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METHODS AND KITS FOR INDUCING A CTL RESPONSE USING A
PRIME BOOST REGIMEN

FIELD OF THE INVENTION

The present invention relates to the generation of a T cell response against a target
antigen using a polypeptide comprising a polyepitope construct as a priming

composition in a prime boost regimen.

BACKGROUND ART

The main bottleneck in developing vaccines for intracellular infections such as HBV,
HCV, HIV, malaria and chronic diseases such as cancer is the ability to induce strong
and long-lasting cell-mediated immunity. Stimulation of a functional CD8+ response
is often crucial in addition to a Th1-type CD4+ T cell response. DNA immunization
was originally shown to induce strong cytotoxic T lymphocyte (CTL) responses in
murine models but it is now clear that induction of cell-mediated immunity by DNA
vectors is not as potent in humans and thus new adjuvants and antigen (Ag) delivery
systems are being developed for improved immunogenicity. The use of recombinant
viral vectors is an increasingly popular alternative to achieve intracellular Ag
expression that can result in antigen presentation on MHC class I molecules thus

allowing the induction of CD8+ T cell responses.

Based on data shown in literature (McConkey et al 2003, Mwau et al. 2004, Vuola et
al 2005) heterologous prime-boost vaccination regimens that combines two different
vectors encoding the same antigen is more efficient in inducing cell mediated immune

response than the use of a single vector.

In view of the heterogeneous immune response observed with viral infection, induction
of a multi-specific cellular immune response directed simultaneously against multiple

epitopes is important for the development of an efficacious vaccine.
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The technology relevant to polyepitope vaccines is developing and a number of
different approaches are available which allow simultaneous delivery of multiple

epitopes.

Vaccines currently under development and comprising multiple CTL and/or HTL
epitopes are based on genetic constructs delivered either by viral vectors or naked
DNA immunizations. Subunit vaccines based on one or more purified proteins
require effective adjuvant systems to induce a strong immune response. More specific,
vaccines based on recombinant or purified proteins are generally effective in inducing
T helper lymphocytes (HTL) and antibody responses, but are generally ineffective at
induction of CTL responses (Alexander et al., 2002). This limitation presents a serious
drawback for vaccines and immunotherapeutic regimens targeting diseases for which
induction of CTL responses appears to be important.

Polypeptides have been synthesized or produced by recombinant expression
technologies, but as mentioned, their use as vaccines hasresulted in generally only
antibody and HTL responses. The use of CTL inducing adjuvants (¢.g. Freunds
Adjuvant, AS02, ISCOMATRIX ™-adjuvant) or specific “particle formation
promoting proteins” or "carrier proteins” (e.g. Ty-VLP, CyaA, Neisseria P64K) are
generally required for higher levels of immunogenicity and induction of CTL
responses.

Moreover, large polypeptides (more than 50 amino acids) are extremely difficult to
synthesize and purify at large scale. In addition, non-native polypeptides comprising
multiple epitopes have been proven to be difficult to produce in bacterial or

mammalian expression systems due to high levels of degradation (Thomson et al.

1996).

As such, heterologous prime-boost applications have mainly focussed on the use of
combinations including DNA-viral vector or two types of viral vectors. Limitations
of these systems include lack of potency of DNA in man and the pre-existing

immunity induced against viral vectors which restricts the number of immunizations.

It has now been found that the drawbacks in the prior art can be overcome by using a
protein in a prime boost regimen. Remarkably, the use of a polypeptide comprising a

polyepitope construct as a priming composition induces a very high CTL response
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against a target antigen when applied in a heterologous prime boost regimen and does
not require the need for CTL inducing adjuvants, particle formation promoting

proteins or carrier proteins.

SUMMARY OF THE INVENTION

The present invention is directed to the use of a polypeptide, comprising a polyepitope
construct, as a priming agent in a heterologous prime boost regimen. The invention
encompasses a polypeptide for use in inducing a T cell response against at least one

target antigen in a prime boost treatment regimen.

In a first embodiment, the invention envisages the use of a polypeptide comprising a
polyepitope construct comprising at least two CTL epitopes for the manufacture of a
medicament for priming a T cell response against at least one target antigen in a prime
boost treatment regimen. More particular, the polypeptide is not linked to, combined
with or embedded within a compound selected from the group consisting of: a particle
formation promoting protein, a carrier protein and a CTL response inducing adjuvant.
Optionally, the polypeptide is formulated in alum. More specific, the T cell response
comprises a Cytotoxic T Lymphocyte (CTL) response and optionally a T Helper
(HTL) response.

In a specific embodiment, the polyepitope construct comprises at least 10, 11, 12, 13,
14, 15, 16, 17, 18, 18, 20, 25, 30, or up till 150 CTL epitopes. Preferably, the epitopes
are isolated CTL epitopes. Optionally, the polyepitope construct further comprises at
least 1,2, 3,4, 5,10, 15 or up to 50 HTL epitopes.

In a further embodiment, two or more of the CTL and/or HTL epitopes in the

construct are linked by one or more spacer amino acids.

In a further embodiment, the T cell response is directed against at least one target
antigen. Preferably, the target antigen is derived from a virus. More preferably, the
target antigen is derived from HBV or HCV.

In specific embodiment, the T cell response is directed against the Hepatitis B virus.
More particular, the two or more CTL epitopes of the polyepitope construct are

derived from the HBV Core protein, the HBV polymerase protein and/or the HBV
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Envelope protein. More particular, the two or more CTL epitopes of the polyepitope
construct are selected from the group of epitopes as given in Table 1. Even more
particular, the polyepitope construct further comprises at least one HTL epitope
selected from the group of epitopes as given in Table 2.

In an alternative embodiment, the T cell response is directed against the Hepatitis C
virus. More particular, the two or more CTL epitopes of the polyepitope construct are
derived from the HCV CORE, E1, E2, NS3, NS4 and/or NS5 protein.

More particular, the two or more CTL epitopes of the polyepitope construct are
selected from the group of epitopes as given in Table 3. Even more particular, the
polyepitope construct further comprises at least one HTL epitope selected from the

group of epitopes as given in Table 4.

In a specific embodiment, the polypeptide comprising the polyepitope construct of the
present invention is the result of a bacterial or yeast expression. More specific, the

polyepitope construct is a recombinant string of two or more CTL epitopes.

Another aspect of the invention relates to a heterologous prime boost treatment
regimen, wherein the polypeptide as described herein is used as a priming agent.
In a specific embodiment, the invention envisages the use of a polypeptide comprising
a polyepitope construct comprising at least two CTL epitopes for the manufacture of a
medicament for priming a T cell response against at least one target antigen in a prime
boost treatment regimen, wherein the polypeptide is not linked to, combined with or
included within a compound selected from the group consisting of: a particle
formation promoting protein, a carrier protein and a CTL response inducing adjuvant,
and wherein the prime boost treatment regimen comprises the steps of:
a. administering the polypeptide as a priming agent; and
b. subsequently administering a boosting agent comprising a vector encoding
one or more CTL epitopes of the target antigen, including at least one
CTL epitope which is the same as a CTL epitope of the priming agent.
More particular, the T cell response comprises a Cytotoxic T Lymphocyte (CTL)
response and optionally a T Helper (HTL) response.
In a particular embodiment, the medicament is prepared for the administration in a

prime boost regimen as described herein.
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In a specific embodiment, the vector for use as a boosting agent is a plasmid, a viral
vector, a bacterial vector or a yeast vector. More specific, the viral vector is a
poxvirus vector. Even more specific, the viral vector is a vaccinia virus vector. In a
further embodiment, the vector for use as a boosting agent is a non-replicating or
replication impaired viral vector. Preferably, the viral vector is MVA.

In a further embodiment, the vector for use as a boosting agent further encodes for
one or more HTL epitopes. Specifically, at least one HTL epitope is a PADRE®™
epitope. More specifically, the epitopes of the boosting agent are the same as the

epitopes of the priming agent, and this in the same or a different order.

It is a further embodiment of the invention that the priming and/or boosting agent is in
particulate form suitable for intravenous, intracpidermal, subcutaneous, intradermal,

transdermal, or intramuscular delivery.

A further aspect of the invention envisages a specific prime boost treatment regimen
using the polypeptide of the present invention as a priming agent.

More specific, the prime boost treatment regimen comprises a priming step with 2 or
3 polypeptide administrations followed by a boosting step with a vector by one,
optionally two, administrations. Preferably, the priming and boosting step are

separated by at least two weeks.

It is generally noted that the wording "use of the polypeptide in the manufacture of a
medicament for priming a T cell response..." in the present invention can

alternatively be construed as "the polypeptide for use in priming a T cell response...".

Another aspect of the invention relates to a method and kit for the use of the present
invention. Specifically, the method and kit induce a T cell response against at least
one target antigen. More particular, said kit comprises a priming polypeptide as
described herein, comprising a polyepitope construct comprising two or more CTL
epitopes of the target antigen, wherein the polypeptide is not linked to, combined with
or included within a compound selected from the group consisting of: a particle
formation promoting protein, a carrier protein and a CTL response inducing adjuvant.
More particular, the polyepitope construct comprises at least 15 isolated CTL

epitopes. Even more particular, the polyepitope construct further comprises one or
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more HTL epitopes. Preferably, two or more of the epitopes in the construct are
linked by one or more spacer amino acids. In a further embodiment, the kit also
comprises a boosting vector, as described herein, encoding one or more CTL epitopes
of the target antigen, including at least one CTL epitope which is the same as a CTL
epitope of the priming composition. Optionally, the polypeptide is formulated in
alum. More specific, the epitopes of the priming composition are the same as the
epitopes of the boosting composition.

More particular, the vector of the boosting composition in the kit is a plasmid, a viral
vector, a bacterial vector or a yeast vector. Preferably, the viral vector is a poxvirus
vector. More preferably, the vector is a vaccinia virus vector. In a further
embodiment, the viral vector of the boosting composition in the kit is a non-
replicating or replication impaired vector. Even more preferably, the viral vector is
MVA.

In a further embodiment of the kit, the target antigen is a virus, and preferably HBV
or HCV. More specific, the two or more CTL epitopes are derived from the HBV
Core protein, the HBV polymerase protein, the HBV Envelope protein, the HCV Core
protein, the HCV E1 protein, the HCV E2 protein, the HCV NS3 protein, the HCV
NS4 protein and/or the HCV NS5 protein. In a particular embodiment, the two or
more CTL epitopes are selected from the list of epitopes given in Table 1 and/or Table
3. Optionally, at least one HTL epitope is selected from the list given in Table 2
and/or Table 4.

In a further embodiment, the priming and/or boosting composition of the kit is in
particulate form suitable for intravenous, intragpidermal, subcutaneous, intradermal,

transdermal, or intramuscular delivery.

FIGURE LEGENDS

Figure 1: Schematic of the HBV DNA construct INX102-3697. The orientation of
the CTL and HTL epitopes in the synthetic gene is shown in the upper part. The
polyepitope cassette consist of a signal sequence, a CTL domain (first row: 30 CTL
epitopes and PADRE) and an HTL domain (second row: 16 HTL epitopes). The HLA
restriction of each epitope, with respect to supertype, is also shown. The functional

elements of the DNA plasmid vector are indicated in the lower part of the figure.
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Figure 2: CTL responses obtained after homologous prime-boost immunization with
protein compared to heterologous protein prime/MVA boost. Cumulative amount of
specific IFN-y spots in CD8+ spleen cells direct ex vivo, after stimulation with 6
HLA-A2-restricted HBV epitopes, loaded on Jurkat A2.1/K" cells. The number of
specific spots (delta versus set-up with unloaded Jurkat A2.1/K" cells) is given by the

bars.

Figure 3: Thl responses obtained after homologous prime-boost immunization with
protein compared to heterologous protein prime/MVA boost. Cumulative amount of
specific IFN-y spots in CD4+ spleen cells direct ex vivo, after stimulation with HLA-
DR-restricted HBV epitopes and PADRE, loaded on syngeneic spleen cells. The
number of specific spots (delta) is given by the bars.

Figure 4: Th2 responses obtained after homologous prime-boost immunization with
protein compared to heterologous protein prime/MVA boost. Cumulative amount of
specific IL-5 spots in CD4+ spleen cells direct ex vivo, after stimulation with HLA-
DR-restricted HBV epitopes and PADRE, loaded on syngeneic spleen cells. The
number of specific spots (delta) is given by the bars.

Figure 5: CTL responses obtained after heterologous protein prime/MVA boost using
non-adjuvanted or aluminium formulated protein compared to immunization with
MVA only. Cumulative amount of specific IFN-Y spots in CD8+ spleen cells direct ex
vivo, after stimulation with 6 HLA-A2-restricted HBV epitopes, loaded on Jurkat
A2.1/K" cells. The number of specific spots (delta versus set-up with unloaded Jurkat
A2.1/K" cells) is given by the bars

Figure 6: Thl responses obtained after heterologous protein prime/MVA boost using
non-adjuvanted or aluminium formulated protein compared to immunization with
MVA only. Cumulative amount of specific IFN-Y spots in CD4+ spleen cells direct ex
vivo, after stimulation with HLA-DR-restricted HBV epitopes and PADRE, loaded on
syngeneic spleen cells. The number of specific spots (delta) is given by the bars.
Figure 7: Th2 responses obtained after heterologous protein prime/MVA boost using
non-adjuvanted or aluminium formulated protein compared to immunization with
MVA only. Cumulative amount of specific IL-5 spots in CD4+ spleen cells direct ex
vivo, after stimulation with HLA-DR-restricted HBV epitopes and PADRE, loaded on

syngeneic spleen cells. The number of specific spots (delta) is given by the bars.
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Figure 8: CTL responses obtained after heterologous protein prime/MVA boost using
various doses of MVA for boost and compared to MVA prime/protein boost.
Cumulative amount of specific IFN-y spots in CD8+ spleen cells direct ex vivo, after
stimulation with 6 HLA-A2-restricted HBV epitopes, loaded on Jurkat A2.1/K" cells.
The number of specific spots (delta versus set-up with unloaded Jurkat A2.1/K" cells)
is given by the bars.

Figure 9: Thl responses obtained after heterologous protein prime/MVA boost using
various doses of MVA for boost and compared to MVA prime/protein boost.
Cumulative amount of specific IFN-y spots in CD4+ spleen cells direct ex vivo, after
stimulation with HLA-DR-restricted HBV epitopes and PADRE, loaded on syngeneic
spleen cells. The number of specific spots (delta) is given by the bars.

Figure 10: Th2 responses obtained after heterologous protein prime/MVA boost
using various doses of MVA for boost and compared to MV A prime/protein boost.
Cumulative amount of specific IL-5 spots in CD4+ spleen cells direct ex vivo, after
stimulation with HLA-DR-restricted HBV epitopes and PADRE, loaded on syngeneic
spleen cells. The number of specific spots (delta) is given by the bars.

Figure 11: CTL responses obtained after heterologous protein prime/MVA boost and
heterologous protein prime/DNA boost. Cumulative amount of specific IFN-y spots in
CDS8+ spleen cells direct ex vivo, after stimulation with 6 HLA-A2-restricted HBV
epitopes, loaded on Jurkat A2.1/K® cells. The number of specific spots (delta versus
set-up with unloaded Jurkat A2.1/K" cells) is given by the bars.

Figure 12: Thl responses obtained after heterologous protein prime/MVA boost and
heterologous protein prime/DNA boost. Cumulative amount of specific IFN-y spots
in CD4+ spleen cells direct ex vivo, after stimulation with HLA-DR-restricted HBV
epitopes and PADRE, loaded on syngeneic spleen cells. The number of specific spots
(delta) is given by the bars.

Figure 13: Th2 responses obtained after heterologous protein prime/MVA boost and
heterologous protein prime/DNA boost. Cumulative amount of specific IL- 5 spots in
CD4+ spleen cells direct ex vivo, after stimulation with HLA-DR-restricted HBV
epitopes and PADRE, loaded on syngeneic spleen cells. The number of specific spots
(delta) is given by the bars.

