HPV ANTIGEN FUSION PROTEIN VACCINE
COMPOSITIONS AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to PCT Application No. PCT/CN2006/002778, filed

October 19, 2006, the entire disclosure of which Is incorporated herein by reference.
FIELD OF THE INVENTION

[0062] The present invention relates generally to vaccine compositions useful in the
treatment andfor prevention of disease. In particular, the present invention relates to vaccine
compositions comprising a fusion polypeptide of a mutated E7 antigen for lnman papillomavirus and

an immunostimulatory polypeptide.
BACKGROUND OF THE INVENTION

[0003] The following description is provided to assist the understanding of the reader.
Noane of the information provided or references cited is admitted to be prior art to the present
invention.

[0004] Funan papillomavirus (HPV) is a generic name for a group of epithelial cell
specific vimses 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 transmission. Up to 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 HP'V 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, 43, 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
tissnes indicated that HPV16 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 IHPV viral genome consists of three gene regions: early region (E),
Iate region (L) and non-coding upstream regulatory region (URRY), in which the early region
comprises six early open reading frames, respectively defined as B1, E2, B4, B5, B6 and E7. Proteins



E6 and E7 are oncoproteins, and play an important role in viral replication and immortalization and
transformation of cells (Park et al., Cancer 76:1902-1913(1595)).

[0005} One early region gene, E7, encodes a small polypeptide with a molecular weight of
about 10 KD, which can bind o a gene expression product of retinoblastoma, Rb. Rb is a tumor
suppressor, which can bind fo transcription factor E2F and inaciivate it. E2F regulates the
transeription of many growth related genes. The formation of Rb-E2F complex prevents the
expression of these genes in Gy, and G, phases, and thus Jimits their expression to S phase. In § phase,
Rb-E2F complex is “programmed” to be disassociated, so as to release active transcription factor E2F.
The formation of Rb-E7 complex will prevent the formation of Rb-E2F complex and shorten S phase,
i.e., promote the cell cycle progression. E7 protein of HPV types with high oncogenicity has a higher
affinity to Rb when compared to E7 protein of non-tumorigenic HPV types.

SUMMARY OF THE INVENTION

’ [0086] This invention relates generally to the preparation of HPV fusion polypeptides and
uses of the same. In particular, the present invention relates to the preparation of vaccines that
stimulate an immune response against cells expressing an HPV antigen to provide a prophylactic
and/or therapeutic benefit.

(0607} In one aspect, the present invention provides a vaccine composition comprising a
fusion protein of an immunostimulatory polypeptide and a mutant HPV antigen, wherein the mutant
HPYV antigen is an E7 polypeptide comprising substitutions in at least two cysteine residues. Tn
particnlar embodiments, the fusion protein comprises a sequence selected from the group consisting
of: SEQ ID NOS: 6, 8, 12, and 14.

[0008] In certain embodiments, the present invention provides a vaccine composition
comprising a fusion protein of an immunostivmulatory polypeptide and a mutant HPV antigen, which
is soluble when expressed in recombinant Z. colf cells. In a particular embodiment, a HPV fusion
polypeptide comprising calreticulin and an E7 polypeptide exhibits greater solubility in £, coli
compared to the fusion proteins Hsp70 and E7 or Flsp60 and E7.

[0008] In various embodiments, the immunostimulatory polypeptide may be selected from
the group consisting of: calreticulin, calnexin, tapasin, ER60, HFsp27, Hsp40, Hsp70, Hsp90, Hspl00,
and Hsp110. In one embodiment, the immunostimulatory polypeptide is calreticulin or a biclogically
active domain, fragment, or homolog thereof. In particular embodiments, the immunostimulatory
polypeptide is an N-terminal domain of human calreticulin comprising amino acids 18-366 of SEQ ID
NO: 2 or amino acids 18-180 of SEQ IDNO; 2,

[0010] In one embodiment, the mutant E7 polypeptide has substitutions at one or more
cysteine residues of SEQ ID NO:1 selected from the group consisting of: cystcix}e-zti, cysteine-39,
and cysteine-68. Ina one embodiment, the mutant E7 polypeptide has two substitutions at cysteine-



59 and cysteine-68 of SEQ ID NO:1. In another embodiment, the mutant E7 polypeptide has three
substitntions at cysteine-24, cysteine-59, and cysteine-68 of SEQ ID NO:1.

[0011] Inone embodiment, the vaccine composition cornprises a fission protein of an
immunostimulatory polypeptide and a mutant HPV antigen and an adjuvant, The adjuvant may be,
for example, BCG.

[0012] In one aspect, the present invention provides 2 pharmacentical composition for the
treatment or prevention of a hnman papilloma virus-related disease, comprising an effective amount
of the fasion protein of an immumnostimulatory polypeptide and a mutant HPV antigen, wherein the
mutant HPV antigen is an E7 polypeptide comprising substifuiions in at least two cysteine residues,
and a pharmaceutically acceptable carrier. In one embodiment, the pharmaceutical composition
further comprises an adjuvant, for example, BCG.

[0013] In one aspect, the present invention provides nucleic acid molecules encoding a
fusion protein of an immunostimulatory polypeptide and a mutant HFV antigen, wherein the mutant
HPV antigen is an E7 polypeptide comprising substitutions in at least two cysteine residnes, In
particular embodiments, the mmcleic acid encoding the fasion protein is selected from the group
consisting off SEQ ID NOS: 5,7, 11, and 13.

[0014] 1In one aspect, the present invention provides expression vectors and host cells
comprising nacleic acid molecules encoding a fusion protein of an immunostimulatory polypeptide
and a rtant HP'V antipen, wherein the mutant HPV antipen is an E7 polypeptide comprising
substitutions in at least two cysteine residues.

[0015] Inone aspest, the present invention provides a method for the treatment or
prevention of a human papilloma virus related disease, comprising the administration of an effective
amount of a firsion 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 oysteine
residues, In various embodiments, 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 intraepithelial neoplasia.

‘ [0016] In one embodiment, the fiusion protein is administered prior to the occurrence of a
human papilioma viras-related disease. In another embodiment, the fusion protein is administered
after diagnosis of a human papilloma vims-related disease.

[0017] In ome aspect, the present invention provides a method for the treatment or
prevention of 2 human papilloma virus-related disease, comprising the administration of an effective
amount of a mcleic acid encoding a fiision protein comprising an immunostimulatory polypeptide and
a mutant HPV antigen, wherein the nutant HPV antigen is an E7 polypeptide comprising
substitutions in at least two cysteine residues. In particular embodiments, the nucleie acid encoding
the fusion protein is selected from the group consisting of! SEQ ID NOS: 5, 7, 11, and 13. In one



embodiment, the nucleic acid may be provided directly to a subject. In another embodiment, the
nucleic acid is confacted with immune cells ex vivo.

[0018] In one aspect, the present invention provides, a method of making a vaccine
composition comprising expressing a nucleic acid encoding a recombinant fusion protein of an
immunostimudatory polypeptide and a mutant HPV antigen in a host cell, wherein the mutant HPV
antigen is ant E7 polypeptide comprising substitutions in at least two cysteine residues. In one

embodiment, the host cell is an E. eoli cell.
BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 shows SDS-PAGE analysis of recombinant HPV fusion polypeptides. FIG.
1A shows duplicate samples of freshly prepared C6E7 protein run under non-reducing (lanes 1-2) or
reducing (lanes 3-4) conditions. FIG. 1B shows duplicate samples of freshly prepared C6E7m2
protein run under non-reducing (lapes 1-2) or reducing (lanes 3-4) conditions. FIG. 1C shows
duplicate samples of freshly prepared C6E7m3 protein run under non-reducing (fanes 1-2) or reducing
(lanes 3-4} conditions. FIG. 1D shows samples of C6E7, C6E7m2, and C6E7m3 protein stored at 4°C
for 2 months run under non-reducing (lanes 1-3, respectively) or reducing (lanes 4-6 respectively)
conditions. FIG. 1E shows samples of C6E7, C6E7m2, and C6E7m3 protein stored at -80°C for 1.5
months run under non-reducing {lanes 1-3, respectively) or reducing (fanes 4-6 respectively)
conditions.

[0620] FIG. 2 shows SDS-PAGE analysis of recorabinant HPV fusion polypeptides
conducted under reducing (FIG. 1A) or non-reducing (FIG. 1B) conditions. In both gels, the samples
were: Lane 1, CTET7 stored at 4°C for 7 d; Lane 2, CTETm? stored at 4°C for 7d; Lane 3, C7E7m3
stored at 4°C for 7 d; Lane 4, C7E7 stored at -20°C for 7 d; Lane 5, C7E7m2 stored at -20°C for 7 g;
Lane 6, C7TE7m3 stored at -20°C for 7 d.

[0021] FIG. 3 shows graphs of tumor incidence in mice administered recombinant HPV
fusion polypeptides of the present invention prior to challenge with TC-1 tumor cells. FIG. 3A
compares fision proteins comprising a full-length calreticulin immunostimulatory polypeptide. FIG.
3B compares fusion proteins comprising a N-terminal calreticulin fragment (amino acids 18-366 of
SEQ ID NO: 2) as an immunostimulatory polypeptide.

[0022] FIG. 4 shows graphs of tumor incidence in mice administered recombinant HPV
fusion polypeptides of the present inventjon after challenge with TC-1 tumor cells. FIG. 4A compares
fusion proteins comprising a full-length calretienlin immunostimulatory pelypeptide. FIG. 4B
compares fusion proteins comprising a N-terminal calreticulin fragment as an immunostimulatory
polypeptide. FIG. 4C compares fusion proteins comprising a fall-length calreticulin
immunostimulatory polypeptide administered in combination with BCG. FIG. 4D compares fision



proteins comprising a N-terminal calreticulin fragment as an immmnostimulatory polypeptide
administered in combination with BCG.

[8023] FIG. 5 is a graph of tumor volume in mice administered recombinant HPV fusion
polypeptides of the present invention in combination with BCG after challenge with TC-1 tumor cells.
The fusion proteins comprise a N-terminal calreticulin fragment as an immunostimulatory polypeptide.

[0024] FIG. 6 is a graph of cytotoxic T-lymphocyte mediated lysis caused by cells isolated
from mice immunized with recombinant HPV fusion polypeptides of the present invention. FIG. 6A
compares mice immunized with fasion proteins comprising a full-length calreticulin
immunostimulatory polypeptide. FIG. 6B compares mice immunized with fusion proteins compzising
a N-terminal calreticnlin fragment as an immunostimulatory polypeptide. FIG. 6C compares mice
immmnized with fiision proteins comprising a full-Jength calreticulin immunostimulatory polypeptide
in combination with BCG. FIG. 6D compares mice immunized with fusion proteins cornprising a N-
terminal calretioulin fragment as an immunostimulatory polypeptide in combination with BCG.

[0025] FIG. 7 is a graph of IFN-y production in isolated splenocytes from mice immunized
with recombinant HPV fusion polypeptides of the present invention. FIG. 7A compares nace
immunized with fasion proteins comprising a firll-length calreticulin immunostimulatory polypeptide.
FIG. 7B compares mice immunized with fasion proteins comprising a N-terminal calreticulin
fragment as an immunostimulatory polypeptide. FIG. 7C compares mice immunized with fusion
proteins comprising a full-length calreticulin immunostimulatory polypeptide in combination with
BCG. FIG. 7D compares mice immunized with fusion proteins comprising a N-terminal calreticulin

fragment as an immunostimulatory polypeptide in combination with BCG.
DETAILED DESCRIPTION

[0026] 1tisto be appreciated that certain aspects, modes, embodiments, variations and
features of the invention are described below in various levels of detail in order to provide a
substantial understanding of the present invention,

[0027] 'The present invention generally relates to fusion proteins comprising murtant forms
of the HPV IE7 antigen and an immunostimalatory polypeptide, which are useful as vaccines for the
prevention andfor treatment of HPV-related diseases. While not wishing to be limited by theory, a
fusion of an immunostimulatory polypeptide with an HPV antigen can promote the immune response
against HP'V by, for example, assisting MHC class I/peptide assembly. Thus, the combination may
enbance the therapeutic effect of vaccines in the treatment or prevention of an HPV-related disease.

[0028] Definitions. Inthe description that follows, a number of terms are utilized
extensively. Deflnitions are herein provided to facilitate understanding of the invention. The terms

defined below are more fully defined by reference to the specification as a whole,



[0029]  Units, prefixes, and symbols may be denoted in their accepted SI form. Unless
otherwise indicated, nucleic acids are written left to right in 5’ to 3 orientation; amino acid sequences
are written lefl to right in aminoe to carboxy orientation. Amino acids may be referred to herein by
etther their commonly known three letter symbols or by the one-letter symbols recommended by the
TUPAC-TUBMB Nomenclature Commission. Nucleotides, likewise, may be referred to by their
commonly accepted single-letter codes.

[0030] 'The terms “a” and “an” as used herein mean “one or more” unless the singular is
expressly specified.

[0031] Asused 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, inframuscularly, intraperitoneally, or subentaneously), rectaily, or
topically. Administration includes self-administration and the administration by another. It is also 1o
be appreciated that the various modes of treatment or prevention of medical conditions as described
are intended to mean “substaniial”, 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 “amine acid” includes naturally-occurring amino acids and
synthetic amino acids, as well as amino acid analogs and amino acid mimetics that finction in a
manzer similar to the naturally-occurring amino acids, Naturally-occurring 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 componnds that have the
same basic chemical structure as a naturally-occurning amino acid, i.e., an a-carbon that is bound to a
hydrogen, a catboxyl group, an amino group, and an R group, e.g., homoserine, norleucine,
methionine sulfoxide, methionine methyl sulfoninm. Such analogs have modified R groups (e.g.,
norleucine) or modified peptide backbones, but retain the same basic chemical structure as a
naturally-oceurring amine 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-oceurring amino acid. Amine acids can be referred to herein by either
their commonly known three letter symbols or by the one-letter syrabols recommended by the
IUPAC-IUB Biochemical Nomenclature Commission. Nucleotides, likewise, can be referred to by
their commonly accepted single-letter codes,

[0033] As used herein, the term “antibody” means a polypeptide comprising a framework
region from an immunoglobulin gene or fragments thereof that speciﬁca‘lly 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™
mncludes bispecific antibodies and multispecific antibodies so long as they exhibit the desired

biological activity or function.



[0034] 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 nseful
as binding agents of the invention include, e.g., but are not limited to, Fab, Fab’ and F(ab’),, F4,
single-chain Fvs (scFv), single-chain antibodies, disulfide-linked Fvs (sdFv) and fragments
comprising either a Vi, or Vi domain. Examples include: (i) a Fab fragment, a monovalent fragment
consisting of the Vi, Vg, C, and CH, domains; (ii) a F(ab'"), fragment, a bivalent fragment comprising
two Fab fragments linked by a disulfide bridge at the hinge region; (i) a ¥d fragment consisting of
the Vg and CH,; domains; (iv) a Fv fragment consisting of the V. and Vi domains of a single arm of
an antibody, (v) a dAb fragment (Wazd ez al., Nature 341: 544-546, 1989), which consists of a Vy
domain; and (vi) an isolated complementarity determining region (CDR). As such “antibody
fragments™ car 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 2 polymer with a number
of individual molecules, for exarple, 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. Exemplary 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 kilier
cells, macrophages, monocytes, eosinophils, neutrophils, polymorphomclear cells, granulocytes, mast
cells, and basophils. Effector cells express specific Fc 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, neutrophls,
eosinophils, and lymphocytes which express FeaR 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 usnally consist of chemically active surface groupings of molecules
such as amino acids or sugar side chains and usually have specific three dimensional structural
characterstics, as well as specific charge characteistics. Conformational and nonconformational
epitopes are distinguished in that the binding to the former but not the latter is lost in the presence of

denaturing solvents.



