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WO 2005/026372 PCTICA2004/001677
POLYETHYLENEGLYCOL-MODIFIED LIPID COMPOUNDS AND USES
THEREOF CROSS-REFERENCES TO RELATED APPLICATIONS 5
100011 This patent application claims the benefit of U.S. Patent

ARG ieedisNashio- 60/503,239, filed on September 15, 2003, apd iz-islaiGfi677
to U.S. Patent Application No. 10/893,121 which claims the benefit of

U.S. PN EEHRENE I H) QOMPORNDS

2003, 60/503,279, filed on S mn'ém d 60/529,406, filed on
December 11, 2003, the te gs-of are incorporated
herein by reference in their entirety for all 10 purposes. BACKGROUND
OF THE INVENTION [0002] An effective and safe gene delivery system is

required for gepe Viral vectors are
relatively efficient gengﬂgF efiver @g@%g—%&gﬁlﬂﬁﬁ’m& \;Qh{ssty of
Ilmltatlons such as the potential for reversion to the wild type as well as
dhis nateRl prplicbinr sipmsAbehrpefiiiofio sy RalegbprictiienNo. 60/503,239,
ﬁtgcsnarsswmacmymapgﬁe@ﬁeﬁt@t{smlg%‘&!ﬁrﬁﬁﬂh@éﬁn WW@@‘%‘PWmch
cher %{?‘1 gﬁ%)vﬁeet Iﬁguman Gene Therap
SRR 2pa o™ Nep G915 Fidkl s spelnb 16
2@@3 W%BMP MiathbrefwpiBitienhs 12003 14 (16192)), 40t Sitidl Ja e cabienia, 2003,
i ed, nonvira
mﬁﬁ%?%}ﬁéﬁﬁgﬂﬁg o{ptg 8%%C§me erer}(: @%fr%%&% rall

gene delivery vehicles (Feigner, C|en fican 27

PHRRSS: Chonn, et at, Current Opinion in Biotechnology 6:698-708
(1995)). However, complexes are large, poorly defined systems that are
not suited for systemidBAPEHEROOREOH THE BNSIEDINSNerable toxic side
effects (Harrison, et at, Biotechniques 19:816-823 (1995); Huang, et al.,

[Uﬂmweﬁﬁi@tﬁﬂﬁ%@ﬁt@iﬁ Bafd- @@ﬂvéﬂﬂs@@eﬂ 64Q0 151 Sine MAMES to be
clB og?f:hng r5 647-652 %g\%t’z, gb nd, et al., Pharmaceutica

eseé/rcsn 14! IS ) f 1T R iRerR S SteBRR Pt S fer from a
vasigmidimitptiosn suchasdbgppotiatieal forsavattied Gotihe d;nﬂmrtgperas ‘wabaizethune

rﬁ%&#ﬁ%%%éﬁﬁséﬁayer lipi vesm%ﬁ}&%h%ster g{p ali 8 %u?% ?%p§
atfenfiph é‘é’fr(éfﬁg%yl ﬁ%@@ﬁ@@?fﬂﬂaﬁ@%ﬁﬁﬁ?wwgmb ' Hpitan Gene

Wﬂwylmmﬁeb@édw%w%plmm@é% (1??5’5)1Jm_ f Wéqm;yceyg;d
1ze e presence of a
e S G S S e e s e p——

arspurrRidsysiermonapplicatiolys theyiet it eetecitiieu@ERRer, Scientific
AN 0N 315 R o LA EHOR: SR WAL RIS 5D Blb 8 0s

(1995)) However, complexes are large, poorly defined systems that are not suited for systemic

applications and can elicit considerable toxic side effects (Harrison, ef al., Biotechniques
19:816-823 (1995); Huang, et al., Nature Biotechnology 15:620-621 (1997); Templeton, et al.,
Nature Biotechnology 15:647-652 (1997); Hofland, ef al., Pharmaceutical Research
14:742-749 (1997)).

[0003] Recent work has shown that plasmid DNA can be encapsulated in small (~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 6:271-281 (1999)).
These SPLPs typically contain the “fusogenic” lipid dioleoylphosphatidyl—ethanolamine

(DOPE), low levels of cationic lipid, and are stabilized in aqueous media by the presence of a
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tumor sites due to the enhanced vascular permeability in such regions,
and can mediate transgene expression at these tumor sites. The levels of
transgene expression observed at the 5 tumor site following i.v. injection
of SPLP containing the luciferase marker gene are superior to the levels

R sRYResachieved employing plasmid DNA-cationic lipoSospg,ca2004/001677
peRyRisKRe dheonenes) &fapﬁ%.e P N Ao st CARENRH YIS CEEYRIES I W tended

may he required Eor optimal therapeutic benefit in Some_applications (see,
cgﬁamf PP oL BRE (P AYSRats %A BYCemb G5 et OR fargpticlipat distal
tinoth dipeshmesianchisRtdds aanlpriseiEHipid sefivegiees, didisatbediate

-Jipi r derivatizatiqn of t olar head graup qf a
e R A e R o e
typasits fHevRGY. NikesioppbSPhD kpieinisg dily lucifitzise tnalfatgeacyte superior
16 BRINS 519 B Salord Soikio PO e ArpRAIION LA YACAL O RRIRP AN RADERnplexes

rtun)atel .these acyl %fr[oups are susceptible to cleavage under 1

Unf
R G TS LR iy o O SRRSO b Raviaed for optiamal
tlenajeticbedySophosphatitichtiog Wyee oh MsRate s UNDEIEM3HE 7:439-452

( lated with the bilayer structure of the liposome or the SPLP.
nfortunately, such dissociation can weaken the integrity of the liposome

[0 | Brwirabifeothelipiipryes siyhiiidtstdemidselBQHipidi dattivivag chyweally,
PR HAMrhRRRIY A Sl vaihRoAe HeBHIUIRG [o.istakility during

storage, and thus shortened 20 shelf-life”of the liposome or SPLPErod.uct.
UAHEHATPIOSPRADYS e s fidfraryiehamtiatdslcduaplamioe (DSPE), with PEG,
TRésGplysphoihsdholipitly kommih ediphapnsiahiibl bbaggateméne fRNefisition of

' ' h f the PEG-phospholipid, [0005
O e e B AL SR e e
agidiprhasgsendisionn dredareuliing bedihitie v dminloptiPEGaliigsdahat are

lylﬁﬁﬂa%ﬁﬁﬁ?ﬂbﬁ& Ty¥eisiPhate 4B IRETRAS BlraaH
Io?égewty 0 t?% Iiégozo%n%eﬂs oér%the ’SP?gq%g}gr%S&m%?\%%ig% g%%}é;gggm of

BROSHPREEHE: SRR RYISIFPRNE RS W akschs feerity of the
lipoemﬁabtrmie@upmﬂdeﬁiﬁig\/@l sﬁ@iﬁ&ﬂﬂylﬁﬁﬁﬁg‘fﬁ e deplarsugk or drug from
(- S that have Incr tabpility over co 0 se
SRR BRI o, e B G
stedifarfdirdipasaikyiprSBiPamiingtitds widitien ghedest of et dydzolysin peoducts,
sﬁb@a@rp@@rtﬁsg% 'HR?EHRE%&E WeHASE IS PEIURIELP AU BIER 6 Fherwise

SNALPs and SPLPs) by mcreas%g the circulation longevity or lifetime of
ReSEe BreRRECS 96 81D BB SRR REIES004/001677 SNALP, or
[BP3]P. 1ipidctatiligd spsisingly thecsveundditasiihsoinal YR P aUg AR ery

S}%ftégﬁ Therefore, it is desirable to develop PEG-lipids that are less susceptible to hydrolysis,
thereby, increasing the circulation longevity of the liposomes or the SPLP. The present

invention addresses this and other needs.
SUMMARY OF THE INVENTION

[0006] The present invention provides novel polyethyleneglycol-dialkyloxypropl
(PEG-DAA) conjugates that have increased stability over commonly used PEG-lipid
conjugates (such as PEG-PE conjugates). The PEG-modified dialkylpropy! conjugates of the
present invention enhance the properties of liposomes as well as nucleic acid-lipid particles

(e.g., SNALPs and SPLPs) by increasing the circulation longevity or lifetime of the liposome,
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present invention are more stable than other commonly used PEG-lipid
derivatives. As a result of their increased stability, the PEG-DAA
conjugates of the present invention increase the circulation longevity or
lifetime of the liposome or SPLP and also reduce leakage due to 5

Ryarajysisghihe fatty acyl chains of the liposome bilayer or tPE*I%,PA'inM/oomw
SWAGIP SHSPRIE GnliRidl iERE OIS RIS b8 FotBR Od: HREPRIGSSRWRYERENS of the

rowdes nqQvel PEG- DAA conjugates of Formula | having the following

PSSR TP GF P RS O O PR SRS Tk QoFfagosa s @ resul
oﬁtﬁapﬁwdmselﬁlssﬂiﬂﬂ;edmaﬁﬁﬁmﬂkybgmm hﬂﬂiﬂﬁr&ﬂﬂ ikatibd thtpease the

cﬁgﬁ%ﬂéc%ze @g@g{% BImSRESS £ Fe ogseth cphanddsisal ksaue o

moilet Yy a hon-ester-contain er m0|e OI’ a ester conta
hydredysis @%@9 fasiviesslehiop er’ib@é@omme@éamrm @mmwbmxgcmpﬁ-hpld

cbfhgdtddwidsiddC14), palmityl (C16), stearyl (C18) and icosyl (C20). In a
[(fgreferrﬁ embodiment; Rl and R2 are the same i. e., they are both

Uity TheReeseny 1By Sipp amist reiR FE DS coniyeqisy of Frymula I having the
fqite@anmemhedlment the alkyl groups are saturated. [00081 In Formula
I, above, "PEG" is a polyethylene gh{pol having an average molecular

~ weight ranging of about 550 daltonlto about 10,000 daltons, more

bout 5,000 daltons, more preferably of
about 1,000 daltons to about 5,000 ns, 20 more preferably of about
1,500 daltons to about 3,000 daltons andl, even more preferably, of about
2,000 daltons, or about 750 dqit‘ons Th PEG cap be ¢ be onally
substituted with alkyl, alkoxy, acy. vl eferre né odiment, the
terminal hydroxyl group is substituted with a methoxy or mettiyl group.

IPfonsmlebetn|iRy aadi Ritace jntenensltpic srlonias el limketkylatheptipiying from
bt RKEESHOIBVarb RIS PREIRIY BRI IRE S ?ébql'%tﬂ‘:fs RERL? Roiety (e.g.,

lipid can 25 be used |nclud|n e.g., non-ester containing linker moieties

2 AR eSS B P A H&l‘fﬁﬂ{’é‘?ler%%ﬁ s%tem%r@w@&%rm eSiitahie alkyl groups
irliihcay, bmeam amme@mummmmﬁﬁﬂfﬁr(mmﬁwmweemwﬂﬂyﬂt@ 8) and
A e S e S L Rl o

S no COI’lt nacar oxy IC esté

(Cbhteiietl tirleityhioidlies bnﬁi@tf@rsﬂ (€D dotlprifedetbembudionent, the alkyl
Haramino (-NR-), carbonyl (-C(O)-), 3 WO 2005/026372 -

/CA2004/001677 .
[0008] In Formulal, above, “PEG” is a polyethylene glycol having an average molecular

weight ranging of about 550 daltons to about 10,000 daltons, more preferably of about 750
daltons to about 5,000 daltons, more preferably of about 1,000 daltons to about 5,000 daltons,

preferably of about 750 daltons to

more preferably of about 1,500 daltons to about 3,000 daltons and, even more preferably, of
about 2,000 daltons, or about 750 daltons. The PEG can be optionally substituted with alkyl,
alkoxy, acyl or aryl. In a preferred embodiment, the terminal hydroxyl group is substituted
with a methoxy or methyl group. PEG can be conjugated directly to the lipid or may be linked
to the lipid via a linker moiety. Any linker moiety suitable for coupling the PEG to a lipid can
be used including, e.g., non-ester containing linker moieties and ester-containing linker
moieties. In a preferred embodiment, the linker moiety is a non-ester containing linker moiety.
As used herein, the term “non-ester containing linker moiety” refers to a linker moiety that
does not contain a carboxylic ester bond (-OC(0)-). Suitable non-ester containing linker

moieties include, but are not limited to, amido (-C(O)NH-), amino (-NR-), carbonyl (-C(0O)-),



10

15

20

25

30

carbamate (-NHC(O)O-), urea (-NHC(O)NH-), disulphide (-S-S-), ether
(-0-), succinyl (-(O)CCH2CH2C(O)-), succinamidyl
(-NHC(O)CH2CH2C(O)NH-), ether, disulphide, etc. as well as
combinations thereof (such as a linker containing both a carbamate linker

RIS AN amido linker moiety). In a preferred embodimgat, @ 2004/001677

CERIERE(SATIES 5. SEEh reAURIS ) SRS 1 e dniL (0008l n sy

embodiments, an ester containing linker moiety is used to couple the PEG
(MG 25 ecnamedr R G (MR ie (IO theredisulphide, efc. as
m{fbmmﬁﬁﬁﬁlﬁ@@ﬁod f %Mébﬁi@&illiﬂtﬁ@& f [. iﬁrﬁgﬁ%@hh@r)moiety and
0 sters ombipatians theyeof. [0010] In Formula I, above,
%%Wéﬁgﬁr%éﬁrﬁres Cg?%%n g ?fﬁ??@e?nr%bé’é{‘y%’%&r? B 1?5%60 ?ﬁﬁ&*g?ﬂﬁg@b the
PRgitaghedipidreferred embodiment, L is a non-ester containing linker

[00051Y 1D BitRP I RRRRAIE coRtaingLinke i ineaeR PRLALS ﬁoéﬁl@@‘%ﬁ‘e PEG to

to, an amido linker moiety, an amino linker moiety, a Carbonyl lin
hadieid, Suiahessisteamirains S mairiss inkedmpergadanencPRHRMP-),
smeiﬁdsyl, @ldjsj_hli@ﬂal%ek;@ F@'—Wﬂ-ﬁ(ﬁ}@%ﬁﬁ’dﬁ@%@ ked BoRiBiafBEk thereof.

inations repf. In g preferred embodiment, the non-ester ..

B e e PN AR A, it am ester contining
lipm@fimelm@ pfetrate] ctnbaristieat, prsferedestnimodiaieng lihnkenonietteSuitable
nSARAR G UBKEE MRIGYSIAN BRI INKSLMOIGH L Sl ﬁ’ﬁ%&a@éﬁ an amino

conjugate). In a_preferred em_’bodlment, the non-ester containing lin ér_
liglsrameiets & satpayhimKenmeirth gistbmete inkeranaistyapveeniinkeraoiety, an
efR@Tikkr pMives aRPRGIIY I RECERNLY) YenbanRTVIdek & HRISYMR combinations

iSi 0 polyethyl [-dialky!l (PEG-DAA
D o e R o R i ety e s
linkit motb e fion-eBESHIC- T4, donsegaie)adpectshehpreliposormbdditiwt, the non-ester
cERIRAIS R RS IRE RS Om eﬁx@a‘aqiﬁje%)mm?yltagfQm%%ﬁuﬂﬁwgafe). Ina

alternatively, the liposome can further comprise one or more bioactive .
Prebered pRtbpdingpe g BoRTES TR BE B HEkFIIBRIFhE i8 yucsineamy!] linker moiety
(higadie-ageals dagiughks)but are not limited 25 to, antineoplastic agents,

ibiotics, immunomogdulators, anti-inflammator ents and agents
B B B e B o SRS B s
pirdtidensstysd-diotk yhonsedony] (eGR4 Aroteimsand Ferolele hcids. [jpebale
rypiaMgthes aseestdhe é%’ﬁ?o?ﬁ@ﬁﬂ?&'%ﬂ&i9%&f%%iﬂ)%?c%ﬂ?.ﬂfr?Qoﬁfeda‘§5¥§tlﬁj,r1ﬁea

Jbioactive agent to a cell, the methods comprising contacting the cell'with
RO SRS IRt S isrble € SRoietisH g diee SDRISFRAAEM DO/FEPENPEhe
alinaciviyaheNpisancaps lated ioie s pasoritord bulRtye Kpanother, a

aspect, the present inventjon prqvige, ethod of delivering.a _bioactive ..
e an Gl TR g e
tqjgogoenplastic agents, antibiotics, immunomodulators, anti-inflammatory agents and agents

acting on the central nervous system. Similarly, suitable bioactive agents include, but are not
limited to, peptides, proteins and nucleic acids. )
[0012] In another aspect the present invention provides a method of delivering a bioactive
agent to a cell, the methods comprising contacting the cell with a liposome comprising a ‘
PEG-DAA conjugate of Formula I, wherein the bioactive agent is encapsulated in the
liposome. Similarly, in another aspect, the present invention provides a method of delivering a

bioactive agent to a patient, the method comprising administering to the patient a liposome



comprising a PEG-DAA conjugate of Formula I, wherein the bioactive
agent is encapsulated in the liposome. [0013] In another aspect, the
present invention provides a nucleic acid-lipid particle, the nucleic
acid Iipid particle comprising a nucleic acid; a cationic lipid; a non cationic
iDAA c %ate olf II:or ula I I N,some as ects
com r1s rﬂu ormula I, wherein t active a 8 ulated in the
e ac partic e her comprises a s ero fe a. biestE? f)
11P°F@U¥4] In yet another aspect the present invention provides a method of

00iB]rOdlﬁ@ﬁ&I&bM@@i@tt@%ﬂei&l@1Mﬂbﬂ|ﬁoﬂiﬁ@96&%&f§m@%mn&e nucleic

ith a nucleic acid- I article .ca r| |n a ca l0nIC
scid 5 e O R el B e SR B S A 1B e appo-DAA
Contwgan@@i@faek?éctlth@pﬁe%mtweﬁmkp@Wdesda)aseleﬁathpmmesasa sterol

(e. gdeﬁgréaeﬁl,gbove in the preparation of a medicament for delivering a

[OOPJ aCf_P e ttO a t@[ nt \rl\éh%tellrlrlzesna{g bioac Qéeam (r)ﬁ %n% Slr{ agenuclelc
In‘the osome T(?(s.ﬁ ? eatures, o%i’ect’s and advantages o the

acidinfenatisH M@Wemm@mmmeréwﬂ bébomeckgiparidritidpartieée

confpeiaied &!ﬁ%ﬁf&ﬂﬂﬁ& SRRPIREICIRINS 2BA-Tukes thakioleerBRIE and a nucleic
ac1dDE18 PTION F THE DRAWINGS 1 illustrat s the

016] Fi
St OCRTTRY BTG e RIS SR R éilgia%%&/ Sr%%ﬁ?ii@?ﬁ?ﬁtﬁ/%ss gsgribed above in the
prepr4tioB-efimyidisdmenpfopydfivaihaatitecP RGEE00 mpttiyhiethercfiieajd bioactive

agert RGnCaiMAdd M-{2 Fpdigmeistyloxypropyl) amide PEG2000 methyl ether
[001‘(§e PEG-A-DMA) and N-(2,3- dimyristyloxypropyl) succinamide

EGAUbT [Ftrs Shirsts ! apieesss s b9 B rersard rakimys wil
beccshowtgemﬁ@t&bﬂid}t@ldd}ﬂmome@comppiesngaﬁmnmﬁgm«sommm
PEG-DAG conjugates, PEG-ceramide conjugates, and PEG-DSPE

conjugates. [0018]FRgtIreBStatratos datagipawinosucidgrase gene

expression in tumors following IV administration of SPLP comprising

[ooﬁFGﬁ%‘iqmggé’é@%e Sglgé éos‘gf g%]la g4 ? 18 derlvatlves ie.,
g ection by~

conjugates. [0019] Figure 4 illustrates dat 0W|ng |n vo
N+ liﬁwmpﬁsrr@rﬂmmﬂe %%ﬁﬁ?@%@ehﬁepeﬁm%%]gdavé@) N-(2,3-
dimﬁﬁ@@@mﬂﬁmmmlﬁ&@ew EroniuoRies,. {8020 Figure 5
dimyr ates da sﬁpcggv mn elﬁ@’&ﬁ)e rﬁg]gf@l&ressﬁb'g s 48 hours

er | ousa ministration 0 co p’rismg -DAA

[001&1 nj u@lﬁt@s ayrEes Hrcheviaderesbiftnof irsmes Gpsisine BREMRAA
confHR I REIG IR AEIRAR L RRISSSIANiHR WYY aBPIeRG, Mboﬁﬁgates
[OOII%m follr% H%Sintravgfr; O%EIIrni IS eaggon of SPLP comprisin f G DA’ﬁ/
JUGSEES Bhit PG BA S VURRIGSISESE §R1S SBESI3e4 7nors following
admpGTaEERe PO tomprising PEG-DAA conjugates, PEG-DAG conJugates, and PEG-
ceramide conjugates.
[0019] Figure 4 illustrates data showing in vivo transfection by SPLP comprising PEG-DAA
conjugates, PEG-DAG conjugates, PEG-ceramide conjugates, and PEG-DSPE conjugates.
[0020] Figure 5 illustrates data showing luciferase gene expression in tumors 48 hours after
intravenous administration of SPLP comprising PEG-DAA conjugates and PEG-DAG conjugates.
[0021] Figure 6 illustrates data showing luciferase gene expression in liver, lung, spleen, heart,

and tumor following intravenous administration of SPLP comprising PEG-DAA conjugates and

PEG-DAG conjugates.
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[0022] Figure 7 illustrates data showing luciferase gene expression in
tumors 48 hours after intravenous administration of SPLP or pSPLP
comprising PEG-DAA conjugates and PEG-DAG conjugates. [0023]
Figure 8 illustrates data showing in vivo transfection by SPLP comprising

RiES2i8éd s 2 £0njugates and PEG-DAG conjugates. [0024] gt So04/001677
[0D231} atBspite/MbaiRed EAROSHRFAHD 01 8HBAGH RS dGIRERAGEHNERSIOR s after
. %ugo-Zzélg morS gaggl%gﬁé%A/J mice treated with SPLPs comprising a
B ISR CO R GRIE SR Con iR d-B ST AEGT O Romsaxies dRder
RREe-EUNG ehafugaeCMV promoter and SNALPs comprising a PEG-DAA
peRIY0aIRaa in [duciferase SIRNA. 10 00 igure 10

[illu,st]:ates in \%v%mc%g?tdg ggary%éér%&gt%atl Zgﬁ?ﬁ?n%mg o%gilﬁ%ﬁ r%aéﬂégegfglr%%%flﬁlai%(}@ AA
cRREEEIS 2 FEPHRAHfgmiNgRisA/ mice treated with SPLPs comprising a
[ﬂEiﬂ-DPiéw@QHmaﬁate’sfz\ﬁW&%{BWﬂﬁﬂ&ﬁ&%@@lﬁ&i@é@é&g&gﬂn in
I\}Quemc_ Q%ﬁ%&f th,CMV pr rEoter and SNALPs comprising a PEG-D )
A o %ﬂ%eg‘% TaeRrested viRb AL forpwrisige P ES-DAA conjugate
afitlierrdebdnp aplesuadzcediogbicfingesileieing afiticifef areoprassiorinnd

=239, rohear AlJ mice treated with, SELPS ¢ ising

e e Sl L

103 thigesrdleTrres e foindeatoasicnt D alepengofprisfergsa expression in
NeinGJ2 AdneobéegateAN oo BiRINIRG BN IR RS 8RB I 08ZH DN G njugate

1

-

12 illustrates in vivo.data gemonstrating silencing of luciferase expression
R e e e e i e Wi

SHLERS Omprisong e FRE-28 Andnpontainidgatplabp icipheorbing lixfesase
rtﬁ%ﬁg GMY nd SNALPs comprising a .
[PE -DA co%’rl%gs{g%grﬁ’d congﬁfﬁggﬁﬁﬁ%l%g&gﬂ% fl 8@%@?3‘—%%%81011 m

Neyrarga finos heanus maledEmisasteatsd v sicyRiiRg ohipoifinas RGHMdesiomjugate
il Oieteitinh b1RH DORIBE MaErMEENIEEH RGN SR BSroQRMISIRGA

sDAA conju ontaining a plasmid encoding_ luciferase under
B Do GHP ARG 91 SRR oI PESADAA
[¥87]ugBiguemtRlinstrites gnatd detif deasmstiRinA s{ROAA}L bRIucerekde expression in
Nilystrt rakng. mprising. P C-DMA .
B b SR R S Kl osnte
24 Sanding SR8 epcediaedneifesaendpr thinep RGO KM Gipromoter and
SRECPCobiriisi NePRa I malRaning Ralgidht Risa R frhaw srifaafter
[Oﬁgﬁm'ﬁtrat?ﬁﬁlthe ?PI._P or SNALP. [0031] Figure 16 illustrates data
Emonsirating the BIESH & idkrsrRsmepstaing st oPleiferass graression in
Newate2Aumizdeauitg R41hAuUF snafearaatichinitiSRIon 0bifeiSiY PPBG-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.

[0029] Figure 14 illustrates data demonstrating uptake of SPLP comprising PEG-C-DMA
conjugates by cells.

[0030] Figure 15 illustrates data demonstrating the biodistribution of SPLP and SNALP
comprising PEG-C-DMA or PEG-C-DSA in Neuro-2a tumor bearing male A/J mice 24 hours
after administration of the SPLP or SNALP.

[0031] Figure 16 illustrates data demonstrating the blood clearance of SPLP comprising
PEG-C-DMA male A/J mice ﬁp to 24 hours after administration of the SPLP.
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WO 2005/026372 PCT/CA2004/001677 [0032] Figure 17 illustrates data
demonstrating the biodistribution of SPLP and SNALP comprising
PEG-C-DMA in Neuro-2a tumor bearing male AIS mice 48 hours after
administration of the SPLP or SNALP. [0033] Figure 18 illustrates data

deaKsaYRp the blood clearance of SPLP_ and SNALP 5 couprisigs/oo1677
(GBS -CrMA 07 ffizatesdSA dBnBAIE AhL BICH MRIARAH AP EBY g SNATP

admlnjstré%on of the SPLP and SNALP. [0034] Fg;re 19 illustrates data
CHBRISH RGP0 B AV RO By SPEB &Mdp S Ipics AR paTshter
aBirGidARcohihgSREPandRAGRDAG conjugates and encapsulating a

id, ing. luciferase..10 [0035] Figure 2Q illustrates
(e e R T P
cemmitiagdy Gnd-ONCArs B -® Blasmidle dAdd ditng lucifeth berfOdB6]administration
oFtaupEp ldsirgpdata demonstrating in vivo transfection by SPLP
corgi)risi,ng PEG-C-DMA conjugates and encapsulating a plasmid
[0 i heerTEifer strpiRsatasgtonsatinestr atee ansicrenmonstiki gnd pSPLP
ceitgnizing P (BDiRMsmigatesaia PRGID AR sandatee Iscaastasdingth plasmid
e§¢!§§‘LP gem S(riising a PEG-C-DMA conjugate and containing
ant-lutiterase SIRNA, [0038] Figure 23 illustrates in vivo data
[%ﬁongiméosﬂbﬁm@ dita dm&@gg@sdmﬁmsﬁaeiasﬂmismasmg
PGS bt dTUER EXRIRARIRG Y S ARC AN G HEHnNAL PS

omprising a PEG-C-DMA conjugate and encapsulating anti-luciferase

C
[%Q%‘fAFZ@J@ 2t Alpstesdae tapanirtiegnviv ReoseeironRy SPLP comprising
PRG-atDodAciRRAteE heduespailitiveniislaspriadaasingvetiferase.

thy -dialk | (PEG-DAA) conj that h .
B R e e St
Nepg2eceds siuenied)with AR youificsingia RYIPro gy Mob njujeagets afdiventaining

a2 IREBSERL KSMion enhance the properties of liposomes as well as

nucleic acid-lipid particles (e.g., SNALPs and SPLPs) by increasing the -
["c‘?P@&|aﬁbﬁl¥8r%él}ﬂ§}T6F°ﬁf@tW@ detalemensiring sRpsing obfusibpse srpsgssion in
nittaststiuNetisirplyuheenifonel Rrakihe BipfesBAYIRIRILEAIES HERMDSINIADH

CoNj AA.via a linker are more stahle than ot

Ccnoliﬁ'u%r%%c?ﬁ l%ﬁ?;éegﬁ | -I?Bf%]u&gtr?va%eélsc R ﬁup%l{lr%r%u agrl,i]i‘tc}%sa Satpridi gly

been found the use of a non-ester 30 containing linker moiety results in

PEG-DAA conjugdE AP RRSARIETEA B EHE NyENEEN o

commonly used PEG-lipid conjugates (e.g., PEG-PE conjugates). As a
Iresult of 7

Introduction
[0039] The present invention provides novel polyethyleneglycol-dialkyloxypropl
(PEG-DAA) conjugates that have increased stability over commonly used PEG-lipid
conjugates (such as PEG-PE conjugates). The PEG-modified dialkylpropyl conjugates of the
present invention enhance the properties of liposomes as well as nucleic acid-lipid particles
(e.g., SNALPs and SPLPs) by increasing the circulation longevity or lifetime of the liposome,
SNALP, or SPLP. In fact, it has surprisingly been found that the PEG-DAA conjugates
comprising a PEG conjugated to a DAA via a linker are more stable than other commonly used
PEG-lipid derivatives. In particular, it has surprisingly been found the use of a non-ester
containing linker moiety results in PEG-DAA conjugates that have increased stability

compared to commonly used PEG-lipid conjugates (e.g., PEG-PE conjugates). As a result of
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WO 2005/026372 PCT/CA20041001677 their increased stability, the
PEG-DAA conjugates of the present invention increase the circulation
longevity or lifetime of the liposome, SNALP, or SPLP and also reduce
leakage due to hydrolysis of the fatty acyl chains of the liposome bilayer,
NBeb5,06335 LP when other PEG-lipid conjugates are useg g Aka2004/001677
tﬁ%ﬁfiﬁl@fgﬁ%c{g&%ﬁ]&hﬁet?ﬁ@-ﬂ@&kéﬂ%f%g{%oﬁh{gﬁé@e { &&éﬁ@&?ﬁ%ase the

having 2-alkyl chains, R" and R2, both of which have independen

Heladen longnu Pt e ofthe Lmyrgro SPALEn BSPLR arsalscefsrdedkage due

tvandindysie gfiks fafty acdtcaitio of RilsykRyObaRYes, SRV P esfSaWiRGien other
%yﬁra formul%' CH20-I3I | HCH20-R2 10 CH2 [0041] The term "PEG"
refe j

conjugates are use .
P16% o%/eet%y ene glycol, a linear, water-soluble polymer of ethylene
PEG repeating units with two terminal hydroxyl groups. PEGs are
assiPelmtitAtir molecular weights; for example, PEG 2000 has an
average molecular weight of about 2,000 15 daltons, and PEG 5000 has

(0040l e Baetonmlstiolleylovgighp it atfent0f0ndattndisaRE2satled chains, R and R,
b%ﬁi‘&?\?ﬁ?&ﬁ'ﬁé@evﬁ‘l@{?éﬁcféﬂﬁ%&%&%Qﬁ%@%%nﬁn?h%tgﬁtgﬁgr%%'% e
le, t yethylene

and include, for example, the following: monomethoxypo glycol
seieted CLbnYs VaRG RS ATt iateiene Bigkalasvesomile e the Glgying
goheno faetipxypolyethylene glycol-succinimidyl succinate
(MePEG-S-NHS), monomethoxypol %Epe glycol-amine 20
(MePEG-NH2), monomethoxypolyet

ne glycol-tresylate
(MePEG-TRES), and monomethox olq_etpylene

glycol-imidazolyl-carbonyl (MePEG- ﬁaddition, the example provide
a protocol for synthesizing monomethoxypolyethyleneglycol-acetic acid
(MePEG-CH2COOH), which is partigﬂ]'Parly useful for preparing the
PEG-DAA conjugates of the present invention. 25 [0042] In a preferred

(VR0 diE DO RESIRA Mg%ﬁ%ﬁﬂsng'gfy%yyEfﬁ&&g\afa@a&mf&%&%{a of

weight of about 550 to about 10,000 daltons and is optionally substituted
Iy ES KBS RE s Hith. tre deprirekfodemb saHRsnt BGB e elawified by their
nslasiitviee gith ety il IPE Go0DiNak hydrxkpasilietlabwangithdTabout 2,000
O SRS e e e v MRS O e
cetmer@ally available from Sigma Chemical Co. and other companies and include, for
example, the following: monomethoxypolyethylene glycol (MePEG-OH),
monomethoxypolyethylene glycol-succinate (MePEG-S), monomethoxypolyethylene
glycol-succinimidyl succinate (MePEG-S-NHS), monomethoxypolyethylene glycol-amine
(MePEG-NH3), monomethoxypolyethylene glycol-tresylate (MePEG-TRES), and
monomethoxypolyethylene glycol-imidazolyl-carbonyl (MePEG-IM). In addition, the
example provide a protocol for synthesizing monomethoxypolyethyleneglycol-acetic acid
(MePEG-CH,COOH), which is particularly useful for preparing the PEG-DAA conjugates of
the present invention. ,
[0042] In apreferred embodiment, the PEG is a polyethylene glycol with an average
molecular weight of about 550 to about 10,000 daltons and is optionally substituted by alkyl,
alkoxy, acyl or aryl. In a preferred embodiment, the PEG is substituted with methyl at the
terminal hydroxyl position. In another preferred embodiment, the PEG has an average
molecular weight of about 750 to about 5,000 daltons, more preferably, of about 1,000 to about
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WO 2005/026372 PCT/CA2004/001677 5,000 daltons, more preferably
about 1,500 to about 3,000 daltons and, even more preferably, of about
2,000 daltons or of about 750 daltons, The PEG can be optionally
substituted with alkyl, alkoxy, acyl or aryl. In a preferred embodiment, the
tQreuIe Ensyoxyl group is substituted with a methoxy or methy, 8491031677
' p onju fers to a pplyethylene
T L S roteaty,
Ogéhﬂh’ga tertteasonaf abanizis B dationfugite RS ehebp artionally skeituted with
alRPIekoRIANRHRKE! ThQIBHSSIBE LR SRNES R1 SARIN AGNEKA eroup is
0|%E§§ and ester containing linker moieties. [0044] As used herein, the
Sn(g’ﬁth T RE R PEB A SRS AiBiety” refers to a linker 10 moiety that
[0 netsomattiereinar DEG/ A tenjagnd feBfS (O} poHuitaikeendvceiG jugated to a

1]l iRk ieties include, but are not Jimited {9, amido .
S s e LS AR R PR ORI e
tha D ANIE (hermpigisu it lisks meigiiss (nolydesnansistgt-containing linker
nloietiés @it o tidinlns rkinamidit{-NHC(O)CH2CH2C(O)NH-), ether,

[(S@% phide, etc. as well as combinations thereof (such as a linker

it :E}%eé%r@ﬁﬁ?ﬁfb“ﬁﬁ}%?ﬁ‘ﬁ{cﬁ%‘%?@&m%ﬂﬁ?%’ ey tao st
ninietytiefedres mmivadin entrbogsiibasiatoidked & 035d 30ieblétienhePlodaining

. picduedn ! . ' DU _
B G S T e ol
(YRR e sherae (FCEABonTes (OBEONH- s dinilpbide tbSphefienais
stdP)ROftE)cetifeonie aliiampRe mﬁ@(@?@ﬂe‘é@f@%}?ﬁ E%‘%g%itsulphide,

The term "lipid" refers to a group of organic compoun at include, b )
K SHEEA T TR R A0S DS PRANS LR S HRearaiarAE Ry & gayamale dnker moiety
aidsol ablélnlinkedemdiety ks oln bl eriferred Rynbogamatso bagbimald 1@k ars Usddalbycouple
ﬂfg‘lg'ggd“j%(gﬁ f ast three classes: (1) "simple lipids' which include fats

and olls as well as waxes; (2) "compound lipids" which include
[MMS5EpHBIRSTES Enerdipealipieneysy corirnieslikier raoichy As usrdrtsideupls the PEG to
004 "Sinishuesigiecoralars 10iary IR CQMRARIIONh 8l 68R 8B 10-),

deliver. a compound in Iudin% but not limjted to, liposomes, wherein an
SUCSReSLPUOTRRRLS RSter iR AMREMEY) b iAmatsi SstaRtc g qomrbipations thereof.
[00HE} eiTlih ectipitisphiadefunsi fd @r o oo prigifig eotapgendiatesitalude, but are not

. . id comprisin interferin A sequence .
O Sl AP IR SR B e

MY e sbterscdhpore Avall3Cividnd intsiailivashthree kisissety @istiapte dipids’
wiittl éidee{ORMBl R R4eed Derains; iDjdLacnal Rlad GARrSiRIIg.a

ipid, formulatign that provides a compound with full encapsulation, partial
P é%@EﬁQEm %i@?ﬁ, e {H{‘?ﬁ;. %)p ,dgﬁ%YPgdlma‘dmm’fermds.

