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(57) Abstract: The invention comprises a method for inducing broadly cross-neutralizing antibodies against cutaneous and mucosal
papillomavirus types or against heterologous papillomavirus types in humans comprising administering to a human in need thereof
an immunogenic peptide or protein (or polynucleotide encoding therefor), where the immunogenic peptide or protein is: (a) a peptide
or protein of at least 10 amino acid residues in length having a sequence corresponding to either a sequence from the N terminal
amino acids 1-200 of papillomavirus L2 protein (for cross-neutralizing antibodies against cutaneous and mucosal papillomavirus
types) or a sequence from the N terminal amino acids 1-88 of papillomavirus L2 protein (for cross-neutralizing antibodies against
heterologous papillomavirus types), (b) a peptide or protein of at least 10 amino acid residues in length with at least 55% identity
with the sequence from (a), or (c¢) a peptide or protein as defined in either (a) or (b) which is conjugated or fused to a protein or
peptide other than a papillomavirus .2 protein or peptide.
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PAPILLOMAYVIRUS L2 N-TERMINAL PEPTIDES FOR THE INDUCTION OF
BROADLY CROSS-NEUTRALIZING ANTIBODIES

Field of the Invention

The present invention relates to the use of papillomavirus L2 protein fragments in
medicine. In particular, the invention relates to vaccine preparations for immunization

against papillomavirus and papillomavirus related diseases in mammals, particularly in

humans.

Description of the Related Art

Human papillomaviruses (HPVs) can be classified into those that infect non-genital

cutaneous sites and those that infect ano-genital and oral mucosal sites (reviewed in Lowy,

D.R. and Howley, P.M. n Fields Virology: Papillomaviruses, Knipe, D.M., Howley, P.M.
(Eds.), 4th ed., vol. 2, 2001, Lippincott Williams & Wilkins, Philadelphia, pp. 2231-2264).

Non-genital skin warts are a prevalent disease of childhood, while most ano-genital and
oral infections affect adult populations. Among the genital-mucosal genotypes, persistent
infection with “high-risk” or “oncogenic” HPV genotypes is a necessary but not sufficient
cause of cervical cancer (Bosch, F.X., et al. 1995 J Natl Cancer Inst 87:796-802; Clifford,

G.M. et al. 2003 Br J Cancer 88:63-73; Walboomers, J.M. et al. 1999 J Pathol 189:12-19).
Infection with “low-tisk” HPV genotypes (especially HPV6 and HPV11) accounts for most

cases of genital warts. Elimination of cervical cancer will require effective vaccination

against more than 15 known genital HPV types (Bosch, F.X. and de Sanjose, S. 2003 .J Nai!
Cancer Inst Monogr 31:3-13; Munoz, N. et al. 2004 Int J Cancer 111:278-285). Protection

from infection by immunization with virus-like particles (VLPs) and by passive transfer of
antibodies in animal models (Breitburd, F. et al. 1995 J Virol 69:3959-3963; Christensen,
N.D. et al. 1996 J Virol 70:960-965; Kimbauer, R. et al. 1996 Virology 219:37-44; Suzich,
J.A. et al. 1995 Proc Nail Acad Sci USA 92:11553-11557) have provided the rationale for

initiating vaccine trials in humans in an effort to curb the morbidity and mortality

-1-
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assoclated with these viruses. Immunization with VLPs composed of the Papillomavirus
(PV) major capsid protein, L1, generates neutralizing antibodies that are primarily type
specific (Christensen, N.D. and Kreider, J.W. 1990 J Virol 64:3151-3156; Christensen,
N.D. and Kreider, J.W. 1991 Virus Res 21:169-179: Christensen, N.D. et al. 1990 J Virol
64:5678-5681; Ghim, S. et al. 1991 Int J Cancer 49:285-289; Kirnbauer, R. et al. 1994 J
Natl Cancer Inst 86:494-499; Koutsky, L.A. et al. 2002 N Engl J Med 347:1645-1651;
Roden, R.B. et al. 1995 J Virol 69:5147-5151). Limited cross-reactivity has been observed
among closely related types such as HPV18 and 45, and HPV6 and 11 (Christenson, N.D.
et al. 1994 Virology 205:329-335; Combita, A.L. et al. 2002 J Virol 76:6480-6486;
Giroglou, T. et al. 2001 Vaccine 19:1783-1793; Roden, R.B.S. et al. 1996 J Virol 70:3298-
3301; White, W.L. et al. 1998 J Virol 72:959-964) when L1 or L1/L2 VLPs were the
immunogen. Furthermore, both animal challenge (Breitburd, F. et al. 1995 J Virol
69:3959-3963; Jarret, W.F.H. et al. 1990 Vet Res 126:473-475) and clinical studies
(Koutsky, L.A. et al. 2002 N Engl J Med 347 :1645-1651) have suggested that protection
will be largely type-specific. The plethora of oncogenic types (notably HPV16, HPV1S,
HPV45, HPV31, HPV33, HPV52 and HPV5S8, which together are responsible for 87% of
cervical cancer cases (Munoz, N. et al. 2004 Int J Cancer 111:278-285), indicate that broad
protection will require a multivalent vaccine directed against as many of the >15 oncogenic
HPV types as possible. Alternative vaccination protocols yielding cross-protective
antibodies against a single antigen would greatly reduce the complexity and expense of
generating and analyzing multi-type vaccines if they achieved similar protection levels.
Vaccmation with L2 can provide immunity from homologous PV challenge in
animal model systems. This protection appears to be mediated by a relatively low-titer
neutralizing antibody response in vaccinated animals (Chandrachud, L.M. et al. 1995
Virology 211:204-208; Christensen, N.D. et al. 1991 Virology 181:572-579; Embers, M.E.
et al. 2002 J Virol 76:9798-9805). In contrast to the predominantly type-specific antibodies
directed against L1 neutralization epitopes, cross-neutralization has been observed among
divergent genital HPV types, that is, HPV6, 16 and 18 (Roden, R.B. et al. 2000 Virology
270:254-257), or HPV6 and 16 (Kawana, K. et al. 1999 J Virol 73:6188-6190) with
antibodies generated against HPV L2 proteins or peptides.  Although they provide
protection, neutralizing antibody titers elicited by L2 vaccination are typically 2-3 orders of

magnitude lower than those found in L1 VLP vaccinated animals. Furthermore, it is
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unclear how eftfective anti-L.2 antibodies would be at neutralizing even more distantly related

papillomaviruses.

