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A vaccine composition is provided Which comprises inverted 
microsomes or fragments thereof from an animal cell in asso 
ciation With an externally disposed peptide antigen and a 
protein of the MHC. 
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COMPOSITIONS FOR INDUCING IMMUNE 
RESPONSE COMPRISING INVERTED 

MICROSOMES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. Ser. No. 
10/566,823 ?led Jun. 20, 2006, Which is the US. National 
Stage ?ling of International Application Serial No. PCT/ 
GB2004/003285 ?led Jul. 30, 2004, Which claims priority to 
GB 0318096.5 ?led Aug. 1, 2003, each of Which is incorpo 
rated herein by reference in its entirety. 
[0002] The present invention relates to a novel peptide 
based vaccines, uses of such vaccines in prophylactic and 
therapeutic treatment of human and animal diseases, such as 
viral infection and cancer. 
[0003] Most of the successful vaccines depend on neutral 
ising antibodies raised by classic attenuated or killed patho 
gens. However, for pathogens causing chronic infectioni 
such as HIV, hepatitis C virus, mycobacteria and parasitesi 
or in the case of cancer, a T-cell mediated immune response is 
crucial. Molecular understanding of MHC antigen presenta 
tion and the T-cell immune responses led to the use of de?ned 
antigenic peptide plus cytokines and/or co-stimulatory mol 
ecules in attempts to develop vaccines. One of the basic 
problems in all these attempts Was the dif?culty to reconsti 
tute an antigen delivery system that is qualitatively and quan 
titatively similar to antigen presenting cells (APC) in vivo. 
[0004] CD8+ cytotoxic T lymphocytes (CTL) recognise 
antigens as small antigenic peptides that assemble With major 
histocompatibility complex (MHC) class I molecules. The 
antigenic peptides are generated in the cytosol of APC and 
subsequently translocated into the lumen of the endoplasmic 
reticulum (ER) (Rock, K. L. & Goldberg, A. L. Annu Rev 
Immunol 17, 739-779 (1999)). The MHC class Iheavy chain 
is synthesised and inserted into the lumen of the ER and 
Where it forms a dimer With b2-microglobulin (b2M) (Nat 
arajan et al Rev Immunogenet 1, 32-46 (1999); Pamer E, & 
CressWell P, Annu Rev Immunol. 16 323-358 (1998)). The 
dimers are retained in the ER until they assemble With proper 
antigenic peptides. The process of MHC class I dimer and 
assembly With peptides in the ER is catalysed by chaperones 
such as BIP, calnexin, calreticulin, and Erp57 (Paulsson K, & 
Wang P., Biochim BiophysActa. 1641(1) 1-12 (2003)). 
[0005] The assembled MHC class I are rapidly expressed 
on the cell surface ofAPC, such as infected or malignant cells. 
The recognition of peptide-MHC class I by T cell receptor 
leads the CTL to kill target cells expressing infectious or 
tumor antigens. Following the identi?cation of CTL recog 
niZed epitopes from viral or cancer proteins, synthetic pep 
tide-based vaccines designed to elicit T-cell immunity 
became an attractive approach to the prevention or treatment 
of infectious and malignant diseases (Furman M H, & Ploegh 
H L., JClin Invest. 110(7) 875-9 (2002); Berinstein N. Semin 
Oncol. 30 (3) (Suppl 8), 1-8 (2003); Falk et al Nature 348, 
248-251. (1990); (Van Bleek G M, & Nathenson S G., Nature 
348: 213-216 (1990); Kast, W. M., & Melief, C. J. Immunol. 
Lett. 30:229-232 (1991)). There are a number of different 
forms of peptide vaccines based on these delivery systems. 
The simplest form is peptides dissolved in aqueous solutions. 
Direct injection of soluble antigenic peptides Was shoWn to be 
unsuccessful at stimulating CTL responses, either because of 
their rapidbiodegradation or induction of T cell anergy result 
ing from the antigenic stimulation by immature APC (Ky 
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burZ, D. et al.Eu1: J. Immunol. 23: 1956-1962 (1993); Toes, R. 
E et al Prac. Natl. Acad. Sci. USA. 93:7855-7860 (1996); 
Amoscato et al J. Immunol. 161, 4023-4032 (1998)). An 
additional complication reported from the use of synthetic 
peptide-derived vaccines is the induction of CTLs that, While 
they are capable of killing target cells that are exogenously 
pulsed With peptide, they are not able to recognise target cells 
that naturally process and present the peptide epitope, such as 
infected or malignant cells (Dutoit, V. et al. J Clin. Invest. 
110:1813-1822 (2002)). 
[0006] It has been reported that MHC class I antigen pre 
sentation is qualitatively controlled in the ER for selecting 
correct peptides. Only the correctly assembled MHC class I 
could express on the surface of APC. The use of adjuvants did 
little to increase the presentation quality of synthetic peptides 
(Schijns, V. E. 2001. Crit. Rev. Immunol. 21:75-85 (2001).An 
improved version of the peptide-vaccine has been constructed 
as an arti?cial lipo-membrane (BenMohamed et al Lancet 
Infect Dis. 2(7), 425-31 (2002)) With peptide-loaded recom 
binant MHC class I. Although liposome strategy is able to 
incorporate peptide bound MHC class I molecules in the lipid 
membrane before injection into patients, the sophisticated 
loading system in the ER of APC could not be easily imitated 
by a simple mixture of recombinant MHC class I, synthetic 
peptide and liposomes. Only a feW peptides Would assemble 
With recombinant MHC class I in vitro (Ostergaard Pedersen 
L, et al Eur Jlmmunal. 31(10), 2986-96 (2001). 
[0007] In addition, the incorrect orientation of inserted 
MHC class I and lack of co-stimulatory molecules made it 
dif?cult to induce effective immune responses. Since the 
professional APCs have the unique ability of presenting opti 
mal antigen and for initiating a cellular immune response by 
naive T cells, strategies are being developed to generate 
autologous dendritic cells (DC), a key APC, as vaccine 
vehicles ex vivo (Banchereau, J. et al. Annu. Rev. Immunol. 
18:767-811 (2000)). Initial studies shoWed that antigenic 
peptide-pulsed DC used as vaccines in vivo could induce a 
CTL response (Tsai, V. et al J. Immunol. 158:1796-1802 
(1997)). Despite the positive evidence reported from a num 
ber of human clinical trials, there is no biochemical evidence 
shoWing that the pulsed peptides are indeed loaded on the 
surface MHC class I, Which questions the ef?ciency of pep 
tide-pulsed APCs to induce effective immune responses. 
[0008] There is therefore a need for a vaccine preparation 
that can overcome these problems and present a therapeuti 
cally effective alternative to conventional vaccines. Such vac 
cines should achieve the quality of the endogenous presented 
antigen by APC cells While preserving high ef?cacy and 
avoiding side effects. 
[0009] According to a ?rst aspect of the invention, there is 
provided a vaccine composition comprising isolated inverted 
microsomes from an animal cell, or membrane fragments 
thereof, in association With an externally disposed peptide 
antigen and a protein of the Maj or Histocompatibility Com 
plex (MHC). 
[001 0] The micro somes of the present invention are derived 
from an animal cell and may therefore arise from the folloW 
ing compartments present in a eukaryotic cell: endoplasmic 
reticulum, lysosome; endosome, or components of the 
endocytic pathWay. 
[001 1] The micro some may be isolated With a protein of the 
MHC already present in the membrane of the micro some or of 
the fragment. Alternatively, the MHC protein can be intro 
duced into the microsome or fragment subsequently. The ER 
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derived microsomes contain both MHC class I and class II 
molecules (Bryant et al Adv Immunol. 80, 71-114 (2002)). 
[0012] The present invention is equally applicable With 
respect to the MHC class I restricted antigenic peptides as 
Well as the MHC class II molecules. The protein of the MHC 
in the composition may be from a heterologous source With 
respect to the cell from Which the microsomes are obtained. 
[0013] The MHC family of proteins are encoded by the 
clustered genes of the major histocompatibility complex 
(MHC). MHC molecules are expressed on the cells of all 
higher vertebrates. They Were ?rst demonstrated in mice and 
called H-2 antigens (histocompatibility-2 antigens). In 
humans they are called HLA antigens (human-leucocyte 
associated antigens) because they Were ?rst demonstrated on 
leucocytes (White blood cells). Class I and class II MHC 
molecules are the most polymorphic proteins knoWnithat is, 
they shoW the greatest genetic variability from one individual 
to anotheriand they play a crucial role in presenting foreign 
protein antigens to cytotoxic and helper T cells, respectively. 
Whereas class I molecules are expressed on almost all verte 
brate cells, class II molecules are restricted to a feW cell types 
that interact With helper T cells, such as B lymphocytes and 
macrophages. Both classes of MHC molecules have immu 
noglobulin-like domains and a single peptide-binding 
groove, Which binds small peptide fragments derived from 
foreign proteins. Each MHC molecule can bind a large and 
characteristic set of peptides, Which are produced intracellu 
larly by protein degradation. After they form inside the target 
cell, the peptide-MHC complexes are transported to the cell 
surface, Where they are recogniZed by T cell receptors. In 
addition to their antigen-speci?c receptors that recogniZe 
peptide-MHC complexes on the surface of target cells, T cells 
express CD4 or CD8 co-receptors, Which recogniZe non 
polymorphic regions of MHC molecules on the target cell: 
helper cells express CD4, Which recogniZes class II MHC 
molecules, While cytotoxic T cells express CD8, Which rec 
ogniZes class I MHC molecules. (Alberts et al, “Molecular 
Biology ofthe Cell”, 3rd edition, 1229-1235 (1994)). 
[0014] The MHC class I consists of heavy chain and Beta 
2-microglobulin. Human MHC class I heavy chains are 
encoded by three separate genetic loci called HLA A, B, C. 
They are noncovalently associated With a small protein called 
beta-2-microglobulin. An example of a human MHC class I 
protein is HLA class I histocompatibility antigen, A-2 alpha 
chain precursor (MHC class I antigen A*2) is shoWn in FIG. 
13 (database accession no. P01892); or HLA class I histo 
compatibility antigen, B-7 alpha chain precursor (MHC class 
I antigen B*7) as shoWn in FIG. 13 (database accession no. 
P01889). 
[0015] MHC class II are composed of tWo noncovalently 
bonded chains an ot-chain and an [3-chain. chain. Both chains 
are coded by genes in I-region associated (Ia) antigens. 
Examples of such proteins are HLA class II histocompatibil 
ity antigen, DRB3-1 beta chain precursor (MHC class I anti 
gen DRB3*1) shoWn in FIG. 14 (database accession no. 
P79483); and MHC class II histocompatibility antigen HLA 
DQ alpha 1 (DQW4 speci?city) precursor, also shoWn in FIG. 
14 (database accession A37044). 
[0016] The sequences of the MHC class I and II cDNAs and 
genomic DNAs are published and available. 
[0017] All eucaryotic cells have an endoplasmic reticulum 
(ER). Its membrane typically constitutes more than half of the 
total membrane of an average animal cell. It is organiZed into 
a netlike labyrinth of branching tubules and ?attened sacs 
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extending throughout the cyto sol. The tubules and sacs are all 
thought to interconnect, so that the ER membrane forms a 
continuous sheet enclosing a single internal space. This 
highly convoluted space is called the ER lumen or the ER 
cistemal space, and it often occupies more than 10% of the 
total cell volume. The ER membrane separates the ER lumen 
from the cytosol, and it mediates the selective transfer of 
molecules betWeen these tWo compartments. 
[0018] The ER plays a central part in lipid and protein 
biosynthesis. Its membrane is the site of production of all the 
transmembrane proteins and lipids for most of the cell’s 
organelles, including the ER itself, the Golgi apparatus, lyso 
somes, endosomes, secretory vesicles, and the plasma mem 
brane. The ER membrane also makes a major contribution to 
mitochondrial and peroxisomal membranes by producing 
most of their lipids. In addition, almost all of the proteins that 
Will be secreted to the cell exteriorias Well as those destined 
for the lumen of the ER, Golgi apparatus, or lysosomesiare 
initially delivered to the ER lumen (Alberts et al, “Molecular 
Biology ofthe Cell”, 3rd edition, 577-595 (1994)). 
[0019] The lysosome is a specialised organelle containing 
specialised enZymes for the degradation of internal cellular 
proteins that are required to be destroyed, or for the destruc 
tion of external foreign proteins or parasites that have been 
targeted for destruction by the immune system. 
[0020] The endosome is a cell organelle that forms part of 
the endocytic pathWay in the cell. There is a constant How of 
endocytic vesicles that How from the cell surface to the endo 
some or to the lysosome. The vesicles form by a process of 
“budding-off” from the external plasma membrane, knoWn as 
invagination, or the vesicles can form from the internal cell 
organelles to Which they ultimately return. Endocyto sis is the 
process by Which a cell intemalises external receptors With or 
Without bound ligand and also one Way by Which the cell can 
sample its external environment. 
[0021] Compositions in accordance With the present inven 
tion may be optionally formulated With an appropriate adju 
vant, and/ or cytokines that promote T-cell responses, such as 
an interferon or an interleukin, e.g. IL-2, IL-15, IL-6, GM 
CSF, IFNY, other cytokines promoting T-cell responses, and/ 
or conventional adjuvant. These can be suitably mixed With 
the microsomes loaded With antigen prior to administration, 
or may be suitably prepared as membrane-bound constituents 
of the microsomes. 
[0022] Microsomes in the context of the present invention 
are the cell free membrane vesicles of the endoplasmic reticu 
lum (ER), lysosomal, or endosomal compartments of any 
animal cell able to present antigenic peptide by means of the 
Major Histocompatibility Complex (MHC). The de?nition of 
ER-derived microsomes is based on the presence of so-called 
“ER-markers” Which are proteins normally resident in the 
ER, such as BIP, p58, calnexin, calreticulin, tapasin. The 
de?nition of a lysosomal-derived microsome is based on the 
presence of the speci?c markers LAMPl and/ or LAMP2. 
Microsomes are recognised as such by their morphology as 
seen under the electron microscope folloWing preparation 
from an animal cell. 

