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PEGYLATED LIPOSOMES FOR DELIVERY 
OF IMMUNOGEN ENCODING RNA 

[0001] This application claims the bene?t of US. provi 
sional application number 61/378,826, Which Was ?led Aug. 
31, 2010, the complete contents of Which are hereby incor 
porated herein by reference for all purposes. 

TECHNICAL FIELD 

[0002] This invention is in the ?eld of non-viral delivery of 
RNA for immunisation. 

BACKGROUND ART 

[0003] The delivery of nucleic acids for immunising ani 
mals has been a goal for several years. Various approaches 
have been tested, including the use of DNA or RNA, of viral 
or non-viral delivery vehicles (or even no delivery vehicle, in 
a “naked” vaccine), of replicating or non-replicating vectors, 
or of viral or non-viral vectors. 

[0004] There remains a need for further and improved 
nucleic acid vaccines and, in particular, for improved Ways of 
delivering nucleic acid vaccines. 

DISCLOSURE OF THE INVENTION 

[0005] According to the invention, nucleic acid immunisa 
tion is achieved by delivering RNA encapsulated Within a 
liposome. The RNA encodes an immunogen of interest. The 
liposome includes a PEGylated lipid i.e. the lipid is modi?ed 
by covalent attachment of a polyethylene glycol. PEG pro 
vides the liposomes With a coat Which can confer favourable 
pharmacokinetic characteristics eg it can increase stability 
and prevent non-speci?c adsorption of the liposomes. The 
inventors have found that the length of the PEG can affect in 
vivo expression of encapsulated RNA and so the invention 
uses liposomes Which comprise PEG Which has an average 
molecular mass of betWeen 1 kDa and 3 kDa. PEG With a 
loWer molecular Weight (eg 500 or 750 Da) does not form 
stable liposomes. 
[0006] Thus the invention provides a liposome Within 
Which RNA encoding an immunogen of interest is encapsu 
lated, Wherein the liposome comprises at least one lipid Which 
includes a polyethylene glycol moiety, such that polyethylene 
glycol is present on the liposome’s exterior, Wherein the 
average molecular mass of the polyethylene glycol is betWeen 
1 kDa and 3 kDa. These liposomes are suitable for in vivo 
delivery of the RNA to a vertebrate cell and so they are useful 
as components in pharmaceutical compositions for immunis 
ing subjects against various diseases. 
[0007] The invention also provides a process for preparing 
a RNA-containing liposome, comprising a step of mixing 
RNA With one or more lipids, under conditions such that the 
lipids form a liposome in Which the RNA is encapsulated, 
Wherein at least one lipid includes a polyethylene glycol 
moiety Which becomes located on the liposome’s exterior 
during the process, and Wherein the average molecular mass 
of the polyethylene glycol is betWeen 1 kDa and 3 kDa. 
[0008] The liposome 
[0009] The invention utilises liposomes Within Which 
immunogen-encoding RNA is encapsulated. Thus the RNA is 
(as in a natural virus) separated from any external medium. 
Encapsulation Within the liposome has been found to protect 
RNA from RNase digestion. The liposomes can include some 
external RNA (eg on their surface), but at least half of the 
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RNA (and ideally all of it) is encapsulated in the liposome’s 
core. Encapsulation Within liposomes is distinct from, for 
instance, the lipid/RNA complexes disclosed in reference 1, 
Where RNA is mixed With pre-formed liposomes. 
[0010] Various amphiphilic lipids can form bilayers in an 
aqueous environment to encapsulate a RNA-containing aque 
ous core as a liposome. These lipids can have an anionic, 
cationic or ZWitterionic hydrophilic head group. Formation of 
liposomes from anionic phospholipids dates back to the 
1960s, and cationic liposome-forming lipids have been stud 
ied since the 1990s. Some phospholipids are anionic Whereas 
other are ZWitterionic and others are cationic. Suitable classes 
of phospholipid include, but are not limited to, phosphati 
dylethanolamines, phosphatidylcholines, phosphati 
dylserines, and phosphatidyl-glycerols, and some useful 
phospholipids are listed in Table 1. Useful cationic lipids 
include, but are not limited to, dioleoyl trimethylammonium 
propane (DOTAP), 1,2-distearyloxy-N,N-dimethyl-3-ami 
nopropane (DSDMA), 1,2-dioleyloxy-N,Ndimethyl-3-ami 
nopropane (DODMA), 1,2-dilinoleyloxy-N,N-dimethyl-3 
aminopropane (DLinDMA), 1 ,2-dilinolenyloxy-N,N 
dimethyl-3-aminopropane (DLenDMA). ZWitterionic lipids 
include, but are not limited to, acyl ZWitterionic lipids and 
ether ZWitterionic lipids. Examples of useful ZWitterionic lip 
ids are DPPC, DOPC, DSPC, dodecylphosphocholine, 1,2 
dioleoyl-sn-glycero-3-phosphatidylethanolamine (DOPE), 
and 1 ,2-diphytanoyl-sn-glycero-3-pho sphoethanolamine 
(DPyPE). The lipids can be saturated or unsaturated. The use 
of at least one unsaturated lipid for preparing liposomes is 
preferred. If an unsaturated lipid has tWo tails, both tails can 
be unsaturated, or it can have one saturated tail and one 
unsaturated tail. A lipid can include a steroid group in one tail 
eg as in RV05. 

[0011] Thus in one embodiment the invention provides a 
liposome having a lipid bilayer encapsulating an aqueous 
core, Wherein: (i) the lipid bilayer comprises at least one lipid 
Which includes a polyethylene glycol moiety, such that poly 
ethylene glycol is present on the liposome’s exterior, Wherein 
the average molecular mass of the polyethylene glycol is 
betWeen 1 kDa and 3 kDa; and (ii) the aqueous core includes 
a RNA Which encodes an immunogen. 

[0012] Liposomes of the invention can be formed from a 
single lipid or from a mixture of lipids. A mixture may com 
prise (i) a mixture of anionic lipids (ii) a mixture of cationic 
lipids (iii) a mixture of ZWitterionic lipids (iv) a mixture of 
anionic lipids and cationic lipids (v) a mixture of anionic 
lipids and ZWitterionic lipids (vi) a mixture of ZWitterionic 
lipids and cationic lipids or (vii) a mixture of anionic lipids, 
cationic lipids and ZWitterionic lipids. Similarly, a mixture 
may comprise both saturated and unsaturated lipids. For 
example, a mixture may comprise DSPC (ZWitterionic, satu 
rated), DlinDMA (cationic, unsaturated), and/or DMG (an 
ionic, saturated). Where a mixture of lipids is used, not all of 
the component lipids in the mixture need to be amphiphilic 
eg one or more amphiphilic lipids can be mixed With cho 
lesterol. 

