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METHODS OF ADMI)TSTERING LIPID
FORMULATIONS WITH IMINOGENS

('OSS-Rl ilil iRI IN( E I'0 IU!I,A(

lit )

APPLICATIONS

This application is a divisional of U.S. patent application
Scr. No. 13/808,080, lilcd Mar. 14, 2013, wluch Is a U.S.
National Phase of International Apphcation No. PCT/
US2011I043105, filed .Iul 6, 2011 and published in I'.nglish,
which claims the beneht of U 8 Pa)visional Application No.
61,'361.830. fled .Iul 6, 2010. and U S Provisional Appli-
cation No. 61/378.837, filed Aug. 31. 2010. The complete
contents of the above-listed applications are hereby incor-
porated herein by refi:rcncc for all purposes

TECHNICAI F]EI D

llns uivenuon is ui thc field ol'non-viral delivery of RNA
for lnlllhlllllwltlorc

BACKGROUND

llic delivery of nucleic acids for immunisuig annnals has
bimn a goal for scvcral years Venous approaChes lmvc been
tested, including the use of DNA or RNA, of viral or
non-viml delivery vehicles (or even no delivery vehicle, in
a "naked" vaccine), of replicatin or non-replicating vectors,
or of viral or non-viral vectors.

There remains a need for further and improved nucleic
acid 1 ilcclncs.

DISCLOSURE OF THE INVENTION

According to thc invention. RNA micoding im nnmuno-
gCO IS ill:li voted ill II llpoSoillc lol IIIC pilrpoSCS iif Illllllillll-
sation. Thc lipo some uicludcs lipiib winch have a pKa in the
ran e of 5 0 to 7 6 Ideally the lipid ivith a pKa in this range
has a tertiary mnine; such lipids behave differently front
lipids such as DOTAP, wlfich has a quaternary amine group.
At physiological pH amines with a pKa in the range of 5 0
Io 7.6 lmvc neutral or rcduccd surface cliarge, whereas a

lipid such as DOTAP I ~ strongly cationic. The uivmitors
luivc found that liposomcs forincx) from qua(emery inninc
lipids (e.g IX) I'AP) are less suitable fihr delivery of inhmu-
nogen-encoding RNA than liposomes formed from tertiary
amine lipids (e.g DLinDMA).

Tints the invention provides a liposome bavin a lipid
bi)aver mhcapsulating an aqueous core. whcrcui. (i) the lipid
bi)aver composes a hpid having a pKa m Ihe rmigc of 5.0 to
7.6. and prcfcmbly lmvuig a ternary mnine. and (ii) the
aqueous core includes a RNA which encodes an immhuho-

en. 'I'hese liposomes are suitable for in vivo delivery of the
RNA to a venebmste cell and so they are useful as compo-
nents in pharmaceutical compositions for immunising sub-
)ccls agtliust vtllhous dist uses.

llic uhvention also provides a process for prcpanng a
RNA-contauung hposomc, compnsuig sIcps oil (a) nuxing
RNA with a lipid at a pl I which is below the lipid's pKa but
is above 4 5, to foun a liposome in which the RNA is
encapsulated: and (b) increasing the pH of the resulting
liposonhe-containing mixture to be above the lipid's pKa.
Thc Liposomc

Till: lnvolhtlotl utlllscs llposotllcs Ill wllich luuuunogcil-
cncoduhg RNA is encapsulated. Thus Ihe RNA is (as in a
natural virus) separated front any external medium by the
liposome's lipid bi)eyer, and encapsulation in thi ~ way has

bimn found to protect RNA from RNase digestion. Thc
liposomes can include some external RNA (e.g. on their
surface), but at least luilf of Ihc RNA (and ideally all of II)
is encapsulated in the liposome's core 1incapsulation within
liposomcs is disfincx from, for uistancc, thc lipiiFRNA
cmnplexes disclosed in reference I

Vanous amphiplulic lipids can form bi)ayers in an aque-
ous environment to encapsulate a RNA-containing aqueous
core as a liposome. These lipids can have an anionic,

I i i
cationic or xw ittenoiuc hydrophilic lmad group. Liposomcs
of the invention comprise a lipid having a pKa in the range
of 5 0 to 7.6. mid preferred lipids with a pKa in tlus rtm c
have a tertiary amine lior exmnple. they may comprise
1,2-diluiolcyloxy-N,N-duncthy1-3-aminopropanc
(l)I ml)MA: pKa 5.8) ancgor 1.2-dilinolenyloxy-N,N-dim-
ethyl-3-aminopropane (DLenDMA). Another suitable lipid
having a tertiary amine is 1,2-dioleyloxy-N,Ndimethy)-3-
aminopropane (DODMA). See FICi. 3 8: reference 2. Some
of thc amuho acid lipids ol'rel'crcncc 3 may also be used, as
can certain of the amino lipids of reference 4. Further useful
lipids with tertiary annncs in their headgroups are disclosed
in reference 5, the complete contents of which are incorpo-
rated hcrcin by rcl'crcncc. llhus. In onc embodiment, lipo-
somes comprise a lipid compnsing a tertiary anhine and
having a pKa Rom about 5.9 Io about 7.0.

l,iposomes of the invention can be formed from a single
lipid or from a mixture of lipids, provided that at least one
of the lipids has a pKa in the range of 5 0 to 7 6 (and,

It) preferably. a tertiary amine). Within this pKa ran e. pre-
fcrrcd lipids have a pKa of 5.5 to 6.7 c g. betwimn 5.G and
6.8. betv,een 5.6 and 6.3, benveen 5.(i and 6.0. between 5.5
and 6.2. or bctwcen 5.7 and 5.9. Thc pKa is tlm pH at wluch
50% of the 1ipids are charged, lymg halfway between the
point whcrc the lipnls are completely charged and the pouit
where the lipids are completely uncharged It can be mea-
sured ui various ways. but is preferably measured using the
method disclosed below in the section entitled "pKa mea-

so surement*k The pKa typically should be measured for the
lipid alone rather Ilmn for thc lipid in Ibc context of' mixture
v hich also inciudes other lipids (e.g not as performed in
rcfcrcncc G, which looks at the pKa ol' SNALP mthcr than
of thc uidkvaiual hpids).

Where a liposome of the invention is formed fmin a
nuxture of lipids. it is preferred that the proportion of those
lipids which have a pKa within the desired mnge should be
between 20-80% of the total aniount of lipids e.o. belhveen
30-70%, or bctw ccn 40-60%o. For instance, u eel'ul liposomcs

o are shown below ui wluch 40% or 60% of thc total hpid is
a lipxl with a pKa In Ihe desired conge. The remmndcr cmh
be made of e o. cholesteml (e.a 35-50% cholesterol) and/or
DM(i (optionally Pl:Ciylated) andior DSP('uch mixtures
are used below. These %o values are mole percentages.

o. A liposome may include an amphiplulic )hphd whose
hydroplulic portion Is PEGylated (i.c. modified by covalent
attaclmicnt of a polycshylcnc glycol) This modification can
incrcasc stability and prcvmit non-spccilic adsorption of thc
liposonhes For instance. )ipids can be conjugated to PE(i

io using techniques such as those disclosed in references 6 and
7. PECi provides the liposomes hvith a coat which can confer
favourable pharmacokinetic characteristics The combina-
tion of cllicient encapsulation of a RNA (parucularly a
self-rcphcating RNA). a catioiuc lipid having a pKa ui Ihc

ss range 5.0-7.6. and a PEGylatcd surface. allows fiir efficient
delivery to multiple cell types (including both immune and
non-imnnine cells), thereby eliciting a stmnger and better
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immune response than when usulg quaternary mnmcs with-
out PECiylation. Various lengths of PECr'an be used e g.
between 0.5-8 kDa.

I.ipids used with the im ention can be saturated nr unsatu-
ratcxl. Thc usc of at least onc unsaturated lipid for prepanng
liposomes is preferred. IIIII. 3 sholvs three useful unsatu-
rated lipids. If an unsaturated lipid has two tails, both tails
can be unsaturated, or it can have one saturated tail and one
unsaturated tail.

I I I

A mixture of DSPC, DLutDICLA, PEG-DMG and chulcs-
terol is used in the examples. An independent aspect of the
invmltlon is a liposomc compnsulg DSPC, DLmDMA,
Pl Ki-DMII X cholesterol 1 his liposome prefensbly encap-
sulates RNA, such as a self-repbcanng RNA c.. encoding
an imnlunogen

Liposomal particles are usually divided into three groups
nniltilamellar vesicles (MI,V8 small unilamellar vesicles
(SUV): and lar e unliame)lar vesicles (LUV). MLVs have

multiple bilaycrs In each vcsiclc, forming several separate
aqueous compartments. SUVs and LUVs have a single
bllaycr encapsulating nn aqueous core. SUVs typically have
a dianleter c50 nm, and I.UVs have a diameter &50 nnl.
I iposomal particles of the invention are ideally I I)Vs v ith
a diameter in the range of 50-220 nin. Iior a composition
conlprising a population of LUVS with diiferent diameters
(i) at least 80'lv by number should have diameters in the
r;mgc of 20-220 tun, (n) thc average dituneter (Zav, by
intensity) ol'he population is Ideally ul thc ran e ol'40-200
nm, anchor (iii) the diameters should have a polydispersity lo
index &0 2. The liposome/RNA complexes of reference I are
expected to have a diameter in the range of 600-800 nnl and
to have a high polydlspersity. The liposome can be substan-
tially spherical.

Tixluuques for preparing suitable hposomcs arc well ls
known in Ilu: art c.g. scc reli:rcnccs 8 Io 10. One useful
method is descnbed ul rcferencc 11 mid involves nuxing (I)
an ethanolic solution of the lipids (ii) an aqueous solution of
the nucleic acid and (iii) buifer, follolved by mixing, equili-
bration. dilution and purificatton. Preferred liposomes of the so
invention are obtainable by this mixillg process.
Mixulg Process

As mcntioncd above, thc invennon provltlcs a process for
preparing a RNA-contalnulg hposomc. compnsing steps of
(a) nlixiug IONA with a lipid at a pl i which is bekuw the
lipid's pKa but is above 4.5; then (6) increasing the pi I to be
above the lipid*s pKa.

Tints a cationic lipid is positively charged during lipo-
some Ihnnation In step (a), but thc pH clwnge lhcreaftcr
mc;ms Ihat the malowty (or all) of thc posinvcly charged o

groups become ncutrnl. Tins process Is advmlta eous for
preparing liposomes of the invention. and by avoiding a pi I

below 4 5 during step (a) the stability of the encapsulated
RNA is inlproved.

The pH in step (a) is above 4.5. and is ideally above 4 8. 11

Using a pH in thc range ol'.O Io 6.0, or ul the range of S 0
Io 5.5, c;m provide suitable hposomes.

lllc incrcaslxl pH In step (b) is above thc hpul's pKa. Thc
pl I is ideally increased to a pl I less than 9„and prefensbly
less than 8 Depending on the lipid's PKS, the pil in step (b) ro

may tints be increased to be within the range of 6 to 8 e
to pH 6.5 0.3. The pH increase of step (b) can be achieved
by transli:rrlng thc hposomes uuo a suitable bufii:r c.g. ulto
phosphate-bullbred saline. The pH ulcrcasc of step (b) is
ideally pcrfomlcd sflcr hposome fomlation luis laken place. Ss

RNA used in step (a) can be in aqueous solution. filr
nlixina v ith an organic solution of the lipid (e.a an etha-

nohc solution. Ss ul rclbrencc 11). Thc mixture can then bc
diluted to form liposornes. after which the pH can be
iucrcascd in step (b).
'I'he RNA

Thc ulvcutiou ls useful fol hl vis o riel lvcrv ofRNA w luch
encodes an iinmunogen. 'I'he DNA is translated by non-
inunune cells at the delivery site„ leading to expression of
thc ilrltuulli1gcn, ailti 11 also causes inltuutlc cells to secrete
type I lnterferons and/or pro-inffanuuatory cytokines wlfich
provulc a local adluvant ellcct. Thc uon-inumine cells may
also secrete type I interferons and/or pm-intlanunatory cyto-
kulcs in rcsponsc to thc RNA.

I'he I&NA is +-stranded. and so it can be translated by the
uou-uuuuulc cells v,'lthoul uct:thilg Inly'ltcrvcuulg Icpllcs-
tion steps such as reverse transcription It can also hind to
TLR7 receptors expressed by inunune cells. thereby initiat-
ing an adjuvant etfect

Preferred +-stranded RNAs are self-replicating. A self-
rcplicsting RNA molecule (rcplicon) can, whml debvered to
a vertebrate celi even without any proteins, lead to the
production ol'multiple daughter RNAs by trattscnption from
itself (via an antisense copy which it genemtes from itsel fl
A self rcplicaung RNA molecule is thus typically a +-strand
nxllecule which can be directly translated after delivery to a
cell, and this translation pro&Ides a RNA-dcpcudcnt RNA
polymerase which then produces both antisense and sense
transcripts from the delivered RNA. Thus the delivered
RNA leads to the production of multiple daughter RNAs
These daughter RNAs. as weil as collinear subgenomic
transcnpts, may be trattslated thcmsclvcs to provide in situ
expression of an encoded inuuuno en. or may be transcribed
to provide Ihrthcr transcripts with Ihc same scuse as Ihe
delivered RNA which are translated to provide in situ
cxprcssion of thc immunogen. The ovcrnll results of tlus
sequence of transcriptions is a hu e amplification in the
number of the introduced replicon RNAs and so the encoded
inlmunngen becomes a major polypeptide product of the
cells.

As shown below, a self rcpficating activity Is not requires)
for a RNA to provide an adjuvant effect, although it can
ctt)lance post-transli:ction scmrctlon of cytokulcs Thc scllu
replicating activity is parnrailarly useful for aclucvulg lugh
level expression of the immuno en by non-imnlune cells lt
can alsn eilhance apoptosis of the non-inlmune cells.

One suitable system for achievin self-replication is to
use an alphavirus-based RNA replicon. These +-stranded
rephcons are translated after delivery to a cell Io give of a
rephcssc (or rc3tficasc-Iranscriprase). lite rcplicase Is tmns-
latcd as a polyprotcin which auto-cleaves lo provide a
replication cnmplex which creates genomic —~trend copies
of the +-strand delivered RNA These — strand transcripts
can themseives be transcribed to give further copies of the
+-stmnded parent RNA and also to give a subgenomic
transcnpt which cncodcs the inunuuogcn. Translation ol'hc
subgcnomic transcript thus loads Io in situ cxprcswon of thc
immunogcn by the infected cell. Suitable alphavlrus rc3tfi-
cons can use a replicase front a sindbis virus, a semliki fbrest
vinis, an eastern equine encephalitis vinls, a veneimelan
equine encephalitis virus. etc. Mutant or wild-type virus
sequences can be used e.v. the attenuated TC83 nnltant of
VEEV has bccn used in replmons, as disclosed in rcfcrcnce
12.

A prcfcrrcd self-replicating RNA molecule thus cncodcs
(i) a I&NA-dependent itNA polymerase lvhich can transcribe
RNA from the self-replicating IONA molecule and (ii) an
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immunogcn. The polymcrasc can bc m& alphav&rus rcplicasc
e.. comprising one or more of alphavirus proteins nsPI,
nsP2, nsP3 and nsP4.

Whereas natumsl alphavirus genomes encode stn&ctural
1 irion proteins &n add&uou lo thc non-Structural rcphcasc
polyprotein. it is preferred that a self-replicating RNA
molecule of the invention does not encode alphavirus struc-
tural proteins 'I'hus a preferred self-replicating RNA can
lead to the production of genomic RNA copies of itself in a

& I &cill, but not to tlm product&on of RNA-containing viwons.
The inability to produce these virions means that, unlike a
wild-type alphav&rus, thc sell&replicating RNA molecule
cm&not perpetuate itself in infectious form '11&e alphavims
slrucnudl p&iuculs whu:h arc accessary lo& pcrpcnlBnou ul
wild-type viruses are absent fmm self-replicating RNAs of
the invention and their place is tal en by ene(s) encoding
the iminuuoaen of iutere8t. such that the subgenomic tra&1-

script encodes the immunogen rather than the structural
dlphdi i&us vu&ou pro&cuts. 20

Thus 0 self-replicating RNA molecule useful with the
invention may have two open readu& Iruncs. The iirst (5')
open readina fran&e encodes a replicase: the second (3') open
rcadu&g frame m&codes au inununogen. In some cmbod&-

n&ents the RNA may have add&tiooal (e g. downstrean&) open
&ct&dulg frauics c.g 10 cucodc lul lie& huuliulogcus (scc
belo&v) or to encode accessory poiypeptides

A self-replicating RNA molecule can have a 5'equence
which is compatible w&th the encoded replicase.

