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VACCINES AGAIN ST HPV

FIELD OF THE INVENTION

The present invention relates to thera peutic compou nds, such as vaccines aga inst human

papillomavirus ( HPV) and in pa rticu la r to DNA vaccines against HPV16 and/or HPV18. The

invention further relates to protein construct encod ing homod imeric peptides, which peptides

may be released from a DNA vaccine or used sepa rately. Fu rther described are

pharmaceutica l formu lations, host cells and methods for producing the vaccines, as well as

methods for the treatment of various HPV ind uced diseases, such as cancers and infectious

d iseases by application .

BACKG ROUN D OF T HE INVENTION

It is now well esta blished that human papillomavirus ( HPV) is the cause of cervical cancer

and other HPV-associated ma lig nancies such as anogenita l (anus, vu lva r, vag ina l and penile)

cancers and a subset of head and neck cancers. I n particu la r, HPV16 and HPV 18 are

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

To date, two prophylactic HPV vaccines are on the market (Ga rdasil and Cervarix) . The a im of

the prophylactic vaccines is to induce humora l immune responses by stimu lating the

production of neutra lizing antibod ies specific for the HPV vira l ca psid proteins, LI and L2 .

Althoug h the preventive vaccines are an importa nt milestone for the control of HPV induced

cervica l cancer and possibly other HPV-associated malig nancies, the effect of these vaccines

will not be sig nifica ntly observed for 20-40 yea rs (Ma B et a l . , Cu rrent Ca ncer Thera py

Reviews, 2010) . Moreover, since the coverage of mass vaccination for the prophylactic

vaccines are to date lim ited in add ition to a substa ntia l popu lation worldwide that already are

HPV infected, HPV-associated malig nancies will continue to prog ress. Thus, it will be

important to develop HPV-specific thera peutic vaccines in order to red uce the mortality and

morbid ity of HPV-associated ma lig nancies and its precu rsor lesions (Ma B et al ., Cu rrent

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 expa nded . Still, only one thera peutic cancer vaccine, ca lled

Provenge (Dend reon INC) has so far been approved to be applied as sta nda rd thera py for

prostate ca ncer. Nota bly, due to eth ica l reasons the majority of therapeutic ca ncer vaccines

are tested on a patient grou p bea ring a late stage tumor. This patient g rou p is substa ntia lly

immu nosu ppressed mea ning that the tumor cells have for long esca ped the immu ne system



and contributed to ind uce immu nolog ica l tolerance to the tumor along ca rcinogenesis . I n

add ition, the choice of antigens (tumor-specific vs. tumor-associated ) applied as vaccines are

critica l in order to ind uce tumor-specific immu ne responses and avoid killing of hea lthy cells

in the patients which may lead to serious adverse events . Thus, the major cha llenges in

cancer immu nothera py are to break the immu nolog ica l tolerance and activate tumor-specific

effector functions to recog nize and kill tumor cells. Althoug h some case reports show clinica l

response to thera peutic cancer vaccines in late stage tumor patients, the most common

primary end point is to observe the im pact on overall su rviva l compa red to conventiona l

thera py (su rgery, chemo and rad iation thera py) . However, most stud ies are either not

conclusive or that they com pletely fa i l to show th is . One reason for the negative resu lts lies in

the patient grou p carrying end-stage tumors that are cha lleng ing to treat in the first place. A

possible strategy cou ld be to include patients with ea rly-stage tumors in thera peutic vaccine

tria ls.

One strategy is to target pre-ca ncerous lesions. The cha llenges for th is strategy are ma in ly

the lack of relia ble bioma rkers that are specifica lly expressed by preca ncerous lesions for

many tissues and poor med ica l screening (either non-existing or that the existing method

suffers from lack of sensitivity) . Exceptiona lly, this is not the case for HPV-induced

malig nancies . For insta nce, the majority of western cou ntries have good screening prog rams

for cervica l dysplasia and cervica l cancer by perform ing the Pa pa nicolaou test (Pap smea r

test) . I f there are unclear or abnorma l resu lts from Pap smear test, colposcopy will be

performed (Nationa l Cervical Cancer Coa lition) . HPV-testing may also be recommended for

some patients to detect the presence of " h ig h-risk" HPV-type in the precancerous lesion .

Thus, HPV represents a potentia l bioma rker for HPV-associated preca ncerous lesions, in

particu la r cervica l intraepithe lia l dysplasia (CIN ) .

DNA vaccines have shown increasing prom ise for the treatment of huma n d iseases, in

particu la r cancer. DNA vaccines induce strong antigen-specific immu ne responses and can be

repeated ly adm in istered to mainta in the target-specific immu ne responses. Such vaccines are

considered to be safe and sim ple and cheap to prod uce on a la rge scale compared to other

cancer thera peutic formats . Numerous immu notherapeutic interventions fa i l to induce

immu nolog ica l memory. Exceptiona lly, DNA vaccination ensu res sustained release of the

vaccine prod uct in vivo which enhances antigen-specific immu nolog ica l memory. Direct

delivery of antigens to professiona l antigen-presenting cells (APCs) stimu lates both CD4+

and CD8+ T cell immu ne responses in vivo. Such strong cellu lar immu ne responses have

been demonstrated to specifica lly recog nize and kill antigen-positive ma lig nant cells

efficiently both in vitro and in vivo.



There is still a need in the art for im proved vaccines for inducing strong and specific immu ne

responses aga inst HPV responsible for both infectious d iseases and cancers .

OBJ ECT OF THE INVENTION

I t is an object of em bod iments of the invention to provide specific and h ig h ly effective

thera peutic compou nds, such as DNA vaccines aga inst d iseases and cond itions caused by

HPV.

SUM MARY OF THE INVENTION

I t has been fou nd 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 mod u le

of hMIP- la, thera peutic vaccines are provided , wherein the strong immu nogenic epitopes of

HPV gene products are presented with hig h efficiency to APCs to ind uce a specific and strong

immu ne response . The prod ucts accord ing 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 com pou nd lead ing to in vivo

production of the protein prod uct within the person receiving the vaccine . However, as an

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

Accord ing ly, in a first aspect the present invention relates to a homod imeric protein of two

identica l am ino acid cha ins, each am ino acid cha in comprising ( 1) a sig nal peptide, (2) a

targeting unit, (3) a dimerization motif, and (4) an antigenic unit, sa id targeting unit

comprising an am ino acid seq uence having at least 80 % seq uence identity to the am ino acid

seq uence 24-93 of SEQ I D NO : l , and an antigenic unit comprising an am ino acid seq uence of

human papillomavirus (HPV), such as an antigen ic unit com prising an am ino acid sequence of

HPV16 and/or HPV18, such as an antigen ic unit derived from ea rly proteins E6 and/or E7 of

HPV16 and/or HPV18.

I n a second aspect the present invention relates to an am ino acid cha in com prising (1) a

sig na l peptide, (2) a targeting unit, (3) a dimerization motif, and (4) an antigen ic unit, said

targeting unit com prising an am ino acid seq uence having at least 80 % seq uence identity to

the am ino acid sequence 24-93 of SEQ I D NO : l , and an antigen ic unit com prising an am ino

acid seq uence of human papillomavirus ( HPV), such as an antigenic unit comprising an am ino

acid seq uence of HPV1 6 and/or HPV18, such as an antigenic unit derived from ea rly proteins

E6 and/or E7 of HPV1 6 and/or HPV18, which am ino acid cha in is able to form a homod imeric

protein accord ing to the invention .



I n a third aspect the present invention relates to a nucleic acid molecu le, such as a DNA,

encod ing an am ino acid chain comprising (1) a sig nal peptide, (2) a targeting unit, (3) a

dimerization motif, and (4) an antigenic unit, sa id targeting unit com prising an am ino acid

seq uence having at least 80 % seq uence identity to the am ino acid seq uence 24-93 of SEQ

I D NO : l , and an antigen ic unit com prising an am ino acid seq uence of huma n pa pillomavirus

( HPV), such as an antigenic unit com prising an amino acid seq uence of HPV16 and/or HPV18,

such as an antigen ic unit derived from early proteins E6 and/or E7 of HPV1 6 and/or HPV18,

which am ino acid chain is able to form a homod imeric protein accord ing to the invention .

I n a further aspect the present invention relates to a homod imeric protein accord ing to the

invention, or an am ino acid cha in accord ing to the invention, or the nucleic acid molecu le

accord ing to the invention for use as a med icament.

I n a further aspect the present invention relates to a pharmaceutica l composition com prising

a homod imeric protein accord ing to the invention, or an am ino acid cha in accord ing to the

invention, or the nucleic acid molecu le accord ing to the invention .

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

molecu le accord ing to the invention .

I n a further aspect the present invention relates to a method for preparing a homod imeric

protein accord ing to the invention, or an am ino acid cha in of the invention, the method

comprising a) transfecting the nucleic acid molecu le accord ing to the invention into a cell

popu lation ; b) cu ltu ring the cell popu lation ; c) collecting and pu rifying the homod imeric

protein, or am ino acid cha in expressed from the cell popu lation .

I n a further aspect the present invention relates to a method for preparing a vaccine, such as

a DNA vaccine, com prising an immu nolog ica lly effective amou nt of a nucleic acid molecu le

accord ing to the invention, the method com prising a) prepa ring a nucleic acid molecu le

accord ing to the invention ; b) dissolving the nucleic acid molecu le obtained under step a) in a

pharmaceutica lly accepta ble carrier, diluent, or buffer.

I n a further aspect the present invention relates to a vaccine aga inst HPV com prising an

immu nolog ica lly effective amou nt of a homod imeric protein accord ing to the invention, or an

amino acid cha in accord ing to the invention, or nucleic acid molecu le, such as a DNA,

accord ing to the invention, wherein sa id vaccine is able to trigger both a T-cell- and B-cell

immu ne response .



I n a further aspect the present invention relates to a method of treating or preventing a HPV

induced d isease or cond ition, such as a cancer or an infectious d isease caused by HPV in a

patient, the method com prising adm inistering to the patient in need thereof, a homod imeric

protein accord ing to the invention, or an am ino acid cha in accord ing to the invention, or the

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

LEG ENDS TO T HE FIGURE

Figu re 1: The overa l l structu re of vaccibody vaccines with E7/E6 fusion antigen . Shown are

both DNA and protein formats. The vaccibody consist of three functiona l mod u les ; the

chemokine human ΜΙΡ - Ι α ( Ι 78β) in the targeting modu le, hinge and CH3 sequences from

human IgG3 in the dimerization modu le and fu ll- length E7 and/or E6 fusion in the vaccine

modu le.

Figu re 2 : The suggested mode of action for a Vaccibody DNA vaccine aga inst HPV -induced

malig nancies . Naked DNA plasm id encod ing vaccibody is injected intraderma l followed by

electroporation . The plasm id is taken up by local cells and vaccibody proteins are produced

and secreted . The chemotactic targeting modu les attract CCRl and CCR5 expressing antigen

presenting cells (APC) and ensu re bind ing and uptake into dend ritic cells (DC) . The DC will

present antigenic pe ptides to CD4+ and CD8+ T cells and the CD8+ T cells will kill HPV

infected and tra nsformed cells in the cervix.

Figu re 3 : ELISPOT resu lts showing the num ber of E7 and E6 specific T cell responses as a

function of different amou nts of vaccine adm inistered . C57BL/6 m ice were injected i.d . with

naked DNA plasm ids encod ing VB1009 and VB1 016 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 ca lcu lated by ELISPOT. (A) E7-specific responses after i.d .

vaccination with 25 g of VB1009, control 1 (antigen alone) and pUMVC4a (em pty vector) .(B)

E7-specific responses after i.d . vaccination with 12 .5 and 1.4 g of VB10 16, control 2 (antigen

alone) and pUMVC4a (em pty vector) . (C) E6-specific responses after i.d . vaccination with

12 .5 and 1.4 g of VB1 016, control 2 (antigen alone) and pUMVC4a (empty vector) .

Figu re 4 .Therapeutic effect of VB10 16 shown by measu red tumor volume. C57BL/6 m ice

were injected s.c. with 5xl0 5 TC- 1 cells at day 0. At day 3 and day 10, the mice were

injected i.d . with 12 .5 g naked DNA plasm ids encod ing VB10 16, control 2 or empty vector

followed by electroporation (Cellectis, France) . The tumor sizes were measu red by ca liper two

to three times a week and tumor volume calcu lated .



Figu re 5.Thera peutic effect of VB10 16 shown by measu red tumor volume. C57BL/6 m ice

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

m ice were injected i.d . with 20 g or 2 g naked DNA plasm ids encod ing VB1016, control 2 or

empty vector followed by electroporation (Cellectis, France) . The tumor sizes were measu red

by ca liper two to three times a week and tumor volume calcu lated .

Figu re 6.Thera peutic effect of VB1020 and VB102 1 shown by measu red tumor volume .

C57BL/6 mice were injected s.c. in the th ig h with 5xl0 4 TC- 1 cells at day 0. At day 3 and day

10, the m ice were injected i.d . with 10 g naked DNA plasm ids encod ing VB10 16, VB1020,

VB102 1 or empty vector followed by electroporation (Cellectis, France) . The tumor sizes were

measu red by ca liper two to three times a week and tumor volume ca lcu lated .

DETAILED DISCLOSURE OF THE INVENTION

The constructs and DNA vaccine technology described herein by the inventors of the present

invention (a lso referred to as "vaccibody" molecu les/vaccines/constructs) represents a novel

vaccine strategy to induce strong and specific immu ne responses for both infectious d iseases

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 l injection, prefera bly followed by

electroporation . This resu lts in the upta ke 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

dend ritic cells (La ngerha ns cells), lead ing to in vivo production of the vaccibody-E6/E7

molecu le .

