HPV ANTI GEN FUSI ON PROTEI N VACCI NE COVPCOSI TI ONS AND USES THEREOF
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application
clainms priority to PCT Application No. PCT/CN2006/ 002778, filed

Cct ober 19, 2006, the entire disclosure of which is incorporated
herein by reference. FIELD OF THE | NVENTI ON [ 0002] The present
invention relates generally to vaccine conpositions useful in the
treatnent and/or prevention of disease. In particular, the present
invention relates to vacci ne conpositions conprising a fusion
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[0004] Human papillomavirus (HPV) is a generic name for a group of epithelial cell
specific viruses which have a diversity of DNA restriction enzyme profiles and different capsid
protein antigenicity. Such viruses show similar shapes and are widespread in human and animals.
They are highly specific, without cross-species trangmission. Up fo now, the number of defined types
of HPV is more than 110, They are grouped into high-risk types and low-risk types, based on the
correlation of the HPV types and oncogenic risks, Low-risk type HPVs, e.g., HPV6, 11, 42, 43, 44,
often cause benign lesions, such as external genital warts. High-risk type HPVs, e g, HPV16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 68, are associated with the developments of cervical cancer and
cervical intraepithelial neoplasm (CIN). Research on specimens from worldwide cervical cancer
tissues indicated that FIPV16 and 18 have the highest infection rates. Among all of the detected types,
HPV16 accounts for 50%, HPV18 for 14%, HPV45 for 8%, HPV31 for 5% and HPVs of other types
account for 23% of infections. The HPV viral genome consists of three gene regions: early region (E),
late region (L) and non-coding upstream regulatory region (URR), in which the early region
comprises six early open reading frames, respectively defined as E1, E2, B4, E5, E6 and E7. Proteins
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[0013] In one aspect, the present invention provides nucleic acid
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[0021] FIG 3 shows graphs of tunor incidence in mce adm nistered
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[0029] Units, prefixes, and synbols may be denoted in their accepted
SI form Unless otherw se indicated, nucleic acids are witten left
toright in5 to 3 orientation; amno acid sequences are witten
left to right in amno to carboxy orientation. Am no acids nay be
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[ 0039] As used herein, the term"HPV fusion polypeptide" refers to a
pol ypeptide conprising an i nmunostimnmul atory protein or fragnment
thereof linked to an protein antigen from human papilloma virus. The
l'i nkage may be non-coval ent or covalent (e.g., via a peptide bond) In
particul ar enbodi nents, the protein antigen is the E7 anti gen.
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[0030] The terms “a” and “an” as used herein mean “one or more” unless the singular is
expressly specified.

[0031] As used herein, the “administration” of an agent or drug to a subject or subject
includes any route of introducing or delivering to a subject a compound to perform its intended
function. Administration can be carried out by any suitable route, including orally, intranasally,
parenterally (intravenously, intramuscularly, intraperitoneally, or subcutaneously), rectally, or
topically. Administration includes self-administration and the administration by another. It is also to
be appreciated that the varions modes of treatment or prevention of medical conditions as described
are imtended to mean “substamiial”, which includes total but also less than total treatment or
prevention, and wherein some biclogically or medically relevant result is achieved.

[0032] Asused herein, the term “amino acid” includes naturally-occurring amino acids and
synthetic amino acids, as well as amino acid analogs and amino acid mimetics that function in a
manner similar to the naturally-occurring amino acids. Naturally-occuring amino acids are those
encoded by the genetic code, as well as those amino acids that are later modified, e.g., hydroxyproline,
Y-carboxyglutamate, and O-phosphoserine. Amino acid analogs refers to compounds that have the
same basic chemical structure as a naturally-occurring amino acid, 7.e., an a-carbon that is bound to a
hydrogen, a carboxyl group, an amino group, and an R group, e.g., homoserine, norleucine,
methionine sulfoxide, methionine methyl sulfonivm. Such analogs have modified R groups (e.2.,
norleucine) or modified peptide backbones, but retain the same basic chemical structure as a
naturally-occurring amino acid. Amino acid mimetics refers to chemical compounds that have a
structure that is different from the general chemical structure of an amino acid, but that functions in a
manner similar to a naturally-occurring amino acid. Amino acids can be referred to herein by either
their commonly known three letter symbols or by the one-letter symbols recommended by the
IUPAC-IUB Biochemical Nomenclature Commission. Nucleotides, likewise, can be referred to by
their comnmonly accepted single-letter codes.

[0033] Asused herein, the term “antibody” means a polypeptide comprising a framework
region from an immunoglobulin gene or fragments thereof that speciﬁcaﬂy binds and recognizes an
antigen, e.g., an HPV E7 antigen. Use of the term antibody is meant to include whole antibodies,
including single-chain whole antibodies, and antigen-binding fragments thereof. The term “antibody”
includes bispecific antibodies and multispecific antibodies so long as they exhibit the desired

biological activity or fimction.



E7nB Mutated E7 with 3 am no acid substitutions. C6E7 Fusion protein
of C6 and E7. C6E7nR Fusion protein of C6 and nutated E7 wwth 2 am no
acid substitutions. C6E7nB8 Fusion protein of C6 and nutated E7 with 3
am no acid substitutions. C7/E7 Fusion protein of C7 and E7. C7E7nR
Fusion protein of C7 and nutated E7 with 2 ami no acid substitutions.

f0034] Asused herein, the term “antibody-related polypeptide” means antigen-binding
antibody fragments, including single-chain antibodies, that can comprise the variable region(s) alone,
or in combination, with all or part of the following polypeptide elements: hinge region, CH,, CH,, and
CH, domains of an antibody molecule. Also included in the invention are any combinations of
variable region(s) and hinge region, CH,, CH,, and CH; domains. Antibody-related molecules useful
as binding agents of the invention include, e.g., but are not limited to, Fab, Fab’ and F(ab’),, Fd,
single-chain Fvs (scFv), single-chain antibodies, disuifide-linked Fvs (sdFv) and fragments
comprising either a V; or Vy; domain. Examples include: (i) a Fab fragment, a monovalent fragment
consisting of the Vi, Vi, Cp, and CH; domains; (ii) a F(ab"), fragment, a bivalent fragment comprising
two Fab fragments linked by a disulfide bridge at the hinge region; (iii) a Fd fragment consisting of
the Vg and CH, domains; (iv) a Fv fragment consisting of tiw V. and V domains of a single arm of
an antibody, (v) a dAb fragment (Ward er al., Nature 341: 544-546, 1989), which consists of a Vy
domain; and (vi) an isolated complementarity determining region (CDR). As such “antibody
fragments™ can comprise a portion of a full length antibody, generally the antigen binding or variable
region thereof. Examples of antibody fragments include Fab, Fab', F(ab"),, and Fv fragments;
diabodies; linear antibodies; single-chain antibody molecules; and multispecific antibodies formed
from antibody fragments. Single-chain antibody molecules may comprise a polymer with a number
of individual molecules, for example, dimmer, trimer or other polymers.

[0035] As used herein, the term “effector cell” means an immune cell which is involved in
the effector phase of an immune response, as opposed to the cognitive and activation phases of an
immune response. Exzemplary immune cells include a cell of a myeloid or lymphoid origin, e.g.,
Iymphocytes (e.g., B cells and T cells including cytolytic T cells (CTLs)), killer cells, natural killer
cells, macrophages, monocytes, eosinophils, neutrophils, polymorphonuclear cells, granulocytes, mast
cells, and basophils. Effector cells express specific Fe receptors and carry out specific immune
functions. An effector cell can induce antibody-dependent cell-mediated cytotoxicity (ADCC), e.g., a
neutrophil capable of inducing ADCC. For example, monocytes, macrophages, neutrophils,
eosinophils, and lymphocytes which express FcoR are involved in specific killing of target cells and
presenting antigens to other components of the immune system, or binding to cells that present
antigens. An effector cell can also phagocytose a target antigen, target cell, metastatic cancer cell, or
microorganism,

[0036] As used herein, the term “epitope” means a protein determinant capable of specific
binding to an antibody. Epitopes usually consist of chemically active surface groupings of molecules
such as amino acids or sugar side chains and usually have specific three dimensional structural
characteristics, as well as specific charge characteristics. Conformational and nonconformational
epitopes are distingnished in that the binding to the former but not the latter is lost in the presence of

denaturing solvents.



C7/E7nB Fusion protein of C7 and nutated E7f with 3 am no acid
substitutions. [ 00401 The term "human papilloma virus rel ated

di sease" or "HPV-rel ated di sease" as used herein, refers to a disease
or condition related to human HPV infection including, but not
limted to, «cervical cancer, anal intraepithelial neoplasia,
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[ 0045] As used herein, the term"|ynphocyte" neans any of the
nononucl ear, nonphagocytic | eukocytes, found in the blood, |ynph, and
| ynphoi d tissues, e.g., B and T | ynphocytes. [ 0046] As used
herein, the term "pharnaceutically-acceptable carrier” is intended to
i nclude any and all solvents, dispersion nedia, coatings,
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Preferred Substitutions Ala (A val; leu; ile val Arg (R lys; gin;
asn lys Asn (N) gin; his; asp, lys; arg gin Asp (D) glu; asn

and -y, TNF~c and the like. In some embodiments, the immunostimulatory polypeptide is a protein
belonging to a super-family of molecular chaperones which facilitate the folding of non-native
polypeptides, including, but not limited to, Hsp27, Hsp40, Hsp70, Hsp90, Hsp100, Hsp110 and other
small Hsps. In particular embodiments, the immunostimulatory polypeptide is involved in the
assembly of MHC class I/peptide complexes in antigen presenting cells, including, but not limited to
calreticulin, calnexin, tapasin, and ER60.

[0045] As used herein, the term “Iymphocyte” means any of the mononnclear,
nonphagocytic leukocytes, found in the blood, Iymph, and lymphoid tissues, e.g., Band T
Iymphocytes,

[0046] As used herein, the term “phammaceuticatly~acceptable carrier” is intended to
include any and ;111 solvents, dispersion media, coatings, antibacterial and antifungal compounds,
isotonic and absorption delaying compounds, and the like, compatible with pharmaceutical
administration.

[6047] As used herein, the term “polynucleotide” or “nucleic acid” means any RNA or
DNA, which may be nnmodified or modified RNA or DNA. Polynucleotides include, without
limitation, single- and double-stranded DNA, DNA that is a mixture of single- and double-stranded
regions, single- and donble-stranded RINA, RINA that is mixture of single- and double-stranded
regions, and hybrid molecules comprising DINA and RNA that may be single-stranded or, more
typically, double-stranded or a mixture of single- and double-stranded regions. In addition,
polymucleotide refers to triple-stranded regions comprising RNA. or DNA or both RNA and DNA,
The term polynucleotide also includes DNAs or RNAs containing one or more modified bases and
DNAs or RNAs with backbones modified for stability or for other reasons. In a particular
embodiment, the polynuclectide contains polynucleotide sequences from an immunostimulatory
protein gene and a mutant HPV E7 antigen.

[0048] As used herein, the terms “polypeptide”, “peptide” and “protein” are used
interchangeably herein to mean a polymer comprising two or more amino acids joined to each other

" by peptide bonds or modified peptide bonds, .e., peptide isosteres. Polypeptide refers to both short
chains, commonly referred to as peptides, glycopeptides or oligomers, and to longer chains, generally
referred to as proteins, Polypeptides may contain amino acids other than the 20 gene-encoded amino
acids. Polypeptides include amino acid sequences modified either by natural processes, such as post-
translational processing, or by chemical modification techniques that are well known in the art. Such
modifications are well described in basic texts and in more detailed monographs, as well asin a
voluminous research literature. In a particnlar embodiment, the polypeptide contains polypeptide
sequences from an immunostimulatory protein and a mutant HPV E7 antigen.

[0049] As used herein, the term “recombinant™ when used with reference, e.g., to a cell, or
nucleic acid, protein, or vector, indicates that the cell, mucleic acid, protein or vector, has been

modified by the introduction of a heterologous nucleic acid or protein or the alteration of a native
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nucleic acid or protein, or that the material is derived from a cell so modified. Thus, e.g., recombinant
cells express genes that are not found within the native (non-recombinant) form of the cell or express
native genes that are otherwise abnormally expressed, under expressed or not expressed at all.

[0050]  As used herein, the term “subject” means that preferably the subject is a mammal,
such as a human, but can also be an animal, e.g., domestic animals (e. g., dogs, cats and the like), farm
animals (e.g., cows, sheep, pigs, horses and the like) and laboratory animals (e.g., monkey, rats, mice,
rabbits, guinea pigs and the like).

[0051]  As used herein, the term “substitution” is one of mutations that is generally used in
the art. Those substitution variants have at least one amino acid residue in the HPV fusion
polypeptide molecule replaced by a different residue. “Conservative substitutions” typically provide
similar biological activity as the inmodified polypeptide sequence from which the conservatively
modified variant was derived. Conservative substitutions typically include the substitution of one
amino acid for another with similar characteristics. Conservative substitution tables providing
functionally similar amino acids are well known in the art. For example, the following six groups
each contain amino acids that are conservative substitutions for one another: Aliphatic: Glycine (G),
Alanine (A), Valine (V), Leucine (L), Isoleucine (I); Aromatic: Phenylalanine (F), Tyrosine (Y),
Tryptopban (W); Sulfur-containing: Methionine (M), Cysteine (C); Basic (Cationic): Arginine (R),
Lysine (K), Histidine (H); Acidic (Anionic): Aspartic acid (D), Glutamic acid (E); Amide:
Asparagine (N), Glutamine (Q). Examples of conservative substitutions are shown in the table below
under the heading of “preferred substitutions”. “Exemplary substitutions” in Table 2 may result in

more substantial changes to biclogical activity.

TABLE 2: Amino Acid Substitutions

Original Residue Exemplary Substitutions Preferred Substitutions
Ala (A) val; leu; ile val
Arg (R) lys; gln; asn lys
Asn (N) gln; his; asp, lys; arg gln
Asp (D) glu; asn glu
Cys (C) ser; ala ser
Gln (Q) asn; gl asn
Glu (E) asp; gln asp
Gly (G) ala ala
His (H) asn; gln; lys; arg arg
Ile (I) lew; val; met; ala; phe; norleucine | len
Leu (L) norleucing; ile; val; met; ala; phe | ile
Lys (K) arg; gin; asn arg
Met (M) lew; phe; ile leu
Phe (F) leu; val; ile; ala; tyr tyr
Pro (P) ala ala
Ser (S) thr thr
Thr (T) ser ser
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ala Hs (H) asn; gln; lys; arg arg Ile (1) leu; val; net; ala; phe;
norleucine leu Len (L) norleucine; ile; val; net; ala; phe ile Lys
(K) arg; gin; asn

TABLE 2: Amino Acid Substitutions
Original Residue Exemplary Substitutions Preferred Substitutions
Trp (W) tyr; phe tyr
Tyr (Y) trp; phe; thr; ser phe
Val (V) ile; len; met; phe; ala; norlencine | len

[0052] As used herein, the terms “treating” or “treatment” or “alleviation” refers to both
therapeutic treatment and prophylactic or preventative measures, wherein the object is to prevent or
slow down (lessen) the targeted pathologic condition or disorder. A subject is successfully “treated”
for a HPV-related disease, if after receiving a therapeutic amount of the HPV vaccine compositions
according to the methods of the present invention, the subject shows observable and/or measurable
reduction in or absence of one or more signs and symptoms of HPV-related disease. For example, for
HPV-induced cancer, reduction in the number of cancer cells or absence of the cancer cells; reduction
in the tumor size; inhibition (i.e., slow to some extent and preferably stop) of tumor metastasis;
inhibition, to some extent, of tumor growth; increase in length of remission, and/or relief to some
extent, one or more of the symptoms associated with the specific cancer; reduced morbidity and

mortality, and improvement in quality of life issues.
COMPOSITIONS OF THE PRESENT INVENTION

[0053] General. In one aspect, the present invention provides HPV vaccine compositions
comprising a fusion protein of an immunostimulatory polypeptide and a mutant HPV E7 antigen
useful in the treatment of HPV-related diseases. The present inventors have discovered that mutant
E7 antigens are resistant to degradation during storage and show reduced protein aggregation
compared to wild-type E7 antigens. The combination also shows an enhanced therapeutic effect in
the treatment or prevention of an HPV-related disease.

