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all purposes. 5 TECHNI CAL FIELD This inventionis in the field of non-viral
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aci d vacdif(dENICH LSﬂFEﬂFJRE OF THE | NVENTI ON 15According to the invention,
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1. Useful L4 pi i nclude, but are not limted to, dioleoyl
trimet hyfatﬁ’%%h%‘g%%%p}rloa%%g§135( DOTAP) .
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encodmg RNA wherein the liposome is formed by mixing liposome-forming components with an

immunogen-encoding RNA, wherein the liposome-forming ingredients comprise a cationic lipid, and

25  wherein the cationic lipid and the RNA are mixed at a N:P ratio of between 1:1 and 20:1.

The liposome
Various amphiphilic lipids can form bilayers in an aqueous environment to encapsulate a RNA-
containing aqueous core as a liposome. These lipids can have an anionic, cationic or zwitterionic
hydrophilic head group. Formation of liposomes from anionic phospholipids dates back to the 1960s,
30  and cationic liposome-forming lipids have been studied since the 1990s. Some phospholipids are
anionic whereas other are zwitterionic and others are cationic. Suitable classes of phospholipid
include, but are not limited to, phosphatidylethanolamines, phosphatidylcholines,
phosphatidylserines, and phosphatidyl-glycerols, and some useful phospholipids are listed in Table 1.
Useful cationic lipids include, but are not limited to, dioleoyl trimethylammonium propane
35 (DOTAP), 1,2-distearyloxy-N,N-dimethyl-3-aminopropane (DSDMA), 1,2-dioleyloxy-N,Ndimethyl-
-1-



3-am nopropane (DODMVA), 1, 2-dilinol eyl oxy-N, N-di nmethyl-3-am nopropane
(DLinDMA), 1, 2- dilinol enyl oxy-N, N-di net hyl- 3-am nopr opane (DLenDWR).
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bet ween 40-60% The renmainder of the |ipid content can be nade of e.g. 10
chol esterol (e.g. 35-50% chol esterol) and/or DM5 (optionally PEGyI at ed)

and/ or DSPC. Such m xtures are used bel ow. These % val ues are nole
percentages. A m xture of DSPC, DI inDVA, PEG DMG and chol esterol is used in
t he exanpl es. Liposonal particles are usually divided into three groups:

mul tilanellar vesicles (MV); small



uni l amel l ar vesicles (SUW); and |arge unilanellar vesicles (LUW). MVs have
multiple bilayers in 15 each vesicle, form ng several separate agueous
conpar t mrewo20138l0%&5and LUVs have a single bilayer encap®draiseeig/oass2zagueous
core; SUVs typically have a dianmeter <50nm and LUVs have a di aneter >50nm
Li posomal particles of the invention are ideally LUYs with a dianeter in
the rang f 50-220nm_ For a, conp osi.ti.on conpris Iatlon
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of : (a) WEGDIGRMAChwIldsterohislubqliinthatxampddsl whi ch is bel ow the |ipid s pKa but
is above 4.5; then (b) increasing the pHto be above 10 the lipid' s pKa.
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to b&Owi t‘rﬁ‘i’lﬁﬁltx)ﬁéthFa?FQ’é“tIB‘F 156“?’(9’ ‘8“&" rﬁlget"é“%woémﬂ@/o@(m pdigpeter shoulddavor
step (b) apagdibersighidevew2.by transferring the |iposonmes into a suitable
buffer e.g. into phosphate-buffered saline. The pH increase 20of step (b)
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be diluted to forn1I|posones after which the pH can be increased in step
(b). The RNA 25 Liposones efwthe-thwenthomui-nel-trde™~a RNA nol ecul e which
(unli ke siRNA) encodes an |nnunog§n After in viwvo adnlnlstratlon of the

| i posonmes, RNA is rel eased and=is “FFANsT ared-i s d8 & call to provi de the

i mmunogen in situ. WO 2013/ 006825PCT/ US2012/ 045829 The RNA is +-stranded,
and <6 i AN %%fultli%éllS%l?Sé@lwfieWBiﬁ HeRBPtHes a77radie kegeal Y'Y epl i cati on
steps such as reverse transcription. Preferred +-stranded RNAs are
self-replicating, unlike reference 10. A self-replicating RNA nol ecul e
(replicon) can, when delivered to a cell even without any proteins, lead to
the production of multiple daughter RNAs by transcription fromitself (via
an antisense copy 5 which it generates fromitself). A self-replicating
RNA nol ecule is thus typically a +-strand nol ecul e which can be directly
transl ated after delivery to a cell, and this translation provides a

RNA- dependent RNA pol ynerase which then produces both anti sense and sense
transcripts fromthe delivered RNA. Thus the delivered RNA | eads to the
production of nultiple daughter RNAs. These daughter RNAs, as well as
col I i near subgenom c transcripts, may be translated thensel ves to provide
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10 in situ expression of an encoded i nmunogen, or may be transcribed to
provide further transcripts with the sane sense as the delivered RNA which
are transweateth/awas2pr ovi de in situ expressi on of the i Mmeaogsro12/Dkzs29ver al |
results of this sequence of transcriptions is a huge anplification in the
nunber of the introduced replicon RNAs and so the encoded i nmunogen becones
a mgj or pol ypeptide product of the cells. 150ne suitable system for
achieving self-replication in this manner is to use an al phavirus-based
replicon. These replicons are +-stranded RWAS“mhrch | ead to transl ation of
a replicase (or repllcasetranscrlptasei after, delivery to a cell. The
replicase is translated as a pol yprote n\ﬁhrch auto-cl eaves to provide a
replication conplex which creates. genoric' --strand copies of the +-strand
delivered RNA. These --strand transcrlpts can thensel ves be transcribed to

the infected cell. Suitable. alphaV|rus repLLcons can use a replicase froma
Sindbis virus, a Semiki forest virus, an.eastern equine encephalitis
virus, a Venezuel an equi ne encephalltls virus, etc. Mutant or wld-type

Vi rus sequengie»oTar ibenistmek efe@ed foMercitat RNUB bt @B prefbaditlipaf.  VEEV has
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encodi ng_t he i PCT/,.US2012/ 045829 of i nterest,
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open 15 eadiengngk A toeNE oglgsodada sepdbilclgwegmeshe second (3') open reading frane
encodes an 5 i munogen. I n sone enbodi ments the RNA may have additional
(e.g. dowhsinceassd pldpesep (@pdbhge thedipilss pKagThet i © nizeltieinéresedie a piHnsad fagons

(see bel guj Qreratf;&ﬁg\&ggge FERAQPRYDBRL kAl wAGBISLRLTA pe reas 1o

self-repllc tin as a I'guanosine). This
cap can ennathelet trrnmv%tw%ﬁgltamfbﬁ%%t PENACTeasp of g (B epo bl #bisvel bshe 5

sequencg t@bsfdrig; e lﬁostsrealmt@ gtsiémle%lﬁremg Qﬁ&blﬁsﬁﬂdﬁbuh@re? eliaetiad ngNrA&é'hSeiJr e |
corrp 1 DI LIt re ase e repii cati ng nol ecul e
v Blve ﬁstey%lsr ol R PR s Pl S PR e Gt Py A pol yre ase

recognltl uenc near. its 3 Sel f-r.epli

ol ecul oS 0HRe wepgaat&%‘?rsm PR Ty oy e By bR S e e

nucl eot i desthimphgsodutgn, a88G0OE 25 0BOMuct entthed s diloed O OGO-1pROB0s, atial vadadhi thi@s.
Thus the BN%nF%n&&ﬂ&F&s& gﬁ'seen in siRNA delivery. 15Self-replicating RNA
nDIecuIes w il typicall e single-stranded. Single-stranded RNAs can
general | y. gtlate an adjuvant effect by binding to TLR7, TLR3, RNA
hellcases an f PKR. RNA delivered in doubl e-stranded fornt(dsRNA) can

bi nd 2fo HiIRSOMes R the fifjventios dshrde p ROEhMaleats Whick pinligesi R HRPCRS RMNNINEEED s
formed eiAfheln dur bdi@inK@Ploh GAtHIcOlpodImed, BNAGE eclsdsédamdei vl invitid hicall the
secondar str ture of a %lngle stranded RNA. 20The sel f-replicati ng RNA
can conv&RER e‘mﬁﬁn%?nﬁﬁt%d by in vitro transcription (I1VT). IVT can use a
(cDNA) tenplate created and propagated.gin plasmd formin bacteria, or
created synthetically (for exanple by gene synthesis and/or polynerase

chai n-reaction (PCR) engi neering nmethods). For instance, a DNA-dependent
RNA pol ynerase (such as the bacteriophage T7, T3 or 5P6 RNA pol ynerases)
can be used to transcribe the self-replicating RNA froma DNA tenpl ate.
Appropriate 25 cappi ng and poly-A addition reactions can be used as
reqU|red (aIthough the repllcon S pon A IS usually encoded W t hin the DNA
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35standard A, C, G and U ribonucl eoti des (except for any 5 cap structure,
whi ch may include a -6- WO 2013/ 006825PCT/ US2012/ 045829

7' - met hylwoanosgioss2y. | n ot her enbodi nents, the RNA nay Paglusde2a4B2cap
conprising a 7' -nethyl guanosine, and the first 1, 2 or 3 5 ribonucleotides
may be nethylated at the 2° position of the ri bose. A RNA used with the
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phosphor etdhiapatverse am¢rwtlonr€tdf9rteghe®ptr®d&1\eﬁslarerﬂclafgqélcatinéealﬂlkeyrefeaenlcq: pogone
i ncl udes sél?%ﬁcaﬁﬁ?ﬁNA%@lb&ie%@ﬂ&on§ Qzﬁlc IW%@H odiivEM Fa gell Sen QithGut a9§ pé’tﬁl&ls

di fferent species; nost prefera ty posone includes a. single
speci es flcad to the progyghonpf @@HPlééa‘igH %t ]h]élAF PbH%?Fé’“H‘é%‘nt“h@ T @%ﬁﬁ@ﬁ@%‘/ and
same bengthRh itl@ncthes iNinPitseHY. iAose[Fheplitatimg RNiAanoletsiess thup@sicdtys pivepaneldedlo have

a NP awh% OJan tﬁ%tc\’%agl granjslagﬁgarﬁ%lo S%Héltelﬁstlon;nélf oR§ thglergﬁ/s?a’tloﬁ ﬁ?ovhd\ls B IEI@ I 0"

refers tOt troo emfro en pOSOfTES
cationic dFReB‘ileﬂ’s RNy pelemastpsy wli¢he thgn ipppdpgee Wihp¢1@5®5%§&d@n%ﬁ9ns@f@t%ﬁ@§ phat es
in the Ri@ivered does. qihuNthaaéﬂe@RNar Badks 1@ phRAUtI0R oﬁmhmpemeaghtel&ms Tiegm

about 4: ut 61toa 0 8:1 ta,about
PSR T PR T AR b T ot L B SN A
exengli f iredabepowiding] ancbecczled_ jmujuribgerg of mande tBnstribedso phrown flydiconanseiygs N P

ratio Ca%th%l‘{eesaﬁa@ sbfPECHhe Qélw'em&%q@ﬂl'cﬁ 'alteXFané‘Mtéchto p?d%atfe zlfz @Jn! Q%regs%nn& the
preferred e.g. lower than 8:1, |ower than 7:1, | ower : ower than