The early gene prod ucts E6 and E7 from "hig h-risk" HPV types such as HPV16 and 18 may be

responsible for tra nsformation of the basa l-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 lead ing to specific erad ication of " h ig h-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 mod u le, dimerization mod u le and the vaccine modu le (Fig ure 1) . Genes encod ing the

three mod u les are genetica lly eng ineered to be expressed as one gene . When expressed in

vivo, the vaccibody molecu le targets antigen presenting cells (APCs) which resu lts in an

enhanced vaccine potency com pa red to identica l, non-targeted antigens. I n vivo expression of

the chemokine human macrophage inflammatory protein 1 a lpha (hMIP- la/ Ι 78β) 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- l a as the targeting



modu le, will not on ly target the antigens to specific cells, but in add ition give a response-

amplifying effect (adj uva nt effect) by recru iting specific immu ne cells to the injection site. This

unique mecha nism may be of great im porta nce in a clin ica l setting where patients can receive

the vaccine without any add itional adj uvants since the vaccine itself g ives the adj uva nt effect.

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

antigen ic mod u le consist of the E7 fu l l length genetic sequence in fusion to the E6 fu l l length

seq uence orig inating from the HPV16 or HPV18 subtype. The adva ntage of this format is that

both E6 and E7 will be present in one construct and may thus be equa lly expressed in vivo.

Consequently, one vaccibody molecu le consisting of a mu lti-a ntigenic unit may represent

equa l levels of E6 and E7 for the immu ne system . The HPV16 E6 and E7 gene prod ucts are

oncogenic in their natu ra l form . To neutra lize their oncogenic properties, mutations at specific

sites may be introduced in the E6 and E7 genetic seq uence.

The mutations, includ ing 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, 201 0, Polakova

I 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.

Accord ing ly, in some aspects of the invention, the constructs accord ing to the present

invention conta in 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 Dala i S et a l . , J Virol, 1996; Mu nger K et al., EMBO, 1989 ;

Nakagawa S et a l . , Virology, 1995 ; Crook T et al., Cell, 199 1; Mu nger K et al ., HPV

Compend ium On line, 1997

(http ://www.stdgen .lan l.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 a l . , Nat Rev Cancer, 2010, Polakova

I et al., Vaccine, 201 0; Xie Q, Virologica Sinica, 201 1; Mesplede T et al., J Virol, 2012; US

2008/0 102084 or US6306397 . I n other aspects of the invention, the constructs accord ing to

the present invention conta in 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 Da la i S et al., J Virol, 1996; Mu nger K et a l . , EM BO,

1989 ; Na kagawa S et al., Virology, 1995 ; Crook T et a l . , Cell, 199 1; Mu nger K et a l . , HPV

Compend ium On line, 1997

(http ://www.stdgen .lan l.gOv/COM PEN DIUM_PDF/97PDF/3/E7 .pdf) ; Moody C et al., Nat Rev

Cancer, 2010, US 2008/0 102084 and US6306397 .



There is a possibility that the vaccibody-moiety (ta rgeting and dimerization mod u les) 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 fu ll- length E6

and/or E7 sequences in the vaccibody construction .

The invention describes severa l variant of Vaccibody HPV therapeutic DNA vaccines a l l based

on the overall format described in fig ure 1, the thera peutic vaccibody-H PV DNA vaccines

encodes genes that are natu ra lly 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 su rface of APCs . The dimerization module genes may encode hinge reg ions and

consta nt heavy cha in 3, such as from huma n IgG3 which connects two vaccibody monomers

generating a homod imer molecu le . Genes encod ing the vaccine module for the cu rrent

strategy consist of HPV, such as HPV16 and/or HPV18 E7 and E6 antigens, such as the fu l l

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 l 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 su rface of APCs

in the skin, in pa rticu la r DCs. The bind ing of the vaccibody molecu le to its cog nate receptors

leads to interna lization of the complex in the APC, deg radation of the proteins into sma l l

peptides that are loaded onto MHC molecu les and presented to CD4+ and CD8+ T cells to

induce HPV1 6 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

(Figu re 2) . Such enha nced immu ne responses to a vaccine with a "bu ilt-in" adj uvant effect

may potentia lly overcome tumor-esca pe (tumor immu ne su rveillance) by brea king

immu nolog ica l tolerance and efficiently kill ma lig nant cells . The hMIP- l a targeting unit may

be connected throug h a dimerization motif, such as a hinge reg ion, to an antigenic unit,

wherein the later is in either the COOH-term ina l or the NH2-term ina l end . The present

invention not only relates to a DNA sequence cod ing 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 ls preferentia lly by immu nization by mea ns of Vaccibody

DNA, Vaccibody RNA, or Vaccibody protein, and fina lly to pharmaceutica ls and a kit

comprising the sa id molecu les .

The dimerization motif in the proteins accord ing to the present invention may be constructed

to include a hinge reg ion and an immu nog lobu lin domain (e.g . Cy3 doma in) , e .g .

carboxyterm ina l C doma in (CH3 doma in), or a seq uence that is substantia lly identical to sa id C

doma in . The hinge reg ion may be I g derived and contributes to the dimerization throug h the

formation of an intercha in cova lent bond (s), e .g . d isu lfide bridge(s) . I n add ition, it functions as

a flexible spacer between the doma ins allowing the two targeting un its to bind simu lta neously

to two target molecu les on APC expressed with varia ble d ista nces . The imm unog lobu lin



doma ins contribute to homod imerization throug h non-cova lent interactions, e.g . hyd rophobic

interactions. I n a preferred embod iment the CH3 doma in is derived from IgG . These

dimerization motifs may be exchanged with other mu ltimerization moieties (e.g . from other Ig

isotypes/su bclasses) . Prefera bly the dimerization motif is derived from native huma n proteins,

such as human IgG .

I t is to be understood that the dimerization motif may have any orientation with respect to

antigen ic unit and targeting unit. I n 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. I n another em bod iment the antigenic unit is in the N-te rmina l end of the

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

Internationa l application WO 2004/076489, which is hereby incorporated by reference

d iscloses nucleic acid seq uences and vectors, which may be used accord ing to the present

invention .

The proteins accord ing to the present invention include an antigen ic unit derived from HPV,

such as HPV16 E7 and E6 antigens, such as the fu l l length HPV16 E7 and E6 antigens, as well

as immu nogen ic frag ments or varia nts thereof. The antigenic sequence shou ld be of sufficient

length . The m in ima l length of such antigenic unit may be arou nd 9 am ino acids . Accord ing ly

in some embod iments, the antigen ic unit derived from HPV com prises an am ino acid

seq uence of at least 9 amino acids correspond ing to at least about 27 nucleotides in a nucleic

acids sequence encod ing such antigenic unit. Preferably the antigenic unit derived from HPV

is considerably longer, such as the fu l l length HPV16 E7 and E6 antigens . Diversity arises

within a given HPV genotype throug h lim ited nucleotide changes in the cod ing (at a frequency

of < 2%) and non-cod ing (at a frequency of < 5%) reg ions (Bernard , HU et al ., Int J Cancer,

2006) . Such varia nts phylogenetica lly seg regate based on their geog raphical orig in and are

therefore la beled Eu ropean, Africa n, Asian, Asia n-America n and North America n. Insertion of

such seq uences in a Vaccibody format mig ht lead to activation of both arms of the immu ne

response .

Immu nization by mea ns of Vaccibody protein, Vaccibody DNA, or Vaccibody RNA, the latter

two executed e.g . by intramuscu lar or intraderma l injection with or without a following

electroporation, are a l l feasible methods accord ing to the present invention .

As d iscussed above, the present invention relates to a vaccine com position aga inst ca ncer or

infectious d iseases caused by HPV, the vaccine com position com prising an immu nolog ica lly

effective amou nt of the nucleic acid encod ing 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



response . The present invention a lso relates to a kit com prising Vaccibody DNA, RNA, or

protein for d iag nostic, med ica l or scientific pu rposes .

The invention further relates to a method of prepa ring the recom binant molecu le of the

invention comprising , tra nsfecting the vector com prising the molecu le of the invention into a

cell popu lation ; cu ltu ring the cell popu lation ; collecting recom bina nt protein expressed from

the cell popu lation ; and pu rifying the expressed protein .

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

thera py, e .g . under the control of a specific promoter, and introd uced into the cells . I n some

embod iments the vector com prising sa id DNA seq uence is a virus, e .g . an adenovirus, vaccin ia

virus or an adeno-associated virus. I n some embod iments a retroviruses is used as vector.

Exam ples of su ita ble retroviruses are e.g . MoM uLV or HaM uSV. For the pu rpose of gene

thera py, the DNA/RNA sequences accord ing to the invention can a lso be tra nsported to the

target cells in the form of colloida l 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 deg ree of sequence identity or sequence homology with am ino acid

seq uence(s) defined herein or with a polypeptide having the specific properties defined

herein . The present invention encom passes, in pa rticu lar, the use of peptide varia nts or

peptide un its to be used in the constructs accord ing to the present invention having a deg ree

of seq uence identity with any one of SEQ I D NO : l , SEQ I D NO :3, SEQ I D NO :5, SEQ I D

NO :7, SEQ I D NO :9, SEQ I D NO : l l , SEQ I D NO :13, SEQ I D NO :15, SEQ I D NO :17, SEQ I D

NO :19, SEQ I D NO :21, SEQ I D NO :22, SEQ I D NO :23, SEQ I D NO :24, SEQ I D NO :25, SEQ

I D NO :26, SEQ I D NO :27, SEQ I D NO :28, SEQ I D NO :29, SEQ I D NO :30, SEQ I D NO :32, or

SEQ I D NO :34 . Here, the term "varia nt" means an entity having a certa in deg ree of sequence

identity with the subject am ino acid sequences or the subject nucleotide sequences, where

the subject am ino acid sequence preferably is SEQ I D NO : l , SEQ I D NO :2, SEQ I D NO :3,

SEQ I D NO :4, SEQ I D NO :5, SEQ I D NO :6, SEQ I D NO :7, SEQ I D NO :8, SEQ I D NO :9, SEQ

I D NO :10, SEQ I D NO : l l , SEQ I D NO :12, SEQ I D NO :13, SEQ I D NO :14, SEQ I D NO :15,

SEQ I D NO :16, SEQ I D NO :17, SEQ I D NO :18, SEQ I D NO :19, SEQ I D NO :20, SEQ I D

NO :21, SEQ I D NO :22, SEQ I D NO :23, SEQ I D NO :24, SEQ I D NO :25, SEQ I D NO :26, SEQ

I D NO :27, SEQ I D NO :28, SEQ I D NO :29, SEQ I D NO :30, SEQ I D NO :31, SEQ I D NO :32,

SEQ I D NO :33, or SEQ I D NO :34 .

I n one aspect, the varia nt or frag ment am ino acid sequence and/or nucleotide sequence

shou ld provide and/or encode a polypeptide which reta ins the functiona l activity and/or

enhances the activity of a polypeptide of SEQ I D NO : l , SEQ I D NO :3, SEQ I D NO :5, SEQ I D

NO :7, SEQ I D NO :9, SEQ I D NO : l l , SEQ I D NO :13, SEQ I D NO :15, SEQ I D NO :17, SEQ I D



NO :19, SEQ I D NO :21, SEQ I D NO :22, SEQ I D NO :23, SEQ I D NO :24, SEQ I D NO :25, SEQ

I D NO :26, SEQ I D NO :27, SEQ I D NO :28, SEQ I D NO :29, SEQ I D NO :30, SEQ I D NO :32, or

SEQ I D NO :34 .

I n the present context, a varia nt seq uence is taken to include an am ino acid seq uence 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%, identica l to the subject seq uence . Typica lly, the varia nts used

accord ing to the present invention will com prise the same active sites etc. as the subject

amino acid seq uence . Althoug h homology can also be considered in terms of simila rity ( i.e.

amino acid residues having sim ilar chem ica l properties/fu nctions), in the context of the

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

Sequence identity compa risons can be cond ucted by eye, or more usua lly, with the a id of

read ily ava ilable sequence com pa rison com puter prog rams . These commercia lly ava ila ble

computer prog rams use com plex com parison algorithms to alig n two or more seq uences that

best reflect the evolutionary events that m ig ht have led to the difference(s) between the two

or more sequences. Therefore, these algorithms operate with a scoring system rewa rd ing

alig nment of identica l or sim ila r am ino acids and pena lising the insertion of gaps, gap

extensions and alig nment of non-sim ilar am ino acids. The scoring system of the comparison

algorithms include :

i) assig nment of a penalty score each time a gap is inserted (ga p pena lty score),

ii) assig nment of a penalty score each time an existing gap is extended with an extra
position (extension pena lty score),

iii) assig nment of hig h scores upon alig nment of identical amino acids, and

iv) assig nment of variable scores upon alig nment of non-identica l am ino acids .

Most alig nment prog rams allow the gap pena lties to be mod ified . However, it is preferred to

use the defau lt values when using such software for seq uence com parisons.

The scores given for alig nment of non-identica l am ino acids are assig ned accord ing to a

scoring matrix also ca lled a substitution matrix. The scores provided in such substitution

matrices are reflecting the fact that the likelihood of one am ino acid being substituted with

another during evolution varies and depends on the physica l/chem ica l natu re of the amino

acid to be substituted . For example, the likelihood of a pola r am ino acid being substituted

with another pola r am ino acid is h ig her com pared to being substituted with a hyd rophobic

amino acid . Therefore, the scoring matrix will assig n the hig hest score for identica l am ino



acids, lower score for non-identica l but sim ila r am ino acids and even lower score for non-

identica l non-sim ilar am ino acids . The most frequently used scoring matrices are the PAM

matrices (Dayhoff et al. ( 1978), Jones et a l . (1992)), the BLOSUM matrices (Henikoff and

Henikoff (1992)) and the Gonnet matrix (Gonnet et al. (1992)) .

Su itable computer prog rams for ca rrying out such an a lig nment include, but are not lim ited

to, Vector NTI (Invitrogen Corp .) and the Clusta lV, ClustalW and ClustalW2 prog rams

( H igg ins DG & Sha rp PM (1988), Higg ins et al. (1992), Thom pson et al. (1994), La rkin et al.

