I*I Innovation, Sciences et Innovation, Science and CA 3123396 A1 2020/06/18
Développement économique Canada Economic Development Canada
en 3 123 396

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office

(12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION

13) A1

(86) Date de dép6t PCT/PCT Filing Date: 2019/12/13 (51) CLInt./Int.Cl. CO7K 14/47(2006.01),

- - . CO7K 5/00(2006.01), CO7K 5/08 (2006.01),
(87) Date’publlcatlon I-:’CT/PCT F’ubllcatlon Date: 2020/06/18 CO7K 5/10(2006.01)
(85) Entrée phase nationale/National Entry: 2021/06/14 (71) Demandeur/Applicant:
(86) N° demande PCT/PCT Application No.: US 2019/066264 LABYRX IMMUNOLOGIC THERAPEUTICS (USA)
(87) N° publication PCT/PCT Publication No.: 2020/123964 LIMITED, US
(30) Priorité/Priority; 2018/12/13 (US62/779,377) (72) Inventeurs/Inventors:

RADOSEVICH, JAMES A., US;
BABICH, MICHAEL, US

(74) Agent: GOWLING WLG (CANADA) LLP

(54) Titre : PEPTIDES A BASE DE LABYRINTHINE POUR DES IMMUNOTHERAPIES ANTICANCEREUSES ET LEURS
UTILISATIONS
(54) Title: LABYRINTHIN-BASED PEPTIDES FOR CANCER IMMUNOTHERAPIES AND USES THEREOF

Positive
intensity
100 E

; 860.8
903

80 [M+3H]3+

703 1290.8

eo—g [M+2H]2+
50- 8722
40

305

20
E 1856.0 17260

10 1056.9 1309.7 1648.4

o128 ey fsere ) \ 1487 “m“ e B8 7574 | 1941.2

300 400 500 600 700 800 200 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
m/z

FIG. 1A

(57) Abrégé/Abstract:

Antigenic compositions comprising one or more labyrinthin-derived peptides are described herein. In some embodiment, each
peptide of the antigenic composition comprises a T-cell epitope and/or a B-cell epitope. In other aspects, the present disclosure
provides, e.g., vaccine compositions comprising tin antigenic composition disclosed herein, including kits, medicines, and
compositions (such as pharmaceutical compositions and unit dosages) thereof. Also provided are methods of using the
compositions disclosed herein, such as methods of treatment thereof and methods of producing antibodies, and antibody
compositions thereof, against the one or more labyrinthin-derived peptides or a portion thereof.
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(57) Abstract: Antigenic compositions comprising one or more labyrinthin-derived peptides are described herein. In some embodiment,
each peptide of the antigenic composition comprises a T-cell epitope and/or a B-cell epitope. In other aspects, the present disclosure
provides, e.g., vaccine compositions comprising tin antigenic composition disclosed herein, including kits, medicines, and compositions
(such as pharmaceutical compositions and unit dosages) thereof. Also provided are methods of using the compositions disclosed herein,
such as methods of treatment thereof and methods of producing antibodies, and antibody compositions thereof, against the one or more
labyrinthin-derived peptides or a portion thereof.
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LABYRINTHIN-BASED PEPTIDES FOR CANCER IMMUNOTHERAPIES
AND USES THEREQF

CROSS-REFERENCE TO RELATED APPLICATIONS
{6661} This application claims prionity to U.S. Provisional Patent Application No.
62/779,377, filed on December 13, 2018, the disclosure of which is hereby ncorporated by

reference in its entirety,

SUBMISSION OF SEQUENCE LISTING ON ASCII TEXT FILE
[6002) The content of the following submigsion on ASCH text file is incorporated herein by
reference n 18 entirety: a computer readable form (CRF) of the Sequence Listing {file name:

185722000140SEQLIST TXT, date recorded: December 10, 2019, size: 8 KB).

TECHNICAL FIELD
[003] In some aspects, the present application relates to antigenic compositions comprising
one or more labyrinthin-derived peptides. In other aspects, the present application relates to
antigenic compositions comprising ong or more labyrinthin-derived peptides, wherein each
peptide comprises a T-cell epitope and/or a B-cell epitope. In other aspects, the present
application relates to antibodies produce by vaccinating a subject with the compositions

disclosed herein.

