a dose
of 1.5 x 10s 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 I (100 Irg nucleic acid) of the SPLP or SNALP preparations
described above, were administered 5 intravenously. 0.25, 1, 2, 4, and 8
hours after administration of SPLP or SNALP, mice were weighed and
blood (typically 25 pL) 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]JCHE. Organs (e.g., liver, lung,
spleen, kidney, heart) and tumors were collected and evaluated for
[BH]CHE accumulation. The results are shown in Figures 13-16. 10
[02341 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 lh 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 15 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 result maybe that siRNA 20 containing particles can evade
the cellular immune system more readily than plasmid containing SPLP.
[02361 SPLP comprising PEG-C-DMA demonstrated a rapid clearance
from blood, which
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was substantially the same as that observed for SPLP comprisig
WESNMA. For both of these formulations, the plasma hatlives:wear@10s1
approximately 2 h, lower than for SPLP 25 containing C18 PEG-lipids.
10237] SPLP containing PEG-DSG had the highest tumor accumulation at
10.9% injedt: méfmr@daﬁﬂvmtﬂaeﬂwqu%wbﬁqﬁﬁnuIatlons containing

SIRNA SNALP had slightly more tumor accumulatlon than an 30 SPLP

sample with the e PE id aL4<3%, which als rrelates relatively
well with the plasma half-life fOr'this S P. The'pSPLP-formulatioh had

tumor accumulation at 7.5%, which is lower than the comparable
[0%56 [?u%ﬁPSPLP 2 WO 005/007196 PCT/CA2004/001051 102381
SumeatBRrR SBHBIRRTY SPUP A5 FPRmab thatriavelxediin

emamgs{zmasnmgheﬂﬂ@mmccum«m and LA Riwhieh gs consistent

with the i incre sed CII‘ n rticles with C18 PEG-lipids.
R e UL o RE eitlert sasotappred n i
foih aﬁdllfelsamd mibummgmm iredinecl mqrdmrraﬂoslaghpima t&@t&@nSéﬁhﬂ%ﬂOat 80°C
f rsampl aceumu atlon in the sp mulation
ovgr%%\ 9@!%%5%%& e €10 alra/t%/ag%rat?e q %@%(é@%

neys was very ow for all formu n }bn
deb@me@mivwlahdamwim}@dtéwdnset pétigramrttisswatdisaimgledoted to form

proRNCHg OLORNESXRESSION Wit SJ}!%) §d[%f%%ﬂm (r)%xné"ﬁ%mat%aphy (100%

illustrates silencing of gene expression in Ne earing
DGhbdoarteldch-adndistratiba-eirspispdasomtaming aldasmid encoding

luciferase under the control of the CMV promoter and SNALPs containing

anti-luciferase siRNA. Groga RS ce. Tumor Route j Treatment Trmepomf

_Route - 1%RBKioR% YgE. 34N 55csPr @B B Frareanipnate (3)

LO55-SPLP / anti-lue siRNA 24 h li mosomes mix 48A 4 Neuro- SQ
LO53-SPLP / PBS mix IV 2a 48B 4 L055-SPLF / anti-Jtic SiRNA 48 h

Eﬂ@? X N N N N
n |
R P

[0245] A flask containing 97% methanesulphonic anhydride (8.4 g, 48.0 mmol) was
flushed with nitrogen and dissolved in anhydrous dichloromethane (50 ml). Anhydrous
pyridine (3.9 ml, 48.0 mmol) was slowly added, forming a white precipitate. A solution of
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 aqueo‘us washes were then back-extracted with
dichloromethane (100 ml). The combined organic layers were dried with magnesium sulfate
and the dichloromethane was removed on the rotary evaporator to vield a colourless oil. TLC
(100% CHCls, developed in Molybdate) indicated that the starting material had all reacted to
form product. This reaction yielded 11.9 g of crude O-(2,3-
dimyristyloxypropylymethanesulphonate 3.
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72A 4 LO55-SPLI'/ PBS mix 72B 4 LO55-SPLP / anti-tuc SIRT A72 h 1i
Yeorieg it Seeding Injection Collection Group 1.lice Dated2QU& I¥.4/001051
Treatment Timepoint date ; _-FJate 1 3 PBS/PBS 48h Day 13 24A 4 )
LO55-SPLP/PBS mix Day 14 24B 4 L055-SPLP / anti-luc 24 h Day 14

SiRNA li osomes mix 48A 4 LO55-SPLP / PBS mix Dav 13 48B 4 Day O

SQ L055-SPLP | anti-tuc 48 h Day 13 Day 15 siRNA linosomes mix 72A

4 LOS8-SPLF/PBS!imieDsly 12-02B4s:065,5857) hamtiRgi 24 Day 12
siRNA linosomes mix 15 102401 36 male A/J mice (Jackson Laboratories)
were seede((:l) subcutaneously with Neuro 2A cells at a dose of 1.5 x 106

cells in a total volume of 50.tL phosphate buffered saline on day zero.

