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Abstract:

Provided herein are nucleic acid molecules encoding an HPV antigen. Also provided are vaccines
against human papillomavirus (HPV) comprising the nucleic acids, methods of inducing immune
responses, and methods for prophylactically and/or therapeutically immunizing individuals against
recurrent respiratory papillomatosis (RRP). Pharmaceutical compositions, recombinant vaccines
comprising DNA plasmid and live attenuated vaccines are disclosed as well as methods of inducing
an immune response to treat or prevent RRP are disclosed.
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VACCINES FOR RECURRENT RESPIRATORY PAPILLOMATOSIS
AND METHODS OF USING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
63/024,912, filed May 14, 2020, the contents of which are incorporated herein in their
entirety.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing which has been
submitted electronically in ASCII format and is hereby incorporated by reference in its
entirety. Said ASCII copy, crealed on May 14, 2021, is named 104409 000612 PCT _SL.ixt
and is 37,913 bytes in size.

TECHNICAL FIELD

[0003] The present invention relates to human papillomavirus (HPV) vaccines,
methods of inducing immune responses, and methods for prophylactically and/or
therapeutically immunizing individuals against HPV6 and/or HPV 11, and methods of

preventing or treating recurrent respiratory papillomatosis (RRP)

BACKGROUND

[0004] Human Papilloma Virus-associated (HPV+) malignancies are an emerging
global epidemic (Gradishar ef al., JNCCN 2014;12(4):542-90). HPV -associated aerodigestive
precancerous lesions and malignancies may occur in the oropharynx, larynx, and upper
respiratory tract. While the roles of HPV6 and HPV 11 in the etiology of a majority of
aerodigestive malignancies remain unclear, they are widely accepted as being causally
implicated in recurrent respiratory papillomatosis (RRP) (Mounts ef al., PNAS USA
1982;79(17):5425-9; Gissmann et al., PNAS USA 1983;80(2):560-3; Bonagura ef al., APMIS.
2010;118(6-7):455-70), the most common benign tumor of the laryngeal epithelium. RRP is
rare, with an incidence rate estimated at 1.8 per 100,000 adults in the United States (Winton
et al., NEJM 2005;352(25):2589-97). Although most lesions are benign, some undergo
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malignant transformation, and patients with RRP have a higher risk of developing laryngeal
neoplasias and carcinomas (Omland e/ al., PloS One. 2014;9(6):€99114).

[0005] Recurrent respiratory papillomatosis remains a challenging disease afflicting
children and adults, resulting in an estimated $120 million per year in United States
healthcare-related costs, with annual costs per patient approaching $60,000. Although the
prevalence of RRP has declined, RRP remains the most common benign laryngeal neoplasm
in children. RRP is unique in its high rate of multisite recurrence, its high burden on patient
quality of life, and its high associated healthcare costs. Thus, there is a need for improved
compositions and methods for treatment or prevention of RRP. The present invention

satisfies this unmet need.

SUMMARY

[0006] Providcd herein arc nucleic acid molccules encoding a human
papillomavirus (HPV) antigen, the HPV antigen comprising a HPV6 antigenic domain and a
HPV11 antigenic domain. In some embodiments, the HPV6 antigenic domain comprises a
HPV6 E6 antigenic domain and a HPV6 E7 antigenic domain. In some embodiments, the
HPV11 antigenic domain comprises a HPV11 E6 antigenic domain and a HPV11 E7
antigenic domain. The nucleic acid molecules provided herein may encode a HPV antigen
comprising: the amino acid sequence of SEQ ID NO:1 or SEQ ID NO: 11; an amino acid
sequence that is at least 95% homologous to SEQ ID NO:1 or SEQ ID NO: 11; a fragment of
the amino acid sequence of SEQ ID NO:1 or SEQ ID NO: 11; or an amino acid sequence that
is at least 95% homologous to a fragment of the amino acid sequence of SEQ ID NO:1 or
SEQ ID NO: 11. According to some aspects, the nucleic acid molecules comprise: a
nucleotide sequence at least 95% homologous to SEQ ID NO:2 or SEQ ID NO: 12; the
nucleotide sequence of SEQ ID NO: 2; or the nucleotide sequence of SEQ ID NO 12.

[0007] In some embodiments, the nucleic acid sequence encoding the HPV11
antigenic domain is located 5 to the nucleic acid sequence encoding the HPV6 antigenic
domain. In alternative embodiments, the nucleic acid sequence encoding the HPV6 antigenic
domain is located 5° to the nucleic acid sequence encoding the HPV11 antigenic domain.

[0008] The nucleic acid molecules may include nucleic acid sequence encoding one

or more post-translational cleavage sites, one or more translational skipping sites, or both.
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Such sequence(s) may be included between the nucleic acid sequence encoding the HPV6
antigenic domain and the nucleic acid sequence encoding the HPV 11 antigenic domain,
between the nucleic acid sequence encoding the HPV6 E6 antigenic domain and the nucleic
acid sequence encoding the HPV6 E7 antigenic domain, between the nucleic acid sequence
encoding the HPV11 E6 antigenic domain and the nucleic acid sequence encoding the
HPV11 E7 anligenic domain, or any combinalion thereol.

[0009] Also provided herein are expression vectors comprising any of the disclosed
nucleic acid molecules. In some embodiments, the expression vector is a DNA plasmid. As
an example, the expression vector may comprise the nucleotide sequence of SEQ ID NO: 3.

[0010] Further disclosed herein are immunogenic proteins comprising a human
papillomavirus (HPV) 6 antigenic domain fused to a HPV 11 antigenic domain. In some
embodiments, the HPV6 antigenic domain comprises HPV6 E6 and HPV6 E7; the HPV 11
antigenic domain comprises HPV11 E6 and HPV11 E7; or both. The HPV 11 antigenic
domain may be located N-terminal or C-terminal to the HPV6 antigenic domain. The
immunogenic proleins may coniain one or more post-translational cleavage sites, one or more
translational skipping sites, or both. Such sites may be located between the HPV6 and HPV11
antigenic domain, between the HPV6 E6 and HPV 6 E7 antigenic domains, between the
HPV11 E6 and HPV11 E7 antigenic domains, or any combination thereof.

[0011] According (o some embodiments, the immunogenic protein comprises: the
amino acid sequence of SEQ ID NO:1 or SEQ ID NO: 11; an amino acid sequence that is at
least 95% homologous to the amino acid sequence of SEQ ID NO:1 or SEQ ID NO: 11; a
fragment of the amino acid sequence of SEQ ID NO:1 or SEQ ID NO: 11; or an amino acid
sequence that is at least 95% homologous to a fragment of the amino acid sequence of SEQ
ID NO:1 or SEQ ID NO: 11.

[0012] Also provided herein are compositions comprising the nucleic acid
molecules, the expression vectors, the immunogenic proteins, or any combination thereof,
and a pharmaceutically acceptable carrier. In some aspects are provided vaccines comprising
the nucleic acid molecules, the expression vectors, the immunogenic proteins, or any
combination thereof. In some embodiments are provided pharmaceutical compositions
comprising the nucleic acid molecules, the expression vectors, the immunogenic proteins, or
any combination thereof, and an adjuvant. The adjuvant may be, for example, interleukin 12

(IL12). According to some embodiments, the IL12 is encoded by a nucleic acid molecule,
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such as an expression vector. In some embodiments, the adjuvant comprises a nucleic acid
molecule comprising a nucleotide sequence encoding the p35 subunil of IL-12, the p40
subunit of IL-12, or both. For example, the nucleotide sequence encoding the p35 subunit of
IL12 may comprise a nucleotide sequence selected from the group consisting of: a nucleotide
sequence that encodes SEQ ID NO: 6; a nucleotide sequence that is at least 95% homologous
o a nucleolide sequence that encodes SEQ ID NO: 6; a [ragmenl of a nucleotide sequence
that encodes SEQ ID NO: 6; and a nucleotide sequence that is at least 95% homologous to a
fragment of a nucleotide sequence that encodes SEQ ID NO: 6. In some aspects, the
nucleotide sequence encoding the p40 subunit of IL.12 comprises a nucleotide sequence
selected from the group consisting of: a nucleotide sequence that encodes SEQ ID NO: §; a
nucleotide sequence that is at least 95% homologous to a nucleotide sequence that encodes
SEQ ID NO: 8; a fragment of a nucleotide sequence that encodes SEQ ID NO: §; and a
nucleotide sequence that is at least 95% homologous to a fragment of a nucleotide sequence
that encodes SEQ ID NO: 8. According to some embodiments, the nucleotide sequence
encoding IL12 comprises a nucleotide sequence selected [rom the group consisting of: the
nucleotide sequence of SEQ ID NO: 4; a nucleotide sequence that is at least 95%
homologous to the nucleotide sequence of SEQ ID NO: 4; a fragment of the nucleotide
sequence of SEQ ID NO: 4; and a nucleotide sequence that is at least 95% homologous to a
[ragment of the nucleotide sequence of SEQ ID NO: 4.

[0013] Further described herein are methods of inducing an immune response in a
subject by administering to the subject an effective amount of any of the disclosed nucleic
acid molecules, expression vectors, immunogenic proteins, pharmaceutical compositions, or
vaccines, to thereby induce the immune response.

[0014] Also provided herein are methods of prophylactically or therapeutically
immunizing a subject against HPV6 and/or HPV 11 comprising administering to the subject
an effective amount of any of the disclosed nucleic acid molecules, expression vectors,
immunogenic proteins, pharmaceutical compositions, or vaccines, to thereby induce an
immune response against HPV6, HPV11, or both.

[0015] Additionally provided herein are methods for treating or preventing recurrent
respiratory papillomatosis (RRP) in a subject comprising administering to the subject an

effective amount of any of the disclosed nucleic acid molecules, expression vectors,
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immunogenic proteins, pharmaceutical compositions, or vaccines, to thereby treat or prevent
RRP. The RRP may be juvenile-onset RRP or aduli-onset RRP.

[0016] According to some embodiments of the disclosed methods, a nucleic acid
molecule comprising the nucleotide sequence of SEQ ID NO: 2, SEQ ID NO: 3, or SEQ ID
NO: 12 is administered to the subject.

[0017] In some aspects of the disclosed methods, an adjuvant is further
administered to the subject. The adjuvant may be interleukin-12 (IL12). The IL12 may be
encoded by a nucleic acid molecule, such as, for example, an expression vector or plasmid. In
some embodiments, the adjuvant comprises a nucleic acid molecule comprising a nucleotide
sequence encoding the p35 subunit of IL-12, the p40 subunit of IL-12, or both. The
nucleotide sequence encoding p35 may comprise a nucleotide sequence selected from the
group consisting of: a nucleotide sequence that encodes SEQ ID NO: 6; a nucleotide
sequence that is at least 95% homologous to a nucleotide sequence that encodes SEQ 1D NO:
6; a fragment of a nucleotide sequence that encodes SEQ ID NO: 6; and a nucleotide
sequence that is at least 95% homologous to a [ragment of a nucleotide sequence that encodes
SEQ ID NO: 6. The nucleotide sequence encoding p40 may comprise a nucleotide sequence
selected from the group consisting of: a nucleotide sequence that encodes SEQ ID NO: 8; a
nucleotide sequence that is at least 95% homologous to a nucleotide sequence that encodes
SEQ ID NO: 8; a [ragment ol a nucleotide sequence that encodes SEQ ID NO: 8; and a
nucleotide sequence that is at least 95% homologous to a fragment of a nucleotide sequence
that encodes SEQ ID NO: 8. According to some aspects, the nucleotide sequence encoding
IL12 may comprise a nucleotide sequence selected from the group consisting of’ the
nucleotide sequence of SEQ ID NO: 4; a nucleotide sequence that is at least 95%
homologous to the nucleotide sequence of SEQ ID NO: 4; a fragment of the nucleotide
sequence of SEQ ID NO: 4; and a nucleotide sequence that is at least 95% homologous to a
fragment of the nucleotide sequence of SEQ ID NO: 4. According to some embodiments, the
nucleic acid molecule comprising a nucleotide sequence encoding IL.12 is pGX6010.

[0018] In some embodiments, the subject is human.

[0019] According to some embodiments of the methods provided herein, the
methods comprise administering pGX3024 and pGX6010 to the subject. In some aspects of
the methods, the pGX3024 and pGX6010 are administered as a composition, for example, as

INO-3107. Some embodiments of the methods comprises administering 6 milligrams

5.
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pGX3024 and 0.25 milligrams pGX6010 to the subject. In some aspects of the disclosed
methods, the administiering comprises intradermal or intramuscular injection. The

administering may further comprises electroporation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The summary, as well as the following detailed description, is further
understood when read in conjunction with the appended drawings. For the purpose of
illustrating the disclosed methods, there are shown in the drawings exemplary embodiments
of the thereof;, however, the methods are not limited to the specific embodiments disclosed. In
the drawings:

[0021] Figure 1A shows a schematic of antigens encoded in different HPV6 and/or
HPV11 plasmids. Individual antigens are separated by a P2A cleavage site for translational
skipping and a furin clcavage sitc for post-translational clcavage of the P2A scquence. DNA
plasmid pGX3024 encodes consensus SynCon® E6 and E7 antigens of both HPV6 and
HPV11. Figure 1B provides a plasmid map of pGX3024.

[0022] Figure 2 illustrates pGX3024 E6 and E7 protein antigen expression in vifro.
HEK-293T cells were transfected with either pGX3024 plasmid, positive control pGX3021 or
pGX3022 plasmid, or negative control empty pGX0001 plasmid using Lipofectamine 3000
transfection reagent. Cells were harvested 48 hours post-transfection and cell lysates were
then probed with anti-HPV11 E7 (left panel) or anti-2A (middle panel) antibodies by Western
blot. Blots were stripped and reprobed with anti-B-actin antibody (right panel) to confirm
equal protein loading. E6 and E7 proteins were detected in cells transfected with pGX3024
and control pGX3021 and pGX3022 plasmids, but not negative control pGX0001 plasmid.

[0023] Figure 3 illustrates HPV6- and HPV11-specilic cellular responses [ollowing
pGX3024 immunization of C57BL/6 mice. C57BL/6 mouse splenocytes were collected at
one week post-immunization with either pGX3024, control plasmids encoding HPV6
(pGX3021) or HPV 11 (p(GX3022) antigens, or negative control plasmid (pGX0001). Specific
cellular responses to HPV6 and HPV11 E6 and E7 peptides were measured by IFNvy ELISpot
assay. Asterisk indicates significant difference in total cellular response as compared to

pGX0001 control by one-way ANOV A, Dunnett’s post-test.
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[0024] Figure 4 shows HPV6 and HPV 11 humoral responses following pGX3024
immunization ol C57BL/6 mice. C57BL/6 mouse serum samples were collected at belore
immunization (Week 0) and after first (Week 2) and second (Week 3) immunization with
either pGX3024 or negative control plasmid (pGX0001). Specific IgG binding antibodies
against HPV6 E7 (left panel) or HPV 11 E7 (right panel) antigens were measured by ELISA.

[0025] Figure 5 illustrales HPV6- and HPV11-specific cellular responses [ollowing
pGX3024 immunization of BALB/c mice. BALB/c mouse splenocytes were collected at one
week post-immunization with the indicated dose of either pGX3024 alone or in combination
with the indicated dose of plasmid murine IL-12 (pGX6012), or negative control plasmid
(pGX0001). Specific cellular responses to HPV6 and HPV 11 E6 and E7 peptides were
measured by IFNy ELISpot assay. Asterisk indicates significant difference in total cellular
response as compared to pGX0001 control by one-way ANOV A Dunnett’s post-test.

[0026] Figure 6 illustrates HPV6 and HPV 11 humoral responses following
pGX3024 immunization of BALB/c mice. BALB/c mouse serum samples were collected
belore immunization (Week 0) and after [irst (Week 2) and second (Week 3) immunization
with the indicated dose of either pGX3024 alone or in combination with the indicated dose of
plasmid murine IL-12 (pGX6012), or negative control plasmid (pGX0001). Specific IgG
binding antibodies against HPV6 E7 (left panel) or HPV11 E7 (right panel) antigens were
measured by ELISA. Asterisk indicates signiflicant and “ns” indicates no signiflicant
difference as compared to Week 0 by two-way ANOVA.

[0027] Figure 7 illustrates the timecourse of HPV6- and HPV 1 1-specific cellular
responses following INO-3107 immunization of NZW rabbits. NZW rabbit peripheral blood
mononuclear cells (PBMCs) were collected at the indicated timepoints post-immunization
with either INO-3107 or 1X saline-sodium citrate buffer (SSC). Specific cellular responses to
HPV6 E6 and E7 peptides and HPV11 E6 and E7 peptides were measured by IFNy ELISpot
assay. Data is depicted as the sum of HPV6 E6 and E7 (left panel) or HPV11 E6 and E7
(right panel) responses for individual animals.

[0028] Figure 8 illustrates HPV6- and HPV11-specific cellular responses following
INO-3107 immunization of NZW rabbits. Week 11 (two weeks post fourth immunization), T
cell responses against HPV6 E6, HPV6 E7, HPV11 E6, or HPV11 E7 antigens for NZW
rabbits at Week 11 (two weeks post fourth immunization) with either INO-3107 or 1X SSC

as described in Figure 7. Data is depicled (or individual rabbits (left panel) or the mean +

-7 -



WO 2021/231925 PCT/US2021/032545

SEM for each treatment group (right panel). Asterisk indicates significant difference (p<0.05)
as determined by Mann-Whitney U-test.

[0029] Figure 9 shows the timecourse of HPV6 and HPV 11 humoral responses
following INO-3107 immunization of NZW rabbits. NZW rabbit serum samples were
collected at the indicated timepoints post-immunization with either INO-3107 or 1X SSC.
Specilic humoral responses (0 HPV6 E7 (lefl panel) and HPV11 E7 (right panel) anligens
were measured by IgG binding ELISA. Data are depicted for individual animals.

[0030] Figure 10 shows timecourse of body weight measurements for NZW rabbits
administered INO-3107 (left panel) or 1X SSC (right panel).

[0031] Figure 11 illustrates the timecourse of HPV6- and HPV 11-specific cellular
responses following pGX3024 immunization of Hartley guinea pigs. Guinea pigs (n of 5)
were immunized on Weeks 0, 2, and 4 with 100 ug pGX3024 administered by CELLECTRA
intradermal electroporation. Naive guinea pigs (n of 2) served as negative controls. Guinea
pig peripheral blood mononuclear cells (PBMCs) were collected at the indicated timepoints
post-immunization with pGX3024, or [rom naive guinea pigs. Specific cellular responses to
HPV6 E6 and E7 peptides and HPV11 E6 and E7 peptides were measured by IFNy ELISpot
assay. Data is depicted as the mean + SEM for each treatment group. of HPV6 E6 and E7.

[0032] Figure 12 shows the timecourse of HPV6- and HPV 11-specific humoral
responses [ollowing pGX3024 immunization ol Hartley guinea pigs. Hartley guinea pigs (n
of 5) were immunized on Weeks 0, 2. and 4 with 100 ug pGX3024 administered by
CELLECTRA intradermal electroporation. Guinea pig serum samples were collected at the
indicated timepoints post-immunization with pGX3024 for measurement of specific IgG
binding antibodies against HPV6 E7 (left) or HPV 11 E7 (right) antigens by ELISA. Data are
depicted as the mean = SEM of five animals.

[0033] Figure 13 shows immune responses induced following intradermal delivery
of INO-3107 to NZW rabbits. Cellular immune responses were evaluated by IFNy ELISpot
before immunization (Week 0) and two weeks after each immunization (Weeks 2, 5 and 8).
The combined immune response to both antigens, HPV6 and HPV11, increased following

each immunization, with the T cell responses being more HPV6 E6- and HPV 11 E6-specific.
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0034] The disclosed nucleic acid molecules, proteins, vaccines, and methods may
be understood more readily by reference to the following detailed description taken in
connection with the accompanying figures, which form a part of this disclosure. It is to be
understood that the disclosed nucleic acid molecules, proteins, vaccines, and methods are not
limited to the specific nucleic acid molecules, proteins, vaccines, and methods described
and/or shown herein, and that the terminology used herein is for the purpose of describing
particular embodiments by way of example only and is not intended to be limiting of the
claimed nucleic acid molecules, proteins, vaccines, and methods.

[0035] Unless specifically stated otherwise, any description as to a possible
mechanism or mode of action or reason for improvement is meant to be illustrative only, and
the disclosed nucleic acid molecules, proteins, vaccines, and methods are not to be
constraincd by the correctness or incorrectness of any such suggcested mechanism or mode of
action or reason for improvement.

[0036] Throughout this text, the descriptions refer to compositions and methods of
using said compositions. Where the disclosure describes or claims a feature or embodiment
associated with a composition, such a feature or embodiment is equally applicable to the
methods of using said composition. Likewise, where the disclosure describes or claims a
feature or embodiment associated with a method of using a composition, such a feature or
embodiment is equally applicable to the composition.

[0037] It is to be appreciated that certain features of the disclosed nucleic acid
molecules, proteins, vaccines, and methods which are, for clarity. described herein in the
context of separate embodiments, may also be provided in combination in a single
embodiment. Conversely, various [eatures of the disclosed nucleic acid molecules, proteins,
vaccines, and methods that are, for brevity, described in the context of a single embodiment,
may also be provided separately or in any subcombination.

[0038] Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art. In case of
conflict, the present document, including definitions, will control. Exemplary methods and
materials are described below, although methods and materials similar or equivalent to those

described herein can be used in practice or testing of the present invention. All publications,
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patent applications, patents and other references mentioned herein are incorporated by
relerence in their entirety. The materials, methods, and examples disclosed herein are
illustrative only and not intended to be limiting. The terminology used herein is for the
purpose of describing particular embodiments only and is not intended to be limiting.

[0039] The terms “comprise(s),” “include(s),” “having,” “has,” “can,” “contain(s),”
and variants thereol, as used herein, are intended (o be open-ended (ransitional phrases,
terms, or words that do not preclude the possibility of additional acts or structures. The term
“comprising” is intended to include examples encompassed by the terms “consisting
essentially of” and “consisting of”; similarly, the term “consisting essentially of” is intended
to include examples encompassed by the term “consisting of.” The present disclosure also
contemplates other embodiments “comprising.” “consisting of.” and “consisting essentially
of” the embodiments or elements presented herein, whether explicitly set forth or not.

[0040] The singular forms “a,” “and” and “the” include plural references unless the
context clearly dictates otherwise.

[0041] For recitation of numeric ranges herein, each intervening number
therebetween with the same degree of precision is explicitly contemplated. For example, for
the range of 6-9, the numbers 7 and 8 are contemplated in addition to 6 and 9, and for the
range 6.0-7.0, the numbers 6.0, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, and 7.0 are explicitly
contemplated.

[0042] Some of the quantitative expressions given herein are not qualified with the
term “about”. It is understood that, whether the term “about™ 1s used explicitly or not, every
quantity given is intended to refer to the actual given value, and it is also meant to refer to the
approximation to such given value that would reasonably be inferred based on the ordinary
skill in the art, including approximations due to the experimental and/or measurement
conditions for such value.

[0043] “Adjuvant” as used herein means any molecule added to the immunogenic
compositions described herein to enhance the immunogenicity of the antigens and antigen-
encoding nucleic acid molecules and sequences described hereinafter.

[0044] ““Antigen™ refers to proteins having an HPV6 E6 domain, HPV6 E7 domain,
HPV11 E6 domain, HPV11 E7 domain, or any combination thereof, and preferably a fusion
protein of an HPV6 E6 domain, HPV6 E7 domain, HPV11 E6 domain, and HPV11 E7

domain with an endeoproteolytic cleavage site between each domain. Antigens include SEQ
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ID NO: 1; fragments thereof of lengths set forth herein, variants, i.e. proteins with sequences
homologous to SEQ ID NO: 1 as set [orth herein, [ragments of variants having lengths set
forth herein, and combinations thereof Antigens may have an IgE leader sequence of SEQ ID
NO:10 or may alternatively have such sequence removed from the N-terminal end. For
example, an HPV antigen comprising an HPV6 E6 domain, HPV6 E7 domain, HPV11 E6
domain, and HPV11 E7 domain, with or withoul an endeoproleolylic cleavage sile belween
each domain, may have an IgE leader sequence located N-terminal to the N-terminal HPV
domain of the HPV antigen. Antigens may optionally include signal peptides such as those
from other proteins.

[0045] The term “biosimilar” (of an approved reference product/biological drug,
1.e., reference listed drug) refers to a biological product that is highly similar to the reference
product notwithstanding minor differences in clinically inactive components with no
clinically meaningful differences between the biosimilar and the reference product in terms of
safety. purity and potency, based upon data derived from (a) analytical studies that
demonstrate that the biological product is highly similar to the reference product
notwithstanding minor differences in clinically inactive components; (b) animal studies
(including the assessment of toxicity); and/or (c¢) a clinical study or studies (including the
assessment of immunogenicity and pharmacokinetics or pharmacodynamics) that are
sullicient to demonstrate salety, purily, and polency in one or more appropriate conditions ol
use for which the reference product is licensed and intended to be used and for which
licensure is sought for the biosimilar. The biosimilar may be an interchangeable product that
may be substituted for the reference product at the pharmacy without the intervention of the
prescribing healthcare professional. To meet the additional standard of “interchangeability,”
the biosimilar is to be expected to produce the same clinical result as the reference product in
any given patient and, if the biosimilar is administered more than once to an individual, the
risk in terms of safety or diminished efficacy of alternating or switching between the use of
the biosimilar and the reference product is not greater than the risk of using the reference
product without such alternation or switch. The biosimilar utilizes the same mechanisms of
action for the proposed conditions of use to the extent the mechanisms are known for the
reference product. The condition or conditions of use prescribed, recommended, or suggested
in the labeling proposed for the biosimilar have been previously approved for the reference

product. The route of administration, the dosage [orm, and/or the strength of the biosimilar
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are the same as those of the reference product and the biosimilar is manufactured, processed,
packed or held in a [acility that meets standards designed 1o assure that the biosimilar
continues to be safe, pure and potent. The biosimilar may include minor modifications in the
amino acid sequence when compared to the reference product, such as N- or C-terminal
truncations that are not expected to change the biosimilar performance.

[0046] “Coding sequence’ or “encoding nucleic acid™ as used herein means the
nucleic acids (RNA or DNA molecule) that comprise a nucleotide sequence which encodes a
protein. The coding sequence can further include initiation and termination signals operably
linked to regulatory elements including a promoter and polyadenylation signal capable of
directing expression in the cells of an individual or mammal to which the nucleic acid is
administered.

[0047] “Complement” or “complementary™ as used herein refers to a nucleic acid
molecule that has Watson-Crick (e.g., A-T/U and C-G) or Hoogsteen base pairing between
nucleotides or nucleotide analogs with a reference nucleic acid molecule.

[0048] ““Consensus” or “consensus sequence” as used herein means a polypeptide
sequence based on analysis of an alignment of multiple sequences for the same gene from
different organisms. Nucleic acid sequences that encode a consensus polypeptide sequence
can be prepared. Immunogenic compositions comprising proteins that comprise consensus
sequences and/or nucleic acid molecules that encode such proteins can be used to induce
broad immunity against an antigen.