[0637]  As used herein, the term “sffective amount™ or “pharmaceutically effective amount”
or “therapentically effective amount” of a composition, is a quantity sufficient to achieve a desired
therapeutic and/or prophylactic effect, e.g., an amount which results in the prevention of, or a
decrease in, the symptoms associated with a disease that is being treated, e.g., an HPV-related disease.
The amount of a composition of the invention administered to the subject will depend on the type and
sevezity of the disease and on the characteristics of the individual, such as general health, age, sex,
body weight and tolerance to drugs. It will also depend on the degree, severity and type of disease.
The skilled artisan will be able to determine appropriate dosages depending on these and other factors.
‘The compositions of the present invention can also be administered in combination with one or more
additional therapeutic compounds. In the methods of the present invention, FIPV fusion polypeptide
compositions may be administered to a subject having or at risk for having a disease caused by HPV
mnfection. For example, in one embodiment, a “therapeutically effective amount” of a HPV fusion
polypeptide may include an amount in which the oceurrence of cervical cancer is prevented.

[0038] As used herein, “expression” includes but is not Hmited to one or more of the
following: transcription of the gene into precursor mRNA,; splicing and other processing of the
precursor mRNA to produce mature mRNA; mRNA stability; translation of the mature mRNA into
protein (including codon usage and tRNA availability); and glycosylation and/or other modifications
of the translation product, if required for proper expression and function.

[0039] Asused herein, the term “HPV fision polypeptide” refers to a polypeptide
comprising an immunostimulatory protein or fragment thereof linked to an protein antigen from
human papilloma virus. The linkage may be non-covalent or covalent (e.g., via a peptide bond). In
particular embodiments, the protein antigen is the E7 antigen. Exemplary embodiments and domains
of the HP'V fusion polypeptides may be referred to by abbreviations, as shown in Table 1.

TABLE 1. Abbreviations Used for Exemplary Fusion Protein Constructs
Abbreviation Description
C6 N-terminal domain of human CRT (amino acids 18-366, SEQ ID NO:2)
C7 Full-length human CRT (amino acids 18-417, SEQ ID NO:2)
E7 Wild-type HPV 16 E7 protein.
ETm2 Mutated E7 with 2 amino acid substitutions,
E7m3 Muiated E7 with 3 amino acid substitutions.
C6E7 Fusion protein of C6 and E7.
CoE7Tm2 Fusion protein of C6 and mutated B7 with 2 amino acid substitutions.
C6E7m3 Fusion protein of C6 and mutated E7 with 3 amino acid substitutions.
CTE7 Fusion protein of C7 and E7.
C7ETm2 Fusion protein of C7 and mutated E7 with 2 amino acid substitutions.
C7E7m3 Fusion protein of C7 and mutated E7 with 3 amino acid substitutions.

[0040] The term “human papilloma virus related disease” or “HPV-related disease™ as used

herein, refers to a disease or condition related to human HPV infection including, but not limited to,



cervical cancer, anal intraepithelial neoplasia, cerviu':al intraepithelial neoplasia, anogenital warts,
recurrent respiratory papillomatosis, and vulval intraepithelial neoplasia.

[0041} As used herein, the terms “identical” or percent “identity”, when used in the context
of two or more nucleic acids or polypeptide sequences, refers to two or more sequences or
subsequences that are the same or have a specified percentage of amino acid residues or nucleotides
that are the same (.e., about 60% identity, preferably 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher identity over a specified region (e.g., nucleotide
sequence encoding an antibody described herein or amino acid sequence of an antibody described
herein), when compared and aligned for maximum correspondence over a comparison window or
designated region) as measured using a BLAST or BLAST 2.0 sequence comparison algorithms with
default parameters described below, or by manual alignment and visnal inspection (see, e.g., NCBI
web site). Such sequences are then said to be “substantially identical.” This term also refers 1o, or
can be applied to, the complement of a test sequence. The term also includes sequences that have

-deletions and/or additions, as well as those that have substitutions. As described below, the preferred
algorithms can account for gaps and the Iike. Preferably, identity exists over a region that ig at least
about 25 amino acids or nucleotides in length, or more preferably over a region that is 50-100 amino
acids or mucleotides in length.

[0042] An “isolated” or “purified” polypeptide or biologically-active portion thereof is
substantially free of cellular material or other contaminating polypeptides from the cell or tissne
source from which the HPV fusion polypeptide is derived, or substantially free from chemical
precursors or other chemicals when chemically synthesized. For example, an isolated HPV fasion
polypeptide would be free of materials that would interfere with diagnostic or therapeutic uses of the
agent. Such interfering materials may include enzymes, hormones and other proteinaceous and
nonproteinaceons solutes.

[0043] As used herein, the term “immune response” refers to the concerted action of
Iymphocytes, antigen presenting cells, phagocytic cells, granulo cytes, and soluble macromolecules
produced by the above cells or the liver (inclading antibodies, cytokines, and complement) that results
in selective damage to, destruction of, or eliraination from the human body of cancerons cells,
metastatic tumor cells, malignant melanoma, invading pathogens, cells or tissnes infected with
pathogens, or, in cases of avoimmunity or pathological inflammation, normal human cells or tissues.

[0044]  As used herein, the term “immunostimulatory polypeptide” refers to a polypeptide
that enhances the Immune response against a particular antigen. Jnmunostimulatory effects include,
but are not limited to, those that directly or indirectly enhance cellular or humoral immune TESpONISES,
Examples of immunastimulatory effects include, but are not limited to, increased antigen-specific
amtibody production; activation or proliferation of a lymphocyte population such as NK cells, CD4+ T
lymphocytes, CD8+ T lymphocytes, macrophages and the like; as well as increased synthesis of Thl
associated immunostimulatory cytokines including, but not limited to, IL-6, IL-12, IL-1 3, IFN-o,.-p.



and -y, TNF-a and the like. In some embodiments, the immunostimulatory polypeptide is a protein
belonging to a super-family of molecular chaperones which facilifate 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 “lymphocyte” means any of the mononuclear,
nonphagocytic lenkocytes, found in the blood, Iymph, and lymphoid tissues, e.g., B and T
lymphocytes.

[0046] As used herein, the texm “pharmaceutically-acceptable carrier” is intended to
include any and all solvenis, dispersion media, coatings, antibacterial and antifingal compounds,
isotonic and absorption delaying compounds, and the like, compatible with pharmaceutical
administration.

[6047] Asused herein, the term “polynucleotide” or “nucleic acid” means any RNA or
DNA, which may be wnmedified or modified RNA or DNA. Polynuclectides inclede, without
limitation, single- and double-stranded DN.A, DINA that is a mixture of single- and double-stranded
regions, single- and double-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,
polynucleotide 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 polynucleotide contains polynucleotide sequences from an immunostimulatory
protein gene and a mutant HPV E7 antigen.

[0048] As used herein, the texms “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 honds, 7.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
medifications are well described in basic texts and in more detailed monographs, as well asin a
voluminous research literature. In a parficular embodiment, the polypeptide contains polypeptide
sequences from an immmunostimulatory protein and a mutant HPV E7 antigen.

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

modified by the introduction of a heterologons nucleic acid or protein or the alteration of 2 native
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nucleie 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-recortbinant) form of the cell or EXpress
native genes that ate 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 burman, but can also be an animal, e.g., domestic animals (e.g., dogs, cats and the like), farm
amimals {e.£., cows, sheep, pigs, horses and the like) and laboratory animals (e.g., monkey, rats, mice,
rabbits, guinea pigs and the like).

[0051] Asused herein, the term “substitution” is one of mutations that is generally used in
the art. Those substitntion variants have at least one amino acid residue in the PV fusion
polypeptide molecule replaced by a different residue. “Conservative substifntions” typically provide
similar biological activity as the unmodified 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: Aliphatie: Glycine (G),
Alanine (A), Valine (V), Lencine (L), Isoleucine (I); Aromatic: Phenylalaning (F), Tyrosine (Y),
Tryptophan (W); Sulfur-containing: Methionine (M), Cysteine (C); Basic (Cationic): Arginine (R),
Lysine (K), Histidine (H); Acidic (Anionic): Aspastic acid (D), Glutamnic 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 biological activity.

TABLE 2: Amino Acid Substitutions

Original Residue Exemplary Substitutions Preferred Substitutions
Ala (A) val; lew; ile val
Arg R) lys; gln; asn lys
Asn (N) gln; his; asp, Iys; arg gln
Asp (D) gla; asn gl
Cys (C) ser; ala ser
Gln (Q) asw; glu asn
Giu (E) asp; ghn asp
Gly (G) ala ala
His (H) asn; gl lys; arg arg
Ile (D) lew; val; met; ala; phe; norleucine | len
Len (L) norleucine; ile; val; met; ala; phe | ile
Lys (K) arg; gln; asn arg
Met (M) lew; phe; ile len
Phe (F) leu; val; ile; ala; tyr tyr
Pro (P) ala ala
Ser (8) thr thr
Thr (T) ser ser
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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; lew; 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”
%or a HPV-selated disease, if after receiving a therapentic amount of the HIPV vaccine conpositions
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 mumber 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 reliefto some
extent, one or more of the symptoms assaciated with the specific cancer; reduced morbidity and

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

[0053] General. In one aspect, the present invention provides FIPV vaccine compositions
comprising a fusion protein of an immunostimulatory polypeptide and a mutant HPV E7 antigen
usefil 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 dissass.

[0054] ‘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 residues within 57
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 fo degradation during storage and do not form irreversible protein apgregates
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 treatment compared to 2 degraded immumologic preparation.

[0055] Furthermore, the HPV fusion polypeptides of the present invention are typically
expressed in soluble form in recombinant E. 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 fiusion proteins comprising the wild-type
E7 antigen.

[0056] In some embodiments, the HPV antipen in the constructs of the present invention is
an HPV antigen having one or more amino acid substifutions as compared to wild-type. The E7
protein of HPV included in the fision protein of the present invention can be a full-length sequence of
E7 or an immunogenic fragment thereof. The sequence of the full-dength E7 antigen is shown in
Table 3, As used herein, the term “immunogenic frasment” 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 immmmogenic 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-lymphoscyte epitope peptide, including amine
acids 11-20 (YMLDLQPETT, SEQ ID NO:.15), amino acids 86 to 93 (TLGIVCPI, SEQ ID NO: 16)
or arnino acids 82 to 90 (LLMGTLGIV, SEQ ID NO: 17).

TABLE 3. Sequence of the HPV E7 (SEQ ID NO:1)
MHGDT PTLHEYMLDLOPETTDLY CYEQLNDSSEEEDE IDGPAGQARPDRAHYNIVTFCCRCDST
LRLCVOSTHVDIRTLEDLLMGTLGIVCEPICSQKE

[6057] In some embodiments, the E7 protein or immunogenic fragment used in the HPV
fusion polypeptides of the present invention is a rutant 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 Sec. 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 HFV fusion polypeptide.

[0058] In one embodiment, the HPV fusion polypeptide comprises a mutant E7 antigen with
two amino acid substitations 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 C598 and C68V. However, substitutions with other aliphatic
(e.g., glycine, alanine, valine, leucine, isoleucine) or polar (e.g., serine, threonine, asparagines, and
ghitamine) 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.

13



[0059] In one embodiment, the HPV fusion polypeptide comprises a mutant B7 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-59, and cysteine-68 of SEQ ID
NO: 1. Inparticular embodiments, the substitations were C24V, C398, and C68V. However,
substitutions with other aliphatic (e.g., glycine, alanine, valine, leucine, isoleucine) or polar (2.2,
serine, threonine, asparagines, and glutamine) amino acids might alsc be made.

[0068] In some embodiments, the immunostimulatory polypeptide is a calreticulin (CRT)
polypeptide, or a biclogically active fragment, domain, vaziant, or homelogue thereof. In suitable
embodiments, the immunostinmulatory 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 1D NO:2)

MLLSVPLLLGLLGLAVAERPAVY FKEQFLDGLGWT SRR IESKHKSDEGK PV SSGKEYGDEEKDKGLQT
SODARFYALSASFEPFSNKGQTLVVQFTVKHEQNIDCGEGY VEKLEPNSLDOTDMHGDSEYNIMFPGPDT
CGPGTERVHVIFNYKGENVLINKDIRCKDDEFTHLYTLIVREPDNTYEVKIDNSQOVESGSLEDDWDELP
PEKIKDPDASKPEDWDERAKIDDPTDSKPEDWDKPEHIPDPDAKKPEDHDEEMDGEWEPEVIONPEYEK
GEWKPRQIDNPDYKGTIWIHPEIDNPEYSPDPSIYAYDNFGVLGLDLWOVKSGTIFDNFLITNDEAYAR
EFPGNETWGVTKAAEKOMKDKODEEQRLKEEEEDKKRKEEREAE DKEDDE DRKDEDEEDEEDKEEDERBED
VEPGOAKDEL

[0061] To generate the HPV fusion polypeptides of the present invention, the
immunostimulatory 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 o
the N-terminus of the mutant E7 antigen. In another embodiment, the immmunostimulatory
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 emboediment, 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 polypepiide as a single open reading frame,

[0062] In one embodiment, the N-terminal domain (e.g., amino acids 18-366 of SEQ ID NO:
2, abbreviated as C6) of uman CRT is linked to the HPV-16 E7 antigen to form the C6B7 firsion
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)

ATGGAGCCTGCCGTCTACT TCARGGAGCAGTTTCTGEACGGRAGACGGGTGEACTTCCCECTEGATCGA
ATCCRARCACARGTCAGATTITGGCAARTTCGTTCTCAGTTCCGECAAGTTCTACGETGACGAGGAGA
BAGATARAGGTTTECRAGACAAGCCAGGATGCACGCTTTPATGCTCTGTCGECCAGTPTCGAGCCTTTC
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ACCARCARAGGCCAGACGCTGETGETGCACTTCACCETGARACATGAGCAGARACATCGACTETGGEEGE
CGECTATGTIGARGCTGTTTFCCTARTAGT TTGEGACCAGACAGACATGCACGGAGACTCAGRATACARCA
TCATGTTTGGTCCCGRACATCTETGGCCCTGECACCRAGAAGGTTCATGTCATCTTCARCTACARGGEC
ARGRACGTGCTGATCAACAAGGRACATCCGTTGCAAGGATGATGAGTTTACACACCTGTACACACTGAT
TGTGCGGCCAGACARCACCTATGAGGTGAAGATTCACAACAGCCAGGTGGAGT CCGGCTCCTTGGARG
ACGATTGGGACTTCCTGCCACCCAAGAAGATAAAGGATCCTGATGCTTCAARRCCEGALAGACTGGGAT
GAGCGGGCCARGATCGATGATCCCACAGRCTCCARGCCTEGAGGACTGGGACRAAGCCCGAGCATATCCC
TGACCCTGATGCTAAGAAGCCCGRGGACTGGEATGAAGACGATGCACGCAGCAGTCGGAACCCCCAGTGA
TTCAGRACCCTGAGTACARGGGT GAGTGGRAGCCCCGGCAGATCGACAACCCAGATTACRAAGGGCALCT
TGGATCCACCCRGARATTGACARCCCCGAGTATTCTCCCGATCCCAGTATCTATGCCTATGATAACTT
TGECETGECTEEECCTGEACCTCTGGCAGGTCAAGTCTGGCACCATCT TTGACARCTTCCTCATCACCA
ACGATGAGGCCATACGCTGAGEAGTTTGGCAACGAGACGTGGEECETARCARAAGGCAGCAGACGARAACAR
ATGAAGGACAMBRCAGGACGAGGAGCAGAGEETCGACATGCATGGETGATACTCCGACTCTICATGARTA
TATGCTGGATCTGCRACCGEARARCTACTGATCTGTACTGTITATGAACAACTGAATGATAGCTCTGAAG
AGGAAGATGRAATTGATGGTCCAGCTGGTCAAGCAGAACCGCGATCGTGCTCATTATAATATTETAACT
TTTTGTTGTARRTGTGATTCTACTCTGCGTCTETGTGTACARAGCACTCATGTTGATATTCGTACTCT
GGARGATCIGCTTATGGGTACTCTGGETATTGT TTGTCCCATTTGTTCTCAGARACCATAA

TABLE 6. Seguence of the C6E7 Polypeptide (SEQ ID NO: 4)

MEPAVYFKEQFLDGDGWISRWIESKHKSDFGKFVLSSGKEYGDEEKDRGLOT SQDARFYALSASKFEPFE
SNEGQITLVVQFIVKHEQN I DCGGGY VKLEFPNSLDGTDMHGDSEY N IMFGPDICGPGTRRVHVI FNYKE
KNVLINKDIRCKDDE FTHLY TLIVRPDNTYEVKIDNSQVESGSLEDDWDFLPPKKIKDPDASKPEDWD
ERAKIDDRTDSKPEDWDRPEHIPDPDAKKPEDWDEEMDGEREPPVIQNPEY KGEWKPROQIDNPDYKGT
WINPEIDNPEY SPDRPSIYAYDNEGVLGLDLWOVKSGTIFDNEFLITNDEAYARE FGNETHGVITKAREKQ
MEKDKQDEEQRVDMHAGDTPTLEEYMLDLOPETTDLY CYEQLNDSSEREDE IDGPACGQRAEPDRAHYNIVT
FCCRCDSTLRLCVQSTHVDIRTLEDLLMGTLGIVCPICSQKE

{0063] In one embodiment, the N-terminal domain {e.g., amino acids 18-366 of SEQ ID NO:
2, abbreviated as C6) of uman CRT is linked to the HPV-16 E7m2 antigen to form the C6E7m?2
fusion protein. The nuclectide sequence encoding C6E7m2 is shown in Table 7. The amino acid

sequence of C6E7 is shown in Table 8.