(2007) . A selection of different a lig nment tools is ava ila ble from the ExPASy Proteom ics

server at www .expasy.org . Another example of software that can perform seq uence

a lig nment is BLAST (Basic Loca l Alig nment Search Tool), which is availa ble from the webpage

of Nationa l Center for Biotechnology Information which can cu rrently be fou nd at

http ://www. ncbi. nlm .nih .gov/ and which was firstly described in Altschu l et a l . (1990) J. Mol.

Biol . 215; 403-4 10 .

Once the softwa re has produced an a lig nment, it is possible to calcu late % sim ilarity and %

seq uence identity. The software typica lly does this as pa rt of the sequence com pa rison and

generates a numerica l resu lt.

I n one em bod iment, it is preferred to use the ClustalW software for performing sequence

a lig nments. Prefera bly, a lig nment with Clusta lW is performed with the following pa rameters

for pairwise a lig nment :

Clusta lW2 is for exam ple made ava ilable on the internet by the Eu ropea n Bioinformatics

Institute at the EM BL-EBI webpage www.ebi .ac. uk under tools - seq uence analysis -

Clusta lW2 . Cu rrently, the exact add ress of the Clusta lW2 tool is

www .ebi .ac. uk/Tools/clusta lw2 .

I n another embod iment, it is preferred to use the prog ram Alig n X in Vector NTI (Invitrogen)

for performing seq uence a lig nments. I n one embod iment, ExplO has been may be used with

defau lt settings :

Gap opening pena lty : 10

Gap extension pena lty : 0 .05

Gapsepa ration pena lty range : 8

Score matrix : blosum62mt2



Thus, the present invention also encompasses the use of varia nts, frag ments, and derivatives

of any am ino acid sequence of a protein, polypeptide, motif or doma in as defined herein,

particu la rly those of SEQ I D NO : l , SEQ I D NO :3, SEQ I D NO :5, SEQ I D NO :7, SEQ I D NO :9,

SEQ I D NO : l l , SEQ I D NO :13, SEQ I D NO :15, SEQ I D NO :17, SEQ I D NO :19, SEQ I D

NO :21, SEQ I D NO :22, SEQ I D NO :23, SEQ I D NO :24, SEQ I D NO :25, SEQ I D NO :26, SEQ

I D NO :27, SEQ I D NO :28, SEQ I D NO :29, SEQ I D NO :30, SEQ I D NO :32, or SEQ I D NO :34 .

The seq uences, particu larly those of variants, fragments, and derivatives of SEQ I D NO : l ,

SEQ I D NO :3, SEQ I D NO :5, SEQ I D NO :7, SEQ I D NO :9, SEQ I D NO : l l , SEQ I D NO :13, SEQ

I D NO :15, SEQ I D NO :17, SEQ I D NO :19, SEQ I D NO :21, SEQ I D NO :22, SEQ I D NO :23,

SEQ I D NO :24, SEQ I D NO :25, SEQ I D NO :26, SEQ I D NO :27, SEQ I D NO :28, SEQ I D

NO :29, SEQ I D NO :30, SEQ I D NO :32, or SEQ I D NO :34, may also have deletions, insertions

or substitutions of am ino acid resid ues wh ich prod uce a silent cha nge and resu lt in a

functiona lly equ iva lent substa nce. Deliberate am ino acid substitutions may be made on the

basis of simila rity in pola rity, charge, solu bility, hyd rophobicity, hyd rophilicity, and/or the

amphipathic natu re of the resid ues as long as the secondary bind ing activity of the substa nce

is retained . For exam ple, negatively charged am ino acids include aspa rtic acid and glutam ic

acid ; positively cha rged am ino acids include lysine and arg inine; and am ino acids with

uncharged polar head grou ps having sim ila r hyd rophilicity values include leucine, isoleucine,

valine, glycine, alan ine, aspa rag ine, glutam ine, serine, threonine, phenyla la nine, and

tyrosine .

The present invention also encom passes conservative substitution (su bstitution and

replacement are both used herein to mea n the intercha nge of an existing amino acid residue,

with an alternative residue) that may occu r i.e. like-for-like substitution such as basic for

basic, acid ic for acid ic, pola r for polar etc. Non-conservative substitution may also occu r i.e .

from one class of residue to another or alternatively involving the inclusion of unnatu ra l

amino acids such as ornithine (hereinafter referred to as Z), d iam inobutyric acid ornithine

(hereinafter referred to as B), norleucine ornith ine (hereinafter referred to as O),

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

Conservative substitutions that may be made are, for exam ple with in the grou ps of basic

amino acids (Arg inine, Lysine and Histid ine), acid ic am ino acids (g lutam ic acid and aspartic

acid ) , aliphatic am ino acids (Ala nine, Va line, Leucine, Isoleucine), polar am ino acids

(G lutam ine, Asparag ine, Serine, Threonine), aromatic am ino acids (Phenyla la nine,

Tryptophan and Tyrosine), hyd roxyl amino acids (Serine, Threonine), la rge am ino acids

(Phenyla la nine and Tryptopha n) and small am ino acids (G lycine, Ala nine) .



Replacements may a lso be made by unnatu ra l amino acids include; alpha* and alpha-

d isu bstituted* am ino acids, N-a lkyl am ino acids*, lactic acid * , ha lide derivatives of natu ral

amino acids such as trifluorotyrosine*, p-CI- phenyla lan ine*, p-Br-phenyla la nine*, p-I-

phenyla la nine*, L-allyl-g lycine*, β -a la nine*, 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 su lfone* * , 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

( l,2,3,4-tetra hyd roisoq uinoline-3-ca rboxyl acid )*, L-d iam inopropionic acid * and L-Phe (4-

benzyl)* . The notation * has been utilised for the pu rpose of the d iscussion above (relating to

homologous or non-conservative substitution), to ind icate the hyd rophobic natu re of the

derivative whereas # has been utilised to ind icate the hyd rophilic natu re of the derivative, # *

ind icates am ph ipath ic characteristics.

Variant am ino acid sequences may include su ita ble spacer grou ps that may be inserted

between any two amino acid residues of the sequence includ ing alkyl grou ps such as methyl,

ethyl or propyl grou ps in add ition to am ino acid spacers such as g lycine or β -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 varia nt am ino acid resid ues wherein the oc-ca rbon

substituent g rou p 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 e t al.

( 1992), Horwell DC. ( 199 5) .

I n one em bod iment, the varia nt targeting unit used in the homod imeric protein accord ing to

the present invention is variant having the sequence of am ino 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 seq uence identity therewith .

I n one aspect, prefera bly the protein or sequence used in the present invention is in a

pu rified form . The term "pu rified" means that a given com ponent is present at a h ig h 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 "va ria nt" 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 am ino acid or nucleotide seq uence, respectively. The phrases "va riant

polypeptide", "polypeptide", "va riant" and "varia nt enzyme" mean a polypeptide/protein that

has an am ino acid sequence that has been mod ified from the am ino acid sequence of SEQ I D



NO : 1. The variant polypeptides include a polypeptide having a certa in percent, e.g ., 80%,

85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, of seq uence identity

with the amino acid sequence of SEQ I D NO : l , SEQ I D NO :3, SEQ I D NO :5, SEQ I D NO :7,

SEQ I D NO :9, SEQ I D NO : l l , SEQ I D NO :13, SEQ I D NO :15, SEQ I D NO :17, SEQ I D NO :19,

SEQ I D NO :21, SEQ I D NO :22, SEQ I D NO :23, SEQ I D NO :24, SEQ I D NO :25, SEQ I D

NO :26, SEQ I D NO :27, SEQ I D NO :28, SEQ I D NO :29, SEQ I D NO :30, SEQ I D NO :32, or SEQ

I D NO :34 .

"Va riant nucleic acids" can include sequences that are com plementa ry to seq uences that are

capa ble of hybrid izing to the nucleotide sequences presented herein . For example, a varia nt

seq uence is com plementary to seq uences capa ble of hybrid izing under stringent cond itions,

e .g ., 50°C and 0 .2X SSC ( I X SSC = 0.15 M NaCI, 0 .0 15 M sod ium citrate, pH 7.0), to the

nucleotide sequences presented herein . More particula rly, the term varia nt encom passes

seq uences that are com plementary to seq uences that are capa ble of hybrid izing under hig h ly

stringent cond itions, e .g ., 65°C and 0.1X SSC, to the nucleotide seq uences 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

certa in percent, e .g ., 80%, 85%, 90%, 95%, or 99%, of seq uence identity with the nucleic

acid encod ing SEQ I D NO : l , SEQ I D NO :3, SEQ I D NO :5, SEQ I D NO :7, SEQ I D NO :9, SEQ

I D NO : l l , SEQ I D NO :13, SEQ I D NO :15, SEQ I D NO :17, SEQ I D NO :19, SEQ I D NO :21,

SEQ I D NO :22, SEQ I D NO :23, SEQ I D NO :24, SEQ I D NO :25, SEQ I D NO :26, SEQ I D

NO :27, SEQ I D NO :28, SEQ I D NO :29, SEQ I D NO :30, SEQ I D NO :32, or SEQ I D NO :34,

encod ing the monomeric protein which can form the homod imeric protein accord ing to

invention .

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

The E6 protein may be detoxified by rendering the p53 bind ing im possible . Five positions in

the fu l l length HPV16 E6 protein are sites for mutations for inactivation of E6 functiona lity,

F47, L50, C63, C106 and 1128. Any am ino acid substitution in these positions may lead to

inactivation of E6 and ind uces tumor suppression . Substitutions in any one of these positions

with any one different am ino acid may potentia lly be utilized . Sites for potentia l mutations

are shown in SEQ I D NO :22 .

I n the E7 protein there are conserved reg ions associated with oncogen ic properties (see

Phelps et al J. Virol. April 1992, vol. 66, no. 424 18-242 ; Gu lliver et al J Virol . 1997,

August; 71(8)) includ ing an N-term ina l Rb (retinoblastoma bind ing protein) bind ing -site motif

(LXCXE) and two conserved reg ions 3 (upstream and downstream) with a Zn- bind ing motif

(CXXC) . The preferred mutation sites in the LXCXE-motif are C24 and E26. Preferred sites in



the two CXXC motifs are C58, C6 1, C9 1 and C94 . However, any mutations in these reg ions

can be envisaged to be substituted for the red uction of bind ing functions and thus abolish the

oncogenic effects of E7 . Sites for potentia l mutations are shown in SEQ I D NO :23 .

Sig na l peptide :

A sig na l peptide at the N-term inal end of the nascent polypeptide directs the molecu le into

the ER before tra nsport to into the Golg i com plex. The sig nal peptide is cleaved off by sig na l

peptidase once it has served its pu rpose of targeting and importing the protein to the ER.

These sig na l peptides are genera lly between 15 and 30 am ino acids, but can have more than

50 resid ues (Martoglio, B. et al., Trends in Cell Biology, 1998, Knappskog, S. e a ., J

Biotechnol, 2007) . The native sig na l peptide may be replaced by sig na l peptides from any

mamma lian, proka ryotic or marine orig in . Commonly used sig na l peptides are e.g . huma nlL-

2 and human album in due to their natu ra l ability to secrete large amou nts of protein . The

choice of sig na l peptide can have a considerable impact on the amou nt of synthesized and

secreted protein .

I n some em bod iments, the sig na l peptide used in the protein construct accord ing to the

present invention is derived from a chemokine protein, such as the sig na l seq uence of

LD78beta .

I n some em bod iments the sig na l peptide is not derived from pLNOH2 (Bl-8 varia ble

immu nog lobu lin leader) d isclosed in the international application with Internationa l

Application No : PCT/EP20 11/060628.

I n some em bod iments the sig na l peptide is not derived from an immu nog lobu lin gene.

The term "homod imeric protein" as used herein refers to a protein com prising two ind ividua l

identica l strands of am ino acids, or subun its held together as a sing le, dimeric protein by

hyd rogen bond ing, ion ic (cha rged) interactions, actua l cova lent d isu lfide bond ing , or some

combination of these interactions.

The term "dimerization motif", as used herein, refers to the sequence of am ino acids between

the antigen ic unit and the targeting unit com prising the hinge reg ion and the optiona l second

doma in that may contribute to the dimerization . This second doma in may be an

immu nog lobu lin doma in, and optiona lly the hinge reg ion and the second domain are

connected throug h a linker. Accord ing ly the dimerization motif serves to connect the antigen ic

unit and the targeting unit, but a lso conta in the hinge reg ion that facilitates the dimerization

of the two monomeric proteins into a homod imeric protein accord ing to the invention .



The term "ta rgeting unit" as used herein refers to a unit that delivers the protein with its

antigen to mouse or human APC for MHC class Il-restricted presentation to CD4+ T cells or for

provid ing cross presentation to CD8+ T cells by MHC class I restriction . The targeting unit

used in the constructs accord ing to the present invention is derived from or identical to matu re

LD78-beta .

The term "antigen ic unit" as used herein refers to any molecu le, such as a peptide which is

able to be specifica lly recog nized by an antibody or other com ponent of the immu ne system,

such as a su rface receptor on T-cells. Included within this defin ition 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 la r su rface, such as a molecu lar su rface provided by a short peptide

seq uence with in an antigenic unit. I n some em bod iments the antigenic unit comprises two ore

more antigen ic epitopes. The antigenic unit used in the constructs accord ing to the present

invention is derived from or identica l to the early gene products E6 and E7 from HPV, such as

from HPV16 or HPV18.

The term "hinge reg ion" refers to a peptide sequence of the homod imeric protein that

facilitates the dimerization, such as throug h the formation of an intercha in cova lent bond (s),

e .g . d isu lfide bridge(s) . The hinge reg ion may be I g derived , such as hinge exons hl + h4 of an

Ig, such as IgG3 .