; reached appropriate size (typically on day 9 or later),

2 SRLP,OrS formulations(100 gnucleie acid tatal)
. . Q Lo

Prep: scribed in Example 6 above; were administered

intra y. 24, 48,00r 72 after administration of 63 WO 2005f007196

PCT/CA2004/001051 PBS, SPLP or amixtur S an L ce
were sacrificed and organs (e.g., liver, lung, spleen, kidney, heart) and
tumors were collected and evaluated for luciferase activity. The results

[@esEhavyidn B-igur sk 8+ |&g§;, manstr t

co-adminjstr tic%}u{)f Lo%!!gggPL a%r%n %ﬁ%%ﬁ%&xnie;@{%%%w mmol) and

PSR RY P ACONA fri MY HetrEates huciiefasergemeeaiessiod in

aiyy 4086 HovElieightyopmaltes @ single i : .Synthesis,.of .
G-Dialkvloxynrop PEG-ISQAA'S) ?ogﬁéﬁgﬁlﬁ%ﬁﬁgt é%(é[:lﬁf}?j e overnight

> S| , .
uﬁuéﬁré’%& ﬁ?ﬁ@{?ﬁ egéligl%? Hifee PECNRhEGumBNI: 2y, removed on the rotary
CFREGRO:DA () e R SrOMAEI ok 140 SEORMOTRIELHN, o
di ine |§ 101%6 imyristyloxypropylamine (5). This lipid has alky
g%ﬁ%ler% %4055% SRS gh?l?# [EHigtRTed 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 aqueous washes were back-extracted with chloroform (2 x 100 ml).
The combined organic layers were dried with magnesium sulfate and the chloroform 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
of crude N-(2,3-dim yristyloxypropyl)phthalimide 4.

J. Preparation of 1 2-Dimyristyloxypropylamine )

HN o/\/\/\/\/\/\/\k
ﬁe/\
SN TSN N N

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

in ethanol (300 ml). Hydrazine monohydrate (20 ml, 412.3 mmol) was added and the

reaction was left to reflux overnight. The ethanol was removed on the rotary evaporator and

the residue was redissolved in chloroform (200 ml). The precipitate was filtered off and the

chloroform was removed on the rotary evaporator. TLC (10% MeOH-CHCl,, developed in
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Other PEG DAAs suitable for use in the present invention can be
ngr‘?ﬁ?@gﬂzléﬂ using similar protocols. For instance, PEG-A-DBAT&r004/001051
PEG-C-DSA can be synthesized by using the Cog analogue of (5). The
C85 analogue can be synthesized by simply substituting an equimolar
Magm nt of stearyl bromide for myristyl bromide in the very first step .
(YREREL SRR BR8P Pt SHBh L SapsRiAprdwomspduct. This

resaltifi@pyptopewes{il2: QR4 BenaenesAe Mhwan RAdeHIQR3% MeoB-CHCI,)
ol), and the flask was flushed with

sodi ydrj 1.4 9,450.0 m ;
O i S o SO R oF Ty PR ipHREERBN G-eld) 50 6-
dimynisty ioxlgerpeten(#b $nl) was added to the flask. Using a syTinge, 97%

1- bromotetradecane (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. Oicercootied g idahmte RiErairesihe: 28 pxcess sodium hydride

was slowly quenched with ethanol until no further effervescence was

observed. The solution was transferred to a reparatory funnel with

benzene (250 ml) and wa ith disti ater (3 x 20gml). The

organic layer was dri [ n solvent removed

on the rotary evaporator to yield & colourless oj. TLC (5% ether-hexane,

developed in Molybdate) indicated that most of the sta¢ting material had

30 reacted to form product. This resulting product was further purified by

colymn 64 WO 2005/0071,96 PCT/CA2004/001051

O8R kA D ST A 5 R {3 ey 680 ) was aded t
soliRxalidiyhistylatey(3B30 gy Duyp6ONREG L6 m MO 280Q5/A0718G0 mmol) was dissolved

. PCTICA20041001051 2. Preparatjon ofl,2-Dirnyristyloxypropan-3-oi (2)
R S S or 3 R e S STV SR e eI o s gmisht
Thamoliuwasaditeolvattdnted witiaciob@banml). T2ftiath aestis ceie d20 Bhk: colour in

Il kis(triphenylphosphine)palladium(0
e el S N RSB e

CH AP suline
in gepledlrpBurd k& IgAtaNe QH; GrkH {efieteisped i 80@immyendightdThe most of the
stRthaNahWAS R AVRLAR! hﬁrﬁ%ﬁﬁu@y apgralel d{lli’n%t(a%%?%’agy}gnr i hg{j purified

developed in Molybdate) indicated that most of the starting mate

by, Bathea Yo A abgestRty tthis YebetHd-Giddbet Was fertharggunified fys then
crﬂﬁ&hi@&ilim}&m@%mgi%Wﬂiﬁw)%f methoxy PEGygqq acetic acid 6 as a white solid.

7, Preparation of N-(2,3-dimyristyloxypropyl) amide PEG3ggp methyl ether (7)
o)
0
\O/{W MN/WAO
n H
o

[0249]  For preparation of N-(2,3-dimyristyloxypropyl) amide PEG,og0 methyl ether (i.e.,
PEG-A-DMA), methoxy PEGagqo aceticacid 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-
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‘ (é(l)\/g/to gig(?ld 11.5 g(83,1%) 1,2-dimyristyloxypropan-3-ol2. 3. Preparation
otdY(2" 4 Bithyyristyloaypropyl)netiianesulphonate (3) ~! r 0 OPEB/fOsABH0R1051
flask containing 97% methanesulphonic anhydride (8.4 g, 48.0 mmo]) was
flushed with nitrogen and dissolved in anhydrous dichloromethane (50 ml).