[0049] “Electroporation,” “electro-permeabilization,” or “electro-kinetic
enhancement” (“EP”) as used interchangeably herein means the use of a transmembrane
electric field pulse to induce microscopic pathways (pores) in a bio-membrane; their presence
allows biomolecules such as plasmids, oligonucleotides, siRNA, drugs, ions, and water to
pass from one side of the cellular membrane to the other.

[0050] “Fragment™ as used herein with respect to nucleic acid sequences means a
nucleic acid sequence or a portion thereof, that encodes a polypeptide capable of eliciting an
immune response in a mammal that cross reacts with an antigen disclosed herein. The
fragments can be DNA fragments selecied from at least one of the various nucleotide
sequences that encode protein fragments set forth below. Fragments can comprise at least
10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least

80%, at least 90%, or at least 95% of one or more ol the nucleic acid sequences set forth
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below. In some embodiments, fragments can comprise at least 20 nucleotides or more, at
least 30 nucleotides or more, at least 40 nucleotides or more, at least 50 nucleotides or more,
at least 60 nucleotides or more, at least 70 nucleotides or more, at least 80 nucleotides or
more, at least 90 nucleotides or more, at least 100 nucleotides or more, at least 150
nucleotides or more, at least 200 nucleotides or more, at least 250 nucleotides or more, at
least 300 nucleotides or more, 4l least 350 nucleolides or more, al least 400 nucleotides or
more, at least 450 nucleotides or more, at least 500 nucleotides or more, at least 550
nucleotides or more, at least 600 nucleotides or more, at least 650 nucleotides or more, at
least 700 nucleotides or more, at least 750 nucleotides or more, at least 800 nucleotides or
more, at least 850 nucleotides or more, at least 900 nucleotides or more, at least 950
nucleotides or more, or at least 1000 nucleotides or more of at least one of the nucleic acid
sequences set forth below.

[0051] “Fragment” or “immunogenic fragment” with respect to polypeptide
sequences means a polypeptide capable of eliciting an immune response in a mammal that
cross reacts with an antigen disclosed herein. The [ragments can be polypeplide [ragments
selected from at least one of the various amino acid sequences below. Fragments of
consensus proteins can comprise at least 10%, at least 20%, at least 30%, at least 40%, at
least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at least 95% of a
consensus prolein. In some embodiments, [ragments ol consensus proteins can comprise at
least 20 amino acids or more, at least 30 amino acids or more. at least 40 amino acids or
more, at least 50 amino acids or more, at least 60 amino acids or more, at least 70 amino
acids or more, at least 80 amino acids or more, at least 90 amino acids or more, at least 100
amino acids or more, at least 110 amino acids or more, at least 120 amino acids or more, at
least 130 amino acids or more, at least 140 amino acids or more, at least 150 amino acids or
more, at least 160 amino acids or more, at least 170 amino acids or more, at least 180 amino
acids or more of a protein sequence disclosed herein.

[0052] As used herein, the term “genetic construct" refers to the DNA or RNA
molecules that comprise a nucleotide sequence which encodes a protein. The coding
sequence includes initiation and termination signals operably linked to regulatory elements
including a promoter and polyadenylation signal capable of directing expression in the cells
of the individual to whom the nucleic acid molecule is administered. As used herein, the term

"expressible form" relers to gene constructs that contain the necessary regulatory elements
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operably linked to a coding sequence that encodes a protein such that when present in the cell
ol the individual, the coding sequence will be expressed.

[0053] The term "homology." as used herein, refers to a degree of complementarity .
There can be partial homology or complete homology (i.e., identity). A partially
complementary sequence that at least partially inhibits a completely complementary sequence
from hybridizing (o a target nucleic acid is referred (o using the funclional term "substantially
homologous." When used in reference to a double-stranded nucleic acid sequence such as a
cDNA or genomic clone, the term "substantially homologous," as used herein, refers to a
probe that can hybridize to a strand of the double-stranded nucleic acid sequence under
conditions of low stringency. When used in reference to a single-stranded nucleic acid
sequence, the term "substantially homologous," as used herein, refers to a probe that can
hybridize to (i.e., is the complement of) the single-stranded nucleic acid template sequence
under conditions of low stringency.

[0054] "Identical" or "identity" as used herein in the context of two or more nucleic
acids or polypeptide sequences means that the sequences have a specilied percentage of
residues that are the same over a specified region. The percentage can be calculated by
optimally aligning the two sequences, comparing the two sequences over the specified region,
determining the number of positions at which the identical residue occurs in both sequences
to yield the number ol matched positions, dividing the number of matched positions by the
total number of positions in the specified region, and multiplying the result by 100 to yield
the percentage of sequence identity. In cases where the two sequences are of different lengths
or the alignment produces one or more staggered ends and the specified region of comparison
includes only a single sequence, the residues of single sequence are included in the
denominator but not the numerator of the calculation. When comparing DNA and RNA,
thymine (T) and uracil (U) can be considered equivalent. Identity can be performed manually
or by using a computer sequence algorithm such as BLAST or BLAST 2.0.

[0055] As used herein, “INO-3107" refers to an immunogenic composition of two
DNA plasmids: a DNA plasmid pGX3024 encoding an HPV antigen comprising SynCon®
E6 and E7 antigens of both HPV6 and HPV11 in combination with DNA plasmid pGX6010
encoding human IL-12. The amino acid sequence of the HPV antigen comprising SynCon®
E6 and E7 antigens of both HPV6 and HPV 11 is provided in SEQ ID NO: 1. The nucleotide
sequence encoding the HPV antigen comprising SynCon® E6 and E7 antigens of both HPV6
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and HPV11 is provided in SEQ ID NO: 2. The nucleic acid sequence of DNA plasmid
pGX3024 is set [orth in SEQ ID NO: 3. The sequence of DNA plasmid pGX6010 is set [orth
in SEQ ID NO: 4. “INO-3107" may further include saline-sodium citrate buffer. “INO-3107
drug product™ refers to an immunogenic composition containing 6.25 mg total plasmid/mL (6
mg/mL pGX3024, 0.25 mg/mL pGX6010) in 150 mM sodium chloride and 15 mM sodium
citrate, pH 7.

[0056] “Immune response” as used herein means the activation of a host’s immune
system, e.g., that of a mammal, in response to the introduction of antigen. The immune
response can be in the form of a cellular or humoral response, or both.

[0057] “Nucleic acid” or “oligonucleotide™ or “polynucleotide’ as used herein
means at least two nucleotides covalently linked together. The depiction of a single strand
also defines the sequence of the complementary strand. Thus, a nucleic acid also
encompasses the complementary strand of a depicted single strand. Many variants of a
nucleic acid can be used for the same purpose as a given nucleic acid. Thus, a nucleic acid
also encompasses substantially identical nucleic acids and complements thereol. A single
strand provides a probe that can hybridize to a target sequence under stringent hybridization
conditions. Thus, a nucleic acid also encompasses a probe that hybridizes under stringent
hybridization conditions.

[0058] Nucleic acids can be single stranded or double-siranded or can contain
portions of both double-stranded and single-stranded sequence. The nucleic acid can be
DNA, both genomic and cDNA, RNA, or a hybrid, where the nucleic acid can contain
combinations of deoxyribo- and ribo-nucleotides, and combinations of bases including uracil,
adenine, thymine, cytosine, guanine, inosine, xanthine hy poxanthine, isocytosine and
isoguanine. Nucleic acids can be obtained by chemical synthesis methods or by recombinant
methods.

[0059] “Operably linked™ as used herein means that expression of a gene is under
the control of a promoter with which it is spatially connected. A promoter can be positioned
5' (upstream) or 3' (downstream) of a gene under its control. The distance between the
promoter and a gene can be approximately the same as the distance between that promoter
and the gene it controls in the gene from which the promoter is derived. As is known in the

art, variation in this distance can be accommodated without loss of promoter function.

-15 -



WO 2021/231925 PCT/US2021/032545

[0060] A “‘peptide,” “protein,” or “polypeptide™ as used herein can mean a linked
sequence ol amino acids and can be natural, synthetic, or a modilication or combination of
natural and synthetic.

[0061] “Promoter” as used herein means a synthetic or naturally-derived molecule
which is capable of conferring, activating or enhancing expression of a nucleic acid in a cell.
A promoler can comprise one or more specific transcriplional regulatory sequences (o Lurther
enhance expression and/or to alter the spatial expression and/or temporal expression of same.
A promoter can also comprise distal enhancer or repressor elements, which can be located as
much as several thousand base pairs from the start site of transcription. A promoter can be
derived from sources including viral, bacterial, fungal, plants, insects, and animals. A
promoter can regulate the expression of a gene component constitutively, or differentially
with respect to cell, the tissue or organ in which expression occurs or, with respect to the
developmental stage at which expression occurs, or in response to external stimuli such as
physiological stresses, pathogens, metal ions, or inducing agents. Representative examples of
promolers include the bacteriophage T7 promoter, bacteriophage T3 promoter, SP6 promoter,
lac operator-promoter, tac promoter, SV40 late promoter, SV40 early promoter, RSV-LTR
promoter, CMV IE promoter, SV40 early promoter or SV40 late promoter and the CMV IE
promoter.

[0062] “Signal peptide” and “leader sequence” are used interchangeably herein and
refer to an amino acid sequence that can be linked at the amino terminus of a protein set forth
herein. Signal peptides/leader sequences typically direct localization of a protein. Signal
peptides/leader sequences used herein can facilitate secretion of the protein from the cell in
which it is produced. Signal peptides/leader sequences are often cleaved from the remainder
of the protein, often referred to as the mature protein, upon secretion from the cell. Signal
peptides/leader sequences are linked at the amino terminus (i.e., N terminus) of the protein.

[0063] “Substantially complementary™ as used herein means that a first sequence is
at least 60%, 65%, 70%, 75%, 80%, 81%, 82%., 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identical to the complement of a
second sequence over a region of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 30, 35, 40, 45, 50, 55, 60, 65,70, 75, 80, 85, 90, 95, 100, 180, 270, 360, 450, 540, or
more nucleotides or amino acids, or that the two sequences hybridize under stringent

hybridization conditions.
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[0064] “Substantially identical™ as used herein means that a first and second
sequence are al least 60%, 65%, 70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identical over a region
of 8.9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40. 45. 50, 55, 60,
65, 70, 75. 80, 85, 90, 95, 100, 180, 270, 360, 450, 540 or more nucleotides or amino acids,
or with respect Lo nucleic acids, il the first sequence is substantially complementary (o the
complement of the second sequence.

[0065] As used herein, the expression "a subject in need thereof" means a human or
non- human mammal that exhibits one or more symptoms or indications of recurrent
respiratory papillomatosis (RRP), and/or who has been diagnosed with RRP, and who needs
treatment for the same. In many embodiments, the term "subject” may be interchangeably
used with the term "patient". For example, a human subject may be diagnosed with RRP
and/or with one or more symptoms or indications including, but not limited to, hoarseness,
weak cry, chronic coughing, breathing problems. dyspnea, recurrent upper respiratory tract
inlections, pneumonia, dysphagia, stridor, failure to thrive, and/or respiratory tumors. For
example, the expression includes subjects who have been newly diagnosed. In some
embodiments, the expression includes subjects for whom treatment in accordance with the
disclosed methods is an initial treatment (e.g.,“first line” treatment, wherein the patient has
not received prior sysiemic treatment [or RRP). In certain embodiments, the expression
includes subjects for whom treatment in accordance with the disclosed methods is “second-
line” treatment, wherein the patient has been previously treated with “standard-of-care”
therapy including, but not limited to surgery, antiviral therapy, and tracheostomy.

[0066] As used herein, the term "treat”, "treating", or the like, means to alleviate
symptoms, eliminate the causation of symptoms either on a temporary or permanent basis, to
delay or inhibit tumor growth, to reduce tumor cell load or tumor burden, to promote tumor
regression, to cause tumor shrinkage, necrosis and/or disappearance, to prevent tumor
recurrence, to prevent or inhibit malignant transformation, and/or to increase duration of
survival of the subject.

[0067] As used herein, unless otherwise noted, the term "clinically proven" (used
independently or to modify the terms "safe" and/or "effective") shall mean that it has been
proven by a clinical trial wherein the clinical trial has met the approval standards of U.S.

Food and Drug Administration, EMA or a corresponding national regulatory agencv. For
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example, proof may be provided by the clinical trial(s) described in the examples provided
herein.

[0068] The term "clinically proven safe", as it relates to a dose, dosage regimen,
treatment or method with a human papillomavirus (HPV) antigen (for example, a HPV
antigen administered as pGX3024 or INO-3107 drug product or a biosimilar thereof) refers to
a [avorable risk:benefil ratio with an acceplable [requency and/or acceplable severily of
treatment-emergent adverse events (referred to as TEAESs) compared to the standard of care
or to another comparator. An adverse event 1s an untoward medical occurrence in a patient
administered a medicinal product. One index of safety is the National Cancer Institute (NCT)
incidence of adverse events (AE) graded per Common Toxicity Criteria for Adverse Events
CTCAE v5.0.

[0069] The terms "clinically proven efficacy” and "clinically proven effective" as
used herein in the context of a dose, dosage regimen, treatment or method refer to the
effectiveness of a particular dose, dosage or treatment regimen. Efficacy can be measured
based on change in the course of the disease in response to an agent of the present invention.
For example, a human papillomavirus (HPV) antigen (for example, a HPV antigen
administered as pGX3024 or INO-3107 drug product or a biosimilar thereof) is administered
to a patient in an amount and for a time sufficient to induce an improvement, preferably a
sustained improvement, in at least one indicator that refllects the severity ol the disorder that
1s being treated. Various indicators that reflect the extent of the subject's illness, disease or
condition may be assessed for determining whether the amount and time of the treatment is
sufficient. Such indicators include, for example, clinically recognized indicators of disease
severity, symptoms, or manifestations of the disorder in question. The degree of improvement
generally is determined by a physician, who may make this determination based on signs,
symptoms, biopsies, or other test results, and who may also employ questionnaires that are
administered to the subject, such as quality-of-life questionnaires developed for a given
disease. Improvement may be indicated by an improvement in an index of disease activity, by
amelioration of clinical symptoms or by any other measure of disease activity. For example,
human papillomavirus (HPV) antigen (for example, a HPV antigen administered as pGX3024
or INO-3107 drug product or a biosimilar thereof) may be administered to achieve an

improvement in a patient's condition related to reduced frequency of RRP surgical
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interventions, a change in RRP Staging Assessment score, increased intersurgical interval, or
HPYV clearance or reduced disease burden.

[0070] “Variant” used herein with respect to a nucleic acid means (i) a portion or
fragment of a referenced nucleotide sequence; (i1) the complement of a referenced nucleotide
sequence or portion thereof; (iii) a nucleic acid that is substantially identical to a referenced
nucleic acid or the complement thereol; or (iv) a nucleic acid that hybridizes under stringent
conditions to the referenced nucleic acid, complement thereof, or a sequences substantially
identical thereto. A variant may be a nucleic acid sequence that is substantially identical over
the full length of the full gene sequence or a fragment thereof. The nucleic acid sequence may
be 80%, 81%, 82%, 83%, 84%., 85%, 86%, 87%. 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical over the full length of the gene sequence or a
fragment thereof.

[0071] “Variant” with respect to a polypeptide is one that differs in amino acid
sequence by the insertion, deletion, or conservative substitution of amino acids, but retains at
least one biological activity of the relerence polypeptlide. Variant can also mean a protein
with an amino acid sequence that is substantially identical to a reference protein with an
amino acid sequence that retains at least one biological activity. A variant may be an amino
acid sequence that is substantially identical over the full length of the amino acid sequence or
[ragment thereol. The amino acid sequence may be 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%., 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%., 97%, 98%. 99%, or 100% identical
over the full length of the amino acid sequence or a fragment thereof.

[0072] “Vector” as used herein means a nucleic acid sequence containing an origin
of replication. A vector can be a viral vector, bacteriophage, bacterial artificial chromosome
or yeast artificial chromosome. A vector can be a DNA or RNA vector. A vector can be a
self- replicating extrachromosomal vector, and in one embodiment, is an expression plasmid.
The vector can contain or include one or more heterologous nucleic acid sequences.

[0073] As used herein, the phrase “in combination with” means that the HPV6 E6
and E7 antigens and HPV 11 E6 and E7 antigens are administered to the subject at the same
time as, just before, or just after administration of the adjuvant. In certain embodiments, the
HPV6 E6 and E7 antigens and HPV11 E6 and E7 antigens are administered as a co-

formulation with the adjuvant.
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[0074] As used herein, unless otherwise noted, the term "clinically proven" (used
independently or to modily the terms "sale" and/or "ellective") shall mean that it has been
proven by a clinical trial wherein the clinical trial has met the approval standards of U S.
Food and Drug Administration, EMA or a corresponding national regulatory agency. For
example, proof may be provided by the clinical trial described in the example provided
herein.

[0075] The term "clinicallv proven safe", as it relates to a dose, dosage regimen,
treatment or method with HPV6 E6 and E7 antigens and HPV11 E6 and E7 antigens (for
example, administered as pGX3024) in combination with the adjuvant, such as 1L.-12 (for
example, administered as pGX6010), refers to a favorable risk:benefit ratio with an
acceptable frequency and/or acceptable severity of treatment-emergent adverse events
(referred to as AEs or TEAEs) compared to the standard of care or to another comparator. An
adverse event is an untoward medical occurrence in a subject administered a medicinal
product.

[0076] The terms "clinically proven ellicacy" and "clinically proven ellective" as
used herein in the context of a dose, dosage regimen, treatment or method refer to the
effectiveness of a particular dose, dosage or treatment regimen. Efficacy can be measured
based on change in the course of the disease in response to an agent of the present invention.
For example, a combination of HPV6 E6 and E7 antigens and HPV11 E6 and E7 antigens
(for example, administered as pGX3024) with an adjuvant, such as IL.-12 (for example,
administered as pGX6010) is administered to a subject in an amount and for a time sufficient
to induce an improvement, preferably a sustained improvement, in at least one indicator that
reflects the severity of the disorder that is being treated. Various indicators that reflect the
extent of the subject's illness, disease or condition may be assessed for determining whether
the amount and time of the treatment is sufficient. Such indicators include, for example,
clinically recognized indicators of disease severity, symptoms, or manifestations of the
disorder in question. The degree of improvement generally is determined by a physician, who
may make this determination based on signs, symptoms, biopsies, or other test results, and
who may also employ questionnaires that are administered to the subject, such as quality-of-
life questionnaires developed for a given disease. For example, the combination of HPV6 E6
and E7 antigens and HPV11 E6 and E7 antigens (for example, administered as pGX3024)
with the adjuvant, such as 1L-12 (for example, administered as pGX6010), may be
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administered to achieve an improvement in a patient's condition related to RRP. Improvement
may be indicated by an improvement in an index ol disease activily, by amelioration ol

clinical symptoms or by any other measure of disease activity.

[0077] Provided herein are nucleic acid molecules, proteins, immunogenic
composilions, including vaccines, and methods of their use 10 induce an immune response
and/or prevent or treat RRP. The immunogenic compositions preferably include a human
papillomavirus (HPV) antigen comprising a HPV6 E6 antigenic domain, a HPV6 E7
antigenic domain, a HPV 11 E6 antigenic domain, and a HPV11 E7 antigenic domain. The
disclosed immunogenic compositions arise from a multi-phase strategy in which modified
consensus sequences were generated and genetic modifications, including codon
optimization, RNA optimization, and the addition of a high efficient immunoglobin leader
sequence, were made. The immunogenic compositions can be used to protect against multiple
strains of HPV , thereby treating, preventing, and/or protecting against HPV-based
pathologies. In particular, the immunogenic compositions can be used 10 prevent or treal
HPV6- and/or HPV 11-based pathologies. The immunogenic compositions can significantly
induce an immune response of a subject administered the immunogenic composition, thereby
protecting against and treating HPV 6 infection, HPV11 infection, or both.

[0078] The vaccine can be a DNA vaccine, a peptide vaccine, or a combination
DNA and peptide vaccine. The DNA vaccine can include a nucleic acid sequence encoding
the HPV antigen. The nucleic acid sequence can be DNA, RNA, cDNA, a variant thereof, a
fragment thereof, or a combination thereof. The nucleic acid sequence can also include
additional sequences that encode linker, leader, or tag sequences that are linked to the HPV
antigen by a peptide bond. The peptide vaccine can include a HPV antigenic peptide, a HPV
antigenic protein, a variant thereof, a fragment thereof, or a combination thereof. The
combination DNA and peptide vaccine can include the above described nucleic acid sequence
encoding the HPV antigen and the HPV antigenic peptide or protein, in which the HPV
antigenic peptide or protein and the encoded HPV antigen have the same amino acid
sequence.

[0079] The vaccine can induce a humoral immune response in the subject
administered the vaccine. The induced humoral immune response can be specific for the
HPV6 E6 antigenic domain, the HPV6 E7 antigenic domain, the HPV11 E6 antigenic
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domain, the HPV11 E7 antigenic domain, or any combination thereof. The induced humoral
immune response can be reactive with the HPV6 E6 antigen, the HPV6 E7 antigen, the
HPV11 E6 antigen, the HPV11 E7 antigen, or any combination thereof. The humoral immune
response can be induced in the subject administered the vaccine by about 1.5-fold to about
16-fold, about 2-fold to about 12-fold, or about 3-fold to about 10-fold. The humoral immune
response can be induced in the subject administered the vaccine by al least aboult 1.5-fold, at
least about 2.0-fold, at least about 2.5-fold, at least about 3.0-fold, at least about 3.5-fold, at
least about 4.0-fold, at least about 4.5-fold, at least about 5.0-fold, at least about 5.5-fold, at
least about 6.0-fold, at least about 6.5-fold, at least about 7.0-fold, at least about 7.5-fold, at
least about 8.0-fold, at least about 8.5-fold, at least about 9.0-fold, at least about 9.5-fold, at
least about 10.0-fold, at least about 10.5-fold, at least about 11.0-fold, at least about 11.5-
fold, at least about 12.0-fold, at least about 12.5-fold, at least about 13.0-fold, at least about
13.5-fold, at least about 14.0-fold, at least about 14.5-fold, at least about 15.0-fold, at least
about 15.5-fold, or at least about 16.0-fold.

[0080] The humoral immune response induced by the vaccine can include an
increased level of IgG antibodies associated with the subject administered the vaccine as
compared to a subject not administered the vaccine. These IgG antibodies can be specific for
the HPV6 E6 antigen, the HPV6 E7 antigen, the HPV 11 E6 antigen, the HPV11 E7 antigen,
or any combination thereol. These IgG antibodies can be reactive with the HPV6 E6 antigen,
the HPV 6 E7 antigen, the HPV 11 E6 antigen, the HPV11 E7 antigen, or any combination
thereof. The level of IgG antibody associated with the subject administered the vaccine can
be increased by about 1.5-fold to about 16-fold, about 2-fold to about 12-fold, or about 3-fold
to about 10-fold as compared to the subject not administered the vaccine. The level of IgG
antibody associated with the subject administered the vaccine can be increased by at least
about 1.5-fold, at least about 2.0-fold, at least about 2.5-fold, at least about 3.0-fold, at least
about 3.5-fold, at least about 4.0-fold, at least about 4.5-fold, at least about 5.0-fold, at least
about 5.5-fold, at least about 6.0-fold, at least about 6.5-fold, at least about 7.0-fold, at least
about 7.5-fold, at least about 8.0-fold, at least about 8.5-fold, at least about 9.0-fold, at least
about 9.5-fold, at least about 10.0-fold, at least about 10.5-fold, at least about 11.0-fold, at
least about 11.5-fold, at least about 12.0-fold, at least about 12.5-fold, at least about 13.0-
fold, at least about 13.5-fold, at least about 14.0-fold, at least about 14.5-fold, at least about
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15.0-fold, at least about 15.5-fold, or at least about 16.0-fold as compared to the subject not
administered the vaccine.

[0081] The vaccine can induce a cellular immune response in the subject
administered the vaccine. The induced cellular immune response can be specific for the
HPV6 E6 antigen, the HPV6 E7 antigen, the HPV 11 E6 antigen, the HPV11 E7 antigen, or
any combination thereol. The induced cellular immune response can be reactive o the HPV6
E6 antigen, the HPV6 E7 antigen, the HPV11 E6 antigen, the HPV11 E7 antigen, or any
combination thereof. The induced cellular immune response can include eliciting a T cell
response. The elicited T cell response can be reactive with the HPV6 E6 antigen, the HPV6
E7 antigen, the HPV11 E6 antigen, the HPV11 E7 antigen, or any combination thereof. The
elicited T cell response can be polyfunctional. The induced cellular immune response can
include eliciting a T cell response, in which the T cells produce interferon-gamma (IFN-y).
The induced cellular immune response can include an increased T cell response associated
with the subject administered the vaccine as compared to the subject not administered the
vaccine. The T cell response associated with the subject administered the vaccine can be
increased by about 2-fold to about 30-fold, about 3-fold to about 25-fold, or about 4-fold to
about 20-fold as compared to the subject not administered the vaccine. The T cell response
associated with the subject administered the vaccine can be increased by at least about 1.5-
fold, at least about 2.0-lold, at least about 3.0-lold, at least about 4.0-fold, at least about 5.0-
fold, at least about 6.0-fold, at least about 6.5-fold, at least about 7.0-fold, at least about 7.5-
fold, at least about 8.0-fold, at least about 8.5-fold, at least about 9.0-fold, at least about 9.5-
fold, at least about 10.0-fold, at least about 10.5-fold, at least about 11.0-fold, at least about
11.5-fold, at least about 12.0-fold, at least about 12.5-fold, at least about 13.0-fold, at least
about 13.5-fold, at least about 14.0-fold, at least about 14.5-fold, at least about 15.0-fold, at
least about 16.0-fold, at least about 17.0-fold, at least about 18.0-fold, at least about 19.0-
fold, at least about 20.0-fold, at least about 21.0-fold, at least about 22.0-fold, at least about
23.0-fold, at least about 24.0-fold, at least about 25.0-fold, at least about 26.0-fold, at least
about 27.0-fold, at least about 28.0-fold, at least about 29.0-fold, or at least about 30.0-fold as
compared to the subject not administered the vaccine.

[0082] The vaccine of the present invention can have features required of effective
vaccines such as being safe so the vaccine itself does not cause illness or death; is protective

againsl illness resulting [rom exposure (o live pathogens such as viruses or bacteria; induces
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antibody to prevent invention of cells; induces protective T cells against intracellular
pathogens; and provides ease ol administration, [ew side ellects, biological stabilily, and low
cost per dose.

[0083] The vaccine can further induce an immune response when administered to
different tissues such as the muscle or skin. The vaccine can further induce an immune
response when administered via electroporation, or injection, or subculaneously, or
intramuscularly.

[0084] The HPV antigen is capable of eliciting an immune response in a mammal
against one or more HPV strains. Thus disclosed herein are HPV antigens comprisingaHP V6
antigenic domain and a HPV11 antigenic domain. The HPV6 antigenic domain may be
located N-terminal or C-terminal to the HPV11 antigenic domain.