Segue to This Disclosure

Here, we study the cross-neutralizing activity of antibodies generated against
recombinant L2 proteins and peptides from different animal and human papillomavirus types

that represent both genital and cutaneous groups.

Summary

A method for inducing broadly cross-neutralizing antibodies against human cutaneous
and mucosal papillomavirus types is disclosed. The method may comprise administering to a
human in need thereof an immunogenic peptide or protein (or polynucleotide encoding
therefor), where the immunogenic peptide or protein 1s: (a) a peptide or protein of at least 10
amino acid residues in length having a sequence corresponding to a sequence from the N
terminal amino acids 1-200 of papillomavirus L2 protein, (b) a peptide or protein of at least 10
amino acid residues in length with at least 55% identity with the sequence from (a), or (¢) a
peptide or protein as defined in either (a) or (b) which 1s conjugated or fused to a protein or
peptide other than a papillomavirus L2 protein or peptide.

A method for inducing broadly cross-neutralizing antibodies against heterologous
papillomavirus types 1s also disclosed. The method may comprise administering to a human in
need thereof an immunogenic peptide or protein (or polynucleotide encoding therefor), where
the immunogenic peptide or protein 1s: (a) a peptide or protein of at least 10 amino acid
residues 1n length having a sequence corresponding to a sequence from the N terminal amino
acids 1-88 of papillomavirus L2 protein, (b) a peptide or protein of at least 10 amino acid
residues 1n length with at least 55% identity with the sequence from (a), or (¢) a peptide or
protein as defined in either (a) or (b) which is conjugated or fused to a protein or peptide other

than a papillomavirus L2 protein or peptide.

The claimed invention relates to use of an immunogenic peptide or protein comprising a
10 to 88 residue subsequence from the N-terminal amino acids 1-88 of a human papilloma
virus L2 protein for induction of broadly cross-neutralizing antibodies against human cutaneous
and mucosal papillomavirus types in a mammal. Such use may be for manufacture of a

medicament for induction of such antibodies. Also claimed is such an immunogenic peptide or
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protein for use in such induction or a manufacture of a medicament for inducing such
antibodies. Also claimed is a polynucleotide encoding such an immunogenic peptide or protein
for use tn induction of such antibodies or in manufacture of a medicament for such inducing.
Such an immunogenic peptide or protein or polynucleotide may be for use in treatment or
prophylaxis or in manufacture of a medicament for treatment or prophylaxis wherein the
treatment or prophylaxis is treatment, prevention or reduction of a HPV infection in a mammal
and the mammal may be a human.

Various embodiments of the claimed invention relate to a polynucleotide encoding an
immunogenic peptide or protein, for use in prophylaxis, wherein the prophylaxis 1s the
prevention, or reduction of human papillomavirus infection in a mammal, and wherein the
encoded peptide or protein induces broadly cross-neutralizing antibodies against cutaneous and
mucosal papillomavirus types, and wherein the peptide or protein comprises a 10 to 88 residue
subsequence from the N-terminal amino acids 1-88 of a human papillomavirus L2 protein.

Various embodiments of the claimed invention relate to a polynucleotide encoding an
immunogenic peptide or protein, for use in manufacture of a medicament for prophylaxis,
wherein the prophylaxis is the prevention, or reduction of human papillomavirus infection in a
mammal, and wherein the encoded peptide or protein induces broadly cross-neutralizing
antibodies against cutaneous and mucosal papillomavirus types, and wherein the peptide or

protein comprises a 10 to 88 residue subsequence from the N-terminal amino acids 1-88 of a

human papillomavirus L2 protein.

Brief Description of the Drawings

Figure 1. Conservation of L.2°s N-teraiinus.
Figure 2. Phylogenetic tree containing the sequences of 118 papillomavirus types.
Figure 3. Homology of amino termini of papillomavirus L2 protein.

Figure 4. Neutralization of native HPV11 virions by BPV1 L2 1-88 antiserum.
Figure 5. Reactivity of BPV1 L2 1-88 antiserum with an HPV16 L2 peptide array.
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Figure 6A-F. HPV16 L2 17-36 motif i1s evolutionarily conserved, critical for
infection and induces broadly neutralizing antibodies.

Figure 7A-F. Depletion of HPV16 L2 17-36aa anti-peptide antibodies from L2
immune serum abolishes cross neutralization.

Figure 8. Growth of papillomas in L2-vaccinated rabbits after cutaneous challenge
at four sites with CRPV crude virion stock. Mean size +/- standard deviation in mm versus
days post challenge.

Figure 9. Size of cutaneous papillomas in L2 vaccinated rabbits after challenge with

CRPV DNA (both CRPV wild type and L2 deficient DNA-induced papillomas are grouped
together).

Detailed Description of the Preferred Embodiment

Vaccination with papillomavirus L2 has been shown to induce neutralizing

antibodies that protect against homologous type infection and cross-neutralize a limited
number of genital HPVs. Surprisingly, we found that antibodies to bovine papillomavirus
(BPV1) L2 amino acids 1-88 induced similar titers of neutralizing antibodies against
Human papillomavirus (HPV) 16 and 18 and BPV1 pseudoviruses and also neutralized
HPV11 native virions. These antibodies also neutralized each of the other pseudovirus
types tested, HPV31, HPV6 and Cottontail rabbit papillomavirus (CRPV) pseudoviruses.
HPV16, HPV18, HPV31, HPV6 and CRPV L2 antisera also displayed cross-neutralization.
This study demonstrates the presence of broadly cross-neutralizing epitopes at the N-
terminus of L2 that are shared by cutaneous and mucosal types and by types that infect
divergent species. BPV1 L2 was exceptionally effective at inducing cross-neutralizing
antibodies to these shared epitopes.