Y rigli 48. mol). was slowly added, formjng a
m\;v%ﬁlﬁigp{?eggit t%ﬂ%qggaz€§§7oig2 ‘-@T&Wﬁéﬁ} gf%?oqp%nﬂ@%@gg’%i‘@ g,
arﬁwdmﬁﬁbmnramm@am})mém@thmm(a@olnﬁl)nwa@ auidel] aihd thetion was
IefPRAIATYaS Ieflio SYLAHEHIAR, 25500 (CMACAl e IR BOMNA0 WaBtieq witn

transferred to a separatory funnel with dichloromethane %(i nllyvan was
hygdseghderiwitiddiss led) wedesh ¢Bor. 10d tht) oTEeicombinedsaglieves Waslpesduct was
eW@Eedeoharkagrtarted withudieiosamethane 4108 mf@*ie%@%t%%%bépgea%ic layers

organic layers were dried with magnesium sulfate 25 and the

waie fErSath areissire s dhasBlesrieyievasarmened gietbkaotary evaporator to

yi@ﬁiqtym&iﬁL@L@Q%%%@iﬁC%g'@9@989&'%b/&%t&)s{ﬂﬁﬂﬁ?éﬁga‘?@&me)
. the stéarélfgég material had all reacted to form product. This reaction yielded

, P
inficyey Srtrag o (hesenHHERIBA) Brepynrirtiaiesn prisie Thisewomaterial
w208b(0E i ROk Q20088 dndt RFEPIRFRUON, MeOH-CHC). It was then

0l1NV-(2.3-Dim)w1,ist)9iozypropyl)phihalimide (4) G 5 10246] Cntde
O O R B EHLr A o Sy e
mipatas sivrot ghthal i ioen (3.8 gry bvapatmer)fwese fished Witk siteeenaldiltered

o ig,ﬂc, Biec‘iat'g\ n%mydroynso%é\ladimgtrrgllformamide {2%%ml). he reaction __.
was left to stirat 708 6veiGht "GAdER 2 CONSAAT sthaa AT YusTPE dxophilzed to
yiRlN-diig EiRylifoy miaivnmides viis snesnovecbap shemoder) HO,ey apangl @Eies mgsaa fluffy
ng%¥ gm pump instead of the usual aspirator. The residue was
Issolved in chloroform (300 ml) and transferred to a separatory funnel
with a chloroform rinse (50 ml), then washed with distilled water and
ethanpl (3 Xﬂ%@ﬁbfﬁli&iﬁﬂfﬁ@)@%yrﬁ@%ﬁ&?ﬂﬂQbﬂb-g%tgmgiﬂoergethyl ether (8)
agueous washes were back-extracted with chloroform (2 x 200 ml).” The
combined organic layers were dried with magnesium sulfate and the
chlorofgrm wag 15 rerfloved on the rotary evaporator. TLC (30%
ether-h xane, eveloped in Molybdate) indicated that the starting material
had tedtoYorm, ~Jhis. [ o yiel 3

[6250]  For preparation of N-(2,3-dimyristyloxypropyl) carbamate PEGyqo methyl ether
(i.e., PEG-C-DMA), steps 1-5 described above were followed. Then PEGggo methyl ether
(2.0 g, 1.0 mmol) was flushed with nitrogen and dissolved 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
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
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 ml).

The organic layer was dried with magnesium sulfate and the dichloromethane was removed
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of crude N-(2,3-dimynstyloxypropyl)plmthalimide 4. 5. Preparation
wbkariAimysisiyloxypropylamine (5) 20 H2N 0 [02471 Crude pop/ca2004/001051

N-(2,3-dimyristyloxypropyl)phthalimide 4 (20.0 g, 25.0 mmol) was

dissolved in ethanol (300 ml). Hydrazine monohydrate (20 nil, 412.3

mmol) was added and the 25 reaction was left to reflux overnight. The
orethanolawasyrpmoted BhEN8foiéePBvapist htaicasid ptidarr dsidyeda@sand iodine)

I ' ) The precipitate was filtered off and the
o R AR s PO produc
wicorthe i deydlethed inme ZMeO 20081007 106- FHCT IOAPOOZHINDA6 Yield 1.2 ¢

te) Hdli : t ' terial had reacted to form

B P 20 TR

chronfatograpEy0L5%eMECR-AMTIBY ctonyiet) 10 ity (88 7% @veridhelether (13)

fr =cimyri 3= I

S o o R L s e RSy g 0
stgRid ey b Yoo 7R 11 ed 0 PhpTeanain sstsee dp kerEentrated

sulfuric acid 420 mlpipupdebi 3P i) Wamadtesd i sodium dichromate

(3.0 g, 10 mmol). PEG2oco 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 aver. The

that most of the starting material had regcted to form product. This crude
material was then further purified by flash column chréiatography
(0-15% McOH-CHC13). The resulting product was then crystallized in

(GRS IS SRR M chmeton Loz cete g asaunte
miethytiéthe(YB)ml, 47.0 mmol) was added to the solution and fuming was observed while
a white precipitate formed. A solution of PEGyggo methyl ether (31.5 g, 15.5 mmol) in
anhydrous chloroform (70 ml) 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-CHCls, 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-CHCl) to vield 30.1 g
(92.8%) of PEGyp00 mesylate 9 as a white solid.

b. Preparation of PEG 990 phthalimide (10)

O

N\
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0J H n 0 102491 For preparation of N-(2,3-dimvristyloxypropyl) amide
WQ%@?@@H%ethyl ether (i. C., 25 PEG-A-DMA), methoxy PEB2008220e11¢1051

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

syinge.and peedle. thr h th baseal. This reaction was left to stir
O D B R B Sy e
Di@n@tb@@t@l&@j@@(&%@120@5@/@0%&96%0%3%418@@@5.0 g, 16.7 mmol) in

istvivl lamine 5.(0.87.9, 1.8 mmal) was added to the flask,
B 5 B ine i v et
to BOTrANASI. Phernezhttidhevad-iintshstiffon«sihosrs diistitletwater (R5the rotary

