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ABSTRACT

The invention relates to therapeutic vaccines for the treatment of
neoplasias caused by the human papillomavirus (HPV). In particular, the
vaccines of the present invention are formed by chimeric virus-like capsids of

5 birnavirus containing papillomavirus antigens.
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VACCINES FOR THE TREATMENT OF NEOPLASIAS BASED ON VIRAL
CAPSIDS OF BIRNAVIRUS CONTAINING HUMAN PAPILLOMAVIRUS
ANTIGENS

The invention relates to therapeutic vaccines for the treatment of
neoplasias caused by the human papillomavirus (HPV). In particular, the
vaccines of the present invention are formed by chimeric virus-like capsids of
birnavirus containing papillomavirus antigens.

PRIOR ART

Human papillomaviruses (HPV) are the main causes of development of
intrauterine neoplasms and are frequently associated to other neoplasias such
as anal cancer, vulvar cancer, cancer of the penis or oropharyngeal squamous
cell carcinoma. HPV infections can go unnoticed for years until they may appear
in the form of local neoplasias in varying degrees of progression. This is why
reqular smear tests are performed on women with a view to identify pre-
malignant cells and where applicable the type of causing virus. The most
common strains of HPV associated to local intrauterine neoplasias are HPV-16
and HPV-18, involved in 70% of all cases of cervical cancer. The oncogenic
effect of these HPV is mediated by the integration of part of its genome, in
particular of the early expression genes E6 and E7, in the genome of the
infected basal epithelial cells.

There are currently prophylactic vaccines on the market to prevent
infection by the papillomavirus such as Gardasii® and Cervarix® for example.
These vaccines are effective in preventing infection by human papillomavirus
strains HPV-16, HPV-18, HPV-11 and HPV-6, but their efficiency in a
therapeutic context has not been proven once the HPV has transformed the
infected cell into a pre-cancerous cell.

It is estimated that in just the US, 10 million women are in contact with
HPV every year and it is predicted that 23 % of these women will develop local
intrauterine neoplasias (or CIN, Cervical Intrauterine Neoplasias) to some
degree, at some point in their life [Hoory T el al. (2008) J. Formos Med. Assoc
107(3):198-217]. Furthermore, every year 275,000 women die in the world due

to cervical cancer as a result of the unfavourable development of a CIN.



10

15

20

25

30

CA 02779645 2012-05-02

2

Although currently cervical cancer prevention and monitoring programmes by
means of regular gynaecological check-ups and surgical removal of CIN are
effective, it would be desirable to count on a non-invasive therapeutic approach
that would prevent surgery-related costs and potential complications.

There are precedents in the development of therapeutic vaccines for the
treatment of CIN that incorporate E6 and/or E7 antigens of the papillomavirus
[Lin Y. et al. (2007) Frontier in Bioscience, 12: 246-264; Leggatt GR et al.
(2007) Current Opin. Immunology, 19: 232-238; Hung CF et al. (2007) Exp. Mol.
Med, 39(6):679-689; Hoory T et al. (2008) J. Formos Med. Assoc, 107(3):198-
217]. These include DNA vaccines [Yan Q. et al (2007) Gynecologic Onco.,
104:199-206; Yan J. et al. (2009) Vaccine, 27:431-440], vaccines based on
naked peptides [Daffarin PM. et al (2007) J. Translational Med., 5:26; Toubaji A.
et al. (2007) Vaccine, 25: 5882-5891; Smith KA. et al. (2009) Clin. Cancer Res.
15(19):6167-6176], and vaccines wherein the HPV antigens are linked or fused
to other biological entities, such as for example the adenylate cyclase of
Bordetella pertussis [Preville X. et al. (2005) Cancer Res., 65(2):641-649],
antigen 4 of cytotoxic T lymphocytes (CTLA4) [Zheng Y.et al. (2009) J.
Microbiol., 46(6):728-736] or 1,3-1,4 beta-glucanase of Clostridium
thermocellum [Venuti A. et al. (2009) Vaccine, 27 (25-26):3395-3397]. In the
case of vaccines using the presentation of antigens on biological
macrostructures, one example consists of chimeric virus-like particles (VLP)
formed on the basis of structural viral proteins that incorporate antigens relevant
to a disease. In this sense there are precedentis that incorporate E7 antigens In
VLP of Hepatitis B [Tindle RW. et al. Virology (1994) 1,200(2):547-57]. Among
the VLP proposed for antigen presentation are those deriving from the
Infectious Bursal Disease Virus (IBDV). IBDV belongs to the Birnaviridae family
and is the agent responsible for causing Gumboro disease in birds. The viral
particles of IBDV are icosahedral with a symmetry of T=13 and are formed by
260 trimers of the protein VP2 (37 kDa) reinforced on its internal side by the
structural protein VP3 (29 kDa). In the normal assembly of the virion, the protein
components of the viral capsid result from proteolysis of the precursor
polypeptide pVP2-VP4-VP3 (109 kDa) to release the VP2 precursor of 512
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amino acids (pVP2s12), VP4 and VP3. The subsequent removal of amino acids
in the carboxyl terminal of pVP2s¢2 gives rise to the mature form of VP2 of 441
amino acids (VP2444) present in the virion [Da Costa B. et al. J. Virology (2002)
76(5):2393-2402]. The VP2 found in different strains of IBDV presents a protein
sequence homology of more than 80%. The VP2 of other Birnaviridae share
with IBDV protein sequence homologies of about 40% in the case of aquatic
Birnavirus and 30% in Drosophila Birnavirus [Coulibaly F. et al. (2005) Cell
25,120(6):761-772].

The expression of the precursor polypeptide pVP2-VP4-VP3 of IBDV in
eukaryotic cells results in the formation of icosahedral VLP with symmetry
T=13, identical to the native capsids of IBDV [Martinez-Torrecuadrada JL. et al.
(2001) J. Virology 75(22):10815-10828]. At the same time, the expression of
VP2 in eukaryotic cells in the absence of other proteins of IBDV results in the
formation of icosahedral VLP with symmetry T=1 smaller than those comprising
the IBDV [Martinez-Torrecuadrada JL. et al. (2003) Vaccine 21(17-18):1952-
1960]. This has been used in the design and expression of chimeric VLP that
incorporate the BT antigen of foot and mouth disease in VLP T=1 based on
fusions in the carboxyl terminus of VP2 [W02007009673].

The capacity of fusions or insertions of VP2 to form VLP T=1 efficiently In
a eukaryotic expression system depends to a great extent on the length of the
VP2 [W02005105834; Saugar |. et al. (2005) Structure 13(7):1007-1117], on
the place of insertion of these inserts in the VP2 sequence, and on the
sequence of the inserts introduced in VP2 [Rémond M. et al (2009) Vaccine.
27(1):93-8]. However, the capacity of the obtained chimeric VLP to induce a
suitable immune response in an animal model is unpredictable.

