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(57) ABSTRACT 

Described are DNA sequences encoding an E6 or E7 fusion 
protein of HPV, wherein said DNA sequences are charac 
terized by a combination of the following features: original 
codons are exchanged by codons which lead to an enhanced 
translation in a mammalian cell, they contain a deletion 
resulting in the production of a truncated non-functional 
protein, and they encode a fusion partner which is a highly 
immunogenic polypeptide capable of enhancing the immu 
nogenicity of the E6 or E7 protein in the mammalian host. 
Furthermore, the modified E6 or E7 protein encoded by said 
DNA sequences as well as expression vectors containing 
said DNA sequences are described as well as several uses of 
the these compounds. 
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MODIFIED HPV E6 AND E7 GENES AND 
PROTEINS USEFUL FOR VACCNATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. application 
Ser. No. 10/472,724, filed Jan. 29, 2004, and issued Apr. 10, 
2007 as U.S. Pat. No. 7,201,908, which was filed under 35 
U.S.C. S371 and claims priority of International Patent 
Application No. PCT/EP02/03271, filed Mar. 22, 2002, 
which in turn claims priority of European Patent Application 
No. 01107271, filed Mar. 23, 2001, all of which are hereby 
incorporated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

0002) 
0003. The present invention relates to DNA sequences 
encoding an E6 or E7 fusion protein of HPV, wherein said 
DNA sequences are characterized by a combination of the 
following features: original codons are exchanged by codons 
which lead to an enhanced translation in a mammalian cell, 
they contain a deletion resulting in the production of a 
truncated non-functional protein, and they encode a fusion 
partner which is a highly immunogenic polypeptide capable 
of enhancing the immunogenicity of the E6- or E7-protein in 
the mammalian host. Furthermore, this invention relates to 
the modified E6- or E7-protein encoded by said DNA 
sequences as well as expression vectors containing said 
DNA sequences. Finally, the present invention relates to 
several uses of the above compounds, particularly as effec 
tive vaccines useful in treatment or prevention of an HPV 
infection or a neoplasm associated with HPV infection. 
0004 2. Description of Related Art 

1. Field of the invention 

0005 Carcinoma of the uterine cervix (cervical cancer, 
CC) is the second most common cancer in women world 
wide and the first in developing countries. CC develops 
through premalignant intermediate stages of increasing 
severity known as cervical intraepithelial neoplasia (CIN) 
grades 1-3, the latter leading to the development of invasive 
cancer in about 50% of cases over a period of 1-2 decades. 
More than 11% of the global cancer incidence in women is 
due to human papillomavirus (HPV) infections. Infection 
with HPV types 16 and 18 has been associated with the 
development of CIN and CC, with HPV genotype 16 being 
the most prevalent viral type to infect the cervix. The E6 and 
E7 proteins encoded by these HPV types are thought to be 
involved in the pathogenesis of CC by inducing abnormal 
cell proliferation. Expression of E6 and E7 is consistently 
detected in tissue and tumor cells from HPV-associated CCs. 
Furthermore, the E6 and E7 genes from HPV types 16 and 
18 are sufficient for transformation of epithelial cells in 
culture (Zur Hausen, Biochim. Biophys. Acta 1288(2) 
(1996): F55-78). 
0006 There is increasing evidence that the E6 and E7 
proteins encoded by HPV types 16 and 18 may be effective 
immunological targets for tumor rejection by the host. 
Efforts are being made to develop effective preventive and 
therapeutic vaccines which may be useful in treatment and 
prevention of a neoplasm associated to HPV. The different 
strategies employed so far for inducing an immune 
responses to proteins of the HPV types 16 and 18 are: (a) 
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Use of synthetic antigenic peptides, (b) Use of recombinant 
microorganisms (recombinant bacille Calmette-Guerin; 
BCG), (c) use of DNA vaccines using wild-type viral genes 
and (d) use of Virus-like particles (VLPs). 
0007. However, unfortunately, the above strategies 
exhibit a variety of disadvantages which so far have ham 
pered the development of a safe and efficient vaccine. As 
regards the use of synthetic antigenic peptides it has to be 
stressed that the identification of HPV specific, immunore 
active peptides is very complex. It requires large numbers 
and quantities of peptides for vaccines to be effective and of 
a broad spectrum. Moreover, synthetic peptides do not 
contain posttranslational modifications (e.g., glycosylation, 
Sulfation, phosphorylation) normally found in native pro 
teins and therefore are not efficient enough as vaccines. The 
BCG based vaccine delivery systems expressing the L1 late 
protein of HPV 6b or the E7 early protein of HPV 16 have 
been used as immunogens. However, the immune responses 
obtained with these systems was even less than those elicited 
by protein/adjuvant vaccines and, thus, this system is con 
sidered unlikely to be useful as a single component vaccine 
strategy. As regards DNA vaccines it has been observed that 
the expression of wild-type HPV genes is quite low, even if 
they are expressed from strong promoters, such as that of the 
cytomegalovirus (CMV). As regards the use of Virus-like 
particles (VLPs) it has to be mentioned that true VLPs are 
made of the L1 (capsid) protein of a specific HPV type. 
Therefore, they may be only useful as prophylactic rather 
than as therapeutic vaccines, if ever. Pseudotyped VLPs 
containing, for instance, epitopes of HPV-16 E7 have also 
been described and may be useful as prophylactic and 
therapeutic vaccines. However, an important limitation is 
that VLPs are produced in insect cells or in yeast. So far, no 
Suitable production systems in mammalian cells have been 
established. Therefore critical epitopes depending on post 
translational modifications which take place in human cells 
are lost in these systems. 

SUMMARY OF THE INVENTION 

0008. Therefore, it is the object of the present invention 
to provide a safe and effective vaccine, preferably a genetic 
vaccine, for the treatment or prevention of an HPV infection 
or a neoplasm associated to HPV. 
0009. According to the invention this is achieved by the 
subject matters defined in the claims. The present invention 
provides DNA sequences for inducing immune response to 
the E6 and/or E7 proteins of oncogenic HPV in a host 
animal, preferably by administering vectors containing said 
DNA sequences, e.g. plasmid vectors, herpes simplex virus 
type 1 amplicon or recombinant Semliki forest virus vectors. 
Said DNA sequences encode the HPV proteins as fusion 
proteins that are immunogenic but are not capable of induc 
ing cell transformation. The DNA sequences of the invention 
are characterized by the following features: 

0010 (a) The DNA sequences of the HPV E6/E7 genes 
have been modified to make their codon usage closer to 
that of human genes, (b) the genes have been modified by 
deletion to make them non-functional, thereby disabling 
their oncogenic capability (deletions are, preferably, point 
mutations, because these lead to loss of potentially essen 
tial epitopes), (c) the HPV genes have been fused to 
highly immunogenic proteins to enhance their immuno 
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genicity in the host (these fusions are not expected to 
result in masking of HPV protein epitopes, since the 
fragments fused are of Sufficient length as to avoid this 
problem), and, preferably, expression of the HPV genes is 
provided by recombinant, replication-deficient HSV, SFV 
or high copy plasmid vectors or combinations of these. 

0011. This approach offers a variety of advantages, 
namely: 
0012 (a) Higher expression levels of the HPV protein as 
a result of the silent mutations introduced in the HPV 
genes to make their codon usage closer to the human are 
obtained. This results in a more efficient host response in 
immunization trials compared to the use of wild-type 
HPV genes. 

0013 (b) The HPV genes and proteins generated by the 
present invention are expressed in human cells and, unlike 
proteins expressed in other systems such as bacteria, yeast 
or insect cells, they contain posttranslational modifica 
tions normally found in proteins expressed in human 
cells. This is crucial for an adequate recognition of the 
HPV proteins by the host immune system. 

0014 (c) Since the HPV proteins are expressed fused to 
proteins known to be highly immunogenic, they elicit 
stronger immune responses in the host animal. 

00.15 (d) The HPV proteins are not cell-transforming 
neither in vitro nor in the host animal because in no case 
are they expressed as full-length polypeptides. The HPV 
fusion genes express incomplete proteins, whose func 
tions are impaired. In addition, the HPV proteins are 
expressed as fusions to cytoplasmic proteins and therefore 
they can not reach the nucleus where they exert their 
functions. 

0016 (e) The HPV proteins are, preferably, expressed 
tagged with a specific sequence, which can be easily 
detected in Western blots and by immunofluorescence 
with the help of commercially available antibodies. 

0017 (f) The combination of various viral vectors and of 
these with plasmid vectors ensures a more efficient immu 
nization, since it prevents neutralization of the vector by 
immune reaction elicited in a previous boost. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0018. Accordingly, the present invention relates to a 
DNA sequence encoding an E6 or E7 fusion protein of HPV, 
wherein said DNA sequence is characterized by a combi 
nation of the following features: 

0019 (a) at least 20% of the original codons are 
exchanged by codons which lead to an enhanced trans 
lation in a mammalian cell; 

0020 (b) it contains a mutation resulting in the pro 
duction of a truncated non-functional protein; and 

0021 (c) it encodes a fusion partner which is a highly 
immunogenic polypeptide capable of enhancing the 
immunogenicity of the E6 or E7 protein in the mam 
malian host. 

0022. The expression “originial codons' refers to the 
codons found in the corresponding wildtype version of the 
HPV. 
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0023 The expression "enhanced translation in a mam 
malian cell refers to the genes resulting from introduction 
of silent mutations in the HPV sequences, as described in the 
present invention, which create open reading frames con 
sisting entirely of preferred human codons, and thus lead to 
enhanced expression of the proteins they encode in mam 
malian cells. 

0024. The term “mutation resulting in the production of 
a truncated non-functional protein’ refers to any mutation 
which leads to the production of a non-functional version of 
the protein. Preferably, such a mutation leads to a truncated 
version of the protein. Examples of appropriate mutations 
include a mutation, wherein at least one codon has been 
deleted or a mutation leading to premature termination of 
translation. Such mutation is, e.g., the replacement of a 
codon encoding a particular amino acid by a stop codon, an 
insertion or deletion of one or two nucleotides resulting in a 
frame shift mutation etc. The term “non-functional protein 
or gene' means that the mutant HPV genes and proteins of 
the present invention are "nontransforming neither in vitro 
nor in Vivo” meaning that the capability of the E6 or E7 
genes and proteins to transform cells to a tumorigenic 
phenotype has been eliminated as demonstrated by standard 
tests. The person skilled in the art can easily determine 
whether a particular mutation leads to an E6 or E7 gene or 
protein with the desired characteristics, i.e. which is “non 
transforming according to standard procedures. These 
include: 

0025 1) In vitro: Transformation assays of NIH 3T3 cells 
and primary human keratinocytes. Transforming genes 
(oncogenes) have been routinely identified by use of 
assays in which transformed foci result from transfection 
of tumor or recombinant DNA into NIH 3T3 cells (Todaro 
et al., PNAS USA 51: 66-73, 1964; Jainchill et al., J. 
Virol. 4: 549-553, 1969; Andersson et al., Cell 16: 63-75, 
1979). These cells are murine fibroblasts maintained as 
contact-inhibited, non-tumorigenic cell lines. Transfer of 
DNA containing an acitivated oncogene will occasionally 
give rise to foci of morphologically altered cells that have 
tumorigenic properties. 