Immunogenic papillomavirus L2 peptides and proteins and methods of use are
provided. The peptides and proteins include one or more neutralizing antigenic epitopes.
Preterably, a peptide or protein is an isolated, recombinant, or synthetic peptide or protein
containing at least about 10 amino acid residues between amino acid residues 1 and 200
from the N-terminal of the papillomavirus L2 protein, substantially in isolation from
sequences naturally occurring adjacent thereto in the papillomavirus L2 protein, including
at least one neutralizing epitope. Alternatively, a peptide or protein includes at least about
10 amino acid residues between amino acid residues 1 and 88 from the N-terminal of a
papillomavirus L2 protein, substantially in isolation from sequences naturally occurring

adjacent thereto in the papillomavirus L2 protein, including at least one neuiralizing

_4-



10

15

20

25

30

CA 02596698 2007-08-01

WO 2006/083984 PCT/US2006/003601

epitope. Optionally, a peptide or protein includes amino acid residues 17 through 36 of the
N-terminal of the papillomavirus L2 protein.

The amino acids of particular importance to the peptides and proteins of the
invention are by no means limited to the exact position as defined for the, e.g., BPV1 L2 of
papillomavirus but are simply used in an exemplary manner to point out the preferred
amino acids being at that position or corresponding to that position in other types such as
found in L2 protein of HPV16 etc. and papillomaviruses in general since they are highly
conserved. For papillomaviruses other than BPV1 L2 the numbering of the positions of the
preferred amino acids is often different but an expert in the field of the molecular biology of
papillomaviruses will easily identify these preferred amino acids by their position relative
to the highly conserved amino acids of the papillomavirus L2.

In one embodiment, peptides and proteins of the invention are located within the
first 88 amino acids of the N-terminal region of HPV16 L2 and are 10-88 amino acids 1n
length, substantially in isolation from sequences naturally occurring adjacent thereto in the
papillomavirus L2 protein.

Peptides and proteins that begin with amino acid 1 of HPV16 L2

1-10, 1-11, 1-12, 1-13, 1-14, 1-15, 1-16, 1-17, 1-18, 1-19, 1-20, 1-21, 1-22, 1-23, 1-24, 1-
25, 1-26, 1-27, 1-28, 1-29, 1-30, 1-31, 1-32, 1-33, 1-34, 1-35, 1-36, 1-37, 1-38, 1-39, 1-40,
1-41, 1-42, 1-43, 1-44, 1-45, 1-46, 1-47, 1-48, 1-49, 1-50, 1-51, 1-52, 1-53, 1-54, 1-55, 1-
56, 1-57, 1-58, 1-59, 1-60, 1-61, 1-62, 1-63, 1-64, 1-65, 1-66, 1-67, 1-68, 1-69, 1-70, 1-71,
1-72, 1-73, 1-74, 1-75, 1-76, 1-77, 1-78, 1-79, 1-80, 1-81, 1-82, 1-83, 1-84, 1-85, 1-86, 1-87
and 1-88.

Peptides and proteins that begin with amino acid 2 of HPV16 L2

2-11, 2-12, 2-13, 2-14, 2-15, 2-16, 2-17, 2-18, 2-19, 2-20, 2-21, 2-22, 2-23, 2-24, 2-25, 2-
26, 2-27, 2-28, 2-29, 2-30, 2-31, 2-32, 2-33, 2-34, 2-35, 2-36, 2-37, 2-38, 2-39, 2-40, 2-41,
2-42, 2-43, 2-44, 2-45, 2-46, 2-47, 2-48, 2-49, 2-50, 2-51, 2-52, 2-53, 2-54, 2-535, 2-56, 2-
57, 2-58, 2-59, 2-60, 2-61, 2-62, 2-63, 2-64, 2-65, 2-66, 2-67, 2-68, 2-69, 2-70, 2-71, 2-72,
2-73, 2-74, 2-75, 2-76, 2-77, 2-78, 2-79, 2-80, 2-81, 2-82, 2-83, 2-84, 2-85, 2-86, 2-87 and
2-88.

Peptides and proteins that begin with amino acid 3 of HPV16 L2

3-12, 3-13, 3-14, 3-15, 3-16, 3-17, 3-18, 3-19, 3-20, 3-21, 3-22, 3-23, 3-24, 3-25, 3-26, 3-
27, 3-28, 3-29, 3-30, 3-31, 3-32, 3-33, 3-34, 3-35, 3-36, 3-37, 3-38, 3-39, 3-40, 3-41, 3-42,
3-43, 3-44, 3-45, 3-46, 3-47, 3-48, 3-49, 3-50, 3-51, 3-52, 3-53, 3-54, 3-55, 3-56, 3-57, 3-
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58, 3-59, 3-60, 3-61, 3-62, 3-63, 3-64, 3-65, 3-66, 3-67, 3-68, 3-69, 3-70, 3-71, 3-72, 3-73,
3-74, 3-75, 3-76, 3-77, 3-78, 3-79, 3-80, 3-81, 3-82, 3-83, 3-84, 3-85, 3-86, 3-87 and 3-88.
Peptides and proteins that begin with amino acid 4 of HPV16 1.2 |

4-13, 4-14, 4-15, 4-16, 4-17, 4-18, 4-19, 4-20, 4-21, 4-22, 4-23, 4-24, 4-25, 4-26, 4-27, 4-
28, 4-29, 4-30, 4-31, 4-32, 4-33, 4-34, 4-35, 4-36, 4-37, 4-38, 4-39, 4-40, 4-41, 4-42, 4-43,
4-44, 4-435, 4-46, 4-47, 4-48, 4-49, 4-50, 4-51, 4-52, 4-53, 4-54, 4-55, 4-56, 4-57, 4-58, 4-
59, 4-60, 4-61, 4-62, 4-63, 4-64, 4-65, 4-66, 4-67, 4-68, 4-69, 4-70, 4-71, 4-72, 4-73, 4-74,
4-75, 4-76, 4-77, 4-78, 4-79, 4-80, 4-81, 4-82, 4-83, 4-84, 4-85, 4-86, 4-87 and 4-88.
Peptides and proteins that begin with amino acid 5 of HPV16 L2