BACKGROUND
[6004] Histonically, cancer has been characterized largely based on the tissue type or organ
i which the cancer originates, €. g., lung cancer, breast cancer, and colon cancer. Many cancer
treatments are also based on the tissue or organ-based classification of the cancer. 1t 15 well
recogmized that such tissue or organ-based classification of cancers may not provide sufficient
guidance for selection of an efficacious treatment. This is due, in part, to the finding that cancers
originating from a single tissue type or organ may be highly heterogencous, and such differences
may require a personalized cancer treatment approach. For example, defining cancers by a
biomarker, as opposed to a tissue type or organ of ongin, may allow for mproved cancer
treatment, €. g., triple negative breast cancer, which lacks expression of estrogen receptors,

progesicrone receptors, and HERZ/meu, is not responsive to traditional hormone-based therapies
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that target any one or more of the identified receptors and requires alternative treatments. After
identification of a cancer subtvpe based on a biomarker, significant research is required to
develop novel agents for efficacious treatment of such a cancer subtype.

{0005] One such identified cancer subtype is a labyrmthin-expressing cancer. Labyrnthin is
a cell surface protein expressed on the extracellular surface of the plasma membrane of some
cancers, such as adenocarcinomas. Cell surface expression of labyrinthin is not cell cvele
specific. Furthermore, labyrinthin is not found 1o the scrum of normal or tumor bearing patients,
and is not shed into the culture media by labyrinthin positive cell lines. Thus, labyrinthin
represents a useful marker for defining a subtype of cancer, namely, labyrinthin-expressing
Cancer.

{0006] Cancer vaccines targeting labyrinthin-expressing cancers via only B-ccll-mediated
adaptive immune system antibody production have been disclosed. See 1.8, Patent Nos.
6,166,176 and 7,635,759, which are hereby incorporated by reference in their entirety.

G087 All references cited herein, including patent applications and publications, are

meorporated by reference m their entircty,

BRIEF SUMMARY
{8008} In one aspect, the present application provides antigenic compositions comprising
one or more labyrimthin-derived peptides. In some embodiments, the present application
provides antigenic compositions comprising one or more labyrinthin-derived peptides, wherein
cach labvrinthin-derived peptide comprises one or more of a T-cell epitope and a B-cell epitope.
In some embodiments, each of the one or more labvrinthin-derived peptides comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the one or more labyvrinthin-derived
peptides are between 8 and 25 amimo acids in length. In some embodiments, the one or more
labyrinthin-derived peptides are substantially homologous to a portion of labvrinthin. In some
embodiments, each of the one or more labyrinthin-denived peptides comprises a non-terminal
proline residue.
[B089] In another aspect, the present application provides antigenic composifions comprising
one or more labyrinthin-derived peptides sclected from the group consisting of' (a) a fust
peptide comprising SEQ ID NO:25 or a vanant thereof, (b} a second peptide comprising SEQ 1D
NG:26 or a variaot thereof, (¢} a third peptide comprising SEQ 1D NO:27 or a variant thereof;

and {d} a fourth peptide comprising SEQ 1 NO:28 or a variant thercof, wherein the one or more
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labyrinthin-derived peptides are between 12 and 25 amuino acids in length, and wherein cach
peptide comprises a T-cell epitope and a B-cell epitope. In some embodiments, the first peptide
comprises SEQ 1D N(G:25. In some crubodiments, the sccond peptide comprises SEQ 1D NO:26.
In some embodiments, the third peptide comprises SEQ 1D NG:27. In some embodiments, the
fourth peptide comprises SEQ D NG:28.

{0018} In some embodiments, the one or more iabvrinthin-derived peptides are between 21
and 24 amino acids in length. In some embodiments, the one or more labyrnthin-derived
peptides are 22 or 23 amino acids in length.