Self-replicating RNA molecules can have various lengths &0

but they arc typically 5000-25000 nuclcot&des long 0 g.
8000-15000 nucleot&des, or 9000-12000 nucleotides. Thus
thc RNA is longer tlrdn sixu u& siRNA delo cry.

A RNA n&olecule useful with the invention may have a S
cdp (c.g. &I 7-ulclhvlguBuosuic). Tins cdp cBO cuhBucc ul
vivo translation of the RNA.

The 5'ucleot&de of a RNA molecule useful w:ith the
invention may have a 5'nphosphate youp In a capped
RNA this may be linked to a 7-methyl uanosine via a 40
5uto-5'udge. A 5'nphosphatc can enhm&cc RIG-I bmding
and thus promote adluvant efiects.

A RNA molcculc may have a 3'oly-A tml. It may also
include 8 poly-A polymcrasc recognilion sequence (0 g.
AAUAAA) near its 3'nd

A RNA molecule useful with the invention will typically
be single-stranded. Sin le-stmsnded RNAs can genemlly
initiate an adjuvant efi'ect by binding to TLR7. TLRg. RNA
hehcases m&d/or PKR. RNA delivered u& double-stranded
form (dsRNA) can bu&d lo TLR3, and llus receptor cm& also 0

be ti&ggercxl by dsRNA wiuch is li&nncd c&ther during
replication of a smgle-stranded RNA or within the secondary
structure of a single-stranded RNA

A RNA molecule useful with the invention can conve-
niently be prepared by in vitro tmnscription (IVT). IVT can &8

usc a (cDNA) template created and propagated u& plasm&d
form &n bacteria, or crea&cd synthcucally (for example by
gcnc synlhcs&s and/or polymerasc cl&au&-rcacnon (PCR)
engineering methods) I'or instance, a l)NA-dependent RNA
polymemse (such as the bacteriophage T7. '13 or gp6 RNA io
polymerases) can be used to transcribe the RNA from a
DNA template. Appropriate capping and poly-A addition
reaci&ons can bc used as rcqu&rcd (although lhc rcplmon's
poly-A is usually encoded witlun lhe DNA lmnplale). These
RNA polymcrases cau have stru& cnt rcxlu&rc&ucnts for the Ss

transcribed 5'ucleotide(s) and in some embodiments these
requirements must be matched with the requirements of the

m&coded rcphcasc, lo ensure &hat thc IVT-trauscnbcd RNA
can function efficiently as a substrate for its self-encoded
replicase.

As discussed in reference 13, the self-replicating RNA can
include (in addition to any 5'ap structure) one or more
nucleot&des bavin a modified nucleobase. Thus the RNA
can compnse mSC (S-methylcyt&dine), mSU (5-mclhyluri-
d&nc), m6A (N6-mclhyladm&osu&e), s2U (2-0uoundu&c), Um
(2OO-methyluridine), n&l A (I -methyladenosine); m2A
(2-methyladenosine); An& (2OO-n&ethyladenosine);
ms2m6A (2-methylthio-N6-methyladenosine); i6A (N6-iso-
pentenyladenosine); ms2i6A (2-methylthio-
N6isopentenyladem&sine): io6A (N6-(cis-hydroxyisopente-
nyl)adm&osu&c), ms2io6A (2-mclhyltluo-NG-(cis-
hydroxy&sopcntcnyl) adcnosiue): g6A (NG-
glycinylcarbamoyladenosine): t6A (N6-threonyl
carbamoyladenosine); n&s2t6A (2-n&ethylthio-N6-threonyl
carbamoyladenosine); m6tGA (NG-methyl-N6-threonylcar-
bamoyladenosine): hn6A(N(i.-hydmxynorvalylcarbmnoyl
adenosu&e): ms2lm(iA (2-methylthio-N(i-hydroxynorvalyl
carbamoyhxicnosinc). Ar(p) (200-nbosyladcuosu&c (phos-
phate)); I (&nos&nc), ml1 (I-methylu&os&nc), m'Im (1,200-
dimethylinosine): n&3('3-methylcytidine): ( m (21&0-
o&ethylcyxidioe); s2( (2-thiocytidinek ac40 (N4-
acetylcytidinek fS('5-fonnylcytid&ne); mSCm (5,2-0-
dimethylcytidine): ac4Cm (N4acetyl2TOmethylcytidine);
k2C (lysidine): ml(J (I-methylguanosine); m2CJ (N2-meth-
ylguanosine): m7G (7-mcthylguanos&nc), Gm (200-mcth-
ylguanosine): m2261 (N2,N2-dimethylguanosine), m2Gm
(N2,200-dimethylguanosine): m22(im (N2,N2,2OO-trim-
ethylguanosine): (ir(p) (2OO-ribosylguanosine (phos-
phate)); yW (wybutosinek 02yW (peroxywybutosine);
OHyW (hydroxyv:ybutosine); OHyWS (undermodified
hydroxy&vybutosine): imG (&vyosine)t mimCi (methyl-
guanosinc), Q (qucuos&nc), oQ (cpoxyqueuosinc), galQ
(gallaclosyl-qucuos&nc), manQ (maunosyl-queuosinc),
prcQo (7-cyano-7-deaxagum&osu&c); prcQ& (7-aminomclhyl-
7-deavaguanosinc); (i (archaeosine); D (dihydrouridine);
mSIJm (5,2OO-din&ethyluridine); s4U (4-thiouridine);
mfis2U (5-methyl-2-thiouridine); s2Um (2-thio-200-methy-
luridu&e): acp3U (3-(3-amino-3-carboxypropyl)uridine);
ho5U (5-hydroxyuridine): moSU (S-mcthoxyuridine).
cmoSU (und&nc 5-oxyacclic acid), mcmoSU (undu&c 5-oxy-
accl&c ac&d methyl cater). HunSU (5-(cdrboxyhydroxym-
ethyl)uridine)); mchmSU (5-(carboxyhydroxymethyl)uri-
dine methyl ester); mmnSI.J (5-methoxycarbonyl
methyluridine): mcm5IJ&n (S-u&ethoxycarbonylmethyI-2-0-
methyluridine): mcmSs2U (5-methoxycarbonylmethyl-2-
tluoundinc); tunfis2U (S-am&nomethyl-2-tluoundinc),
nuuuSU (5-mcthyldnunomclhyluridu&e). nuunSs2U
(S-mclhylaminomelhyl-2-thiouridu&c), num&Sse2U (5-u&cth-
ylan&inomethyl-2-selenouridine); ncmSI.J (5-carbamoylm-
ethyl uridine): ncn&SUm (5-carbmnoylmethyl-2OO-methylu-
ridine): cnuunSIJ (5-carboxymethylaminomethyluridinc);
cnnunSUm (5-carboxymethyiaminomethyl-2-L-Omethylu-
ndu&c): cnuunS s2U (5-carboxymcthylam&nomcthyl-2-tluou-
ndu&c): m62A (N6,N6-dimethyladcnos&nc), Tm (200-meth-
yl&nosinc); m4C (N4-methylcyt&d&nc), m4Cm (N4,2-0-
dimethylcytidine); lunS('5-hydroxymethylcytidine): m3U
(3-methyluridine); cmSI.J (5-carboxymethyluridine); m6Am
(N6.T-0-dimethyladenosine): n&62Am (N(i„N6,0-2-trimeth-
yladenosine); n&2'70 (N2,7-dimethyl uanosine), m2'2'7CJ
(N2,N2,7-&1&mcthylguanosine): m3Um (3,2T-O-duucthylu-
ridiue); mSD (5-&ucthyld&hydrouridu&c): fSCm (5-formyl-20
O-mcthylcylul&nc), m1Gm (1.200-dunclhylguanosinc),
m'Am (1,2-0-dimethyl adenosine) irinomethyluridine);
tn&Ss211 (g-taurinomethyl-2-thiouridine)); im(i-14 (4-dem-
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ethyl gumiosuie): unG2 (isoguanosuie): ur ac6A (N6-accly-
ladenosine). hypoxanthme, inosine, 8-oxo-adenine. 7-sub-
stituted denvatives thereof, dihydniuracil, pseudouracil,
2-thiouracil. 4-thiouracil. 5-aminouracil. 5-(Cl-('6)-alkylu-
racil. 3-methylumcik 5-(C2-C6)-all enyluracil. 5-(('2-Cfi)-
alkynyluracil, 5-(hydroxymethyl)uracil, 5-chlorouracil,
5-Jluorouracil. S-bromouracil, S-hydroxycytosuic, 5-(C I-
C6)-alkylcytosinc, S-mclhylcytosinc, 5-(C2-C6)-slkenylcy-
tosine. 5-(('2-('6)-alkynylcytosine. S-chlorocytosine,
5-fluorocytosine. 5-bromocytosine. N2-dimethylguaiune, la
7-deazaguanine, g-azaguanine, 7-deaza-7-substitutmi gua-
nine. 7-deaza-7-(CZ-C(i)allynylguanine, 7-deaza-8-substi-
nlted guanine„8-hydroxyguanine. 6-tlfioguanine. 8-oxogua-
nmc. 2-annnopunnc, 2-imnno-6-chloropunnc. 2.4-
diaminopuruuh 2,6-diaminopunnc, g-azapunnc, subslitilu:il I

7-deazapurine. 7-deaza-7-substituted purine„7-deaza-8-sub-
stituted purine, or an abasic nucleotide Iior instance, a
self-replicating RNA can include one or more modified
pyrimidine nucleobases, such as pseudouridine and/or
5-methylcytosine residues. In some embodiments. Imwever, zo

thc RNA includes uo modi lied nuclcoba sea, and may mclude
no modiiied nuclcotnles I.c. all of thc nucleondes ui the
RNA are standard A, (1 (i and U riboimcleotides (except fbr
any g cap structure, winch may include a 7umethylguanos-
ine) In other enilxidinients. the RNA may include a S cap
contprising a 7mmethylguanosine, and the first 1. 2 or 3 5'ibonucleotidesmay be methylated at the 2'osition of the
nbosc.

A RNA used with lhc uivmition uleally mcludes only
phosphodiester linkages between nucleosides, but in some so

embodiments it can contain phosphomsmidate, phosphoro-
thioate, anth'or methylphosphonate linkages

Ideally. a liposome includes fewer than 10 different spe-
cies of RNA e . 5„4, 3. or 2 diflhrent species: most
preferably, a liposomc Includes a single RNA spccws I c. all ic
RNA molecules ui thc liposome have Ihe s mie sequmicc and
same length.

1'he mnount of RNA per liposome can vary 1'he nuntber
of individual self-replicating RNA molecules per liposome
is typically USO e.g &20. &10, &5. or 1-4 per liposome co

The Inuuunogen
RNA molcculcs used with the invenuon encode a poly-

pcpude inununogmi After adnunislralion ol Ihe liposomes
the RNA is translated in vivo mid the mununogcn cmi elicit
an ininiune response in the recipient. 111e immunogen may
elicit an immune response against a bacterium. a vmic, a
fungus or a parasite (or. in some embodiment~. against an
allergen: and in other embodiments, against a tumor anti-
gen). The inunuuc rcsponsc may comprise mi annbody
response (usually including IgG) mid/or a cell-mcdiatcd o

immune response Thc polypeptide inununogcn will lypi-
cally elicit an intmune response ivhich recoanises the cor-
responding bacterial. vimcl, fungal or pamssite (or allergen or
nunour) polypeptide, but ln come embodiments the poly-
peptide ntay act as a mimotope to elicit an immune response ss
wluch recognises a bacteruil. viral, fungal or parasite sac-
chande. Thc umnunogcn will typically be a surface poly-
pcpude c.g. an adhesin, a hcmagglulimn, an envelope ly-
coprotein, a spike glycopnitein. etc.

Self-replicating RNA niolecules can encode a single poly- io
peptide inuuuno en or multiple polypeptides. Multiple
imnumogens can be presented as a single polypeptide inunu-
nogen (fusion polypc)t tide) or as sepsralc polypeplides. If
immunogmis arc cxprcssed as SE71aratc polypE7nidcs then
otic or Inure of lllcsc iilily'c pliividcd wilh ail Upslrcaul Ss

IRI JS or an additioiial viral promoter element Altentatively,
nniltiple imnninogens may be expressed fnim a polyprotein

that encodes uidnidual inuuunogmis fused to a shou muo-
catalytic protease (e.g foot-and-mouth disease virus 2A
pmtein), or as inteins

llnlike references I and 14, the RNA encodes an inunu-
nogen. For the avoidance of doubt. the invention does not
encompass RNA cvhich encodes a firefly luciferase or which
encodcs a fusion protein ol'. Co/i (i-gslaclosidasc or wluch
encodcs a greco Jluorescent protein (GFP). Also, the RNA is
not total mouse thynnis RNA.

In come embodiments the imnninogen elicits an inunune
response against one of these bacteria.

Neissema mcmngiiidis; usehd inununo ens include, but
are not limited to. mentbmcne proteins such as adhesins,
aulotransporu:rs, loxins. Iron acquisition protcuis, and
factor H binding pro(cia. A combuiation of three useful
polypeptides is disclosed in reference 15.

girepiucuccuc pncnniaiii ac: useful polypeptide imnnuio-
gens are disclosed in reference 16. These include, but
are not limited to, the RrgB pilus suburut. the beta-N-
acetyl-hexosaminicasse precursor (spr0057), spr0096,
(ieneral stress pro(cia CiSP-781 (spr2021, SP2216),
scrinc,'threonine kuuisc SlkP (SP1 732), and pneumo-
coccal surface adhesin PsaA.

Sircpiuiuccusfivugeims usefiil immunogens include. but
me not liniited to, the polypeptides disclosed in refer-
ences 17 and 18.

Maraca//a caiarrhaiis.
JIordc/c//a per/assis: Useful pertussis inmiunogens

include. but are nol lmutcd lo, pertussis toxui or toxoid
(Pl'), filanientous haenm glutmin (I'I IA). pertactin,
and agglutinogens 2 and 3

8/ilp/IJ'/oi'oi'I'Ur tfifvv'iic: Useful immunogens include, but
are not limited to, the polypeptides disclosed in refer-
ence 19, such as a hentolysin. esxA. esxB, ferrichrome-
buiduig pro(cut (sta006) and/or thc sta011 lipoprotein.

Ciasiridiuin /etani. Ihe typical Inmiunogen is tatamis
toxoid.

('urn) nchacierinm diphiheriae'he typical immunogen is
diphtheria toxoid

Pfacmophi/us mdfuenzae; Useful immunogens mclude, but
are not limited to, the polypeptides dischised in refer-
ences 20 and 21.

Pseudumanas iierugi nose
5/rep/ococcus age/acti ae: uscl'ul Inunuuogmis include.

but are not limited to. the polypeptides disclosed in
reference 17

Ciiiami dia /riichomatis: Usehd inmiunogens include, but
are not limited to. PepA, LcrE. ArtJ, DUSK, ('T398,
OmpH-like. L7/L12. OmcA, AloS, CT547, Eno, HtrA
mid MurG (c.g. as disclosed in rcfcrmice 22. LcrE as
dtsclosccl in refcrcncc 23 and HtrA as dmclosed in
reference 24 are Iwo preferred imnlunogens.

('hiamvdiu pneunn&nine Useful immunogens include, but
are not limited to, the polypeptides dischised in refer-
ence 25.

III IIC'Ohaciv r /IJ'iari. USI fhl 1111111Ultogi IIS IIICliulC, bUI IIIC

not limilcxi to. CagA. MacA, NAP, and/or urcasc as
disclosed in rcfcrencc 26.

Esiherichiu iviii Useful immunogens include, but are not
limited to, immunogens derived from entemtoxigenic
E coii (ETE( ), enteroaggregative E co/i (EAggEG),
difl'usely adhering E. Cali (DAEC)„enteropatho enic E
co/i (EPEC), exuainlestuial pathogenic E. co/i (Ex-
PEC) and/or cnlcrohcmorrhagic E. co/i (EHEC).
ExPEC strains include uropathogm»c E. Coh (UPEC)
mid meningitis/sepsis-associated if cuii (MNJI('). IJse-
ful UPE('olypeptide immunogens are disclosed in
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rclbrences 27 and 28. Uscl'ul MNEC &nm&uno ens arc
disclosed in reference 29 A useful immunogen for
several /6 roii types is Acfl) as disclosed in reference
30.

Buriiius uu&hrur&s
fersniiu pes&&'s Useful inununogens include. but are not

1&nnted lo, those ihsclosed in reli:renccs31 and 32
,5/upby Iococous epidermis
C/u&iridium perfringcns or C.'/osiridium hoiuiimims
/ogionejju pneuumphiin
('oxiella burnetii
Brureiiu, such as B. Oborius, B. canis. B. meit/assis, B.

rico&omuc, B, ovis, B. &ms, B. pmrupediuc.
Frunrise//u, such as F. nuvicidu, F. pi&iIomirugiu, F.