S>-14, 5-15, 5-16, 5-17, 5-18, 5-19, 5-20, 5-21, 5-22, 5-23, 5-24, 5-25, 5-26, 5-27, 5-28, 5-
29, 5-30, 5-31, 5-32, 5-33, 5-34, 5-35, 5-36, 5-37, 5-38, 5-39, 5-40, 5-41, 5-42, 5-43, 5-44,
5-435, 5-46, 5-47, 5-48, 5-49, 5-50, 5-51, 5-52, 5-53, 5-54, 5-55, 5-56, 5-57, 5-58, 5-59, 5-
60, 5-61, 5-62, 5-63, 5-64, 5-65, 5-66, 5-67, 5-68, 5-69, 5-70, 5-71, 5-72, 5-73, 5-74, 5-75,
>-76, 5-71, 5-78, 5-79, 5-80, 5-81, 5-82, 5-83, 5-84, 5-85, 5-86, 5-87 and 5-88.

Peptides and proteins that begin with amino acid 6 of HPV16 L2

6-15, 6-16, 6-17, 6-18, 6-19, 6-20, 6-21, 6-22, 6-23, 6-24, 6-25, 6-26, 6-27, 6-28, 6-29, 6-
30, 6-31, 6-32, 6-33, 6-34, 6-35, 6-36, 6-37, 6-38, 6-39, 6-40, 6-41, 6-42, 6-43, 6-44, 6-45,
6-46, 6-47, 6-48, 6-49, 6-50, 6-51, 6-52, 6-53, 6-54, 6-55, 6-56, 6-57, 6-58, 6-59, 6-60, 6-
61, 6-62, 6-63, 6-64, 6-65, 6-66, 6-67, 6-68, 6-69, 6-70, 6-71, 6-72, 6-73, 6-74, 6-75, 6-76,
6-77, 6-78, 6-79, 6-80, 6-81, 6-82, 6-83, 6-84, 6-85, 6-86, 6-87 and 6-88.

Peptides and proteins that begin with amino acid 7 of HPV16 1.2

7-16, 7-17, 7-18, 7-19, 7-20, 7-21, 7-22, 7-23, 7-24, 7-25, 7-26, 7-27, 7-28, 7-29, 7-30, 7-
31,7-32,7-33,7-34, 7-35, 7-36, 7-37, 7-38, 7-39, 7-40, 7-41, 7-42, 7-43, 7-44, 7-45, 7-46,
7-47, 7-48, 7-49, 7-50, 7-51, 7-52, 7-53, 7-54, 7-55, 7-56, 7-57, 7-58, 7-59, 7-60, 7-61, 7-
62, 7-63, 7-64, 7-65, 7-66, 7-67, 7-68, 7-69, 7-70, 7-71, 7-72, 7-73, 7-74, 7-75, 7-76, 1-717,
7-78,7-79, 7-80, 7-81, 7-82, 7-83, 7-84, 7-85, 7-86, 7-87 and 7-88.