[0047] "Lipid vesicle" refers to any lipid composition that can be used to deliver a compound

Pty

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 sequence, with a reduced
aqueous intetior; or lipid aggregates or micelles, wherein the encapsulated component is .
contained within a relatively disordered lipid mixture.

[0048] Asused herein, "lipid encapsulated" can refer to a lipid formulation that provides a
compound with full encapsulation, partial encapsulation, or both. In a preferred embodiment,

the nucleic acid is fully encapsulated in the lipid formulation (e.g., to form an SPLP, pSPLP,
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the nucleic acid is fully encapsulated in the lipid formulation (e.g., to form
an SPLP, pSPLP, 9 WO 2005/026372 PCT/CA2004/001677 SNALP, or
other nucleic-acid lipid particle). Nucleic-acid lipid particles and their
method of preparation are disclosed in U.S. Patent No. 5,976,567, U.S.

W;,g}@6§2981,50_1 and PCT 'I'Datent P"ublication No. WO %%3%4/001677
S10243] %ﬁ?ﬁ&%@l&i@ﬁggrgﬁ%II\ﬁ)lclre%?Ja&Qi Slabig8 %?'%Jég'sﬁiethod of

lipid particle, 5 includin . A SNALP represents a vesicle
DEAH AP RSRF AT SRR 10 MBS SnERRIENRd §81g301 and PCT
PasNADbESINANSRNAsAsBMA, SIRNA, or a plasmid, including plasmids
which an.interfering RNA.i 1scribed). As used herein, the term
) AR B skl AR B AIEG & EbPEricte
ifelugling Bradid)SHAE Rpsutasetsvitrvisicelifitipiésicesing M AddRscdndusiisRgerior
. & cationic.livid.a Ncationic i e .
O e <R S o il
inslydipg slayRl s pops ik aa iaierfingdbN e drressiihed) e A¥siBRed aespigethe term
"%PEE:%MS {H%tﬁﬂgéi&dha&w@miﬁéfﬁmfl@t@ﬂsmé M%@I@ﬂa@eqy@ ulaiadbid)
istal site ., Site; ica ara rom the gdministration site
SR B SRR R Gl ek asehiaic
n@Ptaﬁsﬁi’wdﬁgﬂh a‘pSPlhﬁd theb oreeontpiEgecgationofifisuylatid cengdenBEGH 1
AYERhHUARAPAA SOBRIRAS SRl %M{Qﬁ%glgs?’%gg'e[ﬁn%?legchedéﬁrgﬁculaﬁon
e any amphipat ic lipi g

"vesicle-forming lipid" is intended to inclu hipathic fipid having
lifetipasSphonipainsiatynoss G pbivierion asesupiaipat disiehsisgsifesss sises physically
séprffﬁtapﬂlﬂiﬂ(wz%ﬂﬁibﬂ%ﬂe raﬁ@sb@f %&e&éia%féﬁﬁleﬁéid&mw iﬁﬁ@%ﬁﬁtéﬁ%%he at

0 ipids. 1] The term. "vesicle-adopting lipid" is intended to

R R L ST PR D PR FSHSReR e Fpfessioe
apifymidsic ecidhéinplionessth DitkeindWRBPaseRSlipids, with its hydrophobic
[ODSPLY TRERRIRET iR e IS Tigla UIreRAgRIS fRaien of %‘éﬂ[{c lipid having

membrane, and its polar head group moiety oriented toward't exterPor, _
2 bytiprhoficastnend mrakrdined sraun R asistney ifvelS sre o Rppataesasly into
bitiytaesewsitendiés atephdprealdyeliat phagBelystiswhich are capable of

mi bilgyer. structure in the presence of a bilayer-stabiljzing 25, . ,

[(@%’i polrﬂg?l grﬁgpqsgg eé%(ﬁgﬁ%}%nﬁxglg gﬁgtenged to 1n§fu % any ampinpagmc lipid that is
stedhiylewphpheephiaticliifbtikyamime)mBitayien witbiizengropyedriehisids, with its
n{arbflen B ALs Aot imited 16 woRHgRteHRIdR ADALDARIT, AaarsRRL

%ﬁg_ NA}LPS, p%lyamide oligomers (e.g:, XT'!I%-I!pidrg%t;ivat%/ge%),%%p%%ggs{brane’
angd éfenoler brod pgemangisty arisweditearbthe artrauarpiativesise oh the pedrane.
V@@iul@{&gdﬁid@iﬁ]fwgﬂfl@ﬂﬁidﬁjﬁ@ &pmeileslgﬁ Wircyabss @J@n%ﬁ:@m phase, yet

oypled to phosphatidyl-ethanolamines, and. PEG 30 conjugated to _ .. .

R RS SR R R e e es o SUeoererige
component. A typical example is DOPE (dioleoylphosphatidylethanolamine). Bilayer
stabilizing components include, but are not limited to, conjugated lipids that inhibit aggregation
of the SNALPs, polyamide oligomers (e.g., ATTA-lipid derivatives), peptides, proteins,
detergents, lipid-derivatives, PEG-lipid derivatives such as PEG coupled to dialkyloxypropyls,
PEG coupled to diacylglycerols, PEG coupled to phosphatidyl-ethanolamines, and PEG
conjugated to ceramides (see, U.S. Pat. No. 5,885,613, which is incorporated herein by
reference). PEG can be conjugated directly to the lipid or may be linked to the lipid via a
linker moiety. Any linker moiety suitable for coupling the PEG to a lipid can be used

including, e.g., non-ester containing linker moieties and ester-containing linker moieties.
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reference). PEG can be conjugated directly to the lipid or may be linked to
the lipid via a linker moiety. Any linker moiety suitable for coupling the
PEG to a lipid can be used including, e.g., non-ester containing linker
moieties and ester-containing linker moieties. 10 WO 2005/026372

Réd 560365344001677 [00521 The term "amphipathic lipid" rg@;@mmﬁmw
y rein the hydr hi oft
o B e SO R R B el o e

hyrorbobitradnefdbe Epdopstaisd orents hmmdrpmla@bmwethe
HRIPhiORREREH: GltatliRides! Slﬁlewéqimg‘ ileGasacie RS Aehiaifia: major

the presence of polar or 5 char roups such as carbohydrates,
°8W8§ R & B’g&wt‘:lesﬁwﬁf@% FBAREIHSAS AR TORy HteRipamee sRglar of
cﬁkﬁggi(gtmms Ishyﬂm@mm@ymaas bﬁo@phuf&rmbbywﬁte Sﬁﬂhﬂs,lmmbmﬂ)ﬂhtydryl nitro,
to lon turated
&E}ﬁ%%fgééj{é lﬁ?? f%l% yﬁ) dr car on bcrl ups %n%on erﬁeé%ﬁég ] ussﬁﬁtoefda %Olar
W-‘bihﬁﬁ m@% Ridtee @%lw%@u toog dhabepayeled gméunpegyu@@dﬁlmb@lc

h9&@@%39%®§9ﬂ%%§%@§'%&%% dﬂl@toqrﬂi@)?@a&%ni]agc cycloaliphatic or
phosphghplds %571”‘10“[’.” and sphingolipids. Re resentatlve examples of

DSERSTSIR STALP R repuRd it O Ao HHE: GopgP HeRiBRiAR@ot limited to,

Phb@mhﬁiﬂdyﬂm@iam‘mb$Il’hih95mﬁa§ld%1;&@élﬁa@*m@hﬁﬂéfyhﬂﬂﬁb‘ph0hp1ds
annito 0 at

RIS e e U U B i

pbﬁsnmmmphamigamdmmﬁdmb@wbmb@mddwmnm@eoyl

pﬂ&mfmmﬁmﬂ%%)M%M%ﬁéﬂw seiRtidyinheline. Other

9{@& ﬂﬁs acklg%m ?&gsgﬁorus such aaﬁa Ql}rlg{g Eld Q(X}ahﬂﬂghgl-é}’lcmlme or
dﬂisolwytphoﬂphayrbﬂlqﬂmdiﬁ& @Medoﬂ@amdﬂ’ﬂmﬂdhgnhm@ddﬂmﬂdﬂys $peingolipid,
Qve.ca mlxe with .qther lipids
B R e R R Sl ittty o
aﬂgméfeé ?ﬁmé}iﬂ@@fa ﬂepybeé@bttnmlbxibp@mémﬁhmlam desdrideged @yie can be
nﬁ%&“@i’cﬁ‘@‘cﬂ&ﬁﬁm& feemu lpetai ot ARy siological pH, such lipids

n or example, diac phosphatldyl holin

l‘%‘li S T AT R THIES O R SGHIRT REJiAecias hadnst eithe in
anluﬂtﬁatgedloxmﬂhtbmd&mmﬂ: ﬂiﬂﬁ)dgéma&l #0024 pirgolepival pH, such lipids

N tr | lipid a ove as well as
maﬁlﬁgﬁlc c%d %g [ié%%%?jl%ﬁ% fer anfl}g?ﬁélfip‘(&’ reSPer%%g :ﬁlﬁﬁlpaén%ﬁ ceramlde’

mgmmﬁmm@e@hﬁmwm@e@brpﬂdwmeéémp:&slyn@ldde but are not

[dp8HEd 10e @Qﬁﬁﬂt&%@ﬁ{!ﬁ%@f}fﬁh R Q)IRY ndiRaYIRROPRAIAVISEINR e as well as
dlaqyl hosphatldlc acid, N-dodecanoyl phosphatldylethanolamlnes

m ‘phosphatidylethanolamines,
[M@ptmnmﬁmmwemahmmumy lipid that is negatively charged at physiological
pH. These lipids include, but are not limited to, phosphatidylglycerol, cardiolipin,
diacylphosphatidylserine, diacylphosphatidic acid, N-dodecanoyl phosphatidylethanolamines,
N-succinyl phosphatidylethanolamines, N-glutarylphosphatidylethanolamines,
lysylphosphatidylglycerols, palmitoyloleyolphosphatidylglycerol (POPG), and other anionic
modifying groups joined to neutral lipids.

[0056] 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");
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lysylphosphatidylglycerols, palmitoyloleyolphosphatidylglycerol (POPG),
and other anionic 30 modifying groups joined to neutral lipids. [00561 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
Kpisisoia@side, but are not limited to, N,N-dioleyl-N,N-dimethylagppRajsiliby 677
Ne(arge16RRB A R QARG R ol UGARRRDARIHG A,
N-(2,3-dioleyloxy)praop f)-N,NLN-trlmet,h lammonium chioride ("DOTMA™);
N BN AR B AT 67 RIGA P DD AR
W%Taﬁkdr\%omwh IDmJNNﬁiM@ﬁmaﬂiﬁlﬁmml @Bl'ﬁkﬁﬂ&htim(' DG\I"%STlA)P");
A NN N'-dimetk Ingethane)-carbam nalasterol ("DC-Chol”
T B L G S G s e A
%%mmepﬁﬂmlﬁuﬁmﬁb@mﬁgxmmmdmndd&ave
(DRASHYE N8R RE WPl PR PRGEVORRMA: RIMRMA

and the ikes{‘QOS%}e erm "hydrophobic lipid" refers to compounds
P o) t%@mﬁd@@%éﬁﬁ&?iﬁ%d to, long chain

[murateﬂea}adntﬁnw%m& ?gha{«ifeﬂmd IQEAPORN GHAVRS apllsiaT_lQ@g;@ Hhat include,
roups aptign ubstjtute e of more aromatic, cycloaliphatic or
T e e B G s e goues ne
et eydyhrceradndibisyhshitcbsdhy Nablodialkygl arvmasic, cycloaliphatic or heterocyclic
M@pgﬁimé%mmmﬁ@%é%ﬂﬂhgh %69&&‘49&&;%%%1?& Fﬁ cerol,

The term "fusogenic” refers to the ability of a liposome, an SNALP or other
Nepliiatkeiraigosy stetivtrlonges winiranernira Aes lo?-dialy ] -Prsoineprensites
[a0E8]beRiteminEuplasiia 1anentheanditf e IRRes SUSIOUNYIBPother drug

anelles, e.g.. endgosome, nucleus, etc. [0059] The term "diacylglycerol”
o R R L T e o Pootp e

migabsaiTeedbratyssatvesadin: anghed] ca ke nenosues todieesletand
[00929sitigfe S 9NEErab R asterdiakagsso %@f}uﬁaﬁgaﬁfa@ya@ﬁ Eﬁ&&ﬁé}tﬁd and R,

or have ,Vargﬂlng.degrees of unsaturation. Diacylglycerols have the B
bignBloBERYt i ermmdrin betviess Aenrd 36 ceiors) bondesl to tig EigpdR-position of
glpeedbyheideinkspdsT Ahoacylahamidan wriemmdfedbt Isnotdigiiedd@ees of
ur?s%%%%rqq ]?)iacylglycerols have the following general formula:

0

CHzo"'—

[0060] 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
1 ﬁ) 2
R N——(CHZCHzo),,T(CH2)p——C-—(NH—HC—%I)q R?

n
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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 O Da R N (CH2CH20)m (CH2)p C-Q*1-C V)gR3 O
12 WO 20051026372 PCT/CA2004/001677 wherein: R is a member

sgisStRsldem the group consisting of hyc_irogen, alkyl and acybZ 5@ /001677
whEEHReRSE @ﬁaﬂﬁ&m&&%&mm@%@@&g&@ags@%&@g&w: #4d acyl; R'is a

optionally, R and R1 and the nitrogen to which they are bound form an .
roERGTHURESE R EREHAISEPOR M U900 B BB o Ry PG, R and R and
tiepticogdy wulisiiilies atsyowationally swidstitses By ionthetise Biebhaioupf

n amino acid: R3 is a member, selected.from the group consisting of , .
e e SR S SR R g s
chfur B e s Rk REmaber irkdeiod fiventhe Byem gemistiziofhydiogeno
h%'ﬁla@l,' 572400 S ,tﬁaé%ea?p@& Byt D485, 2kt O RIRAPACGI L OGRS are
_skill in the art that other polyamides can be used in the compounds of the
“t%%f‘éﬁfw&éfﬁﬂ?ﬁe&@‘[&%l’éf%t?&%mﬁé&&éaaé@ biofpAutiedirad: It wil
beefpartataonhbseel saniaimingahieasiertipilydecdes hamdaleat masddompounds of

ribonucleotidets in either single- or double-stranded form. Nucleic acids
the &reaent invention. . ) i
include ntclei€¢ acids containing known nucleotide analogs or modified

[WKdithoRke tesiduedde irikagepolicticatislsyrehstio, apdlyatly cootuningyt least
R0 ﬁé&?&?ﬂ%@ﬁd@ébﬁﬁ&&b&f H'BQnu‘é‘IEBﬁBé@ FYEHILP gﬁfg@—n&' %gt{%ﬁggﬁ‘%ﬁédal%ﬂ}ﬂe Nucleic

reference nucleic acid, and which are metabolized 15 in a manner similar
affitacefe B E Rl SepleiinsdnapRaTsteotids arkaeyerimadidied higkbare
rdidiliasionliphpsphaiihipatesihphesphespidatesa snatiophosphnnatRerring,

e £ e A e s, R v
ipeieyensiitlatik tewefasaio gudsotifleratbrampleslebiinb suhgh inadudamwithout
1Ringing HRRsEIRAASIRS sRisRRGe AUReinanl Andars. 20 matabaliaad in

a manner similar to naturally occum_n_g nucléeotides. Unless otherwisé
PhosRbeRaiesap Qringihyt HbmureatidesRpabideauasis g @M dpss seecifically
liaotesetratbraly enooaiissby aticleis14iey eohtnthg degRneralegtesofnatural

SUIQ(%H etigt{[l%aalelbeh%sﬂ o%th%Lo S SNF’.Sé anéii1 cognr%llementlar seguences
PasWeliBs the geqsuen%re g%(pl f?ﬁ%’ﬁﬁ}ga&% .q§8e60| |c°8ﬁ139,° 8‘ega§]her &°
metehotizadstitationst sinyl e cantiesibddeyugeneratilegtslegu Endess otheriitse
ﬂ@ﬁéﬂéﬁ,%%ﬁrﬁ%’&i%&@i%@i&’Eé&&é’r&’qé@ﬂ&ﬁ%&hﬁ&ﬁ L CRAPRS S SHBSNUHEy

with. mixed-base and/or deoxyinosine residues (Batzer et al., Nucleic Acid
medifiedoyeripms &9@95 ;(%tgﬁﬁgta@tgogpgﬁgpsutu ons), 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 et al. (1992); Rossolini et al., Mol. Cell. Probes
8:01-98 (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 include 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
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Chem. 260:2605-2608 (1985); and Cassol et 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. 30 "Bases"

IRAIUGsRYERIes and pyrimidines, which further include naturg) GoRRARE s 77
I
aBJANAGs NG SHRRDE, f&‘éﬁ?é%%é&&é ﬁJ (ﬁn'ﬂ &#@%ﬂ%ﬁ& §ﬁ§é%%vNA

and synthetic derivatives of purines an

PEEHIeRRatdaND, mmfsftm:mreﬁpm%@é ToasiorRER)e Yrses $RuBAGS BAC,

mmlﬁmme@mn @dﬁ@b@& &ﬂ@ﬁe@ﬂﬂ&éﬁ@i@@eﬁ@é& 13 ¥¥3somal DNA,
05/0 637 CT/CAZOO 01677 alides. NAm be in the form

Pt Veég SHBRA, Aﬁelafla o SR SRR 5RO
cBMumlﬁﬁA wméta&egehalmmnwf(dﬁﬁgzammoraﬁfél PAC, BAC,
aﬁtﬂéqé}kf %91{@‘01%? aﬁé& ?cs § ?&] (g%sfsﬁﬁi ng uen’ e%ﬂcfe cS mprises
oups et

chromosomal A, or derivatives oft es uc eic acl

prstind dep SR piiE dmsi) dading ermieBceMRCSRRIER G oorbistisn afgerdypeptide

0B PAVEPLAEFIBEBNALB ORI OS] e B HeRSorseAeER ERAtitis virus A,
Bng,gﬁ aC|dﬁ}( %? DNA or ENA) guence that comprises partial length or
€ J?ﬁﬁ’%qesd’?}g éégrﬂ tessary for the production of a

[¢ESheptideae produalypaptd@peacuesas (e gprablyneptigas orchalypeRNde
hgﬁg&ﬁﬁp%gfgﬂh eeo '[IMAUSA B, C, D, E, or G; or herpes simplex

virus). 10 [006 ene product,” as used herein, refers to a product of a
ene ?uchﬁ an RNA transcri ncludlng e.g., mRNA. |
oy TS EB R R BRI L rOARS Giplysete

0064] The present invention prowdes novel ‘
thiherrsgisRidnraliaRexgYidsp nqret sty ensalvendtdisliviatyaven]
(FF!)EISGQBAP qu SSARIBLYEOURE RAD ma@%ﬁ@f%g]%%wl%@aw?ﬁ@@@gﬁm as
co ore ularly, the p nt invention_provides
R el ﬁgg?& e PREATREF e 6 REGHAR YRR arovides

nfVtl PEGRA PG wareslof Formultal havihgytheRdllanthReracededependently
selected and are alkyl groups havingifrom about 10 to about 20 carbon
atoms. The alkyl groups can be satyrated or unsaturated. Suitable 20
alkyl groups include, but are not Iirréed to, lauryl (C 12), myristyl (C14),
palmityl (C 16),

R2 L—PEG
o Q.

In Formula I, above, R! and R? are independently selected and are alkyl groups having from
about 10 to about 20 carbon atoms. The alkyl groups can be saturated or unsaturated. Suitable
alkyl groups include, but are not limited to, lauryl (C12), myristyl (C14), palmityl (C16),
stearyl (C18) and icosyl (C20). In one embodiment, R* and R? are both the same, i.e., R' and
R? are both myristyl (C14) or both stearyl (C18), efc. In another embodiment, R! and R? are
different, i.e., R" is myristyl (C14) and R is stearyl (C18). In a preferred embodiment, the
PEG-DAA conjugates of the present invention are symmetrical, i.e., R* and R? are both the
same.

[0065] In Formula I, above, PEG is a polyethylene glycol, a linear, water-soluble polymer of
ethylene PEG repeating units with two terminal hydroxyl groups. PEGs are classified by their

molecular weights; for example, PEG 2000 has an average molecular weight of about 2,000
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stearyl (C18) and icosyl (C20). In one embodiment, R1 and R2 are both

the same, i.e., R1 and R2 are both myristyl (C14) or both stearyl (C18),

etc. In another embodiment, R1 and RZ are different, i.e., R1 is myristyl
(C14) and R2 is stearyl (C18). In a preferred embodiment, the PEG-DAA
GRBIYERISs P the present invention are symmetrical, i.e., R1 a8d 22801677
dbedhsthigd Preame) 199 g?]n&@ré:é%r %@ﬁa@%f&t%ﬁ&dﬁt&@@b’ g’c{ﬂgﬁ%n%EGs are

egcoT,',a linear, water-soluble polymer of ethylene PEG repeating units
ORI AP % RRBL B B Ml apad 9ihssifemnspigtamd inslade for
exegighishécloRyamplanbioE 2009 reaR1sNe pgenaaertaowgight of

about 2.000 14 2005/026372 PCT/ /001677 daltons, an

R e R W A Tttt W oy SBSr E O T s
gbl@%@?ﬁiﬁ@ﬂﬂﬁl.Iwmmﬁ@ﬁ~&§ﬁ&)mmmmmmre glycol-amine
(mﬁmm?ﬁ)?ﬁ%ﬂ%l&ﬂ&}ﬁé1;%’&%Fféﬂleeg1glE‘8(13f%_ijcé)9|_§:i’é&9(MePEG-TRES), and

monomethoxypolyethylene glycol (Me

TR Yolyns rpeo b EGsM). In addition, the

exanRtpesidsRbetay R @i@yﬁﬂ?ﬁ%@ﬁﬁﬂmﬁlﬁ%ﬂﬁﬁnegﬁwl—aceﬁc acid
=Sz , manpmethox ethylene glycal-amin .

e R TR SO SN LB GBE R EEC-DAA corjugtesof

toveREGLTRERN. and monomethoxypolyethylene
[@iMGP'-@D%’ﬁ@Méﬁ%ﬁB&t}MM&%@EH‘% L%éﬂr@iﬂﬁ@né'ﬁ?ﬂ?&f%ﬂ'?n%(%¥' g

a protocol for synthesizing monomethoxypolyethyleneglycol-acetic aci
RSBl TE B EXCSbsH Sl ANE AR HYieRsans ToPpepaHReLied by alkyl,
am&%;; %Poﬁ@f}ﬁ.lggtg g@feﬁ&i fél'tﬁbbhmﬂﬁ, H?&@H@;tbhm&ﬁltba @M%ﬁ@lﬂamin the

embadiment, the a ethylene ol with a rage molecular
LTS G e G R
migjeewka weillltaf, shoyt 35 Gy kblentSHiedelakiohs mivoctimederttilye dP EiSis1,000 to about
5,@6@%&&% I\Hgll% ﬁ%}%ﬁéﬁ% tﬁ%ﬂ’}éﬂa{}bfg{ 9%&%%5@%@ @Oé};[ Q%;l"]e pr's_aferably,

referred embodiment, the PEG has an average 15 molecular weighto

0 W%@@qgaé@%%?éﬁbo&g(@\g?%ﬁe preferably, of about 1,000 to
(oLt I, Gofmial DR veTE ki tabiy ekt ala b} ik ababled QP QAR S ntaining

.and, even more preferabl f abqut 2,000 daltons or of. abqut 750 . |
RS0l e red oSO 0 oG PR e iy e o
li?keiewiotyethaedms coitaitiing fimberyhioietyr hvadfrofe(@de). cmivablienentekter
cdRRHBAP1RHES GANANING Jnke: Bal t(é'i%n AR ke MQIEL. HAAR8 Finker

not contain a carboxylic ester bond (-OC(O)-). Suitable non-ester
Mo Ra AL AR iEkerdRRIeY ph paRe e iR ane ci afa SikaeapoiftYe a other
lisiteaidteaylinkivulploie tinkecaidiery b linkenmaB itk o te dikRk linker
mojet urea. linker moiety, an ether linker mpiet disulphide linker, |
Tty SR RAT TRl O o AR e mortster conaining lnker
moiety is a carbamate linker moiety (i.e., a PEG-C-DAA conjugate). In another preferred

embodiment, the non-ester containing linker moiety is an amido linker moiety (i.e., a
PEG-4-DAA conjugate). In a preferred embodiment, the non-ester containing linker moiety is
a succinamidyl linker moiety (i.e., a PEG-S-DAA conjugate).

[0068] In other embodiments, L is an ester containing linker moiety. Suitable ester
containing linker moieties include, e.g., carbonate (-OC(0)0-), succinoyl, phosphate esters
(-O-(O)POH-0-), sulfonate esters, and combinations thereof.

[0069] The PEG-DAA conjugates of the present invention are synthesized using standard
techniques and reagents known to those of skill in the art. It will be recognized that the
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moiety, and combinations thereof. In a preferred embodiment, the
non-ester containing linker 25 moiety is a carbamate linker moiety (i.e., a
PEG-C-DAA conjugate). In another preferred embodiment, the non-ester
containing linker moiety is an amido linker moiety (i.e., a PEG-A-DAA

CRAYERIF)sINa preferred embodiment, the non-ester containyg k6t 01677
FROIEI IS canfiteis @m@@ﬂé@&ﬁrﬁ%ﬁ% (1] c@n?&;@fa%@@‘ﬁ]ﬁ@é‘!ﬁﬂﬁ@?)ether, thio,
%n 0 ere‘%'n odiments, Lis an ester coﬁ%ﬁlnlng linker moiety.

RIS B A0 RSHREINING RS SidhR & sreognize tantppripds and reagents
0@ ) O esesidoye pletidphaieaadteeslill @-4DIRO S0 9.os NMarbiADVANCED

HatioRS: [0069] T, = jugat the
R P 500 Fane NI AR GRAR T
f%é@ﬁﬁ@%wﬁqyﬁﬁé@& K4k prdrBmiss| MO FBE $ECoEhBeORhaF tARAGTICAL
IR B ERERITRY 3R A4 ﬁ@S?E@ﬁﬁﬁ%%ﬁ%&ﬁa@éﬁﬁt any
i

resent invention will contain various amide, amine, ether, thio, L
s U PIREA ARAERILITT Redec b RIfifeme i om iR thiadn the
sym¢ithgsi sfahelNBGgRArs ciafigaeng iHeegesharitieationvathésoyfskinth the art will

' ilaple, See, e.g.. March, ADVANCED ORGA
U o S T R Do e Wil ROV
GRS A RRAINDNSYIVBHES B80Yilard $dimiss, VOGEL'S TEXTBOOK

(69707 RAGEH el seRf2fe 0\ D et dEMbR TR iml e PHE AN RS 28R JF Willloresent
.also pbe appreciated that any functional groups present may require
“bYS‘EEBHé%S%ﬁ?B@e’&E@E%RJﬁ%fPBMHWp%??Wéewmﬁ thig schemes for

PRIPGHPREGoDYMe PG vEsent ABE@SHDM A bogiegataldlf ihcthesatit itention.
|7 i Il known. See, e.g,, Gree
S L L DT T SN
couozyROibe prefspakiniestiguence of reactions for forming the PEG-DAA
[0ONIH 9 LA RO PIRS RRELIWNE A SSRE I i PaFrR IRIR S S E UM RV Art that
he examples provide synthesis schemes for preparing PEG-A-DMA,

ol AR B Bt Rl el i thepragir of seiahinpolygsg that
cairbdars gt digdads o6 REG fisHiltle) iheasrhotlhnrizaditty peipeirgie Hieliddir)

- ] S of the pre inyention. [0071] In_addition to the
B S P e LR e
rabarsbrRAFeije s radylisectivdarivamide pilAEdc Bsidrpluslysfobigissisicand
d@ﬁ%ﬁl&@cﬁlﬁlo%ﬁsﬁ@h%@ﬂdﬂ&ﬁ%@f@ﬁﬁé@@fﬁ?x@k&ﬁeﬁ{ﬁ&ﬂumwd to,

lyethyloxazo

polyvinylpyrrolidone, polymethyloxazoline, po ine,

olyh 959% r @Iﬂl r amjdeP%% thacrylamide and

polyd%émet %%@ry aﬁl es,ztg%%?é%]fﬁ,gam ,qgo yg yoﬂhlg{‘a%lsd, and derivatized
luloses, such as hydroxymethylcellulpse or hydroxyethylcellulose.

[(?(?‘}Zl‘] sInone embo 'mgnt, thg preser%/t invention proviges sta%ilizeyd nucleic acid-lipid

particles (e.g., SPLPs and SNALPs) and other lipid-based carrier systems containing
polyethyleneglycol (PEG)-dialkyloxypropyl (DAA) conjugates, i.e., PEG-DAA conjugates.
The lipid-nucleic acid particles of the present invention typically comprise a nucleic acid, a
cationic lipid, a non-cationic lipid and a PEG-DAA conjugate. 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. The non-cationic lipid
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JIV. SPLPs and SNALPs Containing PEG-DAA Conjugates [0072] In one
embodiment, the present invention provides stabilized nucleic acid-lipid
particles (e.g., SPLPs and SNALPs) and other lipid-based carrier systems
containing 25 polyethyleneglycol (PEG)-dialkyloxypropyl (DAA)

GROYSRIES 3£ PEG-DAA conjugates. The lipid-nucleic aCi‘i’:@f}H%Q&ﬁ/ﬁ’me
tRRALPSSRbIYC AN HRICS S AR 52 RN Hiha b SRUPBISalR B flte,

non-cationic lipid and a PEG-DAA conjugate. The cationic lipid typically
refRiphlEdomabrabeRrit 5o416uh 86 Vi Gubs iotahividtrenpnd iprsidnuticisadhe

PEGLTIEA Rifaraklyydiemyadan-% teaboytdaséuebthe Jotad linid Blent in

B

nuartiglefetabhtfienpabéatréid erabadihtents, theaotatlgnicptipientonspidsestfienThe

t.400%: 09 ipid pr in said particle, .T
A e R A S .
PERHIGTae shiplssicapldupisel s amisines fosmothers 160AIthserpt68&nefithestnl Lipid
pRAECR, sHagTRAINY roR PP 203t iR A obh 8RS HdhatetRbinid Pies&M5 % of

in said particle. The PEG-DAA conjugate typicall ises from 1% t
O BRD OFS o BT e e AT SRRAIBI At o gt o

tehoap &Eivhob fite miapbhpmaiprefthahinisiai dcﬁ:thﬁpﬂbpaiﬁdéi m@reqomﬁedaby, using
dRAGau dnabarhl08.aL DS telal il BigSSNn SALRTIE TG,
nucleic acid-lipid particles of the present invention may further comprg’é
cafieniskieit may seeyite frranahorsiir s ehpiidify oot Fridpatsoutin 6o
pletRROIHIGEH eIt BeripiBhinidl RS ey dRRaid PRHiSieRIRICRRRNAER8: 40% to about
5 [;?)Iz eroLai?mBrlses onm ahout 2%?% to about 45% of the total lipid

‘é 8 Qb At P A P L ERS Wﬁ}go%% &ily apparent to one of skill in the art
[#AZ3]10 Tie ﬁﬁiﬁ@mm?@bﬂﬁ’e chiporentsmictteontygliediatistipiteardcester of
IMQ%N&{@@O%'I&@EQQ sﬁgﬁﬁ%@e | &ﬁ%}%ﬁsﬁ{%%qﬁl nﬂ}& JLP Ia%ids when

section. For example for systemic delivery, the cationic’lipid may

PESRRpHSBGrITh BBk S0 s pbilie Pootcrifiyenina | anpReHvastin aauseng solution to
AP patkrda as r
about 409 ou % ipi sent in said particle. L
T S R ST R ST SR T SO DR ppgpticaion
Noddl @l@(ﬂ@@@ tfe Iegshﬂxgsmﬁbﬂ)uf hin me@ncbm&a@hmﬁﬂaimmﬂmdc.