[0013] Where a liposome of the invention is formed from a 
mixture of lipids, it is preferred that the proportion of those 
lipids Which are PEGylated as described herein is less than 
10% of the total amount of lipids eg between 0.5-5%, 
betWeen 1-4%, or abbut 2%. For instance, useful liposomes 
are shoWn beloW in Which 2% of the total lipid is a PEG 
DMG. The remainder can be made of eg cholesterol (e.g. 
35-50% cholesterol) and/or cationic lipid (e.g. 30-70%) and/ 
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or DSPC (e.g. 5-15%). Such mixtures are used below. These 
percentage values are mole percentages. 
[0014] Thus a liposome can be formed from a cationic lipid 
(e. g. DlinDMA, RV05), a ZWitterionic lipid (e.g. DSPC, 
DPyPE), a cholesterol, and a PEGylated lipid. A mixture of 
DSPC, DlinDMA, PEG-DMG and cholesterol is used in the 
examples, as Well as several further mixtures. 
[0015] At least one lipid Within the liposome includes a 
polyethylene glycol moiety. Liposomes Which include these 
PEGylated lipids Will have PEG oriented so that it is present 
on at least the exterior of the liposome (but some PEG may 
also be exposed to the liposome’s interior i.e. to the aqueous 
core). This orientation can be achieved by attaching the PEG 
to an appropriate part of the lipid. For instance, in an 
amphiphilic lipid the PEG Would be attached to the hydro 
philic head, as it is this head Which orients itself to the lipid 
bilayer’s aqueous-facing exterior. PEGylation in this Way can 
be achieved by covalent attachment of a PEG to a lipid eg 
using techniques such as those disclosed in reference 2 and 3. 
[0016] Thus the PEGylated lipids Will comprise the PEG 
structure: 

Where n provides a molecular Weight for the PEG of betWeen 
1 kDa and 3 kDa eg between 23 and 68, or about 45 for a 2 
kDa PEGylation (eg see FIG. 16). 
[0017] The PEG moiety can terminate With an 4O-methyl 
group, and so a PEGylated lipid may comprise: 

[0018] Including attachment to a nitrogen in a lipid’s head 
group, therefore, a PEGylated lipid useful With the invention 
may comprise: 

O 

[0019] One suitable PEGylated lipid for use With the inven 
tion is PEG-DMG, as used in the examples. FIGS. 17A to 17E 
shoW further useful PEGylated lipids. PEGylated cholesterol 
can also be used. Other PEGylated lipids can be used eg 
lipids of Formula Qi): 

A1 

IZ'lTXl_Ll_XZ{ A2 
Wherein: 
[0020] Z is a hydrophilic head group component selected 
from PEG and polymers based on poly(oxaZoline), poly(eth 
ylene oxide), poly(vinyl alcohol), poly(glycerol), poly(N 
vinylpyrrolidone), poly[N-(2-hydroxypropyl)methacryla 
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mide] and poly(amino acid)s, Wherein the polymer may be 
linear or branched, and Wherein the polymer may be option 
ally substituted; 
[0021] Z is polymerized by n subunits; 
[0022] n is a number-averaged degree of polymerization 
betWeen 10 and 200 units of Z (and can be optimiZed for 
different Z groups); 
[0023] L1 is an optionally substituted Cl_1O alkylene or 
Cl_1O heteroalkylene linker including Zero, one or tWo of an 
ether (e.g., 4C(O)Oi), ester (e.g., iC(O)Oi), succinate 
(e.g., 4O(O)CiCH2iCH2iC(O)Oi)), carbamate (e.g., 
4OC(O)iNR'i), carbonate (e.g., iOC(O)Oi), urea 
(e.g., iNRC(O)NR'i), amine (e.g., iNR'i), amide (e.g., 
4C(O)NR'i), imine (e.g., 4C(NR')i), thioether (e.g., 
iSi), xanthate (e.g., iOC(S)Si), and phosphodiester 
(e.g., iOP(O)2Oi), Wherein R' is independently selected 
from ‘3H, iNHi, iNHZ, iOi, iSi, a phosphate or an 
optionally substituted C 1_ 1O alkylene; 
[0024] X l and X2 are independently selected from a carbon 
or a heteroatom selected from iNHi, iOi, iSi or a 
phosphate; 
[0025] Al and A2 are either independently selected from a 
C6_3O alkyl, C6-3O alkenyl, and C6_3O alkynyl, Wherein Al and 
A2 may be the same or different, or Al and A2 together With 
the carbon atom to Which they are attached form an optionally 
substituted steroid. 
[0026] A liposome of the invention Will typically include a 
large number of PEG moieties, Which may be the same or 
different. The average molecular mass of the PEG in a lipo 
some of the invention is betWeen 1 kDa and 3 kDa eg 
between 1.5-2.5 kDa, betWeen 1.7-2.3 kDa, betWeen 1.8-2.2 
kDa, betWeen 1.9-2.1 kDa, or 2 kDa. Thus the PEG can be a 
PEG Which is commonly knoWn as “PEG 2000” or “PEG 2 
k”, although the shorter “PEG 1000” and longer “PEG 3000” 
can also be used. 
[0027] The PEG Will usually comprise linear polymer 
chains but, in some embodiments, the PEG may comprise 
branched polymer chains. 
[0028] It is also possible for a single lipid molecule to 
include more than one PEG group eg attached to different 
carbon atoms in a lipid’s head group (eg see FIG. 18). In 
these circumstances the reference to the molecular mass of 
PEG in a liposome is the molecular mass per lipid molecule 
rather than per PEG sub stituent. Thus, in a liposome in Which 
the sole PEGylated lipid has the structure shoWn in FIG. 18, 
Where the boxed molecular Weight is 2 kDa and is made up of 
tWo chains of 1 kDa each, the average molecular mass of the 
PEG is 2 kDa not 1 kDa. 
[0029] In some embodiments the PEG may be a substituted 
PEG e. g. in Which one or more carbon atoms in the polymer 
is substituted by one or more alkyl, alkoxy, acyl or aryl 
groups. 
[0030] In some embodiments the PEG may include copoly 
mer groups eg one or more propylene monomers, to form a 
PEG polypropylene polymer. 
[0031] As an alternative to PEGylation, a lipid may be 
modi?ed by covalent attachment of a moiety different from 
PEG. For instance, in some embodiments a lipid may include 
a polyphosphaZene. In some embodiments a lipid may 
include a poly(vinyl pyrrolidone). In some embodiments a 
lipid may include a poly(acryl amide); In some embodiments 
a lipid may include a poly(2-methyl-2-oxaZoline). In some 
embodiments a lipid may include a poly(2-ethyl-2-oxaZo 
line). In some embodiments a lipid may include a phosphati 
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dyl polyglycerol. In some embodiments a lipid may include a 
poly [N- (2 -hydroxypropyl)methacrylamide] . In some 
embodiments a lipid may include a polyalkylene ether poly 
mer, other than PEG. 
[0032] Liposomes are usually divided into three groups: 
multilamellar vesicles (MLV); small unilamellar vesicles 
(SUV); and large unilamellar vesicles (LUV). MLVs have 
multiple bilayers in each vesicle, forming several separate 
aqueous compartments. SUVs and LUVs have a single 
bilayer encapsulating an aqueous core; SUVs typically have a 
diameter 250 nm, and LUVs have a diameter >50 nm. Lipo 
somes of the invention are ideally LUVs With a diameter in 
the range of 60- 1 80 nm, and preferably in the range of 80-1 60 
nm. 