Figure 14: CTL responses obtained by repeated cycles of heterologous protein

prime/MV A boost. Cumulative amount of specific IFN-y spots in CD8+ spleen cells
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direct ex vivo, after stimulation with 6 HLA-A2-restricted HBV epitopes, loaded on
Jurkat A2.1/K® cells. The number of specific spots (delta versus set-up with unloaded
Jurkat A2.1/K" cells) is given by the bars.

Figure 15: A. Amino acid sequence of the HBV polyepitope protein.

B. Amino acid sequence of the HCV polyepitope protein.
Figure 16: Nucleic acid sequence encoding the HBV polyepitope protein with linker
and tag his6.
Figure 17: Nucleic acid sequence encoding the HBV polyepitope protein with linker
and tag LHH-11.
Figure 18: Nucleic acid sequence encoding the HCV polyepitope protein with linker
and tag LHH-11.
Figure 19: Restriction map of plasmid pAcl (ICCG1396).

Figure 20: Nucleic acid sequence of the plasmid pAcl (1-4947 bps).
Figure 21: Restriction map of the plasmid pcI857 (ICCG167).
Figure 22: Nucleic acid sequence of the plasmid pcI857 (1-4182 bps).

Figure 23A and B: CTL responses after immunization of HLA-A24/K" or HLA-
INV§ transgenic x Balb/C mice with the HCV polyepitope protein as prime and
plasmid DNA as boost. Cumulative amount of specific IFNg spots in CD8" spleen
cells direct ex vivo, after stimulation with resp. HLA-A24-restricted HCV epitopes,
loaded on LCL721.221HLA-A24/H-2K" cells (figure 23A) and HLA A-11-restricted
HCV epitopes loaded on LCL721.221HLA-A11/H-2K" cells (figure 23B). The
number of specific spots (delta) is given by the bars.

Figure 24: HTL type 1 response after immunization of HLA-A02.1/K” transgenic x
Balb/C mice with the HCV polyepitope protein as prime and plasmid DNA as boost.
Cumulative amount of specific IFNg spots in CD4 " spleen cells direct ex vivo, after
stimulation with HLA-DR-restricted HCV epitopes and PADRE, presented by
irradiated syngeneic spleen cells. The number of specific spots (delta) is given by the

bars.
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DETAILED DESCRIPTION OF THE INVENTION

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art. All publications

mentioned herein are incorporated by reference.

The present invention relates to methods of vaccination for the effective generation of
an antigen-specific immune response in a mammal, preferably a human. Specifically,
the present invention relates to prime boost immunization regimens for the generation
of a cellular immune response, and more specific a Cytotoxic T Lymphocyte (CTL)

and optionally a T Helper Lymphocyte (HTL) response.

The method of the present invention is effective in treating or preventing disease.
Many diseases have specific antigens associated with the disease state. Such antigens
or epitopes of these antigens are crucial to immune recognition and ultimate
elimination or control of the disease in a patient. The present invention provides a
vaccine approach based on a prime boost treatment regimen including a protein
formulation and this more particular for polyepitope vaccines. It has been
demonstrated that the use of a polypeptide comprising a polyepitope construct is
especially suited for use as a priming composition in a heterologous prime boost
treatment regimen. Surprisingly it was found that, when using the polypeptide as a
priming agent, no adjuvant was needed to induce a very high Cytotoxic T
Lymphocyte (CTL) response. Moreover, these high CTL responses were obtained

without the aid of particle formation promoting proteins and/or carrier proteins.

In a first embodiment, the present invention envisages the use of a polypeptide
comprising a polyepitope construct comprising at least two CTL epitopes for the
manufacture of a medicament for priming a T cell response against at least one target
antigen in a prime boost treatment regimen. More particular, the polypeptide is not
linked to or combined with a CTL response inducing adjuvant, a particle formation
promoting protein and a carrier protein. In a specific embodiment, the polypeptide is
formulated in an aluminium-containing adjuvant. There are three general types of
aluminum-containing adjuvants:

¢ Aluminum hydroxide,

10
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¢ Aluminum phosphate, and

¢ Potassium aluminum sulfate (often called “Alum”).
Alum is the adjuvant mostly used for human vaccines. Aluminum-containing
adjuvants are known to induce strong antibody (Ab) responses but recognized not to
promote or even counter-act the induction of CTL (HogenEsch, 2002; Gupta et al.,
1995; Fernando et al., 1998). Immunity against many diseases depends fully or partly
on CTL responses and in animal models of tuberculosis, immunisation with alum as
an adjuvant even appears to worsen the disease. However, it has been found in the
present invention that the use of an aluminium-containing adjuvant has no adverse
effect on the CTL inducing activity of the polypeptide as described herein. In fact the

high CTL responses are retained if the protein is formulated on alum.

The term "construct” as used herein generally denotes a composition that does not occur
in nature. As such, the "polyepitope construct" of the present invention does not
encompass a wild-type full-length protein but includes a chimeric protein containing
isolated epitopes from at least one protein, not necessarily in the same sequential order as
in nature. Said epitopes are “isolated” or “biologically pure”. The term “isolated” refers
to material that is substantially free from components that normally accompany it as
found in its naturally occurring environment. However, it should be clear that the
isolated epitope of the present invention might comprise heterologous cell components
or a label and the like. An "isolated" epitope refers to an epitope that does not include
the neighbouring amino acids of the whole sequence of the antigen or protein from

which the epitope was derived.

With regard to a particular amino acid sequence, an "epitope” is a set of amino acid
residues which is involved in recognition by a particular immunoglobulin, or in the
context of T cells, those residues necessary for recognition by T cell receptor proteins
and/or Major Histocompatibility Complex (MHC) molecules.

The term "peptide" designates a series of amino acids, connected one to the other,
typically by peptide bonds between the amino and carboxyl groups of adjacent amino

acids.

11
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In a preferred embodiment, the T cell response comprises a Cytotoxic T Lymphocyte
(CTL) response. The term "Cytotoxic T Lymphocyte (CTL) response” as used herein
refers to a specific cellular immune response mediated by CD8+ cells. This specific
cellular immune response can be e.g. the production of specific cytokines such as
IFN-gamma (IFN-Yy, IFN-g) (measured e.g. by ELISPOT or intracellular FACS),
degranulation (measured e.g. by a granzyme-b specific ELISPOT), or cytolytic
activity (c.g. measured by a >'Cr-release assay). Alternatively the antigen specific

CDS8+ cell can be detected directly by e.g. the use of tetramers.

CTL epitopes have been identified and can be found in literature for many different
diseases. It is possible to design epitope strings to generate a CTL response against the
"target antigen", i.e. any chosen antigen that contains at least one of such epitopes. As
used herein, the term "antigen" relates to a (complete) protein derived from a
pathogen. As understood herein, a "pathogen" is any agent capable of causing
disease. It is the aim of the present invention to provide a method of immunising
against diseases in which CTL responses play a protective role. Such diseases include
but are not limited to infections, i.e. bacterial, protozoan, yeast or viral infection. In a
specific embodiment, the infection is an intracellular infection. Such infection is
caused by intracellular pathogens including but not limited to mycobacteria,
Chlamydia, Legionella, malaria parasites, Aspergillus, Candida, poxviruses, the
hepatitis C virus (HCV), the hepatitis B virus (HBV), the human papilloma virus
(HPV), the Human Immunodeficiency virus (HIV), influenza, Epstein-Barr virus
(EBV), cytomegalovirus (CMV), members of the (human) herpes virus family,
measles, dengue and HTLV.

Representative examples of proteins as suitable antigens used in the prevention or
treatment of disease are described in the literature and well known to the skilled
person. For example, mycobacterial antigens include Mycobacteria tuberculosis
proteins from the fibronectin-binding antigen complex (Ag 85). Examples of suitable
malaria parasite antigens include the circumsporozoite protein of Plasmodium
falciparum. For HIV, particularly preferred antigens include the HIV gag and env
proteins (gp-120, p17, gp-160 antigens). The hepatitis B virus presents several
different antigens including among others, three HB "Surface" antigens (HBsAgs), an

HBcore antigen (HBcAg), an HB e-antigen (HBeAg), and an HB x-antigen (HBxAg).

12
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Also presented by HBV are polymerase ("HBV pol"), ORF 5, and ORF 6 antigens.
Preferred immunogenic portion(s) of hepatitis C (HCV) may be found in the UTR,
Core, E1, E2, p7 and NS3-NS5 regions. For HPV, immunogenic portions are present
in or represented by the L1, L2, E1, E2, E4, E5, E6 and E7 proteins.

According to a specific embodiment of the invention, the pathogen is a virus, the
infection is a viral infection and the antigen is a viral protein. More particular, the
viral antigen is obtained from HBV, HCV, HPV or HIV and the viral infection is a
HBV, HCV, HPV or HIV infection.

The epitopes are of a certain length and bind to a molecule functioning in the immune
system, preferably a HLA class I and a T-cell receptor. The epitopes in a polyepitope
construct can be HLA class I epitopes and optionally HLA class II epitopes. HLA class 1
epitopes are referred to as CTL epitopes and HLA class 1I epitopes are referred to as
HTL epitopes. Some polyepitope constructs can have a subset of HLA class I epitopes
and another subset of HLA class II epitopes. A CTL epitope usually consists of 13 or
less amino acid residues in length, 12 or less amino acids in length, or 11 or less amino
acids in length, preferably from 8 to 13 amino acids in length, most preferably from § to
11 amino acids in length (i.e. 8, 9, 10, or 11). A HTL epitope consists of 50 or less amino
acid residues in length, and usually from 6 to 30 residues, more usually from 12 to 25,
and preferably consists of 15 to 20 (i.e. 15, 16, 17, 18, 19, or 20) amino acids in length.
The polyepitope construct of the present invention preferably includes 2 or more, 5 or
more, 10 or more, 13 or more, 15 or more, 20 or more, or 25 or more CTL epitopes.
More specific, the polyepitope construct comprises at least 2, 3,4, 5, 6,7, 8,9, 10, 11,
12,13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36,37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 55, 60 or more CTL epitopes.

The polypeptide of the present invention is not linked to or included within a “particle
formation promoting” protein, and not linked to or combined with a "carrier protein".
A “particle formation promoting protein" enables the polypeptide to form particles. A
"carrier protein” is a protein that transports the polypeptide across intracellular
compartments or in extracellular fluids (e.g. in the blood) or else across the cell
membrane. Said proteins can be seen as flexible epitope delivery systems and can be
administered without adjuvant by various routes leading to strong CTL responses

against the included epitopes. Examples of particle formation promoting proteins or
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carrier proteins are well known to the skilled person and include but are not limited to
Ty-VLP, HBsAg, recombinant detoxified adenylate cyclase (CyaA), Shiga toxin, B
subunit of E. coli heat-labile toxin (EtxB), Neisseria P64K, psecudomonas endotoxin,
anthrax lethal factor, OmpA from Klebsiclla pneumoniae, Pseudomonas Oprl, OmpA

from Haemophilus influenza, and recombinant parvovirus-like particle (PPV-VLP).

Furthermore, the polypeptide of the present invention is not linked to or combined with
an adjuvant generally known as promoting induction of CTL responses. Identification of
such adjuvant includes performing standard immunogenicity testing for detection of
CTL responses induced by the polypeptide in the presence and absence of the adjuvant
under the same conditions. In case CTL responses are induced by the polypeptide in the
absence of the adjuvant and if significantly higher (i.e. p<0,05) responses are seen with
the adjuvanted polypeptide, the adjuvant is considered a CTL response inducing
adjuvant.

The following strategy can be utilized to evaluate CTL immunogenicity:

Immunization of subjects such as humans, HLA transgenic mice (see, ¢.g., Wentworth
et al., 1996; Alexander et al., 1997), primates or other mammals having MHC that
resembles HLA Class 1. In this method, (poly)peptides (in the presence or absence of
an adjuvant) are administered to the subjects. Eleven to 14 days following
immunization, splenocytes are removed. Cells are cultured in vitro in the presence of
test (poly)peptide for approximately one week and peptide-specific CTL's are detected
using, e.g., a ° Cr-release assay involving peptide-sensitized target cells and/or target
cells expressing endogenously generated antigen. Alternatively, cells are incubated
overnight together with peptide-loaded APC in the IFNg ELISPOT assay for the
quantitation of peptide-specific single CD8+ T-cells releasing interferon gamma upon

stimulation.

Examples of CTL promoting adjuvants are well known to the skilled person and
include, but are not limited to, TLR agonist such as imiquimod, resiquimod, bacterial
DNA-based molecules such as ISS (Dynavax) or CpG (Coley Pharmaceuticals),
dsRNA molecules, and lipid A or MPL or their synthetic analogues or mimetics such
as RC-529 or E6020, may be used either alone or in combinations. Furthermore,

immunostimulatory cytokines such as IL-2, GM- CSF or IFN-y, GM-CSF can be used
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to promote CTL. Other examples include, N-acetyl-muramyl-L-threonyl-D-
isoglutamine as described in U.S. Patent N° 4,606,918, N-acetyl-normuramyl-L-
alanyl-D-isoglutamine, N-acetylmuramyl-L-alanyl-D-isoglutamyl-L-alanine2-
(1"2'dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy) ethylamine, RIBI
(ImmunoChem Research Inc., Hamilton, MT, USA) which contains monophosphoryl
lipid A, detoxified endotoxin, trehalose-6,6-dimycolate, and cell wall skeleton (MPL
+ TDM + CWS) in a 2% squalene/Tween 80 emulsion. Any of the three components
MPL, TDM or CWS may also be used alone or combined 2 by 2. Additional examples
are adjuvants such as Stimulon (Cambridge Bioscience, Worcester, MA, USA), SAF-
1 (Syntex), as well as adjuvants such as combinations between QS21 and 3-de-O-
acetylated monophosphoryl lipid A (W094/00153) or MPL (AS02, GSK), or MF-59
(Chiron), or poly[di(carboxylatophenoxy) phosphazene] based adjuvants (Virus
Research Institute), or blockcopolymer based adjuvants such as Optivax (Vaxcel,
Cytrx) or Incomplete Freund's Adjuvant (IFA), Complete Freund's Adjuvant (CFA),
or Gerbu preparations (Gerbu Biotechnik). Further examples are Immune Stimulating
Complexes together with saponins (ISCOMS or ISCOMATRIX™). CTL promoting
adjuvants also cover preparations emulsified or encapsulated in liposomes for
enhancing adjuvant effect, or bacterial preparations such as BCG (Bacillus Calmette-

Guerin) or Corynebacterium parvum.

In a further embodiment, the T cell response comprises a T Helper response.
Accordingly, the polyepitope construct of the invention further comprises one or more
HTL (T Helper) epitopes. The at least one HTL epitope can be derived from any target
antigen. As such, the polyepitope construct of the present invention optionally comprises
atleast1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, or more
HTL epitopes. In a preferred embodiment, the polyepitope construct of the present
invention comprises the universal T cell epitope called PADRE® (Epimmune, San
Diego; described, for example in US Patent 5736142 or International Application
WO095/07707, which are enclosed herein by reference). A PanDR binding peptide or
PADRE® peptide" is a member of a family of molecules that binds more that one HLA
class IT DR molecule. The pattern that defines the PADRE® family of molecules can be
thought of as an HLA class II supermotif. PADRE® binds to most HLA-DR molecules

and stimulates in vitro and in vivo human helper T lymphocyte (HTL) responses.
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In another embodiment, the polyepitope construct of the present invention comprises T-
help epitopes derived from the same pathogen as the CTL epitopes.

Alternatively T-help epitopes can be used from universally used vaccines such as tetanos
toxoid. It may also be useful to include B cell epitopes in the polyepitope construct

for stimulating B cell responses and antibody production.