[6054] While not wishing to be limited by theory, it is believed that aggregates form
between wild-type E7 polypeptides due to the cross-linking of free cysteine residuss within E7
sequence. These polypeptides are also unstable, especially when stored at 4°C. The present inventors
have found that certain mutants of E7, which change two or more cysteine residues within the E7
sequence, are resistant to degradation during storage and do not form irreversible protein aggregates
compared to wild-type E7 antigens. Thus, the HPV fusion polypeptides of the present invention have
the advantage of enhanced stability during storage. Enhanced stability of the HP'V fusion
polypeptides from the time of manufacture until administration to a subject can provide a more
effective treatrment compared to a degraded immunologic preparation,

[0055] Furthermore, the HPV fusion polypeptides of the present invention are typically
expressed in soluble form in recombinant Z. coli cells and are not localized to inclusion bodies.

Furthermore, fusion proteins comprising the mutant E7 antigens of the present invention typically
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exhibit immunogenicity greater than or equal to that of the fusion proteins comprising the wild-type
E7 antigen.

[0056] In some embodiments, the HPV antigen in the constructs of the present invention is
an HPV antigen having one or more amino acid substitutions as compared to wild-type. The E7
protein of HPV included in the fusion protein of the present invention can be a full-length sequence of
E7 or an immunogenic fragment thereof. The sequence of the fnll-length E7 antigen is shown in
Table 3. As used herein, the term “immunogenic fragment” refers to a fragment which can initiate an
immune response and/or enhance an existing immune response in a subject. One skilled in the art can
obtain the immunogenic fragment of E7 protein of HPV through conventional immunologic
experiments. For example, the fragment can be an E7 protein with its amino terminal and/or carboxyl
terminal being truncated by, e.g., from 1 to 30 amino acids, 1 to 20 amino acids, 1 to 10 amino acids,
or 1to 5 amino acids. The fragment can also be any fragment which comprises a human T cell
epitope, such as HLA-A*0201 restricted cytotoxic T-lymphocyte epitope peptide, including amino
acids 11-20 (YMLDLQPETT, SEQ ID NO:.15), amino acids 86 to 93 (I'LGIVCPI, SEQ ID NO: 16)
or amino acids 82 to 90 (LLMGTLGIV, SEQ ID NO: 17).

TABLE 3. Sequence of the HPV E7 (SEQ ID NO:1)
MHGDTEFTLHEYMLDLOPETTDLY CYEQINDSSEEEDEIDGPAGQARPDRAHYNIVTECCKCDST
LRLCVQSTHVDIRTLEDLILMGTLGIVCEPICSQKP

[0057] In some embodiments, the E7 protein or immunogenic fragment vsed in the HPV
fusion polypeptides of the present invention is a mutant HPV antigen. In particular embodiments, two,
three, four, five, six, seven or more cysteine residues are substituted with a different amino acid
residue, e.g. serine or valine. Site-directed mutagenesis (Carter et al., Nucl. Acids Res., 13:4331
(1986); Zoller et al., Nucl. Acids Res., 10:6487 (1987)), cassette mutagenesis (Wells et al., Gene,
34:315 (1985)), restriction selection mutagenesis (Wells et al., Philos. Trans. R. Soc. London SerA,
317:415 (1986)) or other known techniques can be performed on the cloned HPV E7 DNA to produce
the mutant HPV E7 antigens. In further embodiments, additional amino acid substitutions (i.e., in
non-cysteine residues) are made to enhance the solubility of the HPV fusion polypeptide.

[0058] In one embodiment, the HPV fusion polypeptide comprises a mutant E7 antigen with
two amino acid substitutions at cysteine residues. In one example, referred to herein as “E7m2,” two
cysteine substitutions were introduced at cysteine-59 and cysteine-68 of SEQ ID NO: 1. In particular
embodiments, the substitutions were C59S and C68V. However, substitutions with other aliphatic
(e-g., glycine, alanine, valine, leucine, isoleucine) or polar (e.g., serine, threonine, asparagines, and
glutamine) amino acids might also be made. HPV fusion polypeptides comprising the E7m2 antigen
exhibits greater stability upon storage without significant irreversible aggregation problems observed

with the wild-type E7 antigen.
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[0059] In one embodiment, the HPV fusion polypeptide comprises a mutant E7 antigen with
three amino acid substitutions at cysteine residues. In one example, referred to herein as “E7m3,”
three cysteine substitutions were introduced at cysteine-24, cysteine-39, and cysteine-68 of SEQ ID
NO: 1. In particular embodiments, the substitutions were C24V, C598, and C68V. However,
substitutions with other aliphatic (e.g., glycine, alanine, valine, leucine, isoleucine) or polar (e.g,,
serine, threonine, asparagines, and glutamine) amino acids might also be made.

[0060] In some embodiments, the immunostimulatory polypeptide is a calreticulin (CRT)
polypeptide, or a biologically active fragment, domain, variant, or homologue thereof. In suitable
embodiments, the immunostiumulatory polypeptide comprises the full-length CRT polypeptide (Table
4). In other embodiments the immunostimulatory polypeptide comprises an N-terminal fragment of
CRT (referred to herein as “C77), e.g., a fragment comprising amino acids 18-366 of SEQ ID NO: 2
(referred to herein as “CRT366” or “C6™), or a fragment comprising amino acids 18-180 of SEQ ID
NO: 2 (referred to herein as “CRT1807).

TABLE 4. Sequence of the Human CRT (SEQ ID NO:2)

MLLSVPLLLGLLGLAVAEPAVYFKEQFLDGDGWTSRWIESKHKSDFGKFPVLSSGKFYGDEEKDKGLOT
SQDAREYALSASFEPFSNKGQTLVVQFTVKHEQNIDCGGGY VKLFPNSLDOTDMHGDSEYNIMFGPDT
CGPGTREVEVIENYKGENVLINKDIRCRDEEFTHLYTLIVRPDNTYEVKIDNSQVESGSLEDDWDFLP
PKKIKDFDASKPEDWDERAKIDDPTDSKPEDWDKPEHIPDPDAKKPEDWDEEMDGEWEPPVIONPEYK
GEWKPRQIDNPDYKGIWIEPEIDNPREYSPDPSIYAYDNFGVLGLDLWQOVKSGT IFDNFLITNDEAYAR
EFGNETWGVTKAAERKOMKDKODEEQRLKEEEEDKKRKEEEEAEDKEDDE DRDEDEEDEEDKEEDEEED
VEGQAKDEL

[0061] To generate the HPV fusion polypeptides of the present invention, the
mmmunostimulatory polypeptide is linked to the mutant HPV E7 antigen. The two polypeptides may
be linked in either orientation. In one embodiment, the immunostimulatory polypeptide is linked to
the N-terminus of the mutant E7 antigen. In another embodiment, the immunostimulatory
polypeptide is linked to the C-terminus of the E7 antigen. The polypetides may be linked by either
covalent or non-covalent attachment. In one embodiment, the polypetides are linked covalently via a
peptide bond. For example, the fusion polypeptide may be synthesized by expressing a nucleic acid
encoding the fusion polypeptide as a single open reading frame.

f0062] In one embodiment, the N-terminal domain (e.g., amino acids 18-366 of SEQ ID NO:
2, abbreviated as C6) of human CRT is linked to the HPV-16 E7 antigen to form the C6E7 fusion
protein. The nucleotide sequence encoding C6E7 is shown in Table 5. In this embodiment, the
codons have been optimized for expression in £, coli. The amino acid sequence of C6E7 is shown in
Table 6.

TABLE 5. Sequence of Polynucleotide Encoding C6E7 (SEQ ID NO: 3)

ATPGCAGCCTGCCGTCTACTTCARGGAGCAGTTTCTGGACGGAGACGGGTGGACTTCCCGCTEGATCGA
ATCCAAACACAAGTCAGATTTTGGCARATTCGT TCTCAGTTCCGGCARGTT'CTACGGTGACCAGGAGA
ARAGATAAAGGTTTGCAGACAAGCCAGEATGCACGCTTTTATGCTCTGTCGECCAGTPTCGAGCCTTTC
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CGGCTATGTGARAGCTGTTTCCTAATAGTTTGCACCAGACAGACATGCACGGAGACTCAGAATACAACA
TCATGTTTGGTCCCGACATCTGTGEGCCCTGGCACCARGAAGGTTCATGTCATCTTCAACTACARGGGC
AAGRACGTGCTGATCAACAAGGACATCCGTTGCAAGGATGATGAGTTTACACACCTGTACACACTGAT
TGITGCGGCCAGACARCACCTATGAGGT GAAGATTGACAACAGCCAGGTGGAGTCCGGLTCCTTGGRAG
ACGATTGGGACTTCCTGCCACCCARGRAAGATARAGGATCCTGATGCT TCAAAACCGGAAGACTGGGAT
GAGCGGEGCCRAAGATCGATGATCCCACAGACTCCAAGCCTGAGCGACTGGGACAAGCCCGAGCATATCCC
TGACCCTGRATGCTAAGAAGCCCGAGGACTGGGATGRARACAGATGGACGGAGAGTGGGAACCCCCAGTGA
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ACGATGAGGCATACGCTGAGGAGTTTGGCAACGAGACGTGGGGCETAACARAGGCAGCAGAGAAACAR
ATGAAGGACAARCAGGACGAGGAGCAGAGGETCGACATGCATGETGATACTCCGACTCTTCATGAATA
TATGCTGGATCTGCAACCGGARACTACTGATCTGTACTGTTATGAACRACTGRAATGATAGCTCTGRAG
AGGAAGATGAAATTGATGGTCCAGCTGGETCAAGCAGAACCGGATCGTGCTCATTATARTATTGTAACT
TTTTGTTCTRAAATGTGATTCTACTCTGCGTCTGGTTGTACARAGCACTCATGTTGATATTCGTACTCT
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encoding C7E7 is shown in Table 11. The amino acid sequence of C7E7 is shown in Table 12.
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AGCAACAACECEAGACE BB TIGHGCART IUGACCET R EAEAA" ﬁﬁh@ﬁ&ﬂ&?@C
CGCCTAT G ALV

TCATGIT '

AAGAACGFEETT WWWT@WWW
GAT T GRIGAAREEARCARCIEEARGCAGAGGCTTARGGAGGAGGARGAAGACAAGAAACGCARAGAGGA
GAGGT GAAGA P At A R S S P AL EACE e PEATRARES TCACCRGEAT GAGGAGGACAAGE
A@TT(%&?WW@%W

CRGEERT
GAGCGE ¢t £35S % TEATCTGTACTGT TATGARCARCT
wa(ézg T é%§§§§§Tr ATT @ﬁaaiéﬁﬁﬁﬁggéggﬁﬁ

ﬁﬁ:m AR S A T CE AR SR REARTEEEACH

TTCAGA/

Py ONAO. SO A, T T AT s ny nill
TGGAT CCACCCAGAAAT TGACAACCECGAGTAT T CTCCCGATCCCAGTATETATGCETATGATAACT T

TGGECGT GEEiITGEACCTCTGGCAGGTCAAGTCTGGCACCATCTTTGACAACTTCCTCATCACCA
ACGATH DERESE 37
ATGAAG
TAT GCTGER TR PO OPACT AT E PN T PMEF DI NGNAC ARTIC RGA K KVICATENTES
TCTGAAG SABEARGATREARRE * HHL AT L R K B IR PO AR N ERRBRE IR S KDERR SKPEDWD
TCATTAT mﬁ%DWWDW%IW%m@@ﬂDGEWEPPVIQNPEYKGEWKPRQIDNPDY[{GT
GATTCTA € e R e A S R A B FAC ¥ GNETHGVTKRAEKQ
GAJ g 5- I]I‘ﬂﬂh?‘.? :}m P&ﬁ!ﬁ :I' . g E@%@ v/ LWDA%EET
6. SEC][ s 7} .I §& ; I DSTLRLCVQSTH
FKEQFL DEEGY -~-,=-- 2 Jﬂ‘ QOBAR

T YR U DS AR 0 SO A

QVESGSL @Mﬂpﬁmm\km@gw forn kie OB T DRRIPn PROMK L hEpidleopideypquence

DAKKPED%%@&EE& 18 i Ffi(B VR s W%%ﬂé@é \f\bb”é’ﬁrd Q‘éﬁéx@(n SR, S
YAYDNFGVLADLWQVKSGT | FDNFL | TNDEAYAEEFGNETWGVTKAAI
MKDKQDEEQRVOMVHGDT _PTLHEYM. DL _OPETTDLYCY EQLNDS_SEEE nc |nnDAnrmﬁD

DRAHYN| | VT FORRABET RIS 1B eryinofidaEnqoding €RE L (RPEHID NO: 11) [ 0063]
hi one | erpeNcrERiCccerOEdYTCRAGE TR CUONER AT AL 6C A ACCRRT OORATCE8cATRCGECRT
SEQ | Dj N@rcRzrcaiubrevtmtradTasc@@nratctuorancCRIcinhekerhdeo Tt hesaceaca
1- 113V{ REGETNAGHTIITgerEACGAEOCARARTeC BEETE TATSITNTGC Gt @ ABTTTOEAGCCTTTC
nucl eof R¢EABCRRISIICEREMEHI CATCCRERRRTT A SN GABAGAT GRADRGAACATTRBCERTREAGE
aci d sé¢§Geftrl GICAGEETCTTY CSHEMFRIT TFaABCBCAGACATGCACGGAGACTCAGRATACARCA
TCATGTTTGGTCCCCACATCTGTGGCCCT GGCACCARGARGGTTCATGTCATCTTCAACTACAAGGGC
AAGAACGTGCTGATCAACAAGGACATCCGTTGCARGGATGATGAGT TTACACACCTGTACACACTGAT
TGTGCGEGCCAGRCARCACCTATGAGGT GARAGATTGACARCAGCCAGGTGGAGTCCEGCTCCTTGGAAG
ACGATTGGGACTTCCTGCCACCCARGAAGATARAGGATCCTGATGCTTCARAACCGGAAGACTGGEAT
GAGCGGEGCCAAGATCGATGATCCCACAGACTCCAAGCCTGAGGACTGGGACAAGCCCGAGCATATCCC
TGACCCTGATGCTAAGARGCCCGAGGACTGCGATGAAGAGATGEACGEAGAGTEEGAACCCCCAGTGA
TTCRGRACCCTGAGTACRAGGGTGAGTGGARGCCCCEGCAGATCGACARCCCAGATTACARGGGCACT

K_/,,

I-
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GGAAGATCT GCTTATGGGTACTCTGGGTATT GI TT GICCGAT T T GIT CT
CAGAAACCATAA TABLES. Sequence of the C6E7nR2 Pol ypeptide (SEQ I D NO
6) MEPAVY FKEQFLDGDGMSRW | E SKHKSD FGKFVL SSGKFYGDEEKDKGLQT S
QDARFYAL SAS FEP F SNKGQTLWQ
FTVKHEQNIDCGGGYVKLFPNSLDQTDNHGDSEYNINFGPDICGPGTKKVHVI FNYKG