DESCRIPTION OF THE INVENTION

In the design of therapeutic vaccines against HPV it would be desirable
to have a HPV antigen presentation system that generated a specific and
effective cellular immune response. The present invention combines sequences
of VP2 of IBDV and of E7 of HPV with a view to obtaining an effective
therapeutic vaccine for the treatment of tumours induced by HPV. It is not

obvious which sequences of E7 or VP2 may be ideal in the generation of the
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vaccine, nor the ideal place of fusion or insertion of E7 with VP2. For this
reason, in the present invention a search process is carried out of chimeric VLP
T=1 based on fusions and insertions of E7 in VP2 of IBDV resulting in the
selection of the most effective chimeric VLP in the treatment of lesions caused
by HPV.

The object of the invention is to provide a vaccine that is effective in the
treatment of neoplasias caused by the human papillomavirus. The therapeutic
vaccines of the present invention consist of chimeric virus-like particles formed
on the basis of fusions and insertions of sequences of the E7 protein of human
HPV and sequences of VP2 of the infectious bursal disease virus. The search
and selection process carried out results in viral-like particles based on fusions
and insertions of E7a1.44 of HPV with VP245, of IBDV with greater antitumoral
efficacy and object of the present invention.

The present invention relates to chimeric virus-like particles (VLP) based
on birnavirus VP2 that incorporate sequences of HPV oncogenes. The fusion or
insertion of sequences not related to birnavirus in VP2 often results In
modifications of the three-dimensional structure of the protein which negatively
affect its capacity to self-assemble and form virus-like capsids in an efficient
manner. This negative effect not only depends on the insertion point, but also
on the amino acid sequence and length of the insert. Therefore it is not obvious
a priori which insertion points and inserted amino acid sequences resuit in an
efficient formation of chimeric VLP. At the same time, the formation of VLP that
incorporate oncogenic sequences of HPV is not a sufficient condition to
generate an efficient therapeutic vaccine against tumours, this depends on the
final arrangement of the E7 antigens on the formed chimeric VLP.

The chimeric VLP of the present invention are obtained from a selection
process wherein optimum sequences of E7 for the formation of VLP are
identified and the places of fusion or insertion in VP2 that give rise to chimeric
VLP of greater efficacy in the treatment of tumours expressing oncogenic
proteins E6 and E7 of HPV-16.

In the first place, as described without limitation in Example 1, fusions

are evaluated of truncated sequences of E7 to the carboxyl terminal end of
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sequences of VP2 truncated at the carboxyl terminus. Among others, fusions of
sequences of E7 are evaluated wherein amino acids 1 to 35 have been
eliminated (E7a1-35) [SEQ ID NO: 3] to the carboxyl end of the VP2 truncated at
the carboxyl end starting from amino acid 452 (VP2452) [SEQ ID NO: 4]. In order
to improve the expression, various fusions are also evaluated of E7,4.35 t0 the
carboxyl terminus of VP2441 , VP2443 , VP2446 VP2449 and VP245, resuiting from
the elimination of amino acids from the carboxyl terminal end of VP2452 . NO
case exceeds the efficiency in the production of chimeric VLP of the fusions
VP2450-E741-35 [SEQ ID NO: 5]. In order to select the sequences of E7 that fused
to the carboxyl terminal end of VP2 give rise to a greater expression, fusions
are evaluated to the carboxyl terminal end of VP245, of the following truncated
E7 sequences: E7p1-40, E7a1-41 , E7a1.44 . The fusion of truncated E7 E7a144
[SEQ ID NO: 6] with the Arginine (R) of the carboxyl terminal end of VP24s;
ISEQ ID NO: 4] results in a construction VP2455-E751.44 [SEQ ID NO: 7] with an
efficiency in the production of chimeric VLP superior to others evaluated. At the
same time, VLP with the amino acid sequence VP2452-E7p1-44 prove to be
effective in the elimination of tumours that express proteins E6 and E7 of HPV-
16 in animal models and represent a preferred embodiment of the present
invention. Therefore, the present invention incorporates chimeric virus-like
particles based on sequences of E7 of HPV-16 from which amino acids 1 to 44
have been eliminated (E7a1.44), fused to the carboxyl terminal end of VP2
truncated in the carboxyl end from amino acid 452 (VP24s5;). It is contemplated
that these fusions may contain variations or insertions in their amino acid
sequence of 7, and up to 10 amino acids, in particular in the points of fusion
between VP2,5, and E7a1.44 and as a result of the use of cloning sequences.

In second place, and as described without limitation in Example 2,
random insertions are evaluated of sequences of E7 in HPV-16 wherein amino
acids 1 to 44 have been eliminated (E7x144) [SEQ ID NO: 6] in different points
in the sequence of VP2 truncated in the carboxyl end from amino acid 452
(VP2452) [SEQ ID NO: 4]. The process of identification and selection of the
candidates with a greater potential for efficacy in the treatment of subcutaneous

tumours expressing oncogenic proteins E6 and E7 of HPV-16 is carried out
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according to the following steps. In a first step, random insertions are made of
E7A1.44 in VP2 and all those constructions that do not result in the efficient
expression of VLP are eliminated. In a second step, a selection process is
carried out of the candidates that produce VLP efficiently and that prove to
contain the sequences of E7a1.44. In a third step, those chimeric VLP that
generate a significant cellular immune response against protein E7 are
selected. In a fourth step, the capacity of the selected chimeric VLP to provide
an antitumoral effect in an animal model of neoplasia associated to the
expression of E7 is evaluated. As a final result of the process, three chimeric
VLP are selected which represent a preferred embodiment of the present
invention, which are VP2452(L43s TE7 a1-44 TK437) wWherein the sequence of E7a144
is inserted between Leucine (L) in position 436 and Lysine (K) in position 437 of
VP2450 [SEQ ID NO: 8]; VP2452(A4411E71-441F442) Wherein the sequence of
E7a1.44 is inserted between Alanine (A) in position 441 and Phenylalanine (F) in
position 442 of VP25, [SEQ ID NO: 9]; and VP2452(A450 'E7 a1-44 N4s1) wherein
the sequence of E7x1.44 is inserted between Alanine (A) in position 450 and
Isoleucine (1) in position 451 of VP24s5, [SEQ ID NO: 10].

Therefore, the present invention describes chimeric virus-like particles
based on sequences of E7 of HPV-16 wherein amino acids 1 to 44 have been
eliminated (E7a1-44), inserted in the VP2 truncated in the carboxyl end from
amino acid 452 (VP24s2) in positions Laag K437 , Asat1tFasa2 and Assotlsass. It is
contemplated that these fusions contain variations or insertions in their
sequence of up to 15 amino acids at each end of the insert, in particular in the
fusion points between VP245, and E7x144 , @s a result of the use of cloning
sequences and as a result of the addition of linkers that increase the flexibility of
the Insertion.

A first aspect of the invention relates to a chimeric virus-like particle
(VLP) (hereinafter, chimeric VLP of the invention) formed by a fusion protein
(hereinafter, fusion protein of the invention) which comprises:

- a subunit (a) consisting of the protein pVP2 of Birnavirus or a fragment
thereof, and
- a subunit (b) consisting of early expression protein E6 or E7 of the
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human papillomavirus (HPV) or a fragment thereof.

The term “virus-like capsid”, “virus-like particle” or “VLP" refers to a three-
dimensional nanometric structure formed by the assembly of structural viral
proteins. In the present invention, the structural viral proteins forming the virus-
like particle of the invention are fusion proteins that comprise the pVP2 protein
of a Birnavirus or a fragment thereof and an early expression protein E6 or E7
of HPV or a fragment thereof.