0011} In some embodiments, the one or more labyrinthin-derived peptides are substantially
homologous to a portion of labyrinthin,

{0012} In some embodiments, the first peptide 15 SEQ 1D N(O:29 or a vanant thereof having
1 or 2 amino acids substituted, deleted, inserted, and/or added relative to SEQ ID NG:29. In
some embodiments, the first peptide 1s SEQ ID NG:29,

[6013] In some embodiments, the second peptide is SEQ 1D NG:30 or a vanant thercof
having I or 2 amino acids substituted, deleted, mserted, and/or added relative to SEQ [D N(O:30.
In some embodiments, the second peptide 15 SEQ 1D NQO: 30,

[014] In some embodiments, the third peptide 1s SEQ ID NG:31 or a variant thereof having
1 or 2 anuno acids substituted, deleted, inserted, and/or added relative to SEQ ID NG:31. In
some embodiments, the third peptide 1s SEQ 1D NO:31.

{6615] In some embodiments, the fourth peptide is SEQ} 1D NO:32 or a vanant thereof
having 1 or 2 amino acids substituted, deleted, nserted, and/or added relative to SEQ 1D NO:32.
In some embodiments, the fourth peptide 1s SEQ 1D NG:32.

8016} In some embodiments, at least one of the one or more labyrmthin-derived peptides is
conjugated to a hinker,

[6617] In some embodiments, the antigenic composition comprises two or more of the
labvrinthin-derived peptides. In some embodiments, the antigenic composttion comprises three
or more of the labyrinthin-derived peptides. In some embodiments, the antigenic composition
corprnses four of the labyrinthin-derived peptides.

{6018} In another aspect, the present application provides nucleic acid compositions
comprising one or more mucleic acids encoding at least one of the one or more labyrinthin-

derived peptides comprised in the antigenic compositions described herein,
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[6019] In another aspect, the present application provides vaccine compositions comprising:
{a) an effective amount of the andigenic compositions described hergin; and (b) a
phammaceutically acceptable vehicle. In some embodiments, the pharmaceutically acceptable
vehicle 1s selected from the group consisting of an agueous suspension, an 0ily suspension, an
cmulsion, a liposome, a virosome, and a nanoparticle. In some embodiments, the
pharmaceutically acceptable vehicle comprises an excipient. In some embodiments, the
pharmaceutically acceptable vehicle comprises an adjuvant. In some embodiments, the adjuvant
is an immune-enhancing adjuvant,

{0020} In ancther aspect, the present application provides methods for treating a cancer in an
mdividual in need thereof, the method comprising administering to the mndividual a vaccine
composition described herein. In some embodiments, the method further comprises
administering to the individual an immune checkpoint inhibitor.

{6621} In another aspect, the present application provides methods of producing an antibody
i a host animal, the method comprising adnunistering to the host animal an antigenic
coraposition described herein, a nucleic acid composition described herein, or a vaccine

composition described herein, thereby producing the antibody.

BRIEF DESCRIPTION OF THE DRAWINGS
{6622} FIGS. 1A-1D cach show a mass spectrem of the parent ion m/z of a labyrinthin-
derived peptide candidate.
{0023} F1G, 2 shows UPLC tracings of four labyrinthin-derived peptides (SEQ 1D NOS:29-
32) reconstituted i isolyte (pH 7.4) or water.
06024} Fits. 3 shows a graph of tumor weight {mg) versus days following admimistration of
a peptide vaccine (LabVax 3(22}-23) or a saling control to mice subcutancously implanted with

MC 38 murine colon (adenocarcinoma) tumor cells,

DETAILED DESCRIPTION
{0025] 'The present application provides, in some aspects, an antigenic composition
coraprising one or more labyrinthin-derived peptides. In some embodiments, the labyrinthin-
derived peptide comprises a T-ccll epitope. In some embodiments, the labyvrinthin-derived
peptide comprises a B-cell epitope. In some embodiments, the labyrinthin-derived peptide

comprises a B-cell and a T-cell epitope. In some erabodiments, the labyrinthin-derived peptide
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activates T-cell and B-cell adaptive immune responses. In some embodiments, the one or more
labvrinthin-derived peptides are between 8 and 25 amino acids in length, such as between 12 and
25 amino acids in length.

