O L- 1 N-WATER EMULSI ONS THAT CONTAI' N NUCLEI C ACI DS RELATED APPLI CATI ONS

[ 0001] This application clains the benefit of United States Provisional

Appl i cat iwo 2biB/006884505, 091, filed July 6, 2011, and Uni Pet/USt@Rms5840

Provi sional Application No. 61/585,639, filed January 11, 2012; the entire
contents of each of the foregoing patent applications is incorporated
herein by reference. SEQUENCE LI STI NG [ 0002] The i nstant application

contai ns a SequeicAN-WATEREMOLSTONSS HELEONPLIN KB LFICARSIDs format via
EFS- Wb and is hereby incorporated by reference inits entirety. Said ASCl
copy, created on July 5, 2012, is nanmed PAT054719.txt and is 32,421 bytes
in size. RAKERINBIGEATIENSNVENTI ON [ 0003] Nucl ei ¢ aci d t herapeutics have
prom se for treating diseases ranging frominherited disorders to acquired
conﬂi tions sugh)oa]s Cgﬂﬁehpplicﬁh’_fl(ﬁﬁtdé@hﬁ glieS(BéﬁEﬁE Sof( A:JD@@E_, stear Prdifiisg&ﬁBE,
arthritis, and neurodegenerative disorders (e.qg. ar ki nson' s and

Al zhei merii® l?a“RBtNooﬁWg%%Lffﬁ‘i’fjc{‘i%ﬁa?mdeﬁ‘i‘eds{JB’éedd%tFﬁe%gFQéf&flqn&I fapiirtion
genetic def is¢ise563, Hed ﬁ%&f;@,xm@,st% QR fcoRXAYSNO4S FERE ORI BHYGIatent DUt
nucl eic acid can also be delivered to inhibit endogenous gene expression to
provi de applifafigéuinFepaniedbercinbyigipiciécon of gene expression can be nedi at ed
by, e.g., antisense oligonucl eotides, double-stranded RNAs (e.g., siRNAs,
m RNAs) , SHQUERNCEMTBFINGO004] A key step for such therapy is to deliver

nucl eic acid nol ecules into cells in vivo. However, in vivo delivery of
nucl eic acid | ecul es, .in partjcul ar RNA nol ecul es, .faces .a nunber of

t echni cal hur E@Q 1 F&ﬁ%t“}“ﬁ@eapt’ CapeR | QNS gh QP eFmINGRE eﬁ@ég hay D&l 1
life of Rimittbd &CASEI fortbt Gial BEDNeY ABAYtheréBy SROIVARed BEGefeRn& in HUT I eck,
Eur. J. Bioch. 270:1628- 44 (2003)). Efforts have been_nmde to increase

st abi | i t PED; ekt 2Gl _RRRY- siFatcA on il %20 Ehéniaiad BdHT IOk Bdds Shdwever
there argygeuefial 1 nstances where chemical alterations led to increased
cytotoxic effects or |oss of or decreased function. In one specific
exanple, cells were intolerant to doses of an RNAI duplex in which every
second pﬁ%gaﬁgpﬁnﬁﬁg(F%Efgégﬁl sphorot hi oate (Harborth, et al,
Antisense Nucleic Acid Drug Rev. 13(2): 83-105 (2003)). As such, there is a
need to devel posiel i Waticsyrl tRerpdutiat havaprodbd o€ freBnf fdisedsen tangii@ Hivhs of

nucl ei ¢ aci d ecules (in partj.cul ar RNA nol ecules) in viv licit a
t her apeut"i‘}t‘?“FegDstS&ngéi, to ‘ﬂ“”EeHéEPn Qs shgh ‘tsdi'i‘P‘E?rftIBH’f‘i‘Ré)s ﬁ&?@f@ers[(gé]ég} ﬁlﬁ"(ﬂ ei c

aci d baseghedacatiies, aldencardadchéatid ¥ifordRP(QaC ParkidsoaCHdNALhGRer'shONoeXxanpl e,
i nt ranuscul ar &ﬁh& i mruni zation of plasm d DNA encoding for antigen_ can

i nduce cényueafungHenah gerse Af delinsirddo Fepaip dresrlicRbcipcyos MdugyEiPHStIOR AL | enge.
DNA vaccicRsen&sf he pRUMAL Bub IR AUESaOMEY b defidértd RN@hibM A JARSus YShNT
protein antigens, or attenuated ég?hogens. For exanple, as conpared to

prot ei n \FEREISHESO PONMegberrsatc effgst blahipiios of genecxpreesiqnreap be Mmediaeg by
proper| y ol deloARt bashubiBlds Baliograon GR! @D, RUALN HRRALAL LAY a
cellular 1mmune response. DNA vaccines also do not have sone of the safety
probl ens rkeswedsated with killed or attenuated pathogens. For exanple, a
killed viral preparation may contain residual |ive viruses, and an

attenuat ed Vi [ged4fTRY AL REH fALCH BUSHY is kOdFivBATBRASRIGn AREMQTMP Sells

in vivo. However, in vivo delivery of nucleic acid molecules, in particular RNA molecules,

==

faces a number of technical hurdles. First, due to cellular and serum nucleases, the half life
of RNA injected in vivo is only about 70 seconds (see, e.g., Kurreck, Eur. J. Bioch. 270:1628-
44 (2003)). Efforts have been made to increase stability of injected RNA by the use of
chemical modifications; however, there are several instances where chemical alterations led
to increased cytotoxic effects or loss of or decreased function. In one specific example, cells
were intolerant to doses of an RNA1 duplex in which every second phosphate was replaced

by phosphorothioate (Harborth, et al, Antisense Nucleic Acid Drug Rev. 13(2): 83-105



[ 0006] Anot her limtation of nucleic acid based vaccines is that | arge doses
of nucleic acid are generally required to obtain potent imrune responses in
non- humarwprnmstess4and humans. Therefore, delivery syst eacs/ianad2adisuyant s
are required to enhance the potency of nucleic acid based vacci nes. Various
nmet hods have been devel oped for introducing nucleic acid nolecules into
cells, such as cal ci um phosphate transfection, polyprene transfection,

pr ot opl agboohys iAQRuctetHRedil PRQIIAS HARIop e iV QisReds R caN il drRefrRERhd On.
[ 0007] Cationic |ipids have been mndeIY formul ated as |iposones to deliver
a

genes i ntgoseth pEnucignpsidanoleaesfingagtienlay Rdouelecudds) @aivgrte cidmy can
dramat i cgd ¥ h@ROMGRNIDBulfABRTBELLRA, AGhby Ly of |iposonme/ DNA conpl exes

because serum contains anionic nmaterials. Recently, cationic |ipid emulsion
was devel oped to deliver DNA nol ecules into cells. See, e.g., Kim et al.,
| nt er nat i onal [W88k naNugleicpridbatsd eatdines arcaggttragiveappropgys vacqipgos] kors.

Pat ent ’\Q§arillﬁe,71§t§dn9%éﬂﬁr{ﬁ\/[?in§§lﬁﬂz gan 9GRS PONA éTEB&]H%fo?,fantgg%h L¥EHIQE nucl eic

acid nolecules to a vertebrate subject using cationitc mcroparticles. The
m cr opar tcpldulerging bwpeiakienaung adspenses andpedicci sganspoiaji¢iens- PPN vacyingcofey, a

pol yhydr : I I i oJe]! I.Ql: : I
poIyanhy%é%ﬁg%ké%h&?%g&ﬁpggPH%ﬁﬁ&%gggggghggﬁh%|ﬁggéég%%ﬂggﬁiﬁ%ng?ants.
Nucl ei ¢ dor ckamplee edoswasid ¢o prdeor BednonDiNHevascinésaer be mbretdiigctiviean oparti cl es.

V0 201 RIS BT ARCTBL STl PR S =

vol . pages urna ntr
Rel ease, imoluemespbhse. J2g8 ya&38s 350 do 2@hdye dewarf iHeaategrprohlemoaskediatedrat er

enul sion formul ations that, are ed to.enh e.in vitro and in.vivo

Uransf ect T B afeReG? B ESER doT Sl © K DO 16T PP iOnmsy et nal of

Cont r ol | echiddal B&SEusesCdnd e atfShuatpd gess mayomut2QQR] redters ard e gatic appr oach
involvin% a cationic sub-mcron enulsion as a delivery systeniadjuvant for
DNA.  The PEEOI¥RCcr on emul si on approach is based on MF59, a potent squal ene
in water adjuvant which has been manufactured at |arge scale and has been
used in a conmidoe] al Aypothppimieidn pf adicid acidbagatiyaccines is that large doses of

1, 2-di ol eoyl- 3-trinet hyl ammoni um propane (DOTAP) was used. to facilitate
intracel |ntl¥18‘F afd 2SRy A0 BT IEEY 8 tﬁﬂRPtePb‘é’fﬁnﬁF ‘%Sﬂ%‘li&%‘n BREMDRELR UL nes
hol d gr eahd pii@as SEhcke@bre Pleliva kys@nsaind adjuvants are required to enhance the potency

of nucleic acid based vaccines. Various methods have been developed for introducing
nucleic acid molecules into cells, such as calcium phosphate transfection, polyprene

transfection, protoplast fusion, electroporation, microinjection and lipofection.

[0007] Cationic lipids have been widely formulated as liposomes to deliver genes
into cells. However, even a small amount of serum (~10%) can dramatically reduce the
transfection activity of liposome/DNA complexes because serum contains anionic materials.
Recently, cationic lipid emulsion was developed to deliver DNA molecules into cells. See,

c.g., Kim, et al., International Journal of Pharmaceutics, 295, 35-45 (2005).

[0008] U.S. Patent Nos. 6,753,015 and 6,855,492 describe a method of delivering
nucleic acid molecules to a vertebrate subject using cationic microparticles. The
microparticles comprise a polymer, such as a poly(c-hydroxy acid), a polyhydroxy butyric
acid, a polycaprolactone, a polyorthoester, a polyanhydride, and the like, and are formed
using cationic surfactants. Nucleic acid molecules are adsorbed on the surfaces of the

microparticles.



treatment of di seases, general concerns have been raised regarding their
safety. The introduced DNA nol ecul es could potentially integrate into the
host genow® 2013/00683¢ to their distribution to various ti #ewAs201coudsdo | ead to
undesi rabl e sustai ned expression of antigens. In addition, certain DNA
viruses have al so been used as a vehicle to deliver DNA nol ecul es. Because
of their infectious properties, such viruses achieve a very high

transfection {Gpe TREmY £lu@ﬁ§rnﬁ§§ﬁcﬁrR%s&%e{fdlcﬁ8|b O4lish 'ﬁ@l)'aﬂdSUCh a
manner that no functional infectious particies are forned in'the

t r ansf ect(dgngeflal. (Jpegppk ontrrbekRgease aatuimsnd; PagewsPets0, 2401) deserdie possible to
rule out bk oOlor BRGRRR T EHOR RRAGAILOR BhkDS: Jikh LALHGRY gene and
viral genes, for exanple due to potential reconbination events. This al so
entails ttlhesfqbqtlgkeﬁklm%eofmmlmlesnserted into an intact gene of the host
cell's genome by e.g. recombination, with the consequence that this gene
may be nutategygpd t s Qloﬁghlﬁﬁl%fbo%olféﬁrﬁeleéil YorbiRass ipyakads apoarmy gi ve
rise to msinfornation. In other words, synthesis of a gene product which

i s vital dewribreangepioacieyvdeng oaploaicehly miuppeaslsion 2o dellé(bl’o’er natively, a

nmodi fi ed Dggdp | , S

general | yQ%er%@{ﬁg{lﬁ ? FO%O sc S%i%ggh %%gggﬁﬁ@&h i S%ﬂ talplglﬁen%)f

clinical «%gmadmhe vvatat adwlef@ntovlsch IEa(S(bQ@]qunmrttd atlﬂrﬁrscaleskd hnsdoae:nsusm intahe DNA
isintegr ! vIv re f cel |

gr owt h. C n ercmﬁg%g@ogﬁdrp?o L @”h"uad v 810l8 e}q § flinf 4 d/(laarr]nen?oantuﬁltl gpoga 2ad to
cancer onDOUWD) whousaditd ﬁnhtat%unﬂrztvehudmfcb livar§ ofﬂflesnDNENmt roduced into the cell
is to be expressed, it is necessary for the corresponding DNA vehicle to
contain a str 1pPro I t nt egrati on
of such pr ormﬁmr s] i ng%lﬁ%h Iﬁﬁ‘%\%ﬁ%ﬁo%&ﬁﬁgh i ret%ogﬁs?% ?{lverrl&egsﬁeal?

unwant ed t@htirenadfi d@n@e&)fgemehm cm@gtﬂsaavednemfawgémgaelmgrtb@lssafnny i Phet he ceI | .

Anot her r.j sk of n t C n,inmune res se (e.g. as
a vacei nelitmd C hﬁéﬁllkn ICPI coul(f oterﬁ’ Al gl&ﬁg(r:ate 1n0t%bﬁ&s\t %%I]tolrlllgodlde R tﬂel{ he

pati ent |d|rsttr¢buwhmm\taheusftmmas,gmulal‘Mdhaandmmld mtameldm@@hsmsmotunmg@sngl about an
undesi rabl.e .i mune panse. [0 | ec s encodi an_antigen or a
derivati \?gglfl?férc%*\‘mh&}%ﬂ‘@%s h&& \%§°e eﬁgsig‘e?i‘é&l Elggle tﬁiﬂ?ﬁv?f&@g‘ﬁﬁ&e% fer certain
advant ag@zcase SORFEANSRHLG JRYRrieaGatNEfusesdchBle a RMAhDARAMNTedtOh €@, kiR | Nt 0

t he host genone thus abo |sh| g.the risk of malignancies, Second, due to
the rapi d%a%eaﬂl S %ﬁqefeﬂai lr}lem%lglg?aﬁnwr tiaheo figrp g gakElet s of ten

shor t - | i ueCkorraNi0h dieNEn BEANEI0 beﬁiﬁte't@d@QFﬁe@d’uﬁb@(%\@&éf ans &ft pbRd1addt | gen.
Third, RNA nol ecules only need to be delivered to the cyt oplasmto express

the encoddaouiths Gekrof upprsfretied mppreawet tledstrodysed gsas Ashtie! gwebigh t he

nucl ear nRIBLIAB& tolpBR A NRBRLRGH G5 ents OTRAL RS cMilshh ONA-JPaRaN X %619%{”95
relatively mnor attention has been given to RNA-based vacci nes NAs and

ol i gonucliesertediaty aariatagiparcqitiia host ccHesganemebye. g egogbenaten. seéthltes t hat are

hi ghly s t Pg.ga[; as a
t her apeu'té ?%%ﬁ&e‘g@%tltﬁég% "t onaftha&gﬁﬁs%ﬁﬁ%t%Gggﬂg&c (ralllcl)a'iE fl és%ldoér e not
act i vel y mayamspor tedisingproaged. | I ott@ewords, synthesvagidygendvprodwst which is Wiat s al

ol Qa5 CGN s RGH AR o LR Bl e SR e RN EFC! "o

Medi ci ne,is axplessed, hpatglas)nmﬁ #8actallyl@gR)t deselciupdls: raarm&lcﬁﬂer mdlpluuﬁcaltlng RNA
vacci ne i o m@gﬁrala rqvec rSencodl ng P-gal act osi dase was delivered and the
i nducti o 8111 geéf't's §$ reported. [0016] Montana et al. (Bioconjugate
Chem 2007, 18, pages 302-308) describes using cationic solid-lipid
nanopar ti cl es [M42RNACpapuitievls rfsk roccgmétlter% fisantegiatedwets a ghiwwhichhiat

sol i d-11i F?rllvdolvrclﬁno g‘rfé[ | ltl?n of ceﬁt eCt FIS casNAithO 8éﬂ ma}}c ret%g]m? g%en?r?tt ion, and
the expression o é% eln iSFéscern det'ecte er
m cr oi nj ead icadita dagcaRNAup@r fqrmhteanc mmhcﬁmoremfahmumdeumdeggshe cell is to

be expressed, it is necessary for the corresponding DNA vehicle to contain a strong promoter,

such as the viral CMV promoter. The integration of such promoters into the genome of the

treated cell may result in unwanted alterations of the regulation of gene expression in the cell.
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[ 0017] WO 2010/ 009277 di scl oses Nano Lipid Peptide Particles (NLPPs)
conprising (a) an anphipathic peptide, (b) a lipid, and (c) at |east one

i mmunogernwo 28p3abs33. | n certain enbodi nents, the NLPPs a&CIwskoiconiser ate a
positively charged "capturing agent," such as a cationic lipid. The
capturing agent is used to anchor a negatively charged i mmunogeni c species
(e.g., a DNA nolecule or an RNA nol ecule). Preparation of NLPP requires

anphi pat IeiRERI HeSing N AR Aleetd $EHAEQ a5 @R fegfontd1€ o 4P HegpBRONENt and
to formnano-particles. [0018] Therefore, there is a need to provide

del i very thaigdustign piopathegeniepmi-BRiARnHpodaesUP s patiis ingeheme the fepond A ar e

useful f - ] i ; i AL i RNA- based vacci nes.
SUMVARY g%?gﬁﬁhﬁkﬁﬁﬁﬁqgﬂﬁ?gﬁgs‘%ﬁ%ﬁaﬁﬁ€gﬁg?gﬁ£%%ﬁﬁéﬁf?y relates to cationic

oil-in-water enulsions in which a nucleic acid nolecule is conplexed to the
enul si on parti®lds. RAS Bplgrdesomsodingpnratigened aderivpive thereohiey ehebaci de

Mol eCUl ESuse G hedies SRNRNACIRL S Gk o hukstoy ANSnBINL 8] ORARALLAK! €5

conprise an oil core and a cationic |inpi e cationic lipid can interact
wi t h t he FislgBNAanyot giiiegrefe chtorthie dettigenanirethesapolrhicteche rigk afmealigednetssil e to t he

emul si on SB@Jntd! (ﬁlqu the-l‘-%g%&%ﬁd%g%gof?ﬁﬁeg,Leﬁgh%?si&ao\ﬁheaf'areg%\éetkaﬁ%%ngis.%%ltl er of

about 80 nmto about sl on have rati o of at | east
4: 1. [ 0020¢r-hvslhmpidndodonenicd Jong hemapmiesiianofpiar dantigérne sSThirdy/RNAN aver age

di anmeter of abou t n d. the | si have an NP ratio
of “at 1+ edRyedRE Uy ATt BRBR, B ORI bAS: BT QUARARE AN LS
3:1, or ANAeakiculds hud pefn@@2ihrohgh thewerdar oemprane.i des an i mmunogeni c
cationic oil-in-water enulsion conprising enul sion particles that contain

an oil core a catd om. G. i pi i i : hat is
conpl exed to pﬁéﬁﬁerru soﬁéc}irll&%s%rdt%}ngﬁrggwgﬁ)ﬁ A\;}?I%S%hei%%&%g ré%%%“éﬁaf anet er of
t he enul sitomiophng bech gwen ® RN Hibasidoatcii®8. RWMAS endbligonud@Bidesnarand t he N P of

the enul sion.j.s at l.east, 4:1;: wit h oVvi so t the nuclejc acid
e o TidRatife Abat €88 bndictmdets NI PROKN RS ARe LM AELERE 70§
provi so thetastdhehaaudm@iigeracasth therh@atid e viaScimO tA RiitiorNF, eheeded by t he plasm d

A317, the_.sequence of which is shown.in Figure 7A of US Patent l'ication
No. 51/ 3GHEGUSOTRe A K THRATLY 8 SEneort e Modod-tHsoRllr ¢ har
provi so tdabatthendietil&i §ysasisfdr pRli@g-UDa 1d@esR MO thaeabadEn@NnRMoFCHI ot ei n
anti gen, and%gr %ﬁéﬁfurther proviso that the nucleic acid nol ecul e does not
encode aP'®s (%r 'Hf”ﬁﬁgferably, the nucleic acid nol ecul e encodes an
antigen, and is an RNA nol ecule, such as a self-replicating RNA

[0015] Ying et al. (Nature Medicine, vol. 5, pages 823-827, 1999) describes a
self-replicating RNA vaccine in which naked RNA encoding -galactosidase was delivered

and the induction of CD8+ cells was reported.

[0016] Montana et al. (Bioconjugate Chem. 2007, 18, pages 302-308) describes
using cationic solid-lipid nanoparticles as RNA carriers for gene transfer. It was shown that
solid-lipid nanoparticles protected the RNA molecule from degradation, and the expression of
reporter protein (fluorescein) was detected after microinjecting the RNA-particle complex

into sea urchin eggs.

[0017] WO 2010/009277 discloses Nano Lipid Peptide Particles (NLPPs)
comprising (a) an amphipathic peptide, (b) a lipid, and (c) at least one immunogenic species.
In certain embodiments, the NLPPs also incorporate a positively charged “capturing agent,”
such as a cationic lipid. The capturing agent is used to anchor a negatively charged

immunogenic species (e.g., a DNA molecule or an RNA molecule). Preparation of NLPP



[ 0022] The i nmunogeni c cationic oil-in-water emul sion can be buffered,
(e.g., with a citrate buffer, a succinate buffer, an acetate buffer) and
has a pHwoaemszoesst 6.0 to about 8.0, preferably about @®CZ/Uuseoialeisto 6. 8.

Optionally, the i munogenic cationic oil-in- water enul sion further
conprises an inorganic salt, preferably at a concentration no greater than
30mM Alternatively or in addition, the inmunogenic cationic oil-in-water

e”U|5'0“1@¢gé$ﬁﬁlﬁﬁﬂﬁéb&ﬁﬁm@wﬂ&ﬂb&ﬂh&i%QGMBﬂ&ymEQpﬁ%@ﬂ@®m§yﬁﬁiéﬁnﬁ,SUgar a
sugar alc or conbinations thereof, and or a polyner, such as a

pol oxanmemang-partiies. aqueous phase. |f present, the pol ymer can be present in
about 0.05%to about 20% (wv). In some embodi ments, immunogenic cationic
oi | -in-water i OMhérSfoks HeRNL & neddo BERRE d@lﬁ%gdgy@ﬁﬂl% $or nubMBRRAGGENI C
cationic oil-in-water enulsions are hypotonic or hypertonic. [0023]1n sone
enbodi nertdecutehe Tl delivey sysams Hieussil faingelcis aeidibascdoaerpicr depaiifulgi | that is
sel ect ed g QM dBSaQRUP consisting of: Castor oil, Coconut oil, Corn oi
Cottonseed oil, Evening prinrose oil, Fish oil, Jojoba oil, Lar d oil,
Linseed oil, Aive oil, Peanut oil, Safflomer 0|I Sesane oil, Soybean oil
Squal ene SUMNENRY, OF EHEANSENTION Wheat germ oi |, and conbi nations ther eof
In particular enbodi nents, the 0|I core is squalene The cationic lipid can

be sel ected f [amg heTﬁrsmnﬁ@fg%h&anmla@Js to datidnid loqhm{eezsmﬁrons in which
(trimethyl anmoni 0) propan 313- { (N - Di net hyl am noet hane) -

car barmy|a]%1610é§ndéﬁ&%¢cuteotc@%@@§ﬂ%ﬁhs U SEPPrPé“t“ﬁlfﬁ dTlé?&n&HI%WIC%?ﬁeﬁFﬁ ( DDA) ,
1, 2- D mgeliwd aickeidackdd MBRANLATIR B MK BRANEu(YEAR) The bRakizh bayibieS o
o)trinmethyl ammoni um propane (DPTAP), distearoyltrinethylammoni um propane
( DSTAP) , cRmprise(ap oilgoreging p €gticansalinit o e Rt g £41 intstrasy Vv Blinihe megatvellil or i de
(DOTMA) chﬁr%@cﬂh@ﬂe&ﬂé’ ﬂheﬂé‘b%@t&cﬁ%&%h@%ﬁ@ﬁlgm tﬁ@grﬁﬁlklgﬁ LRAGhe emulsion

1, 2-di ol eoyl-sn-gl ycer o-3- et hyl phosphochol | ne B

1, 2- di ol ®eyitlegheyicrpprgrhgerdandterral pbq_up&%em(thP)% rmn,zndlmewmlswlmxg/are-

di met hyl r i nDMA), Lipids EO001-E0118, and conbi nati ons

t her eof mgg%r‘)g@?%é‘g%nbodu ment, the cationic lipidis DOTAP. [0024] The
enmul sion particles can further conprise a surfactant, such as a nonionic
surfactant. PIW2eF ablysonerpabedinfeatst thpemplsion @@rtlalepbqu @n hydreggeliagroges of

(PEG -1 pj 0 r t 0.01%to
Sbour 2. Do aPuih SHEOETAER GBI RIGRERE o o R Mo R BB o bt an
Tri ol eat €)5:1, Bveen 280at(Igpol & drdvddast 3801 atdeasw3.Ednbi nati on t hereof In sone
enbodi ments, the oil-in-water emnul sion contains equal amounts of SPAN85
(Sorbtian Triglesgf e) Tﬁ@ﬂw@%ﬁ)ﬁﬁsr&%eé Q@irﬂrﬁ@{og@rh@ca&%hm 198w PRLEioR: 5% (W V)
of each particle further conprises a sur tant (]The invention al so
rel at es tcompriyieg ﬁmdsmmparmlks thef contaao g gdis a@éap@mn@ lpid, aicha pueleag acadrul si on
conpri si |.8] r L Qni C
ol S bR o bAiof it Rl S e R BB AL
particIe$HMma1mh$kmumﬁmmemmw&3m@@adxanﬁﬂbnnmﬂhhhﬁﬂbwthmmﬂﬁpaBmtcIes is
fron1abo t 8 about .1 P .of t at | east
a2 i ieret g BT e PR MR S PRI ookl B et Rl i o e

secr et ed pabdpahtasreanghbsfhtrasesisoahd tlidmlcrewat:hlenolenuws st ah RN A tivedaligl ei c

i ch s e AT g RS s o RO PO R e PURE85 “The

nmet hod conpbi/SEs892r o bdthd@ntdd)mentsC fik iiBRh GonChdlud o8 WRL ferthed Provib @s thleont ai ni ng
i rticles th t. contain i ic lipid. as

emul si on an | core and a c n

descri bed‘eaélrcé?lﬂ molgeyle (dPFS)noéﬁncé?d%@b]gévg d%r‘ﬁfF‘Fl&H“%eﬁa%n%}c%ﬁleafPW?r IRl ei ¢
acid, andh# ei¥hiubleRR@cidinol @l dokd dot ERREERYRSRIpkdIEN S BletbribfTURAGERIcGeRIAt | oni ¢
0|I-|n mater enuIS|on [ 0026] The inventjon also relates to a _nethod for

generat i rxpaa ecmle W%aq‘ g]élg%th &pd is an RNA molecule, such as a self-replicating RNA.

[0022] The immunogenic cationic oil-in-water emulsion can be buffered, (e.g.,
with a citrate buffer, a succinate buffer, an acetate buffer) and has a pH from about 6.0 to

about 8.0, preferably about 6.2 to about 6.8. Optionally, the immunogenic cationic oil-in-

-5-



in a subject, conprising adm nistering to the subject an effective anount
of an i nmunogenic cationic oil-in-water enul sion described herein. BRI EF
DESCRI PTIvoN 203/006484 DRAW NGS [ 0027] FI G | A shows t he resmectraisefizamssisn vi vo
SEAP assay, using 1 pg of RNA replicon vA306 conpl exed with CNE17 at 10:1
N.P ratio. FIG 1B shows the total IgGtiters in BALB/c mce at 2wpl and
2wp2 tinme points follow ng i nmuni zation with RNA replicon A317, which
encodes Ra¥er EmPlsRh&hrher QQ%Hls@sXﬁlqntgﬁc gﬂEﬂ\rzfera{B}fsﬁa?t% cgﬁcteﬁtragtf&ﬁ‘ﬂo tgha%%er as
particle size increased EAP expression decredsed, and the inmune response
to RSV Fihng0eh Abcrertivslydr i c@ﬂe}lehesnmm@ec HiomictoenaYafes emylsiogh RNA

conpl exa t ize. FIG 2A
chones. 1 Pt R ] L e B oS BNE 17 el of o,
and t hat coupmatican dhicorof lapdosapalyipladth a3 Opeivjanedn tesaeropariiarglé si ze. The
addi tion i [ r ¢ e exation size.
FIG 2B %’EJS%E ty%&g‘?‘?@tﬂe?‘%g‘%ﬁ? rﬁf‘lgl“tbg‘(?t 6456 A %h‘ﬁ%gr/"t(u dk@%’% FIG 2C shows
the eff ecetnbocﬂlrrpmﬂsynm’nmomlqmnmucbld}lrswzter enDESidd is[ﬁlbtdﬁESCERbfh'ﬁ ON OF THE

| NVENTI Oél R?S/Immu[n enlc] apl scl1 \llnentlroer}n ennerae %3 elcatr S etrto cationic
0i | - i n- walBPIEENP < MENE PRI RIPHC AIGRPET TPl ho el eolsy% iPpfexed to the
emul si on partl cles, the enulsion particles have an average di aneter of

about 80 nm t #03dout M RMerembodimentshibe errodrs obihe kavbioapattiePcagirises apfoilat | east
4:1. The I articl es FisS d t |cI| id. The
cationic T4 |osiS fegtg%gl nttfeer%{o?p W ?Etl%O? %esmgto%l’v(g glctﬁﬂ’rco Oﬁ ecu eedo er eby
anchor i ngvtineg pihesebie Rish cnlhB)JmmhlsLndop,aImhseedles,Ol'KzIeeﬂe]?ﬂahlstlouins can be used

to deliver_nhucleic acid ecul uch, as, an e to

[ 0030] ThenpRSER Rl Setisit SRoRE HE Suu TR S0 TGS oFnith St ol

r esponse ahiaémbisatioas &eﬁoﬁgapmtulw‘enaj@tlingﬁm, thaohoseds dayalbtNA, Th%ﬁfbn& cat ionic
oil -in- e contains .an F | e uIe encodi ng the antigen is
adnlnlsrg‘éngguﬁﬁa?%iﬁ éﬁmchmﬁ¥W%85NA*g§ %%e?tles of the emul sion,

i ncl udi ngufnhieny@nah ﬂﬁ@q@mmjgh@amgaﬁhbg%gﬁ?and t he anount of
RNA that is co | exe to the enul si on partlcles (i P ratio). The

i nvent or sa@ameylfiheletcrch §pC ChelesivroD admciy Wiastadpcybammaenins (BRADAFti ¢l es
| ner eas eguDEn, YA RLEAULS AR GOMDSNIAR, Qi SRl Shengnd that | arge

di aneter particles resu in lower neutraliZing tite Emul Sions in which
t he aver agengpam pr@peledDBﬁéPb riISIesromeltlmeeﬂala@@mmﬁaomm él?ﬁﬂT ZboNt[1183-nm

d R : th
verage paen EERHERILENIR bl Srnrlol Bl A o B BN P o e, and
an aver agienghyltmobeusichbridé (Ia(bBAC),ﬂOZGdlnhDylsnmrcmoeijbthylbkvosphce:helmeed Al so
Do e edplRpBl | NG RE PRl S TN RIRUER PRl dROi Iy and about

130 nm e in ors-surprrs n)éyresponse does
not have dandhylaﬁmotnomr(DLmlDMAp iﬂﬁ)hlds[E(]OOl -Ebel 8ammimtnbofat1BNAhd:rktfﬁ Ins

| exed to th f 4:1 prod d
¢ caponse HSTHE TELEHRN st Agen bl dfer N P rati os do not necessari |y

result in higher neutralizing titers. [0031] The average di aneter of
cationic oil - {0924kt efrheamhlsibmparpaleidamlfmﬁlei oon@as esurfdvaint, AMA asvl ecul es are

| d to t f.f ) b | i f
o ont dobiip S H] Prip EMR SRRt PO Ay BRI ety PERGRE L D1 " P
bi ndi ng afhe @u@dcamt:caﬁcbbgéee?tecm m&)uhofrmrhebcmltm:o$%oﬂalmﬁ1t26% ®gv). tihemef ore, the

ou e I.Nn. O ow._co e. , No
o R Ran e R SRR e sotial DtierFL TR e et e e ¢ o

reduce t hempmaﬁdrﬁhee&l 25 dnitCn @RI R cHBUGE dil iy wake brehiSioR Goitaisdtahiexat i on.
Agai n, hydrophilic poléémers can inhibit bindi nfj of nucleic acid nol ecul es
M

to the eminountyal ANFL(Sedtiap feolestpraad Trpent YhwpNrabs FYnir cmnleddted be
present iRA90t sach PAHiEIOMGERRE EjrRAS: {ffalant. about 0. 05% to about 20% (w v)).

[0025] The invention also relates to a method for making immunogenic cationic
oil-in-water emulsion comprising emulsion particles that contain an oil core and a cationic

lipid, and a nucleic acid molecule that is complexed to the emulsion particles, and wherein
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[0032] Cationic oil-in-water enul sions that contain an RNA nol ecul e encodi ng
the antigen can be admnistered to an individual to induce an i mmune
response wo 2ots@oesseaoded antigen. When the cationic oil - POTWSR@ER/0€3840 Si ons
are used for this purpose, it is preferred that they are isotonic. However,
because inorganic salts can inhibit the binding of nucleic acid nolecul es
to the enulsion particles, tonicity is preferably adjusted with a nonionic

toni ci fyiio@a8dHiambRr &8 &hi1G6h SIBAL TBBSIbohR8 16 BMItq 3@ hm-ahdmpat er
enul sions that contain an RNA nol ecul e are adjusted to 250 mOsn kg water to

about 320VRoEE RGuliDRAgatdeast fybirithsdhearoviay bbbt neplcie b maleeilo dogsimet eof

2. DEFL NI Th QNS [ DQ2E1tint SRApRALE! g il BB nol Ao WRciciBacia ndfkecynd. "t he”
i ncl ude P UI‘a|S rererence UPI ess the content clear Yy I ctates ot Hervvl Se.

[ 0034] Thas 1apaRNghengodeddy thesdebntieAd 17, itheef sequeneofwyhichlig ghayn in FigareaiBA of

[ 0035] Th S te A4 t : - rs.to any
ol ocul & Ui ABficRSh R0 ish 592 P ho i A04 HERRAEH} Y FENRTRAD,

ener get i caltdrgmph®hecetanhy emiuleion pyrtivlat €at, coatach a dilyodreomt @ lhtongr lipagpasnhi ch i s

n ot well dsspclri %ﬂt}?ecrieirl? %n\fi\fﬁ ealil'a E%es to%tfgn':[}pa rloin r%rilsc r?uu{efcaa%} Qrgcil oim%inal1 Kpown ter m
in the art"a genera Q P EfEPES 190 R SUF FACT Ant "ot ¢y & WEEE ophilic

group ( e.aqd (ii)pladrety ngrkdigphidiimmuobdgealceatisnisdibin-eatl gnuddiar. ged. [ 0036] The term
"polynmer" refers to a nol ecul e consisting of individual chem cal noieties,

whi ch may be a r different. that are doined.together, ed

ner ei nthe. t 28 DoThEy houELS My O i b IR LA g (OB Rae are
] 0oi ned enla tubjeendomprifigy adnanikteriesato tiotubect «@ effagiveehmbu@f knohnrurdgalic chem cal
noi eti es 'toi ned to\ge%t her 1i.n he‘bf$ m.of a branched (e.g., a "nulti-arm or
"star-sh éodnc)o%{nf (VT R a5 Fﬁﬂ ) {}erﬁIBI ymers include, e.g., poloxaners.

Pol oxamers are nonionic triblock copolynmers having a central hydrophobic

chai n of BRIEFADXNSCRBAIONOFIHEY DRAWINERe oxi de)) flanked by two
hydr ophi I i ¢ chai ns of pol yoxyet hyl ene (poly(ethylene oxide)). [0037] A

the. sl ut | on. 1[30as] RS ULCHSReRRrRu b Ehet SEARASPEQPET PN o
nucl eot i dejlicoret £30® dompixed with CNE17 at 10:1 N:P ratio. FIG. 1B shows the total IgG titers

in BALB/c mice at 2wpl and 2wp2 time points following immunization with RNA replicon

A317, which encodes RSV F protein, complexed with CNE17. These data show that as

particle size increased, SEAP expression decreased, and the immune response to RSV F

protein decerased.

[0028] FIGS. 2A-2C show the effects of RNA complexation and different buffer
compositions on particle size. FIG. 2A shows that RNA complexation increased the particle
size in CNE 17 emulsion, and that sugar and/or low salt (NaCl, 10 mM) decreased particle
size. The addition of Pluronic F127 reduced particle size to precomplexation size. FIG. 2B
shows the effect of citrate buffer on particle size. FIG. 2C shows the effect of polymers on

particle size.
DETAILED DESCRIPTION OF THE INVENTION
1. OVERVIEW

[0029] This invention generally relates to cationic oil-in-water emulsions in
which a nucleic acid molecule is complexed to the emulsion particles, the emulsion particles

have an average diameter of about 80 nm to about 180 nm, and the emulsion have an N/P



nucl eoti de that contains one or nore chem cal nodifications (e.g
substitutions) in or on the nitrogenous base of the nucleoside (e.g.,

cyt osi ne wORo1ddoyssune (T) or uracil (U)), adenine (A) oPCHOB20A4I8EB) ). A
nucl eoti de anal og can contain further chem cal nodifications in or on the
sugar noi ety of the nucl eoside (e.g., ribose, deoxyribose, nodified ribose,
nodi fi ed deoxyri bose, six-nenbered sugar anal og, or open-chain sugar

anal 09) , 19l draeicRAAAPNAL emuloh PO ORAIARLTLASROAR! PAREAL 40391 Ao use
herein, "saccharide" enconpasses nonosacchari des, oligosaccharides, or

pol ysaccleafianirelipiq ?ﬁnsltltleﬁlp@ﬁltth bhargatively ehangedirenieaslc thercky anehsingaltd on t her eof

to form %o‘ié’%ﬁﬁeﬁé? HeQFufhleH rtlcgs' 9‘9@ Gfahd AR %e eﬂ té@&&@?ﬂdof&ﬁ?cm%v' ng two or

more monosaccharide residues. es of sacc ar|des inc gl ucose,
mal t ose, mni¢w@s,rsu65@,anr?é‘iftomlﬁwla(t15@lls sucrose and trehal ose. [0040] The terns
"self-replicating RNA," "RNA replicon” or "RNA vector" is a termof art and

generally ref gjspp aﬁh%éﬁmn@&fﬁoﬁ VL& ol e &%@%‘y%a@tm Hhih&Rlbddndct S OWn

anpllflcatlon or sel ication in vivo, typicalfly wthin a target cel
The RNA rtlapisireiord agsln@tsa@dnmeme‘mdnyledwRNéuWhQﬂvecatlelquﬂelwnter ¢rawlsiomt r oduct i on
of DNA i L ion woul d
occur. B@ﬁ Ss?nr%ﬁ%?lh @g&ﬁ@%@ﬁ%ﬁ&@ﬁrﬁ% %@gt&&' %e?#@égr{\é}gqﬁta% t e&E:a)I/? %)pl asm of

t he host atfedtéd bmrbpmmmﬁﬁlereamﬂsu@atnlcludmgrﬂtt atvmagcsdilamﬁt@nofolﬁe ¢rmdsipret er ol ogous
nucl ei ¢ aci nc CH cient | haV|r

self-repllrélgesa 4§$ﬁ§OME conﬁgﬁnlﬁ%%m%%¥?gﬁﬁ% fm%glf§wsﬁe$§%ﬁgﬁ

order: 5'The nnvahtoseiqmenm%thatetqm\reea@e dianetes of mulmelpparmaes mafrez(sed \sh)enr ef er red to

as 5' CS i n background ence en expresse for
B or ogi oA B g P TR RRER o erk e MR ERRE R SRR O,
NSP3, nsRPéyer ndutralizing titese LigGeS if amwh rtlea:lavleng@pmcfle diafmeet is Gatwicom al:(oa’[ so

referred to as 3 n und) .. .and a yl.ate trac The
aIphavir&bngﬁpﬁﬁgﬂgngWnP@ﬁﬁ$d§?&ﬁ8ﬂ n%ﬂ?“aﬁggy BﬁPQPﬁ“ﬁg$FW3F“§Ebgenonlc
"juncti Oﬁwﬂﬁa@b@g’e pdi@ERER fat ths AHURAE 66thé i‘-&?@ 80 QsOpreBREE, abill atigicwdgal protein
genes or portions thereof, extraneoqus nucleic acid nol ecul e(s) which are of

a size seRRikisEROr 8kouh] 0n prarigelry AredITe e ASRBrIERS InMpHARRE B¥UHar ti cl es,
as vell asnhed 8EQla0Mia: RRAMLIHIGHSI 180 nke T8X RIVeEOERdurphididdllikbsyvetar m
"adjuvant" refers to any substance that assists or nodifres the action of a
phar macedtd gwlimnupe resfinpydase notrgye 1 fingct Bepat tslatinpnlivoP o arunedfjRNAnt s, whi ch
I ncr ease @R Bhpik¥Eloshd éﬁuhi]@n ! MNVIEraﬁ%P@P%ﬁ)dE&s %%o@d‘ﬁﬂrﬂlﬁ{é espOIE %o
i mrunol ogi cal adj uvants i1 nclude conpounds that are capable of potentiating
an i munéhesedsdatiges, nhighenyP mtrmﬂﬁ@Dtdtgp%sﬁrllsa@pldmmgletmtrplml@t| ate
hunoral agpgd/or cellular imunity. Substances that stimulate an innate
i mmune response are included within the definition of inmunol ogical
adj uvants herein | munol ogi cal adjuvants nay also be referred to as
"i mrunopot ent {88k s. Th¢ oomRp dpmetes df ¢rtiprir qil-igivatcaemilgien partiglpeingrepsgs a
nmol ecul e e: tional or
A o b S L e S B L R b
an ant i gemileiomsif @maelcoalt@nﬁheg@mulmomdmweefm) lrtoranlcdeltseqamnhdst the kinding

i mmn.()l O%E ﬁlc?)l!fwig %ﬁ(lﬁ: lgn‘éig:?ﬁl%tg t]?énen%m,lg Iga?tlélgs M!flelteporgl t C?Hﬁ r%gtﬁp ?altﬁé rsllio 1 esent

definiti use ern | es subuni t
ant i gens prdsei in ordylldvg@msemﬁahmh (ag eanplaaNMrmbautcBOdlﬂ\ﬂD;rIéﬂembd dmdpintiol e
Or gani sm leme AT useg%q T g lea sslgeol(r:llcra%seg:adsgd a;tlu% i¢ ac%cp 043] An

"i mmunol &g Eal Faspoise ones' he aeeve opment in a

subj ect ebmplckativnr Algalaﬂd/dﬁfphﬂlc (pelyhmtsa:an mhimmrtﬁnm@@fomslewtamdamblwutes gen or an
i nmunol o%l1 cal dﬂ q
e emulsion particles, therefore, hydrophilic polymer(s) should be present in only low

concentrations (e.g., about 0.05% to about 20% (w/v)).