In a further embodiment, the use of the polypeptide of the priming composition as
described herein is directed against a virus. More specific, the polyepitope construct
contains 2, 3, 4, 5, 10, 15, 20 or more epitopes derived from a virus. More particular,
two or more CTL epitopes in the polyepitope construct are derived from the Hepatitis
B virus (HBV), and more specifically from the HBV Core protein, the HBV
Polymerase protein and/or the HBV Envelope protein. Even more particular, two or
more CTL epitopes are selected from the list of epitopes given in Table 1. In a
preferred embodiment, the polyepitope construct as described herein comprises all the
CTL epitopes given in Table 1. Optionally, the polyepitope construct furthermore
comprises one or more HTL epitopes. More particular, at least one HTL epitope is
selected from the list of epitopes given in Table 2. In a preferred embodiment, the
polyepitope construct as described herein comprises all the HTL epitopes given in

Table 2.

In an alternative embodiment, the two or more CTL epitopes in the polyepitope
construct are derived from the Hepatis C virus (HCV), and more specifically from the
HCV CORE, E1, E2, NS3, NS4 and/or NS5 protein. Even more specific, the two or
more CTL epitopes in the polyepitope construct include one or more HCV epitopes
selected from the list of epitopes given in Table 3. In a particular embodiment, the
polyepitope construct as described herein comprises all the CTL epitopes given in
Table 3. Optionally, the polyepitope construct of the present invention furthermore
comprises one or more HTL epitopes selected from the list of epitopes given in

Table 4. In a preferred embodiment, the polyepitope construct as described herein

comprises all the HTL epitopes given in Table 4.

The epitopes of the polyepitope construct are directly or indirectly linked to one
another. More specific, two or more of the epitopes (either CTL and/or HTL) are

either contiguous or are separated by a linker or one or more spacer amino acids.
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"Link" or "join" refers to any method known in the art for functionally connecting
peptides (direct or via a linker), including, without limitation, recombinant fusion,
covalent bonding, non-covalent bonding, disulfide bonding, ionic bonding, hydrogen
bonding, polymerization, cyclization, electrostatic bonding and connecting through a
central linker or carrier. Polymerization can be accomplished for example by reaction
between glutaraldehyde and the -NH2 groups of the lysine residues using routine
methodology. More particular, the polyepitope construct of the present invention is a
recombinant string of two or more epitopes.

In a specific embodiment, the polyepitope construct of the present invention further
comprises one or a plurality of spacer amino acids between two or more epitopes. More
specific, the polyepitope construct comprises 1 to 9, and more preferably 1 to 5 spacer
amino acids, i.e. 1, 2, 3, 4 or 5 spacer amino acids between two or more, or all, of the
epitopes in the construct. A "spacer" refers to a sequence that is inserted between two
epitopes in a polyepitope construct to prevent the occurrence of junctional epitopes
(an epitope recognized by the immune system, not present in the target antigen, and
only created by the man-made juxtaposition of epitopes), or to facilitate cleavage

between epitopes and thereby enhance epitope presentation.

To develop polyepitope constructs using the epitopes of the present invention, said
epitopes can be sorted and optimized using a computer program or, for fewer epitopes,
not using a computer program. "Sorting epitopes” refers to determining or designing an
order of the epitopes in a polyepitope construct.

"Optimizing" refers to increasing the antigenicity of a polyepitope construct having at
least one epitope pair by sorting epitopes to minimize the occurrence of junctional
epitopes, and inserting a spacer residue (as described herein) to further prevent the
occurrence of junctional epitopes or to provide a flanking residue. As described herein, a
"flanking residue" is a residue that is positioned next to an epitope. A flanking residue
can be introduced or inserted at a position adjacent to the N-terminus (N+1) or the C-
terminus (C+1) of an epitope. An increase in immunogenicity or antigenicity of an
optimized polyepitope construct is measured relative to a polyepitope construct that has
not been constructed based on the optimization parameters by using assays known to
those skilled in the art, e.g. assessment of immunogenicity in HLA transgenic mice,
ELISPOT, tetramer staining, >' Cr release assays, and presentation on antigen presenting

cells in the context of MHC molecules. The process of optimizing polyepitope
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constructs is given ¢.g. in WO01/47541 and WO04/031210 (Pharmexa Inc. et al.;
incorporated herein by reference). It is preferred that spacers are selected by
concomitantly optimizing epitope processing and preventing junctional motifs.

The “spacer amino acid” or “spacer peptide” is typically comprised of one or more
relatively small, neutral molecules, such as amino acids or amino acid mimetics, which
are substantially uncharged under physiological conditions. For example, spacers
flanking HLA class II epitopes preferably include G (Gly), P (Pro), and/or N (Asn)
residues. A particularly preferred spacer for flanking a HLA class II epitope includes
alternating G and P residues, for example, (GP)n, (PG)n, (GP)nG, (PG)nP, and so forth,
where n is an integer between 1 and 10, preferably 2 or 3, and where a specific example
of such a spacer is GPGPG (SEQ ID NO 103). For separating class I epitopes, or
separating a class I and a class II epitope, the spacers are typically selected from, e.g., A
(Ala), N (Asn), K (Lys), G (Gly), L (Leu), I (Ile), R (Arg), Q (Gln), S (Ser), C (Cys), P
(Pro), T (Thr), or other neutral spacers of nonpolar amino acids or neutral polar amino
acids, though polar residues could also be present. A preferred spacer, particularly for
HLA class I epitopes, comprises 1, 2, 3 or more consecutive alanine (A), lysine (K) or
asparagine (N) residues, or a combination of K (Lys) and A (Ala) residues, e.g. KA,
KAA or KAAA, or a combination of N (Asn) and A (Ala) residues, ¢.g. NA, NAA or
NAAA, or a combination of G (Gly) and A (Ala) residues, ¢.g. GA or GAA. The
present invention is thus directed to a polypeptide comprising a polyepitope construct as
described herein, and wherein the epitopes in the construct are separated by one or more
spacer amino acids. In a preferred embodiment, the one or more spacer amino acids are

selected from the group consisting of: K, R, N, Q, G, A, S, C, G, P and T.

The peptides can be in their natural (uncharged) forms or in forms which are salts, and
either free of modifications such as glycosylation, side chain oxidation, or
phosphorylation or containing these modifications. Also included in the definition are
peptides modified by additional substituents attached to the amino acids side chains,
such as glycosyl units, lipids, or inorganic ions such as phosphates, as well as
modifications relating to chemical conversions of the chains, such as oxidation of
sulfhydryl groups. Thus, "peptide" or its equivalent terms is intended to include the
appropriate amino acid sequence referenced, and may be subject to those of the

foregoing modifications as long as its functionality is not destroyed.
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In a specific embodiment, the cysteine residues of the peptides in the polyepitope

construct are reversibly blocked. Preferably, the cysteine residues are sulphonated.

Moreover, the present invention also contemplates a polyepitope construct comprising or
consisting of multiple repeats or combinations of any of the epitopes of the present
invention. The polyepitope construct can exist as a homopolymer comprising multiple
copies of the same (combination of) peptide(s), or as a heteropolymer of various
peptides. Polymers have the advantage of increased immunological reaction and, where
different peptide epitopes are used to make up the polymer, the additional ability to
induce HTL’s and/or CTLs that react with different antigenic determinants of the
pathogenic organism targeted for an immune response.

In a further embodiment, the polyepitope protein is linked to a metal affinity tag.
Such tags are well known to the skilled person and include but are not limited to a
hexahistidine tag (his6) or a tag consisting of the sequence

HHMFHHHWWHHHMWHHH (SEQ ID NO 97; LHH11).

A polypeptide comprising multiple epitopes or a polyepitope construct can be generated
synthetically, recombinant (Thomson et al., 1996), or via cleavage from the native
source (Alexander et al., 2002). Said polypeptide can be expressed as one protein. In
order to carry out the expression of the polypeptide in bacteria, in eukaryotic cells
(including yeast) or in cultured vertebrate hosts such as Chinese Hamster Ovary (CHO),
Vero cells, RK13, COS1, BHK, and MDCK cells, or invertebrate hosts such as insect
cells, the following steps are carried out:

- transformation of an appropriate cellular host with a recombinant vector, or by
means of adenoviruses, influenza viruses, BCG, and any other live carrier systems,
in which a nucleotide sequence coding for one of the polypeptides of the invention
has been inserted under the control of the appropriate regulatory elements,
particularly a promoter recognized by the polymerases of the cellular host or of the
live carrier system and in the case of a prokaryotic host, an appropriate ribosome
binding site (RBS), enabling the expression in said cellular host of said nucleotide
sequence,

- culture of said transformed cellular host under conditions enabling the expression of

said insert.
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In a preferred embodiment, the polypeptide comprising the polyepitope construct of the
present invention is the result of bacterial or yeast expression. More preferably, the
bacterial expression is performed in E.coli species.

In another aspect of the invention, the isolated polypeptide according to the invention
is the product of expression in a yeast cell. More particularly, the isolated polypeptide
according to the invention is the product of expression in a cell of strains of
Saccharomyces, such as Saccharomyces cerevisiae, Saccharomyces kluyveri, or
Saccharomyces uvarum, Schizosaccharomyces, such as Schizosaccharomyces pombe,
Kluyveromyces, such as Kluyveromyces lactis, Yarrowia, such as Yarrowia lipolytica,
Hansenula, such as Hansenula polymorpha, Pichia, such as Pichia pastoris,
Aspergillus species, Neurospora, such as Neurospora crassa, or Schwanniomyces,
such as Schwanniomyces occidentalis, or mutant cells derived from any thereof. More
specifically, the polypeptide according to the invention is the product of expression in
a Hansenula cell or Saccharomyces cerevisiae cell.

The polypeptide or protein can be purified by methods well known to the person skilled
in the art.

According to the present invention, the priming composition or priming agent used in the
prime boost treatment regimen comprises the polypeptide containing a polyepitope
construct as described herein.

The boosting composition or boosting agent may be provided in a variety of different
forms. Specifically, the boosting composition is a vector. More specific, the vector is

plasmid DNA or a viral vector.

In a particular embodiment, the present invention relates to the use of a polypeptide
comprising a polyepitope construct comprising at least two CTL epitopes for the
manufacture of a medicament for priming a T cell response against at least one target
antigen in a prime boost treatment regimen, comprising the steps of:
a. administering the polypeptide as a priming composition; and
b. administering a boosting composition comprising a vector encoding one or
more CTL epitopes of the target antigen, including at least one CTL epitope
which is the same as a CTL epitope of the priming composition.
More particularly, the polypeptide is not linked to, not included within and/or not

combined with a particle formation promoting protein and/or a carrier protein. Even
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more particularly, the polypeptide is not combined with a CTL response inducing
adjuvant.

Preferably, the vector of the boosting composition comprises one or more CTL
epitopes of the target antigen, including at least one isolated CTL epitope which is the
same as a CTL epitope of the priming composition. Said at least one CTL epitope can
be comprised in a larger protein. More preferably, the epitopes encoded by the vector
of the boosting composition are the same as the epitopes of the polyepitope construct
of the priming polypeptide. Accordingly, the present invention thus also relates to a
vector comprising a polynucleotide encoding a polyepitope construct. In this context it
is noted that practically all considerations pertaining to the polypeptide construct
described herein apply to the polynucleotide construct. The term "polyepitope
construct” when referring to nucleic acids and polynucleotides can be used
interchangeably with the terms "minigene" and "polyepitope nucleic acid" and other
equivalent phrases, and comprises multiple nucleic acid epitopes that encode peptides of
certain length that can bind to a molecule functioning in the immune system, preferably a
HLA class I or a HLA class II and a T-cell receptor. All disclosures herein with regard to
epitopes comprised in an amino acid construct apply mutatis mutandis to the nucleic acid
epitopes comprised in a polynucleotide or DNA construct.

With regard to a particular nucleic acid sequence, a "nucleic acid epitope” is a set of
nucleic acids that encode for a particular amino acid sequence that forms an epitope.

DNA and vector related specifications are well known to the person skilled in the art.

In a particular embodiment, the vector is a plasmid, a bacterial, a viral vector or a
yeast vector. Preferred bacterial vectors are Salmonella typhi, BCG (Bacille Calmette
Guerin; described in Stover et al., 1991) and Listeria. Preferred viral vectors are
poxvirus, Alphaviruses (Semliki Forest Virus, Sindbis Virus, Venezuelan Equine
Encephalitis Virus (VEE), Herpes simplex Virus (HSV), Kunjin virus, Vesicular
Stomatitis Virus (VSV) replication-deficient strains of Adenovirus (human or simian),
polyoma vectors (such as SV40 vectors, bovine polyoma), CMV vectors, papilloma
virus vectors, influenza virus, measles virus, and vectors derived from Epstein Barr
virus. A wide variety of other vectors useful for therapeutic administration or
immunization, ¢.g. lentiviral vectors, retroviral vectors, and the like, will be apparent to

those skilled in the art. In a specific embodiment, the vector of the boosting
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composition is a recombinant vaccinia virus. Preferred yeast vectors are a Hansenula
cell or Saccharomyces cerevisiae cell.

Preferably, the vector of the boosting composition is a non-replicating or replication
impaired viral vector. The term "non-replicating” or "replication-impaired” as used
herein means not capable of replication to any significant extent in the majority of
normal mammalian cells or normal human cells. Viruses which are non-replicating or
replication-impaired may have become so naturally (i.c. they may be isolated as such
from nature) or artificially e.g. by breeding in vitro or by genetic manipulation, for
example deletion of a gene which is critical for replication. There will generally be
one or a few cell types of non-human origin in which the viruses can be grown, such
as CEF cells for MV A. Replication of a virus is generally measured in two ways: 1)
DNA synthesis and 2) viral titre.

More precisely, the term "non-replicating or replication-impaired" as used herein and
as it applies to poxviruses means viruses which satisfy either or both of the following
criteria: 1) exhibit a 1 log (10 fold) reduction in DNA synthesis compared to the
Copenhagen strain of vaccinia virus in MRC-5 cells (a human cell line); 2) exhibit a 2
log reduction in viral titre in HELA cells (a human cell line) compared to the
Copenhagen strain of vaccinia virus. Examples of poxviruses which fall within this
definition are MVA, NYVAC and avipox viruses. It will be evident that vaccinia
virus strains derived from MVA, or independently developed strains having the
features of MVA which make MV A particularly suitable for use in a vaccine, will

also be suitable for use in the invention.

As an example of this approach, MVA is used as a vector to express nucleotide
sequences that encode the epitopes of the invention. Upon introduction into a host, the
recombinant vaccinia virus expresses the immunogenic peptide, and thereby elicits a
host CTL and/or HTL response. Vaccinia vectors, for example Modified Vaccinia
Ankara (MVA), and methods useful in immunization protocols are described in, e.g.,

U.S. Patent No. 4,722,848 or W0O9813500.

In a particular embodiment, the vector of the present invention further comprises one
or more regulatory sequences. By "regulatory sequence” is meant a polynucleotide
sequence that contributes to or is necessary for the expression of an operably

associated nucleic acid or nucleic acid construct in a particular host organism. The
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regulatory sequences that are suitable for cukaryotes, for example, include a promoter
(e.g. CMV promoter), optionally an enhancer sequence, introns with functional splice
donor and acceptor sites, a Kozak consensus sequence, signal sequences (e.g. Ig
kappa light chain signal sequence), an internal ribosome entry site (IRES), and
polyadenylation signals (e.g. SV40 early poly-A signal). Other specific examples of
regulatory sequences are described herein and otherwise known in the art. A typical
expression cassette thus contains all necessary regulatory elements required for

efficient transcription and translation of the gene.

Suitable promoters are well known in the art and described, e.g., in Sambrook et al.,
Molecular cloning, A Laboratory Manual (2™ ed. 1989) and in Ausubel et al, Current
Protocols in Molecular Biology (1994). Eukaryotic expression systems for mammalian
cells are well known in the art and are commercially available. Such promoter elements
include, for example, cytomegalovirus (CMV), Rous sarcoma virus long terminal repeats
(RSV LTR) and Simian Virus 40 (SV40). See, ¢.g., U.S. Patent Nos. 5,580,859 and
5,589,466 for other suitable promoter sequences.