0026. 2) In vivo: Tumorigenicity tests are routinely per 
formed in immunodeficient mice by inoculation with 
mouse or human transformed cells. Cells transfected to 
express HPV E6 and E7 genes and cell lines derived from 
cervical carcinomas infected by HPV. Such as HeLa cells, 
have been shown to be tumorigenic (Lichy et al., Cell 
Growth Differ. 3: 541-548, 1992; Stanbridge, Nature 260: 
17-20, 1976). 

0027. In a preferred embodiment, the DNA sequence of 
the present invention encodes the HPV E7 protein with the 
above described characteristics. 

0028. In a further preferred embodiment, at least 50% of 
the original codons of the DNA sequence of the present 
invention are replaced by codons which lead to an enhanced 
translation in a mammalian cell; examples of Suitable 
replacements are e.g., shown in FIGS. 1 and 2 SEQID NOs: 
3 and 1, respectively). 
0029. In a further preferred embodiment, the DNA 
sequence of the present invention contains a frame-shift 
point mutation leading to premature stop of translation. 
0030 The person skilled in the art knows polypeptides or 
parts thereof which are suitable as fusion partner for the E6 
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or E7 protein and which are highly immunogenic in mam 
mals, particularly in humans. Examples of Suitable polypep 
tides include: 

0.031) 1) Hepatitis B virus small envolope protein 
(HBSAg-S). This protein has the capacity to self-assemble 
with host-derived membranes to form empty subviral 
particles, which are released into the lumen of a pre-Golgi 
compartment and Subsequently secreted (Ganem, "Hep 
adnaviridae and their replication p2703-37, in Fields, 
Knipe and Howley (eds.), Fields Virology 3" ed., 1996, 
Lippincott-Raven Publishers, Philadelphia). E6 or E7 can 
be fused to the C-terminus of the protein which remains 
exposed on the surface of the subviral particles. 

0032) 2) E2 glycoprotein of Semliki forest virus (SFV). 
E2 is a spike component of the SFV virion and a major 
antigen for neutralizing antibodies (Schlesinger and 
Schlesinger, “Togaviridae: the viruses and their replica 
tion' in Fields, Knipe and Howley (eds.), Fields Virology 
3" ed., 1996, Lippincott-Raven Publishers, Philadelphia) 
. E6 or E7 can be fused to the N-terminus of the E2 protein 
that is exposed on the surface of the viral envelope or the 
plasma membrane of E2-expressing cells. 

0033 3) Human amyloid B-protein precursor (APP). APP 
is a transmembrane protein with a large extracellular 
region and a small cytoplasmic tail. It is normally cleaved 
by protease to yield a 40 amino acid B-peptide (amyloid), 
which is found in the plaques of patients with Alzheimer's 
disease, or a smaller fragment called p3, which may 
associate with extracellular matrix (“Principles of neural 
Science", Kandel, Schwartz, and Jessell, (eds.) 3" ed., 
1991, Elsevier, New York). E6 and E7 can be inserted 
into the extracellular part of APP and are thought to be 
released together with the B-peptide or the p3 fragment. 

0034 4) Human chromogranin B (hCgB) . Although 
hCgB is a protein involved in the regulated secretory 
pathway, it has been shown to be constitutively secreted 
in cells without a regulated pathway, Such as HeLa cells, 
upon transfection (Kaether, and Gerdes, FEBS Letters 
369: 267-271, 1995). E6 or E7 can be fused to the 
C-terminus of hCgB. 

0035 5) The bacterial B-galactosidase, known to be 
highly immunogenic (Fijikawa et. al., Virology 204:789 
793, 1994). E6 or E7 can be fused to the N-or the 
C-terminus of the protein. As the fusion product is a 
soluble non-membrane protein that may diffuse to the 
nucleus, E6 or E7 is a deletion (inactive) mutant. Alter 
natively, a signal peptide is added to the fusion which 
targets the product to the cell Surface. 

0036) 6) Fusion of the N-or C-terminal halves of E6 or E7 
together and the resulting chimeric polypeptide fused to 
any of the above proteins. 

0037. The present invention particularly, but not exclu 
sively, relates to the E6 and E7 genes and proteins of the 
HPV-16 and HPV-18 genotypes. lt will be, however, appre 
ciated that the invention extends to variants of such HPV 
genotypes and other HPV genotypes which may have onco 
genic or other pathologic potential. 
0038. In a preferred embodiment, the present invention 
relates to chimeric genes encoding a polyprotein containing 
E6 and E7 of HPV-16 and E6 and E7 of HPV-18, either 
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complete or as deletion fragments comprising N- or C-ter 
minal halves of Such proteins, fused together and to the 
polypeptides or parts thereof mentioned above. This allows 
immunization against HPV 16 and HPV 18 using a single 
product as immunogen. 
0039) Persons skilled in the art will appreciate that the 
fusion of E6 and/or E7 to the proteins 1-4 of the above list 
abolishes the translocation of the former to the nucleus, thus 
interfering with their function. Further, secretion or surface 
exposure of the fusion proteins is intended to facilitate their 
recognition by the immune system. 
0040. In a particular preferred embodiment, the present 
invention relates to a DNA sequence wherein parts (a) and 
(b) comprise the coding region of the DNA sequence as 
depicted in FIG. 1 (SEQ ID NO:3), 2 (SEQ ID NO: 1), 3 
(SEQID NO: 7), or 4 (SEQID NO:5) including the Flag-tag 
or not. Even more preferred is an embodiment of the DNA 
sequences of the present invention, which comprises the 
coding region of the DNA sequence as depicted in FIG. 5 
including the Flag-tag or not. 
0041) Preferably, the mutant HPV E6 and E7 proteins 
encoding DNA sequences are present in a vector or expres 
sion vector. A person skilled in the art is familiar with 
examples thereof. In the case of an expression vector for E. 
coli these are e.g. pCEMEX, puC derivatives, pGEX-2T. 
pET3b, T7 based expression vectors and pCE-8. For the 
expression in yeast, e.g. pY100 and Ycpadl have to be 
mentioned while e.g. pKCR, pFFBOS, cDM8, pMSCND, 
and pCEV4 have to be indicated for the expression in animal 
cells. The baculovirus expression vector pAcSGHisNTA is 
especially suitable for the expression in insect cells. The 
DNA sequences of the present invention can also be con 
tained in a recombinant virus containing appropriate expres 
sion cassettes. Suitable viruses that may be used in the 
present invention include baculovirus, vaccinia, Sindbis 
virus, SV40, Sendai virus, adenovirus, an AAV virus or a 
parvovirus, such as MVM or H-1. The vector may also be a 
retrovirus, such as MoMULV, MoMuLV, HaMuSV, 
MuMTV, RSV or Gal V. Particular preferred plasmids and 
recombinant viruses are piRES-Neo2 (Clontech, Heidel 
berg, Deutschland), pTet-On (Clontech), pHSVPUC (Geller 
et al., PNAS USA 87 (1990), 8950-8954), HSV amplicons 
and recombinant SFV vectors. For expression in mammals, 
the DNA sequences of the invention are operatively linked 
to a suitable promoter, e.g. a human cytomegalovirus 
“immediate early promoter (pCMV), SV40 enhancer and 
early promoter, SRC. (promoter (Takebe et al., Mol. Cell. 
Biol. 8: 466-472, 1988), Tet-On/Tet-Off gene expression 
systems, immediate early E4/5 promoter of HSV-1 (Geller et 
al., PNAS USA 87: 8950-8954, 1990). 
0042. For generating E6 and E7 protein encoding DNA 
sequences carrying the above discussed modifications and 
for constructing expression vectors which contain the DNA 
sequences according to the invention, it is possible to use 
general methods known in the art. These methods include 
e.g. in vitro recombination techniques, synthetic methods 
and in vivo recombination methods as described in Sam 
brook et al., Molecular Cloning, A Laboratory Manual. 2" 
edition (1989) Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y., for example. 
0043. Furthermore, the present invention relates to host 
cells which contain the above described DNA sequences or 
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vectors. These host cells include bacteria, yeast, insect and 
animal cells, preferably mammalian cells. The E. coli strains 
HB101, DH1, x1776, JM11, JM109, BL21, XL1Blue and 
SG 13009, the yeast strain Saccharomyces cerevisiae, the 
insect cells Sf9 and the animal cells L., A9, 3T3, FM3A, 
BHK, human SW13, CHO, COS, Vero and HeLa are pre 
ferred. Methods of transforming these host cells, of pheno 
typically selecting transformants and of expressing the DNA 
according to the invention by using the above described 
vectors are known in the art. 

0044) The present invention also relates to an HPV E6 or 
E7 protein which is encoded by the above described DNA 
sequences. The HPV E6 or E7 protein is provided as 
isolated, purified material, and therefore free of other pro 
teins. Such HPV proteins are, preferably, expressed in 
human cells and, unlike proteins expressed in other systems 
Such as bacteria, yeast or insect cells, they contain the 
posttranslational modifications normally found in the pro 
teins expressed in human cells. This may be of decisive 
importance for an adequate recognition of the HPV proteins 
by the host immune system. 
0045. Furthermore, the present invention relates to a 
method of producing the above E6 or E7 protein, whereby, 
e.g., a host cell of the invention is cultivated under condi 
tions allowing the synthesis of the protein and the protein is 
subsequently isolated from the cultivated cells and/or the 
culture medium. Isolation and purification of the recombi 
nantly produced proteins may be carried out by conventional 
means including preparative chromatography and affinity 
and immunological separations involving affinity chroma 
tography with monoclonal or polyclonal antibodies. 
0046) The present invention also relates to a pharmaceu 

tical composition comprising a DNA sequence or an expres 
sion vector of the invention or, alternatively, the HPV E6 or 
E7 protein encoded by said DNA sequence in a pharmaceu 
tically acceptable carrier. 
0047 Finally, the present invention relates to various 
uses of the DNA sequences of the invention, expression 
vectors or HPV E6 or E7 proteins. Preferred uses are: 
0.048 (a) Preparation of a vaccine for the prevention or 
treatment of a HPV infection or a neoplasm associated 
with HPV infection. Preferably, the vaccine is a genetic 
vaccine based on the DNA sequences of the invention 
inserted into an appropriate vector under the control of a 
Suitable promoter, e.g. a vector or promoter as described 
above. Such a vaccine can be used to stimulate humoral 
and/or cellular immune response in Subjects who may 
benefit from Such responses by protection against or 
treatment of possible infections by HPV or by rejection of 
cells from tumors or lesions which are infected by HPV 
and express viral proteins. 

0049 (b) Production of polyclonal or monoclonal anti 
bodies which might be useful as therapeutic agents. Such 
antibodies can be generated according to well known 
methods. 

0050 (c) Detection of specific antibodies or cytotoxic T 
lymphocytes in subjects infected by HPV, i.e. use in a 
diagnostic assay. Suitable assay formats (RIA, ELISA 
etc.) are well known to the person skilled in the art. 