5.1, or <ymydogeny Thyovgrall sesylis) ofytig sgqupngenef) tpgpayigtions gt A hél%‘h‘émlé‘}ﬁﬁ%t&nrfﬁ S the
N: P rati @auiber ngft thbahiveiaced 7ieflic@n R19AL and Ro SdTen@dhb dhim@atken béemb R majbi 0 1S

not bet I n sone enbodinents the N.P ratio is not 8:1.
The NP mﬁgl?]?gﬁéea& ngp()f%llc]pl ed by varying the proportions of cationic lipid

and I?%‘IA %I’ %ﬁhA Ot%l% or a&r qf?‘r} ! soeﬂ‘ ref;ll_lcatlon in tf%(s: rHm%geerd’ls QD%E gr? gl\f)ﬁzpvll ga sgd by
nodi fyi ng £ e “goncentration in aqueous mnateri a whi'ch™l §PUse uring

f or mat i omepbi¢ont Thuse teriseons are rysrangigd Rh%ls th@djmldrﬁ@tm@htl@T of]aj rplﬂ@mﬁréor re[@Bastor mi ng
conponenigasch ﬁﬁseﬁéﬁm&ﬁel’yh@a Eé]ﬁ THELPRA 1B ks RIRQAChs @l@@Mﬁrofehﬁwlﬁ&lhﬁﬁQJ:lbaﬁ/es
solution of I] os%ﬁg ng b}@gds can be kept constan % q
concent r & PN YD "ERNAIOR "PIP?B HFHEB TEED B~ TS £PPIEYC the Fh SH?i‘b?‘r A
concent r &NAorThekd -stoledr easa@iptsheanNthPsedstes e tvinsnrbad t@ givowarthdrRNApies of the
CO”C%t r a‘tsltrgﬂhea\‘%olnlentl RGA eaﬂ& gls& If'(? %1% E s{lﬁgteh(gmc trah:sgflptcxflﬁ&lfaéﬂe?&g rtlﬁoﬁiﬁﬁm%%%

rati o can on_assunp tio | nst ance | ecul e
i s assumdérnplationgrithy Wbeenﬁlﬁm tf36¥CTlah‘ihbhie%dSr5h %ﬁﬁa&xeressalﬁ\opf ebfcnygogsn byl the DvA
i s assuniffedidd @DIBuathtdSalphabinireplicods &ﬁmeohie@lcwetﬂfoegze&ndﬁlhensad Sl fopRt can

be si rrpl I f ed fo{e Convn%nelngnﬁa itis Vl;}gs a enezugle une_c cep%cll'{ se\/%ué'lsec ut nEort he
|nvent|0n ehCO %ull C(p € I mminogen 3\?% dlmms{ratmno at

| i posoneswlﬂﬁ@elvmmg@neﬂ agn e yyedleqtt € aitmuvﬁed@ CahohuteanofeVERY hasghger waediire
respoBse yphicdnderi.eci pi ent. WO 2013/ 006825PCT/ US2012/ 045829 The i nmunogen
may elicit an i mune response against a bacterium a virus, a fungus or a

pﬁ{) ag it eAE Breferbd se‘ipféﬁhc%{ﬁtgoﬁNKeﬁBl%eulea@ﬁé Bbd&niad kﬁIrAgc?eBend@qu{N& pRlyRRfasc
enbodi ment s

ai ns n he [ ne res se rmay conpr se an
ant i body vhich rfﬁ% érénsfﬂ%%ﬁ‘]ggp T 3‘16 ﬁﬁ@ghﬁj P’éﬂle"%le ¢8 I(1 nddiateas
Ir esponse polyheragalay pepi algeavirmnidplegere. gvcdhprisingioa@bil yore lof glpliavans prowinn esP1,
nsP2, nsP3 and nsP4.

30 Whereas natural alphavirus genomes encode structural virion proteins in addition to the
non-structural replicase polyprotein, it is preferred that the self-replicating RNA molecules of the
invention do not encode alphavirus structural proteins. Thus a preferred 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 virions. The inability to produce these virions means that, unlike a wild-type alphavirus,

35  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 immunogen
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5 response whi ch recogni ses the correspondi ng bacterial, viral, fungal or
parasite (or allergen or tunour) polypeptide, but in sone enbodi nents the
pol ypept iwo 20my006826 as a m notope to elicit an i Mmune r @SPArss@ 2iiseh
recogni ses a bacterial, viral, fungal or parasite saccharide. The i mmunogen
wll typicall y be a surface pol ypepti de e.g. an adhesin, a hemaggl utinin,

an envel o rotein, etc an
encode: ackiiard o et hider i frf” Shefin b grlgmt%fwg%ﬁ R v R
i nunogerphavams beoppresant ed as a si ngl e pol ypepti de i munogen (fusion
pol ypeptide) or as separate polypeptides. If imunogens are expressed as
separ at e Thd ww&p@plﬂamgtﬂﬁéﬁmohwlmsem weh gfe itvretsm mayhabetworawm dedngvratesan
upstreamphRES: @) ofith (R Ehcdf! Rlep RO REcofth BTRALY reMlif AR IlHeY an

mul tipl e i munogens ma e expressed from a el n that enco

i ndi v dudNmpRagEth de eerac ?Iﬁ@éan@fl the RY&Hat hayg P@e%&nall \i8i govpsataEy vBey @afgng

f oot - andfiamed &g, G GeEREutcr smuDdeddk Gtebdlgw) oPto casode BEceistis .pollp&tiNA encodes an
i mmunogen. For the avoi dance of doubt, the invention does not enconpass RNA
whi ch eneogesnad ﬁdlﬂleﬁlicytlﬂgbﬂ@NAQﬁ(ﬂ&ﬁlleas whet @ztp @RCoJasetayfudSds®8). MhiRte@p RarDf

A so, & ARA o ko utn ol e PRy he e p TR b SRRER TRy L PTG 3 Tor
enconpas Wolﬂmﬂﬁclhusehﬁc&v&etsd  coees etnetitility alit e epMSCbNaln%S‘e 20 I n somne
enbodi ments the i mmunogen elicits an i nmune response agai nst one of these
bact dPi aA dirgdiesting Rikninplgéulld wayshaveis &fpaly-A matulh oge also inploflamiely-Buplyarasnot
limted 5&0Imﬁgg&%%§m@g§gg4g@A§y&Qr@@3gghe5|ns autotransporters, toxins,
iron ach|S|t|on prot ei ns, and factor H binding protein. A conbination of

three usgfypl. HQJH}{?EI@@A qﬁoﬁedu%s 4§ Gla0S ‘%gndu‘;‘ IErf‘gfﬂEr ﬁﬁ'ctﬁeylg i t%fcﬁgt 960RCSHS

pneunoni ae: Usef U e I iMmunogens are discl ose ference 14.
Phese. 28usleseieidens bSO L98 et farsed HBO- 120 e geder 1T LaBOM b loresi

bet a- N- a¢ieh yéden hesiRSAREINcAase precursor (spr0057), spr0096, Ceneral stress
protein GSP-781 (spr2021, SP2216), serinel/threoni ne kinase StkP (SP1732),
and DBEUISBI(fl%ﬁ@Jth Lmﬁzaclﬁola(sﬂlMSJvm B@@éuy Bt raplogacdus smg@ggmcé m@g‘ uimd

i nmunogens i tides, discl

r ef er enc&8"f agly lmda%i%n Cﬁlbvl%t ef??%t a blmﬂfgatf)rh Bﬁ% eFSF?S§S dﬁrusm gj\ﬁUsef ul
pert ussi deliviered modpabis-sirangpdipem (bBNAAram bawitto rFLRﬁS tae@tlmscecep@r ttambp be trggéred or

toxoi d (B¥)asrNAl @m@m@ﬁﬁmaﬂ%m%ﬂﬁwpnca%m} a BENIL-aRhadY RRR2GEiNIhhogens
2 and 3. St a h%qj gccus aur i munogens i nclude, but are not

linmited &R ?Jf‘P%l%étra&ﬁ%ed in reference 17, such as a

henol ysin, esxA, est ferrichrome-binding protein 35(sta00 and/ or the
sta0?? | ipostigericaing R e chisiveicarparcd Wi EaaperpHeR Mo PehV | €ntigttanus
t oxoi d. @)Nmnelhplaﬁeerdammaﬁh plopfrated aepladnhieé féryinMattedia ol oegahsynthetiiaphifoer i a

toxoi d. %(fﬁcﬁ l% g@ﬁ F;Mhte% s goll’f Gl éhﬁ%‘%@&“ @Céfgqgerﬁglli@et&ﬁ% s

limted to osed inrefere
5Pseudonmiiigccaér rY‘GB%ld@E rl@iﬁ delyreiase syl a%thﬁd?@ctem@éml TT7. Mruplo §RM &NA

i ncl ude Quyfnelage@) Afbe biddtd 8shstide tﬁé&lf@@lﬂﬁﬁ@@l\ﬂ@ﬁorﬁ‘|a$)NA)§eﬂ@1altdWA'bﬁt%ﬁﬁal%’lcet g
Imte

15 ia. tr ompti s: ef ul
Bapacaptna b B0 ST oreh Bt s TRl R ggned S e RbicAh S SOVt
Eno Ht r Asabld dvbed@d (eitign the DB soiptsed Tihcser BNér gnlymeid®s tapr Eave2 dtfingend Htr A

[22] are réinQerHern?sff&r tﬁlgqaﬂs%ﬂé@@%%on&m Qt{@/ﬂ'sérn@&ﬁwaﬁ%n%%esy%ﬁﬁ%ménmpgenS
i ncl ude, but are not ypepti des disclosed 1 n reference

23. Heli @65“&@?%1rw‘ﬁy‘lh6fﬁiq“‘“l9§éﬁslﬁ thier?ﬁ‘iﬂ@lﬁb@ﬂlécaf%H erac theibe By Eoperinet fiNed t o,
CagA, Vac# fuldiBn c@iddndras dkeasse fo2 43 selfldbbsehapiiakd. a coil : Useful i1 nmunogens
i nclude, but are not limted to, inmunogens derived from enterotoxigenic E
col i 30ETEG)discetEinaggeRgar] Vhe sElf rthitlngEAggEQ) ,1n0ﬂiidf3f(ii13aid)¢10&db&ih§/r&)c@ coli
(D50 SRTRPELTIERL R Fonf e S LSRR NORERL o1
ur opat hogéWi canEingloflg OQdJmE@preamddlﬁvm pyrgmtims /nselmss asysl@@ﬁ ascadouEdme| d4nd/oMNEC) .

Usef ul Ueagtmyyoeﬁptﬂeg&ezOtnrrwa@g%gdlﬁé&s disehasert RNA i @IRNGESmadriand 26.

Usef ul MNEC i mrunogens are di sc
nucleobases, ang may include no modlts ed nucleotides i.e. all of the nucleotides in the RNA arc

35 standard A, C, G and U ribonucleotides (except for any 5' cap structure, which may include a
-6-



in reference 27. A useful immunogen for several E . coli types is AcfD
[28]. Bacillus anthracis Yersinia pestis: Useful imunogens include, but
are not |woizoesdos825 t hose di sclosed in references 29 an@#C301S2012/045829

25St aphyl ococcus epiderm s Costridiumperfringens or Costridium

bot ul i nuns Legionella pneunophil a Coxiella burnetii Brucel l a, such
as B. abortu can B.nelitensis, B.n oVi S .