[0033] A liposome of the invention can be part of a com 
position comprising a plurality of liposomes, and the lipo 
somes Within the plurality can have a range of diameters. For 
a composition comprising a population of liposomes With 
different diameters: (i) at least 80% by number of the lipo 
somes should have diameters in the range of 60-1 80 nm, and 
preferably in the range of 80-160 nm, and/ or (ii) the average 
diameter (by intensity e.g. Z-average) of the population is 
ideally in the range of 60-180 nm, and preferably in the range 
of 80-160 nm. The diameters Within the plurality should 
ideally have a polydispersity index <0.2. The liposome/ RNA 
complexes of reference 1 are expected to have a diameter in 
the range of 600-800 nm and to have a high polydispersity. 
[0034] Techniques for preparing suitable liposomes are 
Well knoWn in the art eg see references 4 to 6. One useful 
method is described in reference 7 and involves mixing (i) an 
ethanolic solution of the lipids (ii) an aqueous solution of the 
nucleic acid and (iii) buffer, folloWed by mixing, equilibra 
tion, dilution and puri?cation. Preferred liposomes of the 
invention are obtainable by this mixing process. 
[0035] To obtain liposomes With the desired diameter(s), 
mixing can be performed using a process in Which tWo feed 
streams of aqueous RNA solution are combined in a single 
mixing Zone With one stream of an ethanolic lipid solution, all 
at the same ?oW rate eg in a micro?uidic channel as 
described beloW. 
[0036] The RNA 
[0037] Liposomes of the invention include a RNA mol 
ecule Which (unlike siRNA, as in reference 2) encodes an 
immunogen. After in vivo administration of the particles, 
RNA is released from the particles and is translated inside a 
cell to provide the immunogen in situ. 
[0038] The RNA is +-stranded, and so it can be translated 
by cells Without needing any intervening replication steps 
such as reverse transcription. It can also bind to TLR7 recep 
tors expressed by immune cells, thereby initiating an adjuvant 
effect. 
[0039] Preferred +-stranded RNAs are self-replicating. A 
self-replicating RNA molecule (replicon) can, When deliv 
ered to a vertebrate cell even Without any proteins, lead to the 
production of multiple daughter RNAs by transcription from 
itself (via an antisense copy Which it generates from itself). A 
self-replicating RNA molecule is thus typically a +-strand 
molecule Which can be directly translated after delivery to a 
cell, and this translation provides a RNA-dependent RNA 
polymerase Which then produces both antisense and sense 
transcripts from the delivered RNA. Thus the delivered RNA 
leads to the production of multiple daughter RNAs. These 
daughter RNAs, as Well as collinear subgenomic transcripts, 
may be translated themselves to provide in situ expression of 
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an encoded immunogen, or may be transcribed to provide 
further transcripts With the same sense as the delivered RNA 
Which are translated to provide in situ expression of the 
immunogen. The overall result of this sequence of transcrip 
tions is a huge ampli?cation in the number of the introduced 
replicon RNAs and so the encoded immunogen becomes a 
major polypeptide product of the cells. 
[0040] One suitable system for achieving self-replication is 
to use an alphavirus-based RNA replicon. These +-stranded 
replicons are translated after delivery to a cell to give of a 
replicase (or replicase-transcriptase). The replicase is trans 
lated as a polyprotein Which auto-cleaves to provide a repli 
cation complex Which creates genomic —strand copies of the 
+-strand delivered RNA. These —-strand transcripts can them 
selves be transcribed to give further copies of the +-stranded 
parent RNA and also to give a subgenomic transcript Which 
encodes the immunogen. Translation of the subgenomic tran 
script thus leads to in situ expression of the immunogen by the 
infected cell. Suitable alphavirus replicons can use a replicase 
from a Sindbis virus, a Semliki forest virus, an eastern equine 
encephalitis virus, a Venezuelan equine encephalitis virus, 
etc. Mutant or Wild-type viruses sequences can be used eg 
the attenuated TC83 mutant of VEEV has been used in rep 
licons [8]. 
[0041] A preferred self-replicating RNA molecule thus 
encodes (i) a RNA-dependent RNA polymerase Which can 
transcribe RNA from the self-replicating RNA molecule and 
(ii) an immunogen. The polymerase can be an alphavirus 
replicase e.g. comprising one or more of alphavirus proteins 
nsPl, nsP2, nsP3 and nsP4. 
[0042] Whereas natural alphavirus genomes encode struc 
tural virion proteins in addition to the non- structural replicase 
polyprotein, it is preferred that a self-replicating RNA mol 
ecule of the invention does not encode alphavirus structural 
proteins. Thus a preferred self-replicating RNA can lead to 
the production of genomic RNA copies of itself in a cell, but 
not to the production of RNA-containing virions. The inabil 
ity to produce these virions means that, unlike a Wild-type 
alphavirus, the self-replicating RNA molecule cannot per 
petuate itself in infectious form. The alphavirus structural 
proteins Which are necessary for perpetuation in Wild-type 
viruses are absent from self-replicating RNAs of the inven 
tion and their place is taken by gene(s) encoding the immu 
nogen of interest, such that the subgenomic transcript 
encodes the immuno gen rather than the structural alphavirus 
virion proteins. 
[0043] Thus a self-replicating RNA molecule useful With 
the invention may have tWo open reading frames. The ?rst (5') 
open reading frame encodes a replicase; the second (3') open 
reading frame encodes an immuno gen. In some embodiments 
the RNA may have additional (e. g. doWnstream) open reading 
frames eg to encode further immunogens (see beloW) or to 
encode accessory polypeptides. 
[0044] A self-replicating RNA molecule can have a 5' 
sequence Which is compatible With the encoded replicase. 
[0045] Self-replicating RNA molecules can have various 
lengths but they are typically 5000-25000 nucleotides long 
e.g. 8000-15000 nucleotides, or 9000-12000 nucleotides. 
Thus the RNA is longer than seen in siRNA delivery. 
[0046] A RNA molecule useful With the invention may 
have a 5' cap (eg a 7-methylguanosine). This cap can 
enhance in vivo translation of the RNA. 
[0047] The 5' nucleotide of a RNA molecule useful With the 
invention may have a 5' triphosphate group. In a capped RNA 
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this may be linked to a 7-methylguanosine via a 5'-to-5' 
bridge. A 5' triphosphate can enhance RIG-I binding and thus 
promote adjuvant effects. 
[0048] A RNA molecule may have a 3' poly-A tail. It may 
also include a poly-A polymerase recognition sequence (e.g. 
AAUAAA) near its 3' end. 
[0049] A RNA molecule useful With the invention Will typi 
cally be single-stranded. Single-stranded RNAs can generally 
initiate an adjuvant effect by binding to TLR7, TLR8, RNA 
helicases and/or PKR. RNA delivered in double-stranded 
form (dsRNA) can bind to TLR3, and this receptor can also be 
triggered by dsRNA Which is formed either during replication 
of a single-stranded RNA or Within the secondary structure of 
a single-stranded RNA. 
[0050] A RNA molecule useful With the invention can con 
veniently be prepared by in vitro transcription (IVT). NT can 
use a (cDNA) template created and propagated in plasmid 
form in bacteria, or created synthetically (for example by 
gene synthesis and/orpolymerase chain-reaction (PCR) engi 
neering methods). For instance, a DNA-dependent RNA 
polymerase (such as the bacteriophage T7, T3 or SP6 RNA 
polymerases) can be used to transcribe the RNA from a DNA 
template. Appropriate capping and poly-A addition reactions 
can be used as required (although the replicon’s poly-A is 
usually encoded Within the DNA template). These RNA poly 
merases can have stringent requirements for the transcribed 5' 
nucleotide(s) and in some embodiments these requirements 
must be matched With the requirements of the encoded rep 
licase, to ensure that the IVT-transcribed RNA can function 
e?iciently as a substrate for its self-encoded replicase. 

