w0 20207163690 A1 | NI H00 0 KO0 00 00 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2020/163690 Al

13 August 2020 (13.08.2020) WIPOIPCT

(51) International Patent Classification:

A61K 39/00 (2006.01) CO7K 16/30 (2006.01)
A61K 39/39 (2006.01) CI2N 15/09 (2006.01)
CO7K 16/28 (2006.01)

(21) International Application Number:
PCT/US2020/017172

(22) International Filing Date:
07 February 2020 (07.02.2020)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
62/802,813 08 February 2019 (08.02.2019) US

(71) Applicant: MADISON VACCINES INC. [US/US]; 505
S. Rosa Rd #201, Madison, Wisconsin 53719 (US).

(72) Inventors: MCNEEL, Doug;, c/o Madison Vaccines Inc.,
505 S. Rosa Rd #201, Madison, Wisconsin 53719 (US).
LESNIEWSKI, Richard R.; ¢/o Madison Vaccines Inc.,
505 S. Rosa Rd #201, Madison, Wisconsin 53719 (US).

(74) Agent: ARENSON, Tanya A.; Casimir Jones, S.C., 2275
Deming Way, Ste 310, Middleton, Wisconsin 53562 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

84

Pub

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

lished:
with international search report (Art. 21(3))
with sequence listing part of description (Rule 5.2(a))

(54) Title: CANCER THERAPY

FIG. 1A

Arm 1 — Combined

Arm 2 — Sequential

% Change in PSA

R
# %
25
-50
75
-100
O o 0 & T M Mg M g - O O F N
o © © 2 S & o o @ o oo D e 2 0o O 2 @
S S 08 8 8 8 835 &S & 29 @28 & & o0 & S S S S
H N &8~ 83 8 8 &8 4 NN Q-0 3 A =S =S o= = =~

(57) Abstract: Provided herein is technology relating to cancer treatment and prevention and particularly, but not exclusively, to

compositions and methods related to therapies for prostate cancer.



10

15

20

25

30

WO 2020/163690 PCT/US2020/017172

CANCER THERAPY

CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority to and the benefit of U.S. Provisional Application No.
62/802,813, filed February 8, 2019, which is hereby incorporated by reference in its entirety.

FIELD
Provided herein is technology relating to cancer treatment and prevention and
particularly, but not exclusively, to compositions and methods related to therapies for prostate

cancer.

BACKGROUND

In the United States (U.S.), prostate cancer is the most common cancer in men. In
2017, the American Cancer Society predicts that there will be around 161,360 new diagnoses
of prostate cancer, and that around 26,730 fatalities will occur because of it.

Early stage prostate cancer is typically treated with watchful waiting or monitoring,
radical prostatectomy, radiation therapy (alone or in combination with androgen depravation
therapy (ADT).

Advanced prostate cancer is treated with ADT. Radical prostatectomy is not currently
an option for advanced cases, as it does not treat the cancer that has spread to other parts of
the body.

Additional treatments for advanced and aggressive prostate cancer are needed.

SUMMARY

Provided herein is technology relating to cancer treatment and prevention and
particularly, but not exclusively, to compositions and methods related to therapies for prostate
cancer.

The compositions and methods described herein provided improved treatment over
existing protocols for treatment of prostate cancer. By providing intermitant treatment with
androgen receptor antagonists in combination with one or more DNA vaccines and PD-1
blockade, the methods described herein allow subjects with advanced prostate cancer to avoid
or delay the side effects of testosterone reducing therapies and thus provide improved quality

of life.
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For example, in some embodiments, provided herein is a method for treating prostate
cancer in a subject (e.g, human subject), the method comprising: (a) administering to a
subject at least one vaccine comprising a nucleic acid comprising a nucleotide sequence
selected from the group consisting of a prostatic acid phosphatase (PAP) gene and a ligand-
binding domain of an androgen receptor (AR) gene; (b) administering to the subject a human
programmed death receptor-1 (PD-1) inhibitor; and (c) administering to the subject an
androgen receptor antagonist, wherein the vaccine, the PD-1 inhibitor, and the androgen
receptor antagonist are administered concurrently.

Further embodiments provide the use of a vaccine comprising a nucleic acid
comprising a nucleotide sequence from a prostatic acid phosphatase (PAP) gene and/or a AR
gene, a human programmed death receptor-1 (PD-1) inhibitor, and an androgen receptor
antagonist to treat prostate cancer in a subject in need thereof, wherein the vaccine, the PD-1
inhibitor, and the androgen receptor antagonist are administered concurrently.

In some embodiments, the concurrent administration comprises administration of the
vaccine followed by the administration of the PD-1 inhibitor and the androgen receptor
antagonist within 24 hours of administration of the vaccine.

The present invention is not limited to particular PAP or AR genes. In some
embodiments, the PAP or AR gene is a human or rodent PAP gene. In some embodiments,
the nucleotide sequence encodes a polypeptide comprising an amino acid sequence from SEQ
ID NO: 1, SEQID NO: 2, SEQ ID NO: 3, SEQ ID NO:6, or a portion or substituted variant
thereof. In some embodiments, the nucleic acid comprises pTVG4-HP. In some
embodiments, the nucleic acid further comprises a transcriptional regulatory element and/or
an immunostimulatory sequence. In some embodiments, the nucleotide sequence from a PAP
or AR gene is operatively linked to a transcriptional regulatory element.

The present invention is not limited to particular PD-1 inhibitors. In some
emodiments, the PD-1 inhibitor is a monoclonal antibody (e.g., pembrolizumab, JNJ-
63723283, or nivolumab). In some embodiments, the PD-1 inhibitor is administered at a dose
of 1 to 5 mg/kg. In some embodiments, the PD-1 inhibitor is administered at a dose of from
150 to 250 mg, preferably from 180 to 200 mg and most preferably about 200 mg every three
weeks or every 4 weeks or from 220 to 260 mg and most preferably about 240mg every 2
weeks or from 450 to 510 mg and most oreferably 480 mg every 4 weeks. In some
embodiments, the PD-1 inhibitor is administered intravenously.

The present invention is not limited to particular androgen receptor antagonists. In

some embodiments, the androgen receptor antagonist is enzalutamide or apalutamide. In
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some embodiments, enzalutamide is administered at a dose of from 120 to 200 mg, preferably
from 140 to 180 mg, and most preferably about160 mg daily or from 210 to 270 mg and more
preferably about 240 mg daily and said apalutamide is administered at a dose of from 210 to
270 mg and more preferably about 240 mg daily.

In some embodiments, the vaccine further comprises an adjuvant (e.g., GM-CSF). In
some embodiments, the vaccine is administered intradermally or transdermally. In some
embodiments, the vaccine is administered in an amount of approximately 100 pug. In some
embodiments, the vaccine is administered about every 1 to 4 (e.g., every 3 weeks).

In some embodiments, the vaccine, the androgen receptor antagonist, and the PD-1 inhibitor
are administered a plurality of times, and wherein after the first concurrent administration of
the vaccine and the PD-1 inhibitor, the vaccine is administered every 10 to 21 days, the PD-1
inhibitor is administered every 17 to 30 days for a period of up to 90 days, and the androgen
receptor antagonist is administered daily for a period of up to 90 days beginning 1 to 16
weeks , and most preferably about 12 weeks after the first administration of the vaccine. In
some embodiments, androgen receptor antagonist is administered daily for 90 days followed
by a period of not administering the androgen receptor antagonist. For example, in some
embodiments, the daily administration of the androgen receptor antagonist is repeated every
90 days after a 90 day rest period where the adrogen receptor antagonist is not administered.
In some embodiments, the vaccine and the PD-1 inhibitor are administered concurrently
every 10 to 28 days for a period of up to 90 days. In some embodiments, the vaccine and the
PD-1 inhibitor are administerd every 10 to 28 days for a period of from 91 days to 365 days
or a period of from 366 days to 730 days. In some embodiments, the vaccine comprises a first
vaccine to PAP and a second vaccine to AR and the first and second vaccine are administered
concurrently (e.g., in separate or the same pharmaceutical compositions).

In some embodiments, the method or use produces an anti-tumor response in the
subject that is improved relative to administration of the vaccine alone or the vaccine in
combination with the PD-1 inhibitor. In some embodiments, the method or use increases the
number of PAP and/or AR-specific T cells or antibodies in the subject. In some
embodiments, the method or use results in undetectable PSA levels (e.g., that persist after
discontinuation of administration of the androgen receptor antagonist (e.g., for atleast 1, 4, 6,
12, 24 or more months after discontinuation of administration of the androgen receptor
antagonist).

Further embodiments provide a kit comprising: 1) a first pharmaceutical composition

comprising a vaccine comprising a nucleic acid comprising a nucleotide sequence selected
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from the group consisting of a prostatic acid phosphatase (PAP) gene and a ligand-binding
domain of an androgen receptor (AR) gene; 2) a second pharmaceutical composition
comprising a PD-1 inhibitor; 3) a third pharmaceutical composition comprising an androgen
receptor antagonist. In some embodiments, the first, second, and third pharmaceutical
compositions are provided as single doses. In some embodiments, the kit comprises an
amount of the first pharmaceutical composition, an amount of the second pharmaceutical
composition, and an amount of the third pharmaceutical composition sufficient to provide
enough doses for a dosing schedule in which the nucleic acid vaccine, the PD-1 inhibitor, and
androgen recteptor antagonist are administered multiple times.

Additional embodiments will be apparent to persons skilled in the relevant art based

on the teachings contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other features, aspects, and advantages of the present technology will become
better understood with regard to the following drawings:

It is to be understood that the figures are not necessarily drawn to scale, nor are the
objects in the figures necessarily drawn to scale in relationship to one another. The figures are
depictions that are intended to bring clarity and understanding to various embodiments of
apparatuses, systems, and methods disclosed herein. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the same or like parts. Moreover, it
should be appreciated that the drawings are not intended to limit the scope of the present
teachings in any way.

FIG. 1A shows best % change in serum PSA from day 1 of study. Asterisks indicate
those patients who had evidence of PAP-specific Th1 immunity (significant [FNY and/or
granzyme B response detected at least twice post-treatment).

FIG 1B shows best change from baseline for serum PSA over 6 months (left) and 24
months (right).

FIG. 2 shows shows an exemplary clinical study protocol.

FIG. 3 shows exemplary PAP sequences.

FIG. 4 shows exemplary AR sequences.

FIG. 5A-B show progression free survival in subjects with and without immune

response to A) AR peptide; and B) AR protein.
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FIG. 6A-B shows shows patient response to AR in subjects with and without response
to AR for AR vaccine in combination with ADT. C) PCWGQG2 criteria; D) time to PSA
progression in subjects with and without response to AR.

FIG. 7A-B shows that AR vaccine plus checkpoint inhibitors provide improved anti-
tumor effects in mice bearing prostate tumors. A) AR vaccine plus PD-1 inhbitor. B) AR
vaccine and ADT plus PD-1 inhbitor.

DETAILED DESCRIPTION

Provided herein is technology relating to cancer treatment and prevention and
particularly, but not exclusively, to compositions and methods related to therapies for prostate
cancer. In this detailed description of the various embodiments, for purposes of explanation,
numerous specific details are set forth to provide a thorough understanding of the
embodiments disclosed. One skilled in the art will appreciate, however, that these various
embodiments may be practiced with or without these specific details. In other instances,
structures and devices are shown in block diagram form. Furthermore, one skilled in the art
can readily appreciate that the specific sequences in which methods are presented and
performed are illustrative and it is contemplated that the sequences can be varied and still
remain within the spirit and scope of the various embodiments disclosed herein.

All literature and similar materials cited in this application, including but not limited
to, patents, patent applications, articles, books, treatises, and internet web pages are expressly
incorporated by reference in their entirety for any purpose. Unless defined otherwise, all
technical and scientific terms used herein have the same meaning as is commonly understood
by one of ordinary skill in the art to which the various embodiments described herein
belongs. When definitions of terms in incorporated references appear to differ from the
definitions provided in the present teachings, the definition provided in the present teachings
shall control. The section headings used herein are for organizational purposes only and are

not to be construed as limiting the described subject matter in any way.

Definitions

To facilitate an understanding of the present technology, a number of terms and
phrases are defined below. Additional definitions are set forth throughout the detailed
description.

Throughout the specification and claims, the following terms take the meanings

explicitly associated herein, unless the context clearly dictates otherwise. The phrase “in one
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embodiment™ as used herein does not necessarily refer to the same embodiment, though it
may. Furthermore, the phrase “in another embodiment™ as used herein does not necessarily
refer to a different embodiment, although it may. Thus, as described below, various
embodiments of the invention may be readily combined, without departing from the scope or
spirit of the invention.

In addition, as used herein, the term “or” is an inclusive “or” operator and is
equivalent to the term “and/or” unless the context clearly dictates otherwise. The term “based
on” is not exclusive and allows for being based on additional factors not described, unless the
context clearly dictates otherwise. In addition, throughout the specification, the meaning of
“a”, “an”, and “the” include plural references. The meaning of “in” includes “in” and “on.”

As used herein, the “best overall response” is the best response recorded from
baseline until disease progression/recurrence, taking as reference for progressive disease the
smallest measurements recorded after baseline.

As used herein, the “first documentation of response” refers to the time between
initiation of therapy and first documentation of a partial response or complete response to
therapy as defined herein.

As used herein, the “duration of response” refers to the period measured from the time
that measurement criteria are met for complete or partial response (whichever status is
recorded first) until the first date that recurrent or progressive disease is objectively
documented, taking as reference the smallest measurements recorded since treatment started.

As used herein, the “duration of overall complete response” refers to the period
measured from the time measurement criteria are met for complete response until the first
date that recurrent disease is objectively documented.

As used herein, the “duration of stable disease” refers to a measurement from baseline
until the criteria for disease progression is met, taking as reference the smallest measurements
recorded since baseline.

As used herein, “survival” refers to the time interval from initiation of a treatment
according to the technology described to death from any cause or to the last follow-up in
censored patients.

As used herein, the terms “protein” and “polypeptide” refer to compounds comprising
amino acids joined via peptide bonds and are used interchangeably. A “protein” or
“polypeptide” encoded by a gene is not limited to the amino acid sequence encoded by the
gene, but includes post-translational modifications of the protein. Where the term “amino

acid sequence” is recited herein to refer to an amino acid sequence of a protein molecule,
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“amino acid sequence” and like terms such as “polypeptide™ or “protein” are not meant to
limit the amino acid sequence to the complete, native amino acid sequence associated with
the recited protein molecule. Furthermore, an “amino acid sequence” can be deduced from
the nucleic acid sequence encoding the protein. Conventional one and three-letter amino acid
codes are used herein as follows — Alanine: Ala, A; Arginine: Arg, R; Asparagine: Asn, N;
Aspartate: Asp, D; Cysteine: Cys, C; Glutamate: Glu, E; Glutamine: Gln, Q; Glycine: Gly, G;
Histidine: His, H; Isoleucine: Ile, I; Leucine: Leu, L; Lysine: Lys, K; Methionine: Met, M;
Phenylalanine: Phe, F; Proline: Pro, P; Serine: Ser, S; Threonine: Thr, T; Tryptophan: Trp,
W; Tyrosine: Tyr, Y; Valine: Val, V. As used herein, the codes Xaa and X refer to any amino
acid.

The term “portion” when used in reference to a protein (as in “a portion of a given
protein”) refers to fragments of that protein, such as “peptides” of the protein. The fragments
may range in size from four amino acid residues to the entire amino sequence minus one
amino acid (for example, the range in size includes 4, 5, 6, 7, 8, 9, 10, or more amino acids up
to the entire amino acid sequence minus one amino acid).

The term “homolog™ or “homologous™ when used in reference to a polypeptide refers
to a high degree of sequence identity between two polypeptides, or to a high degree of
similarity between the three-dimensional structure, or to a high degree of similarity between
the active site and the mechanism of action. In a preferred embodiment, a homolog has a
greater than 60% sequence identity, and more preferably greater than 75% sequence identity,
and still more preferably greater than 90% sequence identity, with a reference sequence.

As applied to polypeptides, the term “substantial identity”” means that two peptide
sequences, when optimally aligned, such as by the programs GAP or BESTFIT using default
gap weights, share at least 80 percent sequence identity, preferably at least 90 percent
sequence identity, more preferably at least 95 percent sequence identity or more (e.g., 99
percent sequence identity). Preferably, residue positions which are not identical differ by
conservative amino acid substitutions.

The terms “variant” and “mutant” when used in reference to a polypeptide refer to an
amino acid sequence that differs by one or more amino acids from another, usually related
polypeptide. The variant may have “conservative” changes, wherein a substituted amino acid
has similar structural or chemical properties. One type of conservative amino acid
substitutions refers to the interchangeability of residues having similar side chains. For
example, a group of amino acids having aliphatic side chains is glycine, alanine, valine,

leucine, and isoleucine; a group of amino acids having aliphatic-hydroxyl side chains is
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serine and threonine; a group of amino acids having amide-containing side chains is
asparagine and glutamine; a group of amino acids having aromatic side chains is
phenylalanine, tyrosine, and tryptophan; a group of amino acids having basic side chains is
lysine, arginine, and histidine; and a group of amino acids having sulfur-containing side
chains is cysteine and methionine. Preferred conservative amino acids substitution groups
are: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine, alanine-valine, and
asparagine-glutamine. More rarely, a variant may have “non-conservative” changes (e.g.,
replacement of a glycine with a tryptophan). Similar minor variations may also include amino
acid deletions or insertions (e.g., additions), or both. Guidance in determining which and how
many amino acid residues may be substituted, inserted or deleted without abolishing
biological activity may be found using computer programs well known in the art, for
example, DNAStar software. Variants can be tested in functional assays. Preferred variants
have less than 10%, and preferably less than 5%, and still more preferably less than 2%
changes (whether substitutions, deletions, and so on).

The nomenclature used to describe variants of nucleic acids or proteins specifies the
type of mutation and base or amino acid changes. For a nucleotide substitution (e.g., 76A>T),
the number is the position of the nucleotide from the 5’ end, the first letter represents the wild
type nucleotide, and the second letter represents the nucleotide which replaced the wild type.
In the given example, the adenine at the 76th position was replaced by a thymine. If it
becomes necessary to differentiate between mutations in genomic DNA, mitochondrial DNA,
complementary DNA (cDNA), and RNA, a simple convention is used. For example, if the
100th base of a nucleotide sequence is mutated from G to C, then it would be written as
£.100G>C if the mutation occurred in genomic DNA, m.100G>C if the mutation occurred in
mitochondrial DNA, ¢.100G>C if the mutation occurred in cDNA, or r.100g>c if the
mutation occurred in RNA. For amino acid substitution (e.g., D111E), the first letter is the
one letter code of the wild type amino acid, the number is the position of the amino acid from
the N-terminus, and the second letter is the one letter code of the amino acid present in the
mutation. Nonsense mutations are represented with an X for the second amino acid (e.g.
D111X). For amino acid deletions (e.g. AF508, F508del), the Greek letter A (delta) or the
letters “del” indicate a deletion. The letter refers to the amino acid present in the wild type
and the number is the position from the N terminus of the amino acid where it is present in
the wild type. Intronic mutations are designated by the intron number or cDNA position and
provide either a positive number starting from the G of the GT splice donor site or a negative

number starting from the G of the AG splice acceptor site. g.3' +7G>C denotes the G to C
8



10

15

20

25

30

WO 2020/163690 PCT/US2020/017172

substitution at nt +7 at the genomic DNA level. When the full-length genomic sequence is
known, the mutation is best designated by the nucleotide number of the genomic reference
sequence. See den Dunnen & Antonarakis, “Mutation nomenclature extensions and
suggestions to describe complex mutations: a discussion”. Human Mutation 15: 7-12 (2000);
Ogino S, et al., “Standard Mutation Nomenclature in Molecular Diagnostics: Practical and
Educational Challenges™, J. Mol. Diagn. 9(1): 1-6 (February 2007), incorporated herein by
reference in their entireties for all purposes.

The term “domain” when used in reference to a polypeptide refers to a subsection of
the polypeptide which possesses a unique structural and/or functional characteristic;
typically, this characteristic is similar across diverse polypeptides. The subsection typically
comprises contiguous amino acids, although it may also comprise amino acids which act in
concert or which are in close proximity due to folding or other configurations. Examples of a
protein domain include the transmembrane domains, and the glycosylation sites.

The term “gene” refers to a nucleic acid (e.g., DNA or RNA) sequence that comprises
coding sequences necessary for the production of an RNA, or a polypeptide or its precursor
(e.g., proinsulin). A functional polypeptide can be encoded by a full length coding sequence
or by any portion of the coding sequence as long as the desired activity or functional
properties (e.g., enzymatic activity, ligand binding, signal transduction, etc.) of the
polypeptide are retained. The term “portion” when used in reference to a gene refers to
fragments of that gene. The fragments may range in size from a few nucleotides to the entire
gene sequence minus one nucleotide. Thus, “a nucleotide comprising at least a portion of a
gene” may comprise fragments of the gene or the entire gene.

The term “gene” also encompasses the coding regions of a structural gene and
includes sequences located adjacent to the coding region on both the 5’ and 3' ends for a
distance of about 1 kb on either end such that the gene corresponds to the length of the full-
length mRNA. The sequences which are located 5’ of the coding region and which are present
on the mRNA are referred to as 5’ non-translated sequences. The sequences which are located
3" or downstream of the coding region and which are present on the mRNA are referred to as
3’ non-translated sequences. The term “gene” encompasses both cDNA and genomic forms of
a gene. A genomic form or clone of a gene contains the coding region interrupted with non-
coding sequences termed “introns” or “intervening regions” or “intervening sequences.”
Introns are segments of a gene which are transcribed into nuclear RNA (hnRNA); introns
may contain regulatory elements such as enhancers. Introns are removed or “spliced out™

from the nuclear or primary transcript; introns therefore are absent in the messenger RNA
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(mRNA) transcript. The mRNA functions during translation to specify the sequence or order
of amino acids in a nascent polypeptide.

In addition to containing introns, genomic forms of a gene may also include
sequences located on both the 5" and 3’ end of the sequences which are present on the RNA
transcript. These sequences are referred to as “flanking” sequences or regions (these flanking
sequences are located 5' or 3’ to the non-translated sequences present on the mRNA
transcript). The 5’ flanking region may contain regulatory sequences such as promoters and
enhancers which control or influence the transcription of the gene. The 3’ flanking region
may contain sequences which direct the termination of transcription, posttranscriptional
cleavage and polyadenylation.