{8626} ¢ disclosure of the present application is based, in part, on the finding that a
labyrinthin-derived peptide can be designed to comprise a B-cell epitope and/or a T-cell epitope
to trigger a B-cell-mediated adaptive immune response and also elicit a T-cell-mediated adaptive
imune response to more effectively destroy cancer cells. In some aspects, the disclosure of the
present application is based, m part, on the finding that a labynnthin-derived peptide can be
designed o elicit an immune response to effectively destrov cancer cells. Vaccines comprising
such labvrinthin-denved peptides, and combinations comprising ong or more of such
labyrinthin-derived peptides, will allow for improved treatments of labynnthin-expressing
Cancers.

{6627} Design of a labyrinthm-derived peptide that comprises a B-cell epitope and 3 T-cell
cpitope is challenging as mechanisms of antigen recognition differ greatly between B-cells and
T-cells. B-cells, via antigen recepiors comprising immunoglobuling, target solvent-exposed
antigens, including both lincar and conformational antigens. In contrast, T-cells, via T-cell
receptors, recognize antigens presented on the surface of antigen-presenting cells (APCs). Such
antigens are processed by an APC and then presented on the surface of the APC by, e.g., class |
major histocompatibility complexes (MHCE) or class H major histocompatbility complexes
{MHCIH}. See, e.g., Sanchez-Trincado, §. L., ef &l , J Immunel 2017

{0028] I vivo antigen recognition by B-cells and T-cells 15 highly unpredictable. Increasing
peptide antigen length increases cross-reactivity with non-target antigens. Thus, it is a challenge
to create peptides that activate B-cell and T-cell immune responses with high target specificity,
which can be synthesized and stably formulated in a pharmaceutically acceptable vehicle, are
safe for in vive use, and raise enough of an immunogenic respounse to be efficacious in the
treatment of cancer. The present application discloses labyrinthin-denived peptides that comprise
a B-cell epitope and a T-cell epitope and are suitable for use in a cancer vaccine.

[0029] Thus, the disclosure provides, in some aspects, antigenic Compositions COmMprising
one or more labyrinthin-derived peptides, wherein cach labyrinthin-denived peptide comprises
one or more of a T-cell epitope and a B-cell epttope. In some embodiments, cach of the one or
more labvrinthin-derived peptides comprises a T-cell epitope and a B-cell epitope. In some

embodiments, the one or more labyrinthin~-derived peptides are between 8 and 25 amino acids in

A
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length. In some embodiments, the one or more labyvrinthin-derived peptides are substantially
homologous to a portion of labvrinthin. fn some embodiments, each of the one or more
labyrinthin-derived peptides comprises a non-terminal proline residue.

{8634} In other aspects, the present disclosure provides antigenic compositions comprising
one or more labyrinthin-derived peptides selected from the group comprising: (a) a first peptide
comprising SEQ D NO:25 or a variant thereot, (b} a second peptide comprising SEQ 1D NO:26
or a variant thereof; (¢} a third peptide comprising SEQ 13 NO:27 or a variant thereof: and (d} a
fourth peptide comprisimg SEQ 1D NO:28 or a vanant thereof, wherein the one or more
labyrinthin-derived peptides are between 12 and 25 amino acids in length, and wherein cach
peptide comprises a T-cell epitope and a B-cell epitope. In some embodiments, the one or more
labyrinthin-derived peptides comprise two or more labyrinthin~-derived peptides. In some
embodiments, the one or more labyrinthin-derived peptides comprise three or more labyrninthin-
derived peptides. In some embodiments, the one or more labyrinthim-derived peptides comprise
four labvrnthin-derived peptides. Also provided are compositions comprising an antigenic
composition disclosed herem, including kits, medicines, and compositions (such as
pharmaceutical compositions and unit dosages} thereof,

{06031} In other aspects, the present disclosure provides vaccine compositions comprising:
{a) an antigenic composition disclosed herein; and (b} a pharmaceutically acceptable vehicle.
Also provided are vaccine compositions comprising an antigenic composttion disclosed herein,
mehuding kits, medicines, and compositions {such as pharmaceustical compositions and unit
dosages) thereof.

{032} In other aspects, the present disclosure provides methods for treating a cancer in an
mdividual it need thereof, the methods comprising admintstering to the individual a vaceine
composition described herein,

10033} In other aspects, the present disclosure provides methods of producing an antibody in
a host animal, the methods comprising administering to the host animal any of an antigenic
composition, a nucleic acid, or a vaccine composition described herein, thereby producing the
antibody.

