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(57) Abstract: The present invention relates to human pa-
pillomavirus E7 antigen compounds and compositions for
treating human papillomavirus infection and associated
conditions. The invention provides, in part, polypeptide
and nucleic acid molecules including sequences substan-
tially identical to the sequences of two or more human pa-
pillomavirus (HPV) E7 antigens, where the E7 antigens
are selected from at least two different HPV strains, and
methods of using the same.
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HUMAN PAPILLOMAVIRUSE7 ANTIGEN COMPOSITIONS AND USES
THEREOF

FIELD OF INVENTION

[0001] The present invention relates to compounds and compositions for treating human
papillomavirus infection and associated conditions. More specifically, the present invention
relates to human papillomavirus E7 antigen compounds and compositions for treating human

papillomavirus infection and associated conditions.
BACKGROUND OF THE INVENTION

[0002] Human papillomaviruses (HPV) are agroup of more than 100 related, but genetically
distinct, 'types of virus, which can be broadly classified as low-risk and high-risk. Low risk
HPV types are associated with common warts (or papillomas) that are generally benign and non-
life threatening. In contrast, persistent infection with high-risk types of HPV is associated with
pre-cancerous cervical dysplasia and cervical cancer (1,2). High risk HPV types are also
associated with cancers of the anus, vulva, vagina, and penis (3) aswell as certain subsets of

head and neck cancers (4-6) and breast cancer (57).

[0003] Highrisk HPV typesthat cause cervical cancer are sexualy transmitted and are highly
prevalent in the normal, healthy population. It is estimated that amajority of people become
infected shortly after becoming sexually active (7, 59). The vast mgjority of high risk HPV
infections are thought to be self-limiting, with minimal associated pathology, however infection

with high risk HPV may develop into malignancy (8).

[0004] While HPVI 6 and HPVI 8 are the most prevalent of the high risk HPV types, there are
many additional high risk types of HPV. A recent comparative analysis of 1,918 cervical cancer
patients and 1,928 healthy control women revealed that the most common HPV typesin cancer
patients (in descending order of frequency) were HPV types 16, 18, 45, 31, 33, 52, 58 and 35
(12). Likewise, aglobal analysis of the prevalence of HPV in cervical cancer revealed that
HPVI 6 was present in 50% of cases, HPV 18 in 14%, HPV45 in 8%, and HPV 31 in 5%, with

other members of the thirteen "high risk" types making up the remaining cases (12).

[0005] Dueto their prevalence, HPV16 and HPVI 8 have been the focus of abroad prophylactic
immunization campaign aimed at preventing initial infection by HPV (9, 10) and currently

approved prophylactic vaccines target the high risk strains HPVI 6 and HPVI 8 (as well asthe
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low risk strains HPV6 and HPVI 1) in anticipation that prophylactic vaccination will diminish or
prevent the occurrence of HPV -associated malignancy later in life. It has also been suggested
that HPVI 6 and HPV| 8 prophylactic vaccines may confer partial cross-protection against other
high risk types of HPV (13-15).

[0006] Prophylactic HPV vaccines currently in clinical use are comprised of recombinant viral
capsid glycoprotein (L1) that spontaneously forms synthetic virus-like particles (VLP) (60, 61).
Immunization with VLP-based, prophylactic vaccines elicits a strong, neutralizing antibody

response against the L1 protein, which prevents viral infection from becoming established.

[0007] Prophylactic vaccines however appear to have minimal impact on established infection
(16). For example, prophylactic cervical cancer vaccines are ineffective for those individuals
who have aready been exposed to HPV, since once the virus gains entry into the cell, itis
protected from the neutralizing effects of extracellular antibody, allowing viral replication (and
latent infection) to proceed unimpeded. Infection with high risk HPV may result in integration of
theviral episome into host DNA, often resulting in deletion of several early {E2, E4 and E5) and
late {LI and LI) genes, leaving the HPV proteins, E6 and E7, asthe only viral proteins that
continue to be expressed in the infected cell (23, 24, 59). In this situation, vaccine-induced
immunity against the LI capsid protein isineffective for therapy.

[0008] In addition, because of the high prevalence of HPV infection in today's adult population
combined with the slow progress of cervical carcinogenesis, it is anticipated that it will take 20
years, or more, until mass implementation of a prophylactic vaccine will have an impact on the
incidence of cervical cancer. Also, prophylactic vaccines have met with resistance in some
instances and the rate of vaccination is variable (17). In some areas, vaccine cost remains an issue

(18).

[0009] Therapeutic HPV vaccines, designed to eradicate pre-existing lesions by generating
cellular immunity against HPV-infected cells that express viral proteins, have been explored as
an aternative for treatment of HPV-associated cancer (for review see 19, 20, 62-65) and many of
these approaches have been aimed at the devel opment of vaccines that elicit arobust CD8 T cell
response since many vaccines currently approved are generally poor at eliciting CD8 immunity
(66, 67). HPV E7 therapeutic vaccination approaches have included peptide immunization (26,
28-30), DNA immunization (31-33, 68), immunization with recombinant, E7-expressing
Vacciniavirus (25, 34), adenovirus (35-37), Salmonella typhimurium (38, 39) or Listeria
monocytogenes (40, 41), E7-pulsed dendritic cells (42-45) or E7-containing virus-like particles
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(VLP) (46-49) and anumber of these therapeutic vaccine strategies have advanced to early
clinical trials.

[0010] Many of these therapeutic vaccine strategies are often logistically cumbersome and the
responses elicited rarely reach the level of CD8 T cell expansion that is seen during the acute
phase of an authentic anti-viral immune response (69). Strategies for enhancing CD8 immunity
viabooster vaccination, such as various types of heterologous prime-boost regimens, including
DNA-peptide, DNA-virus or two distinct viral vehicles for prime-boost, have been used for
eiciting CD8 immunity (70-72). However, these methods can be difficult to translate to the

clinic and there is poor consensus regarding which methodologies are optimal.

[001 11 HPV vaccines have been described in a number of publications including PCT
publications WO2005/089164 (published September 29, 2005), WO2007/121894 (published
November 1, 2007), W0O2007/121895 (published November 1, 2007), W0O2008/049329
(published May 2, 2008), and WO2008/ 145745 (published December 4, 2008).

[0012] The TC-1 model tumor system, originally derived from mouse primary lung epithelial
cells that were transformed with HPV16 E6 and E7 oncogenes, which are required for
transformation and immortalization of infected cells and maintenance of the cellsin a
transformed state (21, 22), along with activated human c-Ha-ras (25), has become widely adopted
as atest system for HPV therapeutic vaccines. Implantation of TC-1 tumor cells into
immunocompetent C57B1/6 mice results in the formation of rapidly progressing tumors at the
site of inoculation. However, specific cellular immunity against the HPV16 E7 protein can
confer protection against TC- 1tumor outgrowth. For example, CD8+ T cells specific for the H-
2DDb-restricted epitope (E749-57; RAHYNIVTF) of E7 have been reported to be capable of
lysing E7-expressing tumor cells and causing regression of established TC-1 tumors (26, 27).

[0013] Immunization with whole exogenous protein has been suggested to be an inefficient
means of eliciting MHC class I-restricted CD8+ T cell responses (50). However, immunization
with recombinant (51) or synthetic (52) full length E7 protein has been reported to elicit CD8+ T
cell immunity when delivered in combination with either QuilA or CpG-containing
oligonucleotides, respectively. Likewise, recombinant proteins comprised of fusions between
immunogenic heat shock proteins (HSP) and selected target antigens are also reported to dlicit
CD8+ immunity against the target antigen. It has been suggested that immunization with whole
exogenous protein plus TLR3 or TLR9 agonists facilitates the process of cross-priming and

promotes the development of antigen-specific CD8+ T cell responses (55, 56).
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[0014] Currently, cervical dysplasia and early stage cervical cancer are most commonly treated
using a surgical procedure known as LEEP (Loop electrosurgical excision procedure) in which
abnormal tissue isremoved using athin wire loop charged with an electrocurrent. More advanced
stages of cervical cancer are treated by surgery (partial or radical hysterectomy) combined with
chemotherapy and or radiation therapy.

SUMMARY OF THE INVENTION

[0015] The invention provides, in part, human papillomavirus E7 antigen compounds and
compositions. The compounds and compositions may be useful for treating or diagnosing human

papillomavirus infection and associated conditions.

[0016] In one aspect, the invention provides a polypeptide including an amino acid sequence
substantially identical to the amino acid sequence of two or more human papillomavirus (HPV)

E7 antigens, where the E7 antigens are selected from at least two different HPV strains.

[0017] In alternative embodiments, the different HPV strains may behigh risk strains, such as
HPV 16, HPV 18, HPV 31, HPV 33, HPV 35, HPV 39, HPV45, HPV51, HPV52, HPV56, HPV 58,
HPV59, HPV68, HPV73, or HPV82. In aternative embodiments, the E7 antigens may be
selected from five different HPV strains, such as HPV 16, HPV 18, HPV 31, HPV45, and HPV52.

[0018] In alternative embodiments, the polypeptide may include two or more of the amino acid
sequences set forth in SEQ ID NOs: 1to 15, or the amino acid sequences set forth in SEQ ID
NOs: 1to 5, such asthe amino acid sequence set forth in SEQ ID NO: 16 or 17.

[0019] In alternative embodiments, the polypeptide may be encoded by anucleotide sequence

comprising two or more of the nucleotide sequences set forth in SEQ ID NOs: 18 to 32.

[0020] In alternative embodiments, the polypeptide may be encoded by anucleotide sequence
comprising two or more of the nucleotide sequences set forth in SEQ ID NOs: 18 to 22, such as
SEQ ID NOs:. 33 or 34.

[0021]] In alternative embodiments, the E7 antigens may be capable of inducing an immune

response to the two different HPV strains.

[0022] In other aspects, the invention provides a nucleic acid molecule including a sequence
substantially identical to the nucleotide sequences of two or more human papillomavirus (HPV)

E7 antigens, where the E7 antigens are selected from at least two different HPV strains.
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[0023] In alternative embodiments, the different HPV strains maybe high risk strains, such as
HPV 16, HPV18, HPV31, HPV33, HPV35, HPV39, HPV45, HPV51, HPV52, HPV56, HPV5S,
HPV59, HPV68, HPV73, or HPV82.

[0024] In alternative embodiments, the E7 antigens may be selected from five different HPV
strains, such as HPV16, HPV18, HPV31, HPV45, and HPV52.

[0025] In alternative embodiments, the nucleic acid molecule may include two or more of the

nucleic acid sequences set forth in SEQ ID NOs:. 18 to 32.

[0026] In alternative embodiments, the nucleic acid molecule may include the nucleic acid

sequences set forthin SEQ ID NOs: 18 to 22, such as SEQ ID NOs: 33 or 34.

[0027] In aternative aspects, the invention provides anucleic acid molecule encoding aHPV E7

polypeptide.

[0028] In alternative aspects, the invention provides an expression vector including anucleic
acid sequence as described herein operably linked to a sequence that allows for expression of the

nucleic acid sequence in ahost cell.

[0029] In alternative aspects, the invention provides ahost cell comprising anucleic acid

molecule or expression vector as described herein.

[0030] In aternative aspects, the invention provides acomposition including a polypeptide,
nucleic acid molecule, expression vector or host cell as described herein. The composition may
include a carrier and/or an adjuvant. The adjuvant may be a Toll-like receptor (TLR) agonist
such asaTLR3 agonist (e.g., poly(l.C)) or aTLR9 agonist (e.g., aCpG containing
oligonucleotide). Alternatively or additionaly, the adjuvant may be an interferon-alpha, an
agonist of the 4-1BB receptor, an agonist of the CD40 receptor, or an anti-CD40 antibody.

[003 1] In alternative aspects, the invention provides amethod of stimulating an immune
response in asubject in need thereof by administering apolypeptide, nucleic acid molecule,
expression vector or host cell as described herein, to the subject. In alternative aspects, the
invention provides amethod of treating or preventing a condition associated with HPV infection
in asubject in need thereof, by administering apolypeptide, nucleic acid molecule, expression
vector or host cell as described herein, to the subject. In aternative aspects, the invention

provides amethod of treating a HPV infection in a subject in need thereof, by administering a
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polypeptide, nucleic acid molecule, expression vector or host cell as described herein, to the

subject.

[0032] In alternative aspects, the invention provides ause of apolypeptide, nucleic acid
molecule, expression vector or host cell as described herein, for stimulating an immune response
in asubject in need thereof. In alternative aspects, the invention provides ause of apolypeptide,
nucleic acid molecule, expression vector or host cell as described herein, for treating or
preventing acondition associated with HPV infection in a subject in need thereof. In aternative
aspects, the invention provides a use of a polypeptide, nucleic acid molecule, expression vector

or host cell as described herein, for treating aHPV infection in a subject in need thereof.

[0033] The condition associated with HPV infection may be one or more of a cancer of the
breast, cervix, anus, vulva, vagina, penis, head and neck, and lung, or pre-malignant lesion
thereof, or may be a pre-cancerous cervical epithelial neoplasia (CIN | through CIN 111) or a

cervical cancer.

[0034] In alternative embodiments, the HPV infection may be by ahigh risk HPV type, such as
HPV 16, HPV 18, HPV 31, HPV 33, HPV 35, HPV39, HPV45, HPV51, HPV52, HPV56, HPV58,
HPV59, HPV68, HPV73, or HPV82. In dternative embodiments, the methods or uses may
further include administering an adjuvant such as aToll-like receptor (TLR) agonist (e.g., TLR3
agonist like poly(1:C) or aTLR9 agonist like a CpG containing oligonucleotide). Alternatively or
additionally, the adjuvant may include an interferon-alpha, an agonist of the 4-1BB receptor, an
agonist of the CD40 receptor, or an anti-CD40 antibody. The administering may include
administration of multiple doses over atime frame of less than 14 days, or may include
administration of multiple doses over one to four days, and/or may include administration of

multiple daily doses.

[0035] In alternative aspects, the invention provides apeptide consisting essentially of one or
more of the sequences TSNYNIVTF (SEQ ID NO: 35), AEPDTSNYNIVTFCC (SEQ ID NO:
36) or TSNYNIVTFCCQCKS (SEQ ID NO: 37). In alternative aspects, the invention provides a
method of diagnosing a HPV 3 1 infection comprising contacting a sample with a peptide
consisting essentially of one or more of the sequences TSNYNIVTF (SEQ ID NO: 35),
AEPDTSNYNIVTFCC (SEQ ID NO: 36) or TSNYNIVTFCCQCKS (SEQ ID NO: 37). In
alternative aspects, the invention provides a method of determining the response of a subject to a

HPV3 linfection contacting a sample with apeptide consisting essentially of one or more of the



10

15

20

25

30

WO 2012/006727 PCT/CA2011/000823

sequences TSNYNIVTF (SEQ ID NO: 35), AEPDTSNYNIVTFCC (SEQ ID NO: 36) or
TSNYNIVTFCCQCKS (SEQ ID NO: 37).

[0036] This summary of the invention does not necessarily describe al features of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0037] These and other features of the invention will become more apparent from the following

description in which reference is made to the appended drawings wherein:

[0038] FIGURES 1A-B are schematic diagrams showing the structural organization of the
Pentarix protein (A) without an affinity tag or (B) with acleavable 6x affinity tag and a thrombin

cleavage site.

[0039] FIGURE 1C shows the preparation and purification of Pentarix protein with a cleavable
6x affinity tag. The Figure shows expression of recombinant Pentarix protein in E coli and an
example of atypica purification using nickel affinity purification. Total protein contained within
alysate of IPTG-induced E. coli before and after passage over aHisTrap column (GE
Healthcare) and protein eluted from the column (Fr#l-12) in the presence of increasing
concentrations of imidazole were detected by Coommassie Blue staining (left panel). Identity of
purified Pentarix protein was confirmed by Western blot analysis of lysates from un-induced and
induced cultures aswell as purified Pentarix and HPV16 E7 proteins using anti-6xHis tag
antibody or anti-HPV 16E7 antibody.

[0040] FIGURE 2A isagraph showing OVA,;, s4-specific CD8.T cell responses dlicited in
response to immunization with whole exogenous OV A protein plus the TLR3 agonists poly(l:C)
or polylC/LC. Naive C57B1/6 mice (2 mice per condition) were immunized with whole OVA
protein (500 pg) plus or minus poly(l:C) (10 pg) or polylC/LC (10 ug/ml). Seven days post
immunization mice were euthanized and the number of OV A,s7.264 (SIINFEKL)-specific CD8+ T
cellsin bulk splenocytes of immunized mice were quantitated by IFN-y ELISPOT. Results are
reported as the number of IFN-y spot-forming cells per IxlI 08 splenocytes after stimulation with
media only, SIINFEKL peptide (10 pg/ml)(SEQ ID NO: 39) or irrelevant H2Db-binding peptide
(20 pg/ml).