The term Birnavirus refers to any virus of the Birnaviridae family,
belonging to Group Il according to the Baltimore Classification. The
Birnaviridae family consists of the Avibirnavirus, Aquabirnavirus, Blosnavirus
and Entomobirnavirus genuses. Preferably, the Birnavirus is of the Avibirnavirus
family, and more preferably, is the Infectious Bursal Disease Virus (IBDV).

The term “infectious bursal disease virus” or “IBDV” refers to viruses of
the Birnaviridae family and Avibirnavirus genus causing Gumboro disease In
chicken and belonging to Group Il of the Baltimore Classification. Preferably,
the |BDV is the Soroa strain IBDV.

The Birnavirus genome is formed by two linear molecules of double-
stranded RNA referred to as A and B, encoding 5 proteins. Gene VP2,
embedded in segment A, encodes the precursor protein of protein VP2 (pVP2).
The elimination of the carboxyl terminal end of pVP2 by proteolysis gives rise to
the mature VP2 protein, which is the main protein the viral capsid consists of.

The term “pVP2 protein” or “pVP2", as used in the present description,
refers to the precursor protein of VP2 encoded by the gene VP2 of a Birnavirus.
Preferably, this term refers to the precursor protein of VP2 of 512 amino acids
(VP2s42) of IBDV.

The amino acid sequence of protein VP25¢2 of the Soroa strain IBDV
(SEQ ID NO: 1) is deposited with access number AAD30136 in the NCBI
(National Center for Biotechnology Information). Protein VP2s,2 in other strains
of IBDV presents at least 80% identity with SEQ ID NO: 1. Theretfore, in a
preferred embodiment, the term pVP2 refers to a protein having at least 80%,
85%, 90%, 95%, 98% or 99% identity, with SEQ ID NO: 1. In a more preferred
embodiment, the term pVP2 refers to SEQ ID NO: 1.
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The term “identity” as used in this description, refers to the proportion of
identical amino acids between two compared sequences of amino acids. The
percentage of identity that exists between two amino acid sequences can be
easily identified by a person skilled in the art, for example using a suitable
sequence comparison software.

The term "fragment", as used in the present description, refers to a
portion of the pVP2 protein, of at least 400 amino acids, capable of forming
VLP. This term therefore includes the mature VP2 protein of 441 amino acids of
IBDV (VP2441).

In a preferred embodiment of this first aspect of the invention, subunit (a)
of the fusion protein that forms the chimeric VLP of the invention consists of a
protein having at least 80% identity with SEQ ID NO: 1 or a fragment thereof. In
a more preferred embodiment, subunit (a) of the fusion protein that forms the
chimeric VLP of the invention consists of a protein having SEQ ID NO: 1 or a
fragment thereof. In an even more preferred embodiment, subunit (a) of the
fusion protein that forms the chimeric VLP of the invention consists of SEQ |D
NO: 4.

The term “human papillomavirus” or “HPV” refers to a virus of the
Papillomaviridae family belonging to Group | of the Baltimore Classification, and
therefore having a double-stranded DNA genome. More than 100 different types
of human papillomavirus are known. The strains of HPV most frequently
associated to intrauterine neoplasia are HPV-16 and HPV-18. The oncogenic
effect of these HPV is mediated by the integration of part of its genome, In
particular early expression genes E6 and E7, in the genome of the infected
basal epithelial cells.

The term “early expression protein E6”, “early expression oncogene E6”
or “E6” refers to the protein encoded by the early expression gene E6 of a HPV,
and more preferably, of HPV-16 or HPV-18.

The term “early expression protein E7”, “early expression oncogene E7°
or “E7” refers to a protein encoded by the early expression gene E7 of a HPV,
and more preferably, of HPV-16 or HPV-18.

The prototypical sequence of amino acids of the early expression protein
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E7 of HPV type 16 [SEQ ID NO: 2] is deposited with access number
NP 041326 in the NCBI. Therefore, in a preferred embodiment, the term early
expression protein E7 refers to a protein having at least 30%, 40%, 50%, 70%,
90%, 95%, 98%, or 99% identity, with SEQ ID NO: 2. In a more preferred
embodiment, the term early expression protein E7 of HPV refers to SEQ ID NO:
2.

In another preferred embodiment of this first aspect of the invention,
subunit (b) of the fusion protein that forms the chimeric VLP of the invention
consists of a protein having at least 30% identity with SEQ ID NO: 2 or a
fragment thereof. In a more preferred embodiment, subunit (b) of the fusion
protein that forms the chimeric VLP of the invention consists of a protein with
SEQ ID NO: 2 or a fragment thereof. In an even more preferred embodiment,
subunit (b) of the fusion protein that forms the chimeric VLP of the invention
consists of SEQ ID NO: 6.

In another preferred embodiment of this first aspect of the invention,
subunit (b) is joined to the carboxyl-terminal end of the subunit (a) in order to
give rise to the fusion protein that forms the chimeric VLP of the invention. This
link may be direct or by means of a linker polypeptide.

The term “linker polypeptide” or “linker” as used in the present
description, refers to a short amino acid sequence, preferably, of up to 20 amino
acids in length, more preferably, of up to 15 amino acids in length, and even
more preferably, of up to 10 amino acids in length, situated between the
sequence of amino acids of subunit (b) and the sequence of amino acids of
subunit (a).

When the link is direct between subunits (a) and (b) of the fusion protein
that forms the VLP of the invention, the amino acid of the carboxyl-terminal end
of subunit (a) forms a peptide bond with the amino acid of the amino-terminal
end of subunit (b), as shown in the following diagram:

Nt-(a)-Ct ~ Nt-(b)-Ct

wherein (a) represents subunit (a), (b) represents subunit (b), Nt

represents the amino-terminal end of the corresponding subunit, Ct represents

the carboxyl-terminal end of the corresponding subunit, and ~ represents a
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peptide bond between the different units of the fusion protein of the invention.

When the bond between subunits (a) and (b) of the fusion protein that
forms the VLP of the invention is carried out using a polypeptide linker, the
amino acid of the carboxyl-terminal end of subunit (a) forms a peptide bond with
the amino acid of the amino-terminal end of the linker peptide (p) and the amino
acid of the carboxyl-terminal end of the linker polypeptide forms a bond with the
amino acid of the amino-terminal end of subunit (b), as shown in the following
diagram:

Nt-(a)-Ct ~ Nt-(p)-Ct ~ Nt-(b)-Ct

wherein (a) represents subunit (a), (b) represents subunit (b), (p)
represents the linker polypeptide, Nt represents the amino-terminal end of the
corresponding subunit or linker polypeptide, Ct represents the carboxyl-terminal
end of the corresponding subunit or linker polypeptide, and ~ represents a
peptide bond between the different units of the fusion protein of the invention.

In another preferred embodiment, subunit (b) is inserted in subunit (a) to
give rise to the fusion protein that forms the chimeric VLP of the invention. The
expression “inserted” means that the sequence of amino acids of subunit (a) is
divided into two parts (a1) and (a2), between which the sequence of amino
acids of subunit (b) is found.