[0085] In some embodiments, the HPV6 antigenic domain comprises an HPV6 E6
antigenic domain, a fragment thereof, or a variant thereof and an HPV 6 E7 antigenic domain,
a fragment thereof, a variant thereof, or a combination thereof. The HPV 6 E6 antigenic
domain may be located N-terminal or C-terminal (o the HPV6 E7 antigenic domain. In
some embodiments, the HPV 6 E6 antigenic domain can comprise an epitope(s) that
makes it particularly effective as an immunogen against which an immune response can be
induced. The HPV6 E6 antigenic domain can be a consensus sequence derived from two
or more strains of HPV6. The HPV6 E6 antigenic domain can comprise a consensus
sequence and/or modification(s) for improved expression. Modification can include
codon optimization, RNA optimization, addition of a kozak sequence for increased
translation initiation, and/or the addition of an immunoglobulin leader sequence to
increase the immunogenicity of the HPV6 E6 antigenic domain. The HPV6 E6 consensus
antigenic domain can comprise a signal peptide such as an immunoglobulin signal
peptide, for example, but not limited to, an immunoglobulin E (IgE) or immunoglobulin
(IgG) signal peptide. In some embodiments, the HPV6 E6 consensus antigenic domain
can comprise a hemagglutinin (HA) tag. The HPV6 E6 consensus antigenic domain can
be designed to elicit stronger and broader cellular and/or humoral immune responses than
a corresponding codon optimized HPV6 E6 antigenic domain. In some embodiments, the
HPV6 E7 antigenic domain can comprise an epitope(s) that makes it particularly effective
as an immunogen against which an immune response can be induced. The HPV6 E7

antigenic domain can be a consensus sequence derived [rom two or more strains of
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HPV6. The HPV6 E7 antigenic domain can comprise a consensus sequence and/or
modification(s) [or improved expression. Modilication can include codon optimization,
RNA optimization, addition of a kozak sequence for increased translation initiation,
and/or the addition of an immunoglobulin leader sequence to increase the
immunogenicity of the HPV6 E7 antigenic domain. The HPV6 E7 consensus antigenic
domain can comprise a signal peplide such as an immunoglobulin signal peplide, for
example, but not limited to. an immunoglobulin E (IgE) or immunoglobulin (IgG) signal
peptide. In some embodiments, the HPV6 E7 consensus antigenic domain can comprise a
hemagglutinin (HA) tag. The HPV6 E7 consensus antigenic domain can be designed to
elicit stronger and broader cellular and/or humoral immune responses than a
corresponding codon optimized HPV6 E7 antigenic domain.

[0086] In some embodiments, the HPV 11 antigenic domain comprises an HPV11
E6 antigenic domain, a fragment thereof, or a variant thereof and an HPV11 E7 antigenic
domain, a fragment thereof, a variant thereof, or a combination thereof. The HPV11 E6
antigenic domain may be positioned N-terminal or C-terminal to the HPV11 E7 antigenic
domain. In some embodiments, the HPV 11 E6 antigenic domain can comprise an
epitope(s) that makes it particularly effective as an immunogen against which an immune
response can be induced. The HPV11 E6 antigenic domain can be a consensus sequence
derived [rom (wo or more sirains ol HPV11. The HPV11 E6 antigenic domain can
comprise a consensus sequence and/or modification(s) for improved expression.
Modification can include codon optimization, RN A optimization, addition of a kozak
sequence for increased translation initiation, and/or the addition of an immunoglobulin
leader sequence to increase the immunogenicity of the HPV11 E6 antigenic domain. The
HPV11 E6 consensus antigenic domain can comprise a signal peptide such as an
immunoglobulin signal peptide, for example, but not limited to, an immunoglobulin E
(IgE) or immunoglobulin (Ig(G) signal peptide. In some embodiments, the HPV11 E6
consensus antigenic domain can comprise a hemagglutinin (HA) tag. The HPV 11 E6
consensus antigenic domain can be designed to elicit stronger and broader cellular and/or
humoral immune responses than a corresponding codon optimized HPV11 E6 antigenic
domain. In some embodiments, the HPV 11 E7 antigenic domain can comprise an
epitope(s) that makes it particularly effective as an immunogen against which an immune

response can be induced. The HPV11 E7 antigenic domain can be a consensus sequence
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derived from two or more strains of HPV11. The HPV11 E7 antigenic domain can
comprise a consensus sequence and/or modification(s) for improved expression.
Modification can include codon optimization, RN A optimization, addition of a kozak
sequence for increased translation initiation, and/or the addition of an immunoglobulin
leader sequence to increase the immunogenicity of the HPV 11 E7 antigenic domain. The
HPV11 E7 consensus anligenic domain can comprise a signal peptide such as an
immunoglobulin signal peptide, for example, but not limited to, an immunoglobulin E
(IgE) or immunoglobulin (Ig(G) signal peptide. In some embodiments, the HPV11 E7
consensus antigenic domain can comprise a hemagglutinin (HA) tag. The HPV11 E7
consensus antigenic domain can be designed to elicit stronger and broader cellular and/or
humoral immune responses than a corresponding codon optimized HPV11 E7 antigenic
domain.

[0087] In some aspects, the HPV antigen comprises the amino acid sequence of
SEQ ID NO:1 or SEQ ID NO: 11; an amino acid sequence that is at least about 95%, about
96%, about 97%, about 98%, or about 99% homologous 1o the amino acid sequence of SEQ
ID NO:1 or SEQ ID NO: 11; an immunogenic fragment of the amino acid sequence of SEQ
ID NO:1 or SEQ ID NO: 11; or an amino acid sequence that is at least about 95%, about
96%, about 97%, about 98%, or about 99% homologous to an immunogenic fragment of the
amino acid sequence ol SEQ ID NO:1 or SEQ ID NO: 11.

[0088] Fragments of the amino acid sequence of SEQ ID NO:1 or SEQ ID NO: 11
can comprise 60% or more, 65% or more, 70% or more, 75% or more, 80% or more, 85% or
more, 90% or more, 91% or more, 92% or more, 93% or more, 94% or more, 95% or more,
96% or more, 97% or more, 98% or more, 99% or more percent of the length of the full
length of the amino acid sequence of SEQ ID NO:1 or SEQ ID NO: 11. Fragments of the
amino acid sequence of SEQ ID NO:1 or SEQ ID NO: 11 can comprise 60% or more, 65% or
more, 70% or more, 75% or more, 80% or more, 85% or more, 90% or more, 91% or more,
929% or more, 93% or more, 94% or more, 95% or more, 96% or more, 97% or more, 98% or
more, 99% or more percent of the length of the full length of the amino acid sequence of SEQ
ID NO:1 or SEQ ID NO: 11. Fragments of SEQ ID NO:1 or SEQ ID NO: 11 may be 100%
identical to the full-length reference sequence except missing at least one amino acid from the
N and/or C terminal, in each case with or without signal peptides and/or a methionine at
position 1. Fragments of SEQ ID NO:1 or SEQ ID NO: 11 can comprise 60% or more, 65%
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or more, 70% or more, 75% or more, 80% or more, 85% or more, 90% or more, 91% or
more, 92% or more, 93% or more, 94% or more, 95% or more, 96% or more, 97% or more,
98% or more, 99% or more percent of the length of the full length SEQ ID NO:1 or SEQ ID
NO: 11, excluding any heterologous signal peptide added. The fragment can, preferably,
comprise a fragment of SEQ ID NO:1 or SEQ ID NO: 11 that is 95% or more, 96% or more,
97% or more, 98% or more or 99% or more homologous to SEQ ID NO:1 or SEQ ID NO: 11
and additionally comprise an N terminal methionine or heterologous signal peptide which is
not included when calculating percent homology Fragments can further comprise an N-
terminal methionine and/or a signal peptide such as an immunoglobulin signal peptide, for
example an IgE or IgG signal peptide. The N-terminal methionine and/or signal peptide may
be linked to the fragment.

[0089] In some embodiments, fragments of SEQ ID NO:1 or SEQ ID NO: 11 may
comprise 100 or more residues; in some embodiments, 200 or more residues; in some
embodiments 300 or more residues; in some embodiments, 400 or more residues; and in
some embodiments 500 or more residues.

[0090] In some aspects, the HPV antigen may comprise HPV6 and HPV 11
antigenic domains separated by one or more post-translational cleavage sites, one or more
translational skipping sites, or both. In some embodiments, a post-translational cleavage site
is localed between the HPV6 and HPV 11 antigen domains, between the HPV6 E6 and E7
antigenic domains, and/or between the HPV11 E6 and E7 antigenic domains. In some
embodiments, a translational skipping site is located between the HPV6 and HPV 11 antigen
domains, between the HPV6 E6 and E7 antigenic domains, and/or between the HPV11 E6
and E7 antigenic domains. In some embodiments, a post-translational cleavage site and a
translational skipping site are located between the HPV6 and HPV 11 antigen domains,
between the HPV6 E6 and E7 antigen domains, and/or between the HPV11 E6 and E7
antigenic domains. In some embodiments, the post-translational cleavage site is a furin
cleavage site. In some embodiments, the translational skipping site is a P2A site. In some
aspects, the HPV immunogenic protein comprises the amino acid sequence of SEQ ID NO: 1
or SEQID NO: 11.

[0091] In some aspects, the HPV antigen comprises the amino acid sequence of
SEQ ID NO:1 or SEQ ID NO: 11; an amino acid sequence that is at least about 95%, about
96%, about 97%, about 98%, or about 99% homologous to SEQ ID NO:1 or SEQ ID NO: 11;
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an immunogenic fragment of SEQ ID NO:1 or SEQ ID NO: 11; or an amino acid sequence
that is at least about 95%, aboul 96%, about 97%, about 98%, or about 99% homologous to
an immunogenic fragment of SEQ ID NO:1 or SEQ ID NO: 11.

[0092] Proteins of the invention may be generated using well known techniques. In
some embodiments, for example, DNA molecules that encode a protein of the invention can
be inserted into a commercially available expression veclor [or use in an expression syslem.
The protein produced is recovered from the culture, either by lysing the cells or from the
culture medium as appropriate and known to those in the art. One having ordinary skill in the
art can, using well known techniques, isolate protein that is produced using such expression
systems. The methods of purifying protein from natural sources using antibodies which
specifically bind to a specific protein as described above may be equally applied to purifying
protein produced by recombinant DNA methodology. In addition to producing proteins by
recombinant techniques, automated peptide synthesizers may also be employed to produce
isolated, essentially pure protein.

[0093] The HPV antigen can be anucleic acid molecule that encodes the HPV6-
HPV11 fusion antigen disclosed herein. The nucleotide sequence encoding the HPV11
antigenic domain may be located 5° or 3” to the nucleotide sequence encoding the HPV6
antigenic domain.

[0094] In some embodiments, the nucleic acid sequence encoding the HPV6
antigenic domain comprises a nucleic acid sequence encoding a HPV6 E6 antigenic domain
and a HPV6 E7 antigenic domain. The nucleic acid sequence encoding the HPV6 E6
antigenic domain may be located 5° or 3” to the nucleic acid sequence encoding the HPV6 E7
antigenic domain.

[0095] In some embodiments, the nucleic acid sequence encoding the HPV11
antigenic domain comprises a nucleic acid sequence encoding a HPV11 E6 antigenic domain
and a HPV11 E7 antigenic domain. The nucleic acid sequence encoding the HPV11 E6
antigenic domain may be located 5” or 3” to the nucleic acid sequence encoding the HPV11
E7 antigenic domain.

[0096] In some aspects, nucleotide sequences encoding antigenic domains of the
HPYV antigen may be separated by nucleotide sequences encoding one or more post-
translational cleavage sites, one or more translational skipping sites, or both. In some

embodiments, a nucleotide sequence encoding a posi-translational cleavage sile is located
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between the nucleotide sequences encoding the HPV6 and HPV11 antigenic domains,
between the nucleotide sequences encoding the HPV6 E6 and E7 antigenic domains, between
the nucleotide sequences encoding the HPV11 E6 and E7 antigenic domains, or any
combination thereof. In some embodiments, nucleotide sequences encoding a translational
skipping site is located between the nucleotide sequences encoding the HPV6 and HPV 11
anligen domains, beltween (he nucleolide sequences encoding the HPV6 E6 and E7 anligen
domains, between the nucleotide sequences encoding the HPV11 E6 and E7 antigenic
domains, or any combination thereof. In some embodiments, nucleotide sequences encoding
a post-translational cleavage site and a translational skipping site are located between the
nucleotide sequences encoding the HPV6 and HPV 11 antigenic domains, between the
nucleotide sequences encoding the HPV6 E6 and E7 antigenic domains, between the
nucleotide sequences encoding the HPV11 E6 and E7 antigenic domains, or any combination
thereof. In some embodiments, the post-translational cleavage site is a furin cleavage site. In
some embodiments, the translational skipping site is a P2A site.

[0097] In some embodiments, the nucleic acid sequence encoding the HPV antigen
comprises: the nucleotide sequence of SEQ ID NO:2 or SEQ ID NO: 12; a nucleotide
sequence that is at least about 95%, about 96%, about 97%, about 98%, or about 99%
homologous to the nucleotide sequence of SEQ ID NO:2 or SEQ ID NO: 12; a fragment of
the nucleotide sequence of SEQ ID NO:2 or SEQ ID NO: 12; or a nucleotide sequence that is
at least about 95%, about 96%, about 97%, about 98%, or about 99% homologous to a
fragment of the nucleotide sequence of SEQ ID NO:2 or SEQ ID NO: 12. Fragments can
further comprise coding sequences for an N terminal methionine and/or a signal peptide such
as an immunoglobulin signal peptide, for example an IgE or IgG signal peptide. The coding
sequence encoding the N-terminal methionine and/or signal peptide may be linked to the
fragment.

[0098] Nucleic acid molecules that comprise a nucleotide sequence that encodes the
immunogen(s) may be operably linked to regulatory elements. The nucleic acid molecule
can be DNA, RNA, cDNA, a variant thereof, a fragment thereof, or a combination thereof.
The nucleic acid sequence can also include additional sequences that encode linker or tag
sequences that are linked to the antigen by a peptide bond.

[0099] In some aspects. the nucleic acid molecule encoding the HPV antigen is

an expression veclor. An expression veclor can be a circular plasmid or a linear nucleic
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acid. An expression vector is capable of directing expression of a particular nucleotide
sequence in an appropriate subject cell. An expression vector can have a promoter
operably linked to the antigen-encoding nucleotide sequence, which may be operably
linked to termination signals. An expression vector can also contain sequences required
for proper translation of the nucleotide sequence. The expression vector comprising the
nucleotide sequence of interest may be chimeric, meaning that at least one ofils
components is heterologous with respect to at least one of its other components. The
expression of the nucleotide sequence in the expression cassette may be under the control
of a constitutive promoter or of an inducible promoter, which initiates transcription only
when the host cell is exposed to some particular external stimulus. In the case of a
multicellular organism, the promoter can also be specific to a particular tissue or organ or
stage of development.

[0100] In one embodiment, the nucleic acid is an RNA molecule. Accordingly,
in one embodiment, the invention provides an RNA molecule encoding one or more
polypeptides ol interest. The RN A may be plus-stranded. Accordingly, in some
embodiments, the RNA molecule can be translated by cells without needing any
intervening replication steps such as reverse transcription. An RN A molecule useful with
the invention may have a 5’ cap (e.g. a 7- methylguanosine). This cap can enhance in vivo
translation of the RNA. The 5’ nucleotide of an RNA molecule uselul with the invention
may have a 5' triphosphate group. In a capped RNA this may be linked to a 7-
methylguanosine via a 5'-to-5’ bridge. An RNA molecule may have a 3’ poly-A tail. It may
also include a poly-A polymerase recognition sequence (e.g. AAUAAA)nearits 3’ end.
An RNA molecule useful with the invention may be single- stranded. In some
embodiments, the RN A molecule is anaked RNA molecule. In one embodiment, the RNA
molecule is comprised within avector.

[0101] In one embodiment, the RNA has 5' and 3' UTRs. In one embodiment, the
5' UTR is between zero and 3000 nucleotides in length. The length of 5' and 3' UTR
sequences to be added to the coding region can be altered by different methods, including,
but not limited to, designing primers for PCR that anneal to different regions of the UTRs.
Using this approach, one of ordinary skill in the art can modify the 5' and 3' UTR lengths
required to achieve optimal translation efficiency following transfection of the
transcribed RNA.
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[0102] The5'and 3' UTRs can be the naturally occurring, endogenous 5' and 3'
UTRs [or the gene ofinterest. Alternatively, UTR sequences that are not endogenous to the
gene of interest can be added by incorporating the UTR sequences into the forward and
reverse primers or by any other modifications of the template. The use of UTR sequences
that are not endogenous to the gene of interest can be useful for modifying the stability
and/or translation efficiency of the RNA. For example, it is known thal AU-rich elements
in 3' UTR sequences can decrease the stability of RNA. Therefore, 3' UTRSs can be selected
or designed to increase the stability of the transcribed RN A based on properties of UTRs
that are well known in the art.

[0103] In one embodiment, the 5' UTR can contain the Kozak sequence of the
endogenous gene. Alternatively, when a 5' UTR that is not endogenous to the gene of
interest is being added by PCR as described above, a consensus Kozak sequence can be
redesigned by adding the 5' UTR sequence. Kozak sequences can increase the efficiency
of translation of some RNA transcripts, but does not appear to be required for all RNAs
to enable efficient translation. The requirement for Kozak sequences for many RNAs is
known in the art. In other embodiments, the 5' UTR can be derived from an RNA virus
whose RN A genome is stable in cells. In other embodiments, various nucleotide
analogues can be used in the 3' or 53' UTR to impede exonuclease degradation of the RNA.

[0104] In one embodiment, the RNA has both a cap on the 5' end and a 3' poly(A)
tail which determine ribosome binding, initiation of translation and stability of RNA in the
cell.

[0105] Inoneembodiment, the RNA is anucleoside-modified RNA. Nucleoside-
modified RNA have partlicular advantages over non-modified RNA, including for example,
increased stability, low or absent innate immunogenicity, and enhanced translation.

[0106] The expression vector may be a circular plasmid, which may transform a
target cell by integration into the cellular genome or exist extrachromosomally (e.g.,
autonomous replicating plasmid with an origin of replication). The vector can be pVAX,
pcDNA3.0, or provax, or any other expression vector capable of expressing DNA
encoding the antigen and enabling a cell to translate the sequence to an antigen that is
recognized by the immune system.

[0107] Also provided herein is a linear nucleic acid immunogenic composition,

or linear expression casselle (“LEC™), that is capable of being efficiently delivered to a
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subject via electroporation and expressing one or more desired antigens. The LEC may
be any linear DNA devoid ol any phosphate backbone. The DN A may encode one or more
antigens. The LEC may contain a promoter, an intron, a stop codon, and/or a
polyadenylation signal. The expression of the antigen may be controlled by the promoter.
The LEC may not contain any antibiotic resistance genes and/or a phosphate backbone.
The LEC may not conlain other nucleotide sequences unrelated Lo the desired antigen
gene expression. The LEC may be derived from any plasmid capable of being linearized.
The plasmid may be capable of expressing the antigen. The plasmid can be pNP (Puerto
Rico/34) or pM2 (New Caledonia/99). The plasmid may be WLV009, pVAX, pcDNA3.0,
or provax, or any other expression vector capable of expressing DNA encoding the
antigen and enabling a cell to translate the sequence to an antigen that is recognized by the
immune system. The LEC can be pcrM2. The LEC can be pcrNP. pcrNP and pcrMR can
be derived from pNP (Puerto Rico/34) and pM2 (New Caledonia/99), respectively.

[0108] The vector can comprise heterologous nucleic acid encoding the above
described antigens and can [urther comprise an initiation codon, which can be upstream ol
the one or more cancer antigen coding sequence(s), and a stop codon, which can be
downstream of the coding sequence(s) of the above described antigens.

[0109] The vector may have a promoter. A promoter may be any promoter that is
capable of driving gene expression and regulating expression ol the isolated nucleic acid.
Such a promoter is a cis-acting sequence element required for transcription via a DNA
dependent RNA polymerase, which transcribes the antigen sequence described herein.
Selection of the promoter used to direct expression of a heterologous nucleic acid depends
on the particular application. The promoter may be positioned about the same distance
from the transcription start in the vector as it is from the transcription start site in its
natural setting. However, variation in this distance may be accommodated without loss of
promoter function.

[0110] The initiation and termination codon can be in frame with the coding
sequence(s) of the above described antigens. The vector can also comprise a promoter that
is operably linked to the coding sequence(s) of the above described antigens. The
promoter operably linked to the coding sequence(s) of the above described antigens can be
apromoter from simian virus 40 (S§V40), a mouse mammary tumor virus (MMTV)

promoter, a human immunodeficiency virus (HIV) promoter such as the bovine
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immunodeficiency virus (BIV) long terminal repeat (LTR) promoter, a Moloney virus
promoter, an avian leukosis virus (ALV) promoler, a cylomegalovirus (CMV) promoler
such as the CMV immediate early promoter, Epstein Barr virus (EBV) promoter, or a Rous
sarcoma virus (RSV) promoter. The promoter can also be a promoter from a human gene
such as human actin, human myosin, human hemoglobin, human muscle creatine, or
human metallothionein. The promolter can also be a tissue specific promolter, such as a
muscle or skin specific promoter. natural or synthetic. Examples of such promoters are
described in US patent application publication no. US20040175727, the contents of which
are incorporated herein in its entirety.

[0111] The vector can also comprise a polyadenylation signal, which can be
downstream of the coding sequence(s) of the above described antigens and/or antibodies.
The polyadenylation signal can be a SV40 polyadenylation signal, LTR polyadenylation
signal, bovine growth hormone (bGH) polyadenylation signal, human growth hormone
(hGH) polyadenylation signal, or human p-globin polyadenylation signal. The SV40
polyadenylation signal can be a polyadenylation signal from a pCEP4 vector (Invitrogen,
San Diego, CA).

[0112] The vector can also comprise an enhancer upstream of the above
described antigens. The enhancer can be necessary for expression. The enhancer can be
human actin, human myosin, human hemoglobin, human muscle creatine or a viral
enhancer such as one from CMV, HA, RSV or EBV.

[0113] The vector may include an enhancer and an intron with functional splice
donor and acceptor sites. The vector may contain a transcription termination region
downsiream ol the structural gene (o provide (or efficient termination. The termination
region may be obtained from the same gene as the promoter sequence or may be obtained
from different genes.

[0114] The vector can further comprise elements or reagents that inhibit it from
integrating into the chromosome. The vector can comprise a mammalian origin of
replication in order to maintain the vector extrachromosomally and produce multiple
copies of the vector in a cell. The vector can be pVAXI1, pCEP4 or pREP4 from
Invitrogen (San Diego, CA), which can comprise the Epstein Barr virus origin of
replication and nuclear antigen EBNA-1 coding region, which can produce high copy

episomal replication without integration. The vector can be pVAXI1 or a pVAXI variant
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with changes such as the variant plasmid described herein. The variant pVax1 plasmid is a
2998 base pair variant of the backbone vector plasmid pV AX1 (Invitrogen, Carlsbad
CA). The CMYV promoter is located at bases 137-724. The T7 promoter/priming site is at
bases 664-683. Multiple cloning sites are at bases 696-811. Bovine GH polyadenylation
signal is at bases 829-1053. The Kanamy cin resistance geneis at bases 1226-2020. The
pUC origin is al bases 2320-2993,

[0115] Based upon the sequence of pV AXI1 available from Invitrogen, the
following mutations were found in the sequence of pVAXI1:

C>@G241 in CMYV promoter
C>T 1942 backbone, downstream of the bovine growth hormone
polyadenylation signal (bGHpoly A)
A> - 2876 backbone, downstream of the Kanamycin gene
C>T 3277 in pUC origin of replication (Ori) high copy number mutation (see
Nucleic Acid Research 1985)
G>C 3753 in very end of pUC Ori upstream of RNASeH site
Base pairs 2, 3 and 4 are changed from ACT to CTG in backbone, upstream of
CMYV promoter.

[0116] The backbone ofthe vector can be pAV0242. The vector canbe a
replication defective adenovirus type 5 (Ad5) vector.

[0117] The vector can also comprise a regulatory sequence, which can be well
suited for gene expression in a mammalian or human cell into which the vector is
administered. The antigen sequences disclosed herein can comprise a codon, which can
allow more efficient transcription of the coding sequence in the host cell.

[0118] The vectlor can be pSE420 (Invitrogen, San Diego, Calil.). which can be
used for protein production in Escherichia coli (E. coli). The vector can also be pYES2
(Invitrogen, San Diego, Calif.), which can be used for protein production in
Saccharomyces cerevisiae strains of yeast. The vector can also be of the MAXBAC™
complete baculovirus expression system (Invitrogen, San Diego, Calil.), which can be
used for protein production in insect cells. The vector can also be pcDNA I or pcDNA3
(Invitrogen, San Diego, Calif.), which may be used for protein production in mammalian
cells such as Chinese hamster ovary (CHO) cells. The vector can be expression vectors or

systems to produce protein by routine techniques and readily available starting materials
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including Sambrook et al., Molecular Cloning and Laboratory Manual, Second Ed., Cold
Spring Harbor (1989), incorporated (ully herein by relerence.

[0119] An exemplary DNA plasmid comprises SEQ ID NO: 3.

[0120] Immunogenic compositions of the invention may include a HPV antigen of
the invention, a recombinant vaccine comprising a nucleotide sequence that encodes a HPV
antigen of (he invention, a live allenuated pathogen that encodes a HPV anligen of the
invention and/or includes a HPV antigen of the invention; a killed pathogen including a HPV
antigen of the invention; or a composition such as a liposome or subunit vaccine that
comprises a HPV antigen of the invention. The present invention further relates to
pharmaceutical compositions, for example but not limited to injectable pharmaceutical
compositions, that comprise the disclosed immunogenic compositions.

[0121] The immunogenic compositions of the invention may be formulated with
suitable pharmaceutically acceptable carriers, excipients, and other agents that provide
suitable transfer, delivery, tolerance, and the like. The pharmaceutically acceptable excipient
can be functional molecules such as vehicles, carriers, or diluents.

[0122] The pharmaceutically acceptable excipient can be a transfection facilitating
agent, which can include surface active agents, such as immune-stimulating complexes
(ISCOMS), Freunds incomplete adjuvant, LPS analog including monophosphoryl lipid A,
muramyl peptides, quinone analogs, vesicles such as squalene and squalene, hyaluronic acid,
lipids, liposomes, calcium ions, viral proteins, polyanions, polycations, or nanoparticles, or
other known transfection facilitating agents.

[0123] The pharmaceutically acceptable excipient may be an adjuvant. In some
aspects are provided compositions and vaccines comprising the HPV antigen of the invention
in combination with an adjuvant. The adjuvant can be other genes that are expressed in an
alternative plasmid or are delivered as proteins in combination with the HPV antigen of the
invention. The adjuvant may be selected from the group consisting of: a-interferon (IFN-o),
B-interferon (IFN-f), y-interferon, platelet derived growth factor (PDGF), TNFo, TNFf3, GM-
CSF, epidermal growth factor (EGF), cutaneous T cell-attracting chemokine (CTACK),
epithelial thymus-expressed chemokine (TECK), mucosae-associated epithelial chemokine
(MEC), IL-12, IL-15, MHC, CD80, CD86 including IL-15 having the signal sequence
deleted and optionally including the signal peptide from IgE. The adjuvant can be 1L-12, IL-
15, IL-28, CTACK, TECK, platelet derived growth lactor (PDGF), TNFa, TNFp, GM-CSF,
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epidermal growth factor (EGF), 1L-1, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12, IL-18, or a
combination thereol.