007 AR AHBIRICAGHR MR Y SRR e Bk AN N Aone or

_the present invention are resistant to"aqueous sqe | egradation”
iRReRraiptioR 58 S rPRAREBNALIPIIS ARt oW Piepaipd sReeies.
[6135]0sedtitnid. BpiFatRNabusErA 18 BB pridet iIRAIRNINGn BIshY: 804 fther of lipid
- PCT Patent Publication 20 No. WO 96/40964, the teachings,of all of which,
species %}ﬁ%?g{gdaﬁg éol?lsl&y? é’%@?gﬁ 8&2} selected pH, such as physiological pH. Suitable

rein
cationic lipids include, but are not limited to, DODAC, DOTMA, DDAB, DOTAP, DOSPA,

DOGS, DC-Chol and DMRIE, or combinations thereof. A number of these cationic lipids and
related analogs, which are also useful in the present invention, have been described in |
co-pending USSN 08/316,399; U.S, Patent Nos. 5,208,036, 5,264,618, 5,279,833 and
5,283,183, the disclosures of which are incorporated herein by reference. Additionally, a |

Fary

number of commercial preparations of cationic lipids are available and can be used in the
present invention. These include, for example, LIPOFECTIN® (commercially available
cationic liposomes comprising DOTMA and DOPE, from GIBCO/BRL, Grand Island, New
York, USA); LIPOFECTAMINE® (commercially available cationic liposomes comprising
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[0074] Various suitable cationic lipids maybe used in the present
invention, either alone or in combination with one or more other cationic
lipid species or non-cationic lipid species. [0075] Cationic lipids that are
useful in the present invention can be any of a number of lipid species

‘Wﬂﬁb&‘?ffﬂfs?’z net positive charge at a selected pH, such as %X‘?’@l?&izﬁ@dmﬂ

T S T T el

celipnisidiatemseeamprisng DRGE fonPromegatiCmie | iatisandWistatsih, USA).

[CPRPITHYRIER AFRIR 18@95&&]3&@595&3@%\)%% HAY¥S BEEVariety of neutral
described in co-pendingUSSN 08/316,399; U.S. Patent Nos. 5,208,036,

ugchaewh SwiisHenioos aianis Linids capehicofrepiycing HiFimsomalex. They are
piefaEpLr AteddLiRibu tig mn%ﬁdﬂ%mﬂlyoﬁtaalpma@my ehargegial
B ang@ratlgns of catlo A Spld ﬁ%re ﬁ‘ a|Ireelg)el>§tand (ﬁ?&be uaﬁ 3)§9§onpi derelated

O
pre inven on e |nc xamp e

n(@*@mhewhlb% b?@ahab[eli@ah@itdﬂh@@wmw%émnsmgnDOTMA and
% Q{H'yﬁ@ag@%‘: ﬁ&%ﬂﬁ%{ﬂ%?ﬂ ‘ﬂﬁlﬁd §f°‘gltol sphingomyelin,

CTAMINE r (commerC|aIIy avallab cationic Ilposomes

1§?¥ gl i6 8519, BrEehre s dodies B PSS PA and
dﬁ%@lﬁmlﬁfﬂﬁmmﬁG)Tﬁiﬁé@liﬁ&mm@cﬂmma@m)!

v |I i
R R B RO
dm@gemlnh@m@hddiaimer@i@w @)vén@wbphmpﬂmduwmgmne (DOPE),
pEINEYIBTISy Bs ﬁmﬁ%ﬁ:@@@iﬁ@%%m 91SIABLe RN b EYine

are 5 preferably neutral, although they ternatively be positively or

(FREEN v er e g O@QH‘FM@E @?%@ﬂ@étlonlc lipids useful in the present
4+Waﬂﬁ&aﬂnmmémynf@6wheﬁmé=raiaﬂﬁﬁymatgmﬁ&mm a%oleaiibific lipids or sterols

|d Ie ano amlne lysolecithi S atidylethan ine
s p%osp%ogegﬁser??ﬁa speiﬁlatlgé%ﬁloosnl?op(}/éﬁ% qé%?/e maél%é %Rms ar, e.g.,
steandranip, q@ﬁégﬁwaumdlaxﬁde@émmgm phbet;dphgbpmlecmleate hexadecyl

sﬁ%&%&%@%ﬁﬁg atE%;)}/?(:gf)l aﬂﬁ%?&)jéﬂ“&%ﬁ%%@%lﬁﬁ@@ﬁ&yl sulfate,

1865 PHELp kg aaﬂﬂ&ﬁrﬁfemg}ﬂafaﬁ@wmmwn
bf&ﬁiﬂ’ﬁhdii@é&ﬂnﬂ Ma@ﬁph@é;ﬂﬂy{ﬁtﬁamm&\Hi@cﬁ@@ﬁﬂiaudylethanolamme ceramide,

Slgﬁ%%qﬁg? 31y| h?Sanaéldéfl hOI qg]lbi%gIﬁrlrll&g)gs%/esggfxosphatldylchohne and

an 0 amine
Issppipsnbeidytathane rning glgﬁbe present Noncatmmc lipids also include polyethylene

ghddi-maale peigame tivh Lysieheym) et amadais i {-B?lgng@pcol conjugated to

Noncatignic lipids or sterols_such as cholesterol may gresen

PhQTRRORIS RIpREepHT Helenrldnan g Hpids ares degeritgd Brgpimsing USSN
OWGdaammMphemdmmbymeﬁﬁeéyl palmitate, glycerolrlcmoleate

%ere <ta (%)?;%FQI Itﬂg ﬂé%tg tt?dn?g]%rllgst L Y '5%&%8 atlc?yﬁ:holme (e.g.,

rlet ano MG aur
dlstearoylphosphahdylcholme, dioleoylphosphatidylcholine, dipalmitoylphosphatidylcholine

and dilinoleoylphosphatidylcholine), diacylphosphatidylethanolamine (e.g.,
dioleoylphosphatidylethanolamine and palmitoyloleoylphosphatidylethanolamine), ceramide or
sphingomyelin. The acyl groups in these lipids are preferably acyl groups derived from fatty
acids having Cyo-Cp4 carbon chains. More preferably the acyl groups are lauroyl, myristoyl,
palmitoyl, stearoyl or oleoyl. In particularly preferred embodiments, the noncationic lipid will

be cholesterol, 1,2-sn-dioleoylphosphatidylethanolamine, or egg sphingomyelin (ESM).
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alkyl-aryl sulfate polyethyloxylated fatty acid amides, dioctadecyldimethyl
ammonium 20 bromide and the like, diacylphosphatidylcholine,
diacylphosphatidylethanolamine, ceramide, sphingomyelin, cephalin, and
cerebrosides. Other lipids such as lysophosphatidylcholine and
lyeeRMRFRkatdylethanolamine may be present. Noncationic § igg ﬂﬁiﬁ/oomﬂ
[ e]ﬂ%@(ﬁﬁ%‘ﬂ?@@atﬂ)'ﬂﬁ%ﬁ%%%%mﬁ S %Q @L@E& 319 %Qeslgxﬁ %vention

5000 and polyethylene glycol conjugated t .phospholiplds or to
CeBRHSfRsROlYErRYIRealy sRl-pirlsrioaypreRyHeasingRe irf.cb RRGriiei g siess The
t&ﬁig&iﬁl_m:cm@ppmﬁﬂ@ﬁ_hﬁﬁ%h@é'_ : xﬁﬁ&amaﬁg%{m?ﬂaﬁmg! ﬁﬁiﬁﬁ}iﬁi{zz both of which

embodiments,.the noncationic lipids are diacylphosphatidyjcholine (e.g.
R AT LATBOg T G A R RRUHT e Setneted o have
veipalzisgyhehobpimativylsinoliDielkyhokgittopyédyd phihehhoeidgeting), formula:

diacylphosphatidylethanolamine (e.gey digleoylphosphatidylethanolamine

and palmitoyloleoylphosphatidyletha ofamine), ceramide or 30

sphingomyelin. The aryl groups in thgﬁeoljgids are preferably acyl groups

derived from fatty acids having C10- 4 carbon chains. More preferably

the acyl groups are lauroyl, myristoyl_,h'_galmitoyl, stearoyl or oleoyl. In
articularly preferred embodiments, theé noncationic lipid will be

[ RAL sty g pressndly preferss sty e RFG IR h eonEgaigis a dilauryloxypropyl
(SPR}IGG el iz b= .&%Wﬂ%ﬁqﬁ_ﬁfﬂ?ﬁﬁf@sfgﬁ%@%f u RyWépt 51

n tQ cationic non-caton|ic i e S e presen
S B R o T SOpISRaly L gt ot et
wiEGadiametingetest Der dathyldislindpyysrohd tseldndlio BECHMAAURGjugates of

ng2ialkkehains, Rl and R2, both of which have independently

between 2 and 30 carbons. The alkyl groups can be saturated or have 5
[QRRYA n gy e eristedrreabadiment: B gusbantbeiiaiing formula:

general formula: CH20-RI | HCH20-R2 | CHj[0079] In a presently

preferred embodiment, the PEG-DAA ccmj. ate is a dilauryloxypropyl

(C12)-PEG conjugate, dimyristyloxyprop I%g 4)-PEG conjugate, a

dipalmitoyloxypropyl (CI6)-PEG conjug r g disteryloxypropyl

(C18)-PEG conjugate. Those of skill in theZart 10 will readily appreciate

that other dialkyloxypropyls can be used!| thg PEG-DAA conjugates of

the present invention. [0080] In one pref%ﬁ’é'd eErﬁboEiiment, the PEG-DAA

[e081jLg ateFbasuthd, RllandiBg deytatipendently selected and are long-chain alkyl groups
having from about 10 to about 22 carbon atoms. The long-chain alkyl groups can be saturated
or unsaturated. Suitable alkyl groups include, but are not limited to, lauryl (C12), myristyl
(C14), palmityl (C16), stearyl (C18) and icosyl (C20). In preferred embodiments, R and R?
are the same, i.e., R' and R? are both myristyl (i.e., dimyristyl), R! and R are both stearyl (i.e.,
distearyl), etc. In Formula I, PEG is a polyethylene glycol having an average molecular weight
of from about 550 to about 8,500 daltons. In a preferred embodiment, the PEG has an average
molecular weight of from about 1,000 to about 5,000 daltons, more preferably, from about
1,000 to about 3,000 daltons and, even more preferably, of about 2,000 daltons or of about 750
daltons. The PEG can be optionally substituted by an alkyl, alkoxy, acyl or aryl group.

[0082] In Formulal, L is a linker moiety (e.g., a non-ester containing linker moiety or an
ester containing linker moiety). Any linker moiety suitable for coupling the PEG to the

dialkyloxypropyl backbone can be used. In a preferred embodiment, L is a non-ester
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CIH20-R1 CIH20-R2 CH2-L-PEG I 15 [0081] In Formula I, R1 and R2

are independently selected and are long-chain alkyl groups having from
about 10 to about 22 carbon atoms. The long-chain alkyl groups can be
saturated or unsaturated. Suitable alkyl groups include, but are not limited
thaz'd!SX)oﬁ%]rf)’ myristy!l (C_:14), palmityl (C16), stee;]ryl (Cl8)ﬂq(§m;001677
é . I mpo nts, R1 an the same, . e.,.R1 an
o T e o e BT SabeSCesond
Q6N Seifeblemparpsisreonpi@ gdigksoiyeistifenslyfie bihesngt dimited to, amido
(R(eRae maiat fauisighb Al eRg kiR et fB0 datensopom),

referr diment, the PEG has an average molecular weight of from
stegis i?,%%?g\%iga%%%ﬁ@bb@ AR € PR AP ASBR 890 5ot
I oretf&160 Gratadtimsrtile avarsioterpikieriiyeohaleouish 0Ad dadto Nislar moiety
0 750, daltons. The PEG can be optionally substityted by an alkyl,. .
e e i PR T S e
ligkgoreiets isasrraidmbinkskatombiéiy. o2 BRGedieAdoenaingate)inkes prefistyy.
eBYAHRKSY, IO SUIARIS RN LOURIN G HEPE SR NG HISIHHRYRIORY .c., a
g\%lsgbo can be used. In a preferred embodiment, L is a non-ester 1
P ﬂ;glﬁ%gﬁ%CT/CAZOOMOO%?? containing linker moiety, i.e., a
[0D83¢r Mnithyrthaboliermaticarninisiarcothaxidiclatiemndsany. (SQGEMR)eiter

itabl -ester.containing link ieties j , but limited
oSHEe A9 PRI G OIS, RIS SIS cve
-ONPIERIOY), sirenair BREES puficpmbinationd he®PECH2CH2C(0)-), a
[saginypidueedisuiphidaqdand semipnali 9&3&2&@%%&&1&%{‘}%&8@1 for

embodiment, the non-ester containing linker moigty is a carbamate linker

g SIS 0 LPISE BRIt K AL i SEICHO P R P RS ePL iRt
P& DAR-est@rgaonthininguliiie advaietycsoaer @MiEipHuslsaoipii @titiatives. For
P%éAﬁ @'Nga ) referred embopdiment, the nan-este
e{%ﬁlr%éi?r\ung li %—; mo é%ydiésggagggﬁzlnag%?dﬁ%?r%kfg%arcﬁgﬁln(tl%f %OSP hate Eroup

whiclcleadpin subinleghited vardegros Bjmt Sihaessfitsotisresieayl chysarinetetion with
tHOQRIRIRIO G hi?ﬂ?@ﬁiﬁﬁ(ﬂa‘?ﬂéﬁ%kﬁ ﬁ%qx%%ﬂ?%%&éﬁi% f%%@(ﬂg&lg ig%&% Bt
XA BEior BRI AU Th GBS V814 IS ges b
pliospinitthad REGuDaites tinjugtitaic ategamicistany usedsiaigrpihe Nielgicapsulation
o B A RS R L RS s
thgeatienigdipidmust be used, thus increasing the toxicity of the formulation. In addition, in
contrast to PEG-ceramides, PEG-DAA. conjugates are easier to produce and manufacture.
[0085] In addition to the foregoing components, the SPLPs of the present invention can
further comprise cationic poly(ethylene glycol) (PEG) lipids, or CPLs, that have been designed
for insertion into lipid bilayers to impart a positive charge(see, Chen, et al., Bioconj. Chem.
11:433-437 (2000)). Suitable SPLPs and SPLP-CPLs for use in the present invention, and
methods of making and using SPLPs and SPLP-CPLs, are disclosed, e.g., in U.S. Application
No 09/553,639, which was filed April 20, 2000, and PCT Patent Application No. CA
00/00451, which was filed April 20, 2000 and which published as WO 00/62813 on October

26, 2000, the teachings of each of which is incorporated herein in its entirety by reference.
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example, PEG-phospholipid derivatives have a negative charge on their
phosphate group, which leads to multiple disadvantages. First, the
negative charge may cause interaction with the cationic lipid in the
formulation and, consequently, electrostatic forces that hinder that

X6 AR5 the PEG-phospholipid out of the bilayer. Seconge{W€s2004/001677
negatixe chapgsipéd e BRdlrgsphate group neutralizes the cationic charge
which is a necessary part of the encapsulation process. To offset the
pesgializing, { o the phosphate roun, igher.mglar percentage of . .
[the Jationic(ﬁg%%rﬁusg?% usg?j%lﬁ%lgglltﬁtrea%r% r%%?ﬁ%péf) fg‘n%ele pl%senl mvention

ERRTSa ASNCIvicatif (68, iFinatn franded PEGTe rindes DPNRAGs DR stranded or
RAB]YeRIASARICASIAUAG, BM?%@JBE&?:”Q&RAB% Q98 hikadtian iRt are not

1the foregaing compgnents, the SPLPs of t e present invention can 25
%F"céﬁﬁﬁ?ﬂé& HesmRe SUgRRtgRLes BRIy ReERs yisias otetnolss Attt
dhiguevoketidiesigeetefordnsrindniy fipituoity eski lenisyes i pranelive., a

tﬁa%ggﬁﬁﬁo&gggfgntte%sgoconj. Chem. 11:433-437 (2000)). Suitable

SPLPs and SPLP- PLs Tor use in the present invention, and methods of
[P98RIng Erecriosivgy Sintereshern Spupid firsoaradisel pvamsesgndhuding for

RSN e0 AT h AR UIRIGH Was BiRdHRP ik RIYP th%?%gﬁg Sroducts
.Patent Application No. CA 30 00/00451, which was filed April 20, 2000
ing} ﬁﬁ%‘ﬁﬁbﬁé‘r‘i‘&f‘% GOEEEBI B e E5ieFEEyPEBORME, STRNA, sIRNA,
areatiing Foftea N hudighvisiinZbipapaded. [(e9eF) TuilseRtsessBY: 486-489).
20 6372.PCT/CA2004/001677 A. Products of
L e NS S R e
o Sl aiRrp relarrapive Hearischimprisearersetsiendoidtiengiogimig@enes. The
paRIMR ¢ Pk daubie ARSI PN SRR SIARISS OF tHQME SHERRAEHS of such

RNA, RNAI, siRNA, and the like). Suitable nucleic acids include, but are
ERes fli?ﬂff’é%fttér,e S, gmﬁm%}%ﬂmmﬁﬁﬂ%mes as well

as other polx- and ﬁiﬁ nucleotides. In preferred embodiments, the
nucleic acid éncodes a product, e.g., a therapeutic product, of interest.

%ﬁgﬁ?] The product of interest can be useful for commercial purposes,

PR ST POTR GheS AhEh PA SEA POh5STe an

irffordieripheRIGA thier 2RI prbtihaian 1R proludiel spevtelh famsigleitdagide anas one or
isen i id..ri tRNA, sSnRNA, siRNA. .an, antj

e PR R ) (it R S PR ooy

on B9 oSN tasatedfiganetpnsduptointhasisttb in aRNfoplanitsd

[60893 tOMXIOIA SIFEI SRS HOMEDIRCHIR! FREERIQANIANESs precursor

or suppressors, and anti-angiogenic genes. The particular gene
RO RS R e RN A B o ip AR PSR e opoed o
nslehihb5igdes Tifd RiNrestarbedesatsidcbhelelly angkiiepsigitaisizdde and/or cloned
a§&?8fﬁ§%i%‘thods well known to those of skill in the art. The RNA can be a mixed
population (obtained from cells or tissue, transcribed from ¢cDNA, subtrated, selected etc.), or
can represent a single target sequence. RNA can be naturally occurring, e.g., isolated from
tissue or cell samples, synthesized in vitro, e.g., using T7 or SP6 polymerase and PCR products
or a cloned cDNA; or chemically synthesiz.ed.
[0090] To form along dsRNA, for synthetic RNAs, the complement is also transcribed iz
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 I1I
or Dicer), e.g., by transcribing cDNAs corresponding to the RNA population, or by using RNA
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1. siRNA [0088] The nucleic acid component of the SNALPs and SPLPs
typically comprise an interfering RNA (i.e., siRNA), which can be provided
in several forms including, e.g. as one or more isolated small-interfering
RNA (siRNA) duplexes, longer double-stranded RNA (dsRNA) 20 or as

SN G9GA$RNA transcribed from a transcriptional cassette -2 LNf4 /001677
pBi3eRided 0GB AR RN RBORUIAL AR RELRET 10 ANR IAPBRIERNIEO For

RNAs, or long precursor RNAs that have substantial or complete identity
dgestiom e CredYarges Sy DR et BRe R AN AL RIRRGAD PR EipRAS i
vizenpoier so liegdutimoaells or tissue, synthesized, and/or cloned according

ethpds well known to tho skill in the art,. The RNA can ixe
e OB o R & e B SR A TeBltes e
eagivrdlasetl wedanmddietciy-linideatidpretNAcsiry ¢rrasgihsbuenomcminit

R AGARE YR EUSTIRGS Gith HEIHFCOHOHbISINE RIARM ids havi
as¥nthesi§gd in vitro?heﬁg.,.using Tﬁér SPg polym%e%?ase and Iég%]%%ugtsamg

RYBTRsEE B Arags CrtionaLis, fnerazele [rogb pr Bvarhaabngecurring
tdsfetiAiofousynihetitaR Mt RN UP @ hemihiSralRoe FRBI BRJsé, 30 Vitro

d hybridized to form a ds F 1aturally occuring RNA.population, i _
B o R (e B T 2002
Paddisotiogt by, Eepall FNASON? @PWIcERY, e.gl, RydcaNsdribiag. SONRH047 (2002);

LEE EREP RGBSR PRRUIANAY QLRY M SNV 2dn Y407 (2002); Paul, et
2005/026372 PCTICA2004/001677 "polymerasés. The precursor RNAS

L &G ForRAi A &P 3 907 BBt Eithnflees R4 digfe8ion 1 TR902))-

TotpiedllASaceandogisticent| Uriﬁlmﬁam%tﬁﬁli ?oﬁt@lw | )% @irSafiph proigssiedquence,
in, Vit i tion. 1009 ernatively, one or.more DNA

S e e s e BT oo o o

derixad BRI Segiteprsrtiedes tsiRinatioarsdw men sontetbaisof dcuendios iwdues and a
pal%ﬁyﬁﬁﬁﬁﬁiM@'%gm%@y&&%ﬁk%ﬂymw5@%&}%}9). The
NA po I

eﬁlasmids having merase III transcriptional units, Tor examplé,
S

R AR AR PRV B RS P e e BT bl teeRs PR am. riuRmRgsiRRpg and
nigfaals HormanARNese PuRiN&i bl (s e ER BALINERRIcABIIn SballeSEi@R6Abed in detail

. : 2) t al., Nucleic Acids Res. 30: 002);.10 .
S oA o R sy T oo o
g o BN bam 3' peerhengsbivhenBlotants] R0dOp(2RODLyMipagiK L3t

B ] ] i |, Bat.HiieqR. 138 ( inen, e
e, A .

agccrjﬁfui et all, x) .

abee L HSTORALRAN Br L Seemectinfi e B SinRNROTRAISEHbE plésSFRISter DNA
veeaianeyhiticthem iR RIN/OfsarkiSopitesd OFeds o ratiyblinke drioid delivery of
ggg%@%taﬁggglt%qﬁgp te'n? ic%;fu%poses are described in detail in U.S. Patent Nos. 5,962,428

and 5,910,488, both of which are incorporated herein by reference. The selected plasmid can

provide for transient or stable delivery of a target cell. It will be apparent to those of skill in
the art that plasmids originally designed to express desired gene sequences can be modified to
contain a transcriptional unit cassette for transcription of siRNA.

{0092] Methods for isolating RNA, synthesizing RNA, hybridizing nucleic acids, making
and screening cDNA libraries, and performing PCR are well known in the art (see, e.g., Gubler
& Hoffman, Gene 25:263-269 (1983); Sambrook et al., supra; Ausubel et al., supra), as are
PCR methods (see U.S. Patents 4,683,195 and 4,683,202; PCR Protocols: A Guide to Methods
and Applications (Ionis et al., eds, 1990)). Expression libraries are also well known to those of
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15 desired siRNA sequence and a termination sequence, comprised of
2-3 uridine residues and a polythymidine (T5) sequence (polyadenylation
signal) (Brununelkamp, Science, supra). The selected promoter can
provide for constitutive or inducible transcription. Compositions and

raRshesks g5 NA-directed transcription of RNA interference paQlequles s 77
\SCI in B 0.6.573 ' d hergi .
e Al b BN e MR s LB i
u%f&‘é@ﬁ%@@@?%ﬁb@(t:%%ﬁé@&@@@gpﬁeﬁébamfpm MosweA2ndedelS§hdsriegler,

@RE Hrdhresehatedeeniph (E1Rsbieh Al aneds08VankiBR420 R  cols in
Nykiinen ezoal.g%%g’%im%;@ %0013) The transcriptional unit is
Aﬁ‘%%" 6’?§t’8 it it oPSNK \@ctor from which the interfering RNA
[09984nsArinieb]Ptd ssmitds sseridhirerdd tarvavdnd livepyeaibipefoatic atabetiat foquence

[ I ibed i tail | tent Nos. 5,962 .4
S B B B L S R o B Yo Bl
interesée feanplnis| samracea saprisoibie vendtforiievitive dsalierlismthasizad siRNA and

dsRgAL C@QﬁéltaWJ P @Wﬂ&tmgﬁﬁg %Mkl'éhcm@ﬁraﬂg&tqmaﬁ%g $ranslation of
aorlﬁlnall designed to eﬁﬁ)ﬁg{e}fs desired gene sequences can be modified to

R W et ros eRSE R BTG BRI Bt s RIS R gByited to,
ghiethosteioed Seitt oo siyénesyntiibsilt itgnRidtAatiyhy digisgerio geiesacids,
. i ' librarie, forming PCR are. well
e A P U s Tl iR
reSBPRBTb SlewdaRCRipr geesRives atsafiatadprih aemdesPER e thtide(seamd genes
ag@iaaat@ﬁmﬁ%g&@mgugg&goz; PCR Protocols: A qude to
O PR B RS TR 3303 O (B agEnents and ool s formation
iRRI ARG ONBTTerski sint e it ] Addiiogmich RERIBE. (Wtldsiagthe

I IS inyeption 4i br, t

A e S P s
TFRaR SRR PEE R oA AAHel-HiER) 3dAMAL- 1 1638 SHeidsneishs ef al., Blood
15>1rgtp3:|;od§cliog)9{! BlRe BRI @ggﬁtéﬁasg lgttasi & AlltReSg ;%iaaf%)ce%é@l?@éhl&?, etal,

e i ered to contajn, in_expressi orm, a template
@éﬁeﬁcgfiﬁ%}tﬁe@ﬁﬁ éeﬁéﬁéaﬂ’éﬁaf#?egaﬁg f%oaﬁeﬁm@)r%ﬂdtﬁf al., Cancer
Reedi3ci98 ()ehevprodicbeiederess.2Demlene)sdatetarsindi alan, beal.,

idingq i j S ener .
Rt el TNB M FBTr ERE . 2:200
(HMhePATS T A e RS- FRBI ensERSBE (Nagypeoal Gwiréalidies iift5:39
(?T@D?Eﬁmif_ﬁﬂt@ﬂ, s@@u@ﬁi&@%@ﬁ%@%@@r%@n@&’ﬂ@d ]ﬁgtmaiﬂ Mﬁ#ﬁ, Mol

ransformatjop, a enic genes, .immunomodulator genes, such as
I o S I ISTRE SSRRPO AR SEFRA LA ASRAL S find use
irecepioatgenesh denebnadsiodiated’ ditmoterasete ngeati€disg rders, Gnder Res.
699958 (2003)). Genes encoding proteins associated with tumor migration are also target

sequences of interest, for example, integrins, selectins and metalloproteinases. The foregoing
examples are not exclusive. Any whole or partial gene sequence that facilitates or promotes
tumorigenesis or cell transformation, tumor growth or tumor migration can be included as a
template sequence

[0095] Angiogenic genes are able to promote the formation of new vessels. Of particular
interest is Vascular Endothelial Growth Factor (VEGF) (Reich, et al., Mol. Vis. 9:210 (2003)).
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associated with viral infection and survival. [0094] Examples of gene
sequences associated with tumorigenesis and cell transformation 15
include translocation sequences such as MLL fusion genes, BCR-ABL
(Wilda, et at, Oncogene, 21:5716 (2002); Scherr, et at, Blood 101:1566),

Ted DddbisEYWS-FL11, TLS-FUS, PAX3-FKHR, BCL-2, AM%&%EQ@QHOMW
[0896]L-Mhfrn ¢HBIRRALR RS hR o B0kt FAHAIR 6468PRMre immune pesponses.

overe pressed sequences such as multldrug resistance genes (Nieth, e

&l mmenemodulatn gayes Aslie Ay tokinee e gevibfacionday, "Tar- -at.,
m%m‘“"?(‘? O or, SO O (T ) A RS DR L2,

: \ eta-Catenin erma, et a In Cancer rRes
o A e A LUK R0 ot BAEd, Hrep, siobuterterons
(g@lflg)f)l-a 5 WFXICR, WY@OBG%WF%%M%EB@@@ @&@&)ﬁr@ﬁsﬁb Exp. |

e es an ale en

e e TR S o T IO, Yot o8- e
%ﬂ@h@ﬁ@@hﬁé@ﬂg@@mmm Bihatoppaiicemdiyreshfintcelea?balso included
Jﬁ%'ﬁ%@é@@n‘%ﬁﬁ&ﬁeﬁd&éﬂgﬁ pf%ﬁ@m@s%eﬁ%'%%%ﬁ%gﬁaw

at, Cancer Res. 63'1550 Genes encoding proteins associate

(R 6 W rirsrshgittod GRS 51%‘6 et Efi3hces of interest, for example,

[008EYrinScheteepios 1@&@@{@&@@@@1&@&@5&%@@9@&1@ RHANRIESBEStors
not exc srve An any Ie or é ene seq]c?ﬁnce that facilitates or
rng f

motes RSPy Ehesig 8? %?&ﬁ?& TRSRRETF YK Withbyrosine
M@mﬁlbanm@qn@mwoas gro3thtéwiptatesiopussicd, [00QElulng{ege mihibit,
B8RS 8IS %@%ﬂ?ﬂﬁ@%?pw BAR %fc%ﬁ}% Y&y §e9 rtIC l%/ls% level

interest is Vascular Endothelial Growth Factor (VEGF (Re|c

mpduigtivpobiseh esil doselarmentanityzensrss mts?) Ex200. 1@17176fwgellgands
immanmmmmmﬁ?@a@emﬁ@iﬁmw&e&ﬁ%@rdﬁaﬁquun@u%m
ons xXam m omaoadu cluge cytokines suc
e R T e LR e e Bppon o
tl@@t#e@mﬁratsse:g:q [S53¢) rmstmﬂandsxrelg silen@ing Mdgeﬂﬁ Wlﬂ@‘mieain
ndulbABYAQLLE HRSH R34 y bR Lkt Bidh -Gkl 8 o %&

IEN-a, IFN-Q, IFN-y, etc.) and TNF. Fas and Fas Ligan es are
Sﬂ%ﬁhﬁ%ﬂ%ﬂ{ﬂ%ﬁ&@@b&é&ééhleél%?walésqsessﬁ@l%twlmé@mé@l Genet.
19:B757(82003)). Genes encodlng secondary signaling molecules in

atgpoietic and #ﬁ)ld are als includ ?é resent
e T B R P o R e v by o virs
nkméeréO(Bad) erleirodeaeplizaty mraeais L @ftpHHFURT An(ROE2): (Pl 6QEhCsI|
af8sERINgREMS InclHHe digands Hﬁﬁ‘ﬁl@eﬁ@éﬁ'&é%@%éﬁl&e Iﬁt%i‘gg?%%lude sequences
receptors (e.g., insulin receptor, EPO réceptor rotein cou
Bf@@qw\{%g/) (Banerjea et al ol, Ther. 8: 62 (2003); Song, et
al.,J. Vir oZ 77 7174 (2003); Stephenson JAMA 289:1494 (2003); Qin, et al., Proc. Natl. Acad.
Sci. 100:183 (2003)), Hepatitis viruses (Hamasaki, et al., FEBS Lett. 543:51 (2003); Yokota, et
al., EMBO Rep. 4:602 (2003); Schlomai, et al., Hepatology 37:764 (2003); Wilson, et al.,
Proc, Natl. Acad. Sci. 100:2783 (2003); Kapadia, et al., Proc. Natl. Acad. Sci. 100:2014
(2003)), Herpes viruses (Jia, et al., J. Virol. 77:3301 (2003)), and Human Papilloma Viruses

(HPV) (Hall, et al., J. Virol. 77:6066 (2003); Jiang, et al., Oncogene 21:6041 (2002)).
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kinase activity, cytokine receptors, growth factor receptors, etc.), to
modulate (e.qg,. inhibit, activate, etc.) the physiological pathway that the
receptor is involved in (e.g., glucose level modulation, blood cell
development, mitogenesis, etc.). Examples of cell receptor ligands 15

I HGssigkines, growth factors, interleukins, interferons, eg&yg@gﬂ&mﬂ

(EPO), insuln, gI%&mnﬁﬂg}gﬁwﬁgg%%&g&eptor ligands, etc.).
o

Templates coding for an expansio trinucleotide repeats (e.g., CAG

ats), find, use.,in silencing pathogenic se ncesin . .
s SRR LS G R SR B S Ch AP RSP LEs and
Spépbltsrsaptviate spinbiicHoidancodise dahatmepty @odudunih g fos example, tumor
j lennel : :175 (2002))..[10098] .
SEgenes aégc%cghted Wi?lﬁi\olliagilg?% gég%%%? esﬁ%%?%iﬁ%@h% th )ggté-aé%ﬁggé%genes,,
aB‘}‘é’\?ﬁ‘l]%“ﬁ#“&%‘é"engind, enter and replicate in a cell. Of particular
interest are viral sgjluengagnassRsIHESLYIth chronic viral diseases. Viral
sequences of particular interest include sequences of Human
unsdefici i neriea, et at.. Mol. . . 8:62 (2003);
R Bl P e MR S
pegm%;ar;lbﬁw@t eallrShundeliveeaef tser ge0es 1881003} isupefitis the treatment
om0 OO Sl ot o e e P ol
460 ' mai, et at, Hepatology 37: ; Wilson, e
bR O tes 2 g T G Bt i o) o
oA abh-St4,1 06 Pidet of2GOEHY) Herpdd Mirlted $90)), 8Bt (ToYiididd 2:33Q1993)

| iruses 30 (HPV).(Hall et af, JVirol
R Bty T A (e QU e S ooy
(Brobtfore 3t 0Pl FRIRLE00 189B7 Sop tma g4I THErABEa0s ERNIGAGHL (Latis
e N he LxauaITEd BRO 809050 RERAIMENISRIBE: PI6%R0Y(1991)), DAP
Invention, th%SPLPsﬁan% §>N LPs encg_psula e a nuycleic acid encoding a
Qf)eeeuﬁé‘préﬁgﬁff bR Ras At indr PLG St egorjadd 994) Science

era
2e4(Teriprbdt)l B FJermsg s Qhieiceptdr (19850 E85$6 )AnH3a Ny geaicofibromin

, tofeds/sujside 9 48 T- suppres 001 .
e A i <

(18801) Ssiamee AP0 4 94 Pus, delivery of these genes to tumor cells

is useful in the treg§mentRieRBaRISuhPRERIPPressor genes include,
but are not limited to, p53 (Lamb et al., Mol. 10 Cell. Biol. 6:1379-1385

) S GRS R RS o
ExoglrsisbanaraonrduBioasaeiedy osakiganpaya groaghidacom(e.guliGh-o.,
TORIR, FERHGBAGE RO AR 398N, MTlCSF, G-CSF, SCF, etc.), interleukins (e.g.,
IL-2, IL-3, IL-4, IL-6, IL-7, IL-10, IL-12, IL-15, IL-20, efc.), interferons (e.g., [F-N-o, IFN-B,
IFNwy, etc.), TNF (e.g., TNF-o), and Flt3-Ligand.

c) Cell receptor ligands

[0102]  Cell receptor ligands include ligands that are able to bind to cell surface receptors
(e.g., insulin receptor, EPO receptor, G-protein coupled receptors, receptors with tyrosine

kinase activity, cytokine receptors, growth factor receptors, ezc.), to modulate (e.g,. inhibit,
activate, efc.) the physiological pathway that the receptor is involved in (e.g., glucose level
modulation, blood cell development, mitogenesis, efc.). Examples of cell receptor ligands

include, but are not limited to, cytokines, growth factors, interleukins, interferons,
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(Trofatter et at., Cell 72:791-800 (1993), Cawthon et al., Cell 62:193-201
(1990)), VHL (Latif et at, Science 260:1317-1320 (1993)), APC (Gorden
et at, Cell 66:589-600 (1991)), DAP 15 kinase (see e.g., Diess et all
(1995) Genes Dev. 9: 15-30), p16 (see e.g., Marx (1994) Science

286(50h8/62535946). _ARF (_see e.g., Quelle et all (1995) Cell 836} A2004/001677
SABrd NN Qﬁi@(}gﬂﬁé@ﬁﬁl,%(gﬁecﬁaﬂr PRE G ALIR S Qz‘bﬁl%%bﬁ\%&f’é%x’:ﬁi-488),
43(1-2); 233-23%3%? PTEN (é}see e.g., Lietall (1997) Science )
B )PP SR T PR GG bt cr G864 9ot gpads can be vsefl n
thethreatroemiodfigationty snffsiagefioens ditbaknMbstdaimsle L2 QinFlereh HAMSHIe: when
I immunomodulataor genes include cytakines such

e U DGR B e
koer (B eomasiolrasaip cates) thinteringkino{ dighetds i sttefodbzif-indesed

dibbétiblalOadt whbithrbme BB Slfde WIRISRI 08 {Bikis (TRED, LE'}&B@?} Wdiee
C. Tel\éF (e.9,, TNF-a), and 1710-Ligand. 25 c) Cell receptor ligands )
4%*1@% S r Irocivir inteliwatgarded hurpiacnn a3 fimging agif resides of

tisiffqeptidcepiondid eviih dnbutituecRpianshBhpesegior, G-protein coupled

8 _e@::? receptors with tyrosine kinase activity, cytokine receptors,
(grgwt @ggf?eeé p]? Fs% ’.), to modulate (e.g,. inhibit, activate, etc.) the

physiological path#ihy thamtrangingende geresolved in (e.g., glucose level

30 modulation, blood cell development, mitogenesis, etc.). Examples of
[eHIBlecaptbadigagdsc pkides bblkasenhiiiinet bdGlacyitioneTheOpées are

inter, ins, interferons, 25 WO 20051026372, .