When the bond between subunits (a) and (b) of the fusion protein that
forms the VLP of the invention is direct, the amino acid of the carboxyl-terminal
end of part (a1) of subunit (a) forms a peptide bond with the amino acid of the
amino-terminal end of subunit (b) and the amino acid of the carboxyl-terminal
end of subunit (b) forms a peptide bond with the amino acid of the amino-
terminal end of part (a2) of subunit (a), as shown in the following diagram:

Nt-(a1) -Ct ~ Nt-(b)-Ct ~ Nt-(a2) -Ct

wherein (a1) represents a part of subunit (a), (a2) represents the other
part of subunit (a), (b) represents subunit (b), Nt represents the amino-terminai
end of the corresponding subunit, Ct represents the carboxyl-terminal end of the
corresponding subunit, and ~ represents a peptide bond between the different
units of the fusion protein of the invention.

When the bond between subunits (a) and (b) of the fusion protein that
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forms the VLP of the invention is achieved by means of two linker polypeptides,
which may be identical or different, the amino acid of the carboxyl-terminal end
of part (a1) of subunit (a) forms a peptide bond with the amino acid of the
amino-terminal end of a first linker polypeptide (p1), the amino acid of the
carboxyl-terminal end of this first linker polypeptide (p1) forms a bond with the
amino acid of the amino-terminal end of subunit (b), the amino acid of the
carboxyl-terminal end of subunit (b) forms a peptide bond with the amino acid of
the amino-terminal end of a second linker polypeptide (p2) and the amino acid
of the carboxyl-terminal end of this second linker polypeptide (p2) forms a bond
with the amino acid of the amino-terminal end of part (a2) of subunit (a), as
shown in the following diagram:
Nt-(a1) -Ct ~ Nt-(p1)-Ct ~ Nt-(b)-Ct ~ Nt-(p2)-Ct ~ Nt-(a2) -Ct

wherein (a1) represents a part of subunit (a), (a2) represents the other
part of subunit (a), (b) represents subunit (b), (p1) represents a first linker
polypeptide, (p2) represents a second linker polypeptide, Nt represents the
amino-terminal end of the corresponding subunit or linker polypeptide, Ct
represents the carboxyl-terminal end of the corresponding subunit or linker
polypeptide, and ~ represents a peptide bond between the different units of the
fusion protein of the invention.

When the bond between subunits (a) and (b) of the fusion protein that
forms the VLP of the invention is achieved by means of one linker polypeptide
only, subunit (b) is linked at one end with one of the parts of subunit (a) directly
by means of a peptide bond, and at the other end is linked with the other part of
subunit (a) by means of a linker polypeptide, as shown in the following
diagrams:

Nt-(a1) -Ct ~ Nt-(b)-Ct ~ Nt-(p)-Ct ~ Nt-(a2) -Ct
Nt-(a1) -Ct ~ Nt-(p)-Ct ~ Nt-(b)-Ct ~ Nt-(a2) —-Ct

wherein (a1) represents one part of subunit (a), (a2) represents the other
part of subunit (a), (b) represents subunit (b), (p) represents a linker
polypeptide, Nt represents the amino-terminal end of the corresponding subunit
or linker polypeptide, Ct represents the carboxyl-terminal end of the

corresponding subunit or linker polypeptide, and ~ represents a peptide bond
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between the different units of the fusion protein of the invention .

A preferred embodiment of this first aspect of the invention, relates to a
chimeric VLP formed by a fusion protein comprising SEQ ID NO: 4 and SEQ ID
NO: 6. A more preferred embodiment, relates to a chimeric VLP formed by a
fusion protein comprising SEQ ID NO: 4 and SEQ ID NO: 6, and additionally
comprising one or more linker polypeptides of up to 15 amino acids.

A more preferred embodiment of this first aspect of the invention, relates
to a chimeric VLP formed by a fusion protein comprising SEQ ID NO: 4 and
SEQ ID NO: 6, wherein SEQ ID NO: 6 is linked to the carboxyl-terminal end of
SEQ ID NO: 4 by means of a peptide bond between the Arginine of position 452
(R4s2) of SEQ ID NO: 4 and the Alanine of position 1 (A1) of SEQ ID NO: 6.

Another more preferred embodiment of this first aspect of the invention,
relates to a chimeric VLP formed by a fusion protein comprising SEQ ID NO: 4
and SEQ ID NO: 6, wherein SEQ ID NO: 6 is linked to the carboxyl end of SEQ
ID NO: 4, and additionally comprising a linker polypeptide of up to 10 amino
acids between SEQ ID NO: 4 and SEQ ID NO: 6. This linker polypeptide is
linked by its amino-terminal end with the Arginine of position 452 (R4s2) of SEQ
ID NO: 4 and by its carboxyl-terminal end with the Alanine of position 1 (A1) of
SEQ ID NO: 6. An even more preferred embodiment, relates to a chimeric VLP
formed by the fusion protein whose amino acid sequence is SEQ ID NO: 7.

Another preferred embodiment of this first aspect of the invention, relates
to a chimeric VLP formed by a fusion protein comprising SEQ ID NO: 4 and
SEQ ID NO: 6, wherein SEQ ID NO: 6 is inserted in SEQ ID NO: 4. As a result
of the insertion of SEQ ID NO: 6, SEQ ID NO: 4 is divided into two parts. A
more preferred embodiment, relates to a chimeric VLP formed by a fusion
protein comprising SEQ ID NO: 4 and SEQ ID NO: 6, wherein SEQ ID NO: 6 is
inserted in SEQ ID NO: 4, and additionally comprising one or two linker
polypeptides of up to 15 amino acids each one situated between the amino acid
sequence of SEQ ID NO: 6 and the amino acid sequences of the two parts into
which SEQ ID NO: 4 is divided as a result of the insertion.

A preferred embodiment of this first aspect of the invention, relates to a

chimeric VLP formed by a fusion protein comprising SEQ ID NO: 4 and SEQ ID
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NO: 6, wherein SEQ ID NO: 6 is inserted between the Leucine of position 436
(L43s) and the Lysine of position 437 (K437) of SEQ ID NO: 4. A more preferred
embodiment, relates to a chimeric VLP formed by a fusion protein comprising
SEQ ID NO: 4 and SEQ ID NO: 6, wherein SEQ ID NO: 6 Is inserted between
amino acids L43s and Kus7 of SEQ ID NO: 4, and additionally comprising one or
two linker polypeptides of up to 15 amino acids each one situated between the
amino acid sequence of SEQ ID NO: 6 and the amino acid sequences of the
two parts into which SEQ ID NO: 4 is divided as a result of the insertion. An
even more preferred embodiment of this first aspect of the invention, relates to
a chimeric VLP formed by a fusion protein whose amino acid sequence is SEQ
ID NO: 8.