[0124] Other genes that can be useful as adjuvants include those encoding: MCP-1,
MIP-1a, MIP-1p, IL-8, RANTES, L-selectin, P-selectin, E-selectin, CD34, GlyCAM-1,
MadCAM-1, LFA-1, VLA-1, Mac-1, p150.95, PECAM, ICAM-1, ICAM-2, ICAM-3, CD2,
LFA-3, M-CSF, G-CSF, IL-4, mutant forms ol IL-18, CD40, CD40L, vascular growth (actor,
fibroblast growth factor, IL-7, IL-22, nerve growth factor, vascular endothelial growth factor,
Fas, TNF receptor, FIt, Apo-1, p55, WSL-1, DR3, TRAMP, Apo-3, AIR, LARD, NGRF,
DR4, DRS, KILLER, TRAIL-R2, TRICK2, DR6, Caspase ICE, Fos, c-jun, Sp-1, Ap-1, Ap-2,
p38, p635Rel, MyDS88, IRAK, TRAF6, IkB, Inactive NIK, SAP K, SAP-1, JNK, interferon
response genes, NFkB, Bax, TRAIL, TRAILrec, TRAILrecDRC5, TRAIL-R3, TRAIL-R4,
RANK, RANK LIGAND, 0x40, Ox40 LIGAND, NKG2D, MICA, MICB, NKG2A,
NKG2B, NKG2C, NKG2E, NKG2F, TAP1, TAPZ2 and functional fragments thereof.

[0125] In certain embodiments, the adjuvant is interleukin-12 (IL12). IL12 may be
included in a vaccine in the form olits p35 and p40 subunits. The adjuvant IL-12 may be
administered to the subject as its p35 and p40 subunits. The IL12 p35 and p40 subunits
may be encoded by the same expression vector or by separate expression vectors. The
nucleic acid molecule encoding the IL12 may the same as or different than the nucleic acid
molecule encoding the HPV6 antigen [used to the HPV 11 antigen. In some aspects, the
nucleic acid molecule encoding IL.12 comprises a nucleotide sequence encoding the p35
subunit of IL-12, the p40 subunit of IL-12, or both. The nucleic acid molecule encoding the
p35 subunit of IL12 may comprise a nucleotide sequence that encodes SEQ ID NO:6: a
nucleotide sequence that is at least about 95%, about 96%, about 97%, about 98%, or about
99% homologous to a nucleotide sequence that encodes SEQ ID NO:6; a fragment of a
nucleotide sequence that encodes SEQ ID NO:6; or a nucleotide sequence that is at least
about 95%, about 96%,. about 97%, about 98%, or about 99% homologous to a fragment of a
nucleotide sequence that encodes SEQ ID NO:6. The nucleic acid molecule encoding the p40
subunit of IL12 may comprise a nucleotide sequence that encodes SEQ ID NO:8; a
nucleotide sequence that is at least about 95%, about 96%, about 97%, about 98%, or about
99% homologous to a nucleotide sequence that encodes SEQ ID NO:8; a fragment of a
nucleotide sequence that encodes SEQ ID NO:8; or a nucleotide sequence that is at least 95%

homologous (o a [ragment of a nucleotide sequence that encodes SEQ ID NO:8. The nucleic
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acid molecule encoding the p35 subunit of IL12 may comprise a nucleotide sequence of SEQ
ID NO:5; a nucleotide sequence that is at least about 95%, about 96%, about 97%, about
98%, or about 99% 1identical to the nucleotide sequence of SEQ ID NO:5; a fragment of the
nucleotide sequence of SEQ ID NO:5; or a nucleotide sequence that is at least about 95%,
about 96%, about 97%, about 98%, or about 99% identical to a fragment of the nucleotide
sequence of SEQ ID NO:5. The nucleic acid molecule encoding the p40 subunit of IL12 may
comprise a nucleotide sequence of SEQ ID NO:7; a nucleotide sequence that is at least about
95%, about 96%, about 97%, about 98%, or about 99% identical to the nucleotide sequence
of SEQ ID NO:7; a fragment of the nucleotide sequence of SEQ ID NO:7; or a nucleotide
sequence that is at least about 95%, about 96%, about 97%, about 98%, or about 99%
identical to a fragment of the nucleotide sequence of SEQ ID NO:7.

[0126] In some embodiments of the described immunogenic compositions, the
composition comprises pGX3024 and pGX6010. In some embodiments, the composition is
INO-3107.

[0127] As used herein, "buller" refers to a bullered solution that resists changes in
pH by the action of its acid-base conjugate components. The buffer generally has a pH from
about 4.0 to about 8.0, for example from about 5.0 to about 7.0. In some embodiments, the
buffer is saline-sodium citrate (SSC) buffer. In some embodiments in which the
immunogenic composilion comprises a veclor comprising a nucleic acid molecule encoding a
HPYV antigen as described above, the immunogenic composition comprises 6 mg/ml of vector
in buffer, for example but not limited to SSC buffer. In some embodiments, the immunogenic
composition comprises 6 mg/mL of the DNA plasmid pGX3024 in buffer. In some
embodiments in which the immunogenic composition further comprises a separate vector
comprising a nucleic acid molecule encoding the p35 subunit of TL.-12, the p40 subunit of TL-
12, or both, the immunogenic composition comprises 0.25 mg/ml of the separate vector in the
buffer. In some embodiments, the immunogenic composition comprises 0.25 mg/mL of the
DNA plasmid pGX6010 in the buffer in addition to the vector comprising a nucleic acid
molecule encoding the HPV antigen (e.g., pGX3024).

[0128] The pharmaceutical compositions according to the present invention are
formulated according to the mode of administration to be used. In cases where
pharmaceutical compositions are injectable pharmaceutical compositions, they are sterile,

pyrogen [ree and particulate [ree. An isotonic [ormulation is prelerably used. Generally,
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additives for isotonicity can include sodium chloride, dextrose, mannitol, sorbitol and lactose.
In some cases, isotonic solutions such as phosphate bullered saline are prelerred. Stabilizers
include gelatin and albumin. In some embodiments, a vasoconstriction agent is added to the
formulation.

[0129] Also provided herein are methods of treating, protecting against, and/or
preventing disease in a subjecl in need thereof by administering the vaccine of the invention
to the subject. Administration of the vaccine to the subject can induce or elicit an immune
response in the subject. Methods of inducing an immune response in a subject comprising
administering to the subject an effective amount of the HPV antigen of the invention to
thereby induce the immune response are thus provided.

[0130] Further provided are methods of prophylactically or therapeutically
immunizing a subject against HPV6, HPV 11, or both, comprising administering to the
subject an effective amount of the HPV antigen of the invention to thereby induce an
immune response against HPV6, HPV 11, or both. Also provided are methods for treating or
preventing recurrent respiratory papillomatosis (RRP) in a subject comprising administering
to the subject an effective amount of the HPV antigen of the invention to thereby treat or
prevent RRP.

[0131] The induced immune response can be used to treat, prevent, and/or protect
againsi disease, [or example, pathologies relating to HPV inlection. In some embodiments,
are provided methods of treating, protecting against, and/or preventing RRP in a subject in
need thereof by administering the HPV antigen of the invention to the subject. The induced
immune response provides the subject administered the vaccine resistance to one or more
HPYV strains. The induced immune response can include an induced humoral immune
response and/or an induced cellular immune response.

[0132] The subject can be a mammal, such as a human, a horse, a cow, a pig, a
sheep, a cat, a dog, a rabbit, a guinea pig, a rat, or a mouse.

[0133] The vaccine dose can be between 1 pg to 10 mg total plasmid per injection,
preferably 6.25 mg total plasmid per injection. The vaccine can be administered every 1, 2, 3,
4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
or 31 days. The number of vaccine doses for effective treatment canbe 1, 2, 3,4, 5,6, 7, 8,9,

or 10.
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[0134] The vaccine can be administered prophylactically or therapeutically. In
prophylactic administration, the vaccines can be administered in an amount sullicient to
induce an immune response. In therapeutic applications, the vaccines are administered to a
subject in need thereof in an amount sufficient to elicit a therapeutic effect. An amount
adequate to accomplish this is defined as “therapeutically effective dose.” Amounts effective
for this use will depend on, e.g., the particular composition of the vaccine regimen
administered, the manner of administration, the stage and severity of the disease, the general
state of health of the patient, and the judgment of the prescribing physician.

[0135] The vaccine can be administered by methods well known in the art as
described in Donnelly et al. (Ann. Rev. Immunol. 15:617-648 (1997)); Felgner et al. (U.S.
Pat. No. 5,580,859, issued Dec. 3, 1996); Felgner (U.S. Pat. No. 5,703,055, issued Dec. 30,
1997); and Carson et al. (U.S. Pat. No. 5,679,647, issued Oct. 21, 1997), the contents of all of
which are incorporated herein by reference in their entirety. The DNA of the vaccine can be
complexed to particles or beads that can be administered to an individual, for example, using
a vaccine gun. One skilled in the art would know that the choice of a pharmaceutically
acceptable carrier, including a physiologically acceptable compound, depends, for example,
on the route of administration of the expression vector.

[0136] In some embodiments of the described methods, the subject is administered
pGX3024 and pGX6010. In some embodiments, the pGX3024 and pGX6010 are
administered to the subject as INO-3107. In some embodiments, the pGX3024 and pGX6010
are administered to the subject as INO-3107 drug product containing 6.25 mg total
plasmid/mL (6 mg/mL pGX3024, 0.25 mg/mL pGX6010) in 150 mM sodium chloride and
15 mM sodium citrate, pH 7.

[0137] The vaccine can be delivered via a variety of routes. Typical delivery routes
include parenteral administration, e.g., intradermal, intramuscular or subcutaneous delivery.
Other routes include oral administration, intranasal, and intravaginal routes. For the DNA of
the vaccine in particular, the vaccine can be delivered to the interstitial spaces of tissues of an
individual (Felgner et al., U.S. Pat. Nos. 5,580,859 and 5,703,055, the contents of all of
which are incorporated herein by reference in their entirety). The vaccine can also be
administered to muscle, or can be administered via intradermal or subcutaneous injections, or
transdermally, such as by iontophoresis. Epidermal administration of the vaccine can also be

employed. Epidermal administration can involve mechanically or chemically irritating the
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outermost layer of epidermis to stimulate an immune response to the irritant (Carson et al.,
U.S. Pat. No. 5,679,647, the conlents of which are incorporated herein by relerence in its
entirety).

[0138] According to some embodiments, a vaccine is delivered to an individual to
modulate the activity of the individual's immune svstem and thereby enhance the immune
response against HPV (o treal RRP. When a nucleic acid molecule that encodes the HPV
antigen of the invention is taken up by cells of the individual, the nucleotide sequence is
expressed in the cells and the protein are thereby delivered to the individual. Methods of
delivering the coding sequences of the protein on nucleic acid molecule such as plasmid, as
part of recombinant vaccines and as part of attenuated vaccines, as isolated proteins or
proteins part of a vector are provided.

[0139] The methods comprise administering to a subject the HPV antigen of the
invention. In some aspects. the methods include a step of introducing the provided nucleic
acid molecules followed by electroporation.

[0140] The disclosed methods may comprise administration of a plurality of
copies of a single nucleic acid molecule such as a single plasmid, or a plurality of copies of
two or more different nucleic acid molecules such as two or more different plasmids. For
example, the methods may comprise administration of two, three, four, five, six, seven,
eight, nine or ten or more dillerent nucleic acid molecules.

[0141] In certain embodiments, the disclosed methods of inducing an immune
response or methods of preventing ortreating RRP further comprise administering to the subject
an adjuvant. In certain embodiments, the adjuvantis IL12. IL12 may be included in a
vaccine in the form of its p35 and p40 subunits. The adjuvant IL-12 may be administered
to the subject as its p35 and p40 subunits. The IL.12 p35 and p40 subunits may be
encoded by the same expression vector or by separate expression vectors. In one
embodiment, the IL12 p35 encoding sequence is as set forth in SEQ ID NO:5. In one
embodiment, the IL12 p35 subunit has an amino acid sequence as set forth in SEQ ID
NO:6. In one embodiment, the IL12 p40 encoding sequence is as set forth in SEQ ID
NO:7. In one embodiment, the IL 12 p40 subunit has an amino acid sequence as set forth
in SEQ ID NO:8. In some embodiments, the expression vector is pGX6012 or pGX6010. In
certain embodiments, the methods are clinically proven safe, clinically proven effective, or
both.
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[0142] In some embodiments, the method comprises concurrent administration of:
(a) an immunogenic composition comprising a HPV antigen as disclosed herein and (b) a
composition comprising a nucleic acid molecule encoding one or more I11.-12 subunits (e.g.
p35 and/or p40) disclosed herein. In some embodiments, the method comprises administering
a composition comprising a nucleic acid molecule encoding one or more IL-12 subunits (e.g.
p35 and/or p40) disclosed herein after the prior administration of a composition comprising a
nucleic acid molecule encoding a HPV antigen disclosed herein. In some embodiments, the
method comprises administering a composition comprising a nucleic acid molecule encoding
a HPV antigen disclosed herein after the prior administration of a composition comprising a
nucleic acid molecule encoding one or more IL-12 subunit (e.g. p33 and/or p40) disclosed
herein.

[0143] Routes of administration include, but are not limited to, intramuscular,
intranasally, intraperitoneal, intradermal, subcutaneous, intravenous, intraarterially,
intraoccularly and oral as well as topically, transdermally, by inhalation or suppository or to
mucosal tissue such as by lavage (o vaginal, rectal, urethral, buccal and sublingual tissue.
Preferred routes of administration include intramuscular, intraperitoneal, intradermal and
subcutaneous injection. Genetic constructs may be administered by means including, but not
limited to, electroporation methods and devices, traditional syringes, needleless injection
devices, or "microprojectile bombardment gone guns".

[0144] The vaccine can be administered via electroporation, such as by a method
described in U.S. Pat. No. 7,664,545, the contents of which are incorporated herein by
reference. The electroporation can be by a method and/or apparatus described in U.S. Pat.
Nos. 6,302,874, 5,676,646, 6,241,701, 6,233,482, 6,216,034, 6,208,893; 6,192,270;
6,181,964 6,150,148: 6,120.493; 6,096,020, 6,068,650; and 5,702,359, the contents of which
are incorporated herein by reference in their entirety. The electroporation may be carried out
via a minimally invasive device.

[0145] The minimally invasive electroporation device (“MID”’) may be an apparatus
for injecting the vaccine described above and associated fluid into body tissue. The device
may comprise a hollow needle, DNA cassette, and fluid delivery means, wherein the device
is adapted to actuate the fluid delivery means in use so as to concurrently (for example,
automatically) inject DNA into body tissue during insertion of the needle into the said body

tissue. This has the advantage that the ability to inject the DNA and associated (luid gradually
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while the needle is being inserted leads to a more even distribution of the fluid through the
body tissue. The pain experienced during injeciion may be reduced due to the distribution ol
the DNA being injected over a larger area.

[0146] The MID may inject the vaccine into tissue without the use of a needle. The
MID may inject the vaccine as a small stream or jet with such force that the vaccine pierces
the surlace of the tissue and enters the underlying tissue and/or muscle. The [orce behind the
small stream or jet may be provided by expansion of a compressed gas, such as carbon
dioxide through a micro-orifice within a fraction of a second. Examples of minimally
invasive electroporation devices, and methods of using them, are described in published U.S.
Patent Application No. 20080234655; U.S. Pat. Nos. 6,520,950; 7,171,264; 6,208,893;
6,009,347 6,120,493 7,245,963 7,328.,064; and 6,763,264, the contents of each of which are
herein incorporated by reference.

[0147] The MID may comprise an injector that creates a high-speed jet of liquid that
painlessly pierces the tissue. Such needle-free injectors are commercially available. Examples
of needle-[ree injectors that can be utilized herein include those described in U.S. Pat. Nos.
3,805,783; 4,447,223, 5,505,697, and 4,342,310, the contents of each of which are herein
incorporated by reference.

[0148] A desired vaccine in a form suitable for direct or indirect electrotransport
may be introduced (e.g., injected) using a needle-[ree injector into the tissue {0 be treated,
usually by contacting the tissue surface with the injector so as to actuate delivery of a jet of
the agent, with sufficient force to cause penetration of the vaccine into the tissue. For
example, if the tissue to be treated is mucosa, skin or muscle, the agent is projected towards
the mucosal or skin surface with sufficient force to cause the agent to penetrate through the
stratum corneum and into dermal layers, or into underlying tissue and muscle, respectively.

[0149] Needle-free injectors are well suited to deliver vaccines to all types of
tissues, particularly to skin and mucosa. In some embodiments, a needle-free injector may be
used to propel a liquid that contains the vaccine to the surface and into the subject's skin or
mucosa. Representative examples of the various types of tissues that can be treated using the
invention methods include pancreas, larynx, nasopharvnx, hypopharynx, oropharynx, lip,
throat, lung, heart, kidney, muscle, breast, colon, prostate, thymus, testis, skin, mucosal

tissue, ovary, blood vessels, or any combination thereof.
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[0150] The MID may have needle electrodes that electroporate the tissue. By
pulsing between multiple pairs of electrodes in a multiple electrode array, [or example sel up
in rectangular or square patterns, provides improved results over that of pulsing between a
pair of electrodes. Disclosed, for example, in U.S. Pat. No. 5,702,359 entitled “Needle
Electrodes for Mediated Delivery of Drugs and Genes™ is an array of needles wherein a
plurality of pairs of needles may be pulsed during the therapeultic treatment. In that
application, which is incorporated herein by reference as though fully set forth, needles were
disposed in a circular array, but have connectors and switching apparatus enabling a pulsing
between opposing pairs of needle electrodes. A pair of needle electrodes for delivering
recombinant expression vectors to cells may be used. Such a device and system is described
in U.S. Pat. No. 6,763,264, the contents of which are herein incorporated by reference.
Alternatively, a single needle device may be used that allows injection of the DNA and
electroporation with a single needle resembling a normal injection needle and applies pulses
of lower voltage than those delivered by presently used devices, thus reducing the electrical
sensation experienced by the patient.

[0151] The MID may comprise one or more electrode arrays. The arrays may
comprise two or more needles of the same diameter or different diameters. The needles may
be evenly or unevenly spaced apart. The needles may be between 0.005 inches and 0.03
inches, between 0.01 inches and 0.025 inches; or between 0.015 inches and 0.020 inches. The
needle may be 0.0175 inches in diameter. The needles may be 0.5 mm_ 1.0 mm, 1.5 mm, 2.0
mm, 2.5 mm, 3.0 mm, 3.5 mm, 4.0 mm, or more spaced apart.

[0152] The MID may consist of a pulse generator and a two or more-needle vaccine
injectors that deliver the vaccine and electroporation pulses in a single step. The pulse
generator may allow for flexible programming of pulse and injection parameters via a flash
card operated personal computer, as well as comprehensive recording and storage of
electroporation and patient data. The pulse generator may deliver a variety of volt pulses
during short periods of time. For example, the pulse generator may deliver three 15 volt
pulses of 100 ms in duration. An example of such a MID is the Elgen 1000 system by Inovio
Biomedical Corporation, which is described in U.S. Pat. No. 7,328,064, the contents of which
are herein incorporated by reference.

[0153] The MID may be a CELLECTRA® (Inovio Pharmaceuticals, Blue Bell Pa.)

device and system, which is a modular electrode system, that [acilitates the introduction of a
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macromolecule, such as a DNA, into cells of a selected tissue in a body or plant. The modular
electrode system may comprise a plurality ol needle elecirodes; a hypodermic needle; an
electrical connector that provides a conductive link from a programmable constant-current
pulse controller to the plurality of needle electrodes; and a power source. An operator can
grasp the plurality of needle electrodes that are mounted on a support structure and firmly
inserl them into the selectled lissue in a body or plant. The macromolecules are then delivered
via the hypodermic needle into the selected tissue. The programmable constant-current pulse
controller is activated and constant-current electrical pulse is applied to the plurality of needle
electrodes. The applied constant-current electrical pulse facilitates the introduction of the
macromolecule into the cell between the plurality of electrodes. Cell death due to overheating
of cells is minimized by limiting the power dissipation in the tissue by virtue of constant-
current pulses. The CELLECTRA device and system is described in U.S. Pat. No. 7,245,963,
the contents of which are herein incorporated by reference. The CELLECTRA® device may
be the CELLECTRA 2000® device or CELLECTRA® 3PSP device. The CELLECTRA®
2000 device is conligured by the manulacturer to support either ID (intradermal) or IM
(intramuscular) administration. The CELLECTRA™ 2000 includes the CELLECTRA™
Pulse Generator, the appropriate applicator, disposable sterile array and disposable sheath (ID
only). The DNA plasmid is delivered separately via needle and syringe injection in the area
delineated by the electrodes immediately prior to the electroporation treaiment.

[0154] The MID may be an Elgen 1000 system (Inovio Pharmaceuticals). The
Elgen 1000 system may comprise device that provides a hollow needle; and fluid delivery
means, wherein the apparatus is adapted to actuate the fluid delivery means in use so as to
concurrently (for example automatically) inject fluid, the described vaccine herein, into body
tissue during insertion of the needle into the said body tissue. The advantage is the ability to
inject the fluid gradually while the needle is being inserted leads to a more even distribution
of the fluid through the body tissue. It is also believed that the pain experienced during
injection is reduced due to the distribution of the volume of fluid being injected over a larger
area.

[0155] In addition, the automatic injection of fluid facilitates automatic monitoring
and registration of an actual dose of fluid injected. This data can be stored by a control unit

for documentation purposes if desired.
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[01S6] It will be appreciated that the rate of injection could be either linear or non-
linear and that the injection may be carried out aller the needles have been inserted through
the skin of the subject to be treated and while they are inserted further into the body tissue.
Suitable tissues into which fluid may be injected by the apparatus of the present invention
include tumor tissue, skin, or muscle tissue.

[0157] The apparatus (urther comprises needle insertion means (or guiding insertion
of the needle into the body tissue. The rate of fluid injection is controlled by the rate of
needle insertion. This has the advantage that both the needle insertion and injection of fluid
can be controlled such that the rate of insertion can be matched to the rate of injection as
desired. It also makes the apparatus easier for a user to operate. If desired means for
automatically inserting the needle into body tissue could be provided.

[0158] A user could choose when to commence injection of fluid. Ideally however,
injection is commenced when the tip of the needle has reached muscle tissue and the
apparatus may include means for sensing when the needle has been inserted to a sufficient
depth [or injection of the [luid to commence. This means that injection of (luid can be
prompted to commence automatically when the needle has reached a desired depth (which
will normally be the depth at which muscle tissue begins). The depth at which muscle tissue
begins could for example be taken to be a preset needle insertion depth such as a value of 4
mm which would be deemed sullicient [or the needle to get through the skin layer.

[0159] The sensing means may comprise an ultrasound probe. The sensing means
may comprise a means for sensing a change in impedance or resistance. In this case, the
means may not as such record the depth of the needle in the body tissue but will rather be
adapted to sense a change in impedance or resistance as the needle moves from a different
tvpe of body tissue into muscle. Either of these alternatives provides a relatively accurate and
simple to operate means of sensing that injection may commence. The depth of insertion of
the needle can further be recorded if desired and could be used to control injection of fluid
such that the volume of fluid to be injected is determined as the depth of needle insertion is
being recorded.

[0160] The apparatus may further comprise: a base for supporting the needle; and a
housing for receiving the base therein, wherein the base is moveable relative to the housing
such that the needle is retracted within the housing when the base is in a first rearward

position relative to the housing and the needle extends out of the housing when the base is in
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a second forward position within the housing. This is advantageous for a user as the housing
can be lined up on the skin of a patient, and the needles can then be inserted into the patient's
skin by moving the housing relative to the base.

[0161] As stated above, it is desirable to achieve a controlled rate of fluid injection
such that the fluid is evenly distributed over the length of the needle as it is inserted into the
skin. The fluid delivery means may comprise piston driving means adapled to inject fluid al a
controlled rate. The piston driving means could for example be activated by a servo motor.
However, the piston driving means may be actuated by the base being moved in the axial
direction relative to the housing. It will be appreciated that alternative means for fluid
delivery could be provided. Thus, for example, a closed container which can be squeezed for
fluid delivery at a controlled or non-controlled rate could be provided in the place of a
syringe and piston system.

[0162] The apparatus described above could be used for any type of injection. 1t is
however envisaged to be particularly useful in the field of electroporation and so it may
further comprises means f[or applying a voltage to the needle. This allows the needle (o be
used not only for injection but also as an electrode during, electroporation. This is particularly
advantageous as it means that the electric field is applied to the same area as the injected
fluid. There has traditionally been a problem with electroporation in that it is very difficult to
accuralely align an electrode with previously injecled [luid and so users have tended 1o inject
a larger volume of fluid than is required over a larger area and to apply an electric field over a
higher area to attempt to guarantee an overlap between the injected substance and the electric
field. Using the present invention, both the volume of fluid injected and the size of electric
field applied may be reduced while achieving a good fit between the electric field and the
fluid.

[0163] Further provided herein are kits which can be used for treating a subject
using the methods of vaccination described above. The kits can comprise the vaccine. The
kits can also comprise instructions for carrying out the vaccination method described above
and/or how to use the kit. Instructions included in the kit can be affixed to packaging material
or can be included as a package insert. While instructions are typically written or printed
materials, they are not limited to such. Any medium capable of storing instructions and
communicating them to an end user is contemplated by this disclosure. Such media include,

but are not limited to, electronic storage media (e.g., magnelic discs, tapes, cartridges),
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optical media (e.g., CD ROM), and the like. As used herein, the term “instructions™ can

include the address of an internet site which provides instructions.

ILLUSTRATIVE EMBODIMENTS

[0164] Embodiment 1. A nucleic acid molecule encoding a human papillomavirus
(HPV) antigen, the HPV antigen comprising a HPV6 antigenic domain and a HPV11
antigenic domain.

[0165] Embodiment 2. The nucleic acid molecule according to Embodiment 1,
wherein the HPV6 antigenic domain is an HPV6 E6-E7 fusion antigen.

[0166] Embodiment 3. The nucleic acid molecule according Embodiment 1 or 2,
wherein the HPV11 antigenic domain is an HPV11 E6-E7 fusion antigen.

[0167] Embodiment 4. The nucleic acid molecule according to any preceding
Embodiment, wherein the HPV antigen comprises:

the amino acid sequence of SEQ ID NO:1 or SEQ ID NO: 11; or

an amino acid sequence that is at least 95% homologous to SEQ ID NO:1 or SEQ ID
NO: 11.

[0168] Embodiment 5. The nucleic acid molecule according to any preceding
Embodiment, comprising:

anucleotide sequence at least 95% homologous to SEQ ID NO:2 or SEQ ID NO: 12;

the nucleotide sequence of SEQ ID NO: 2; or

the nucleotide sequence of SEQ ID NO 12.

[0169] Embodiment 6. The nucleic acid molecule according to any preceding
Embodiment wherein the nucleic acid sequence encoding the HPV 11 antigenic domain is
located 5 to the nucleic acid sequence encoding the HPV 6 antigenic domain.

[0170] Embodiment 7. The nucleic acid molecule according to any preceding
Embodiment wherein the HPV6 antigenic domain and the HPV 11 antigenic domain are
separated by a one or more post-translational cleavage sites, one or more translational
skipping sites, or both.