Iu/urensis. I

&Vei&seriu gonorrhoeue
i'rcpi&nemu puiii dum
Hueu&ophi his dui re) I

Eriierococcus fuecuhs or Ernerororrus /ucr uim
Srophviororrus suprophvnrus Iu
ibrsi niu enierorohii cu
Mi'cobuci&'rima niinrcuiosls
Ri& leusiu
/,Is/i'vh& Iuonoi''n&gi'a&'3
Vihri o &" Iuiicrue
Suiuionciiu I&pi&i

Borrei&u /uirgdorfem
Porph& ro&uonus gmgivuiis
Riebsieiiu
In some embod&n&eats the imnnu&ogen elicits an imnnu&e &o

response agpinst one of these viruses
Oriimm)iiovinis IJseful imnnu&ogens can be from an

influenza ik, B or C v&n&s. such as the hemugglut&nin,
neuran&inidase or matrix M2 proteins. Wyhere the
uun&unogcn Is &ul ulflucnza A vous hcn&ag hnuun Il &s

may be from uny subtype c.g. Hl. H2, H3, H4, HS. H6,
H7, H8. H9, HI 0, Hl I, H12, H13, H14, H15 or H16.

Paramyxoviridae v&n&ses V&ral immunogens include. but
are not linuted to, those derived fro&n Pneumoviruses
(e.g. respiratory syncytial vin&s. RSV), Rubuluviruses so

(e.g. mumps virus). Pamsmyxoviruses (e.g. parainfh&-
cnza virus), Mctapneumov&ruses and Morbilhviruses
(c.g. mcaslcs).

Pox& induc V&rul &mmunogens u&cludc, but are not I muted
to. those derived from Orihopoivirus such as Ibrm/a
vera, including but not limited to. Vurioiu major and
/'i&moiu minor

Picomiuvirus Viral immunogens include, but are not
hum&cd lo, &hose diu&vcd front P&con&avutlscs. Such &Is

Enlerov&ruses, Riunov&ruses, /fe&surnuv/rus. C. Ird&ov&- c

n&ses and Aphthov&ruses. In onc cmbodunenl, the
enterovin&s is a poliovin&s e g. a type 1. type 2 and/or
type 3 poliovirus In another embodiment, the entero-
vin&s is an EV71 enteroviru~. In another embodiment,
the enterov&n&s is a coxsackie A or B vin&s. s.

Buu& uvi rut: V&ral unmunogens mclude, bul arc nol lun-
i&cd lo, those dcnvcd from an Or/hob&m& uvirus., such as
Califorma enccphahtis v&rus, a Ph/ebovirus, such as
Rif& Valley I&ever virus, or a Nuiruvioo. such as
Crimean-C'ungr& hemurrhugir fever vin&s sc

Hepurnuv&rus Viral &mmunogens include, but are not
limited to, those derived from a Fjepurnuvirus. such. as
hepatitis A vin&s (HAV).

Fiiovi nit: V&ral unmunogcns &ncludc. bul are not lnn&tcd
lo. those dcnved from a B7ovirus. such as an Ebola v&rus ss
(includin a /aire, Ivory ('cast, Keaton or Sudan ebo-
lavin&s) or a Marburg vin&s

Toguvi rut. V&ral inununogcns u&cludc. but arc not limited
to, those derived from a 7iiguvi rut, such as a Rubivirus,
an Alphavin&s, or an Artenviru&s 'Ibis includes rubella
vin&s.

F/uviviras; Viral inununogens include. but are not limited
to. those derived from a Fiuvivirus, such as Tick-borne
cocci&halifls (TBE) &irus, Dcnguc (t)pcs l. 2. 3 or 4)
v&rus, YCI/ow Fcvcr v&rus. Japancsc enccphal&us virus,
Kyasanur l&nrest Virus. V rest Nile encephalitis vin&s. St
I,ouis encephalitis vin&s, Russian spnng-summer
encephalitis virus, Powassan encephalitis vin&s

Pesnvirus: V&ral inununogens include. but are not limited
to. those derived from a Pesri v&rus. such as Bovine viral
diarrhea (BVDV). Classmal sw&nc fcvcr (CSFV) or
Border d&sm&sc (BDV).

Hepudnuvirus Viral immunogens mclude, but are not
limited to, thnse derived fron& a Hepudm&virus, such as
I lepatitis li t iros A composition can include hepatitis
B virus surface antigen (HBsAg).

Other /Iepunns V&ruSet: A composit&on can include an
unmunogcn from a hepatitis C v&rus, delta hcpat&us
v&rus, hcpal&us E»rus, or hcpauus G v&rus.

Rhubduvirus: Viral immunoaens include, but are not
limited to, those derived from a Rhuhdovirus, such as
a I yssavin&s (eg a Rabies vin&s) and Vesiculovin&s
(VSV).

Cuiicivir&due: Viral inununogens include, but cre not
linutcd to. Ihosc dcr&vol from Cele&v&ndac, such as
No&walk v&rus (Norovirus). and Norwalk-1&kc V&ruses.
such as I la&vaii Vin&s and Snow Mountain Virus.

C'oronuvirus Viral immunogens Include, but are not
limited tn, those derived from a SAKS riiu&nuvirus,
avian infectious bronchitis (IBV)„Mouse hepatitis
vin&s (MHV). and Porcine transmissible gastroenteritis
v&rus (TGEV). The coronuvi rus unmunogcn may bc a

spike polypepudc.
Retrovirus. V&ral inununogm&s Include, but arc nol Iin&i&cdt

tn, those derived from an Oncnvin&s. a I.entiv&n&s (e 8,

I IIV-I nr I IIV-2) or a Spumavin&s
Reovirus; Viral inununogens include. but are not limited

to. those derived from an Orthoreovin&s. a Rotavirus,
m& Orbiv&rus. or a Coltivirus

Purvovirus. V&ral umnunogens include, bul arc nol 1&m-

itcd lo, those dcnved Irom Purvovirus B19.
Herpcsvirus: Viral in&nn&no ens include, but are nor lim-

ited to, those derived fron& a ln&man herpesvi rus, such
as. by way of example only, Herpes Simplex X&ruses

(HSV) (e.g. HSV types I and 2)„Vancella-zoster virus
(VZV), Epstein-Barr virus (EBV), Cylomcgalovirus
(CMV). Human /Jerpesvi nis 6 (HHV6), Human /Ier-
pcsvi rut 7 (HHV7), and Human jlerpesvinis 8

(I II IV 8).
Pupovuviruses Viral immum&gens include. but are not

limited to. tlu&se derived from Papillomaviruses and
Polyomaviruses. The (Imman) papillomavirus may be
of scrotypc I, 2, 4, 5, 6. 8. 11, 13, 16, 18, 31. 33, 35,
39, 41. 42. 47, 51. 57. 58, 63 or 65 e.g from one or
n&olc of scrotvpcs 6, 11. 16 &oui/or lb.

ddcuuvirus: Viral immunogens u&elude those derived
frnm adenovirus semtype 36 (Ad-36)

In some embodiments, the immunogen elicits an immune
response against a virus wluch infects fish, such as: infec-
t&ous salmon anenua v&n&s (ISAV). sulmon p&mcrcauc d&s-

cuse v&rus (SPDV). infccuous pancreauc nixros&s virus
(IPNV), cl&anncl catlish Virus (CCV). lish lymphocysus
disease virus (FI,DV), infectious hematopoietic necrosis
virus (IIINV), koi herpesvirus, salmon p&corns-like vin&s
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(illso know;11 Bs plcolna-like vuUs ol Blldnuc sBhnon). land-
locked salmon vmis (I SV). atlantic salmon rotavinis (ASR),
trout strmvbern disease vmis ('ISI&). coho salnxim tun»sr
viols ((&S1 V). or viral hemorrhagic septicemia viols
(VITSV).

Fungal nnmunogens may be derived from Deunato-
phylres. including: Epidevinoplii inn fiwccwsshhhh, Micvosyo-
riim awdnwini. Microsponn» canis, b/icvnspovwi» distorhwm,
Miivvspvivnm egiiiniiisi, Mihnisyziv»m grpsmw, Mivvvvpw-
vwm nnnwin. 7rivhhiphi hvn vnnvenhvicwm, 7yivlwiyhi hn» eiyii-
mmi. Tviihvyh&/sin gnllinwc. 7iichvyhihsm lli!Cuni, 7yivhw-

phi in»»hcgmm, Tvichnphytnn hshcntngvwplzvhes.

Triclzoplzytwn rlwhnckennnni, Triclinpizihoiz vnbvwm. Triclso-
phivon schocnleirzi. Tviclznphl hon hvns»vwns, Tviciiophi ho»
vcrvwcosn»i, T. vcvvwcnsnin var. album, var. discoidcs, var.
ochraceum. 7yii hhiyhi hvn vivlwvenm. and/or 7vi chiiyhy hvn

fwvifiivme: or fmm.ispeigillwsfiimigwiws, Csyevgillusflwvuv,
.Ispevgill»i izigev, Csycvgdlws hsid»lans..ssycigiiiws hevveus,
IsPcvgillws si do» ii, CsPeigillws fizivzitws,:IsPergillws glnn-
cws Blwshnschizomvces cnpi/wnis. Cn»Chdn wibicwns, Can-
did» ennlase, Candihla hropiciilis, Cwndidw glnbratn, Can-
did» lzvhseh, CanCkda pavapsilnsis. Cavididn stelldtoiden,
Cwiwlidw Iiisei. C'wndidw para/»sei, Cwndidw Insihwmwe,
Cwiwlidw psendhihrhiyiiwlis, Cwndidw gni /lier»ihindi, C:la-
dnspvviwm vwvvivnii. C'hiviidividcs insmihis. Blwshwmvves
dermniidis, C&vypincnccws ncnfnvmnns. Gcotriclmin ilava-
inm Hisiopl»shih» capsuiwhnm, Klebsielln p»ewninisiwe.
Micrwsporidia. Encephalihozoon spp.. Sephnhn in/vs/i»is/is
n»d E»tvvvc& hn oon bierzciisi: lhe less conmlon are Bvn-
I lii vlw spp, hlii vsiiywvidi»m spp., Avsemw spp., Viei i hnplswvw

spp. Tvaihipleis»iphsivn spp., Vihhwfiivinw spp I wvwnivhid-
ivides hvwsilienvis, I'neimivvli!his csirinii. Vihhiwiinz insidi-
nswm, Pi/i vosporw»i nvnlc, Swc/swvomvrcs cerevisne, Snc-
chwrnmnes bnni»vCII, Snccizwrnmi ccs pnmbc,
Scedospvvimn apinspevinn, Spovnhlzvil schencldi, Tvichos-
povon bvigelii, Tovnpiasma gondii, Pcni ciliiwm mnvve//ci,
Mainssezi » spp., Fnnsecaew spp.. IV»rsgi ella sppv Spnvoihvi v

spp, Bwsidivhhd»s spp, I'smidivh iliis spp, Rhiznyni spp,
Miihvr spp, .4bsidiw spp, Miivhieveiiw spp. C&nnninghwnieilw

spp, 5»kseisnen spp,. Clternnnn spp, C'wrvnlana spp. Hcl-
ininthospnriwm spp„F»swvwnii spp, zlsyergiilws spp, Peisi-
ci lliimi spp, Mann/i nia spp, Rhizorhonin spp. Pneciiomi ccs
spp, Pithomi ccs spp. mid Cladosynrimn spp.

In some embodnuenls lhc inununogml ehcits an mununc
response against a paiusite from the I'/asm»dim» genus,
such as P fwlviywviiisi, I'ivw.v, I'iw/»rive or P nvw/e 'I'hus

the invention may be used for inununisin. against malaria.
In some embodiments the immunogen elicits an inmtune
ICsponSC dgtilllS& II pill JSllC flout lhC CahguLIC fBnul)s pill-
ticularly those from lhe Ecycnyhhhcivihs dnd Ciiligws enure
c.g. sea lice such as Lcywoyhhizeivhhs siilmnnis or Cwiigws
vvgerh ressc vi.

In some enlbodinlents the imnninogen elicits an imnlune
response against: pollen allergens (tree-, herb. weed-, and
grass pollen allergens): insect or amsclutid aller ens (inhal-
ant, sahva and venom allergen», c.g. mile Bllergens. cock-
roach dnd midgcs allergcns. hymenoplhera venom allcr-
gcns); animal hair and dandrulfalicrgcns (from c.g. dog. cat,
horse, rat, mouse, etc ): 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 (Be/»hi). Sider (zI Ihshhs), lmzel (Cary/Us'&. hornbemn
(Carpi »ws') and ohvc (0/ca), cedar (Cn ptomcvia and Czhhzi-

penis), plane trcc (Plahaniis), thc order ol'osies includulg
rasses of the genems I»liam. I'hleimi, I'siw. C'vnwdvn, Dwv-

hylii. Hvdhni, Vhwlwris.,'ieiwle, and Swvghmw, the orders of

Astcralcs and 1)rticalcs ulcludulg herbs of lhc genera
Anzbvhzsiw, Cvicniisiw, and Vwviehnriw Other inlportant hdta-
lation allergens are those from house dust mites of the genus
i&eviww/vyhwgnides and lfnvvigl&lilzws, stomsge nlite e.g l.eyi-
dnglvph&s. Cilvcvphngns and 7irnphwgws„ those from cock-
maches, midges and fleas e.g. Blwieliw, Periplnnein. Clii-
vonoiinis mid Chenocepphwli des. and those I)Urn manunais
such as cal, ikig and lxirsc. venom allergcns lnciudulg such
orighiating from stinging or biting insects such as those from

ln the taxonomic order of I lynlenoptera including bees (Api-
dae), wasps (Vespidea). and ants (lionnicoidae).

In some embodiments the inununo en is a tumor antigen
selected from: (a) cancer-testis antigens such as NY-ESO-I,
SSX2, SCPI as well as RAGE. BAGE, GAGE and IMAGE
family polypcplnles. for cxtunple, GAGE-1, GAGE-2.
MA(iE-I, MA(IE-2, MA(il!-3. MACil 1-4. MA(sl 1-5,

MA(iE-6, and MACil 012 (v hich can be used, filr example,
to address melanoma. Iun, head and neck, NS('l.(1 breast,
gastrointestinal. and bladder nmlors, (b) nultated antigens,

lo for example. p53 (associated with various solid tumors, e
colorcclal, lung, head mid neck cancer). p21IRas (assocrdtcxI
with, c.g., nlcianonld, pilnclcdllc i Bnccl'nd cololccldl cdn-
cer), ('l)K4 (associated !with, e g, melanoma), MUM& (as-
sociated with. e g, melanoma), caspase-8 (associated with,
e g., head and neck cancer), ( IA 0205 (associated with, e.g,
bladder cancer), HLA-A2-R1701„beta catenin (associated
with, e.g., melanoma). TCR (associated v ith, e.gv T-cell
nou-Hodgkum lymphomd). BCR-abl (associated with. e.g..
chronic nl)'clogcnoUs lcUlcnua), trloscphosphalc Isonlcldsc,

lo KIA 0205. CI)('-27, and I,I)I 8-Ii(ff; (c) over-expressed
antigens, for example, (ialectin 4 (associated with, e.g,,
colorectai cancer). Cialectin 9 (associated with, e g, Iiodg;
kin*a disease), proteinase 3 (associated with. e.v.. chronic
myelogenous leukemia), )VT I (associated with, e,gv vari-

&i ous lcukcnuas), carbonic;udlydrase (associatcxI with, c.g.,
ri ndl callccl), BldolascA (ilssocl llcil with, cg., IUng c luce'I),
PRAME (associated with. e.gv nu:lanoma). HER-2,'neu (as-
sociated with. e.g, breasL colon, lung and ovarian cancer),
manunaglobin, a)pin-fetoprotein (associated with. e.g,

do hepatoma). KSA (associated with. e.g., colorectal cancer),
gastrin (associated lvith. e.g., pancreatic and gastric cancer),
tclomcrasc catalytic prolmn. MUC-I (associated w itic e.g..
breast and ovanan cancer), G-250 (associatixi with, e.g..
rcndl cell cdlculonla). p53 (IissoclBlixl with, c.g . bli:dsL
colon cancer), and carcinoembryonic antigen (associated
v ith, e.g, breast cancer, luim cancer. and cancers of the
gastrointestinal tract such as colorectal cancer); (d) shared
antigens. for example. melanoma-melanocyte differentiation
anllgmls such as MART-I/Melml A, gp100, MCI R, mclmlo-

O cylc-slimulalulg hormone receptor, lyroslnasc, tymsirmse
related pmlcin-l,'TRPI dnd lyrosulasc rclalcd protein-2,''RP2