A preferred embodiment, relates to a chimeric VLLP formed by a fusion
protein comprising SEQ ID NO: 4 and SEQ ID NO: 6, wherein SEQ ID NO: 6 is
inserted between the Alanine of position 441 (A441) and the Phenylalanine of
position 442 (F442) of SEQ ID NO: 4. A more preferred embodiment, relates to a
chimeric VLP formed by a fusion protein comprising SEQ ID NO: 4 and SEQ ID
NO: 6, wherein SEQ ID NO: 6 is inserted between amino acids As41 and Fa42 Of
SEQ ID NO: 4, and additionally comprising one or two linker polypeptides of up
to 15 amino acids each one situated between the amino acid sequence of SEQ
ID NO: 6 and the amino acid sequences of the two parts into which SEQ ID NO:
4 is divided as a result of the insertion. An even more preferred embodiment of
this first aspect of the invention, relates to a chimeric VLP formed by a fusion
protein whose amino acid sequence is SEQ ID NO: 9.

A preferred embodiment, relates to a chimeric VLP formed by a fusion
protein comprising SEQ ID NO: 4 and SEQ ID NO: 6, wherein SEQ ID NO: 6 is
inserted between the Alanine of position 450 (As4s0) and the Isoleucine of
position 451 (l451) of SEQ ID NO: 4. A more preferred embodiment, relates to a
chimeric VLP formed by a fusion protein comprising SEQ ID NO: 4 and SEQ |D
NO: 6, wherein SEQ ID NO: 6 is inserted between amino acids Asso and lss¢ of
SEQ ID NO: 4, and additionally comprising one or two linker polypeptides of up
to 15 amino acids each one situated between the amino acid sequence of SEQ

ID NO: 6 and the amino acid sequences of the two parts into which SEQ ID NO:
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4 is divided as a result of the insertion. An even more preferred embodiment of
this first aspect of the invention, relates to a chimeric VLP formed by a fusion
protein whose amino acid sequence is SEQ ID NO: 10.

A second aspect of the invention relates to a process for obtaining the
chimeric VLP of the invention, which comprises cultivating a host cell that
comprises a nucleic acid encoding the fusion protein of the invention, under
conditions that allow the expression of said fusion proteins, and the assembly of
said fusion proteins to form chimeric VLP.

A preferred embodiment of this second aspect of the invention, relates to
a process for obtaining the chimeric VLP particles of the invention, which
comprises cultivating a host cell that comprises a nucleic acid encoding the
fusion protein of the invention, under conditions that allow the expression of
said fusion proteins, and the assembly of said fusion proteins to form chimeric
VLP, and which additionally comprises isolating or purifying said chimeric VLP.

The fusion protein of the invention may be obtained by means of
recombinant or genetic engineering techniques well known in the state of the
art. The sequence of a nucleic acid that encodes the fusion protein of the
invention (hereinafter, nucleic acid of the invention) may be obtained by means
of any synthetic or biological method, for example, but without limitation, the
restriction of suitable sequences or the amplification of the DNA sequence of
the protein of interest through polymerase chain reaction (PCR).

The nucleic acid may be comprised in a gene construct (hereinafter gene
construct of the invention). This gene construct of the invention may comprise
the nucleic acid of the invention, operatively linked to a sequence regulating the
expression of the nucleic acid of the invention, thereby constituting an
expression cassetlte.

“Operatively linked” refers to a juxtaposition wherein the components
thus described have a relationship that allows them to function in the intended
manner. A control sequence “operatively linked” to the nucleic acid, is linked
thereto in such a way that the expression of the sequence encoding the nucleic
acid is achieved.

“Control sequence” refers to sequences of nucleic acids that affect the
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expression of the sequences whereto they are linked. Said control sequences
include, for example, but without limitation, promoters, initiation signals,
termination signals, intensifiers or silencers. The term “control sequences” is
intended to include those components whose presence is necessary for the
expression, and may also include additional components whose presence Is
advantageous.

In a preferred embodiment, the gene construct of the invention
comprises the nucleic acid of the invention operatively linked to, at least, one
control sequence of the list that comprises:

a. apromoter,

b. a transcription initiation signal,

c. a transcription termination signal,
d. a polyadenylation signal, or

e. a transcriptional activator.

As used herein, the term “promoter” refers to a region of DNA situated in
position 5’ in respect of the transcription initiation point and that is necessary or
facilitates said transcription in an animal cell. This term includes, for example,
but without limitation, constituent promoters, specific promoters of the cell type
or of tissue or inducible or repressible promoters.

The control sequences depend on the origin of the cell wherein the
nucleic acid of the invention is to be expressed. In a particular embodiment, the
expression control sequences linked to the nucleic acid of the invention are
functional in prokaryote organisms and cells, for example, but without limitation,
bacteria; whereas in another particular embodiment, said expression control
sequences are functional in eukaryote organisms and cells, for example, yeast
cells or animal cells.

The nucleic acid of the invention or gene construct of the invention may
be introduced inside a cell, referred to as a host cell, for example, but without
limitation, in the form of a naked nucleic acid or by means of a vector.

The term “cloning vector”, as used in the present description, refers to a
molecule of DNA wherein another fragment of DNA may be integrated, without

it losing the capacity to self-replicate. Examples of expression vectors are, but
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without limitation, plasmids, cosmids, DNA phages or artificial yeast
chromosomes.

The term “expression vector”, as used in the present description, refers
to a cloning vector suitable for expressing a nucleic acid that has been cloned
therein after being introduced in a cell, referred to as the host cell. Said nucleic
acid is, in general, operatively linked to control sequences.

The term “host cell’, as used in the present description, refers to any
prokaryote or eukaryote organism that is the receiver of an expression vector,
cloning vector or any other DNA molecule.

A third aspect of the invention relates to the use of the chimeric VLP of
the invention in the production of a drug, preferably, a vaccine.

A fourth aspect of the invention relates to the use of the chimeric VLP of
the invention in the production of a drug for the prevention and/or treatment of
an infection caused by HPV, preferably, HPV-16.

A fifth aspect of the invention relates to the use of the chimeric VLP of
the invention in the production of a drug for the prevention and/or treatment of a
neoplasia caused by the human papillomavirus.

A sixth aspect of the invention relates to a pharmaceutical composition
(hereinafter, pharmaceutical composition of the invention) comprising the
chimeric VLP of the invention.

A preferred embodiment of this sixth aspect of the invention relates 10 a
pharmaceutical composition comprising the chimeric VLP of the invention and
additionally comprising a pharmaceutically acceptable vehicle. Another
oreferred embodiment of this sixth aspect of the invention relates to a
pharmaceutical composition comprising the chimeric VLP of the invention and
additionally comprising another active principle. A more preferred embodiment
of this sixth aspect of the invention relates to a pharmaceutical composition
comprising the chimeric VLP of the invention, a pharmaceutically acceptable
vehicle and additionally another active principle.

As used herein, the terms “active principle”, “active substance’,
“oharmaceutically active substance”, “active ingredient”, or “pharmaceutically

active ingredient” refer to any component which potentially provides
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pharmacological activity or other different effect on the diagnosis, cure,
mitigation, treatment or prevention of a disease, or which affects the structure or
function of the body of humans or other animals.

The pharmaceutical composition of the invention may be formulated for
administration through a variety of forms known in the state of the art. Such
formulations may be administered to an animal, and more preferably, to a
mammal, including a human being, through a variety of routes, including, but
without limitation, parenteral, intraperitoneal, intravenous, intradermal, epidural,
intraspinal, intrastromal, intra-articular, intrasynovial, intrathecal, intralesional,
intra-arterial, intracapsular, intracardiac, intramuscular, intranasal, intracraneal,
subcutaneous, intraorbital, intracapsular or topical.