[0032] Cationic oil-in-water emulsions that contain an RNA molecule encoding
the antigen can be administered to an individual to induce an immune response to the

encoded antigen. When the cationic oil-in-water emulsions are used for this purpose, it is

-Q-



[ 0044] I mmune responses include innate and adaptive i nmune responses. |nnate
i nmune responses are fast-acting responses that provide a first |ine of

def ense WO 2018000683UNe system | n contrast, adaptive i nNPOMUSYOIRHEIB40

sel ection and cl onal expansion of immune cells having somatically
rearranged receptor genes (e.g., T- and B-cell receptors) that recognize
antigens froma given pathogen or disorder (e.g., a tunor), thereby

provi di ng, gae%Ithdt ®d }r)ércﬁ%om@“?{&%\@ﬂ 'b@@ahse”iﬁ&%ﬁﬂ{c sa'ltE' e i@hibIMEEndigSgonses,
anong their many effects, lead to a rapid burst of inflanmatory cytokines
and actlW@ﬂP@ﬁmémKéﬁvkgéﬂheQﬂ@@éhPWﬁéﬁ%émN§YGWP@?PbbU@MBE§“Wﬁ@rophages and
dendr i ti Gofighil Soniclf bl bl ?’g/‘;&éﬂ%rr@@ rﬂ@cﬂﬁrﬁ?ﬂtg iR i HRABSH S0k 1 nnat e

i Mmune system uses a v re atively invariable receptors that detect
si gnat ur ékat fersem paRhdgaelsculkaroausied tpa?ﬁﬂmgiénﬂ@\wm taelat 3 @Osnde pat t erns,
or PAMPs I nents to experinental vaccines is
known tol?ggg @%ﬂ E%93§§%1§%§%ﬂ$h0 nﬁ%ngt and durabl e adaptive i mune
responses. The nechani sm behind this potentiation of the i mMmune responses
has been % epoPEBRTH@NS| nvol ve pattern-recognition receptors (PRRs), which
are differentially expressed on a variety of inmune cells, including
neutrophils, p@esPPhagesed HRM kdsidbuketdrSs “dratdar ahd hd 1§cfludéthllr§1 B cells
and sonme noni mune cells such as epithelial and endothelial cells.
Engagenertfeispeepridsss thaepstonbeledily digtstesthgrgiteof sone of these cells and their
secretion of cytokines and chenokines, as well as maturation and mgration

of other cell o34 taﬁ@l@mq“ﬁﬂaius’agh@@tlﬁfe_, fferd ¥/ 2M0IRLOL Yal@NVi T ONMENt  t hat
| eads to the establishnent of the adaptive inmune response. PRRs include

h ti t h |1 t TLRs d
e by HIABSEPL RS er R Nt W Freeo B b SR 1o SheP BB or s

t hat i ndwg@n®b&gadydiophibe coUs fb. gaSa Iﬁm\gm PRVhK&QﬁéP’géHO&Lly &m&aﬁ@cept ors
and P-gl ucan receptors Reported TLRs exan&ges of sone reported

0
i gands, DWATAS avdy hdrophabie %guw%%@@hw fr?gwaéeémymt% CHRSIUMIMi ment s
of the i RYERkINON) a kAGHHEEN 1B HPhAOWNREIly Rl to(RABh@Ed: AoldcLRRoRt ei ns from

Mycobacteria, Neisseria), TLR2 (zynobsan yeast particles, peptidoglycan,
|| popr ot &¥HPhilif BoER 8- ek eupbisIPiRlRssostaticabpehiayasdcchar i de), TLR3 (viral
doubl e-stranded RNA, poly:1C), TLR4 (bacterial |ipopolysaccharides, plant

product taxol J003d|-R5 ThbaEh epdlgherd kdFa€kd 4 MSkculd &Bﬁlsﬁﬂg@ﬁﬁmmamm}m@ar ticles,
l'i potechoic acid, Ilpopeﬁtldes from nycopl as, @%ﬁ TLR7 (single- stranded
o8

RNA, i mi giaigHse,whi Reutheririne of Hiffesrmhdhat aiedpin cthFmpo v kheas
| oxori bi @&nﬁ%@lyﬁfepﬂ‘ef&s% Aedvidubk B nfi&i Hﬂieﬁe%ﬁt%?éjj%gleﬁe% toré?la't@fo%'amd) and
TLRO (CpG ol igonucl eotides), anong others. Dendritic cells are recognized

as some omearmolepyke as|mkﬂw@wd@éFhentlqu;éfylertlsﬂomﬂﬁqgaﬂmrrﬂg thefermppf ari ng of

nai ve « el, MaToTETo] IﬁﬁQ? ferentiation
into kftﬁ%¥@%§ﬁ?§:IT%%ﬁéanafﬁﬁg@ﬁgggﬁéén repg%% gglﬁghlg%&%ng ttant
role in delapmirpi h@oxahr@rscﬂnamruqnl@tfrlbtdqbS@Oqualnavmg@eientradés&qdropis)éy for

i nst ance, fic type
of it r o5bEhSEr{Z PRLHEE. oyl bR GEbERDD BBpRELERESH T,
conblnatmobomﬁﬂaMmﬁhmdym@hhmmma¢$)and cel lul ar |nnun|ty are produced as
part of a TH -type response, whereas a TH2-type response is predoninantly

an anti body r nse.

|n1dazqu|noI Bﬂ TﬁR¥ﬂﬁ%Q%§?lhg%%1 %g%§dgﬁﬁﬂ%%?g§mg:gﬁﬁ thgﬁe cytoklne
productlmmaﬁmmmnlnnune cells in vitro. The im dazoquinolines are the first
smal |, drug-Ilike conpounds shown to be TLR agonists. For further

i nformation, e. g. heRashj MooVl £ | il ., Nature
Medi ci ne 11, ‘63&868 E?ﬁ@&ﬁéﬁz %yaﬁgéznfﬁa? Iﬁﬂﬁ mﬂﬁﬁe%ﬁﬁhéﬁﬁgﬁp Clinica
and VaccmnéaﬁmhmM@b@gwns@@Gﬁywﬁﬂmimgzbméaﬁoﬁmns@Bdswhewn@wénen@egmtlted

t herein. he ne
response r eo%éﬂr’dulszggse%wh%%ﬁagos?c{e é 6 > nﬁgs%?e ttl)q%lﬁg T)%E %1{ 1(1) ad elrééu (I’Rg: whi | e
a cellul ar guammsvm@))r dspeitetdd @abgeanmhtaan ﬁldhmcha'micylrrpcbrbﬁgatlw ianddothe ot her

white bl ood cel aspect o nmuni i nvol ves an
Ant 1 gent S P pLEp BRES a0 RSl A wrRbof oo el ol e

speci f i cideyxyridosepapiictde@t bugensldghat opati-ehgi ageninathe), or ts pacdphdte.on Wi t h
protei ns encoded by the major histoconpatibility conplex (MHC) and
expressed on the surfaces of cells. CHS- hel p induce and pronote the
intracel lular destruction of intracellular mcrobes, or the lysis of cells
infected with such m crobes. Another aspect of cellular imunity involves
an antigen-specific response by hel per T-cells. Helper T-cells act to help
stinmulate the function, and focus the activity of, nonspecific effector
ceIIs agalnst ceIIs dlsplaylng peptlde antlgens |n a5500|at|on mnth VHC

o - o o Y T T



i mmunogenicity" for a given antigen when they possess a greater capacity to
elicit an imune response than the i mrune response elicited by an

equi val enwoanumsssaf the antigen in a differing conposi Pronse@2g43s4mher ei n
the antigen is adm nistered as a soluble protein). Thus, a conposition may
di spl ay enhanced i munogenicity, for exanple, because the conposition
generates a stronger immune response, or because a |ower dose or fewer
doses of anti gRAgj S NRGESIRALY, ‘LR RELCURAPask ITHIBsdcBBFRASE i n the subject
to which it is adm nistered. Such enhanced i nmunogenicity can be

det er mi nedigospephaiideargsipelysasghasiden inisseightichein & Gemionss. oF vroinaties thapént i on
and an and GaR SORIRIE, BRLIBl. A LOTRALANE nAS5AK IS S Of Lhe two.
3.CATIONIC O L-IN-WATER EMULSI ONS WO 2013 00683 /' US2012/ 045840

[ 0048] Thenanasacdniride whidu¢sn Bxamples efrradobprades inglusle gbls@d, heltase, madotsioganer al | y
descri bed jift; @B&%ﬁgmhﬂghﬂ&ﬁ conventional in the art, by concentrations
of conponents t are used to prepare the emul sions. It i's understood in

the art that during the process of produci ng enul sions, including
sterilizati on[Mdl ot Abe terowirstreadindpeddess ERNAgpplicon ers RiNAs vasfor pisla (e.g.,
squal ene)ter d%h%ﬂh gedefaﬁ)l Qeféleto 9n 'oalpgule &Blcﬂﬁsrb%éab%)&mﬁ%&&tgqtsm be | ost,
and the actual congentr tlons of these conponents I n nal “product
(e.g., a ap@hﬁeegienl or gtigeplicez@dneriul ‘fsploailytwatm a!argeeaeily TheRNAdreiphéastis at i on)
night be r n bout 10%
or by up 8 ABE VO B L PR on AR P BB SRl s
conpri se naciemmWhem)nrasarmiomwoalnloocurcBlyhlplhglthe'ﬂm &aitorcfm cbrel:tl ctehderszamm nt er act
with the nucleic a nol ecul e, for exa e t.hroygh eI atic forces
and hydr SBHSPF R GSEE fofinepSia FRERe Py By ibn SR BRI S el e o

aci d nol eaclbie atid stduenceroatiss efficipatiyt. | Al phavirhedantd wnﬂlepledaiuthNmn@escrl bed
herein are ark%gﬂlarly sui tabl e for del | erlng a nuclejc acnq.nnlecule
such as &AM %Ml RUE EICBTRE ) 178UIHI A ‘?rgge(ﬁ“?irS BITRGCP ST P& RNA to

cel I's i n ryilié@ionkBIko RXRRAkEas & bsEclaugh@dgtcﬁm@)rmdqamesswmelsGameb@ﬁbr&@écel n provide
advant ages f or dellverlng RNA t hat encode antjgens, includ

sel f - r eplcPEIOr Higlomiqalyy achike YRRRTHRRONSIERAE B PTefEIn &rg i 1 basy, nﬁ‘%enﬂj“l)’-i n- wat er

emul si ong %ka}fﬁ‘éqﬁel{c@sgﬁame% iR it iRatMnt(Msdrb@Rl tths LOKE, ﬁfbaéuglrounz{ eoil
core is coated with the cationic |ipid, which disperses the oil droplet in

t he aquedii$? pelypenyiaisdiayt. Eﬁagl@h%vgrumd%reweﬂéelf Faplcaging BNy may dpecasfaithpr e
opti onal V%%Q%@B&ﬁ: “i?fbéu&?regiroﬁ’sﬁl%lo{eﬁl sEQRn&TYOR R or YR t@SuSpLRGE ant s

and/ or phospholi pids as descri bed bel ow. For exanple, one or nore
sur f act argeres @ayom@nsuh@doft Extignevmp neclgarad mokeclep ekirlbere ahelpias suflcient abi | i ze

L, ot 3 APACKIELE B ol MRl ARG bIGIO! be GAIR IR ARNE LML N

cationic Iipid as we e su orn1n1ce ropl ets.
Sim | arl yg boexprassednore |ipids (e.g., neutral |IpIdS, gl ycol -1ipids or
phosphol i pi ds) nay al so be present on the surface of the emul sion

particles, if% g | 'Tﬂégﬁnaﬁag‘u\’ﬁ??q%e ¢ f%{sﬁbit&d%éﬁla‘é Rsidhs SPRLT G g Of |

droplets. [0051 he particle n-water emul sions have an average
di anet er agfionenfa pawrmaa@ewdwnﬂedmgibmmt bmitedo impponelogenl ndnut/amtsavybmh 180 nm

fron1aboqﬁ(% . E ] g 39 0 %Q}%§ D pm about 80 nm
to 120 nm- /O I(aévge nyp flerr g}dE§ (\%‘% a0 e H‘%e iC eQedl anet er’ J|as about 100
nm WO aomsmﬁmlﬁaamptdm 12t O s8pkDle of potentlatlng an immune response to

antigens. Immunological adjuvants can potentiate humoral and/or cellular immunity.

Substances that stimulate an innate immune response are included within the definition of

immunological adjuvants herein. Immunological adjuvants may also be referred to as

“immunopotentiators.”

[0042] As used herein, an “antigen” refers to a molecule containing one or more
epitopes (e.g., linear, conformational or both). As used herein, an “epitope” is that portion of

given species (e.g., an antigenic molecule or antigenic complex) that determines its

- 10 -



[ 0052] The size of the enulsion particles can be varied by changing the
ratio of surfactant to oil (increasing the ratio decreases droplet size),
oper at i ngvpresswsss4of honogeni zati on (i ncreasi ng oper at POT/Usc@20uIse0 of
honogeni zation typically reduces droplet size), tenperature (increasing
tenperature decreases droplet size), changing the type of oil, increasing
t he nunber of passes through the mcrofluidizer, and other process

par anmet ern%muﬁ@ogl@aﬁ%écﬁﬁ?ty hﬁh%}f)l'tbpe 1snxgitl¥l§'t}f3@c&;e ogﬁlretp?és&ltWﬁﬁﬁorp&f buffers in
the aqueous phase may alSo affect the particle size. [0053] The emul sion
particl egniégescd h%t—?ﬂn hertigpm’ %@alﬁedﬂer%mﬁé%édbwtqﬁtlaenﬁu&l anégeag vhichaicecul e,
as desct il M dcthehrofl Blole BEIRTyidd &1 @8 AR iscrds EAUGAAI f kb1 - vat er
emul sion 1's combined wth an aquéous solution t contal ns one or nore
species of nucleic acid nolecules to formthe enulsion that contains a
nucl ei ¢ aci d H9F2lcul ént"HamupdogeshisProned] of oINIAEICEIPISE oY thyadey ¢lepraant inThe
aqueous Salitdi8fta hilfbraCAIRL B SmAE] Rlfonh tn HRIEE B B SimGARLRLNS. 2
concentration of nucleic acids that will result ina conplexed €nul sion

t hat has 2dmwv#tP ratio of at least 4:1, for exanple from4:1 to 20:1 or from
4:1 to 15:1. This can easily be acconplished because the the anmount of

ni trogen (N) LdMIt]he EkbLRd r@ﬂaoﬁ?e@ nQﬁld@l%fél{e'aBH%&lapH% e Yes %Hﬁs%éi%ﬁatémt hod,
such as the HPLC nethod used to quantify DOTAP descri bed herein. Then, an
aqueous sSBMYN¢ @ﬁpqaﬁesmmﬂaera@tn&:rewonwp&@tjpregld@arﬁir%énw@bé@rn&if% tat contains an
amount of; f t phates (P)
needed to glgﬁé §}\§ ﬁ{eggggk{t’ragg‘hﬁﬁ%mﬁlgm%&g Q %ﬁgg}eﬁﬁlp %H;R)E:lg)t? i onic

enul si on imfunheells hv\émfioamtii:'cély@b@wged'ﬁh@pt@r gem;@fe@df a@ﬁklEiCﬁhr@eB‘fqtml ene (at

4.3% W v ]@\E%

i ncl udes)ﬂ%a}?pego%lﬁf a%? gén?%@é&g@%(a th%ng?Tl asr?&%g clﬁ tFEthtt%er SAJIP I%)g and
Tween 80 spécpfality sod athenoBEicapmkbyonyy ddriatel 1emmserdspdzrmﬂ anoechaame)y &ftecB, 5%
v/v). Thuys the rt| C of CNE17 comnmp al ene core.coa ed W th
Spakgs. Halh B GoRa B R e T TR RS AP A B ARG 1 a7
particl egsAaecH) su¢tea3tdlaﬁr@hag@s AndNIeRdiritad detls. atodlistidgdisH\bafth dgaitsl feom Aihﬁat her

exenpl ary catlonlt?l enul sion of the |nvent|og is.referred herein as "CM32."
The oi | &PTPNEED: NG MIFGAPBHRC YAETASS08 VG Ardial RYrrRrecrrsititi s porap
(at |3 2 rd@feéﬂ-s)gna?%&%nﬁiaﬂg)gérﬂﬂkﬂdﬁggasbﬁlﬁo@ﬂrafs%@iaﬁ:ﬂtgg)leﬁﬁ’l%%eﬁﬁodrbl tan
trioleate at Yo nd Tween sor bat e

pol yoxyet! M%Sn@g ttoaﬂ?%%lat éatneonegf t@@@%wvy VA s BHNNdP S3d far t i cl es
of CMF32 tROIEIbSiBert AERbEA 8nd RPANSRIaptEaRRRe r@pshsEOTAR mcBisiPbpGldl €S wer e
shown to conplex with CVF32 particles efficiently at 4:1, 6:1, 8:1, 10:1,
12: 1, andhiypotenttien plhe gamunerresppnsss Banbrel pertedite Hivel ve Aefies1- ALt ude,

e.g. theec%mats%pﬁﬁ@) wfﬁ%ﬁ eter&f@ertrﬁlahﬁt;eﬁr&s@%n aq\dg%g of(rﬂm%x@éé’ﬁé’ iRQKRAlene, 0.5%
Tween 80, 0.5% S 5, ) 4.3% w v squal ene,

0. 5% Twed@RuigEhily H@%osmﬁsdencsltle Cﬂtj/ murdckrlh@)cdl&ametb% %érsoeﬁmrstnawse descri bed
her ei n nvention
conpri ses% Spe%dﬁéslﬁﬁéi errtlg&g%ﬁg%e?tlge%ntg?%eﬁelgﬁif%%%ﬁ{&? rr?cIt g d§4 nmg/ m
(pr ef er alsbye 2f th@engsrﬁndtﬂ@uzsemtlcngifwfpkmmd:eber@@mﬁg/ amweﬂl@s zrmu@azlong/ m

compr 1 s iR TR o® LBRAEn A U DOl ERRPE Y i B

Anot her p@the iestathlmhmerg toif dwaiadapaive *mmulwat:@anrrBRBs orlwf nbﬂqﬁagqcyecnt ion

?gme)][ ;fggec[e)%rs sztlcﬂ a7 "?ﬁgy%kgge%%p orsm% (5 atcleé)ﬂé 81an1 rr{g F%o IZ?Lt tnor%)?n rr}7n6 g/ m
(prefer alﬁNQ)DlQrcﬁeﬁnm'gdmﬂecdptbrsatﬂlwhd@épiih&odsgbm );uchraesqaeﬁtgbmtqptor@nd further
conpri se equal anpunts of SPANB5 and, Twee ( ., .about 0. 5% each).

by oF er ab o ERPR B Belsht RauE® dhiP ar gt e il SSAGt oot 21 £ om
ablout 80 rép&tb@h@eltmﬂytwhlc&ﬁnd}frﬁﬁ s Q0RGIn TG0 don i ivélcbudd in@arm@k ramat)arnei&]ts bhe

oi | -in-water enulsi e. present invention ar nown in the art,

al t hough %BYP“&‘B% ‘g‘il‘f itk lﬂ‘éﬂ?g okl (%@é%laigﬁ%f%@{%?f MhgobRskHar descri bed
her ei n. A&%@érctl) MAIRY, (z§isah péusvpﬂmés %Wﬁﬂgoﬁﬂo@dﬂﬁuﬁﬁbpﬁﬁﬁi@é" bed bel ow

both generally and in sonme-detail for preferr nents, are well known
in the a,gﬂycolamép tlh@otyé?%ﬁar%éérlﬁér(@m do‘gﬁ%ﬁra%edo‘f\NAcWBéIC)sEL?‘éct ant ,
phosphol i pids, etc., are sufficiently well known to one skilled in the art
wi t hout further description. In addition, while preferred ranges of the
amount of the individual conponents of Ithe enul sions are provided, the
actual ratios of the conponents of a particular enulsion may need to be

adj usted such that enul sion particles of desired size and physical property
can be properly forned. For exanple, if a particular anount of oil is used
(e.g. 5%v/v oil), then, the amount of surfactant should be at |evel that
IS suff|0|ent to dlsperse the 0|I droplet into aqueous phase to forma

T —— oy Y o .. o M



[ 0057] The particles of the cationic oil-in-water emul sions conprise an oi
core. WD 2013/ 006834PCT/ US2012/ 045840 [0058] The oil preferably is in the
| i qui d phweeossoods34or above, and is inmm scible to water PCra82@pBussher abl y,
the oil is a netabolizable, non-toxic oil; nore preferably one of about 6
to about 30 carbon atons including, but not limted to, al kanes, al kenes,
al kynes, and their correspondi ng acids and al cohols, the ethers and esters

thereof , @gal i 5@39&&1{&%@50{)1&%0&1& tam)vmﬁs Wtem%tgahhﬁ BiR6 ( Eas§h OI I,
ani mal 0|I or synthéetically pnggare that can be netab |zeg

body of ﬁﬁ@oﬁmmP@@E&ﬂWOWHﬂwhmﬁ p@%ﬁh%ﬁéwnwmy¢mb@mQME¥RVQ%@ﬁ%@HM§ |s not
toxic to I mammal , and
g i %ﬁ&& 68%:12%?1%9] 8 LHPY ﬁgué&#@%ﬁ& sucth é’sﬁb;fof?%bhbé afld

preferably a hi ' I'n certain enbodi e oll coreIs in I|qU|d
phase atbZ@@HnmhbTbRB(%mﬁ%mn@dthNAqwmdmpWQQQaadTEBEXCMﬁen it displays the

t FWY [ .St dh
Ger 1 mi t ¢ ygrueRoled) mbRyfe DOMMERAR L EeARkLf SR s0BR my L onul o on
however, 1mawab906$1ttmee(ﬂoramdatu@ehb Iaimlagy)f wd@lM éleiperﬂjéﬂatceﬂrlﬂnd Poref er abl y,
th il | h
€ ol c{y&m& or aI Lﬁilfgré%tl%lon 1nt8 kﬁ%r Fil ?éh o gnalonrgI g?é{e\}l ere[% ong chain

al kane, Kof either
as the f rpea@ ad Gmplortaint ﬁ)lﬂa|dt3teﬂnﬁ1nﬁ' tl&&[ue]ﬂtysa)ﬂd]hsedﬁtlmr Toelbrespadkespfor or triester,

poly- nyar By SRR BN iy PLARRRE g phdy s Py

pol y- f unad oeaatd @, ct,HlfvelrsusefR@meépenm;eAlcsm&@m@bn PaabRae i indeiltandCi tr| c acid
or the ligf' Et hers deri ved fronllﬁgg chai n alcoh?ﬁs which are oils and
meet t he SBYHEAMAPEEpTE grodugedras peth ot Fidi- WPHERPAFS 85214 Ll PR B M e

i ndi vi duad praddsmnghilyah K@t‘i’t%d? FespdY. NBrioB BLY hgen\ds kulch a®dChd DNA alae)ahd
derivatives wl| ?enera have from about to about 30 carbon atons. The

noi ety magidgzRAing %%KSL%MTI&& Bvarbesidpcumented orstippulatsrqytokine predpictipg £yl |y

sat ur at egys inhAMR cOMEn AtroMaThE lrﬂfayzyqﬁmgmnefs aﬂenheeﬁm;m WSk EcIRRNG POl Yy
ester- or ether-based oils are enployed, the limtation of about 6 to about

30 car borBowpislbiedd R agopinis. Fon diricrin&irmptian; secae.dAoPashiae.tN: M Cahiseie andi et i es,
ot the b0k ainEANDAN. Rkne 1) 09BHd: 2063 RIS k6UhAk! s ZaRhEmhat the oi |

can be net abo y the osT
Clinical and Vaccine Immunology , 13(8), 821-829 (20006), and the references cited therein.

[0045] For purposes of the present invention, a humoral immune response refers
to an immune response mediated by antibody molecules, while a cellular immune response is
one mediated by T-lymphocytes and/or other white blood cells. One important aspect of
cellular immunity involves an antigen-specific response by cytolytic T-cells (CTLs). CTLs
have specificity for peptide antigens that are presented in association with proteins encoded
by the major histocompatibility complex (MHC) and expressed on the surfaces of cells.
CTLs help induce and promote the intracellular destruction of intracellular microbes, or the
lysis of cells infected with such microbes. Another aspect of cellular immunity involves an
antigen-specific response by helper T-cells. Helper T-cells act to help stimulate the function,
and focus the activity of, nonspecific effector cells against cells displaying peptide antigens in
association with MHC molecules on their surface. A "cellular immune response” also refers
to the production of cytokines, chemokines and other such molecules produced by activated

T-cells and/or other white blood cells, including those derived from CD4" and CD8" T-cells.

[0046] A composition such as an immunogenic composition or a vaccine that

elicits a cellular immune response may thus serve to sensitize a vertebrate subject by the
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whi ch the enul sion is adm nistered. [0064] Any suitable oils froman animal,
fish or vegetable source may be used. Sources for vegetable oils include
nuts, seeweo 2armdogs3ai ns, and suitable oils, such as, peamrat/us2éi2/0sssybean

oil, coconut oil, and olive oil and the like. O her suitable seed oils
i nclude safflower oil, cottonseed oil, sunflower seed oil, sesane seed oil
and the like. In the grain group, corn oil, and the oil of other cereal

grains syehcasionheatticcR @t a%socliaylen wﬁth%vICtn?JlquleE ﬁt'tBé %'sﬁrfé’c@d ThBEell-i ke nmay
al so be used. The tegnno | ogy for obtaining vegetable oils is well devel oped

and wel | ndige.i lrmlrwee %Pﬂ?@%lstdilféﬁ%d Yf ornkE’s %éﬁffs@tﬂhé pntigeppd their girfage. fhy be
found in r ods,
e A bl A G A L L S e

aci d estefan ummvgilzy%déuosil Theredilnty of a pariegudan entigsh or eimriositinoto stiowiate 4 eadl- nat ural |y
in seed st&rd fication
of the a%%k%g?ﬂ%ﬁmﬂﬁg18§?§?§8§?%y?¥ﬂé@#ﬁgﬁﬁ?ﬁi nu€9g$§§¥§ VﬁlF%{ These
productsa&rawhaﬂwﬂwmphhk@ﬁﬁvé@i@bm@mqwdanwme)aamB,NEEBEE@ka@H]PVO

| nt er nati onal eci al t SI on Street,
Boongon. A by ke EP T GBhock RS etk W B! fikeshPa P&l S RPL O F T
phase at nplaysernémgf cadkiteqpaicadiibyed cellién tedpdnketofratimutdtiah vamhayn@m st as

trigl d h h d olasal | fish
eger Abt G40 RetiagEr i apry ‘ERae et Gt aaantier 1 hrRur 3 & parti al

or gorrpl et e9; th'degt Mf(&DMj@uS apmnminocaat 123269k2&h6 lehupl’aﬁ\émldﬁﬁolggl&llfré’sg@lsé atty
acids. Fats, and oi mlk are petaboliz nd may
t her ef or &SHETRBE2Y e?‘F?eWIng m&aé%dhe RRCtPhY FrsoﬂmVO*rﬁ@ e es for
separ at i QBtivaRbik bf HeGRE TRBIs. TAPANIgEL 6@hicRBt AHtaIQL dNeft aﬁfﬁlﬁ%dﬁ%&%ﬁzafy for
obtaining pure oils fromanjml sources are well kngwn in the art.
[ 0067] ModPMUNGIESRAGM: Blepcensit HBIIegispEreyIonts Mg ieludrajorissamriadng 9 Peover ed.
For exanplrehe f&%lh% YdctsQndon %ﬁi@lrskth!a b%@ﬁctf&h |0§antﬁ8§ieé"®ak& e%thpl@ 4£BeIRS
spernmaceti exe severa% fish oils whi my be used herein. A
nurber ofan@plathe h@ﬂa@%mfﬁumrfrsgoré&@eﬂg 9m/W@‘§|Tz@Qﬂls mr@féerdesm%ﬁqalﬂy t¢ #n %mg%pr bon
| S0P ene oiihlaRy At A (RRARAlNh GRESHLEH 1l GeaSTIE! RERALA S SHYE!
(2,6,10,15,19,2 exanet hyl- 2, 6, 10, 14, 18, 22-tetracos exaeng anched
unsat ur ateednmlert@eﬁmaaze lngctp‘atyt artﬂmrailreldgﬂtqmn@b@yr@mpﬂﬁ@reet, ar anmbﬁm or source of
squal ene etabl e
oils), i r?g Ud ngglclaé %gﬁfﬁ,@&%@ tgg}ébg’mb?)gﬁ%lvﬁ'teda% lgerd%%glﬁéc)fy %\G?I\ge oils, are
al so sui U%bbmesmmdsterﬁqmwg@tfmdudahmondnesagmrall el fzatom yegstwetlr ot her
sui t abl eklrp crobes. In sonme enbodi nents, Squal ene is preferably obtained
own It eart . . .
from non-ani nmal sources, such as fromolives, olive oil or yeast. Squal ane,
the saturated analog to squalene, is also preferred. Fish oils, including
squal ene and #$dal anQomaméti(meadimyrd@lwawi@bh@réseommmm@play "embanceds or may
be obtain t.ho in the art. 6834 PCT/ 132012/ 045840
0068] 1 n BowFeeELTa SRR FRR Do b1, Aol SR ARG ) <
sel ect ed ifamone tek[mngaftdimptheunmu&tﬂemnSﬁehcmﬁiycm eqmlvalel@caﬁmnmtof melannganr n oil,
Cot t onseed
U nseed di g Mol FRGsif nccanfuchcy St R RGPt i e o 1
Squal ene Thﬁguabmpmndﬁumfﬁ cﬁwy e@himed/heﬁﬁ@gémlm for eadncpldybaanal thoi | . I n
exenpl ary embodi nen ris gean oi |, .Sunflower oil,
dive oi |C°m%‘dsﬁéqn&ﬁﬁerat§ﬁ%u%ﬂ°£ﬁ"é IB‘FI“BGE? hat %H“SFF} PRSI do¥an al so be
used as tolﬂ@mcgleh is leBes€XE flchicYe ANBRElinERAHSnse iBe AiblecE@EhigORRN | ses Squal ene,
Squal ane, a conbi nati on thereof [0069] The oi l ? nponent of t he emul si on
may be p@é@g}ﬁter% Sueh enbanessd immppagenicity can’be determined, for example, by

administering a composition of the invention and an antigen control to animals and

comparing assay results of the two.

3. CATIONIC OIL-IN-WATER EMULSIONS
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about 0.2%to about 20% (v/v). For exanple, the cationic oil-in-water

emul sion may conprise from about 0.2%to about 20% (v/v) oil, from about
0.2%to avourni13lmessgv/v) oil, fromabout 0.2%to about 1@ea(Ustap/oessh) from
about 0.2%to about 9% (v/v) oil, fromabout 0.2%to about 8% (v/v) oil,
from about 0.2%to about 7% (v/v) oil, fromabout 0.2%to about 6% (v/v)
oil, fromabout 0.2%to about 5% (v/v) oil, fromabout 0.2%to about 4.3%

(v/v) oil, frapugpoutrhQcadinicQilaRdMter glglﬁkfoﬂl ¥idclQed herfeﬂh%@ &hodfy 0. 4% to about
20% (v/v) oil, fromabout 0.5%to about 20% (v/v) oil, fromabout 1%to

about 20%avbed inghq mamepintpen cizneldn dis@tt bYemeuaions of Fomgangts HBbut 3% t 0
about 20% e(ﬁéé({ %ﬂare tflé Qﬁl@l@ﬁ)sutlt 1% %&&st@%ﬂ&he%@t%‘ha(t\ﬂ{l% %9%3 broc%srs il about 4.3%

to about 20% om about 5% to about 20% , about 0.5%
(v/v) oi Iprodabmgllemn%(m/llm)\udmgl stergipgion amd 8y dominytragi progebwatsmRYRMeINY  oi |,

Cviv) o P ohciischlg IRURe i) 4 Baphby, o W comppinfthdingligB IR )

oil. [OOﬁGt}laﬁlldoecrmtratxdneyf thesteeomadmeots|1m:the|ﬁlnal|medmt(elg erpa¢1®g@hstm1§/zedonpri se
from about 2% t 1 fro %.t 0_about 9% (W v)
o 1§ ortmaBishiy B ARR B b Plep of SRR L E SR poun  7os
(W v) oi lsométimenbglpud attdu? 90% or bqiio ab8at O¥ev) oi |, from about 0.2%to about
5% (wWv) oil, fromabout 0.2%to about 4.3% (W v) oil, or about 4.3% (w V)

011 L0071 Ly @la XelrRl Al S THOHIR by LR nSELLONL AL by LT BLET, STl o1 on

conprises abo er “ex t he
cat i oni c cetidmd lipithvaTlercagoni¢ ﬁlbidnarcmmperc't vab tmmoclb1c4c1ﬂ%o(lacme) fooeiampllen anot her
exenpl ary S, about 5%

O o S s B te RS AR e R Sh b R

enul si on nodlsipratig @solahrud the. eﬁﬁﬂs(dlv/pa)tlcm uah@ct‘hﬁomkl\ﬁnulsmns described herein are

2013/ 006834PCT/ US2012/.045840. [ 007 bove, er cent age of oil
descri becﬂ’aﬁlﬁ%@ Pt aé@tﬂgr WY Bé‘é‘é%‘c&ﬂ 1 eCP i YFps ﬁ‘%ﬁu‘gfno efcu{ehe oi | that
is used tAcdaifRRarngtigner el Bit@REng RNAIS céIRARTSE.0P6 ekﬂnﬁl@&h@d‘ahoﬁbat t he
actual concentration of the oil in the final product (e.g., a packaged,

steril i z&8UEAR desHPadHgEe %rovlé%lwafl%%a{%ﬁﬁeh@tng%%Hl)at %C@fiﬁanﬂéené4 i ghtly

| ower, sop@idifBR14BhiciRIOUAs, h0%Bheabout 20% B. Cationic Lipids [0073] The
enuIS|on particles described herein conprise a cationic lipid, which can

interact with the negatively charged nol ecul e t hereb anchorlng t.he
mol ecul e to  H9E 33%?%%{?%9 flheadl m[%eﬁf}rwféoné&??lzsmy semble ginied G vithdve a

posi tive cgltal 8fe af 01ﬁbﬂiéto11308reﬂ§|coa@éﬂ%m thd cdtidnicapUvhitd dRpbrs@bRudil 9 pH, about
8 pH, about 7 pH, or about 6 pH [0075]Any suitable cationic |lipid nmay be

used. GCenErigt prythe S ORHEPIH M QUS) pl&ﬁsxldas micelle-like droplets. One or more optional

components may be present in the emulsion, such as surfactants and/or phospholipids as
described below. For example, one or more surfactants may be used to promote particle
formation and/or to stabilize the emulsion particles. In that case, the oil core is coated with
the cationic lipid as well as the surfactant(s) to form micelle-like droplets. Similarly, one or
more lipids (e.g., neutral lipids, glycol-lipids or phospholipids) may also be present on the
surface of the emulsion particles, if such lipids are used as emulsifiers to disperse the oil

droplets.

[0051] The particles of the oil-in-water emulsions have an average diameter (i.e.,
average number diameter) of about 80 nm to about 180 nm, from about 80 nm to 150 nm,
from about 80 nm to 130 nm, or from about 80 nm to 120 nm. Particularly preferred average

particle diameter is about 100 nm.
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contains a nitrogen atomthat is positively charged under physiol ogical
conditions. Suitable cationic lipids include, benzal konium chl ori de (BAK),
benzet horwormhioesssde, cetrim de (which contains PCT/US2012/045840
tetradecyl tri met hyl ammoni um br om de and possi bly small anounts of

dodecyl tri net hyl ammoni um brom de and hexadecyl tri nmet hyl amoni um brom de),
cetyl pyridiniumchloride (CPC), cetyl trinmethylammonium chloride (CTAC,
primary an neﬁmsﬂecorrﬁ@glye ﬁ%@&ﬁuls&ﬁ%a&h@}és\’caﬁm D&ised b'yQﬁJldg?HgQHe RHS ofot
limted to N yoxyet hyl ene (10)-N-tal |l ow 1 i am nopr opane,

ot her quatwckat {p Oalrﬁn@é%a@ag the ratjorfleprigerichéroplat SImtOPPIiamlg rgsspgs of

A e A o S SR B

chl ori de smb)etmmemtm(ihvbdﬁma@wturaﬁmcﬁseﬂﬂr@mt@iziehehangmg the type of oil,

i et iyl ot aaRy LR A AR e X P R TR TARTERE R or g

decanet h@lnsmmcbltﬁr@n i hhelusmmbhgelrtamtmsl of buftelriy thezaqmenus pinse hlaprisdeffearet hy|
trioctyl uIlm chloride), N,Ndinethyl-N-[2 (2-nethyl-4(1,1,3

3t etranet yﬁaﬁthct % 3 phenoxy] - et hoxy) et hyl] - benzenenet ha- nam ni um chl ori de
(DEBDA), dial kyl di metyl ammoni um salts, [1-(2, 3-diol eyl oxy)-propyl]-

N, N, N, t ri met hjl0&dinoniThererotlkion pd‘acleﬂdezcrmeébmm%(l be comgtlénel anthmuolpicpr opane
(acyl gr i st t ste 0 1. 2- di acyl-3
(di et h %glﬁnngorll%%g pgsocpe%(cri'be? 1npfa1|'tﬁgr d8t¥1l h%rg tIn gﬁn%%’ 'a Cgtlonl(i QY. n) W?t di st ear oyl ,
di ol eoyl )emulb;ozms chrxﬂj1mdymﬂ8an(a41uedus sqsmmdmythat cmﬂmnmorm)danammhemf mgtlgeer ol

1, 2-di ol - hol t. |
(- 1§ gy o B IO 8y 0 oty o & PRI REh Citplenca
cetyl pyr |t@ith|a|emmmmq;and&:s amhke z@bwspylml@h thatwoh@ink eieindelpic aldaldtacuRiper i di ni um

salts, dicationic bal af or ectrol Me6; G 2Buf), . .

di al kyl glc%té‘flw5%§%W8P’§/P€9HB|6?%?§MS § Wﬁb%&ﬁflﬁcoﬁpéxed Jrtulsion tht has an

di ol eoyl phpsahalriadyisethanebamiphetiot 1alt6 0.2 e frohem susdi rmﬁsecaﬁhgshliyrbe ester,

| i popol yam nes, including but not Iimted to dioctadecy]am dotg dIycyI sperm ne
(DOGS) , apwmlflieé;}oﬁcaﬂﬁro%ﬂla@mwt@é Rigiosen QR s sepltioR&at bppigyiiedyspgpol v- L
(or D) -1 viai Qftabll Blekhod LBk ds thpgh>1c(nket1(darus£2) tol Mgt DOANPUGREBEd hé}elth

gl ut aryl phosphati dyl et hanol am ne, dodecyl gl utamate ester w th pendant

ani no gr diipn. EERPEPLPiotutiqe of nuclgig %114 laaléelws q§n bt areptred Batcontags e apewiant

am no gr iR, &%Hl@ﬁ&%ﬁt’to 53V IO HeGridGhd of PhéspRReQb) FRAL LS LEiQlethd NCl udi ng
but not Iimted to chol esteryl-3 p- oxysuccinan doethyl enetrinmethyl anmoni um
sal t, chokesddVh . poxysucci nani doet hyl enedi net hyl ami ne, chol esteryl-3
pcar boxyam doet hyl enetri met hyl ammoni um salt, chol esteryl-3

pcar boxyam dogjoRy| enagli-Aehilyadtidife eBflfon of the invention is CNE17. The oil core
3y-[N- (N, Ndi et hyl am noet anécar bonoyl | chol est er ol DC- Chol esterol),

1, 2- di ol @6¢NE}y iszauglenci(pek g Marro ihs)cphicysalind (SORSTA®Y (at 1.4 mg/mL).
d' met hyl @I\% %’ ﬁﬁr@é sHllﬂc( AN]S'S%(s?rbtlan trsoleatg? at O 5% v/v) F?d Tween

D|rryr|stoy1- mmnlu r opane almto Go o)trlrrethyl
ammoni um({pebperhate 6mvm¥yetmlwmbwlmwnleumt Qrﬁ%ﬂwh e, dmﬁeﬁql@STAP) and
conbi nat i e [ [ or, e in the
nvent ot A HE: s e A B SR e R O A RS S et

Publ i cat mﬂ&u]&@@@fe&@%ﬁiﬁro(lmdalmﬁf@@]Nmairﬂiclds@fﬁcﬂ@ﬂ&ﬁtzamdl/lzf}ﬁlalaﬁ)@ﬂ)z%o

(publish rch 6, 2008 oni c itable for use in
the i nvont T oaor Aep e birt SR0G ShORGRER beg el Pl Mo s "t ot osed
in Table “eMmag’eEheloiQofCMBﬁz)m @c{ualém: 20439 0W68d thavutiohic dibklds DOFAIPasEes

rethods of, MBKL D0 LELARA O . Hokna LNESRSALSBE Gl 8, S5 11 ona

% ﬂi 8' e?llaﬁd(?t')vaérﬁl_&lbé@;blyé\d)r%té\&q ipa@b&y,euﬁ;lmﬁmgmah g{gg%méad@ af ®OEMA)), Thus,

i ol eoyl - nme pmoni um chl ori
1, 2-di ol é«aviﬂ%waa}%fé@% @%P‘Pﬂ}li’rb*ﬁé% Aﬂﬁﬁé ?m@%é%)and%%? dtRdy1- 3-
di met hyl mle@mewsﬂmm doRPRARYith cleszipdma@sJ @ndiaxly-a84di sretdylign nopr opane
(DLi nDVR) 78] The enul sion nmay conprise any co ination of two or nore
of the cdtzllo?ﬂdcml i NiPoratite SHRST SEAMEY sptipniogmusan ighesaaercir epirey 045840
[0079] I n sonme enbodi nents, the cationic |lipid contains a quaternary am ne
[0080] I n preferred enbodi ments, the cationic lipid is selected fromthe
group consisting of 1, 2-diol eoyl oxy-3-(@fri met hyl ammoni o) pr opane ( DOTAP),
D nmet hyl am noet hane) - car banoyl ] Chol esterol (DC Chol esterol),
di net hyl di oct adecyl anmoni um ( DDA) ,
1, 2-Dinmyri stoyl-3-Tri met hyl Ammoni unPr opane ( DMTAP) ,
di pal m t oyl (C160) trimethyl ammoni um propane (DPTAP),
di stearoyl tri rret hyI ammnl um propane (DSTAP) Li pi ds EOOOl E0118 or

N A A PN N A I\ o A A N A NN\ VAN N NA AT £N™ 7~



[0081] In other preferred enbodi nents, the cationic lipid is selected from
the group consisting of 1,2-dioleoyl oxy-3-(trinmethylanmoni o) propane

( DOTAP) , Wormetinpbssai noet hane) - car banoyl ] Chol est er ol ( DCrChaiSesi2@ussh() |,

di met hyl di oct adecyl anmoni um ( DDA) ,

1, 2-Di nyri stoyl- 3-Tri net hyl Ammoni unPr opane ( DMIAP) ,

di pal mtoyl (Cl60)tri net hyl ammoni um propane (DPTAP),

di st ear oy B hENATFRRIET RF PRANEsubSTAB)s, Nvbch-8026.5% SPANSS, and 4.4
3-di ol eyl oxy{pr@\{) 1]-N, N, Nt r i et hyl ammoni’'um chl ori de ( DOTMA) ,

N, N- di ol é#y InEEMF B BBk wimsarrleci Yev(THREmeY.,0.5% SPANSS, 5.0

1, 2-di ol C e (DCEPC), 1, 2-dioleoyl-3-

di et hyl g‘%}oﬂﬁﬁjubn?%%}o%gdﬁoet&(%ﬁlnmo?m)e%mgmﬂebngl eyl oxy- 3- di met hyl am nopr opane
(DLi nDWVA) , i ds E0001-E0118 or E0119-E0180 as disclosed in Table 6 (pages
112 - 139) of 455001 1y TEBbY cFtioAE oilgBrateE gmHksiogioh heyn ey whPEyes and

conbi nat ifitsa b Bigf s%lﬁilel{eoa‘?@c?r]cérﬁraﬁ@ﬁ (ﬁ"'2rl RIREH RIS Il PereRdly 25 Elg)nilpbd; S

DOTAP. The cationic oil-in- water enul sTon may conprise from about O.

m/m to t@b@htngﬁﬁl) rﬁgﬂ AD.9DOEAH. to FbP2 g;génlﬁp@fermhe%&% imgmildo ghdut $h02nat er

enmul si on t ng/m from
about 0. Gy AR, el O op b A AR b o9 AsS AuARAMhRAR TS

from abowbod Og%@bhi Amvtlaszzutlaaﬁ catygnnd qil- ﬁlr\oatmabmlstiormf@hemgﬁemtlomo about 25
ng/m, fr om a [ Q to

about 25 COmP ;Or%“r%p s ‘talefeét &’%?‘?%t‘mtz"ns % lot a}gny%/mik%r E’ 1.3

ng/mM to 239140n|g/m26> hgmgiml),fand h3. almgunl th 24.16mighl (t)mfeaiﬂﬂjuw Q%mlgmilm) abofut om about