[0023] The microsomes contained in a composition of the 
present invention can be isolated by any convenient means. 
Suitable methods include those of Saraste et al and/ or Knipe 
et al (Saraste et alProc. Natl. Acad. Sci. USA. 83, 6425-6429 
(1986) and Knipe et al J. I/zrol. 21, 1128-1139 (1977)). Such 
methods comprise homogenisation of cells or tissues, fol 
loWed by separation of the cell nucleus by centrifugation at 
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7500 rpm for 10 minutes, then recovering the “rough” 
microsomes by centrifugation at 15500 rpm for 54 minutes. 
“Rough” microsomes are microsomes that have ribosomes 
attached. The resuspended “rough” microsomes are then fur 
ther puri?ed by centrifugation through a sucrose cushion for 
differential centrifugation at 110,000 g for 60 minutes. The 
rough microsomes Were subfractionated by further centrifu 
gation at 37,000 rpm for 10 hours on a sucrose gradient (to 
reach isopyknic conditions), and the ER containing fractions 
determined by Western blotting With appropriate antibody, 
for example anti-p58 antibody. 
[0024] Inverted microsomes are the result of further pro 
cessing, e.g. repeated freeZe-thaW process steps, carried out 
on isolated microsomes Which causes the disruption and ref 
ormation of the external membrane of the microsome such 
that the “inside” face of the membrane is presented on the 
“outside” of the inverted microsome. The microsomes that 
result from such processing are therefore described as 
“inside-out” or “inverted” microsomes. The process of pre 
paring the “inside-out” or inverted microsomes results in the 
absence of the lumen structure seen in ordinary microsome 
preparations. 
[0025] In compositions according to the present invention, 
the micro some may comprise a membrane fragment thereof. 
Suitably, such membrane fragments may be prepared by the 
method comprising the use of detergents or repeated freeZe 
thaWing or sonication to break the microsome structure. Such 
fragments may also be similarly loaded With peptide antigen 
to form a composition of the present invention. Preferably, the 
membrane fragments are derived from intracellular mem 
branes With markers speci?c to the ER or to the lysosomes. 

[0026] In a vaccine composition of the present invention, 
there may also be a percentage of microsomes With a non 
inverted structure, i.e. a membrane orientation that corre 
sponds to the in situ arrangement after standard microsome 
preparation With an “inside” corresponding to the lumen of 
the ER, endosome or lysosome prior to microsome prepara 
tion. HoWever, at least about 75% to about 95%, suitably at 
least about 90% of microsomes in the vaccine compositions 
of the invention have a reversed membrane orientation to in 
situ microsomes and are therefore described as being “inside 
out” or inverted microsomes. The compositions may there 
fore additionally comprise a percentage of non-inverted 
microsomes. 