DR e eRE S s e plesn e i
pethalogioat fovdoymratéladsas- Benuks odgot-aasivestéingenerileinde, but are
nbegRRieH liganatsaln sl Rgsecs mutiess [ pndsaanhgdiaaiilin, 1g uss.
Ptreatﬁ%r)érg#oatl nts sufferlnglzfrom a disease. For éxample, a single~chain

ek %&éﬂé’?ge% e ContIPRBI 6 tbddeVsh gl 188(4):
3begamcyte-specific L-type pyruvate 5 kinase (LPK) promoter was able to

cause the remissi% of d@be&es.ir/b%}rcla&t?rfozin-induced diabetic rats and

autoimmune diabetic micey\%(/ll Fout Sige effects (Lee et al. (2000) Nature

408:483-488), This single-chain insulin was created by replacing the 35
[URiho Getatrsisduicde sectaprdbntrestan dataw arPabln et dirsiysrindgectly

kit apbytidesit hpdplysis) yiPiceshbe kyBs At @l $01I0yABLI-DNYIQERRIR GRS Sut are
- i-angiogenic genes are able to inhibit neovascularization.

A, R TR AR Mok R SRR (150, o

cHAgiRsEsRagsia/Kanthine-gyahiaephosphoribosyl transferase, a p53, a purine nucleoside

phosphorylase, a carboxylesterase, a deoxycytidine kinase, a nitroreductase, a thymidine
phosphorylase, and a cytochrome P450 2B1.

[0105] In a gene therapy technique known as gene-delivered enzyme prodrug therapy
("GDEPT") or, alternatively, the "suicide gene/prodrug" system, agents such as acyclovir and
ganciclovir (for thymidine kinase), cyclophosphoamide (for cytochrome P450 2B1),
5-fluorocytosine (for cytosine deaminase), are typically administered systemically in

conjunction (e.g., simultaneously or nonsimultaneously, e.g., sequentially) with a expression

cassette encoding a suicide gene compositions of the present invention to achieve the desired

cytotoxic or cytostatic effect (see, e.g., Moolten, F.L., Cancer Res., 46:5276-5281 (1986)). For
a review of the GDEPT system, see, Moolten, F.L., The Internet Book of Gene Therapy,
Cancer Therapeutics, Chapter 11 (Sobol, R.E., Scanlon, NJ (Eds) Appelton & Lange (1995)).

26



10

15

pathological development of the disease. Examples of anti-angiogenic
genes include, but are not limited to, endostatin (see e.g., U.S. Patent No.
6,174,861), angiostatin (see, e.g., U.S. 15 Patent No. 5,639,725), and
VEGF-R2 (see e.g., Decaussin et al. (1999) J. Pathol. 188(4): 369-737).

¥ &iRdRsspuicide Genes [0104] Cytotoxic/suicide genes gigd/QS6oy 001677
IOERCRIRLRI GARANS RN AE G bl RO SBIR AU containing o

apoptosis, or arresting cells in the cell cycle. Such genes include,
dramRish toe brelorsuamma sateding an mesmstbitmraxotes e metabolism of a

fitbyevinpoand iasaidhIe L) isA Ry RpIeVE A RSB rirug") into a second compound
toxagltalir}g-c%ﬁz%snllgelphgs horlbfsg/l tr%nsfer se, a p53, a purine nucleoside

RGBS AL e STRUNY Re stOFAERIm g s SeustRst i i calleeither with the gene or
afigtrdebdervtaSthethyniitinenzyhespitiondess tenst@inyg dcbrdme 48 ompound and
R 40 . chnigue.knawn as gene-delivered —
e H e e R e i
%@%5&%@'@&&@@@%@%@&?@@@%@@% Hainsistboit ifferecently been
efitpIGYElingiHENAshi CYplaRferRIb faRigR-H -y tarfsemRe AP 2B ntra-tumoral

. 5-fluoroc¥tosine for. cytosine deaminase), are typically administered
o S O SR She (B SR REHL UL SrBe A BIEHE S by
Zegyaepientitiy) Gith ZhexgneS§HI3 35S0 ®)couiagaasiGidRgenen. Ther.,
ti esent invention t, achi | 30, cytotoxic
729810851608 ShAR RIS Ipventin b jh%eiﬁ%%‘lfgggl,@%%)s P i

or cytostatic effect (see, e.g., Moolten ance
triglyggne e GPERE visira rmrlabE Pk yetton houe brto orenosedi(sed Fgm. Gene

Tb@iﬁmsQB@DJ((Qbﬁ%Qﬁ&FHQﬁQWm@@%ﬁ!ﬂf‘ﬁf-@@?%@%&?ﬂm &é&%&?@"
5)).. 26 WO 2005/026372

[OREEFCSE\:anIon, J (Eds) Aaglelton & Lange (199

Y}/ A3 36% PSR Y SBHBTS Ttk R gt T ARe TG BIRrGty Ag those

Whideﬁrhﬂmwﬁémmidnlmmmmhmg theRPAPGDBEDET Aitesuicide

sHRIRIRRRLRAENRANCRNN0RE RRE B \RIRIRISS e ek 8!‘%;;\,8%1
a_first compound to which the cell is less sensitive (ﬁe., e proé)rug INto

SuCKle BT RORTRS SREbiBApTe Rudabiaify Hiede Gemshivnt ivaniieodragiied in Sikora,

Koeliveed ytimael, eithe Duithef) e aenesQk ﬁpagﬁrﬂj%i'y%x oA herein by

compound and

he enz wijll process the prodrug jnfo the secon
erespon g@&&%%ﬁ& %téﬁ?fétﬁ%et%ﬁg?e#ﬁfﬁmsed by Moolten is the

herpes simplex viuisidéhymidine kinase (HE)sTK) gene and the progyuiskat
gan@ghmﬁj,r. 'dl'hi§ method hpas recent en employed usjng cationic
I!pidemgg- Geteic ag regates fof Iocafitlgg:?{\fé)lr?/r'fﬁe., direct intr%— ral
Iprecton o regonatdetivery-thesthtre-peioreah-eHheHegene-to
mo ﬁeeéﬁm iggﬁuierrouq gne(f{%ﬁ;’%% en. TheraBy : @%92
1998 QugaNATghal., Hum. e, Ther, 7:223-230|(1996) afid A8k, et
4l., Hum. Gen. Ther., 8:1105-} : é@)bﬁ&ﬁgn clinical
substrates

Cytosine Deaminase 5-fluorocytosine 5-fluorouracil

(CD)

Xanthine-guanine- 6-thioxanthine (6TX) 6-thioguano-

phosphoribosyl sinemonophosphate

transferase (XGPRT)

Purine nucleoside MeP-dr 6-methylpurine

phosphorylase

Cytochrome P450 cyclophosphamide [cytotoxic

2B1 metabolites]

Linamarase amygdalin cyanide

Nitroreductase CB 1954 nitrobenzamidine

Beta-lactamase PD PD mustard
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trials using a GDEPT system employing viral vectors have been proposed
(see, Hum. Gene Ther., 8:597-613 (1997), and Hum. Gene Ther.,
7:255-267 (1996)) and are underway. [0106] For use with the instant
invention, the most preferred therapeutic products are those 15 which are

usefvbds@ee-delivered enzyme prodrug therapy ("GDEPT"),M@H@Q)%(W

g%ﬂ@umggauon uanaggaugﬁu T accordance Wd&ﬁéﬁﬁahebcm
ETHABoRpYRaLseUICIde PETIFPRORIE, CombiTTations SYAgPIE Tor usem

t € PrASEs A MWLT %Hl)l}ﬂgéllb Gere

DENVEEY: s sie AR aLPP- 99F I 1{dr¥ZpA Ncorporated er M};&herenbe

iNClUgg, BYk REMBHIRIET [0, g following Suicide TeSh A& - GE N S vent

ProdugbeENgsETODIUg ed|DIFG{AEIPES SIMPIEX VIrYS Sl e iéyj——'

phosphorylated type I thymidine acyclovir, dG TP anatogs Kinase
(HSV- TK) bromovinyl deoxyuridine, or other substrates Cytosine

[Geam! esYiRsing FriluorauERsil-4F R afantung p
6 th|o nthlg;ﬁggX) 63%3%%09 hos hérlb%')syl S|nemoongé)ﬁ]g%E hate uetintoa

B¢ lrinE PR Metaply: ﬁ@msaméstaﬁo@%w
samtﬁywmmﬁﬁaﬁ'&&}mmaﬂ{gamlde [cytotoxm 2B1 metabolites

gi Arod fﬁr%@é 0#%1 ASIDI I d 9715?15 wn%l %quggr%{grlldil&&ude

actam ase
feeraplegba e P67 diied E&@MNMQSM%WMmmi&lmb@(@en

idaea MI&S&%‘%RQME&@&&QE%%EQ'HE&%@&%@@Q&@@%H@E etal,

amidas PA adri
Proc. Natl. Acada Sci, US.A., 9% 3525-3529 (1996)). Alternatively, the TK gene can be

delivered in a bicistronic construct with another gene that enhances its effect. For example, to

enhance the “bystander effect” also known as the "neighbor effect" (Wheréin cells in the

* vicinity of the transfected cell are also killed), the TK gene can be delivered with a gene for a

gap junction protein, such as connexin 43. The connexin protein allows diffusion of toxic
products of the TK enzyme from one cell into another. The TK/Connexin 43 construct has a
CMYV promoter operably linked to a TK gene by an internal ribosome entry sequence and a

Connexin 43-encoding nucleic acid.
B. SPLP and SNALP Preparation and Uses Thereof

[0109] The SPLPs and SNALPs of the present invention, i.e., those SPLPs and SNALPs
containing PEG-DAA conjugates, can be made using any of a number of different methods. In
one embodiment, the present invention provides lipid-nucleic acid particles produced via
hydrophobic nucleic acid-lipid intermediate complexes. The complexes are preferably
charge-neutralized. Manipulation of these complexes in either detergent-based or organic
solvent-based systems can lead to particle formation in which the nucleic acid is protected.
[0110] The present invention provides a method of preparing serum-stable nucleic acid-iipid
particles in which a nucleic acid is encapsulated in a lipid bilayer and is protected from
degradation. Additionally, the particles formed in the present invention are preferably neutral
or negatively-charged at physiological pH. For in vivo applications, neutral particles are

advantageous, while for in vitro applications the particles are more preferably negatively
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Superoxide dismutase XRT DNA damaging agent Ribonuclease RNA
cleavage products [0107] Any prodrug can be used if it is metabolized by
the heterologous gene product into a compound to which the cell is more
sensitive. Preferably, cells are at least 10-fold more sensitive to the

RRjabsYiEgsthan the prodrug. 5 [0108] Modifications of the GREREASYsLEis77
cagnarie YRR D AfR VaVRAROGHOR . LR% EXAMEIE g e of @

modified T zyme construct, wherein the TK ?ene I een mutated to
PesiiYEt e Sepl oA e ol il e argleiersidse RasnsrpsaiRiekin

cetiadic Ipids. Natl. Acad. Sci, U.S.A., 93: 3525-3529 (1996)). Alternatively,

I b li di bicjstroni t with h
e e et S iR LA BgR hAuge S0 0 sbou
16ffeoy; witveknaipminsfiie paciglkibbeiaffebotidhier8fmoe!Flin pheickicinitybo formed
bshati{af}ls&%g&@n%%i#ﬁsﬂé%ﬂ'S%ytgﬁqwﬁ%w&%?g !%%?&;’sgéi FLEA WD R which

ugene for a _gap junction protein, such as connexin 43. The connexin

HERsSiAraRBin SOl IS forPeTvidsie Sivsdenbaseciuning MicingAfthe rompeosatseWVithout
mmﬂdargoﬁdnbl lﬁékb%ﬁﬁﬁ&_l/a_ﬁi?@aﬂi@ﬂ ﬁ%@ﬁﬁﬁéﬁ%bbﬂﬁrﬁmﬁﬂwlﬂﬁ%@t@{omer mécleic
operably linked.to a ene by an internal rihosome_ entry sequence a
o S S P P RO SRS SR el piemd complos.
Thesperaiid plasmidises dggereut [RHGR}bieSPHPs«nr) Bdiktfscelofhedetergent
o b A B SR ey,
ngperdenisdide e e pretddas invdish hprivrmid s aaericasid is encapsulated
ipatidesilaged UTksivihads RystapanhinRuslaie aeising Jrianmadialed particles
L5om rlexeg.sc')lit\)e ,Fc%‘o ézjlexes @r;e %pr%ferably charge-neutralized.

R}f%lp%qgjtlon SFRes (%ﬁwsﬁ SHiBither detergent-based or organic
[@UIREnthbssynd eybidinsartie aditolpasticlorfoemaiinndetanduaiibigsin i, the
PRSI SRR S v AR KL FRSIS SR M&&ﬁ@&?&}ﬂ&%@@&&@@fk szid—liéﬁd

preparing serum-stable nucleic acid-lipid particles in which a nucleic aci
PRI RS FXIREIEEEN a lipid bilayer and is protected from 25 degradation.

Additignally cshepaitielesdeienet witheaaese RpiyVarti@asenpLeiaiahbs form a

neutral or.negatively-charged at physiological pH. For in vivo applications,
°?f§?f§§f E)rg}gc?}%laség?g}i’a{l%d(\iantageous, while for in vitro applications the

particlels aremrting efeebiynivdgs iy el @t @DOWBRGRTRipid complex to form
aB%é}/&ﬁ%g%wQaﬁzésﬁgaargﬁgmﬂﬂiﬁ,ﬁr9&&@&%@&3&9&&9&& g{]&g G

reduced aggregation over the Eosmyely-ch rged liposome form lations in
whicHgQ nuc%éﬂkyae&i%ﬁeff'égéﬁ splutioncefisiap (e mroigia solution of serum-stable

nucleic acid-lipid particles, wherein the nucleic acid is encapsulated in a lipid bilayer and the

particles are serum-stable and have a size of from about 50 to about 150 nm.

[0113] An initial solution of coated nucleic acid-lipid complexes is formed by combining the
plasmid with the cationic lipids in a detergent solution.

[0114] In these embodiments, the detergent solution is preferably an aqueous solution ofa
neutral detergent having a critical micelle cdncentration of 15-300 mM, more preferably 20-50
mM. Examples of suitable detergents include, for example, |
N,N'-((octanoylimino)-bis-(trimethylene))-bis-(D-gluconamide) (BIGCHAP); BRIJ 35;
Deoxy-BIGCHAP; dodecylpoly(ethylene glycol) ether; Tween 20; Tween 40; Tween 60;
Tween 80; Tween 85; Mega 8; Mega 9; Zwittergent® 3-08; Zwittergent® 3-10; Triton X-405;
hexyl-, heptyl-, octyl- and nonyl-B-D-glucopyranoside; and heptylthioglucopyranoside; with
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[0111] The particles made by the methods of this invention have a size of
about 50 to about 5 150 nm, with a majority of the particles being about

65 to 85 nm. The particles can be formed by either a detergent dialysis
method or by a modification of a reverse-phase method which utilizes
k@RS RedyeNts to provide a single phase during mixing of tRer/cas004/001677

oSYTIBNARE,EIGHE dREeRAIG b B, DOMAGBY CBFBfe%ﬁ.i C’H%r]co “g“ér'}t?a {3 bf

of formation, a plasmid or other nucleic” acid is contacted with a detergent
delsrarpiinhesatmectisiels oy hpicetbyabays HA M irabrak2 M6, Preseebly from
aeaatEu) pidsmwigdsogan aggregate and precipitate. However, the presence of

tergent reduces this regation and allows the coated plasmids to

L o ot T R A o ST T A cree
rafihiCH-ded Plasniid tgrabméfzmctuhfmﬁdiyimmg’dosﬁ kttet 1in solidishbiizyieand more
sl UREORIRER AP IR F. ‘ARG HeSUAH B BRRiaSR or

using organic solvents follow a similar scheme. 112] In some
P’éﬁ%%a%éﬁi@,nm@lﬂa%@& b Eoarahonti 2Sing/ addegbardlanag/sLperehly from
ARSENiNENHABRET00 as/AMetaesbiohiBR P Bt ARt $66YIBEIAR Gbout 250

TR R G R RA S T
typirrigien r@en( Brgmmaotfproparatibel citipiddidits théfeoaitefdrmbieteigted complexes
i r ion:6omprising a plasmid-lipi
o o L O B A B
salgiesndoigraidite sestnerabiico PEBRImabaa &7 ‘e deimadiddipifpahiciess
paienaiy hanureicanid ﬁ@%eﬁégéd&ﬁé@@c%%%ﬁﬂéﬁ@%ww

particles are serum-stable an ave a size of from about 50 to about 150
terRera®yRys WBj Rl AR L RSYh G coated nucleic acid-lipid complexes is
[dDIlﬁ]ledrba/éﬁ@f&dei B@Eb@irﬁd%??@hwbim@i@d@éiﬁﬁi& }H@iaﬁdﬁaasﬂﬁ&m%&{&gn a
soluti 1 ese em iments, the detergent solution is preferably
form %}q%%bﬁu%rjssﬁu %ﬂr}%ﬁ?aranr%e u%%?%?é‘ﬁgé&ﬁ Wa%%ﬁ%t Q‘Q%Ttiﬁle FRi fEthe starting
m@’@b@rﬁhﬁiﬁaﬁwiﬂﬁ@@ nahie rasortfepalifc2eb GtemiyipiEaibngies af the
AR HE SRS S WA 1Y 18somes. In anotharegr?éelgeg ﬁm’%cs(;ﬁment,

N,N'-((octanoylimino)-bis-(trimethylene))-bis-(D-gluconami
thg REFR30r SNAR ptesatipnriserotheny e tiglsiscaelly per) | St totaipid or a
i d WRER AGidWeser@lout Ve 80but (/88 RO nlYRIRRe MBHRdut 0.04, which
Zwittergent(r) 3-08; Zwittergent(r) 3-10; Triton X-405; hexyl-," heptyl-,
°°6E€t§39%81°‘c§°n Ay RSiRRl R shike shavisitatitoglucopyranoside; with
[02279VCTR00&i2£268562ub6aTd CRCE4A L6 &ic REAVifRtBbaipeRRiARes R tacted

with 910-5%('3 1915120 181%@ B %qgwrﬁg%td%{ggggﬁ?gdl&?o%% gﬁglg%aa&l:?cﬂlgid complexes and

non-cationic lipids. The non-cationic lipids which are useful in this step include,

[¢]

diacylphosphatidylcholine, diacylphosphatidylethanolamine, ceramide, sphingomyelin,
cephalin, cardiolipin, and cerebrosides. In preferred embodiments, the non-cationic lipids are
diacylphosphatidylcholine, diacylphosphatidylethanolamine, ceramide or sphingomyeiin. The
acyl groups in these lipids are preferably acyl groups derived from fatty acids having C1g~Cos
carbon chains. More preferably the acyl groups are lauroyl, myristoyl, palmitoyl, stearoyl or
oleoyl. In particularly 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
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detergent in the detergent solution is typically about 100 mM to about 2 M,
preferably from about 200 mM to about 1.5 M. [0115] The cationic lipids
and nucleic acids will typically be combined to produce a charge 5 ratio
(+/-) of about 1:1 to about 20:1, preferably in a ratio of about 1:1 to about

d2:R9483¢4€ preferably in a ratio of about 2:1 to about 6:3, ionaier7
vhaweird senaestiatienrheirsald RSyl Rinal: BE JiaR 3994t Dspc
@&@Lr&about %rg‘ufglmL preferably from_ about 25 g/ml, to about 500
FIE ardts SBIRTSE B S AT BD AT 6 SR RO B kit ein will
fadhebinatipisoP RGelxid avinjs gatd. Chiintiribn) dse inudiie egRilisd yhifilis of the

' A9 rature, for.a period of time which is
ﬂggsf%i}gilé%t&égrt e %oate%%é%%ﬁgggéox%ﬁ%ﬂlh. Alternatively, the nucleic
[GH18E ahbecatomtafines esionie indwhiduisnsedi she nyerentsotiition iaypically

WBEA0STIQBERRE AR LR Hﬁ&@@%@tﬁgﬂ%ﬁ% Qeielets AGRS YWRIRRIR: of total
articylarly sensitive to temperature, the coated complexes can be formed
S P SR R PRE R SRHAIEPHBBIR . 15 (01261 In &

[0 rrét lmwhgifonmatioef thecdeteraaidsiidifinl sptinddoass Mpabeorasiess and
[ r r.SNALP will range fr out 0.01 tg about 0.08.
L e e T SR g do e
detsraredtesltapthefermstiparnby bisitheilayee wbighsuiaadds tintaiociwiicheid providing
s¥eth A&ENenaBAEUROSHMES LT RARE LRF SRR LR IR0 AR8SBLE 150
or %Nglé%gr%tiratlon uses about 400 g nucleic acid per 10 mg total lipid

BT Y 20028 P8R A 1 SRiIoBER LTS HiRcrcigy@ 2 uniform
ppriadlersilaby, about 0.04, which corresponds to 1.25 mg of total lipid per 50
nugle id. he detergent splution of the coated nucleic

R O e e SR SR e anthoss
aylehledit sisingdinespmeel Toadiringriebesledwsted il ordente atlinis Hsiekired size
rihige DATaAIRNGIRIS shitkass ssslilde Wisstep include, 25
(ij Iphos Eﬂati Icholine, di%rhosp.hati(glethanolamine, ceramide, o
[Lsthg Fﬁ’% ﬁ,ecgglﬁﬂgﬁi?ﬁe@éf Apier srpedre Brosrsdo masrurd s One sizing
methbddisad fits liemes-oatieniallpigsliaselciantd phasphatidylehielasribed in U.S.

' h idy lamine, .ceramide or sphingomyelin. .The acyl . .
o T RO Pl Sitton citor
bhhgthgrothoenicetiananagiesn s nvaressinstsizsshivtioacidwyr dupertigles of less than

abduf eyl nm ity | FRAHaY - Btaas %bﬁferggeﬁlg@Whj& RALCHAHL RIS eHEDy to

ﬁembod ments, the nqn-cationic lipid will be | o ]

PG R SR T AR BTar A TR aHirtign aneggfure, partices

aptrosphaticy itholigtea (ROR)creggiphhsipbadidydehatingelicRE particle sizes, typically
' r IB%S | holi S lesteral, or a mixture thereof. .

b%ﬁ%ﬁeﬁ f%\gst pré%ekrarée%m%%rél%r#& g:%e&r% c eeitc(g (éacsl’ - |p?3r8§1r %Feesgﬁm%on can

be monitored by conventional laser-beam particle size discrimination, or QELS.

[0122] 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.

[0123] 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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WO 2005/026372 PCT/CA2004/001677 be fusogenic particles with
enhanced properties in vivo and the non-cationic lipid will be DSPC or
DOPE. As explained above, the nucleic acid-lipid particles of the present
invention will further comprise PEG-DAA conjugates. In addition, the
Ry6lsigsasid-ipid particles of the present invention will furthes COMBHSEy01677
cholegiprol. frdfdris e RRRQUBLIERBRARIRNIHIRIGWhIGR 48 45 Hpidd iean

resent metthods is typically about 0.5 to about 10 mg of total lipids to 50

© %lflﬁlﬁ%]%?g acid. Preferably the amount of total lipid is from about 1 to
about(® mg pert&bingehngobeic achatidh bT 8 Helieuwid g/fiarsadtiaixoidhe step (a) to

p%@faggogﬂ}ggp%fag&l%ﬁc acid-lipid complexes and non-cationic lipids,

the detergent iS removed, preferably by dialysis. The removal of the 10
deter§@nt reSuIeyine Pk erasaitcRBeR pRiobils/eruapiesi s efounksts taid-lipid

pEIBIC iR Qvidling | e Hdi isakip Aualeisaridiipid RerticlasudiphibRvGre
Sa.gigz.e of from %%out 50,nm5t about 150 tmu. Theéﬂ))artlcles thus f_orme_d do
Rt 4B SFEYR A AAR R ASES o8Pt ch Y Hfiform particle size.

[§02410] Themeleimasi_dﬂjﬁeMB@&E)@&MpMdM@@@d&ﬁisﬁedﬁﬁi}is&ﬁtyi&f are

uggﬁlfﬂ?{ﬁg%f‘o%? (fiy éﬂlgg) oS 'S lclf%g)an)rgf %dr-lqpee d%%lrn gmt]n da éi b1es methods above.
conductedn _er to achieve a desired size range an& re ahv%?y narrow

[ 8libuHemselepapt cibasi gegsanjo solvpie evil iriselimiguels erensidainiisie dbsolvent
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lipospmes_ and equally applicable to the present particles is described in
RS, Ly Hé?‘%f?%‘f%%?’m%?%%%eﬁé?&ﬁ":'a‘ibﬂé@%ﬁ%%%téﬁm@&tmmt
s@(ﬁx&etit:ig mmzpﬁmtﬁeaesihgb PBaoy 1bia;’dm§ fof pdddenibmiddiiads p Bitﬂuablb%&yents
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size. Homogenization is ‘another method which relies or sheat g energy

cYslopspjARentIareRs: Flrser S Rthensh anethenalivhatia algsieels sushegeripenidn

iSBpRGRMAICHRAREE| Ret-BEaEL e haiarbiherahoR Si@Rdarth ETeiSRations of two or
homogenjzer uré]tllé(gglected rticle sizes, typically between about 60 and

0% e, Are BBg © HSSH St BERSHE KB % Hicle size distribution can 25
[B26horitorectipg mm@malmm@mmmmmm-mmc
liﬁgslisc"aig llls%ég U%Mgéﬁ%&ﬁ%yglﬁfs% QB?&%% 8 @&Q{P O4Rs, which is glgicaﬂy an
polycarbonate menibrane or &n” asymmetric ceramic membrane’is alsdan
agrrapsivelwien sadia seerndcamrpis arni eelshe lipids| sBve g widll-nethin et will

SRR AR nTXRIE A HRE SHGPOP SIS hiSBEE BT IBNRIAE b 8xample by
“gg?ﬂ%é?e one or, more times until the desired particle size distribution Is

DFRRS SR AR RS RERPTEX S ed through successively
[(32E|le Afiereheremlzianeid Has detnevatacgrhditaliheokigatinrstutineoflipaR] fie
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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,

[0128] 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.

[0129] In other embodiments, the methods will further comprise adding nonlipid polycations
which are useful to effect the transformation of cells using the presént compositions. Examples

of suitable nonlipid polycations include, but are limited to, hexadimethrine bromide (sold under
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preparation of serum-stable nucleic acid-lipid particles, comprising: 31 WO
2005/026372 PCT/CA2004/001677 (a) preparing a mixture comprising
cationic lipids and noncationic lipids in an organic solvent; (b) contacting
an aqueous solution of nucleic acid with said mixture in step (a) to

RRRY KiEsRRkear single phase; and 5 (c) removing said organie SpVeRhifo1s77
REBYIR, 2,20 PORRARELRER RCIC AR AR B ML YL BUEE Vs ) or

acid Is encapsulated in a lipid bilayer, and said particles are stable’in
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a&e seful in this group of embodiments are as described for the _

561 %%’é%%’fﬁﬁsis methods above. 10 [0125] The selection of an organic

[6t30d ntTwHbtypenablydimentesticonsighatiatio naaftsalveionolalésantelbie &3&Eprior to
i ich the,solvent can.be . at er.stages qof particl .

e R R P R i e

melysthyleasising euheiessd @ previdrasing egersitoflerphidieleirtemsadDNA complex

ab @srid-and Wridsy/§dgiable solvents include, but are not limited to,
chloroform, dichloromethane, diethylether, cyclohexane, 15 cyclopentane,

[P e Sty nbadimans: e formation shdrurlein aridstind aaricks sppbe
chaﬁpdmmmbhialmﬂntﬁphmt@mfﬂlnﬂwgblﬂm mﬁgltasrw hdaﬁﬁﬂaﬁxaapéhmm
inations of two or _more salvents may also be ysed in,the. sent,
e S B E e e GBS
[QE3 i Aematroriigiowlieecisonmpiidat by modaghessetystens, firstcationic
IsRlyian AlClRIaAE S I Rich ISV RIGAIN AR gﬂlﬁqﬂs&&@ﬁ%@ﬁi@&d ]&nt. da
will unders

Ctseco,nd,org%n'c solutign of the lipids. One of skill in the ar and

P RIS OO R SR O BEP B A B B e il S R g g

Afterhtinity ineanplsuecas foynisingophtax miixerss 0 bhijhiiecdtionic lipids bind

t@{ﬁ%lgl?cﬁ%qgé‘mﬁﬂf Or%t%gﬁ%g t ét'p Elre]gu(s)r aag{af %ﬁ&*ﬂ%ﬂrp{t Ifﬁ)tlcgj ﬁieth?ganic phase.
organic solvent’is removed, thus forming an aquéous guspensmn of°

[SERIm-Traprthererchedsealcitiaipiespi ingRasion eornden adeethod fnthe properation
ot QEIRRIR SPMERL LS RIERRsIMOolve evaporation at reduced pressures

or blowjng a stream of inert gas (e,q., nitrogen or argon) across the
mitut® [01%?%‘1%%%?%9&%16?@”9% SRR BT ARR QRReRqaifdipidtpnd 2
detitdenicaftyhe sirdd feoid-lahdniifrein to 150 nm. To achieve further
size 1RAUCIQR AL NOMAgEREIL AL VAR NG RAIRSR SRR S 0fatize o
conducted as described above.
portion of the negative charge of the nucleic acids and form a charge-neutralized mixture of

nucleic acids and lipids; and

(c)  removing the detergent from the charge-neutralized mixture to provide the
lipid-nucleic acid particles in which the nucleic acids are protected from degradation.
[0134] Inone 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 th13
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 based
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[0129] In other embodiments, the methods will further comprise adding
nonlipid polycations which are useful to effect the transformation of cells
using the present compositions. Examples of suitable nonlipid polycations
include, but are limited to, hexadimethrine bromide (sold under 32 WO

308526354 PCT/CA2004/001677 the brandname POLYBB&I}@@J}&%W

oh idGimbie BT e Cnf 1M HWSLEGRA WiSEREBIL B BhuP BRSPS HHES the amount of
heaxa %}%&De. %r suitable polycations include, for example, salts of
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@8Rk LAY conde H@Eﬁi@%ﬁb@gpﬁénﬁﬁggé&i@b?@e@%{% the negative

0/03683. [0131] In certain embodiments, the formation of the nucleic ™
HEREITH RS (h R Rl mageamrlaravi oh samh SHY. prhicaiagri&iapionic
lifedy whiBlighe asthDydheponeniasentios mimdeTbduxenaflaqueDARDO TMA,

fa¥~fal in a two- stem with suitagble mixing. [0132 .
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injee-paidnEURN SRR S dds S asatR0BE36)\e2hihed 8, AA9%883 tud
5DERI0sBNASAITRISEEEs CFAMBINAUAR QLIS MR RAMIPRSRINIIRS ASINGS o

mixture_in which the complexes form. 15 Alternatively, the complexes can
TRERRES L FATALR! RSREEOR Wisrtouie Ridrrapiitlsite ¢anthe tedigithe
pesichi(inkitzihion. pRaseninichiite f6eeatisl QIABOFEITING (CokintedhRyorgaRite

. In.anather ime esent.d i oVvi a

o e B B e BIR CRE, PEt Sy, e
YerktHShg HBERCIAQSINER covtonsoriaioreysilshig catintiatlipvisohpisieoaulising
DoGhdpierusht - BB CuAiREe Rt A ke RURRIRY £51RRIGb e

lipids n‘J%the nucleic acid-lipid mixture to neutralize a portion of the
O R U TR DR SIdR SR SePBISERI e Magiam, Baksconsin, USA).
[0B6jureCohtatinle thanidenieplifideiriatme farkimoidnipid erdeies ganbéraitomplished

- tralized mixture rovide the 25 lipid-nuclejc aci N
b e R e SISO B e stiic tvia
and o privienerarmimsshimesiess deil dividtivixofa ddpoativiviodfid svemeblutions (or

célRieragnh weﬂﬁgﬁ@aﬁ&gqlggﬁm?m@ﬁﬁgﬁw%mgé%@&@éd\wm e nucleic
a%alutlon of non-cationic lipids and detergent is typically accomplished b

§ y
Xy tBaEARS Hrethelrstithe sprisiaas gn uncondensed state and

acquires hydrophilic characteristics.