1.5 mg/m t 25 m about 1. from
Zbout 1 P40 R aBe b o and SR i PP ot G AR B TRt D gy o

f rom abouyé.gQatoun®@b¥slcatt). akeuibly Zhayattidis of thefm anduénsthabe aidvisilagé 0 about 20
nmg/ m fromab ut 18 ng/m, fromabout 0.5 ng/m to
about 15 HAPSHT. roﬂ%ﬁ?taéégmtoc?%gutﬂrgﬁﬁm to about 12 ng/m, from about 0.5
ng/mM to about 10 ng/m, fromabout 0.5 ng/m to about 5 ng/m, from about
0.5 ng/m to {atmsu]t 2Thginﬂ1v;duﬁt@|fﬁpab@wof®hé§oﬂ g atér etmtlml@ufthép&sm/ m from
about O. about, 1.8 [, from about 0.5 0

mornt i et Ree gt e RuBbtich SOBP R bk oD butegn At

ab;)lrJnt 1. %dﬁﬁérrﬂescrﬂééd)lﬁﬁlr%bOﬂ?ccﬁdﬂglgghéﬁndivﬂiuam%oﬂen@ g[@{oﬁg%ddgérﬁbwibblewt bO 8
ng to about 1 ram abouyt t o abhout about
0.5 my/ mPot Biiellpens | hrgig-detagbgp pre rr?S ﬁﬁb?'ﬁg Tmengt 3R V! @Oﬁ‘&/“i*ﬁhe aabo&t 0.9
mg/ n, abmtamis WedBréth, ,suabatttl clarelsﬁ&étahn plabpmﬂl ﬂds Ztdordtutfiagbeytwell. 3 no/m
about 1.4 ng/m, about , .about 1,6 ngy about 12 mg/m , about 18

mg/ m . at®ev" Boonggkifed matb%tit Wéliouaf%ﬁﬁtﬂescr%%t Inzzddlﬁlﬁt rhile @Faferiqiongs] I n an
exerrpl ar YaREOOdh OB unt Bﬂﬁe ﬁlﬁiv'lth'al &n%%_l_edtsrbf"t@é &ﬁulﬁ&ﬂé‘a@é ﬁﬂvﬁ&ﬂﬁfe aefsl from
about 0.8 mg/m to about 1. P, such 0.8 mg/m, 1.2 ng/m, 1.4
my/ M or ratiog ofrle ﬁpmpqroots@}“ wartz@tltr&rrwlsmbw rweqlttc)sbe arlfysted aych St émulisbnd is DC
Chol ester | ,Chol ester ol
at from gbolatelgﬁﬁeg%%%% at?1 SB%’LSB&SF” / H%%%Eﬁgrl %?%{%df%:gp& §h?letli-,)>¥<§arrpl e, the
cat i oni c pefticulanemamneef @hebsdong. rﬁ&@v/o’(wﬁi)rﬂilegethwn@hrm@str@ﬁom shewdrbatiout 0. 1

rrg/ mn'gt 0 18%9[‘1{5 10ut[}£ﬁéi5ﬂr%c} Ilniléé)eq%eqpeo& %lgt 1g% EHLGO}‘%P]%?Q%[ th/g m EIP{[}[{ om about

to a rom a from
about 0. Shagétndl atrmulabxﬁﬂllrfaﬁtang;qulredfto dmpead:eohﬁ 01Ddrﬁﬁletrngt’orat1u¢oms albxstlt 5 nmg/ m ,
from about aou out 5rrg/m,
1 om abodbrchalTHh B ob o Bkl R unq 8BRSt fis Thlon' St ou °s

ng/ m , framasuﬁbﬁuﬂ ndy Agb lvhrytaoCoadhoglto cﬁoplg/srde(asfth@ohaagesuhe s’hrﬁcengéam to about 5
ng/m, fromab / om about 4 /m_ to about 5
morm 1 R Bevo iy mheBREEbu Dt rorgiinasble TRt o
about 4. Sfagédied eileidh 3obY reflill; de@fhined By 2LQUYd aftisa®)/ M , from about 0.1
ng/m to about 3.5 nmg/m, fromabout 0.1 ng/m to about 3 ng/m, from about
0.1 mgy/m to bout ﬁ46 ng/m fromabout 0.1 ng/m to about 2 ng/m, from
about 0.1 ng/ 586 1.5 ng/m, fromabout 0.1 my/m to about 1 ng/nd,
fromabout 0.1 rrg/m to about 0.62 ng/m , about 0.15 ng/m, about 0.3

ng/ M, about @067jhy/ fithe patidex of Ghec@tiongé nil-in-ehtoudmdsiSnsmogmptise aboidorel . 2 g/ m
about 2.46 ng/m, about 4.92 ng/m, etc. [0085]In an exenplary enbodi nent,
the cationic oil-in-water emul sion conprises fromabout 0.62 ng/m to about
4.92 mg/ M DC Chol esterol, such as 2.466ng/mM . [0086]1n certain

enbodi ments, the cationic lipid is DDA. The cationic oil-in-



wat er emnul sion may conprise fromabout 0.1 ng/m to about 5 ng/mm DDA. For
exanpl e, the cationic oil-in-water enul sion may conprise DDA at from about
0.1 ng/ Mwobaosboes345 ng/m, fromabout 0.1 ng/nm to abeatr/us2&2my3sad , from
about 0.1 ng/m to about 4 ng/m, fromabout 0.1 ng/m to about 3.5 ng/m,
fromabout 0.1 ng/m to about 3 ng/m, fromabout 0.1 ng/m to about 2.5
nmg/ m fromabout 0.1 mgy/M to about 2 ng/m, fromabout 0.1 ng/m to about
1.5 my/m, ?ﬂi‘sﬁ]bou'ffhé)oﬂpmdﬁly £ n ﬁi@@lﬁfﬁld%hfsé ambrgrabéJeoiﬂdqp&ﬂﬁlsablg ng/ m

t o about 5 ngy from about 0.3 ny/ to about 5 ng/m, from about 0.4
mg/ M tot@pdW¥t 5 ng/nl, from about O. 5 mg/ M to about 5 mg/ M, from about
0.6 ng/ M to about 5 ng/m fromabout 0.73 ng/m to about 5 ng/m from

about 0.8 noy/ pdosdp ab%ﬂératﬁy MR &Yl is afrﬁe@ﬂ%ﬁb%t n&r—t%m@%l%oﬁe%r@f&@bl& oe B/ 1M,
fromabout 1.0 ng/m to about 5 n% f r om about to about 5
&

ng/m, f rab@ﬁtéb@altout3(h®ﬂ?@/ammtlacl B&bUBI Qi miEd tof ?lbmeau@@peszalhmem anflo about
S5 nmg/m, tﬁéi% H&m%acgds%? %coﬂcﬁs %%ers‘sanﬂ'%tms thefréo@rgnamktbreg’tHMom to about

5 rrg/m, fromabout 3.5 ny t 0 ‘about ny , from about ny/ t o about
5 ng/ m, The gihnalbaenviveenblentl, fish cboimalpilmy syithetistlburreperl Orﬂghatﬁcan bbout 1. 45
my/m, e ¢ ' n orrprl se
DDA at aglgeaa}[@%e%b 1?%3’0%&%8 ‘glte thoigcﬂd vﬁl{ﬂbl?thg ebulsg)f%fl%?&%ls&he% r[ﬁg%

about 25 tery¢ twithe Jub@87]Tha satneoomyrpbamgmmnlbofmcnb)nt mamiel, ead peferablyod | - i n- vvat er
enul si on conpri ses fromabout 0.73 nmg/mM to about 1.45 ng/m DDA, such as
1.45 ng/rlr]‘l rT%)0088] In certain enbodi nents, the cationic lipid is DOTMA. The
cationic oil-in- water enulsion may conprise fromabout 0.5 ng/m to about
25 nmg/ ni DOTMN066or  éxampinembbliecotat thoil coroid iailiguidghee aezﬁiiCsffbﬂoiﬂray
conprise DOIMVA at. from a .5.ng/ M to about aout 0.6
o/t o CHBGUt B8 2 Loabs RP By AR r T 2B (o HERRE £r om about
0.8 ny/ mfroﬁt@soﬁﬁ@hﬂ ga%5aﬂ3{g{amng alERMcaAbRMe it S D sﬁa@e)acﬁféﬁtstoge%l a'trgéo'@j from
about 1.0 ny/ to about 25 ng/m, from about 1.1 ny/ to about 25 ng/m,
from abthhe zmzlswg/ haweyey, mawbe storsd pggl yied atfany ﬁw&lbt@a@mner@urﬁg}’rﬂfer@tdy dbout 25
ng/ m , t o about 25 ng/m, fromabout 1.5 nmg/m to
about 25 ’PPI%QQ}MI hg&’/at[iﬂ4166 nmg/ M to about 25 ng/m, fromabout 1.7

ng/m to about 25 rrg/m _fromabout 0.5 ng/m to about 24 ng/m, from about
0.5 ng/mM to H®6UL ZZhogmmtaybetmtyrtp@a)d@tn@aﬁera@iemmt@kmwtanzodng/rrt from

about O. - f b ) mg/ m ,
from abo%tcggé}?e rr#i:;a/(t}lrvr?1 H;[%}éétog%%egyslltgé e %rfmtggdgﬁra‘g ?rrtgé}gg % '([2) ghlabgut 10
ng/ M, f rigesteatyodt asQhdtrighycerides andadambtofﬂ Ztgbmn,edlbm:rmrmbmpolymyarowg/ m to about

2rrg/rr1 a t05 out /Im to
2bout 1. 1B Repholeimd By pBiite gn s B M- e eyl "o, 5
ng/m to aaémwbld,’l.prﬁpalig{cnh,d élfrmrﬁbﬁlmﬂlﬂie lﬂkeﬂith@‘é &érwted)ﬁablduﬁg c’haﬁ abegphotk, from
about 0 7 out 0 / to about 1.6
morm 1 ool Fyhn St B e BhEOR e SMBSEE. 5 i mt - about 0. 6
ng/ m , about 0.7 mg/ M, about 0.8 mg/ M, about 0.9 ng/m, about 1.0 ng/m,
about 1 1 ng/ pf0g2labolihe hdRidwgl atkane adbleut oﬂalBymfgvimféty alabmumdloraﬁsoh@/ m , about

o AT wdisnerate 75 ng e Tl a0 e 68 gt TReiey Bu88H

exe rrpl ar v senighdir eanthedich€in e@idn@ai & nay Ibe Iftﬂl-y\lyatﬁlfﬂted&iWh\Ed @b o€ o dosBls f rom

oot o or Tdhant FREGGrstipAr By PO AR QU e e naloued: Mg irdiaripR R | 5

DCEPC. Thgo@ @ttb SYu€3®édrbdnl apphdt &) th@iidividuaNfafipici€ &niity SI€oHol MBlca&OHst 0. 5
ng/mM to about 25 ng/mM DCEPC. For exanple, the cationic oil-in-water

emul si on REYtRLEHRNNCQBDOEPC at from about 0.5 ng/n to about 25 ng/m, from
about 0.6 ng/m to about 25 nmg/m, fromabout 0.7 ng/m to about 25 rrg/m,
from about 0. fooggy N Ith@pa&@@ﬂkirly?c@m%ld‘fhattﬁer @02 be uictaBoldcly e Hoe tabout 25
ng/ M, fraom about lO /m to about 25 nmg/m, fromabout 1.1 nmg/m to
about 25 NS cRyIYAR Brdministersd-ny/ M to about 25 mg/m, from about 1.3
ng/m to about 25 ng/m, fromabout 1.4 ng/m to about 25 ng/m, from about
1.5 ng/m to @ood 25,n5rgvi1t‘ﬁible dil@ﬁﬂmajbouutmal f&h P dpetable salrediinabe wgd.M , from

about 1. / to a out 25 mg/ m, from about about 24 ng/m,
from abo@n%e%}%ﬁ‘?%a gy BElHS S, m?ﬁ‘b‘ﬁtaagé‘t}tag% ? ﬁﬂ?ﬂ‘rﬁ e8“‘étbout 20
ng/mM, fromabout 0.5 ng/m to about 18 mg/ M, fromabout 0.5 nmg/m to
about 15 nmg/m, fromabout 0.5 nmg/m ta7about 12 ng/m, from about 0.5
ng/mM to about 10 ng/m, fromabout 0.5 ng/m to about 5 ng/m, from about
0.5 ng/mM to about 4 ng/m, fromabout 0.5 ng/mM to about 3 ng/m, from
about 0.5 ng/m to about 2 ng/mM, fromabout 0.5 ng/m to about 1.9 ng/m,
fromabout 0.5 ng/m to about 1.8 ng/m, fromabout 0.5 ng/m to about 1.7
ng/ M, fromabout 0.5 ng/m to about 16 ng/m fromabout 0.6 mg/mM to

. o




WO 2013/ 006834PCT/ US2012/ 045840 [0091] I n an exenpl ary enbodi nent, the
cationic oil-in-water enul sion conprises fromabout 0.8 ng/m to about 1.8
ng/ M DOBPG208umb83as 0.8 nmg/mM, 1.2 nmg/m, 1.4 ng/m, 1PETraskem2/04384d ng/ m
or 1.8 mg/m . [0092] 1 n certain enbodinments, the cationic lipid is DSTAP.
The cationic oil-in- water enulsion may conprise fromabout 0.5 nmg/m to
about 50 ng/m DSTAP. For exanple, the cationic oil-in-water enul sion may
conpri Seo@sswg)eaﬁtollféo‘égﬁtﬁgﬁ%dgh% S thd BecRAME: s@RbICE oils 1ﬁc‘Pt[Heab0Ut 0.6
my/ M to about ng/m, fromabout 0.7 ng/m to about 25 ng/m, from about
0.8 ny/ msaﬁowambﬁotmswgpmsunﬂqwsaﬁdmy& sepame jegd pil andothe Blsutin2® giginmd ;| from
about 1. %t&%{ ézgrrrlrg?,n?@%toﬂ%§o{ﬁgll heal %I%@g‘s%lﬂ%wvh tloatgg{ym rlcteot nffbf?llﬁbal 5 nmg/m,

from abo ' to about 25 rom about 1.3 to about 25
mg/ M, f rodthabisamay aldo hgnsetl. The t@dmsrtogzﬁorm@lammg ‘felgotﬁblabow wllﬂevﬁ@flmﬂ to

o i o “Rat kbhE e RBHbostidhs BB e bR oRathi iR be UG BT o about
0.5 my/ MexdmoplabaleRR Indgk rAngd sburcnmatbialt o@fobdsmﬁtmhort anddbodjteclﬁﬁlogg/ m, from
about 0.5 ng/m to about 18 nmg/ M, fromabout 0.5 ng/m to about 15 ng/m,

f rom about t t o about 10
nmg/ M, from aﬁ)out 0. @nogut%%%%to&gbégg/amgn fJn}'%P]d%Pt rglgm glb/g%?g%lmé 2ng/ m to about
4 mg/m, pffcrp@mdaddoultlleolosowgirmg namraélbmutee@oﬂﬁghw be breomébwhudr@yﬁs my/ rrt to

about 2 / Q

moi i to i s GBI Rony e bk SRR s By ni SIENEHRE. £ o
about 0. Shag/mdduce ambmuﬁneimﬁlymyhﬂdble dnldarthabmnﬁNEOBEE@/fnotn RO about 1 7
ng/mM, from abou out . 1.7 bout

about " 1. IR Py CoasaL st Sa RO Phicind 4B lesion SRR, RR RSB, 5 oyt
about O. theg/ m, about 0.7 ng/m, about 0.8 ng/m, about 0.9 ng/m, about
1.0 my/m, about 1.1 mg/m, about 1. 2 ng/m about 1.3 mg/m, about 1.4
ng/ M, about 6 bout 1.8 ng/m ,
about 1.9 ny/ EHO%abouninia{il Salyd t,s % otﬁ inls‘é)ﬁgrﬁilarﬁaatph&g‘u{dg%fgﬁ erri‘tureabout 20
mg/ M, allaeto tBQfaBﬂfbAtnhey eaboasttr1gl5cm@l/amndetaoe a highQ3pdroe afivamceiop kian yils

enbodlrre he cati iC 0|I-| te | si 0 I’IS froma out 0.8
mol -t o b Of VEEciABIGt HERTR, T s 4 PNy (i B3l s BHPAEL OF 1o g o
1.6 nmg/ mcomlbﬁfégﬂél[yfbrﬁeEép@hliiﬁcﬁfﬂﬁ@ﬁhé}ﬁfil)\‘ides&ﬁ@fr?&hﬂtﬁwﬁ)@ |thglaﬁid bk ﬂZXﬂDAC- Ehe
cationic oil-in- ter enul si conprise fr m out . t o about
50 ng/m "BEEAREAn mﬁﬁ&%ﬁﬁt(&mﬁ handaBgy, BT usphl t@?"t@ﬁﬂ? ghison may

conpri se M. athe iFRBAREAUE scBardtidiDpid fich@ord BHhifid&ioRBhdbsheif hwm about 0. 6
ng/mM to about 25 ng/m, from about 0.7 rrg/ to about 25 ng/m, from about

0.8 ng/ mneteésaab@apb%m&wﬁOﬂsfrpatﬂna%tﬁtureesgrwvlhknwo BESEt 25 ng/ml, from
about 1.0 ng/m to about 25 ng/m, fromabout 1.1 ng/m to about 25 nmg/ m ,
from about 1. pogy/ M Mc@t aémutltaﬁ%dtmontablémmmqutyuersadmg/rtﬂovér@d atwut 25
ng/m, from about 1. n%a to about 25 ”E%‘ﬁ fromabout 1.5 ny/ to
about 25 SR> cofl tl&%oalb ik Tivegoifigaiid whals bk asspermgestf exemphis S&b%ltofl 7

g/ m 10 (RbRNHiI2 R h /iy be s QMCARP UL an@errEgbﬁthe@ RO w2 syTHcfiled from about
0.5 ng/m to about 22 ng/m, fromabout 0.5 mg/m to about 20 ng/m, from
about 0. Higeherpicaliyon atsethon 18DieH¢ WHits apd imeamrsrlly Tofegedrig/astterporlbout 15 ng/ i,
from abouyfem (52/16115@ 2@%@%&&1%1’6‘ 14 1f8r29%t?a*89ééhe;8e1§e) ’EQJrEﬂchéd’ about 10
mg/ M, from about’ O. to about , fromabout 0.5 ng/m to about
4 nyl m umaomtacbt@menodss n@ﬁlmlarboprafbood h@@lﬁg/\rﬁla,lorfsmw af)iﬁlu%le@ 15 shrpglt m to

about 2 , - t

wbout 2 Ll < AR R WSRO ko By Bl O 0.5
about 0. Svheg/getm.tand alvoudils 1aré alag durfable Soweasabauaend cén algy e obmnfatfomt 1.7

ng/ m , fromab about 1.7 from /m to
about 1. 7 Ry ﬁlerfs‘r”Z‘)a‘rzhl%t 18%%’%3%”“*7 HRoqdgng 0?9“%6“6 gl ntaHf YabsU eﬁg 5 ng/m,
about 0. G“roll’fgvio”nta,mradj(suirc@ silc]ﬁgcl fitd)m ol live .08 ongdant. ,Sqaldand thd s&umgdn | about

1.0 ngy/ about 1 [ out 1.16 [ m out 1.17
N R W L T S T P e
about 1. Gvaigbk fronadmtherdiallsotibddr, mBIRWbtained bigdetiods adaeuitin theQrtrg/ M , about
2.0 mg/ M, about 12 ng/m , about 18 ng/m, about 20 ng/m, about 22.5ngy/n,
about 25 ng/m etc. [0095]In an exenplary enbodi nent, the cationic
oil-in-water enulsion conprises fromO0.73 ng/mM to about 1.45 ng/mM DODAC,
such as 1.45 ng/mm . [0096]1n certain endodi nents, the cationic lipidis
DODAP. The cationic oil-in- water enulsion may conprise fromabout 0.5
ng/ M to about 50 ng/nm DODAP. For exanple, the cationic oil-in-water
enul si on may conprise DODAP at fromabout 0.5 ng/m to about 25 ng/m, from
about 0.6 ng/m to about 25 ng/m, fromabout 0.7 nmg/m to about 25 ng/m,
from about 0.8 ng/m to about 25 ng/m from about 0.9 ny/m to about 25

v I



fromabout 0.5 ng/m to about 12 ng/m, fromabout 0.5 ng/m to about 10
nmg/ M, fromabout 0.5 ng/m to about 5 ng/m, fromabout 0.5 ng/mM to about
4 mg/ M, woam3abesst 0.5 ng/m to about 3 ng/m, from abear/G2&2/mEsAd t 0
about 2 ng/m, fromabout 0.5 ng/m to about 1.9 ng/m, fromabout 0.5
ng/m to about 1.8 ng/m, fromabout 0.5 ng/m to about 1.7 ng/m, from
about 0.5 ng/mM to about 1.6 ng/m, fromabout 0.6 ng/m to about 1.7
mg/mi, from ahggs) O T é@!afﬂgen&b@dl‘ﬂrﬁﬁfétthé!-m?cdﬁ:g/cdirﬂrlprlsfeér A ARUL sQeckdMn tO
about 1.7 ng/m, from about 0.8 ng/nm to about O ng/m, about 0.5 nmg/m,
about 0. éhagjryn coneﬁmwof(ﬁaﬁt%gvl rﬂocoeus@dtC@neﬂn%qt?@nseeé%ﬁve@lnepﬁ@mﬁ about
1.0 g/ myi; BAPH J#g g 13991% djo 120 P aﬁ#&%ﬁ s%fﬂ%w)%}lé MsesaRQt 1. 4
mg/ M, about 1. O%ni;m q{)ood "6 e n{IUJ(EIL U . ‘about 1.8 mg/ M,
about 1. @wﬂgaamoﬂ Suvelgre, Squ}ilarnglsmnﬂowbrmﬂt V\matggrmﬂ a@{meeraiellrr@Y m, about 20
ng/m, a ary

enbodl rre%tg ‘%l%lﬁg eg{z;ggélg}ﬁlntéa@?w f%g\%%&sené}% ganoogpgﬁdﬂoﬁegg%%wlabout 0.8
ng/ Mt o Sabderte, IquBlangbHmnd cdD@DARCN gchf. aSublage cay/atsb | beilseﬂ amﬁerdll .4 mg/ M or

6 /m 38 i | | d
Lhat s Mexrtiig SbSg R, FERERue bl SRES B, SRR RS Ac hr

DOTMA ar ehess@lfubl e i n squal ene or squal ane. | n other cases |t may be
desirabl e to use a cationic lipid that is not soI uble in the oil core. For
exanpl e, DST not squal | ene, t he

know edge i n g9]art%Fogﬁ g(%népone f\!f/f\}%i e%onanqa ar tplr%sﬁ n%a mouélt[ Hgmsol ubl e or
i nsol ubl ebowun 02Retoabbuta2Ath (€ho.oB& eaamlalp,ph@@momt @ilon- Iwa&ndnhlsmn athagzonbl nation

a1 Tt ur ST FRAT b ARl 2t PO RSB SRR Mo ay e

determ ne"d)nbabotlm2%tt<5 Bt r0®6 OF/v)i dils frbmlabbut oem to@)baﬁthO/e(v/\bloﬁu fismhBMitng one or

bere DR et M b aR 05 Bt S i el b B 2B b ds

havi ng sasw(rvm)ed fr@h byoud 0.2 t@fasms%(e/vgon ﬁsdneamyd) 24:ab bisdut a3 REY oBOl ubl e
in squalene. Alternatiyvel solubility ca m ned accor di ng to the

quant i t y fEom 39eut ¢ f’élt‘&iattoﬁh%ldo/d (el frgmjagoy Ogj'l(yg@rf‘ba‘t}fazrqt/‘i ) 8l FHRaRAY to form
a sat ur atoed, &Pdoytid 209, (V9B AR 2Rk 89 3 RYE20% foevﬁ&n%ﬂlta%aﬁﬂz%to%oe l'i pid

descri bed above i s determ ned based on the initial amount of the |ipid that

i s used t28%drepail.drannebastdiede dheyt 20°% (Ve qilnHemsbasd”4 o abeis 28¥t(vivhall. t he
act ual C%‘ﬁ%ﬂoﬁm 3%% QJou’E % @U/Jv) dﬂnfrBﬁl%bI)dt%% toRbOH Y64, (GR/) 911 ab&nl@%%aged

sterilized enul sion is ready for adm nistration) be slightly

| ower, sdwel olh@bow%lm/vr) oil.abouitl. 2006 V)1l Hwi 2% ozl Oltebmkt) é%t@/V) oil,

[00100] t [ | 47, Y@l 8 2 ' Ysof Ur t her
conpri se-ggﬁ"é?? [ d(gﬂgogcaglrorlggnﬂg/nt S. )C{J—'lér ex@/??/%) g?ﬁggde%qsgﬁﬁgh’%gﬂt cso;rrpri se
conponent(¥vi fihtor gdant fPefmveilparti cl e for mati on, inprove the conpl exation
bet ween the nucleic acid nol ecul es and the cationic particles, or increase

the stabilit yl[(mfm]t heAéHﬁhl%l%r ﬁi{%'CQtlémé &H‘H \gat(:reeingﬂsmr{ ﬁ%a)pé ﬁ% fl‘.gl%%‘b@lqat ion of

an RNA nol ecu esire he cationic -1 n-water sl on can
contai n &%t abou(tl 188w/ v)suk FromsibeittOr2a4 &, abastdds bal eoibfrogedbbst & Heteof

Sur fact anh S kOOMOHIAn GEbALD STRANLIE0L Ry L IE sRATbLG! RS, R phfigscat  oni ©
0|I-|nwaere er conprise a's acta

subst ant i(alv) niinfoen alafut 6. Q‘Vftaabcamﬁ% (vaw @ilbfeen absxe €. 2I%ntotah@1t[ér$% (vmz)emt, i caI

sci ences The?)gfe t;/rtc lﬂdel naturally derived materials such as gunms from
trees, veGEIAhTE" POV, sugar-based pol ymers such as al gi nates and
ceIIquse and the | i ke. Certain oxypolyners or polyners having a hydroxide
or ot her hydr ol i c Insubseinplgrimiodindé tizaraborc bﬁt@ki&@tneermdszien sumfract ant
activity, (A ovi,done yvin I coI t her - based
mono- andobEPs% R, AEER ESmRlE YlbRheR e o Pidn Rk G

conpou nd$omp1r1m abdu#.B%h (S0b sﬂ ah1t anaihelgarxemplaqf erﬂmdirsenf y]nerrgnamd od-uspetadi ng
agents whi ch. coul d his_ invention exanpl es of
suit abl eegwrs]wélcctoglml%es H%q?géoe(vévﬁ]gllfB}iqn8&nernedcempla em % e[r)l?(%he dafionic o

in-water emulsion comprises about 4.3% (w/v) squalene.
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[00104] 1. Water-sol ubl e soaps, such as the sodium potassium anmmoni um and
al kanol - ammoni um salts of higher fatty acids (Cl10-C22), in particular

sodi um amatopot3zamesum t al | ow and coconut soaps. [ ORT@AjS2@2/04884@NI C
synt heti c non-soap surfactants, which can be represented by the

wat er - sol ubl e salts of organic sulfuric acid reaction products having in
their nol ecular structure an al kyl radical containing fromabout 8 to 22
carbon atonms g adinsRl al§&{z|eetﬁ& ﬁéicén'ia%@b%&?d&&%éﬁ a6QR3d §didrRthe@bagl! f oni c
acid and sulfuric acid ester radicals. anpl es of these are the sodi um or
pot assi uphahipitiabamduat efghe @lbﬁhwwsefirt%mepw thewmglsionp cl sumndeystood Bgle um or

pot assi u { I sul f onat es;
sodi um cz)ﬁggllrllﬁu?le&gﬁglzcg)? fenﬁgthn??%ﬁgh ﬁ%ﬁehﬁagsre%ﬂ og?laa%/%glg h%%%ﬂﬁ% gt es; sodium
or pot assmytpianghatss r@ftdysfm ¢dm1nletr=a@nhm@§t@%1gbtﬂy loler, peagsinies mp pr duict of one
ol e of g,hi ghgrhgsty al cohol and about 1 to 6 noles of ethylene oxide;
sodi um or potassi um “al kyl phenol ethylene oxide ether sulfonates, with 1 to
10 units of ethylene oxide per nolecule and in which the alkyl radi cal s
contain from 8.t o Gatianag biwidsat ons; the reaction product of fatty acids
esterified wwth isethionic acid and neutralized wth sodi um hydroxi de;

sodi um or pot f(ﬁﬁBPm g8t EIﬁul@iBn E%I&MS @&bisheamds c@fnpﬁser@éamﬁlnc ilﬁi'dr\lvﬁi@h and
sodi um and potassium salts of SO03-sul fonated C10- a-ol efins.

[ 00106] 3Zan N@ﬁm%Wlltb theyneestelychaged meleeiie teiehy @ndbyrntgrfbe pokgdpsuthe on of
aIkerneeﬁﬁhq)ggﬁgHgs wi th an organi ¢ hydrophobi ¢ conpound. Typi cal

hydr ophobi ¢ groups 1 nclude condensation products of propyl ene oxide with
propyl ene gl ycol, alkﬁ phenol s, condensation product of propyl ene oxide
and et hyl ene B3 neT %thlﬁhlathp@ can B RosHyG Plisgeeait alpupd? pldrabevt 1dthbls, and
am des Ofab&ﬁtlb}’)HaQJOQ@ pH, about 8 pI-E Oalgéigmpﬂzlor Mﬂi @ﬁﬂi.c_ surf aC_t ants, such as
am ne oxi des, phosphi ne oxi des and sulfoxi des, having senlpolar

characteri sti cs. Speci fi c exanpl es of |ong chai n tertiary am ne oxides

i ncl ude di met HP78lodedyy awiehls n&ﬂﬁémﬁﬁémbb§uﬁﬁ Fyarrely dergtionigiiécyl am ne.

Speci fi C Exanph ﬁffrogén e[?&ﬁ%l{%hls %s19¥é19%r&ﬁ%n&&%ﬁ%ldl&gl&él Sondi®hs. HatabR. 304, 263,
i ssued February 1 i ncl'ude di net hyl dodecy ﬁgosphl ne oxi de and

di net hyl £€mea@ﬂ®e%n¥alb%%ﬁhlﬁ@d%ﬁpd@ benZ@thOﬂlumF ndgpetsmideong chai n
SU' fOX' gg%mch @Sﬂtﬂﬂg B88ade ﬁ nﬁﬁ&ﬁﬁ}g'bfngaﬁcg?r{g sy E’i‘d&lf‘ar&u RQfR2 wherein

are substitute stituted radi ca "Re ' or mer
cont al ni rdgdefcvbmnabﬁ@lmmb@lundor@mda@nQ&X@@Cblumnahyimmmqnhm bmid2 contains from

rot byl SOP P A e GRETORC R B ek 15t S CEAGE Bk 1€ 100100

6. Anpholaytines, ssyumilingtaimines ueftiagytaantes, 1ne;1ud:1hg hm n@t)hinnmi t8N,N',N'-

00110] 7 P BAR PRI E R G E PRy H PR S B LR BEM S OB By - v
hexadecy Ibanmm mhﬂb@fwmdmltﬂﬂﬁmbfaﬁmwnaMm&le hexadecyltrlmethyl ammonium

[00111]  RBER GRAT G0 dhe B PHEA SN Pi iy ot R B O CTFPART B EnCan be used

in a conpapiite, @enzgfdlﬂl&tﬁym;@a@mammuﬁaﬁﬂc@r@ndé @):n@@ﬁﬁ@th@lanﬁmuﬁi kali salts)
of fatty aci ds, rosin ac tall arene sul fonates; (c)

al kyl sulmfeiosyle Wé@laﬁthwﬂgflﬁnf%%%%m%% Hlﬂt?&iﬂfla %dﬁeﬂé@@ﬁ%bramﬂe

strai ght Dbé\H) Ay IeRReRbGuE CRWAGs, d@@nié@llohluﬁlsch[lfridg&ﬁé{h}ﬂ'ﬁqxe?ﬁﬁﬁlﬁ?lar y sulfate
gr oups; (d) sul fates and sul fonates contai ni ngI an_internedi ate |inkage

bet ween teHERR ierélsi BehrdripsdrepRPuMcChiride) &, N-¢lirghdN-{h@-meghylyH- acyl at ed
net hyl tapry, ﬁ&%anﬂeﬂ@lﬂu‘fsﬁ) %H&fo%]eéih&%étﬁyl ”Eéﬂ?&'e%%ﬁ 'n%ﬁmun( 8lloiRNY- chai n aci d
esters of yet hyl'ene gly y il esters; (f)

pol yet hy|(EEBD@|)>Az%ikylém1¢éﬂ@nrmm@mRglISpHé%&dsoley(hgc)y) p@lpylé‘c hyl ene glycol ethers
of lon i ?18@91'1 t hanol am des.
Si nce gu(ri\rgé\tp tarti?iltles canlﬁ @gcgﬁgélﬁ?@ 23&&3/1 ?}D@g{e nﬁgﬁﬁﬁo%%o)%a%ang a%g nunber of

cl asses gfowprdifracistaylt dipglatitoflodistearoyl, dinlegylpalakgcaph overl ap with previously

descri be al f
surfacta ?ﬁl%{ %ec.“?ﬂ‘)&ﬁo@;“éz&yé%r%p fd6$y1[gggf}%§;alJlt& dlS%agp dlqgg%ﬁblgél)cal

si t uat i onlsoled3U8+i4'sumtthglt amtnon@pbeitaddylisdexdlycerol,d , X- dm}reojdéssmCCmyfmgiycmi oni c,
cationic, zwitterionic (anphoteric), and nonionic. Exenplary anionic
surfactants include, e.g., perfluorooctanoate (PFOA or PFO,

per fl uorooct anesul fonate (PFOS), al kyl28ulfate salts such as sodi um dodecyl
sul fate (SDS) or anmmonium |l auryl sulfate, sodiumlaureth sulfate (also
known as sodium | auryl ether sulfate, SLES), al kyl benzene sul fonate, and
fatty acid salts. Exenplary cationic surfactants include, e.g.,

al kyl trimet hyl ammoni um salts such as cetyl trinethyl anmoni um bronide (CTAB,
or hexadecyl tri rret hyI ammnl um brom de) cetyl pyr| d| n| um chI oride (CPO),
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copol ynmer), and pol ysorbates, such as Tween 20 (pol ysorbate 20), Tween 80
(pol ysorbate 80; pol yoxyet hyl enesor bitan nonool eate), dodecyl dinethylam ne
oxi de, amaowent3zanbss4E t ocopherol propyl ene gl ycol succi naCe/uSYhizanisno E

TPGS) . [00113] A particularly useful group of surfactants are the
sor bitan- based non-ionic surfactants. These surfactants are prepared by
dehydration of sorbitol to give 1,4-sorbitan which is then reacted with one

or nore %HMEn‘é%’st@PEl%l&fterﬂ (t ettlﬁlxth%mqmnmeutt@aatey Tagrkglrp%laﬁtmt tttne@le goi ety may
be further reacteéd with hyl ene oxide to %Qve a second group o

sur f act aﬁ?@lpyv@nm@pm%eaﬁmipn@mm@/c@l@es Nradloipiaqrifidum salts, dlcatlomc
fatty-aci U g 4-
sorbitan b\?\{at(ﬁ}?i%q%cg%qygeggclﬁ S uc @ug?s Hlfd%g%lg)g&gg)ﬁ%g%h&gﬂrﬁﬁl%cl&gcg%thﬁs%Jeaar iC
aci d, ol elideayiphdsphetrdyéetiminpiamene, ¢hotpgtersh aﬁmlsﬁcatrtay caclurct epter, gpwlxahenes

14sorb| .6 : itan triester.
The comrﬁlﬁt&gh@?? @trqi;nt‘?1 gst%dléﬁtéfec@ta %ﬁ%@?ﬂ%éhﬁ%& ?I?%rag)éx gﬁ%ﬁ%lpsor bi tan
nmonol aur ahesphstalylziltaacl- armm}patmmet (éIP@ES}; bdpgpdah (ordhegshedPal el PIRD), bolyan

nonool eat rbi.t an ses e nd,so |tan triol
Sur f act ant AP SRR ERE t"ON q%wtyd%%to ha“%[Y Bnglamiicn ﬁ%‘tﬁ}iﬁ(g-r[ qan&%% ARLACELOQ,
usual | y wktehwish peilae amito giuqi(é:ﬁzcﬂﬂshcgNéj ido¢tradbdyt Bluthinmitd agtivith eendasit vveen t he

SPaN(r) ARt Ear SR BRI PR sy e er bR col ubl e

or di spercsslblt@yl-Np-OdxdysucingidastlylahcdOma&nylmeniuf saBSholestgans g- sol vents. | n
wat er they are generally insoluhle t dIS rsi ble. CGenerally these
sur f act arff* Suﬁ‘iltlarqn H%@@’lﬂyh’?@?}wml?? Gt?‘itf c bal ance (HLB) nunber between
1.8 to 8.chrboSulidseiyleastianihglagmibnRen gaqata@hohaétefmgqs—by means known in the art
or are comercially available [00116] A related group of

sur f act aﬁ@@owaneﬁe@n@fh%t%y@mwl adSTddr®Y-Nan nonoesters and ol yoxyet hyl ene
sorbitan g L&t g5 1 fRAY, 19y on of ethyl ene
oxi de toda éltﬁ}i sg?gar@?ﬁ%%ﬁ% Ctse're&%r?)?l?leecg{oer “The adﬂgdt’jylh k%of

pol yoxyet(hyﬁe@wéanmwv@ptosaltet(@QTlA{fd phintthgldotadécy amnmmno (RIPAL di2est er

surfacta I\ n spersible in
wter and Z5RNe L5y Ly AGR B AEAT: Ao R el SPT 001
These nataemaaiy pnopammDBTAP] ¢1savmy]tmbthylmmn1umome KDSMEEN@d ar e usef ul
for prepari F%‘ t(i)l Ith wat er emul sions and dispersions, or for the

sol ubi I | ¥8PPBATSPSEY s and maki ng anhydrous oi ntnents water-sol ubl e or
washabl e. The TWEENO surfactants nay be conbined with a related sorbitan
nonest er or t {0086k er Osher tdmnmnipsls tswitgbtedinotse et irsicmtronsbdinde €.ty the TWEENO

sur f act ants ne ue.f al 6. 7. TWEENO
surf act ant éongc‘ral lé:odr?’rsr%lbm ae[lltg/l g'\%%ltFa%ltcauonS 25659&)8[3%?@158%%%&@ group of
non- i oni @08R)rahd 0GOS 700 (pliblclad Marble 6,.2068). al one or in conjunction with
SPAN(r), ARLACELO and TWEENO surfactants are the pol yoxyet hyI ene fatty

aci ds nmade by | o Ly acid.
The nost co 609@ ava?lf 5)8{501}1 icmé l?a%f g Sgﬁn%geﬁﬂeﬁmmgguf ﬂncﬁ’er t he nanme
MYRIO and0081-80 Haloy BRYEX- ]B(yll8é nediddoded at Tabdae @tpagetselaﬁ Fd3ofdyO IWRJ O

f d s di b l.i ke TWEENO
Surt act and B OR0 RSB ARy Pl R BEARURY bRl act ant <

or with TYWEENXGERAND @i’tab@ﬂaﬁ@ﬁb@pﬁl&l trfcamlt: antl-(a) Xxtivteebxi PropygeN, N(IN-f or m ng

S LR TN R S R

based nonmboOPA®, mrdtoaébt/ahtgy@drmIehglpm@ipyi@@hbﬁﬁ@cdcmec) Bbidolagi-g et hers
derived frontlauryl ace al cohol's. These materials
are prepdiBahdammppiye- HSQP"‘&%Q?@%R) df2 @l“l*ﬁltyé?ﬁé( LemeE{anBepreRaps; al cohol . The
comer ci gbLp@meaf.or these surfactants is BRIJO BRIJO surfactants nay be
hydrophilic or I|pophilic depending on the size of the polyoxyethyl ene

noi ety in the suyrfact Wil e the aration, of these co unds is

avail abl e froM%Re a ee W@?nHPeCQP BwFE&HWWWH%VQPfQﬁFEK?F%gagﬁnnercim

sour ces. Cmewlqﬁ&Q%&Qﬁm@h@em non-ioni c surfactants which could potentially
be used are, for exanple, polyoxyethylene, polyol fatty acid esters,

pol yoxyet hyl ene et her, pol yoxypropylene fatty ethers, bee's wax derlvatives
cont ai ni ng polyoxyethylene, pol yoxyet hyl ene | anolin derivative,

pol yoxyet hyl ene fatty glycerides, glyeeéetol fatty acid esters or other

pol yoxyet hyl ene aci d al cohol or ether derivatives of |long-chain fatty acids
of 12-22 carbon atons. [00121] As the emul sions and formnul ati ons of
the invention are intended to be nmulti-phase systens, it is preferable to
choose an emul si on-form ng non-ionic surfactant which has an HLB val ue in
the ‘range of about 7 to 16. ThIS value may be obt ai ned through the use of a
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[00123] The oil-in-water enul sions can contain from about 0.01%to about
2.5% surfactant (v/v or wv), about 0.01%to about 2% surfactant, 0.01%to
about 1. 5%VO=0r3m@met3ant, 0.01% to about 1% surfactant, 0. @C¥USe01alesss0 0. 5%
surfactant, 0.05%to about 0.5% surfactant, 0.08%to about 0.5% surfactant,
about 0.08% surfactant, about 0.1% surfactant, about 0.2% surfactant, about
0. 3% surfactant, about 0.4% surfactant, about 0.5% surfactant, about 0.6%
surfactant, ahm% 0. 70803 dnidoliRiths, tﬁ@@éifong-l%%’&H{atrﬁ(étqﬁﬁ't%ma@ba%ﬁe 0. 9%
surfactant, or about 1% surfact ant . Alternatively or in

addi ti on, the oil-in-water emnul sions can contain 0.05%to about 1% O0.05%
to about 0. 9%0080h50d% Ryefzped;embpdgugnty thssagienic lpid ifsclsetoddrom tasgoiny about

0.6% 0. Qaadins aPpY! Yoy BRQHh ot 1AL ABRD @ about 0.3%
about 0. %éﬁ;ﬁsglb%gt tdlSOQ/?;&a(%%gt et%’ ab%ﬂ?ﬁgdb%%%)(%u@ gyg\l%g\?b/out 0.9% or
about 1%Dimetrlaginocthaney)serbbaoy] (B@lesipmlywﬁéphgtbrehesor bi tan nonool eat e) .

L00G2) ARSNGBt BHBRATIROL 1 S BT HALEY SR G0t &1 NS

oi | - i n- wabMTAddisdlorsylCan.) cortlyi mn@lomﬁ%nr@aab@RTﬂI% 0.05% to about 0.9%

0. 05% t t .0.8%. 0. 05% t b %4 8.,05% t
about 0 SEM e R Ll PR b PAR LT s D R B o kP 0 s
about 0. B8%closdalanTable 6Y¥pagad DiRt— IB97%W81)211111/0068%arﬂtmmbmat.l@ﬁ@hemfofabout 1%
SPANB5 (sorbtian trioleate). [00127] Alternatively or in addition,
the oil-in- WaLo%EnF h?&R&%@%%d%%% n%r{%n% otin @%{J\Rgd‘ls 8@60%?"%0 fant s

descri bed her ifat i on o ysor bate 80;
pol yoxy etgiypenesainkiof ap-diodugtlxedt@mandarbhANSprimos (MO BAP) 33-O-gate) nay be
used. The_enmul sions_ma ntain v rio unts TweenO 80 and SPANS5 (e.g.,
t hose exZ?iﬂFn%Vﬁ‘@Hloﬁﬁlﬁ%%)car%?lﬁﬁYlh\rP @EE‘%&@%%}F{P »of these surfactants. For
exanpl e, dih&h dllocthd’et&?lhﬁlhloﬁﬁﬁﬁi SIS | 2BIMGAGRLALNTHRASHY A RS YandimBene 80 and
about 0.05% SPAN085 about 1% TweenO 80 and about 0. 1% SPANO85, about

0. 2% Twedhd!gd) afiwl%@dEcleow%eéw}xmglsmu%mane hARleen0 80 and about 0. 3%
SPANO8S, das%woyuﬁ IEWRRAR (@mm) 8- % SPARSRxy )@%gg Nnp§o TweenO 80
and about 0. 5% 85, abo 6% Tween0 80 and about Y% SPANO85, about
0. 7% Tmeé%@etéﬁalammaw@ﬂor@e ?@9@4&&0@5‘1 diglsevitN.O-Gothwisewongm eieridtbout 0. 8%
SPANOS8S, {01 99 Qlwgﬁ% I 1% TweenO 80
and about(B?%/Co) I%I@)%%?ngl?&rf@%@gﬂ H%hgc}%? %\ ene %/gcc)lll&&gE%)-l i pids,
such as RE®Gthdypimeniumeprefaad @@B%ﬁbr@p@dll@pl?mmthyhﬁ@mh@d to

di acyl gl P ne (PE

(PEGy P%) )(%rg[n;ﬂé\dn‘éfgt&(gﬁ“@g%ggﬁoﬁcl pi é?éj?g%ég%&%gg%tgll?%% ?ﬁ;}g%amgom t(Jga% ed to

cer am desl3?PE®J@éﬂ)L/0’tﬁ80a(m®mmr¢tat haein bh exfgoice), aed cahtsmtions theedf. as

surfactants (see, U S Pat. No. 5,885, 613 U S. patent application
ublication 00 / er

gui tabl e PEG pllgs ?an?tzé%%%wl%g% tﬁéé_ZaZI a ky Po%?gg@nﬁoﬁoiﬁds or
PEG- di acwa@ﬁrymelswln nfaRAGplisepias ab@k@ﬁrm%mytOI@E@/RGmg/rp] BeTARcFade, e.g.

