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(57) Abstract: The present invention relates to therapeutic compounds, such as vaccines against human papillomavirus (HPV) and
in particular to DNA vaccines against HPV16 or HPV18. The invention further relates to protein construct encoding homodimeric
peptides, which peptides may be released from a DNA vaccine or used separately. Further described are pharmaceutical formula-

tions, host cells and methods for producing the vaccines, aswell as methods for the treatment of various HPV induced diseases, such
g as cancers and infectious diseases by application.
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VACCINES AGAINST Hpv

FIELD OF THE INVENTION

The present invention relates to thera peutic compou nds, such as vaccines against human
papillomavirus (HPV) and in particu lar to DNA vaccines against HPV16 and/or HPV18. The
invention further relates to protein construct encoding homod imeric peptides, which peptides
may be released from a DNA vaccine or used separately. Further described are
pharmaceutica | formu lations, host cells and methods for producing the vaccines, as well as
methods for the treatment of various HPV induced diseases, such as cancers and infectious

diseases by application .

BACKGROUND OF THE INVENTION

It is now well established that human papillomavirus (HPV) is the cause of cervical cancer
and other HPV-associated malignancies such as anogenita | (anus, vulvar, vaginal and penile)
cancers and a subset of head and neck cancers. In particu lar, HPV16 and HPV 18 are

responsible for about 70% of all cervica | cancers worldwide.

To date, two prophylactic HPV vaccines are on the market (Gardasil and Cervarix) . The aim of
the prophylactic vaccines is to induce humora | immune responses by stimu lating the
production of neutra lizing antibod ies specific for the HPV viral capsid proteins, LI and L2.
Althoug h the preventive vaccines are an importa nt milestone for the control of HPv induced
cervica | cancer and possibly other HPV-associated malig nancies, the effect of these vaccines
will not be sig nifica ntly observed for 20-40 years (Ma B et al., Current Cancer Thera py
Reviews, 2010). Moreover, since the coverage of mass vaccination for the prophylactic
vaccines are to date limited in addition to a substantial popu lation worldwide that already are
HPV infected, HPV-associated malig nancies will continue to progress. Thus, it will be
important to develop HPV-specific thera peutic vaccines in order to reduce the mortality and
morbid ity of HPV-associated malignancies and its precursor lesions (Ma B et al., Current

Cancer Thera py Reviews, 2010).

The development of various cancer vaccines and cancer immu nothera py strateg ies has
throug hout the last two decades expanded. Still, only one thera peutic cancer vaccine, called
Provenge (Dendreon INC) has so far been approved to be applied as standard thera py for
prostate cancer. Notably, due to ethical reasons the majority of therapeutic cancer vaccines
are tested on a patient group bearing a late stage tumor. This patient group is substantia lly

immu nosu ppressed meaning that the tumor cells have for long escaped the immu ne system
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and contributed to induce immu nological tolerance to the tumor along carcinogenesis. In

add ition, the choice of antigens (tumor-specific vs. tumor-associated ) applied as vaccines are
critica | in order to induce tumor-specific immu ne responses and avoid killing of healthy cells
in the patients which may lead to serious adverse events. Thus, the major challenges in
cancer immu nothera py are to break the immu nological tolerance and activate tumor-specific
effector functions to recog nize and kill tumor cells. Althoug h some case reports show clinical
response to thera peutic cancer vaccines in late stage tumor patients, the most common
primary end point is to observe the impact on overall survival compared to conventiona |

thera py (surgery, chemo and radiation thera py). However, most studies are either not
conclusive or that they completely fail to show this. One reason for the negative results lies in
the patient group carrying end-stage tumors that are challenging to treat in the first place. A
possible strategy could be to include patients with early-stage tumors in thera peutic vaccine

tria Is.

One strategy is to target pre-cancerous lesions. The challenges for this strategy are mainly
the lack of reliable biomarkers that are specifically expressed by precancerous lesions for
many tissues and poor medical screening (either non-existing or that the existing method
suffers from lack of sensitivity) . Exceptionally, this is not the case for HPV-induced

malig nancies . For instance, the majority of western countries have good screening programs
for cervical dysplasia and cervical cancer by perform ing the Papanicolaou test (Pap smear
test) . If there are unclear or abnormal results from Pap smear test, colposcopy will be
performed (Nationa | Cervical Cancer Coalition) . HPV-testing may also be recommended for
some patients to detect the presence of "high-risk" HPV-type in the precancerous lesion.
Thus, HPv represents a potentia | biomarker for HPV-associated precancerous lesions, in

particu lar cervical intraepithe lial dysplasia (CIN).

DNA vaccines have shown increasing promise for the treatment of human diseases, in

particu lar cancer. DNA vaccines induce strong antigen-specific immu ne responses and can be
repeated ly administered to mainta in the target-specific immu ne responses. Such vaccines are
considered to be safe and simple and cheap to produce on a large scale compared to other
cancer thera peutic formats . Numerous immu notherapeutic interventions fail to induce

immu nolog ical memory. Exceptionally, DNA vaccination ensures sustained release of the
vaccine product in vivo which enhances antigen-specific immu nological memory. Direct
delivery of antigens to professiona | antigen-presenting cells (APCs) stimu lates both CD4+

and CD8+ T cell immu ne responses in vivo. Such strong cellular immu ne responses have
been demonstrated to specifically recognize and kill antigen-positive malig nant cells

efficiently both in vitro and in vivo.
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There is still a need in the art for improved vaccines for inducing strong and specific immu ne

responses against HPV responsible for both infectious diseases and cancers.

OBJECT OF THE INVENTION

It is an object of embodiments of the invention to provide specific and highly effective
thera peutic compou nds, such as DNA vaccines against diseases and cond itions caused by

HPV.

SUM MARY OF THE INVENTION

It has been found by the present inventors that by combin ing the antigens of the early gene
products E6 and E7 from HPV, such as from HPV16 and/or HPV18 with the targeting module
of hMIP-la, thera peutic vaccines are provided , wherein the strong immu nogenic epitopes of
HPVv gene products are presented with high efficiency to APCs to induce a specific and strong
immu ne response . The prod ucts according to the present invention is prima rily envisioned as
thera peutic nucleic acid vaccines, such as DNA vaccines, wherein a nucleic acid construct
encod ing the vaccibody construct is used as the thera peutic compound leading to in vivo
production of the protein product within the person receiving the vaccine . However, as an

alternative the protein product itself may be formu lated and used directly in the vaccine .

Accordingly, in a first aspect the present invention relates to a homod imeric protein of two
identica | amino acid chains, each amino acid chain comprising (1) a signal peptide, (2) a
targeting unit, (3) a dimerization motif, and (4) an antigenic unit, said targeting unit
comprising an amino acid sequence having at least 80 % sequence identity to the amino acid
sequence 24-93 of SEQ ID NO:I, and an antigenic unit comprising an amino acid sequence of
human papillomavirus (HPV), such as an antigen ic unit com prising an amino acid sequence of
HPV16 and/or HPV18, such as an antigen ic unit derived from early proteins E6 and/or E7 of
HPV16 and/or HPV18.

In a second aspect the present invention relates to an amino acid chain comprising (1) a
signal peptide, (2) a targeting unit, (3) a dimerization motif, and (4) an antigen ic unit, said
targeting unit com prising an amino acid sequence having at least 80 % sequence identity to
the amino acid sequence 24-93 of SEQ ID NO:I, and an antigen ic unit com prising an amino
acid sequence of human papillomavirus (HPV), such as an antigenic unit comprising an amino
acid sequence of HPvV16 and/or HPV18, such as an antigenic unit derived from early proteins
E6 and/or E7 of HPV16 and/or HPV18, which amino acid chain is able to form a homod imeric

protein according to the invention .
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In a third aspect the present invention relates to a nucleic acid molecule, such as a DNA,
encoding an amino acid chain comprising (1) a signal peptide, (2) a targeting unit, (3) a
dimerization motif, and (4) an antigenic unit, said targeting unit com prising an amino acid
sequence having at least 80 % sequence identity to the amino acid sequence 24-93 of SEQ
ID NO:I, and an antigen ic unit com prising an amino acid sequence of human papillomavirus
(HPV), such as an antigenic unit com prising an amino acid sequence of HPV16 and/or HPV18,
such as an antigen ic unit derived from early proteins E6 and/or E7 of HPV16 and/or HPV18,

which amino acid chain is able to form a homod imeric protein according to the invention .

In a further aspect the present invention relates to a homodimeric protein according to the
invention, or an amino acid chain according to the invention, or the nucleic acid molecule

according to the invention for use as a medicament.

In a further aspect the present invention relates to a pharmaceutica | composition com prising
a homod imeric protein according to the invention, or an amino acid chain according to the

invention, or the nucleic acid molecule according to the invention .

In a further aspect the present invention relates to a host cell com prising the nucleic acid

molecu le according to the invention .

In a further aspect the present invention relates to a method for preparing a homod imeric
protein according to the invention, or an amino acid chain of the invention, the method
comprising a) transfecting the nucleic acid molecu le according to the invention into a cell
popu lation ; b) culturing the cell population ; c) collecting and purifying the homod imeric

protein, or amino acid chain expressed from the cell population .

In a further aspect the present invention relates to a method for preparing a vaccine, such as
a DNA vaccine, comprising an immu nologically effective amount of a nucleic acid molecu le
according to the invention, the method comprising a) preparing a nucleic acid molecu le
according to the invention ; b) dissolving the nucleic acid molecule obtained under step a) in a

pharmaceutica lly acceptable carrier, diluent, or buffer.

In a further aspect the present invention relates to a vaccine against HPv com prising an
immu nologically effective amou nt of a homod imeric protein according to the invention, or an
amino acid chain according to the invention, or nucleic acid molecule, such as a DNA,
according to the invention, wherein said vaccine is able to trigger both a T-cell- and B-cell

immu ne response .
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In a further aspect the present invention relates to a method of treating or preventing a Hpv
induced disease or condition, such as a cancer or an infectious disease caused by HPV in a

patient, the method com prising adm inistering to the patient in need thereof, a homod imeric
protein according to the invention, or an amino acid chain according to the invention, or the

nucleic acid molecu le, such as a DNA, according to the invention .

LEGENDS TO THE FIGURE

Figure 1: The overall structu re of vaccibody vaccines with E7/E6 fusion antigen. Shown are
both  DNA and protein formats. The vaccibody consist of three functional modules; the
chemokine human MIP-1a (LD78B) in the targeting module, hinge and CH3 sequences from
human IgG3 in the dimerization module and full-length E7 and/or E6 fusion in the vaccine

modu le.

Figure 2: The suggested mode of action for a Vaccibody DNA vaccine against HPV -induced
malig nancies. Naked DNA plasmid encoding vaccibody is injected intraderma | followed by
electroporation . The plasmid is taken up by local cells and vaccibody proteins are produced
and secreted . The chemotactic targeting modu les attract CCRI and CCR5 expressing antigen
presenting cells (APC) and ensure binding and uptake into dendritic cells (DC). The DC will
present antigenic peptides to CD4+ and CD8+ T cells and the CD8+ T cells will kill Hpv

infected and tra nsformed cells in the cervix.

Figure 3: ELISPOT results showing the number of E7 and E6 specific T cell responses as a
function of different amou nts of vaccine adm inistered . C57BL/6 mice were injected i.d. with
naked DNA plasmids encoding VB1009 and VB1016 and their correspond ing controls followed
by electroporation (Cellectis, France) on day 0 and day 7. Splenocytes were harvested at day
21 and stimu lated with MHC class I-restricted E7 or E6 peptide for 24h. The num ber of IFNy
secreting splenocytes was calculated by ELISPOT. (A) E7-specific responses after i.d.
vaccination with 25pg of VB1009, control 1 (antigen alone) and pUMVC4a (em pty vector) .(B)
E7-specific responses after i.d. vaccination with 12.5 and 1.4ug of VB10 16, control 2 (antigen
alone) and pUMVC4a (em pty vector) . (C) E6-specific responses after i.d. vaccination with

12.5 and 1.4ug of VB1016, control 2 (antigen alone) and pUMVC4a (empty vector) .

Figure 4.Therapeutic effect of VB1016 shown by measured tumor volume. C57BL/6 mice
were injected s.c. with 5xI0 5 TC-1 cells at day 0. At day 3 and day 10, the mice were
injected i.d. with 12.5ug naked DNA plasmids encoding VB1016, control 2 or empty vector
followed by electroporation (Cellectis, France). The tumor sizes were measured by caliper two

to three times a week and tumor volume calcu lated .
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Figure 5.Thera peutic effect of VB1016 shown by measured tumor volume. C57BL/6 mice
were injected s.c. in the neck area with 5xl 04 TC-1 cells at day 0. At day 3,7 and day 10, the
mice were injected i.d. with 20ug or 2ug naked DNA plasmids encoding VB1016, control 2 or
empty vector followed by electroporation (Cellectis, France). The tumor sizes were measured

by caliper two to three times a week and tumor volume calculated .

Figure 6.Thera peutic effect of VB1020 and VB1021 shown by measured tumor volume .
C57BL/6 mice were injected s.c. in the thigh with 5xI0 4 TC-1 cells at day 0. At day 3 and day
10, the mice were injected i.d. with 10ug naked DNA plasmids encoding VB1016, VB1020,
VB102 1 or empty vector followed by electroporation (Cellectis, France). The tumor sizes were

measured by caliper two to three times a week and tumor volume calculated .

DETAILED DISCLOSURE OF THE INVENTION

The constructs and DNA vaccine technology described herein by the inventors of the present
invention (also referred to as "vaccibody" molecu les/vaccines/constructs) represents a novel
vaccine strategy to induce strong and specific immu ne responses for both infectious diseases
and cancer. The HPv E6/E7, such as HPV16 or HPV18 E6/E7 vaccine described herein may be
adm inistered as a DNA vaccine by intraderma | injection, prefera bly followed by
electroporation . This results in the uptake of the DNA-construct encod ing the vaccibody-
HPV16 and/or HPV18 E6/E7 vaccine in cells at the site of injection (derm is) includ ing
dendritic cells (Langerha ns cells), leading to in vivo production of the vaccibody-E6/E7

molecu le.

The early gene products E6 and E7 from "hig h-risk" HPV types such as HPV16 and 18 may be
responsible for tra nsformation of the basal-epithelium cells and induction of precancerous
lesions. Both proteins consist of hig hly immu nogenic epitopes and are shown herein to induce
strong immu ne responses leading to specific eradication of "high-risk" HPV positive tumor

cells both in vitro and in vivo.

The vaccibody molecu le described herein is a homod imer consisting of three modu les;
targeting module, dimerization module and the vaccine module (Figure 1). Genes encoding the
three modules are genetica lly engineered to be expressed as one gene. When expressed in
vivo, the vaccibody molecu le targets antigen presenting cells (APCs) which results in an
enhanced vaccine potency compared to identica |, non-targeted antigens. In vivo expression of
the chemokine human macrophage inflammatory protein 1 alpha (hMIP-la/ LD78B) leads to
attraction of DCs, neutrophils and other immu ne cells carrying the CCR1 and CCR5 receptors

to the site of expression . Thus, the vaccibody molecu le consisting of hMIP-1 a as the targeting
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modu le, will not only target the antigens to specific cells, but in addition give a response-
amplifying effect (adjuvant effect) by recruiting specific immune cells to the injection site. This
uniqgue mechanism may be of great importance in a clinical setting where patients can receive

the vaccine without any additional adjuvants since the vaccine itself gives the adjuvant effect.