[0027] In other embodiments of the invention, the compo 
sition may be more homogenous, and so may comprise at 
least about 95%, 96%, 97%, 98%, 99% or 100% of 
microsomes having an inverted or reversed (or “inside-out”) 
membrane orientation compared to microsomes prepared 
from cells Without further processing. 
[0028] The microsomes may be loaded With antigen ?rst 
and then subjected to further processing so as to provide 
inverted or “inside-out” microsomes thus exposing the inner 
surface of the ER membrane, or the microsomes can be pre 
pared from a cell source Where the preferred antigen peptide 
is already present in the microsomes, or the microsomes may 
be processed to provide inverted or “inside-out” microsomes 
?rst and then subsequently loaded With antigen. 
[0029] Lysosomes and endosomes can be prepared by an 
equivalent procedure. Lysosomal microsomes Which are 
puri?ed from the endocytotic compartment of the animal cell 
include both lysosomes and endosomes. After fractionation 
of the total cellular membranes in the puri?cation procedure 
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for the preparation of ER-derived microsomes, the lysosomal 
membranes are de?ned by antibodies to its markers LAMPl 
and LAMP2. 

[0030] The puri?ed lysosomal microsomes are then pro 
cessed to yield inverted or “inside-out” microsomes or mem 
brane fragments as described above Which, if necessary, can 
then be loaded With MHC restricted peptides under acid con 
ditions, such as for example at a pH of less then pH3, prefer 
ably from pH 3 to pH 3, suitably at around pH 2.5. 
[0031] The animal cell from Which the isolated microsome 
population is to be prepared can be any generally convenient 
cell type that has MHC molecules expressed by the cell. For 
example, cells of the blood or of the immune system such as, 
B-cells and macrophages, the so-called antigen presenting 
cells (APCs). HoWever, cell types could also be used from 
tissues such as liver, kidney, lung, brain, heart, skin, bone 
marroW, pancreas etc. 

[0032] The cells may be of a human or of a non-human 
animal. Suitably, the animal is a mammal. The animal may be 
a rodent species, e. g. a mouse, a rat or a guinea pig, or another 
species such as rabbit, or a canine or feline, or an ungulate 
species such as ovine, porcine, equine, caprine, bovine, or a 
non-mammalian animal species, e. g. an avian (such as poul 
try, e.g. chicken or turkey). 
[0033] The cells from Which the microsomes are prepared 
may be a cell line in culture. The cell line may be an immor 
talised cell line. The cell line may be ultimately derived from 
a non-embryonic tissue source. 

[0034] In certain embodiments of the invention, the source 
of cells may be a genetically modi?ed source of animal cells, 
such as a cell line, or a transgenic non-human animal. The 
cells or tissue from Which the microsomes are prepared may 
be a humanised animal tissue or cell from a transgenic non 
human animal Whose genome has been modi?ed by the inser 
tion of one or more human genes. 

[0035] In embodiments of the invention relating to 
microsomes prepared from a transgenic non-human animal or 
transgenic cell line, the transgenesis is the introduction of an 
additional gene or genes or protein-encoding nucleic acid 
sequence or sequences. The transgene may be a heterologous 
gene or an additional copy of a homologous gene, optionally 
under the control of a constitutive promoter or an inducible 
promoter. The transgenesis may be transient or stable trans 
fection of a cell or a cell line, or an episomal expression 
system in a cell or a cell line. 

[0036] HoWever, it is in the ?eld of human medicine, in 
Which the compositions of this aspect of the invention are 
expected to ?nd greatest application as vaccines. It is there 
fore preferred that the source of cells from Which the 
microsomes are prepared has an MHC allotype that is com 
patible to the MHC of the recipient of the composition When 
used as a vaccine. 

[0037] In one embodiment according to this aspect of the 
invention, the source of cells from Which the microsomes are 
prepared may be the ultimate recipient of the composition 
When used as a vaccine. 

[0038] Alternatively, a suitable source of human cells may 
be from a cell line, for example a non-embryo derived cell 
line, suitably a B-cell line such as cell line 221. Such cell lines 
may also advantageously not express proteins of the Major 
Histocompatibility Complex (MHC) type class I and/ or class 
II. This embodiment of the invention may be a more preferred 
embodiment for the manufacture of vaccines on a commercial 
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scale, Where non-individual vaccines are produced from such 
cell lines Which have been engineered With different MHC 
allotypes. 
[0039] Cell line 221 is an example of such a MHC negative 
cell line. The absence of a native MHC class I expression in 
such cells permits the modi?cation of the cell line to express 
MHC class I of any desired genotype. This may be particu 
larly important in achieving the full immunising effects of the 
vaccine composition, since different human populations 
express different MHC proteins. In such compositions of the 
invention, the MHC protein may therefore be of a heterolo 
gous source With respect to the cell from Which the 
microsomes are obtained. 

[0040] Some of the MHC class I, like HLA A2, are 
expressed in more than 20% of the population. In circum 
stances Where a MHC negative cell line is used, one or more 
than one compatible MHC gene is transfected into the cell 
line by means of conventional gene transfer methods and the 
transgene is constructed into a expression vector. The expres 
sion cassette of expression construct normally includes stan 
dard promoter, such as CMV promoter, or elongation factor I 
promoter or actin promoter, enhancer, inserted trans gene and 
the poly-A signal to achieve optimal expression. Before trans 
fection, the expression cassette Will be isolated from the plas 
mid backbone to avoid the expression of bacterial plasmid 
genes in transfected cells. The sequences of the MHC class I 
and II cDNAs and genomic DNAs are published and avail 
able. A MHC class I transfectants Bank can be constructed by 
using MHC class I negative or selected MHC class positive 
cell lines to transfect most of the MHC class I genes, respec 
tively. The selection of the expression cassette Will be depen 
dent on the optimal expression of the transgene. 
[0041] Transfection of the antigen presenting cells may be 
achieved using standard recombinant techniques, eg using a 
suitable vector comprising a nucleic acid sequence encoding 
a MHC protein of interest. The term “vector” generally refers 
to any nucleic acid vector Which may be RNA, DNA or 
cDNA. The vector can be described alternatively as an 
“expression vector”. 
[0042] The terms “vector” or “expression vector” may 
include, among others, chromosomal, episomal, and virus 
derived vectors, for example, vectors derived from bacterial 
plasmids, from bacteriophage, from transposons, from yeast 
episomes, from insertion elements, from yeast chromosomal 
elements, from viruses such as baculoviruses, papova viruses, 
such as SV40, vaccinia viruses, adenoviruses, foWl pox 
viruses, pseudorabies viruses and retroviruses, and vectors 
derived from combinations thereof, such as those derived 
from plasmid and bacteriophage genetic elements, such as 
cosmids and phagemids. Generally, any vector suitable to 
maintain, propagate or express nucleic acid to express a 
polypeptide in a host may be used for expression in this 
regard. The vector may be constructed from a bacterial plas 
mid, for example the bacterial plasmid pUCl 8. 
[0043] The vector may provide for speci?c expression. 
Such speci?c expression may be inducible expression or 
expression only in certain types of cells or both inducible and 
cell-speci?c. Preferred among inducible vectors are vectors 
that can be induced for expression by environmental factors 
that are easy to manipulate, such as temperature, nutrient 
additives, hypoxia and/or the presence of cytokines or other 
biologically active factors. Particularly preferred among 
inducible vectors are vectors that can be induced for expres 
sion by changes in the levels of chemicals, for example, 
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chemical additives such as antibiotics. A variety of vectors 
suitable for use in the invention, including constitutive and 
inducible expression vectors for use in prokaryotic and 
eukaryotic hosts, are Well knoWn and employed routinely by 
those skilled in the art. 
[0044] Recombinant expression vectors Will include, for 
example, origins of replication, a promoter preferably derived 
from a highly expressed gene to direct transcription of a 
structural sequence, and a selectable marker to permit isola 
tion of vector containing cells after exposure to the vector. 
[0045] Mammalian expression vectors may comprise an 
origin of replication, a suitable promoter and enhancer, and 
also any necessary ribosome binding sites, polyadenylation 
regions, splice donor and acceptor sites, transcriptional ter 
mination sequences, and 5'-?anking non-transcribed 
sequences that are necessary for expression. Preferred mam 
malian expression vectors according to the present invention 
may be devoid of enhancer elements. 
[0046] The promoter sequence may be any suitable knoWn 
promoter, for example the human cytomegalovirus (CMV) 
promoter, the CMV immediate early promoter, the HSV thy 
midine kinase promoter, the early and late SV40 promoters or 
the promoters of retroviral LTR’s, such as those of the Rous 
sarcoma virus (“RSV”), and metallothionein promoters, such 
as the mouse metallothionein-I promoter. The promoter may 
comprise the minimum sequence required for promoter activ 
ity (such as a TATA box Without enhancer elements), for 
example, the minimal sequence of the CMV promoter 
(mCMV). Preferably the promoter is a mammalian promoter 
that can function at a loW basal level devoid of an enhancer 
element. 
[0047] Preferably, the promoter is contiguous to the nucleic 
acid sequence encoding the MHC protein to be transfected 
into the antigen presenting cell. It is contemplated that vari 
ants, for example, homologues or orthologues, of the promot 
ers described herein are part of the present invention. 
[0048] The backbone of the expression vector of the ?rst 
aspect of the invention may be derived from a vector devoid of 
its oWn promoter and enhancer elements, for example the 
plasmid vector pGL2. Enhancers are able to bind to promoter 
regions situated several thousands of bases aWay through 
DNA folding (Rippe et al TIBS 1995; 20: 500-506 (1995)). 
[0049] The expression vectors may also include selectable 
markers, such as antibiotic resistance, Which enable the vec 
tors to be propagated. 
[0050] The nucleic acid sequences of the vector containing 
nucleic acid encoding the MHC protein to be transfected may 
encode a reporter protein as described above, such as a 
chloramphenicol acetyl transferase (“CA ”) transcription 
unit, luciferase or green ?uorescent protein (GFP). The appli 
cation of reporter genes relates to the phenotype of these 
genes Which can be assayed in a transformed cell and Which 
is used, for example, to analyse the induction and/or repres 
sion of gene expression. Reporter genes for use in studies of 
gene regulation include other Well knoWn reporter genes 
including the lux gene encoding luciferase Which can be 
assayed by a bioluminescence assay, the uidA gene encoding 
[3-glucuronidase Which can be assayed by a histochemical 
test, the lacZ gene encoding [3-galactosidase Which can be 
assayed by a histochemical test, the enhanced green ?uores 
cent protein Which can be detected by UV light, UV micros 
copy or by FACS. 
[0051] The DNA comprising the nucleic acid sequence of 
the MHC protein may be single or double stranded. Single 
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stranded DNA may be the coding or sense strand, or it may be 
the non-coding or anti-sense strand. For therapeutic use, the 
nucleic acid sequences are in a form capable of being 
expressed in the subject to be treated. 
[0052] The termination sequences in the vector may be a 
sequence of adenylate nucleotides Which encode a polyade 
nylation signal. Typically, the polyadenylation signal is rec 
ogni sable in the subject to be treated, such as, for example, the 
corresponding sequences from viruses such as, for human 
treatment, the SV40 virus. Other termination signals are Well 
knoWn in the art and may be used. 
[0053] Preferably, the polyadenylation signal is a bidirec 
tional terminator of RNA transcription. The termination sig 
nal may be the polyadenylation signal of the simian 40 virus 
(SV40), for example the SV40 late poly(A). Alternatively, the 
termination sequence may be the polyadenylation signal of 
bovine groWth hormone Which results in maximal expression 
When combined With a CMV promoter (YeW et al. Human 
Gene Therapy, 8: 575-584 (1997)). 
[0054] In addition the expression vector may comprise a 
further polyadenylation sequence, for example an SV40 early 
poly(A). Such a further poly (A) may be located upstream of 
the nucleic acid sequence encoding the MHC protein to 
reduce cryptic transcription Which may have initiated Within 
the vector thereby ensuring that basal gene expression from 
the vector is minimal. 