TABLE 7. Sequence of Polynucleotide Encoding C6E7m2 (SEQ ID NO: 5)

ATGGAGCCTGCCGTCTACTTCAAGGAGCAGT TYCT GGACGEAGACGGETGEACTTCCCEGCTGGATCGA
ATCCAARCACAAGTCAGATTTIGGCAAATTCETTCTCAGT' TCCEGGCARGTTCTACGGTGACGAGEAGR
AAGATARAGGTTTGCAGACARGCCAGCATECACGCTTTTATGCTCTGTCGECCAGTTTCGAGCCTTTC
AGCAACAARGGECCAGACGCTGETGGTGCAGT TCACGETGARACATGAGCAGRARCATCGACTETGGREEE
CGGCIATGTGRAAGCTGTTTCCTARTAGTT TGCGACCAGRCAGACATGCACGGAGACTCAGAATACARCA
TCATETTTGGETCCCGACATCTGTGECCCTGECACCAAGRAGET TCATGT CATCTTCAACTACAAGGGC
ARGAACGTGCTGATCAACRAGGACATCCGTTGCAAGEATGATGAGTTTACACACCTGTACACACTGAT
TGTGCGECCAGACARCACCTATGAGGTGAAGATTGACAACAGCCAGGTGGAGTCCGGCTCCTTGGRARG
ACEATTGECGRACTTCCTGCCACCCARGARGATARRGEATCCTGATGCTTCARAANCCGGAAGACTGGEAT
GAGCGGGCCRAGATCGATGATCCCACAGACT CCAAGCCT GAGGACTGGGACAAGCCCGAGCATATCCC
TGACCCTGATGCTAAGAAGCCCGAGGACTGEGATGARCAGATGGACCCAGAGT GCGAACCCCCAGTGA
TICAGRACCCTGAGTACAAGGGTGAGTGGARAGCCCCGECAGATCGACARCCCAGATTACARGGGCACT
TGGATCCACCCAGRARAATTGACAACCCCEAGTAT TCTCCCGATCCCAGTATCTATGCCTATGATAACTT
TGEEETGCTGEECCTGGACCTCTGECAGCTCARGTCTGGCACCATCTTTGACAACTTCCTCATCACCA
ACGATGAGGCATACGCTGAGGAGTTTGGCARCGAGACGTGGGGCEGTAACARAGGCAGCAGAGAARACAR
ATGAAGGACARACAGGACGAGGAGCAGAGGETCGACATGCATGGTGATACTCCGACTCTTCATGRATA
TATGCTGGATCTGCARCCGGRAACTACTGATCTGTACTEGTTATGARCARCTGARTGATAGCTCTGAAG
AGCAARGATGAARTTGATGGTCCAGCTGGT CARGCAGRACCGGATCGTEGCTCATTATARTATTGTAACT
TTTTGTTCTAARTGTGATTCTACTCTGCETCTEETTGCTACARRGCACTCATGTTGATATTCGTACTCT
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GGAAGATCTGCTTATGGETACTCTGEETATTETTTETCCGATTTGTTCTCAGAARACCATAR

TABLE 8. Sequence of the C6E7m?2 Polypeptide (SEQ ID NO: 6)

MEPAVYFKEQFLDGDGH T SRWIESKHKSDFGKFVLSSGKEY GDEEKDKGLQTSODARFYATLSASFEPF
SNEGQTLVVOQEFTVKHEQNIDCGGGY VELEFPNSLDOTDMHGDSEYNIMPGPDICGPGTKKVHVIFNYKG
KNVLINKDIRCKDDEFTHLYTLIVRPDNTY EVKIDNSQVESGSLEDDWDEFLPPRKIKDPDASKEPEDWD
ERAKIDDPTDSKPEDWDKPEHIPDPDAKKPEDWDEEMDGEWEPPVIONPREY KGEWRFRQIDNPDY KGT
WIBPEIDNPEY SPDPSIYAYDNFGVLGLDIWQVKSGTIFDNIFLITNDEAYAREFGNETHWGVTKAAEKG
MKDKQDEEQRVDMHGDTPTLHEYML.DLQPETTDLY CY EQLNDS SEEEDE IDGPAGORAEPDRAHYNIVT
FCSKCDSTLRLVVQSTHVDIRTLEDLIMGTLGIVCPICSQEP

[0064] 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 10 the HPV-16 E7m3 antigen to form the C6ETm3
fusion protein. The nucleotide sequence encoding C6E7m3 is shown in Table 9. The amino acid

sequence of CO6E7 is shown in Table 10,

TABLE 9. Sequence of Polynueleotide Encoding C6E7m3 (SEQ ID NO: 7)

ATGGRAGCCTGCCGTCTACTICAAGGAGCAGTTTCTGGACGGAGACGEETGGACTTCCCGCTGGATCGA
ATCCARACACARGTCAGATTITGGCARATTCGTICTCAGTTCCECGCARAGTTCTACGETGACGAGGAGA
ARAGATARAGGTTTGCAGACAAGCCAGEATGCACCCTTTTATGCTCTEGTCGECCAGTTTCGAGCCTTTC
AGCARCAAAGGCCAGACGCTGETGGTGCAGTTCACGGTGARACATGAGCAGARCATCCGACTGTGEGEGE
CEGCTATGTGAAGCTGTTTCCTAATAGTTTGGACCAGACAGACATGCACGEAGACTCAGAATACAACA
TCATGTTITGGTCCCGACATCTGTGGCCCTGECACCAAGAAGETTICATGTCATCTTCAACTACAAGSGC
AAGAACGTGCTGATCAACARGGACATCCGTTGCARGGATGATGAGTTTACACACCTGTACACACTGAT
TGETGECEECCAGRCAACACCTATGAGGTGARGAT TEACAACAGCCAGETGEGAGTCCGGCTCCTTGCARG
ACGATTGGGACTTCCTGCCACCCAAGAAGATARAGGATCCTGATGCTTCAARACCGEGARCACTGGGAT
GAGCGGGCCAAGATCGATGATCCCACAGACTCCAAGCCTGAGGACTGGGACARGCCCGAGCATATICCC
TGACCCTGATGCTARAGAAGCCCEAGGRACTGEEATGARGAGATGGACGGAGAGT GGERACCCCCAGTGA
TTCAGAARCCCTGAGTACAAGGGTGAGTGGARGCCCCGGCAGATCGACARCCCAGATTACRAAGGGCACT
TGGATCCRCCCAGARATTGACAACCCCGAGTATTCTCCCGATCCCAGTATCTATGCCTATGATARCTT
TGGECEETECTGEEECCTGGACCT CTGGCAGGTCARGTCTGGCACCATCTTTGACRACTTCCTCATCACCR.
ACGATGAGGCATACGCTGAGEGAGTTTGECAACGAGACGT GEGGLGCTARCARRGGCAGCAGAGARRCAR
ATGAAGGACARRRCAGGACGAGGAGCAGAGGHETCGACATGCATGETGATACT CCGACTCTTCATGARATA
TATGCTGEGATCTGCAACCGEAARCTACTGATCTGTACGTTTATGARCAACTGAATGATAGCTCTGRAAG
AGGABGATGRAATTGATGGTCCAGCTGETCAAGCAGAACCGGATCGETGCTCATTATAATATTGTAACT
TTTTGTTCTAAATCT GATTCTACTCTGCGTCEGEETGTACARAGCACTCATGT TGATATTCGTACTCT
GGAAGATCTGCTTATGGGTACTCTGGETATTGTTTGTCCGATTTGTTCTCAGAARCCATAA

TABLE 10. Sequence of the C6E7m3 Polypeptide (SEQ ID NO: 8)

MEPAVYFREQFLDGDGWTSRWIESKHKSDFGKEVLSSGKEY GDEERDKGLQTSQDARFYALSASFEPE
SNKGQTLVVOFTVEKHEQNIDCGGGY VKL EFPNSLDRQ TDMHGDSEYN IMFGPDICGPGTREVEVIENYKG
KNVLINKDIRCKDDEFTHLYTLIVRPDNTYEVKIDNSQVESGSLEDDWDFLPPEKIKDPDASKPEDWD
ERAKIDDPTDSKPEDWDKPEHIPDPDAKKPEDWDEEMDGEWEP PVIQNPEY KGEWKPROIDNPDYKGT
WIHPEIDNPEYSPDPSIYAYDNEFGVLGLDLWQVKSGTIFDNELITNDEAYARE FENETWGVTKAARRQ
MEKDKQDEEQRVDMHGDT PTLHEYMLDLOPETTDLY VY EQLNDSSEEEDE IDGPAGOAEPDRARYN VT
FCSKCRSTLRLVVOSTHVDIRTLEDLIMGTLGIVCPICSQKP

[0065] Int one embodiment, the full-length human CRT (SEQ ID NO: 2, abbreviated as C7)
is linked to the HPV-16 E7 antigen to form the C7E7 fusion protein. The mucleotide sequence
encoding C7E7 is shown in Table 11. The amino acid sequence of C7E7 is shown in Table 12.
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TABLE 11. Sequence of Polynucleotide Encoding CTE7 (SEQ ID NO: 9)

ATGGAGCCTGCCGTCTACTTCARGGAGCAGT TTCTGEACGEAGACGGETGGACTTCCCECTGGATCGA
ATCCAARCACAAGTCAGATTTTGGCAAATTCGTTCTCAGTTCCGECAAGTTCTACGGTGACGRAGGAGA
ARGATARAGGTTTGCAGACAAGCCAGGATGCACGCTTTTATGCTCTGTCGECCAGTTTCGAGCCTTTE
AGCRACARRGGCCAGACGCTGETGGTECAGT TCACGGTGAAACATGAGCAGRARCATCGACT GTGGEEE
CEGCTATGETGRAACGCTGTTICCTRATAGTT TGGACCAGACAGACATGCACGEAGACTCAGARTACARALCA
TCATGTPTGETCCCGACATCTETEECCCTGECACCAAGAAGGTTCATGTCATCTTCARCTACARGGGC
ARGARCGTGCTGATCAACARGGACATCCGTTCCAAGGATCGATGAGTTTACACACCTGTACACACTGAT
TGIGCGECCAGRCARCACCTATGAGGTGAAGATTGACAACAGCCAGGTGGAGTCCGECTCCTTGEAAG
ACGATTGGGACTTCCTGCCACCCAAGAAGATARAGEATCCTGATGCTTCRAAAACCEGAAGACTGGGAT
GAGCGGGCCAAGATCGATGEATCCCACAGACTCCAAGCCTGAGGACTGEGACAAGCCCGAGCATATCCC
TGACCCTGATGCTAAGARGCCCGAGGRACT GEGATGAAGAGATCGACGGAGAGTGEGARCCCCCAGTGA
TTCAGAACCCTGAGTACAAGGGTGAGTCGAACGCCCCGECAGATCGACAACCCAGATTACAAGEGCACT
TGEATCCACCCAGAAATTGACAACCCCCGAGTATTCTCCCGATCCCAGTATCTATGCCTATGATAACTT
TEGCETECTGGECCTGGACCTCTGGCAGGTCAAGTCTGGCACCATCT TTGACAACTTCCTCATCACCA
ACGATGAGGCATACGCTGRAGGAGTTTGGCAACGRAGACGTGEECCETARCARAGGCAGCAGAGARACAR
ATGAAGGRACRRACAGGACGRAGGRAGCAGAGGCTTARGGAGCAGCARGARAGACARAGARACGCARAGAGGA
GGAGGAGGCAGAGGACARAGGAGGATGATGAGGACRARGRTGAGGATGAGCAGCGATGAGGAGGACARGE
AGGARGATGAGGAGGAAGATGTCCCCGGCCAGGCCARAGEACGAGCTGETCCACATGCATGGTGATACT
CCGACTCTITCATGARTATATGCTGGAT CTGCARCCGGRAAACTACTGATCTGTACTGTTATCARCARCT
GAATGATAGCTCTEGAAGAGCARGATGARATTGATGGTCCAGCTGGTCAAGCAGARACCGBATCGTGCTC
ATTATAATATTGTAACTT T TTGTTGTARATGPGATTCTACTCTGCGTCTGTGTGTACARRGCACTCAT
GTTGATATTCGTACTCTGGEAAGATCTGCYTATGGGTACTCTGEETAT TETT TG TCCGATTTGTTCTCA
GARACCATAA

TABLE 12. Sequence of the C7TE7 Polypeptide (SEQ ID NO: 10)

MEPAVYFEKRQFLDGDGHTSRWIESKHKSD PGKFVLSSCKEFYGDEEKDKGLOTSQDAREYALSASFERF
SNKGOTLVVQFTVKHEQNIDCGGEGY VKLY PNSLDQTDMEGDSEYNIMFGPDICGPGTRKKVHVIFNYKG
ENVLINKDIRCKDDEFTHLYTLIVRPDNTYEVRIDNSQVESGSLEDDWDFLPPRKIKDP DASKPEDWD
ERAKIDDPTDSKPEDWDKPEHI PDPDAKKPEDWDEEMDGEWEPPVIQNPREY KGEWKFPRQ IDNEPDY KGT
WIHPEIDNPREY SPDPSIYAYDNFGVLGLDLWQVKSGT IFDNFLITNDEAYAREFGNETHGVTKAARKQ
MRDKODEEORLKEEEEDKKRKEEEEAEDKEDDEDKDEDEEDEEDKEEDEEEDV PGQAKDELVDMHGDT
PTLHEYMLDLQPETTDLYCYEQLNDSSEEEDEI DGPAGOAEPDRAHY NIV FUCKCDSTLRL.CVQSTH
VDIRTLEDLLMGTLGIVCPICSQKP

[0066] In ome embodiment, the full-length human CRT (SEQ ID NO: 2, abbreviated as C7)
is linked to the HPV-16 E7Tm2 antigen to form the C7E7m2 fasion profein. The nuclectide sequence
encoding C7E7m2 is shown in Table 13, The amino acid sequence of C7E7m2 is shown in Table 14.