The term “wild-type” when made in reference to a gene refers to a gene that has the
characteristics of a gene isolated from a naturally occurring source. The term “wild-type”
when made in reference to a gene product refers to a gene product that has the characteristics
of a gene product isolated from a naturally occurring source. The term “naturally-occurring”
as applied to an object refers to the fact that an object can be found in nature. For example, a
polypeptide or polynucleotide sequence that is present in an organism (including viruses) that
can be isolated from a source in nature and which has not been intentionally modified by man
in the laboratory is naturally-occurring. A wild-type gene is frequently that gene which is
most frequently observed in a population and is thus arbitrarily designated the “normal” or
“wild-type” form of the gene. In contrast, the term “modified” or “mutant” when made in
reference to a gene or to a gene product refers, respectively, to a gene or to a gene product
which displays modifications in sequence and/or functional properties (i.e., altered
characteristics) when compared to the wild-type gene or gene product. It is noted that
naturally-occurring mutants can be isolated; these are identified by the fact that they have
altered characteristics when compared to the wild-type gene or gene product.

The term “gene expression” refers to the process of converting genetic information
encoded in a gene into RNA (e.g., mRNA, rRNA, tRNA, or snRNA) through “transcription”
of the gene (i.e., via the enzymatic action of an RNA polymerase), and into protein, through
“translation” of mRNA. Gene expression can be regulated at many stages in the process.

As used herein, the term “operably linked” is intended to mean that the transcription
or translation of a nucleotide sequence is under the influence of another functional nucleotide
sequence, such as a promoter, an enhancer, a transcription factor binding site, etc. “Operably
linked” is also intended to mean the joining of two nucleotide sequences such that the coding

sequence of each DNA fragment remains in the proper reading frame. In this manner, the
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nucleotide sequences for promoters, enhancers, etc. are provided in DNA constructs along
with the nucleotide sequence of interest, e.g., a nucleotide sequence encoding PAP, for
expression in the subject. The term “heterologous nucleotide sequence™ is intended to mean a
sequence that is not naturally operably linked with the promoter sequence. While this
nucleotide sequence is heterologous to the promoter sequence, it may be homologous
(“native”) or heterologous (“foreign™) to the subject.

As used herein, the term “treatment” is defined as the application or administration of
a therapeutic agent described herein (e.g., a DNA vaccine, a PD-1 inhibitor, and/or an
androgen receptor antagonist), or identified by a method described herein, to a patient, or
application or administration of the therapeutic agent to an isolated tissue or cell line from a
patient, who has a disease, a symptom of disease or a predisposition toward a disease, with
the purpose to cure, heal, alleviate, relieve, alter, remedy, ameliorate, improve or affect the
disease, the symptoms of disease, or the predisposition toward disease.

Compositions according to the technology can be administered in the form of
pharmaceutically acceptable salts. The term “‘pharmaceutically acceptable salt” refers to a salt
that possesses the effectiveness of the parent compound and is not biologically or otherwise
undesirable (e.g., is neither toxic nor otherwise deleterious to the recipient thereof). Suitable
salts include acid addition salts that may, for example, be formed by mixing a solution of the
compound of the present technology with a solution of a pharmaceutically acceptable acid
such as hydrochloric acid, sulfuric acid, acetic acid, trifluoroacetic acid, or benzoic acid.
Certain of the compounds employed in the present technology may carry an acidic moiety
(e.g., COOH or a phenolic group), in which case suitable pharmaceutically acceptable salts
thereof can include alkali metal salts (e.g., sodium or potassium salts), alkaline earth metal
salts (e.g., calcium or magnesium salts), and salts formed with suitable organic ligands such
as quaternary ammonium salts. Also, in the case of an acid (COOH) or alcohol group being
present, pharmaceutically acceptable esters can be employed to modify the solubility or
hydrolysis characteristics of the compound. For example, pharmaceutically acceptable salts
include both the metallic (inorganic) salts and organic salts, a list of which is given in
Remington’s Pharmaceutical Sciences, 17th Edition, pg. 1418 (1985). It is well known to one
skilled in the art that an appropriate salt form is chosen based on physical and chemical
properties. As will be understood by those skilled in the art, pharmaceutically acceptable salts
include, but are not limited to salts of inorganic acids such as hydrochloride, sulfate,
phosphate, diphosphate, hydrobromide, and nitrate; or salts of an organic acid such as malate,

maleate, fumarate, tartrate, succinate, citrate, acetate, lactate, methanesulfonate, p-
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toluenesulfonate or palmoate, salicylate, and stearate. Similarly pharmaceutically acceptable
cations include, but are not limited to sodium, potassium, calcium, aluminum, lithium, and
ammonium (especially ammonium salts with secondary amines). Also included within the
scope of this technology are crystal forms, hydrates, and solvates.

The term “administration” and variants thereof (e.g., “administering” a compound,
vaccine, drug, etc.) in reference to a compound mean providing the compound or a prodrug of
the compound to the individual in need of treatment or prophylaxis. When a compound of the
technology or a prodrug thereof is provided in combination with one or more other active
agents, “administration” and its variants are each understood to include provision of the
compound or prodrug and other agents at the same time or at different times. As used herein,
the term “concurrent administration” refers to the administration of two agents, preferably
within 24 hours of one another. When the agents of a combination are administered
“concurrently” (e.g., within 24 hours of one another), they can be administered together in a
single composition or they can be administered separately. In instances where they are
administered separately, the first agent such as a PAP vaccine, is administered, the patient is
monitored, and then the second agent such as PD-1 inhibitor and and androgen receptor
antagonist is administered within a specified time period, preferably 24 hours. As used
herein, the term “composition” is intended to encompass a product comprising the specified
ingredients in the specified amounts, as well as any product that results, directly or indirectly,
from combining the specified ingredients in the specified amounts.

As used herein, the terms “co-administration” and “co-administering” refer to the
administration of at least two agent(s) (e.g., a DNA vaccine and a PD-1 inhibitor and/or an
androgen receptor antagonist) or therapies to a subject. In some embodiments, the co-
administration of two or more agents or therapies is concurrent. In other embodiments, a first
agent/therapy is administered prior to a second agent/therapy. In some embodiments, co-
administration can be via the same or different route of administration. Those of skill in the
art understand that the formulations and/or routes of administration of the various agents or
therapies used may vary. The appropriate dosage for co-administration can be readily
determined by one skilled in the art. In some embodiments, when agents or therapies are co-
administered, the respective agents or therapies are administered at lower dosages than
appropriate for their administration alone. Thus, co-administration is especially desirable in
embodiments where the co-administration of the agents or therapies lowers the requisite

dosage of a potentially harmful (e.g., toxic) agent(s), and/or when co-administration of two or
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more agents results in sensitization of a subject to beneficial effects of one of the agents via
co-administration of the other agent.

As used herein, the term “pharmaceutically acceptable” means that the ingredients of
the pharmaceutical composition are compatible with each other and not deleterious to the
recipient thereof.

The term “subject” as used herein refers to an animal, preferably a mammal, most
preferably a human, who has been the object of treatment, observation, or experiment.

The term “effective amount™ as used herein means that amount of active compound or
pharmaceutical agent that elicits the biological or medicinal response in a cell, tissue, organ,
system, animal, or human that is being sought by a researcher, veterinarian, medical doctor,
or other clinician. In some embodiments, the effective amount is a “therapeutically effective
amount” for the alleviation of the symptoms of the disease or condition being treated. In
some embodiments, the effective amount is a “prophylactically effective amount” for
prophylaxis of the symptoms of the disease or condition being prevented. When the active
compound is administered as the salt, references to the amount of active ingredient are to the
free form (the non-salt form) of the compound.

In the method of the present technology, compounds, optionally in the form of a salt,
can be administered by any means that produces contact of the active agent with the agent’s
site of action. They can be administered by any conventional means available for use in
conjunction with pharmaceuticals, either as individual therapeutic agents or in a combination
of therapeutic agents. They can be administered alone, but typically are administered with a
pharmaceutical carrier selected on the basis of the chosen route of administration and
standard pharmaceutical practice. The compounds of the technology can, for example, be
administered orally, parenterally (including subcutaneous injections, intravenous,
intramuscular, intrasternal injection, or infusion techniques), by inhalation spray, or rectally,
in the form of a unit dosage of a pharmaceutical composition containing an effective amount
of the compound and conventional non-toxic pharmaceutically-acceptable carriers, adjuvants,
and vehicles. Liquid preparations suitable for oral administration (e.g., suspensions, syrups,
elixirs, and the like) can be prepared according to techniques known in the art and can
employ any of the usual media such as water, glycols, oils, alcohols, and the like. Solid
preparations suitable for oral administration (e.g., powders, pills, capsules, and tablets) can be
prepared according to techniques known in the art and can employ such solid excipients as
starches, sugars, kaolin, lubricants, binders, disintegrating agents, and the like. Parenteral

compositions can be prepared according to techniques known in the art and typically employ
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sterile water as a carrier and optionally other ingredients, such as a solubility aid. Injectable
solutions can be prepared according to methods known in the art wherein the carrier
comprises a saline solution, a glucose solution, or a solution containing a mixture of saline
and glucose. Further description of methods suitable for use in preparing pharmaceutical
compositions for use in the present technology and of ingredients suitable for use in the
compositions is provided in Remington’s Pharmaceutical Sciences, 18th edition, edited by A.
R. Gennaro, Mack Publishing Co., 1990. Compounds of the present technology can be made
by a variety of methods depicted in the synthetic reaction schemes provided herein. The
starting materials and reagents used in preparing these compounds generally are either
available from commercial suppliers, such as Aldrich Chemical Co., or are prepared by
methods known to those skilled in the art following procedures set forth in references such as
Fieser and Fieser’s Reagents for Organic Synthesis, Wiley & Sons: New York, Volumes 1-
21 ; R. C. LaRock, Comprehensive Organic Transformations, 2nd edition Wiley-VCH, New
York 1999; Comprehensive Organic Synthesis, B. Trost and I. Fleming (Eds.) vol. 1-9
Pergamon, Oxford, 1991; Comprehensive Heterocyclic Chemistry, A. R. Katritzky and C. W.
Rees (Eds) Pergamon, Oxford 1984, vol. 1-9; Comprehensive Heterocyclic Chemistry 11, A.
R. Katritzky and C. W. Rees (Eds) Pergamon, Oxford 1996, vol. 1-11; and Organic
Reactions, Wiley & Sons: New York, 1991, Volumes 1-40.

As used herein, the term “a composition for inducing an immune response” refers to a
composition that, once administered to a subject (e.g., once, twice, three times or more (e.g.,
separated by weeks, months or years)), stimulates, generates, and/or elicits an immune
response in the subject (e.g.,resulting in the production of CD8+ and or CD4+ T-cells and/or
the production of antibodies). In some embodiments, the composition comprises a nucleic
acid and one or more other compounds or agents including, but not limited to, therapeutic
agents, physiologically tolerable liquids, gels, carriers, diluents, adjuvants, excipients,
salicylates, steroids, immunosuppressants, immunostimulants, antibodies, cytokines,
antibiotics, binders, fillers, preservatives, stabilizing agents, emulsifiers, and/or buffers. An
immune response may be an innate (e.g., a non-specific) immune response or a learned (e.g.,
acquired) immune response.

As used herein, the term “adjuvant” refers to any substance that can stimulate an
immune response. Some adjuvants can cause activation of a cell of the immune system (e.g.,
an adjuvant can cause an immune cell to produce and secrete a cytokine). Examples of
adjuvants that can cause activation of a cell of the immune system include, but are not limited

to, Granulocyte-macrophage colony-stimulating factor (GM-CSF), saponins purified from the
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bark of the Q. saponaria tree, such as QS21 (a glycolipid that elutes in the 21st peak with
HPLC fractionation; Aquila Biopharmaceuticals, Inc., Worcester, Mass.);
poly(di(carboxylatophenoxy)phosphazene (PCPP polymer; Virus Research Institute, USA);
derivatives of lipopolysaccharides such as monophosphoryl lipid A (MPL; Ribi
ImmunoChem Research, Inc., Hamilton, Mont.), muramyl dipeptide (MDP; Ribi) and
threonyl-muramyl dipeptide (t-MDP; Ribi); OM-174 (a glucosamine disaccharide related to
lipid A; OM Pharma SA, Meyrin, Switzerland); and Leishmania elongation factor (a purified
Leishmania protein; Corixa Corporation, Seattle, Wash.). Traditional adjuvants are well
known in the art and include, for example, aluminum phosphate or hydroxide salts (“alum™).
In some embodiments, compositions of the present technology are administered with one or
more adjuvants.

As used herein, the term “an amount effective to induce an immune response” (e.g., of
a composition for inducing an immune response), refers to the dosage level required (e.g.,
when administered to a subject) to stimulate, generate, and/or elicit an immune response in
the subject. An effective amount can be administered in one or more administrations (e.g., via
the same or different route), applications, or dosages and is not intended to be limited to a
particular formulation or administration route.

As used herein, the term “under conditions such that said subject generates an
immune response” refers to any qualitative or quantitative induction, generation, and/or
stimulation of an immune response (e.g., innate or acquired).

A used herein, the term “immune response” refers to a response by the immune
system of a subject. For example, immune responses include, but are not limited to, a
detectable alteration (e.g., increase) in Toll-like receptor (TLR) activation, lymphokine (e.g.,
cytokine (e.g., Thl or Th2 type cytokines) or chemokine) expression and/or secretion,
macrophage activation, dendritic cell activation, T cell activation (e.g., CD4+ or CD8+ T
cells), NK cell activation, and/or B cell activation (e.g., antibody generation and/or secretion).
Additional examples of immune responses include binding of an immunogen (e.g., antigen
(e.g., immunogenic polypeptide)) to an MHC molecule and inducing a cytotoxic T
lymphocyte (“CTL”) response, inducing a B cell response (e.g., antibody production), and/or
T-helper lymphocyte response, and/or a delayed type hypersensitivity (DTH) response
against the antigen from which the immunogenic polypeptide is derived, expansion (e.g.,
growth of a population of cells) of cells of the immune system (e.g., T cells, B cells (e.g., of
any stage of development (e.g., plasma cells), and increased processing and presentation of

antigen by antigen presenting cells. An immune response may be to immunogens that the
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subject’s immune system recognizes as foreign (e.g., non-self antigens or self-antigens
recognized as foreign). Thus, it is to be understood that, as used herein, “immune response”
refers to any type of immune response, including, but not limited to, innate immune
responses (e.g., activation of Toll receptor signaling cascade), cell-mediated immune
responses (e.g., responses mediated by T cells (e.g., antigen-specific T cells) and non-specific
cells of the immune system), and humoral immune responses (e.g., responses mediated by B
cells (e.g., via generation and secretion of antibodies into the plasma, lymph, and/or tissue
fluids). The term “immune response” is meant to encompass all aspects of the capability of a
subject’s immune system to respond to antigens and/or immunogens (e.g., both the initial
response to an immunogen as well as acquired (e.g., memory) responses that are a result of an
adaptive immune response).

As used herein, the terms “immunogen” and “antigen” refer to an agent (e.g., a PAP
and/or AR polypeptide) and/or portions or components thereof (e.g., a peptide from a PAP
polypeptide and or the AR polypeptide) that is capable of eliciting an immune response in a
subject.

As use herein, the term “disease progression” refers to the appearance of new
evidence of advancement of disease by a diagnostic assay such as a molecular assay or

imaging assay, for example, the appearance of new lesions on bone scan.

Description

Although the disclosure herein refers to certain illustrated embodiments, it is to be
understood that these embodiments are presented by way of example and not by way of
limitation.

Dramatic clinical responses observed with PD-1/PD-L1 inhibitors was in part one of
the reasons cancer immunotherapy was named the scientific breakthrough of the year in 2013
by Science [1]. In fact, targeting PD-1 may be a universal anti-cancer therapy, as it targets T-
cells rather than tumors directly. However, clinical trial experience to date indicates that
patients with some solid tumor types experience more benefit than patients with other
histologies, including prostate cancer [2]. This disparity is likely due to differences in the pre-
existing T-cells of responding and non-responding patients. It has been demonstrated that
prostate cancers can express PD-L1 and have infiltrating PD-1-expressing T-cells, although
these are at low frequencies relative to some cancers [3]. Taken together, these results

indicate that the efficacy of PD-1/PD-ligand blockade may be increased for less responsive
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tumors (including prostate cancer) by combining with treatments aimed at increasing the
frequency of functionally active, tumor-specific CD8+ T-cells.

Patients with early, PS A-recurrent (non-metastatic) prostate cancer were evaluated for
response to a DNA vaccine targeting prostatic acid phosphatase (MV-816) [4, 5]. In 38
patients treated, no significant adverse events were observed. Moreover, several patients
developed evidence of PAP-specific CD4+ and CD8+ T-cells, and several patients
experienced a prolongation in the PSA doubling time, demonstrating immunological efficacy
and indicating a possible anti-tumor effect [4, 5]. The presence of long-term IFNy-secreting
immune responses to PAP, detectable at multiple times months after immunization, were
associated with increases in PSA doubling time, indicating this may serve as a rational
biomarker for efficacy [6]. Moreover, it was found that immune responses could be
augmented months later with repeated immunizations, indicating that DNA vaccines might
provide a simple means of eliciting tumor-specific CD8+ T-cells [5]. Further preliminary
studies have shown that patients previously treated with MVI-816 have EpCam+ circulating
epithelial cells (CEC) with PD-L1 expression, analogous to findings in murine models [7].
These findings further support that the MVI-816 vaccine can be used to elicit CD8+ T-cells
specific for prostate tumors, the efficacy of which may be augmented with concurrent
treatment with PD-1 blockade.

Studies conducted during the course of development of embodiments of the present
disclsoure demonstrated that T-cell activation by DNA vaccination leads to PD-1
upregulation on CD8+ T-cells, and that blockade of PD-1 at the time of vaccination leads to
better anti-tumor responses in murine models. Based on these findings, a study was
conducted using MVI-816 in combination with pembrolizumab in patients with metastatic,
castration-resistant prostate cancer (mMCRPC). In this trial, patients received both agents,
together or in sequence, over a 12-to-24-week course. It was observed that PD-1 blockade
with pembrolizumab, when administered concurrently with vaccine, elicited PSA declines in
8 of the 13 patients (Figure 1), and objective tumor responses were seen in two of the patients
with greatest PSA declines. PSA responses were associated with the development of immune
response to the PAP target antigen, and elicited CD8+ tumor-infiltrating lymphocytes,
consistent with the role of vaccines as T-cell activating therapies. These are encouraging
findings, notably because PD-1 blockade with checkpoint inhibitors alone has demonstrated
little single-agent clinical activity in patients with this stage of prostate cancer in previous

phase I trials, with the possible exception of patients concurrently receiving enzalutamide [8,
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9, 10]. Moreover, PSA declines and objective radiographic responses are rare following
vaccine therapies.

Androgen deprivation is the cornerstone of treatment for patients with metastatic
prostate cancer. It is also commonly used in patients with PS A-recurrent prostate cancer, and
in this stage of disease has been used on either an intermittent or continuous basis. In
addition to its on-target direct antitumor effects, androgen deprivation also has
immunostimulatory effects. These include the induction of thymic regrowth and increased
release of naive T-cells, an increase in immune cell infiltration into the prostate (both myeloid
and lymphocyte populations), decreased numbers of regulatory T-cells, and increased
antibody responses to prostate antigens (11-16). Preclinical studies have shown that
androgen deprivation can enhance the efficacy of various immunotherapeutic approaches,
including checkpoint blockade (17), irradiated tumor cell vaccines (18), T-cell adoptive
transfer (19), and antigen-specific vaccines (20, 21).

Recently published results (22) showed that androgen deprivation increased AR
expression in human and murine prostate tumor cells in vitro and in vivo. The increased
expression persisted over time. Increased AR expression was associated with recognition and
cytolytic activity by AR-specific T-cells. Furthermore, ADT combined with vaccination,
specifically a DNA vaccine encoding the ligand-binding domain of the AR (MVI-118), led to
improved antitumor responses as measured by tumor volumes and delays in the emergence of
castrate-resistant prostate tumors in two murine prostate cancer models (Myc-CaP and
prostate-specific PTEN-deficient mice).

Accordingly, in some embodiments, ADT is combined with AR-directed
immunotherapy to target a major mechanism of resistance, overexpression of the AR. In
some embodiments, enzalutamide, an androgen receptor antagonist, is used in combination
with anti-tumor vaccination [21]. An advantage of androgen receptor antagonists, including
enzalutamide or apalutamide, is that they mediate their effects without affecting testosterone
production. Thus, they can be used intermittently, combined with immune therapy as
decribed [23], sparing the potential long-term effects of testosterone suppression in patients
with earlier stages of disease. The ability to drive PSA to undetectable levels, possibly curing
or significantly delaying the metastatic recurrence of prostate cancer prior to the need for
androgen depriving therapies, is a substantial and clinically meaningful “game-changing™
advance in the therapy of this disease.

Exemplary compositions and methods are described herein.
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L DNA Vacccines
Embodiments of the present invention comprising DNA vaccines against cancer

targets (e.g., PAP and/or AR).

PAP

Prostatic acid phosphatase (PAP) is a tumor antigen in prostate cancer and PAP-
specific CD8+ CTL can lyse prostate cancer cells. PAP was first identified in 1938 and was
initially used as a serum marker for the detection of prostate cancer. PAP expression in
normal and malignant prostate cells is well-documented, and is still used in
immunohistochemical staining to establish a prostate origin of metastatic carcinoma. The
ubiquitous expression of PAP in prostate tissue makes it an appealing antigen as a potential
“universal” target for immune-directed therapies of prostate cancer, unlike specific
oncogenes that may or may not be expressed by a particular tumor. Moreover, it has been
demonstrated that some patients with prostate cancer have preexisting antibody and T-cell
responses to PAP, suggesting that tolerance to this “self” protein can be circumvented in
vivo. In particular, Th1-like immune responses specific for PAP indicate that an immune
environment permissive of an anti-tumor response exists in patients even without
immunization. Moreover, experiments have previously demonstrated that CD8+ T cells
specific for PAP, with cytolytic activity for prostate cancer cells, exist in patients with
prostate cancer and can be augmented with vaccination.