Peptides and proteins that begin with amino acid 8 of HPV16 1.2

8-17, 8-18, 8-19, 8-20, 8-21, 8-22, 8-23, 8-24, 8-25, 8-26, 8-27, 8-28, 8-29, 8-30, 8-31, 8-
32, 8-33, 8-34, 8-35, 8-36, 8-37, 8-38, 8-39, 8-40, 8-41, 8-42, 8-43, 8-44, 8-45, 8-46, 8-47,
s-48, 8-49, 8-50, 8-51, 8-52, 8-53, 8-54, 8-55, 8-56, 8-57, 8-58, 8-59, 8-60, 8-61, 8-62, 8-
63, 8-64, 8-65, 8-66, 8-67, 8-68, 8-69, 8-70, 8-71, 8-72, 8-73, 8-74, 8-75, 8-76, 8-77, 8-78,
8-79, 8-80, 8-81, 8-82, 8-83, 8-84, 8-85, 8-86, 8-87 and 8-88.
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Peptides and proteins that begin with amino acid 9 of HPV16 L2
9-18, 9-19, 9-20, 9-21, 9-22, 9-23, 9-24, 9-25, 9-26, 9-27, 9-28, 9-29, 9-30, 9-31, 9-32, O-
33, 9-34, 9-35, 9-36, 9-37, 9-38, 9-39, 9-40, 9-41, 9-42, 9-43, 9-44, 9-45, 9-46, 9-47, 9-48,
9-49, 9-50, 9-51, 9-52, 9-53, 9-54, 9-55, 9-56, 9-57, 9-58, 9-59, 9-60, 9-61, 9-62, 9-63, 9-
> 64, 9-65, 9-66, 9-67, 9-68, 9-69, 9-70, 9-71, 9-72, 9-73, 9-74, 9-75, 9-76, 9-77, 9-78, 9-79,
9-80, 9-81, 9-82, 9-83, 9-84, 9-85, 9-86, 9-87 and 9-88.
Peptides and proteins that begin with amino acid 10 of HPV16 L2
10-19, 10-20, 10-21, 10-22, 10-23, 10-24, 10-25, 10-26, 10-27, 10-28, 10-29, 10-30, 10-31,
10-32, 10-33, 10-34, 10-35, 10-36, 10-37, 10-38, 10-39, 10-40, 10-41, 10-42, 10-43, 10-44,
10 10-45, 10-46, 10-47, 10-48, 10-49, 10-50, 10-51, 10-52, 10-53, 10-54, 10-55, 10-56, 10-57,
10-58, 10-59, 10-60, 10-61, 10-62, 10-63, 10-64, 10-65, 10-66, 10-67, 10-68, 10-69, 10-70,
10-71, 10-72, 10-73, 10-74, 10-75, 10-76, 10-77, 10-78, 10-79, 10-80, 10-81, 10-82, 10-83,
10-84, 10-85, 10-86, 10-87 and 10-88.
Peptides and proteins that begin with amino acid 11 of HPV16 L2
15 11-20, 11-21, 11-22, 11-23, 11-24, 11-25, 11-26, 11-27, 11-28, 11-29, 11-30, 11-31, 11-32,
11-33, 11-34, 11-35, 11-36, 11-37, 11-38, 11-39, 11-40, 11-41, 11-42, 11-43, 11-44, 11-45,
11-46, 11-47, 11-48, 11-49, 11-50, 11-51, 11-52, 11-53, 11-54, 11-55, 11-56, 11-57, 11-58,
11-59, 11-60, 11-61, 11-62, 11-63, 11-64, 11-65, 11-66, 11-67, 11-68, 11-69, 11-70, 11-71,
11-72, 11-73, 11-74, 11-75, 11-76, 11-77, 11-78, 11-79, 11-80, 11-81, 11-82, 11-83, 11-84,
20 11-85,11-86, 11-87 and 11-88.
Peptides and proteins that begin with amino acid 12 of HPV16 L2
12-21, 12-22, 12-23, 12-24, 12-25, 12-26, 12-27, 12-28, 12-29, 12-30, 12-31, 12-32, 12-33,
12-34, 12-35, 12-36, 12-37, 12-38, 12-39, 12-40, 12-41, 12-42, 12-43, 12-44, 12-45, 12-46,
12-47, 12-48, 12-49, 12-50, 12-51, 12-52, 12-53, 12-54, 12-55, 12-56, 12-57, 12-58, 12-59,
25 12-60, 12-61, 12-62, 12-63, 12-64, 12-65, 12-66, 12-67, 12-68, 12-69, 12-70, 12-71, 12-72,
12-73, 12-74, 12-75, 12-76, 12-77, 12-78, 12-79, 12-80, 12-81, 12-82, 12-83, 12-84, 12-85,
12-86, 12-87 and 12-88.
Peptides and proteins that begin with amino acid 13 of HPV16 L2
13-22, 13-23, 13-24, 13-25, 13-26, 13-27, 13-28, 13-29, 13-30, 13-31, 13-32, 13-33, 13-34,
30  13-35, 13-36, 13-37, 13-38, 13-39, 13-40, 13-41, 13-42, 13-43, 13-44, 13-45, 13-46, 13-47,
13-48, 13-49, 13-50, 13-51, 13-52, 13-53, 13-54, 13-55, 13-56, 13-57, 13-58, 13-59, 13-60,
13-61, 13-62, 13-63, 13-64, 13-65, 13-66, 13-67, 13-68, 13-69, 13-70, 13-71, 13-72, 13-73,
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13-74, 13-75, 13-76, 13-77, 13-78, 13-79, 13-80, 13-81, 13-82, 13-83, 13-84, 13-85, 13-86,
13-87 and 13-88.
Peptides and proteins that begin with amino acid 14 of HPV16 L2
14-23, 14-24, 14-25, 14-26, 14-27, 14-28, 14-29, 14-30, 14-31, 14-32, 14-33, 14-34, 14-35,
> 14-36, 14-37, 14-38, 14-39, 14-40, 14-41, 14-42, 14-43, 14-44, 14-45, 14-46, 14-47, 14-48,
14-49, 14-50, 14-51, 14-52, 14-53, 14-54, 14-55, 14-56, 14-57, 14-58, 14-59, 14-60, 14-61,
14-62, 14-63, 14-64, 14-65, 14-66, 14-67, 14-68, 14-69, 14-70, 14-71, 14-72, 14-73, 14-74,
14-75, 14-76, 14-77, 14-78, 14-79, 14-80, 14-81, 14-82, 14-83, 14-84, 14-85, 14-86, 14-87
and 14-88.
10 Peptides and proteins that begin with amino acid 15 of HPV16 L2
15-24, 15-25, 15-26, 15-27, 15-28, 15-29, 15-30, 15-31, 15-32, 15-33, 15-34, 15-35, 15-36,
15-37, 15-38, 15-39, 15-40, 15-41, 15-42, 15-43, 15-44, 15-45, 15-46, 15-47, 15-48, 15-49,
15-50, 15-51, 15-52, 15-53, 15-54, 15-55, 15-56, 15-57, 15-58, 15-59, 15-60, 15-61, 15-62,
15-63, 15-64, 15-65, 15-66, 15-67, 15-68, 15-69, 15-70, 15-71, 15-72, 15-73, 15-74, 15-75,
15 15-76, 15-77, 15-78, 15-79, 15-80, 15-81, 15-82, 15-83, 15-84, 15-85, 15-86, 15-87 and 15-
88.
Peptides and proteins that begin with amino acid 16 of HPV16 1.2
16-25, 16-26, 16-27, 16-28, 16-29, 16-30, 16-31, 16-32, 16-33, 16-34, 16-35, 16-36, 16-37,
16-38, 16-39, 16-40, 16-41, 16-42, 16-43, 16-44, 16-45, 16-46, 16-47, 16-48, 16-49, 16-50,
20 16-51, 16-52, 16-53, 16-54, 16-55, 16-56, 16-57, 16-58, 16-59, 16-60, 16-61, 16-62, 16-63,
16-64, 16-65, 16-66, 16-67, 16-68, 16-69, 16-70, 16-71, 16-72, 16-73, 16-74, 16-75, 16-76,
16-77, 16-78, 16-79, 16-80, 16-81, 16-82, 16-83, 16-84, 16-85, 16-86, 16-87 and 16-88.
Peptides and proteins that begin with amino acid 17 of HPV16 1.2
17-26, 17-27, 17-28, 17-29, 17-30, 17-31, 17-32, 17-33, 17-34, 17-35, 17-36, 17-37, 17-38,
25 17-39, 17-40, 17-41, 17-42, 17-43, 17-44, 17-45, 17-46, 17-47, 17-48, 17-49, 17-50, 17-51,
17-52, 17-53, 17-54, 17-55, 17-56, 17-57, 17-58, 17-509, 17-60, 17-61, 17-62, 17-63, 17-64,
17-65, 17-66, 17-67, 17-68, 17-69, 17-70, 17-71, 17-72, 17-73, 17-74, 17-75, 17-76, 17-77,
17-78,17-79, 17-80, 17-81, 17-82, 17-83, 17-84, 17-85, 17-86, 17-87 and 17-88.
Peptides and proteins that begin with amino acid 18 of HPV16 1,2
30 18-27, 18-28, 18-29, 18-30, 18-31, 18-32, 18-33, 18-34, 18-35, 18-36, 18-37, 18-38, 18-39,
18-40, 18-41, 18-42, 18-43, 18-44, 18-45, 18-46, 18-47, 18-48, 18-49, 18-50, 18-51, 18-52,
18-53, 18-54, 18-55, 18-56, 18-57, 18-58, 18-59, 18-60, 18-61, 18-62, 18-63, 18-64, 18-65,
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18-66, 18-67, 18-68, 18-69, 18-70, 18-71, 18-72, 18-73, 18-74, 18-75, 18-76, 18-77, 18-78,
18-79, 18-80, 18-81, 18-82, 18-83, 18-84, 18-85, 18-86, 18-87 and 18-88.

