CATI ONI C O L- I N-WATER EMULSI ONS RELATED APPLI CATI ONS [1] This
application clains the benefit of United States Provisional Application No.
61/ 505, 1080 2hiJm@e83Jul y 6, 2011, United States Provisi onR2CTASpdzoa38HdHN No.
61/ 545,936, filed Cctober 11, 2011, and United States Provisional
Application No. 61/585,641, filed January 11, 2012; the entire contents of
each of the foregoing patent applications is incorporated herein by

ref erence. SEQUENCE LI STI NG [2] The instant application contains a

Sequence Listing which pag1ose0 GubmN-wWLteREMEERIoNSr mat vi a EFS- Wb and
is hereby incorporated by reference in its entirety. Said ASCI | copy,

created 5, named PAT54691.txt and is 424,203 bytes in

si ze. gﬁ@#gbﬁBA€E%$ééI]g®§NTlCN [ 3] Nucleic acid therapeutics have
pronise for treating diseases ranging frominherited disorders to acquired
condi tions su@®ips cahﬁemﬂmhmﬁﬁﬂﬁm@u&tﬂhﬁbbd@ﬁ&ﬂﬁ%ﬂ&ﬁﬁowmeaﬂt disease

A zhei mor ST SIRBR R PRI ARy Grid | GBS S BB RPLATT B e

geneti c @efsispes) EYedabctdiRe UL 0 EX RAET SIS taEs BYAgen) WppE&fien Nooduct s, but
nucleic acid can also be delivered to |nh|b| enous . gene expression to

do
provi de &!RePabdindilanuent ble 201 Hiesntiicsantssts g Sﬁ‘g&%? feego8® RISAt be nedi at ed

by, e.g. ,ap@%ﬁ&ﬁ%ﬁe&béﬂ@@ﬁ@rkﬁ%lr@t@@ncedoubl e-stranded RNAs (e.g., siRNAs,
m RNAs), or rlbozynes [4] A key step for such therapy is to dellver

nuclelc nto cells in vivo. However, in vivo delivery of
nucl ei c E%KHjﬁgpﬁiﬁﬁiﬁwéln particul ar RNA nnlecules, faces a nunber of
technical hurdles. First, due to cellular and serum nucl eases, the half
life Of RNA i pjoert ed Thélm‘s!tiampbﬁcaﬁai yondddut SedlenseTtitiswhiske s beelg. , Kurr eck,
Eur. J. Bioch. 270 Effo ts have been de to i ncrease

st abi | i t;?“‘B’f““F%]néﬁé[g W‘Bﬁ/ﬁfﬁgg‘%{? 8C1&§fhe EARCROTHERPERLF DRSS however ,
there ar enseuersald ASSH assescMbEsEIGe T cals dhicd PATsORS. tked teinos eased
CytOtOXIC effects or loss of or decreased function. In one speC|f|c
exanpl e, Y¥BF I'Si4fere intol erant to doses of an RNAi dupl ex in which every
second phosphate was repl aced by phosphorothi oate (Harborth, et al,

Ant i sens8AUKGROUND ioF DHEgNRBNTIRY 2) : 83- 105 (2003)). As such, there is a
need to devel op delivery systens that can deliver sufficient amounts of

nucl eic acid cul particul ar n vivo to.elicit a
Cher apeuts o r BAE e Kokl R Rttt e ipgee £ teRitedidpses Yhehd o5 |

Nucl ei c mqkdmhasﬁﬂmmacmum&aiaﬁﬂn@ﬂsa&ha@@muyenﬁamm@a&hukﬁ(Aﬁmgumahlon. For
exanpl e, intranuscul ar (I i mmuni atlon Ias ncodi.ng for
petatlhl MUK R ALK et A iV

agai nst GhB/ daﬁE\Q@tlorﬁl\fenVs'iE&ddﬂe&ed)fofr@[ﬁan(‘eﬁgehaid’lieﬁ&%ﬁdﬂftoaﬁlﬁﬁc@éé@fesil&ii@lﬂ tional
vacci nes usi ng prot ein anti gens, Or att enuat ed at ogens. For exarrple as

conpar ed CKRRPPBHEERTPTYNCEY h@gluclwcvaewl%@ dekiterbbionhb BidoggRyETen
prOdUC'n%q@eﬂkﬁﬁ@bk%u&@hﬂ#ﬂm@@ﬂ&ﬂ%ﬂthbﬁ%§oﬁ§%bEﬁn&@@ﬁ@&ﬁﬁ%h&ﬂMmﬁ@ﬁ in
generating a cellular inmmune response. DNA vacci nes also do not have sone
of the s&ffetapliyspesilignicleeddrsi doubl-siprded RNAsda 2o pRAVSemAY A9 Pat hogens. For
exanpl e, @okjddsed viral preparation may contain residual live viruses, and
an attenuated virus may mutate and revert to a pathogeni c phenotype.

[6] One limtation of nucleic acid based vaccines is that |arge doses of

nucl ei ¢ aci d #0481 gendérlsy sipp fagushy Berapinis bediver pysteisrcidimetemes ide gd8lises in

non- human, 91% ”ﬁ&x@éve@%ﬁw%’&@ﬂ&y o-fﬂﬁ«'crléé 9&@ moi&‘éﬁlbé’ &l 1¥ar§c)ﬁ$$r @\'N%A AORcAL uvant s
are required to enhance the potency of nucleic acid based vaccines. Various

met hods Hapgea b@ébﬁr@é%hwéhurﬂbﬁ Fift, rd@qmeﬂglamj@lseﬁum yeleasepphelalfilfe | nt o
cells, suyg Sl i KRLXPESN n Hkon,
R e e e

[7] Cati dri(200B))piEderthbare bb@etnaded(v mteaieaehbalsy bf ipmstodBA A lay Td:ieuswoér genes into
cells. | t l o deliver
DNA. mo] egll}%g‘éél dl%%”ﬁcaﬁ@f ﬁ’&@%m’ {h%}edar%%rﬁf 18§1§nc@f%ﬁerg‘81fg}lga§ ﬁéé%a gur ol of
Phar maceut incspsed @$toto3fs-effsctf Bﬂb&)of or decreased[ fBl]lct@:lt Iregne apecificaxampla) cet$
Controll ed Re S es _an_apprpach

Cvol vi ng s Ba e 8T S REHER 1 wRen S ke ORI s BB S ant. 1 or
DNA. The sub-nmicron emul sion approach is based on MF59, a potent squal ene
in water adjuvant that is a conponent -of- commercially approved product
Fluad(r). 1, 2-diol eoyl-3-trimethyl anmoni um propane (DOTAP) was used to
facilitate intracellular delivery of plasmd DNA. WO

2013/ 006837PCT/ US2012/ 045845 [9] Yi et al. (Pharmaceutical Research,
17, 314-320 (2000)) discloses cationic oil-in-water enulsions that used
soybean_oil and DOTAP as the catlonlc I|p|d Cholesterol DCPE, and



[18] In sonme enbodi nents, the enulsion is characterized by: (a) the average
di aneter of the enulsion particles is fromabout 80 nmto 180 nmin

di anet er ;wQRlp1tdeas3enul si on conpri ses an oil and DOTAP, WROEMUS2012(04384% he
ratio of oil:DOTAP (nole:nole) is at |east about 8:1 (nole:nole), and (ii)
the concentration of DOTAP in said enulsion is at |east about 2.58 nM (1.8
nmg/ m.), or from about 2.58 nM (1.8 ng/nL) to about 7.16 mM (5 ng/nL). The
oi | can be squal ene or squal ane. [19] In some enbodi nents, the

emul si on bﬁ)h%?ﬁér@ﬁﬁ&fd (HafboRM ot (RANLRAs ANRIAGRcidIHIBREY. 19@2) tsheognul si on
partlcles is fromabout 80 nmto 180 nmin dianeter; 4(?? t he emul si on
IVGI'

conpr i se$?UH)oiys Suifel theromapnesiie feielopdelivarhwy steasitipt g pafislPn{ mol e: nol e)
is at | e%ﬁfouﬁt@@#ﬁucfa@ac(d‘i%l@cdi‘é%‘(ﬁ‘l)part(chla} RNR%&I@&E&WM%@@I&{ o DOTAP in said
emul sion is at | east about 2. nmg/m.), and (iii) the oil is
present ﬂh%&neattfor@tpoesezb@ttt@taw@tt08%tqthﬁtl))st In some enbodi nents, the oil is
squal ene or squal ane. In sone enbodi nents, the concentration of DOTAP from
about 2.58 m\dok; 8 mufpkik abid b@@@%cc?ne@@rem‘}ﬂa(tﬁcm aﬂm)oacﬂ 0 vaQiRisTbag nent s,
the oil is present fromO0.6%to 4% (wWy). In some enbodinments, the oil is
present frghrlabamuboslardIMbhimaungzagiog piiylgsmid DNA encmpm)ior FhiEgen ﬁWﬁﬁhilCGn al so
provi des & IRLAethuh Gl IR Boh«Blipkobd s WALELABHS K CRTRE! STAT
particles that are dispersed In an aqueous contl| nuous ase erein the
enul si on Ciﬂﬁal@hfhvraat@g@romrettﬁdb@nal(vaqcntehQSIWEW@ea@gm@r@teWteﬁaﬂﬂtomst| cles is
from abo | r i rjses an oil
and & catPoarmiiy heeetBiclT bl HERRE! DNaYaobR T B L RO o

(ol e: molpeydurisg aprdpeds foldeld euti ge8 il ity{ matilve confdredatior, |an<) intgeacretorgcamtivlat i on of
cationic,lipid in sai | | eas u ) with
the provi 58’%{1%”??0“ & @%5%%“?%9?150 fo %téla%eo ETB%?& 'r‘f%tsyt %mgtsgo“gate d hod
conpri ses;v1(ha<)111etdudrenetriuytedipaih@:gerxs rl@rbkmn;ﬂ@talkdmdmwhmmdratmn fag caitdint o form an
oi | phase; a phase o Si

i spore; TG RR8 of R AR e T Bre DR hseltiead o' e of
can be heatméypeo a tenperature bet ween about 30C to about 65C to facilitate
di ssolution of the cationic lipidinthe oil. Hi gher tenperatures may al so
be used, as | as e.is n ni or. .t he
catiom s 1ot 081 2% OREfGinauld i SR SR S B B lonitalisy

prepar i ngcidnreieherally watiesd te nbthsnp@fencmnmmemspgasmmmbﬁthemaﬁ parhatey enddi sper sed

i n an aqyeous ntlnuou hase e on.is characterjzed by:
() °t no  $o8iy ekt Ci By S3Gmy REAFrERb % ST Btk BORREE B 180 o i n
di anet er ;nuflbik atid®aRAWh&IRE TGk hﬁa&f@d@ﬁhv@lbben&fédelapdd&w iRbducing Puleicwher ei n
(i) the ratio of oil:cationic ljp nole) is at |east about 4:1

(ol e: nol2g! mqlgcules t"ﬁ‘éceé]@r?é%lht‘srcatci%‘hp%)ﬁpltf%&‘F"é‘ﬁﬁe%“an PRIYPTERS RS IRCti®Rul sion i s

at | east pahguhst Zisnbctopdrhtiont RerSihjectich 4B0 Bp&Bttichr om about 0. 2% to about 8%
(wv); and (iv) wlth t he prowso that the catlonlc lipidis not

DC- Chol est er ol t. hod C [ | ving the cationic
lipidin the Bql to ?‘?ﬂl‘at’i’ an) JS“% %/ﬂ“??étoa liXe &b Bhase of
the emul sbign;in andhidiC datbhRPPIEdngsibhga @l ﬁeeﬂbé’«%ﬁ)pbd‘totdéﬁve'iwuﬁ)lel@ﬁl%e by
honogeni zati on. The oil can_ be heated t ure_between about 30C to

about 650 6eHsaSpe. thatl%md‘?tg"lsollnﬁ’fflaéiﬁnaé@‘t‘t?éOﬁl?altaiﬂﬁt‘ﬁetl“qst PPIH Ao | .
H gher tenperatures may al so be used, as long as there is no significant

degradation ofgos] | ootitdnel. g@ﬁﬂnﬂmf@ohﬂr(ﬂled Release, voluh@29, phfesambber) aspect,
the invention provides a conp05|t|on conprising a nucl.ei ¢ acid nol ecul e

(pref er albiF3Friae ARGAPTBTERAES es%t*ﬂrl@%'arnwr%elaulﬁat 8§ e#LIVe a cationic

oi | -1 n- wa{&fmamulst R DNAETIRI b ifi&oR 8flilsoh 8psOatRNid SRS HMPKY, atpd@ht IS I n

| i quid phase at 25C, and a cationic lipid: and (i) the ratio of gil:lipid
(ol e: nols@yalqng i atPlagiyvantibids BeomnopYlt &f FrIIBITEIa X%I)PYQVﬁéP@éH‘é@Htaﬁatl on of
cationi C 113 gibfod - S cthy GRS H 'p%aﬁe’s(lﬁTAt%%fs u?eQ%‘E‘acﬁﬁa%@1n’t’F%ellﬁﬂfi (iii)
with the proviso that the cationic lipid is not DC Chol esterol. Preferably,
t he aver algevesy efrdeserid BNA he enul sion particles is from about 80 nmto 180
nm or about 80 nmto 150 nm or about 80 nmto about 130 nm and the NP
ratio of the conposition is at |east about 4:1, or fromabout 4:1 to about
20:1, or fromabout 4:1 to about 15:1. In certain enbodinents, the ratio of

oil:lipid (nole:nole) is fromabout 10:1 (nole:nole) to about 43:1
(rmole:nmole). The oil in water emnul sionXan contain from about 0.1%to about
5% (wy) oil. In some enbodi ments, the oil is squal ene or squal ane.

[ 23] I n another aspect, the invention provides a conposition conprising a
nucl eic acid nolecule (preferably an RNA nol ecul e) conplexed with a
particle of a cationic oil-in-water enul sion, wherein the particle
conprises an oil that |s |n |IC]UId phase at 25C and a catlonlc I|p|d and

Y L Y g,



[034] The invention also relates to a nmethod of generating an inmune
response in a subject, conprising adm nistering to a subject in need
t her eof twe 20mMpaessi7ti on as descri bed herein. Preferabl ypPChasamonis4df t he
cationic lipid adm nistered to the subject (as a conmponent of the
conposition) in a single admnistration is no nore than about 30 ng. In
particul ar enbodi nents, the cationic lipid is DOTAP and the total anpbunt of
DOTAP admi nistered to the subject in a single admnistration is no nore
t han about 24[gpg) or viet mp@rﬁmﬂu@a@w;ea&hm 3 BRA6R 2 09RO N abbnid HE
DRAW NGS . 35] . FIG is a schematic of pent aci stronic RNA replicons,
A526, A52T-INASEA empulsiogs @ﬁw%%be@w&tanéw ¥si threcagimmic hpigt &hﬁ@stershbgenom c
pronDter§Xﬁﬁ§a§$ﬂﬂ?m9¥ﬂﬁﬁ&9M§eaﬁﬁﬂ@&d&ﬁﬁ%&ﬁé0@%@Qﬁﬂﬁ@nﬁpﬁweﬁgﬁhﬁg
[36] FIG 2 is a uorescence histogram show ng that BHKV cells transfected
wi th t he WRsRshomNA endgngedinrelsipirca OF in o rpsgacrion afdBN Y Bo P ohéntoaner i ¢
conpl ex. ld f e, i

o8 de Tu%{e atl A eos%ie gt &ﬁ&%ﬂ'es%{ge@%% 1t8F'fﬁEn 8 3@4’ﬁm,aan[d37] G

conformati ona o] tope resent on the pent aneri c conpl ex
3 is a sdigmtidasizndcrggsapifier Teensddhaweateradikitedws PBS birerr oni ¢ RNA repl i cons,

A160 and A531- A537, that encode CW gH and gL. The graph shows neutralizing
activity of i e, S&i ol SOy I AU &M, WAL 1Y, MRS 4 BAL0GPMhal ned the

replicons. 1 FI G is a graﬂﬁws oW ng’ an ZV protein antibody
r esponse Ghung etrali féougar of @qnctjmkm Rddeasenyahimedd, nageh33Poi0ci0d r dirdlescRNA
replicon E{gg ) i t. t hat
encoded 3 @ﬂ ggﬂ?gmggngﬁgﬁﬁ&gE$£+%§h%#%g£g@?%nﬁﬁﬁﬁ%ﬁgggﬁmnt 7 pg RNA
f or mul at @ﬂimrthKINNBZnolaﬁTeAl AEDHE)E@@RII@“M @xﬂ&jﬁstél'd—IEQTMPENﬂ'm@\thmWERVI EW
[39] Thi \ tes. t 10N t enul si ons

t hat con?ﬁ%%aﬁd%ﬁgg%ncen Sh%%g%@\% 9%%1%tT3M§3§{ ﬁﬁuﬂW% F%Ptdefined

oi | : cati amheall d11pa1d1 ija)ba bean Dl dor@ickl sabkd coatsicnm ivith Ismp)]il paréicles. Skpar at e
conponent and ef erabl y.the i 0

ot T o ¢ ST S e oo e PRy Syl beshEPioGicn s a
nucl ei ¢ gekdihcthalshyodiitdariyguilae a0 eQripvel hdeT ged 2mhesll o el t he

enul sion particles. The cationic_enul sjions describ erei.n are useful for
del i veri ?HﬁdﬂPﬁVﬁﬁV“@ﬁﬁ 6@ﬁmﬁbﬂgﬁﬁ@8 mn%W@ﬁpg?mﬁgngﬁﬁn%f?% ol ecul es

(e.9., anrafNf iRY GaHhwatce RCREH B UipdsoRlk QLPERki (bP SfHidatlen). SiRkdmés e f ering
RNA, self-repllcatln RNA, and the like), to cells in vivo, and for

f or mul at itheg added taithe ol Gushiss sglepa)apg! Heghixture was spaiggted tq forp 4 eilyinayater; pe
present iRy On i s based on the discovery that stable cationic
oi l-in-water enul sions that contain high concentrations of cationic |ipids

and have a defined oil:catjonic lipid ratio can be successfully made.
Enul si ons t hal®1dbnt aRAAnmglcwesraesringan aHgengr adgayase therep ’inaﬁéalé‘? Pow mor e

negat i velyeLlahaats MNacbases (($teesbram NN PRl RCUhPakd tPDRA Jagdifadl ated with
enmul sion particles, thereby increasing the efficiency of delivery. In
par ti cul &FoWergy commpederEr ANA diepeleyactings. istively B dtaitian hasksprgisgl e, ., 0.5

L per de8ed b8 vRICREERRAs El@'hl@%uﬁﬂeﬁﬁﬁlélw cﬁ%@radaﬁf&l Iy$ ﬁlQa@asésh@ﬁenC ontain hi gh
concentrations of cationic lipids and have a defined oil:cationic lipid

ratio, agdessderpbesd thamspic orvmacqmealAd@WOn@ﬂy, RNe\s gest riop egtiyely fragsphitgghisto dose of
RNA wi t hi f I an RNA
no|ecu|eC?$a€%%%%%£§ﬁﬂh¥§ﬁ%gp£§F”?¥aéb&%kg’@”%?ﬁ;Fﬁngﬂgagg%ﬂr§?§% The
conpl exednRRANAnol@bukandssingnaiyl Celk B .20 B2E):ac ©€B2T.r om RNase- nedi at ed
degradation, and is nore efficiently taken up by cells relative to free
("naked’) RNAig1z)  thé@lord hofAdh hedito pHARR dbferR¥AiS siichiiughef Lo i nduce
expression of “an” encoded protein, such’as In ont ext o an RNA vacci ne,
enmul si onsndalérates eoetherinagdiivgly choaekmeleatlésodde d¢hV@aftaysmlin&:aﬂemmf@ist‘O@anIeMCr ease
t he anmou q%gﬁ xed with enul sion particles. As
nor e RNAqégqé%ﬁwgg%%%g &%?gé Q%gﬁggggéglls hi gher anmount of the
encoded protein antigen is produced, which in turn enhances the potency and
i mmunogeni city of the RNA vaccine. Finally, the inmunogenicity of the
encoded protein can be enhanced due to adjuvant effects of the emnul sion.
Therefore, in addition to nore efficient delivery of a negatively charged
nol ecul e (e.g., an RNA nol ecul e that encodes an antigen), the cationic
enul si ons can al so enhance the i mmune response through adjuvant activity.
For exanpl e, as described and exenplifi3}ed herein, fornulations in which RNA
nol ecul es (encoding respiratory syncytial virus (RSV) F protein) were

conpl exed with high- DOTAP enul si ons generated higher inmune responses in
a nouse nodel and a cotton rat nodel of RSV, as conpared to RNA nol ecul es
conpl exed wi th | ow DOTAP enul si ons. [43] Accordingly, in one aspect,
the |nvent|on prOV|des an 0|I-|n mater enuI5|on conpr|5|ng partlcles t hat

o o o o . o



[50] The term "about", as used here, refers to +/- 5% of a val ue.

[51] An "antigen" refers to a nol ecul e containing one or nore epitopes

(ei ther |Wwoeat3/00683nf or mati onal or both). [ 52] A Poumfusesr2/ouzsfiers to
an aqueous solution that resists changes in the pH of the solution.

[ 53] As used herein, "nucleotide anal og”" or "nodified nucleotide" refers to
a nucl eotide 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 s([@[mmy(rjpnmﬁﬁqqumpi | (U)), adenine (A) or guanine (Q).

[ 54] As used herein, an enulsion "particle" refers to a oil droplet
suspended in aqu continuous) .phase. of an oil-in-water | si on.
The particle i(ﬂSl her %B%Wﬁigrit?&elge%tﬁtc?tb Ccmﬁnq‘ﬁ?t%f emylsions that Bﬂﬁqlmsgﬁddi tional
conpone ntcSmceﬁtﬂﬁfbn@@f ARG figigd @thave MR O 311-0PEEA0PGTHE Uﬁ%ﬁd—&(‘[ﬁﬂl@ Fiprl

[55] The term "polymer"” refers to a nmol ecul e consi sting. of i ndividual

cheni cal aFﬁﬁeB%r?té§0mWﬁeﬁtﬁ ohig cpulsions 2ad psteEbIhE PR igit 10nch é&he §3#11%ij ned

t oget her tip fcald %ﬁ@}aa%@ﬂtﬁb ndfyelyedhiat emoyeeaé thebédly @héhotifig | {h@ iordcdrab aehemi cal
noieties that are 10|ne end-t o- en§ forma linear nolecule, as well as

i ndi vi dugmuisiaragigles mbhegatieric ppiliogs ﬂ%g@qeﬁé@remf@ weli Srdebreriag br anched

(e.g. neggﬁlvélsf cﬁ‘e[rgéd r%lecﬁésasrucﬁ hapRkidackt ﬁlbﬂ@&ﬂ'és?e Jed %@A%%ec%@ ymers
|nclude e.g., pol oxaners. Pol oxanmers are nonioni ¢ triblock copol yners

havi ng a coeqdingan ahiyghnd heodls.cend herifarnpfative nyesig peidpedcd wece{yse !l y ( pr opyl ene

oxi de)) flanked by two hydrophilic chains of polyoxyethylene (poly(ethylene
oxi de) ) . [014] 56] 1f¥ncY; ch@fth\annmﬁﬁ%@iB@sran)@l in SR IRARRAT omprising
nonosacchari des, ol i gosaccharid or pol ysaccharides in straight chain or
ring for marticlss thyt @eﬁr@p%wdulmn @qvémé@pntﬂr@mwhﬁrﬁeav@ar@mﬁb@ ¢radsiehii n.

d i gosac h

res! duos MR AR B SRR AL ARRRH! R QT BRI RIRASE IR MR | o,
naltotetnhmma&r(bmmp@mahwndompehahms@andacamnncpﬁ@]WMmmeﬁuﬂ®H@n>m% "st abl e"
when t he r
aggloneraﬁggﬁﬁggﬂ%ggﬁggggﬁﬁlg g?th&ﬁggg (ﬁ%ES%%K?ﬁBG§F§ g%%% y at | east
two nont kestionat lipdCin skidenansernag et Ipar thioot 25 diMimed éun) fv&kvéremgmswhmme di anet er)

of a stable emul.si on 0 hange nor.e t 09 enuIS|on is
Ctored ateoeqipd g RER o ARG (o BRI IR EPa g s OF o D
surfactanmomnﬁn@nhemnbefmahpd@mdwgmmgﬁﬂﬁbmab@ﬁ&ﬂ&(@obamﬂ@nmh@nwhklhaving

col vat | ol By WAE or AR AR SG BIR ioetl P& R BRI GG Ba by

wat er. Thesdrd émbodddn@)the oﬂhld’écq@@lblad'ﬁrsqlhﬁana known termin the art and
generally refers to a surfactant nol ecul e whose hydr ophi lic gr oup (e.qg.,

pol ar group) | | ect.rost at i aII cha e "Zeta
ot ent Lo~ ot 94T e PGl & oiiue BF i f By s LU PEBRETNTE mobi 1ty of
the enul %bﬁiﬁrm@g’ﬁdrﬁdl@&hat'ﬂi‘bﬁhspefs@@inta)d agficods Quakihhidk @hdse, vehetdin the@h@Bioni ¢ fiel d

is referred to as jts Iectro retic mobility eta potenti al |s related
to the el 3?%36 Hewddbi @ %&V?rﬁ%ﬁo R S %'@ﬁ?ryclew? ptpout S og! 80

UE=el ect ﬁl@@lla@lét@f 1(19) tﬂ@é}hﬁlhbﬁ’corﬂpﬁs@@: #h dI0in@ Atch@nic /57 ivileREd (i) e REIDSEanNt ,
irviscosity and f 's function. Zeta potential is téplcally

measur ed 0&§F“r‘f§“‘é]|‘f’1%(fé@? eﬁaéﬂqaat aheoyitt i (mplemplar S fae congenration of Zet asi zer
Nano Z ( Mahongs Tihid Hlsstafd%ﬂktl&l 1§-Eﬂeaspﬁﬂoh?ﬂ5 Kﬂ\mqﬁg Me- 01}?ls HRINORL & abbile- | N- WATER

EMULSI ONS [ 6 The cationic oil-in-water emul sions disclosed herein
are geneﬂégﬁyﬂﬁégﬁﬁﬁ d)@ﬂd@ﬁ@Nﬁ%ﬁﬁéﬂwﬁﬁéﬁlm@C@Eﬁﬁéﬁmi@ﬁ@HDCﬂ the art, by

concentr @la'oféﬁ‘t%ro‘i’fm%f%%%ﬂ%toﬁ ih %‘ier%ﬁls%ﬁ‘?ﬁst&b% %“s‘&ﬁé Qmﬁ&ﬁ&n&ﬁ}‘ 't}?e' i - it is

understood In the art that during the process of produci ng enul sions,

i ncl udi ngf st:&pidl(inpltmi@e) iafrdmabped: dovsmelsamapredeéddewlemelal. |Inseraent s of

oil (e.g. i ( i nents may
pe. 100t - LEHEACIRS ol FAALRBL Ry iRl 1R e p e e o TR e

product (Oe%gto 4% (patkiageds csbatimpity, dlek @hmbshan fiomaboutd % @atyutBaXo
adnlnlstra on) m ght be slightly lower than starting anmounts, sonetines by
up to abéut 10% by up to about 20% by up to about 25% or by up to about
35% [61] This invention generally relates to cationic oil-in-water
emul sions that contain high concentrations of cationic |lipids and a defined
oil:cationic lipid ratio. The emulsions are particularly suitable for
delivering negatively charged nol ecul est- such as an RNA nol ecule, to a
cell. The cationic lipid can interact wwth the negatively charged nol ecul e,
for exanple through electrostatic forces and hydrophobi c/ hydrophilic

i nteractions, thereby anchoring the nolecule to the enul sion particles. The
cationic enul sions described herein are useful for delivering a negatively
charged nDIecuIe such as an RNA nDIecuIe encodlng an antlgen or snaH

Y N IA 2 o o



(West borough, MA). The sanple is diluted 1:100 in water (viscosity:
0.8872cp, RI: 1.330, Dielectric constant: 78.5) and is added to a

pol yst yr ewe 2bsvmss3capi | | ary cell (Ml vern, Westborough, PEURUS200e0as58pdt ent i al
is measured at 25C with a 2 mnute equilibration tinme and anal yzed usi ng

t he Snol uchowski nodel (F(Ka) value = 1.5). Data is reported in nv.

[67] An exerrpl ary cationic enulsion of the invention is referred herein as
"CMF32." The oil of CMF32 is squalene (at 4.3%wyv) and the cationic lipid

is DOTAP (at f19] MO/ Mhd oil-EHMrar @hiQon Hehiddgrctdag igthef @etpand 8 s PRANBD
(sorbitan trioleate at 0.5%v/v) and Tween 80 (pol ysorbate_ 80;

pol yoxy etsHiAs @HeBIgRIsisY b iyslcihive the svrfagtagbis npiA Polysiiydene Kiygok (R)par t i ¢l es

of CVF32 1@%&&%@&&@0% rSRMNYR Bn arh¥&R A8 M abBRD. (Q@L%Faboﬁ% /mmyqlnes wer e
shown to conplex with particles efficiently at 4: 8:1, 10:1,

12:1, andomﬂe@bwllﬂefrt&tﬂiwffa@qﬁ&SPMSQHWMCERIQIW)CT‘@WI8§|(?ﬁ13§507fb@€€| ude,

e.g. b Sl Rl hREL B I Bt wd 7%1 Adua! ene, 0.5%
Tween 80%03%%;68@%\?8@ %n‘% néfng% Bb(%o%%l%)t% e vﬂfgqual ene,

0. 5% TweenuBamov1tEeh WKSO@I@ el ertte) BOTARFSN %ﬁ}{dolmdn@te %Qhﬁose)@nmledescr i bed
herein. so, WN;&%]HChOertal n exenplary cationic oil-in-water enulsions of
the i nventi on conprise DOTAP and squal ene at concentrations of 2.1 ng/m to
2.84 ng/ml (preferably 2.23 ng/nl to 2.71 ng/nl), and 30.92 ng/nl to 41.92
mg/ M (prefer )y 32Psferphly the hewl grbenuef taocagonipdypidicpmprises pauatayy, and
further i AlTR, t 0. 5%
each). ﬂg% gi)g?rpﬁ%?éymcat ?%ﬁﬁg&%}efﬁgﬁﬁ%ﬁg&%&‘nﬁﬁgﬁgﬁﬁsﬁ(o)?‘ th%ég nventi on
conpri se cD)@i‘s&Bg ahd,2sdjoladdorey - At trimethg Bminroaid) wnsane {DQTAB), - dibleeyd-s8- 76 ng/ ni

(prefer a

(prefera %erf@ﬁ éByq%ol%hlfOC Ol%e 63%{)%%\5]%%&1?0%%@%%0 I ve'?lum Chrg'd? urt her
conpri se (EQMC)aMl}h[]s(zoB dﬁ%%)m@lm@emsﬁméthylgmmoahmnhlcm%% each).

Pr eferablé particles of these enul sions have an average di aneter from
80 nmto( 96 J [ 69] The individual conponents of the oil-in-water

enmul sions of the present invention are known in the art, although such
conposi tions HHSE noin stwerendmdﬂnienedthé amullsman echactedad dyi @ethe lesraegen.

Accordin t he i ndi v dual t hough des al.ow bot h
Goner al | yraeatrofnt Bibutiol e RS SPREE il st BB P Rhown i n
the art, eﬁﬁldndnhﬁmbﬁfd’s’(ﬁn v eald bemaiPnwhaeia i) dg ratid ofo@ltD@"aAPanbla ne@ld is atar e
sufficietl skilled in t out furth

coscr | pt A S0P ShATr BRIl b 1 songiniaton A RyEAn H ittt S5t pe

i ndi vi duaboﬁqrsg@mru 8 nffmt ) er £6MlaBHRNS RN (PR wg/ldgﬂto abfie 7a6tmMl(srati os of
the conponents of a rticular emyl sion may need to be adjusted so that
enul si on TERE- cT@sOl]cPﬁng%%‘l“ra]@He%”ﬂEa lakd physi cal property are properly
formed. For exanple, if a particular amount of oil is used (e.g. 5%v/v
oil), then, tnﬂ9]armum1 sodfe estboliaehaNnthe shokiod isxdaattetifddl: tahtk alGaguf f i ci ent

to dlspersethe rticle into t agqueous. phase fo for stabl e

enmul si on. IW&YQE&GSWBEWB@HWCBF isqftop gh% nip &y L0y m?ﬁt%rp@b the oil into
t he aqueQHﬁllsiﬂh&%&pﬂ@I@@ﬂdﬁ a@dlDOhTQPt \Xlﬁ)&elﬁf(l)ﬂiérrﬁtﬁ%faﬂtD@T\NP'(lh@letrﬁbﬂ@1§)it oi |
used for the enul sion mount of oil so vary. according to the

desired pertabentsh simale: (nake%tm] ﬂge e%ﬁg@éw ﬁ@@ﬁé?é%@l%%l&ﬂ%tswé@ﬁstt he two
phases) . Jbh8 2agtial(1 8mmua ﬁaﬁd\@u)ttﬂ@oﬁI%Ip%sbﬁ{@roaf&@mmm@a%m ghewsQnmponent s
of a desired enulsion can be readily determned by a skilled artisan. A Ol
[ 70] The Ipagreq entwginggnts; e od at jaupleee QiuSﬂualwﬁmétS@me@mbpém@nfé tb@rrpru se an oil.
[71] The dis
immscib c8héeg&a&§>%§?é@%lﬂ forh QOC{UPI%S %]bg? g%f @?ﬁ%}%&é‘%ﬁ)&a@ gga rrgy 1%%/(gl??%r}zabl e,

non-t oxi dn edrhe erlrmdénqmFSefhéroelbﬂ pressniefreh Ogfotatd”76(W/v). dbeeme gabagdandnmn thet ons

i ncl udin i.m al kenes, al kynes, and their
correspo% i n%l&sfg? %Ihéandltt?%tgﬁ%?u%'b?ﬂ@ﬁ@t hers and esters thereof, and

m xtures thereof The oil may be any vegetable oil, fish oil, animal oil or
synt heti cal | y[B3Pkpar dHe tiventionatso peyidsea ﬁ@thaé&rlm@arlwmmblnbwv of the

subj ect t, i C to the
subj ect . gﬁlsnﬁcgmgﬂﬁnﬁg}ﬂ éesqgﬁwéénﬂhsr@ﬁ? @?{;?&Qgg%oﬁég%mﬁg&g P%en‘% ré|olfri?e erably a
human. emu1510[n718§chara¢tecle¢ctla4 fr) érebodiageditmetet dfeaidiphrticks isrdrdn dhout8(pimase at

25C. The oil is in liquid phase at 25C, when it displays the properties of
a fluid (as distinguished fromsolid anfd gas; and having a definite vol une
but no definite shape) when stored at 25C. The emul si on, however, nmay be
stored and used at any suitable tenperature. Preferably, the oil is in

| i quid phase at 4C. [ 74] The oil nay be any |ong chai n al kane, al kene
or al kyne, or an acid or alcohol derivative thereof either as the free
acid |ts salt or an ester such as a nono-, or di- or triester, such as the

. Y a ~ o o o | - L



[83] In an exenplary enbodi nent, the cationic oil-in-water emul sion

conpri ses about 5% (v/v) oil. In another exenplary enbodi nent, the cationic
oi | -i n-wawenosmebssion conpri ses about 4.3% (W v) squal emeT/USROICHINTSAS

exenpl ary enbodi nents, the cationic oil-inwater enul sion conprises from
0.6% (Wv) to 4% (w v) squal ene, for exanple, fromabout 1% (wv) to about
3.2% (w v) squal ene, such as 1.08% (wWv), 2.15% (W vVv), or 3.23% (W V)

squal ene, as shown in the Exanpl es. [ 84] As noted above, the
per cent ageo @ iRlan@REH d) th@@lnﬁbi@ﬂ eomﬁns@%%lmn%ctab@ﬁ@ﬁbl@ nvitcR&n {ipdhki al  anount
of the oil that is use are the emul sio i s understoqd in the

art that rtioe ézétca%ﬂm%l&ié@ml?ato #ﬁ%ieaﬁtwéma@rl @Twlet lﬁele} iiihe gpnsdigtion e. g., a

packaged,of gf@hicllipE s§0ehSisRR it Hddasd a%oﬁ@agim Qﬁd ashrin &t Bﬁ)ms@ hat fReght be
slightly Iower, sonetimes by up to about 10% up to about 20% by up to

about 25%gtignic lmyd L@glot BCHwipstendohe metfad pq;pﬁr@eq_(,a igpstly gygyolving the cationic

2013/ 006 04, E&ﬁfﬂa scri bed
her ei n cg fﬂ%@giﬁ%m C g)) it &ﬁé aﬁﬁ?oﬁt ﬂrlag%:tgpt\l/l\llp'?IE%EIIS%lelea?liggéti vel y
char ged rdtﬁlper@mg@etdnlmh@mn M@hmqumghatsﬁby hohegewikzgiono Thhell eniedicard par ti cl es.
[ 86] Any tésr}ljﬂetr et(\:v%gl f ogoorﬁ?é/s ? FT‘ﬁiait gseso? 10n 0¥the ca 0n1cal 1ch ¢ lipid
contains @ nitrogen atom P P08t ti've under i 010di cal
condi t i onise oill e ghee aghn@raoups mﬁy dlkiebeoatd @mio@g b;*; mm@i 1£1§3d’151g21ﬂﬁ¢31ﬁ1t &@ra@lafﬁc&ﬂ‘t iary
am ne or g’éef@r ablﬁg' a&ﬁuat ernary amne Certain suitable cationic |ipids
conpri se % &b OsRE GNiEdPEt unsaturated fatty acid chains (e.g., side chains
havi ng from about 10 to about 30 carbon atons). [87] The cationic

| i pi d can hav@?2a] posiTh¢ ineertivanye paividabo uiethd? fetdrepabimtiin dillinptkhterabout 10 pH,

about 9 pH about 8 .pH, about 7 or .about L. 88] Suitable
oo ont o s e Bt e et e Ting Rt el Hruons sl st e

chl or ibfle errﬁlﬁ'lid’nl m@eac(ewmcmyd@gm{eaivasgé ﬁalﬁaemhluqoamrehmlfwﬂﬁmhmlbﬁwn de and
possi bly m)unts 0 odecyl tri et nium, e an
hexadecyllg{;m W@%&B}f LAYPIG %@ﬂse%@iy%f%caiwqj lﬁh‘%ﬁ‘il‘ag) epo), cetyl
trimethy |r§tm@ﬁl%ﬁﬂ1&m il Aol bAG)s at RabtrBEM 4amnrm>6smo ’\F‘@@rtﬂééoﬁc@%ﬁ&ﬁ :
tertiary am nes, including but not limted to - pol yox ethyl ene

(10) - N- t &f Fiqnie h@ldlalsaﬁie%bwars%ﬁéeasmbﬁ@r2 it élﬂl%ﬁwﬂa%ﬁr?f@ntsf&rmg SUf ncl udi ng
but not lgi 2'% tefbotiRo 9@/@?%& %r)%ﬁhﬁﬁé BIIRE 'tHémh@EanQ%pld 1s not DC-

hexadecyl t ri met hyl anmoni um brom de, m xed al ki:l -trinmet Hé amoni um brom de,
R

benzy! di r?élpmqe@bdl&:lwth%mmwdm Brerdedissobing theipatepiayip dhtedlytb fogmoni um
chl ori de, Lt H‘g&&; hyaxd ni um
brom de, aﬁ ﬁ@ﬁ% 1(3 oc%lgﬁlégy arorm) }{%ém br O%ﬁﬂm&?%ﬂ&%?ﬁﬁ%%éﬁh% '836h gﬁ%om um
chl ori de,n ﬂl@@auﬁeuminﬁmbn lemhageiigkgion., rfﬁtelwllcamb&b@tetdrw altdnmeraambﬁwmn chl ori de,
Enzat Pn);![ ht :’_ou(%(t?%‘lq 0:? It"é{g}l’_@po {1?_}11 dﬁe)dilssa_'\i}l on o e ca onlc 11{)1% in the oil. Higher

p_henoxy] t@heacyrpenbyhllo benzéne g hathois no tpnifitdnoddggiela(oEBO)or the

di al kyl di met nium sal ts,

[1-(2, 3- &F%‘?"i‘ﬂ/‘fpgg;)) -propyl]-N, N, N, t ri et hyl ammoni um chl ori de,

1, 2-di acyl- 3-(trinmethyl anmoni o) propane (acyl group=di nmyristoyl,

di pal m t oyl , (11231 ear ydnothdt alpedythy mvélntizﬂcr}'rcazﬁgeél_a BOIﬁlﬁﬁsniehhthpﬂiﬂﬁtg’d 0) pr opane
(acyl grou

