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1

LIPID FORMULATIONS WITH
IMMUNOGENS

C)tOSS-IU,III!IU!Nt E I'0 R)!I,AI IID
APPLICATIONS

This application is a continuation of U.S. patent applica-
uon Scr No. 13/808 080. filed Ilier. 14, 2013, wluch is a U S.
National Phase of International Apphcation No. PCT/
US20111043105, filed .Iul 6, 2011 and published in I'.nglish,
which claims the beneht of U 8 Pnivisional Application No.
61,'361.830. hied .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

lhts uivenuou Is ui thc field ol'non-viral delivery of RNA
for lulllilllllultlorc

BACKGROUND

lhc delivery of nucleic acids for Immunisuig annnals has
bien a goal for scvcral years Venous approaChes lmve been
tested, including the use of DNA or DNA, 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 I ilcclucs.

DISCLOSURE OF THE INVENTION

According to thc Invention. RNA micoding im nnmuno-
gCO IS ib:livered ill II llpoSoillc iol 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 ncutrul or rcduccd surface cliarge, whereas a

lipid such as DOTAP I ~ strongly cationic. The uivmitors
luivc found that liposomcs fortucx) from qua/emery iuninc
lipids (e.g IX) I'AP) are less suitable fiir delivery of intmu-
nogen-encoding ItNA than liposomes formed from tertiary
amine lipids (e.g DLinDMA).

Tints the invention provides a liposome bavin a lipid
bi)aver micapsuluting an aqueous core. whcrcui. (i) the lipid
bi)aver composes u hpid having a pKa m Ihe rmige of 5.0 to
7.6. and prcfembly havuig a ternary mnine. and (ii) the
aqueous core includes a RNA which encodes an immtuio-

en. 'I'hese liposomes are suitable for in vive delivery of the
RNA to a vehebmte cell and so they are useful as compo-
nents in pharmaceutical compositions for immunising sub-
lccls agtliust vtlllous dist uses.

lhc uivention also provides a process for prcpanng a
RNA-contauung hposomc, compnsuig sIcps oil (a) nuxing
ttNA 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
liposonie-containing mixture to be above the lipid's pKa.

Tile llposoltle
Tile luvolitlotl utlllscs llposoillcs ill wllich luuuuuogcil-

cncoduig RNA Is encapsulated. Thus die 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

bien 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 disfinca from, for uistaucc, thc lipiiRRNA
cmnplexes disclosed in reference I

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

I it 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 lier exmnple. they may comprise
1,2-diluiolcyloxy-N,N-duncthy1-3-aminopropanc
(DI mDMA: pKa 5.8) anigor 1.2-dilinolenyloxy-N,N-dim-
ethyl-3-aminopropane (DLenDMA). Another suitable lipid
having a tertiary aniine is 1,2-dioleyloxy-N,N-dimethy)-3-
aminopropane (DODMA). See FICi. 3 8: reference 2. Some
of thc amuto acid lipids ol'rel'crencc 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. llius. In onc embodiment, lipo-
somes comprise a lipid compnsing a tertiary aniine 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. betwiun 5.G and
6.8. betv,een 5.6 and 6.3, behveen 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 lipids are charged, lymg halfway between the
point whcrc the lipuls 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-

to surement*k The pKa typically should be measured for the
lipid alone rather than 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 mther than
of thc uidivulual hptds).

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.v. behveen
30-70%, or bctw ccn 40-60/o. For instunce, u eel'ul liposomcs

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

11 A liposome may include an amphiplulic )tptd whose
hydroplulic portion is PEGylated (i.e. modified by covalent
attaclmicnt of a polycxhylcnc glycol) This modification can
iucrcasc stability and prcvmit non-spccilic adsorption of thc
liposonies For instance. )ipids can be conjugated to Pfiti

io using techniques such as those disclosed in references 6 and
7. PECi provides the liposomes vvith 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 Ihe

Si range 5.0-7.6. and a PEGylatcd surface. allows fiir cllicient
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, DLCIDICLA, PEG-DMG and chulcs-
terol is used in the examples. An independent aspect of the
invmltlon is a liposomc compnsulg DSPC, DLmD)vLA,
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,VA 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 diameterc50 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'IV by number should have diameters in the
r;mgc of 20-220 lun, (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 lbe lipo sonic/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 tlu: art c.g. scc reli:rcnccs 8 to lb. 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 purificatlon. Preferred liposomes of the so
invention are obtainable by this mixillg process.

Mu lng Process
As mcntioncd above, thc Invennon provxlcs 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 positively 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'.0 to 6.0, or ul the range of 5 0
to 5.5, c;m provide suitable hposomes.

lhc 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 ulto a suitable buffi: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 liposotnes. after which the pH can be
iucrcascd in step (b).

'I'he DNA
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 iltliuulli1gcn, aini 11 also causes inliuuilc cells to secrete
type I lnterferons and/or pro-inffanuuatory cytokines wlgch
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,'lthout uccdlilg 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 trauscnption 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 tnutslated thcmsclvcs to provide in situ
expression of an encoded inuuuno en. or may be transcribed
to provide Ihrthcr transcripts with Ihc same scuse as the
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 rcp)lusting activity la not requires)
for a RNA to provide an adjuvant effect, although it can
enhance post-transli:ction scmrctlon of cytokulcs Thc scllu
replicating activity is parnrnilarly 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 to give of a
rephcssc (or rcqtlicasc-transcriprase). Tile rcplicase Is tmns-
latcd as a polyprotcin which auto-cleaves lo provide a
replication complex which creates genomic stnsnd copies
of the +-strand delivered RNA 'I'hese stmsnd 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 to in situ cxprcswon of thc
immunogcn by the infected cell. Suitable alphavlrus rcqtli-
cons can use a replicase front a sindbis virus, a semliki fbrest
vinis, an eastern equine encephalitis viols, 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 natum) alphavirus genomes encode stnlctural
& irion proteins &n add&uou &o 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

1&icill, but not to tlm product&on of RNA-con&sining viwons.
The inability to produce these virions means that, unlike a
wild-type alphav&rus, thc sell&replicating RNA molecule
em&not perpetuate itself in infectious form '11&e alphavims
slrucnudl pliuculs whu:h arc accessary 10& 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 i&ltere8t. such that the subgenomic tra&1-

script encodes the immunogen rather than the structural
dlphdl lrus vu&ou proton&8. 20

Thus 0 self-replicating RNA molecule useful with the
invention may have two open readu& Iruncs. The Iirst (5')
open readina franle 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
Ict&dulg frau&ca c.g 10 cucodc lullhcl huuliulogcus (scc
belo&v) or to encode accessory polypeptides

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 500(j-25()00 nuclcot&des long 0 g.
8000-15000 nucleot&des, or 9(j()0-12000 nucleotides. Thus
thc RNA is longer tlrdn sixu u& siRNA delo cry.

A RNA nlolecule useful with the invention may have a S
cdp (c.g. Il 7-ulclhvlguBuosulc). 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-stmnded 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 &o TLR3, and tlus receptor cml also 0

be tilggercxl by dsRNA wiuch is Ii&nncd cl&I&er 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 syn&hcs&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 (dl&hough lhc rcplmon's
poly-A is usually encoded witlun &he DNA &mnpla&e). These
RNA polymcrases cau have stru& cnt rcxlulrclucnts for the si
transcribed 5'ucleotide(s) and in some embodiments these
requirements must be matched with the requirements of the

m&coded rcphcasc, &o 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-mc&hyluri-
d&nc), m6A (N6-mcthyladm&osu&e), s2U (2-0uounduic), Um
(2OO-methyluridine), nl1 A (I -methyladenosine); m2A
(2-methyladenosinej; Anl (2OO-nlethyladenosine);
ms2m6A (2-methylthio-N6-methyladenosine); i6A (N6-iso-
pentenyladenosine); ms2i6A (2-methylthio-
N6isopentenyladem&sine): io6A (N6-(cis-hydroxyisopente-
nyl)adm&osu&c), ms2io6A (2-mc&hyltluo-NG-(cis-
hydroxy&sopcntcnyl) adcnosiue): g6A (NG-
glycinylcarbamoyladenosine): t6A (N6-threonyl
carbamoyladenosine); nls2t6A (2-nlethylthio-N6-threonyl
carbamoyladenosine); m6tGA (NG-methyl-N6-threonylcar-
bamoyladenosine): lm6A (N6-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): m3 0 (3-methylcytidme): ( 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): m22CI (N2,N2-dimethylguanosine), m2Gm
(N2,200-dimethylguanosine): m22(im (N2,N2,2OO-trim-
ethylguanosine): (ir(p) (2OO-ribosylguanosine (phos-
phatej); yW (wybutosinek 02yW (peroxywybutosine);
OHyW (hydroxyv:ybutosine); OHyWB (undermodified
hydroxy&vybutosine): imG (&vyosine)t mimfi (methyl-
guanosinc), Q (qucuos&nc), oQ (cpoxyqueuosinc), galQ
(gallactosyl-qucuos&nc), manQ (maunosyl-queuosinc),
prcQo (7-cyano-7-deaxagum&osu&c); prcQ& (7-aminomc&hyl-
7-deaxaguanosinc); (i (archaeosine); D (dihydrouridine);
mSIJm (5,2OO-din&ethyluridine); 84U (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-oxyacc&ic acid), mcmoSU (undu&c 5-oxy-
accnc ac&d methyl cs&cr). HunSU (5-(cdrboxyhydroxym-
ethyljuridine)); mchmSU (5-(carboxyhydroxymethyljuri-
dine methyl ester); mmnSI.J (5-methoxycarbonyl
methyluridine): mcm5IJ&n (S-methoxycarbonylmethyI-2-0-
methyluridine): mcmS s2U (5-methoxycarbonylmethyl-2-
tluoundinc); nmS s2U (S-am&nomethyl-2-tluoundinc),
nuuuSU (5-methyl dnunomcthyluridu&e): nuunSs2U
(S-mc&hylaminome&hyl-2-thiouridu&c), r&um&S sc2U
(5-methylamiuomethyl-2-selcnouridinc); ncn&SU (5-car-
bamoyln&ethyl uridine); ncmSUm (5-carban&oylmethyl-20
0-methyluridine): cnuunSIJ (5-carboxymethylam&nomethy-
luridu&e): c&unmSUm (5-carboxymethylaminomethyl-2-L-
Omelhylund&nc), cnuuuSs2U
(5-carboxymcthylam&nome&hyl-2-tluouridu&e): m62A (N6.
N6-d&mcthyladcnosinc). Tm (200-methylu&Caine), m4C
(N4-methylcytidine); m4('m (N4,2-0-dimethylcytidine);
hn15(.'5-hydroxymcthylcjaidinc); m3U (3-methyluridine);
cmSU (S-carboxymethyluridine), m6Am (N6.T-O-dimeth-
yladenosine); m62Am (N6.N6,0-2-trimethyladenosine);
m2'7G (N2,7-d&methylgum&osu&e): m2'2'7CI (N2,N2,7-(nm-
cthylguanosine), m3IJm (3,2T-O-dimethylundu&c), mSD
(5-mc&hyldihydrourid&ne); f5Cm (S-Ihm&yl-200-mc&hylcy-
tidine), ml(im (1,200-dinlethylguanosine): m'Am (1,2-0-
dimethyl adenosine) irinomethyluridine); tm582U (g-tauri-
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nomclhy1-2-thioundinc)), unCJ-14 (4-dcmclhyl uanosuic),
im(i2 (iso uanosine), or ac6A (N(i-acetyladenosine). hypo-
xanthine, inosine, g-oxo-adenine, 7-substituted derivatives
thereof, dihydrouracil. pseudouracil, 2-thiouracil, 4-thimira-
cil. 5-antinoumocil. 5-(Cl-C6)-allyluracil. 5-methylnracil,
5-(C2-C6)-alkenyluracil, 5-(C2-C,)-allynyluracil. 5-(hy-
droxymcthyl)umcil, S-chlorouracil. S-tluorouracil, 5-bro-
mourocil, S-hydroxycytosinc, 5-(CJ-C6)-alkylcylosuie,
5-methylcytosine. 5-(('2-('6)-alkenylcytosine, 5-(G2-C'6)-
alkynylcytosme, 5-chlorocytosine. 5-tluorocytosine, 5-bro- la
ntocytosine. N2-dimethylguanine, 7-deazaguanine, 8-az-
aguanine, 7-deaza-7-substituted guanine. 7-deozo-7-(C2-
('6)alkynylguanine. 7-deaza-8-substituted guomne,
8-hvdioxvguaitiiic, 6-tliiognaiiiiic. 8-oxiiguiiiiiiic. 2-aiiti-
nopurinc. 2-anuno-6-chloropurutc, 2.4-diaminopunnc. 2.6-
diaminopurine. g-azapunne, substituted 7-deazopunne,
7-deaza-7-substituted purine, 7-deaza-8-substituted punne,
or an abasic nucleotide I'or instance. a self-replicating RNA
can include one or more modified pyrimidine nucleoboses,
such as pseudoundine and/nr 5-methylcytosine residues In zo

some mnbodimcnts, how cvcr, thc RNA uicludcs no modiiicd
iiuclcobiiscs, diid itid)'iicliidc iio itiodiiicd stitch:olidcs I.c.
all of the nucleotides in the RNA are standard A, (1 Ci and
U ribonucleotides (except for any 5'ap stnicture. which
ntay include a 7nmethylguanosine) In other embodintents,
the RNA may include a 5'ap comprising a 7nmerhyl-
guanosine. and the first I, 2 or 3 5'ibonucleotides may be
melhylaled at Ihc 2'osition of Ihe ribose.