[0051] As discussed in reference 9, the self-replicating 
RNA can include (in addition to any 5' cap structure) one or 
more nucleotides having a modi?ed nucleobase. Thus the 
RNA can comprise m5C (5 -methylcytidine), m5U (5 -methy 
luridine), m6A (N 6-methyladenosine), s2U (2-thiouridine), 
Um (2'-O-methyluridine), mlA (l-methyladenosine); m2A 
(2-methyladenosine); Am (2'-O-methyl adenosine); 
ms2m6A (2-methylthio-N6-methyladenosine); i6A (N 6-iso 
pentenyladenosine); ms2i6A (2-methylthio 
N6isopentenyladenosine); io6A (N6-(cis-hydroxyisopente 
nyl)adenosine); ms2io 6A (2 -methylthio-N6-(cis 
hydroxyisopentenyl) adenosine); g6A (N 6 
glycinylcarbamoyladenosine); t6A (N6 -threonyl 
carbamoyladenosine); ms2t6A (2-methylthio-N6-threonyl 
carbamoyladenosine); m6t6A (N6-methyl-N6-threonylcar 
bamoyladenosine); hn6A(N6.-hydroxynorvalylcarbamoyl 
adenosine); ms2hn6A (2-methylthio-N6-hydroxynorvalyl 
carbamoyladenosine); Ar(p) (2'-O-ribosyl adenosine (phos 
phate)); I (inosine); mll (l-methylinosine); m'Im (l,2'-O 
dimethylino sine); m3C (3 -methylcytidine); Cm (2T-O-meth 
ylcytidine); s2C (2-thiocytidine); ac4C (N4-acetylcytidine); 
f5C (5-fonnylcytidine); m5Cm (5,2-O-dimethylcytidine); 
ac4Cm (N4acetyl2TOmethylcytidine); k2C (lysidine); mlG 
(l-methyl guanosine); m2G (N2-methylguanosine); m7G 
(7-methylguanosine); Gm (2'-O-methylguanosine); m22G 
(N2,N2-dimethylguanosine); m2Gm (N2,2'-O-dimethylgua 
nosine); m22Gm (N2,N2,2'-O-trimethylguanosine); Gr(p) 
(2'-O-ribosylguanosine (phosphate)); yW (Wybutosine); 
o2yW (peroXyWybutosine); OHyW (hydroXyWybutosine); 
OHyW* (undermodi?ed hydroxyWybutosine); imG (Wy 
osine); mimG (methylguanosine); Q (queuosine); oQ (epoxy 
queuosine); galQ (galtactosyl-queuosine); manQ (mannosyl 
queuosine); preQo (7-cyano-7-deaZaguanosine); preQi 
(7-aminomethyl-7-deaZaguanosine); G* (archaeosine); D 
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(dihydrouridine); m5Um (5,2'-O-dimethyluridine); s4U 
(4-thiouridine); m5s2U (5-methyl-2-thiouridine); s2Um 
(2-thio-2'-O-methyluridine); acp3U (3-(3-amino-3-carbox 
ypropyl)uridine); ho5U (5 -hydroxyuridine); mo5U (5-meth 
oxyuridine); cmo5U (uridine 5-oxyacetic acid); mcmo5U 
(uridine 5-oxyacetic acid methyl ester); chm5U (5-(carboxy 
hydroxymethyl)uridine)); mchm5U (5-(carboxyhydroxym 
ethyl)uridine methyl ester); mcm5U (5-methoxycarbonyl 
methyluridine); mcm5Um (S-methoxycarbonylmethyl-2-O 
methyluricjine); mcm5 s2U (5-methoxycarbonylmethyl-2 
thiouridine); nm5 s2U (5 -aminomethyl-2-thiouridine); 
nmm5U (5-methylaminomethyluridine); mnm5s2U (5-me 
thylaminomethyl-2-thiouridine); mnm5se2U (5-methylami 
nomethyl-2-selenouridine); ,ncm5U (5-carbamoylmethyl 
uridine); ncm5Um (5-carbamoylmethyl-2'-O-methyluri 
dine); cmnm5U (5-carboxymethylaminomethyluridine); 
cnmm5Um (5-carboxymethyl aminomethyl-2 -L-O-methylu 
ridine); cmnm5 s2U (5 -carboxymethylaminomethyl-2-thiou 
ridine); m62A (N6,N6-dimethyladenosine); Tm (2'-O-meth 
ylinosine); m4C (N4-methylcytidine); m4Cm (N4,2-O 
dimethylcytidine); hm5C (5-hydroxymethylcytidine); m3U 
(3 -methyluridine); cm5U (5 -carboxymethyluridine); m6Am 
(N6,T-O-dimethyladenosine); m62Am (N6,N6,0-2-trim 
ethyladenosine); m2'7G (N 2,7-dimethylguanosine); m2'2'7G 
(N2 ,N2 , 7-trimethyl guanosine); m3 Um (3 ,2T-O-dimethyluri - 
dine); m5D (5 -methyldihydrouridine); f5 Cm (5 -formyl-2'-O 
methylcytidine); lGm (l,2'-O-dimethylguanosine); m'Am 
(1,2-O-dimethyl adenosine)irinomethyluridine); tm5s2U 
(S-taurinomethyl-2-thiouridine)); imG-l4 (4-demethyl gua 
nosine); imG2 (isoguanosine); or ac6A (N6-acetyladenos 
ine), hypoxanthine, inosine, 8-oXo-adenine, 7-substituted 
derivatives thereof, dihydrouracil, pseudouracil, 2-thiouracil, 
4-thiouracil, 5-aminouracil, 5-(Cl-C6)-alkyluracil, 5-methy 
luracil, 5-(C2-C6)-alkenyluracil, 5-(C2-C6)-alkynyluracil, 
5 -(hydroxymethyl)uracil, 5 -chlorouracil, 5 -?uorouracil, 
5-bromouracil, 5-hydroxycytosine, 5-(Cl-C6)-alkylcy 
tosine, 5-methylcytosine, 5-(C2-C6)-alkenylcytosine, 5-(C2 
C6)-alkynylcytosine, 5-chlorocytosine, 5-?uorocytosine, 
5-bromocytosine, N2-dimethylguanine, 7-deaZaguanine, 
8-aZaguanine, 7-deaZa-7-substituted guanine, 7-deaZa-7 
(C2-C6)alkynylguanine, 7-deaZa-8-substituted guanine, 
8-hydroxyguanine, 6-thioguanine, 8-oxoguanine, 2-ami 
nopurine, 2-amino-6-chloropurine, 2,4-diaminopurine, 2,6 
diaminopurine, 8-aZapurine, substituted 7-deaZapurine, 
7-deaZa-7-substituted purine, 7-deaZa-8-substituted purine, 
or an abasic nucleotide. For instance, a self-replicating RNA 
can include one or more modi?ed pyrimidine nucleobases, 
such as pseudouridine and/or 5-methylcytosine residues. In 
some embodiments, hoWever, the RNA includes no modi?ed 
nucleobases, and may include no modi?ed nucleotides ie all 
of the nucleotides in the RNA are standard A, C, G and U 
ribonucleotides (except for any 5' cap structure, Which may 
include a 7'-methylguanosine). In other embodiments, the 
RNA may include a 5' cap comprising a 7'-methylguanosine, 
and the ?rst l, 2 or 3 5' ribonucleotides may be methylated at 
the 2' position of the ribose. 