22 a1 Uil et e (2l Pt FECCHML RS o1 Bl d Ehtlad L 05

l'i pi ds. Exéfqut%&lylglﬁﬁﬁrwbdult Ql6d1$g/mh‘(0|ahdlﬁ 25 enggml, frI@E@bdutl(hbmgAndemompyl (C12)

i pids, BECGinyr.i st ). 1ipid PEG pal.mitylo ropyl (C16)
b ds, o bt ORI g o s o S5 BORRAT) (b SESRLOR! [
cl assi fi eh/fy flohedboutniod ﬁnguﬁlads abui hing/mlf Hom eairpll eng/MEG a-BO@QAshasman aver age

nmol ecul ar, wei ght out 2 0 | £t ons n G, 50 ver age

ol ecul ar Rt - medRgacost SOt bOR Lo BRI R AT 8L | abl e
from Si grﬁao@hemg/aﬂ tde@outdS M@, fin £HobEr. 5 ﬁtgrmlaaw@t anehg/miCfro@bordt 016
exanpl e, f)e fol | owi ng t hox po yet hyl ene g} ycol (MePEG OH)

monoret h&@‘ﬁbﬁ%@?‘ﬁfﬁéﬁ‘%ﬁlg}tmo Sticle] Mgl ©§ KBES B Ml e AU Byl @t hyl ene

gl ycol - sugit ni gy, frsha%bﬂ@tﬂngmlf’&&%o /Mﬁ@@yﬁ@ﬂi%ﬁ%&a@
gl ycol -am ne (I\/EPEG NH2) , npnonet hoxypol %ret h%)l ene coI -tresyl ate
o

( MePEG- TRESDL, fmal?%lh%@ta@akwbwéﬁmg/@h e@ﬂomgaﬁi%qﬂwt B8ty

( MePEG | Mo dHausiélbdol N 2HRD IR N HR Y& bxllﬁgﬁgwaﬁ)eht 1@9—%&‘? fﬁ)%{ d
(MePEGCH2COOH), is particul arly useful for preparing

conj ugat @toyt A mglmhép abeutyd me/PEdEr@arbayb ) uganble about 2 mg/ml [ft@mL'cQIQ]lt (Pi ef erabl y,

t he PEG has an average nol ecul ar wei ght of from about 1000 to about 5000
daltons (e.g., PEG 000, PEGz000, PEG30QD; PEX4000, PEGs000). The PEG can be
optionally substituted by an al kyl, al koxy, acyl or aryl group. PEG can be
conjugated directly to the lipid or may be linked to the lipid via a |inker
noiety. Any linker noiety suitable for coupling the PEGto a |ipid can be
used including, e.g., non-ester containing |linker noieties and
ester-containing |linker noieties [00131] In exenplary enbodlnents
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00134] The foll ow ng exenpl ary phopholipids nmay be used. DDPC

Di decanoyl - sn- d ycer o- 3- phosphat i dyl chol i ne DEPA- NA

D er woybt3mes3tycer o- 3- Phosphat e( Sodi um Sal t) DEPC PCT/US2012/045840
Er ucoyl - sn-d ycer o- 3- phosphat i dyl chol i ne DEPE

Di erucoyl -sn- 3 ycer o- 3- phosphati dyl et hanol am ne DEPG NA

Di erucoyl -sn-d ycer o- 3[ Phosphati dyl -rac-(1-glycerol...) DLOPC

Li nolgoMl rosBodd IXCRER1 St asRPES inthyh e abbii g sRkEA, Mdm about 0.5 mg/ml

to about 1.7 mg/ml, from about 0.5 mg/ml to about 1.6 mg/ml, from about 0.6 mg/ml to about

[00
1,2
1,2
1,2
1,2
1,2
1,2

1.6 mg/ml, from about 0.7 mg/ml to about 1.6 mg/ml, from about 0.8 mg/ml to about 1.6
mg/ml, from about 0.8 mg/ml to about 3.0 mg/ml, about 0.5 mg/ml, about 0.6 mg/ml, about
0.7 mg/ml, about 0.8 mg/ml, about 0.9 mg/ml, about 1.0 mg/ml, about 1.1 mg/ml, about 1.2
mg/ml, about 1.3 mg/ml, about 1.4 mg/ml, about 1.5 mg/ml, about 1.6 mg/ml, about 12
mg/ml, about 18 mg/ml, about 20 mg/ml, about 21.8 mg/ml, about 24 mg/ml, etc.

[0083] In an exemplary embodiment, the cationic oil-in-water emulsion comprises
from about 0.8 mg/ml to about 1.6 mg/ml DOTAP, such as 0.8 mg/ml, 1.2 mg/ml, 1.4 mg/ml
or 1.6 mg/ml.

[0084] In certain embodiments, the cationic lipid is DC Cholesterol. The cationic
oil-in-water emulsion may comprise DC Cholesterol at from about 0.1 mg/ml to about 5
mg/ml DC Cholesterol. For example, the cationic oil-in-water emulsion may comprise DC
Cholesterol from about 0.1 mg/ml to about 5 mg/ml, from about 0.2 mg/ml to about 5 mg/ml,
from about 0.3 mg/ml to about 5 mg/ml, from about 0.4 mg/ml to about 5 mg/ml, from about
0.5 mg/ml to about 5 mg/ml, from about 0.62 mg/ml to about 5 mg/ml, from about 1 mg/ml
to about 5 mg/ml, from about 1.5 mg/ml to about 5 mg/ml, from about 2 mg/ml to about 5
mg/ml, from about 2.46 mg/ml to about 5 mg/ml, from about 3 mg/ml to about 5 mg/ml, from
about 3.5 mg/ml to about 5 mg/ml, from about 4 mg/ml to about 5 mg/ml, from about 4.5
mg/ml to about 5 mg/ml, from about 0.1 mg/ml to about 4.92 mg/ml, from about 0.1 mg/ml
to about 4.5 mg/ml, from about 0.1 mg/ml to about 4 mg/ml, from about 0.1 mg/ml to about
3.5 mg/ml, from about 0.1 mg/ml to about 3 mg/ml, from about 0.1 mg/ml to about 2.46
mg/ml, from about 0.1 mg/ml to about 2 mg/ml, from about 0.1 mg/ml to about 1.5 mg/ml,
from about 0.1 mg/ml to about 1 mg/ml, from about 0.1 mg/ml to about 0.62 mg/ml, about
0.15 mg/ml, about 0.3 mg/ml, about 0.6 mg/ml, about 0.62 mg/ml, about 0.9 mg/ml, about
1.2 mg/ml, about 2.46 mg/ml, about 4.92 mg/ml, etc.

[0085] In an exemplary embodiment, the cationic oil-in-water emulsion comprises

from about 0.62 mg/ml to about 4.92 mg/ml DC Cholesterol, such as 2.46 mg/ml.

[0086] In certain embodiments, the cationic lipid is DDA. The cationic oil-in-
water emulsion may comprise from about 0.1 mg/ml to about 5 mg/ml DDA. For example,

the cationic oil-in-water emulsion may comprise DDA at from about 0.1 mg/ml to about 5
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| aur oyl - sn- @ ycer o- 3- Phosphat e( Sodi um Salt) DLPC

| aur oyl - sn- 3 ycer o- 3- phosphati dyl chol i ne DLPE

| awoyebtmes3iycer o- 3- phosphat i dyl et hanol am ne DLPBGCRAIS2012/045840

| aur oyl - sn-d ycer o- 3[ Phosphati dyl -rac-(1-glycerol...) (Sodium Salt)
G N4 1, 2-Di |l auroyl -sn-d ycero-3 [Pho sphatidyl-rac-( 1-glycerol...)
S-NA 1, 2-Di | auroyl - sn-d ycer o- 3- phosphat i dyl seri ne( Sodi um Salt) DMPA- NA

-Di
-Di
-Di
-Di

from about 0.1 mg/ml to about 3.5 mg/ml, from about 0.1 mg/ml to about 3 mg/ml, from
about 0.1 mg/ml to about 2.5 mg/ml, from about 0.1 mg/ml to about 2 mg/ml, from about 0.1
mg/ml to about 1.5 mg/ml, from about 0.1 mg/ml to about 1.45 mg/ml, from about 0.2 mg/ml
to about 5 mg/ml, from about 0.3 mg/ml to about 5 mg/ml, from about 0.4 mg/ml to about 5
mg/ml, from about 0.5 mg/ml to about 5 mg/ml, from about 0.6 mg/ml to about 5 mg/ml,
from about 0.73 mg/ml to about 5 mg/ml, from about 0.8 mg/ml to about 5 mg/ml, from
about 0.9 mg/ml to about 5 mg/ml, from about 1.0 mg/ml to about 5 mg/ml, from about 1.2
mg/ml to about 5 mg/ml, from about 1.45 mg/ml to about 5 mg/ml, from about 2 mg/ml to
about 5 mg/ml, from about 2.5 mg/ml to about 5 mg/ml, from about 3 mg/ml to about 5
mg/ml, from about 3.5 mg/ml to about 5 mg/ml, from about 4 mg/ml to about 5 mg/ml, from
about 4.5 mg/ml to about 5 mg/ml, about 1.2 mg/ml, about 1.45 mg/ml, etc. Alternatively,
the cationic oil-in-water emulsion may comprise DDA at about 20 mg/ml, about 21 mg/ml,

about 21.5 mg/ml, about 21.6 mg/ml, about 25 mg/ml.

[0087] In an exemplary embodiment, the cationic oil-in-water emulsion comprises

from about 0.73 mg/ml to about 1.45 mg/ml DDA, such as 1.45 mg/ml.

[0088] In certain embodiments, the cationic lipid is DOTMA. The cationic oil-in-
water emulsion may comprise from about 0.5 mg/ml to about 25 mg/ml DOTMA. For
example, the cationic oil-in-water emulsion may comprise DOTMA at from about 0.5 mg/ml
to about 25 mg/ml, from about 0.6 mg/ml to about 25 mg/ml, from about 0.7 mg/ml to about
25 mg/ml, from about 0.8 mg/ml to about 25 mg/ml, from about 0.9 mg/ml to about 25
mg/ml, from about 1.0 mg/ml to about 25 mg/ml, from about 1.1 mg/ml to about 25 mg/ml,
from about 1.2 mg/ml to about 25 mg/ml, from about 1.3 mg/ml to about 25 mg/ml, from
about 1.4 mg/ml to about 25 mg/ml, from about 1.5 mg/ml to about 25 mg/ml, from about 1.6
mg/ml to about 25 mg/ml, from about 1.7 mg/ml to about 25 mg/ml, from about 0.5 mg/ml to
about 24 mg/ml, from about 0.5 mg/ml to about 22 mg/ml, from about 0.5 mg/ml to about 20
mg/ml, from about 0.5 mg/ml to about 18 mg/ml, from about 0.5 mg/ml to about 15 mg/ml,
from about 0.5 mg/ml to about 12 mg/ml, from about 0.5 mg/ml to about 10 mg/ml, from
about 0.5 mg/ml to about 5 mg/ml, from about 0.5 mg/ml to about 2 mg/ml, from about 0.5
mg/ml to about 1.9 mg/ml, from about 0.5 mg/ml to about 1.8 mg/ml, from about 0.5 mg/ml
to about 1.7 mg/ml, from about 0.5 mg/ml to about 1.6 mg/ml, from about 0.6 mg/ml to about
1.6 mg/ml, from about 0.7 mg/ml to about 1.6 mg/ml, from about 0.8 mg/ml to about 1.6
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2-Dimyri stoyl -sn-d ycer o- 3- phosphat i dyl chol i ne DVPE

2-Di nyristoyl -sn-d ycero- 3- phosphat i dyl et hanol am ne DMPG NA

2- Myri swoybtaes3iycer o- 3 [ Pho sphatidyl -rac-( 1-gl yceraolr/us2012/0h8@& NHA
2- Myri stoyl -sn-d ycer o- 3[ Phosphati dyl -rac-(1-glycerol...) DVPG NH4/ NA
2- Myri stoyl -sn-d ycero-3 [ Phosphatidyl -rac-( 1-gl ycerol ...) DWPS-NA
2-Di nyristoyl -sn-d ycero- 3- phosphat i dyl seri ne( Sodi um Salt) DOPA- NA

2- Di ol gyt $RnAn&aS @m3mitho aRas 8 (adi, Hidusd st g/MPRGout 0.6 mg/ml, about

0.7 mg/ml, about 0.8 mg/ml, about 0.9 mg/ml, about 1.0 mg/ml, about 1.1 mg/ml, about 1.2
mg/ml, about 1.3 mg/ml, about 1.35 mg/ml, about 1.4 mg/ml, about 1.5 mg/ml, about 1.6
mg/ml, about 12 mg/ml, about 18 mg/ml, about 20 mg/ml, about 22.5mg/ml, about 25 mg/ml

etc.

[0089] In an exemplary embodiment, the cationic oil-in-water emulsion comprises
from about 0.8 mg/ml to about 1.6 mg/ml DOTMA, such as 0.8 mg/ml, 1.2 mg/ml, 1.4 mg/ml
or 1.6 mg/ml.

[0090] In certain embodiments, the cationic lipid is DOEPC. The cationic oil-in-
water emulsion may comprise from about 0.5 mg/ml to about 25 mg/ml DOEPC. For
example, the cationic oil-in-water emulsion may comprise DOEPC at from about 0.5 mg/ml
to about 25 mg/ml, from about 0.6 mg/ml to about 25 mg/ml, from about 0.7 mg/ml to about
25 mg/ml, from about 0.8 mg/ml to about 25 mg/ml, from about 0.9 mg/ml to about 25
mg/ml, from about 1.0 mg/ml to about 25 mg/ml, from about 1.1 mg/ml to about 25 mg/ml,
from about 1.2 mg/ml to about 25 mg/ml, from about 1.3 mg/ml to about 25 mg/ml, from
about 1.4 mg/ml to about 25 mg/ml, from about 1.5 mg/ml to about 25 mg/ml, from about 1.6
mg/ml to about 25 mg/ml, from about 1.7 mg/ml to about 25 mg/ml, from about 0.5 mg/ml to
about 24 mg/ml, from about 0.5 mg/ml to about 22 mg/ml, from about 0.5 mg/ml to about 20
mg/ml, from about 0.5 mg/ml to about 18 mg/ml, from about 0.5 mg/ml to about 15 mg/ml,
from about 0.5 mg/ml to about 12 mg/ml, from about 0.5 mg/ml to about 10 mg/ml, from
about 0.5 mg/ml to about 5 mg/ml, from about 0.5 mg/ml to about 4 mg/ml, from about 0.5
mg/ml to about 3 mg/ml, from about 0.5 mg/ml to about 2 mg/ml, from about 0.5 mg/ml to
about 1.9 mg/ml, from about 0.5 mg/ml to about 1.8 mg/ml, from about 0.5 mg/ml to about
1.7 mg/ml, from about 0.5 mg/ml to about 1.6 mg/ml, from about 0.6 mg/ml to about 1.7
mg/ml, from about 0.7 mg/ml to about 1.7 mg/ml, from about 0.8 mg/ml to about 1.7 mg/ml,
from about 0.8 mg/ml to about 3.0 mg/ml, about 0.5 mg/ml, about 0.6 mg/ml, about 0.7
mg/ml, about 0.8 mg/ml, about 0.9 mg/ml, about 1.0 mg/ml, about 1.1 mg/ml, about 1.2
mg/ml, about 1.3 mg/ml, about 1.4 mg/ml, about 1.5 mg/ml, about 1.6 mg/ml, about 1.7
mg/ml, about 1.8 mg/ml, about 1.9 mg/ml, about 2.0 mg/ml, about 12 mg/ml, about 18
mg/ml, about 20 mg/ml, about 22.5 mg/ml, about 25 mg/ml etc.
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| eoyl - sn-d ycer o- 3- phosphat i dyl chol i ne DOPE

| eoyl - sn- d ycer o- 3- phosphat i dyl et hanol am ne DOPG- NA

| ewpl20mm0@3ycer o- 3 [ Pho sphatidyl -rac-( 1-gl ycer @CT/USPOIDORB4NA
| eoyl - sn- A ycer o- 3- phosphat i dyl seri ne( Sodi um Sal t) DPPA- NA

al mtoyl -sn-d ycer o- 3- Phosphat e( Sodi um Sal t) DPPC

al mtoyl -sn-d ycero- 3- phosphati dyl chol i ne DPPE

[0091] In an exemplary embodiment, the cationic oil-in-water emulsion comprises
from about 0.8 mg/ml to about 1.8 mg/ml DOEPC, such as 0.8 mg/ml, 1.2 mg/ml, 1.4 mg/ml,
1.6 mg/ml, 1.7 mg/ml, or 1.8 mg/ml.

[0092] In certain embodiments, the cationic lipid is DSTAP. The cationic oil-in-
water emulsion may comprise from about 0.5 mg/ml to about 50 mg/ml DSTAP. For
example, the cationic oil-in-water emulsion may comprise DSTAP at from about 0.5 mg/ml
to about 25 mg/ml, from about 0.6 mg/ml to about 25 mg/ml, from about 0.7 mg/ml to about
25 mg/ml, from about 0.8 mg/ml to about 25 mg/ml, from about 0.9 mg/ml to about 25
mg/ml, from about 1.0 mg/ml to about 25 mg/ml, from about 1.1 mg/ml to about 25 mg/ml,
from about 1.2 mg/ml to about 25 mg/ml, from about 1.3 mg/ml to about 25 mg/ml, from
about 1.4 mg/ml to about 25 mg/ml, from about 1.5 mg/ml to about 25 mg/ml, from about 1.6
mg/ml to about 25 mg/ml, from about 1.7 mg/ml to about 25 mg/ml, from about 0.5 mg/ml to
about 24 mg/ml, from about 0.5 mg/ml to about 22 mg/ml, from about 0.5 mg/ml to about 20
mg/ml, from about 0.5 mg/ml to about 18 mg/ml, from about 0.5 mg/ml to about 15 mg/ml,
from about 0.5 mg/ml to about 12 mg/ml, from about 0.5 mg/ml to about 10 mg/ml, from
about 0.5 mg/ml to about 5 mg/ml, from about 0.5 mg/ml to about 4 mg/ml, from about 0.5
mg/ml to about 3 mg/ml, from about 0.5 mg/ml to about 2 mg/ml, from about 0.5 mg/ml to
about 1.9 mg/ml, from about 0.5 mg/ml to about 1.8 mg/ml, from about 0.5 mg/ml to about
1.7 mg/ml, from about 0.5 mg/ml to about 1.6 mg/ml, from about 0.6 mg/ml to about 1.7
mg/ml, from about 0.7 mg/ml to about 1.7 mg/ml, from about 0.8 mg/ml to about 1.7 mg/ml,
from about 0.8 mg/ml to about 3.0 mg/ml, about 0.5 mg/ml, about 0.6 mg/ml, about 0.7
mg/ml, about 0.8 mg/ml, about 0.9 mg/ml, about 1.0 mg/ml, about 1.1 mg/ml, about 1.2
mg/ml, about 1.3 mg/ml, about 1.4 mg/ml, about 1.5 mg/ml, about 1.6 mg/ml, about 1.7
mg/ml, about 1.8 mg/ml, about 1.9 mg/ml, about 2.0 mg/ml, about 12 mg/ml, about 18
mg/ml, about 20 mg/ml, about 22.5mg/ml, about 25 mg/ml etc.

[0093] In an exemplary embodiment, the cationic oil-in-water emulsion comprises
from about 0.8 mg/ml to about 1.6 mg/ml DSTAP, such as 0.8 mg/ml, 1.2 mg/ml, 1.4 mg/ml
or 1.6 mg/ml.

[0094] In certain embodiments, the cationic lipid is DODAC. The cationic oil-in-
water emulsion may comprise from about 0.5 mg/ml to about 50 mg/ml DODAC. For
example, the cationic oil-in-water emulsion may comprise DODAC at from about 0.5 mg/ml

to about 25 mg/ml, from about 0.6 mg/ml to about 25 mg/ml, from about 0.7 mg/ml to about
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1, 2- Di pal m toyl -sn-d ycer o- 3- phosphat i dyl et hanol ami ne DPPG NA 1, 2-Dip

al mtoyl-sn-dycero-3 [ Phosphatidyl-rac-( 1-glycerol...) DPPGN#4 1,2-Dp
al m t oyl -wo-2@3ymwes39- 3 [ Pho sphati dyl-rac-( 1-glycerol .. PCTDRRE2M5840

1, 2-Di pal mtoyl -sn-d ycer o- 3- phosphati dyl seri ne(Sodi um Salt) DPyPE

di phyt anoyl - sn- gl ycer o- 3- phosphoet hanol am ne DSPA- NA

st ear oyl - sn-d ycer o- 3- Phosphat e( Sodi um Sal t) DSPC

St @3MmQYir, A& PmmR OB AY¥nfNPdth BuPEBg/ml to about 25
mg/ml, from about 1.0 mg/ml to about 25 mg/ml, from about 1.1 mg/ml to about 25 mg/ml,

1, 2-

1,2-D

1, 2-Di
from about 1.2 mg/ml to about 25 mg/ml, from about 1.3 mg/ml to about 25 mg/ml, from
about 1.4 mg/ml to about 25 mg/ml, from about 1.5 mg/ml to about 25 mg/ml, from about 1.6
mg/ml to about 25 mg/ml, from about 1.7 mg/ml to about 25 mg/ml, from about 0.5 mg/ml to
about 24 mg/ml, from about 0.5 mg/ml to about 22 mg/ml, from about 0.5 mg/ml to about 20
mg/ml, from about 0.5 mg/ml to about 18 mg/ml, from about 0.5 mg/ml to about 15 mg/ml,
from about 0.5 mg/ml to about 12 mg/ml, from about 0.5 mg/ml to about 10 mg/ml, from
about 0.5 mg/ml to about 5 mg/ml, from about 0.5 mg/ml to about 4 mg/ml, from about 0.5
mg/ml to about 3 mg/ml, from about 0.5 mg/ml to about 2 mg/ml, from about 0.5 mg/ml to
about 1.9 mg/ml, from about 0.5 mg/ml to about 1.8 mg/ml, from about 0.5 mg/ml to about
1.7 mg/ml, from about 0.5 mg/ml to about 1.6 mg/ml, from about 0.6 mg/ml to about 1.7
mg/ml, from about 0.7 mg/ml to about 1.7 mg/ml, from about 0.8 mg/ml to about 1.7 mg/ml,
from about 0.8 mg/ml to about 3.0 mg/ml, about 0.5 mg/ml, about 0.6 mg/ml, about 0.7
mg/ml, about 0.8 mg/ml, about 0.9 mg/ml, about 1.0 mg/ml, about 1.1 mg/ml, about 1.15
mg/ml, about 1.16 mg/ml, about 1.17 mg/ml, about 1.2 mg/ml, about 1.3 mg/ml, about 1.4
mg/ml, about 1.5 mg/ml, about 1.6 mg/ml, about 1.7 mg/ml, about 1.8 mg/ml, about 1.9
mg/ml, about 2.0 mg/ml, about 12 mg/ml, about 18 mg/ml, about 20 mg/ml, about
22.5mg/ml, about 25 mg/ml etc.

[0095] In an exemplary embodiment, the cationic oil-in-water emulsion comprises

from 0.73 mg/ml to about 1.45 mg/ml DODAC, such as 1.45 mg/ml.

[0096] In certain embodiments, the cationic lipid is DODAP. The cationic oil-in-
water emulsion may comprise from about 0.5 mg/ml to about 50 mg/ml DODAP. For
example, the cationic oil-in-water emulsion may comprise DODAP at from about 0.5 mg/ml
to about 25 mg/ml, from about 0.6 mg/ml to about 25 mg/ml, from about 0.7 mg/ml to about
25 mg/ml, from about 0.8 mg/ml to about 25 mg/ml, from about 0.9 mg/ml to about 25
mg/ml, from about 1.0 mg/ml to about 25 mg/ml, from about 1.1 mg/ml to about 25 mg/ml,
from about 1.2 mg/ml to about 25 mg/ml, from about 1.3 mg/ml to about 25 mg/ml, from
about 1.4 mg/ml to about 25 mg/ml, from about 1.5 mg/ml to about 25 mg/ml, from about 1.6
mg/ml to about 25 mg/ml, from about 1.7 mg/ml to about 25 mg/ml, from about 0.5 mg/ml to
about 24 mg/ml, from about 0.5 mg/ml to about 22 mg/ml, from about 0.5 mg/ml to about 20
mg/ml, from about 0.5 mg/ml to about 18 mg/ml, from about 0.5 mg/ml to about 15 mg/ml,

_27 -



- D ost ear pyl -sn- G ycer o- 3- phosphat i dyl et hanol am ne DSPG NA
-Di stearoyl -sn-d ycero-3 [Pho sphatidyl-rac-( 1-glycerol...)
- Di

DSPG- NH4

st esoayi3/®es3@ ycer o- 3 [ Pho sphatidyl -rac-( 1-gl ycecolus20ip/0DSRS- NA

- Di stear oyl -sn-d ycer o- 3- phosphat i dyl seri ne( Sodi um Salt) EPC Egg- PC HEPC

rogenat ed Egg PC HSPC Hi gh purity Hydrogenated Soy PC HSPC

from about 0.5 mg/ml to about 12 mg/ml, from about 0.5 mg/ml to about 10 mg/ml, from
about 0.5 mg/ml to about 5 mg/ml, from about 0.5 mg/ml to about 4 mg/ml, from about 0.5
mg/ml to about 3 mg/ml, from about 0.5 mg/ml to about 2 mg/ml, from about 0.5 mg/ml to
about 1.9 mg/ml, from about 0.5 mg/ml to about 1.8 mg/ml, from about 0.5 mg/ml to about
1.7 mg/ml, from about 0.5 mg/ml to about 1.6 mg/ml, from about 0.6 mg/ml to about 1.7
mg/ml, from about 0.7 mg/ml to about 1.7 mg/ml, from about 0.8 mg/ml to about 1.7 mg/ml,
from about 0.8 mg/ml to about 3.0 mg/ml, about 0.5 mg/ml, about 0.6 mg/ml, about 0.7
mg/ml, about 0.8 mg/ml, about 0.9 mg/ml, about 1.0 mg/ml, about 1.1 mg/ml, about 1.2
mg/ml, about 1.3 mg/ml, about 1.4 mg/ml, about 1.5 mg/ml, about 1.6 mg/ml, about 1.7
mg/ml, about 1.8 mg/ml, about 1.9 mg/ml, about 2.0 mg/ml, about 12 mg/ml, about 18
mg/ml, about 20 mg/ml, about 22.5mg/ml, about 25 mg/ml etc.

[0097] In an exemplary embodiment, the cationic oil-in-water emulsion comprises
from about 0.8 mg/ml to about 1.6 mg/ml DODAP, such as 0.8 mg/ml, 1.2 mg/ml, 1.4 mg/ml
or 1.6 mg/ml.

[0098] In some cases, it may be desirable to use a cationic lipid that is soluble in
the oil core. For example, DOTAP, DOEPC, DODAC, and DOTMA are soluble in squalene
or squalane. In other cases, it may be desirable to use a cationic lipid that is not soluble in the
oil core. For example, DDA and DSTAP are not soluble in squalene. It is within the
knowledge in the art to determine whether a particular lipid is soluble or insoluble in the oil
and choose an appropriate oil and lipid combination accordingly. For example, solubility can
be predicted based on the structures of the lipid and oil (e.g., the solubility of a lipid may be
determined by the structure of its tail). For example, lipids having one or two unsaturated
fatty acid chains (e.g., oleoyl tails), such as DOTAP, DOEPC, DODAC, DOTMA, are
soluble in squalene or squalane; whereas lipids having saturated fatty acid chains (e.g.,
stearoyl tails) are not soluble in squalene. Alternatively, solubility can be determined
according to the quantity of the lipid that dissolves in a given quantity of the oil to form a

saturated solution.

[0099] As noted above, the concentration of a lipid described above is determined
based on the initial amount of the lipid that is used to prepare the emulsions. It is understood
in the art that the actual concentration of the oil in the final product (e.g., a packaged,
sterilized emulsion that is ready for administration) might be slightly lower, sometimes by up

to about 20%.
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Hydr ogenat ed Soy PC LYSOPC MYRI STI C

1- Myri stoyl -sn-Ad ycer o- 3- phosphat i dyl chol i ne LYSOPC PALM TI C

1- Pal m t owb-2818/085888 er 0- 3- phosphat i dyl chol i ne LYSOPC STEARRII@S2012/045840
1- St ear oyl - sn- d ycer o- 3- phosphat i dyl chol i ne M| k Sphi ngonyelin MPPC
1- Myristoyl, 2-pal mtoyl -sn-d ycero 3-phosphati dyl choline MSPC

1- Myri stoyl, 2-stearoyl -sn-d ycer o- 3- phosphati dyl chol i ne PMPC

1-Pal mitoyl, 2-nyri st @yl xfdiribday ESmPoreifiosphat i dyl chol i ne POPC

[00100] The cationic oil-in-water emulsions described herein may further comprise
additional components. For example, the emulsions may comprise components that can
promote particle formation, improve the complexation between the nucleic acid molecules
and the cationic particles, or increase the stability of the nucleic acid molecule (e.g., to
prevent degradation of an RNA molecule). If desired, the cationic oil-in-water emulsion can

contain an antioxidant, such as citrate, ascorbate or salts thereof.
Surfactants

[00101] In certain embodiments, the particles of the cationic oil-in-water emulsion

further comprise a surfactant.

[00102] A substantial number of surfactants have been used in the pharmaceutical
sciences. These include naturally derived materials such as gums from trees, vegetable
protein, sugar-based polymers such as alginates and cellulose, and the like. Certain
oxypolymers or polymers having a hydroxide or other hydrophilic substituent on the carbon
backbone have surfactant activity, for example, povidone, polyvinyl alcohol, and glycol
ether-based mono- and poly-functional compounds. Long chain fatty-acid-derived
compounds form a third substantial group of emulsifying and suspending agents which could

be used in this invention.
[00103] Specific examples of suitable surfactants include the following:

[00104] 1. Water-soluble soaps, such as the sodium, potassium, ammonium and
alkanol-ammonium salts of higher fatty acids (C;0-Cy,), in particular sodium and potassium

tallow and coconut soaps.

[00105] 2. Anionic synthetic non-soap surfactants, which can be represented by
the water-soluble salts of organic sulfuric acid reaction products having in their molecular
structure an alkyl radical containing from about 8 to 22 carbon atoms and a radical selected
from the group consisting of sulfonic acid and sulfuric acid ester radicals. Examples of these
are the sodium or potassium alkyl sulfates, derived from tallow or coconut oil; sodium or
potassium alkyl benzene sulfonates; sodium alkyl glyceryl ether sulfonates; sodium coconut

oil fatty acid monoglyceride sulfonates and sulfates; sodium or potassium salts of sulfuric
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1- Pal m toyl, 2-ol eoyl -sn-Qd ycer o- 3- phosphati dyl chol i ne POPE

1- Pal m toyl- 2-ol eoyl - sn- Q3 ycer o- 3- phosphat i dyl et hanol am ne POPG NA

1, 2- Di ol ew9l203m0@3y¢cer o- 3[ Phosphat i dyl -rac- (1- gl ycerol ) pCTjusSudioussu®al t )
PSPC 1-Pal m toyl, 2-stearoyl -sn-d ycer o- 3- phosphati dyl chol i ne SMPC

1- Stearoyl, 2-nyri stoyl -sn-Qd ycer o- 3- phosphati dyl chol i ne SOPC

1- Stearoyl, 2-ol eoyl -sn-d ycer o- 3- phosphati dyl chol i ne SPPC

1- St ear oydig2sRR ot Qe riST s RINE §F Qe SaddhosRhatct B aREAIIARA about 1 to 6

moles of ethylene oxide; sodium or potassium alkyl phenol ethylene oxide ether sulfonates,
with 1 to 10 units of ethylene oxide per molecule and in which the alkyl radicals contain from
8 to 12 carbon atoms; the reaction product of fatty acids esterified with isethionic acid and
neutralized with sodium hydroxide; sodium or potassium salts of fatty acid amide of a methyl

tauride; and sodium and potassium salts of SOs-sulfonated C,o-C,4 a-olefins.

[00106] 3. Nonionic synthetic surfactants made by the condensation of alkylene
oxide groups with an organic hydrophobic compound. Typical hydrophobic groups include
condensation products of propylene oxide with propylene glycol, alkyl phenols, condensation
product of propylene oxide and ethylene diamine, aliphatic alcohols having 8 to 22 carbon

atoms, and amides of fatty acids.

[00107] 4. Nonionic surfactants, such as amine oxides, phosphine oxides and
sulfoxides, having semipolar characteristics. Specific examples of long chain tertiary amine
oxides include dimethyldodecylamine oxide and bis-(2-hydroxyethyl) dodecylamine. Specific
examples of phosphine oxides are found in U.S. Pat. No. 3,304,263, issued February 14,
1967, and include dimethyldodecylphosphine oxide and dimethyl-(2hydroxydodecyl)
phosphine oxide.

[00108] 5. Long chain sulfoxides, including those corresponding to the formula
R'—SO—R? wherein R and R? are substituted or unsubstituted alkyl radicals, the former
containing from about 10 to about 28 carbon atoms, whereas R” contains from 1 to 3 carbon
atoms. Specific examples of these sulfoxides include dodecyl methyl sulfoxide and 3-

hydroxy tridecyl methyl sulfoxide.

[00109] 6. Ampholytic synthetic surfactants, such as sodium 3-

dodecylaminopropionate and sodium 3-dodecylaminopropane sulfonate.

[00110] 7. Zwitterionic synthetic surfactants, such as 3-(N,N-dimethyl-N-
hexadecylammonio)propane-1-sulfonate and 3-(N,N-dimethyl-N-hexadecylammonio)-2-

hydroxy propane-1-sulfonate.

[00111] Additionally, all of the following types of surfactants can be used in a
composition of the present invention: (a) soaps (i.e., alkali salts) of fatty acids, rosin acids,

and tall oil; (b) alkyl arene sulfonates; (c) alkyl sulfates, including surfactants with both
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[00135] In certain enbodinents, it nay be advantageous to use a neutral
lipid. It my al so be advantageous to use a phospholipid, including a

zw t t eri onpeopossshol | pi d, for exanple, a phospholipid eomtusteizngssne or
nore al kyl or al kenyl radicals of about 12 to about 22 carbons in | ength
(e.g., about 12 to about 14, to about 16, to about 18, to about 20, to
about 22 carbons), which radicals nmay contain, for exanple, fromO to 1 to
2 to 3 d%%'cﬁ‘edbéﬁﬁﬁl%nd Likai hQﬁh?&MﬁﬂBﬁ%‘?&iﬂ S ab %H%@pﬁnzlwam @ercbﬁ?ﬂbﬁ
phosphol i pi d. [00136] Preferred phosph i ds include, eé.

1, 2- di ol eBkate giqupg; wéuléalfaﬁné)ﬁd%waﬂt m;ﬂlnétlgwmteam%e bl@@@E?etw

phosphatl .G i ne (POPC),
di nyristo 9%%Bﬂ%§%ﬁgﬁﬁﬁgﬁ%EE%T%@@%HhEQ eﬁgygﬁg%y ﬁ@?%h%@% Ieollne
(DOPC), BHRGd @ttqoallon@glwtidqsh@i ]@Inaichédy hathedtérp el r(qDMﬂ(Y)lene phicof @soydlal ¥i nol eyl
phosphat i L [00137]
In cert altﬁey%ﬁ f %t%g n(tbsf) IOF%?(XIG%@ EH ers ég&gﬁ}h}%@& &?Rélggtgﬁ%erﬁl%w}m | -i nwat er
enul si on ethays of qugrqhsle afcoloots atobnetrc@nahs,myﬂ ) fatey e&bbd]tth%l ogided. IDORE.  For

a fron1about

gxgrrpl e, sur?act gst Bigl t'l}e%ln m]p{,e C}Enana%lg lﬂl%anaerna% b mr {Taasgﬁg DuoriD taﬁ%
fron1abou&ﬂﬂmﬁmggﬁﬁ@aMQmaﬂquWnﬂpﬁvﬂ@ﬂﬁﬂ%ﬁ@ﬂﬂsuﬁmnmuﬁﬁﬁéSS] In an exenplary

enbodinent the cationic oil-in-water enul sion conprises about 1.5 ng/m
I al,i-pi PC. The
cat i on| c oil- ﬁ;ﬂ??% er Q"g(%g num%rrlboq%ur%sctan% sp‘gcf calﬂ %gsE%neS f@ agd f%{n%glgyabou t 20

ng/ m eggm&ﬁhbﬁmmp@mﬁnmh@m Shﬂnma%mmnsnedwkmdmﬁmﬁmeb%anmpalnmxmay conpri se

egg PC at_from about . m. to about from.abo nmg/m to
Sout 10 A = SRty iamalei R PRl Fedalanishic R ag e
[00140] lety. @EﬁEmﬁﬁﬂhﬂkﬁH?ﬁdeﬁWFGmdmﬂhﬁnmaﬁn@ﬂM@m&KPFOS}wmyﬁmﬁﬁﬁEMSIOn

conpri ses agbout 55 0014 C dlnents t he
phosphol i*PY SSghﬁﬁfﬁﬁggéﬁhm@g%PghFémﬁFP“&h t%ﬂ Wﬁy)f aWﬁg“@ Wﬁrlse from
about 0. Jalb@kdbwnta0 s@@ laudQ ey fHlfOPNRE), oy beanduBfondtd @nd flktl aell C

oil-in- mater enul sion may conprise DPyPE at fromabout 0.1 ng/m to about
10 mg/ m Sl SrFPmpBLcagonc ?Pﬁf’dﬁ‘F‘mﬁ chclﬂ(){@Lﬁg Ylgmehy lagimqniygpralis svah 24 5 g/ i
to about c@@rr@ﬁﬂ&hy%ﬁﬁnum bromid G@IAH, of ﬁbx@&bc?%ﬁﬁ]@{h rMnﬁamqlbmae) the

cationic oil-in-water enulsion conprises about 1. qgé
[00143] [catyberdiaium evesslgi(aBat §OIY@th@<ywt§1ﬂ%arp@?ﬁQE bwgﬂk@awn se a

conbi nat i.gnigf B%@)Uﬁéré&hﬁﬁﬁm@ﬁ‘lgn@e (@mpﬁgénap%gi ASRAOLDRMAELREN. D Agueous

phase (Cbntlnuous phase) The aqueous phase (continuous phase)
of the oistfictanigenadvdeeergl dodse bﬁt@m& mmlémerdp}slépttalnwndtcomn(péog , saline) or

water. T conprises a
salt (e. gﬁmﬂhé Xgﬁ%ﬁﬁh#?ﬁﬁk%hﬁ&ﬁﬂh§n§?%$ggé9%2?%@&%%“’ dk' z further
co rrPr i se alylphsmad balb’(eﬂwlmd joxide), E@Ob@@m Orf(pelygathyl@aesatdchmdlpdb'Xpmlayltpml yner, a
surfact ant t e _agquequ n n an
ant|OX|dande:P'QCOI%Hl%PC q%ggmkm%s%%r Om%¥ﬂzfﬁ? I?ﬁ%$w0¥a?#gg E)éa%%lrmlsmns
are for mghabade cliroim}parradmﬂ&),aﬂattﬁdmhmilss(b gatetplnlcohdl drlapt ﬂa‘:cénoabdoeamﬂe make up

essent | sV P ris SR AP RE R F ik BT Sgh st Beror BB 18 pr ovent

undesi r edopdgherpdnd pol%aﬂ&\&dspﬂmm ﬁmsxewnen ¢adysosiaetP0a ST vaes BO gbifstibst18a1 i on
tion of al sa preferable to

swelling o absor

BT A e AR T e e U R e o Y i
physi ol ogmplher@lq;m@ijyudn@@B/collgh&mqatd wiefid RTAGENSt ances, it may be desirable
to maintain the pH at a particular Ievel in order to insure the stability

of certain CO%?Pﬁnt % p%]:’tlctuBr y ugnful group 'of surfactants are the sorbitan-based non-ionic
surfactants. These surfactants are prepared by dehydration of sorbitol to give 1,4-sorbitan
which is then reacted with one or more equivalents of a fatty acid. The fatty-acid-substituted

moiety may be further reacted with ethylene oxide to give a second group of surfactants.
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[ 00145] For exanple, it may be desirable to prepare an enulsion that is
isotonic (i.e., the sane perneable solute (e.g., salt) concentration as the
nor mal ceWwbo0oot43¢ body and the bl ood) and isosnptic. PoTasatzokss#oNi city,
the emul sion may conprise a physiological salt, such as a sodiumsalt.

Sodi um chl oride (NaCl), for exanple, may be used at about 0.9% (w v)
(physiological saline). Oher salts that may be present include potassium
chloride, potgaggiym Q‘h@yd@ty%@rtumgﬁmt&an direefhi meqh&@mp@ta%mgm@nem um
chloride, calciumchloride, etc. Non-ionic tonicifying agents can al so be
used to cemitovith o fitiyiasid sugh asdavsie acidfpapitic iagidi oarie Agidi Algic #3dIOF §i ng agent s
vari ous. Claee R skl KD eh et o R Ry e LGB Bl e =t o=
Bi ochemni dt4- gprltltmttmﬁsw | 'Elye @uBeamgnamisie for msd(S)urfawbmbsﬂabldhé@n ed@mplct wydfani ed as
al doses d t hose
cl assifi Zilc[}) Ialaﬁ'%tee?odéglgﬁgl% %Bﬂglﬂ%rgusgt%g%gh{ag%er%b%%% Sorrﬂ)lglg%qno %astg'%(h:%gé\ge used
as non- i eesqoioteotai zmdfsyrbntgn ageatesThase tdnkctpnteaerwbmmwibfla@mlab]atmdemhmri des
such a sucro hal gse,..an act os al.so used In

addi tion," §E‘? ol sor( gicl%:?lﬁ%@pgflﬁﬁ' %%(%tt%{locr:bl ercdeSI ApEEoy Y, §rred to as sugar
al cohol s)d1s$1ugthstasb@bvy@ﬁh@bar1omlnd di- anak;tiesthodubstamdd sabibint.ol are non-ionic
toni ci fying agents useful in the present invention. Non-ionic tonicity

nodi fyi ng age an rﬁlg(g n t4.an ffr tOl‘Vto
aboutylogA) o? 3111 §/P$ %%%331 /Eﬁ%gurgaﬁ%n%s a%h rog & %3 arelgg% alty i's (used

[ 00146] Tbleblaguédisprssipphasal. rfmeyla& aﬂnofsbmbkedn mAst;prgnmcsbbtybmgun&Aateythaszaept abl e

buffer na use rate. ers hosphat e

ot for s St BT F eRpoTHE B rIP U= b oS S S P SpePREET bonat e

buf fers, 1@u1§1ﬁ11mtaatlaﬁncbu{1tﬂe)rnurrm6r lidnecchilkieto S eSuplrkpfactaite catpeaeadsly @@aponent
will preferabl be between 6.0-8.0, .prefe Iey about 6.2 to about 6.8. In
an exenplPrF2 o {1 arttoﬁ%rebﬁ‘f“tngt‘“ﬁlélaiﬁ ®citrate buffer with a pH at
6.5. In another exenplary enbodi nent, the aqueous phase is, or the buffer
prepared usi ng]OlH\]laS%fl’éh&d\gﬁdu@rofSll‘rfa%ﬁ’t@cbrh@ﬁﬁeedlymteﬂiylenb korsieme cases, high
salt in the buffer ht interfere with npl exat i on of nucl ei ¢. acid

ol ecul e THORE SRS PEREPERaT pifBr dRaErEA b g e MG SR mses,
certain @M?Ibn@(ﬁm@e&bfa ligsdibien avhteer oraieshe THedesof polyoxyeth@dek47] 1 n an

exenpl ary enbodi the buffer is 10nMcitrate b ffer, wwth a pH at 6.5.
I'n anot h&PT &K laP RhikoekifepEno- %}é@%ﬁ@gﬂst&nwﬁ&% lioghﬂl&?urtaﬁ@mbuf fer is

prepar ed gdgdrilg, solﬁmscﬁdtsp&@ib}éat RhtePindRERGIH ealRd I¥BEL&NA organic 1ifRABL48] The
aqueous phase nmay al so conprise additional conponents such as nol ecul es

t hat change t nD rity of the aque se or C hat
stabilizes thEO%ﬁgﬁl ei ﬁess afprigls) eocymedei X%VPH%W%&@?FB&% Et\@’é’f?l y, the
osnol ar i tyyef@f fot Iktepaaﬂg@Quﬁw@ttaslﬁulmn@didusstobﬂ@mny%t @ tIR sBRBHizAMnGf bNi ci fyi ng
agent, such as a su trehal ose, sucrose, dextraose, fructose,

reduced paf Bekingaehy %@tué Otltmealt%uﬁ%rrsombmﬁmasltaét?cﬁheagwﬁﬁwﬁt ysfectaniy gy ¢ of |

xylitol, petyhbinéd Qlth a tdhdd doRlitan MLt tr1e9t|eﬁ/§1%&£nts f%tlﬁoﬂl@te@ﬁmfé%ﬂb' nations
thereof If desired, a nonionic polyner &jﬂL i) éqa kyl gl ycoI) such as
pol yet hylshiity YRR ® setaginisspnessly vy e SILB ‘@tuerf'é tVoared 9l el ) or

noni oni ¢ 1§YEERGLAM AR O& R ally availadiQ0149] I n sonme case, unadul terated
water may be preferred as the aqueous phase of the enulsion when the
enulsion is initially Ere pared. For exanple, increasing the salt

concent r at i onl®118)ygArthisdaosnet sanrigpic sRchakavhich copldde gpqdralengior it o achi eve

the desi rc@ﬂhﬁcﬁ%ﬁ‘%ﬂh%‘%l\f@ 2&R1(ACEL® aﬁﬁWEﬁEﬂI@s@ﬂa&Hﬁm %Q%émyoxyethylel{e00150] I'n
certain enbodi ments, the aqueous phase of the cationic oil-in-wat

emul si on fetwyacidsmadeby themsetieneofzthybing pside mtha lengrahaiatfatht acidorThy rltpéhbl nati on
t her eof c@m %&@H&'b?ersﬁrf%}?l?gfﬂﬁ%% e il BiaQUnlieriahls e%ﬁ@aﬁdgq contains a
pol oxaner. Xamers are noni oni & tribloc copol ymers having a central
hydr opholppbfosmmn@ﬂelp@hy@mtﬁaopwlénMY(Rd@I sy(fpetorydre hedroplillgednyd splubloked by
two hydr

pol oxament tapuff VAR e ROLYEAX BNt PRGN ORI, o amer
pol ymer s mﬁyTWEEH@Dtsmrfgﬁam @TwnitﬁWEEN@SMN@mnAMM@M&&amt&mx&t@nce of

the RNA nol ecul e after RNA conpl exati on. [ 00151] Alternatively or in
addition, the cationic oil-in-water emrul sion nmay conprise fromabout 0.1%
to about 20% (w v) polymer, or from abét 0.05%to about 10% (w v) polyner.
For exanple, the cationic oil-in-water enul sion may conprise a polyner

(e.g., a poloxamer such as PluronicO F127) at from about 0.1%to about 20%
(wv), fromabout 0.1%to about 10% (w v), from about 0.05%to about 10%
(wv), or fromabout 0.05%to about 5% (w V). [00152] In an exenpl ary
enbodi rrent the oi | -in-wat er errul si on corrprl ses about 4%(w/v) or about 8%
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[ 00156] The conpl ex can be formed by using techniques known in the art,
exanpl es of which are descri bed herein. For exanple, a nucleic

aci d- par twol2e13ooagskhex can be forned by m xing a cati oni ecerstaizomswth t he
nucl eic acid nolecule, for exanple by vortexing. The anount of the nucleic
acid nolecule and cationic lipid in the emul sions may be adjusted or

optim zed to provide desired strength of binding and binding capacity.