[0137]  After the cationic lipids have been contacted with the nucleic acid-lipid mixture, the
detergent (or combination of detergent and organic solvent) is removed, thus forming the
lipid-nucleic acid 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.

[0138] 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
lipid-nucleic acid 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.
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second solution of the lipids and detergent. One of skill in the art will
understand that this 30 mixing can take place by any number of methods,
for example, by mechanical means such as by using vortex mixers.
Preferably, the nucleic acid solution is also a detergent solution. The

P10 spn-cationic lipid which is used in the present mefhqdd 001677

X2
OB Rl R 2T AR P STICAU O i

the amount of cationic lipid used, and Is typica

ik sshesefii o atlest tedlinactting of rellsrBHRe it prassot comPesiBprsy tExamples of
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I Qrme .contaciea w cationic lipids to neutralize a poruon
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DOTMA, DDAB, DOTAP, DC-Chol and DMRIE. These lipids and related
nyeleie Auds o BEERLER SAABEAMS in co-pending USSN 08/316,399; U.S.

Pater{g)Nos .con2afif}36) fydhdt 61 8atiniéJfids Wit nbeRB3atH ithesolution; the

' i i I f . Additionally,
sSgsh B e R B A

cationic lipids are dvailable and can

apeuseficrtionic pidsdminavefiipent tneedyae ritle, s gacatinpid from about 0.85 to

abdRQIOEE Pdid e ARRRILBIMBIRHAAIS: saliQRiGHRRSOMeES comprising
DOTNA and DOPE, %&%&%@[BRL, Grand Island, New 15 York, USA);

LIPORRCTARRIRAERS is> Spuhapsleiearihrompleninaglution with
newirapiasindiplde) 8Roaiid D@EEC rahlBIBGRIBR laydand
TRANSFE DR japl ianic ligi risin .
DOG éin eﬁ]% ] ro%ﬁn?P romgg%%%}[% %%a%ﬁescg}é%%é%{gsgﬁgﬁg@e %fﬁ%‘jﬂe
Lipidmacdein g derartivdesénphich e rasteisacidresericlipntedfirmdestpdasen.
[(?QQ?trr?Wﬁ%hﬁelleWaaﬂlgiﬁﬁﬁ-Mt_ _Sﬂi@fﬁ%&%ﬂ' ;mpielg?iﬂapgxrtmwéﬁ which are
(0] r.a solutio e cationic lipi anga a solutgQn ntaining
o S T L T OB R R A0S AP SRS fhove
whinh othédetmpeass), la pozigosup bifembedjatenes cthargéudssadisted ayidatheno-phase.
j id.i ' V e lei id remains in an

e B S B B e o) A

(AL atle mveeifsied sreRrdivecsts chaeatienalipids el OBt GARP1d AT,
DibsP 2DIiatengand(ss 6PeoRi@Eche HeIerIBNbMBHREERRIE SRDHRIANCISS, the

BRSNS RSP BipleRe R e pls e pereustd
PEGNOAE BES 50896 BE, Gemmolft dsitypitdilyeanisom plished difi @l/diptidtinypropyls),
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.

[0143] In a particularly preferred embodiment, the nucleic acid is a plasmid; the cationic
lipid is DODAC, DDAB, DOTMA, DOSPA, DMRIE, DOGS or combinations thereof; the
noncationic lipid is ESM, DOPE, PEG-DA As, distearoylphosphatidylcholine (DSPC),
cholesterol, or combinations thereof (e.g. DSPC and PEG-DAAs); and the organic solvent is

methanol, chloroform, methylene chloride, ethanol, diethyl ether or combinations thereof.
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at reduced pressures or by blowing a stream of inert gas (e.g., nitrogen or
argon) across the mixture. 30 [0138] 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
liRigpwisis-acid particles can be sonicated, filtered or subj D6 677

(6341419 (&S BRIQHEDNMBIGT AletsReL RLIIRARRMAS IRHIEHARS AR RMy
se of skill in the art. 34 WO 2005/026372
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Sﬁﬁ}g%}@l%&%ta 38 ?g,&%%%dthgogresent invention provides methods for the
preparation of nucleic aC|d-al|picF'particIes, comprising: 10 (a) contacting an
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c lex in.solution,with_15 npn-cationic lipids,.to. provide a nucleic .
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angierpriedeit Bisitneirtsréesoribrs\abievdipin thersl eiotadichpratstithe dipidvakideic acid
pdRRIBHEIS GBS RIRREERIG Ol 9%}9 ﬁgﬁgﬁi@ﬁa&%ﬁkﬂ?gﬂﬁgﬁﬁ particles

gﬁids, non-catjonic lipids, c;ationicﬁ)[r{?)lds and organic solvents which are
W
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(o]e} t olution of ste .is a mono-phase. In another graup
B e B A R s AR s ces
sniinBemelEntedithe exitoiditipldsREDBO DA G MREY DEfFved erifoEPets, the

iR a%m@%ﬁs%&%bf&eaémﬁmggﬁﬁ% A AREE DFESSHEdRPRAUBN hd the
the ngncationic lipids_are ESM, DOPE, DOPC, DSPC, polyethylene

RGBS SO e ehyr ptispaTy seriord g piteinaentatonic lipid
mejatyttly cenppsiseridvisgempndified dialkyloxypropyls),

[0147] A variety of general methods for making SPLP-CPLs (CPL-containing SPLPs) or
SNALP-CPL’s (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
SPLP or SNALP, and the “standard” technique, wherein the CPL is included in the lipid
mixture during for example, the SPLP or SNALP formation steps. The post-insertion
technique results in SPLPs having CPLs mainly in the external face of the SPLP or SNALP
bilayer membrane, whereas standard techniques provide SPLPs or SNALPs having CPLs on
both internal and external faces.

[0148] In particular, “post-insertion” involves forming SPLPs or SNALPs (by any method),
and incubating the pre-formed SPLPs or SNALPs in the presence of CPL under appropriate
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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. [0143] Ina particularly preferred embodiment, the
W6!8i6sasid-s a plasmid; the cationic 30 lipid is DODAC, DRABRMIMAs77
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PCT/CA2004/001 S above, contacting the nucleic acids with
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mechanical means such as by using vortex mixers, The resulting mixture
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pbiershengie Hipturélc e praiiizg ofd Comp| Sheseltoe38E Ridui SO RN @lstin
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fO%ln1,ethofd$ known to those of skill in the art and also described above.
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ount ( A& an basis) of, cationic.lipids which was used to provide
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allHARIHMRERO GYREE BRRECOHEIRIESRDIINUCANAN RIRKIESRISIBCICETine or
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tv.

particles is a nucleic acid w

08e gisinpsah Be ke intdalieg hyeephetainyieferhadceditddlitye sush dselbumin,
ipdRisragiddslLa asmid, the noncationic lipid is egg 20 sphingomyelin
fgrefe‘rred embodiments,

nd the cationic lipid.is DODAC. In particularl :
lﬁ#éjlnu RS RIS I SRR Al TEaE PREN Bt Thus,

atzrdbehalestets foaneddthe patinhicdipte HineliMé pharaifenpaiicuiaehtable carriers

S&ée%ggg&%fg%&iments, the noncationic lipid may further comprise
cholesterol. )

[0152] The concentration of particles in the pharmaceutical formulations can vary widely,

i.e., from less than about 0.05%, usually at or at least about 2-5% to as much as 10 to 30% by
weight and will be selected primarily by fluid volumes, viscosities, efc., in accordance with the
particular mode of administration selected. For example, the concentration may be increased
to lower the fluid load associated with treatment. This may be particularly desirable in patients
having atherosclerosis-associated congestive heart failure or severe hypertension.
Alternatively, particles composed of irritating lipids may be diluted to low concentrations to

lessen inflammation at the site of administration.
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[0147] A variety of general methods for making SPLP-CPLs
(CPL-containing SPLPs) or 25 SNALP-CPL's (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 SPLP
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.employed as the pharmaceutically acceptable carrier. Other suitabl

like kordnsfansgethe FsnrRen uriring Hhemrclsiaegiddinié P%@@%k&fﬁ@nulated
amhatithinibkeedngltgiog olyeanrpisins dbtaakhaneed istapiiishdsuehing

[(ﬁlgﬁm"&nég) f&%tcﬁlﬁie%g)rgrlﬂl-@aﬁe fucleic acid-lipid particles of the present invention are

useful for the introduction of nucleic acids into cells. Accordingly, the present invention also

provides methods for introducing a nucleic acids (e.g., a plasmid) into a cell. The methods are
carried out in vitro or in vivo by first forming the particles as described above and then
contacting the particles with the cells for a period of time sufficient for transfection to occur.
[0157] The nucleic acid-lipid particles of the present invention can be adsorbed to almoet any
cell type with which they are mixed or contacted. Once adsorbed, the particles can either be
endocytosed by a portion of the cells, exchange lipids with cell membranes, or fuse with the
cells. Transfer or incorporation 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
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[0151] The pharmaceutical carrier is generally added following particle
formation. Thus, after the particle is formed, the particle can be diluted
into pharmaceutically acceptable carriers such as normal saline. 25
[0152] The concentration of particles in the pharmaceutical formulations

GRB Yefonesigly. i.e., from less than about 0.05%, usually atgQtat [8asoe1677
1&9&&%&'&% fﬁ’e%@lf%%é'gn@tﬁg %)npéﬁt%%‘%tg%%g i@"!:logl%%g lte il e%e intracellular

rimarily by fluid volumes, viscosities, etc., in accordance wi
ticular mode of administration selected. For example, the concentration

[0188] Eajm%emsailmgdgy%& mﬁgg@%ﬁmwmﬁ@mw QiShe SPLP
m icularly desirable in patients, ving .
R0 e SRRt SYSPLGTA PG ARLIFeit MTER Qe the pupose ofthe
BRphetenisi ondistiteguisiti ted e fipetr i€ fesi canopibsei el 16 ity ibati el figi dipithesdpenents of
| ti inf ion at t ite.of ..
e S S T R R ore
cadsensd nanblasethEhi sl s tosleterainsiarrntitizelit havesagh somponent
oEEHB RSP d'?gt%e{lfbﬁi%ﬁuﬂ GBS .‘J?d%ﬁ?f@fé%ﬁﬁm& PEGtIg,%i\ @Aﬁi'ég%,qm?éby o%timizing
Cco nents actin a manner similar to the | -DAA conjugates an
R APLENE (U5 VRO P e 5 o S R G AT Relese
Pmrenszsing eltentdticty)iiRirie defidddaseasing the delivery of the nucleic 5
acid-lipid particles to t 58 ng.gﬁ% NS include, but are
not limited to, PEG-lipid conjugates, Su - des or
PEG-phospholipids (such as FPEEPRETAFHGBdide GMi-modified lipids or

ATTA-lipids to the particles. Typically, the concentration of the component
[ 3Pe dgmaé%mﬁw@@aﬁr@&%%saﬁé sibie theass thepmysrrabs gene {og:

1@@fe{§b5&1gilimgpi§a§le,w gf@utmw;swa?ﬁgﬁ%%iﬂ,&m)thm{mt iw&gaﬁ!@éh, the lipid
maybe sterill A conventional, w .sterilizatio chnjques.
R naah Y BT e et R S an e
lﬁﬁ’ﬁh’dlﬂbﬂils’daﬁ delseotahltielot] thvevidsgilezdebpindlaitatignidyiingvitbutike dhto the cell.
ViR Astatheagy 8PHR SRILIPTLRERIIR SRS AN, JhE.6UmeQsH O’E‘?P@é’t of the

can contain pharmaceutically acceptable auxiliary substances as reqL
Vﬁ&%ﬂﬁa}%ﬁ?&t@orﬁﬁ?}%(é@gr@&r)a&ﬁmbﬁgpwéﬁ%%iﬁda%ﬁ%ﬂm@dﬁavaﬁvm
anm@gﬂgm,t%mmwmm tg@?%ﬁ?ﬁla@ﬁﬂﬂ%ﬂﬂﬁs&%lﬁéﬁ@%ﬂ{%ﬁ uptake
sodium. acetate. sodium |actate, sodjum otassium chlorjde, .an
LSRR 11 P o B R A e st ot
Bhrp}dnmmegﬁhefalg@m whiicH frotedplipRR{ fgainsthirdipidtiosed fmthulations, one
HPIS:BEIIRINR GR/0BARSON SRS . GRS B RlIaRlAENENE Rution

such as alphatocopherol and water-softible iron-specific chelators, suc

that hat thnasaice uiaksindtect sorplesnith the stpripst ansfetion widiriensy.
[OipgoinuRhetib RAblatE RS oip be: e BIRPERtag dAtBcFresent invention include, but are

not limited to, spectral labels, such as fluorescent dyes (e.g., fluorescein and derivatives, such
as fluorescein isothiocyanate (FITC) and Oregon Green®; thodamine and derivatives, such
Texas red, tetrarhodimine isothiocynate (TRITC), efc., digoxigenin, biotin, phycoerythrin,
AMCA, CyDyesS, and the like; radiolabels, such as 3H, 1257 35g, Ye, 32p 3p et enzymes,
such as horse radish peroxidase, alkaline phosphatase, efc.; spectral colorimetric labels, such as
colloidal gold or colored glass or plastic beads, such as polystyrene, polypropylene, latex, etc.
The label can be coupled directly or indirectly to a component of the SPLP or other lipid-based
carrier system using methods well known in the art. As indicated above, a wide variety of

labels can be used, with the choice of label depending on sensitivity required, ease of
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broad range of topical dosage forms including, but not limited to, gels, oils,
emulsions and the like. For instance, the suspension containing the

nucleic acid-lipid particles can be formulated and administered as topical
creams, pastes, ointments, gels, lotions and the like. [0156] Once formed,

R Se6smBsstable nucleic acid-lipid particles of the present inyentiolh&iBo01677
oot (atieeiDtOr uehipBRh YRIRIGALGSIBIR B8] IS A \RAAIRIN R entation

(rie ent invention also provides methods for introducing a nucleic acids

B%)é.g??l’é’ iﬁ’?a%%‘ib“}‘?ﬂ?o a cell. The methods are carried out in vitro or in vivo

by first forming the particles as described above and then contacting the
Yarticleiposnmen EentpirmeLB&BA At Gondugatiicient for transfection to

occur. [0157] The nucleic acid-lipid particles of the present invention can
[bEohH s dnlaeditomtnbst PP Joreelktiipe deiitribddebdhe haERGIXREO6onjugates of
rhed. the particles .can gither be ocytosed by a

R E I S PR B oo
CeBIRTImENISTar BPTAMpbITRIREES Bsclevauhed hesiingoelishingf ¢, fartloimpeutic

p@@ﬁmwﬁs@d\ﬂafeﬁmwﬁ&ﬁébgﬁs@am\zﬁnl adicuiar: vhea dusion

takes place, the particle membrane is 38 WO 2005/026372

TR OB OWA 01 697 RS e b hesaIPRid T B estsaRlt s
chbidsepdticle combine with the intracellular fluid. [0158] Using the ERP
assay of the present invention, the transfection efficiency of the SPLP or

other jpid-bpgsel Al Efpusigisncan be optimized. More particularly, the
purpose of the 5 ERP assay is to distinguish the effect of various cationic

HP&%? a ;‘%%gr [ ich m onen‘/} f .SPLPs based on their relative effect
[on nd%?‘é up aﬁél%? 8@?0#%}% Sg%tg%ir?%%%ﬁ% Ogorgﬁ%%ss%er%ca edin, ..,

Savkenist ahedhiBaxsSisphroRipons, R4631EMMelG 8 aPuitdfivel, s 8 dR17,344,

4compenants bt HREB 0 athar inidibasstsariey systanAMBESS CT Publication
I\g)al\%?fectlon efficacy, thereby optimizing the SPLPs or other lipid-based
ar

& T dtdatt DeangatRepuen P iclinnBiebnaf 64439230634 (1976);
Fedeprastby Rroaem ativelySd RIBAS Tiestusd3as2 REPDRIDE 5N Biochim.
I { P.UPTAKE/CELL,[O1 It will b li .
et O T

Walgmactosld dsec. dred nifled ridc &t bkt (E189).cha towt dgedomeadditiofh, Ostro,
ethevipidi b’é}&&mm{}@m&%ﬁd}q%ﬁtﬁgﬁw Weg}ﬂf U3 2o }“iﬁspfép.,

lipid-based f_ rmulgtion) can be labeled with an detecgtab_le label rovide

A0 ST A ST BRI SRR FR e SHigsemetkeTsiagiyde, bu
anfbidipritatol sondntion, onewésKillsnplessar/ban Aeaess thennordatl gk dhen,
QYRRP IS ROTRANRAR el v SR SRl QRN Pl ERGitRIS o
methods, all of which are well known in the art. .

[0163] One method produces multilamellar vesicles of heterogeneous sizes. In this method,
the vesicle-forming lipids are dissolved in a suitable organic solvent or solvent system and
dried under vacuum or an inert gas to form a thin lipid film. If desired, the film may be
redissolved in a suitable solvent, such as tertiary butanol, and then lyophilized to form a more
homogeneous lipid mixture which is in a more easily hydrated powder-like form. This film is
covered with an aqueous buffered solution and allowed to hydrate, typically over a 15-60
minute period with agitation. The size distribution of the resulting multilamellar vesicles can
be shifted toward smaller sizes by hydrating the lipids under more vigorous agitation

conditions or by adding solubilizing detergents, such as deoxycholate.
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PEG-DAA conjugate, ATTA-lipid derivative, calcium, CPLs, cholesterol,
etc.) on cell uptake 20 and transfection efficiencies, thereby optimizing the
SPLP or other lipid-based carrier system. By comparing the ERPs for
each of the various SPLPs or other lipid-based formulations, one can

reRsily,gsiermine the optimized system, e.g., the SPLP or Otpﬁ'E/CAZIM/OOIGW
TR o) , lati . [ . .
s R T SR TS

ggefratly pesformedyitratia suiSsn cnabasidprmenndt, voilise inm ies batited
Tieni41BG e $akrission o wals buar eseRRtdyRi@1bn BHOEe SERILFBE may be carried

derivatives, such as fluorescein isothjocyanate (PITC) and Orego L
oR Y RO THRS REadeR GHOR R B L Bravat vidhe e e pore sze in
thsmsVQtéltﬁRﬂ?g@matgigﬂmgeitdrﬂ,ipxisohnamﬁﬂewﬂml?ziﬁ%sl‘s’iﬁ‘eé\éT}Fl)e
1ﬁ3§3¥%§%ﬂ%$ﬁ1§e %ﬁnéﬁ%‘? %ﬁ%ﬁﬂgg}%ﬁ gg'saéré?ﬁgﬁ%?% 0 gi) ﬁft)er élalch asa

etc.; enz%mes, such as horse ra atdse,

Ceratlogp Misratiism pmemsecialie ryadlable forndhediioioal GumpacHiorestgdda.
Untilptacllia beaelss s4CHRHPAlSEE S BRs AP IHYRRE A &X eBlmol HRE tRRE!

.can.be coupled . djrectly or indirectly tg, a component of the, SPLP_or other
S CENBL i S DB NBIE AR AR o Reignea vesicle.
Ahvdipineplaipids, @mbd eolaribtydabittad étsecgentbe gisea] math THoL BYiee of

! i L ) p 026372
ngg%l%ﬁ&%m%ﬂo%ﬂé l&l\é%aﬁ% Iro%fhlﬁ]&e%égol_%g %%90&199(? {1p1c§- eiﬁrfent

_ A2004/001677/ conjugation wi component, stabl
nisgliethe Aekcrgrm inrsmenrd msturEamimberaiaestblesastbedyisidnding dialysis,
rmulations described ahove, the -DAA conjugates of 5the .
O B Gkl SPAS  BE AP S g e caring
fmmwbbﬁ piasd neshicuntaicingdrisomposedidatitly agemsiatibution of
11E§s%9ﬂ@ §9Leren, it 'fa!Héjél 398 afott 0@—%%%@%@1@ %OWS?%% %%%)?g rsllps%gnsion to be

erein, Liposomes also typically comprise a cationi
staglized by filingin thrauha ot filetndin Slersiesiarticaraethadrisa he
caieslo(e 6h.a BNl ASQIS) plhAid IPAS URR EREPRIAIBEICIAR] D WK Rk 0.2-0.4
methods are available for preparing liposomes as described in, e.g.,

%%8&%, etat.,Ann. Rev. Biophys. Bioeng., 9:467 (1980), U.S. Pat. Nos.
[M,686, TR3er4| 24chBdues 412 BtBatlle AR 61i8Y hipdhdiBts Bbd (45l s%28 One sizing

: Y/ 87 ublicati 7424,
e
Sprigeingst Hposorersupsnsitasih ey bah o BB/ EaRipn poTdpes o P gagssive
siat, IBIQchom dJRie phyiE a A\ GillafbR 5 F0R16h 98B hMawe i ol0atnRIRERIM size.

iophys. Acta, 858:161-168 (1986).
HBomgg za'%‘lonai’s anotﬁ'er met%oc{:tlhat rghes on shearing energy to fragment large liposomes

into smaller ones. In a typical homogenization procedure, multilamellar vesicles are
recirculated through a standard emulsion homogenizer until selected liposome sizes, typically
between about 0.1 and 0.5 microns, are observed. The size of the liposomal vesicles may be
determined by quasi-electric light scattering (QELS) as described in Bloomfield, An#n. Rev.
Biophys. Bioeng., 10:421-450 (1981), incorporated herein by reference. Average liposoﬁe
diameter may be reduced by sonication of formed liposomes. Intermittent sonication cycles
may be alternated with QELS assessment to guide efficient liposome synthesis.

[0167] Extrusion of liposome through a small-pore polycarbonate membrane or an

asymmetric ceramic membrane is also an effective method for reducing liposome sizes to a
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Williams, et al., Proc. Natl. Acad. Sci., 85:242-246 (1988), the text
Liposomes, Marc J. Ostro, ed., Marcel Dekker, Inc., New York, 1983,
Chapter 1, and Hope, et at, Chem. Phys. Lip., 40:89 (1986), all of which
are incorporated herein by reference. Suitable methods include, but 20

3% eslizises to, sonication, extrusion, high pressure/homogenizationyoei677
rdRigraydizakaneddete tanbalialy Sis faliiy MdRdyead Y At SMligh the
n{%}ﬁ%some vesicles, and eth?i}rl?r%f%?on methods, all of which are well

MRAPRRSTROTO IS St HftRBEFroqEs HrSitsRutanva artisyeds The
lipestereg ematesesinedlththigingethedvéhesveliniedarméadlipies tarechieve gradual

' ' it ' lyent or.solvent system and 25 dried .

SR T gl g roneine
T phout Plfigatsraed o atibAlaniorrsaresefrasdcln anytisuterhobrefered
elmamﬂlsl,i |i§ﬁ%<i9ef@£?é &?eégﬁbﬁmo.@s%ﬁe%ﬁdﬂ@i@mﬁéw%whtiﬁh isin a

e easi rated powder-like form. This film is covered with an _
[ apgleoﬁ?% %éft%?%‘ﬁe&?%EW%MQWM&?%@W&%B{%MWP&%@B@} methods
kmimute thesoolf wiitH agitatietn. The size distribution of the resulting

multilamellar vesicles can 30 be shifted toward smaller sizes by hydrating

the ligids undgs JPRiBoIREPESTHAIRIPVLaRgitions or by adding
solubilizing detergents, such as deoxycholate. 40 WO 2005/026372

[(ﬁg9 / C’ﬁ?eo%%%%ﬁ\%?r? cgg&GoﬂtH)Hisl%ﬂﬁ!clage\égsfi%%g 1%% e(.a prg oas[)edestf}frﬁcelles,
_sonication or extrusion. anication 1s gé)neraﬁy pertorm & aﬂnp
ligigrimeleiegeld natbcramisosrmsssefsiliare isefilifts thatsystaypsicallgsahdelivery of
thRHIRANSIRS I BiBGLaTd Qe Rt RONICALIQR SIS it Ion.nay be
cir?edaf%%kfg/ bjomembrane extruders, such as the Lipex Biomemprane
[ adPeridfineas dreussan ressthecast HEin FRresw s yarratanil be readily
anpailerniel o Sip ob hitbinviasiatch afisip saific divassidhi ﬂinpa@pmsbmﬁy talsether drug
' rough an.asymmetric ceramic filter, suc a .
o B B R P e D S R R e

(agrordeatdt mA SRIRIasiol kil closlorbscemhesdveblagerigddnpelisisingify PEG-DAA

cihesphalipiisirethanigeg)then injecting the lipids into a buffer, causing
0t bﬂpiﬁqst ssﬁontaneously form unilamellar vesicles. 10 Also,
R ohan e

BB SHIEREEY ATibicpciiaAgent &g X hditasconitbrng,
liprsamalkytopositisitesnfelloadatviite atddidpeuat tiemuid tdiisiselebiizie subject
linid- i he detergent is,removed by any of a number of .
e R e L o B ons ans
mefhedaral trancsanbinrentivn 260 he [ONEE] aaltisiying dipestiteisegentad smbe an

aphRpiRasemenubieh Havadet ResRiAeE At iRy MALODMAM:REplastic
smedé;rpgjeach[eve g desired_size range and reIatwe%}:arrow distribution of

RGBS RISFAST N AT A 0BIST 51220 AR AEh SR e REtRne,
cesnsiptirsio)ciepbatin, bleomycin, cyclophosphamide, methotrexate, streptozotocin, and the

like. Especially preferred antitumor agents include, for example, actinomycin D, vincristine,
vinblastine, cystine arabinoside, anthracyclines, alkylative agents, platinum compounds,
antimetabolites, and nucleoside analogs, such as methotrexate and purine and pyrimidine
analogs. It may also be desirable to deliver anti-infective agents to specific tissues using the
compounds and methods of the present inveniton. The compositions of the present invention
can also be used for the selective delivery of other drugs including, but not limited to, local
anesthetics, e.g., dibucaine and chlofpromazine; beta-adrenergic blockers, e.g., propranolol,

timolol and labetolol; antihypertensive agents, e.g., clonidine and hydralazine; anti-depressants,
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sterilized by filtration through a conventional filter. The filter sterilization
method can be carried out on a high through-put basis if the liposomes
have been sized down to about 0.2-0.4 microns. 20 [0166] Several
techniques are available for sizing liposomes to a desired size. One sizing

%%gs)égiﬁgnbed in U.S. Patent No. 4,737,323, incorporajeq. batsindMer
SO REAHNGALRORAME FHSRGNSIan SIS B LAILOK RIS ictamines,

SOI’] cation pré uce progressiv size re UCtIOﬂ

afhildiplmdiy fasigrescid erpbrainiaibne and pemubasineinmibiotiventibaepizd dgents,
dg. a@&mﬁ{y@iﬁtb@%ﬁ@@a@l' 2R PERRSRI Qﬂtﬁﬁﬁéﬂ)’ag%rff@g@eﬂﬁ&%fﬁgole, terconazole,

liposomes 25 into, smaller ones. In a typlcal homogenlzatlon procedure,

BTG STREo DRl o nAEel e GO A S R iU e G ine and
dnincigeeity By arﬂiﬂamemte@bﬂtspmerﬁsz%nWeaﬂmgbmmm&aalators,

rons, are. bserv d The S|ze of the li osoma . vesicles maybe
e B R L R ot
[Blaélnﬂéﬁinmiwnﬂieabowhyswmpjéﬁganb@ u@ﬂmsbe(i@%)yinﬁ&qmatéd genes
JRRIEIBnYI S6HRES NEn AUIHABEIR BS QDR 30 HRIBIS! m%&s&%m the cell.

Ii nication of formed liposomes. Intermittent sonication cycles maybe

Hriric-aed ivnrsaiivpks chacgedpnd may be o iined aritmpRtiive g;;hﬁa&qsenuw to
fiarhGs] SPHPUSinabL fip deamRiibhcung kdlsmaltipate phiychibasies descnbed above.
bran etr cce ane is a so effec
o o e DA e R BB SR A b oo s s

apigva Azouaiouzeion ¢ehath enjmaliadé fitrednsiz Brdisinibutigims;Tyaolcadigiphtheria
t8R818UERENEIRRIS suales-UNeLgh e BRMDAISHNR ALHAR, WSk

the deSIrtfgi Ilposome size distribution is achieved. The Ilgosomes maybe
oGRS PaiperrRaTaieh dHe ATasheeR loghidiieiames containing
tlgsrm«mhmeﬁ vatjogatesl mhepressnzm\}eﬁﬁmsﬁnmﬂnﬁ;mﬁeﬁmemwn

ze r I icrons to about 0.40
R B P P IR e o RSO Rl i atco
rarecHleElyasatabs reries Sndatsings that m&ﬂm@g@r@&] thepansfespdefe lymphoid

Wl%ﬁ@ﬂ%@@g@&%@re prepared using conventional methods
wn tq those of skill in the art. S. Use of Llposomes as Delivery

(N dohic PGS 9T FR & g RRA OB RS Rrrée&égwwn can also be
usedenstioredego dpdsaimesnimnnpiessilipw-mualkicsaaidipariclgsts selectively to

I eise | for t ste or local deliver of therapeuti
I%Agg(?%yge %bloa tive agé t%cglc%%c?elsaélsorﬁlsl%?w i agnosf) a sae%ai?y and
lmmia@}cmpmthet|mﬁw@emm@gﬁsreaerbeg@hmﬁ@m@nmsdwmntmwét}@rpnosent
ﬁ_w@hggﬂeadily apparent to those of skill in the art that this same

di'%c ssion is fully applicable to the other drug
[0 6% Liposomescontaining the PEG-DAA conjugates of the present invention and

containing targeting molecules can be used to stimulate or suppress a cell. For example,
liposomes incorporating a particular antigen can be employed to stimulate the B cell population
displaying surface antibody that specifically binds that antigen. Liposomes incorporating
growth factors or lymphokines on the liposome surface can be directed to stimulate cells
expressing the appropriate receptors for these factors. Using this approach, bone marrow cells
can be stimulated to proliferate as part of the treatment of cancer patients.

[0177] Liposomes containing the PEG-DAA conjugates of the present invention can be used
to deliver any product (e.g., therapeutic agents, diagnostic agents, labels or other compounds)

including those currently formulated in PEG-derivatized liposomes.
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15 delivery systems of the present invention (e.g., micelles, virosomes,

nucleic acid-lipid particles (e.g., SNALP and SPLP), etc., all of which can
be advantageous formed using the PEG-DAA conjugates of the present
invention). [0171] For the delivery of therapeutic or bioactive agents, the

%@%éwtaining Iipos_or_ne compositions can be Ioade_dl,\eljlt/tbil200 4001677
(iR967P e, BLARA AGIINCICHE AN AURICAL RSolSH HidHCRTERD using

The therapeutic agents wr ith are administere usmﬁ the composﬁ?ons
tagefinganmeliso i asrpseifidinve sedfypaariissapy Tt eeting efliop wrnesusing 2

va%ty@m&gdtﬁsg%me@@amsﬁ@ﬁ&%ﬁ&@?@%&f&@%@eﬁéﬁ@gﬁy&%&éﬁ%@%ms

Ofteﬁr%tgf dr%\gill be antineoplastic agent, such as vincristine (as well
(&€ tHRBIREPLAE LamRsioRR PHibRath Ram DrrmBIcTiRPs Redercibrst st @i, U-S:
Patspiaids, #j@8hTy8iancyEohhosnhateideinmetholiekate istoepintal detvinsd

ik ially preferred antitumoy, agents include, for example
B e B e A Bhieor
mmamg@g siRshanisma gererslipeinireriv the tueeliig agentidtabotitismied on the
ML OBEIROBIR AR SSISH G AR MEINAN BXBLe ARG W iIRG: BREL RYIMIdIRGon with

analogs. It may %Iso be desirable to deliver anti-infective agents to specific
this e Ry B! B HoUHAS ARt PiRithBL R PR fragintin berifgi 1 Hesigned to
imompposipomaédoe piesarihineniomniithean thistie DEpekaidiitimation. The
03%%&%\{%(9%3}{%%% gxtrg(%rlp B;géilcnc“flgg)g%g% c.)t Ir%&%d&géd%%glanchored into the
anesthetics, e.g., di ucaine and ¢ orpromazine; gta—agrenerglc

nsIBekEls, B gushabiorheisielhydnoptilienettisbdbetas cmtitisalbr ey lbdeagdhesiqueous
s@HlocdPHElING ek hYitkaI52loshRR Y IaPEaS SRt Rt W BOGRARER(Zuitable

PCT/CA2004/001677 e.d., imipramine, amitriptyline and doxepim;
A A e RO AT LI PR e,

Thktefphethiricnime anchprivnethaliine tantihiotitbartib iptataleagantsce and.is
in,.ciproafloxacin, and cefoxitin: antifungal agents,.e.q., .