In addition to a promoter sequence, the expression cassette can also contain a
transcription termination region downstream of the structural gene to provide for
efficient termination. The termination region may be obtained from the same gene as the

promoter sequence or may be obtained from different genes.

Additional vector modifications may be desired to optimize epitope expression and
immunogenicity. In some cases, introns are required for efficient gene expression, and
one or more synthetic or naturally-occurring introns could be incorporated into the
transcribed region. The inclusion of mRNA stabilization sequences and sequences for
replication in mammalian cells may also be considered for increasing epitope expression.
In addition, immunostimulatory sequences (ISSs or CpGs) appear to play a role in the
immunogenicity of nucleic acid vaccines. These sequences may be included in the
vector, outside the polynucleotide coding sequence, if desired to enhance
immunogenicity. In some embodiments, a bi-cistronic expression vector which
allows production of both the CTL epitopes and a second protein (included to enhance
or decrease immunogenicity) can be used. Examples of proteins or polypeptides that

could beneficially enhance the immune response if co-expressed include cytokines
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(e.g., IL-2, IL- 12, GM-CSF), cytokine-inducing molecules (e.g., LelF), costimulatory
molecules, or for HTL responses, pan-DR binding proteins (PADRE®, Epimmune,
San Diego, CA).

Helper (HTL) epitopes can be joined to intracellular targeting signals and expressed
separately from expressed CTL epitopes; this allows direction of the HTL epitopes to a
cell compartment different than that of the CTL epitopes. If required, this could facilitate
more efficient entry of HTL epitopes into the HLA class II pathway, thereby improving
HTL induction. In contrast to HTL or CTL induction, specifically decreasing the
immune response by co-expression of immunosuppressive molecules (e.g. TGF-P) may

be beneficial in certain diseases.

The polypeptide and the vector of the present invention are used in a prime boost
regimen. More particular, the regimen is a heterologous prime boost regimen. The
term “heterologous” as used herein refers to a different presentation format, i.c.
protein versus vector, of the epitopes in the priming versus the boosting agent. It is to
be understood that the term "prime boost regimen” or "prime boost treatment
regimen" refers to the administration of the compounds in a certain order and with a
certain time interval. A “prime boost regimen” or “prime boost treatment regimen”
can consist of one or multiple, i.e. two, three four or more, prime boost cycles. The
term “prime” or "priming" as used herein refers to the composition administered first
in a prime boost cycle. The term “boost” or "boosting” as used herein refers to the
composition administered, in a prime boost cycle, with a certain time interval after the
prime or priming. It is to be understood that the prime may consist of more than one
administration (separated in time and/or site of injection) of the same composition.
Similarly, it is to be understood that the boost may consist of more than one
administration (separated in time and/or site of injection) of the same composition. In
its broadest interpretation, the time interval between prime and boost in one cycle or
between two cycles can go from one day to 24 weeks or even up to 1 year. More
specific, the time interval between the administrations of prime and boost within 1
cycle includes 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8
weeks, 9 weeks, 10 weeks, 11 weeks or 12 weeks and any time interval in between.
Similarly, the time interval between two prime boost cycles includes 1 week, 2 weeks,

3 weeks, 6 weeks, 8 weeks, 10 weeks, 15 weeks, 20 weeks, 30 weeks, 40 weeks, and
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up to one year. Specifically, the time interval between the administrations of the
priming composition and the boosting composition is from 1 to 12 weeks. More
specific, the time interval is 1 to 4 weeks. Even more specific, the time interval is 2 or
3 weeks, plus or minus 1 to 3 days. Due to specific circumstances (e.g. illness), it
may not be possible to stick at exact 2 or 3 weeks interval, therefore a deviation of 1

to 3 days is permissible.

It has been demonstrated by the present invention that the application of a certain
treatment regimen will improve the induction of the desired immune response. If the
prime-boost cycle is repeated multiple times (2 or more), a higher CTL response is
obtained. In case of repeated prime-boost cycles the number of administrations for

each of the prime and boost may be varied between the cycles.

In a particular embodiment, the present invention relates to the use of a polypeptide
comprising a polyepitope construct comprising at least two CTL epitopes for the
manufacture of a medicament for priming a Cytotoxic T Lymphocyte (CTL) immune
response against at least one target antigen in a prime boost treatment regimen,
wherein the polypeptide is not linked to, included within or combined with a
compound selected from the group consisting of: a particle formation promoting
protein, a carrier protein and a CTL response inducing adjuvant, and wherein the
prime boost treatment regimen comprises the following steps (in the given order):

a. a prime with 1, 2 or 3 polypeptide administrations;

b. a boost with 1 or 2 vector administrations.

In said treatment regimen, the polypeptide and/or vector are administered in an "effective
amount”. An “effective amount” of the polypeptide or vector is referred to as an amount
required and sufficient to elicit an immune response, specifically a T cell response, and
more especially a CTL response, preferably determined subsequent to the prime boost
cycle. It will be clear to the skilled artisan that the immune response sufficiently broad
and vigorous to provoke the effects envisaged by the prime boost cycle may require
successive (in time) immunizations with the polypeptide and/or vector as part of a
vaccination scheme or vaccination schedule. The “effective amount” may vary
depending on the health and physical condition of the individual to be treated, the age

of the individual to be treated (e.g. dosing for infants may be lower than for adults)
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the taxonomic group of the individual to be treated (e.g. human, non-human primate,
primate, etc.), the capacity of the individual's immune system to mount an effective
immune response, the degree of protection desired, the formulation of the
composition, the treating doctor's assessment, the strain of the infecting pathogen and
other relevant factors. It is expected that the effective amount of the composition will
fall in a relatively broad range that can be determined through routine trials. The
dosage may be administered in a single administration schedule or in a multiple
administration schedule. In a multiple administration schedule, the total effective
amount (or dose) is subdivided and administered at different sites, this within 24
hours, preferably within 8 hours and more preferably within 2 hours. The dosages,
routes of administration, and dose schedules are adjusted in accordance with

methodologies known in the art.

The polypeptide and vector compositions of this invention can be provided in kit form
together with instructions for administration. Typically the kit would include the
polypeptide composition as described herein in a container, preferably in unit dosage
form and instructions for administration. In a particular embodiment, the present
invention provides a kit for inducing a CTL response against at least one target
antigen, which kit comprises a priming composition comprising a polypeptide
comprising a polyepitope construct comprising two or more CTL epitopes of the
target antigen. More particular, the polypeptide is not linked to, combined with or
included within a compound selected from the group consisting of: a particle

formation promoting protein, a carrier protein and a CTL response inducing adjuvant.

In a further embodiment, the kit also comprises a boosting composition comprising a
vector encoding for one or more CTL epitopes of the target antigen, including at least
one CTL epitope which is the same as a CTL epitope of the priming composition.

The kit includes the vector in a container, preferably in unit dosage form together with
instructions for administration. Other kit components that may also be desirable
include, for example, a sterile syringe and other desired excipients.

All embodiment relating to the polypeptide and/or the vector of the invention are

applicable to the kit comprising said compounds.
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In another aspect the invention provides a method for generating an immune response
against at least one target antigen, which method comprises administering at least one
dose of the priming composition, followed by at least one dose of the boosting
composition according to the invention. More particular, the immune response is a T
cell response. Even more particular, the immune response is a CTL and optionally a
HTL response.

All embodiments described herein relating to the polypeptide and the vector of the
invention as well as the administration pattern are applicable to the method using said

compounds.

The polypeptide of the present invention is preferably included in a composition,
more specifically a pharmaceutical composition. In a particular embodiment, the
present invention relates to the use of a pharmaceutical composition for priming a
CTL response against at least one target antigen, said composition comprising a
polypeptide comprising a polyepitope construct as described herein, and optionally a
pharmaceutical acceptable excipient. More particularly, said pharmaceutical
composition is a vaccine composition. Even more particular, said pharmaceutical
composition is a therapeutic vaccine composition. Alternatively, said pharmaceutical
composition can also be a prophylactic vaccine composition. The therapeutic vaccine
composition refers to a vaccine composition aimed for treatment of infection and to be
administered to patients being infected. The prophylactic vaccine composition refers
to a vaccine composition aimed for preventing infection and to be administered to
healthy persons who are not yet infected. The pharmaceutical composition may
additionally comprise one or more further active substances and/or at least one of a
pharmaceutically acceptable excipient such as water, saline, physiological salt
solutions, glycerol, ethanol, etc. However, the pharmaceutical composition does not

comprise a CTL response inducing adjuvant.

The vector of the present invention is preferably included in a composition, more
specifically a pharmaceutical composition. Various art-recognized delivery systems
may be used to deliver the vector of the invention into appropriate cells. The vector
can be delivered in a pharmaceutically acceptable carrier or as colloidal suspensions,
or as powders, with or without diluents. They can be "naked" or associated with

delivery vehicles and delivered using delivery systems known in the art.
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A “pharmaceutically acceptable vehicle” or “pharmaceutically acceptable carrier”
includes vehicles such as water, saline, physiological salt solutions, glycerol, ethanol,
etc. Auxiliary substances such as wetting or emulsifying agents, pH buffering

substances, preservatives may be included in such vehicles.

Typically, a composition or vaccine is prepared as an injectable, either as a liquid
solution or suspension. Injection may be subcutaneous, intramuscular, intravenous,
intraperitoneal, intrathecal, intradermal, intraepidermal, or by “gene gun”. Other types of
administration comprise electroporation, implantation, suppositories, oral ingestion,
enteric application, inhalation, acrosolization or nasal spray or drops. Solid forms,
suitable for dissolving in, or suspension in, liquid vehicles prior to injection may also be
prepared. A liquid formulation may include oils, polymers, vitamins, carbohydrates,
amino acids, salts, buffers, albumin, surfactants, or bulking agents. Any physiological
buffer may be used.

After the liquid pharmaceutical composition is prepared, it is preferably lyophilized to
prevent degradation and to preserve sterility. Methods for lyophilizing liquid
compositions are known to those of ordinary skill in the art. Just prior to use, the
composition may be reconstituted with a sterile diluent (Ringer's solution, distilled water,
or sterile saline, for example) which may include additional ingredients. Upon
reconstitution, the composition is preferably administered to subjects using those

methods that are known to those skilled in the art.

The approach known as "naked DNA" is currently being used for intramuscular (IM)
administration in clinical trials. To maximize the immunotherapeutic effects of DNA
vaccines, an alternative method for formulating purified plasmid DNA may be desirable.
A variety of methods have been described, and new techniques may become available.
Cationic lipids can also be used in the formulation (see, ¢.g., as described by WO
93/24640; Mannino & Gould- Fogerite 1988; U.S. Pat No. 5279833; WO 91/06309; and
Felgner et al., 1987). In addition, glycolipids, fusogenic liposomes, peptides and
compounds referred to collectively as protective, interactive, non-condensing
compounds could also be complexed to purified plasmid DNA to influence variables
such as stability, intramuscular dispersion, or trafficking to specific organs or cell types.
Further examples of DNA-based delivery technologies include facilitated (bupivicaine,

polymers, peptide- mediated) delivery, cationic lipid complexes, particle-mediated
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("gene gun") or pressure-mediated delivery (see, e.g., US 5 922 687), DNA formulated
with charged or uncharged lipids, DNA formulated in liposomes, emulsified DNA, DNA
included in a viral vector, DNA formulated with a transfection-facilitating protein or
polypeptide, DNA formulated with a targeting protein or polypeptide, DNA formulated
with calcium precipitating agents, DNA coupled to an inert carrier molecule, and DNA
formulated with an adjuvant. In this context it is noted that practically all considerations
pertaining to the use of adjuvants in traditional vaccine formulation apply to the
formulation of DNA vaccines. Detailed disclosures relating to the formulation and use

of nucleic acid vaccines are available, e.g. by Donnelly J.J. et al, 1997 and 1997a.

The present invention also relates to a recombinant virus, a bacterial vector, a yeast
vector or a plasmid, and a host cell comprising the polynucleotide as described herein.
Additional vector modifications may be desired to optimize polynucleotide expression

and immunogenicity and are well known to the person skilled in the art.

Other arrangements of the methods and tools embodying the invention will be
obvious for those skilled in the art.

It is to be understood that although preferred embodiments, specific constructions and
configurations, as well as materials, have been discussed herein for the methods and
tools according to the present invention, various changes or modifications in form and

detail may be made without departing from the scope and spirit of this invention.

The present invention is illustrated by the following Examples, which should not be

understood to limit the scope of the invention to the specific embodiments therein.

Table 1. HBV CTL epitopes

HBV Amino acid sequence SEQ ID NO
protein

Pol FLLSLGIHL 1

Pol KYTSFPWLL 2

Env RFSWLSLLVPF 3

Pol FPHCLAFSYM 4

Pol LVVDFSQFSR 5
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Env ILLLCLIFLL 6

Pol HTLWKAGILYK 7

Env WMMWYWGPSLY 8

Pol YPALMPLYACI 9

Env WLSLLVPFV 10
Env FLLTRILTI 11
Env IPIPSSWAF 12
Core EYLVSFGVW 13
Core LPSDFFPSV 14
Core FLPSDFFPSV 15
Core DLLDTASALY 16
Pol SWPKFAVPNL 17
Pol SAICSVVRR 18
Pol LSLDVS 19
Pol NVSIPWTHK 20
Pol GLSRYVARL 21
Core STLPETTVVRR 22
Pol HPAAMPHLL 23
Env RWMCLRRFII 24
Pol ASFCGSPY 25
Pol YMDDVVLGV 26
Core LWFHISCLTF 27
Pol TPARVTGGVF 28
Core LTFGRETVLEY 29
Pol QAFTFSPTYK 30

Pol = polymerase

Env = envelope

Table 2. HBYV HTL epitopes

HBV Amino acid sequence SEQ ID NO
protein
pol GTSFVYVPSALNPAD 31

30

PCT/EP2008/064585



WO 2009/056535

pol LCQVFADATPTGWGL 32
pol RHYLHTLWKAGILYK 33
core PHHTALRQAILCWGELMTLA 34
pol ESRLVVDFSQFSRGN 35
pol PFLLAQFTSAICSVV 36
env LVPFVQWFVGLSPTV 37
pol LHLYSHPILGFRKI 38
pol SSNLSWLSLDVSAAF 39
pol LQSLTNLLSSNLSWL 40
env AGFFLLTRILTIPQS 41
core VSFGVWIRTPPAYRPPNAPI 42
pol VGPLTVNEKRRLKLI 43
pol KQCFRKLPVNRPIDW 44
pol AANWILRGTSFVYVP 45
pol KQAFTFSPTYKAFLC 46
PADRE AKFVAAWTLKAAA 47
Pol = polymerase

Env = envelope

Table 3. HCV CTL epitopes

HCYV Protein Amino acid sequence SEQ ID NO
NS3 VATDALMTGY 48
NS3 FTDNSSPPAV 49
NS4B LVDILAGYGA 50
NS4A VLVGGVLAAL 51
C YLLPRRGPRL 52
NS4B HMWNFISGI 53
NS5B TLWARMILM 54
NS3 GLLGCIITSL 55
NS5B KLQDCTMLV 56
NS5B NIIMYAPTL 57
NS3 AVCTRGVAK 58
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C KTSERSQPR 59

C STNPKPQRK 60
NS3 AAYAAQGYK 61
NS4B QYLAGLSTL 62
NS3 MYTNVDQDL 63
NS4B FWAKHMWNFI 64
NS3 VIKGGRHLI 65
NS3 CLIRLKPTL 66

C LPRRGPRLGV 67
NS5B APTLWARMIL 68
NS5B LPINALSNSL 69

C SFSIFLLAL 70
NS3 AYYRGLDVSV 71
NS5B YRRCRASGVL 72

C DPRRRSRNL 73

C GPRLGVRAT 74

C LPGCSFSIF 75
NS3 LIRLKPTLH 76
NS3 HPNIEEVAL 77
NS3 FPYLVAYQA 78
NS3 AETAGARLV 79
NS4b AEQFKQKAL 80

E2 DYPYRLWHY 81
Table 5. HCV HTL epitopes

HCYV Protein Amino acid sequence SEQ ID NO
NS3 AVGIFRAAVCTRGVA 82
NS3 GYKVLVLNPSVAAT 83
NS3 GRHLIFCHSKKKCD 84
NS3 CVTQTVDFSLDPTFTIETT 85
NS3 TPAETTVRLRAYMNTPGLPV | 86
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NS4A TSTWVLVGGVLAALAA 87
NS4A GKPAIIPDREVLYRE 88
NS4B GIQYLAGLSTLPGNPA &9
NS4B STLLFNILGGWVAAQ 90
NS4B EDLVNLLPAILSPGALVV 91
NS4B GEGAVQWMNRLIAFAS 92
NS4B MNRLIAFASRGNHVSP 93
NS5B SMSYTWTGALITPCA 94
PADRE AKFVAAWTLKAAA 47
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EXAMPLES

Example 1: Generation of a polyepitope DNA vector

1.1. HBV

The gene construct GCR-3697 as described in WO04/031210 (Pharmexa Inc.) was
assembled using overlapping oligonucleotides in a PCR-based synthesis followed by
subcloning into the pMB75.6 DNA plasmid vector (Wilson et al., 2003). Expression
of the gene is driven by the CMV-IE promoter (Figure 1). The DNA sequence was
optimized to remove rare human codons and to reduce the ability to form potentially
deleterious secondary RNA structures. Plasmid DNA (pDNA) was produced by
growth in E. coli Stbl2 strain (Invitrogen) in Terrific Broth with kanamycin (25
ug/ml) and purified using Qiagen Endotoxin-Free MegaPrep columns according to the
manufacturer’s directions (Qiagen USA, Valencia, CA). The purified pPDNA HBV
construct, (INX102-3697), was dissolved in water and stored at -70°C. For
immunizations, the pDNA was formulated in 3.4% poly(N-vinyl pyrrolidone), 3
mg/ml ethanol and PBS, pH 7.4 at a concentration of 2 mg/ml.