TABLE 13. Sequence of Polynucleotide Encoding C7ETm2 (SEQ ID NO: 11)

ATGEAGCCTGCCGTCTACT TCAAGGAGCAGTTTCTGGACGGAGACGEGETGGACTTCCCGCTGGATCGA
ATCCARACACARGTCAGAT ITTGGCARAT TCGTTCTCAGTTCCGECARGTTCTACGGTGACGAGGAGR
AAGATARAGGTTTGCRAGACAAGCCAGGAT GCACGCTTTITATGCTCTGTCGGCCAGTTTCGAGCCTTTC
AGCAACARAGGCCRGACGCTGETGETGCAGTTCACGETGAAACATGAGCAGRACATCGACT BTEGREEE
CGGCTATGTGARGCTGE TTCCTAATAGTITGGACCAGACAGACATGCACGGAGACTCAGRAATACARCA
TCATGTTTGEICCCCGACATCTGTGGCCCTGECACCRACGARNGETTCATGTCATCTTCAACTACARGEET
AMGARCGTGCTGATCAACARGGACATCCGETTGCARGGATGATGAGTTTACACACCTGTACACACTGAT
TGTGCGGCCAGACARCACCTATGAGGTGAAGATTCACARCAGCCAGETGEAGTCCEGCTCCTTGGEARG
ACGATTGGEACTTCCTGCCACCCARGAAGATAAAGGATCCTCATGCTTCARAACCEGAAGACTGEGAT
GAGCGGEGCCARGATCGATEGATCCCACAGACTCCAAGCCTGAGGACTGEGACARGCCCGAGCATATCCC
TGACCCTGATGCTARGARGCCCGAGGACTGGGATGRAGAGATGGACGGAGAGTEGGARCCCCCAGTGA
TTCAGARCCCTCAGCTACAAGGETGAGTGGAAGCCCCEGCAGATCGACAACCCAGATTACAAGGGCACT
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TGGATCCACCCAGARATTGACARCCCCGAGTATTCTCCCGATCCCAGTATCTATGCCTATGATAACTT
PEECETECTGEEGCCTEEACCTCTGGCAGGTCARGTCTGGCACCATCTTTGACAACTTCCTCATCACCA
ACGATGAGGCATACGCTGAGGAGTT TGECARCGAGACGT GGEGCGTRACAARGGCAGCAGAGAARCAR
ATGAAGGACAAACAGGACGAGGAGCAGAGCCTTAAEGAGGAGGAAGAAGRCARGARRCGCARAGRAGGR
GEAGGAGECAGACCACAAGGAGGATGATGAGGACAARGATGAGGEATGAGHGRAGGAT CAGGAGGACARGSE
AGGAAGATGAGGAGGAAGATGETCCCCGGCCAGECCARGGACGAGCTGETCGACAT GCATGEGTGATACT
CCEACTCTTCATGAATATATGCTGEATCTGCARCCGGARACTACTGATCTGTACTGTTATGAARCAACT
GAATGATAGCTCTGAAGAGCGARGATGAARTTGATGGTCCAGCTGGTCARGCAGARCCGGATCGTGCTIC
ATTATAATATTCTRACTITTTGTTCTARAATGTGATTCTACTCTGCGTCTGETTGTACAAAGCACTCAT
GTTGATATTCGTACTCTGGARGATCTECTTATGGETACTCTGGGTAT TETTTGTCCGATTTGT TCTCA
GBAMACCATAA

TABLE 14. Sequence of the CTE7m2 Polypeptide (SEQ ID NO: 12)

MEPBVY FKEQFLDGDGWTSRWIESKHKSDFGKEFVLSSGKPYGDEEKDKGLOTSQDAREYALSASFEPE
SNKGOTLVVQFTVKHEQNI DCGGGEY VKL FPNSLDOTDMHGD SEYN IMPGPDICGPGTERVIAVIFNYRG
KNVLINKDIRCKDDEFTHLY TLIVRPDNT Y EVKIDNSQVESGSLEDDWDELPERKIKDPDASKPEDWD
ERAKIDDPTDESKPEDWDKPERIPDPDAKKPEDWDEEMDGEWEPPVIQNPEY KGEWKPROIDNPDY KGT
WIHPEIDNPEYSPDORSIYAYDNFGVLGLDLWOVKSGTIFDNFLITNDEAYAREFGNE THGVTKAREKD
MKDKODEEQRLKEEEEDKKREERREAEDKEDDEDKDEDEEDEEDKEEDEEEDVPGQAKDELVDMHGDT
PTLHEYMLDLQPETTDLYCYEQLNDSSEEEDRIDGPAGQAE PDRAHYNIVI FCSKCDSTLRLVVQSTH
VDIRTLEDLLMGTLGIVCPICSQKP

[0067] In one embodiment, the full-length human CRT (SEQ ID NO: 2, abbreviated as C7)
is linked to the HPV-16 E7 antigen to form the C7B7m3 fusion protein, The mcleotide sequence
encoding C7E7m3 is shown in Teble 15. The amino acid sequence of C7E7m3 is shown in Table 16

TABLE 15, Sequence of Polynucleotide Encoding C7E7m3 (SEQ ID NO: 13)

ATCGAGCCTGCCGTCTACTTCARGRAGCAGTTTCTGGACGGAGACGEETGCACTTCCCECTGGATCGA
ATCCAARCACAAGTCAGATTTIGECARATTCGTTCTCAGTTCCEECARGTTCTACGETGRCGAGEAGA
ARGATAAAGGTTTGCAGACARGCCAGCGATGCACGCTTTTATGCTCTGTCEECCAGTTTCGAGCCTTIC
AGCARCABAGECCAGACGCTGETEETGCAGTTCACGETGAARCATGAGCAGARCATCGACTGTGEEEE
CGECTATCTGARGCTGTTTCCTARATAGTT TGGACCACACAGACAT GCACGGAGACTCAGAATACARCA
TCATGTTTGGTCCCGACATCTGTGGCCCTGECACCARGAAGET TCATGTCATCITCARCTACAAGGGEE
AAGRACGTGCTGATCAACAAGGACATCCGTTGCARGGATGATGAGTT TACACACCTETACACACTGAT
TGPGUGECCAGACAACACCTATGAGGTCARGATTGACARCAGCCAGETGGAGCT CCGGCTCCTTGERAG
ACEATTEGEGACTTCCTGCCACCCARGARGATAARGGATCCTGATGCT TCARRACCGGARGRCTGGEAT
GACCGOGCCABGATCGATGATCCCACAGACTCCARGCCTEAGGACTGEGACARGCCCGAGCATATCCC
TEACCCTGATGCTARAGAAGCCCGAGGACT GGGAT GARGAGATGGACGCAGAGTGGGARCCCCCAGTGA
TTCAGCAACCCTGAGTACRAGCGGTGAGTEERAGCCCCGECAGRATCGACAACCCAGRATTACRAGGGUACT
PGEATCCACCCAGARATTGACAACCCCGRGTATTCTCCCGRTCCCACSTATCTATGCCTATGATRACTT
TEECETECTGEECCTEEACCTCTGECAGETCAAGT CTGGCACCATCT TTGACAACTTCCTCATCACCA,
ACGATGAGECATACGCTGAGGAGTT TGECARACCAGACGTGEGGCGTAACARRAGGCAGCAGAGARACAR
ATGARGGACAAACACGACGAGGAGCAGRGGC T TAAGGAGGAGGARGAAGACRAGARRCCGCARAGAGGA
GGRAGGRGGCAGAGGACAAGGAGGATGATGACGACAARGATCAGGATCAGGAGGATGAGERAGGACARGE
AGGRAGATGAGGAGGARGATGTCCCCGGCCAGGCCARGGACCAGCTGGTCGACATGCATGETGATACT
CCGACTCTTCATGAATATATGCTGGAT CTGCAACCGGARACTACTGATCTGTACGTTTATGRACRACT
GAATGATAGCTCTGARAGCAGGAAGATGRARTT GATGGTCCAGCTGETCAAGCAGARCLGEATCGTGCTC
ATTATAATATTGTAACTTTTTGTTCTARATETGATTCTACTCT GCGTCTGGTTGTACAARAGCACTCAT
GTTGATATTCGTACTCTGEAAGATCTGCTTATGGETACTCTGGGTAT TGITIGTCCGATTTGTITCTCA
GARRCCATAA
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TABLE 16. Sequence of the C7E7m3 Polypeptide (SEQ ID NO: 14)

MEPAVYFKEQFLDGDGWTSRWIESKHKSDEFGKEFVLSSGREFYGDEREKDKGLOTSQDARFYALSASFERPE
SNEGQTLVVQFTVKHEQNIDCGEGY VKL PNSLDOTDMHGDSEY NIMFGPDICCPGTEKKVEVIFNY KG
KNVLINKDIRCKDDEFTHLYTLIVREDNTYEVKIDNSQVESGSLEDDWDELPPKKIKDPDASKPEDWD
ERAKIDDPTDSKPEDWDKPEHIPDPDAKKPEDWDEEMDGEWEPPVIONPEY KGEWKPRQIDNPDYKGT
WIHPEIDNPEYSPDPSIYAYDNFGVLGLDLWQVKSGT IFDNELITNDEAYAEEFGNETWGVTKAAEKQ
MEDKODERQRLKBEEEDKKRKEEEEAEDKEDDE DKDEDEEDEEDKEEDEEEDVPGQAKDELVDMAGDT
PTLHEYMLDLOPETTDLYVYEQLNDSSEEEDEI DGPAGQAEPDRAHYNIVT FCSKCDSTLRLVVQSTH
VDIRTLEDLIMGTLGIVCPICSQKP

[0068] General. In some embodiments, the HPV fusion polypeptides of the present
invention comprise an immunostimulatory polypeptide designed to enbance the immunogenicity of
the mutant HPV E7 antigen attached thereto. In one embodiment, the immunostimulatory protein has
a chaperone function. While not wishing to be limited by theory, proteins having a chaperone
function assist in the correct folding of other proteins in the ER. In particular, some chaperones may
assist in the assembly of MHEC class I molecules. In some embodiments, the immunostimulatory
polypeptide is a protein belonging to a super-family of molecular chaperones that facilitate the folding
of non-native polypeptides, inchnding, but not limited to, Hsp27, Hsp40, Hsp70, Hsp90, Hsp100,
Tsp110 and other small Hsps. In particular embodiments, the immunostimulatory polypeptide is
involved in the assembly of MHC class Fpeptide complexes in antigen presenting cells, including, but
not limited to calreticulin, calnexin, tapasin, and ER60,

[0669] In apatticular embodiment, the immunostimulatory polypeptide comprises
calreticulin or a biologically active fragment, domain, variant, or homologue thereof. Calreticutin
(CRT) is a soluble Ca**-binding protein, which was initially isolated from rabbit endoplasmic
reticulum (ER) (Ostwald and MacLennan, J Biol Chem, 1974, 249 (3):974-979). CRT protein,
encoded by a single gene, exists ubiquitously in animals and higher plants. Human CRT gene is
located on chromosome 19 (p13. 32p13. 2) and is 3.6 kb in length. It contains 9 exons and is ighly
conserved during the evolutionary process. Human CRT is about 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 reticulura/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 immunity (Basu
and Srivastava. J Bxp. Med. 1999, 189(5):797-802). In the endoplasinic reticulum, CRT could bind
to peptides which were transported info the endoplasmic 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 autigen presentation (Spee and Neefjes, J fmmunol, 1897, 27(9):2441-2449;
Sadasivan et al., Immunity 1996, 5(2):103~114). A complex of an excgenous CRT and a polypeptide
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could lead to a peptide-specific CD8+ T cell response; a complex of a CRT and a peptide purified
from a tumor extract has a specific killing effect on the original tumor (Basu and Srivastava. J. Exp.
Med. 1999, 189(5):797-802).

[0070) Insome embodiments, the immunostimulatory comprises a biologically active
fragment, domain, variant, or homologue of the native protein. A biologically active fragment,
domain, variant, or homologue typically retains the immunostimulatory activity of the native protein.
These activities include, but are not limited to (a) forming complexes with peptides in vitro; (b) when
expressed in a cell, paticipating in folding and assembly of nascent glycoproteins, (¢) when expressed
in a cell, associating with peptides transported into the endoplasmic reticulum by transporters that axe

associated with antigen processing, and/or (d) inhibiting angiogenesis.

I3 ri ine it fFih

[0071] General. The HPV fusion polypeptides of the present invention can be produced
through the application of recombinant DNA. technology. Recombinant polynucleotide constructs
encoding a HPV fission polypeptide of the present invention typically include an expression control
sequence operably-linked to the coding sequences of HPV fusion polypeptide, including naturally-
associated or heterologous promoter regions. As such, another aspect of the invention includes
vectors containing one or more mucleic acid sequences encoding a HPV fosion polypeptide of the
present invention. For recombinant expression of one or more the polypeptides of the invention, the
nucleic acid containing 21l or a portion of the nucleotide sequence encoding the HPV fusion
polypeptide is inserted into an appropriate cloning vector, or an expression vector (Z.e., a vector that
contains the necessary elements for the transcription and iranslation of the inserted polypeptide coding
sequence) by recombinant DNA techuigues well known in the art and as detailed below, Methods for
producing diverse populations of vectors have been described by Lemer ez al., U.S. Pat. No.
6,291,160; 6,680,192.

[0072] In general, expression vectors useful in recombinant DNA techuiques are often in
the form of plasmids. In the present specification, “plasmid” and *vector” can be used
interchangeably as the plasmid is the most commonly used form of vector. However, the invention is
intended to include such other forms of expression veciors that are not technically plasmids, such as
viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno-associated viruses),
which serve equivalent functions. Such viral vectors permit infection of a subject and expression in
that subject of a compound. Preferably, the expression control sequences are eukaryotic promoter
systems in vectors capable of transforming or transfecting eukaryotic cells. Once the vector lias been
incorporated into the appropriate host, the host is maintained under conditions snitable for high level
expression of the nuclestide sequences encoding the HPV fusion polypeptide, and the collection and
purification of the HPV fuston polypeptide. See generally, U.S. Patent Publication No, 20020195213,

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 chromosomal DNA. Commonly, expression vectors contain selection
markers, e.g., ampicillin-resistance or kanamycin-resistance, to penmit detection of those cells
transformed with the desired DNA sequences. Vectors can also encode signal peptide, e.g., pectate
lyase, useful to direct the secretion of extracellular antibody fragments. See U.S. Pat. No. 5,576,195,

[0073] The recombinant expression vectors of the invention comprise a nucleic acid
encoding a HPV fusion polypeptide in a form suitable for expression of the mucleic acid in a host cell,
which means that the recombinant expression vectozs include one or more regulatory sequences,
selected on the basis of the host cells to be used for expression that is operatively-linked to the nucleic
acid sequence o be expressed. Within a recombipant expression vector, “operably-linked” is intended
to mean that the micleotide sequence of interest is linked to the regulatory sequence(s) in a manner
that allows for expression of the nucleotide sequence (e.g., in an in vifro transcription/translation
system or in a host cell when the vector is introduced into the host celf). The term “regulatory
sequence” is futended to include promoters, enhancers and other expression control elements (e.g..
polyadenylation signals). Such regulatory sequences are described, e.g., in Goeddel, GENE
EXPRESSION TECHNOLOGY: METHODS IN ENZYMOLOGY 185, Academic Press, San Diego,

" Calif. (1990). Regulatory sequences include those that direct constitutive expression of a nucleotide
sequence in many types of host cell and those that direct expression of the nucleotide sequence only in
certain host cells (e.g., tissue-specific regulatory sequences). It will be appreciated by those skilled in
the art that the design of the expression vector can depend on such factors as the choice of the host
cell to be transformed, the level of expression of polypeptide desired, efe. Typical regulatory
sequences useful as promoters of recombinant polypeptide expression (e.g., HPV fusion polypeptides),
include, e.g., but are not limited to, 3-phosphoglycerate kinase and other glycolytic enzymes.
Inducible yeast promoters include, among others, promoters from alcoliol dehydrogenase,
isocytochrome C, and enzymes responsible for maltose and galactose ntilization. The expression
vectors of the invention can be introduced into host cells to thereby produce polypeptides or peptides,
inchuding fusion polypeptides, encoded by nucleic acids as described herein {e.g, C6E7m2, C6E7m3,
C7E7m2, CTETm3, efc.).