(associated with, e .. melanoma), (e) prostate asso-
ciated antigens such as PAR PSA, PSMA. PSII-PI, PSM-
Pl, PSM-P2. associated with e.g.. prostate cancer: (f)

s. inununoglobulin idiotypes (associated with inyeionla and B
cell lymphomas, for example). In ccrtmn embodiments.
tumor immunogcns include. bul arc not hnuted lo, pl5.
Hom/Mcl-40, H-Ras. EZA-PRL. H4-RET. IGH-IGK, MYL-
RAR, Epstein 13arr viols antigens. I!IINA, human papillo-

hii mavims (IIVV) antigens. including I!6 and E7. hepatitis 13

and C virus antigens. Iniman T-cell lymphotropic virus
antigens. TSP-180, pl 85erbB2, pl 80erbB-3. c-met,
nm-23HI, TAG-72-4. CA 19-9. CA72-4, CAM 17.1, NuMB,
K-rsn pl6, TAGE, PSCA. CT7, 43-9F, 5T4, 791 Tgp72,

ss beta-HCG, BCA225, BTA.A, CA 125, CA 15-3 (CA
27 29313CAA). CA I'&5, ('A 242, ('A-50, ('AM43,
('l)683Kp1, CO-02'&. I'(il L5, (ia733 (I:p('AM). I I'I'gp-175,
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M344. MA-50, MG7-Ag, MO5218, NB/70K, NY-CO-I,
RCASI, SDCCACil(i„TA-90 (Mac-2 binding protein/cyclo-
philin C-assoc&atcd proteu&), TAALG, TAG72, TLP, TPS,
and the like
Pharmaceutical Compos&uons

I.iposomes of the im ention are useful as components in
pharmaceutical compositions for immunising subjects
against various diseases 'I'hese compositions v ill typically
include a pharmaceutically acceptable carrier in addition to

I& I

lhC hposoll&CS. A 1110&OUgh dlSCUSS&011 of ph&uu&BCCUUCB11)'cceptable

carriers is available in reference 33.
A phamiaceuUcal composition of lhe ulvenlion may

include one or &nore siuall molecule immunopoteiltiators.
For cxmnplc. thc compos&t&on may ulcludc a TLR2 agon&st

(e . Pmn3('SK4), a 'I'I.R4 agonist (eg an aminoalkyl
glucosaminide phosphate. such as E6020), a TLR7 1 onist
(e a. imiquimod), a 1 I,RS agonist (e.g resiquimod) and/or a
TLR9 agonist (e.g. IC31) Any such agonist ideally hos a
molecular we&ght ol'2000 Da. Wherea RNA is encapsu-
lated, in some embodiments such a onist(s) are also encap-
sulated with the RNA, but in other embodunmlts they are
unencapsulated Where a RNA is adsorbed to a particle. in
some embodiments such agioaist(s) are also adsorbed v ith
the RNA. but in other embodiments they are unadsorbed

Pharmaceutical compositions of the invention moy
include the liposomes in plam water (e.g. &v.i:i.) or in o buSer
c.g. d phosphate bulli:r. a Tns bullhr, a borate bufii:r, a
succmdlc bullhr, a lustul&ne bulTcr, or d ciuate bulli:r. Bulli:r
salts &vill typically be included in the 5-20 mM range &o

Pharmaceutical con&positions of the invention may have a
pl I between 5.0 and 9.5 e.g between 6 0 and g 0

Compositions of the invention may include sodium salts
(e.g. sodium chloride) to give tonicity. A concentration of
10 2 mg/ml NBCI &s typical c.g. Shout 9 mg/ml. &s

Compositions of &he u&vent&on may uiclude metal ion
chclalors. Thcsc can prolong RNA slab&l«y by removing
iona which can accelerate phosphodiester hydrolysis. 1 hus a
composition may include one or more of lilyl'A, I'l(ifA,
BAPTA„pentetic acid. etc. Such chelators are typically do

present at betv,een 10-500 PM e.g. 0.1 mM. A citrate salt,
such as sodium c&tralc, c&m also acl as a chelalor. while
advantageously also prov&duig bullbring acus&ty.

Phdnudccuni Bl conlpos&1&ons ol lhc «&vent«ui 11&av 11;&vc

an osmolahty of between 200 mOsm/kg and 400 mOS«&/kg,
e g. between 240-360 mOsm/kg. or between 2')0-310
mOsm/kg.

Phamlaceuticol compositions of the invention moy
include one or morc prcscrvalives, such as lluomersal or
2-phmloxycthanol. Mercury-I'rcc compositions are prc- o

li:rrcd. Bnd prescrvat&ve-free vaccuies cdn be prepared
Phanuaceutical compositions of the invention are prefer-

ably sterile.
Pharmaceutical compositions of the invention are prefer-

ably non-pyrogenic e.g. containin I EU (endotoxin unit, &s

st;mdard mcasurc) pcr dose, and preferably &0.1 EU per
il0 SC.

Phannaccut&cal compos&l&ons of lhe ulvcnlion arc prcfcr-
ably gluten free

Pharmaceutical compositions of the invention may be io
prepared in unit dose form. In some embodiments a unit
dose may have a volume of between 0.1-1.0 ml e.. about
0.5 ml.

illa compos&uons may be prepared as inlixlablcs, e«hcr
as solutious or suspcns&ons. The composition may bc prc- ss
pared for pulmonary administration e.g by an inhaler, usina
a fine spray. I'he composition may be prepared for nasal,

aural or ocular adnunislralion e g. as spray or drops. Inlecl-
ables for intramuscular administration are typical.

('ompositions comprise an imnlunologically etTective
amount of liposomes, as &veil as any other components, as
needed. By 'inununolo ically efi'ect&ve amount*, it is meant
that the administration of that amount to an individual, either
in a sulglc dose or as pa«of a scncs, &s clTixuvc for
tres&men& or prcvcntion. This Iunount vancs depending upon
the health and physical condition of the individual to be
treated, age, the taxonomic group of individual to be treated
(e g. non-huinan primate. primate, etc j, the capac&ty of the
indiv&dual's immune system to synthesise antibodies, the
degree of protection desired, the fomn&lation of the vaccine,
thc treeing doctor*s assessmenl ol the mcd&cdl situation, and
olhcr rclcvanl factors. Il &s cxpcctcd that thc mnount w&11 fall
in a relatively bmad rm&ge that can be determined through
routine trials I he liposome and RNA content of composi-
tions of the invention will enerally be expressed &n terms of
the amount of RNA per dose. A preferred dose has &100 9
RNA (e., from 10-100 pg, such as about 10 pg. 25 pg. 50
ng, 75 pg or 100 pgj, bul expression can be sixn al much
lower lcvcls c.g. «I pg/dose, U100 ng/dose, 10 ng/dose. Ul
ng/dose, etc

I'he invention also provides a dehvery device (eg,
syriage, nebuliser, sprayer, inhaler, dern&el patch. etc ) con-
tain&n a phaunaceuticai composition of the invention. This
device can be used to administer the composition to a
vcrtcbratc subject.

L&posomes of thc invmllion do not u&cludc nbosomes.
Methods of 'I'reatment and Med&cal Uses

In contrast to the particles d&sclosed in reference 14,
liposonles and pharmaceutical con&positions of the invention
are for in vivo use fbr eiicitin an inmnule response against
an inununo en of interest.

Thc invention provides d method for ra&s&ng an inumuie
response in a vc«ebratc compris&ng thc step ol'aihnuuslenng
dn CIICC&IVC BII&OUB& Of II llpoSOI&IC Or phallndCCUI&CBI Co&11-

position of the invention. 1'he inlmune response is preferably
pmtective and preferably involves antibodies and/or cell-
mediated immunity. The nlethod moy mise a booster
response.

Thc invent&on also provides a hposomc or phanuaccut&cal
con&position Uf 11&c «&vent&on for usc ul &I ale&bod for idlsnlg
an unnn&nc response ui a & e&tcbrate

'I'he invention also provides the use of a liposome of the
invention in the manufacn&re of a medicament for raising an
inunune response in a vertebrate.

By mising an immune response in the vertebrate by these
uses and methods, thc &ertcbrate can bc protcclcd agauisl
various discascs and/or infix&iona c.g. agauwl heeler&al
and/or viral diseases as d&scusscd above Thc 1&posomes and
cmnpositions are imnnmo enic, and are more preferably
voce&nc coiuposrtlons V&cchles;Iccol'ifing to the Ulveiltlon
may either be prophylactic (i.e. to prevent infection) or
thempeutic (i.e. to treat infection), but w&ll typically be
prophylactic.

Thc vcrtebratc is preferably a manmuil. such as a human
or d huge vctcllndry nlduuudl (c.g. horses, c&«llc, deca god& s.
pigs) Where the vaccine is tilr prophylactic use, the huinan
is preferably a child (e g a toddler or infant) or a teenager;
v here the vaccine is for therapeutic use, the human is
preferably a teenager or an adult. A vaccine intended for
cluldrml may also bc administered to adults e g. to assess
sdfclv, doulgc, lnuuU«ogcnu:lly& 0&c

Mace&ncs prepared accordulg lo the &nvenuon may bc Usoxl

to treat both children and adults. 1 la&s a human patient may
be less than I year old, less than 5 years old, 1-5 years old,
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5-15 years old, 15-55 vntrs old, or at least SS years old.
Preferred patients for receiving the vaccines are the elderly
(e.g. 50 yours old, 60 yntrs old, imd preli:rably 65 ynlrs),
the young (e.g a5 years old), hospita)iced patients. health-
care workers. anncd service and mihlary personnel, preg-
nant lvomen, the chronically ill, or immunodeficient
patients. The vaccines are not suitable coiely for these
gmnps, however. and nlay be used more generally ln a
population.

1 I 1

Compositions ol'hc invention will gcnemlly be adnun-
istered directly to a patient Direct delivery may be accom-
phshixl by parcnteral ullcction (e.g. subcuranmusly, intrap-
eritoneally. intravenously, intramuccularly, intradennally. or
to the ulicrsuual space ol' ussuc, unhke rcfi:rcncc I,
intra lossal injection is not typically used lvith the present
invention). Alternative dehvery routes include recml. oral
(en. tablet. spray), buccal, sublingual. vaginal. topical,
transdermai or transcutaneous, intranasal. ocular. aural. pul-
monary or other mucosal adnunjstmtion. Intradermal and
intramuscular administration are two preferred routes. Injec-
uon may bc via a ncedlc (e.g. a h)podcrnuc needle), but
needle-free injection may alternatively be used. A typical
intramuscular dose is 0.5 ml.

1'he invention may be used to elicit systemic and/or
mucosal lnununity, preferably to chcll im enhanced syslnnic
andlor mucosal imnlunity.

Dosage can be by a single dose schedule or a multiple
dose schedule. Multiple doses may be used in a printery
imnnmisation schedule and/or in a booster immunisation cii

schcdulc. In a muluplc dose schcdulc thc various doses may
be given by the same or dlfierent routes e.. a parenteral
pnme and mucosal boost, a mucosal pnme and parnlteral
boost, etc Multiple doses will typically be administered at
least I week apart (c.g. about 2 wcchs, about 3 weeks, about
4 weeks, about 6 weeks, about 8 weeks, about 10 weeks,
about 12 weeks. about 1(i weel s, etc.). In one embodiment,
multiple doses nlay be administered approximately 6 weeks,
10 weeks and 14 weeks afier birth, e.g. at an age of Ci weeks, co
10 wccks and 14 weeks, as ollen used ul ihe World Health
Organisation's Expanded Progmm on Inununisation
(*'EPI"). In an alternative embodiment, two pnmary doses
are administered about two months apart, e.g. about 7, 8 or
9 weeks apart. follolved by one or more booster doses about
6 months to I year after the second primary dose, e g. about
6. 8, 10 or 12 months after the second primary dose. In a
further embodunent„ tllree primary dosec are administered
about iwo months apart, c.g. about 7, 8 or 9 wcmks apart,
followed by onc or morc booster doses about 6 months lo I o

1'cilr afier ihc third prnuary dose, c.. about 6, S. 10, or 12
nlonths after the third printery dose
(ienencl

The practice of the present invention will employ. unless
otherwise indicated, conventional methods of chemistry, ls
biochemistry. molecular biology, lmmunologv mid phamla-
cology, within thc skill of the arl. SuCh techniques arc
explained fully ln thc hteraturc. Sce. c, rcfcrcnccs 34-40,
etc

'Hie term "comprising" encompasses "including" as well io
as "consistin *'.g a composition "comprising" X may
consist exclusively of X or may include something addi-
uonal e.g. X+Y.

lite tenn "about" ul rclanon lo a numerical value x is
optional and means, for cxamplc, x 10'/k sc

1'he v ord "substantially" does not exclude "completely"
e g. a composition which is "substantially free" fnlm Y may

16
bc completely Ibec Ibom Y. Whcrc ncccssary, thc word
"substantially'* may be onlitted from the definition of the
ulven non.

References to chatge, to cationc, to anions. to xwitterions,
etc . arc taken al pH 7.

11 R3 is the I'oil-like receptor 3 It lc a single nlembrane-
spaiufing receptor wluch pLays a key role in the innate
inlmune systenl Known TI R3 agonists include poly(I ( )

"TLR3" is the approved HGNC name for the gene encoding
tlus receptor, and its uruquc HGNC ID ls HGNC. 11849. The
Reigeq sequence for the human TLR3 gene ls Cil 2459625.

TLR7 ls the Toll-hke rixcpior 7 It is a single mcmbrimc-
spanning receptor which plays a key role ln the innate
imnnulc system. Known TLR7 agolusts include c g. imiqui-
mod. "11.87" is the apprmed ll(iN('ame for the gene
encoding this receptor, and its unique HCiNC ID ic HGNC:
15631. I'he Refgeq sequence tilr the human 'I'I,R7 gene is
Cik Ci7944638.

TLRS ls the Toll-hke rixcpior S It is a single mcmbrimc-
spaiuung receptor wlfich plays a I ey role ln the innate
imnnulc system. Known TLR8 agonists include c.g. rcsiqui-
mod. "11.RN" is the apprmed ll(iN('ame for the gene
nlcodlng this rimiptor, and iis unique HCiNC ID is HGNC.
15632. Thc Rclgeq scqucnce for thc human TLRS gcnc is
(il'203021 (15.

'I'he Rl(i-I-like receptor ("RI.R") family includes various
RNA helicases which pLay key roles in the innate immune
system as disclosed in reference 41. RLR-I (also known as
RICi-I or retinoic acid inducible gene I) has two caspace
rccrultmcnt domauls near its N-tcnnulus Thc approvcxI
HGNC name I'or lhe gene encoding ihe RLR-I hclicasc ls
"DDX58" (for l)EAI) (Asp-(ilu-Ala-Acp) box polypeptide
58) and the unique I I(iN('D is I l(iN('' I ') 102. 1'he Refgeq
sequence for the human RI R-i gene is (ii 77732514
RLR-2 (also known as MDA5 or melanoma dlfierentiation-
associated gene 5) also has two caspase recruitment domains
near ils N-tcmunus. The approved HGNC name for thc cnc
nlcodlng thc RLR-2 hchcasc ls "IFIHI" (I'or ultcrl'cron
induced v ith helicase C domain I ) and the unique I 1(iN('l )
is 11(iNC INN73 'I'he Refgeq sequence for the hulnan
RI,R-2 gene is (il 27N865/17. RI R-3 (also known as I,(ip2
or laboratory of genetics and physiology 2) has no caspace
recnutment domains. The approved HCiNC name for the
gene nlcodlng the RLR-3 hclicase is '*DHX58" (for DEXH
(Asp-Glu-X-His) box polypcptldc S8) and thc unique
I 1(iN(.'l) is I 1()N(129517 The Refgeq sequence for the
hlunan RI,R-3 gene is GE149408121.

PKR is a double-stranded RNA-dependent pmtein kinase
It plays a key role in the innate itmnune system. "E]FZAK2"
(for eukaryotic translation initiation factor 2-alpha kinase 2)
is thc approvixl HGNC name filr thc gnle cncodul tlus
cnz)'alex and Im uuliplc HGNC ID m HCiNC.9437. Tho
Refgeq sequence for the human PKR gene is (il:208431825

BRIEF DESCRIPTION OF DRAWINGS

FICi I shows a gcl with stained RNA. Lanes show (I)
markers (2) naked replicon (3) rephcon after RNase treat-
ment (4) rap)icon encapsulated in lipocome (5) liposolne
after RNase treatment (6) liposome treated v ith RNase then
subjected to phenol/chloroform extraction.

FICi 2 is an clcmlron nncrograph of liposomcs.
FICi 3 shows ihc structures ol'LinDMA, DLcnDMA

and DODS IA.
ill(i 4 cholvs a gel lvith stained RNA I.anes show (I)

markers (2) naked replicon (3) rephcon encapsulated in
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liposomc (4) liposomc treated with RNasc then sub)outed to
phenolichlorofornt extnsction

11Ci 5 shows protein expression at days I, 3 and 6 after
delivery of RNA as a vinon-packaged replicon (squares), as
naked RNA(diamonds). or in liposomes (+W.l pg. x=1 It ).