1.2. HCV

The HCV gene construct was assembled using overlapping oligonucleotides in a
PCR-based synthesis followed by subcloning into pMB75.6 DNA plasmid vector
(Wilson et al., 2003) using Pstl and BamHI restriction sites. A Kozak sequence, a
mouse Igk signal sequence (MGMQVQIQSLFLLLLWVPGSRG, SEQ ID NO 104),

and a stop codon were also included.

Example 2: Generation of HBV polyepitope MV A vector

A recombinant modified vaccinia virus Ankara (MVA), expressing the same HBV
polyepitope protein as present in INX102-3697, was generated by homologous
recombination into deletion IIT of MVATGN33 (Transgene, France) using a shuttle
plasmid containing the pPDNA HBYV vaccine gene construct functionally linked to the
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vaccinia virus H5R early late promoter. The MVA vector (INX102-0557), was
amplified and produced on chicken embryonic fibroblasts, purified by a multi-step
low speed centrifugation process and resuspended in 10 mM Tris-HCI, 5% (w/v)

saccharose, 10 mM sodium glutamate, 50 mM NaCl, pH 8.0 at an infectious titer of

3E+08 pfu/ml.

Example 3: Generation of a polyepitope protein

Generation of recombinant E. coli strains

Based on the amino acid sequence of the HBV polyepitope protein (Figure 15A - SEQ
ID 95) an optimized coding sequence was designed and synthesized by GeneArt
(Regensburg, Germany) using their GeneOptimizer sequence optimization software.
During design, appropriate endonuclease restriction sites were introduced in the 5’
and 3’ flanking regions to simplify subcloning into the expression vectors, and a
metal-affinity tag (tag represented by the amino acid sequence
HHHMFHHHWWHHHMWHHH (LHH11), SEQ ID NO 97; or a hexahistidine tag
(His-6), SEQ ID NO105) was added preceded by a two amino acid (NA) linker
sequence. In case of His-6, the tag was preceded by a small linker sequence of 5

amino acids (PGSLE, SEQ ID NO 106) for subcloning purposes.

Based on the amino acid sequence of the HCV polyepitope protein (Figure 15B -
SEQ ID 96) an optimized coding sequence was designed and synthesized by GeneArt
(Regensburg, Germany) using their GeneOptimizer sequence optimization software.
During design, appropriate endonuclease restriction sites were introduced in the 5’
and 3’ flanking regions to simplify subcloning into the expression vectors, and an
affinity tag (represented by SEQ ID NO 97; LHH11) was added preceded by a three
amino acid (NAA) linker sequence.

The complete HBV and HCV polyepitope coding regions (Figures 16, 17, 18 — SEQ
ID NO 98, SEQ ID NO 99, and SEQ ID NO 100 respectively) were subcloned into E.
coli vectors for expression using the temperature-inducible bacteriophage Lambda
pR-based expression system known in the art. The final expression plasmids were

transformed by a standard heat-shock method into competent E. coli host strains BL21
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(Novagen, USA) and SG4044 (Gottesman et al., 1981) already transformed with resp.
the plasmid pAcl (Figures 19-20) or plasmid pcl857 (Figures 21-22) ensuring the
expression of the temperature-sensitive mutant of the bacteriophage Lambda cl

repPressor.

All subcloning was performed using standard recombinant DNA technology mainly

based on the use of restriction enzymes and PCR techniques known in the art.

After transformation, individual colonies were transferred into culture medium
consisting of 20 g/l of yeast extract (Becton Dickinson, ref. 212750 500G), 10 g/L of
tryptone (Becton Dickinson, ref. 211705 500G), 5 g/L of NaCl and 10 mg/L of
tetracycline, grown at 28°C and induced by a temperature shift to 37°C and/or 42°C.
At several time intervals up to 4 hour post induction, samples (total cell lysates) of
non-induced, induced, and wild-type cells were analyzed by western blot analysis

with polyclonal rabbit antisera against the HBV and HCV polyepitope protein.

Production of HBV and HCV polyepitope proteins in E. coli (Fermentation)

The HBV and HCV polyepitope proteins were produced from a (pre)culture in
medium consisting of 20 g/l of yeast extract (Becton Dickinson, ref. 212750 500G),
10 g/L of tryptone (Becton Dickinson, ref. 211705 500G), 5 g/L of NaCl and 10 mg/L

of tetracycline.

Preculture medium (500 mL in 2L baffled shake flasks) was inoculated with 500 uL
from a cell bank glycerol slant. Precultures were incubated at 28°C and 200-250 rpm
for 22 to 24h. Baffled shake flasks (2L) were filled with 500 mL of culture medium
and inoculated 1/20 (v/v) with preculture broth. The culture was allowed to grow for
4h at 28°C and was induced for 3h at 37°C. Cells were recovered from the culture
broth by centrifugation in a Beckman JLA10.500 rotor at 9000 rpm at 4°C for 25

min. Cell pellets were stored at -70°C.

Purification of HBV polyepitope proteins expressed in E. coli

The HBV polyepitope proteins were purified under denaturing conditions after cell
disruption and inclusion body harvest/extraction. Since the HBV polyepitope proteins

were expressed as metal affinity tagged proteins, capture and intermediate purification
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of the Gu.HCl-solubilized product could be performed on Ni*"-IMAC after disulphide
bridge disruption, reversible cystein blocking and clarification.

In brief, cell pellets were resuspended in 5 volumes (SmL buffer/gram wet weight cell
pellet) of lysis buffer (50 mM Tris/HCI buffer, pH 8.0, to which 2mM MgCl,, 1/25
Complete from 25x stock solution and 10 U/mL benzonase purity grade I was
added). After resuspension, cell disruption was performed by high-pressure
homogenisation (1 pass at 1.4 kbar and 4°C). Cell lysate obtained was subjected to
centrifugation (18.500 g for 1 hour at 4° C) and pellet fraction was recovered. The
pellet was resuspended in 3 volumes (3mL buffer/ gram wet weight original cell
pellet) of inclusion body wash buffer I (0.25 M Gu.HCI, 10 mM EDTA, 10 mM DTT,
1% sodium N-lauroylsarcosinate, 50 mM Tris/HC1 pH 8.0) and stirred for 45 minutes
at 20°C, followed by centrifugation (18.500 g for 30 minutes at 4° C). After
discarding the supernatans, the pellet was collected and resuspended in 1.5 volumes
(1.5mL buffer/ gram wet weight original cell pellet) of inclusion body wash buffer II
(10 mM EDTA, 10 mM DTT, 1% Triton X-100, 50 mM Tris/HCI pH 8.0). After
stirring for 30 minutes at 20°C, suspension was centrifuged (18.500 g for 30 minutes
at 4°C). Next, pellet fraction obtained was subjected to a third inclusion body wash
step by resuspension in 1.5 volumes (1.5mL buffer/ gram wet weight original cell
pellet) of inclusion body wash buffer III (50 mM Tris/HCI buffer, pH 8.0, to which
2mM MgCl,, 1% Triton X-100 and 10 U/mL benzonase purity grade I was added)
followed by stirring for 30 minutes at 20°C and subsequent centrifugation at 18.500 g
for 30 minutes (4°C).

After recovery of the inclusion body (IB) pellet, HBV polyepitope protein was
extracted by resuspending the IB-pellet in 9 mL extraction buffer (6.7M Gu.HCI, 56
mM Na,HP04.2H,0, pH 7.2) per gram inclusion body pellet (wet weight) and
subsequent stirring for 60 minutes at 20°C. Then, the protein solution was clarified by
centrifugation (18.500 g for 30 minutes at 4°C). Soluble HBV polyepitope protein in
the supernatant was sulfonated by addition of sodium sulfite, sodium tetrathionate and
L-cystein to final concentrations of respectively 320 mM, 65 mM and 0.2 mM. After
subsequent pH adjustment to pH 7.2, protein solution was stirred overnight at room
temperature in contact with air and shielded from the light. Then, n-dodecyl-N,N-

dimethylglycine (also known as lauryldimethylbetaine or Empigen BB®, Albright &

37



10

15

20

25

30

WO 2009/056535 PCT/EP2008/064585

Wilson) and imidazole were added to the protein solution to a final concentration of
3% (w/v) and 20 mM respectively and the pH was adjusted to pH 7.2.

All further chromatographic steps were executed on an Akta Explorer 100 workstation
(GE healthcare Bio-Sciences). The sample was filtrated through a 0.22 um pore size
membrane and loaded on a Ni* -IDA column (Chelating Sepharose FF, GE healthcare
Bio-Sciences), that was equilibrated with 50 mM phosphate, 6 M Gu.HCI, 3 %
Empigen BB®, pH 7.2 (IMAC-A buffer) supplemented with 20 mM imidazole. The
column was washed sequentially with IMAC-A buffer containing 20 mM and 50 mM
imidazole respectively till the absorbance at 280 nm reached the baseline level.
Further washing and elution of the metal affinity tagged proteins was performed by
the sequential application of IMAC-B buffer (50 mM phosphate, 6 M Gu.HCI, pH
7.2) supplemented with 50 mM imidazole, 200 mM imidazole and 700 mM imidazole
respectively. The fractions were analyzed by SDS-PAGE (and silver staining) and

western-blot using an antiserum directed against the HBV polyepitope protein.

Fractions containing the HBV polyepitope protein with >85% purity were pooled
(‘IMAC pool’) and concentrated to approximately 3 mg protein/mL by ultrafiltration
on a concentrator with MWCO 10 kDa (Centricon, Amicon, Millipore) that was
previously blocked with PBS, 0.1% Tween 20 (incubation for 30 minutes at 37°C)
and subsequently thoroughly rinsed with IMAC-B buffer.

Final buffer exchange was performed by application of the concentrated ‘IMAC pool’
on a Sephadex G-25 (GE healthcare Bio-Sciences) desalting column that was
equilibrated with 7M urea, 10% sucrose, 20 mM Tris/HCL, pH 8.0. Analysis of the
main peak fractions by SDS-PAGE under non-reducing conditions (and Coomassie
brilliant blue staining) and western-blot analysis using an antiserum directed against

the HBV polyepitope protein confirmed product integrity and a purity of > 85%.

Purification of HCV polyepitope proteins expressed in £. coli

Ni*-IMAC capture and intermediate purification performance was evaluated for the
HCYV polyepitope protein under denaturing conditions, after cell disruption by
Gu.HCl-solubilization and disulphide bridge disruption, reversible cystein blocking

and clarification.
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In brief, cell pellet obtained from 2.7 L culture was resuspended in 10 volumes (10
mL buffer/gram wet weight cell pellet) of lysis buffer (6M Gu.HCl, 50 mM
Na,HP04.2H,0, pH 7.2) and sodium sulfite, sodium tetrathionate and L-cystein were
added to final concentrations of respectively 320 mM, 65 mM and 0.2 mM. After
subsequent pH adjustment to pH 7.2, solution was stirred overnight at room
temperature in contact with air and shielded from the light. The cell lysate obtained
was clarified by centrifugation (18.500 g for 60 minutes at 4°C). Pellet was discarded
and the supernatant, containing the soluble fusion protein fraction, was recovered.
Then, n-dodecyl-N,N-dimethylglycine (also known as lauryldimethylbetaine or
Empigen BB®, Albright & Wilson) and imidazole were added to the protein solution
to a final concentration of 3% (w/v) and 20 mM respectively and the pH was adjusted
to pH 7.2. The sample was filtrated through a 0.22 um pore size bottle top filter with
prefilter (Millipore).

All further chromatographic steps were executed on an Akta Explorer 100 workstation
(GE healthcare Bio-Sciences). A XK 16/20 column (GE healthcare Bio-Sciences) was
packed with 20 mL of Ni**-charged Chelating Sepharose FF resin (GE healthcare
Bio-Sciences) and equilibrated with 50 mM phosphate, 6 M Gu.HCl, 20 mM
imidazole , pH 7.2 IMAC-E buffer) supplemented with 3 % Empigen BB®.

Next, the protein sample was loaded on the column. The column was washed
sequentially with IMAC-E buffer containing 3 % Empigen BB® and IMAC-E buffer
without 3 % Empigen BB® till the absorbance at 280 nm reached the baseline level.
Further washing and elution of the fusion product was performed by the sequential
application of IMAC-F buffer (20 mM Tris, 8 M urea, pH 7.2) supplemented with 20
mM imidazole, 50 mM imidazole, 200 mM imidazole and 700 mM imidazole

respectively till the absorbance at 280 nm reached the baseline level.

All protein fractions obtained were analyzed by SDS-PAGE analysis under non-
reducing conditions (+ subsequent silver staining) and western-blotting using for
specific detection, polyclonal rabbit antisera directed against the HCV fusion protein

that were pré-incubated with E. coli lysate (MC 1061 (pAcl) + BL21 (pAcl)).

Protein concentration in the 200 mM and 700 mM imidazole IMAC clution pools was

determined by measuring absorbance at 280 nm and subtraction of the absorbance at
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320 nm, assuming that a protein solution of 1 mg/mL in a cuvette with 1 cm optical
pathlength yields an absorbance at 280 nm of 1.5.
The protein was mainly recovered in the 700 mM imidazole fraction with > 90%

purity.

Example 4: Materials and methods for immunization and read-out

Mice: The derivation and characterization of the human HLA-A2/Kb transgenic (tg)
mice was described previously (Vitiello et al., 1991). For all experiments homozygous
HLA-A2/Kb tg were crossed with BALB/c mice. H-2" mice (Balb/c x C57BL/6) can
be used in a limited fashion to evaluate the immunogenicity of epitopes restricted to
human HLA DR alleles as there is a significant degree of overlap in the binding
motifs of HLA-DR and murine Class I molecules (Livingston et al., 2002). This F1
offspring is further referred to as HLA-A02.1 x BALB/c F1.