128 i O B0 S Rt SRS b SR S st g BRI of 52t ey

3-succi nyjl 1ﬁﬂva&]r)éﬁlarsibh xcllf@émﬂ@paﬁic&roon@hpésaﬁbﬂmak is(igH 1q111d1 prat hydsaomoni o)
but anoate), N al kyl &{)yl‘l di ni um sal pyri di ni um brom de and

cetyl pyr i*8f A F%}mnb‘mp perbgl) thiragip f P%ilﬁéxmkenﬁ%%lﬁ %ul%aét abgpictat {reele:@0k01 af or m
el ectrol yfif§e é&ﬂa%ﬁon Q]c%ﬁ&{ﬁé lipid G @k KIOnPloYia&t ¥lPRAS RERE Yh S A a.'ﬂ@ (iii)

| ysol eci thin, L-a diol eoyl phosphati dyl et hanol am ne, chol esterol
heni succivititthe paso et fb@@?élromcIlipwdpéotm@lgsterphcﬂr@fdtahb haevaiege |inited to

di oct adegy, ﬁ)g@

phosphat i ddn%%t %gﬂ%%ﬁﬁﬁs glgsa'gﬂédrﬁ'%lé]e %%gbm]lt?g%@o+] - ab?ut 8OD tO)}SI ne (LPLL,
LPDL) , p@ll[ly of 4bo(o30 1) td apeirtnld 0 mom pustfhe &P o of the composition is at least about

Ngl ut arylph LL8t; ne, e t t r with pendant
am no gr o&pgf%&géhaﬁﬂg %Q@ta(glr?“togtﬁroadg%g LFY}U gHr#alt%gaelgfgfagl\fm t h pendant

am no gr embodi@icdtd thrale pf oit Bpitl Gmble: ndzéer)us/ﬁd)mub(mt ®6:1 choleastl@rtohbout Al udi ng
but not limted to chol esteryl-3 poxysucci nam doet hyl enetri nmet hyl ammoni um
salt, chol esteryl-3 poxysucci nam doet hd-enedi net hyl am ne, chol esteryl-3
pcar boxyam doet hyl enetri met hyl ammoni um salt, chol esteryl-3

pcar boxyam doet hyl enedi net hyl am ne, and

3y-[ N- (N, Ndi et hyl am noet anecar bonoyl ] chol esterol ) (DC-Chol esterol),

1, 2-di ol eoyl oxy-3- (trinmethyl ammoni o) propane ( DOTAP),

d| met hyl di oct adecyl ammnl um (DDA) 1, 2-

- . . P~ = g~ R AT A N\ 1l Yyl Ao  rNAPS o~ " a1



ng/ M, about 4.4 nmg/m, about 4.6 ng/m, about 4.8 ng/m, about 5.0 nmy/m,
about 5.2 ng/m, about 5.5 ng/nm, about 6.0 ng/mM, at |east about 0.8

ng/ M, atwDeastooetsout 0. 85ng/ m, at | east about 0.9 ngy/ RCT/USR01RAASSHS about
1.0 ng/mM, at least about 1.1 ng/m, at |least about 1.2 ng/nm, at |east
about 1.3 ng/m, at |least about 1.4 ng/m, at |least about 1.5 ng/m, at

| east about 1.6 ng/m, at |east about 1.7 ng/nm, etc. [97] As noted
above, the concentration of a |lipid described above is determ ned based on
the initi@bleameNtrnebil ih@ati ddndsidh@h chstaidFREh 40uPl. 8RAS Srduhe,ewHh silons. |t
s understood in the art that the actual concentration of the oil in the
final prdBitRRe qrebodimengs, g ol dguiyaleng ¥ pAEalaned emul sion that is ready for

adm nistration) mght be slightly |ower, sonetines by up to about 10% by

up to about 2Qps) by !Llpaﬂoﬂleﬁ&‘pbﬁt tﬁ@%ver@fonlpkbviﬂés b GoraiRlton 3&Wprisinda O | to
Lipid Ratio The catlonlc oi I -in-water enul sions of t he

i nventi o ﬂuﬁe& écid n&PéﬁfCPhéareEﬁr'c} 1y g idA maplseyle) poypplexed withe: pagticle ¢fgcpdongg
oil:1i pl @11(1Wa?efr %hﬁ)on%hetraﬁ tlﬁ?dhﬂe mlgﬁyes Rg oﬁrthalt %"ﬁ liqalp B 8¢ 2%°C

(ol e: e), | east about nol e: nol e), | east about
(ol e: rmlae<)l 2 caton lcdimist: ambOLthe 91§ 01014 fipidémersinedle) w 1¢aee®pufafbbﬁnolqor0h@)

nol e: 10..5% ,

(ol o ol gy e §nepAThn SAoniq g o) R ) £ Fot T 23R 1D e
(ol e: rmlod)ls pla$ent &mubmou% td2ab&ut 44%((m¢)earrdﬁ\e)w1ﬂa1ﬂle bmsb tlalbthutcatildmd
mol e: nol &), about, 14:

E mol e m)lhé)id s té@;%?le%%%ﬁ ,[Pr%_'jf3 1a) Iylth%: aveir%ge %me))lér 0? hele ggspna T (fleSl% 1
(ol e: nolfe)m at@tn g0aasto EBoaut, oldhobt & {mal B0mpl, @) aboat 30 @asd atﬁbom) nhG: 1

| bout 16.5:
(o o o et 2o R B i P b o e 35 BRSO o o
about 9: ¥roph@oat 410 kgbolitol SalD At eertdhi dmifdidh@itsTee@tio (fﬂoﬁlmp&b((mﬂle thOlelis

(rmol e: nol e) to about 50: | e: ), fr about 8:1 (nole e) to about
49: 1 (rrmfr@nhﬁwef)‘P ??WQJW‘S#@&WD@“&@L&%Q' fee) Tisgms sihpdidpgats t%%le mol e),
from abouguaking of §gRkRAETOM8Imé en@&muémgl?heloﬂ(lme@anmbﬁ)o 6% Em abaytms: 1

(nol e:nole) to about 46:1 (nole: m)Wi) fromabout 8:1 (nole:nole) to about
45: 1 (mo|S@m%mé9dlmer%ﬁheabblﬁpreeenifre eutriRh ©)2bew 3280{W/Viha: 1 (nol e: mol e),
fromabout 8:1 (nole:nole) to about 43:1 (nole:nole), fromabout 8:1

(mol e: nol e) t gapout Tﬁamlufmkﬁerﬁméiea of thik @&peataah FurfherconipPk€a fRfa6hnt 0 about
41:1 (nol e: m)le from about_9; Ej( nol e: nol e) to about 43; 1ﬁ{(m)le nol e)

fr om abodgtchi® aPOPIHBIFé“rﬁ%?Faé‘) Rrefeaae wturipgtant i pesjedofstiwiene filysal GBSt 11:

(ol e: noliB)d. t PP tarft Banlod FHR:A 1H9h§ﬂ10udt&“1@ﬁ?a%@ﬁwi001é%t$ absRh e59miwey). t o abOUt

43:1 (nol e:mole), from about 13: 1§%rmerme to about 43:1 rmle nol e) ,

f r om aboub sorme anfodpnentsyiie syriacnh s SHANSS (Sorptir) Triokgied) Tween 8 abates: 1

(ol e: ”‘)'8@) of Qc&l@&h‘a{tmﬂ%e}eo@”ﬂl' s%m@‘éhl%%dmfeﬁ@r{h@&?}h wét@rehﬁﬁ&l &nillse) to about
43:1 (mole’nole), fromabout 17:1 (nole:nole) t bout 43:1 (nole:nole),
etc. [ 09G4l agewity efdSPANS (Senbtlel ‘biiolestd) apd Ewelet(&?c{pelymbaée) 8@ for erameiul si on
may be at) Jsea5ty RAUL) Jf Lol Mol e ol e), at |east about 4.2:1 (nole:nole), at
| east about 4. é) ?\H e nol'e), at |east about 5:1 (nole:noble), at |east
about 5.5:1 (nole:nole), at |east about 6:1 (nole:nole), at |east about
6.5:1 (ol e: rrmlé) 7P116ff(rﬁhiy thehgddegrouppef thw@@nlabbdtcompeseia(mwrearwm e), from
about 4: (nol e: nol e)
t o about gl(% 1?&% f%o%%yﬁg%&g%%tagﬂ%hﬁo 2115 Sfe 95% ﬂQl(i)la%o%rjrt‘}pso: 1

(ol e: nolcedsistipg ofnl &digeoyioxy- S (tntnethnbhm)ontO()pramm(DemAE) (ledielcppdise) , from

about 4: | e .8 e i | e: nol e)
o about BT Crimefhel 8y rbofch i N e gL ARBith s by

(ol e: nol(BPDAG)candabolu€2, 3-dioldyhaxly sropyll ey, N, 8- ta ety ladh6rodiufnableeidaol €), from
about 4: J( gﬁ’%}[ nole) to about 45:1 (nole:nole), fromabout 4:1 (nole: nole)
t o about Q ‘%rml e:nole), fromabout 4:1 (nole:nole) to about 43:1
(nole:nmole), fromabout 4:1 (nole:nole) to about 42:1 (nole:nole), from
about 4:1 (m)[QiﬁhDI e )n someginatimehts 1th¢ 'rmbleiomplrcef)idesfllcompabimtcoﬁplisilégml e: nol e)
E (r)m?l;mrjr;l 231610 Taélg%noz cu St(pl??feiabz IQIQRu%l?cuﬁ%go%%e)%eHD%%f p(a ?e OCP"cll thlgnlc

[ 0100] Soneti nes, there may be a need to strike a bal ance bet ween the desi re
to increase the concentration of a cationic lipid (thereby increasing the
amount of nucl eic acid nolecul es | oaded’to the enul sion particle), and
toxicity or tolerability of the Iipid when adm nistered in vivo. For
exanple, it has been reported that high doses of DOTAP can have toxic
effects. See, e.g., Lappalainen et al., Pharm Res., vol. 11(8):1127-31
(1994). The optimal range of lipid dose in a particular enulsion can be
det erm ned | n accor dance Wi t h the knova edge of a Skl I I ed cI | n| CI an.
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with 1 to 10 units of ethylene oxide per nolecule and in which the al kyl
radi cals contain from8 to 12 carbon atons; the reaction product of fatty
aci ds estwoizbizdue’s’t h i set hi oni c acid and neutral i zed WPCH/USQ@20mI845

hydr oxi de; sodium or potassiumsalts of fatty acid am de of a nethyl

tauri de; and sodi um and potassium salts of S03-sul fonated C10-C24
a-olefins. [0108] 3. Nonionic synthetic surfactants nmade by the condensation
of al kyl ene oxide groups with an organic hydrophobic conpound. Typi cal

hydr ophol@thn %ew eautsﬁﬁl m&elﬁ BRGRARRL oAk QA YA st Rfin ntitgwtae@ & gxicde with
propyl ene kyl phenol's, condensation product of propylene oxide

and et hy|aég@QTPAé3nﬁlﬁb(}) th¢ raphat vis DRITAGH 10k thel) lﬁgt Igast epopp:¢ amplomadt)ons, and
am des of r.f oxi des
phosphlnelﬁg%g §a§ﬁ'§“°¢§%§8g§%55ﬁ§@#ﬁéﬁggﬁtp% %agggﬁgfgéP?gggaSpeC|flc
exanplesldﬂIMMﬂg9chamh)tembmdﬁﬁrmwﬂaéImeaesTanhudéednmbnhwhuodewylantne
oxi de an 24 xyet hyl decyl am ne. Specific exanples of phosphi ne
oxi des agg%'%ﬂ dm' f@¥%ﬁ£¥?bﬁgﬂ 3,304, 263, issued February 14, 1967, and
i ncl ude di et hyl dodecyl phosphi ne oxi de and di net hyl - (2hydr oxydodecyl )
phosphi ne oxi 7] [ 01lopsferredembahraénts, thel cooppdiesn is bwigdredicrsg Withgsatrate
correspo ]5§% ituted or
unsubst|?ﬂ¥edm%%£&F%uf ica*aiae §Q%£%ﬁe %£§%@8§%Vﬁ§ &%ﬁ?&ﬁ%ﬁ#ﬁﬁ% t o about
28 carbombancﬁupahmeﬁéaghﬂﬁnmmmhmnnalmmmﬂwmmpouﬂmcmngﬂm:ahgnutMSpecific

exanples o su f oxi e do dec e and 3-

Py oxy CPIGREIOT AL Rl Y ot BEreY af ey P8 agthy 1, 7o
sur f act arbsposstithivamfurthodk ouipriSe a alatkatyloairifriap agit, @m@p@femw 1S Gdbtonin.
3-dodecyl am nopropane sul fonate. [0112]7. Zwitterionic synthetic
purfact ant s RHSD 2 1k A0 MR RN s for g  composion

- (N, N- di rethyding\: mmmglina]wmmme)ferablyhy(Rﬂ\@xmohmdp) canplekedwith e patiele
[0113]Add|t|onalh%V all of Ehe follomn g (x, esS of .surf ctants can be used
in a comPb8FHICBl Brn LT SPElER CORrSHE BRT Fl}g VAPl ergm“ “H"al i salts)
o:‘ kf iat t yldfamldsd hdtﬂﬁi(ﬁ)d povidimg afﬁa@hebad dolhudioh ﬁorglmsrl]@ btkeyRNarrﬁdstecm; laﬁ(D@lg.)t es; (c)
al kyl sulfa u |n sur f act nts t ot r ancg h ain an

st rai ght “€® thlgH{’ﬁi‘P LE‘h‘t‘Sﬁ n@jtlsé‘tl‘p%f 1) gad {fg pilucqus SﬁhtwaP§P§ Berg cIARFEPy

sul fate gEQuRPosilish. 18Wbhat@Bod@nehts wdQRatiesil-aowhEal dhhGoPdhd Y £ ksedinat e

| i nkage between the hydroghoblc and hydr ophi | i ¢ groups such as the fatty

acyl at ed APt atadedes ang et dGRAMCEYS A Ep FORBRU the BNAgmglecyleis

I ong- chai Pefé}ﬁlbl b@ﬁér@de gofwmpi M@tthutf@aesugtlﬂa@tuffe@sa@a%@htfah tchecdu@lih a O |
esters; po yet yl ene glycol ethers of al kyl phenols: %}polyethylene
gl ycol tnwég%m‘oirat|(%&éia&hhwhlca|lwﬁ%ta§1yaqt%ew éa)plt HhaM %trIaSS( offatty acyl

di et hanol. REkifRst, th§'aa&e%u§§tﬂlttﬁﬁfcaﬂf)§m Re RRACh&RAI t&l@alﬁs@nmeﬁratehan one
manner, a nunber of classes of surfactants set forth in garagra ph
overl ap \hufftr o @0 indvh Nag1. d@ettqnalhedlesaamoa@:@cetmon@pal@eesg thP(BMM]nv etle are a
nunber of a QIR §d in
b|olog|cf]%%5§ué%?%%%' t@%@bh %%@g&gﬁgm ?@nggoﬁhto ?S%rpba5|c types:
ani oni c, aqastouemhmoniwﬂtet ecrmmrwx:ab(oatrﬁﬁﬁ@mMrsu@I%e @piabnaliy itierdqocouExdntpérar y

ani oni c surf G rfl uo oct anoat FC»
perfluorooc 9m%§@, %@%&E&ngF%%ﬁmaﬁpb%teog% ‘Eﬁsﬁ qagissslgﬁlumdodecyl
sul fate &&mﬁma®ﬁlahmnﬁmnmb@momy%nsuhﬁmﬂ@%(Wbdluntlaureth sulfate (al so
known as sodium |l auryl ether sulfate, SLES), alkyl benzene sul fonate, and
fatty acid sa Ex i f nc

al kyl trinmet hyb%%lm)nl ﬁ%ms%{ %/%S%%cﬁgglgelﬁ%%y%%a%%é?hnt Jav%fnlgrgrlte)erﬁuﬁsrhgrbr om de (CTAB,
or hexadeoymﬁﬁmgmﬂﬁﬁgﬂhﬂmnnhumnmbnmmhqa%ps0&Myhpyphdﬁnﬂumnmﬁh@mmﬂ&n(CPC)
pol yet hoxyl at.ed t a Io am ne BAQC),,

benzet hor‘fX UR'ERTD Pl 8“ 1B IIE‘Q %’Ver%ﬁe etteér"u i 8‘?%?1%?‘41 aﬁ%‘; 180
surfactammsmuﬂchmdaeoﬂngnamdaﬂﬁﬁgh%hemaﬁ@GV)cmtmutdmaﬁﬁmyﬂomﬁhanhe and

coco anpho. gl ycin 0 surfac ants include, e.g., alkyl
ol y( ot b G FRuSiong ERbw I Bord SrphuRahst dey et Satiihils of

pol y(et hyl ene oxi de) and poly(propylene oxide) (commercially called

pol oxanmers or pol oxam nes), Aayl polyglucosides (e.g., octyl glucoside or
decyl maltoside), fatty alcohols (e.g., cetyl alcohol or oleyl alcohol),
cocam de MEA, cocam de DEA, PluronicO 68

(pol yoxyet hyl ene- pol yoxypr opyl ene bl ock copol yner), and pol ysorbates, such
as Tween 20 (polysorbate 20), Tween 80 (pol ysorbate 80;

pol yoxyet huyl enesor bi t an nonool eate), dodecyl di nethyl am ne oxi de, and
vitam n E tocopherol propylene glycol succinate (Vitamn E TPGS). [0115] A
partlcularly usef ul group of surfactants are the sorbltan based non- |on|c

.. ——rr . e o o o . - 1



soluble or dispersible in oil. They are also soluble in nbst organic
solvents. In water they are generally insoluble but dispersible. Generally
t hese surwacowmss3ni | | have a hydrophiliclipophilic bal aotas¢HeBYyssatimber
between 1.8 to 8.6. Such surfactants can be readily nmade by neans known in
the art or are commercially available. [0118] A related group of surfactants
conpri ses ol yoxyet hyl ene sorbitan nonoesters and ol yoxyet hyl ene sorbitan
triesters. These materials are prepared by addition of ethylene oxide to a
1, 4- sor bigtaBR. MPORKLRibodimdntsl B8 t&icenttien aeldiibhioNpiafin R yaXYieh Rk RAG converts
t he | i pophilic sorbitan nono- or triester surfactant to a hydrophilic
sur f act atPoyérnaP Ml |1y supi epradingsntslthsveisiayrlend of sA@F and sol ubl e to varying
degrees in organic liquids. [0119] These materials, commercially avail abl e
under the nar k39VEENGhe 8il-th-watef ¢thuldion omeiaarebmnﬂirihei amyikes s\efidlafd ons and
di spersions, or for the solubilization of oils and nakin anh dr ous

0i Nt ment SUNAS @moBigNig PIEAcENt. v%f%ﬁ?%lyesurﬁﬁ@ntimﬂcgobﬁrw&é? Jbe conbi ned

with a repat ethSQFR AR RNRSLR in 9 altltatle%arab%wd(ﬁ@/s e%auttz%wr@ﬂtpttﬁ
emul sion stability. TWEENO surfactants generally have a HLB val ue fall |

ng
bet ween 991B¢ ggbadgmants, theErfasta iss FE RN (§ORien EW)cTurqnﬁOéquO&mee_ [0120] A
third oragp Pl ol RRifergl! FASHeRHB.NAERN GOl h-BaatsRial QRGN 1 N
conjunction wt S, ARLACELO and NO surfactants are the
pol yoxy etchydl emeuritaefi SPANSSd SonbtieieTiglcath@nd Ewedn ¥ pollysasbatg/$Bnfer oseingée wi th a
| ong- chaign b Ahg, most commonly avail able surfactant of this type
i's solidcﬁﬁég%k¥/2%h§%€k%§h30 and is a pol yoxyet hyl ene derivative of
stearic acid. MYRJO surfactants are hydrophilic and sol uble or dispersible
in water |ikelOPREENOPsferatdy theead grppeoiiikRenaorig fipid comntises payatpyeany] ended wit h
TWEENO s ct ANQ xtures
for use H%&?bF%P%%H%nup%%%ﬁ£$gﬁygéggsur?%%?Qﬁ#éggg%%éyE%éﬁﬂ@%%mﬂ%thods
known i n cbirastiag bf: dr2-dirleodyai-3-ghmethgbmmenaipbbane (POTAR). A X GolcoH-sgr oup of
pol yoxyet h ne t 3 t e fatty
Dot o et e DA AP e L AP AL RS SR IEFS ' T
mat er i al SDAIDAQr eda¥-eld(2asd- daﬂnyilr@;yb;yomzdﬂdm tN Nnﬂméthelwmyioemm cthi(cirtdle to a fat ty
al cohol g? mrer ci al name for these surfactants is BRIJO BRI JO
surfactaﬁ "be hydrophilic or Iipophilic depending on the size of the
pol yoxyet hyl ene noiety in the surfactant. Wile the preparation of these
conpounds i s #23] | abllTee mvartionpeovates p compysitmneompsing eadidiyacalabkaté e from
conmer ci 0122 her ni ¢ _surfactants whic
potentraﬁ?ﬁ§5e5uge ‘éﬁ%)a%fﬁcogpbx%}wu 5 a?%ﬁﬁ%?ﬂyﬁé%gmwre “Sr“ﬂh€ty acid
esters, pohtyiaxyetikiyd thaeredifpersed pfﬁnyaqxgoms oqirylhaeam phﬁbl \yheeehhi dresmub@ S wax

derivatives cont ai .ni n | yoxyet hyl ene, noI rivative,
ol yoryerrypiasy af ¢ uRore Ly Bl e BPS sbpugfhes

p]9I yoxyetnhyﬂoglae niCihd odlicbeht fosm GEME&‘) 4€Y<|6¢W/V)aﬁﬁd/tﬁ§ C(?lfceﬂtﬁlﬁgn atbatltshu]f at th y acids
of 12-22 carbon ato 0 As the enul sions a rmul atiqQns of the

i nvent i orliPXr8 ST RN @at Jf%ét]airarttl 2>phs & refablynie oin- Wgterp?nélﬁe%ﬁr eto
choose ant8RUIS iR dnfolinit@tsNMB chiRBihtfatish bf @ab@Ablip\h 6dd Baslsien sk Bastal ue in

t he range of about 7 to 16. This val ue may be ogtained t hrough _t he use of a
si ngl e ndhYtdmiBMs dp FoIBt EpRodEpRIE %O&S‘FQ‘E%W@%WPQ% dritfesplyndly B achi eved
by the usgifdrao Lheodid is stikiastanis such as wth a sorbitan nono, di- or
triester based surfactant; a sorbitan ester pol yoxyethylene fatty acid; a

sorbitan ester in conbination with a pol yoxyet hyl ene | anolin derived
surfactant; al®8}bit dhrrekired crabpdiments Hie comPRRY ih Brifar! (Wi Wik Afigic HLB

pol YOXyetbﬁlﬁiareﬂ{%c{il% iot(ffé}t zil%{atesdﬁt“f(e@féh&ﬂis a M oftibB@laYrbRYb 8RS, hRtdab1et her
surfactant or Xy ene sorbitan fatty acid. [0124]n certain

enbodi nerpaut 6t2H@ aécmy pi 8%6 eSAREitioh sangfugheigrBPHSH IR EIGEH Bttt | npst
particul %Mén@atfﬁ%ﬂ}@g%ﬂi’cfs%fs %F@feralﬁ? nb Qﬁa@f‘ﬁihﬂ@mt@ﬂwnhl@ R non-ionic
surfactant. In an exenplary enbodi nent,” the enul si on conprises TWEENO 80,
ot her wi s€oRpeAIPIZEN Puthygisenipaitea BOUEYC tp@tcsfmag« egdny; [apghprefepabdiois iotaars-

nonool eate. I n other enbodi ments, the enul sion conprises two or nore
non-ionic surfactants, in particular a TWEENO surfactant and a SPAN(r)
surfactant. In an exenplary enbodi nent, the enul sion conprises TWEENO 80
and SPANO85. WD 2013/ 006837PCT/ US2012/ 045845 [0125] The oil -i n-wat er

emul sions can contain from about 0.01%%-0 about 2.5% surfactant (wv),
about 0.01%to about 2% surfactant, 0.01%to about 1.5% surfactant, 0.01%
to about 1% surfactant, 0.01%to about 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%
surfact ant, about 0. 5% surfactant, about 0.6% surfactant, about 0.7%

Y T T ~ NN . s ~ NN . s o,



[0129] The oil-in-water emul sions can contain a conbination of surfactants
descri bed herein. For exanple, a conbination of Tween 80 (polysorbate 80;
pol yoxyetWoyebhsm®essrbi t an nonool eate ) and SPANB5 (sor bi Pam/useéieloesst®) nay
be used. The enul sions may contain various anounts of Tween 80 and SPAN85
(e.g., those exenplified above) or equal anmpbunts. For exanple, the
oil-in-water enul sions can contain (wv) about 0.05% Tween 80 and about

0. 05% SPAN85, about 0.1% Tween 80 and about 0. 1% SPAN35, about 0.2% Tween
80 and about (H3df0 SPANSBweRdaUlso Belatdo (5 WBRMMAQ f ?E‘rﬂ:ré&lﬂguﬁ iM% rSPOHNRS, about
0. 4% Tween 80 and about 0. 4% SPAN85, about 0.5% Tween 80 and about 0.5%
SPANS5, dbdtHbig! G%lmmqadeematﬁ@lgaq@@@yb@t@w/&@mwf the§8mPOSEiordts Tween 80 and
about 0. 6SBANRRqin 2ROk BTVGR Ot B0 ANMARly S TRANBS L abRN 0. 9%
Tween 80 and about 0.9% SPAN85, or about 1% Tween 80 and aboug 0@6SPAN85
VO 2013/ GOBBITEPCI/thaSomesifasdns sipgle 3dinistratden iana merasba shont 39, me.He

surfacta ( I pEPPedi nents, the
enulsionqﬁgggmﬁ%ﬁgg%ﬁ%@yggqu)é%ﬁﬁ%gﬂgﬁﬁapa&*@%? ahﬁ%ﬁ% 5% PEG coupled to
di al kyl oxyprmaysrkdto(tREGODAAR a sSRER adumupiteton & ndinzey thgh ywat 21 mEREGDAG), PEG
coupled to pha E@%ﬁh | et hanol am ne (PE) (PEG PE) or sone ot her
phosphollplds ? Sphol i pids), PEG conjugated to ceram des (PEG Cer),
or a conbi nation thereof, may al so be used as surfactants (see, e.g., U S
Pat. No. BRIEEFPDIGIGRIRTEN PaTHEDRAWINES i on publicati on Nos. 2003/ 0077829,
2005/ 0175682 and 2006/ 0025366). Qther suitable PEG Iipids include, e.g.,
PEG-di al kyl OXY(B"S%F)W F{PAA) a Edh@hﬁt@c @peﬁtﬁ%t@dnﬁcﬂlﬁ@ré’;ﬁﬁéﬂ A6RORs0Y 1 045dS .

Exenpl ary PEG DA pids include, e.g., PEGdilauroylgiycerol ('C12)’ |IpIdS
PEG- di rryrASsﬁﬁ 6yd §P8 §%¢n09®1ﬁ\)e CVirdeteinPESSbgpsatierrospta are ghrogin (yC16) | i pi ds,
or PEGi ds. Exenpl ary PEG DAA |i pids include,
e.g., éﬁgﬁgS¥% %¥§§¥%%§1§§%%5%%Q?plds PEG- di nyri styl oxypropyl (Cl4)
|IpIdS PECGdi pal m tyl oxypropyl (C16) |ipids, or PEG distearyl oxypropyl
(C18) i pi ds. [(36131] PEES iap Suerksesaqerhiseerany shaving thatgbials Wicalls tiasrighied: f or
exanpl e, Iﬁgﬁﬁ gﬂﬁq | t ons,
and PEG gggghﬁ§§9%§@§J§$§9% ﬁ%%gEu argag?ﬁﬁyg%f OE?%%R%%%&%%?@%%@ PEGB
are conmméredistiin yasepeefpinagyl uemg ) ﬁmogwﬁlaﬂhedﬁ acanfofpatinsl apebpe paeseuttdner

compani e or exanple, the follow ng: nononet hoxypol yet hyl ene
gl ycol E%%%g-éﬁﬁég Ad%ethoxypolyethylene gl ycol succi nate (MePEG S),
nnnonethoxypol et hyl ene gl ycol -succi ni m dyl succinate (MePEG SNHS),

nmonomet hoxypo[‘i}é‘l hyl &He 3gb g ediematis ad gravhPEEe MhQI}latIQﬂhﬁWﬁ’elmﬁﬁﬁl}%BNﬁet hyl ene
egcoI-tr t I

o1 Yool -1 o bR A (R TR e e L B RO

nmonomet h@mytparbllzyletdhwﬂer@égm}am seadam mi@amohufilvePEGACMRCOME) Goniagneddlret i cul ar | y
usef ul gg Efparing the PEG |ipid conjugates including, e.g., PEG DAA
conjugateé) Aqueous phase (Continuous phase) [0132] The aqueous phase
(continuous phase) of the oil-in-water enulsions is water, or an agueous
sol ution that [B8h cohtGidis agwah shopangynti-WACDYoteim atgibofle resgansgin, immupé t r at e
buffer), yner, a
aur t act are oA S bR at 8 Ao RN WSy Erepi S BEFIRA Ve oot

pre- corrplbmrsel@nxerﬁ}ﬂfs rapheong dhak encndada£Y gEmud gi, ong{ blei‘g{r elttehaicawdict i on of the
negatlvel char S fromthe agueous phase of the
post - conp E%Eﬁ“gﬁﬁ?gﬁ%ﬁ@ﬁfg)%> QK%@é&&% Hul sions in which the negatively
charged nol ecul es are conplexed with the enmul sion particles). In general,

t he pre- GETABREDDESURIPDIGN OETHEADMENITION an aqueous sol vent t hat
pronotes the fornation of particles with desired properties (e.g., average

dianeter and # The pre-conpl exed enul sions are diluted with an
aqueous solutlon Y at contalns t he negatively charged nol ecul e, and ot her
desired conponents, to produce the final cationic oil-in-water emnulsion,

whi ch cont ai n¥03%he f iThalinvggtieaescplasitasite bptigaisioflég-watmonakionythand
tonicity. [ rate,
ascor bat SRR LHERHRRIRE 6 S AREL B0 B0A RN M AT RS, T 1305
vi vo admionliagd catononipid dre ise@alpreefomrpamﬂne; df thereatodsiang, dnd erdféralzly thealilit n@n so t hat
the tonicity and osnolarity of the enmul sion are substantially the sane as
nor mal physiological fluids in order to prevent undesired
post-adm ni strati on consequences, suchl@s swelling or rapid absorption of
the conposition. It is also preferable to buffer the aqueous phase in order
to maintain a pH conpatible with normal physiological conditions. Also, in
certain instances, it may be desirable to maintain the pH at a particul ar

| evel in order to insure the stability of certain conponents of the
enuI5|on For exanple it my be desirable to prepare an emulsion that is

. o o



4% (wW'y), or about 8% (wy) PluronicO F127. [0140] The quantity of the
aqueous conponent enployed in these conpositions wll be that anount
necessar yWoaeoiwiosgs7t he val ue of the conposition to unitPCTiS2012i0$384%
guantity of aqueous conmponent sufficient to make 100% w |l be m xed, with
the other conponents |isted above in order to bring the conpositions to
vol unme. 4. NEGATI VELY CHARGED MOLECULES [0141] When a negatively charged

nol ecule is to be delivered, it can be conplexed with the particles of the

cationi ¢ iQii¢. - TH-cHBs B¢ hlﬁauérsm@fh%t wfﬁh"@né‘%ﬁ@eﬂy &’&lrgéd%'@écﬂﬁédsdm heshlcid S
conpl exed with the emul sion particles for exanp i nteractions between

t he negatFidethsrebnaichengribs @@aﬁn@lymraeﬁ@%wwhe emplﬁwa paficlehelseur f ace of
the part icgliHo eridsiVR! des@®edydtin BRAREG! ﬂay@a%mg ﬂe%atidély%h@t%&dl RBRcRES ween the
negatively charged nmol ecul e and the surface of e particles. Athough not
wi shi ng tsechs nsgeis dcigynokaeylep g i it molpsple pncodingjagrefeinjospepdide.iaellt he
negati vel: i r 0 ough

non- covaluéétﬁlt%}ﬂllggﬁ\?%rgg‘h 5%% tﬁe}\glg@? ?E)hr?\gk%pfote%? Sr%g‘{”{gf?{ %)i;ogrg alttlI{%nd t he

st r engt h no¢leicheiddosedivescizes. wel | as t he anount of negatively charged
conpound that can be conplexed to a particle are related to the anount of
cationic |ipighpp t NG PakLIE! & ﬁ%@ltﬁmﬂi@hh SrpPRARI Gy A LQRbi | i c
interactions gotueen t rlllegatt?v charge 6P%cut e and&/?,hea sur?ace of the
parti cl esatnc al- wmr@yﬂ@m@ [theat cqmmhgammom ofipetgenic Nadsyand haraped

nol ecul e I Jvely protelns
nucl ei c 318#%%%%23&?%@1%&8 .C,a 19{8}?&19 %ngr gl%ﬂ:b%emlg%%ﬁgﬁgbﬂﬁihgh smal |
nmol ecul esomen@auons ofedatiomo li@dudlBw mmrmegq@l@tlﬁ whargedonaleuBMI(Reh as bNAs p ho nat e,

fl uoroph ho . nd.the.l.ike...ln erred negatively
charged no %?(ﬁg&fjé 0 bg?oa{ﬁmkﬁiwu emul e pagbcé G r%{% nﬁﬁﬁlﬁﬁggﬁ%%i’e@ a peptide,
pol ypept iddéveny. Inmpaitieilar, fmrm@inymm@est&is‘smh@plva@aies noal Rdumsl (egLiDésyl or a

small interferin . 43] The.co d by usin echni ques
nown | n PEHASEIEER ARG EaTEm A T e IR i AR SR B el o
nucl ei ¢ aefidridigsids aﬁhHQa‘é‘eCH’ldHﬁﬁw @Bdfhtlbﬁlcfhpi’drmtﬁb by dgvt e Ge@inG @ili Qldiwcfoemul si on
with the nucl.eic acjd nol ec . exa vortexi ng. The anmount of the
negat i ve|§P&§?§8§ah’§P%éﬁif zﬁ\&ﬂf" SnP qLdeO h the enul sions may be
adjusted or optimzed to provide desired strength of binding and bi ndi ng
capacity. For [(E)I]arrpl mpla&rrd@aﬁnsddh’xﬁdat@aﬁmemaﬁmleﬁde hebmpRxedoxienppatigie

RNA- part i Q exes V\ere rodu var cation lipid
Tt ba (4 e oHRTRRE Bl 1Ry SR Bk AR B iR b aRL et b fhe

amount (tmlfa@&ne@fatepﬂ@grmﬁbﬁah@lsnhéré egRlndy ARE pPbyldels flivOR feeel | pi d di vi ded
by the anpunt g nol es) of phosphates on the RNA. [0l144] Preferred NP ratios
are from(a@Réet) ENL-t o about 20: 1, fromabout 2:1 to about 18:1, from about
3:1to 16:1, fromabout 4:1 to about 14:1, fromabout 6:1 to about 12:1,
about 3:1, abgua2] 4: 1ln &lalh, ®hch thaRNALis ﬁelﬁ/eredlﬁmﬁt{uc% ekpre@bMUWS aB erdcod@bout

9: 1, abouthl abotlll about 12:1, ab 3:1, about 14:1, about
15°1, or PHSHRIbD UypRPFat ﬁ@gﬁﬁvaﬁw@? SRUBIPINTS! F S S BRt  about
3:1, at lopagfonRlipis cdi ﬂacre@ete tmeeﬁﬁaunaMAalolecuﬁﬁ thbﬁ@@&orﬂ@@;w wathl, at |east
about 7:1, at | east about 8:1, at |east about 9: | east about 10:1, at
| east ab&mulsippprticks. pagwfe %Iﬂédl’t’(’l‘?@lei areﬁelweé%dstp haﬁaalﬂs higher amgpntof et about
14:1, at ch&msd p@%uanuéélé el whRRSf ARAHincdShd potbndyrng preferred NP
ratio is about 4:1 or [ 0145] Each enul sion may have its own opti mal
or pref edBgynegepicity pf he R%Ap‘fa@@m:eﬂa@b@ the gmmppqegepisity @tyt@e encgdagliretein| evel of
expr essi Qfh 6 erhfifeof APl o R ets WLl A, DevcAR) LY LB orPRORRSE BNt al |y
(e.g., using the assays as descrlsb erein or other techni ques known in
the art, cfisemt é@lvmaéampmwlxph@g@rwequa@lg oft Rl pmoleeilnthahaicodes aencoded by
t he RNA, . LE L rel eased
From t he “Sugi o oy LGB RS, b o NL R b SR RER I 75T
shoul d bectatitya Fea¢txamptchat deadribeé aisk exainplificd384gein houtulalioss 1na&bldxﬂ1tRl\15% about
20% about 25% t, 30% about 40%. about 45% SOA;
about - ootk ST (A0 A RS AR 5V F R ot e o
85% about 90% or about 95% of the RNA nol ecul es are rel eased fromthe
RNA- particl e conpl exes when the RNA-particle conplexes are taken up by
cells. In sone enbodinents, the NP ratio is a value that provides for

rel ease of at least 0.5%or at |east 1% of the RNA nol ecules are rel eased
fromthe RNA-particle conpl exes when the RNA-particle conpl exes are taken
up by cells. [0146] The expression | evel of an antigen encoded by the RNA
nol ecul e may not necessarily correlate with the i mmunogenicity of the
antigen. In such cases, optimal or preferred NP ratio fore inmunogenicity
may be det erm ned by, e.g., nmeasuring specific antibody titers. [0147] The
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(cap O structure) or a derivative thereof, which can be incorporated during
RNA synthesis or can be enzymatically engineered after RNA transcription
(e.g., bywo=zomsgos&scci ni a Virus Capping Enzyne (VCE) con®CIUsSag20858aRNA

tri phosphat ase, guanylyl- transferase and guani ne-7-net hytransferase, which
catal yzes the construction of N7-nononethylated cap O structures). Cap O
structure plays an inportant role in maintaining the stability and

transl ational efficacy of the RNA nolecule. The 5 cap of the RNA nol ecul e

may be fudher capdibhd @delied digher 1nﬁanmetéayd>ﬁsésaﬂ§fnﬁfu§@ﬁo&m§d1a EReHkdts in the
generation of a cap 1 structure (nv i may further

i ncr eas edNELH RS poFPrgTFGdda&HA l[ﬂelfS‘iTSI qonml@m \a,fah h’bﬂhgoﬁiﬁ,& HBERNS! e can

conprise one or nore nodified nucleotides in addition to any 5 cap

structure. Theyg] ar e ABBSr@inkIFaN 036 adpadtUmalnvintRe pudvided gn BUGI-ReGi de
nodi fications found on mammali an RNA. See, e.g., Linbach et al., Nucleic

Aci ds ReSBRSER coppyising pyiges thatges gty in &nguwéﬁ%wlaww e Wirktiedi des and
modi fied hkiRal EfkeRRnd B gJ) RsIvElase @hfctelsail g@%{eleg R fdACaRLt 80 fn @ from
US Pat ent Nunbers 4373071, 4458066, 4500707, 4668777, 4973679, 5047524,
5132418, 184 8930 themppigagonprgnes 2il 4nd a gxtiopisiliphl, ahercindddhqystiasied by
reference;l (TR i s and
nodlfled%#éguéﬂfﬁ%ggﬁgkgﬁ%%#%g%%ya P§@QVal mHBg(ﬁ%%%%?ﬁ%%@??%%Qnucleobases
whi ch ca@a%émqMEénp@Mame@nmn$@ﬂwvdﬂmuéBSnﬁéh@@@mh@@canmwdwmi@@@i@@s and be
present i# t0e RNA mol ecul es include: nbC (5- nethylcytidine), nbU

(5- nethylurldlne) nB6A ( N6- et hyl adenosi ne), s2U (2-thiouridine), Um
(2'-0-methyluridine), mA (1- nethyladen03|n§¥ n2A (2- net hyl adenosine); Am
(2-1-0- net hy[‘lédbnosﬂrn@pthemmﬁthq DVeRitoR Praviflen aINGL-He v YT elBrionsi ne) ; i 6A
(N6- iso I si ne);