Peptides and proteins that begin with amino acid 19 of HPV16 L2

19-28, 19-29, 19-30, 19-31, 19-32, 19-33, 19-34, 19-35, 19-36, 19-37, 19-38, 19-39, 19-40,
19-41, 19-42, 19-43, 19-44, 19-45, 19-46, 19-47, 19-48, 19-49, 19-50, 19-51, 19-52, 19-53,
19-54, 19-55, 19-56, 19-57, 19-58, 19-59, 19-60, 19-61, 19-62, 19-63, 19-64, 19-65, 19-66,
19-67, 19-68, 19-69, 19-70, 19-71, 19-72, 19-73, 19-74, 19-75, 19-76, 19-77, 19-78, 19-79,
19-80, 19-81, 19-82, 19-83, 19-84, 19-85, 19-86, 19-87 and 19-88.

Peptides and proteins that begin with amino acid 20 of HPV16 L2

20-29, 20-30, 20-31, 20-32, 20-33, 20-34, 20-35, 20-36, 20-37, 20-38, 20-39, 20-40, 20-41,
20-42, 20-43, 20-44, 20-45, 20-46, 20-47, 20-48, 20-49, 20-50, 20-51, 20-52, 20-53, 20-54,
20-55, 20-56, 20-57, 20-58, 20-59, 20-60, 20-61, 20-62, 20-63, 20-64, 20-65, 20-66, 20-67,
20-68, 20-69, 20-70, 20-71, 20-72, 20-73, 20-74, 20-75, 20-76, 20-77, 20-78, 20-79, 20-80,
20-81, 20-82, 20-83, 20-84, 20-85, 20-86, 20-87 and 20-88.

Peptides and proteins that begin with amino acid 21 of HPV16 1.2

21-30, 21-31, 21-32, 21-33, 21-34, 21-35, 21-36, 21-37, 21-38, 21-39, 21-40, 21-41, 21-42,
21-43, 21-44, 21-45, 21-46, 21-47, 21-48, 21-49, 21-50, 21-51, 21-52, 21-53, 21-54, 21-55,
21-56, 21-57, 21-58, 21-59, 21-60, 21-61, 21-62, 21-63, 21-64, 21-65, 21-66, 21-67, 21-68,
21-69, 21-70, 21-71, 21-72, 21-73, 21-74, 21-75, 21-76, 21-77, 21-78, 21-79, 21-80, 21-81,
21-82,21-83, 21-84, 21-85, 21-86, 21-87 and 21-88.

Peptides and proteins that begin with amino acid 22 of HPV16 L2

22-31, 22-32, 22-33, 22-34, 22-35, 22-36, 22-37, 22-38, 22-39, 22-40, 22-41, 22-42, 22-43,
22-44,22-45, 22-46, 22-47, 22-48, 22-49, 22-50, 22-51, 22-52, 22-53, 22-54, 22-55, 22-56,
22-57, 22-58, 22-59, 22-60, 22-61, 22-62, 22-63, 22-64, 22-65, 22-66, 22-67, 22-68, 22-69,
22-70, 22-71, 22-72, 22-73, 22-74, 22-75, 22-76, 22-77, 22-78, 22-79, 22-80, 22-81, 22-82,
22-83, 22-84, 22-85, 22-86, 22-87 and 22-88.

Peptides and proteins that begin with amino acid 23 of HPV16 L2

23-32, 23-33, 23-34, 23-35, 23-36, 23-37, 23-38, 23-39, 23-40, 23-41, 23-42, 23-43, 23-44,
23-45, 23-46, 23-47, 23-48, 23-49, 23-50, 23-51, 23-52, 23-53, 23-54, 23-55, 23-56, 23-57,
23-58, 23-59, 23-60, 23-61, 23-62, 23-63, 23-64, 23-65, 23-66, 23-67, 23-68, 23-69, 23-70,
23-71, 23-72, 23-73, 23-74, 23-75, 23-76, 23-77, 23-78, 23-79, 23-80, 23-81, 23-82, 23-83,
23-84, 23-85, 23-86, 23-87 and 23-88.
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Peptides and proteins that begin with amino acid 24 of HPV16 L2

24-33, 24-34, 24-35, 24-36, 24-37, 24-38, 24-39, 24-40, 24-41, 24-42, 24-43, 24-44 24-45,
24-46, 24-47, 24-48, 24-49, 24-50, 24-51, 24-52, 24-53, 24-54, 24-55, 24-56, 24-57, 24-58,
24-59, 24-60, 24-61, 24-62, 24-63, 24-64, 24-65, 24-66, 24-67, 24-68, 24-69, 24-70, 24-71,
24-72, 24-73, 24-74, 24-75, 24-76, 24-77, 24-78, 24-79, 24-80, 24-81, 24-82, 24-83, 24-84,
24-85, 24-86, 24-87 and 24-88.