FIG. 6 shoivs protein expression at days I, 3 nnd 6 after
dehvcry of lbur diflbrcnt doses of hposomc-mtcapsulatcd
RNA.

FI(i 7 shows anti-li Ig(i titers in animal ~ rcceiviug
virion-packaged replicon (VRP or VSRP), I pa naked RNA, to
and I pg liposome-encapsulated RNA

FIG, 8 shows anti-F IgCi titers in animals receiving VRP,
I Itg naked RNzk, and 0.1 ttg or I Itg liposome-encapsulated
RNA.

FIG. 9 shows ncutralising antibody titers ui tmimals
receiving VRP or either 0.1 po or I pg liposome-encapsu-
lated RNA

11Ci 10 shows expression levels after delivery of a
replicon as naked RNA (circles), liposome-encapsulated
RNA(triangle & square). or as a lipoplex (inverted triangle). zo

FIG. 11 shows F-spimilic IgG titcrs (2 wimks afier second
dose) aflcr delivery of a rcphcon as naked RNA (0.01-1 pg),
liposome-encapsulated RNA (0 01-10 pg), or packaged as a
virion (VRP, 10 infectious units or IU).

FI(i 12 shows Izspecihc Ig(i titers (circles) and PRN'I'iters

(squares) after delivery of a rap)icon as naked RNA (I
Itg), liposonte-encapsulated RNA (0.1 or I ttg), or packaged
as a iirion (VRP, 10 IU). Titcrs ui itaive mice arc also
shown. Solid ines show gcomctric means.

11Ci 13 shows intracellular cytokioe production after so

restimulation with synthetic peptides representing the major
epitopes in the li protein, 4 w:eeks after a second dose. 'I he
y-sxis shows the % cytokine+ of GD8+CD4—.

FIGS. 14A and 14B show F-specific lgG titers (mean
logic tltcrs std dcv) over 63 days (FIG. 14A) mid 210 days is
(FIG. 14B) after inmiunisation ol'calves. The tlucc lures are
easily distinguished at day 63 and are, from bouom to top
P13S ne ative contmk liposome-delivered RNA: and the
"'1 rien le 1" product

FIG, 15 shows SEAP expression (relative intensity) at day so
6 against pKa of lipids used in the liposomes. Circles show
les els Ibr liposomcs with DSPC. and squares lbr liposomes
without DSPC, sometnues a square mid circle overlap,
leavuig only thc square visible Rir a given pKa.

11Ci 16 shows anti-li titers expression (relative to i(VOI,
100'/) tv o iveeks after a first dose of replicon encoding li

protein. The titers are plotted 3 ainst pKa in the smne way
as in FIG, 15. The star show~ RV02. ivhich used a cationic
lipid ltaving a higher pKa thim the other lipids. Tnanglcs
show data for liposomcs lackui DSPC. circles are for o

liposomes which included DSPC.
FI(i 17 shows total Ig(i titers after replicon delivery in

liposomes using, fmm left to right, RVOI. RV16. RVI7,
RV18 or RV19. Bars show means. The upper bar in each
case is 2wp2 (i.e. 2 v eeks after second dose). ~heraus the z.

lower bar is 2wpl.
FIG. 18 shows IgCi uters ui 13 groups ofnucc. Each circle

is an individual mouse, mid solid lines show geometric
means. 1 he dotted honzontal line is the assay' detection
lintit 'I he 13 groups are. from left to right, A to M as io
described below

FIGS. 19A and 19B show IL-6 (FIG. 19A) and IFNtz
(FIG. 19B) (pgzml) releases) by pDC. There arc 4 pmrs of
bars. from lefi to nght: contmi, tnuuumsixi v,ith RNA+
DOTAP, inununiscd with RNA+hpofcmuunuie; and inunu- ss
nised ivith RNA m liposontes In each pair the black bar is
wild-type ntice, grey is rsql mutant

,401 B2
18

MODES FOR CARRYING OUT THE
INVI tN'I ION

RNA Replicons
Vanous replicons are used below. In general these are

based on a hybrid alphaviruis genome with non-structural
proteins from venezuclmt cquinc cncephalius virus (VEEV),
a packaging signal lbom sindbis virus, and a 7 UTR from
Sindbis virus ore Vill!V nnitant The replicon is about 10 kb
long and has a poly-A tail

Plasniid DNA encoding alphavinis rephcons (named
pT7-mVEEV-FL.RSVF or A317t pT7-mVEEV-SEAP or
A306, pSP6-VCR-GFP or A50) served as a template for
synthesis of RNA ui 3 itro. Thc rcphcons coutaui the alpha-
virus gmictic elements rcquircd lbr RNA replication but luck
those encoding gene products necessary for particle assem-
bly; the stmctural proteins are instead replaced by a protein
of interest (either a reporter. such as )I:AP or (ilip, or an
inununogen. such as hdl-length RSV F protein) and so the
replicons are incapable of inducing the enemtion of infec-
tious particles. A bactcnophagc (T7 or SP6) promoier
upstream ol'he alphai irus cDNA facilitates the synthesis of
the repiicon RNA in vitm and a hepatitis delta virus (I Il)V)
ribozyme immediately downstream of the poly(A)-tail gen-
emstes the correct 3uend through its self-cleaving activity

Folloiving linearization of the plasmid DNA downstream
of the HDV ribozyme with a suitable restnction endonu-
c lease, run-ofl'ranscnpts werc syntlmsizcd in vitro using T7
or SP6 bactcnophagc dern cd DNA-dependent RNA poly-
merase. I'ranscriptions ivere performed fiir 2 horns at 37'
in the presence of 7.5 mM f1 7 RNA polynterase) or 5 mM
(SP6 RNA poiymerase) of each of the nucleoside triphos-
phates (ATP. CTP, CiTP and UTP) following the instructions
provided by the manufacturer (Ambion). Following tran-
scnption the tcmplatc DNA was digcstcd with TURBO
DNasc (Ambion). 11ie rcplicon RNA was prcctpitatcs) widi
LiCI and reconstituted ui mmlcasc-lbcc water. Uncapped
RNA was capped post-transcriptionally ivith Vaccinia Cap-
ping linzyme (VCII) using the Script('ap m7Ci Capping
System (Epicentre Biotechnologies) as outlined in the user
manual, repiicons capped in this is ay are given the "v'* prefix
c g. vA317 is thc A317 replicon capped by VCE. Post-
transcnptionally capped RNA was precipitated with LiCI
slid rcconstltutcsl ill Illlclcasc-floe water. lllc collcelltratloll
of the RNA samples ives determined by nteasuring ODz«„„„
Integrity of the in vitm transcripts was confirmed by dena-
turing a arose gel electrophoresis
Liposomal Encapsulation

RNA was encapsulated in liposomcs made by thc method
of rcfhrcitci 3 11 and 42. The liposomcs werc made of 10%
DSPC (zwiucnonic). 40/o DLinDMA (cationic), 48% cho-
lesterol and 2% Pii(i-conjugated l)M(i (2 kl)a Pl i(i). I'hese
pmportions refer to the "/s mules m the total liposome

DLinDMA (1.2-dilinoleyioxy-N.N-dimethyl-3-amino-
propane) was synthesized usin the procedure of reference
6. DSPC (1,2-Diastcaroyl-sn-glyccro-3-phosphocholmc)
was purchased from Gcnzymc. Cholcstcrol was obtatncsi
from Sigma-Aldrich. PEG-conjugated DMG (1,2-dunyns-
toyl-sn-glycero-3-phosphoethanolamine-N-[methoxy(poly-
ethylene glycol), ammonium salt). 1)O'I'AP (1,2-dioleoy1-3-
trunethylanunonium-propane. chlonde salt) and DC:-chol
(3(3-[N (N',Nudimethylaminoethane)-carbamoyl)choles-
terol hydmchloridc) werc from Avauti Polar Lipnls. 1.2-
dimynstoyl-rac-glyccro-3-mcthoxypolycthylene glycol was
obtauicd I'rom NOF Corporauon (catalog RGM-020).

13riefly, lipids were dissolved m ethanol (2 ml). a RNA
replicon was dissolved in buffer (2 ml, 100 mM sodium
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citrate, pH 6) and these werc nuxoxl with 2 ml of bufli:r
fiilloived by I hour ofequilibration 'I'he mixture was diluted
with 6 ml buifer then filtered. 'I'he resulting product con-
tained liposonies, with -95%v encapsulation efficiency

For example. in one particular method, fresh lipid stock
solutions is ere prepared in ethanol. 37 mg of DLinDIvLM
11.8 mg of DSPC, 27.8 mg of cholesterol and 8.07 m of
PEG-DMG werc weighed mid dissolved ui 7.55 mL of
ethanol I'he freshly prepared lipid stock solution was pently
rocked at 37" (1 for about 15 min to form a homogenmis Io

niixture Then, 755 01, of the stock was added to I 245 ml,
ethanol to make a v orlung lipid stock solution of 2 mL. Tlus
aniount of lipids was used to form liposomes w:ith 250 pg
RNA. A 2 mL w orlung solution of RNA was also prepared
from a stocl solution of — I Itg')IL ui 100 mM citratc bufli:r
(pl I 6). 1 hree 20 ml. plass vials (with stir bars) were nnsed
with RNase Away solution (Molecular 13ioproducts) and
washed ivith plenty of MiiliO water before use to decon-
taminate the vials of RNases. One of the vials was used for
the RNA working solution and the others Jiir collecrin the io
lipiii and RNA nuxcs (as descnbed later). Thc v,orkmg lipid
and RNA soluuons werc hcatcd at 37'. for 10 min bcfiire
being loaded mto 3 cc luer-lok syringes 2 ml, citrate bufl'er
(pil 6) ives loaded in another 3 cc syringe Syringes con-
taining RNA and the lipids were connected to a 'I'uxer
(PEEKs a 300 iun ID junction. Idex Health Science) using
FEP tubing (fluorinated ethylene-propylene: all FEP tubing
used has a 2 nun intcmal dimnetcr anil a 3 mm outer
diamctcr). The outlet from thc T nuxcr was also FEP tubing.
'I'he third syringe containinp the citrate bufl'er was connected io
to a separate piece of liEP tubing All syringes were then
driven at a flow rate of 7 ml,/min using a syringe pump. 'I he
tube outlets were positioned to collect the mixtures in a 20
mL glass vial (wlule stirring). The stir bar was taken our and
Ilia clllailol/aqui:oos solo(lull was illkiwcil Iu equilibrate Iu is
room temperature for I h. 4 ml of thc mixture was loaded
into a 5 cc syringe, wluch was coiuiccted to a piece of FEP
tubing and ui another 5 cc syringe connected to an equal
length of I'IIV tubing, an equal amount of 100 mM citnste
bufl'er (pH 6) was loaded. The two syringes were driven at so
7 mL/min flow mote using the syringe pump and the final
mixture collected in a 20 mL glass vial (wlnlc stirring).
Next. Ihe mixture collcctcd fmm Ihe second mixuig step
(liposomcs) werc passixl tluough a Mustmig (2 mcmbranc
(an anion-exchange support that binds and reinoves anionic
molecules. obtained from Pall Corporation) 13efore usinp
this membrane for the liposomes. 4 mL of I M NaOH. 4 mL
of I M NaCI and 10 mL of 100 mM citrate buffer (pH 6)
acre succcssivcly passed tluough it. Liposumes were
wamied Ibr 10 min at 37'. bcforc passuig IItrough the o

mcmbranc. Next, liposomcs were coimentmtcil to 2 mL and
dialyzed against 10-15 volunies of I xVI3) using by taapen-
tial flow filtration before recovering the final product 1 he
TFF system and hollow fiber filtration membranes v.ere
purchased from Spectnnn Labs (Rancho Dominguez) and s.
acre used according to thc mamifacturer's guideluies. Puly-
sulibne hollow liber Jiltration mcmbrancs with a 100 kD
porc size cutofl'nd 8 cm suri'ace arcs were uscrL For in2

vitm and in vive experinients formulations were diluted to
the required RNA concentration ivith I xVJ38 so

FIG. 2 shows an example electron microyaph of lipo-
somes prepared by these methods. These liposomes contain
encapsulated RNA encoding liill-length RSV F imtigen.
Dynamic light scattcnug oi'nc batch showml an storage
dirunctcr of 141 iun (by intensity) or 78 mn (by number). ss

1'he percentage of encapsulated RNA and RNA concen-
tration were determined by geant-i'I'ibo(ireen RNA

rciigcllt kit (Iltviliogi:Il). follow'llig lilatlilfai:Itlli:I s lllstlxic-
tions. 11ie ribosomal RNA standard provided in the kit was
used to generate a standard curve. I,iposonies were diluted
10x or 100x in I x I'I i bufl'er (from kit) befiire addition of the
dye. Separately, liposomes were diluted 10x or 100x in
I xTE buffer containing 0. 3% Triton X before addition of the
dyc (to disrupt thc hposomcs and thus to assay total RNA).
Thereaficr an cxiual atnount of dyc was added to imch
solution and then -I Q) Vl, ofeach solution after dye addition
was loaded in duplicate into a 96 well tissue culture plate
1'he fluorescence (I tx 485 nm, Iim 528 nm) was read on a
microplate reader. Afl liposome formulations v ere dosed in
vivo based on the encapsuLated amount of RNA

Encapsulation ui liposomes was shown to protect RNA
from RNase digcsuon. Expenments used 3.8nzAU oi'Naac
A per niicrogram of RNA. incubated for 30 niinutes at room
temperature RNase was inactivated with Vroteinase K at
55" G. for 10 niinutes A I I v,'v mixture of sample to
25:24: I v/v/v. phenokchloroform:isoamyl alcohol was then
added to extract the RNA front the lipids into the aqueous
plmsc. Smnplcs werc mixed by I ortcxing for a fi:w seconds
and then placed on a ccntrii'uge for 15 minutes at 12 k RPM.
1'he aqueous phase (containin the RNA) was removed and
used to mialyze the RNA Prior Io loadinp (400 np RNA per
mell) all the samples were incubated with fornialdehyde
loading dye, denatured for 10 minutes at 65'. and cooled
to room temperature. Ambion Millennium markers were
used Iu approximau: ihe molecular wmght of Ihe RNA
construct. The gcl was run at 90 V. Thc gel was stauicd usuig
0 1% SYIIR gold accordion to Ihe mamifacturer's guidelines
in water by rocking at mono temperature for I hour I'l(i I
shows that RNase completely digests RNA in the absence of
encapsulation (lane 3). RNA is undetectable after encapsu-
Lstion (lane 4). and no change is seen if these liposomes are
treated w ith RNasc (lmic 4). Afier RNase-trcatoxI liposomcs
are subjcctcd to phenol cxtracuon, undigested RNA is semi
(lane 6) Even after I wack at 4'. thc RNA could be semi
without any fragmentation (I'IG 4, arroiv). Vmtem expres-
sion in vive ives unclmn ed after 6 weeks at 4" (1 and one
freeze-thaw cycle. Tints liposome-encapsulated RNA is
stable.

To assess in vivo cxprcssion of the RNA a rcponcr
mizymc (SEAP, secrctcii all elute phosphate ac) was micodod
iu Ihc rcpl icon, rather tluui on umnunogen. Expression Icvcls
v ere measured in sera diluted I 4 in Ix Vhospha-I ipht
dilution buffer using a chemiluminescent alkaline pliospbate
substrate. 8-10 iveek old BALB/c mice (5/youp) were
in)ected intranniscularly on day 0„50 Iil per leg v ith 0.1 II
ur I pg RNA dose. 11ie same vector wus also athnuusteroxl
without Ihc liposomcs (in RNase free lxPBS) at I pg.
Virion-peel agcxI rcphcons were also tcstcd. Virion-pack-
aged replicons used herein (referred to as "VRVs") ivere
obtained by the methods of reference 43. where the alpha-
virus replicon is derived front the mutant VEEV or a
clumera derived front the genome of VEEV engineered to
contain thc 3'TR of Sindbis virus and a Sindbis virus
packaging signal (PS). packaged by co-clectroporating them
into BHK cells with defcctne helper RNAs cncoduig thc
Sindbis vinis capsid and glycoprotein genes

As shovni in Iil(i. 5. encapsulation increased )I IAV levels
by about Mi log at the I Vg dose. and at day 6 expression
from a 0.1 Iig encapsulated dose matched levels seen with I

ug unencapsulatmi dose. By day 3 expression levels
excixdcd those achici ixi with VRPs (squares). Tlnis
expressed incrcascd when Ihc RNA was formulatoxI in Ihe
liposomes relative to the naked RNA control, even at a 10x
lower dose I ixpression was also higher relative to the VRV
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control, bul the kinetics of expression werc very difl'crmll

(see FICi. 5). Dehvery of the RNA with elecuoporarion
resulted in increased expression rclativc lo the naked RNA
control, but these levels were lower than with liposomes.