PAP genes are known and have been cloned from human, mouse, and rat (see, e.g.,
SEQ ID NO: 1, SEQ ID NO: 2, and SEQ ID NO: 3, respectively). As will be readily
recognized by one of ordinary skill in the art, any DNA sequence that encodes a PAP gene is
suitable for the present invention, and any other PAP genes from other animals, as they
become identified, characterized, and cloned are also suitable for the present invention. Dogs
and non-human primates are known to have PAP genes. It is readily recognizable that a PAP
gene of any origin, or any of its derivatives, equivalents, variants, mutants etc., is suitable for
the instant technology, as long as the protein encoded by the genes, or derivatives,
equivalents, variants, or mutants thereof induce an immune reaction in the host animal
substantially similar to that induced by an autoantigenic or xenoantigenic PAP protein in the
animal. The role of PAP in prostate cancer and exemplary vaccines that target PAP are

described in WO 2017/139628, herein incorporated by reference in its entirety.
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AR

In some embodiments, provided herein are DNA vaccines that target the ligand
binding domain of an androgen receptor are provided (See e.g., U.S. Pat. NOs. 9,433,668;
8.962,590; 8,513,210; and 7,910,565, each of which are herein incorporated by reference in
their enterties). Such vaccines utilize the ligand-binding domain of an androgen receptor of
any origin, or any of the ligand-binding domain's derivatives, equivalents, variants, mutants
etc., is suitable for the instant invention, as long as the ligand-binding domain or derivatives,
equivalents, variants, or mutants thereof is able to induce an immune reaction in the host
human or non-human animal substantially similar to that induced by an autoantigenic or
xenoantigenic ligand-binding domain of the androgen receptor in the animal. Similarly, a
polynucleotide sequence of an androgen receptor gene of any origin that encodes the ligand-
binding domain of the receptor, or any of the polynucleotide's derivatives, equivalents,
variants, mutants etc., is suitable for the instant invention, as long as the polynucleotide
sequence and the polypeptide or protein encoded by the polynucleotide sequence, or
derivatives, equivalents, variants, or mutants thereof is able to induce an immune reaction in
the host human or non-human animal substantially similar to that induced by an autoantigenic
or xenoantigenic ligand-binding domain of the androgen receptor in the animal.

Androgen receptor genes are known and have been cloned from many species. For
example, the human, mouse, rat, dog, chimpanzee, macaque, and lemur androgen receptor
cDNA along with amino acid sequences can be found at GenBank Accession Nos.

NM_ 000044 (cDNA-SEQ ID NO:5 and amino acid sequence-SEQ ID NO:6), NM 013476
(cDNA-SEQ ID NO:7 and amino acid sequence-SEQ ID NO:8), NM_012502 (cDNA-SEQ
ID NO:9 and amino acid sequence-SEQ ID NO:10), NM_001003053, NM_001009012,
U94179, and U94178, respectively. Androgen receptor genes from other species are also
known. These species include but are not limited to Sus scrofa, Astatotilapia burtoni, Gallus
gallus, Kryptolebias marmoratus, Alligator mississippiensis, Leucoraja erinacea,
Haplochromis burtoni, Pimephales promelas, Dicentrarchus labrax, Gambusia affinis,
Micropogonias undulates, Oryzias latipes, Acanthopagrus schlegelii, Rana catesbeiana,
Crocuta crocuta, Eulemur fulvus collaris, and Anguilla japonica (see GenBank Accession
Nos. NM_214314 (or AF161717), AY082342, NM_ 001040090, DQ339105, AB186356,
DQ382340, AF121257, AY 727529, AY647256, AB099303, AY701761, AB076399,
AY219702, AY324231, AY 128705, U94178, and AB023960, respectively). For the purpose

of the present invention, the ligand-binding domain of the human androgen receptor refers to
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a polypeptide that starts at any amino acid from amino acid positions 651 to 681 and ends at
any amino acid from amino acid positions 900 to 920. For example, human androgen receptor
or a fragment of the human androgen receptor that comprises amino acids 681-900 as well as
DNA vaccines containing a polynucleotide encoding the above are suitable vaccines. The
corresponding ligand-binding domains of androgen receptors from other species can be
readily determined by sequence alignment (to the human sequence) (e.g., by the methods
described below in connection with sequence identity or homology). In a preferred
embodiment, a polypeptide from the human androgen receptor that starts at any amino acid
from amino acid positions 661 to 671 and ends at any amino acid from amino acid positions
910 to 920 is used in the present invention. In a more preferred embodiment, a polypeptide
containing amino acids 661 to 920 or 664 to 920 of the human androgen receptor is used in
the present invention. To help determine the corresponding fragments of the androgen
receptors from other species, it is noted here that the amino acid positions on rat, dog,
chimpanzee, macaque, and lemur androgen receptors that correspond to amino acid positions
661 to 920 of the human androgen receptor are 640 to 899, 643 to 902, 648 to 907, 652 to
910, 636 to 895, and 625 to 884, respectively. It is noted that the above fragments of the
human, mouse, rat, dog, chimpanzee, macaque, and lemur androgen receptors have the same
amino acid sequence. The ligand-binding domains of the androgen receptors of other species
are also known or can be readily identified through sequence alignment. As will be readily
recognized by one of ordinary skill in the art, any DNA sequence that encodes a ligand-
binding domain or a larger fragment of an androgen receptor including the full-length
receptor from one of the above species as well as other animals is suitable for the present
invention.

In addition, fragments of a ligand binding domain of an androgen receptor such as
those that can bind to HLA-A2 are also useful antigens which elicit cytotoxic responses
against cells expressing the androgen receptor or its ligand binding domain. Polynucleotides
that encode these fragments are considered functional equivalents. Examples of these
fragments are provided in the examples below. In particular, the use of the following four
fragments are contemplated: SEQ ID NO:11 (amino acids 811-819 of SEQ ID NO:6), SEQ
ID NO:12 (amino acids 761-770 of SEQ ID NO:6), SEQ ID NO:13 (amino acids 805-813 of
SEQ ID NO:6), and SEQ ID NO:14 (amino acids 859-867 of SEQ ID NO:6).

DNA vaccines
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The present invention provides DN A-based vaccines that express a polypeptide
antigen, the ligand-binding domain of a mammalian androgen receptor or certain fragments
thereof, and/or a PAP antigen, and methods for treating prostate cancers in a human or non-
human animal using the vaccines. In some embodiments, vaccines are plasmid vaccines. An
advantage of plasmid DNA vaccines is that they encode a defined, often small, number of
proteins. Therefore, one can repetitively immunize the animal or patient. Furthermore, a virus
may kill cells, incorporate into the genome, or potentially induce other unwanted immune
responses. All these are disadvantages that are likely avoided by DNA plasmid vaccines.

In some embodiments, the DNA vaccine technology (e.g., relating to compositions, methods,
etc.) is as described in U.S. Pat. App. Pub. No. 20040142890 A1, which is explicitly
incorporated herein by reference in its entirety.

DNA vaccines, like peptide-based vaccines, are advantageous in being relatively easy
and inexpensive to manufacture, and are not individualized for patients, as are dendritic cell-
based vaccines. Unlike recombinant protein vaccines, in which the antigen is taken up by
antigen presenting cells and expressed predominantly in the context of MHC class II, DNA in
nucleic acid vaccines is taken up and expressed by antigen-presenting cells directly, leading
to antigen presentation through both naturally processed MHC class I and II epitopes [38].

In some embodiments, the derivatives, equivalents, variants, fragments, or mutants of
a PAP polypeptide are at least 85% identical in sequence to the human P AP sequence of SEQ
ID NO:1 or the AR sequence of SEQ ID NO:6. More preferably, the identity is at least 88%,
preferably at least 90%, still more preferably at least 95%, and still more preferably at least
95%. Identity between amino acid sequences or between nucleotide sequences may be
determined either manually by one skilled in the art, or by using computer-based sequence
comparison and identification tools that employ algorithms such as BLAST (Basic Local
Alignment Search Tool; Altschul et al. (1993) J. Mol. Biol. 215:403-410).

In some embodiments, fragments of the full-length genes which encode portions of
the full-length PAP or AR protein are constructed. These fragments peptides that elicits
humoral or cytotoxic reaction, or both, against the protein antigen, and are considered
functional equivalents.

The present technology provides DNA-based vaccines that express a protein antigen,
prostatic acid phosphatase (PAP) and/or an AR antigen. In some embodiments, PAP and AR
antigens are provided on the same nucleic acid. In some embodiments, PAP and AR antigens

are provided in two nucleic acids. In some embodiments, PAP and AR antigens are provided
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in two nucleic acids in the same composition. In some embodiments, PAP and AR antigens
are provided in two nucleic acids in separate compositions.

In some embodiments, the PAP and/or AR genes are ligated into an expression vector
that has been specifically optimized for polynucleotide vaccinations. Features of a suitable
expression vector include, e.g., a transcriptional promoter, immunogenic epitopes,
immunostimulatory sequences, and additional cistrons encoding immunoenhancing or
immunomodulatory genes, with their own promoters, transcriptional terminators, bacterial
origin of replication,and antibiotic resistance genes, as well known to those skilled in the art.
Optionally, in some embodiments the vector contains internal ribosome entry sites (IRES) for
the expression of polycistronic mRNA.

In some embodiments of the technology, a gene encoding a PAP and/or AR protein is
directly linked to a transcriptional promoter. In some embodiments, a tissue-specific
promoter or enhancer (e.g., the muscle creatine kinase (MCK) enhancer element) finds use to
limit expression of the polynucleotide to a particular tissue type. For example, myocytes are
terminally differentiated cells that do not divide. Integration of foreign DNA into
chromosomes appears to be promoted by both cell division and protein synthesis. Thus,
limiting protein expression to non-dividing cells such as myocytes may be preferable. In
addition, in some embodiments a PSA promoter is used to limit expression of the protein to
prostate tissue. In some embodiments, tissue-specific or cell-specific promoters are used to
target the expression of the protein to antigen-presenting cells. For example, in some
embodiments an alpha-fetoprotein (AFP) promoter (see e.g. Peyton et al. 2000, Proc. Natl.
Acad. Sci., USA. 97:10890-10894) is used to limit expression to liver tissues. However, use
of the CMV promoter is adequate for achieving expression in many tissues into which the
plasmid DNA vaccine is introduced.

In various embodiments, suitable vectors include any plasmid DNA construct
encoding a PAP and/or AR antigen or a functional equivalent or derivative thereof,
operatively linked to a eukaryotic promoter. Examples of such vectors include the pCMV
series of expression vectors, commercially available from Stratagene (La Jolla, Calif.); or the
pCDNA or pREP series of expression vectors by Invitrogen Corporation (Carlsbad, Calif.).

There are many embodiments of the instant invention that those skilled in the art can
appreciate from the specification. Thus, in the various embodiments different transcriptional
promoters, terminators, and other transcriptional regulatory elements are used. Examples of

other eukaryotic transcription promoters include the Rous sarcoma virus (RSV) promoter, the
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simian virus 40 (SV40) promoter, the human elongation factor-1 alpha (EF-1 alpha)
promoter, and the human ubiquitin C (UbC) promoter.

In some embodiments, “naked” plasmid DNA expressing a transgene finds use, e.g.,
in some embodiments the naked plasmid DNA is directly injected intradermally or
intramuscularly, taken up, and expressed (see e.g. Wolff et al., 1990, Science 247:1465-8).
The efficiency of this approach may be low, with only a small percentage of myocytes being
directly transformed in vivo, and within only a limited area of muscle tissue targeted by this
directed delivery. Various alternative approaches yielding a higher efficiency gene delivery
method are known (see e.g. Acsadi et al., 1991, New Biol. 3:71-81; Wolff et. al., 1991,
Biotechniques 11:474-85; Budker et. al., 1996, Nat. Biotechnol. 14:760-4; Davis et al., 1993,
Hum. Gene Ther. 4:151-9; Danko et al., 1994, Gene Ther. 1:114-21; Manthorpe et al., 1993,
Hum. Gene Ther. 4:419-31).

In some embodiments, the DNA vaccine is pTVG-HP (e.g., pTVG4 vector containing
cDNA for human PAP). pTVG-HP is a plasmid DNA, produced in E. coli, that encodes the
c¢DNA for human prostatic acid phosphatase (PAP). In particular, the pTVG-HP plasmid was
constructed from the plasmid vector pNGVL3 (e.g., as obtained from the National Gene
Vector Laboratory at the University of Michigan). This vector, similar to the pPCDNA3.1
expression vector, drives transcription from the CMV promoter, but also includes the CMV
intron A sequence to enhance protein expression (Lee et al., 1997, Mol. Cells 7:495-501).
The vector also contains a multi-cloning site, and does not express a eukaryotic antibiotic
resistance gene, such that the only protein expression expected in a eukaryotic system is the
one driven from the CMV promoter, unlike the pCDNA vector. To this vector has been added
2 copies of a 36-bp immunostimulatory (ISS) fragment containing the 5'-GTCGTT-3' motif
previously identified (Hartmann et al., 2000, J. Immunol. 164:1617-24) (e.g., a
polynucleotide comprising a TpC dinucleotide at the 5' end followed by three 6-mer CpG
motifs (5'-GTCGTT-3") separated by TpT dinucleotides), to create the vector pTVG4. The
coding sequence for human PAP was cloned into this vector, and expression of PAP was
confirmed by in vitro expression studies. This construct is named pTVG-HP. Thus, in some
embodiments the DNA vaccine comprises CpG immunostimulatory sequences. In some
embodiments, the immunostimulatory sequence is TCG TCG TTT TGT CGT TTT GTC
GTT (SEQ ID NO: 4).

In some embodiments, vaccine comprise GM-CSF. GM-CSF (Leukine®,
Sargramostim) is a vaccine adjuvant. In particular, GM-CSF is a growth factor that supports

the survival, clonal expansion and differentiation of hematopoietic progenitor cells including
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dendritic antigen presenting cells. GM-CSF has been shown to be safe and serve as an
effective adjuvant for the induction of antibody and T-cell responses to the immunized
antigen |58, 59]. The use of GM-CSF is associated with little toxicity [60, 61, 62]. GM-CSF
is a sterile, white, preservative-free, lyophilized powder supplied in 250 pg-dose vials.
Recombinant human GM-CSF (thGM-CSF), when administered intravenously or
subcutaneously is generally well tolerated at doses ranging from 50 to 500 ug/m2/day.

In specific embodiments of the technology, vials are thawed and the plasmid DNA
vaccine is used to reconstitute the GM-CSF. For example, for each DNA immunization, 0.6
mL of 0.2 mg/mL pTVG-HP is withdrawn and used to reconstitute 250 pg GM-CSF. 0.25
mL is then drawn into each of two tuberculin syringes. This effectively provides a 100-ug

dose of DNA and 208 ug GM-CSF.

IL. PD-1 Blockage

A major mechanism by which tumors avoid immune detection is by expressing PD-
L1 or PD-L2, which are ligands for the T-cell receptor PD-1. Activation of PD-1 by PD-L1 or
PD-L2 decreases T-cell function and increases immune tolerance. There is currently great
enthusiasm to develop PD/PD-L (e.g., PD-1 and/or PD-L1) inhibitors given the relative
paucity of adverse events observed with these agents in clinical trials and long-term disease
response observed in some instances in early phase clinical trials. Targeting PD-1, in
particular, should be a universal therapy, as it targets the T-cell compartment rather than the
tumor directly. However, clinical trial experience to date suggests that patients with some
solid tumor types (notably renal cell cancer, melanoma, and non-small cell lung cancer)
experience more benefit than patients with other histologies, including prostate cancer [18,
19]. Differences in the T-cells of responding and non-responding patients may be the basis of
this disparity. In particular, higher frequencies of tumor-infiltrating lymphocytes (TIL) are
typically observed in patients with renal cell cancer and melanoma than prostate cancer. In
addition, early phase clinical trials using PD-1 or PD-L1 have identified that the expression
of at least one of the ligands for PD-1 (PD-L1) on the target tumor cell by biopsy is
associated with clinical response to therapy [18]. This is expected, given that tissue-
infiltrating T cells can induce the expression of PD-L1 via the expression of IFNy, and ligand
binding of PD-1 leads to decrease in T-cell effector function. It has been demonstrated that
prostate cancers can express PD-L1, and can have infiltrating PD-1-expressing T cells [20].
Taken together, these results indicate that the efficacy of anti-tumor immunotherapy would

be increased for prostate cancer by combining agents able to increase the number of tumor-
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specific T cells, such as through vaccination, and by PD blockade and/or by PD-L blockade
(e.g., PD-1 and/or PD-L1 blockade), e.g., by a PD inhibitor and/or by a PD-L inhibitor (e.g., a
PD-1 inhibitor (e.g., an anti-PD-1 antibody) and/or a PD-L1 inhibitor (e.g., an anti-PD-L1
antibody)).

Given the anti-tumor responses observed in early phase clinical trials with antibodies
targeting either PD-1 or PD-L1, several pharmaceutical companies have been developing
related agents. Currently, one agent has been approved as a therapy, pembrolizumab
(KEYTRUDA, Merck). Specifically, pembrolizumab was approved in September 2014 for
the treatment of ipilimumab-refractory advanced melanoma as a “breakthrough™ therapy on
the basis of an open-label, international, multicenter expansion cohort of a phase I trial of
patients with advanced (metastatic) melanoma whose disease had progressed following
treatment with ipilimumab. In that trial, 173 patients received pembrolizumab at one of two
doses (2 mg/kg or 10 mg/kg) at 3-week intervals until disease progression or intolerable
toxicity. An overall response rate of 26% was observed, irrespective of dose. Grade 3 fatigue
was the only drug-related grade 3 or 4 adverse event reported in more than one patient. Given
these findings, pembrolizumab is currently FDA approved for the treatment of patients with
ipilimumab-refractory melanoma, dosed at 2 mg/kg intravenously every 3 weeks until disease
progression or intolerable adverse effects. Of note, however, earlier phase clinical trials have
suggested that treatment can lead to prolonged responses even after discontinuing treatment.

In some embodiments, the PD-1 pathway inhibitor is a monoclonal antibody. In some
embodiments, the monoclonal antibody is pembrolizumab (marketed under the trade name
“Keytruda®”). Pembrolizumab is a human programmed death receptor-1 (PD-1)-blocking
antibody indicated for the treatment of patients with unresectable or metastatic melanoma and
disease progression following ipilimumab and, if BRAF V600 mutation positive, a BRAF
inhibitor. Pembrolizumab is available in single-use vials, consisting of 100 mg lyophilized
powder for injection and is preferabky administered at a 200 mg fixed dose every three
weeks. It is prepared by addition of 4.0 mL of sterile water for injection, USP, to the vial to
prepare a 25 mg/mL solution. In some embodiments, the contents of two vials are transferred
to an IV bag containing 0.9% sodium chloride injection, USP such that the final
concentration of the diluted solution is between 1 mg/mL and 10 mg/mL. Accordingly, in
some embodiments it is administered as an intravenous infusion, e.g., over 30 minutes using
an IV line containing a sterile, non-pyrogenic, low-protein binding 0.2 pm to 5 um in-line or

add-on filter.
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In some embodiments, the monoclonal antibody is nivolumab (marketed under the
trade name “Opdivo®”). Nivolumab is a human IgG4 anti-PD-1 monoclonal antibody that
acts as an immunomodulator by blocking ligand activation of the programmed cell death 1
(PD-1) receptor on activated T cells. In particular, nivolumab acts by blocking a negative
regulator of T-cell activation and response, thus allowing the immune system to attack the
tumor. That is, nivolumab blocks PD-L1 from binding to PD-1, allowing the T cell to
function in tumor attack.

The present invention also contemplates the use of other PD-1 antagonists in the
methods and kits of the present invention, including, but not limited to: BMS-936559
(Bristol-Myers Squibb); MEDI0680 (Medlmmune/AstraZeneca); MEDI4736
(MedImmune/AstraZeneca), MPDL3280A (Genentech/Roche), MSB0010718C (EMD

Serono); and Pidilizumab (CureTech).

III.  Androgen depravation therapy

In some embodiments, prostate cancer therapies include androgen deparavation
therapy (ADT). The synthesis of testosterone is mediated by a chain of processes that start in
the brain. When the body detects a low level of testosterone, the hypothalamus starts to
produce LHRH, a hormone which, once is received by the pituitary gland activates the
synthesis of LH (Luteinizing hormone). LH travels to the testicles where it induces the
formation of testosterone. There are two methods of androgen deprivation therapy based on
drugs. One works preventing the pituitary gland from releasing LH and the other one blocks
the body’s ability to use androgens.

There are two different medicines, LHRH agonists and antagonists, which both lower
the amount of testosterone made by the testicles. They work inhibiting the formation of LH in
the pituitary gland. The LHRH agonists produce a sudden increase in levels of testosterone
followed by a huge falling, process called flare, whereas LHRH antagonists decrease directly
the amount of testosterone. Examples of LHRH agonist and antagonist active substances
include, but are not limited to, leuprolide, goserelin, triptorelin, histrelin and degarelix. In
some embodiments, these drugs are injected under the skin achieving the same result as
surgical castration.

In some embodiments, anti-androgen therapy (e.g., androgen receptor antagonists) is
utilized. Adrenal glands were discovered as another center of androgen production even after
a castration process. Therefore a complementary treatment was developed that uses

antiandrogens to block the body’s ability to use any androgens. Prostate cells contain an
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Androgen Receptor (AR), that when stimulated by androgens like testosterone, promotes
growth and maintains prostatic differentiation. These pro-growth signals, however, can be
problematic when they occur in a cancer cell. Antiandrogens can enter cells and prevent the
binding of testosterone to the receptor proteins, due to their higher affinity for the androgen
receptor.

Examples of androgen receptor antagonists include, but are not limited to,
cyproterone acetate, flutamide, nilutamide, bicalutamide, and enzalutamide, and apalutamide,
which are all administered in oral pill form and. Additional androgen receptor antagonists
include, but are not limted to, agents that target testosterone synthesis (e.g., abiraterone
acetate and seviteronel) or AR nuclear translocation (e.g., enzalutamide, apalutamide, and
darolutamide), as well as combined therapies (e.g., galeterone).

In some embodiments, the androgen receptor antagonist is enzalutamide or

apalutamide.

IV.  Treatment methods

As described above, provided herein are combination therapies for prostate cancer
treatment. In some embodiments, therapies comprise one or more DNA vaccines (e.g., DNA
vaccines that target PAP and/or AR) in combination with PD-1 blockade and androgen
receptor antagonist.

In some embodiments, the DNA vaccine (e.g., DNA vaccines that target PAP and/or
AR) is administered concurrently with the PD pathway inhibitor and AR antagonist as
discussed herein (see, e.g., dosing schedules described in detail herein). In some
embodiments, the DNA vaccine (e.g., DNA vaccines that target PAP and/or AR) is
administered prior to, concurrently, or after treatment with the PD pathway inhibitor (see,
e.g., dosing schedules described in detail herein).