[0052] A RNA used With the invention ideally includes 
only phosphodiester linkages betWeen nucleosides, but in 
some embodiments it can contain phosphoramidate, phos 
phorothioate, and/or methylphosphonate linkages. 

[0053] Ideally, a liposome includes feWer than 10 different 
species of RNA eg 5, 4, 3, or 2 different species; most 
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preferably, a liposome includes a single RNA species ie all 
RNA molecules in the liposome have the same sequence and 
same length. 

[0054] The amount of RNA per liposome can vary. The 
number of individual self-replicating RNA molecules per 
liposome is typically 250 eg <20, <10, <5, or 1-4 per lipo 
some. 

[0055] The lmmunogen 
[0056] RNA molecules used With the invention encode a 
polypeptide immunogen. After administration of the lipo 
somes the RNA is translated in vivo and the immunogen can 
elicit an immune response in the recipient. The immunogen 
may elicit an immune response against a bacterium, a virus, a 
fungus or a parasite (or, in some embodiments, against an 
allergen; and in other embodiments, against a tumor antigen). 
The immune response may comprise an antibody response 
(usually including IgG) and/ or a cell-mediated immune 
response. The polypeptide immunogen Will typically elicit an 
immune response Which recognises the corresponding bacte 
rial, viral, fungal or parasite (or allergen or tumour) polypep 
tide, but in some embodiments the polypeptide may act as a 
mimotope to elicit an immune response Which recognises a 
bacterial, viral, fungal or parasite saccharide. The immuno 
gen Will typically be a surface polypeptide eg an adhesin, a 
hemagglutinin, an envelope glycoprotein, a spike glycopro 
tein, etc. 

[0057] The RNA molecule can encode a single polypeptide 
immunogen or multiple polypeptides. Multiple immunogens 
can be presented as a single polypeptide immunogen (fusion 
polypeptide) or as separate polypeptides. If immunogens are 
expressed as separate polypeptides from a replicon then one 
or more of these may be provided With an upstream IRES or 
an additional viral promoter element. Alternatively, multiple 
immunogens may be expressed from a polyprotein that 
encodes individual immunogens fused to a short autocatalytic 
protease (e.g. foot-and-mouth disease virus 2A protein), or as 
inteins. 

[0058] Unlike references 1 and 10, the RNA encodes an 
immunogen. For the avoidance of doubt, the invention does 
not encompass RNA Which encodes a ?re?y luciferase or 
Which encodes a fusion protein of E. coli [3-galactosidase or 
Which encodes a green ?uorescent protein (GFP). Such 
polypeptides may be useful as markers, or even in a gene 
therapy context, but the invention concerns delivery of RNA 
for eliciting an immunological response system. Thus the 
immunogen also is not a self protein Which is delivered to 
supplement or substitute for a defective host protein (as in 
gene therapy). Also, the RNA is not total mouse thymus RNA. 

[0059] In some embodiments the immunogen elicits an 
immune response against one of these bacteria: 

[0060] Neisseria meningitidis: useful immunogens 
include, but are not limited to, membrane proteins such 
as adhesins, autotransporters, toxins, iron acquisition 
proteins, and factor H binding protein. A combination of 
three useful polypeptides is disclosed in reference 11. 

