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TITLE OF THE INVENTION
VACCINE USING PAPILLOMA VIRUS E PROTEINS DELIVERED

BY VIRAL VECTOR

BRIEF DESCRIPTION OF THE INVENTION

This invention relates to a vaccine inducing cell-mediated immunity
which comprises a vector encoding a papillomavirus E gene, and the prevention
and/or treatment of disease caused by the papillomavirus. This invention also relates
to adenoviral vector constructs carrying canine papillomavirus (COPV) "E" genes, and
to their use as vaccines. Further inventions also relates to various COPV genes which

have been codon-optimized, and to methods of using the adenoviral constructs.

BACKGROUND OF THE INVENTION

Papillomavirus infections occur in a variety of animals, including
humans, sheep, dogs, cats, rabbits, snakes, monkeys and cows. Papillomaviruses
infect epithelial cells, generally inducing benign epithelial or fibroepithelial tumors at
the site of infection. Papillomaviruses are species specific infective agents; a human
papillomavirus cannot infect a non-human.

Papillomaviruses are small (50-60nm), nonenveloped, icosahedral
DNA viruses what encode up to eight early and two late genes. The open reading
frames (ORFs) of the virus are designated E1 to E7 and L1 and L2, where "E" denotes
early and "L" denotes late. L1 and L2 code tor virus capsid proteins. The early genes
are associated with functions such as viral replication and cellular transtormation.

In humans, different HPV types cause distinct diseases, ranging from
benign warts (for examples HPV types 1, 2, 3) to highly invasive genital and anal
carcinomas (HPV types 16 and 18). At present there 1s not a satisfactory therapeutic
regimen for these diseases.

In dogs, canine oral papilloma virus (COPV) causes a transitory
outbreak of warts in the mouth. In rabbits, cottontail rabbit papilloma virus (CRPV)
can cause cornified warty growths on the skin.

Immunological studies in animals (including dogs) have shown that the
production of neutralizing antibodies to papillomavirus antigens prevents infection
with the homologous virus. Furthermore, immunization of dogs with DNA encoding

the L1 capsid protein of COPV induces neutralizing antibodies and protects dogs from
COPV-induced disease. In rabbits, immunization with DNA encoding CRPV L1



CA 02457890 2004-02-13
WO 03/018055 PCT/US02/26965

induces neutralizing antibodies that are partially protective against CRPV disease.
Also it has been shown that immunization with DNA encoding CRPYV E proteins, can
also partially protect domestic rabbits from the development of warts in the absence of
neutralizing antibodies. [Han, R. et al. 1999a J Virol 73(8), 7039-43; Han, R.et al
1999b Vaccine 17(11-12), 1558-66; Sundaram, P. et al 1997 Vaccine 15(6-7), 664-
71: Sundaram, P., et al, 1998. Vaccine 16(6), 613-23.]

SUMMARY OF THE INVENTION
This invention relates to the induction of cell-mediated immune

responses by immunization of animals with adenovirus vectors carrying genes which
encode papillomavirus E proteins (regardless of viral type), and to the protection of
immunized animals from disease. The disease can be induced by infection with a
papillomavirus or it can be a model disease such as protection from tumor outgrowth
by cells expressing an E protein as a model tumor antigen.

Thus, this invention relates to a method of preventing a disease caused
by a papillomavirus comprising the steps of administering to a mammal a vaccine
vector comprising a papillomavirus E gene. This invention also relates to a method of
treating a disease caused by a papillomavirus comprising administering to a mammal
exhibiting symptoms of the disease a vector comprising a papillomavirus E gene. In
both 6f these inventions, the mammal is preferably a human, and the vector may be
either an adenovirus vector or a plasmid vector, and the genes are preferably from a
human papillomavirus (HPV) serotype which is associated with a human disease state.
The disease may be, for example, cervical carcinoma, genital warts, or any other
disease which is associated with a papillomavirus infection.

In some embodiments of this invention, protection from disease, or
alterriatively treatment of existing disease is induced by immunization with vectors
encoding a protein selected from the group consisting of: E1, E2, E4, ES, E6 and E7
proteins, and combinations thereof. The E proteins which are particularly preterred
are E1 and E2 proteins, delivered either separately or in combination. The
polynucleotide encoding the E protein is preferable codon-optimized for expression in
the recipient’s cells.

| In a particularly preferred embodiment, the vector is an adenoviral
vector comprising an adenoviral genome with a deletion in the adenovirus El region,
and an insert in the adenovirus E1l region, wherein the insert comprises an expression

cassette comprising:
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a) a polynucleotide encoding a papillomavirus protein selected
from the group consisting of E1, E2, E4, ES, E6, E7, and combinations thereof, or
mutant forms thereof, wherein the polynucleotide is codon-optimized for expression
in a human host cell; and

b) a promoter operably linked to the polynucleotide. The
preferred adenovirus may be an Ad 5 adenovirus, but other serotypes may be used,
particularly if one is concerned about interaction between the adenoviral vector and
the patients’ preexisting antibodies.

Another type of vector which is envisioned by this invention is a
shuttle plasmid vector comprising a plasmid portion and an adenoviral portion, the
adenoviral portion comprising: an adenoviral genome with a deletion in the
adenovirus E1 region, and an insert in the adenovirus E1 region, wherein the insert
comprises an expression cassette comprising:

a) a polynucleotide encoding an E protein selected from the group
consisting of- E1, E2, E4, ES, E6, E7, and combinations thereof, or mutant forms
thereof, wherein the polynucleotide is codon-optimized for expression in a
mammalian host cell; and

b) a promoter operably linked to the polynucleotide.

This invention also is directed to plasmid vaccine vectors, which
comprise a plasmid portion and an expressible cassette comprising

a) a polynucleotide encoding an E protein selected from the group
consisting of E1, E2, E4, ES5, E6, E7 and combinations thereof, or mutant forms
thereof, wherein the polynucleotide is codon-optimized for expression in a
mammalian host cell; and

b) a promoter operably linked to the polynucleotide.

Yet another aspect of this invention are host cells containing these
vectors.

This invention also relates to oligonucleotides which encode a canine
oral papillomavirus (COPV) protein which have been codon-optimized for efficient
expression in a host cell; preferably the oligonucleotides are DNA.

This invention also relates to a method of making a COPYV E protein
comprising expressing in a host cell a synthetic polynucleotide encoding a COPV E
protein, or mutated form of the COPV E protein which has reduced protein function

as compared to wild-type protein, but which maintains immunogenicity, the
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polynucleotide sequence comprising codons optimized for expression in a mammalian
host.

BRIEF DESCRIPTION OF THE FIGURES

FIGURE 1 is the nucleotide sequence of a codon-optimized COPV El
gene (SEQ.ID.NO:1).

FIGURE 2 is the nucleotide sequence of a codon-optimized COPV E2
gene (SEQ.ID.NO:2).

| FIGURE 3 is the nucleotide sequence of a codon-optimized COPV E4
gene (SEQ.ID.NO:3).

FIGURE 4 is the nucleotide sequence of a codon-optimized COPV E7
gene.(SEQ.ID.NO:4). In this particular sequence, the cysteine residue at position 24
has been changed to glycine, and the glutamic acid residue at position 26 has been
changed to a glycine.

FIGURE 5 is a table showing cell-mediated immune responses in mice
immunized with either an E protein or an L protein.

FIGURE 6 is a graph showing the protection of mice from HPV E2
tumor challenge by immunization with Ad-TO-HPV16E2.

FIGURE 7 is a table showing specific cellular immune response in
Rhesus macaques following immunization with Ad5-HPV16 constructs

FIGURE 8 is a table summarizing the results of immunizing beagles

with Ad-COPYV E vaccines.

SUMMARY OF THE INVENTION
The term "promoter" as used herein refers to a recognition site on a

DNA strand to which the RNA polymerase binds. The promoter forms an initiation
complex with RNA polymerase to initiate and drive transcriptional activity. The
complex can be modified by activating sequences termed "enhancers” or inhibiting
sequences termed "silencers”.

The term "cassette" refers to the sequence of the present invention
which contains the nucleic acid sequence which is to be expressed. The cassette 1s
similar in concept to a cassette tape; each cassette has its own sequence. Thus by
interchanging the cassette, the vector will express a different sequence. Because of
the restrictions sites at the 5’ and 3’ ends, the cassette can be easily inserted, removed

or replaced with another cassette.
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The term "vector" refers to some means by which DNA fragments can
be introduced into a host organism or host tissue. There are various types of vectors
including plasmid, virus (including adenovirus), bacteriophages and cosmids.

The term "effective amount" means sufficient vaccine composition 1s
introduced to produce the adequate levels of the polypeptide, so that an immune
response results. One skilled in the art recognizes that this level may vary.

"Synthetic" means that the COPV gene has been modified so that it
contains codons which are preferred for mammalian expression. In many cases, the
amino acids encoded by the gene remain the same. In some embodiments, the
synthetic gene may encode a modified protein.