KNVLI NI

PKKI KDPr BSHRE TBAR: ERAHICODPTCADSKE T EEMBKIP CEEh (RATOPT DBKHKPE
P PVI Q\IECEATGMKPNR@:II@NEM@EG\MHRE&GADNPG@GCSEMCMAGGCAGCAGAGMACAA
S| YAYDNAGVAARCDICAOMK SIS G EMRIACAT RDEVRASE G PG RS FRORRER
NKDK QDEEQRY MG A GTA QAN EEATIR TE G AT BT A0 TS AERAFE ATOR AR JRERR

DRAHYN
I n one
SEQ ID
E7/nB a
sequen
sequent

Pol ynucl eot | de Encod| ng C6E7n8

ATCCAA

CTACGG

GCACGG
GGCACC

Rl Tyﬁ\débcmm&mmﬁmcﬁmmcw

i CGCAAAGAGGA

YIGC A CRGRSTRFEANEAS TN IREE EEE S MERE R VAZS I EST CRIT AT GCAT GE IR 6@%
§mWﬁﬂTG%Wﬁ§?%W§FGW%AQ%C CTG&WW%Fagﬂﬁ%gp@@é f
L
\ %%WTEST%%%%%A%T%SMA‘F%G P %éggﬁ%mm

Rﬁééﬁ¢i§kﬁé@@ﬂcﬂbﬁﬁﬁ@ﬁfﬁ#&ﬂﬁﬁﬁﬁﬂﬁfﬁﬂé&@ﬁﬁYGHHEE&A@&EHSQDARFYALSASFEPF
TWGRTVKHEQNIDCGGGYVKLFPNSLDQ‘I‘DMHGDSEYNIME‘GPDICGPGTKKVHVIFNYKG

2 X CEIEIEEPYT
BRI SPOAPRNCEET TN PENC AR T ERVRDY KET
WWYWWNWWMWFWWMWGWWEKQ
O R R T R S R A R PSR R R BEOR F D R EP G DB FQAKDELYDMHGDT

AAGAACGT

O T Ao e G, GRS IS L

ACGAT T CsGATR G GREAGEAMGEAGNDAAACENEGET BAibn GCTin. The nucleotide sequence

CACOCOE SRR oA TR el b o P S R S R kS e Tl

TGACCCTGATGCT AAGAAGCCCGAGGACTGGGATGAAGAGATGGACGGAGA(‘TGGGAA(‘[‘[‘[‘FAFTGA

TTCA

@W—PL@B\WWY@A?W@}FQ‘WAE PDRAHYNIVIFCISECDSTLRLVVQOSTH

ITGCAAGGAT

\CCCT GAGARLEAGCSTRATRGERS

TGGAT

W&éﬁﬁﬁﬁ%ﬁ%ﬁéﬁ%é%b@é@éﬂ@e@%@i

T GGCG[ hod c AX AR P A o T £ 8 AGST c EAVEERCTT EEIACRAT T ETREECCARAACER G

CCTCAT

ACGATGB\M@%@@@E
ATGAAGRAGAAHY

CAAGCA

%%AAGGTTTGCAGACAAGCCAGGATGCACGCTTTTATGCTCTGTCGGCCAGTTTCGAGCCTTTC

OABCACGE i TEEWﬁﬁﬁﬁ@ﬁ@@&#ﬁﬁﬁl@EﬂW@ﬂATA
'TATCIHTBEQKfETET@GGEEEEWUNTEAGNGBEEOGEGCﬂﬁﬂBEFAHGGWTDATGTCATCTTCARCTACRAGGGC
GAACAACTEAATA HACCACTGAAGC AT NGAT CARRCREAF S CIAGEC ARG TG TACACACTGAT

SAATSEAT AGETA A CCATC AR AATAF T GBS AACHCOC AECTFETIT IS ERARTEIT CEATT

CTACTC]| RCEE G CRECT TOI I A AR CEIRSPEATT A CRART ATCAT GEET ARAREC CEEARGTT GEFAT

GCT TA

10. Se(qﬁéﬁ%%CWATﬁﬁEﬁ%%”éﬁ?ﬁCW%S@Eg% ﬁ%ﬁ "F‘i‘i’?ﬁésg SRS

[ CEETRC P E PRSP PRTEICAPR BT T WT?@GAFT@FG@W@@WP‘F’EEE B

c

DGDGIT| SRYB A RO SERCT
SNKGQTL ’-Iiﬁ%g@é | CACCA
FNYKG K 3

PPKKI KI N X BEOHEE PP
EY KGEY BYYEIANIA N TRl AN Gk G
|_FDN !-5@? ST =KQ: adAlcchr EXMablr
QP ETT aziAs kPN IAE PR ND Wd T A cTGATC TG TACGTTTATGAACRAACT

FCSKCDS £ R S EVEL A ricioh b Ml Ve bl ferkPaccrec Tenk B0EIndateRnEsTeCTC
enbodi (BRtariAe Tt hrdenatrhrhunanrERaER-t & NArcRccaldirerhat@d-rasT

C7) is

kiradethrtrectrherdidénibatircantrhgem:trertocentare s GrfcrdosairoreTreTCA

pr ot ei headhecawwal eoti de sequence encoding C7E7 is shown in Table 11.

18



TABLE 12. Sequence of the Cr7E7 Pol ypeptide (SEQ ID NG 10) ME PAVY
FKEQ FL DGDOWM SRW ESKHKSDFCGKFVLSSCKFYGDEEKDKGLQT SQDARFYAL SAS FEP F
SNKGQTLWQFTVKHEQNI DCGGGYVKL FPNSLDQTDVHGDSEYNI MFGPDI CGPGTKKVHVI
FNYKG KNVLI NKDI RCKDDE FT HL YT L | VRP DNT YE VKI DNSQVE SGSL EDDWD FL
P PKKI KDP_DASKP_EDWD ERAKI DDPTDSKPEDWDKP EHI P DP_ DAKKPEDWDEENDGEV\E
E' PVI QNPEY KGEVKPARDE! IBNBERhZE oW WHelRPEE Y DBPo e pBREBES) 1D NO: 14)
YAYDNFGHE Sh DI AR SED W TR BN FEKHKENDEAVABEC FONEPRBVEELANEKQARFYALSASFERPF
VK DK ODE ERRENEFFEDKKRKEEE EAEBKEDIDE DRDEDE PREFDRENDE EEPNVRGRAK DR BVIIVHERT
PTLHEYVEBY GREPLBL FOY: FHOLNDSS ERPNEDEYH L DGR EPDRAFNNKAYFDP DASKPEDWD
FCCKCDSFRRET ST FPRADIERF LR DAVESTE 0y DEEMDE LONPEY KGENEHBBUPNARYEHE
enbodi yEAEPEY EFEF‘PEﬁIé’ PRE AP AR SCEEEP T L TNOE R OARERSH A BT A 84 £ XS
C7) is Nﬁﬁﬁ%‘%ﬁfﬁé‘l’ﬁ%@ﬁw AR AP BT IR P Phe: Y FERPDRHIMERDT
prot ei > TFREHICPERT He 'SE SRt AG T E A T SV ST oW O FE R P ™E
13. The YRR ‘“ﬁTTé%W%EEQ 228 c7EY

TO— T

CCACCCA “‘ ATTGAGAA .%q AGTATTCT CCCGATCCCAGT ATCTATGOCTATGATAACTT
TGGCGT CEFREEERAVEEREEFCT GGCAGGTCAAGTCT GGCACCAT CT TT GACAACTT

CCT CATCACCA mT (CBAECAT ABECIMbGAGAGTEE HPV fusion polypeptides of the present

T e e e e e

FEAECACEKC AN ACSPORDEAT.CAS

ACCANGAT GEACAARAT GTORCPEEACEIoM I @L\TACT
CCGAC TCTT CAT GAATATATGCT GGAT CT GCAA %ﬁd GA ACT

GTTAT GARER I pssEsharth gtefdipgrof other proteins in the ER. In particular, some chaperones may
GAAGA%%@AI@%AAIE@QBW 1o b FnARAGKE I ks M S hfmunostimulatory

ATTATAATATTGTAACT TTIT GI . TCTAAAT T
GT ACAAABACTEAT: 1T GRTABE BAPRST =t LA TG AT T A the flding
CTGGGT Adt nbhn@dtive b} ppEEA Iindhdifg] bt Gt HuAte GAARGCA TAGATABLE, Bd003éql@Ence

of the P eptd . P . La

O con Doy Sedleley BERIRE (o Rl R bt e b pptery pptpaidads -
SNKGOT L vaFa\KHEGNETICBOEYIAC clEPNSp O T DMICRS NN MAGREBHGEP GV Ing, but
PNYKG K LD ROKROF o LTl NRBINTGOYEVII DNSQUE. SGSLEDDUDFL PPKK
KDPDASKPEDW D ERAKI DDP DVWOKPEH ‘P DP DAKKPEDWDE ENDGEVEP

PVI QNPEY KGEIRBRQ WWM@%P@@FWWWOWOBWAW@_ DLW

&&&cdﬁe&ﬁ%ﬂé Er 4 thMREAY DKE Iﬁgmnt, c>1|’E llzzomol e thereofK Calﬁeit}ﬁ{]/ﬁ@_r
PTLHEY ISP %@E@_ RIS8EEEE %5&5&@?5 E&e LRLWQ

ST H VDtdtdubhdePR) MEH&&E \{ﬁB:thﬁ;,BISQSHBml Chem, H)@Q 674 (3): 974@9179) mﬂbﬁﬁnt ,
Lhe, £l 80 TR L (SRR, N SRR 2 £ R A bRl e
nucl eot lodgedaghmnoenen@dpli3ng2pCy.EY ad ii 36 kthiowmgihnlt Teiis Y1e8ons Bheis dighlyo
acid s eQUENca d%ng%%ﬁb&qﬁﬁ}%& 'I—ﬂm&@ék@ isja%c}ut 46 kD, consisting of a hydrophobic
signal peptide sequence of 17 amino acids and 3 functional domains: a highly conserved N-domain
(amino acids 18-180 of SEQ ID NO: 2), an acidic C-domain (amino acids 291-400 of SEQ ID NO: 2)
and a proline-rich P-domain (amino acids 181-290 of SEQ ID NO: 2). CRT was initially thought as
an endoplasmic reticulum/sarcoplasmic reticulum protein involved in protein processing and the
regulation of intracellular Ca*" concentration. Recently, it was found that CRT also had an antigen
presentation function, and played a critical role in inducing antigen-specific cellular irnmunity (Basu
and Srivastava, J Exp. Med. 1999, 189(5).797-802). In the endoplasmic reticulum, CRT could bind
1o peptides which were transported into the endoplagmic reticulum through transporters that were
associated with antigen processing (TAP-1 and TAP-2) and to B2 microglobulin of MHC class I
molecules to assist antigen presentation (Spee and Neefies, J. Inununol. 1997, 27(9).2441-2449;
Sadasivan et al., immunity 1996, 5(2):103-114). A complex of an exogenous CRT and a polypeptide
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TABLE 16. Sequence of the Cr7E7n8 Pol ypeptide (SEQ I D NO 14) MEPAVY
FKEQ FLDGDGM S RW I E SKHKSDFGKFVL S SGKFY GDEEKDKGLQT SQDARFYAL SAS
FEP F

SNKGQTLWQFTVKHEQNI DCGGGYVKLFPNSL DQTDVHGDSEYNI MFGPDI CGPGTKKVHVI FNYKG
KNVL | NKDI RCKDDE FT HLYTL | VRPDNT YEVKI DNSQVESGSLEDDWDFL P PKKI KDP

|
BT SO R S TSRSV OB » PRI EE! s |
YAYDNEG&b@_ammwmhars aF@NﬁFMﬂgNﬁE&VA@EWIW@Vﬁ@&AEN@th J. Exp.
MKDKQDEEORLISEER E@EEAEDKEDDEDKDEDEEDEEDKEEDEEEDVPGQAKDELVDM—IGDT
PTLHEY Q FETT YVYEQLNDSS EEEDEI DGPAGQAE PDRAHYN| VT
FCSKCDSTLRL\A87ST IHSW fHmeRts e fpyrgsipn oppHseRa Solgicadly 4816k ei ns

E g068] @@@t%@ldomal? VAR, of RRRbITE Bl the naﬁlhﬁprtf@l\t_( }.‘AUﬁdal@gicanlsa llagt@eﬁhgncé&s of
e present invention rise_an i nosti mu oly

desi gnedoRy-gAH,CER 20 BTt mﬂf? IW“?%mﬁﬁ?Qyﬁfg‘ﬁyﬁgﬁ‘E?atgnP T§5h
at t achedhésbestRitis intladeO e aenﬂaﬂﬂmfﬁmct (a) fohming complexoswitnpebtdes nyvitps; () edben

has a chaper on nctl on not wi_shin i.m
pr ot ej ng}ir{gv%ﬁ@agﬂ %aémél%ag%mff ?11%8 i onassgrélgf S nasgen?%qﬁéok@éngg(t )b‘?he E%}ésged
ot her pimd aﬂnessqcmmmﬂﬁﬁptxdemtrgamﬂe@ unkcaths endoptesmityapeignesstrangipriers thabare

e ARRSHE! YOl Mol A58 o APLPRILES; wlgbeHRRE, eTDOC Tent s, the
i nunos i ory pepti e I's a proteln belonging to a

super - fami | y of rml ecul ar chaper ones that faC| | i tate t he fol di ng of
non- nat iMadhog ek STae ifeng of hofresey , Hsp27, Hsp40,
Hsp70, Hsp90, ndn]s stL%r s m%mmwdemmelprdsﬁﬁ &weﬂti@n pa e ipeudha

enbodi nents, the |nmunqsti Iat delsm

e Dol SO PRl L et ko BT ek AR s
cell's, ien@biugh®yy fdxidn polypertidervfitbepresontd@ientipnitypidalininclodd aan@;@rnismtla@ml n,
and ER6 %erelb? u?clad 1!0 a%&@i%%g ﬁéjlnlze%rof ﬁ?? 50?%'3%?81&1@@ mcluding naturally-

i munos tTHE ypept i iprises calr
bi ol ogi @@bﬁgtechmthﬁwldgma@mﬁter atioma,i A suoka phcdler aspeat of ey weremﬁlh@qs eof

Cal reti gulin, le i c%m? oPm&e hﬁ@él@%ﬁ%e&ﬁﬁﬂ&b %0@5%’5 BP{ sl Qﬁp &e of the

initially 1so om rabbit endoplasmc reticulum, Gstwal d
and Mac meqqmwvensmgl B r@mﬁmﬂiwwssxm ope3or mpyethoRYypepi iR, the

encoded pRYci@acd &ﬂjtaﬁmﬁ%ﬂ%r a BortiSd oF thelhQed o seghsacd é’hc@:’[ihhgﬁié HPWhAgdiohi gher
pl ants. Human gene is located on chronobsone 19,

13. 32pl3.
and is QOISPQPqulﬁlqsgﬁaPﬁOm’laﬂjp@BﬁWea? ?}gﬂggfeg%%angmﬂﬁsggﬁ?%ﬂgﬁw@a’ﬁ%‘g@f@d
during tc&ﬁmﬁ@ftﬁé hﬁcbs@diiﬁélp&nﬁitmﬁﬁsuaﬂsitﬁiiﬁm &Rrahshatiab alithe MGrtbdipalypeptide coding
conS|st| tide se e kds
and 5.t AHOETEHAI OO ATIONry " SORGE Gl N Ao e Ll a1k
18- 180 o@fodftity dilrid@rpidtionsof vewirdhaye Beed drwiibed b fdmeor eaeh.d5S. 29t N4Q0 of '
SEQ I D Igggbiglo %‘%ﬁ'o% proline-rich P-domain (am no acids 181-290 of SEQ

M NO 2)7 ‘was ’ |n|t|aIIy t hought as an endopl asni c
reticul umr sal@Bpl dospreralexiession cprroseihinrarobie DNA tethaiaagsjre often in

Pr oCess G @ngk fiddids. eﬁ%@;ﬁés@lﬂ ificktioh 3G Bhid? &l “Gettorc@RGS Rkaat i on.
Recently, it was found that al so had an_ant & sent gtl on
Funct 1 oNersaRg P Rt B (POt GREg R SriTaah fiy Sa B SpBtpripton i
ig'g'( g') a%t%lﬂgdatéﬁﬁcﬁl?&e Q@ﬁﬁﬂieﬁﬂﬂnsﬁ EApAS iV Bctors. thabxde .noWEﬂimcﬂlQ%Smds such as

., In the e asmc reticulu
pept i de?TW‘E?FI‘)S\(\%%’éGPﬁ‘F%E B%%F’é’ﬁmfrﬂ‘f%ls?sh@mé% gs%-rr%d %nofaé oflétﬁ?wmses)
thr ough vihichREPOEqubaBnttfiiationse Sechagsioeitat pehmitiitibctian bf gwhiegrot epshsg in
(TAP-1 AP- and t r es
to assi g?ﬂ fee é%i ¢ Peo‘snéérjl }O%F%]ﬁl (@x&%yﬁo& Rﬁéo} qulfn%sg&eae%ﬁa% %9%%
27(9): 24ﬁslaxﬁ4ﬁgqctoﬁald§$iwétrmefonaing or tramsfisting yulanQds cellg. 2Qnce gR- v&qar)has &en
conpl ex ,of %ﬁ %%Qgéﬁqp ?@%16%0@3& %Bﬁtgﬁ'lladjlﬁlde&%%lgoﬂs @1%‘113]%@@%@11 level

peptlde sp Cl response, onpl ex of
pepti de epupasmn eﬂhcp mwhpteﬁersmcewecb@thmﬂv @S@ﬁ@elmpedﬁk Ad theygelleatippend

purification of the FIPV fusion polypeptide. See generally, U.S. Patent Publication No. 20020199213.