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

embodiments it can contain phosphomomidate, phosphoro-
thioate, snit'or methylphosphonate linkages

Ideally. a liposome includes fewer than 10 different spe-
cies of RNA e . 5„4, 3. or 2 difihrent species: most
preferably, a liposomc includes a single RNA spccws i c. all ss
RNA molecules ut thc liposome have Ihe s mie sequmtcc 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 a50 e.g &20. &10, &5. or 1-4 per liposome do

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

pcpude inununogmi After adnunislralion ol Ihe liposomes
the RNA is translated in vivo mtd the mununogcn cmi elicit
an intntune response in the recipient. 11ie immunogen may
elicit an immune response against a bacterium. a vmis, a
fungus or a parasite (or. in some embodiment~. against on
allergen: ond in other embodiments, against a tumor anti-
gen). The inununc 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. vimol, fungal or pamosite (or allergen or
nnnour) polypeptide, but in some embodiments the poly-
peptide ntoy act as a mimotope to elicit an immune response s.
wluch recognises a bacteroil. 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 ntolecules can encode a single pnly- io
peptide inununo en or multiple polypeptides. Multiple
imnnmogens can be presented as a single polypepride inunu-
nogen (fusion polypcptidc) or as sepdralc polypeplides. If
immunogmis arc cxprcssed as scpardtc polypcplides then
orle or itiorc of llicsc iiiily'c'. pliividcd willi aii upslrcaiti Ss

IRI IS or an additioilal viral promoter element Altenlatively,
nniltiple imnninogens may be expressed fnlm a polyprotein

thol encodes uidniduol inununogmis fused to a shon mno-
catalytic protease (e.g foot-and-mouth disease virus 2A
pmtein), or as inteins

linlike references I and 14, the RNA encodes an inunu-
nogen. For the avoidance of doubt. the invention does not
encompass RNA vvhich encodes a firefiy luciferase or which
encodcs a fusion protein ol'. Co/i (1-gdlaclosidasc or wluch
encodcs a green iluorescent protein (GFP). Also, the RNA is
not total mouse thynnis RNA.

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

Ncisscna mcmngi/idis: usehd inununo ens include, but
are not limited to. mentbmone proteins such as adhesins,
aulotransporu:rs, loxins. iron acquisition protcuis, and
factor H binding protein. A combutntion of three useful
polypeptides is disclosed in reference 15.

,5'lrepiucuccus pnenniuiii 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-hexosaminidoase precursor (spr0057), spr0096,
Cieneral stress protein CiSP-781 (spr2021, SP2216),
scrinc,'threonine kuuisc SlkP (SP 1732), and pneumo-
coccal surface adhesin PsaA.

Slrcpiuiuccus/ivugeims usefiil immunogens include. but
me not lintited to, the polypeptides disclosed in refer-
ences 17 and lb.

Maraiella ca/arrhrr/is.
Bordctc//a per/assis: Useful pertussis inmtunogens

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

Siilpli)'loi'iii'i'Ur tfnvv'iis: Useful immunogens include, but
are not limited to, the polypeptides disclosed in refer-
ence 19, such as a hentolysin. esxA. esxB, ferrichrome-
buiduig prolcut (sta006) and/or thc sta011 lipoprotein.

Closiridiuin /etani. Ihe typical inmtunogen is tatamis
toxoid.

('urn) neoacierinm diphigeriae'he typical immunogen is
diphtheria toxoid

iiaemaphilus tndlucnzac; Useful immunogens mclude, but
are not limited to, the polypeptides disckised in refer-
ences 20 and 21.

Pscudumonas iicrugi nosa
5/re/z/acaccus age/arri ac: usci'ul inununogmis include.

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

C/i/anni dia /riichamaris: Usehd inmtunogens include, but
are not limited to. PepA, LcrE. ArtJ, DnaK, ('T398,
OmpH-like. L7/L12. OmcA, AloS, CT547, Eno, HtrA
mid MurG (c.g. as disclosed in rcfcrmice 22. LcrE os
dtsclosnl in refcrcncc 23 and HtrA as dmclosed in
reference 24 are nvo preferred imnlunogens.

C'/r/arnvdia/vncunn&niac Useful immunogens include, but
are not limited to, the polypeptides disckised in refer-
ence 25.

I/i //co/nrc/r r /IJ'/ar/. Usi fill iitiitiuiiogi its itic linlc, bul itic
not fimhcxt to. Cagk. MacA, NAP, nnd/or urcasc as
disclosed in rcfcrencc 26.

Esrherichiu iviii Useful immunogens include, but are not
limited to, immunogens derived from entemtoxigenic
E coii (ETE( ), enterooggregotive E co/i (EAggEG),
difi'usely adhering E. Cali (DAEC)„enteropatho enic E
co/i (EPEC), exuainlestutal pathogenic E. Cali (Ex-
PEC) ond/or cnlcrohcmorrhagic E. co/i (EHEC).
ExPEC strains include uropathogm»c E. Coo (UPEC)
mid meningitis/sepsis-associated lf cali (MNli('). IJse-
ful Upi i('olypeptide immunogens are disclosed in
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rcibrences 27 and 28. Uscl'ul MNEC &nm&uno ens arc
disclosed in reference 29 A useful immunogen for
several /6 cuii types is Acfi) as disclosed in reference
30.

Barii/as auihracis
Fersniia pesiis Useful inununogens include. but are not

1&nnted lo, those ihsclosed in reii:renccs31 and 32
,5/aphy/ococcus epidermis
C/u&iridium perfriageas or (.'/&Iliridiam botulinunls
/dgiane//a pueuumphiia
('oxiella burnetii
Bruce/is, such as B. aharius, B. Can&s. B. me/i/cutis, B.

rieoiomac, B, ovis, B. Ims, B. pmrupediav.
Francise/iu, such as F. Buvicidu, F. pi&iiomiragia, F.

iu/arensis. I

&Vei&seria giiaurrhueae
'I reponema pal lidum
I Iaemophilus ducreyi
Eri/erococcus faecahs or Euierococmis face&um
Siaphviococcus sapraphviicus IC

YCIS&&lid Clllcl'OCOJ&l&Cd

Mycobacterium tubcrculos&s
Rickettsia
J.isteria monocytogenes
Vihri u &" in&/Brae
Saiiiiallcii&i rip/i&

Barreiia iuirgdorfem
Porph)'I'Oinoilds glllglvalls
Klcbsiclla
In some embod&n&eats the imnnu&ogen elicits an imnnu&e &o

response agpinst one of these viruses
Orthomyxovims I./sefid imnnuiogens can be fron& an

influenza Ih, B or C vin&s. such as the hemngglut&nin,
neuran&inidase or matrix M2 proteins. WVhere the
llnlnuilogC&l &S ill& lllfluCI&ZB A Vl&US hclnBg hnllun ll &s

may be from any subtype c.g. Hl. H2, H3, H4, HS. H6,
H7, H8. H9, HJ0, Hl I, H12, H13, H14, H15 or H16.

Paramyxoviridae v&n&ses Viral immunogens include. but
are not linuted to, those derived froin Pneumoviruses
(e.g. respiratory syncytial vin&s. RSV), Rubulnviruses do

(e.g. mumps virus). Pamsmyxoviruses (e.g. parainfhi-
cnza virus), Mctapneumoviruscs and Morbilliviruses
(c.g. mcaslcs).

Pox& indac V&ral &mmunogens u&cludc, but are not I muted
io. those derived fmm Orihopoxvirus such as Variola
vera. including but not limited to, Variola major and
Variola minor.

Picomavinis 'viral immunogens include. but are not
illa&lcd lil, &hose din&veil flola Pic&i&OBvllllscs. Bi&eh iis
Enlerov&ruses, Rlunov&ruses, Hcpanmv&rus, Cardiov&- c

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

Bunya»rus: V&ral inununogcns &ncludc, bul are nol lun-
i&cd lo. those denvcd from an Orihobunyavinis, such as
Califorma enccphal&ns v&rus. a Phlcbovinis, simh as
Rifi Valley I&ever virus, or a Nairovin&s. such as
('rinlean-('ongo hemorrhagic fever vinis. so

Heparnavinis Viral inununogens include. but nre not
limited to. those derived from a Hepamavinis. such as
hepatitis A vinis (HAV).

Filovirus Viral inununogcns u&elude, bul are nol lnn&tcd
lo. &hose dcnved from a Iilov&rus, such as an Ebola ss
virus (including a /aire. Ivory ('cast, Reston or Sudan
ebolavin&s) or a Marburg vinis

Togavinis. Viral unmunogcns include. but arc not limited
to, those derived from a I'ogavims, such as a Rubivirus,
an Alphavin&s, or an Artenvinis 'Ibis includes rubella
vin&s.

Flavivirus: Viral inununogens include. but are not limited
to. those derived front a Fiavivirus„such as Tick-borne
cnccl&halifls (TBE) &irus, Dcnguc (t)pcs l. 2. 3 or 4)
v&rus, Yellow Fcvcr v&rus. Japancsc enccphal&us virus,
Kyasanur I&crest Virus. 9 &est Nile encephalitis vin&s. St
I,ouis encephalitis vinis, Russian spnng-summer
encephalitis virus, Powassan encephalitis vin&s

Pestivirus; V&ral inununogens include. but are not limited
to. those derived from a Pestivirus, such as Bovine viral
diarrhea (BVDV). Classmdl sw&nc fcvcr (CSFV) or
Border dismisc (BDV).

Ilepadnavirus Viral immunogens include. but are not
limited to, those derived fmm a I lepadnavirus, such as
I lepatitis li l iras A composition can include hepatitis
B virus surface antigen (HBsAg).

Other hepatitis viruses: A composition can include an
unmunogcn from d hepatitis C v&rus, delta hcpatius
v&rus, hcpal&us E»rus, or hcpauus G v&rus.

Rhabdovims: Viral immunoaens include, but are not
limited to, those derived from a Ithabdovin&s, such as
a J yssavin&s (eg a Rabies vin&s) and Vesiculovinis
(VSV).

Cal&civiridae: Viral inuuuno ens include, but are not
linutcd to. Ihosc dcrnml from Cele&v&ndac, such as
Norwalh virus (Norovirus). and Norwalk-1&kc V&ruses.
such as I la&vaii Vin&s and Snow Mountain Virus.

('oronavims Viral immunogens include. but are not lim-
ited to, those derived from a SAKS coronavirus, avian
infectious bronchitis (IBV)„Mouse hepatitis virus
(MHV). and Porcine transmissible gastroenteritis virus
(TfiEV). Thc corona& irus immunogcn may bc a spike
polypcptulc.

Rctrovinis. Viral &nununogcns u&elude, but arc nol limited
to, those derived from an Oncnvin&s. a I.entiv&n&s (e 8,

I IIV-I or I IIV-2) or a Spumavin&s
Reovirus: V&ral inununogens include, but are not limited

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

Parvov&rus: Viral &nununogcns Include, but arc not limited
to, those derived Ibom Pdrvovirus B19.

I lerpesvirus Viral immiu&ogens include, but are not lim-
ited to, those derived from a hun&an herpesvirus, such
as. by way of example only, Herpes Simplex viruses
(HSV) (e.g. HSV types I and 2)„Vancella-zoster virus
(VZV), Epstein-Barr virus (EBV), Cylomcgalovirus
(CMV). Human Herpesvirus 6 (HHV6), Human Her-
pcsvirus 7 (HHV7). and Hunuin Herpesv&rus 8

(I Il IV 8).
Papovavimses Viral immunogens include, but are not

limited to. tlu&se derived from Papillomavinises 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
Illolc of scrotvpcs 6, 11. 16 i&lid/ol lb.

Adenovirus Viral imnn&nogens include those derived
from 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 anenud vinis (ISAV). salmon pimcrcauc d&s-

cuse v&rus (SPDV). infccuous pancreauc nixros&s virus
(JPNV), clmnncl catlish &irus (CCV). lish lymphocysus
disease virus (FI,DV), infectious hematopoietic necrosis
virus (II INV), koi herpesvirus. salmon picorna-like vinis
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(also know;n Bs plcorna-hkc vuUs ol Blldnuc sBhnon). land-
locked salmon vmls (I SV). atlantic salmon rotavinls (ASR),
trout strawben) disease vmls ('ISI)). coho salnxoa tunxlr
viols ((IS1 V). or viral hemorrhagic septicemia vinls
(VITSV).