Specific embodiments of the invention:

As described above, the present invention relates to a homod imeric protein of two identica l

amino acid cha ins, each am ino acid cha in com prising (1) a sig na l peptide, (2) a targeting

unit, (3) a dimerization motif, and (4) an antigen ic unit, sa id targeting unit com prising an

amino acid seq uence having at least 80 % sequence identity to the am ino acid seq uence 24-

93 of SEQ I D NO : l , and an antigenic unit com prising an am ino acid seq uence of human

papillomavirus ( HPV), such as an antigenic unit comprising an am ino acid seq uence of HPV16

and/or HPV18, such as an antigenic unit derived from ea rly proteins E6 and/or E7 of HPV16

and/or HPV18. I n some em bod iments accord ing to the present invention, the targeting unit,

dimerization motif and antigenic unit in the am ino acid cha in are in the N-term ina l to C-

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

I n some embod iments, the antigen ic unit used in the constructs accord ing to the present

invention is derived from HPV16, such as from early proteins E6 and/or E7 .



In some embod iments, the antigen ic unit used in the constructs accord ing to the present

invention is derived from E6 of HPV16.

In some embod iments, the antigen ic unit used in the constructs accord ing to the present

invention is derived from E7 of HPV16.

In some embod iments, the antigen ic unit used in the constructs accord ing to the present

invention is derived from HPV18, such as from early proteins E6 and/or E7 .

In some embod iments, the antigen ic unit used in the constructs accord ing to the present

invention is derived from E6 of HPV18.

In some embod iments, the antigen ic unit used in the constructs accord ing to the present

invention is derived from E7 of HPV18.

In some embod iments accord ing to the present invention, the sig na l peptide consists of an

amino acid seq uence having at least 80 % sequence identity to the am ino acid seq uence 1-

23 of SEQ ID NO :l .

In some embod iments accord ing to the present invention, the sig na l peptide consists of an

amino acid seq uence 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%

seq uence identity to the am ino acid sequence 1-23 of SEQ ID NO :l .

In some embod iments accord ing to the present invention, the ta rgeting unit consists of an

amino acid seq uence 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% seq uence

identity to the am ino acid seq uence 24-93 of SEQ ID NO :l .

In some embod iments accord ing to the present invention, the dimerization motif comprises a

hinge reg ion and optiona lly another doma in that facilitate dimerization, such as an

immu nog lobu lin doma in, optiona lly connected throug h a linker.



I n some embod iments accord ing to the present invention, the h inge reg ion is I g derived,

such as derived from IgG3 .

I n some embod iments accord ing to the present invention, the h inge reg ion has the ability to

form one, two, or several covalent bonds. I n some em bod iments accord ing to the present

invention, the cova lent bond is a d isu lph ide bridge .

I n some embod iments accord ing to the present invention, the immu nog lobu lin doma in of the

dimerization motif is a ca rboxytermina l C doma in, or a seq uence that is substa ntially identical

to the C doma in or a varia nt thereof.

I n some embod iments accord ing to the present invention, the ca rboxyterm ina l C doma in is

derived from IgG .

I n some embod iments accord ing to the present invention, the immu nog lobu lin doma in of the

dimerization motif has the ability to homod imerize .

I n some embod iments accord ing to the present invention, the immu nog lobu lin doma in has

the ability to homod imerize via noncovalent interactions. I n some em bod iments accord ing to

the present invention, the noncova lent interactions are hyd rophobic interactions.

I n some embod iments accord ing to the present invention, the dimerization doma in does not

comprise the CH2 doma in .

I n some embod iments accord ing to the present invention, the dimerization motif consists of

hinge exons hi and h4 connected throug h a linker to a CH3 doma in of human IgG3 .

I n some embod iments accord ing to the present invention, the dimerization motif consist of

an am ino acid seq uence having at least 80 % seq uence identity to the amino acid seq uence

94-237 of SEQ I D NO :3.

I n some embod iments accord ing to the present invention, the linker is a G3S2G3SG linker.

I n some embod iments accord ing to the present invention, the antigenic unit and the

dimerization motif is con nected throug h a linker, such as a GLGG L linker or a GLSG L linker.

I n some embod iments accord ing to the present invention, the targeting unit consists of

amino acids 24-93 of SEQ I D NO : l , or a varia nt thereof.



I n 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 I D NO : l , or a varia nt thereof.

I n some embod iments accord ing to the present invention, the antigenic unit com prises an

amino acid seq uence having at least 80%, such as at least 8 1%, 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% seq uence identity to the am ino acid seq uence 243-293 of SEQ I D NO :3.

I n some embod iments accord ing to the present invention, the antigenic unit consists of an

amino acid seq uence having at least 80%, such as at least 8 1%, 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% seq uence identity to the am ino acid seq uence 243-293 of SEQ I D NO :3.

I n some embod iments accord ing to the present invention, the antigenic unit com prises one or

more am ino acid substitutions at a position selected from the list consisting of F47, L50, C63,

C106 and 1128 of SEQ I D NO :22, or a deletion involving one or more am ino acid selected

from the list consisting of Y43-L50 of SEQ I D NO :22.

I n 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 am ino acid su bstitutions and/or

deletions relative to SEQ I D NO :22 .

I n some embod iments accord ing to the present invention, the antigenic unit com prises the

amino acid seq uence 243-293 of SEQ I D NO :3, SEQ I D NO :5, SEQ I D NO :7, or SEQ I D NO :9,

or a varia nt or antigenic fragment thereof.

I n some embod iments accord ing to the present invention, the antigenic unit consists of the

amino acid seq uence 243-293 of SEQ I D NO :3, SEQ I D NO :5, SEQ I D NO :7, or SEQ I D NO :9,

or a varia nt or antigenic fragment thereof.



I n some embod iments accord ing to the present invention, the antigenic unit com prises an

amino acid seq uence 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% seq uence identity to the am ino acid seq uence 243-340 of SEQ I D NO :11.

I n some embod iments accord ing to the present invention, the antigenic unit consists of an

amino acid seq uence 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% seq uence identity to the am ino acid seq uence 243-340 of SEQ I D NO :11.

I n some embod iments accord ing to the present invention, the antigenic unit com prises one or

more am ino acid substitutions at a position selected from the list consisting of C24, E26, C58,

C61, C9 1, and C94 of SEQ I D NO :23, or a deletion involving one or more am ino acid selected

from the list consisting of L22-E26 and/or C58-C61 and/or C9 1-S95 of SEQ I D NO :23 .

I n 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 am ino acid su bstitutions and/or

deletions relative to SEQ I D NO :23 .

I n some embod iments accord ing to the present invention, the antigenic unit com prises the

amino acid seq uence 243-340 of SEQ I D NO : l l , SEQ I D NO :13, SEQ I D NO :15, or SEQ I D

NO :17, or a varia nt or antigenic frag ment thereof.

I n some embod iments accord ing to the present invention, the antigenic unit consists of the

amino acid seq uence 243-340 of SEQ I D NO : l l , SEQ I D NO :13, SEQ I D NO :15, or SEQ I D

NO :17, or a varia nt or antigenic frag ment thereof.

I n some embod iments accord ing to the present invention, the antigenic unit com prises an

amino acid seq uence 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% seq uence identity to the am ino acid seq uence 243-50 1 of SEQ I D NO :19, SEQ I D

NO :21, SEQ I D NO :32, or SEQ I D NO :34 .

I n some embod iments accord ing to the present invention, the antigenic unit consists of an

amino acid seq uence 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% seq uence identity to the am ino acid seq uence 243-50 1 of SEQ I D NO :19, SEQ I D

NO :21, SEQ I D NO :32, or SEQ I D NO :34 .

I n some embod iments accord ing to the present invention, the antigenic unit com prising an

amino acid seq uence of human papillomavirus 16 (HPV16) derived from both ea rly proteins

E6 and E7 .

I n some embod iments accord ing to the present invention, the antigenic unit com prising an

amino acid seq uence of human papillomavirus 18 (HPV18) derived from both ea rly proteins

E6 and E7 .

I n some embod iments accord ing to the present invention, the antigenic unit com prises one or

more am ino acid substitutions at a position selected from the list consisting of F47, L50G,

C63, C106, I 128T of SEQ I D NO :22 and C24, E26, C58, C61, C9 1, C94 of SEQ I D NO :23 .

I n 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 am ino acid su bstitutions and/or

deletions relative to SEQ I D NO :22 and SEQ I D NO :23 .

I n some embod iments accord ing to the present invention, the antigenic unit consists of the

amino acid seq uence 243-50 1 of SEQ I D NO :19, SEQ I D NO :21, SEQ I D NO :32, or SEQ I D

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

I n some embod iments accord ing to the present invention, the am ino acid chain consists of an

amino acid seq uence selected from the list consisting of SEQ I D NO :3, SEQ I D NO :5, SEQ I D

NO :7, SEQ I D NO :9, SEQ I D NO : l l , SEQ I D NO :13, SEQ I D NO :15, SEQ I D NO :17, SEQ I D

NO :19, SEQ I D NO :21, SEQ I D NO :32, and SEQ I D NO :34, or a variant or antigen ic frag ment

thereof.



I n some embod iments accord ing to the present invention, the antigenic unit com prises an

amino acid seq uence 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% seq uence identity to any one am ino acid sequence selected from SEQ I D NO :22,

SEQ I D NO :23, SEQ I D NO :24, and SEQ I D NO :25 .

I n some embod iments accord ing to the present invention, the antigenic unit consist of an

amino acid seq uence 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% seq uence identity to any one am ino acid sequence selected from SEQ I D NO :22,

SEQ I D NO :23, SEQ I D NO :24, and SEQ I D NO :25 .

I n some embod iments the homod imeric protein accord ing to the present invention, is in its

matu re form without any sig na l peptide seq uence .

I n some embod iments the nucleic acid molecu le accord ing to the present invention is huma n

codon optim ized .

I t is to be understood that a huma n codon optim ized nucleic acid molecu le accord ing to the

present invention com prises one or more nucleic acid substitution as compa red to the wild

type seq uence, which su bstitution provides for a codon with hig her frequency of usage in

human cod ing reg ions. Frequency of codon usage in homo sapiens can be fou nd at

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

I n some embod iments the nucleic acid molecu le accord ing to the present invention is

comprising any one of nucleotide sequences selected from the list consisting of SEQ I D NO :2,

SEQ I D NO :4, SEQ I D NO :6, SEQ I D NO :8, SEQ I D NO :10, SEQ I D NO :12, SEQ I D NO :14,

SEQ I D NO :16, SEQ I D NO :18, SEQ I D NO :20, SEQ I D NO :31 and SEQ I D NO :33, or a

varia nt thereof.

I n some embod iments the nucleic acid molecu le accord ing to the present invention is

comprised by a vector.



I n some embod iments the nucleic acid molecu le accord ing to the present invention is

formu lated for adm inistration to a patient to induce production of the homod imeric protein in

sa id patient.

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

pharmaceutica lly accepta ble carrier and/or adj uva nt.

I n some embod iments, the method of treating or preventing a HPV induced d isease or

cond ition, such as a cancer or an infectious d isease caused by HPV in a patient accord ing 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 . I n some embod iments the adm in istration is performed intra derma l or intra

muscu lar.

EXAM PLE 1

Construction and expression of the vaccines.

Gene sequences were desig ned accord ing to the following structu re : 1 : native leader

seq uence for human LD78 b, 2 : fu l l length LD78b sequence. 3 : Huma n hinge-reg ion 1 from

IgG3 . 4 : Human hinge reg ion 4 from IgG3 . 5 : Glycine- Serine linker. 6 : Human CH3 doma in

from IgG3 . 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 am ino acid position in the correspond ing native

E6 or E7 seq uence.

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, C9 1G, C94G ;

VB1009 : Vaccibody- E7 C24G, E26G/ E6 F47R, C63R, C106R;



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, I 128T 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 (Fa rgo ND, USA) or Eu rofins 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 am ino acid seq uences

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

EXAM PLE 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 em pty pUMVC4a vector

was utilized .

25, 12 .5 and 1.4 g plasm id DNA of each ca nd idate was injected intradermal in the lower

back of C57 BI/6 mice followed by electroporation, Dermavax, Cellectis (Pa ris, France) . 7 days

later the m ice were boosted with sim ilar amou nts of vaccines and control plasm ids. At day 21

the m ice were killed and spleens were ha rvested .

The T cell responses were ca lcu lated by ELISPOT. (Figu res 3 a, b and c)

EXAM PLE 3.

Therapeutic effect

VB10 16, VB1020 and VB102 1 with the correspond ing controls 1 and 2 were selected as the

vaccine cand idate for therapeutic vaccine stud ies .

5xl0 4 or 5xl0 5 TC- 1 cells (Johns Hopkins University, Baltimore, USA, Lin KY et al., Cancer

Res, 1996) were injected in the neck or thig h reg ion of C57BI/6 m ice. After days 3 and 10 or

day 3,7 and 10, the m ice were vaccinated with 2 g, 10 g, 12 .5 pg or 20 g of plasm id DNA



followed by electroporation, Dermavax, Cellectis France . Tumor size were measu red two to

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

EXAM PLE 4 .

A thera peutic DNA vaccine to be used may be prepared by GMP manufactu ring of the plasmid

vaccine accord ing to reg ulatory authorities' gu idelines, includ ing GMP cell banking, GMP

manufactu ring of d rug substance and d rug product, ICH sta bility stud ies and Fill & Finish of

the DNA vaccine. The DNA vaccine may be formu lated by dissolving in a sa line solution, such

as ΙΟηΜ Tris, ImM EDTA at a concentration of 2-5 mg/m l . The vaccine may be adm inistered

either intra-derma l or intra-muscu lar with or without following electroporation .

SEQUENCES :

C-C motif chemokine 3-like 1 precu rsor includ ing sig na l peptide (aa 1-23 in bold ) and matu re
peptide (LD78-beta), aa 24-93 (SEQ I D NO : l ) :

MQVSTAALAVLLCTMALCNQVLSAPLAADTPTACCFSYTSRQIPQN FIADYFETSSQCSKPSVIFLTKR
GRQVCADPSEEWVQKYVSDLELSA

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

E6 or E7 single constructs:
For the pu rpose of illustration only, the different doma ins of the constructs are separated by

an " I"with the doma ins in the following order: Sig nal peptide | human ΜΙΡ- Ι α | Hinge hi |Hinge

h4 IGly-Ser Linker or Gly-Leu Iinke | hCH3 IgG3 |Gly-Ser Linker or Gly-Leu Iinke |wildtype or

muta nt fu l l length E6 or E7 . Am ino acids or nucleotides in bold illustrates sites of mutations.