0051 (d) Generation of a transgenic mouse line using, 
e.g., the DNA sequences of the invention under the 
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control of a tetracycline inducible promoter. Such mouse 
line might be useful to test vaccines against HPV. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.052 FIG. 1. HPV 16 EE7T-sequence 
0053) The nucleotide sequence (SEQ ID NO: 3) and 
derived amino acid sequence (SEQ ID NO: 4)(single-letter 
code) of the mutagenized E7 gene of HPV-16 (EE7T) is 
shown. Silent mutations which were introduced to create an 
open reading frame of preferred human codons are denoted 
in bold. The sequences encoding the hexa-His-tags and 
Flag-tags are underlined. The stop codon is denoted by an 
asterisk. 

0054 FIG. 2: HPV 16 EE6T-sequence 
0055. The nucleotide sequence (SEQ ID NO: 1) and 
derived amino acid sequence (SEQ ID NO: 2) (single-letter 
code) of the mutagenized E6 gene of HPV-16 (EE6T) is 
shown. Silent mutations which were introduced to create the 
open reading frame of preferred human codons are denoted 
in bold. The sequences encoding the hexa-His-tags and 
Flag-tags are underlined. The stop codon is denoted by an 
asterisk. 

0056 FIG. 3: HPV 18 EE7T-sequence 
0057 The nucleotide sequence (SEQ ID NO: 7) and 
derived amino acid sequence (SEQ ID NO: 8) (single-letter 
code) of the mutagenized E7 gene of HPV-18 (EE7T) is 
shown. Silent mutations which were introduced to create the 
open reading frame of preferred human codons are denoted 
in bold. The sequences encoding the hexa-His-tags and 
Flag-tags are underlined. The stop codon is denoted by an 
asterisk. 

0.058 FIG. 4: HPV 18 EE6T-sequence 
0059) The nucleotide sequence (SEQ ID NO: 5) and 
derived amino acid sequence (SEQ ID NO: 6) (single-letter 
code) of the mutagenized E6 gene of HPV-18 (EE6T) is 
shown. Silent mutations which were introduced to create the 
open reading frame of preferred human codons are denoted 
in bold. The sequences encoding the hexa-His-tags and 
Flag-tags are underlined. The stop codon is denoted by an 
asterisk. 

0060 FIG. 5: HbsAg-EE7T Fusion Gene 
0061 The nucleotide sequence (SEQ ID NO: 9) and 
derived amino acid sequence (SEQID NO: 10) (single-letter 
code) of the HbsAg-EE7T fusion gene is shown. The fused 
fragments are separated by three dots. Silent mutations 
which were introduced into the E7 gene of HPV-16 (EE7T) 
to convert the open reading frame of preferred human 
codons are denoted in bold. The sequence encoding the 
Flag-tag is underlined. The stop codon is denoted by an 
asterisk. 

0062 FIG. 6: Confocal image analysis of expression of 
the HPV-16 E7 fusion proteins encoded by the mutant genes 
EE7T and E7T 

0063 Vero cells growing on coverslips were transfected 
with either plasmid plRES-Neo2/EE7T or plRES-Neo2/E7T 
using the “FuGene' transfection reagent (Roche, Basel 
Schweiz). The cells were incubated for 48 h, fixed with 2% 
paraformaldehyde, permeabilized with 0.2% Triton X-100 
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and stained by sequential incubations with anti-Flag M2 
monoclonal antibodies (Sigma-Aldrich, Steinheim, Deut 
Schland and goat anti-mouse antibodies conjugated to cy2 
(Dianova, Hamburg, Deutschland). 
0064 FIG. 7 Western blot analysis of expression of the 
HPV-16 E7 fusion proteins encoded by the EE7T and E7T 
genes 

0065 HeLa cells were transfected as described in FIG. 6. 
After 24h cells were lysed in SDS buffer, proteins separated 
by PAGE (15% polyacrylamide), transferred to PVDF mem 
branes Immobilion-P, Millipore, Eschborn, Deutschland) 
and hybridized with anti-Flag M2 monoclonal antibodies 
conjugated to horse-radish peroxidase, which activity was 
detected by ECL assay. 
0.066 FIG. 8: Sequence of the synthetic EHBs.Ag-S-F 
gene and its translation 

0067 Silent mutations introduced to create an open read 
ing frame of preferred human codons are denoted in upper 
case characters. The sequence of the Eco RV site is under 
lined. The amino acid sequence (SEQ ID NO: 27) is given 
below the nucleotide sequence (SEQ ID NO: 26) according 
to the one- letter code. 

0068 FIG. 9: Sequence of the EHBs.Ag-S-16EE7T 
fusion gene 

0069. The first codon of EE7T is underlined (SEQ ID 
NOs: 9 and 10). 
0070 FIG. 10: Immunofluorescence of Vero cells trans 
fected with plN-EHBs.Ag-S-EE7T 

0071. The cells were lysed 48 h after transfection, fixed 
with 4% paraformaldehyde, permeabilized with 0.1% (v/v) 
Triton X-100 in PBS and blocked. Immunodetection of the 
EHBSAg-S-EE7T fusion protein was carried out using an 
anti-Flag M2 antibody (Sigma), followed by a Cy2 (green) 
conjugated anti-mouse antibody (Molecular Probes). The 
nuclei were counterstained with propidium iodide. 

0072 FIG. 11: Western blot analysis of Vero cells trans 
fected with plN-EHBs.Ag-S-EE7T 

0073. The cells were lysed 48 h after transfection and 
equal amounts of extract were loaded onto a 10% SDS 
acrylamide gel. After transfer to a PVDF membrane and 
blocking, immunodetection was carried out with anti-Flag 
M2 antibody conjugated to horseradish peroxidase (Sigma). 

0074 FIG. 12: Immunogenicity of the EHBs.Ag-S- 
16EE7T fusion protein tested in BALB/c mice. 
0075. The present invention is explained by the 
examples. 

EXAMPLE 1. 

Mutagenesis and Expression of the E7 Gene of 
HPV Type 16 

0076) The HPV-16 E7 gene was mutagenized in vitro to 
introduce 64 silent mutations which create an open reading 
frame comprised of preferred human codons. In addition, the 
mutant E7 genes were fused to a hexa-histidine-tag and a 
Flag-tag. 

Aug. 16, 2007 

0077. The mutant E7 genes were synthetically produced 
by sequential steps of polymerase-chain-reaction (PCR) 
using the following primers: 

(a) 
5'-GGA TCC AAG CTT GCC GTG ATC ATG (SEQ ID NO : 11) 
CAC GGC GAC ACC CCC ACC TTG CAC 
GAG TAC ATG TTG GAC TTG CAG CCC 
GAG ACC ACC GAC CTG TAC TGC TAC 

(b) 
5'-GTA GTG GGC GCG GTC GGG CTC GGC (SEQ ID NO: 12) 
CTG GCC GGC. GGG GCC GTC GAT CTC 
GTC CTC CTC CTC GGA GCT GTC GT 
CAA CTG C-3' 

(c) 
5'-GCC CGA CCG CGC CCA CTA CAA CAT (SEQ ID NO : 13) 
CGT GAC CTT. CTG CTG CAA. GTG CGA 
CTC CAC CCT GCG CCT, GTG CGT, GCA 
GAG CAC-3' 

(d) 
5'-CCC GGG GAA TTC CTT AGG GCT. TCT (SEQ ID NO: 14) 
GGC TGC AGA TGG GGC ACA CGA TGC 
CCA. GGG TGC CCA TCA GCA GGT CCT 
CCA AGG TGC GGA TGT CCA CGT GG-3' 

(e) 
5'-GAC CTG TAC TGC TAC GAG CAG TTG (SEQ ID NO: 15) 
AAC GAC AGC TCC GA-3' 

(f) 
5'-AGG TGC GGA TGT CCA CGT GGG TGC (SEQ ID NO: 16) 
TCT, GCA CGC A-3' 

(g) 
5'-CAA GCT TGC TAG CAT GCA CCA CCA (SEQ ID NO: 17) 
CCA, CCA. CCA CGG CGA CAC CCC CAC 
CTT, GCA CGA GTA-3' 

(h) 
5'-CAA GCT TGC TAG CAT GCA CCA CCA (SEQ ID NO: 18) 
CCA, CCA. CCA CGA CGA. GAT CGA CGG 
CCC. CGC CGG CCA-3' 

(i) 
5'-CGG ATC CGA ATT CTT ACT TGT CGT (SEQ ID NO : 19) 
CGT CGT CCT GT AGT, CGG GCT. CT 
GGC TGC AGA TGG GGC ACA-3' 

0078. In the first PCR step, primers (b) and (e) (PCR1) 
and primers (c) and (f) (PCR2) were used to generate the 
respective fragments by chain extension using no template. 
In a second step, the products of PCR1 and PCR2 were 
utilized to amplify a single fragment using no primers 
(PCR3). In a third step, the product of PCR3 was used as 
template to amplify a complete E7 gene with primers (a) and 
(d) (PCR4). 
0079. In a final PCR step, the product of PCR4 (EE7) was 
utilized as template to amplify the following : (1) by using 
primers (g) and (i) a complete E7 sequence fused to 
sequences encoding an hexa-His-tag (HHHHHH-epitope) 
(SEQID NO: 20) at its N-terminus, and a Flag-tag (DYKD 
DDDK-epitope) (SEQ ID NO: 21) at its C-terminus was 
synthesized (enhanced E7 with tags: EE7T); (2) by using 
primers (h) and (i) a truncated E7 (EE7TA1) lacking the first 
35 residues, which contains His- and Flag-tags as described 
above was synthesized. 
0080. The mutated tagged E7 genes were isolated from 
the PCR reaction mixtures by agarose gel electrophoresis, 
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double digested with Nhel and EcoRI and cloned into the 
multiple cloning site of the plasmid plRES-Neo2 (Clontech, 
Heidelberg, Deutschland) digested previously with the same 
restriction enzymes. After transformation of DH5(bacteria, 
single clones were identified and sequenced. Clones with the 
correct sequence were expanded and used to purify the 
corresponding plasmids. As control, a wild-type E7 gene and 
a truncated mutant lacking the first 35 residues, both tagged 
in the same way as the EE7T mutants described above, were 
cloned by PCR (E7T and E7TA1 genes), and subsequently 
inserted in the Nhel and EcoRI sites of the plRES-Neo2 
plasmid. 

0081. The EE7 product from PCR4 was also cloned in 
pBluescript-vector (Stratagene, Amsterdam, Niederlande) 
and used for mutagenesis which resulted in a double deletion 
mutant lacking residues 26-32 and 70-74. The EE7 product 
from PCR4 was used as template for amplification as 
follows: (1) by using primers (g) and (i) an EE7T deletion 
mutant lacking residues 26-32 and 70-74 (EE7TA2.3), with 
His- and Flag-tags as above was generated, (2) by using 
primers (h) and (i) a truncated EE7T lacking the first 35 
residues as well as residues 70-74 (EE7TA13), with His 
and Flag-tags as above was generated. 