These expression vectors are typically replicable in the host organisms either as episomes or as an
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integral part of the host chronbsomal DNA. Commonly, expression
vectors contain selection markers, e.g., anpicillin-resistance or
kananyci n-resi stance, to permt detection of those cells transforned
with the desired DNA sequences. Vectors can al so encode signal
peptide, e.g., pectate |lyase, useful to direct the secretion of

extracelg ia@ﬁar@mﬂelmgwh&ﬁa@ﬁﬁmm B68mbh1R.cxfRadsion MextorSedaiaf, sasa&m
[00731 The reconbl n ressjon vectors of the. h%vent%fﬂﬁ? rise a
nucl ei c&EP f'ﬁgﬂ E?Slth‘fPV FRRS TS BTRAS R 5T PHRL PO By RS B P abl e
for ex pfraﬁﬁmﬁw with thd@esieddded ﬁeqﬁﬁbﬂ Vactars bansilisceadods sighl pptidreanspachiat
the rec nblna Ssi on. g r

sequenc gsg L‘E?e‘%gct Sf%%m%gfc e E"c“"]]‘luktlrh tlr!%g ﬁg%?neﬁ{ sgét)eo e}%g g@ 8? f%ylgs
expr essi o n t [0at3]i SThe peemltinancdxprebsiankedons of thhmvetioh ednpriaci Hckedaidnce t o
b € expr ?r?c%? g%ﬁ 'V%sﬁbn?)nlﬁrgéﬁgﬁﬁh e ssYo‘ﬁ%HﬂE nuclelc acid in a host cell,

"operab o mean that the nucleotide sequence of
i nteres Whlf% miejns idetithe soehinanbeyniestiarvpeieis alAR eedy Mok T%‘%H%%@ﬂ““tnﬁ%it
al | ows gé?é’cte@)ﬁﬂﬁﬁ%%lé)d}'ﬂﬁfho;tra@lsWﬁ&ifofj&pﬁeﬁ's%ﬁe:ﬁ&% (ﬁ)@t&ﬁvely-llﬂﬁetﬂﬂ tﬁerhuclem
vitro transcription/translation systemor in a host h\ﬁg@? q
vect or pad seRPPERIGOR BRIF TS WHER A Erspripanf §spression fegPm ﬂlﬁe@g‘m & intended
Sequencemdaf ﬂiaﬂﬂl@ﬂrl ﬂ:%dl nmedtpﬁﬁdeuﬂﬁte&rsQMQg &,mfﬂ&%’lﬂﬂﬁﬁl’s&mm}d@m B @fanner
expression control el.ene enyl ation. signal s
obul at BRyAGEY I RS & i pbaed B M gk iR aft EEESs on
TECHNOL §¥stéin dYfldKdeSell WhEdNA Moot ISYhirb8ied AuraitiemstceeR). ééﬂs teriBédregiditeyo,
Calif. (A399); R’“Hea% %rcﬁge e&%&é}g %ﬁlga!n%% A %m%ﬁ&gx%sﬁotl%mf& UEGidats e

const i t A ve” ek e sequenc éﬁwg
host cebélyaingiithn sgnaﬁSEha%Gbl FeERleITYSRINERISSATO dﬂseiﬁb eflrpeg il Epasigeli eq u ence

only ing iﬁﬁ?@l@@l—g\f@id@&’ PeB10DS NENEYSREOGY G5! RQHLAE OF¥s, San Dzego

Tj:i

sequences appreci ated by those skilled in the art t

t he desfCaff. GPODnBemlarrseqnensrs nslidpthorhnt BT ESHHIVE ﬁ’&’i’i@s?l%}b?f&rx’é‘dé@l he
ch IOI ce ofy g&ﬂﬂgm % g@@ﬂ drnbe® cé?ﬁm& ﬂl?ibiﬁ@ Hﬁ@ﬂl expldior @Rl mielEotidx fﬁq@e&ﬁ«t 6ty @f
pol ypeptide desire et c. cal requl ato sequences ef,u .

pr onot efEaghoptEEls{p e ntEE-H6 “@‘d@%ﬁt‘?ﬁ e@ﬁ‘ﬁ]}c%"i‘ﬁf Wﬁ%f Q?Pé‘?cfateé%’ﬁgwf eu%ﬁlgﬁm
pol ypepthedashar the Al dEthe expiessioitbtontas dé}ﬁhd bii svicl @ackots@s the choice of the host

3- phosphogl ycer a ase ,and ot her i bl e

y egst B?%‘%B%%F?S o%ﬁlﬁuﬁgfev% exares Gl of 01 1<¥e egé;lFeg eT7T glﬁfr% 111 r%qﬂf rP
dehydr ogfqnases,ustfsm ptmtcmﬁeac@blmndptéypZMS’imemﬁ@ BT fugen préfoepEies),
and gal i%% 8%%&3 g Teno. dtc-)razalhﬁgéﬂég%%\?ﬂﬁ{g@l \5.?3%9 %ex%fl cBlpﬂo én@%ﬁ&t ion

can be Intr st C er eby produce pol ypepti des or
pept i deddugible bendi nerdters insldsp arnspsepiteisdrramotets digprairobs) defiydioaieseaci ds as

descri bed- REELIRE o E1dnzynfed E4MRsibICRE fEBose gﬁa‘l’@aos%z&ﬁ%n ’ﬂ{e(‘efxﬂressmn
100741 Anc¢t her aspect of the |nvent| on ert s to HPV. fusi

pol ypeptitrss et ipeationgan B%’Ptr?,déﬂ 1o [psF ﬁr%?“?ﬁ}’é’?y@?%‘dasccifae?“des
encodi ngmmaﬂg efsmﬁ@b@pdpﬂ?aésfsﬂsddarbypmblyﬁeaﬂs aiel&cnﬂ'éﬂeleﬂ‘eﬁﬁélgbcm C6E7m3,
expreSS| ve gg the invention can be designed for expression of
a HPV fG ;‘% {ﬁ'ﬁeﬁﬁ)de in prokaryotic or eukaryotic cells. For
exanpl e, a HRU74|usAmpthepahaspeiite itlentiaetanssx PiP¥Saa rolyptptidt-erprasinglehi s

such as %C*ﬁyﬁ%ﬁaﬁta gk acni | B8l bi ork BN M BB ORHIaE . SHE YRR 0

vect or sf Sul
host ¢ ebﬁpsesamevedtomgseauremwtcwehe dﬁmgmﬁmawess@m TERPiREigEp@peptide in

TECHNO—%;%%%YE-E l)tN ééﬁ@%%}ﬁe 15wy ﬁgﬁﬁiﬁ&ﬂ/ﬁépp deQ85be cRpRssEll Hi3eterial

Calif ternatively, Teconbi nant 'expr essi qn_vect or can
be t r anedls stsb@s Brsberioiigieal.dnsery crflh (lwng Paculayirgs eka@fswg veerors)y Bing! g¢lls, 2.5

re|9U| at éagt &Q‘Héﬁ@ﬁtﬁl%ﬁceﬁﬁ'd%ﬂ:tzm@msy&ﬁ{ A8 sliscussed ﬁuﬂlez[ﬂ@z&itdeﬁ@mﬂsm F? of .
poypeplesm rokaryotes is nost_often rr in Wi
Do P P xR s AN S BT ST T3S B MPE s Aagtte Pisat Sertpifice
expr esscair, @bo®i hﬁﬁﬂatiﬁlblij, T re@mbiMiit ckptSdsion viddryacptiadesbedhudiranlated in

vitro, e.g. using T7 promoter regulatory sequences and T7 polymerase.
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10079] In another enbodi ment, the reconbinant mammal i an expressi on
vector is capable of directing expression of the nucleic acid
preferentially in a particular cell type (e.g., tissue-specific
regul atory elenments are used to express the nucleic acid).

Ti ssue-specific regulatory elenents are | nmown in the art.

Non- | i m ti ng[08XFnHxpsssixn cépalﬁ;&bﬁ@s tni prekagroiePR @ickt cmeqnﬁz@mmtoaﬁaﬂ Etﬂzi widﬁ

tzgg g‘|7 t7) '\&%@%%’L%fecohsgug 2o 11? 1eglle pro?dgtr?_g% cﬁlk 9:1116&3 ex?%%sszoh 819%[_1]1?1' JHSIOHACH \1,1011.

| munol fasggpo EMH@BSFHSJ_@SRBC)‘EOIS ﬂdtﬂ apmﬂbm?ﬁ paino peidato b gelgpepfideEnodkd therein,

recepto s bl’:]bﬁ@ 7 .
i mmnogf%%ﬁ%% %a%élgﬂer [ foi;ﬂ[i{‘é’%‘é‘em 19 dlypc%df %%h @%6 %ci%?%ﬁg’ yoand
Bal t i pfhace PE@pyes:d 1o pgsasy g@resignd rycompiagt aplvrspeds; € to iprrentothe seluliéy of |

t he neurgfichanmat pél e€lind (B {06 i3 0 phRustdlieh orleQCoonblibl dac i -
USA 86: 5473-5477, 1 hﬁgmg §1}%%:(?6‘6181 Spgm fic pronters ( tpoﬁﬁ% ebgc

o S oading sa rinsRpy Tiggh ép ?ﬁ@@gﬁssgqndﬁaowewﬁqlﬂm cleavage
pr onot ek if @irglucedit ths jurbigsn op £e fntoa Eno1db_lt &d tRatcondRant$olSreptidltd e

E b t
bevel op ERERTIY Headrar et AL 4Pe: i o B0 e e pbrtntsn of e
muri ne Fokn pwlmvptxcbr Su¢hasgsek, aamﬂm@:mma reBognétiv @eqRdfdes, hiéMhdSHator X290)

557 pag R uGHR bk SR BIRES Aol A B R Blone i
t 0 host St sl Iphasen, WBcHens 67-6d b ipieidt (New Fnglersi Biplabse Bevorly, dfass. hand
inventi FRHT@ WhaRERA, Px%fa%gym tha-{hﬁe él@cEtﬁﬁne @%sfe?ﬂe tG rfgaltoge 8 éw‘nt

host ce are used mterchanﬁg@g her ei n. 1S Un erstoo
¥,

such t ePHEPePEecs PAPEPEH 4y TE5° paithe fapash fé?or@hmp@@maéqdp but aI s o to
the progeny po7qpotERRhjial of REBEe BMudle SdaCiisieh B bk eapﬁﬁﬁ@i—k%@toﬁ%cﬂlﬁb BTrc

it at | OR BRSO (bR P et SR R B AR £ et
be i denTE@ENOLOGWEﬁ‘HO@StH\IﬁJMMG‘ME Stadeinicl PRk, bR Dicgb, tdalin (1ohe
scope OE éﬁﬂ EMvLELE fglstarg?tg asse ?rfbfy or}lghstmct acnﬁep?egﬁ n}e Orﬁﬁl\}ll}s cel l %pbe any

prokaryoti ¢ or eukar Ic ce epti de
can be ®xipfegsud Pphpméqsemmlypwﬁft fasigulisds bag dEscubftdtby Piaciseect &8I Hat Nos.
yeast og rJup3uR] dals & e{bﬂe%tratlé@frmlahﬂlﬁg%%wnﬁnﬁﬁ fofheBlRIREERH 1021, Tl

expre55| ng nucleoti de segnents enco s or’ ¥ agrrents
t her eof fusigppolpepifiacR & colfﬁf@mﬁé@pqiap@dméost WaWbMMF@i capyity

1987). #p W&m@fde&wtﬁ@@&&nbmtpo@géphdé I e S £aRAREn GEINEERBRERTION

AR ot R s B St A DR AR AT

| i nes, 1ldabka Ammesstrateggeltb Slteiithd nioyEd me@@hde dfl:li%@ﬁclm@ﬁdﬂt%fbam:séﬁed‘hﬁ@

Cel l S aJ:Ile r}gSrS]l%I Un ISO Pt{Lel

these ¢
expr essi ofr Control  Segaenc s (ch frob??db?rfuﬂ? ?\m‘g?mﬁ’@fﬁﬁr% R tglzed
pr onot en thegrpressivahekre,g., d*hcbhr(%,@%,aw gdapr ok,69%1. higeli Aef:dxrl?mtzomm 13021 &8,

o1 s lch RRBREE oDl Rk s R MBI SorPlel Ehe BN AAERMBIA OF

sites, and transcriptional termnator sequen I"AinnunoL
Rev. BQGXHTQ@MWGWSPref erred expression control sequences are

ronoters d dyf m&%
gdenow rus, qgmf ngl %gﬂg%lrﬁeﬁg%@??%ﬂﬁ@ mn géﬁlt"['l%gE géS{OH%méYT]Q%nOI
148: 1 1%BressipggectoroFkunples of t’e&@r%fomltessmm ¥easirSECHRASIRres errbiesiEclade | | ed
in L he @fepSect (Baldari, e[tGD&BM ¥RIBT, 6%2@@%1@]?&1 mh!lirpﬁu@ﬁﬁikévm&?eﬂso 933-

r okar c cel)s via_conventiaonal transformation or
P anat b 53 mRRAR INBAL S G Do SR h SR e Rpren ferrsa. Son
and "t resf €4), bohpicZafley 1tr@eﬁ IGI’J@dSa*ndJlé@f €A). t.ﬂteﬂlaﬂ@diy eHPVGfision polypeptide
art-reccf%g |zed t i t r.oduci nucl.ei ¢ aci d

chni qu n g.,
N S S L R Gt e e L
chl or i der ezpregsioe of pilypapiides ,e.gDME -fokgont polypeptiee] maiu@:dreﬂ irases Ecie {d OIBFY cells)
include the pAc series (Smith, et al., Mol. Cell. Biol. 3: 2156-2165, 1983) and the pVL series