<SR, BAOR B T B R B RSt o atech e

tes sl AR discatnoths fonncaipseattionditifineneans Bianedsoteld eirp® suitable to use a

{BRIRRISRIIC MRS FAUTRRESHRGSEIONE SEAGO RIS HEUIMHLOHHAIO LR the

neurotrans é{titer antagonists, antiglaucoma agents, vitamins, narcotics,
taet m&,ﬁ% AT TErEeR Fopa HRorom fsieRB SRk R s trear REstfrpg available

fardethinctios détivikeycehibetapetitic genes or oligonucleotides intended to
'r11 eqrt duction of s rotein within.the cell._Nucleic acid
e e R S A SR el

IS negatively charged and m positively

reeratidyletheraiearinsprinch deaie deivideriinaitashamentelitage trgimétyoof
dasitic Al ARIdesEHRRAADYE: L0 idhanntiirn dinicalapRicatianaf the

P%G- AA conjygates of this invention is as an_adjuvant for immunization
BBt HHETS RAEP PR AR S PORSCE Ry FABRAS HBRRFRIAES Fkdigomporate
poiteile fa (box) R qpacisiicant|ge B, \(raka R ne3 Amanesad g1 0d0)isnd Leonetti, ef al.,
P?Q&%Vﬂﬁ.sﬁﬁg. Sci. (USA), 87:2448-2451 (1990)). Examples of targeting moieties can also
include other proteins, specific to cellular components, including antigens associated with
neoplasms or tumors. Proteins used as targeting moieties can be attached to the liposomes via
covalent bonds. See, Heath, Covalent Attachment of Proteins to Liposomes, 149 Methods in
Enzymology 111-119 (Academic Press, Inc. 1987). Other targeting methods include the

biotin-avidin system.
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histocompatibility antigens, can be incorporated into or attached onto the
liposomes containing 15 the PEG-DAA conjugates of the present
invention for immunization purposes. [0174] Liposomes containing the
PEG-DAA conjugates of the present invention are also particularly useful

%&%65‘6?659{ vaccines_ that will be targeted to the appropria&ecly/@mmgm 677
[PISANSHOSHHIRIE A H&’B#& ﬁe@ége‘%&s%f[%%%os%%’some Seoma}{ﬁ”‘% used to
of t rﬁ 8u¥e

the PEG-DAA conjugates e presert invent ncaﬁ%afég e as

trgal et astEb AT PTHIPRMR EUBAeRluavbeR tinds tavpistty sigegrtsd liposome,
teeleat\al ten oS RPIANaS it-DARIOU e PG IGRIS USRI R mic cell.

suppress macrophage activity and lymphokines that activate

macreophages livered using the Jlipgsomes of the present

inven%%n. [(?Jlg%ﬁlplf%%]g@rﬂsé)g con ailsr%%}%’rglj1 ?#égéégtﬁAA conjugates of the

en;[g]v ntion and 25 containing targeting molecules can be used to

[GtitALIato LI e B STBRO B Sk SR oSS oRReR L B Es HFRES-DAA
cpgrigptdaohtigendanmbentonpiaybellibstinuitteties tall wonkEEaR diagnostic
s | rf ntihody .that specifically. binds that antigen. Liposomes
A AT e et N e A

thsaedpecdtarilidb e tadioraeveatiarkess rtiboirgh fhemprainiads retefstobs foed. The use
of¥RReIACAAnS SITRIHIS RRI PaRuRPRE MASTNFRIR BRF8M Rsily be counted in

stimuylated to proliferate as part of the treatment of cancer patients. [0177]
@ HUSHIMAL EBhPAIG S ERe A AR TBRESQISFNE PRESENEqHYERgiBH can be
imagedheiisgantaadativessany product (e.g., therapeutic agents, diagnostic

ts I ther compounds). including those currently formulgted,
Eiﬁl}%é% G(-iI erlv%tlgz{:e% rTﬂ?)lr(())rslbem esm%%?és %86?/ %f gwaﬁu&%éﬁx%oéfﬁ)?%%ﬁ Na,
(61 78kin GertaRbemBadinhant . |hiad eemattensitag enthodpesSitad Bb, Na,
TABISAVATITIOR ASI0aIEHBRING SN GBI 6SJOR Q6. SRREIE RIS Mramagnetic

. tissue, Targeting qf lippsomes using a variety of targeting moieties, Such
lsg?ﬂaé?{d’élf%%ﬁ?%ﬁ%fﬁ@é%@éﬁwﬁé% gREEprERdtCssint Rt desonsanaimAsiog
(Rd) mohationapiantimdies, (BIR ke, foe vioupleJo K. iaeshi3Re 418,575 She

teRchil TALYA %?I?’o%@é’dﬁé?%’ 44 the teachings of which are
incorporate cherein E)y re erencéaﬁ1 € targeting moieties can comprise

the entire protein or fralfénents thereof. [0179] Targeting mechanisms
genePlly r & eldRYIBERg agents be positioned on the surface of
the liposome in such a manner that the target moiety is available for

[ak8dtachbsthedarpitleedingeantoniéonanpgs dnte lisndaes imtefsidiriexample, an
eRARERIDE MABR OISR 510 2RI IRCABRIAIE ALRRRRE Phading

partion into the membrane at the time of liposome formation. The
MEGHYector portion must have a lipophilic portion that is firmly embedded
[(a8d]ankhareehirissiheion technique, the drug and liposome components are dissolved in

an organic solvent in which all species are miscible and concentrated to a dry film. A buffer is
then added to the dried film and liposomes are formed having the drug incorporated into the
vesicle walls. Altematively, the drug can be placed into a buffer and added to a dried film of
only lipid components, In this manner, the drug will become encapsulated in the aqueous.
interior of the liposome. The buffer which is used in the formation of the liposomes can be any
biologically compatible buffer solution of, for example, isotonic saline, phosphate buffered
saline, or other low ionic strength buffers. Generally, the drug will be present in an amount of
from about 0.01 ng/mL to about 50 mg/mL. The resulting liposomes with the drug
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membrane. It must also have a hydrophilic portion that is chemically
available on the aqueous surface of the liposome. The hydrophilic portion
is selected so as to be chemically suitable with the targeting agent, such
that the portion and agent form a stable chemical bond. 15 Therefore, the

GRBNGERL Ay tion usually e_x_tends out from the liposome's SW&?&?A%Q/&& 677
iRQRHSraOAHIEaE s RASHIR LhedRrgeling A0SR, %8%%%@2%%&%33 described

ﬁgssible to attach the target agent directly to the connector utin
23Ry instances, it is more suitable to use a third molecule to act as a

T0nsslecTianbriegerant potbrity hmss Hae 1RSI IgRANE the. PargRiNos.

ff urf. the liposome, there aking the target agent
G S TS S8 COVTIeh 7 GRPRoTBeY S e
refreenorl sBoen bt tgrsectabymic agtnti Chn diez wsetboFamédweandleyith essentially
Rheshhaligetiapalamine, which s Readialprlonalinehment ol iaidet.
agents, or_derivatized lipophilic compounds, such as lipid-derivatiz
BRSOV FRFH N Hselerably:; %ﬂ%&d@%&g@l@@ﬁbﬂ@%@bmtm it orilpaditen into
thishpgsdnicinpiabenetinASemas BRI RARAISs 2P R 8HEs (BEBilayers of the

Renneisen, et at...J. Bio. Chem., 265:16337-16342 (1990) | and Leonetti,

S R i ORI BGFPEIEiA] 49 93 4598 p (R B by s of

ﬂtatgmﬁngmb&ﬁgﬁ petoatinh| Jheinshoueniier priteiis ispeeificibyeledtng a

c@@é&ﬁ%ﬂ@a@gﬂ‘}&g&r&gﬁ&% a’ﬁ%&@sﬁe@fé\g . neI@zPl y (95rt USoss the
Proteins used as targeting moieties ¢an be att cfidd 1G the TPOSOMes via

MERRIRNGE H SR Sonesatrfionrradisobie seneraedpiare diometispiomss having different

BT Ot (e s B pnon ca than
ne, . Other targeting,m s include the, biotin-avidin system.

W5 Bd d?)?ﬁﬂ%rff Eé%ggki%%[ﬁ%ﬁ?é‘%sﬁ?%? FALBIR cases, the

[Hi8gnodtie limgetivgohthsitiposditie pasestibseniienthn e atethivertidat a subject

a e. es'.: I < 0] g iposome
sk s - L S8 o

ective In troying t

coEPRstLiqnsae adrinistered SRl é e, intrapedtestenily Linseenrag ns
subiagaestisy\gantediSLE2]y] hadlEgctabvE e RRAsIMSa FoSmpositions are

iposomes, prepared using,the PEG-D conjugates_of the present
ahven |(§ﬁ§ci{a{1%rﬁab8nf)albgl (§ \%‘i’tﬂ%ﬁ’ﬂf&@% PWE{?EBMQU(%? pusn the present
inyeaigtmgustivanibinsRtisdmpenstRtesmnchutinbScimnoes, MdtkrReblixints Company,

Piﬁﬁ@?ﬁlﬁ%}@aﬂ?lﬁ%‘&’(1%?.e’fﬁp‘Bﬁfﬁigcgﬁi@fig%ﬂé%b\éﬁigﬁzé%%@e AOYIN. ample,

fluorescent lapels can also be used. The use of gamma-emitting .
o 4RSI GpRE Y P4 iRy saen Bpr bRy EwiRlRf ditspreatriea éch esdaflmmation,
infectbm(sothtiialiendsebiaenniesctaas) akspiisectiasseAgmogenization
[(ﬂrégf tOP(r:gflézna%?}g %@%ﬁ%&%u%@a?%ggﬁ’g's% %@r@gdr%%gljs%?esd' intravenously. Thus,

this invention provides compositions for intravenous administration which comprise a solution

of the liposomes suspended in an acceptable carrier, preferably an aqueous carrier. A variety
of aqueous carriers can be used, e.g., water, buffered water, 0.9% isotonic saline, and the like.
These compositions can be sterilized by conventional, well known sterilization techniques, or
may be sterile filtered. The resulting aqueous solutions may be packaged for use as is or
lyophilized, the lyophilized preparation being combined with a sterile aqueous solution prior to
administration. The compositions may contain pharmaceutically acceptable auxiliary
substances as required to approximate physiological conditions, such as pH adjusting and

buffering agents, tonicity adjusting agents, wetting agents and the like, for example, sodium
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[0183] Gamma- or positron-emitting radioisotopes are typically used, such
as .99Tc, 24 Na, 51Cr 59Fe 67Ga, 86Rb, 1uln 1251 and L95Pt as
gamma-emitting; and such as 680a, 82Rb 22Na 7"Br, 1z2l and 18F as
positron-emitting. The liposomes can also be labelled with a paramagnetic

]&(;%EQR%EQE purposes of in vivo diagnosis, as through the Lﬁﬁ.}%‘g 4001677

2B3RH) UG HEPRRARC S MAY DE RN A SIRC 10D RRIN LR ARAASEE IR itan
See, for examgle, U.S. Patent No. 4,728,575, the teachings of which are

n?ﬁ%“’d’é?%ﬁéﬁ HBNPRRAH . D. Loading the Liposomes [0184]
[0dsohodEhektareiingeanvERiiRBRkdlESNHR IR 12Re88cdOformulations can

example, an 20 encapsulation.t ique, Joading into the bi and a

B e S Bt R PR e it as 10
tQé&%}hﬂ‘ﬁ?Mé @mllg/é}rht lipstorericomihonefitidadwissohiedsitiearesc., in
QISRRES Qe Rl &{@&M&%@smsm&a@a&%&%ﬁ%% ;&r% g&gxm of

film. A buffer is then added to the dried film and liposomes _
coRpRsTiandnupitteedpyihdseend ynem the nasdmianiae valdiratrodiglaed
fldoues eapdletpliasedintola)bier and sdeaastios Aidpraidi nhethe M dlitnt of the

omponents.. In this nner, the drug will Recome encapsylated in the )
o e e e P A PR e S BBt Doy weight,
[4898] atidhedhventijposihbesicaritisd mnyrelial defiaibly wapapbiétioifemples. The

FSIRIMERD QniBlcs émiﬁﬁipﬁ%&sﬁ«aﬁl}gg%w&&bﬁa Q@_ﬁ el SRUNE 1Bhit the

. other low ionic strength buffers. Generally, the drug will be present in an
Ha’ﬁfﬁmt%ﬁ%lﬂ%eé%&%mf kil imthesra et sdi gereenizae Yaselyiagnoncritical
phpasaeneaMathciineo el Bign A YY 6 & 02 OR TP et 51 2RDHAR 165 Hs.
incorporated in the aqueous interior or in the membrane are then
optionally sized as described aboys: [Q4864d ransmembrane potential
loading has been described in detail in U.S. Patent Nos. 4,885,172,
5,059,421, and 5,171,578, the contents of which are incorporated herein
griplefarSprdeRsiofHEh®tabindomepntpreln éRRGaDAMN '$ading method can
be used with essentially any conventional drug which can exist in a
(B} gedhstiplarinearsaelr Blrshaes Hspnaphrsie obBueRBGrinifdsnPEG-A-DMA
(ﬂ;e;mablmm @LenvilBeRIBMNal) i nl?eﬁi&%? éhtﬁ;ﬁf&bwﬂk&?fgg&? Ehtihine lipid
Jiposome memhjranes. nsmembrape potential is ¢created across
T SRS D B A ELA B b STSRGL S (e lgnet
Ogo BEEIDAtS thathhlssbmsdiy thearscof i ¢hisotr amsheaytihasieed akéngisimilar
PR HENEE SHRIRABEPRRICIY IS HB RRIELRC AU RoEaPEF R AR e g
gradient for one or more charged species (e.g., Na+, K+ and/or H+
anplpgus 9 £5)midie bra Aedoamsi saadircamtherBaddra siaptisistisiing ansguimolar
aRbveEtI6ME: B0 sesmegToy ngBifesRMide in the very first step (synthesis of compound

).

NiaH
HEDE YN

1, Preparation of 1,2-Dimyristyloxy-3-allyloxypropane (1)
\/\O/ﬁ/\o /\/\/\/\/\/\/\
O\/\/\/\/\/\/\/

[0192] 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%
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internal and external media and has an associated proton gradient. Drug
accumulation can than occur in a manner predicted by the
Henderson-Hasselbach equation. 15 [0187] The liposome compositions of
the present invention can by administered to a subject according to

%g@%ggmniqugs. Preferably,_ p_harmaceutical com p_ositiopél%mgo 4001677
1UBRPURE - EXRRASEO RS A )¢ LS A RRECDIHA Yl End the reaction was left to

intraperitoneally, intravenously, subcutaneously or intramuscularly. More
B PRSI S B A RRSA SHPRB R SRR QReeSaRI:anom termperature, the
eittesyverdhusyydyid baligorjectieickeyitae damLiations fafiiseMeth8cence was

resent 20 invention are found in Remington's Pharmaceutical Sgiences

O R B G ) SR iR B GHap Fod) T dnd
witshedaih dirtBledovaiso $ioR80oal). Ehe seghrior eyeampiaitd witymagessivm sulfate
HARINAER Qgﬁmﬁoﬂr’tﬁ@ﬂﬁw éﬁk}féﬁgfa%rqbs%ﬁfa%@ﬁlgy 6h. PLC (5%

inflammation, infection (both viral and bacterial infectons), neoplasis,
etherdexente deyelons s NRIVRBR disrsd hat mnst af Bisrsiapingapaiesiel had reacted
tadininstaied ilHs vendigprddudsw iRisipeiféan P MKlas GaMPestiansraphy

e SR R R S R SR T

variety. of adfuewustivarsiels-Qimirésivgelpmppniatei?)ouffered water, 0.9%

isotonje~saline,.and the hke. These comppositions.can besterilized by
filtered. Thg resulting aqueous solutions maybe packaged for use as is or

30 lyophiliz€d, th hili re lon peirg copabined w sterile
agueous solution prior to administration. The compositions may contain

pharmaceutically acceptable auxiliary substances as required to

[@mﬁoxiﬂmlﬁm%ﬁ@@mhgq@g@faﬁnémﬁgdg@@ﬁﬁ%&%@%é@bﬂ%&iﬂgemanm

ents, tonicity adjusting agents, wetting agents and the like, for example,
( %ﬁfﬁﬁ I@%OQW/@%%W%% BOTETRY acetate, sodium
téaameﬁpmw@mﬁma@an@am{ummpmmqu Thelflaslideasserbiisd in tin foil
aﬁ&q’ﬂ%&?el&r%ﬁi Bﬁ'l%hgrp 1%' AJNE S Iec?stl?fe%cﬁéﬂtl 89d] a&_rh %CO[&?{E}I‘S%E!%P S%EC overnight.
I[posome composﬁlons In the p)ﬁ’armaceu cal formulations can vary

Thecshanplewa semensd endheableti ovasysiars J3Hy 087 Gst dyelopedses
MRIFBdAGARSH Ratn30%r e Walaht anetwill e selacted REMBHMIY, This

fluid volumes, viscosities, etc., in accordance with the particular mode of

TR Srastish e Suther maiistin Sesh cplumh iR de ZERhp SLREHDCM) to yield

ladngi(isieyed @Hdinepetytbxygaoptae3pslrticular label used (i.e., radiolabel,
fluorescence label, and the like), the disease state being diagnosed and
the judgement of the clinician, but will generally be between about 1 and
about’s mg Pearkiieérant 6f Bl metintloreriorolyatherievéntwontaif)be

described in greater detail by way of specific examples. The

_E_o I N NP NP2
00000 s

[0194] 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
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following examples are offered for illustrative purposes, and are not
intended to limit the invention in any manner. Those of skill in the art will
readily recognize a variety of noncritical parameters which can be
changed or modified to yield essentially the same results. EXAMPLES 15

%%Qgﬁz%ééynthgsis of PEG-DiaIkonxvyrovas (PEG-DA_A'_ c[{’/%%lo-m% 677
B e e P K R B oo
s ieshapidbersertionavasdafitdipitt ov@aitih ptiswtoxspremttaenifiae &lufibiswas
tRidehas RlNdERAIS WsRrHam HRCtdhind ?{w%]ﬂg%'a%@ @(}sl%'%lﬁh distilled

suitable for use in the present invention can be synthésized using similar

VLYol histambineg peysaup sashes e then Indkrestprisd with
diyivthestiecdyl 06nY.IErEbEana 00 4Hs Mg LR BRAIOAHEEaRP Sl fate

synthesized by simply substituting an equimolar amount,of stearyl .

= e SR Cromeaty e removed oh e o W XrRgr Ml BeeiSHHisoR Al TLC
(189y> CHEFbpdeedloped fint Mailyibdgrid ipidieyt<l &ihgttheygadpaneatdsaDim 0l B2}cted to
fRRNAEASA2EHIMDWR JHRA 1 9%8S00Um hydride (11.4 g, 450.0

mmol), and the flask was flushed with nitrogen and sealed. A solution of
Oyt %Y%ﬁﬁm&%%ﬁPlﬁ@%?@mmol) in benzene (75 ml) was
added to the flask. Using a syringe, 97% 47 WO 2005/026372
PCT/CA2004/001677 1 otetradecane (36.7 ml, 120.0 mmol) was
added'to thoeﬂ'ffggﬁagﬁ %&[?ga}é |6W%@%§?§8p¥§ﬁrgfk6@#ﬂﬁf under a
constant stream of nitrogen. Once cooled to room temperature, the
excess sodiam hydride was slowly quenched with ethanol until no further

sep 3 elwith benzene {250 and 5 washed with distilleqd wate
( . T¥e orgafic Iaﬁwmmm
sohvepttemgved on the rotary evaporator to yield a colourless oil. TLC
(5% ether-Hexane, demwmmmm@mm

starting matérial had reacted to form product. This resulting product was
further purified by flash column chromatography (1-5% ether-hexane) to

[oiedgl 1owddd 5-(23%4 %s%ﬂ%f@%%ﬁ%i@ YRQ B?gf@.}%]%%%%nmol) and

Preparation of 1,2-Dimyristyloxypropan-3-ol (2) HO"Y "0 [01
pofassEmprbaligNde 13 Bt onaal Yeedloshedwith mitrrayind dissbreddn
aihyeioantl MAbRethlilidriingmeacstiendcidie rehonamaraad sfollewed: Byemight

under a constant stream of nitrogen. The N,N-dimethylformamide was removed on the rotary

evaporator using a high vacuum pump instead of the usual aspirator. The residue was
dissolved in chloroform (300 ml) and transferred to a separatory funnel with a chloroform rinse
(50 ml), theri 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 gof
crude N-(2,3-dimyristyloxypropyl)phthalimide 4.
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15 tetralcis(triphenylphosphine)palladiurn(0) (4.5 g, 3.9 mmol). The flask
was wrapped in tin foil and flushed with nitrogen to reduce exposure to
light and air, then left to stir at 80C overnight. The ethanol was removed
on the rotary evaporator. TLC (100% CHC13, developed in Molybdate)

igicRiRr i3t most of the starting material had reacted to fo%ﬂ@ﬂﬂ&mm 677
This gesultipg ?‘Froduct gygséf rther S%L)rified by flash column

chromatograp )7’(‘_7[!6%/’ r)lll 3’%’]‘3@.@’ 6” 1%)
1,2-dimyristyloxypropan-3-ol 2. 3. Preparation of O-(2,3
Dimyrispydoxypropyl)methanesulphonate{3) 0 -io'Y '0 00 25[0194] A
fIaWM@%MMMM
flushed with|nitrogen and dissolved in anhydrous dichloromethane (50

ml). Anhydr pysiding (3 l, 43-6\nm as a forming a

white precipitate. A solution of 48 WO 2005/026372 PCT/CA2004/001677
1,2-dimyristyloxypropan-3-ol 15 (11.5 g, 24.0 mmol) in anhydrous

[#liggfo f@%@@@@@,é@&ﬂ%ﬂﬁﬁﬁ%@%@ﬂﬁﬁﬂﬁé q38HY LB ﬁﬁn@)ﬁyés dissolved

_overnight at room_temperaturé. The Solution was_transferred to a

ineihapat & 0% mh N AtRARE SRSt | Tl HA) ol 4y addrdansihe reaction
welislélfer refateo(8ra R0 Thky clHaadonbiagcvad vaahisraashesyserRtbeiihe residue

back-extracted with 5. dic thane (100, ml). The.combined organic
RS Al O S e s o S SR oo
WESITRIVE Gt e rotemyeaspgretatof k6 \ikIth MeOlButiH S odevRlaped inddolybdate)

ifdidGdBmdevslesed iniahdbdaialindigated dhas g, maierabiag product

all reacted to_ form product. This reaction yielded 11.9 g of crude
WS (TS RS RS pTR SOMYRR (Fsprae (8-3% MeHprtfdeitorield 104 &
(S Doy istyiceomrnpydiinkisalionser ddanid-d 2) ¢F 15 [0195] Crude

-(2 3-dimyristyloxypr methanesulphonate 3 (14.2 g, 25.3 mmol) and
SRRy

potassi 9 g, 75.0 ram 1) were flushed with nitrogen and
dissolved in anhydrous N,N-dimethylfonnamide (250 ml). The reaction

was Igft t0 S BLARCYIRIBIY) PEG 99y acetic acid (6)

[0197] A 10% solution of concentrated sulfuric acid (20 ml) in water (180 ml) was added to
sodium dichromate (3.0 g, 10 mmol). PEGyggo methyl ether (20.0 g,10 mmol) was dissolved in
this bright orange solution and the reaction was left to stir at room temperature overnight. The
product was then extracted with chloroform (3 x 250 ml) leaving the dark blue colour in the
aqueous layer. The chloroform solvent was removed on the rotary evaporator, resulting in a
pale blue wax. TLC (13% MeOH-CHCls, developed in iodine) indicated that most of the
starting material had reacted to form product. This crude material was then further purified by
flash column chromatography (0-15% MeOH-CHCI;). The resulting product was then
crystallized in ether to yield 5.6 g (27.1%) of methoxy PEGagq acetic acid 6 as a white solid.
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under a constant stream of nitrogen. The N,N-dimethylformamide was
removed on the rotary evaporator using a high vacuum pump instead of
the usual aspirator. The residue was 20 dissolved in chloroform (300 nil)
and transferred to a separatory funnel with a chloroform rinse (50 ml),
then washed with distilled water and ethanol (3 x 300 ml distilled water, 50
ml e;hanoI)p@%gmp&yﬁﬁ(gq%ﬂgﬁ%!}@ﬁow(%ﬁ%kp%@gﬁgmwmha (7)
chloroform (2 x 100 ml). The combined organic layers were dried with
magnesium sulfate and the chloroform was removed on the rotary
% ether-hexane, developed in Molybdate) 25

tipgamateyi d reacte fo roduct. Thi
. rude’ N-(2,3-dimyristyloxypropyl)phthalimide 4.
49 WO 2005/026372 PCT/&A2004/001677 5. Preparatiq
ofl1,2-Dimyristyloxypropylaming (5) Y 'O M2N 105 [01961
N-(2,3-dimyristyloxypropyl)phthalimide 4 (20.0 g, 25.0 mmol) was

[ogésgolved ﬂ&ﬁﬂﬁ%ﬁ'&ﬁ%ﬂ)&%@ﬁ@%ﬁp@@ﬁ%f&é%@ mlmé_lf_}r%ieéther Ge.,

nmrol) was added and the reaction_ was’left to reflux overn?&%t. e
PRGrardMirasreronetisirmasdianrid et sor Ape e disioyegdn benzene (40
mbediéshisted inithidroferm (a3 nahlofile Qe aihitatesy@sdHitieip o affandythéded by a

: I r V. ratQr. 1Q9
R S S s

bengaRt g etV A I ERP YEd CRd RSB PR BRI ThisFegistrhd osveaerst e 5 (0.87
g, fuBthenqvitie dday dlastheausky fotlorosd diogiaptiy Odad dvterth-GE@ 0:3) tand

-V A th -di i -3:0l 2
88 43516 ducnl A HE LA S S RIEPANE e

imyrist

Xypropylamine 5. _Preparation ofM
<2é%§ﬂ?;%%§a%«7®q splytionorias ecidifsdovifhebydros bionigiaribflcd i Arehibeken, and

th&utfiafit agyer (Res ) 1t tachtaheLH0dN) wasgees tBoRQIROM|UEBUs layer with
ichwomate (3.0 mmol). PEG2000.methyl ether (20.0 9,10 mmol)

o R e oA R e g . The

chigrefrvo biss temped i roveipiperrrEopiobigtd wpeltvesolidirdded Whth

MeOirofann, R veRpOd ) despans: thiendakd amEPIAuEIR B AAHRAISHAY B ing

maoal R R B0 B B LE MRS F e RS KR DO By B cotumn

chromatography (0-7% MeOH-CHCls). It was then decolourized by adding activated charcoal

(2 g) and ethanol (100 ml) and allowing the mixture to rotate at 55°C on the rotary evaporator
for 30 minutes. The charcoal was filtered off and the ethanol was removed on the rotary
evaporator. The product was lyophilized to yield 1.7 g (38.1 %) of
N-(2,3-dimyristyloxypropyl)amide PEGyo methyl ether 7 as a fluffy white powder.

8. Preparation of N-(2,3-dimyristyloxypropyl) carbamate PEG 09 methyl ether (8)
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pale blue wax. TLC (13% McOH-CHC13, developed in iodine) indicated
that most of the 25 starting material had reacted to form product. This
crude material was then further purified by flash column chromatography
(0-15% MeOH-CHC13). The resulting product was then crystallized in

%5(;@/)%5(;}25.6 g (_27.1%) of met_hoxy PEG2000 acetic _acidp Diii677
(6999} S¥ o7 ; ABHRP RS éé%ﬁé@%ﬁé&%ﬁ@?&%&%&%%%%ﬁ%ﬂ ether (i.e.,

metra/;l ether 0\ON' reparation o

R OGIMA g kybstsipehiiry Preao o ThwrREGhioe. methyl ether (2.0 g,

IREGREDMAJuEhet WY RECEPRAEINAEE Bnbdhdhs HitHIABRMNWAS (15 mI).

issolved in benzene (40, ml) and flushed with pitrogen. Oxalyl chloride
%P. °Fﬁan§g% %%gn%ﬁ% ggﬁ%ﬁ\&a@ﬁﬁ By TS ThinP i dRom temperature
e boirthélsubisbleainiblisnceaeticomoes leftte stisfpeRionis thentheemaining

. t tof. s
e T A ——
A3 Tnsis ey Rrmpdreire & (0 M timed wWoraddedn This ety thssibied in
alihypifohs HRsRaDeth AR (eactionasIatilR st iRudBbess), RIGHEIWRIST was

k% 0 &l) as a(gded, the solution was acidified with hydrochloric acid (1.5
TN SR RGeS SPGB G e oy fuencl
veshrdichdet draethihe (Aquid end Yaypheduitith disiditedovanetd 2650 ml). T organic layer
i rgapi re dried with magpesium sulfate. The 15
B e R e hb e
STAROIPITY! e MeBHLCHE e pstrpstingdelybdythand mdthéddhowled that most of
@@Wﬁ@%%@?%éb%&?%% ﬁ%&%ﬁ%ﬂ?ﬁ%&%@@&%ﬁ&é@f%ﬁﬁ%&ﬁuﬂﬁed
s crude material was further purifie ash column _chromatography

TSR VI LSRR el HebSoN By e AR of
Nefradetinty(@tglpayut @ty nabibieRE Gag alttdyinghtad.mixture to rotate at

S5C a1 the salary. SYARRIEIos 20,101 30, Minutss, The charsoal was filered

off ar?(yzl'1 the ﬁ%ﬁyo.%v%% rerﬁg\%e?n ong]; ??ol%)r% evapor%a c})%.) @ﬁ’é prté%(ﬁ(t: er (13)
(939811 JisHiRsa ab QRTEN: (% dimBristylyxapropyl) succinamide PEGyuy methyl ether (13),
stb{ 2.8 digrpes buevepsraylaRid e REGZO0 metbrlfiRansas a flufy

white powder. 8. Preparation off-(2,3-dimyristyloxypropyl) carbamate
PEG2000 nfthyl éﬁ%ﬂ‘é‘f"%’%’ }%?awwislf‘% O

NV 2N

O o} O0—§—-

c

[0201] Mesyl anhydride (8.2 g, 47.1 mmol) was dissolved in anhydrous chloroform (80 ml).
Pyridine (3.8 ml, 47.0 mmol) was added to the solution and fuming was observed while a white
precipitate formed. A solution of PEGyqoo 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
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WO 20051026372 PCT/CA2004/001677 [0199] For preparation of
N-(2,3-dimyristyloxypropyl) carbamate PEGzooo methyl ether (i.e.,
PEG-C-DMA), steps 1-5 described above were followed. Then PEGzooo
methyl ether (2.0 g, 1.0 mmol) was flushed with nitrogen and dissolved in

ap Bg}d%g;ghloromethane (15 ml). Diphosgene (300 }al, 251‘,%/ &m&w
[ ir ture. o
S ey g A TR AL o

REffannepyhsfsemaiigaeliemoved using the high vacuum pump. The
flask was flushed with nitrogen and 2,3-dimyristyloxypropylamine 5 (0.7 g,

1.5 mmol) was ad%ed. This was dissolved i ,a{%;ueydrous dichloromethane
(15 ml), trietRylami ’@Wé%‘lgaﬁgé’%?g@oﬁ?&fh& qifetlhction was left to stir
at room temperature overnight. The solution was transferred to a
separatory funnel 10 with dichloromethane (5 mkpand washed with

MeOH-CHC13) to yield 1.2 g (46.5%) of 15 N-(2,3-dimyristyloxypropyl)
carbamate PEG2000 methyl ether S. 9. Prepar&tion
ofN-(2,3-dimyristyloxypropyl) succinamide PEG2000 methyl ether (13)

jon ofN-(2. 3-dimyristyl | inamid
iR e R b R v
NNDiarrthfogneroide dihe tdlowsohitiProf ZEGnm of PGz (15 M esifdlen®dl) in
a2By@oR &J\L_ﬂnﬁﬁﬁﬂmﬁy&@gbww%@a&&ﬁz &M‘M@ﬁe‘ij&%%%ﬁ@das left

in anhydrous chloroform (80 ml). Pyridine (3.8 ml, 47.0 mmol) was adde

Ao StiB P ERR i ¢ R Bsaiemamine solyRmic™ss Tsraeysitamstbe rotary
chaoethrAstodutitghofaiQnh iettnd sttterdshil agirkiod THEeEkiRing product was

. chlorof | d , reacti t to.Stir, . .
S TR e 1 AR 50
(@hlarbrorhesbiphéoromithent spdtenivefsheanmobiagdorghria bivess waponated on the

TG (59 . ones, iviaine) i
:%tzg?@rﬁiﬁg %ﬁi{gﬁ% form’ &%%%@ﬁ%?gﬁ i ct:{tE %vhas fu rzh;eirt%%f ent)

(S%%‘?S%tﬁ Bestoping giorplfipdreacted to form product. This resulting product
was further purified by flash column chromatography (0-10% MeOH-CH,Cl,). The product

was crystallized from ether to yield 19.4 g (54.1%) of the PEGaqq phthalimide 10.

c Preparation of PEG g9 amine (11)

\O ‘ o) ’ NHy

[0203] PEGagqo phthalimide 10 (10.3g, 4.8 mmol) was dissolved in ethanol (200 mi).
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 ethanol solvent was

removed on the rotary evaporator. The resulting product was dissolved in chloroform and the
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purified by flash column chromatography (0-10% McOI3-CHC13) to yield
30.1 g (92.8%) of PEG2000 mesylate 9 as a white solid. b. Preparation
ofPEG2000phthalimide (10) 50 N O [02021 Potassium phthalimide
(11.1 g, 59.7 mmol) was dissolved in anhydrous N,N-Dimethylformamide

(e&pz rdpmﬁ;sgglution of PEG2000 mesylate 9 (35.0 g, 16.7 mg@#&%&/ 01677
anhydrous N,N-Dimethylformamijde (100, nil) was added to the fla anc?
e e N & e b Ao SR BrArRa B Ao
chlsivadoraesreamovedionrththeotataeyamrajoor SIbE (3036 MOFRGECH developgl in

e e %“"S&%ﬂ%%%%%ﬂ#ﬂﬁﬁﬁd o

ffmmaradish s PrRAUGE MRS SiereRerdliss Brmaribsete oitidi A BSPg AR of PEGauo
alajersivias reeyeddyn. the 15 rotary evaporator. TLC (7% MeOH-CHC13,
visualized with W light and Mary's Reagent) indicated that most of the

starting material had reacted to form product. This resulting product was
further purifiéd by Fagtrooiona Eh@mnategrapmid0d)% MeOH-CH2C12).