In some embodiments, the DNA vaccine and PD-1 pathway inhibitor are
administered concurrently for 1, 2, 3,4, 5,6, 7,8,9, 10, 11, 12, or more weeks followed
by a period in which the DNA vaccine, the PD-1 pathway inhibitor and the AR
antagonist are administered concurrently for 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11, 12, or more
weeks, followed by a period in which the DNA vaccine, the PD-1 pathway inhibitor and
the AR antagonist are not administered (e.g., 1, 4, 6, 8, 10, 12, 14, 16, 18, 24 or more
weeks).

In some embodimensts, the AR antagonist is administered in intervals of multiple

weeks (e.g., one or more times daily for 1,2,3.4, 5, 6,7, 8,9, 10, 11, 12, or more weeks)
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concurrently with the DNA vaccine and PD-1 pathway inhibitor, followed by a period in
which the AR antagonist is not administered (e.g., 1, 4, 6, 10, 12, 16, 18, 24 or more weeks).
In some embodiments, periods of AR antagonist treatment are administered during long term
treatment with DNA vaccine and PD-1 pathway inhibitor.

Thus, some embodiments of the technology relate to administering pembrolizumab or
nivolumab in combination (e.g., concurrently or sequentially) with DNA vaccines and AR
antagonist in cancer patients (e.g., patients with non-metastatic, hormone-sensitive,
biochemically-recurrent (PS A-recurrent) prostate cancer or patients with metastatic,
castration-resistant prostate cancer).

In some embodiments, patients are tested for response to the combination therapy
before and/or after administration of the DNA vaccine. In some embodiments, patients are
tested before and/or after administration of the PD pathway inhibitor (e.g., pembrolizumab or
nivolumab). In some embodiments, testing comprises, e.g., imaging methods (e.g.,
radiographic methods, bone imaging), measuring anti-tumor response rates (objective
response rate and/or PSA response rate, using PCWQG?2 criteria), measuring the magnitude of
PAP- or AR-specific T-cell responses, measuring PD-1 expression on circulating T cells,
measuring PD-L1 expression on circulating epithelial cells (CEC) and/or on tumor biopsies,
measuring tumor growth rates, measuring the amounts of PAP-specific antibodies, measuring
the amounts of prostate-associated antigens (e.g., PSA and/or PAP).

In some embodiments, biomarkers are monitored, e.g., to follow the course of
treatment and/or as predictors of the efficacy of treatment. Exemplary biomarkers include
PD-L1 expression on CEC or tumor biopsies, expression of other regulatory molecules on
tumor-specific T cells (e.g. TIM3, BTLA, and LAG?3) or tumor cells (e.g. HVEM,
phosphatidyl serine, PD-L.2), and PD-1-regulated antigen-specific T cells (e.g., identified by
trans vivo DTH testing).

It is generally contemplated that the DNA vaccine, the AR antagonist, and the PD-1
inhibitor are formulated for administration to a mammal, and especially to a human with a
condition that is responsive to the administration of such compounds (e.g., a human subject
having a prostate cancer). Therefore, where contemplated compounds are administered in a
pharmacological composition, it is contemplated that the contemplated compounds are
formulated in admixture with a pharmaceutically acceptable carrier. For example,
contemplated compounds can be administered orally as pharmacologically acceptable salts,
or intravenously in a physiological saline solution (e.g., buffered to a pH of about 7.2 to 7.5).

Conventional buffers such as phosphates, bicarbonates, or citrates can be used for this
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purpose. Of course, one of ordinary skill in the art may modify the formulations within the
teachings of the specification to provide numerous formulations for a particular route of
administration. In particular, contemplated compounds may be modified to render them more
soluble in water or other vehicle, which for example, may be easily accomplished with minor
modifications (salt formulation, esterification, etc.) that are well within the ordinary skill in
the art. It is also well within the ordinary skill of the art to modify the route of administration
and dosage regimen of a particular compound to manage the pharmacokinetics of the present
compounds for maximum beneficial effect in a patient.

In certain pharmaceutical dosage forms, prodrug forms of contemplated compounds
may be formed for various purposes, including reduction of toxicity, increasing the organ or
target cell specificity, etc. Among various prodrug forms, acylated (acetylated or other)
derivatives, pyridine esters, and various salt forms of the present compounds are preferred.
One of ordinary skill in the art will recognize how to readily modify the present compounds
to prodrug forms to facilitate delivery of active compounds to a target site within the host
organism or patient. One of ordinary skill in the art will also take advantage of favorable
pharmacokinetic parameters of the prodrug forms, where applicable, in delivering the present
compounds to a targeted site within the host organism or patient to maximize the intended
effect of the compound. Similarly, it should be appreciated that contemplated compounds
may also be metabolized to their biologically active form, and all metabolites of the
compounds herein are therefore specifically contemplated. In addition, contemplated
compounds (and combinations thereof) may be administered in combination with yet further
agents.

With respect to administration to a subject, it is contemplated that the compounds be
administered in a pharmaceutically effective amount. One of ordinary skill in the art
recognizes that a pharmaceutically effective amount varies depending on the therapeutic
agent used, the subject’s age, condition, and sex, and on the extent of the disease in the
subject. Generally, the dosage should not be so large as to cause adverse side effects, such as
hematological problems, pulmonary problems, colitis, hepatitis, nephritis, hypophisitis,
impaired thyroid function, and the like. The dosage can also be adjusted by the individual
physician to achieve the desired therapeutic goal. Thus it is contemplated that in men with
low tumor burden disease (e.g., men with non-metastatic, or micro-metastatic hormone-
sensitive, biochecmically -recurrent prostate cancer) they might be dosed with 1/2 or 1/3

or 1/4 of the standard dose of a PD-1 inhibitor to elcit both effective anti-tumor response
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and reduced toxicity and side effects typically attributed to PD-1 inhibitors at standard
does used in advanced or metastatic cancers.

As used herein, the actual amount encompassed by the term “pharmaceutically
effective amount™ will depend on the route of administration, the type of subject being
treated, and the physical characteristics of the specific subject under consideration. These
factors and their relationship to determining this amount are well known to skilled
practitioners in the medical, veterinary, and other related arts. This amount and the method of
administration can be tailored to maximize efficacy but will depend on such factors as
weight, diet, concurrent medication, and other factors that those skilled in the art will
recognize.

Pharmaceutical compositions preferably comprise one or more compounds of the
present technology associated with one or more pharmaceutically acceptable carriers,
diluents, or excipients. Pharmaceutically acceptable carriers are known in the art such as
those described in, for example, Remingtons Pharmaceutical Sciences, Mack Publishing Co.
(A. R. Gennaro edit. 1985), explicitly incorporated herein by reference for all purposes.

Accordingly, in some embodiments, the immunotherapeutic agent is formulated as a
tablet, a capsule, a time release tablet, a time release capsule; a time release pellet; a slow
release tablet, a slow release capsule; a slow release pellet; a fast release tablet, a fast release
capsule; a fast release pellet; a sublingual tablet; a gel capsule; a microencapsulation; a
transdermal delivery formulation; a transdermal gel; a transdermal patch; a transdermal
dissolvable microneedle formulation (e.g., provided in a patch); a sterile solution; a sterile
solution prepared for use as an intramuscular, intradermal, or subcutaneous injection, for use
as a direct injection into a targeted site, or for intravenous administration; a solution prepared
for rectal administration; a solution prepared for administration through a gastric feeding tube
or duodenal feeding tube; a suppository for rectal administration; a liquid for oral
consumption prepared as a solution or an elixir; a topical cream; a gel; a lotion; a tincture; a
syrup; an emulsion; or a suspension.

In some embodiments, the time release formulation is a sustained-release, sustained-
action, extended-release, controlled-release, modified release, or continuous-release
mechanism, e.g., the composition is formulated to dissolve quickly, slowly, or at any
appropriate rate of release of the compound over time.

In some embodiments, the compositions are formulated so that the active ingredient is
embedded in a matrix of an insoluble substance (e.g., various acrylics, chitin) such that the

dissolving compound finds its way out through the holes in the matrix, e.g., by diffusion. In
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some embodiments, the formulation is enclosed in a polymer-based tablet with a laser-drilled
hole on one side and a porous membrane on the other side. Stomach acids push through the
porous membrane, thereby pushing the drug out through the laser-drilled hole. In time, the
entire drug dose releases into the system while the polymer container remains intact, to be
excreted later through normal digestion. In some sustained-release formulations, the
compound dissolves into the matrix and the matrix physically swells to form a gel, allowing
the compound to exit through the gel’s outer surface. In some embodiments, the formulations
are in a micro-encapsulated form, e.g., which is used in some embodiments to produce a
complex dissolution profile. For example, by coating the compound around an inert core and
layering it with insoluble substances to form a microsphere, some embodiments provide more
consistent and replicable dissolution rates in a convenient format that is combined in
particular embodiments with other controlled (e.g., instant) release pharmaceutical
ingredients, e.g., to provide a multipart gel capsule.

In some embodiments, the pharmaceutical preparations and/or formulations of the
technology are provided in particles. “Particles” as used herein means nano- or microparticles
(or in some instances larger) that can consist in whole or in part of the compounds as
described herein. The particles may contain the preparations and/or formulations in a core
surrounded by a coating, including, but not limited to, an enteric coating. The preparations
and/or formulations also may be dispersed throughout the particles. The preparations and/or
formulations also may be adsorbed into the particles. The particles may be of any order
release kinetics, including zero order release, first order release, second order release, delayed
release, sustained release, immediate release, and any combination thereof, etc. The particle
may include, in addition to the preparations and/or formulations, any of those materials
routinely used in the art of pharmacy and medicine, including, but not limited to, erodible,
nonerodible, biodegradable, or nonbiodegradable materials or combinations thereof. The
particles may be microcapsules which contain the formulation in a solution or in a semi-solid
state. The particles may be of virtually any shape.

Both non-biodegradable and biodegradable polymeric materials can be used in the
manufacture of particles for delivering the preparations and/or formulations. Such polymers
may be natural or synthetic polymers. The polymer is selected based on the period of time
over which release is desired. Bioadhesive polymers of particular interest include bioerodible
hydrogels described by H. S. Sawhney, C. P. Pathak and J. A. Hubell in Macromolecules,
(1993) 26: 581-587, the teachings of which are incorporated herein by reference. These

include polyhyaluronic acids, casein, gelatin, glutin, polyanhydrides, polyacrylic acid,
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alginate, chitosan, poly(methyl methacrylates), poly(ethyl methacrylates),
poly(butylmethacrylate), poly (isobutyl methacrylate), poly (hexylmethacrylate),
poly(isodecyl methacrylate), poly(lauryl methacrylate), poly(phenylmethacrylate),
poly(methyl acrylate), poly(isopropyl acrylate), poly(isobutyl acrylate), and poly(octadecyl
acrylate).

The technology also provides methods for preparing stable pharmaceutical
preparations containing aqueous solutions of the compounds or salts thereof to inhibit
formation of degradation products. A solution is provided that contains the compound or salts
thereof and at least one inhibiting agent. The solution is processed under at least one
sterilization technique prior to and/or after terminal filling the solution in the sealable
container to form a stable pharmaceutical preparation. The present formulations may be
prepared by various methods known in the art so long as the formulation is substantially
homogenous, e.g., the pharmaceutical is distributed substantially uniformly within the
formulation. Such uniform distribution facilitates control over drug release from the
formulation.

In some embodiments, the compound is formulated with a buffering agent. The
buffering agent may be any pharmaceutically acceptable buffering agent. Buffer systems
include citrate buffers, acetate buffers, borate buffers, and phosphate buffers. Examples of
buffers include citric acid, sodium citrate, sodium acetate, acetic acid, sodium phosphate and
phosphoric acid, sodium ascorbate, tartartic acid, maleic acid, glycine, sodium lactate, lactic
acid, ascorbic acid, imidazole, sodium bicarbonate and carbonic acid, sodium succinate and
succinic acid, histidine, and sodium benzoate and benzoic acid.

In some embodiments, the compound is formulated with a chelating agent. The
chelating agent may be any pharmaceutically acceptable chelating agent. Chelating agents
include ethylenediaminetetraacetic acid (also synonymous with EDTA, edetic acid, versene
acid, and sequestrene), and EDTA derivatives, such as dipotassium edetate, disodium edetate,
edetate calcium disodium, sodium edetate, trisodium edetate, and potassium edetate. Other
chelating agents include citric acid and derivatives thereof. Citric acid also is known as citric
acid monohydrate. Derivatives of citric acid include anhydrous citric acid and
trisodiumcitrate-dihydrate. Still other chelating agents include niacinamide and derivatives
thereof and sodium desoxycholate and derivatives thereof.

In some embodiments, the compound is formulated with an antioxidant. The
antioxidant may be any pharmaceutically acceptable antioxidant. Antioxidants are well

known to those of ordinary skill in the art and include materials such as ascorbic acid,
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ascorbic acid derivatives (e.g., ascorbylpalmitate, ascorbylstearate, sodium ascorbate, calcium
ascorbate, etc.), butylated hydroxy anisole, buylated hydroxy toluene, alkylgallate, sodium
meta-bisulfate, sodium bisulfate, sodium dithionite, sodium thioglycollic acid, sodium
formaldehyde sulfoxylate, tocopherol and derivatives thereof, (d-alpha tocopherol, d-alpha
tocopherol acetate, dl-alpha tocopherol acetate, d-alpha tocopherol succinate, beta tocopherol,
delta tocopherol, gamma tocopherol, and d-alpha tocopherol polyoxyethylene glycol 1000
succinate) monothioglycerol, and sodium sulfite. Such materials are typically added in ranges
from 0.01 to 2.0%.

In some embodiments, the compound is formulated with a cryoprotectant. The
cryoprotecting agent may be any pharmaceutically acceptable cryoprotecting agent. Common
cryoprotecting agents include histidine, polyethylene glycol, polyvinyl pyrrolidine, lactose,
sucrose, mannitol, and polyols.

In some embodiments, the compound is formulated with an isotonicity agent. The
isotonicity agent can be any pharmaceutically acceptable isotonicity agent. This term is used
in the art interchangeably with isoosmotic agent, and is known as a compound which is added
to the pharmaceutical preparation to increase the osmotic pressure, e.g., in some
embodiments to that of 0.9% sodium chloride solution, which is iso-osmotic with human
extracellular fluids, such as plasma. Preferred isotonicity agents are sodium chloride,
mannitol, sorbitol, lactose, dextrose and glycerol.

The pharmaceutical preparation may optionally comprise a preservative. Common
preservatives include those selected from the group consisting of chlorobutanol, parabens,
thimerosol, benzyl alcohol, and phenol. Suitable preservatives include but are not limited to:
chlorobutanol (0.3 — 0.9% w/v), parabens (0.01 — 5.0%), thimerosal (0.004 — 0.2%), benzyl
alcohol (0.5 — 5%), phenol (0.1 — 1.0%), and the like.

In some embodiments, the compound is formulated with a humectant to provide a
pleasant mouth-feel in oral applications. Humectants known in the art include cholesterol,
fatty acids, glycerin, lauric acid, magnesium stearate, pentaerythritol, and propylene glycol.

In some embodiments, an emulsifying agent is included in the formulations, for
example, to ensure complete dissolution of all excipients, especially hydrophobic components
such as benzyl alcohol. Many emulsifiers are known in the art, e.g., polysorbate 60.

For some embodiments related to oral administration, it may be desirable to add a
pharmaceutically acceptable flavoring agent and/or sweetener. Compounds such as saccharin,

glycerin, simple syrup, and sorbitol are useful as sweeteners.
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Methods of measurement and assays

In various embodiments, data are collected using various techniques and observables,
e.g., to measure a baseline for a subject and/or to monitor the efficacy of a treatment. For
instance, some embodiments comprise imaging-based evaluation of a subject. In some
particular embodiments, imaging techniques comprise computed tomography (CT). In some
particular embodiments, imaging techniques comprise magnetic resonance imaging (MRI). In
some embodiments, CT and/or MRI provide accurate and reproducible methods for
measuring target lesions. In some embodiments, CT and MRI are performed with contiguous
cuts of 10 mm or less in slice thickness. In some embodiments, spiral CT is performed using
a 5 mm contiguous reconstruction algorithm, e.g., for tumors of the chest, abdomen, and
pelvis.

In some embodiments, a tumor marker is measured. For example, in some
embodiments, PSA is measured. In some embodiments, PS A values are collected for separate
reporting of PSA kinetics. In some embodiments, a value of PSA that declines to < 0.2 ng/mL
for a subject indicates a complete PSA response. In some embodiments, serum PAP and/or
AR i1s measured. In some embodiments, serum concentrations of PAP and/or PSA stabilize
after vaccination and/or decline after vaccination and provide a measurement of vaccine
efficacy. In some embodiments, the ratio of serum PSA to serum PAP or AR is calculated
and provides a measure of vaccine efficacy. Without being bound by theory and with an
understanding that an understanding of the mechanism or theory is not required to practice
the technology, in some embodiments the PSA:PAP ratio increases with therapy because
therapy selectively depletes PAP-producing cells relative to PS A-producing cells, thus
causing PAP concentrations to fall faster than PSA concentrations.

In some embodiments, a clinical examination is performed on a subject. In some
embodiments, a clinically detected lesion is considered measurable when it is superficial
(e.g., skin nodules and palpable lymph nodes). In some embodiments, skin lesions are

documented by color photography, including a ruler to estimate size of the lesion.

Histopathology Evaluation

In some embodiments, tissue biopsies are obtained from metastatic lesions (e.g., the
same lesion per patient) prior to treatment and after treatment (e.g., from 1 to 24 weeks after
treatment is initiated, e.g., during week 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 14, 16, 17,
18,19, 20, 21, 22, 23, or 24). In some embodiments, tests are performed to evaluate how

immunization affects PD-L1 expression in the tumor. Without being bound by theory and
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acknowledging that an understanding of the mechanism is not required to practice the
technology, it is contemplated that immunization affects PD-L1 expression in the tumor by
eliciting tumor antigen-specific T cells secreting IFNy. Furthermore, tests are performed to
assess whether concurrent treatment with anti-PD-1 mAb leads to an increase in infiltration
of CD8+ T cells and whether treatment increases expression of other T-cell regulatory
ligands on T cells (PD-1, CTLA-4, TIM-3, BTLA, LAG-3) or tumors (e.g. HVEM,
phosphatidyl serine, PD-L2). Consequently, biopsy specimens obtained pre-treatment and
after initiation of treatment are stained with antibodies specific for CD3, CD4, CDS, FoxP3,
PD-1, CTLA-4, TIM3, BTLA, LAG-3, PD-L1, PD-L2, phosphatidyl serine, and/or HVEM,
and/or other markers. Staining and quantification are reviewed by a pathologist blinded to the
treatment groups to determine CD8+ T cells per field, CD4+FoxP3+ (Treg).CD8+ T cell
ratio, PD-L1 expression (e.g., as indicated by at least 5 PD-L1 positive cells per field), and to
compare these parameters measured before and after treatment to identify any of these

measured or calculated parameters that changed as a result of treatment.

Circulating Tumor Cell (CTC) Evaluation

In some embodiments, CTC are enumerated and characterized, e.g., in some
embodiments, at the same time points as for immune evaluation (e.g., pre-treatment, after 1 to
6 weeks (e.g., after 1, 2, 3, 4, 5, or 6 weeks), and at intervals for up to one year (e.g., monthly,
quarterly) using flow cytometry. For example, in some embodiments PBMC obtained at these
time points are stained, e.g., with fluorochrome-labeled antibodies specific for at least one or
more of CD45, EpCAM, PD-1, PD-L1, CTLA-4, and DAPI. CTC are defined as CD45-
EpCAM+DAPI- cells, and the percentage of these events among all live cellular events are
determined at the different time points. The percentages of CTC expressing PD-1, PD-L1,
AR, or CTLA-4 are also determined. Results are reported from the different time points and
general trends are assessed. In some embodiments, results quantitative and in some
embodiments, results are qualitative (e.g., in some embodiments, obtaining multiple
replicates to determine standard deviation are not feasible). The technology encompasses

other methods of CTC capture and enumeration.

Subjects
In some embodiments, the combination therapy is administered to a subject. For
example, in some embodiments, the subject is a cancer patient, e.g., a prostate cancer patient,

e.g., a patient having non-metastatic, hormone-sensitive, biochemcically-recurrent prostate
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cancer or a patient having metastatic, castrate-resistant prostate cancer. In some
embodiments, the subject is an adult (e.g., is aged 18 years or more). In some embodiments,
the subject has prostate cancer that has been confirmed by histology. In some embodiments,
the subject has metastatic disease, e.g., the presence of soft tissue and/or bone metastases
(e.g., as detected by imaging (CT (e.g., of abdomen/pelvis), bone scintigraphy, etc.)). In some
embodiments, the subject has castrate-resistant disease, e.g., in some embodiments, subjects
have received androgen deprivation treatment (e.g., surgical castration, GnRH analogue, or
antagonist treatment). In some embodiments, subjects receive a GnRH analogue or antagonist
during treatment with the combination therapy (e.g., DNA vaccine, AR antagonist, and PD-1
inhibitor) described herein. In some embodiments, subjects have been treated previously with
anonsteroidal antiandrogen; in some embodiments, subjects have not been treated previously
with a nonsteroidal antiandrogen. In some embodiments in which subjects have been
previously treated with an antiandrogen, the subjects have discontinued use of anti-androgen
for at least 4 weeks (for flutamide) or 6 weeks (for bicalutamide or nilutamide) prior to
treatment with the combination therapy described herein. Moreover, in some embodiments,
PSA is monitored in subjects, e.g., for subjects who demonstrated an anti-androgen
withdrawal response (e.g., a > 25% decline in PSA within 4-6 week of stopping a
nonsteroidal antiandrogen), the combination therapy described herein is administered when
the subject PSA rises above the nadir observed after antiandrogen withdrawal. In some
embodiments, the castration level of testosterone is < 50 ng/dL within 6 weeks the beginning
of treatment.

In some embodiments, subjects have been previously treated with abiraterone or
enzalutamide and, in some embodiments, subjects have been off (e.g., discontinued) prior
corticosteroid treatment for at least 3 months. In some embodiments, subjects have an ECOG
performance status of 0, 1, or 2. In some embodiments, subjects have adequate hematologic,
renal, and liver function (e.g., WBC > 2000 / mm?; ANC > 1000 / mm?; HgB > 9.0 gm/dL;
platelets > 100,000 / mm?; creatinine < 2.0 mg/dL; and/or AST, ALT < 2.5 x institutional
upper limit of normal). In some embodiments, subjects have no history of HIV 1 and 2,
HTLV-1, or active Hepatitis B or Hepatitis C. In some embodiments, subjects have not had
other treatments for at least 4 weeks and have recovered (to < Grade 2) from acute toxicity
attributed to prior treatment. In some embodiments, subjects have had a biopsy.