{Lucklow and Summers, 1989. Firology 170: 31-39),
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I n one enbodi nent, thefusion polypeptide of the present invention, is
fused to a second protein, which can be used as an antigenic tag.
Exanpl es of domains that can be fused to pol ypeptides include not
only heterol ogous signal sequences, but also other heterol ogous
functional regions. The fusion does not necessarily need to be

direct, but CprgC oy fot LARfaRH R ol S G RDGRSMNTRRM B on SotHeAe of the

proteins of t resent invention ¢an al so be engi neered to 1

char act efivetiPe i e@Fesﬁ?ﬁén Peropbipgceli usiE § pepptiRe. eXFéfismil fedtein Egamples IO’égl on
OL dagd It t tn@ﬂﬁhhﬁ@kﬁ@ssi@ﬁb&jﬁ:{{s ltaﬁlﬁdel £ |l§1€ ho¥ n@Rnee, ﬁmm (%Gd 81,1/ 850 D&,
added to S.0 usi on e to i nprove
stabilit #Sﬁw%éﬁé?é?%mw A% 185 {930#%?} %‘TH%’ IR o,
subsequetit efpasseibi ﬂgtoam&nﬁﬁl(ﬂirag&s aloBen prpﬂcwdlbglmImeg@Iatoeﬁ el&fdntsD @?oﬁéidﬂﬂ
to the 10%@1/11 uusé!3 10193 %e %l%ﬁtof cilitate art{lon .
regi ons ¢an % m{ PRSP OPT-& él?gfu %mi‘-‘#’\*}“ WE’laBn
pol ypept vide A0 TFn; oaadmutta‘t&rmprfessmapjmtm fmho‘ebtprmrybm éfnﬂeui«{ar;toat ellhadedi fong

PP LRl Ay fte LOME LG ERRAINES ol hllerfld ana 17

HPV fu3| nvent1©on can

sequenc e§amb§%h€f as MOPBOHL- 4R CLANBHS: fPabABORéT@BY@@AN VAL atnd of, Gfld Sprerg
fused pOHMB@rFEab&l&oﬂynC@& Qﬁﬁfgrfﬁ%o?ﬂmg{o%%ﬁ Cd SR e or, NV nggggm d

sequence i s a hexa-histidine peptide, such as the tag provided in

pQE vect or ( QPREENI fadercyrRpdietts the reeomybinagirpemynalien emsessipryrgtopt cwqblehf

are comfeemgl a@&e@mbfmbh@zew%ldq;eaﬁéﬂumdmIaﬁyaz%narzeelﬁygé (e:g., BERGspeat | -
Acad. Sci exa- hi_st’i dj ne

pr ovi desFEH° %8’??{?8’?%? %rﬁflseéﬁorefxf”ie?érfq %’ﬁlmﬁﬁ‘“ﬁ% gnﬁsﬁes?PB GCTeGHAP Clemaws fer
pepti de tragnusteé ut. Narlinpting dxuopltd dfeyitabla assuHébeciﬁagz;onmmfsnmnﬁ SN

epl tope l?‘g%!}t&e@% S}%%%Qﬁ%t%g’& eg?srﬁgﬁl‘g?ééj%’lnid%ﬂo i 01d-'spe\é\1Vﬁ|c§n%rI}m%E's
I Lni]_l i i (Calemp MCbEaitonsﬁ@i fpri@plgd: 233-215, ¥)88), &i deitgnini wirhoters of T cdllGOBprs
Met hods Nﬁﬁcgtb'hndtﬁ%itln%@w}?b ﬁ@d72§C7@§q98§ Qﬁ‘dlh‘%\(ggé’féduﬁﬁﬁ (B%e}ﬁp &Pl | 48RS con

t hat possess the desired | mrunogenicit
i munol ot ¢2-T40: Qe anddtattinmoss e %g“k mtmmnﬁm@ﬁapxomo@m{pgn@m s

of an i RmElHes Qﬂrﬁs@er%ﬁnéﬁdﬁﬁacﬁ‘&?’% . xbctafs»m QYSA\/g@rsa@ysmgﬁcﬁ@ﬂS

that are well knwntoth cﬁ rdinary skil n
exanpl e, PRI ERRE é%nlf’tefs q%?% 6%‘?? @5%“%3Pr%aﬁé?)e@d\mwaw gland-
r adi oact spyeitioprbmbiat . rdlkgdiey p@lnbsr; Akl PhihNo |4yﬁ831@§nd@ﬂﬂ>§&nt@bg@tﬁon

lls d di pact
" yrphocyt Bicgan 250 fed o BRSnMab P B Tteint st dnfeRbieede 2 e
pr esent myine hox wometerd (Bavtel gelrGrpsseSénta 1§ 39e431% 1890) aﬁd’tbe &$undphesh romoEr

secreti Vet ard net hods (W ndhagen A; et
al ., | mﬁ#%es%&ﬂ%@%?é%ﬁ&%g?d595 5. %ﬁ% gen presenting cells can be
i ncubat ed wi tIW&RhoA@J awestaf féﬁmmg@ﬁn pATeing tediopcelisdntp wbich a respmbihat

antigen eQﬁterMhEé&r@?ﬁ@%@rﬂmgﬂas@e&hﬁ&odlcehy TR Bo R G Xﬁf'"t&gmﬁlﬁﬁﬁ}{&t
or biophysjcal nethods (Hardi ngcj(&et al Proc. Natl. Acad. Sat,

4230- 4, By used wierghange ﬂbéSé]P%n ﬁ“Bf&fsmé%*a%“@a&wvﬁfe?@a@ém@hﬁtwattcular
Cross- | isatged: bl it &@rie pRipkd@any c@@&ﬂitﬁf;ﬁog%ﬂﬂoﬂh&iaﬁdﬂlnBeoﬁ@e%@zﬁﬁnﬁ&ﬁﬁddﬁﬁg
by enzyne |rmunoass (Sire 4 th TIPS, 4. 432- 437, 1983);
and (5) ERZYREIT BT DR S EhE %Fé%‘ﬁ%}m’(‘ ef regagrment mﬂ“me{s{ﬁ‘f}@v
Simlar Ipnge:grm@;urot s$n foit, mdentrmnfmeher;e&pmﬁ,eaut fire el in@ided wixbisl@he sOSpGIRTHE M
(e.qg., human subj ect can al so be detected by various

met hodsq%}ﬁlsa?)lseg%e\%@ll known to those of ordinary skill in the art.
For exanpl e, [QQB}] t hbosp ecdichene bd amm pokarpeiiciobedreystid azllr Bgpeangde, & dIPV fusion
vacci natg, ai?@e %?e‘ééeh&ﬂ%ﬁaﬁfcaﬂ e a§E%g%£§3 t%@ﬂish s o?}ﬁ%xt%%an%el
used in’c |ca ratories . i )t Ion o

i mune é\éqmzaah%ceéls ereg pesferied) h¢safvﬁﬁmre@ﬁmg@n}ale@@e deemst e@od;yg smmalpglhhuhgs

the surfoaggmihs dtetddr, 2926 WahiRBlP G dn BERE Th EIRANRRINEILILIHRCRIP! 1489, the

number of suitable host cell lines capable of secreting intact heterologous proteins have been

developed in the art, and include Chinese hamster ovary (CHO) cell lines, various COS cell lines,
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abnormal cells can be detected by routine Pap snear. It was estinmated
by the NCI that there were 1,200,000 wonen di agnosed as havi ng | ow
grade CIN annually. In addition, it was reported that there were

200, 000- 300, 000 wonen di agnosed as havi ng high grade CIN annual |l y.
Currently, the topical surgical treatnent does not always work, as it
cannot elleln deAd, &, cémmaﬁ@arr@&eu@;ﬁésl PrFMY, e@li ard Rhn I € F&ﬁ}&sﬂéﬁ 5&

infecti OPrtthlércEﬂ er nor sursqserr Il result in side effects
as decr eREBE IR PR Prde BRIeSSHE conip! sruTIEsS, Helsas|a8 STgin ofeplication %ﬁpmoter

cancer, amsenbanaoy ddwedesaypbdcbssing @fdrinhtiqarsol] &k a1 HRQR A dhofRls, RNRSHice
ext nsively used. It is

countrie r is.no

esti mat e te%’"ﬂa% gdeﬁg%é)ﬁ\?\%rs a mﬁfﬂ?ﬁﬂ et??ig & SERueRsy S Qreget oy Ayruagl Rev. 89:
cancer 4P, 1976 BSfried ex206son @nitol abpeatceshrd fOmotee derivE 668 cAddgerdbOsbnes,
500, 000 gBew gﬁ%ﬁw CSthﬁqdéﬂoG‘?Lls ﬁo@gg&n Y)?A{alvf;us 98 gﬂq? hgbou g%gl? 148:

patients d| e ease’ i‘cal cancer |
common giA&ds g@técrtsﬁlﬁbkhoﬁﬁéﬂlﬁa@rkpmfgﬂbﬁ@wledmh@m Al 't hough t he

mortalit y of (08321 &BdioraMNIC e 1B ﬁﬁroglfc@&jﬂrﬁ:l rMcagr%ffJ &%ﬁﬁg{?‘ak Qf%ﬁ%%}a cgnevlentlon
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callod g 'S Hea s & FRLSHH PlpaRbats;of palivm ghlpyalg co-

i nf ect i uecipgiationk BEAEidektran-metihted ﬂﬁm&bﬁlﬁmﬁj&fecmfn 6rlethr&dtatioR MeMiktics bividaf

general | GEER s £ ti on vi ral into_the gengne
is a keyb\éssetﬂe &ﬁ&ﬁ}% atﬁggjfg %o%ﬂﬁ t]ﬁer gm‘il-iﬁ\?eélt@tr@és form gagmmalian

prot ei n§e]é‘3r1é°1‘ﬁdﬁ6h€‘oﬁ@@fmﬁbrb@nm Brofeplakt ﬁlan:mohnoamesl datrefonting tah®ficroinjection
proper t i(®s generally, SalBR3R ) ok, W&/ﬁ@& fg?'%t&blé DERIRGSG SR anﬁ)os' tions

of the present jnvention are used prevent an

i nt r aepi"ERETTRE RoskesPt @e pafopnd IN)SMWPP# il dmmﬂz@d)w(bﬂr t hel i al
dyspl asilaBORN THRUMANIAIODR] N E51A5HRE H%br%borﬁb c&lé ﬁﬁ*la%
ew cases per

mai nl'y HPV, re |ct t here are

year i nitaﬁ%& q%é %{daétpﬂ’ég ﬁﬁﬁ%falg ¥ g Prﬁ?%%@%@ﬁ&#%c%ﬁ%@ﬁ
Conposi tomwaising the DNA {eR08:8] of]fh@espﬁeﬁifbe Bhnsteié@td BEhBIN B QRS kﬁo%ﬁ%éﬂ'f&gs a
di seaseﬂegeg(rméw?oflalgi}{]tl%%m%t ed di seases, HPV-induced cancers and

the |ike eadmnrstratron of the vaccine
conposi ti ons [@B3}t Heer Efﬂlésiemnsfemwefwmmnahaﬂdaﬁsm B8 kil thed, d3penking uyaGEd Nes
i N accorgdaneien W e, be.cont i nuous.
i nt er ni tﬁ%ér%t depogﬁﬁr ng glfda&eh?gqﬁpﬁg%& u on Cu(g% cieg?ﬁ“a%mmgmeﬂm
physi ol Bﬁrl%pNééﬁtheFéﬁm\ﬁh@t%@rtOtlﬁ@uﬁrmégeé@t@ésemh@ram pins thasdne@ids 4 S
t her apebgldcfhblérm%e@w lr@staheto ARBicALH & eﬁ@aﬁ&r%ﬁd@aﬁ)% Lxuﬁhéswze IL & ng 3 Wlth

)

practit oners a‘gwpnr stration o € vaccl nes I nven

may be §%’ﬁ’t°rf a’lf‘rfift P e W@Fefémﬁlr“@%fé?%érab@n%éreﬁ@én@ﬁo drugsesuolu as
may be Gul %h@cﬁmﬁﬁn afl nﬁ;haﬁ@dte dNEEsic add0bodi elaé‘%ﬁlﬂe 2&LEIh Be introduced
adnmi ni s}nroagﬁogn ont enp one enbodi nent, the

HPV f usion poly ype ?tgr aﬁ%ﬁf ?ﬁ’i"%‘l”égr%%&g‘? ﬁ@’(’:‘f‘ﬂ’?lyff‘@“‘ée & g} scintradpeed
achi eveon hepdets Wcmj Ccﬂmtab,ly tressfoes evith Hie itfvditdae findRad e JAE B :,deﬂmm%ﬁ
es

cells f o e t HPVY fusio
ex Vi voérg%%j@wﬁ ? Edglrtrh‘l%%}r?asg?%?oe % %%elegﬁa 8’8{\{@{ %?méglﬁ T’i@'[e the
desi red"ﬂ“ﬁﬁﬁﬁéﬁﬂﬂesponse The anount adninistered will vary dependi ng

on various f [@@Eﬁ?r A Ho&%leﬁjﬁixbﬂgchldgy&nhm ﬁfsfoﬂ}a&lﬁgﬁttlﬁ’oﬁ{he ?reg nt ng%;ﬁrt QN

chosen, the particul ar di sease g 2
and t he® BIgETwsHe prakertvdpst colkin culbwes, h@rbemreé\?@mﬁimm(r@r emﬂa)trmnﬂ:mmﬁ to

be achikmeesion §Ul§}§bp{1@e§t Rlche &ﬁ!}%d@ﬁeﬂf QR%hekiba A6 hSR1 ¥he IEFLI 8]{1(!)1“' ci an

errpl Oylll’lgetl (ma %)%e S ar. ot her test systens i C nown to

the ar t'7vontion (mte prighg ropemiinany gpressigy Vé‘ft?fé’é?qd%f’é ﬂt@ﬁﬁ’l}hﬁmm pelypeptide has been

conposiitir@inedpf alshigabfrmeAft sutHWMLMd [V St bdifiepite if RbaRED 1B YiAE, @
embodiment, the method fiurther comprises the step of isolating the HPV fusion polypeptide from the

medium or the host cell. Once expressed, the HPV fusion polypeptides are purified from culture
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[ 0099] One or nore suitable unit dosage forms having the vacci nes of
the invention, which, as discussed below, may optionally be

formul ated for sustained release (for exanple using

m croencapsul ati on, see WD 94/07529, and U.S. Pat. No. 4,962,091),
can be adm nistered by a variety of routes including parenteral,

i ncl udi BEdiRYnd 1{&;{@1}@ ﬂmumafrf@lsldnqbrygéﬂia@nhae pirtfletl @Qording to\@hrdard prdoydures
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t hen, necess é i ntrod ap| the product into the
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of the i nV_enLdo@sl ADBerRERBRES Sich & and@iHi ipelifiBkdnQy (Y Tﬁé)eaﬁb"pﬁdeafnﬂéﬂ y