The inventors of the present invention describes herein vaccine constructs where the

antigen ic mod ule consist of the E7 full length genetic sequence in fusion to the E6 full length
sequence originating from the HPV16 or HPV18 subtype. The advantage of this format is that
both E6 and E7 will be present in one construct and may thus be equally expressed in vivo.
Consequently, one vaccibody molecule consisting of a multi-a ntigenic unit may represent
equal levels of E6 and E7 for the immu ne system . The HPV16 E6 and E7 gene products are
oncogenic in their natural form . To neutra lize their oncogenic properties, mutations at specific

sites may be introduced in the E6 and E7 genetic sequence.

The mutations, including deletions, may be introduced at specific sites, known to inhibit the
oncogenic properties of E6 and E7, such as any one described in any of Dalai S et a/., J Virol,
1996; Munger K et al., EMBO, 1989; Nakagawa S et al., Virology, 1995; Crook T et al., Cell,
1991; Munger K et al., HPV Compendium Online, 1997

(http://www.stdgen. lanl. gOv/COMPENDIUM_PDF/97PDF/3/E7.pdf); Nguyen, M et al., J Virol,
2002; Nomine Y et a., Molecular Cell, 2006; Moody C et al., Nat Rev Cancer, 2010, Polakova
| et al.,, Vaccine, 201 0; Xie Q, Virologica Sinica, 201 1; Mesplede T et al., J Virol, 2012; US
2008/0 102084 and US6306397, which references are hereby incorporated by reference.
Accordingly, in some aspects of the invention, the constructs according to the present
invention contain HPV16 E6, E7 or HPV16 E6/E7 chimeric constructs with one or more
mutations in either of HPV16 E6, E7 or both at a position known to inhibit the oncogenic
properties as described in Dalai S et al., J Virol, 1996; Minger K et al., EMBO, 1989;
Nakagawa S et al., Virology, 1995; Crook T et al., Cell, 1991; Munger Ket al., Hpv
Compendium Online, 1997

(http ://www.stdgen .lanl.gOv/COM PEN DIUM_PDF/97PDF/3/E7 .pdf) ; Nguyen, M et al., J Virol,
2002; Nomine Y et a., Molecular Cell, 2006; Moody C et al., Nat Rev Cancer, 2010, Polakova
| et al., Vaccine, 201 0; Xie Q, Virologica Sinica, 201 1; Mesplede T et al., J Virol, 2012; US
2008/0 102084 or US6306397 . In other aspects of the invention, the constructs according to
the present invention contain HPV18 E6, E7 or HPV18 E6/E7 chimeric constructs with one or
more mutations in either of HPV18 E6, E7 or both at a position known to inhibit the
oncogenic properties as described in Dalai S et al., J Virol, 1996; Miinger K et al., EMBO,
1989 ; Nakagawa S et al., Virology, 1995; Crook T et al., Cell, 1991; Munger K et al., Hpv
Compendium Online, 1997

(http ://lwww.stdgen .lanl.gOv/COM PEN DIUM_PDF/97PDF/3/E7 .pdf) ; Moody C et al., Nat Rev
Cancer, 2010, US 2008/0 102084 and US6306397 .
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There is a possibility that the vaccibody-moiety (targeting and dimerization modules) may
erad icate the oncogenic properties of E6 and E7 wildtype proteins in the final fusion protein .
Thus, in yet another aspect of the invention is the utilization of the wildtype full-length E6

and/or E7 sequences in the vaccibody construction .

The invention describes severa | variant of Vaccibody HPv therapeutic DNA vaccines all based
on the overall format described in figure 1, the thera peutic vaccibody-H Pv DNA vaccines
encodes genes that are naturally expressed in humans; the targeting module genes encode
the chemokine hMIP-la, which binds to its cog nate receptors, CCR1 and CCR5 expressed on
the cell surface of APCs. The dimerization module genes may encode hinge regions and
consta nt heavy chain 3, such as from human IgG3 which connects two vaccibody monomers
generating a homod imer molecu le. Genes encoding the vaccine module for the current
strategy consist of HPV, such as HPV16 and/or HPV18 E7 and E6 antigens, such as the full
length HPV16 E7 and E6 antigens, optiona lly com prising one or more mutation to inhibit the
oncogenic properties . Once adm inistered in vivo by i.d. injection followed by electroporation,
derma | cells taking up the vaccine construct will express the vaccibody-H Pv molecu le. The in
vivo produced vaccibody vaccines target to CCR1 and CCR5 expressed on the surface of APCs
in the skin, in particular DCs. The binding of the vaccibody molecu le to its cog nate receptors
leads to interna lization of the complex in the APC, degradation of the proteins into small
peptides that are loaded onto MHC molecu les and presented to CD4* and CD8* T cells to
induce HPV16 E6 and E7 specific immu ne responses . Once stimu lated and with help from
activated CD4* T cells, CD8* T cells will target and kill HPV16 E6 and E7 expressing cells
(Figure 2). Such enhanced immu ne responses to a vaccine with a "bu ilt-in" adjuvant effect
may potentia lly overcome tumor-esca pe (tumor immu ne surveillance) by breaking

immu nological tolerance and efficiently kill malignant cells. The hMIP-1| a targeting unit may
be connected through a dimerization motif, such as a hinge region, to an antigenic unit,
wherein the later is in either the COOH-term inal or the NH2-term inal end. The present
invention not only relates to a DNA sequence coding for this recombina nt protein, but also to
expression vectors com prising these DNA sequences, cell lines comprising said expression
vectors, to treatment of mamma Is preferentia Illy by immu nization by means of Vaccibody
DNA, Vaccibody RNA, or Vaccibody protein, and finally to pharmaceutica Is and a kit

comprising the said molecu les.

The dimerization motif in the proteins according to the present invention may be constructed
to include a hinge region and an immu noglobulin domain (e.g. Cy3 domain), e.g.

carboxyterm inal C domain (C,3 domain), or a sequence that is substantia lly identical to said C
domain. The hinge region may be Ig derived and contributes to the dimerization throug h the
formation of an intercha in covalent bond (s), e.g. disulfide bridge(s) . In addition, it functions as
a flexible spacer between the domains allowing the two targeting units to bind simu lta neously

to two target molecu les on APC expressed with varia ble distances. The imm unoglobulin
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domains contribute to homod imerization throug h non-cova lent interactions, e.g. hydrophobic
interactions. In a preferred embod iment the C 3 domain is derived from IgG. These
dimerization motifs may be exchanged with other multimerization moieties (e.g. from other Ig
isotypes/su bclasses) . Preferably the dimerization motif is derived from native human proteins,

such as human I1gG.

It is to be understood that the dimerization motif may have any orientation with respect to
antigen ic unit and targeting unit. In one embod iment the antigenic unit is in the COOH -
term inal end of the dimerization motif with the targeting unit in the N-term inal end of the
dimerization motif. In another embodiment the antigenic unit is in the N-te rminalend of the

dimerization motif with the targeting unit in the COOH -term inal end of the dimerization maotif.

Internationa | application WO 2004/076489, which is hereby incorporated by reference
discloses nucleic acid sequences and vectors, which may be used according to the present

invention .

The proteins according to the present invention include an antigen ic unit derived from HPV,
such as HPV16 E7 and E6 antigens, such as the full length HPV16 E7 and E6 antigens, as well
as immu nogenic frag ments or varia nts thereof. The antigenic sequence should be of sufficient
length . The minimal length of such antigenic unit may be around 9 amino acids. Accordingly
in some embod iments, the antigen ic unit derived from HPV com prises an amino acid
sequence of at least 9 amino acids correspond ing to at least about 27 nucleotides in a nucleic
acids sequence encoding such antigenic unit. Preferably the antigenic unit derived from HpPv
is considerably longer, such as the full length HPV16 E7 and E6 antigens . Diversity arises
within a given HPv genotype throug h limited nucleotide changes in the coding (at a frequency
of <2%) and non-cod ing (at a frequency of <5%) regions (Bernard , HU et al., Int J Cancer,
2006) . Such varia nts phylogenetica lly segregate based on their geographical origin and are
therefore labeled European, African, Asian, Asian-America n and North America n. Insertion of
such sequences in a Vaccibody format might lead to activation of both arms of the immu ne

response .

Immu nization by means of Vaccibody protein, Vaccibody DNA, or Vaccibody RNA, the latter
two executed e.g. by intramuscu lar or intraderma | injection with or without a following

electroporation, are all feasible methods according to the present invention .

As discussed above, the present invention relates to a vaccine com position against cancer or
infectious diseases caused by HPV, the vaccine com position com prising an immu nologically
effective amou nt of the nucleic acid encoding the molecu le of the invention or degenerate

varia nts thereof. The vaccine may be able to trigger both a T-cell- and B-cell immu ne
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response . The present invention also relates to a kit com prising Vaccibody DNA, RNA, or

protein for diagnostic, medical or scientific purposes.

The invention further relates to a method of preparing the recom binant molecu le of the
invention comprising , tra nsfecting the vector com prising the molecu le of the invention into a
cell population ; culturing the cell popu lation ; collecting recom binant protein expressed from

the cell popu lation ; and purifying the expressed protein .

The above described nucleotide sequences may be inserted into a vector suited for gene

thera py, e.g. under the control of a specific promoter, and introd uced into the cells. In some
embod iments the vector com prising said DNA sequence is a virus, e.g.an adenovirus, vaccinia
virus or an adeno-associated virus. In some embod iments a retroviruses is used as vector.
Exam ples of suitable retroviruses are e.g. MoMuLV or HaMuSV. For the purpose of gene

thera py, the DNA/RNA sequences according to the invention can also be tra nsported to the

target cells in the form of colloida | dispersions . They comprise e.g. liposomes or lipoplexes.

The present invention encom passes the use of a targeting unit as well as an antigenic unit
having minimum degree of sequence identity or sequence homology with amino acid
sequence(s) defined herein or with a polypeptide having the specific properties defined
herein . The present invention encom passes, in particu lar, the use of peptide varia nts or
peptide units to be used in the constructs according to the present invention having a degree
of sequence identity with any one of SEQ ID NO:I, SEQ ID NO:3, SEQ ID NO:5, SEQ ID
NO:7, SEQ ID NO:9, SEQ ID NO:I |, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID
NO:19, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ |D NO:25, SEQ
ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID N0O:30, SEQ ID NO:32, or
SEQ ID NO:34. Here, the term "varia nt" means an entity having a certain degree of sequence
identity with the subject amino acid sequences or the subject nucleotide sequences, where
the subject amino acid sequence preferably is SEQ ID NO:I, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ
ID NO:10, SEQ ID NO:l |, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15,
SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID
NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ
ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32,
SEQ ID NO:33, or SEQ ID NO:34.

In one aspect, the variant or fragment amino acid sequence and/or nucleotide sequence
should provide and/or encode a polypeptide which retains the functiona | activity and/or
enhances the activity of a polypeptide of SEQ ID NO:I, SEQ ID NO:3, SEQ ID NO:5, SEQ ID
NO:7, SEQ ID NO:9, SEQ ID NO:I |, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID
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NO:19, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ
ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID N0O:30, SEQ ID NO:32, or
SEQ ID NO:34.

In the present context, a varia nt sequence is taken to include an amino acid sequence which
may be at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98% or at least 99%, identical to the subject sequence. Typically, the varia nts used
according to the present invention will comprise the same active sites etc. as the subject
amino acid sequence. Althoug h homology can also be considered in terms of similarity (i.e.
amino acid residues having similar chemical properties/fu nctions), in the context of the

present invention it is preferred to express homology in terms of sequence identity.

Sequence identity comparisons can be conducted by eye, or more usually, with the aid of
read ily available sequence comparison com puter programs. These commercia lly available
computer programs use com plex com parison algorithms to align two or more sequences that
best reflect the evolutionary events that might have led to the difference(s) between the two
or more sequences. Therefore, these algorithms operate with a scoring system rewarding
alignment of identical or similar amino acids and penalising the insertion of gaps, gap
extensions and alignment of non-similar amino acids. The scoring system of the comparison

algorithms include :

i) assighment of a penalty score each time a gap is inserted (gap penalty score),

ii) assighment of a penalty score each time an existing gap is extended with an extra
position (extension penalty score),

iii) assignment of high scores upon alignment of identical amino acids, and
iv) assig nment of variable scores upon alignment of non-identica | amino acids.

Most alignment programs allow the gap penalties to be mod ified . However, it is preferred to

use the default values when using such software for sequence com parisons.

The scores given for alignment of non-identica | amino acids are assigned according to a
scoring matrix also called a substitution matrix. The scores provided in such substitution
matrices are reflecting the fact that the likelihood of one amino acid being substituted with
another during evolution varies and depends on the physical/chem ical nature of the amino
acid to be substituted . For example, the likelihood of a polar amino acid being substituted
with another polar amino acid is higher compared to being substituted with a hydrophobic

amino acid . Therefore, the scoring matrix will assign the hig hest score for identical amino
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acids, lower score for non-identica | but similar amino acids and even lower score for non-
identica | non-sim ilar amino acids. The most frequently used scoring matrices are the PAM
matrices (Dayhoff et al. (1978), Jones et al. (1992)), the BLOSUM matrices (Henikoff and
Henikoff (1992)) and the Gonnet matrix (Gonnet et al. (1992)) .

Suitable computer programs for carrying out such an alignment include, but are not limited
to, Vector NTI (Invitrogen Corp.) and the ClustalV, ClustalW and ClustalW2 programs
(Higgins DG & Sharp pPM (1988), Higgins et al. (1992), Thom pson et al. (1994), Larkin et al.
(2007) . A selection of different alignment tools is available from the ExPASy Proteom ics
server at www .expasy.org . Another example of software that can perform sequence
alignment is BLAST (Basic Local Alignment Search Tool), which is availa ble from the webpage
of National Center for Biotechnology Information which can currently be found at

http ://www. ncbi. nlm .nih.gov/ and which was firstly described in Altschul et al. (1990) J. Mol.
Biol. 215; 403-4 10.

Once the softwa re has produced an alignment, it is possible to calculate % similarity and %
sequence identity. The software typica lly does this as part of the sequence comparison and

generates a numerica | resullt.

In one embodiment, it is preferred to use the ClustalW software for performing sequence
alignments. Preferably, alignment with Clustalw is performed with the following parameters

for pairwise alignment :

Substitution matrix: Gonnet 250
Gap open penalty: 20

Gap extension penalty: 0.2

Gap end penalty: None

Clustalw2 is for exam ple made available on the internet by the European Bioinformatics
Institute at the EMBL-EBI webpage www.ebi .ac.uk under tools - sequence analysis -
Clustalw2. Ccurrently, the exact address of the Clustalw?2 tool is

www .ebi.ac. uk/Tools/clusta w2 .

In another embod iment, it is preferred to use the program Align X in Vector NTI (Invitrogen)
for performing sequence alignments. In one embod iment, ExplO has been may be used with
defau It settings :

Gap opening penalty : 10

Gap extension penalty : 0.05

Gapseparation penalty range: 8

Score matrix : blosum62mt2
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Thus, the present invention also encompasses the use of variants, fragments, and derivatives
of any amino acid sequence of a protein, polypeptide, motif or domain as defined herein,
particu larly those of SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9,
SEQ ID NO:l |, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID NO:19, SEQ ID
NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ
ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID N0O:30, SEQ ID NO:32, or SEQ ID NO:34.