[ 06A (NooChP S PASIRIL Sl TBR O s by Yokl s S SRR LALRA

( 2- met hy lig thamctezqddiys ¢ jhdrestygesbpecitraryiill patichos ifrg) abogiEi® nm to 180 nm;

ot o (A R X RRRRRBL Ay <t ERAL ) B RORRPEABIRARC LR v

threonyld@nhanmymambmaskmmwmmhm6A@bBrmydr@&ﬁm@bmahyMEmmmaMEmklmdbn05|ne);

(2~ o-ri DeLyTahtmact T RS Bt e AR B2 B B ey

m I m (1, 2wAQ-aat i) With thaqmm)thatml&@(uanc hitl iwyrot PO-Chale)erolCm
(2T-0-nethy|cytidine) s2C (2-thiocytidine); ac4C (N4-acetylcytidine); f5C

5-fonnyl cyti 2- 0= di et
(Naacet 1 2rarbHRET eyt R SROR A RO Ak p B e a8y ;e
(N2- et IHPIANSAN@%i combinatiddiGhéréefiret hyl guanosi ne); Gm (2' - 0- met hyl guanosi ne) ;
m22G (N2, N2-  di met hyl guanosi ne) ; nm2Gm (N2, 2' 0 dinethylguanosine) nm22Gm
N2, N2, 2' - O- t hyl ' 0S
E phosphat e)) : 64\(;?‘3 %u 8?1:3?] % C%’)&E‘i/ %’%IRI)OH (1?50 ‘RNOBH es sevg a?s%%%ﬁéwgmlatlons
(hydr oxywy bmtoomouie)l wa@ﬂymms(ommdlerarmdmrf h1g1dcdnydnmny1wyiﬁ vdtomicrip)ds andrthn

(wyosi ne nmet h u i queu05|ne) 0Q (epoxyqueuosi ne); gal Q
(galtacté@?ﬁﬁgﬂgéagfﬂ%$gvﬁ%ﬁff ﬁéﬁ%gg -queuosi ne); preQ (7-

cyano- 7- deazaguanosi ne); preQ (7- anlnonethyl-?-deazaguanosine); G
(archaeosine)ﬂMml(dihydmdmrmmmnﬂyehwﬁtmn@ﬁwﬂms@n@ﬂwﬂbﬁyﬁuﬂmgmneﬂ4ms4u

E g E E: gurézslfa ebrée { compdlI 1n rﬁs d1¥ gbdl(s%)rf\lflggljg ta foglecélpldsm an il to form an ?ur i di ne):

W1 carbSxypropy
ho5U (5- mmdmgxymmwdn@ahaqmmﬁ&bmﬁe@mhm@xMubmdmme»dmpﬂmﬁyﬂ@umuﬂmmenﬂw

5-oxyacetic acid);, nt U ri.di.n t c, acid neth est er chnbU
(5- X%/ car 8@%"@%&%&@%“&%@&% %) 5If ﬁ%sﬁﬁ% dlel oil ma;l be heated ¥o a temperatute

(5- (car boxphygl ey ethy b dek bsione faeatdy 'thte%Ts@lel)ng o Bibid(ik tHERfilnOXy car bony!|
nethylurldlne% ncnbUm ( S- et hoxycar bonyl net hy1-2- 0-nmet hyl uridi ne);

ncnbs2U (Coefpiabllols wap 9b e Fatiopisyipidmols: ole ’Glﬂi*?e911 Pharebis 21 Jegsbabout 8:1

am nomet Qbﬁ@aregn&l&b' Qiélrdltgfnﬁﬁx)ely ARG, ﬁﬁ%@%hé&&ﬂﬁ&@ﬂdﬂ&&'b&ﬂbl@@ﬁs frofmbs2U (5-
met hyl am nomet hyl- 2-thi ouridi ne); mmnbs

( 5- met hy labett 86 paxthy §0 Qmsmdémmropenenﬁatlonr@é %wn(camedezntﬂwmwlnmlw leagt i di ne) ;
ncnbUm ( §pGa%s yl met hy1-2'-0-net hyl uri di ne); cmnbU

(5- carboxynethy am nonet hyl uri di ne); cnmbUm (5-

car boxynet hyl am nonet hy1l- 2- L- Oret hyl uri di ne); cmmnbs2U (5-

car boxymnet hyl am nomet hy1- 2-t hi ouri di ne)l2 -n62A (N6, N6- di net hyl adenosi ne); Tm
(2'-0- methylinosine); nmdC (N4-nethyl cytidine); miCm

(N4, 2-0-di net hyl cytidine); hnbC (5- hydroxynethyl cytidine); n8U
(3-nethyluridine); cnbU (5-carboxynet hyl uridi ne); nmbBAm

(N6, T- O- di et hyl adenosi ne); rn62Am (N6, N6, 0- 2-tri met hyl adenosi ne); nR' 7G
(N2 7- dlnethylguan05|ne) nQ 2 YG (N2 N2 7 trlnethylguan05|ne) nBUm
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sequences (e.g., an antigen of interest). A subgenom c pronoter that
directs expression of the heterol ogous sequence can be included in the

sel f-replwoaniange®RANA. | f desired, the heterol ogous sequERTAISCE2H45848N
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

ri bosone entry site (IRES). [0159]In certain enbodi nents, the
self-replicating RNA nol ecule is not encapsulated in a virus-like particle.
Sel f-replicatjgag) RNAIT®RIoaRHhPSctOhe tnk}@ltioﬂybmtdewnﬁeﬁf@daﬁpﬁgﬁin@@ed so that the
self-replicating RNA nol ecul e cannot i nduce Pr oduction of infectious viral
parti cl eSOMPPitionha cpaprehp aseatvely sharged apiecale (pyehantr RNAGNIJERIGr more viral
genes encglbRUS)itkebaHidl opar&h@meéﬂilﬁl%te%rﬁulgr@ﬁ%ﬁ@fﬁan% ) p;mllngﬁlductl on of
viral particles in the self-replicating RNA. For exanple

sel f - r eploildatvaig CRNAICHEH desgliled; hﬁretraé@@r@/ndlaguaraath@lswlﬂtx@l cogpeinghesi nebi s
virus (Sl S virus
(VEE) , Or@%@%@%ﬁggéﬁg@%ﬁtg§ gl{‘]ér!) %/ Stfo&%{fﬁipa &Igfreg'?é{q%%)g%g# gs capsid
and/ or en¥é), olpﬁeebglpyep@png)ﬁlepmposmn Halegreidt the dqueps1s60itiph ceteiisingdhe

sel f-repl > ul I ed to

i nduce prﬁ(%\‘j;déél B{o&%ﬁ%{@ﬁ%ﬁ@#iﬁgg ?é\(ﬁ ?F‘Cl%gﬁa ﬂ%ljl %R]ia% b%?felgtatlgoﬁﬁdél ed or

Vi rul ent tomcifyting q:gbmdagesuciqsaltrepdoste; sirigsol tdndextmse cppabbree.gf, PRraiiciyl e round
of subseqﬂlfg@ Or|arr11f ethngt Ont L 0Jf] When delivered to a vertebrate cell, a
self-replicati ngy o1 8cti® can lead to the production of nulti pI e
daughter RNAs by transcription fromitself (or froman antisense copy of
itsel f). The #MPf-rejih¢ cabnegmRNane afithb@vditroacti he tsedrsdelivad ragett'melydel ivery

to a cell tr,ansl a Vi rase
wi o heharBPalBig SORRS! BhRRCRT Gk AR ST ATRARTR RALKIET 25
RNA | eadso amtigdnemprea(ﬁtheﬁebﬁn geﬂerﬂubﬁpqﬁénﬁatdamgﬁeme rlaméﬂse thesempo“sara)mri pts

are antisense rel aﬁsb (51 tfl tlgelvee 1 transl? ted

t hemsel v&& PR P GUIUESTPH WL PEPHIRSE JPRRLGSSRC 81 ea?“ elﬁgn‘%ﬂo%?f&cc‘iom%ﬁl 'Y be

t ranscri hestideqo pritavtctae Efictifiaiesstofairsiaicpd Bnmdiichiedpbsesane sense as the
delivered RNA which are translated to provide in situ expression of the
gene proQuct I;EIQI%IGT%(lNg.le suitabl e systemfor achieving self-replicationis
to use an“alp aV| rus-- based RNA replicon. Al phaviruses conprise a set of
genetically, structurally, and serologically related arthropod-borne

vi ruses of th&05Pbgavilhé there “fhami” 35 usTdleant, yefsis ko khdWofwiveluses and vi rus

subt ypes have been classified within the al phavirus genus, including,

Si ndbi s Vi rusyos fm i iy “Eﬁ[g%ﬁ’treYérgtBsct1mM§e FBhMEifin dnl'el&moﬁa%\l%%@?aﬂa@ﬂ an

equi ne encephal itis virus. such, the sel f-rep% I cating t he

i nventi oﬁlnmycqnﬁltmﬁwmréoél)RNA repl i case derived fromsemiki forest virus
(SFV) , sindbis virus (SIN), Venezuel an equi ne encephalitis virus (VEE),
Ross- Ri ver vi fdéé (RR)L()“buFfEr”%le@'ioMia[q‘décﬁé s&ﬁﬁ&ﬂﬁéﬂ%ﬁt@ch&ﬁ@s%ﬂHE‘BM'oE‘US

fam ly. [0163] An" al phavirus-based "replicon” expression vectors can be used
in the irihesetytion. Replicon vectors may be utilized in several formats,

i ncl udi ng DNA, RNA, and reconbinant replicon particles. Such replicon
vectors have P{%@ denis\ied Hefe‘ﬂm ﬁ’ddﬁ%ﬁ&é 548128 of BRddifidiGlubd6ided M@ ¥2API €,
Sindbis virus (Xiong et al. (1989) Scienc€ 243:1188-1191; Dubensky et al.
(1996) J nuglpetiske thay gonsas: e gr mog Ghmicahmedifigationy (£gg sybsgtutivisy 81 or optha50- 958"
Pol 0 et R 6 ' trom
(1991) Brarreatnatoey 5198 R S5 CtbunRET g IS b YRl B9

16: 562- 5&5pyanaedGlenezuel an equi ne encephalitis virus (Pushko et al. (1997)
Vi rol ogy 239:389-401). Al phaviruses-derived replicons are generally quite
o s e

recept or thy mgwg (cqnm@m)aﬂléw of e gili- W&eyenedﬁqn df %@lﬁﬁgdhﬁrlcél}lplﬂwaﬂ is

uni que. I rom di vergent virus
famli eswntg(%ﬁe;]%@?d SI%{)}JS?E)P Mﬁ’ a%F ?%ﬁf%@%g%rﬁg@ r%l%l i cons are
(+)-stranded replicons that can be transl ated after delivery to a cell to
give of a replicase (or replicase-transcriptase). The replicase is

transl ated as a pol yprotein which auto-cleaves to provide a replication
conpl ex which creates genomc (-)-strand copies of the +-strand delivered
RNA. These (-)-strand transcripts can-tthensel ves be transcribed to give
further copies of the (+)-stranded parent RNA and also to give a subgenom c
transcri pt which encodes the desired gene product. Translation of the
subgenom c transcript thus leads to in situ expression of the desired gene
product by the infected cell. Suitable al phavirus replicons can use a
replicase froma sindbi s VI rus, a sem i ki forest vi rus, an eastern equi ne

o o e I T T . ~A A1 A



[0169] The self-replicating RNA nol ecules of the invention are |arger than
other types of RNA (e.g. nRNA). Typically, the self-replicating RNA

nol ecul eswof20t3m®6d3nvent i on contain at | east about 4kb. Fom/uSz@nphsssst he
self-replicating RNA can contain at | east about 5kb, at |east about 6kb, at
| east about 7kb, at |east about 8kb, at |east about 9kb, at |east about
10kb, at |east about 11kb, at |east about 12kb or nore than 12kb. In
certain exanples, the self-replicating RNA i s about 4kb to about 12kb,
about 5kb to piEgPt 1ZKPicrBPHIYMEK Bt tDRVIccdld KihsisBROM indikiRudl ehahieat 12kb,
about 8kb to about 12kb, about 9kb to about 12kb, about 10kb to about 12kb,
about 11Rpigtiss.adehmayiashe sams ar defasent.chat Biseingdiiepethern dg psasidisreiny thehout  10kb,
about 5kt?er¥no peRaIE BFeh to W&u'ﬁgﬂ%nﬁ&l ARAUES tﬁgtt%re RRQUEnPIbnli® RBQUE  7KD,
about to about 6kb, about 6kb to about 12kb,” about 6kb to about 11kb,
about 6kﬁln@'<6 mhesule, 20Kkd)| asanbridua Riemienl atoisties Bmsd tagebet inghefore obbout  8kb,
about a KBRS « 1 b t 10kb,
I i e R T SN R e P
about 8kmomwma@@uqugmmﬁuabmwnm@k%mkmka@mmWHthWH@bomnH@hhmbﬁubbout 11kb,

about :
seIf-rep?F%gt?ﬁﬁﬂﬁmé%ﬁgf Qéﬂé@ﬁ@%&%ﬁé?@%@g%ﬁgghy#é¥ﬂﬂh$%ﬁ céggig?or nor e
nmodi f i ed palyokdtylaie $polEethylenqpsadedour i di ne, N6- nethyladen03|ne,

S-methyl cytidine, 5- nmethyluridine). [0171] The self-replicating RNA

nol ecul e may de N onally, two or
nor e of polypg%ﬁrde gﬁ§¢§§%§np@1Eﬂgﬂ%oggoﬁg&ﬁggﬁgg&gyﬁy gf each of the
sequence@ﬁg@@amnsm$Uspphﬁthtyeimsgmgmkhmkednn$ﬂm@mbesymnmammmme®£sed as
an am no .Th n d fromt
self-repf?%gﬁﬁﬁ%&ﬁ%K&Chmn ﬁhﬁ&g&ﬂﬁg&:gg%agﬁgg&%%g 1S %ﬁ”ﬁ (g%eptlde or
englneereﬂmmmwéuﬂbemmﬂmmnékmhﬁese&m&mmmnss&pﬂeghEmﬁgmwa@nnﬂmumﬂepeptlde
sequences.lé é L -rgﬁllcatlng RNA of the invention may encode one
or nore PHYISERL d@mgﬁi¥ﬂéﬁ ?¥at contain a range of epitopes. Preferably
epi topes capable of eliciting either a helper T-cell response or a
cytotoxic T-cHiS7] res ﬁmmlm ibmta”ble”[\ﬂfbﬁ:ﬂ}ermmlsi@i ﬁa{tﬁ@ﬁ]&lrémaﬁn ise]ngraRl‘dA nol ecul es
descri bed .here neer e

sequences M pG i N e BRSSPkt f e S Bl e RSt

co- expresaoammm$zmn%neﬂn&ymﬁgﬁmu@ﬂeaammer@vmapnﬁnmaUhgﬁﬂajbbgﬁﬂMer with

cyt oki nes_o i du at or enhance tgg eneratlon of an
i mune r &8P H@'Oe%ﬂ%ﬁ %%g FmFﬁ ?1@%?%ﬂﬂlﬁﬁﬁpﬁ%pgéﬁ$%e%? ht "¥é™Barti cul arly
useful , fmamtesapRfctably toloertr oduct i on of various gene products (e.g.,
proteins) at the sane tinme, for exanple, as a bivalent or nultival ent

vacci ne. [0174 e s replicatin ec the inventjon can be
prepared usin Sgﬂy s&h%ﬂﬂle Lﬁ’%ftﬁ%t gsag %fqga[rt ﬁ%%‘l‘[?’ e 4y @Pfgaﬂﬁown in
the art ﬂ@ﬁm@b@ﬁd%&&@pﬁﬁ@g@@b@ﬂyhﬁ@mﬁ@ﬁmppamkﬁmﬂmgadhﬂy@G&ﬁu@k@ﬁ@ides For
exanple, a self-re iing RNA nol ecul e nt ai ns di fied. nucleotides
can be pr¥ eéa&nw%efﬁra i %P%Wleleh §.ot il %ﬂ‘? M e FHDE@FIBn‘)‘OI’éOI’E‘)‘r\IA t hat
encodes tsh@ackabfis b @RViiECREh nghBMaﬁmgeﬂ&uilﬁrew&s G s@rfadthd all@uibMrogependent
RNA pol ynerase, such as T7 phage RNA ynmer ase, 5P6 phage RNA pol ymer ase,
T3 phage haPhls givep (e, polgi @RS qu@éectrairtatr?a{lwhaégeéf t hese pol yner ases
which allow efficient incorporation of nodified nucleotides into RNA

mol ecul es. Theysor anscrhé PLdtOputéiartol @nemiilkion GQRtchMeMbEheRlebfghorniel nodi fi ed

nucl eoti des, . and ot her conponents that support the activity of the selected
pol ymer adeebility ehthg emulsiop ppdiples  Hisrvelacity arapasiisle i witslpetri fieldjs referred

i ncor por a4 hoiRs ctrBpRr@RIMIBRIRNAL D PSterd iRl B rdatS@lof thé SR HopRELMIMbBYyHRY be

engi neered, for exanple, to alter the stability of such RNA nDIecuIes to
|ncreasetb%%@51§%@%mhgalnst RNases, to establish replication after
introduction into appropriate host cells ("infectivity" of the RNA), and/or
to induce or reduce innate and adaptiye |nnune responses. [0175] Suitable
synthetic nethods can be used al gne,..of- Yiif*Conbi nati on with one or nore

ot her nmethods (e.g., reconbi nant BNA or 3RNA technol ogy), to produce a
self-replicating RNA nol ecul e of the invention. Suitable methods for de
novo synthesis are well-known in the art and can be adapted for particul ar
applications. Exenplary nethods include, for exanple, chem cal synthesis
usi ng suitable protecting groups such-a$-CEM (Masuda et al., (2007)
Nucl ei ¢ Aci ds Synposium Series 51:3-4), the P-cyanoethyl phosphoramdite
nmet hod (Beaucage S Let al. (1981) Tetrahedron Lett 22:1859); nucl eoside

H phosphonat e nmet hod (Garegg Petal. (1986) Tetrahedron Lett 27:4051-4;
Froehler B C et al. (1986) Nucl Acid Res 14:5399-407; Garegg P et al.

(1986) Tet r ahedr on Lett 27 4055- 8 Gaffney B L et aI (1988) Tetrahedron
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to confirmtheir therapeutic and prophylactic properties using various in
vitro or in vivo testing nethods that are known to those of skill in the
art. For weans/mwes3vacci nes conprising self-replicating Rtvusedienuises can be
tested for their effect on induction of proliferation or effector function
of the particular |ynphocyte type of interest, e.g., Becells, Tcells, T
cell lines, and T cell clones. For exanple, spleen cells fromi mrunized

m ce can be isolated and the capacity of cytotoxic T | ynphocytes to |yse
aut ol 0QOUgheta B4 ec?r%;kﬂo%etfc%%bﬂﬁ?%@ét@p&erﬁfai fs~d1@9&th&@6n'sﬂaﬁlt %d@i@ﬂt |yl e that
encodes a pol ypepti antigen. In addition, T helper cell di ffer entiation
can be an@gh)tedryByumceias uz¢tngotpdtial isft}qﬁcaﬂllyMaMedprsQ@uﬁteleOﬂﬂombreﬁHl (IL-2 and

| FN-y) and . /or TH2 (IL-4 and IL-5 nes ELI SA tly in CD4+ T
cel |3 by TG MRRTE. 5t 81k AEmGL AT IR GEg vt Hpted Rfvetdm)
[0179] Sel f-replicating RNA nol ecul es that encode a pol ypeptide antigen can
al so be test edafrmni@bil-iN-watrpr Emdusientiunor al i mmune responses, as
evi denced, for exanple, by i nduction of B cell production of antibodies
el ey o BP9l MSESSlo oTDESE, ASAALFLGRN e GRTAUCT o0 U%) o
assay netdhmﬁbe@me}hdmamm thet 11; bmwentm)halsktﬂelart;byctdneermatlons@f benpasigathst t hat can
be used to ch t he sel es of the invention
can 't nvorGa S AL kaET R e P Sely dhe R BE B BTGt Bofnel {ar gor
cells. F@lrodamagrpﬂnelsmﬁﬁ%hmafg dogilidg@ia ah @ ottlet ddonstadaid gedtsex phaf amotnton t he
cell surf |ntra el . ul. advant a of FA election is
Chat one LA St e Bl (1 ovep bt SEuBreDlPumaBi et dier
\% pr ﬁs Si QBN Ratretesk bilaldese@bllﬂpéneﬁw liih €Nl |ﬁ(ﬁalrﬁ?6dﬂl@d(etg0ra phél@pdd, ﬁtwﬂ:itgd c Iel I's

ich express a particular antigen invo anni ng_usi ng nonocl ona
ant i bodi égluﬁwnéh% isealyder %flélﬁfnatr o5yt %%aﬁtﬂx lewsﬁaagst%%a% RO h
nonocl onabmaithdsedines abdd Ak gamso bikB88dok Nhyath abdut e5agdiiRPtSaboune
negat i velﬁ%%(s:\&ar géd nol ecul e déscribed herein is a nucleic acid nol ecul e
(e.g., a nol ecul e) that encodes an antigen. Suitable antigens
i ncl ude but are not limted to, a bacterial antigen, a viral antigen, a
fungal antigepe1p Pr ehaiRRHIAENIch@aMy refatdh@fdiionio bilgfMatcd cBARGA! thant i gen, or
a conbi nati on thereof [0181} Sui tabl e antigens include proteins and peptides
froma p&PHegdiehsererngations of sagenic has ard adcfinghelisatiopiedpsiZalin, Thsl ant or from
a tumor. oMyls@ns 8t Efe{}l%rl?&Qtabl@%%ﬁ@é?ﬁgh@?a&w&?@ha@ ERaed&d, fvn s
sel f-replicating RNA nolecul e include are no limted to, proteins and
pepti des R¥4d m%w@etth@ﬁ?& oWteraagenic lipid e#n iaterachtvitly thepagatyelp chareedc:
Par any x oy il dReroY ki8St Peosah lyf dih AORERKKHE S
(PI'V), I\/bt(g%ﬂ%ur?o\%dﬂﬁjsé%r%g Qeﬁﬁi r. g%\égs&l?}% Bﬁ%gdlggﬂs PneC:tjlﬁ%g\s/l ruses,
such as Resgiyratloripg qultquéﬂtomerwlimaﬁlclﬁoﬁhmeatmspmmétcms yessybealy t i al
virus, P V. 0
par amyxour i iong oebl el E ety HERmARMHALE FNAHRAR s
Vi rus, Sencldgingwinrausgs,or Snal arerfeiingIBNS, to Balsiim ezquxaF@u emirhple,nhcacammus
Ni pahV| rus Henl aV| I Ys and sease. Vi : | dae., i ncl uding
% Ot hopd iy S v Rg0 DR EREMEE TR g DU mol B Bl Ve of
maj or anan¥ar modeantigengrincludifet @ freplicmuig RISAS as gaccieas human net apneurmvi rus
(hMPV) and avi an net apneum)vi ruses (aMPV); Morbilliviruses, such as
Measl es; Pico iru erovjr S nQvi ruse rnavi r us,
Par echovi rus, Tdég}r/dl o{sffﬁ‘?ﬁé%gt% %gkg’rb% er?e puhgie OfFzﬂnt }élr f(%{/oinrcﬂlzl Iisgglgl?gﬁch as
Pol i ovi r uad hyﬂﬁ)ﬁlcﬂl,plcgwdlbreﬁl,thmmc Ihpel fﬁclkttm’emélslbqrsp%théoﬂmtﬂéa@mdu524

Coxsacki e B .vi r to 6, Echovirus 11 to
27 and 2o S B s s R B Eamhnb oy T i b RS R

O t hobunyavirfadBnS Ue ), &sidodd dutfctnitd a@ﬂéseﬂﬂih’@llbetd\xs virus; a Phlebovirus, such
as Rift Valley Fever virus; a Nairovirus, such as Cri mean- Congo hermrrhagi o

fever virus rna u S Hep at b Togavi ruses
(Rubel 1 2) - sullPs "o TREBFGR R QR PRA SRR o S e e
Fl avi vi r us&sge mindhar dismdic kof bﬁﬁcrremetm:(ﬁpdssal Ittid art{ciBHY dedirabs tthngnuaaget ypes 1,

2, 3 or r Yel.| ow Fever |rus ese ephal i tis virus, Kyasanur
For est i P Aoy 18 SegibiialrioRes 91oph a0 T o ES AS e DEBHAIT 5 Vi us.
Russi an spring-sunmer encephalitis virus, Povvassan encephalitis virus;
Pestiviruses, such as Bovine viral dian$ hea (BVDV), Cassical sw ne fever
(CSFV) or Border disease (BDV); Hepadnaviruses, such as Hepatitis B virus,
Hepatitis C virus; Rhabdoviruses, such as a Lyssavirus (Rabies virus) and
Vesi cul ovirus (VSV), Caliciviridae, such as Norwal k virus, and Norwal k-1i ke
Viruses, such as Hawaii Virus and Snow Mountain Virus; Coronaviruses, such
as SARS Human respl rat ory cor onaV| rus, Avi an i nf ect| ous bronchiti s (I BV),

A A o . e T



Hel mi nt hospori um spp, Fusarium spp, Aspergillus spp, Penicillium spp,
Monol i ni a spp, Rhizoctonia spp, Paecilonyces spp, Pithonyces spp, and

Cl adosporwOrms3pe68370186] Pr ot azoan anti gens and i rmunogemr€TiUsat1208334be
encoded by the self- replicating RNA nol ecul e include, but are not |imted
to, proteins and peptides from Entanoeba histolytica, Gardia |lanbli,

Crypt ospori di um parvum Cycl ospora cayat anensi s and Toxopl asma. [0187] Pl ant
antigens and i nmunogens that can be encoded by the self-replicating RNA

nol ecul e ab&\@l16018m P ks, ab&ut MY nh loMel€ Bbdu@ 14(PHR bl S a1 Joat bdes, fvoem
Ri ci nus cormunl S. [0188] Sui tabl e antigens include proteins and pept| des

from a vilPOamdgss.aBoutsl 49 nigyes by &7 abouhIY TnhprIBS dleF PEmpife o abow S0HI V) |

hepat i ti sinfyoMih U, ﬁbfﬁ%@utfs@ﬁaattbtmmﬁ ¥drh Yot kiBYoh-to b&?ﬁﬁ'ﬁdﬁa&uﬂ&dﬁ&ﬁ (HOV),
her pes SI | ex virus tome a1OV|rus ( , influenza virus (flu),
respi r at é¢ yS%&ymdiam d?ouw(}mtc( g@\yym apgviotiuEn t p@m g8 abpgir@mnptapi | | oma
virus (HTY it BOAQKDN 4B ne8 1 OUinl S4fdy Mot ook BPI % Flibur G d oV T
virus, neasles$ virus, nunps virus, l'a virus, varicella zoster virus,
ent er ovi reRugagamagficle Emmeteny abqusl()mr)m oel&otnaabvutﬂ@@ nmandbdwvdhendi ar r hea Vi r us.
Preferably, the antigenic substance is selected fromthe group consisting
of HSV 9l YCOPRIPi n Gf ik MvahaGaRRALELANGBERGon Pl sisipRn iy op 40, HLV

p55 gag, and pol ypeptides fromt e po and tat regions. In other preferred
enbodi merhangofe thheatip nfemfaptent to pihanaeasingahe fatio decprapts dpiticlssizob ppéretlengder i ved

froma b . %?ﬁl- phi | us
influenzéﬁggr%rlo C%Qp%ﬁgg(?&g&%%ﬂ%kﬁn 3%8 ?ﬁg%@%ﬁﬂ%% Iﬂ?ﬁ%@ﬁﬁ? C.

t et ani (tretuaﬂuza)tlclmewememtme r@magasungibmperaurepecmmspmlclwwbdmgng um

t uber cul th I K nt.i ncoded by the
self-r eplceigc ft)e (?fnodl 1%?%8 efgce Jf}c'ﬁel I_teuf[%ﬁsvlg Héoél? éhaaésa(r:l?f)%lgropm noU. S.
appl|catmmmmSEhga$mmm4ﬁ®h8ﬁﬁnnkkhednhhmecﬁesﬂ&&&eoﬁmdeambkmghedwEuropean
application 181150. 1 986 as |l as U S |ication Ser.
oo | 60/ 68 A jarr ) S doud St iontmdBr 6 Termed AR <l osur s of
whi ch are incorporated hereln by reference in their entirety.

[ 0190] Cyt onmeg#l6di r uShaod-ugensr dondtiosalesdibedincadedt sbpled he sel f-replicating
RNA nol ecul es of the invention are described in U S. Pat No. 4,689, 225,

U S. applicati Ser 6% . ybl i cation
WO 89/ 07143, @]dlsnggd?%§§3F§ﬁﬁn i&gﬁg“gﬁg%?%g?é%é elﬁggfﬁreference
in their negﬁtwcletcyarge{msliqu}ﬁﬂ’dtqr ta ®n®1@mﬂidtgeilﬂstht: h%atieﬂmclbegednmd@e& by the
sel f - repllcatl nDI |nvent d rihb

s ussb et s R B B P G S R e B R a TR ey a1,

1989), plpbi;ltlﬁdﬂ(eﬁheilaj)a’lﬂmﬁeﬂlﬂipiet chatdeoffi thapatietes inay 561@5(&561fd1ﬂg&d1 thiotype &8, 1988,
Canadlan Ilca n 3,561 88, 23 dISC|O ures of h are
ncor por e by by HEapariSE SR en B pRuyon A et BB of CHov
antigens ehﬁllsdﬁhs(@ &, Bigter parckhtt @Rerail tﬁﬂ&aﬂiptresamhllle‘sabh@gb S0hS80R2BOS6e0he fi | ed

Mar. 16, 1990, and U.S. ap 456, 637, filed .21, 1989,
and PCT/ @3@6}%@1@1@% aﬁ@ WE% @Ex aﬁﬁmﬁmlewna?nénﬁ <ﬁ§oﬁlﬁ&°m§e hatisi by

r ef er encerdsbnttil@k em@Rioh! eieeyeraﬂlmﬁeZz]ekaﬁIf&@mm SRS B8R ISxatibh Bar@iblbd €N 1 S
derived froman aller such en allergens (tree-, herb, weed-, and
grass poliPprgihp %ﬁ@éﬁ%}m b Re Bete tb%n e Y %m@ra&@ﬁ@bwﬁﬁa%ﬁp maE%| i va and

venom al kenGeBs 358n\d nolfdréhih hssud sy, 9 fIFORGTRBGD SThUgRSmérkighgens,
hynenopt hera venom al | ergens); animal hair and dandruff allergens (from

e.g. dog2bed0 nhGrikm abogt m aglout 89 @V, frograbopidddn Kt ghogeHsmVeflrgm a

gl i-adi n).pb FRORHAR.bBALASERY AdPROGNR AL ATLEALES mIEARSERuARG IS HRuar & such
originating fromthe taxonomc orders of Fagales, 'O eales, Pinales and

pl at anac8éaenV.rftinuehiontyl0 ptto akstut BO MV érdmtabouttip meYh t(( @etﬁu%aylV &lfper abo nus) ,
hazel| (904} 0o IOMIROATLL CALRLRUS) AR b8 (P e en SRR Uyt orer 2
and Juni perus tree atanus), the o es | | udi ng

gr asses ebndukevityeréreaeniuddionuimg. , Rilingty jmandPoia), th@amd@mtlorDalﬁthar@ps Hol cus,
R N D S B R s
|nportanmmmmhahaﬁm@mmamhemgsmsnameeﬂbﬂﬁ@aR&ﬁmmﬁ@m&axduZémmmies of the genus
Der mat ophagoi des and Eur ogl yphus, storage mte e.g. Lepidoglyphys,

A ycyphagus and Tyrophagus, those from cockroaches, mdges and fleas e.qg.

Bl atell a, Periplaneta, Chironomus and-@enocepphalides, and those from
mammal s such as cat, dog and horse, venom all ergens including such
originating fromstinging or biting insects such as those fromthe

t axonom ¢ order of Hynenoptera including bees (Apidae), wasps (Vespidea),
and ants (Form coidae). [0193]In certain enbodiments, a tunmor irmunogen or
antlgen ~or cancer |nnunogen or antlgen ~can be encoded by the

1 r o .

N Y L o -



[0197] 1 n certain enbodi nents, tunor inmmnogens include, but are not limted
to, pl5, Honi Mel-40, H Ras, E2A-PRL, H4-RET, 1GH1GK MYL-RAR, Epstein Barr
Vi rus antwoens/00EBNA, human papil | omavi rus (HPV) anti gemsT/uspa@lodisng E6 and
E7, hepatitis B and C virus antigens, human T-cell |ynphotropic virus
antigens, TSP-180, pl85erbB2, pl80erbB-3, c-nmet, m-23Hl, TAG 72-4, CA
19-9, CA 72-4, CAM 17.1, NuMa, K-ras, pl6, 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- 30cs OIS, MEDDEYKELplc Q029 16T uo/QKAR(FRGANY, KU 375, NB44,
NA—SO 18, NB/ 70 NY- CO- 1, RCAS1, SDCCAGL6, TA-90 (Mac-2

bi ndi ng PHEESTnERTENS Bh ) and iadded e notystyrone dtes %yﬂlaM&LéMafrﬂre?z TLP, TPS,
and the Iwé%@oor&gﬁqrml Alth P&gntfapfs ntddQireA a4V &t a S RARAE dquiirfisal Bnd 0198] The
negatively charged nol ecu such as RNA) is generally provided in the form
of an aquederphyed Brinothe S@pluahWhmptrétF( vahee T bAHDetp igiegetidyeen.n an
aqueous solution (e.g., lyophilized). The aqueous solution can be water, or

an aqueous solgér] ON WARkeAORRIChSESe Andabi of @ dvemixa%lr)efened huther (e.g.. a
citrate buffer), a nonionic tonrcrfz g agent (e.g., a saccharide), a

pol ymer, “&Mjuef aEheanit of QYF3R i svislenatar bA% W @rtstthfr gatippis lipwrisDOTAPIAL i s
i nt ended 3f060 40 )V X33 AL Hchlde &k %factahts's%Am@f( &rakh &idibal atlohe, @R)’eous

solution is a phy5|olog|cally accept abl fer “ﬂat malntains a pHthat is
conpat i blagd Wivedn Hdpeateiorpsits &(; @Dhgrwﬁtuybewdrbnmmmgnowa@o at Q focént dhus,

| nst ancegy, idon gﬁxﬁt& oﬁéﬁ/fﬁﬁ%lﬁ%@s‘és h&&%#)&ﬁf&%%&n@b 1‘4}‘3%@ level in

order to 1nsur g sta rtalr’n conpobnents o ormul ation
[ 0199] Fomaocalep bvere Sihowmm/cowledeethr@ﬂl:& panthieseqﬁﬁmelﬂamt Mw@dmﬁsl d6iluti on t hat

S 4 SOt AN IPSORION i LRSEL AL ARITURIRGIC, 2 ShyLh RSSOt s

coul d causSe’ conplrcatrons and “un such as
post - adnuﬂksarmﬂmmnu$WQNHBngGUR6ma@uﬂwhmsOSQtTWﬁmdm mh%ﬁﬁUﬂﬁﬁsMKMbm because

of different C tions b 0S| t.i

physi of ogreal Ho TR BT e o B AE b R cahpr i se a
physi ol oghgal GITAPR), sddcdtheasmalsadidsonitsedhtreinSodi um chl ori de (NaCl), for
exanpl e, may be used at about O. 9@6(m/v) (physiological saline). O her

salts that naﬁ)gf |ncludet§pta un%c or %ota55|untd|hydrogen
phosphat e, &l um ‘éﬁo%l%ﬁa%v BRSPS A A “dlrﬂ“?:f%’f F &M %al ci um

chl ori decompdse DOT AP askejpld o carcbmfhmmr\ctf 2.1 ﬂngnﬂqme&u gl (ptefedablyconpr i ses
10 mM Na an e S 0 e t C in t descri bed
her ei n, g%ﬁIPgﬁfgp%%h@%&?%?ﬂ%ﬂpﬁgﬂggﬂgaﬁ' 8h5é36§5®gs§$%dwgﬁef tonicity.
[ 0200] Th QbaHU80Y ﬁlg&ﬁl) u&speawe@yalhiefubhe‘rfcar@@he QY afbyiad of SPRNEEldny accept abl e

buffer may be used herein, such as citrate buffers, phosphate ffers,
acet at e Bryd‘feF’éSrOs(e g3 gt At ecaphis {Qher cxgmnlary Gatraapecoll- BT ISBIAI®S BUPF er s,

car bonat enRHufidEdosnpriod DD"FQP' ahlf aquaﬂéheatrtbln&htrttttas @ﬂy%)h‘@/nﬂ% 8it7b g/ | |
preferably be between 6.0- nnredgre eraﬁb% about 6.2 to about 6.8. In

sone casé@refeeém?a%ma/rrdm 6611!%/@34 gnd gy mpgmi d&éﬁgmh(mﬁeabluflPéP I n ot her
cases, %t/ml  bb& 20 fnffgmm 9Pectiye tﬁ@ﬁlﬁhwct)hpﬁemh%ﬁabhapopﬁpﬂ%gt ively

charged ecule to th I'sion particle herefore is avo

[ 0201] Thanddwesnds (&) %houtth%awhal f%@a%bprhesertt&tfdrot‘ theseemudsiens A¥ARls such as
nnleculeaw% dish Qﬂﬂnﬁﬁ@nﬂﬁ ty of the aqueous solution or nolecul es
t hat stabi es t e negatively c arged nol ecul e after conpl exation. For

exanmpl e, the osnolality can be adjusted using a non-ionic tonicifying
agent, whi ch H68] gendhaindividugleosppaenit dhguitinosieramidsitns optie prases. ( See,
e.g., Voglafisha QEﬁov&&ﬁ%@athl%ﬁ%m&B gymélo%ﬁﬁﬂs vk §Yt tS%et?Q&ﬁbméﬁq}ﬂVth%m k.)
Exanpl es of suitable non-ionic tonicifyling agents i nclude sugars (e.g., a
nmonosacc anpgfelescaibel] kaigshardoddinglprthainduyidpglaaooipandntte althoughhdeeritied éhlaivose,

sucr ose, I orhitol,
xylitol, bg ?%h%?@%?m'# &ﬁ§§ ?lﬁﬁg%%??gﬁﬁﬂ&+§gg50%\w ggﬁgh’ggglgt%ﬁose) and
conbi nat |thmgrrm5heccehffrelh fsudesi mlednfaataMOﬂb ottne sufficientipewel{ lstogvn to anq:ﬂklilgp@al kyl
glycol), ir ra]trtawsrthg £ terr] esecr}e t10D ﬁer S elrrg@ ges 0 amoun (%ltlyb.Ut l'yene
gl ycol ), e RS AT ORI P e R can e "uge ese''§pes of ag ents,
particulamﬁQHQECmﬁmﬂmswgﬁmeamcbhndaepawemahh@mmeﬁmmsmﬁméammﬁnahemhﬂan
protect RNA, and other negatively charged nol ecul es, when |yophilized. In
exenpl ary enbodi nents, the buffer conprises fromabout 560 nMto 600 nM of
trehal ose, sucrose, sorbitol, or dextrad%e. In other exenplary enbodi nents,
the buffer conprises fromabout 500 nMto 600 nM of trehal ose, sucrose,
sorbitol, or dextrose. [0202]In sone case, it nay be preferable to prepare
an aqueous sol ution conprising the negatively charged nol ecule as a
hypertoni ¢ solution, and to prepare the cationic enul sion using
unadulterated mater or a hypotonrc buffer V%en the enulsron and the

- o —
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[0208] I n certain enbodi nents, the oil-in-water enul sions are prepared by
(1) directly dissolving the cationic lipidin the oil to forman oil phase;
(2) provivonrgiddeessaqueous phase of the enul sion; and (3pCaitsp@arsiisgst he oil
phase in the aqueous phase by honobgeni zation. The nethod does not use an
organi ¢ sol vent (such as chloroform (CHC13), dichloronethane (DCM,

et hanol , acetone, Tetrahydrofuran (THF), 2,2,2 trifluoroethanol,
acetonitrile, ethyl acetate, hexane, Dinethylformam de (DW), D nethyl

sul f oxi dgaftiMeQAmuIgbse mhy hQ@d$ObdRjlsteaio (e crambioR Phréicled P ddsitddrssh ahef or e
adding the lipid to the oil. [0269 It may be desirable to heat the oil to a
t enper at PRESIGEPIREEH UpBipperlioryl di9perenpicifragarticlar pmetng of ¢ikis g5ddBRyi ng of
the |ipi do, Desilf afbn2OMAbuR b LPGcERLhQAM Be dtlRicPihki8s QrriciEPIAR perRAINDE
measured and added directly to the oil to reach a desired final

concent r &ilipgriicle[igp 1ip] qapequl ghaspif Hima g seblgsrubes. dhe agpal gmpentofipfrictdint s, the
surfacta el i | e

ccor di o Yy ke MG i MubhR pRl: LR o B A R g5 can
be di ssoltyedfion usdddothé ephlaion; ahd thy. amoggiulod medy alsarvdryhegeeding® they be

di ssol Ve%eéi&d%@ﬁic%%%ﬁéﬁhi Ql?a%ges(tﬁe firfacd el}eaabe?\kéer 3 em}%:f)thS%E)) ThL 9&&&] In .
anot her aspect, the Tnvention~provides a net od of preparing a conposition
t hat conpmoses aal the gtive efoportioay gfelt evnipeoenteof(agigsitedasuRiNA)cag berppladiked Wit h a
particle of a cationic oil-in-water emulsion, conprising: (i) providing a
cationic‘%??g?ﬁfV%%%?ﬁﬁﬁﬂF%?on as described herein; (ii) providing a
aqueous solution conprising the negatively charged nol ecul e (such as RNA);
and (iii) conBininQilthe oil-in-water emnul sion of (i) and the agueous
solution of (iii), so that the negatively charged nol ecul e conpl exes with
the particle he QR ol 1ex LaRi.c,.0f4 -1 n-wat er
emul si on may §20Lonb?ﬁ%gﬁgﬁgﬂﬁgﬁgééﬁggég%Eﬁﬁ?toﬂ??%ﬁ%hﬁﬂgﬁ§9%%sired
relative anounts, e.qg., about 1:1 (v/v), about 1.5:1 (v/v), about 2:1
(v/v), about 78|71 ( &}nw,l prgfeeaply 18 the Jigyiyl phagp guk® Cr gbave( apdvy immyiseible 4: 1
(viv), aheoutip: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. [0213] Additi onal
optional step872b pr Sreftreblpdhe ¢ikis @ negrbrlitablsnnonttexic o Bow rreeralply opt efkat i on
bet ween 1,56, ReYAJuy & darS R @Rs iTOLERY EEn AMEhik DR, ERAAOMICnBAL)Ek 8 O
increase the stability of the negatively charge nolecule (e.g., to prevent
degr adat itlsir a9frespandinAaGig and glcehols. tthy othees dnidiesters thangat.oypd inaxtares thereof.

deconpl e i t] Vi : A an RNA
ol ool o) Bg T B O b LA RO SR B B8

i ncl uded.mefabolizddypheehoda ofthk yutgect (cewlych thPkmnbivnll B4 2dhinsteral, sndrif agtt ant may

ol acul e POUE S TR rep AP TRe: 8PS BplcETy hHE AR SR bR D%

vari ed bywohangi ng the ratio of surfactant to oil (increasing the ratio
decreases particle size), operating pressure (increasing operating pressure
e PSS 2B o RRELALINE L R HERRANG s GIRELAL VRS, dPgipases
particle size), "and other process paraneters. gt partlc?e Size wll

al so var Yiqwidtphadehe2rar vhaiik akplsysrthasbpdtics o lfluidaddistaisuRpddcfrdm pild used, and
with the particul ar operating conditions selected. Emul sion particle size

can be vépi giseenddipvinge definits vaiumys huhae fefiniaslapeltikan stpsed #e5Conthsr ci al

Sub- M cr _%Hlufs)?JnE h&vlle%el‘?‘ﬁf%%@ &brell YRARed wﬁ@)sui%?%ﬁﬁérﬁ'tﬁﬁ:d Ppéfeﬁallﬂ? t_ﬂpb‘ill fser

Cor poration, and the paraneters can be varied using the guidelines set

f ort h abawbkquihphdse ati8Caver age di anmeter of the particles is less than |ess

t han about 200 nm |ess than about 150 nm or |ess than about 100 nm
Preferably, t arti ' b : nm or |ess,
about 150 nn1Eﬁ4ress?ﬁggﬁgg&%%E%ﬁﬂ@%gﬁﬁgggghggggg%U%3T§@9%%Fé?%fess, about
120 nm oraldobgslericativaereot di0@r mrthofred aesk jts faltomaaboertsu8laspmdno-,200i-em  from
about 80.nmtao 200 . from about . 50 to 18 m.. f.rom.about 60 nmto 180
o r om Bt o B ighE AT B b B e SRR BB RS tosdn About 80
nm t o abaitbhdly OAknholf meyrbadglated@thphiyiiga mdoubr Adb@ funntiordfat aoid, &rexdm®0 nmt o
about 150 nm from about 80 nmto about 140 nm from about 80 nmto about
130 nm from about 80 nmto about 120 nm from about 80 nmto about 110 nm
or fromabout 80 nmto about 100 nm Ed®lsions wherein the nean particle
size is about 200 nmor less allow for sterile filtration. [0215] Opti onal
processes for preparing the cationic oil-in-water enulsion (pre-

conpl exati on enul sion), or the negatively charged nol ecul e-enul si on

conpl ex, include, e.g., sterilization, particle size selection (e.g.,
renoving |arge particles), filling, packaging, and |abeling, etc. For



6. KITS, PHARMACEUTI CAL COVPCSI TI ONS AND ADM NI STRATI ON [ 0218] I n anot her
aspect, the invention provides a pharmaceutical conposition conprising a
negat i velwochsrmess7nol ecul e (such as RNA) conpl exed wi t RCa/ysasiriogises of a
cationic oil-in-water enul sion, as described herein, and may further
conprise one or nore pharmaceutically acceptable carriers, diluents, or
excipients. In preferred enbodi nents, the pharmaceutical conposition is an
i mrunogeni ¢ conposition, which can be used as a vacci ne.