"Mutant" as used throughout this specification and claims requires that
if referring to a nucleic acid, the protein encoded has at least the same type of
biological function as the wild-type protein, although the mutant may have an
enhanced or diminished function; or if referring to a protein, the mutant protein has at
least the same type of biological function as the wild-type protein, although the mutant
may have an enhanced or diminished function.

The term "native" means that the gene contains the DNA sequence as

found in occurring in nature. It is a wild type sequence of viral origin.

DETAILED DESCRIPTION OF THE INVENTION

Synthetic DNA molecules encoding various HPV proteins and COPV
proteins are provided. The codons of the synthetic molecules are designed so as to use
the codons preferred by the projected host cell, which in preferred embodiments 1s a
human cell. The synthetic molecules may be used in a recombinant adenovirus
vaccine which provides effective immunoprophylaxis against papillomavirus infection
through cell-mediated immunity.

The recombinant adenovirus vaccine may also be used in various
prime/boost combinations with a plasmid-based polynucleotide vaccine. This
invention provides polynucleotides that, when directly introduced into a vertebrate in
vivo, including mammals such as primates, dogs and humans, induce the expression of
encoded proteins within the animal.

The vaccine formulation of this invention may contain a mixture of
recombinant adenoviruses encoding different HPV type protein genes (for example,
genes from HPV6, 11, 16 and 18), and/or it may also contain a mixture of protein
genes (i.e. L1, E1, E2, E4 and/or E7). In similar fashion, the vaccine formulation of
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this invention may contain a mixture of recombinant adenoviruses, each encoding
different a different papillomavirus protein gene (for example, L1, E1, E2, E4 and/or

E7). E2 genes are particularly preferred.
Serotypes of HPV which are useful in the practice of this invention

include: HPV6a, HPV6b, HPV11, HPV16, HPV1S§, HPV31, HPV33, HPV35,
HPV39, HPV45, HPVS51, HPV52, HPV56, HPVS58, and HPV68.

Codon optimization

The wild-type sequences for HPV and COPV genes are known. In
accordance with this invention, papillomavirus gene segments were converted to
sequences having identical translated amino acid sequences but with alternative codon
usage as defined by Lathe, 1985 "Synthetic Oligonucleotide Probes Deduced from
Amino Acid Sequence Data: Theoretical and Practical Considerations” J. Molec.
Biol. 183:1-12, which is hereby incorporated by reference. The methodology may be

summarized as follows:

1. Identify placement of codons for proper open reading frame.

2. Compare wild type codon for observed frequency of use by
human genes.

3. If codon is not the most commonly employed, replace it with an

optimal codon for high expression in human cells.
4. Repeat this procedure until the entire gene segment has been

replaced.

J. Inspect new gene sequence for undesired sequences generated
by these codon replacements (e.g., "ATTTA" sequences, inadvertent creation of intron
splice recognition sites, unwanted restriction enzyme sites, etc.) and substitute codons

that eliminate these sequences.
0. Assemble synthetic gene segments and test for high-level

expression in mammalian cells.

These methods were used to create the following synthetic gene
segments for various papillomavirus genes by creating a gene comprised entirely of
codons optimized for high level expression. While the above procedure provides a
summary of our methodology for designing codon-optimized genes for DNA

vaccines, it is understood by one skilled in the art that similar vaccine efficacy or
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increased expression of genes may be achieved by minor variations in the procedure
or by minor variations 1n the sequence.

In some embodiments of this invention, alterations have been made
(particularly in the E-protein native protein sequences) to reduce or eliminate protein
function while preserving immunogenicity. Mutations which decrease enzymatic
function are known. Certain alterations were made for purposes of expanding safety
margins and/or improving expression yield. These modifications are accomplished by
a change in the codon selected to one that is more highly expressed in mammalian
cells.

In accordance with this invention, COPV E7, conversion of cysteine at
position 24 to glycine and glutamic acid at position 26 to glycine was permitted by
alteration of TGC and the GAG to GGA and GGC, respectively. For HPV, mutants
include HPV 16 E1 where glycine at amino acid 482 is changed to aspartic acid and
tryptophan at 439 is changed to arginine. For HPV16 E2, a mutant changes glutamic
acid at position39 to alanine; for HPV 16 E7, a mutant changes cysteine at position 24
to glycine, and glutamic acid at 26 is changed to glycine.

The codon-optimized genes are then assembled into an expression
cassette which comprises sequences designed to provide for efficient expression of the
protein in a human cell. The cassette preferably contains the codon-optimized gene,
with related transcriptional and translations control sequences operatively linked to it,
such as a promoter, and termination sequences. In a preferred embodiment, the
promoter is the cytomegalovirus promoter with the intron A sequence (CMV-intA),
although those skilled in the art will recognize that any of a number of other known
promoters such as the strong immunoglobulin, or other eukaryotic gene promoters
may be used. A preferred transcriptional terminator is the bovine growth hormone
terminator, although other known transcriptional terminators may also be used. The
combination of CMVintA-BGH terminator is particularly preferred.

Examples of preferred gene sequences for COPV El, E2, E4 and

mutant E7 (C24G, E26G) are given in SEQ.ID.NOS: 1-4.

VECTORS
In accordance with this invention, the expression cassette encoding at

least one papillomavirus protein is then inserted into a vector. The vector 1s
preferably an adenoviral vector, although linear DNA linked to a promoter, or other
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vectors, such as adeno-associated virus or a modified vaccinia virus vector may also
be used.

If the vector chosen is an adenovirus, it is preferred that the vector be a
so-called first-generation adenoviral vector. These adenoviral vectors are
characterized by having a non-functional E1 gene region, and preferably a deleted
adenoviral E1 gene region. In some embodiments, the expression cassette is inserted
in the position where the adenoviral E1 gene is normally located. In addition, these
vectors optionally have a non-functional or deleted E3 region. The adenoviruses can
be multiplied in known cell lines which express the viral E1 gene, such as 293 cells,
or PERC.6 cells, or in cell lines derived from 293 or PERC.6 cell which are
transiently or stablily transformed to express an extra protein. For examples, when
using constructs that have a controlled gene expression, such as a tetracycline
regulatable promoter system, the cell line may express components involved in the
regulatory system. One example of such a cell line is T-Rex-293; others are known 1n
the art.

For convenience in manipulating the adenoviral vector, the adenovirus
may be in a shuttle plasmid form. This invention is also directed to a shuttle plasmid
vector which comprises a plasmid portion and an adenovirus portion, the adenovirus
portion comprising an adenoviral genome which has a deleted El and optional E3
deletion, and has an inserted expression cassette comprising at least one codon-
optimized papillomavirus gene. In preferred embodiments, there 1s a restriction site
flanking the adenoviral portion of the plasmid so that the adenoviral vector can easily
be removed. The shuttle plasmid may be replicated in prokaryotic cells or eukaryotic
cells.

Standard techniques of molecular biology for preparing and purifying
DNA constructs enable the preparation of the adenoviruses, shuttle plasmids and
DNA immunogéns of this invention.

In some embodiment of this invention, both the adenoviral vectors
vaccine and a plasmid vaccine may be administered to a vertebrate in order to induce
an immune response. In this case, the two vectors are administered in a "prime and
boost" regimen. For example the first type of vector is administered, then after a
predetermined amount of time, for example, 1 month, 2 months, six months, or other
appropriate interval, a second type of vector is administered. Preferably the vectors
carry expression cassettes encoding the same polynucleotide or combination of
polynucleotides. In the embodiment where a plasmid DNA is also used, it is preferred
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that the vector contain one or more promoters recognized by mammalian or insect
cells. In a preferred embodiment, the plasmid would contain a strong promoter such
as, but not limited to, the CMV promoter. The gene to be expressed would be linked
to such a promoter. An example of such a plasmid would be the mammalian
expression plasmid V1Jns as described (J. Shiver et. al. 1996, in DNA Vaccines, eds.,
M. Liu, et al. N.Y. Acad. Sci., N.Y., 772:198-208 and 1s herein incorporated by

reference).
Thus, another aspect of this invention is a method for inducing an

immune response against a papillomavirus in a mammal, comprising

A) introducing into the mammal a first vector comprising a
polynucleotide encoding a papillomavirus protein selected from the groups consisting
of El, E2, E4, E6, E7, combinations thereof, and mutants thereof;

B) allowing a predetermined amount of time to pass;

C) introducing into the mammal a second vector comprising an
adenoviral genome with a deletion in the E1 region, and an insert in the E1 region,
wherein the insert comprises an expression cassette comprising:

i) a polynucleotide encoding an COPV protein selected from the group consisting of,
El, E2, E4, and E7 proteins, combinations thereof, and mutant forms thereot; and

11) a promoter operably linked to the polynucleotide.

In some embodiments, the first vector be a plasmid vaccine vector and
the second vector be an adenoviral vector.

In yet another embodiment of this invention, the codon-optimized
genes are introduced into the recipient by way of a plasmid or adenoviral vector, as a
"priming dose", and then a "boost" is accomplished by introducing into the recipient a
polypeptide or protein which is essentially the same as that which 1s encoded by the
codon-optimized gene. Fragments of a full length protein may be substituted,
especially those with are immunogenic and/or include an epitope.