B bt nni pAd Ly EisBRAMER e ol BTk e TRYSCRak M 7} § e atgfprisng o

F. t ul ar efisinghylNehegwr ind thyofer I, Boed e’ roopdentide mel beingdthnladdenthoRi pasgiodatr eyi
Ent er ocoggygofaecal is or Enterococcus faeci um Staphyl ococcus sap rophyticus
Yersinia enterocolitica Mycobacteriumtuberculosis 5Rickettsia Listeria

nonocyt ogeRRs Wi hiPme nfelﬁﬁfoa-@deé@ ﬁgpp&'s loﬁlytp}{%@ho@nﬁ{& ﬁﬁﬁages%{wggrpﬁlic%gldes

10Porphyronnnas gi ngivalis Kl ebsi odi nefts the 1 nmunogen
elicits &R iAmiAee é%‘b%‘r‘n‘g@ltsaglél A&t %ﬂﬁl@nbfp@ﬁ@@@mwafeusé%osp@%eﬁ?x&wphs:
Usef ul | methgpgespBona@ninkeef.rom an i nfluenza A, B or C virus, such as the
hemaggl utinin, neuraninidase or matrix M2 proteins. \Were t he I munogen i s

an i nfl ueqary, LSpoVdnidimcNERBRGEUhinN I (N difﬂereﬁmpeaes f)ff mamg/ 5ubtype dif@rentl,
H2, H3, lggle’mes Ihosl[_| pfefera%ly, H%posome 1nc:l'udes smgle WA spec1eé ie. aZ} Rl\m'mof)eculesllg "the

liposome have the same sequence and same length.

10 The N:P ratio
The invention uses liposomes prepared to have a N:P ratio of between 1:1 and 20:1. As mentioned
above, the “N:P ratio” refers to the molar ratio of protonatable nitrogen atoms in the liposome’s

cationic lipids (typically solely in the lipid’s headgroup) to phosphates in the RNA.

Useful N:P ratios are from about 2:1 to about 18:1, from about 4:1 to 16:1, from about 6:1 to about
15 14:1, from about 8:1 to about 12:1. Preferred N:P ratios arc between 3:1 and 11:1. Useful N:P ratios
as exemplified below include 2:1, 4:1, 8:1 and 10:1.

As shown below, the N:P ratio can have an impact on immunogenicity, with lower ratios being
preferred e.g. lower than 8:1, lower than 7:1, lower than 6:1, lower than 5:1, or <4:1 e.g. between 2:1

and 4:1 inclusive.

20 In some embodiments the N:P ratio is not between 7:1 and 9:1. In some embodiments the N:P ratio is

not between 7.5:1 and 8.5:1. In some embodiments the N:P ratio is not &:1.

The N:P ratio can be modified by varying the proportions of cationic lipid and RNA during liposome
formation. This is achieved most conveniently by modifying the RNA concentration in aqueous
material which is used during formation of liposomes from a suitable combination of liposome-
25  forming components. For example, in the method mentioned above the cthanolic solution of
liposome-forming lipids can be kept constant while the concentration of RNA in the aqueous solution
is varied. A higher RNA concentration will decrease the N:P ratio, whereas a lower RNA

concentration will increase the N:P ratio.

For certain purposes the N:P ratio can be based on assumptions. For instance, if pg of a RNA
30  molecule is assumed to contain 3 nmol of anionic phosphate, and each ug of DIinDMA is assumed to

contains 1.6 nmol of cationic nitrogen, the calculation can be simplified for convenience.

The immunogen
RNA molecules used with the invention encode a polypeptide immunogen. After administration of

the liposomes the immunogen is translated iz vivo and can elicit an immune response in the recipient.
7.



Par anyxovi ri dae viruses: Viral imunogens include, but are not limted to,
t hose derived from Pneunoviruses (e.g. respiratory syncytial virus, RSV),
Rubul avi reiees13m@6g2s nmunps virus), Paranyxoviruses (e.g. Pparseekiowssny a
virus), Metapneunoviruses and Morbilliviruses (e.g. 20neasles). In sone
enbodi nents, however, the irmunogen is not a RSV protein. Poxviridae: Viral
immnogeaﬁlnclude .&re not limted to hose derived _.from .

Or t hopoxvi't US™EWER BY %ﬁ RIS S ORS S ERR ﬁéa TETh A Y AEE V6 PHAES of a
maj or andorMarspot ambadmaemts, Praoor mealicrgas :and/jor @her ewhedrogén sgaimtd dwr albigen)ar e

not |im tgd ify@und Q&ﬁ&lsg%dyvé‘&npfn%@% Pa{nﬁE’JdEJ%Lﬂoﬁs%eglsuﬁlgclﬁclﬁﬁnéfﬁ‘é(%r MalJruses,
Rhi novi ruses, Heparnavirus, di ovi ruses_and hovi ruses. In one

enbodi neft!l I-medjgre ﬂ?’é‘l’“&ﬁ/ﬁsﬂ’é‘s‘? hzi %‘f nepfife r e ogen ‘éi‘”t %@a y cf “S}tpén IMIHEE or
type 3 p@éspma: flgch tecbgaisat thercoeﬂbmhntgwabt,eruﬂhelraenﬁﬁgalnmrpa&smes(oarallagéiﬂor
enterovir i I ckie A or
virus. " e RARhE Sy GIRRE RRRkmak o RObEHAN ERPad 3. R oSRSACK By
those defnypues fFW@?ﬁanhl@fﬁ%’élﬁﬁﬂWé}W?f% virgly Beal o1 paspsite sacahaside The hmpmogens
virus, awﬁlmy@mw Hdhssurfﬁdé%ly@&)tl& bk Makih@y, SQrRIEeHutivh Ml Tnvelipe &lN6Hr6tOMI 4 US,
such as Cri(nﬁ Cg ng ) henorrhagi c fever virus. Heparnavirus: Viral
i mmunogei&*T HIEHE ™Gt are not linmited to, those derived froma

Fil ovirus; Viral inogens

Hepar navi_r us as hepatitis Aviru

o e, R e % e a vl PekeseiTetimibien ot i buriie: MR oo an
Ebol a vi rimmul(dgmsIcatdberrgesantZ(hfisraesmgle\p@lyperfﬁdaﬁmmunlag@ﬂﬁmloopolﬁmﬂadle) ebslseparataus) or
a Marbur %e{pHées. If i muno %i’evéx'b}%sedYé L ?llrat‘e %Ulggﬁ)ﬁﬁ&%énrb% Uﬂﬁoret?)‘f”ihe?er fay101

limted ose deri froma To rus as a I VIrus

Al phavi r @% progidedyyitinpn %HSF%H? [RES origp g 4“%&1?{1%}@% PORRET Flameit raficmagtyely, |IR1H“FH$FS

Viral i mnmm@[ggafs thdy el Bressbdl Eromrapol@kotdin Miat &doded indii@seintRmoyed fifsedm A
FIaV| Ti ck-borne, encephalitis (T ue (types 1,

2, 3 or %Sdrt au%cgal%eqr?tease% eOrOt %%r u(guhh 566%envengsle§§ﬁ{:0}el%lﬂa?r it }nseng’l rus, Kyasanur
Forest Vitu Wsst Ni|e enceh |s Vi, I US oui s haI|t|s Vi rus,
Russi an lsT E)lr ?{ng LRgrR A0 4R g ﬁkjtolr degvgifanee Efo(§ Ly ¥ lgﬁegep%g%is PSR Us

Pesti vi r BHNA Whlplabncpmrfagféfnlsmfemw odehiclbencodes @ furain frotpm o€ d.colo - galh@s@eda@her i ved
froma P%%hlwl Eﬂé§des§%%|3n ASor Bl fl%te\(ﬂ {ctp). N1, il & A @\{Q\le &L@%@ﬁﬁd REMW ne

fever (CSEV)_ or Border disease adnavirus: Viral inmunogens
i ncl ude, ‘9t thgraetigh d‘l’ﬁisﬁ?tt%ﬁfmfpa Rt%é”@“”&lé‘i"f’@ﬁ‘é SISl ?’i‘(aﬁﬁl—@ﬁﬂﬁlﬁt&ﬁﬁ rus, such

as Hepatitis B virus. nposition can include hepatitis B virus surface
anti gén éﬁ-@é‘)&é’)ﬂbo@nﬁ@? thFlé%‘é‘t‘l}oﬁ?“sehfi‘itsraﬁé@gmn%e%ﬂsﬁGgfi“ﬁtBtﬁ’O(f&‘r‘fsq Refride an

| munogen  KEQuiA nRRR %Ez!z’zg I Refirl }fﬁlﬁlﬂl%geng@r{cﬁlﬁe h&Palel dot ﬁm}ﬂ:cf S meRABRAL prbleths E
virus, or hepatitis Vi rus. Rhabdovi rus: Viral imunogens include,
but are not fichias @dhepins. ARGIBPLIEFS V&IST FOhPEIUBIRA MBS 20 facky dh biading
Lyssavi rus (fgro@in. & cFabihsin ok e usd@nGhol Fe'*‘p'tlﬁééhé)d&édiddéd io YePuknce @@l i Civiri dae:
Viral imunogens include, but are not linmted to, those derived from

Cal ci vi ri d&egiosachs mumaﬂahkﬁﬂpolwp(IMHmmmogms are drndoddd mwatekentd ke TWeseuses,

such gs Hawaj by, Y S a RN, ﬁi&'@!‘q W Lfﬁlahﬁlsg% buls %ﬁbuél@{hg %%%Il\gg\(%gl—}{%%mlhlw Nogens

inclu but are’not ITimte erived froma cor onavi r us,
avi an i nf ect preassobr GPOATDI §p1(00%/) Gels etrdve pravtieni $ISPFI8Us (SpNIRA,, SBRI 6Por ci ne

transm ssi bl ?erlgé}ﬁﬁero{?‘ﬁélkﬁés'etst@ (Y1795, &E?ﬁ%{hnoc&fa% sﬁl‘i’&cQ%l\éklﬁ pS A MTUNOgen may
be a spi ke pol ypeptide. Retrovirus: I nmunogens 1 nclude, but are not
limted tOStréphiDS@uﬂﬁ)VdgM@d dsefanminaniuniopes indhis, bua akeendtilintited So, (tRe golypdphided or

H V-2) or a mayi rus. 30Reovirus: Viral imunogens include, but are not
limited to, ?lgcg%sgx}ﬁ‘é?flgr\%ﬁsg%nﬁfgn O'thoreovirus, a Rotavirus, an O bivirus,

or a3gol ti Yiotd4siia catarrhalis.

Bordetella pertussis: Useful pertussis immunogens include, but are not limited to, pertussis toxin

or toxoid (PT), filamentous haecmagglutinin (FHA), pertactin, and agglutinogens 2 and 3.