In some embodiments, the level of PD-1, PD-L1, and/or AR in the subjected are
measured to assess or modify treatment. In some embodiments, measuring the levels and

administering the DNA vaccine are performed in any order and frequency without limitation,
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e.g., measure/administer, administer/measure, measure/administer/measure,
administer/measure/administer, measure/administer/measure/administer,
measure/administer/measure/administer/measure,
measure/administer/measure/measure/administer/administer/administer/measure,
administer/administer/measure/administer,
measure/administer/administer/measure/administer/administer, etc.

In some embodiments, treatement schedules or dosages are altered in response to the

measuring (e.g., to obtain a target level of PD-1, PD-L1, and/or AR).

Administration, treatments, dosages, and dosing schedules

In some embodiments, the technology relates to methods of administering a DNA
vaccine and a PD-1 inhibitor to a subject in combination with an AR antagonist. In some
embodiments, the AR antagonist is administered at a different dosing schedule from the DNA
vaccine and PD-1 inhibitor.

In some embodiments, the technology relates to methods of administering a DNA
vaccine and a PD-1 inhibitor to a subject. The methods comprise the general steps of
administering a DNA vaccine and a PD-1 inhibitor to a subject according to the technology.
In some embodiments, a DNA vaccine and/or a PD-1 inhibitor, a derivative thereof, or a
pharmaceutically acceptable salt thereof, is administered in a pharmaceutically effective
amount. In some embodiments, a DNA vaccine and/or a PD-1 inhibitor, a derivative thereof,
or a pharmaceutically acceptable salt thereof, is administered in a therapeutically effective
dose.

The dosage amount and frequency are selected to create an effective level of the
compound without substantially harmful effects. When administered orally, intradermally,
transdermally, or intravenously, the dosage of the DNA vaccine and/or a PD-1 inhibitor will
generally range from 0.001 to 10,000 mg/kg/day or dose (e.g., 0.01 to 1000 mg/kg/day or
dose; 0.1 to 100 mg/kg/day or dose).

Methods of administering a pharmaceutically effective amount include, without
limitation, administration in parenteral, oral, intraperitoneal, intranasal, topical, sublingual,
rectal, and vaginal forms. Parenteral routes of administration include, for example,
subcutaneous, intravenous, intramuscular, intrastemal injection, intravenous, intradermal,
transdermal and infusion routes. In some embodiments, the compound, a derivative thereof,

or a pharmaceutically acceptable salt thereof, is administered orally.
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In some embodiments, a single dose of a compound or a related compound is
administered to a subject. In other embodiments, multiple doses are administered over two or
more time points, separated by hours, days, weeks, etc. In some embodiments, compounds
are administered over a long period of time (e.g., chronically), for example, for a period of
weeks, months, or years (e.g., 1,2,3,4,5,6,7, 8,9, 10, 11, 12, or more weeks, months, or
years). In such embodiments, compounds may be taken on a regular scheduled basis (e.g.,
daily, weekly, fortnightly, etc.) for the duration of the extended period.

The technology also relates to methods of treating a subject with a DNA vaccine and
a PD-1 inhibitor. According to another aspect of the technology, a method is provided for
treating a subject in need of such treatment with an effective amount of a DNA vaccine
and/or a PD-1 inhibitor or one or more salts thereof. The method involves administering to
the subject an effective amount of a DNA vaccine and/or a PD-1 inhibitor or a salt thereof in
any one of the pharmaceutical preparations described above, detailed herein, and/or set forth
in the claims. The subject can be any subject in need of such treatment. In the foregoing
description, the technology is in connection with a compound or salts thereof. Such salts
include, but are not limited to, bromide salts, chloride salts, iodide salts, carbonate salts, and
sulfate salts. It should be understood, however, that the compound is a member of a class of
compounds and the technology is intended to embrace pharmaceutical preparations, methods,
and kits containing related derivatives within this class. Another aspect of the technology
then embraces the foregoing summary but read in each aspect as if any such derivative is
substituted wherever “compound” appears.

In some embodiments, a subject is tested to assess the presence, the absence, or the
level of a malady and/or a condition such as prostate cancer. Such testing is performed, e.g.,
by assaying or measuring a biomarker, a metabolite, a physical symptom, an indication, etc.,
to determine the risk of or the presence of the malady or condition. In some embodiments, the
subject is treated with a DNA vaccine and/or a PD-1 inhibitor based on the outcome of the
test. In some embodiments, a subject is treated with a DNA vaccine and/or a PD-1 inhibitor, a
sample is obtained, and the level of detectable agent is measured, and then the subject is
treated again with a DNA vaccine and/or a PD-1 inhibitor based on the level of detectable
agent that was measured. In some embodiments, a subject is treated with a DNA vaccine
and/or a PD-1 inhibitor, a sample is obtained and the level of detectable agent is measured,
the subject is treated again with a DNA vaccine and/or a PD-1 inhibitor based on the level of
detectable agent that was measured, and then another sample is obtained and the level of

detectable agent is measured. In some embodiments, other tests (e.g., not based on measuring
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the level of detectable agent) are also used at various stages, e.g., before the initial treatment
with a DNA vaccine and/or a PD-1 inhibitor as a guide for the initial dose. In some
embodiments, a subsequent treatment with a DNA vaccine and/or a PD-1 inhibitor is adjusted
based on a test result, e.g., the dosage amount, dosage schedule, identity of the drug, etc. is
changed.

In some embodiments, a patient is tested, treated, and then tested again to monitor the
response to therapy and/or change the therapy. In some embodiments, cycles of testing and
treatment may occur without limitation to the pattern of testing and treating, the periodicity,
or the duration of the interval between each testing and treatment phase. As such, the
technology contemplates various combinations of testing and treating without limitation, e.g.,
test/treat, treat/test, test/treat/test, treat/test/treat, test/treat/test/treat, test/treat/test/treat/test,
test/treat/test/test/treat/treat/treat/test, treat/treat/test/treat, test/treat/treat/test/treat/treat, etc.

The technology is not limited in the dosing and dosing schedule used to administer the
DNA vaccine and the PD-1 inhibitor. For example, in some embodiments the DNA vaccine
(e.g.. pTVG-HP (e.g., 100 pg) with rhGM-CSF (e.g., 208 ug) or pTVG-HP (e.g., 100ug) with
GM-CSF (e.g. 208ug) and pTVG-AR (e.g., 100ug) with thGM-CSF (e.g., 208ug)
administered as alternating doses is administered intradermally biweekly 6 times beginning at
day 1 and the PD-1 inhibitor (e.g., pembrolizumab or nivolumab at a fixed dose of about 200
mg) is administered intravenously every 3 weeks 4 times, beginning at day 1. In some
embodiments, the DNA vaccine (e.g., pTVG-HP (e.g., 100 pg) with thGM-CSF (e.g., 208
ug)) is administered intradermally biweekly 6 times beginning at day 1 and the PD-1
inhibitor (e.g., pembrolizumab or nivolumab at at a fixed dose of about 200 mg) is
administered intravenously biweekly, every three weeks or every 4 weeks (e.g., from 3 to 6
times as appropriate) with the first dose being administered two weeks after the last pTVG-
HP vaccination.

Thus, in some embodiments the DNA vaccine (e.g., pTVG-HP) is administered in an
amount of approximately 100 ug (e.g., 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130,
140, 150, 160, 170, 180, 190, 200, 300, 400, 500, 600, 700, 800, 900, or 1000 or more pg). In
some embodiments, the DNA vaccine is administered in combination with an adjuvant, e.g.,
GM-CSF (e.g., thGM-CSF), e.g., in an amount of approximately 200 ug (e.g., 100 to 500 ug,
e.g., 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200 (e.g., in some embodiments 208),
210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 400, 500, 600, 700, 800, 900, or 1000 or
more ug). As noted above, in some embodiments, the DNA vaccine is administered

intradermally (e.g., on the deltoid area of the lateral arm). In some embodiments, the DNA
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vaccine is administered in a volume of approximately 0.25 mL (e.g., 100 to 500 ul, e.g., 100,
110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280,
290, 300, 400, 500, 600, 700, 800, 900, or 1000 ul or more). In some embodiments, the
volume of the DNA vaccine is administered at each of two adjacent sites. In some
embodiments, the DNA vaccine is administered biweekly (e.g., approximately every two
weeks, e.g., approximately every 14 days (e.g., 14 £ 3 days (e.g., 11 to 17 days)). In some
embodiments, the DNA vaccine is administered 6 times (e.g., 3 to 9 times, e.g., 3.4, 5, 6, 7,
8, or 9 times).

Further, in some embodiments, the PD-1 pathway inhibitor (e.g., pembrolizumab or
nivolumab) is administered at a dose of 2 mg/kg (e.g., 1 to Smg/kg, eg.,1,1.5,2, 25, 3, 3.5,
4,45, or 5 mg/kg) and most preferably at a fixed dose of about 200 mg. In some
embodiments, the PD-1 pathway inhibitor is administered intravenously. In some
embodiments, the PD-1 pathway inhibitor is administered (e.g., intravenously) over 30
minutes (e.g., from 15 minutes to 2 hours, e.g., for 15, 30, 45, 60, 75, 90, 105, or 120
minutes). In some embodiments, the PD-1 pathway inhibitor is administered every 3 weeks
(e.g., every week, every 1.5 weeks, every 2 weeks, every 2.5 weeks, every 3 weeks (e.g.,
every 21 = 3 days (e.g., 18 to 228days)), every 3.5 weeks, every 4 weeks, or every 5 weeks).
In some embodiments, the PD-1 pathway inhibitor is administered 4 times (e.g., 2 to 9 times,
eg.2,3,4,5 6,7, 8, or9times). In some embodiments, the PD-1 pathway inhibitor is
administered concurrently with the DNA vaccine, e.g., on Day 1 before, with, or after the
first vaccination with the DNA vaccine. In some embodiments in which the PD-1 pathway
inhibitor is administered concurrently with the DNA vaccine, the PD-1 pathway inhibitor is
administered in a first composition and the DNA vaccine is administered in a second separate
composition. In some embodiments in which the PD-1 pathway inhibitor is administered
concurrently with the DNA vaccine, the PD-1 pathway inhibitor and the DNA vaccine are
administered in the same composition. In another exemplary embodiment, the PD-1 pathway
inhibitor is administered subsequently to the administration of the DNA vaccine, e.g., from 1,
2, 3, 4 or more weeks after the ultimate vaccination with the DNA vaccine.

In some embodiments, the technology comprises administering the DNA vaccine and
the PD-1 pathway inhibitors according to a schedule. For example, in some embodiments a
subject is administered the DNA vaccine (e.g., pTVG-HP) and the PD-1 pathway inhibitor on
the same day to initiate treatment (e.g., “Day 17), e.g., the PD-1 pathway inhibitor is
administered from 0 to 0.5 to 5 hours and up to 24 hours after administration of the DNA

vaccine. Then, in some embodiments, the DNA vaccine and/or the PD-1 inhibitor is/are
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administered on several subsequent days after initiation of the treatment. For example, in
some embodiments the DNA vaccine is administered on Day 15 (e.g., 15 + 3 days (e.g., 12 to
18 days) after the Day 1 administration of the DNA vaccine and the PD-1 inhibitor), on Day
29 (e.g., 14 £ 3 days (e.g., 11 to 17 days) after the Day 15 administration of the DNA
vaccine), on Day 43 (e.g., 14 £ 3 days (e.g., 11 to 17 days) after the Day 29 administration of
the DNA vaccine), on Day 57 (e.g., 14 + 3 days (e.g., 11 to 17 days) after the Day 43
administration of the DNA vaccine), and on Day 71 (e.g., 14 + 3 days (e.g., 11 to 17 days)
after the Day 57 administration of the DNA vaccine); and the PD-1 inhibitor is administered
on Day 22 (e.g., 7+ 3 days (e.g., 4 to 10 days) after the Day 15 administration of the DNA
vaccine), on Day 43 (e.g., 0 to 0.5 to 5 hours after the Day 43 administration of the DNA
vaccine), and on Day 64 (e.g., 7+ 3 days (e.g., 4 to 10 days) after the Day 57 administration
of the DNA vaccine).

In some preferred embodiments, the vaccine and the PD-1 inhibitor are administered a
plurality of times in an overlapping administration schedule. In some embodiments, the first
time the vaccine and the PD-1 inhibitor are administered concurrently (i.e., at day 1 of the
treatment schedule within 24 hours of one another) and thereafter the vaccine is administered
every 10 to 20 or 21, preferably about every 14 days and the PD-1 inhibitor is administered
every 17 to 24 days, preferably about every 21 days for a period of up to 90 days. In some
embodiments, the methods further comprise administering the vaccine every 10 to 20 or 21
days, preferably about every 14 days, and the PD-1 inhibitor every 17 to 24 days, preferably
about every 21 days, for a period of from 91 days to 365 days. In some embodiments,
patients that exhibit a decrease in PSA or tumor regression after 90 days are selected for the
administration of the vaccine every 10 to 20 or 21 days and the PD-1 inhibitor every 17 to 24
days for a period of from 91 days to 365 days. In some embodiments, the methods further
comprise administering the vaccine every 10 to 20 or 21 days, preferably about every 14
days, and the PD-1 inhibitor every 17 to 24 days, preferably about every 21 days, for a period
of from 366 days to 730 days. In some embodiments, patients that exhibit a decrease in PSA
or tumor regression after 365 days are selected for the administration of the vaccine every 10
to 20 or 21 days and the PD-1 inhibitor every 17 to 24 days for a period of from 366 days to
730 days. In some embodiments, the vaccine and the PD-1 inhibitor are administered in an
overlapping schedule every 10 to 28 days, preferably every 10 to 20 or 21 or 21 days or 10 to
24 days, and most preferably about every 14 days or 21 days for a period of up to 90 days. In
some embodiments, the methods further comprise administering the vaccine and the PD-1

inhibitor in an overlapping schedule every 10 to 28 days, preferably every 10 to 20 or 21 days
42



10

15

20

25

30

WO 2020/163690 PCT/US2020/017172

or 10 to 24 days, and most preferably about every 14 days for a period of from 91 days to 365
days. In some embodiments, patients that exhibit a decrease in PSA or tumor regression after
90 days are selected for the administration of the vaccine and the PD-1 inhibitor in an
overlapping schedule every 10 to 28 days, preferably every 10 to 20 or 21 days or 10 to 24
days, and most preferably about every 14 days for a period of from 91 days to 365 days. In
some embodiments, the methods further comprise administering the vaccine and the PD-1
inhibitor in an overlapping schedule every 10 to 28 days, preferably every 10 to 20 or 21 days
or 10 to 24 days, and most preferably about every 14 days for a period of from 366 days to
730 days. In some embodiments, patients that exhibit a decrease in PSA or tumor regression
after 365 days are selected for the concurrent administration of the vaccine and the PD-1
inhibitor every 10 to 28 days, preferably every 10 to 20 or 21 days or 10 to 24 days, and most
preferably about every 14 days for a period of from 366 days to 730 days. In some
embodiments, the vaccine and PD-1 inhibitor are administered concurrently within the
overlapping administration schedule. Concurrent administration encompasses administering
the vaccine and the PD-1 inhibitor in the same composition (e.g., a solution), or where the
agents are administered separately, administration in the same day and preferably
administration within from about 1 minute to about 5 hours or 24 hours of one another or
from about 30 minutes to about 5 hours or 24 hours of one another.

In other embodiments of the dosing schedule, a subject is administered the DNA
vaccine (e.g., pTVG-HP) to initiate treatment (e.g., “Day 17) and is not administered the PD-
1 inhibitor on Day 1. Then, the DNA vaccine and/or the PD-1 inhibitor is/are administered on
several subsequent days after initiation of the treatment. For example, in some embodiments
the DNA vaccine is administered on Day 15 (e.g., 15 = 3 days (e.g., 12 to 18 days) after the
Day 1 administration of the DNA vaccine), on Day 29 (e.g., 14 + 3 days (e.g., 11 to 17 days)
after the Day 15 administration of the DNA vaccine), on Day 43 (e.g., 14 £+ 3 days (e.g., 11 to
17 days) after the Day 29 administration of the DNA vaccine), on Day 57 (e.g., 14 £ 3 days
(e.g.. 11 to 17 days) after the Day 43 administration of the DNA vaccine), and on Day 71
(e.g.. 14 £3 days (e.g., 11 to 17 days) after the Day 57 administration of the DNA vaccine);
and the PD-1 inhibitor is administered after the series of administrations of the DNA vaccine,
e.g., on Day 85 (e.g., 14 + 3 days (e.g., 11 to 17 days) after the Day 71 administration of the
DNA vaccine), on Day 106 (e.g., 21 =+ 3 days (e.g., 18 to 24 days) after the Day 85
administration of the PD-1 inhibitor), on Day 127 (e.g., 21 + 3 days (e.g., 18 to 24 days) after
the Day 106 administration of the PD-1 inhibitor), and on Day 148 (e.g., 21 = 3 days (e.g., 18
to 24 days) after the Day 127 administration of the PD-1 inhibitor). See, e.g., Figure 1.
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In some embodiments, during any time of the dosing schedule, one or more tests may
be performed on the subject or using a sample obtained from the subject. Exemplary tests
include one or more tests, e.g., to measure the levels of chemicals, biomarkers, metabolites,
etc. (e.g., sodium, potassium, bicarbonate, BUN, creatinine, glucose, ALT, AST, bilirubin,
alkaline phosphatase, amylase, thyroid stimulating hormone (TSH), LDH, serum prostate
specific antigen (PSA), serum PAP, serum testosterone; blood tests (e.g., CBC, e.g.,
including, in some embodiments, a differential and platelet count); and other tests including,
e.g., CT scan; bone scan; physical examination; leukapheresis; antibody panel; CTC counts;
tissue biopsy; pulse; blood pressure; respiratory rate; body temperature; T-cell response; PET
scan; questionnaire; etc.

In some embodiments, the AR antagonist is added to the above dosing schedules at an
intermittent frequency. For example, in some embodiments, the AR antagonist is
administered for a period of several weeks or months (e.g., one or more times daily for 1, 2,
3,4,5,6,8,10,12, 14, 18, 20 weeks or more) following by a break in dosing (e.g., a break of
1,2,3,4,5,6,8,10, 12, 14, 18, 20 weeks or more) in which the DNA vaccine an PD-1
inhibitor are administered at a schedule described herein. For example, in some
embodiments, the AR antagonist is administered for a period of 90 days every 90 days (e.g.,
90 days of daily dosing with a 90 day break) for the duration of treatment (e.g., 1 month, 6

month, 1 year or more), although other schedules are specifically contemplated.

Response to therapy and monitoring

In some embodiments, the response to therapy with the combination therapy
described herein causes a decrease in size of a neoplastic lesion, decreases the biological
tumor burden of the subject, etc. For example, in some embodiments a subject’s
“measurable” lesions are identified and monitored prior to, during, and after treatment. In
some embodiments, the subject’s tumor burden after initial treatment is evaluated to set a
baseline for monitoring the course of treatment, e.g., to provide a measurement to which
subsequent measurements are compared. In some embodiments, “baseline” tumor burden is
determined by imaging the subject. As used herein, a subject has “measurable disease” when
the subject has at least one “measurable lesion”. As used herein, a “measurable lesion™ is a
lesion that can be accurately measured in at least one dimension (longest diameter to be
recorded) as > 20 mm (2.0 cm) with conventional techniques or as > 10 mm (1.0 ¢cm) with
spiral CT scan. For lymph node metastases, a “measurable lesion™ is at least 2.0 cm in longest

diameter by spiral CT or conventional techniques. In some embodiments, tumor lesions that
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are situated in a previously irradiated area are not considered measurable. As used herein, a
“non-measurable” lesion is a lesion that does not “measureable”, e.g., all other lesions,
including small lesions (longest diameter < 20 mm (2.0 cm) with conventional techniques or
<10 mm (1.0 cm) with spiral CT scan), lymph nodes < 2.0 cm, and lesions for which
measurements cannot be obtained reliably (e.g., bone lesions, leptomeningeal disease, ascites,
pleural/pericardial effusion, lymphangitis cutis/pulmonis, abdominal masses that are not
confirmed and followed by imaging techniques, and cystic lesions).

In some embodiments, a lesion is measured with positron emission tomography (PET)
(e.g., '%F NaF PET). '8F NaF PET finds use in producing 3-dimensional measurements of,
e.g., tissues, and thus provides a volumetric quantification of lesion volumes and therefore a
measurement of total tumor volume.

In some embodiments, response to therapy is monitored by monitoring the sizes of
measurable lesions representative of involved organs. In some embodiments, RECIST 1.1 is
used for evaluation of radiographic data. In some embodiments, Immune related Response
Criteria (irRC) based on WHO criteria are used for evaluation of immune-oncology, e.g., the
irRECIST criteria that are based on RECIST 1.1, irRC, and Nishino (2013) “Developing a
common language for tumor response to immunotherapy: immune-related response criteria
using unidimensional measurements.”, Clin Cancer Res. 19(14): 3936-43, incorporated
herein by reference.

In some embodiments, target lesions are selected on the basis of size (e.g., those with
the longest diameters) and their suitability for accurate repeated measurements. In some
embodiments, response to therapy is monitored by calculating the sum of the longest
diameters of all target lesions to provide a sum longest diameter. In some embodiments, the
sum longest diameter is used to characterize the tumor response. For lesions measurable in 2
or 3 dimensions, the longest diameter at the time of each assessment is used. Further, in some
embodiments lymph node measurements are made using short axis measurements, e.g., as per
RECIST 1.1 and/or irRECIST.