The sequences, particu larly those of variants, fragments, and derivatives of SEQ ID NO:I,
SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:I |, SEQ ID NO:13, SEQ
ID NO:15, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23,
SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID
NO:29, SEQ ID NO:30, SEQ ID NO:32, or SEQ ID NO:34, may also have deletions, insertions
or substitutions of amino acid residues which produce a silent change and result in a
functionally equivalent substance. Deliberate amino acid substitutions may be made on the
basis of similarity in polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or the
amphipathic nature of the residues as long as the secondary binding activity of the substance
is retained . For exam ple, negatively charged amino acids include aspartic acid and glutamic
acid ; positively charged amino acids include lysine and arginine; and amino acids with
uncharged polar head groups having similar hydrophilicity values include leucine, isoleucine,
valine, glycine, alanine, asparagine, glutam ine, serine, threonine, phenylalanine, and
tyrosine .

The present invention also encom passes conservative substitution (su bstitution and
replacement are both used herein to mean the intercha nge of an existing amino acid residue,
with an alternative residue) that may occur i.e. like-for-like substitution such as basic for
basic, acidic for acidic, polar for polar etc. Non-conservative substitution may also occur i.e.
from one class of residue to another or alternatively involving the inclusion of unnatural
amino acids such as ornithine (hereinafter referred to as Z), diaminobutyric acid ornithine
(hereinafter referred to as B), norleucine ornith ine (hereinafter referred to as O),

pyriyla lanine, thienyla lanine, naphthyla lanine and phenylg lycine.

Conservative substitutions that may be made are, for exam ple with in the groups of basic
amino acids (Arginine, Lysine and Histid ine), acidic amino acids (glutamic acid and aspartic
acid), aliphatic amino acids (Alanine, Valine, Leucine, Isoleucine), polar amino acids
(Glutam ine, Asparagine, Serine, Threonine), aromatic amino acids (Phenylalanine,
Tryptophan and Tyrosine), hydroxyl amino acids (Serine, Threonine), large amino acids

(Phenylalanine and Tryptopha n) and small amino acids (Glycine, Alanine).
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Replacements may also be made by unnatu ral amino acids include; alpha* and alpha-

disu bstituted* amino acids, N-alkyl amino acids*, lactic acid*, halide derivatives of natu ral
amino acids such as trifluorotyrosine*, p-Cl- phenyla lanine*, p-Br-phenyla lanine*, p-I-
phenyla lanine*, L-allyl-g lycine*, pg-alanine*, L-a-am ino butyric acid*, L-y-am ino butyric
acid*, L-a-am ino isobutyric acid*, L-e-amino caproic acid*, 7-am ino hepta noic acid*, L-
methion ine sulfone*”, L-norleucine*, L-norva line*, p-nitro-L-phenyla lanine*, L-

hyd roxyproline*,  L-thioproline*, methyl derivatives of phenylala nine (Phe) such as 4-methyl-
Phe*, pentamethyl-Phe*,  L-Phe (4-am ino)*, L-Tyr (methyl)* , L-Phe (4-isopropyl)*,  L-Tic
(1,2,3,4-tetra  hyd roisoq uinoline-3-ca rboxyl acid)*, L-diam inopropionic acid * and L-Phe (4-
benzyl)* . The notation * has been utilised for the purpose of the discussion above (relating to
homologous or non-conservative substitution), to indicate the hyd rophobic natu re of the
derivative whereas # has been utilised to indicate the hydrophilic nature of the derivative, #*

ind icates amphipath ic characteristics.

Variant amino acid sequences may include suitable spacer groups that may be inserted
between any two amino acid residues of the sequence includ ing alkyl grou ps such as methyl,
ethyl or propyl groups in addition to amino acid spacers such as glycine or g-alan ine resid ues.
A further form of variation, involves the presence of one or more amino acid resid ues in
peptoid form, will be well understood by those skilled in the art. For the avoidance of dou bt,
"the peptoid form" is used to refer to variant amino acid resid ues wherein the oc-carbon
substituent group is on the resid ue's nitrogen atom rather than the oc-carbon. Processes for
preparing peptides in the peptoid form are known in the art, for example Simon RJ et al.

(1992), Horwell DC. (1995).

In one embodiment, the varia nt targeting unit used in the homod imeric protein accord ing to
the present invention is variant having the sequence of amino acids at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99%

amino acid sequence identity therewith

In one aspect, prefera bly the protein or sequence used in the present invention is in a
purified form . The term "pu rified" means that a given com ponent is present at a high level.

The component is desira bly the predom inant active com ponent present in a composition

A "varia nt" or "varia nts" refers to proteins, polypeptides, units, motifs, doma ins or nucleic
acids. The term "variant' may be used interchangeably with the term "muta nt." Variants
include insertions, substitutions, tra nsversions, tru ncations, and/or inversions at one or more
locations in the amino acid or nucleotide sequence, respectively. The phrases "va riant
polypeptide", "polypeptide", "variant" and "varia nt enzyme" mean a polypeptide/protein  that

has an amino acid sequence that has been mod ified from the amino acid sequence of SEQ ID
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NO: 1. The variant polypeptides include a polypeptide having a certain percent, e.g., 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, of sequence identity
with the amino acid sequence of SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7,
SEQ ID NO:9, SEQ ID NO:I |, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID NO:19,
SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID
NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:32, or SEQ
ID NO:34.

"Variant nucleic acids" can include sequences that are com plementa ry to sequences that are
capable of hybrid izing to the nucleotide sequences presented herein . For example, a varia nt
sequence is complementary to sequences capable of hybrid izing under stringent cond itions,
e.g., 50°C and 0.2X SSC (I X SSC = 0.15 M NaCl, 0.015 M sodium citrate, pH 7.0), to the
nucleotide sequences presented herein. More particula rly, the term varia nt encom passes
sequences that are complementary to sequences that are capable of hybrid izing under highly
stringent conditions, e.g., 65°C and 0.1X SSC, to the nucleotide sequences presented herein .
The melting point (Tm) of a varia nt nucleic acid may be about 1, 2, or 3°C lower than the Tm
of the wild -type nucleic acid. The varia nt nucleic acids include a polynucleotide having a
certain percent, e.g., 80%, 85%, 90%, 95%, or 99%, of sequence identity with the nucleic
acid encoding SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ
ID NO:Il, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:21,
SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID
NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:32, or SEQ ID NO:34,
encod ing the monomeric protein which can form the homodimeric protein according to

invention .

A specific category of mutations are the mutations in E6 and E7:

The E6 protein may be detoxified by rendering the p53 binding impossible. Five positions in
the full length HPV16 E6 protein are sites for mutations for inactivation of E6 functiona lity,
F47, L50, C63, C106 and 1128. Any amino acid substitution in these positions may lead to
inactivation of E6 and induces tumor suppression . Substitutions in any one of these positions
with any one different amino acid may potentia lly be utilized . Sites for potentia | mutations
are shown in SEQ ID NO:22.

In the E7 protein there are conserved regions associated with oncogenic properties (see
Phelps et al J. Virol. April 1992, vol. 66, no. 424 18-242 ; Gulliver et al J Virol. 1997,

August; 71(8)) including an N-term inal Rb (retinoblastoma binding protein) binding-site motif
(LXCXE) and two conserved regions 3 (upstream and downstream) with a Zn- binding motif
(CXXC). The preferred mutation sites in the LXCXE-motif are C24 and E26. Preferred sites in
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the two CXXC motifs are C58, C61, C91 and C94. However, any mutations in these regions
can be envisaged to be substituted for the reduction of binding functions and thus abolish the

oncogenic effects of E7. Sites for potentia | mutations are shown in SEQ ID NO:23.

Sig nal peptide :

A signal peptide at the N-term inal end of the nascent polypeptide directs the molecu le into
the ER before transport to into the Golgi complex. The signal peptide is cleaved off by signal
peptidase once it has served its purpose of targeting and importing the protein to the ER.
These signal peptides are genera lly between 15 and 30 amino acids, but can have more than
50 residues (Martoglio, B. et al., Trends in Cell Biology, 1998, Knappskog, S. et a/., J
Biotechnol, 2007) . The native signal peptide may be replaced by signal peptides from any
mamma lian, prokaryotic or marine origin. Commonly used signal peptides are e.g. humanlL-
2 and human albumin due to their natural ability to secrete large amou nts of protein . The
choice of signal peptide can have a considerable impact on the amou nt of synthesized and

secreted protein .

In some embodiments, the signal peptide used in the protein construct according to the
present invention is derived from a chemokine protein, such as the signal sequence of
LD78beta .

In some embodiments the signal peptide is not derived from pLNOH2 (BI-8 variable
immu nog lobulin leader) disclosed in the international application with Internationa |
Application No: PCT/EP2011/060628.

In some embodiments the signal peptide is not derived from an immu noglobulin gene.

The term "homod imeric protein" as used herein refers to a protein com prising two individua |
identica | strands of amino acids, or subunits held together as a single, dimeric protein by
hydrogen bonding, ionic (charged) interactions, actual covalent disulfide bonding, or some

combination of these interactions.

The term "dimerization motif', as used herein, refers to the sequence of amino acids between
the antigen ic unit and the targeting unit com prising the hinge region and the optiona | second
domain that may contribute to the dimerization . This second domain may be an

immu nog lobulin domain, and optiona lly the hinge region and the second domain are
connected throug h a linker. Accordingly the dimerization motif serves to connect the antigen ic
unit and the targeting unit, but also contain the hinge region that facilitates the dimerization

of the two monomeric proteins into a homod imeric protein according to the invention .
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The term "targeting unit" as used herein refers to a unit that delivers the protein with its
antigen to mouse or human APC for MHC class ll-restricted presentation to CD4+ T cells or for
provid ing cross presentation to CD8+ T cells by MHC class | restriction . The targeting unit
used in the constructs according to the present invention is derived from or identical to mature
LD78-beta .

The term "antigenic unit" as used herein refers to any molecule, such as a peptide which is
able to be specifically recognized by an antibody or other com ponent of the immu ne system,
such as a surface receptor on T-cells. Included within this definition are also immu nogens that
are able to induce an immu ne response. The terms "epitope" or "antigenic epitope" is used to
refer to a distinct molecu lar surface, such as a molecular surface provided by a short peptide
sequence with in an antigenic unit. In some embodiments the antigenic unit comprises two ore
more antigen ic epitopes. The antigenic unit used in the constructs according to the present
invention is derived from or identical to the early gene products E6 and E7 from HPV, such as
from HPV16 or HPV18.

The term "hinge region" refers to a peptide sequence of the homod imeric protein that
facilitates the dimerization, such as throug h the formation of an interchain covalent bond (s),
e.g. disulfide bridge(s) . The hinge region may be Ig derived, such as hinge exons hl +h4 of an
Ig, such as 1gG3.

Specific embodiments of the invention:

As described above, the present invention relates to a homod imeric protein of two identical
amino acid chains, each amino acid chain comprising (1) a signal peptide, (2) a targeting
unit, (3) a dimerization motif, and (4) an antigen ic unit, said targeting unit comprising an
amino acid sequence having at least 80 % sequence identity to the amino acid sequence 24-
93 of SEQ ID NO:I, and an antigenic unit com prising an amino acid sequence of human
papillomavirus (HPV), such as an antigenic unit comprising an amino acid sequence of HPV16
and/or HPV18, such as an antigenic unit derived from early proteins E6 and/or E7 of HPV16
and/or HPV18. In some embodiments according to the present invention, the targeting unit,
dimerization motif and antigenic unit in the amino acid chain are in the N-term inal to C-

term inal order of targeting unit, dimerization motif and antigen ic unit.

In some embod iments, the antigenic unit used in the constructs according to the present

invention is derived from HPV16, such as from early proteins E6 and/or E7.
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In some embod iments, the antigenic unit used in the constructs according to the present
invention is derived from E6 of HPV16.

In some embod iments, the antigenic unit used in the constructs according to the present
invention is derived from E7 of HPV16.

In some embod iments, the antigenic unit used in the constructs according to the present
invention is derived from HPV18, such as from early proteins E6 and/or E7.

In some embod iments, the antigenic unit used in the constructs according to the present
invention is derived from E6 of HPV18.

In some embod iments, the antigenic unit used in the constructs according to the present
invention is derived from E7 of HPV18.

In some embod iments according to the present invention, the signal peptide consists of an
amino acid sequence having at least 80 % sequence identity to the amino acid sequence 1-
23 of SEQ ID NO:l .

In some embod iments according to the present invention, the signal peptide consists of an

amino acid sequence having at least 85%, such as at least 86%, such as at least 87%, such
as at least 88%, such as at least 89%, such as at least 90%, such as at least 91%, such as
at least 92%, such as at least 93%, such as at least 94%, such as at least 95%, such as at

least 96%, such as at least 97%, such as at least 98%, such as at least 99%, such as 100%
sequence identity to the amino acid sequence 1-23 of SEQ ID NO:I .

In some embod iments according to the present invention, the targeting unit consists of an
amino acid sequence having at least 85%, such as at least 86%, such as at least 87%, such
as at least 88%, such as at least 89%, such as at least 90%, such as at least 91%, such as
at least 92%, such as at least 93%, such as at least 94%, such as at least 95%, such as at
least 96%, such as at least 97%, such as at least 98%, such as at least 99% sequence
identity to the amino acid sequence 24-93 of SEQ ID NO:I .

In some embod iments according to the present invention, the dimerization motif comprises a
hinge region and optionally another domain that facilitate dimerization, such as an
immu nog lobulin domain, optionally connected throug h a linker.
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In some embod iments according to the present invention, the hinge region is Ig derived,

such as derived from 1gG3.

In some embod iments according to the present invention, the hinge region has the ability to
form one, two, or several covalent bonds. In some embodiments according to the present

invention, the covalent bond is a disulphide bridge .

In some embod iments according to the present invention, the immu noglobulin domain of the
dimerization motif is a carboxytermina | C domain, or a sequence that is substantially identical

to the C domain or a varia nt thereof.

In some embod iments according to the present invention, the carboxyterm inal C domain is

derived from IgG.

In some embod iments according to the present invention, the immu noglobulin domain of the

dimerization motif has the ability to homod imerize .

In some embod iments according to the present invention, the immu noglobulin domain has
the ability to homod imerize via noncovalent interactions. In some embodiments according to

the present invention, the noncovalent interactions are hydrophobic interactions.

In some embod iments according to the present invention, the dimerization domain does not

comprise the CH2 domain.

In some embod iments according to the present invention, the dimerization motif consists of

hinge exons hi and h4 connected throug h a linker to a C,;3 domain of human IgG3.

In some embod iments according to the present invention, the dimerization motif consist of
an amino acid sequence having at least 80 % sequence identity to the amino acid sequence
94-237 of SEQ ID NO:3.

In some embod iments according to the present invention, the linker is a G3S,G;SG linker.

In some embod iments according to the present invention, the antigenic unit and the

dimerization motif is connected throug h a linker, such as a GLGGL linker or a GLSGL linker.

In some embod iments according to the present invention, the targeting unit consists of

amino acids 24-93 of SEQ ID NO:I, or a variant thereof.
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In some embod iments accord ing to the present invention, the homod imeric protein have
increased affin ity for any one chemokine receptor selected from CCR1, CCR3 and CCR5 as
compared to the affinity of the same homod imeric protein with the targeting unit consisting

of amino acids 24-93 of SEQ ID NO:I, or a variant thereof.

In some embod iments accord ing to the present invention, the antigenic unit com prises an
amino acid sequence having at least 80%, such as at least 81%, such as at least 82%, such
as at least 83%, such as at least 84%, such as at least 85%, such as at least 86%, such as
at least 87%, such as at least 88%, such as at least 89%, such as at least 90%, such as at
least 91%, such as at least 92%, such as at least 93%, such as at least 94%, such as at
least 95%, such as at least 96%, such as at least 97%, such as at least 98%, such as at

least 99% sequence identity to the amino acid sequence 243-293 of SEQ ID NO:3.