The dose for obtaining a therapeutically effective amount will depend on
a variety of factors, such as, for example, age, weight, sex or tolerance of the
animal. In the sense used in this description, the expression “therapeutically
effective amount” refers to the amount of the pharmaceutically effective
composition that produces the required effect and, In general, will be
determined, among other causes, by the characteristics inherent to the
pharmaceutical composition in question and the therapeutic effect to be
achieved. The pharmaceutically acceptable "adjuvants™ or “vehicles” that may
be used in such composition are the vehicles known in the state of the art.

Throughout the description and the claims the word “comprises” and its
variants are not intended to exclude other technical characteristics, additives,
components or steps. For persons skilled in the art, other objects, advantages
and characteristics of the invention will be inferred in part from the description
and in part from the practice of the invention. The following figures and
examples are provided by way of illustration, and are not intended to limit the

present invention.
DESCRIPTION OF THE DRAWINGS

Fiqure 1. Shows the microphotographs by scanning electron microscope
of the virus-like particles resulting from the expression fusion proteins a) VP24s,-
E7p144 ; b) VP24so(Laze "E7a1-24Ks3z7) 5 €) VP2452(Ass11E7 7144 F4s2) ;0]
VP2450:(Ass0 'E7 a1-24 Nasq1). The dotted line in each photograph (left, bottom)



10

15

20

29

30

CA 02779645 2012-05-02

18

corresponds to the amplified part. The scale bars appear on each photograph.
Figure 2. C57BL/6-TgN(HLA-A2.1) mice after 25 days of being
xenotransplanted subcutaneously with TC1/A2 cells: (A) mice vaccine with
control VLP (VP24s2) showing tumours of approximately 1 cm®; (B) necropsy of
mouse vaccinated with control VLP (VP24s2); (C) representative photo of mice

vaccinated with VLP containing sequences of E7 and that are tumour-free.
EXAMPLES

The following specific examples provided in this patent document serve
to illustrate the nature of the present invention. These examples are included for
solely illustrative purposes and are not to be interpreted as limitations of the
iInvention claimed herein. Therefore, the examples described below illustrate the

iInvention without limiting the field of application thereof.

EXAMPLE 1. SEARCH AND SELECTION, BY MEANS OF A SUCCESSIVE

SCREENING PROCESS, OF CHIMERIC VLP BASED ON CARBOXYL-
TERMINALS FUSIONS OF VP2 WITH E7 SEQUENCES OF HPV.

With a view to identifying chimeric virus-like particles effective in the

treatment of neoplasias caused by HPV different constructs are generated
iIncorporating the VP2 protein truncated in different points of its carboxyl
terminal and different E7 sequences of HPV. To this effect, DNA constructs are
produced in the expression plasmid pESC-URA (StratageneTM) which express
VP2 truncated in their carboxyl end in the amino acids in position 452, 450, 449,

446, 443, 441 (VP24s2 , VP2450 , VP2449 , VP2445 , VP2443 , VP244¢), and
incorporating restriction sites Not/ and Hindlll in the carboxyl terminal end

PESC-URA/ VP2452 Notl-Hindlll; pESC-URA/ VP2450 Notl-Hindlll;, pESC-URA/
VP2449 Notl-Hindlll, pESC-URA/ VP2446 Notl-Hindlll; pESC-URA/ VP2443 Notl-
Hindlll; and pESC-URA/ VP2441 Notl-Hindlll. Following the Notl - Hindlll double
digestion in the carboxyl terminal of the different VP2 a sequence is cloned
expressing the E7 protein of HPV-16 wherein the amino acid sequences 1 to 35
(E7A4.35) associated to its oncogenicity have been eliminated. As shown iIn
Table 1, the capacity to produce VLP in Saccharomyces cerevisiae Y449
transformed with the different resulting expression vectors, pESC-URA/ VP24s2-
E7A4.35 to express fusion protein VP245,-E7A4.35 [SEQ ID NO: 5], pESC-URA/
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VP2450-E7A41.35 10 express fusion protein VP2450-E7A1.35 [SEQ ID NO: 11],
PESC-URA/ VP2449-E7A1.35 to express fusion protein VP2449-E7A1.35 [SEQ ID
NO: 12], pESC-URA/ VP2446-E7A4.35 t0 express fusion protein VP2446-E7A1.35
[ISEQ ID NO: 13], pESC-URA/ VP2443-E7A1.35 to express fusion protein VP2443-
E7A+135 [SEQ ID NO: 14], pESC-URA/ VP2441-E7A .35 t0 express fusion protein
VP2441-E7A1.35 [SEQ ID NO: 15}, is compared to that of pESC-URA/ VP245, to
express protein VP245; [SEQ ID NO: 4]. As part of the same experiment fusions
are also generated to the carboxyl terminal of VP245, based on the double
digestion Notl - Hindlll of pESC-URA/ VP245, Notl-Hindlll and cloning of
different sequences expressing the E7 protein of HPV-16 wherein amino acids
1-40 (E7a1-40) have been eliminated to express the fusion protein VP24s5,-E7A 140
[SEQ ID NO: 16], amino acids 1-41 (HPV16 E7a141) to express the fusion
protein VP245-E7A141 [SEQ ID NO: 17], and amino acids 1-44 (HPV16 E741.44)
to express the fusion protein VP245,-E7A1.44 [SEQ ID NO: 7]. As shown in Table
1, the capacity to produce VLP in S. cerevisiae Y449 transformed with the
different resulting expression vectors, pESC-URA/ VP2450-E7 p1-40, PESC-URA/
VP2452-E7p1-41 Or pPESC-URA/ VP2452-E7p1-44 is compared to that of pESC-URA/
VP2452 Notl-Hindlll. The capacity of the different constructs to produce VLP is
determined by means of a conformational antibody that recognises the three-
dimensional structure of the VLP and subsequently analysed by means of an
ELISA-type immunoassay. At the same time, the production and purification of
the chimeric VLP and control VLP for morphological studies and in vivo tests is
carried out following a standard process for yeast culture during 48 hours,
concentration through centrifugation, mechanical lysing, precipitation In
ammonium sulphate, purification by means of gel filtration chromatography. In
all cases, the presence of VLP is confirmed by electron microscope and the
chimeric VLP produced are quantified through protein electrophoresis in
polyacrylamide gel under denaturing conditions.

The performance in the production of the chimeric VLP evaluated is set
out in Table 1. As the next step in the selection process, the capacity to induce
an immune response is evaluated of the VLP resulting from the expression of

the constructs with VLP production efficiency comparable or superior to the
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control VP2452-E7a1-35. In summary, the ELISPOT assay is aimed at measuring
the induction of response in cytotoxic T lymphocytes (CTL) in a mouse model.
To this effect transgenic C57BL/6-TgN(HLA-A2.1)1Enge/d mice are used,
humanized with the histocompatibility complex HLA-A2. The mice are
inoculated in groups of eight by means of subcutaneous administration of the
chimeric VLP on days 0 and 14. On day 20 the animals are sacrificed, spleens
are removed and splenocytes are isolated. Once isolated, the splenocytes are
cultivated in the presence of IL-2 and subsequently stimulated with specific

peptides (T epitopes) of protein E7 of HPV-16 during 24 hours. Following

incubation, the expression of IFN-y of the clones of CTLs is evaluated as a

measurement of their activation. The capacity to induce a specific CTL
response against T epitopes of protein E7 of HPV-16 of each one of the
evaluated chimeric VLP is set out in Table 1 wherein the number of “+"
represents the intensity of the induced response.