In some embodiments, a subject is placed in a class based on the subject’s response to
treatment. For instance, a subject is placed in a “Complete Response (CR)” class based on the
disappearance of all target lesions. In some embodiments, to be assigned a status of complete
response, changes in tumor measurements are confirmed by repeat assessments performed no
less than four weeks after the criteria for response are first met. In some embodiments, PSA is
< 0.2 ng/mL. In some embodiments, lymph nodes that shrink to less than 1.0 cm are

considered normal. A subject is placed in a “Partial Response (PR)” class based on at least a
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30% decrease in the sum of the longest diameters of target lesions, taking as reference the
baseline sum longest diameter. In some embodiments, to be assigned a status of partial
response, changes in tumor measurements must be confirmed by repeat assessments
performed no less than four weeks after the criteria for response are first met. In some
embodiments, there are no new lesions. A subject is placed in a “Progressive Disease (PD)”
class based on at least a 20% increase in the sum of the longest diameters of target lesions,
and a 0.5 cm absolute minimum increase, taking as reference the smallest sum longest
diameter recorded since the baseline measurements, or the appearance of one or more new
lesion(s). A subject is placed in a “Stable Disease (SD)” class based on neither sufficient
shrinkage to qualify for partial response nor sufficient increase to qualify for progressive
disease. In some embodiments, to be assigned a status of stable disease, measurements meet
the stable disease criteria at least once after study entry at a minimum interval of 12 weeks.
In some embodiments, monitoring the response to treatment comprises monitoring
non-target lesions, e.g., all lesions or sites of disease that are not target lesions. In some
embodiments, non-target lesions are monitored, e.g., by bone scintigraphy. In some
embodiments, a subject is placed into a subject class based on monitoring of non-target
lesions. For instance, a subject is placed in a “Complete Response (CR)” class based on the
disappearance of all non-target lesions and undetectable PSA tumor marker levels. In some
embodiments, to be assigned a status of complete response, changes in tumor measurements
are confirmed by repeat assessments performed no less than four weeks after the criteria for
response are first met. In some embodiments, a subject is placed in a “Incomplete
Response/Stable Disease (SD)” class based on the persistence of one or more non-target
lesion(s) and/or the persistence of detectable serum PSA tumor marker levels. In some
embodiments, to be assigned a status of stable disease, measurements meet the stable disease
criteria at least once after study entry at a minimum interval of 12 weeks. In some
embodiments, a subject is placed in a “Progressive Disease (PD)” class based on the
appearance of one or more new lesion(s) and/or unequivocal progression of existing
nontarget lesions. In some embodiments, for lesions only detectable by bone scan, the
appearance of > 2 new lesions, with symptoms, constitutes disease progression. Without
symptoms, and if no other evidence of disease progression (e.g., no progressive disease by
PSA or measurable disease criteria), in some embodiments progression is documented with
bone scintigraphy, e.g., at least 6 weeks later demonstrating > 2 new lesions, to eliminate the

possibility of flair responses seen on bone scans.
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In some embodiments, PSA progression (e.g., based on PSA amounts and/or kinetics)
is monitored to monitor a subject’s response to treatment. In some embodiments, a subject is
classified as “PSA Complete Response” based on a decrease in PSA to <0.2 ng/mL. In some
embodiments, placement in the “PSA Complete Response™ class is confirmed with a later
PSA measurement, e.g., at a minimum of four weeks later (confirmed PSA CR). In some
embodiments, placement in the “PSA Complete Response™ is further based on no evidence of
radiographic progression. In some embodiments, a subject is placed in a “PSA Partial
Response™ class based on a greater than or equal to 50% reduction in baseline PSA. In some
embodiments, placement in the “PSA Partial Response™ class comprises no evidence of
radiographic progression. In some embodiments, time to PSA progression is used to monitor
a subject’s response to treatment. As used herein, PSA progression refers to a 50% increase
in PSA over the nadir PSA, and > 2 ng/mL above the nadir, confirmed by a second value 3 or
more weeks later (e.g., a confirmed rising trend). If no on-study reduction has occurred, nadir
is baseline value (e.g., pre-treatment).

In some embodiments, subjects” immunological systems are monitored, e.g., by
assessing PAP-or AR-specific CD8+ T-cell effector immunity, by assessing PAP- or AR-
specific memory T-cell immunity, by assessing PAP- or AR-specific T cells, by assessing
antigen-specific antibodies (e.g., PAP- or AR-specific antibodies), by assessing antigen-
specific regulatory immune responses, and/or by assessing antigen-spread to other prostate-
associated antigens. In some embodiments, a subject is evaluated by enumerating and
characterizing circulating tumor cells. In some embodiments, a subject is evaluated using
histology, e.g., by examining a tissue biopsy. In some embodiments, a subject is evaluated by
quantitative total bone imaging using PET and/or CT (e.g., NaF PET/CT).

In some embodiments, subjects are evaluated using total bone imaging (e.g.,
quantitative total bone imaging, QTBI) using NaF PET/CT. For example, in some
embodiments an assessment of small volume bone metastatic disease and tumor growth rates
are conducted using QTBI. For example, in some embodiments, the subject has a bone
disease that is not detected by standard bone scintigraphy. In some embodiments, patients are
assessed at various time points, e.g., at 1 month prior to treatment, at baseline, and at 3
months on treatment. In some embodiments, metastatic prostate cancer lesions in bone are
localized and identified based on functional NaF PET uptake, assisted with the anatomical
information provided by CT scans. In some embodiments, segmentation is performed using
an automatic segmentation method (e.g., using a fixed SUV threshold), and adjusted with

physician guidance. In some embodiments, scans from different time points are registered to
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one another using an articulated registration technique employing a rigid registration of
skeletal elements (e.g., bones) from CT followed by registration optimization by combining
with deformable registration of bones and lesions from NaF PET/CT. In some embodiments,
the lesions between pre-treatment and follow-up scans are matched to establish longitudinal
correspondence of lesions. For each patient, in some embodiments, comprehensive treatment
response metrics are calculated, comprising, e.g., SUViotal (total disease burden), SUV max
(maximum intensity lesion), SUVmean (average intensity), the number of lesions, and total
volume of bone lesions. In addition, imaging response metrics are calculated in some
embodiments for each individual lesion. In some embodiments, this methodology is used to
assess the growth rate of bone metastatic disease by evaluating changes over time, e.g., from
pre-treatment to baseline and comparing this to measurements made from baseline to month

3.

Kits

In some embodiments, the technology provides kits for treating a subject having
prostate cancer or a subject at risk for prostate cancer. For example, some embodiments
provide a first composition (e.g., a first pharmaceutical composition) comprising a nucleic
acid (e.g., DNA) vaccine (e.g., comprising a nucleic acid comprising a nucleotide sequence
from a PAP and/or AR gene) and a second composition (e.g., a second pharmaceutical
composition) comprising a PD-1 inhibitor and a third composition comprising an AR
antagonsit. In addition, some kit embodiments further comprise a product insert providing a
dosing schedule comprising instructions relating to the administration of the nucleic acid
vaccine, the PD-1 inhibitor, and the AR antagonist.

In some embodiments, the nucleic acid vaccine comprises pTVG-HP and the PD-1
inhibitor is a monoclonal antibody inhibitor of PD-1. In some embodiments, the nucleic acid
vaccine comprises pTVG-HP and the PD-1 inhibitor is pembrolizumab. In some
embodiments, the nucleic acid vaccine comprises pTVG-HP and the PD-1 inhibitor is
nivolumab. In some embodiments, the DNA vaccine comprises an adjuvant, e.g., GM-CSF.
In some embodiments, the AR antagonist is enzalutamide or apalutamide.

In some embodiments, the DNA vaccine, the PD-1 inhibitor, and the AR antagonist
are provided as ready-to-use pharmaceutical compositions. In some embodiments, the DNA
vaccine, the PD-1 inhibitor, and the AR antagonist are provided in a dried (e.g., lyophilized)
state, e.g., for solubilization and/or resuspension in a pharmaceutically appropriate solution

prior to administration.
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In some embodiments, the kits comprise the DNA vaccine, the PD-1 inhibitor, and the
AR antagonist in a vessel such as a vial, ampule, bottle, etc. In some embodiments, the DNA
vaccine, the PD-1 inhibitor, and the AR antagonist are provided in single-dose amounts in a
vessel such as a vial, ampule, bottle, etc. For instance, some kit embodiments comprise: 1) a
first vial comprising a pharmaceutical composition comprising approximately 100 ug of the
DNA vaccine (e.g., pTVG-HP) (e.g., as a single or multiple DNA vaccines targeting PAP and
AR) and approximately 208 ug of GM-CSF; 2) a second vial comprising from 10 mg to 1000
mg of PD-1 inhibitor; and 3) a third vial comprising enzalutamide or apalutamide. In some
embodiments, the first vial comprises approximately 200 to 300 pl of the pharmaceutical
composition. In some embodiments, kits comprise two vials of the DNA vaccine to provide
two doses of the DNA vaccine.

Some embodiments of the kits provide multiple doses of the DNA vaccine, the PD-1
inhibitor, and the AR antagonist, e.g., to provide a sufficient number of doses to complete a
dosing schedule as described herein. For example, some embodiments of kits comprise 5 to
20 vials of the DNA vaccine and some embodiments of kits comprise 2 to 10 vials of the PD-

1 inhibitor and the AR antagonist.

Examples
Example 1 —Clinical trial protocol

This Example describes a clinical trial protocol for testing combination therapies in
prostate cancer. The trial tests the hypothesis that immunization targeting one or two prostate
cancer antigens, in combination PD-1 blockade and apalutamide, leads to effective anti-tumor
immunity as demonstrated by PSA complete responses that persist after discontinuation of
the apalutamide. The ability to drive PSA to undetectable levels, possibly curing or
significantly delaying the metastatic recurrence of prostate cancer prior to the need for
androgen depriving therapies, is a substantial and clinically meaningful “game-changing™
advance in the therapy of this disease.

The trial is conducted as a randomized Phase 2 multi-institution study in this
population. Specifically, the trial evaluates the use of one versus two DNA vaccines targeting
different antigens (PAP and AR), delivered concurrently with PD-1 blockade using JNJ-
63723283, in a regimen that includes a 12-week course of apalutamide, over a total 6-month
period.

The study protocol is shown in Fig. 2. The trial evaluates the safety and tolerability of
MVI-118 DNA vaccine +/- MVI-816 DNA vaccine and JNJ-63723283 (Janssen, Raritan, NJ)
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and apalutamide in patients with DO/MO prostate cancer. One-year PSA complete response
(PSA < 0.2ng/ml) rates are measured.

The trial further evaluates 2-year metastasis-free survival rate and median
radiographic progression-free survival. Additional experiments determine if antigen-specific
T-cell and/or IgG responses are elicited with treatment and if NaF PET/CT can be used to

monitor tumor response.

Example 2 — Immune response to AR

FIG. 5 shows progression free survival in subjects with and without immune response
to A) AR peptide or B) protein. FIG. 6 shows data for the AR vaccine in combination with
ADT showing a positive correlation between patient immune response to AR and delayed
time to PSA progression. FIG. 7 shows that a PD-1 inhbitor in combination with AR vaccine

or AR vaccine plus ADT shows improved efficacy in mouse tumor models.
Table 1 shows PSA Progression: Date from “on study date™ to date of PSA progression
(defined as PSA increase > 25% over pre-treatment or an absolute increase by 2ng/mL) or

“off-study date (if there was no PSA progression).

Table 1. Summary of PSA Progression-free survival

N | Events | Median | Hazard 95% C1 p-value
(months) | Ratio

Immune Response | Yes |9 |2 NBR 0.32 0.07-1.61 | 0.1445
to AR Protein

No 1116 8.5
Immune Response | Yes |9 |2 NBR 0.31 0.06-1.52 | 0.1236
to AR Peptide
Library

No 1116 8.5

"Not been reached after a median follow-up of 14 months
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All publications and patents mentioned in the above specification (including, but not
limited to those cited in the above section) are herein incorporated by reference in their
entirety for all purposes. Various modifications and variations of the described compositions,
methods, and uses of the technology will be apparent to those skilled in the art without
departing from the scope and spirit of the technology as described. Although the technology
has been described in connection with specific exemplary embodiments, it should be
understood that the invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for carrying out the
invention that are obvious to those skilled in the art are intended to be within the scope of the

following claims.
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CLAIMS

WE CLAIM:

A method for treating prostate cancer in a subject, the method comprising:

(a) administering to a subject at least one vaccine comprising a nucleic acid
comprising a nucleotide sequence selected from the group consisting of a
prostatic acid phosphatase (PAP) gene and a ligand-binding domain of an
androgen receptor (AR) gene;

(b) administering to the subject a human programmed death receptor-1 (PD-1)
inhibitor; and

© administering to the subject an androgen receptor antagonist, wherein the
vaccine and the PD-1 inhibitor are admistered concurrently for from 8 to 16
weeks, followed by a period where the vaccine, the PD-1 inhibitor and the
androgen receptor antagonist are administered concurrently for from 8 to 16

weeks.
The method of claim 1, wherein the concurrent administration comprises
administration of the vaccine followed by the administration of the PD-1 inhibitor
and/or the androgen receptor antagonist within 24 hours of administration of the

vaccine.

The method of claim 1, wherein the nucleic acid further comprises a transcriptional

regulatory element and/or an immunostimulatory sequence.

The method of claim 1, wherein the nucleotide sequence from a PAP or AR gene is

operatively linked to a transcriptional regulatory element.

The method of claim 1, wherein the PAP gene is a human PAP gene.

The method of claim 1, wherein the PAP gene is a rodent PAP gene.

The method of claim 1, wherein the AR gene is human.
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The method of claim 1, wherein the subject is a human.

The method of claim 1, wherein the nucleic acid is pTVG4-HP.

The method of claim 1, wherein the PD-1 inhibitor is a monoclonal antibody.

The method of claim 1, wherein the PD-1 inhibitor is pembrolizumab, JNJ-63723283,

or nivolumab.
The method of claim 1, wherein the nucleotide sequence encodes a polypeptide
comprising an amino acid sequence from SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID

NO: 3, SEQ ID NO:6, or a portion or substituted variant thereof.

The method of claim 1, wherein the PD-1 inhibitor is administered at a dose of 1 to 5

mg/kg and the vaccine is administered in an amount of approximately 100 pg.

The method of claim 1, wherein the PD-1 inhibitor is administered intravenously.

The method of claim 1, wherein the androgen receptor antagonist is enzalutamide or

apalutamide.

The method of claim 15, wherein enzalutamide is administered at a dose of 160 mg

and said apalutamide is administered at a dose of 240 mg.

17.

18.

19.

20.

The method of claim 1, wherein the vaccine further comprises an adjuvant.

The method of claim 1, wherein the vaccine further comprises GM-CSF.

The method of claim 1, wherein the vaccine is administered intradermally or

transdermally.

The method of claim 1, wherein the vaccine is administered about every three weeks.
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21. The method of claim 1, wherein the vaccine, the androgen receptor antagonist, and the
PD-1 inhibitor are administered a plurality of times, and wherein after the first
concurrent administration of the vaccine and the PD-1 inhibitor, the vaccine is
administered every 10 to 21 days, the PD-1 inhibitor is administered every 17 to 28
days for a period of up to 90 days, and the androgen receptor antagonist is
administered daily for a period of up to 90 days beginning about 8 to 12 weeks after

the first administration of the vaccine.

22. The method of claim 21, wherein said androgen receptor antagonist is administered
daily for 90 days followed by a period of not administering said androgen receptor

antagonist.

23. The method of claim 21 or 22, wherein administration of said androgen receptor

antagonist is repeated every 90 days.

24, The method of claim 1, wherein the vaccine and the PD-1 inhibitor are administered

concurrently every 10 to 28 days for a period of up to 90 days.

25. The method of claim 24, further comprising concurrently administering the vaccine

and the PD-1 inhibitor every 10 to 28 days for a period of from 91 days to 365 days.

26.  The method of claim 24, further comprising administering the vaccine and the PD-1

inhibitor every 10 to 28 days for a period of from 366 days to 730 days.

27. The method of claim 24, wherein said vaccine comprises a first vaccine to PAP and a

second vaccine to AR and said first and second vaccine are administered concurrently.
28.  The method of any one of claims 1 to 27, wherein the method produces an anti-tumor
response in the subject that is improved relative to administration of the vaccine alone

or the vaccine in combination with the PD-1 inhibitor.

29.  The method of any one of claims 1 to 27, wherein the method increases the number of

PAP and/or AR-specific T cells.
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30.  The method of any one of claims 1 to 27, wherein the method increases the amount of

PAP and/or-AR-specific antibodies in the subject.

31.  The method of any one of claims 1 to 30, wherein said method results in undetectable

PSA levels.

32, The method of claim 31, wherein said undetectable PS A levels persist after

discontinuation of administration of said androgen receptor antagonist.

33. The method of claim 31 or 32, wherein said undetectable levels persist for at least 6

months after discontinuation of administration of said androgen receptor antagonist.

34, A kit comprising: 1) a first pharmaceutical composition comprising a vaccine
comprising a nucleic acid comprising a nucleotide sequence selected from the group
consisting of a prostatic acid phosphatase (PAP) gene and a ligand-binding domain of
an androgen receptor (AR) gene; 2) a second pharmaceutical composition comprising
a PD-1 inhibitor; 3) a third pharmaceutical composition comprising an androgen

receptor antagonist.

35. The kit of claim 34, wherein the PAP gene is a human or rodent PAP gene.

36. The kit of claim 34, wherein said AR gene is human.

37. The kit of claim 34, wherein the second pharmaceutical composition comprises

pembrolizumab, JNJ-63723283, or nivolumab.

38. The kit of claim 34, wherein the third pharmaceutical composition comprises

enzalutamide or apalutamide.

39. The kit of claim 34, comprising the first, second, and third pharmaceutical

compositions as single doses.

40.  The kit of claim 34, comprising an amount of the first pharmaceutical composition, an

amount of the second pharmaceutical composition, and an amount of the third
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4].

42.

43.

44.

45.

46.

47.

438.

49.

pharmaceutical composition sufficient to provide enough doses for a dosing schedule
in which the nucleic acid vaccine, the PD-1 inhibitor, and androgen recteptor

antagonist are administered multiple times.

The kit of claim 34, wherein the nucleotide sequence encodes a polypeptide or a
peptide provided by a sequence according to SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID
NO: 3, or SEQ ID NO:6.

Use of a vaccine comprising a nucleic acid comprising a nucleotide sequence from a
prostatic acid phosphatase (PAP) gene and/or a AR gene, a human programmed death
receptor-1 (PD-1) inhibitor, and an androgen receptor antagonist to treat prostate
cancer in a subject in need thereof, wherein the vaccine and the PD-1 inhibitor are
admistered concurrently for from 8 to 16 weeks, followed by a period where the
vaccine, the PD-1 inhibitor and the androgen receptor antagonist are administered

concurrently for from 8 to 16 weeks.
The use of claim 42, wherein the concurrent administration comprises administration
of the vaccine followed by the administration of the PD-1 inhibitor and/or the

androgen receptor antagonist within 24 hours of administration of the vaccine.

The use of claim 42 or 43, wherein the nucleic acid further comprises a transcriptional

regulatory element and/or an immunostimulatory sequence.

The use of any one of claims 42 to 44, wherein the nucleotide sequence from a PAP

gene is operatively linked to a transcriptional regulatory element.

The use of any one of claims 42 to 45, wherein the PAP gene is a human PAP gene.

The use of any one of claims 42 to 45, wherein the PAP gene is a rodent PAP gene.

The use of any one of claims 42 to 47, wherein the AR gene is human.

The use of any one of claims 42 to 48, wherein the subject is a human.
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52.

53.

54.

55.

56.

57.

The use of any one of claims 42 to 49, wherein the nucleic acid is pTVG4-HP.

The use of any one of claims 42 to 50, wherein the PD-1 inhibitor is a monoclonal

antibody.

The use claim 51, wherein the PD-1 inhibitor is pembrolizumab, JNJ-63723283, or

nivolumab.

The use of any one of claims 42 to 52, wherein the nucleotide sequence encodes a
polypeptide comprising an amino acid sequence from SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO:6, or a portion or substituted variant thereof.

The use of any one of claims 42 to 43, wherein the PD-1 inhibitor is administered at a
dose of 1 to 5 mg/kg and the vaccine is administered in an amount of approximately

100 pg.

The use of any one of claims 42 to 54, wherein the PD-1 inhibitor is administered

intravenously.

The use of any one of claims 42 to 55, wherein the androgen receptor antagonist is

enzalutamide or apalutamide.

The use of claim 56, wherein enzalutamide is administered at a dose of 160 mg and

said apalutamide is administered at a dose of 240 mg.

58.

59.

60.

The use of any one of claims 42 to 57, wherein the vaccine further comprises an

adjuvant.

The use of any one of claims 42 to 58, wherein the vaccine further comprises GM-

CSF.

The use of any one of claims 42 to 59, wherein the vaccine is administered

intradermally or transdermally.
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61.  The use of any one of claims 42 to 60, wherein the vaccine is administered about

every three weeks.

62. The use of any one of claims 42 to 61, wherein the vaccine, the androgen receptor
antagonist, and the PD-1 inhibitor are administered a plurality of times, and wherein
after the first concurrent administration of the vaccine and the PD-1 inhibitor, the
vaccine is administered every 10 to 21 days, the PD-1 inhibitor is administered every
17 to 28 days for a period of up to 90 days, and the androgen receptor antagonist is
administered daily for a period of up to 90 days beginning about 8 to 12 weeks after

the first administration of the vaccine.

63.  The use of claim 62, wherein said androgen receptor antagonist is administered daily
for 90 days followed by a period of not administering said androgen receptor

antagonist.

64. The use of claim 63, wherein administration of said androgen receptor antagonist is

repeated every 90 days.

65. The use of any one of claims 42 to 64, wherein the vaccine and the PD-1 inhibitor are

administered concurrently every 10 to 28 days for a period of up to 90 days.

66.  The use of any one of claims 42 to 65, further comprising concurrently administering
the vaccine and the PD-1 inhibitor every 10 to 28 days for a period of from 91 days to
365 days.

67. The use of any one of claims 42 to 66, further comprising administering the vaccine

and the PD-1 inhibitor every 10 to 28 days for a period of from 366 days to 730 days.
68.  The use of any one of claims 42 to 67, wherein said vaccine comprises a first vaccine

to PAP and a second vaccine to AR and said first and second vaccine are administered

concurrently.
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69.  The use of any one of claims 42 to 68, wherein the method produces an anti-tumor
response in the subject that is improved relative to administration of the vaccine alone
or the vaccine in combination with the PD-1 inhibitor.

70.  The use of any one of claims 42 to 69, wherein the method increases the number of
PAP and/or AR-specific T cells.

71.  The use of any one of claims 42 to 70, wherein the method increases the amount of
PAP and/or-specific antibodies in the subject.

72.  The use of any one of claims 42 to 71, wherein said method results in undetectable

PSA levels.

73. The use of claim 72, wherein said undetectable PSA levels persist after

discontinuation of administration of said androgen receptor antagonist.

74.