It is also a part of this invention to combine the use of the nucleotide
based vaccines with the administration of a protein. The protein may be an L1
protein, or an L1 in combination with an L2 protein. It is particularly preferred that
the protein be in the form of a VLP. The VLP may be a human papillomavirus VLP.
Such VLPs are known and described in the art.

The amount of expressible DNA or transcribed RNA to be introduced

into a vaccine recipient will depend partially on the strength of the promoters used and
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on the immunogenicity of the expressed gene product. In general, an immunologically
or prophylactically effective dose of about 1 ng to 100 mg, and preferably about 10ug
to 300 ug of a plasmid vaccine vector is administered directly into muscle tissue. An
effective dose for recombinant adenovirus is approximately 106 — 1012 particles and
preferably about 107—1011particles. Subcutaneous injection, intradermal
introduction, impression though the skin, and other modes of administration such as
intraperitoneal, intravenous, or inhalation delivery are also contemplated. It is also
contemplated that booster vaccinations may be provided. Parentaeral administration,
such as intravenous, intramuscular, subcutaneous or other means of administration
with adjuvants such as interleukin 12 protein, concurrently with or subsequent to
parenteral introduction of the vaccine of this invention is also advantageous.

The vaccine vectors of this invention may be naked, i.e., unassociated
with any proteins, adjuvants or other agents which impact on the recipient's immune
systein. In this case, it is desirable for the vaccine vectors to be in a physiologically
acceptable solution, such as, but not limited to, sterile saline or sterile buffered saline .
Alternatively, the DNA may be associated with an adjuvant known in the art to boost
immune responses, such as a protein or other carrier. Agents which assist in the
cellular uptake of DNA, such as, but not limited to calcium ion, may also be used to
advantage. These agents are generally referred to as transfection facilitating reagents
and pharmaceutically acceptable carriers.

The following examples are offered by way of illustration and are not

intended to limit the invention in any manner.

EXAMPLE 1

Synthetic Gene Construction

The construction of synthetic codon-optimized gene sequences for
human papillomavirus type 16 proteins L1, E1, and E2 was disclosed previously
(International Publication Number WO 01/14416A2, publication date: 1 March 2001,
"Synthetic Human Papillomavirus Genes" which is hereby incorporated by reference).
Synthetic gene sequences for canine oral papillomavirus proteins E1, E2, and E7 were
generated by reverse translation of amino acid sequences using the most frequently
used codons found in highly expressed mammalian genes. (R. Lathe, 1985, J. Mol.
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Biol. 183:1-12, which is hereby incorporated by reference). Some adjustments to
these codon-optimized sequences were made to introduce or remove restriction sites.

Oligonucleotides based on these sequences were chemically
synthesized (Midland Certified Reagents; Midland, TX) and assembled by PCR
amplification. (J. Haas et. al., 1996, Current Biology 6:315-324; and PCR Protocols,
M. Innis, et al, eds., Academic Press, 1990, both of which are hereby incorporated by
reference).

Full-length sequences were cloned into the mammalian expression
vector V1Jns (J. Shiver et. al. 1996, in DNA Vaccines, eds., M. Liu, et al. N. Y. Acad.
Sci., N.Y.. 772:198-208, which is hereby incorporated by reference) and sequenced by
standard methodology. In cases where the actual sequence differed from the expected
and resulted in amino acid substitution, that sequence was corrected by PCR
mutagenesis as previously described (PCR Protocols, M. Innis, et al, eds., Academic
Press, 1990, pg 177-180).

Protein expression was evaluated by transient transfection of equal
quantities of plasmid DNA into 293 (transformed embryonic human kidney) cells or
C33a.cells which were harvested at 48 hr post DNA addition. Cell lysates were
normalized to provide equal protein loadings. Analysis was by immunoblot (Western)
analysis using sera prepared to each of the COPV proteins. (Current Protocols in
Molecular Biology, eds., F. Ausabel, et. Al., John Wiley and Sons, 1998, which 1s

hereby incorporated by reference).

EXAMPLE 2

Synthesis of COPV El

The gene encoding COPV E1 was prepared by the annealing and
extension of 24 oligomers (83-108 bp in length) designed to encode the tinal desired
sequence. The oligomers were alternating, overlapping sense and antisense sequences
which spanned the entire length of the optimized COPV El coding sequence as well
as providing the following important sequence elements: (1) Bglll and EcoRV
restriction sites plus a CCACC "Kozak sequence” upstream of the ATG initiation
codon and (2) EcoRV and BglII restriction sites downstream of the translation
termination codon at the extreme 5’ and 3’ ends of the synthetic full-length sequence.

Each oligomer had a complementary overlap region of 23 — 27 bp with the adjoining
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oligomer (duplex had Tm of 78-86°C). Six separate extension reactions were
performed using four adjoining, overlapping oligomers and sense and antisense PCR
primers (20-25 nt in length, Tm = 68-70°C) complementary to the distal 5’ and 3
portions of the first and fourth oligomer, respectively. The actual conditions of PCR
were similar to those described in EXAMPLES 3 and 4 of International Publication

Number WO 01/14416A2.
As a result of these PCR reactions, the following six fragments of the

gene were created: COPV E1-A, COPV E1-B, COPV E1-C, COPV E1-D, COPV El-
E and COPV E1-F.

The above fragments resulting from the PCR reactions were gel
separated on low melting point agarose with the appropriately-sized products excised
and purified using the AgaraseTM method (Boehringer Mannheim Biochemicals) as
recommended by the manufacturer. Fragments COPV E1-A, COPV El-B and COPV
E1-C were combined in a subsequent PCR reaction using appropriate distal sense and
antisense PCR oligomers as described previously (International Publication Number
WO 01/14416A2), yielding the PCR product COPV E1-G. In a similar manner,
fragments COPV E1-D, COPV El-E and COPV EIl-F were assembled in a
subsequent PCR reaction with the appropriate primers to yield the fragment COPV
E1-H. The complete gene was then assembled by an additional PCR reaction 1n
which fragments COPV E1-G and COPV E1-H were combined using appropriate
distal sense and antisense PCR primers. The resulting 1.8 kb product (designated
COPV E1-]) was gel isolated, digested with Bgl II and subcloned 1nto the expression
vector V1Jns and a number of independent 1solates were sequenced. In instances
where a mutation was observed, it was corrected by assembling overlapping portions
of COPV El gene segments from different isolates that had the correct sequence.

Standard PCR methods as described above were used. DNA was
isolated from a final clone with the correct COPV E1 DNA sequence and proper
orientation within V1Jns for use in transient transfection assays as described 1n
EXAMPLE 1. The sequence of the codon-optimized ORF for COPV El is shown in
FIGURE 1 (SEQ.ID.NO.:1).

Immunoblot analyses of cell lysates prepared from the transfected cells

verified the expression of a protein of the expected size which reacted with antibodies
directed against COPV El (results not shown).
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EXAMPLE 3

Synthesis of COPV E2, COPV E4 and COPV E7 Genes

The synthetic genes encoding the codon-optimized versions of the
COPV E2, COPV°E4 and COPV E7 proteins were prepared using the same type of
construction strategy using annealing and extension of long DNA oligomers as
described in Example 2 and in International Publication Number WO 01/14416A2.
The sequences used for the long DNA oligomers and PCR primers used for assembly
of the oligomers and resulting gene fragments were designed according to the critena
in Example 2 in order to give the following final coding sequences: COPV E2,
FIGURE 2 (SEQ.ID.NO.:2); COPV E4, FIGURE 3 (SEQ.ID.NO.:3).

The codon-optimized COPV E7 gene was initially constructed to
encode the wild-type COPV E7 protein sequence. The double mutant (C24G, E26G)
version of COPV E7 was prepared by PCR mutagenesis by converting TGC at codon
24 to GGA and by converting GAG at codon 26 to GGC. The methods for the PCR
mutagenesis were as previously described (PCR Protocols, M. Innis, et al, eds.,
Academic Press, 1990, pg 177-180). The final coding sequence used for COPV E7
(C24G,E26G) is shown in FIGURE 4 (SEQ.ID.NO.:4).

For all three of these synthetic genes, the following sequence elements
were also present in the final assembled gene fragment in addition to the protein
coding sequence: (1) BglIl and PmlI restriction sites plus a CCACC "Kozak sequence”
upstream of the ATG initiation codon and (2) PmlI and BgIII restriction sites
downstream of the translation termination codon. As described above for COPV El,
each of the three gene fragments was digested with BglII and cloned into the
expression vector V1Jns. Following verification of the DNA sequences, puritfied
plasmid DNAs for each of the three constructs were used for transient transfection

assays as described in Example 1.
For COPV E2, COPV E4 and COPV E7, immunoblot analyses of cell

lysates prepared from the cells transfected with the corresponding vector verified the

expression of a protein of the expected size which reacted with antibodies directed

against that particular COPYV protein (results not shown).
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EXAMPLE 4

Construction of replication-defective Adenovirus expressing HPV or COPV antigens

Shuttle vector pHCMVIBGHpA1 contains Ad5 sequences from bpl to
bp 341 and bp 3534 to bp 5798 with a expression cassette containing human
cytomegalovirus (HCMV) promoter plus intron A and bovine growth hormone
polyadenylation signal.