[0171] Embodiment 8. The nucleic acid molecule according to Embodiment 2

wherein the HPV6 E6 antigenic domain and the HPV6 E7 antigenic domain are separated by
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one or more post-translational cleavage sites, one or more translational skipping sites, or
both.

[0172] Embodiment 9. The nucleic acid molecule according to Embodiment 4
wherein the HPV 11 E6 antigenic domain and the HPV11 E7 antigenic domain are separated
by one or more post-translational cleavage sites, one or more translational skipping sites, or
both.

[0173] Embodiment 10. An expression vector comprising the nucleic acid molecule
according to any preceding Embodiment.

[0174] Embodiment 11. The expression vector of Embodiment 10 comprising a
DNA plasmid.

[0175] Embodiment 12. The expression vector of Embodiment 10, comprising the
nucleotide sequence of SEQ ID NO: 3.

[0176] Embodiment 13. An immunogenic protein comprising a human
papillomavirus (HPV) 6 antigenic domain and a HPV11 antigenic domain.

[0177] Embodiment 14. The immunogenic protein according to Embodiment 14,
wherein the HPV 6 antigenic domain comprises a HPV6 E6 antigenic domain and a HPV6 E7
antigenic domain.

[0178] Embodiment 15. The immunogenic protein according to Embodiment 13 or
14, wherein the HPV11 antigenic domain comprises a HPV11 E6 antigenic domain and a
HPV11 E7 antigenic domain.

[0179] Embodiment 16. The immunogenic protein according to any one of
Embodiments 13 to 15, comprising:

the amino acid sequence of SEQ ID NO:1 or SEQ ID NO: 11; or

an amino acid sequence that is at least 95% homologous to the amino acid sequence
of SEQ ID NO:1 or SEQ ID NO: 11.

[0180] Embodiment 17. The immunogenic protein according to any one of
Embodiments 13 to 16, wherein the HPV 11 antigenic domain is located N-terminal to the
HPV6 antigen.

[0181] Embodiment 18. The immunogenic protein according to any one of
Embodiments 13 to 17, wherein the HPV6 antigenic domain and the HPV 11 antigenic
domain are separated by one or more post-translational cleavage sites, one or more

translational skipping sites, or both.
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[0182] Embodiment 19. The immunogenic protein according to Embodiment 14
wherein the HPV 6 E6 antigenic domain and the HPV6 E7 antigenic domain are separated by
one or more post-translational cleavage sites, one or more translational skipping sites, or
both.

[0183] Embodiment 20. The immunogenic protein according to Embodiment 15
wherein the HPV11 E6 antigenic domain and the HPV11 E7 anligenic domain are separated
by one or more post-translational cleavage sites, one or more translational skipping sites, or
both.

[0184] Embodiment 21. A vaccine comprising the nucleic acid molecule of any one
of Embodiments 1 to 9 or the expression vector of any one of Embodiments 10 to 12 and a
pharmaceutically acceptable excipient.

[0185] Embodiment 22. A pharmaceutical composition comprising the nucleic acid
molecule of any one of Embodiments 1 to 9 or the expression vector of any one of
Embodiments 10 to 12 and a pharmaceutically acceptable excipient.

[0186] Embodiment 23. The pharmaceutical composition according 1o Embodiment
22, comprising an adjuvant.

[0187] Embodiment 24. The pharmaceutical composition according to Embodiment
23 wherein the adjuvant comprises interleukin-12 (IL12).

[0188] Embodiment 25. The pharmaceutical composition according io Embodiment
24 wherein the I1.12 1s encoded by a nucleic acid molecule.

[0189] Embodiment 26. The pharmaceutical composition according to Embodiment
25, wherein the nucleic acid molecule encoding IL12 is an expression vector.

[0190] Embodiment 27. A vaccine comprising the immunogenic protein of any one
of Embodiments 13 to 20.

[0191] Embodiment 28. A pharmaceutical composition comprising the
immunogenic protein of any one of Embodiments 13 to 20 and a pharmaceutically acceptable
excipient.

[0192] Embodiment 29. The pharmaceutical composition according to Embodiment
28, comprising an adjuvant.

[0193] Embodiment 30. The pharmaceutical composition according to Embodiment

29 wherein the adjuvant comprises interleukin-12 (IL12).
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[0194] Embodiment 31. The pharmaceutical composition according 10 Embodiment
23 or 29, wherein the adjuvant comprises a nucleic acid molecule comprising a nucleotide
sequence encoding the p35 subunit of IL-12, the p40 subunit of IL-12, or both.

[0195] Embodiment 32. The pharmaceutical composition according to
Embodiment 31, wherein the nucleotide sequence encoding the p35 subunit of IL12
comprises a nucleotide sequence selected from the group consisting of:

anucleotide sequence that encodes SEQ ID NO: 6; or

anucleotide sequence that is at least 95% homologous to a nucleotide sequence that

encodes SEQ ID NO: 6.

[0196] Embodiment 33. The pharmaceutical composition according to
Embodiment 31 or 32, wherein the nucleotide sequence encoding the p40 subunit of IL12
comprises a nucleotide sequence selected from the group consisting of:

anucleotide sequence that encodes SEQ ID NO: 8; or

anucleotide sequence that is at least 95% homologous to a nucleotide sequence that

encodes SEQ ID NO: 8.

[0197] Embodiment 34. The pharmaceutical composition according to
Embodiment 31, 32, or 33, wherein the nucleotide sequence encoding I1L.12 comprises a
nucleotide sequence selected from the group consisting of:

the nucleotide sequence of SEQ ID NO: 4; or

a nucleotide sequence that is at least 95% homologous to the nucleotide sequence of

SEQ ID NO: 4.

[0198] Embodiment 35. The pharmaceutical composition according to any one of
Embodiments 31 to 34 wherein the nucleic acid molecule comprising a nucleotide sequence
encoding the p35 subunit of 1L-12, the p40 subunit of IL-12, or both is an expression vector.

[0199] Embodiment 36. The pharmaceutical composition according to Embodiment
35 wherein the expression vector comprising the nucleic acid molecule encoding the p35
subunit of IL-12, the p40 subunit of IL-12, or both is the same expression vector or a
different expression vector than the expression vector comprising the nucleic acid molecule
encoding the HPV antigen.

[0200] Embodiment 37. The pharmaceutical composition according to any one of

Embodiments 22 to 26 or 28 to 36 wherein the pharmaceutically acceptable excipient
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comprises a buffer, optionally saline-sodium citrate buffer, optionally a buffer comprising
150 mM sodium chloride and 15 mM sodium citrate, pH 7.

[0201] Embodiment 38. The pharmaceutical composition of Embodiment 37,
wherein the composition comprises 6 mg of the vector encoding the HPV antigen per
milliliter of saline-sodium citrate buffer and 0.25 mg of the vector encoding the p35 subunit
o IL-12, the p40 subunit of IL-1, or both, per milliliter of bufTer.

[0202] Embodiment 39. The pharmaceutical composition of Embodiment 38,
wherein the composition comprises 6 mg of pGX3024 per milliliter of saline-sodium citrate
buffer and 0.25 mg of pGX6010 per milliliter of buffer.

[0203] Embodiment 40. A method of inducing an immune response in a subject
comprising administering to the subject an effective amount of the nucleic acid molecule
according to any one of Embodiments 1 to 9, the expression vector according to any one of
Embodiments 10 to 12, the immunogenic protein according to any one of Embodiments 13 to
20, the vaccine according to Embodiment 21 or Embodiment 27, or the pharmaceutical
composition according (o any one ol Embodiments 22 to 26 or 28 (o 39, to thereby induce the
immune response.

[0204] Embodiment 41. A method of prophylactically or therapeutically
immunizing a subject against HPV6 and/or HPV 11 comprising administering to the subject
an ellective amount ol the nucleic acid molecule according to any one of Embodiments 1 to
9, the expression vector according to any one of Embodiments 10 to 12, the immunogenic
protein according to any one of Embodiments 13 to 20, the vaccine according to Embodiment
21 or Embodiment 27, or the pharmaceutical composition according to any one of
Embodiments 22 to 26 or 28 to 39, to thereby induce an immune response against HPV6,
HPVI11, or both.

[0205] Embodiment 42. A method for treating or preventing recurrent respiratory
papillomatosis (RRP) in a subject comprising administering to the subject an effective
amount of the nucleic acid molecule according to any one of Embodiments 1 to 9, the
expression vector according to any one of Embodiments 10 to 12, the immunogenic protein
according to any one of Embodiments 13 to 20, the vaccine according to Embodiment 21 or
Embodiment 27, or the pharmaceutical composition according to any one of Embodiments 22

to 26 or 28 to 39, to thereby treat or prevent RRP.
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[0206] Embodiment 43. The method according to Embodiment 42 wherein the RRP
is juvenile-onset RRP or adult-onset RRP.

[0207] Embodiment 44. The method according to any one of Embodiments 40 to
43, wherein the nucleic acid molecule comprises the nucleotide sequence of SEQ ID NO: 2,
SEQ ID NO: 3, or SEQ ID NO: 12.

[0208] Embodiment 45. The method according Lo any one of Embodiments 40 (o
44 further comprising administering an adjuvant to the subject.

[0209] Embodiment 46. The method according to Embodiment 45 wherein the
adjuvant is interleukin-12 (IL12).

[0210] Embodiment 47. The method according to Embodiment 46 wherein the IL12
is encoded by a nucleic acid molecule.

[0211] Embodiment 48. The method according to Embodiment 45, wherein the
adjuvant comprises a nucleic acid molecule comprising a nucleotide sequence encoding the
p35 subunit of IL-12, the p40 subunit of IL-12, or both.

[0212] Embodiment 49. The method according to Embodiment 48, wherein the
nucleotide sequence encoding the p35 subunit of IL-12 comprises a nucleotide sequence
selected from the group consisting of:

anucleotide sequence that encodes SEQ ID NO: 6; or

anucleotide sequence that is at least 95% homologous to a nucleotide sequence thal

encodes SEQ ID NO: 6.

[0213] Embodiment 50. The method of Embodiment 48 or 49, wherein the
nucleotide sequence encoding the p40 subunit of IL.-12 comprises a nucleotide sequence
selected from the group consisting of:

anucleotide sequence that encodes SEQ ID NO: 8; or

anucleotide sequence that is at least 95% homologous to a nucleotide sequence that

encodes SEQ ID NO: 8.

[0214] Embodiment 51. The method according to Embodiment 47, wherein the
nucleic acid molecule encoding IL.12 comprises a nucleotide sequence selected from the
group consisting of:

the nucleotide sequence of SEQ ID NO: 4; or

anucleotide sequence that is at least 95% homologous to the nucleotide sequence of

SEQ ID NO: 4.
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[0215] Embodiment 52. The method according to Embodiment 47, wherein the
nucleic acid molecule encoding the IL12 is an expression veclor, optionally a plasmid.

[0216] Embodiment 53. The method according to Embodiment 52, wherein the
plasmid is pGX6010.

[0217] Embodiment 54. The method according to any one of Embodiments 40 to
53, wherein (he subjecl is a human.

[0218] Embodiment 55. The method according to any one of Embodiments 40 to
54, wherein the administering comprises intradermal or intramuscular injection.

[0219] Embodiment 56. The method according to Embodiment 55, wherein the
administering further comprises electroporation.

[0220] Embodiment 57. Use of an effective amount of the nucleic acid molecule
according to any one of Embodiments 1 to 9, the expression vector according to any one of
Embodiments 10 to 12, or the immunogenic protein according to any one of Embodiments 13
to 20 in the manufacture of a prophylactic or medicament.

[0221] Embodiment 58. Use of an elflective amount of the nucleic acid molecule
according to any one of Embodiments 1 to 9, the expression vector according to any one of
Embodiments 10 to 12, or the immunogenic protein according to any one of Embodiments 13
to 20 in the manufacture of a prophylactic or medicament to prevent or treat human
papilloma virus (HPV) 6 or HPV11 infection.

[0222] Embodiment 59. Use of an effective amount of the nucleic acid molecule
according to any one of Embodiments 1 to 9, the expression vector according to any one of
Embodiments 10 to 12, the immunogenic protein according to any one of Embodiments 13 to
20, the vaccine according to Embodiment 21 or Embodiment 27, or the pharmaceutical
composition according to any one of Embodiments 22 to 26 or 28 to 39 to prevent or treat
human papilloma virus (HPV) 6 or HPV11 infection.

[0223] Embodiment 60. Use of an effective amount of the nucleic acid molecule
according to any one of Embodiments 1 to 9, the expression vector according to any one of
Embodiments 10 to 12, the immunogenic protein according to any one of Embodiments 13 to
20, the vaccine according to Embodiment 21 or Embodiment 27, or the pharmaceutical
composition according to any one of Embodiments 22 to 26 or 28 to 39 to prevent or treat

recurrent respiratory papillomatosis (RRP).
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[0224] Embodiment 61. The use according to Embodiment 60 wherein the RRP is
juvenile-onset RRP or aduli-onset RRP.

[0225] Embodiment 62. The use according to any one of Embodiments 57 to 61,
wherein the nucleic acid molecule comprises the nucleotide sequence of SEQ ID NO: 2, SEQ
ID NO: 3, or SEQ ID NO: 12.

[0226] Embodiment 63. The use according Lo any one of Embodiments 57 (o 62 in
combination with an adjuvant.

[0227] Embodiment 64. The use according to Embodiment 63 wherein the adjuvant
is interleukin-12 (IL12).

[0228] Embodiment 65. The use according to Embodiment 64 wherein the IL12 is
encoded by a nucleic acid molecule.

[0229] Embodiment 66. The use according to Embodiment 65, wherein the adjuvant
comprises a nucleic acid molecule comprising a nucleotide sequence encoding the p35
subunit of IL-12, the p40 subunit of IL-12, or both.

[0230] Embodiment 67. The use according to Embodiment 66, wherein the
nucleotide sequence encoding the p35 subunit of IL-12 comprises a nucleotide sequence
selected from the group consisting of:

anucleotide sequence that encodes SEQ ID NO: 6; or

anucleotide sequence that is at least 95% homologous to a nucleotide sequence thal

encodes SEQ ID NO: 6.

[0231] Embodiment 68. The use according to Embodiment 66 or 67, wherein the
nucleotide sequence encoding the p40 subunit of IL-12comprises a nucleotide sequence
selected from the group consisting of:

anucleotide sequence that encodes SEQ ID NO: 8; or

anucleotide sequence that is at least 95% homologous to a nucleotide sequence that

encodes SEQ ID NO: 8.

[0232] Embodiment 69. The use according to Embodiment 65, wherein the nucleic
acid molecule encoding I11.12 comprises a nucleotide sequence selected from the group
consisting of:

the nucleotide sequence of SEQ ID NO: 4; or

anucleotide sequence that is at least 95% homologous to the nucleotide sequence of

SEQ ID NO: 4.
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[0233] Embodiment 70. The use according to Embodiment 65, wherein the nucleic
acid molecule encoding the TL.12 is an expression vectlor, oplionally a plasmid.

[0234] Embodiment 71. The use according to Embodiment 70, wherein the plasmid
1s pGX6010.

[0235] The present invention is further illustrated in the following Examples. It
should be understood that these Examples, while indicating embodiments of the invention, is
given by way of illustration only. From the above discussion and these Examples, one skilled
in the art can ascertain the essential characteristics of this invention, and without departing
from the spirit and scope thereol, can make various changes and modifications of the
invention to adapt it to various usages and conditions. Thus, various modifications of the
invention in addition to those shown and described herein will be apparent to those skilled in
the art from the foregoing description. Such modifications are also intended to fall within the
scope of the appended claims.

[0236] Lach of the U.S. Patents, U.S. Applications, and references cited throughout

this disclosure are hereby incorporated in their entirety by reference.

EXAMPLES

[0237] Generation of HPV6 and HPV11 E6/E7 consensus-based fusion immunogen
DNA constructs

[0238] HPV6 E6/E7 and HPV11 E6/E7 consensus sequences were generated using
sequences obtained from GenBank. Two point mutations were introduced into the HPV6 E6
and HPV 11 E6 proteins to inhibit the ability to bind and degrade p53. One point mutation
was introduced into the HPV6 E7 and HPV 11 E7 proteins to abolish binding of p130.
Sequences were optimized using Inovio’s proprietary gene optimization algorithm. Figure
1A shows a schematic of antigens encoded in different HPV6 and/or HPV11 plasmids.
Individual antigens are separated by a P2A cleavage site for translational skipping and a furin
cleavage site for post-translational cleavage of the P2A sequence. DNA plasmid pGX3024
encodes consensus SynCon® E6 and E7 antigens of both HPV6 and HPV11. Figure 1B
provides a plasmid map of pGX3024.
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[0239] In vitro transfection and Western blot analyses

[0240] Expression of pGX3024 in vitro. pGX3024 medialed HPV6 and HPV11 E6
and E7 antigen expression was confirmed by Western blot analysis following in vitro
transfection of HEK-293T cells with pGX3024 plasmid. Cells transfected with plasmids
encoding either HPV6 or HPV11 E6 and E7 antigens (pGX3021 and pGX3022, respectively)
served as posilive controls while cells trans(ected with empty plasmid backbone (pGX0001)
served as negative control.

[0241] HEK-293T cells were plated at 80% confluence the day before transfections
in 6-well tissue culture dishes. The following day, cells were transfected according to
manufacturer recommendations with 3 pg of plasmid DNA using Lipofectamine 3000
transfection reagent (Thermo Scientific). Forty-eight hours post-transfection, cell lysates
were harvested and protein concentration was determined by BCA assay (Quick Start™
Bradford Protein Assay, BioRad). Thirty microgams (30ug) of cell lysates were loaded onto
a 12% Bis-Tris acrylamide gel (Thermo Scientific) and transferred to a PVDF membrane.
Precision Plus Protein™ Dual Xtra Prestained Protein Standards (BioRad, cat# 1610377) was
loaded as a molecular weight reference. Following transfer, blots were washed in 1x
PBS/0.05% Tween-20 and blocked for 1h at room temperature in 1x PBS/0.05% Tween-
20/5% Milk then probed overnight with diluted anti-HPV11 E7 (Genetex), at room
temperature overnight. The nexl day, the blots were washed then incubated with anti-mouse
IgG HRP (Bethyl Laboratories) 1:10,000 for Thour at room temperature then washed again.
For detection, blots were incubated for 5 mins with ECL Prime Western blotting substrate
(GE Lifesciences/ Amersham cat# RPN2232/89168-782). Blots were imaged on the Protein
Simple FluorChem® by chemiluminescence. After detection, blots were stripped by adding
Restore reagent (Thermofisher, cat# 21059) for 15 mins then washed and probed with anti-
2A (EMD Millipore) or anti-B-actin (Santa Cruz Biotech) and developed as before.

[0242] As shown in Figure 2, E6 and E7 proteins were detected in cells transfected
with pGX3024 and control pGX3021 and pGX3022 plasmids, but not negative control
pGXO0001 plasmid. E7 protein expression was detected using a commercially available anti-
HPVI11 E7 antibody (Figure 2, left panel). E7 proteins were detected in cells transfected with
pGX3024, but not negative control pGX0001 plasmid. E7 antigen was detected in cells
transfected with HPV 6 antigen-only plasmid (pGX3021) as well HPV 11 antigen-only
plasmid (pGX3022), indicating the anti-HPV11 E7 antibody was cross-reactive against both
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HPV6 and HPV11 E7 antigens and suggesting the bands detected in pGX3024-transfected
cells represent both HPV6 and HPV 11 E7 protein expression.

[0243] After evaluating multiple commercially available reagents, an antibody that
specifically recognized HPV6 or HPV 11 E6 proteins was unable to be identified. However,
using the anti-HPV11 E7 probe, two specific bands were detected at the predicted molecular
weights of ~10.7 kDa and ~13 kDa for E7 and E7-furin/P2A, respeclively, indicaling partial
furin cleavage of the P2A sequence in this in vitro system (Figure 2, left panel). Both E6 and
E7 antigen expression were therefore able to be detected using an anti-2A antibody probe
against partially cleaved protein products (Figure 2, middle panel). A band representing ~20
kDa E6-furin/P2 A was detected in pGX3024, but not control pGX0001-transfected cells after
probing with anti-2A antibody. Also, a ~15 kDa E7-furin/P2A band was detected in
pGX3024, but not control pGX0001, transfected cells, coinciding with what was detected
using the anti-HPV11 E7 probe.

[0244] Mouse IF'N-y ELISpot

[0245] pGX3024 was evaluated for immunogenicity in two mouse models (Figures
3 through 6). DNA vaccine pGX3024-induced cellular and humoral immune responses were
characterized in the C57BL/6 mouse model in two independent studies. Female C537BL/6
mice (n of 5 or 10 per group in Study 1 or Study 2, respectively) received two immunizations
spaced two weeks apart by intramuscular electroporation (IM-EP) delivery of 20 pg
pGX3024 or control DNA vaccines. T cell responses were measured one week post second
immunization by IFNy ELISpot after splenocyte stimulation with HPV6/HPV 11 E6 or E7
peptides. Following euthanization, mouse spleens were isolated and placed in a tube
containing 5ml of R10 media (RPMI 1640 supplemented with 10% fetal bovine serum, 1%
penicillin-streptomycin and 0.001% 2-mercaptoethanol). Splenocytes were isolated by
mechanical disruption of the spleen using the GentleMACS Dissociator (Miltenyi Biotech)
then filtered using a 40um cell strainer (BD Falcon). After centrifugation, resuspended cell
pellets were treated with ACK lysis buffer (L.onza) for 5 mins to lyse red blood cells. The
splenocytes were washed in PBS, centrifuged, resuspended in R10 media and counted using
the Vi-cell (Beckman Coulter). Mouse IFN-y ELISpot kits were purchased from MabTech
(MabTech #3321-4APW-10) to evaluate antigen-specific responses. The precoated 96-well

plates were washed in PBS according to the manulacturer’s protocol and blocked for 2hrs at
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room temperature with R10 media. Isolated splenocytes were resuspended in R10 media and
plated in triplicate at 2x10° cells per well. Overlapping 15-mer peptides for HPV6 E6 and E7
proteins as well as HPV11 E6 and E7 proteins were synthesized. These peptides were
resuspended in DMSO (Sigma) and pooled at a concentration of ~2 ug/ml per peptide into
two peptide pools per each antigen (HPV6 E6, HPV6 E7, HPV11 E6 and HPV11 E7) for cell
siimulation. As a positive control, Concavalin A (Sigma) was used al 5 pg/ml and complete
media with DMSO was used as a negative control. The plates were incubated for a minimum
of 18 hours at 37°C 5% CO2. For development, plates were first washed in PBS then
incubated with a biotinylated anti-mouse IFN-y detection antibody (R4-6 A2-biotin) for 2
hours at room temperature. After washing, plates were then incubated with streptavidin-ALP
(MabTech #3321-4APW-10) for 1 hour at room temperature. Spots were detected using a
filtered substrate solution (BCIP/NBT-plus) according to manufacturer’s instruction
(MabTech). Once the plates were dried, the spots were counted using an automated ELISpot
reader (Cellular Technology). The average spot forming unit (SFU) was adjusted to 1x10°
splenocyles and antigen-specilic responses are reported as the number of IFN-y SFU per
1x10° splenocytes greater than DMSO control.

[0246] HPV6 and HPV 11 specific T cell responses were detected in mice following
immunization with pGX3024, but not negative control pGX0001, plasmid (Figure 3). There
were no signilicant dillerences in T cell responses in mice immunized with pGX3024 as
compared to mice immunized with pGX3021 and/or pGX3022 as determined by one-way
ANOVA, Tukey’s post-test (Figure 3). Immunization with pGX3024 induced T cell
responses against HPV6 E7, HPV 11 E6, and HPV 11 E7 antigens, but not HPV6 E6 antigen
in this model. Inbred C57BL/6 mice have a single MHC haplotype (H2b) which may explain
the lack of HPV6 E6 cellular responses in this model. T cell responses were highly
reproducible between the two independent studies.

[0247] Antibodies against HPV6 and HPV11 E7 antigens were measured by
binding IgG ELISA in sera samples collected before immunization (Week 0) and after first
(Week 2) and second (Week 3) immunization with either pGX3024 or negative control
plasmid (pGX0001).
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[0248] IgG Antigen Binding ELISA

[0249] 96-well high binding Nunc™ plates (Thermo Scientilic) were coated with
0.5 pg/ml of each protein (HPV6 E7 and HPV11 E7 — Tulip BioLabs) in 1x DPBS (Thermo
Scientific) overnight at 4°C. The next day, plates were washed with 1x PBS + 0.05% Tween-
20 and blocked with 3% BSA in PBS + Tween-20 for 2 hours at 37°C. Plates were then
washed as belore and serially diluted sera samples were added and (he plates were incubated
for 2 hours at 37°C. Plates were washed and incubated with a 1:10,000 dilution of anti-
mouse or rabbit IgG HRP secondary antibody (Bethyl Laboratories, Inc) for 1 hour at room
temperature. The plates were washed and 100 ul/well of SureBlue TMP Substrate (KPL
5120-0077) was added to the plates. The reaction was stopped upon the addition of
100ul/well of TMB Stop Solution (KPL 5150-0021) after a 6-minute incubation and the
plates were read on a Biotek Synergy plate reader at the 450 nm wavelength.

[0250] HPV6 E7 binding antibodies were detected in pGX3024, but not pGX0001,
immunized mice after first and second immunization (Figure 4, left panel). In general,
HPV11 E7 binding antibodies were reduced compared to HPV6 E7 binding antibodies in
immunized mice; however, HPV11 E7 binding antibodies were greater after two
immunizations (week 3) in mice immunized with pGX3024 as compared to pGX0001
(Figure 4, right panel).

[0251] pGX3024 immunogenicily in BALB/c mice. As previously mentioned,
C57BL/6 mice have a single MHC haplotype (H2b) which may explain the lack of HPV6 EG
cellular responses in this model. pGX3024 vaccine-induced cellular responses were thus
investigated in the BALB/c mouse model with a different MHC haplotype (H2d). The impact
of pGX3024 dose and combination with a plasmid encoding murine 1L.-12 adjuvant
(pGX6012) was also investigated. Female BALB/c mice (n of 6 per group) received two
immunizations spaced two weeks apart by intramuscular electroporation (IM-EP) delivery of
1 pg, 5 ug, 10 ug, or 20 ug pGX3024 DNA vaccine alone, or 5 pg pGX3024 adjuvanted with
either 2 ug or 11 ug pGX6012 murine IL.-12 plasmid. Mice immunized with 40 pg empty
pGX0001 plasmid served as negative controls. T cell responses were measured one week post
second immunization by IFNy ELISpot after splenocyte stimulation with HPV6/HPV 11 E6
or E7 peptides as shown in Figure 5. HPV6 and HPV 11 specific T cell responses were
detected in mice following immunization with all dose levels of pGX3024, but not pGX0001,

plasmid in a dose-related manner. Total HPV6 and HPV 11 cellular responses increased with
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increasing pGX3024 dose. Unlike the C57BL/6 model, pGX3024 immunized BALB/c mice
had T cell responses against HPV6 E6 antigen as well as HPV6 E7, HPV11 E6 and HPV11
E7 antigens. There were no significant differences in T cell responses among mice
immunized with 5 pg pGX3024 with or without either dose level of pGX6012 as determined
by one-way ANOVA, Tukey’s post-test.