[0055] Gene expression from integrated viral genomes may 
be susceptible to chromosomal positional effects. Such 
effects include transcriptional silencing and promoter activa 
tion by nearby heterologous enhancers. In addition, inte 
grated sequences can activate expression of nearby genes and 
oncogenes. These effects are reduced through the use of ele 
ments Which form boundaries to the inserted viral genome. 
Insulators are genetic elements such as the chicken [3-globin 
5' DNase I hypersensitive site (5'HS4) Which mark a bound 
ary betWeen an open chromatin domain and a region of con 
stitutively condensed chromatin. 
[0056] Other elements termed scaffold or matrix attach 
ment regions (S/MAR) anchor chromatin to nuclear struc 
tures and form chromosomal loops Which may have a physi 
ological role in bringing distal regulatory elements into close 
proximity to a corresponding promoter. An example is 
located in the human interferon-y locus and is termed the 
IFN-SAR. Both insulators and S/MAR can reduce position 
effects With greatest activity demonstrated When they Were 
combined in a lentiviral vector (RameZani et al, Blood 101: 
4717-24, (2003)). Clearly such elements can be of bene?t in 
regulated vectors such as those described herein after they are 
integrated into the host cell genome. 
[0057] The compositions of the present invention comprise 
a microsome, or a fragment thereof, in association With an 
externally disposed peptide antigen that has been loaded into 
the microsome. The association may be such that the peptide 
antigen is inserted in the membrane of the microsome such at 
least one epitope of the peptide antigen is exposed With 
respect to the outer membrane of the microsome. The mem 
brane of microsomes further contains a protein of the MHC 
that presents the peptide antigen to T-cells in order for the 
antigen to be recognised by the immune system. The MHC 
protein is either naturally present in the cell organelles of the 
cell from Which the microsomes Were produced, or it is a 
MHC protein that has been transfected into the cell through 
recombinant DNA techniques and expressed, prior to prepa 
ration of the microsomes. The inserted antigenic peptide and 
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the MHC protein form an association in the membrane of the 
microsome Which permits external disposition of the proteins 
for interaction With the cells of the immune system. 

[0058] The antigenic peptides may be introduced or loaded 
into the microsome by means of incubating the microsome 
With the peptide antigen in the presence of a nucleoside triph 
osphate (NTP), for example adenosine triphosphate (ATP) 
and NTP re-generation system. It appears that an NTP, such as 
ATP, facilitates the incorporation of the peptide antigen into 
the microsome through protein transporters located in the 
membrane of the microsome. Without Wishing to be bound 
unnecessarily by theory, it appears that once the microsome is 
incubated With the peptide antigen in the presence of an NTP 
that the antigen is able to associate With MHC class I proteins 
already present in the membrane of the microsome. Altema 
tively, the antigenic peptides may also loaded into the 
microsomes after inside-out processing and in this case, the 
NTP is not required. 

[0059] The antigenic peptide present in association With the 
microsome suitably has one or more epitopes. An epitope is 
the smallest part of an antigen recognisable by the combining 
site of an immunoglobulin and may be linear or discontinu 
ous. Therefore, any type of MHC binding peptides, natural or 
synthesiZed or arti?cially modi?ed, is included. 
[0060] The antigenic peptides may be from a source that is 
foreign, i.e. non-self, or self, i.e. an autoantigen. Foreign 
antigenic peptides may originate from virus, bacteria, yeast, 
fungi, protoZoa, or other micro-organism (i.e. an infectious 
agent), or of higher life forms such as plants or animals. In 
some embodiments of the invention, the antigen may be an 
auto-antigen, for example an antigen expressed by a neoplas 
tic cell or cell of a cancer tumour, a normal self-protein (in the 
case of an tolerising vaccine of the invention for an auto 

immune disorder). 
[0061] Where the antigen is from a neoplastic cell or cell of 
a cancer tumour, the cell may be from a melanoma, lung 
adenocarcinoma, colon cancer, breast cancer or leukemia 
cell. Auto-immune disorders include, but are not limited to, 
Multiple Sclerosis (MS), Systemic Lupus Erythamatosus, 
Type-1 or Insulin-dependent Diabetes, Antiphospholipid 
Syndrome, Myasthenia Gravis, Myositis, Sjogren’s Syn 
drome and Rheumatoid arthritis. 

[0062] In some embodiments of the invention, it may be 
preferred to prepare the composition With an antigenic pep 
tide of more than one type, or antigenic peptides having a 
sequence modi?ed to increase immunogenicity. The cell may 
also be transfected prior to the preparation of the microsomes 
With more than one type of MHC molecules Which may be 
useful in the case of recipients of the compositions When used 
as vaccines Who have more than one type of MHC allotype. 

[0063] In a preferred embodiment of this aspect of the 
invention, there is provided a composition as de?ned above in 
Which the ratio of antigen to MHC molecule in the microsome 
is optimal for the induction of a speci?c immunoresponse, for 
example in the range of from 0.1 to 1.5, preferably of from 0.2 
to 1.2 or 0.5 to 1.0, and most preferably from 0.2-0.5 to 1.0. 
The amount of loaded antigenic peptides may be different 
according to the level of immune response induced. 
[0064] De?ned antigenic peptides of maj or diseases can be 
readily selected from the scienti?c literature or identi?ed by 
bioinformatic tools, (Renkvist et al Cancer Immunol Immu 
nolher 50, 3-15 (2001); Coulie et al Immunol Rev 188, 33-42 
(2002); De Groot et al Vaccine 19 (31), 4385-95 (2001)). 
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[0065] For example, the in?uenza virus derived peptides 
SHNFEKL and ASNENMETM, or the peptide YLQLVF 
GIEV from melanoma cells. 