EXAMPLE 2 

Expression of EE7T Fusion Genes in Mammalian 
Cells 

0082) The expression of the EE7T fusion genes described 
in Example 1, above, was tested in vitro by immunofluo 
rescence and Western blot analysis as compared to that of the 
E7T controls. The above plasmids were used for transient 
transfection using eukaryotic cell lines of mouse (C-26), 
monkey (Vero 2-2), and human (HeLa) origin. The cell line 
Vero 2-2 contains the HSV-1 IE2 (ICP27) gene and pro 
moter. This line was originally established by R.M. Sandri 
Goldin et al. (Smith et al., Virology 186 (1992), 74-86). At 
different times of expression the cells were fixed with 
paraformaldehyde and processed for immunodetection or 
were lysed in SDS loading buffer and analyzed by Western 
blot. In both cases the E7 fusion proteins were detected with 
mouse monoclonal antibodies specific for the hexa-His 
(anti-His-tag Ab-1, Calbiochem-Novabiochem, Bad Soden, 
Deutschland) or the Flag epitopes (anti-Flag M2, Sigma 
Alderich, Steinheim, Deutschland). 
0.083 Image analysis of Immunofluorescence prepara 
tions showed expression of the mutant proteins in the 
nucleus of the transfected cells (FIG. 6). Western blots 
probed with monoclonal antibodies directed against the Flag 
epitope showed that expression of mutagenized E7 genes 
(EE7 and its deletion mutants described above) was at least 
two orders of magnitude higher than that of equivalent E7 
genes made of wild-type codons (VE7 and its deletion 
mutants) (FIG. 7). 

EXAMPLE 3 

Cloning and Expression of E7/HBSAg Fusion 
Genes 

0084. In order to enhance the antigenic potential of E7. 
fusion proteins were created between tagged EE7 open 
reading frames and a gene encoding the Surface antigen of 
hepatitis B virus (HbsAg). The fusion gene was created by 
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PCR cloning of the HbsAg and the EE7 genes. Plasmid 
pRc/CMV-HBs(S) (Aldevron, Fargo, USA) served as tem 
plate to amplify the HbsAg gene using the primers 5'-CTC 
GAG GATTGGGGA-3' (SEQID NO: 22) and 5'-GAT ATC 
AAT GTA TAC CCA AAG A-3' (SEQ ID NO. 23). The 
resulting fragment contains the full sequence of the HbSAg 
open reading frame except for the termination codon, which 
was replaced by an EcoRV site. The mutant EE7T genes 
were amplified using as template the full-length EE7 gene 
described in Example 1 and as primers for the 5'-end the 
oligonucleotides 5'-GAT ATC GAG GAG GAC GAG ATC 
GA-3' (SEQ ID NO: 24) or 5'-GAT ATC ATG CAC GGC 
GAC A-3' (SEQ ID NO: 25) and for the 3'-end the oligo 
nucleotide (i) described in Example 1. The EE7T genes 
amplified in this way were cut with EcoRV and ligated to the 
3'-end of the HbsAg generated above to produce HbsAg 
EE7T fusion genes expressing either the complete EE7 gene 
or the EE7TA1 or A deletion mutants. 

0085. The HbsAg-EE7T fusion genes were cloned into 
the polylinker of the plasmid plRESNeo2 and used for 
transient transfection using eukaryotic cell lines of mouse 
(C-26: tumor library, DKFZ. Heidelberg, Germany), mon 
key (Vero 2-2), and human (HeLa) origin. 

EXAMPLE 4 

1. Transformation Studies of the Enhanced HPV Genes. 

0086 Experimental evidence has accumulated demon 
strating that E6 and E7 from HPV 16 and HPV18 have 
tansforming potential. When expressed under the control of 
strong heterologous promoters, these genes have been 
shown to transform established mouse cells (Kanda et al., J. 
Viol. 62: 610-613, 1988; Vousden et al., Oncogene Res. 
3:167-175, 1989) and to immortalize primary murine and 
human foreskin keratinocytes (Halbert et al., J. Virol. 
65:473–478, 1991; Hudson et al., J. Virol. 64: 519-526, 
1990; Sedman et al., J. Virol. 65:4860-4866). 
0087. The transforming potential of the enhanced genes 
of the present invention and of their derivatives (fusion 
proteins like that of FIG. 5 and others in which the HPV 
gene has a deletion of at least 50%) was tested by standard 
methods using mouse NIH 3T3 cells and primary human 
keratinocytes. Their wild type counterparts and empty plas 
mid vector were used as positive and negative controls, 
respectively. 

0088. The HPV enhanced genes and their fusion DNA 
constructs were Subcloned into the multiple cloning site of 
the plasmid plRESNeo2 (Clontech, Heidelberg, Deut 
Schland). The resulting plasmids were amplified in E. coli 
and purified on resin (Quiagen, Hilden, Deutschland), 
eluted, ethanol precipitated and resuspended in sterile, 
deionized water. DNA quanitity and purity was determined 
by spectrophotometric measurements of absorbance at 260 
and 280 nm and by agarose gel electrophoresis. NIH 3T3 
cells (ATCC, Manassas) were maintained on Dulbecco's 
modified Eagle's medium Supplemented with L-glutamine 
and 10% fetal calf serum 

0089 Transfection of NIH 3T3 cells with plasmid DNA 
was carried out using FuGeneTM 6 Transfection Reagent 
(Roche, Mannheim, Deutschland) essentially as described 
by the manufacturer. Cells seeded at 3x10 in a 100 mm dish 
were transfected the following day with 3 lug of test plasmid. 
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Each transfection was done in triplicate. After 48 h incuba 
tion at 37°C., transfected cells were removed by trypsiniza 
tion and either assayed for colony formation in Soft agar or 
subcultured into three 100 mm dishes and incubated for 
further 24 h at 37° C. before selection was performed in 
medium containing Geneticin (Life Technologies, 
Karlsruhe, Deutschland) at a concentration of 500 g/ml. 
For assays of colony formation in Soft agar, trypsinized cells 
were seeded into 0.4% agar in growth medium at 10 cells 
per 60 mm dish and incubated at 37° C. Duplicate dishes 
were scored for colony formation after two weeks. Neomy 
cin resistant colonies were selected by addition of Geneticin 
to subconfluent cell monolayers, the cells were trypsinized 
and assayed for colony formation in soft agar as described 
above. 

0090 Transfection of primary human keratinocytes with 
plasmid DNA was carried out using FuGeneTM 6 Transfec 
tion Reagent as above. Keratinocytes were grown in KGM 
medium (KMK2 kit, Sigma-Aldrich, Steinheim, Deut 
Schland) in 30 mm dishes. Cells were transfected at passage 
5 with 5ug DNA. After approaching confluence, the cultures 
were split at a ration of 1:2 and selection with 100 kg of 
Geneticin per ml was carried out. 
0091 All HPV enhanced fusion genes tested failed to 
produce foci of NIH 3T3 cells in soft agar and to immor 
talize primary human keratinocytes. 
2. Immunogenicity Sudies of the Enhanced HPV Genes. 
0092. The enhanced HPV genes were sub doned into the 
plasmid pHSVPUC (Geller et al., PNAS USA87: 8950 
8954, 1990) and the resulting recombinant constructs used 
to generate amplicon HSV-1 vectors as described elsewhere 
(Cid-Arregui, and Lim, in Cid-Arregui and Garcia (eds), 
“Viral Vectors: Basic Science and Gene Therapy'. BioTech 
niques Books, Eaton Publishing, Natick), and these used for 
immunization studies in BALB/c mice. Groups of five mice 
(8 weeks old, female) were used for each immunization 
experiment. On day 0, 10-10" virus particles in a 50 ul 
Suspension in Saline serum were inoculated Subcutaneously. 
At day 14, a second dose of the formulation was applied in 
the same way. At day 28, the mice were bled. 
0093 Serum antibody responses to E6 and E7 were 
measured using plates coated with recombinant E6 or E7 
protein using standard procedures. Sera were diluted in PBS 
pH 7.2 containing 1 mg/ml casein, 0.5% Tween 20, 0.002% 
alphaZurine A. 

0094. After washing the plates, 0.1 ml/well of test serum 
at the appropriate dilution was added, and the plates incu 
bated for 1 h at 38°C. To detect bound antibody, 0.1 ml of 
0.1 g/ml of horseradish peroxidase-labeled goat anti-mouse 
IgG--IgM (H and L chain specific) in PBS pH 7.2 supple 
mented as above was added. The plates were incubated for 
1 hat 20° C. and washed 6 times with PBS pH 7.2 with 0.5% 
Tween 20. Then 0.1 ml of substrate TMB (3.3'5.5"tetram 
ethylbenzidine, Sigma-Aldrich, Steinheim, Deutschland) 
was added. Following 10 min of incubation at 20° C., the 
reaction was stopped by addition of 50 ul of 0.5 MHSO. 
Colorimetric measurements were performed in a vertical 
beam spectrophotometer at 450 nm. 
0.095 All mice immunized with vectors expressing 
enhanced HPV E6 and E7 genes separately or as fusion 
genes as described in the present invention produced a 
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significant response following immunization which was 
clearly higher than that elicited by the non-enhanced con 
trols. 

EXAMPLE 5 

Generation of a Synthetic EHBs.Ag-S-fusion Gene 

0096) The hepatitis B virus (HBV) small antigen 
(HBSAg-S) is an envelope protein with the capacity to 
self-assemble with cell-derived lipid membranes into empty 
particles without the participation of nucleocapsids. These 
Subviral particles are produced as spherical or filamentous 
forms of 22 nm in diameter, which bud into the lumen of a 
pre-Golgi compartment and are Subsequently secreted as 
cargo. It is believed that subviral particles induce a more 
effective immune response than denatured or soluble viral 
proteins. Furthermore, they can not replicate and are non 
infectious. 

0097. This example describes the development of recom 
binant HBSAg-S particles containing B- and T-cell epitopes 
of the E6 and/or E7 genes of oncogenic genital HPV types 
fused to the C-terminus of HBs.Ag-S, and the humoral 
immune response induced by these particles in mice. 

1. Generation and expression of a synthetic HBSAg-S gene 

0098. A synthetic HBSAg-S gene was generated in vitro, 
which contains 155 silent mutations that create an open 
reading frame entirely comprised of preferred human 
codons. Two extra codons (GATATC) were added just 
preceding the stop codon which create an Eco RV restriction 
site that allows for fusion of genes starting with an EcoRV 
site in frame at their 5' end. The resulting gene was named 
EHBSAg-S-F (Enhanced HBs.Ag for Fusion). 