[0074] Another aspect of the invention pertains to HPV fusion polypeptide-expressing host
cells, which contain a nucleic acid encoding one or more HPV fusion polypeptides. The recombinant
expression vectors of the invention can be designed for expression of a HPV fusion polypeptide in
prokaryotic or eukaryotic celts. For example, a HPV fusion polypeptide can be expressed in bacterial
cells such as Escherichia coli, insect cells (using baculovirus expression vectors), fungal cells, e.g.,
yeast, or mammalian cells. Suitable host cells are discnssed further in Goeddel, GENE
EXPRESSION TECHNOLOGY: METHODS IN ENZYMOLOGY 185, Academic Press, San Diego,
Calif {1990). Alismatively, the recombinant expression vector can be transcribed and translated i

vitro, e.g. using T7 promoter regulatory sequences and T7 polymerase.
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[6075] Expression of polypeptides in prokaryotes is most often carried out in E. ool with
vectors containing constitutive or inducible promoters directing the expression of either fusion or non-
fusion polypeptides. Fusion vectors add a number of amino acids to a polypeptide encoded therein,
usually to the amino terminus of the recombinant polypeptide. Such fision vectors typically serve
three purposes: (1) to increase expression of recombinamt polypeptide; (ii) to increase the solubility of
the recombinant polypeptide; and ({ii) to aid in the purification of the recombinant polypeptide by
acting as a ligand in affinity purification. Often, in fusion expression vectors, a proteolytic cleavage
site is introduced at the junction of the fusion moiety and the recombinant polypeptide to enable
separation of the recombinant potypeptide from the fusion moiety subsequent to purification of the
fusion polypeptide. Such enzymes, and their cognate recognition sequences, inchide Factor Xa,
thrombin and enterokinase. Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc;
Staith and Johnson, 1988. Gene 67: 31-40), pMAL (New England Biolabs, Beverly, Mass.) and
pRITS (Pharmacia, Piscataway, N.J.) that fuse glutathione S-transferase (GST), maltose E binding
polypeptide, or polypeptide A, respectively, to the target recombinant polypeptide.

{0076] Examples of suitable inducible non-fusion E. coki expression vectors include pTrc
(Amrann ef al., (1988) Gene 69: 301-315), and pET11d (Studier e al., GENE EXPRESSION
TECHNOLOGY: METHODS IN ENZYMOLOGY 185, Academic Press, San Diego, Calif, (1990)
60-89). Methods for targeted assembly of distinct active pepiide or protein domains to yield
multifinctional polypeptides via polypeptide fusion has been described by Pack er al., U.S. Pat. Nos.
6,294,353, 6,692,935, One strategy to maximize recombinant polypeptide expression, e.g., a HPV
fusion polypeptide, in £. coli is to express the polypeptide in host bacteria with an impaired capacity
to proteolytically cleave the recombinant polypeptide. See, e.g., Gottesman, GENE EXPRESSION
TECHNOLOGY: METHODS IN ENZYMOLOGY 185, Academic Press, San Diego, Calif. (1990)
119-128. Amother stratepy is to alter the nucleic acid sequence of the nucleic acid to be inserted into
an expression vector so that the individual codons for each amino acid are those preferentially utilized
in the expression host, e.g., E. coli (see, e.g., Wada, et al., 1992, Nucl. Acids Res. 20; 2111-2118),
Such alteration of nucleic acid sequences of the invention can be carried out by standard DNA,
synthesis techniques.

[0077] In another embodiment, the HPV fusion polypeptide expression vector is a yeast
expression vector. Examples of vectors for expression in yeast Saccharomyoes cerivisae include
pYepSecl (Baldax, ef 4., 1987. EMBO 1. 6: 229-234), pMFa (Kurjan and Herskowitz, Celi 30: 933-
943, 1982), pJRYB8 (Schuliz ef al., Gene 54: 113-123, 1987), pYES2 (Invitrogen Corporation, San
Diego, CA), and picZ (InVitrogen Corp, San Diego, CA). Alternatively, 2 HPV fusion polypeptide
can be expressed in insect cells using bacnlovirus expression vectors. Baculovinis vectors available
for expression of polypeptides, e.g., HPV fusion polypeptide, in cultured insect cells {e.g., SF9 cells)
include the pAc series (Smith, ef al., Mol. Cell. Biol, 3: 2156-2165, 1983) and the pVL series
{Lucklow and Summers, 1989. Firology 170: 31-39),
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{0078] In yet another embodiment, a nucleic acid encoding a HPV fusion polypeptide of the
invention is expressed in mammalian cells using a mammalian expression vector. Examples of
mammalian expression vectors include, e.g., but are not limited to, pCDMS (Seed,. Natzre 329; 840,
1987) and pMT2PC (Kaufinan, et o/., BEMBO J. 6: 187-195, 1987). When used in mammalian cells,
the expression vector's conirol fanctions are ofien provided by viral regulatory elements. For example,
commonly used promoters are derived from polyoma, adenovirus 2, cytomegalovirus, and simian
virus 40. For other suitable expression systems for both prokaryotic and eukaryotic cells useful for
expression of the HP'V fusion polypeptide of the present invention. See, e.g., Chapters 16 and 17 of
Sambrook, ef al., MOLECULAR CLONING: A LABORATORY MANUAL, 2nd ed., Cold Spring
Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1939.

[0075] In another embodiment, the recombinant mammalian expression vector is capable of
directing expression of the mucleic acid preferentially in a particular cell type (e.g., tissue-specific
regulatory elements are nsed to express the nucleic acid). Tissue-specific regnlatory elements are
known in the art. Non-Hmiting examples of suitable tissue-specific promoters inclnde the albumin
promoter (liver-specific; Pinkert, et al., Genes Dev. 1: 268-277, 1987), lymphoid-specific promoters
{Calame and Eaton, Adv. immunol. 43: 235-275, 1988), in particular promoters of T cell receptors
(Winoto and Baltimore, EMBO J. 8: 729-733, 1989} and immunoglobulins (Banerji, ez al., 1983. Cell
33:729-740; Queen and Baltimore, Cell 33: 741-748, 1983.), neuron-specific promoters (e.g., the
neurofilament promoter; Byrne and Ruddle, Proc. Natl. Acad. Sci. USA 86: 5473-5477, 1989),
pancreas-specific promoters (Edlund, ef i, 1985, Science 230: 912-916), and mammary gland-
specific promoters (e.g., milk whey promoter; U.S. Pat. No. 4,873,316 and European Application
Publication No. 264,166). Developmentally-regulated promoters are also encompassed, e.g., the
muzing hox promoters (Kessel and Gruss, Scfence 249: 374-379, 1990) and the o-fetoprotein promoter
(Campes and Tilghman, Genes Dev, 3: 537-546, 1989).

{0080] Another aspect of the invention pertains to host cells into which a recombinant
expression vector of the invention has been introduced. The terms “host cell” and “recormbinant host
cell” are used interchangeably herein. It is understood that such terms refer not only to the particular
subject cell but also to the progeny or potential progeny of such a cell. Because certain modifications
may occur in succeeding generations due to either mutation or envircnmental influences, such
progeny may not, in fact, be identical to the parent cell, but are still included within the scope of the
term as used herein.

[0081] A host cell can be any prokaryotic or eukaryotic cell. For example, a HPV fusion
polypeptide can be expressed in bacterial cells sach as E. co/i, insect cells, yeast or mammalian cells.
Mammalian cells are a preferred host for expressing nucleotide segments encoding immunoglobulins
or fragments thereof. See Winnacker, From Genes To Clones, (VCH Publishers, NY, 1987). A
mumber of suitable host cell lines capable of secreting intact heterclogous proteins have been

developed in the art, and include Chinese hamster ovary (CHO) cell lines, various COS cell lines,
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HeLa cells, L cells and myeloma cell lines. Preferably, the cells are nonthuman., Expression vectors
for these cells can include expression control sequences, such as an origin of replication, a promoter,
an enhancer, and ne;:essary processing information sites, such as ribosome binding sites, RNA. splice
sites, polyadenylation sites, and transcriptional terminator sequences. Queen ef al., Immunol, Rev. 89
49, 1986. Preferred expression control sequences are promoters derived from endogenous genes,
cytomegalovirus, SV40, adencvirus, bovine papillomavirus, and the like. Co ez al., J Immunol. 148:
1149, 1992, Other suitable host cells are known to those skilled in the art.

[0082] Vector DNA can be introduced into prokaryotic or eukaryotic cells via conventional
transformation or transfection techniques. As vsed herein, the terms “transformation” and
“transfection” are intended to refer to a variety of art-recognized techniques for introducing foreign
nucleic acid (e.g., DNA) into a host cell, including calcium phosphate or calcium chloride co-
precipitation, DEAE-dextran-mediated transfection, lipofection, or electroporation, biolistics or viral-
based transfection can be used for other cellular hosts. Other methods used to transform mammalian
celis include the use of polybrene, protoplast fusion, liposomes, electroporation, and microinjection
{see generally, Sambrook ef al., Molecular Cloning). Suitable methods for transforming or
transfecting host cells can be found in Sambrook, ef L (MOLECULAR CLONING: A,
LABORATORY MANUAL. 2nd ed., Cold Spring Harbor Laboratory, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY., 1989), and other Jaboratory manuals. The vectors
containing the DNA segments of interest can be transferred into the host cell by well known methods,
depending on the type of cellular host.

[0083] For stable transfection of mammalian cells, it jis known that, depending upon the
expression vector and transfection technique used, only a small fraction of cells may integrate the
foreign DNA into their genome. In order to identify and select these integranis, a gene that encodes a
selectable marker (e.g., resistance to antibiotics) is generally introduced into the host cells along with
the gene of interest. Various selectable markers include those that confer resistance to drugs, such as
G418, hygromycin and methotrexate. Nucleic acid encoding a selectable marker can be introduced
into a host cell on the same vector as that encoding the HPV fusion polypeptide or can be introduced
on a separate vector. Cells stably transfected with the introduced nucleic acid can be identified by
drug selection {e.g., cells that have mcorporated the selectable marker gene will survive, while the
other cells die).

[0084] A host cell that includes an HPV fusion polypeptide of the present invention, such as
a prokaryotic or enkaryotic host cell in enlture, can be used to produce (i.e., express) recombinant
HPYV fusion polypeptides. In one embodiment, the method comprises culturing the host cell of
invention (into which a recombinant expression vector encoding the HPV fusion polypeptide has been
introduced) in a suitable medium such that the HPV fasion polypeptide is produced. In another
embodiment, the method further 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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media and host cells. The HPV fusion polypeptide can be purified according to standard procedures
of the art, including HPLC purification, column chromatography, gel electrophoresis and the like. In
one embodiment, the HPV fasion polypeptide is produced in a host organism by the method of Boss
etal, U.S. Pat. No. 4,816,397. Purification of recombinant polypeptides is well known in the art and
include ammonium sulfate precipitation, affinity chromatography purification technique, column
chromatography, ion exchange purification technique, gel electrophoresis and the like (see generally
Scopes, Protein Purificarion (Springer-Verlag, N.Y., 1982).

[0085] Other sequences, such as an affinity purification tag (e.g. His Tag), a peptide linker
sequence, and the like, can also be included in the HPV fusion polypeptide of the present invention.
In one embodiment, the HPV fusion polypeptide of the present invention, is fsed to a second protein,
which can be used as an antigenic tag. Examples of domains that can be fused o pelypeptides include
nat only heterologous signal sequences, but also other heterologous functional regions. The fusion
does not necessarily need to be direct, but can occur through linker sequences. Moreover, fusion
proteins of the present invention can also be engineered to improve characteristics of the HPV fusion
polypeptide. For instance, a region of additional amino acids, particularly charged amino acids, can
be added to the N-terminus of the HPV fusion polypeptide to improve stability and persistence during
purification from the host cell or subsequent handling and storage. Also, peptide moieties can be
added to the HPV fusion polypeptide to facilitate purification. Such regions can be removed prior to
final preparation of the HPV fusion polypeptide. The addition of peptide moieties to facilitate
handling of polypeptides are familiar and routine techniques in the art, The HPV fusion polypeptide
of the invention can be fused to marker sequences, such as a peptide which. facilitates purification of
the fused polypeptide. In preferred embodiments, the marker amino acid sequence is 2 hexa-histidine
peptide, such as the tag provided in a pQE vector (QIAGEN, Inc. Chatsworth, CA), among others,
many of which are commercially available. As described in Gentz et al., Proc. Natl. Acad. Sei. USA
86: 821-824, 1989, for instance, hexa-histidine provides for convenient purification of the fusion
protein. Another peptide tag useful for purification, the “HA” tag, corresponds to an epitope derived
from the influenza hemagglutinin protein. Wilson et al., Cell 37: 767, 1984,

Methods for jdentifving and/or sereening the HPV fiisjon polypeptides ofthe invention,

[0086] Methods useful to identify and screen the HPV fusion polypeptides that possess the
desired immumogenicity include any immunologicallyanediated techniques known within the art.
Components of an immune response can be detected in vifro by various methods that are well known
to those of ordinary skill in the art. For example, (1) cytotoxic T lymphacytes can be incubated with
radioactively labeled target cells and the lysis of these target cells detecied by the release of
radioactivity; (2) helper T lymphocytes can be incubated with HPV fusion polypeptide of the present
invention and antigen presenting cells and the synthesis and secretion of cytokines measured by
standard methods (Windhagen A; ef al, Inmunity, 2: 373-80, 1995); (3) antigen presenting cells can
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be incubated with whole protein antigen and the presentation of that antigen on MHC detected by
either T lymphocyte activation assays or biophysical methods (Harding ez al., Proc. Natl. Acad. Sci.,
86: 42304, 1989); (4) mast cells can be incubated with reagents that cross-link their Fe-epsilon
receptors and histamine relcase measured by enzyme immunoassay (Siraganian et al., TIPS, 4: 432-
437, 1583); and (5) enzyme-linked immunosorbent assay (ELISA).

[0087] Similarly, products of an immune response in either a model organisin (e.g., mouss)
or a human subject can also be detected by various methods that are well known to those of ordinary
gkill in the axt. For example, (I) the production of antibodies in response to vaccination can be readily
detected by standard methods currently used in clinical laboratories, e.g., zn ELISA; (2) the migration
of immune cells 1o sites of inflammation can be detected by scratching the surface of skin and placing
a sterile container to capture the migrating cells over scratch site (Peters et al., Blood, 72; 1310-5,
1988); (3) the proliferation of peripheral blood monomclear cells in response to mitogens or mixed
Iymphocyte reaction can be measured vsing *H-thymidine; (4) the phagocytic capacity of granulocytes,
macrophages, and other phagocytes in PBMCs can be measured by placing PMBCs in wells topether .
with labeled particles (Peters et al,, Blood, 72: 1310-5, 1988); and (5) the differentiation of immune
system cells can be measured by labeling PBMCs with antibodies to CDD molecules such as CD4 and
CD8 and measuring the fraction of the PBMCs expressing these markers.

USES OF THE VACCINE COMPOSITIONS OF THE PRESENT INVENTION

[0088] In one aspect, the present invention provides methods of using HPV fiision
polypeptides as vaccines to treat or prevent HPV-related diseases. The common HPV-related diseases
include, but are not limited to genital warts, recurrent respiratory papillomatosis, cervical
intraepithelial neoplasia (CIN), cervical cancer, and aral intraepithelial neoplasia (AIN).

[0089] In one embodiment, the vaccine compositions of the present invention are used to
ireat or prevent genital warts. Genital warts spread throngh sexval contact and are highly contagious.
Genital warts may be relieved naturally, but often recur.

[G090] In one embodiment, the vaccine compositions of the present invention are used to
treat or prevent recurzent respiratory papillomatosis (RRP). RRP is caused by the same HPV as
genital warts. According to the findings published in 1995, new RRP cases include 2,000 pediatrics
and 3,500 aduits cases per year. RRP mainly occurs on vocal cords, but can also spread to tracheas
and lungs. The patients mainly die of surgery complications, airway obstruction, cancer
transformation or extensive disease spread. Today, the primary treatment is surgery, as no drug for
this disease has been approved.