Fungal nnmunogens may be derived from Dennato-
phylres. including: Epidevznophl ion /Iwccwszz»z, Micvosyo-
rlzm awdnwini. Microsponn» canis, b/icrnspovwz» disroriwm,
Mizvvspvzvnm egziinzizzz, Miznzsyzzvnm grpsmw, Mivvvvpw-
vwm nnnwzn. 7rivhzzphl ivn vwnvenivicwm, 7yiviwzyhl in» ezyzi-

mmz. Tvizhvyh)izzngniiinwv. 7iichvyhiizm 17&!Cunz, 7yivhw-

phi zn»»zegmm, Tvichnphyrnn zzzcnrngvnphvzes.
Tricizopizyrnn qwznchannnnz, Trzciznpizlzozz vnbrwm. Trzcizo-
phlvon schovniezzzi. Tvicizophl ron rvns»vwns, Tricizophlin»
vervwcosnm, T vevvzzcnswm var. album, var. dlsvoldcs, var.
ochraceum. 7yzi hzzyhl zvn viviwvenm. and/or 7vichzzyhy ivn
faviforme: or fmm Asyevgi iiws/izzzzigwiws. Asyergiiin!/Irzvus,
.Ispevgiii»s zzigev, .hsyvvgdiws nid»7»ns..hsywrgi(7»I ievveuv,
hsPevgiiiws st do» ii, AsPevgziiws fizlvzlrws,:hsPergi77»s ginn-
cws Biwsroscinzomvces capita»is. C»IICzdn wibicwns, Can-
did» enwinse, Candiria rropirniis, Cwndidw ginbrnrn, Can-
did» lvvzsei, CnnCzda pavapsiinsis. Cnvzdidn sreiidroiden,
Cwzw/idw i»sei. C'wndidw pwrninsei, Cwndidw insiiwmwe,
Cwzw/idw psendzzzrzzyiiwiis, Cwndidw gniiiiev»izzndi, C:iw-

dnvpvviwm vwvvivnii. C'zzviidividvs inzmiiis. Biwsinmvves
dermnzzdis, Civypzncnccws ncnfnvmnns. Gcozricimzn iinva-
znm Hzszopi»sizz» cnpsuiwinm, Kiebsieiin p»ewnzozzzwe.
Micrwsporidin. Encephaiirozoon spp.. Sept»ra i»zeszi»nizs
dnd Enzevocliozown bienewsi, the less comnlon are Bvn-
I izi viw spp, hiiz vzzsywvidiwm spp., Avsemw spp., Piei!Inpizwvw

spp. Tvwihipieisnzphzzvw spp., Vzizwfzzvznw spp 7 wvwmzviid-
ivides bvwsiiienvis, I'nezmzvvli!Iis czzrinii. Pllhiwzznz insidi-
nswm, Pzii vosporw»z nvnie, Swc/zwromvres cerevisne, Swc-

chwromrces bnninvCII, Snccizwrnml ccz pwmbe,
Scedospvrimn apinspevznn, Spovoiizri1 schencihi, Tvzchos-

povo» bvigeiii, Tovopinsmn gondii, Pvni ciiiiwm mnvve//ez,
Mninssezi» spp., Fwnsecaew spp.. IV»zzgi eiin sppv Spwvozhvi v

spp, Bwsidivhrdns spp, C'zmidivh zizzs spp, Rhiznyns spp,
Mzzivr spp, .hbsidiw spp, Mzzviieveiiw spp. Cinnninghwnzeiiw

spp, 5»ksezznen spp,..hiternnmn spp, C'wrvninmn spp. Hei-
zninthospnriwm spp„F»swrwnzz spp, zisyergiiiws spp, Pezzz-

ciiiiimi spp, Mnnniinia spp, Rhizorzonin spp. Pneciiomi res
spp, Pithoml res spp. mid Ciadosynrimn spp.

In some embodnuenls lhc inununogml ehclts an mununc
response against a palusite from the I'/asm»dim» genus,
such as P fwiviywvzizzz, 7'ivw.v, I'zw/»rive or P nvw/e 'I'hus

the invention may be used for inununisin. against malaria.
In some embodiments the immunogen elicits an inmtune
Ic9ponsc dgtlhlst II ptaJsnc front lhc Cahgnhlc fBnul)1 pta-
tlcularly those from lhe Lcpwnphrhwivzzs dnd Ciziigws encra
c.g. sea hcc such as Lvpeophzheivzzs szlimn»is or Cwiigws
vvgeri ressc vi.

In some enlbodinlents the imnnlnogen 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 allergens. 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, Pins)ca and platanaceae including. but not limited
to. birch (Bet»hi). Sider (Ail»is), lmzel (Cary/us'i. hornbemn
(Carpi»ws') and ohvc (Oiea), cedar (C)3promvria and Czzni-

penis), plane trcc (Piaianzzs), thc order ol'osies includulg
rasses of the genem /.vhwm, I'hieimz, I'zzw. C'vnwdvn, T)wv-

iyiix Hvziv ns, I'izwiwvis, Sec»tv, and Sorghum„ the orders of

Astcralcs and I/rticalcs ulcludulg herbs of lhc genera
Ambvnsiw, Avzvnzisiw, and ywvieinriw Other inlportant hdta-
lation allergens are those from house dust mites of the genus
i)evzww ivyhwgni des and Eu roglyp bus, stomsge mite e g. I epi-
doglyphys, Ciiycyphagus and Tyrophagus. those from cock-
maches, midges and fleas e.. Blatella, Perzp/nrzern, C:hi-
rononuls Bnd Clcnoccpphtlhdc9. Bnd those front nlanunals
such as cal, iklg and lxlrsc. venom allergcns Inciudulg such
orightating from stinging or biting insects such as those from

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

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(zl 1-5,

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

lo for example. p53 (associated with various solid tumors, e
colorcclal, lung, head mid neck cancer). p21/Ras (Bssocrdtcxi
with, c.g., nlcianonld, pancledllc I Bnccl'nd cololccldl cdn-
cer), ('l)K4 (associated lvith, 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,

Io KIA 0205. CI)('-27, and I,I)I 8-Iz(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;ndlydrase (Bssoctatcx) with, c.g.,
ri ndl cancel), Bldolasc A (B990cl I lcd w nh, cg., IUng c ulcc'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 ltlx e.g..
breast and ovanan cancer), G-250 (assoclatixi with, e.g..
rcndl cell cdrculonla). p53 (IissoclBnxl wnb, c.g . blcdsL
colon cancer), and carcinoembryonic antigen (associated
v ith, e.g, breast cancer, lulm 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 pmlcln-l,'TRPI dnd lyrosulasc rclalcd protein-2,''RV2

(associated with, e .. melanoma), (e) prostate asso-
ciated antigens such as VAR VSA, VSMA. VSII-VI, VSM-
Pl, PSM-P2. associated with e.g.. prostate cancer: (f)

ss inununoglobulin idiotypes (associated with Inyeionla and B
cell lymphomas, for example). In ccrtmn embodiments.
tumor lmmunogcns include. bul arc not hnuted lo, pl5.
Hom/Mcl-40, H-Rds. E2A-PRL, H4-RET, IGH-IGK.
MYI,-ICAR, Epstein l3arr viols antigen», IIIINA. hulnan

io papillomavirus (IIVV) antiaens, including E6 and I!7, hepa-
titis B and C virus antigens. Inlman T-cell lymphotropic
virus antigens. TSP-180. p185erbB2. p180erbB-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,

Si beta-HCG, BCA225, BTA.A, CA 125, CA 15-3 (CA
27 29)II(LJCA), CA 195, (/A 242, (:A-50. ('AM43,
('l)68)KVI, ('0-029. IICilz-5. (Ia733 (I ip('AM), I I'I'gp-175,
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M344. MA-50, MG7-Ag, MOxylg, 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

Phannaccut&cal Compos&t&ons
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

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

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

include one or &&lore 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 lustuhne 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, ctm also acl as a chelalor. while
advantageously also prov&duig bullbring acus&ty.

Phdnudccani 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
Phanliaceutical compositions of the invention are prefer-

ably sterile.
Pharmaceutical compositions of the invention are prefer-

ably non-pyrogenic e.g containing(1 EU (endotoxin unit. a &s

standard measure) per dose. mid prcfcrably CO.I EU per
il0 Bc.

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 rmige 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 s100 ps
RNA (e., from 10-100 pg, such as about 10 pg. 25 pg. 50
ng, 75 ps or 100 pg), bul express&on can bc scen 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 'Ireatnlent and Medical 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 II ale&bod for idlsnlg
an unnn&nc response ui a 1 e&tcbrate

'I'he invention also provides the use of a liposome of the
invention in the manufacnire 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 iertcbrate can bc protcclcd agauisl
various discascs and/or infix&iona c.g. agauwl bacler&al
and/or viral diseases as d&scusscd above Thc 1&posomes and
cmnpositions are imnnmo enic, and are more preferably
voce&nc coillposrtlons tdlcchles;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, ct«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, 00%&gc, lnuuU«ogcnu:lly& clc

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 ynirs),
the young (e.g a5 years old), hospita)iced patients. health-
care workers. anncd service and mihlary personnel, preg-
nant ivomen, the chronically ill, or immunodeficient
patients. The vaccines are not suitable coiely for these
gmnps, however. and ntay be used more generally in a
population.

111
Compositions ol'hc invention will gcnemlly be adnun-

istered directly to a patient Direct delivery may be accom-
plishixl by parcnteral us)ection (e.g. subcuranmusly, intrap-
eritoneally. intravenously, intramuccularly, intradennally. or
to the uilcrsuual space ol' ussuc, unhke rcfbrcncc I,
intra lossal injection is not typically used ivith 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 inununity, preferably to chert im enhanced syslnnic
andior 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 io

schcdulc. In a muluplc dose schcdulc thc various doses may
be given by the same or difierent routes e.. a parenteral
pnme and mucosal boost, a mucosal pnme and parniteral
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 ntay 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 ui lhe 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. folloived 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„ tliree primary dosec are administered
about lwo 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

Creneral
The practice of the present invention will employ. unless

otherwise indicated, conventional methods of chemistry, 11

biochemistry. molecular biology, immunologv mid phamia-
cology, within thc skill of the arl. SuCh techniques arc
explained fully in thc literature. 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" ui 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" fnim Y may

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

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

11 R3 is the I'oil-like receptor 3 It ic a single niembrane-
spaiufing receptor wluch pLays a key role in the innate
inimune systeni Known TI R3 agonists include poly(I ( )

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

TLR7 is the Toll-hke rixcplor 7 It is a single mcmbrimc-
spanning receptor which plays a key role in the innate
imnnuic system. Known TLR7 agoiusts 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 tiir the human 'I'I,R7 gene is
Cik Ci7944638.

TLRS is the Toll-hke rixcplor S It is a single mcmbrimc-
spaiuung receptor wlfich plays a I ey role in the innate
imnnuic system. Known TLR8 agonists include c.g. rcsiqui-
mod. "11.RN" is the apprmed ll(iN('ame for the gene
nicoding this rimiptor, and ils unique HCiNC ID is HGNC.
15632. Thc Rclgeq scqucnce for thc human TLRS gcnc is
(i I'03021 65.

'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
rccruitmcnt domauis near its N-tcnnuius Thc approvcxI
HGNC name I'or lhe gene encoding lhe RLR-I hclicasc is
"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 MDAS or melanoma difierentiation-
associated gene 5) also has two caspase recruitment domains
near ils N-tcmunus. The approved HGNC name for thc cnc
nicoding thc RLR-2 hchcasc is "IFIHI" (I'or uitcrl'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 huinan
RI,R-2 gene is (il 27N86567. 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 nicoding the RLR-3 hclicase is '*DHX58" (for DEXH
(Asp-Glu-X-His) box polypcptidc S8) and thc unique
I 1(iN(.'l) is I 1()N(129517 The Refgeq sequence for the
hiunan 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 fiir thc gnie cncodui tlus
cnz)'nlcu and Im iuliipic 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) liposoine
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 lhc structures ol'LinDMA, DLcnDMA

and DODS IA.
lil(i 4 choivs a gel ivith stained RNA I.anes show (I)

markers (2) naked replicon (3) rephcon encapsulated in
BioNTech-Pfizer Exhibit 1310 

BioNTech SE and Pfizer Inc. v. ModernaTX, Inc. IPR2023-01359 
Page 33 of 46



US [1,786
17

liposomc (4) liposomc treated with RNasc then sub)ected to
phenolichloroforni extmction

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 sho&vs protein exprecsion at days I, 3 nnd 6 after
dehvcry of lbur difibrcnt doses of hposomc-micapsulatcd
RNA.

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

FIG, 8 shows anti-F IgCi titers in animals receiving VRP,
I Itg naked RN&k, and 0.1 Itg or I pg liposome-encapsulated
RNA.

FIG. 9 shows neutral&sing antibody liters ui tmimals
receiving VRP or either 0.1 9o or I pg lipocome-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). &o

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

FIG 12 shows Itspecihc Ig(i titers (circles) and PRN'I'iters

(squares) after delivery of a rap)icon as naked RNA (I
pg), liposonte-encapsulated RNA (0.1 or I Itg), or packaged
Bs B &&rien (VRP, 10 IU). Tilcrs ui i&siva mice arc also
shown. Solid ines show gcomclric means.