[0066] Table 1 shows details of Class I HLA-restricted 
cancer/testis antigens; Table 2 shows Class I HLA-restricted 
melanocyte differentiation antigens; Table 3 shoWs Class I 
HLA-restricted Widely expressed antigens; Table 4 shoWs 
Class I HLA-restricted tumor speci?c antigens; Table 5 
shoWs Class H HLA-restricted antigens; Table 6 shoWs 
epitopes derived from fusion proteins; and Table 7 shoWs 
frequency of epitopes recognised by a given HLA allele. 
[0067] Further examples are shoWn in Table 8 of Hepatitis 
C virus (HCV) peptides from Anthony et al Clinical Immu 
nol., vol. 103, pages 264-276 (2002); in Table 9 of Human 
Immunode?ciency Virus-1 (HIV-1) from Kaul et al J. Clini 
cal InvesL, vol. 107, pages 1303-1310 (2001; in Table 10 of 
Hepatitis C Virus (HCV) peptides from KoZiel et al J. Wrol, 
vol. 67, pages 7522-7532 (1993); and in Table 11 ofHepatitis 
C Virus (HCV) from He et al PNAS USA, vol. 96, pages 
5692-5697 (1999). 
[0068] The antigenic peptide epitopes may be present as a 
monomer or as repeated sequence of the epitope, such as 
dimer, trimer, tetramer, or higher multiple, such as a pen 
tamer, hexamer, heptamer, octamer, nonamer or decamer. 
Fragments of the epitope sequences can be used, as Well as 
overlapping sequences that include the epitope sequence. 
[0069] The term “peptide” includes both polypeptide and 
protein, unless the context speci?es otherwise. 
[0070] Such peptides include analogues, homologues, 
orthologues, isoforms, derivatives, fusion proteins and pro 
teins With a similar structure or are a related polypeptide as 
herein de?ned. 

[0071] The term “analogue” as used herein refers to a pep 
tide that possesses a similar or identical function as a protein 
sequence described herein but need not necessarily comprise 
an amino acid sequence that is similar or identical to such an 
amino acid sequence, or possess a structure that is similar or 
identical to that of a protein described herein. An amino acid 
sequence of a peptide is “similar” to that of a peptide 
described herein if it satis?es at least one of the folloWing 
criteria: (a) the peptide has an amino acid sequence that is at 
least 30% (more preferably, at least 35%, at least 40%, at least 
45%, at least 50%, at least 55%, at least 60%, at least 65%, at 
least 70%, at least 75%, at least 80%, at least 85%, at least 
90%, at least 95% or at least 99%) identical to the amino acid 
sequence of a peptide described herein; (b) the peptide is 
encoded by a nucleotide sequence that hybridiZes under strin 
gent conditions to a nucleotide sequence encoding at least 5 
amino acid residues (more preferably, at least 10 amino acid 
residues, at least 15 amino acid residues, at least 20 amino 
acid residues, at least 25 amino acid residues, at least 40 
amino acid residues, at least 50 amino acid residues, at least 
60 amino residues, at least 70 amino acid residues, at least 80 
amino acid residues, at least 90 amino acid residues, at least 
100 amino acid residues, at least 125 amino acid residues, or 
at least 150 amino acid residues) of a peptide sequence 
described herein; or (c) the peptide is encoded by a nucleotide 
sequence that is at least 30% (more preferably, at least 35%, 
at least 40%, at least 45%, at least 50%, at least 55%, at least 
60%, at least 65%, at least 70%, at least 75%, at least 80%, at 
least 85%, at least 90%, at least 95% or at least 99%) identical 
to the nucleotide sequence encoding a peptide described 
herein. 
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[0072] Stringent conditions of hybridisation may be char 
acterised by loW salt concentrations or high temperature con 
ditions. For example, highly stringent conditions can be 
de?ned as being hybridisation to DNA bound to a solid sup 
port in 0.5M NaHPO4, 7% sodium dodecyl sulfate (SDS), 1 
mM EDTA at 65° C., and Washing in 0.1><SSC/0.1%SDS at 
68° C. (Ausubel et al eds. “Current Protocols in Molecular 
Biology” 1, page 2.10.3, published by Green Publishing 
Associates, Inc. and John Wiley & Sons, Inc., NeW York, 
(1989)). In some circumstances less stringent conditions may 
be required. As used in the present application, moderately 
stringent conditions can be de?ned as comprising Washing in 
0.2><SSC/0.1%SDS at 42° C. (Ausubel et al (1989) supra). 
Hybridisation can also be made more stringent by the addi 
tion of increasing amounts of formamide to destabilise the 
hybrid nucleic acid duplex. Thus particular hybridisation 
conditions can readily be manipulated, and Will generally be 
selected according to the desired results. In general, conve 
nient hybridisation temperatures in the presence of 50% for 
mamide are 42° C. for a probe Which is 95 to 100% homolo 
gous to the target DNA, 370 C. for 90 to 95% homology, and 
32° C. for 70 to 90% homology. 

[0073] A peptide With “similar structure” to that of a pep 
tide described herein refers to a peptide that has a similar 
secondary, tertiary or quaternary structure as that of a peptide 
described herein. The structure of a peptide can determined 
by methods knoWn to those skilled in the art, including but not 
limited to, X-ray crystallography, nuclear magnetic reso 
nance, and crystallographic electron microscopy. 
[0074] The term “fusion protein” as used herein refers to a 
peptide that comprises (i) an amino acid sequence of a peptide 
described herein, a fragment thereof, a related peptide or a 
fragment thereof and (ii) an amino acid sequence of a heter 
ologous peptide (i.e., not a peptide sequence described 
herein). 
[0075] The term “homologue” as used herein refers to a 
peptide that comprises an amino acid sequence similar to that 
of a peptide described herein but does not necessarily possess 
a similar or identical function. 

[0076] The term “orthologue” as used herein refers to a 
non-humanpeptide that (i) comprises an amino acid sequence 
similar to that of a peptide described herein and (ii) possesses 
a similar or identical function. 

[0077] The term “related peptide” as used herein refers to a 
homologue, an analogue, an isoform of, an orthologue, or any 
combination thereof of a peptide described herein. 

[0078] The term “derivative” as used herein refers to a 
peptide that comprises an amino acid sequence of a peptide 
described herein Which has been altered by the introduction 
of amino acid residue substitutions, deletions or additions. 
The derivative peptide possess a similar or identical function 
as peptides described herein. 

[0079] The term “fragment” as used herein refers to a pep 
tide comprising an amino acid sequence of at least 5 amino 
acid residues (preferably, at least 10 amino acid residues, at 
least 15 amino acid residues, at least 20 amino acid residues, 
at least 25 amino acid residues, at least 40 amino acid resi 
dues, at least 50 amino acid residues, at least 60 amino resi 
dues, at least 70 amino acid residues, at least 80 amino acid 
residues, at least 90 amino acid residues, at least 100 amino 
acid residues) of the amino acid sequence of a peptide as 
described herein, mutatis mutandis. The fragment of may or 
may not possess a functional activity of such peptides. 
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[0080] The term “isoform” as used herein refers to variants 
of a peptide that are encoded by the same gene, but that differ 
in their isoelectric point (pl) or molecular Weight (MW), or 
both. Such isoforms can differ in their amino acid composi 
tion (eg as a result of alternative splicing or limited proteoly 
sis) and in addition, or in the alternative, may arise from 
differential post-translational modi?cation (e.g., glycosyla 
tion, acylation, phosphorylation). As used herein, the term 
“isoform” also refers to a peptide that exists in only a single 
form, i.e., it is not expressed as several variants. 
[0081] The percent identity of tWo amino acid sequences or 
of tWo nucleic acid sequences is determined by aligning the 
sequences for optimal comparison purposes (e. g., gaps can be 
introduced in the ?rst sequence for best alignment With the 
sequence) and comparing the amino acid residues or nucle 
otides at corresponding positions. The “best alignment” is an 
alignment of tWo sequences Which results in the highest per 
cent identity. The percent identity is determined by the num 
ber of identical amino acid residues or nucleotides in the 
sequences being compared (i.e., % identity:# of identical 
positions/total # of positions><100). 
[0082] The determination of percent identity betWeen tWo 
sequences can be accomplished using a mathematical algo 
rithm knoWn to those of skill in the art. An example of a 
mathematical algorithm for comparing tWo sequences is the 
algorithm of Karlin and Altschul Proc. Natl. Acad. Sci. USA 
(1990) 87:2264-2268, modi?ed as in Karlin and Altschul 
(1993) Proc. Natl. Acad. Sci. USA 90:5873-5877. The 
NBLAST and XBLAST programs of Altschul et al, J Mol. 
Biol. (1990) 215:403-410 have incorporated such an algo 
rithm. BLAST nucleotide searches can be performed With the 
NBLAST program, score:100, Wordlength:12 to obtain 
nucleotide sequences homologous to a nucleic acid mol 
ecules encoding a peptide sequence as described herein. 
BLAST protein searches canbe performed With the XBLAST 
program, score:50, Wordlength:3 to obtain amino acid 
sequences homologous to a peptide as described herein. To 
obtain gapped alignments for comparison purposes, Gapped 
BLAST can be utilised as described in Altschul et al, Nucleic 
Acids Res. (1997) 253389-3402.Alternatively, PSI-Blast can 
be used to perform an iterated search Which detects distant 
relationships betWeen molecules (ld.). When utilising 
BLAST, Gapped BLAST, and PSI-Blast programs, the 
default parameters of the respective programs (e. g., XBLAST 
and NBLAST) can be used. 
[0083] Another example of a mathematical algorithm uti 
lised for the comparison of sequences is the algorithm of 
Myers and Miller, CABIOS (1989). The ALIGN program 
(version 2.0) Which is part of the GCG sequence alignment 
softWare package has incorporated such an algorithm. Other 
algorithms for sequence analysis knoWn in the art include 
ADVANCE and ADAM as described in Torellis and Robotti 
Compul. Appl. Biosci. (1994) 10:3-5; and FASTA described 
in Pearson and Lipman Proc. Natl. Acad. Sci. USA (1988) 
85:2444-8. Within FASTA, ktup is a control option that sets 
the sensitivity and speed of the search. 
[0084] The skilled person is aWare that various amino acids 
have similar properties. One or more such amino acids of a 
substance can often be substituted by one or more other such 
amino acids Without eliminating a desired activity of that 
substance. Thus the amino acids glycine, alanine, valine, 
leucine and isoleucine can often be substituted for one 
another (amino acids having aliphatic side chains). Of these 
possible substitutions it is preferred that glycine and alanine 
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are used to substitute for one another (since they have rela 
tively short side chains) and that valine, leucine and isoleu 
cine are used to substitute for one another (since they have 
larger aliphatic side chains Which are hydrophobic). Other 
amino acids Which can often be substituted for one another 
include: phenylalanine, tyrosine and tryptophan (amino acids 
having aromatic side chains); lysine, arginine and histidine 
(amino acids having basic side chains); aspartate and 
glutamate (amino acids having acidic side chains); aspar 
agine and glutamine (amino acids having amide side chains); 
and cysteine and methionine (amino acids having sulphur 
containing side chains). Substitutions of this nature are often 
referred to as “conservative” or “semi-conservative” amino 