DNA seq uence of VB100 1 (SEQ I D NO :2) :
ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCTCTCTGCAACCAGGTCCTCTCT | GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCTTCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGA
GGAGTGGGTCCAGAAATACGTCAGTGACCTGGAGCTGAGTGCC | GAGCTCAAAACCCCACTTGGTGACACAACTCACAC
A IGAGCCCAAATCTTGTGACACACCTCCCCCGTGCCCAAGGTGCCCA | GGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |
GGACAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAGCGGGCAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAG
GGGAACATCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCGCTTCACGCAGAAGAGCCTCTCCCTGTCTCCGG
GTAAA IGGCCTCGGTGGCCTG |ATGTTTCAGGACCCACAGGAGCGACCCAGAAAGTTACCACAGTTATGCACAGAGCTG
CAAACAACTATACATGATATAATATTAGAATGTGTGTACTGCAAGCAACAGTTACTGCGACGTGAGGTATATGACTTTG
CTTTTCGGGATTTATGCATAGTATATAGAGATGGGAATCCATATGCTGTATGTGATAAATGTTTAAAGTTTTATTCTAA
AATTAGTGAGTATAGACATTATTGTTATAGTTTGTATGGAACAACATTAGAACAGCAATACAACAAACCGTTGTGTGAT
TTGTTAATTAGGTGTATTAACTGTCAAAAGCCACTGTGTCCTGAAGAAAAGCAAAGACATCTGGACAAAAAGCAAAGAT
TCCATAATATAAGGGGTCGGTGGACCGGTCGATGTATGTCTTGTTGCAGATCATCAAGAACACGTAGAGAAACCCAGCT
GTAA



Protein sequence of VB100 1 (Homod imeric construct accord ing to the invention with E6, SEQ
I D NO :3) : Am ino acid seq uence 393 am ino acids.

MQVSTAALAVLLCTMALCNQVLS |APLAADTPTACCFSYTSRQIPQNFIAD
YFETSSQCSKPSVIFLTKRGRQVCADPSEEWVQKYVSDLELSA |ELKTPLG
DTTHT IEPKSCDTPPPCPRCP |GGGSSGGGSG |GQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTPPMLDSDGSFFLYSKL
TVDKSR QQGN FSCSVMHEALHNRFTQKS S SPGK |GLGGL |MFQDPQER
PRKLPQLCTELQTTIHDIILECVYCKQQLLRREVYDFAFRDLCIVYRDGN
PYAVCDKCLKFYSKISEYRHYCYSLYGTTLEQQYNKPLCDLLIRCINCQK
PLCPEEKQRHLDKKQRFHNIRGRWTGRCMSCCRSSRTRRETQL*

DNA seq uence of VB1002 (SEQ I D NO :4) :

ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCTCTCTGCAACCAGGTCCTCTCT |GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCTTCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGA
GGAGTGGGTCCAGAAATACGTCAGTGACCTGGAGCTGAGTGCC |GAGCTCAAAACCCCACTTGGTGACACAACTCACAC
A IGAGCCCAAATCTTGTGACACACCTCCCCCGTGCCCAAGGTGCCCA |GGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |
GGACAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAGCGGGCAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAG
GGGAACATCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCGCTTCACGCAGAAGAGCCTCTCCCTGTCTCCGG
GTAAA IGGCCTCGGTGGCCTG |ATGTTTCAGGACCCACAGGAGCGACCCAGAAAGTTACCACAGTTATGCACAGAGCTG
CAAACAACTATACATGATATAATATTAGAATGTGTGTACTGCAAGCAACAGTTACTGCGACGTGAGGTATATGACTTTG
CTTTTCGGGATTTATGCATAGTATATAGAGATGGGAATCCATATGCTGTA CGAGATAAATGTTTAAAGTTTTATTCTAA
AATTAGTGAGTATAGACATTATTGTTATAGTTTGTATGGAACAACATTAGAACAGCAATACAACAAACCGTTGTGTGAT
TTGTTAATTAGGTGTATTAACTGTCAAAAGCCACTGTGTCCTGAAGAAAAGCAAAGACATCTGGACAAAAAGCAAAGAT
TCCATAATATAAGGGGTCGGTGGACCGGTCGATGTATGTCTTGTTGCAGATCATCAAGAACACGTAGAGAAACCCAGCT
GTAA

Protein sequence of VB1002 (Homod imeric construct accord ing to the invention, SEQ I D
NO :5) : Amino acid seq uence, 393 amino acids.

MQVSTAALAVLLCTMALCNQVLS |APLAADTPTACCFSYTSRQIPQNFIAD
YFETSSQCSKPSVIFLTKRGRQVCADPSEEWVQKYVSDLELSA |ELKTPLG
DTTHT IEPKSCDTPPPCPRCP |GGGSSGGGSG |GQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTPPMLDSDGSFFLYSKL
TVDKSRWQQGNI FSCSVMHEALHNRFTQKS LSLSPGK |GLGGL |MFQDPQER
PRKLPQLCTELQTTIHDI ILECVYCKQQLLRREVYDFAFRDLCIVYRDGN
PYAVRDKCLKFYSKISEYRHYCYSLYGTTLEQQYNKPLCDLLIRCINCQK
PLCPEEKQRHLDKKQRFHNIRGRWTGRCMSCCRSSRTRRETQL*

DNA seq uence of VB 1003 (SEQ I D NO :6) :

ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCTCTCTGCAACCAGGTCCTCTCT |GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCTTCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGA
GGAGTGGGTCCAGAAATACGTCAGTGACCTGGAGCTGAGTGCC |GAGCTCAAAACCCCACTTGGTGACACAACTCACAC
A IGAGCCCAAATCTTGTGACACACCTCCCCCGTGCCCAAGGTGCCCA |GGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |
GGACAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAGCGGGCAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAG
GGGAACATCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCGCTTCACGCAGAAGAGCCTCTCCCTGTCTCCGG
GTAAA IGGCCTCGGTGGCCTG |ATGTTTCAGGACCCACAGGAGCGACCCAGAAAGTTACCACAGTTATGCACAGAGCTG
CAAACAACTATACATGATATAATATTAGAATGTGTGTACTGCAAGCAACAGTTACTGCGACGTGAGGTATATGACTTTG
CTTTTCGGGATTTATGCATAGTATATAGAGATGGGAATCCATATGCTGTATGTGATAAATGTTTAAAGTTTTATTCTAA
AATTAGTGAGTATAGACATTATTGTTATAGTTTGTATGGAACAACATTAGAACAGCAATACAACAAACCGTTGTGTGAT
TTGTTAATTAGGTGTATTAAC CGACAAAAGCCACTGTGTCCTGAAGAAAAGCAAAGACATCTGGACAAAAAGCAAAGAT
TCCATAATATAAGGGGTCGGTGGACCGGTCGATGTATGTCTTGTTGCAGATCATCAAGAACACGTAGAGAAACCCAGCT
GTAA



Protein sequence of VB1003 (Homod imeric construct accord ing to the invention, SEQ I D
NO :7) : Amino acid seq uence, 393 amino acids.

MQVSTAALAVLLCTMALCNQVLS |APLAADTPTACCFSYTSRQIPQNFIAD
YFETSSQCSKPSVIFLTKRGRQVCADPSEEWVQKYVSDLELSA |ELKTPLG
DTTHT IEPKSCDTPPPCPRCP |GGGSSGGGSG |GQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTPPMLDSDGSFFLYSKL
TVDKSR QQGN FSCSVMHEALHNRFTQKS S SPGK |GLGGL |MFQDPQER
PRKLPQLCTELQTTIHDI ILECVYCKQQLLRREVYDFAFRDLCIVYRDGN
PYAVCDKCLKFYSKISEYRHYCYSLYGTTLEQQYNKPLCDLLIRCINRQK
PLCPEEKQRHLDKKQRFHNIRGRWTGRCMSCCRSSRTRRETQL*

DNA seq uence of VB1004 (SEQ I D NO :8) :

ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCTCTCTGCAACCAGGTCCTCTCT |GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCTTCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGA
GGAGTGGGTCCAGAAATACGTCAGTGACCTGGAGCTGAGTGCC |GAGCTCAAAACCCCACTTGGTGACACAACTCACAC
A IGAGCCCAAATCTTGTGACACACCTCCCCCGTGCCCAAGGTGCCCA |GGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |
GGACAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAGCGGGCAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAG
GGGAACATCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCGCTTCACGCAGAAGAGCCTCTCCCTGTCTCCGG
GTAAA IGGCCTCGGTGGCCTG |ATGTTTCAGGACCCACAGGAGCGACCCAGAAAGTTACCACAGTTATGCACAGAGCTG
CAAACAACTATACATGATATAATATTAGAATGTGTGTACTGCAAGCAACAGTTACTGCGACGTGAGGTATATGACTTTG
CTCGACGGGATTTATGCATAGTATATAGAGATGGGAATCCATATGCTGTA CGAGATAAATGTTTAAAGTTTTATTCTAA
AATTAGTGAGTATAGACATTATTGTTATAGTTTGTATGGAACAACATTAGAACAGCAATACAACAAACCGTTGTGTGAT
TTGTTAATTAGGTGTATTAAC CGACAAAAGCCACTGTGTCCTGAAGAAAAGCAAAGACATCTGGACAAAAAGCAAAGAT
TCCATAATATAAGGGGTCGGTGGACCGGTCGATGTATGTCTTGTTGCAGATCATCAAGAACACGTAGAGAAACCCAGCT
GTAA

Protein sequence of VB1004 (Homod imeric construct accord ing to the invention, SEQ I D
NO :9) : Amino acid seq uence, 393 amino acids.

MQVSTAALAVLLCTMALCNQVLSAPLAADTPTACCFSYTSRQIPQNFIAD
YFETSSQCSKPSVIFLTKRGRQVCADPSEEWVQKYVSDLELSAELKTPLG
DTTHTEPKSCDTPPPCPRCPGGGSSGGGSGGQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTPPMLDSDGSFFLYSKL
TVDKSRWQQGNI FSCSVMHEALHNRFTQKS LSLSPGKGLGGLMFQDPQER
PRKLPQLCTELQTTIHDI ILECVYCKQQLLRREVYDFARRDLCIVYRDGN
PYAVRDKCLKFYSKISEYRHYCYSLYGTTLEQQYNKPLCDLLIRCINRQK
PLCPEEKQRHLDKKQRFHNIRGRWTGRCMSCCRSSRTRRETQL*

DNA seq uence of VB1005 (SEQ I D NO :10) :

ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCTCTCTGCAACCAGGTCCTCTCT |GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCTTCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGA
GGAGTGGGTCCAGAAATACGTCAGTGACCTGGAGCTGAGTGCC |GAGCTCAAAACCCCACTTGGTGACACAACTCACAC
A IGAGCCCAAATCTTGTGACACACCTCCCCCGTGCCCAAGGTGCCCA |GGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |
GGACAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAGCGGGCAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAG
GGGAACATCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCGCTTCACGCAGAAGAGCCTCTCCCTGTCTCCGG
GTAAA IGGCCTCGGTGGCCTG |ATGCATGGAGATACACCTACATTGCATGAATATATGTTAGATTTGCAACCAGAGACA
ACTGATCTCTACTGTTATGAGCAATTAAATGACAGCTCAGAGGAGGAGGATGAAATAGATGGTCCAGCTGGACAAGCAG
AACCGGACAGAGCCCATTACAATATTGTAACCTTTTGTTGCAAGTGTGACTCTACGCTTCGGTTGTGCGTACAAAGCAC
ACACGTAGACATTCGTACTTTGGAAGACCTGTTAATGGGCACACTAGGAATTGTGTGCCCCATCTGTTCTCAGAAACCA
TAA



Protein sequence of VB1005 (Homod imeric construct accord ing to the invention with E7, SEQ
ID NO :l l ) : Am ino acid seq uence, 340 am ino acids.

MQVSTAALAVLLCTMALCNQVLS |APLAADTPTACCFSYTSRQIPQNFIAD
YFETSSQCSKPSVIFLTKRGRQVCADPSEEWVQKYVSDLELSA |ELKTPLG
DTTHT IEPKSCDTPPPCPRCP |GGGSSGGGSG |GQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTPPMLDSDGSFFLYSKL
TVDKSR QQGN FSCSVMHEALHNRFTQKS LSLSPGK |GLGGL |MHGDTPTL
HEYMLDLQPETTDLYCYEQLNDSSEEEDEIDGPAGQAEPDRAHYNIVTFC
CKCDSTLRLCVQSTHVDIRTLEDLLMGTLGIVCPICSQKP*

DNA seq uence of VB1006 (SEQ ID NO :12) :

ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCTCTCTGCAACCAGGTCCTCTCT |GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCTTCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGA
GGAGTGGGT CCAGAAATACGTCAGTGACCTGGAGCTGAGTGC C |GAGCTCAAAACCCCACTTGGTGACACAACT CACAC
A IGAGCCCAAATCTTGTGACACACCTCCCCCGTGCCCAAGGTGCCCA |GGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |
GGACAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAGCGGGCAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAG
GGGAACATCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCGCTTCACGCAGAAGAGCCTCTCCCTGTCTCCGG
GTAAA IGGCCTCGGTGGCCTG |ATGCATGGAGATACACCTACATTGCATGAATATATGTTAGATTTGCAACCAGAGACA
ACTGATCTCTAC GGATATGGACAATTAAATGACAGCTCAGAGGAGGAGGATGAAATAGATGGTCCAGCTGGACAAGCAG
AACCGGACAGAGCCCATTACAATATTGTAACCTTTTGTTGCAAGTGTGACTCTACGCTTCGGTTGTGCGTACAAAGCAC
ACACGTAGACATTCGTACTTTGGAAGACCTGTTAATGGGCACACTAGGAATTGTGTGCCCCATCTGTTCTCAGAAACCA
TAA

Protein sequence of VB1006 (Homod imeric construct accord ing to the invention, SEQ ID
NO :13) : Am ino acid sequence, 340 amino acids .