The use of claim 72 or 73, wherein said undetectable levels persist for at least 6

months after discontinuation of administration of said androgen receptor antagonist.
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FIG. 3
PAP sequences
SEQ ID NO:1

<210> 1

<211> 386

<212> PRT

<213> homo sapiens

<400> 1
Met Arg Ala Ala Pro Leu Leu Leu Ala Arg Ala Ala Ser Leu Ser Leu

1 5 10 15

Gly Phe Leu Phe Leu Leu Phe Phe Trp Leu Asp Arg Ser Val Leu Ala
20 25 30

Lys Glu Leu Lys Phe Val Thr Leu Val Phe Arg His Gly Asp Arg Ser
35 40 45

Pro Ile Asp Thr Phe Pro Thr Asp Pro Ile Lys Glu Ser Ser Trp Pro
50 55 60

Gln Gly Phe Gly Gln Leu Thr Gln Leu Gly Met Glu Gln His Tyr Glu
65 70 75 80

Leu Gly Glu Tyr Ile Arg Lys Arg Tyr Arg Lys Phe Leu Asn Glu Ser
85 90 85

Tyr Lys His Glu Gln Val Tyr Ile Arg Ser Thr Asp Val Asp Arg Thr
100 105 110

Leu Met Ser Ala Met Thr Asn Leu Ala Ala Leu Phe Pro Pro Glu Gly
115 120 125

Val Ser Ile Trp Asn Pro Ile Leu Leu Trp Gln Pro Ile Pro Val His
130 135 140

Thr Val Pro Leu Ser Glu Asp Gln Leu Leu Tyr Leu Pro Phe Arg Asn
145 150 155 160

Cys Pro Arg Phe Gln Glu Leu Glu Ser Glu Thr Leu Lys Ser Glu Glu
165 170 175

Phe Gln Lys Arg Leu His Pro Tyr Lys Asp Phe Ile Ala Thr Leu Gly
180 185 190
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FIG. 3 (CONTD)

Lys Leu Ser Gly Leu His Gly Gln Asp Leu Phe Gly Ile Trp Ser Lys
195 200 205

Val Tyr Asp Pro Leu Tyr Cys Glu Ser Val His Asn Phe Thr Leu Pro
210 215 220

Ser Trp Ala Thr Glu Asp Thr Met Thr Lys Leu Arg Glu Leu Ser Glu
225 230 235 240

Leu Ser Leu Leu Ser Leu Tyr Gly Ile His Lys Gln Lys Glu Lys Ser
245 250 255

Arg Leu Gln Gly Gly Val Leu Val Asn Glu Ile Leu Asn His Met Lys
260 265 270

Arg Ala Thr Gln Ile Pro Ser Tyr Lys Lys Leu Ile Met Tyr Ser Ala
275 280 285

His Asp Thr Thr Val Ser Gly Leu Gln Met Ala Leu Asp Val Tyr Asn
290 295 300

Gly Leu Leu Pro Pro Tyr Ala Ser Cys His Leu Thr Glu Leu Tyr Phe
305 310 315 320

Glu Lys Gly Glu Tyr Phe Val Glu Met Tyr Tyr Arg Asn Glu Thr Gln
325 330 335

His Glu Pro Tyr Pro Leu Met Leu Pro Gly Cys Ser Pro Ser Cys Pro
340 345 350

Leu Glu Arg Phe Ala Glu Leu Val Gly Pro Val Ile Pro Gln Asp Trp
355 360 365

Ser Thr Glu Cys Met Thr Thr Asn Ser His Gln Gly Thr Glu Asp Ser
370 375 380

Thr Asp
385
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FIG. 3 (CONTD)

SEQ ID NO:2
<210> 2

<211> 381
<212> PRT

<213> homo sapiens
<400> 2
Met Arg Ala Val Pro Leu Pro Leu Ser Arg Thr Ala Ser Leu Ser Leu

1 5 10 15

Gly Phe Leu Leu Leu Leu Ser Leu Cys Leu Asp Pro Gly Gln Ala Lys
20 25 30

Glu Leu Lys Phe Val Thr Leu Val Phe Arg His Gly Asp Arg Gly Pro

Ile Glu Thr Phe Pro Thr Asp Pro Ile Thr Glu Ser Ser Trp Pro Gln
50 55 60

Gly Phe Gly Gln Leu Thr Gln Trp Gly Met Glu Gln His Tyr Glu Leu
65 70 75 80

Gly Ser Tyr Ile Arg Lys Arg Tyr Gly Arg Phe Leu Asn Asp Thr Tyr

Lys His Asp Gln Ile Tyr Ile Arg Ser Thr Asp Val Asp Arg Thr Leu
100 105 110

Met Ser Ala Met Thr Asn Leu Ala Ala Leu Phe Pro Pro Glu Gly Ile
115 120 125

Ser Ile Trp Asn Pro Arg Leu Leu Trp Gln Pro Ile Pro Val His Thr
130 135 140

Val Ser Leu Ser Glu Asp Arg Leu Leu Tyr Leu Pro Phe Arg Asp Cys
145 150 155 160

Pro Arg Phe Glu Glu Leu Lys Ser Glu Thr Leu Glu Ser Glu Glu Phe
165 170 175

Leu Lys Arg Leu His Pro Tyr Lys Ser Phe Leu Asp Thr Leu Ser Ser
180 185 190
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FIG. 3 (CONTD)

Leu Ser Gly Phe Asp Asp Gln Asp Leu Phe Gly Ile Trp Ser Lys Val
195 200 205

Tyr Asp Pro Leu Phe Cys Glu Ser Val His Asn Phe Thr Leu Pro Ser
210 215 220

Trp Ala Thr Glu Asp Ala Met Ile Lys Leu Lys Glu Leu Ser Glu Leu
225 230 235 240

Ser Leu Leu Ser Leu Tyr Gly Ile His Lys Gln Lys Glu Lys Ser Arg
245 250 255

Leu Gln Gly Gly Val Leu Val Asn Glu Ile Leu Lys Asn Met Lys Leu
260 265 270

Ala Thr Gln Pro Gln Lys Tyr Lys Lys Leu Val Met Tyr Ser Ala His
275 280 285

Asp Thr Thr Val Ser Gly Leu Gln Met Ala Leu Asp Val Tyr Asn Gly
290 295 300

Val Leu Pro Pro Tyr Ala Ser Cys His Met Met Glu Leu Tyr His Asp
305 310 315 320

Lys Gly Gly His Phe Val Glu Met Tyr Tyr Arg Asn Glu Thr Gln Asn
325 330 335

Glu Pro Tyr Pro Leu Thr Leu Pro Gly Cys Thr His Ser Cys Pro Leu
340 345 350

Glu Lys Phe Ala Glu Leu Leu Asp Pro Val Ile Ser Gln Asp Trp Ala
355 360 365

Thr Glu Cys Met Ala Thr Ser Ser His Gln Gly Arg Asn
370 375 380
SEQ ID NO:3

<210> 3

<211> 381

<212> PRT

<213> homo sapiens

<400> 3
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FIG. 3 (CONTD)

Met Arg Ala Val Pro Leu His Leu Val Gly Thr Ala Ser Leu Thr Leu
1 5 10 15

Gly Phe Leu Leu Leu Leu Ser Leu Arg Leu Asp Pro Gly Gln Ala Lys
20 25 30

Glu Leu Lys Phe Val Thr Leu Val Phe Arg His Gly Asp Arg Gly Pro
35 40 45

Ile Glu Thr Phe Pro Asn Asp Pro Ile Lys Glu Ser Ser Trp Pro Gln
50 55 60

Gly Phe Gly Gln Leu Thr Lys Trp Gly Met Gly Gln His Tyr Glu Leu
65 70 75 80

Gly Ser Tyr Ile Arg Arg Arg Tyr Gly Arg Phe Leu Asn Asn Ser Tyr
85 90 95

Lys His Asp Gln Val Tyr Ile Arg Ser Thr Asp Val Asp Arg Thr Leu
100 105 110

Met Ser Ala Met Thr Asn Leu Ala Ala Leu Phe Pro Pro Glu Gly Ile
115 120 125

Ser Ile Trp Asn Pro Arg Leu Leu Trp Gln Pro Ile Pro Val His Thr
130 135 140

Val Ser Leu Ser Glu Asp Arg Leu Leu Tyr Leu Pro Phe Arg Asp Cys
145 150 155 160

Pro Arg Phe Gln Glu Leu Lys Ser Glu Thr Leu Lys Ser Glu Glu Phe
165 170 175

Leu Lys Arg Leu Gln Pro Tyr Lys Ser Phe Ile Asp Thr Leu Pro Ser
180 185 190

Leu Ser Gly Phe Glu Asp Gln Asp Leu Phe Glu Ile Trp Ser Arg Leu
195 200 205

Tyr Asp Pro Leu Tyr Cys Glu Ser Val His Asn Phe Thr Phe Arg Thr
210 215 220
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FIG. 3 (CONTD)

Trp Ala Thr Glu Asp Ala Met Thr Lys Leu Lys Glu Leu Ser Glu Leu
225 230 235 240

Ser Leu Leu Ser Leu Tyr Gly Ile His Lys Gln Lys Glu Lys Ser Arg
245 250 255

Leu Gln Gly Gly Val Leu Val Asn Glu Ile Leu Lys Asn Met Lys Leu
260 265 270

Ala Thr Gln Pro Gln Lys Ala Arg Lys Leu Ile Met Tyr Ser Ala Tyr
275 280 285

Asp Thr Thr Val Ser Gly Leu Gln Met Ala Leu Glu Leu Tyr Asn Gly
230 295 300

Leu Leu Pro Pro Tyr Ala Ser Cys His Ile Met Glu Leu Tyr Gln Asp
305 310 315 320

Asn Gly Gly Thr Phe Val Glu Met Tyr Tyr Arg Asn Glu Thr Gln Asn
325 330 335

Glu Pro Tyr Pro Leu Thr Leu Pro Gly Cys Thr His Ser Cys Pro Leu
340 345 350

Glu Lys Phe Ala Glu Leu Leu Asp Pro Val Ile Pro Gln Asp Trp Ala
355 360 365

Thr Glu Cys Met Gly Thr Ser Asn His Gln Ala Ser Leu
370 375 380

SEQ ID NO4

<210> 4

<211> 24

<212> DNA

<213> homo sapiens

<400> 4
tcgtegtttt gtegttttgt cgtt
24
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FIG. 4

AR sequences

SEQUENCE LI
SEQ ID NO:
cgagatcccg
agaggaggcg
aagggacgca
cggcggcette
ctgctaaaga
ctcctectet
ccgcagcetge
gccceoeecge
ttggctgcga
ctggggageg
accctcectgtt
agccagagat
caaaaacaaa
cttcagtgga
catcttttga
cttgtccacc
tggttgctce
gactaccgca
agggaagtag
ctg gga agg

ttc cag aat

cce cac

ag9

ctg ctg ctg

cag cag cag

cag cag cag

cCcc aca

ggc

ccg cag tcg

STINGS
5
gggagccagc
acagagggaa
ccacgccage
gaagccgccg
ctecggaggaa
ccacccegec
ctcagtcggce
ccecegtegge
gcgggcgage
gcttecageac
ttcceceact
caaaagatga
aaagccgaaa
cactgaattt
atctaccctt
gtgtgtcttc
cgcaagttte
tcatcacagc
gtggaagatt
gtc
ctg ttc
cca gag
cag cag
cag cag
cag cag
tac

ggc

gcc ctg

cag
gcec
cag
cag
ggt
ctyg

gag

ttgctgggag
aaagggccga
cccagecocgg
ccceggagetg
gcaaggaaag
tccececcacce
tactctcage
ccagcgcetgce
tagctgcaca
tgcagccacg
ctetctecac
aaaggcagte
taaaagaaaa
ggaaggtgga
caagtattaa
ttctgcacga
cttcectetgga

ctgttgaact

agcgggacgg
gctagccget
ctcecagegac
ccetttecte
tgcctggtag
ctgccttcece
caacccecccet
cagcccgagt
ttgcaaagaa
accecgectgg
ctcecteetge
aggtcttcag
agataataac
ggattttgtt
gagacagact
gactttgagg
gcttecegea

cttctgagca

tccggagceaa
ccagtgctgt
agccaacgcec
t<-cggtgaag
gactgacgge
ccecctceecece
caccacecctt
tZgcagagag
ggctcttagg
ttaggctgeca
cttceceace
tagccaaaaa
tcagttctta
titttetttt
g-gagcctag
ctgtcagagc
ggtgggcage

agagaagggyg

cagccaagct caagg atg gaa gtg cag

agc gtg

gcg agc
cag cag
cag cag
gag gat
gtc ctg

tgc cac

tac cct cgg ccg cecg tecc aag acc

cgc gaa dgtg

gca gca cct

cag cag cag

cag caa

gag

tct ccc

ggt

gat

gag gaa

ccc

gag aga
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tac cga

a.c cag aac

ccc

ggc gcc

cag cag cag

act agc ccc

caa gcc cat

cag caa cct

ggt tgc gtc
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gceccagaggce 60
acaggagccg 120
tecttgecageg 180
tttttaaaag 240
tgectttgte 300
gtcttctcte 360
ctccecacce 420
gtaactccct 480
agccaggcga 540
cgcecggagaga 600
ccgagtgegg 660
acaaaacaaa 720
tttgcaccta 780
aagatctggg 840
cagggcagat 900
gctttttgeg 960
tagctgcage 1020
aggcggggta 1080
tta ggg 1133

gga gct 1181
ccg ggce 1229
agt ttg 1277
cag cag 1325
agg cag 1373
cgt aga 1421
tca cag 1469
cca gag 1517
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FIG. 4 (CONTD)

cect gga gee gcece gtg gec goc agce aag ggg ctg ccg cag cag ctg ccea 1565
gca cct ccg gac gag gat gac tca gct gcc cca tec acg ttg tce ctg 1613
ctg gge cce act tte cce gge tta age age tge tee get gac ctt aaa leel
gac atc ctg agc gag gcc agc acc atg caa ctc ctt cag caa cag cag 1709
cag gaa gca gta tecc gaa ggc age age age ggg aga geg agg gag gec 1757
tcg ggg gct ccc act tecc tec aag gac aat tac tta ggg ggc act tcg 1805
acc att tct gac aac gcc aag gag ttg tgt aag gca gtg tcg gtg tcc 1853
atg ggc ctg ggt gtg gag gcg ttg gag cat ctg agt cca ggg gaa cag 1901
ctt cgg ggg gat tgc atg tac gcc cca ctt ttg gga gtt cca ccc get 1949
gtg cgt ccc act cect tgt gec cca ttg gee gaa tgc aaa ggt tet ctg 1997
cta gac gac agc gca ggc aag agc act gaa gat act gct gag tat tcc 2045
cet tte aag gga ggt tac acc aaa ggg cta gaa ggc gag age cta gge 2093
tgc tct ggc agc gect geca gca ggg age tcece ggg aca ctt gaa ctg ccg 2141
tct ace ctg tet cte tac aag tee gga gea ctg gac gag gca get gog 2189
tac cag agt cgc gac tac tac aac ttt cca ctg gct ctg gcc gga ccg 2237
ccg cce cct ceg ccg cct cce cat cce cac gect cge atc aag ctg gag 2285
aac ccg ctg gac tac ggc agce gcc tgg geg get geg geg geg cag tge 2333
cge tat ggg gac ctg gcg agcec ctg cat gge gcg ggt geca gcg gga ccc 2381
ggt tet ggg tca cecc tea goe gee get tee tea tee tgg cac act cte 2429
ttc aca gcc gaa gaa ggc cag ttg tat gga ccg tgt ggt ggt ggt ggg 2477
ggt ggt ggc ggc ggc gge ggc ggc gge ggc ggc ggc ggc ggc ggc ggc 2525
ggc ggc ggc gag gcg gga gct gta gce cce tac ggc tac act cgg cce 2573
cct cag ggg ctg gcg ggc cag gaa agc gac ttc acc geca cct gat gtg 2621
tgg tac cct ggc ggc atg gtg age aga gtg cce tat cec agt cce act 2669
tgt gtc aaa agc gaa atg ggc ccc tgg atg gat agc tac tcc gga cct 27717
tac ggg gac atg cgt ttg gag act gcec agg gac cat gtt ttg ccc att 27765
gac tat tac ttt cca ccc cag aag acc tge ctg atc tgt gga gat gaa 2813
gct tcet ggg tgt cac tat gga gct ctc aca tgt gga agc tgc aag gtc 2861
ttc tte aaa aga gcc gect gaa ggg aaa cag aag tac ctg tgc gcc agce 2909
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FIG. 4 (CONTD)

aga aat gat

tgt cgt ctt

aag ctg aag

tce agce acc

tca cac att

gaa gcc att

cce gac tcecc

aga cag ctt

cge aac tta

atg ggg ctc

aac tcc

agyg

cgce atg cac

ctc tet caa

tgc atg aaa

aaa aat caa

cte gat cgt

aga cgc ttc

gcg aga

gag

atg

gtg agc

Caa cccec

gtg

acc cag tga
ctttecagatg
ttteetetat
tttttttcte
accttcagac
tttaaatctg
ctctgtgcca

gattatctgg

tgc act

cgg aaa

aaa ctt

acc agc

gaa ggc
gag cca
Lttt gca
gta cac

cac gtg

atg gtg
atg ctc
aag tcc
gag ttt
gca ctg
aaa ttc

atc att
tac cag
ctg cat
gtg gac

aag atc

att
tgt
ggt
cce
tat
ggt
gcc
gtg
gac
ttt
tac
cgg
gga
cta
ttt
gca
cte
cag
ttt

ctt

gat aaa

tat gaa
aat ctg
act gag
gaa tgt
gta gtg
ttg ctc
gtc aag
gac cag
gcc atg
ttc gcc
atg tac
tgg ctc

cte tte

gat gaa
tgc aaa
acc aag
ttc act
ccg gaa

tct ggg

ttc cga agg

gca ggg atg

aaa cta cag

aca acc

gag

cag ccc atc

tgt gct gga

tet age cte

tgg gcc aag

atg get gte

ggc tgg cga

cct gat ctg

agc cag tgt

caa atc acc

agc att att

ctt cga atg

aga aaa aat

ctc ctg gac

£ttt gac ctg

atg atg gca

aaa gtc aag

aaa aat tgt

act ctg gga

gag gaa

gga

cag aag ctg

£t ctg aat

cac gac aac

aat gaa ctg

gcc ttg cct

att cag tac

tce tte acc

gwt ttc aat

g-c cga atg

ccc cag gaa

cca gtg gat

aac tac atc

cce aca tee

tcc

gtg cag

cta atc aag

atc atc

gag

ccc atc tat

agcattggaa accctattte cccaccccag ctcatgecce

tcttcectgeet
tgatgtacag
tttctctect
tttgcttccc
tgatgatcct
gccacacaaa

ggaaatcaaa

gttataactc tgcactactc ctctgcagtg

tetgtecatga
ttctttttet
attgtggctc
catatggceccce
cgtttactta

acaaaaacaa

acatgttect
tcttecctece
ctatctgtgt
agtgtcaagt
tcttatgcca

gcaaac
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gaattetatt
ctatctaacc
t<tgaatggt
tgtgecttgtt

cgggaagttt
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cca tct 2957

gce cgg 3005

gag gct 3053

aca gtg 3101

gte ctg 3149

aac cag 3197

gga gag 3245

ggc ttc 3293

tece tgg 3341

aat gtc 3389

gag tac 3437

agg cac 3485

ttc ctg 3533

ggg ctg 3581

aag gaa 3629

tge tca 3677

cct att 3725

tca cac 3773

tct gtg 3821

ttc cac 3869

3918

ccttggggaa 3978
tgctgggett 4038
ctcceatgge 4098
gttgtatgcc 4158
tacagcacta 4218
agagagctaa 4278
4314
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FIG. 4 (CONTD)

SEQ ID NO'6

Met
Arg
Pro
Leu
Gln
Gln
Gly
Pro
Pro
Ala
Leu
Asp
Gln
Ser
Thr
Met
Leu
Val
Leu
Pro
Cys
Ser
Tyr
Pro
Asn
Arg
Gly
Phe
Gly
Gly
Pro
Trp
Cys
Tyr
Asp
Ala
Phe
Arg
Cys
Lys
Ser
Ser
Glu
Pro
Arg
Arg
Met
Asn
Arg
Leu
Cys
Lys
Leu
Arg
Ala
Met
Gln
Thr

Glu
Gly
Arg
Gln
Gln
Gln
Pro
Gln
Gly
Pro
Gly
Ile
Glu
Gly
Ile
Gly
Arg
Arg
Asp
Phe
Ser
Thr
Gln
Pro
Pro
Tyr
Ser
Thr
Gly
Gly
Gln
Tyr
Val
Gly
Tyr
Ser
Phe
Asn
Arg
Leu
Ser
His
Ala
Asp
Gln
Asn
Gly
Ser
Met
Ser
Met
Asn
Asp
Arg
Arg
Val
Val
Gln

Val
Ala
His
Gln
Gln
Gln
Thr
Ser
Ala
Pro
Pro
Leu
Ala
Ala
Ser
Leu
Gly
Pro
Asp
Lys
Gly
Leu
Ser
Pro
Leu
Gly
Gly
Ala
Gly
Gly
Gly
Pro
Lys
Asp
Tyr
Gly
Lys
Asp
Leu
Lys
Thr
Ile
Ile
Ser
Leu
Leu
Leu
Arg
His
Gln
Lys
Gln
Arg
Phe
Glu
Ser
Pro

Gln
Phe
Pro
Gln
Gln
Gln
Gly
Ala
Ala
Asp
Thr
Ser
Val
Pro
Asp
Gly
Asp
Thr
Ser
Gly
Ser
Ser
Arg
Pro
Asp
Asp
Ser
Glu
Gly
Glu
Leu
Gly
Ser
Met
Phe
Cys
Arg
Cys
Arg
Lys
Thr
Glu
Glu
Phe
Val
His
Met
Met
Lys
Glu
Ala
Lys
Ile
Tyr
Leu
Val
Lys

Leu
Gln
Glu
Gln
Gln
Gln
Tyr
Leu
Val
Glu
Phe
Glu
Ser
Thr
Asn
Val
Cys
Pro
Ala
Gly
Ala
Leu
Asp
Pro
Tyr
Leu
Pro
Glu
Gly
Ala
Ala
Gly
Glu
Arg
Pro
His
Ala
Thr
Lys
Leu
Ser
Gly
Pro
Ala
His
Val
Val
Leu
Ser
Phe
Leu
Phe
Ile
Gln
His
Asp
Ile

Gly
Asn
Ala
Gln
Gln
Gly
Leu
Glu
Ala
Asp
Pro
Ala
Glu
Ser
Ala
Glu
Met
Cys
Gly
Tyr
Ala
Tyr
Tyr
Pro
Gly
Ala
Ser
Gly
Gly
Gly
Gly
Met
Met
Leu
Pro
Tyr
Ala
Ile
Cys
Gly
Pro
Tyr
Gly
Ala
Val
Asp
Phe
Tyr
Arg
Gly
Leu
Phe
Ala
Leu
Gln
Phe
Leu