[0061] Streptococcus pneumoniae: useful polypeptide 
immunogens are disclosed in reference 12. These 
include, but are not limited to, the RrgB pilus subunit, 
the beta-N-acetyl-hexosaminidase precursor (spr0057), 
spr0096, General stress protein GSP-781 (spr2021, 
SP2216), serine/threonine kinase StkP (SP1732), and 
pneumococcal surface adhesin PsaA. 
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[0062] Streptococcus pyogenes: useful immunogens 
include, but are not limited to, the polypeptides dis 
closed in references 13 and 14. 

[0063] Moraxella catarrhalis. 
[0064] Bordetella pertussis: Useful pertussis immuno 

gens include, but are not limited to, pertussis toxin or 
toxoid (PT), ?lamentous haemagglutinin (FHA), pert 
actin, and agglutinogens 2 and 3. 

[0065] Staphylococcus aureus: Useful immunogens 
include, but are not limited to, the polypeptides dis 
closed in reference 15, such as a hemolysin, esxA, esxB, 
ferrichrome-binding protein (sta006) and/or the sta011 
lipoprotein. 

[0066] Clostridium tetani: the typical immunogen is 
tetanus toxoid. 

[0067] Cornynebacterium diphtheriae: the typical 
immunogen is diphtheria toxoid. 

[0068] Haemophilus in?uenzae: Useful immunogens 
include, but are not limited to, the polypeptides dis 
closed in references 16 and 17. 

[0069] Pseudomonas aeruginosa 
[0070] Streptococcus agalactiae: useful immunogens 

include, but are not limited to, the polypeptides dis 
closed in reference 13. 

[0071] Chlamydia trachomatis: Useful immunogens 
include, but are not limited to, PepA, LcrE, Art], DnaK, 
CT398, OmpH-like, L7/L12, OmcA, AtoS, CT547, 
Eno, HtrA and MurG (e. g. as disclosed in reference 18. 
LcrE [19] and HtrA [20] are tWo preferred immunogens. 

[0072] Chlamydia pneumoniae: Useful immunogens 
include, but are not limited to, the polypeptides dis 
closed in reference 21. 

[0073] Helicobacter pylori: Useful immunogens 
include, but are not limited to, CagA, VacA, NAP, and/ or 
urease [22]. 

[0074] Escherichia coli: Useful immunogens include, 
but are not limited to, immunogens derived from entero 
toxigenic E. coli (ETEC), enteroaggregative E. coli 
(EAggEC), diffusely adhering E. coli (DAEC), entero 
pathogenic E. coli (EPEC), extraintestinal pathogenic E. 
col i (ExPEC) and/ or enterohemorrhagic E. coli (EHEC). 
ExPEC strains include uropathogenic E. coli (UPEC) 
and meningitis/sepsis-associated E. coli (MNEC). Use 
ful UPEC polypeptide immunogens are disclosed in ref 
erences 23 and 24. Useful MNEC immunogens are dis 
closed in reference 25. A useful immunogen for several 
E. coli types is AcfD [26]. 

[0075] Bacillus anthracis 
[0076] Yersinia pestis: Useful immunogens include, but 

are not limited to, those disclosed in references 27 and 
28. 

[0077] Staphylococcus epidermis 
[0078] Clostridium perfringens or Clostridium botuli 
nums 

[0079] Legionellapneumophila 
[0080] Coxiella burnetii 
[0081] Brucella, such as B. abortus, B. canis, B. meliten 

sis, B.neotomae, B.ovis, B. suis, B.pinnipediae. 
[0082] Francisella, such as Fnovicida, Fphilomiragia, 
F tularensis. 

[0083] Neisseria gonorrhoeae 
[0084] Treponemapallidum 
[0085] Haemophilus ducreyi 
[0086] Enterococcusfaecalis or Enterococcusfaecium 
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immune response against one of these viruses: 
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[0087] Staphylococcus saprophyticus 
[0088] Yersinia enterocolitica 
[0089] Mycobacterium tuberculosis 
[0090] Rickettsia 
[0091] Listeria monocytogenes 
[0092] [?brio cholerae 
[0093] Salmonella typhi 
[0094] Borrelia burgdorferi 
[0095] Porphyromonas gingivalis 
[0096] Klebsiella 

In some embodiments the immunogen elicits an 

[0098] Orthomyxovirus: Useful immunogens can be 
from an in?uenza A, B or C virus, such as the hemag 
glutinin, neuraminidase or matrix M2 proteins. Where 
the immunogen is an in?uenza A virus hemagglutinin it 
may be from any subtype e.g. H1, H2, H3, H4, H5, H6, 
H7, H8, H9, H10, H11, H12, H13, H14, H15 or H16. 

[0099] Paramyxoviridae viruses: Viral immunogens 
include, but are not limited to, those derived from Pneu 
moviruses (e. g. respiratory syncytial virus, RSV), Rubu 
laviruses (e.g. mumps virus), Paramyxoviruses (e.g. 
parain?uenZa virus), Metapneumoviruses and Mor 
billiviruses (e.g. measles virus). 

[0100] Poxviridae: Viral immunogens include, but are 
not limited to, those derived from Orthopoxvirus such as 
Variola vera, including but not limited to, Variola major 
and Variola minor. 

[0101] Picornavirus: Viral immunogens include, but are 
not limited to, those derived from Picornaviruses, such 
as Enteroviruses, Rhinoviruses, Heparnavirus, Cardio 
viruses and Aphthoviruses. In one embodiment, the 
enterovirus is a poliovirus eg a type 1, type 2 and/or 
type 3 poliovirus. In another embodiment, the enterovi 
rus is an EV71 enterovirus. In another embodiment, the 
enterovirus is a coxsackie A or B virus. 

[0102] Bunyavirus: Viral immunogens include, but are 
not limited to, those derived from an Orthobunyavirus, 
such as California encephalitis virus, a Phlebovirus, 
such as Rift Valley Fever virus, or a Nairovirus, such as 
Crimean-Congo hemorrhagic fever virus. 

[0103] Hepamavirus: Viral immunogens include, but are 
not limited to, those derived from a 

[0104] Heparnavirus, such as hepatitis A virus (HAV). 
[0105] Filovirus: Viral immunogens include, but are not 

limited to, those derived from a ?lovirus, such as an 
Ebola virus (including a Zaire, Ivory Coast, Reston or 
Sudan ebolavirus) or a Marburg virus. 

[0106] Togavirus: Viral immunogens include, but are not 
limited to, those derived from a Togavirus, such as a 
Rubivirus, an Alphavirus, or an Arterivirus. This 
includes rubella virus. 

[0107] Flavivirus: Viral immunogens include, but are not 
limited to, those derived from a Flavivirus, such as Tick 
borne encephalitis (TBE) virus, Dengue (types 1, 2, 3 or 
4) virus,YelloW Fever virus, Japanese encephalitis virus, 
Kyasanur Forest Virus, West Nile encephalitis virus, St. 
Louis encephalitis virus, Russian spring-summer 
encephalitis virus, PoWassan encephalitis virus. 