In some embod iments accord ing to the present invention, the antigenic unit consists of an
amino acid sequence having at least 80%, such as at least 81%, such as at least 82%, such
as at least 83%, such as at least 84%, such as at least 85%, such as at least 86%, such as
at least 87%, such as at least 88%, such as at least 89%, such as at least 90%, such as at
least 91%, such as at least 92%, such as at least 93%, such as at least 94%, such as at
least 95%, such as at least 96%, such as at least 97%, such as at least 98%, such as at

least 99% sequence identity to the amino acid sequence 243-293 of SEQ ID NO:3.

In some embod iments accord ing to the present invention, the antigenic unit com prises one or
more amino acid substitutions at a position selected from the list consisting of F47, L50, C63,
C106 and 1128 of SEQ ID NO:22, or a deletion involving one or more amino acid selected
from the list consisting of Y43-L50 of SEQ ID NO:22.

In some embod iments accord ing to the present invention, the antigenic unit com prises not
more than 1, 2, 3,4, 5,6, 7,8,9, 10, 12, 14, 16, 18 or 20 amino acid substitutions and/or
deletions relative to SEQ ID NO:22.

In some embod iments accord ing to the present invention, the antigenic unit com prises the
amino acid sequence 243-293 of SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, or SEQ ID NO:9,

or a variant or antigenic fragment thereof.

In some embod iments accord ing to the present invention, the antigenic unit consists of the
amino acid sequence 243-293 of SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, or SEQ ID NO:9,

or a variant or antigenic fragment thereof.
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In some embod iments according to the present invention, the antigenic unit com prises an
amino acid sequence having at least 80%, such as at least 81%, such as at least 82%, such
as at least 83%, such as at least 84%, such as at least 85%, such as at least 86%, such as
at least 87%, such as at least 88%, such as at least 89%, such as at least 90%, such as at
least 91%, such as at least 92%, such as at least 93%, such as at least 94%, such as at
least 95%, such as at least 96%, such as at least 97%, such as at least 98%, such as at
least 99% sequence identity to the amino acid sequence 243-340 of SEQ ID NO:11.

In some embod iments according to the present invention, the antigenic unit consists of an
amino acid sequence having at least 80%, such as at least 81%, such as at least 82%, such
as at least 83%, such as at least 84%, such as at least 85%, such as at least 86%, such as
at least 87%, such as at least 88%, such as at least 89%, such as at least 90%, such as at
least 91%, such as at least 92%, such as at least 93%, such as at least 94%, such as at
least 95%, such as at least 96%, such as at least 97%, such as at least 98%, such as at
least 99% sequence identity to the amino acid sequence 243-340 of SEQ ID NO:11.

In some embod iments according to the present invention, the antigenic unit com prises one or
more amino acid substitutions at a position selected from the list consisting of C24, E26, C58,
C61, C91, and C94 of SEQ ID NO:23, or a deletion involving one or more amino acid selected
from the list consisting of L22-E26 and/or C58-C61 and/or C9 1-S95 of SEQ ID NO:23.

In some embod iments according to the present invention, the antigenic unit com prises not
more than 1, 2, 3,4, 5,6, 7,8,9, 10, 12, 14, 16, 18 or 20 amino acid substitutions and/or
deletions relative to SEQ ID NO:23.

In some embod iments according to the present invention, the antigenic unit com prises the
amino acid sequence 243-340 of SEQ ID NO:l |, SEQ ID NO:13, SEQ ID NO:15, or SEQ ID
NO:17, or a varia nt or antigenic frag ment thereof.

In some embod iments according to the present invention, the antigenic unit consists of the
amino acid sequence 243-340 of SEQ ID NO:I |, SEQ ID NO:13, SEQ ID NO:15, or SEQ ID
NO:17, or a varia nt or antigenic frag ment thereof.

In some embod iments according to the present invention, the antigenic unit com prises an
amino acid sequence having at least 80%, such as at least 81%, such as at least 82%, such
as at least 83%, such as at least 84%, such as at least 85%, such as at least 86%, such as
at least 87%, such as at least 88%, such as at least 89%, such as at least 90%, such as at
least 91%, such as at least 92%, such as at least 93%, such as at least 94%, such as at

least 95%, such as at least 96%, such as at least 97%, such as at least 98%, such as at
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least 99% sequence identity to the amino acid sequence 243-50 1 of SEQ ID NO:19, SEQ ID
NO:21, SEQ ID NO:32, or SEQ ID NO:34.

In some embod iments according to the present invention, the antigenic unit consists of an
amino acid sequence having at least 80%, such as at least 81%, such as at least 82%, such
as at least 83%, such as at least 84%, such as at least 85%, such as at least 86%, such as
at least 87%, such as at least 88%, such as at least 89%, such as at least 90%, such as at
least 91%, such as at least 92%, such as at least 93%, such as at least 94%, such as at
least 95%, such as at least 96%, such as at least 97%, such as at least 98%, such as at
least 99% sequence identity to the amino acid sequence 243-50 1 of SEQ ID NO:19, SEQ ID
NO:21, SEQ ID NO:32, or SEQ ID NO:34.

In some embod iments according to the present invention, the antigenic unit com prising an
amino acid sequence of human papillomavirus 16 (HPV16) derived from both early proteins
E6 and E7.

In some embod iments according to the present invention, the antigenic unit com prising an
amino acid sequence of human papillomavirus 18 (HPV18) derived from both early proteins
E6 and E7.

In some embod iments according to the present invention, the antigenic unit com prises one or
more amino acid substitutions at a position selected from the list consisting of F47, L50G,
C63, C106, 1128T of SEQ ID NO:22 and C24, E26, C58, C61, C91, C94 of SEQ ID NO:23.

In some embod iments according to the present invention, the antigenic unit com prises not
more than 1, 2, 3,4, 5,6, 7,8,9, 10, 12, 14, 16, 18 or 20 amino acid substitutions and/or
deletions relative to SEQ ID NO:22 and SEQ ID NO:23.

In some embod iments according to the present invention, the antigenic unit consists of the
amino acid sequence 243-50 1 of SEQ ID NO:19, SEQ ID NO:21, SEQ ID NO:32, or SEQ ID

NO:34, or a varia nt or antigenic frag ment thereof.

In some embod iments according to the present invention, the amino acid chain consists of an
amino acid sequence selected from the list consisting of SEQ ID NO:3, SEQ ID NO:5, SEQ ID
NO:7, SEQ ID NO:9, SEQ ID NO:I |, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID
NO:19, SEQ ID NO:21, SEQ ID NO:32, and SEQ ID NO:34, or a variant or antigen ic frag ment
thereof.
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In some embodiments according to the present invention, the antigenic unit com prises an
amino acid sequence having at least 80%, such as at least 81%, such as at least 82%, such
as at least 83%, such as at least 84%, such as at least 85%, such as at least 86%, such as
at least 87%, such as at least 88%, such as at least 89%, such as at least 90%, such as at
least 91%, such as at least 92%, such as at least 93%, such as at least 94%, such as at
least 95%, such as at least 96%, such as at least 97%, such as at least 98%, such as at
least 99% sequence identity to any one amino acid sequence selected from SEQ ID NO:22,
SEQ ID NO:23, SEQ ID NO:24, and SEQ ID NO:25.

In some embodiments according to the present invention, the antigenic unit consist of an
amino acid sequence having at least 80%, such as at least 81%, such as at least 82%, such
as at least 83%, such as at least 84%, such as at least 85%, such as at least 86%, such as
at least 87%, such as at least 88%, such as at least 89%, such as at least 90%, such as at
least 91%, such as at least 92%, such as at least 93%, such as at least 94%, such as at
least 95%, such as at least 96%, such as at least 97%, such as at least 98%, such as at
least 99% sequence identity to any one amino acid sequence selected from SEQ ID NO:22,
SEQ ID NO:23, SEQ ID NO:24, and SEQ ID NO:25.

In some embodiments the homodimeric protein according to the present invention, is in its

matu re form without any signal peptide sequence.

In some embodiments the nucleic acid molecu le according to the present invention is human

codon optim ized .

It is to be understood that a human codon optim ized nucleic acid molecu le according to the
present invention comprises one or more nucleic acid substitution as compared to the wild
type sequence, which substitution provides for a codon with higher frequency of usage in
human coding regions. Frequency of codon usage in homo sapiens can be found at

http ://biowiki .edu-wiki .org/en/codon_ta ble

In some embodiments the nucleic acid molecule according to the present invention is
comprising any one of nucleotide sequences selected from the list consisting of SEQ ID NO:2,
SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:14,
SEQ ID NO:16, SEQ ID NO:18, SEQ ID NO:20, SEQ ID NO:31 and SEQ ID NO:33, or a

varia nt thereof.

In some embodiments the nucleic acid molecu le according to the present invention is

comprised by a vector.



10

15

20

25

30

WO 2013/092875 PCT/EP2012/076404

24

In some embod iments the nucleic acid molecu le according to the present invention is
formu lated for adm inistration to a patient to induce production of the homod imeric protein in

said patient.

In some embod iments the vaccine accord ing to the present invention further com prises a

pharmaceutica lly accepta ble carrier and/or adjuvant.

In some embod iments, the method of treating or preventing a HPV induced disease or
condition, such as a cancer or an infectious disease caused by HPV in a patient according to
the present invention comprises adm inistering to the patient in need thereof of a nucleic acid
molecu le, such as a DNA, accord ing to the present invention with a subsequent step of
electroporation . In some embod iments the administration is performed intra derma |l or intra

muscu lar.

EXAMPLE 1

Construction and expression of the vaccines.

Gene sequences were designed accord ing to the following structu re: 1: native leader
sequence for human LD78 b, 2: full length LD78b sequence. 3: Human hinge-reg ion 1 from
[gG3 . 4: Human hinge region 4 from 1gG3. 5: Glycine- Serine linker. 6: Human CH3 domain
from 1gG3. 7: Glycine-Leucine linker. 8: wildtype and muta nt Huma n papilloma virus
oncogenes E6, E7 and fusion proteins of both E6 and E7 divided by a Glycine- Serine linker.

The constructs are desig nated accord ing to their E6 and or E7 com position as follows :
VB100 1: Vaccibody-E6 wild type ;
VB100 5: Vaccibody-E7 wild type ;

The muta nts are desig nated accord ing to the amino acid position in the correspond ing native

E6 or E7 sequence.

VB1002 : Vaccibody-E6 C63R;

VB1003 : Vaccibody-E6 C106R;

VB1004 : Vaccibody-E6 F47R, C63R, C106R;
VB1006 : Vaccibody-E7 C24G, E26G;

VB1007 : Vaccibody-E7 C24G, E26G, C58G, C61G;
VB1008 : Vaccibody-E7 C24G, E26G, C91G, C94G;

VB1009 : Vaccibody- E7 C24G, E26G/ E6 F47R, C63R, C106R;
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VB10 16: Vaccibody- E7 C24G, E26G/ E6 C63R, C106R;
VB1020 : Vaccibody- E7 C24G, E26G/ E6 F47R, C63R, C106R huma n codon optim ized

VB102 1: Vaccibody- E7 C24G, E26G/ E6 F47R, L50G, C106R, 1128T huma n codon optim ized

Control vaccines com posed of only the antigens were included :
Control 1: E7 C24G, E26G/ E6 F47R, C63R, C106R;
Control 2: E7 C24G, E26G/ E6 C63R, C106R

All gene sequences were ordered from Aldevron (Fargo ND, USA) or Eurofins MWG GmbH and

cloned into the expression vector pUMVC4a.

All constructs were transfected in to 293E cells and verified expression of intact vaccibody
proteins were performed by dot blot and ELISA (data not shown) . All amino acid sequences

except for Controls 1 and 2 are shown as SEQ IDs.

EXAMPLE 2.
Immune response studies

VB 1009,VB10 16, VB1020 and VB102 1 were selected as vaccine cand idates with their
correspond ing controls 1 and 2 respectively. As a negative control empty pUMVC4a vector

was utilized .

25, 12.5 and 1.4 ug plasmid DNA of each candidate was injected intradermal in the lower
back of C57BI/6 mice followed by electroporation, Dermavax, Cellectis (Paris, France). 7 days
later the mice were boosted with similar amou nts of vaccines and control plasmids. At day 21

the mice were killed and spleens were harvested .

The T cell responses were calculated by ELISPOT. (Figures 3 a, b and c)

EXAMPLE 3.
Therapeutic effect

VB1016, VB1020 and VB102 1 with the correspond ing controls 1 and 2 were selected as the

vaccine candidate for therapeutic vaccine stud ies.

5xI0 4 or 5xI0 5 TC-1 cells (Johns Hopkins University, Baltimore, USA, Lin KY et al., Cancer
Res, 1996) were injected in the neck or thig h region of C57BI/6 mice. After days 3 and 10 or
day 3,7 and 10, the mice were vaccinated with 2ug, 10ug, 12.5 pg or 20ug of plasmid DNA
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followed by electroporation, Dermavax, Cellectis France. Tumor size were measured two to

three times a week up until day 49 after TC-1 cell injection (Figure 4, 5 and 6)

EXAMPLE 4.

A thera peutic DNA vaccine to be used may be prepared by GMP manufactu ring of the plasmid
vaccine accord ing to regulatory authorities' guidelines, including GMP cell banking, GMP
manufactu ring of drug substance and drug product, ICH stability studies and Fill & Finish of
the DNA vaccine. The DNA vaccine may be formu lated by dissolving in a saline solution, such
as IOnM Tris, ImM EDTA at a concentration of 2-5 mg/m I. The vaccine may be adm inistered

either intra-derma | or intra-muscu lar with or without following electroporation

SEQUENCES:

C-C motif chemokine 3-like 1 precursor including signal peptide (aa 1-23 in bold) and matu re
peptide (LD78-beta), aa 24-93 (SEQ ID NO:l):

MQVSTAALAVLLCTMALCNQVLSAPLAADTPTACCFSYTSRQIPQN FIADYFETSSQCSKPSVIFLTKR
GRQVCADPSEEWVQKYVSDLELSA

The specific DNA and correspond ing amino acid sequences of vaccibody HPV constructs :

E6 or E7 single constructs:
For the purpose of illustration only, the different domains of the constructs are separated by

an" |I'with the domains in the following order: Signal peptide |human MIP-1a|Hinge hi |Hinge
h4 IGly-Ser Linker or Gly-Leu linker |hCH3 1gG3 |Gly-Ser Linker or Gly-Leu linker |wildtype or

muta nt full length E6 or E7. Amino acids or nucleotides in bold illustrates sites of mutations.

DNA sequence of VB100 1 (SEQ ID NO:2):
ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCTCTCTGCAACCAGGTCCTCTCT | GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCTTCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGA
GGAGTGGGTCCAGAAATACGTCAGTGACCTGGAGCTGAGTGCC  |GAGCTCAAAACCCCACTTGGTGACACAACTCACAC
A |GAGCCCAAATCTTGTGACACACCTCCCCCGTGCCCAAGGTGCCCA | GGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |
GGACAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAGCGGGCAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAG
GGGAACATCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCGCTTCACGCAGAAGAGCCTCTCCCTGTCTCCGG
GTAAA | GGCCTCGGTGGCCTG | ATGTTTCAGGACCCACAGGAGCGACCCAGAAAGTTACCACAGTTATGCACAGAGCTG
CAAACAACTATACATGATATAATATTAGAATGTGTGTACTGCAAGCAACAGTTACTGCGACGTGAGGTATATGACTTTG
CTTTTCGGGATTTATGCATAGTATATAGAGATGGGAATCCATATGCTGTATGTGATAAATGTTTAAAGTTTTATTCTAA
AATTAGTGAGTATAGACATTATTGTTATAGTTTGTATGGAACAACATTAGAACAGCAATACAACAAACCGTTGTGTGAT
TTGTTAATTAGGTGTATTAACTGTCAAAAGCCACTGTGTCCTGAAGAAAAGCAAAGACATCTGGACAAAAAGCAAAGAT
TCCATAATATAAGGGGTCGGTGGACCGGTCGATGTATGTCTTGTTGCAGATCATCAAGAACACGTAGAGAAACCCAGCT
GTAA
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Protein sequence of VB100 1 (Homod imeric construct according to the invention with E6, SEQ
ID NO:3): Amino acid sequence 393 amino acids.