Peptides and proteins that begin with amino acid 25 of HPV16 L2

25-34, 25-35, 25-36, 25-37, 25-38, 25-39, 25-40, 25-41, 25-42, 25-43, 25-44, 25-45, 25-46,
25-47, 25-48, 25-49, 25-50, 25-51, 25-52, 25-53, 25-54, 25-55, 25-56, 25-57, 25-58, 25-59,
25-60, 25-61, 25-62, 25-63, 25-64, 25-65, 25-66, 25-67, 25-68, 25-69, 25-70, 25-71, 25-72,
25-73, 25-74, 25-75, 25-76, 25-77, 25-78, 25-79, 25-80, 25-81, 25-82, 25-83, 25-84, 25-85,
25-86, 25-87 and 25-88.

Peptides and proteins that begin with amino acid 26 of HPV16 L2

20-35, 26-36, 26-37, 26-38, 26-39, 26-40, 26-41, 26-42, 26-43, 26-44, 26-45, 26-46, 26-47,
20-48, 26-49, 26-50, 26-51, 26-52, 26-53, 26-54, 26-55, 26-56, 26-57, 26-58, 26-59, 26-60,
20-61, 26-62, 26-63, 26-64, 26-65, 26-66, 26-67, 26-68, 26-69, 26-70, 26-71, 26-72, 26-73,
20-74, 26-75, 26-76, 26-77, 26-78, 26-79, 26-80, 26-81, 26-82, 26-83, 26-84, 26-85, 26-86,
26-87 and 26-88.

Peptides and proteins that begin with amino acid 27 of HPV16 L2

27-36, 277-37, 27-38, 27-39, 27-40, 27-41, 27-42, 27-43, 27-44, 27-45, 27-46, 27-47, 27-48,
27-49, 27-50, 27-51, 27-52, 27-53, 27-54, 27-55, 27-56, 27-57, 27-58, 27-59, 27-60, 27-61,
277-62, 27-63, 27-64, 27-65, 27-66, 27-67, 27-68, 27-69, 27-70, 27-71, 27-72, 27-73, 27-74,
27-75, 277-76, 277-77, 27-78, 27-79, 27-80, 27-81, 27-82, 27-83, 27-84, 27-85, 27-86, 27-87
and 27-88.

Peptides and proteins that begin with amino acid 28 of HPV16 L2

28-37, 28-38, 28-39, 28-40, 28-41, 28-42, 28-43, 28-44, 28-45, 28-46, 28-47, 28-48, 28-49,
28-50, 28-51, 28-52, 28-53, 28-54, 28-55, 28-56, 28-57, 28-58, 28-59, 28-60, 28-61, 28-62,
28-63, 28-64, 28-65, 28-66, 28-67, 28-68, 28-69, 28-70, 28-71, 28-72, 28-73, 28-74, 28-75,
28-76, 28-77, 28-78, 28-79, 28-80, 28-81, 28-82, 28-83, 28-84, 28-85, 28-86, 28-87 and 28-
88.

Peptides and proteins that begin with amino acid 29 of HPV16 1.2

29-38, 29-39, 29-40, 29-41, 29-42, 29-43, 29-44, 29-45, 29-46, 29-47, 29-48, 29-49, 29-50,
29-51, 29-52, 29-53, 29-54, 29-55, 29-56, 29-57, 29-58, 29-59, 29-60, 29-61, 29-62, 29-63,

-10-
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29-64, 29-65, 29-66, 29-67, 29-68, 29-69, 29-70, 29-71, 29-72, 29-73, 29-74, 29-75, 29-76,
29-T77, 29-78, 29-79, 29-80, 29-81, 29-82, 29-83, 29-84, 29-85, 29-86, 29-87 and 29-88.
Peptides and proteins that begin with amino acid 30 of HPV16 L2

30-39, 30-40, 30-41, 30-42, 30-43, 30-44, 30-45, 30-46, 30-47, 30-48, 30-49, 30-50, 30-51, -
30-52, 30-53, 30-54, 30-55, 30-56, 30-57, 30-58, 30-59, 30-60, 30-61, 30-62, 30-63, 30-64,
30-65, 30-66, 30-67, 30-68, 30-69, 30-70, 30-71, 30-72, 30-73, 30-74, 30-75, 30-76, 30-77,
30-78, 30-79, 30-80, 30-81, 30-82, 30-83, 30-84, 30-85, 30-86, 30-87 and 30-88.

Peptides and proteins that begin with amino acid 31 of HPV16 L2

31-40, 31-41, 31-42, 31-43, 31-44, 31-45, 31-46, 31-47, 31-48, 31-49, 31-50, 31-51, 31-52,
31-53, 31-54, 31-55, 31-56, 31-57, 31-58, 31-59, 31-60, 31-61, 31-62, 31-63, 31-64, 31-65,
31-66, 31-67, 31-68, 31-69, 31-70, 31-71, 31-72, 31-73, 31-74, 31-75, 31-76, 31-77, 31-78,
31-79, 31-80, 31-81, 31-82, 31-83, 31-84, 31-85, 31-86, 31-87 and 31-88.

Peptides and proteins that begin with amino acid 32 of HPV16 L2

32-41, 32-42, 32-43, 32-44, 32-45, 32-46, 32-47, 32-48, 32-49, 32-50, 32-51, 32-52, 32-53,
32-54, 32-55, 32-56, 32-57, 32-58, 32-59, 32-60, 32-61, 32-62, 32-63, 32-64, 32-65, 32-66,
32-67, 32-68, 32-69, 32-70, 32-71, 32-72, 32-73, 32-74, 32-75, 32-76, 32-77, 32-78, 32-79,
32-80, 32-81, 32-82, 32-83, 32-84, 32-85, 32-86, 32-87 and 32-88.

Peptides and proteins that begin with amino acid 33 of HPV16 L2

33-42, 33-43, 33-44, 33-45, 33-46, 33-47, 33-48, 33-49, 33-50, 33-51, 33-52, 33-53, 33-54,
33-35, 33-56, 33-57, 33-58, 33-59, 33-60, 33-61, 33-62, 33-63, 33-64, 33-65, 33-66, 33-67,
33-68, 33-69, 33-70, 33-71, 33-72, 33-73, 33-74, 33-75, 33-76, 33-77, 33-78, 33-79, 33-80,
33-81, 33-82, 33-83, 33-84, 33-85, 33-86, 33-87 and 33-88.