; ' acidifi ith _hydrochloric acid (1.5 ml
e@%%%i@fg agn}g ﬁj%ﬁgﬁ%ﬂa é?‘%%ée c‘%ﬁéec%g X% 1rﬁlr8ﬂugﬁﬁég§‘§tlng product

wasdarbgdrorishio by Ipérmilitanshrrsfotnw iR Kisdml)watee (2 x 250 ml) and
brRII08R] PrEaRIG NS HR, MERS: dURL With MAagnesivm cs)g%%%tlg'l%%?s was removed

chloroform was removed on the rotary evaporator to yield a yellow so

onherpIIYCNBIRCHELS, G&vdspat icapperuliptihrgthidMddineind Mary’s
Réaginateditbatapst abihsratarsingimateriai had Jeagted tg {gﬁm OAYEL T3

This crude material was further purified by flash column chromatography
TeREias RRGYE-CR TSR RVES A Tosthacdrsriseamytagaiiy 4etieieleOH-

CHbargoah2)and etbanat {128 andilewng dhe misueds ale s,
l?}? on, the rotary evaporator for 30 minutes. The charcoal was filtered off
T

anol was removed on the rotary evaporator. The product was
lyophilized to yield 1.7 g (38.1%) ofN-(2,3-dimyristyloxypropyl)amide

PEG2000 methyl ether 7 as aLP %% white po r. 15 8. Preparation
qu-(z,3-dir%ynsry%a€§6?%‘g‘§/’bo apr aﬁ?@(f@’ﬁpﬁ'géd 0 methyl ether (8) 0 H

20 [0250) For preparation of N-(2,3-dimvristyloxypropyl) carbamate

PEG2000 methyl ether (i.e., PEG-C-DMA), steps 1-5 described above
were followed. Then PE(\B\ZO 0 methyl ethe¢r
0 ¢} NH,
n

[0254] PEGaono phthalimide 10 (10.3g, 4.8 mmol) was dissolved in ethanol (200 ml).
Hydrazine monohydrate (6.0 ml, 123.7 mmol) was slowly added and the reaction was left to
reflux at 100°C overnight. The white precipitate was filtered off and the ethano! solvent was
removed on the rotary evaporator. The resulting 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-CHCl;, developed in
iodine, Molybdate and Mary’s Reagent) indicated that all the starting material had reacted to
form product. This product was then crystallized from ether to yield 9.0 g (93.0%) of

PEGaq00 amine 11 as a white powder.

d. Preparation of PEG 399 succinamide (12)
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10

15

20

25

(2.0 g, 1.0 mmol) was flushed with nitrogen and dissolved in anhydrous

Wl A5 ethane (15 ml). Diphosgene (300 |, 2.5 mmol) wasasidesanghoos:
the reaction was lei" 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 dissolved in anlydrous dichloromethane

water (2 x 20 ml). 30 The organic layer was dried with magbesium sulfate

and the dichloromethane was removed 69 WO 200'S/007190

Oé% UCAZ2004/001051 on the rotary evaporator. TLC (3% McOH-CHC13,
[04RVEIopEG NS dé %N e ibdif o Shewen piai moBy o dhestagtip | mmol) were
dissetteriainhaaitaactecteBanm MEOYHEE R NS et mipsgg&%w uher e
SOﬁfurified tg/ flash column chromatography (1.5-10% McOH-CHC13 to ylellgi '

VI e BB ST 25 iy BRSBTS CarTdmereidne Baodissaiethyh distilled

wathél @) ;) Lrefiration afr6BodEnsis UQREIRYIMSHERIBRRIRane (100 ml, 2 x

2000 methyl ether (13) 102511 For preparation of » S
! I\ﬁg,g?gi%nnyeﬁs\?y}?ox@]ﬁ é@lﬁg&f&?ﬁrnT&%E@?WHWEtW@W@W In jodine)
indieied It Bitdretrilfeticatavia yuare=fodl hwe de Jhel KOTHAI PELBEECEHMES roduct was

ration of PEG2000 mesyla O Oonll 1010252
e S oA Rl vieid 5.2 &
(Seforoto i a0o mbciPymiding 23.8 ml, 47.0 mmol) was added to the

solution and fuming was observed white a white precipitate formed. A

solution of PEG200 methyl ether (31.5 g, 15.5 mmol) in 15 anhydrous

chloroform £70 miY V&’ atiete Pand(thedeactiorowaslefl toustinfori@ habts,, meihy!
etfEhe 3White precipitate that had formed was filtered off and the chloroform

solvent of the filtrate was removed on the rotary evaporator. TLC (5%

MeOH-CHCI3, developed in iodine) indicated that most of the starting

material had reacted tocform produgt” Thi ified by
flash col c tography D%MCO -:CHC13) to yield 30.1 g 20
(92.8%) of PEG2000Mesylate 9'as awhité sofid.