To assess whcthcr lhc cffi:ut scca in thc liposomc roups
was due merely to the liposonle components. or 9 as linked
to the encapsulation. the replicon v:as aihninistered in
encapsulated form (lvith two different purification protocols,
O.l pg RNA), or nuxed v ith the liposomes after their

I I I

formation (a non-cncdpsulalcd '*lipoplex", 0.1 Vg RNA), or
as naked RNA (I gg), FICi. 10 shows that the lipoplex ave
Ihe lowest levels ol cxprcssion. showuig lhal shows mlcap-
sulation is essential for potent expression

In vivo studies using liposomai dchvcry conlinncd these
findin s Mice received vmious coinbinations of (i) self-
replicating RNA replicon encoding full-length RSV F pro-
tein (ii) self-replicating (iiip-encoding RNA replicon (iii)
(iliV-encoding RNA replicon with a knockout in nsp4 which
eliminates self-rephcatlon (iv) fufl-lenbrth RSV F-protein. 13

groups in total received

syncytial virus (RSV). Tins was dclivercd naked (I Vg).
encapsulated in liposomes (0.1 or I gg). or packs ed in
virions (10 IU: "VRP") al days 0 mid 21. FIC) 2 shows
anti-ii ig(i titers 2 weeks after the second dose and the
llposolltcs clcallv cllhdllct: llnlnullogclllcll)i FIC). 8 shows
titers 2 v eeks later, by which point there was no statistical
difl'erence between the encapsulated RNA at 0.1 u . the
encapsulated t(NA at I VB, or the VRV group. Neutralisation
titers (measured as 604o pLsque reduction, "PRNTGO'*) were
nol significantly difii:rani ul lhcsc flucc groups 2 w Imks aller
the second dose (FICi. 9). FIG. 12 shows both IgC) and PRNT
titcrs 4 wccks aficr lhc second dose.

ill(i 13 confirnls that the RNA elicits a mbust ('i kg 'I'ell
ri:spollsc.

liurther experinlents conlpared lnspecitic Ig(i titers in
mice receiving VRP, O.l pg liposome-encapsulated RNA. or
I Vg liposoine-encapsulated RNA. 'I'iter nstios (VRV lipo-
some) at various times after the second dose were as follows:
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B
(

D
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u
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ut I pos orna

i&1)g

nfl 

). en &psulated
ut I pos orna
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31&

3s

Results ui FICi. 18 show that F-spcciiir. IgG responses
rixpnred encapsulation in Ihc liposomc rather )him merc
co-dclivcry (compare groups C Gn D). A companson of
gmups K, I and M shows that the RNA pnlvided an
adjuvant etfect against co-delivered protein, and this efl'ect
was seen itith both replicatin and non-replicarin RNA

Further SEAP experiments showed a clear dose response
in vivo, with expression scen after delivery of as hlllc as Ing
RNA (FICi. 6). Further experuncnis comparing expression o

from encapsulated and naked rephcons indicdlcd that 0 01

ug encapsulated RNA was equivalent to I Vg ofnaked RNA.
At a 0.5 u. dose of RNA the encapsulated material gave a
12-fold higher expression at day 6: at a 0.1 )Ig dose levels
lucre 24-fold higher at day G. &s

Rather than looking at average levels m the group, uidi-
I lduiil Bllllnills werc also suxlicd. Whcl mes scvcldl Blllnlals
werc non-respoudcrs lo naked ruT&icons, micapsulalion
eliminated non-responders

1'urther experiments replaced 1)l.ioDMA with [X)1AV. Io
Although the DOTAP liposomes gave better expression than
naked replicon. they were inibrior to the DLinDIILA lipo-
somes (2- lo 3-fold ddlbrencc al day I). )Vhcrcas DOTAP
has a qudlcmary aminc& and so have a positive charge at the
poult of delu cry, DLIBDivLA has a icruary mnine. ss

1'o assess in vivo imnlunogenicity a replicon ives con-
structed to express full-length I'rotein fnlm respiratory

t& I &Ig

I pp

9
& 3

I 9
ii 9

I I

il 9

Tlute the liposome-encapsulated RNA induces essentially
thc same magtutudc ol'munune rcsponsc as scen with vinon
delivery.

Furllmr experiments showed supcnor F-spccilic IgG
responses with a 10 V dose, equivalent responses for I Vg,

and 0.1 pg doses, mid a lower rcspomc w lib a 0.01 Vg dose.
I I(i ll shows Ig(i titets in Inice receiving the replicon in
naked form at 3 different doses. in liposomes at 4 diflbrent
doses, or as VRV (10s IU) The response seen w:ith I Vg,

liposome-encapsulated RNA was statistically insignificant
(ANOVA) when compnrcd to VRP, but thc lughcr response
seen v ith 10 Vg liposonle-encapsulated RNA was statisti-
cally significant (pxfi 05) when compared to both of these
groups.

A further study confimled that the 0.1 )Ig of hposome-
mlcnpsulatml RNA gave much lnghcr anti-F IgG respormcs
(15 days post-second duse) tluul O.l Vg of dehvcrcd DNA.
and cvcn was morc inununogmnc thmi 20 pg plasmul DNA
encoding the F antigen. delivered by electmporation (lil-
gentat l)NA Delivery System, Inovio)

A further study ives performed in cotton rats (Sigmodon
)usptdis) instead of mice. At a I pg dose liposome encap-
sulation incrcascd F-specilic II G titers by 8.3-fold comparuxi
to rmked RNA and uicrcascd PRNT titers by 9.5-fold. The
magnitude ol lhc antibody response was cquivalcnt lo Ihal
induced by 5xlfis IU VRV. 13oth naked and hposome-
encapsulated RNA were able to protect the cotton rats from
RSV challenge (I x10'laque filrming units). reducing lung
viral load by at least 3.5 logs. Encapsulation increased the
reduction by about 2-1'old.

A large-animal study was performed in cattle. Cows werc
immuniscd with 6G Vg of rcplicon encoding full-length RSV
li protein at days 0 and 21. filrmulated inside liposomes. F138

alone was used as a negative contml, and a licensed vaccine
v as used as a positive control ("Trian le 4** from Fort
Dodge. containing killed virus) FICi. 14 show F-specific
IgG titcrs over 63 day and 210 day penods, rcspimtively,
starting ffom the lirsl inununisaliou. The RNA replicon was
lllllllilllogcnlc ill lllc cow s. Iillhiiugh ll gave low cl illa'Is Illall
the hcensed vaccine All vaccinated cows showed F-specific
antibodies afler the second dose. and titers were very stable

BioNTech-Pfizer Exhibit 1309 
BioNTech SE and Pfizer Inc. v. ModernaTX, Inc. IPR2023-01358 

Page 36 of 46



23
US 11,766,401 B2

24
from thc penod of 2 to 6 weeks aller thc second dose (and
stere particularly stable for the RNA vaccine).
Mi:clraulsul ol Acuon

Bouc marrow dcnved dcndriuc cells (pDC) werc obtained
from wild-type mice or Ilm "Rcsq" (rsq1) mutant strain The
uurtiiul stlaul hiis II pohlt nlUIallon iit Ihc anuno li:nuuuls of
its '11.R7 receptor which abohshes 'I'I,l(7 signalling v ithout
affecting ligand binding as disclosed in reference 44. 1he
cells were stimulated with replicon ICNA tilnnulated v ith in

DO'I'AP. Iipnfectamine 2000 or inside a lipnsoine As slxown

in IIICiS. 19A and 19B. 11,-6 and INI'II, respectively, v ere
induced in WT cells but this response was almost completely
abrogated in mutant mice. These results shows that TLR7 ls

required for RNA recognition in immune cells. Bnd that
liposome-encapsulated replicons can cause immune cells to
secrete high levels of both interferons and pro-infliunmatory
cvtokulcs.
pKB Mcasurcment

lllc pKa ol' hpld ls measured ul water at s!andard
tculpcI'Iinui: aud pri:SSUIC Usulg lhi: Iiillowulg li:chnlqUc:

2 mM solution ol'pld In ctlranol ls prepared by w elglung
thc lipid aud dlssolvulg ul clhBBOI. 03 UIM soliltlou of
tluorescent probe 6-(p-toluidino)-2-naphthalenesulfo-
nic acid ('I'NS) in ethanokmethanol ') I is prepared by
first nlaking 3 mM solution of 1'N) in methanol and
then diluting to 0 3 nIM with ethanol

Ii)
An aqueous buffer containing sodium phosphate. sodlunl

citrate sodium acetate and sodium chloride. Bt the
concentrations 20 mM. 25 mM, 20 mM and 150 mM,
respectively. is prepared. The bufler is split into cleft
parts and the pH adjusted either with 12N HCI or 6N I'aOH

to 4.44-4.52, 5.27. 6.15-6.21, Ci.57, 7.10-7.20,
7.72-7.80. 8.27-833 and 1047-11.12. 400 pL ol'2 mM
hpid soluuon and 800 pL of 0.3 mM TNS solution are
ul I scil. 40

7 5 pL of probe/lipid nnx areaddixl to 242 5 pL of buflbr
in a I mL 96 well plate. Tlus ls done will all eight
bufli:rs. Aflcr nuxing, 100 pL of each probe/hpld/buflbr
mixture is transferred to a 250 pl, black v ith clear
bottnm 96 ivell plate (eg model COS1AIC 3904,
( oi'iong). A convenient wav of pci'folnillilg thlB nllxhlg
is to use the 'lecan (ienesis RSP150 high thrnughput
liquid handler and (iemini Sofnvare

Fluorescence of each probe/lipid/bufler mixture is mea- '"
sured (e.g, with a SpectmsMax M5 spectroplmtometer
and SoflMax pm 5 2 software) with 322 run excitation,
431 nm emission (autn cutoff at 420 nm).

After the measurement, the background fluorescence ss
i slue of an empty well on thc 96 well plate is sub-
tracted from each probe/hpid/butfer mixnire. The fluo-
rescence intensity values are then normalized tn the
I slue al lowest pH. Tlm nornmlizod fluorcsccnce in!an-
ally is then plotted against pH and a line ol bes! Iit is SC

provided.
'Ihe point nn the hne of best fit at which the normalized

fluorescencc lntensuy Is equal to 0.5 is filund. Thc pH
corlcspoudhlg 10 uolluallzixl fliliircsccni:e hlu:usllv
equal to 0 5 is found and is considered the pKB of the
lipid.

This method gives a pKa of 5.8 for DLuiDMA Thc pKB

values measured by this method Ibr cationic hpids of
reference 5 are included belnw

Encapsulation ln Llposomcs USIU Altcrnanvc Cauoluc
Lipids

As an altcmauve to using DlinDMA, thc cauonic hpiih of
rcfcrcncc 5 arc used. These fipids can be syntlmslscd as
disclosed in reference 5.

Thc hposomes fonncd above usulg DhuDIILA are rcfctrcsi
to hcreaftcr as lhc "RV01" scnes. lite DhnDhLA was
replaced with various cationic lipids in series '*RV02" to
"RV)2" as described belov. 1wo ditferent types of each
liposonle v;ere formed, using 2% Pl:CI2000-DMCI ivith

either (01) 40% nf the cationic lipid. 10% DSP(1 and 4ffr'II

cholesterol, or (02) 60% of the cationic hpid and 3ffr'II

clxllesterol finis a comparison of the (01) and (02) lipo-
somes shows thc clfect ol'he neutral zwittcnonic lipid.

RV02 liposomes were made using the follow ing cationic
lipid (pKa&9, without a tertiary mnine)

RV03 liposomcs werc made usia thc followulg cauoluc
lipid (pKa (i.4):
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26
Rsr04 liposomes werc made using thc following cationic

lipid (pKa 6 62).
RV06 liposomcs werc made usia thc followuig catioiuc

lipid (pKa 5.86).

RV06 liposomes were made using the follow ing cationic
lipid (pKa 7.27):
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28
Rsr07 liposomes werc made using thc following cationic

lipiil (pKa 6.gi.

Rs 'OS liposomes ivere made using, the follow ing cationic
lipid (pKa 5.72l.

RVOO liposomes were made using the followin carionic
lipid (pKa 6.07):
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Rsr)0 hposomes werc made Rir companson using thc

followuig cationic lipid (pKa 7.86):

RV) 1 liposomes werc made usuig the lhllow ing cationic
lipid (pKa 6.41).

GU.:
Rsr) 2 liposomes werc made using thc following cationic

lipid (pKa 7);
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RV16 liposomes werc made using lhc following cationic
lipid (pKa 6.1) as disclosed in reference 45:

-continued

lipid «4*.» SRAP Stxl'V

pK: /. (pdl) . Ial ea 6, I d:! 6

RVII (i!2l 641
RV12 if il) 7

RVI2 (ii I 7

139 i0198)
135 7(0 lail
158 3 i0.287)

7. 71 8 1872
788 6! I I!

694 78 8 82

0

RV17 liposomes were made using the followin cationic
lipid (pKa 6 I) as disclosed in reference 45

0

Lpd ea ap SLAP SLAP
pxa Z! Ipdll salaries da! I da! 6

R(01 (01!
8( 01 (0
8( 0 (01!
RV! 2 ti 2j
RVf (f I j

RV! ti 2j
RVf 4 (f I j

RVi!4 Ii!

RV05 ipl)
RVi!6 fi!

R(06 (01!
R(06 (0 !

R(07 (01!
R(07 (0 !

RVr 8 ir ij
RVru (r

RVr 9 ir ij
RVru (r

Rvlo (Oil
RVI!l i02)
RVI I (r! II

-!
64
64
6 62
6 62
5 85

7 7
7 7

68
68
I 72
I 7!
6 I!7

6 fl7

786
786
641

154 6 (i! 1311

16 i! (fi 134)
13 9(f!01 I

134 6 ((I fl82)
ISS 'I (0.21 )
164 ((i 145)
I 'll 0 (0.145)
134 6 (0 1171
164 0 IO 1621
177 8 (0 1171

I I 6 f) li! Is!!)
13.6 .'f! 1641
140 6 lfi 184)
138 6 (f! 1221

176 7 ((i 185)
19! I (0.191)
165 3 ((!169)
17! I (0.157)
129 7 li! 1841
147 6 IO 1311

129 - li! 1861

9 5

96 5

97.6
6

74 i!

f1 1.5
760
7 2. 8

98
74 9

7

(i!
46 3

7 2.

7 8.4
8i! 9
71

ia!9 711
l!X! 10(i

!7 4 7

54. 43
65 7 449
62. 39 7
01 154 8

9!14 142 6

i69 . 91(
6.1 79
2 ! I 4
48 231

26! 163
97 748

76.5 187
824 329 8

65.1 453 9
68 658 2

113.4 47 8
is " 10 4

113.6 42

RV18 liposomes were made using DODI(Laf. RV19 lipo-
somes werc made using DOTMA, Imd RV13 liposomcs
were made with DOTAP, both havillg a quaternary arnine
hcadgroup.