[ 00157] E&rus@mﬁhﬁg cRRlsH8S MY RAM s 3R 8APbd hiROyMEHRIID kn SHERRAIY

RNA- particle conB exes were produced by varyi ng tﬁe RNA: cationic lipid
rati os (&5agaEglaplegomynerdidly' NP ratio"). The term NP ratio refers to the
anount (nol es) of protonatable nitrogen atoms in the cationic lipid divided
by the anmount [goip eS)A @ﬁn}pgyeﬁ;pb@ﬁo%x%hﬁaﬁb%\é/ano;[hmd\!ul?fa&&m Preie at | east,
for exanple from 0:1 or from4:1 to 15; [ 00158] I n sone

enbodi rrerﬂ’Pb’OXXeﬁé’quP@tWaaﬂdc?ﬂIeés derined from lapryl regtgl, 1tearzl apd pleybalgehols; 1.5:1 to
]Z_g EIL. :]3- ";ifh%sgtrf?atérﬁlsjare %reémr@@aszd@m;le byzadghtltof? 0%&hﬂlene%x§ie%5@att?%c%holz TRe 1 tO
2013/ 00689mm@m®3@nqﬁyr@w568mfaft@l@wgw¥® Baﬂi@b%wr@ct@mis maywbv\)axde@phelmnrsu ons

descri be r I

aci d- basg Q@Qgéc(?k Q%zgo&h e &Wthé/%&w gé‘tﬁh%@%w g];i Eﬂgs@a{c & n\?&g{rlﬁglg ion of a
nucl ei ¢ acipdragomudShon cwapctundst 8 agohpledronf te bift that @salsdeadiht axkidablf frarhe

nucl ei c %Chgmm Ourgst cells, and protects the nucleic acid nolecule from
nucl ease 8egradﬁf|on Transfected celI's can then express the antigen
encoded by the nucleic acid nol ecul e, which can produce an i mune response
to the anti gefﬂOlmlke Otliey aorprongtstidmtentsedhivh eavdbotentialdy bd eedeticdfobased

vacci nes e I 5 Qwi ng for
t he mduc%ﬁ@%lg E%%%YEQ%@]%%§9%¢9%E eygggéd&&gm%y%heﬂmpg)Q%?%%gﬁJ%resent in
sol ubl e ffgtymthesy b@'sasaw@uwttymamtaupng)pcdymetgglnm ablyyxyicthgleoelnalil y ant i body
responses, elc cid nolecule (e.qg.,
RNA rol ecdi a)tw?rémlylgey 6%8'23 “lﬁ fatg’t%l%eggﬁ %Vcer 1 fat{g’ arCnQ1 Chiade %gxpr ession in a
desired poBbxycsiytdne asid alchhoTanctb@l derivatives of longEd)ﬁﬂnﬁﬂ.t}y dofids@én 2-ak parborbodi nent s,
the nucleic acid nolecule is an RNA nolecule. In certain enbodi nents, the
RNA nol e encodes an antigen (peptide, polypeptide or protein) and the
cationic oil in water enulsion is suitable for use as an RNA-based vacci ne.
The conpositi @W1ZHN AGticainuldiorand ﬁﬁuﬂukan@lslaﬁilﬂnenmleﬁmﬂ a&e Emmddi todpean anti gen,
e.g., tw five at. ar ed . to the

ol 51 on TS PIEF st et SPied S Bt o E o g o OB o

di f f er entwisqees eisHOB vRNA inthk esigk efabogETio 16NTaldivaige anadlibk bethiaed thadiigh gen.

Al ternativel addj tj on,. one al so e re than
one anti ¢t Qggsmélan%‘? toREPIgHRtne Sm ﬁ%@ﬁ@ﬁﬂwr%ﬂ g’&i‘%@""f@é’ﬁ’ encodes

di f f er entthdise bfl€pleh ol subRitAn@ENISh as\GEIOE SrbignYmonbN@- Satib@diibese@ishrfictinat er
emul sion is suitable for use as an RNA-based vacci ne, that is nonoval ent or

mul ti val éﬁ?rbltan ester polypyysiigone ity agidouronitan ster if CORRAGRY WEA e may be

nodi fi ed oféfeaiyﬂ&l@ 1lanb B8 d&@KR_RIPrBictaf; b RGbRASS el NRraBEA if BSHbiRitiBXRMESSI on or
repllcatlon of the RNA, or to provide additional stability or resistance to

degr adat ihégh HIFgg polusegrihylenc faly clrisusfagiamiere nobsthylenersity rihets uileetantoes pect t o
its codon, %i‘%ylén@"so@?{é}{‘f%ﬁacdo increase translation efficacy and

hal f-1ife of the RNA Atail (e.g., of about 30 adenosi ne residues
or nore (SEQ I D NO )) ma be attached to the 3 end of the RNA to
increase its H¥M22 | irécewrr@od@?awdhe e IRECTHRiFehe SIBEp BRMioRict h a nodifi ed
ri bonucl gt gei %Jshpah'il%la%l&@%EEﬁ@%@a&én Jas B{%Fén{u%l&n s’t\hbﬁl%\ﬁ% fngbfigict ure) or
a derivative thereo can be incorporated durin synt hesi s or can
be enzynawifecsnt. yIn@ﬁQKW?@GH@P@WHWemﬂgh@@piﬂmﬁe@ ﬁ\’\(&b@@ 80 fsphangispg

Vaccini a se,
guanyl yi eV e BN R H el S on AP R BT A S RRBSIRRRECS e
constr ucttlnemmldﬁlon\mnmmﬁmmmatea@noalpc G)lrfasitdntaﬁnmmsglar @WEEN@t ructure plays
an i nport i i I n r .0 fficacy
of tho Rk i Chf) LS AL AL IE o LA SERY by RRM, S EEEN ARG T co
by a 2 TONEEN@;BK)tandiSEAE@&e V\:hl ch results in the generation of acap 1l
structure (n7Gopp [NM2 '-0] N), which may further increases translation

ef ficacy. [00163] If desired, the RNA nol ecul e can conprise one or
nore nodified nucleotides, in addition38e any 5 cap structure. There are
nore than 96 naturally occurring nucl eoside nodifications found on

manmmal i an RNA. See, e.g., Linbach et al., Nucleic Acids Research,
22(12):2183-2196 (1994). The preparation of nucl eotides and nodified

nucl eoti des and nucl eosi des are well-known in the art, e.g. from US Pat ent
Nurmbers 4373071, 4458066, 4500707 4668777 4973679 5047524 5132418
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[ 00164] Modified nucl eobases which can be incorporated into nodified

nucl eosi des and nucl eoti des and be present in the RNA nol ecul es include:
nbC (5- mwohyiswptssdi ne), nbU (5-met hyl uridi ne), nBA ( N6PoEiUsSRd1adessasi ne) ,
s2U (2-thiouridine), Unmn (2" -0-nmethyluridine), m A (1-nethyl adenosi ne); nRA
(2- net hyl adenosi ne); Am (2-1-0- nethyl adenosi ne); nms2nB6A

(2- et hyl t hi o- N6- met hyl adenosi ne); i6A (N6- isopentenyl adenosine); nms2i 6A

(2- met hyl t hi o1gy§250PERE SNY-RASNQSIINEs cah @@}@aln from about 0.01% to about 2.5%
(N6- (ci shydr oxyi sopent enyl ) adenosi ne); mnms2i 06A

( 2- met hy ISHIRRCENNG Y & Y hy %Q@ﬂ%dpébﬁ%%%lsyrfm&sql%yo abggA.5% surfactant,

(N6- gl ycigmpbe rpéxﬁ%’/' &‘ijﬁ& | (1§05, t&%g d\"ﬁ%tsl?lffc%i/'o dé@rt%%a}fb nosine)

ns2t 6A (2- et i 0- N6- t reonyl car banoyl a enosi ne); nbt 6A N6- et hyl - N6-
t hr eonyl @aﬁ@mﬁl%&r@h@bmﬁ@ﬁ% mmemaauwm %0y marfagtaingy hlocut Baboyrfagiednosi ne) ;
nms2hn6A byl I b d

(2'-0-ri %ﬁg)stg}égd% r%%%#t%rg’\?op EV&!%&%%{H%&%@ ab |t§gs)|3ﬁﬂ§a¥thﬂrﬁ ?J&El?(ﬁ B Sﬂrfﬁﬁéﬁgél ne) ;
mim (1, zbetcn()@/mfawhntnd@urmm s t{nB -abowe VIS oy fatctditngont Cho surfactant

(2T-0- met h 5(;/ r}ec)t s2C (2-thiocytidine); ac4C (N4-acetylcytidine); f5C
(5- f onnyl°t lf A} Em (5, 2- 0- di met hylcyti di ne); ac4Cm

(Ndacet yl 2TOrret hyl cytidine); k2C (lysidine); nmlG (1-nethyl guanosine); n2G
(N2- net hyl guﬂ}%éﬂne)AltemﬁGfeQW@rrmadf@iﬂicgum@ﬁrimea)ater amisRhs Gnpentam| Ogifdmosi ne) ;
220G (N2 o150 0, AUORG 92). o TRy R Pl IEL Y] @RORURE) : me2Gm

(N2, N2, 2" - guanosi ne anos
(phosp h atabjyt 0. W(Whutab&lt 0655, ab@y W)@%e aleay W busesat (mé%, tﬂrly(W%, about

hyd t 0Si , o d but

(wrosi ney i ikt AT st aPHED ik O Y e BRORY G ney:
gal Q (gal(pagdoetsyd 306 pEYUOSMG)hcsOIEA (nﬂﬁwmseyl - queuosi ne) preQ (7-
cyano- 7- deazaguan05| ne); preQ (7-am nonethyl-7- deazaguan05| ne) G

h d 0-d | u o 4U
5 erecost 1) ol 1 QUM M A

(2-thio- 2'wen 8@t hyl uri di ne); acp3U (3-(3-am no-3- carboxypropyl)uridine);
ho5U (5- hydr oxyur| di ne); no5U (5-net hoxyur| di ne); cno5U (uridine
cooxyacel e amti MEIRGH A b A8 RN ARGH P GhlR! O cofiEh Y dsiy SNV
(5-(car bwyﬁvydt%x@/m Itw:ib)oum oo @05t tdghloues e (.05 %mandbout B7%Ed. 0k ycar bony

nmet hyl ur| 0 r th di.ne) ;
rerBe2U) (B IRy At BARGT Net hy oS 0N o dVED ) POoHH B2 Bk 3 0050

am nonet h)yﬁﬂ% 2bbii0EYs, iabi ©)66, Abeth ). 7¢/3 abwit b)&%&lﬁbdﬁ@(’ref/hw abrouﬂl"/ﬂS)’ANmSl nbs2U (5-
met hyl am nomet h J1 2-thiouridine); mnbse2U

(5- met hy (059! H‘Bﬁ’é‘f %= 2- sel enouri di ne); ncmbBU (5- car bamoyl met hyl uri di ne):
ncnbUm ( 5- car banoyl met hy1- 2' - 0- net hyl uri di ne); cmnbU

(5- car boxynet et 211 namtemhy\l’ew ordh Additions thetwBaw(ater emulsions can contain a

car boxymnet h Jam th¥ -2-L- %il uEi di ne); cmnbs2U ég,{

car boxym@Pﬁé’I Eltr‘ﬁ tsgleyqribg PrE§rexpBblg 4 990Reee Net ¥ ddenosi ne); Tm
(2'-0- Wﬁ)d]ys’otm&smnQalyoﬂ%ﬁykﬁ%ofm5ﬁ1Mbﬁdﬂlda€U)B@SPAM@TQsorbtlan trioleate) may
(N420d|rrethﬁ_ct|d|ne nbC (5- hydroxynet hyl cytidin )8 nB8U

(3- met hy PGRP: by cmplyiogs may eoaat%lbw%f m% Ty gray: SOpBARPANSS (.g., those

(N6, T- O- diké® %H%H@Q&@?%c’l\ﬁﬁng erqﬂﬁ%ﬁ%\lﬁt[s\'@f tﬁ’ﬂ@se@u@a&d’n&sneﬁd}lékﬁﬁﬁ@Q& A MR' 7G
(N2, 7- di net uanosi nezja 7G (N2, N2 -trimet %I guanosi ne%outnBU

(3, 2T-0- V@F%’tnﬁ o Fad Geatpin %‘%‘B‘EB 0(05%4 YR (Wdrabwp HeIPAN BEma
(5-formylyd;, TR fyddakbbeions) spANRES a(béut% 2‘%’1’%5@ !20’ 5&%8&% 5g); mAm

(1, 2-0-di met hyl adenosi ne) irinonethyluridine

(S-t aur i PEARYIRA1abRut h3‘GUrTegnBdY pnd @hﬁa@t Q.570(S H@ﬂlut @;éu%riﬁysqe@)% g2
(1 soguan v, I8 ,

B oxo- aden e R R B L PO A B PHPCE RSP ANTS LORDPE
pseudour dovekn® 30 wind dhopt& 6% SPANESoehoat)d.V% TveenRidieud awiut (.7% SPAN®RSS,

5- (G - G6), b : 3 K 0

2 (L Sl A8l B BN A5 A AR GV AR Ao
5-f | uor owPANARS, &= dboantdu il aedn®) 8Gandhapoutd X6 FPANRAE, 5 (C1-C6

) -al kyl cytosi ne, 5-nethylcytosine, 5-(C2-C6)-al kenyl cytosine, 5-
(C2-C6) - al kynyl cyt osi ne, 5-chl orocytosine, 5-fluorocytosine,

5- bronocyt osi ne, di net hyl guani ne, 7-deadzaguani ne, 8-azaguani ne,
7-deaza- 7-substituted guani ne, 7-deaza-7- (C2-C6)al kynyl guani ne,
7-deaza- 8-substituted guani ne, 8-hydroxyguani ne, 6-thioguani ne, 8-
oxoguani ne, 2-am nopurine, 2-am no-6-chloropurine, 2,4-diam nopuri ne,
2, 6-di am nopurine, 8-azapurine, substituted 7-deazapurine,

7 deaza 7 substltuted purlne 7 deaza 8 substltuted purlne hydrogen

o o o o, o T



[00170] The self-replicating RNA generally contains at | east one or nore
genes selected fromthe group consisting of viral replicases, viral

pr ot easeswownt3alocssel i cases and ot her nonstructural viralPcprust@izngss4s@and al so
conprise 5 - and 3'-end cis-active replication sequences, and if desired, a
het er ol ogous sequences that encode a desired am no acid sequences (e.g., an
antigen of interest). A subgenom c pronoter that directs expression of the

het er ol ogous ﬁﬁﬂmnc%&@tﬂy@@e G&G&Nﬂﬁ@) hﬁldé bgchsePlEcremhitsat i ng RNA. | f
desired, the erol ogous™ sequénce ., an antl(gen of interest) may be

fused i n diallgtexypwpps HEFC-EPNGES e OﬂWCYIE]éC@@'I EGdpATS :Rﬁﬁrf@uﬂmtoand/ or

may be u t

[00171] P e A e 2 AR E G o G PRI R RC B T oy
encapsul é’@é‘dcqnmg@te@torqqmiﬂds@m&er)cbrea cogwiirfatipie fhicicoh iay glsRAusedlagcul es of
t he inve e e - i i Ry ol ecul e
cannot | EQ{E%% “%f(o g? g% ﬁ%fssg%gttsgkg%sﬁgl ?ﬁ{ﬁlt %%{Ht%%ﬂngjgwl#ﬁlos can be

achi eved 200%007@8%91120%/0H§6mm000@0@5é6@r QﬁmwimblleeﬁEGgmi@memdmd igng

AR S A T I TS
sel f - r eplDAGipidg inkNAe, read.,rHd- éﬂausOyﬂ@ﬁcecbl(mu}ampmﬂ pha- dwmyrumylgyuekbl@smﬁl nebi s

virus (SILN), . and uel a n cephalitis virus
(Vi ot TG ite RS e e o o B G R s SO e RS ctch ne caps: d
an:j]/c or eerkeﬂnp]la@/ @SKL?“ }3@1&5 insludé @y, PEGadtiatity@sckypropyl (C[Z?B@E{SZ]PEEL desi 5 ed,
self-repljcati es 0 vent| Yol esigned to

i nduce prdaaqu%ﬁ’p@w%&l d%lﬂ:‘({/fhpafm% F‘Yl?rBH’YEECWﬁéH &aP‘éP%q?'tenuat ed or

vi rul ent dis@daryllky ?foggip{@,—;-gm wal particles that are capable of a single round
of subsequent infection 2013/ 006834PCT/ US2012/ 045840 [00173] One

a1 phavi r us, balliflepf o e <RupRUpy hEBmo BB ey R Br e g e Rl |y

struct ur abd av@fage ﬁ@[e@tlll@lg\klﬁgﬂﬂoy atioRl 2060da0h) ERPPES BOUONRS Wi Ekess of the
Togavi ri dae fam y-si x known_viruses and virus subtypes have been
cl assifi & %u%amvﬁlgtlh%f 39915 ﬁéXQP fAefonge Rk arf fenmgiciRyy 2 ilabpifiem3gMs Send i ki

Forest VidhdmicalR08%s RleN 8¢ othér dfpaiichnYeRAZL Ak BHH e faNERNal i tis virus.

As such, the self-replicating RNA of the invention Kbdl ncorporate a RNA
replicas @@em\hewpp}ysﬁbvbémlml (¥MePESOR)} mogomegoypypolystideiegixeolus (SIN),
Venezuel %ﬁ'cc‘ﬁﬁﬂa' (MRPEACHPRABAIhdifox ‘F. WSh MRy coﬁ%émﬁhé{ﬁrsué@n{a%s(l\&e@@s eastern

equi ne enc §)ha itis virus, or ofther Viruses belonging to the al phavirus
fam |y, NHS), mpmlmymiyeahm\gmcglsarmas%GPE%NszWHO@%b@@@QW@hyl@@Q:t or can

be used al
For mat s, Bsel e AEIRE0ZEIR, LEGLRERBL Dol e Mbd AR N SREHS,
replicon (MeEEGfIM)hav@dbwemmneﬁwdyrﬁqimmnpgiamlﬂQsegwhMtePEGeI ude, for

ot ol o (PBERD. Kypiet SO Bl Ronif QP PLOTRIERARA IR 0N Gy en
72: 950- 9PFG- BAIAocoejugabs (1999) PNAS 96: 4598-4603), Sem i ki Forest virus
(Liljestrom (1991) Bi o/ Technol ogy 9:1356-1361; Berglund et al. (1998) Nat.
Bi ot ech. 16: 562+ 565) e e ' LT hko et
al. (1997) Vi R y Eg@%ﬂgﬁ%@&%&nﬁdﬁ% CnGRaRR N Qhfroh abote 160

gener al | yo ghoiut §)O§id|a1tcbrm(e gnPEGE(roaH’EGzGda,&TMhboerPiE@m@§EG@oo(g-. ThesRE@ canree,

(g, 2 aBbeny Mol B «FRaF bR SRt bl Rr G R S S ORRE ¢ P
is uni queothEM@rdea‘r(n{a@ bed:lhkemﬁb ke l@icphavﬂmm nfoé{dy. mﬁm]snkreﬁﬁiewfyrmmtﬂh foer gent

virus famlies [ 001 75 haV|ru based RNA
bl T cons ot R eI g I ik s SRS P HRRORSE SN of a
repl i casend evterfcephingRIekéirasisesi pt ase) after delivery to a cell. The
replicase is translated as a pol yprotein which auto-cleaves to provide a

replication c % |ch eate eno (-#- a j e é»the
(+)-strand deﬁﬁ@ ﬁ RRE™MP %Iﬂﬂ§¥ﬁgﬁﬁﬁf éﬁ%@?Qﬂ%gggéﬁa?ﬁnselves be
transcribemh&amgGyEEGM@Dhﬁl(ﬁ@pMﬁ&naﬁmHM£aﬁﬁ}uﬁhmamaﬁﬁwpateﬂbaaMA and al so
to give a subgenom c transcript which encodes the antigen. Translation of
t he subgenom c transcript thus leads to in situ expression of the antigen
by the infected cell. Suitable al phavirus replicons can use a replicase
froma Sindbis virus, a Semiki forest3yirus, an eastern equi ne
encephalitis virus, a Venezuel an equi ne encephalitis virus, etc.

[00176] An RNA replicon preferably conprises an RNA genone from a

pi cornavirus, togavirus, flavivirus, coronavirus, paranyxovirus, yellow
fever virus, or alphavirus (e.g., Sindbis virus, Semiki Forest virus,
Venezuel an equi ne encephalitis virus, or Ross Rlver V|rus) mhich has been

I L L I T I T Y o o o o, .



[00180] A replicon may have a 3' poly-A tail. It may also include a poly-A
pol ynerase recognition sequence (e.g. AAUAAA) near its 3' end.

[ 00181] Repl2nmoess3ean have vari ous | engths but they arepPCypise@kioyss4o

5000- 25000 nucl eoti des | ong e.g. 8000-15000 nucl eoti des, or 9000-12000
nucl eot i des. [00182] The replicon can conveniently be prepared by in
vitro transcription (IVT). IVT can use a (cDNA) tenplate created and

pr opagat derhflamcadBllithchQr bltllmgttleéﬂuﬁslo@ton%eqt&ﬁab%ﬁm h%ﬁmlqattdﬁt &d or
exanpl e by gené synthesis and/ o mer ase chai n-reacti on (PCR)

englneerﬂmﬁmhﬁﬁﬁm®3§I&ﬁbm&ﬁhfﬁﬁ » ihrodBMéEn deREGRNAMSO| yner ase (such as
t he bacteriophage T7, T3 or SP6 RNA pol ynerases) can be used to transcribe
the replicon from gy, lipeRpl ate. Appropriate capping and poly-A addition
reactions can be used as required (although the replicon's poly-Ais

usual Iy encoded within the | ate).. These RNA pol ynerases can have
stri ngent requtF%ﬂent%“?%?“?h@d@Fg§§g %B@ﬁgﬁfﬁU@P@B?PH@R§Twhﬁﬁu?%nsone
enbodi mertushet BESise @PHOHBIEM. S nmust be matched with the requirenments of the
encoded replicase, to ensure that the I VT-transcri bed RNA can function
efficiently a rate. f its self-encoded re Speci fic

exanpl es i ncl Tedad §E‘?S§ <Jipt §r%%tgeésoof5tt2(s%ﬁdaén tvblstﬁbe oL5gR| QRPN

descri bedhe hOEcuRXE@HRiR a fhBspHatS ordip! RSspMIpidsInchidt chBeropRelpKatiddd, 686, as
well as in International Publication Nos. W 97/38087, MO 99/18226 and WO
02/ 26209 .(coptpinipnayesrele tdghe yrhinggmpeling pronkiHag sohinggdhar Bremplaty descri bed i n

U S Pat %ﬁespm%ldsanﬁtltﬂa p‘il%%)h@t'ﬂgfl&oﬂﬂépﬁ%ﬁhatldylethanolal{ugg %ﬁgslphﬁtmyﬁ'ép&r aspects,

the self

-rep |cat|ng

| ecule is derived fromor based

on a virus other

than an &p@)ﬁr&mgpwehrpm e/mﬁtstwphoap%@tdﬁ Feraprsineghn e e nhesphaidylchoitenor e

pr ef er abl iy, niRly¢ ARkl HSholhE, %Yétéé&&ﬁ' Ehosf;h‘i?i'd Ik, d?ﬁéatrt')}){ i rus,

ype al p avirus sequences are

calicivi

rus, or coronav

I Tus.

hepaci vi r us,

wel | - knowhowh@tldatgéycam@dmbn@yﬂ pl@mﬂ@@eizﬂ@heeouémmtstomtphesohaed}dwrlae t he

Aneri can
sui tabl e

VR- 600,

Tﬁ)[é%ﬁo % a%d

ATCC VR-1240)

n@ &t“h bl “ﬁfbﬁ(i%éh%m- 368),

Cabassou (ATCC VR-922), Chi kungunya virus

Ml. Representative exanpl es of
Bebaru virus (ATCC

( ATCC

VR- 64, ATCC VH01341) Theflipwing caefopl ey péﬁt@t@bhlésmwét bseds virus (ATCC VR- 65,

ATCC VR-
VR1243),
VR1277)
VR- 1244)
Ross Ri
ATCC VR-
VR- 925),
encephal
VR- 532),
VR- 622,

[ 00184]

ot her ty
nucl eot i
contain
contain
| east ah
11kb, at
sel f-rep
about 6Kk
about 9k
12kb, ah
9kb, abag
6kb, abg
10kb, ah
7kb, ab
9kb, ab

1242), Fort Mor

gan (ATCC VR-924),

Getah virus (ATCC VR-369, ATCC

Jopzyl agach (Al

02 Yiecanéyl kn-GIMRW B osh ] ddehoVis ©0) ,  Vayaro v

rus (ATCC

,| DWPASIAEDUT g (AT

U2 - 1Yibrucdyl - GlyBAC AR hakd Jollm §A) CL VR- 06U, A

CC

DENdUMu (ATCC

R Birdoby-siPGX 8RS8 -phbshiaBdy(chdlikdl VR- 372, ATCC 'V

- 1245)

erxpNi rus (ATCC

R-Bidrdcoyl Ad-ClycMR-phdpB)idylcb@idlamict  For est (AT

VR- 67,

D24@Na Sindbi s

Vi, 1-0iSrudo ASLClydR- Bithosp idilyrad/R=c1248)., Tonat e

ATCC

pLopai t1 (ATCC

Ryl -stBgcefoB fbsp MRy Rildi)e, VENezuel an eq

i ne

omyehiati s (AT

VRDiBBoyl AT G eeMR-FdBhateBIdikn - 1250 ATCC VR

1249, ATCC

Diést ern equi ne

enciepbakoayeloith&plaAl kslidR- 70, ATCC VR-

1251, ATCC

ATOC VR- 1252)

Whabiatioa-si-Gy k-3 \R3 26 dyle@mdlanyind 2- 33 ( ATCC

VR- 375) .

Thecsal f-replic

at 2-nigurbiNAn-Gipde @ GHh@ghatdyl-thdi@ -gly v Nt $ oditm 3418

arger than

pesGodi4 RNA (e. g

1, RNAYy 1 kha@ly cehayreoshieady-p-@patead.)usi ng nod

fied

adegS-NAypi cal |y,

thigilasrey fr-Gletol3eadshagyyRNAe(sioluasul es of th

a)

C

ampPaeast about

AlhDiinkyesoyeseanetre 3-Phdygratg 8ddfusrSelpl 1 cat i ng RN

A can

aMPCeast about

SlkhDimgitistollasastycabbptbspbddlyichalihe | east about 7

Kb, at

oawPE8kb, at | ea

Sit.2-RileistoySkio]ycaat-3 pheqbtidddionotambOk b, at | ea

5t about

OMPasiA about 12

kip-MyrisoprseGlytvars [Phadkiptidyl-ne-0 ehta@adln) exanpl es

t he

IDMP&tNIHg RNA i S

I utstod el Gly@rosiiRhorphali@ktac-(ladhoudl. bkb t o ab

but 12kb,

PMPO-NBOUt 12K Db),

1. aBoisbyl Bk blyteo-3dlthoultatidvRieb(1-calout) 8kb to a

bout 12kb,

IPMPS-Nabout  12kb|

L, aPigyistof1Gkolytane-AthowhatidyBkipeSaboukllkb to

about

APASh t o abou

it L.210iRleoy1-mtsdygtro-SRipsihge(Sddomutsald Okb, about 5k

b to about

UOP6kb t 0o about

BkPioleabotitlycdk-pritosphalddeppling kb, about 5kb t

b about

UOPBKkb t 0o about

2RibleoyadydisteergR-bhosphatigiestolaieh, about 6kb

t o about

AWPGHKD t o about .BRibleoyhivdipeerGRiBhosnbatil argt(l-kdyrol- dbout  6kb |

o about

WOPYRY t o about

2 Ripleoy iy diitcer Fkphogrbatighistie(Sedikb3altabout  7kb

t o about

&?Pﬂﬁb t o about

o0 about

10kb, ahdfPc

10kb,

nucl eot i
5- net hyl

encode a single heterol ogous pol ypeptide antigen or,

or abouttlokbAto‘about 11kb‘
nol ecul es of the invention may conprisé6ene or

des (e.g.,
uridi ne).

pseu

QH@Wm&@@d?GBWﬁ)%Emﬁﬁﬁﬁbmﬁﬁ%@? about 8kb

nore types of nodi

douri di ne, N6-net hyl adenosi ne,

t o about

[00185] The»setf-repllcatlng RNA

fied

5- net hyl cyti di ne,

[ 00186] The self-replicating RNA nol ecul e may

optionally,

two or

nore het erol ogous pol ypeptide antigens |inked together in a way that each

of the sequences retalns |ts |dent|ty (e g.,

T .

linked in series) when

i nvention



reassenbly of gene fragnents and synthetic pol ynucl eotides are exanpl es of
known techni ques that can be used to design and engi neer pol ynucl eoti de
sequenceswo3nt3aoassnect ed nut agenesi s can be used to altecTmsedieiogssaci ds and
t he encoded proteins, for exanple, to insert new restriction sites, alter

gl ycosyl ation patterns, change codon preference, produce splice variants,

i ntroduce nutations and the |ike. Suitable nethods for transcription,

t rans| atfigppg and expr €S S| ODiMimibUGH-SiyEerAChHsprRGuR ARl € Known and
convent ifgpaénNan the ar | | LSeen@eneGatdysPHobphdieiac Hroiaa0] S i n Ml ecul ar

Bi ol ogy,[ D¥eb N2, Ed.  AUSUDBhami®tl-salGlycerd I RRHEtRURE( SdhcerSFOC. & W | ey

I nterscijereenaCh. 13, 198BpipdihiQVieh-GlytINA -fb PRiiMBerin@bdiund Jalt) | RC Pr ess, Wash. ,
D. C., Choprgr 1986; Bi tTern-d@budlil.se-ghdroNphfipdanddai@zymol ogy 1537 516- 544
(1987); |TReaMal ecul ar Bi Ql-oigyardfsnicheerveasiphoasahasanyces, Eds. Strat hern et
al ., Col{dsBpring Har bor| Preis&royMalcscerd-3-pagndibylcnd@82; and Sanbr ook et al .,
Mol ecul amsek oni ng: A LaboraibsyylMaokiato,3-fhabidtidphidgmiar bor Press| 1989.)

[ 00191] [TseGpresence an(d/ DpistgebaihiGlyyer@i[ProspRatiayl-raar-@ychrod) T I ed nucl eoti des in
a sel f-resb¢oati ng RNA hol-eieetkgl-aatybeseetpedinyred -gaebig) any sul t abl e

met hod. [Esps-Bxanpl e, a [sEl-bisweplsnCatdngpiiiiicasaril@odingast ed t o
nonophogphat es (e. g., usiggcnucl ease Pl) and dephosphorylated (e|g., using
a suit abllerphosphat ase [siiycheagsedCeAR), and the resulting nucl eosi des

anal yzed HsyCr ever sed phlasien il Gydr@egied S8t ngs a YMC Pack ODS- AQ ¢ol umrm (5

m cron, [41SBC X 250 mm) anidydekaie Soskthg a gradient, 30% B (0-5 mn) to 100 %
B (5 - 13.YAOR)MERIETIAt 100MYbGsByl{sd-Blydd)3-mpsphatifylcotindrat e (0.7 m/min), W

det ect i Qi YCORVRALOAGEC h:  RIEBnxwyLsn-Glodetorprphbseinpdyichatiur e (30C). Buffer | A (20mM
aceti c adiY8ORC HiFRII um picBtaayleniokic@e-Shhospufiidelind (20mM acetic acid -
annnniunﬂ&béﬂa@empktS 5 VMnemhémdmmBQ@Km@ﬁy)dwme®mmW@©192] Optipnal ly, the
self-re RNA_np oI N1 one
nmodi fi eF Mﬁﬁgl pn'r Ldes so ]t'l}‘[‘fﬁsmylﬁﬁte@%’ll ;n @Eﬂp‘ﬁp%ﬁh?{}qylﬁﬁqi&em| F\r‘ll| e Wl have

| ess i mjwpmdul atory a a1 P?np}(}zlrf Wﬂ)yt St‘?TGrlyﬁﬁﬁ)lﬁ*P}ioﬁphaWChngFrv into al host cell
(e.g., a‘BbSmn cell) in| cksiar2eley-mgilyopas ohpphal c - i cating
RNA nol edPe t hat does Rt iidiBAL Rl dy o2 osRhaidglshangaine [00193] If
desi r ed,|SLReENSel f - epl il et PREY &mWﬂngmWﬁ@Mﬂﬁw('%Wﬁﬁyégﬁgﬂn%?)atalyzed to
confir miEELr t herapeut kmﬁmmﬂ%ﬂﬁqwrWAﬂ¥@p§R(W@QFWﬁ@%wusing vari-pus in
vitro on-i%tyive testinglﬁ@mwgdgm'Wiﬁ“EW@ovx aydylelolinec o of skit in the
art. For—@mmle. “acci“e$%5%§ﬁ%?gf%qwﬁgﬁ?mwﬁd“?f@??i“ RNA—releclil e can be
tested P their effect Lﬁ%mwg?ﬂpm%mg“ﬁwﬁpswlIgggﬁggﬁ or—effeetof function

P
=

of the parti cuoass] ynpéoamtetnboyipenefit may B¢ bthntageods the geddual lipidcel I's, T

cell lines T.cell clones | een cells fro ni zed

mce cannt?é(H?SQgFaf“é’dta&?ﬂilst%‘é*eéé’E%%’P?%plgp n@dﬂ@ igeryong [}711?1@?“ to lyse
aut ol Ogoléﬁarh?lé G8ho§blisid ttsratlnleg Bﬁ@d)rrin(ﬁre sle!ytorraﬁd@hyle@;ﬁéatsgof%t mkemele that
encodes a _pol ypepti de antig I n_addit 6dP gﬁ&ﬂcell differentiation

can be ardlc§Pel Bjengldegr F‘l?tﬁ‘tb%@I"ibP‘etrlétt‘iO&HO‘Brl $dnabut 3410 (1L-2 and
| FN-Y) - angodt @b cdrbénsf, WHiich aiiehald fapdon®ait, qtﬁﬂéi@&?ll@yfrcﬁhb% 2 diy@pbly in CDA+ T

cells by cytoplasm c cytokine staining and ow cytonetry. [ 00194]
Sel f - r eplPoedt IrgayRNAdYHIGREEOIES UidTarVieitwishasnieliiBept i de anti gen can al so
be tested for ability to induce hunoral immune responses, as evidenced, for

exanpl e, by i pbusd)i Ottre@érreapﬁeépholmmh@tdeoagoﬁ Zaﬂlble@ﬁckh%%rc@]%e}ll fic for an
antigen of interest. These assays can be conduct ed usin for exanpl e,

per i pher ahophatdsHisaglepnc(PORE Raephosabrtidnigheling (eaedCO) Silnitrd 8ik9yinet hods ar e
known to tlt@ﬁew@tchéllﬁte (bope) tdhﬁyrﬁfoty ﬁeﬁdﬁéh%@x@(dme) QRfeohe used to

characterize th f-replicating F£\|A | ecul es of the invéntion can

i nvol ve d@@%@ﬁkﬁ&héﬁwﬁ@ﬁfﬁddnﬁKjﬁh@m@ﬁwbﬂEE@ﬁﬁﬁﬁ@eﬁn%9ﬂﬂﬁéI%&ﬁ@éﬂ cel | s.

For exa C sion on the cel
surfacengllrngl’e gihﬁﬁgﬁgslﬁg?%ﬁg?ﬁﬁ?bgd%gﬁggggggyﬁﬁa%%sseIect|on is that one
can sort for dlfferent | evel s of expression; sonetines-|lower expression may

be desired. OlMd37lsuit esppia crrbodiEen® ohe pepsptdlipyd inOPEH The ghiiopis lxiBr ess a
parti cul gy @RkhARA P BhpRs AR LR 813 'ntggmmarte&dt@oat /ANbOPRIFES«BpR, P! ate
or capture using magnetic beads coated Wth nDnocIonaI anti bodi es. B.

Ant i gens the catiofig0d-96ateheradsipminay eorppydic tadHiEsat fiomeabnutdl. eing/nzld¢é ehawblcul e
described herein is a nucleic acid nolecule (e.g., an RNA nol ecul e) that
encodes an antigen. Suitable antigens-Bnelude, but are not limted to, a
bacterial antigen, a viral antigen, a fungal antigen, a protazoan antigen,
a plant antigen, a cancer antigen, or a conbination thereof [ 00196]
Sui tabl e antigens include proteins and peptides froma pathogen such as a
virus, bacteria, fungus, protozoan, plant or froma tunor. Viral antigens
and |nnunogens that can be encoded by the self-repllcatlng RNA nol ecul e

I Y T L, L o, I T 1

TS



[ 00199] Bacterial antigens and i munogens that can be encoded by the
self-replicating RNA nol ecul e include, but are not limted to, proteins and
pepti des woam3Messsgeri a nmeni ngitides, Streptococcus pnerCDiSAE2/045840
Streptococcus pyogenes, Moraxella catarrhalis, Bordetella pertussis,

Bur khol deria sp. (e.g., Burkholderia mallei, Burkhol deria pseudonallei and
Bur khol deri a cepaci a), Staphyl ococcus aureus, Staphylococcus epiderms,
Haenophi Ipysmi Holi@ogae: mgnass atsdat %@ma&l frd RoRDLIS Ing/fd 19 8b bt flisum
perfringens, C ostridiumbotulinunms (Botulism, Cornynebacterium

di pht herlnﬁm(BpBﬁt heria), Pseudononas aerugi nosa, Legionella pneunophil a,

Coxiella burnetii, Brucella sp. (e.g., B. abortus, B. canis, B. nelitensis,
B. neot onae, Emmw Sin &exambﬁqaaﬂoo@lm&t Y Raskias Jn-wheAGRiISE) tdnpiRes (€: 0.,
F. novi cida, lomragia and F. tularensis), Streptococcus agal acti ae,

Nei serr i &b@}édérfflﬁ@éE’QPEChl anydi a trachomatl s, Treponema pal | i dum
(Syphilis), Haenophilus ducreyi, Enterococcus faecalis, Enterococcus
faecium Hel i gt ey &ytbﬁrehnbo&m%yth@mﬁmlpﬁﬁpé tTEURtion{€bRiMi a
enterocolitica, E coli (such as enterotoxigenic coli (ETEC),

ent er oag gt AMulnmmay compriyeEgypy Eropt 0. é.mg/lalsf@|apmaaﬂérrg/rﬁbegs =di%F (DAEC),

enter Opate;aﬁﬁﬁg'tﬁe &itiofiP bil-if- @E@Qmul%ﬁ hf%y R ASTide Q@% pPal hogaRh R 0F m@Rl o ( EXPEC,
such as uropath gggnl c E.coli EC) meni ngiti s/ sepsi s-associ ated E. col i

(M\EQ) ), ahmﬂ@ﬁn b @p@wéﬁﬁrlr%@gfmd tcEaboelblq mg/EmEm)frOH%@M I umgamittoplosi s

(ant hrax),s 1}% %Iacpestl s (plague), Mcobacterium tubercul osis,

Ri ckettsia I steria nonocytogenes, Chlanydia pneunoniae, Vibrio cholerae,
Sal monel I a typhi (typhoid fever), Borrelia burgdorfer, Porphyrononas gin
givalis, K eb&0d#fla, Ingresemalenecrihodimeshitieecationie oil-in-water frodsiongonmitigsal

anti gens ,gnd |isAWQOENRSE hat can be encoded by the self-replicating RNA
nol ecul e i nclude,” but"are not [imted to, proteins and peptides from

Der mat ophytres, incl udl ng Epi der nophyt on f 1l occusugl]? M crosporum audoui ni ,
M cr ospor um c 49144 B sHaRTeN St BF Phasphalipidis BESY Bint kefipiapil M-cr ospor um

gypsum I\@a@errgﬁlegrommeﬂmlseTﬁdrﬁsmhaﬁ%{yﬁ%%&hbbml Fpjrghapiyt on equi num

Trichophyton gallinaé, Trichophyton gypseum Trichophyton nmegnini,

Tr i chophyranpblpehe Qaagmg phyn-water gpylsine play comprepg iDToKE ahtiom atrput @Hom{gnﬂ ton
rubrum EB&&H@B%Y&P%&%’BQ&Q' 5%5 1tJ£HoﬁPRﬂﬂ%hﬂ”brtf H?&Uoﬁ‘ﬂss mgfnhlqg'%tﬁyt on
verrucosum T verrucosum var um var. discoi var. ochraceum

Tri chophytragimy DEyRIceum and/ or Tri chophyt on f avi for rre or from Aspergillus
fum gatus, Aspergill us flavus, Aspergillus niger, Aspergillus nidulans,
Asper gi [ 1 us 1 gjoig34s, reﬁﬂgfa AR rthepc%fi@ﬂ@bﬂl SR atkt éfﬁ%l%coﬂﬁﬁﬂgg gi |l us
gl aucus, Bl as OSChI zonyces itatus, Candi da al bi cans, Candi da enol ase,
Candi da wbopildang/ml DEaldi da gl abrat a, Candi da krusei, Candi da par apsl | osi's,
Candi da stell atoi dea, Candi da kusei, Candi da par akvvsei Candi da | usi t ani ae,
Candi da pseudgjpi@f Cﬁléeﬁaln%gm%nﬁuﬂlé Eﬂnﬁlgl'gﬁ'ﬂﬁiﬂtlclegn%i [kymcarrion ii,
Coccidioides inmitis, Blastonyces dermatidis, Cryptococcus neof ormans,

Geot ri chl@ﬁmbmawlmfmsm}fﬂcﬁnbmdaﬁsmslli@b@dIda&CUh?d lradbsi el | a pneunoni ae,

M crosporidia, Encephalitozoon spp., Septata intestinalis and

Ent er ocyt ozoon bi eneysiAqlebfs pIEIS (CRIRGuAHasE achi ol a spp, M crospori di um
spp., Nosema spp., Pleis (%ophora spp., Trachipleistophora spp., Vittaforma
spp Paracocci di oi des brasiliensis, Pneunocystis carinii, Pythium

i nsi di osum  PI40}#4)s p SheipAUGoUs NBaseSeRHARQSITPREE) @fdheetl|-wamatersailyions dvd ces

boul ar di 'buff%@%oﬁﬁ%ﬁ J%Hﬁlﬁor %@ﬂoﬁﬁ%ﬁ&%%ﬂs@)ﬁi@i@ﬁ Whn a§9&h9§diﬁtidﬁ
schenckii, Trichospor on 86 ii, Toxoplasma gondii, Penicilliummarneffei,

Mal assezitkat %pprlse%wétéé gedlasPp bufipafreg: eﬁ qltaat%blgffer) apbges itk cappyise an
Basi di ob%ﬁlélaﬁ@radyus&fyy e&w@g ys%céﬁmde) f?él;ﬁgu§sﬁﬁ@tanﬂvgp§éonﬁ)@rp&’tlo@b5' dia spp,
Mortierella sp Cunni ngharre spp, Saksenaéa spp Al ternaria spp,

Cur vul ar |t1@r@épThq—mun¢uﬂﬂo S SOt ¢t Ppantipideant sueh @pﬁrat%ﬁv@r@w drgdtsspp, Pen
icillium Mo o} onyces
spp, andt%g%(gospor%%%lgllgsapeoform%?g%%ﬂfft% nggigg%loghlt i g%esﬁglgdo ':ﬁkr}l#uhnogens
t hat can updinelifmdided swytlwﬂaeogetﬂlemlmmycmmgd@hl& wobsectidlly thoveinade, but are
Pg:ﬂj: : m t 1dmatl %h)bsl?olOt ?eagﬂquldgm orB& cg_ﬁr%?ésnt Lr'ic%sue%ntogt?la%i%lglﬁsstpalg%}l 80 %ﬁb%%eﬁe ardia
[00202] Pl ant anti gens and |mmnogens that can be encoded by the
self-replicating RNA nol ecul e include;3Rut are not Iimted to, proteins and
peptides fromRi ci nus communi s. [00203] Sui tabl e anti gens include proteins
and peptides froma virus such as, for exanple, human i munodefi ci ency
virus (HV), hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis C
virus (HCV), herpes sinplex virus (HSV), cytonegal ovirus (CW), influenza
virus (flu), respiratory syncytial virus (RSV), parvovorus, norovirus,



horse, rat, nouse, etc.); and food allergens (e.g. a gliadin). |nportant
pollen allergens fromtrees, grasses and herbs are such originating from

t he t axorwoi2e13omwaesses of Fagal es, O eal es, Pinal es and plratrasacieasss40

i ncluding, but not limted to, birch (Betula), alder (A nus), hazel
(Corylus), hornbeam (Carpinus) and olive (Oea), cedar (Cryptoneria and
Juni perus), plane tree (Platanus), the order of Poales including grasses of
the genergenR Ipbttrtumﬁhttauaa swidlBng @fﬂﬁ@%om@a%mhé SompidRAiGH ST iPh@l ari s,

Secal e, and Sorghum the orders of Asterales and Urtical es including herbs
of the g@rﬁtfablﬁtﬁoblﬁ@r e agyeprnphepein oxded toparipteingrpFaconmatible Withpermant

| nhal at i oty @bib&EASHRIANE AABSE cEAAMRAHIE itHS! bk Rbidh nlf t

Der mat op%agsgl:) d%s an 1Etﬂlro F EC stnora elfrjrltﬂt%;e eeg1 Lepi (ﬂ)}g?yp 3’3{,3

d ycyphaguwsrtignidr TEyerl@tpmagtts lnsumdhfestéhﬂ@vnOé@fe‘t@moampe@entsmqueemuaam-f | eas e.g.