11Ci 13 shows intracellular cytokine production after io
restimulation with synthetic peptides representing the major
epitopes in lhe li protein, 4 w:eeks after a second dose. 'I he
y-axis shoe(a the % cytokine+of ('D8+CD4-.

FIGS. 14A and 14B show F-specific lgG titerc (mean
logic I&tel's sltl ili v) ovi r 63 ilavs (FIG 14A) Bi&i! 210 davs &c

(FIG. 14B) after inmtunisation ol'calves. The tluct lures are
easily distinguished at day 63 and are, from bouom to top
PBS ne alive contmk lipocome-delivered RNA: and the
"'I rien le 4" product

FIG, 15 shows SEAP expression (relative intensity) Bt day co

6 against pKa of lipids used in the liposomes. Circles show
le& els Ibr liposomcs with DSPC. and squares lbr liposomes
without DSPC, sometnues a square mid circle overlap,
leavuig only thc square visible R&r a given pKa.

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

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

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

lipocomes using, fmm left to right, RVOI. RV16. RV)7,
RV18 or RV19. Bars show means. The upper bar in each
case is 2wp2 (i.e. 2 v eeks after second dose). whereas the»
lower bar is 2wp1.

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 lo
described below

FIGS. 19A Bnd 19B show IL-6 (FIG. 19A) and IFNt&
(FIG. 19B) (pgtml) releasee) by pDC. There arc 4 pmrs of
bars. from lefi to nghn contml, tnuuumsixi v,ilh RNA+
DOTAP, inununiscd with RNA+hpoftmuunuie; and inunu- sc
nised ivith RNA m liposon&ec In each pair the black bar is
wild-type ntice, grey ic rsql imitant

,467 B2
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MODES FOR CARRYING OUT THE
INVENTION

RNA Replicons
Venous rt)&ficons Bre used below. In general these arc

based on a hybrid alphavirus enonte with non-stnictural
proteins from venezuelan equine encephalitis vinic (VEEV),
a packaging signal front sindbis virus. and a 7 U I'R from
Sindbis i irus or a VEEV mutant. The replicon is about 10 kb
loiig Biiil lltls B polV-A (B11.

Plasmid DNA encoding alphavirus replicons (named:
pT7-mVEEV-FL.RSVF or A317, pT7-mVEEV-SEAP or
A306; PSP6-V('R-(iFP or A50) served as a template fi&r

synthesis ol'RNA in &iuo. Thc rephcons contain thc alpha-
vinis genetic elements required ti&r RNA replication but lack
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 SEAP or CiFP, or an
immunogcn. such as Ihll-length RSV F protcui) and so thc
replicons are incapable of inducin the generation of infec-
tious particles. A baclcnophagc (T7 or SP6) promoier
upstream of the alphavinis cl)NA facilitates the synthesis of
the replicon RNA in vitm and a hepatitis delta virus (I Il)V)
ribozyme immediately downstream of the poly(A)-tail gen-
erates the correct 3uend through its self-cleaving activity.

Folio&ving linearization of the plasmid DNA downctream
of lhc HDV ribozymc with a suitable restnction endonu-
clease, run-ofi'lranscnpls werc syntlmsizcd in vitro using T7
or SP6 bacteriophage derived DNA-dependent RNA poly-
merase. I'ranccriptions &vere performed fi&r 2 home at 37'
in the presence of 7.5 mM f1 7 RNA polynierase) or 5 mM
(SP6 RNA poiymerase) of each of the nucleoside triphos-
phates (ATP. CTP, CiTP Bud UTP) following the inctructions
provnlcd by the mimufaclurer (A&nb&on). Followuig lran-
scnption the lcmplatc DNA was digcstcd with TURBO
DNasc (Ambion).

I'he replicon RNA ives precipitated with i,i('I and recon-
stituted in nuclease-free ivater Uncapped RNA was capped
post-trmscriptionally with Vaccinia Capping Enzyme
(VCE) using the ScriptCap m7Ci Capping System (Epicentre
Biotcchnologies) as ouiluicd ui lhc user manual: rcplicons
capped in tlus way arc given thc **v" prclix e.g vA317 is thc
A317 rcplicon capped by VCE. Post-trmiscriplionally
capped RNA v, as precipitated ivith l,i('I and reconstituted in
nuclease-free water 'I'he concentration of the RNA samples
v as deteunined by measuring ODsro „„, Integrity of the in
vitro transcripts was confirme by denaturing agarose gel
elcctrophorcsis.

Liposomal Encapsulanon
RNA was encapsulatcil in liposomcs made by thc method

of references 11 and 42. 1 he lipocomes were made of 10%
DSP(.'zv itterionic). 40% 1)l.inl)MA (cationic), 48% cho-
lesterol and 2% PECi-conjugated DMCi (2 kDa PECi). These
proportions refer to the % nloles in the total lipocome.

DLinDMA (1.2-dilinolcyloxy-N.N-dunethy1-3-iunuio-
propmic) was synthcsizcil using thc proces)ure ol'cfi:rcnce.
DSPC (1,2-Diastcaroyl-sn-glycero-3-phosphocholuic) was
purchased from (ienzyme. ('holesterol wac obtained from
Sigtna-Aldrich Pli(i-conjugated l)M(i (1.2-dimyri stoyl-
sn-glycero-3-pho spin&ethanoiamine-N-[methoxy(polyethyl-
ene glycol). anunoniunl salt), DOTAP (1.2-dioleoyl-3-trim-
ethylmnmonium-propane. chloride sall) and DC-chol (3[&

[N-(NLN'-dimclhylaminocthane)-carbtunoyl]cholesterol
hydrochlondc) werc from Avanli Polar Lipnls. 1,2-dimyris-
toyl-rac-glycero-3-methoxypolyethylene glycol wac
obtained fmm NOI& Corpomlion (catalog 6 (iM-020).
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Bricfly. hpids were dissolved in ethanol (2 ml), a RNA

replicon ives dissolved in buffer (2 ml, 100 mM sodiunt
citrate, pit 6) and these were mixed with 2 ml of buffer
fiilloived by I hour ofequilibration 'I'he mixture was diluted
with 6 ml bufler then filtered. The resulting product con-
tained liposomes, with -95% encapsulation efftciency

For cxmnple, in onc particular method, lresh lipid stuck
solutions were prcparcd in ethanol. 37 mg ol'LmDtvLA,
11.8 mg of l)SP(L 27 8 mg of cholesterol and 8 07 nm of
Pl:Ci-l)M(i ivere weighed and dissolved in 7 55 ntl. of lo

ethanol I'he freshly prepamd lipid stock solution was pently
rocked at 37" C. for about 15 min to form a homogenous
mixture. Then, 755 PL of the ~tock was added to 1.245 mL
ethanol to mal e a working lipal stock soluiion of 2 mL. Ttus
amount of liptds was used lo I'orm liposomcs with 250 pp
RNA A 2 ml. working solution of RNA was also prepared
fmm a stock solution of -I pp/pl. in 100 mM citrate buffer
(pl I 6). 1 hree 20 ml. plass vials (with stir bars) were nnsed
with RNase Away solution (Molecular BioProducts) and
washed with plenty of MIIEQ water before use to decon- zo

tiiiniiruii: Ihl: vials ol RNiist:s. Oiii: ol lhi: visits was itsixi for
thc RNA working solution and thc others for collecting the
lipid and RNA mixes (as described later). 'I'he working hpid
and RNA solutions were heated at 37'1 for 10 min before
being loaded mto 3 cc luer-lok syringes 2 ml, citrate bufl'er
(pH 6) was loaded in another 3 cc syringe. Syringes con-
taining RNA and the Ilpids were connected to a T mixer
(PEEK™ 500 Iun ID lunction. Idex Health Science) using
FEP tubing (tluorioalcd ethylene-propylene, all FEP lubinp
used has a 2 mm internal diameter and a) nuu outer so

diameter) 1 he outlet front the'I mixer was also 11'.P tubing.
'I'he third syringe containinp the citrate bufl'er was connected
to a separate piece of FEP tubing. All syringes were then
driven at a flow mote of 7 mL/min using a syringe pump. The
tube outlets werc positioned lo collect thc nnxturcs ut a 20 ss
mL glass vial (wlulc stirnng). Thc stir bar was taken out and
thc ethanol/aqueous solution was iillirwcd lo equilibrate lo
room temperature for I h 4 ml of the mixture ives loaded
inns a 5 cc syriilge, which was coitnected to a piece of I I'IP

nibing and in another 5 cc syringe connected to an equal so
length of FEP tubin „an equal amount of 100 mM citmte
bufli r (pH 6) wus loadixl. llic two synngcs were dni mt al
7 mL/mui flow rate using thc syringe pump and thc Iinal
mixture collected in a 20 mL glass vial (wlnlc stirring).
Next. the mixture collected fmm the second mixing step
(liposomes) were passed through a Mustang O membrane
(an anion-exchan e support that hinds and removes anionic
molecules. obtained from Pall Corporation). Before using
tins membrane Ibr thc liposomes. 4 mL of I M NaOH. 4 mL
ol' M NaCI and 10 mL ol'100 mM citrate buflbr (pH 6) o

were succcssivcly passed tluough il. Liposomes were
warmed for 10 min at 37" (1 befiire passing through the
niembrane Next, liposomes w:ere concentrated to 2 ml and
dialyzed against 10-15 volumes of I xPBS using by tangen-
tial flow filtration before recovering the final product. The s.
TFF system and hollow tiber fthrsfion membranes werc
purchased from Spectrum Labs (Rancho Donmiguez) and
werc used according lo thc mamifaclurer's guideluies. Poly-
sulticoe hollow fiber filtration membranes ivith a 100 kl)
pore size cutoff and 8 cma surface area were used For in io
vitro and in vivo experiments fiirmulations were diluted to
the required RNA concentration with I xPBS.

FIG. 2 shows an cxamplc electron nucrograph of lipo-
somes prepared by thcsc methods. Thcsc hposomes conlmn
encapsulated RNA encoding liill-length RSV F imtipen. ss
l)ynmnic light scattering of one batch shoived an avensge
diameter of 141 mn (by intensity) or 78 nm (by number)

Thc pcrccntage ol'ncapsulated RNA and RNA concen-
tration were determined by Ouant-i1 Rilxi(ireen RNA
reagent kit (Invitmgen). following manufacturer's instmc-
tions. 111e ribosomal RNA standard provided in the kit was
used to generate a standard curve. Liposomes v ere diluted
10x or 100x in I xTE buffer (from tut) before addition of the
dyc. Separately, liposomcs were diluted 10x or 100x in
I xTE bulfcr contauting 0.5s/o Triton X bcforc addition of Ihe
dye (to disnipt the liposomes and thus to assay total RNA)
1'hereafter an equal amount of dye was added to each
solution and then -1 80 gl, ofeach solution after dye addition
was loaded in duplicate into a 96 well tissue culture plate.
The fhiorescence (Ex 485 nm„Em 528 nm) was read on a
microplatc reader. All liposome fiinnulauons werc dosed in
vivo based on thc encapsulatixl amount of RNA

Iincapsulation in liposomes ives shown to pn)tect RNA
from RNase digestion I ixperinlents used 3 pnlAtl of RNase
A per niicrogram of RNA. incubated for 30 ntinutes at room
temperature. RNase was inactivated with Proteinase K at55'. for 10 minutes. A I;I v/v mixture of sample to
2S.24:I v/viv. phenol.chloroliinn:isoamyl alcohol was then
added to extract the RNA from the hpids into tlm aqueous
plrase. Sainples ivere mixed by vortexmp for a few: seconds
and then placed on a centrifu e for 15 minutes at 12 k RPM
1'he aqueous phase (containin the RNA) was removed and
used to analyze the RNA, Prior to loading (400 ng RNA per
well) all the samples stere incubated with fomialdehyde
loading dyc, denatured Ibr 10 minutes ut 6S'. and cooled
to room tcmpcraiurc. Atnbion Millmmium markers werc
used to approximate the molecular weight of the RNA
constnict I'he gel was run at 90 V. 'I'he pel was stained usinp,
0 1% SYI3R gold accordion to the mamifacturer's guidelines
in water by rocking at room temperature for I hour. FICI. I
shows that RNase completely digests RNA ln the absence of
encapsulation (lane3). RNA is undetcctablc aficr encapsu-
lation (leuc 4), and no change is scen if thcsc liposomcs are
treated w ilh RNasc (lmic 4). Afier RNase-trcalcxt liposomcs
are subjected to phenol extraction. undigested RNA is seen
(lane 6) I iven after I iveek at 4" ('he RNA could be seen
without any fragmentation (FI() 4„arrow). Protein expres-
sion ln 1 ivo was unchanged afier 6 weeks at 4" C:. and one
frieze-thaw cycle. Tluis liposomc-cncapsulalcd RNA is
stable.