1'hese liposonles!vere characterised and v ere tested v ith
thc SEAP rcportcr dcscubed above. Thc following table
sho!vs the size of the liposomes ()'verage and polydisper-
sity index). the "/4 of RNA encapsulation in each liposome,
to ether with the SEAP activity detected at days I and 6

after injection. SEAP activity is relative to "RV01(02)**
liposomes mmlc from DlulDMA. cholesterol and PEG-
DMG:

ill(i 15 plots the SNAP levels at day 6 against the pKa of
I I I the cationic lipids. The best results are seen where the lipid

has a pKa between 5 6 and 6.Y. and ideally between 5.6 and
63

Thcsc hposomes werc also usexl to dchver a rephcon
encoding full-length RSV F protein Total IgCI titers against
F protein two 3(ceks after thc Iirst dose (2wpl) arc pic(taxi
against pKa in FI(i 16 'I'he best results are seen where the
pKa ls whcrc the canonic lipid has a pKa bctwccn 5.7-5.9.
but pKa alone is not enough to guarantee a high titer e.g the
hpld nulsl sull suppol1 llposoute forulauon
RSV Inimunogenicity

Further vvork vvas carried out with a self-replicating
replicon (vA317) encoding RSV Ii protein IIAI,IJ/c mice. 4
or 8 animals per group, were given bilatemsl intramuscular
vaccinations (50 F.l, per leg) on days 0 and 21 with the
replicon (lp g) alone or formulated as liposomes with the
RV01 or RV05 lipids (see above, pKa of 5.8 or 5.85) or with
RV13 The RV01 hposomcs had 40/4 Dlu&DIVLW, 10%
DSPC, 48% cholcstcrol and 2'/4 PECi-DMG, bul with dila

30 fenng amounts of RNA 'I'he RV05(01) liposomes had 40'r'(i

cationic lipid, 488! cholesterol. 10"/4 l)SP(L and 2'r'(i PE(i-
l)M(i; the RV05(02) liposonles had 60% catlomc lipid, 38%&

cholesterol. and 2% PEG-DMCJ. The RV13 hposomes had
40% DOTAP. If%4 DPE, 48% cholesterol and 2% PECI-

is DMG. For companson. naked plasmid DNA (20 pg)
expressing thc smne RSV-F antigml was dchvercd either
using clcclroporauon or with RVOJ(10) hposomes (0.1 g
DNA). I!our mice!vere used as a na'ive control group

I,iposomes were prepared by method (A) or nlethod (13)
40 Jn method (A) fresh lipid stock solutions ln ethanol were

prepared. 37 mg ofcationic lipid. 11.8 mg of DSPC, 27.8 mg
of cholesterol and 8 07 mg 01'EG-DMCJ werc weighaxi and
dissolved ul 7.55 mL ol'ctlninol. Thc freshly prepared hpid
stock solution was gently rocked at 37'. for about 15 min
to form a homogenous mixture 1 hen, 226 7 ui, of the stock
v as added to I 773 ml ethanol to make a working lipid
stock solution of 2 mL. This amount of lipids was used to
form liposomes saith 75 pg RNA to give an 8: I nitrogen to
phosphate ratio (except that ul RV01 (08) and RV01 (09) this

0 rauo was modliicd lo 4:I or 16.1). A 2 mL working soluuon
of RNA (or, Ihr RVOI(10), DNA) was also prcparcd I'rom a
stock solution of — I gg,'gl, in 1(X) mM citrate butfer (pl I 6)
1'hree 20 rnl, glass vials (with stir bars) were rinsed!vith
RNase Away solution (Molecular Jdioproducts) and washed

n. with plenty of MilliQ water before use to decontaminate the
vuils of RNascs. Onc of (hc vials was used I'or lhc RNA
working solution and the others for collccung thc hpld and
RNA nuxcs (as dcscribcd later). Thc w orlung hpal and RNA
solutions were heated at 37'2 fi)r 10 min before being,

(0 loaded mto 3 cc syringes. 2 ml of citrate buffer (pl I 6) was
loaded in another 3 cc syringe Syrin es containing RNA
and the lipids were connected to 0 T mixer (PEEK™ 500 )un
JD )unction) using FEP tubulg. Thc outlet from thc T nuxer
was also FEP tubulg. Thc flurd syringe containing the citraie

65 bullbr was conncclcd lo 0 separate piece of FEP tubing. All
syringes were then driven at a flow mate of 7 nil./min using
a syringe pump I'he tube outlets were positioned to collect
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Zs 'V

tttttt) pdl cocapsolatfos Prcparattoo

3&

RVOI I iol
RVOI f/)Sl
RVDI ID&I

RVOI f/)91

RV&f1 &01)

RV(t I I) 2)
RV&ft & 1&0

RV13 IL)2)

1&8 6

116 8
I')6 I
11'I 2

148
177 2

I 'ts 7

I 83

t) L)88

0 144
t) I '16

0 067
At 7
0 136
A 147
0 179

90 7
886
99
767
t!Lt 6
72 4
t(7 8
97

(A)
(A)
(8)
(A)
LA)

tA)
LA)

tA)

Serum wns collected for antibody analysis on days 14. 36
dnd 49. Splccns were harves)cd from nucc at day 49 for T
cell aildlv'618.

Ikspecific sentm Ig(i titers ((iM I') were as folio&vs

RV

Naked DNA plasoud
Naked A317 RNA

RVA) I i)))
Rvtu (tu)
RVA) If)'1)

RVtu (t)9)
RV01 (01)
Rvo& ((nl
RVOI 00)

Dl A
RV13 Itl

Da, 14

437
78

)2t)

1)&6
961

Dai 36

6 12
2291

2617&)

972(
49& 7

luo
I 46
691

I)
60

1110 proportion ol'T cells which arc cytokmc-positive and 6&

specihc for RSV 1151-66 peptide are as f(illows. shov ing
only hgures which are statistically significantly above zem

the nnx)urea ui a 20 mL glass vial (wiuic stirrin ). Thc stir
bar &vas taken out and the ethanol/aqueous solution was
aflowcd to cquilibratc )o room temperature Ii)r I hour. Then
the mixture Ives loaded in a 5 cc syringe„&vhich v as fitted
to a piccc of FEP tubing and ui anoihcr 5 cc syringe with
equal lenath of ltl:P tubing, an equal volume of 100 ntM
citrate buffer (pH 6) was loaded. The two syringes were
driven at 7 ml./niin flow rate using a syringe pump and the
final mixture collected in a 20 mL glass vial (&vhile stirring).

) I )

Next, liposomes were conccn)rated to 2 mL and dialyzcd
against 10-15 volumes of 1xPBS using TFF before recov-
cnng thc final product. 11)e TFF system and hollow fiber
filtration membranes were pmchased from Spectrum I.abs
and werc used according to thc mmiufacturer's guidelines.
Poiyethersulfone (Pl:S) hollow: fiber filtration membranes
(part number P-Cl-100E-100-0 IN) with a 100 kD pore s)ze
cato tf and 20 cms surface area were used For in vitro and
in vivo experiments„ fomndations vvere diluted to the
rtxpnred RNA concentration with lxPBS. 20

Preparation method (B) differed in two ways from method
(A). Firstly, aflcr collection in the 20 mL glass vial but
before 'I I)it concentration, the mixture was passed through a
Mustang Q mcmbrnnc (an aiuon-exchange suppor! Ihal
binds and removes anionic molecules. obtained from Pall
Corporauon, A)m Arbor, Mich.. I ISA). Tins mcmbrmtc was
lirst washed with 4 mL ol' bi NaOH. 4 mL of I M NaCI
and 10 mL ol'00 mM ci)rate buflcr (pH 6) in turn, and
liposomes were warmed for 10 min at 37" ('etiire being
filtered Secondly. the hollow fiber filtration membrane was
Polysulfone (part number P/N: X IAB-100-20P).

The Z average particle diameter, polydispersity index and
encapsulation efficiency of the liposomes were as follows:

('04 + ('Ds— &'D4 — ('Dtl +

RV II'V'f IL2 ILS TNI u II 8( IL ILS TNIu

I eked DNA plasm& t
I sked A317 RNA
RL'I) I ( If))
R&f)1 (f)tlt
RL'L)l (f)s)
RVO)ffu!
RVOS (&f1)

RVO

RVO) (10) DNA
RVI" (f&2)

D f)4 f) (tt
0 (&4 A 01
02&7 0.)f
O.t)2

OJLS. 0.12
L&06 I 08

(sos I 07

DD3 f) 04

0 10

I) A8

I) 11

I) 06
I) I

0 Os

0 11

0 f)6

7 029 (&66

0 67 0 23 0.67
I 0 f)19 I

f)46 I) 0 t) I

190 f)6tl )94
I 61 0 67 I 71

0 06 0 f)4 L).19

064 03( A69
L).08

116 041 118

Thus the liposome founulations sigrnificantly enhanced
iinitluilogeilicily rclnlivc 10 Ihi: )ink(:d RNA ctiiitmls. I)s

deternnned by increased l(-specihc Ig(i titers and 'I'ell
frcxlucnctcs. Plasmid DNA Ibrmulatcd wi)h liposomes, or
delivered naked using eiectmporation, was significantly less
inununogenic than liposonte-fornutlated self-replicating
RNA.

The RVOI and RV05 RNA vaccines were more imnnmo-
gcnic than thc RV13 (DOTAP) Iaccuic. Thcsc formulations
hnd comparable physical chamctenst)cs and were formu-
lated w i)h thc same self-replicating RNA, but flmy conuiin
ditTerent cationic lipids I(VOI and IRV05 both have a tertiary
anunc ui thc hcadgroup with a pKa of abou) S.g, Imd also
include unsaturated alkyl tails RV13 has unsatmated alkyl
tails but its headgroup has a quaternary amine and is very
stmagly cationic. 'I'hese results suggest that lipids Ivith
tertiary amines with pKas in the range 5.0 to 7.6 are superior
to hpids such as DOTAP, which arc strongly cationics when
used in a liposome delivery system for RNA.
Further Al)emativcs to DLu)DMA

'I'he cationic lipid in RVOI liposomes (l)f,inDMA) was
rcplaccd by RV16, RV17. RVI S or RV19. Total lgG utcrs arc
shown in FI(i 17. 1'he lo&vest results are seen with l(VI &) i.e
the DOTb IA qua)emery amino.
l31 I K I(xpressinn

Liposomes with different lipids were )ncubnted with BHK
cells nvernight and assessed for protein expression potency
From 0 baseiine with RV05 lipid expression could be
iucrcascd 1gx by adduig 10% 1,2-diphytanoyl-sn-giyccro-
3-phosphoethanolamine (DPyPE) to the liposome. 10x by
adding 10%a 18.2 (cis) phosphatidylcholinc. and 900x by
instead using RVOI.
RSV Inuuunogenicity ui Difli:rmtt Mouse Strauw

l(epiicon "vA142" encodes the full-length wild type sur-
face fusion (F) glycoprotein of RSV but with the fusion
peptide deleted, and the 3'nd is formed by ribozyrne-
mediated cleavage. It wns tested in three different mouse
st&au)8

BALB/c mice &vere ivan bilateml intramuscular vacci-
ne)iona (50 PL pcr lcg) on clays 0 and 22 Animals werc
divided into g test groups (5 animals per group) and a na'ive

control (2 anunals).
(iroup I &vere given naked replicon (I pg)
Crroup 2 were given I pg replicon del)vered in liposomes

"l(VOI(37)" vvith 40% DlinDMA. 10% l)SP(', tg%
Choi. 2% PEG-conjugated DMCi

Group 3 werc given (hc same as group 2, bu) a) 0.1 g
RNA.

Group 4 werc given I )tg 107)icon in "RV17(10)** 1)po-
somes (40%o IRV17 (see above), 10'%SP(1 49.5%
cholesterol, 0 5/o Pl((i-l)M(i)
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Group 5 merc I pg rephcon ui "RVOS(11)" liposomes
(40%o RV07 hpid, 30% 18:2 PE (DLoPE. 28% choles-
terol, 2ogo PEG-DMCi).

Ciroup 6 were given 0 I g replicon in ")3VI 7(10)" lipo-
soniex

Group 7 merc g)vmi 5 g RSV F subunit protein adjuvanted
with alumin)um hydrox)dc.

Ciroup 8 v ere a naive control (2 animals)
Sera )vere collected for antibody analysis on days 14. 35

and 49. F-specific sennn IgCi CiMTs were: I I I

,401 B2
36

At day 35 F-sp(uilic IgGI and IgG2a tlters (GMT) acre
as follows:

fr( I . 4 5 6 7

IeGI 66 47 14 I 8 468 92 (6 (8 79
leon) 2170 7685 )V 5 6161 1573 2944 35 14")

)3SV senun neutralizing antibody titers at days 35 and 49
werc as follows (data are 60)go plaque rcduct)on neutraliza-
tion titers of pools of 2-5 mice. I pool per group)

D;) I 4 6 7 8

14 8 2463 1789 2496 1171 129 I 93
1518 '14181 2(605 23579 13718 8887 7lfttl9

ISO 6 7

I GI 94 6238 4836 74 8 88 1817 8604
Isozo 5386 77064 59(!84 33749 14437 17624 24

At (hsy 35 I(-specihc Igfil and lg(i2a titers ((IM'f) v ere
as follov s:

20

~;) I

35 ' 7 29 " 36 ~ A 28 :20 -20
49 .:2A 44 3A 23 36 :29 33 .2)i 37

Splccns mere hamesicd al day 49 for T cell analysis.
Avemsge net F-specific cytokine-positive 'I'ell frequencies
(1'DS+) were as follows. shov ing only figures which were
statistically significantly above zero (specific for RSV pep-
tides F85-93 and F249-258):

Dov I 2 3 4 6 7 8

35 -.2A 143 A l(u 'v ill -20
49 -'iu 139 '' u 8" 41 " lov9 :20

RSV serum neutralizing antibody ulers at days 35 a)xi 49
were as ti)llows (data are 60%o plaque reduction neutraliza-
tion titers of pools of 2-5 mice, I pool per group):

ul
04
I 21
I 01
I 26

13
0
0 0)

01
0 3

026
0 2"

0 70

0 19

('D4 (' 8 +

8 - lsta
A '17

I 0
0 77
9 93

I

tl 49

3(

Splcens merc harvcstcd al day 49 for T cell analysis.
Aieragc nel F-spec)fic cytokuic-positive T cell Ibcqucnclcs
((1&14 or ('Dg+) were as follows. shov;ing only figures
which were statistically significantly above zero (specihc fi)r
RSVpeptides F51-GG, F164-178. F309-323 for CD4+. or for so

peptides F85-93 and F249-258 for CD8+);

07

Nine groups of C3H/iqeN mice mere immunised in the
same ivay. F-specific IgCi titers (CiMT) were:

~ ) I 3

CD4+ CDS— CD4 — CD8 + 14 049 1666 1102 298 984 3(l) ( 806
3 I 277 4 19008 17693 3424 6100 6=)7 ( 17 49

(m vp Itxl u 2 8 I sita Iten)'. 8 Inta

I ( t)3 tl06 fl 08
2 (O OIO 0 AS

v()3 AU7 (I 96
4 AV( VA9 0 07

v()3 A vs (I 97
6 Uf 007 f) 07
7 00
8.

u47 0 9
13( A

0 64 031
117 06.
0 65 028
0)4 U16
(l04 ( 04

0 48
I ll
061
109
o)s
0 66

At day 35 luspecific 10Cil and lgfi2a titers (CiM'I') were
as

f(111ows'r(

I

IeGI ( I'I 3 17t) ll 136 34 SD14 189
Ieo ) 302 136941 8424 67385 l(667 27085 3telt! 727 7

C57BL/C) mice were inumlnised in the same m:ay, but 0 9th 5.

group recco ed VRPs (1x10 IU) cxpressuig lhe lull-length
mild-type surface fuslou glycoproleui of RSV (fus)on pep-
lnlc ilch:lion).

Sera )vere collected for antibody analysis on days 14. 35
/G 49 luspecific Igfi titers (CiM'I') were 60

lxw I 2 ! 4

RSV senun neutralizing antibody titers at days 35 and 49
v ere as follows:

D(r I 2 4 ( 6 7 8 9

' 539 60 6 u)l 9( 443 (I )
49 .: 2V 45( 296 35 82 125 1148 '. 0 387

Thus llucc difii:rent liplds (RVOI! RV05, RV17: PKa 5.8,
3\ I )I 537 ' 84 3882 9 2 409 9 I 121 ') 6( 5 85, 6. I ) werc tcstcd ui tlucc difierent inbred mouse strains.

I(or all 3 strains l(VOI was more effective than RV17: ti)r
13AI,I3/c mid 6'3) I strains IRV05 was less etfectlve than either
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RV01 or RV17, but i& was more cllimt&ve in B6 strmn. In all
cases, Iu&wever, the liposomes were more effective than two
canon&c nmlomnuls&ons wh&ch were tcstcd u& parallel.
( MV Immunogen&city

RVOI liposomes w&th DLBIDMA as &hc cat&onic hp&d

were used to deliver RNA replicons encoding cyton&egalo-
virus (CMV) glycoproteins. The "vA160" repiicon encodes
full-length lycoproteins Ii and I (gll/gi,), whereas the
"vA322'* replicon encodes a soluble form (gHsol/ L) The

111
two pro&cuts arc under thc control uf separaIc sub e&x&mic

pron&oters m 0 sin le replicon; co-administration of tv o
separate vectors. one encoding gH and one encoding gL. did
not g&vc good results.

BALB/c mice, 10 per gmup, were g&ven bilateral intra-
Imuscular vaccinauons (50 PL per lcg) on days 0. 21 and 42

with VRPs expressmg SI I/gi, (I x10 'U), VRPs expressiag
ilsoi,'gl. (Ix10 IU) and PI3S as the controls 1'wo test

groups received I g of the vA160 or vA322 repl&con
formulated in liposomes (40% DlinDM.'k, 10% DSPC, 48%

20('hol, 2%v PECi-DMCI; made using method (A) Bs discussed
aboi C. but with 150 pg RNA batch s&ze).

11&c IA160 1&posomcs lrad a Zav ditunc&er ol'68 nm, 0

pdl of 0.144. and 87 4% encapsulation 'I'he vA322 lipo-
son&es had a Zav diameter of 162 nm, a pdl of 0 131. and
90%v encapsulation

The replicons were able to express two proteins from a
single vector.

Sera werc collix&cd for umnunolog&cai m&alys&s on day 63
(3wp3). CMV neutral&zat&on 1&ters (thc rcc&procal of the

ulsenun dilution producing a 50'&'I& reduction in nun&ber of
positive virus foci per well, relative to control ~ ) v ere as
follows:

3&
pu's&. P&i& I v&

sus& VXP su. 1st VXP &0 & &0.