Bl atell a, Periplaneta, Chironomus and Cenocepphalides, and those from
mammal s such a4t . FOCLAPR, ARLSBe d%ﬁ%&@ﬂré&?ﬁﬁ%ﬂlﬂ&l HEHBoRHEN
originating fromstinging or biting Insects such as ose fromthe

t axonomi ¢i-@rthesamsfperyerbleopluter(a i, sl geioapfrasien gs @Appmaéyéllswéﬁlp@@mpl dea),
ang ant s AA6Th 68l 88%kovc. o condoPRRRRY hO ALy EARARL TRRESoloAe b0

i mmunogen or a or cancer | nmunogen or anti ge , ca e encoded by the
sel f - r eplsilc atdhrmy aRbmumhchddmm tMOI@@r(NaCh fentmdtpimmas be tifed at aboot0.9%Munogens
and anti gen tid o] aln i ch as ol ypepti de

t unor angl /g z ﬁp glgmf%gf%al saﬁneﬁepﬁl ks rr% glag 1:;:1%31 c epa}‘esentglgcr]ude [togaditblg ch%rlge

i mmnogerpstam@namydlggﬂsphamampdmcamﬁn f)lmfspltalttemagmstme’rmlcmdemtmmss a w de

t | d t t ,
SR 0T e e Bt e R
in | engt hhpn«’i?drﬁd‘lt@ﬂlghy hﬁﬂl@}ilﬁ@agbnﬁsSicﬂl&rﬂ)hhﬁbwnaﬂgﬁ)s@ﬁl&he&lrs Orheesar®typically

tunor | PRROBERee g &l EOREPS, e PP, SAGIRONGF LS aSsoci at o

wi th canggsche@istrs (JobRWikoROEQEsSNaN Y o N1bh R etchaide® clalsifiedas 81@6Rs sichcl udi ng
nol ecul es wth del eted, added and/or substituted portions, and

C
fr agnent $5 8FCPReM YRR, arpDifeYe. 9Py ahwel #ictheng &lassifigd aé%atﬁfﬂSéuchaSass
| -restri Qﬁl@%s@@&b&%r‘aﬁld )%ﬁ@(ge bzxast RYd £sB- ld)lﬁmlﬂféﬁ%ﬁl§§%€9ﬁs ift kiRSeskh- restricted
antigens recogni zed | ynphocyt es. In certain
enbodi meAEntiqn, Risacg ﬁﬂ@?ﬁé’g“é‘ﬁs@uiﬂﬁéﬁa fgBosehighalope awbtactpterﬁatl aljo ppusedgn
cancer - t g§ditisn. ant 1&‘1&)@ ESfsl a1 hbls GE, BAC;E
GAGE an %}H&é%l Ial‘lnt]bg?&?c hent, ﬁrdog'})s{a forslg)s(glr‘;%@red%s]sugﬁ % %E)aﬁcﬂ:‘)ﬁ
MAGE- 2, m@ok mawm@rwhtqtzmés@bltwm@@ lomwnmafmgﬁger(tw@hmdhmprs@nused for

exanpl e, dness: gtgtg;qﬂ r)q?[s

gastr oi ntllg\%?ﬁﬁlall@&l 10131@'&?1 er fz{rit% %‘%}‘%L%B%Qﬁ'u?%{%e %ﬁ%“g%%‘g‘ or exanpl e,
p53 (assaebirddo wh stvuty K% ouabosiol% tb dbuntol08s, depegding opdrotheegeat thatisingd. head and
neck cancer), p2l1/Ras (associated with, e.g., nelanoma, pancreatic cancer
and col orecta ce t t MUML
(associ at ed O(i%] Fﬁle a%{%rtﬁi %Wct%sbggg)ghSR a S)g{:oliog@% A?Q&@ﬁﬁble g., head
and neck b@’é‘croem be L@tdbh@@mﬁu@a@smwratlmte biifitdns, phosghate bifidd e@ectasa beféary,

HLA- A2- R i
(associ atjt %Sg&ivﬁef B@gggjia%w%ges? asﬂfr;l)Ocil IE@ el%m Stupm]ilaefe gttff r%‘Flﬂ?eB%aag? p’%Rgsom at ed
with, e.dghe aqubmmnbmpcrmeﬂ xd@@mi‘usblyéabetweal)é 0181(1 ms&mws/phaltté its@bmrtase, Kl A

0205, ) n S X nple
Gal ectin z§2 (Ig %% 8xemé)t ?chmgrﬁ the I\oltlefrfer or eg\ﬁ gﬁrate% tfflgtg\jm ’{)%{t ?g
(associ ataectha etdslnpleryg:mboﬂ-lmégk tha' aauazbus@l&sei)s orphicohgfenpispard] (shgs RNa@t ed with,

eutcom adiee vai? HoRPEC Atp SEE T a@boeasn Bgh GRCR g MablyFedhuanl ' *°

al dol ase chmprespaidh@ikivhdidimoRc@e to thelBguicidn pati}le tHRRAME i ASRIOE.] HltcﬁldarWl th,
e.g., melanonm), HER-2/ne spflated with, e.g., breast, colon, lung and
ovari an C&We&F mna@ﬁwaofﬁ$a %B T mayskegesludedd with, e.g.. hepatom), KSA
(associated with, e.g., colorectal cancer), gastrin (associated with, e.g.,
pancreatic and gastric cancer), telonerase catalytic protein, MIC1
(associated with, e.g., breast and ovarian cancer), G 250 (associated wth,
e.g., renal cell carcinoma), p53 (associated with, e.g., breast, colon
cancer), and carcinoenbryonic antigen (associated with, e.g., breast
cancer, lung cancer, and cancers of tha9gastrointestinal tract such as

col orectal cancer), (d) shared antigens, for exanple, nelanoma-nel anocyte
differentiation antigens such as MART-1/Melan A, gpl00, MCLR

mel anocyt e-sti mul ati ng hornone receptor, tyrosinase, tyrosinase rel ated
protein-1/ TRP1 and tyrosi nase related protein-2/ TRP2 (associated with,
e.g., nelanona) (e) prostate a5500|ated antlgens such as PAP PSA PSMVA,

NANSR AN A S - . T T



[00217] In sone cases, it may be preferable to prepare an aqueous sol ution
conprising the nucleic acid nolecule as a hypertonic solution, and to
prepar e tWe 20mti06834c enul si on using unadul t er at ed wat er POT/UB2012pai8aNi C
buffer. When the enul sion and the nucleic acid nol ecul e are conbi ned, the
m xture becones isotonic. For exanple, an aqueous solution conprising RNA
can be a 2X hypertonic solution, and the cationic enulsion can be prepared
using 10nMM G fgoak bmneéxemmgnenaﬂaﬁm@}lﬁtwu%fgnomﬂcﬁra@bﬁﬁykﬁm%f@re m xed
at 1:1 (v/v) ratlo t he conposition becomes isotonic. Based on desired

rel at i ve ahfrduht @other exsaplRveEhadimens theraugeps @bus iss o1 the befferthierashpri ses t he
nucl el aghyl BOLERHL GubkPoberdinduldiile T X, 201 (V1) mx, 122 (vIv) i,
etc.), one can rea determne the tonicity of the aqueous sol ution t hat
is reqU|red in order to achieve an isotonic mxture. [00218]Simlarly,
conposi tions {Ma#8lhavke phyeisahayineallosnpPEd additingy) coapeest el for in

vi vo ad mnml&hreetﬁap&ﬁ%gmibgﬁ&gity@%theéaﬁeb@é e drndi R BROYADiRRDHICS T kg

wat er to about Sometinmes, it may be preferable to
prepare alnclalqa@dwl@@lewftﬁmnmdﬁxpmrs|Pr11gfellahlé theetredlaritaef de ppleceithescis a

hyper os ' i ng

madul ¢ or i -G oh 8 HERAGE shotss A hugp 0, RIS RS 204 e

nucl ei c abmdmgﬁhecﬂ¢emmc@hvbW®mned¢)phygn@kogﬂ@abhmsnmmablswbmd achi eved.

O coursg htghlggflj[]}iclrg& ?‘act?tglr ngltlbo Tf%,lgc\é?oqgltlcj 1900%1b art)&%t re(@fr I{'&’Ie 1reecf § acid

solutlonxz on desired rel ative anpbunts of
t he emul siooionit polyher @guequly(dbyliglicon stdhak palgapylesedydohgolypsipgiene aci d

nol ecule (e.g. 1. (vlv i X, 2.1.(vl/ ix,,1:2 (v/iv) mx, etc.), one can
ond 1y ARl b e HasPlet v Vi SbiEa Ut bn that T T equt red
in order to achieve an iso-osnolar m xture. [00219] In certain

enbodi nent s, (00&4%]quéow$nes:a$wumadnlmampwhtsi mgy bdmefarred &ithe amieohsmhhﬁcul e may
furt her C r.ell’l’ls S nvﬁwn € cm r.101’18'1 %nliltri fl Ctreag;[ [ ea)‘(ar%o fn@r%gsllrgjnth ?tr eOf l n an
exenpl ary eﬁb RN %e SN R IMAY &P AT s 1 O 8BRS %0 0f SXaner. In

parti cul abmcehmlonmva@hm@céamﬁaomhssemmﬂt inbatditfidai gchkw thalaedalld27 to the
RNA aqueous. olut|on or .to exation to cationic enulsion particles
led to gP@HE Fugﬂ%%rkg?ba %HHV%@ngased RNase resistance of the RNA

nol ecul e. Addition of pluronic F127 to RNA aqueous sol ution was al so found
to decrease t [D91p@r t Hm&eetamienﬁ)odarﬁnehfsetthWeﬁiNE)ha@mf It}e>cat1<ﬁo¢ akaneatepol ynmer s
may also facilitat propriate deco atlon/re RNA nol ecul e,
b avent _SBGPl P BP R R L R ShEr R e LeRaRa0e  bristhd Al at or y
ef fect. Gkheflapehipodingnt ﬂlatoﬂrfﬂryvatb@ehiﬁl@@nlcﬂ[ﬁhluﬂﬁpolexagler Fﬁlbbraﬂmsczﬁ)e F68 or
PEG300. .. L%ﬁZiég Al t er nat.i vel %%Itl ?us sol ution
conpri si AgMPRE RiMKEPrOYRrY hpdhet néralrﬂﬁ’;?r%’ ‘E?}?&l ?frPB °05%t o about
20% (w V)(pdl%wwrene &Qae)pmntpd By w1 dfphilie @haﬁnsQlﬂpolyBX}Wﬁ{y&rne W(&hﬁ@nmy
conprise a, pol (e pol oxamer such as Pl.uronicO F127, Pl uronicO

F68, or rﬂE@sbo Olafam%%rﬁ 856!5190"61 55 trededBg e Turonis P Rplymerss feloxamerg . 0594
0.5% 1%poRerKnay lead to gh@R2ZADiLTNEd At EYAL RIIARY TN ] Sndddile
conblnatlon of two or nore nol ecul es descri bed above (salt, buffer,
sacchari @&ecr Ig¥Agamplexdiop) . | n an preferred enmbodi nent, the buffer conprises
560 nmM sucrose, 20nM NaCl, and 2nM Citrate, which can be mxed with a
cationic oi | jop1¥gt eneMEIPs ifl8&kfidnD 8l BRI d1-fnOwREQEHESAndy Nal aqueous
phase that conprises 280 nM sucrose, 10 nM NaCl and 1 mMcitrate. In other
embodi meseEpriteHEonhgoned- 1%dapbqus &&%s At polymop oienTabqus 5% ikt E¥A be ni xed
with a C%&%@Bb?n@fhﬁﬁ Mﬁﬁ@ﬁmﬁﬁﬁ&ﬁé8Pnﬁ@§£ﬁ&ﬁﬁﬁmhﬁ&@&ﬂ@&geQEKg#EP a fina
aqueous phase fhat conerlses about -

PREPARATI(GH!. § DO2seper pyshap Blureic B E p/e et framm abqui Qi th 8Poys 2O%i(Wes. fiomiret hod of
preparin 0 0 A & Feap! exed
with a ngﬁt?qu g)sdlbgﬁtggt/ I %)cﬁ%@%@ig\?\)fg@épu@r}ﬁ gol/gﬁy‘g d?gljr?ﬁll\#é ratio of at

| east 4: 1o awdt §liot(W/vaver age particle diameter from about 80 nmto about 180
nm conprising: preparing a cationic oil-in-water emulsion wherein the

crrul 1 on COMDIGATER: fn SEAITAN oo BR L PAGHA AN g Bl i) FrOm
about 0.01%to about 2.5% (Vv/Vv) surfact'ant, and a cationic I 1 pid; and
addi ng tH&6ﬁﬂE1eu%waﬁﬁﬁﬁwﬁbﬁbumeilﬁﬁﬁhe catlonlc 0|I-|n wat er enul sion so
that the nucleic acid nol ecul e conplexes with the particle of the enul sion.
[ 00223] One exenpl ary approach to gened@te the cationic oil-in-water

enul sion is by a process conprising: (1) conbining the oil and the cationic
lipid to formthe oil phase of the enulsion; (2) providing an aqueous
solution to formthe agueous phase of the enul sion; and (3) dispersing the
oil phase in the aqueous phase, for exanple, by honopgenization.
anDgenlzatlon may be achleved in any SU|tabIe way, for exanpl e, using a

o RV .



[00225] It may be desirable to heat the oil to a tenperature between about
30C to about 65C to facilitate the dissolving of the |ipid. [ 00226]
Desired awount3/wéssthe cationic lipid (e.g., DOTAP) can IlpeTrasasianess+@and
either dissolved in a solvent, in water, or directly in oil to reach a
desired final concentration as described and exenplified herein.

[ 00227] Sol vents such as chl orof orm (CHC13) or dichl oronet hane (DCM nay be
removed from fdagsgi | Tﬁé‘@t%tltyeof %emq@%u@é’&%n@ﬁt'e%loy@& inQhesb Qorﬁﬁd@hioﬂé ng the
aqueous phase and the oil phase or prior to honbgéni zation. Alternatively,

i n i nst ardB$e iaerneount picessaig|tabiing thy valunofidke eamnosigpeto witpr Thdisyaenul si on can
be made whbiif BEcaakYEth cge t%ufft‘e%\(t (oihdk lodd i e &Hﬁed%}ﬂ?ﬁie ol such cases,

t he soIv t can be renove to evaporate rom t he primary
emul si on cpmp@rentsdistad gleqy@rmtiendyr thbm@@lmcmmsmns foooha8} | f the enul sion
conprises one or nore surfactants, the surfactant(s) nmay be included in the
oi I phasg_or BﬁﬁLﬁ@gﬁﬁygﬂﬁﬂﬁﬁgm@ccording to the conventional practice in
the art. For exanple, SPANO85 can be dissolved in the oil phase (e.g.,

squal ene), and TweenO 80 nmay be dissolved in the aqueous phase (e.g., in a

citrate buffefd0154] Alth?ltﬂbmg‘ivwhlﬁgémlzﬁtwefld hwé/dtartwhéﬂtewvemﬁb@h@Vﬁﬁov. des a

met hod ofy, RURRAELR YR nFADRRS iridrR wﬁt'ﬂ@ﬁe &QG?HE hﬁﬁffhrétlgh%h%(?alé}ﬁhgmérm ecule
(such as RNA) conplexed with a particle a cationic oil-in-water

enul si on chaeetdragting: (cleptyosistio freishgnthe atrtnﬁﬁt o tlsi qomplexga tieH agthal si on as
descri be l, nucl ei c
eid ol gg%ﬁﬁteo'{gg% it héld Hfo%}éhlg't}ﬁgca?tib%%t]ﬁgfé%%d?tgl :%Btahfeﬁ; a?é’fé}%‘&%dﬁb %tag{aﬁlgwl Shon
of (i) ar@ﬂcrtti@elcemweloml@ il i Aohliteomaldyi, ilw()rOpfs)blctltyétOphlﬂte imeredtengbaetad nol ecul e
conpl exe e le,. a cationic
oil-in- %]%evﬂutcﬁlc a{aﬁi rﬁglgéullea{ % tfPJ su%%ge o?@é@hﬁ:‘i‘es nltzgc'itlljsgé?agpa r§ e'ut i on conprising a
nucl eic acid nDIecuIe (e g an aqueous RNA solution) in any desired

rel ati ve amouttdsSle. @uCle@beldtmoieC]Jh’a@ Waygan bglsomplegedzo the(oprulsion paienlgs 2: 1
(vlv), t bout 4:1
(vlv), Elg deéln%lejorfd Xéb\{é Sub E?Hﬁ%g f}?vf(/ }l’pr %%%td aigéit.?’stﬂe(‘ WI/%Q acé out 1:2
(v/v), abou¢culk: 1Qa15RI(\Iwrn()1¢CU&bawh aiaIBRNwtha)t en@idewd pebtide, pokypépiijle ombout 1: 4
(v/v), abo 1,10 C. [ 00230] The
concent r &9 |%Hln%u£n%ﬁﬂy% aﬁ@%gﬁ Im%%mwso tsg%hﬁtméﬂmgﬁﬁggltlon (e.qg.

RNA- ermmul si on conpl ex) can be readily deternlned according to relative
amount s of t h&V0ps@- c Ghptarplei daniba famied by esing stlovquanhawen digeous sol ution
conpri si i lecul NA sol t hat
ar e used eI Fe ARLLIRAR 58 huhe » AAGARERE AR LR
with an dqmdtbg nsmhgla lcmroncccnmplﬂsilm wigh the puxdélea@d amiedulnﬁbewhele(tef g., an
agueous SNrAt\ XSII’? ua’ttoé%h:el gl\té: \él%idr aotlI le anlgl| at10n1 plimq}tl m%mor];s ! he oil and
cationic Iol‘f)dgb re (6] I o - LG M i1 - & r?p} RTS8 Mer ef or e,
if an emblaadjosted;mmpmrﬁzieﬂga proGitte (esirvg stﬁaqgttaloébﬁdmg add ljtigdﬂ’fgc{IﬁHiAP 0.5% v/v
SPANO85 and 0.5% v/v TweenO 80 (referred herein as CNE17") i s conbi ned

w th an aqueo qutlo t rlses mM NaCl, 2
T Gt e, ahBiEoh (Eepl e BB R R T G R Ol o
conposi t ipanickaomples&svete ﬂl@%c(edl/oy)fa@mlgaﬂlﬁﬂéA c@tldncmgildirtatlm&eafﬁhr&l%% v/ v

5 505 i B BT BT SS9 B SRR e b e M 1o 2

pronot e pﬁmhnﬁﬂecm&mnﬁmh@ﬂwuk@byﬂﬁmgmemﬁhﬁkﬁpmnhamQMEQ@rMeRm&enﬂkhe nucl ei ¢
acid nDIE@FIes an cationic P2 tgﬁles inc ease the stability of the
nucl ei ¢ Friodt ﬁﬁ%‘f@xﬂm3698mpr % ﬂ*HéﬁWﬁﬁé‘t of an RNA nol ecule), to
facilitate appropriate deconpl exati on/rel ease of the nucleic acid nol ecul es
(such as an Rlemﬂle@ukﬂkﬁnmbﬁh&nﬁﬂﬁvBWImﬁg@rﬁ@aﬂﬂohuﬂﬂ)Ehﬂ,EWUBSLOH

B Cur factant ) o s 6% Al antieans 261 Pk £ Rl Lot | B Ene )

nucl ei ¢ aci @ 150l e8ulte2:3Usi3. ABtoRNA).. I n one exenpl ary enbodlnent PIuronlco
F127 is added to the RNA nol ecule prior to conplexation to the emul si on
particle. [ 00232] The size of the enul sion particles can be varied by
changing the ratio of surfactant to oil (increasing the ratio decreases
dropl et size), operating pressure (increasing operating pressure reduces
dropl et size), tenperature (increasing tenperature decreases droplet size),
and ot her process paraneters. Actual pdtticle size will also vary with the
particular surfactant, oil, and cationic lipid used, and wth the
particul ar operating conditions selected. Enulsion particle size can be
verified by use of sizing instrunents, such as the comercial Sub-M cron
Particle Analyzer (Mddel NAMD) nanufactured by the Coul ter Corporation, and
the paraneters can be varled u5|ng t he QU|deI|nes set forth above unt|I t he

. 4 1 - ~~ a AN~ AN NN A~ 2 "



coarse enul sion can be passed through the interaction chanber of the

m crofl uidi zer repeatedly until the desired particle size is obtained. The
bul k ermulwoaniomessthen be filtered (e.g., though a O 22pamuSeéi2eussunder
nitrogen) to renove |large particles, yielding enul sion bulk that can be
filled into suitable containers (e.g., glass bottles). For vaccine antigens
that have denpnstrated long-termstability in the presence of oil-in-water
emul sion for ﬁ%ﬁ&nStQhégﬁwn&Qﬁ1@3&&£€Buﬁﬁﬁs&ﬂ&hﬁh@&eﬂﬁ%eﬂﬁt&ﬂﬂ@'ned and
sterile-filtered (e.g., though a 0.22- lamfilter nenbrane). The conbi ned
singl e visailtablesferfopaulatng melefc dcidelpsdhvagcisgsig b e DiEs eceiaer RNAevascingspr vacci ne
ant i gens 140 e NG SRR IGioh A% 0 ASSR RO AR ket e emul sion
can be sup ﬁ& glas g'se grate J% suc casgs @ ?sgon bul k can be
filter edngclelmatldz@d h¢se cgls andipoetestts e Quedgic mdxnfoielculerfromewblegmei)egradatllmed and
packaged I (o] | may be
oot onal yaisePEolRigapl e SR, HleBlRoon oncqded oy B aiBbic B dobuORER, | OO
vacci ne, cam;ﬁoﬂm ab irhioune regpebmiexte thevam 6 gdnn d-ikwi livie ob ettqpastkdgiedes, ntdeidesés onl y

if the s sses t
conpOs1 TR ARER R ek SRR b BRI e visac i on
provi des 1mdupﬂn@fdmmjtandzab4tmmbﬂas@dnm wbasnsnrslaﬁngeg p&:sé‘m@ﬂ ailublaford, swoh ecul e
conplexed with a parti.cle of a atlo i n-wat er emrul sion, as descri bed
nor b1 . anieny el B EafynteiRn e i stet D mceut | cal |y accept abl e
carriers, diluents, or excipients. In preferred enbodi nents, the
pharnaceuticaHNﬂ@Mpoﬁhekmnmksoﬁmchmanmgénmkmdﬂﬁn@SMNAomﬂamhbahyban be used
as a vacci 0238] The i tions. describe rein ed to
ol ver SoRerkPEt bl AopERERn TS g RiamTas tpget iEsp e ThierE el ac i o
nol ecules (e.g., DNA or RNA) can be delivered to cells for a variety of
pur poses, suchﬂnéutohiaﬂmmenmpﬁdwnmlmmnmﬂdawﬂ@sbkﬂmcgﬂmédﬁ$0®umuw(Blg.,
pr ot ei n), ene, .for and the |ike.
The compsehdh SREGELE, AECR I ERR cado B B odFOE ' JEFPRHE PRGN o ¢
aci d nDIeﬁmmeC@mmmoﬂﬁmMu@@nﬁhmmiiﬂmﬂﬁbﬁﬁukanzhh&%&b&mﬂwmmpmrmhses such as
to treat a disease such as c ncerﬁuQ%Pgiollfer tlve di.sorders, netabolic
di seases,COUBPHBVAL ERYP mé?f“sg lgi5acodiean Agligel; ©-§ MontiiRee an
ijmlmne r g&pmi:a@l IlaNlAi ntdl@ulﬁp {ggt arEﬁdSmlﬁX}aaﬂﬁd)ﬂw eﬂMFs%cﬁlp@rti%% dTrmlie el gs Lray ble
elivered to cells to inhibit the expression of ata uch nucl eic
aci d mol TP FAN FrKaIn gneor moge if é&%@%‘ﬁ i I‘T@iﬁc}l %§acq’§6&‘kﬂ“é%ast r anded
RNAs,  sucliffasnt Shdch. AnémstvRIy dign E@Mﬂﬁmam HNE nldideBle ntagultb@n&dde aeed RNA
nnlecules such as small interfering can trigger RNA interference,
whi ch spdanfang angyn.< §- criigisranice Ola:félre%%%ﬂﬁﬁnaolﬁ%ﬂeg ft cgeodlss digfsreat ¥nock
down) . AnddnB&Maidehd GORYRIRAL HR&SEHMiCoiP NG Alul:RRdS s bR RE o BINA that are
conpl enmentary to a chosen sequence. Cenerally, antisense RNA can prevent
protein t psafl ivensingf thatds mangyalepsyapidiéval®NA st rands by binding to them
Anti sense DNA can be used to target a specific, conplenentary (coding or
non- codi ng) 1621hemeé QlBenct BEhe RNORbRCRIMhLy bORSdiBes Alubhrd, berein are
useful for delivering antisense oligonucleotides or double-stranded RNAs
for treathtnrlc sfincree thoesiqareof exareeson eryenliepian af theR I gu e Piovie of - an
oncol 09y ,HAGGEl staﬂlﬁ%%?l&%npéﬂ@rd%a@%h CRbr &OPOShE RRASRIAW df@eher ein may
be adm nistered singly or in co nation with one or nore additional
t her apeutniwlifiderithsrespFido Feedlot gsagt. fadmemblst toandreme iraslatioectfibay aad e not
1 ted, el S @l ShAah e & eFhaby 3IMAbSH UL AR RRLASESTP)
adm ni stration, cut aneo d istration, Intravenous adm ni'stration,
i ntravit MNi3) e bﬂ' attactet] itothe 31 antl o& the SKANA Brinereast b Balf-hfei dhe Siemdafl tti on,
i ntranas istra Lon
i ot POV Y B4 bl B e PboRE LRSS Ao BN EA STl 500t a1y
ef fecti vQca@r&mmttumD 01t dn&mmaberéafmmcldmdfelnhﬁcbolmaecbdunmg/iRNA warhgsislependi ng
anon her s dlseas the severit. f the di sease, the
o6 and £af by Framaleafy pERERT ak g b S RerhER S R R yily Vb i una
adm ni st eTapping Eh@nﬁe:(df@EoEomdﬁhglbﬁhRHtm tephoapichtdsél guiiny@at ienferdesid ed.
[00241] | n other enbodiments, the pharmaceutical ositions described
herei n cal*B¥” g&%ﬁ?’i%{f@%séﬁir%qa ‘i”h‘c}b %?%flﬁecﬁﬂn%ﬁu?tl?nc?ﬁi\% OTHBICEYESSi CP onal
t herapeutic agents. The additional therapeutic agents nay include, but are
not limted to antibiotics, antibacterdal agents, antienetic agents,
antifungal agents, anti-inflammtory agents, antiviral agents,
i mmunonodul at ory agents, cytokines, antidepressants, hornones, al kyl ating
agents, antinetabolites, antitumour antibiotics, antimtotic agents,
t opoi sonerase inhibitors, cytostatic agents, anti-invasion agents,
ant i angi ogeni c agents, |nh|b|tors of gromﬁh factor functlon i nhi bitors of

-, e



[00243] In certain enbodi nents, the pharnmaceutical conpositions provided
herein are used in the treatnent of bacterial, fungal, and protozoal

i nfecti orwoiznt3/aoessag, but not limted to, nmalaria, tubePrcwussiig/oassdo
nycobact eri um avium | eprosy; pneunocystis carnii, cryptosporidiosis,

hi st opl asnosi s, toxopl asnosis, trypanosone infection, |eishmaniasis,

i nfections caused by bacteria of the genus Escherichia, Enterobacter,

Sal monel lsgyctwb ptmf) 0SRGGHE plaﬂ ﬁh%tpehtrﬁ mlg’rnqtlamamlfg%eyttmp akd
Streptococcus, and Chlanydi a, and ’aﬁ5 i nfecti ons such as candi di asi s,
20

aspergi | |tt9§fil=§10nhh oficspy akthoRNa, m@lﬁ‘dﬂ%r D dic Rhéhimedgiculie gnay be furthep 00244]
In certai PR He ALTRARH Rl in GRERASH AR B PYhERH, herein are
used int e tre fnent olgﬁegggratory (flsseagesrgle % 3 Cﬁydérs ©

der mat ol d@7caPP i dPIdex which ol durthdi merpess tramsthtion eﬂtcsqyr der s, genitourinary

di seases and/or disorders including, allograft rejection, auto-immne and
all ergic, canfieyo IRIRASH: AN RABIAMc S BndHER%: HANMGeANd wri nkl es.
[00245] In another aspect, the invention provides a nethod for generating
or pot entiieledtivigs, alnaddrrtmnrteamm% pamsiaiciue. altetbjresrord thari¥edturdlbrasefringuch as a
mammal , ﬁl@&s'icﬁ' Hbr&'féﬁn%rdn%nﬁﬂalﬁkk‘?\% 'Y g"tﬂl@ﬁbaai B CRIPGSI tion as

di scl ose erel I mmune response i s prefer rotective and

pr ef er abl4gids WWMSM(M)QH&EQ% (ahﬁ%oih@%pmmlOétlefdleqtldmmdmodlf‘ﬁlde met hod

" eaponse tidebitt iR R WA LIHIE WS RRER RN PR pRleal ulRRE 271 1 O
her ei n nelg719 1 I8 B0 @S 4 BORET HOGRTENA 7807¢, 504784, 6iEXR2414) 511533339 rﬁg62fr30enhanC| ng

an i nmun ons n. a subj ect n ed t hereof u

Do) RR0ERR AR vhith Skt ted R tEEneh Aoy 6r Boud HR e n nay e
used in mha&mamuﬂao&mwembmo@ﬁaﬁdmﬁﬂﬁ&nwnhmhmgeﬁﬁbahhngnwr potentiating an

i nmune response in a subject in need thereof, such as a manmal [ 00248]
The invention eliv de |ce i.l.led th a conposition
or a vaccine gﬁhéﬁo dﬁ% Slifpeobases W %ﬁ% é ]ﬁmaw i n}("g‘%%referabrg a
human, bunhclacaydebend ‘icPotided aBdb¢ prascpt ig theaRNhlnﬁ.‘d{@:Iﬂles anctidt: m¥C @-dog, as the

o ST A L M B PLE Eh SpRBORTT . L5 RBRGSY, P55 5

(e.qg. aurodzdloememyluhmtlammA (amteagma@eﬁme)@mzar(zawtﬂytadew.tefeg Ahie-vaccine is
for theraﬁgutlc use, the hupman i referab%é a teenag or an adult. A

vacci ne imRiH{ER0ss): simo A &mnathythigres mghy ﬁFhW%%ng %o adults, e.g., to
assess saio?tmenymaaagae) InADIBAQI SRt I5i1th}o- NSk pentenyladeh &GP Qb6 sy  of

checking efficacy of therapeutlc treatment .involves nonitorin pathogen
i nf ect i oRY@ieKEporsATI2deno8e oS HPOA Reme Byl e NGy droxyiseentsed) di scl osed

herein. QagRY), 96A @@@gﬂ&hﬂﬂc@rﬁm&ﬁ&%n&fne%@&@% AfLdnG1 éat&%grﬁaénotlﬁy)ol Ves

noni toring i nmune responses, stem cal |y (such as nonitoring the [evel of

| gGL and msgt&2a(2pnaspdtung- Hﬁjthra@m' erbavpydanasipe); 1964 @¥0-mehy e ng the | evel
f 1gA fi
o] g prﬂﬁg&éﬂdase)sn’og ﬂﬁé ﬁm(]g@%g@%ﬁynox)ﬁﬁll&%a%%l @@ﬁdsg{r% i gﬁ Afic serum

anti body respon rmne st -1 nmuni zati o ' enge

wher eas ahtmegeﬂthloﬂ%&:hsfdrwym@lthﬂalmowbd@t;@sme)sadm&oan@syiedeeomened

post - i 25 assessi ng
the i mu ge |a1t:e Iaﬂ% @E%H ir]r%lgsslp?%hng)o?lr{l/ é%l%gél]énet %(%L %\3@? ei n where

t he nucl emerthm1d1nmpriac(alfe)ﬁ1@ﬂgdcyud1he) H(Dﬂ()z -tbiocgdies).acHr Oenrmtaontidgen is to
express [ r een|ng patient sera or
nucosa’ gggF ﬁmn QH%wﬁ gﬁ%?ﬂgn %Xfw%quharrays A positive reaction
bet ween t(NeaonyMT@nibt]@ﬂkcj/tlﬂime) RacC l(lanthns)amlt}e(lmmﬂh}o@tae@ntemaﬁz@ &-pati ent has

nmount ed an . nmune r t he ion. Thi may al so
e used B MERHEN aroac e R Ao iR e s R RS prot ol n
gntl gens. damethylguaﬁlsﬁﬁeﬁ%2G-ﬂﬂQNQfo O%Mhﬂ@udnbﬁn@mm}(]\@m 2;c@n ?I Sﬁ be ]
etermned in vivo eng|ng app riate ani na dels o t e pat ogen
of inter é%tlettlﬂgtéepf%%i &l & %@éa%ose%ﬂt%éf% UFRGF 820
schedul e (@Jro@w%ﬁtbé194)90ﬁ9$ﬁﬁh§@ljﬁﬁ}d%}b@t051w DHYWe: @ag&emodyd be used In a
primary inmmuni zati on schedul e and/or_in booster immunization schedule. In
a mul ti plhEdgssey sl iBO NEosRe- BITS dedvdeuragrines %icwewswy) PRe sane or
different routes, e.g., a parenteral prinme and nucosa' boost, a mucosa’
prime and parenteraI boost, etc. Multiple doses wll typicaIIy be
adm nistered at least 1 week apart (e-dg3; about 2 weeks, about 3 weeks,
about 4 weeks, about 6 weeks, about 8 weeks, about 10 weeks, about 12
weeks, about 16 weeks, etc.). [ 00254] The conpositions discl osed
herein that include one or nore antigens or are used in conjunction with
one or nore antigens may be used to treat both children and adults. Thus a
human subject may be Iess than 1 year oId 1-5 years oId 5-15 years oId

A= pemp- o o, - o -~ . - r



[0256] I n certain enbodi nents, the conpositions provided herein include or

optionally include one or nore inmunoregul atory agents such as adj uvants.

Exenpl ar ywadpiswaessg i ncl ude, but are not limted to, a PHI/Uad)1awassto and/ or
a TH2 adjuvant, further discussed below. In certain enbodi nents, the

adj uvants used in the inmunogeni c conpositions provide herein include, but
are not limted to: 1. Mneral-Containing Conpositions; 2. G| Enulsions;

L PGS S o bR U B B

Li posonesyag:7-fsriaysiosingy Pekk (Ermisemaihyl- Pdeazesvpeesingd: dRe(arbraepinppPrul at i ons;

e OB (ECTEL A0 NI FoA i | e 1
thiouridine); s2Um (2-thio-2'-O-methyluridine); acp3U (3-(3-amino-3-
carboxypropyluridine); ho5U (5-hydroxyuridine); mo5U (5-methoxyuridine); cmo5U
(uridine 5-oxyacetic acid); mcmoSU (uridine 5-oxyacetic acid methyl ester); chmSU (5-
(carboxyhydroxymethyl)uridine)); mchm5U (5-(carboxyhydroxymethyl)uridine methyl
ester); memSU (S5-methoxycarbonyl methyluridine); mem5Um (S-methoxycarbonylmethyl-2-
O-methyluridine); mecm5s2U (5-methoxycarbonylmethyl-2-thiouridine); nm5s2U (5-
aminomethyl-2-thiouridine); mnmSU (5-methylaminomethyluridine); mnmS5s2U (5-
methylaminomethyl-2-thiouridine); mnmSse2U (5-methylaminomethyl-2-selenouridine);
ncmSU (5-carbamoylmethyl uridine); ncmSUm (5-carbamoylmethyl-2'-O-methyluridine);
cmnm5U (5-carboxymethylaminomethyluridine); cnmmS5Um (5-
carboxymethy laminomethyl-2-L-Omethy luridine); cmnm5s2U (5-
carboxymethylaminomethyl-2-thiouridine); m62A (N6,N6-dimethyladenosine); Tm (2'-O-
methylinosine); m4C (N4-methylcytidine); m4Cm (N4,2-O-dimethylcytidine); hmSC (5-
hydroxymethylcytidine); m3U (3-methyluridine); cm5U (5-carboxymethyluridine); m6Am
(N6,T-O-dimethyladenosine); m62Am (N6,N6,0-2-trimethyladenosine); m2'7G (N2,7-
dimethylguanosine); m272'7G (N2,N2,7-trimethylguanosine); m3Um (3,2T-O-
dimethyluridine); m5D (5-methyldihydrouridine); f5Cm (5-formyl-2'-O-methylcytidine);
m1Gm (1,2'-O-dimethylguanosine); m'Am (1,2-O-dimethyl adenosine) irinomethyluridine);
tm5s2U (S-taurinomethyl-2-thiouridine)); imG-14 (4-demethyl guanosine); imG2
(isoguanosine); acbA (N6-acetyladenosine), hypoxanthine, inosine, 8-oxo-adenine, 7-
substituted derivatives thereof, dihydrouracil, pseudouracil, 2-thiouracil, 4-thiouracil, 5-
aminouracil, 5-(C;-Ce)-alkyluracil, 5-methyluracil, 5-(C,-Ce)-alkenyluracil, 5-(C,-Cs)-
alkynyluracil, 5-(hydroxymethyl)uracil, 5-chlorouracil, 5-fluorouracil, 5-bromouracil, 5-
hydroxycytosine, 5-(C;-Cs )-alkylcytosine, S-methylcytosine, 5-(C,-Cg)-alkenylcytosine, 5-
(C,-Co)-alkynylcytosine, 5-chlorocytosine, 5-fluorocytosine, 5-bromocytosine, N*-
dimethylguanine, 7-deazaguanine, 8-azaguanine, 7-deaza-7-substituted guanine, 7-deaza-7-
(C2-Co6)alkynylguanine, 7-deaza-8-substituted guanine, 8-hydroxyguanine, 6-thioguanine, 8-
oxoguanine, 2-aminopurine, 2-amino-6-chloropurine, 2,4-diaminopurine, 2,6-diaminopurine,
8-azapurine, substituted 7-deazapurine, 7-deaza-7-substituted purine, 7-deaza-8-substituted

purine, hydrogen (abasic residue), m5C, m5U, m6A, s2U, W, or 2'-O-methyl-U. Many of
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13. Tryptanthrin Conpounds; 14. Human | mmunonodul ators; 15. Lipopepti des;
16. Benzonaphthyridines ; 17. Mcrop artic les 18. |Imunostinul atory
pol ynucl ewDi2d3/006836h as RNA or DNA; e.g., CpG cont ai ni ng@Coltisgunoeiseot i des)

EXEMPLI FI CATI ON [ 0257] The invention now being generally descri bed,
it will be nore readily understood by reference to the foll ow ng exanpl es,
whi ch are included nerely for purposes of illustration of certain aspects

and enmboghdIBR{§ified ndMbIE SR I theit dn@ig rBBsLcRodAke 1AIANIRGt O Tim t the
i nvention. EXAMPLE 1: CATIONIC O L-1N-WATER EMULSI O\IS%J_J?OZSB] Sgr]ual ene,

sor bi t an commgicad serpligpafegsy, WoLYOXEPSE hyhiehe inrnsratethhorginby miaeice. ( Tween
80) were obtained fromSigm (St. Louis, MO, USA). 1,2-Di ol eoyl-3-

trimet hyl anmologps|Pr ap@R ukdAPhe RS tRINEARS B IiECI-pIRRpIbdlckddw gshaf en
Germany). [00259] The conponents of the enulsions used in these studies are
shown i n Imkageabetween nucleosides, but in some embodiments it can contain phosphoramidate,

phosphorothioate, and/or methylphosphonate linkages.

[00166] In some embodiments, the RNA molecule does not include modified
nucleotides, e.g., does not include modified nucleobases, and all of the nucleotides in the
RNA molecule are conventional standard ribonucleotides A, U, G and C, with the exception
of an optional 5' cap that may include, for example, 7-methylguanosine. In other
embodiments, the RNA may include a 5' cap comprising a 7'-methylguanosine, and the first

1, 2 or 3 5' ribonucleotides may be methylated at the 2' position of the ribose.
A. Self-replicating RNA

[00167] In some aspects, the cationic oil in water emulsion contains a self-
replicating RNA molecule. In certain embodiments, the self-replicating RNA molecule is

derived from or based on an alphavirus.

[00168]  Self-replicating RNA molecules are well known in the art and can be
produced by using replication elements derived from, e.g., alphaviruses, and substituting the
structural viral proteins with a nucleotide sequence encoding a protein of interest. A self-
replicating RNA molecule is typically a (+)-strand molecule which can be directly translated
after delivery to a cell, and this translation provides a RNA-dependent RNA polymerase
which then produces both antisense and sense transcripts from the delivered RNA. Thus the
delivered RNA leads to the production of multiple daughter RNAs. These daughter RNAs, as
well as collinear subgenomic transcripts, may be translated themselves to provide in situ
expression of an encoded antigen, or may be transcribed to provide further transcripts with
the same sense as the delivered RNA which are translated to provide in situ expression of the
antigen. The overall result of this sequence of transcriptions is a huge amplification in the
number of the introduced replicon RNAs and so the encoded antigen becomes a major
polypeptide product of the cells. Cells transfected with self-replicating RNA briefly produce
antigen before undergoing apoptotic death. This death is a likely result of requisite double-

stranded (ds) RNA intermediates, which also have been shown to super-activate Dendritic
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Cells. Thus, the enhanced immunogenicity of self-replicating RNA may be a result of the

production of pro-inflammatory dsRNA, which mimics an RNA-virus infection of host cells.

[00169] Advantageously, the cell’s machinery is used by self-replicating RNA
molecules to generate an exponential increase of encoded gene products, such as proteins or
antigens, which can accumulate in the cells or be secreted from the cells. Overexpression of
proteins by self-replicating RNA molecules takes advantage of the immunostimulatory
adjuvant effects, including stimulation of toll-like receptors (TLR) 3, 7 and 8 and non TLR
pathways (e.g, RIG-1, MD-5) by the products of RNA replication and amplification, and

translation which induces apoptosis of the transfected cell.

[00170] The self-replicating RNA generally contains at least one or more genes
selected from the group consisting of viral replicases, viral proteases, viral helicases and
other nonstructural viral proteins, and also comprise 5’- and 3’-end cis-active replication
sequences, and if desired, a heterologous sequences that encode a desired amino acid
sequences (e.g., an antigen of interest). A subgenomic promoter that directs expression of the
heterologous sequence can be included in the self-replicating RNA. If desired, the
heterologous sequence (e.g., an antigen of interest) may be fused in frame to other coding
regions in the self-replicating RNA and/or may be under the control of an internal ribosome

entry site (IRES).

[00171] In certain embodiments, the self-replicating RNA molecule is not
encapsulated in a virus-like particle. Self-replicating RNA molecules of the invention can be
designed so that the self-replicating RNA molecule cannot induce production of infectious
viral particles. This can be achieved, for example, by omitting one or more viral genes
encoding structural proteins that are necessary for the production of viral particles in the self-
replicating RNA. For example, when the self-replicating RNA molecule is based on an alpha
virus, such as Sinebis virus (SIN), Semliki forest virus and Venezuelan equine encephalitis
virus (VEE), one or more genes encoding viral structural proteins, such as capsid and/or

envelope glycoproteins, can be omitted.

[00172]  If desired, self-replicating RNA molecules of the invention can also be
designed to induce production of infectious viral particles that are attenuated or virulent, or to

produce viral particles that are capable of a single round of subsequent infection.
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[00173] One suitable system for achieving self-replication in this manner is to use
an alphavirus-based replicon. Alphaviruses comprise a set of genetically, structurally, and
serologically related arthropod-borne viruses of the Togaviridae family. Twenty-six known
viruses and virus subtypes have been classified within the alphavirus genus, including,
Sindbis virus, Semliki Forest virus, Ross River virus, and Venezuelan equine encephalitis
virus. As such, the self-replicating RNA of the invention may incorporate a RNA replicase
derived from semliki forest virus (SFV), sindbis virus (SIN), Venezuelan equine encephalitis
virus (VEE), Ross-River virus (RRV), eastern equine encephalitis virus, or other viruses

belonging to the alphavirus family.