Staphylococcus aureus: Useful immunogens include, but are not limited to, the polypeptides
disclosed in reference 17, such as a hemolysin, esxA, esxB, ferrichrome-binding protein

35 (sta006) and/or the sta011 lipoprotein.
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Parvovirus: Viral imunogens include, but are not Ilimted to, those derived
from Parvovirus B19. WO 2013/ 006825PCT/ US2012/ 045829 Her pesvirus: Viral

i mmunogerwoizntdaoe2s but are not limted to, those deri vedTfuseonasisanan

her pesvi rus, such as, by way of exanple only, Herpes Sinplex Viruses (HSV)

(e.g. HSV types 1 and 2), Varicella-zoster virus (VZV), Epstein-Barr virus

(EBV), Cyt al ovi r us ,._Human rpesvirys 6 (HHV6), Hunman Her pesvirus
7 (HHVT), gﬁ?ﬁ%ﬁ%ﬁ“@l—%é%@%ﬁ@ﬁl&n%% E?-f\t/%’}’.stoﬁ%fgovavi ruses: Viral irmmunogens
i nclude, bubnfeBaddPtund dzﬁﬂzlte%ge:ttﬂbtrﬁSitﬂPﬁﬁp%lgénViﬁfdipﬁthé}mtB@)m| | omavi ruses and
Pol yomavi ruses. The (hurman) papillomavirus may be of serotype 1, 2, 4, 5,
6, 8, 11, HEemob6ilusliBiueBle: BRful 3IBMuBRensdihgludk? butddge n&lljmiksd, to,.58¢ 6@ympti@S e. g.
fromone or |y 11, 16 and/or 18. 10Adenovirus: Viral

i mmunogens i Erilqg{l(gsa(gntr fglgegé%g%&gg' from adenovirus serotype 36 (Ad-36). In
sone enbodprsmnanad Reugingkainogen elicits an i nmune response agai nst a virus
whi ch infects fish, such as: infectious salnon anem a virus (ISAV), sal non
pancr eat i cSitHrgsesses ggaiqsgaq: SEIHY)imnjupdgses inplyde. Pande el irgitadderthe pelyreptides

(1 PNV), changgliose@bafrbsRRndiisus (CCV), fish |ynphocystis di sease virus
(FLDV), infectious hematopoietic necrosis virus (IHNV), koi herpesvirus,

sal non pi cOhkinaydia kechoinnis Usdfbl rashmogdan owhudadupare apnlgmitddke, RepAuberbf A, | anti c

| ;] Vi LSV)., at i t avi R
celon), e ackel sshm L L00s lenive s SOV ok A5,

vi r allOhenor r iagdésed papbice@al wE (A1$adVHEV)22] #uhgairefemmumogerssnsay be deri ved

from Der ma hytres, including:. Epidernophyton floccusu crospor.um
audoui ni , W@W@%B’?%W@ﬁﬁlﬁ?g‘?W@F%%r‘ﬂﬁ‘l‘%’r B‘Etcﬁr‘f Ok ImRie r“b%%?ﬂﬁ&@ﬂ num
20 M cr ospor dilgypmutireMe@30spor um nanum Tri chophyton concentri cum

Tri chophyton equi num Trichophyton gallinae, Trichophyton gypseum

Tri chophyt Bficabasia mvioriT Usehlolsrnegenpriteludeyr typ Apt g lintjte em&.@aé{ YipA, NAP,

qui nckeanum anliidr gReRMY40N rubrum Trichophyton schoenl eini, Trichophyton
tonsurans, Trichophyton verrucosum T verrucosum var. album var.

di scdbdes, Exaerichpalol adsfimimfinhaghophyitdonbw kel rat Buitgd tandhonogns diophireon
favifornme; o [ rgi.l ] 2 id4u l.av, .
Aspergil |l us %ﬁt%ét?{ng@cggr%{ll(Fﬁgcgﬁgg{]ﬁﬁ%g%g%m&]se pEgrcglﬁ Fﬁ%%ﬂtd%r(ﬁfe%sseg a@%lengg[zl'l | us
sydowi , Asperdgi (DAEO)f dndarertathogenis Beqogi (EPES). gktaaugessinal Bhthsgcow chiczbiljdds’)

capi tat us, Cglg,yy 1 ~ | ol . I r opl I di da
gl abrata, Candi g&%?dﬁgfg?%gngﬁ%! gg?g%'s |EI§§§|C ss,ga%gﬁ%é% lg?ﬁeaﬁﬁ %‘%‘i gg‘g?
Candi da kusef{UPECAnaidd angpmetikepeis-assceipteld dacd/iudMNGSD adlsefthiditfa polypeptide
pseuggjt ropi Cﬁl!lﬂllﬁl_() &@%'ﬂ@lo%'iﬁ | drgrdrmngi and %.mﬁpwm%eﬁgéﬂe disclosed
Cocci di oi des I mm T s, Blastonyces dermatidis, 30 Cryptococcus neofornans,
Geot ri chum cingefatepsn 27 Ht g4cdp inamrpgenios e el fyolikynsh 5i/sfP E8bneunoni ae,

M crosporigi a Entch‘eaphal itozoon spp., Septata intestinalis and

Ent er ocyt 0258R B4 i{&tsi ; the | ess comon are Brachio |a spp, M crosporidi um

spp., No Sy&8mRia$RRis> URKE iSh@RBET s 3nchRIB; but e A6l itS tIRRO GE@osSP P refeéhtdk af or ma
spp Paracoccidi oides brasiliensis, Pneunocystis carinii, Pythium ins

i di osum Pi t%?%’élﬁ& um oval e, Sacharonyces cerevi sae, Saccharomyces

boul g&di i 15@?%‘88&%%@%@?‘ ponbe, Scedosporium api osperum Sporothri x
schenckii, Trichosporon beigelii, Toxoplasma gondii, Penicilliummarneffei,
Mal assezi aCsppidiumbensecacd @ppidiun\bagialka spp., WO

2013/ 006825PCT/ US2012/ 045829 Sporot hri x spp., Basidi obol us spp.,

Coni di obol &&icply rremigrsBpus spp, Micor spp, Absidia spp, Mrtierella spp,
Cunni nghangb}!iéa}la%pﬁemSaksena_ea spp., Alternaria spp, Curvularia spp,

Hel m nt hosporium spp, Fusarium spp, Aspergillus spp, Penicillium spp,

Monol i ni a BRPRellRAICE BCA BFY-@s, Bfnis, FRRENIQRYE RS 1091 . B.Flist BOMY, BSnSRRiae.and

Cl adosporium spp. 5In some enbodi nents the i nmunogen elicits an i mmune
respéfise afainastiasuppasdSiovisidirlophiomaa@h.dsrydingm genus, such as
P.falciparym P.vivax, P.nmalariae or P.ovale. Thus the invention may be
used for i%ﬁ?%?(f{lﬁwg&eﬁ’?nst mal aria. In some enbodi ments the i munogen
elicits anripane phgsppnse against a parasite fromthe Caligidae famly,
particularly those fromthe Lepeophtheirus and Caligus genera e.g. sea lice
such as Lepeophtiheidnasgyisal noni s or Caligus rogercresseyi. 10Iln sone

enbodi nents the i munogen elicits an imoune response agai nst: pollen
allergens (tree-, herb, weed-, and grass pollen allergens); insect or
arachnid allergens (inhalant, saliva and venomallergens, e.g. mte

al | ergens, cockroach and m dges all ergens, hynenopt hera venom al |l ergens);
animal hair and dandruff allergens (frome.g. dog, cat, horse, rat, nouse,
etc.); and food allergens (e.g. a gliadin). Inportant pollen allergens from
trees, grasses and herbs are such originating fromthe 15 taxonom c orders

Y p— o ~~ o e o o
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30 breast, gastrointestinal, and bl adder tunors; (b) nmutated antigens, for
exanpl e, p53 (associated with various solid tunors, e.g., colorectal, |ung,
head and weckimmss2er), p2l/Ras (associated with, e.g., melralsong/o4ysancreatic
cancer and col orectal cancer), CDK4 (associated with, e.g., nelanoma), MM
(associated with, e.g., nelanoma), caspase-8 (associated with, e.g., head
and neck cgntcer(), 91 A 2020% l%associjat ed with, e.g., bladder cancer),

HLA- A2- RL70TEOR&t R/ Cat €l " CASE6E/4tEd with, e.g., 35 nelanoma), TCR
(associ at egiyWitRoccs GpropAne@l | non- Hodgki ns | ynphoma), BCR-abl (associ at ed
with, e.g., cﬁr oni ¢ nyel ogenous | eukem a), triosephosphate isonerase, KIA
0205, CDC- ZdyiniamdetoDb/RIEWT; (C) over-expressed antigens, for exanple,

Gal ectin 4%%%300[ ated with, e.g., colorectal cancer), WD

2013/ 006825PEPIUBIFNSPOAEE39 Gal ectin 9 (associated with, e.g., Hodgkin's
di sease), pLpLLi,nase 3 (associated with, e.g., chronic nyel ogenous

| eukema), WI 1 (associated with, e.g., various |eukem as), carbonic

anhydr ase (assosbedcedgenks h, e.g., renal cancer), aldolase A (associated
with, e.g., lung cancer), PRAME (associated with, e.g., nelanom),

HER- 2/ neu (/Lﬁélgélgqleéf‘%d with, e.g., breast, colon, lung and ovarian 5
cancer), ng Illggj ﬂi’ al pha-fetoprotein (associated with, e.g., hepatom),
KSA (associated w { , €.g9., colorectal cancer), gastrin (associated wth,
e.g., pancpeadlicouaiadfgastric cancer), telonerase catalytic protein, MJCG1
(associated with, e.g., breast and ovarian cancer), G 250 (associated wth,
e. g. ,10r enalorgbtrpmergs gngivre) , p53 (associated with, e.g., breast, colon
cancer), agpbc%ci noenbryoni c antigen (associated with, e.g., breast
cancer, |ung’¢@ffcer, and cancers of the gastrointestinal tract 10 such as
col orect al canc%r%‘; (d%}‘\ shared antigens, for exanpl e, nelanoma-nelanocyte
di f f er ent? PMCSACSHIEYR RS MAYEIPSHCTRMFER- MINR] TSIPORC agHAHENC QEBFRE Viruses:

mel anocyt epshbimbatd NOsdAAT AR RCERIR front ¥ @FHUBAS S B ¥F 0SIiRasecH & ated
protein-1/TRP1 ‘and tyrosi nase rel ated protein-2/ TRPZ (associated wth,
e.g., el anoh@él}a;ggle@)maﬁwgmalﬂdésea%rﬁli%%/@dﬂ%ﬁm- JEiFE Ge Epmyosmap an penzpgvp
PSH R3, PSM RLinuPRMaPAutias & @kl 8t 80mWhi Qub8pe.g. 10T, 0t B a1 a8CEs, H7( fi¥, HY,

i mmunogl obul i n i di otypes gﬁ%soci ated with 15 nyeloma and B cell |ynphonas,
for exanple) HIQﬁH&e[THEIQaHH& o rERE, tumor nmunogens i ncl ude, but are not
limted to =40 - - - S

Epot ein Bapd T ULt T aene ™ BRI s e i v e A i bR G ot B

i ncl udi ng E6PzenproERscsh@satdspirasorB sgivgtiad wiug, USS\an Ruljaavarusch derg nmimpseyifus),

| ynphot r opi CpyhhiQvaREd %.e%%)ara};rﬁﬁétgzg%m 1 SREHRE 0 REBOEE P BrorbinliCin B (g

m- 23HL, TAG 72-4, CA 19-9 CA 72-4, CAM 17 1. NUMR, K-ras, pi6, TAGE,
PSCA20CT7, 2mcsBsiom somggmbogignerrsypopeyepie HupmGerBEAgt2RSVBIAan. CA 125, CA