[ 0219] A ta@éti&%t:idVlﬁJo?(anofcht&dC@lfmca@idtdr RSk eskét badchabei 10nd@Yinkecousied to
deliver a negative charged nol ecule to cells. For exanple, nucleic acid
nDIecuIeé“%@“ﬁemmBNA“@ﬁtﬁNWﬁmanﬂBémdéﬁhV@W@@MU@BBQFP%ﬂfor a variety of
pur poses, such as to induce production of a desired gene product (e.g.,

protein), to (gl at ehexaressi Ql'ihn@fallébnlﬁﬂﬂkyrfe@ﬁm@?@ﬁi khwicepylcens the |ike.
The conpositions described herein may so_be used to deliver a nucleic

aci d nol detivasiveseviy cengslly heve BRmyabey 66@ rlPO;H PO Farboeipe Ukhednqiely BBESaVe such as
to treat ;aufbREADRNSMHARNAR sCRRGEE! B nfRYy bB Al shRFAd o Badl HRLARLR doliBikabol i ¢

di seases, cardi ovascul ar di seases, infections, allergies, to induce an

i mune r &% FEvskondndWiers manRer P stk aigshes-based eileire caplogedrdicdimifagen alRy be

del i ver edpd oG8kl $odbUn Bhiict RenEHBRRRS] @y Alid & AAF JelhoBRBRrcSHEN nucl ei c
acid nol ecul es I nclude, e.g., antisense oligonucleot’des, oub?e st randed
RNAs, suéhﬂa@IQWumNOWMterferrng RNAs and the |ike. Double-stranded RNA

nol ecul es, such as small interfering RNAs, can trigger RNA interference,

whi ch speci fi¢@lg| v Sialh¢ @ﬁ%letohlg foRf @R Cﬂsﬁ QOr L @LABl sORBEMLPBNRHLNOCK

down). Antisense ollgonuc eotides are single strands of DNA or RNA that are
conpl errer$@aliC9S fopvegetehls vélninsbideiaie ¢ cedsambgraing yand stablsenls pearNAik 50y bpanev ent
protein & Hlm&ﬂft Li nanﬁfoh&e&t gﬂthé'i%S k& sula%l*% SLd &Bq 119% sQfﬂBgI'ep(gl to them

Ant i sense can be used to target a specific, conﬁienen tary (coding or
non- codi mgitorRNA oilTHaflewersesd ¢ihecsemt sesdiod apdrihk dikonk thegginighan, trem eiln ar e
useful f | iV iR n} n e S, .Qf RNAs
for tr eat%glr% < oﬂfo? @1 Igce% %p%@?u%h% ngat %% 18(%1 gc% e} trlq?ag(guc t;ﬁ‘% {1] grﬁ%ﬂ

oncol ogy atsabgeted. ﬂmbRﬁmﬁmﬁgﬁﬁﬁﬁﬂmﬁﬁgﬁaﬁmﬁk®A5845m&ﬁﬁﬂ@kﬁhedthkmﬁmon al so

id h h | NA d
Phe cat: o OB RS bikper SalBREI i but R BERAPrE R Rel el Campl e

the kit dadexcondtsairte mateiislsbn ©ods, aumiedn eaihfod &tinylayconposi ti on conpri si ng
the negatively charged nol ecul e (such as RNA) and a second cont ai ner
conpri sing catgj-Qni c | i n-wat 0 ent,s s,nay be m xed
prior to adm Ldr rat %(t))out Slx%agout?nca%on attt‘ftacgfmﬁrguor? fT'Qernl f‘SILEB hour s, about
24 hourSpnﬁbﬂﬂ%ﬂﬁﬂnhﬁmt&muﬁmgmhm&MyMDukéoﬂﬁbﬂybeEﬁﬁmﬂdByhﬁb@yﬁs8 hours,
about 7 hour about .5 3 hours,

Shott 2 Aotiion BpEtericH Bt neBRbride BRI sBRRE St O R R Olspont - 10
m nut es, Ialb@qirocﬁ,tetsmawha&malgwtula&lemnﬂuttﬁenmd NEoBEEacﬁohmmr ation. The two

conponent s ntxe about 1 nln er rior to

adm ni st #afrtnaﬁonat ?ﬁz SRl Py It &@awrﬁeﬂ e%ng@npN RNAY may be in
liquid foeH®or can be in SO|Id form(e.qg., Iyophlllzed) If in solid form
the kit may conprise a third container conprising a suitable aqueous

ol uti ons i ncHURD phavifitSlt MY §ioREER P Sbf ENDE Ao CologEH e "

phosphat eru@wthefaedhaahdyr&st R tﬂg@éerﬁle§ﬁid%{f@@h1gﬁ'&>ﬂ%g1@§@f s8@kddibh @an 0§ any one
of the aqueous sol utions descri bed above. In certarn enbodi nents, sterile

wat er eyt lﬁtlsoéde%réabtq%eHaaeré%tfgttss%ﬂlctrtareowtrlab Tieny ariay] 8 Dbyipartighett i cul ar i n
cases V\h%ﬁpfété%%ly@é?ﬁb s&pRIPRARALBhichSHENdA&Shd B8 ity é@uﬁg FRQamd SilsaRgh Or

osnol ality adjusting agents are | yophi | ized along with the negatively

char ged mneealiae mik 2 metphpghivabloprdapgysthergtorgbe ttsrrbml%rﬁmtrcr getisnegat i vel y
charged nRIGGIH. erneBrddedurtNR) scPBYRE piR A& o] ka[p%ﬁltflcého‘ﬁ‘ah@ ofhBEm&AL 1 oni ¢

enul sion. [0222]1f "the conposition (e.g., a vaccine) conprises a negatively
char ged metestaay ©r letaiging prRIGAYIs dieen @nnddorrttsmwelbbmoneﬁte artsuch as a protein
i mmunogen, both conponents can be frozen and |yophilized (either

separately, or as a mxture), and reconstituted and m xed with the cationic
emul sion prior to admnistration. [0223] The kit can further conprise other
materials useful to the end-user, including other pharmaceutically
acceptabl e fornulating solutions such-a¢-buffers, diluents, filters,

needl es, and syringes or other delivery device. For exanple, the kit may

i nclude a dual chanber syringe that contain water or the enul sion in one
chanber, and the negatively charged nolecule (e.g., RNA) is provided in
solid (e.g. lyophilized) formin the other chanber. WO
2013/006837PCT/U82012/045845 [0224]The klt -may further |ncIude another

T ] . o,



[0230] I n ot her enbodi nents, the pharmaceutical conpositions described
herein can be adm nistered in conbination with one or nore additional

t her apeutwo 2apan6837 The addi ti onal therapeutic agents negTiuseéiamess4but are
not limted to antibiotics or antibacterial agents, antienetic agents,
antifungal agents, anti-inflammtory agents, antiviral agents,

i mmunonodul at ory agents, cytokines, antidepressants, hornones, al kyl ating
agents, antinetabolites, antitunmour antibiotics, antinmtotic agents,

t opoi somer ase[¢70hi bi WJBishCh@BtAATlZBRIiR wiidht thayl BEMEHIO ReRGERY. SFor

anti angi ogeni ¢ agents, inhibitors of growth factor function inhibitors of
viral repKigRleicom Iveriolayhagdpigreils m%‘raﬂf‘o%suclaaﬁ jpertc el cggwlfysseveral of
OC'nterf%&Qﬂﬁwﬂé%mkﬂk%&%@%&Qﬁmm&iQ@Mh&b&mﬁb@ﬁ&ﬁ@%&nnQNQHQ&QﬁkmE&ﬂ| l'i ke
receptor nodul ators, imunogl obulins (1gs), and antibodies nodulating Ig

f unct i on biasherpically larﬁtqarblog Eop@ﬁﬁuw@ﬁw)e)genqr@bfsﬂerrﬁd t@@ﬁtteapemélﬁbodu ments, the
phar maceut,gal. S 8MRASIIb RS ARt dharigln. Bk Lo U dchigat ment of

i nfectious di seases’ i ncluding, hot 1imited |s ‘ase caséd by the
pat hogensmsghitgettdoamnoidr ie particulmdy prdierrgd hdreial Adnas@rasgme sirghales: et al wart s,
common r (RSV),
hepat i t:"’gfvéso%gllt}{%ﬂ%lﬁ)laXY@ﬂs Egerm]ia?@; ge%re t&{sﬂ%%m | ﬁgﬁg%%%%g&xﬁes?édéﬂe;#%ﬁl ex virus
(by way (wheet)@rrp,l agd oh‘ifeyqﬂsl-iﬁ‘s&/allso suHShle lsd)qrce@VB’quabemeVZwlw rendbitaisd from

(v pasanoraTorisie URRE (rat bbb ST TRERER RV v e, ™
hepat i ti grokh anammqalhapaési stucls asbfrmn oligds, olBA tod Ive geak10 \Sqal sne( fBNHaturateari cella

zoster virys (VZ r hi povi r.us erovi adenovi

cor onavi U8 & Giting S Bt Db S0 et vt O T s s
virus, rubglabR f0nt Enmd@aipoearcty siSnayRRBEANRY by Wetholld abivil ih U,artl €t r ovi r us,
arenavirus (by way of exanple only, LCNl Junin virus, Machupo virus,

GQuanarito vir nd assa Feyer ovirus (by [ 0 I onIy,
ebola vi rus. ol by FEESR et aiont it SdpitiE 2 e, S BB
phar macegdupabniiip 0f idaktonsil, Woostud it dved €il, ToatbseeB 6t Bvenihhgrirhfosasdinent  of

bacterial_, fungal, tazoa ections incluyding, buf not |imted to,
mal ari a, P?%‘l&glr g“éﬁbéé)?lgg%{ﬁaﬁ’rﬁ}&%%%&‘h gliVﬁﬁfla%aﬁ%mll %%b%‘gif o %eéﬁu‘%exlrsu s
carnii, ®oyhafsRBquaeRs SgualdhesuBbRETISING WHQKeRh 83 MiSkSmplhfyy panosone
infection, |leishmaniasis, infections caused by bacteria o? t he genus
Escheri cKmRodimqpisrtBpail eQpprise3qualsns pr-5aualpneonyi ococcus, Kl ebsiel [a, Proteus,
Pseudononas, Streptococcus, and Chlanydia, and fungal infections such as
candi di asi s, grsmpr gi |Th@51il Somﬂﬂnéﬁt%@l}@%ﬁﬁ%io‘h,m@% pEEY R EOLEAINt freMi Ngi ti s.
[0233] In certal r } phar maceut i cal. conpositjions provided

her ei n araemﬁgéd iori‘bP‘i‘féo(Or(éé(t) n%%exa?plﬁ»égep%ﬁlawaps} igeicheBUSORgRYr  di sor der s,

der mat ol Q@ginpade Hing WAED.5% t@ﬁl‘)ﬁu@ﬂooﬂ I(@e)a&ﬁ%oaméwo 1, &PIE8I Bl (GOt OUr i nary
di seases and/ or disorders including | ograft rejection, auto-immune and

aIIerglcfﬁ@hﬂ@é?oz%ﬁo6%Wﬁ§é&wﬁ}mh§@mﬁ@0§%l%ﬁﬁh@ﬁu %ﬁé%ékmﬁﬁ@H%ﬁQWMW|nkles

[0234] 1 n 02n01NRELAIPR oil REmiaDYFOLI PR BEASHAGS) BTRURAShS 0153008ABHRLI NG or
pot entiati ng an | nmune res onse in a SUb ect in need ereof such as a

marmmal ,  d8Hrive PrdTaRimon @,ﬂ"é)rti) ﬁlgbuaho%ﬂ/émll \ﬁr@maﬁl?@mri)ﬁ%fo %)09701%0@/% on as
di scl h
I sC Ose%ﬂ G605 aBout 1980 4 @/ r(@/%P@P%%nf éboFtrze} 5{ a%@h Y1 084 m&u\ﬁghl fYcﬁx_i_ %%%rret Hod

preferably’ involves anti |es and/ or cel

may be u§édwmbmudﬁ%deNaomﬁhmaﬂymtﬁ%mméxmeﬁﬁﬁhé@CdnﬂMmmmeS%dosbman i mune
response.) ol Q %?Ll'hoglﬂéo%l@g%@%%uﬁ@} ?W/Vi f?f?o% ﬁléb%%a&uﬁ g%%g herein
may be usdd '3 in ralsin

i mmune reﬂpﬁmaebmmOé%@mbbeuB?ﬁ@Wﬂﬁﬂbﬁbmebeﬂm29@mchoa§9a®wannhﬁoﬁ0236]In

ranu act de OP BB EaraR RorouRBrgt G Pt Bk TR Aoiibne

responset&ﬂmﬁt&&%ﬂaﬁoounﬁmﬁednﬁb@%ﬂmhbmﬁu%mwm@dﬂfﬁmmﬁ@mpﬂ@@ﬁkﬁhﬁ nannal is

fog, s thet At HopenastDayen hefalhondy SEltopPubhdhad b Bard ioer ange

of fspec Ib le‘ﬁam aoer B0 V40 avag Q%’(@v/‘if)soﬂf ﬁbm@b@p?}@”@@tdbSut@S% (Wheoih tmsﬁﬂauoﬁtd |
prefera J(e.g., atoddler or infant), a teenager, or an adult;
Rher e ¢ n@akcbn s OB it R Both v Lo h ekt St Bty i
teenager or an adult. A vaccine intended for children nay al so be

adm nistered to adults, e.g., to asses80safety, dosage, inmunogenicity,
etc. [0238] One way of checking efficacy of therapeutic treatnment involves
noni toring pathogen infection after adm nistration of the conpositions or
vacci nes di scl osed herein. One way of checking efficacy of prophylactic
treatment involves nonitoring i mmune responses, systemcally (such as
nonitoring the | evel of IgGﬂ and IgGQa productlon) and/or nucosally (such

o, o o,



[0242] 1 n certain enbodi nents, the total anount of cationic lipid, such as
DOTAP, that is admnistered to the subject in a single admnistration is no
nor e t harwalkows00837mg, or no nore than about 24 ng. [ 0228TIus2@enyisih

enbodi nents, the total anmount of cationic lipid, such as DOTAP, that is
adm nistered to the subject in a single admnistration is no nore than 4
ng. [0244] The conpositions disclosed herein that include one or nore
antigens or are used in conjunction with one or nore antigens nmay be used

to treat ab&hlo M(d/\qroﬂnabaapb Wll@%ﬁoﬂ Iismﬁm(m&gr&m aﬁ&hnes% (W@}bﬂb@oohﬁ% than 1

year old, 1- years ars or at Ieast 55

years ol dV/V]JPIéﬁé?“rt 8&%@61) @é{ %’OW&% Févetlvitieyt 3-H% (&ahﬂwbw Grisvap gilt he

el derly Gﬁmgs%m%ﬁgoMQ%6§1@b v/ V308, ﬂﬁaﬂﬁyﬁkﬂw)QWQb&hQAﬁﬁﬁ%km.aﬁﬁtyg%rs) t he
young (e.g., <5 years ol italize atients t hcare workers

ar med seKWrVééllmbautrﬁ% (‘Y/é)r‘gll p@%gﬁrﬁeﬂw/ﬂpmemh%%mwéﬁﬂ abpe 3t oWiveeally il
or i mm”%ﬂ&ft'494(§d\?\$é)o‘?18£ﬂo%m S, (WIS ofi OIHBRSh x%?o@ra o ?tso/sﬁé/%)a&i SoPbs! Y for

t hese groups vef, and na e use nD e genera a popu at|on
2013/0068@%@@Hﬁ@5@@iﬁ%0@58@5aP@Eﬂ%@W%@(dodpmS?ﬂ%dw§0dﬂsumb@éé%ﬂéﬁa n that
include gne or nore antigens or are used in conjunction with one or nore
antigens nmay be adm nistered to patients at substantially the sane tine as
(e.g., during the sane nedical consultation or visit to a healthcare

prof essi onal 821 acciThagtdtionicodrin-meajer emhleion vy @lsnegmpisedrom ahousBsttant i al |y
t he sane pa 0 S Il ine, a
MVR vaccﬁhgﬂg/qigafggﬁfga' CCﬁ%%%QL@ﬁw&bﬁﬂ¢6§@ﬁghﬂﬁ,gﬁgﬁ/bg%kgoéggglne a
t et anus @éﬁ@ﬁm@)aampé%ﬂﬂéél%muehE%QGAOamﬁmﬁZwacwWhebmmlé%h®M@BMEmtH

|11 Uenzagt KR BedREShIG o PNIRESE XL S ROL BOY LIS MAFPROE R hepat s B

virus vaccin conju é vacci ne avalent A C
WL35 Y vabaitne), (vavy, ebmnt P. a‘t/dIWV)sammyl i%l(wx;vl) raabsm\zabe/i mv) ethomt 2. I_Z%ZAG@])J n

certain ) itio d e

oot 1 onal PO AT RakY b7 STTBEN, dhefims Bt asry b Ehry) abe 236 avant s
§x$gglZgrb@dpuﬂa?ﬁ§{aMﬁﬂmgﬁgyg?;3a%qwmgtﬂbumatf?gmgabﬁgiﬁia@ﬁ¥2va?%eand/or
adjuvantéqhﬁgﬂv 1 APqU, 4&H§ﬁﬁbé%ﬂf 5ééﬁ%§%¥¥?%% 83 g@“ﬁgﬂngﬁV)ﬂ%Wﬁde but
are not Buﬂ%@@dxbgnnggwwwnggahm@@nﬂngonngoﬁbnp05|t|ons 2. Ol Enulsions;
3. Saponi n Fornul ati ons; Virosones and Virus-Like Particles; 5.

Bacterial or obi Derlv ves oadhesi es and coadhesj yes; 7.
o eomas: 6. M) o0 B Eh ey Ty O By T EReElr gy R ot | ons:
9. Pol yph@&n hecz(an@ ofl PGRRbihed &emlarpénibodRedit itkestiodid oil litvivdRz @gulkioel one
Conpounds; 12. Thi osem carbazone Conpounds; 13. Try ptan%hrln Compounds; 14.

Human | mﬁ:ﬂﬁlﬁ%ﬂ Aoyt 6@%; (W) sqlil_qleﬁlgp gbcg g§§emplary embodiments, the cationic 011 n-

water emulsion comprises from 0.6% (w/v) to 4% (w/v) squalene, for example, from about
1% (w/v) to about 3.2% (w/v) squalene, such as 1.08% (w/v), 2.15% (w/v), or 3.23% (w/v)

squalene, as shown in the Examples.

[084] As noted above, the percentage of oil described above is determined based
on the initial amount of the oil 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

10%, by up to about 20%, by up to about 25%, or by up to about 35%.

B. Cationic Lipids
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16. Benzonapht hyridines; 17. Mcroparticles 18. Inmmunostinulatory

pol ynucl eotide (such as RNA or DNA; e.g., CpG containing oligonucleotides)
EXEMPLI FIVCBTEBN0pE3247] The i nvention now bei ng general | yPdeaseodmais4st wil |
be nore readily understood by reference to the follow ng exanpl es, which
are included nerely for purposes of illustration of certain aspects and
enbodi nents of the present invention, and are not intended to limt the

i nvention. EXAVPLE 1: DEVELOPMENT OF CATIONIC O L-1 N-WATER EMULSI ONS

[0248]In this L@sErrpl Fhe 6A41BR b&tiNBNQLEARYCE heom OhBlies 4 @dohielifidNwrish " CNEs")
that contain high_concentrations of cationic lipid (DOTAP) were devel oped
for the &at mﬁé%cgwah thegregatively|chirged mglepptherchy awphating thamotesylpi e i ons are
summar i zegduisthnaklcesl bel ow, and were nodified based on CNEO1. CNEOL,
CMF40, CNE16, EO2, and CNE17 were used as reference sanples for
conparative studies. Table 1 CNE Cationic Lipid /L Surfactant Squal ene

oi | : Lipi d rat 19} nol &npsviEplesaiauipio mgx be pes. Genetplisp thesestomgs lipid
contains a nitrogen atom that is positively charged under physiological conditions. The head
group of the cationic lipid can comprise a tertiary amine or, preferably, a quaternary amine.

Certain suitable cationic lipids comprise two saturated or unsaturated fatty acid chains (e.g.,

side chains having from about 10 to about 30 carbon atoms).

[087] The cationic lipid can have a positive charge at about 12 pH, about 11 pH,
about 10 pH, about 9 pH, about 8 pH, about 7 pH, or about 6 pH.

[088] Suitable cationic lipids include, benzalkonium chloride (BAK),
benzethonium chloride, cetrimide (which contains tetradecyltrimethylammonium bromide
and possibly small amounts of dodecyltrimethylammonium bromide and hexadecyltrimethyl
ammonium bromide), cetylpyridinium chloride (CPC), cetyl trimethylammonium chloride
(CTAC), primary amines, secondary amines, tertiary amines, including but not limited to
N,N'N'-polyoxyethylene (10)-N-tallow-1,3 -diaminopropane, other quaternary amine salts,
including but not limited to dodecyltrimethylammonium bromide, hexadecyltrimethyl-
ammonium bromide, mixed alkyl-trimethyl-ammonium bromide,
benzyldimethyldodecylammonium chloride, benzyldimethylhexadecyl-ammonium chloride,
benzyltrimethylammonium methoxide, cetyldimethylethylammonium bromide,
dimethyldioctadecyl ammonium bromide (DDAB), methylbenzethonium chloride,
decamethonium chloride, methyl mixed trialkyl ammonium chloride, methyl
trioctylammonium chloride), N,N-dimethyl-N-[2 (2-methyl-4-(L],3,3tetramethylbutyl)-
phenoxy]-ethoxy)ethyl]-benzenemetha-naminium chloride (DEBDA),
dialkyldimetylammonium salts, [1-(2,3-dioleyloxy)-propyl]-N,N,N,trimethylammonium
chloride, 1,2-diacyl-3-(trimethylammonio) propane (acyl group=dimyristoyl, dipalmitoyl,
distearoyl, dioleoyl), 1,2-diacyl-3 (dimethylammonio)propane (acyl group=dimyristoyl,
dipalmitoyl, distearoyl, dioleoyl), 1,2-dioleoyl-3-(4'-trimethyl- ammonio)butanoyl-sn-
glycerol, 1,2-dioleoyl 3-succinyl-sn-glycerol choline ester, cholesteryl (4'-trimethylammonio)
butanoate), N-alkyl pyridinium salts (e.g. cetylpyridinium bromide and cetylpyridinium
chloride), N-alkylpiperidinium salts, dicationic bolaform electrolytes (Ci:Mes; C12Bug),
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(in CHC13) 0.8 0.5% SPAN 85 0.5% Tween 80 4.3%91.7:1 10nMcitrate buffer
pH 6.5 Ref. 2 CMF40 DOTAP (no organic solvent) 1.0 0.5% SPAN 85 0. 5% Tween
80 4. 3% ABO20WL/0Es3M citrate buffer pH 6.5 Ref. 3 CNE16 PCTAR2¢oO433a5ani c
sol vent)

dialkylglycetylphosphorylcholine, lysolecithin, L-a dioleoylphosphatidylethanolamine,
cholesterol hemisuccinate choline ester, lipopolyamines, including but not limited to
dioctadecylamidoglycylspermine (DOGS), dipalmitoyl phosphatidylethanol-amidospermine
(DPPES), lipopoly-L (or D)-lysine (LPLL, LPDL), poly (L (or D)-lysine conjugated to N-
glutarylphosphatidylethanolamine, didodecyl glutamate ester with pendant amino group
(C12GluPhC,N"), ditetradecyl glutamate ester with pendant amino group (C14GluC,N"),
cationic derivatives of cholesterol, including but not limited to cholesteryl-3 B-
oxysuccinamidoethylenetrimethylammonium salt, cholesteryl-3 -
oxysuccinamidoethylenedimethylamine, cholesteryl-3 B-
carboxyamidoethylenetrimethylammonium salt, cholesteryl-3 B-
carboxyamidoethylenedimethylamine, and 3y-[N-(N',N-
dimethylaminoetanecarbomoyl]cholesterol) (DC-Cholesterol), 1,2-dioleoyloxy-3-
(trimethylammonio)propane (DOTAP), 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), and combination thereof.

[089] In preferred embodiments, the cationic lipid is selected from the group
consisting of 1,2-dioleoyloxy-3-(trimethylammonio)propane (DOTAP), 1,2-dioleoyl-sn-
glycero-3-ethylphosphocholine (DOEPC), N,N-dioleoyl-N,N-dimethylammonium chloride
(DODAC), and N-[1-(2, 3-dioleyloxy)propyl]-N,N,N-trimethylammonium chloride
(DOTMA). In certain embodiments, the cationic lipid is not DC-Cholesterol.

[090] Preferably, the cationic lipid selected for the emulsion is soluble in the oil
that is selected for the emulsion. This permits high cationic lipid concentrations to be
achieved in the emulsion, by directly dissolving the lipid in the oil prior to dispersion in the
mobile phase. It is within the knowledge in the art to determine whether a particular lipid is
soluble 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, or linolyl tails), such as
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1.2 0.5% SPAN 85 0.5% Tween 80 4.3%61.1:1 10mMcitrate buffer pH 6.5 Ref.

4 CNEO2 DOTAP (no organic solvent) 1.6 0.5% SPAN 85 0.5% Tween 80 4. 3%

45. 8:1 10wDI20ixawes3e buffer pH 6.5 Ref. 5 CNE17 DOTAP (i mCDTsR012/045895 5% SPAN
85

DOTAP, DOEPC, DODAC, DOTMA, are soluble in squalene or squalane. 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. Such methods are known in the art. The
solubility of exemplary saturated or unsaturated fatty acids in squalene is also provided in the
Examples. Preferably, the saturation concentration of the lipid in the oil is at least about 1
mg/ml, at least about 5 mg/ml, at least about 10 mg/ml, at least about 25 mg/ml, at least about

50 mg/ml or at least about 100mg/ml.

[091] Preferably, the concentration of cationic lipid in the emulsion before the
negatively charged molecule is complexed is at least about 1.25 mM, at least about 1.5 mM,
at least about 1.75 mM, at least about 2.0 mM, at least about 2.25 mM, at least about 2.5 mM,
at least about 2.75 mM, at least about 3.0 mM, at least about 3.25 mM, at least about 3.5 mM,
at least about 3.75 mM, at least about 4.0 mM, at least about 4.25 mM, at least about 4.5 mM,
at least about 4.75 mM, at least about 5.0 mM, at least about 5.25 mM, at least about 5.5 mM,
at least about 5.75 mM, at least about 6 mM, at least about 6.25 mM, at least about 6.5 mM,
at least about 6.75 mM, at least about 7 mM, at least about 7.25 mM, at least about 7.5 mM,
at least about 7.75 mM, at least about 8 mM, at least about 8.25 mM, at least about 8.5 mM,
at least about 8.75 mM, at least about 9 mM, at least about 9.25 mM, at least about 9.5 mM,
at least about 9.75 mM, or at least about 10 mM.

[092] In certain embodiments, the cationic lipid is DOTAP. The cationic oil-in-
water emulsion may comprise from about 0.8 mg/ml to about 10 mg/ml DOTAP. For
example, the cationic oil-in-water emulsion may comprise DOTAP at from about 1.7 mg/ml
to about 10 mg/ml, from about 1.8 mg/ml to about 10 mg/ml, from about 2.0 mg/ml to about
10 mg/ml, from about 2.2 mg/ml to about 10 mg/ml, from about 2.4 mg/ml to about 10
mg/ml, from about 2.6 mg/ml to about 10 mg/ml, from about 2.8 mg/ml to about 10 mg/ml,
from about 3.0 mg/ml to about 10 mg/ml, from about 3.2 mg/ml to about 10 mg/ml, from
about 3.4 mg/ml to about 10 mg/ml, from about 3.6 mg/ml to about 10 mg/ml, from about 4.0
mg/ml to about 10 mg/ml, from about 4.4 mg/ml to about 10 mg/ml, from about 4.8 mg/ml to
about 10 mg/ml, from about 5 mg/ml to about 10 mg/ml, from about 1.7 mg/ml to about 5
mg/ml, from about 1.8 mg/ml to about 5 mg/ml, from about 1.8 mg/ml to about 6 mg/ml,
from about 1.8 mg/ml to about 7 mg/ml, from about 1.8 mg/ml to about 8 mg/ml, from about
1.8 mg/ml to about 9 mg/ml, about 1.7 mg/ml, about 1.8 mg/ml, about 2.0 mg/ml, about 2.2
mg/ml, about 2.4 mg/ml, about 2.6 mg/ml, about 2.8 mg/ml, about 3.0 mg/ml, about 3.2
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0.5% Tween 80 4.3%52.4:1 10nmM citrate buffer pH 6.5 Exanple 1 CVF41 DOTAP
(no organic solvent) 1.8 0.5% SPAN 85 0.5% Tween 80 4.3% 40.7:1 10mM
citrate bwbf2er3/qobs3s. 5 Exanpl e 2 CMF30 DOTAP (no or ganiPCT/US2012/045845

mg/ml, about 3.4mg/ml, about 3.6 mg/ml, about 3.8 mg/ml, about 4.0 mg/ml, about 4.2
mg/ml, about 4.4 mg/ml, about 4.6 mg/ml, about 4.8 mg/ml, about 5.0 mg/ml, about 5.2
mg/ml, about 5.5 mg/ml, about 6.0 mg/ml, at least about 0.8 mg/ml, at least about 0.85mg/ml,
at least about 0.9 mg/ml, at least about 1.0 mg/ml, at least about 1.1 mg/ml, at least about 1.2
mg/ml, at least about 1.3 mg/ml, at least about 1.4 mg/ml, at least about 1.5 mg/ml, at least

about 1.6 mg/ml, at least about 1.7 mg/ml, etc.

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

from about 1.8 mg/ml to about 5.0 mg/ml DOTAP.

[094] In certain embodiments, the cationic lipid is DOEPC. The cationic oil-in-
water emulsion may comprise from about 0.8 mg/ml to about 10 mg/ml DOEPC. For
example, the cationic oil-in-water emulsion may comprise DOEPC at from about 1.7 mg/ml
to about 10 mg/ml, from about 1.8 mg/ml to about 10 mg/ml, from about 2.0 mg/ml to about
10 mg/ml, from about 2.2 mg/ml to about 10 mg/ml, from about 2.4 mg/ml to about 10
mg/ml, from about 2.6 mg/ml to about 10 mg/ml, from about 2.8 mg/ml to about 10 mg/ml,
from about 3.0 mg/ml to about 10 mg/ml, from about 3.2 mg/ml to about 10 mg/ml, from
about 3.4 mg/ml to about 10 mg/ml, from about 3.6 mg/ml to about 10 mg/ml, from about 4.0
mg/ml to about 10 mg/ml, from about 4.4 mg/ml to about 10 mg/ml, from about 4.8 mg/ml to
about 10 mg/ml, from about 5 mg/ml to about 10 mg/ml, from about 1.7 mg/ml to about 5
mg/ml, from about 1.8 mg/ml to about 5 mg/ml, from about 1.8 mg/ml to about 6 mg/ml,
from about 1.8 mg/ml to about 7 mg/ml, from about 1.8 mg/ml to about 8 mg/ml, from about
1.8 mg/ml to about 9 mg/ml, about 1.7 mg/ml, about 1.8 mg/ml, about 2.0 mg/ml, about 2.2
mg/ml, about 2.4 mg/ml, about 2.6 mg/ml, about 2.8 mg/ml, about 3.0 mg/ml, about 3.2
mg/ml, about 3.4mg/ml, about 3.6 mg/ml, about 3.8 mg/ml, about 4.0 mg/ml, about 4.2
mg/ml, about 4.4 mg/ml, about 4.6 mg/ml, about 4.8 mg/ml, about 5.0 mg/ml, about 5.2
mg/ml, about 5.5 mg/ml, about 6.0 mg/ml, at least about 0.8 mg/ml, at least about 0.85mg/ml,
at least about 0.9 mg/ml, at least about 1.0 mg/ml, at least about 1.1 mg/ml, at least about 1.2
mg/ml, at least about 1.3 mg/ml, at least about 1.4 mg/ml, at least about 1.5 mg/ml, at least

about 1.6 mg/ml, at least about 1.7 mg/ml, etc.

[095] In certain embodiments, the cationic lipid is DODAC. The cationic oil-in-
water emulsion may comprise from about 0.8 mg/ml to about 10 mg/ml DODAC. For

example, the cationic oil-in-water emulsion may comprise DODAC at from about 1.7 mg/ml
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solvent) 2.0 0.5% SPAN 85 0. 5% Tween 80 4.3% 36.7:1 10nmM citrate buffer pH
6.5 Exanple 3 CMF31 DOTAP (no organic solvent) 2.6 0.5% SPAN 85 0. 5% Tween
80 4. 3% 280201/00683M citrate buffer pH 6.5 Exanpl e 4 CMFBRTIDSINER/045845

to about 10 mg/ml, from about 1.8 mg/ml to about 10 mg/ml, from about 2.0 mg/ml to about
10 mg/ml, from about 2.2 mg/ml to about 10 mg/ml, from about 2.4 mg/ml to about 10
mg/ml, from about 2.6 mg/ml to about 10 mg/ml, from about 2.8 mg/ml to about 10 mg/ml,
from about 3.0 mg/ml to about 10 mg/ml, from about 3.2 mg/ml to about 10 mg/ml, from
about 3.4 mg/ml to about 10 mg/ml, from about 3.6 mg/ml to about 10 mg/ml, from about 4.0
mg/ml to about 10 mg/ml, from about 4.4 mg/ml to about 10 mg/ml, from about 4.8 mg/ml to
about 10 mg/ml, from about 5 mg/ml to about 10 mg/ml, from about 1.7 mg/ml to about 5
mg/ml, from about 1.8 mg/ml to about 5 mg/ml, from about 1.8 mg/ml to about 6 mg/ml,
from about 1.8 mg/ml to about 7 mg/ml, from about 1.8 mg/ml to about 8 mg/ml, from about
1.8 mg/ml to about 9 mg/ml, about 1.7 mg/ml, about 1.8 mg/ml, about 2.0 mg/ml, about 2.2
mg/ml, about 2.4 mg/ml, about 2.6 mg/ml, about 2.8 mg/ml, about 3.0 mg/ml, about 3.2
mg/ml, about 3.4mg/ml, about 3.6 mg/ml, about 3.8 mg/ml, about 4.0 mg/ml, about 4.2
mg/ml, about 4.4 mg/ml, about 4.6 mg/ml, about 4.8 mg/ml, about 5.0 mg/ml, about 5.2
mg/ml, about 5.5 mg/ml, about 6.0 mg/ml, at least about 0.8 mg/ml, at least about 0.85mg/ml,
at least about 0.9 mg/ml, at least about 1.0 mg/ml, at least about 1.1 mg/ml, at least about 1.2
mg/ml, at least about 1.3 mg/ml, at least about 1.4 mg/ml, at least about 1.5 mg/ml, at least

about 1.6 mg/ml, at least about 1.7 mg/ml, etc.