To assess in vivo cxprcssion of lhe RNA a rcponcr
enzyme (SIIAP; secreted alkaline phosphatase) was encoded
in the replicon, rather than an intmunopen. I:xpression levels
v ere measured in sera diluted I:4 in lx Phospha-I ight
dilution buffer using a cheniiluminescent alkaline phosphate
substrate. 8-10 wccl old BALB/c mice (5/group) were
inlcctcd uilramuscularly on day 0, 50 pl pcr lcg with 0.1 pg
or I pg RNA dose. 111e same vector wus also athnuustercxt
without the liposomes (in RNase free 1xpt38) at I up,
Virion-packaged replicons were also tested Virion-pack-
aged replicons used herein (referred to as "VRPS*') were
obtained by the methods of reference 43. where the alpha-
virus rcplicon is dcnirxl from thc mutant VEEV or a
clumera dcrivcxt from the genonu: of VEEV enginccrixt to
contain thc 3'TR of Sindbis virus and a Sindbis virus
packaging sigttal (PS), packaged by co-electmporatinp them
into 1311K cells with defective helper RNAs encoding the
Sindbis virus capsid and glycoprotein ence.

As shov:n in FICi. 5. encapsuhstion increased SEAP levels
by about '/1 log al Ihc I pg ilosc, und at day 6 expression
Irom a 0.1 ps encapsulattxt dose matched lcvcls scca with I

ug unencapsulatcd dose. By day 3 expression levels
exceeded those achieved with Vflps (squares) 'I'hus

expressed increased when the RNA ives forntulated in the
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1&posomcs rclativc to thc naked RNA controls even at a 10x
lower dose Expression was also hi her relative to the VRP
control. but thc k&nct&cs of cxprcssion were very ddii:rent
(qee 1)I(i 5) Delivery of the RNA with electroporation
resulted u& incrcascd cxprcssion relaiive to the naked RNA
control. but these levels were lotver than with liposomes.

To assess whether the efiect seen in the liposome groups
was due merely to the lipoqome components„or was linked
to the encapsulation. the replicon &vas administered in

111

encapsulated form (with Iwo d&ilcrcnt purilical ion protocols,
0.1 gg RNA). or mixed with the liposomes after their
fornuiuon (a non-encapsulated '*lipoplcx", 0.1 Vg RNA), or
as naked RNA (I gg) ltl(i 10 shows that the lipoplex pave
thc lowest levels oi'xpress&ons showu&g Ilmt shows encap-
sulation is essent&al for potent expression

In vivo studies usin liposomal delivery confirmed these
findinaq. Mice received various combinatinns of (i) self-
replicatina RNA replicon encoding full-length RSV li pro-
tein (ii) self-replicating CiFP-encoding RNA replicon (&i&) &o

CiFP-encoding RNA repl icon with a knockout in nsP4 which
eliminates self-rephcat&on (iv) full-Iengrth RSV F-protein. 13

groups in total rcce&vcd
& weeks 4 necks fl weeks

To ilsscss hl vlvo uuluuix)genic&&v B rcphcon was ciui-
stnicted to express full-length F protein from respiratory
5)'uc)'t&ul vous (RSV). This was ilchvcrixl BBkcd (I 1&g),

encapsulated in liposnmes (0.1 or I gg). or packaged in
v&mons (10 IU: "VRP") at dave 0 and 21. FICi. 7 shows
anti-li Ig(i titers 2 tveeks afier the second dose. and the
liposomes cleariy enhance immunogenicity FICi 8 shows
titers 2 weeks later. by which point there was no statistical
difi'erence between the encapsulated RNA at 0.1 3&g. the
encapsulated RNA at I gg, or the VRP youp. Neutmqlisation
t&ters (mcasuruxt as 60go plaque rcducuon, "PRNT60**) werc
nol sig&uiicantly dilicrcnt u& Ihcse Iluac groups 2 w imks alter
the second dose (1&ICi. 1)). I'ICi 12 shows both Ig(i andVRN'I'iters

4 weeks afier the second dose.
FICi. 13 confirms that the RNA elicits a robust CD8 T cell

response.
Further experiments compared F-specific IgCi titers in

nucc rccciving VRP, 0.1 Vs liposomc-cncapsulatcd RNA, or
I Vs liposome-e&mupsulatcd RNA. T&ter rauos (VRP.1&po-
some) at various times after the second dose were as follows

a
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( I pg of ( I w th separate
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( I pg of( I naked

I llc of ( I nake I
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Results u& FICi. 18 show that F-spec&iir. IgG responses
required encapsulation in the liposome rather than ntere
co-delivery (con&pare groups ('; D) A comparison of
roups IC, L nnd M shows that the RNA provided nn

adjuvant efi'ect against co-dehvered protein. and this efiect
was seen with both repl&cuung and non-rupficafing RNA

Further SEAP expenmcnts showixi a clear dose response o

hi vivo, w'llh exp&'usslou scen itficr dchvc& y ol Bs it&le ils ulg
RNA (I'IG 6). I'urther experiments co&nparing expression
fmm encapsulated and naked replicons indicated that 0 01

I&g encapsulated RNA was equivalent to I Vg ofnuked RNA.
At a 0.5 gg dose of RNA the encapsulated material gave a u.

12-Ibid lughcr expression at day 6: a& a 0.1 Vg dose levels
werc 24-fold luglmr at day 6.

Rather than look&ng at average levels m the group, u&d&-

vidual animals were also studied Whereas several animals
were non-responders to naked repliconq, encapsulation (o
elin&inatcd non-responders

Further experiments replaced DLinDMA with DOTAP.
Although the DOTAP 1&posomcs gave bcucr expression than
naked ruq&ficons they were u&fcuor to thc DLB&DMA lipo-
somes (2- &o 3-fold ddlhrencc at day I). )Vhcrcas DOTAP Si
has a quaternary amine. and qo have a positive charge at the
point of dehvery, Dl.inDMA has a tertiary amine

D I pg
ig

In 11
(1 9 19

Thus thc hposomc-m&capsulatixl RNA &nduces assent&ally
thc same magtutudc oi'munune rcsponsc as scen w&th vinon
delivery.

lturther experiments showed superior li-specifi IgG
responses with a 10 Vg dose. equivalent responses for I ps
and 0 I ug doses. and n lo&ver response with a 0.01 Its dose.
FICi. 11 shows IgG titers in n&ice receiving the replicon in
naked fi&rm at 3 dilii:ren& doses. u& 1&posomes a& 4 (hifcrent
doses, or as VRP (10'U). Thc rcsponsc seen w&th I Vg
1&posomc-encapsulatixl RNA was stat&stically inmg&uiicant
(ANOVA) when compared to VRV. but the higher response
seen v ith 10 Vg liposon&e-encapsulated RNA was statisti-
cally s&gnificant (px0.05) when compared to both of these
groups.

A further study conlinnixl that Ihc O.l gg of hposomc-
m&cnpsulatml RNA gave much lughcr ant&-F IgG responses
(15 days post-second duse) tluu& O.l Vg of dehvcrcd DNA.
and even v;as more imnninogenic than 20 gs plasmid DNA
encoding the F antigen. delivered by electmporation (lil-
gen™ DNA Delivery System, Inovio).

A further study &vas performed in cotton rats (Sign&odo&t
hispi(h'5) instead oi'm&cc. AI a I I& dose l&posome encap-
sulat&on incrcascd F-spec&iic IBG titers by 8.3-fold co&nparuxI

to rmked RNA and u&crcascd PRNT titers by 9.5-fold. The
magn&tude of the antibody reqpnnse was equivalent to that
induced by 5x104 IU VRV. 13oth naked and hposome-
encapsulated RNA were able to protect the cotton rats from
RSV challenge (I x10'laque fi&rming units). reducing lung
v&ral loiul by BI lmist 3.5 logs. Encapsulauon &ncrcascd thc
reduction by about 2-1'old.

A large-an&mal s&udy was performed in cattle. Cows werc
in&munised with 66 Vs of replicon encoding full-length RSV
11 protein at days 0 and 21. filrmulated inside liposomes. F138

alone v as used as a negative control, nnd a licensed vaccine
v as used as a positive control ("Trian le 4'* from Fort
Dodge, conte&n&ng killed virus) FIG. 14 show F-spec&iic
IgG titcrs over 63 day and 210 day penods, rcspimtively,
start&ng fiom the Iirst inununisauon. The RNA repl&con was
inununogenic in the co&vs. although it pave lower titers than
the hcensed vaccine All vaccinated cows showed F-specific
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antibodies aficr thc second dose, and titers v,cre very stable
from the period of 2 to 6 weel s after the second dose (and
were parumilarly stable for thc RNA vaccuic).

Mechanisnl of Actioil

Bone marrow derived dendritic cells (pDC) were obtained
from wild-typo mice or tlm "Rcsq" (rsq1) mutant strain The
iliiltarlt stl lilt 11;ls;i pc)lit lllutatlofl ut tlie 'llillllii tel'lillllils Of
its TLR7 rixcptor which abohshcs TLR7 signalluig without
atfecting ligand binding as disclosed in reference 44. 1he ic

cells were stimulated with replicon RNA formulated with
l)O'I'AF, lipofectaniine 2000 or inside a liposome As shov n
in FICIS. 19A and 19B. IL-6 and INFa, respectively, v.ere
induced in WT cells but this response was almost completely
abrogated in mutant mice. These results shows that TLR7 is
rixpnred for RNA recognition in unmunc cells, and that
liposome-encapsulated replicons can cause immune cells to
secrete high levels of both interferons and pro-inflanunatory
cytokines.

zc
pKa Measurement
'lite pKa of a lipid is measured in v;ster at standard

tempemture and pressure using the following teclmique:

2 mM solution of lipid in ethanol is prepared by weighing
the lipid and dissolving in ethanol. OS mM solution of -"

fluorescent probe 6-(p-tolutdino)-2-naphdtalcncsulfo-
nic acid (TNS) in cthanohmcthanol 9.1 is prepared by
Iirst mal in 3 mM solution of TNS ui methanol and
then diluting to 0 3 niM w:ith ethanol

ii)
An aqueous buffer containuig sodium phosphate. sodiuni

citrate sodiuni acetate and sodium chloride. at the
concentrations 20 mM. 25 mM, 20 mM and 150 rnM,
respectively, is prepared. The bufl'er is split into eight
parts and the pH adjusted either vvith 12N HCI or 6N
NaOH to 4.44-4.52, 5.27, 6.15-6.21, 6.57, 7.10-7.20,
7.72-7.SO, 8.27-833 and 1047-11.12. 400 HL of 2 mM
lipid solution and 800 ui, of OB mM TNS solution are
niixed.

7 5 HI. of Pmbe/liPid niix are added to 242.5 Iti of buffer 4O

in a I mL 96 v ell plate. This is done with all eight
buffers. After mixing, 100 HL of each probe/lipid/bufler
mixture is transferred to a 250 HL black with clear
bouom 96 well plate (c.g. model COSTAR 3904,
Coming). A convcnicnt way of pcrfiimiing tlus nuxing
is to use the 'lecan (Ienesis RSF150 high throughput
liquid handler and (Iemini Sofnvare

Fluorescence of each probe/lipid/buffer mixture is niea-
sured (e.g with a SpectraMax M5 spectrophotometer
and SofiMax pm 5 2 software) with 322 run excitation,
431 nm emission (auto cutoff at 420 nm).

After the measurement, the background fluorescence
ialuc of an empty well on thc 96 well plate is sub-
tracted from each probcilipid/buflbr mixture. The tluo-
rescence intensity values are then normalized to the
value at lowest pl I 1'he normalized fluorescence inten-
sity is then plotted against pl I and a line of best fit is
provided.

The point on the hne of best fit at vvhich the normalized si,
fluorescence intensity is equal to 0.5 is found. The pH
corresponding to nounalized fluorcsccncc intensity
equal to 0 5 is found and is considered thc pKa of the
lipid.

llus method gives a pKa ol'.8 for DLinDMA. 11ic pKa ss
values measured by this metliod for cationic lipids of
reference 5 are included below

Encapsulation ui Liposomes Usutg Altcmative Cauoiuc
Lipids

As an alternative to using DfinDMA„ the cationic lipids of
reference 5 are used 'I'hese lipids can be synthesised as
disclosed in reference 5.

Thc liposomcs finned above usia DlutDMA are rcfctrcxI
to hereafter as the "RVOI" series 'lite Dlinl)MA was
rcplaccd with various cauomc lipids in sensa "RV02" to
"RV12" as described below

Two different types of each liposome v ere formed. usin
2% PEG2000-DMG with either (01) 40% ol'he catioiuc
lipid, 10% DSPC. slid 48% cholesterol, or (02) 60% of the
cationic hpid and 3S% cholcstcrol. Thus a comparison of the
(01) and (02) liposonies shows the effect of the neutml
zw ittenonic lipnl.

RV02 liposillllcs w i:re Ilitlili: llslllg till: follow lllg catlolllc
lipid (pKa&9. ivithout a tertiary anune):

itzvt
H

RV03 liposomes vvere made using the follov in cationic
lipid (pKa 6.4).

RV04 liposomcs werc made usia thc followuig catioiuc
lipid (pKa 6.62)
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RV06 liposomcs werc made usta thc followutg cattotuc

lipid (pKa 7.27).

+0

nt

RV07 liposomcs werc made usta thc followutg cattotuc
RV06 liposomes were made using the followin cationic 'pid (pKa 6 S)

ltpttl (pKa S.SS).

ul

l&V(YS liposontes were ntade usmg the following cationic
lipid (pKa 5.72).
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Rsr09 liposomes werc made ustng thc following cationic
)tptd (pKa 6.07).