15-3 (CA 2%. 29\ BC . CA 195, . 242, CA-50.. 3 \ KP1 029,
For s aarBE BN b B e e arpseatpine T Wkse CRET it
NY- CO- 1, RCASth aSDECAGEG, infldBe bitMacliitddite dizngla prapt endVeipdd oipbi. | i n
C-associ ated praotein), TAAL6, TAG/2, TLP, TPS, and the |ike. Pharmaceuti cal
conposi ti oﬁ@orﬁ‘ﬁ%bs OFk SMgnegeas  Ipghudst ib(blh g of lapifpd s %‘Bsr?pé}?féVﬁ? ST
ghar maceut i ﬁBihoﬁ&WiﬁQS,i shdBNSs fBﬁEelr(%vﬁm%@,i th{ﬂljgviﬁid&i l&@dg&m&gﬁh,n%rdmfrﬁgéy&llnlcl

i seases. These conpositions w typica include a pharmaceutjc y
acceggabl e caPhheyruzey ageq ?I?Sbé’ﬁmieBt’ K EN RO T g ROLIOXITYsiE B%’E?d‘?/%ﬁ‘c%?@("én of
phar maceut i cabt ¥ palacsapd abirethetdnibodingni, theav@tdvaid i€ ah AVT EéREreite. 13 hnotifsr

phar maceuti cal, co ition of the inyenti .may include one or nore small
nol ecul e SOeIfll?’?ﬁﬂ’ﬁr?éggllegﬂttefoéﬂ%srl%? C%BarC}é&%a‘?{%q‘@r,us‘t he conposition may include a
TLR2 agoni E&nyﬁ@rlﬂﬁ A Eedeens inbhidd  BRORY Shot (Bmitbd &) tﬁ(’f@en@@ilv&y Ifgom an
gl ucosam ni dé phosphate, sucgh as E6020), a TLR7 agonist (e.g. |.m\gU| nod), a
TLR8 agoni st Oaohyvavigss: girhras ez sl?ce@}la*mwn&gé#%éefwve@sagwda 38yt Valiy such
agonizgt i deakdvr NAS, @ a MLBGML, ALchMB ICaMeant 07ed AR agl-NesPARIsENDOdI Ment s such
agoni st(s) are also encapsulated in the |iposone (e.g. together with the
RNA), but Hepaptdvens: eVipd dinmembgens hegjudar du3Bignesiclapitadl txt gbiose dafved from a

2013/ 006825P a%@%?lu%?s%ﬁatiﬁ?ﬁﬁﬂ%@%ﬂ%@a' conposi tions of the invention
may include the particles in plain water (e.g. wf.i.) or in a buffer e.g.
a phosphate buffer, a Tris buffer, a borate buffer, a succinate buffer, a
hi stidine buffer, or a citrate buffer.jBuffer salts will typically be

i ncluded in the 5-20nmM range. Phar maceuti cal conpositions of the

i nvention may have a pH between 5.0 and 9.5 e.g. between 6.0 5and 8.0.
Conpositions of the invention may include sodiumsalts (e.g. sodium
chloride) to give tonicity. A concentration of 10+2 ng/m NaCl is typical
e.g. about 9 ng/m . Conpositions of the invention may include nmetal ion
chel ators. These can prolong RNA stability by renoving ions which can

. - o " o



Phar maceuti cal conpositions of the invention are preferably sterile.

Phar maceuti cal conpositions of the invention are preferably non-pyrogenic
e.g. contwpreorsgossSEU 20(endot oxin unit, a standard nea®ara)S2@en4isese, and
preferably <0.1 EU per dose. Pharnaceutical conpositions of the invention
are preferably gluten free. Pharnmaceutical conpositions of the invention
may be prepared i nit dose.for | n sgne_.enbodi nent.s uni t.. dose y have
Yol ame. of @it B SR R o iR T €T B e drltls s be
prepared as asynettohblies (incdudiler Zas, BotyutdagnBesan o3 §s@@rbolaviss) ofheMarBbg
conposition may. be prepared for pul nonary admnistration e.g. by an

i nhal er, using a fine spray. The conposition nmay be prepared for nasal,
aural or ogssdfusadifhininStuhadch® heRdd -bubSre SBY MYit@r to dhOR SteriVdA RAE albesihQr

i ntranuscul ar adm ni stration are typical. Conpositions conprise an

i mundl ogi caficl et Fdbtiuyen Arhgrfus o ap arteridrug s hisgechyges yubgla ViKY, ot her
conponent s S .ne ~ o i cal . £ ti S = T ant
Chat the s R e A B L e AT e T h s

si ngl e dose ®hasTiglabemg¢ncephglitisi @BE) yigis dpdngeg (txnes §.¢% 3 tor datimentellow Fever
prevention. JhisS AR YRLEES iSERERLDOF IR Vilb ey he il RnaRthRD Y RhC 3,
condition of the individual to be treated, age, the taxonom c group of

i ndi vi dual t bowecticeiRhatiédvifus, Bussip apTgrEAmST errgphelitipyiyyaPevasep cenyephylitis
capaqpty of thg individual's inmune systemto synthesise antibodies, the
degree of WD 2013/ 006825PCT/ US2012/ 045829 protection desired, the

f or mul at i oflesofirtsh¥irvlaigmiunegens melutle, dat amgodonitdrtosthassiegsateinim ofPettiveusredi cal
situation, a . . eva : iy . t t wil |
Tailin s r ol tyarynh Ak aaBN RS bt e D o B g
trials. The g#0icle and RNA content of conpositions of the invention wll
generally be expressed in ternms of the anount of per dose. referred
dose has sEaB1 Py R e P g EoRT St e shrbasrderied SBiney

50[ 1,19, 75[ EJemunal Oy Egh as Hepatiex P vassS iAdnpaditiddecas arludevatitatB Viawsurficevel s.
The inventiontaIS@%pr vides a delivery device (e.g. syringe, nebuliser,
sprayer, inhd'&P FESPRAI patch, etc.) containing a pharmaceuti cal

conposi ti 0P Rf ndphis HVERLA B8 polilibS cHAENINER af MR SN b AcRHIE O slselelth he
conposition to a vertebrate subject. 10Particles of the invention do not

i ncl ude ri bo¥PAE ViNeheRsHES BHYinsy S ReRpEitt CaHES medi cal uses Li posomes and
phar maceut kAl AIPYSLL bt IHEbAVERLLO MR fnl! ol Mol VRiMAE ALAM a
eliciting an I mune response-agal nst "an i nmunogen of interest. e

i nvedti on pr Bldbdexgrua snahtahedlyfsavirus & s b Rgbievviiuprant & cviedpons@ SV a vert ebrat e

conprising, the step.. 15 of adm.nistering an effective amount of a. liposone
o Dy oG o i P BOR o AG BR B! S HS SrRtHE e SR o
preferably pswoheacNowealartdupMeienad ynd Nuelalkelske aWitusés) dioh Sas i@dvadirVirus and
cell-nediateg imgunktﬁ . The method nay raise a booster response. The

i nvention al 38" pVSYIHLY ™ |'i posome or phar maceuti cal conposition of the

i nvention t@%nM@@&!Vﬁﬁdﬁ@ﬁﬂ@gmiﬁﬂu&gmﬁiﬁgn@ﬂhﬁﬂ&yﬁ?ﬂk&ﬁ&ﬁﬁ&ﬁﬁbﬁ¢ﬁSARS
vertebrate. 20The invention also provides the use of a |liposone of the

i nverd®i on i n°YPRViREn A tffedous orepehd (18X eMeuse dieratisis Yirpig(MIAVY): #pdiRercidésponse
in a vertebrailmisBYlel @btidetgri@NvikiNIGE V). EBIROASEhal iust BB hsyabe ayikk hese
uses and nethqods, the vertebrate can be protected against various di seases
and/ or i nf ecPi'YKBIE: g. against bacterial and/or viral diseases as di scussed

above. Theppay L] chas iARAnSRIPASILA] AR SreBoflih AAUD ARRP L Give @8 8k BnfREEs, a
preferably vacci ne
Lentivirus (e.g. HIV-1 or HIV-2) or a Spumavirus.
30 Reovirus: Viral immunogens include, but are not limited to, those derived from an Orthoreovirus,

a Rotavirus, an Orbivirus, or a Coltivirus.

Parvovirus: Viral immunogens include, but are not limited to, those derived from Parvovirus

B19.
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25conposi tions. Vaccines according to the invention may either be
prophylactic (i.e. to prevent infection) or therapeutic (i.e. to treat

i nfecti orwQ 2b1sooed2sl typi cally be prophylactic. The ver rebrzst@2i0$5829
preferably a mammal , such as a human or a veterinary mamual (e.g. small
ani mal s, such as dogs or cats; or large animals, such as horses, cattle,

d , t nmh br at t
eSO B R EL bR SR SR Dot i 3RS, 2
human i s pr eﬁ@pﬁhhgs ack b, g W®&. ¢f. exampled)d]yeﬂelpbs Binfpdeat Yinces @lSvegnagesy wher e

t he vacci ne er, t| c. use ﬂ pr.ef gﬂy gnager or
an adult. CCI nré& ?)nt\/gﬁc PEE O dre |l?a§IHa %o "Pé ?g rﬁyg(imerg a8

adults e. g (@A‘dsslémansak@bmmﬂ@s&gﬁwn rihumo gBerposivirys, 7etHHV Vaewd riisman
pr epatged accg s@gusté)ﬂtr{\% invention may be used to treat both children and
adul ts. Thus a human a |%nt may be less than 1 year old, less than 5 years
old, 1-5 yeaoSa@hshs: S4khb 1Mﬁ1@ﬁ($geﬁﬂ dnclull5 bt adbnot Wited to, those derived from

2013/ 006825PCT/ US2012/ 04 ears. ol d. referred
PR G T ol R S VTR S AT S e S A

>60 years ol 4,5 argl1prefe aszy 33655, yean si2, 41,5, 57088063 (1665¢.g. ibmyvaatsmatd) ,
hospi tali sed at i ent%h‘jﬁ (i/ g&re wor kers, armed service and mlitary
per sonnel , p?egﬁli‘fgll??s He®chronically ill, or imunodeficient

pati qpts. IhngoMALoViReinAiReaRincRMb AR c@rlvséalfﬁ)lnyadfaﬁfwrﬁs}k%ﬁ)%lpg BOURE36)hoVever,
and Smay be used nore generally in a popul ation. Conpositions of the

| nventi of, Wl @ERGLAL 'ﬂé{e it ﬂ%&. Wik 85 ﬁﬁnﬁl PSASX %ﬂls?a ﬂﬂltslw% Fgme!tJ frhit
delivery may be acc ed arentera . 0. cut aneously

i ntraper |sm6éﬁéanﬁegﬂou$ %Em%@ﬁ@@wys (IPHY b aﬂﬁ%mnawtv dlﬁ@?ﬁ@ﬁ&%@ﬁﬁi\’b ynfegioug o t he
intersti qoa@keaﬁ@ae&os@f v@st(uwe):hanﬁélt @ffféﬁitdlr\:i@ (@@'{/) R ylyrﬁﬂié&ﬁﬁs |df%@a{sbldfﬁus

rectal, pl cal ,
transder E%II%V mfe%ou[s Irl%%t@?ﬁléﬁ 8%%515 YHE ﬁgﬂrll\yavga rE%V salfy uo(rglléfllcoma OISy or
ot herl 3 u¢dsakneatnisnpistmealiicovirus | aftatlaier ssthonanidndlovked o v aws é@ﬁﬁ) natknti@t i on

are two l's’a(lﬁf)ﬂortaﬁzﬂu{ QURE Strout B}a%érbpélseﬁ?e}’vnlﬁﬁ(i‘ﬁlﬂ @hHeadbLrubRr Girus3CEYPRERT M C
needl e), but needl e-free injection my alternatively be used. A typical