The synthetic EHBs.Ag-S-F gene was produced by 
successive steps of polymerase-chain-reaction 
(PCR) using the following oligonucleotides : 
(1) EH1 (forward) 
5' CTC GAG GAT TGG GGA CCC TGC GCT (SEQ ID NO: 28) 
GAA Cat gga gaa cat cac Citc. Cogg 
Ctt cot Ggg Coc cot Got Ggt gCT 
Gca ggc Cogg Ctt Ct 3" 

(2) EH2 (anti-parallel) 
5' to a gCd aGg toc acc agg agt cca (SEQ ID NO : 29) 
gGC tot gog goa tog to a gga to c 
GGg to a Gca Giga aGa aGc cog cot 
gCA Gca cca gCa 3" 

(3) EH3 (forward) 
5' tog act cOt ggit gga cct ccc tea (SEQ ID NO : 30) 
aCt toc tog gCd gCa cca cog tot 
gCd tog goc aga act ccc agt coc 
cCa cct coa acc a 3' 

(4) EH4 (anti-parallel) 
5' agc gGc goa gCd aca toc agc gGt (SEQ ID NO : 31) 
aGC cog gGc agg tog gCd gGc agg 
agg tog gGg agt got togg agg tog 
ggg act gGg aGt t 3 

(5) EHS (forward) 
5' taC cqc togg atg tdC citg cgC cqC (SEQ ID NO: 32) 
ttC atc atc titc ctC titc atc ctg 
citg ctC togc ctC atc titc Citg Ctg 
gtC ctC ct g g act 3' 
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-continued 

(6) EH6 (anti-parallel) 
5' agg gGc cog togc tigg tog toC Tgg (SEQ ID NO : 33) 
aGc cog gGa to a gCd gGC aca cqg 
gca Gca toc CCt gGt agt coa gCa 
gCa cca Gca Gga aga t 3" 

(7) EH7 (forward) 
toc AGC acC acc agc acC ggC ccC (SEQ ID NO: 34) 
tgc cqC acc toc atg acC acC. goC 
caG ggC acc to C atg taC ccc toc 
tgC td c togC a 3" 

(8) EH8 (anti-parallel) 
5' tec ciga agg ccc agg agC TGg gga (SEQ ID NO: 35) 
tgg gGa toc agg togc aGt toc cqt 
cGC TGg gCt tog toc agc aGc agg 
agg gGt aca tog a 3 

(9) EH9 (forward) 
5' atc ccC AGC toc tagg goC titc ggC (SEQ ID NO: 36) 
aag titc ctC tog gag togg gcc AGC 
gcc cqC tt cAG Ctg got Gag CCt Gct 
Ggt gcc Ctt Cat 3" 

(10) EH10 (anti-parallel) 
5' acc aca toa toc aga to a ccC TCa (SEQ ID NO : 37) 
gcc aca cog to g g gC TCa gGc cca 
cga acc act gCa coa aGg gca cca 
gCa GGc to a goc a 3' 

(11) EH11 (forward) 
5' toA GCg toga tot gga toga tot ggit (SEQ ID NO: 38) 
aCt ggg gCo CC a gCo tagt aca gca 
toC to a gCd cot toC to coC ctg. Ct 
3 

(12) EH12 (anti-parallel) 
5' tita GAT ATC Gat gta Cac coa Cag (SEQ ID NO: 39) 
Gca Gaa gaa Gat Gigg CaG cag Ggg 
CaG Gala ggg Gct caG ga 3 

0099. The synthetic EHBs.Ag-F gene was generated 
through four PCR steps as follows: 

0100. In a first step, primers EH1 and EH2 (for PCR 1A), 
EH3 and EH4 (for PCR 1B), EH5 and EH6 (for PCR 1C), 
EH7 and EH8 (for PCR 1D), EH9 and EH10 (for PCR 1E), 
and primers EH11 and EH12 (for PCR 1F) were used to 
generate fragments by chain extension using no template. 

0101. In a second step, the products of PCR 1A and 1B 
(for PCR 2A), 1C and 1D (for PCR2B), and 1E and 1F (for 
PCR 2C) were utilized to amplify unique fragments using 
primers EH1 and EH4 (PCR2A), EH5 and EH8 (PCR2B), 
and EH9 and EH12 (PCR 2C). 

0102) In a third step, the products of PCR2A and 2B were 
used to amplify a unique fragment (PCR 3) without using 
primers. 

0103) In a final PCR step, the product of PCR 3 and 2C 
were mixed and used to amplify a unique fragment (PCR 4) 
using primers EH1 and EH12. 

0104. The resulting full length EHBs.Ag-S-F gene (715 
base pairs in length, FIG. 8) (SEQID NO: 26) was isolated 
from the PCR reaction mixture by agarose gel electrophore 
sis, purified and cloned into a unique Eco RV site in the 
polylinker of the plRES-Neo2 plasmid (Clontech). The 
resulting plasmid (pN-EHBs.Ag-S-F) was purified from 
DH5x bacteria, and the sequence of the EHBs.Ag-F gene 
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verified by DNA sequencing using primers hybridizing 
upstream and downstream the polylinker. 
0105 Expression of the EHBs.Ag-S-F gene was tested by 
immunofluorescence and Western blot analysis of tran 
siently transfected cells. To this end, the plasmid plN 
EHBSAg-F was transfected into eukaryotic cell lines of 
mouse (C-26), monkey (Vero 2-2), and human (HeLa) origin 
using EffecteneTM (Qiagen) or FuGeneTM (Roche). At dif 
ferent times of expression (24 and 48 h) the cells were fixed 
with paraformaldehyde and processed for immunofluores 
cence or lysed in SDS loading buffer and analyzed by 
Western blot. In both cases the EHBs.Ag-S-F protein (SEQ 
ID NO: 27) was detected using mouse monoclonal antibod 
ies specific for HBSAg-S (Aldevron). 
0106 Image analysis of Immunofluorescence prepara 
tions showed expression of the HBS Ag proteins in the Golgi 
compartments of transfected cells. Western blots probed 
with monoclonal antibodies to HBs.Ag showed expression 
levels about 5-10 times higher using the EHBs.Ag-S gene 
than when the wild- type HBSAg-S gene was used for 
transfection. 

2. Generation of Synthetic EHBs.Ag-S Fusion Genes 
0107 Fusions of the EHBs.Ag-S-F with synthetic HPV 
genes were generated following the strategy described 
below for the EE7T synthetic gene described in Example 1 
and shown in FIG. 3. The HPV-16 EE7T genes containing 
an Eco RV site at their 5'-end were amplified from the 
pIRESNeo2/EE7T plasmid by PCR using the following 
primers: 

1) 167 HLF5" : 
5' GAT ATC ATG CAC GGC GAC A 3' (SEQ ID NO: 40) 

2) 167 HSF5" : 
5' GAT ATC GAG GAG GAC GAG ATC (SEQ ID NO: 41) 
GA 3' 

3) 167 HL3a: 
5' CGG ATC CGA ATT. CTT ACT TGT 
CGT CGT CGT CCT TGT AGT, CGG 
GCT, TCT GGC TGC AGA TGG GGC 
ACA 3' 

(SEQ ID NO: 42) 

0108). The pair of primers 167HLF5' and 167HL3a served 
to amplify a full length EE7T. The pair 167HSF5' and 
167HL3a was used to amplify a truncated EE7T gene 
lacking the first 35 codons (EE7TA1). The resulting frag 
ments were sequentially treated with T4-DNA polymerase, 
T4-polynucleotide kinase, restricted with Eco RV and puri 
fied using QiaeX II (Qiagen). Finally, the fragments were 
inserted, separately, into the plasmid plN-EHBSAg-S-F cut 
with EcoRV and Stu I. The sequence of the resulting fusion 
(plasmids plN-EHBs.Ag-S-EE7T and plN-EHBs.Ag-S- 
16EE7T, FIG. 9, and pIN-EFIBs.Ag-S-16EE7T21, respec 
tively) was verified by sequencing. 
0109 Expression of the EHBs.Ag-S-16EE7T genes was 
tested by immunofluorescence and Western blot analysis of 
transiently transfected cells. The plasmids plN-EHBs.Ag-S- 
16EE7T and pIN-EHBs.Ag-S-16EE7T21 were transfected 
separately into eukaryotic cell lines of mouse (C-26), mon 
key (Vero 2-2), and human (HeLa) origin using EffecteneTM 
(Qiagen) or FuGeneTM (Roche). At different times of expres 
sion (24 and 48 h) the cells were fixed with paraformalde 
hyde and processed for immunofluorescence (FIG. 10) or 
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lysed in SDS loading buffer and analyzed by Western blot. 
In both cases the EHBSAg-S-16EE7T proteins were detected 
using mouse monoclonal antibodies specific for HBSAg-S 
(Aldevron) and anti-flag antibodies (M2 mAb, Sigma) (FIG. 
11). 
3. Immunization of Mice with Synthetic EHBs.Ag-S- 
16EE7T Fusion Genes 

0110. Immunogenicity of the EHBSAg-S-16EE7T fusion 
protein was tested in BALB/c mice. On day 0, eight groups 
of three mice (10-12 weeks old, females) were inoculated 
with 10 infectious units of herpes simplex amplicon 
expressing EHBs.Ag-S-16EE7T in 40 ul of buffer TN (50 
mM Tris-HCl pH7.4, 100 mM. NaCl, 0.5 mM EDTA) either 
Subcutaneously (dorsal, close to the head), intramuscularly 
(Tibialis anterior muscle) or both subcutaneously and intra 
muscularly. A second dose was administered to all groups on 
day 15. 
0111 All mice were bled at days 15 and 25. Serum 
antibody responses to EHBs.Ag-S-16EE7T were measured 

SEQUENCE LISTING 
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by EIA. Nunc 96-multiwell plates were coated with recom 
binant HBs.Ag-S protein by incubating 0.1 ml/well for 2 hat 
37° C. of a 10 g/ml in 4Murea in 50 mM carbonate buffer 
pH 9.5. The buffer was aspirated and the plates incubated at 
37° C. for 1 h with 0.2 ml/well of 1 mg/ml of casein in PBS 
pH 7.2. The plates were then washed six times with PBS pH 
7.2, 0.5% (v/v) Tween 20. Test sera, diluted in PBS pH 7.2, 
0.5% (v/v) Tween 20, 1 mg/ml of casein, were added and the 
plates incubated for 1 h at 37° C. The plates were then 
washed six times with PBS pH 7.2, 0.5% (v/v) Tween 20. 
Bound antibody was detected by adding 0.1 ml/well of 0.1 
ug/ml of horseradish peroxidase labelled goat anti-mouse 
IgG+IgM in PBS pH 7.2, 0.5% (v/v) Tween 20, 1 mg/ml of 
casein. The plates were incubated for 1 h at 20°C., washed 
six times with PBS pH 7.2, 0.5% (v/v) Tween 20,and 
incubated for 10 min with 0.1 ml of enzyme substrate (3.3', 
5.5'-tetramethylbenzidine/HO). The reaction was stopped 
by addition of 50 up of 0.5 MHSO. Color was measured 
at 450 nm in a plate reader (FIG. 12). 