RV)0 liposomes were made for comparison usin the
following cationic ltpid (pKa 7 66):

Rsr) ) liposomcs were made usutg thc following cationic
lipid (pKa 6.41):

BioNTech-Pfizer Exhibit 1310 
BioNTech SE and Pfizer Inc. v. ModernaTX, Inc. IPR2023-01359 

Page 39 of 46



29
US 11,786,467 B2

30
R)Z12 liposomes werc made using thc following cationic

lipi(l (pKa 7).

0

R)Z16 liposomes werc made using Ihc following cationic
lipid (pKa 6.1) as disclosed in reference 46

3(l

35

0

RVZ17 liposomes were made using the followin cationic
lipid (pKa 6 1) as disclosed in reference 46

RMlg hposomcs were made using DODMA. RMI9 hpo-
somes were made using DOTIVLGL. and RV13 liposomes
v ere made v,ith DOTAP, both having a quaternary amine
headgroup

'1'hese liposomes were characterised and we)0 tested (vith
the SEAP rcportcr dcscnbcd above. Thc followutg table
shows lhc sisc ol'hc hposomcs (Z average mid polydlspcr-
sity index). the % of RNA encapsulation in each hposome,
together v,ith the SEAP activity detected at days 1 and 6
after injection SEAP activity is relative to "(tVO((02)'*
liposomes made from l)linl)MA, cholesteml and PE(i-
DMCi.

Ltptd pga Zx (pdl) 'acapaulattus SEAP d:IV I GEAP dar 6

RVD) (Oll
RVDI (02)
RV02 (Oll
RV02 ical
RV(ls (01)
RVO" ical
RV04 (01)
RV04 (02)
RL'(I (01 1

RV(ls (02)
RVLI6 (01)
RV06 (021
RL)17 (In)
RL )17 ()12 1

RV08 icll

58
-9

9
64
64
G6
G6

85

7 27
7 7

: 7-

I 46 tL lllj
162 u (ff lldj
I'f3 9 tu )ssj
134 G (0 ussl
I tt 3 (D "1st
1642 (014 1

lt)L (ff ldsj
I't4 6 (ff l)71
164 tl (I) 162 l

177 8 (D 11

ltC() tu taut
I 'IG 'I tL 164j
14(l 6 (t)184)
138 6 (t)122)
176 7 (0 1851

95
85 3

96
c

6 0
86
740
sl
76.tl

9S
74 9
77
87
50

809
)DL)

57
74 7

67 7
7

91

9LI 4
76 '7

67 I

27 5

24 8

26

29 7

76 7

71 I

ltju
45 7

43
44 9
39 7

154 8

142 G

29 tl

227 9

124
21 I

163

74 8

187
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p f1 px: I (lull) 'If,uffuol » St &P 4:f I Sl -&Pd.r 6

RV08 (02)
RV09 iAII
RVU9 (ff

Rvlu iAII
RVIO (ff

RV)1 (fiij
RV)1 (f
Rv'12 (fii I

)IV 1 (I I

1 72
6 f)7

6 fj7

7 86
7 86
6 41
6 41
7
7

i99 1 fff lull
16& 3 iv 169)
1796 fff I 7)
1297 iv ii!4)
147 6 ff)131)
I 9 fff 186)

I 9 (0198)
I I (ff 161)
ics (0 ilf)

46 3

72-
66
784
Sff 9
71

I

711 8
69 4

112 4
6. I

68.
112 4
78 -"

112 6
71 8

6
78 8

3 98

6. 8 2

47 8

104
42

187
&if

FIG. 15 plots thc SEAP levels al day 6 ugamst lhc pKa of
the cationic lipids The best results are seen where the lipid
luis 4 pK4 bctwccn S.6 nnd 6.8, and ideally belv,een 5.6 and
63

Thf:sc llposonlcs wf:rc 0180 Uscfl 10 flclivix 11 rcpt&con
encoding full-length RSV lf protein 'I'otal IRG titers against
F protein tcvo weel s after the first dose (2wp1) are plotted
against pKa in I'IG 16 1'he best results are seen where the
pKa is &chere the cationic lipid has a pKa between 5.7-5 9,
but pKa alone &s not enough to guarantee a high titer e g the
lipid must st&ll support liposome formation.

RSV Inliuullogcnlcllv
Further work was carried out with a self-replicating

rcphcon (vA317) encod&ng RSV F protein. BALB/c mice. 4
or 8 animals per group. were given bilateral intranmscular
inccinat&ons (SO PL pcr leg) on days 0 and 21 with the
replicon (I pg) alone or fornn&feted as liposomes with the
RVOI or RV05 lipids (see above; pKa of 5 8 Or 5.85) or v ith
RV13. The RVOI liposomes had 40%o DfinDIVLS. 10%
DSP(1 48% cholesterol and 2% VEG-DMG. but with dif-
Ieru&g;mlounts ot RNA. Thc RVOS(01) hposomcs had 40%
canonic lipid. 48% cholesterol, 10% DSPC, and 2% PEG-
DMG: lhc RV05(02) liposomcs had 60% cal&omc lipul, 38%
cholesleml. and 2% Vil(i-l)M(i. 'the RV13 liposomes had
40% IX) I'AR 10%o l)VE, 48% cholesterol and 2% VIIG-
DMG. For comparison. naked plasmid DNA (20 I& )
expressing the same RSV-F antigen was delivered either
using electroporut&on or w&th RVOI(10) hposomes (0 I pg
DNA). Four m&cc were used as 0 &wive control group

Liposomcs were prepared by method (A) or method (B).
ln method (A) fresh lipid stock solutions in ethanol v ere
prepared 37 mg of cat&onic lipid, 11 8 lng of l)SVG, 27 8 mg
ofcholesterol and 8.07 mg of PECI-DMG were weighed and
dissolved in 7.55 mL of ethanol. The tbeshly prepared lipid
stock solution was gently rocked ai 37" C. for about 15 nun
to form a homogm&ous m&xturc. Then. 226.7 PL of lhc stuck
was added to 1.773 mL ctlmnol to make a working Iip&d

stock solution of 2 n&I. I'his amount of lipids was used to
form liposomes with 75 Vg RNA to give an 8 I nitrogen to
phosphate ratio (except that in RVOI (08) and RVOI (09) tlus
ratio cvas modified to 4:I or 16: I). A2 ml working solution
of RNA (or, I'or RVOI (10), DNA) was also prepared from 0

stuck solution ol' I pg/PL in 100 mM c&Irate buflbr (pH 6).
Tluce 20 mL glass v&nls (with sur bars) v,ere mused with
RNase Away solut&on (Molecular 13ioproduct ~ ) and washed
with plenty of MilhQ water before use to decontaminate the
vials of RNases. One of the vials was used for the RNA
working solution and the otherc for collectiitg the lipid and
RNAmixes (as descubcd later). The working lip&d and RNA
solul&ons werc heated at 37'. for 10 min befijre being
loaded ulto 3 cc syuugcs. 2 mL of cilrutc bufli:r (pH 6) was
loaded in another 3 cc syringe )yringes containing RNA
and the lipids were connected to a 'I'ixer (Vl (I'.K Is& 500 unl

RV
Zuv
(fun) pdl uncupsulit on Pc pfnuf on

60

R\ (fl (10)
Rc f I I (f js)
R\ (fl ((I&)

Rc f I I (f&9)

RVUS (Ol I

RVO 102)
RVUI (IAI
RVIS fo

1sxo fvf)88 9fj 7 (A)
166 8 fl )44 88 6 011
136. Iv)36 99
163 f1 f)67 76 7 011
148 01 7 8116 (A)
1772 0136 7 4 iA)
134 7 0 147 87 8* (A)
128 3 u 179 97 I A I

dc Scnun was collected for dnt&body m&alys&s ou days 14, 36
and 49 Spleens &vere harvested fronl nl&ce at day 49 forI'ell

analysis.

ID (unction) using FEP tubulg. Thc outlet from thc T nuxer
v as also FEP tubing. The third syrin e containin the citrate
butter was cotulccled to a separate pwcc of FEP tubing. All
syriages were then driven at a flow mate of 7 nil./min using
a syringe pump. Thc tube outlets were posit&oned to collect
die nnxtures in a 20 ml lass vial (while stirring). 'I'he stir

20
bor was taken out and the ethanol/aqueous colution was
allowed to equilibrate to room temperature for I hour. I'hen

the mixture was loaded in a 5 cc syringe, which was fitted
to a piece of FEV tubing and in another 5 cc syringe lvith

,, equal length of FEP tubing. an equal volume of 100 mM
citratc bufii:r (pH 6) wns loaded. Thc Iwo syungcs were
driven at 7 mL/min flow mate using a syrin e pump and the
Iinal mixture collcclcd ul a 20 mL glass vial (while sl&rrulg).
Next, liposomes ivere concentrated to 2 ml. and dialyzed

Io aglnnst 10-1 S volumes of IxPBS us&ng TFF beff&re recuv-
enng the final product I'he 'I llf systenl and holkjw tiber
filtmstion membranes &vere purchased fronl Spectrum l,abs
and were used according to the manufacturer*s uidelines.
Polyethersulfone (PES) lu&liow fiber filtration membranes

Ic (part munbcr P-Cl-IOOE-100-OIN) w&th a 100 kD pore s&4e

culolf and 20 cm suribce arcs werc used. For &0 vitro and
111 v&vo cape&10&cnlw fornlilldllolls werc fhlUlcil lo lhc
required RNA concentration ivith 1xp13)

Vrepamstion method (13) differed in two ivays from method
so (A). Firstly, after collection in the 20 mL glass vial but

before TFF concentration. the mixture v as passed through a
Mustang Q membrane (an anion-cxchangc support 01st
bulds and removes aruomc molcculcs, obtau&cd from Pall
Corporation, Ann Arbor. Mich.. USA). Th&s membrane was
first washed ivith 4 mi. of I M NaOI I, 4 n&I. of I M Na( I

and 10 ml, of 100 mM citmte butfer (pl I 6) in turn, and
liposomes v,ere warmed for 10 min ot 37" C. before bein
filtered. Secondly. the hollow tiber filtration membrane was
Polysulfone (pan number P/N. XIAB-100-20P).

o Thc Z avcragc particle diameter, polyd&spars&ly index and
encapsulal&on cflicicncy of thc liposomcs werc as follows.
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F-spccllic serum IgG tltcrs (GMT) werc as fi!liow s.

RV D.lo 14 D!y 6

8, e 6 I( XI 1 pl.!wid
Nl dc 171884
I(vol 110/
Rcv) 0181

RVA) f/)51
Rvo I 1091

RVA /f1 I I

RVO( 102)
RVLD (10) Dl 4
RV13 102)

78

I'l(6
9GI

644

671
291

6171
97 0

(49u7
I '116

!46
6915

1."

. 616

C D4+CD8— CD4— (D8+ 20

RV IPNy IL2 IL( T)na II') f IL IL TNI'a

N I «6 IJNA pf. )ud
N, 1 l,i 17 R.l 1
RV!) I ( lu!
ILVA) (08!
RVA!!1 C)

Rvu I 0 9)
RVA( rol)
RV05 02)
RVOI iu.o DNA
RV13 (02)

004 007
0 f)4

007 011)
0 f)2 f)04
0 08 0.12
L! 06 Aofl

L)05 A07

003 004

fl I f1

0 08
I) I

0 OG

0 I(
0 AJ

L! Il
fl ))3

0 06

057 0 9
(»7 0-
I 30 0 9

I 46 030
190 A68
I G2 A 67
t)AG A04
AG4 A3(

11 041

11 6 6

0 67
13

I

I 94
I 71
0 19
u 69
0 08
»s

1'he propornon of 'I cells w:hich are cytokine-positive and
specitic for RSV F51-66 peptide are as follows. shov.ing
only figures which are statistically significantly above pem

34
PLT)tide deleted, and thc 3'nd ls fonncd by nbodymc-
mediated cleavage It ives rested in three different mouse
stra!nc

13AI.I3/c mice were Riven bilateral intranluscuLAr vacci-
nations (50 gL per leg) on days 0 and 22 Animalc were
divided into 8 test groups (5 animals per group) and a naive
control (2 anunal6).

Group I were given naked ro7)ficon (I pg).
(iroup 2 were given I Vg rephcon dehvered in liposomec

"l(VOI(37T'vith 40% DlinDMA. 10% DSV(', 78%
(.'hol, 2"Jb VE(i-conjugated DMCi

Crroup 3 v,ere ivan the same as group 2, but at 0.1 gg
RNA.

Group 4 were given I pg ro7)licon in "RV17(10)** hpo-
somcs (40% RV17 (sce above), 10% DSPC. 49.S%
cholesterol, 0 5% Vl i(i-DMCi)

(iroup 5 were I ug replicon in "RV05(11)" liposomes
(40% l(VO7 lipid. 30% 18 2 Vl: (DI oVE, 28% choles-
terol 2 o PECi-DMCr)

Ciroup 6 were given 0.1 gg replicon in "RVI7(10)"
llposiuncs.