[0252] Anlibodies against HPV6 and HPV11 E7 anligens were measured by
binding IgG ELISA in sera samples collected before immunization (Week 0) and after first
(Week 2) and second (Week 3) immunization with either 5 pug, 10 ug. or 20 ug pGX3024
DNA vaccine alone, or 5 ug pGX3024 adjuvanted with 2 ug murine IL-12 plasmid
(pGX6012). Sera from mice immunized with 40 pg empty pGX0001 plasmid served as
negative controls. HPV6 E7 and HPV11 E7 binding antibodies were significantly increased
at Week 3 compared to Week 0 in pGX3024 immunized BALB/c mice regardless of dose or
presence of 1L-12 plasmid, but not in pGX0001 mice (Figure 6). Antibody levels were also
significantly increased after single immunization (Week 2) with 20 pg pGX3024, or 5 ug
pGX3024 adjuvanted with 2 pg murine IL-12 plasmid. There was a trend of increased
binding antibodies against both antigens with the addition of murine IL-12 to 5 pg pGX3024,
particularly at the Week 2 timepoint.

[0253] Rabbit Immunogenicily Study

[0254] INO-3107 (pGX3024 with pGX6010) was evaluated for immunogenicity
and safety in a rabbit model.

[0255] New Zealand White (NZW) rabbits (n of 5 per group) received four
immunizations spaced three weeks apart of INO-3107 (6 mg pGX3024 and 0.25 mg
pGX6010 co-formulated in 1 mL 1X SSC), or 1 mL 1X SSC (negative control) by
intramuscular (IM) injection into the quadriceps followed by electroporation (EP) using the
CELLECTRA® 2000 Electroporation Device. Cellular and humoral immune responses were
evaluated by IFNy ELISpot and IgG binding ELIS A, respectively, before immunization
(Week 0) and two weeks after each immunization (Weeks 2, 5, 8, and 11). Physiological
parameters including body weights, hematology, serum chemistries, and general appearance
were monitored throughout the study as indicators of vaccine safetv and animal health.

[0256] Rabbit cellular responses were evaluated by IFNy ELISpot assay following
stimulation of PBMCs with HPV6/HPV11 E6 and E7 peptides. SepMate-15ml tubes were
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filled with 3.5ml of Ficoll-Paque gradient and allowed to equilibrate at room temperature.
‘Whole blood was collected into K2ZEDTA tubes, [ollowed by inversion several times (o mix.
The blood was diluted with Hank’s Balanced Salts Solution (HBSS) and slowly layered on
top of the Ficoll-Paque gradient in the SepMate tubes. The tubes were spun and the buffy
coats were collected and placed into a fresh 15ml tube. The cells were washed by diluting
with R10 media (RPMI 1640 supplemented with 10% fetal bovine serum, 1% penicillin-
streptomycin and 0.001% 2-mercaptoethanol). The cell pellet was resuspended in ACK lysis
buffer (Lonza) to lyse red blood cells and incubated at room temperature for 4 mins. The
PBMCs were washed, spun and resuspended in R10 media and counted using the Vi-cell
(Beckman Coulter). Rabbit IFN-y ELISpot kits (MabTech (MabTech #3110-4HPW-10) were
used to evaluate antigen specific responses. Plates were prepared following the
manufacturer’s protocol and rabbit PBMCs were plated in triplicate at 2x107 cells per well.
Overlapping 15-mer peptides for the E6 and E7 proteins of HPV6 and HPV 11 were used for
cell stimulation. Phorbol 12-myristate 13-acetate and ionomycin (PMA/I) (Sigma) and media
containing DMSO served as a positive and negative control, respectively. The plates were
incubated for a minimum of 18 hours at 37°C 5% CO-2. The following day, plates were
developed according to the manufacturer’s protocol and once the plates were dried, the spots
were counted using an automated ELISpot reader (Cellular Technology). The average spot
forming unit (SFU) was adjusied to 1x10° splenocytes and antigen-specilic responses are
reported as the number of IFN-y SFU per 1x10° splenocytes greater than DMSO control.

[0257] HPV6 and HPV 11 specific T cell responses above baseline were detected in
all rabbits following immunization with INO-3107, but not in rabbits treated with 1X SSC.
HPV6 and HPV11 T cell responses were boostable as they increased following each
successive immunization with INO-3107 (Figure 7). Immunization with INO-3107 induced
T cell responses against HPV6 and HPV 11 E6 antigens, but not HPV6 or HPV11 E7 antigens
in this model (Figure 8).

[0258] Humoral responses against HPV6 and HPV11 E7 antigens were measured
by binding IgG ELISA in sera samples collected before and two weeks after each
immunization. Timecourse of antibody levels are shown in Figure 9. HPV6 or HPV11 E7
binding antibodies were detected in 4 of 5 rabbits immunized with INO-3107, but not in

rabbits dosed with 1X SSC. In general, HPV6 E7 binding antibodies were reduced compared
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to HPV11 E7 binding antibodies in immunized rabbits. ELISpot and ELIS A data taken
together conflirm immunogenicily ol all antigens encoded by INO-3107 in the rabbil model.
[0259] In addition to INO-3107-mediated immune responses, physiological
parameters including body weights, hematology, serum chemistries, and general appearance
were monitored throughout the study as indicators of vaccine safetv and animal health. No
significant differences in body weights or body weight changes over lime were observed in
rabbits administered INO-3107 (Figure 10). Also, no findings were observed during
monitoring of general appearance (nose, eyes, fur, movement) for either treatment groups
during the study. Samples were collected for hematology and serum clinical chemistry
analyses before and at Week 5, Week 8, and Week 11 after immunization and results were
submitted for independent review by a clinical veterinary pathologist IDEXX BioAnalytics).
Compared to baseline values, administration of INO-3107 resulted in a mild increase in
Ilvmphocyte counts at Week 5 (but not Week 8 or Week 11) in NZW rabbits. There was no
other hematologic or serum clinical chemistry finding from the administration of INO-3107

indicative of a biologically relevant efflect.

[0260] Evaluation of Intradermal (ID) delivery in rabbit

[0261] An intradermal (ID) injection study was performed in NZW rabbits to assess
cellular immune responses. NZW rabbils (n ol 5) were immunized three times al three-week
intervals with INO-3107 formulated at 1 mg pGX3024 in 0.1 mL 1X SSC, by ID delivery.
Rabbit IFNy ELISpots, previously described, were performed prior to the first vaccination
and at Weeks 2, 5 and 8. The combined immune response to both antigens, HPV6 and
HPV11, increased following each immunization, with the T cell responses being more HPV6

E6 and HPV 11 E6 specific (Figure 13).

[0262] Evaluation of Intradermal (ID) delivery in guinea pig model

[0263] Hartley guinea pigs (n of 5) received three immunizations spaced two weeks
apart of pGX3024 (0.1 mg formulated in final 0.1 mL 1X SSC), intradermal (ID) injection
followed by electroporation (EP) using the CELLECTRA® 2000 Electroporation Device.
Naive guinea pigs served as anegative control (n of 2). Cellular and humoral immune
responses were evaluated by IFNy ELISpot and IgG binding ELISA, respectively, before

immunization (Week 0) and two weeks after each immunization (Weeks 2, 4, and 6).
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[0264] Animal husbandry, immunizations and sample collections were performed at
Acculab Lile Sciences (San Diego, CA) under an TACUC approved protocol in compliance
with the Animal Welfare Act, PHS Policy, AAALACI guidelines, USDA, and other Federal
statutes and regulations relating to animals and experiments involving animals. All sample
analyses were conducted at Inovio (San Diego, CA). pGX3024 was formulated in 1X SSC
for final 0.1 mg in 0.1 mL dosing solution and stored al 2-8°C unlil use. Female Harlley
guinea pigs age 8 weeks were randomized into 2 groups of 5 or 2 animals in each according
to Table 1. Each treatment was delivered by Mantoux intradermal (1D) injection of a 100 pL
dosing solution into the skin followed by electroporation using the CELLECTRA 2000®
Adaptive Constant Current Electroporation Device with a 3P array (Inovio Pharmaceuticals)

according to the manufacturer’s protocol.

[0265] Table 1. Study Design

# Injection .. DNA dose /
Group . . . Injection 0s¢
Number Plasmid E ites .(s) // EP l?viw;e & Inj Volume plasmid
™) ocation cthod (ul)
Tx (ng)
15 pGX3024 1/1D CELLECTRA 3P 100 100
2(2) Naive - - - -

[0266] Group 1 animals received a total of three immunizations spaced two weeks
apartl. Sera samples were collected [rom all animals for humoral immunogenicity assessments
alt Week 0, Week 2, Week 4 and Week 6. Whole blood samples were collected (rom all

animals for cellular immunogenicity assessments at Week 2, Week 4, and Week 6.

[0267] Guinea pig IFN-y ELISpot. Guinea pig IFN-y ELISpot was performed
according to methods described in Schultheis, er al., J Vis Exp. 2019;(143):10.3791/58595.
Published 2019 Jan 20. doi:10.3791/58595. Peripheral blood was drawn from the jugular vein
of each anaesthetized animal and transferred immediately into EDTA blood collection tubes.
Blood was diluted 1:1 with phosphate-buffered saline. Diluted blood was layered over Ficoll-
Paque Plus (GE Healthcare Life Sciences) in SepMate™ tubes (Stemcell) and centrifuged
(1200g, 10 min, 24 °C). PBMCs were resuspended at 1x10° cells/ml in R10 medium and
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plated at 100 ul/well on 96-well Millipore IP plates (Millipore) previously coated with 5
pg/ml primary anii-IFN-y antibody V-E4 (provided by Dr. Schaler, Robert Koch Institute,
Berlin, Germany) blocked with R10 media. 100 ul of HPV6 E6, HPV6 E7, HPV11 E6, or
HPVI11 E7 peptide pools, or phorbol 12-myristate 13-acetate (PMA)/lonomycin stimulants
were added to the cells. Samples were assayed in triplicates. After incubation in humidified
5% CO2 at 37 °C for 18 hours, cells were removed by washing and 100 pl per well of 2 pg/ml
biotinylated secondary anti-IFN-y antibody N-G3 diluted in blocking buffer was added.
Following a 2 hour incubation and washing, alkaline phosphatase-conjugated streptavidin
(MabTech) was added at 100 ul per well for 1 hour at room temperature. Following washes,
wells were incubated for 6-12 min at room temperature with 100 pl per well of nitro-blue
tetrazolium/5-bromo-4-chloro-3'-indolyphosphate (BCIP/NBT) detection reagent substrate
(MabTech). Interferon-gamma positive spots were imaged, analyzed and counted using a
CTL-Immunospot® S6 ELISPOT Plate Reader and CTL-Immunospot® software. Antigen-
specific responses were determined by subtracting the number of spots in DMSO-treated
from peptide-treated wells.

[0268] Results are shown for individual animal spot-forming units (SFU)/10°
PBMCs obtained for triplicate wells. HPV6 and HPV 11 specific T cell responses above
baseline were detected in guinea pigs following immunization with pGX3024, but not in
naive guinea pigs (Figure 11). Immunization with pGX3024 induced T cell responses against

HPV6 and HPV11 E6 and E7 antigens in this model (Figure 11).

[0269] Antigen Binding ELISA. 96-well high binding Nunc™ plates (Thermo
Scientific) were coated with 1 pg/ml of recombinant HPV6 E7 or HPV11 E7 proteins in 1x
Dulbecco’s phosphate-buffered saline (DPBS) (Thermo Scientific) overnight at 4°C. The
next day, plates were washed with 1x PBS + 0.05% Tween®-20 and blocked with 3% BSA
in PBS + 0.05% Tween®-20 for 2 hours at RT. Plates were then washed as before and
serially diluted sera samples were added and the plates were incubated for 2 hours at room
temperature. Plates were washed and incubated with a 1:10,000 dilution of anti-guinea pig
IgG horseradish peroxidase (HRP) secondary antibody (Sigma) for 1 hour at room
temperature. The plates were washed and 100 pl/well of SureBlue™ TMB Substrate (KPL
5120-0077) was added to the plates. The reaction was stopped upon the addition of
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100ul/well of TMB Stop Solution (KPL 5150-0021) after a 6 minute incubation and the
plates were read on a Biolek Synergy plate reader at the 450 nm wavelength.

[0270] Humoral responses against HPV6 E7 and HPV11 E7 antigens were
measured by binding IgG ELISA in sera samples collected before and two weeks after each
immunization. Timecourse of antibody levels are shown in Figure 12. HPV6 E7 and HPV11

E7 binding antibodies were delected in guinea pigs [ollowing immunization with pGX3024.

[0271] Phase 1/2 Clinical Trial: INO-3107 With Electroporation (EP) in Subjects
With HPV-6- and/or HPV-11-associated Recurrent Respiratory Papillomatosis (RRP)
[ClinicalTrials.gov Identifier: NCT0O4398433]

[0272] This is a Phase 1/2 open-label, multi-center trial to evaluate the safety,
tolerability, immunogenicity, and efficacy of INO-3107 drug product in subjects with HPV-
6- and/or HPV-11-associated recurrent respiratory papillomatosis (RRP). INO-3107 drug
product will be administered IM [(ollowed by EP in subjects at Day 0, Weeks 3, 6, and 9.

[0273] This study will enroll approximately 20 adults (=18 years old) who have
been diagnosed with either Juvenile-Onset RRP (J-O RRP) as defined by age at first
diagnosis <12 years or with Adult-Onset RRP (A-O RRP) as defined by age at first diagnosis
>12 years. The trial population is divided into two cohorts: Cohort A: Parlicipants with
diagnoses of Juvenile-Onset RRP as defined by age at first diagnosis of RRP < 12 years.
Cohort B: Participants with Adult-onset RRP as defined by age at first diagnosis of RRP > 12
years.

[0274] This study will have a safety run-in with up to six participants with a one
week waiting period between each enrolled participant. Safety and tolerability will continue
to be assessed throughout the study after tolerability has been established. Tolerability will be
determined by the reported incidence of dose-limiting toxicity (DLT), which is defined as:

- Treatment-related NCI Common Terminology Criteria for Adverse Events (CTCAE,

version 5.0) Grade >3 non-hematological toxicity that does not respond to supportive

therapy and lasts for longer than 48 hours, or;

- Treatment-related NCI CTCAE v5.0 Grade >3 hematological toxicity that does not

respond to supportive therapy and lasts for longer than 48 hours.
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[0275] Subjects will undergo routine surgical procedure for removal of papilloma(s)
during the screening period within 14 days prior 1o Day 0 dosing (papilloma removal and
Day 0 dose may be performed same day if other eligibility criteria have been fulfilled).
Biopsy tissue will be collected and evaluated for secondary and exploratory endpoints. Status
of disease during the trial will be monitored.

[0276] Cohorl A (participants with Juvenile-Onsel RRP) will be administered one
6.25mg injection of INO-3107 drug product intramuscular (IM) injection followed by
electroporation (EP) using CELLECTRA® 2000 at Day 0, Week 3, Week 6, and Week 9.
Cohort B (participants with Adult-Onset RRP) will be administered one 6.25mg injection of
INO-3107 drug product intramuscular (IM) injection followed by EP using CELLECTRA®
2000 at Day 0, Week 3, Week 6, and Week 9.

[0277] The primary objective of the study is to evaluate the safety and tolerability of
INO-3107 drug product in subjects with HPV-6 and/or HPV-11-associated RRP. The primary
endpoint is safety and tolerability as assessed by reported adverse events (AE) and serious
adverse events (SAE). The primary outcome measure is percentage ol participants with
Adverse Events (AEs) and Serious Adverse Events (SAEs) [Time Frame: Screening up to
Week 52 (up to approximately 1 year)]. An adverse event (AE) is any untoward medical
occurrence in a participant or clinical investigation participant administered a pharmaceutical
product and that does not necessarily have a causal relationship with this treatment. An AE
can include any unfavorable and unintended sign (including an abnormal laboratory finding),
symptom, or disease temporally associated with the use of a medicinal (investigational)
product, whether or not related to the medicinal (investigational) product. A serious adverse
event (SAE) is any untoward medical occurrence that at any dose: 1. Results in death. 2. A
life-threatening event; however, this does not include an event that, had it occurred in a more
severe form, might have caused death. 3. Requires inpatient hospitalization or prolongation of
existing hospitalization. 4. Results in persistent or significant disability/incapacity. 5. Results
in a congenital anomaly/birth.

[0278] Secondary objectives of the study are:

1. To evaluate the efficacy of INO-3107 drug product, as determined by the frequency
of RRP surgical interventions in the year following the first dose of investigational product,

compared to the frequency in the year prior to Day O;
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2. To evaluate the efficacy of INO-3107 drug product as assessed by changes in the
RRP Staging Assessment over lime;

3. To evaluate the cellular immune response to INO-3107 drug product when given
IM, followed by EP;

4. To evaluate the immunogenicity of INO-3107 drug product as assessed by pro-
inflammatory and immunosuppressive elements in resected (umor tissue at study entry and, il
available, at subsequent tissue resections;

5. To evaluate any potential association of microRNA (miRNA) profile with
decreased frequency of RRP surgical intervention.

Secondary endpoints are:

1. The Number of RRP Surgical Interventions in the 52 Weeks Post Day 0 Compared
to the Number of RRP Surgical Interventions in the Year Prior to Day 0 Dosing |Time
Frame: Screening up to Week 52 (up to approximately 1 year)]

2. Change in RRP Staging Assessment Scores Over Time [Time Frame: Screening,
Day 0, Weeks 6, 11, 26, 52 (up to approximately 1 year)]. An RRP Staging Assessment score
will be determined using a modified Derkay staging tool. It includes both a subjective
functional assessment of clinical parameters and an anatomic assessment of disease
distribution. The anatomic score can then be used in combination with the functional score to
measure an individual patient's clinical course and response 10 the therapy over time.

3. Change from Baseline in Interferon-gamma Enzyme-Linked Immunosorbent Spot
(IFN-y ELISpot) Response Magnitude for IFN-y Secreting Cells in Peripheral Blood
Mononuclear Cells (PBMCs) [Time Frame: Baseline, Weeks 6, 9, 11, 26, 52]

4. Change from Baseline in Flow Cytometry Response Magnitude for T-cell
Phenotype and Lytic Potential in PBMCs [Time Frame: Baseline, Weeks 6, 9, 11, 26, 52]

5. Change from Baseline in Resected Tumor Tissue Response Magnitude for
Pro-inflammatory and Immunosuppressive Elements [Time Frame: Baseline and at
subsequent tissue resections, up to Week 52 (up to approximately 1 year)]

6. Change from Baseline in MicroRNA (miRNA) Expression Related to
Reduced Frequency of RRP Surgical Intervention |Time Frame: Baseline and Week 6.

[0279] Exploratory objectives of the trial are:

1. To describe the virologic clearance of HPV-6 and/or 11 in resected tissue, if

available;
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2. To evaluate the humoral immune response to INO-3107 drug product when given
IM, followed

by EP;

3. To evaluate the immunogenicity of INO-3107 drug product as assessed by pro-
inflammatory

and immunosuppressive elements in peripheral blood;

4. To evaluate circulating free HPV DNA (cfHHPV DNA) 6/11 as a correlate of disease

burden and clinical outcomes in RRP patients treated with INO-3107 drug product.
The exploratory endpoints are:

1. Clearance of HPV-6/11 in resected tissue compared to baseline;

2. Antigen-specific humoral immune responses assessed by ELISA;

3. Assessment of pro-inflammatory and immunosuppressive elements in peripheral

blood; and

4. Quantity of cfHPV DNA 6/11 pre- and post-INO-3107 drug product as a correlate
ol disease

burden and clinical outcomes in RRP patients treated with INO-3107 drug product.

[0280] Efficacy Assessment: A detailed medical history will be obtained for each
subject which will include documentation of HPV-6 and/or HPV-11 RRP, a list of RRP
surgeries and therapies occurring within 3 years prior to screening, and any periods of
remission. Subjects must have had at least two surgical RRP interventions (including laser) in
the year prior to and including Day 0, to be eligible for the study. Subjects must require RRP
intervention at the time of entry into this study and will undergo surgical removal of their
papilloma(s) during screening, within 14 days prior to Day 0 dosing, to maximize
standardization of baseline staging across subjects. The efficacy assessment will be based
upon the number of RRP surgical interventions in the 52 weeks post Day 0 compared to the
number of RRP surgical interventions in the year prior to Day 0 dosing. RRP surgical
interventions include laser therapies. The trial will also evaluate changes in RRP Staging

Assessment over time as a secondary endpoint.

[0281] Safety Assessment: Subjects will be followed for safety from the time of
signing informed consent through Week 52, or the subject’s last visit. The salety of INO-
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3107 drug product will be measured and graded in accordance with the CTCAE v5.0.
Clinically significant changes in laboratory parameters and vital signs [rom baseline
assessments will be assessed.

[0282] An adverse event is any untoward medical occurrence in a patient or clinical
investigation subject administered a pharmaceutical product and which does not necessarily
have (0 have a causal relationship with this treatment. An AE can therefore be any
unfavorable and unintended sign (including an abnormal laboratory finding, for example),
symptom, or disease temporally associated with the use of a medicinal product, whether or
not considered related to the medicinal product. Adverse Events (AEs) include the following:
pre- or post-treatment complications that occur as a result of protocol mandated procedure
during or after screening (before the administration of clinical trial drug); any pre-existing
condition, with the exception of the condition under investigation in this study, that increases
in severity, or changes in nature during or as a consequence of the clinical trial drug
administration phase; complications of pregnancy. Adverse Events (AEs) do not include the
lollowing: medical or surgical procedures (e.g., surgery, endoscopy, tooth extraction,
transfusion) performed, however, the condition that leads to the procedure is an AE; pre-
existing diseases or conditions or laboratory abnormalities present or detected before the
Screening Visit that do not worsen; recurrences of RRP; situations where an untoward
medical occurrence has not occurred (e.g., hospitalization [or elective surgery, social and/or
convenience admissions); overdose without clinical sequelae; any medical condition or
clinically significant laboratory abnormality with an onset date before informed consent is
provided, is not an AE; uncomplicated pregnancy; an induced elective abortion to terminate a
pregnancy without medical reason.

[0283] Adverse drug reactions (ADRs) include all noxious and unintended
responses to a medicinal product related to any dose. This means that a causal relationship
between the medicinal product and an adverse event is at least a reasonable possibility (i.e.,
the relationship cannot be ruled out).

[0284] A serious adverse event (SAE) is any untoward medical occurrence that at
any dose: results in death; 1s life-threatening; requires inpatient hospitalization or
prolongation of existing hospitalization; results in persistent or significant
disability/incapacity; results in congenital anomaly or birth defect; and/or an important

medical event.
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[0285] An unexpected adverse drug reaction is an adverse reaction, the nature or
severily ol which is not consistent with the applicable product information. An unanticipated
(serious) adverse device effect (UADE) is any serious adverse effect on health or safety or
any life-threatening problem or death caused by, or associated with, a device, if that effect,
problem, or death was not previously identified in nature, severity, or degree of incidence in
the investigational plan or application (including a supplementary plan or application), or any
other unanticipated serious problem associated with a device that relates to the rights, safety,

or welfare of subjects.

[0286] Immunogenicity Assessment: The study will explore humoral and cell
mediated immune responses in blood samples taken at baseline (i.e. Screening and Day 0
prior to dosing) and Weeks 6. 9, 11, 26, and 52. Tissue samples will be collected at baseline
and if clinically indicated during the study. Testing may include but is not limited to ELISA,
ELISpot, low cytometry, Immunohistochemistry (IHC), Nanostring on peripheral blood

samples and/or resected tissue (study entry and recurrence, if available).

[0287] Profiling of miRNA may occur using tissue obtained at Screening, Day 0,
and upon relapse. Assessment of Day 0 and screening samples will explore predictive
algorithms for response to treatment with INO-3107. Samples assessed from relapse will

describe how changes in miRNA profiles may associate with likelihood of relapse.

[0288] Virologic Assessment: The trial will evaluate the presence of HPV-6/11
DNA in tissue samples and peripheral blood, prior to and following study treatment, as
described.

[0289] Key Inclusion Criteria:
. Histologically-documented HPV-6- or HPV-11-positive respiratory papilloma
or documentation of low-risk positive HPV using a Sponsor approved HPV-6/11 type-

specific assay;
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. Requirement for frequent RRP intervention to remove oOr resect respiratory
papilloma, as delined as at least 2 RRP surgical (including laser) interventions in the year
prior to and including Day 0;

. Must be an appropriate candidate for upcoming surgical intervention as per
Investigator judgment and RRP Staging Assessment score

. Adequale bone marrow, hepalic, and renal function as defined by: ANC
(Absolute Neutrophil Count) >1000 cells/mm?, platelets >50,000/mm®, hemoglobin >9 g/dL;
concentrations of total serum bilirubin within 1.5 x upper limit of normal (ULN), AST and
ALT within 1.5 x ULN, serum creatinine < 1.5 x ULN;

. Participants must meet one of the following requirements:

o Be of non-child bearing potential (>12 months of non-therapy-induced
amenorrhea, confirmed by follicle-stimulating hormone |FSH]|, if not on hormone
replacement);

o Be surgically sterile (vasectomy in males or absence of ovaries and/or uterus
in females);

I Agree to use one highly effective or combined contraceptive methods that
result in a failure rate of <1% per year during the treatment period and at least through week
12 after last dose; or

0 Agree (o abslinence [rom inlercourse.

[0290] Key Exclusion Criteria:

. Recipient of therapy directed towards RRP disease (other than surgery or
ablation) including but not limited to anti-virals (including cidofovir), radiation,
chemotherapy, anti-angiogenic therapy (including bevacizumab), prophylactic HPV
vaccination (including Gardasil) as therapeutic intervention, or therapy with an experimental
agent within 3 months prior to Day O;

. Ongoing or recent (within 1 year) evidence of autoimmune disease that
required treatment with systemic immunosuppressive treatments, with the exception of:
vitiligo, childhood asthma that has resolved, type 1 diabetes, residual hypothyroidism that

requires only hormone replacement, or psoriasis that does not require systemic treatment;
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. Diagnosis of immunodeficiency or treatment with systemic
immunosuppressive therapy within 28 days prior to the first dose ol trial treatment, including
systemic corticosteroids;

. High risk of bleeding or require the use of anticoagulants for management of a
known bleeding diathesis;

. Recipient of any live virus vaccine within 4 weeks prior (o the first dose of
trial treatment or any non-live virus vaccine within two weeks prior to the first dose of trial
treatment;

. History of clinically significant, medically unstable disease which, in the
judgment of the Investigator, would jeopardize the safety of the participant, interfere with
trial assessment or endpoint evaluation, or otherwise impact the validity of the trial results
(This may include chronic renal failure; myocardial ischemia or infarction; New York Heart
Association (NYHA) class 111/ 1V cardiac disease); any cardiac preexcitation syndromes
(such as Wolff-Parkinson-White; cardiomyopathy. or clinically significant arrhythmias);
current malignancy with the exception of treated basal or squamous cell skin cancers, prostate
cancer, or carcinoma of the cervix in situ; HIV, which may impact the ability to mount an
immune response to the study therapy; or drug or alcohol dependence);

. Fewer than two acceptable sites available for IM injection considering the
deltoid and anterolateral quadriceps muscles | The [ollowing are unacceptable sites: Tatloos,
keloids or hypertrophic scars located within 2 cm of intended treatment site; Cardioverter-
defibrillator or pacemaker (to prevent a life-threatening arrhythmia) that is located ipsilateral
to the deltoid injection site (unless deemed acceptable by a cardiologist); Metal implants or
implantable medical device within the intended treatment site|;

. Pregnant or currently breastfeeding.