<160> NUMBER OF SEQ ID NOS: 42 

<210> SEQ ID NO 1 
<211& LENGTH 542 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 
&22O > FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (14) . . (526) 

<400 SEQUENCE: 1 

caagcttgct agc atg cac cac cac cac cac cac cag aag cqc acc goc 49 
Met His His His His His His Gln Lys Arg Thr Ala 
1 5 

atg titc cag gac coc cag gag cqc coc cqc aag citg ccc cag citg togc 97 
Met Phe Glin Asp Pro Glin Glu Arg Pro Arg Lys Lieu Pro Glin Lieu. Cys 

15 20 25 

acc gag citg cag acc acc atc. cac gac atc atc. citg gag togc gtg tac 145 
Thr Glu Leu Gln Thr Thr Ile His Asp Ile Ile Leu Glu Cys Val Tyr 

30 35 40 

tgc aag cag cag citg citg cqc cqc gag gtg tac gac titc gcc titc cqc 193 
Cys Lys Glin Gln Leu Lieu Arg Arg Glu Val Tyr Asp Phe Ala Phe Arg 
45 50 55 60 

gac citg togc atc gtg tac cqc gac ggc aac coc tac goc gtg togc gac 241 
Asp Lieu. Cys Ile Val Tyr Arg Asp Gly Asn Pro Tyr Ala Val Cys Asp 

65 70 75 

aag togc citg aag titc tac toc aag atc agc gag tac cqc cac tac togc 289 
Lys Cys Lieu Lys Phe Tyr Ser Lys Ile Ser Glu Tyr Arg His Tyr Cys 

8O 85 9 O 

tac agc ctd tac ggc acc acc citg gag cag cag tac aac aag ccc ctd 337 
Tyr Ser Leu Tyr Gly Thr Thr Leu Glu Glin Glin Tyr Asn Lys Pro Leu 

95 1 OO 105 

tgc gac citg citg atc cqc toc atc aac toc cag aag coc citg togc ccc 385 
Cys Asp Leu Lieu. Ile Arg Cys Ile Asn. Cys Glin Lys Pro Leu. Cys Pro 

110 115 120 
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gag gag aag cag cqc cac citg gac aag aag cag cqc titc. cac aac atc 433 
Glu Glu Lys Glin Arg His Leu Asp Llys Lys Glin Arg Phe His Asn. Ile 
125 130 135 140 

agg ggc cqg togg acc ggg cqc toc at g toc toc toc cqc toc toc cqc 481 
Arg Gly Arg Trp Thr Gly Arg Cys Met Ser Cys Cys Arg Ser Ser Arg 

145 150 155 

acc cqc cqc gag acc cag citg gac tac aag gac gac gac gac aag 526 
Thr Arg Arg Glu Thr Glin Leu Asp Tyr Lys Asp Asp Asp Asp Lys 

160 1.65 17 O 

taagaatticg gatcc.g 542 

<210> SEQ ID NO 2 
&2 11s LENGTH 171 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 2 

Met His His His His His His Gln Lys Arg Thr Ala Met Phe Glin Asp 
1 5 10 15 

Pro Glin Glu Arg Pro Arg Lys Lieu Pro Glin Lieu. Cys Thr Glu Lieu Glin 
2O 25 30 

Thir Thr Ile His Asp Ile Ile Leu Glu Cys Val Tyr Cys Lys Glin Glin 
35 40 45 

Leu Lieu Arg Arg Glu Val Tyr Asp Phe Ala Phe Arg Asp Lieu. Cys Ile 
50 55 60 

Val Tyr Arg Asp Gly Asn Pro Tyr Ala Val Cys Asp Lys Cys Lieu Lys 
65 70 75 8O 

Phe Tyr Ser Lys Ile Ser Glu Tyr Arg His Tyr Cys Tyr Ser Leu Tyr 
85 90 95 

Gly. Thir Thr Lieu Glu Glin Glin Tyr Asn Lys Pro Leu. Cys Asp Leu Lieu 
100 105 110 

Ile Arg Cys Ile Asn. Cys Gln Lys Pro Lieu. Cys Pro Glu Glu Lys Glin 
115 120 125 

Arg His Lieu. Asp Lys Lys Glin Arg Phe His Asn. Ile Arg Gly Arg Trip 
130 135 1 4 0 

Thr Gly Arg Cys Met Ser Cys Cys Arg Ser Ser Arg Thr Arg Arg Glu 
145 15 O 155 160 

Thr Glin Lieu. Asp Tyr Lys Asp Asp Asp Asp Lys 
1.65 170 

<210> SEQ ID NO 3 
&2 11s LENGTH 362 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (14) . . (346) 

<400 SEQUENCE: 3 

caagcttgct agc at g cac cac cac cac cac cac ggc gac acc ccc acc 49 
Met His His His His His His Gly Asp Thr Pro Thr 
1 5 10 

ttg cac gag tac atg ttg gac ttg cag coc gag acc acc gac citg tac 97 
Leu. His Glu Tyr Met Leu Asp Leu Gln Pro Glu Thir Thr Asp Leu Tyr 



US 2007/0190.074 A1 Aug. 16, 2007 
11 

-continued 

15 2O 25 

tgc tac gag cag titg aac gaC agc to C gag gag gag gaC gag at C gaC 145 
Cys Tyr Glu Glin Lieu. Asn Asp Ser Ser Glu Glu Glu Asp Glu Ile Asp 

30 35 40 

ggc ccc gcc ggc cag goc gag coc gac cqc goc cac tac aac atc gtg 193 
Gly Pro Ala Gly Glin Ala Glu Pro Asp Arg Ala His Tyr Asn. Ile Val 
45 5 O 55 60 

acc titc toc toc aag togc gac toc acc ct g c go citg togc gtg cag agc 241 
Thr Phe Cys Cys Lys Cys Asp Ser Thr Lieu Arg Lieu. Cys Val Glin Ser 

65 70 75 

acc cac gtg gac atc cqc acc ttg gag gac ctd citg at g g g c acc citg 289 
Thr His Val Asp Ile Arg Thr Lieu Glu Asp Leu Lleu Met Gly Thr Lieu 

8O 85 90 

ggc atc gtg toc coc atc toc agc cag aag coc gac tac aag gac gac 337 
Gly Ile Val Cys Pro Ile Cys Ser Glin Lys Pro Asp Tyr Lys Asp Asp 

95 100 105 

gac gac aag taagaattic g gatcc.g 362 
Asp Asp Lys 

110 

<210> SEQ ID NO 4 
<211& LENGTH 111 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 4 

Met His His His His His His Gly Asp Thr Pro Thr Leu. His Glu Tyr 
1 5 10 15 

Met Leu Asp Leu Gln Pro Glu Thir Thr Asp Leu Tyr Cys Tyr Glu Gln 
2O 25 30 

Lieu. Asn Asp Ser Ser Glu Glu Glu Asp Glu Ile Asp Gly Pro Ala Gly 
35 40 45 

Glin Ala Glu Pro Asp Arg Ala His Tyr Asn. Ile Val Thr Phe Cys Cys 
50 55 60 

Lys Cys Asp Ser Thr Lieu Arg Lieu. Cys Val Glin Ser Thr His Val Asp 
65 70 75 8O 

Ile Arg Thr Lieu Glu Asp Leu Lleu Met Gly. Thir Lieu Gly Ile Val Cys 
85 90 95 

Pro Ile Cys Ser Glin Lys Pro Asp Tyr Lys Asp Asp Asp Asp Lys 
100 105 110 

<210 SEQ ID NO 5 
&2 11s LENGTH 545 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (14) . . (529) 

<400 SEQUENCE: 5 

caagcttgct agc at g cac cac cac cac cac cac goc cqc titc gag gac 49 
Met His His His His His His Ala Arg Phe Glu Asp 
1 5 10 

ccc acc cgc cqc coc tac aag citg ccc gac ctd togc acc gag citg aac 97 
Pro Thr Arg Arg Pro Tyr Lys Lieu Pro Asp Lieu. Cys Thr Glu Lieu. Asn 
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15 2O 25 

acc toc ct g cag gac atc gag atc acc toc gtg tac toc aag acc gtg 145 
Thr Ser Leu Glin Asp Ile Glu Ile Thr Cys Val Tyr Cys Lys Thr Val 

30 35 40 

citg gag citg acc gag gtg titc gag titc goc titc aag gac citg titc gtg 193 
Leu Glu Leu Thr Glu Val Phe Glu Phe Ala Phe Lys Asp Leu Phe Val 
45 5 O 55 60 

gtg tac cqc gac agc atc ccc cac goc goc toc cac aag toc atc gac 241 
Val Tyr Arg Asp Ser Ile Pro His Ala Ala Cys His Lys Cys Ile Asp 

65 70 75 

titc tac agc cqc atc cqc gag citg cqc cac tac toc gac toc gtg tac 289 
Phe Tyr Ser Arg Ile Arg Glu Leu Arg His Tyr Ser Asp Ser Val Tyr 

8O 85 90 

ggc gac acc ct g gag aag citg acc aac acc ggc citg tac aac citg citg 337 
Gly Asp Thr Lieu Glu Lys Lieu. Thir Asn Thr Gly Lieu. Tyr Asn Lieu Lieu 

95 100 105 

atc cqc toc ct g c gc tigc cag aag coc citg aac ccc gcc gag aag citg 385 
Ile Arg Cys Lieu Arg Cys Gln Lys Pro Leu Asn Pro Ala Glu Lys Lieu 

110 115 120 

cgc cac citg aac gag aag cqc cqc titc. cac aac atc gcc ggc cac tac 433 
Arg His Lieu. Asn. Glu Lys Arg Arg Phe His Asn. Ile Ala Gly. His Tyr 
125 130 135 140 

cgc ggc cag toc cac toc toc toc aac cqc goc cqC cag gag cqc citg 481 
Arg Gly Glin Cys His Ser Cys Cys Asn Arg Ala Arg Glin Glu Arg Lieu 

145 150 155 

Cag cqC cqC cqC gag acc Cag gtg gaC tac aag gaC gaC gaC gaC aag 529 
Glin Arg Arg Arg Glu Thr Glin Val Asp Tyr Lys Asp Asp Asp Asp Lys 

160 1.65 17 O 

taagaatticg gatcc.g 545 

<210> SEQ ID NO 6 
&2 11s LENGTH 172 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 6 

Met His His His His His His Ala Arg Phe Glu Asp Pro Thr Arg Arg 
1 5 10 15 

Pro Tyr Lys Lieu Pro Asp Lieu. Cys Thr Glu Lieu. Asn. Thir Ser Lieu Glin 
2O 25 30 

Asp Ile Glu Ile Thr Cys Val Tyr Cys Lys Thr Val Leu Glu Leu Thr 
35 40 45 

Glu Val Phe Glu Phe Ala Phe Lys Asp Leu Phe Val Val Tyr Arg Asp 
50 55 60 

Ser Ile Pro His Ala Ala Cys His Lys Cys Ile Asp Phe Tyr Ser Arg 
65 70 75 8O 

Ile Arg Glu Lieu Arg His Tyr Ser Asp Ser Val Tyr Gly Asp Thr Lieu 
85 90 95 

Glu Lys Lieu. Thir Asn Thr Gly Lieu. Tyr Asn Lieu Lleu. Ile Arg Cys Lieu 
100 105 110 

Arg Cys Gln Lys Pro Leu Asn. Pro Ala Glu Lys Lieu Arg His Lieu. Asn 
115 120 125 

Glu Lys Arg Arg Phe His Asn. Ile Ala Gly His Tyr Arg Gly Glin Cys 
130 135 1 4 0 
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His Ser Cys Cys Asn Arg Ala Arg Glin Glu Arg Lieu Glin Arg Arg Arg 
145 15 O 155 160 

Glu Thr Glin Val Asp Tyr Lys Asp Asp Asp Asp Lys 
1.65 170 

<210 SEQ ID NO 7 
&2 11s LENGTH 383 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (14) . . (367) 

<400 SEQUENCE: 7 

caagcttgct agc at g cac cac cac cac cac cac ggc coc aag goc acc 49 
Met His His His His His His Gly Pro Lys Ala Thr 
1 5 10 

citg cag gac atc gtg citg cac citg gag coc cag aac gag atc ccc gtg 97 
Leu Glin Asp Ile Val Lieu. His Leu Glu Pro Glin Asn. Glu Ile Pro Wal 