MQVSTAALAVLLCTMALCNQVLSAPLAADTPTACCFSYTSRQIPQNFIAD
YFETSSQCSKPSVIFLTKRGRQVCADPSEEWVQKYVSDLELSAELKTPLG
DTTHTEPKSCDTPPPCPRCPGGGSSGGGSGGQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTPPMLDSDGSFFLYSKL
TVDKSRWQQGNI FSCSVMHEALHNRFTQKS LSLSPGKGLGGLMHGDTPTL
HEYMLDLQPETTDLYGYGQLNDSSEEEDEIDGPAGQAEPDRAHYNIVTFC
CKCDSTLRLCVQSTHVDIRTLEDLLMGTLGIVCPICSQKP*

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

ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCTCTCTGCAACCAGGTCCTCTCT |GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCTTCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGA
GGAGTGGGT CCAGAAATACGTCAGTGACCTGGAGCTGAGTGC C |GAGCTCAAAACCCCACTTGGTGACACAACT CACAC
A IGAGCCCAAATCTTGTGACACACCTCCCCCGTGCCCAAGGTGCCCA |GGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |
GGACAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAGCGGGCAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAG
GGGAACATCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCGCTTCACGCAGAAGAGCCTCTCCCTGTCTCCGG
GTAAA IGGCCTCGGTGGCCTG |ATGCATGGAGATACACCTACATTGCATGAATATATGTTAGATTTGCAACCAGAGACA
ACTGATCTCTAC GGATATGGACAATTAAATGACAGCTCAGAGGAGGAGGATGAAATAGATGGTCCAGCTGGACAAGCAG
AACCGGACAGAGCCCATTACAATATTGTAACCTTT GGATGCAAGGGAGACTCTACGCTTCGGTTGTGCGTACAAAGCAC
ACACGTAGACATTCGTACTTTGGAAGACCTGTTAATGGGCACACTAGGAATTGTGTGCCCCATCTGTTCTCAGAAACCA
TAA

Protein sequence of VB1007 (Homod imeric construct accord ing to the invention, SEQ ID
NO :15) : Am ino acid sequence, 340 amino acids .

MQVSTAALAVLLCTMALCNQVLSAPLAADTPTACCFSYTSRQIPQNFIAD



YFETSSQCSKPSVIFLTKRGRQVCADPSEEWVQKYVSDLELSAELKTPLG
DTTHTEPKSCDTPPPCPRCPGGGSSGGGSGGQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTPPMLDSDGSFFLYSKL
TVDKSRWQQGNIFSCSVMHEALHNRFTQKSLSLSPGKGLGGLMHGDTPTL
HEYMLDLQPETTDLYGYGQLNDSSEEEDEIDGPAGQAEPDRAHYNIVTFG
CKGDSTLRLCVQSTHVDIRTLEDLLMGTLGIVCPICSQKP*

DNA seq uence of VB1008 (SEQ I D NO :16) :

ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCTCTCTGCAACCAGGTCCTCTCT |GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCTTCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGA
GGAGTGGGTCCAGAAATACGTCAGTGACCTGGAGCTGAGTGCC |GAGCTCAAAACCCCACTTGGTGACACAACTCACAC
A IGAGCCCAAATCTTGTGACACACCTCCCCCGTGCCCAAGGTGCCCA |GGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |
GGACAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAGCGGGCAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAG
GGGAACATCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCGCTTCACGCAGAAGAGCCTCTCCCTGTCTCCGG
GTAAA IGGCCTCGGTGGCCTG |ATGCATGGAGATACACCTACATTGCATGAATATATGTTAGATTTGCAACCAGAGACA
ACTGATCTCTACGGATATGGACAATTAAATGACAGCTCAGAGGAGGAGGATGAAATAGATGGTCCAGCTGGACAAGCAG
AACCGGACAGAGCCCATTACAATATTGTAACCTTTTGTTGCAAGTGTGACTCTACGCTTCGGTTGTGCGTACAAAGCAC
ACACGTAGACATTCGTACTTTGGAAGACCTGTTAATGGGCACACTAGGAATTGTGGGACCCATCGGATCTCAGAAACCA
TAA

Protein sequence of VB1008 (Homod imeric construct accord ing to the invention, SEQ I D
NO :17) : Am ino acid sequence, 340 amino acids .

MQVSTAALAVLLCTMALCNQVLSAPLAADTPTACCFSYTSRQIPQNFIAD
YFETSSQCSKPSVIFLTKRGRQVCADPSEEWVQKYVSDLELSAELKTPLG
DTTHTEPKSCDTPPPCPRCPGGGSSGGGSGGQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTPPMLDSDGSFFLYSKL
TVDKSRWQQGNIFSCSVMHEALHNRFTQKSLSLSPGKGLGGLMHGDTPTL
HEYMLDLQPETTDLYGYGQLNDSSEEEDEIDGPAGQAEPDRAHYNIVTFC
CKCDSTLRLCVQSTHVDIRTLEDLLMGTLGIVGPIGSQKP*

Constructs with E6 and E7:
For the pu rpose of illustration only, the different doma ins of the constructs are separated by

an " I" with the doma ins in the following order: Sig nal peptide | human ΜΙΡ - Ι α | Hinge

hi IHinge h4 |Gly-Ser Linker or Gly-Leu linker |hCH3 IgG3 |Gly-Ser Linker or Gly-Leu

Iinke |E7 mutant | Gly-Ser Linker or Gly-Leu Iinke |E6 muta nt. Amino acids or nucleotides in

bold illustrates sites of mutations .

DNA seq uence of VB1009 (SEQ I D NO :18) :

ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCTCTCTGCAACCAGGTCCTCTCT |GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCTTCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGA
GGAGTGGGTCCAGAAATACGTCAGTGACCTGGAGCTGAGTGCC |GAGCTCAAAACCCCACTTGGTGACACAACTCACAC
A IGAGCCCAAATCTTGTGACACACCTCCCCCGTGCCCAAGGTGCCCA |GGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |
GGACAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAGCGGGCAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAG
GGGAACATCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCGCTTCACGCAGAAGAGCCTCTCCCTGTCTCCGG
GTAAA IGGCCTCGGTGGCCTG |ATGCATGGAGATACACCTACATTGCATGAATATATGTTAGATTTGCAACCAGAGACA
ACTGATCTCTACGGATATGGACAATTAAATGACAGCTCAGAGGAGGAGGATGAAATAGATGGTCCAGCTGGACAAGCAG
AACCGGACAGAGCCCATTACAATATTGTAACCTTTTGTTGCAAGTGTGACTCTACGCTTCGGTTGTGCGTACAAAGCAC



ACACGTAGACATTCGTACTTTGGAAGACCTGTTAATGGGCACACTAGGAATTGTGTGCCCCATCTGTTCTCAGAAACCA
IGGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |ATGTTTCAGGACCCACAGGAGCGACCCAGAAAGTTACCACAGTTATG
CACAGAGCTGCAAACAACTATACATGATATAATATTAGAATGTGTGTACTGCAAGCAACAGTTACTGCGACGTGAGGTA
TATGACTTTGCTCGACGGGATTTATGCATAGTATATAGAGATGGGAATCCATATGCTGTA CGAGATAAATGTTTAAAGT
TTTATTCTAAAATTAGTGAGTATAGACATTATTGTTATAGTTTGTATGGAACAACATTAGAACAGCAATACAACAAACC
GTTGTGTGATTTGTTAATTAGGTGTATTAAC CGACAAAAGCCACTGTGTCCTGAAGAAAAGCAAAGACATCTGGACAAA
AAGCAAAGATTCCATAATATAAGGGGTCGGTGGACCGGTCGATGTATGTCTTGTTGCAGATCATCAAGAACACGTAGAG
AAACCCAGCTGTAA

Protein sequence of VB1009 (Homod imeric construct accord ing to the invention, SEQ ID
NO :19) : Am ino acid sequence, 501 amino acids .

MQVSTAALAVLLCTMALCNQVLS |APLAADTPTACCFSYTSRQIPQNFIAD
YFETSSQCSKPSVIFLTKRGRQVCADPSEEWVQKYVSDLELSA |ELKTPLG
DTTHT IEPKSCDTPPPCPRCP |GGGSSGGGSG |GQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTPPMLDSDGSFFLYSKL
TVDKSR QQGN FSCSVMHEALHNRFTQKS S SPGK |GLGGL |MHGDTPTL
HEYMLDLQPETTDLYGYGQLNDSSEEEDEIDGPAGQAEPDRAHYNIVTFC
CKCDSTLRLCVQSTHVDIRTLEDLLMGTLGIVCPICSQKP |GGGSSGGGSG |
MFQDPQERPRKLPQLCTELQTTIHDI ILECVYCKQQLLRREVYDFARRDL
CIVYRDGNPYAVRDKCLKFYSKISEYRHYCYSLYGTTLEQQYNKPLCDLL
IRCINRQKPLCPEEKQRHLDKKQRFHNIRGRWTGRCMSCCRSSRTRRETQ
*

DNA seq uence of VB10 16 (SEQ ID NO :20) :

ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCTCTCTGCAACCAGGTCCTCTCT |GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCTTCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGA
GGAGTGGGTCCAGAAATACGTCAGTGACCTGGAGCTGAGTGCC |GAGCTCAAAACCCCACTTGGTGACACAACTCACAC
A IGAGCCCAAATCTTGTGACACACCTCCCCCGTGCCCAAGGTGCCCA |GGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |
GGACAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAGCGGGCAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAG
GGGAACATCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCGCTTCACGCAGAAGAGCCTCTCCCTGTCTCCGG
GTAAA IGGCCTCGGTGGCCTG |ATGCATGGAGATACACCTACATTGCATGAATATATGTTAGATTTGCAACCAGAGACA
ACTGATCTCTAC GGATATGGACAATTAAATGACAGCTCAGAGGAGGAGGATGAAATAGATGGTCCAGCTGGACAAGCAG
AACCGGACAGAGCCCATTACAATATTGTAACCTTTTGTTGCAAGTGTGACTCTACGCTTCGGTTGTGCGTACAAAGCAC
ACACGTAGACATTCGTACTTTGGAAGACCTGTTAATGGGCACACTAGGAATTGTGTGCCCCATCTGTTCTCAGAAACCA
IGGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |ATGTTTCAGGACCCACAGGAGCGACCCAGAAAGTTACCACAGTTATG
CACAGAGCTGCAAACAACTATACATGATATAATATTAGAATGTGTGTACTGCAAGCAACAGTTACTGCGACGTGAGGTA
TATGACTTTGCTTTTCGGGATTTATGCATAGTATATAGAGATGGGAATCCATATGCTGTA CGAGATAAATGTTTAAAGT
TTTATTCTAAAATTAGTGAGTATAGACATTATTGTTATAGTTTGTATGGAACAACATTAGAACAGCAATACAACAAACC
GTTGTGTGATTTGTTAATTAGGTGTATTAAC CGACAAAAGCCACTGTGTCCTGAAGAAAAGCAAAGACATCTGGACAAA
AAGCAAAGATTCCATAATATAAGGGGTCGGTGGACCGGTCGATGTATGTCTTGTTGCAGATCATCAAGAACACGTAGAG
AAACCCAGCTGTAA

Protein sequence of VB10 16 (Homod imeric construct accord ing to the invention, SEQ ID
NO :21) : Am ino acid sequence, 501 amino acids

MQVSTAALAVLLCTMALCNQVLSAPLAADTPTACCFSYTSRQIPQNFIAD
YFETSSQCSKPSVIFLTKRGRQVCADPSEEWVQKYVSDLELSAELKTPLG
DTTHTEPKSCDTPPPCPRCPGGGSSGGGSGGQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTPPMLDSDGSFFLYSKL
TVDKSRWQQGNI FSCSVMHEALHNRFTQKS LSLSPGKGLGGLMHGDTPTL
HEYMLDLQPETTDLYGYGQLNDSSEEEDEIDGPAGQAEPDRAHYNIVTFC
CKCDSTLRLCVQSTHVDIRTLEDLLMGTLGIVCPICSQKPGGGSSGGGSG
MFQDPQERPRKLPQLCTELQTTIHDI ILECVYCKQQLLRREVYDFAFRDL
CIVYRDGNPYAVRDKCLKFYSKISEYRHYCYSLYGTTLEQQYNKPLCDLL
IRCINRQKPLCPEEKQRHLDKKQRFHNIRGRWTGRCMSCCRSSRTRRETQ
L*



SEQ I D NO :22 :
> tr| Q778I6 |Q778I6_H PV16 E6 protein OS= Huma n pa pillomavirus type 16 GN= E6 PE=4
SV= 1; (Underlined am ino acids denotes am ino acids that may be deleted ; Potentia l am ino
acids that may be mutated a re hig hlig hted )

FQDPQERPRKLPQLCTELQTTIH DIILECVYCKQQLLRREVYDFAFRDLCIVYRDG NPYAVCDKCLKFYS
KISEYRHYCYSLYGTTLEQQYNKPLCDLLIRCINCQKPLCPEEKQRH LDKKQRFH NIRGRWTG RCMSCCR
SSRTRRETQL

SEQ I D O :23 :
> sp |P03 129 |VE7_H PV1 6 Protein E7 OS= Human papillomavirus type 16 GN= E7 PE= 1 SV= 1;
(Underlined amino acids denotes amino acids that may be deleted ; Pote ntia l am ino acids that
may be mutated a re hig hlig hted)