[096] In certain embodiments, the cationic lipid is DOTMA. The cationic oil-in-
water emulsion may comprise from about 0.8 mg/ml to about 10 mg/ml DOTMA. For
example, the cationic oil-in-water emulsion may comprise DOTMA at from about 1.7 mg/ml
to about 10 mg/ml, from about 1.8 mg/ml to about 10 mg/ml, from about 2.0 mg/ml to about
10 mg/ml, from about 2.2 mg/ml to about 10 mg/ml, from about 2.4 mg/ml to about 10
mg/ml, from about 2.6 mg/ml to about 10 mg/ml, from about 2.8 mg/ml to about 10 mg/ml,
from about 3.0 mg/ml to about 10 mg/ml, from about 3.2 mg/ml to about 10 mg/ml, from
about 3.4 mg/ml to about 10 mg/ml, from about 3.6 mg/ml to about 10 mg/ml, from about 4.0
mg/ml to about 10 mg/ml, from about 4.4 mg/ml to about 10 mg/ml, from about 4.8 mg/ml to
about 10 mg/ml, from about 5 mg/ml to about 10 mg/ml, from about 1.7 mg/ml to about 5
mg/ml, from about 1.8 mg/ml to about 5 mg/ml, from about 1.8 mg/ml to about 6 mg/ml,
from about 1.8 mg/ml to about 7 mg/ml, from about 1.8 mg/ml to about 8 mg/ml, from about
1.8 mg/ml to about 9 mg/ml, about 1.7 mg/ml, about 1.8 mg/ml, about 2.0 mg/ml, about 2.2
mg/ml, about 2.4 mg/ml, about 2.6 mg/ml, about 2.8 mg/ml, about 3.0 mg/ml, about 3.2
mg/ml, about 3.4mg/ml, about 3.6 mg/ml, about 3.8 mg/ml, about 4.0 mg/ml, about 4.2
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(no organic solvent) 3.2 0.5% SPAN 85 0.5% Tween 80 4.3% 22.9:1 10nmM
citrate buffer pH 6.5 Exanple 5 CMF33 DOTAP (no organic solvent) 3.8 0.5%
SPAN 85 OWb6%20B/mes3780 4.3% 19.3:1 10mM citrate buffer pPRCOHUS2H2AuI8UE 6
CVF34

mg/ml, about 4.4 mg/ml, about 4.6 mg/ml, about 4.8 mg/ml, about 5.0 mg/ml, about 5.2
mg/ml, about 5.5 mg/ml, about 6.0 mg/ml, at least about 0.8 mg/ml, at least about 0.85mg/ml,
at least about 0.9 mg/ml, at least about 1.0 mg/ml, at least about 1.1 mg/ml, at least about 1.2
mg/ml, at least about 1.3 mg/ml, at least about 1.4 mg/ml, at least about 1.5 mg/ml, at least

about 1.6 mg/ml, at least about 1.7 mg/ml, etc.

[097] 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 10%, by up to about 20%, by up to about 25%, or by up to about 35%. .
C. Qil to Lipid Ratio

[098] The cationic oil-in-water emulsions of the invention have a defined
oil:lipid ratio. For example, the ratio of oil:lipid (mole:mole) of the emulsion may be at least
about 8:1 (mole:mole), at least about 8.5:1 (mole:mole), at least about 9:1 (mole:mole), at
least about 9.5:1 (mole:mole), at least about 10:1 (mole:mole), at least about 10.5:1
(mole:mole), at least about 11:1 (mole:mole), at least about 11.5:1 (mole:mole), at least about
12:1 (mole:mole), at least about 12.5:1 (mole:mole), at least about 13:1 (mole:mole), at least
about 13.5:1 (mole:mole), at least about 14:1 (mole:mole), at least about 14.5:1 (mole:mole),
at least about 15:1 (mole:mole), at least about 15.5:1 (mole:mole), at least about 16:1
(mole:mole), at least about 16.5:1 (mole:mole), at least about 17:1 (mole:mole), from about
8:1 (mole:mole) to about 50:1 (mole:mole), from about 9:1 (mole:mole) to about 50:1
(mole:mole), from about 10:1 (mole:mole) to about 50:1 (mole:mole), from about 8:1
(mole:mole) to about 49:1 (mole:mole), from about 8:1 (mole:mole) to about 48:1
(mole:mole), from about 8:1 (mole:mole) to about 47:1 (mole:mole), from about 8:1
(mole:mole) to about 46:1 (mole:mole), from about 8:1 (mole:mole) to about 45:1
(mole:mole), from about 8:1 (mole:mole) to about 44:1 (mole:mole), from about 8:1
(mole:mole) to about 43:1 (mole:mole), from about 8:1 (mole:mole) to about 42:1
(mole:mole), from about 8:1 (mole:mole) to about 41:1 (mole:mole), from about 9:1
(mole:mole) to about 43:1 (mole:mole), from about 10:1 (mole:mole) to about 43:1
(mole:mole), from about 11:1 (mole:mole) to about 43:1 (mole:mole), from about 12:1

(mole:mole) to about 43:1 (mole:mole), from about 13:1 (mole:mole) to about 43:1
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DOTAP (no organic solvent) 4.4 0.5% SPAN 85 0.5% Tween 80 4.3% 16.7:1 10nmM
citrate buffer pH 6.5 Exanple 7 CMF35 DOTAP (no organic solvent) 5.0 0.5%
SPAN 85 OWb6%20B/mes3780 4.3% 14.7:1 10mM citrate buffer pPRCOHUS2H2AuI8UE 8

(mole:mole), from about 14:1 (mole:mole) to about 43:1 (mole:mole), from about 15:1
(mole:mole) to about 43:1 (mole:mole), from about 16:1 (mole:mole) to about 43:1

(mole:mole), from about 17:1 (mole:mole) to about 43:1 (mole:mole), efc.

[099] If desired, the ratio of oil:lipid (mole:mole) of the emulsion may be at least
about 4:1 (mole:mole), at least about 4.2:1 (mole:mole), at least about 4.5:1 (mole:mole), at
least about 5:1 (mole:mole), at least about 5.5:1 (mole:mole), at least about 6:1 (mole:mole),
at least about 6.5:1 (mole:mole), 7:1 (mole:mole), at least about 7.5:1 (mole:mole), from
about 4:1 (mole:mole) to about 50:1 (mole:mole), from about 5:1 (mole:mole) to about 50:1
(mole:mole), from about 6:1 (mole:mole) to about 50:1 (mole:mole), from about 7:1
(mole:mole) to about 50:1 (mole:mole), from about 4:1 (mole:mole) to about 49:1
(mole:mole), from about 4:1 (mole:mole) to about 48:1 (mole:mole), from about 4:1
(mole:mole) to about 47:1 (mole:mole), from about 4:1 (mole:mole) to about 46:1
(mole:mole), from about 4:1 (mole:mole) to about 45:1 (mole:mole), from about 4:1
(mole:mole) to about 44:1 (mole:mole), from about 4:1 (mole:mole) to about 43:1
(mole:mole), from about 4:1 (mole:mole) to about 42:1 (mole:mole), from about 4:1
(mole:mole) to about 41:1 (mole:mole), from about 5:1 (mole:mole) to about 43:1
(mole:mole), from about 6:1 (mole:mole) to about 43:1 (mole:mole), from about 7:1

(mole:mole) to about 43:1 (mole:mole), efc.

[0100] Sometimes, there may be a need to strike a balance between the desire to
increase the concentration of a cationic lipid (thereby increasing the amount of nucleic acid
molecules loaded to the emulsion particle), and toxicity or tolerability of the lipid when
administered in vivo. For example, it has been reported that high doses of DOTAP can have
toxic effects. See, e.g., Lappalainen et al., Pharm. Res., vol. 11(8):1127-31 (1994). The
optimal range of lipid dose in a particular emulsion can be determined in accordance with the

knowledge of a skilled clinician.

[0101] If the oil comprises a mixture of molecules, the molar concentration of the
oil can be calculated based on the average molecular weight of the oil. For example, the
average molecular weight of soybean oil (292.2) can be calculated according to the average
fatty acid distribution (12% weight percentage of palmitic acid; 52% weight percentage of

linolenic acid; etc), and the molecular weight of each component.

C. Additional Components
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CVF44 DOTAP (no organic solvent) 4.4 0.5% SPAN 85 0.5% Tween 80 3. 23%
12.5:1 10nM citrate buffer pH 6.5 Exanple 9 CVMF45 DOTAP (no organic

sol vent) WO0200/m®8833PAN 85 0.5% Tween 80 2. 15% 8. 4: 1 10nWCTiuscabm4isus f er
6.5 Exanpl e

[0102] 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 negatively charge
molecules and the cationic particles, or increase the stability of the negatively charge
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 thercof.
Surfactants

[0103] In certain embodiments, the cationic oil-in-water emulsion as described

herein further comprises a surfactant.

[0104] 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 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. Ionic or nonionic detergents and long chain fatty-acid-

derived compounds can also be used in this invention.
[0105] Specific examples of suitable surfactants include the following:

[0106] 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.

[0107] 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
acid esters of the reaction product of one mole of a higher fatty alcohol and about 1 to 6

moles of ethylene oxide; sodium or potassium alkyl phenol ethylene oxide ether sulfonates,
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10 CVF46 DOTAP (no organic solvent) 4.4 0.5% SPAN 85 0.5% Tween 80 1. 08%
4.2:1 10mMcitrate buffer pH 6.5 [0250]CNEs were prepared simlar to

char ged MVB20BB800p832Vvi ously described (Ot et al., Journa&CTafS2@onyises | ed

Rel ease, volune 79, pages 1-5, 2002), with one major nodification. DOTAP
was di ssolved in the squalene directly, and no organic solvent was used. It
was di scovered that inclusion of a solvent in enulsions that contained
greater than 1.6 ng/m DOTAP produced a foany feedstock that could not be

m crof | uivdinzied 15 @niy i Rnd Bxi@ePérah@bulcHaati Weick téalkgnRdleds 3difmialioawed
DOTAP to be directly dissolved 1 n squal ene, and then the oil phase could be
successf §ItPy2 garbperey thareaqian Aypded 9& faih acids gerified Wit} issthinietsidandi on) to
produce aRyRftELRANsod AT RRIrd:3deS Oddiith %rdlbd”t'as%‘élﬁlasla&‘sn& ARchol R8E oCORGRNt r ati ons
of DOTAP in squal ene than those |isted in Table 1 may be achi eved.

However , tduridpzad pediym pagpetessigm salig offi Qyrsuioteddfo-Ogmadctiztn have t oxi ¢
effects. See, e.g., Lappalainen etal., Pharm Res., vol. 11(8):1127-31
(1994) . [0251]H08Ef | ¥, NOAUACRPRIMRSuIRNEInIR b3 fife cofGhs AT APaASndi ssol ved
directly in squalene in the presence of SPAN 85. The resulting oil phase
was t hen oswiasraeswith pmorgpac Axdiehesic shageund izl dgdiophabiq grawns slifdeer ) and

| mredi at %bﬂ(deﬂ%ﬁ@ﬁﬁf&h&&@oﬁp%p&n@“o it "tﬁgrcfwlehé@ygcﬁ?alﬁ@;m&%m &SlieRhi?K RPM
to produce a honbgeneous feedstock (prinmary eniulsions). The prinary
enul si ongradueteof peapsisde pxideamdicthyldng diaminee slighhtioalethols hwying 88 M earlwil ui di zer

or a M1 i-d] (Mcrofluidics, Newon, MA) with an ice bath
cool i ng 8?)0?{5, Qa%dca;nﬁﬁuég%giéﬁﬁélgé'i on pressure of approximately 15K-20K PSI. The

20mL batch sanples were renbved fromthe unit and stored at 4C. [0252] It
shoul d be not #H0Phat 4t Neniepis cwifactaatsi 9168 apiminp exidesnplneiiesoxsdesapé CNEs, as
descri bes, 0. 1. : : - [ : ' jnitial
anmount s gyllf%%eg’gl aggl%is)%néﬁltaga{aﬁdgﬁh\%\tggr&eg%%}af%ae%(%ﬂ%?%%g? %}%@qégpru%tsa?g%és. It is
under st oodidehmtludadimethytdedeqylaovessidsfang b e hiydigx eyl sdodey lanvne. §pedifiy t he
filter sterilizat] r S | t f l.en AP, , or ot her
conponen teggl{ﬁlgés (gftéj 'h?s% 1§ Fw %gﬁgdg %r% gorﬁg!é %nulg'lgpg%h%% %t3r0 3’? ?g ﬁ%su%% Fet@geggeI 4C onponent s
in the filadl, apt mdind¢ difethyldodecyjrhokrhge ehxids tied dibethgd(Cbpdibsydodedybat 1 s ready
for adm nihstLati o.gg m ght be slightly lower, typically by up to about 20%
sonet i med "B Up °t'6%about 25% or up to about 35% However, the conventi onal
practice in the art is to describe the concentration of a particul ar
conponent bas#d18in t heLbmg ¢chaml subiorodest intlnding il®susedspondipg éptae éortmbk enul si on,

i nstead qfi t ct ual . ncentration. in the fi I duct . [.0253] Tabl e 2
bar o ads s R R GO AETRE RSN dr bl Afeq Bt has WRARH S o
squal ene camdinDGFAR {wal ubabed 28 cabsditags, whercanRt ¢oataimfount & Ddéartsgual ene

d DOTAP, t h t th | si t t ual
i AR RS N e
Tabl e 2 GMEotheRleall nélyl sulfoxide.

[0111] 6. Ampholytic synthetic surfactants, such as sodium 3-

dodecylaminopropionate and sodium 3-dodecylaminopropane sulfonate.

[0112] 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.

[0113] 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

branched-chain and straight-chain hydrophobic groups, as well as primary and secondary
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DOTAP (ng/ L) Actual DOTAP (mg/nlL) % of Theoretical DOTAP Yield Theoretical
Squal ene (ng/ L) Actual Squal ene (ng/nL) % of Theoretical Squal ene Yield
CVF32 Batwb 201330&832. 20 68. 76 43 19. 33 44.95 CMF32 Bat chP2T/US2012/045845

sulfate groups; (d) sulfates and sulfonates containing an intermediate linkage between the
hydrophobic and hydrophilic groups, such as the fatty acylated methyl taurides and the
sulfated fatty monoglycerides; (¢) long-chain acid esters of polyethylene glycol, especially
the tall oil esters; (f) polyethylene glycol ethers of alkylphenols; (g) polyethylene glycol
ethers of long-chain alcohols and mercaptans; and (h) fatty acyl diethanol amides. Since
surfactants can be classified in more than one manner, a number of classes of surfactants set

forth in this paragraph overlap with previously described surfactant classes.

[0114] There are a number of surfactants specifically designed for and commonly
used in biological situations. Such surfactants are divided into four basic types: anionic,
cationic, zwitterionic (amphoteric), and nonionic. Exemplary anionic surfactants include,
e.g., perfluorooctanoate (PFOA or PFO), perfluorooctanesulfonate (PFOS), alkyl sulfate salts
such as sodium dodecyl sulfate (SDS) or ammonium lauryl sulfate, sodium laureth sulfate
(also known as sodium lauryl ether sulfate, SLES), alkyl benzene sulfonate, and fatty acid
salts. Exemplary cationic surfactants include, e.g., alkyltrimethylammonium salts such as
cetyl trimethylammonium bromide (CTAB, or hexadecyl trimethyl ammonium bromide),
cetylpyridinium chloride (CPC), polyethoxylated tallow amine (POEA), benzalkonium
chloride (BAC), benzethonium chloride (BZT). Exemplary zwitterionic (amphoteric)
surfactants include, e.g., dodecyl betaine, cocamidopropyl betaine, and coco ampho
glycinate. Exemplary nonionic surfactants include, e.g., alkyl poly(ethylene oxide),
alkylphenol poly(ethylene oxide), copolymers of poly(ethylene oxide) and poly(propylene
oxide) (commercially called poloxamers or poloxamines), Aayl polyglucosides (e.g., octyl
glucoside or decyl maltoside), fatty alcohols (e.g., cetyl alcohol or oleyl alcohol), cocamide
MEA, cocamide DEA, Pluronic® F-68 (polyoxyethylene-polyoxypropylene block
copolymer), and polysorbates, such as Tween 20 (polysorbate 20), Tween 80 (polysorbate 80;
polyoxyethuylenesorbitan monooleate), dodecyl dimethylamine oxide, and vitamin E

tocopherol propylene glycol succinate (Vitamin E TPGS).

[0115] A particularly useful 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.

-31 -



3.2 2.57 80.32 43 34.45 80.12 CVF32 Batch 3 3.2 2.37 73.95 43 38.38 89.25
WO 2013/ 006837PCT/ US2012/ 045845 CMF34 Batch 1 4.4 2.75 62.44 43 30.46 70.84
CVF34 Batwb 28134004833. 21 73. 00 43 PCT/US2012/045845

[0116] The fatty-acid-substituted sorbitan surfactants are made by reacting 1,4-
sorbitan with a fatty acid such as lauric acid, palmitic acid, stearic acid, oleic acid, or a
similar long chain fatty acid to give the 1,4-sorbitan mono-ester, 1,4-sorbitan sesquiester or
1,4-sorbitan triester. The common names for these surfactants include, for example, sorbitan
monolaurate, sorbitan monopalmitate, sorbitan monoestearate, sorbitan monooleate, sorbitan
sesquioleate, and sorbitan trioleate. These surfactants are commercially available under the
name SPAN® or ARLACEL®, usually with a letter or number designation which

distinguishes between the various mono, di- and triester substituted sorbitans.

[0117] SPAN® and ARLACEL® surfactants are hydrophilic and are generally
soluble or dispersible in oil. They are also soluble in most organic solvents. In water they are
generally insoluble but dispersible. Generally these surfactants will have a hydrophilic-
lipophilic balance (HLB) number between 1.8 to 8.6. Such surfactants can be readily made

by means known in the art or are commercially available.

[0118] A related group of surfactants comprises olyoxyethylene sorbitan
monoesters and olyoxyethylene sorbitan triesters. These materials are prepared by addition
of ethylene oxide to a 1,4-sorbitan monester or triester. The addition of polyoxyethylene
converts the lipophilic sorbitan mono- or triester surfactant to a hydrophilic surfactant

generally soluble or dispersible in water and soluble to varying degrees in organic liquids.

[0119] These materials, commercially available under the mark TWEEN®, are
useful for preparing oil-in-water emulsions and dispersions, or for the solubilization of oils
and making anhydrous ointments water-soluble or washable. The TWEEN® surfactants may
be combined with a related sorbitan monester or triester surfactants to promote emulsion
stability. TWEEN® surfactants generally have a HLB value falling between 9.6 to 16.7.

TWEEN® surfactants are commercially available.

[0120] A third group of non-ionic surfactants which could be used alone or in
conjunction with SPANS, ARLACEL® and TWEEN® surfactants are the polyoxyethylene
fatty acids made by the reaction of ethylene oxide with a long-chain fatty acid. The most
commonly available surfactant of this type is solid under the name MYRIJ® and is a
polyoxyethylene derivative of stearic acid. MYRJ® surfactants are hydrophilic and soluble
or dispersible in water like TWEEN® surfactants. The MYRJ® surfactants may be blended
with TWEEN® surfactants or with TWEEN®/SPAN® or ARLACEL® surfactant mixtures
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1. RNA synwbesiaopg3254] Pl asmi d DNA encodi ng an al phavi r upCTASRI12.0mS845
(self-replicating RNA) was used as a tenplate for synthesis of RNA in
vitro. Each replicon contains the genetic elenents required for RNA
replication but |acks sequences encodi ng gene products that are necessary
for particle assenbly. The structural genes of the al phavirus genone were
repl aced fhiyuss BAMARNGE SmERLAL IMYR Ao (8 t8fafilk QSOMSMmRTHy@hdihddWRASE BXRS £6Si on 1S
driven by the al phavirus subgenom c promoter). Upon delivery of the
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RNA and transqkbe abuigan roﬁybgww@&hﬁamsda%ﬂ%ﬂwsu&ﬁaam@a@m ogous
protein. Due to the |ack o gga%ressmn of the al phawrus structural
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facilitate the synthesis of the replicon RNAin vitro, and the hepatitis

del ta vi caamerm/nampe fw Meresurigetattet B&H@dBBU@ yrfdesonis mp Aadutorhilis or
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activity | owm ng i nearization © | asm d DNA downstream of

t he HDV mirdperayipeofihesh campayintais lawailabltifontthe e, tbwdacljml@q wadly, avpilghlegidm
transcripfs Eﬂ\b&w&{sheg zed in vitro using T7 or SP6 bacteri ophage derived
DNA- depen ent ynmerase. Transcriptions were perforned for 2 hours at
37C in the presence of 7.5 nM (T7 RNA pol ynerase) or 5 mM (SP6 RNA

pol yrer ase) fiHaRl comtennemionisryudictagcmhiel cquidkpaientipbokd eed e fshosphat es

iUt act G A AGRE St ere 0 ISR AR SR b IGe ) o1
DNA was dittyesthasd by’ SWXT@RB@V@B\HB@H(IWIWWMISM, nolyethylehelanelpl i con RNA
uas b eclhl A b L bGE AR SERNSH Ll 3t B WEheRSRe o0 vt er
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(VCE) usipalyokyrehyBoe iagitl mphqm&tﬁ?apipnwgw&/(ﬁtlmc(hm fetgyndcids oBil 222 chhal ogi es,

Madi son, W as outlined in the user manual. Post-transcriptionally capped
RNA was pPrécipitated with LiCl and reconstituted in nucl ease-free water.

Al ternatively, replicons may be capped by suppl enenting the transcription
reactions wit 0183V Akdre eﬁmlmapd)fcymltaa@fe)of dmim/enmr(dr@mt@@&ﬂam

pol ymer ase 5 p reversible str uct uls g (New

Engl and I:Ian gggg ’@}e%)s 153%&5281(3 {yC oweri emuls[1 e%gn&n CS(‘)lna%;;}iimqguanosi ne

t ri phosphdtich ltag ad HhBritlug firothe TathbPabp@ﬂ Maselﬁa%i)s value ilnay‘M: élﬁtmmecSiﬁﬁoulgNA

pol yner asge The .transcripts may be. the ifie TURB Anbi on,
st 15 s b ESEHB RS sm R oMy S e & B bl P g S0 T 506
et hanol . thORb 6] AblencCenagndtdndd dubinaok it HeoriRA nsaapdiesr M@ﬁer@est,ee rsﬁﬂfal’cbei(ﬂt by

measurin theotlcal at 260 nm. Integrity of the in vitro
transcri gmsef%% Sé%HPWP%&YWX@éW%@r??‘P@bl%ﬁt C@%Pm%tllcl%‘c‘i”ﬂbaphor esis for the

pr esence pafyokytehyldak lanb BN K e€ QFklabE b sorBitdiNcE QiRL@Xah t&fbination with a
high HLB polyoxyethylene fatty ether surfactant; or a polyethylene fatty ether surfactant or
polyoxyethylene sorbitan fatty acid.

[0124] In certain embodiments, the emulsion comprises a single non-ionic
surfactant, most particularly a TWEEN® surfactant, as the emulsion stabilizing non-ionic
surfactant. In an exemplary embodiment, the emulsion comprises TWEEN® 80, otherwise
known as polysorbate 80 or polyoxyethylene 20 sorbitan monooleate. In other embodiments,
the emulsion comprises two or more non-ionic surfactants, in particular a TWEEN®
surfactant and a SPAN® surfactant. In an exemplary embodiment, the emulsion comprises

TWEEN® 80 and SPAN®SS.
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effect of DOTAP concentration on RNA-pa#ticle interactions [0263] Table 3
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[0130] In certain embodiments, the surfactant is a Polyethylene Glycol (PEG)-
lipid. In other embodiments, the emulsion does not comprise a PEG-lipid. PEG-lipids, such
as PEG coupled to dialkyloxypropyls (PEG-DAA), PEG coupled to diacylglycerol (PEG-
DAG), PEG coupled to phosphatidylethanolamine (PE) (PEG-PE) or some other
phospholipids (PEG-phospholipids), PEG conjugated to ceramides (PEG-Cer), or a
combination thereof, may also be used as surfactants (see, ¢.g., U.S. Pat. No. 5,885,613; U.S.
patent application publication Nos. 2003/0077829, 2005/0175682 and 2006/0025366). Other
suitable PEG-lipids include, e.g., PEG-dialkyloxypropyl (DAA) lipids or PEG-diacylglycerol
(DAG) lipids. Exemplary PEG-DAG lipids include, e.g., PEG-dilauroylglycerol (C;») lipids,
PEG-dimyristoylglycerol (Ci4) lipids, PEG-dipalmitoylglycerol (Cie) lipids, or PEG-
distearoylglycerol (C;s) lipids. Exemplary PEG-DAA lipids include, e.g., PEG-
dilauryloxypropyl (C») lipids, PEG-dimyristyloxypropyl (Ci4) lipids, PEG-
dipalmityloxypropyl (Cie) lipids, or PEG-distearyloxypropyl (Cig) lipids.

[0131] PEGs are classified by their molecular weights; for example, PEG 2000
has an average molecular weight of about 2,000 daltons, and PEG 5000 has an average
molecular weight of about 5,000 daltons. PEGs are commercially available from Sigma
Chemical Co. as well as other companies and include, for example, the following:
monomethoxypolyethylene glycol (MePEG-OH), monomethoxypolyethylene glycol-
succinate (MePEG-S), monomethoxypolyethylene glycol-succinimidyl succinate (MePEG-S-
NHS), monomethoxypolyethylene glycol-amine (MePEG-NH;), monomethoxypolyethylene
glycol-tresylate (MePEG-TRES), and monomethoxypolyethylene glycol-imidazolyl-carbonyl
(MePEG-IM). In addition, monomethoxypolyethyleneglycol-acetic acid (MePEG-
CH,COOH), is particularly useful for preparing the PEG-lipid conjugates including, e.g.,
PEG-DAA conjugates.

D. Aqueous phase (Continuous phase)

[0132] The aqueous phase (continuous phase) of the oil-in-water emulsions is
water, or an aqueous solution that can contain 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 any
combination thereof. The aqueous phase of the pre-complexed emulsions (oil-in-water
emulsions before the addition of the negatively charged molecules) can differ from the

aqueous phase of the post-complexed emulsions (oil-in-water emulsions in which the
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negatively charged molecules are complexed with the emulsion particles). In general, the
pre-complexed emulsions are prepared in an aqueous solvent that promotes the formation of
particles with desired properties (e.g., average diameter, and the like). The pre-complexed
emulsions are diluted with an aqueous solution that contains the negatively charged molecule,
and other desired components, to produce the final cationic oil-in-water emulsion, which
contains the final aqueous phase with desired osmolarity and tonicity. The aqueous phase

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

[0133] When the emulsions are formulated for iz vivo administration, it is
preferable to make up the final solution so that the tonicity and osmolarity of the emulsion are
substantially the same as normal physiological fluids in order to prevent undesired post-
administration consequences, such as swelling or rapid absorption of the composition. It is
also preferable to buffer the aqueous phase in order to maintain a pH 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 emulsion. For
example, it may be desirable to prepare an emulsion that is isotonic and isosmotic. 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, magnesium chloride, calcium chloride, efc. Non-ionic
tonicifying agents can also be used to control tonicity. A number of non-ionic tonicity
modifying agents ordinarily known to those in the art. These are typically carbohydrates of
various classifications (see, for example, Voet and Voet (1990) Biochemistry (John Wiley &
Sons, New York). Monosaccharides classified as aldoses such as glucose, mannose,
arabinose, and ribose, as well as those classified as ketoses such as fructose, sorbose, and
xylulose can be used as non-ionic tonicifying agents in the present invention. Disaccharides
such a sucrose, maltose, trehalose, and lactose can also be used. In addition, alditols (acyclic
polyhydroxy alcohols, also referred to as sugar alcohols) such as glycerol, mannitol, xylitol,
and sorbitol are non-ionic tonicifying agents useful in the present invention. Non-ionic
tonicity modifying agents can be present at a concentration of from about 0.1% to about 10%

or about 1% to about 10%, depending upon the agent that is used.

[0134] The aqueous phase may be buffered. Any physiologically acceptable

buffer may be used herein, such as water, citrate buffers, phosphate buffers, acetate buffers,
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tris buffers, bicarbonate buffers, carbonate buffers, succinate buffer, or the like. The pH of
the aqueous component will preferably be between 6.0-8.0, more preferable about 6.2 to
about 6.8. In an exemplary embodiment, the buffer is 10mM citrate buffer with a pH at 6.5.
In another exemplary embodiment, the aqueous phase is, or the buffer prepared using,
RNase-free water or DEPC treated water. In some cases, high salt in the buffer might
interfere with complexation of negatively charged molecule to the emulsion particle therefore

is avoided. In other cases, certain amount of salt in the buffer may be included.

[0135] In an exemplary embodiment, the buffer is 10mM citrate buffer with a pH
at 6.5. If desired the aqueous phase is, or the buffer is prepared using, RNase-free water or

DEPC treated water.

[0136] The aqueous phase may also comprise additional components such as
molecules that change the osmolarity of the aqueous phase or molecules that stabilizes the
negatively charged molecule after complexation. Preferably, the osmolarity of the aqueous
phase is adjusted using a non-ionic tonicifying agent, such as a sugar (e.g., trehalose, sucrose,
dextrose, fructose, reduced palatinose, etc.), a sugar alcohol (such as mannitol, sorbitol,
xylitol, erythritol, lactitol, maltitol, glycerol, etc.). If desired a nonionic polymer polymer
(e.g., a poly(alkyl glycol) such as polyethylene glycol, polypropylene glycol, or polybutlyene

glycol) or nonionic surfactant can be used.

[0137] In certain embodiments, the aqueous phase of the cationic oil-in-water
emulsion may comprise a polymer or a surfactant, or a combination thereof. In an exemplary
embodiment, the oil-in-water emulsion contains a poloxamer. Poloxamers are nonionic
triblock copolymers having a central hydrophobic chain of polyoxypropylene
(poly(propylene oxide)) flanked by two hydrophilic chains of polyoxyethylene (poly(ethylene
oxide)). Poloxamers are also known by the trade name Pluronic® polymers. Poloxamer
polymers may lead to greater stability and increased RNase resistance of the RNA molecule

after RNA complexation.

[0138] Alternatively or in addition, the cationic oil-in-water emulsion may
comprise from about 0.1% to about 20% (w/v) polymer, or from about 0.05% to about 10%
(w/v) polymer. For example, the cationic oil-in-water emulsion may comprise a polymer
(e.g., a poloxamer such as Pluronic® F127 ((Ethylene Oxide/Propylene Oxide Block
Copolymer: H(OCH,CH,)(OCH;CH(CH3)),(OCH,CH,),OH)) at from about 0.1% to about
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20% (w/v), from about 0.1% to about 10% (w/v), from about 0.05% to about 10% (w/v), or
from about 0.05% to about 5% (w/v).

[0139] In an exemplary embodiment, the oil-in-water emulsion comprises about

4% (w/v), or about 8% (w/v) Pluronic® F127.

[0140] The quantity of the aqueous component employed in these compositions
will be that amount necessary to bring the value of the composition to unity. That is, a
quantity of aqueous component sufficient to make 100% will be mixed, with the other

components listed above in order to bring the compositions to volume.
4. NEGATIVELY CHARGED MOLECULES

[0141] When a negatively charged molecule is to be delivered, it can be
complexed with the particles of the cationic oil-in-water emulsions. The negatively charged
molecule is complexed with the emulsion particles by, for example, interactions between the
negatively charged molecule and the cationic lipid on the surface of the particles, as well as
hydrophobic/hydrophilic interactions between the negatively charged molecule and the
surface of the particles. Although not wishing to be bound by any particular theory, it is
believed that the negatively charged molecules interact with the cationic lipid through non-
covalent, ionic charge interactions (electrostatic forces), and the strength of the complex as
well as the amount of negatively charged compound that can be complexed to a particle are
related to the amount of cationic lipid in the particle. Additionally, hydrophobic/hydrophilic
interactions between the negatively charged molecule and the surface of the particles may

also play a role.

[0142] Examples of negatively charged molecules include negatively charged
peptides, polypeptides or proteins, nucleic acid molecules (e.g., single or double stranded
RNA or DNA), small molecules (e.g., small molecule immune potentiators (SMIPs),
phosphonate, fluorophosphonate, etc.) and the like. In preferred aspects, the negatively
charged molecule is an RNA molecule, such as an RNA that encodes a peptide, polypeptide

or protein, including self-replicating RNA molecules, or a small interfering RNA.

[0143] The complex can be formed by using techniques known in the art,

examples of which are described herein. For example, a nucleic acid-particle complex can be
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formed by mixing a cationic emulsion with the nucleic acid molecule, for example by
vortexing. The amount of the negatively charged molecule and cationic lipid in the
emulsions may be adjusted or optimized to provide desired strength of binding and binding
capacity. For example, as described and exampled herein, exemplary RNA-particle
complexes were produced by varying the RNA: cationic lipid ratios (as measured by the “N/P
ratio”). The term N/P ratio refers to the amount (moles) of protonatable nitrogen atoms in the

cationic lipid divided by the amount (moles) of phosphates on the RNA.

[0144] Preferred N/P ratios are from about 1:1 to about 20:1, from about 2:1 to
about 18:1, from about 3:1 to 16:1, from about 4:1 to about 14:1, from about 6:1 to about
12:1, about 3:1, about 4:1, about 5:1, about 6:1, about 7:1, about 8:1, about 9:1, about 10:1,
about 11:1, about 12:1, about 13:1, about 14:1, about 15:1, or about 16:1. Alternatively,
preferred N/P ratios are at least about 3:1, at least about 4:1, at least about 5:1, at least about
6:1, at least about 7:1, at least about 8:1, at least about 9:1, at least about 10:1, at least about
11:1, at lcast about 12:1, at least about 13:1, at least about 14:1, at least about 15:1, or at least

about 16:1. A more preferred N/P ratio is about 4:1 or higher.

[0145] Each emulsion may have its own optimal or preferred N/P ratio to produce
desired effects (e.g., desired level of expression of the complexed RNA), which can be
determined experimentally (e.g., using the assays as described herein or other techniques
known in the art, such as measuring expression level of a protein that is encoded by the RNA,
or measuring the percentage of the RNA molecules being released from the complex in the
presence of heparin). Generally, the N/P ratio should be at a value that at least about 5%,
about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about
45%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%,
about 85%, about 90%, or about 95% of the RNA molecules are released from the RNA-
particle complexes when the RNA-particle complexes are taken up by cells. In some
embodiments, the N/P ratio is a value that provides for release of at least 0.5% or at least 1%
of the RNA molecules are released from the RNA-particle complexes when the RNA-particle

complexes are taken up by cells.

[0146] The expression level of an antigen encoded by the RNA molecule may not

necessarily correlate with the immunogenicity of the antigen. In such cases, optimal or
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preferred N/P ratio fore immunogenicity may be determined by, e.g., measuring specific

antibody titers.

[0147] The cationic oil-in-water emulsions described herein are particularly
suitable for formulating nucleic acid-based vaccines (e.g., DNA vaccines, RNA vaccines).
The formation of a nucleic acid-emulsion particle complex facilitates the uptake of the
nucleic acid into host cells, and protects the nucleic acid molecule from nuclease degradation.
Transfected cells can then express the antigen encoded by the nucleic acid molecule, which
can produce an immune response to the antigen. Like live or attenuated viruses, nucleic acid-
based vaccines can effectively engage both MHC-1 and MHC-II pathways allowing for the
induction of CD8" and CD4" T cell responses, whereas antigen present in soluble form, such

as recombinant protein, generally induces only antibody responses.

[0148] In certain embodiments, the negatively charged molecule described herein
is an RNA molecule. In certain embodiments, the RNA molecule encodes an antigen
(peptide, polypeptide or protein) and the cationic oil in water emulsion is suitable for use as
an RNA-based vaccine. The composition can contain more than one species of RNA
molecule encoding an antigen, e.g., two, three, five, or ten different species of RNA
molecules that are complexed to the emulsion particles. That is, the composition can contain
one or more different species of RNA molecules, each encoding a different antigen.
Alternatively or in addition, one RNA molecule may also encode more than one antigen, e.g.,
a bicistronic, or tricistronic RNA molecule that encodes different or identical antigens.
Accordingly, the cationic oil in water emulsion is suitable for use as an RNA-based vaccine,

that is monovalent or multivalent. If desired, the RNA molecule can be polycistronic.

[0149] The sequence of the RNA molecule may be codon optimized or

deoptimized for expression in a desired host, such as a human cell.

[0150] The sequence of the RNA molecule may be modified if desired, for
example to increase the efficacy of expression or replication of the RNA, or to provide
additional stability or resistance to degradation. For example, the RNA sequence can be
modified with respect to its codon usage, for example, to increase translation efficacy and
half-life of the RNA. A poly A tail (e.g., of about 30 adenosine residues or more) (SEQ ID
NO: 28) may be attached to the 3" end of the RNA to increase its half-life. The 5' end of the
RNA may be capped with a modified ribonucleotide with the structure m7G (5") ppp (5) N

- 40 -



8:1 1.10 10:1 2.69 12:1 2.59 14:1 3.67 CVF30 2.0 2:1 nt

WO 2013/006837 PCT/US2012/045845

(cap O structure) or a derivative thereof, which can be incorporated during RNA synthesis or
can be enzymatically engineered after RNA transcription (e.g., by using Vaccinia Virus
Capping Enzyme (VCE) consisting of mRNA triphosphatase, guanylyl- transferase and
guanine-7-methytransferase, which catalyzes the construction of N7-monomethylated cap 0
structures). Cap O structure plays an important role in maintaining the stability and
translational efficacy of the RNA molecule. The 5' cap of the RNA molecule may be further
modified by a 2 '-O-Methyltransferase which results in the generation of a cap 1 structure

(m7Gppp [m2 '-O] N), which may further increases translation efficacy.

[0151] If desired, the RNA molecule can comprise one or more modified
nucleotides in addition to any 5’ cap structure. There are more than 96 naturally occurring
nucleoside modifications found on mammalian RNA. See, e.g., Limbach et al., Nucleic
Acids Research, 22(12):2183-2196 (1994). The preparation of nucleotides and modified
nucleotides and nucleosides are well-known in the art, e.g. from US Patent Numbers
4373071, 4458066, 4500707, 4668777, 4973679, 5047524, 5132418, 5153319, 5262530,
5700642 all of which are incorporated by reference in their entirety herein, and many

modified nucleosides and modified nucleotides are commercially available.

[0152] Modified nucleobases which can be incorporated into modified
nucleosides and nucleotides and be present in the RNA molecules include: m5C (5-
methylcytidine), m5U (5-methyluridine), m6A (N6-methyladenosine), s2U (2-thiouridine),
Um (2'-O-methyluridine), m1A (I-methyladenosine); m2A (2-methyladenosine); Am (2-1-O-
methyladenosine); ms2m6A (2-methylthio-N6-methyladenosine); i6A (N6-
isopentenyladenosine); ms2i6A (2-methylthio-N6isopentenyladenosine); 106A (N6-(cis-
hydroxyisopentenyl)adenosine); ms2i06A (2-methylthio-N6-(cis-hydroxyisopentenyl)
adenosine); gbA (N6-glycinylcarbamoyladenosine); toA (N6-threonyl carbamoyladenosine);
ms2t6A (2-methylthio-N6-threonyl carbamoyladenosine); m6t6A (N6-methyl-N6-
threonylcarbamoyladenosine); hn6A(N6-hydroxynorvalylcarbamoyl adenosine); ms2hn6A
(2-methylthio-N6-hydroxynorvalyl carbamoyladenosine); Ar(p) (2'-O-ribosyladenosine
(phosphate)); I (inosine); m1I (1-methylinosine); m'Im (1,2"-O-dimethylinosine); m3C (3-
methylcytidine); Cm (2T-O-methylcytidine); s2C (2-thiocytidine); ac4C (N4-acetylcytidine);
f5C (5-fonnylcytidine); m5Cm (5,2-O-dimethy1cytidine); ac4Cm
(N4acetyl2TOmethylcytidine); k2C (lysidine); m1G (1-methylguanosine); m2G (N2-
methylguanosine); m7G (7-methylguanosine); Gm (2'-O-methylguanosine); m22G (N2,N2-
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dimethylguanosine); m2Gm (N2,2'-O-dimethylguanosine); m22Gm (N2,N2,2'-O-
trimethylguanosine); Gr(p) (2'-O-ribosylguanosine (phosphate)); yW (wybutosine); 02yW
(peroxywybutosine); OHyW (hydroxywybutosine); OHyW* (undermodified
hydroxywybutosine); imG (wyosine); mimG (methylguanosine); Q (queuosine); 0Q
(epoxyqueuosine); galQ (galtactosyl-queuosine); manQ (mannosyl-queuosine); preQo (7-
cyano-7-deazaguanosine); preQi (7-aminomethyl-7-deazaguanosine); G* (archacosine); D
(dihydrouridine); m5Um (5,2'-O-dimethyluridine); s4U (4-thiouridine); m5s2U (5-methyl-2-
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); mcm5s2U (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-
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(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
these modified nucleobases and their corresponding ribonucleosides are available from

commercial suppliers. See, e.g., WO 2011/005799 which is incorporated herein by reference.