Cell lines and peptide loading: Jurkat cells stably transfected with HLA-A02

(2x10E4 cells/well) were used in CTL assays as antigen presenting cells (APC). The
APC expressed the same chimeric molecule composed of the ol and o2 domain of
HLA Class I and the a3 domain of murine Class I antigens identical to the transgenic
mice. The cells are loaded for 2 hours at a density of 10° cells/ml with 10 ug/ml of
peptide (Table A). Cells were washed once to remove the excess of peptide and then

added to the CD8+ spleen cells.

Table A: HLA-A2-restricted HBV peptides

Epitope IGP number Sequence SEQ ID NO
Env 335 2530 WLSLLVPFV 10

Env 183 2531 FLLTRILTI 11

Core 18 2287 FLPSDFFPSV 15

Pol 455 2541 GLSRYVARL 21

Pol 562 2521 FLLSLGIHL 1

Pol 538 2546 YMDDVVLGV 26

For the evaluation of HLA Class II epitopes, irradiated syngeneic spleen cells
(2x10E5 cells/well) were used as APC in vitro. These APC were loaded for 2 to 4
hours at a density of 5x10° cells/ml with 10 ug/ml of peptide (Table B). Cells were Y-

40



10

15

20

25

WO 2009/056535 PCT/EP2008/064585

irradiated at 10 Gy, washed and pipetted through a cell strainer before addition to the

wells
Table B: DR-restricted HBV peptides
Epitope IGP Sequence SEQ ID NO
number
pol 774 2619 GTSFVYVPSALNPAD 31
pol 420 2627 SSNLSWLSLDVSAAF 39
pol 501 2628 LHLYSHPIILGFRKI 38
pol 523 2629 PFLLAQFTSAICSVV 36
PADRE 2465 AKFVAAWTLKAAA 47

Preparation of CD4+ and CD8+ cells: From cach individual mouse, the spleen was
removed and spleen cells were isolated in pools of three mice. CD8+ or CD4+ cells
were purified by magnetic separation using anti-CD8 or anti-CD4 antibody-coated

magnetic MACS beads (Miltenyi), according to the manufacturer’s instructions.

Interferon-gamma ELISPOT: A 96-well ELISPOT plate (MAIP HTS plates,
Millipore) was coated overnight with an anti-IFN-y antibody (clone AN18, MabTech)
and blocked for 2 hours at room temperature with RPMI-1640 medium supplemented
with 5% Fetal Bovine serum. In triplicate, CD8+ (5x10E4 and 2x10E5 cells/well) or
CD4+ spleen cells (2x10E5 cells/well) together with peptide-loaded antigen
presenting cells were added. Plates were then left undisturbed overnight. After
incubation, cells were removed, plates were washed several times and incubated with
biotinylated anti-IFN-y antibody (clone R46A2, MabTech) for 2 hours at room
temperature. After washing, plates were incubated with streptavidin-HRP (BD
Biosciences) for 1 hour at room temperature. Then, spots were visualized using AEC
(BD Biosciences) as substrate. Rinsing the plates with tap water stops the color
reaction. Plates are then dried and analyzed using an automated ELISPOT reader

(AELVIS).

Responses were reported as spot forming cells (SFC)/10° cells and the criteria for
determining the immunogenicity for individual epitopes were established using
background responses measured with unloaded antigen presenting cells as negative
control condition. Any delta response > 30 SFC/10° cells with a response ratio > 2
was classified as positive. To quantify CTL responses either the values from plates
with 5x10E4 or 2x10E5 CD8+ cells/well were used based on the possibility to read

the number of spots correctly (i.e.: very strong responses were measured using the
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5x10E4 CD8+ cells/well plated and lower responses were measured using the 2x10ES
CDS8+ cells/well plates).

Interleukin-5 ELISPOT: A 96-well ELISPOT plate (MAIP HTS plates, Millipore)
was coated overnight with an anti-IL-5 antibody (clone TRFKS5, Mabtech) and
blocked for 2 hours at room temperature with RPMI-1640 medium supplemented with
5% Fetal Bovine serum. In triplicate, CD4+ spleen cells (2x10E5 cells/well) together
with peptide-loaded antigen presenting cells were added. Plates were then left
undisturbed overnight. After incubation, cells were removed, plates were washed
several times and incubated with biotinylated anti-IL-5 antibody (clone TRFK4,
Mabtech) for 2 hours at room temperature. After washing, plates were incubated with
streptavidin-HRP (BD Biosciences) for 1 hour at room temperature. Then, spots were
visualized using AEC (BD Biosciences) as substrate. Rinsing the plates with tap
water stops the color reaction. Plates are then dried and analyzed using an automated
ELISPOT reader (AELVIS).

Responses were reported as spot forming cells (SFC)/10° cells and the criteria for
determining the immunogenicity for individual epitopes were established using
background responses measured with unloaded antigen presenting cells as negative
control condition. Any delta response > 30 SFC/10° cells with a response ratio > 2

were classified as positive.

Example S: Use of adjuvanted HBV polyepitope protein as prime before MVA

boost

Preparation of immunogens
Formulation with aluminium: the HBV-His6 polyepitope protein (E.coli BL21
derived, 926ug/ml in 20mM Tris, 7M Urea, 10% sucrose) was formulated with

Aluminum hydroxide (Alhydrogel, Brenntag biosector) by adding 1 volume of protein
to 1 volume of Alhydrogel (1.3%). The suspension was shaken for 3 hours at room

temperature and further incubated at 4°C for about 20 hours.

Formulation with RIBI: equal volumes of protein and RIBI (MPL® + TDM Emulsion

(Sigma, M6536)) (1 vial emulsified in 1ml PBS after 5’ pre-warming at 45°C) were
vortexed (3°, speed 1800 rpm) just before injection.
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The pvp-DNA was diluted 1/2 with PBS.

Immunization schedule

Two groups of 18 HLA-A2/Kb tg x BALB/c F1 mice received 3 subcutancous
injections of 100 ug of the HBV polyepitope protein formulated in RIBI or
Alhydrogel with a two-week interval (homologous prime-boost immunization). Two
groups of 18 mice were given two subcutancous injections with a two-week interval
of 100 pg of the HBV polyepitope protein formulated in either RIBI or Alhydrogel,
followed by a heterologous subcutancous boost injection with 107 pfu HBV MVA
three weeks later. As a reference immunization, 18 mice were immunized with a HBV
DNA prime injection of 100 pg (intramuscularly in the m. tibialis anterior divided
over two subsequent immunizations with a three-day interval), followed 3 weeks later
by a HBV MVA boost injection of 10" pfu. The timing of the immunizations in the
different groups was adapted to allow read out in all groups at the same time, 11 to 13

days after the last immunization.

Results (figures 2-4)

Immunization with the HBV- His6 protein without MVA boost elicited only very low
HBV-specific HLA-A02.1-restricted CTL responses. HLA-DR restricted HTL type 1
and HTL type 2 responses were more readily detectable and clearly show the Th2
skewing by Alhydrogel formulation opposite to the Th1 skewing by RIBI
formulation.

The heterologous boost immunization with MV A spectacularly increased CTL
responses compared to a homologous prime-boost immunization with protein only.
This heterologous prime-boost immunization elicited similar responses as compared
to the reference immunization using pvp-formulated HBV DNA followed by a single
MVA boost injection. The use of two different adjuvantia (RIBI and Alhydrogel) did
not influence the height of the obtained CTL responses. This is surprising and
unexpected in view of the different Th1/Th2 skewing observed for the different
regimens. More particularly, the Alhydrogel primed responses were more skewed
towards Th2, than the RIBI primed responses. The DNA priming/MV A boosting gave
an almost exclusive Th1 type response; nevertheless and unexpectedly the CTL
responses obtained with protein formulated with Alhydrogel and an MV A boost were

at least as high.
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Example 6: Use of unadjuvanted HBV polyepitope protein as prime before MVA

boost.

Preparation of immunogens

Formulation with aluminium: the HBV-His6 polyepitope protein (E.coli BL21
derived, 1.10 mg/ml in 20mM Tris, 7M Urea, 10% sucrose) and HBV-His6
polyepitope protein (E.coli SG4044 derived, 1.15 mg/ml in 20mM Tris, 7M Urea,

10% sucrose) were diluted to 1 mg/ml in PBS. Formulation with Aluminum
hydroxide (Alhydrogel, Brenntag biosector) was done by adding 1 volume of diluted
protein to 1 volume of Alhydrogel (1.3%). The suspension was shaken for 3 hours at

room temperature and further incubated at 4°C for about 20 hours.

Formulation in buffer: HBV-His6 polyepitope protein (E.coli BL21 derived, 1.10

mg/ml in 20mM Tris, 7M Urea, 10% sucrose) and HBV-His6 polyepitope protein
(E.coli SG4044 derived, 1.15 mg/ml ml in 20mM Tris, 7M Urea, 10% sucrose) were
diluted to 1 mg/ml in PBS.

Immunization schedule

Four groups of 12 HLA-A2/Kb tg x BALB/c F1 mice received 2 subcutancous
injections of 100 ug of the HBV polyepitope protein derived from BL21 or SG4044
and formulated in PBS or Alhydrogel with a two-week interval, followed by a
heterologous subcutancous boost injection with 10’ pfu HBV MVA three weeks later.
A fifth group only received the MVA immunization without any protein prime. The
timing of the immunizations in the different groups was adapted to allow read out in

all groups at the same time, 11 to 13 days after the last immunization.

Results (figures 5-7)

The heterologous boost immunization with HBV MVA again provided spectacularly
high CTL responses. The use of two different formulations (PBS and Alhydrogel) or
the source of the antigen (BL21 or SG4044) did not influence the level of the obtained
CTL response. Although the Th1/Th2 balance was similar in all groups that receive
the protein prime, it should be noted that Alhydrogel formulations had an overall

lower Th1 and Th2 response. The MV A alone immunization induced only extremely
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weak CTL responses This experiment confirms the surprising effect of polyepitope
proteins which can be used with Th2 inducing or even without any adjuvant to prime
for CTL responses which can be significantly boosted by a heterologous

immunization.

Example 7: Superiority of HBV polyepitope protein prime/MVA boost over

MVA prime/ HBV polyepitope protein boost

Preparation of immunogens

Formulation with aluminium: the HBV-His6 polyepitope protein (E.coli SG4044

derived, 1.14 mg/ml in 20mM Tris, 7M Urea, 10% sucrose) was diluted to 1 mg/ml in
PBS. Formulation with Aluminum hydroxide (Alhydrogel, Brenntag biosector) was
done by adding 1 volume of diluted protein to 1 volume of Alhydrogel (1.3%). The
suspension was shaken for 3 hours at room temperature and further incubated at 4°C

for about 20 hours.

Immunization schedule

Four groups of 12 HLA-A2/KDb tg x BALB/c F1 mice received 2 subcutancous
injections of 100 pg of the HBV polyepitope protein formulated with Alhydrogel with
a two-week interval, followed by a heterologous subcutaneous boost injection with
107, 10°, 10° or 10" pfu HBV MVA three weeks later. A fifth group received 2
subcutaneous injections of 10’ pfu MVA with a two week interval, followed by s
heterologous subcutancous boost injection of 100 ug of the HBV polyepitope protein
formulated with Alhydrogel three weeks later. The timing of the immunizations in
the different groups was adapted to allow read out in all groups at the same time, 11 to

13 days after the last immunization.

Results (figures 8-10)

The heterologous boost immunization with HBV MVA again provided spectacularly
high CTL responses. A clear dose response for the MVA boost is noted. The low dose
of only 10" pfu MV A boost was still equally potent to induce CTL responses as the
1000-fold higher dose of 107 dose of MVA used for priming prior to protein boosting.
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This clearly shows that polyepitope protein priming followed by MV A boost is
superior over the reverse order of administration and this in spite of a very strong

HTL and more specifically Th1 response in the latter.

Example 8: Use of HBV polyepitope protein as prime before DNA boost

Preparation of immunogens

Formulation in buffer: the HBV-LHHI11 polyepitope protein (E.coli BL21 derived,
2;43 mg/ml in 20mM Tris, 7M Urea, 10% sucrose) was diluted with 20mM Tris, 7M

Urea, 10% sucrose to 1 mg/ml.

The pvp-DNA was diluted 1/2 with PBS.

Immunization schedule

Two groups of 18 HLA-A2/Kb tg x BALB/c F1 mice received 2 subcutaneous
injections of 100 pg of the HBV polyepitope protein with a two-week interval. The
first of these groups received after 3 weeks a heterologous subcutaneous boost with
10° pfu HBV MVA three weeks later. The second group received after 3 weeks a
heterologous intramuscular boost with 100 ug HBV DNA three weeks later.

Results (figures 11-13)

The use of DNA as an alternative to MVA in the boost resulted also in a significant
boost effect. From example 5 it is known that even 3 injection of protein result only in
very low CTL responses. Similarly it is known that a single injection with DNA
without cardiotoxin pre-treatment only results in minimal CTL activity. This result is
surprising as DNA is typically used as a priming composition and not as a booster.
Apparently, in combination with protein this classical order can be reversed and
responses primed by protein can also be boosted by DNA. Most remarkably, the
polyepitope protein in this experiment was not adjuvanted. Based on the experience in
example 6 it is logical to expect that also aluminium formulations would allow an
efficient protein prime DNA boost in spite of the lack of Th1 skewing by the protein

priming.
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Example 9: Improved immune responses by repeated cycles of polyepitope

protein/MVA prime/boost.

Preparation of immunogens
Formulation in buffer: the HBV-LHHI11 polyepitope protein (E.coli BL21 derived,
2;43 mg/ml in 20mM Tris, 7M Urea, 10% sucrose) was diluted with 20mM Tris, 7M

Urea, 10% sucrose to 1 mg/ml.

Immunization schedule

Three groups of 18 HLA-A2/Kb tg x BALB/c F1 mice received 2 subcutancous
injections of 100 ug of the HBV polyepitope protein with a two-week interval,
followed by a heterologous subcutaneous boost injection with 10° pfu HBV MVA
three weeks later (first cycle). A first group received no further injections (this group
is referred to as PPM).The second group received after 3 weeks a second cycle
consisting of 2 subcutancous injections of 100 ug of the HBV polyepitope protein
with a two-week interval (this group is referred to as PPMPP). The third group
received after three weeks a second cycle consisting of 2 subcutaneous injections of
100 pg of the HBV polyepitope protein with a two-week interval, followed by a
heterologous subcutancous boost injection with 10° pfu HBV MVA three weeks later
(this group is referred to as PPMPPM). The timing of the immunizations in the
different groups was adapted to allow read out in all groups at the same time, 11 to 13

days after the last immunization.

Results (figure 14)
The use of a complete second cycle of protein/MVA resulted in much higher CTL
responses. This effect is not noted after the partial second cycle consisting of protein

only. In this case CTL responses are even lower than after a single cycle of

protein/MVA.

Example 10: Use of HCV polyepitope protein as prime before DNA boost in

different HLA transgenic mice
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Preparation of immunogens

The purified HCV protein as obtained in example 3 was diluted in desalting buffer
(7M Urea, 20mM Tris, 10% sucrose, pH 8) towards a concentration of 1 mg/ml and
100ul (100 pg) was injected subcutaneously at the base of the tail using a BD
Microfine™ plus 1.0 cc insulin syringe.

The pMB75.6 vector comprising the nucleotide sequence represented by SEQ ID NO
100, generated as described in example 3, was diluted with PBS towards a
concentration of 1mg/ml and 100ug was administered by bilateral injection of 50 ul in

both m.tibialis anterior (after anaesthesia).