acid substitutions. 

[0085] Amino acid deletions or insertions may also be 
made relative to the amino acid sequence of a peptide 
sequence as described herein. Thus, for example, amino acids 
Which do not have a substantial effect on the activity of such 
peptides, or at least Which do not eliminate such activity, may 
be deleted. Amino acid insertions relative to the sequence of 
peptides as described herein can also be made. This may be 
done to alter the properties of a protein of the present inven 
tion (eg to assist in identi?cation, puri?cation or expression, 
Where the protein is obtained from a recombinant source, 
including a fusion protein. Such amino acid changes relative 
to the sequence of a peptide from a recombinant source can be 
made using any suitable technique eg by using site-directed 
mutagenesis. The molecule may, of course, be prepared by 
standard chemical synthetic techniques, e. g. solid phase pep 
tide synthesis, or by available biochemical techniques. 
[0086] It should be appreciated that amino acid substitu 
tions or insertions Within the scope of the present invention 
can be made using naturally occurring or non-naturally occur 
ring amino acids. Whether or not natural or synthetic amino 
acids are used, it is preferred that only L-amino acids are 
present. 
[0087] According to the present invention, puri?ed 
microsomes representing the endoplasmic reticulum, lysos 
omes or endosomes in antigen-presenting cells (APC) can be 
used to load antigenic peptides on its MHC class I or II 
molecules. Results from in vitro and in vivo immunisation 
described herein shoW that peptide-loaded microsome eluci 
dates much stronger responses than peptide-loaded APC 
measured by T cell proliferation and production of lL-2. By 
quantitating the amount of peptide-receptive MHC class I 
molecules, the receptive class lmolecules onAPC surface are 
beloW the radio-chemical detection limit. HoWever, a signi? 
cant amount of peptide bound MHC class I is detected in the 
microsome. In addition, a similar amount of co-stimulatory 
molecules, B7.1 and B7.2 is detected in microsomes in com 
parison to cell surface. Thus, the microsomes loaded With 
antigenic peptides represent an effective vaccine composi 
tion. 

[0088] The present invention has found that more than 50% 
of the MHC class I molecules in the ER of APC are peptide 
receptive. By the process of “inside-out”, the microsomes 
loaded With Kb speci?c OVA-peptide can induce T cell 
responses in vitro and in vivo. In contrast, the APCs pulsed 
With same peptide have much less ability to stimulate T cell 
responses. Given that the microsomes contain co-stimulatory 
molecules, the microsomes isolated from APCs represent 
promising vehicles for peptide vaccines in the future for a 
Wide variety of diseases. 
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[0089] In addition to transfecting selected MHC genes into 
the animal cell prior to microsome preparation, it may also be 
desirable to transfect or co-transfect the cells With genes 
encoding co-stimulatory molecules such as B7 and/or the 
genes encoding cytokines, for example an interleukin or an 
interferon, such as IL-2. In the case of cytokines, the trans 
gene Will be fused With trans-membrane domain of CD2 or 
CD4 for targeting the cytokines into the ER membrane. In 
addition, in order to enrich the level of MHC, co-stimulatory 
molecules and membrane-bound cytokines in the ER, KDEL 
or other ER retention signalling (Nilsson T, & Warren G., 
Curr Opin Cell Biol. 6 (4), 517-21 (1994)) Will be tagged at 
the C-terminus of the transgenes for the retention of trans gene 
products in the ER. The expression cassettes for these trans 
genes are similar to MHC class I transgenes. 

[0090] According to the present invention, therefore, the 
vaccine compositions may be co-administered With one or 
more cytokines, such as an interferon or an interleukin, that 
can promote T cell immune response such as IL-2, IL-15, 
IL-6, GM-CSF, IFNY, other cytokines promoting T cell 
responses, and/or conventional adjuvant. These can be suit 
ably mixed With the microsomes loaded With antigen prior to 
administration, or may be suitably prepared as membrane 
bound constituents of the microsomes. Such membrane 
bound substituents may be introduced using recombinant 
DNA techniques, as discussed above, to engineer expression 
of the cytokine in the cell organelle that Will ultimately be 
used to form the microsomes, or alternatively the cytokines 
may be loaded into the microsome membrane or bound to 
surface proteins. 
[0091] A membrane bound cytokine expressed in a 
microsome preparation may be prepared by transfecting an 
antigen presenting cell With a construct comprising a cytok 
ine molecule fused to a membrane anchor protein, optionally 
With an ER-retention signal. For example, a microsome 
including membrane bound IL-2 molecules can be prepared 
by constructing a vector comprising nucleic acid encoding a 
fusion protein comprising the CD2 membrane domain fused 
to the C-terminus of IL-2 and an ER-retention signal, such as 
the 16 amino-acid sequence from E15-9K adenovirus protein, 
Where the ER-retention signal is fused to the C-terminus of 
the CD2 protein. 
[0092] Expression of the vector in the antigen presenting 
cell leads to accumulation of the cytokine in the organelles of 
the cell, i.e. the ER, Which enables preparation of microsomes 
containing membrane-bound cytokine. 
[0093] In addition, it may be convenient to include detec 
tion and monitoring of the speci?c immune responses 
toWards the vaccine, for example by techniques such as 
ELISA for detection of serum cytokine, e.g. IL-2 and/or 
IFNY, or an in vitro T cell response assay With peptide loaded 
microsomes, or a proliferative cell assay. 

[0094] In its simplest form, the present invention provides a 
composition comprising an isolated microsome of the endo 
plasmic reticulum of an animal cell, or a membrane fragment 
thereof, in association With an externally disposed peptide 
antigen and a protein of the Major Histocompatibility Com 
plex (MHC). Suitably formulated for administration as a vac 
cine. 

[0095] According to a second aspect of the invention, there 
is provided a composition according to the ?rst or second 
aspects of the invention for use in medicine. This aspect of the 
invention therefore extends to a method of treatment or pro 
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phylaxis of a subject suffering from a disease or condition, 
comprising the step of administering to the subject a vaccine 
as de?ned above. 