[0153] If desired, the RNA molecule can contain phosphoramidate,
phosphorothioate, and/or methylphosphonate linkages.

[0154] 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

[0155] 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.

[0156] 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. 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 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.

[0157] 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
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proteins or antigens 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.

[0158] 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).

[0159] 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.

[0160] 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.

[0161] When delivered to a vertebrate cell, a self-replicating RNA molecule can
lead to the production of multiple daughter RNAs by transcription from itself (or from an
antisense copy of itself). The self-replicating RNA can be directly translated after delivery to
a cell, and this translation provides a RNA-dependent RNA polymerase which then produces
transcripts from the delivered RNA. Thus the delivered RNA leads to the production of

multiple daughter RNAs. These transcripts are antisense relative to the delivered RNA and
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may be translated themselves to provide in situ expression of a gene product, 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 gene product.

[0162] One suitable system for achieving self-replication is to use an alphavirus-
based RNA 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), or other viruses belonging to the alphavirus family.

[0163] An alphavirus-based "replicon" expression vectors 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).
Alphaviruses-derived replicons are generally quite similar in overall characteristics (e.g.,
structure, replication), individual alphaviruses 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.

[0164] Alphavirus-based replicons are (+)-stranded replicons that can be
translated after delivery to a cell to give of a replicase (or replicase-transcriptase). 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 desired gene product.
Translation of the subgenomic transcript thus leads to in situ expression of the desired gene

product by the infected cell. Suitable alphavirus replicons can use a replicase from a sindbis
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virus, a semliki forest virus, an eastern equine encephalitis virus, a venezuelan equine

encephalitis virus, efc.

[0165] A preferred self-replicating RNA molecule thus encodes (i) a RNA-
dependent RNA polymerase which can transcribe RNA from the self-replicating RNA
molecule and (ii) a polypeptide antigen. The polymerase can be an alphavirus replicase e.g.

comprising alphavirus protein nsP4.

[0166] Whereas natural alphavirus genomes encode structural virion proteins in
addition to the non-structural replicase, it is preferred that an alphavirus based self-replicating
RNA molecule of the invention does not encode alphavirus structural proteins. Thus the
self-replicating RNA can lead to the production of genomic RNA copies of itself in a cell, but
not to the production of RNA-containing alphavirus virions. The inability to produce these
virions means that, unlike a wild-type alphavirus, the self-replicating RNA molecule cannot
perpetuate itself in infectious form. The alphavirus structural proteins which are necessary
for perpetuation in wild-type viruses are absent from self-replicating RNAs of the invention
and their place is taken by gene(s) encoding the desired gene product, such that the
subgenomic transcript encodes the desired gene product rather than the structural alphavirus

virion proteins.

[0167] Thus a self-replicating RNA molecule 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 a polypeptide antigen. In some embodiments the RNA may
have additional (downstream) open reading frames e.g. that encode another desired gene
products. A self-replicating RNA molecule can have a 5' sequence which is compatible with

the encoded replicase.

[0168] In other aspects, the self-replicating RNA molecule is derived from or
based on a virus other than an alphavirus, preferably, a positive-stranded RNA virus, and
more preferably a picornavirus, flavivirus, rubivirus, pestivirus, hepacivirus, calicivirus, or
coronavirus. Suitable wild-type alphavirus sequences are well-known and are available from
sequence depositories, such as the American Type Culture Collection, Rockville, Md.
Representative examples of suitable alphaviruses include Aura (ATCC VR-368), Bebaru
virus (ATCC VR-600, ATCC VR-1240), Cabassou (ATCC VR-922), Chikungunya virus
(ATCC VR-64, ATCC VR-1241), Eastern equine encephalomyelitis virus (ATCC VR-65,
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virus (ATCC VR-68, ATCC VR-1248), Tonate (ATCC VR-925), Triniti (ATCC VR-469),

Una (ATCC VR-374), Venezuelan equine encephalomyelitis (ATCC VR-69, ATCC VR-923,

ATCC VR-1250 ATCC VR-1249, ATCC VR-532), Western equine encephalomyelitis

(ATCC VR-70, ATCC VR-1251, ATCC VR-622, ATCC VR-1252), Whataroa (ATCC VR-

926), and Y-62-33 (ATCC VR-375).

[0169] The self-replicating RNA molecules of the invention are larger than other
types of RNA (e.g. mRNA). Typically, the self-replicating RNA molecules of the invention
contain at least about 4kb. For example, the self-replicating RNA can contain at least about
5kb, at least about 6kb, at least about 7kb, at least about 8kb, at least about 9kb, at least about
10kb, at least about 11kb, at least about 12kb or more than 12kb. In certain examples, the
self-replicating RNA is about 4kb to about 12kb, about 5kb to about 12kb, about 6kb to about
12kb, about 7kb to about 12kb, about 8kb to about 12kb, about 9kb to about 12kb, about
10kb to about 12kb, about 11kb to about 12kb, about 5kb to about 11kb, about 5kb to about
10kb, about 5kb to about 9kb, about Skb to about 8kb, about 5kb to about 7kb, about 5kb to
about 6kb, about 6kb to about 12kb, about 6kb to about 11kb, about 6kb to about 10kb, about
6kb to about 9kb, about 6kb to about 8kb, about 6kb to about 7kb, about 7kb to about 11kb,
about 7kb to about 10kb, about 7kb to about 9kb, about 7kb to about 8kb, about 8kb to about
11kb, about 8kb to about 10kb, about 8kb to about 9kb, about 9kb to about 11kb, about 9kb
to about 10kb, or about 10kb to about 11kb.

[0170] The self-replicating RNA molecules of the invention may comprise one or
more modified nucleotides (e.g., pseudouridine, N6-methyladenosine, S-methylcytidine, 5-

methyluridine).

[0171] The self-replicating RNA molecule may encode a single polypeptide
antigen or, optionally, two or more of polypeptide antigens linked together in a way that each
of the sequences retains its identity (e.g., linked in series) when expressed as an amino acid

sequence. The polypeptides generated from the self-replicating RNA may then be produced
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as a fusion polypeptide or engineered in such a manner to result in separate polypeptide or

peptide sequences.

[0172] The self-replicating RNA of the invention may encode one or more
polypeptide antigens that contain a range of epitopes. Preferably epitopes capable of eliciting

either a helper T-cell response or a cytotoxic T-cell response or both.

[0173] The self-replicating RNA molecules 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 a 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
various gene products (e.g., proteins) at the same time, for example, as a bivalent or

multivalent vaccine.

[0174] 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.

[0175] 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
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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
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 et al., Cold
Spring Harbor Press, Vols. I and 11, 1982; and Sambrook et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Press, 1989.)

[0176] 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])).
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[0177] 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.

[0178] If desired, the self-replicating RNA molecules can be screened or analyzed
to confirm their therapeutic and prophylactic properties using various in 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
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.

[0179] 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

[0180] In certain embodiments, the negatively charged molecule described herein

is a nucleic acid molecule (e.g., an RNA molecule) that encodes an antigen. Suitable
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Squal ene P(aﬂiﬁ‘{yq%ﬁ%e 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,
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 1 t0 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,
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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.

[0182] 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
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).

[0183] 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.

[0184] 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
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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.

[0185] 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,
Microsporum canis, Microsporum distortum, 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 carvionii,
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.,
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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.

[0186] 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.

[0187] 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.

[0188] 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),
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.

[0189] 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.

[0190] 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.
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[0191] 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.

[0192] 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,
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).

[0193] 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.
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[0194] 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.

[0195] 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.

[0196] 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
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,

¢.g., breast cancer, lung cancer, and cancers of the gastrointestinal tract such as colorectal
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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).

[0197] 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,
SDCCAG16, TA-90 (Mac-2 binding protein\cyclophilin C-associated protein), TAALG,
TAG72, TLP, TPS, and the like.

C. Formulations for the negatively charged molecule

[0198] The negatively charged 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 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.

[0199] 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
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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.

[0200] 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, more preferably 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 buffer might interfere with complexation of negatively charged molecule to the

emulsion particle, and therefore is avoided.

[0201] The aqueous solution may also comprise additional components such as
molecules that change the osmolarity of the aqueous solution or molecules that stabilizes the
negatively charged 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., a
monosaccharide, a disaccharide, or a polysaccharide, such as trehalose, sucrose, dextrose,
fructose), sugar alcohols (e.g., mannitol, sorbitol, xylitol, erythritol, lactitol, maltitol,
glycerol, reduced palatinose), and combinations thereof. 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 protect RNA, and other negatively charged
molecules, when lyophilized. In exemplary embodiments, the buffer comprises from about
560 nM to 600 mM of trehalose, sucrose, sorbitol, or dextrose. In other exemplary
embodiments, the buffer comprises from about 500 nM to 600 mM of trehalose, sucrose,

sorbitol, or dextrose.

[0202] In some case, it may be preferable to prepare an aqueous solution

comprising the negatively charged molecule as a hypertonic solution, and to prepare the
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cationic emulsion using unadulterated water or a hypotonic buffer. When the emulsion and
the negatively charged 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 negatively
charged 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.

[0203] 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 negatively charged molecule as a hyperosmolar solution, and to
prepare the cationic emulsion using unadulterated water or a hypoosmolar buffer. When the
emulsion and the negatively charged molecule are combined, physiological osmolality is
achieved. Based on desired relative amounts of the emulsion to the aqueous solution that
comprises the negatively charged 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 iso-osmolar mixture.

[0204] In certain embodiments, the aqueous solution comprising the negatively
charged molecule may further comprise a polymer or a surfactant, or a combination thereof.
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.

[0205] Alternatively or in addition, the aqueous solution comprising the

negatively charged molecule may comprise from about 0.05% to about 20% (w/v) polymer.
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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%.

[0206] The buffer system may comprise any combination of two or more
molecules described above (salt, buffer, saccharide, polymer, etc). In an preferred
embodiment, the buffer comprises 560 mM sucrose, 20 mM NaCl, and 2 mM 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.
5. METHODS OF PREPARATION

[0207] In another aspect, the invention provides a method of preparing the oil-in-
water emulsions as described herein, 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).

[0208] In certain embodiments, the oil-in-water emulsions are prepared by (1)
directly dissolving the cationic lipid in the oil to form an oil phase; (2) providing the aqueous
phase of the emulsion; and (3) dispersing the oil phase in the aqueous phase by
homogenization. The method does not use an organic 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.) to solubilize the cationic lipid first before adding the lipid to the oil.

[0209] It may be desirable to heat the oil to a temperature between about 37°C to
about 65°C to facilitate the dissolving of the lipid. Desired amount of the cationic lipid (e.g.,

DOTAP) can be measured and added directly to the oil to reach a desired final concentration.

[0210] 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
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[0212] For example, a cationic oil-in-water emulsion may be combined with 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.

[0213] Additional optional steps to promote particle formation, to improve the
complexation between the negatively charge molecules and the cationic particles, to increase
the stability of the negatively charge molecule (e.g., to prevent degradation of an RNA
molecule), to facilitate appropriate decomplexation/release of the negatively charged
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 negatively charged molecule (such as RNA).

[0214] The size of the emulsion particles can be varied by changing the ratio of
surfactant to oil (increasing the ratio decreases particle size), operating pressure (increasing
operating pressure reduces particle size), temperature (increasing temperature decreases
particle 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 less than less than about 200 nm, less than about 150 nm,

or less than about 100 nm. Preferably, the particles have an average diameter of about 180
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nm or less, about 150 nm or less, about 140 nm or less, or about 130 nm or less, about 120
nm or less, or about 100 nm or less, from about 50 nm to 200 nm, from about 80 nm to 200
nm, from about 50 nm to 180 nm, from about 60 nm to 180 nm, from about 70 to 180 nm, or
from about 80 nm to 180 nm, from about 80 nm to about 170 nm, from about 80 nm to about
160 nm, from about 80 nm to about 150 nm, from about 80 nm to about 140 nm, from about
80 nm to about 130 nm, from about 80 nm to about 120 nm, from about 80 nm to about 110
nm, or from about 80 nm to about 100 nm. Emulsions wherein the mean particle size is about

200 nm or less allow for sterile filtration.

[0215] Optional processes for preparing the cationic oil-in-water emulsion (pre-
complexation emulsion), or the negatively charged molecule-emulsion complex, include, e.g.,
sterilization, particle size selection (e.g., removing large particles), filling, packaging, and
labeling, etc. For example, if the pre-complexation emulsion, or the negatively charged
molecule-emulsion complex, is formulated for iz vivo administration, it may be sterilized.
For example, the formulation can be sterilized 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.

[0216] 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 a rotor stator
homogenizer, or 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 coarse emulsion can be passed through the interaction chamber of
the microfluidizer repeatedly until the desired particle size is obtained. The bulk emulsion
can then be filtered (e.g., though a 0.22-um filter under nitrogen) to remove large particles,
yielding emulsion bulk that can be filled into suitable containers (e.g., glass bottles). For
vaccine antigens that have demonstrated long-term stability in the presence of oil-in-water
emulsion for self storage, the antigen and emulsion may be combined and sterile-filtered
(e.g., though a 0.22-um filter membrane). The combined single vial vaccine can be filled into

single-dose containers. For vaccine antigens where long-term stability has not been
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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-pm filter membrane), filled, and packaged

in final single-dose vials.

[0217] 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. KITS, PHARMACEUTICAL COMPOSITIONS AND ADMINISTRATION

[0218] In another aspect, the invention provides a pharmaceutical composition
comprising a negatively charged molecule (such as RNA) 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.

[0219] Alternatively, the compositions described herein may be used to deliver a
negatively charged 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 RNA molecules, such as small interfering
RNAs, can trigger RNA interference, which specifically silences the corresponding target
gene (gene knock down). Antisense oligonucleotides are single strands of DNA or RNA that
are complementary to a chosen sequence. Generally, antisense RNA can prevent protein
translation of certain messenger RNA strands by binding to them. Antisense DNA can be
used to target a specific, complementary (coding or non-coding) RNA. Therefore, the
cationic emulsions described herein are useful for delivering antisense oligonucleotides or
double-stranded RNAs for treatment of, for example, cancer by inhibiting production of an

oncology target.
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[0220] The invention also provides kits, wherein the negatively charged molecule
(such as RNA) and the cationic oil-in-water emulsion are in separate containers. For
example, the kit can contain a first container comprising a composition comprising the
negatively charged molecule (such as RNA), and a second container comprising cationic oil-
in-water emulsion. The two components may be mixed prior to administration, e.g., within
about 72 hours, about 48 hours, about 24 hours, about 12 hours, about 10 hours, about 9
hours, about 8 hours, about 7 hours, about 6 hours, about 5 hours, about 4 hours, about 3
hours, about 2 hours, about 1 hour, about 45 minutes, about 30 minutes, about 15 minutes,
about 10 minutes, about 5 minutes prior to administration. The two components may also be

mixed about 1 minute or immediately prior to administration.

[0221] The negatively charged molecule (e.g., RNA) may be in liquid form or can
be in solid form (e.g., lyophilized). If in solid form, the kit may comprise a third container
comprising a suitable aqueous solution to rehydrate the negatively charged molecule.
Suitable aqueous solutions include pharmaceutically-acceptable buffers such as phosphate-
buffered saline, Ringer's solution, dextrose solution, or any one of the aqueous solutions
described above. In certain embodiments, sterile water may be used as the aqueous solution
for rehydration, in particular in cases where additional components, such as tonicifying
agents and/or osmolality adjusting agents are lyophilized along with the negatively charged
molecule (e.g., RNA). Alternatively, the lyophilized negatively charged molecule (e.g.,

RNA) may be mixed directly with the cationic emulsion.

[0222] If the composition (e.g., a vaccine) comprises a negatively charged
molecule (e.g., RNA) and an additional component, such as a protein immunogen, both
components can be frozen and lyophilized (either separately, or as a mixture), and

reconstituted and mixed with the cationic emulsion prior to administration.

[0223] The kit can further comprise other materials useful to the end-user,
including other pharmaceutically acceptable formulating solutions such as buffers, diluents,
filters, needles, and syringes or other delivery device. For example, the kit may include a
dual chamber syringe that contain water or the emulsion in one chamber, and the negatively
charged molecule (e.g., RNA) is provided in solid (e.g. lyophilized) form in the other

chamber.
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[0224] The kit may further include another container comprising an adjuvant
(such as an aluminum containing adjuvant or MF59). In general, aluminum containing

adjuvants are not preferred because they may interfere with the complexation of the

negatively charged molecule with the cationic emulsion.

[0225] Suitable containers for the compositions include, for example, bottles,
vials, syringes, and test tubes. Containers can be formed from a variety of materials,
including glass or plastic. A container may have a sterile access port (for example, the
container may be an intravenous solution bag or a vial having a stopper pierceable by a
hypodermic injection needle). Dual-chamber syringe may also be used, wherein the
negatively charged molecule (e.g., RNA) is lyophilized, and either reconstituted with water in

the syringe, or reconstituted directly with a cationic emulsion described herein.

[0226] The kit can also comprise a package insert containing written instructions
for methods of inducing immunity or for treating infections. The package insert can be an
unapproved draft package insert or can be a package insert approved by the Food and Drug
Administration (FDA) or other regulatory body.

[0227] The invention also provides a delivery device pre-filled with the

compositions described above.

[0228] The pharmaceutical compositions provided herein may be administered
singly or in combination with one or more additional therapeutic agents. The method of
administration include, but are not limited to, oral administration, rectal administration,
parenteral administration, subcutaneous administration, intravenous administration,
intravitreal administration, intramuscular administration, inhalation, intranasal administration,

topical administration, ophthalmic administration, or otic administration.

[0229] 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.

[0230] In other embodiments, the pharmaceutical compositions described herein

can be administered in combination with one or more additional therapeutic agents. The
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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.

[0234] 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.

[0235] 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.

[0236] 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.

[0237] 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.

[0238] 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.
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[0239] 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.

[0240] The efficacy of the compositions can also be determined in vivo by

challenging appropriate animal models of the pathogen of interest infection.

[0241] 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.).

[0242] In certain embodiments, the total amount of cationic lipid, such as
DOTAP, that is administered to the subject in a single administration is no more than about

30 mg, or no more than about 24 mg.

[0243] In certain embodiments, the total amount of cationic lipid, such as

DOTAP, that is administered to the subject in a single administration is no more than 4 mg.

[0244] 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.
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[0245] 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.

[0246] 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:

f—

. 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 B e Y I~ VS B\

—_
=]

. Muramyl Peptides;

f—
f—

. Imidazoquinolone Compounds;

—
[\

. Thiosemicarbazone Compounds;

[S—
wa

. Tryptanthrin Compounds;

._.
o

. Human Immunomodulators;

—_
wh

. Lipopeptides;

—_
[*))

. Benzonaphthyridines;

Ju—
~

. Microparticles
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18. Immunostimulatory polynucleotide (such as RNA or DNA; e.g., CpG-containing

oligonucleotides)
EXEMPLIFICATION

[0247] 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: DEVELOPMENT OF CATIONIC OIL-IN-WATER EMULSIONS

[0248] In this Example, cationic nanoemulsions (referred herein as “CNEs”) that
contain high concentrations of cationic lipid (DOTAP) were developed for the delivery of

self replicating RNA.

[0249]
modified based on CNEO1. CNEO1, CMF40, CNE16, CNE02, and CNE17 were used as

The CNE formulations are summarized in Table 1 below, and were

reference samples for comparative studies.

Table 1
CNE Cationic Surfactant Squalene oil:Lipid Aqueous
Lipid mg/mL ratio phase
(mole:mole)
Ref. 1 CNE01 DOTAP 0.5% SPAN 85 43% 91.7:1 10mM
(in CHCls5) 0.5% Tween 80 citrate buffer
0.8 pH 6.5
Ref.2 | CMF40 DOTAP 0.5% SPAN 85 4.3% 73.3:1 10mM
(no organic 0.5% Tween 80 citrate buffer
solvent) pH 6.5
1.0
Ref. 3 CNE16 DOTAP 0.5% SPAN 85 43% 61.1:1 10mM
(no organic 0.5% Tween 80 citrate buffer
solvent) pH 6.5
1.2
Ref. 4 | CNE02 DOTAP 0.5% SPAN 85 43% 45.8:1 10mM
(no organic 0.5% Tween 80 citrate buffer
solvent) pH 6.5
1.6
Ref. 5 CNE17 DOTAP 0.5% SPAN 85 43% 52.4:1 10mM
(in DCM) 0.5% Tween 80 citrate buffer
14 pH 6.5
Example | CMF41 DOTAP 0.5% SPAN 85 43% 40.7:1 10mM
1 (no organic 0.5% Tween 80 citrate buffer
solvent) pH 6.5
1.8
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Example | CMF30 DOTAP 0.5% SPAN 85 43% 36.7:1 10mM
2 (no organic 0.5% Tween 80 citrate buffer
solvent) pH 6.5
2.0
Example | CMF31 DOTAP 0.5% SPAN 85 43% 28.2:1 10mM
3 (no organic 0.5% Tween 80 citrate buffer
solvent) pH 6.5
2.6
Example | CMF32 DOTAP 0.5% SPAN 85 43% 22.9:1 10mM
4 (no organic 0.5% Tween 80 citrate buffer
solvent) pH 6.5
3.2
Example | CMF33 DOTAP 0.5% SPAN 85 43% 19.3:1 10mM
5 (no organic 0.5% Tween 80 citrate buffer
solvent) pH 6.5
3.8
Example | CMF34 DOTAP 0.5% SPAN 85 43% 16.7:1 10mM
6 (no organic 0.5% Tween 80 citrate buffer
solvent) pH 6.5
44
Example | CMF35 DOTAP 0.5% SPAN 85 43% 14.7:1 10mM
7 (no organic 0.5% Tween 80 citrate buffer
solvent) pH 6.5
5.0
Example | CMF44 DOTAP 0.5% SPAN 85 3.23% 12.5:1 10mM
8 (no organic 0.5% Tween 80 citrate buffer
solvent) pH 6.5
44
Example | CMF45 DOTAP 0.5% SPAN 85 2.15% 8.4:1 10mM
9 (no organic 0.5% Tween 80 citrate buffer
solvent) pH 6.5
44
Example | CMF46 DOTAP 0.5% SPAN 85 1.08% 4.2:1 10mM
10 (no organic 0.5% Tween 80 citrate buffer
solvent) pH 6.5
44

[0250] CNEs were prepared similar to charged MF59 as previously described (Ott
et al., Journal of Controlled Release, volume 79, pages 1-5, 2002), with one major
modification. 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.
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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).

[0251] 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.

[0252] It should be noted that the concentrations of the components of the CNEs,
as describes 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,
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, typically by up to about 20%, sometimes 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.

[0253] Table 2 below shows the difference between the “theoretical”
concentrations of squalene and DOTAP (calculated according the initial amounts of squalene
and DOTAP that were used to prepare the emulsions), and the actual concentrations of

squalene and DOTAP as measured in the final product.

Table 2
CNE Theoretical Actual % of Theoretical | Actual % of
DOTAP DOTAP Theoretical Squalene | Squalene | Theoretical
(mg/mL) (mg/mL) DOTAP (mg/mL) | (mg/mL) | Squalene
Yield Yield
CMF32 Batch 1 3.2 2.20 68.76 43 19.33 44.95
CMF32 Batch 2 3.2 2.57 80.32 43 34.45 80.12
CMF32 Batch 3 3.2 2.37 73.95 43 38.38 89.25
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CMF34 Batch 1 4.4 2.75 62.44 43 30.46 70.84
CMF34 Batch 2 4.4 3.21 73.00 43 33.98 79.02
CMF34 Batch 3 4.4 3.08 70.08 43 32.71 76.07
CMF34 Batch 4 4.4 3.52 79.93 43 28.95 67.34

EXAMPLE 2: PREPARATION RNA-PARTICLE COMPLEXES
1. RNA synthesis

[0254] 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.

[0255] 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-

transcriptionally capped RNA was precipitated with LiCl and reconstituted in nuclease-free
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Austin, TX) digestion followed by LiCL precipitation and a wash in 75% ethanol.

[0256] 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.
2. RNA complexation

[0257] The term N/P ratio refers to the amount of nitrogen in the cationic lipid in
relation to the amount of phosphates on the RNA. The nitrogen is the charge bearing element
within the cationic lipids tested. The phosphate can be found on the RNA backbone. An N/P
charge ratio of 10/1 indicates that there are 10 positively charged nitrogen from the cationic

lipid present for each negatively charged phosphate on the RNA.

[0258] The number of nitrogens in solution was calculated from the cationic lipid
concentration, DOTAP for example has one 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.

3. Particle size assay
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[0259] 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).
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.
4. Viral replicon particles (VRP)

[0260] To compare RNA vaccines to traditional RNA-vectored approaches for
achieving in vivo expression of reporter genes or antigens, we utilized viral replicon particles
(VRPs) produced in BHK cells by the methods described by Perri et al., J. Virol, 77:10394-
10403 (2003). In this system, the antigen (or reporter gene) replicons consisted of alphavirus
chimeric replicons (VCR) derived from the genome of Venezuelan equine encephalitis virus
(VEEV) engineered to contain the 3’ terminal sequences (3° UTR) of Sindbis virus and a
Sindbis virus packaging signal (PS) (see Fig. 2 of Perri S., et al., J Virol 77: 10394-10403
(2003)). These replicons were packaged into VRPs by co-electroporating them into baby
hamster kidney (BHK) cells along with defective helper RNAs encoding the Sindbis virus
capsid and glycoprotein genes (see Fig. 2 of Perri et al). The VRPs were then harvested and
titrated by standard methods and inoculated into animals in culture fluid or other isotonic

buffers.
EXAMPLE 3: THE EFFECT OF DOTAP CONCENTRATION ON IMMUNOGENICITY

[0261] This Example shows that cationic oil-in-water emulsions made with high
concentrations of DOTAP increased the immunogenicity of an RNA replicon that encodes

the RSV-F antigen in a mouse model.
1. Materials and Methods
Heparin binding assay

[0262] RNA was complexed as described above. The RNA/CNE complex was
incubated with various concentrations of heparin sulfate (Alfa Aesar, Ward Hill MA) for 30

minutes at Room Temperature. The resulting solutions were then placed on an Airfuge high
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speed centrifuge (Beckman Coulter, Brea, CA) for 15 minutes. The centrifuge tubes were
punctured with a tuberculin syringe and the subnatant was removed. The solution was then
assayed for RNA concentration using the Ribogreen assay (Invitrogen, Carlsbad CA)
according to the manufactures directions. The samples were analyzed on a Biotek Synergy 4
(Winooski, VT) fluorescent plate reader. Free RNA values were calculated using a standard

curve.
2. The effect of DOTAP concentration on RNA-particle interactions

[0263] Table 3 shows the effect of DOTAP concentration on RNA-particle
interactions (as determined by Heparin binding assay, which measured the tightness of the

RNA-particle interactions) and immunogenicity.

Table 3
CNE DOTAP Heparin Binding Assay
concentration
(mg/mL)
N/P ratio % of RNA release
in 8X heparin
Sulfate
CNEO1 0.8 2:1 nt
4:1 nt
6:1 62.82
8:1 54.18
10:1 nt
12:1 116.6
14:1 62.79
CMF41 1.0 2:1 nt
4:1 4.61
6:1 33.41
8:1 70.68
10:1 54.92
12:1 52.93
CNE16 1.2 2:1 nt
4:1 1.83
6:1 nt
8:1 33.79
10:1 58.86
12:1 68.02
14:1 55.07
CNE17 1.4 2:1 nt
4:1 nt
6:1 3.91
8:1 44.00
10:1 69.65
12:1 61.53
14:1 57.26
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CNE DOTAP Heparin Binding Assay
concentration
(mg/mL)
CNEO2 1.6 2:1 nt
4:1 nt
6:1 2.01
8:1 2.87
10:1 7.38
12:1 19.37
14:1 21.44
CMF41 1.8 2:1 nt
4:1 0.76
6:1 1.33
8:1 1.10
10:1 2.69
12:1 2.59
14:1 3.67
CMF30 2.0 2:1 nt
4:1 0.7
6:1 0.81
8:1 1.17
10:1 2.35
12:1 5.15
14:1 9.44
CMF30 2.6 2:1 nt
4:1 nt
6:1 0.83
8:1 1.18
10:1 1.00
12:1 0.96
14:1 1.10

nt = not tested.

[0264]

that were made with high concentrations of DOTAP (1.8 mg/mL or higher).

3.

[0265]

The effect of DOTAP concentration on RNA loading

As shown in Table 3, RNA molecules bound strongly to emulsion particles

Table 4 shows the effect of DOTAP concentration on RNA loading.

Increasing the concentration of DOTAP resulted in higher amount of RNA molecules being

formulated into RNA-particle complexes.

Table 4
CNE CNE17 | CMF41 | CMF30 | CMF31 | CMF32 | CMF33 | CMF34 | CMF35
DOTAP | 0.35mg | 0.45mg | 0.5mg | 0.65mg | 0.8mg | 0.95mg | 1.lmg | 1.25mg
(in 0.5ml
emulsion)
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present €aN/piafighl € 11 show t hat theAgiguhtsdfq@qm@% stabiTe for at Teast 12
nont hs. Fable 1 T =1 T =2T 3

4to1 "] 413 537 59.6 71.5 95.4 "1 113.3 131.2 149.1
6tol 27.8 35.8 39.8 51.7 63.6 75.6 87.5 99.4
8tol 20.9 26.8 29.8 38.8 47.7 56.7 65.6 74.6

10to 1 16.7 21.5 23.9 31 38.2 45.3 52.5 59.6

12to 1 13.9 17.9 19.9 25.8 31.8 37.8 43.7 49.7

14to 1 11.9 15.3 17 22.2 27.3 324 37.5 42.6
4. The effect of DOTAP concentration on immunogenicity

[0266] Table 5 shows the effect of DOTAP concentration on the immunogenicity

of the RSV F antigen in an in vivo mouse model.

[0267] The vA317 replicon that expresses the surface fusion glycoprotein of RSV
(RSV-F) was used for this study. BALB/c mice, aged 8-10 weeks and weighing about 20 g,
10 animals per group, were given bilateral intramuscular vaccinations. All animals were
injected in the quadriceps in the two hind legs each getting an equivalent volume (50 pL per
leg) on days 0 and 21 with naked self-replicating RNA expressing RSV-F (vA317, 1 ug), 1ug
of A317 formulated in a liposome that contained 40% DIinDMA, 10% DSPC, 48% Chol, 2%
PEG DMG 2000 (RVO01(15)), or self-replicating RNA formulated in the indicated CNEs (1
ug vA317). For each administration, the formulations were freshly prepared. Serum was

collected for antibody analysis on days 14 (2wpl) and 35 (2wp2).

Table 5
CNE RNA (ug N/P DOTAP 2wpl GMT 2wp2 2wp2/2wpl
(1 DOTAP) /0.5mL) ratio (mg/0.5mL) (Pooled) GMT ratio
lug vA317 - - - 764 344 0.5
lug RVO1(15) - - - 3898 66348 17.0
CNEO1 9.55 10:1 0.20 163 993 6.1
(0.8mg/mL)
CMF40 11.93 10:1 0.25 505 3350 6.6
(1.0mg/mL)
CNE16 14.32 10:1 0.30 465 3851 8.3
(1.2mg/mL)
CNE17 16.70 10:1 0.35 843 3638 4.3
(1.4mg/mL)
CNE02 19.09 10:1 0.40 1253 5507 44
(1.6mg/mL)
CMF41 21.48 10:1 0.45 961 5132 5.3
(1.8mg/mL)
CMF30 23.86 10:1 0.50 2021 10068 5.0
(2.0mg/mL)
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T = 0 nonth nont hs nont hs nont hs nont hs NanoZS (nm 101.4 100.6 99.76 99. 23
101.0 101.0 Pol ydi spersity 0.109 0.102 0.096 0.103 0.080 0.094 EXAMPLE 7

| mmunogernwoi2018/683Repl i cons Encodi ng Her pes Virus Prot eiPa3/US2@N048aDt ei ns
WO 2013/ 006837PCT/ US2012/ 045845 [ 0285] Bi ci stroni ¢ and pentaci stronic

al phavirus replicons that express glycoprotein conplexes from human
cytonegal ovi rus (HCW) were prepared, and are shown schematically in FIGS.
1 and 3. The al phavirus replicons were based on venezuel an equi ne
encephal[TTigumirus] (VERy. [he).7 €pli cops WEre papkKaged medo[Vviral; replicon
particl es {.¥RAs)) |encapsul ated ijn |ipid nanoparticles (LNP), or fornul ated
w th CME34.cNaxpr esisi ag.18f  f heo:encodedstHCW |pr otiekns fangb4pr ¢t el m.2conp| exes
from eagh (afmg/he) riepl i cons |was

[0268] As shown in Table 5, increasing DOTAP concentration resulted in higher
amount of RNA being loaded to the emulsion particles, which in turn increased the host
immune response. A 3-fold increase in antibody titer (at 2wp2) for CMF31 was observed as
compared to CNE17. In this model, a plateau in immunogenicity was observed at 2.6mg/mL
DOTAP (CMF31).

[0269] When the amounts of RNA and DOTAP administered to each mouse were
held constant (meaning for emulsions with higher concentrations of DOTAP, smaller
volumes of emulsion were used to prepare the RNA/emulsion complex; then, prior to
immunization, the RNA/emulsion formulations were diluted such that the volumes of the
RNA/emulsion formulations injected to the mice were the same), F-specific total IgG titers
were comparable with different CNE formulations (Table 6). vA317 replicon was used for
all CNE formulations. RNAs were made with Ambion kit. The GMT data reflect the
geometric mean titer of individual mice in each group (8 mice/group). The result shows that

smaller amount of the formulations were needed for emulsions with higher concentrations of

DOTAP.
Table 6
% of
. 2wp2/2wpl | X
Formulation RNA N/P | DOTAP | Squalene | 2wpl | 2wp2 (boost) geo
(ug/dose) | ratio | (ug/dose) | (mg/dose) | GMT | GMT mean
titer,
2wp2
Naked RNA 1 -- -- -- 764 334 0 0
RVOI 1 - - - 3898 | 66348 17 -
particles
CNE17 1 10:1 21 0.65 673 5314 8 41
CMF41 1 10:1 21 0.50 784 7083 9 55
CMF30 1 10:1 21 0.45 492 8543 17 66
CMF31 1 10:1 21 0.35 1123 6972 6 54
CMF32 1 10:1 21 0.28 1665 | 10498 6 82
CMF33 1 10:1 21 0.24 1351 | 12279 9 96
CMF34 1 10:1 21 0.20 936 12851 14 100
CMF35 1 10:1 21 0.18 628 7766 12 60

Titers from pre-immunization serum contained undetectable titers.
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CMF32 and CMF34 were further studied using different N/P ratios. Table

8 shows the F-specific total 1gG titers of the formulations. 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 vA317

was used for all CNE and CMF formulations. The GMT data reflect the mean log titer of

individual mice in each group (8 mice/group). All formulations were adjusted to 300
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digestion with Pmel, and the linearized plasm d was extracted with

phenol / chl or of or n1 i soanyl al chohol , precipitated in sodi um acet at e/ et hanol
and resuswondsdosss720 ul of RNase-free water. [0291] RNAPaadaISpoiepaisesl by | n
vitro transcription of lug of linearized DNA using the MEGAscript T7 kit
(AVBI ON# AML333) . A 20ul reaction was set up according to the

manuf acturer's instruction without cap anal og and i ncubated for 2 hours at
32C. TURBO DNase (lul ) was added and the m xture was incubate for 30 mn.

at 32C. RNawekg RehVatQe. TRAILreaddbbATIPRIMBIAE Btwk 8b&lel (¢.8Mbddg0ul) were
added. The solution was mxed and chilled for at least 30 mn at -20C Then

t he sol utVsH\RARBY tEHR FYtPkigese Wath cithal (iMA A & SOEPHfpmuWasions. n. at 4C. The
supernat ant was di scarded, and the pellet was rinsed with 70% et hanol, and

again centrif pypeg at AeaXi WPusREeRSk d@drmlddd Bl QuardilyidEDOTA® dflehtah CWaes ai r
dried and resuspended in 50 ul of RNase-free water. The concentration of

RNA was BSME Rehsne gl ¢ yithashagdaerasp! detegion e virnatgtgdthelndodo] The RNA

was cappegaYshoenthad S;gvn'r PinfpAR v&@?&iﬁ@&lﬁg RGpropsiotMdiFREEE b § XSEER625) .

The reaction was scaled by conmbining th and RNase-free water. The RNA

was t hen 4fenbiimed. Sagcobmmg Writqss, Miffosls MA)THee adeariidertbeicureav teakenr ansf er ed
qui ckly tRq ﬁ@D@%lﬂt&ﬁk {iohd B&o%r%&%%@rt}% WRLGradded liflerb Btell QhlaOW NQ

order: ScriptCap Capping Buffer, 10 nM GIP, 2 mM SAM fresh prepared,

Scri pt GuarQIARstswdajdyirtsi Uoing thendtugddyQpa CagnecrimpiongnBerglhéP ratlpavasibgt ur e was
i ncubat egg@ﬁl t@gﬂ mn. at 37C. The reaction was stopped by addi ng RNase-free
wat er an CBWI L Cl, mixing well and storing the mxture for at |east 30
mn at -20C. Then, the m xture was centrifuged at naxi mum speed for 25 mn.
at 4C, the pellet was rinsed wth 70%bkthanol, again centrifuged at maxi num
speed for 10 mn. at 4C and the pellet was air dried. The pellet was
resuspenggemaiikion’JaS eRNA €€ [WRleGFetical R8P ¢ QREGDN/PAL | Bip 10T %lm@wgf%gﬁ ed and

qgual ity |was checkequgm,sé denat widong gel . RNA tT agsifrect i@ 029 | s
(BHK-V gel I's) werle seeded [on 6-wel | plates brought tad 90-95% confl uepce at

the time ofNakédangfection. |[For each transfection 3sgug [of 10RNA [was 1¢li luted in
50 nL OPTTNEMiInedia 1n a flirst fube. Lipofectam ag3;200Qswas [added T o] a
second tUbengpNT i ned; 50 L OPT):;VEM medi a_ The[ TiJgg andg5¢caond {UDES| were
combi ned dUHIF§f)pL I&)il ZU T(TT1T. ‘T- :IFUUH LElgl 'qr dtl [.261]:.[6.%(&2{4_65;”8 media in the

6-wel | }:Iates werle—t+eptacegd—wth freshneda—an e thpot-€ectam ne
conpl ex |was pl aced onr,o thHe l:@"g!(li)aéc'h lgnj r.“;g}';ld bl I:SQZt!y 120@3!(5 Ag the Bl at e.
The pl atjes were ilncubht ed f&pnébft‘ﬁ&ﬁrf: atg'(\)'l.7C ni’%W‘W 10H¥unat or8 [0R94] For
i rmunof ljuor escende, t Fansflect edkel | s|wefdlharied8d lan®38edded 3 ap wel |

n
plate, and intragellular gtaini%y was|peff/drmed UHBng cHithercially
avai | ablle nouse mAbs [dil ution #hnge 1:160:11: 400872 Cel | 373&l |let s Mere| fi xed
and perneabMFBZzed wi th C tlof i x@4 operim s@l4dti ons3l4A seddhdarly reagent,
Alexa488 | abel | ed goat ant|i -lfousechBfab’ ) 3.1(11: 4001906nal 1dddlut|i on)g was used.
WO 2013/|006837PCT|/ US2012/ Q4584 %bdidi295] Exprodssi pn2xk (Z\bgar otjei ns4 gE and gl
was detected in dellsitrarsfecteed W th nofioci st ronsc [congdructs 4 gE por gl),
and expriessi on of| both gE|and ¢d.1 was detegtied | nigel I|s §xpangfecieed Wth a
bi ci strgnic gE/ gl congtrudt in estern bhalS USI hggCOMeRigi al 1y avai| abl e
nouse antibodies, 13BI for gE and 8C4 for gt pression of VZV protein gB
was detected in cells transfected with a nonoci stronic construct encodi ng
gB, by i mmunofl uorescence using conmercially avail able anti body 10G6.