[0108] Pestivirus: Viral immunogens include, but are not 
limited to, those derived from a Pestivirus, such as 
Bovine viral diarrhea (BVDV), Classical sWine fever 
(CSFV) or Border disease (BDV). 
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[0109] Hepadnavirus: Viral immunogens include, but 
are not limited to, those derived from a Hepadnavirus, 
such as Hepatitis B virus. A composition can include 
hepatitis B virus surface antigen (HBsAg). 

[0110] Other hepatitis viruses: A composition can 
include an immunogen from a hepatitis C virus, delta 
hepatitis virus, hepatitis E virus, or hepatitis G virus. 

[0111] Rhabdovirus: Viral immunogens include, but are 
not limited to, those derived from a Rhabdovirus, such as 
a Lyssavirus (eg a Rabies virus) and Vesiculovirus 
(V SV). 

[0112] Caliciviridae: Viral immunogens include, but are 
not limited to, those derived from Calciviridae, such as 
NorWalk virus (Norovirus), and NorWalk-like Viruses, 
such as HaWaii Virus and SnoW Mountain Virus. 

[0113] Coronavirus: Viral immunogens include, but are 
not limited to, those derived from a SARS coronavirus, 
avian infectious bronchitis (IBV), Mouse hepatitis virus 
(MHV), and Porcine transmissible gastroenteritis virus 
(TGEV). The coronavirus immunogen may be a spike 
polypeptide. 

[0114] Retrovirus: Viral immunogens include, but are 
not limited to, those derived from an Oncovirus, a Len 
tivirus (e.g. HIV-1 or HIV-2) or a Spumavirus. 

[0115] Reovirus: Viral immunogens include, but are not 
limited to, those derived from an Orthoreovirus, a 
Rotavirus, an Orbivirus, or a Coltivirus. 

[0116] Parvovirus: Viral immunogens include, but are 
not limited to, those derived from Parvovirus B 19. 

[0117] Herpesvirus: Viral immunogens include, but are 
not limited to, those derived from a human herpesvirus, 
such as, by Way of example only, Herpes Simplex 
Viruses (HSV) (e.g. HSV types 1 and 2),Varicella-Zoster 
virus (VZV), Epstein-Barr virus (EBV), Cytomegalovi 
rus (CMV), Human Herpesvirus 6 (HHV6), Human 
Herpesvirus 7 (HHV7), and Human Herpesvirus 8 
(HHV8). 

[0118] Papovaviruses: Viral immunogens include, but 
are not limited to, those derived from Papillomaviruses 
and Polyomaviruses. The (human) papillomavirus may 
be ofserotype 1, 2, 4, 5, 6, 8, 11, 13, 16, 18, 31, 33, 35, 
39, 41, 42, 47, 51, 57, 58, 63 or 65 eg from one or more 
of serotypes 6, 11, 16 and/or 18. 

[0119] Adenovirus: Viral immunogens include those 
derived from adenovirus serotype 36 (Ad-36). 

[0120] In some embodiments, the immunogen elicits an 
immune response against a virus Which infects ?sh, such as: 
infectious salmon anemia virus (lSAV), salmon pancreatic 
disease virus (SPDV), infectious pancreatic necrosis virus 
(IPNV), channel cat?sh virus (CCV), ?sh lymphocystis dis 
ease virus (FLDV), infectious hematopoietic necrosis virus 
(IHNV), koi herpesvirus, salmon picoma-like virus (also 
knoWn as picorna-like virus of atlantic salmon), landlocked 
salmon virus (LSV), atlantic salmon rotavirus (ASR), trout 
straWberry disease virus (TSD), coho salmon tumor virus 
(CSTV), or viral hemorrhagic septicemia virus (V HSV). 
[0121] Fungal immunogens may be derived from Dermato 
phytres, including: Epidermophyton ?occusum, 
Microsporum audouini, Microsporum canis, Microsporum 
distortum, Microsporum equinum, Microsporum gypsum, 
Microsporum nanum, T richophyton concentricum, T richo 
phyton equinum, Trichophyton gallinae, Trichophyton gyp 
seum, Trichophyton megnini, Trichophyton mentagrophytes, 
T richophyton quinckeanum, T richophyton rubrum, T richo 
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phylon schoenleini, Trichophylon Zonsurans, Trichophylon 
verrucosum, T verrucosum var. album, var. discoides, var. 

ochraceum, Trichophylon violaceum, and/or Trichophylon 
faviforme; or from Aspergillusfumigalus, Aspergillus?avus, 
Aspergillus niger, Aspergillus nidulans, Aspergillus Zerreus, 
Aspergillus sydowi, Aspergillus ?avalus, Aspergillus glau 
cus, Blasloschizomyces capilalus, Candida albicans, Can 
dida enolase, Candida lropicalis, Candida glabrala, Can 
dida krusei, Candida parapsilosis, Candida slellaloidea, 
Candida kusei, Candida parakwsei, Candida lusilaniae, 
Candida pseudolropicalis, Candida guilliermondi, Cla 
dosporium carrionii, Coccidioides immilis, Blaslomyces der 
malidis, Cryplococcus neoformans, Geolrichum clavalum, 
Hisloplasma capsulalum, Klebsiella pneumoniae, Microspo 
ridia, Encephalilozoon spp., Seplala inleslinalis and Enlero 
cylozoon bieneusi; the less common are Brachiola spp, 
Microsporidium spp., Nosema spp., Pleislophora spp., Tra 
chipleislophora spp., Wilaforma spp Paracoccidioides bra 
siliensis, Pneumocyslis carinii, Pylhiumn insidiosum, Pity 
rosporum ovale, Sacharomyces cerevisae, Saccharomyces 
boulardii, Saccharomyces pombe, Scedosporium apiospe 
rum, Sporolhrix schenckii, Trichosporon beigelii, Taxo 
plasma gondii, Penicillium marnefei, Malassezia spp., Fon 
secaea spp., Wangiella spp., Sporolhrix spp., Basidiobolus 
spp., Conidiobolus spp., Rhizopus spp, Mucor spp, Absidia 
spp, Morlierella spp, Cunninghamella spp, Saksenaea spp., 
Allernaria spp, Curvularia spp, Helminlhosporium spp, 
Fusarium spp, Aspergillus spp, Penicillium spp, M0n0linia 
spp, Rhizocionia spp, Paecilomyces spp, Piihomyces spp, and 
Cladosporium spp. 