[0041] FIGURE 2B isagraph showing that OVA,s7.,64 -specific CD8 T cell responses are
elicited in dose-dependent manner after immunization with whole exogenous OV A protein plus
the TLR3 agonist poly(1:C).
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[0042] FIGURES 3A-E show OVA,s7.264 -specific CD8,T cell or HPV 16 E7 responses €licited
in response to long or short interval (cluster) homologous prime-boost immunization. A, Naive
C57B1/6 mice (2 mice per condition) were immunized with whole OVA protein (100 u%a ) plus
poly(1:C) (10 pg) at day -7, day -21 or day -7 and day -21 and were euthanized at day 0. The
number of OV A,s, 264 -specific CD8+ T cells in bulk splenocytes of immunized mice were
guantitated by IFN-y ELISPOT. B, Naive C57B1/6 mice (3 mice per condition) were immunized
with the indicated number of sequential daily doses of whole, soluble OVA protein (100 pg)
admixed with poly(l:C) (10 ug). One additional group of mice received a single immunization
that was equivalent to four times the normal daily dose (i.e. 400 pg of OVA protein plus 40 pg of
poly(l:C)). Seven days after the first immunization mice were euthanized and bulk splenocyte
preparations were assessed by IFN-y ELISPOT to quantitate the number of OV A,s7.,6, -Specific
CD8+ T cells. Results in A and B arereported as the number of IFN-y spot-forming cells per

| x| & splenocytes after stimulation with media only or SIINFEKL peptide (10 pg/ml). C, Naive
C57B1/6 mice were immunized with one dose or four consecutive daily doses of whole, soluble
OVA protein (100 pg) plus poly(1:C) (10 pg) asindicated. D, Mice in panel c that received four
consecutive daily doses of OVA protein plus poly(l:C) were reimmunized with another four
consecutive daily doses of the same, starting at day 47 after imitation of the first round of
immunization. Periphera blood was obtained from the saphenous vein of individual mice that
were serially bled on the indicated days post-immunization. RBC in peripheral blood were lysed
and lymphocytes were stained with FITC-conjugated anti-CD8 and PE-conjugated H-2Kb/
OVA, 57,64 tetramer and analyzed by flow cytometry. Events shown in C and D are gated on
CD8+ lymphocytes and are from arepresentative single animal to allow precise monitoring of
the evolution of the antigen-specific T cell responses within a given animal over time. E, Naive
C57B1/6 mice were immunized with one dose (left panel), four consecutive daily doses of whole,
soluble HPV 16 E7 protein (100 ug) plus poly(l:C) (10 ug), or four consecutive daily doses of
whole, soluble HPV16 E7 protein (100 ug) only. Seven days post-immunization, peripheral
blood was obtained from immunized mice. Lymphocytes were stained with FITC-conjugated
anti-CD8 and PE-conjugated Db/E749,57 tetramer and analyzed by flow cytometry. Events shown
are gated on CD8* lymphocytes.

[0043] FIGURE 4 isaseries of graphs showing sequentia daily immunization with whole,
soluble protein plus the TLR3 agonist poly(I:C) induces regression of large, established tumors.
C57B1/6 mice (3 mice per cohort) were implanted with OV A-expressing EG7 tumors cells

(IxIO ®) on day 0 and were left untreated (upper left), or were treated with 1 dose of poly(l:C) (10
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Hg) (upper right), 1dose of whole, soluble OVA protein (100 ng) plus poly(l:C) (10 pg) (lower
left) or four sequential daily doses of whole, soluble OVA protein (100 pg) plus poly(I:C) (10
ug) ) (lower right). Time of treatment for each group isindicated by the arrowhead(s). Average
tumor volume at time of treatment for each group was 224mm 3 (poly(1:C) only), 194mm3 (1 dose
of OVA + poly(I:C)) or 344mm 3 (4 doses of OVA + poly(I:C)). Mice in the last cohort were
intentionally treated at atime when tumor size was larger in order to exemplify the beneficia

effects of sequential daily immunization.

[0044] FIGURES 5A and 5B are a graphs showing HPV16 E7,q.57-specific CD8+ T cell
responses elicited in response to a single immunization with whole Pentarixprotein plus the
TLR3 agonist poly(I:C). Naive C57B1/6 mice were left untreated or were immunized with 100 pg
of whole, soluble Pentarixprotein admixed with 10 pg of poly(l:C), or were treated with 10 pg
of poly(l:C) only (5B). Seven days post-immunization mice were euthanized and bulk splenocyte
preparations were assessed by IFN-y ELISPOT to quantitate the number of HPV16 E7,9..7-
specific CD8+ T cells. Briefly, splenocytes (3x10° per well, triplicate wells per condition) from
individual animals were stimulated overnight with either media alone or with HPV16 E7,957
peptide (10 ug/ml) or irrelevant control peptide (KAVYNFATM; SEQ ID NO: 40). Results from
naive (unimmunized) mice are included for comparison. Results are reported asthe number of
IFN-y spot-forming cells per IxIO © splenocytes after stimulation with media only or HPV16 E7,9.
57, Or irrelevant peptide (10 pg/ml) (5B). ‘

[0045] FIGURES 6A and 6B are graphs showing HPV16 E7,9.57-specific CD8+.T cell
responses elicited in response to asingle immunization with whole Pentarixprotein plus the
TLR9 agonist CpG oligonucleotide. Naive C57B1/6 mice were left untreated or were immunized
with 100 pg of whole, soluble Pentarixprotein admixed with 10 pg of CpG oligo #2395
(Invivogen) or with CpG oligo only. Seven days post-immunization mice were euthanized and
bulk splenocyte preparations were assessed by IFN-y ELISPOT to quantitate the number of
HPV 16 E749.5;-specific CD8+ T cells. Briefly, splenocytes (3xI0 ° per well, triplicate wells per
condition) from individual animals were stimulated overnight with either media alone or with
HPV 16 E7,, 57 peptide (10 ug/ml) or irrelevant control peptide (KAVYNFATM; SEQ ID NO:
40). Results from naive (unimmunized) mice are included for comparison. Results are reported
as the number of IFN-y spot-forming cells per IxI 0% splenocytes after stimulation with media
only, HPV16 E7;9 ;0r irrelevant peptide (10 pg/ml). The data presented in 6B are representative
of three experiments; results are reported as the number of IFN-y spot-forming cells per IxIO 6

splenocytes +/- SD for each triplicate.
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[0046] FIGURES 7A-B are graphs showing HPV16 E749 ;7 -specific CD8+,T cell responses
elicited in response to a single immunization with whole Pentarixprotein plus the TLR3 agonist
poly(l:C) or with 4 successive daily doses of Pentarixprotein plus poly(l:C). Naive C57B1/6
mice (3 per cohort for Fig. 7B) were left untreated (naive) or were immunized onetime or 4
times (daily on days 1-4) with 100 pg of whole, soluble Pentarix protein admixed with 10 pg of
poly(l:C). Seven days (7A) or eight days (7B) post-immunization mice were euthanized and bulk
splenocyte preparations were assessed by |IFN-y ELISPOT to quantitate the number of HPV 16
E7,9..-specific CD8+ T cells. Results are reported as the number of IFN-y spot-forming cells per
I x| @ splenocytes after stimulation with media only or HPV16 E7,9,, , or irrelevant peptide (10
ug/ml) (7B). Splenocytes (3x10° per well) from individual animals were stimulated overnight
with either media alone or with HPV 16 E7,9.57 peptide (10 ug/ml) or irrelevant control peptide
(KAVYNFATM; SEQ ID NO: 40). The data presented in 7B are representative of three
experiments; results are reported as the number of IFN-y spot-forming cells per IxIO 6

splenocytes +/- SD for each triplicate.

[0047] FIGURE 7C shows the results from a study where lymphocytes in spleen and peripheral
blood of amouse that was immunized for 4 successive days with 100 ug Pentarix protein plus 10
ug poly(I:C) (left two panels) or 100 ug Pentarix protein only (right panel) were stained with
FITC-conjugated anti-CD8 and PE-conjugated DY/16 E7,9.57 tetramer and analyzed by flow
cytometry. Events shown are gated on CD8 lymphocytes and are representative of 4 such

animals.

[0048] FIGURES 8A and 8B are a series of graphs showing immunization with whole, soluble
Pentarixprotein plus the TLR3 agonist poly(l:C) induces regression of large, established TCI
tumors. A, C57B1/6 mice (3 mice per cohort) were implanted with E7-expressing TCl tumors
cells (IxI 0%) on day -14 and on day 0 (when tumors reached approximately 200 mm>5in size)
were left untreated (left), or were treated with 1 dose of poly(1:C) (10 pg) (middie) or 1dose of
whole, soluble Pentarixprotein (100 pg) plus poly(l:C) (10 pg) (right). Tumors were measured
every 2-3 days using an electronic digital caliper and size was calculated using the formula
width2 x length x 0.5. B, Naive C57B1/6 mice (8 per cohort) were implanted subcutaneously with
IXIO® E7-expressing TC-1 tumors cells. Once tumors reached an average volume of 350 mm’
mice were treated with either a single dose of Pentarix (100 ug) plus poly(l:C) (10 ug), 4
successive daily doses of Pentarix (100 ug) plus poly(l:C) (10 ug), 4 successive daily doses of
poly(l:C) only (10 ug per dose) or were left untreated. Tumors were measured every 2 to 4 days

with electronic calipers and tumor-bearing mice were euthanized when the tumor volume
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exceeded approximately 2,000 mm3 or when mice became moribund or lost >20% body weight.
Data are presented as average tumor volume for al mice within a cohort (left panel) or survival
(right panel).

[0049] FIGURE 8C isaseries of graphs showing immunization of TCl-tumor bearing mice
with Pentarixprotein plus poly(l:C) €licits complete tumor regression and the establishment of
E7-specific CD8+ memory cells that persist after tumor progression. Naive C57B1/6 mice were
implanted subcutaneously with 1 x| G E7-expressing TC-1 tumor cells. Once tumors reached an
average volume of 200 mm3 mice were treated with a single dose of Pentarix (100 ug) plus
poly(I:C) (10 pg) and tumors fully regressed within 15 days of immunization. A sample of
peripheral blood was taken from the saphenous vein 2 1 days post-immunization and was stained
with FITC-conjugated anti-CD8 and PE-conjugated D°/16 E7,9.; tetramer aswell asthe memory
phenotype markers CD62L, CD 127 and KLRG1 and analyzed by flow cytometry. Events shown
are gated on CD8+ lymphocytes.

[0050] FIGURES 9A - B are a series of graphs showing immunization with whole, soluble
Pentarix protein combined with poly(l:C) or CpG oligonucleotide induces regression of
established TCI tumors. A, C57B1/6 mice (4 mice per cohort) were implanted with E7-
expressing TCI tumors cells (IxIO 9) on day -21 and on day 0 were treated with 1 dose of whole,
soluble Pentarixprotein (100 pg) plus CpG oligo #2395 (10 pg) (upper left) or 1dose of CpG
oligo #2395 only (10 ng) (upper right) or were left untreated (lower left). Tumors were measured
every 2-3 days using an electronic digital caliper and size was calculated using the formula
width? x length x 0.5. The upper Ieft, upper right and lower |eft 3 plots show regression of tumors
in individual mice, whereas the lower right plot shows combined average tumor volume
measurement for each cohort. B, Naive C57B1/6 mice (indicated number of mice per cohort)
were implanted subcutaneously with IxIO5E7-expressing TC-1 tumor cells. Once tumors
reached an average volume of 200 mm3 mice were treated (as indicated) with either asingle dose
of Pentarix (100 ug) plus poly(1:C) (10 ug), asingle dose of Pentarix (100 ug) plus CpG
oligonucleotide (10 ug) or poly(1:C) (10 ug), CpG oligonucleotide (10 ug) or Pentarix protein
(100 ug) aone or were left untreated. Tumors were measured every 2 to 4 days with electronic
calipers, and data are presented as tumor volume over time for individual animals within each
cohort (upper 6 panels) or as survival for al mice within a cohort (lower 2 panels). Tumor-
bearing mice were euthanized when the tumor volume exceeded approximately 2,000 mm3 or
when mice became moribund or lost >20% body weight). p values were calculated using the log
rank (Mantel-Cox) test.
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[0051] FIGURE 10A isagraph showing epitope-specific CD8+ T cell responses elicited in
response to asingle immunization with whole Pentarix protein plus the TLR3 agonist poly(l:C).
Naive C57B1/6 mice were immunized with 100 pg of whole, soluble Pentarix protein admixed
with 10 pg of poly(l:C) (Amersham). Seven days post-immunization mice were euthanized and
bulk splenocyte preparations were assessed by IFN-y ELISPOT to quantitate the number of
CD8+ T cells specific for each of the peptides indicated. Results are reported as the number of
IFN-y spot-forming cells per IxIO 6 splenocytes after stimulation with media only or the indicated
peptide (10 pg/ml).

[0052] FIGURES 10B-D are graphs showing immunization with whole, soluble Pentarix protein
plus poly(l:C) dicits immune responses against multiple genotypes of HPV. C57B1/6 (B), or
HLA-A2/D® transgenic mice (C) were immunized (s.c) daily for 4 successive days with 100 ug
Pentarix protein combined with 10 ug poly(l:C). Eight days post-immunization mice were
euthanized and bulk (B and C) or CD4-depleted splenocyte preparations (B only) were analyzed
by IFN-y ELISPOT (CD4 depletion was >99% as measured by FACS analysis post-depletion).
Bulk and CD4-depleted splenocyte preparations were stimulated overnight with apand of
overlapping 15mer peptides (overlapping by 11 amino acids) that spanned the entire Pentarix
protein. D, Splenocytes from C57B1/6 mice immunized (s.c) with Pentarix protein combined
with 10 ug poly(1:C) were stimulated overnight with either media alone or with the minimal
peptide epitopes HPV16 E7,957,HPV31 E7,0.5;0r irrelevant control peptide (KAVYNFATM)
and analyzed by IFN-y ELISPOT. Results are reported as the number of IFN-y spot-forming cells

per | x| C splenocytes and are representative of 3 such experiments.

[0053] FIGURE 11 isagraph showing HPV 16 E7,,.s7-specific CD8+* T cell responses €licited
in response to a single immunization with whole Pentarixprotein only (no adjuvant) or with 4
successive daily doses of Pentarixprotein only (no adjuvant). Naive C57B1/6 mice were
immunized one time or 4 times (daily on days 1-4) with 100 pg of whole, soluble Pentarix
protein in PBS. Seven days post-immunization mice were euthanized and bulk splenocyte

preparations were assessed by IFN-y ELISPOT to quantitate the number of HPV16 E7,, 7-

specific CD8+ T cells. Results are reported as the number of IFN-y spot-forming cells per 1x 10s
splenocytes after stimulation with media only, HPV16 E7,, . or irrelevant negative control

peptide (each at 10 pg/ml).

[0054] FIGURES 12 A-O show the amino acid sequences (SEQ ID NOs: 1-15) and the
nucleotide sequences (SEQ ID NOs. 18-32) of E7 proteins from HPV 16, HPV 18, HPV 31,
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HPV 45, HPV52, HPV33, HPV 35, HPV 39, HPV51, HPV56, HPV58, HPV59, HPV 68, HPV 73,
and HPV 82, respectively.

[0055] FIGURES 12P-Q show the amino acid sequences of the Pentarix protein with (SEQ ID
NO: 16) and without (SEQ ID NO: 17) an amino-terminal 6 x His affinity tag.

[0056] FIGURES 12R-S show the nucleotide sequences of the Pentarixprotein with (SEQ ID
NO: 34) and without (SEQ ID NO: 33) an amino-terminal 6 x His affinity tag.

DETAILED DESCRIPTION

[0057] The invention provides, in part, human papillomavirus E7 antigen compounds and
compositions. The compounds and compositions may be useful for treating or diagnosing human

papillomavirus infection and associated conditions.

[0058] In some embodiments, compounds and compositions according to the invention are
useful for targeting multiple HPV types, for example, at least two or more HPV genotypes, such
ashigh risk HPV types. Accordingly, compounds and compositions according to the invention
may be useful in inducing an immune response to one or more of the HPV types from which the
HPV E7 antigens, or sequences substantially identical to the HPV E7 antigens that comprise the
compounds or compositions, are derived. Such compounds and compositions with broad
population coverage may be commercially useful as they are applicable to alarger group of

people.
[0059] Human Papillomavirus (HPV)

[0060] By "human papillomavirus' or HPV ismeant avirus belonging to agroup of more than
100 related but genetically distinct "types' which can be broadly classified as"low risk" and
“high risk.”

[0061] "Low risk" HPV types include, without limitation, HPV types HPV1 1, HPV40, HPV 42,
HPV43, HPV44, HPV54, HPV61, HPV70, HPV72, and HPV81.