The product was crystallized from other to yield 19.4 g (54.1 %) of the
PEG2000 phthalimide 10. 20 c. Preparation ofPEG2000 amine (11) \O O

NH2 [0203] PEG2000-phthalimide 10 (10.3g, 4;8 mmol) was dissolved in

O ==

S removed on
the rotary evaporator.tThe resultirgiproduct was dissolved| in chloroform
and the 53 WO 2005/026372 PCT/CA20041001677 renfaining white
solid that was insoluble in the chloroform was filtered off and again the

Gaeroferp was rem \119'6) the e orator.%l# (i"

[ Me%H-CH&Oi%’_, d evglo ed gﬁ ioéﬁrﬁﬁmﬁ a ecaar] a%‘ {gééag'rlltfnmob were
dissnbratbia tvsidinetOSmbiang thaterrtionawesdeitedstiv orsrmigbtodiietyTidine solvent
vidkaduieh ubsnhRnays WhzadibiomeetoerinaHald R Q4 (B3 GV 8f distilled water

I(—')G 00Q _p.amine 11 as vv,hlte_Qowder. g Preparation of PEG2000

( (l)J L0 a%‘ﬁ%l 1?{] ith-hydrochloric acid, extracted with dichloromethane (100 ml, 2 x 70 ml),
and dried with magnesium sulfate. TLC (10% MeOH-CHCl, 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-CHCIs) to yield 5.2 g (55.9%) of

PEGy00 succinamide 12.

e Preparation of N-(2,3-dimyristyloxypropyl) succinamide PEG gy methyl ether

\0{/_\ d}f\” Ms\)\/o

[0205] PEGagpo 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

(13)

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
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OH \OONHO 10 [0204] PEG2000 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 solvent was
removed on the rotary evaporator at 60C. The residue was dissolved in

%@9&/\5‘5@3‘?{ (200 nil), acidified With hydrochlqric apid, extrgﬁtﬁg i 001677
¢ ried. ’ sI
e T e B Bl o R R R ot ws
afllsd eat the sastinrgriemledtia sia dorancienr Tidrrl YoM eIy slsudloped in
L o el & (e B of PR stmD SacomamEs s, T
eOH- ie .9 (55.9%) o 000 succinamide 12. 20 e. .
SR A 67 o5 ST DTSt en B ooy i
aptheasi{dBivith Hstilldh Wwatdr (025 [RPOHIPEEAGO endu Chhe aiicu§2a0egs Bde back
- ' [ 2.0.mmol) were dissolved.i

eg%ﬁ@%g?ﬂgl?ﬁ%%;@ﬁ%&}%ﬁg g?]%%ﬁ]%éé]?é%ﬁumﬂ cl)II}]eg1 r%amc?fayers Were%(lj*lela over
magnesippersHatey| e prodiaiivasGuthgr nusifisdiol fledrejemmchrtmetesorphy (0-7%

Maom)orrsigesiondid andathe warsen-yasdeft ﬁlis{%@pyb%cﬁxéﬂi&!éi?mm
of 1,?é%moy'(33tyloxypropylam|ne 5 54 WO 2005/026372
nﬁ?&"}‘ $004/001677 (0:48 g, 1.0 mmol) in anhydrous chloroform (5 ml)

[e2s)rictoytanties §Qflity, ehchofeias PEdEES dndeth doraatiion wdigitio
Sl L C (LR - devgloped in Malybdate) .
B ihed o MR e TR0 It AR hne fotlowing
lipids vebaslsiantasdnciasiotindurpk e bolsterglddfmethane, acidified
1withigreshloncasistfi-anshwashedidssigtiled water (2 x 50 ml) and

rine, (50 ml). The aqueous layers were £ ck_extracted \({vith
LR R L A ERGRE Lt Qe RS Gt
conaigeresilymsd RBGIDEP Brodrecforvad dtedhehibe PHSADRG flasifaelulated as a

-79% . = o.vie 8 0.(69.0%).0f .

C%g %?ﬁ%%ﬁ%%% f%b% %ﬁ%%r?a%;}%)éﬁgé% %VSrgrémovecf }‘rom the incubator,
diluted with ethanol and analyzed by HPLC to determine the concentration of the specific

PEGoqo lipid present. An Evaporative Light-Scattering Detector was used as the method of

detection. The results are shown in Figure 2.

Example 2: Expression of nucleic acids encapsulated in SPLP comprisin
PEG-dialkyloxypropyl conjugates

[0207] This example describes experiments comparing expression of nucleic acids

encapsulated in SPLP comprising PEG-diacylglycerol conjugates versus SPLP comprising
PEG-dialkyloxypropyl conjugates. All SPLP formulations comprise a plasmid encoding
luiferase under the control of the CMV promoter (pLO55).
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methyl ether 13. 10 [0206] To test their stability, each of the Cis
PEG-lipids were formulated into empty liposomes and stored in a 37C
incubator for 42 days. The liposomes contained the following lipids with
relevant molar ratios in brackets: Cholesterol (55%),
%%ggﬁ%@;y N,N-dimethyl-3-aminopropane (15%), _ PCT_/(;AWZQO 4001677
dig yI-sn-gly¢ero-3-phesphochotime (20%], PEG-LIPERd0%)—
ﬁ%ecer@;ﬂb an&as qontinetaiatly madek @&SF‘E&M&E&I . Assay*

fG_Xf""'u at%d, He-PEG-DSGhwas formulated.-as-a contro mjegiidrrent time

pointg;-afiqu u%{]ée%?%%unglmm%%?%@m svefromn L.L}c et ﬁah@ diluted

with ethahol| 8 %Halyzed by HPEEsto deterdfine the concefitfation of the

specific PEGIQAGlipidIsreseniPiRPEvaporatiye LighI—Scattggrﬂg Detector

was-tised-ag-the-met ngcof detdéﬁﬁu,lhe.iesuu,_am_shfmmmﬂg%gdgweights’
20 Exanfple| 2¥%eExBrgssion gf %ﬁg@ids emv:aps;uldted in 8RksP | Blood analyses,

compfising REG- 1a]lC\deXYPEPRY IPEeIIIJates (0207 Thisexampte  Luciferase

descrihed e pé‘r’f?ﬁeang comparin@®xpressiohof nucleic acid§? activity
emcapsukatedNg:SRLP édmy n%‘l’ﬁ%HEEG diacylglydero! conjugaies versus

oy . =Y i H anioatac I\|| C‘DI D
SFLF COMIPITSMyY ISy IClI FEGI:SZI \,unjuyat Co- 1—\ prt=t
fdfmulatidn S6irtse a pIa;mlgF oding 28uife¢rase updep dre dontrol

of the CMV promoter (pLO55). 55 WO 2005/026372
[mﬂcmﬂﬂaﬁﬂﬂaﬁbﬁs&ﬁﬁiﬁd@m%%ﬁm. &ﬁsemlﬁg S g
Ssa n A 6 Neujo-2a SC PBS IV rs
El\l%gﬁiiségég ’Jigeéi@ Eéfoﬁx}l‘}l C X686 Neuro-2a SC SPD
PPEEFHRY ®PHG Als SC SPLP PEG- 1 Body weights, D 6 Neuro-2a

Beei.amies PEAHRCE SHePbhanalyses. uctivitye L SC SPLP PEG-A- IV 1

E 6 Neuro-2a DSA P 6 Neuro-2a SC SPLP PEG-C- IV 1 48
%i S Y e 6 B R £ 5

L055 PEG-CeramideC20 SPLP, 0.50 mg/ml.

E: L055 PEG-A-DSA SPLP, 0.50 mg/ml.
F: LO055 PEG-C-DSA SPLP, 0.50 mg/ml.
G: L0O55 PEG-S-DSA SPLP, 0.50 mg/ml.
Grou | .No. Seeding | .| Injection Collection
Sip Mice date Treatment =) - date i date
A 6 Day 0 PBS Day 13 Day 15
B 6 Day 0 SPLP PEG-DSG Day 13 Day 15
C 6 Day 0 SPLP PEG-DSPE Day 13 Day 15
D 6 Day 0 SPLP PEG- Day 13 Day 15
CeramideC20
E 6 Day 0 SPLP PEG-A-DSA Day 13 Day 15
F 6 Day 0 SPLP PEG-C-DSA Day 13 Day 15
G 6 Day 0 SPLP PEG-S-DSA Day 13 Day 15

[0209] 1.5x10° Neuro2A cells in 50 ul PBS were subcutaneously administered to each mouse
on day 0. On day 13, 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 weighed and

sacrificed, their blood was collected, and the following tissues were collected, weighed,
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DSA G 6 Neuro-2a SC SP DSA S IV 1 48 his [0208] All SPLP

formulations contained pLO55 and DSPC:Chol:DODMA:PEG-Lipid
(20:55:15:10). The following formulations were made: A: PBS (pH 7.4). 5

B: LO55 PEG-DSO SPLP, 0.50 mg/ml. - C: LO55 PEG-DSPE SPLP, 0.50

R WodR2L975 PEG-CeramideC20 SPLP, 0.50 mg/ml. E: LD3S ., 0, 1001677
REGHA 2R bR QS0 MIADIC Rk RS R G RSARBL Ryl i lives,
10 G: LO55 PEG-S-DSA SPLP, 0.50 mg/ml. Grou $c. Seeding Ihjection
e s aﬂﬁﬁgaﬂﬁte Treatment date date A 6 Day 0 PBS Day 13 Day 15

[®B0Da @:BRkpREMH-DSGIERRY figidaywidd fefnDidd SRIFiREG-Boftktic
6. 0 SPLP PEG- Day 13 15, CeramjdeC2Q E

AR S s PSP asii ks o
(021 Ha HeowibdervmtripthadshensielornDavl 5je2n]dof Se PP, the
[%!Q!EE i | B§§ @5@9!@} m_‘ B . e
mougé‘?(ﬁl rﬁ? %l%één da 12 migzﬂvggre randor%{ized a%g}ﬁtéggggﬁv&%&%gem S are
S R B B S L S GRS e elyeoa) pBediss, The amount
obgse atpaissitm &ﬁelbas@dgnib@ﬁw'@memam%@mm@k@e ﬁjbr&]tbg dﬂé the

osing..48 r.SPLP administration, the mice were wejghed an
o B B s, T e 0 B of
SEbReamwrivinigied- B8 gy 2005108687 PCTICA2004/001677

immediately frozen and stored at -80C until further analysis: tumor, liver
i EKD £l ds.caqapsiatedan BPER sananisingsion in

clnle G asnfletgegined by assaying for enzymatic activity of
expressed luciferase reporter protein. The results are shown in Figures 3

(6314, Brjoexamnieredesenibes depadmstiatethriag bxpressiotl ofinglele.acids

eﬂéﬁiﬁﬁ%@ﬁﬁ@ﬁpwmﬂhﬁng PEG-dialkyloxypropyl conjugates. All SPLP formulations

comprise a plasmid encoding luiferase under the control of the CMV promoter (pLO55)

Group | ~# Tumor | Route'[.; Treatment [ Route # | Timepoint SRR
Mice? S Doses | . .. | ASSAY##** .
A | 4 [Nl g0 PBS I\ ] | 4B
Neuro- 48 hrs
B SC -
2 SPLP PEG-DSG v 1 Body weights,
C 5 Neuro- sC SPLP PEG-A-DSA v 1 48 hrs Blood .analyses,
2a Luciferase
D 5 Nezlzro— sC SPLP PEG-A-DPA v 1 48 hrs activity
B 5 Nezfo- e SPLP PEG-A-DMA v 1 48 hrs

[0213] The lipids (DSPC:CHOL:DODMA:PEG-Lipid ) were present in the SPLP in the
following molar ratios (20:55:15:10). The following formulations were made:

A: PBS sterile filtered, 5 mL.

pLO55-SPLP with PEG-DSG, 2 mL at 0.50 mg/mL.

pLO055-SPLP with PEG-A-DSA, 2 mL at 0.50 mg/mL.

pLO55-SPLP with PEG-A-DPA, 2 mL at 0.50 mg/mL.

pLO055-SPLP with PEG-A-DMA, 2 mL at 0.50 mg/mL.

/o Qv
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transfect:ion levels in the tumor by the SPLP comprising
PEG-dialkyloxypropyl conjugates are substantially similar to those by
SPLP comprising PEG-diacylglycerol conjugates. The amount of gene
expression in the organs (liver, lung, spleen, and heart) of the mice

INBCI6HE Wyitkyshe SPLP comprlsmg PEG-diallyloxypropyl 00%%2%&%/001677

also subsi gy Smieg dmigat o o 3RtR CoMPHdon | Collection
PEG-diagylglycemaiceonjugades.| Example 3: Explesssefe of huclaeigtacids

encapsulatetd in SPLR coayprising PERBgialkyloxypapgl conjunstes
[0212] This Bxampies dd@a}rgo@ SR REeMsGcompBring exprebsydn of
i H Nkl ~BaRG A "§ vioREsid Nyl
nucleic apicy eedpouiaitin SARTEERE RN PES Haliyloidpy
conjugatesgxirsPEP ORIVt 3 SR NBIRE [ BT en

1
[b2iafase sndeN &%m&%&@%ﬂﬂi&%@%%&h&ﬂb&gé’sﬁ IPWhHEH B tumors
Route Treatment Route #r T|m oint Mice:'. Doses: ASSAY**" eur A4

T SEBLE A PO 0 TR BT s IRt Rgtad i ans dqse of
aB SHY.BvRighittich briNBSrby Hiafdibi’ AFGnfeddion Dbsk 48duaHledsed on body

ghltyes @ L eur(;le g [ﬁéﬁ:ﬁi qugl%%%ngEG Ahrs \({fﬁ %ﬁa#%n the

mmfa:@ W@f@ﬂdhem@mdwa Edl4chet podktie fobewing tithesSHL Pdrdhested

weleAn G elR RS IRs A2 0mPstred Q) f&lﬁmépm%goﬁﬁﬁﬁ? fver (zcut in?2
ade: A: PBS sterlle filtered, 5 mL. 20 B: pL055-SPLP with PEG-DSG

Yesk BRPRIAR & Be3t 055-SPLP with PEG-A-DSA, 2 mL at 0.50
[02aA L GEepkfdbsiGRhRotiidc? E@ués REAleRmiinall By@sﬁ}@vﬂ@for &zymatic

B TR

[9Ridtion]Be Heseic AinNiRate i tBPd Bteoturdsing PEG-dlaﬂcyloxypmpyls (i.e., PEG-DAA)

can conveniently be used to transfect distal tumor to substantially the same extent as SPLP

comprising PEG-diacylglycerols. Moreover, the transfection levels seen with SPLP containing
PEG-dialkyglycerols are similar to those seen with SPLP containing PEG-diacylglycerols (e.g.
PEG-DSG). The results also demonstrate that very little transfection occurred in non-tumor
tissues. Moreover, the SPLP comprising PEG-dialkyloxypropyls exhibit reduced toxicity

compared to other SPLP formulations.

Example 4: Expression of nucleic acids encapsulated in SPLP and pSPLP comprising
PEG-dialkyloxypropyl conjugates

[0217]  This example describes experiments compaﬁng expression of nucleic acids
encapsulated in SPLP comprising PEG-dialkyloxypropyls versus PEI condensed DNA
(pSPLP) in comparison to the SPLP.
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A 4 Day 0 PBS Day 12 Day 14 B 5 Day 0 SPLP PEG-DSG Day 12 Day
14 C 5 Day 0 SPLP PEG-A-DSA Day 12 Day 14 D 5 Day 0 SPLP

PEG-A-DPA Day 12 Day 14 E 5 Day 0 SPLP PEG-A-DMA Day 12 Day
14 [0214] 1.5x10 Neuro2A cells were administered to each mouse on day
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carfsREtesa2 FEFTHis example descripes

PIFG-diaHkvl XypraR
experiments corgparing eépj@g ucleic®cids hcapsulated in

SPLP comprising PEG-dialkyloxypropyIs versus PEI condensedDNA
(pSPLP) in comparison to the SPLP. 58 WO 2005/026372
[02¢81/ CACOYltony ctitpiopd B LSS, B BREGI2MOLRA0 RBlife1 8JteThe

SRS 38Ul RIS RT euro 1dose PBS IV 48 Jars B 4 SC Neuro- |
Adose LO55- E)SPLP PEG

L055 PEG-DSG pSPLP, 0. 5 mg/ml.

L0355 PEG-DPG pSPLP, 0.43 mg/ml.

1055 PEG-DMG pSPLP, 0.5 mg/ml.

L055 PEG-A-DSA pSPLP, 0.5 mg/ml.

L055 PEG-A-DPA pSPLP, 0.5 mg/ml.

L.055 PEG-A-DMA pSPLP, 0.5 mg/ml.

L055 PEG-A-DSA SPLP, 0.5 mg/ml.

L055 PEG-A-DPA SPLP, 0.5 mg/ml.

L055 PEG-A-DMA SPLP, 0.5 mg/ml.

K. L055 PEG-A-DMA SPLP, 2.1 mg/ml.

[0219] 1.5x10° Neuro2A cells in 50 ul PBS were subcutaneously administered to each mouse

I = BB < B v A I

on day 0. On day 13, 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 weighed and
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2a DSG 1V 48 Jars C 4 SC Neuro- | dose LO55-pSPLP PEG- IV 48 Jars
2a DPG D 4 SC Neuro- 1 dose LO55-pSPLP PEG 2a DMG IV 48 his E 4
SC Neuro- 1 dose LO55-pSPLP PEG- IV 48 Jars 2a A-DSA Luciferase F
4 SC Nome- 1 dose LO55-pSPLP.-PEG- IV 48 ~s activity 2a A-DPA G 4

%y@gm—(&gose LO55-pSPLP PEG 2a A-DMA 1V 48 firs HP% gA%ﬁ%gﬁﬂ
s%ﬁﬁ%@dlﬂ%ﬁﬁggﬂ%@ﬁg‘ﬂéc\,{eé?aﬂﬁﬁﬁe%l&@%@ésﬁége%e&@éc %?%lted,
. LO55-SPLP PEG- IV 48 his 2a A-DPA 1 4 SC Neuro- 1 dose L 55;% P
ippediaigly S onen sa Al At SO daid forthesmtlyss- Symgp, fires (Rotgip halves),
IvndaNpiddsh 4edJrest, at 20 pDNA/Kg [02181 All formulations contained
C:Chol:DODMA:PEG:-DAG (20:55:15:10). The, following formulations
(VRS eé‘f}&?sﬁﬁfé“tp?ﬁﬂ’?.&?% %Sﬂa%wét%%ﬂ*g@dp%ﬁﬁﬁﬂ?%g FreprmaEe
apig Yy PEG PIEEShis Fifdrse rgomey/prbted; THSFREHS B wSHAFRsubes 7 and 8.
mg/ml. E: LO55 PEG-A-DSA pSPLP, 0.5 mg/ml. 10 F: LO55 PEG-A-DPA

PSPLP, 0.5 mg/Ml GTLO55 PEG-A:DMARSPE; 05 —=Hi: LO55
PEG-A-DSA SP|-B%Y.5 Jitym!. 355 Piend-DRbuSRAEAR, 0.5mg/ml. 7:
LO55 PEG-A-DI\..A‘%P P_0.5- mg/ml. 15 Kuts 058 PEG-A-DMA.SPLP, 2.1

A 4 Day 0 Day 12 Day 14
mg/ml. B 4 Day0 | Day12 Day 14

C 4 Day 0 Day 12 Day 14

D 4 Day 0 Day 12 Day 14

E 4 Day0 Day 12 Day 14

F 4 Day 0 Day 12 Day 14

G 4 Day 0 Day 12 Day 14

H 4 Day 0 Day 12 Day 14

1 4 Day 0 Day 12 Day 14

J 4 Day 0 Day 12 Day 14

[0221] The results indicate that the presence of the short chain PEG-lipids (i.e. PEG-DMG
and PEG-A-DMA) in pSPLP results in an approximate 5-10 fold decrease in tumor
transfection compared to the long chained versions (i.e. PEG-DSG and PEG-A-DSA). Taken
together these results indicate that the enhancement in tumor transfection seen with the pSPLP
(Cy3 PEG-lipids) over the SPLP is completely abolished when the pSPLP contains the Cy4
PEG-lipids. This could be due to a number of factors: (1) a decrease in stability of the pSPLP
when the PEG-lipid leaves the bilayer of the pSPLP, (2) an increase in charge upon PEG-lipid
removal, or (3) the conditions for the C14 PEG-lipids have not been optimized (e.g. amount of
anionic lipid in the bilayer). Further expetiments will need to be performed to determine which
of these if any is the issue. Also, the activities in the other organs tested were quite low for all
the systems. Interestingly, a 20 mg/kg dose of PEG-A-DMA SPLP gave comparable levels of
luciferase gene expression in the tumor as the 5 mg/kg dose, but much higher gene expression

in the liver compared to the same 5 mg/kg dose.

Example 5: Silencing of gene expression with SNALPS

[0222] This example illustrates silencing of gene expression in Neuro 2A tumor bearing mice
after co-administration of SPLPs containing a plasmid encoding luciferase under the control of

the CMV promoter and SNALPs containing anti-luciferase siRNA.
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[0219) 1.5x106 Neuro2A cells in 50 | PBS were subcutaneously
administered to each mouse on day 0. On day 13, 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

t%goggogg%gay of dosing. 48 hours after SPLP admlnlstratp&/@ﬁw%gl o
’é‘wagh‘ey“an'd‘sg Pp51026372 PCTICA20041001 S

VO200 dCTTIIC
theirB88d miss |cDIB%e £UHd the folloWAHT tsues Werér‘E’Gﬂ%fe Route |: Does
we g_h,éd immediately frozenland_storBBB APBBOC uintil furth®&k analysis:
tuneffy I(Lmln 2 hajves), ,uw53,5 ﬁ%@;ﬁm f"’%ﬂ" [0230 Gene
exy ré’§§|01 it collected|tissues was g&g}é&is y assaylng or enzymatic
5 actusty Of exprewsed |ugiferpse tepogePpreteix 1 NeTesults arg shown
in Frigiges| 7 and 8.2aaten% LP IGFHEPND, anfithmeiRBAD Mice®BC Tratme |
trrination—nts 212 Dippgonps minay 0 Day 12 Da |
'(I)'el: ) S DA4‘E)DE O R R P RO 1 Cqba
ad LZDa 14 a0 Da J'de’ﬂSf’fP )BT s & 12 ,B% 14| F
S4pay® Da“12|Da 14 |G Da [12 Da lifholdulaans? Da 14 | Day 12 Da 14 1
Day 12 Da 14 [0221] The results indicate that the presence of the short

chalig, R G-iidsSeedin MG DN/ PilRerbgu{tS ihection
aniﬁa?ﬁrgﬁ;iﬁdm A i quaﬁ%ﬁn *ﬁ%ﬂi i ﬁﬁ%&red%‘e
thetoug chaineg versiops (i.e %@%&%ﬁ' G-f\-BSA).ﬁ yk}gu

tode tp&rheie esults indicate tmmstsﬁgmmnﬁzemenﬁmturn@a ansfection
seen withithe pSPLP (18 PI SPLP is completely
abetiHbdlwhed theypSPLR)codtXpSHHY PBIMBE G lipids. THRCEUH bay 15
due R number of factprs: (1 2 ﬁ%ﬁ@ % bility of the &WP when

the PR&-lipid Tgaves the bilayeroidRe prshid4) an Increpsginsnarge

uppn,REG-lipid L055-SPLP / anti-luc 721 Day 12
siRNA liposomes tuix

é

[0223] 36 male A/J mice (Jackson Laboratories) were seeded subcutaneously with Neuro 2A
cells at a dose of 1.5 x 10° cells in a total volume of 50 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 PBS, SPLP or a
mixture of SPLP and SNALP, mice were sacrificed and organs (e.g., liver, lung, spleen,
kidney, heart) and tumors were collected and evaluated for luciferase activity.

[0224] Co-administration of pL.055 SPLP and anti-luc siRNA SNALP (both containing
PEG-A-DMA) maximally decreases luciferase gene expression by 40% forty-eight hours after

a single iv dose. The results are shown in Figures 9-13.

Example 6: Uptake of SPLP Comprising PEG-DAA conjugates
[0225] This example illustrates the uptake of SPLP comprising PEG-DAA conjugates by

mammalian cells in vitro. The SPLP formulations set forth in the table below were labeled
with *H-CHE and incubated on the cells at either 4°C or 37°C for 24 hours. The SPLP
comprised either 2, 4, or 10 mol % PEG-C-DMA.
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15 removal, or (3) the conditions for the C14 PEG-lipids have not been
optimized (e.g. amount of anionic lipid in the bilayer). Further experiments
will need to be performed to determine which of these if any is the issue.
Also, the activities in the other organs tested were quite low for all the

SYssnsdpterestingly, a 20 mg/kg dose of PEG-A-DMA SPLIPCQ/%I?SO04/001677
comparable[levels i JHERFES BROE: PRECEINI: DOBIIR) &S e 5

mg/kg dose| but much higher gehg S3preasipg 20 i the fivet compared to

the same 5 mg/kg dose. Example - gil€Acing Of gene expression with

SNAEPS [0222] This example 1lTusjrages SI1§RCING of gene expression in

Neuro 2A tumor bearing mice after co-administration of SPLPS containing

mpﬁasmbqitemoﬂm mwmuf mo@éathe Aézﬁeiéﬁbpatﬁvz@&{wooaovéag%%@xsﬁfgd
|eras SIR

#&@%%%IW @oup%ﬁn uﬁifﬁtr?gr“h% e\‘/;{r atment '_I'imepoiut ,

: I 0SOmes mix 4 ' 38% !

[012BS W%%lﬁ@rh@@&@ﬁéﬁs&%ﬁ%&%ﬁ%&%&oi Qg'%?;é;ﬁﬁpnsmg
4 LOS5-SP a C sl

P%oé:%n‘%s il ){ggegeilg gl ﬁ\?@?ﬁgg @(ﬁ’e%?%ﬁng}% ’;{, %&QM&?@ TV

PEfe&irberit Waresydoiirtistertes mmm&mas-zsmﬂﬁrﬁgmﬂe A/ mice.

PP PR A B RgY 14 24B 4 LO55-SPLP / anti-luc 24 h Day 14
SiRNA liposomes mix 48A 4 Day 0 SQ / PBS mix Day 13 Day 15 48B 4y

_%_]:ggs_smann =luc 48h Day 13y QIF\)NA li o0somes
roup ; Treatment } Mol% (DSPC Chal: PEG-C—DMA Catmmefr:-"
o ) e . “Lipid) : k

A SPLP (15 mol% PEG-C -DMA) 20:50:15:15

B SPLP (10 mol% PEG-C-DMA) 20:55:10:15

c SPLP (5 mol% PEG-C-DMA) 20:60:5:15

[0228] Biodistribution of SPLP in liver, spleen, lungs, and tumor was determined 48 hrs after
SPLP administration. The results are shown in Figure 15.

[0229] Blood clearance of SPLP was determined 1, 2, 4, and 24 hours after SPLP
administration. The results are shown in Figure 16.

Example 8: Biodistribution and blood clearance of SPLP and SNALP comprising PEG-DAA
conjugates

[0230] This example illustrates the biodistribution and blood clearance of SPLP and SNALP
comprising PEG-DAA conjugates. *H-CHE -labeled SPLP or SNALP comprising either
PEG-C-DMA or PEG-C-DSA were administered intravenously to Neuro-2a tumor-bearing .
male A/J mice. SPLP comprised an encapsulated plasmid encoding luciferase and SNALP
comprised an encapsulated an anti-luciferase siRNA sequence. The SPLP and SNALP
formulations all had the following lipid ratios: DSPC 20% : Cholesterol 55% : PEG-Lipid
10% : DODMA 15%. |
[0231] Biodistribution of SPLP or SNALP in liver, spleen, adrenal glands, tumor, small
intestine , lymph nodes, kidneys, large intestine, femur, heart, thymus, testes, and brain was
determined 24 hrs after administration of SPLP or SNALP. The results are shown in Figure
17.
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72A 4 LO55 -SPLP /PBS mix mix Day 12 72B 4 L055-SPLP /anti-luc 72 h
Day 12 siRNAIi osomes mix [0223] 36 male All mice (Jackson
Laboratories) were seeded subcutaneously with Neuro 2A cells at a dose
of 1.5 x 106 cells in a total volume of 50 L phosphate buffered saline on

209%93Bnce tum ac ropriate size (typj BIG A9 9Qp77
B e B A it ol b s
destat)ipeépatet] dswtbzthives dfeEadanpitBionbbihe, SREFeandifiiidibTeréle results
HULBYERQUBIYure4848, or 72 after administration of PBS, SPLP or a

mixture of SPLP and SNALP, mice were sacrificed and organs (e.g.,
HumaplepieBanskictivevofiiiedsth iR 5 oalietie @B Aatoaiech
luciferase activity. 10 [QZZ#HCO-administrat_ion of pLO55 SPLP and anti-lac
(8230 A Eriperpplsdecoheaiiingspraie AXPSURTH Sl de apesasaene
duntfaion thgenaexaressitfdiywalefory-eigitthpursiafteriqusSIYIR furmulations

dose. .The results.ar wh.in.Eigures 9-13 ot f SPLP
B R B P R CO B e
[Opt4ke Bresimt pxpeisASIRG PE GUaAse spje fatessip RVAHIAMRIMM benine
HAVING. dibea Sk litriosnouialdans setitor T spithedapirbel avwwergibabeletbrising
ith 3H- incubated on the,cells at ejther 7C far 2 urs. ..
R R e S IR S MG He e B Wi
ndestoedzonREht el 00 s 6 PRINEA reswsed acthe catppis lipimihe SPLP.

ERRPRMP A2 DIOP ¥k 1hbedB 2B ehidnddifid 20iBSpR PP . (9B 8P LUplak @SHLP were
f§1-|1:])1|‘ ato&gsut{ir%ﬁél vsyjth greater efficiency at 37C and with decreasing
amounts 0 G:C-DMA. The data is illustrated in Figure 14. Example 7:

liver,

Bip SismibeBorerintionldB

coniuoties Chgrged
J J D [) D 3

bitrign cMA SP IS BOM pliclid PEG4pid ACharged Lipid)

A mple illustrates.the biodistribution.and-blood

€&t

B Sing—FEG-DAA conjugatel SH.EHE labeled
I
!

1= \ 24 Tty
nr - PDEC. . C r\C%Q '\n5l§\inl\0r'\l]-15minir~+nvnn|
T LI =) =\

\Jlibv%l mmmoSteTCe O
. . .

) F A 1 02.5 2.5
mutajest pgigtions:, sopgpP Treatment Mo st (BSEL S s

F EG-C-RMA FeahEE, Dop) 20:60:5:15
G pSPLP (PEG-DSG, POPG) 20:62.5:2.5:15

[0235] Luciferase gene expression was measured in liver, lung, spleen, heart, and tumors 48
hours after intravenous administration of SPLP and pSPLP. Luciferase expression was highest
in tumors relative to other tissue types for all SPLP and pSPLP formulations tested. The
results are shown in Figure 19, |

[0236] The second experiment assessed luciferase gene expression in Neuro2A tumor
bearing male A/J mice after intravenous administration of SPLP comprising varying
percentages (i.e., 15%, 10%, 5%, or 2.5%) of PEG-C-DMA.

Mol % (DSPC : Chol : PEG-C-DMA : DODMA)

A 20:50:15:15
B 20:55:10:15
C 20:60:5:15
D 20:625:25:15
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Dom A SPLP 15mol%PEG-C-DMA 20:50:15:15 B SPLP (10 mol%
PEG-C-DMA) 20:55:10:15 C SPLP 5mol%PEG-C-DMA 20:60:5:15 10

[0228] Biodistribution of SPLP in liver, spleen, lungs, and tumor was
determined 48 hrs after SPLP administration. The results are shown in
Piure082600229] Blood clearance of SPLP was determinedHPIGT2CAR 0841601677
[923Abulgifer B prPesiminiSrioYaTmeasastd téSdreustafion adntiidanasiag of SPLP.