393 4240 Ic&00

RNA expressing e&ther a full-length or a soluble form of 40

the ( MV gll/gl con&plex thus elicited high titers of neu-
tralizing antibodies, as assayed on epithelial cells 'the
average titers elicited by the liposome-encapsulated RNAs
were at least as hi h as for the corresponding VRPs.

It w &11 bc undcrs&ood tha& the invenuon 1ms bcml descubcd
by way 01'xample only and modiiications may be made
wtlllst renuunlug w&ttl&n ttlc scope Bud spu'It of&hc Invent&on.
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Thc inven&ion clu&mcd &s:

I A ale&bod ol chcluug Iul uunluuc response Bgaulsl Bn

&nuuunogcn ul 0 human or 0 cow, &hc ale&bod conlp&lsu&g.
administering to the lnunan or the cow an immunologi-

cally effective unit dose of a founulat&on comprising;
RNA molecules comprising a sequence that encodes

the inununo en: and
lip&ds comprismg a tertiary Bm&nc cat&o&uc lip&d, 0

polycthylenc glycol-conjugated (PEG-conjugated)
1&p&d, and chutes&erol; and

wherein the lipids encapsulate at least half of the RNA
molecuies and the imnume response against the inunu-
no en comprises an antibody response l ainst the
inununogen.

2 Thc mc&hod of claun 1, wherein tlm adnunis&cnn &s &o

thc huuuul.
3 The method of claun 2. where&n thc PEG-conjuga&cxt

lipid comprises a Pl i(i that has a nlolecular weight of 20(X)
Daltons
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4. Thc method of claim 2, whcrcui fiie PEG-conlugated

lipid is a 1,2-dimyristoyl-rac-glycero-3-inethylpnlynxyeth-
ylene glycol

5 the methnd of claim 2, wherein the RNA molccules
further comprise a '3'oly(adenosine monophosphate) (poly
(A)) tail.

6. Thc method oi'laun 5, wherein Ihc RNA molcmulcs
further compose a S'ap mid a S Iirst nbonuclcotidc. and
wherein the 5'ap is linked Sxto-S to the 5'irst ribonucle-
otide. Ill

7 1'he method of claim 6, wherein the 5'irst ribonucle-
otide comprises a 2nmethylated ribose.

8. The method of claim 7. wherein the lipids comprise
fronl 35 Inolc !o to 50 nlolc % ol Ihe choh:sterol.

9. Thc method oi'laim 7. Uhercul thc lipids ciilnpl1sc I

fmm 40 nlole % to 60 mole gtr of the tertiary amine cationic
lipid.

10. 'I'he method of claim 7, wherein the tertiary antine
cationic lipid has a pK„ from 6.07 to 7.6: whereby the pK„
is determined at standard tempemsture and pressure by the IB

IOIIOV 'Illg.

(I) aihnixulg 400 pL of 2 mM of the tertiary araine
cationic hpid that is in ethanol and 800 pl, ilf 0.3 nlM
of fluorescent probe 61-(p-toluiditni)-2-naphthalene-
snltimic (TNS), which is in 90 volume % ethanol and
10 volume % methanol, thereby obtainiilg a lipid/TNS
tulxturc'I

(2) adnuxing 7.S pL of Ihe hpnl'TNS mixture and 242 5

uL of a Iirst buflbr consisting csscnlially of a sodnun
salt butTer consisting of 20 mM sodium plxlsphate. 25 so

nlM sndium citrate, 20 mM sodium acetate. and 150
nlM sodium chloride, w:herein the first buifer has a pl I

from 4 44 to 4 52, wlfich has been adjusted with 12N
hydrochloric acid or 6N sodium hydroxide. thereby
oblmning a Iirsl mixture, mid dispmlsulg 100 PL iif lhc Is
Iirsl mixture ul a I i rat w cl I oi' 96 well plate, w luch has

clear bottom:
(3) aihnixin 7.5 pl of the lipid/'I'NS mixture and 242 5

ul, of a second buffer consisting essentially of the
sodium salt buffer, wherein the second bufler hns a pH sc
of 5.27. which has been adjusted with 12N hydrochlo-
ric acid or 6N sodium hydroxide, thereby obtauun a
second mixture, and dispcnsulg 100 pL oi'ile scxond
Inlxllllc hl a sccolul well of lhc'. 96-well plBIc'I

(4) admixiim 7 5 pl of the lipid/'I'NS inixture and 242 5

pl, nf a third buffer consisting essentially nf the sodiunt
salt buffer, wherein the third bufler has n pH of fmm
6.15 to 6.21. v hich has been adjusted with 12N hydro-
chloric acid or 6N sodium hydroxide, filercby oblmning

third mixture, and dispcnsulg 100 pL of the tlurd o

IUIBIUIC hl 11 third wCII Of lhc'. 96-well plBIC'I

(5) aihnixin 7.5 pl of the lipid/'I'NS mixture and 242 5

ul, of a fourth buffer consisting essentially of the
sodium salt buffer, ~herein the fourth bufler lms a pH
of 6.57. which has been adjusted with 12N hydrochlo- ss
ric acid or 6N sodium hydroxide, thereby obtauun a
fourth mixture. and dispcnsul 100 pL oi'lm fourth
nnxlurc in a fourth well of Ihc 96-well plate,

(/I) admixiim 7 5 pl of the lipid/'I'NS inixture and 242 5

pl, of a fifth buffer consisting essentially of the sodiunt io
salt buffer, wherein the fifth buffer has a pH of fmm
7.10 to 7.20. v hich has been adjusted with 12N hydro-
chloric acid or 6N sodium hydroxide, filercby oblmning

Iiffh nuxlurc. and dispcnsm 100 pL of Ihc Iiflb
mn«urc in a Iifih well of the 96s well plato; ss

(7) aihnixin 7.5 pl of the lipid/'I'NS mixture and 242 5

ul, of a sixth buffer consisting essentially of the sodiunt

salt bufli:r. whcrcm lhc sixth buflbr has a pH of I'rom

7.72 to 7.80. which has been ad)usted with 12N hydro-
chlonc acid or 6N sodium hydroxide, thereby obtainuig
a sixth mixture, and dispensing 100 pl. of the sixth
nuxturc in B sixth well of Ihc 96-well plate,

(8) admixing 7.5 pl. of the fipidfl'NS mixture and 242 5

pL of a seventh bufl'er consisting essentially of the
sodium salt butTer, wherein the seventh buffer Ims a pl I

of from 8.27 to 8.33, which has been adjusted with 12N
hydrochlonc acid or 6N sodium hydroxide, thereby
obtaining a seventh nlixture. Bnd dispensing 100 pl of
thc scvcnth nuxuirc m a scvmlth well oi'he 96-well
plate:

(9) admixing 7.5 pL of the lipid/TNS mixture and 242.5
pi of an eighth buffer consisting essentially of the
sodium salt bufl'er. wherein the eighth buffer has a pH
of from 10.47 to 11 12, ivhich has been adjusted with
12N hydrochloric acid or 6N sodium hydroxide,
thcrcby obtaiiung Bn eighth mixture, and dispensulg
100 pL of the eighth mixture in an eighth well of the
96-well plate;

(10) measuring the absohite fluorescence at a wavelength
of 431 nm w ith an cxci tauon w Bvclcngth oi'322 iun and
a cut-otT beloiv a wavelength of 420 nm of each of the
ftlst Ihrollgh Clghlh wcllS illxl Bll clllply'CII Of lhe
96-well plate;

(11) subtracting the absolute fluorescence of the empty
v ell from each of the absolute fluorescences of the first
through eighth wells. thereby obtaining a blank-sub-
tracted fluorcsccnce for each of tlm Iirst tluough eighth
mixtures;

(12) normahsutg each of thc blank-subtracted Ihiorcs-
cences nf the firrt throu h eighth ntixtmes to the
bhug.-subtracted fluorcsccncc of thc Iirst nuxlurc.
thereby obtaining a relative tluorescence for each of the
first tluough eiptth nlixtures. the relative fluorescence
bemg I fnr the firrt mixnire:

(13) obtaining a line of best fit of the pHs of the tirst
throilgh eighth bUflbls vcrsUs Ihc I'cspccllvc rchlllvc
fluorescences of the first tluough eighth mixtures; and

(14) dctcnnincd Ihe pK, as the pH on the linc oi'est Iit
at which a relanvc fluorcsccncc of 0.5 is obtained.

11. 'I'he inethnd of clainl 10, ivherein the PI KI-conjugated
lipid is a 1.2-dimyristoyl-rac-glycem-3-ntethylpolyoxyetli-
ylene glycol.

12. The fbmndation of cLaim 10, wherein the tertiary
anunc cationic hpid has B pK„ from 6.07 Io 7.0

13. lllc method of clmm 7, w lu:rein thc inununc response
aginnst Ihc immunogcn Iiirther compnscs a cell-mcdmied
inunune response against the immunogen

14. 'I'he method of clainl 2. wherein the lipids further
comprise 1,2-distearoyl-sn-glycem-3-phosphocholine.

15. The method ofclaim 14, wherein the PEG-conjugated
lipid comprises a PEG that has a mohxular weight of 2000
DBltons.

16. The method oi'claim 14. wherein the RNA moleculcs
further comprise a 3'oly(A) tail

17 1'he method of claim 16. wherein the RNA molecules
further comprise a 5'ap and a 9 first nbonucleotide. and
v herein the 5'ap is linked 5xto-5'o the 5'irst ribonucle-
oudc.

18. llic method oi'lmm 17. whermn the 5'irst nbo-
nuclcotulc compnscs a 2nmcthylatcd nbose.

19. 'I'he method of clainl 18. Ivherein the lipids comprise
from 35 mole % to 50 mole %B of the cholesteml
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20. Thc method of claun 18, whereui thc terliary aminc
cationic lipid has a pK„ from 6 07 to 7 6: ivhereby the pK,
is detemlined at standard temperature and pressure by the
fiillolving,

(I) admixing 400 pL of 2 mM of the tertiary ainine
cationic lipid that is in ethanol and 800 pL of 0.3 mM
of TNS, which is in 90 volume i'o etlmnol and 10
iohuui: % uli:lhanol, therebv ilblaullug a hpld/TNS
inlx tui'c;

(2) aihnixin 7.5 pl of the lipid/'I'NS mixture and 242 5

ul, of a hrst bufFer consisting essentially of a sodiunl
salt bufi'er consisting of 20 mM sodium phosphate. 25
mM sodium citmste. 20 mM sodium acetate. and 150
mM sodnun chloudc, wherein thc Iirsl butlbr has a pH
from 4A4 lo 4.52, winch lras bimn adtustcst with 12N
hydrochloric acid or 6N sodium hydroxide, thereby
obtainiim a hrst mixture, and dispensing 100 pl, of the
tirst mixture in a first well of a 96-well plate, which has
a clear bottom:

(3) adniixing 7.5 pL of the lipid/TNS mixture and 242 5

pL of a second blltli:I collslsllu cssi:ullillly'f thc
sodium salt butli:r, wherein thc second butlbr has a pH
of 5.27. Ivhich has been adjusted with 12N hydrochlo-
ric acid or 6N sodimn hydroxide, thereby obtainiag a
second nlixture. and dispensing 100 pl. of the second
mixture in a second well of the 96-well plate:

(4) aihnixing 7.5 pL of the lipid/TNS mixture and 242 5

uLof a tturd butlhr conslsun essentially of thc sodnun
salt butlbr, whcrcul the third bufii:r has a pH of from
6 15 to 6.21. which has been adjusted with 12N hydro-
chloric acid or 61N sodium hydnixide, thereby obtaining
a third mixture, and dispensing, 100 pl of the third
mixture in a third well of the 96-well plate:

(5) adniixing 7.5 pL of the lipid/TNS mixture and 242 5

pL ot' fourth butlbr consislulg essentially of the
sodium salt butlbr, whermn the Iiiurlh bull):r lms a pH
of 6.57. which has bccn adlusied wlfil 12N hydrochlo-
ric acid or 6N sodimn hydroxide, thereby obtainiag a
fourth mixture. and dispensing 100 pi of the fiiurth
mixture in a fourth v ell of the 96-well plate;

(6) aihnixing 7.5 pL of the lipid/TNS mixture and 242 5

uL of a Iifih butli:r consisting csscnlially ot'he sodnun
salt butt'cr, wherein thc tit'th bufii:r has a pH of from
7.10 to 7.20, which has bccn adlusled with 12N hydro-
chloric acid or 61N sodium hydnixide, thereby obtaining
a hfth mixture. and dispensing 100 pl, of the fifth
mixture in a fifth well of the 96-well plate:

(7) adniixing 7.5 pL of the lipid/TNS mixture and 242 5

pL of a sixth butli:r consistulg essentially ol'lhc sodnlm
sall bulthr, wherein thc sixth butler has a pH of from
7.72 to 7.80. which has been adl usted v, 1lh 12N hydro-
chloric acid or 6N sodium hydroxide, thereby obtainiag
a sixth mixture. and dispensing 100 pl, of the sixth
mixture in a sixth v ell of the 96-well pLate;

(8) aihnixing 7.5 pL of the lipid/TNS mixture and 242 5

uL ot' seventh butlbr consisluig essmltially of thc
sodium salt butli:r, whereui Ihe seventh bullbr tris a pH
ot'from 8.27 to 833, which has bcml adjusted with 12N
hydrochloric acid or 6N sodium hydroxide, thereby

10

obtaitung 0 scvcnlh nuxlurc. Snd dlspmislng 100 pL of
the seventh mixture in a seventh well of the 96-well
plIIIC;

(9) admixing 7.5 pl. of the hpid/I NS mixture and 242 5

uL ot'n eighth butt'cr consisting essentially of thc
sodium salt buffer, ivherein the eighth butFer has a pl I

of from 10.47 to 11.12, winch has been adjusted with
12N hydrochloric acid or 6N sodiuni hydroxide,
thereby obtaining an eighth mixture, and dispensing

111
100 pL ot'he eighth nnxlurc ul an eighth well of Ihe
96-lveli plate:

(10) mcasunng Ihc absolute tluorescencc at a wavelength
of 431 nin v ith an excitation lvavelength of 322 nm and

I
a cut-off below a wavelen th of 420 nm of each of the
first throu h eighth lvells and an empty well of the
96-welt plate;

(ll) subtracting thc absolute tluorescencc of thc empty
well from each ot'lhc absolute tluorcsccnces of thc first
through eighth wells. thereby obtaining a blank-sub-

20
tracted tiunrescence thr each of the first thniugh eighth
mixtures;

(12) nonnalizin each of the blank-subtracted fiuores-
ccnces ot'hc Iirst ltuough eighth mixtures to Ihe
bltutk-subtracted tluoresuencc of the tirsl nuxturc,
thcrcby obtauiing a relative tluorcsccnce for each of Ihe
first through eighth mixtures, the relative fluorescence
being I for the first mixture:

(13) obtaining a line of best fit of the pHs of the tirst
throuch eighth bufi'ers versus the respective relative
tluorcsccnccs of thc Iirst duough eighth nuxturcs, and

(14) dctcnnincd lhe pK, as the pH on the linc ot'est tit
at which 0 relauvc Iluorcsccncc of 0.5 is obtained.

21 I'he inethnd of claim 2(l. Ivherein the lipids comprise

is from 40 mole % to 60 mole %o of the tertiary amine cationic
lipid.

22. The method of claim 20, wherein the immune
response agauml Ihc mununogcn I'urthcr composes 0 ccll-
lucdlali:0 huluullc Icspollsc ilgalusl Itic uuuulllogcn.

23. Thc method ot'claun 20, whercul lhc PEG-conjugalcst
40

lipid is a 1,2-dinlyristoyl-rac-glycem-3-niethylpolyoxyeth-
vlcuc glyc(11.

24. The fomudation of claim 20, wherein the tertiary
amine cationic lipid has a pK, from 6 07 to 7.0.

25. Thc method of clmm 18. whereul thc lipids comprise
Ironl 40 nlolc % ni 60 Ilmle !o of Ihi: li:rtiary auunc canonic
lipid.

26 I'he inethnd of claim 14. Ivherein the lipids comprise
from 40 mole % to 60 mole %o of the tertiary amine cationic

,„ lipid.
27. The method of cLaim 14, wherein the PEI Kconjugated

hpld ts 0 1,2-dimyrisloyl-rac-glycero-3-mclhylpolyoxyelh-
vlcuc gl)'cot.

28. The method of claim 1. w hercul the RNA molcc utes
further comprise a sequence that encodes a rephcase, and thels
RNA molecules are self-replicating RNA nlolecules

29. The method of claim I, wherein the hpids comprise
from 35 mole '!o to 50 niole oio of the cholesterol.
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