[0096] According to a third aspect of the invention, there is 
provided the use of a composition as de?ned above in the 
preparation of a vaccine for the prophylaxis or treatment of a 
disease condition. The disease may be an infection caused by 
a micro-organism or virus, or it may be a cancer Which is 
characterised by neoplastic cell groWth and/ or tumour forma 
tion. Alternatively, the disease may be an autoimmune con 
dition, Where a vaccine may have therapeutic use in inducing 
tolerance to self-anti gens. Uses in accordance With this aspect 
of the invention also extend to methods of treatment of such 
disease conditions comprising administering said composi 
tions to a subject in need thereof. Suitably, vaccine composi 
tions of the present invention can be administered by any 
convenient route such as intramuscular, intravenous, intrap 
eritoneal, oral or by injection in to the cerebrospinal ?uid. 
[0097] Diseases or conditions that can be treated using a 
vaccine of the present invention include, but are not limited to 
melanoma, lung adenocarcinoma, colon cancer, breast cancer 
or leukemia. Auto-immune disorders include, but are not 
limited to, Multiple Sclerosis (MS), Systemic Lupus 
Erythamatosus, Type-1 or Insulin-dependent Diabetes, 
Antiphospholipid Syndrome, Myasthenia Gravis, Myositis, 
Sjogren’s Syndrome and Rheumatoid arthritis. In addition, 
viral infection, such as HIV infection, herpes virus infection, 
hepatitis C virus infection, or parasite infections, such as 
protoZoan parasite infection of Plasmodium, the causative 
agent responsible for malaria, for example Plasmodiumfal 
ciparum, Plasmodium vivax, Plasmodium berghei, Plasmo 
dium yoelii or Plasmodium knowlesi, or another parasite such 
as Toxoplasma gondii, or T rypanosoma brucei, or Enlamoeba 
hislolylica, or Giardia Zambia, or bacterial infection, such as 
E. coli O157, [?brio cholerae, etc. 
[0098] It is also envisaged that the microsomes of the 
present invention When loaded With peptide antigen may be 
fused With antigen presenting cells (APC) prior to adminis 
tration of the combined preparation to the patient. Suitably, 
the APC are taken from the patient prior to treatment, but may 
also be taken from an allogenic source. In such cases, Where 
an allogenic source of cells is used, immunosuppresive drugs 
may also form part of the treatment protocol. 

[0099] According to a fourth aspect of the invention, there 
is provided a process for the preparation of a vaccine compo 
sition as de?ned above, the process comprising incubating a 
population of microsomes and an antigenic peptide in the 
presence of a nucleoside triphosphate (NTP), folloWed by 
further processing to prepare inverted microsomes and for 
mulating the resulting preparation in an physiological diluent 
and optionally an adjuvant. Reagents such as glucose have 
ability to preserve the conformation of prepared microsome 
vaccine and may be included. Suitably, the incubated 
microsomes Will be Washed and resuspended in a vaccine 
solution of an physiological diluent containing an amount of 
antigenic peptides for preventing the dissociation of the 
MHC-peptide complex present in the microsome membrane. 
[0100] The process of loading the microsomes With antigen 
is carried out in the presence of a nucleoside triphosphate 
(NTP), such as ATP, GTP, CTP, TTP, or UTP. The antigen 
loading process may also be carried out in the presence of 
more than one type of antigenic peptide. In this Way a plural 
ity of antigens can be loaded into the microsome. 
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[0101] Inverted microsomes may be prepared by further 
processing of the microsomes that disrupts the membranes of 
the microsomes under conditions Which alloW the membrane 
to reform and Which encourage the formation of “inside-out” 
microsomes. The use of repeated freeZe-thaW steps are there 
fore suitable in this regard. For example, the microsomes can 
be suspended in a suitable medium, or buffer, e.g. Phosphate 
buffered saline (PBS), and then brie?y immersed into liquid 
nitrogen for a suitable period of time, suitably from one to ?ve 
minutes, preferably for tWo minutes, and then moved to 37° 
C., such as in a Water-bath, for a suitable period of time, 
suitably for tWo to six minutes, preferably for four minutes. 
The number of repeated steps of freeZe-thaW may be from 
three to ?ve, suitably four repeat steps. 
[0102] In an alternative embodiment of this aspect of the 
invention, the process may comprise the loading of inverted 
microsomes, prepared as described above, With antigen. For 
loading antigenic peptides into inverted microsomes, the 
presence of an NTP may not be necessary (although it may be 

desirable). 
[0103] According to a ?fth aspect of the invention, there is 
provided a kit of parts comprising a composition as de?ned 
above and one or more cytokine and/or adjuvant in sealed 
containers. Suitably, the kit Will comprise instructions for use 
in a method or use of the invention as de?ned above. 

[0104] According to a sixth aspect of the invention, there is 
provided a kit of parts comprising a composition as de?ned 
above and one or more cytokine and/or adjuvant molecules 
for separate, subsequent or simultaneous administration to a 
subject. 
[0105] Preferred features for the second and subsequent 
aspects of the invention are as for the ?rst aspect mutatis 
mutandis. 
[0106] In a particularly preferred embodiment of the inven 
tion there is provided a vaccine composition for the prophy 
laxis or treatment of a disease that can be characterised by the 
expression of a de?ned antigen or a peptide sequence Which 
is potentially immunogenic by an infectious agent or Which is 
characterised by the expression of an antigen of a native cell, 
in Which the composition is prepared by: 

[0107] (l) obtaining a sample of antigen presenting cells 
Which express MHC proteins; 

[0108] (2) homogenising the cells under conditions such 
that a preparation of microsomes is isolated; 

[0109] (3) preparation of antigenic peptides, for example 
by means of recombinant DNA technology, or from 
isolation from a natural tissue source, or source of infec 
tious agent, or in most cases synthesised antigenic pep 
tides. 

[0110] (4) incubation of antigenic peptides and 
microsomes in the presence of an NTP to load the 
microsomes With antigenic peptides; 

[0111] (5) further processing of microsomes loaded in 
step (4) to prepare a population of inverted microsomes 

[0112] (6) formulation of loaded inverted microsomes a 
vaccine in a physiological diluent and/or adjuvant as 
appropriate 