[00174]  An alphavirus-based "replicon” expression vector can be used in the
invention. Replicon vectors may be utilized in several formats, including DNA, RNA, and
recombinant replicon particles. Such replicon vectors have been derived from alphaviruses
that include, for example, Sindbis virus (Xiong et al. (1989) Science 243:1188-1191;
Dubensky et al., (1996) J. Virol. 70:508-519; Hariharan et al. (1998) J. Virol. 72:950-958;
Polo et al. (1999) PNAS 96:4598-4603), Semliki Forest virus (Liljestrom (1991)
Bio/Technology 9:1356-1361; Berglund et al. (1998) Nat. Biotech. 16:562-565), and
Venezuelan equine encephalitis virus (Pushko et al. (1997) Virology 239:389-401).
Alphavirus-derived replicons are generally quite similar in overall characteristics (e.g.,
structure, replication), individual alphavirus may exhibit some particular property (e.g.,
receptor binding, interferon sensitivity, and disease profile) that is unique. Therefore,

chimeric alphavirus replicons made from divergent virus families may also be useful.

[00175] Alphavirus-based RNA replicons are typically (+)-stranded RNAs which
lead to translation of a replicase (or replicase-transcriptase) after delivery to a cell. The
replicase is translated as a polyprotein which auto-cleaves to provide a replication complex
which creates genomic (-)-strand copies of the (+)-strand delivered RNA. These (-)-strand
transcripts can themselves be transcribed to give further copies of the (+)-stranded parent
RNA and also to give a subgenomic transcript which encodes the antigen. Translation of the
subgenomic transcript thus leads to in situ expression of the antigen by the infected cell.
Suitable alphavirus replicons can use a replicase from a Sindbis virus, a Semliki forest virus,

an eastern equine encephalitis virus, a Venezuelan equine encephalitis virus, efc.

[00176] An RNA replicon preferably comprises an RNA genome from a

picornavirus, togavirus, flavivirus, coronavirus, paramyxovirus, yellow fever virus, or
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alphavirus (e.g., Sindbis virus, Semliki Forest virus, Venezuelan equine encephalitis virus, or
Ross River virus), which has been modified by the replacement of one or more structural
protein genes with a selected heterologous nucleic acid sequence encoding a product of

interest.

[00177] A preferred replicon encodes (i) a RNA-dependent RNA polymerase
which can transcribe RNA from the replicon and (ii) an antigen. The polymerase can be an
alphavirus replicase e.g. comprising one or more of alphavirus proteins nsP1, nsP2, nsP3 and
nsP4. Whereas natural alphavirus genomes encode structural virion proteins in addition to
the non-structural replicase polyprotein, it is preferred that the replicon does not encode
alphavirus structural proteins. Thus a preferred replicon can lead to the production of
genomic RNA copies of itself in a cell, but not to the production of RNA-containing virions.
The inability to produce these virions means that, unlike a wild-type alphavirus, the preferred
replicon cannot perpetuate itself in infectious form. The alphavirus structural proteins which
are necessary for perpetuation in wild-type viruses are absent from the preferred replicon and
their place is taken by gene(s) encoding the antigen of interest, such that the subgenomic

transcript encodes the antigen rather than the structural alphavirus virion proteins.

[00178] A replicon useful with the invention may have two open reading frames.
The first (5') open reading frame encodes a replicase; the second (3") open reading frame
encodes an antigen. In some embodiments the RNA may have additional (e.g. downstream)

open reading frames e.g. to encode additional antigens or to encode accessory polypeptides.

[00179] A preferred replicon has a 5' cap (e.g. a 7-methylguanosine), which often
can enhance iz vivo translation of the RNA. In some embodiments the 5' sequence of the

replicon may need to be selected to ensure compatibility with the encoded replicase.

[00180] A replicon may have a 3' poly-A tail. It may also include a poly-A
polymerase recognition sequence (e.g. AAUAAA) near its 3' end.

[00181] Replicons can have various lengths but they are typically 5000-25000
nucleotides long e.g. 8000-15000 nucleotides, or 9000-12000 nucleotides.

[00182] The replicon can conveniently be prepared by in vitro transcription (IVT).
IVT can use a (cDNA) template created and propagated in plasmid form in bacteria, or

created synthetically (for example by gene synthesis and/or polymerase chain-reaction (PCR)
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[ 00260] CNEs were prepared simlar to charged MF59 as previously descri bed
(Gt et al., Journal of Controlled Rel ease, volune 79, pages 1-5, 2002).
CVF 32, 3Xoants/@6s3wer e prepared with one major nodifi caPCorusedi2iohsto
process. DOTAP was di ssolved in the squalene directly, and no organic
solvent was used. It was discovered that inclusion of a solvent in

emul sions that contained greater than 1.6 ng/m DOTAP produced a foany

feedstoc lsnglh@etrmg%mdporonﬁstaﬂceré)rbmt&ba@rémtm&p@dﬁﬁas@@uamlt@ on. Heating
squal ene to 37C al | owed P to be directly dissolved in 9]aualene and

t hen t he besterigphageel & élOHS%R%TAd@égW%Pﬂ)yambwér feepnpaiibe Hhe repjisenliomphase
b
(e.g. eba}@nzg@gﬁﬂé ZRbd:OHatd & ]%Hl%ns ) )ﬁﬁ R0LR FRBonPEAR s3d a?s%ﬁmsﬁ in

squalen er concentr DOTAP I n sq ualene t an t e listed
i n Tabl e (althgagh tberembmnea/redy AHp Wi by encpdedrmﬁnlb@erlp}rfépmpﬂaé@ These RNAgh dose of

DOTAP ca P Res. ,
vol - 11 8y DGyt fiy Gl b ooy G Ry hcuPREFHE) S F/Eliclly nd MR (%7,
37C, and cBDOidiRemashesk sgotonedtsanuselet hytchad v&quhdz eqmramcntsroétlmreas@ette of SPAN
85. The re ul ting oil S e ue ase (Tween
50 i n oi e S oBRS R RSN SRS B Ee Db el A BB | kA
T25 honpgepﬂﬁanmamhﬂﬂKaRPNmanﬁpﬁmdm&En&hﬂpSﬁ@bﬂ&@ﬂ&b&@édhﬁﬁﬂkqﬁpm)nary

W 1105 PO i L R P LG BRRE e L AR arBA TP IS newton,

MA) Wit h avellia€ én D&kiticR Publgatai No @9 NOFIRg EWICZEY 206 PREWSUE26209.

appr oxi mat e 15K- 20K PSI. The 20mL batch s | es_were rempyv romthe
unit and % ihra I&Huaron@ésucﬁ replicorpspggnqraly s yeghircinpLs. rPa{eéaN%aﬁ?/? ﬁ%z nd
concent r &l(18886.0f the conponents of the CNEs, as described in Table 1, are
concentrations cal cul ated according t he initiaI anounts of these conponents

that were use e the e derstaood t at durrng t he
process of prﬂ%ﬁg? %gﬂ%?§§%ﬁ§ tﬁfﬁé fﬁ@ ﬁgiﬂP&?@#eﬁ Eqvﬁ PRt "on process,
smal | ambuffbﬁ%n(afwrﬁﬂbltﬁéﬁﬁhﬁhan ANERARIs, pefefbieh peiRROAGNded RFBY vid@, hist, and t he
actual concentrations of these conponents in the final product (e.g., a

packaged MEE BT LetPERIF LT IA LS. NIV BRARFS PO FRTTY IS B r BLFBHYS: M ght  be
slightly chRWfisus Sdrrablermr BYe Mp@vﬁuaééaa@nc&% wﬁmﬁwmmé NRilk tisth
concentrations of the conponen in the final product mght be slightly
| ower by Seerqs depesiipripsmueh ay tha pmegicbbie (3yse (f%lﬁﬁé@érROO@WélecMﬁventl onal
practice gg re%éh@atﬁé Exdnﬁ)lés%fglﬁéﬁfe akb%mhhﬁeﬁﬁé]ﬁ@e%ﬁr@%f)@c RfR-FoPasdphul ar

corrponent ased i nitial anount I's used prepare t he emul si on,

i nst ead ofrug rfeTCé@:NBa@OcéiﬁeéﬁfR é240ar£3abnssmhéﬂ¢¢ré(ﬂ1 %?r%dﬁcltungmvgym hesi s

[ 00263] ting RNA)
has Used Aach T ARa rar Py RFASuR IR b BRI S AR AT eR o

cont ai ns ATHeC '@iBn]e?ﬂiZb Feit MmgwlS{Aff@@dr’ Re)f ortalRXAus(@FIGCCER 368 BUEC VReks
sequence e L9k assenbl y.
The. st ucdinar R R B AT R BRE Mt iR o VB Sl ences
encodinglaThaMﬁm&mogquﬁtmr@Réﬁﬁ)6Mhmsbyenp(ﬁ§€00ﬁiﬁ&)dﬂKMbﬁRuQ44he

cukaryot { BB RTCerE BLEPRI Ghoae PRRGCdTr P R kP 4D ERO L 6T e 1 our

non- st r uGATCEIVIPBDL, N TTC erzaa) Bagkit hrefestr(amoocarmn,kmcgemmp) RiAband

Lo The | AEK 01 b BReBE AR CoT A Al WREV S SR Pak bR (oI OPaT R, opl | cons.

are incapghlaTot \QEB%)aVbﬂ’égudld]lqu@ﬁlb @n&pmmye@lh@mwc WacéenTopare23,7
pronoter is |ocated %pstreanrof t he al havrrus cDNA to facrlrtate t he

synt hesi NEHC VRl PR ATCEoBRRRRAY i Gf VR0 3 2A NSRS £ PRl OEE s vi rus (HDV)

ribozymne A@c@t\adwrmmktwebmdmct\n@am afrddernoby)( Whataial (S Agener@at es the
correct 3 -end through its self-cleaving activity. 0264] Fol | owi ng

I|nearrz&?ﬁbﬁ“ﬁ?6@ﬁé(pT§§dﬁd3ﬁNA downst ream of the HDV rlbozyne with a
suitable restriction endonucl ease, run-off transcripts were synthesized in

vitro using T?00Q84]5P@h@@e@ﬂ@blhc@ﬁﬁ@ﬂﬂAdﬁdlbéﬁ%ﬁ oA sleRERN far RNhaR BhiTer ase.
Transcriptions were perforned for 2 hours at 37C in the presence of 7.5 nM

(T7 RNA potey RERHAEY: gdrleAmatlywebmmrppreﬂwaWIfwﬂﬁarle%@ﬁ%eﬁﬁarca% Yoon of
each of the nucl eoside triphosphates (ATP, CTP, GIP and UTP) follow ng the
i nstructions provided by the manufacturer (Anbion, Austin, TX). Follow ng
transcription, the tenplate DNA was di-dested with TURBO DNase (Anbi on,
Austin, TX). The replicon RNA was precipitated with LiCl and reconstituted
i n nucl ease-free water. Uncapped RNA was capped post-transcriptionally with
Vacci ni a Cappi ng Enzyne (VCE) using the ScriptCap n7G Cappi hg System

(Epi centre Biotechnol ogi es, Madison, W) as outlined in the user nmanual.
Post- transcrrptronally capped RNA was precrprtated mnth L|C1 and
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Particle size assay [00267] Particle size of the emul sion was
nmeasured using a Zetasizer Nano ZS (Ml vern Instrunents, Wrcestershire,

UK) accorwongidmessne manufacturer's instructions. Parti eCe/uscmesssie
reported as the Z- Average (ZAve) with the pol ydispersity index (pdi). Al
sanples were diluted in water prior to neasurenents. Additionally, particle
size of the emul sion was neasured using Horiba LA-930 particle sizer

(Hori ba $d &MrkflicGtingYSM mole%aﬁpbﬁﬁe WeERioHichbmhindt ieht WRu AP HoP bx _
measurenents. Zeta potential was neasured using Zetasizer Nano Z u5| ng

di | uted dhkansl fé@pla@@@ﬂﬂ% §an epntapat depni Aba B b et logstiaheut Ok taf I9a% abags dklet ed
al kal i ne apﬁgs? ngtﬂltt §1§t€ a dlgge‘ﬁ%u@%a% leNa&t abouﬁ[ IQ)Qg %lea;wtb@tﬁsiﬂ?% at lg'fst lﬂioﬂﬁt ics and

amount of antl ucti on epl1 con encodi n
admi ni st elﬂbldowm@rh tlalnd2kh tIhoertaif orampleat thoselfwgplidatieg Rﬂmlamwkbao IabO.ut G oups

of 3 or wer e

i nmuni zei2 {Iﬁ&u@&@o?g&u{’%glggﬁgﬁ%@to]a%i)ﬁﬁ.@gﬁ?ﬁﬁé}ﬂgﬁgg %lﬂqu g?%@%&é Naked
RNA was ftoabmut Ekbdabiont SRINas ebdur bﬁcbl@boﬁ’B@kbﬁo 401 Ekbbeat I\A/klstoaadbmltriizkb,er ed to
each mous; 1 i e | e od | es were
taken 1, OL&ggb %6ab§ tls}ﬁpio %utlsg? ecag%ogt %E%eﬁulﬁn%\l/(v%n}sjo ag) 9k a% tfi%ﬂ?t he bl ood

i mredi at ebyut &kih,abowd 6kb ecibbarvkb aibdutsikd tegboat 6k-b3ﬂﬁuuﬁdbltb ahmelzkb about [ 00269] A

O SR TR SO PR LA S AR AR o 1

| X Phosphgouticgito abbhittitkb camolifich € abobanab &b owEnke t@iaaehkbebdutvkbes bat h

sealed w seal i n 0| I a n d for 30 mnutes at
65C. Afté 015%15*? .nh@lt& ook %&Eé%gb ahfdkgq%m & 1% “cogbf%vﬁ

t enper at QkBto &Quﬂﬂkb%fboﬁ@k%%"%o‘at ghb, @8EkbRSAERE 10MSoradead okvtotdButvel | s and
t he sarrpl es were |eft at roomterrperature for 5 minutes. Then, 50 uL of
reaction B#fer contai ni ng 1:20 CSPDO (chem | um necent al kali ne phosphate
substrate) substrate was added, and the |um nescence was neasured after 20

m nutes of i npegd)i omhatel I‘éplﬁeahﬂgYRHAahMé&ddslémh@elﬁﬁéﬁtﬁtﬁﬂnéw&nﬁﬁaéwe% on a
Berthold Centro LB 960 | um noneter with a second

(Ca
i nt egr at i¥He paps Afanqdifieduclgetdesy {48, Hﬁ?udSE}éﬁbn‘? ﬁf6e‘3!€1$\3’1§(§ﬁ%ﬁ“é¢ was neasured in

dupl i cat @neﬁwlbﬁe@ﬁ&h Ofuritin@se two neasurenments is shown. EXAMPLE 2: THE
EFFECT OF P CLE SI ZE ON | MVUNOGENI CI TY [00270] This exanpl e shows

that particle siz ects the i nmunogenicity of heCN formul ati ons.
[00271] A. Pr Hl%%@ S L%?GI%SPLEW‘P%RQIA 018‘%‘@%‘}?%3& 0 I% Cd8say are
descri beg)olyaeﬁmamig%n &, 0 ﬁ&faﬂﬁ%§ of %reméfetdwgohmmﬁau &by Shkgi es are
descri bed in Exanple ure | A shows, the results (arithnmetic nean) of

the in vitasthsEap wstaa; eaqﬂﬂi ifieeseqBNEHSHRING Heldewtaleg d@kw Wepdesyhehdi vi dual
ani mal s iRnked %@n@/ﬁndﬂc@@seﬁﬁem@%ﬂhe@ﬁ%r(ﬁ%s bbl?i?efpﬂ@és%ﬁerated from the [ 00272]

RNA conpl exation with CNE17 i ncreased the size of the enulsion particles
f r om about!f-pphcaivie RO ameutheBbopiodicedss 3 ﬁ@wn pPlypentide of gmeaserekinguch B, as

ticl f SEAP duced, d
Phe. host "Tmie F AERSEmat [0y BRI O BMIC RIS [00273] B, CVF34

prepared at different sizes was conplexed with RNA encoding RSV-F at a 7:1
t heoretical NUO1$Ht i dharrdf-icplicatreRNART thetipeentomapy enspde oR¢E MO'of Bal b/ C

m ce bil %%Srgj%tid}f aﬁtggegétﬂgi/ coﬁﬂaﬁl%)ran&rgflepﬁ'tdﬁgs %Hef'aﬁiyeepﬁbﬁegéaﬂﬁ@l"e%f mmgat ed by

i ncreasin rocessi ng pressure of the mcrof dizer.” The data (Table
2) shows etth% athﬁ@)hle&celhmponﬁsv all?ytqtheirircvlémqyem@rb@thed when t he enul sion
particle size was smaller (see 120 nmand 90 nmparticles) at two weeks

after the fir gfo18gimunhe@dif @plicaifPRRAZImolecules described herein may be engineered
to express multiple nucleotide sequences, from two or more open reading frames, thereby
allowing co-expression of proteins, such as two or more antigens together with cytokines or
other immunomodulators, which can enhance the generation of an immune response. Such a

self-replicating RNA molecule might be particularly useful, for example, in the production of
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various gene products (e.g., proteins) at the same time, for example, as a bivalent or

multivalent vaccine.

[00189] The self-replicating RNA molecules of the invention can be prepared using
any suitable method. Several suitable methods are known in the art for producing RNA
molecules that contain modified nucleotides. For example, a self-replicating RNA molecule
that contains modified nucleotides can be prepared by transcribing (e.g., in vitro
transcription) a DNA that encodes the self-replicating RNA molecule using a suitable DNA-
dependent RNA polymerase, such as T7 phage RNA polymerase, SP6 phage RNA
polymerase, T3 phage RNA polymerase, and the like, or mutants of these polymerases which
allow efficient incorporation of modified nucleotides into RNA molecules. The transcription
reaction will contain nucleotides and modified nucleotides, and other components that
support the activity of the selected polymerase, such as a suitable buffer, and suitable salts.
The incorporation of nucleotide analogs into a self-replicating RNA may be engineered, for
example, to alter the stability of such RNA molecules, to increase resistance against RNases,
to establish replication after introduction into appropriate host cells (“infectivity” of the

RNA), and/or to induce or reduce innate and adaptive immune responses.

[00190] Suitable synthetic methods can be used alone, or in combination with one
or more other methods (e.g., recombinant DNA or RNA technology), to produce a self-
replicating RNA molecule of the invention. Suitable methods for de novo synthesis are well-
known in the art and can be adapted for particular applications. Exemplary methods include,
for example, chemical synthesis using suitable protecting groups such as CEM (Masuda et
al., (2007) Nucleic Acids Symposium Series 51:3-4), the B-cyanoethyl phosphoramidite
method (Beaucage S L et al. (1981) Tetrahedron Lett 22:1859); nucleoside H-phosphonate
method (Garegg P ef al. (1986) Tetrahedron Lett 27:4051-4; Froehler B C et al. (1986) Nucl
Acid Res 14:5399-407; Garegg P et al. (1986) Tetrahedron Lett 27:4055-8; Gaffney B L et al.
(1988) Tetrahedron Lett 29:2619-22). These chemistries can be performed or adapted for use
with automated nucleic acid synthesizers that are commercially available. Additional suitable
synthetic methods are disclosed in Uhlmann ez a/. (1990) Chem Rev 90:544-84, and
Goodchild J (1990) Bioconjugate Chem 1: 165. Nucleic acid synthesis can also be performed
using suitable recombinant methods that are well-known and conventional in the art,
including cloning, processing, and/or expression of polynucleotides and gene products

encoded by such polynucleotides. DNA shuffling by random fragmentation and PCR
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reassembly of gene fragments and synthetic polynucleotides are examples of known
techniques that can be used to design and engineer polynucleotide sequences. Site-directed
mutagenesis can be used to alter nucleic acids and the encoded proteins, for example, to
insert new restriction sites, alter glycosylation patterns, change codon preference, produce
splice variants, introduce mutations and the like. Suitable methods for transcription,
translation and expression of nucleic acid sequences are known and conventional in the art.
(See generally, Current Protocols in Molecular Biology, Vol. 2, Ed. Ausubel, et al., Greene
Publish. Assoc. & Wiley Interscience, Ch. 13, 1988; Glover, DNA Cloning, Vol. II, IRL
Press, Wash., D.C., Ch. 3, 1986; Bitter, et al., in Methods in Enzymology 153:516-544
(1987); The Molecular Biology of the Yeast Saccharomyces, Eds. Strathern ef al., Cold
Spring Harbor Press, Vols. [ and 11, 1982; and Sambrook et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Press, 1989.)

[00191] The presence and/or quantity of one or more modified nucleotides in a
self-replicating RNA molecule can be determined using any suitable method. For example, a
self-replicating RNA can be digested to monophosphates (e.g., using nuclease P1) and
dephosphorylated (e.g., using a suitable phosphatase such as CIAP), and the resulting
nucleosides analyzed by reversed phase HPLC (e.g., usings a YMC Pack ODS-AQ column (5
micron, 4.6 X 250 mm) and elute using a gradient, 30% B (0-5 min) to 100 % B (5 — 13 min)
and at 100 % B (13-40) min, flow Rate (0.7 ml/min), UV detection (wavelength: 260 nm),
column temperature (30°C). Buffer A (20mM acetic acid — ammonium acetate pH 3.5),

buffer B (20mM acetic acid — ammonium acetate pH 3.5 / methanol [90/10])).

[00192] Optionally, the self-replicating RNA molecules of the invention may
include one or more modified nucleotides so that the self-replicating RNA molecule will have
less immunomodulatory activity upon introduction or entry into a host cell (e.g., a human
cell) in comparison to the corresponding self-replicating RNA molecule that does not contain

modified nucleotides.

[00193]  If desired, the self-replicating RNA molecules can be screened or analyzed
to confirm their therapeutic and prophylactic properties using various iz vitro or in vivo
testing methods that are known to those of skill in the art. For example, vaccines comprising
self-replicating RNA molecule can be tested for their effect on induction of proliferation or
effector function of the particular lymphocyte type of interest, e.g., B cells, T cells, T cell

lines, and T cell clones. For example, spleen cells from immunized mice can be isolated and
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Buf fer/water CNE17: 4.3%squal ene, 0.5% SPAN 85,

the capacity of cytotoxic T lymphocytes to lyse autologous target cells that contain a self
replicating RNA molecule that encodes a polypeptide antigen. In addition, T helper cell
differentiation can be analyzed by measuring proliferation or production of TH1 (IL-2 and
IFN-y) and /or TH2 (IL-4 and IL-5) cytokines by ELISA or directly in CD4+ T cells by

cytoplasmic cytokine staining and flow cytometry.

[00194]  Self-replicating RNA molecules that encode a polypeptide antigen can also
be tested for ability to induce humoral immune responses, as evidenced, for example, by
induction of B cell production of antibodies specific for an antigen of interest. These assays
can be conducted using, for example, peripheral B lymphocytes from immunized individuals.
Such assay methods are known to those of skill in the art. Other assays that can be used to
characterize the self-replicating RNA molecules of the invention can involve detecting
expression of the encoded antigen by the target cells. For example, FACS can be used to
detect antigen expression on the cell surface or intracellularly. Another advantage of FACS
selection is that one can sort for different levels of expression; sometimes-lower expression
may be desired. Other suitable method for identifying cells which express a particular
antigen involve panning using monoclonal antibodies on a plate or capture using magnetic

beads coated with monoclonal antibodies.
B. Antigens

[00195] In certain embodiments, the nucleic acid molecule described herein is a
nucleic acid molecule (e.g., an RNA molecule) that encodes an antigen. Suitable antigens
include, but are not limited to, a bacterial antigen, a viral antigen, a fungal antigen, a

protazoan antigen, a plant antigen, a cancer antigen, or a combination thereof.

[00196] Suitable antigens include proteins and peptides from a pathogen such as a
virus, bacteria, fungus, protozoan, plant or from a tumor. Viral antigens and immunogens
that can be encoded by the self-replicating RNA molecule include, but are not limited to,
proteins and peptides from a Orthomyxoviruses, such as Influenza A, B and C;
Paramyxoviridae viruses, such as Pneumoviruses (RSV), Paramyxoviruses (P1V),
Metapneumovirus and Morbilliviruses (e.g., measles); Pneumoviruses, such as Respiratory
syncytial virus (RSV), Bovine respiratory syncytial virus, Pneumonia virus of mice, and
Turkey rhinotracheitis virus; Paramyxoviruses, such as Parainfluenza virus types 1 — 4 (PIV),

Mumps virus, Sendai viruses, Simian virus 5, Bovine parainfluenza virus, Nipahvirus,
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Henipavirus and Newcastle disease virus; Poxviridae, including a Orthopoxvirus such as
Variola vera (including but not limited to, Variola major and Variola minor);
Metapneumoviruses, such as human metapneumovirus (hMPV) and avian
metapneumoviruses (aMPV); Morbilliviruses, such as Measles; Picornaviruses, such as
Enteroviruses, Rhinoviruses, Heparnavirus, Parechovirus, Cardioviruses and Aphthoviruses;
Enteroviruseses, such as Poliovirus types 1, 2 or 3, Coxsackie A virus types 1 to 22 and 24,
Coxsackie B virus types 1 to 6, Echovirus (ECHO) virus types 1t0 9, 11 to 27 and 29 to 34
and Enterovirus 68 to 71, Bunyaviruses, including a Orthobunyavirus such as California
encephalitis virus; a Phlebovirus, such as Rift Valley Fever virus; a Nairovirus, such as
Crimean-Congo hemorrhagic fever virus; Heparnaviruses, such as, Hepatitis A virus (HAV);
Togaviruses (Rubella), such as a Rubivirus, an Alphavirus, or an Arterivirus; Flaviviruses,
such as Tick-borne encephalitis (TBE) virus, Dengue (types 1, 2, 3 or 4) virus, Yellow Fever
virus, Japanese encephalitis virus, Kyasanur Forest Virus, West Nile encephalitis virus, St.
Louis encephalitis virus, Russian spring-summer encephalitis virus, Powassan encephalitis
virus; Pestiviruses, such as Bovine viral diarrthea (BVDV), Classical swine fever (CSFV) or
Border disease (BDV); Hepadnaviruses, such as Hepatitis B virus, Hepatitis C virus;
Rhabdoviruses, such as a Lyssavirus (Rabies virus) and Vesiculovirus (VSV), Caliciviridae,
such as Norwalk virus, and Norwalk-like Viruses, such as Hawaii Virus and Snow Mountain
Virus; Coronaviruses, such as SARS, Human respiratory coronavirus, Avian infectious
bronchitis (IBV), Mouse hepatitis virus (MHV), and Porcine transmissible gastroenteritis
virus (TGEV); Retroviruses such as an Oncovirus, a Lentivirus or a Spumavirus; Reoviruses,
as an Orthoreovirus, a Rotavirus, an Orbivirus, or a Coltivirus; Parvoviruses, such as
Parvovirus B19; Delta hepatitis virus (HDV); Hepatitis E virus (HEV); Hepatitis G virus
(HGV); Human Herpesviruses, such as, by way Herpes Simplex Viruses (HSV), Varicella-
zoster virus (VZV), Epstein-Barr virus (EBV), Cytomegalovirus (CMV), Human Herpesvirus
6 (HHV6), Human Herpesvirus 7 (HHV7), and Human Herpesvirus 8 (HHVS);
Papovaviruses, such as Papillomaviruses and Polyomaviruses, Adenoviruess and

Arenaviruses.

[00197] In some embodiments, the antigen elicits an immune response against a
virus which infects fish, such as: infectious salmon anemia virus (ISAV), salmon pancreatic
disease virus (SPDV), infectious pancreatic necrosis virus (IPNV), channel catfish virus
(CCV), fish lymphocystis disease virus (FLDV), infectious hematopoietic necrosis virus

(IHNV), koi herpesvirus, salmon picorna-like virus (also known as picorna-like virus of
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atlantic salmon), landlocked salmon virus (LSV), atlantic salmon rotavirus (ASR), trout
strawberry disease virus (TSD), coho salmon tumor virus (CSTV), or viral hemorrhagic

septicemia virus (VHSV).

[00198] In some embodiments the antigen elicits an immune response against a
parasite from the Plasmodium genus, such as P.falciparum, P.vivax, P.malariae or P.ovale.
Thus the invention may be used for immunizing against malaria. In some embodiments the
antigen elicits an immune response against a parasite from the Caligidae family, particularly
those from the Lepeophtheirus and Caligus genera e.g. sea lice such as Lepeophtheirus

salmonis or Caligus rogercresseyi.

[00199] Bacterial antigens and immunogens that can be encoded by the self-
replicating RNA molecule include, but are not limited to, proteins and peptides from
Neisseria meningitides, Streptococcus pneumoniae, Streptococcus pyogenes, Moraxella
catarrhalis, Bordetella pertussis, Burkholderia sp. (e.g., Burkholderia mallei, Burkholderia
pseudomallei and Burkholderia cepacia), Staphylococcus aureus, Staphylococcus epidermis,
Haemophilus influenzae, Clostridium tetani (Tetanus), Clostridium perfringens, Clostridium
botulinums (Botulism), Cornynebacterium diphtheriae (Diphtheria), Pseudomonas
aeruginosa, Legionella pneumophila, Coxiella burnetii, Brucella sp. (e.g., B. abortus, B.
canis, B. melitensis, B. neotomae, B. ovis, B. suis and B. pinnipediae,), Francisella sp. (e.g.,
F. novicida, F. philomiragia and F. tularensis), Streptococcus agalactiae, Neiserria
gonorrhoeae, Chlamydia trachomatis, Treponema pallidum (Syphilis), Haemophilus ducreyi,
Enterococcus faecalis, Enterococcus faecium, Helicobacter pylori, Staphylococcus
saprophyticus, Yersinia enterocolitica, E. coli (such as enterotoxigenic E. coli (ETEC),
enteroaggregative E. coli (EAggEC), diffusely adhering E. coli (DAEC), enteropathogenic E.
coli (EPEC), extraintestinal pathogenic E. coli (EXPEC; such as uropathogenic E.coli (UPEC)
and meningitis/sepsis-associated E.coli (MNEC)), and/or enterohemorrhagic E. coli (EHEC),
Bacillus anthracis (anthrax), Yersinia pestis (plague), Mycobacterium tuberculosis,
Rickettsia, Listeria monocytogenes, Chlamydia pneumoniae, Vibrio cholerae, Salmonella
typhi (typhoid fever), Borrelia burgdorfer, Porphyromonas gingivalis, Klebsiella,

Mycoplasma pneumoniae, etc.

[00200] Fungal antigens and immunogens that can be encoded by the self-
replicating RNA molecule include, but are not limited to, proteins and peptides from

Dermatophytres, including: Epidermophyton floccusum, Microsporum audouini,
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citrate buffer caused RNA to bind nore tightly. [00276] Results from
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2wp2/ 2wp Wiﬁi%rsﬁ&um %WL“ %ljizgfbs%rﬁ)m rd%rtdrgtm Microsporum equinum, Microsporum gypsum,
Microsporum nanum, Trichophyton concentricum, Trichophyton equinum, Trichophyton
gallinae, Trichophyton gypseum, Trichophyton megnini, Trichophyton mentagrophytes,
Trichophyton quinckeanum, Trichophyton rubrum, Trichophyton schoenleini, Trichophyton
tonsurans, Trichophyton verrucosum, T. verrucosum var. album, var. discoides, var.
ochraceum, Trichophyton violaceum, and/or Trichophyton faviforme; or from Aspergillus
Sfumigatus, Aspergillus flavus, Aspergillus niger, Aspergillus nidulans, Aspergillus terreus,
Aspergillus sydowi, Aspergillus flavatus, Aspergillus glaucus, Blastoschizomyces capitatus,
Candida albicans, Candida enolase, Candida tropicalis, Candida glabrata, Candida krusei,
Candida parapsilosis, Candida stellatoidea, Candida kusei, Candida parakwsei, Candida
lusitaniae, Candida pseudotropicalis, Candida guilliermondi, Cladosporium carrionii,
Coccidioides immitis, Blastomyces dermatidis, Cryptococcus neoformans, Geotrichum
clavatum, Histoplasma capsulatum, Klebsiella pneumoniae, Microsporidia, Encephalitozoon
Spp., Septata intestinalis and Enterocytozoon bieneusi; the less common are Brachiola spp,
Microsporidium spp., Nosema spp., Pleistophora spp., Trachipleistophora spp., Vittaforma
spp Paracoccidioides brasiliensis, Pneumocystis carinii, Pythiumn insidiosum, Pityrosporum
ovale, Sacharomyces cerevisae, Saccharomyces boulardii, Saccharomyces pombe,
Scedosporium apiosperum, Sporothrix schenckii, Trichosporon beigelii, Toxoplasma gondii,
Penicillium marneffei, Malassezia spp., Fonsecaea spp., Wangiella spp., Sporothrix spp.,
Basidiobolus spp., Conidiobolus spp., Rhizopus spp, Mucor spp, Absidia spp, Mortierella
spp, Cunninghamella spp, Saksenaea spp., Alternaria spp, Curvularia spp,
Helminthosporium spp, Fusarium spp, Aspergillus spp, Penicillium spp, Monolinia spp,
Rhizoctonia spp, Paecilomyces spp, Pithomyces spp, and Cladosporium spp.

[00201] Protazoan antigens and immunogens that can be encoded by the self-
replicating RNA molecule include, but are not limited to, proteins and peptides from
Entamoeba histolytica, Giardia lambli, Cryptosporidium parvum, Cyclospora cayatanensis

and Toxoplasma.

[00202] Plant antigens and immunogens that can be encoded by the self-replicating

RNA molecule include, but are not limited to, proteins and peptides from Ricinus communis.

[00203]  Suitable antigens include proteins and peptides from a virus such as, for
example, human immunodeficiency virus (HIV), hepatitis A virus (HAV), hepatitis B virus

(HBV), hepatitis C virus (HCV), herpes simplex virus (HSV), cytomegalovirus (CMV),
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influenza virus (flu), respiratory syncytial virus (RSV), parvovorus, norovirus, human
papilloma virus (HPV), rhinovirus, yellow fever virus, rabies virus, Dengue fever virus,
measles virus, mumps virus, rubella virus, varicella zoster virus, enterovirus (e.g., enterovirus
71), ebola virus, and bovine diarrhea virus. Preferably, the antigenic substance is selected
from the group consisting of HSV glycoprotein gD, HIV glycoprotein gp120, HIV
glycoprotein gp 40, HIV p55 gag, and polypeptides from the pol and tat regions. In other
preferred embodiments of the invention, the antigen is a protein or peptide derived from a
bacterium such as, for example, Helicobacter pylori, Haemophilus influenza, Vibrio cholerae
(cholera), C. diphtheriae (diphtheria), C. tetani (tetanus), Neisseria meningitidis, B. pertussis,

Mycobacterium tuberculosis, and the like.

[00204] HIV antigens that can be encoded by the self-replicating RNA molecules
of the invention are described in U.S. application Ser. No. 490,858, filed Mar. 9, 1990, and
published European application number 181150 (May 14, 1986), as well as U.S. application
Ser. Nos. 60/168,471; 09/475,515; 09/475,504; and 09/610,313, the disclosures of which are

incorporated herein by reference in their entirety.

[00205] Cytomegalovirus antigens that can be encoded by the self-replicating RNA
molecules of the invention are described in U.S. Pat. No. 4,689,225, U.S. application Ser. No.
367,363, filed Jun. 16, 1989 and PCT Publication WO 89/07143, the disclosures of which are

incorporated herein by reference in their entirety.

[00206] Hepatitis C antigens that can be encoded by the self-replicating RNA
molecules of the invention are described in PCT/US88/04125, published European
application number 318216 (May 31, 1989), published Japanese application number 1-
500565 filed Nov. 18, 1988, Canadian application 583,561, and EPO 388,232, disclosures of
which are incorporated herein by reference in their entirety. A different set of HCV antigens
is described in European patent application 90/302866.0, filed Mar. 16, 1990, and U.S.
application Ser. No. 456,637, filed Dec. 21, 1989, and PCT/US90/01348, the disclosures of

which are incorporated herein by reference in their entirety.

[00207] In some embodiments, the antigen is derived from an allergen, such as
pollen allergens (tree-, herb, weed-, and grass pollen allergens); insect or arachnid allergens
(inhalant, saliva and venom allergens, e.g. mite allergens, cockroach and midges allergens,

hymenopthera venom allergens); animal hair and dandruff allergens (from e.g. dog, cat,
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horse, rat, mouse, efc.); and food allergens (e.g. a gliadin). Important pollen allergens from
trees, grasses and herbs are such originating from the taxonomic orders of Fagales, Oleales,
Pinales and platanaceae including, but not limited to, birch (Betula), alder (Alnus), hazel
(Corylus), hornbeam (Carpinus) and olive (Olea), cedar (Cryptomeria and Juniperus), plane
tree (Platanus), the order of Poales including grasses of the genera Lolium, Phleum, Poa,
Cynodon, Dactylis, Holcus, Phalaris, Secale, and Sorghum, the orders of Asterales and
Urticales including herbs of the genera Ambrosia, Artemisia, and Parietaria. Other important
inhalation allergens are those from house dust mites of the genus Dermatophagoides and
Euroglyphus, storage mite e.g. Lepidoglyphys, Glycyphagus and Tyrophagus, those from
cockroaches, midges and fleas e.g. Blatella, Periplaneta, Chironomus and Ctenocepphalides,
and those from mammals such as cat, dog and horse, venom allergens including such
originating from stinging or biting insects such as those from the taxonomic order of

Hymenoptera including bees (Apidae), wasps (Vespidea), and ants (Formicoidae).

[00208] In certain embodiments, a tumor immunogen or antigen, or cancer
immunogen or antigen, can be encoded by the self-replicating RNA molecule. In certain
embodiments, the tumor immunogens and antigens are peptide-containing tumor antigens,

such as a polypeptide tumor antigen or glycoprotein tumor antigens.

[00209] Tumor immunogens and antigens appropriate for the use herein encompass
a wide variety of molecules, such as (a) polypeptide-containing tumor antigens, including
polypeptides (which can range, for example, from 8-20 amino acids in length, although

lengths outside this range are also common), lipopolypeptides and glycoproteins.

[00210] In certain embodiments, tumor immunogens are, for example, (a) full
length molecules associated with cancer cells, (b) homologs and modified forms of the same,
including molecules with deleted, added and/or substituted portions, and (c) fragments of the
same. Tumor immunogens include, for example, class I-restricted antigens recognized by

CD8+ lymphocytes or class II-restricted antigens recognized by CD4+ lymphocytes.

[00211] In certain embodiments, tumor immunogens include, but are not limited to,
(a) cancer-testis antigens such as NY-ESO-1, SSX2, SCP1 as well as RAGE, BAGE, GAGE
and MAGE family polypeptides, for example, GAGE-1, GAGE-2, MAGE-1, MAGE-2,
MAGE-3, MAGE-4, MAGE-5, MAGE-6, and MAGE-12 (which can be used, for example, to

address melanoma, lung, head and neck, NSCLC, breast, gastrointestinal, and bladder
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tumors), (b) mutated antigens, for example, p53 (associated with various solid tumors, e.g.,
colorectal, lung, head and neck cancer), p21/Ras (associated with, e.g., melanoma, pancreatic
cancer and colorectal cancer), CDK4 (associated with, e.g., melanoma), MUM1 (associated
with, e.g., melanoma), caspase-8 (associated with, e.g., head and neck cancer), CIA 0205
(associated with, e.g., bladder cancer), HLA-A2-R1701, beta catenin (associated with, e.g.,
melanoma), TCR (associated with, e.g., T-cell non-Hodgkins lymphoma), BCR-abl
(associated with, e.g., chronic myelogenous leukemia), triosephosphate isomerase, KIA 0205,
CDC-27, and LDLR-FUT, (c) over-expressed antigens, for example, Galectin 4 (associated
with, e.g., colorectal cancer), Galectin 9 (associated with, e.g., Hodgkin’s disease), proteinase
3 (associated with, e.g., chronic myelogenous leukemia), WT 1 (associated with, e.g., various
leukemias), carbonic anhydrase (associated with, e.g., renal cancer), aldolase A (associated
with, e.g., lung cancer), PRAME (associated with, e.g., melanoma), HER-2/neu (associated
with, e.g., breast, colon, lung and ovarian cancer), alpha-fetoprotein (associated with, e.g.,
hepatoma), KSA (associated with, e.g., colorectal cancer), gastrin (associated with, e.g.,
pancreatic and gastric cancer), telomerase catalytic protein, MUC-1 (associated with, e.g.,
breast and ovarian cancer), G-250 (associated with, e.g., renal cell carcinoma), p53
(associated with, e.g., breast, colon cancer), and carcinoembryonic antigen (associated with,
e.g., breast cancer, lung cancer, and cancers of the gastrointestinal tract such as colorectal
cancer), (d) shared antigens, for example, melanoma-melanocyte differentiation antigens such
as MART-1/Melan A, gp100, MC1R, melanocyte-stimulating hormone receptor, tyrosinase,
tyrosinase related protein-1/TRP1 and tyrosinase related protein-2/TRP2 (associated with,
¢.g., melanoma), (e) prostate associated antigens such as PAP, PSA, PSMA, PSH-P1, PSM-
P1, PSM-P2, associated with e.g., prostate cancer, (f) immunoglobulin idiotypes (associated

with myeloma and B cell lymphomas, for example).

[00212] In certain embodiments, tumor immunogens include, but are not limited to,
pl15, Hom/Mel-40, H-Ras, E2A-PRL, H4-RET, IGH-IGK, MYL-RAR, Epstein Barr virus
antigens, EBNA, human papillomavirus (HPV) antigens, including E6 and E7, hepatitis B
and C virus antigens, human T-cell lymphotropic virus antigens, TSP-180, p185erbB2,
p180erbB-3, c-met, mn-23H1, TAG-72-4, CA 19-9, CA 72-4, CAM 17.1, NuMa, K-ras, p16,
TAGE, PSCA, CT7, 43-9F, 5T4, 791 Tgp72, beta-HCG, BCA225, BTAA, CA 125, CA 15-3
(CA 27.29\BCAA), CA 195, CA 242, CA-50, CAM43, CD68\KP1, CO-029, FGF-5, Ga733
(EpCAM), HTgp-175, M344, MA-50, MG7-Ag, MOV 18, NB/70K, NY-CO-1, RCASI,
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SDCCAG16, TA-90 (Mac-2 binding protein\cyclophilin C-associated protein), TAALG,
TAG72, TLP, TPS, and the like.

C. Aqueous solution for the nucleic acid molecule

[00213] The nucleic acid molecule (such as RNA) is generally provided in the form
of an aqueous solution, or a form that can be readily dissolved in an aqueous solution (e.g.,
lyophilized). The aqueous solution can be in water, or an aqueous solution that comprises a
salt (e.g., NaCl), a buffer (e.g., a citrate buffer), a nonionic tonicifying agent (e.g., a
saccharide), a polymer, a surfactant, or a combination thereof. If the formulation is intended
for in vivo administration, it is preferable that the aqueous solution is a physiologically
acceptable buffer that maintains a pH that is compatible with normal physiological
conditions. Also, in certain instances, it may be desirable to maintain the pH at a particular

level in order to insure the stability of certain components of the formulation.

[00214] For example, it may be desirable to prepare an aqueous solution that is
isotonic and/or isosmotic. Hypertonic and hypotonic solutions sometimes could cause
complications and undesirable effects when injected, such as post-administration swelling or
rapid absorption of the composition because of differential ion concentrations between the
composition and physiological fluids. To control tonicity, the emulsion may comprise a
physiological salt, such as a sodium salt. Sodium chloride (NaCl), for example, may be used
at about 0.9% (w/v) (physiological saline). Other salts that may be present include potassium
chloride, potassium dihydrogen phosphate, disodium phosphate dehydrate, magnesium
chloride, calcium chloride, efc. In an exemplary embodiment, the aqueous solution comprises
10 mM NaCl and other salts or non-ionic tonicifying agents. As described herein, non-ionic
tonicifying agents can also be used to control tonicity. In an embodiment, hypertonic and
hypotonic solutions are mixed (e.g., hypertonic RNA an hypotonic emulsion; hypotonic RNA

and hypertonic emulsion) such that once mixed they form an isotonic solution.

[00215] The aqueous solution may be buffered. Any physiologically acceptable
buffer may be used herein, such as citrate buffers, phosphate buffers, acetate buffers,
succinate buffer, tris buffers, bicarbonate buffers, carbonate buffers, or the like. The pH of
the aqueous solution will preferably be between 6.0-8.0, preferabley about 6.2 to about 6.8.

In some cases, certain amount of salt may be included in the buffer. In other cases, salt in the
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buffer might interfere with complexation of nucleic acid molecules to the emulsion particle,

therefore is avoided.