G i ARSI S A R 0 e Ee o PR SRt Af e RSB
The t ot @ oRenbYEmbMIheHPR Risin pﬂy;&pﬁ:da: off ehie et inoasion, teChsed eo 4 scomd@rdleit, 0
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e Pt R S S e N SR R e e
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r eci pi eragesglhtq{eg%n 1yH{36a B3 'd1¥é%t bhe 5&9&&!&“&% linRA R JAbREL N1bORTRKiRE

present as ranu ution, a suspen3|on or an
enul si omroteins oFthe m&mmvwﬁarr m@b@:b# aineT e i are Yoo haragesieioh e GPMHasion

t her ape'ﬂhﬁe pREE oS inQfindk %e%l&vcﬁaédﬁbaamﬁx%d@ RReKISY dYroRl e@ﬁ&déﬂic@scan
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i nclude, as o I

carri er $2919 aft}‘%&m(? pseﬁ? g’B“p? e?'ngi" }ﬁr}?é |}§§} ‘%d%% O(sf)%géi%g Oﬁhle prssegt
invention and antxgen presenting cells and the synthesis and secretion of cytokines measured by

standard methods (Windhagen A; et al., Immunity, 2: 373-80, 1995); (3) antigen presenting cells can

-

bef ore use
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[ 0108] Accordingly, the pharmaceutical conposition of the present
invention may be delivered via various routes and to various sites in
an mamual body to achieve a particular effect. One skilled in the art
will recognize that although nore than one route can be used for

adm nistration, a particular route can provide a nore i medi ate and
nor e ef bedkubaedméhcthbie nrotdﬁanugﬂmlh&ie pfe@amtaaon dfaied brtigEn &Mﬂ}lemeﬁcted by
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For b B o Biip el de S ot T GRS B SHPS (PG ¢ he
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by the abnormal proliferation of cervical cells, and generally occurs before cervical cancer. The
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agents that are at |east partly effective in treating various

di seases including various actin- or mcrofilanment-rel ated di seases.
101151 Sol utions or suspensions used for parenteral, intradermal, or
subcut aneous application can include the foll owi ng conponents: a
sterile diluent such as water for injection, saline solution, fixed
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[0121] The HPV fusion pol ypeptides can al so be prepared as

phar maceuti cal conpositions in the formof suppositories (e.g., wth
conventional suppository bases such as cocoa butter and other

gl ycerides) or retention enemas for rectal delivery. [0122] In
one enbodi nent, the HPV fusion polypeptide is prepared with carriers
t hat w Bhcha@se 6@%@&&3&&&%&@} TRodlyifee binplioyiag aiina tmddap bithther test
elimnati on fro t he g‘“??‘?‘b 31?5? as a controlled rel ease formul ati on,
i ncl udi MG hé age el e dEitapsul ated delivery systens.
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[ 0126] Jdﬁﬁniﬁfe@iﬁ@ﬂﬁlizbd]Vﬂlﬂbtaﬁffonﬁllefthﬁ,trhﬂdi of skdiningstrtiidnedd Bysagelven beodhbamibng

the individual physician in view of the subject’s condition. See, e.g., Fingl et al., In: The
Pharmacological Basis of Therapeutics, Ch. 1 (1975).
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[0129] The codon-optim zed E7 gene, the E7nR2 nutant (The double

mut ati on C59S and C68V) and the E7nB nutant (the triple nutation
C24V, (C59S and C68V) were synthesized and ligated into a transfer
vector by restrictive enzynes Sal |and Not L The residue nunbers for
the mutations represent the residue nunber within E7 sequence (SEQ ID
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obtained by aseptic isolation of sterile solid or by lyophilization from solution, for constitution with a

suitable vehicle, e.g., sterile, pyrogen-free water, before use.

[0103] It will be appreciated that the unit content of active ingredient or ingredients
contained in an individual aerosol dose of each dosage form need not in itself constitute an effective
amountt for treating the particalar indication or disease since the necessary effective amount can be
reached by administration of a plurality of dosage units. Moreover, the effective amount may be
achieved using less than the dose in the dosage form, either individually, or in a series of

administrations.
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P1 GGAATTCCATATGGAGCCTGCCGTCTACTTCAAGGAGCAGITTC SEQ I D NG 18 P2
CCCGTCGACCCTCTGCTCCTCGTCCTGITTGTCCTTCATTTG SEQ |1 D NG 19 P3
GGAATTCCATATGGAGCCTGCCGTCTACTTCAAGGAGCAGITTC SEQ | D NG 20 P4
CGCGTCGACCAGCTCGTCCTTGECCTGECCGEEEACATCTTC SEQ I'D NO 21

[0104] The pharmaceutical formmiations of the present invention may include, as optional
ingredients, pharmaceutically acceptable carriers, diluents, solubilizing or emulsifying agents, and
salts of the type that are well-known in the art. Specific non-limiting examples of the carriers and/or
diluents that are useful in the pharmaceutical formulations of the present invention include water and
physiologically acceptable buffered saline solutions, such as phosphate buffered saline solutions pH
7.0-8.0.

[0105] The expression vectors, transduced cells, polynucleotides and polypeptides of this
invention can be formulated and administered to treat a variety of disease states by any means that
produces contact of the active ingredient with the agent's site of action in the body of the organism.
‘They can be administered by any conventional means available for use in conjunction with
phatmaceuticals, either as individual therapeutic active ingredients or in a combination of therapeutic
active ingredients. They can be administered alone, but are generally administered with a
pharmaceutical carrier selected on the basis of the chosen route of administration and standard
pharmaceutical practice.

[0106] In general, water, suitable oil, saline, aqueous dextrose (glucose), and related sugar
solutions and glycols such as propylene glycol or polyethylene glycols are suitable carriers for
parenteral solutions. Solutions for parenteral administration contain the active ingredient, suitable
stabilizing agents and, if necessary, buffer substances. Antioxidizing agents such as sodium bisulfate,
sodium sulfite or ascorbic acid, either alone or combined, are suitable stabilizing agents. Also used are
citric acid and ifs salts and sodium ethylenediaminetetraacetic acid (EDTA). In addition, parenteral
solutions can contain preservatives such as benzalkonium chloride, methyl- or propyl-paraben and
chlorobutanol. Suitable pharmaceutical carriers are described in Remington's Pharmaceutical
Sciences, a standard reference text in this field.

[0107] Additionally, standard pharmaceutical methods can be employed to control the
duration of action. These are well known in the art and include control release preparations and can
include appropriate macromolecules, for example polymers, polyesters, polyamino acids, polyvinyl,
pyrolidone, ethylenevinylacetate, methyl cellulose, carboxymethyl cellulose or protamine sulfate. The
concentration of macromolecules as well as the methods of incorporation can be adjusted in order to
control release. Additionally, the agent can be incorporated into particles of polymeric materials such
as polyesters, polyamino acids, hydrogels, poly (lactic acid) or ethylenevinylacetate copolymers. In
addition to being incorporated, these agents can also be used to trap the compound in microcapsules.

[0108] Accordingly, the pharmaceutical composition of the present invention may be
delivered via various routes and to various sites in an mammal body to achieve a particular effect.
One skilled in the art will recognize that although more than one route can be used for administration,
a particular route can provide a more immediate and more effective reaction than another route. Local
or systemic delivery can be accomplished by administration comprising application or instillation of

the formulation into body cavities, inhalation or insufflation of an aerosol, or by parenteral
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without the production of undesirable physiological effects to a degree that would prohibit

administration of the composition. For example, “pharmaceutically-acceptable excipient” means an
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[ 0141] The product sanpl e obtai ned by (NH4)2SO4 precipitation was
purified by QFF (Q sepharose fast flow, GE Healthcare Bi osciences,
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intradenmal, transdermal, rectal, intracranial, intraperitoneal, intranasal; intramuscular route or as

inhalants. The HPV fusion polypeptides can optionally be administered in combination with other
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C6E7 C6E7M2 C6E7MB Fresh sanple purity 66.43% Non-reducing 91 22%
Reduci ng 88. 18% Non-r educi ng 93. 48% Reduci ng 62. 2% Non-r educi ng 96%
Reduci ng After storage at 4C for two nonths

agents that are at least partly effective in treating various diseases including various actin- or
microfilament-related discases.

[0115] Solutions or suspensions used for parenteral, intradermal, or subcutanzous
application can include the following components: 2 sterile diluent such as water for injection, saline
solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic solvents;
antibacterial compounds such as benzyl alcohol or methyl parabens; antioxidants such as ascorbic
acid or sodium bisnlfite; chelating compounds such as ethylenediaminetetraacetic acid (EDTA);
buffers such as acetates, citrates or phosphates, and compounds for the adjustment of tonicity such as
sodium. chloride or dextrose. The pH can be adjusted with acids or bases, such as hydrochloric acid or
sodium hydroxide. The parenteral preparation can be enclosed in ampoules, disposable syringes or
multiple dose vials made of glass or plastic.

[0116] Pharmaceutical compositions suitable for injectable use include sterile aqueous
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous preparation
of sterile injectable solutions or dispersion. For intravenons administration, suitable carriers include
physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.1.) or phosphate
buffered saline (PBS). In all ¢ases, the composition must be sterile and should be fluid to the extent
that easy syringeability exists. It mustbe stable under the conditions of manufacture and storage and
must be preserved against the contaminating action of microorganisms such as bacteria and fungi.

The carrier can be a solvent or dispersion medium containing, e.g., water, ethanol, polyol (e.g.,
glycerol, propylene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures thereof.
The proper fluidity can be maintained, e.g., by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dispersion and by the use of surfactants.
Prevention of the action of microorganisms can be achieved by various antibacterial and antifungal
compounds, e.g., parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many
cases, it will be preferable to include isotonic compounds, e.g., sugars, polyalcohols such as manitol,
sorbitol, sodium chloride in the composition. Prolonged absorption of the injectable compositions can
be brought about by including in the composition a compound which delays absorption, e.g.,
aluminum manostearate and gelatin,

[0117] Sterile injectable solutions can be prepared by incorporating the HPV fusion
polypeptides in the required amount in an appropriate solvent with one or a combination of
ingredients enumerated above, as required, followed by filtered sterilization. Generally, dispersions
are prepared by incorporating the binding agent into a sterile vehicle that contains a basic dispersion
medinm and the required other ingredients from those enumerated above. In the case of sterile
powders for the preparation of sterile injectable solutions, methods of preparation are vacuum drying
and freeze-drying that yields a powder of the active ingredient plus any additional desired ingredient

from a previously sterile-filtered solution thereof. The agents of this invention can be administered in
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4.86 Non-reducing 5.05% Reducing 12. 92% Non-reduci ng 79. 45% Reduci ng
13. 71% Non-r educi ng 58. 7% Reduci ng [0147] To further ascertain
the stability of the HPV fusion proteins upon storage, sanples were

pl aced at -80C for 1.5 nonths and then anal yzed by SDS-PAGE (FIG 1E
and Table 15). The purity of C6E7nR2 is much higher than that of C6E7
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sever e hianistiiod, Beclodtppei cz(:ﬁie(ﬁmoﬂ;ﬁateﬁ&mﬁ eﬁ&pmnT@zlﬁH esaﬂQn the form of tablets,

Quant 11155, 98 SLuF 1L EaRSS B BT OB (IPLaEcledS)
mouthwash, wherein the compound in the fluid carrier is applied orally and swzshed and expectorated
or swallowed. Pharmaceutically compatible binding compounds, and/or adjuvant materials can be
included as part of the composition. The tablets, pills, capsules, troches and the like can contain any
of the following ingredients, or compounds of a similar nature; a binder such as microcrystalline
cellulose, gum tragacanth or gelatin; an excipient such as starch or lactose, a disintegrating compound
such as alginic acid, Primogel, or corn starch; a lubricant such as magnesinm stearate or Sterotes; a
glidant such as colloidal silicon dioxide; a sweetening compound such as sucrose or saccharin; or a
flavoring compound such as peppermint, methyl salicylate, or orange flavoring.

[0119] For administration by inhalation, the HPV fusion polypeptides are delivered in the
form of an aerosol spray from pressured container or dispenser which contains a suitable propellant,
e.g., a gas such as carbon dioxide, or a nebulizer,

[0120] Systemic administration can also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants appropriate to the barrier to be permeated are
nsed in the formulation. Such penetrants are generally known in the art, and include, e.g., for
transmucosal administration, detergents, bile salts, and fusidic acid derivatives. Transmucosal
administration can be accomplished through the use of nasal sprays or suppositories. For transdermal
administration, the HPV fusion polypeptides is formulated into ointments, salves, gels, or creams as
generaily known in the art.

[0121] The HPV fusion polypeptides can also be prepared as phanmaceutical compositions
in the form of suppositories (e.g., with conventional suppository bases such as cocoa buiter and other
glycerides) or retention enemas for rectal delivery.

[0122] Inone embodiment, the HPV fusion polypeptide is prepared with carriers that will
protect the HPV fusion polypeptide against rapid elimination from the body, such as a controlled
release formulation, including implants and microencapsulated delivery systems. Biodegradable,
biccompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic
acid, collagen, polyorthoesters, and polylactic acid. Methods for preparation of such formulations will
be apparent to those skilled in the art. The materials can also be obtained commercially from Alza
Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to
infected cells with monoclonal antibodies to viral antigens) can also be used as pharmaceutically-
acceptable carriers. These can be prepared according to methods known to those skilled in the art,
e.g., as described in U.S. Pat. No. 4,522,811.
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d t dt ordln theI-IPVfu3|on
bol ypapt HHES Britnue BieoBri Trovr ot et gp bromEmmeciicye

t he advamesaageadnﬁma_eda@mg&hbmﬁtablphmﬁeﬁ afitigleh, rlhgwsstef; kg CandR MR 6 hldcBvely
pol ypeptﬂr%&e&%%ﬁén%&@% {agvm | d-type E7 anti gen.

[0124] In oxder to reinforce the immunological effect of the HPV fusion polypeptides of the
present invention, the pharmaceutical composition can comprise an immunologic adjuvant, such as
complete/incomplete Freund’s adjuvant, ahum, calcium phosphate, oligodeoxyribonucleotide, as well
as cytokines, e.g. IL-2, 4, 12, 15, interferon o, v, granulocyte-macrophage colony stimulating factor
and the Iike. In one embodiment, the adjuvant is Bacille Calmette-Guérin (BCG). BCG is a vaccine
against tuberculosis that is prepared from a strain of the attenmated (weakened) live bovine
tuberculosis bacillus, Myecobacterium bovis, that has lost its virnlence in humans.

[0125] All publications, patent applications, issued patents, and other docwments referred to
in the present disclosure are herein incorporated by reference as if each individual publication, patent
application, issued patent, or other document were specifically and individually indicated to be
mcorporated by reference in its entirety. Definitions that are contained in text incorporated by

reference are excluded to the extent that they contradict definitions in this disclosure,
EXAMPLES

{0126] The present invention is further illustrated by the following examples, which should

not be construed as limiting in any way.

- Pre i ccine eptide e present inventi
[0127] Recombinant HPV vaccine polypeptides were produced in £, coli according to the
procedures described in this Example. Using the methods described below, it would also be possible
for the skilled artisan to generate and/or compare additional HPV vaccine polypeptides to the ones

shown in these examples.
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TABLE 17: Primer Sequences for Amplifying CRT Fragments.