i nt r anus ¢RI AFMAEEgCseptigena rus (VHSV).The i nventi on may be used to elicit
system ¢ _and/or nucosal inmunity, preferably to elicit an 15 enhanced
syst eni ¢ P4} BRMHRGEES é‘?aylbr%‘ﬁﬂY@flyﬁO“DB%&@PEﬁéﬁs peclyling EgjdgdgioadgsocseHEdul e
or a mul Wipb&odes ewsalvedwrieospint |c|ahze deseponmy dhﬁ)rlttﬁzed‘/lzlcfbsﬂjrmwmfnym
bsatz\)g?rgs schedul e m’rum 1 on

m“ tl p| e Omnhéyd?ullt Mﬁcmsgomm nanurgro%rzcgzollgré/ton concen rzcum %rz{)th%l%/tonrrequmum

aril ous give
di f f er entl"irkpntiser e gyllinge. pafrédvriyan pgxpﬁ@mandTWezd%?n bme@@m a Trvdleoden pri me

and pare We@zﬁ(@lop/g&@ St rzc%%ytoﬁ%inb&b@nd 0$ﬁ0310]yﬂywn LR alrdidho %@totnz Qchoenlemz
ou week S,

d t t k
ot 2 TR ma G R PR gk i ok e St S bRt el i
weeks, albdutcedib, Thedlygyoetoldreun andmd rehdpdapremyormeudrtfiopl &pdasks fumaguibe
adm st 66k AROAX] Bl N MREkSro 10, NERKS. 300 VERKS ALERLDLELD -0

at an age of

Heal t h o@%l@%ﬂa@ﬁ% A@%ﬁ%{ﬁf@eﬂd@?fo&#ﬂéfw&ﬁomyﬁ% Fﬁpéfaw &?n@dmb%yns Fﬁ”%ﬁlf’

al t er nat ievgase nUQdﬂzdﬁEﬂbpzccﬂMDC@fdtaﬁBglybrﬁ]@S €snddLlrudd adididai ﬁﬁ@d’sﬂﬁzsﬁbﬁhﬂzdd WO
gg(r;ts[ir aglg }gaet%zde % {t%go%se{, hCang’z%’El fara ai_veg%: ?rgd? Jat il_,ltSl anzaeongtdzé)ay ps%z&]aeotrgpzca I3,
about 6, (Bndidg g@qﬂlemom n¢dosedrivay C@'ﬁlems ecardioptey nﬁmywdﬁéléfomyw affef’mfﬂher

enbo@bge@ypt&wc@ﬁn&ydrmsy Ga%%m%z@m%mmo%%@daﬁmmn KB RIYrBSHARAT T,
abo

apart,_ follo nor e ooster doses
Shout 6 Mbienieg Bl et Rt e i Pl AR CHBRE e PeAEshr . 10,
or 12 nowohsonf ter Aheidihi spb, 30priomaryiudosep., Gdneral sphe preacphee oppt he
present 'Tpc}/c@ﬁye S%h(Wal é errpittQj%rde r@bﬁsﬁargctopﬁryzwd%e b}d}ﬁl%,%%t %eurg&?%g ”Edr%a'
nmet hods of chem stry |oc hem stry, | ecul ar bi ol ogy, i nmuno
phar mcofé@?‘manZHEOWW h’éﬂyéfrép?’wmof'va{@ne?aéwom}gﬁc ﬁ”?‘é%f’ﬁn PERA OBrEs ﬂ%filned
f ul | )BSI n de‘l:ﬁar’ohdz@f @bb&b@ ScSﬁ)@porBtmgapzoslp%&[ 6}3&76817’13&%ckz£t]@wh63ﬁa;he Ve ge)

corrprl Slfn,\%pl ?nr’llc(l:o enzc zzld’]n(izlnlilaqfne Flaye: za spp. OI%re]SaleSts ng' Wangglla s

conposi ti on n’pﬁ' may CONSH st exc fVe of % “6F" incl*tide
somet hi ng addl ti onal e g. X+ Y. -17- )0 2013/ 006825PCT/ U82012/ 045829

e. g.



The term "about” in relation to a numerical value x is optional and neans,
for exanple, x+10% The word "substantially" does not exclude "conpletely"
e.g. a cowpasiddoesrswhi ch is "substantially free" from YPempshe2oesp et el y
free fromY. Were necessary, the word "substantially" my be omtted from
t he defi n|t| on of the invention. 5References to charge to cati ons to

ani ons, tteri are taken at pH.7. TLR3 t he Tgl I-I
ecept or SOt g, SRS o G LT bR s MRPER Ty ey

r ole in tMvetzqrdimatSepl reruneg/myshice nypp Kriobwandel R3prag ottestiga i frpl ubevipetioy (4ppC) .

"TLR3" | $7bNenappiay &6 FENG,» §RFgilnR 8 p 9§08 AT NGorkollhid sk RERERSniq aNd
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10(F) As nethod (A) except that the Mustang filtration was omtted, so

| i posones went fromthe 20 nL glass vial into the TFF dial ysis. (G
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pH and aeici)néeofapiyatgtoff the mdviguagy iimdedne sys®he topeyntitesion antipedies, rthe dégrirest fit
at which the normalized fluorescence ixtensity is equal to 0.5 is found.
The pH corresponding to normalized fluorescence intensity equal to 0.5 is
found and is considered the pKa of the lipid. 30This nethod gi ves a pKa of
5.8 for DLinDVA, a preferred cationic lipid for use with the invention.
Varying the N.P ratio for i munogen delivery Self-replicating replicon
(vA317) encoding RSV F protein. BALB/c mce, 4 or 8 aninmals per group, were
given bilateral intranuscul ar vaccinations (50 [EL per leg) on days 0 and



WO 2013/ 006825PCT/ US2012/ 045829 (1 ug) alone or formulated as |iposones
with the RV01, RVGG or RV1i3. The RVOL |iposones had 40% Dl i nDVA, 10% DSPC,
48% chol espenm/ooesd 2% PEG DMG. The RVO5(01) |i posones [rau/us612maiseoni c
lipid, 48% cholesterol, 10% DSPC, and 2% PEG DM5 the RVO5(02) |iposones
had 60% cationic |ipid, 38%cholesterol, and 2% PEG DMa The RV13 |1 posorres

had 40% Al 10%.DP. % t I % PEG- DMG.  For
T e B o R B LB RIS e ATER B RSB
ei t her usnuagoreh@bqth@pmvamtlfmmrmﬂt ingxphetRMOd (tikGimobityol fulies a (atively bypaDNAye  Four

mce wer %aH@aﬁldoe%teﬁmHéﬂVtﬁroﬁ%{‘IoﬁﬁHe tﬂél@uﬂe pIx@i'é‘l% %nd RRQS&HI%& dff‘c!irﬁ RiBRASEL by
nmet hod (D), except for used net hod R?\IA

concent r Z&FHR WAL eepsraily e F’iﬁ’re@?e\?é‘l EW’FSF %frﬂéﬁ’rﬁm%‘lt@ % Ef‘é dgse: ‘é RETe 4o h8s t abl e
bel ows 1Q0TtmrgRNY @rgagempariti g, auchlbastetiellOug, PSLy, d0sHEF8d dryl 0D Nledat expekssion

encapsul the |liposones were as follows, also show ng the
NP rati %Mb%&\f%f%né(ﬁ%%yle%ls )/ 0 encapsul ation NP ratio RVOl (10) 158.6

0.088 930 T?le 1nve:tl'nt1|§r\1/a S0 Srow es]%15 ell§er39 de]vf&Aé (§ E syrmjgfe5 n]éb RV sp(rayel) 1n:i'131 ger%‘al]'lc%?ch? 981
etc.) containing a pharmaceutical composition of the invention. This device can be used to administer

the composition to a vertebrate subject.
10  Particles of the invention do not include ribosomes.

Methods of treatment and medical uses
Liposomes and pharmaceutical compositions of the invention are for in vivo use for eliciting an

immune response against an immunogen of interest.

The invention provides a method for raising an immune response in a vertebrate comprising the step
15  of administering an effective amount of a liposome or pharmaceutical composition of the invention.
The immune response is preferably protective and preferably involves antibodies and/or cell-

mediated immunity. The method may raise a booster response.

The invention also provides a liposome or pharmaceutical composition of the invention for use in a

method for raising an immune response in a vertebrate.

20  The invention also provides the use of a liposome of the invention in the manufacture of a

medicament for raising an immune response in a vertebrate.

By raising an immune response in the vertebrate by these uses and methods, the vertebrate can be
protected against various diseases and/or infections e.g. against bacterial and/or viral diseases as
discussed above. The particles and compositions are immunogenic, and are more preferably vaccine
25  compositions. Vaccines according to the invention may ecither be prophylactic (i.e. to prevent

infection) or therapeutic (i.e. to treat infection), but will typically be prophylactic.

The vertebrate is preferably a mammal, such as a human or a veterinary mammal (e.g. small animals,
such as dogs or cats; or large animals, such as horses, cattle, deer, goats, pigs); in some
embodiments, the vertebrate is not a mouse or a cotton rat or a cow. Where the vaccine is for
30  prophylactic use, the human is preferably a child (e.g. a toddler or infant) or a teenager; 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.

Vaccines prepared according to the invention may be used to treat both children and adults. Thus a
human patient may be less than 1 year old, less than 5 years old, 1-5 years old, 5-15 years old, 15-55
-16-



RVOL (09) 153.2 0.067 76.7 4:1 RVOs (01) 148 0.127 80.6 8:1 RVChH (02) 177.2
0.136 72.4 8:1 RVOL (10) 134.7 0.147 87.8 * 8:1 RvV13 (02) 128.3 0.179 97
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years old, or at least 55 years old. Preferred patients for receiving the vaccines are the elderly (e.g.
>50 years old, >60 years old, and preferably >65 years), the young (e.g. <5 years old), hospitalised
patients, healthcare workers, armed service and military personnel, pregnant women, the chronically
ill, or immunodeficient patients. The vaccines are not suitable solely for these groups, however, and

5 may be used more generally in a population.

Compositions of the invention will generally be administered directly to a patient. Direct delivery
may be accomplished by parenteral injection (e.g. subcutaneously, intraperitoneally, intravenously,
intramuscularly, intradermally, or to the interstitial space of a tissue). Alternative delivery routes
include rectal, oral (e.g. tablet, spray), buccal, sublingual, vaginal, topical, transdermal or
10 transcutaneous, intranasal, ocular, aural, pulmonary or other mucosal administration. Intradermal and
intramuscular administration are two preferred routes. Injection may be via a ncedle (eg. a
hypodermic needle), but needle-free injection may alternatively be used. A typical intramuscular

dose i1s 0.5 ml.

The invention may be used to elicit systemic and/or mucosal immunity, preferably to elicit an

15  enhanced systemic and/or mucosal immunity.

Dosage can be by a single dose schedule or a multiple dose schedule. Multiple doses may be used in
a primary immunisation schedule and/or in a booster immunisation 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
20  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 weceks, efc.). In one embodiment, multiple
doses may be administered approximately 6 weeks, 10 weeks and 14 weeks after birth, ¢.g. at an age
of 6 weeks, 10 weeks and 14 weeks, as often used in the World Health Organisation’s Expanded
Program on Immunisation (“EPI”). In an alternative embodiment, two primary doses arc
25  administered about two months apart, ¢.g. about 7, 8 or 9 weeks apart, followed by one or more
booster doses about 6 months to 1 year after the second primary dose, e.g. about 6, 8, 10 or 12
months after the second primary dose. In a further embodiment, three primary doses are administered
about two months apart, ¢.g. about 7, 8 or 9 wecks apart, followed by one or more booster doses
about 6 months to 1 year after the third primary dose, ¢.g. about 6, 8, 10, or 12 months after the third
30  primary dose.