[00216] The aqueous solution may also comprise additional components such as
molecules that change the osmolarity of the aqueous solution or molecules that stabilizes the
nucleic acid molecule after complexation. For example, the osmolality can be adjusted using
a non-ionic tonicifying agent, which are generally carbohydrates but can also be polymers.
(See, e.g., Voet and Voet (1990) Biochemistry (John Wiley & Sons, New York.) Examples
of suitable non-ionic tonicifying agents include sugars (e.g., trehalose, sucrose, dextrose,
fructose, reduced palatinose, etc.), sugar alcohols (such as mannitol, sorbitol, xylitol,
erythritol, lactitol, maltitol, glycerol, etc.), and combinations thercof. If desired, a nonionic
polymer (e.g., a poly(alkyl glycol) such as polyethylene glycol, polypropylene glycol, or
polybutlyene glycol) or nonionic surfactant can be used. These types of agents, in particular
sugar and sugar alcohols, are also cryoprotectants that can procted RNA, and other nucleic
acid molecules, when lyophilized. In exemplary embodiments, the buffer comprises from

about 560 nM to 600 mM of trehalose, sucrose, sorbitol, or dextrose.

[00217] In some cases, it may be preferable to prepare an aqueous solution
comprising the nucleic acid molecule as a hypertonic solution, and to prepare the cationic
emulsion using unadulterated water or a hypotonic buffer. When the emulsion and the
nucleic acid molecule are combined, the mixture becomes isotonic. For example, an aqueous
solution comprising RNA can be a 2X hypertonic solution, and the cationic emulsion can be
prepared using 10mM Citrate buffer. When the RNA solution and the emulsion are mixed at
1:1 (v/v) ratio, the composition becomes isotonic. Based on desired relative amounts of the
emulsion to the aqueous solution that comprises the nucleic acid molecule (e.g., 1:1 (v/v)
mix, 2:1 (v/v) mix, 1:2 (v/v) mix, etc.), one can readily determine the tonicity of the aqueous

solution that is required in order to achieve an isotonic mixture.

[00218] Similarly, compositions that have physiological osmolality may be
desirable for in vivo administration. Physiological osmolality is from about 255 mOsm/kg
water to about 315 mOsm/kg water. Sometimes, it may be preferable to prepare an aqueous
solution comprising the nucleic acid molecule as a hyperosmolar solution, and to prepare the
cationic emulsion using unadulterated water or a hypoosmolar buffer. When the emulsion
and the nucleic acid molecule are combined, physiological osmolality is achieved. Of course,

this can also be achieved using a hypoosmolar nucleic acid solution and a hyperosmolar
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buffer. Based on desired relative amounts of the emulsion to the aqueous solution that
comprises the nucleic acid molecule (e.g., 1:1 (v/v) mix, 2:1 (v/v) mix, 1:2 (v/v) mix, etc.),
one can readily determine the osmolality of the aqueous solution that is required in order to

achieve an i1so-osmolar mixture.

[00219] In certain embodiments, the aqueous solution comprising the nucleic acid
molecule may further comprise a polymer or a surfactant, or a combination thercof. In an
exemplary embodiment, the oil-in-water emulsion contains a poloxamer. In particular, the
inventors have observed that adding Pluronic® F127 to the RNA aqueous solution prior to
complexation to cationic emulsion particles led to greater stability and increased RNase
resistance of the RNA molecule. Addition of pluronic F127 to RNA aqueous solution was
also found to decrease the particle size of the RNA/CNE complex. Poloxamer polymers may
also facilitate appropriate decomplexation/release of the RNA molecule, prevent aggregation
of the emulsion particles, and have immune modulatory effect. Other polymers that may be

used include, e.g., Pluronic® F68 or PEG300.

[00220] Alternatively or in addition, the aqueous solution comprising the nucleic
acid molecule may comprise from about 0.05% to about 20% (w/v) polymer. For example,
the cationic oil-in-water emulsion may comprise a polymer (e.g., a poloxamer such as
Pluronic® F127, Pluronic® F68, or PEG300) at from about 0.05% to about 10% (w/v), such
as 0.05%, 0.5%, 1%, or 5%.

[00221] The buffer system may comprise any combination of two or more
molecules described above (salt, buffer, saccharide, polymer, ezc). In an preferred
embodiment, the buffer comprises 560 mM sucrose, 20mM NaCl, and 2mM Citrate, which
can be mixed with a cationic oil in water emulsion described herein to produce a final
aqueous phase that comprises 280 mM sucrose, 10 mM NaCl and 1 mM citrate. In other
embodiments, the buffer comprises about 2-20 mM Citrate, which can be mixed with a
cationic oil in water emulsion described herein to produce a final aqueous phase that

comprises about 1 — 10 mM Citrate.
5. METHODS OF PREPARATION

[00222] In another aspect, the invention provides a method of preparing a
composition that comprises a nucleic acid molecule complexed with a particle of a cationic

oil-in-water emulsion at an N/P ratio of at least 4:1 and with average particle diameter from
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about 80 nm to about 180 nm, comprising: preparing a cationic oil-in-water emulsion wherein
the emulsion comprises: (1) from about 0.2% to about 20% (v/v) oil, (2) from about 0.01% to
about 2.5% (v/v) surfactant, and (3) a cationic lipid; and adding the nucleic acid molecule to
the cationic oil-in-water emulsion so that the nucleic acid molecule complexes with the

particle of the emulsion.

[00223] One exemplary approach to generate the cationic oil-in-water emulsion is
by a process comprising: (1) combining the oil and the cationic lipid to form the oil phase of
the emulsion; (2) providing an aqueous solution to form the aqueous phase of the emulsion;
and (3) dispersing the oil phase in the aqueous phase, for example, by homogenization.
Homogenization may be achieved in any suitable way, for example, using a commercial
homogenizer (e.g., IKA T25 homogenizer, available at VWR International (West Chester,
PA).

[00224] The cationic lipid may be dissolved in a suitable solvent, such as
chloroform (CHCls), dichloromethane (DCM), ethanol, acetone, Tetrahydrofuran (THF),
2,2.2 trifluoroethanol, acetonitrile, ethyl acetate, hexane, Dimethylformamide (DMF),
Dimethyl sulfoxide (DMSO), etc., and added directly to the oil component of the emulsion.
Alternatively, the cationic lipid may be added to a suitable solvent to form a liposome
suspension; then the liposome suspension may be added to the oil component of the

emulsion. The cationic lipid may also be dissolved directly in the oil.

[00225] It may be desirable to heat the oil to a temperature between about 30°C to

about 65°C to facilitate the dissolving of the lipid.

[00226] Desired amount of the cationic lipid (e.g., DOTAP) can be measured and
cither dissolved in a solvent, in water, or directly in oil to reach a desired final concentration

as described and exemplified herein.

[00227]  Solvents such as chloroform (CHCIl;3) or dichloromethane (DCM) may be
removed from the oil phase, e.g., by evaporation, prior to combining the aqueous phase and
the oil phase or prior to homogenization. Alternatively, in instances where lipid solubility
can be an issue, a primary emulsion can be made with the solvent (e.g. DCM) still in the oil
phase. In such cases, the solvent can be removed (e.g., allowed to evaporate) from the

primary emulsion prior to a secondary homogenization.
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[00228] If the emulsion comprises one or more surfactants, the surfactant(s) may
be included in the oil phase or the aqueous phase according to the conventional practice in the
art. For example, SPAN®SES5 can be dissolved in the oil phase (e.g., squalene), and Tween®

80 may be dissolved in the aqueous phase (e.g., in a citrate buffer).

[00229] In another aspect, the invention provides a method of preparing a
composition that comprises a nucleic acid molecule (such as RNA) complexed with a particle
of a cationic oil-in-water emulsion, comprising: (i) providing a cationic oil-in-water emulsion
as described herein; (ii) providing a aqueous solution comprising the nucleic acid molecule
(such as RNA); and (iii) combining the oil-in-water emulsion of (i) and the aqueous solution
of (iii), so that the nucleic acid molecule complexes with the particle of the emulsion. For
example, a cationic oil-in-water emulsion may be combined with an aqueous solution
comprising a nucleic acid molecule (e.g., an aqueous RNA solution) in any desired relative
amounts, e.g., about 1:1 (v/v), about 1.5:1 (v/v), about 2:1 (v/v), about 2.5:1 (v/v), about 3:1
(v/v), about 3.5:1 (v/v), about 4:1 (v/v), about 5:1 (v/v), about 10:1 (v/v), about 1:1.5 (v/v),
about 1:2 (v/v), about 1:2.5 (v/v), about 1:3 (v/v), about 1:3.5 (v/v), about 1:4 (v/v), about
1:1.5 (v/v), or about 1:1.10 (v/v), etc.

[00230] The concentration of each component of the post-complex composition
(e.g., RNA-emulsion complex) can be readily determined according to relative amounts of
the pre-complex oil-in-water emulsion and the aqueous solution comprising the nucleic acid
molecule (e.g., an aqueous RNA solution) that are used. For example, when a cationic oil-in-
water emulsion is combined with an aqueous solution comprising a nucleic acid molecule
(e.g., an aqueous RNA solution) at 1:1 (v:v) ratio, the concentrations of the oil and cationic
lipid become % of that of the pre-complex emulsion. Therefore, if an emulsion comprising
4.3% (w/v) squalene, 1.4 mg/mL DOTAP, 0.5% v/v SPAN®SE5 and 0.5% v/v Tween® 80
(referred herein as “CNE17”) is combined with an aqueous RNA solution that comprises 560
mM sucrose, 20 mM NaCl, 2 mM Citrate, and 1% (w/v) Pluronic F127 at 1:1 (v:v), the post-
complex composition comprises 2.15% (w/v) squalene, 0.7 mg/mL DOTAP, 0.25% v/v
SPAN®SS, 0.25% v/v Tween® 80, 280 mM sucrose, 10 mM NaCl, 1mM Citrate, and 0.5%
(w/v) Pluronic F127.

[00231] Additional optional steps to promote particle formation, to improve the
complexation between the nucleic acid molecules and the cationic particles, to increase the

stability of the nucleic acid molecule (e.g., to prevent degradation of an RNA molecule), to
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facilitate appropriate decomplexation/release of the nucleic acid molecules (such as an RNA
molecule), or to prevent aggregation of the emulsion particles may be included. For example,
a polymer (e.g., Pluronic® F127) or a surfactant may be added to the aqueous solution that
comprises the nucleic acid molecule (such as RNA). In one exemplary embodiment,

Pluronic® F127 is added to the RNA molecule prior to complexation to the emulsion particle.

[00232] The size of the emulsion particles can be varied by changing the ratio of
surfactant to oil (increasing the ratio decreases droplet size), operating pressure (increasing
operating pressure reduces droplet size), temperature (increasing temperature decreases
droplet size), and other process parameters. Actual particle size will also vary with the
particular surfactant, oil, and cationic lipid used, and with the particular operating conditions
selected. Emulsion particle size can be verified by use of sizing instruments, such as the
commercial Sub-Micron Particle Analyzer (Model N4MD) manufactured by the Coulter
Corporation, and the parameters can be varied using the guidelines set forth above until the

average diameter of the particles is 80 nm to 180 nm.

[00233] Optional processes for preparing the cationic oil-in-water emulsion (pre-
complexation emulsion), or the nucleic acid molecule-emulsion complex, include, e.g.,
sterilization, particle size selection (e.g., removing large particles), filling, packaging, and

labeling, etc.

[00234] For example, if the pre-complexation emulsion, or the nucleic acid
molecule-emulsion complex, is formulated for in vivo administration, it may be sterilized,
e.g., by filtering through a sterilizing grade filter (e.g., through a 0.22 micron filter). Other
sterilization techniques include a thermal process, or a radiation sterilization process, or using

pulsed light to produce a sterile composition.

[00235] The cationic oil-in-water emulsion described herein can be used to
manufacture vaccines. Sterile and/or clinical grade cationic oil-in-water emulsions can be
prepared using similar methods as described for MF59. See, e.g., Ott et al., Methods in
Molecular Medicine, 2000, Volume 42, 211-228, in VACCINE ADJUVANTS (O’Hagan ed.),
Humana Press. For example, similar to the manufacturing process of MF59, the oil phase
and the aqueous phase of the emulsion can be combined and processed in an inline
homogenizer to yield a coarse emulsion. The coarse emulsion can then be fed into a

microfluidizer, where it can be further processed to obtain a stable submicron emulsion. The
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contalners For vaccine antigens where long-term stability has not been demonstrated, the
emulsion can be supplied as a separate vial. In such cases, the emulsion bulk can be filtered-
sterilized (e.g., though a 0.22-um filter membrane), filled, and packaged in final single-dose

vials.

[00236] Quality control may be optionally performed on a small sample of the
emulsion bulk or admixed vaccine, and the bulk or admixed vaccine will be packaged into

doses only if the sample passes the quality control test.
6. PHARMACEUTICAL COMPOSITIONS AND ADMINISTRATION

[0237] In another aspect, the invention provides a pharmaceutical composition
comprising a nucleic acid molecule complexed with a particle of a cationic oil-in-water
emulsion, as described herein, and may further comprise one or more pharmaceutically
acceptable carriers, diluents, or excipients. In preferred embodiments, the pharmaceutical

composition is an immunogenic composition, which can be used as a vaccine.

[0238] The compositions described herein may be used to deliver a nucleic acid
molecule to cells. For example, nucleic acid molecules (e.g., DNA or RNA) can be delivered
to cells for a variety of purposes, such as to induce production of a desired gene product (e.g.,
protein), to regulate expression of a gene, for gene therapy and the like. The compositions
described herein may also be used to deliver a nucleic acid molecule (e.g., DNA or RNA) to
cells for therapeutic purposes, such as to treat a disease such as cancers or proliferative
disorders, metabolic diseases, cardiovascular diseases, infections, allergies, to induce an
immune response and the like. For example, nucleic acid molecules may be delivered to cells
to inhibit the expression of a target gene. Such nucleic acid molecules include, e.g., antisense
oligonucleotides, double-stranded RNAs, such as small interfering RNAs and the like.
Double-stranded RN A molecules, such as small interfering RNAs, can trigger RNA
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intravitreal administration, intramuscular administration, inhalation, intranasal administration,

topical administration, ophthalmic administration, and otic administration.

[00240] A therapeutically effective amount of the compositions described herein
will vary depending on, among others, the disease indicated, the severity of the disease, the
age and relative health of the subject, the potency of the compound administered, the mode of

administration and the treatment desired.

[00241] In other embodiments, the pharmaceutical compositions described herein
can be administered in combination with one or more additional therapeutic agents. The
additional therapeutic agents may include, but are not limited to antibiotics, antibacterial
agents, antiemetic agents, antifungal agents, anti-inflammatory agents, antiviral agents,
immunomodulatory agents, cytokines, antidepressants, hormones, alkylating agents,
antimetabolites, antitumour antibiotics, antimitotic agents, topoisomerase inhibitors,
cytostatic agents, anti-invasion agents, antiangiogenic agents, inhibitors of growth factor
function inhibitors of viral replication, viral enzyme inhibitors, anticancer agents, o.-
interferons, B-interferons, ribavirin, hormones, other toll-like receptor modulators,
immunoglobulins (Igs), and antibodies modulating Ig function (such as anti-IgE

(omalizumab)).

[00242] In certain embodiments, the pharmaceutical compositions provided herein
are used in the treatment of infectious diseases including, but not limited to, disease caused

by the pathogens disclosed herein, including viral diseases such as genital warts, common
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warts, plantar warts, rabies, respiratory syncytial virus (RSV), hepatitis B, hepatitis C,
Dengue virus, yellow fever, herpes simplex virus (by way of example only, HSV-I, HSV-II,
CMYV, or VZV), molluscum contagiosum, vaccinia, variola, lentivirus, human
immunodeficiency virus (HIV), human papilloma virus (HPV), hepatitis virus (hepatitis C
virus, hepatitis B virus, hepatitis A virus), cytomegalovirus (CMV), varicella zoster virus
(VZV), rhinovirus, enterovirus (e.g. EV71), adenovirus, coronavirus (e.g., SARS), influenza,
para-influenza, mumps virus, measles virus, rubella virus, papovavirus, hepadnavirus,
flavivirus, retrovirus, arenavirus (by way of example only, LCM, Junin virus, Machupo virus,
Guanarito virus and Lassa Fever) and filovirus (by way of example only, ebola virus or

marburg virus).

[00243] In certain embodiments, the pharmaceutical compositions provided herein
are used in the treatment of bacterial, fungal, and protozoal infections including, but not
limited to, malaria, tuberculosis and mycobacterium avium, leprosy; pneumocystis carnii,
cryptosporidiosis, histoplasmosis, toxoplasmosis, trypanosome infection, leishmaniasis,
infections caused by bacteria of the genus Escherichia, Enterobacter, Salmonella,
Staphylococcus, Klebsiella, Proteus, Pseudomonas, Streptococcus, and Chlamydia, and
fungal infections such as candidiasis, aspergillosis, histoplasmosis, and cryptococcal

meningitis.

[00244] In certain embodiments, the pharmaceutical compositions provided herein
are used in the treatment of respiratory diseases and/or disorders, dermatological disorders,
ocular diseases and/or disorders, genitourinary diseases and/or disorders including, allograft
rejection, auto-immune and allergic, cancer, or damaged or ageing skin such as scarring and

wrinkles.

[00245] In another aspect, the invention provides a method for generating or
potentiating an immune response in a subject in need thereof, such as a mammal, comprising
administering an effective amount of a composition as disclosed herein. The immune
response is preferably protective and preferably involves antibodies and/or cell-mediated
immunity. The method may be used to induce a primary immune response and/or to boost an

immune response.
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[00246] In certain embodiments, the compositions disclosed herein may be used as
a medicament, e.g., for use in raising or enhancing an immune response in a subject in need

thereof, such as a mammal.

[00247] In certain embodiments, the compositions disclosed herein may be used in
the manufacture of a medicament for generating or potentiating an immune response in a

subject in need thereof, such as a mammal.

[00248] The invention also provides a delivery device pre-filled with a composition

or a vaccine disclosed herein.

[00249] The mammal is preferably a human, but may be, e.g., a cow, a pig, a
chicken, a cat or a dog, as the pathogens covered herein may be problematic across a wide
range of species. Where the vaccine is for prophylactic use, the human is preferably a child
(e.g., a toddler or infant), a teenager, or an adult; where the vaccine is for therapeutic use, the
human is preferably a teenager or an adult. A vaccine intended for children may also be

administered to adults, e.g., to assess safety, dosage, immunogenicity, etc.

[00250] One way of checking efficacy of therapeutic treatment involves
monitoring pathogen infection after administration of the compositions or vaccines disclosed
herein. One way of checking efficacy of prophylactic treatment involves monitoring immune
responses, systemically (such as monitoring the level of IgG1 and IgG2a production) and/or
mucosally (such as monitoring the level of IgA production), against the antigen. Typically,
antigen-specific serum antibody responses are determined post-immunization but pre-
challenge whereas antigen-specific mucosal antibody responses are determined post-

immunization and post-challenge.

[00251] Another way of assessing the immunogenicity of the compositions or
vaccines disclosed herein where the nucleic acid molecule (e.g., the RNA) encodes a protein
antigen is to express the protein antigen recombinantly for screening patient sera or mucosal
secretions by immunoblot and/or microarrays. A positive reaction between the protein and
the patient sample indicates that the patient has mounted an immune response to the protein
in question. This method may also be used to identify immunodominant antigens and/or

epitopes within protein antigens.
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[00252] The efficacy of the compositions can also be determined in vivo by

challenging appropriate animal models of the pathogen of interest infection.

[00253] Dosage can be by a single dose schedule or a multiple dose schedule.
Multiple doses may be used in a primary immunization schedule and/or in a booster
immunization schedule. In a multiple dose schedule the various doses may be given by the
same or different routes, e.g., a parenteral prime and mucosal boost, a mucosal prime and
parenteral boost, etc. Multiple doses will typically be administered at least 1 week apart (e.g.,
about 2 weeks, about 3 weeks, about 4 weeks, about 6 weeks, about 8 weeks, about 10 weeks,

about 12 weeks, about 16 weeks, etc.).

[00254] The compositions disclosed herein that include one or more antigens or are
used in conjunction with one or more antigens may be used to treat both children and adults.
Thus a human subject may be less than 1 year old, 1-5 years old, 5-15 years old, 15-55 years
old, or at least 55 years old. Preferred subjects for receiving the compositions are the elderly
(e.g., >50 years old, >60 years old, and preferably >65 years), the young (e.g., <5 years old),
hospitalized patients, healthcare workers, armed service and military personnel, pregnant
women, the chronically ill, or immunodeficient patients. The compositions are not suitable

solely for these groups, however, and may be used more generally in a population.

[00255] The compositions disclosed herein that include one or more antigens or are
used in conjunction with one or more antigens may be administered to patients at
substantially the same time as (e.g., during the same medical consultation or visit to a
healthcare professional or vaccination centre) other vaccines, e.g., at substantially the same
time as a measles vaccine, a mumps vaccine, a rubella vaccine, a MMR vaccine, a varicella
vaccine, a MMRYV vaccine, a diphtheria vaccine, a tetanus vaccine, a pertussis vaccine, a
DTP vaccine, a conjugated H. influenzae type b vaccine, an inactivated poliovirus vaccine, a
hepatitis B virus vaccine, a meningococcal conjugate vaccine (such as a tetravalent A C

W135 Y vaccine), a respiratory syncytial virus vaccine, etc.

[0256] In certain embodiments, the compositions provided herein include or
optionally include one or more immunoregulatory agents such as adjuvants. Exemplary
adjuvants include, but are not limited to, a TH1 adjuvant and/or a TH2 adjuvant, further
discussed below. In certain embodiments, the adjuvants used in the immunogenic

compositions provide herein include, but are not limited to:
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. Mineral-Containing Compositions;

. Oil Emulsions;

. Saponin Formulations;

. Virosomes and Virus-Like Particles;

. Bacterial or Microbial Derivatives;

. Bioadhesives and Mucoadhesives;

. Liposomes;

. Polyoxyethylene Ether and Polyoxyethylene Ester Formulations;
. Polyphosphazene (PCPP);

NeREe <R e Y e VS B\

10. Muramyl Peptides;

11. Imidazoquinolone Compounds;

12. Thiosemicarbazone Compounds;

13. Tryptanthrin Compounds;

14. Human Immunomodulators;

15. Lipopeptides;

16. Benzonaphthyridines;

17. Microparticles

18. Immunostimulatory polynucleotide (such as RNA or DNA; e.g., CpG-containing

oligonucleotides)
EXEMPLIFICATION
[0257] The invention now being generally described, it will be more readily
understood by reference to the following examples, which are included merely for

purposes of illustration of certain aspects and embodiments of the present invention, and

are not intended to limit the invention.
EXAMPLE 1: CATIONIC OIL-IN-WATER EMULSIONS

[00258] Squalene, sorbitan trioleate (Span 85), polyoxy-ethylene sorbitan
monololeate (Tween 80) were obtained from Sigma (St. Louis, MO, USA). 1,2-Dioleoyl-3-
trimethylammonium-propane (DOTAP) was purchased from Lipoid (Ludwigshafen

Germany).

[00259] The components of the emulsions used in these studies are shown in Table
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Table 1
1
CNE Cationic Lipid (+) mg-/n-l Surfactant Squalene Buffer/water
+Lipid
DOTAP 0.5% SPAN 85 o 10mM citrate
etz (in DCM) 140 0.5% Tween 80 4.3% buffer pH 6.5
0.5% SPAN 85 10mM citrate
MF32 DOTAP 32 4.3¢
CME3 0 0.5% Tween 80 o buffer pH 6.5
0.5% SPAN 85 10mM citrate
MF34 DOTAP 4.4 4.3¢
CME3 0 0.5% Tween 80 o buffer pH 6.5
0.5% SPAN 85 o 10mM citrate
CME3S DOTAP 30 0.5% Tween 80 4.3% buffer pH 6.5
[00260] CNEs were prepared similar to charged MF59 as previously described (Ott

ct al., Journal of Controlled Release, volume 79, pages 1-5, 2002). CMF 32, 34 and 35 were

prepared with one major modification of that process. DOTAP was dissolved in the squalene

directly, and no organic solvent was used. It was discovered that inclusion of a solvent in

emulsions that contained greater than 1.6 mg/ml DOTAP produced a foamy feedstock that

could not be microfluidized to produce an emulsion. Heating squalene to 37°C allowed

DOTAP to be directly dissolved in squalene, and then the oil phase could be successfully

dispersed in the aqueous phase (e.g., by homogenization) to produce an emulsion. DOTAP is
soluble in squalene and higher concentrations of DOTAP in squalene than those listed in
Table 1 may be achieved. However, it has been reported that high dose of DOTAP can have
toxic effects. See, e.g., Lappalainen et al., Pharm. Res., vol. 11(8):1127-31 (1994).

[00261] Briefly, squalene was heated to 37°C, and DOTAP was dissolved directly
in squalene in the presence of SPAN 85. The resulting oil phase was then combined with the
aqueous phase (Tween 80 in citrate buffer) and immediately homogenized for 2 min using an
IKA T25 homogenizer at 24K RPM to produce a homogeneous feedstock (primary
emulsions). The primary emulsions were passed three to five times through a M-110S
Microfluidizer or a M-110P Microfluidizer (Microfluidics, Newton, MA)with an ice bath
cooling coil at a homogenization pressure of approximately 15K-20K PSI. The 20ml batch

samples were removed from the unit and stored at 4°C.

[00262] It should be noted that the concentrations of the components of the CNEs,
as described in Table 1, are concentrations calculated according the initial amounts of these
components that were used to prepare the emulsions. It is understood that during the process

of producing emulsions, or during the filter sterilization process, small amounts of squalene,
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DOTAP, or other components may be lost, and the actual concentrations of these components
in the final product (e.g., a packaged, sterilized emulsion that is ready for administration)
might be slightly lower, sometimes by up to about 20%. Sometimes, the actual
concentrations of the components in the final product might be slightly lower by up to about
25%, or up to about 35%. However, the conventional practice in the art is to describe the
concentration of a particular component based on the initial amount that is used to prepare the

emulsion, instead of the actual concentration in the final product.
RNA synthesis

[00263] Plasmid DNA encoding an alphavirus replicon (self-replicating RNA) was
used as a template for synthesis of RNA in vitro. Each replicon contains the genetic elements
required for RNA replication but lacks sequences encoding gene products that are necessary
for particle assembly. The structural genes of the alphavirus genome were replaced by
sequences encoding a heterologous protein (whose expression is driven by the alphavirus
subgenomic promoter). Upon delivery of the replicons to eukaryotic cells, the positive-
stranded RNA is translated to produce four non-structural proteins, which together replicate
the genomic RNA and transcribe abundant subgenomic mRNAs encoding the heterologous
protein. Due to the lack of expression of the alphavirus structural proteins, replicons are
incapable of generating infectious particles. A bacteriophage T7 promoter is located
upstream of the alphavirus cDNA to facilitate the synthesis of the replicon RNA i vitro, and
the hepatitis delta virus (HDV) ribozyme located immediately downstream of the poly(A)-tail

generates the correct 3’-end through its self-cleaving activity.

[00264] Following linearization of the plasmid DNA downstream of the HDV
ribozyme with a suitable restriction endonuclease, run-off transcripts were synthesized in
vitro using T7 or SP6 bacteriophage derived DNA-dependent RNA polymerase.
Transcriptions were performed for 2 hours at 37°C in the presence of 7.5 mM (T7 RNA
polymerase) or 5 mM (SP6 RNA polymerase) final concentration of each of the nucleoside
triphosphates (ATP, CTP, GTP and UTP) following the instructions provided by the
manufacturer (Ambion, Austin, TX). Following transcription, the template DNA was
digested with TURBO DNase (Ambion, Austin, TX). The replicon RNA was precipitated
with LiCl and reconstituted in nuclease-free water. Uncapped RNA was capped post-
transcriptionally with Vaccinia Capping Enzyme (VCE) using the ScriptCap m’G Capping

System (Epicentre Biotechnologies, Madison, WI) as outlined in the user manual. Post-
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transcriptionally capped RNA was precipitated with LiCl and reconstituted in nuclease-free
water. Alternatively, replicons may be capped by supplementing the transcription reactions
with 6 mM (for T7 RNA polymerase) or 4 mM (for SP6 RNA polymerase) m'G(5")ppp(5°)G,
a nonreversible cap structure analog (New England Biolabs, Beverly, MA) and lowering the
concentration of guanosine triphosphate to 1.5 mM (for T7 RNA polymerase) or 1 mM (for
SP6 RNA polymerase). The transcripts may be then purified by TURBO DNase (Ambion,
Austin, TX) digestion followed by LiCL precipitation and a wash in 75% ethanol.

[00265] The concentration of the RNA samples was determined by measuring the
optical density at 260 nm. Integrity of the in vitro transcripts was confirmed by denaturing

agarose gel electrophoresis for the presence of the full length construct.
RNA complexation

[00266] The number of nitrogens in solution was calculated from the cationic lipid
concentration, DOTAP for example has 1 nitrogen that can be protonated per molecule. The
RNA concentration was used to calculate the amount of phosphate in solution using an
estimate of 3 nmols of phosphate per microgram of RNA. By varying the amount of RNA :
Lipid, the N/P ratio can be modified. RNA was complexed to the CNEs in a range of
nitrogen / phosphate ratios (N/P). Calculation of the N/P ratio was done by calculating the
number of moles of protonatable nitrogens in the emulsion per milliliter. To calculate the
number of phosphates, a constant of 3 nmols of phosphate per microgram of RNA was used.
After the values were determined, the appropriate ratio of the emulsion was added to the
RNA. Using these values, the RNA was diluted to the appropriate concentration and added
directly into an equal volume of emulsion while vortexing lightly. The solution was allowed
to sit at room temperature for approximately 2 hours. Once complexed the resulting solution

was diluted to the appropriate concentration and used within 1 hour.
Particle size assay

[00267] Particle size of the emulsion was measured using a Zetasizer Nano ZS
(Malvern Instruments, Worcestershire, UK) according to the manufacturer’s instructions.
Particle sizes are reported as the Z-Average (ZAve) with the polydispersity index (pdi). All
samples were diluted in water prior to measurements. Additionally, particle size of the

emulsion was measured using Horiba LA-930 particle sizer (Horiba Scientific, USA).
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Samples were diluted in water prior to measurements. Zeta potential was measured using

Zetasizer Nano ZS using diluted samples according to the manufacturer’s instructions.
Secreted alkaline phosphatase (SEAP) assay

[00268] To assess the kinetics and amount of antigen production, an RNA replicon
encoding for SEAP was administered with and without formulation to mice intramuscularly.
Groups of 3 or 5 female Balb/C mice aged 8-10 weeks and weighing about 20g were
immunized with CNEs complexed with replicon RNA encoding for SEAP. Naked RNA was
formulated in RNase free 1X PBS. A 100ul dose was administered to each mouse (50ul per
site) in the quadriceps muscle. Blood samples were taken 1, 3, and 6 days post injection.
Serum was separated from the blood immediately after collection, and stored at -30°C until

usc.

[00269] A chemiluminescent SEAP assay Phospha-Light System (Applied
Biosystems, Bedford, MA) was used to analyze the serum. Mouse sera was diluted 1:4 in
1X Phospha-Light dilution buffer. Samples were placed in a water bath sealed with
aluminum sealing foil and heat inactivated for 30 minutes at 65°C. After cooling on ice for 3
minutes, and equilibrating to room temperature, 50 uL of Phospha-Light assay buffer was
added to the wells and the samples were left at room temperature for 5 minutes. Then, 50 uL
of reaction buffer containing 1:20 CSPD® (chemiluminecent alkaline phosphate substrate)
substrate was added, and the luminescence was measured after 20 minutes of incubation at
room temperature. Luminescence was measured on a Berthold Centro LB 960 luminometer
(Oak Ridge, TN) with a 1 second integration per well. The activity of SEAP in each sample

was measured in duplicate and the mean of these two measurements is shown.
EXAMPLE 2: THE EFFECT OF PARTICLE SIZE ON IMMUNOGENICITY

[00270] This example shows that particle size affects the immunogenicity of the
CNE/RNA formulations.

[00271]  A. Protocols for particle size assay and in vivo SEAP assay are described
in Example 1. Protocols for murine immunogenicity studies are described in Example 3.
Figure 1A shows the results (arithmetic mean) of the in vivo SEAP assay. Figure 1B shows

the total IgG titers of individual animals in the BALB/c mice at 2wp1 and 2wp2 time points.
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EXAMPLE 3: EFFECTS OF BUFFER COMPOSITIONS ON IMMUNOGENICITY AND PARTICLE

SIZE

[00274]

In this example, various emulsions based on CNE17 but with different

buffer components were prepared. Table 3 shows the compositions of the buffer-modified

emulsions.
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(Table 4, groups 9-12)). Slight increases in IgG titers were observed with the addition of

sorbitol and dextrose.

Table 4
Group # Description 2wpl 2wp2 2wp2/2wpl
Emulsion N:P ratio
ratio
1 lug vA317 - 77 1,710 22.2
2 RVO1(15) - 3,441 59,557 17.3
3 CNE17 DOTAP 10:1 1,474 6,512 44
4 CNE13 DDA 18:1 482 8,385 174
5 CMF37 DOTMA 10:1 474 6,556 13.8
6 CNE16 DOEPC 12:1 1,145 9,673 8.4
7 CMF42 DSTAP 10:1 22 148 6.7
8 DDA Liposomes 18:1 898 5,333 5.9
9 CNE17 with 300mM 10:1 1,807 6,445 3.6
Trehalose
10 CNE17 with 300mM Sucrose 10:1 1,042 5,515 53
11 CNE17 with 300mM Sorbitol 10:1 1,209 8,874 7.3
12 CNE17 with 300mM Dextrose 10:1 1,247 7,956 6.4

Groups 1-8 had 5 animals/group, and groups 9-

[00277]
CNE17-formulated RNAs were prepared using

12 had 10 animals/group.

Table 5 summarizes the results of murine immunogenicity studies when

different buffer systems.
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oil-in-water enul sion of claim 26, wherein the surfactant is a nonionic
surfactant. (00279128 Thapfectsatpalygersian nediclegivic@rcihpwp i il 8¢ Ehul si on of

¢l aim 27, al"éi*aﬁ’lﬁle'a&mﬁ&eof%%r)f) ngféhl%ﬂm'lﬁzﬁf’dﬁ@@@ bﬁ@@r@&dc@d‘th@?bﬁkl%%fz@bfth-erWeen 80

(polysorbate 80), a conbi nation thereof he 1 nmunogeni c
cationic PdM/CM—qmmp@t@ﬂwlpsq -gmpddxatiprysiee €NGY partisdes prithowtdBMgy). cl ai s, wherein
the emul sion further conprises an anti oxi dant.

[00280] The total antibody titers and neutralizing antibody titers of CNE17 in
preferred buffer systems, 280mM sucrose, 10mM NaCl, and 1mM Citrate; or 280mM
sucrose, 10mM NaCl, 1mM Citrate, and 0.5% (w/v) Pluronic F127, are shown in Table 5

(groups 4 and 5).
EXAMPLE 4: EFFECTS OF N/P RATIO ON IMMUNOGENICITY

[00281] In this example, the RNA replicon vA375, which encodes an RSV F
antigen, was formulated as liposome (RV01), complexed with CNE17 at N/P of 10:1, and
with CMF32 or CMF34 at theoretical N/P of 12;1, 10:1, 8:1, 6:1, and 4:1. Theoretical N/P
ratios reflect the N/P ratios calculated according to the initial amounts of DOTAP and RNA
that were used to prepare the formulations. Actual N/P ratios were slightly lower than
theoretical N/P ratios because small amounts of DOTAP were lost during preparation of the

emulsions. The GMT data reflect the mean log; titer of individual mice in each group (8
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WD 2013/ 006834PCT/ US2012/ 045840 30. A nethod for nmake an i munogenic
cationic oil-in-water enul sion of any one of clains 1-29, conprising

provi di ngwQi2p13z06sti oni ¢ oi |l -i n-wat er erul si ons cont ai niPOT/USEURIIZA0
particles that contain an oil core and a cationic lipid, and (ii) an
aqueous solution that contains a nucleic acid, and conbining (i) and (ii)

t hereby nmaki ng said i mmunogenic cationic oil-in-water enulsion. 31. A

met hod f QKicQ&0EH) 2 AINErrAlatlATWRR afl %@{bsﬁ)oirﬁbﬁmﬁ%lgzjitﬁ%oros_%%m fosi ng o
adm ni stering to the subject an effective anount of an imrunogeni c cationic

oi | -i n- wamewnigstians There grcrapobyinas tfereltilify pssucp-opserved (e.g., body weight, carly
serum cytokines) with either CMF32 or CMF34 formulations.

[00282] Actual N/P ratios were determined by quantifying DOTAP content in CNE
or CMF batches using HPLC with a charged aerosol detector (Corona Ultra, Chelmsford,
MA). The CNE and CMF samples were diluted in isopropanol and injected onto a XTera C18
4.6 x 150mm 3.5um column (Waters, Milford, MA). The area under the curve was taken
from the DOTAP peak in the chromatogram and the concentration was interpolated off a
DOTARP standard curve. Using the actual DOTAP concentration, an actual N/P ratio was be

calculated.

[00283] The immunogenicity data in Table 6 show that good titers were obtained

when the actual N/P ratio was at least 4:1.

Table 6
Formulation RNA Theoretical N/P Actual N/P 2wpl 2wp2 2wp2/2wpl
(ug/dose) ratio ratio GMT GMT (boost)

Naked 1 -- -- 68 1019 15
RVO1 1 -- -- 9883 68116 7
CNE17 1 10:1 -- 1496 6422 4
CMF32 1 12:1 9.4:1 2617 14246 5

1 10:1 (batch 1) 6.0:1 1537 10575 7

1 10:1 (batch 2) 8.0:1 2047 16244 8

1 8:1 6.3:1 2669 7656 3

1 6:1 4.7:1 1713 4715 3

1 4:1 3.1:1 872 3773 4
CMF34 1 12:1 7.4:1 3141 10134 3

1 10:1 (batch 1) 6.1:1 1906 11081 6

1 10:1 (batch 2) 7.0:1 2388 9857 4

1 8:1 5:1 1913 8180 4

1 6:1 3.7:1 1764 6209 4

1 4:1 2.5:1 1148 4936 4
SEQUENCES

[00284] A317 (SEQID NO:1)

[00285] A375 (SEQID NO:2)
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[00286] The specification is most thoroughly understood in light of the teachings
of the references cited within the specification. The embodiments within the specification
provide an illustration of embodiments of the invention and should not be construed to limit
the scope of the invention. The skilled artisan readily recognizes that many other
embodiments are encompassed by the invention. All publications and patents cited in this
disclosure are incorporated by reference in their entirety. To the extent the material
incorporated by reference contradicts or is inconsistent with this specification, the
specification will supersede any such material. The citation of any references herein is not an

admission that such references are prior art to the present invention.

[00287] Those skilled in the art will recognize, or be able to ascertain using no
more than routine experimentation, many equivalents to the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the

following embodiments.
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CLAIMS

1. An immunogenic cationic oil-in-water emulsion comprising emulsion particles
that contain an oil core and a cationic lipid, and a nucleic acid molecule that is complexed to
the emulsion particles, and wherein the average diameter of the emulsion particles is from
about 80 nm to about 180 nm and the N/P of the emulsion is at least 4:1; with the proviso that
the nucleic acid molecule does not encode secreted alkaline phosphatase, and the further
proviso that the nucleic acid molecule is not an RNA encoded by the plasmid A317, the
sequence of which is shown in Figure 7A of US Patent Application No. 61/361,892.

2. The immunogenic cationic oil-in-water emulsion of claim 1, wherein the

nucleic acid molecule encodes an antigen.

3. The immunogenic cationic oil-in-water emulsion of claim 1 or 2, wherein the

nucleic acid molecule is RNA.

4, The immunogenic cationic oil-in-water emulsion of claim 3, wherein the RNA

is self-replicating RNA.

5. The immunogenic cationic oil-in-water emulsion of any one of the preceding
claims, wherein the immunogenic cationic oil-in-water emulsion is buffered, and has a pH

from about 6.0 to about &.0.

6. The immunogenic cationic oil-in-water emulsion of claim 5, wherein the
immunogenic cationic oil-in-water emulsion comprises a buffer selected from the group

consisting of a citrate buffer, a succinate buffer, an acetate buffer, and combinations thereof.

7. The immunogenic cationic oil-in-water emulsion of claim 5 or 6, wherein the

buffer is a citrate buffer and the pH is about 6.5.

8. The immunogenic cationic oil-in-water emulsion of any one of claims 1-6,

further comprising an inorganic salt.

9. The immunogenic cationic oil-in-water emulsion of claim 8, wherein the

inorganic salt concentration is no greater than 30mM.

- 81 -



WO 2013/006834 PCT/US2012/045840

10. The immunogenic cationic oil-in-water emulsion of any one of claims 1-9,

further comprising a nonionic tonicifying agent.

11. The immunogenic cationic oil-in-water emulsion of claim 10, wherein the

nonionic tonicifying agent is a sugar, a sugar alcohol or combinations thereof.

12. The immunogenic cationic oil-in-water emulsion of claim 11, wherein the
nonionic tonicifying agent is selected from the group consisting of sucrose, trehalose,

sorbitol, dextrose and combinations thereof.

13. The immunogenic cationic oil-in-water emulsion of any one of claims 1-12,

further comprising a polymer in the aqueous phase.

14. The immunogenic cationic oil-in-water emulsion of claim 13, wherein the

polymer is a poloxamer.

15. The immunogenic cationic oil-in-water emulsion of claim 13 or14, wherein

the polymer is Pluronic F127.

16. The immunogenic cationic oil-in water emulsion of any one of claims 13-15,

wherein the emulsion contains about 0.05% to about 20% (w/v) polymer.

17. The immunogenic cationic oil-in water emulsion of any one of claims 1-16,

wherein the average diameter of the emulsion particles is from about 80 nm to about 130 nm.

18. The immunogenic cationic oil-in water emulsion of any one of claims 1-17,

wherein the N/P of the emulsion is from 4:1 to about 20:1.

19. The immunogenic cationic oil-in water emulsion of any one of claims 1-18,

wherein the N/P of the emulsion is from 4:1 to about 15:1.

20. The immunogenic cationic oil-in-water emulsion of any one of claims 1-19,

wherein the cationic oil-in-water emulsion is isotonic.

21. The immunogenic cationic oil-in-water emulsion of any one of claims 1-20,
wherein the oil core comprises an oil that is selected from the group consisting of: Castor oil,

Coconut oil, Com oil, Cottonseed oil, Evening primrose oil, Fish oil, Jojoba oil, Lard oil,
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Linseed oil, Olive oil, Peanut oil, Safflower oil, Sesame oil, Soybean oil, Squalene, Squalane,

Sunflower oil, Wheatgerm oil, and combinations thereof.

22. The immunogenic cationic oil-in-water emulsion of claim 21, wherein the oil

is Squalene.

23. The immunogenic cationic oil-in-water emulsion of any one of claims 1-22,
wherein the cationic lipid is selected from the group consisting of: 1,2-dioleoyloxy-3-
(trimethylammonio)propane (DOTAP), 33-[N-(N',N'-Dimethylaminocthane)-
carbamoyl]Cholesterol (DC Cholesterol), dimethyldioctadecylammonium (DDA), 1,2-
Dimyristoyl-3-TrimethylAmmoniumPropane (DMTAP), dipalmitoyl(C;e.o)trimethyl
ammonium propane (DPTAP), distearoyltrimethylammonium propane (DSTAP), N-[1-(2, 3-
dioleyloxy)propyl]-N,N,N-trimethylammonium chloride (DOTMA), N,N-dioleoyl-N,N-
dimethylammonium chloride (DODAC), 1,2-dioleoyl-sn-glycero-3-ethylphosphocholine
(DOEPC), 1,2-dioleoyl-3-dimethylammonium-propane (DODAP), 1,2-dilinoleyloxy-3-
dimethylaminopropane (DLinDMA), Lipids E0001-E0118, and combinations thereof.

24, The immunogenic cationic oil-in-water emulsion of any one of claims 1-22,

wherein the cationic lipid comprises a quaternary amine.

25. The immunogenic cationic oil-in-water emulsion of claims 23, wherein the

cationic lipid is DOTAP.

26. The immunogenic cationic oil-in-water emulsion of any one of claims 1-25,

wherein the particle further comprises a surfactant.

27. The immunogenic cationic oil-in-water emulsion of claim 26, wherein the

surfactant is a nonionic surfactant.

28. The immunogenic cationic oil-in-water emulsion of claim 27, wherein the
surfactan is SPANSS (Sorbtian Trioleate), Tween 80 (polysorbate 80), or a combination
thereof.

29. The immunogenic cationic oil-in-water emulsion of any one of the preceding

claims, wherein the emulsion further comprises an antioxidant.
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30. A method for make an immunogenic cationic oil-in-water emulsion of any one
of claims 1-29, comprising providing (i) a cationic oil-in-water emulsions containing
emulsion particles that contain an oil core and a cationic lipid, and (ii) an aqueous solution
that contains a nucleic acid, and combining (i) and (ii) thereby making said immunogenic

cationic oil-in-water emulsion.

31. A method for generating an immune response in a subject, comprising
administering to the subject an effective amount of an immunogenic cationic oil-in-water

emulsion of any one of claims 1-29.

-84 -