(034} It will also be understood by those skilled in the art that changes m the form and
details of the implementations described herein may be made without departing from the scope

of this disclosure. In addition, although various advantages, aspects, and objects have been
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described with reference to various implementations, the scope of this disclosure should not be

timited by reference to such advantages, aspects, and objects.

Definitions

[6035] The term “substantially homaologous,” as used herein, refers to the sequence
siratlarity of a sequence disclosed herein as compared to a reference sequence, wherein the
sequence has at feast about 85% similarity {e. 2., homology) with a reference or a portion thereof,
such as at least about any of 86% similarity, 87% similarity, 88% similarity, 89% similarity,
90% smilarity, 91% similarity, 92% similarity, 93% similarity, 94% similanty, 95% sinularity,
96% simtlartty, 97% similarity, 98% similarity, 99% similarity, or 100% simifanity. Methods for
determining sequence similarity are known 1n the art, e.g., as described m Pearson, W. R, Curr
Protoc Bioinformatics, 2013,

{036] The term “treating” or “treatment.” as used herein, is an approach for obtaining
beneficial or desived results including clinical results. For purposes of this application, beneficial
or desired clinical resalts include, but are not limited to, one or more of the following:
alleviating one or more symptoms resulting from the disease, diminishing the extent of the
diseasc, stabilizing the diseasc {e.g., preventing or delaving the worsening of the discase),
preventing or delaving the spread (e.g., metastasis) of the disease, preventing or delaying the
recurrence of the disease, delay or slowing the progression of the disease, ameliorating the
disease state, providing a remission {e.g., partial or total} of the disease, decreasing the dose of
one or more other medications required to treat the disease, delaying the progression of the
diseasc, increasing the quality of life, and/or prolonging survival. Also encompassed by
“treating” or “treatment” is a reduction of pathological consequence of the cancer. The methods
of the present application contemplate any one or more of these aspects of treatment.

{6037} The term “combination therapy” or “combination treatment,” as used herein, is meant
that a first agent be administered in conjunction with at least one other agent. “In conjunction
with” refers to administration of one treatment modality, such as a vaccine composition, in
addition to, but not necessarily at the same time as, administration of another treatment modality.
As such, “in conjunction with” refers to administration of one freatment modality before, during,
or after delivery of the other treatment modality to the ndividual.

[6038] The term “effective amount,” as used herein, refers to an amount of a compound or

composition sutficient to treat a specified disorder, condition, or disease, such as amehorate,

~X
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palliate, lessen, and/or delay one or more symptoms of the disorder, condition, or disease. In
reference to cancer, an effective amount comprises an amount sufficient to, e.2., cause a tumor
to shrink and/or to decrease the growth rate of the tumor (such as to suppress tumor growth) or
to prevent or delay other unwanted cell profiferation in the cancer. In some embodiments, an
cffective amount is an amount sufficient to delay development of cancer. In some embodiments,
an effective amount is an amount sufficient to prevent or delay recuarrence. An effective amount
can be admunistered 1n one or more administrations. In the case of cancer, the effective amount
of the drug or composition may: (1) reduce the number of cancerous cells; (1) reduce tumor size;
(in1) inhibit, retard, slow to some extent and preferably stop cancer cell mfiltration mto peripheral
organs; {iv) inhibit {e.g., slow tc some extent and preferably stop) tumor metastasis; {v) mhibit
tmor growth; (vi) prevent or delay occurrence and/or recurrence of tumor; and/or {(vii) relieve
to some extent one or more of the symptoms associated with the cancer.

{6639} The term “simultancous administration” or equivalents thereof, as used herein, means
that a first therapv and sccond therapy in a combination therapy are administered with a time
separation of no more than about 13 minutes, such as no more than about any of 10 nunutes, 3
minuies, or 1 minute. When the first and second therapies are administered simultancously, the
first and sccond therapics may be contained in the same composition {€.2., a composition
comprising both a first and second therapy) or in separate compositions {¢.g., a first therapy in
one composition and a second therapy is contained in ancther composition).