As a final step in the selection process, the antitumoral activity of the
chimeric VLP with the highest values of performance in VLP production and the
best results in the ELISPOT assay is evaluated. To evaluate the antitumoral
activity a cell and animal model of tumour induction is used wherein 5x10° cells
TC1/A2 [according to Peng S. et al. Gene Therapy, 13:257-265 (2006)] over-
expressing tumoral antigens E6 and E7 of HPV-16 are implanted
subcutaneously in C57BL/6-TgN(HLA-A2.1)1Enge/J mice humanized with the
histocompatibility complex HLA-A2. The animals are divided into groups of ten
and each animal is administered 50 ug of the chimeric or control VLP through
subcutaneous administration on days 5 and 12 after induction of the tumour.
Periodically, tumour development is determined and the weight of the animals is
monitored. The animals with tumours having a volume in excess of 1cm® are
sacrificed. The therapeutic effect of the chimeric VLP on tumour model TC1/A2
is set out in Table 1 which shows the percentage of animals that survived 60
days after induction of the tumour.

As a final result of this process, the chimeric VLP is selected containing
construct VP2450-E71-44, Wherein the sequence of truncated E7 E7x1-44 Is fused

to the carboxyl terminal end of VP2 in the Arginine (R) of position 452.
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Table 1
Antitumoral effect
Clone | Identification % VLP ELISPOT
Survival %
1 VP2452-E7 p1-35 20 % +++ 80 %
2 | VP2450-E7 p1-35 16 % ND ND
3 VP2449-E7p1-35 20 % +++ ND
4 | VP2446-E7 p1-35 | 14 % ND | ND
5 | VP2443-E7p1-35 8 % ND ND
6 VP2441-E7 p1-35 16 % ++ ND
7 VP2452-E7 a1-40 25 % +++ ND
8 | VP2452-E7p1-41 | 25 % +++ ND
O | VP2452-E7p1-44 40 % ++++ 100 %
10 | VP25 100 % - 0 %

%VLP: Performance in the production of VLP compared to VP24s52; ND: Not
determined.

EXAMPLE 2: CLONING, SEARCH AND SELECTION, BY MEANS OF A
SUCCESSIVE SCREENING PROCESS, OF CHIMERIC VLP WITH
THERAPEUTIC EFFICACY AGAINST NEOPLASIAS CAUSED BY THE
HUMAN PAPILLOMAVIRUS.

In a first step, the process is carried out of random insertion in the VP2
gene of the sequences encoding non-transforming regions of E7 wherein amino
acids 1 to 44 (E7,1-44) have been deleted. For this a library is prepared of VP2
truncated in the carboxyl end as of amino acid 452 (VP24s2), which contains
random insertions of transposon Mu throughout its sequence. In a next step, the
insert of transposon Mu is replaced by an insert [SEQ ID NO: 18] containing the
kanamycin resistance gene and unique restriction sites Notl and Spel at its
ends. The cloned insert facilitates the incorporation of inserts E7x144 [SEQ 1D
NO: 19] or E7a1.44(linker) [SEQ ID NO: 20] of HPV-16 synthesized to contain
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ends Bsp120l (compatible with Notl) and Spel for cloning in each one of the
three possible reading frames. The fusion of inserts E751.44 O E7a1.44(linker)
generates additional amino acids at the point of fusion between VP245; and
E7ar1-44. The insert E7a144(linker) additionally contains sequences GGGGS
[SEQ ID NO: 21] at the two ends of E7x1.44 that have been introduced in order
to increase the flexibility of insertion (“linkers?).

Following the double digestion of the library with Notl and Spel and the
link in the presence of the fragments with ends Bsp 71201 and Spel of E7p1.44 OF
E7a1-a4(linker), electro-competent cells of E.coli are transformed in order to
obtain a library of VP245, containing random insertions of E7x1.44. The library is
expanded and 10 ug of the DNA obtained from it is used to transform
S.cerevisiae Y449 which is then seeded on Petri dishes containing the medium
YNB/CSM-URA with 2% glucose. The approximately 10,000 clones obtained
are transferred to selection Petri dishes containing galactose. The colonies
obtained from the selection are transferred to PVDF membranes for colony
immunoblot identification of those that express VP2 and E7.

In a second step, a selection process is carried out of the recombinant
yeast clones whose performance in VLP production is effective and which
contain E7x1.44. TO this effect, cultures are prepared in conditions of expression
of fifty clones with the highest signals in the colony immunoblot against VP2 and
E7 and after 48 hours of incubation protein extracts are prepared wherein the
amount of VLP is quantified by means of an ELISA-type assay that incorporates
an antibody which specifically recognises the three-dimensional structure of the
VLP formed by VP2. In this first screening, those constructs are selected with
the highest performances in VLP production. The presence of the complete
sequence of E7a144 and its place of insertion is verified through sequencing of a
DNA extract of each one of the selected clones. As set out in Table 2, in this
way 12 clones are identified expressing VLP of VP245; containing insert E741.44
and having a production performance compared with the control VLP of
(VP2452), of between 6 and 20%.

At the same time, the production and purification of the chimeric VLP and

control VLP for morphological studies and for in vivo tests is carried out
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following a standard yeast culture process during 48 hours, concentration by
means of centrifugation, mechanical lysing, precipitation in ammonium sulphate,
purification by means of gel filtration chromatography. In all cases the presence
of VLP is confirmed through electron microscopy and the chimeric VLP
produced are quantified by means of protein electrophoresis in polyacrylamide
gel under denaturing conditions.

In a third step, the chimeric VLP that generate a significant immune
response against E7 are selected. For this purpose, the capacity to induce an
immune response of the chimeric VLP originated by those constructs having the
highest production performance is evaluated. In summary, the ELISPOT assay
Is aimed at measuring the induction of a cytotoxic T lymphocyte (CTL) response
in @ mouse model. To this effect, transgenic C57BL/6-TgN(HLA-A2.1)1Enge/J
mice are used "humanized” with histocompatibility complex HLA-A2. The mice
are inoculated in groups of eight by subcutaneous administration of the chimeric
VLP on days 0 and 14. On day 20 the animals are sacrificed, spleens are
extracted and splenocytes isolated. Once isolated, the splenocytes are
cultivated in the presence of IL-2 and subsequently stimulated with specific
peptides (T epitopes) of protein E7 of HPV-16 during 24 hours. Following
incubation, the expression of IFN-y of the CTL clones Is evaluated as a
measurement of their activation. The capacity to induce a specific CTL
response against the epitopes of protein E7 of HPV-16 of each one of the
evaluated chimeric VLP is set out in Table 1 wherein the number of “+”
represents the intensity of the induced response.