The adenoviral backbone vector pAdE1-E3- (also named as pHVadl)

contains all AdS sequences except those nucleotides encompassing the E1 and E3

region.

Construction of Ad5-HPV16E1: The HPV16 E1 coding sequence was excised from
V1Jns-HPV16E1 by digestion with BglII and cloned into the BglII site located
between the CMV promoter and BGH terminator in pHCMVIBGHpAL. The
resulting shuttle vector was recombined with the adenovirus backbone vector DNA as
described previously (International Publication Number WO 01/14416A2). 'The
resulting recombinant virus, Ad5-HPV16E1, was then isolated and amplified in 293

cells as described in that same reference.

Construction of Ad5-TO-HPV16L.1:

Construction of adenoviral shuttle plasmid pA1-TO-HPV 1611 containing HPV16L1

under control of the regulated CMV-TO promoter.
The construction of the plasmid HPV16L1/V1Jns, which contains the

codon-optimized synthetic coding sequence for HPV16L1 was described previously
(International Publication Number WO 01/14416A2, publication date: 1 March 2001,
Synthetic Human Papillomavirus Genes). The synthetic HPV16L1 coding sequence
was excised from HPV16L1/V1Jns by digestion with BglII plus EcoRI and then
cloned into Bglll, EcoRI-digested pHCMVIBGHpAL1 to yield the shuttle vector pAl-
CMVI-HPV16L1. The shuttle vector pA1-CMVI-HPV16L1 was digested with BglII
plus Spel (to remove the CMV promoter plus intron A sequences), made flushended

and the large vector fragment was gel-purified.

The mammalian expression vector pcDNA4/TO (Invitrogen Corp.)
contains two copies of the tetracycline operator (TetO2) sequence inserted 10 bp

downstream of the TATA box sequence for the human CMV promoter present in that
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vector. Presence of the tetracycline operator (TetO2) sequence results in repression of

expression in host cells that express the Tetracycline repressor. The pcDNA4/TO

vector was digested with Nrul plus EcoRV and the 823 bp fragment bearing the CMV
promoter plus tetracycline operator (2x TetO2) sequences (CMV-TO) was gel-

purified and ligated with the aforementioned 8.3 kbp BglII-Spel (flushended)
fragment bearing the HPV16L1 coding sequence. The resulting plasmid was
designated pA1-TO-HPV160LI1.

Homoloogus recombination to generate shuttle plasmid form of recombinant

adenoviral vector pAd-TO-HPV16L1.
Shuttle plasmid pA1-TO-HPV16L1 was digested with restriction

enzymes Sspl and BstZ171 and then co-transformed into E. coli strain BJ5183 with
linearized (Clal-digested) adenoviral backbone plasmid pAdE1-E3-. Eight colonies

were picked from the resulting transformation plate and separately grown in 2-ml of

Terrific Broth containing 50 mcg/ml of ampicillin. Small-scale plasmid DNA
preparation were made and then used for transformation of E. coli STBL2 competent
cells (Life Technologies). From each of the resulting transformation plates, a single
colony was picked and inoculated into LB with ampicillin (50 mcg/ml) and grown
overnight at 37°C. Plasmid DNA was prepared from each culture and restriction
enzyme analysis was used to verify that the pAd5-TO-HPV16L1 plasmids had the

correct structure.

Generation of recombinant adenovirus Ad5-TO-HPV16L1 in T-REx-293 cells
The shuttle plasmid pAd-TO-HPV16L1 was linearized by digestion

with the restriction enzyme Pacl and then transfected into T-REx-293 cells (which
express the Tetracycline repressor) using the CaPO4 method (InVitrogen kit). Ten

days later, 10 plaques were picked and grown in T-REx-293 cells in 35-mm plates.
PCR analysis of the adenoviral DNA indicated that the virus were positive for
HPV16L1.

Evaluation of large scale adenovirus Ad5-TO-HPV16L1
A selected clone was grown into large quantities through multiple

rounds of amplification in T-REx-293 cells. Viral DNA was extracted and confirmed
by PCR and restriction enzyme analysis. Expression of HPV16L1 was verified by
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immunoblot analysis of 293 cells infected with the recombinant adenovirus.

(Expression from the CMV-TO promoter is depressed in 293 cells, which do not

express the Tetracycline repressor).

Construction of Ad5-TO-HPV16E2.

The construction of V1Jns-HPV16E2 containing the codon-optimized
HPV16E2 coding sequence was described previously (WO 01/14416A2). The coding
sequence for HPV16E2 was excised from V1Jns-HPV16E2 by digestion with BglII
and the fragment was made flushended. The aforementioned shuttle vector pA1-TO-
HPV16L1 was digested with BamHI plus EcoRV to remove the HPV16L1 coding
sequence. The resulting vector fragment (pA1-TO) was then made tlush-ended by
treatment with Klenow DNA polymerase and ligated with the HPV16E2 DNA
fragment, yielding the shuttle vector pA1-TO-HPV16E2. This latter shuttle vector
was digested with restriction enzymes SgrAl and BstZ17I and then co-transformed
into E. coli strain BJ5183 with linearized (Clal-digested) adenoviral backbone
plasmid pAdE1-E3-. The resulting transformants were screened and recombinant
Ad5-TO-HPV16E2 virus was rescued and expanded in T-REx-293 cells as described
above. Expression of HPV16E2 was verified by immunoblot analysis of 293 cells

infected with the recombinant adenovirus.

Construction of Ad5-COPVEL: The coding sequence for COPV E1 was excised from
V1Ins-COPV-El by digestion with EcoRV and ligated with the atorementioned
shuttle EcoRV-BamHI(flushended) pA1-TO vector fragment., yielding the shuttle
vector pA1-TO-COPV-El. This shuttle vector was then digested with SgrAl plus
BstZ171 and co-transfected into E. coli strain BJ5183 with linearized (Clal-digested)
adenovirus vector backbone pAdE1-E3. The resulting transformants were screened

and recombinant adenovirus, Ad5-COPVEI, was then rescued and amplified in T-
Rex-293 cells as described above. Expression of COPVE] was verified by
immunoblot analysis of 293 cells infected with the recombinant adenovirus.

Construction of Ad5-COPVE2: : The coding sequence for COPV E2 was excised
from V1Jns-COPV-E2 by digestion with PmlI and ligated with the aforementioned
EcoRV-BamHI(flushended) pA1-TO vector fragment, yielding the shuttle vector pA1l-
TO-COPV-E2. This shuttle vector was then digested with Sspl plus BstZ171 and co-
transformed into E. coli strain BJ5183 with linearized (Clal-digested) adenovirus
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vector backbone pAdE1-E3- DNA as described above. Eight single colonies were
picked from the resulting transformation plate and inoculated into 2-ml of Terrific
Broth with ampicillin (50 mcg/ml) and then grown for 8 hours at 37°C. Cells were
harvested and small-scale plasmid DNA preparations were made (pAd-TO-COPV-E2
isolates). The plasmid DNAs for pAd-TO-COPV-E2 clones #1, 3, 5 and 7 were then
transformed into E. coli STBL2 competent cells. Two colonies for each original DNA
(colonies 1-1, 1-2, 3-1, 3-2, 5-1, 5-2, 7-1 and 7-2) were picked and grown separately
in LB with ampicillin (50 mcg/ml) overnight at 37°C. Large-scale plasmid DNA
preparations were then made for pAd-TO-COPV-E2 isolates #7-1 and #7-2. Both
purified DNAs were digested with HindIII and Xhol to confirm that they had the
correct structure. Both pAd-TO-COPV-E2 isolates #7-1 and #7-2 were digested with
Pacl and transfected into T-REx-293 cells using GTS Geneporter transfection reagent.
Six days later, several plaques were picked and grown in T-REx-293 cells in 35mm
plates. Based on PCR analysis of the adenoviral DNA, clone #7.1B of Ad-TO-
COPV-E2 was selected for further evaluation. This isolate was grown into large
quantities through multiple rounds of amplification in T-REx-293 cells. The virus
was then purified by banding on CsCl equilibrium density gradients. This virus
preparation was designated Ad5-COPVE?2, ID#7.1 p7. Viral DNA was puritied and
the structure was confirmed by digestion with the restriction enzymes HindIII and
Xhol. Expression of COPV E2 was verified by immunoblot analysis of 293 cells
infected with the recombinant Ad5-COPVE?2 adenovirus.