[0062] "High risk" HPV types include, without limitation, HPV 16, HPV 18, HPV 31, HPV 33,

HPV 35, HPV39, HPV45, HPV51, HPV52, HPV56, HPV58, HPV59, HPV68, HPV 73, and
HPV82.
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[0063] The HPV genome is generally adouble-stranded circular DNA of about 7000-8000 base
pairs surrounded by aprotein capsid. The genome has an early (E) region encoding the early
antigens E1-E7 and alate (L) region encoding the structural L1 and L2 capsid proteins. The E6
and E7 proteins are required for transformation and immortalization of infected cells and
continuous expression of these proteins isrequired to maintain cells in atransformed state. On
occasion, HPV DNA becomes integrated into the DNA of the host cell and this process is
associated with the loss of several vira genes. For example, integration commonly leads to
deletion of several early (E2, E4 and E5) and late (LI and L2) genes, leaving E6 and E7 asthe
only viral proteins that continue to be expressed in the infected cell. HPV genome sequences
have been described and are available at various public databases. Such sequences may be
found, for example, at GenBank Accession numbers K02718 (HPV 16), X05015 (HPV 18),
J04353 (HPV31), M12732 (HPV33), M62849 (HPV39), X74479 (HPV45), NC_001533
(HPV51), X74481 (HPV52), X74483 (HPV56), D90400 (HPV58), NC_001635/X 77858
(HPV59), X67161 (HPV68), etc.

[0064] The sequences of E7 antigens from various HPV types have been described and are
available at various public databases. Such sequences may be found, for example, at GenBank
Accession numbers NP_041326 (HPV 16 E7), NP_04031 1 (HPV18 E7), AAA46951 (HPV31
E7), AAA46959 (HPV33 E7), AAA46967 (HPV35 E7), AAA47051 (HPV39 E7), P21736
(HPV45 E7), P26558 (HPV51 E7), P36831 (HPV52 E7), P36833 (HPV56 E7), P26557 (HPV58
E7), CAA54850 (HPV59 E7), P54668 (HPV68 E7), CAA63883 (HPV73 E7), and AAK 28450
(HPV82 E7), etc.

[0065] Therapeutic Indications

[0066] The compounds and compositions according to the invention may be used to treat HPV
infection or a condition associated with such infection. HPV infection has been associated with a
variety of conditions including, without limitation, common warts (or papillomas), cancer, etc.
In general, low risk HPV types are associated with common warts (or papillomas) while high risk

HPV types are associated with cancer.

[0067] By a"cancer" or "neoplasm” ismeant any unwanted growth of cells serving no
physiological function. In general, acell of aneoplasm has been released from its normal cell
division contral, i.e., acell whose growth is not regulated by the ordinary biochemical and
physical influences in the cellular environment. In most cases, aneoplastic cell proliferates to

form aclone of cells which are either benign or malignant. Examples of cancers or neoplasms
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include, without limitation, transformed and immortalized cells, tumours, and carcinomas such as
breast cell carcinomas and cervical carcinomas. The term cancer includes cell growths that are
technically benign but which carry the risk of becoming malignant. By "malignancy” is meant an
abnormal growth of any cell type or tissue. The term malignancy includes cell growths that are
technically benign but which carry the risk of becoming malignant. This term also includes any

cancer, carcinoma, neoplasm, neoplasia, or tumor.

[0068] Accordingly, by "condition associated with HPV infection” is meant any condition,
disease or disorder that has been correlated with the presence of an existing HPV infection, for
example, any condition, disease or disorder that has been correlated with the presence of an
existing high risk HPV infection. In some embodiments, a condition associated with HPV
infection includes a condition, disease or disorder of the cervix, lower genital or anogenital tract,

skin or ora cavity.

[0069] In some embodiments, a condition associated with HPV infection includes malignant
and/or pre-malignant lesions of the cervix, lower genital or anogenital tract, for example, cancer
of the cervix, anus, vulva, vagina, perineum, penis, etc. or pre-malignant lesions thereof. In
aternative embodiments, a condition associated with HPV infection includes cancer of the lung,
respiratory tract, epithelium, head and neck, breast cancer, oral cancer, etc. or pre-malignant

|esions thereof.

[0070] In alternative embodiments, a condition associated with HPV infection includes a pre-
malignant dysplastic condition, such as pre-cancerous cervical dysplasia, cervica intra-epithelial
neoplasia (CIN) grade 1, 2, or 3, vulval intraepithelial neoplasia (VIN), vaginal intraepithelial
neoplasia (VAIN), ana intraepithelial neoplasia (AIN), etc.

[0071] In some embodiments, the compounds and compositions according to the invention may
be used to diagnose HPV infection. In alternative embodiments, a peptide including one or
more of the sequences TSNYNIVTF (SEQ ID NO: 35), AEPDTSNYNIVTFCC (SEQ ID NO:
36) or TSNYNIVTFCCQCKS (SEQ ID NO: 37) maybe used to diagnose HPV 31 infection, or
to determine the immune response of a compound that includes aHPV3 1 E7 sequence to
HPV31. Alternatively, one or more of the TSNYNIVTF, AEPDTSNYNIVTFCC or
TSNYNIVTFCCQCKS sequences maybe used to rule out a HPV 3L infection.

[0072] HPV E7 Compounds, Test Compounds, And Methods of Making Same
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[0073] A compound according to the invention includes, without limitation, a polypeptide
including the amino acid sequence of two or more HPV E7 antigens from different HPV
genotypes, and analogues, variants, homologues and fragments thereof, as well asnucleic acid
molecules encoding such polypeptides. In some embodiments, the two or more HPV E7 antigens
will be capable of eliciting an immune response, such asaT cell CD8+ response, against the

different HPV genotypes from which they are derived.

[0074] A "protein,” "peptide" or "polypeptide” isany chain of two or more amino acids,
including naturally occurring or non-naturally occurring amino acids or amino acid analogues,
regardless of post-transational modification (e.g., glycosylation or phosphorylation). An "amino
acid sequence”, "polypeptide”, "peptide”’ or "protein” of the invention may include peptides or
proteins that have abnormal linkages, cross links and end caps, non-peptidyl bonds or alternative
modifying groups. Such modifications are also within the scope of the invention. The term
"modifying group” isintended to include structures that are directly attached to the peptidic
structure (e.g., by covalent coupling), as well asthose that are indirectly attached to the peptidic
structure (e.g., by a stable non-covalent association or by covaent coupling to additional amino
acid residues, or mimetics, analogues or derivatives thereof, which may flank the core peptidic
structure). For example, the modifying group can be coupled to the amino-terminus or carboxy-
terminus of apeptidic structure, or to apeptidic or peptidomimetic region flanking the core
domain. Alternatively, the modifying group can be coupled to a side chain of a least one amino
acid residue of apeptidic structure, or to apeptidic or peptidomimetic region flanking the core
domain (e.g., through the epsilon amino group of alysyl residue(s), through the carboxyl group
of an aspartic acid residue(s) or aglutamic acid residue(s), through ahydroxy group of atyrosyl
residue(s), a serineresidue(s) or athreonine residue(s) or other suitable reactive group on an
amino acid side chain). Modifying groups covalently coupled to the peptidic structure can be
attached by means and using methods well known in the art for linking chemical structures,

including, for example, amide, alkylamino, carbamate or urea bonds.

[0075] Theterms "nucleic acid" or "nucleic acid molecule" encompass both RNA (plus and
minus strands) and DNA, including cDNA, genomic DNA, and synthetic (e.g., chemically
synthesized) DNA. The nucleic acid may be double-stranded or single-stranded. Where single-
stranded, the nucleic acid may be the sense strand or the antisense strand. A nucleic acid
molecule may be any chain of two or more covalently bonded nucleotides, including naturally
occurring or non-naturally occurring nucleotides, or nucleotide analogs or derivatives. By "RNA"

is meant a sequence of two or more covaently bonded, naturally occurring or modified
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ribonucleotides. One example of amodified RNA included within this term is phosphorothioate
RNA. By "DNA" ismeant a sequence of two or more covaently bonded, naturally occurring or
modified deoxyribonucleotides. By "cDNA" is meant complementary or copy DNA produced
from an RNA template by the action of RNA-dependent DNA polymerase (reverse transcriptase).
Thus a"cDNA clone" means a duplex DNA sequence complementary to an RNA molecule of
interest, carried in acloning vector. By "complementary” is meant that two nucleic acids, e.g.,
DNA or RNA, contain a sufficient number of nucleotides which are capable of forming Watson-
Crick base pairs to produce aregion of double-strandedness between the two nucleic acids. Thus,
adenine in one strand of DNA or RNA pairs with thymine in an opposing complementary DNA
strand or with uracil in an opposing complementary RNA strand. It will be understood that each
nucleotide in anucleic acid molecule need not form amatched Watson-Crick base pair with a
nucleotide in an opposing complementary strand to form aduplex. A nucleic acid molecule is
"complementary” to another nucleic acid molecule if it hybridizes, under conditions of high
stringency, with the second nucleic acid molecule. A nucleic acid molecule according to the

invention includes both complementary molecules.

[0076] In some embodiments, acompound according to the invention includes, without
limitation, a polypeptide including an amino acid sequence substantially identical to the amino
acid sequence of two or more E7 antigens from different HPV types, such as HPV 16, HPV 18,
HPV31, HPV33, HPV 35, HPV 39, HPV45, HPV51, HPV52, HPV56, HPV58, HPV59, HPV 68,
HPV73, or HPV82, or anucleic acid molecule encoding such a polypeptide.

[0077] In alternative embodiments, acompound according to the invention includes, without
limitation, a polypeptide including an amino acid sequence substantially identical to the amino
acid sequence of three or more E7 antigens from different HPV types, such as HPV types, such
as HPV 16, HPV 18, HPV 31, HPV 33, HPV35, HPV 39, HPV45, HPV51, HPV52, HPV56,
HPV58, HPV59, HPV68, HPV 73, or HPV82, or anucleic acid molecule encoding such a
polypeptide.

[0078] In alternative embodiments, acompound according to the invention includes, without
limitation, a polypeptide including an amino acid sequence substantially identical to the amino
acid sequence of four or more E7 antigens from different HPV types, such as HPV types, such as
HPV16, HPV 18, HPV31, HPV33, HPV35, HPV 39, HPV45, HPV51, HPV52, HPV56, HPV 58,
HPV59, HPV68, HPV73, or HPV82, or anucleic acid molecule encoding such a polypeptide.
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[0079] In alternative embodiments, acompound according to the invention includes, without
limitation, apolypeptide including an amino acid sequence substantially identical to the amino
acid sequence of five or more E7 antigens from different HPV types, such asHPV16, HPV18,
HPV31, HPV33, HPV35, HPV 39, HPV45, HPV51, HPV52, HPVS56, HPVS58, HPV59, HPV 68,
HPV 73, or HPV82, or anucleic acid molecule encoding such a polypeptide.

[008Q] In alternative embodiments, a compound according to the invention includes, without
limitation, a polypeptide including an amino acid sequence substantially identical to the amino
acid sequence of five E7 antigens from different HPV types, such as HPV 16, HPV18, HPV 31,
HPV45, and HPV52, or anucleic acid molecule encoding such apolypeptide.

[0081] In some embodiments, a compound according to the invention includes, without
limitation, a polypeptide including an amino acid sequence substantially identical to the amino

acid sequence of two or more of SEQ ID NOs:. 1-15.

[0082] In some embodiments, a compound according to the invention includes, without
limitation, a polypeptide including an amino acid sequence substantially identical to the amino

acid sequence of three or more of SEQ ID NOs: 1-15.

[0083] In some embodiments, a compound according to the invention includes, without
limitation, a polypeptide including an amino acid sequence substantially identical to the amino

acid sequence of four or more of SEQ ID NOs:. 1-15.

[0084] In some embodiments, acompound according to the invention includes, without
limitation, apolypeptide including an amino acid sequence substantially identical to the amino

acid sequence of five or more of SEQ ID NOs. 1-15.

[0085] For example, a compound according to the invention includes, without limitation, a

polypeptide including an amino acid sequence substantially identical to the amino acid sequence
of SEQ ID NO: 16 or 17.

[0086] In some embodiments, a compound according to the invention includes, without
limitation, anucleic acid molecule including a nucleotide sequence substantially identical to the

nucleotide sequence of two or more of SEQ ID NOs: 18-32.

[0087] In some embodiments, acompound according to the invention includes, without
limitation, anucleic acid molecule including anucleotide sequence substantially identical to the

nucleotide sequence of three or more of SEQ ID NOs: 18-32.
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[0088] In some embodiments, acompound according to the invention includes, without
limitation, anucleic acid molecule including anucleotide sequence substantially identical to the

nucleotide sequence of four or more of SEQ ID NOs. 18-32.

[0089] In some embodiments, a compound according to the invention includes, without
limitation, anucleic acid molecule including anucleotide sequence substantially identical to the

nucleotide sequence of all five of SEQ ID NOs: 18-22.

[0090] For example, a compound according to the invention includes, without limitation, a
nucleic acid molecule including anucleotide sequence substantially identical to the nucleotide

sequence of SEQ ID NOs: 33 or 34.

[0091] A "substantialy identical" sequence isan amino acid or nucleotide sequence that differs
from areference sequence only by one or more conservative substitutions, as discussed herein, or
by one or more non-conservative substitutions, deletions, or insertions located at positions of the
sequence that do not destroy or substantially reduce T cell recognition and/or HLA binding of the
polypeptide expressed by the amino acid sequence or encoded by the nucleic acid molecule. Such
a sequence can be any value from 50% to 99%, or more generally at least 50%, 55% or 60%, or
at least 65%, 75%, 80%, 85%, 90%, or 95%, or asmuch as 96%, 97%, 98%, or 99% identical
when optimally aligned at the amino acid or nucleotide leve to the sequence used for comparison
using, for example, the Align Program (Myers and Miller, CABIOS, 1989, 4:1 1-17) or FASTA.
For polypeptides, the length of comparison sequences maybe at least 2, 5, 10, or 15 amino acids,
or at least 20, 25, or 30 amino acids. In aternate embodiments, the length of comparison
sequences may be at least 35, 40, or 50 amino acids, or over 60, 80, or 100 amino acids. For
nucleic acid molecules, the length of comparison sequences may be at least 5, 10, 15, 20, or 25
nucleotides, or at least 30, 40, or 50 nucleotides. In alternate embodiments, the length of
comparison sequences may be at least 60, 70, 80, or 90 nucleotides, or over 100, 200, or 500
nucleotides. Sequence identity can be readily measured using publicly available sequence
analysis software (e.g., Sequence Analysis Software Package of the Genetics Computer Group,
University of Wisconsin Biotechnology Center, 1710 University Avenue, Madison, Wis. 53705,
or BLAST software available from the National Library of Medicine, or as described herein).
Examples of useful software include the programs Pile-up and PrettyBox. Such software
matches similar sequences by assigning degrees of homology to various substitutions, deletions,

substitutions, and other modifications.
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[0092] Alternatively, or additionally, two nucleic acid sequences may be "substantially identical"
if they hybridize under high stringency conditions. In some embodiments, high stringency
conditions are, for example, conditions that allow hybridization comparable with the
hybridization that occurs using a DNA probe of a least 500 nucleotides in length, in abuffer
containing 0.5 M NaHPO ,, pH 7.2, 7% SDS, 1mM EDTA, and 1% BSA (fraction V), a a
temperature of 65°C, or abuffer containing 48% formamide, 4.8x SSC, 0.2 M Tris-Cl, pH 7.6, | X
Denhardt's solution, 10% dextran sulfate, and 0.1% SDS, at atemperature of 42°C. (These are
typical conditions for high stringency northern or Southern hybridizations.) Hybridizations may
be carried out over aperiod of about 20 to 30 minutes, or about 2 to 6 hours, or about 10 to 15
hours, or over 24 hours or more. High stringency hybridization is also relied upon for the success
of numerous techniques routinely performed by molecular biologists, such ashigh stringency
PCR, DNA sequencing, single strand conformational polymorphism analysis, and in situ
hybridization. In contrast to northern and Southern hybridizations, these techniques are usually
performed with relatively short probes (e.g., usually about 16 nucleotides or longer for PCR or
sequencing and about 40 nucleotides or longer for in situ hybridization). The high stringency
conditions used in these techniques are well known to those skilled in the art of molecular
biology, and examples of them can be found, for example, in Ausubel et a., Current Protocols in
Molecular Biology, John Wiley & Sons, New York, N.Y., 1998, which is hereby incorporated by

reference.

[0093] In some embodiments, acompound according to the invention includes a compound that
is substantially identical to anative HPV E7 antigen sequence. Accordingly, sequences for use in
the compounds according to the invention may include sequences that are substantially identical
to any of SEQ ID NOs:. 1-34, or to any other HPV E7 sequences.

[0094] Itistobeunderstood that the individual E7 antigen sequences may occur in any order in
the amino acid or nucleotide sequence of acompound according to the invention, aslong as at
least two or more E7 antigen sequences from different HPV genotypes are present in asingle
molecule. In some embodiments, 3, 4, 5, 6, 7, 8, 9 or 10 or more different HPV E7 antigens from

different HPV types may be used in a compound according to the invention.