Expr essi dTASIPLE AeTRE A IHCEOF iDP'E%WOéIQE@%EQN W MY EY QRN Ty

i mmunof | uorescence in cells transfected with nonocistronic gH and

monoci stroni @3] or TWstHRa@dpliskdvatthaRht@ond¥iDin-wanShiulkedns mbiewatthgh conpl ex
was detected usjng commercially avail abl e antibody SG3. Mirine

i munogefPeseRyatiopyefi RATAR ssegresddhpdnrpmoge iyt an Bﬁ@eﬁeh%flél@t s5edess- 8 weeks
and wei ghidgswirauticedQn @ c¥®InGad A®ANI zed i ntranuscularly with 7.0 or 1.0 ng
of replicon RNA formulated with CMF32 or LNP (RVO1l) at day 0, 21 and 42.

Bl ood sanpl es_were taken fromthe inmunized animals 3 weeks after the 2nd
i muni zati on &nd 3MAkEiads apdiMethods 31§ muni zation. The groups are shown
in Table 13. Table 13 G oup Antigen Dose (mcrograns) Formulation 1 YFP 7
CMF32
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2 YFP 1 CMF32 3 gB 7 CMF32 4 gB 1 CMF32 5 gE 7 OMF32 6 gE 1 CMF32 7 gH 7
CMF32 8 gH 1
WO 2013/006837 PCT/US2012/045845

[0274] RNA replicon. The sequence of the RNA replicon, vA142 RSV-F-delFP-

full ribozyme

[0275] Vaccination of cotton rats. Female cotton rats (Sigmodon hispidis) were
obtained from Harlan Laboratories. All studies were approved and performed according to
Novartis Animal Care and Use Committee. Groups of animals were immunized
intramuscularly (i.m., 100 pl) with the indicated vaccines on day 0. Serum samples were
collected 3 weeks after ecach immunization. Immunized or unvaccinated control animals
were challenged intranasally (i.n.) with 1x10° PFU RSV 4 weeks after the final

immunization.

[0276] RSV-F trimer subunit vaccine. The RSV F trimer is a recombinant protein
comprising the ectodomain of RSV F with a deletion of the fusion peptide region preventing
association with other trimers. The resulting construct forms a homogeneous trimer, as
observed by size exclusion chromatography, and has an expected phenotype consistent with a
postfusion F conformation as observed by electron microscopy. The protein was expressed in
insect cells or CHO cells and purified by virtue of a HIS-tagged in fusion with the construct’s
C-terminus followed by size exclusion chromatography using conventional techniques. The
resulting protein sample exhibits greater than 95% purity. For the in vivo evaluation of the F-
subunit vaccine, 100 ug/mL trimer protein was adsorbed on 2 mg/mL alum using 10 mM
Histidine buffer, pH 6.3 and isotonicity adjusted with sodium chloride to 150 mM. F-subunit

protein was adsorbed on alum overnight with gentle stirring at 2-8 °C.

[0277] RSV F-specific ELISA. Individual serum samples were assayed for the
presence of RSV F-specific IgG by enzyme-linked immunosorbent assay (ELISA). ELISA
plates (MaxiSorp 96-well, Nunc) were coated overnight at 4°C with 1 pug/ml purified RSV F
(delp23-furdel-trunc uncleaved) in PBS. After washing (PBS with 0.1% Tween-20), plates
were blocked with Superblock Blocking Buffer in PBS (Thermo Scientific) for at least 1.5 hr
at 37°C. The plates were then washed, serial dilutions of serum in assay diluent (PBS with
0.1% Tween-20 and 5% goat serum) from experimental or control cotton rats were added,
and plates were incubated for 2 hr at 37°C. After washing, plates were incubated with horse
radish peroxidase (HRP)-conjugated chicken anti-cotton rat IgG (Immunology Consultants
Laboratory, Inc, diluted 1:5,000 in assay diluent) for 1 hr at 37°C. Finally, plates were
washed and 100 pl of TMB peroxidase substrate solution (Kirkegaard & Perry Laboratories,
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CVF32 9 gl
CVF32 14 gE/ gl

7 CVF32 10 gl
1 CvF32 15 gH gL

WO 2013/006837 PCT/US2012/045845

Inc) was added to each well. Reactions were stopped by addition of 100 ul of 1M H3PO,,
and absorbance was read at 450 nm using a plate reader. For each serum sample, a plot of
optical density (OD) versus logarithm of the reciprocal serum dilution was generated by
nonlinear regression (GraphPad Prism). Titers were defined as the reciprocal serum dilution
at an OD of approximately 0.5 (normalized to a standard, pooled sera from RSV-infected

cotton rats with a defined titer of 1:2500, that was included on every plate).

[0278] Micro neutralization assay. Serum samples were tested for the presence of
neutralizing antibodies by a plaque reduction neutralization test (PRNT). Two-fold serial
dilutions of HI-serum (in PBS with 5% HI-FBS) were added to an equal volume of RSV
Long previously titered to give approximately 115 PFU/25 pl. Serum/virus mixtures were
incubated for 2 hours at 37°C and 5% CO2, to allow virus neutralization to occur, and then
25 pl of this mixture (containing approximately 115 PFU) was inoculated on duplicate wells
of HEp-2 cells in 96 well plates. After 2 hr at 37°C and 5% CO2, the cells were overlayed
with 0.75% Methyl Cellulose/ EMEM 5% HI-FBS and incubated for 42 hours. The number
of infectious virus particles was determined by detection of syncytia formation by
immunostaining followed by automated counting. The neutralization titer is defined as the
reciprocal of the serum dilution producing at least a 60% reduction in number of synctia per

well, relative to controls (no serum).
2. The effect of DOTAP concentration on immunogenicity

[0279] Table 9 shows the effect of DOTAP concentration on the immunogenicity
of the RSV F antigen in an in vivo cotton rat model. The first two vaccination used the
RNA/CNE formulations as shown in Table 9. For the third vaccination, 3 ug of RSV F

subunit protein (in alum) were used for all animals except the naive group.

1 CV32 11 gL 7 CVMF32 12 gL 1 CMF32 13 gFE/ gl

Table 9
Formulation RNA 3wpl 3wp2 3wp3 3wpl F- 3wp2 F- 3wp3 F-
(ug/dose) F- F- F- specific specific specific
specific | specific | specific | Neutralizing | Neutralizing | Neutralizing

total total total IgG titers IgG titers IgG titers
IgG IgG IgG
titers titers titers

6ug F- --

trimer + 16,373 | 64,928 | 84,133 327 3,565 3979
Alum
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7 CMF32 16 gH/ gL 1 CMF32
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32 M)Lél%pendent ?rgmarrleorlesponses in the hosts (total IgG titers as well as neutralizing antibody

e I.D

titers). Administering CMF31-RNA and CMF34-RNA formulations produced similar F-

specific total IgG titers, and each was greater than that of CNE17 at each of the indicated

RNA dose. In addition, all CNE-RNA formulations induced good neutralizing antibody titers
at 10 ug RNA. Neutralizing antibody titers for the CMF31-RNA, CMF34-RNA, and

CNE17-RNA groups were similar, except for surprisingly high titer for the 1 ug

RNA/CMF3

[0281]

1 group.

IMMUNOGENICITY

[0282]

buffer components were prepared.

[0283]

CMF34-formulated RNAs were prepared using different buffer systems.
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EXAMPLE 5: ASSESSING THE EFFECTS OF BUFFER COMPOSITIONS ON

In this example, various emulsions based on CMF34 but with different

Table 10 summarizes the results of murine immunogenicity studies when



(YFP) gB gE gl gE/gl gH gL gH/ gL 1 <20 <20 1111 <20 440 <20 <20 1070 2 <20
<20 413 51 >2560 <20 <20 >2560 3
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Table 10
. 2wp2/2wp
Group Description 2wpl | 2wp2 | ratio
# RNA Emulsion N/.P
ratio
1ug
1 RSV- PBS - 100 2269 23
F*
RVO01 10594
2 (15) PBS - 8388 9 13
3 CNE17 with 280mM Sucrose 10:1 898 9384 10
4 CMF34 with 280mM Sucrose 10:1 | 1835 | 10853 6
5 CMF34 with 280mM Sucrose and 1mM citrate | 10:1 | 1751 | 15589 9
6 CMF34 with 280mM Sucrose and 10mM citrate | 10:1 | 1699 | 17078 10
7 | ug CMF34 with 280mM Sucrose, 1mM citrate, and 10:1 | 1342 | 16400 12
RSV.- 2mM NaCl
CMF34 with 280mM Sucrose, 10mM citrate
* ’ ’ .
8 F and 2mM NaCl 10:1 | 1318 | 10467 8
CMF34 with 280mM Sucrose, 1mM citrate, and .
9 10mM NaCl 10:1 | 1735 | 12457 7
CMF34 with 280mM Sucrose, 10mM citrate, .
10 and 10mM NaCl 10:1 | 1365 | 14414 11
*vA375 replicon.

EXAMPLE 6: STABILITY OF THE EMULSIONS

[0284] Stability of CMF34 was assessed by measuring the average diameter of the
emulsion particles and polydispersity after the emulsion was produced (T = 0) and after 1
month at 4°C (T = 1 month) and after 2 months at 4°C (T = 1 month). Stability was also
assessed after 3, 6 and 12 months at 4°C. The results presented in Table 11 show that the

emulsion was stabile for at least 12 months.

Table 11
T=1 T=2 T=3 T=6 T=12
T=0 month months months months months
NanoZS (nm) 101.4 100.6 99.76 99.23 101.0 101.0
Polydispersity 0.109 0.102 0.096 0.103 0.080 0.094

EXAMPLE 7 Immunogenicity of Replicons Encoding Herpes Virus Proteins

A. CMY Proteins

-85 -
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[0285] Bicistronic and pentacistronic alphavirus replicons that express
glycoprotein complexes from human cytomegalovirus (HCMV) were prepared, and are
shown schematically in FIGS. 1 and 3. The alphavirus replicons were based on venezuelan
equine encephalitis virus (VEE). The replicons were packaged into viral replicon particles
(VRPs), encapsulated in lipid nanoparticles (LNP), or formulated with CMF34. Expression of
the encoded HCMYV proteins and protein complexes from each of the replicons was
confirmed by immunoblot, co-immunoprecipitation, and flow cytometry. Flow cytometry
was used to verify expression of the pentameric gH/gL/UL128/UL130/UL131 complex from
pentameric replicons encoding the protein components of the complex, using human
monoclonal antibodies specific to conformational epitopes present on the pentameric
complex (Macagno et al (2010), J. Virol. 84(2):1005-13). FIG. 2 shows that these antibodies
bind to BHKYV cells transfected with replicon RNA expressing the HCMV
gH/el/UL128/UL130/UL131 pentameric complex (A527). Similar results were obtained
when cells were infected with VRPs made from the same replicon construct. This shows that
replicons designed to express the pentameric complex do indeed express the desired antigen

and not the potential byproduct gH/gL.

[0286] The VRPs, RNA encaspulated in LNPs, and RNA formulated with CMF34
were used to immunize Balb/c mice by intramuscular injections in the rear quadriceps. The
mice were immunized three times, three weeks apart, and serum samples were collected prior
to each immunization as well as three weeks after the third and final immunization. The sera
were evaluated in microneutralization assays and to measure the potency of the neutralizing
antibody response that was elicited by the vaccinations. The titers are expressed as 50%

neutralizing titer.

[0287] The immunogenicity of a number of different configurations of a
bicistronic expression cassette for a soluble HCMV gH/gl. complex in VRPs was assessed.
FIG. 3 shows that VRPs expressing the membrane-anchored, full-length gH/gL. complex
elicited potent neutralizing antibodies at slightly higher titers than the soluble complex
(gHsol/gL) expressed from a similar bicistronic expression cassette. Changing the order of
the genes encoding gHsol and gl or replacing one of the subgenomic promoters with an

IRES or an FMDYV 2A site did not substantially improve immunogenicity.
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[0288] To see if bicistronic and pentacistronic replicons expressing the gH/gL and
pentameric complexes would elicit neutralizing antibodies in different formulations, cotton
rats were immunized with bicistronic or pentacistronic replicons mixed with CMF34. Table
12 shows that replicons in CMF34 elicited comparable neutralizing antibody titers to the

same replicons encapsulated in LNPs.

Table 12.
Neutralizing antibody titers. The sera were collected three weeks after the second
immunization.
Replicon 50% Neutralizing Titer

A160 gH FL/gL VRP 10° IU 594
A160 gH FL/gL 1 ug LNP 141

AS527 Pentameric IRES 1 pg LNP 4,416
Al160 gH FL/gL 1 ug CMF34 413

AS527 Pentameric IRES 1 ug CMF34 4,411

B. VZV Proteins

[0289] Nucleic acids encoding VZV proteins were cloned into a VEE replicon
vector to produce monocystronic replicons that encode gB, gH, gL, gE, and gI, and to
produce bicistronic replicons that encode gH/gL or gE/gl. In the bicistronic replicons,

expression of each VZV open reading frame was driven by a separate subgenomic promoter.

[0290] To prepare replicon RNA, plasmid encoding the replicon was linearized by
digestion with Pmel, and the linearized plasmid was extracted with
phenol/chloroform/isoamylalchohol, precipitated in sodium acetate/ethanol and resuspended

in 20 pl of RNase-free water.

[0291] RNA was prepared by In vitro transcription of 1ug of linearized DNA
using the MEGAscript T7 kit (AMBION# AM1333). A 20ul reaction was set up according
to the manufacturer’s instruction without cap analog and incubated for 2 hours at 32°C.
TURBO DNase (1ul ) was added and the mixture was incubate for 30 min. at 32°C. RNase-
free water (30ul) and ammonium acetate solution (30ul) were added. The solution was

mixed and chilled for at least 30 min at -20°C. Then the solution was centrifuged at
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<20* <20* <20* <20* <20* <20* <20* <20* * pre-imune pool ed sera EXAMPLE
8: THE SOLUBI LI TY OF FATTY ACIDS | N SQUALENE [0301]In this Exanple, the
sol ubi | i twoab1vmss3ous fatty acids in squal ene was exam REW/USand/0$3sesn | n
Tabl e 15. Fatty acids at indicated anmounts (40, 20, 10, or 5 ng/nL,) were
m xed with squalene at 60 C. In Table 15, (A ) neans that the fatty acid
was sol uble in squal ene at the specified concentration; "x" neans that the
fatty acid was not soluble in squal ene at the specified concentration; and

- " meansndxiadm bied §RY Mih ik ¥o@f THeRBpdradtdny wag lidcadded! 4@ t8NRAETWRinsed
concentration was not tested (because the fatty aci d was soluble at a

hi gher coHteRts ghanghynd Wtwn&ﬂtﬁ&efl at mvllaemdgeqﬂé%lOdv@swlv%dTh%peélahal ene,

the sol utiQug dWed fdlr&lulpealicddin G0 QY S VAR ree TARY COAUMcnBRR SF RN Lwayer ni ght
shows the solubility of the solutions in which each fatty acid was at its

top conceéwerued and quidy wexeleek en aderapiriagice was sol ubl e in squal ene at
40ng/ mL and renai ned sol uble in squalene at 4 C overnight. Table 15

Fatty acid 401gp@aL 2fe RSAWhaskRpfAShe the S¥HITRp HEGYRDM SPitem
(Epicentre #SCCE0625). The reaction was scaled by combining the RNA and RNase-free
water. The RNA was then denatured for 5-10 min. at 65°C. The denatured RNA was
transfered quickly to ice and the following reagents were added in the following order:
ScriptCap Capping Buffer, 10 mM GTP, 2 mM SAM fresh prepared, ScriptGuard RNase
inhibitor, and ScriptCap Capping Enzyme. The mixture was incubatedfor 60 min. at 37°C.
The reaction was stopped by adding RNase-free water and 7.5 M LiCl, mixing well and
storing the mixture for at least 30 min at -20°C. Then, the mixture was centrifuged at
maximum speed for 25 min. at 4°C, the pellet was rinsed with 70% ethanol, again centrifuged
at maximum speed for 10 min. at 4°C and the pellet was air dried. The pellet was
resuspended in RNase-free water. The concentration of RNA was measured and quality was

checked on a denaturing gel.
RNA transfection

[0293] Cells (BHK-V cells) were seeded on 6-well plates brought to 90-95%
confluence at the time of transfection. For each transfection 3 g of RNA was diluted in 50
mL OPTIMEM media in a first tube. Lipofectamine 2000 was added to a second tube
contained 50 mL OPTIMEM media. The firs and second tubes were combined and kept for
20 min. at room temperature. The culture media in the 6-well plates were replaced with fresh
media, and the RNA-Lipofectamine complex was placed onto the cells, and mixed by gently

rocking the plate. The plates were incubated for 24 hours at 37°C in a CO, incubator.

[0294] For immunofluorescence, transfected cells were harvested and seeded in
96 well plate, and intracellular staining was performed using commercially available mouse
mADbs (dilution range 1:100 1:400). Cell pellets were fixed and permeabilized with Citofix-
Citoperm solutions. A secondary reagent, Alexa488 labelled goat anti-mouse F(ab’), (1:400

final dilution), was used.
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[0295] Expression of VZV proteins gE and gl was detected in cells transfected
with monocistronic constructs (gE or gl), and expression of both gE and gl was detected in
cells transfected with a bicistronic gE/gl construct in western blots using commercially
available mouse antibodies, 13B1 for gE and 8C4 for gl. Expression of VZV protein gB was
detected in cells transfected with a monocistronic construct encoding gB, by
immunofluorescence using commercially available antibody 10G6. Expression of the VZV
protein complex gH/gl., was detected by immunofluorescence in cells transfected with
monocistronic gH and monocistronic gL, or with a bicistronic gH/gL construct. The gH/gL

complex was detected using commercially available antibody SG3.

Murine immunogenicity studies

[0296] Groups of 8 female BALB/c mice aged 6-8 weeks and weighing about 20
g were immunized intramuscularly with 7.0 or 1.0 pg of replicon RNA formulated with
CMF32 or LNP (RVO01) at day 0, 21 and 42. Blood samples were taken from the immunized
animals 3 weeks after the 2nd immunization and 3 weeks after the 3rd immunization. The

groups are shown in Table 13.

Table 13
Group Antigen Dose (micrograms) Formulation
1 YFP 7 CMF32
2 YFP 1 CMF32
3 gB 7 CMF32
4 gB 1 CMF32
5 gE 7 CMF32
6 gE 1 CMF32
7 gH 7 CMF32
8 gH 1 CMF32
9 gl 7 CMF32
10 gl 1 CMF32
11 gl 7 CMF32
12 gl 1 CMF32
13 gE/gl 7 CMF32
14 gE/gl 1 CMF32
15 gH/gL 7 CMF32
16 gH/gL 1 CMF32

Immune response to VZV antigens

[0297] Serum samples were tested for the presence of antibodies to gB, by
intracellular staining of VZV-replicon transfected MRC-5 cells. MRC-5 cells were
maintained in Dulbecco Modified Eagle’s Medium with 10% fetal bovine serum. VZV Oka
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strain inoculum (obtained from ATCC) was used to infect MRC-5 cell culture and infected
whole cells were used for subpassage of virus. The ratio between infected and un-infected
cells was 1:10. 30 hrs post infection cells were trypsin-dispersed for seeding in a 96 well
plate to perform an intracellular staining with pools of mice sera (dilution range 1:200 to
1:800) obtained after immunization. Commercial mAbs were used as controls to quantify the
infection level. Cell pellets ware fixed and permeabilized with Citofix-Citoperm solutions.
A secondary reagent, Alexa488 labelled goat anti-mouse F(ab’), was used (1:400 final
dilution).

[0298] Commercial antibodies to gB (10G6), gH (SG3), and gE (13B1 (SBA) and
8612 (Millipore)) were used as positive controls, and each intracellularly stained infected
MRC-5 cells. Immune sera obtained 3 weeks after the third immunization with either 1 or 7
ug of RNA formulated with CMF32 were diluted 1/200, 1/400 and 1/800 and used to
intracellularly stain infected MRC-5 cells. The results are shown in FIG. 4 (Study 1, groups
1,5,7,9, 11, 13 and 15, CMF32 formulation).

Neutralizing assay

[0299] Each immunized mouse serum was serially diluted by two fold increments
starting at 1:20 in standard culture medium, and added to the equal volume of VZV
suspension in the presence of guinea pig complement. After incubation for 1 hour at 37°C,
the human epithelial cell line A549, was added. Infected cells can be measured after one
week of culture by counting plaques formed in the culture under microscope. From the
plaque number the % inhibition at each serum dilution was calculated. A chart for each
serum sample was made by plotting the value of % inhibition against the logarithmic scale
the dilution factor. Subsequently an approximate line of relationship between dilution factor
and % inhibition was drawn. Then the 50% neutralization titer was determined as the

dilution factor where the line crossed at the value of 50% inhibition.

[0300] Table 14 shows that sera obtained from mice immunized with
monocistronic gE, bicistrnic gE/gl, and bicistronic gH/gL contained robust neutralizing

antibody titers.
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[0301]
Table 14
Neutralization titers of pooled sera from mice immunized with 7 ug RNA in CMF32
Mouse | Control gB gE gl gE/gl gH gL gH/gL
ID (YFP)
1 <20 <20 1111 <20 440 <20 <20 1070
2 <20 <20 413 51 >2560 <20 <20 >2560
3 <20 <20 >2560 <20 1031 <20 <20 >2560
4 <20 20 2128 <20 1538 <20 <20 >2560
5 <20 20 861 <20 636 20 <20 >2560
6 <20 <20 1390 <20 2339 <20 <20 >2560
7 <20 <20 969 <20 1903 <20 <20 900
8 <20 <20 1011 20 1969 20 <20 >2560
9 <20* <20* <20* <20* <20* <20* <20* <20*
* pre-immune pooled sera

EXAMPLE 8: THE SOLUBILITY OF FATTY ACIDS IN SQUALENE

[0301] In this Example, the solubility of various fatty acids in squalene was
examined, and shown in Table 15. Fatty acids at indicated amounts (40, 20, 10, or 5 mg/mL,)
were mixed with squalene at 60 °C. In Table 15, (\) means that the fatty acid was soluble in
squalene at the specified concentration; “x”” means that the fatty acid was not soluble in
squalene at the specified concentration; and “-” means that the solubility of the fatty acid at
the specified concentration was not tested (because the fatty acid was soluble at a higher
concentration). After the fatty acids were dissolved in squalene, the solutions were left at 4
°C overnight. The column labeled 4 °C overnight shows the solubility of the solutions in
which each fatty acid was at its top concentration. For example oleic acid was soluble in

squalene at 40mg/ml and remained soluble in squalene at 4 °C overnight.

Table 15

Fatty acid 40 20 10 5 mg/mL 4°C
mg/mL | mg/mL | mg/mL (overnight)
Undecanoic Acid N - - - N

Tridecanoic Acid N - - - X

Pentadecanoic Acid N - - - X

Heptadecanoic Acid X X X N X

Saturated Fatty Acids
(Odd Carbon Chains)
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Nonadecanoic Acid X X X X X
Heneicosanoic Acid X X X X X
Tricosanoic Acid X X X X X
Capric acid N - - - N
(10:0)
Lauric acid N - - - X
(12:0)
v 7 Myristic Acid X N - X
5 (14:0)
i 6 Palmitic Acid X X X N X
i (s,
2 R Stearic Acid X X X N X
B (é (18:0)
z % Arachidic Acid X X X N X
ZRS} (20:0)
Behenic Acid X X X X X
(22:0)
Lignoceric Acid X X X X X
(24:0)
Docosahexaenoic Acid N - - - N
(22:6)
Elaidic Acid N - - - X
(18:1)-trans
Erucic Acid N - - - N
3z (22:1)
2 Linoleic Acid N - - - N
2 (18:2)
= Linolenic Acid N - - - v
& (18:3)
3 Nervonic Acid N - - - X
g (24:1)
o Oleic Acid N - - - N
(18:1)-cis
Palmitoleic Acid (16:1) N - - - N
Petroselinic Acid (18:1) N - - - N

Sequences

[0302]

encodes the RSV-F antigen (SEQ ID NO: 1).

-9D -
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(22:0) x x x x x Lignoceric Acid (24:0) x x X X X Unsaturated fatty acids
Docosahexaenoic Acid (22:6) Al Al Elaidic Acid (18:1)-trans Al
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[0303] The nucleotide sequence of a DNA encoding the vA142 RNA (SEQ ID
NO: 2).

[0304] The nucleotide sequence of a DNA encoding the vA375 RNA (SEQ ID
NO: 3).

[0305]  A526 Vector: SGP-gH-SGP-gL-SGP-UL128-2A-UL130-2Amod-UL131
(SEQ ID NO: 4).

[0306]  A527 Vector: SGP-gH-SGP-gL-SGP-UL128-EMCV-UL130-EV71-
ULI131 (SEQ ID NO: 5).

[0307] AS531 Vector: SGP-gHsol-SGP-gLL (SEQ ID NO: 6).

[0308] AS532 Vector: SGP-gHsol-2A-glL (SEQ 1D NO: 7).

[0309] AS533 Vector: SGP-gHsol-EV71-gL. (SEQ ID NO: 8).

[0310] AS534 Vector: SGP-gL-EV71-gH (SEQ ID NO: 9).

[0311] AS535 Vector: SGP-342-EV71-gHsol-2A-gL. (SEQ ID NO: 10).
[0312] AS536 Vector: SGP-342-EV71-gHsol-EMCV-gLL (SEQ ID NO: 11).
[0313] AS537 Vector: SGP-342-EV71-gL-EMCV-gHsol (SEQ ID NO: 12).

[0314]  A554 Vector: SGP-gH-SGP-gL-SGP-UL128-SGP-UL130-SGP-UL131
(SEQ ID NO: 13).

[0315] AS555 Vector: SGP-gHsol-SGP-gL-SGP-UL128-SGP-UL130-SGP-
UL131 (SEQ ID NO: 14).

[0316] A556 Vector: SGP-gHsol6His-SGP-gL.-SGP-UL128-SGP-UL130-SGP-
UL131 (SEQ ID NO: 15).

[0317]  VZV ¢B (SEQ ID NO: 16).
[0318] VZV gH (SEQ ID NO: 17).

[0319]  VZV gL (SEQ ID NO: 18).
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[0320]  VZV gl (SEQ ID NO: 19).

[0321]  VZV gE (SEQ ID NO: 20).

[0322]  VZV VEERep.SGPgB (SEQ ID NO: 21).

[0323]  VZV VEERep.SGPgH (SEQ ID NO: 22).

[0324]  VZV VEERep.SGPgL (SEQ ID NO: 23).

[0325]  VZV VEERep.SGPgH-SGPgL (SEQ ID NO: 24).
[0326] VZV VEERep.SGPgE (SEQ ID NO: 25).

[0327]  VZV VEERep.SGPgl (SEQ ID NO: 26).

[0328]  VZV VEErep.SGPgE-SGPgI (SEQ ID NO: 27).

[0329] 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.

[0330] 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.

- 04 -



Nervonic Acid (24:1) A x Oeic Acid (18:1)-cis A Al Palmtoleic

Acid (16:1) Al Al Petroselinic Acid (18:1) A
WO 2013/006837 PCT/US2012/045845
CLAIMS
1. An oil-in-water emulsion comprising particles that are dispersed in an aqueous

continuous phase, wherein the average diameter of said particles is from about 80 nm

to 180 nm ; the emulsion comprises an oil and a cationic lipid, and
wherein:
(1) the ratio of oil:lipid (mole:mole) is at least about 8:1 (mole:mole);

(ii))  the concentration of cationic lipid in said emulsion is at least about 2.5

mM; and
(iii)  the cationic lipid is not DC-Cholesterol.

2. The oil-in-water emulsion of claim 1, wherein the average diameter of said particles is

from about 80 nm to about 150 nm.

3. The oil-in-water emulsion of claim 1 or 2, wherein the average diameter of said

particles is from about 80 nm to about 130 nm.

4. The oil-in-water emulsion of any one of claims 1-3, wherein the oil-in-water emulsion
is stable.
5. The oil-in-water emulsion of any one of claims 1-4, wherein the ratio of oil:lipid

(mole:mole) is from about 10:1 (mole:mole) to about 43:1 (mole:mole).

6. The oil-in-water emulsion of any one of claims 1-5, wherein said oil-in-water

emulsion comprises from about 0.2% to about 8% (w/v) oil.

7. The oil-in-water emulsion of any one of claims 1-6, wherein said oil is squalene or
squalane.
8. The oil-in-water emulsion of any one of claims 1-7, wherein said particles further

comprise a surfactant.

9. The oil-in-water emulsion of claim 8, wherein said surfactant is a nonionic surfactant.

-95 -



Al Sequences [0302] The nucl eoti de sequence of a DNA encodi ng the vA317
RNA, which encodes the RSV-F antigen (SEQID NGO 1). WO

2013/ 0068330RCIB/W08B012/ 045845 [ 0303] The nucl eot i de sequelrCE/USR01a/0DINAS
encodi ng the vA142 RNA (SEQ ID NGO 2). [0304] The nucl eoti de sequence of a
DNA encodi ng the vA375 RNA (SEQ ID NO 3). [0305] A526 Vector:

SGP- gH SGP- gL- SGP- UL128- 2A- UL130- 2Annd- UL131 (SEQ I D NO 4). [0306] A527
Vector: SGP-gH SGP- gL- SGP- UL128- EMCV- UL130- EV71- UL131 (SEQ ID NO 5).

[ 0307] AS3d, Vefrh@sﬂ inSfte g M ion6i Gl J(PBQvhRiNGhid Rirfacl:dBQ8bAD32 Vect or:
SGP- gHsol - 2A- SEQ ID NO. 7 [.0309] A533 Vect or : SGP- gHsol - EV71-gL ( SEQ

ID NO 8). gqlaftbﬂsnﬁ@éeq I6PEGE@pd-gL - EV71-gH (SEQ ID NO. 9). [0311] A535
Vect or: SGP— 342-EV71-gHsol -2A-gL (SEQ I D NGO 10). [0312] A536 Vector:

SGP- 342- BY7 1- ghis@il-iEVee- @ﬁul& alnl})oﬁ&f olalﬂls 8{10 3 &b hé cYe&iOFil-in-water
SGP- 342- EV71- gL- EMCV- gHsol _ ( SEQ [0314] A554 Vect or :

SGP- gH- S@-gLe@@OwEQQBrISS@O@@E% 0@@% t@@&@ﬁé&‘E@W BPEsfant 3) . [ 0315] A555
Vect or: SGP- gHsol - SGP- gL- SGP- UL128- SGP- UL130- SGP-

12. The oil-in-water emulsion of any one of claims 8-11, wherein said surfactant is

SPANSS (Sorbtian Trioleate), Tween 80 (polysorbate 80), or a combination thereof.

13. The oil-in-water emulsion of claim 12, wherein the cationic oil-in-water emulsion

comprises about 0.5% (v/v) Tween 80 and about 0.5% (v/v) SPANSS.

14. The oil-in-water emulsion of any one of claims 1-13, wherein the head group of the

cationic lipid comprises a quaternary amine.

15. The oil-in-water emulsion of any one of claims 1-13, wherein the cationic lipid is
selected from the group consisting of: 1,2-dioleoyloxy-3-(trimethylammonio)propane
(DOTAP), 1,2-dioleoyl-sn-glycero-3-ethylphosphocholine (DOEPC), N,N-dioleoyl-
N,N-dimethylammonium chloride (DODAC), and N-[1-(2, 3-dioleyloxy)propyl]-
N,N,N-trimethylammonium chloride (DOTMA).

16. The oil-in-water emulsion of claim 15, wherein said cationic lipid is DOTAP.

17. The oil-in-water emulsion of claim 16, wherein the concentration of DOTAP in said

emulsion is at least about 2.58 mM (1.8 mg/mL).

18. The oil-in-water emulsion of claim 16, wherein the concentration of DOTAP in said

emulsion is from about 2.58 mM (1.8 mg/mL) to about 7.16 mM (5 mg/mL).

19. A method for preparing the oil-in-water emulsion of any one of claims 1-18,
comprising: (a) directly dissolving the cationic lipid in the oil to form an oil phase; (b)
providing an aqueous phase of the emulsion; and (c) dispersing the oil phase in the

aqueous phase by homogenization.

20. The method of claim 19, wherein step (a) further comprises heating the oil to a

temperature between about 30°C to about 65°C.
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UL131 (SEQ ID NO 14). [0316] A556 Vector:

SGP- gHsol 6Hi s- SGP- gL- SGP- UL128- SGP- UL130- SGP- UL131 (SEQ I D NO 15).

[ 0317] VZWQRBR0(3BEE337D NO. 16). [0318]VZV gH (SEQ I D NO PTYX/USR@3NESVTV gL
(SEQ ID NO 18). WD 2013/006837PCT/ US2012/ 045845 [0320] VZV gl (SEQ I D NG
19). [0321]VZV gE (SEQ I D NO 20). [0322]VZV VEERep. SGPgB (SEQ ID NGO 21).

[ 0323] VZV VEERep. SGPgH (SEQ I D NGO 22). [0324]VZV VEERep. SGPgL (SEQ | D NO
23). [0325] VZV VEERep. SGPgH SGPgL (SEQ I D NO 24). [0326] VZV VEERep. SGPgE
(SEQ 1D M@ 28)oonf0dH MoeXrVRERE RNAGRGe | SER R AGhricl U ATHIAN

VEEr ep. SGPgE- SGPgl (SEQ ID NGO 27). [0329] The specification is nost

t hor oughl y un8@isastemysipn.greredt the paticls sempings abeil thads pelfaidpieesatc t ed

wi thin the spegddf %&@gn%aggnic]} g &phegdi ments within the specification provide
an illustration of enbodi nents of the invention and shoul d not be construed
tolimt the scope of the invention. The skilled artisan readily recognizes
that many ot her enfibdi riehtago af @lknie Orpaewéa ivaf laapiabpipelntmabnmola); |
publications and patents cited in this disclosure are incorporated by

reference in theirggntih&deenh@tidd & 8XSfdipid NesaBbBpbaiod BSOERPERLED by
reference contradicts or is inconsistent wwth this specification, the

speci fication willl3updtgede any such material. The citation of any
ref erences herein is not an adm ssion that such references are prior art to

the present inventipn. $0230hidnpRes sdidd-edoleserbine art will recognize, or be
able to ascertain using no nore than routine experinmentation, many

equi val ents to the specifjc enpbodinents of the invention described herein.
Such equi%m enbscomeN it efeR Ao FeBilasRes EamplT ehhams el igon

enbodi ments. dufMamle D @h! -1 n-water emnul sion conprising particles that
are dispersed in an aqueous continuous phase, wherein the average di aneter

of said rticles is fro hout 80 nmto 180 nm; the enul sion conprises an
ot 1 *and Pt ThRamRoipact S8 HnsparmdCpeses fBmbst {iGegmone i G
(ol e: nol e) 1 sbaatsd @ass 1sbant 8:1 (nol e: nol e);

24, The composition of claim 21, wherein the average diameter of said particles is from

about 80 nm to about 130 nm.

25. The composition of any one of claims 21-24, wherein the N/P ratio of the composition

is at least about 4:1.

26. The composition of any one of claims 21-24, wherein the N/P ratio of the composition

is from about 4:1 to about 20:1.

27.  The composition of any one of claims 21-24, wherein the N/P ratio of the composition

is from about 4:1 to about 15:1.

28. The composition of any one of claims 21-27, wherein the ratio of oil:lipid

(mole:mole) is from about 10:1 (mole:mole) to about 43:1 (mole:mole).

29. The composition of any one of claims 21-28, wherein said oil-in-water emulsion

comprises from about 0.1% to about 5% (w/v) oil.

30.  The composition of claim 29, wherein said oil is squalene or squalane.
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(i1) the concentration of cationic lipid in said emulsion is at |east about
2.5 M} and (iii) the cationic lipid is not DC Chol esterol. 2. The

oi | -i n-wawenosmebssron of claim 1, wherein the average dipamaiser12ofsssai d
particles is fromabout 80 nmto about 150 nm 3.The oil-in-water emul sion
of claim1l1l or 2, wherein the average dianeter of said particles is from
about 80 nmto about 130 nm 4.The oil-in-water enul sion of any one of
clainms 1-3, wherein the oil-in-water ermulsion is stable. 5. The oil-in-water

enul si on 30f amye &MHRitiok bLdFBnd vfslaivk el 8o Nwhdi&@n kAl p&ti@ks MithérlcoRbAse a
(nmol e:nole) is fromabout 10:1 (nole: nDIe) to about 43:1 (nole:nole). 6.The

oi | -in-wat er &H{fc8on of any one of clainms 1-5, wherein said oil-in-water
enul si on conprises fromabout 0.2%to about 8% (wv) oil. 7.The

Oi | -in-waber eRUEHRRIGH oPEVMPINE whErefals@id RBrfdetdt is\WhHOhBhid seFcthn@i | 1S
squalene or squalane 8. The oil-in-water emul sion of any one of clainms 1-7,
wherein rtlcles further rise ctant. 9. The oil-in-water
ol <1 on 91 clT B ST e PETTTGH: & B iis g i e oy oo elpae ang - 95

- WD 2013/ 00683c6GPEUS2PH2/ 045845 10. The oil-in-water enul sion of claim8
or 9, wherein said surfactant is not a Polyethylene dycol (PEGQ-lipid. 11.
The oil-i,n-wa enul on.of an wherein the cationic
ot - i wiier S ETBRTROAERY SBEOF O dbate DR et oV vy )
surfactant. 12mulfide cOhpridef frivmtaBsut ®O0E%It0BbAIR 1.35% (OREs@factehtal ms 8- 11,
wherein said surfactant is SPANB5 (Sorbtian Trioleate), Tween 80

(pol ysorhate i nati th f 13.. The ofl-in- enul si on of
cFat 123 uned bt RS TR biMeid Shac ey dsin o oicih PEAS S hout "o. 5o
(v/iv) Tween 8(Bocastthn dbiolthtcl) Toed 80 pplySiBNSS0), dda cohtbénatibh thicftofvat er enul si on
of any one of clains 1-13, wherein the head group of the cationic lipid

conpri se guat er nar. n_ of any on
crarms 1293, R RE AR rG ity SLOuEPLE BT BN B,
consi sting ofmMm1QQd%Qhe97Wmemaﬂﬂmmmneuﬂ%KaWﬁﬁmmns$ropane ( DOTAP) ,

1, 2-di ol eoyl - sn- glycero 3 et hyl phosphochol i ne ( DOEPC),

N, N-dioI yIN di meth ni u # mand N-[d-(2,. .

3 g of oy oxy) BPEByTRH: B RRY TR 2SR e RO Phestidotions e
oi | -in-water hpMksmpmw@ﬁthanmyh&nwwhere|n said cationic |lipid is DOTAP.
17. The oil-in-water emul sion of claim 16, wherein the concentration of

DOTAP i n 3%8" dTﬁQ}‘ n?ﬂo?ﬁofl 3f a% ong gfsélalﬁllg 9'1“36 2\&/1?&615'%1& gatl%nfgq{pm‘l% selected

from the group consisting of: 1,2-dioleoyloxy-3-(trimethylammonio)propane
(DOTAP), 1,2-dioleoyl-sn-glycero-3-ethylphosphocholine (DOEPC), N,N-dioleoyl-
N,N-dimethylammonium chloride (DODAC), and N-[1-(2, 3-dioleyloxy)propyl]-
N,N,N-trimethylammonium chloride (DOTMA).

39.  The composition of claim 38, wherein said cationic lipid is DOTAP.

40. The composition of claim 39, wherein the concentration of DOTAP in said

composition is at least about 1.29 mM (0.9 mg/mL).

41. The composition of claim 39, wherein the concentration of DOTAP in said

composition is from about 1.29 mM (0.9 mg/mL) to about 3.58 mM (2.5 mg/mL).