Construction of Ad5-COPVE4 and Ad5-COPVET7: The coding sequences for COPV
E4 and COPV E7 (C24G, E26G double mutant) were excised from V1Jns-COPV-E4
and V1Jns-COPV-E7, respectively, by digestion with Pmll. The gene fragments were
ligated with the aforementioned EcoRV-BamHI(flushended) pA1-TO vector
fragment, yielding the shuttle vectors pA1-TO-COPV-E4 and pA1-TO-COPV-E7,
respeétively. The subsequent steps of recombination with the pAdE1-E3- vector

backbone and the rescue and amplification of the resulting recombinant Ad5-
COPVE4 and Ad5-COPVE?7 viruses in T-REx-293 cells were as described above.

Expression of COPV E4 and COPV E7 was verified by immunoblot analyses of 293
cells infected with the corresponding recombinant adenovirus.
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EXAMPLE 5

Generation of HPV-specific cellular immune responses in mice by immunization with
Ad-TO-HPV16E2 or Ad-TO-HPV16L1

Groups of female BALB/c mice were immunized by intramuscular
injection with 109 virus particles (vp) Ad-TO-HPV16E2 or with 109 vp Ad-TO-
HPV16L1 (control) at day 0 and day 21. On day 34, two mice from each
immunization group were randomly chosen, sacrificed, and ELISPOT analysis was
performed on splenocytes. The results are shown in FIGURE 5. Animals immunized
with Ad-TO-HPV16E2 had developed only HPV 16 E2-specific responses, while the
Ad-TO-HPV16L1-immunized animals developed only HPV 16 L1-specific responses.

EXAMPLE 6

IEN-y ELISpot assay

Mouse splenocytes were prepared from freshly macerated spleens.
Depletion of CD4+ cells was achieved by magnetic bead separation using Dynabeads
CD4 (L3T4) (Dynal, Oslo). Briefly, 96-well polyvinylidine difluoride (PVDF)-
backed plates (MAIP NOB 10; Millipore, Bedford, MA) were coated with 10 pg anti-
murine rIFN-y (BD PharMingen) per well in 100 pl of PBS at 4°C for 16-20 hours.
Plates were washed three times with PBS, and then blocked with RPMI-1640 medium
containing 10% heat-inactivated FBS. Cells were cultured at 5 x 103 per well in 0.1
mL of medium for restimulation with pools of 20mer peptides comprising the entire
amino acid sequence of HPV16 E2, or L1 or matching DMSO concentration in media
as a negative control.

Alternatively, cells were co-cultured with 104 CT26 cells, a fully-
transformed, tumorigenic syngeneic line, or with 104 JCLO031 cells, a clonal isolate
derived from CT26 cells that had been transformed to express HPV 16 E2 protein.
After 20-24 hr incubation at 37° C, the plates were washed 6 times with PBS
containing 0.005% Tween 20. Plates were then incubated with 1 pug biotinylated anti-
murine rIFN-y (BD PharMingen) per well in 50 ul of PBS-Tween + 5% FCS at 4° C
for 16-20 hours. The plates were washed 6 times with PBS-Tween before the addition
of 100 pl per well of Streptavidin-AP conjugate (BD PharMingen), diluted 1:2000 in
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PBS-Tween + 5% FCS. After 3 washes with PBS-Tween and 3 washes with PBS,
spots were developed with one-step NBT/BCIP reagent (Pierce, Rockford, IL). Spots

were counted using an automated detection system.
EXAMPLE 7

Protection of mice from an HPV E2 tumor challenge by immunization with Ad-TO-
HPV16E2

Groups of BALB/c mice were immunized by intramuscular injection
with 109 vp Ad-TO-HPV16E2 or with 109 vp Ad-TO-HPV16L1 (control) at day O
and day 21. On day 43, each group of 18 mice were challenged by s.c. inoculation
with 7.5 X 103 JCLO031 cells, a fully-transformed tumorigenic, isogenic cell line that
expresses HPV16 E2 derived from the CT26 cell line.

Briefly, the plasmid, pBJ-16 E2, which induces E2 protein expression
in transiently-transfected A293 or CT26 cells, was transfected into CT26 cells using
Lipofectamine (Gibco BRL, Gaithersburg, MD). CT26 cells, a fully-transformed line
derivéd from a BALB/c mouse colon carcinoma, have been widely used to present
model tumor antigens. (Brattain et al., 1980 Cancer Research 40:2142-2146; Fearon,
E. et al.,1988 Cancer Research, 48:2975-2980; both of which are incorporated by
reference). After two to three weeks growth in selective medium containing
400u1g/mlL G418 , well-isolated colonies of cells were recovered using cloning rings
and transferred to 48-well plates. One clone was positive for E2 expression by
immunoblot analysis and was subjected to two further rounds of cloning by limiting
dilution. One G418 resistant, E2-positive clonal isolate was used to established the
cell line JCL-031.

Animals were monitored for tumor outgrowth for four weeks. The
results are shown in FIGURE 2. Animals immunized with the Ad-TO-HPV16E2
virus were well-protected from tumor out-growth; 17 of 18 remained tumor-free
during the observation period. In the control group, 16 of 18 mice developed tumors.
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EXAMPLE 8

Generation of HPV16-specific cellular immune responses in Rhesus macaques by

immunization with AdS HPV-16 constructs

Cohorts of 3 or 4 Rhesus macaques were vaccinated intramuscularly at
weeks 0 and 24 with 1011 Ad5-TO-HPV16L1, Ad5 HPV16-El, or Ad5 HPV16-L.2
virus particles. PBMC samples were collected at selected time points and assayed for
antigen-specific IFN-y secretion following overnight stimulation with HPV16 L1, EI,
or E2 20mer peptide pools via ELISpot assay.

The results shown in FIGURE 7 demonstrate a strong cellular immune
response to HPV16 L1, E1, and E2 following a single dose of the Ad5 HPV16
constructs. These data also demonstrate that the cellular responses can be boosted by

vaccination with a second dose of the Ad5 HPV 16 constructs.

EXAMPLE 9

IFN-y ELISpot assay

Rhesus macaque Peripheral Mononuclear Cells (PBMCs) were isolated
from freshly drawn heparinized blood by Ficoll density gradient centrifugation.
Depletion of CD4+ cells was achieved by magnetic bead separation using Dynabeads
M-450 CD4 (Dynal, Oslo).

Briefly, 96-well polyvinylidine difluoride (PVDEF)-backed plates
(MAIP NOB 10; Millipore, Bedford, MA) were coated with 10 pug anti-human rIFNy
(R&D Systems Minneapolis, MN ) per well in 100 pl of PBS at 4° C for 16-20 hours.
Plates were washed three times with PBS, and then blocked with RPMI-1640 medium
containing 10% heat-inactivated FBS. Cells were cultured at 5 x 103 per well in 0.1
mL of medium for restimulation with pools of 20mer peptides comprising the entire
amino acid sequence of HPV16E1, E2, or L1 or matching DMSO concentration 1n
media as a negative control. After 20-24 hr incubation at 37° C, the plates were
washed 6 times with PBS containing 0.005% Tween 20. Plates were then incubated
with 1 pg biotinylated anti-human rIFN-y (R&D Systems) per well in 50 ul of PBS-
Tween + 5% FCS at 4° C for 16-20 hours. The plates were washed 6 times with PBS-
Tween before the addition 100 ul per well of Streptavidin-AP conjugate (BD
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Pharmingen), diluted 1:2000 in PBS-Tween + 5% FCS. After 3 washes with PBS-
Tween and 3 washes with PBS, spots were developed with one-step NBT/BCIP

reagent (Pierce). Spots were counted using a stereomiCroscope.

EXAMPLE 10

Protection of beagle dogs from canine oral papillomas using recombinant adenovirus

constructs expressing COPV E proteins

Groups of 4-10 beagle dogs were immunized twice s.c. with 1011 vp
per dose at Day 0 and Day 30 with recombinant adenoviruses expressing COPV E
proteins or HPV16 L1 as a negative control. Dogs were challenged by scarification at
Day 60 at 10 sites of the buccal mucosa. Dogs were monitored weekly for formation
of warts at the challenged sites for 16 weeks.

Three experiments were performed: In the first experiment 6 dogs per
group were immunized with adenovirus constructs expressing E1+E2 ,or E4+E7, or
E1+E2+E4+E7 and 6 dogs were immunized with an adenovirus control expressing
HPV16 L1 (4 groups total). In the second experiment, 5 dogs per group were
immunized with recombinant adenoviruses expressing E1+E2, or E1 alone, or E2
alone, and 4 dogs were immunized with control. In the third experiment, 4 dogs per
group were immunized with recombinant adenoviruses expressing E1 or E2 alone, or
the control vaccine.

The immunization with COPV E2+E1 adenoviruses almost completely
abolished wart formation and greatly reduced the persistence of warts, which
appedred. The COPV E2 construct by itself was just as efficacious as the E1+E2
constructs, while the E1 construct by itself initially appeared not to be as potent 1n
reducing disease (Exp. 2) but in a repeat study (Exp. 3) was just as efficacious as the
E1+E2 constructs. Also the E4+E7 recombinant adenoviruses were not as potent as
the E2 or E1+E2 adenoviruses. Results are shown in FIGURE 8.