0

[0256]  PEGaqu succinamide (2.0 g, 0.9 mmol) and N-hydroxysuccinamide (0.2 g, 2.0
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
the 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-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,
and washed with distilled water (2 x 50 ml) and brine (50 ml). The aqueous layers were back
extracted 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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W&%ﬁgg%@rﬁtd’on ofPEGmonphthalimide (JO)a \OO Nn 2570 WO
2005/007196 PCT/CA2004/001051 102531 Potassium phtHHiit{idé0f o051

g, 59.7 mmol) was dissolved in anhydrous fr,N- Dimethylformamide (400

mi). A solution of PEG2000 mesylate 9 (35.0 g, 16.7 mmol) in anhydrous
79NNCcDiFaRthYfannachidey §QBnilanes radriedito tha Hask BRS hakeastionde
ppias Ir%fét};[q géijre?tlt 5C overnight. The N.N-Dimethyl fonnamide solvent

wAg removed on the rotary 5 evaporator using a NO vacuum pump
[025iEtedd iotdlve usdalsaspiratonht hboesidtingpradisch teakdissVBiRtive and not
T

ichloromet 50 ml) and,washed with distille ter (2 x 250 ml) and
SRR R R T
abqagdpsanasgaremideettopn tfiéhrotargnévapbeatdy tHar€f¢AYbMeDHRGGES, with
isyali { ' ry’ eagent) indicated that most.of the
e oAl A 8 oo el st
apReadet ptrarprane i tlasfirBoltmnodlonvatoniaphy 0H 89 Meilare entitled.
r stalli I ield 19.4 g (54.1%) .
e a0 Db (01t Erc At SPE LAba L plod tgpdation,
patgafsndd NHHifosisns. PE@ovopisthasivie by 0:{a6By, ralmolssas
dissolved in ethanol (200 ml). 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 on the rotary evaporator, The resulting 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-CHCIi3, 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 PEG2000 amine 11 as a white powder.
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d. Preparation ofPEG2000succinamide (12) 7i WO 2005/007196
11CT/CA2004/001051 O OH O O N H O [0255] PEG200r amine 11 (9.0
g, 4.4 mmol) and succinic anhydride (3.8 g, 38.1 mmol) were dissolved in
pyridine (100 ml) and the reaction was left to stir overnight. The pyridine 5
solvent was removed on the rotary evaporator at 60C. The residue w&§OYD WISE
yater (100 ml), acidified with hydrochloric acid,

4] i ethane (100 ml, 2 x 70 ml), and dried with
magnesrum sulfate TLC (10% MeOH- CHC13 developed in iodine)
|nd|cat|fd that mos of the 'iart gg %erral eacteq?ho roduct.
This praduct (AN SHHED G RHAG Y e SRR FLEAFSHURGUPALHS G towgsine:
MeOH-CHC138) mma%d 5.2 g 10 (55.9%) of PEG2000 succinamide 12. e.
Preparation of N- (1 qrn7a/r|srvroxypropyl) succinamide PEGzo00 methyl
ether (13) \ A B 1% 10256] PEG2000 succinamide (2.0 g, 0.9
mmol) and Nehydneoqtmcrhard;dmc(o 209,20 mmol) were dissolved in
anhydrous chloroform qut
Dicyclohexyl- caﬁae‘é%atggol lFéa thaﬂ rrllr%% in a{ Oy?d?g ScC }oroform (5
ml) was added, and 20 the reactron was left to stir for an hour. A solution

of 1.2- |myr| i é mmol)in an
chloroform (53}%{% trre@r@gﬁ Q(é% % %If% arlnnrlnrg)vz’was ad%éed %e
remponnivassefl mlelmcf@r:ehlhmdrpamcd}: (5206 Me@HRGHICIBsdeVaiopead in
Molyhdate)indicated that most of the starting material had reacted to form
% duct. Thg;' solution was filtered through Celite with dichloromethane,
aCIdIerd with hydrochloric acid, 25 and Washed with distilled Water (2 x 50

ml) ang brine-(R0 mih Jhg.aay Ige@tagme Orgam %@%@{3@5@9 e has a

dichloromethane (50 ml) and t ayers were over
mesbpediametul e st Heapdwue lwdsturther purified my flash column
chromatography (0- 72

4. The nucleic acid-lipid particle of claim 1, wherein said siRNA comprises

about 15 to about 60 nucleotides.

5. The nucleic acid-lipid particle of claim 1, wherein said siRNA is

transcribed from a plasmid encapsulated in said particle.

6. 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)propyl)-N,N,N-trimethylammonium chloride (DOTMA), N,N-dimethyl-2,3-
dioleyloxypropylamine (DODMA), and combinations thereof.

7. 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),

distearoylphosphatidylcholine (DSPC), cholesterol, and combinations thereof.
74



WO 2005/007196 PCT/CA2004ro01051 7% h1eOH-CHCI3) to yield 1.8 g
(69.0%) of N-(2,3-dimyristvloxypropyl) succinamide PEG2000 methyl

ether 13. [0257] It is to he understood that the above description is

intended to be illustrative and not restrictive. Many embodiments willi§&rD WISk
apparent to those of skill in the art upon reading the 5 above description.

The scope of the invention should, therefore, be determined not with
-reference to the above description, but should instead he determined with
referergce to tiike appleidadclaiapalngorihihe fulisaenemn eonfivadentsipid

to eﬁli}lcl:n %J.(f‘h claign% ?grel eftitl?dI The discI%surej of all Accqgssion Nos., . .
arti i AR PR ErRA ST QARG B teh PSP Rt ?%?gpfé?gﬁf QPP ERepnsisting
pubficatdyeshelreniptpepb(BELE) Hird ndnyueferensel famadeUDOPESLiFd conjugate,
LLaOXD W{)SE .WHATrI%fCLAIMED IS 1. A nucleic acid-lipid particle, said