[0091] In one embodiment, the vaccine compositions of the present invention are used to
treat or prevent cervical intraepithelial neoplasia (CIN) and/or cervical cancer. CIN is chamacterized

by the abnormal proliferation of cervical cells, and generally oceurs before cervical cancer. The
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abnormal cells can be detected by routine Pap smear. It was estimated by the NCI that there were
1,200,000 women diagnosed as having low grade CIN annually. In addition, it was reported that there
were 200,000-300,000 women diagnosed as having high grade CIN ammually. Currently, the topical
surgical treatment does not always work, as it cannot eliminate the abnormal cells completely, nor
cure the viral infection. Furthermore, surgeries will result in side effects, such as decreased fertility.
CIN, as a precancerous lesion of cervical cancer, is a worldwide public health problem, especially for
those countries where the Pap smear is not extensively used. It is estimated that there were 13,000
new cases of invasive cervical cancer in the USA in 2002, and about 4,100 died. Theze are about
500,000 new cases of cervical cancer worldwide, and about 300,000 patients died of this disease.
Cervical cancer is the second most common gynecologic twmnor, next only to breast cancer. Although
the mortality of cervical cancer has gradually decreased, invasive cervical cancers stifl have a very
high mortality. Now it is believed that HPV is a leading factor of cervical cancer. There are more than
10 HPV types refated to cervical cancer, including HPV 16, 18, 31, 35, 58, in which HPV-16 is highly
related to cervical cancer and called high-risk type. Reseasrch has shown that hi gh-tisl HPV infection
is a key link in the development of cervical cancer. It is generally accepted that the integration of viral
DNA into the genome is a key step in cell canceratiory, in. which the HPV-16 E6 and E7 proteins are
two oncoproteins with iaportant transformation properties.

[0092] In one embodiment, the vaccine compositions of the present invention are used to
Treat or prevent anal intraepithelial neoplasia (AIN). AIN is characterized in epithelial dysplasia and
oceurs before ams canceration, High grade AIN is mainly cansed by HPV. It is predicted there are
500,000 new cases per year in the United States.

Dosase and Pormulation of P ical € .

[0093] The present invention envisions treating a disease, for example, HPV-zelated
diseases, HPV-induced cancers and the like, in a mammal by the administration of the vaccine
compositions of the present invention. Administration of the vaccines in accordance with the present
mvention may be continuons or intermittent, depending, for example, upon the recipient's
physiological condition, whether the purpose of the administration is therapeutic or prophylactic, and
other factors known ta skilled practitioners. The administration of the vaccines of the invention may
be essentially continucus over a preselected period of time or may be in a series of spaced doses. Both
local and systemic administration is contemplated.

[0094] In one embodiment, the HPV fasion polypeptides are administered directly to a
subject to achieve the desired immune response. In another embodiment, immune cells from a subject
are contacted with the HPV fusion polypeptides ex vivo and then re-administered to the subject to
achieve the desired immune response. The amount administered will vary depending on vadous
factors including, but not lmited to, the composition chosen, the particular disease, the weight, the

physical condition, and the age of the mammal, and whether prevention or treatment is to be achieved.
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Such factors can be readily determined by the clinician employing animal models or other test
systems which are well known to the art.

[0095] Typically, an effective amount of the compositions of the present invention,
sufficient for achieving a therapeutic or prophylactic effect, range from about 0.000001 mg per
kilogram body weight per day to about 10,000 mg per kilogram body weight per day. Preferably, the
dosage ranges are from about 0.0001 mg per kilogram body weight per day to about 100 mg per
kilogram body weight per day. For administration of HPV fusjon polypeptides, the dosage ranges
from about 0.0001 to 100 meg/ke, and more usually 0.01 to 5 mg/kg every week, every two weeks or
every three weeks, of the subject body weight. For example dosages can be 1 mg/kg body weight or
10 mg/kg body weight every week, every two weeks or every three weeks or within the range of 1-10
mgfkg every week, every two weeks or every three weeks. )

{0096] The dosage and frequency of adminisiration can vary depending on whether the
treatment is prophylactic or therapeutic. In prophylactic applications, a relatively low dosage is
administered at relatively mfrequent intervals over a long period of time. Some subjects continue to
receive treatment for the rest of their lives. In therapeutic applications, a relatively high dosage at
relatively short intervals is sometimes required until progression of the disease is reduced or
terminated, and preferably until the subject shows partial or complete amelioration of symptoms of
disease, Thereafter, the patient can be administered a prophylactic regime.

[0097] In one embodiment of the present invention, a preferred dosage regimen for mice is,
for each mouse, about 10 pg to about 400 ug of recombinant HPV fusion polypeptide per
subcutaneous injection. Typically, one injection will result in a notable immunological protection;
while two to three separate subentaneous injections will result in a prolonged immunological
protection. One skilled in the art can determine the range of the clinically effective amount and the
immunization times and intervals baged upon the subject and desired treatment outcome.

[0098) Toxicity. Preferably, an effective amount {e.g., dose) of HPV fusion polypeptides
described herein will provide therapeutic benefit without causing substantial toxicity to the subject.
Toxicity of the HPV fusion polypeptides described herein can be determined by standard
pharmaceutical procedures in cell cultures or experimental animals, e.g., by determining the LDs, (the
dose lethal to 50% of the population) or the LD, 4, (the dose lethal o 100% of the population). The
dose ratio between toxic and therapentic effect is the therapeutic index. The data obtained from these
cell culture assays and animal studies can be used in formulating a dosage Tange that is not toxic for
use in human. The dosage of the HPV fusion polypeptides described herein lies preferably within a
range of circulating concentrations that include the effective dose with little or no toxicity. The
dosage can vary within this range depending upon the dosage form employed and the route of
administration utilized. The exact formulation, route of administration and dosage can be chosen by
the individual physician in view of the subject’s condition. See, e.g., Fingl ez al., In: The
Phermacological Basis of Therapeutics, Ch. 1 {1975).
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{0099] One or more snitable vnit dosage forms having the vaceines of the invention, which,
as discussed below, may optionally be formmlated for sustained release (for example using
micreencapsulation, see WO 94/07529, and U.S, Pat. No. 4,962,091), can be administered by a
vatiety of routes including parenteral, including by intravenous and intramuscular routes, as well as
by direct injection into the diseased tissue. For example, the vaccine may be directly injected into a
tumor. The formulations may, where approprate, be conveniently presented in discrete unit dosage
forms and may be prepared by any of the methods well known to pharmacy. Such methods may
include the step of bringing into association the therapeutic agent with liquid carriers, solid matrices,
semi-solid carders, finely divided solid carriers or combinations thereof, and then, if necessary,
introducing or shaping the product into the desired delivery system.

[0160] When the vaccine compositions of the invention are prepared for adminisiration,
they are preferably combined with a pharmaceutically acceptable carzier, diluent or excipient to form
a pharmaceutical formulation, or unit dosage form. The total active ingredients in such formulations
inchude from 0.1 to 99.9% by weight of the formulation. A “pharmaceutically acceptable™ is a carxier,
diluent, excipient, and/or salt that is compatible with the other ingredients of the formulation, and not
deleterious to the recipient thereof. The active ingredient for administration may be present asa
powder or as granules; as a solution, a suspension or an emulsion.

[0101] Pharmaceutical formulations containing the therapeutic agents of the invention can
be prepared by procedures known in the art using well known. and readily available ingredients. The
therapeutic agents of the invention can also be formulated as solutions appropriate for parenieral
administration, for nstance by intramuscular, subcutaneous or intravenous routes. The
pharmacentical formulations of the therapentic agents of the invention can also take the form of an
aqueous or anhydrous solution or dispersion, or alternatively the form of an emulsion or suspension.

[0102] Thus, the therapeutic agent may be formulated for parenteral administration (e.g., by
injection, for example, bolus injection or continuous infusion) and may be presented in unit dose form
in ampules, pre-filled syringes, small volume infuision containers or in multi-dose containers with an
added preservative. The active ingredients may take such forms as suspensions, solutions, or
emulsions in oily or aqueous vehicles, and may contain formulatory agents such as suspending,
stabilizing and/or dispersing agents. Altematively, the active ingredients may be in powder form,
obtained by aseptic isolation of sterile solid or by Iyophilization 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 constituie an effective
amount for treating the particular 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.

29



{0104} The pharmaceutical formulations of the present invention may include, as optional
ingredients, pharmacentically 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
imvention 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
pharmaceuticals, either as individual therapentic 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
phammacentical practice.

[0106] In general, water, snitable 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 sodinm bisulfate,
sodium sulfite or ascorbic acid, either alone or combined, are suitable stabilizing agents. Also used are
citric acid and its salts and sodinm ethylenediaminetetraacetic acid (EDTA). In addition, parenteral
solutions can contain preservatives such as benzalkonium chloride, methyl- or propyl-paraben and
chlorobutanol. Suitable phatmacentical carriers are deseribed in Remington's Pharmacentical
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, catboxymethyl cellulose or protamine sulfate. The
concentration of macromoleciles 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 microcapsulss.

[0108] Accordingly, the pharmacentical 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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introduction, comprising intramuscular, intravenous, peritoneal, subcutaneaus, intradermal, as well as
topical administration,

[0109] The active ingredients of the present invention can be provided in unit dosage form
wherein each dosage unit, e.g., a teaspoonful, tablet, solution, or suppository, contains a
predetenmined amount of the composition, alone or in appropriate combination with other active
agents. The term “unit dosage form™ as used herein refers to physically discrete units suitable as
unitary dosages for human and mammal subjects, each unit containing a predetermined quantity of the
compositions of the present invention, alone or in combination with other active agenis, calenlated in
an amount sufficient to produce the desired effect, in association with a pharmacentically acceptable
diluent, carxies, or vehicle, where appropriate. The specifications for the unit dosage forms ofthe
present invention depend on the particular effect to be achieved and the particular pharmacodynanics
associated with the pharmacentical composition in the particular subject.

[0110] The vaccine compositions of the present invention may also comprise nucleic acids
encoding the HPV fusion polypeptides. Pharmaceutical formulations, dosages and routes of
administration for nucleic acids are generally disclosed, for example, in Felgner et al,, 1987, PNAS 84:
7413-7417. In ope embodiment nucleic acids are administered directly to a patient, e.g., 1o the site of
the tumor or using a combination of one or more targeting agents to target the nucleic acid o an
immune cell. In another embodiment, nucleic acids are contacted with immmune cells isolated from the
subject, and the transfected cells are introduced into the patient. The nucleie acid molecule encoding
the fusion protein of the present invention may be operatively linked to essential genetic regnlatory
elements, such as a promoter, an enhancer, a selection marker, and the like.

(0111} Formulations of Pharmaceutical Compositions. According to the methods of the
present invention, the HP'V fusion polypeptides can be incorporated into pharmacentical compositions
suitable for administration. The pharmaceutical compositions generally comprise recombinant or
substantially purified HPV fusion polypeptides and a pharmaceutically-acceptable carrier in a form
suitable for administration to a subject. Pharmaceutically-acceptable carriers are determined in part
by the particular composition being administered, as well as by the particular method used to
administer the composition, Accordingly, there is a wide variety of suitable formulations of
pharmaceutical compositions for administering the antibody compositions (see, e.g., Remington’s
FPharmaceutical Sciences, Mack Publishing Co., Easton, PA 18% ed., 1990). The pharmacentical
compositions are generally formulated as sterile, substantially isotonic and in full compliance with all
Good Marufacturing Practice (GMP) regulations of the U.S. Food and Drug Administration.

[0112] The terms “pharmacentically-acceptable,” “physiologically-tolerable.” and
grammatical variations thereof, as they refer to compositions, carriers, diluents and reagents, are used
interchangeably and represent that the materials are capable of administration to or upon 2 subject
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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excipient that is useful in preparing a pharmaceutical composition that is generally safe, non-toxic,
and desirable, and includes excipients that are acceptable for veterinary use as well as for human
pharmaceutical use. Such excipients can be solid, liquid, sernisolid, or, in the case of an aerosol
composition, gaseous. “Pharmaceutically-acceptable salts and esters” means salts and esters that ate
pharmaceutically-acceptable and have the desired pharmacological properties. Such salts include
salts that can be formed where acidic protons present in the HP'V fusion polypeptides are capable of
reacting with inorganic or organic bases. Suitable inorganic salts include those formed with the alkali
metals, ¢.g., sodium and potassium, Tagnesium, calciur, and aluminum. Suitable organic salts
inchide those formed with organic bases such as the amine bases, .g., ethanolamine, dicthanolamine,
triethanolammine, tromethamine, N-methylglucamine, and the like. Such salts also inclnde acid
addition salts formed with inorganic acids (e.g., hydrochloric and hydrobromic acids) and organic
acids (e.g,, acetic acid, citric acid, maleic acid, and the alkane- and arene-sulfonic acids such as
methanesulfonic acid and benzenesulfonic acid). Pharmaceutically-acceptable esters include esters
formed from carboxy, sulfonyloxy, and phosphonoxy groups present in the HPV fusion polypeptide,
e.g., Cr.¢alkyl esters. When there are two acidic groups present, a pharmaceutically-acceptable salt or
ester can be a mono-acid-mona-salt or ester or a di-salt or ester; and similarly where there are more
than two acidic groups present, some oz all of such groups can be salified or esterified. The HPV
fusion polypeptides named in this invention can be present in unsalified or unesterified form, or in
salified and/or esterified form, and the naming of snch HPV fusion polypeptide is intended to include
both the original (unsalified and unesterified) compound and its pharmaceutically-acceptable salts and
esters, Also, certain HP'V fusion polypeptides named in this invention can be present in more than
one stereoigomeric form, and the naming of such HPV fusion polypeptides is intended to include all
single stereoisomers and all mixtures (whether racemic or otherwise) of such stereoisomers. A person
of ordinary skill in the art, would have no difficulty determining the appropriate timing, sequence and
dosages of administration for particular drugs and compositions of the present invention.

[0113] Preferred examples of such carriers or diluents inchude, but are not limited to, water,
saline, Ringer's solutions, dextrose solution, and 5% human serum albumin. Liposomes and non-
agqueous vehicles such as fixed oils may also be used. The use of such media and compounds for
pharmacentically active substances is well known in the art. Except insofar as any conventional
media or compound is incompatible with the HP'V fusion polypeptides, use thereof in the
compositions is contemplated. Supplementary active compounds can also be mcorporated into the
compositions.

[0114] A pharmaceutical composition of the invention is formulated to be compatible with
its intended route of administration. The HPV fusion polypeptides compositions of the present
invention can be administered by parenteral, topical, intravenous, oral, subcutaneous, intraarterial,
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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agents that are at least partly effective in treating various diseases including various actin- or
microfilament-refated diseases.

[0115] Solutions or suspensions used for parenferal, infradermal, or subcutanesous
application can include the following components: a sterile diluent such as water for injection, saline
solution, fixed oils, polyethylene glycols, glycerine, propyleae glycol or other synthetic solvents;
antibacterial compounds such as benzyl alcohol or methyl parabens; antioxidants such as ascorbic
acid or sodium bisulfite; 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 adjvsted with acids or bases, such as hydrochloric acid or
sodium hydroxide. The parenteral prepamtion can be enclosed in amponles, 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 carmriers include
physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.J.) or phosphate
buffered saline (PBS). In all cases, the composition must be sterile and should be fluid to the extent
that easy syringeability exists. Yt must be 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.,
glyceral, propylene glycol, and liguid 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.,
alorninum monostearate 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 emumerated 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
medium and the required other ingredients from those enumerated above. In the case of sterile
powders for the prepazation 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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the form of a depot injection or implant preparation which can be formulated in such a manner as to
permit a sustained or pulsatile release of the active ingredient,

[0118] Oral compositions generally include an inert diluent or an edible carrier. They can
be enclosed in gelatin capsules or compressed info tablets. For the puzpose of oral therapeutic
administration, the binding agent can be incorporated with. excipients and used in the form of tablets,
troches, or capsules. Oral compositions can also be prepared using a fluid carrier foruse as a
mouthwash, wherein the compound in the fluid cazrier is applied orally and swished and expectorated
or swallowed. Pharmacentically 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
celtulose, gum. tragacanth or gelatin; an excipient such as starch or lactose, a disintegrating compound
such as alginic acid, Primogel, or corn starch; a Iubricant such as magnesium stearate or Sterotes; a
glidant such as colloidal silicon dioxide; a sweetening cornpound 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 propeliant,
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
used 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. Transmmucosal
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
generally 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 butter and other
glycerides) or refention enemas for rectal delivery.