[0122] In some embodiments the immunogen elicits an 
immune response against a parasite from the Plasmodium 
genus, such as Pfalciparum, Rvivax, Rmalariae or Rovale. 
Thus the invention may be used for immunising against 
malaria. In some embodiments the immunogen elicits an 
immune response against a parasite from the Caligidae fam 
ily, particularly those from the Lepeophlheirus and Caligus 
genera e.g. sea lice such as Lepeophlheirus salmonis or Cali 
gus rogercresseyi. 

[0123] In some embodiments the immunogen elicits an 
immune response against: pollen allergens (tree-, herb, 
Weed-, and grass pollen allergens); insect or arachnid aller 
gens (inhalant, saliva and venom allergens, e.g. mite aller 
gens, cockroach and midges allergens, hymenopthera venom 
allergens); animal hair and dandruff allergens (from eg dog, 
cat, horse, rat, mouse, etc.); and food allergens (eg a gliadin). 
Important pollen allergens from trees, grasses and herbs are 
such originating from the taxonomic orders of Fagales, Ole 
ales, Pinales and platanaceae including, but not limited to, 
birch (Belula), alder (Alnus), haZel (Corylus), hornbeam 
(Carpinus) and olive (Olea), cedar (Cryplomeria and Junipe 
rus), plane tree (Plalanus), the order of Poales including 
grasses of the genera Lolium, Phleum, Poa, Cynodon, Daczy 
lis, Holcus, Phalaris, Secale, and Sorghum, the orders of 
Asterales and Urticales including herbs of the genera Ambro 
sia, Arlemisia, and Parielaria. Other important inhalation 
allergens are those from house dust mites of the genus Der 
malophagoides and Euroglyphus, storage mite e.g. Lepi 
doglyphys, Glycyphagus and Drophagus, those from cock 
roaches, midges and ?eas e.g. Blalella, Periplanela, 
Chironomus and Clenocepphalides, and those from mam 
mals such as cat, dog and horse, venom allergens including 
such originating from stinging or biting insects such as those 
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from the taxonomic order of Hymenoptera inclikling bees 
(Apidae), Wasps (Vespidea), and ants (Formicoidae). 
[0124] In some embodiments the immunogen is a tumor 
antigen selected from: (a) cancer-testis antigens such as NY 
ESO-l, SSX2, SCPl as Well as RAGE, BAGE, GAGE and 
MAGE family polypeptides, for example, GAGE-1, GAGE 
2, MAGE-1, MAGE-2, MAGE-3, MAGE-4, MAGE-5, 
MAGE-6, and MAGE-12 (Which can be used, for example, to 
address melanoma, lung, head and neck, NSCLC, breast, 
gastrointestinal, and bladder tumors; (b) mutated antigens, 
for example, p53 (associated With various solid tumors, e.g., 
colorectal, lung, head and neck cancer), p21/Ras (associated 
With, e.g., melanoma, pancreatic cancer and colorectal can 
cer), CDK4 (associated With, e.g., melanoma), MUMl (asso 
ciated With, e.g., melanoma), caspase-8 (associated With, e.g., 
head and neck cancer), CIA 0205 (associated With, e.g., blad 
der cancer), HLA-A2-R1701, beta catenin (associated With, 
e.g., melanoma), TCR (associated With, e.g., T-cell non 
Hodgkins lymphoma), BCR-abl (associated With, e.g., 
chronic myelogenous leukemia), triosephosphate isomerase, 
KIA 0205, CDC-27, and LDLR-FUT; (c) over-expressed 
antigens, for example, Galectin 4 (associated With, e.g., col 
orectal cancer), Galectin 9 (associated With, e.g., Hodgkin’s 
disease), proteinase 3 (associated With, e.g., chronic myelog 
enous leukemia), WT 1 (associated With, e.g., various leuke 
mias), carbonic anhydrase (associated With, e.g., renal can 
cer), aldolase A (associated With, e.g., lung cancer), PRAME 
(associated With, e.g., melanoma), HER-2/neu (associated 
With, e.g., breast, colon, lung and ovarian cancer), mamma 
globin, alpha-fetoprotein (associated With, e.g., hepatoma), 
KSA (associated With, e.g., colorectal cancer), gastrin (asso 
ciated With, e.g., pancreatic and gastric cancer), telomerase 
catalytic protein, MUC-l (associated With, e.g., breast and 
ovarian cancer), G-250 (associated With, e.g., renal cell car 
cinoma), p53 (associated With, e.g., breast, colon cancer), and 
carcinoembryonic antigen (associated With, e.g., breast can 
cer, lung cancer, and cancers of the gastrointestinal tract such 
as colorectal cancer); (d) shared antigens, for example, mela 
noma-melanocyte differentiation antigens such as MART-l/ 
Melan A, gp100, MClR, melanocyte-stimulating hormone 
receptor, tyrosinase, tyrosinase related protein-1/TRP1 and 
tyrosinase related protein-2/TRP2 (associated With, e.g., 
melanoma); (e) prostate associated antigens such as PAP, 
PSA, PSMA, PSH-Pl, PSM-Pl, PSM-P2, associated With 
e.g., prostate cancer; (f) immunoglobulin idiotypes (associ 
ated With myeloma and B cell lymphomas, for example). In 
certain embodiments, tumor immuno gens include, but are not 
limited to, p15, Hom/Mel-40, H-Ras, E2A-PRL, H4-RET, 
IGH-IGK, MYL-RAR, Epstein Barr virus antigens, EBNA, 
human papillomavirus (HPV) antigens, including E6 and E7, 
hepatitis B and C virus antigens, human T-cell lymphotropic 
virus antigens, TSP-180, p185erbB2, p180erbB-3, c-met, 
mn-23H1, TAG-72-4, CA 19-9, CA 72-4, CAM 17.1, NuMa, 
K-ras, p16, TAGE, PSCA, CT7, 43-9F, 5T4, 791 Tgp72, 
beta-HCG, BCA225, BTAA, CA 125, CA 15-3 (CA 
27.29\BCAA), CA 195, CA 242, CA-50, CAM43, 
CD68\KP1, CO-029, FGF-5, Ga733 (EpCAM), HTgp-175, 
M344, MA-50, MG7-Ag, MOV18, NB/70K, NY-CO-l, 
RCASl, SDCCAG16, TA-90 (Mac-2 binding protein/cyclo 
philin C-associated protein), TAAL6, TAG72, TLP, TPS, and 
the like. 

[0125] 
[0126] Liposomes of the invention are useful as compo 
nents in pharmaceutical compositions for immunising sub 

Pharmaceutical Compositions 






