Peptides and proteins that begin with amino acid 34 of HPV16 L2

34-43, 34-44, 34-45, 34-46, 34-47, 34-48, 34-49, 34-50, 34-51, 34-52, 34-53, 34-54, 34-55,
34-56, 34-57, 34-58, 34-59, 34-60, 34-61, 34-62, 34-63, 34-64, 34-65, 34-66, 34-67, 34-68,
34-69, 34-70, 34-71, 34-72, 34-73, 34-74, 34-75, 34-76, 34-77, 34-78, 34-79, 34-80, 34-81,
34-82, 34-83, 34-84, 34-85, 34-86, 34-87 and 34-88.

Peptides and proteins that begin with amino acid 35 of HPV16 L2

35-44, 35-45, 35-46, 35-47, 35-48, 35-49, 35-50, 35-51, 35-52, 35-53, 35-54, 35-55, 35-56,
35-57, 35-58, 35-59, 35-60, 35-61, 35-62, 35-63, 35-64, 35-65, 35-66, 35-67, 35-68, 35-69,
35-70, 35-71, 35-72, 35-73, 35-74, 35-75, 35-76, 35-77, 35-78, 35-79, 35-80, 35-81, 35-82,
35-83, 35-84, 35-85, 35-86, 35-87 and 35-88.
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Peptides and proteins that begin with amino acid 36 of HPV16 1.2

36-45, 36-46, 36-47, 36-48, 36-49, 36-50, 36-51, 36-52, 36-53, 36-54, 36-55, 36-56, 36-57,
36-58, 36-59, 36-60, 36-61, 36-62, 36-63, 36-64, 36-65, 36-66, 36-67, 36-68, 36-69, 36-70,
36-71, 36-72, 36-73, 36-74, 36-75, 36-76, 36-77, 36-78, 36-79, 36-80, 36-81, 36-82, 36-83,
36-84, 36-85, 36-86, 36-87 and 36-88.

Peptides and proteins that begin with amino acid 37 of HPV16 1.2

37-46, 37-47, 37-48, 37-49, 37-50, 37-51, 37-52, 37-53, 37-54, 37-55, 37-56, 37-57, 37-58,
37-59, 37-60, 37-61, 37-62, 37-63, 37-64, 37-65, 37-66, 37-67, 37-68, 37-69, 37-70, 37-71,
37-72,37-13, 37-74, 37-75, 37-76, 37-77, 37-78, 37-79, 37-80, 37-81, 37-82, 37-83, 37-84,
37-85, 37-86, 37-87 and 37-88.

Peptides and proteins that begin with amino acid 38 of HPV16 1.2

38-47, 38-48, 38-49, 38-50, 38-51, 38-52, 38-53, 38-54, 38-55, 38-56, 38-57, 38-58, 38-59,
38-60, 38-61, 38-62, 38-63, 38-64, 38-65, 38-66, 38-67, 38-68, 38-69, 38-70, 38-71, 38-72,
38-73, 38-74, 38-75, 38-76, 38-77, 38-78, 38-79, 38-80, 38-81, 38-82, 38-83, 38-84, 38-85,
38-86, 38-87 and 38-88.

Peptides and proteins that begin with amino acid 39 of HPV16 1.2

39-48, 39-49, 39-50, 39-51, 39-52, 39-53, 39-54, 39-55, 39-56, 39-57, 39-58, 39-59, 39-60,
39-61, 39-62, 39-63, 39-64, 39-65, 39-66, 39-67, 39-68, 39-69, 39-70, 39-71, 39-72, 39-73,
39-74, 39-75, 39-76, 39-77, 39-78, 39-79, 39-80, 39-81, 39-82, 39-83, 39-84, 39-85, 39-86,
39-87 and 39-88.

Peptides and proteins that begin with amino acid 40 of HPV16 L2

40-49, 40-50, 40-51, 40-52, 40-53, 40-54, 40-55, 40-56, 40-57, 40-58, 40-59, 40-60, 40-61,
40-62, 40-63, 40-64, 40-65, 40-66, 40-67, 40-68, 40-69, 40-70, 40-71, 40-72, 40-73, 40-74,
40-75, 40-76, 40-77, 40-78, 40-79, 40-80, 40-81, 40-82, 40-83, 40-84, 40-85, 40-86, 40-87
and 40-88.

Peptides and proteins that begin with amino acid 41 of HPV16 L2

41-50, 41-51, 41-52, 41-53, 41-54, 41-55, 41-56, 41-57, 41-58, 41-59, 41-60, 41-61, 41-62,
41-63, 41-64, 41-65, 41-66, 41-67, 41-68, 41-69, 41-70, 41-71, 41-72, 41-73, 41-74, 41-75,
41-76, 41-77, 41-78, 41-79, 41-80, 41-81, 41-82, 41-83, 41-84, 41-85, 41-86, 41-87 and 41-
88.

_12-



10

15

20

25

30

CA 02596698 2007-08-01
WO 2006/083984 PCT/US2006/003601

Peptides and proteins that begin with amino acid 42 of HPV16 L2

42-51, 42-52, 42-53, 42-54, 42-55, 42-56, 42-57, 42-58, 42-59, 42-60, 42-61, 42-62, 42-63,
42-64, 42-65, 42-66, 42-67, 42-68, 42-69, 42-70, 42-71, 42-72, 42-73, 42-74, 42-75, 42-76,
42-77, 42-78, 42-79, 42-80, 42-81, 42-82, 42-83, 42-84, 42-85, 42-86, 42-87 and 42-88.
Peptides and proteins that begin with amino acid 43 of HPV16 L2

43-52, 43-53, 43-54, 43-55, 43-56, 43-57, 43-58, 43-59, 43-60, 43-61, 43-62, 43-63, 43-64,
43-635, 43-66, 43-67, 43-68, 43-69, 43-70, 43-71, 43-72, 43-73, 43-74, 43-75, 43-76, 43-77,
43-78, 43-79, 43-80, 43-81, 43-82, 43-83, 43-84, 43-85, 43-86, 43-87 and 43-88.

Peptides and proteins that begin with amino acid 44 of HPV16 1.2

44-53, 44-54<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>