Primer ' SEQ ID NO:
Name Sequence (5" to 3 Q
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EDTA pH 8.0, and, afier a thorough mix, disrupted by sonication. Insoluble precipitates were

removed by centrifiugation at 13,000 x g for 30 min. The proteins of interest were present in the
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[0162] FIG 5 shows the therapeutic effect of HPV fusion pol ypeptides
of the present invention on tunor size. In this experinment 200 pg BCG
could synergistically inhibit TC-1 tumor growth with C6E7n2, E7 and

E7n2 However, BCG E7, or E7nR2 alone elicited little or no inhibitory
effect on TC-1 tunor growm h. The largest inhibitory effects were seen
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[0141] The product sample obtained by (NH,),SO, precipitation was purified by QFF Q
sepharose fast flow, GE Healthcare Biosciences, Piscataway, NJ). Briefly, the precipitates were
resolubilized with 20 volumes of 20 mM PB, pH 7.0 and applied to a Q Sepharose Fast Flow column
(XK-35, 3.5%10 om,GE Healthcare Biosciences, Piscataway, NJ). The linear flow rate was 100 cro/h.
The contaminant proteins were eluted with 0.3 M NaCl, and the proteins of interest were ehrted with
0.6 M NaCl. The eluted proteins of interest were desalted with Sephadex G-25 (Sigma-Aldrich, St.
Louts, MO), and the buffer was replaced with 20 mM PB, 4 M urea, pH 6.0. After the buffer

replacement was completed, the protein sample was purified with SP chromatography (SP Sepharose

fast flow, GE Healthcare Biosciences, Piscataway, NJ) in the same buffer. All of the proteins of
interest were present in the flow-throngh.

[0142] Sephacryl §-200 was used to further purify the sample. The loading volume was 3%
of the column volume, linear rate of flow was 70 cm/hour, and the buffer was 20 M FB, 0.2 M NaCl,
pH 7.0. The eluting peak was collected. Finally, the residual endotoxin was removed by detoxigen
resin (Cat. No. CS-L01, Beijing Zuoguan Co., Ltd., Beijing, China). After SDS-PAGE and
subsequent Coomassie brilliant blue staining, the purity of the proteins of interest was typically >95%
and endotoxin content was < 2 EU/ml (see FIGS. 14, 1B, 1C). The protein samples were stored at

~-80°C and were used within one month in the functional assays described below in Examples 3-6,

i Sl 100 T ENLI0Nn

[0143] Studies were performed to assess the stability of the HP'V fusion polypeptides as
described below. These studies also assessed whether the HPV fusion polypeptides formed
aggregates based upon disulfide bond formation. In particular, comparison was made between HPV
vaccine polypeptides comprising the wild-type E7 sequence with those comprising the E7m2 or E7m3

mutant sequences.
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[0144] Samples were prepared as described in Example 1, divided into aliguots, and stored
at 4°C, -20°C, and -80°C. SDS-PAGE analysis was used to assess the stability of the fusion
polypeptides of the invention following storage for varying periods of time. The samples (10 pg of
total protein) were fractionated by 10% SDS-PAGE using standard techniques. In some experiments,
fractionation was conducted under reducing conditions by the addition of 2 mM DTT to the gel. Gels
were stained with Coomassie brilliant blue and guantified using densitometry by Tanon GIS (Gel
Image System, Tanon Co, Shanghai, China).

[0145] To verify the stability and purity of the proteins after the expression and extraction
from &. coli, freshly-prepared samples of C6E7, C6E7m2 and C6E7m3 were analyzed by SDS-PAGE
(FIGS. 1A, 1B, and 1C, respectively). The gels were scanned and densitomeiry was used to quantify
the relative amount of HP'V fusion proteins. Specifically, results are expressed as a percentage of the
number of pixels in band corresponding C6E7, C6E7m2, and C6E7m3 over the total number of pixels
in the lane. For each HPV vaccine polypeptide, mnning the samples under reducing conditions
yielded Jarger guantities of proteins of the expected molecular weight compared to the samples run
under non-reducing conditions (Table 14), suggesting that disulfide bonds formed between the
polypeptides in each preparation. However, the amount of C6E7m2 detected under non-reducing
conditions was significantly greater than wild-type C6E7 (88.18% versus 66.43%).

[0146] To ascertain the stability of HPV fusion polypeptides upon storage, samples were
placed at 4°C for two months and then reanalyzed by SDS-PAGE (FIG. 1D and Table 14). The purity
of C6E7m2 was significautly higher than that of C6E7 and C6E7m3, as evidenced by SDS-PAGE
analysis. The wild-type C6E7 exhibited a large amount of degradation upon storage. All of the C6E7
degraded during storage as shown. in both non-reducing and reducing SDS-PAGE (FIG. iD). Some
of the C6E7m3 was degraded , but not to the same extent as the wild-type. Almost all of the C6E7m?2
remained intact during storage. Comparing the sample run under non-reducing and reducing
conditions, it was observed that most of the C6E7m2 is aggregated (evidenced by the high molecular
weight band on SDS-PAGE). This is possibly cansed by cysteine crosslinking during storage, but the
disulfide bonds are disrupted when applied to the SDS-PAGE gel under reducing conditions.

TABLE 18. Quantification of Protein Bands by Densitometry (Storage at 4°C)

Amount of Fusion Protein (Percent of Total Protein)
Samples CoeE7 C6ETM2 C6E7TM3
Fresh sample purity | 66.43% Non-reducing | 88.18% Non-reducing 62.2% Non-reducing
91.22% Reducing 93.48% Reducing 96% Reducing
After storage at 4°C | 4.86 Non-reducing 12.92% Non-reducing 13.71% Non-reducing
for two months 5.05% Reducing 79.45% Reducing 58.7% Reducing

[0147] To further ascertain the stability of the HPV fusion proteins upon storage, samples
were placed at -80°C for 1.5 months and then analyzed by SDS-PAGE (FIG. 1E and Table 15). The
purity of C6E7m?2 is much higher than that of C6E7 and C6E7m3, as evidenced by SDS-PAGE
analysis (FIG. 1E). The amount of intact C6E7 and C6E7m3 decreased significantly wpon storage as
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1m [0164] The ability of the HPV fusion polypeptides of the
present invention to induce a cytotoxic T-Iynphocyte response agai nst
cells expressing HPV antigen was investigated using an in vitro
cytotoxicity assay. For these studies, C57BL/6 nice were injected
subcut aneously in the scruff of the neck vvith vari ous i mmunogens
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from the tirne of production until it is administered to patients. Accordingly, the HPV fusion
polypeptides of the invention provide vaccine composition, which have the advantage of enhanced

stability during storage compared to polypeptides comprising the wild-type E7 antigen.
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incidence in vivo

[0149] The ability of the HPV fusion polypeptides of the present invention to provide a
prophylactic benefit against tumors induced by HPVs was tested using a mouse model of the human
cancer. In particular, mice were challenged with HPV16 E6/E7-transformed mouse TC-1 cells after
administration of the HPV fusion polypeptides of the present invention.

{0150] The TC-1 lung metastasis model can be used to test the efficacy of various E6/E7-
specific vaccines and immunotherapeutic strategies See Lin KY, et al. Cancer Res. 56: 21-26, 1996,
Tumor cell line TC-1 cell line (ATCC Accession No: CRL-2785) was obtained from primary lung
epithelial cells of C57BL/6 mice. The cells were transformed with HPV-16 (Human papilloma virus)

E6, E7 and human ¢-Ha-ras oncogenes and were found to be positive for the expression of HPV-16
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10167] In a second study, the cytolytic activity of T-cells frommce
adm nistered the N-term nal domain (am no acids 18-366) of
calreticulin fused to wld-type or nutant HPV16 E7 antigens was
investigated. FIG 6B shows a conparison of cytolytic activity from
effector cells of mce imunized vvith 300 pg of either C6E7, C6E7/Nn2,
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administration of the HPV fusion polypeptides of the present invention.
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[0176] These studies indicate that the HPV vacci ne conpositions of
the present invention are useful in stinulating a specific imune
response- cyt oki ne production-when chall enged with the HPV E7 anti gen.
The results support the idea That the vacci ne conpositions may be
used to direct an | mmune attack agai nst H' V-i nduced cancer cells in

humans. As su t he. ggg’é{u(;lysslﬁ 1y %HY]}Q g%%%?f% i S | tg%ogp e o eged with

present inven are use tre PG EorP prevelitThyg an
HPV-r el aﬂéﬂloél"lfgela:s@ stdhin d@@lahftfhek Glny Puldad amﬂ%ﬁhymstﬂmmmmqne@pmmemc

7 - natjpmunized o 8k deruff of the neck with various immunogens {prepared as described in Example 1).
The control group received vehicle alone (PBS) on the same schedule. The presence of tumors was
monitored in the mice for 70 days in the groups receiving C7E7, C7TE7m2, C7TE7Tm3, C6E7, C6E7m2,
C6E7m3, and for 40 days in the other groups. Data are presented as percent tumor incidence per
group.

[0157] In one study, the tumor incidence in mice administered the full-length calreticulin
fused to wild-type or mutant HPV E7 antigens was investigated. FIG. 4A shows the tumor incidence
in mice immunized with 300 pg C7E7, C7E7m2, C7E7m3 or equalmolar C7, E7m2, and C7+E7m2.
The data clearly show that the fusion proteins elicit strong anti-cancer activity in mice. The fusion
protein of C7 and E7 mutants C7E7m2, C7E7m3 have better anti-cancer activity than the wild type.

[0158] Ina second study, the tumor incidence in mice administered the N-terminal domain
(amino acids 18-366 of SEQ ID NO:2) of calreticulin fused to wild-type or mutant HPV E7 antigens
was investigated. FIG. 4B shows the tumor incidence in mice immunized with 300 pg C6E7,
C6ETm2, C6E7m3 or equalmolar C6, E7m2, and C6+E7m2. The results are similar to those shown in
FIG. 4A and reveal that the N-terminal domain of calreticulin (C6) can substitute well for the full-
length calreticulin in eliciting an anti-cancer response.

[0159] In athird study, the tumor incidence in mice administered the fill-length calreticulin
fused to wild-type or mutant HPV E7 antigens in combination with BCG was investigated. FIG. 4C
shows the tumor incidence in mice immunized with 100 pg C7E7m2 or C7E7m?2 in combination with
BCG (50 pg, 100 pg, 200 pug or 400 ug) or 400 pg BCG. The results indicate that BCG enhances the
antitumor activity of CTE7m2.

[0160] In a fourth study, the tumor incidence in mice administered the N-terminal domain
(amino acids 18-366) of calreticulin fused to wild-type or mutant HPV E7 antigens in combination
with BCG was investigated. FIG. 4D shows the tumeor incidence in mice immunized with 100 pg
C6E7m2 or C6E7m2 in combination with BCG (50 ng, 100 pg, 200 pg or 400 ng) or 400 ug BCG.
The results indicate that BCG enhances the antitumor activity of C6E7m2. In particular, the
synergistic effect observed with the combination of the HPV fusion polypeptide and BCG suggests
that BCG may be an effective adjuvant for use in human clinical trials.

[0161] In addition to decreasing the thmor incidence in mice administered the HPV vaccine
compositions of the present invention, the size of tumors was also decreased. Mice (n = 10 per group)
were implanted with 1.5 x 10° E7-expressing TC-1 tumor cells s.c. in the right flank on day 0. On day
5, mice were injected with either PBS, 200 pg BCG or C6E7m?2 alone, 60 g E7 or E7m2 alone, or
BCG admixed with E7, E7Tm2, or C6E7m2. Tumor growth was observed every 3-4 days, and the
length and width of the tumor was measured with a vemnter caliper. Tumor volume was calculated by

the formula: length x width® +2, and the changes of tumor growth were plotted.
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[0177] The HPV fusion pol ypeptides of the present invention can be
used in treatnment of HPV infections and di seases caused thereby.
Specifically, the invention provides for both prophylactic and

t herapeutic nethods of treating a subject at risk of (or susceptible
to) a disorder or having a disorder associated with a HPV infection.
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[0165] The cytolytic activity of T cells was determined by quantitative measurements of
lactate dehydrogenase (LDH) using CytoTox 96 nonradioactive cytotoxicity assay kits (Promega Corp,
Madison, W1, USA) according to manufacturer’s protocol. Briefly, effector cells and target cells
(5%10° per well) were mixed at varjous ratios (11:1, 33:1, 100:1) in a final volume of 200 pi. Aftera 4
Iz incubation at 37°C, 50 pl of the cultured media were collected and the amount of LDH in the media

was determined. The percentage of specific lysis was determined as 100 x [(experimental release —
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VWHAT IS CLAI MED | S: 1. A vaccine conposition conprising a
fusion protein of an immunostinul atory pol ypepti de and a nutant HPV
antigen, wherein the nutant HPV antigen is an HPV16 E7 pol ypepti de
conprising substitutions in at |east two cysteine residues. 2.
The vacci ne conpositions of claim 1 wher ein the i munostinul atory
pol ypeptide is selected fromthe I St calreticulin,
cal nexi r?ffeft%Fﬁa%Taﬁeo“EFgﬁse TR Lo ??H )B et %5’6‘“ TElga55 0§ 8%hind
Hsp110. spontanemﬁxeléﬁlg@} vacci ne conposition of cl ai m 1 wherein the
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wher ei n QﬁémﬂzrﬁﬁmmmunﬂthwﬁC%@p& AadinEtanofe ad Bmap: RSmdita of

human calfa§ldidatd thad e AR bithdiPorR Al HRuAGh AT (B 1td Afka) cﬁﬂﬁtm&& CTL
6. The vaccine conposition of claiml, wherein the nutant E7 élfp]-D

epti de HeBomseRia ey Wlsibe miividid riteaee nelas elvdtize Falpypiing aspecdi

NG 1 selrgsg,gl@,gl fromthe group consisting of: cysteine-24, cysteine-59,
and cysteine-6 vacci ne It of ., cl ein
t he mut ant 5101&81 y{’)’é’ﬁ?‘ioa‘%“?‘fg' a°3§§6%%‘“1°m&¥| g?{ ﬁlk Tlméf’ﬁ 15’@“%??1%2%
cyst ei naerfinabdonBiainino AN 18-366) ofcai&ﬁcﬁﬂ@sﬂcﬁ@@ﬂﬂﬂey@mrrpmsmtﬂbwm claim
1, wherein the fu5|on e | s _sel ect.ed

of : S0 iRt b Ge Ao 8 ARG ot LR A G SABS B B0
claimi1 rniimmﬂmumzccbwm 300ingf etthen@gRYy G6H m2, COETm3] @ualyielr yuwet trfé?ﬁ E7m2,

conposi tah%&rm%:&éf%%@mﬁﬁ‘ fP@s NfehEsu RN ARr ] BoRSFdwn in FIG. s}Jand éveal

pharnaceutlca nmposi tion he treatnment or prevention of human

pai | | omihaﬁFhe@%ww@peétd@aa@p@éla@@uhrc@éwnéwhﬁgutaweléfeﬁél@tf?%nahﬁi}mm@? n he
fusi on prighBldy Pleifsd AT Medod a pharnaceutically acceptable carrier.

[0168] In athird study, the cytolytic activity of T-cells from mice administered the furll-
length calreticulin fused to wild-type or mutant HPV E7 antigens in combination with BCG was

investigated. FIG. 6C shows a comparison of cytolytic activity from effector cells of mice immunized
with 100 pg C7E7m2, 100 pg C7E7m2 in combination with different amounts of BCG (50 pg, 100
ng, 200 ug or 400 pg) or 400 pg BCG. The data show that BCG can cooperatively function with the
HPYV vaccines of this invention to stimaulate CTL responses.

[0169] In a fourth study, the cytolytic activity of T-cells from mice administered the N-
terminal domain (amino acids 18-366) of calreticutin fused to wild-type or mutant HPV E7 antigens
in combination with BCG was investigated. FIG. 6D shows a comparison of cytolytic activity from
effector cells of mice immunized with 100 pg C6E7m2, 100 pg C6E7m2 in combination with
different amounts of BCG (50 pg, 100 pg, 200 pg or 400 pg) or 400 ug BCG. The data show that
BCG can cooperatively function with the HPV vaccines of this invention to stimulate CTL responses.