[0113] As described above, the microsomes may also be 
prepared from an isolated population of cells or a cell line. 
The cells or cell line may be have been transfected With a 
nucleic acid construct to express a protein of choice prior to 
microsome preparation. 
[0114] According to the above protocol, the microsomes 
are loaded With antigenic peptide and then subsequently pro 
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ces sed to prepare inverted microsomes. HoWever, in an alter 
native embodiment, the inverted microsomes may be pre 
pared ?rst and then loaded With antigen, in Which case the 
presence on an NTP in step (4) may not be required. 
[0115] As discussed above, the vaccine compositions of the 
invention preferably comprise inverted microsomes, more 
preferably a homo genous population of inverted microsomes. 
HoWever, non-inverted microsomes may also be present in 
the population of inverted microsomes. 
[0116] The cells may be MHC negative so as to permit 
transfection of the cell line With appropriate nucleic acid 
encoding the MHC class molecule of choice for the vaccine. 
Preparation of antigen may also include synthesis of anti 
genic peptides by means of chemical means. 
[0117] The loading of non-inverted microsomes With anti 
genic peptide takes place in the presence of an NTP. The 
loading of inverted microsomes does not appear to require the 
presence of an NTP, although it may be preferred. 
[0118] The invention Will noW be further described by Way 
of reference to the folloWing Examples and Figures Which are 
provided for the purposes of illustration only and are not to be 
construed as being limiting on the invention. Reference is 
made to a number of Figures in Which: 
[0119] FIG. 1 shoWs crosslinking of H2-Kb molecules by 
crosslinker-modi?ed OVA peptide in the microsomes of 
RAW309Cr.l cells. The 125I-labeled ANB-NOS-OVA pep 
tide Was mixed With the microsomes of RAW309Cr.l cells in 
the presence or absence of ATP-regenerating system or of 
native OVA-peptide at a ten-fold molar excess. The 
crosslinked H-2Kb Was indicated. 
[0120] FIG. 2 shoWs concentration of OVA-peptide recep 
tive H-2Kb in the microsomes of RAW309Cr.l cells. For 
semi-quantitation of OVA-peptide receptive H-2Kb, l0 nMs 
of labelled peptide Was incubated With the microsomes or 
RAW309Cr.l cells, respectively, under the UV irradiation. 
The H-2 molecules Were precipitated by R218 antiserum and 
crosslinked Kb molecules Were quantitated by phospho-im 
aging. 
[0121] FIG. 3 shoWs detection of H-2 molecules in the 
microsomes or on the surface of RAW309Cr.l cells. 30 ug 
proteins from NP40 lysates of RAW309Cr.l microsomes or 
RAW309Cr.l cells Were separated on 10% SDS-PAGE. The 
lysates Were diluted at the titration indicated and separated on 
the SDS-PAGE. Immunoblotting of H-2 molecules Was 
detected by R218 anti-H-2 antiserum. 
[0122] FIG. 4 shoWs detection of B7.l, B7.2 and ICAM-1 
in the microsomes of RAW309Cr.l cells. 30 ug proteins from 
NP40 lysates of RAW309Cr.l microsomes or RAW309Cr.l 
cells Were separated on 10% SDS-PAGE. Immunoblotting of 
B7. 1, B7.2 and ICAM-1 Was detected by speci?c antibodies. 
[0123] FIG. 5 shoWs stimulation of B3Z T cells by OVA 
peptide edited microsomes. Microsomes from 2><l05 
RAW309Cr.l cells Were used to load OVA or Ld-speci?c 
peptide as described in Material and Methods. 2><l05 
RAW309Cr.l cells Were pulsed With OVA peptide (see Mate 
rial and Methods). After Washing, peptide-pulsed 2><l05 
RAW309Cr.l cells, OVA-loaded microsomes, Ld-peptide 
loaded microsomes, and the microsomes Without peptide 
Were co-cultured With 105 B3Z cells for over night. A) After 
Washing With PBS, LacZ activity in B3Z cells Was assayed by 
total cellular lysates With the LacZ substrate ONPG. The 
absorbance (415 nM) Was read after incubation for four hours 
at 37° C. B3Z cells cultured With 100 nM OVA peptide and 
normal medium Were used as positive and negative control for 
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the B3Z stimulation. B) The supematants of these cultures 
Were submitted for measuring IL-2 production by ELISA. 
The experiment Was repeated four times With similar results. 
Error bars indicate the SEM of triplicate cultures. 
[0124] FIG. 6 shoWs stimulation of B3Z T cells by the 
microsomes of 2><105 RAW309Cr.1 cells pre-loaded With 
different concentrations of OVA-peptides. Microsomes 
loaded With OVA-peptide at different concentration indicated 
Were co-cultured With B3Z cells overnight before the assay of 
LacZ activity. 
[0125] FIG. 7 shoWs OVA-peptide edited microsomes 
stimulates speci?c T cell responses in vivo. C57BL/ 6 (H-2b) 
mice Were primed is. by OVA-edited microsomes or Ld 
peptide loaded microsomes or OVA peptide or OVA-pulsed 
RAW309Cr.1 cells and challenged by same stimulus after 
seven days. Six days after the challenge, enrichedT cells Were 
isolated from spleens and cultured at 105 cells/Well With 
stimulus indicated. The RAW309Cr.1 cells Were irradiated 
before co-culture With T cells. After three days, supematants 
Were harvested for cytokine ELISA (b) and cultures pulsed 
With [3H]thymidine (a). The results are representative of 
groups of at least three mice per treatment group and the 
experiment Was repeated four times With similar results. Error 
bars indicate the SEM of triplicate cultures. Similar set of 
experiments performed in Balb/ c (H-2d) mice served as nega 
tive control. 
[0126] FIG. 8 shoWs activation of TCR induced MAK 
kinases. 107 T cells from OVA-microsomes immunised 
C57BL/ 6 Were stimulated With OVA-pulsed RAW309Cr.1, 
OVA-microsomes and anti-CD3/CD28, respectively. Activa 
tion of ERK and INK Was detected by anti-p-ERK and anti 
p-JNK antibodies. Similar levels of ERK and INK detected 
by anti-ERK and anti-JN K severed as loading control. 
[0127] FIG. 9 shoWs OVA-receptive H-2Kb detected in 
microsomes, but not on the surface of RAW309Cr.1 cells. The 
125I-labeledANB-NOS-OVA peptide 10 nM Was mixed With 
out or With native OVA peptide at concentrations indicated. 
The mixed peptides Were incubated With microsomes equiva 
lent to 107 RAW309Cr.1 cells or With 107 RAW309Cr.1 cells. 
The crosslinked H2-Kb molecules Were indicated. 
[0128] FIG. 10 shoWs the results of a study in Which in?u 
enZa viral peptide edited Kb-microsomes induced T-cell 
responses in vivo (?ve mice in each group). 
[0129] FIG. 11 shoWs electronmicrograph pictures of DC 
and prepared microsomes: (A) magni?cation ><12000 and (B) 
magni?cation ><40000 are prepared microsomes from RAW 
cells; (C) magni?cation ><40000 are microsomes inverted by 
repeated freeZe-thaW and loaded With peptides, shoWing open 
or inverted microsomes. The loaded peptides can not be seen 
in the picture. 
[0130] FIG. 12 shoWs the results ofa study carried out on 
MAGE-A2 speci?c T-cells from A2 melanoma patients. 
[0131] FIG. 13 shoWs the amino acid sequences for the 
MHC class I antigens A2 alpha chain precursor and B7 alpha 
chain precursor (Accession nos. P01892 and P01889, respec 
tively). 
[0132] FIG. 14 shoWs the amino acid sequences for the 
MHC class II antigens DRB3-1 beta-chain precursor and 
HLA-DQ alpha 1 (DQW4 speci?city) precursorihuman 
(Accession nos. P79483 and A37044, respectively). 

MATERIAL AND METHODS 

Cell Lines and Animals 
[0133] B3Z is a CD8 T cell hybridoma that expresses LacZ 
in response to activation of T cell receptors speci?c for the 
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SIINFEKL peptide presented by H-2Kb MHC class I mol 
ecules. RAW309Cr.1, a Kd/Kb murine macrophage cell line, 
used as APCs, Was obtained from ATCC (ATCC TIB-69). All 
cells Were cultured in Dulbecco’s modi?ed Eagle’s medium 
With 10% fetal calf serum. Female C57BL/6 mice H-2b and 
Balb/c mice H-2d Were obtained at 6 Weeks of age. All pro 
cedures With animals Were carried out in accordance With 
approved protocols. 

Antibodies, Peptides, and Peptide Modi?cation 

[0134] All peptides Were synthesised in a peptide synthe 
siser (model 431A, Applied Biosystems, Foster City, Calif.), 
using conventional F-moc chemistry, and Were subsequently 
puri?ed by HPLC. The puri?ed peptides Were dissolved in 
PBS. 
[0135] Peptide OVA 257-264 (SIINFEKL) Was modi?ed 
by substitution of third residue isoleucine to tyrosine in order 
for iodination and by covalently coupling a phenylaZide With 
a nitro group on the e-amino group of lysine at position seven. 
This nitro group canbe photoactivated. The crosslinker modi 
?cation Was performed by mixing 0.5 mg of ANB-NOS (N -5 
aZido-2-nitrobenZoyloxysuccinimide) in 200 [1.1 DMSO With 
100 [1g peptide in 100 [1.1 PBS and 50 [1.1 CPAS (3-[cyclohexy 
lamino]-1-propanesulfonic acid) (0.5 M, pH 10). The reac 
tion Was alloWed to proceed for 30 min on ice. To remove the 
excess ANB-NOS and ions, the mixture Was puri?ed by gel 
?ltration on Sephadex G-10 and subsequently by HPLC. An 
aliquot (1 [1.g) of the peptide Was labelled by chloramines-T 
catalyzed iodination (1251). The modi?cation and labelling 
experiments Were performed in the dark. 

Antisera, Immunoprecipitation, and SDS-PAGE 

[0136] Rabbit antiserum to H2 (R218) Was kindly provided 
by Dr. Sune Kvist, Karolinska Institute. Monoclonal antibody 
speci?c to con?rmed H2 (Y3) Was kindly provided by Tim 
Elliot, Cambridge University. Antisera to JN K, ERK, p-ERK 
and p-JN K Were obtained from (Santa CruZ Biotechnology). 
Immunoprecipitation, immunoblotting and SDS-PAGE Were 
performed as described in Li et al (J Biol Chem. 274 (13), 
8649-54 (1999)). Protein-A-Sepharose Was obtained from 
Pharmacia (Uppsala, SWeden). 

EXAMPLE 1 

Preparation of Microsomes and Peptide Binding 
Assay 

[0137] Microsomes from RAW309Cr.1, a Kd/Kb murine 
macrophage cell line Were prepared and puri?ed according to 
the procedure of Saraste et al (Proc. Natl. Acad. Sci. USA. 
83, 6425-6429 (1986)). The immunogenetics of class I is Kb 
in RAW cells and Balb/c mice. 
[0138] Preparation of microsomes from B cells based on a 
modi?cation of Saraste et al (Proc. Natl. Acad. Sci. USA. 83, 
6425-6429 (1986)) and Knipe et al (J. Virol. 21, 1128-1139 
(1977)) for fractionation of microsomal membranes Was 
used. All steps Were performed at 0-40 C.). 

[0139] 3><109 cells are collected and Washed once With 
cold PBS. 

[0140] Resuspend the cells in 20 ml STKMM-buffer 
With 10 [1.1 ofPMSF (100 mM). 

[0141] Spin at 1500 rpm for 5 min at 40 C. 
[0142] Resuspend in 10 ml H2O (With 5 [1.1 PMSF). 
[0143] Homogenise in 40 ml Dounce, 20 strokes. 














































































