MQVSTAALAVLLCTMALCNQVLS |APLAADTPTACCFSYTSRQ PQNFI AD
YFETSSQCSKPSVI FL TKRGRQVCADPSEEWQKYVSDLELSA |ELKTPLG
DTTHT | EPKSCDTPPPCPRCP | GGGSSGGGSG | GQPREPQVYTLPPSREEMIK
NQVSL TCLVKGFYPSDI AVEWESSGQPENNYNTTPPM. DSDGSFFL YSKL
TVDKS RwQQGNT F SCSVIVHEAL HNRFTQKS 1,SL SPGK | GLGGL |MFQDPQER
PRKLPQLCTELQTTI HDI | LECVYCKQQLLRREVYDFAFRDLCl VYRDGN
PYAVCDKCLKFYSKI SEYRHYCYSLYGTTLEQQYNKPLCDLLI RCI NOQK
PLCPEEKQRHL DKKQRFHNI RGRWIT GRCVBCCRSSRTRRETQL*

DNA sequence of VB1002 (SEQ ID NO:4):

ATGCAGGT CTCCACTGCTGCCCTTGCCGT CCTCCT CTGCACCATGGECTCTCTGCAACCAGGTCCTCTCT  |GCACCACTT
GCTGCTGACACGCCGACCGCCT GCTGCT TCAGCTACACCT CCCGACAGAT TCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGT GCTCCAAGCCCAGT GT CATCTTCCTAACCAAGAGAGGCCGGECAGGT CTGT GCTGACCCCAGT GA
GGAGT GGGTCCAGAAATACGT CAGT GACCTGGAGCTGAGT GCC | GAGCTCAAAACCCCACTTGGTGACACAACTCACAC
A | GAGCCCAAATCT TGT GACACACCT CCCCCGTGCCCAAGGTGCCCA | GBCGGT GGAAGCAGCGGAGGT GGAAGT GGA |
GGACAGCCCCGAGAACCACAGGT GTACACCCT GCCCCCAT CCCGGGAGGAGAT GACCAAGAACCAGGT CAGCCT GACCT
GCCTGGT CAAAGGCT TCTACCCCAGCGACAT CGCCGT GGAGT GGGAGAGCAGCGGEGCAGCCGGAGAACAACTACAACAC
CACGCCT CCCATGCTGGACT CCGACGGCTCCTTCTTCCTCTACAGCAAGCT CACCGT GGACAAGAGCAGGT GBCAGCAG
GGGAACATCTTCTCATGCT CCGT GATGCAT GAGGECT CTGCACAACCGCT TCACGCAGAAGAGCCTCTCCCTGI CTCCGG
GTAAA | GBCCTCGGTGGECCTG |ATGT TTCAGGACCCACAGGAGCGACCCAGAAAGT TACCACAGT TATGCACAGAGCTG
CAAACAACTATACATGATATAATATTAGAATGT GT GTACT GCAAGCAACAGT TACT GCGACGTGAGGTATATGACTTTG
CTTTTCGGGATTTATGCATAGTATATAGAGATGGGAATCCATATGCTGTA CGAGATAAATGTTTAAAGT TTTATTCTAA
AATTAGTGAGTATAGACATTATTGI TATAGT TTGTATGGAACAACAT TAGAACAGCAATACAACAAACCGT TGTGTGAT
TTGTTAATTAGGT GTATTAACT GT CAAAAGCCACT GT GT CCTGAAGAAAAGCAAAGACAT CTGGACAAAAAGCAAAGAT
TCCATAATATAAGCGGT CGGTGGACCGGT CGATGT ATGT CTTGI TGCAGAT CATCAAGAACACGT AGAGAAACCCAGCT
GTAA

Protein sequence of VB1002 (Homod imeric construct according to the invention, SEQ ID
NO:5): Amino acid sequence, 393 amino acids.

MQVSTAALAVLLCTMALCNQVLS |APLAADTPTACCFSYTSRQ PQNFI AD
YFETSSQCSKPSVI FL TKRGRQVCADPSEEWQKYVSDLELSA |ELKTPLG
DTTHT | EPKSCDTPPPCPRCP | GGGSSGGGSG | GQPREPQVYTLPPSREEMIK
NQVSL TCLVKGFYPSDI AVEWESSGQPENNYNTTPPM. DSDGSFFL YSKL
TVDKS RWOQGNI FSCSVIVHEAL HNRFTQKS L SL SPGK | GLGGL |MFQDPQER
PRKLPQLCTELQTTI HDI | LECVYCKQQLLRREVYDFAFRDLCl VYRDGN
PYAVRDKCLKFYSKI SEYRHYCYSLYGTTLEQQYNKPLCDLLI RCI NCQK
PLCPEEKQRHL DKKQRFHNI RGRWI GRCVBCCRSSRTRRETQL*

DNA sequence of VB 1003 (SEQ ID NO:6):

ATGCAGGTCTCCACTGCTGCCCTTGCCGT CCTCCT CTGCACCATGGECTCTCTGCAACCAGGTCCTCTCT  |GCACCACTT
GCTGCTGACACGCCGACCGCCT GCTGCT TCAGCTACACCT CCCGACAGAT TCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGT GCTCCAAGCCCAGT GT CATCT TCCTAACCAAGAGAGGCCGGECAGGT CTGT GCTGACCCCAGT GA
GGAGT GGGT CCAGAAATACGT CAGT GACCT GGAGCTGAGT GCC | GAGCT CAAAACCCCACT TGGT GACACAACT CACAC
A | GAGCCCAAATCT TGT GACACACCT CCCCCGTGCCCAAGGTGCCCA | GBCGGT GCGAAGCAGCGGAGGT GGAAGTGGA |
GGACAGCCCCGAGAACCACAGGT GTACACCCT GCCCCCAT CCCGGGAGGAGAT GACCAAGAACCAGGT CAGCCT GACCT
GCCTGGT CAAAGGCT TCTACCCCAGCGACAT CGCCGT GGAGT GGGAGAGCAGCGGEGCAGCCGGAGAACAACTACAACAC
CACGCCT CCCATGCTGGACT CCGACGGECTCCTTCTTCCTCTACAGCAAGCT CACCGT GGACAAGAGCAGGT GBCAGCAG
GGGAACATCTTCTCATGCT CCGT GATGCAT GAGGECT CTGCACAACCGCT TCACGCAGAAGAGCCTCTCCCTGI CTCCGG
GTAAA | GBCCTCGGTGGECCTG |ATGT TTCAGGACCCACAGGAGCGACCCAGAAAGT TACCACAGT TATGCACAGAGCTG
CAAACAACTATACATGATATAATATTAGAATGT GT GTACT GCAAGCAACAGT TACT GCGACGTGAGGTATATGACTTTG
CTTTTCGGGATTTATGCATAGTATATAGAGAT GGGAATCCATATGCTGTATGTGATAAATGT TTAAAGT TTTATTCTAA
AATTAGTGAGTATAGACATTATTGI TATAGT TTGTATGGAACAACAT TAGAACAGCAATACAACAAACCGT TGTGTGAT
TTGTTAATTAGGT GTATTAAC CGACAAAAGCCACT GT GT CCTGAAGAAAAGCAAAGACAT CTGGACAAAAAGCAAAGAT
TCCATAATATAAGGCGGT CGGTGGACCGGT CGATGT ATGT CTTGI TGCAGAT CATCAAGAACACGT AGAGAAACCCAGCT
GTAA
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Protein sequence of VB1003 (Homod imeric construct according to the invention, SEQ ID
NO:7): Amino acid sequence, 393 amino acids.

MQVSTAALAVLLCTVALCNQULS |APLAADTPTACCFSYTSRQ PQNFI AD
YFETSSQCSKPSVI FL TKRGRQVCADPSEEW/QKYVSDLELSA |ELKTPLG
DTTHT | EPKSCDTPPPCPRCP | GGGSSGGGSG | GQPREPQVYTLPPSREEMIK
NQVSL TCLVKGFYPSDI AVEWESSGQPENNYNT TPPM.DSDGSFFL YSKL
TVDKS RwQQGNT F SCSVIVHEAL HNRFTQKS 1.SL SPGK | GLGGL |MFQDPQER
PRKLPQLCTELQTTI HDI | LECVYCKQQLLRREVYDFAFRDLCl VYRDGN
PYAVCDKCLKFYSKI SEYRHYCYSLYGTTLEQQYNKPLCDLLI RCI NRQK
PLCPEEKQRHL DKKQRFHNI RGRWI GRCMSCCRSSRTRRETQL* -

DNA sequence of VB1004 (SEQ ID NO:8):

ATGCAGGTCTCCACTGCTGCCCT TGCCGT CCTCCTCTGCACCATGECTCTCTGCAACCAGGTCCTCTCT - |GCACCACTT
GCTGCTGACACGCCGACCGCCTGCT GCTTCAGCTACACCT CCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGT GCTCCAAGCCCAGT GTCATCT TCCTAACCAAGAGAGGECCGECAGGT CTGT GCTGACCCCAGT GA
GGAGT GGGT CCAGAAATACGT CAGT GACCTGGAGCTGAGTGCC | GAGCTCAAAACCCCACT TGGT GACACAACTCACAC
A | GAGCCCAAAT CTTGT GACACACCT CCCCCGT GCCCAAGGTGCCCA | GBCGGT GGAAGCAGCCGAGGTGGAAGT A |
GGACAGCCCCGAGAACCACAGGT GTACACCCT GCCCCCAT CCCGGGAGGAGAT GACCAAGAACCAGGT CAGCCTGACCT
GCCTGGTCAAAGGCT TCTACCCCAGCGACAT CGCCGT GGAGT GGGAGAGCAGCGGEECAGCCCGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACT CCGACGGCTCCTTCT TCCT CTACAGCAAGCT CACCGT GGACAAGAGCAGGT GGCAGCAG
GGGAACATCTTCTCATGCT CCGT GATGCAT GAGGCT CTGCACAACCGCT TCACGCAGAAGAGCCTCTCCCTGI CTCCGG
GTAAA | GBCCTCGGTGGCCTG |ATGT TTCAGGACCCACAGGAGCGACCCAGAAAGT TACCACAGT TATGCACAGAGCTG
CAAACAACTATACATGATATAATATTAGAATGT GTGTACT GCAAGCAACAGT TACTGCGACGT GAGGTATATGACTTTG
CT CGACGGGATTTATGCATAGTATATAGAGATGGGAATCCATATGCTGTA CGAGATAAATGT TTAAAGTTTTATTCTAA
AATTAGTGAGTATAGACATTATTGT TATAGT TTGTATGGAACAACATTAGAACAGCAATACAACAAACCGT TGTGTGAT
TTGTTAATTAGGT GTATTAAC CGACAAAAGCCACT GT GT CCTGAAGAAAAGCAAAGACAT CTGGACAAAAAGCAAAGAT
TCCATAATATAAGGGEGT CGGT GGACCGGT CGATGTATGT CTTGI TGCAGAT CATCAAGAACACGT AGAGAAACCCAGCT
GTAA

Protein sequence of VB1004 (Homod imeric construct according to the invention, SEQ ID
NO:9): Amino acid sequence, 393 amino acids.

MQVSTAALAVL L CTMVAL CNQVL SAPLAADTPTACCFSYTSRQ PQNFI AD
YFETSSQCSKPSVI FL TKRGRQVCADPSEEW/QKYVSDLEL SAELKTPLG

DT THTEPKSCDTPPPCPRCPGGGSSGGGSGEOPREPQVY TL PPSREEMIK

NQVSL TCLVKGFYPSDI AVEWESSGQPENNYNT TPPM.DSDGSFFL YSKL

TVDKS RWOQGNI FSCSVIVHEAL HNRFTQKS L SLSPGKGL GGLMFQDPQER
PRKLPQLCTELQTTI HDI | LECVYCKQQLLRREVYDFARRDLCl VYRDGN
PYAVRDKCLKFYSKI SEYRHYCYSL YGTTLEQQYNKPLCDLLI RCI NRQK

PL CPEEKQRHL DKKQRFHNI RGRWI GRCMSCCRSSRTRRETQL*

DNA sequence of VB1005 (SEQ ID NO:10):

ATGCAGGTCTCCACTGCTGCCCT TGCCGT CCTCCTCTGCACCATGECTCTCTGCAACCAGGTCCTCTCT - |GCACCACTT
GCTGCTGACACGCCGACCGCCTGCT GCTTCAGCTACACCT CCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGT GCTCCAAGCCCAGT GTCATCTTCCTAACCAAGAGAGGECCGECAGGT CTGT GCTGACCCCAGT GA
GGAGT GGGT CCAGAAATACGT CAGT GACCTGGAGCTGAGTGCC | GAGCTCAAAACCCCACTTGGT GACACAACTCACAC
A | GAGCCCAAAT CTTGT GACACACCT CCCCCGT GCCCAAGGTGCCCA | GBCGGT GGAAGCAGCCGAGGTGGAAGT A |
GGACAGCCCCGAGAACCACAGGT GTACACCCT GCCCCCAT CCCGGGAGGAGAT GACCAAGAACCAGGT CAGCCTGACCT
GCCTGGTCAAAGGCT TCTACCCCAGCGACAT CGCCGT GGAGT GGGAGAGCAGCGGEECAGCCGGAGAACAACTACAACAC
CACGCCTCCCAT GCTGGACT CCGACGGCTCCTTCTTCCT CTACAGCAAGCT CACCGT GGACAAGAGCAGGT GGCAGCAG
GGGAACATCTTCTCATGCT CCGT GATGCAT GAGGCT CTGCACAACCGCT TCACGCAGAAGAGCCTCTCCCTGI CTCCGG
GTAAA | GGCCTCGGTGGECCTG | ATGCATGGAGATACACCTACAT TGCATGAATATAT GT TAGAT TTGCAACCAGAGACA
ACTGATCTCTACTGT TATGAGCAATTAAAT GACAGCT CAGAGGAGGAGGATGAAATAGAT GGT CCAGCT GGACAAGCAG
AACCGGACAGAGCCCATTACAATATTGTAACCTTTTGI TGCAAGT GTGACTCTACGCT TCGGT TGT GCGTACAAAGCAC
ACACGTAGACATTCGTACTTTGGAAGACCTGI TAATGGGCACACTAGGAAT TGT GTGCCCCATCTGT TCTCAGAAACCA
TAA
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Protein sequence of VB1005 (Homod imeric construct according to the invention with E7, SEQ
ID NO:Il): Amino acid sequence, 340 amino acids.