nuc elgoarréld?lﬁt)ll%nsetl}rlﬁc?e comprising: an siRNA,; a cationic lipid; a

non-cationic lipid; and a conjugated lipid that inhibits aggregation of
particlgs. 2. THg, Bugleie &%%&5%@59@{&18'8&{&%'ﬁ*)_&hgmsr%@c%%l% ARNfbid that
component of said nucleic acid-lipid particle is resistant in aque&u%
ighibtid A cautiffaahiom dyssoprissse. polvetbylendsircatidriibraptheiBleCofipid is
Sl suhesein i dadige hasan madipp diameien pllessrinan apppt
%5‘%3m. 4, The n%%extlc am%ll%g(ﬁartlcle of claim 1, wherein said SiRNA
BIREASE B it 1518 B0 68 hadiEGtitea ™ derad et disasiryeot
particle of claim 1, wherein said siRNA is transcribed from a plasmid
encapsylated.in said particle,. 6.. The.nucleic acid-lipid particle of.claim 1, .
.Wherei%nH’saiddg:lg%icr)lH% 1|‘f)|a llgerépl%’éarﬁbce? (s)ifeacl e Tr\gfrlﬁlﬁl]%%?ocﬁgjgg?ltg%]ﬁﬁbd that
inhibits-apskeghtipNodipatiplplaenmioniens siistiée(@OPAGPEG)-dialkyloxypropyl
J}M}{réggg.earyl-N,N-dimethylammonium bromide (DDAB), N-(1-
(2,3-dioleoyloxy)propyl)-N,N,N-trimethylammonium chloride (DOTAP),
N-(1-(2,3- dioleyloxy)propyl)-N,N,N-trimethylammonium chloride

(DOTMA), N,MRhdinnetéiyladid-ipid particle of claim 10, wherein the PEG-
dialkyloxypropyl conjugate is a member selected from the group consisting of a PEG-
dilauryloxypropyl (Cl2), a PEG-dimyristyloxypropyl (Cl4), a PEG-dipalmityloxypropyl
(C16), a PEG-distearyloxypropyl (C18), and combinations thereof.

12. 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:

an siRNA;

a cationic lipid;

a non-cationic lipid; and

a conjugated lipid that inhibits aggregation of particles.

13. The use of claim 12, wherein the presence of said nucleic acid-lipid

particle in target cells is detectable at least 48 hours after administration of said particle.

14, The use of claim 12, wherein the presence of said nucleic acid-lipid

particle is detectable at least 24 hours after administration of said particle.
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dioleyloxypropylamine (DODMA), and combinations thereof. 7. The
nucleic acid-lipid particle of claim 1, wherein said non-cationic lipid is a
member selected from the group consisting of LLOYD WISE
dioleoylphosphatidylethanolamine (DOPE),
palmitoyloleoylphosphatidylcholine (POPC), egg phosphatidylcholine
(EPC), distearoylphosphatidylcholine (DSPC), cholesterol, and
combinations thereof. 74 i.-'L-()Y[) WISE 8. The nucleic acid-lipid particle
of claim4l,, whereinshefetaijugetediipidihaidnbibitsiaggregatian of
particles is a member selected from the group consisting of a
polyethyleneglycol (PEG)-lipid conjugate, a polyamide (ATTA)-lipid
conjugate, artheambifatinsl fevheakid.nldre thaoldievaciflskpicpaitieleasd present
claim 1, wherein the conjugated lipid that .inhibits aggregation of particles
LR S S el BER i 13- member
selected from the group consisting of a PEG-diaeylglycerol (DAG), a PEG
dialkylaxypropyl, a PEG-phaspholipid, a PEG-ceramide, ombination
thereoft 10, TS TG s P P e TRl Al et o
donjitg ateakliipiial ttrati om ki bitscatpdle dation ok phSticdessedtapaidasnastration of said
ggl ef@yleneglycol (PEG)-dialkyloxypropy! conjugate. 11. The nucleic

C|dﬁ|pid particle of claim 10, wherein the PEG- dialkyloxypropyl
conjugate is a member selected from the group consisting of a PEG-

dilauryloxypropyl (C1 PEGzdimyristyl 14), NPT
PEG-dig%Imit)ﬁgg&Sreo py?q?ﬁcgi’ %@%ﬁﬁg&% %@;ﬁ%?ﬁ , aasr%a3 distal to
tonsiinafieds ithietatin 3. deies abée dbnan lasslie hbidipidtpaaticlentstration of said
foarlq?algte a composition for introducing an siRNA into a cell, wherein said

huc eic acid-lipid particle comprises: an siRNA; a cationic lipid; a

non-cationic lipid; and a conjugated lipid that inhibits aggregation of

particles, 13. The yse Gl ghaim A2 wherein hepeReacs plsald nucleic

acid-lipid particle in target cells is detectable at least 48 hours after
administration of said particle. 14. The use of claim 12, wherein the

preseneg of saif.nuelsic, agidilipid Rafiste 13.dete ChaRig Rl ieaat R4 NAUISnt for
after administration of said particle.
silencing expression of a target sequence in a mammalian subject, wherein said nucleic

acid- lipid particle comprises:
an siRNA;
a cationic lipid;
a non-cationic lipid; and

a conjugated lipid that inhibits aggregation of partcles.

21. The use of claim 20, wherein said nucleic acid-lipid particle is

formulated for intravenous administration.
22. The use of claim 20, wherein said mammal is a human.