{0044} The term “sequential administration” or equuvalents thereof, as used herein, means
that the first therapy and second therapy in a combination therapy are administered with a time
separation of more than about 15 minutes, such as more than about anv of 20 munutes, 30
minuies, 40 minutes, 50 minutes, or 60 nunutes. The methods disclosed herein encompass
scenarios wherein either a first therapy or a second therapy may be administered first. The first
and second therapies generally will be contained in separate compositions, which may be
contained 1n the same or different packages or kits.

[8041] The term “concurrent administration” or equivalents thereof, as used herein, means
that the admiunistration of a first therapy and the adnunistration of a second therapy ina
combination therapy overlap with one another,

6042} The term “mdivideal” refers to a mammal and includes, but 13 not limited to, haman,

bovine, horse, feling, canine, rodent, or primate.
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[0043] As used herein, “delayving” the development of cancer means to defer, hinder, slow,
retard, stabilize, and/or postpone development of the discase. This delay can be of varying
lengths of time, depending on the history of the discase and/or individual being treated. Asis
evident to one of ordinary skill in the art, a sufficient or significant delay can, n effect,
encompass prevention, in that the individual does not develop the discase. A method that
“delays” development of cancer is a method that reduces probability of discase development in a
given time frame and/or reduces the extent of the disease in a given time frame, when compared
to not using the method. Such comparisons are typically based on clinical studies, using a
statistically significant number of subjects. Cancer development can be detectable using standard
methods, including, but not limited to, computerized axial tomography {CA'T Scan), Magunetic
Resonance Imaging (MRI), abdominal ultrasound, clotting tests, arteriography, or biopsy.
Bevelopment may also refer to cancer progression that may be mnitially undetectable and
mchides occurrence, recurrence, and onset.

v

{0044 The term “pharmaceutically acceptable” or “pharmacologically compatible,” as used
herein, 1s meant a material that s not biologically or otherwise undesirable, e g, the maternial
may be incorporated mio a pharmaccutical composition administered (o a patient without
causing any significant undesirable biological effects or interacting in a deletericus manner with
any of the other comaponents of the composition 1o which it is contained. Pharmaceutically
acceptable carmiers, excipients, or salts have preferably met the required standards of
toxicological and manufacturing testing and/or are included on the Inactive Ingredient Guide
prepared by the U.S. Food and Drug administration.

[(045] The term “based on” or “basis for,” as used herem, imcludes assessing, determining,
obtaining, or measuring one or more characteristic of an individual or a cancer therein as
described herein, and in some embodiments, selecting the individoal suitable for receiving a
treatment as described in the methods disclosed herein. For example, when a labyrinthin status
of a cancer is used as a basis for selecting an individual for a treatment method herein, assessing
{or aiding in assessing}, measuring, obtaining, or determining the labyrinthin status may be
ncluded in a method of a treatment as described herein, e.g., the labyrinthin status is measured
before and/or during and/or after treatment, and the values obtained are used by a clinician in
assessing any of the following: (a) probable or likely suitability of an ndividual to initially
receive treatment{s); {b} probable or likely unsuitabiity of an mdividual to initially receive

treatment(s); {c) responsiveness to treatment; {d) probable or likely suitability of an individual to