MQVSTAALAVLLCTMALCNQVLS |APLAADTPTACCFSYTSRQ PQNFI AD
YFETSSQCSKPSVI FLTKRGRQVCADPSEEW/QKYVSDLELSA |ELKTPLG
DTTHT |EPKSCDTPPPCPRCP | GGGSSGGGSG | GQPREPQVYTLPPSREEMIK
NQVSLTCLVKGFYPSDI AVEVESSGOPENNYNT TPPML_DSDGSFFLYSKL
TVDKS RiwQQGNI FSCSVMHEALHNRFTCKS L SL SPGK |GLGGL |VHGDTPTL
HEYM_DLQPETTDL YCYEQLNDSSEEEDEI DGPAGQAEPDRAHYNI VTFC
CKCDSTLRLCVQSTHVDI RTLEDLLMGTLAE VCPI CSQKP*

DNA seq uence of VB1006 (SEQ ID N0O:12):

ATGCAGGTCTCCACTGCTGCCCT TGCCGT CCTCCTCTGCACCAT GEGCTCTCTGCAACCAGGTCCTCTCT - |GCACCACTT
GCTGCTGACACGCCGACCGCCTGCT GCTTCAGCTACACCT CCCGACAGAT TCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGT GCTCCAAGCCCAGT GTCATCT TCCTAACCAAGAGAGGCCGECAGGT CTGTGCTGACCCCAGT GA
GGAGTGGGT CCAGAAATACGT CAGTGACCTGGAGCTGAGT GC C | GAGCT CAAAACCCCACTTGGTGACACAACT CACAC
A | GAGCCCAAATCTTGT GACACACCTCCCCCGT GCCCAAGGTGCCCA | GBCGGT GGAAGCAGCGGAGGTGGAAGT GGA |
GGACAGCCCCGAGAACCACAGGT GTACACCCT GCCCCCAT CCCGEGAGGAGAT GACCAAGAACCAGGT CAGCCTGACCT
GCCTGGTCAAAGGCT TCTACCCCAGCGACAT CGCCGT GGAGT GGGAGAGCAGCGGEGECAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACT CCGACGECTCCTTCTTCCT CTACAGCAAGCT CACCGT GGACAAGAGCAGGT GGCAGCAG
GGGAACATCTTCTCATGCTCCGT GAT GCAT GAGGCT CTGCACAACCGCT TCACGCAGAAGAGCCTCTCCCTGT CTCCGG
GTAAA | GGCCTCGGTGGCCTG | ATGCAT GGAGATACACCT ACATTGCATGAATATATGT TAGAT TTGCAACCAGAGACA
ACTGATCTCTAC GGATAT GGACAATTAAAT GACAGCT CAGAGGAGGAGGAT GAAAT AGAT GGT CCAGCT GGACAAGCAG
AACCGGACAGAGCCCATTACAATATTGTAACCTTTTGI TGCAAGT GTGACTCTACGCT TCGGT TGT GCGTACAAAGCAC
ACACGTAGACATTCGTACTTTGGAAGACCT GT TAATGGECACACT AGGAAT TGT GTGCCCCATCTGT TCTCAGAAACCA
TAA

Protein sequence of VB1006 (Homod imeric construct according to the invention, SEQ ID
NO:13) : Amino acid sequence, 340 amino acids.

MAQVSTAALAVLL CTMAL CNQVLSAPLAADTPTACCFSYTSRQ PONFI AD
YFETSSQCSKPSVI FL TKRGRQVCADPSEEW/QKYVSDLELSAELKTPLG
DT THTEPKSCDT PPPCPRCPGGGSSGEGSGEPREPQVYTLPPSREEMIK
NQVSLTCLVKGFYPSDI AVEVESSGOPENNYNT TPPML_DSDGSFFLYSKL
TVDKS RAQQGNI FSCSVMHEAL HNRFTQKS LSL SPCGKGAL GGLMHGDTPTL
HEYM_DL QPETTDL YGYGQLNDSSEEEDEI DGPAGQAEPDRAHYNI VTFC
CKCDSTLRLCVQSTHVDI RTLEDLLMGTLAE VCPI CSQKP*

DNA seq uence of VB1007 (SEQ ID NO:14):

ATGCAGGTCTCCACTGCTGCCCT TGCCGT CCTCCTCTGCACCAT GEGCTCTCTGCAACCAGGTCCTCTCT - |GCACCACTT
GCTGCTGACACGCCGACCGCCTGCT GCTTCAGCTACACCT CCCGACAGAT TCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGT GCTCCAAGCCCAGT GTCATCT TCCTAACCAAGAGAGGCCGECAGGT CTGTGCTGACCCCAGT GA
GGAGTGGGT CCAGAAATACGT CAGTGACCTGGAGCTGAGT GC C | GAGCT CAAAACCCCACTTGGTGACACAACT CACAC
A | GAGCCCAAAT CTTGT GACACACCTCCCCCGT GCCCAAGGTGCCCA | GBCGGT GGAAGCAGCGGAGGTGGAAGT GGA |
GGACAGCCCCGAGAACCACAGGT GTACACCCT GCCCCCAT CCCGEGAGGAGAT GACCAAGAACCAGGT CAGCCTGACCT
GCCTGGTCAAAGGCT TCTACCCCAGCGACAT CGCCGT GGAGT GGGAGAGCAGCGGEGECAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACT CCGACGECTCCTTCTTCCT CTACAGCAAGCT CACCGT GGACAAGAGCAGGT GGCAGCAG
GGGAACATCTTCTCATGCTCCGT GAT GCAT GAGGCT CTGCACAACCGCT TCACGCAGAAGAGCCTCTCCCTGT CTCCGG
GTAAA | GGCCTCGGTGGCCTG | ATGCAT GGAGATACACCT ACATTGCATGAATATATGT TAGAT TTGCAACCAGAGACA
ACTGATCTCTAC GGATAT GGACAAT TAAAT GACAGCT CAGAGGAGGAGGAT GAAAT AGAT GGT CCAGCT GGACAAGCAG
AACCGGACAGAGCCCATTACAATATTGTAACCTTT GGATGCAAGGGAGACT CTACGCT TCGGT TGTGCGTACAAAGCAC
ACACGTAGACATTCGTACTTTGGAAGACCT GT TAATGGECACACT AGGAATTGT GT GCCCCATCTGT TCTCAGAAACCA
TAA

Protein sequence of VB1007 (Homod imeric construct according to the invention, SEQ ID
NO:15): Amino acid sequence, 340 amino acids.

MAQVSTAALAVLL CTMAL CNQVLSAPLAADTPTACCFSYTSRQ PONFI AD
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YFETSSQCSKPSVI FL TKRGRQVCADPSEEWQKYVSDLELSAELKTPLG
DT THTEPKSCDTPPPCPRCPGGGSSGGGSGEQPREPQVYTL PPSREEMTK
NQVSLTCLVKGFYPSDI AVEWESSGQPENNYNTTPPM.DSDGSFFL YSKL
TVDKSRWQQGNI FSCSVVHEAL HNRFTQKSL SLSPGKGL GGL VHGDTPTL
HEYM.DLQPETTDL YGYGQLNDSSEEEDEI DGPAGQAEPDRAHYNI VTFG
CKGDSTLRLCVQSTHVDI RTLEDLLMGTLG VCPI CSQKP* -

DNA sequence of VB1008 (SEQ ID NO:16):

ATGCAGGT CTCCACTGCTGCCCT TGCCGT CCTCCTCTGCACCAT GACT CTCTGCAACCAGGTCCTCTCT | GCACCACTT
GCTGCTGACACGCCGACCGCCT GCTGCTTCAGCTACACCT CCCGACAGAT TCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGT GCTCCAAGCCCAGT GTCAT CTTCCTAACCAAGAGAGGCCGRCAGGT CTGTGCT GACCCCAGT GA
GGAGT GEGT CCAGAAATACGT CAGT GACCT GGAGCT GAGT GCC | GAGCT CAAAACCCCACT TGGT GACACAACT CACAC
A |GAGCCCAAATCTTGT GACACACCT CCCCCGT GCCCAAGGT GCCCA | GBOGGT GGAAGCAGCGGAGGT GGAAGT GAA |
GGACAGCCCCGAGAACCACAGGT GTACACCCT GCCCCCAT CCCGGGAGGAGAT GACCAAGAACCAGGT CAGCCT GACCT
GCCTGGTCAAAGGCTTCTACCCCAGCGACAT CGCCGT GGAGT GBGAGAGCAGCGGGCAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACT CCGACGGCT CCTTCT TCCTCTACAGCAAGCT CACCGT GGACAAGAGCAGGT GGCAGCAG
GGGAACATCTTCTCATGCTCOGT GATGCAT GAGGCT CT GCACAACCGCT TCACGCAGAAGAGCCT CTCCCTGTCTCCGG
GTAAA | GBCCTCGGTGRCCTG | ATGCATGGAGATACACCTACATTGCATGAATATATGT TAGATTTGCAACCAGAGACA
ACTGATCTCTACGGATAT GGACAATTAAAT GACAGCT CAGAGGAGGAGGAT GAAAT AGAT GGT CCAGCT GGACAAGCAG
AACCGGACAGAGCCCATTACAATATTGTAACCT TTTGT TGCAAGT GTGACT CTACGCT TCGGT TGTGCGTACAAAGCAC
ACACGTAGACATTCGTACT TTGGAAGACCT GT TAATGGGCACACTAGGAAT TGT GGGACCCAT CGGATCTCAGAAACCA
TAA

Protein sequence of VB1008 (Homod imeric construct according to the invention, SEQ ID
NO:17): Amino acid sequence, 340 amino acids.

MQVSTAALAVL L CTMAL CNQVL SAPLAADTPTACCFSYTSRQ PQNFI AD
YFETSSQCSKPSVI FL TKRGRQVCADPSEEWQKYVSDLELSAELKTPLG
DT THTEPKSCDTPPPCPRCPGGGSSGGGSGEQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDI AVEWESSGQPENNYNTTPPM.DSDGSFFL YSKL
TVDKSRWQQGNI FSCSVMHEAL HNRFTQKSL SLSPGKGL GGL VHGDTPTL
HEYM. DL QPETTDL YGYGQLNDSSEEEDEI DGPAGQAEPDRAHYNI VTFC
CKCDSTLRLCVQSTHVDI RTLEDLLMGTLG VGPI GSQKP*

Constructs with E6 and ET7:
For the purpose of illustration only, the different domains of the constructs are separated by

an" I" with the domains in the following order: Signal peptide |human MIP-1 a |Hinge
hi 1Hinge h4 |Gly-Ser Linker or Gly-Leu linker |hCH3 1gG3 |Gly-Ser Linker or Gly-Leu
linker |E7 mutant | Gly-Ser Linker or Gly-Leu linker |E6 muta nt. Amino acids or nucleotides in

bold illustrates sites of mutations .

DNA sequence of VB1009 (SEQ ID NO:18):

ATGCAGGTCTCCACT GCTGCCCT TGCCGT CCTCCT CTGCACCATGECTCTCTGCAACCAGGT CCTCTCT | GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCT CCCGACAGAT TCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGT GCTCCAAGCCCAGT GTCATCT TCCTAACCAAGAGAGGECCGGCAGGT CTGT GCTGACCCCAGT GA
GGAGT GGGT CCAGAAATACGT CAGT GACCT GGAGCTGAGT GCC | GAGCTCAAAACCCCACT TGGTGACACAACTCACAC
A | GAGCCCAAAT CTTGT GACACACCT CCCCCGT GCCCAAGGT GCCCA | GGCGGT GGAAGCAGCCGAGGT GGAAGT GCA |
GGACAGCCCCGAGAACCACAGGT GTACACCCT GCCCCCAT CCCGEGAGGAGAT GACCAAGAACCAGGT CAGCCTGACCT
GCCTGGTCAAAGGCT TCTACCCCAGCGACAT CGCCGT GGAGT GGGAGAGCAGCGGEGECAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACT CCGACGGCTCCTTCTTCCT CTACAGCAAGCT CACCGT GGACAAGAGCAGGT GGCAGCAG
GGGAACATCTTCTCATGCTCCGT GATGCAT GAGGCT CTGCACAACCGCT TCACGCAGAAGAGCCTCTCCCTGT CTCCGG
GTAAA | GBCCTCGGTGGCCTG |ATGCATGGAGATACACCTACATTGCATGAATATATGT TAGAT TTGCAACCAGAGACA
ACTGATCTCTACGGATAT GGACAAT TAAAT GACAGCT CAGAGGAGGAGGATGAAATAGAT GGT CCAGCT GGACAAGCAG
AACCGGACAGAGCCCATTACAATATTGTAACCTTTTGI TGCAAGT GTGACTCTACGCT TCGGT TGT GCGTACAAAGCAC
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ACACGTAGACATTCGTACTTTGGAAGACCTGI TAATGGGCACACTAGGAAT TGT GTGCCCCATCTGT TCTCAGAAACCA

| GGCGGT GCGAAGCAGCGGAGGT GGAAGTGGA | ATGT TTCAGGACCCACAGGAGCGACCCAGAAAGT TACCACAGT TATG
CACAGAGCTGCAAACAACTATACATGATATAATATTAGAATGT GT GTACT GCAAGCAACAGT TACTGCGACGT GAGGTA
TATGACTTTGCT CGACGGGATTTATGCATAGTATATAGAGATGCGAATCCATATGCTGTA CGAGATAAATGT TTAAAGT
TTTATTCTAAAATTAGTGAGTATAGACATTATTGI TATAGT TTGTATGGAACAACAT TAGAACAGCAATACAACAAACC
GITGTGTGATTTGI TAATTAGGTGTATTAAC CGACAAAAGCCACTGI GT CCTGAAGAAAAGCAAAGACATCTGGACAAA
AAGCAAAGATTCCATAATATAAGGGEGT CGGT GGACCGGT CGATGTATGT CTTGI TGCAGAT CATCAAGAACACGTAGAG
AAACCCAGCTGTAA

Protein sequence of VB1009 (Homod imeric construct according to the invention, SEQ ID
NO:19) : Amino acid sequence, 501 amino acids.