23. The use of claim 22, wherein said human has a disease or disorder

associated with expression of a gene comprising a target sequence for said siRNA.
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75 LLOYD WISE 15. The use of claim 12, wherein said cell is in a

mammal. 16. The use of claim 15, wherein more than 10% of said

particles are present in plasma of said mammal 24 hours after LLOYD WISE
administration. 17. The use of claim 15, wherein presence of said siRNA

at a site distal to the site of administration is detectable for at least 48

hours §f er a inistratélo of said particle. 18.. The use of claim 15, .
whereifi presente of Shd R MPSeR Y iregsey disprster ts hepatitis.

administration is detectable for at least 24 hours after administration of

said patticle.[19. The use of claim. wherein the mammal is a human. ,
20. T iso ChAGERIE ARSI LA e A e AR o
silenciniglexpresSioRhos avhigensadl endeiinaai drEpidpdiait isujegkises:

wherein s cleic acid- lipid particle comprises: an siRNA; a cationic
lipid; a non-catiénic lipid; and a conjugated lipid that inhibits aggregation of
partclesc@ionihéipide of claim 20, wherein said nucleic acid-lipid particle is

formulgtg f_ggtj%g%vg oug ministration. 22. The use of claim 20,
wherein s%}d mlamma’?lls’a uman. 23. The use of claim 22, wherein said

humartlsesisgisdd e dbihdisordbits agsoedatisn withagtiplassion of a gene
comprising a target sequence for said siRNA. 76 t.C)YL) WISE: 24. The
use of claim 23, wherein said disease or disorder is hepatitis. 25. The use
of a nutfeic adkHsiipattome 26, fahensiatsaid medidamedtlipidmariiede is
defiyervifeiRNAmbELsIR ﬁa{giggﬁlﬁ%&cid-lipid particle comprises: an

SiRNA,; a cationic lipid; a non-cationic lipid; and

27. The use of claim 25, wherein said mammal is a human.

28. The use of claim 27, wherein said human has a disease or disorder

associated with expression of a gene comprising a target sequence for said siRNA.

29, The use of claim 28, wherein said disease or disorder is associated with

overexpression of said gene.
30.  The use of claim 28, wherein said disease or disorder is hepatitis.

31.  The use of a nucleic acid-lipid particle to formulate a medicament for in
vivo delivery of siRNA to a liver cell, wherein said nucleic acid-lipid particle
comprises:

an siRNA;

a cationic lipid;

a non-cationic lipid; and

a conjugated lipid that inhibits aggregation of particles.

32. The use of claim 31, wherein said mammal is a human.
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a conjugated lipid that inhibits aggregation of particles. 26. The use of

claim 25, wherein said nucleic acid-lipid particle is formulated for

intravenous administration. 27. The use of claim 25, wherein said mammaloyp vy g
is a human. 28. The use of claim 27, wherein said human has a disease

or disorder associated with expression of a gene comprising a target
sequenge for.said siRNA. .29, The use of claim 28, wherein said disease

or diso?a er is'];@%(‘i&?a? glwﬂh:“ VPSPt ‘B?%%llvﬂ\;a@@ﬁiés% Phiisedess
claima28twhergir saickdisease gerdisondetsmpepatiia. Squdihe asesaiaiRNA.
nucleic acid-lipid particle to formulate a medicament for in vivo delivery of
siRNA to a liver cell, wherein said nucleic acid-lipid particle comprises: an
SiRNA34 catidhic iggidf alnon-thtiehéeclipidij @ik easonjuljstedblipiddbatiated with
inh&@étrsé)?&gggg%ti&nsglf paérticles. 32. The use of claim 31, wherein said
mammaris a human. 77 EE'OYD) Wise 33. The use of claim 32, wherein

said human has a disease or disorder associated with expression of a

gene C%‘.“P”Sﬁg gstg{g%tleﬁ%gdggn\% e&%{nss%{gdséh%yf‘ ¢ o3 4di;roq 3 IPef %.l[1 Iirsr.]

33, wherein said disease or disérder Is associated with overexpression of
said gene. 35. The use of claim 33, wherein said disease or disorder is

hepatitig, 36-THaGMeE AR A wRR SR AIHClelq fR IRia fajicle
is formuiated for intravenous administration. 37. The Use of & NUcieic
aclaripithisdriivenisarcrnoutardminigtitament for treating a disease in a
mammalian subject, wherein said nucleic acid-lipid particle comprises: an
SiRNA,; a cationic lipid; a non-cationic lipid; and

37. The 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:
an siRNA;
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.
38. The use of claim 37, wherein said mammal is a human.
39.  The use of claim 37, wherein said disease is hepatitis.
40.  The use of claim 39, wherein said hepatitis is Hepatitis B.
41.  The use of claim 39, wherein said hepatitis is Hepatitis C.

42, The use of claim 37, wherein said medicament is adapted for intravenous

administration.
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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. 38. The use of claim 37, wherein said mammaf YD WISE
is a human. 39. The use of claim 37, wherein said disease is hepatitis. 40.

The use of claim 39, wherein said hepatitis is Hepatitis B. 41. The use of

claim 39, wherein sajd. hepatjtis js Hepatitis C. 42. The uyse of claim 37, .
Wherei%%SaidertEeed?gﬁir%%ﬁﬁg}galgﬁ%rg r#uﬁlg%r%oﬁdleéﬂwmgt?ﬁtﬂi%ﬂc%‘Q’d
¢tAnPVIBEHSE a1t Phetnableic@éidofigid particte dpekzim i surt @eeiivisaid

cationic lipid comprises from about 2% to about 60% of the total lipid
present in said particle. 44. The nucleic acid-lipid particle of claim 1,
whereiffsaid ¢AadnRldipieriddividissicteorhcdioul 5vhersmtsaist asmist linil
terablinidl PeaseRhInsIaid RRSTICB 4 8r thasonHalia pridHirid particleat.
claim 1, wherein said cationic lipid comprises from about 5% to about
15% of the total lipid present in said particle. 46. The nucleic acid-lipid
particlet®f claithelnwheteiridstpddostiasie dipithieomprises T a4
to about 50% of the tptal lipid present in said particle. 47. The nucleic
S T BB R R S ARl Rt
from about 5% to about 90% of the total lipid present in said particle. 48.