[0095] Exemplary HPV E7 antigen sequence ordering include those set forth in Table 1.
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Table 1: Exemplary permutations of E7 sequences from 5 HPV types

16,18, 31,45,52

16,18,31,52,45

16,18,45,31,52

16,18,45,52,31

16,18,52,31,45

16,18,52,45,31

16,31,18,45,52

16,31,18,52,45

16,31,45,18,52

16,31,45,52,18

16,31,52,18,45

16,31,52,45,18

16,45,18,31,52

16,45,18,52,31

16,45,31,18,52

16,45,31,52,18

16,45,52,18,31

16,45,52,31,18

16,52,18,31,45

16,52,18,45,31

16,52,31,18,45

16,52,31,45,18

16,52,45,18, 31

16,52,45,31,18

18,16,31,45,52

18,16,31,52,45

18,16,45,31,52

18,16,45,52,31

18,16,52,31,45

18,16,52,45,31

18,31,16,45,52

18,31,16,52,45

18,31,45,16,52

18,31,45,52,16

18,31,52,16,45

18,31,52,45,16

18,45,16,31,52

18,45,16,52,31

18,45,31,16,52

18,45,31,52,16

18,45,52,16, 31

18,45,52,31,16

18,52,16,31, 45

18,52,16,45, 31

18,52,31,16,45

18,52,31,45,16

18,52,45,16,31

18,52,45,31,16

31,16,18,45,52

31,16,18,52,45

31,16,45,18,52

31,16,45,52,18

31,16,52,18,45

31,16,52,45,18

31,18,16,45,52

31,18,16,52,45

31,18,45,16,52

31,18,45,52,16

31,18,52,16,45

31,18,52,45,16

31,45,16,18,52

31,45,16,52,18

31,45,18,16,52

31,45,18,52,16

31,45,52,16,18

31,45,52,18,16

31,52,16,18,45

31,52,16,45,18

31,52,18,16,45

31,52,18,45,16

31,52,45,16,18

31,52,45,18,16

45,16,18,31,52

45,16,18,52,31

45,16,31,18,52

45,16,31,52,18

45,16,52,18,31

45,16,52,31,18

45,18,16,31,52

45,18,16,52, 31

45,18,31,16,52

45,18,31,52,16

45,18,52,16,31

45,18,52,31,16

45,31,16,18,52

45,31,16,52,18

45,31,18,16,52

45,31,18,52,16

45,31,52,16,18

45,31,52,18,16

45,52,16,18, 31

45,52,16, 31,18

45,52,18,16,31
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45,52,18,31, 15 45,52, 31, 16, 18 45,52,31,18,16
52,16, 18, 31,45 52,16, 18,45,31 52,16,31,18,45
52,16,31,45,18 52,16,45,18,31 52,16,45,31,18
52,18, 16, 31,45 52,18,16,45, 31 52,18,31,16, 45
52,18,31,45, 16 52,18,45,16,31 52,18,45,31,16
52,31, 16, 18,45 52,31, 16, 45,18 52,31, 18, 16, 45
52,31, 18, 45, 16 52,31,45, 16, 18 52,31,45, 18, 16
52,45, 16, 18, 31 52,45,16,31, 18 52,45,18, 16, 31
52,45,18,31, 16 52,45, 31,16, 18 52,45,31, 18,16

[0096] In some embodiments, the E7 antigen sequences are "naturally occurring” or "native"
i.e, isolated from a natural source rather than artificially modified. Such sources may include,
without limitation, biological samples (e.g., blood, serum, plasma, semen, mucus, urine, oral,
vagina and cervical fluids, gynecological sample, biopsies, etc.) obtained from infected subjects

or from other source.

[0097] In alternative embodiments, compounds can be prepared by, for example, replacing,
deleting, or inserting an amino acid residue a any position of the E7 antigen sequences from any
HPV type or polypeptide as described herein, with other conservative amino acid residues, i.e.,
residues having similar physical, biological, or chemical properties, and for example screening
for the ability of the compound to elicit aCD8+ T cell response as described herein or known in
the art. In some embodiments, fragments of native E7 antigens are contemplated within the

scope of the invention, aslong as the fragments do not exhibit no or substantially reduced T cell

recognition and/or HLA binding.

[0098] Asused herein, the term "conserved amino acid substitutions" refers to the substitution of
one amino acid for another at a given location in the peptide, where the substitution can be made
without substantial loss of the relevant function. In making such changes, substitutions of like
amino acid residues can be made on the basis of relative similarity of side-chain substituents, for
example, their size, charge, hydrophobicity, hydrophilicity, and the like, and such substitutions
may be assayed for their effect on the function of the peptide by routine testing.

[0099] Asused herein, the term "amino acids' means those L-amino acids commonly found in

naturally occurring proteins, D-amino acids and such amino acids when they have been modified.
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Accordingly, amino acids of the invention may include, for example: 2-Aminoadipic acid; 3-
Aminoadipic acid; beta-Alanine; beta-Aminopropionic acid; 2-Aminobutyric acid; 4-
Aminobutyric acid; piperidinic acid; 6-Aminocaproic acid; 2-Aminoheptanoic acid; 2-
Aminoisobutyric acid; 3-Aminoisobutyric acid; 2-Aminopimelic acid; 2,4 Diaminobutyric acid;
Desmosine; 2,2'-Diaminopimelic acid; 2,3-Diaminopropionic acid; N-Ethylglycine; N-
Ethylasparagine; Hydroxylysine; allo-Hydroxylysine; 3-Hydroxyproline; 4-Hydroxyproline;
Isodesmosine; allo-1soleucine; N-Methylglycine; sarcosine; N-Methylisoleucine; 6-N-

methyllysine; N-Methylvaline; Norvaline; Norleucine; and Ornithine.

[00100] In some embodiments, conserved amino acid substitutions may be made where an
amino acid residue is substituted for another having a similar hydrophilicity value (e.g., within a
value of plus or minus 2.0, or plus or minus 1.5, or plus or minus 1.0, or plus or minus 0.5),
where the following may be an amino acid having a hydropathic index of about -1.6 such as Tyr
(-1.3) or Pro (-1.6) assigned to the amino acid residues (as detailed in United States Patent No.
4,554,101, incorporated herein by reference): Arg (+3.0); Lys(+3.0); Asp (+3.0); Glu (+3.0); Ser
(+0.3); Asn (+0.2); Gin (+0.2); Gly (0); Pro (-0.5); Thr (-0.4); Ala(-0.5); His (-0.5); Cys (-1.0);
Met (-1.3); Val (-1.5); Leu (-1.8); Ile (-1.8); Tyr (-2.3); Phe (-2.5); and Trp (-3.4).

[00101] In alternative embodiments, conservative amino acid substitutions may be made
where an amino acid residue is substituted for another having a similar hydropathic index (e.g.,
within avalue of plus or minus 2.0, or plus or minus 1.5, or plus or minus 1.0, or plus or minus
0.5). In such embodiments, each amino acid residue may be assigned a hydropathic index on the
basis of its hydrophobicity and charge characteristics, as follows: Ile (+4.5); Va (+4.2); Leu
(+3.8); Phe (+2.8); Cys (+2.5); Met (+1.9); Ala(+1.8); Gly (-0.4); Thr (-0.7); Ser (-0.8); Trp (-
0.9); Tyr (-1.3); Pro (-1.6); His (-3.2); Glu (-3.5); Gin (-3.5); Asp (-3.5); Asn (-3.5); Lys(-3.9);
and Arg (-4.5).

[00102] In alternative embodiments, conservative amino acid substitutions may be made
using publicly available families of similarity matrices (73-79). The PAM matrix isbased upon
counts derived from an evolutionary model, while the Blosum matrix uses counts derived from
highly conserved blocks within an alignment. A similarity score of above zero in either of the

PAM or Blosum matrices may be used to make conservative amino acid substitutions.

[00103] In alternative embodiments, conservative amino acid substitutions may be made
where an amino acid residue is substituted for another in the same class, where the amino acids

aredivided into non-polar, acidic, basic and neutral classes, as follows. non-polar: Ala, Val, Leu,
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Ile, Phe, Trp, Pro, Met; acidic: Asp, Glu; basic: Lys, Arg, His; neutral: Gly, Ser, Thr, Cys, Asn,
Gin, Tyr.

[00104] Conservative amino acid changes can include the substitution of an L-amino acid
by the corresponding D-amino acid, by a conservative D-amino acid, or by a naturally-occurring,
non-genetically encoded form of amino acid, aswell as a conservative substitution of an L-amino
acid. Naturally-occurring non-genetically encoded amino acids include beta-alanine, 3-amino-
propionic acid, 2,3-diamino propionic acid, alpha-aminoisobutyric acid, 4-amino-butyric acid, N-
methylglycine (sarcosing), hydroxyproline, ornithine, citrulline, t-butylalanine, t-butylglycine, N-
methylisoleucine, phenylglycine, cyclohexylalanine, norleucine, norvaline, 2-napthylalanine,
pyridylalanine, 3-benzothienyl alanine, 4-chlorophenylalanine, 2-fluorophenylalanine, 3-
fluorophenylalanine, 4-fluorophenylalanine, penicillamine, |,2,3,4-tetrahydro-isoquinoline-3-
carboxylix acid, beta-2-thienylalanine, methionine sulfoxide, homoarginine, N-acetyl lysine, 2-
amino butyric acid, 2-amino butyric acid, 2,4,-diamino butyric acid, p-aminophenylaanine, N-
methylvaline, homocysteine, homoserine, cysteic acid, epsilon-amino hexanoic acid, delta-amino

valeric acid, or 2,3-diaminobutyric acid.

[00105] In alternative embodiments, conservative amino acid changes include changes
based on considerations of hydrophilicity or hydrophobicity, size or volume, or charge. Amino
acids can be generaly characterized as hydrophobic or hydrophilic, depending primarily on the
properties of the amino acid side chain. A hydrophobic amino acid exhibits a hydrophobicity of
greater than zero, and a hydrophilic amino acid exhibits a hydrophilicity of less than zero, based
on the normalized consensus hydrophobicity scale of Eisenberg et a/.(80). Genetically encoded
hydrophobic amino acids include Gly, Ala, Phe, Val, Leu, Ile, Pro, Met and Trp, and genetically
encoded hydrophilic amino acids include Thr, His, Glu, Gin, Asp, Arg, Ser, and Lys. Non-
genetically encoded hydrophobic amino acids include t-butylalanine, while non-genetically

encoded hydrophilic amino acids include citrulline and homocysteine.

[00106] Hydrophobic or hydrophilic amino acids can be further subdivided based on the
characteristics of their side chains. For example, an aromatic amino acid is a hydrophobic amino
acid with a side chain containing at least one aromatic or heteroaromatic ring, which may contain
one or more substituents such as-OH, -SH, -CN, -F, -Cl, -Br, -1, -NO ,, -NO, -NH,,, -NHR, -
NRR, -C(0)R, -C(0)OH, -C(0)OR, -C(O)NH ,, -C(O)NHR, -C(O)NRR, etc., where Ris
independently (Ci-Cs) akyl, substituted (Ci-Cg) akyl, (Ci-Cs) akenyl, substituted (Ci-C)
akenyl, (C;-Cs) alkynyl, substituted (Ci-Cq) akynyl, (C-C,) aryl, substituted (Cs-C,) aryl,
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(C6-C,) akaryl, substituted (Gs-c26) akaryl, 5-20 membered heteroaryl, substituted 5-20
membered heteroaryl, 6-26 membered akheteroaryl or substituted 6-26 membered akheteroaryl.
Genetically encoded aromatic amino acids include Phe, Tyr, and Trp, while non-genetically
encoded aromatic amino acids include phenylglycine, 2-napthylalanine, beta-2-thienylalanine,
[,2,3,4-tetrahydro-isoquinoline-3-carboxylic  acid, 4-ch|or6pheny|a|anine, 2-

fluorophenylalanine3-fluorophenylalanine, and 4-fluorophenylaanine.

[00107] An apolar amino acid is a hydrophobic amino acid with aside chain that is
uncharged at physiological pH and which has bonds in which apair of electrons shared in
common by two atoms is generally held equally by each of the two atoms (i.e., the side chain is
not polar). Genetically encoded apolar amino acids include Gly, Leu, Val, He, Ala, and Met,
while non-genetically encoded apolar amino acids include cyclohexylalanine. Apolar amino
acids can be further subdivided to include aiphatic amino acids, which is ahydrophobic amino
acid having an aliphatic hydrocarbon side chain. Genetically encoded aliphatic amino acids
include Ala, Leu, Val, and Ile, while non-genetically encoded aiphatic amino acids include

norleucine.

[00108] A polar amino acid is ahydrophilic amino acid with aside chain that is uncharged
at physiological pH, but which has one bond in which the pair of electrons shared in common by
two atoms is held more closely by one of the atoms. Genetically encoded polar amino acids
include Ser, Thr, Asn, and Gin, while non-genetically encoded polar amino acids include

citrulline, N-acetyl lysine, and methionine sulfoxide.

[00109] An acidic amino acid is ahydrophilic amino acid with a side chain pKa value of
lessthan 7. Acidic amino acids typicaly have negatively charged side chains at physiological pH
dueto loss of ahydrogen ion. Genetically encoded acidic amino acids include Asp and Glu. A
basic amino acid is ahydrophilic amino acid with a side chain pKa value of greater than 7. Basic
amino acids typicaly have positively charged side chains at physiological pH due to association
with hydronium ion. Genetically encoded basic amino acids include Arg, Lys, and His, while
non-genetically encoded basic amino acids include the non-cyclic amino acids ornithine, 2,3,-

diaminopropionic acid, 2,4-diaminobutyric acid, and homoarginine.

[001 10] Accordingly, conservative substitutions include, without limitation, the following

substitutions:
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Original Residue Exemplary Substitutions Preferred Substitutions
Ala(A) val; leu; ile val
Arg (R) lys, gin; asn lys
Asn (N) gin; his; asp, lys; gin arg
Asp (D) glu; asn glu
Cys (C) ser; da ser
Gin (Q) asn; glu asn
Glu (E) asp; gin asp
Gly (G) ada ada
His (H) asn; gin; lys; arg arg
lie (1) leu; val; met; ala; phe; leu

norleucine
Leu (L) norleucine; ile; val; met; aag; ile
phe
Lys (K) arg; gin; asn arg
Met (M) leu; phe; ile leu
Phe (F) leu; va; ile; da; tyr tyr
Pro (P) aa aa
Ser (S thr thr
Thr (T) ser ser
Trp (W) tyr; phe tyr
Tyr (Y) trp; phe; thr; ser phe
v (V) ile; leu; met; phe; aa; leu
norleucine
[001 17 It will be appreciated by one skilled in the art that the above classifications are not

absolute and that an amino acid may be classified in more than one category. In addition, amino
acids can be classified based on known behaviour and or characteristic chemical, physical, or
biological properties based on specified assays or as compared with previously identified amino

acids. Amino acids can also include bifunctional moieties having amino acid-like side chains.
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[00112] Conservative changes can aso include the substitution of a chemically derivatised
moiety for anon-derivatised residue, by for example, reaction of afunctional side group of an
amino acid. Thus, these substitutions can include compounds whose free amino groups have
been derivatised to amine hydrochlorides, p-toluene sulfonyl groups, carbobenzoxy groups, t-
butyloxycarbonyl groups, chloroacetyl groups or formyl groups. Similarly, free carboxyl groups
can be derivatized to form salts, methyl and ethyl esters or other types of esters or hydrazides,
and side chains can be derivatized to form O-acyl or O-akyl derivatives for free hydroxyl groups
or N-im-benzylhistidine for the imidazole nitrogen of histidine. Peptide analogues also include
amino acids that have been chemically atered, for example, by methylation, by amidation of the
C-terminal amino acid by an alkylamine such as ethylamine, ethanolamine, or ethylene diamine,
or acylation or methylation of an amino acid side chain (such as acylation of the epsilon amino
group of lysine). Peptide analogues can also include replacement of the amide linkage in the
peptide with a substituted amide (for example, groups of the formula -C(0)-NR, where R is (C;-
Ce) akyl, (Ci-Cg) akenyl, (Ci-C¢) akynyl, substituted (d-C ¢) akyl, substituted (Ci-Cs) alkenyl,
or substituted (Ci-Cg) alkynyl) or isostere of an amide linkage (for example, -CH,NH-, -CH,S, -
CH,CH,-, -CH=CH- (cis and trans), -C(0)CH ,-, -CH(OH)CH -, or-CH ,SO-).

[001 13] The compound can be covalently linked, for example, by polymerisation or
conjugation, to form homopolymers or heteropolymers. Spacers and linkers, typically composed
of small neutral molecules, such asamino acids that are uncharged under physiological
conditions, can be used. Linkages can be achieved in anumber of ways. For example, cysteine
residues can be added at the peptide termini, and multiple peptides can be covalently bonded by
controlled oxidation. Alternatively, heterobifunctional agents, such as disulfide/famide forming
agents or thioether/amide forming agents can be used. The compound can aso be linked to
another compound that can modulate an immune response. The compound can aso be

constrained, for example, by having cyclic portions.