In a fourth step in the selection process, the antitumoral activity of the

chimeric VLP having the highest VLP production performances and the best

results in the ELISPOT assay is evaluated. For the evaluation of the antitumoral
activity a cell and animal model of tumour induction is used wherein 5x10° cells
TC1/A2 [according to Peng S. et al. Gene Therapy, 13:257-265 (2006)] over-
expressing tumoral antigens E6 and E7 of HPV-16, are implanted
subcutaneously in C57BL/6-TgN(HLA-A2.1)1Enge/dJ mice humanized with
histocompatibility complex HLA-A2. The animals are divided into groups of eight

and each animal is administered 50 ug of the chimeric or control VLP, via
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subcutaneous administration on days 5 and 12 after tumour induction.
Periodically, tumour development is determined and the weight of the animals is
monitored. Animals with tumours of a volume higher than 1cm® are sacrificed.
The therapeutic effect of the chimeric VLP on tumour model TC1/A2 is set out in
Table 2 which shows the percentage of animals that survived 60 days after
tumour induction.

As the final result of this process, three chimeric VLP object of the present

invention are selected, in other words:

a) VP2452(Laze 1E7a1-44 TKaz7) [SEQ ID NO: 8]: chimeric VLP wherein the
E7x1.44 SEquence is inserted between the Leucine in position 436 and the
Lysine in position 437 of the VP2 of 452 amino acids in length;

b) VP2452(As411ET7 144 1F442) [SEQ ID NO: 9]: chimeric VLP wherein the
E741-44 S€qUence is inserted between the Alanine in position 441 and the
Phenylalanine in position 442 of the VP2 of 452 amino acids in length;
and

C) VP2452(Ass0E7 144 t4s1) [SEQ ID NO: 10]: chimeric VLP wherein the
E71-24 Sequence is inserted between the Alanine in position 450 and the

Isoleucine in position 451 of the VP2 of 452 amino acids in length.
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Table 2
A ELISPOT | Antitumoral effect
Clone Identification VL —_— Survival 9%

1 VP2452(Q101E7 A1-44 T11) | 10 % +++ 60 %
2 | VP2452(Ds1 1E7p1-44 1T52) 6 % ND ND
3 | VP2452(T73"E7 p1-44 TL74) 6 % ND ND
4 | VP2450(A3g0 1E7a144 TK380) | 8 % ND ND
5 | VP2452(L43s TE7a1-44 TKs37) | 10 % +++++ 100 %
6 VP2452(A441 TE7 p1-44 TF442) | 20 % +++++ 100 %
7 | VP2452(Asso"E7p1-a4Nasq) | 18 % |  +++++ 100 %
8 VP2452-E7p1-44 | 40 % T++++ 100 %
9 | VP25, 190 - 0 %

Yo

%VLP: Performance in VLP production compared with VP245;; ND:

determined.

Not
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CLAIMS
What is claimed is:
1. Chimeric virus-like particle (VLP) formed by a fusion protein comprising:

- a subunit (a) consisting of the pVP2 protein of Birnavirus or a fragment
5 thereof, and
- a subunit (b) consisting of the early expression protein E6 or E7/ of the

human papillomavirus (HPV) or a fragment thereof.

2. Chimeric virus-like particle according to claim 1, wherein subunit (a)
10 consists of a protein having at least 80% identity with SEQ ID NO: 1 or a

fragment thereof.

3. Chimeric virus-like particle according to claim 2, wherein subunit (a)

consists of a protein with SEQ ID NO: 1 or a fragment thereof.

15
4 Chimeric virus-like particle according to claim 3, wherein subunit (a) is
SEQ ID NO: 4.
5. Chimeric virus-like particle according to any of claims 1 to 4, wherein

20 subunit (b) is a protein having at least 30% identity with SEQ ID NO: 2 or a

fragment thereof.

6. Chimeric virus-like particle according to claim 5, wherein subunit (b) is
SEQ ID NO: 2 or a fragment thereof.

25
7. Chimeric virus-like particle according to claim 6, wherein subunit (b) is
SEQ ID NO: 6.
8. Chimeric virus-like particle according to any of claims 1 to 7, wherein

30 subunit (b) is linked to the carboxyl -terminal end of subunit (a).

9. Chimeric virus-like particle according to claim 8, wherein subunit (b) is
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linked to the carboxyl-terminal end of subunit (a) by means of a linker
polypeptide of up to 10 amino acids situated between the amino acid

sequences of subunits (a) and (b).

10.  Chimeric virus-like particle according to any of claims 8 or 9, wherein
SEQ ID NO: 6is linked to R452 of SEQ ID NO: 4.

11.  Chimeric virus-like particle according to claim 10, having an amino acid
sequence as set forth in SEQ ID NO: 7.

12.  Chimeric virus-like particle according to any of claims 1 to 7, wherein

subunit (b) is inserted in subunit (a).

13.  Chimeric virus-like particle according to claim 12, additionally comprising
one or two linker polypeptides of up to 15 amino acids of sequence each one
situated between the amino acid sequence of subunit (b) and the amino acid

sequences of subunit (a).

14.  Chimeric virus-like particle according to any of claims 12 or 13, wherein
SEQ ID NO: 6 is inserted between amino acids L4z and K437 of SEQ ID NO: 4.

15.  Chimeric virus-like particle according to claim 14, having an amino acid
sequence as set forth in SEQ ID NO: 8.

16.  Chimeric virus-like particle according to any of claims 12 or 13, wherein
SEQ ID NO: 6 is inserted between amino acids As41 and Fa42 of SEQ ID NO: 4.

17.  Chimeric virus-like particle according to claim 16, having an amino acid
sequence as set forth in SEQ ID NO: 9.

18.  Chimeric virus-like particle according to any of claims 12 or 13, wherein
SEQ ID NO: 6 is inserted between amino acids Asso and ls51 of SEQ |ID NO: 4.
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19.  Chimeric virus-like particle according to claim 18, having an amino acid
sequence as set forth in SEQ 1D NO: 10.

20. Process for obtaining chimeric virus-like particles according to any of
claims 1 to 19, which comprises cultivating a host cell that comprises a nucleic
acid encoding a fusion protein according to any of claims 1 to 19 under
conditions that allow the expression of said fusion proteins, and the assembly of

said fusion proteins in order to form chimeric virus-like particles.

21. Process for obtaining chimeric virus-like particles according to the
preceding claim, and which additionally comprises isolating or purifying said

chimeric virus-like particles.

22. Use of the chimeric virus-like particle according to any of claims 1 to 19

for the preparation of a drug.

23. Use of the virus-like particle according to any of claims 1 to 19 for the
preparation of a drug for the prevention and/or treatment of a neoplasia caused

by the human papillomavirus.

24.  Use of the virus-like particle according to any of claims 1 to 19 for the

preparation of a drug for the prevention and/or treatment of cervical cancer.

25. Pharmaceutical composition comprising the chimeric virus-like particle

according to any of claims 1 to 19.

26. Pharmaceutical composition according to claim 25 additionally

comprising a pharmaceutically acceptable vehicle.

27. Pharmaceutical composition according to any of claims 25 or 26

additionally comprising another active principle.
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