General
The practice of the present invention will employ, unless otherwise indicated, conventional methods
of chemistry, biochemistry, molecular biology, immunology and pharmacology, within the skill of

the art. Such techniques are explained fully in the literature. See, e.g., references 32-38, etc.

35 The term “comprising” encompasses “including” as well as “consisting” e.g. a composition

“comprising” X may consist exclusively of X or may include something additional e.g. X +Y.
-17-



Serum was col |l ected for anti body anal ysis on days 14, 36 and 49. Spl eens
were harvested frommce at day 49 for T cell analysis. 15F-specific serum
| gG titerwO(2@lpos2ere as follows: RV Day 14 Day 36 NakedTDN2oploazsa? d 439
6712 Naked A317 RNA 78 2291 RVOL (10) 3020 26170 RvVOl (08) 2326 9720 RVOL
(05) 5352 54907 RVOL (09) 4428 51316 RVO5 (01) 1356 5346

The term “about” in relation to a numerical value x is optional and means, for example, x+10%.
p p

The word “substantially” does not exclude “completely” e.g. a composition which is “substantially
free” from Y may be completely free from Y. Where necessary, the word “substantially” may be

omitted from the definition of the invention.
5  References to charge, to cations, to anions, to zwitterions, etc., arc taken at pH 7.

TLR3 is the Toll-like receptor 3. It is a single membrane-spanning receptor which plays a key role in
the innate immune system. Known TLR3 agonists include poly(I:C). “TLR3” is the approved HGNC
name for the gene encoding this receptor, and its unique HGNC ID is HGNC:11849. The RefSeq
sequence for the human TLR3 gene is G1:2459625.

10 TLR7 is the Toll-like receptor 7. It is a single membrane-spanning receptor which plays a key role in
the innate immune system. Known TLR7 agonists include e.g. imiquimod. “TLR7” is the approved
HGNC name for the gene encoding this receptor, and its unique HGNC ID is HGNC:15631. The
RefSeq sequence for the human TLR7 gene is G1:67944638.

TLRS is the Toll-like receptor 8. It is a single membrane-spanning receptor which plays a key role in

15  the innate immune system. Known TLRS8 agonists include e.g. resiquimod. “TLRS8” is the approved
HGNC name for the gene encoding this receptor, and its unique HGNC ID is HGNC:15632. The
RefSeq sequence for the human TLRS8 gene is G1:20302165.

The RIG-I-like receptor (“RLR”) family includes various RNA helicases which play key roles in the
innate immune system[39]. RLR-1 (also known as RIG-I or retinoic acid inducible gene 1) has two
20  caspase recruitment domains near its N-terminus. The approved HGNC name for the gene encoding
the RLR-1 helicase is “DDX58” (for DEAD (Asp-Glu-Ala-Asp) box polypeptide 58) and the unique
HGNC ID is HGNC:19102. The RefSeq sequence for the human RLR-1 gene is Gl:77732514.
RLR-2 (also known as MDAS or melanoma differentiation-associated gene 5) also has two caspase
recruitment domains near its N-terminus. The approved HGNC name for the gene encoding the
25  RLR-2 helicase is “IFIH1” (for interferon induced with helicase C domain 1) and the unique HGNC
1D is HGNC:18873. The RefSeq sequence for the human RLR-2 gene is GI: 27886567. RLR-3 (also
known as LGP2 or laboratory of genetics and physiology 2) has no caspase recruitment domains. The
approved HGNC name for the gene encoding the RLR-3 helicase is “DHX58” (for DEXH (Asp-Glu-
X-His) box polypeptide 58) and the unique HGNC ID is HGNC:29517. The RefSeq sequence for the
30  human RLR-3 gene is G1:149408121.

PKR is a double-stranded RNA-dependent protein kinase. It plays a key role in the innate immune
system. “EIF2AK?2” (for eukaryotic translation initiation factor 2-alpha kinase 2) is the approved
HGNC name for the gene encoding this enzyme, and its unique HGNC ID is HGNC:9437. The
RefSeq sequence for the human PKR gene is G1:208431825.
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35

MODES FOR CARRYING OUT THE INVENTION
RNA replicons

Various replicons are used below. In general these are based on a hybrid alphavirus genome with
non-structural proteins from venezuelan equine encephalitis virus (VEEV), a packaging signal from
sindbis virus, and a 3' UTR from Sindbis virus or a VEEV mutant. The replicon is about 10kb long
and has a poly-A tail.

Plasmid DNA encoding alphavirus replicons (named: pT7-mVEEV-FL.RSVF or A317; pT7-
mVEEV-SEAP or A306; pSP6-VCR-GFP or A50) served as a template for synthesis of RNA in
vitro. The replicons contain the alphavirus genetic elements required for RNA replication but lack
those encoding gene products necessary for particle assembly; the structural proteins are instead
replaced by a protein of interest (either a reporter, such as SEAP or GFP, or an immunogen, such as
full-length RSV F protein) and so the replicons are incapable of inducing the generation of infectious
particles. A bacteriophage (T7 or SP6) promoter upstream of the alphavirus cDNA facilitates the
synthesis of the replicon RNA in vitro and a hepatitis delta virus (HDV) ribozyme immediately

downstream of the poly(A)-tail generates the correct 3'-end through its self-cleaving activity.

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) of cach of the
nucleoside triphosphates (ATP, CTP, GTP and UTP) following the instructions provided by the
manufacturer (Ambion). Following transcription the template DNA was digested with TURBO
DNase (Ambion). 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 m7G Capping System (Epicentre Biotechnologies) as outlined in the user
manual; replicons capped in this way are given the “v” prefix e.g vA317 is the A317 replicon
capped by VCE. Post-transcriptionally capped RNA was precipitated with LiCl and reconstituted in
nuclease-free water. The concentration of the RNA samples was determined by measuring ODagonm.

Integrity of the in vitro transcripts was confirmed by denaturing agarose gel electrophoresis.

Liposomal encapsulation

RNA was encapsulated in liposomes made by the method of references 9 and 40. The liposomes
were made of 10% DSPC (zwitterionic), 40% DlinDMA (cationic), 48% cholesterol and 2% PEG-
conjugated DMG (2kDa PEG). These proportions refer to the % moles in the total liposome.

DIlinDMA (1,2-dilinoleyloxy-N,N-dimethyl-3-aminopropane) was synthesized using the procedure
of reference 5. DSPC (1,2-Diastearoyl-sn-glycero-3-phosphocholine) was purchased from Genzyme.
Cholesterol was obtained from Sigma-Aldrich. PEG-conjugated DMG (1,2-dimyristoyl-sn-glycero-
3-phosphoethanolamine-N-[methoxy(polyethylene glycol), ammonium salt), DOTAP (1,2-dioleoyl-

-19-

RV



L2 IL5 TNFa Naked DNA plasmd 0.04 0.07 0.10 0.57 0.29 0.66 Naked A317
RNA 0.04 0.05 0.08 0.57 0.23 0.67 RvOL (10) 0.07 0.10 0.13 1.30
WO 2013/006825 PCT/US2012/045829

3-trimethylammonium-propane, chloride salt) and DC-chol (3B-[N-(N',N'-dimethylaminoethane)-

carbamoyl]cholesterol hydrochloride) were from Avanti Polar Lipids.

In general, cight different methods have been used for preparing liposomes according to the
invention. These are referred to in the text as methods (A) to (H) and they differ mainly in relation to

5  filtration and TFF steps. Details are as follows:

(A) Fresh lipid stock solutions in ethanol were prepared. 37 mg of DIlinDMA, 11.8 mg of

DSPC, 27.8 mg of Cholesterol and 8.07 mg of PEG DMG 2000 were weighed and dissolved in 7.55

mL of ethanol. The freshly prepared lipid stock solution was gently rocked at 37°C for about 15 min

to form a homogenous mixture. Then, 755 pL of the stock was added to 1.245 mL cthanol to make a

10 working lipid stock solution of 2 mL. This amount of lipids was used to form liposomes with 250 pg
RNA. A 2 mL working solution of RNA was also prepared from a stock solution of ~ 1pg/uL in 100

mM citrate buffer (pH 6). Three 20 mL glass vials (with stir bars) were rinsed with RNase Away
solution (Molecular BioProducts, San Diego, CA) and washed with plenty of MilliQ water before use

to decontaminate the vials of RNases. One of the vials was used for the RNA working solution and

15 the others for collecting the lipid and RNA mixes (as described later). The working lipid and RNA
solutions were heated at 37°C for 10 min before being loaded into 3cc luer-lok syringes. 2 mL of
citrate buffer (pH 6) was loaded in another 3 cc syringe. Syringes containing RNA and the lipids

were connected to a T mixer (PEEK™ 500 um ID junction, Idex Health Science, Oak Harbor, WA)

using FEP tubing (fluorinated ethylene-propylene; al FEP tubing has a 2mm internal diameter x 3mm

20  outer diameter, supplied by Idex Health Science). The outlet from the T mixer was also FEP tubing.
The third syringe containing the citrate buffer was connected to a separate piece of FEP tubing. All
syringes were then driven at a flow rate of 7 mL/min using a syringe pump. The tube outlets were
positioned to collect the mixtures in a 20 mL glass vial (while stirring). The stir bar was taken out

and the ethanol/aqueous solution was allowed to equilibrate to room temperature for 1 hour. 4 ml of

25  the mixture was loaded into a 5 cc syringe, which was connected to a piece of FEP tubing and in
another 5 cc syringe connected to an equal length of FEP tubing, an equal amount of 100 mM citrate
buffer (pH 6) was loaded. The two syringes were driven at 7mL/min flow rate using the syringe
pump and the final mixture collected in a 20 mL glass vial (while stirring). Next, the mixture
collected from the second mixing step (liposomes) were passed through a Mustang Q membrane (an

30  anion-exchange support that binds and removes anionic molecules, obtained from Pall Corporation,
AnnArbor, M1, USA). Before passing the liposomes, 4 mL of 1 M NaOH, 4 mL of 1 M NaCl and 10

mL of 100 mM citrate buffer (pH 6) were successively passed through the Mustang membrane.
Liposomes were warmed for 10 min at 37°C before passing through the membrane. Next, liposomes

were concentrated to 2 mL and dialyzed against 10-15 volumes of 1X PBS using TFF before

35  recovering the final product. The TFF system and hollow fiber filtration membranes were purchased
from Spectrum Labs and were used according to the manufacturer’s guidelines. Polysulfone hollow

fiber filtration membranes (part number P/N: X1AB-100-20P) with a 100 kD pore size cutoff and 8
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cm’ surface arca were used. For in vitro and in vivo experiments, formulations were diluted to the

required RNA concentration with 1X PBS.

(B) As method (A) except that, after rocking, 226.7 puL of the stock was added to 1.773 mL
cthanol to make a working lipid stock solution of 2 mL, thus modifying the lipid:RNA ratio.

5 (C) As method (B) except that the Mustang filtration was omitted, so liposomes went from
the 20 mL glass vial into the TFF dialysis.