[0122] In one 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 controlied
release forrmulation, inchuding implants and microencapsulated delivery systems. Biodegradable,
biocompatibie 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 pharmacentically-
acceptable carriers. These can be prepared according to methods knowa to those skilled in the art,
e.g., as described in U.S. Pat. No. 4,522,811.
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[0123) Adjuvanis. In some embodiments, the HPV fasion polypeptide of the present
invention is administered with a adjuvant. The present inventors have discovered that certain
adjuvants act synergistically with the HIP'V fusion polypeptides to promote immune responses for the
treatment of HPV-related diseases. Immmunization protocols often use adjuvants to stimulate immune
responses. Some adjuvants affect the way in which antigens are presented. For example, the immune
response is increased when protein antigens are precipitated by alum. Emulsification of antigens also
prolongs the duration of antigen presentation. Other adjuvants, for example, certain organic molecules
obtained from bacteria, act on the subject rather than on the antigen. An example is muramyl
dipeptide (N-acetylmuramyl-L-alanyl-D-isoglitamine [MDP]), a bacterial peptidoglycan. The effects
of MDP, as with most adjuvants, are not fizlly understood. MDP stimulates macrophages but also
appears to stimulate B cells directly. The effects of adjuvants, therefore, are not antigen-specific. If
they are administered together with a purified antigen, however, they can be used to selectively
promote the response to the antigen.

[0124] In order to reinforce the immunological effect of the HPV fusion polypeptides of the
present invention, the pharmacentical composition can coraprise an immunologic adjuvant, such as
complete/incomplete Freund’s adjuvant, alum, calcium phosphate, oligodeoxyribommcleotide, as well
as cytokines, e.g. IL-2, 4, 12, 15, interferon o, v, gramlocyte-macrophage colony stimulating factor
and the like. In one embodiment, the adjuvant is Bacille Calmette-Guérin (BCG). BCG is a vaccine
against tuberculosis that is prepared from a strain of the attenuated (weakened) live bovine
tuberculosis bacillus, Myeobacterium bovis, that has lost its virulence in humans.

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

reference are excluded to the extent that they contradict definitions in this digclosure.
EXAMPLES

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

not be construed as limiting in any way.

[0127] Recombinant HPV vaccine polypeptides were produced in E. 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 comnpare additional HP'V vaccine polypeptides to the ones

shown in these examples.
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[0128] 1. Synthesis of HPV E7 mutants.

[0129] The codon-optimized E7 gene, the E7m2 nmtant (The double mutation C598 and
C68V) and the E7m3 mutant (the triple mutation C24V, C598 and C68V) were synthesized and
ligated into a transfer vector by restrictive enzymes Sal 7 and Not I, The residue munbers for the
mutations represent the residue number within B7 sequence (SEQ ID NO: 1). The gene codons were
optimized with the aid of the program Gene Designer (DNA 2.0). The rare codons were substituted
by the codons which are often used in the host cells. The codons were further optimized to reduce the
secondary structures that could form in the mRNA. The secondary structures in the mRNA. may
interfere with the protein franslations,

[0130] 2. Generating expression vectors pET28b-E7, pET28b-E7m2, pET28b-E7m3

[0131] After Sal Il and Not I enzyme digestion as described above, the synthesized E7,
E7m2 and B7m3 fragments were ligated to the prokaryotic expression vector pET28b. Detailed
procedures were as follows. First, the expression plasmid pET28b was digested with restriction
enzymes Sal T and Nor 1. The reaction comprised: pET28b plasmid (3 pig), 10% restriction enzyme
buffer (5 pb), each S I and Not I enzyme (10 U each), 0.1% Triton X-100 (5 pl), 0.1% BSA. (5 pl),
and purified water to a total volome of 50 pl. The reaction was incubated at 37°C for 4 to 8 hand the
digested plasmid was separated by gel electropharesis. The DNA fragment was purified from the gel
and stored at -20°C. Next, the individual E7, E7m2, or E7m3 fragments were lgated into the
expression vector pET28b. For the ligation reaction, the following components were added to a 0.5
ml Eppendorff tube: 10 T4 DNA ligase buffer (1.5 ul), the digested E7, E7m2, or E7m3 gene
fragment obtained above (0.2 pmoles), the digested pET28b obtained above (0.02 pmeoles), T4 DNA
ligase (280 U) and purified water, in a total volume of 15 pl. The reaction was incubated at 10-16 °C
ovemight. The ligated products were used to transform . coli DHS« (Tiangen Biotech, Beijing,
China), according to the manufacturer’s instructions. Cells were plated on media containing
kanamycin. Individual colonies were selected, and plasmids were recovered with a plasmid DNA
extraction kit (Tiangen Biotech, Bejjing China). Sequencing was used to confirm the identity of the
ciones.

[0132] 3. Generating C6 or C7 fragmenis

[0133] DNA fragments encoding N-terminal domains of human CRT were obtained using
PCR. Primers P1 and P2 for C6 amplification and primers P3 and P4 for C7 amplification were
designed according to the fall-length ¢cDNA sequence of human CRT gene (GenBank Accession Nos:
BC002500 /BC0204593/ BC007911). A Nde [ restriction site was introduced into primers P1 and P3.
A Sal 1 restriction site was introduced into primers P2 and P4. The primers were synthesized by

Shanghai Yingjun Biotechnology Co., Lid. The primer sequences are shown in Table 17.

TABLE 17: Primer Sequences for Amplifying CRT Fragments.

Primer ' .
Name Sequence {5' to 39 SEQ ID NO:
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P GGAATTCCATATCGAGCOTGCCGTCTACT TCARAGGAGCAGTTTC SEQ ID NO:18
P2 CGCETCGACCCTCTGCTCCTCEGTCCTGTT TG TCCT TCATTTG SEQ ID NQ:19
P3 GGAATTCCATATGGAGCCTGCCETCTACTTCARGGAGCAGTTTC SEQ ID NO:20
P4 CGCGTCGACCAGCTCETCCTTGGECCTEGCCGEGGACATCTTC SEQ ID NO:21

[0134] PCR amplification was according to standard procedures using a plasmid camrying
CRT full-length coding gene as atemplate. P1 and P2 were used as primers to amplify C6. P3 and
P4 were used as primers o amplify C7. The PCR products were functionalized by ge! electrophoresis.
The DNA. fragments were purified from the gel and stored at -20°C.

[0135] 4 Generating expression vectors pET28b-C6E7, pET28b-C6E7m2, , pET28b-
C6E7m3, pET28b-C7E7, pET28b-C7ETm2, or pET28b-C7E7m3.

[0136]  After both Sa/ I and Nde T enzyme digestion, the C6 or C7 fragments were ligated
into prokaryotic expression vector pET28b-E7, pET28b-E7m2, or pET27E7m3. The detailed
procedures were as fo!lo‘ws. First, the expression plasmid pET28b was digested with restriction
enzymes Sal I and Nof 1. The reaction comprised: pET28b-E7, pET28b-E7m2, ox pET27E7m3
plasmid (3 pg), 10x restriction enzyme buffer (5 pl), each Sal I and Nde I enyme (10 U each), 0.1%
BSA. (5 ul), and purified water to a total volume of 50 ul. The reaction was incubated at 37°C for 4 to
8 h and the digested plasmid was separated by gel electrophoresis. The DNA fragment was purified
from the gel and stored at -20°C. Next, the individual C6 or C7 fragments were ligated into the
expression vector pET28b-E7, pET28b-E7m2, or pET27E7m3. For the ligation reaction, the
following components were added to a 0.5 ml Eppendorff tube: 10x T4 DNA ligase buffer (1.5 ul),
the digested C6 or C7 gene fragments obtained above (0.2 pmoles), the digested pET28b-E7, pET28b-
B7m?2, or pET27E7m3 obtained above (0.02 pmoles), T4 DNA ligase (280 U) and purified water in a
total volume of 15 ul. The reaction was incubated at 10-16°C overnight. The ligated products were
used to transform £ coli DH5w (Tiangen Biotech, Beijing, China), according to the manufaciurer’s
instructions. Cells were plated on media containing kanamycin. Individual colonies were selected,
and plasmids were recovered with a plasmid DNA. extraction kit (Tiangen Biotech, Beijing China).
Sequencing was used to confirm the identity of the clones.

[6137 5. Expression of HPV Vaccine Polypeptides

[0138] The constructed expression vectors pET28b-C6E7, pET28b -C7E7,
pPET28b-C6E7m2, pET28b-C6E7m3, pET28b-C7E7m2, and pET28b-C7E7m3 were used to
transform Escherichia coli BL21 (DE3). The transformed cells were cultured in 2>YT medinm (20 g
peptone, 10 g yeast power, 10 g sodium chloride per L) at 30°C, to which kanamycin was added to 50
pg/ml. After the OD600 of the culture reached 0.4-1.0, IPTG was added to a final concentration of
1.0 mM to induce the expression of the HP'V vaccine polypeptides. Following induction at 37°C for 3
h, cells were collected by centrifugation. The cells were diluted in 20 volumes of 20mM Tris, 2mM
EDTA, pH 8.0, and, after a thorough mix, disrupted by sonication. Insoluble precipitates were
removed by centrifugation at 13,000 x g for 30 min. The proteins of interest were present in the
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supematant, with the expressed product comprising approxdmately 20% of soluble proteins (data not
shown). These results demondstrate that the FIPV fusion polypeptides of the present jnvention exhibit
the advantageous property of being expressed in soluble form in E, coli cells.

[0139] 6. Purification of FIPV Fusion Polypeptides

[0140] 'The proteins in the supernatant were precipitated with PEI (polyethyleneimine,
Sigma-Aldrich, St. Louis, MO). Briefly, 10% PEI and the supernatant obtained by centrifugation
were added together in a proportion of 0.08:1. The mixture was allowed to stand at 4°C for 15 min,
followed by centrifugation at 12,000 ref for 30 min. The precipitate was then washed with buffer A
(50mM Tris, 0.5mM EDTA, 50mM NaCl, 5% glycerin, pld 7.9) containing 0.3 M NaCl, and the
supernatant was discarded. The proteins of interest were eluted with 20 volumes of buffer A
containing 0.9 M NaCl. The supernatant was collected by centrifigation and the precipitate was
discarded. Next, the supernatant was precipitated with 55% (NFL),S0, (7.5 g (NH,),SO, per 20m]
lignid) overnight. The precipitate was collected by centrifigation.

{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, 3.5x10 cm,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 eluted with
0.6 M NaCl. The eluted proteins of interest were desalted with Sephadex G-25 (Sigma-Aldrich, St.
Louis, MO), and the buffer was replaced with 20 mM PB, 4 M nrea, 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-through.

[0142] Sephacryl S-200 was used to fiurther 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 PB, 0.2 M NaCl,
pH 7.0, The eluting peak was callected. Finally, the residual endotoxin was removed by detoxigen
resin (Cat. No. CS8-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. 1A, 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,

Example 2 - Enhanced stability of HPV fusion polypeptides of the present invention

[0143] Studies were performed to assess the stability of the HPV 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 HPY

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 deseribed in Example 1, divided into aliquots, and stored
at 4°C, -20°C, and -80°C. SDS-PAGE analysis was used 1o 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 %o the gel. Gels
were stained with Coomassie brilliant blue and quantified using densitometry by Tenon GIS (Gel
Image System, Tanon Co, Shanghai, China).

[0145] To venfy the stability and purity of the proteins after the expression and extraction
from E. coli, freshly-prepared samples of C6E7, C6E7m2 and C6ETm3 were analyzed by SDS-PAGE
(FIGS. 14, 1B, and 1C, respectively). The gels were scanned and densitomeiry was used to quantify
the relative amount of HPV fusion proteins. Specifically, results are expressed as a percentage of the
number of pixels in band corresponding C6E7, C6B7m2, and C6E7m3 over the total number of pixels
i the lane. For each HPV vaccine polypeptide, running the samples under reducing conditions
yielded larger quantities of proteins of the expected molecular weight compazed 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 C6E7m?2 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 npon 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 significantly 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. 1D). 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
canditions, it was observed that most of the C6E7m2 is aggregated (evidenced by the high molecular
weight band on SDS-PAGE). This is possibly caused 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 Cen7 COE7M2 CGETM3
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% Redunecing

[0147]  To farther ascertain the stability of the HPV fosion proteins npon 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 C6E7m2 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 upon storage as
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shown in non-reducing gel (FIG. 1E, lanes 1 and 3). Moreover, a significant amount of aggregation
of COE7m3 is indicated by the high-molecular weight band in the SDS-PAGE gel (FIG. 1E, lane 3).
C6E7m2 showed good stability and the aggregation of C6E7m2 is less severe than C6E7 and
C6ETm3 (FIG. 1E, lane 2).

Tabie 19, Quantification of Protein Bands by Densitometry {(Storage at 4°C)

Amount of Fusion Protein (Percent of Total Protein)
Samples CGR7 C6ETM2 CeETM3
Fresh sample purity | 65.53% Non-reducing | 80.98% Non-reducing 62.2% Non-reducing
90.88% Reducing 86.19% reducing 96% Reducing
After storage at 32.66% Non-reducing | 84.18% Non-reducing 25.45% Non-reducing
-80°C for 1.5 month. | 90.39% Reducing 91.92% Reducing 82.59% Reducing

[0%48]) The stability of the C7E7, C7E7m2, and C7E7m3 vaccine polypeptides of the
present invention was also characterized following storage at either 4°C or -20°C for 7 days. The
results are shown in FIG. 2. After storage at 4°C for 7 days, wild-type C7E7 was almost totally
degraded (FIGS. 2A and 2B, lane 1), as evidenced by SDS-PAGE under cither reducing or non-
reducing conditions. By contrast, mutants C7E7m2 and C7E7m3 were largely intact following
storage (FIGS. 2A and 2B, lanes 2-3, respectively). Likewise, after storage at -20°C for 7 days, wild-
type CTE7 exhibited significant degradation (FIGS. 2A and 2B, lane 4) compared to mutants C7TE7m2
and C7E7m3 (FIGS. 2A and 2B, lanes 5-6, respectively). The resistance of the C7E7Tm2 and C7E7m3
mutants to degradation and aggregation corapared to the wild-type indicates that the vaccines
comprising these polypeptides have utility for the production of a HPV vaccine that remains stable
from the time of production wntil 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.

Example 3 — Prophvlactic effect of HPV fusion polypentides of the present invention on tumar
incidence iz vivo

[0149]  The ability of the HPV fusion polypeptides of the present invention to provide a
prophylactic benefit against tumors induced by HP Vs 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 vaceines 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 ling
epithelial cells of C57BL/6 mice. The cells were transformed with HPV-16 (Human papilloma virus)

Eé6, E7 and human ¢-Ha-ras oncogenes and were found to be positive for the expression of HPV-16

40




E7. In all of the experiments described herein, TC-1 cells were culiured in RPMI 1640 (Gibco BRL,
Gaithersburg, MD) +10% FBS (HIyclone, Logan, UT) medium at 37°C in a incubator with 5% CO,,

[0151] For all of the studies in this Example, C57BL/6 mice (10 per group) were
immunized in the scruff of the neck with 200 ug of various immunogens (prepared as deseribed in
Example 1), and then boosted 14 d later with the same dose and regimen as the first vaccination. The
control group received vehicle alone (PBS) on the same schedule. Ten days after the boost, mice were
challenged in the right flank with 1.3%10° TC-1 cells s.c. (day 0) and observed for 50 d. Tumor
growth was observed every 34 d. Data are presented ag percent tumor incidence per group.

[0152] In one study, the tumor incidence in mice vaccinated with fiull-length calreticulin
fused to wild-type or mutant HPV16 E7 antigens was investigated. FIG. 3A shows the tumor
incidence in mice administered 200 up HPV fusion polypeptides CTE7, C7TETm2, CTETm3, as well as
the C7 and E7 polypeptides separately or in an admixture. The data indicate that the HPV fusion
proteins C7E7, C7B7m2 and C7E7m3 can protect the mice from the TC-1 cell challenges. The
mutant proteins C7E7m2 and C7E7m3 showed a slightly better protective effect than the wild type
C7E7. The individual C7 or E7 proteins or the admixture of E7 and C7 showed no protective effect.