9
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continue to receive treatment(s); {¢) probable or ikely unswitability of an individual to continue
to receive treatment{s); {f} adjusting dosage; or {g) predicting likelihood of clinical benefits.
[0046] The basis or bases disclosed herein for use with the methods of the present
application, such a labyrinthin status, may, in some aspects, be based on a comparison to a
control. In some embodiments, control is a known standard obtained from the hiferature (2.2, a
known gene sequence, RNA sequence, protein sequence, gene expression level). In some
embodiments, the control 15 a control sample obtained from the mdividual to be, or being,
treated using the methods disclosed herein {¢. 2., a control sample from a non-~-cancerous tissue).
In some embodiments, the control is a control sample obtained from an mdivideal other than the
mdividual to be, or being, treated using the methods disclosed herein {(e.g., a control sample
from a healthy volunteer or a volunteer not having cancer). In some embodiments, the control is
obtaimed from a given patient population. For example, regarding a level of gene expression or
enzyme activity level, a control level may be the median expression level of that gene or the
median enzyme activity level of that enzyme for the patient population. And, for example, if the
expression level of a gene of mterest for the single patient is determined to be above the median
expression level of the patient population, that patient 1 determined to have high expression of
the gene of interest. Alternatively, if the expression level of a gene of interest for the single
patient is determined to be below the median expression level of the patient population, that
patient is determined to have low expression of the gene of interest. In some embodiments, the
single patient has a discase {such as cancer} and the patient population does not have the disease.
In some embodiments, the single patient and the patient population have the same histological
tyvpe of a disease. A population may be about, or alternatively at least about any of the following,
mw terms of mumber of individuals measured: 2.3, 10, 15, 20, 25, 30, 50, 60, 75, 100, 125, 130,
175,200, 225, 250, 300, 400, 300, Preferably, a sufficient number of individuals are measured to
provide a statistically significant population, which can be determined by methods known in the
art. In some embodiments, the population 1s a group participating in a chinical tnal.

B2l

{6047} The terms “comprising,” “having,” “containing,” and “including,” and other similar
forms, and grammatical equivalents thercof, as used herein, are micnded to be equivalent in
meaning and to be open ended in that an tem or ifems following any one of these words is not
meant to be an exhaustive lsting of such item or items, or meant to be limited to only the histed
ttem or items. For example, an article “comprising” components A, B, and € can consist of (i.e.,

contain only} components A, B, and C, or can contain not only components A, B, and € but also
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one or more other components. As such, it is intended and understood that “comprises”™ and
similar forms thereof, and grammatical equivalents thereof, include disclosure of embodiments
of “consisting essentially of ” or “consisting of.”

{0048} Where a range of values 1s provided, it is understood that each intervening value, to
the tenth of the umit of the lower limit, uniless the context clearly dictate otherwise, between the
upper and lower limit of that range and any other stated or intervening value in that stated range,
is cncompassed within the disclosure, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the limits, ranges excluding cither or both
of those included limits are also included m the disclosure.

[(3049] Reference to “about” a value or parameter herein includes {and describes) variations
that are directed to that value or parameter per se. For example, description referring to “about

X7 inchudes description of “X.7

{0050} As used herein, including in the appended claims, the singular forms “a,” “or,” and
“the” mclude plural referents unless the context clearly dictates otherwise.

Antigenic compositions comprising a labyrinthin-derived peptide

{6051 The present application provides, in some aspects, antigenic compositions comprising

one or more labyrinthin-derived peptides. Labyrinthin is a protein having the 255 amino acid
sequence recited in SEQ ID NO:1 (as shown in Table 1). Transcriptional vanants associated
with labyrinthin are known, including jonctate, humbug, and human asparty! beta-hydroxylase
{(HAAH) (see, e.g., U.S. Patent No. 6,166,176, which is hereby incorporated by reference in its

entirety).

Table 1. Amino acid sequence of labynnthin.

Aming acid sequence

SEQ D NOG:1 | Met-Val-fle-Ala-Leu-Leu-Gly-Val-Trp-Thr-Ser-Val-Ala-Val-Val-Trp-Phe-
Asp-Leu-Val-Asp~-Tvr-Glu-Glu-Val-Len-Gly-Lys-Len-Gly-tle-Tyr-Asp-Ala-
Asp-Glv-Asp-Gly-Asp-Phe-Asp-Val-Asp-Asp-Ala-Lys-Val-Leu-Leu-Gly-
Leu-Lys-Glu-Arg-Ser-Thr-Ser-Glu-Pro-Ala-Val-Pro-Pro-Glu-Glu-Ala-Glu-
Pro-His-Thr-Glu-Pro-Glu-Glu-Gn-Val-Pro-Val-Glu-Ala-Glu-Pro-Gln-Asn-
He-Glu-Asp-Glu-Ala-Lys-Glu-Gin-He-Gln-Ser-Leu-Leu-His-Glu-Met-Val-
His-Ala-Glu-His-Val-Gla-Gly-Glu-Asp-Leu-Gln-Gin-Glu-Asp-Gly-Pro-Thr-
Gly-Glu-Pro-Gln-Gln-Glu-Asp-Asp-Glu-Phe-Leu-Met-Ala-Thr-Asp-Val-
Asp-Asp-Arg-Phe-Glu-Thr-Leu-Glu-Pro~-Glu-Val-Ser-His-Glu-Glo-Thr-Glu-
His-Ser-Tyr-His-Val-Glo-Glu-Thr-Val-Ser-Gin-Asp-Cys-Asn-Gln-Asp-Met-
Glo-Glu-Met-Met-Ser-Glu-Gin-Glu-Asn-Pro-Asp-Ser-Ser-Glu-Pro-Val-Val-