15 2O 25 

gac Citg Ctg togC Cac gag cag Citg agc gaC to C gag gag gag aac gaC 145 
Asp Leu Lieu. Cys His Glu Glin Leu Ser Asp Ser Glu Glu Glu Asn Asp 

30 35 40 

gag atc gac ggc gtg aac cac cag cac citg ccc gcc cqc cqg gcc gag 193 
Glu Ile Asp Gly Val Asn His Glin His Leu Pro Ala Arg Arg Ala Glu 
45 5 O 55 60 

ccc cag cqc cac acc atg citg toc at g togc toc aag togc gag goc cqc 241 
Pro Glin Arg His Thr Met Lieu. Cys Met Cys Cys Lys Cys Glu Ala Arg 

65 70 75 

atc gag citg gtg gtg gag agc toc goc gac gac citg cqc goc titc cag 289 
Ile Glu Lieu Val Val Glu Ser Ser Ala Asp Asp Leu Arg Ala Phe Glin 

8O 85 90 

cag citg titc citg aac acc ctd to C titc gtg togc ccc togg toc goc to c 337 
Gln Leu Phe Leu Asn Thr Leu Ser Phe Val Cys Pro Trp Cys Ala Ser 

95 100 105 

cag cag gac tac aag gac gac gac gac aag taagaattic g gatcc.g 383 
Glin Glin Asp Tyr Lys Asp Asp Asp Asp Lys 

110 115 

<210 SEQ ID NO 8 
&2 11s LENGTH 118 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 8 

Met His His His His His His Gly Pro Lys Ala Thr Leu Glin Asp Ile 
1 5 10 15 

Val Lieu. His Leu Glu Pro Glin Asn. Glu Ile Pro Val Asp Leu Lieu. Cys 
2O 25 30 

His Glu Gln Leu Ser Asp Ser Glu Glu Glu Asn Asp Glu Ile Asp Gly 
35 40 45 

Val Asn His Glin His Lieu Pro Ala Arg Arg Ala Glu Pro Glin Arg His 
50 55 60 

Thr Met Lieu. Cys Met Cys Cys Lys Cys Glu Ala Arg Ile Glu Lieu Val 
65 70 75 8O 
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Val Glu Ser Ser Ala Asp Asp Leu Arg Ala Phe Glin Gln Leu Phe Lieu 
85 90 95 

Asn Thr Leu Ser Phe Val Cys Pro Trp Cys Ala Ser Glin Glin Asp Tyr 
100 105 110 

Lys Asp Asp Asp Asp Lys 

<400 

115 

SEQ ID NO 9 
LENGTH 1046 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic Construct 
FEATURE: 
NAME/KEY: CDS 
LOCATION: (29) . . (1030) 

SEQUENCE: 9 

citcgaggatt gogg accotg cqctgaac atg gag aac atc aca to a gga titc 
Met Glu Asin Ile Thr Ser Gly Phe 
1 5 

cita gga ccc citt citc gtg tta cag gog ggg ttt titc ttg ttg aca aga 
Leu Gly Pro Leu Lleu Val Lieu Glin Ala Gly Phe Phe Lieu Lieu. Thir Arg 

10 15 20 

atc. citc aca at a cog cag agt cita gac to g togg togg act tct citc aat 
Ile Leu Thr Ile Pro Gln Ser Leu Asp Ser Trp Trp Thr Ser Leu Asn 
25 30 35 40 

titt cita ggg gga act acc gtg tdt citt ggc caa aat tog cag to c coa 
Phe Leu Gly Gly Thr Thr Val Cys Leu Gly Glin Asn Ser Glin Ser Pro 

45 50 55 

acc toc aat cac to a cca acc tot tagt cot coa act tdt cot ggit tat 
Thr Ser Asn His Ser Pro Thr Ser Cys Pro Pro Thr Cys Pro Gly Tyr 

60 65 70 

cgc tigg atg tdt citg cgg cqt titt atc atc titc citc titc atc ct g ctg 
Arg Trp Met Cys Lieu Arg Arg Phe Ile Ile Phe Leu Phe Ile Leu Lieu 

cita toc citc atc titc titg ttg gtt citt citg gac tat caa ggit atgttg 
Lieu. Cys Lieu. Ile Phe Lieu Lleu Val Lieu Lieu. Asp Tyr Glin Gly Met Lieu 

90 95 1 OO 

ccc gtt tot colt cita att coa gga toc to a aca acc agc acg gga cca 
Pro Val Cys Pro Leu Ile Pro Gly Ser Ser Thr Thr Ser Thr Gly Pro 
105 110 115 120 

tgc cqg acc toc atg act act gct caa gga acc tot atg tat coc to c 
Cys Arg Thr Cys Met Thr Thr Ala Glin Gly. Thir Ser Met Tyr Pro Ser 

125 130 135 

tgt toc tot acc aaa cct tcg gac gga aat toc acc tdt att coc atc 
Cys Cys Cys Thr Lys Pro Ser Asp Gly Asn. Cys Thr Cys Ile Pro Ile 

140 145 15 O 

cca to a toc to g g ct titc gga aaa titc cta togg gag togg gcc to a goc 
Pro Ser Ser Trp Ala Phe Gly Lys Phe Leu Trp Glu Trp Ala Ser Ala 

155 160 1.65 

cgt titc toc togg citc agt tta cta gtg cca titt gtt cag tag titc gta 
Arg Phe Ser Trp Leu Ser Leu Leu Val Pro Phe Val Gln Trp Phe Val 

17 O 175 18O 

ggg citt toc coc act gtt tog citt to a gtt ata togg atg at g togg tat 
Gly Leu Ser Pro Thr Val Trp Leu Ser Val Ile Trp Met Met Trp Tyr 
185 190 195 200 

tgg ggg cca agt citg tac agc atc titg agt coc titt tta cog citg tta 

52 

100 

148 

196 

244 

292 

34 O 

388 

436 

484 

532 

628 

676 
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Trp Gly Pro Ser Leu Tyr Ser Ile Leu Ser Pro Phe Leu Pro Leu Leu 
2O5 210 215 

cca att titc titt tdt citt togg gta tac att gat atc atg cac g g c gac 724 
Pro Ile Phe Phe Cys Leu Trp Val Tyr Ile Asp Ile Met His Gly Asp 

220 225 230 

acc ccc acc ttg cac gag tac atg ttg gac ttg cag ccc gag acc acc 772 
Thr Pro Thr Leu. His Glu Tyr Met Leu Asp Leu Gln Pro Glu Thir Thr 

235 240 245 

gac citg tac toc tac gag cag ttgaac gac agc ticc gag gag gag gac 820 
Asp Leu Tyr Cys Tyr Glu Glin Lieu. Asn Asp Ser Ser Glu Glu Glu Asp 

25 O 255 260 

gag atc gac ggc ccc gcc ggc cag goc gag coc gac cqc goc cac tac 868 
Glu Ile Asp Gly Pro Ala Gly Glin Ala Glu Pro Asp Arg Ala His Tyr 
265 270 275 280 

aac atc gtg acc titc toc toc aag togc gac toc acc ctd cqc citg togc 916 
Asn. Ile Val Thr Phe Cys Cys Lys Cys Asp Ser Thr Lieu Arg Lieu. Cys 

285 290 295 

gtg cag agc acc cac gtg gac atc cqc acc ttg gag gac citg citg atg 964 
Val Glin Ser Thr His Val Asp Ile Arg Thr Leu Glu Asp Leu Leu Met 

3OO 305 31 O 

ggc acc ct g g g c atc gtg tdc coc atc toc agc cag aag coc gac tac 1012 
Gly Thr Leu Gly Ile Val Cys Pro Ile Cys Ser Gln Lys Pro Asp Tyr 

315 320 325 

aag gac gac gac gac aag taagaatticg gatcc.g 1046 
Lys Asp Asp Asp Asp Lys 

330 

<210> SEQ ID NO 10 
&2 11s LENGTH 334 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 10 

Met Glu Asin Ile Thr Ser Gly Phe Leu Gly Pro Leu Leu Val Leu Gln 
1 5 10 15 

Ala Gly Phe Phe Leu Leu Thir Arg Ile Leu Thir Ile Pro Glin Ser Leu 
2O 25 30 

Asp Ser Trp Trp Thr Ser Leu Asin Phe Leu Gly Gly Thr Thr Val Cys 
35 40 45 

Leu Gly Glin Asn Ser Glin Ser Pro Thr Ser Asn His Ser Pro Thr Ser 
50 55 60 

Cys Pro Pro Thr Cys Pro Gly Tyr Arg Trp Met Cys Leu Arg Arg Phe 
65 70 75 8O 

Ile Ile Phe Lieu Phe Ile Leu Lleu Lieu. Cys Lieu. Ile Phe Lieu Lieu Val 
85 90 95 

Leu Lieu. Asp Tyr Glin Gly Met Leu Pro Val Cys Pro Lieu. Ile Pro Gly 
100 105 110 

Ser Ser Thr Thr Ser Thr Gly Pro Cys Arg Thr Cys Met Thr Thr Ala 
115 120 125 

Gln Gly. Thir Ser Met Tyr Pro Ser Cys Cys Cys Thr Lys Pro Ser Asp 
130 135 1 4 0 

Gly Asn Cys Thr Cys Ile Pro Ile Pro Ser Ser Trp Ala Phe Gly Lys 
145 15 O 155 160 

Phe Leu Trp Glu Trp Ala Ser Ala Arg Phe Ser Trp Lieu Ser Lieu Lieu 
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1.65 170 175 

Val Pro Phe Val Gln Trp Phe Val Gly Leu Ser Pro Thr Val Trp Leu 
18O 185 19 O 

Ser Val Ile Trp Met Met Trp Tyr Trp Gly Pro Ser Leu Tyr Ser Ile 
195 200 2O5 

Leu Ser Pro Phe Leu Pro Leu Leu Pro Ile Phe Phe Cys Leu Trp Val 
210 215 220 

Tyr Ile Asp Ile Met His Gly Asp Thr Pro Thr Leu. His Glu Tyr Met 
225 230 235 240 

Leu Asp Leu Glin Pro Glu Thir Thr Asp Leu Tyr Cys Tyr Glu Gln Leu 
245 250 255 

Asn Asp Ser Ser Glu Glu Glu Asp Glu Ile Asp Gly Pro Ala Gly Glin 
260 265 27 O 

Ala Glu Pro Asp Arg Ala His Tyr Asn. Ile Val Thr Phe Cys Cys Lys 
275 280 285 

Cys Asp Ser Thr Lieu Arg Lieu. Cys Val Glin Ser Thr His Val Asp Ile 
29 O 295 3OO 

Arg Thr Lieu Glu Asp Lieu Lleu Met Gly Thr Lieu Gly Ile Val Cys Pro 
305 310 315 320 

Ile Cys Ser Glin Lys Pro Asp Tyr Lys Asp Asp Asp Asp Lys 
325 330 

<210> SEQ ID NO 11 
&2 11s LENGTH 98 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 11 

ggat.ccaa.gc titgcc.gtgat catgcacggc gacac cocca ccttgcacga gtacatgttg 60 

gacittgcago cog agaccac cq acctgtac toctacga 98 

<210> SEQ ID NO 12 
&2 11s LENGTH 79 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic construct 