[001 14] Polypeptides, peptides or peptide analogues can be synthesised by standard
chemical techniques, for example, by automated synthesis using solution or solid phase synthesis
methodology. Automated peptide synthesisers are commercialy available and use techniques
well known in the art. Polypeptides, peptides and peptide analogues can also be prepared from
their corresponding nucleic acid molecules using recombinant DNA technology using standard

methods such as those described in, for example, Sambrook, et al. (81) or Ausubel et al. (82).
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[001 15] In some embodiments, anucleic acid molecule may be operably linked. By
"operably linked" ismeant that a gene and aregulatory sequence(s) are connected in such away
asto permit gene expression when the appropriate molecules (e.g., transcriptional activator
proteins) are bound to the regulatory sequence(s). Such operably linked sequences may bein the
form of vectors or expression constructs that can be transformed or transfected into host cells for
expression. Any suitable vector can be used such as for example pET15b (ampicillin resistant)

or pET24a (kanamycin resistant).

[001 16] The term "recombinant” means that something has been recombined, so that when
made in reference to anucleic acid construct the term refers to amolecule that is comprised of
nucleic acid sequences that arejoined together or produced by means of molecular biological
techniques. The term "recombinant” when made in reference to aprotein or apolypeptide refers
to aprotein or polypeptide molecule which is expressed using arecombinant nucleic acid
construct created by means of molecular biological techniques. Recombinant nucleic acid
constructs may include anucleotide sequence which isligated to, or is manipulated to become
ligated to, anucleic acid sequence to which it isnot ligated in nature, or to which itisligated a a
different location in nature. Referring to anucleic acid construct as 'recombinant’ therefore
indicates that the nucleic acid molecule has been manipulated using genetic engineering, i.e. by
human intervention. Recombinant nucleic acid constructs may for example beintroduced into a
host cell by transformation. Such recombinant nucleic acid constructs may include sequences
derived from the same host cell species or from different host cell species, which have been
isolated and reintroduced into cells of the host species. Recombinant nucleic acid construct
seguences may become integrated into ahost cell genome, either as aresult of the origina

transformation of the host cells, or asthe result of subsequent recombination and/or repair events.

[001 17] Compounds identified as being useful may be subsequently analyzed using aTCI
model, or any other anima model for HPV infection.

[001 18] Pharmaceutical & Veterinary Compositions, Dosages, And Administration

[001 19] Compounds of the invention can be provided aone or in combination with other
compounds (for example, nucleic acid molecules, small molecules, peptides, or peptide
analogues), in the presence of aliposome, an adjuvant, or any carrier, such as a pharmaceutically
acceptable carrier, in aform suitable for administration to mammals, for example, humans, cattle,

sheep, etc.
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[001 20] Asused herein "pharmaceutically acceptable carrier" or "excipient” includes any
and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like that are physiologically compatible. In one embodiment,
the carrier is suitable for parenteral administration. Alternatively, the carrier can be suitable for
intravenous, intraperitoneal, intramuscular, sublingual or oral administration. Pharmaceutically
acceptable carriers include sterile agueous solutions or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable solutions or dispersion. The use of such media
and agents for pharmaceutically active substances iswell known in the art. Except insofar as any
conventional media or agent isincompatible with the active compound, use thereof in the
pharmaceutical compositions of the invention is contemplated. Supplementary active compounds

can also beincorporated into the compositions.

[00127] Conventional pharmaceutical practice may be employed to provide suitable
formulations or compositions to administer the compounds to subjects suffering from HPV
infection or presymptomatic for a condition associated with HPV infection. Any appropriate
route of administration may be employed, for example, parenteral, intravenous, subcutaneous,
intramuscular, intracranial, intraorbital, ophthalmic, intraventricular, intracapsular, intraspinal,
intrathecal, intracisternal, intraperitoneal, intranasal, aerosol, topical, or oral administration.
Therapeutic formulations may be in the form of liquid solutions or suspensions; for oral
administration, formulations may bein the form of tablets or capsules; and for intranasal

formulations, in the form of powders, nasal drops, or aerosols.

[00122] Methods well known in the art for making formulations are found in, for example,
"Remington's Pharmaceutical Sciences' (83). Formulations for parenteral administration may,
for example, contain excipients, sterile water, or saline, polyakylene glycols such as
polyethylene glycol, oils of vegetable origin, or hydrogenated napthalenes. Biocompatible,
biodegradable lactide polymer, lactide/glycolide copolymer, or polyoxyethylene-
polyoxypropylene copolymers may be used to control the release of the compounds. Other
potentially useful parenteral delivery systems include ethylene-vinyl acetate copolymer particles,
osmotic pumps, implantable infusion systems, and liposomes. Formulations for inhalation may
contain excipients, for example, lactose, or may be aqueous solutions containing, for example,
polyoxyethylene-9-lauryl ether, glycocholate and deoxycholate, or may be oily solutions for
administration in the form of nasal drops, or asagel. In general, the compounds are
administered to an individual in an amount sufficient to stop or slow a condition associated with

HPV infection, or to treat HPV infection, depending on the disorder.
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[00123] In the case of vaccine formulations, an effective amount of a compound of the
invention can be provided, alone or in combination with other compounds, with an
immunological adjuvant, for example, Freund's incomplete adjuvant,

dimethyldioctadecylammonium hydroxide, or aluminum hydroxide.

[00124] In alternative embodiments, a compound according to the invention may be
provided in combination with an adjuvant selected from a Toll-like receptor (TLR) agonist, such
asaTLR3 agonist (e.g., poly(I:C) and derivatives thereof, polyA:U and derivatives thereof,
synthetic RNA molecules, naturally occurring RNA molecules, double-stranded RNAS, microbial
nucleic acids etc.) or aTLR9 agonist (e.g., a CpG containing oligonucleotide, microbial nucleic
acids, etc.), an interferon-alpha, an agonist of the 4-1BB receptor, an agonist of the CD40
receptor, or an anti-CD40 antibody.

[00125] The compound may also be linked with acarrier or other molecule, such as bovine
serum albumin or keyhole limpet hemocyanin to enhance immunogenicity. In some
embodiments, the compound may be provided with calreticulin, Mycobacterium tuberculosis
heat shock protein (HSP70), ubiquitin, bacterial toxin, cytokine (such as an interleukin),

imidazoquimo lines, etc.

[00126] In some embodiments, compounds or compositions according to the invention

may be provided in akit, optionally with a carrier and/or an adjuvant, together with instructions

for use.

[001 27] An "effective amount” of acompound according to the invention includes a
therapeutically effective amount, immunologically effective amount, or a prophylactically
effective amount. A "therapeutically effective amount” refers to an amount effective, at dosages
and for periods of time necessary, to achieve the desired therapeutic result, such astreatment of
HPV infection or a condition associated with such infection. The outcome of the treatment may
for example be measured by a decrease in HPV viremia, inhibition of viral gene expression,
delay in development of apathology associated with HPV infection, stimulation of the immune
system, or any other method of determining atherapeutic benefit. A therapeuticaly effective
amount of a compound may vary according to factors such asthe disease state, age, sex, and
weight of the individual, and the ability of the compound to elicit adesired response in the
individual. Dosage regimens may be adjusted to provide the optimum therapeutic response. A
therapeutically effective amount isaso one in which any toxic or detrimental effects of the

compound are outweighed by the therapeutically beneficial effects. By "immunogenically
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effective amount” ismeant an amount effective, at dosages and for periods of time necessary, to
achieve the desired immune result, such as stimulation or elicitation of an immune response,

such asaT cell CD8+ response. In some embodiments, by "stimulation of an immune response”
or "stimulating an immune response” is meant an increase in the measured immune response,
such asaT cell CD8+ response, of any value between about 5% and about 95%, or between
about 10% and about 90%, or between about 30% and about 60%, or over 100% increase when
compared with acontrol or reference sample or compound. In aternative embodiments, by
"stimulation of an immune response” or "stimulating an immune response” ismeant an increase
in the measured immune response, such asaT cell CD8+ response, of any value between about a
2-fold and about a 1000-fold, or about a 10-fold to about a 500-fold, or about a 30-fold to about a
100-fold, or more than a 1000-fold increase when compared with a control or reference sample or
compound. A "prophylactically effective amount” refers to an amount effective, at dosages and
for periods of time necessary, to achieve the desired prophylactic result, such asprevention of
onset of a condition associated with HPV infection. Typically, aprophylactic dose isused in
subjects prior to or a an earlier stage of disease, so that aprophylacticaly effective amount may
be less than atherapeutically effective amount. A suitable range for effective amounts of a
compound may for example be any integer from 0.1 nM-O.IM, 0.1 nM-0.05M, 0.05 nM-15uM or
0.01 NM-10uM .

[00128] It isto be noted that dosage values may vary with the severity of the condition to
be aleviated. For any particular subject, specific dosage regimens may be adjusted over time
according to the individual need and the professional judgment of the person administering or
supervising the administration of the compositions. Dosage ranges set forth herein are exemplary
only and do not limit the dosage ranges that may be selected by medical practitioners. The
amount of active compound(s) in the composition may vary according to factors such as the
disease state, age, sex, and weight of the individual. Dosage regimens may be adjusted to provide
the optimum therapeutic response. For example, asingle bolus may be administered, several
divided doses may be administered over time or the dose may be proportionally reduced or
increased as indicated by the exigencies of the therapeutic situation. It may be advantageous to
formulate parenteral compositions in dosage unit form for ease of administration and uniformity

of dosage.

[00129] In aternative embodiments, acomposition including a compound according to the
invention, in combination with aTLR agonist or other adjuvant, may be provided in a"cluster"

dosing regimen to elicit an enhanced CD8+ T cell response. By a"cluster" dosing regimen is
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meant administration of the composition over a short period of timei.e., less than about 14 days,
for example, about 1day to about 4, 5, 6, 7 or 8 days. In some embodiments, acluster dosing
regimen includes administration of multiple daily doses of the composition over a short period of

time i.e., less than about 14 days, for example, about 1 day to about 4, 5, 6, 7 or 8 days.

[00130] If desired, treatment with a compound according to the invention may be
combined with more traditional and existing therapies for HPV infection or a condition
associated with such infection.  For example, acompound according to the invention may be
provided in combination with radiation therapy, chemotherapy or surgery (e.g., LEEP) as
appropriate.

[0013]] Compounds according to the invention may be provided chronically or
intermittently. "Chronic" administration refers to administration of the agent(s) in a continuous
mode as opposed to an acute mode, so asto maintain the initial therapeutic effect (activity) for an
extended period of time. "Intermittent” administration is treatment that isnot consecutively done

without interruption, but rather is cyclic in nature.

[00132] In general, compounds of the invention should be used without causing substantial
toxicity. Toxicity of the compounds of the invention can be determined using standard
techniques, for example, by testing in cell cultures or experimental animals and determining the
therapeutic index, i.e., the ratio between the LD50 (the dose lethal to 50% of the population) and
the LD100 (the dose lethal to 100% of the population). In some circumstances however, such as
in severe disease conditions, it may be necessary to administer substantial excesses of the

compositions.

[00133] Throughout the following description, specific details are set forth in order to
provide amore thorough understanding of the invention. However, the invention may be
practiced without these particulars. In other instances, well known elements have not been
shown or described in detail to avoid unnecessarily obscuring the invention. Accordingly, the

specification and drawings are to beregarded in anillustrative, rather than arestrictive sense.

[001 34] The present invention will be further illustrated in the following examples.
[00135] EXAMPLE 1: Preparation and Purification of Pentarix Protein
[00136] The E7 oncoproteins of HPV strains 16, 18, 31, 45 and 52 were produced as a full

length recombinant protein (termed "Pentarix") in E. coli (Fig. 1A). In one study, asingle
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contiguous DNA comprising the complete E7 protein from each of HPV 16, 18, 31, 45 and 52
plus an amino-terminal 6xHIS affinity TAG and thrombin cleavage site was produced as a
synthetic DNA construct (Fig. 1B). The multi-gene sequence was subsequently cloned into the
expression vectors pET17 and pET24a (Invitrogen) and full length protein (Pentarix) with a
cleavable 6xHIS affinity TAG was expressed in E. coli genotype BL21 (DE3) pLysS.

[00137] Briefly, 5 ml of LB media containing ampicillin (100 pg/ml) plus
chloramphenicol (34 pg/ml) in the case of pET17 constructs, or containing kanamycin (34 ug/ml)
plus chloramphenicol (34 ug/ml) in the case of pET24a constructs, was inoculated with asingle
colony of recombinant E.-coli and allowed to grow to saturation overnight. The next morning the
5ml culture was used to inoculate 1000 ml of LB media containing ampicillin (100 pg/ml) plus
chloramphenicol (34 pg/ml in the case of pET17 constructs, or containing kanamycin (34 ug/ml)
plus chloramphenicol (34 ug/ml) in the case of pET24a constructs. When the growth in the 1000
ml culture reached oDéo, of between 0.2 and 0.4, IPTG was added to the culture to afinal
concentration of 2 mM and growth was continued for another 2 to 3 hours to allow for
expression of recombinant protein. Bacteria were subsequently pelleted by centrifugation and
resuspended in 30 ml lysis buffer (20 mM sodium phosphate, pH 7.4, 500 mM sodium chloride,
10 mM imidazole, 6 M urea, 1mM DTT). Bacteria were lysed by two successive cycles of
freezing and thawing followed by four successive cycles of sonication (30 seconds per cycle).
Debris and insoluble protein was removed by centrifugation for 15 minutes at 15,000 rpm to
render a soluble lysate solution. Pentarix protein with acleavable 6x affinity tag was purified
from soluble lysate by passage over an affinity column (HisTrap HP, GE Healthcare) attached to
an AKTA column chromatography system. After extensive washing with lysis buffer, Pentarix
protein with acleavable 6x affinity tag was eluted from the column using lysis buffer containing
500 mM imidazole. Elution fractions containing Pentarix protein with a cleavable 6x affinity tag
were then pooled and dialyzed against 4 changes of tissue culture grade phosphate buffered
saline to render the final solution of Pentarix protein. Protein expression and purification was
monitored by running various in process and final fractions on SDS-PAGE and visualizing
proteins via Coomassie Blue staining or Western blot using anti-6x HIS Tag antibody (ABM) or
anti-HPV 16E7 antibody (Invitrogen) (Fig. 1C). The purified protein was fully soluble in PBS
and migrated on SDS-PAGE gel in accordance with its predicted molecular weight of 59,037 Da
(Fig. 1C).

[00138] EXAMPLE 2: CD8 responses to exogenous protein antigen
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[00139] Studies to determine OV A, ;7-264 -specific CD8+. T cell responses elicited in
response to immunization with whole exogenous OV A protein plus the TLR3 agonists poly(l:C)
or polylC/LC were performed. Naive C57B1/6 mice (2 mice per condition) were immunized with
whole OVA protein (500 pg) plus or minus poly(1:C) (10 ng) or polylC/LC (10 pg/ml). Seven
days post- immunization mice were euthanized and the number of OV A, 264 (SIINFEKL)-
specific CD8+ T cells in bulk splenocytes of immunized mice were quantitated by IFN-y
ELISPOT. Results are reported as the number of IFN-y spot-forming cells per | x| G splenocytes
after stimulation with media only, SIINFEKL peptide (10 pg/m1) or irrelevant H2Db-binding
peptide (10 pg/ml). The results suggest that poly(l:C) and polylC/LC have comparable adjuvant
activity in vivo (Fig. 2A).

[00140] In another study, naive C57B1/6 mice (2 mice per dose, 18 mice in total) were
immunized with the indicated amounts of whole, soluble OVA protein plus poly(l:C). Seven
days post-immunization mice were euthanized and bulk splenocyte preparations were assessed by
IFN-y ELISPOT. Splenocytes (3x10° per well, triplicate wells per condition) from individual
animals were stimulated overnight with either media aone or with SIINFEKL peptide (10
ug/ml), and results arereported as the number of IFN-y spot-forming cells per Ixl 0% splenocytes
+/- SD for each cohort (Fig. 2B).

[00141] EXAMPLE 3: Dosing Regimens

[00142] OV Ay,7.,64-Specific CD8+ T cell responses dlicited in response to long or short
interval (cluster) homologous prime-boost immunization were determined as follows. Naive
C57B1/6 mice (2 mice per condition) were immunized with whole OVA protein (100 pg) plus
poly(l:C) (10 pg) at day -7, day -21 or day -7 and day -21 and were euthanized at day 0. The
number of OV A,,, ,es-Specific CD8+ T cdlsin bulk splenocytes of immunized mice were
quantitated by IFN-y ELISPOT. Naive C57B1/6 mice (3 mice per condition) were also
immunized with the indicated number of sequential daily doses of whole, soluble OVA protein
(100 pg) admixed with poly(1:C) (10 pg). One additional group of mice received a single
immunization that was equivalent to four times the normal daily dose (i.e. 400 ug of OVA
protein plus 40 pg of poly(1:C)). Seven days after the first immunization mice were euthanized
and bulk splenocyte preparations were assessed by IFN-y ELISPOT to quantitate the number of
OVA,;, 264 -specific CD8+ T cells. Theresults in Figs. 3a and b are reported as the number of
IFN-y spot-forming cells per IxIO 6 splenocytes after stimulation with media only or SIINFEKL
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peptide (10 ug/ml). Naive C57B1/6 mice were also immunized with one dose or four consecutive
daily doses of whole, soluble OVA protein (100 ug) plus poly(l:C) (10 pg) as indicated in Fig.
3c. Mice that received 4 four consecutive daily doses of OV A protein plus poly(l:C) were
reimmunized with another four consecutive daily doses of the same, starting at day 47 after
imitation of the first round of immunization. Peripheral blood was obtained from the saphenous
vein of individual mice that were serially bled on the indicated days post-immunization. RBC in
peripheral blood were lysed and lymphocytes were stained with FITC-conjugated anti-CD8 and
PE-conjugated H-2Kb/ OV A .5, 264tetramer and analyzed by flow cytometry. Events shown in
Figs. 3c and d were gated on CD8+ lymphocytes and were from arepresentative single animal to
allow precise monitoring of the evolution of the antigen-specific T cell responses within agiven
animal over time. After this second round of vaccination, OVA-specific CD8+ T cells expanded
to levels that were even higher than what was achieved after primary immunization, reaching
52% of periphera CD8+ T cells within 7 days of secondary immunization (Fig. 3d).
Accordingly, the secondary response elicited a alater time point was considerably stronger than

the primary response elicited by cluster vaccination.