Group 7 were given 5 gg RSV-F subunit prolcul adlu-
vanted with aluminium hydmxide

(iroup 8 were a naive contml (2 anintals)
Semc were collected for antibody analysis on days 14. 35

and 49 F-specific senun Ig(i GMTs v ere:

l!o

14 8 2461 178J 24J6 1171 I J( 1293 (
3( I 'l8 4)81 6f ( 3(79 I'!718 8887 7')809 (

1hus the hpocolne fi7rnlulations significantly enhanced
imnnmogenicity relative to the nal ed RNA contmls, as
deternlined by increased Imcpecific lg(i titers and 'I'ell sc
frequencies. Plasmid DNA fomlulated (vith liposomes. or
dehvcred naked using clcctroporauono was slgmlicanlly less
immlulogenlc than liposome-fi7rmulated self-replicatiag
RNA

The RVOI and RV05 RNA vaccinec were more inununo- co

genic than the RV13 (DOTAP) vaccine. These formulations
luxi comparable physical charactcristlcs dnd v,ere fonuu-
latcd with thc same scil(rcplicaling RN 4, bul they conlmn
dill):rmlt catlonlc lip!de RVOI and RVOS both have a tertiary
amine in Ihe headgmup with a pKa of about 5 8, and also
include unsaturated alkyl tails. RV13 has unsaturated alkyl
tails but its headpoup has a quaternary amine and is very
strongly cationic. These results suggest that lipids with
ternary mnines with pKas ln lhe range 5.01o 7.6 are supewor
to hplds such as DOTAP, wluch orc sirongly canomc. when o

use(I in 4 liposome dehvcry system lilr RNA.
Further Alternatives to I)l.inDMA
1'he cationic lipid in RVOI liposomes (l)l,inDMA) was

repLaced by RV16. RV17, RV18 or RV19. Total I (I titers are
shown in F ICI. 17. The lowest results are caen with RV19 i.e. o.

the DOTIVLA quaternary aminc.
BHK Expression
Liposomcs with d! ITi:rent hplds werc ulcubated w ith BHK

cells overnmht and assessed fi7r protein expreccioil potency.
l)rom a baseline with RVO5 lipid expression could be (o
increased 18x by adding 10% 1,2-diphytanoyl-sn- lycero-
3-phosphoethanolamlne (DPyPE) to the liposome. 10x by
adding 10%o 18.2 (cls) phosphaudylcholule. Snd 900x by
instead usulg RVOI.

RSV Inuuunogcnlclty in D!ITcrenl Mouse Strains 6(

Replicon "vA142'* encode( the full-length v ild type sur-
face fusion (I)) glycoprotein of R)V but with the fusion

At day 35 F-specific I (il and Ig(i2a tlters ((iM'I') were
;Is follov'8:

RSV serum neuudhzulg ant!body titers at days 3S and 49
were as folio(vs (data are 60% plaque reduction neutralipa-
tion titers of pool( of 2-5 mice. I pool per group)

l!o I

143 20 lfu 32 30 111 o20
49 ' 139 o20 83 41 32 lt)09:20

Spleclw werc hap(cate(I al day 49 for T cell analysts.
Avemcge net F-specifi cytokine-positive 'I'ell frequencies
(('D4+ or (:Dg+) (vere as follows, showing only figures
v hich were statistically significantly above zero (specific fiJr
RSV peptides F51-GG, Fl(i4-178, F309-323 for CD4+. or for
peptides F85-93 and F249-258 for CD8+);

CD4+CDS- CD4-('Dfl+

fo up uw'7 112 II INta 0 u", 112 n 'I'Cla

I uu 006 008 ()47 02J A48
2 uu( 010 0)IS I 3( 0 (2 1.11

3 ! 1 Ll
"

i ) 0 ! (i )f6 !7 64 0 31 0 ol
4 Llu 009 lf( ) I 17 0 65 I.LIB

u Ll" L) 08 (lifo !7 65 0 28 0 58

I pl I 3 4 6 7

Ieof 94 6238 4836 7425 8288 1817 78604
Ieo o (386 7A64 (9084 33749 14437 176 4 4
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At day 35 F-spimilic IgGI and IgG2a t&ters (GMT) werc
;is follov'8:

('D4— ('Dy+

('m»p n Nt u 2 u 5 Ivl.( Iy"t/ ~ . n I ~ &v

6 (I ((5 0 (17 0 07 ((74 (136 0 66
t I 07 tl 04 (I 04

8

Ieot 5 13 3 1ru 21! I '16 34 8" 114 189
Iy( 4 1(t 1&6941 78424 6718 I 667 27(w stl(t I 27

C57BL/6 m&cc werc &nununiscd &n d&e smuc way, but a 9th Iii

group rccm& cd VRPs (1x10 IU) exprcssu&g thc lull-length
wild-type surface fus&ou glycoproleu& of RSV (fus&on pep-
&alt: ilclclion).

Sera werc collected for anubody m&alys&s on days 14. 35
k 49. F-specilic IgG t&ters (CiMT) werc. I

RSV serum neuuahzu&g annbody titers at days 3S and 49
werc as Iollows:

De, I 2 4 ( 6 7 8 9

3 2(t 19 6(t 6( fol 1 441 '2(t 595
49 '2(l 46 96 . 8- I 1148 - 0 187

Dey I ' 4 5 6 8 9

14 1140 213! D126 - 9 304 17 0 97& lull
17 I 512 iltl4 &PIC 95 ( 409 9 &I I 1&9 20

At day 33 F-specihc IgCil and I C12a titers (CiMT) were
as follt&tvs:

I G I 7 3 4 5 6, 8

I 2 '! 4 ( 6 7 8 9
3(

3 -.20 7 29 22 36 - 0 28 :2( -20
49 -20 44 3(l 2" 36 : tl » 20 37

40Splcens werc harvcstcd al day 49 for T cell analysis.
A& crage nel F-spec&lic cytoku&c-positive T cell frcqucnc&es
(CD8+) werc as Ibllows, showing only ligurcs winch were
stauslically s&g&ulicanlly above zero (spvcilic I'or RSV pep-
udcs F85-93 mid F249-258).

CD4-0'DS+

(Vu P u N'I

04
121
I 01

126
2 13

(I (1
II ill

u 2

0 13

f I &7

0 6

3

0 70
0 19
0 0(

il - IVtu

u 37

I 0"
0 77
0 93
I

ti 49

2 81

Nine groups of C3H/HeN mice were immunised in the
same way. F-specihc I Ci titers (GMT) were: 60

Dev I 3 4 6, 8 9

14 t&49 1666 lltl 98 984 3(19 ( St&6

1(2 77(4 19(&08 17691 14 4 61((0 62297 17 49

(li 66 247 14 328 468 9 6 (8 79
ISG24 170 768( (ti(( 6161 I (73 2944 1( 14 9

10

RSV senun neutralizing ant&body titers at days 35 and 49
were as ti&llows (data are 60/4 plaque reduction neutraliza-
tion titers of pools of 2-5 mice, I pool per group):

Thus three difi'erent lipids (RVOI. RV05, RV17: PKa 5.8,
5.8 S. G. I ) were les!cd u& tinea dillbrm&t inbred mmiac strains.
For all 3 stra&ns RVOI was morc elfixuvc than RV17: Ibr
BALB/c m&d C3H stra ms RV05 w as less cliimuve than either
13001 or 13VI7, but it was more effective in l36 strain. In all
cases, ho(vever, the liposon&es &vere more effective than two
cat&onic nanoemulsions which i(ere tested in parallel.

CMV Imnuu&ogenicity
RVOI 1&posomes w&lh DLu&DMA as thc cal&on&c hpid

werc used to deliver RNA replicons m&codu&g cytomcgalo-
v&rus (Cl(IV) glycoprotcu&s. 11&e "vA160" rcpl&con cncodcs
full-length glycoproteins Il and l. (811/gi,), whereas the
"vA322" replicon encodes a soluble fi&rn& (gi lsol/81.). 1'he
two proteins are under the control of separate subgenomic
promoters in a single repiicon: co-administration of tvvo

separate vectors. one encoding H and one encoding gL, did
nol give gotxl resullw

BALB,'c mice. 10 per group. werc g&ven b&lateral &ntm-

muscular vaccinations (50 pl per le ) on days 0. 21 and 42
v ith VRPs expressing, el iigl (lx10 IU), VRPs expressing,
gHsol/ L (lx10'U) and PBS as the controls. Two test
groups received I pg of the vA160 or vA322 replicon
fornuilated in liposomes (40/4 DIh&DMS„ 10% DSP0'. 48%
Chol, 2% PEG-DMG. metic using method (A) as discussvxt
above, bul with ISO ng RNA batch size).

I'he vA160 liposomes had a lav dian&eter of !fig nm, a

pdl of 0 144, and 87 4% encapsulation. I'he vA322 lipo-
somes had a Zav diameter of 162 nm. a pdl of 0 131. and
90% encapsulation.

The replicons &vere able to express n(o proteins from a
single vector.

Sera werc collected for mununologlcal analysis on day G3

(3wp3). I'MV neutmlipation t&ters (the reciprocal of the
serum dilution producing a 50% reduct&on in number of
positive iirus fi&ci per well. relative to controls) were as
I(1)lows:

ylf el \ 1(P yi(e I yl. VI(P yu(yl I p . » Sue I xl ltp .

4576 2393 4 eo I(it&62

RNA expressing eid&er a full-length or a soluble foun of
the CMV gH/gL complex thus elicited hiJ& titers of neu-
trahz&n antibodies, as assayed on epithelial cells. The
average t&ters clicitcd by the hposomp-encapsulated RNAs
werc at least as high as for lhc correspon(hng VRPS.

I 1 w ill bc understood that Ibc invent&on has ben& dc set&bvxt

by way of example only and modifications may be made
whilst remaining within the scope and spirit of the mvention
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Thc u&vcnlion cia&med &s:

I A formulation comprising:
nbonuclc&c ac&d (RNA) moleculcs compns&ng a simucncc

that encodes an immunogen: and
1&pals comprising a ternary amu&c cdt&on&c hp&d, a poly-

ethylene glycol-conjugated (Pl:0-conjugated) lipid,
and cholesterol,

whc&'chl fllc formula&lou is Imuuulogcn&c ul vivo bv
eliciting an antibody response against the imnn&nogen

111
ul vlvo,

wherein the lipids encapsuLste at least half of the RNA
molccules.

2 I'he formulation of claim I, wherein the imnnu&ogen
comprises a viral mununogcn. a baclcnal unmunogcn, a
fuflg'll liuunulogcu. or 'I pBI'lslfic inuuunogcn

3 The fiimn&iation of claim 2„wherein the imnn&nogen
coulprlscs thc vu';ll 1&rlunulogeil

4 The fomndation of cLaim 3, wherein the PECI-conju-

Io ganxl 1&pid is a 1,2-d&myrisloyl-rac-glyccro-3-mclhoxypoly-
ethylene iycol.

5 The fom&ulalion of claim I, where&n the PEG-conju-
gated lipid comprises a PI ICi that has a n&olecular weight of
2000 I )altons

6 I'he formulation of claim I, wherein the Pl i(i-conju-
gated l&pid is a 1,2-dimyristoyl-rac-glycero-3-methoxypoly-
ethylene iycol.

7 11&c fonuulalion ol'lmm I, whcrc&n thc RNA mul-
cculcs fur&bc& con&pose d 3 poiv'(&xh:uosuu: ulouophosphau:)

ic (poly(A)) tail
8 11&e tbrmulation of claim I, wherein the RNA mol-

ecules further compfise a ff cap and a g first ribonucleotide,
and wherein the 5'ap is linked 5uto-5'o the B first
ribonucleotide.

Is 9 The fi&rmulat&on of claim 8, whcrc&n thc 5'irst nbo-
nuclcotulc compnscs a 2umcthylatcd nbose.

10. The fornu&lation of claim I, whcrcin thc hp&ds com-
prise from 35 nlole %» to 50 mole % of the cholesterol.

11. 'I'he fi&rmulation of claim I, where&n the imnnu&ogen
do comprises two or more inmumogens.