[0291] Clinical Trial Treatment: INO-3107 drug product is the investigational
product to be used in this study. INO-3107 drug product contains DNA plasmid for
expression of the E6 and E7 proteins of HPV 11 and HPV 6 genes (pGX3024) and expression
plasmid expressing human IL-12 subunits (pGX6010). The INO-3107 drug product is a clear
colorless solution that contains 6.25 mg total plasmid/mL (6 mg/mL pGX3024, 0.25 mg/mL
pGX6010) in 150 mM sodium chloride and 15 mM sodium citrate, pH 7. A minimum volume

of 1mL will be filled into 2-mL clear glass vials [or iniramuscular injection.
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[0292] Subjects will be administered one 6.25 mg injection of INO-3107 drug
product intramuscularly [ollowed by EP using CELLECTRA® 2000 EP device at Day 0,
Week 3, Week 6, and Week 9.

The analysis populations will be the following:

- The intention to treat (ITT) population includes all subjects who are eligible.

- The modified intention (o treat (mITT) population includes all subjects who receive

at least one dose of INO-3107 drug product.

- The per-protocol (PP) population comprises subjects who receive all doses of INO-

3107 drug product and have no protocol violations. Subjects excluded from the PP

population will be identified and documented prior to locking of the trial database.

- The safety analysis set includes all subjects who receive at least one dose of INO-

3107 drug product.

[0293] Peripheral Blood Immunogenicity Assessments: Whole blood and serum
samples will be obtained at baseline (screening and Day O prior (o dosing) and at Weeks 6, 9,
11, 26 and 52. Peripheral blood mononuclear cells (PBMCs) will be isolated from whole
blood samples. Assessment of cellular immune activity may occur via the application of gene
expression, Interferon-y enzyme-linked immunosorbent spot (IFN-y ELISpot), as well as flow
cylometry assays. Additional assessment ol cellular immune actlivily may occur via the
application Flow Cytometry for the purposes of performing a Lytic Granule Loading Assay.
The Lytic Granule Loading assay may examine the following external cellular markers: CD3,
CD4, CDS (T cell identification), Ki67, CD137, CD38 and CD69 (T cell activation markers)
as well as PD-1 (exhaustion/activation marker), Tim-3, and Lag-3. The Lytic Granule
Loading assay may additionally analyze the following intracellular markers: Granzyme A,
Granzyme B, Granulysin and Perforin (proteins involved in lytic degranulation and cytotoxic
potential).

[0294] Profiling of miRNA will occur using plasma obtained at Screening, Day 0,
and Week 6. Assessment of Day 0 and Screening samples will explore predictive algorithms
for response to treatment with INO-3107. Samples assessed from Week 6 will describe how
changes in miRNA profiles may associate with ultimate treatment success or failure.

[0295] A standard binding ELISA may be performed to measure the anti-HPV-6/11
antibody response induced by INO-3107 drug product.
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[0296] HPV-6/11 Testing: Whole blood will be collected prior to dosing at Day O,
and at Weeks 6, 11, 26 and 52 [or measurement of c[HPV DNA- 6/11.

[0297] Description of Statistical Methods:

[0298] Primary Analyses: The primary analyses for this trial are safety analyses of
Trealment Emergent Adverse Events (TEAE) and clinically significant changes in saflety
laboratory parameters from baseline. TEAEs are defined for this trial as any AEs that occur
following Day 0 following administration of study drug (IM + EP), until 30 days following
the last dose. All TEAEs will be summarized among the Safety Population by frequency.
These frequencies will be presented overall, by system organ class and by preferred term, the
percentage of subjects affected. Additional frequencies will be presented with respect to
maximum severity and to strongest relationship to study treatment. Multiple occurrences of
the same AE will be counted only once following a worst-case approach with respect to
severity and relationship to study treatment. The main summary of safety data will be based
on TEAEs. For this summary, the [requency of prelerred term events will be calculated along
with 95% confidence intervals, using the exact method of Clopper-Pearson. Separate
summaries will be based on events occurring within 7 days of any dose and regardless of
when they occurred. AEs and SAEs that are not TEAEs or serious TEAEs will be presented
in listings.

[0299] For AE data, partial start dates will be imputed to the date of treatment to
conservatively report the event as treatment-emergent, whenever the portion of the date is
consistent with that of the study treatment. Otherwise, it will be imputed to the earliest date
consistent with the partial date. A completely missing onset date will be imputed as the day
of treatment. Partial stop dates will be assumed to be the latest possible day consistent with
the partial date.

[0300] AE duration will be calculated as (Stop Date — Start Date) + 1.

[0301] Laboratory response variables will be descriptively summarized per time
point and as changes from baseline including 95% confidence intervals. Shifts from baseline
according to the CTCAE will also be presented. Laboratory values considered clinically
significant will be presented in listings.

[0302] All of the safety analyses will be conducted on the subjects in the safety

analysis sel.
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[0303] Analyses will be summarized and presented by number of prior surgical

interventions (<2, 3-5, and >6) and overall.

[0304] Secondary Analyses:

[0305] Efficacy: The frequency of RRP surgical interventions in the year following
the first dose of INO-3107 drug product, compared (o the [requency in the year prior (o Day 0
dosing, will be summarized descriptively using mean fold-change and a 95% t-distribution-
based CI. Changes in RRP Staging Assessment scores from baseline pre-dose to each post-
dose evaluation will be analyzed. Median changes and associated 95% confidence intervals
will be computed.

[0306] The relationship between the efficacy endpoint versus miRNA results will
be examined. Relationships will be examined by using regression models, which model the
endpoint outcome versus miRNA results as regressor variables.

[0307] Intersurgical intervals will also be summarized. Analyses will be
summarized and presented by number of prior surgical interventions (<2, 3-5, and >6) and
overall. Efficacy analysis using the mITT population will be conducted. The per-protocol
population will also be used for a supportive analysis.

[0308] Immunogenicity: Increases from baseline in interferon-y ELISpot and flow
response magniludes will be summarized. The median increases and associated 95%
confidence intervals will be calculated. Changes from baseline in tumor tissue response
magnitudes will be summarized. The mean increases and associated 95% t-distribution based
confidence intervals will be calculated. Valid samples for statistical analysis purposes will be
those collected within 7 days of the specified visit. Baseline is defined as the last
measurement prior to the first treatment administration. The mITT population will be used for
immunogenicity analyses. Analyses will be summarized and presented by number of prior

surgical interventions (<2, 3-5, and >6) and overall.

[0309] [Ixploratory Analyses:

[0310] Efficacy: HPV clearance will be summarized; the percentage of subjects
who clear HPV-6/11 in resected tumor tissue compared to baseline will be calculated. The
relationship between cfHPV DNA 6/11 pre- and post-INO-3107 drug product as a correlate

of disease burden and clinical outcomes in RRP patients will be examined using regression
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models. Analysis will be summarized and presented by number of prior surgical interventions
(<2, 3-5, and >6) and overall.

[0311] Immunogenicity: Post-baseline ELISA titers will be analyzed with geometric
means. Changes in gene expression from baseline in peripheral blood will be summarized.
Analysis will be summarized and presented by number of prior surgical interventions (<2, 3-

5, and >6) and overall.
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[0312] Sequences and Sequence Identifiers

>pGX3024 insert only aminoc acid sequence without IgE Leader Sequence <SEQ
ID NO: 1>

ESKDASTSATSIDQLCKTENLSLHTLOQIQCVECRNALTTAEIYAYAYKN _KVVWRDNEFPFAACACCLELQGKIND
YRHENYAAYAPTVEEETNEDILKVLIRCYLCHKPQCEIEKLKHILGKARFIKLNNQRKGRCLHCWTTCMEDLLPR
GRKRRSGSGATNFSLLKQAGDVEENPGPHGRLVTLKDIVLDLOPPDPVGLHAYEQLEDSSEDEVDKVDKGDSQPL
TQHYQILTCCCGCDSNVRLVVECTDGDIRQLODLLLGTLNIVCPICAPKPRGRKRRSGSGATNFSLLKQAGDVEE
NPGPESANASTSATTIDOLCKTENLSMHTLOINCVECKNALTTAEIYSYAYKOLKVLERGGYPYAACACCLEFHG
KINQYRHEDYAGYATTVEEETKODILDVLIRCYLCHKPQCEVEKVKHILTKAREFIKLNCTRKGRCLHCWTTCMED
MLPRGRKRRSGSGATNFSLLKQAGDVEENPGPHGRHVTLKDIVLDLQPPDEVGLHAYEQLVDS SEDEVDEVDGQD
SQPLKQHYQIVTCCCGCDSNVRLVYQCTETDIREVOQQLLLGTLNIVCPICAPKT

>pGX3024 Insert Only without IgE Leader Sequence <3EQ ID NO: 2>
GAGAGCAAGGATGCCAGCACAAGCGCCACCAGCATCGACCAGCTTTGCAAGACCTTTAACCTGAGCCTGCACACA
CTTCAGATCCAGTGTGCTCTTCTGCCGAANT GCT CTGACNANCNAGCAGANNTCTACGCCTACGCCTACANANNCCT G
AAGGTGGTGTGGAGAGACAACTTTCCTTTCGCTGCCTGCGCTTGCTGCCTGGAGCTGCAGGGCAAGATCAATCAG
TACCGGCACTTCAACTACGCTGCCTACGCCCCTACAGTGGAGCGAGGAAACAAACGAAGACATCCTGAAGGTGCTG
ATCAGATGCTACCTCTGCCACAAGCCACAGTGT GAAATCGAGAAGCTGAAGCACATTCTGGGCAAGGCCAGATTT
ATCAAGCTGAACAACCAGAGAAAGGGAAGATGT CTGCACTGTTGGACAACCTGCATGGAGGACCTGCTGCCCAGA
GGCAGAAAGAGAAGATCTGGCAGCGGAGCTACCAACTTCTCTCTGCTGAAGCAGGCTGGAGATGTTGAGGAGAAC
CCAGGCCCTCACGGCCGGCTGGTCACCCTGAAGGATATCGTGCTGGATCTGCAGCCCCCTGATCCTGTGGGCCTT
CACGCCTACGAACAGCIGGAGGACAGC I CIGAAGACGAAG I GGACAAGGIGGACAAGCAGGAC T CI'CAGCCL'CL'G
ACACAGCACTATCAGATCCTGACCTGCTGCTGCGGCTGTGACTCTAACGTGAGACTGGTGGTGGAGTGCACCGAT
GCGAGNACNATCAGNACNAGCTGCAGGACCTGCTGCTGGGTACCCTGANACATTCTGTGTCCTATCTGTGCTCCAMGCCA
AGAGGCAGGAAAAGAAGATCCGGCAGCGCGAGCCACCAATTTCTCCCTGCTGAAGCAAGCTGCGAGATGTGCGAGGAG
AACCCTGGCCCTGAGAGCGCCAACGCCAGCACATCCGCCACCACCATCGACCAGCTGTGCAAGACCTTCAACCTG
AGCATGCACACACTGCAGATCAACTGTGTCTTCTGCAAGAATGCCCTGACCACAGCAGAGATCTACAGCTACGCC
TACAAGCAGCTGAAGGTGCTGTTCAGAGGCGGCTACCCTTATGCTGCCTGTGCCTGCTGCCTGGAGTTCCACGGT
AAGATCAACCAGTACAGACACTTCGACTACGCTGCCTACGCCACCACAGTCCAACAGGAAACAAAGCAGGACATC
CTGGACGTGCTGATCCGATGCTACCTGTGCCACAAGCCTCAGTGTGAAGTGGAAAANAGTGAAGCACATCCTGACT
AAGGCCAGATTCATCAAGCTGCGAACTGCACCACGAAAAGCGGCAGATGCCTGCACTGCTGGACCACCTGCATGGAAGAC
ATGCTGCCTAGAGGCAGAAAAAGAAGAAGCGGCTCTGGAGCCACCAACTTTTCCCTGCTGAAACAAGCTGGAGAC
GTGGAGGAAAACCCTGGCCCTCACGGCAGACACGTGACACTGAAGGACATCGTGCTGGACCTGCAGCCTCCTGAC
CCTGTGGGCCTGCACGCCTACGAGCAGCTGGTGGACAGCAGCGAGGACGAAGT GGACGAAGTGGATGGCCAGGAC
AGCCAGCCTCTGAAGCAGCACTACCAGATCGETCACCTGCTGCTGETGGCTGTGATAGCAATGTGAGGCTGETGGET
CAGTGCNACACGNNNCNAGNACNAT CAGNACGANGCTGCAGCANCTGCTGCTGGGCNACCCTGANCNATCGTGTGTCCCATCTGT
GCTCCCAAGACATGATAA

>pGX3024 Full Sequence <SEQ ID NO: 3>

gctgcettegegatgtacgggceccagatatacgegttgacattgattattgactagttattaatagtaatcaattac
ggggtcatcagttcatagcccatatatggagttccgegtitacataacttacggtaaatggceccgecctggetgace
gcccaacgacccccgeccattgacgtecaataatgacgtatgttccecatagtaacgeccaatagggacttteccattyg
acgtcaatgggtggagtatttacggtaaactgeccacttggecagtacatcaagtgtatcatatgecaagtacgee
ccctattgacgtcaatgacggtaaatggcccgectggecattatgeccagtacatgaccttatgggactttectac
ttggcagtacatctacgtattagtcatcgetattacecatggtgatgeggttttggeagtacatcaatgggedgtgy
atagcggtctgactcacggggatttccaagocctccaccccattgacgtcaatgggagbttgttttggecaccaaaa
tcaacgggactttccaaaatgtcgtaacaactccgcceccattgacgecaaatgggeggtaggegtgtacggtggga
ggtctatataagcagagctctetggetaactagagaacccactgettactggettatcgaaattaatacgactca
ctatagggagacccaagctggctagecgtttaaacttaagecttggtaccgagetecggatcecgecaccatggattgg
acctggatTcectetttectegttgecegetgctactegegttcatagtgagagcaaggatgccagecacaagegecace
agcatcgaccagctttgcaagacctttaacctgagcctgcacacacttcagatccagtgtgtcttctgecgaaat
gctcectgacaacagecagaaatctacgectacgectacaaaaacctgaaggtggtgtggagagacaacttteettte
gctgecctgogettgoctgectggagetgecagggcaagatcaatcagtaccggecacttcaactacgetgectacgee
cctacagtggaggaggaaacaaacgaagacatcctgaaggtgctgatcagatgctacctcectgeccacaageccacag
tgtgaaatcgagaagctgaagcacattctgggcaaggeccagatttatcaagetgaacaaccagagaaagggaaga
tgtectgecactgttggacaacctgeatggaggacctgetgeoccagaggcagaaagagaagatetggecageggaget
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accaacttctctctgctgaagcaggctggagatgttgaggagaacccaggccctcacggeccggetggtecacecctyg
aaggatatcgtgctggatctgcageccecctgatcectgtgggeccttcacgectacgaacagectggaggacagetet
gaagacgaagtggacaaggtggacaagcaggactctcagcctctgacacagcactatcagatcctgacctgetge
tgcggcetgtgactctaacgtgagactggtggtggagtgcaccgatggagacatcagacagetgcaggacctgetyg
ctgggtacccectgaacattgtgtgtcecctateTtgtgetceccaaageccaagaggcaggaaaagaagatceeggcagegga
gccaccaacttctccocctgetgaagecaagectggagatgtggaggagaaccectggccectgagagocgocaacgccago
acatccgccaccaccatcgaccagectgtgcaagaccttcaacctgagecatgecacacactgecagatcaactgogte
ttctgcaagaatgcccectgaccacagcagagatctacagectacgectacaagcagetgaaggtgetgttcagagge
ggctacccecttatgcetgectgtgectgetgectggagtteccacggcaagatcaaccagtacagacacttegactac
goctggetacgeocaccacagtggaagagdgaaacaaagcagdacatocctggacgtgetgatecgatgetacctgtge
cacaagccocagtgtgaagtggaaaaagtgaagcacatcctgaccaaggccagattcatcaagectgaactgecacc
agaaaaggcagatgcctgecactgectggaccacctgecatggaagacatgetgectagaggcagaaaaagaagaage
ggctcetggagccaccaacttttcectgectgaaacaagetggagacgtggaggaaaaccctggeectecacggeadga
cacgtgacactgaaggacatcgtgctggacectgrcagectectgacecetgtgggectgecacgectacgagecagetyg
gtggacagcadcgaggacgaadtggacdaagtggatggecaggacagecagectetgaageagecactaccagate
gtcacctgctgectgtggectgtgatagcaatgtgaggectggtggtgcagtgcacagaaacagacatcagagaagtyg
cagcaactgctgctgggcaccctgaacatcgtgtgtcccatctgtgectceccaagacatgataactcecgagtctaga
gggcccgtTttaaaccaegcectgatcagecctcgactgtgecttetagttgecagecatetgttgbittgeccetecacece
gtgccttcecttgaccectggaaggtgecacteccactgtectttectaataaaatgaggaaattgecategecattgt
ctgagtaggtgtcattcetattetggggggtggggtggggcaggacagecaadgggggaggattgggaagacaacagce
aggcatgctggggatgcecggtgggetctatggettctactgggeggttttatggacagecaagegaaccggaactge
cagctggggecgeccctectggtaaggttgggaagecctgcaaagtaaactggatggetttecttgecgecaaggatet
gatggcgcaggggatcaagctcotgatcaagagacaggatgaggategtttaegecatgattgaacaagatggattge
acgcaggttctccggeccgettgggtggagaggectatteggetatgactgggcacaacagacaatcggectgetetyg
atgccgcegtgtteccggectgtecagegecaggggegeccggttectttttgtcaagaccgacetgtecggtgecectga
atgaactgcaagacgaggcagcgcggctatcgtggctggccacgacgggegttccttgegcagectgtgetcgacyg
ttgtcactgaagcgggaagggactggctgetattgggegaagtgeccggggcaggatctcctgtcatctecaccttyg
ctcctgecgagaaagtatccatcatggeotgatgocaatgeggeggetgeatacgettgateeggetacetgececat
tcgaccaccaagcgaaacatcgcatcgagcgagcacgtactecggatggaageccggtecttgtecgatcaggatgate
tggacgaagagcatcaggggctcecgegecagecgaactgttegecaggectcaaggegagecatgeccgacggecgagyg
atctcgtcgtgacccatggcgatgecctgcttgeccgaatatcatggtggaaaatggececgettttctggattcateyg
actgtggceggctgggtgtggcggaccgctatcaggacatagegttggectaccecgtgatattgetgaagagettyg
gcggegaatgggctgaccgecttectegtgetttacggtatecgeegetecccgattegecagegecategeettetate
gccttcttgacgagttcttctgaattattaacgcttacaatttecctgatgecggtattttectecttacgecatetgt
gcggtattTcacaccgecatcaggtggecactttteggggaaatgtgegeggaaccectatttgtttatttttctaa
atacattcaaatatgtatccgetcatgagacaataaccctgataaatgettcaataatagecacgtgetaaaactt
catttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttt
tcgttccactgagcgtcagaccececgtagaaaagatcaaaggatecttcttgagatecetttttttctgegegtaate
tgctgcttgcaaacaaaaaaaccaccgctaccageggtggtttgtttgecggatcaagagctaccaactetTttt
ccgaaggtaactggcttcagecagagegcagataccaaatactgttettetagtgtagecgtagttaggecaccac
ttcaagaactcectgtagecaccgactacatacetegetetgetaatecctgttaccagtggetgetgecagtggegat
aagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggegcageggtcgggetgaacggggggt
tcgtgcacacagecccagettggagegaacgacctacaccgaactgagatacctacagegtgagectatgagaaage
gccacgcectoeccecgaagggagaaaggeggacaggtatcecggtaageggecagggtcggaacaggagagegcecacgagyg
gagcttccagggggaaacgcctggtatctttatagtcecetgtegggtttegeccacctetgacttgagegtegattt
ttgtgatgctogtcaggggggeggagectatggaaaaacgacagcaacgaeggoctttttacggttectggecttt
tgctggccecTtttgctcacatgttett

SEQ ID NO: 4 pGX6010 full length sequence and annotation:

Elements: Base Pairs:

Kan Resistance: 298-1059

pUC Ori: 1227-1900

bGH polyA: 2290-2528

Xhol site: 2551-2556
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hulL-12 p335 coding sequence: 2557-3216 (Note: p35 subunit is

encoded on the opposile strand)

CA 03177949 2022-11-4

Pmel site: 3217-3224

sCMYV Promoter: 3209-3711

hCMYV promoter: 4200-5024

Sall site: 5030-5035

hullL-12 p40: 5036 -6022

Mlul site: 6023-6028

SV40 poly A: 6024-6229
aaatgggggce gcectgaggtot goctegtgaa gaaggtgttg ctgactcata ccaggcoccoctga 60
atcgccceccat catccagcecca gaaagtgagg gagccacggt tgatgagage tttgttgtag 120
gtggaccagt tggtgatttt gaacttttgc tttgccacgyg aacggtcectgce gttgtcggga 1380
agatgcgtga tcectgatcctt caactcagca aaagttcgat ttattcaaca aagccgccedgt 240
ccecgtecaagt cagcecgtaatg ctcectgccagt gttacaacca attaaccaat tctgcegttcea 300
aaalgglalg cglllLlLgaca calccaclal alalccglgl cgllclglece aclcceclgaal 360
cccattccag aaattctceta gcgattccag aagtttctceca gagtocggaaa gttgaccaga £20
cattacgaac tggcacagat ggtcataacc tgaaggaaga tctgattgct taactgcttc £80
agttaagacc gacgcgctcg tcecgtataaca gatgcgatga tgcagaccaa tcaacatggce 540
acctgccatt gctacctgta cagtcaagga tggtagaaat gttgtecggtce cttgcacacg 600
aatattacge catttgecctg catattcaaa cagctcttct acgataaggg cacaaatcgce 660
atcgtggaac gtttgggcett ctaccgattt agcagtttga tacactttcect ctaagtatcc 720
acctgaatca taaatcggca aaatagagaa aaattgacca tgtgtaagcg gccaatctga 780
ttccacctga gatgcataat ctagtagaat ctcttcgcta tcaaaattca cttccacctt 840
ccactcaccg gttgtccatt catggctgaa ctcoctgcttcce tcectgttgaca tgacacacat 200
calclcaala Lccgaalacg gaccalcagl clgacgacca agagagccal aaacaccaal 960
agccttaaca tcatccccat atttatccaa tattcgttcce ttaatttcat gaacaatctt 1020
cattctttcect tctctagtca ttattattgg tceccgttcata acaccccttg tattactgtt 1080
tatgtaagca gacagtttta ttgttcatga tgatatattt ttatcttgtg caatgtaaca 1140
tcagagattt tgagacacaa cgtggctttc cccggcccat gaccaaaatc ccttaacgtg 1200
agttttcgtt ccactgagcg tcagaccccg tagaaaagat caaaggatct tcttgagatc 1260
ctttttttet gcgecgtaatc tgctgcttge aaacaaaaaa accaccgcecta ccagcecggtgg 1320
tttgtttgce ggatcaagag ctaccaactc tttttcoccgaa ggtaactgge ttcagcagag 1380
cgeagataco aaatactgtbt cttotagtgt agoccgtagtt aggcocaccac ttcaagaact 1440
ctgtagecace gectacatac ctegetectge taatccoctgtt accagtgget gotgocagtg 1500
gcgataagtce gtgtcttace gggttggact caagacygata gttaccggat aaggcgcagco 1560
ggtcgggetg aacggggggt tegtgcacac ageccagett ggagogaacg acctacaccg 1620
aactgagata cctacagcgt gagctatgag aaagcgccac gcttcccgaa gggagaaagg 1680
cggacaggla lLccgglaagc ggcaggglcg gaacaggaga gcgcacgagg gagcllccag 1740
ggggaaacgc ctggtatctt tatagtcctg tegggtttceg ccacctcetga cttgagegtce 1800
gatttttgtg atgctcgtca ggggggcgga gcctatggaa aaacgccagc aacgcggcct 1860
ttttacggtt cctggccttt tgctggecctt ttgctcacat gttectttect gegttatccce 1920
ctgattctgt ggataaccgt attaccgcct ttgagtgagc tgataccgct cgccgcagcec 1980
gaacgaccga gcgcagcgag tcagtgagcg aggaagcgga agagcgcctg atgcggtatt 2040
ttcteoccttac gcatctgtge ggtatttcac accgcatatg gtgcactctc agtacaatct 2100
gctectgatge cgecatagtta agccagtate tgctcecctge ttgtgtgttg gaggtcogetg 2160
agtagtgcgc gagcaaaatt taagctacaa caaggcaagg cttgaccgac aattgcatga 2220
agaatctgcet tagggttagg cgttttgege tgcttcecgega tgtacgggcce agatatageco 2280
goggeataga tgataatteg gettatttaa attccccage atgectgeta ttgtettcocce 2340
aatcctcecoccoce cttgctgtee tgoccccacce caccccocccag aatagaatga cacctactca 2400
gacaatgcga tgcaatttcecc tcattttatt aggaaaggac agtgggagtg gcaccttcoca 2460
gggtcaagga aggcacgggg gaggggcaaa caacagatgg ctggcaacta gaaggcacag 2520
tcygayyctya tcaygcyaygct cyygcycygccoct ctocyaygttay gaaygcyttca gygtatgacat 2580
gaccocgatca atagtbtgacag cccgaatcog aaaggceatgo agcagaatgco acagcottgat 2640
ttttgtctta taaaagtcgg gttcctccag actagacttc tgtgggacgg tttcecgctatt 2700
gaagttcagy gcctgcatca gctcocgtcaat cactgccage atattctgat ccagaaagat 2760
ctgtogttta gggtccatca gcagecttage gttcatggtt ttgaattcocca cctgatacat 2820
cttecagatce tegtagatgg agctcaggea cagtgccate atgaagetgg tcecttgegact 2880
agccaggcaa gacccgttgyg tgatgaagyga agtctocccty ctattcagac atgattogtt 2940
cttggtcage teocagtggea ggecaggcotte gactgtggag gttttgteoct tagtaatate 3000
ctcgtggteg atttcctcag aagtacaagg gtaaaactcc agtgtctgte tagetttcectg 3060
cagcalallyg gacacggcece gcagcecaggll clggceclalgg Lgcaggcagg ggaacalgoec 3120
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aggatcgggg gtagcgacag gcagatttcg agccagtgac aggtgatcca gcaggaccag 3180
gglagcgacc agcagcaggg accgagcggg gcacalgllL aaacgclceccl ccgacglcecce 3240
caggcagaat ggcggttccce taaacgagca ttgcttatat agacctccca ttaggcacgce 3300
ctaccgccca tttacgtcaa tggaacgccc atttgcgtca ttgcccctce ccattgacgt 3360
caatggggat gtacttggca gccatcgcgg gccatttacc gccattgacg tcaatgggag 3420
tactgccaat gtaccctgge gtacttccaa tagtaatgta cttgccaagt tactattaat 3480
agatattgat gtactgccaa gtgggccatt taccgtcatt gacgtcaata gggggcgtga 3540
gaacggatat gaatgggcaa tgagccatcc cattgacgtce aatggtgggt ggtcocctattg 3600
acgtcaatgg gcattgagcc aggcgggcca tttaccgtaa ttgacgtcaa tgggggagge 3660
gccatatacg tcaataggac cgcccatatg acgtcaatag gaaagaccat gctaagccga 3720
attatcgcgg ctatctgagg ggactagggt gtgtttaggce gaaaagcggg gottcecggttg 3780
tacgecggtta ggagtecccct caggatatag tagttteget tttgecatagg gagggggaaa 3840
tgtagtctta tgcaatactc ttgtagtctt gcaacatggt aacgatgagt tagcaacatg 3900
ccttacaagg agagaaaaag caccgtgcat gceccgattggt ggaagtaagg tggtacgatce 3960
gtgccttatt aggaaggcaa cagacgggtce tgacatggat tggacgaacc actgaattcc 4020
gcallgcaga galallglal Llaaglgccecl agclcgalac aalaaacgcce alllgaccal 4080
tcaccacatt ggtgtgcaca tccaagcottco gaccaattcob catgtttgac agcottatcat 4140
cgcagatccg ggcaacgttg ttgccattge tgcaggcgca gaactggtag gtatggaaga 4200
tctatacatt gaatcaatat tggcaattay ccatattagt cattggttat atagcataaa 4260
tcaatattgg ctattggcca ttgecatacgt tgtatctata tcataatatg tacatttata 4320
ttggeoctecatyg tecaatatga cogeccatgtt gacattgatt attgactagt tattaatagt 4380
aalcaallac gggglcalla gllcalagcce calalalgga gllccgegll acalaacllLa 4440
cggtaaatgg cccocgecctgge tgaccgccca acgacccceccg cccattgacg tcaataatga 4500
cgtatgttce catagtaacg ccaataggga ctttccattg acgtcaatgg gtggagtatt 4560
tacggtaaac tgcccacttg gcagtacatc aagtgtatca tatgocaagt cogocccocta 4620
ttgacgtcaa tgacggtaaa tggccecgeccet ggecattatge ccagtacatg accecttacggg 4680
actttcctac ttggcagtac atctacgtat tagtcatcge tattaccatg gtgatgcggt 4740
tttggcagta catcaatggg cgtggatagce ggtttgactcec acggggattt ccaagtctcc 4800
accccattga cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac tttccaaaat 4860
glcglaacaa clccgcccecca Llgacgcaaa Lgggcgglag gcglglacgg Lgggagglol 4920
atataagcag agctcgttta gtgaaccgtc agatcgcctg gagacgccat ccacgcetgtt 4980
ttgacctcca tagaagacac cgggaccgat ccagcctecg cgggcgcecgceg tcgacatgtg 5040
ccatcagcag ctggtcatct cttggtttag tcectggtgttt ctggcttcecte cactggtcge 5100
tatctgggaa ctgaaaaagg atgtgtacgt ggtcgagctg gactggtatc cagatgcacc 5160
cggagaaatyg gtggtcctga cctgcgacac acccgaggaa gatggcatca cttggaccct 5220
ggaccagagc tccgaggtgce tgggatctgg caagacactyg actattcagy tcaaagaatt 5280
cggggatgoo ggacagtaca catgtcacaa gggcgggdag gtgcotgagtce actcactgeot 5340
gctgectgecat aagaaagaag acggcatctg gtctactgac attctgaagg atcagaaaga 5400
gacctaagaac aaaaccttcc tgagatgcga agctaagaat tatagtggga ggtttacctg 5460
ttggtggotyg accacaatct caactgacct gacctttage gtgaaatcta gtagggggteo 5520
aagcgatcca cagggagtga cctgcggagc agctacactg agcgccgagce gggtgagagg 5580
agacaacaay gagtacgaat atagtgtcga gtygccaggaa gattcagcecct gtcocccecgecagce 5640
cgaggaatcce ctgcctatcg aagtgatggt ggacgectgtg cacaagctga aatacgaaaa 5700
ctacacatcc tcectttcecttta ttcgcgacat cattaagcca gatcccccta aaaacctgca 5760
gclgaagccce clgaaaaall cccgacaggl ggagglclcl Lgggaalacc clgalacalg 5820
gagcactcca cattcttatt tcagtctgac tttttgcecgtg caggtccagg gcaagagcaa 5880
aagggagaag aaagaccgcg tgttcaccga taagacatcc gctactgtca tctgtcgaaa 5940
aaacgcaagc atttccgtgc gggcacagga taggtattat tccagcagtt ggtctgagtg 6000
ggcttcecgte ccttgtagtt gaacgcgtaa aaagatccag acatgataag atacattgat 6060
gagtttggac aaaccacaac tagaatgcag tgaaaaaaat gctttatttg tgaaatttgt 6120
gatgctattyg ctttatttgt aaccattata agctgcaata aacaagttaa caacaacaat 6180
tgcattcatt ttatgtttca ggttcagggg gaggtgtggg aggtttttt 6229