<400 SEQUENCE: 12 

gtag toggcg cqgtogggct c ggcc togcc gg.cgggg.ccg. tcgatctogt cotcc to citc 60 

ggagctgtcg ttcaactgc 79 

<210> SEQ ID NO 13 
&2 11s LENGTH 78 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 13 

gcc.cgaccgc gcc cactaca acatcgtgac cittctgctgc aagtgcg act coaccctg.cg 60 

cctgtgcgtg cagagcac 78 

<210> SEQ ID NO 14 
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&2 11s LENGTH 95 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 14 

cc.cggggaat to cittagg gC ttctggctgc agatgggg.ca cac gatgcc c agggit gcc.ca 60 

totagoagg to citccaagg to cqgatgtc.ca cqtgg 95 

<210 SEQ ID NO 15 
&2 11s LENGTH 38 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

O <223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 15 

gacctgtact gctacgagca gttgaacgac agotcc.ga 38 

<210> SEQ ID NO 16 
&2 11s LENGTH 34 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

O <223> OTHER INFORMATION: Synthetic Construct 

<400> SEQUENCE: 16 

aggtgcggat gtccacgtgg gtgctctgca C goa 34 

<210 SEQ ID NO 17 
&2 11s LENGTH 60 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

O <223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 17 

caagcttgct agcatgcacc accaccacca ccacggcgac accoccacct tocacgagta 60 

<210> SEQ ID NO 18 
&2 11s LENGTH 60 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

O <223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 18 

caagcttgct agcatgcacc accaccacca ccacgac gag atcgacggcc cc.gc.cggcca 60 

<210 SEQ ID NO 19 
&2 11s LENGTH 66 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 19 

cggatc.cgaa ttcttacittg togtogtogt cottgtag to gggcttctgg citgcagatgg 60 

ggcaca 66 

<210> SEQ ID NO 20 
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&2 11s LENGTH 6 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 20 

His His His His His His 
1 5 

<210> SEQ ID NO 21 
&2 11s LENGTH 8 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 21 

Asp Tyr Lys Asp Asp Asp Asp Lys 
1 5 

<210> SEQ ID NO 22 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400> SEQUENCE: 22 

Ctcgaggatt gggga 

<210> SEQ ID NO 23 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 23 

gatato aatg tatacccaaa ga 

<210> SEQ ID NO 24 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 24 

gatato gagg aggacgagat C ga. 

<210> SEQ ID NO 25 
&2 11s LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 25 

gatato atgc acggcgaca 

<210> SEQ ID NO 26 
&2 11s LENGTH 715 
&212> TYPE DNA 

18 

-continued 

15 

22 

23 

19 
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-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic construct 

<400 SEQUENCE: 26 

citcgaggatt gogg accotg cqctgaac at ggagaac atc accitc.cggct tcc toggcc.c 60 

cctgctggtg citgcaggc.cg gottctitcct gct gaccc.gc atcct gacca toccc.ca.gag 120 

cctggacitcc toggtgg acct coctogaactt cotggg.cggc accaccgtgt gcc toggcca 18O 

gaactoccag toccccacct coaaccactc ccccaccitcc td.ccc.cccca cct gocccgg 240 

citaccgctgg atgtgcctgc gcc.gcttcat catctitcctg titcatcctgc tigctgtgcct 3OO 

gatctitcc to citggtgctgc tigg actacca ggg catgctd cocgtgtgcc ccctgatcc c 360 

cggcto cago accaccagoa coggc.ccctg. cc.gcaccitgc atgaccaccg cccaggg cac 420 

citccatgitac cccitcc togct gctgcaccala gcc cagogac ggcaactgca cotgcatcc c 480 

catc.cccago toctoggcct tcggcaagtt cotgtgg gag toggc.ca.gcg ccc.gcttcag 540 

citggctgagc citctggtgc cctitcgtgca gtggttcgtg ggcctgagcc ccaccgtgtg 600 

gctgag cqtg atctggatga tigtgg tact g g g gcc.ccago citgtacagoa toctogagcc.c 660 

cittcctg.ccc citgctg.ccca tottcttctg. cct gtgggtg tacatcgata totaa 715 

<210 SEQ ID NO 27 
&2 11s LENGTH 228 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 27 

Met Glu Asin Ile Thr Ser Gly Phe Leu Gly Pro Leu Leu Val Leu Gln 
1 5 10 15 

Ala Gly Phe Phe Leu Leu Thir Arg Ile Leu Thir Ile Pro Glin Ser Leu 
2O 25 30 

Asp Ser Trp Trp Thr Ser Leu Asin Phe Leu Gly Gly Thr Thr Val Cys 
35 40 45 

Leu Gly Glin Asn Ser Glin Ser Pro Thr Ser Asn His Ser Pro Thr Ser 
50 55 60 

Cys Pro Pro Thr Cys Pro Gly Tyr Arg Trp Met Cys Leu Arg Arg Phe 
65 70 75 8O 

Ile Ile Phe Lieu Phe Ile Leu Lleu Lieu. Cys Lieu. Ile Phe Lieu Lieu Val 
85 90 95 

Leu Lieu. Asp Tyr Glin Gly Met Leu Pro Val Cys Pro Lieu. Ile Pro Gly 
100 105 110 

Ser Ser Thr Thr Ser Thr Gly Pro Cys Arg Thr Cys Met Thr Thr Ala 
115 120 125 

Gln Thr Thr Ser Met Tyr Pro Ser Cys Cys Cys Thr Lys Pro Ser Asp 
130 135 1 4 0 

Gly Asn Cys Thr Cys Ile Pro Ile Pro Ser Ser Trp Ala Phe Gly Lys 
145 15 O 155 160 

Phe Leu Trp Glu Trp Ala Ser Ala Arg Phe Ser Trp Lieu Ser Lieu Lieu 
1.65 170 175 

Val Pro Phe Val Gln Trp Phe Val Gly Leu Ser Pro Thr Val Trp Leu 
18O 185 19 O 
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Ser Val Ile Trp Met Met Trp Tyr Trp Gly Pro Ser Leu Tyr Ser Ile 
195 200 2O5 

Leu Ser Pro Phe Leu Pro Leu Leu Pro Ile Phe Phe Cys Leu Trp Val 
210 215 220 

Tyr Ile Asp Ile 
225 

<210> SEQ ID NO 28 
&2 11s LENGTH: 86 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 28 

citcgaggatt gogg accotg cqctgaac at ggagaac atc accitc.cggct tcc toggcc.c 

cctgctggtg citgcaggc.cg gottct 

<210 SEQ ID NO 29 
&2 11s LENGTH 84 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 29 

tdagggaggit C Caccaggag to Caggctict gggggatggit Caggatgcgg gtCagcagga 

agaag.ccggc ctdcago acc agca 

<210 SEQ ID NO 30 
&2 11s LENGTH 85 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 30 

tggacticcitg gtggacct co citgaactitcc tdggcgg cac caccgtgtgc citgggcc aga 

actcccagtc. ccccaccitcc aacca 

<210> SEQ ID NO 31 
&2 11s LENGTH 85 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 31 

agcggC gCag gCacatcCag C ggtagc.cgg ggCaggtggg ggggcaggag gtgggggagt 

ggttggaggt gggggactgg gagtt 

<210> SEQ ID NO 32 
&2 11s LENGTH 84 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic construct 

<400 SEQUENCE: 32 

taccgctgga tigt gcc tocq cc.gcttcatc atctitcc tot to atcctgct gctgtgcctg 

60 

86 

60 

84 

60 

85 

60 

85 

60 
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atctitcct gc tiggtgctgct ggac 

<210 SEQ ID NO 33 
&2 11s LENGTH 88 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 33 

agggg.ccggit gctggtggtg Ctggagc.cgg ggatc agggg gCacacgggC agcatgcc.ct 

gg tagt coag cago:accago aggaagat 

<210> SEQ ID NO 34 
&2 11s LENGTH 82 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 34 

to cago acca ccago accgg ccc cit gcc.gc acctgcatga ccaccgc.cca ggg caccitcc 

atgtaccoct cotgctgctg. ca. 

<210> SEQ ID NO 35 
&2 11s LENGTH 85 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 35 

tgcc galaggC C Caggagctg. g.ggatgggga tec aggtgca gttgcc.gtcg Ctgggcttgg 

tgcago agca ggaggggtac atgga 

<210 SEQ ID NO 36 
&2 11s LENGTH 87 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 36 

atc.cccagot cotgggccitt cqgcaagttc ctdtgggagt gggcc agcgc cc.gct tccag 

citggctgagc citctggtgc cctitcgt. 

<210 SEQ ID NO 37 
&2 11s LENGTH 85 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 37 

acca catcat coagat cacg citcagocaca C ggtggggct caggcc.cacg aaccactgca 

cgaagggcac cago aggcto agc.ca 

<210 SEQ ID NO 38 
&2 11s LENGTH 73 

84 

60 

88 

60 

82 

60 

85 

60 

87 

60 

85 
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<400 

TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic Construct 

SEQUENCE: 38 

Aug. 16, 2007 
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-continued 

tgag cqtgat citggatgatg togg tactggg gcc.ccagoct gtacago atc. citgagcc cct 60 

toctg.cccct gct 

<400 

SEQ ID NO 39 
LENGTH 65 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic Construct 

SEQUENCE: 39 

73 

ttagat atcg atgtacaccC acagg Cagala galagatgggC agc aggggca gga aggggct 60 

Cagga 

<400 

SEQ ID NO 40 
LENGTH 19 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic Construct 

SEQUENCE: 40 

gatato atgc acggcgaca 

<400 

SEQ ID NO 41 
LENGTH 23 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic Construct 

SEQUENCE: 41 

gatato gagg aggacgagat C ga. 

<400 

SEQ ID NO 42 
LENGTH 66 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic Construct 

SEQUENCE: 42 

65 

19 

23 

cggatc.cgaa ttcttacittg togtogtogt cottgtag to gggcttctgg citgcagatgg 60 

ggcaca 

What is claimed is: 

1. An E6 or E7 protein which is encoded by a DNA truncated non-functional protein; and 
sequence encoding an E6 or E7 fusion protein of HPV, 
wherein said DNA sequence is characterized by a combi 
nation of the following features: 

66 

(b) it contains a mutation resulting in the production of a 

(c) it encodes a fusion partner which is a highly immu 
nogenic polypeptide capable of enhancing the immu 
nogenicity of the E6 or E7 protein in the mammalian 

(a) at least 20% of the original codons are exchanged by host. 
codons which lead to an enhanced translation in a 2. Use of an E6 or E7 protein according to claim 1 for the 
mammalian cell; production of a polyclonal or monoclonal antibody. 
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3. Use of an E6 or E7 protein according to claim 1 in an from said Subject using a diagnostic assay comprising the E6 
assay for the detection of specific antibodies or cytotoxic T or E7 protein according to claim 1. 
lymphocytes in subjects infected by HPV. 6. The method of claim 5, wherein said diagnostic assay 

4. A pharmaceutical composition comprising the E6 or E7 comprises a RIA assay. 
protein according to claim 1. 7. The method of claim 5, wherein said diagnostic assay 

5. A method of determining whether a subject is infected comprises an ELISA assay. 
with HBV, said method comprising detecting specific anti 
bodies or cytotoxic T lymphocytes in a biological sample k . . . . 