12. The formulation ofclainl I, wherein the tertiary amine
canonic lip&d has a pKafrom 6 07 to 7.6, whcrcby the pKB
Is ilc&cruuucxi &Il annul&ltd Iculpcraturc dud prcssulc bv lhc
follow ulg:

(I) admixing -100 pl. of 2 mM of the tertiary amine
cationic lipid that is in ethanol and 800 pl. of 0 3 mM
of fluorescent probe 6-(p-toluidino)-2-naphthalene-
sulfonic acid (TNS), wlfich is &n 90 volume %v ethanol
m&d 10 volume % methm&ol. thcrcby obtauung a hpnl'
TNS mixture;

(2) admixing 7.5 PL of the 1&p&d/TNS m&xlure and 242.5
pl, of a first buffer consisting essent&ally of a sodium
salt butfer consisting of 20 mM sodium phosphate. 25
mM sodium citrate. 20 mM sodium acetate. and 150

s. mM sodium chloride, wherein the first bufler has a pH
from 444 lo 4.52. which has bccn ad)ustixi w&th 12N
hydrocldonc acid or 6N sod&um hydroxide, thcrcby
obtai&ung a Iirst m&xlure, m&d d&speusing 100 PL of thc
first mixture in a hrst weil of a 96-well plate, which has
a clear bottom;

(3) admixing 7.5 PL of the lipid/TNS mixture and 242.5
PL of a second buffer consisting essentially of the
sodium salt buflbr. whcrcul the second buflbr has a pH
of 5.27. wh&ch has been adjust&xi w &th 12N hydrochlo-

ss nc acid or 6N sodnun hydrox&de, thereby obtaining a
second mixture. and dispensin 100 PI. of the second
mixture in a second well of the 96-well plate;

sc
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(4) adnuxing 7.S pL of lhe hpnl'TNS mixture and 242 5

pi, nf a th&rd buffer consisting essentially nf the sod&uni
salt buffer, where&n the third buffer has pl I nf from 6 15

tn 6.21, which has been adlusted with 12N hydrochloric
acid or 6N sodium hydroxide. thereby obtainin a third
mixture. and dispensing 100 pl of the third mixture in

liurd well of the 96-well plate:
(5) arlnux&ng 7.S pL of thc hp&d/TNS mixture mid 242 5

ul, of a fourth buffer consisting essentially of the
sodiunl salt buffer, where&n the fourrh butfer has a pl I &n

of 6.57. &vhich has been adjusted with 12N hydrochlo-
ric acid or 6N sodium hydroxide. thereby obtaining a
filurth mixture. and dispensing 100 pL of the fourth
nnxlurc iu a fourth weil of lhc 96-well plate,

(6) adnuxing 7.S pL of lhe hpnl'TNS mixture and 242 5

pi, of a fifth buffer consisting essentially of the sod&uni
salt buffer, wherein the fifth butTer lms a pl i of front
7 10 tn 7.20. which has been adjusted with 12N hydro-
cl&IOIIC acid or (IN sodium hydroxide. thereby obtaining
a fifth mixture. and dispensing 100 pL of rhe fiflh In
mn«urc in a Jifih well of the 96-well plate;

(7) arlnux&ng 7.S pL of thc hp&d/TNS mixture mid 242 5

ul, of a s&xth buffer consisting essentially of the sod&unl
salt bufler. wherem the sixth buffer has a pl I nf front
7 72 to 7.80. which has been adjusted with 12N hydro-
cifloric acid or GN sodium hydroxide, thereby obtaining
a sixth mixture. and dispensing 100 pL of the s&xth
nnxlurc iu a sixth well nl'he 9G-wefl plate,

(8) adnuxing 7.S pL of lhe hpnl'TNS mixture and 242 5

pl, nt a seventh butfer consisting essentially of the ln
sodium salt buffer, wherein the seventh butTer has a pl I

of fmm 8.27 to 8 33, which has been adjusted with 12N
hydrochloric acid or 6N sodium hydroxide. thereby
obtaining a seventh mixture, and dispensing 100 pL of
the seventh m&xturc &n a scvcnih well of the 96-well ls
plate.

(9) arlnux&ng 7.S pL of thc hp&d/TNS mixture mid 242 5

ul, of an eighth buffer consisting egsentially of the
sodiunl salt buffer, wherein the eighth butfer has a pl I

of from 10.47 to 11.12, which hns been adjusred v.ith so
12N hydmchloric acid or 6N sodium hydroxide,
thcrcby obta&n&ng au c&ghlh nuxturc, mid dispmlsing
100 pL of thc e&ghth m&xturc in an c&ghlh well of thc
96-well plato:

(10) measuring the fluorescence at a wavelength of 431
nm lvith an exc&tat&on wavelength of 322 nm and a
cut-ofl'elow a wavelength of 420 run of each of the
first through eighth wells and an empty well of the
96-well plato. thcrcby oblauun a measured thiorcs-
cence of each ol Ihc empty weil and the lirsl through n

I:Ighlh wi:lls,
(11) subtracting the nleasured fluorescence nf the enlpty

well tron& each of the measured fluorescences of the
first tiuougr ei hth wefls, thereby obtaining n blank-
subtracted fluorescence tilr each of the first tiuou h lo
mghlh mixtures,

(12) normal&z&ng each ol'hc blarrk-sublractcxl fluores-
ccnces ol thc Iirsl tluough eighth m&xlures to thc
blank-subtmscted fluorescence of the first niixture,
thereby obta&ning a relative fluorescence for each of the Io
first tiuough eighth mixtures. the relative fluorescence
being I for the first mixture;

(13) obtaimng a linc of best tit ol'hc pHs ol'hc lirst
lluough e&ghth buflers versus Ihe rcspcctwe relative
fluorescenccs of Ihc Jirsl llunugh c&ghlh nnxlurcs, and ss

(14) determining the pKa as the pl I on the line of best ht
at v hich a relative thiorescence of 0.5 is obtained.

13. 11&c fomlulalinn of claun 12, where&n thc teruary
amine cationic lipid has a pKa from 6 07 to 7 0

14 'I'he frlrmulation of claim 1. wherein the lipids com-
prise from 40 nlole "!o to 60 mole % of the tertiary amine
cat&onic lipid.

15. The founulation of cLaim 1, wherein the RNA mol-
em&lcs further comprise a serluencc that encodes a rephcasc,
and lhc RNAmolccules arc self-rrpl&cat&ng RNAmolccules.

16. 11&e formulation of claim 1. wherein the fonnuLstion
is further irnmunogenic in vivo by eliciting a cell-mediated
inunune response against the immunogen in vivo

17. The founulation of claim 1, wherein the lipids thrther
comprise 1,2-distearoyl-sn-glycem-3-phosphochohne,

18. Thc fornudalinn ofclaim 17, where&n thc inununngcn
conlprlscs a Yllill nun&lux&gcn. a bactcnal unmunogen. a
fang'll l&11&1&unogcn. or 'I par'lsltlc &nuniulngen

19 1'he frlrmulation ofclaim 18. wherein the imnnulngen
comprises the viral imnninogen.

20. The fi&unulation of cLaim 19. wherein the PECi-
conjugated lipid is a 1.2-dimyristoyl-rac-glycero-3-
methoxypnlyethylcnc glycol.

21. 11&c fornudalion ol'laim 18. whcrcin thc PEI 0
conjugated lipid is a 1.2-dimyristnyl-rac-glycero-3-
methoxypolyethylene glYcol.

22. 'Ilie fornndation of claim 17. whe&ein the PIKI-
conjugated lipid comprises a PEGI that has a molecular
we&ght of 2000 Daltons.

23. The fonnulauon nl'lmm 17, whcrcin thc RNA
molcculcs liirther compose a 3'oly(A) tail.

24 1'he tilrnudation of cia&m 17, whe&ein the RNA
mnlecules further comprise a ff cap and a 9 first ribonucle-
ot&de, and wherein the 5'ap is linked 5xto-5'o the 5'irst
ribonucleotide.

25. The formulation of claim 24. wherein the 5'irst
ribnnuclcx&talc compnscs a 2xmethylatcd nbose.

26. 11&c fornudalion ol'laim 17. whcrcin thc 1&pids

comprise from 35 mole % lo 50 mole %o of thc cholcstcrul.
27. 'I'he fornndation ofclaim 17. wherein the imnnu&ogen

cmnprises two nr more inlnnino ens
28. The fomndation of claim 17, wherein the tertiary

amine cationic lipid has a pKa from 6.07 to 7.G, whereby the
pKa rs delcrnunrxl at standard Imuperaturc and prcssure by
thc followulg.

(I) adnuxrng 400 pL nl' mM of the tert&ary anunc
cationic lipid that is in ethanol and 800 pl. of 0 3 mM
of fluorescent probe 'I'NK which is m 90 volume gl&

ethanol and 10 volume !'o nlethanol„ thereby obtainin
a lipid/TNS mixture;

(2) admixing 7.5 pL of the 1&p&d/TNS m&xlure and 242.5
pL ol' Iirsl buflbr consisting cssenually ol' sodium
sall bulTer consist&ng of 20 mM sod&um phosphate. 25
mM sodium citrate. 20 mM sodium acetate. and 150
mM sodium chloride, lvherein the hrst buffer has a pl I

from 444 to 4.52. which has been adjusted with 12N
hydrochloric acid or 6N sodium hydroxide. thereby
nbtaitung a Iirst m&xlure, mid d&speusing 100 pL of thc
lira& mixture ul a Iirsl well of a 96 well plate, which has
a clear bc&long

(3 j admixing 7.5 pl. of the hpid/I NS mixture and 242 5

pi of a second bufler cnns&sting essentially of the
sodium salt buffer, wherein the second buffer has a pH
of 5.27. which has been adjusted with 12N hydrochlo-
nc acid or 6N sndnun hydrox&de, thereby obtaining a
second nuxturc. and dispens&ng 100 pL of thc srxond
nuxturc ul a second well of the 96-well plate,

(4) admixing 7.5 pl. of the fipid/I'NS mixture and 242 5

pl, of a third buffer consisting essentially of the sodium
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salt buflbr, whcrcui the third bufli:r has a pH of from
6 15 to 6.21. which has been adjusted with 12N hydro-
chloric acid or fiiN 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 oi' fourth buflbr consistuig essentially of the
sodium salt buflbr, whermn the Iiiurth bufli:r lies a pH
of 6.57. ivhich has been adjusted with 12N hydrochlo-
ric acid or 6N sodimn hydroxide, thereby obtaining a io

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 bufli:r consisting csscntially oi'he sodnun
salt bufl'cr, wherein thc Iii'th bufli:r has a pH of from
7 10 to 7.20. which has been adjusted with 12N hydro-
chloric acid or fiiN 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 nt
pL of a sixth bufli:r consistuig essentially ol'hc sodnim
salt buflbr, wherein thc sixth bufler has a pH of from
7 72 to 7.60. which has been adjusted with 12N hydro-
chloric acid or 6N sodium hydroxide, thereby obtaining
a sixth mixture. and dispensing 100 pl, of the sixth
mixture in a sixth v ell of the 96-well pLate;

(g) aihnixing 7.5 PL of the lipid/TNS mixture and 242 5

uL oi' seventh buflbr consistuig essmitially of thc
sodium salt bufli:r, whereui the seventh buflbr iris a pH
of fmm g.27 to g 33, which has been adjusted with 12N io
hydrochloric acid or 6N sodium hydroxide, thereby
obtainiim a seventh mixture, and dispensing 100 pl. of
the seventh mixture in a seventh vvell of the 96-well
plate:

(9) adnuxing 7.5 PL of thc hpid/TNS mixture mid 242 5 ii
pL of an eighth bufli:r consistuig essentially of the
sodium salt buifcr, whcrcin thc eighth buflbr has a pH
of front 10.47 to 11 12, which has been adjusted v ith
12N hydrochloric acid or fiiN sodium hydroxide,

thcrcby obtaiiung an eighth mixture, and dispensuig
100 pL of the eighth mixture in an eighth well of the
96-well plate;

(10) measuring the fhiorescence at a wavelength of 431
nm with an excitation waielcngth oi'22 iun and a
cut-otf beloiv a wavelength of 420 nnt of each of the
first through ei hth wells and an empty well of the
96-well plate, thereby obtaining a measured fluores-
cence of each of the empty ivell and the firs tltrough
eighth wells,

(11) subtracting the nieasured fluorescence of the empty
well from each oi'hc measured fluorcsccnccs oi'hc
first through eighth ivells. thereby obtaining a blank-
subtracted fluorescence for each of the first tltrough
eighth mixtures;

(12) normaitzut each oi'lu: blattk-subtracted fluorcs-
ccnccs of the Iirst tluough eighth mixnircs to thc
bhufl.-subtracted fluorcsccncc of thc Iirst nuxturc.
thereby obtaining a relative fluorescence for each of the
first through eighth mixtures. the relative fluorescence
bein I fiir the first mixnire:

(13) obtainin a line of best fit of the pHs of the first
tllroilgll clglltll buflbls versus tile I'cspcctlvc rchltlvc
fluorcsccnces of the Iirst tluough mghth nuxtures, and

(14) dctermimng the pKC as the pH on thc lnic of best Iit
at which a relative fluorescence of 0 5 is obtained

29. 11ie formulation of claim 2g, wherein the tertiary
amine cationic lipid has a pKa from (i.07 to 7.0.

30. The formulation of claim 17. wherein the lipids
colllprlsc fronl 40 Illolc % to 60 lniilc % of tile tertiary anlillc
canonic lipul.

3L The formulation of claim 17, whcrcui thc formulation
is further imnnuiogenic in vivo by eliciting a cell-mediated
inimune response against the immunogen in vivo

32. The fiinnulation of cLaim 17. wherein the PE61-
conjugated lipid is a 1.2-dimyristoyl-rac-glycero-3-
methoxypolyethylcnc glycol.

BioNTech-Pfizer Exhibit 1310 
BioNTech SE and Pfizer Inc. v. ModernaTX, Inc. IPR2023-01359 

Page 46 of 46


	Abstract
	Biblio
	Claims
	Descriptions
	Drawings