Immunization schedule

Two groups of 18 homozygous HLA-A24/K" and one group of 18 homozygous HLA-
A11/K" transgenic mice were included. One group of each received a double protein
prime and DNA as boost. As a control, the second group of HLA-A24/K" transgenic

mice received only a single DNA injection (without prior cardiotoxin pre-treatment).

strain Week 0 and week 2 Week 5
1 HLA-A24/K" 100pg (HTL-CTL)-LHH11 HCV 100ug (CTL-HTL) HCV DNA
protein
2 HLA-A24/K" / 100ug (CTL-HTL) HCV DNA
3 HLA-A11/K" 100pg (HTL-CTL)-LHH11 HCV 100ug (CTL-HTL) HCV DNA
protein

All injections with the polyepitope protein were administered subcutaneously at the
base of the tail at a 100 ug dose. DNA injections were given intramuscularly in the
m.tibialis anterior at a 100 ug dose.

Mice were euthanized 11 days after the last injection. ELISPOT analyses for CTL
responses (using methods as described in example 4) were performed on pooled
spleen cells from 3 mice within the same immunization group. ELISPOT analyses for

Th1 (IFNY) were performed on pooled spleen cells from all 18 mice.

Results
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HCV-specific HLA-A24-restricted and HLA-Al1l-restricted CTL responses were
highly increased when a protein prime immunization was boosted with DNA (figure
23A and 23B). Positive responses towards both HLA-A24-restricted and to HLA-
All-restricted epitopes were detected.  These responses were higher than the
responses following DNA only immunizations as shown for the HLA A24-restricted
epitopes.

Also high T helper 1 responses could be detected upon protein priming, followed by
DNA boosting (Figure 24).

This demonstrates that the HCV polyepitope protein is especially useful as a priming

agent in a heterologuous prime/boost treatment regimen.
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CLAIMS

1. The use of a polypeptide comprising a polyepitope construct comprising at least
two CTL epitopes for the manufacture of a medicament for priming a T cell
5 response against at least one target antigen in a prime boost treatment regimen,
and wherein the polypeptide is not linked to, combined with or included within
a compound selected from the group consisting of’ a particle formation

promoting protein, a carrier protein and a CTL response inducing adjuvant.

10 2. The use according to claim 1, wherein the polyepitope construct comprises at

least 10 isolated CTL epitopes.

3. The use according to claims 1 or 2, wherein the polyepitope construct further
comprises one or more HTL epitopes.
15
4. The use according to any one of claims 1 to 3, wherein two or more of the

epitopes in the construct are linked by one or more spacer amino acids.

5. The use according to claim 1, wherein the at least one target antigen is derived

20 from a virus.

6. The use according to claim 5, wherein the virus is HBV or HCV.

7. The use according to any one of claims 1 to 6, wherein the prime boost treatment
25 regimen comprises the steps of:
a. administering the polypeptide as a first priming composition; and
b. administering a second boosting composition comprising a vector
encoding one or more CTL epitopes of the target antigen, including at
least one CTL epitope which is the same as a CTL epitope of the priming

30 composition.

8. The use according to claim 7, wherein the steps (a) and (b) are separated by at

least two weeks.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The use according to claims 1 or 7, wherein the polypeptide is formulated in

alum.

The use according to claim 7, wherein the vector is a plasmid, a viral vector, a

bacterial vector or a yeast vector.

The use according to claim 10, wherein the viral vector is a poxvirus vector.

The use according to claim 11, wherein the vector is a vaccinia virus vector.

The use according to any one of claims 10 to 12, wherein the vector is a non-

replicating or replication impaired vector.

The use according to claim 13, wherein the vector is MVA.

The use according to claims 1 or 7, wherein the polypeptide is the result of a

bacterial or yeast expression.

The use according to claims 1 or 7, wherein the polyepitope construct is a

recombinant string of two or more CTL epitopes.

The use according to claim 7, wherein the vector further encodes for one or more

HTL epitopes.

The use according to claim 17, wherein the HTL epitope is a PADRE® epitope.
The use according to claims 1 or 7, wherein the two or more CTL epitopes are
derived from the HBV Core protein, the HBV polymerase protein and/or the

HBYV Envelope protein.

The use according to claim 19, wherein the two or more CTL epitopes are

selected from the list of HBV epitopes given in Table 1.
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

The use according to claims 1 or 7, wherein the two or more CTL epitopes are

derived from the HCV Core, E1, E2, NS3, NS4 and/or NS5 protein.

The use according to claim 21, wherein the two or more CTL epitopes are

selected from the list of HCV epitopes given in Table 3.

The use according to claim 20, wherein the CTL epitopes include all of the

epitopes given in table 1.

The use according to claim 22, wherein the CTL epitopes include all of the

epitopes given in table 3.

The use according to claims 3 or 17, wherein the at least one HTL epitope is

selected from the list given in Table 2.

The use according to claims 3 or 17, wherein the at least one HTL epitope is

selected from the list given in Table 4.

The use according to any one of claims 1 to 26, wherein the epitopes of the

priming composition are the same as the epitopes of the boosting composition.

The use according to any one of claims 1 to 27, wherein the priming and/or
boosting composition is in particulate form suitable for intravenous,
intraepidermal, subcutancous, intradermal, transdermal, or intramuscular

delivery.

The use according to any one of claims 1 to 28, wherein the T cell response
comprises a Cytotoxic T Lymphocyte (CTL) response and optionally a T helper
(HTL) response.

A kit for inducing a T cell response against at least one target antigen, said kit
comprising a priming polypeptide comprising a polyepitope construct
comprising two or more CTL epitopes of the target antigen, wherein the

polypeptide is not linked to, included within or combined with a compound
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selected from the group consisting of: a particle formation promoting protein, a

carrier protein and a CTL response inducing adjuvant.

31. The kit according to claim 30, further comprising a boosting vector encoding one
5 or more CTL epitopes of the target antigen, including at least one CTL epitope

which is the same as a CTL epitope of the priming composition.
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1
51
101
151
201
251
301
351
401
451
501
551
601
651
701

MGTSFVYVPS
AGILYKGPGP
NGPGPGPFLL
SHPIILGFRK
LGPGPGAGFF
GVGPLTVNEK
SFVYVPGPGP
WLLNAAARFS
CLIFLLNAAA
AWLSLLVPFV
NLPSDFFPSV
AAASAICSVV
KGAAGLSRYV
IINASFCGSP
AAALTFGRET

(SEQ ID NO 95)

1
51
101
151
201
251
301
351
401
451
501
551
601
651

MGRHLIFCHS
DPTFTIETTG
FASGPGPGMN
PAETTVRLRA
GLSTLPGNPA
GPGPGGKPAI
GLSTLNAAAP
INAYYRGLDV
VAYQAKAAMY
YPYRLWHYKA
IFKYRRCRAS
RRRSRNLKAA
LIRLKPTLHK
LLALKAAETA

(SEQ ID NO 96)

ALNPADGPGP
GPHHTALRQA
AQFTSAICSV
IGPGPGSSNL
LLTRILTIPQ
RRLKLIGPGP
GKQAFTFSPT
WLSLLVPFNA
HTLWKAGILY
NAAAGFLLTR
KAAAFLPSDF
RRKLSLDVSA
ARLNAAASTL
YKAAYMDDVV
VLEYKQAFTF

KKKCDGPGPG
PGPGEDLVNL
RLIAFASRGN
YMNTPGLPVG
GPGPGTSTWV
IPDREVLYRE
TLWARMILNA
SVKLQDCTML
TNVDQDLNTL
ACLIRLKPTL
GVLKAAVLVG
AYLLPRRGPR
AAAVCTRGVA
GARLV

15/27

GLCQVFADAT
ILCWGELMTL
VGPGPGLVPF
SWLSLDVSAA
SGPGPGVSFG
GKQCFRKLPV
YKAFLCGPGP
AFPHCLAFSY
KKAWMMWYWG
ILTINAAAIP
FPSVKAAADL
AFYNAAAKFV
PETTVVRRKH
LGVNALWFHI
SPTYK

STLLFNILGG
LPAILSPGAL
HVSPGPGPGS
PGPGAVGIFR
LVGGVLAALA
KAVIKGGRHL
AHPNIEEVAL
VNAAAAEQFK
WARMILMNLP
NIIMYAPTLK
GVLAALNGLL
LNFWAKHMWN
KNFTDNSSPP

Figure 15

PTGWGLGPGP
AGPGPGESRL
VQWFVGLSPT
FGPGPGLQSL
VWIRTPPAYR
NRPIDWGPGP
GFLLSLGIHL
MKAALVVDFS
PSLYKAYPAL
IPSSWAFKAA
LDTASALYNS
AAWTLKAAAK
PAAMPHLLKA
SCLTFKAAAT

WVAAQGPGPG
VVGPGPGGEG
MSYTWTGALI
AAVCTRGVAG
AGPGPGGYKV
IKAGPRLGVR
NLVDILAGYG
QKALKTSERS
INALSNSLKS
AAVATDALMT
GCIITSLNAA
FIKAAAKFVA
AVKALPRRGP

PCT/EP2008/064585

GRHYLHTLWK
VVDFSQFSRG
VGPGPGLHLY
TNLLSSNLSW
PPNAPIGPGP
GAANWILRGT
NAAAKYTSFP
QFSRGAILLL
MPLYACIGAA
AEYLVSFGVW
WPKFAVPNLK
AANVSIPWTH
AARWMCLRRF
PARVTGGVFK

CVTQTVDFSL
AVOWMNRLIA
TPCAGPGPGT
PGPGGIQYLA
LVLNPSVAAT
ATKAAAQYLA
AKHMWNFISG
QPRNAAFPYL
TNPKPQRKND
GYNLPGCSFS
YAAQGYKKDP
AWTLKAAAKA
RLGVKSFSIF
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1 atgggcacaa
51 tccggggcect
101 ggggtctggg
151 (gctggcatcc
201 acgtcaggct
251 gccecegggtga
301 aatggtccgg
351 ctgcteggtce
401 ttgttggtct
451 tcccacccga
501 tagcaactta
551 gtccagggcet
601 ttgggcccgg
651 gatcccgcaa
701 gtaccccgcec
751 ggggtgggtc
801 tccaggcccg
851 ttgattgggg
901 tcgtttgtgt
951 cagtccgaca
1001 taagcttggg
1051 tggttactta
1101 gtttaacgca
1151 cgctggtagt
1201 tgccttatct
1251 gattttgtat
1301 acaaagccta
1351 gcttggetgt
1401 gttgacacgc
1451 gttgggcegtt
1501 aacttaccga
1551 aagtgatttt
1601 cctecggeget
1651 gccgeggeta
1701 cgtgagcgca
1751 cgctgaaagc
1801 aaaggtgcag
1851 ctcgactctt
1901 tgccacatct
1951 attatcaatg
2001 cgatgttgtce
2051 ccttcaaagc
2101 gcggcetgegt
2151 atttacattt
2201 accaccacca
(SEQ ID NO 98)

gctttgtgta
ggcctctgcece
cccgggtecg
tttataaagg
atcctttgcet
aagtcgcctg
gccegggtcece
gttgggccag
tagtccgacc
tcattttagg
tcctggcetgt
ccagtctctc
gtcctggcegce
tcagggccag
agcctatcgt
ctctgactgt
ggcaaacaat
¢ccggggcecyg
atgtccctgg
tacaaggcct
tatccacctg
atgcggccgce
gctttcccac
ggatttttca
tcctgttgaa
aaaaaggcat
tcctgcetcetce
cactcctggt
attctgacca
taaggcggca
gcgacttttt
ttcccgagtg
gtataattct
gtgccatttg
gccttttata
agcggctaaa
cgggcctgtc
cctgagacta
gttaaaagcg
cgagcttttg
ttaggggtaa
cgctgcgacc
taacctttgg
tccectacct
ccactaa

16/27

tgtcccecgtceg
aggtgtttgc
ggtcgtcatt
cccaggtcct
ggggcgaact
gttgtagatt
gtttttactg
gtcctggcect
gtcggtccgg
ttttcgcaaa
cactcgacgt
accaacctgt
tggcttcttt
geccegggtgt
ccaccgaacg
aaatgagaaa
gtttccgtaa
ggtgcagcga
cccgggtecg
tcctgtgtgg
aacgccgcag
tcgcttctet
actgcctggce
caattctccc
cgctgccgcea
ggatgatgtg
atgccgttgt
gccatttgta
tcaatgcagc
gccgaatatc
cccatctgtt
tcaaggccgce
tggcctaaat
cagcgttgtc
acgccgcggce
gcggctaatg
tcgctatgtt
cggtggtccg
gcagcgcgtt
tgggagcccg
atgcgcetgtg
ccggcacgtg
tcgtgaaacg
ataaaaacgc

Figure 16

gccttaaacc
agatgccacc
acctgcatac
ggtccacatc
gatgacgctg
tctcccaatt
gcacagttca
ggtacctttt
ggccaggtct
atcggccctg
gagcgcggct
tgagttctaa
ctgcttacac
gagcttcggg
caccgattgg
cgtcgcttga
actgcctgtg
attggattct
ggcaagcaag
tcctggtcca
cgaagtacac
tggctgtccce
gttttcctac
gcggcgcgat
catacccttt
gtactggggce
atgcatgtat
aacgcagccg
tgcaattccg
tggtgtcatt
aaagcggccg
tgccgatctg
ttgcggttcc
cgtcgcaaat
caaatttgtg
tttcgattcc
gcgecgtctta
tcgtaaacat
ggatgtgttt
tacaaagcgg
gttccacatt
tcaccggtgg
gttctggaat
gccgggatcce
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cagcggatgg
cctaccgggt
gttgtggaaa
acactgcgtt
gcggggcectg
tagccgtggg
catcagcgat
gttcagtggt
tcacctgtac
gcccaggcetce
ttcggceccag
tctgtcttgg
gcattctgac
gtttggattc
cccaggtccg
aattgattgg
aaccgtccga
gcgcgggacc
cgtttacgtt
ggtttcctge
gagctttccg
ttctggtgcc
atgaaggcag
tctgttactg
ggaaagccgg
ccgagtttat
cggcgcetgceg
ctggcttcct
atcccgtcga
tggtgtgtgg
cgttcctccc
ctcgatacag
taatctgaaa
tatcactcga
gcggectgga
gtggactcat
acgccgcagc
ccggceggceca
gcgcecgtttt
catacatgga
tcttgcctga
cgtattcaaa
ataagcaggc
ctcgagcacc
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1 atgggcacaa
51 tccggggcect
101 ggggtctggg
151 (gctggcatcc
201 acgtcaggct
251 gccecegggtga
301 aatggtccgg
351 ctgcteggtce
401 ttgttggtct
451 tcccacccga
501 tagcaactta
551 gtccagggcet
601 ttgggcccgg
651 gatcccgcaa
701 gtaccccgcec
751 ggggtgggtc
801 tccaggcccg
851 ttgattgggg
901 tcgtttgtgt
951 cagtccgaca
1001 taagcttggg
1051 tggttactta
1101 gtttaacgca
1151 cgctggtagt
1201 tgccttatct
1251 gattttgtat
1301 acaaagccta
1351 gcttggetgt
1401 gttgacacgc
1451 gttgggcegtt
1501 aacttaccga
1551 aagtgatttt
1601 cctecggeget
1651 gccgeggeta
1701 cgtgagcgca
1751 cgctgaaagc
1801 aaaggtgcag
1851 ctcgactctt
1901 tgccacatct
1951 attatcaatg
2001 cgatgttgtce
2051 ccttcaaagc
2101 gcggcetgegt
2151 atttacattt
2201 atcattggtg
(SEQ ID NO 99)

gctttgtgta
ggcctctgcece
cccgggtecg
tttataaagg
atcctttgcet
aagtcgcctg
gccegggtcece
gttgggccag
tagtccgacc
tcattttagg
tcctggcetgt
ccagtctctc
gtcctggcegce
tcagggccag
agcctatcgt
ctctgactgt
ggcaaacaat
¢ccggggcecyg
atgtccctgg
tacaaggcct
tatccacctg
atgcggccgce
gctttcccac
ggatttttca
tcctgttgaa
aaaaaggcat
tcctgcetcetce
cactcctggt
attctgacca
taaggcggca
gcgacttttt
ttcccgagtg
gtataattct
gtgccatttg
gccttttata
agcggctaaa
cgggcctgtc
cctgagacta
gttaaaagcg
cgagcttttg
ttaggggtaa
cgctgcgacc
taacctttgg
tccectacct
gcatcatcac
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tgtcccecgtceg
aggtgtttgc
ggtcgtcatt
cccaggtcct
ggggcgaact
gttgtagatt
gtttttactg
gtcctggcect
gtcggtccgg
ttttcgcaaa
cactcgacgt
accaacctgt
tggcttcttt
geccegggtgt
ccaccgaacg
aaatgagaaa
gtttccgtaa
ggtgcagcga
cccgggtecg
tcctgtgtgg
aacgccgcag
tcgcttctet
actgcctggce
caattctccc
cgctgccgcea
ggatgatgtg
atgccgttgt
gccatttgta
tcaatgcagc
gccgaatatc
cccatctgtt
tcaaggccgce
tggcctaaat
cagcgttgtc
acgccgcggce
gcggctaatg
tcgctatgtt
cggtggtccg
gcagcgcgtt
tgggagcccg
atgcgcetgtg
ccggcacgtg
tcgtgaaacg
ataaaaacgc
atgtggcacc