HG DTPTLH EYM LDLQPETTDLYCYEQLNDSSEEEDEIDG PAGQAEPDRAHYNIVTFCCKCDSTLRLCVQ
STHVDIRTLEDLLMGTLGIVCPICSQKP

SEQ I D 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 I D NO :25 :
> sp |P06788 |VE7_H PV18 Protein E7 OS= Human papillomavirus type 18 GN= E7 PE= 3 SV= 2

HG PKATLQDIVLH LEPQN EIPVDLLCH EQLSDSEEEN DEIDGVN HQH LPARRAEPQRHT
LCMCCKCEARIKLVVESSADDLRAFQQLFLNTLSFVCPWCASQQ

SEQ I D NO :26 :
Hinge reg ions (IgG3 UH hinge), 12 am ino acids : ELKTPLGDTTHT

SEQ I D NO :27 :
Hinge reg ion (IgG3, H hinge, 15 am ino acids) : EPKSCDTPPPCPRCP

SEQ I D NO :28 :
Gly-Ser Linker: GGGSSGGGSG

SEQ I D NO :29 : hCH 3 IgG3 :
GQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTPPM LDSDGSFFLYSKL
TVDKSRWQQG NIFSCSVM HEALH NRFTQKSLSLSPGK

SEQ I D NO :30 : Linker: GLGGL

SEQ I D NO :31 : DNA seq uence of VB1020 :

ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCTCTCTGCAACCAGGTCCTCTCT| GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCTTCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGA
GGAGTGGGTCCAGAAATACGTCAGTGACCTGGAGCTGAGTGCC|GAGCTCAAAACCCCACTTGGTGACACAACTCACAC
A IGAGCCCAAATCTTGTGACACACCTCCCCCGTGCCCAAGGTGCCCA|GGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |
GGACAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAGCGGGCAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAG
GGGAACATCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCGCTTCACGCAGAAGAGCCTCTCCCTGTCTCCGG
GTAAA | GGCCTCGGTGGCCTG/ATGCATGGCGATACCCCAACACTCCATGAGTACATGCTGGACCTTCAGCCCGAGAC
TACGGATCTGTATGGCTATGGGCAGTTGAATGACTCATCTGAGGAGGAGGACGAAATAGACGGCCCAGCTGGTCAAGCC
GAACCGGATAGAGCCCACTACAACATTGTGACCTTTTGCTGTAAGTGTGACAGCACTCTGAGACTGTGTGTTCAGTCCA
CTCATGTCGACATACGCACATTGGAGGATCTCCTGATGGGAACACTGGGAATTGTGTGTCCCATCTGTTCCCAAAAGCC
T/GGAGGTGGAAGCAGTGGAGGCGGTTCAGGC/ATGTTCCAAGATCCTCAAGAACGTCCTCGTAAGCTGCCACAGCTGT
GTACCGAGCTTCAGACCACCATTCACGACATCATCCTGGAGTGCGTCTATTGCAAACAGCAGCTCCTTAGAAGGGAAGT



GTACGATTTTGCACGGAGGGACCTCTGCATCGTGTATCGGGACGGCAATCCCTATGCGGTACGGGATAAATGCCTGAAG
TTCTACAGCAAAATCTCCGAGTACCGGCACTACTGCTACTCTCTCTATGGGACGACTCTGGAACAGCAGTACAACAAGC
CCTTGTGCGATCTGCTGATTCGCTGCATTAATCGCCAGAAACCTCTGTGCCCAGAAGAGAAGCAAAGACACCTGGACAA
GAAACAGCGATTCCACAACATCCGAGGGAGATGGACAGGGAGGTGTATGAGCTGCTGTCGGAGTTCTAGGACAAGGCGC
GAAACCCAGCTTTGA

SEQ I D NO :32 : Protein sequence of VB1020 (Homod imeric construct accord ing to the
invention Am ino acid seq uence, 501 am ino acids :

MQVSTAALAVLLCTMALCNQVLS |APLAADTPTACCFSYTSRQIPQNFIAD
YFETSSQCSKPSVIFLTKRGRQVCADPSEEWVQKYVSDLELSA |ELKTPLG
DTTHT IEPKSCDTPPPCPRCP |GGGSSGGGSG |GQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTPPMLDSDGSFFLYSKL
TVDKSR QQGN FSCSVMHEALHNRFTQKS LSLSPGK |GLGGL |MHGDTPTL
HEYMLDLQPETTDLYGYGQLNDSSEEEDEIDGPAGQAEPDRAHYNIVTFC
CKCDSTLRLCVQSTHVDIRTLEDLLMGTLGIVCPICSQKP |GGGSSGGGSG |
MFQDPQERPRKLPQLCTELQTTIHDI ILECVYCKQQLLRREVYDFARRDL
CIVYRDGNPYAVRDKCLKFYSKISEYRHYCYSLYGTTLEQQYNKPLCDLL
IRCINRQKPLCPEEKQRHLDKKQRFHNIRGRWTGRCMSCCRSSRTRRETQ
L*

SEQ I D NO :33 : DNA seq uence of VB102 1:

ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCTCTCTGCAACCAGGTCCTCTCT |GCACCACTT
GCTGCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTG
AGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCTTCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGA
GGAGTGGGTCCAGAAATACGTCAGTGACCTGGAGCTGAGTGCC |GAGCTCAAAACCCCACTTGGTGACACAACTCACAC
A IGAGCCCAAATCTTGTGACACACCTCCCCCGTGCCCAAGGTGCCCA |GGCGGTGGAAGCAGCGGAGGTGGAAGTGGA |
GGACAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAGCGGGCAGCCGGAGAACAACTACAACAC
CACGCCTCCCATGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAG
GGGAACATCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCGCTTCACGCAGAAGAGCCTCTCCCTGTCTCCGG
GTAAA/GGCCTCGGTGGCCTG/ATGCATGGTGACACACCAACCCTGCACGAATACATGCTCGATCTGCAGCCAGAG
ACTACCGACCTTTACGGCTATGGGCAGTTGAACGACAGCTCTGAGGAGGAGGACGAGATCGATGGTCCTGCTGGA
CAAGCAGAACCAGACAGAGCCCACTACAACATCGTAACCTTTTGCTGCAAGTGTGACAGTACCCTTCGTTTGTGCG
TTCAGAGCACGCATGTCGACATTCGGACACTGGAGGATCTGCTCATGGGGACTCTGGGGATTGTGTGTCCTATTTG
CAGCCAGAAACCA/GGCGGAGGATCTTCAGGAGGCGGGAGTGGC/ATGTTCCAAGACCCTCAGGAACGCCCTCGG
AAACTGCCCCAATTGTGTACTGAGCTCCAGACAACGATACACGACATAATCCTGGAGTGCGTGTATTGCAAGCAGC
AGCTTCTGAGGAGGGAAGTGTACGATTTTGCCAGGAGAGATGGCTGCATTGTCTACCGAGATGGCAATCCCTATG
CGGTGTGTGATAAGTGTCTGAAGTTCTATTCCAAAATCAGCGAATATCGGCATTATTGCTACTCACTGTACGGAACT
ACCCTCGAACAGCAGTACAACAAACCGCTCTGTGATCTGCTGATCAGATGCATCAATCGGCAGAAACCCCTTTGTC
CCGAAGAGAAGCAAAGACACCTGGACAAGAAGCAGAGGTTCCACAATACCCGAGGTCGTTGGACTGGGCGCTGC
ATGTCCTGTTGTCGCTCCTCTCGCACAAGGAGAGAGACACAACTGTGA

SEQ I D NO :34 : Protein sequence of VB102 1 (Homod imeric construct accord ing to the
invention . Am ino acid seq uence, 501 am ino acids :

MQVSTAALAVLLCTMALCNQVLS |APLAADTPTACCFSYTSRQIPQNFIAD
YFETSSQCSKPSVIFLTKRGRQVCADPSEEWVQKYVSDLELSA |ELKTPLG
DTTHT IEPKSCDTPPPCPRCP |GGGSSGGGSG |GQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTPPMLDSDGSFFLYSKL
TVDKSRWQQGNI FSCSVMHEALHNRFTQKS LSLSPGK |GLGGL |MHGDTPTL
HEYMLDLQPETTDLYGYGQLNDSSEEEDEIDGPAGQAEPDRAHYNIVTFC
CKCDSTLRLCVQSTHVDIRTLEDLLMGTLGIVCPICSQKP |GGGSSGGGSG |
MFQDPQERPRKLPQLCTELQTTIHDI ILECVYCKQQLLRREVYDFARRDG
CIVYRDGNPYAVCDKCLKFYSKISEYRHYCYSLYGTTLEQQYNKPLCDLL
IRCINRQKPLCPEEKQRHLDKKQRFHNTRGRWTGRCMSCCRSSRTRRETQ
L*



Claims

1. A homod imeric protein of two identica l am ino acid cha ins, each am ino acid cha in

comprising (1) a sig na l peptide, (2) a targeting unit, (3) a dimerization motif, and (4) an

antigen ic unit, said targeting unit com prising an am ino acid seq uence having at least 80 %

seq uence identity to the am ino acid sequence 24-93 of SEQ I D NO : l , and an antigenic unit

comprising an am ino acid seq uence of huma n pa pillomavirus ( HPV), such as an antigenic unit

comprising an am ino acid seq uence of HPV16 and/or HPV18, such as an antigenic unit

derived from early proteins E6 and/or E7 of HPV1 6 and/or HPV18.

2. The homod imeric protein accord ing to cla im 1, wherein sa id targeting unit,

dimerization motif and antigenic unit in sa id am ino acid cha in are in the N-termina l to C-

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

3. The homod imeric protein accord ing to any one of claims 1 or 2, wherein sa id sig na l

peptide consists of an am ino acid sequence having at least 80 % seq uence identity to the

amino acid seq uence 1-23 of SEQ I D NO : l .

4 . The homod imeric protein accord ing to cla im 3, wherein sa id sig na l peptide consists of

an am ino acid seq uence 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% seq uence identity to the am ino acid sequence 1-23 of SEQ I D NO : l .

5. The homod imeric protein accord ing to any one of claims 1-4, wherein sa id targeting

unit consists of an am ino 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% seq uence identity to the am ino acid seq uence 24-93 of SEQ I D NO : l .

6 . The homod imeric protein accord ing to any one of claims 1-5, wherein the dimerization

motif com prises a h inge reg ion and optiona lly another doma in that facilitate dimerization,

such as an immu nog lobu lin doma in, optiona lly connected throug h a linker.

7. The homod imeric protein accord ing to cla im 6, wherein the h inge reg ion is I g derived,

such as derived from IgG3 .



8 . The homod imeric protein accord ing to any one of claims 6-7, wherein the hinge reg ion

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

9. The homod imeric protein accord ing to cla im 8, wherein the cova lent bond is a

d isu lphide bridge .

10 . The homod imeric protein accord ing to any one of claims 6-9, wherein the

immu nog lobu lin doma in of the dimerization motif is a carboxyterm ina l C doma in, or a

seq uence that is substa ntia lly identica l to sa id C domain or a varia nt thereof.

11. The homod imeric protein accord ing to cla im 10, wherein the ca rboxyterm inal C

doma in is derived from IgG .

12 . The homod imeric protein accord ing to any one of claims 6-11, where in the

immu nog lobu lin doma in of the dimerization motif has the ability to homod imerize.

13 . The homod imeric protein accord ing to any one of claims 6- 12, where in sa id

immu nog lobu lin doma in has the ability to homod imerize via noncova lent interactions .

14 . The homod imeric protein accord ing to cla im 13, wherein sa id noncovalent interactions

are hyd rophobic interactions.

15. The homod imeric protein accord ing to any one of claims 1- 14, where in sa id

dimerization domain does not comprise the CH2 domain .

16. The homod imeric protein accord ing to any one of claims 1- 15, where in the

dimerization motif consist of hinge exons hi and h4 connected throug h a lin ker to a CH3

doma in of human IgG3 .

17 . The homod imeric protein accord ing to any one of claims 1- 16, where in the

dimerization motif consist of an am ino acid sequence having at least 80 % sequence identity

to the am ino acid seq uence 94-237 of SEQ I D NO :3.

18. The homod imeric protein accord ing to any one of claims 2- 17, where in sa id linker is a

G3S2G3SG linker.



19 . The homod imeric protein accord ing to any one of claims 1- 18, where in sa id 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 accord ing to any one of claims 1- 19, where in sa id targeting

unit consists of am ino acids 24-93 of SEQ I D NO : l , or a varia nt thereof.

21. The homod imeric protein accord ing 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 am ino acids 24-93 of SEQ I D NO : l , or a varia nt thereof.

22 . The homod imeric protein accord ing to any one of claims 1-2 1, wherein sa id antigen ic

unit com prises an amino acid seq uence 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% seq uence identity to the am ino acid seq uence 243-293 of

SEQ I D NO :3.

23 . The homod imeric protein accord ing to any one of claims 1-22, wherein sa id antigen ic

unit consists of an am ino 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% seq uence identity to the am ino acid seq uence 243-293 of

SEQ I D O :3.

24 . The homod imeric protein accord ing 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 I D NO :22, or a deletion involving one or more am ino acid

selected from the list consisting of Y43-L50 of SEQ I D NO :22 .

25 . The homod imeric protein accord ing to any one of claims 1-23, wherein sa id antigen ic

unit com prises the am ino acid seq uence 243-293 of SEQ I D NO :3, SEQ I D NO :5, SEQ I D

NO :7, or SEQ I D NO :9, or a varia nt or antigenic fragment thereof.



26. The homod imeric protein accord ing to any one of claims 1-23, where in sa id antigen ic

unit consists of the am ino acid sequence 243-293 of SEQ I D NO :3, SEQ I D NO :5, SEQ I D

NO :7, or SEQ I D NO :9, or a varia nt or antigenic fragment thereof.

27 . The homod imeric protein accord ing to any one of claims 1-2 1, where in sa id antigen ic

unit com prises an amino acid seq uence 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% seq uence identity to the am ino acid seq uence 243-340 of

SEQ I D NO : l l .