WO 03/018035

CA 02457890 2004-02-13

<110> Merck & Co.,
Huang,
Jansen,
McClements,
Montelro,
Schultz,

Inc.

Lingyil

<120> VACCINE USING

DELIVERED BY VIRAL VECTOR

<130>

<150>
<151>

Tobery,
wang,
Chen, Ling

20953Y-PCT

60/314,395
2001-08-23

PAPILLOMAVIRUS E

<l60> 4
<170>

<210> 1
<211>
<212> DNA
<213>

<220>
<223>

<400> 1

atggccgctc
gccgactgca
gacctggtgg

caacaggagc

agccctcaga
ccccecgcecacca
tccaacgagg
gaggagaacyd
aagttcaaga
aagacctgca
gccggcaaga
tgcaccctgc
tgccgcagcec
agccccegcetg

ggcgagctgc

aagaccttcg
agcgagatcg
ctgaagagca
aagaaggccg
accgacgacg
gaattcatcc
tgcctggtgt
agcttcctgc
ccceccectgacceg
atcgatacct
aaggctcccc

ggcdgacgadga

1794 .

gcaagggcac
gcgaggtgga
acaacgccag
tgaccgagtg
gccgggacct
gcaagaaggt
ccgacgacag
gcgccgacgc
gcagcttcgg
gcagcgactg
ccctgctgca
tcctgctcectg
tgttccacat
tggccctgta
ccagctggat
acctgagcga
cctacaagta
acaatcagcc
agatgaagcg
gtcccgggga
tgttcctggc
tctggggccc
acggcgtggt
agggcaagat
acctgcgcaa

"tgcagctgaa

agttcaagta

Kathrin U.
William L.
Juanita M.
Loren D.
Timothy W.

Xin-Min

Artificial Sequence

cgacagcgag
cagcgccgac
catcgccgag
cgaagagcag
gtgctctctyg
gaagaaacag
cctcgagggc
cctgttcaag
catcagcttc
ggtggtgtgc
ggaccactgc
cctgttcgtg
cagcaacgtg
ctggtacaag
cgcccagcag
gatggtgcag
cgccgcetcectg
caagcacgtg
cctgagcatg
tLtggaaggag
cgacttcaag
tcccaacacc
gatcagctac
gggcctcctg
cgccctggac
gtgcceccectcecec
cctgcgcagc

1/3

-l

FastSEQ for Windows Version 4.0

condon-optimized COPV El gene

accgaggacg
gagaccagcg
acccagggcc
ctgcaacagc
agccctcagce
ctgttcgcca
cagcgccagg
gtgcgcgaca
accgacctga
ctgtaccatg
gagtacttct
cccaagtgcc
cagatgctgg
aagggcttcg
accctgatca
tgggcgtacg
gccgagaccg
aaggactgcg
agccagtgga
gtggtgaagt
cgcttcctgc
ggcaagagca
gtgaacagca
gacgatgcca
ggcaacacct
ctgctcatca
cgctgcagct

SEQUENCE LISTING

PROTEINS

gcgggtgggt
agaacgccag
tgagcctgca
tgaagcgcaa
tggccagcat
ccgacagcgg
tggagcccct
agcgcgcecctt
cacgcgtgta
tgagcgacga
tcctgcacag
gcaacaccct
ccgaccctcec
ccagcggtac
cccatcacct
acaacgacct
acgagaacgc
ccaccatgtg
tcgacgagcg
tcctgcgcca
gcggccgcecc
tgttctgcatc
agagccactt
ccegececccetg
tcagcgtcga
ccaccaacgt
tcttccactt

PCT/US02/26965
gctgatcgag 60
caacgtgagc 120
gctgttccag 180
gttcgtgcag 240
cagcctgact 300
gatccagagc 360
gcccggcagyg 420
cctgtacagce 480
caacagcgac 540
ccgceccgcgag 600
catgggcttc 660
gttcaagctg 720
caagacccgc 780
cttcacccac 840
ggccgccgag 900
gaaggacgag 960
cctggecttce 1020
ccgctactac 1080
ctgcaaggcc 1140
ccagggcatc 1200
taagaagaac 1260
gagcctgctg 1320
ctggctgcag 1380
ctggctgtac 1440
ctgcaagcac 1500
gaacgtctgc 1560
ccctcaggag 1620
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ttteccectgg acgacaacgg caatcccggce ttccagctga acgaccagag ctgggccagc
tttttcaagec gecttctggaa gcacctggac ctgagcgacc ccgaggacgg cgaggacggc
gagacccagc gcggcctgeg cctgaccgct cgcggcacca ccgagagcgt gtaa

<210> 2

<211> 1158
<212> DNA
<213>

<220>
<223>

<400> 2

atggagaagc
cagaacagcc
gtgctgctgt
ccccagagcg
agcctgetgce
cgcctggtgg
tacggcgaca
gacgaattcg
atgcacggca
gagaccggca

ggcaccagcg.

acccceccagga
tcaggaggac
ccgtcctegt
accaccagca
gtgctggtgce
aagcaccgcg
ggcgccagca
cagcgcgagyg
ggcctggacg

<210> 3

<211> 357
<212> DNA
<213>

<220>
<223>

<400> 3
atgcgcttca
aacagcccgg

aggcacggtyg:

gacagcgacg
cgccgceccgcec
gaggacgact

<210> 4

<211> 294
<212> DNA
<213>

<220>
<223>

<400> 4

tgagcgaggc
agagcctggc
actacgcccg
tgagccaggc
acagcaagta
ccgagcectgc
gcgaggagaa
acacctggga
cccagcaggt
agtacgagat
gccccgagcet
aagggccgtc
gaggaagact
cgtggtcgcc
gcgccggcgyd
tggccggtga
gcctgtacct
agcacgaccg
acttcatgga
agctgtaa

ccaaccceccecect
tgacccecctcc

gactggacgg
aggaagaggc
tgcacaacaa

gggaggactt

Artificial Sequence

cctggacctg
cgaccagagc
cggcaaggygc
caaggccaag
cgccaacgag
ctacaccttc
catcgtgcgc
gaaggcccac
gtactacgtc
cctgaaccag
gcctggcceac
acggcggccet
cggacgagga
gccgtctcca
ccgectgggc
ccccaacagc
gggcgccagc
cggcagcgcc
ccgcgtgacc

Artificial Sequence

gctgttcccce
acgcggacct
tggccgceccecgce
cgagaactac

gtgggaccag
ctgcaagaag

Artificial Sequence

condon-optimized COPV EZ gene

ctgcaggagg
cgccactgga
atcatgcgca
caggccatcg
ccatggaccc
aagaaggdcyg
tacgtgctgt
ggcaagctgg
gacttcgagg
cccaccacca
agcgcctcgg
ggacggaggt
ggaagcggag
caacaagtgg
cgcctgcectgce
ctgaagtgca
accacctgga
cggatgctgc
ttccceccaaga

condon-optimized COPV E4 gene

cctcecegtgc
gtgcctgtgc
ggcagccctg
cctcccagcec
aacatcaact
ctgaccatcc

agctgctgag
gcctgctgcg
tcggcatgca
agcagagcct
tgtgcgacac
gcaagcagat
ggctggacat
accacaaggg
aggaggccaa
tccctaccecac
ggtccggtgc
cgtcgcggtt
aattaccccc
gatcaaaaca
aggaggccta
tccgctaccg
agtggaccag
tggccttcct

gcgtgcegcegt

ctccecgagcec
cactgccgcc
agggccagga
gcagccgccc
acgagcctcc
cccagttcct

condon-optimized mutant COPV E7 (C24G, E26G) gene

cctgtacgag
caaggagcag
gcceccecgtgcect
gtacatcgac
cagccgcgag
cgacgtgcgc
ctactaccag
cctgagctac
caagtacagc
cagcgccgcet
ctgttcccectt
ccccagaagg
ccagccgcecag
tcaactacga
cgaccctccce
cctgagccac
cggcggcgac
gagcgaccag
gttccgcggc

tcccgaccgc

tggcaagggc
ggacgaggad
tcgccgcggc
cgccgceccecece
gttctaa

atgatcggcc agtgcgccac cctgcectggac atcgtgctga ccgagcagcce cgagcccatc
gacctgcagg gatacggcca gctgcccagc agcgacgagg aggaggaaga ggaggagccc
accgagaaga acgtgtaccg catcgaggcc gcctgeggcet tctgcggcaa gggcgtgcgce

1680
1740
1794

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1158

60
120
180
240
300
357

60
120
180
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ttcttctgee tgagccagaa ggaggacctg cgcgtgctge aggtgaccct gctgagcectg 240
agcctggtgt gcaccacctg cgtgcagacc gccaagctgg accatggcgg ctaa 294
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WHAT IS CLAIMED IS

1. A method of preventing a disease caused by a papillomavirus
comprising administering to a mammal a vaccine vector comprising a papillomavirus

E gene.
2. A method according to Claim 1 wherein the mammal 1s human.