(D) As method (C) except that the TFF used polyethersulfone (PES) hollow fiber membranes
(part number P-C1-100E-100-01N) with a 100 kD pore size cutoff and 20 cm” surface area.

(E) As method (D) except that a Mustang membrane was used, as in method (A).

10 (F) As method (A) except that the Mustang filtration was omitted, so liposomes went from
the 20 mL glass vial into the TFF dialysis.

(G) As method (D) except that a 4 mL working solution of RNA was prepared from a stock
solution of ~ 1pg/uL in 100 mM citrate buffer (pH 6). Then four 20 mL glass vials were prepared in
the same way. Two of them were used for the RNA working solution (2 mL in each vial) and the

15  others for collecting the lipid and RNA mixes, as in (C). Rather than use T mixer, syringes
containing RNA and the lipids were connected to a Mitos Droplet junction Chip (a glass microfluidic
device obtained from Syrris, Part no. 3000158) using PTFE tubing (0.03 inches internal diameter x
1/16 inch outer diameter) using a 4-way edge connector (Syrris). Two RNA streams and one lipid
stream were driven by syringe pumps and the mixing of the cthanol and aqueous phase was done at

20 the X junction (100 um x 105 um) of the chip. The flow rate of all three streams was kept at 1.5
mL/min, hence the ratio of total aqueous to ethanolic flow rate was 2:1. The tube outlet was
positioned to collect the mixtures in a 20 mL glass vial (while stirring). The stir bar was taken out
and the ethanol/aqueous solution was allowed to equilibrate to room temperature for 1 h. Then the
mixture was loaded in a 5 cc syringe, which was fitted to another piece of the PTFE tubing; in

25  another 5 cc syringe with equal length of PTFE tubing, an equal volume of 100 mM citrate buffer
(pH 6) was loaded. The two syringes were driven at 3mL/min flow rate using a syringe pump and the
final mixture collected in a 20 mL glass vial (while stirring). Next, liposomes were concentrated to 2
mL and dialyzed against 10-15 volumes of 1X PBS using TFF, as in (D).

(H) As method (A) except that the 2mL working lipid stock solution was made by mixing

30 120.9 pL of the lipid stock with 1.879 mL ethanol. Also, after mixing in the T mixer the liposomes
from the 20mL vial were loaded into Pierce Slide-A-Lyzer Dialysis Cassette (Thermo Scientific,

extra strength, 0.5-3 mL capacity) and dialyzed against 400-500 mL of 1X PBS overnight at 4°C in

an autoclaved plastic container before recovering the final product.

21-



0.67

1.71 RVG5 (01) 0.06 0.04 0.19 RVOs (02) 0.05 0.07 0.11 0.64

0.35 0.69 RVOL (10) DNA  0.03

10

15

20

25

30

WO 2013/006825 PCT/US2012/045829

Methods (A) to (H) as disclosed above use a N:P ratio of 8:1 for a specified amount of RNA. This

ratio can readily be varied by changing the concentration of RNA in the RNA working solution.

pKa measurement
The pKa of a lipid is measured in water at standard temperature and pressure using the following

technique:

e 2mM solution of lipid in ethanol is prepared by weighing the lipid and dissolving in ethanol.
0.3mM solution of fluorescent probe toluene nitrosulphonic acid (TNS) in ethanol:methanol
9:1 is prepared by first making 3mM solution of TNS in methanol and then diluting to
0.3mM with ethanol.

e An aqueous buffer containing sodium phosphate, sodium citrate sodium acetate and sodium
chloride, at the concentrations 20mM, 25mM, 20mM and 150 mM, respectively, is prepared.
The buffer is split into eight parts and the pH adjusted either with 12N HCI or 6N NaOH to
4.44-4.52, 5.27, 6.15-6.21, 6.57, 7.10-7.20, 7.72-7.80, 8.27-8.33 and 10.47-11.12. 400pL of
2mM lipid solution and 800uL of 0.3mM TNS solution are mixed.

e 7.5uL of probe/lipid mix are added to 242.5uL of buffer in a ImL 96 well plate. This is done
with all eight buffers. After mixing, 100pL of each probe/lipid/buffer mixture is transferred
to a 250uL black with clear bottom 96 well plate (e.g. model COSTAR 3904, Corning). A
convenient way of performing this mixing is to use the Tecan Genesis RSP150 high

throughput liquid handler and Gemini Software.

e Fluorescence of cach probe/lipid/buffer mixture is measured (e.g. with a SpectraMax M5
spectrophotometer and SoftMax pro 5.2 software) with 322nm excitation, 43 1nm emission

(auto cutoff at 420nm).

e After the measurement, the background fluorescence value of an empty well on the 96 well
plate is subtracted from each probe/lipid/buffer mixture. The fluorescence intensity values
are then normalized to the value at lowest pH. The normalized fluorescence intensity is then

plotted against pH and a line of best fit is provided.

e The point on the line of best fit at which the normalized fluorescence intensity is equal to 0.5
is found. The pH corresponding to normalized fluorescence intensity equal to 0.5 is found

and is considered the pKa of the lipid.
This method gives a pKa of 5.8 for DLinDMA, a preferred cationic lipid for use with the invention.

Varying the N:P ratio for immunogen delivery
Self-replicating replicon (vA317) encoding RSV F protein. BALB/c mice, 4 or 8 animals per group,

were given bilateral intramuscular vaccinations (50 uL per leg) on days 0 and 21 with the replicon
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RVOI (10) 158.6 0.088 90.7 8:1
RVO1 (08) 156.8 0.144 88.6 16:1
RVO1 (05) 136.5 0.136 99 8:1
RVO1 (09) 153.2 0.067 76.7 4:1
RVO05 (01) 148 0.127 80.6 8:1
RVO05 (02) 177.2 0.136 72.4 8:1
RVO1 (10) 134.7 0.147 87.8 * 8:1
RV13(02) 128.3 0.179 97 8:1

* For this RV01(10) formulation the nucleic acid was DNA not RNA

Serum was collected for antibody analysis on days 14, 36 and 49. Spleens were harvested from mice

at day 49 for T cell analysis.

15  F-specific serum IgG titers (GMT) were as follows:

RV Day 14 Day 36
Naked DNA plasmid 439 6712
Naked A317 RNA 78 2291
RVO01 (10) 3020 26170
RVOI1 (08) 2326 9720
RVOI1 (05) 5352 54907
RVO1 (09) 4428 51316
RVO0S5 (01) 1356 5346
RV0S5 (02) 961 6915
RVO01 (10) DNA 5 13
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5  Thus the liposome formulations significantly enhanced immunogenicity relative to the naked RNA

controls, as determined by increased F-specific 1gG titers and T cell frequencies. Plasmid DNA
formulated with liposomes, or delivered naked using electroporation, was significantly less

immunogenic than liposome-formulated self-replicating RNA.

The RV01 and RV05 RNA vaccines were more immunogenic than the RV13 (DOTAP) vaccine.
10 These formulations had comparable physical characteristics and were formulated with the same self-
replicating RNA, but they contain different cationic lipids. RV01 and RV05 both have a tertiary
amine in the headgroup with a pKa of about 5.8, and also include unsaturated alkyl tails. RV13 has
unsaturated alkyl tails but its headgroup has a quaternary amine and is very strongly cationic. These
results suggest that lipids with tertiary amines with pKas in the range 5.0 to 7.6 are superior to lipids

15  such as DOTAP, which are strongly cationic, when used in a liposome delivery system for RNA.

The N:P ratio had an impact on immunogenicity, with 4:1 (RV01(09)) > &:1 (RV01(10)) > 16:1
(RVO1(08)).

It will be understood that the invention has been described by way of example only and

modifications may be made whilst remaining within the scope and spirit of the invention.
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readi ng jg? i (g%ﬁ{ % )Et%@ eCdbG;'on?hnlgaggg ev%?zﬂ% fég%\fl rus replicase and
0

t he seco I posone of any preceding
claim e eﬁ%‘t %5%%% nuc %%tldes |l ong. 7. The |iposone of
any preceding cIa|n1 mhereln t he i nmunogen can elicit an inmune response in
Vi vo agai nst a bacterium a virus, a fungus or a parasite. 8. The

| i posome of claim7, wherein the i mmunogen can elicit an imune response in
vivo agai nst 15respiratory syncytial virus glycoprotein F. 9. The |iposone
of any preceding claim wherein the |liposone & RNA have a N.P rati o between
2:1 and 18: 1. 10. The liposonme of any preceding claim wherein the |iposone
& RNA have a N.P ratio between 3:1 and 11:1. 2011. The |liposone of any
preceding claim wherein the |iposonme & RNA have a NP ratio between 4:1
and 16:1. 12. The liposone of any preceding claim wherein the |iposone &
RNA have a N:P ratio between 6:1 and 14:1. 13. The liposone of any
preceding claim wherein the |iposonme & RNA have a NP rati o between 258:1
and 12: 1.



14. The |iposone of any one of clains 1 to 9, wherein the |iposome & RNA

have a NP ratio of 2:1, 4:1, 8:1 or 10:1. 15. A pharnmaceuti cal

conposi tion

conpri si yoaoidqaessne of any preceding claim 16. A nerhodstar/ossesi ng a
protective i mmune response in a vertebrate, conprising the step of
30admi nistering to the vertebrate an effective anount of the |iposone of

cl ai ns 1tk&nﬁ§ t he pharnmaceutical conposition of claimli15

1. A liposome in which an immunogen-encoding RNA is encapsulated, wherein the liposome
comprises a cationic lipid and the liposome & RNA have a N:P ratio of between 1:1 and 20:1.
2. The liposome of claim 1, having a diameter in the range of 50-220nm.
5 3. The liposome of any preceding claim, wherein the RNA is a self-replicating RNA
4. The liposome of claim 3, wherein the self-replicating RNA encodes (i) a RNA-dependent RNA
polymerase which can transcribe RNA from the self-replicating RNA molecule and (ii) an
immunogen.
5. The liposome of claim 4, wherein the RNA has two open reading frames, the first of which
10 encodes an alphavirus replicase and the second of which encodes the immunogen.
6. The liposome of any preceding claim, wherein the RNA is 9000-12000 nucleotides long.
7. The liposome of any preceding claim, wherein the immunogen can elicit an immune response in
vivo against a bacterium, a virus, a fungus or a parasite.
8. The liposome of claim 7, wherein the immunogen can elicit an immune response in vivo against
15 respiratory syncytial virus glycoprotein F.
9. The liposome of any preceding claim, wherein the liposome & RNA have a N:P ratio between
2:1 and 18:1.
10. The liposome of any preceding claim, wherein the liposome & RNA have a N:P ratio between
3:1and 11:1.
20 11. The liposome of any preceding claim, wherein the liposome & RNA have a N:P ratio between
4:1 and 16:1.
12. The liposome of any preceding claim, wherein the liposome & RNA have a N:P ratio between
6:1 and 14:1.
13. The liposome of any preceding claim, wherein the liposome & RNA have a N:P ratio between
25 8:1 and 12:1.
14. The liposome of any one of claims 1 to 9, wherein the liposome & RNA have a N:P ratio of 2:1,
4:1, 8:1 or 10:1.
15. A pharmaceutical composition comprising a liposome of any preceding claim.
16. A method for raising a protective immune response in a vertebrate, comprising the step of
30 administering to the vertebrate an effective amount of the liposome of claims 1-14, or the

pharmaceutical composition of claim 15.
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