[0153] In a second study, the tumor incidence in mice vaccinated with the N-terminal
domain of calreticulin C6 fused to wild-type or mutant HPV16 E7 antigens was investigated. FIG. 3B
shows the tumor incidence in mice administered 200 pug HPV fusion polypeptides C6E7, C6ETm2,
C6E7m3, as well as the C6 and E7 polypeptides provided separately or in an admixfure. The results
are similar to those shown in FIG. 3A and reveal that the N-terminal domain of cafreticulin (C6) can
substitute well for the firll-length calreticulin in providing a protective effect.

[0154] The results of these studies indicate that the C6E7Tm2, C6E7m3, C7ETm2, and
C7E7m3 fusion proieins of the present invention are able ta provide a protective effect against the
formation of HP V-induced tumors. The protective effects for the mutant E7 proteins were shown to
be slightly better than the protective effect seen with the wild-type C6E7 or C7E7 polypeptides,
Because the TC-1 cells in the mouse model express the same tumor antigen that would be expressed
in human HPV-induced tumors, the results of this study are predictive of similar prophylactic effects
in humans, As such, the vaccine compositions comprising the HPV fasion polypeptides of the
invention are useful in methods for preventing an HPV-related disease, such as cervical cancer, in

which cells express an HPV antigen.

Example 4- Therapentic effect of HPV fusion pelypentides of the present invention on tumor
incidence ip vivo,

[0155] ‘The ability of the HPV fusion polypeptides of the present invention to provide a
therapeutic benefit against turaors induced by HPVs was tested using a mouse model of the hnman
cancer, Inparticular, mice were challenged with HPV16 E6/E7-iransformed mouse TC-1 cells before
administration of the HPV fusion polypeptides of the present invention.
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[0136] For the studies in this Example, C57BL/6 mice (10 per group) were infected with
1.5%10° TC-1 cells s.c in the right flank (day 0). At5 and 19 days post-implantation, the mice were
immunized in the seruff 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 tummors was
monitored in the mice for 70 days in the groups receiving C7TE7, CTETm2, C7TE7m3, C6E7, C6ETm2,
C6E7m3, and for 40 days in the other groups. Data are presented as percent tumor incidence per
group.

[0157] Inone sindy, the tumor incidence in mice administered the fisll-length calreticulin
fused to wildtype or mutant HPV E7 antigens was investigated. FIG. 4A shows the tumor incidence
in mice immunized with 300 ug C7E7, C7BTm2, 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 B7 mutants C7E7m2, C7E7m3 have better anti-cancer activity than the wild type.

[0158] In asecond 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 investipated. ¥IG. 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-texminal domain of calreticulin (C6) can substitute well for the fuli-
length calveticulin in eliciting an anti-cancer response.

[0159] In athird study, the tumor incidence in mice administered the full-length calreticulin
fused 1o wild-type or mutant HPV E7 antigens in combination with BCG was investigated. FIG, 4C
shows the turmor incidence in mice immmnized with 100 ng C7E7m2 or C7E7m2 in combination with
BCG (50 g, 100 pg, 200 pg or 400 pg) or 400 pg BCG. The results indicate that BCG enhances the
antitumor activity of C7TETm?2,

[0160] In a fourth study, the tumor incidence in mice administered the N-terminal domain
(amino acids 18-366) of calreticulin fiused to wild-type or mutant HPV E7 antigens in combination
with BCG was investipated. FIG. 4D shows the tumor incidence in mice immunized with 100 pg
C6ETm?2 or C6E7m2 in combination with BCG (30 pg, 100 pg, 200 pg or 400 pg) or 400 pg BCG.
The resulfs indicate that BCG enhances the antitwmor activity of C6ETm2. 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 mmor incidence in mice administered the HPV vaccine
compositions of the present invention, the size of tunors 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 ug BCG or C6E7m2 alone, 60 pg E7 or E7m2 alone, or
BCG admixed with E7, E?m2, or C6E7m2. Tumior growth was observed every 3-4 days, and the
length and width of the tumor was measured with a vernier caliper. Tumor volume was calculated by

the formula: length x width? +2, and the changes of tumor growth were plotted.
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[0162] FIG. 5 shows the therapeutic effect of HPV fusion polypeptides of the present
invention on tmor size. In this experiment 200 pg BCG could synergisticatly inhibit TC-1 tumor
growth with C6E7m2, E7 and E7m2. However, BCG, E7, or ETm2 alone elicited little or no
inhibitory effect on TC-1 tumor growth. The largest inhibitory effects were seen with C6E7m2 either
alone or in combination with BCG. The resulis indicate that the HPV vaccine compositions of the
present invention inhibit growth of TC-1 tumors in challenged C57BL/6 mice to a greater extent than
vaccine compositions cormprising the wild-type H7 antigen.

[0163] The resulis of these studies indicate that the C6E7m2, C6E7m3, C7TE7m2, and
C7E7m3 fusion proteins of the present invention are able to provide a therapeutic effect in treating
HPV-induced tumors. The therapeutic effects for the mutant E7 proteins were shown to be slightly
beiter than the protective effect seen with the wild-type C6ET or C7E7 polypeptides. Furthermore,

" combined administration with BCG enhances the therapeutic effect of the vaccine compositions of the
present invention. Becanse the TC-1 cells in the mouse model express the same tumor antigen that
would be expressed in human HPV-induced tumors, the results of this study are predictive of similar
therapeutic effects in humans. As such, the vaceine compositions comprising the HPV fusion
polypeptides of the invention are useful in. methods for treating an HPV-related disease, such as

cervical cancer, in which cells express an HPV antigen.

[0164] The ability of the HPV fusion polypeptides of the present invention to indnce a

eytotoxic T-lymphocyie response against cells expressing HPV anfigen was investigated using an in
vifro cytotoxicity assay. For these studies, C57BL/6 mice were injected subcutaneously in the scruff
of the neck with various immunogens (prepared as described in Example 1) or PBS. Mice were
boosted 7 days later with the same dose and regimen as the first vaccination. Seven days after the
boost, spleens were aseptically removed and single cell suspensions were prepared, Erythrocytes
were lysed in Tris-buffered ammonium chloride. Pooled splenocytes were re-stimnlated for 5 days
with mitomycin C-treated TC-1 cells (20 ug/ml mitomyein C, incubated at 37°C for 1h). The
splenocytes were tested for cytolytic activity against the following target cells: Lewis (irrelevant
target) or the E7-expressing TC-1.

[0165] The cytolytic activity of T cells was determined by guantitative measurements of
lactate dehydrogenase (LDH) using CytoTox 96 nonradioactive cytotoxicity assay kits (Promega Corp,
Madison, WI, USA) according to manufacturer’s protocol. Briefly, effector cells and target cells
(5%10° per well) were mixed at various ratios (11:1, 33:1, 100:1) in a final volume of 200 pl. Aftera 4
h incubation at 37°C, 50 pl of the culmred media were collected and the araount of LDH in the media

was determined. The percentage of specific lysis was determined as 100 x [(sxperimental release ~
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effector spontaneous release —target spontaneous release)/(target maximum release ~ target
spontaneous release)].

[0166] In one study, the cytolytic activity of T-cells from mice administered the full-length
calreticulin fosed to wild-type or mutant HPV16 E7 antigens was investigated. FIG. 6A shows a
comparison of cytolytic activity from effector cells of mice immunized with 300 pg of either C7E7,
C7E7m2, C7E7m3, equalmolar amount of C7, E7m2, an admixture of C7 and E7m2 or PBS. The
data indicate that the fusion protein of calreticulin and E7 (or its mutants) can stimulate specific CTL
responses in mice, while the individual proteins were not as effective at stimulating a specific CTL
response.

[0167] In asecond study, the cytolytic activity of T-cells from mice administered the N-
terminal domain (amino acids 18-366) of calreticulin fused to wild-type or mutant HPV16 E7
antigens was investigated, FIG. 6B shows a comparison of cytolytic activity from effector cells of
mice immunized with 300 pg of either C6E7, C6ETm?2, C6E7m3, equalmolar amount of C6, ETm2,
an admixiure of C6 and E7m2 or PBS. The results are similar to those shown in FIG. 6A and reveal
that the N-terminal domain of calreticnlin (C6) can substitute well for the fall-length calreticulin in
stimulating specific CTL responses,

[0168] In athird study, the eytolytic activity of T-cells from mice administered the full-
length calreticulin fiused 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 ug C7E7m2, 100 pg C7E7m?2 in combination with different amounts of BCG (50 pg, 100
ng, 200 pg or 400 pe) or 400 pg BCG. The data show that BCG can cooperatively fimetion with the
HPYV vaccines of this invention to stimulate CTL responses.

[0169] In afourth study, the cytolytic activity of T-cells from mice administered the N-
terminal domain (amino acids 18-366) of calreticulin fused to wild-type or mutant HPV E7 antigens
in comibination with BCG was investigated. FIG. 6D shows a compazison of cytolytic activity from
effector cells of mice immunized with 100 pg C6E7m2, 100 ug CSE7m2 in combination with
different amounts of BCG (50 pg, 100 pg, 200 pg or 400 pg) or 400 pg BCG. The data show that
BCG can cooperatively funetion 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-indnced 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 stimunlation of an immune response.
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Example 6 — Bffect of PV fusi i ides of ] . . e ucti

[0171] The ability of the HPV fusion polypeptides of the present invention to induce
cytokine production was investigated by detecting IFN-y production in an antibody capture ELISA.
In these studies, C57BL/6 mice (three per group) were immunized subcutaneously in the seruff of the
neck with various immunogens of'the present invention (prepared as described in Example 1) or PBS
and then boosted 14 days later with the same dose and regimen as the first vaccination. Fourteen days
after the boost, pooled splenocytes were harvested and made into single-cell suspensions. Using 96-
well flat-bottomed plates, 6x10° splenocytes were cultured using RPMI 1640 medium supplemented
with 10% fetal calf serum (FCS; Hyclone, Logan, UT) in a total volume of 0.2 ml. Triplicate cultures
were restimulated for 72 h with either medinm, 1.4 uM E7 or 1.4 pM HBsAg as an igelevant antigen.
Pooled supematants from tdplicate wells were collected by centrifogation and frozen at -80°C until
analyzed. IFN-y content was measured by antibody capture ELISA. according to manufacturer's
instructions (PharMingen, San Diego, CA). IFN-y content in culture supernatants was extrapolated
from a curve generated using recombinant cytokines as standard {PharMmgen).

[0172] In one study, cytokine production in splenocytes from mice administered the fall-
length calreficulin fused to wild-type or mutant HPV E7 antigens was investigated. FIG. 7A shows a
comparison of IFN-y production from splenocytes of mice immunized with 300 pg of eitber C7ET,
CT7E7m2, C7TETm3, equalmolar amount of C7, E7m?2, an admixtere of C7 and E7m2 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 simutating oytokine
release.

[0173] Inasecond study, cytokine production int splenocytes from mice administered the N-
terminal domain (amino acids 18-366) of calreticulin fiised to wild-type or mutant HPV E7 antigens
was investigated. FIG. 7B shows a comparison of IFN-y production from splenocytes of mice
immunized with 300 pg of either C6E7, C6ETm?2, C6E7m3, equalmolar amount of C6, E7m2, an
admixture of C6 and E7m2 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 fill-length calreticulin in
stimulating Thl-type cytokine releases.

[0174] In athird study, cytokine production in splenocytes 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 JFN-y production from splenocytes of mice immunized
with 100 pg C7TE7m2, 100 pg C7E7m? in combination with different amounts of BCG (50pg, 100ug,
200 pg or 400 pg) or 400 pg BCG. The data show that BCG can co-operatively fnction with the
HPV fusion polypeptide vaccines of the invention to stimulate Thl-type cytokine production.

[0175] In a fourth stady, cytokine production in splenocytes from mice administered the N-
terminal domain (amino acids 18-366 of SEQ ID NO:2) of calreticnlin fused to wild-type or mutant
HPV16 E7 antigens in combination with BCG was investigated. FIG. 7D shows a coraparison of
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IFN-y production from splenocytes of mice immunized with 100 pg C6E7m2, 100 ug C6E7m2 in
combination with different amounts of BCG (50 ptg, 100 pg, 200 ug or 400 pg) or 400 pg BCG. The
data show that BCG can co-operatively finction with the HPV fusion polypeptide vaccines of the
invention to stimulate Thl-type cytokine production.

[0176] These studies indicate that the HPV vaccine compositions of the present invention
are usefil in stimulating a specific immune response—cytokine production—when challenged with
the HPV E7 antigen. The results support the idea that the vaccine compositions may be used io 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 ireating or preventing an HPV-related

disease through the stimnlation of an imsnune response,

Example 7 — Therapentic and prophylactic vaccination of human subjects (prophetic).

[0177] The HPV fusion polypeptides of the present invention can be used in treatment of
HPV infections and diseases caused thereby. Specifically, the invention provides for both
prophylactic and therapeutic methods of treating a subject at risk of {or susceptible ta) a disorder or
having a disorder associated with a HPV infection, Administration of a prophylactic HPV fusion
polypeptide can occur prior o the manifestation of symptoms characieristic of the infection, such that
a disease or condition is prevented or, alternatively, delayed in its progression. In therapeutic
applications, HPV fusion polypeptides of the present invention are administered to a subject suspected
of, or already suffering from, a FHIPV infection. An amount adequate to accomplish therapeutic or
prophylactic freatment is defined as a therapeutically- or prophylactically-effective dose.

[0178] Inthis Example, hnman snbjects having an HFV-related disease, e.g. cervical cancer,
are administered the vaccine compositions of the present invention. HPV fusion polypeptides are
prepared as described in Example 1. An vaccine comprising C6E7m2 or C7E7m3 {with or without
BCG as an adjuvant) is administered to a human 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 suchy, the pap fest is an indicator of subjects having or at risk for having an HPFV-
related disease. After treatment, patient condition is monitored for ocenzrence 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 cornpared 1o 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 llustrations 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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and apparatuses within the scope of the invention, in addiiton to those enumerated herein, will be
apparent to those skilled in the art from the foregoing descriptions. Such meodifications and variations
are intended to fall within the scope of the appended claims. The present invention is to be limited
only by the texms of the appended claims, along with the full scope of equivalents fo which such
claims are entitled, It is to be understood that this jnvention is not limited to patticular methods,
reagents, compounds compositions or biclogical systems, which can, of course, vary. Itis alsoto be
understood that the terminology used herein is for the purpose of describing particular embodiments
only, and is not intended to be limiting,

[0180] Other embodiments are set forth within the following claims.
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CLAIMS

1. A vaccine composition comprising a fusion protein of an immunostimulatory
polypeptide and a mutant HPV antigen, wherein the mutant HPV antigen is an HPVI16 E7
polypeptide comprising substitutions in at least two cysteine residues selected from the
group consisting of cysteine-24, cysteine-59, and cysteine-68 of SEQ ID NO:1, and wherein
the immunostimulatory polypeptide is selected from the group consisting of: calreticulin,
calnexin, tapasin, ER60, Hsp27, Hsp40, Hsp70, Hsp90, Hsp100, and Hsp110.

2. The vaccine composition of claim 1, wherein the substitutions are C24V,
C598, and C68V.

3. The vaccine composition of any one of the previous claims, wherein the E7
polypeptide has a substitution at the cysteine residues corresponding to cysteine-59 and
cysteine-68 of SEQ ID NO:1.

4, The vaccine composition of any one of the previous claims, wherein the
fusion protein is selected from the group consisting of: SEQ ID NOS: 6, &, 12, and 14.

5. The vaccine composition of any one of the previous claims further
comprising BCG as an adjuvant.

6. A pharmaceutical composition for use in a method of the treatment or
prevention of a human papilloma virus-related disease, comprising an effective amount of
the fusion protein as defined in any one of claims 1-5 and a pharmaceutically acceptable
carrier.

7. The pharmaceutical composition of claim 6 for use according to claim 6

further comprising BCG as an adjuvant.

8. A nucleic acid molecule encoding the fusion protein as defined in any one of
claims 1-5.
9. The nucleic acid molecule of claim 8, wherein the nucleic acid encoding the

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

10.  An expression vector comprising the nucleic acid molecule of any one of
claims &-9.
11. A host cell comprising the expression vector of claim 10.
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