Figure 17

gccttaaacc
agatgccacc
acctgcatac
ggtccacatc
gatgacgctg
tctcccaatt
gcacagttca
ggtacctttt
ggccaggtct
atcggccctg
gagcgcggct
tgagttctaa
ctgcttacac
gagcttcggg
caccgattgg
cgtcgcttga
actgcctgtg
attggattct
ggcaagcaag
tcctggtcca
cgaagtacac
tggctgtccce
gttttcctac
gcggcgcgat
catacccttt
gtactggggce
atgcatgtat
aacgcagccg
tgcaattccg
tggtgtcatt
aaagcggccg
tgccgatctg
ttgcggttcc
cgtcgcaaat
caaatttgtg
tttcgattcc
gcgecgtctta
tcgtaaacat
ggatgtgttt
tacaaagcgg
gttccacatt
tcaccggtgg
gttctggaat
gcatcaccat
atcactaa
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cagcggatgg
cctaccgggt
gttgtggaaa
acactgcgtt
gcggggcectg
tagccgtggg
catcagcgat
gttcagtggt
tcacctgtac
gcccaggcetce
ttcggceccag
tctgtcttgg
gcattctgac
gtttggattc
cccaggtccg
aattgattgg
aaccgtccga
gcgcgggacc
cgtttacgtt
ggtttcctge
gagctttccg
ttctggtgcc
atgaaggcag
tctgttactg
ggaaagccgg
ccgagtttat
cggcgcetgceg
ctggcttcct
atcccgtcga
tggtgtgtgg
cgttcctccc
ctcgatacag
taatctgaaa
tatcactcga
gcggectgga
gtggactcat
acgccgcagc
ccggceggceca
gcgcecgtttt
catacatgga
tcttgcctga
cgtattcaaa
ataagcaggc
atgtttcacc
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1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951
1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851
1901
1951
2001
2051

atgggccgtc
gggtcctggt
cgcagggtcc
gacccgacct
ggtgaacctg
caggtccggg
tttgcgtctg
ccgtggcaac
cctggaccgg
ccggcggaaa
geccggtgggt
gcacccgtgg
ggcctgagca
tacctgggtg
gtccaggggg
ggtccgggte
gtatcgtgaa
gtccacgcect
ggtctgagca
tctgaacgcg
atattctggc
atcaacgcgt
caccatgctg
tgaaaaccag
gtggcgtatc
gaacaccctg
tgagcaacag
tatccgtatc
accaactctg
cgaccgatgc
atttttaaat
gctggttggt
ttaccagcct
cgtcgtcgta
tggcccgegt
ccgcggcecaa
ctgatccgcce
tggcgtggeg
ccctgecegceg
ctgctggcecc
ggcgcatcat
accatcacta

(SEQ ID NO 100)

atctgatttt
agcaccctgce
aggtccggge
ttaccattga
ctgccggcega
gggtgaaggt
gtccagggcc
catgtttctc
tgcgctgatt
ccaccgttcg
ccaggtccag
tgttgcaggc
ccctgeceggg
ctggttggtg
ctataaagtg
cgggtggtaa
aaagcggtga
gggtgttcgt
ccctgaatgce
gcgcatccga
cggctatggce
attatcgtgg
gtgaatgcgg
cgaacgtagc
aggcgaaagc
tgggcccgcea
cctgaaaagc
gcctgtggca
aacattatta
gctgatgacc
atcgtcgttg
ggtgttctgg
gaacgcggcc
gccgtaacct
ctgaactttt
atttgtggceg
tgaaaccgac
aaaaacttta
tcgcggtcecg
tgaaagcggc
catatgtttc
a

18/27

ttgccacagc
tgtttaacat
tgtgttaccc
aaccactggg
ttctgtctcc
gecggtgcagt
aggtatgaac
cgggtccagg
accccgtgtg
tctgcgtgeg
gtgcggtggg
ccaggtccag
taatccggceg
gtgttctggce
ctggtgctga
accggcgatt
ttaaaggcgg
gcgaccaaag
ggcagcgcecg
acattgaaga
gcaaaacata
cctggatgtg
ccgcagcgga
cagccgcgta
ggcgatgtat
tgatcctgat
accaatccga
ttataaagcg
tgtatgcccc
ggctataacc
ccgtgcgagce
ccgcgcectgaa
tatgcggcege
gaaagcagcg
gggcgaaaca
gcgtggaccc
cctgcataaa
ccgataacag
cgectgggeg
ggaaaccgcg
accatcattg

Figure 18

aaaaaaaaat
tctgggegge
agaccgtgga
ccaggtcctg
gggtgegetg
ggatgaaccg
cgcctgatcg
gccaggtagce
caggtccagg
tatatgaaca
catttttcgt
ggggtattca
ggtccgggte
cgcgctggcece
atccgagcegt
attccggatc
ccgtcatctg
ccgcagcegcea
acgctgtggg
agtggcgcetg
tgtggaactt
agcgtgaaac
acagtttaaa
acgcggcegtt
accaacgtgg
gaacctgccg
aaccgcagcg
gcgtgectga
gacgctgaaa
tgccgggetg
ggcgttctga
cggtctgcetg
agggctataa
gcgtatctgce
catgtggaat
tgaaagccgce
gcggcagegg
ctctccecgecg
tgaaatcttt
ggtgcgcgtc
gtggcatcat
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gcgatgggcc
tgggttgcegg
ttttagcctg
gggaggacct
gttgttggtc
tctgattgceg
cgttcgccag
atgagctata
gccgggtacg
cgccgggtcet
gcggeggtgt
gtatctggcc
caggcacctc
gcaggtccgg
tgcggcgacc
gtgaagtgct
attaaagcgg
gtatctggcc
cgcgtatgat
aacctggtgg
tatcagcggce
tgcaggattg
cagaaagcgc
tccgtatctg
atcaggatct
attaacgccc
taaaaacgat
ttcgtctgaa
gcagccgttg
cagctttagc
aagctgcggt
ggctgcatta
aaaagatccg
tgccgcegecg
ttcattaaag
cgcgaaagcg
tgtgcacccg
gcagttaaag
tagcatcttt
tggttaatgc
cacatgtggc
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251
301
351
401
451
501
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651
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851
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951

1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
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1901
1951
2001
2051
2101
2151
2201
2251
2301
2351
2401
2451
2501
2551
2601
2651
2701
2751
2801

tctcgatgat
cgggcgcaga
ctttcagggt
ttatcaccgc
tccecttgegg
cacaagagca
aagaaaaatg
gatggggcag
atgcttataa
gaatttagcc
tagtatgcag
atgttcaggc
gatgcggaga
ctggcttgag
caagctttcc
gagccaggtyg
caagaaactg
cacagtaccc
gttatcgcta
ttctggtcgg
taggggaatt
tatgaagaat
ataagcgctc
aatcatcacc
gaactactta
ggataaagtt
ttattgctga
gcagcactgg
gacggggagt
taggtgcctc
tatatacttt
ggtgaagatc
tttcgttcca
cgttttggtc
gcagggcggt
gtaactggct
ccttaaccgg
tggctgctgc
cgatagttac
catacagtcc
gtggaatgag
aaaggcagga
ggtatcttta
atttcgtgat
cgcggccctc
atctccgccc
agcgtagcga
ttctgctgac
tcactgacac
tagcgctgag
ctgaatcgcc
gagctttgtt
acggaacggt
agcaaaagtt
gatgttacat
tctgcttaca
ggaaacgtct

ggttacgcca
tctttagctg
tatgcgttgt
cagaggtaaa
tgatagattt
gcttgaggac
aacttggctt
tcaggcgttg
cgccgcattg
cttcaatcgc
ccgtcactta
agggatgttc
gatgggtaag
gttgaaggta
tgacggaatg
atttctgcat
atcagggata
aatgatccca
gtcagtggcc
cgcatagctg
ttcactcccc
ggtttttatg
aataaacctg
tgcagcaatg
ctctagcttc
gcaggaccac
taaatctgga
ggccagatgg
caggcaacta
actgattaag
agattgattt
ctttttgata
ctgagcgtca
tgcgcgtaat
ttttcgaagg
tggaggagcg
cgcatgactt
cagtggtgct
cggataaggc
agcttggagc
acaaacgcgg
acaggagagc
tagtcctgtc
gcttgtcagg
tcacttccct
cgttcgtaag
gtcagtgagce
gcaccggtgce
cctcatcagt
gtctgcctceg
ccatcatcca
gtaggtggac
ctgcgttgtc
cgatttattc
tgcacaagat
taaacagtaa
tgctcgaggce
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gactatcaaa
tcttggtttyg
tccatacaac
atagtcaaca
aacgtatgag
gcacgtcgcc
atcccaggaa
gtgctttatt
cttacaaaaa
cagagaaatc
gaagtgagta
tcacctaagc
cacaaccaaa
attccatgac
ttaattctcg
agccagactt
gcggtcaggt
tgcaatgaga
tgaagagacg
ataacaattg
tcagaacata
cgacttaccg
tctgttttcc
gcaacaacgt
ccggcaacaa
ttctgcgctc
gccggtgage
taagccctcc
tggatgaacg
cattggtaac
aaaacttcat
atctcatgac
gaccccttaa
ctcttgctct
ttctctgagce
cagtcaccaa
caagactaac
tttgcatgtc
gcagcggtcg
gaactgccta
ccataacagc
gcacgaggga
gggtttcgcce
ggggcggagce
gttaagtatc
ccatttccgce
gaggaagcgg
agcctttttt
gccaacatag
tgaagaaggt
gccagaaagt
cagttggtga
gggaagatgc
aacaaagcca
aaaaatatat
tacaaggggt
cgcgattaaa

Figure 22

tatgctgctt
cccaaagcgc
ctccttagta
cgcacggtgt
cacaaaaaag
ttaaagcaat
tctgtcgcag
taatggcatc
ttctcaaagt
tacgagatgt
tgagtaccct
ttagaacctt
aaagccagtg
cgcaccaaca
ttgaccctga
gggggtgatg
gtttttacaa
gttgttccgt
tttggctgat
agcaagaatc
acatagtaaa
cagcaaaaat
ttaattctct
tgcgcaaact
ttaatagact
ggcccttecg
gtgggtctcg
cgtatcgtag
aaatagacag
tgtcagacca
ttttaattta
caaaatccct
taagatgatc
gaaaacgaaa
taccaactct
aacttgtcct
tcctctaaat
tttccgggtt
gactgaacgg
cccggaactg
ggaatgacac
gccgcecaggyg
accactgatt
ctatggaaaa
ttcctggcat
tcgccgcagt
aatatatcct
ctcctgccac
taagccagta
gttgctgact
gagggagcca
ttttgaactt
gtgatctgat
cgttgtgtct
catcatgaac
gttatgagcc
ttccaacatg

PCT/EP2008/064585

gaggcttatt
attgcataat
catgcaacca
tagatattta
aaaccattaa
ttatgaaaaa
acaagatggg
aatgcattaa
tagcgttgaa
atgaagcggt
gttttttctce
taccaaaggt
attctgcatt
ggctccaagc
gcaggctgtt
agtttacctt
ccactaaacc
tgtggggaaa
cggcaaggtg
ttcatcgaat
tggattgaat
aaagggaaag
gctggctgat
attaactggc
ggatggaggc
gctggctggt
cggtatcatt
ttatctacac
atcgctgaga
agtttactca
aaaggatcta
taacgtgagt
ttcttgagat
aaaccgcctt
ttgaaccgag
ttcagtttag
caattaccag
ggactcaaga
ggggttcgtyg
agtgtcaggc
cggtaaaccg
ggaaacgcct
tgagcgtcag
acggctttgc
cttccaggaa
cgaacgaccg
gtatcacata
atgaagcact
tacactccgc
cataccaggc
cggttgatga
ttgctttgcc
ccttcaactc
caaaatctct
aataaaactg
atattcaacg
gatgctgatt
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tatatgggta taaatgggct cgcgataatg tcgggcaatc aggtgcgaca

atctatcgat
tggcaaaggt
actggctgac
actcctgatg
attccaggta
cgctggcagt
ccttttaaca
gaataacggt
ggcctgttga
ccggattcag
tgacgagggg
cagaccgata
tctecttecat
tgatatgaat
cagaattggt
cgggacggcyg
cagatcacgc
gttcaaaatc
gctccctcac
tcagcaacac
gtaaaagcta
tcgggaaggg
ttctggtgaa
aactgataaa
gacgggatca

gtcggctgtg

(SEQ ID NO 102)

tgtatgggaa
agcgttgcca
ggaatttatg
atgcatggtt
ttagaagaat
gttcctgecge
gcgatcgegt
ttggttgatg
acaagtctgg
tcgtcactca
aaattaatag
ccaggatctt
tacagaaacg
aaattgcagt
taattggttg
gctttgttga
atcttcccga
accaactggt
tttctggctg
cttcttcacg
accgcatctt
ctggatttgc
gaagctcgac
agagtttgat
gtaccgacgg
gcacaggctg

gcccgatgceg
atgatgttac
cctcttccga
actcaccact
atcctgattc
cggttgcatt
atttcgtctc
cgagtgattt
aaagaaatgc
tggtgatttc
gttgtattga
gccatcctat
gctttttcaa
ttcatttgat
taacactggc
ataaatcgaa
caacgcagac
ccacctacaa
gatgatgggg
aggcagacct
taccgacaag
tgaggatgaa
cgtcttggcc
gctcagggtyg

tgatatgggg
aacgccggag

ccagagttgt
agatgagatg
ccatcaagca
gcgatcceccg
aggtgaaaat
cgattcctgt
gctcaggcgce
tgatgacgag
ataagctttt
tcacttgata
tgttggacga
ggaactgcct
aaatatggta
gctcgatgag
agagcattac
cttttgctga
cgttccgtgg
caaagctctc
cgattcaggc
cagcgctcaa
gcatccggca
ggtggaggaa
gcgacacgcc
tagcggttcg
caaatggtgg
ga

figure 22 Cont'd

ttctgaaaca
gtcagactaa
ttttatccgt
ggaaaacagc
attgttgatg
ttgtaattgt
aatcacgaat
cgtaatggct
gccattctca
accttatttt
gtcggaatcg
cggtgagttt
ttgataatcc
tttttctaat
gctgacttga
gttgaaggat
caaagcaaaa
atcaaccgtg
ctggtatgag
agatgcaggg
gttcaacaga
ggtgatgtca
gacatgatcc
gtttattgac
tcaccatcct
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