3. A method according to Claim 1 wherein the vector 1s an
adenovirus vector or a plasmid vector, and the genes are preferably from a human

papillomavirus (HPV) serotype which is associated with a human disease state.

4. A method according to Claim 1 wherein the protein selected
from the group consisting of: E1, E2, E4, ES5, E6 and E7 proteins, mutants, and

combinations thereof.

3. A method according to Claim 4 wherein the protein is E1 or E2

proteins.

0. A method according to Claim 5 wherein the polynucleotide
encoding the E protein is preferable codon-optimized for expression in the recipient’s

cells.

7. A method according to Claim 1 wherein the vector 1s an
adenoviral vector comprising an adenoviral genome with a deletion in the adenovirus
E1 region, and an insert in the adenovirus El region, wherein the insert comprises an
expression cassette comprising:

a) a polynucleotide encoding a papillomavirus protein selected
from the group consisting of E1, E2, E4, ES, E6, E7, and combinations thereof, or
mutant forms thereof, wherein the polynucleotide is codon-optimized for expression

in a human host cell; and
b) a promoter operably linked to the polynucleotide.

8. A method according to Claim 1 wherein the vector is a shuttle
plasmid vector comprising a plasmid portion and an adenoviral portion, the adenoviral

portion comprising: an adenoviral genome with a deletion in the adenovirus E1
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region, and an insert in the adenovirus E1 region, wherein the insert comprises an

expression cassette comprising:
a) a polynucleotide encoding an E protein selected from the group

consisting of- E1, E2, E4, ES5, E6, E7, and combinations thereof, or mutant forms
thereof, wherein the polynucleotide is codon-optimized for expression 1n a

mammalian host cell; and
b) a promoter operably linked to the polynucleotide.

9. A method according to Claim 1 wherein the vector 1s a plasmid
vaccine vector, which comprises a plasmid portion and an expressible cassette
comprising

a) a polynucleotide encoding an E protein selected from the group
consisting of E1, E2, E4, ES, E6, E7 and combinations thereof, or mutant forms
thereof, wherein the polynucleotide is codon-optimized for expression in a

mammalian host cell; and
b) a promoter operably linked to the polynucleotide.

10. A method of treating a disease caused by a papillomavirus

comprising administering to a mammal in need of treatment a vector comprising a

papillomavirus E gene.

11. A method according to Claim 10 wherein the mammal 1s

human.

12. A method according to Claim 10 wherein the vector 1s an
adenovirus vector or a plasmid vector, and the genes are preferably from a human
papillomavirus (HPV) serotype which is associated with a human disease state.

13. A method according to Claim 10 wherein the protein selected
from the group consisting of: E1, E2, E4, ES, E6 and E7 proteins, mutants, and

combinations thereof.

14. A method according to Claim 13 wherein the protein is E1 or

E2 proteins.
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15. A method according to Claim 13 wherein the polynucleotide

encoding the E protein is preferable codon-optimized for expression in the recipient’s

cells.

16. A method according to Claim 10 wherein the vector 1s an
adenoviral vector comprising an adenoviral genome with a deletion in the adenovirus
E1 region, and an insert in the adenovirus E1 region, wherein the insert comprises an
expression cassette comprising:

a) a polynucleotide encoding a papillomavirus protein selected
from the group consisting of E1, E2, E4, ES, E6, E7, and combinations thereof, or
mutant forms thereof, wherein the polynucleotide is codon-optimized for expression

in a human host cell; and
b) a promoter operably linked to the polynucleotide.

17. A method according to Claim 10 wherein the vector 1s a shuttle
plasmid vector comprising a plasmid portion and an adenoviral portion, the
adenovirus portion comprising: an adenovirus genome with a deletion in the
adenovirus E1 region, and an insert in the adenovirus E1 region, wherein the insert
comprises an expression cassette comprising:

a) a polynucleotide encoding an E protein selected from the group
consisting of- E1, E2, E4, ES, E6, E7, and combinations thereof, or mutant forms
thereof, wherein the polynucleotide is codon-optimized for expression in a
mammalian host cell; and

b) a promoter operably linked to the polynucleotide.

18. A method according to Claim 10 wherein the vector 1s a
plasmid vaccine vector, which comprises a plasmid portion and an expressible

cassette comprising
a) a polynucleotide encoding an E protein selected from the group

consisting of E1, E2, E4, ES, E6, E7 and combinations thereof, or mutant forms
thereof, wherein the polynucleotide is codon-optimized for expression in a

mammalian host cell; and
b) a promoter operably linked to the polynucleotide.
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19. A synthetic polynucleotide comprising a sequence encoding a
canine papillomavirus (COPV) protein, or a mutated form of a COPYV protein, the

polynucleotide sequence comprising codons optimized for expression in a human
host.

20. A polynucleotide according to Claim 19 wherein the protein 1s
selected from the group consisting of; E1, E2, E3, E4, ES, E6, E7, mutants thereof and

combinations thereof.

21. A polynucleotide according to Claim 20 which is selected from
the group consisting of E1, E2, E4 +E7, and E1+E2+E4+E7.

22. A polynucleotide according to Claim 19 which is DNA.

23. A polynucleotide according to Claim 22 which is selected from
the group consisting of SEQ.ID.NO. 1, SEQ.ID.NO. 2, SEQ.ID.NO. 3, SEQ.ID.NO. 4,

and combinations thereof.

24.  An adenovirus vaccine vector comprising and adenoviral
genome with a deletion in the E1 region, and an insert in the E1 region, wherein the
insert comprises an expression cassette comprising:

a) a polynucleotide encoding a COPV protein selected from the
group consisting of E1, E2, E3, E4, ES, E6, E7, mutants thereof, and combinations
thereof, wherein the polynucleotide is codon optimized for expression in a host cell;

and

b) a promoter operably linked to the polynucleotide.

25.  An adenovirus vector according to Claim 24 which is an Ad 5
vector.

26. A vaccine plasmid comprising a plasmid portion and an

expression cassette portion, the expression cassette portion comprising:
a) a polynucleotide encoding a COPV protein selected from the
group consisting of E1, E2, E3, E4, ES, E6, E7, mutants thereof, and combinations
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thereof, wherein the polynucleotide is codon optimized for expression in a host cell;

and
b) a promoter operably linked to the polynucleotide.

27. A method of protecting a mammal from a papillomavirus
disease comprising;:
A) introducing into the mammal a first vector comprising:
1) a polynucleotide encoding an HPV or COPYV protein
selected from the group consisting of E1, E2, E3, E4, ES, E6, E7, mutants thereof, and

combinations thereof, wherein the polynucleotide is codon optimized for expression

in a host cell; and

11) a promoter operably linked to the polynucleotide;
B) allowing a predetermined amount o time to pass; and
C) introducing into the mammal a second vector comprising:

1) a polynucleotide encoding an HPV or COPV protein
selected from the group consisting of E1, E2, E3, E4, ES5, E6, E7, mutants thereof, and
combinations thereof, wherein the polynucleotide is codon optimized for expression

in a host cell; and
11) a promoter operably linked to the polynucleotide.

28. A method according to Claim 27 wherein the first vector 1s a

plasmid and the second vector is an adenovirus vector.

29. A method according to Claim 28 wherein the first vector is an

adenovirus vector and the second vector is a plasmid.

30. A method of treating a mammal with a papillomavirus disease
comprising:
A) introducing into the mammal a first vector comprising;:
1) a polynucleotide encoding an HPV or COPV protein
selected from the group consisting of E1, E2, E3, E4, ES, E6, E7, mutants thereof, and
combinations thereof, wherein the polynucleotide is codon optimized for expression

in a host cell; and
11) a promoter operably linked to the polynucleotide;

B) allowing a predetermined amount of time to pass; and
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C) introducing into the mammal a second vector comprising;
1) a polynucleotide encoding an HPV or COPV protein

selected from the group consisting of E1, E2, E3, E4, ES, E6, E7, mutants thereof, and

combinations thereof, wherein the polynucleotide is codon optimized for expression

in a host cell; and
11) a promoter operably linked to the polynucleotide.

31. A method according to Claim 30 wherein the first vectoris a

plasmid and the second vector is an adenovirus vector.