ﬂé@(ﬁmg}@ QOMﬁrgmgm and blood clearance of SPLP and SNALP
conjugates [0230] This example illustrates the

risi EG-D
l %ééi)str f@ﬁda%?a BB R RSBSOS I AR B ER RIBEESEIOM B HEp 2A tumor
bREBeAK ddhjnigatdsr ﬁi&a@dfd&slahﬁiﬁdtﬁﬁtthﬁSHW&bﬁmﬁn%ﬁgmgl DMA

e EEFRCRMADLPEGH RS Aate adpnisisdaliayenousl o

uro-2a tumor earing maie comprise
encapsulated plasmid encoding luciferase and SNALP_comprised an

enca]psulated an anti- Iu0|ferase SIWW@H@@Whe SPLP and SNALP

" dA-tha fallowines Liaid w-d- A I'\C‘Df‘ ')nn/ f‘hnlnofnrsl CE

mateEel R

P ECHE U SRRl

TV SPLE: High PHG 5-C-D

"Udtﬁﬁkﬂbﬁmc THERUBEDLS e OMADBBACHS35 b bR
Whs detesgniined 24 hrs after administration of SPLP or SNALP The

results are shown in Figure 17. 62 WO 2005/026372
C
B RS SR e N A AP A o
hzafh&ﬁ%agwaéﬁwugﬁ%%ﬁ JfiE RS DA NS lhlghﬁsé yR8mes aplative to

otep B frigs for k8. Exemptaditbmneaeationteitalls £y SBWR iamkpeBLP
comprlsmg PEG DAA conjugates 5 [0233] ThIS example descrlbes three

C@gggiggors foIIowmg in vivo transfectlon Wlth various SPLP formulatlons

encapsulating a plasmid encoding luciferase under the control of the CMV
[@40h otﬂﬁs[@%ﬁﬂlihes&ﬁséemeﬁimzahaﬁges%edeluﬁﬁesam 881&ing delivery of

SRR SSIOI’] in Neur ale Al m ice. Iafter intravenous
encapsulati s{' % CXpTEsSIn 15 Brask Were eontacted with
administr IOﬂ 0] ormuiations comprising
SNALP formulations encapsulatmg anti-luciferase siRNA (i.e., s1RNA comprismg the
following sequence: GAUUAUGUCCGGUUAUGUAUU and targeting the DNA sequence:
GATTATGTCCGGTTATGTATT) for 48 hours in the presence or absence of chloroquine.
The SNALP formulations contained varying amounts of PEG-C-DMA (Cy), i.e., 1%, 2%, 4%,
or 10%. The cationic lipid was DODMA

Group.| . - Treatment -~ | Mol % (DSPC : Chol : PEG-C-DAA : DODMA)
A PBS -
B Naked siRNA -
C SNALP (PEG-C-DMA) 20:40:10:30
D SNALP (PEG-C-DMA) 20:46:4:30
E SNALP (PEG-C-DMA) 20:48:2:30
F SNALP (PEG-C-DMA) 20:49:1:30

[0241] The results are shown in Figure 22.
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10 C14 and C18 PEG-C-DAAs were compared to the equivalent
PEG-DAGs. The PEG moieties had a molecular weight of 2000 daltons.
DODMA was used as the cationic lipid in the SPLP. Either POPG or DOP
was used as the anionic lipid in the pSPLP. The SPLP and pSPLP were

fRovlRieR 8s follows: Sample Description, (PEG-Lipid Mol %@éﬁ&éwomw
(ahitle PE Gl inIfsi GRAOSH ddRIo  YBGiHRAM RN A s WAk PRG-DAA

"EG-DSG, DODMA) 20:50:15:15 "B SPLP (PEG-DMG, DODMA) 20!
copmggies C SPLP (PEG-GDSA, DODMA) 2060:5: 15 D SPLP

G-C-DMA, DODMA) 20:62.5:2,5:15 E pSPLP (PEG-C-DSA, POP
[03365%5: :i?%ggﬁﬁﬁ%ééieﬁﬁgﬁ?é@ﬁ@%ﬁ 4% peplpens Hgene
exjrE5S oD 8o PIDP@inR0s62ti12o5 ISATP[0RBb}dletbifesiRi¥Agene expression
[0385] MPASHIEEHA INGIeliNG-SRLSER HEA T ARA PO S éﬁ%g&?afﬁﬁg SIRNA can

Untravenous administration of SPLP and pSPLP. Luciferase expression .

silgags BRIRESPRISOmBrasErit et atneNaasudadFeey RspanasralpAdhice

e@%?&iﬁgfmﬂiéf%@%&tﬁm%tﬂlﬂzddﬁﬁl ﬁiftﬁsaﬁeré weBdiRAHINA 1LBs w&%%ing a
econd experiment assessed lyciferase ge pression in NeurQ2A

PO B BRI PSR IBE SRE PP S TULN Ad f Tob A BPpiahe

fotlomming sy areey i A PEREREGESEE T ADGU AN, adittacgeBidi)edPNA sequence:

GREEAT MO KA s); % %Nﬁﬁﬁh%a‘%ﬁé%ﬁa%glk%s)mgawg DSPC 20% :

20:50:15:15 B 20:55:10:15 "'C 20:60:5:15 D 20:62.5:2
Chalesiried 7o PEGERYE0 40001 BPPYHR 3711 (Mkes sresizs pesingbhiniravenous
adiﬁﬁﬁ%h WERSO FSN_ M}ﬁ&g&?g%ﬁﬁ%ﬂi " R4l tﬂﬁ- {Ms%&ﬁ'ﬂbt@rm iha ﬂ%ﬁwﬁ'is after
re shown.in Figure 20. e third set of experi ssess
s N S A BN P T
exptessien oushachnaristrditith totIBR{tP of BN St PRS- @iddMFhbse oejuitatasshown

E

| i Mpgious sizes of PEG moieties (i.e., 2000 or 750 daitons). Sample

Description
[0244] It is to be understood that the above description is intended to be illustrative and not

restrictive. Many embodiments will be apparent to those of skill in the art upon reading the
above description. The scope of the invention should, therefore, be determined not with
reference to the above description, but should instead be determined with reference to the
appended claims, along with the full scope of equivalents to which such claims are entitled.
The disclosures of all articles and references, including patent applications, patents and PCT

publications, are incorporated herein by reference for all purposes.

65



10

15

20

A SPLP-PEG20,-C-DMA (CHOL:DSPC:DODMA:PEG2000-C-DMA

55:20:15:10 mol%) B SPLP-PEG750-C-DMA/DODMA LLOYD WISE

(CHOL:DSPC:DODMA:PEGT7 -C-DMA 55:20:15:10 mol%) C SPLP- High
PEG75-C-DMA (CHOL:DSPC:DODMA:PEG750-C-DMA 50:20:15:15

2 -DODAC
W-}EﬁtézééﬁﬁMA:PEGZQOp-C-DMA:DODAC 45:20:15:10:10 mol%)

0.35 mg Iml [0239} dropiferd of emaleXjressgthefaBawegstiredureliver,
lung, spleen, heart, and tumors 48 hours after administration of SPLP.
Luciferase expression was highept in tumors relative to 10 other tissue
types for all SPLP formulations t@sted. The results are shown in Figure 21.
Example 10: in vitro Silencing of e Expression with SNALPs
comprising PEG-DAA coniugates [0240] This example describes in vitro
silencing of gene expression,following delivery of SNALP encapsulating
SIRNA. Neuro2A-G cells expressin iferage-Were Eoitacted with 15
SNALP formulations encapsulatiﬁg anti-luciferase siRNA &I)e SiRNA
wh&emprising the following sequence: GAUUAUGUCCGGUUAUGUAUU

and targeting the DNA sequence: GATTATGTCCGGTTATGTATTY) for 48
ours i R Ao P ERTORB A KR RUR Apne b mboit 10
formulations coftabwedt Abeyibgpamosnts of PEG-C-DMA (C14), i.e., 1%,

2%, 4%’Pﬁf}]i9%/‘bo %@hg&%%%&l%ﬁas DOD1v1A 20 Group T_reatment

Mol % SPC : Chol 'PEG-C-DAA t DODMA A PBS B Naked siRNA C
SNALP EG-EOpWRISuRIaseE mSKmPPEG-C-DMA 20464:30 E

SNALP (PEG-C-DMA 20482:30 F SNALP (PEG-C-DMA 20491:30 [0241]
The resuts are Biosumpolrd iiecdr&d IAiBROBHA26@% 2rein said alkyl groups

PCT. 004/001677 Example 11: in viva.Silenci f. Gene ExXpression
e B e s e B o L B B R P B R oy
(Cldpendinesian@deriment that demonstrates in vivo silencing of gene

expression following administration of SNALP encapsulating siRNA. 5

[0243] The expeH W sRMDMSiEaiRSaHia At alRisBHAERISRIAKE R? are the
Sam%ncapsulating siRNA can

0]

4. The compound in accordance with claim 3, wherein R! and R? are both
myristyl (C14).

5. The compound in accordance with claim 3, wherein R' and R* are both
palmityl (C16).

6. The compound in accordance with claim 3, wherein R' and R are both
stearyl (C18).

7. The compound in accordance with claim 1, wherein said alkyl groups

are saturated.

8. The compound in accordance with claim 1, wherein said alkyl groups

are unsaturated.
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silence gene expression in metastatic tumors. Neuro-2a tumor bearing

male A/J mice expressing luciferase with metastatic liver tumors were LLOYD WISE

treated with SNALPs comprising a PEG-DAA conjugate and
encapsulating anti-luciferase siRNA (i.e., sSiRNA comprising the following
sequence: GA AUGUC%%GUUA GUAUU and targeting the DNA
sequenc9§-: 10 GAT TRRSTECBEIFAPESTRT AN SNATSS fd Hr& has an
avefefjowirlgcionmutagiamahpsie G Uo@ 36 ediEnak 56 %o fH G006 B0 1/0:
DODMA 15%. Mice received a single intravenous administration of

SNALP. {g.ciferpge SXRI6aRIan aciatunoisnasdoiermiped48 PAE Ras an
after SNALP injection. The results demonstrate that administration of

BVRREND P SIS AR BRsecipmednsh TR aParE i drlfarto the site of
SNALP administration. These results are shown 15 in Figure 23. [0244] It
is to be uhderstfbozictimapehedabaveodbsceptidncisiint@ndectdin ked REG Ativen

avela#g AGleLaRN IR Mapy CRROWDG DI LB AR iR SRese of skill in

the art upon reading the above description. The scope of the invention
should, therefore, be determined not with reference to_the above
descriptith, but'JSSORITALREAR FEULBFRIHENHR refeherrit AT Gdas an

aveegp endechlaweihalangivyg thdiebollisope tofaboutisalehtalowhich such
claims are entitled. The disclosures of all articles and references,

?nd uding pate %ﬁ@?&iﬁﬁ)@gﬂé il %@%M&Ila%@i%g?aﬁ’ 918 PEG has an
incorporated herein by reference for all purposes. 65 LLOYD WISE

averggq Rplrsudar NiRigEEPfeb et QOMBENS: of Formula I having the following
structure: R1 R L-PEG O (I) wherein: 5 R'and R are independently
selectedland arEhalkéytogroupsohaeindadronwitheliithil , tielabents2id canbster

A e R S e

mOighp B IANaEnkeTareaelfra srtheny dukce srErtinyceriama (De) meighstyurea

linkée bleRtRM O HRLrSiRARY), 4 GhEIARE 1G0YIHGRE),. SnubBR£RAREN
.accordance with clajm 1, wherein R1 and R2 are the

moiety and combinations thereof.

15. The compound in accordance with claim 1, wherein said non-ester

containing linker moiety is a carbamate linker moiety.

16. The compound in accordance with claim 1, wherein said non-ester

containing linker moiety is an amido linker moiety.

17. The compound in accordance with claim 1, wherein said non-ester linker

moiety is a succinamidyl linker moiety.

18. A liposome, said liposome comprising a
polyethyleneglycol-dialkyloxypropyl (PEG-DAA) conjugate of Formula I having the
following structure:
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same. 4. The compound in accordance with claim 3, wherein R' and RZ
are both 15 myristyl (C14). 5. The compound in accordance with claim 3,
wherein R and R2 are both palmityl (C16). 6. The compound in LLOYD WISE
accordance with claim 3, wherein R1 and R2 are both stearyl (C18). 20 7.
The compound in accordance witR'claim 1, wherein said alkyl groups are
saturated. 8. The compound in acfordance with claim 1, wherein said
alkyl groups are unsaturated. 66@LOYD WISE 9. The compound in
accordance with claim 1, wherein salthPEG has an average molecular
weight ranging from about 550 daltons|to about 10,000 daltons. 10. The
compound in accordance wiga claim 9,Jwherein said BEG.has an average
molecular weight ranging from out 5,000 daltons. 5 it. The
compound in accordance with claim 9, wherein said PEG has an average
whegsiecular weight ranging from about 1,000 to about 5,000 daltons. 12.
The comRoyRg R ACGAERBALRMIL ORI AnW BRIRIR, 53I8URERIAS R0 about 10
average molecular weight ranging from about 1,500 to about 3,000
daltons. 13. The2BMBoah IR U Ence with claim 9, wherein said PEG
has an IREavBragelyatigleutaiweigihidf about 2,000 daltons. 14. The
compourig igna%%%qggt%pggn aliﬂ}nd?i"ﬁ]?elr’ rr\{\(/)hqrein said non-ester containing
linker moiety Is a member se ected from tlﬁé]'group consisting of an amido
linker moiety, an amino linker moiety, a carbonyl linker moiety, a
carbamate linkel FRdie§oR i acomitaremuighrlam dthdhithreromeritings
biodgtphidatlinker moiety, a succinamidyl linker 15 moiety and combinations
thereof. 15. The compound in accordance with claim 1, wherein said

non-estep E:ontaﬂ' '&@5%%'?&%?&& & %Rr? @Eﬁ%i‘& k\% a8 LestXIdle%b;::%%e agent
compound in accordance with claim 1, wherein said hon-ester containing

is gipestonididsprddroantgererortiitng domtinephletisragrmindrfbiotics,
imRAGRBRIRREAIM! RGBT Am W RBES IR SAICAARRAISLIMEDN the central nervous system.

21. The liposome in accordance with claim 19, wherein said bioactive agent

is a protein or peptide.

22. The liposome in accordance with claim 19, wherein said bioactive agent

is a nucleic acid.

23. An in vitro method of delivering a bioactive agent to a cell, said method
comprising contacting said cell with a liposome of claim 18, wherein said bioactive agent is

encapsulated in said liposome.

24, Use of a liposome of claim 18, in the preparation of a medicament for
delivering a bioactive agent to a patient wherein said bioactive agent is encapsulated in said

liposome.

25. A nucleic acid-lipid particle comprising:
a nucleic acid;

a cationic lipid;

68



5

10

15

20

25

moiety is a succinamidyl linker moiety. 18. A liposome, said liposome

comprising a polyethyleneglycol-dialkyloxypropyl (PEG-DAA) conjugate| oyp wise

of Formula | having the following structure: 67 LLOYD WISE R11 O R
LPEG O (I) wherein: R' and R2 are independently selected and are alkyl
groups having from about 10 to about 20 carbon atoms; 5 PEG is a
polyethy e RAEPiS HBIL g non-ester containing linker moiety. 19. The
liposome ipoBeciyiiaagiywithisliaito:d 8rdpyiBE GODINAF g i@ iioaC Hvenula I
agent. 20. The |i hgiosoqhe in; O%gl%rdalm with claim 19, wherein said
bioactive agent §a membergse ed from the group consisting of
antineoplastic agents, antibioticsR'immunomodulators, anti- -inflammatory
agents and agents acting on the gentral nervous system. 21. The
liposome in accordance with clai; 19, wherein said bioactive agent is a
protein or peptide. 22. The liposomey accordance with claim 19, wherein
said bioactive agent 15 is a nucleic a¢id. 23. An in vitro method of
delivering a bioactive ageni¥ a cell, daid methed _casppyising contacting
said cell with a liposome of clati said bloactl\@ agentis
encapsulated in said liposome. 24. Use of a liposome of claim 18, in the
wh Préharation of a medicament for 20 delivering a bioactive agent to a
patient vittergirr3aid mmuenageekt&damakﬂmgfbﬁpsdmmﬁm aB&ut 10
A nucleic acid- I;[g dbg %I mprising: a nucleic acid,

on atoms;

PEG is a polyethyleneglycol; and

L is a non-ester containing linker moiety.

26. The nucleic acid-lipid particle in accordance with claim 25, 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), and
N,N-dimethyl-2,3-dioleyloxy)propylamine (DODMA), and a mixture thereof.

217. The nucleic acid-lipid particle in accordance with claim 25, wherein said
non-cationic lipid is a member selected from the group consisting of
dioleoylphosphatidylethanolamine (DOPE), palmitoyloleoylphosphatidylcholine (POPC), egg
phosphatidylcholine (EPC), distearoylphosphatidylcholine (DSPC),
palmitoyloleyolphosphatidylglycerol (POPG), cholesterol, and a mixture thereof.

28. The nucleic acid-lipid particle in accordance with claim 25, wherein said

non-cationic lipid is an anionic lipid.

29. The nucleic acid-lipid particle in accordance with claim 25, wherein said

non-cationic lipid is a neutral lipid.
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a cationic lipid; 25 68 LLOYD WISE a non-cationic lipid; and a
polyethyleneglycol-dialkyloxypropyl (PEG-DAA) conjugate of Formula | LLOYD WISE
having the following structure: R1 10 R LPEG O (I) 5 wherein: R" and

Rz are independently selected and are alkyl groups having from about 10

to about 20 carbon atoms; PEG is a polyethyleneglycol; and L is a

non-estetcontalMnBFHRe ATbHRI Rtses riesEdaare 3eih-Haier gartdterfin said
PE@OaMlanak yuidictaimeberwéleseid Saiel teagionicdipidsing efember

elected from th cansisting of  N.N-dioleyl-N,N-di lammonium
P SR A KRB it b 1o rops1
(Cl@DaB), PRGisesddioempidx@d psbpyl)-N,N,N-trimethylammonium chloride
(DOTAP), 15 N-(1-(2,3-dioleyloxy)propyl)-N,N,N-trimethylammonium

chloride §POT M) @igliNablddipRtpyitid18 el e axy0P kARl [BaMNeS, wherein said

(DODMA), and a mixture thereof. 27. The nucleic acid-lipid particle in. .
o PR 230 Pt P bR I AL B poile

selected from the group consisting of dioleoylphosphatidylethanolamine

(DOPE) 3galmitéonasldistisisbHiniiaciafine IROP@ycarighabpim 25, wherein said
catiBRRIGHALIMFHAINELE Blohi 4616 58%IRGEP BAHAMIGROIPR (Pe3Bifedn said particle.

palmitoyloleyolphosphatidylglycerol (POPG), cholesterol, and a mixture

thereof. 28. The pucleic .acid-ipid particle in accordance.with clajjp 25, . .
wherein S5 nRCGR T SR AR B IO T e, Phercn sed

catiagidligpidi qoampickes firarmcdraaiée twithooial 4726 thherelipaighr®8nt in said particle.
non-cationic lipid is a neutral lipid.

34. The nucleic acid-lipid particle in accordance with claim 25, wherein said
cationic lipid comprises from about 40% to about 50% of the total lipid present in said

particle.

35. The nucleic acid-lipid particle in accordance with claim 25, wherein said
non-cationic lipid comprises from about 5% to about 90% of the total lipid present in said

particle.

36. The nucleic acid-lipid particle in accordance with claim 25, wherein said
non-cationic lipid comprises from about 20% to about 85% of the total lipid present in said

particle.

37. The nucleic acid-lipid particle in accordance with claim 25, wherein said
PEG-DAA conjugate comprises from 1% to about 20% of the total lipid present in said
particle.

38. The nucleic acid-lipid particle in accordance with claim 25, wherein said
PEG-DAA conjugate comprises from 2% to about 15% of the total lipid present in said
particle.

39. The nucleic acid-lipid particle in accordance with claim 25, wherein said
PEG-DAA conjugate comprises from 4% to about 10% of the total lipid present in said
particle.
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69 LLOYD WISE 30. The nucleic acid-lipid particle in accordance with

claim 25, wherein said PEG-DAA conjugate is a member selected from LLOYD WISE

the group consisting of PEG-dilauryloxypropyl (C12), a
PEG-dimyristyloxypropyl (C 14), a PEG-dipalmityloxypropyl (C16), and a
PEG-disteryloxypropyl (C18). 5 31. The nucleic acid-lipid particle in
accordafite withhaaialos agifidirithreaiielccatmsarednsier cothstaBs2fofderein said
nondRRehR R abogpE0% of the total lipid present in said particle. 32. The
nucleic acid-lipid particle in accordance with claim 25, wherein said
cationic ljpid c rises from aboyt 5% to about 45% of the iotal.Jipi
oresent i said g G s B gt AT P e
compitisiegathro RS ewherein said 10 cationic lipid comprises from about 5% to
about 15% of the total lipid present in said particle. 34. The nucleic

acid-lipidparticiennacres daiacEpi el aienniucsiaesed el d1cation ik iigisn the
omprises from about 40%, fg about 50% of the total lipid present in said .

ol oL R A SR BT B N AR B S it
wherein said 15 non-cationic lipid comprises from about 5% to about 90%

of the tofdl lipidihesereinasildindnietcl s arperdanckeichctiip il pubges the

cholBsREE0EHAPESW IR AR 2209 W&S&ﬁﬁ%_@ﬂﬂé%{ﬁmﬂﬁﬁ wsﬁﬁmgkﬁ@%arﬁcle.
from about 20% to about 85% of the total lipid present in said particle. 20

37. The nucleic acid-lipid particle jn accordance with claim 25 rein .

nid P AN e G LR R P I 0 LB Dbt B i grin o
PEGigithgresejugitesaibE Qadilotey88ypEbpyh (i€l€ie acid-lipid particle in

accordance with claim 25, wherein said PEG-DAA conjugate comprises

from 2%tn abowkdpiéat theitaid baidasesantdnisaid warpakiele s 39hdbR the

nuclejc acid-lipid particle in accordance wigw laim 25, wherein said

PE Gy DA Ao KBS LGS AORSh (o bout 1006 of he total lpid
present in said particle. 70 LLOYD WISE 40. The nucleic acid-lipid .
particle #baccoldamuelviithcifalipi@Bavitiersipcseidance with claim 25, wherein the

PEG-DAA conjugate is PEG-dipalmityloxypropyl (C16).

47. The nucleic acid-lipid particle in accordance with claim 25, wherein the

PEG-DAA conjugate is PEG-disteryloxypropyl (C18).

48. The nucleic acid-lipid particle in accordance with claim 25, wherein said
nucleic acid is DNA.
49. The nucleic acid-lipid particle in accordance with claim 25, wherein said

nucleic acid is a plasmid.

50. The nucleic acid-lipid particle in accordance with claim 25, wherein said

nucleic acid is an antisense oligonucleotide.

51. The nucleic acid-lipid particle in accordance with claim 25, wherein said

nucleic acid is a ribozyme.

52. The nucleic acid-lipid particle in accordance with claim 25, wherein said

nucleic acid is a small interfering RNA (siRNA).
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non-cationic lipid is DSPC. 41. The nucleic acid-lipid particle in

accordance with claim 25, further comprising cholesterol. 5 42. The LLOYD WISE

nucleic acid-lipid particle in accordance with claim 41, wherein the
cholesterol comprises from about 10% to about 60% of the total lipid
present in said particle. 43. The nucleic acid-lipid particle in accordance

with claifr41, BRs e sckbliiterarticdnipAsesdrars BHBHBmR X AsEIR said

nucitadlihesataldipidpesrpritsaisrpagicle. 44. The nucleic acid-lipid
particle in accordance with claim 25, wherein the 10 PEG-DAA conjugate

is PEG-d4 ' ( [ ticl
P Wy IR (A o R UG AL PIEIS Muerein said
theIFaEfGUGIHWﬁ%‘iS/Rf%WﬂIGW'S(de@&Wh@%cIelc acid-lipid particle in

accordance with claim 25, wherein the PEG-DAA conjugate is
PEG-dipssmity| Sheranylo(6216)iplb il Auciedarasithiip idparss, & iierein said

accordanc |t claim 25, whe @ g) jugate is
therlg%e@ lalgfer%xyﬁlﬁoeﬁf/ t(ts,fg}n fig IQFh JeHD I-:%GlNg St particle in
accordance with claim 25, wherein sald nucleic acid is DNA. 49. The

nucleic a¥id-lipidhsArrlRiGACH:LRIA ARt Wimaskardanse Witk b vherein the

nucléiCkRie acidils muplas - Bild Hheinbciaist agiskinin IPAALEIR I8 A6PEIBDS . of
t%alm 25, ‘ﬁlhereln ?@I nucleic acid is an antisense oligonucleotide.
Sal & WUtRNE Sefeligid e WHERSrdance with claim 25, wherein

said nucleic acid is a ribozyme. 25 52. The nucleic acid-lipid particle in
accordafAde witAdaiwales apiddipihpsaittlnncietordent dsvatls nleithiAte didrain the

mcRNALIIBNAY £kl QYR WiBkide I%M&!ﬁl g} Hpégaﬁécf tUGE Rcubation of

accordance with claim 25, wherein said nucleic acid encodes a
saidparicle ifi s BuRIc SRS mENtehe nucleic acid- -lipid particle in

accordance with claim 53, wherein said therapeutic product of interest is
a peptidé&or protkemusibl. abivelipittieicicleithlpicindanticlwith elecor2ifvdeerein the

mucllNIRT R, wherein seich U BRAMIC BRI SLiRrest s @ omal

interfering RNA (si

59. A pharmaceutical composition comprising a nucleic acid-lipid particle in

accordance with claim 25 and a pharmaceutically acceptable carrier.

60. A pharmaceutical composition in accordance with claim 59, wherein the

PEG-DAA conjugate is PEG-dimyristyloxypropyl (C14).

61. A pharmaceutical composition in accordance with claim 59, wherein the

PEG-DAA conjugate is PEG-disteryloxypropyl (C18).

62. A method of introducing a nucleic acid into a cell, said method
comprising contacting said cell with a nucleic acid-lipid particle comprising a nucleic acid, a
cationic lipid, a non-cationic lipid, and a polyethyleneglycol-dialkyloxypropyl (PEG-DAA)

conjugate of Formula I having the following structure:
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56. The nucleic acid-lipid particle in accordance with claim 25, wherein the
nucleic acid in said nucleic acid-lipid particle is not substantially degradedt QYD WISE
after exposure of said particle to a nuclease at 37 C for 20 minutes. 10
57. The nucleic acid-lipid particle in accordance with claim 25, wherein the
nucleic acid in said nucleic acid- I|p|d particle is not substantially degraded
after incubation of said particle in Serum at 37 C for 30 minutes. 58. The
nucleic acid-lipid particle in accordirelce with claim 25, wherein the nucleic
acid is fully encapsulated in said nucteic acid-lipid particle. 15 59. A
pharmaceutical composition comprising a nuclelc acid-lipid particle in
accordance with claim 25 and a¥har ptable carrier. 60. A
pharmaceutical composition in acc8rdance Wwith claim 59, wherein the
whdt&f-DAA conjugate is PEG-dimyristyloxypropyl (C14). 61. A
pharmacqutlcal ompasition in accordance with claim 59, wherein the 20
PEG-D %%%ﬂvﬁ%g%?é%é%@é%‘i@ié?}ﬂﬁ%}ﬁ%@fF(éﬁﬁ)greﬁp%hﬁ‘(é‘ﬁﬁd‘f%lfabo“t 10
introducing a niekticuaclldntsoa aethssaid method comprising contacting
said cell};ﬂg a nuqlel aludg;l | 1part cle comprising a nucleic acid, a
cationic 2o’ c onic %8 ’an
poIyethﬂeﬁ@mywsmaﬁQWwaWGKPE@mM) conjugate of Formula |
having the following structure: 72 LLOYD WISE R'R\L-PEG O to

whereingR1 antiid zcaigdndepenaaatycselasiadand wheratk i grauRsal hydroxyl
v ou 10 to ab ut 20 caybon atoms; 5 PEG is a
gro’f)%ﬁﬂ%ﬁé%ﬁ@%%ﬁ% S%%"‘Ewé t%%&é? gghtaining linker moiety. 63. The
compound in accordance with clalm 1, wherein the terminal hydroxyl
group offéaid PEG ¢emppatitincgcnidanehiathylaro bpveereiniehes missunén

Seléae@cggﬁggﬁcg%yglg&@mnjg Jrherein L has a formula 10 selected from the
group consisting of. O

~ ! - :‘/\/O Nrri \/\ )k/\ﬂ/foe\
S : ) d -/ N
Hi& \n/ an N

L) O O

wherein the dashed line indicates the point of attachment to the PEG terminal

oxygen and the wavy line indicates the point of attachment to the rest of the compound.

65. The compound in accordance with claim 1, having the formula:

PEG/L\i/O

wherein PEG is a polyethyleneglycol, and wherein the terminal hydroxyl group of

H

said PEG is substituted with a methyl group.

66. The compound in accordance with claim 65, wherein L is a carbamate
linker moiety.
67. The compound in accordance with claim 66, wherein L has the following

formula:
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~'/~1i011/,and N H O H O wherein the dashed line indicates the point of

attachment to the PEG terminal oxygen and the wavy line indicates the L 0YD WISE

point of attachment to the rest of the compound. 65. The compound in

accordance with claim 1, having the formula: PEG 15 wherein PEG is a

polyethyleneglycol, and wherein the terminal hydroxyl group of said PEG

is substituted with a methyl group. 66.Thecgomgpynd in accordance with

claim 65, wherein L is a carbamate” Nnk&r maiét 20 67. The compound

in accordance with claim 66, wherein L has tii following formula: 73

LLOYD WISE H 10 wherein the dashed line indicates the point of

o RPN ah 080 A0 NN ARLINR AICPIRS (i

point of attachment fo th e rest of the corfpound. 68. posome |n
oxyaec@pddhcéfmmmdlw,ememmw@ at@zitphmszmrtydlcxyst 5igheporopeid.

PEG is substituted with a methyl group. 69. The liposome in accordance

with claim; 18, wihengiosohém adasiiide: walectas ToryvibrigrasReaamsistigoxyl

dll’_l,]:flill/ and N~ O @] heI‘EIH e dashed line indicates the point of

gI‘Olg%t a1 \%

bﬁtlg&ete?ﬂ ETRA %Ouﬁ’ ‘and the wavy live indicates the

point of attachment to the rest of the compound. 70. The liposome in

accordafle withhgirasesevihegesirienec PRI chimnl Sorljetsatd- has afrmula

selaliowing {ﬁg@gl@p HE&sting\Wherein PEG is a polyethyleneglycol, and
wherein the terminal hydroxyl group of 15 said PEG is substituted with a

methyl group. 71. Tk(\)e liposome in accordance with claim{0, wherein Lisa

carbamate
\I,\/l'kN'Z'{ ,\\/\/O\n/ J_,J“’ and ,\/\NJJ\/\”/NRR

H J e} (0]

wherein the dashed line indicates the point of attachment to the PEG terminal

oxygen and the wavy live indicates the point of attachment to the rest of the compound.

70. The liposome in accordance with claim 18, wherein the PEG-DAA

conjugate has the following formula:

PEG/L\i/O

wherein PEG is a polyethyleneglycol, and wherein the terminal hydroxyl group of

said PEG is substituted with a methyl group.

71. The liposome in accordance with claim 70, wherein L is a carbamate
linker moiety.
72. The liposome in accordance with claim 71, wherein L has the following

formula:
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linker moiety. 72. The liposome in accordance with claim 71, wherein L

has the following formula: 74 LLOYD WISE H 0 wherein the dashed lingLoyp wisg

indicates the point of attachment to the PEG terminal oxygen and the

wavy line indicates the point of attachment to the rest of the compound.

73. The nucleic acid-lipid particle in accordance with claim 25, wherein the

5 terminal hydroxyl group of said PEG is substityged with a methyl group.

74. The nucleic acid-lipid particle in)aCBQLd@miﬁNm claim 25, wherein L

has a formula selected from the grou\p consisting of: I /H JQ~H O 4c

UN/and N~N NH O H O wherein the dashédl line indicates the point of

attachment to the PEG terminal 10 oxygen and the wavy line indicates

the poinkobaiiacivaeicwliheirdthaaithe semuundchibent b6 thel PEE terminal
o B A TR S R B R

polyethyleneglycol, and wherein the terminal hydroxyl group of 15 said

PEG is ddbstitutbe kel pastiinidrsdicly & auserAeeteivideideiipid padirin the
terninBOBRIANCE WIS C4AIAPES: WheIalRledvanGaHRANBIRlipker moiety. 77.

The nucleic acid-lipid particle in accordance with claim 76, wherein L has

the foIIO\yjpg fo&rﬂula: 5 LL%XD. ISE .HO

¢ nucleic acid-lipid particle in accordance with claim 25, wherein L

has a formula selected from the group consisting of:

o) O

H H
\,:/U\ % :\\/\/o Nx:)i :,’\/\ )k/\”/fo\
; NS ' \([)]/ and N

H 0

wherein the dashed line indicates the point of attachment to the PEG terminal

oxygen and the wavy line indicates the point of attachment to the rest of the compound.

75. The nucleic acid-lipid particle in accordance with claim 25, wherein the

PEG-DAA conjugate has the following formula:

o)

PEG/L \/K/O

wherein PEG is a polyethyleneglycol, and wherein the terminal hydroxyl group of
said PEG is substituted with a methyl group.

76. The nucleic acid-lipid particle in accordance with claim 75, wherein L is a

carbamate linker moiety.

77. The nucleic acid-lipid particle in accordance with claim 76, wherein L has

the following formula:
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wherein the dashed line indicates the point of attachment to the PEG

terminal oxygen and the wavy line indicates the point of attachment ‘OLUb% WISE

rest of the compound. 78. The method in accordance with claim 62,
wherein the terminal hydroxyl 5 group of said PEG is substituted with a
methyl group. 79. The method in accordance with claim 62, wherein L has
a formula selected from the group consisting of4ffOj H O H H~i JN/ and N

~N/ O H O wherein the dashed Iin‘ﬁ/mdj;e@\':ﬁgﬁﬁoint of attachment to
the PEG terminal 10 oxygen and the wavy linie indicates the point of
attachment to the rest of the compound. 80.@he method in accordance
with claim 62, wherein the PEG-DAA conjugate has the following formula:

rF:EdG Wh@ﬁ@ﬂ&ftﬁ@dk}%&%ﬁh@ﬁ@ﬂ@ﬁ&&h@@hﬁ@e\ﬁtﬁ&i@ﬂ&ﬁfﬁi@tﬁﬂﬂ%ﬂemmal
ydro roup 15 of said PEG is substituted with 3 methyl group. 81. The
o RN e 3 A AR i 56 CHBF 1o L 0E Hegpind.

moiety. 82. The method in accordance with claim 81, wherein L has the

following/&ormulae rethpdiv Bcvwidmed-with olineréih wherdinsthe detiminal hydroxyl

grotpficases ihe polnb@fiaitachmenhian i8S terminal oxygen and the
wavy line indicates the point of attachment to the rest of the compound. 77

79. The method in accordance with claim 62, wherein L has a formula

selected from the group consisting of:

0 | H Q H
\/,;/[J\Nfs{ »\/\/O\H/N,ﬂi and j/\/\N/Lk/\WN{Q
H o H 0

wherein the dashed line indicates the point of attachment to the PEG terminal

oxygen and the wavy line indicates the point of attachment to the rest of the compound.

80. The method in accordance with claim 62, wherein the PEG-DAA

conjugate has the following formula:

L\i/
PEG™ ©

wherein PEG is a polyethyleneglycol, and wherein the terminal hydroxyl group

of said PEG is substituted with a methyl group.

81. The method in accordance with claim 80, wherein L is a carbamate linker

moiety.

82. The method in accordance with claim 81, wherein L has the following

formula:
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wherein the dashed line indicates the point of attachment to the PEG terminal

oxygen and the wavy line indicates the point of attachment to the rest of the compound.
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