SEQ ID NO:5 - p35 DNA seqguence:

ATGTGTCCAGCGCGCAGCCTCCTCCTTGTGGCTACCCTGGTCCTCCTGGACCACCTCAGTTT
GGCCAGAAACCTCCCCGEIGGCCACLICCAGACCCAGGAATGI'ICCCATGCCLIICACCACTCCC
AAAACCTGCTGAGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTAC
CCTTGCACTTCTGAAGAGATTGAT CATGAAGATATCACAAAAGATAAAACCAGCACAGTGGA
GGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCAGAGAGACCTCTT
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TCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTTTATGATGGCCCTGTGCCTT
AGTAGTATTTATGAAGACTTGAAGATGTACCAGGTGGAGTTCAAGACCATGAATGCAAAGCT
TCTGATGGATCCTAAGAGGCAGATCTTTCTAGATCAAAACATGCTGGCAGTTATTGATGAGC
TGATGCAGGCCCTGAATTTCAACAGTGAGACTGTGCCACAAAAATCCTCCCTTGAAGAACCG
CATTTTTATAAAACTAAAATCAACCTCTCCATACTTCTTCATCCTTTCACAATTCCCCCACT
GACTATTGATAGAGTGATGAGCTATCTGAATGCTTCCTAA

SEQ ID NO:6 - p35 aminoc acid segquence:
MCPARSLLLVATLVLLDHLSLARNLPVATPDPGMFPCLHHSQONLLRAVSNMLQOKARQTLEFEY
PCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNSRETSEFITNGSCLASRKTSEFMMALCL
SSIYEDLKMYQVEFKTMNAKLLMDPKRQIEFLDONMLAVIDELMOALNENSETVPOKSSLEEFE
DEYKTKIKLCILLHAFRIRAVTIDRVMSYLNAS*

SEQ ID NO:7 - p40 DNA seguence:
ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCCCCTCGT
GGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTGGTATCCGGATGCCC
CTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGAAGATGGTATCACCTGGACCTTG
GACCAGAGCAGTGAGGTCTTAGGCTCTGGCAAAACCCTGACCATCCAAGTCAAAGAGTTTGG
AGATGCTGGCCAGTACACCTGTCACAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGC
TTCACAAAAAGGAAGATGGAATTTGGTCCACTGATATTTTAAAGGCGACCAGAAAGAACCCAAA
AATAAGACCTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCT
GACGACAATCAGTACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTGACCCCC
AAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAGTCAGAGGGGACAACAAGGAG
TATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCCCAGCTGCTGAGGAGAGTCTGCC
CATTGAGGTCATGGTGGATGCCGTTCACAAGCTCAAGTATGAAAACTACACCAGCAGCTTCT
TCATCAGGGACATCATCAAACCTGACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAAT
T'CLCGGCAGGIGGAGGLICAGCLIGGGAGLIACCCLIGACACCIGGAGLTACTCCACAT I CCLACTL
CTCCCTGACATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAGAGTCT
TCACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCAGCATTAGCGTGCGGGCC
CAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTGCCCTGCAGTTAG

SEQ ID NO:8 p40 amino acid sequence:
MCHQQOQILVISWESLVFLASPLVAIWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTL
DOSSEVLGSGKTLT IQVKEEFGDAGQYTCHKGGEVLSHSLLLLHKKEDGIWSTDILKDQKEPK
NKTFLRCEAKNYSGRETCWWLTTISTDLTEFSVKSSRGSSDPQGVTCGAATLSAERVRGDNKE
YEYSVECQEDSACPAAEESLPIEVMVDAVHKLKYENYTSSEFEIRDITKPDPPKNLQLKPLKN
SROVEVSWEY PDTWSTPHSYFSLTFCVOVQGKSKREKKDRVEFTDKTSATVICRKNASTSVRA
QDRYYSSSWSEWASVPCS™*

SEQ ID NO:9 TgE Leader DNA seguence

atggactgga cctggatcct gttecctggtg gccecgctgcca cacgggtgca cagce

SEQ ID NO:10 IgE leader protein

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg
Val His Ser
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>pGX3024 insert amino acid sequence with IgE Leader Sequence <SEQ ID NO:
11>
MDWTWILELVAAATRVHSESKDASTSATSIDQLCKTENLSLHTLOIQCVEFCRNALTTAEL YAYAYKNLKVVWRDN
FPFAACACCLELQGKINQYRHFNYAAYAPTVEEETNEDILKVLIRCYLCHKPQCEI EKLKHILGKARFIKLNNQR
KGRCLHCWTTCMEDLLPRGRKRRSGSGATNSLLKQAGDVEENPGPHCGRLVTLKDIVLDLQPPDPVGLHAYEQLE
DSSEDEVDKVDKQDSQPLTQHYQILTCCCGCDSNVRLVVECTDGDIRGLODLLLGTLNIVCPICAPKPRGRKRRS
GSGATNEFSLLKOAGDVEENPGPESANASTSATTIDOQLCKTENLSMHTLOINCVECKNALTTAETIYSYAYKQLKVL
FRGGYPYAACACCLEFHGKINQYRHEDYAGYATTVEEETKQDILDVLIRCYLCHKPQCEVEKVKHILTKAR="TKL
NCTRKGRCLHCWTTCMEDMLPRGRKRRSGSGATNFSLLKQAGDVEENPGPHGRHVTLKDIVLDLOPPDPVGLHAY
EQLVDSSEDEVDEVDGQDSQPLKQHYQIVTCCCGCDSNVRLVVQCTETDIREVQQLLLGTLNIVCPICAPKT

>pGX3024 Insert Only with IgE Leader Sequence <3EQ ID NO: 12>
ATGGATTGGACCTGGATTCTCTTTCTCGTTGCCGCTGCTACTCGCGTTCATAGTGAGAGCAAGGATGCCAGCACA
AGCGCCACCAGCATCGACCAGCTTTGCAAGACCTTTAACCTGAGCCTGCACACACTTCAGATCCAGTGTGTCTTC
TGCCGAAATGCTCTGACAACAGCAGAAATCTACGCCTACGCCTACAAAAACCTGAAGGTGGTGTGGAGAGACAAC
TTTCCTTTCGCTGCCTGCGCTTGCTGCCTGGAGCTGCAGGGCAAGATCAATCAGTACCGGCACTTCAACTACGCT
GCCTACGCCCCTACAGTGGAGGAGGAAACAAACGAAGACATCCTGAAGGTGCTGATCAGATGCTACCTCTGCCAC
AAGCCACAGTGTGAAATCGAGAAGCTGAAGCACATTCTGGGCAAGGCCAGATTTAT CAAGCTGAACAACCAGAGA
AAGGGAAGATGTCTGCACTGTTGGACAACCTGCATGGAGGACCTGCTGCCCAGAGGECAGAAAGAGAAGATCTGGT
AGCGGAGCTACCAACTTCTCTCTGCTGAAGCAGGCTGGAGATGTT GAGGAGAACCCAGGCCCTCACGGCCGGLTG
GTCACCCTGAAGGATATCGTGCTGGATCTGCAGCCCCCTGATCCTGTGGGCCTTCACGCCTACGAACAGCTGGAG
GACAGCTCTGAAGACGAAGTGGACAAGGTGGACAAGCAGGACTCTCAGCCTCTGACACAGCACTATCAGATCCTG
ACCTGCTGCTGCGGCTGTGACTCTAACCTGAGACTGGTCCTGCAGTGCACCCATGCAGACATCACGACAGCTGCAG
GACCTGCTGCTGGGTACCCTGAACATTGTGTGTCCTATCTGTGCTCCAAAGCCAAGAGGCAGGAAAAGAAGATCC
GGCAGCGGAGCCACCAATTTCTCCCTGCTGAAGCAAGCTGGAGATGTGCGAGGAGAACCCTGGCCCTGAGAGCGCT
AACGCCAGCACATCCGCCACCACCATCGCACCAGCTGCTGCAAGACCTTCAACCTGCGAGCATGCACACACTGCAGATC
AACTGTGTCTTCTGCAAGAATGCCCTGACCACAGCAGAGATCTACAGCTACGCCTACAAGCAGCTGAAGGETGCT
TTCAGAGGCGGCTACCCTTATGCTGCCTGTGCCTGCTGCCTGGAGTTCCACGGCAAGATCAACCAGTACAGACAC
TTCGACTACGCTGGCTACGCCACCACAGTGGAAGAGGAAACAAAGCAGGACATCCTGGACGTGCTGATCCGATGC
TACCTGTGCCACAAGCCTCAGTGTGAAGTGGAAAAAGTGAAGCACATCCTGACCAAGGCCAGATTCATCAAGCTG
AACTGCACCAGAAANAGGCAGATGCCTGCACTGCTGGACCACCTGCATGGAAGACATGCTGCCTAGAGGCAGAAAN
AGAAGAAGCGGCTCTGGAGCCACCAACTTTTCCCTGCTGAAACAAGCTGGAGACGTGGAGGAAAACCCTGGCCCT
CACGGCAGACACGTGACACTGAAGGACATCGTGCTGGACCTGCAGCCTCCTGACCCTGTGGGCCTGCACGCCTAC
GAGCAGCTGGTGGACAGCAGCGAGCGACCGAAGTGGACCGAAGTGCGCGATGGCCAGGACAGCCAGCCTCTGAAGCAGCAC
TACCAGNATCGTCACCTGCTGCTGTGGCTCTGATAGCNANT GTGAGGCTGGTGGTGCAGT GCACAGNANNCAGNACATC
AGAGAAGTGCAGCAACTGCTGCTGGGCACCCTGAACATCGTGTGTCCCATCTGTGCTCCCAAGACATGATAA
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What is claimed:

1. A nucleic acid molecule encoding a human papillomavirus (HPV) antigen, the HPV

antigen comprising a HPV6 antigenic domain and a HPV 11 antigenic domain.

2. The nucleic acid molecule according to claim 1, wherein the HPV6 antigenic domain is an

HPV6 E6-E7 fusion antigen.

3. The nucleic acid molecule according claim 1 or 2, wherein the HPV11 antigenic domain is

an HPV 11 E6-E7 fusion antigen.

4. The nucleic acid molecule according to any preceding claim, wherein the HPV antigen
comprises:

the amino acid sequence of SEQ ID NO:1 or SEQ ID NO: 11; or

an amino acid sequence that is at least 95% homologous to SEQ ID NO:1 or SEQ ID
NO: 11.

5. The nucleic acid molecule according to any preceding claim, comprising:
anucleotide sequence at least 95% homologous to SEQ ID NO:2 or SEQ ID NO: 12;
the nucleotide sequence of SEQ ID NO: 2; or
the nucleotide sequence of SEQ ID NO 12.

6. The nucleic acid molecule according to any preceding claim wherein the nucleic acid
sequence encoding the HPV 11 antigenic domain is located 5° to the nucleic acid sequence

encoding the HPV6 antigenic domain.

7. The nucleic acid molecule according to any preceding claim wherein the HPV6 antigenic
domain and the HPV 11 antigenic domain are separated by one or more post-translational

cleavage sites, one or more translational skipping sites, or both.
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8. The nucleic acid molecule according to claim 2 wherein the HPV6 E6 antigenic domain
and the HPV6 E7 antigenic domain are separated by one or more post-translational cleavage

sites, one or more translational skipping sites, or both.

9. The nucleic acid molecule according to claim 3 wherein the HPV 11 E6 antigenic domain
and the HPV11 E7 antigenic domain are separated by one or more post-translational cleavage

sites, one or more translational skipping sites, or both.

10. An expression veclor comprising the nucleic acid molecule according (o any preceding

claim.

11. The expression vector of claim 10 comprising a DNA plasmid.

12. The expression vector of claim 10, comprising the nucleotide sequence of SEQ ID NO: 3.

13. An immunogenic protein comprising a human papillomavirus (HPV) 6 antigenic domain

and a HPV11 antigenic domain.

14. The immunogenic protein according to claim 13, wherein the HPV6 antigenic domain

comprises a HPV6 E6 antigenic domain and a HPV6 E7 antigenic domain.

15. The immunogenic protein according to claim 13 or 14, wherein the HPV11 antigenic

domain comprises a HPV11 E6 antigenic domain and a HPV11 E7 antigenic domain.

16. The immunogenic protein according to any one of claims 13 to 15, comprising:
the amino acid sequence of SEQ ID NO:1 or SEQ ID NO: 11; or
an amino acid sequence that is at least 95% homologous to the amino acid sequence

of SEQ ID NO:1 or SEQ ID NO: 11.

17. The immunogenic protein according to any one of claims 13 to 16, wherein the HPV 11

antigenic domain is located N-terminal to the HPV 6 antigen.
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18. The immunogenic protein according to any one of claims 13 to 17, wherein the HPV6
antigenic domain and the HPV11 antigenic domain are separated by one or more post-

translational cleavage sites, one or more translational skipping sites, or both.

19. The immunogenic protein according to claim 14 wherein the HPV6 E6 antigenic domain
and the HPV6 E7 anligenic domain are separated by one or more post-translational cleavage

sites, one or more translational skipping sites, or both.

20. The immunogenic protein according to claim 15 wherein the HPV11 E6 antigenic domain
and the HPV11 E7 antigenic domain are separated by one or more post-translational cleavage

sites, one or more translational skipping sites, or both.

21. A vaccine comprising the expression vector of any one of claims 1010 12 and a

pharmaceutically acceptable excipient.

22. A pharmaceutical composition comprising the expression vector of any one of claims 10

to 12 and a pharmaceutically acceptable excipient.

23. The pharmaceutical composition according to claim 22, comprising an adjuvant.

24. The pharmaceutical composition according to claim 23 wherein the adjuvant comprises

interleukin-12 (IL12).

25. The pharmaceutical composition according to claim 24 wherein the IL12 is encoded by a

nucleic acid molecule.

26. The pharmaceutical composition according to claim 25, wherein the nucleic acid

molecule encoding IL12 is an expression vector.

27. A vaccine comprising the immunogenic protein of any one of claims 13 to 20 and a

pharmaceutically acceptable excipient.
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28. A pharmaceutical composition comprising the immunogenic protein of any one of claims

13 to 20 and a pharmaceutically acceptable excipient.

29. The pharmaceutical composition according to claim 28, comprising an adjuvant.

30. The pharmaceutical composition according to claim 29 wherein the adjuvant comprises

interleukin-12 (IL12).

31. The pharmaceutical composition according to claim 23 or 29, wherein the adjuvant
comprises a nucleic acid molecule comprising a nucleotide sequence encoding the p35

subunit of IL-12, the p40 subunit of IL-12, or both.

32. The pharmaceutical composition according to claim 31, wherein the nucleotide
sequence encoding the p35 subunit of IL12 comprises a nucleotide sequence selected from
the group consisting of’

anucleotide sequence that encodes SEQ ID NO: 6; or

anucleotide sequence that is at least 95% homologous 1o a nucleotide sequence that

encodes SEQ ID NO: 6.

33. The pharmaceutical composition according to claim 31 or 32, wherein the nucleotide
sequence encoding the p40 subunit of IL12 comprises a nucleotide sequence selected from
the group consisting of’

anucleotide sequence that encodes SEQ ID NO: 8; or

anucleotide sequence that is at least 95% homologous to a nucleotide sequence that

encodes SEQ ID NO: 8.

34, The pharmaceutical composition according to claim 31, 32, or 33, wherein the
nucleotide sequence encoding IL.12 comprises a nucleotide sequence selected from the group
consisting of:

the nucleotide sequence of SEQ ID NO: 4; or

anucleotide sequence that is at least 95% homologous to the nucleotide sequence of

SEQID NO: 4.
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35. The pharmaceutical composition according to any one of claims 31 to 34 wherein the
nucleic acid molecule comprising a nucleotide sequence encoding the p35 subunit o IL-12,

the p40 subunit of IL.-12, or both is an expression vector.

36. The pharmaceutical composition according to claim 35 wherein the expression vector
comprising the nucleic acid molecule encoding the p35 subunil o[ IL-12, the p40 subunit of
IL-12, or both is the same expression vector or a different expression vector than the

expression vector comprising the nucleic acid molecule encoding the HPV antigen.

37. The pharmaceutical composition according to any one of claims 22 to 26 or 28 to 36
wherein the pharmaceutically acceptable excipient comprises a buffer, optionally saline-
sodium citrate buffer, optionally a buffer comprising 150 mM sodium chloride and 15 mM

sodium citrate, pH 7.

38. The pharmaceutical composition of claim 37, wherein the composition comprises 6 mg of
the vector encoding the HPV antigen per milliliter of buffer and 0.25 mg of the vector
encoding the p35 subunit of IL-12, the p40 subunit of IL-1, or both, per milliliter of buffer.

39. The pharmaceutical composition ol claim 38, wherein the composilion comprises 6 mg ol

pGX3024 per milliliter of buffer and 0.25 mg of pGX6010 per milliliter of buffer.

40. A method of inducing an immune response in a subject comprising administering to the
subject an effective amount of the pharmaceutical composition according to any one of

claims 22 to 26 or 28 to 39, to thereby induce the immune response.

41. A method of prophylactically or therapeutically immunizing a subject against HPV6
and/or HPV 11 comprising administering to the subject an effective amount of the
pharmaceutical composition according to any one of claims 22 to 26 or 28 to 39 to thereby

induce an immune response against HPV6, HPV11, or both.

42. A method for treating or preventing recurrent respiratory papillomatosis (RRP) in a

subject comprising administering to the subject an effectlive amount the pharmaceutical
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composition according to any one of claims 22 to 26 or 28 to 39 to thereby treat or prevent
RRP.

43. The method according to claim 42 wherein the RRP is juvenile-onset RRP or adult-onset

RRP.

44. The method according to anv one of claims 40 to 43, wherein the nucleic acid molecule

comprises the nucleotide sequence of SEQ 1D NO: 2, SEQ 1D NO: 3, or SEQ ID NO: 12.

45. The method according to anyv one of claims 40 to 44, further comprising administering an

adjuvant to the subject.

46. The method according to claim 45 wherein the adjuvant is interleukin-12 (1L12).

47. The method according to claim 46 wherein the IL 12 is encoded by a nucleic acid

molecule.

48. The method according to claim 45, wherein the adjuvant comprises a nucleic acid
molecule comprising a nucleotide sequence encoding the p35 subunil of IL-12, the p40

subunit of IL-12, or both.

49, The method according to claim 48, wherein the nucleotide sequence encoding the p35
subunit of IL-12 comprises a nucleotide sequence selected from the group consisting of:
anucleotide sequence that encodes SEQ ID NO: 6; or
anucleotide sequence that is at least 95% homologous to a nucleotide sequence that
encodes SEQ ID NO: 6.

50. The method of claim 48 or 49, wherein the nucleotide sequence encoding the p40
subunit of IL-12 comprises a nucleotide sequence selected from the group consisting of:
anucleotide sequence that encodes SEQ ID NO: 8; or
anucleotide sequence that is at least 95% homologous to a nucleotide sequence that
encodes SEQ ID NO: 8.
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51. The method according (o claim 47, wherein the nucleic acid molecule encoding 1L.12
comprises a nucleotide sequence selected from the group consisting of:

the nucleotide sequence of SEQ ID NO: 4; or

anucleotide sequence that is at least 95% homologous to the nucleotide sequence of

SEQ ID NO: 4.

52. The method according to claim 47, wherein the nucleic acid molecule encoding the 1L12

is an expression vector, optionally a plasmid.

53. The method according to claim 52, wherein the plasmud is pGX6010.

54. The method according to anv one of claims 40 to 53, wherein the subject is a human.

55. The method according to any one of claims 40 (o 54, wherein the administering

comprises intradermal or intramuscular injection.

56. The method according to claim 55, wherein the administering further comprises

electroporation.

57. Use of an effective amount of the expression vector according to any one of claims 10 to
12 or the immunogenic protein according to any one of claims 13 to 20 in the manufacture of

a prophylactic or medicament.

58. Use of an effective amount of the expression vector according to any one of claims 10 to
12 or the immunogenic protein according to any one of claims 13 to 20 in the manufacture of
a prophylactic or medicament to prevent or treat human papilloma virus (HPV) 6 or HPV11

infection.

59. Use of an effective amount of the pharmaceutical composition according to any one of
claims 22 to 26 or 28 to 39 to prevent or treat human papilloma virus (HPV) 6 or HPV11

infection.
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60. Use ol an ellective amount of the pharmaceutical composition according Lo any one ol

claims 22 to 26 or 28 to 39 to prevent or treat recurrent respiratory papillomatosis (RRP).

61. The use according to claim 60 wherein the RRP is juvenile-onset RRP or adult-onset

RRP.

62. The use according to any one of claims 57 to 61, wherein the nucleic acid molecule
comprises the nucleotide sequence of SEQ ID NO: 2, SEQ ID NO: 3, or SEQ ID NO: 12.

63. The use according to any one of claims 57 to 62 in combination with an adjuvant.

64. The use according to claim 63 wherein the adjuvant is interleukin-12 (1L12).

65. The use according to claim 64 wherein the IL12 is encoded by a nucleic acid molecule.

66. The use according to claim 65, wherein the adjuvant comprises a nucleic acid molecule
comprising a nucleotide sequence encoding the p35 subunit of 1L.-12, the p40 subunit of IL-
12, or both.

67. The use according to claim 66, wherein the nucleotide sequence encoding the p35
subunit of IL-12 comprises a nucleotide sequence selected from the group consisting of:

a nucleotide sequence that encodes SEQ ID NO: 6; or

anucleotide sequence that is at least 95% homologous to a nucleotide sequence that

encodes SEQ ID NO: 6.

68. The use according to claim 66 or 67, wherein the nucleotide sequence encoding the
p40 subunit of IL-12comprises a nucleotide sequence selected from the group consisting of:
anucleotide sequence that encodes SEQ ID NO: 8; or
anucleotide sequence that is at least 95% homologous to a nucleotide sequence that
encodes SEQ ID NO: 8.
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69. The use according to claim 65, wherein the nucleic acid molecule encoding IL12
comprises a nucleotide sequence selected [rom the group consisling of:

the nucleotide sequence of SEQ ID NO: 4; or

anucleotide sequence that is at least 95% homologous to the nucleotide sequence of

SEQ ID NO: 4.

70. The use according to claim 65, wherein the nucleic acid molecule encoding the IL12 is an

expression vector, optionally a plasmid.

71. The use according to claim 70, wherein the plasmid is pGX6010.
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Figure 1A

Plasmids encoding HPV6 and HPV11 E6 and E7 antigens
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