32. A method according to Claim 31 wherein the first vector 1s an

adenovirus vector and the second vector 1s a plasmid.
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FIGURE 1
SEQ.ID.NO.: 1 Sequence of the codon-optimized COPV E1 gene

ATGGCCGCTCGCAAGGGCACCGACAGCGAGACCGAGGACGGCGGGTGGGAGTG
CTGATCGAGGCCGACTGCAGCGAGGTGGACAGCGCCGACGAGACCAGCGAG
AACGCCAGCAACGTGAGCGACCTGGTGGACAACGCCAGCATCGCCGAGACC
CAGGGCCTGAGCCTGCAGCTGTTCCAGCAACAGGAGCTGACCGAGTGCGAAG
AGCAGCTGCAACAGCTGAAGCGCAAGTTCGTGCAGAGCCCTCAGAGCCGGG
ACCTGTGCTCTCTGAGCCCTCAGCTGGCCAGCATCAGCCTGACTCCCCGCACC
AGCAAGAAGGTGAAGAAACAGCTGTTCGCCACCGACAGCGGGATCCAGAGC
TCCAACGAGGCCGACGACAGCCTCGAGGGCCAGCGCCAGGTGGAGCCCCTG
CCCGGCAGGGAGGAGAACGGCGCCGACGCCCTGTTCAAGGTGCGCGACAAG
CGCGCCTTCCTGTACAGCAAGTTCAAGAGCAGCTTCGGCATCAGCTTCACCG
ACCTGACACGCGTGTACAACAGCGACAAGACCTGCAGCAGCGACTGGGTGGT
GTGCCTGTACCATGTGAGCGACGACCGCCGCGAGGCCGGCAAGACCCTGCTG
CAGGACCACTGCGAGTACTTCTTCCTGCACAGCATGGGCTTCTGCACCCTGCT
CCTGCTCTGCCTGTTCGTGCCCAAGTGCCGCAACACCCTGTTCAAGCTGTGCC
GCAGCCTGTTCCACATCAGCAACGTGCAGATGCTGGCCGACCCTCCCAAGAC
CCGCAGCCCCGCTGTGGCCCTGTACTGGTACAAGAAGGGCTTCGCCAGCGGT
ACCTTCACCCACGGCGAGCTGCCCAGCTGGATCGCCCAGCAGACCCTGATCA
CCCATCACCTGGCCGCCGAGAAGACCTTCGACCTGAGCGAGATGGTGCAGTG
GGCGTACGACAACGACCTGAAGGACGAGAGCGAGATCGCCTACAAGTACGC
CGCTCTGGCCGAGACCGACGAGAACGCCCTGGCCTTCCTGAAGAGCAACAAT
CAGCCCAAGCACGTGAAGGACTGCGCCACCATGTGCCGCTACTACAAGAAGG
CCGAGATGAAGCGCCTGAGCATGAGCCAGTGGATCGACGAGCGCTGCAAGG
CCACCGACGACGGTCCCGGGGATTGGAAGGAGGTGGTGAAGTTCCTGCGCCA
CCAGGGCATCGAATTCATCCTGTTCCTGGCCGACTTCAAGCGCTTCCTGCGCG
GCCGCCCTAAGAAGAACTGCCTGGTGTTCTGGGGCCCTCCCAACACCGGCAA
GAGCATGTTCTGCATGAGCCTGCTGAGCTTCCTGCACGGCGTGGTGATCAGCT
ACGTGAACAGCAAGAGCCACTTCTGGCTGCAGCCCCTGACCGAGGGCAAGAT
GGGCCTCCTGGACGATGCCACCCGCCCCTGCTGGCTGTACATCGATACCTACC
TGCGCAACGCCCTGGACGGCAACACCTTCAGCGTCGACTGCAAGCACAAGGC
TCCCCTGCAGCTGAAGTGCCCTCCCCTGCTCATCACCACCAACGTGAACGTCT
GCGGCGACGAGAAGTTCAAGTACCTGCGCAGCCGCTGCAGCTTCTTCCACTT
CCCTCAGGAGTTTCCCCTGGACGACAACGGCAATCCCGGCTTCCAGCTGAAC
GACCAGAGCTGGGCCAGCTTTTTCAAGCGCTTCTGGAAGCACCTGGACCTGA
GCGACCCCGAGGACGGCGAGGACGGCGAGACCCAGCGCGGLCCTGCGCCTGA
CCGCTCGCGGCACCACCGAGAGCGTGTAA
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FIGURE 2
SEQ.ID.NO.: 2 Sequence of the codon-optimized COPV E2 gene

ATGGAGAAGCTGAGCGAGGCCCTGGACCTGCTGCAGGAGGAGCTGCTGAGC
CTGTACGAGCAGAACAGCCAGAGCCTGGCCGACCAGAGCCGCCACTGGAGC
CTGCTGCGCAAGGAGCAGGTGCTGCTGTACTACGCCCGCGGCAAGGGCATCA
TGCGCATCGGCATGCAGCCCGTGCCTCCCCAGAGCGTGAGCCAGGCCAAGGC
CAAGCAGGCCATCGAGCAGAGCCTGTACATCGACAGCCTGCTGCACAGCAAG
TACGCCAACGAGCCATGGACCCTGTGCGACACCAGCCGCGAGCGCCTGGTGG
CCGAGCCTGCCTACACCTTCAAGAAGGGCGGCAAGCAGATCGACGTGCGCTA
CGGCGACAGCGAGGAGAACATCGTGCGCTACGTGCTGTGGCTGGACATCTAC
TACCAGGACGAATTCGACACCTGGGAGAAGGCCCACGGCAAGCTGGACCAC
AAGGGCCTGAGCTACATGCACGGCACCCAGCAGGTGTACTACGTCGACTTCG
AGGAGGAGGCCAACAAGTACAGCGAGACCGGCAAGTACGAGATCCTGAACC
AGCCCACCACCATCCCTACCACCAGCGCCGCTGGCACCAGCGGCCCCGAGCT
GCCTGGCCACAGCGCCTCGGGGTCCGGTGCCTGTTCCCTTACCCCCAGGAAA
GGGCCGTCACGGCGGCCTGGACGGAGGTCGTCGCGGTTCCCCAGAAGGTCAG
GAGGACGAGGAAGACTCGGACGAGGAGGAAGCGGAGAATTACCCCCCCAGC
CGCAGCCGTCCTCGTCGTGGTCGCCGCCGTCTCCACAACAAGTGGGATCAAA
ACATCAACTACGAACCACCAGCAGCGCCGGCGGCCGCCTGGGCCGCCTGCTG
CAGGAGGCCTACGACCCTCCCGTGCTGGTGCTGGCCGGTGACCCCAACAGCC
TGAAGTGCATCCGCTACCGCCTGAGCCACAAGCACCGCGGCCTGTACCTGGG
CGCCAGCACCACCTGGAAGTGGACCAGCGGCGGCGACGGCGCCAGCAAGCA
CGACCGCGGCAGCGCCCGGATGCTGCTGGCCTTCCTGAGCGACCAGCAGCGC
GAGGACTTCATGGACCGCGTGACCTTCCCCAAGAGCGTGCGCGTGTTCCGCG
GCGGCCTGGACGAGCTGTAA
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FIGURE 3
SEQ.ID.NO.: 3 Sequence of the codon-optimized COPV E4 gene

ATGCGCTTCACCAACCCCCTGCTGTTCCCCCCTCCCGTGCCTCCCGAGCCTCC
CGACCGCAACAGCCCGGTGACCCCTCCACGCGGACCTGTGCCTGTGCCACTG
CCGCCTGGCAAGGGCAGGCACGGTGGACTGGACGGTGGCCGCCGCGGCAGC
CCTGAGGGCCAGGAGGACGAGGAGGACAGCGACGAGGAAGAGGCCGAGAA
CTACCCTCCCAGCCGCAGCCGCCCTCGCCGCGGCCGCCGCCGCCTGCACAACL
AAGTGGGACCAGAACATCAACTACGAGCCTCCCGCCGCCCCCGAGGACGACT
GGGAGGACTTCTGCAAGAAGCTGACCATCCCCCAGTTCCTGTTCTAA
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FIGURE 4

SEQ.ID.NO.: 4 Sequence of the codon-optimized COPV E7(C24G, E26G) gene

ATGATCGGCCAGTGCGCCACCCTGCTGGACATCGTGCTGACCGAGCAGCCCG
AGCCCATCGACCTGCAGGGATACGGCCAGCTGCCCAGCAGCGACGAGGAGG
AGGAAGAGGAGGAGCCCACCGAGAAGAACGTGTACCGCATCGAGGCCGCCT
GCGGCTTCTGCGGCAAGGGCGTGCGCTTCTTCTGCCTGAGCCAGAAGGAGGA
CCTGCGCGTGCTGCAGGTGACCCTGCTGAGCCTGAGCCTGGTGTGCACCACC
TGCGTGCAGACCGCCAAGCTGGACCATGGCGGCTAA
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FIGURE 5

Cell-mediated immune responses in mice.

SFC / 10° cells

HPV 16 HPV 16
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Ad HPV16-E2 5681 6 0 1 0 0 0 61 70 848 1274
Ad HPV16-E2 5693 11 0 0 0 0 0 82 135 862 1393
Ad HPV16-L1 5702 0 0 435 1177 0 0 0 0 1172 2340
Ad HPV16-L1 5714 0 0 56 233 0 0 0 0 823 1377
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Figure 6 E2 Tumor Outgrowth in immunized mice.
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FIGURE 7

Antigen-specific IFN-OSFCs / 10° PBMCs
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FIGURE 8

PCT/US02/269635

Protection of beagle dogs from canine oral papillomas using recombinant adenovirus

constructs expressing COPV E proteins
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