MQVSTAALAVLLCTMALCNQVLS |APLAADTPTACCFSYTSRQ PQNFI AD
YFETSSQCSKPSVI FLTKRGRQVCADPSEEW/QKYVSDLELSA |ELKTPLG
DTTHT |EPKSCDTPPPCPRCP | GGGSSGGGSG | GQPREPQVYTLPPSREEMIK
NQVSLTCLVKGFYPSDI AVEWESSGOPENNYNT TPPM. DSDGSFFL YSKL
TVDKS R QQGNI FSCSVVHEALHNRFT(KS 1.SL.SPGK | GLGGL | MHGDTPTL
HEYM_DL QPETTDL YGYGQLNDSSEEEDEI DGPAGQAEPDRAHYNI VTFC
CKCDSTLRLCVQSTHVDI RTLEDLLMGTLA VCPI CSQKP | GGGSSGGGESE |
MFQDPQERPRKLPQLCTELQITI HDI | LECVYCKQQLLRREVYDFARRDL

Cl VYRDGNPYAVRDKCLKFYSKI SEYRHYCYSL YGTTLEQQYNKPLCDLL

I RCl NBQ(PLCPEEKQ?HL DKKOQRFHNI RGRWIGRCMSCCRSSRTRRETQ

L *

DNA seq uence of VB1016 (SEQ ID N0:20) :

ATGCAGGTCTCCACTGCTGCCCT TGCCGT CCTCCTCTGCACCATGECTCTCTGCAACCAGGTCCTCTCT - |GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCT CCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGT GCTCCAAGCCCAGT GTCATCTTCCTAACCAAGAGAGGECCGECAGGT CTGT GCTGACCCCAGT GA
GGAGT GGGT CCAGAAATACGT CAGT GACCTGGAGCTGAGTGCC | GAGCTCAAAACCCCACTTGGT GACACAACTCACAC
A | GAGCCCAAAT CTTGT GACACACCT CCCCCGT GCCCAAGGTGCCCA | GBCGGT GGAAGCAGCCGAGGTGGAAGTGEAA |
GGACAGCCCCGAGAACCACAGGT GTACACCCT GCCCCCAT CCCGGGAGGAGAT GACCAAGAACCAGGT CAGCCTGACCT
GCCTGGTCAAAGGCT TCTACCCCAGCGACAT CGCCGT GGAGT GGGAGAGCAGCGGEECAGCCCGAGAACAACTACAACAC
CACGCCTCCCAT GCTGGACT CCGACGGCTCCTTCTTCCT CTACAGCAAGCT CACCGT GGACAAGAGCAGGT GGCAGCAG
GGGAACATCTTCTCATGCT CCGT GATGCAT GAGGCT CTGCACAACCGCT TCACGCAGAAGAGCCTCTCCCTGT CTCCGG
GTAAA | GGCCTCGGTGGECCTG | ATGCAT GGAGATACACCTACAT TGCATGAATATAT GT TAGAT TTGCAACCAGAGACA
ACTGATCTCTAC GGATAT GGACAATTAAAT GACAGCT CAGAGGAGGAGGATGAAATAGAT GGT CCAGCT GGACAAGCAG
AACCGGACAGAGCCCATTACAATATTGTAACCT TTTGI TGCAAGT GTGACTCTACGCT TCGGT TGT GCGTACAAAGCAC
ACACGTAGACATTCGTACTTTGGAAGACCTGI TAATGGGCACACTAGGAAT TGT GTGCCCCATCTGT TCTCAGAAACCA

| GGCGGT GCGAAGCAGCGGAGGT GGAAGTGGA | ATGT TTCAGGACCCACAGGAGCGACCCAGAAAGT TACCACAGT TATG
CACAGAGCTGCAAACAACTATACATGATATAATATTAGAATGT GTGTACT GCAAGCAACAGT TACTGCGACGT GAGGT A
TATGACTTTGCTTTTCGCGATTTATGCATAGTATATAGAGATGGGAATCCATATGCTGTA  CGAGATAAATGT TTAAAGT
TTTATTCTAAAATTAGTGAGTATAGACATTATTGI TATAGT TTGTATGGAACAACAT TAGAACAGCAATACAACAAACC
GITGTGTGATTTGI TAATTAGGTGTATTAAC CGACAAAAGCCACTGI GT CCTGAAGAAAAGCAAAGACATCTGGACAAA
AAGCAAAGATTCCATAATATAAGGGEGT CGGT GGACCGGT CGATGTATGT CTTGI TGCAGAT CATCAAGAACACGTAGAG
AAACCCAGCTGTAA

Protein sequence of VB1016 (Homod imeric construct according to the invention, SEQ ID
NO:21): Amino acid sequence, 501 amino acids

MAVSTAALAVLL CTMALCNQVLSAPLAADTPTACCFSYTSRQ PONFI AD
YFETSSQCSKPSVI FL TKRGRQVCADPSEEW(KYVSDLELSAELKTPLG
DT THTEPKSCDT PPPCPRCPGGGSSGGGSGEPREPQVYTLPPSREEMIK
NQVSLTCLVKGFYPSDI AVEWESSGOPENNYNT TPPM. DSDGSFFL YSKL
TVDKS RAQQGNI FSCSVMHEAL HNRFT(OKS LSLSPCKGL GELMHGDTPTL
HEYM_DL QPETTDL YGYGQLNDSSEEEDEI DGPAGQAEPDRAHYNI VTFC
CKCDSTLRLCVQSTHVDI RTLEDLLMGTLG VCPI CSQKPGGGSSGEESG
MFQDPQERPRKLPQLCTELQITI HDI | LECVYCKQQLLRREVYDFAFRDL
Cl VYRDGNPYAVRDKCLKFYSKI SEYRHYCYSLYGT TLEQQYNKPLCDLL

I RCl NBQ(PLCPEEKQ?HL DKKOQRFHNI RGRWIGRCMSCCRSSRTRRETQ
L *
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SEQ ID NO:22:

>tr| Q77816 |Q778I6_H PV16 E6 protein OS= Huma n papillomavirus type 16 GN=E6 PE=4
SV=1; (Underlined amino acids denotes amino acids that may be deleted ; Potentia | amino
acids that may be mutated are highlig hted)
MFQDPQERPRKLPQLCTELQTTIHDILECVYCKQQLLRREVYDFAFRDLCIVYRDG NPYAVCDKCLKFYS
KISEYRHYCYSLYGTTLEQQYNKPLCDLLIRCINCQKPLCPEEKQRH LDKKQRFH NIRGRWTG RCMSCCR
SSRTRRETQL

SEQ ID NO:23:

>sp|P03129 |VE7_H PV16 Protein E7 OS= Human papillomavirus type 16 GN=E7 PE=1 SV=1,;

(Underlined amino acids denotes amino acids that may be deleted ; Potential amino acids that
may be mutated are hig hlig hted)

MHGDTPTLH EYM LDLQPETTDLYCYEQLNDSSEEEDEIDG PAGQAEPDRAHYNIVTFCCKCDSTLRLCVQ
STHVDIRTLEDLLMGTLGIVCPICSQKP

SEQ ID NO:24:

>sp|P06463 |VE6_H PV18 Protein E6 OS= Human papillomavirus type 18 GN=E6 PE=1 SV=1
MARFEDPTRRPYKLPDLCTELNTSLQDIEITCVYCKTVLELTEVFEFAFKDLFVVYRDSI

PHAACH KCIDFYSRIRELRHYSDSVYG DTLEKLTNTGLYNLLIRCLRCQKPLN PAEKLRH

LN EKRRFH NIAG HYRGQCH SCCN RARQERLQRRRETQV

SEQ ID NO:25:

>sp|P06788 |VE7_H PV18 Protein E7 OS= Human papillomavirus type 18 GN=E7 PE=3 SV=2
MHG PKATLQDIVLH LEPQN EIPVDLLCH EQLSDSEEEN DEIDGVN HQH LPARRAEPQRHT
MLCMCCKCEARIKLVVESSADDLRAFQQLFLNTLSFVCPWCASQQ

SEQ ID NO:26:
Hinge regions (IgG3 UH hinge), 12 amino acids : ELKTPLGDTTHT

SEQ ID NO:27:
Hinge region (IgG3, MH hinge, 15 amino acids) : EPKSCDTPPPCPRCP

SEQ ID NO:28:
Gly-Ser Linker: GGGSSGGGSG

SEQ ID NO:29: hCH3 IgG3 :
GQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTPPM LDSDGSFFLYSKL
TVDKSRWQQG NIFSCSVM HEALH NRFTQKSLSLSPGK

SEQ ID NO:30: Linker: GLGGL

SEQ ID NO:31: DNA sequence of VB1020 :

ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCTCTCTGCAACCAGGTCCTCTCT|GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCTTCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGA
GGAGTGGGTCCAGAAATACGTCAGTGACCTGGAGCTGAGTGCC|GAGCTCAAAACCCCACTTGGTGACACAACTCACAC
Al GAGCCCAAATCTTGTGACACACCTCCCCCGTGCCCAAGGTGCCCA|GGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |
GGACAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAGCGGGCAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAG
GGGAACATCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCGCTTCACGCAGAAGAGCCTCTCCCTGTCTCCGG
GTAAA | GGCCTCGGTGGCCTG/ATGCATGGCGATACCCCAACACTCCATGAGTACATGCTGGACCTTCAGCCCGAGAC
TACGGATCTGTATGGCTATGGGCAGTTGAATGACTCATCTGAGGAGGAGGACGAAATAGACGGCCCAGCTGGTCAAGCC
GAACCGGATAGAGCCCACTACAACATTGTGACCTTTTGCTGTAAGTGTGACAGCACTCTGAGACTGTGTGTTCAGTCCA
CTCATGTCGACATACGCACATTGGAGGATCTCCTGATGGGAACACTGGGAATTGTGTGTCCCATCTGTTCCCAAAAGCC
T/IGGAGGTGGAAGCAGTGGAGGCGGTTCAGGC/ATGTTCCAAGATCCTCAAGAACGTCCTCGTAAGCTGCCACAGCTGT
GTACCGAGCTTCAGACCACCATTCACGACATCATCCTGGAGTGCGTCTATTGCAAACAGCAGCTCCTTAGAAGGGAAGT
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GIACGATTTTGCACGGAGGGACCT CTGCATCGT GTATCGGGACGGCAAT CCCTAT GCGGT ACGGGATAAAT GCCTGAAG
TTCTACAGCAAAAT CTCCGAGT ACCGGCACTACTGCTACTCTCTCTATGGGACGACT CTGGAACAGCAGTACAACAAGC
CCTTGI GCGATCTGCTGAT TCGCTGCAT TAAT CGCCAGAAACCT CTGT GCCCAGAAGAGAAGCAAAGACACCT GGACAA
GAAACAGCGAT TCCACAACAT CCGAGGGAGAT GGACAGGGAGGT GTATGAGCT GCTGT CGGAGT TCTAGGACAAGECGC
GAAACCCAGCTTTGA

SEQ ID NO:32: Protein sequence of VB1020 (Homod imeric construct according to the
invention Amino acid sequence, 501 amino acids:

MQVSTAALAVLLCTMALCNQVLS |APLAADTPTACCFSYTSRQ PONFI AD
YFETSSQCSKPSVI FLTKRGRQVCADPSEEW/QKYVSDLELSA |ELKTPLG
DTTHT |EPKSCDTPPPCPRCP | GGGSSGGGSG | GQPREPQVYTLPPSREEMIK
NQVSLTCLVKGFYPSDI AVEVWESSGOQPENNYNT TPPM. DSDGSFFLYSKL
TVDKS RiwQQGNI FSCSVMHEALHNRFTQKS L SL SPCK |GLGGEL | MHGDTPTL
HEYM.DL QPETTDL YGYGQLNDSSEEEDEI DGPAGQAEPDRAHYNI VTFC
CKCDSTLRLCVQSTHVDI RTLEDLLMGTLG VCPI CSQKP | GGGSSGGEGESE |
MFQDPQERPRKLPQLCTELQTTI HDI | LECVYCKQQLLRREVYDFARRDL

Cl VYRDGNPYAVRDKCLKFYSKI SEYRHYCYSL YGT TLEQQYNKPLCDLL

| RCl N_RQ(PLCPEEKQ?HL DKKOQRFHNI RGRW GRCMBCCRSSRTRRETQ

L *

SEQ ID NO:33: DNA sequence of VB1021:

ATGCAGGTCTCCACTGCTGCCCT TGCCGT CCTCCTCTGCACCATGECTCTCTGCAACCAGGTCCTCTCT | GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCT TCAGCTACACCT CCCGACAGATTCCACAGAATTTCATACCTGACTACTTTG
AGACGAGCAGCCAGT GCTCCAAGCCCAGI GTCATCTTCCT AACCAAGAGAGGCCGECAGGT CTGTGCTGACCCCAGTGA
GGAGT GGGT CCAGAAATACGT CAGTGACCTGGAGCTGAGTGCC | GAGCTCAAAACCCCACTTGGTGACACAACTCACAC
A |GAGCCCAAATCTTGTGACACACCT CCCCCGT GCCCAAGGT GCCCA | GGCGGT GGAAGCAGCGGAGGT GGAAGT GG |
GGACAGCCCCGAGAACCACAGGT GTACACCCT GCCCCCAT CCCGEGAGGAGAT GACCAAGAACCAGGT CAGCCTGACCT
GCCTGGT CAAAGGCT TCTACCCCAGCGACAT CCCCGT GGAGT GCGAGAGCAGCGEGCAGCCGCGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACT CCGACGGECTCCTTCTTCCTCTACAGCAAGCT CACCGT GGACAAGAGCAGGT GGCAGCAG
GGGAACATCTTCTCATGCTCCGT GATGCAT GAGGCT CTGCACAACCGCT TCACGCAGAAGAGCCTCTCCCTGI CTCCGG
GTAAA/GGCCTCGGTGGCCTG/ATGCATGGTGACACACCAACCCTGCACGAATACATGCTCGATCTGCAGCCAGAG
ACTACCGACCTTTACGGCTATGGGCAGTTGAACGACAGCTCTGAGGAGGAGGACGAGATCGATGGTCCTGCTGGA
CAAGCAGAACCAGACAGAGCCCACTACAACATCGTAACCTTTTGCTGCAAGTGTGACAGTACCCTTCGTTTGTGCG
TTCAGAGCACGCATGTCGACATTCGGACACTGGAGGATCTGCTCATGGGGACTCTGGGGATTGTGTGTCCTATTTG
CAGCCAGAAACCA/GGCGGAGGATCTTCAGGAGGCGGGAGTGGC/ATGTTCCAAGACCCTCAGGAACGCCCTCGG
AAACTGCCCCAATTGTGTACTGAGCTCCAGACAACGATACACGACATAATCCTGGAGTGCGTGTATTGCAAGCAGC
AGCTTCTGAGGAGGGAAGTGTACGATTTTGCCAGGAGAGATGGCTGCATTGTCTACCGAGATGGCAATCCCTATG
CGGTGTGTGATAAGTGTCTGAAGTTCTATTCCAAAATCAGCGAATATCGGCATTATTGCTACTCACTGTACGGAACT
ACCCTCGAACAGCAGTACAACAAACCGCTCTGTGATCTGCTGATCAGATGCATCAATCGGCAGAAACCCCTTTGTC
CCGAAGAGAAGCAAAGACACCTGGACAAGAAGCAGAGGTTCCACAATACCCGAGGTCGTTGGACTGGGCGCTGC
ATGTCCTGTTGTCGCTCCTCTCGCACAAGGAGAGAGACACAACTGTGA

SEQ ID NO:34: Protein sequence of VB102 1 (Homod imeric construct according to the
invention . Amino acid sequence, 501 amino acids:

MQVSTAALAVLLCTMALCNQVLS |APLAADTPTACCFSYTSRQ PONFI AD
YFETSSQCSKPSVI FLTKRGRQVCADPSEEW/QKYVSDLELSA |ELKTPLG
DTTHT |EPKSCDTPPPCPRCP | GGGSSGGGSG | GQPREPQVYTLPPSREEMIK
NQVSLTCLVKGFYPSDI AVEVWESSGOQPENNYNT TPPM. DSDGSFFLYSKL
TVDKS RWQQGNI FSCSVMHEALHNRFTQKS L SLSPCGK |GLGGEL |MHGDTPTL
HEYM.DL QPETTDL YGYGQLNDSSEEEDEI DGPAGQAEPDRAHYNI VTFC
CKCDSTLRLCVQSTHVDI RTLEDLLMGTLG VCPI CSQKP | GGGSSGGEGESE |
MFQDPQERPRKLPQLCTELQTTI HDI' | LECVYCKQQLLRREVYDFARRDG

Cl VYRDGNPYAVCDKCLKFYSKI SEYRHYCYSLYGI TLEQQYNKPLCDLL

I RCl' NRQKPL CPEEKQRHL DKKQRFHNTRGRWI GRCMSCCRSSRTRRETQ

L *
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Claims

1. A homod imeric protein of two identical amino acid chains, each amino acid chain
comprising (1) a signal peptide, (2) a targeting unit, (3) a dimerization motif, and (4) an
antigen ic unit, said targeting unit comprising an amino acid sequence having at least 80 %
sequence identity to the amino acid sequence 24-93 of SEQ ID NO:Il, and an antigenic unit
comprising an amino acid sequence of human papillomavirus (HPV), such as an antigenic unit
comprising an amino acid sequence of HPV16 and/or HPV18, such as an antigenic unit

derived from early proteins E6 and/or E7 of HPV16 and/or HPV18.