[0170}] These studies indicate that the HPV vaccine compositions of the present invention
are useful in stimulating an immune response, 7.e., a cytotoxic T-lymphocyte response, against cells
expressing the HPV16 E7 antigen. The results support the idea that the vaccine compositions may be
used to direct an immune attack against HPV-induced cancer cells in humans. As such, the HPV
fusion polypeptide compositions of the present invention are useful in methods of treating or

preventing an HPV-related disease through the stimulation of an immune response.
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12. The pharmaceutical conposition of claim 11 further conprising an
adj uvant . 13. The pharnmaceutical conposition of claim12,
wherein the adjuvant is BCG 14. A nucleic acid nol ecul e
encoding a fusion protein of an imunostimulatory polypeptide and a
nmutant HPV antigen, wherein the mutant HPV antigen is an E7
polypept'de cQ bstit t|0.5|n at Ieast tvvoc teln
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pol ypeptide has Substitutions at one or nore cysteine residues of SEQ
| D NO  Tedldiobbatiomed platss. Ork” splaogyte Si9sicaltyrepsine RPMJ 4] mediumpsypplemented
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[ 172] In one study, cytokine production in splenocytes from mice administered the full-

length calreticulin fused to wild-type or mutant HPV E7 antigens was investigated. FIG. 7A shows a
comparison of IFN-y production from splenocytes of mice immumized with 300 pg of either CTE7,
C7E7m2, C7E7m3, equalmolar amount of C7, E7m2, an admixture of C7 and E7m?2 or PBS. The
data indicate that the fusion protein of calreticulin and E7 (or its mutants) can stimulate Thl-type
cytokine release in mice, while the individual proteins were not as effective at stimulating cytokine
release.

[0173] In asecond study, cytokine production in splenocytes from mice administered the N-
terminal domain (amino acids 18-366) of calreticulin fused to wild-type or mutant HPV E7 antigens
was investigated. FIG. 7B shows a comparison of [FN-y production from splenocytes of mice
immumized with 300 pg of either C6E7, C6ETm2, C6E7m3, equalmolar amount of C6, E7m2, an
admixture of C6 and E7m?2 or PBS. The results are similar to those shown in FIG. 7A and reveal that
the N-terminal domain of calreticulin (C6) can substitute well for the firll-length calreticulin in
stimulating Thl-type cytokine releases.

[0174] In athird study, cytokine production in splenccytes from mice administered the full-
length calreticulin fizsed to wild-type or mutant HPV E7 antigens in combination with BCG was
investigated. FIG. 7C shows a comparison of IFN-y production from splenocytes of mice immunized
with 100 pg C7E7m2, 100 pg C7E7m?2 in combination with different amounts of BCG (50ug, 100ug,
200 ug or 400 pg) or 400 ug BCG. The data show that BCG can co-operatively function with the
HPV fusion polypeptide vaccines of the invention to stimulate Thl-type cytokine production.

[0175] In a fourth study, cytokine production in splenocytes from mice administered the N-
terminal domain (amino acids 18-366 of SEQ ID NO:2) of calreticulin fused to wild-type or mutant
HPV16 E7 antigens in combination with BCG was investigated. FIG. 7D shows a comparison of
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23. The expression vector of claim22, further conprising a pronoter
operably-linked to the nucleic acid nol ecul e. 24. A host cel
conprising the expression vector of claim20. 25. A method for
the treatnment or prevention of a human papillom virus rel ated

di sease, conprising adninistering to a subject an effective anmount of
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Hsp110. &“m%%”mﬁ &f?@“ ?H% ‘Eﬁgfﬂ?ﬁﬁ wherein the
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32. The HEpRBESYR disgrifrdeith %\H%Y&f??ﬂ%eﬁ%wwo %?Pwéﬁﬁ%’éf sl

subst i t Wolypésidatan@b&r pfiorh®ihe nﬁm&tstamdmf EyephahkefaadterBREA B iNEttich, such that

sel ect ed %§on1the roup_consj st ste e-24 ne- 59, and

cyst o ne e xRl hBiaR. rdhers A B RO e PO

pol ypeptapdieatias, HP\sfukist pdlyteptddss aftthe present mvennon are administered to a subject suspected
of, or already suffering from, a HPV infection. An amount adequate to accomplish therapentic or

prophylactic treatment is defined as a therapeutically- or prophylactically-effective dose.

{0178] Inthis Example, lnman subjects having an HPV.related disease, e.g. cervical cancer,
are administered the vaccine compositions of the present invention. HPV fasion polypeptides are
prepared as described in Example 1. An vaccine comprising C6E7m2 or C7TE7m3 (with or without
BCG as an adjuvant) is administered to a lnuman subject having an abnormal Papanikolaou test (pap
smear) result, The pap test checks for changes in the cells of the cervix and can detect abnormal
cervical cells. As such, the pap test is an indicator of subjects having or at risk for having an HPV-
related disease. After treatment, patient condition is monitored for ocenrrence of tumors and/or
reduction in tumor size. A successful treatment using the vaccine compositions of the invention is
characterized by the prevention or delay in the onset of tumors or a reduction in tumor size in the

subject compared to a normal subject (7.e., one without viral infection).
EQUIVALENTS

[0179] The present invention is not to be limited in terms of the particular embodiments
described in this application, which are intended as single illustrations of individual aspects of the
invention. Many modifications and variations of this invention can be made without departing from

its spirit and scope, as will be apparent to those skilled in the art. Functionally equivalent methods
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cysteine-59 and cysteine-68 of SEQ ID NO 1. 34. The nethod of
claim 24, wherein the fusion protein is selected fromthe group
consisting of: SEQID NCS: 6, 8, 12, and 14. 35. The net hod of
claim?24 further conprising the step of adm nistering an effective
anount of an adjuvant. 36. The nethod of claim 35, wherein the
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The net hggg’o?ggkg?@ne%@%?%l "the i munostinul atory pol ypeptide is
a N-termnal 88 Pl emberimentsers st fogluivithin o fflomsigrotpiasyi no aci ds
18-366 of SEQ ID NO 2. 41. The nethod of claim 38, wherein the
i mmunostinul atory pol ypeptide is a NNterm nal domain of hunan
calreticulin conprising am no acids 18-180 of SEQ ID NO 2. 42.
The nethod of claim 38, wherein the mutant E7 pol ypeptide has
substitutions at one or nore cysteine residues of SEQID NO 1

sel ected fromthe group consisting of: cysteine-24, cysteine-59 and

cyst ei ne- 68. 43. The nethod of claim42, wherein the mutant E7
pol ypeptide has a substitution at cysteine-59 and cystei ne-68 of SEQ
ID NO 1. 44. The nethod of claim 38, wherein the fusion

protein is selected fromthe group consisting of: SEQ ID NCS: 6, 8,
12, and 14.
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45. The nethod of claim 38, wherein the nucleic acid encoding the
fusion protein is selected fromthe group consisting of: SEQ I D NOCS:
5 7, 11, and 13. 46. A nethod of making a vacci ne conposition
conpri sing expressing a nucleic acid encodi ng a reconbi nant fusion
protein of an imunostimul atory pol ypeptide and a nmutant HPV anti gen
in a ho the nutant HPV antigen is an E7 pol ypeptide
conpri SWJEQ'W§£S in at | east two cysteine residues. 47.
The met hod of claim 46, wherein the host cell is an E. co/i cell
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consi sting ofs SEQLER NBconfosiBon okelainf) fihdfkin the immunostimulatory polypeptide is

an N-terminal domain of human calreticulin comprising amino acids 18-180 of SEQ ID NO: 2.

6. The vaccine composition of claim 1, wherein the mutant E7 polypeptide has
substitutions at one or more cysteine residues of SEQ ID NO:1 selected from the group consisting of:
cysteine-24, cysteine-59, and cysteine-68.

7. The vaccine composition of claim 6, wherein the mutant E7 polypeptide has a

substitution at cysteine-59 and cysteine-68 of SEQ ID NO:1.

8. The vaccine composition of claim 1, wherein the fiusion protein is selected from the
group consisting of: SEQ ID NOS: 6, 8, 12, and 14.

9. The vaccine composition of claim 1 farther comprising an adjuvant.

10. The vaccine composition of claim 9, wherein the adjuvant is BCG.

11. A pharmaceutical composition for the treatment or prevention of a human pailloma

virns-related disease, comprising an effective amonnt of the fision protein of claim 1 and a

pharmaceutically acceptable carrier.

12. The pharmacentical composition of claim 11 further comprising an adjuvant.
13. The pharmaceutical composition of claim 12, wherein the adjuvant is BCG.
14, A nucleic acid molecule encoding a fusion protein of an immunostimulatory

polypeptide and a mutant HPV antigen, wherein the mutant HPV antigen is an E7 polypeptide
comprising substitutions in at least two cysteine residues.

15. The nucleic acid molecule of claim 14, wherein the immunostimulatory polypeptide
is calreticulin or a biologically active homolog, domain, or fragment thereof.

16. The nucleic acid molecule of claim 15, wherein the immunostimulatory polypeptide
is an N-terminal domain of human calreticulin comprising amino acids 18-366 of SEQ ID NO: 2.

17. The nucleic acid molecule of ¢laim 15, wherein the immunostimulatory polypeptide

is a N-terminal domain of human calreticulin comprising amino acids 18-180 of SEQ ID NO: 2.
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53. The nethod of claim46, wherein the nucleic acid encoding the
fusion protein is selected fromthe group consisting of SEQ I D NCS:

5, 7,

11, and 13.

18, The nucleic acid molecule of claim 14, wheréin the mutant E7 polypeptide has
substitutions at one or more cysteine residues of SEQ ID NO: 1 selected from the group consisting of:
cysteine- 24, cysteine-59 and cysteine-68.

19, The nucleic acid molecule of claim 18, wherein the mutant E7 polypeptide has a
substitution at cysteine~-39 and cysteine-68 of SEQ ID NO: 1.

20. The nucleic acid molecule of claim 14, wherein the fusion protein is selected from the
group consisting of: SEQ ID NOS: 6, 8, 12, and 14,
21. The nucleic acid molecule of claim 14, wherein the nucleic acid encoding the fision

protein is selected from the group consisting of: SEQ ID NOS: 5, 7, 11, and 13.

22. An expression vector comprising the nucleic acid molecule of claim 14,

23. The expression vector of claim 22, further comprising a promoter operably-linked to
the micleic acid molecule.

24. A host cell comprising the expression vector of claim 20.

25, A method for the treatment or prevention of 2 human papilloma virus related disease,
comprising adrinistering to a subject an effective amount of a fusion protein comprising an
immunostimulatory polypeptide and a mutant HPV antigen, wherein the mutant HPV antigen is an E7
polypeptide comprising substitutions in at least two cysteine residues, thereby treating or preventing
the HPV-related disease in the subject.

26. The method of claim 25, wherein the human papilloma virus related disease is
selected from the group consisting of: cervical cancer, anal intraepithelial neoplasia, cervical
intraepithelial neoplasia, anogenital warts, recurrent respiratory tract papilloma and vaginal
infraepithelial neoplasia.

27. The method of claim 25, wherein the fusion protein is administered prior to the
occurrence of a human papilloma virus related disease.

28, The method of claim 25, wherein the immunostimulatory polypeptide is selected
from the group consisting of’ calreticulin, calnexin, tapasin, ER60, Hsp27, Hsp40, Hsp70, Hsp90,
Hspl1900, and Hsp110.

29, The method of claim 25, wherein the immunostinmlatory pelypeptide is calreticulin
or a biologically active homolog, domain, or fragment thereof.

30. The method of claim 29, wherein the immunostirulatory polypeptide is a N-terminal
domain of human calreticulin comprising amino acids 18-366 of SEQ ID NO: 2.

31. The method of claim 29, wherein the immunostimulatory polypeptide is a N-terminal
domain of hmman calreticulin comprising amino acids 18-180 of SEQ ID NO: 2.

32.  The method of claim 25, wherein the mutant E7 polypeptide has substitutions at one
or more cysteine residues of SEQ ID NO: 1 selected from the group consisting of: cysteine-24,

cysteine-59, and cysteine-68.
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32, ‘The method of claim 32, wherein the mutant E7 polypeptide has a substitution at
cysteine-59 and cysteine-68 of SEQ ID NO: 1.

34, The method of claim 24, wherein the fusion protein is selected from the group
consisting of: SEQ ID NOS: 6, 8, 12, and 14.

35. The method of claim 24 further comprising the step of administering an effective
amount of an adjuvant.

36. The method of claim 35, wherein the adjuvant is BCG.

37. The method of claim 36, wherein the BCG is administered simultaneously with the
fusion protein.

38. A method for the treatment or prevention of a human papilloma virus related disease,
comprising administering to a subject an effective amount of a nucleic acid encoding a fusion protein
comprising an immunostimulatory polypeptide and a mutant HPV antigen, wherein the mutant HPV
antigen is an E7 polypeptide comprising substitutions in at least two cysteine residues, thereby
{reating or preveniing the HP V-related disease in the subject.

39, The method of claim 38, wherein the immunostimulatory polypeptide is calreticulin
or a hiologically active homolog, domain, or fragment thereof. ‘

40, The method of claim 39, wherein the immunostimulatory polypeptide is a N-terminal
domain of human calreticulin comprising amino acids 18-366 of SEQ ID NO: 2.

41. The method of claim 38, wherein the immunostimmlatory polypeptide is a N-terminal
domain of human calreticulin comprising amino acids 18-180 of SEQ ID NO: 2.

42, The method of claim 38, wherein the mutant E7 polypeptide has substitutions at one
or more cysteine residues of SEQ ID NO: 1 selected from the group consisting of’ cysteine-24,
cysteine-59 and cysteine-68.

43, The method of claim 42, wherein the mutant E7 polypeptide has a substitution at
cysteine-59 and cysteine-68 of SEQ ID NG:1.

44, The method of claim 38, wherein the fusion protein is selected from the group
consisting of: SEQ ID NOS: 6, 8, 12, and 14.

45, The method of claim 38, wherein the nucleic acid encoding the fusion protein is
selected from the group consisting of: SEQ ID NOS: 5, 7, 11, and 13.
46. A method of making a vaccine composition comprising expressing a nucleic acid

encoding a recombinant fusion protein of an immunostimulatory pelypeptide and a mutant HPV
antigen in a host cell, wherein the mutant HPV antigen is an E7 polypeptide comprising substitutions
in at least two cysteine residues.

47. The method of claim 46, wherein the host cell is an E. coli cell

48, The method of claim 46, wherein the immunostimulatory polypeptide is calreticulin

or a biologically active homolog, domain, or fragment thereof.
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49, The method of claim 48, wherein the immunostimulatory polypeptide is a N-terminal
domain of human calreticulin comprising amino acids 18-366 of SEQ ID NO:2.

48. The method of claim 48, wherein the immunostimulatory polypeptide is a N-terminal
domain of human calreticulin comprising amino acids 13-180 of SEQ ID NO:2.

50. The method of claim 46, wherein the mutant E7 polypeptide has substitutions at one
or more cysteine residues of SEQ ID NO: 1 selected from the group consisting of: cysteine-24,
cysteine-59 and cysteine-68.

51. The method of claim 50, wherein the mutant E7 polypeptide has a substitution at
cysteine-39 and cysteine-68 of SEQ ID NO:1.

52. The method of claim 46, wherein the fusion protein is selected from the group
consisting of: SEQ ID NOS: 6, 8, 12, and 14.

33. The method of claim 46, wherein the nucleic acid encoding the fusion protein is
selected from the group consisting of: SEQ ID NOS: 5, 7, 11, and 13.

51