[00143] In another study, as observed with the model antigen OVA, immunization with
four doses of HPV 16 E7 protein plus poly(l:C) elicited arobust CD8 immune response compared
to immunization with HPV16 E7 protein alone (Fig. 3e).

[00144] In another study, C57B1/6 mice (3 mice per cohort) were implanted with OVA-
expressing EG7 tumors cells (IxI 0°) on day 0 and were left untreated, or were treated with 1
dose of poly(1:C) (10 pg), 1dose of whole, soluble OVA protein (100 pg) plus poly(1:C) (10 pg)
or four sequential daily doses of whole, soluble OVA protein (100 pg) plus poly(1:C) (10 pg) for
specified periods of time, as shown in Fig. 4. Average tumor volume at time of treatment for
each group was 224mms3 (poly(1:C) only), 194mm3 (1 dose of OVA + poly(l:C)) or 344mm3 (4
doses of OVA + poly(l:C)). Mice in the last cohort were intentionally treated at atime when

tumor size was larger in order to exemplify the beneficial effects of sequentia daily

immuni zation.

[00145] EXAMPLE 4: Immunization with single or multiple doses of Pentarix
protein

[00146] Mice (naive C57B1/6) were left untreated or were immunized subcutaneously with

100 pg of recombinant Pentarixprotein admixed with 10 pg of the TLR3 agonist polyl-C
(Amersham or Sigma) (Fig. 5A) or the TLR9 agonist CpG-2395 (oligo #2395, Invivogen), or
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with CpG oligo only (Fig. 6A). Seven days post-immunization mice were euthanized and
spleens were excised. Single cell suspensions of splenocytes were prepared in 10 ml of cRPMI
(RPMI 1640, 10% FCS, 2mM L-glutamine, 50 uM 2-mercaptoethanol, 10 mM HEPES and 10
mM sodium pyruvate) by mashing spleens through a 70 uM filter using the plunger from a5 ml
syringe. ELISPOT plates (MSIP, Millipore) were pre-coated overnight with 10 pg/ml anti-1FN-
y capture antibody (AN 8-Mabtech) and then blocked for 2 hours at 37°C with cRPMI.
Splenocytes (3xI0 > cells per well) were plated in triplicate in the absence of any stimulus (media
only), in the presence of 10 pg/ml of the H-2D° restricted E7,9.57 peptide from HPV 16, or an
irrelevant H2-D°-binding control peptide (KAVYNFATC). After overnight incubation a 37°C,
ELISPOT plates were washed and incubated for 2 hours at 37°C with 1 pug/ml biotinylated anti-
mouse |FN-y (mAb R4-6A2, Mabtech) followed by development with Vectastain ABC Elite kit
and Vectastain AEC substrate reagent according to manufacturers' instructions (Vector Labs).
Spots were quantitated using a commercial ELISPOT counting service (Zellnet). Results are
presented as the number of IFN-y spot forming cells per | x| & splenocytes when cultured in the

presence of media only, media plus HPV 16 E 7495, peptide or irrelevant peptide (10 pg/ml).

[00147] In another study (Fig. 7A), mice (naive C57B1/6) were left untreated or were
immunized subcutaneously one time or 4 times (daily on days 1-4) with 100 pg of recombinant
Pentarix protein admixed with 10 ug of the TLR3 agonist polyl-C (Amersham or Sigma). Mice
receiving multiple consecutive daily immunizations were immunized at approximately 24 hour
intervals. Seven days after the initial immunization mice were euthanized and spleens were
excised. Single cell suspensions of splenocytes were prepared in 10 ml of cRPMI (RPMI 1640,
10% FCS, 2 mM L-glutamine, 50 uM 2-mercaptoethanol, 10 mM HEPES and 10 mM sodium
pyruvate) by mashing spleens through a 70 uM filter using the plunger from a5 ml syringe.
ELISPOT plates (MSIP, Millipore) were pre-coated overnight with 10 pg/ml anti-IFN-y capture
antibody (ANI 8-Mabtech) and then blocked for 2 hours at 37°C with cRPMI. Splenocytes (3xI0 >
cells per well) were plated in triplicate in the absence of any stimulus (media only), or in the
presence of 10 pg/ml E7,, ., peptide. After overnight incubation at 37°C, ELISPOT plates were
washed and incubated for 2 hours at 37°C with 1 pug/ml biotinylated anti-mouse IFN-y (mAb R4-
6A2, Mabtech) followed by development with Vectastain ABC Elite kit and Vectastain AEC
substrate reagent according to manufacturers instructions (Vector Labs). Spots were quantitated
using a commercial ELISPOT counting service (Zellnet). Results are presented asthe number of
IFN-y spot forming cells per Ixl 08 splenocytes when cultured in the presence of media only or

media plus HPV 16 E7,9.57 peptide.
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[00148] In another study, we found that in mice receiving 4 successive doses of Pentarix
protein plus poly(l:C), up to 11% of CD8 T cells in peripheral blood and up to 22% of CD8 T
cellsin the spleen stained positively with H-2D® HPV 16 E7,, 5, tetramer (Fig. 7C). In this study,
HPV-specific T cells were not detectable in the spleens of mice immunized with 4 doses of
Pentarix protein only, indicating the importance of adjuvant for CD8 T cell expansion under the

study conditions.

[00149] In another study (Fig. 8A), naive C57B1/6 mice (3 mice per cohort) were
implanted with E7-expressing TCI tumors cells (I1x| G per mouse), subcutaneoudly into the left
flank, on day -14. On day 0 (when tumors reached approximately 200 mm3in size) mice were
either left untreated, or were treated with a single inoculation (subcutaneous in the scruff of the
neck) of polyl-C only (10 pg) or Pentarixprotein (100 pg) plus the TLR3 agonist polyl-C (10
ug). Mice immunized with Pentarix protein (100 pg) plus the TLR3 agonist polyl-C (10 pg)
(Fig. 8A, right panel) fully regressed tumors and remained tumor free for the duration of the
study (60 days). Tumors were measured every 2-3 days using an electronic digital caliper and
volumes were calculated using the formula width2 x length x 0.5 and tumor-bearing mice were
euthanized when the tumor volume reached approximately 2000 mm3 according to the CCAC

(Canadian Council on Animal Care) guidelines.

[00150] In another study, TC-1 tumor cells were grown in cRPMI containing 0.4 mg/ml
(418 to 60-80% confluency and were harvested by abrief exposure to 0.25% trypsin followed
by neutralization with cRPMI. TC-1 tumor cells (1 x 10° per mouse) were implanted
subcutaneously into the left flank of naive C57B1/6 mice and tumor growth was monitored by
measuring the tumor every two to three days using electronic calipers. Tumor volumes were
calculated using the formula width® x length x 0.5. Tumor-bearing mice were euthanized when
the tumor volume exceeded 2000 mm3 according to the CCAC (Canadian Council on Animal

Care) guidelines.

[0015]] In this study, the increased level of E7-specific CD8 T cells evoked by cluster
vaccination aso conferred an improved ability to regress E7-expresing TCl tumors, which was
demonstrated when tumors were allowed to grow to alarger size than normal prior to the
initiation of treatment (Fig. 8B). Mice that harbored tumors with an average volume of 350 mm3
at time of treatment were immunized with either a single dose or 4 successive daily doses of
Pentarix plus poly(I:C). Five of 8 mice receiving a single dose of vaccine exhibited transient (but

incomplete) tumor regression and significantly improved time of survival compared to untreated
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mice or mice treated with poly(l:C) only. However, all mice receiving a single dose of vaccine
eventually succumbed to progressive tumor growth. In contrast, of mice that received 4
successive doses of Pentarix plus poly(l:C), 100% (8 of 8) fully regressed these large tumors to
the point that they were no longer palpable. Although some tumors began to recur 4-5 weeks
after treatment, 75% of mice (6 of 8) in the 4-dose cohort were still alive a day 38 and 50%
remained tumor free. All mice in all other cohorts had been euthanized due to progressive tumor

growth by this time point.

[00152] In another study, in which naive C57B1/6 mice were implanted with E7-
expressing TCl tumors cells, immunization of TCI -tumor bearing mice with Pentarix protein
plus polyl:C €licited complete tumor regression and the establishment of E7-specific CD8
memory cells that persisted after tumor regression (Fig. 8C).

[00153] In another study (Fig. 9A), HPV E7-expressing TC-1 tumor cells (1x 10° cells
per mouse) were implanted subcutaneously into the left flank of naive C57B1/6 mice (4 mice per
cohort) on day -21. On day 0 (when tumors reached approximately 200 mm?3in size) mice were
treated with a single inoculation (subcutaneous in the scruff of the neck) of Pentarix protein (100
pg) plus 10 pg of the TLRY agonist CpG 2395 (Invivogen) or 10 pg of the TLRY agonist CpG
2395 only (no Pentarix) or were left untreated. Mice immunized with Pentarixprotein (100 ug)
plus 10 pg of the TLR9 agonist CpG 2395 fully regressed tumors and remained tumor free for the
duration of the study. Tumor growth was monitored by measuring the tumor every two to three
days using calipers and tumor volumes were calculated using the formula width? x length x 0.5
and tumor-bearing mice were euthanized when the tumor volume reached approximately 2000

mms3 according to the CCAC (Canadian Council on Animal Care) guidelines.

[00154] In another study to assess the effector function of CD8 T cells dlicited by asingle
immunization with Pentarix protein plus these adjuvants, in terms of their ability to regress
established, E7-expressing tumors, HPV16 E7-expressing TC-1 tumors were implanted
subcutaneously in naive recipient mice and were alowed to grow until they reached avolume of
approximately 200 mms3. Animals immunized subcutaneously with Pentarix protein admixed
with either poly(1:C) or CpG oligonuclectide began to regress these tumors, generally within one
week of immunization (Fig. 9B). In this study, al animals immunized with Pentarix protein plus
adjuvant had complete tumor regression by three weeks post-immunization and remained tumor

free for at least three months. In contrast, mice that were either untreated or that were treated
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with adjuvant only or Pentarix protein only displayed progressive tumor growth and were

euthanized (generally within 28 days of tumor implantation) due to excessive tumor burden.

[00155] In summary, as was observed with the OVA protein, Pentarix elicited strong
CD8+ T-cell mediated immune responses when admixed with agonists of either TLR3 (Figs. 5A
and 5B) or TLR9 (Figs. 6A and 6B). Also aswas observed with the model antigen OVA,
application of the sequential daily (cluster) immunization strategy substantially enhanced the
CD8+ immune response €elicited by Pentarix (Figs. 7A-C). Pentarixalso elicited CD8+ T-cell
mediated immune responses without adjuvant (Fig. 11).

[001 56] Immune responses dicited by vaccination with Pentarixprotein were capable of
regressing established TC-1 tumors within days of vaccination (Figs. 8A, 8B, 9A and 9B). This
was true when Pentarixwas combined with either poly(l:C) (Figs. 8A, 8B and 9B) or CpG
oligonucleotide (Figs. 9A and 9B). In two different experiments, complete or near complete
regression of established TC-1 tumors was achieved in all mice receiving Pentarix whereas

100% of control mice (no treatment or adjuvant only) succumbed to progressively growing

tumors.
[00157] EXAMPLE 5: Pentarix dicits immunity toaHPV31 E7 epitope
[00158] Naive C57B1/6 mice were immunized with 100 pg of whole, soluble Pentarix

protein admixed with 10 pg of poly(l:C) (Amersham). Seven days post-immunization mice were
euthanized and bulk splenocyte preparations were assessed by IFN-y ELISPOT to quantitate the
number of CD8+ T cells specific for peptides identified using two different predictive MHC-
binding agorithms (SYFPEITHI and IEDB). Results are reported as the number of IFN-y spot-
forming cells per 1xIO 6 splenocytes after stimulation with media only or the indicated peptide
(10 pug/ml). Both the long (14mer and 20mer) and short (9mer) versions of the HPV 16 E749-57
peptide were found to elicit responses from immunized mice, aswell asthe HPV 31-derived
candidate peptide (HPV3 1E7252-260-TSNYNIVTF; SEQ ID NO: 35) with the highest H2Db score
on both algorithms (Fig. 10A). This finding represents a new epitope for HPV3 1E7 and
demonstrates that Pentarix elicits immunity to aHPV3 1E7 epitope.

[00159] EXAMPLE 6: Pentarix elicits immune responses against multiple genotypes
of HPV
[001 60] To assess the scope of the cellular immune response dlicited by Pentarix, bulk

splenocytes and CD4-depleted splenocytes from mice immunized with Pentarix plus poly(l:C)
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were analyzed directly ex vivo by ELISPOT with alibrary of overlapping 15mer peptides that
spanned the entire Pentarix protein sequence. Where indicated, CD4 cells were depleted from
bulk splenocytes using magnetic depletion. Briefly, bulk splenocytes were stained with PE-
conjugated anti-CD4 antibody (clone L3T4; BD Biosciences) and labeled cells were depleted
using anti-PE microbeads according to manufacturer's instructions (Miltenyi). As shown in Fig
10B, the response €dlicited in C57B1/6 mice by Pentarix encompassed all five of the HPV strains
contained within the vaccine. Peptides containing the well-characterized H-2DP-restricted epitope
HPV16 E7,¢.57 (RAHYNIVTF; SEQ ID NO: 38) comprised the strongest response in terms of
absolute numbers of antigen-specific CD8 T cells. The next strongest response was dlicited by
15mer peptides from HPV31 encompassing arelated peptide (TSNYNIVTF, SEQ ID NO: 35)
that is predicted by algorithm analyses to be an even stronger binder to H-2D® than HPV 16 E7,
5. A variety of 15mer peptides from other HPV E7 protein sequences also elicited responses of
varying intensity from both bulk and CD4-depleted splenocytes, confirming that Pentarix is
capable of eliciting abroad scope cdlular immune response, even in inbred mice with alimited
repertoire of MHC molecules. In addition, HLA-A2 transgenic mice (HLA-A2/D®, Jackson Labs
stock # 004191) were also immunized with Pentarix plus poly(1:C) and assessed by ELISPOT
using the same library of overlapping 15mer peptides. Interestingly, although the general strength
of the response was greater in C57B1/6 than HLA-A2/D® mice, the overall complexity of the
response was very similar (Fig 10C), suggesting that an H2°-restricted response had been elicited
but that an HLA-A2 restricted response had not. Furthermore, as has been observed in a number
of other studies using HPV 16 E7 antigen, we were unable to detect aresponse against the HLA-
A2 restricted 11-20 or 86-93 minimal peptide epitopes of HPV16 E7 in mice immunized with
Pentarix plus poly(l:C).

[00167]] To confirm that TSNYNIVTF (SEQ ID NO: 35) was the precise minimal epitope
within the strongly reactive HPV3 1 15mer peptides AEPDTSNYNIVTFCC (SEQ ID NO: 36)
and TSNYNIVTFCCQCKS (SEQ ID NO: 37) splenocytes from mice immunized with Pentarix
plus poly(LC) were assessed by ELISPOT and were found to be responsive to this 9mer minimal
peptide (Fig 10D).

[00162] OTHER EMBODIMENTS

[00163] Although various embodiments of the invention are disclosed herein, many
adaptations and modifications may be made within the spirit and scope of the invention in

accordance with the common general knowledge of those skilled in this art. Such modifications
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include the substitution of known equivalents for any aspect of the invention in order to achieve
the same result in substantially the same way. Accession numbers, as used herein, may refer to
Accession numbers from multiple databases, including GenBank, the European Molecular
Biology Laboratory (EMBL), the DNA Database of Japan (DDBJ), or the Genome Sequence
Data Base (GSDB), for nucleotide sequences, and including the Protein Information Resource
(PIR), SWISSPROT, Protein Research Foundation (PRF), and Protein Data Bank (PDB)
(sequences from solved structures), aswell as from trandations from annotated coding regions
from nucleotide sequences in GenBank, EMBL, DDBJ, or RefSeq, for polypeptide sequences.
Numeric ranges are inclusive of the numbers defining the range, and of sub-ranges encompassed
therein. Asused herein, the terms "comprising”, "comprises', "having" or "has' are used as an
open-ended terms, substantially equivalent to the phrase "including, but not limited to". Terms
such as"the," "a," and "an" are to be construed as indicating either the singular or plural.
Citation of references herein shall not be construed as an admission that such references are prior
art to the present invention. All publications are incorporated herein by reference asif each
individual publication were specifically and individually indicated to be incorporated by
reference herein and as though fully set forth herein. The invention incl udes all enbodiments and
variations substantially as hereinbefore described and with reference to the examples and

drawings.