2. The homod imeric protein according to claim 1, wherein said targeting unit,
dimerization motif and antigenic unit in said amino acid chain are in the N-termina I to C-

term inal order of targeting unit, dimerization motif and antigen ic unit.

3. The homod imeric protein according to any one of claims 1 or 2, wherein said sig nal
peptide consists of an amino acid sequence having at least 80 % sequence identity to the

amino acid sequence 1-23 of SEQ ID NO:I .

4. The homod imeric protein according to claim 3, wherein said signal peptide consists of
an amino acid sequence having at least 85%, such as at least 86%, such as at least 87%,
such as at least 88%, such as at least 89%, such as at least 90%, such as at least 91%, such
as at least 92%, such as at least 93%, such as at least 94%, such as at least 95%, such as
at least 96%, such as at least 97%, such as at least 98%, such as at least 99%, such as

100% sequence identity to the amino acid sequence 1-23 of SEQ ID NO:I .

5. The homod imeric protein according to any one of claims 1-4, wherein said targeting
unit consists of an amino acid sequence having at least 85%, such as at least 86%, such as
at least 87%, such as at least 88%, such as at least 89%, such as at least 90%, such as at
least 91%, such as at least 92%, such as at least 93%, such as at least 94%, such as at
least 95%, such as at least 96%, such as at least 97%, such as at least 98%, such as at

least 99% sequence identity to the amino acid sequence 24-93 of SEQ ID NO:I .

6. The homod imeric protein according to any one of claims 1-5, wherein the dimerization
motif com prises a hinge region and optiona Ily another domain that facilitate dimerization,

such as an immu noglobulin domain, optiona lly connected throug h a linker.

7. The homod imeric protein according to claim 6, wherein the hinge region is g derived,

such as derived from 1gG3.
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8. The homod imeric protein according to any one of claims 6-7, wherein the hinge region

has the ability to form one, two, or several covalent bonds.

9. The homod imeric protein according to claim 8, wherein the covalent bond is a

disulphide bridge .

10.  The homod imeric protein according to any one of claims 6-9, wherein the
immu nog lobulin domain of the dimerization motif is a carboxyterm inal C domain, or a

sequence that is substantially identical to said C domain or a varia nt thereof.

11.  The homodimeric protein according to claim 10, wherein the carboxyterm inal C

domain is derived from IgG.

12.  The homod imeric protein according to any one of claims 6-11, wherein the

immu nog lobulin domain of the dimerization motif has the ability to homodimerize.

13.  The homodimeric protein according to any one of claims 6-12, where in said

immu nog lobulin domain has the ability to homodimerize via noncovalent interactions .

14.  The homod imeric protein according to claim 13, wherein said noncovalent interactions

are hydrophobic interactions.

15.  The homod imeric protein according to any one of claims 1-14, wherein said

dimerization domain does not comprise the CH2 domain .

16. The homod imeric protein according to any one of claims 1-15, where in the
dimerization motif consist of hinge exons hi and h4 connected throug h a linker to a C, ;3

domain of human 1gG3.

17.  The homodimeric protein according to any one of claims 1-16, wherein the
dimerization motif consist of an amino acid sequence having at least 80 % sequence identity
to the amino acid sequence 94-237 of SEQ ID NO:3.

18. The homod imeric protein according to any one of claims 2-17, wherein said linker is a

G3S2G3SG linker.
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19. The homod imeric protein according to any one of claims 1-18, where in said antigen ic
unit and the dimerization motif is connected throug h a linker, such as a GLGGL linker or a

GLSGL linker.

20. The homod imeric protein according to any one of claims 1-19, where in said targeting

unit consists of amino acids 24-93 of SEQ ID NO:I, or a variant thereof.

21. The homod imeric protein according to any one of claims 1-20, which homod imeric
protein have increased affinity for any one chemokine receptor selected from CCR1, CCR3
and CCR5 as com pared to the affinity of the same homod imeric protein with the targeting

unit consisting of amino acids 24-93 of SEQ ID NO:l, or a varia nt thereof.

22. The homod imeric protein according to any one of claims 1-21, wherein said antigen ic
unit com prises an amino acid sequence having at least 80%, such as at least 81%, such as at
least 82%, such as at least 83%, such as at least 84%, such as at least 85%, such as at
least 86%, such as at least 87%, such as at least 88%, such as at least 89%, such as at
least 90%, such as at least 91%, such as at least 92%, such as at least 93%, such as at
least 94%, such as at least 95%, such as at least 96%, such as at least 97%, such as at
least 98%, such as at least 99% sequence identity to the amino acid sequence 243-293 of

SEQ ID NO:3.

23. The homod imeric protein according to any one of claims 1-22, wherein said antigen ic
unit consists of an amino acid sequence having at least 80%, such as at least 81%, such as
at least 82%, such as at least 83%, such as at least 84%, such as at least 85%, such as at
least 86%, such as at least 87%, such as at least 88%, such as at least 89%, such as at
least 90%, such as at least 91%, such as at least 92%, such as at least 93%, such as at
least 94%, such as at least 95%, such as at least 96%, such as at least 97%, such as at
least 98%, such as at least 99% sequence identity to the amino acid sequence 243-293 of

SEQ ID NO:3.

24. The homod imeric protein according to 22 or 23, wherein said antigenic unit com prises
one or more amino acid substitutions at a position selected from the list consisting of F47,
L50, C63, C106 and 1128 of SEQ ID NO:22, or a deletion involving one or more amino acid
selected from the list consisting of Y43-L50 of SEQ ID NO:22.

25. The homod imeric protein according to any one of claims 1-23, wherein said antigen ic
unit com prises the amino acid sequence 243-293 of SEQ ID NO:3, SEQ ID NO:5, SEQ ID

NO:7, or SEQ ID NO:9, or a variant or antigenic fragment thereof.
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26. The homod imeric protein according to any one of claims 1-23, where in said antigen ic
unit consists of the amino acid sequence 243-293 of SEQ ID NO:3, SEQ ID NO:5, SEQ ID

NO:7, or SEQ ID NO:9, or a variant or antigenic fragment thereof.

27.  The homodimeric protein according to any one of claims 1-2 1, where in said antigen ic
unit com prises an amino acid sequence having at least 80%, such as at least 81%, such as at
least 82%, such as at least 83%, such as at least 84%, such as at least 85%, such as at
least 86%, such as at least 87%, such as at least 88%, such as at least 89%, such as at
least 90%, such as at least 91%, such as at least 92%, such as at least 93%, such as at
least 94%, such as at least 95%, such as at least 96%, such as at least 97%, such as at
least 98%, such as at least 99% sequence identity to the amino acid sequence 243-340 of
SEQ ID NO:I | .

28. The homod imeric protein according to any one of claims 1-21, where in said antigen ic
unit consists of an amino acid sequence having at least 80%, such as at least 81%, such as
at least 82%, such as at least 83%, such as at least 84%, such as at least 85%, such as at
least 86%, such as at least 87%, such as at least 88%, such as at least 89%, such as at
least 90%, such as at least 91%, such as at least 92%, such as at least 93%, such as at
least 94%, such as at least 95%, such as at least 96%, such as at least 97%, such as at
least 98%, such as at least 99% sequence identity to the amino acid sequence 243-340 of
SEQ ID NO:I | .

29. The homodimeric protein according to claims 27 or 28, wherein said antigenic unit
comprises one or more amino acid substitutions at a position selected from the list consisting
of C24, E26, C58, C61, C91, and C94 of SEQ ID NO:23, or a deletion involving one or more
amino acid selected from the list consisting of L22-E26 and/or C58-C61 and/or C91-S95 of
SEQ ID NO:23.

30. The homodimeric protein according to any one of claims 1-2 1, wherein said antigen ic
unit com prises the amino acid sequence 243-340 of SEQ ID NO:I |, SEQ ID NO:13, SEQ ID

NO:15, or SEQ ID NO:17, or a variant or antigen ic frag ment thereof.

31. The homodimeric protein according to any one of claims 1-2 1, wherein said antigen ic
unit consists of the amino acid sequence 243-340 of SEQ ID NO:I |, SEQ ID NO:13, SEQ ID

NO:15, or SEQ ID NO:17, or a variant or antigen ic frag ment thereof.

32. The homodimeric protein according to any one of claims 1-2 1, wherein said antigen ic
unit com prises an amino acid sequence having at least 80%, such as at least 81%, such as at

least 82%, such as at least 83%, such as at least 84%, such as at least 85%, such as at
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least 86%, such as at least 87%, such as at least 88%, such as at least 89%, such as at
least 90%, such as at least 91%, such as at least 92%, such as at least 93%, such as at
least 94%, such as at least 95%, such as at least 96%, such as at least 97%, such as at
least 98%, such as at least 99% sequence identity to the amino acid sequence 243-50 1 of
SEQ ID NO:19, SEQ ID NO:21, SEQ ID NO:32, or SEQ ID NO:34.

33. The homod imeric protein according to any one of claims 1-21, where in said antigen ic
unit consists of an amino acid sequence having at least 80%, such as at least 81%, such as
at least 82%, such as at least 83%, such as at least 84%, such as at least 85%, such as at
least 86%, such as at least 87%, such as at least 88%, such as at least 89%, such as at
least 90%, such as at least 91%, such as at least 92%, such as at least 93%, such as at
least 94%, such as at least 95%, such as at least 96%, such as at least 97%, such as at
least 98%, such as at least 99% sequence identity to the amino acid sequence 243-50 1 of
SEQ ID NO:19, SEQ ID NO:21, SEQ ID NO:32, or SEQ ID NO:34.

34. The homod imeric protein according to any one of claims 1-22, 24-25, 27, 29-30, 32-
33, wherein said antigenic unit com prising an amino acid sequence of human papillomavirus

16 (HPV16) derived from both early proteins E6 and E7.

35. The homod imeric protein according to claims 32-34, wherein said antigen ic unit
comprises one or more amino acid substitutions at a position selected from the list consisting
of F47, L50, C63, C106 and 1128 of SEQ ID NO:22 and C24, E26, C58, C61, C91, C94 of SEQ
ID NO:23.

36. The homod imeric protein according to any one of claims 1-21, wherein said antigen ic
unit consists of the amino acid sequence 243-50 1 of SEQ ID NO:19, SEQ ID NO:21, SEQ ID
NO:32, or SEQ ID NO:34, or avariant or antigen ic frag ment thereof.

37. The homod imeric protein according to any one of claims 1-21, wherein said amino
acid chain consists of an amino acid sequence selected from the list consisting of SEQ ID
NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:I |, SEQ ID NO:13, SEQ ID
NO:15, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:21, SEQ ID NO:32, and SEQ ID NO:34, or

a variant or antigenic frag ment thereof.

38. The homod imeric protein according to any one of claims 1-21, wherein said antigen ic
unit comprises an amino acid sequence having at least 80%, such as at least 81%, such as at
least 82%, such as at least 83%, such as at least 84%, such as at least 85%, such as at
least 86%, such as at least 87%, such as at least 88%, such as at least 89%, such as at

least 90%, such as at least 91%, such as at least 92%, such as at least 93%, such as at
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least 94%, such as at least 95%, such as at least 96%, such as at least 97%, such as at
least 98%, such as at least 99% sequence identity to any one amino acid sequence selected

from SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, and SEQ ID NO:25.

39. The homod imeric protein according to any one of claims 1-21, where in said antigen ic
unit consist of an amino acid sequence having at least 80%, such as at least 81%, such as at
least 82%, such as at least 83%, such as at least 84%, such as at least 85%, such as at
least 86%, such as at least 87%, such as at least 88%, such as at least 89%, such as at
least 90%, such as at least 91%, such as at least 92%, such as at least 93%, such as at
least 94%, such as at least 95%, such as at least 96%, such as at least 97%, such as at
least 98%, such as at least 99% sequence identity to any one amino acid sequence selected
from SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, and SEQ ID NO:25.

40. The homod imeric protein according to any one of claims 1-39, in its matu re form

without any signal peptide sequence.

41. An amino acid chain comprising (1) a signal peptide, (2) a targeting unit, (3) a
dimerization motif, and (4) an antigenic unit, said targeting unit com prising an amino acid
sequence having at least 80 % sequence identity to the amino acid sequence 24-93 of SEQ
ID NO:I, and an antigen ic unit com prising an amino acid sequence of human papillomavirus
(HPV), such as an antigenic unit com prising an amino acid sequence of HPV16 and/or HPV18,
such as an antigen ic unit derived from early proteins E6 and/or E7 of HPV16 and/or HPV18,
which amino acid chain is able to form a homod imeric protein according to any one of clams
1-40.

42. A nucleic acid molecu le, such as a DNA, encoding the amino acid chain according to
claim 41.
43. The nucleic acid molecu le according to claim 42, which nucleic acid molecu le is human

codon optim ized .

44 A nucleic acid molecu le com prising any one of nucleotide sequences selected from the
list consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:10,
SEQ ID NO:12, SEQ ID NO:14, SEQ ID NO:16, SEQ ID NO:18, SEQ ID NO:20, SEQ ID NO:31
and SEQ ID NO:33, or a varia nt thereof.

45. The nucleic acid molecu le according to claims 42-44 comprised by a vector.
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46. The nucleic acid molecule according to any one of claims 42-4 5 formu lated for

admi inistration to a patient to induce production of the homodimeric protein in said patient.

47. The homod imeric protein according to any one of claims 1-40, or an amino acid chain
according to claim 41, or the nucleic acid molecule according to any one of claims 42-46 for

use as a medicament.

48. A pharmaceutica | com position comprising the homodimeric protein according to any
one of claims 1-40, or an amino acid chain according to claim 41, or the nucleic acid molecu le

according to any one of claims 42-46.

49. A host cell com prising the nucleic acid molecu le according to any one of claims 42-46.

50. A method for preparing a homodimeric protein according to any one of claims 1-40, or

an amino acid chain of claim 41, the method com prising

a) transfecting the nucleic acid molecule according to any one of claims 41-45

into a cell popu lation;
b) culturing the cell population ;

c) collecting and purifying the homodimeric protein, or amino acid chain

expressed from the cell population .

51. A method for preparing a vaccine, such as a DNA vaccine, comprising an
immu nologically effective amount of a nucleic acid molecule according to any one of claims

42-46, the method com prising

a) preparing a nucleic acid molecule according to any one of claims 41-45;

b) dissolving the nucleic acid molecu le obtained under step a) in a

pharmaceutica lly acceptable carrier, diluent, or buffer.

52. A vaccine against HPv comprising an immu nologically effective amou nt of a
homod imeric protein according to any one of claims 1-40, or an amino acid chain according
to claim 41, or nucleic acid molecule, such as a DNA, according to any one of claims 42-46,

wherein said vaccine is able to trigger both a T-cell- and B-cell immu ne response.
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53. The vaccine according to claim 52 further comprising a pharmaceutica lly acceptable
carrier and/or adjuvant.

54. A method of treating or preventing a HPv induced disease or condition, such as a
cancer or an infectious disease caused by HPV in a patient, the method com prising

adm inistering to the patient in need thereof, a homodimeric protein according to any one of
claims 1-40, or an amino acid chain according to claim 41, or the nucleic acid molecule, such

as a DNA, according to one of claims 42-46.

55. The method according to claim 54, wherein the method com prises adm inistering to
the patient in need thereof of a nucleic acid molecule, such as a DNA, according to one of

claims 42-46 with a subsequent step of electroporation .

56. The method according to claims 54 or 55, wherein the administration is performed
intra dermal or intra muscu lar.
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on paper

in electroniiz form

b.  (time)
—  inthe international application as filed
O together with the international application in electronic form
(I subsequently to this Authority for the purpose of search
2. D In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto has been filed

or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.
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