42, The composition of any one of claims 21-41, wherein the RNA molecule is a self-

replicating RNA molecule that encodes an antigen.
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18. The oil-in-water enulsion of claim 16, wherein the concentration of
DOTAP in said enulsion is fromabout 2.58 nM (1.8 ng/nL) to about 7.16 mM
(5 mg/ mL)wob9813/0b6s3et hod for preparing the oil-in-water ecwist@n/oeds4mny one
of clainms 1-18, conprising: (a) directly dissolving the cationic lipid in
the oil to forman oil phase; (b) providing an aqueous phase of the

emul sion; and (c) dispersing the oil phase in the aqueous phase by
honogeni zati on. 20. The nethod of claim 19, wherein step (a) further

conpr i segzheatrhighrk¥6itidh bt difmAIt KARSHARNE-rBRIUBRRAR QU BHavi-@- about 65C.
WO 2013/ 006837PCT/ US2012/ 045845 21. A conposition conprising an RNA nol ecul e
conpl exed wi t HTECRNA €PEcoBf a cationic oil-in-water enmul sion, wherein the
particle conprises an oil that is in liquid phase at 25C, and a cationic
lipid; waarei A méthdd fobsrepainb@ cOfnpSition! doRipelsih g RNAGh& ) cullScorlpldxe@ftth about

8:1 (nmole:nole); (ii) the concentration of cationic lipidin said

conposi tion i 3PHLICIE 8h3 atigB§9il-I-WAPT FIHISIAFOMNFNEt he cationic |ipid is not
DC- Chol esterol. 22. The conposition of claim?2l, wherein the average

di ameter of said p@yti ¢ghreadihgad sitM-AROUWMBHoERah oS duitns 238;The
conposition of claim?21l, wherein the average dianeter of said particles is
fromabout 80 nmto 150 nm. 24. The conposition of clai 2}, wherein the
aver age di amet er o) saiNiVPE LSRN SRR aREREAt T o enbutii130 nm

25. The conposition of any one of clains 21-24, wherein the NP ratio of the
conposition is at (ii@astcombmmitig the dil-in2Gatdihemddopedi)tahdtheatuanysddnt@nof cl ai s
21- 24, rein the NP yratio of .the conposition is fromabout 4:1 to about
20: 1. 27.$%e conposi ti d ﬂgﬁqﬁﬂ?n8%§m8?£@W§FWB 21-24, wherein the NP ratio
of the conposition is fromabout 4:1 to about 15:1. 28. The conposition of
any one db. cl dhemmeBid 2f7glaimivel ehereinhiee cadidbnio ofin-wader ¢rhydsion ¢l aad®NA) is from
about 10:1 (nol.e.nol.e) to ahout 43:1 (oole: nple). 29. The conposition of any
one of clainssgﬂgﬁﬁﬁ% et lﬁﬁﬁﬂa%Wffygwﬁﬁgg? enul si on conprises from
about 0.1%to about 5% (wv) oil. 30.The conposition of claim29, wherein
sai d oil 46s sdbamethed of clagudl aré, wherein the aqueous solution comprising the RNA

molecule comprises a salt.
47. The method of claim 46, wherein the salt is NaCl.

48.  The method of claim 47, wherein the aqueous solution comprises about 20 mM NaCl.

49. The method of any one of claims 44-48, wherein the aqueous solution comprising the

RNA molecule is a buffer.
50. The method of claim 49, wherein the buffer is a citrate buffer.
51. The method of claim 50, wherein the buffer comprises about 2 mM citrate.

52. The method of any one of claims 44-51, wherein the aqueous solution comprising the

RNA molecule comprises a nonionic tonicifying agent.

53. The method of claim 52, wherein the nonionic tonicifying agent is a sugar or sugar

alcohol.

54. The method of claim 53, wherein the nonionic tonicifying agent is selected from the

group consisting of sucrose, trehalose, sorbitol, dextrose and combination thereof.
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WD 2013/ 006837PCT/ US2012/ 045845 31. The conposition of any one of clains
21-30, wherein said particles further conprise a surfactant. 32. The
conposi t iwo 20f3/wbw7m 31, wherein said surfactant is a neorarsce2eusiact ant .
33. The conposition of claim31 or 32, wherein said surfactant is not a
Pol yet hyl ene @ ycol (PEG-Ilipid. 34. The conposition of any one of clains
31-33, wherein the cationic oil-in-water enul sion conprises from about
0.005%to about 1.25% (v/v) surfactant. 35. The conposition of any one of

cl ai ms 35533, THIREALM oBAkifh SUKEAEHAN ndnfonBRANGE, ik SRIRtil skl ol eate), Tween

80 (pol ysorbate 80) or a conbi nation thereof 36. e corrp05| tion of claim
35, wherein th 0|I-| -wat er enul si.on conpr.ise t 0.25% (v/v)
Tween 80 nd ABoEF eg QE%IW/SW SPAAPS SO 8@9%@? §¢J mhhy one of

clainms 21-36, swhageei n the head group of the cationic lipid conprises a
guat ernary am ne 38. The conposi ti on of any one of clainms 21-36, wherein

said catignic idis select m_t he gr.oyp consi s of : ..

1, 2-di ol égyl o%b g‘ &P? PHASY 1)F 4 PPP ?6?0‘?&%& li'ﬁ@*m@}‘s Sl comprising the
1, 2- di ol eoyl - fRAGhyR&NOcoInR By RiNas @hochol i ne (DCEPC),

N, N-di ol eoyl N, N- di met hyl ammoni um chl ori de (DODAC), and N-[1-(2,

compos 1 om0 "CPHTH B G BCe B RaRF o Pt Ts DOTAP, 40, The.

conpositi on of claim 39, wherein the concentration of DOTAP in said
conposi ti56n i Fhamethedst clamdiTtor 58 2A6handvh (18 .aquavgd sullytion4dmprldee frommposi t | on of
claim 39, whe ati on of DOTAP in said conposition is from
about 1.29 nﬁ/p?%(péo%@%w?‘g}v; BYUP3 58 M (2.5 ng/ m). 42. The conposition
of any one of clains 21-41, wherein the RNA nolecule is a self-replicating
RNA nol e®dl e Thatetnd oflas oaﬂom:tiingéﬂﬂ, WIErdo 1he/2qe835REDh US20RS 045845
43. The conposi ti erein the self-replicating RNA is an
al phavi rus- d%?qu\ggoﬁ(%ﬂﬁzlpféﬁuf%%gﬁw44 A nmethod for preparing a conposition
conprising an RNA nol ecul e conpl exed with a particle of a cationic
oi | -in-watler amollsh-onrfer conisionsbmprisifd I)arqmies\zhaﬂiawgii@nrsod in-anpqwater enul si on
?Leagonpne)l g];ucnltl"raiuous&)%?se l}e(rem} ¢ emuYsmntcrgl)glp?iQ saalglri:)l vva acaQIOHIICilpllr}loﬁlog_Pr I( ISI) ng.nd
t he agueous smmﬁge@mmierbfsa)d Ibdﬂm‘lﬁbyfrpmabammgrﬂtb&&o‘,@mpmsbilnsQﬂeserﬂtS The

met hod of clai.m 4 catloncm n of (i) and
RNA sol ution 8P™ ?Wzﬁé?‘@p ﬁgﬁ cgrecy O{Caflofl\‘el/a}%&?lﬁﬁcgmuglémﬁaé net hod
of claim44 o[eaétibowh%emm t he aqueous soI ution conprising the RNA

62. The oil-in-water emulsion of claim 61, wherein the oil-in-water emulsion is stable.

63. The oil-in-water emulsion of claim 61 or 62, wherein the concentration of cationic

lipid in said emulsion is at least about 2.5 mM.

64. The oil-in-water emulsion of any one of claims 61-63, wherein the oil is squalene or
squalane.
65. The oil-in-water emulsion of any one of claims 61-64, wherein the particle further

comprises a surfactant.
66. The oil-in-water emulsion of claim 65, wherein the surfactant is a nonionic surfactant.

67. The oil-in-water emulsion of claim 66, wherein said surfactant is not a Polyethylene

Glycol (PEG)-lipid.
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nol ecul e conprises a salt. 47. The nmethod of claim46, wherein the salt is
NaCl . 48. The nethod of claim47, wherein the aqueous sol ution conprises
about 20 wWii2bis@l068349. The net hod of any one of cl ai s 44P¢3/USadieneisns t he
aqueous solution conprising the RNA nolecule is a buffer. 50.The net hod of
claim49, wherein the buffer is a citrate buffer. 51. The nethod of claim
50, wherein the buffer conprises about 2 nMcitrate. 52. The nethod of any
one of clainms 44-51, wherein the aqueous sol ution conprising the RNA

nol ecul e 6@ONPIrh$&isirdwiteNindNisn sy 6hd ¥ MEmABEBY, wiRdin e ciRhkadi-af cl ai m 52,
wherein the nonionic tonicify ent i s a sugar_or sugar alcohol. 54.The
net hod of cl aiwl‘ﬂeS%mu\?\}ﬁ%F@Pﬁflsﬁhﬁorﬁ@g‘i’%ﬂioéo/%t@ﬁ'i’ Eyrngagefctans sel ected from
the group consisting of sucrose, trehal ose, sorbitol, dextrose and

conbi nat icon t es 6iefn- w@eﬁ&&adl&o@&ayeﬁzréﬂéﬁaﬁaaﬁ-@@m&iﬁ@ld supRctamtihod of claim
52, wherein the nonionic tonici ﬁ@ﬁbﬁgent i's sucrose. 56. The net hod of

cl ai m 55, mheﬁ%ﬁﬁr§ﬁgm§&ﬁ§88?m§b eshprPee 80apig tombamtiphiheiset ose. 57.

The net hod of any one of clains 44-56, wherein the aqueous sol ution

conpri si mg. t hehENAITPhECHBs iSO SBSoftldab ¥189, wiein the@cdiedrbgtbrate cl ai m
57, wherein the polyner is PluronicO F127. 59. The nethod of claim57 or
58, wherein t FEICIEIRHLROMDEGE BACEBHAMESS from about 0.05%to about 20%
(wv) polymer. 60. The nethod of any one of clainms 57-59, wherein the
aq:Jeous g0] ut iTBé’l?1GQﬂ@£tEIS@ﬁll§l@Obﬂan§L%1e( Wd\Ya)lmE’BUBQ)I’iilhé@bngﬂaa&tloﬁﬂcdllp%m

oi | -in-water enulsion conprisin s that are dispersed in an aqueous
cont i nuous phaSe! e fFdh 814 RGBS f)ﬁ ?ﬂﬁw Qs GG RN R ERPE N

lipid, the avgb@%mju,atm&l%ymﬁ @aéld 3p@153t1p1ﬁis cheﬂmfa(DOEa@pth&Qﬂwto 180
nm the oil is present from?O concentration of

cationic lipi HNﬁlr%f‘émar@ﬁm%mahlorlée @?OlPéﬁétan%Hd&t@ B- C’zslewwelzw The

oi | -in-vater QMNsaRtfanfrhHilh Bllorid®RINIAL he oi | -in-water enulsion is
stable. 63. The oil-in-water enulsion of cIa|n161 or 62, wherein the

concentration of cationic lipid in said enmulsion is at Ieast about 2.5 nM
64. The d& -i M- é’r’wétﬁliﬂf%lil%?fl offclaimy/ Lowlergin saifl satiogicdipiis DQlMr ei n t he oi |

i s squal ene or squal ane. 65. The oil-in-water emul sion of any one of clains
61- 64, wherei A dohpofias doddpeisinkibh RBIA ©OERNE S@%pleked Withaghaite of@. The

oi | -i n-wat er enulslon of claim 65, wherein the syrfactant is a nonionic
surfactant. 69AUCHGEIGNTVALSE cpulsion of A e A 815 aim 66, wherein sai d

surfactant is not a Polyethylene dycol (PEG-Iipid.

74. The composition of claim 73, wherein the N/P ratio of the composition is at least
about 4:1.
75.  The composition of claim 73, wherein the N/P ratio of the composition is from about

4:1 to about 20:1.

76.  The composition of claim 73, wherein the N/P ratio of the composition is from about

4:1 to about 15:1.

77. The composition of any one of claims 73-76, wherein the RNA molecule is a self-

replicating RNA molecule that encodes an antigen.

78.  The composition of claim 77, wherein the self-replicating RNA is an alphavirus-
derived RNA replicon.
79. The composition of any one of claims 73-78, wherein the average diameter of the

emulsion particles is from about 80 nm to about 180 nm.
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WO 2013/ 006837PCT/ US2012/ 045845 68. The oil-in-water enul sion of any one of
clains 65-67, wherein the cationic oil-inwater enulsion conprises from
about 0. We20/@mbssat 2. 5% (v/v) surfactant. 69. The oi |l PCHASAMIRN438A%I] Si ONn
of any one of clains 65-68, wherein said surfactant is SPAN85 (Sorbtian
Triol eate), Tween 80 (polysorbate 80), or a conbination thereof 70. The
oil-in-water enul sion of any one of clains 61-69, wherein the head group of
the cationic lipid conprises a quaternary anmne 71. The oil-in-water

enul si on gof amye &e)Bikiok bedn n@éf&zams\aﬁpﬂwhdm he vartdiPik CompRitdniis sel ect ed
fromthe gr oug con5| sting o 2- di ol eoyl oxy- 3- (t ri met hyl anmoni o) pr opane
(DOTAP), 1, 2- awé dl@ha@w@%t @0é<t éﬁ%sphochol i ne (DOEPC),

N, N- di ol eoyl N, N-dl met hyl anmoni um chl ori de (DODAC), and N-[1-(2,

3- di ol eylgaxy) phogyddositibh DE dMylonk BRI 2B AU -8h) viHcidtethe BEMPMRAIion 72.  The
oil-in-water emul sion of claim 71, wherein said cationic |IIDI d is DOTAP.

73. A conposi fl}r@ﬁr@w?wh@r%ﬂ% RO 1P e nE A A XERARI A & Par ticl e of
the cationic gfehteuﬂaly\@(;w'enul sion of any one of clainms 61-72. 74. The
conposition of claim73, wherein the NNP ratio of the conposition is at
| east about 4;1. 75. The nposi.tion of claim 73, wherein the NP ratio of
the conpd¥iti Ehe ?@W@ﬁ?&ﬁ%@%@s bapwhits- %b“ilereimhew%p%% 8Ehes on of

claim 73, Vmef:&h;%!ls%g"@n&ylcﬁnd’t%ﬁl'cﬂylﬁ% addAE af®@RPRRIntd. On is fromabout 4:1 to
about 15:1. 77 he conposition of any one of clains 73-76, wherein the RNA

nmol ecul e -replicati.ng ul e that encodes .an antigen. 78.
The corrp@ét ti gﬁ 6‘$II]CW Slo‘\‘/\ﬁ?ﬁl\‘@oﬂe? 108 {20 R IR 21 Mg IR s an

al phavi rusderbmﬁlgloﬁemtdb@aol icon. 79. The conposi t| on of any one of clains
73-78, wherein the average dianeter of the emulsion particles is from about

80 nmto gbout 180 nm WD 2013/ 37 /USZ 12/ 045845 80. The conposition
of any ohé of ACHPREIPICPriSg a‘?g%’%m \ﬁfﬂ"r SR ‘P‘ﬁ@ gﬁﬂ’égicﬁ?o}ﬁ PO yf f er ed
and has a pH efl-iahaut efulflot, aviRRMhe BolposBibn Tesudrnesigti Piee@fthany one of
clains 21-43 and 73-80, wherein the conposition further conprises an

i norgani ¢ sal tfQMYKEt he concentration of inorganic salt is no greater than
30 MM 82. The conposition of claimclains 21-43 and 73-81, wherein the
conposi tion furthefi) comp6iidERSaBoiWaB Gl &fiahy bRgofagamt o1-and i s

i sotonic. 83.The oil-in-water enulsion of any one of clains 1-20, wherein
the oil-in-water dgwwsmn .S stabl e. 81t .osi%l%%‘%o ri‘spin an RNA
nol ecul e conpl exe prat gg?rl%qugo%fsogl%%‘fo AT eSO ST A BT Ehul si on,
wherein the conposition is prepared using a process that conprises: (i)
provi di ng an oil - i {@watcembamg tbé¢ ahinofatangmudsien af(i)ahdibbe 6uedd; soluitiv)

provi di n%i)?n aqueous sqﬂlet%éﬂyop@ep%%rqg{hesconq Ostltp()% RNA nol ecul e; and

85. The composition of any one of claims 21-43, 73-82 and 84, wherein the RNA

molecule is a polycistronic RNA encoding two or more antigens.
86.  The composition of claim 85, wherein the polycistronic RNA is a alphavirus replicon.

87.  The composition of claim 86, wherein the alphavirus replicon contains a first
nucleotide sequence encoding a first antigen and a second nucleotide sequence
encoding a second antigen, wherein the first nucleotide sequence and the second

nucleotide sequence are operably linked to control elements.
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(iti) conmbining the oil-in-water enulsion of (i) and of the aqueous
solution (ii),thereby preparing the conposition. 85. The conposition of any
one of clwDB13AMess3, 73-82 and 84, wherein the RNA nol e®UTAISRGI2A45845

pol yci stroni c RNA encoding two or nore antigens. 86. The conposition of
claim 85, wherein the polycistronic RNA is a al phavirus replicon. 87.The
conposition of claim86, wherein the al phavirus replicon contains a first
nucl eoti de sequence encoding a first antigen and a second nucl eoti de

sequence g8NCOothHEndhoseieR Bkl 4798 Rere MRS @kihukR6tidd seglendtlis be@ibldanigaquence
and the second nucl eoti de sequence are operably linked to control elenents.

WO 2013/ 006837 PTUSARIASBAR BSscc it CRIRRS LA 1A 9hpGhi Th&d 1o wher ei n
the first nucl eotide sequence is operably linked to a ?lrst control el ement
and the secong..ppMféLabi dsnsgquence is operably linked to a second control
el enent. 89. The conposition of claim87 or 88, further conprising a third
nucl eoti dg s eqHents GREE0! A RiE hRARLEHARe { SAITRI SR, wherein
the third nucleotide sequences is operably Tinked to a_contrgl element. 90.
The composit f oo &l PRELELD dldhe WHofh AUHRALLASRIANERGS il S

operably linked to~a third contr el ement . he conpositi cl ai m 89

or 90, further .1.S1n fo nucl eoti de sequence encoding a fourth
protein or fr3%%§%¥ﬂ@ﬁg}e%$?mﬁﬁéég?ﬁ'the fourth nucl eoti de sequences is

oper abl y i nk to a contraql. enent. 92 . .The.c osition of ai m9l,
wher ai n cher 88 ¢hRaEPEs fa e Tihna e SR SBID hield b ot ch
control elenegt. 33.g§5e qpqpﬁ§ition of claim9l or 92, further conprising
a fifth nucl eBP§gdo & PWIERRE SKESHi ng a fifth protein or fragnent thereof,
wherein the fifth nucl eotjde sequences is operably |ljinked to a control
ol orment. 9. FHECHBIREEH b SmoR Pl s CoRRoy t hrHBMHTREAC IR | de
sequence is operably linked to fifth control .elenent. 95. The conposition
of any one ofe%PQW%Eﬁ?ﬁkﬂPwmﬁﬁgégﬂmF reebrithesin e fclggtide ndependent | y
selected fromthe group consisting of a subgenom c pronoter, an IRES, and a
viral 2A site?“@@@e%@ﬁﬁ@ﬁ@&hékﬁd%ﬁéWéﬁﬂﬁ@mﬁg-innune response in a subject,
conprisigg adm nistering to a subject in need thereof the conposition of
any one &F cl Ahgomppsitign ofredaigd g pyhergim-thafigurth yyoleptdsycgne8s rpeTrRIS2012/ 045845
97. The nmethod of claim 96, wherein the total anmount of the cationic lipid
admi ni st ered tipkediea Syheentrdl glementi ngl e adni ni stration is no nore than
about 30 ng. 98. The nethod of claim96, wherein the total anount of DOTAP
admi ni st @3ed The ednepositibir etalaiind loor P nigitlecr sompiding # Gfth oreldogdngeqmce t han
about 24 ng. 99. The method of claim96, wherein the total anmount of DOTAP
adni ni st ered twotling adifthjpedtin ionfragrednh theroficiiicgingthe ffth owcléosidngeqnences is han
about 4 .

T operably linked to a control element.

94.  The composition of claim 93, wherein the fifth nucleotide sequence is operably linked
to a fifth control element.

95. The composition of any one of claims 87-94, wherein the control elements are
independently selected from the group consisting of a subgenomic promoter, an IRES,
and a viral 2A site.

96. A method of generating an immune response in a subject, comprising administering to
a subject in need thereof the composition of any one of claims 21-43, 73-82 and 84-

9s.
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100. An oil-in-water enul sion conprising particles that are dispersed in an
aqueous conti nuous phase, wherein the average dianeter of said particles is
from abouwo02013mwg36 180 nm ; the enul sion conprises an @CI/usp@2m438a% i oni C

lipid, and wherein: (i) the ratio of oil:lipid (nole:nole) is at |east
about 4:1 (nmole:nole); (ii) the concentration of cationic lipid in said
emul sion is at least about 2.5 mM (iii) the oil is present from about

0.2%to about 8% (W v); and (iv) the cationic lipid is not DC- Cholesterol.
101. The 99i | - irRc W8th6d o LA ISIORh&EinGhetbi] &BGhint WHEE Sitidni MBidldhmidistered @S ent
fromO0.6%to 4% (wv). 102. The oil-in-water enulsion of claim100 or 101,
wher ei n t he offe spljeqs i epgle pgmpigisHpEs 10405 thisabeut30208. (w v). 103. The
oi I -in-water enul sion of any one of clains 100-102, wherein the average
di anmet er o8f sahemp@bd bedigm d6swhéreimtaetdt aBGinh 5T DOT AP QhindsRPedthel 04. The
oi Il -in-water enulsion_ of any one of clains 100-103, wherein the average
di anet er of s8&fiEchraSinglednfidistatigpyisdiognere dun skt 64 Mout 130 nm  105. The
oi | -in-water enul sion of any one of clains 100-104, wherein the
oi | -in-waver ermsihodof Gaifit @hlvBerein tHOGtal AHGNOHE DOMAPAIAMieR Bitlen of any
one of clains 100-105, wherein the ratio of oil:lipid (nole:nole) is from
about 4:1 (mof¥Ssbingy)sinele adguniptration s o apre g RBYUL 4187 The oi | -i n-wat er
enul si on of any one of clains 100-106, wherein said oil is squal ene or
aﬂual al’le.10(188An-5|ilﬁn1|9\iakericemuléﬁwhebmpﬂ'ﬂilhl gslb@ﬂit:l@fthaa?m dwpersed incalnahlﬁf)uslool- 107,
erein said particle urther conprise a surfactant. 109. e ol -in-water
emul si on of cPAIHABERRARIET TR R AR e SURC bR T oUt R ¢ ant
110. The oi | - tgra0aies theBdhiSivR Bordbrised @ oM 48 @fiontOfpid whgr ei n sai d surfact ant
is not a Polyethylene Gycol (PEG-Ilipid. 111. The oil-in-water enul sion of

any one of clains. 108-110, wherein the cationic oil-inwater enulsion
conprises froMd6But 0.01%to about 2.5% (v/v) surfactant. 112. The

oi | -in-water enul sion of any one of clains 108-111, wherein said surfactant
i s SPANB5 (Sorbti af) Trithd @db e gil:Mpik @nol8thol) & at $aaktddbw 48I00mol®imoke);conbi nat i on
thereof 113. The oil-in-water enul sion of claim 112, wherein the cationic
oi | -in-water enul sj.on rises..abqut..0.5%.(v/v), Tween .80 .and ab 0. 5%
(v/v) SPANBS. 114 (e U ontehigs MRt Rid }de{*r?’\ﬁﬁ%%“e“ ¢ BRfadaest 0 113,

wherein the head gmdiyyp of the cationic lipid conprises a quaternary am ne
115. The oil-in-water enul sion of any one of clains 100-113, wherein the
cationic lipid is selected fr f S1iStJ .

1, 2- di ol eoyl oxy- 3- 1gﬂ)ri ﬁrfé%(ﬂilllsg%g}bn&l?% prt)g%kg)h%}g?q%%ﬁwf,g(‘gfv)’ and

1, 2-di ol eoyl -sn-gl ycer o- 3- et hyl phosphochol i ne ( DOEPC),

N, N- di ol eoyl N, N- di G);n;)t hythagatromic ipddhna D@eh¢lpamAC) , and N-[ 1- (2,

3-di ol eyl oxy) propyl]- N, N, N-trinethylamoni umchl oride (DOTMA). 116. The

oi | -in-vaper eRubisiRRaef en?d1§}é>r{%f3cla‘§ml 108NN BRIoH i SR Gn bish  4bs DOTAP.

117. The oil-in-water enulsion of claim 116, wherein the concentrati on of
DOTAP in sai d0emul sion is at |east about 2.58 mM (1.8 ng/nL). 118. The
oil-in-water enmul sion of claim116, wherein the concentrati on of DOTAP in

sai d emuligh OnThSoif {1 RDAMIsicn 1IN 108 081 W iMEdintiR APRBlesdnt HEOmMMLES o/ i) .
1% to about 3.2% (W/v).

103.  The oil-in-water emulsion of any one of claims 100-102, wherein the average

diameter of said particles is from about 80 nm to about 150 nm.

104.  The oil-in-water emulsion of any one of claims 100-103, wherein the average

diameter of said particles is from about 80 nm to about 130 nm.

105.  The oil-in-water emulsion of any one of claims 100-104, wherein the oil-in-water

emulsion is stable.
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119. A nethod for preparing the oil-in-water enulsion of any one of clains
100-118, conprising: (a) directly dissolving the cationic lipid in the oi
to form amoanis/qpbsige; (b) providing an agueous phase of PCimaSesmiogiseh; and
(c) dispersing the oil phase in the agueous phase by honpgeni zation. 120.
The nethod of claim 119, wherein step (a) further conprises heating the oi
to a tenperature between about 30C to about 65C. 121. A conposition
conprising an RNA nol ecul e conpl exed with a particle of a cationic

oi I -i n-wapher enubisiPRateVIRNGbNotNG o@@éftdlaqﬂn@mmm bvﬁ@r%m&ﬁb Qtib of Hipkipilis i N
l'iquid phase at 25C, and a cationic lipid; wherein: (i) the ratio of

oi I:1ipid (nofBolpoly i f§0f%1?bquééét(mal§6{5ﬂle)40 $bquirdt: é(fﬁﬁlleé‘)(’le)(l i) the
concentration of cationic lipid in said conposition is at |east about 1.25
mM and (io7i ) ThOGil-i-WatbSerRN @SS an§ LRFd RIRAE 16D-106, vBcralQuld A% {ohN)s and
(iv) the cationic lipid is not DC Chol esterol. 122. The conposition of
claim 121, wher¥P#4%e oil is present from0.3%to 2% (wv). 123. The
oil-in-water enulsion of claim121 or 122, wherein the oil is present from
about 0. 3%t 0 TAOGUn-WatB%niuMid of ch¥dne JMRiGONPRSIE WatreRfsaidyrtere of clai ms
121-123, whergjn t he averagf di aneter of said particles is fromabout 80 nm
to 180 nm 12 “Wn@&‘)‘ﬁiﬁ)@lr *FBH- of any one of clains 121-124, wherein the
average di ameter of said particles is fromabout 80 nmto 150 nm 126. The
conmposi t 109 ofrhasiy-ilweeiodmuddiai sftclalid 108 Abherotd & @iutfattas iay asm@ae di amet er  of
said particles is fromabout 80 nmto about 130 nm 127. The conposition of
any one of cl 8§"f€®1%1-126, wherein the NP ratio of the conposition is at

| east about 4:1. 128. The conposition of any one of clainms 121-126, wherein
the N P raé.i oToé oil-hewstongagditn eftldis 108 om @hatéredh:sdidtsorfalmuts nd0i 1. 129. The
conposition of any one of ¢ 21-126, wherein the NP ratio of the
conposi ti on iE ﬁﬂﬁ%‘éﬁf‘)%ﬁéﬁp ibout 15:1. 130. The conposition of any
one of clainms 121-129, wherein the ratio of oil:lipid (nole:nole) is from
about 4: 11(.nolrae diib[IE\)vatEIOerﬁlbﬂbﬁ of/idy bnd ofrllammodR) 10, bBdreinEhecationipogiid-i on of
any one of clai B 121-130, whegein sai r . squal ane. 132.
The conposi ti SACHFMUNY™ ?Pépr&es - T t?%i/"lt%f{’(’%ngl}ad 2V)§ ?aﬁt brticles
further conprise a surfactant. 133. The conposition of claim 132, wherein
sai d sur flazt affhe oit-imwmeninoidicn sﬁmjzanet afitlaimd BeR- lrllhe/hereimaislistuifmanofs claim 132

135, The  compObr NRbr<atteans B drvt & hebiurs® 1. SicamuliOon et onfc

oi I -in-water enul sion conprises fromabout 0.005%to about 1.25% (v/vV)
surfact aitl3. 136e oi]ZhEWa:talnqmdsiioﬂ ofivlapf lah,w@nﬁ‘ndﬁc@tﬁcmﬁcnm-maﬁatdr&mulsvdmr ein said

surfactant is_SPAN35 (So r|oI T sorbate 80), or a
conbi nat i on t REPESE® 13Y 6%9@) ;%%t%%qﬁgggé‘?ﬁ\%er ein the cationic

oi | -in-water enul sion conprises about 0. 25% (v/v) Tween 80 and about 0.25%
(v/v) SPANBS. Th88- inTWaeIC@MD'sri ¢fi aop ood ofartrme h@0- bF3, shecmehdRid gB7p ovher ei n

t he head groug1 of .th t| oni ¢ |IL%%d co&n ses a quaternary am ne 139. The

PR e cationicli OMPrises a na, me.,
conposition of "any on ?ctf LEF 3 Wherein said cationic lipid is

sel ected fromthe group consi stl ng of:
1, 2- di ol dd§! oXye Gl-{n-wateednydiemviony oquamfcqmmequaﬂBAW)le;rein the cationic lipid is

1, 2-di ol eoyl \Y - b 19chal i, DC -

N, N- di net hyl a%%du%%%gfoﬁhgx%s%ﬁg?’% acﬁcc)i1 T’é’%ﬁg}jﬂhﬁf\wﬁl{ i gérg %lr opy1] -
N, N, N-tri et hyﬂ)_@.’ﬂﬁﬁ)ﬁ|1QFﬂiﬁbcby(b-_rSil_ﬁbfc@B@rdWlphoild{bchdﬁne (LORPO>s NN{dmI@M claim
139, wherein 3/ q; cat hont & ilhRERhS FSBAR), and N-[1-2, 3-dioleyloxy)propyl]-

N,N,N-trimethylammonium chloride (DOTMA).
116.  The oil-in-water emulsion of claim 115, wherein said cationic lipid is DOTAP.
117. The oil-in-water emulsion of claim 116, wherein the concentration of DOTAP in said

emulsion is at least about 2.58 mM (1.8 mg/mL).
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141. The conposition of claim 140, wherein the concentration of DOTAP in
said conposition is at |east about 1.29 nM (0.9 ng/nL). 142. The

conposi t iwo 20f3/wbs7m 140, wherein the concentration of PCTAR2012/0$381%
conposition is fromabout 1.29 mM (0.9 ng/nL) to about 3.58 MM (2.5 ng/nL).
143. The conposition of any one of clainms 121-142, wherein the RNA nol ecul e
is a self-replicating RNA nol ecul e that encodes an antigen. 144. The
conposition of claim 143, wherein the self-replicating RNA is an

al phavi r usger iried-RNattePhilGoNof R 116 WRkdiRthe LokccRELPALE DOTAPGRENPSI ti oNn
conprising an RNA npl ecul e cogglexed with a particle of a cationic

oi | -in-wat er emlbion drirore abayt 2-37 AR (18 mepnlovp dpry7 AR O (2 mEMat er enul si on
of any one of clains 100-118; (ii) providing an aqueous sol ution conprising
the RNA modecul fsth@nar $ﬂebdrﬂlg¢1m1-mimertehﬁusmnl oflafly Wt Fclaghui i ag, of (i) and
t he aqueous solution of (ii),thereb preparlng_the conposition. 146. The
met hod of cl afPAEES: () direstly dtSF'féVIB&%’}]eGﬁ‘il 1o intheval! ky forman el BRpsHbY i ) and
RNA sol ution gfovldidg)an@eca@piRkOSthAEmabiBktand (& dlspérvihg BiRtiIPhask4d the The

oi | -in-water enulsion of claim®6l, wherein the oil iS present from about 1%
to about 3. 298qu&pws)Phascdy homeenigipbsi tion of any one of clains 121- 144,
wherein the RNA nol ecule is a polycistronic RNA encoding two or nore

ant i gens.128.49 Thd REth6@IPAS i 119MwRrcif kdp 9) Ttther WG REhchiE (RObY &I aSt roni ¢ RNA
is an al phavirus replicon. 150. The conposition of claim 149, wherein the
al phavi rus r efsimpetire beivegnpboyf 307¢ &t abauici5¢et i de sequence encoding a first
antigen and a second nucl eoti de sequence encodi ng a second anti gen, wherein
the firstypuchedid,dgiSEQMEREH e R ANANRREFOAINIINGH §RthiadRrRRAHERES R €
operably linked to control el enments. 151. The conposition of claim 150,
wher ei n t he fpHgt-wagesagsipelevhseguibppertipls coppiisgbinyoil thakiet hayidpleiaait contr ol
el emrent and t : 20t | sequence is operably linked to a second
cont rol eIene%?if§@§£Q$E@8%§%bgg§?$bn of claim 150 or 151, further
conprising a third nucl eoti de sequence encoding a third protein or fragnent
t hereof , wherein tle t Hhedtipmoteiblpid Geolsamle mcwd deaitsiboper lalmoje:npliked to a
control elenent. 153. The conposition of claim 152, wherein the third

nucl eotide sequencg)i s (RP&BRNb SHERGL il IaldbofBBGHR is 6 1€IBMoue 154. The
conposition of claim 152 or 153, further conprising a tourth nucl eotide
sequence encodi ng B2 odkthd protein or fragment thereof, wherein the fourth
nucl eoti de sequences is operably linked to a control elenent. 155. The
conposi tion of claij 136 oiMIGFRER flRbbRW. 18 (L eR) (W), 3g@uence s _
operably linked to a fourth control elenment. 156. The conposition of claim
154 or 155, further conprising a fifth nucl eotide sequence encoding a fifth
protei n or fragmentiVt hdhewtionighpidds petileCheletigiolucl eoti de sequences is
operably linked to a control elenent. 157. The conposition of claim 156,
wherei n tihe f Thé fonipecitiebl damsieqUeREen itk @RepRnY frbmmisedtd 1, avivh.f th control
el ement. 158. The conposition of any one of clains 150-157, wherein the

Cubgenom & pr O Y FRg e T3 PEIouheRRuh S8 bR ER RGNS 0 '

gener ati ng anoismidnBolt@HPOASE).i N a subject, conprising adm nistering to a
subject in need thereof the conposition of any one of clains 121-144. 160.
The neth of ¢claim 159 erein.the anount . of the cationjpc.|ipid
Rdn st drka 7B Fnosting ebion: Bt afifgnal Tty af pistei SRR G 1o
about 30 ng. p&iiclesTiBéroribbaR0aim ©l [@0MML59, wherein the total amount of
DOTAP adm nistered to the subject in a single admnistration is no nore

t han abo 24 . .162.. The net hod  of iLm 159, . wherein the total .amount of
DoTAP aariPi o Brasaegph e udareate i 42 B A er S s b Pl or o

t han about 4 paticld6is fromhudont d0-nnntovidd @m. ermmul si on or conposition of any one
of clainms 1-18, 21-43, 61-83, 85-95, 100-118, 121-144 or 147-158 further

conpri st ngganrgn Edn?p)%)lsﬂ%‘rrll E)f any one of claims 121-125, wherein the average diameter of said

particles is from about 80 nm to about 130 nm.
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127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

The composition of any one of claims 121-126, wherein the N/P ratio of the

composition is at least about 4:1.

The composition of any one of claims 121-126, wherein the N/P ratio of the

composition is from about 4:1 to about 20:1.

The composition of any one of claims 121-126, wherein the N/P ratio of the

composition is from about 4:1 to about 15:1.

The composition of any one of claims 121-129, wherein the ratio of oil:lipid

(mole:mole) is from about 4:1 (mole:mole) to about 43:1 (mole:mole).

The composition of any one of claims 121-130, wherein said oil is squalene or

squalane.

The composition of any one of claims 121-131, wherein said particles further

comprise a surfactant.
The composition of claim 132, wherein said surfactant is a nonionic surfactant.

The composition of claim 132 or 133, wherein said surfactant is not a Polyethylene

Glycol (PEG)-lipid.

The composition of any one of claims 132-134, wherein the cationic oil-in-water

emulsion comprises from about 0.005% to about 1.25% (v/v) surfactant.

The composition of any one of claims 132-135, wherein said surfactant is SPANSS

(Sorbtian Trioleate), Tween 80 (polysorbate 80), or a combination thereof.

The composition of claim 136, wherein the cationic oil-in-water emulsion comprises

about 0.25% (v/v) Tween 80 and about 0.25% (v/v) SPANSS.

The composition of any one of claims 121-137, wherein the head group of the

cationic lipid comprises a quaternary amine.

The composition of any one of claims 121-138, wherein said cationic lipid is selected
from the group consisting of: 1,2-dioleoyloxy-3-(trimethylammonio)propane

(DOTAP), 1,2-dioleoyl-sn-glycero-3-ethylphosphocholine (DOEPC), N,N-dioleoyl-

- 107 -



WO 2013/006837 PCT/US2012/045845

140.

141.

142.

143.

144.

145.

(ii),

146.

147.

148.

149.

N,N-dimethylammonium chloride (DODAC), and N-[1-(2, 3-dioleyloxy)propyl]-
N,N,N-trimethylammonium chloride (DOTMA).

The composition of claim 139, wherein said cationic lipid is DOTAP.

The composition of claim 140, wherein the concentration of DOTAP in said

composition is at least about 1.29 mM (0.9 mg/mL).

The composition of claim 140, wherein the concentration of DOTAP in said

composition is from about 1.29 mM (0.9 mg/mL) to about 3.58 mM (2.5 mg/mL).

The composition of any one of claims 121-142, wherein the RNA molecule is a self-

replicating RNA molecule that encodes an antigen.

The composition of claim 143, wherein the self-replicating RNA is an alphavirus-

derived RNA replicon.

A method for preparing a composition comprising an RNA molecule complexed with

a particle of a cationic oil-in-water emulsion, comprising:
(1) providing an oil-in-water emulsion of any one of claims 100-118;
(ii))  providing an aqueous solution comprising the RNA molecule; and

(iii)  combining the oil-in-water emulsion of (i) and the aqueous solution of

thereby preparing the composition.

The method of claim 145, wherein the cationic oil-in-water emulsion of (i) and RNA

solution of (ii) are combined at about 1:1 (v/v) ratio.

The oil-in-water emulsion of claim 61, wherein the oil is present from about 1% to

about 3.2% (w/v).

The composition of any one of claims 121-144, wherein the RNA molecule is a

polycistronic RNA encoding two or more antigens.

The composition of claim 148, wherein the polycistronic RNA is an alphavirus

replicon.
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150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

The composition of claim 149, wherein the alphavirus replicon contains a first
nucleotide sequence encoding a first antigen and a second nucleotide sequence
encoding a second antigen, wherein the first nucleotide sequence and the second

nucleotide sequence are operably linked to control elements.

The composition of claim 150, wherein the first nucleotide sequence is operably
linked to a first control element and the second nucleotide sequence is operably linked

to a second control element.

The composition of claim 150 or 151, further comprising a third nucleotide sequence
encoding a third protein or fragment thereof, wherein the third nucleotide sequences is

operably linked to a control element.

The composition of claim 152, wherein the third nucleotide sequence is operably

linked to a third control element.

The composition of claim 152 or 153, further comprising a fourth nucleotide sequence
encoding a fourth protein or fragment thereof, wherein the fourth nucleotide

sequences is operably linked to a control element.

The composition of claim 154, wherein the fourth nucleotide sequence is operably

linked to a fourth control element.

The composition of claim 154 or 155, further comprising a fifth nucleotide sequence
encoding a fifth protein or fragment thereof, wherein the fifth nucleotide sequences is

operably linked to a control element.

The composition of claim 156, wherein the fifth nucleotide sequence is operably

linked to a fifth control element.

The composition of any one of claims 150-157, wherein the control elements are
independently selected from the group consisting of a subgenomic promoter, an IRES,

and a viral 2A site.

A method of generating an immune response in a subject, comprising administering to

a subject in need thereof the composition of any one of claims 121-144.
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160.

161.

162.

163.

The method of claim 159, wherein the total amount of the cationic lipid administered

to the subject in a single administration is no more than about 30 mg.

The method of claim 159, wherein the total amount of DOTAP administered to the

subject in a single administration is no more than about 24 mg.

The method of claim 159, wherein the total amount of DOTAP administered to the

subject in a single administration is no more than about 4 mg.

The oil-in-water emulsion or composition of any one of claims 1-18, 21-43, 61-83,

85-95, 100-118, 121-144 or 147-158 further comprising an antioxidant.
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