[001 64] The present invention has been described with regard to one or more
embodiments. However, it will be apparent to persons skilled in the art that a number of
variations and modifications can be made without departing from the scope of the invention as

defined in the claims.
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WHAT ISCLAIMED IS
1 A polypeptide comprising an amino acid sequence substantially identical to the amino

acid sequence of two or more human papillomavirus (HPV) E7 antigens, wherein the E7 antigens

are selected from at least two different HPV strains.
2. The polypeptide of claim 1, wherein the different HPV strains are high risk strains.

3. The polypeptide of claim 2, wherein the high risk strains are selected from two or more of
the group consisting of HPV 16, HPV 18, HPV 31, HPV 33, HPV 35, HPV 39, HPV 45, HPV51,
HPV52, HPV56, HPV58, HPV59, HPV 68, HPV 73, and HPV82.

4. The polypeptide of claim 1, wherein the E7 antigens are selected from five different HPV

strains.

5. The polypeptide of claim 4, wherein the five different HPV strains comprise HPV 16,
HPV 18, HPV31, HPV45, and HPV52.

6. The polypeptide of claim 1, wherein the polypeptide comprises two or more of the amino
acid sequences set forth in SEQ ID NOs: 1to 15.

7. The polypeptide of claim 6, wherein the polypeptide comprises the amino acid sequences
set forthin SEQ ID NOs: 1to 5.

8. The polypeptide of claim 7, wherein the polypeptide comprises the amino acid sequence
set forthin SEQ ID NO: 16 or 17.

9. The polypeptide of claim 6, wherein the polypeptide is encoded by a nucleotide sequence
comprising two or more of the nucleotide sequences set forth in SEQ ID NOs: 18to 32.

10. The polypeptide of claim 8, wherein the polypeptide is encoded by a nucleotide sequence
comprising SEQ ID NO: 33 or 34.

11 Thepolypeptide of any one of claims 1to 10 wherein the polypeptide is capable of

inducing an immune response to the at least two different HPV strains.

12. A nucleic acid molecule comprising a sequence substantially identical to the nucleotide
seguences of two or more human papillomavirus (HPV) E7 antigens, wherein the E7 antigens are
selected from at least two different HPV strains.
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13. The nucleic acid molecule of claim 12, wherein the different HPV strains are high risk

strains.

14. The nucleic acid molecule of claim 13, wherein the high risk strains are selected from two
or more of the group consisting of HPV 16, HPV 18, HPV 31, HPV 33, HPV 35, HPV 39, HPV 45,
HPV51, HPV52, HPV56, HPV58, HPV59, HPV68, HPV 73, and HPV82.

15. The nucleic acid molecule of claim 12, wherein the E7 antigens are selected from five

different HPV strains.

16.  Thenucleic acid molecule of claim 15, wherein the five different HPV strains comprise
HPV 16, HPV18, HPV 31, HPV45, and HPV52.

17. The nucleic acid molecule of claim 12, wherein the nucleic acid molecule comprises two

or more of the nucleic acid sequences set forth in SEQ ID NOs: 18 to 32.

18.  Thenucleic acid molecule of claim 17, wherein the nucleic acid molecule comprises the

nucleic acid sequences set forth in SEQ ID NOs:. 18 to 22.

19.  Thenucleic acid molecule of claim 18, wherein the nucleic acid molecule comprises the

nucleic acid sequence set forth in SEQ ID NO: 33 or 34.
20. A nucleic acid molecule encoding the polypeptide of any one of claims 1to 11.

21.  Anexpression vector comprising the nucleic acid sequence of any one of claims 12 to 20
operably linked to a sequence that allows for expression of the nucleic acid sequence in ahost
cell.

22. A host cell comprising the nucleic acid molecule of any one of claims 12 to 20 or the

expression vector of claim 21.

23. A composition comprising the polypeptide of any one of claims 1to 11 or the nucleic
acid molecule of any one of claims 12 to 20 or the expression vector of claim 21 or the host cell

of claim 22.
24, The composition of claim 23 further comprising a carrier.

25. The composition of claim 23 or 24 further comprising an adjuvant.
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26. The composition of claim 25 wherein the adjuvant comprises aToll-like receptor (TLR)

agonist.

27. The composition of claim 26 wherein the TLR agonist isaTLR3 agonist or aTLR9
agonist.

28. The composition of claim 27 wherein the TLR3 agonist ispoly(l:C).

29. The composition of claim 27 wherein the TLR9 agonist isa CpG containing

oligonucleotide.

30. The composition of claim 25 wherein the adjuvant comprises an interferon-alpha, an

agonist of the 4-1BB receptor, an agonist of the CD40 receptor, or an anti-CD40 antibody.

31. A method of stimulating an immune response in a subject in need thereof, the method
comprising administering an effective amount of the polypeptide of any one of claims 1to 11or
the nucleic acid molecule of any one of claims 12 to 20 or the expression vector of claim 21 or

the host cell of claim 22, to the subject.

32. A method of treating or preventing a condition associated with HPV infection in a subject
in need thereof, the method comprising administering an effective amount of the polypeptide of
any one of claims 1to 11 or the nucleic acid molecule of any one of claims 12 to 20 or the

expression vector of claim 21 or the host cell of claim 22, to the subject.

33. The method of claim 32 wherein the condition associated with HPV infection is selected
from the group consisting of one or more of a cancer of the breast, cervix, anus, vulva, vagina,

penis, head and neck, and lung, or pre-malignant lesion thereof.

34. The method of claim 32 wherein the condition associated with HPV infection is apre-

cancerous cervica epithelial neoplasia (CIN | through CIN 111) or a cervical cancer.

35. A method of treating aHPV infection in a subject in need thereof, the method comprising
administering an effective amount of the polypeptide of any one of claims 1to 11 or the nucleic
acid molecule of any one of claims 12 to 20 or the expression vector of claim 21 or the host cell

of claim 22, to the subject.

36. The method of any one of claims 31to 35 wherein the HPV infection isby ahigh risk
HPV type.
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37. The method of 36 wherein the high risk HPV typeis selected from one or more of the
group consisting of HPV 16, HPV 18, HPV 31, HPV 33, HPV35, HPV39, HPV45, HPV51,
HPV52, HPV56, HPV58, HPV59, HPV68, HPV 73, and HPV 82.

38.  The method of any one of claims 31to 37 further comprising administering an adjuvant.

39.  Themethod of claim 38 wherein the adjuvant comprises aToll-like receptor (TLR)
agonist.

40.  Themethod of claim 39 wherein the TLR agonist isaTLR3 agonist or a TLR9 agonist.
41. The method of claim 40 wherein the TLR3 agonist ispoly(l:C).
42.  The method of claim 40 wherein the TLR9 agonist isa CpG containing oligonucleotide.

43. The method of claim 38 wherein the adjuvant comprises an interferon-alpha, an agonist

of the 4-1BB receptor, an agonist of the CD40 receptor, or an anti-CD40 antibody.

44, The method of any one of claims 31 to 43 wherein the administering comprises

administration of multiple doses over atime frame of less than 14 days.

45.  The method of any one of claims 31 to 43 wherein the administering comprises

administration of multiple doses over one to four days.

46. The method of claim 44 or 45 wherein the administering comprises administration of

multiple daily doses.

47. Use of an effective amount of the polypeptide of any one of claims 1to 1 1 or the nucleic
acid molecule of any one of claims 12 to 20 or the expression vector of claim 21 or the host cell

of claim 22, for stimulating an immune response in a subject in need thereof.

48. Use of an effective amount of the polypeptide of any one of claims 1to 11 or the nucleic
acid molecule of any one of claims 12 to 20 or the expression vector of claim 21 or the host cell
of claim 22 for treating or preventing a condition associated with HPV infection in a subject in
need thereof.

49, The use of claim 48 wherein the condition associated with HPV infection is selected from
the group consisting of one or more of a cancer of the breast, cervix, anus, vulva, vagina, penis,

head and neck, and lung, or pre-malignant lesion thereof.
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50. The use of claim 48 wherein the condition associated with HPV infection is apre-

cancerous cervical epithelial neoplasia (CIN | through CIN 111) or acervical cancer.

51. Use of an effective amount of the polypeptide of any one of claims 1to 11 or the nucleic
acid molecule of any one of claims 12 to 20 or the expression vector of claim 21 or the host cell

of claim 22, for treating aHPV infection in a subject in need thereof.

52. A peptide consisting essentialy of one or more of the amino acid sequences
TSNYNIVTF (SEQ ID NO: 35), AEPDTSNYNIVTFCC (SEQ ID NO: 36) or
TSNYNIVTFCCQCKS (SEQ ID NO: 37).

53. A method of diagnosing aHPV3 linfection comprising contacting a sample with a
peptide consisting essentially of one or more of the amino acid sequences TSNYNIVTF (SEQ ID
NO: 35), AEPDTSNYNIVTFCC (SEQ ID NO: 36) or TSNYNIVTFCCQCKS (SEQ ID NO: 37)

54. A method of determining the response of a subject to aHPV3 1infection contacting a
sample with a peptide consisting essentialy of the one or more of the amino acid sequences
TSNYNIVTF (SEQ ID NO: 35), AEPDTSNYNIVTFCC (SEQ ID NO: 36) and
TSNYNIVTFCCQCKS (SEQ ID NO: 37).
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081004DW: The frequency of MHC class l-restricted E7,9_5; -specific Tcells elicted in response to

immunization with one dose of Pentarix (100ug) plus polyl:C (10ug)
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09A004DW: The frequency of MHC class I-restricted E7,4.57 -specific Tcells elicted in response
to immunization with one dose of Pentarix (100ug) plus CpG-2395 (10ug)
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08I004DW: The frequency of MHC class I-restricted E7,4 57 -specific Tcells elicted in response {

immunization with four succesive daily doses of Pentarix (100ug) plus polyl:C (10ug)
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09B001DW: Pentarix +/- CpG (ODN 2395)
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A. HPV16 E7
NP_041326

MHGDTPTLHEYMLDLQPETTDLYCYEQLNDSSEEEDEIDGPAGQAEPDRAHYNIVTFCCKCDSTLRLCVQ

STHVDIRTLEDLLMGTLGIVCPICSQKP (SEQ ID NO: 1)

NC 001526

1 atgcatggag atacacctac attgcatgaa tatatgttag atttgcaacc agagacaact

61 gatctctact gttatgagca attaaatgac agctcagagg aggaggatga aatagatggt

121 ccagctggac aagcagaacc ggacagagcc cattacaata ttgtaacctt ttgttgcaag

181 tgtgactcta cgcttcggtt gtgcgtacaa agcacacacg tagacattcg tactttggaa

241 gacctgttaa tgggcacact aggaattgtg tgccccatct gttctcagaa accataa (SEQ ID
NO: 18)

B. HPVI8 E7

NP_040311

MHGPKATLODIVLHLEPONEIPVDLLCHEQLSDSEEENDEIDGVNHQHLPARRAEPQRHTMLCMCCKCEA

RIELVVESSADDLRAFQQLFLNTLSFVCPWCASQQ

NC_001357

1

61

121

181

241

301

atgcatggac
attccggttg
atagatggag
atgttgtgta
gacgaccttc

tgtgcatcce

ctaaggcaac
accttctatg
ttaatcatca
tgtgttgtaa
gagcattcca

agcagtaa

attgcaagac
tcacgagcaa
acatttacca
gtgtgaagcc

gcagctgttt

(SEQ ID NO:

(SEQ ID NO:

attgtattgce
ttaagcgact
gcccgacgag
agaattgagc
ctgaacaccc

19)

FIGURE 12-1

17725

2)

atttagagcc
cagaggaaga
ccgaaccaca
tagtagtaga

tgtcectttgt

ccaaaatgaa
aaacgatgaa
acgtcacaca
aagctcagca

gtgtccgtgg
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C.HPV31 E7

AAA46951

PCT/CA2011/000823

MRGETPTLODYVLDLQPEATDLRCYEQLPDSSDEEDVIDSPAGQAEPDTSNYNIVTFCCQCKSTLRLCVQ

STQVDIRILQELLMGSFGIVCPNCSTRL

PPH31A

1

61

121

181

241

NO:

atgcgtggag
gacctccact
ccagctggac
tgtaagtcta
gagctgttaa

20)

D. HPV45S E7

P21736

aaacacctac
gttatgagca
aagcagaacc
cacttcgttt

tgggctcatt

(SEQ ID

gttgcaagac
attacccgac
ggacacatcc
gtgtgtacag

tggaatcgtg

NO: 3)

tatgtgttag
agctcagatg
aattacaata
agcacacaag

tgccccaact

atttgcaacc
aggaggatgt
tcgttacctt
tagatattcg

gttctactag

tgaggcaact
catagacagt
ttgttgtcag
catattgcaa

actgtaa

MHGPRETLQEIVLHLEPQNELDPVDLLCYEQLSESEEENDEADGVSHAQLPARRAEPQRHKILCVCCKCD

GRIELTVESSAEDLRTLQQLFLSTLSEFVCPWCATNQ

X74479

1

61

121

181

241

301

atgcatggac
ttagatcctg
gaagcagatg
aaaattttgt
gcagaggacc

tggtgtgcaa

cccgggaaac
ttgacctgtt
gagttagtca
gtgtatgttg
ttagaacact

ctaaccaata

actgcaagaa
gtgttacgag
tgcacaacta
taagtgtgac

acagcagctg

a (SEQ ID NO:

(SEQ ID NO:

attgtattgc
caattaagcg
ccagcccgac
ggcagaattg
tttttgagca

21)

FIGURE 12-2
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4)

atttggaacc
agtcagagga
gagccgaacc
agcttacagt

ccttgtectt

tcagaatgaa
ggaaaacgat
acagcgtcac
agagagctcg

tgtgtgtccg

(SEQ ID
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E. HPVS52 E7
P36831

MRGDKATIKDYILDLQPETTDLHCYEQLGDSSDEEDTDGVDRPDGQAEQATSNYYIVTYCHSCDSTLRLC
IHSTATDLRTLQQMLLGTLQVVCPGCARL

(SEQ ID NO: 5)

X74481

1

61

121

181

241

atgcgtggag
gacctacact
gaccggccag
cacagttgtg

ctacagcaaa

acaaagcaac
gctatgagca
atggacaagc

atagcacact

tgctgttggg

tataaaagat
attaggtgac
agaacaagcc
acggctatgce

cacattacaa

tatatattag
agctcagatg
acaagcaatt
attcatagca

gttgtgtgcce

atctgcaacc
aggaggatac
actacattgt
ctgcgacgga

ccggcetgtgce

tgaaacaact
agatggtgtg
gacatattgt
ccttcgtact

acggctataa

(SEQ ID NO: 22)

F. HPV33 E7
AAA46959

MRGHKPTLKEYVLDLYPEPTDLYCYEQLSDSSDEDEGLDRPDGQAQPATADYYIVTCCHTCNTTVRLCVN
STASDLRTIQQLLMGTVNIVCPTCAQQ

(SEQ ID NO: 6)

PPH33CG

1
61
121
181
241

23)

atgagaggac
gacctatact
ccagatggac
tgtaacacca

caactactta

acaagccaac
gctatgagca
aagcacaacc
cagttcgttt

tgggcacagt

gttaaaggaa
attaagtgac
agccacagct
atgtgtcaac

gaatattgtg

tatgttttag
agctcagatg
gattactaca
agtacagcaa

tgccctacct

FIGURE 12-3
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atttatatcc
aggatgaagg
ttgtaacctg
gtgacctacg

gtgcacaaca

tgaaccaact
cttggaccgg
ttgtcacact
aaccatacag

ataa

(SEQ ID NO:
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G. HPV35 E7

AAA46967

MHGEITTLODYVLDLEPEATDLYCYEQLCDSSEEEEDTIDGPAGQAKPDTSNYNIVTSCCKCEATLRLCV

QOSTHIDIRKLEDLLMGTFGIVCPGCSQRA

PPH35CG

1 atgcatggag
61 gacctatact
121 ggtccagctg
181 aaatgtgagg
241 gaagatttat

ID NO: 24)

H. HPV39 E7

AAA47051

MRGPKPTLQEIVLDLCPYNEIQPVDLVCHEQLGESEDEIDEPDHAVNHQHQLLARRDEPQRHTIQCSCCK

CNNTLQLVVEASRDTLRQLQQLFMDSLGEVCPWCATANQ

PPHT39

aaataactac
gttatgagca
gacaagcaaa
cgacactacg

taatgggcac

attgcaagac
attgtgtgac
accagacacc
tctgtgtgta

atttggaata

(SEQ ID NO:

7)

tatgttttag
agctcagagg
tccaattata
cagagcacac

gtgtgccccg

(SEQ ID

atttggaacc
aggaggaaga
atattgtaac
acattgacat

gctgttcaca

NO: 8)

cgaggcaact
tactattgac
gtcctgttgt
acgtaaattg

gagagcataa

1 atgcgtggac caaagcccac cttgcaggaa attgtattag atttatgtcc ttacaatgaa

61 atacagccgg ttgaccttgt atgtcacgag caattaggag agtcagagga tgaaatagat

121 gaacccgacc
181 cgtcacacaa
241 gcctcacggg

301 tgtccgtggt

atgcagttaa tcaccaacat caactactag ccagacggga tgaaccacag

tacagtgttc gtgttgtaag tgtaacaaca cactgcagct ggtagtagaa

atactctgcg acaactacag cagctgttta tggactcact aggatttgtg

gtgcaactgc

aaaccagtaa

(SEQ ID NO:

FIGURE 12-4
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(SEQ
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I. HPV51 E7
P26558
MRGNVPQLKDVVLHLTPQTEIDLQCYEQFDSSEEEDEVDNMRDQLPERRAGQATCYRIEAPCCRCSSVVQ

LAVESSGDTLRVVQOMLMGELSLVCPCCANN (SEQ ID NO: 9)

M62877 (partial)

a tgtaccacaa ttaaaagatg tagtattgca tttaacacca cagactgaaa ttgacttgca
atgctacgag caatttgaca gctcagagga ggaggatgaa gtagataata tgcgtgacca
gctaccagaa agacgggctg gacaggctac gtgttacaga attgaagctc cgtgttgceag
gtgttcaagt gtagtacaac tggcagtgga aagcagtgga gacacccttc gcegttgtaca

gcagatgtta atgggcgaac taagcctggt ttgccegtgt tgtgcgaaca actagcaacg gc (SEQ

ID NO: 26)
J. HPVS6 E7
P36833

MHGKVPTLQDVVLELTPQTEIDLQCNEQLDSSEDEDEDEVDHLQERPQQARQAKQHTCYLIHVPCCECKE

VVQLDIQSTKEDLRVVQQLLMGALTVTCPLCASSN (SEQ ID NO: 10)

X74483

1 atgcatggta aagtaccaac gctgcaagac gttgtattag aactaacacc tcaaacagaa
61 attgacctac agtgcaatga gcaattggac agctcagagg atgaggatga ggatgaagta
121 gaccatttgc aggagcggcc acagcaagct agacaagcta aacaacatac gtgttaccta
181 atacacgtac cttgttgtga gtgtaagttt gtggtgcagt tggacattca gagtaccaaa

241 gaggacctgc gtgttgtaca acagctgett atgggtgegt taacagtaac gtgcccactc

301 tgcgcatcaa gtaactaa (SEQ ID NO: 27)

FIGURE 12-5

K. HPV58 E7

21725
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P26557
MRGNNPTLREYILDLHPEPTDLFCYEQLCDSSDEDEIGLDGPDGQAQPATANYYIVTCCYTCGTTVRLCI

NSTTTDVRTLQQLLMGTCTIVCPSCAQQ (SEQ ID NO: 11)

PPHS58

1 atgagaggaa acaacccaac gctaagagaa tatattttag atttacatcc tgaaccaact
61 gacctattct gctatgagca attatgtgac agctcagacg aggatgaaat aggcttggac
121 gggccagatg gacaagcaca accggccaca gctaattact acattgtaac ttgttgttac
181 acttgtggca ccacggttcg tttgtgtatc aacagtacaa caaccgacgt acgaacccta

241 cagcagctgc ttatgggcac atgtaccatt gtgtgcccta gctgtgcaca gcaataa (SEQ ID

NO: 28)

L. HPVS9 E7
CAAS54850
MHGPKATLCDIVLDLEPQNYEEVDLVCYEQLPDSDSENEKDEPDGVNHPLLLARRAEPQRHNIVCVCCKC

NNQLQLVVETSQDGLRALQQLFMDTLSFVCPLCAANQ (SEQ ID NO: 12)

X77858

1 atgcatggac caaaagcaac actttgtgac attgttttag atttggaacc acaaaattat
61 gaggaagttg accttgtgtg ctacgagcaa ttacctgact ccgactccga gaatgaaaaa
121 gatgaaccag atggagttaa tcatcctttg ctactagcta gacgagctga accacagcgt
181 cacaacattg tgtgtgtgtg ttgtaagtgt aataatcaac ttcagctagt agtagaaacc

241 tcgcaagacg gattgcgagc cttacagcag ctgtttatgg acacactatc ctttgtgtgt

301 cctttgtgtg cagcaaacca gtaa (SEQ ID NO: 29)

FIGURE 12-6
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M. HPV68 E7
P54668
MHGPKPTVQEIVLELCPYNEIQPVDLVCHEQLGDSDDEIDEPDHAVNHHQHLLLARRDEQQRHRIQCLCC

KCNKALQLVVEASRDNLRTLQQLFMDSLNFVCPWCATETQ (SEQ ID NO: 13)

X67160

1 atgcatggac caaagcccac cgtgcaggaa attgtgttag agctatgtcc atacaatgaa
61 atacagccgg ttgaccttgt atgtcacgag caattaggag attcagacga tgaaatagat
121 gaacccgacc atgcagttaa tcaccaccaa catctactac tagccagacg ggacgaacaa
181 cagcgtcaca gaattcagtg tctgtgttgt aagtgtaaca aggcactgca actagtagta
241 gaagcgtcgce gggacaacct gcggacacta caacagctgt ttatggactc actaaatttt

301 gtgtgtccgt ggtgtgcaac tgaaacccag taa (SEQ ID NO: 30)

N. HPV73 E7
CAAG63883

MHGKKTTLQDITLDLKPTTEIDLTCYESLDNSEDEDETDSHLDRQAERECYRIVTDCTKCQCTVCLAIES

NKADLRVIEELLMGTLGIVCPNCSRNL (SEQ ID NO: 14)

X94165

1 atgcatggaa aaaaaacaac cttgcaggac attactttag acctgaaacc aacaaccgaa
61 attgacctta catgttacga gtcattggac aactcagagg atgaggatga aacagacagc
121 catctagaca gacaagctga acgagagtgt tacagaatag ttactgactg cacgaagtgt
181 cagtgcacag tatgccttgce cattgaaagc aacaaagctg atttaagagt gatagaagag

241 ttgcttatgg gtacactagg tattgtgtgce cccaactgtt ccagaaacct ataa (SEQ ID NO:
31)

FIGURE 12-7
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O. HPVS82 E7
AAK28450
MRGNVPQVKDIVLELTPQPEIDLQCYEQFDSSDEEDEVDNMRDQPARQAGOATCYRIKVQCCRCSSLLOL

AVESSGDNLRIFQQLLMGDLSLVGPCCANN (SEQ ID NO: 15)

AF293961

1 atgcgtggta atgtaccaca agtaaaggac atagtgttgg agttaacacc acaacctgaa
61 attgacttgc aatgctacga gcaatttgac agctcagacg aggaggatga agtagataat
121 atgcgtgacc agccagccag acaagctgga caggctacgt gttacagaat taaagtgcag
181 tgttgcaggt gttcaagttt gctacagttg gcagtggaaa gcagtggaga caaccttcgce
241 atatttcagc aactgttaat gggtgaccta agcctggtgg gccecgtgttg cgcgaacaac

301 taa (SEQ ID NO: 32)

P.

MGSSHHHHHHSSGLVPRGSHMHGDTPTLHEYMLDLQPETTDLYCYEQLNDSSEEEDEIDGPAGQAEPDRAHYNIV
TFCCKCDSTLRLCVQSTHVDIRTLEDLLMGTLGIVCPICSQKPMHGPKATLQDIVLHLEPQNEIPVDLLCHEQLS
DSEEENDEIDGVNHQHLPARRAEPQRHTMLCMCCKCEARIELVVESSADDLRAFQQLFLNTLSFVCPWCASQOMR
GETPTLODYVLDLQPEATDLHCYEQLPDSSDEEDVIDSPAGQAEPDTSNYNIVTFCCQCKSTLRLCVQSTQVDIR
ILOELLMGSFGIVCPNCSTRLMHGPRATLQEIVLHLEPQNELDPVDLLCYEQLSESEEENDEADGVSHAQLPARR
AEPQRHKILCVCCKCDGRIELTVESSADDLRTLQQLFLSTLSFVCPWCATNQMRGDKATIKDYILDLQPETTDLH
CYEQLGDSSDEEDTDGVDRPDGQAEQATSNYYIVTYCHSCDSTLRLCIHS TATDLRTLQOMLLGTLQVVCPGCAR
LTT (SEQ ID NO: 16)

Q.

MHGDTPTLHEYMLDLQPETTDLYCYEQLNDSSEEEDEIDGPAGQAEPDRAHYNIVTFCCKCDSTLRLCVQSTHVD
IRTLEDLLMGTLGIVCPICSQKPMHGPKATLQDIVLHLEPQNEIPVDLLCHEQLSDSEEENDE IDGVNHQHLPAR
RAEPQRHTMLCMCCKCEARIELVVESSADDLRAFQQLFLNTLSFVC PWCASQOMRGETPTLODYVLDLQPEATDL
HCYEQLPDSSDEEDVIDSPAGQAEPDTSNYNIVTFCCQCKSTLRLCVQSTQVDIRILOELLMGSFGIVCPNCSTR
LMHGPRATLQETIVLHLEPONELDPVDLLCYEQLSESEEENDEADGVSHAQLPARRAE PQRHKILCVCCKCDGRIE
LTVESSADDLRTLQQLFLSTLSFVCPWCATNQMRGDKATIKDYILDLQPETTDLHCYEQLGDSSDEEDTDGVDRP
DGOAEQATSNYYIVTYCHSCDSTLRLCIHSTATDLRTLQQMLLGTLQVVCPGCARLTT- (SEQ ID NO: 17)

FIGURE 12-8
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R.

ATGCATGGCGACACCCCGACGCTGCACGAATACATGCTGGATCTGCAACCGGAGACGACGGATCTGTATTGCTAT
GAGCAGCTGAACGACAGCAGCGAAGAGGAAGATGAGATCGACGGTCCGGCGGGTCAGGCGGAGCCGGATCGTGCG
CACTACAATATCGTTACCTTTTGTTGTARATGCGATAGCACCCTGCGTCTGTGTGTTCAGAGCACGCACGTGGAT
ATTCGTACCCTGGAGGACCTGCTGATGGGTACCCTGGGTATCGTTTGCCCGATTTGTAGCCAGAAGCCGATGCAT
GGTCCGAAAGCGACGCTGCAGGATATCGTGCTGCACCTGGAACCGCAGAATGAGATCCCGGTGGATCTGCTGTGT
CATGAGCAGCTGAGCGACAGCGAAGAGGAAAACGATGAAATCGATGGTGTGAATCACCAGCATCTGCCGGCGCGC
CGCGCGGAACCGCAACGCCATACGATGCTGTGTATGTGCTGTAAATGTGAAGCGCGTATCGAGCTGGTGGTTGAA
AGCAGCGCCGATGACCTGCGTGCGTTCCAGCAGCTGTTCCTGAACACCCTGAGCTTCGTGTGCCCGTGGTGTGCC
AGCCAACAGATGCGTGGCGAAACCCCGACCCTGCAGGACTATGTGCTGGATCTGCAGCCGGAGGCCACCGATCTG
CACTGTTACGAACAACTGCCGGACAGCAGCGATGAGGAAGACGTGATCGATAGCCCGGCGGGCCAAGCCGAACCG
GACACCAGCAATTATAATATTGTGACCTTTTGTTGCCAGTGCAAGAGCACCCTGCGTCTGTGTGTTCAGAGCACG
CAAGTTGACATTCGTATCCTGCAGGAACTGCTGATGGGTAGCTTCGGTATTGTGTGTCCGAATTGCAGCACCCGC
CTGATGCACGGTCCGCGTGCCACGCTGCAAGAGATCGTTCTGCATCTGGAACCGCAGAACGAACTGGATCCGGTT
GATCTGCTGTGTTATGAACAACTGAGCGAGAGCGAAGAAGAGAATGATGAGGCGGATGGCGTTAGCCACGCCCAA
CTGCCGGCGCGCCGCGCGGAACCGCAGCGCCATAAAATCCTGTGCGTTTGTTGCAAGTGCGATGGCCGTATTGAA
CTGACCGTTGAAAGCAGCGCCGATGACCTGCGTACGCTGCAGCAGCTGTTTCTGAGCACGCTCGAGCTTCGTTTGT
CCGTGGTGTGCGACGAATCAGATGCGCGGCGACARAGCCACGATTAAGGATTATATTCTGGATCTGCAGCCGGAA
ACGACCGACCTGCATTGTTACGAACAGCTGGGCGATAGCAGCGACGAAGAAGATACCGACGGCETTGACCGCCCE
GACGGTCAAGCGGAACAAGCCACCAGCAACTATTATATCGTTACGTACTGCCATAGCTGTGATAGCACCCTGCGC
CTGTGTATCCACAGCACGGCGACCGACCTGCGCACCCTGCAGCAGATGCTGCTGGGCACCCTGCAAGTTGTGTGC
CCGGGTTGCGCGCGTCTGACAACCTGA (SEQ ID NO : 33)

S.

ATGGGCAGCAGCCATCATCATCATCATCACAGCAGCGGCCTGETGCCGCGCGGCAGCCATATGCATGGCGACACC
CCGACGCTGCACGAATACATGCTGGATCTGCAACCGGAGACGACGGATCTGTATTGCTATGAGCAGCTGAACGAC
AGCAGCGAAGAGGAAGATGAGATCGACGGTCCGGCGGGTCAGGCGGAGCCGGATCGTGCGCACTACAATATCETT
ACCTTTTGTTGTAAATGCGATAGCACCCTGCGTCTGTGTGTTCAGAGCACGCACGTGGATATTCGTACCCTGGAG
GACCTGCTGATGGGTACCCTGGGTATCGTTTGCCCGATTTGTAGCCAGAAGCCGATGCATGGTCCGAAAGCGACG
CTGCAGGATATCGTGCTGCACCTGGAACCGCAGAATGAGATCCCGGTGGATCTGCTGTGTCATGAGCAGCTGAGC
GACAGCGAAGAGGAAAACGATGAAATCGATGGTGTGAATCACCAGCATCTGCCGGCGCGCCGCGCGGAACCGCAA
CGCCATACGATGCTGTGTATGTGCTGTAAATGTGAAGCGCGTATCGAGCTCCTGGTTGAAAGCAGCGCCGATGAC
CTGCGTGCGTTCCAGCAGCTGTTCCTGAACACCCTGAGCTTCGTGTGCCCGTEGGTEGTGCCAGCCAACAGATGCGET
GGCGAAACCCCGACCCTGCAGGACTATGTGCTGGATCTGCAGCCGGAGGCCACCCGATCTGCACTGTTACGAACAA
CTGCCGGACAGCAGCGATGAGGAAGACGTGATCGATAGCCCGGCGGGCCAAGCCGAACCGGACACCAGCAATTAT
AATATTGTGACCTTTTGTTGCCAGTGCAAGAGCACCCTGCGTCTGTGTGTTCAGAGCACGCAAGTTGACATTCGT
ATCCTGCAGGAACTGCTGATGGGTAGCTTCGGTATTGTGTGTCCGAATTGCAGCACCCGCCTGATGCACGGTCCG
CGTGCCACGCTGCAAGAGATCGTTCTGCATCTGGAACCGCAGAACGAACTGGATCCGGTTGATCTGCTGTGTTAT
GAACAACTGAGCGAGAGCGAAGAAGAGAATGATGAGGCGGATGGCGTTAGCCACGCCCAACTGCCGGCGCRCCAC
GCGGAACCGCAGCGCCATAAAATCCTGTGCGTTTGTTGCAAGTGCGATGGCCGTATTGAACTGACCGTTGARAGC
AGCGCCGATGACCTGCGTACGCTGCAGCAGCTGTTTCTGAGCACGCTGAGCTTCGTTTGTCCGTGGTETGCGACS
AATCAGATGCGCGGCGACAAAGCCACGATTAAGGATTATATTCTGGATCTGCAGCCGGAAACGACCGACCTGCAT
TGTTACGAACAGCTGGGCGATAGCAGCGACGAAGAAGATACCGACGGCGTTGACCGCCCGGACGGTCAAGCGGAA
CAAGCCACCAGCAACTATTATATCGTTACGTACTGCCATAGCTGTGATAGCACCCTGCGCCTGTGTATCCACAGC
ACGGCGACCGACCTGCGCACCCTGCAGCAGATGCTGCTGGGCACCCTGCAAGTTGTGTGCCCGGETTECGCGCAT
CTGACAACCTGA (SEQ ID NO : 34)

FIGURE 12-9
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