The nugieic agit A RIS pl.claltt b o DR SALAANSCRIORIGIDhia
comprises from about 20% to about 85% of the total lipid present in said
pariERss £oony RRoKL AER ta dRpibIE Partidie totabibnidl Prosensaiprishigrticle.
conjugated lipid that inhibits aggregation of particles comprises from

about Q,5% tq_about 50% of the total lipid present in said particle. 50. The
nucleicgI cid-i %Bﬁﬂfdfe% és]é)ﬁ%pfﬁﬁhee?gﬁ‘laé‘gi&’c‘?ﬂh?ﬂ@ﬁl%‘bdlfma'ﬂﬂ?mc lipid
inhipitscafigre ghtionses peaticle $@roprisasthidipidlpatstt Hsdid phidte25%

of the total lipid present in said particle. 51. The nucleic acid-lipid particle

of claim 1, wherein said conjugated lipid that inhibits aggregation of
particld§.compheagdiempreaiddipitpasicb ofic 0% loftherdbtadilipidn pas et lipid

rspidaaticlenan: I pudsic ssaddinid Rasiss ebrlalm 1 whsssinsaid
conjugated lipid that

49, The nucleic acid-lipid 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.

50. The nucleic acid-lipid particle of claim 1, wherein said conjugated lipid that
inhibits aggregation of particles comprises from about 0.5% to about 25% of the total lipid

present in said particle.

51. The nucleic acid-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.

52. 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.
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inhibits aggregation of particles comprises from about 3% to about 15% of

the total lipid present in said particle. 79 LLOYD USE 53. The nucleic

acid-lipid particle of claim 1, wherein said conjugated lipid that inhibits!.LOYD WISE
aggregation of particles comprises from about 4% to about 10% of the

total lipid present in said particle. 54. The nucleic acid-lipid particle of

claim 1, wherein said non-cationic lipid comprises
dipalmitoylphosphatidylcholine (DPPC). 55. The nucleic acid-lipid particle

of claifB1, whBremskid midibicbpidilipid! paiticls frirthen saichpoisegated lipid that
1?1HRJ§§E%@E g%ﬁo;[ B?&P&é?ég @o%ljfpég fp&}ﬁt'gégﬁfﬁ}afghéﬁwt)@r%ﬂﬁg otal lipid

cholesterol comprises from about 10% to about 60% of the total lipid
Mrsseriniprishdishicle. 57. The nucleic acid-lipid particle of claim 55,
wherein the cholesterol comprises from about 20% to about 45% of the

total lipid present in ald particle. 58. The n Q|eIC acid-lipid particle of .
claim gwher er‘n%?f’% ﬁt\%‘ﬂl@ﬁfﬂfde 86 HRS &Y s BN MRy satignic lipid

caimheshsrmlpeamdtwhermphsactymlj iigaiePPpid that inhibits aggregation of
particles comprises a PEG-lipid conjugate. 59. The nucleic acid-lipid

particle of claim 1, wherein said siRNA is fully encapsulated in said
nucleid acid-liphg peaeticteacsbdlipidermticleielabidipidvbentioleatst ohairiclacid-lipid

WhRRIR.SAG %%lly{\s&g chapyeally synthesized. 61. The nucleic acid-lipid
particle of claim 1, wherein said particle has an siRNA:lipid ratio (mg:mg)

of from about 0.01 to about 0.08. 62. The nucleic acid-lipid particle of
claim kewheregiw a@ueﬁtamxzielbﬂq)aﬂmﬁ%mauﬁieiaﬂﬁeémtmgalfaﬁ@k&ut

O 04 .80 LOYg @E, 63. The nu ac%J article of claim 1,
FRTS JE5 SERMILLE AR et OPVSaeih A8 L POt bim.

64 The use of claim 12, wherein said particle has the features of any of

ClalmSS?.'ll qrﬁg’ﬁggleic acid-lipid particle of claim 55, wherein the cholesterol

comprises from about 20% to about 45% of the total lipid present in said particle.

58.  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.

59. The nucleic acid-lipid particle of claim 1, wherein said siRNA is fully

encapsulated in said nucleic acid-lipid particle.

60. The nucleic acid-lipid particle of claim 1, wherein said siRNA is chemically

synthesized.

61. The nucleic acid-lipid particle of claim 1, wherein said particle has an

siRNA:lipid ratio (mg:mg) of from about 0.01 to about 0.08.

62. The nucleic acid-lipid particle of claim 1, wherein said particle has an

siRNA:lipid ratio (mg:mg) of about 0.04.
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65. The use of claim 20, wherein said particle has the features of any of
claims 2-11 or 43-63. 66. The use of claim 25, wherein said particle has
the features of any of claims 2-11 or 43-63. 67. The use of claim 31,
wherein said particle has the features of any of claims 2-11 or 43-63. 68.
The use of claim 37, wherein said particle has the features of any of

claims 023' .11 Orfﬁ'g' ﬁ%%le?clacid-lipid particle of claim 1, wherein said particle has a median

diameter of less than about 100 nm.

LLOYD WISE

64. The use of claim 12, wherein said particle has the features of any of claims
2-11 or 43-63.

65. The use of claim 20, wherein said particle has the features of any of claims
2-11 or 43-63.

66. The use of claim 25, wherein said particle has the features of any of claims
2-11 or 43-63.

67. The use of claim 31, wherein said particle has the features of any of claims
2-11 or 43-63.

68. The use of claim 37, wherein said particle has the features of any of

claims 2-11 or 43-63.
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