28. The homod imeric protein accord ing to any one of claims 1-2 1, where in sa id antigen ic

unit consists of an am ino 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% seq uence identity to the am ino acid seq uence 243-340 of

SEQ I D NO : l l .

29 . The homod imeric protein accord ing to cla ims 27 or 28, wherein sa id antigenic unit

comprises one or more am ino acid substitutions at a position selected from the list consisting

of C24, E26, C58, C61, C9 1, and C94 of SEQ I D 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-S9 5 of

SEQ I D NO :23 .

30 . The homod imeric protein accord ing to any one of claims 1-2 1, wherein sa id antigen ic

unit com prises the am ino acid seq uence 243-340 of SEQ I D NO : l l , SEQ I D NO :13, SEQ I D

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

31. The homod imeric protein accord ing to any one of claims 1-2 1, wherein sa id antigen ic

unit consists of the am ino acid sequence 243-340 of SEQ I D NO : l l , SEQ I D NO :13, SEQ I D

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

32 . The homod imeric protein accord ing to any one of claims 1-2 1, wherein sa id antigen ic

unit com prises an amino acid seq uence 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% seq uence identity to the am ino acid seq uence 243-50 1 of

SEQ I D NO :19, SEQ I D NO :21, SEQ I D NO :32, or SEQ I D NO :34 .

33 . The homod imeric protein accord ing to any one of claims 1-2 1, where in sa id antigen ic

unit consists of an am ino 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% seq uence identity to the am ino acid seq uence 243-50 1 of

SEQ I D NO :19, SEQ I D NO :21, SEQ I D NO :32, or SEQ I D NO :34 .

34 . The homod imeric protein accord ing to any one of claims 1-22, 24-25, 27, 29-30, 32-

33, wherein sa id antigenic unit com prising an am ino acid seq uence of human papillomavirus

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

35 . The homod imeric protein accord ing to cla ims 32-34, wherein sa id antigen ic unit

comprises one or more am ino acid substitutions at a position selected from the list consisting

of F47, L50, C63, C106 and 1128 of SEQ I D NO :22 and C24, E26, C58, C61, C9 1, C94 of SEQ

I D NO :23 .

36. The homod imeric protein accord ing to any one of claims 1-2 1, wherein sa id antigen ic

unit consists of the am ino acid sequence 243-50 1 of SEQ I D NO :19, SEQ I D NO :21, SEQ I D

NO :32, or SEQ I D NO :34, or a variant or antigen ic frag ment thereof.

37 . The homod imeric protein accord ing to any one of claims 1-2 1, wherein sa id amino

acid chain consists of an amino acid seq uence selected from the list consisting of SEQ I D

NO :3, SEQ I D NO :5, SEQ I D NO :7, SEQ I D NO :9, SEQ I D NO : l l , SEQ I D NO :13, SEQ I D

NO :15, SEQ I D NO :17, SEQ I D NO :19, SEQ I D NO :21, SEQ I D NO :32, and SEQ I D NO :34, or

a variant or antigenic frag ment thereof.

38. The homod imeric protein accord ing to any one of claims 1-2 1, wherein sa id antigen ic

unit com prises an amino acid seq uence 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% seq uence identity to any one am ino acid seq uence selected

from SEQ I D NO :22, SEQ I D NO :23, SEQ I D NO :24, and SEQ I D NO :25 .

39 . The homod imeric protein accord ing to any one of claims 1-2 1, where in sa id antigen ic

unit consist of an am ino acid seq uence 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% seq uence identity to any one am ino acid seq uence selected

from SEQ I D NO :22, SEQ I D NO :23, SEQ I D NO :24, and SEQ I D NO :25 .

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

without any sig na l peptide sequence.

4 1. An am ino acid cha in com prising (1) a sig na l peptide, (2) a targeting unit, (3) a

dimerization motif, and (4) an antigenic unit, sa id targeting unit com prising an am ino acid

seq uence having at least 80 % seq uence identity to the am ino acid seq uence 24-93 of SEQ

I D NO : l , and an antigen ic unit com prising an am ino acid seq uence of huma n pa pillomavirus

( HPV), such as an antigenic unit com prising an amino acid seq uence of HPV16 and/or HPV18,

such as an antigen ic unit derived from early proteins E6 and/or E7 of HPV1 6 and/or HPV18,

which am ino acid chain is able to form a homod imeric protein accord ing to any one of clams

1-40 .

42. A nucleic acid molecu le, such as a DNA, encod ing the am ino acid cha in accord ing to

claim 4 1.

43. The nucleic acid molecu le accord ing 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 seq uences selected from the

list consisting of SEQ I D NO :2, SEQ I D NO :4, SEQ I D NO :6, SEQ I D NO :8, SEQ I D NO :10,

SEQ I D NO :12, SEQ I D NO :14, SEQ I D NO :16, SEQ I D NO :18, SEQ I D NO :20, SEQ I D NO :31

and SEQ I D NO :33, or a varia nt thereof.

45. The nucleic acid molecu le accord ing to claims 42-44 comprised by a vector.



46. The nucleic acid molecu le accord ing to any one of claims 42-4 5 formu lated for

adm inistration to a patient to ind uce production of the homod imeric protein in sa id patient.

47. The homod imeric protein accord ing to any one of claims 1-40, or an am ino acid cha in

accord ing to cla im 41, or the nucleic acid molecu le accord ing to any one of cla ims 42-46 for

use as a med icament.

48. A pha rmaceutica l com position comprising the homod imeric protein accord ing to any

one of cla ims 1-40, or an am ino acid cha in accord ing to cla im 4 1, or the nucleic acid molecu le

accord ing to any one of cla ims 42-46.

49. A host cell com prising the nucleic acid molecu le accord ing to any one of cla ims 42-46.

50 . A method for preparing a homod imeric protein accord ing to any one of cla ims 1-40, or

an am ino acid cha in of cla im 4 1, the method com prising

a) transfecting the nucleic acid molecu le accord ing to any one of cla ims 41-45

into a cell popu lation ;

b) cu ltu ring the cell popu lation ;

c) collecting and pu rifying the homod imeric protein, or amino acid cha in

expressed from the cell popu lation .

51. A method for preparing a vaccine, such as a DNA vaccine, comprising an

immu nolog ica lly effective amou nt of a nucleic acid molecu le accord ing to any one of cla ims

42-46, the method com prising

a) preparing a nucleic acid molecu le accord ing to any one of cla ims 41-45 ;

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

pharmaceutica lly accepta ble carrier, diluent, or buffer.

52 . A vaccine aga inst HPV comprising an immu nolog ically effective amou nt of a

homod imeric protein accord ing to any one of cla ims 1-40, or an am ino acid cha in accord ing

to cla im 4 1, or nucleic acid molecu le, such as a DNA, accord ing to any one of cla ims 42-46,

wherein sa id vaccine is able to trigger both a T-cell- and B-cell immu ne response .



53 . The vaccine accord ing to cla im 52 further comprising a pha rmaceutica lly accepta ble

carrier and/or adjuvant.

54 . A method of treating or preventing a HPV ind uced d isease or cond ition, 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 accord ing to any one of

claims 1-40, or an amino acid cha in accord ing to cla im 4 1, or the nucleic acid molecu le, such

as a DNA, accord ing to one of cla ims 42-46.

55 . The method accord ing to claim 54, wherein the method com prises adm inistering to

the patient in need thereof of a nucleic acid molecu le, such as a DNA, accord ing to one of

claims 42-46 with a subseq uent step of electroporation .

56. The method accord ing to claims 54 or 55, wherein the adm in istration is performed

intra derma l or intra muscu lar.













A . CLASSIFICATION O F SUBJECT MATTER

INV. A61K19/00 A61K39/00 C07K16/44 A61K39/12 C07K14/52
C07K16/00 A61P35/00

ADD.
According to International Patent Classification (IPC) o r to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61K C07K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data, BIOSIS, EMBASE

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

RUFFINI P A ET AL: "Human chemoki ne 1-56
Ml Plal pha i ncreases effi c i ency of targeted
DNA fusi on vacci nes" ,
VACCINE, ELSEVI ER LTD, GB,
vol . 29 , no. 2 ,
16 December 2010 (2010-12-16) , pages
191-199 , XP027539078,
ISSN : 0264-410X
[retri eved on 2010-11-04]
abstract
f i gure 1
page 198, l eft-hand col umn , paragraph
page 195 , l eft-hand col umn , paragraph
page 196, r i ght-hand col umn , paragraph

-/--

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date o r priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle o r theory underlying the invention

to be of particular relevance

"E" earlier application o r patent but published o n o r after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation o r other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition o r other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

13 March 2013 25/03/2013

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Iri on , Andrea



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y AGNETE BRUNSVI K FREDRI KSEN ET AL: 1-56
"Chemoki ne-i d i otype fusi on DNAvacci nes are
potenti ated by b i a l ency and xenogenei c
sequences" ,
BLOOD, AMERICAN SOCI ETY OF HEMATOLOGY, US,
vol . 110, 1 January 2007 (2007-01-01) ,
pages 1797-1805 , XP007915509 ,
ISSN : 0006-4971 , D0I :
10. 1182/BL00D-2006-06-032938
[retri eved on 2007-05-31]
abstract
page 1804, l eft-hand col umn , paragraph 2

Y A YNEBRATEN I ET AL: " P19-39 . 1-56
Vacci bodi es : a novel vacci ne strategy for
HIV that target v i ral anti gens t o APC" ,
RETR0VI R0 LOGY, BI0MED CENTRAL LTD. ,
LONDON , GB,
vol . 6 , no. Suppl 3 ,
22 October 2009 (2009-10-22) , page P359 ,
XP021064082 ,
ISSN : 1742-4690, D0I :
10. 1186/1742-4690-6-S3-P359
abstract

Y FREDRI KSEN ET AL: "DNA Vacci nes Increase 1-56
Immunogeni c i t y of Idi otypi c Tumor Anti gen
by Targeti ng Novel Fusi on Protei ns t o
Anti gen-Presenti ng Cel l s " ,
MOLECULAR THERAPY, ACADEMIC PRESS, SAN

DI EGO, CA, US,
vol . 13 , no. 4 , 1 Apri l 2006 (2006-04-01) ,
pages 776-785 , XP005358612 ,
ISSN : 1525-0016, D0I :
10. 1016/J . YMTHE. 2005 . 10.019
abstract

A TUNHEIM GR0 ET AL: "Human receptors of 1-56
i nnate immuni t y (CD14, TLR2) are promi s i ng
targets for novel recombi nant
immunogl obul i n-based vacci ne candi dates" ,
VACCINE,
vol . 25 , no. 24, June 2007 (2007-06) ,
pages 4723-4734, XP022095376,
ISSN : 0264-410X
abstract

A FR0YLAND MARIANNE ET AL: "Targeted 1-56
i d i otype-fusi on DNA vacci nes for human
mul t i p l e myel oma: precl i n i cal testi ng" ,
EUROPEAN JOURNAL OF HAEMAT0L0GY,
vol . 86, no. 5 , May 2011 (2011-05) , pages
385-395 , XP055056142 ,
abstract
page 386, r i ght-hand col umn , paragraph 2

-/--



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2004/076489 Al (MEDINNOVA AS [NO] ; 1-56
BOGEN BJARNE [NO] ; FREDRI KSEN AGNETE
BRUNSVI K [NO] ; )
10 September 2004 (2004-09-10)
page 4 , l i nes 10-16
page 11 , l i ne 4 - page 12 , l i ne 25
page 28, l i nes 2-9
page 30, l i nes 3-34

W0 2005/089792 Al (PASTEUR INSTITUT [FR] ; 1-56
BT PHARMA [FR] ; INST NAT SANTE RECH MED

[FR] ; C) 29 September 2005 (2005-09-29)
page 4 , paragraph 2
page 7 , paragraph 5
page 11 , paragraph 4
page 12 , paragraph 3-5
page 1 , paragraph 5

X , P W0 2011/161244 Al (VACCIB0DY AS [NO] ; 1-56
RUFFINI PI ER ADELCHI [IT] ; BOGEN BJARNE
[NO] ; FREDR) 29 December 2011 (2011-12-29)
page 15 , l i ne 27 - page 16, l i ne 24
page 20, l i ne 22 - l i ne 24
c l aims 16,20



Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and necessary to the claimed
invention, the international search was carried out on the basis of:

(means)□ on paper

Ξ in electronii

(time)

Ξ in the international application as filed

□ together with the international application in electronic form

□ subsequently to this Authority for the purpose of search

□ 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.

3 . Additional comments:

Form PCT/ISA/21 0 (continuation of first sheet (1)) (July 2009)



Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2004076489 Al 10-09-2004 AU 2004215489 Al 10-09-2004
CA 2517054 Al 10-09-2004
EP 1599504 Al 30-11-2005
US 2004253238 Al 16-12-2004
US 2012171242 Al 05-07-2012
O 2004076489 Al 10-09-2004

W0 2005089792 Al 29-09-2005 AT 372784 T 15 -09 -2007
AU 2005224036 Al 29 -09 -2005
BR PI0508722 A 14 -08 -2007
CA 2559235 Al 29 -09 -2005
CN 1956730 A 02 -05 -2007
DE 602004008874 T2 12 -06 -2008
DK 1576967 T3 21-01 -2008
EP 1576967 Al 21-09 -2005
EP 1725259 Al 29 -11 -2006
EP 2351580 Al 03 -08 -2011
ES 2293178 T3 16 -03 -2008
P 2007533307 A 22 -11 -2007

PT 1576967 E 03 -12 -2007
S I 1576967 Tl 29 -02 -2008
US 2007072266 Al 29 -03 -2007
US 2011171244 Al 14 -07 -2011
WO 2005089792 Al 29 -09 -2005

W0 2011161244 Al 29-12-2011 AU 2011268934 Al 10-01-2013
CA 2803058 Al 29-12-2011
W0 2011161244 Al 29-12-2011


	abstract
	description
	claims
	drawings
	wo-search-report