Leu
Leu
Ala
Gln
Glu
Glu
Val
Cys
Ala
Asp
Gly
Ser
Gly
Ser
Lys
Ala
Tyr
Ala
Lys
Thr
Ala
Lys
Tyr
Pro
Ser
Ser
Ala
Gln
Gly
Ala
Gln
Val
Gly
Glu
Gln
Gly
Glu
Asp
Tyr
Asn
Thr
Glu
Val
Leu
Val
Asp
Ala
Phe
Met
Trp
Leu
Asp
Cys
Thr
Phe
Pro
Ser

Gly
Phe
Ser
Gln
Thr
Asp
Leu
His
Ser
Ser
Leu
Thr
Ser
Lys
Glu
Leu
Ala
Pro
Ser
Lys
Gly
Ser
Asn
His
Ala
Leu
Ala
Leu
Gly
Val
Glu
Ser
Pro
Thr
Lys
Ala
Gly
Lys
Glu
Leu
Glu
Cys
Val
Leu
Lys
Gln
Met
Ala
Tyr
Leu
Phe
Glu
Lys
Lys
Thr
Glu
Gly

Arg
Gln
Ala
Gln
Ser
Gly
Asp
Pro
Lys
Ala
Ser
Met
Ser
Asp
Leu
Glu
Pro
Leu
Thr
Gly
Ser
Gly
Phe
Pro
Trp
His
Ala
Tyr
Gly
Ala
Ser
Arg
Trp
Ala
Thr
Leu
Lys
Phe
Ala
Lys
Glu
Gln
Cys
Ser
Trp
Met
Gly
Pro
Ser
Gln
Ser
Leu
Arg
Leu
Phe
Met

Lys

Val
Ser
Ala
Gln
Pro
Ser
Glu
Glu
Gly
Ala
Ser
Gln
Ser
Asn
Cys
His
Leu
Ala
Glu
Leu
Ser
Ala
Pro
His
Ala
Gly
Ser
Gly
Gly
Pro
Asp
Val
Met
Arg
Cys
Thr
Gln
Arg
Gly
Leu
Thr
Pro
Ala
Ser
Ala
Ala
Trp
Asp
Gln
Ile
Ile
Arg
Lys
Leu
Asp
Met
Val
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Tyr
Val
Pro
Gln
Arg
Pro
Glu
Arg
Leu
Pro
Cys
Leu
Gly
Tyr
Lys
Leu
Leu
Glu
Asp
Glu
Gly
Leu
Leu
Ala
Ala
Ala
Ser
Pro
Gly
Tyr
Phe
Pro
Asp
Asp
Leu
Cys
Lys
Arg
Met
Gln
Thr
Ile
Gly
Leu
Lys
Val
Arg
Leu
Cys
Thr
Ile
Met
Asn
Asp
Leu
Ala
Lys

Pro
Arg
Pro
Gln
Gln
Gln
Gln
Gly
Pro
Ser
Ser
Leu
Arg
Leu
Ala
Ser
Gly
Cys
Thr
Gly
Thr
Asp
Ala
Arg
Ala
Gly
Ser
Cys
Gly
Gly
Thr
Tyr
Ser
His
Ile
Gly
Tyr
Lys
Thr
Glu
Gln
Phe
His
Asn
Ala
Ile
Ser
Val
Val
Pro
Pro
Asn
Pro
Ser
Leu
Glu
Pro

Arg
Glu
Gly
Gln

Ala
Gln
Cys
Gln
Thr
Ala
Gln
Ala
Gly
Val
Pro
Val
Lys
Ala
Glu
Leu
Glu
Leu
Ile
Ala
Ala
Trp
Gly
Gly
Tyr
Ala
Pro
Tyr
Val
Cys
Ser
Leu
Asn
Leu
Glu
Lys
Leu
Asp
Glu
Leu
Gln
Phe
Phe
Arg
Gln
Val
Tyr
Thr
Val
Ile
Ile
Ile

Pro
Val
Ala
Gln

His
Pro
Val
Gln
Leu
Asp
Gln
Arg
Gly
Ser
Gly
Pro
Gly
Glu
Ser
Glu
Ala
Ala
Lys
Ala
Ala
His
Gly
Gly
Thr
Pro
Ser
Ser
Leu
Gly
Cys
Cys
Cys
Gly
Gly
Leu
Asn
Asn
Leu
Pro
Tyr
Thr
Asn
Met
Glu
Asp
Ile
Ser
Gln
Lys
Ile
Tyr

Pro
Ile
Ser

PCT/US2020/017172

Ser Lys Thr Tyr
Gln Asn Pro Gly
Leu Leu Leu

Gln Gln Gln Gln

Arg
Ser
Pro
Leu
Ser
Leu
Gln
Glu
Thr
Val
Glu
Pro
Ser
Tyr
Leu
Leu
Ala
Gly
Leu
Gln
Gly
Thr
Gly
Gly
Arg
Asp
Pro
Gly
Pro
Asp
Lys
Ala
Pro
Ala
Glu
Thr
Val
Asn
Gly
Gly
Ser
Asn
Glu
Arg
Phe
Gly
Lys
Cys
Pro
Ser
Ser
Phe

Arg
Gln
Glu
Pro
Leu
Lys
Gln
Ala
Ser
Ser
Gln
Ala
Leu
Ser
Gly
Pro
Ala
Pro
Glu
Cys
Pro
Leu
Gly
Gly
Pro
Val
Thr
Pro
Ile
Glu
Val
Ser
Ser
Arg
Ala
Val
Leu
Gln
Glu
Phe
Trp
Val
Tyr
His
Leu
Leu
Glu
Ser
Ile
His
Val
His
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FIG. 4 (CONT'D)
SEQ ID NO:7
atgga ggtgcagtta gggctgggaa gggtctaccc acggccccca tceccaagacct

1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
le81
1741
1801
1861
1921
15881
2041
2101
216l
2221
2281
2341
2401
246l
2521
2581
2641
2701
276l
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721

atcgaggagc
ccaggcacce
agactagccc
acatcagagg
aggcagcctce
ctcctggceaa
ccccatcecac
acattaaaga
agcagcagca
gcagcagcge
tagggggcaa
ccatgggatt
actgcatgta
cgctgcecga
ctgctgagta
ggtgctetgy
ctctgtataa
actttccget
gtatcaagct
gccgetatgg
cgececeage
tatatgggce
cctatggceta
ccgaagtgtyg
tcaaaagtga
tggacagtac
gcctgatetg
gcaaggtctt
acgattgtac
gttatgaagc
tacaggagga
tgactgtatc
ccattgagec
ccttgttate
ccaaggectt
attcctggat
ccaggatgct
ggatgtacag
taaccccccea
atgggctgaa
atcgcatcat
tcaccaagcet
acctgctaat
tctetgtgea
agtga

SEQ ID NO'8
MEVQLGLGRVYPRPPSKTYRGAFONLFQSVREAIQNPGPRHPEA

gttccagaat
tgaggccgcet
ccggcggegg
ccccacaggc
cgagggccac

ggggctgeeg
gttgtccectg

cattttgaac
ccaacagcag
aagagccagg
ttcaaccata
gggtgtggaa
cgegtegete
atgcaaaggt
ttectettte
cagcagtgaa
atctggagceca
ggctctgtcce
ggagaaccca
ggacttgggt
caccacctcet
aggaggcggg
cactcggcecc
gtatcctggt
aatgggacct
cagggaccat
tggagatgaa
cttcaaaaga
cattgataaa
agggatgact
aggagaaaac
acacattgaa
aggagtggtg
tagcctcaat
gectggette
gggactgatg
ctactttgca
ccagtgtgtg
ggaattcctg
aaatcaaaaa
tgcatgcaaa
cctggattcet
caagtcccat
agtgcccaag

ctgttcecaga
aacatagcac
cggcggeage
tacctggccce
cctgagagcea
cagcagecac
ctgggcecca
gaggccggcea
caccaacagc
gaggccacgg
tctgacagtg
gcattggaac

ctgggaggtce
cttccecetgg

aagggaggtt
gcaggtagct
ctagacgagg
gggccgcecgce
ttggactacg
agtctacatg
tettectgge
ggcggcagcea
cctecagggge
ggagttgtga
tggatggaga
gttttaccca
gcttetgget
gccgcectgaag
tttcggagga
ctgggagctc
tccaatgetg
ggctatgaat
tgtgcecggac
gagcttggag
cgeaacttge
gtatttgcca
cctgacttgg
aggatgagge
tgcatgaaag
ttctttgatg
agaaagaatc
gtgcagccta
atggtgageg
atcctttctg

gcgtgcgega
ctecccggege
agcacactga
tggaggagga
getgcctecee
cagctecctce
ctttcecagg
ccatgeaact
accaacagca
gggctcccte
ccaaggagtt
atctgagtcce
cacccgeggt
acgaaggccc
acgccaaagg
ctgggacact
cagcageata
accceccgece
gcagcgcctg
gagggagtgt
atactetete
gcagcccaag
tgacaagcca
acagagtacc
actactccgg
tcgactatta
gtcactacgg
ggaaacagaa
aaaattgccc
gtaagctgaa
gcagccccac
gtcagcctat
atgacaacaa
agaggcagct
atgtggatga
tgggttggceg
ttItcaatga
acctgtctca
cactgctgct
aacttcgaat
ccacatcctg
ttgcaagaga
tggactttcc
ggaaagtcaa

PCT/US2020/017172

agcgatccag
ctgtttacag
ggatggttct
acagcagcect
cgagcctggg
agatcaggat
cttaagcagce
tecttecageag
gcaggaggta
ttccteccaag
gtgtaaagca
aggggaacag
gcgteccact
aggcaaaagc
attggaaggt
tgagatcccg
ccagaatcgce
ccctaccceat
ggctgeggeg
agccgggcece
cacagctgaa
cgatgccggg
ggagagtgac
ctatcccagt
accttatggg
ctttccaccce
agctctcact
gtatctatgt
atcttgtcgt
gaaacttgga
tgaggaccca
ctttcttaac
ccaaccagat
tgtgcatgtg
ccagatggeg
gtccttcact
gtaccgcatg
agagtttgga
cttcagcatt
gaactacatc
ctcaaggcgce
gctgcatcag
tgaaatgatg
gcccatctat

ANTAPPGACLOQROETSPRRRRROOHTEDGS POAHIRGPTGYLALEEEQOP SQOOAAS

EGHPESSCLPEPGAATAPGKGLPQOPPAPPDODDSAAPSTLSLLG2TFPGLSSCSADI

KDILNEAGTMOLLOOQOOOOQOHOOQHQOHOOOOEVISEGSSARAREATGAPSSSKDSY
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aaccecgggec
cagaggcagg
ccteaagecce
tcacagcagc
gcggecaceqg
gactcagctg
tgctecgecg
cagcaacaac
atctccgaag
gatagttacc
gtgtctgtgt
ctteggggag
ccttgtgege
actgaagaga
gagagcttgg
tcectetetgt
gactactaca
ccacacgccce
gcagcgcaat
agcactggat
gaaggccaat
cctgtagece
tactctgect
cccaattgtyg
gacatgcgtt
cagaagacct
tgtggcaget
gccagcagaa
ctccggaaat
aatctaaaac
tecccagaaga
gtcctggaag
tcetttgetg
gtcaagtggg
gtcattcagt
aatgtcaact
cacaagtctce
tggctccaaa
attccagtgg
aaggaactcg
ttctaccage
ttcacttttg
gcagagatca
tteccacacac
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FIG. 4 (CONTD)
LGGNSTISDSAKELCKAVSVSMGLGVEALEH_SPGEQLRGDCMYASLLGGPPAVRPTP
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CAPLPECKGLPLDEGPGKSTEETAEYSSEFKGGYAKGLEGESLGCSGSSEAGSSGTLEL

PSSLSLYKSGALDEAAAYONRDYYNFPLALSGPPHPPPPTHPHARIKLENPLDYGSAW

AAAAAQCRYGDLGS_HGGSVAGPSTGSPPATTSSSWHTLETAEEGOLYGPGGGGGSSS

PSDAGPVAPYGYTRPPQOGLT SQESDY SASEVWYPGGVVNRVPYPS °NCVKSEMGPWME

NYSGPYGDMRLDSTRDHVLPIDYYFPPOKTCLICGDEASGCHYGALTCGSCKVEFKRA

AEGKOKYLCASRNDCTIDKEFRRKNCP SCRLRKCYEAGMTLGARKLKKLGNLKLOEEGE

NSNAGSPTEDPSQKMTVSHIEGYECQPIFLNVLEATIEPGVVCAGHDNNQPDSFAALLS

SLNELGERQLVHVVKWAKALPGERNLHVDDOMAVIQY SWMGLMVEAMGWRS FTNVNSR

MLYFAPDLVENEYRMHKSRMYSQCVRMRHLSQEFGWLQITPOQEFLCMKALLLESIIPV

DGLKNQKFFDELRMNYIKELDRITIACKRKNPTSCSRRFYQLTKLLDSVQPIARELHOF

SEQ ID NO:9
atggagg tgcagttagg gctgggaagy

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
le8l
1741
1801
1861
1921
1981
2041
2101
216l
2221
2281
2341
2401
246l
2521
2581
2641
2701
276l
2821
2881
2941

gtctacccac
gtgcgcgaag
cceggtgect
caccctgagg
gaggaggaac
tgcctcececegg
gctcectcecag
ttececagget
atgcaacttc
cagcagcaac
gccactgggy
gacagtgcca
ctggaacate
ggaggtccac
tececectggacy
ggaggttacy
ggtagctetyg
gacgaggcag
cecgeegeace
gactacggca
ctacatggag
tcectggeata
ggcagcagta
caggggctgg
gttgtgaaca
atggagaact
ttacccateg
tctggttgte
gcggaaggga
cggaggaaaa
ggagctcgta
agtgctggta
tatgaatgtc

TFDLLIKSHMVSVDFPEMMAEIISVOVPKILSGKVKPIYFHTQ"

ggcceceegte
cgatccagaa
gtttacagca
atggctctcece
agcagccttc
agcctggagce
atcaggatga
taagcagcetg
ttcagcagceca
agcagcagga
cteccetette
aggagttgtg
tgagtccagg
ccgecgtgeg
aaggcccggg
ccaaagggtt
ggacacttga
cagcatacca
ccecgeecee
gegeetggge
ggagtgtagc
ctetetteac
gceccaagega
caagccagga
gagtccccta
actccggacc
actattactt
actacggagc
aacagaagta
attgtccatc
agctgaagaa
gccccactga
aacctatctt

caagacctat
ccecgggecce
gcggcaggayg
tcaagceccecac
acagcagcag
tgccacggcet
ctcagctgcec
cteegeagac
gcagcaacag
ggtaatatcc
ctccaaggat
taaagcagtg
ggagcagcett
tcceactect
caaaggcact
ggaaggtgag
gatceegtece
gaatcgcgac
tacccatcca
tgcggeggcea
cggacceagce
agctgaagaa
tgctgggect
gggtgacttc
tceccagtecece
ttatggggac
ccecaccecag
tctecacttgt
tctatgtgec
gtgtcgtctc
acttggaaat
ggacccatcce
tcttaatgte
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cgaggagcgt
aggcaccctg
accagccccece
atcagaggca
tcagcctecg
cctggcaagg
ccatccacgt
attaaagaca
caacagcagc
gaaggcagca
ag-tacctag
tcigtgtcca
cggggegact
tgtgcgcecte
gaagagactg
ag-ctgggct
tcactgtete
tactacaact
cacgcecegcea
gcgcaatgcec
actggatcgc
ggccaattat
gtagcccect
tctgectetg
ag-tgtgtta
atgcgtttgg
aagacctgcec
ggcagctgcea
agcagaaatg
cggaaatgtt
ctcaaactac
cagaagatga
ctggaagcca

tccagaatcect
aggccgctag
ggcggcggcg
ccacaggcta
agggccacce
ggctgccgea
tgtccctact
tectgagega
agcagcagca
gcagcgtgag
ggggcaattc
tggggttyggg
gcatgtacgce
tggccgaatg
ctgagtattc
gctctggcag
tgtataagtce
ttcegetege
tcaagctgga

gctatgggga
ccccagcecac

atgggccagg
atggctacac
aagtgtggta
aaagtgaaat
acagtaccag
tgatctgtgg
aggtcttett
attgcaccat
atgaagcagg
aggeagaagg
ctgtatcaca
ttgagccagg

gttccagagc
catagcacct
gcggcagcag
cctggeectg
tgagagcggce
gcagccacca
gggccccact

ggccggeace
gcagcagcag
agcaagggag
gaccatatct
tgtggaagca
gtcgetectg
caaaggtctt
ctctttcaag
cagtgaagca
tggagcagta
tectgteceggg
gaacccgtcg
cttggctage
cgcctecttet
aggcgggggc
tecggeceect
tecectggtgga
gggaccttgg
ggaccacgtt
agatgaagct
caaaagagct
tgataaattt
gatgactctg
agaaaactcc
cattgaaggce

agtggtgtgt
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FIG. 4 (CONTD)

3001 gccggacatg acaacaacca gcctgattce tttgctgect tgttatctag tcectcaacgag

3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661

cttggcgaga
aacttgcatg
tttgeccatgg
gacctggttt
atgaggcacc
atgaaagcac
tttgatgaac
aaaaatccca
cagcctattg
gtgagcgtgg
ctttctggga

gacagcttgt
tggatgacca
gttggeggte
tcaatgagta
tttctcaaga
tgctactctt
ttcgaatgaa
catcctgete
caagagagct
actttcctga
aagtcaagcc

acatgtggtc
gatggcagtc
cttcactaat
tecgeatgeac
gtttggatgg
cagcattatt
ctacatcaag
aaggcgctte
gcatcaattc
aatgatggca
catctatttce

aagtgggcca
attcagtatt
gtcaactcta
aagtctcgaa
ctccagataa
ccagtggatg
gaacttgatc
taccagctca
acttttgacc
gagatcatct
cacacacagt

PCT/US2020/017172

aggccttgcc
cectggatggg
ggatgctcta
tgtacagcca
ccceecagga
ggctgaaaaa
gcatcattgc
ccaagctect
tgctaatcaa
ctgtgcaagt
ga

tggcttcecge
actgatggta
ctttgcacct
gtgcgtgagg
attcctgtgce
tcaaaaattc
atgcaaaaga
ggattctgtg
gtccecatatg
gcccaagatc

SEQ ID NO:10

MEVQLGLGRVYPRPPSKTYRGAFONLFQSVREAIQNPGPRHPEA

ASTAPPGACLOQROETSPRRRRROOHPEDGSPOAHIRGTTGYLALEEEQOPSQOQSAS
EGHPESGCLPEPGAATAPGKGLPQQOPPAPPDODDSAAPSTLSLLG2TEFPGLSSCSADI
KDILSEAGTMOLLOOQOOOOQO00000000O0000EVISEGSS SVRAREATGAPSSSK
DSYLGGNSTISDSAKELCKAVSVSMGLGVEAZLEHLSPGEQLRGDCMYASLLGGPPAVR
PTPCAPLAECKGLS _DEGPGKGTEETAEYSSFKGGYAKGLEGESLGCSGSSEAGSSGT
LEIPSSLSLYKSGAVDEAAAYONRDYYNEPLALSGPPHPPPPTHPHARIKLENPSDYG
SAWAAARAQCRYGD_ASLHGGSVAGPSTGSPPATASSSWHTLETAEEGQLYGPGGGGG
SSSPSDAGPVAPYGYTRPPOGLASQEGDESASEVWYPGGVVNRVPYPSPSCVKSEMGP
WMENYSGPYGDMRLDSTRDHVLPIDYYFPPQKTCLICGDEASGCHYGALTCGSCKVEF
KRAAEGKQKYLCASRNDCTIDKFRRKNCPSCRLRKCYEAGMTLGARKLKKLGNLKLOE
EGENSSAGSPTEDPSQKMTVSHIEGYECQPI FLNVLEAIEPGVVCAGHDNNQPDSEAA
LLSSLNELGERQLVHVVKWAKALPGEFRNLHVDDOMAVIQY SWMGLMVEAMGWRSFTNV
NSRMLYFAPDLVENEYRMHKSRMY SQCVRMRHLSQEFGWLOITPOEFLCMKALLLEST

IPVDGLKNQKFFDELRMNYIKELDRITACKRKNPTSCSRREYQLTKLLDSVQPIAREL
HOFTFDLLIKSHMVSVDEFPEMMAEITISVOVPKILSGKVKPIYFHTOQ
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FIG. 5A
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Y 5.6,9,27,35,40
Y US 2017/0182139 A1 (MADISON VACCINES INC.) 29 June 2017 (29.06.2017) entire document |5, 6, 9, 27, 35, 40
A US 2007/0123487 A1 (MCNEEL) 31 May 2007 (31.05.2007) entire document 1-27734:44/54 7 7
A MCNEEL et al. "Concurrent, but not Sequential, PD-1 Blockade with a DNA Vaccine Elicits 1'27 54-44, 54

Anti-Tumor Responses in Patients with Metastatic, Castration-Resistant Prostate Cancer," . _
Oncotarget, 22 May 2018 (22.05.2018), Vol. 9, No. 39, Pgs. 25586-25596. entire document

A US 2015/0210769 A1 (NOVARTIS AG et al) 30 July 2015 (30.07.2015) entire document 1-27, 34-44, 54

P
I:I Further documents are listed in the continuation of Box C. I:] See patent family annex. T
i H i . . . im eV s L.
*  Special categories of cited documents: “T”  later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underiying the invention
“E” earlier application or patent but published on or after the international “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone
g":gi;lor::;zzh(i ;hzc;i)f\_:lg(ljl)cauon date of another citation or other «y» document of particular relevance; the claimed invention cannot be
p S Sp . . considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than  «g»  document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
14 April 2020 1 2 MAY 2020
Name and mailing address of the ISA/US Authorized officer
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver o
P.O. Box 1450, Alexandria, VA 22313-1450 . )
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INTERNATIONAL SEARCH REPORT International application No.
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Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. m forming part of the international application as filed:

K{ in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. I:] furnished together with the international application under PCT Rule 13fer. 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file. -
c. D furnished subsequent to the international filing date for the purposes of international search only,.
D in the form of an Annex C/ST.25 text file (Rule 13zer. 1(a)). -

D on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or fumished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
SEQ ID NOs: 1-14 were searched.
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

I___l Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I:] Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requlrements to such an
extent that no meaningful international search can be carried out, specificaily: .

K‘ Claims Nos.: 28-33, 45-53, 55-74
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. LI Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |_—_l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I.___] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation. . R

D No protest accompanied the payment of additional search fees.
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