It
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Glu-Asp-Glu-Arg-Leu-His-His-Asp-Thr-Asp-Asp-Val-Thr-Tyr-Gin-Val-
Tyr-Glu-Glu-Glo-Ala-Val-Tyr-Glu-Pro-Leu-Glu-Asn-Glu-Gly-fle-Glu-lle-
Thr-Ghi-Val-Thr-Ala-Pro-Pro-Glu-Asp-Asn-Pro-Val-Gla-Asp-Ser-Gln-Val-
He-Val-Glu-Glu-Val-Ser-lle-Phe-Pro-Val-Gle-Ghe-Gln-Gin-Glo-Val-Pro-
Pro-Asp-Thr

{80352} The antigenic compositions disclosed hercin comprise one or more labyrinthin-
derived peptides described herein, which are based, m whole or m part, on the sequence of
labyrinthin (SEQ ID NO:1). In some embodiments, the antigenic composition comprises a
labvrinthin-derived peptide comprising a T-cell epitope and/or a B-cell epitope.

{6653} In some embodiments, the antigenic composition comprises at least two, such as at
feastany of 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, or 15 labyrinthin-derived peptides. In some
embodiments, the labyrinthin-derived peptides described herein have one or more of the
following properties: can be readily synthesized, such as on a cornmercial scale, 1s soluble, such
as in an aqueous solution, has a low pl {e.g., less than about 3.6, such as less than about any of
3.4 or 3.3}, has a desired charge, such as a low charge, binds to a complex, such as to MHC, i
processed by cells for presentation, demonstrates in vive presentation, and {riggers an Imonine
response. Additionally, in some embodiments, the labyrinthin-derived peptides, and
compositions thereof such as antigemic compositions and/or vaccine compositions, described
herein have freeze-thaw stability, e.g., less than 15% of the labyrinthm-derived peptide is
degraded over the course of at least three ficeze-thaw cycles. In some embodiments, the
labvrinthin-derived peptides, and compostitions thereof such as antigenic compositions and/or
vaceine compositions, described herein have room temperature stability, e g., less than 13% of
the labynnthin-derived peptide is degraded over a room temperature incubation of at fcast 6
hours. In some embodiments, the labyrinthin-derived peptide 1s a peptide having a sequence
similarity of at least about 60% similarity, such as at least about any of 63% smularity, 70%
similarity, 75% similarity, 30% similarity, 85% similarity, 90% stmilarity, or 95% smilarity, to
a portion of labyrinthin (SEQ D NG:1}. wherein the labynnthin-derived peptide does not
comprse a terminal proline residue, and wherein the labyrnnthin-derived peptide comprises at
cast one proline residue, such as 2, 3, 4, or 5 proline residues. In some embodiments, the
labyrinthin-derived peptide is a peptide having a sequence simularity of at least about 60%
similarity, such as at least about any of 65% simianty, 70% simdarity, 75% sinularity, 80%
similarity, 85% similarity, 90% smularity, or 93% similarity, to a portion of labyrmthin (SEQ 1D

NO: 13, wherein one terminus of the labyrinthin-derived peptide dogs not comprise a terminal

12
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proline residue, and wherein the labvrinthin-derived pepiide comprises at least one proling
residug, such as 2, 3, 4, or 5 proline residues. In some embodiments, the labyrinthin-derived
peptide 1s between 7 and 50 amino acids o fongth, such as between any of 7 and 25 amuno acids
m length, 7 to 13 amino acids in length, or 21 and 25 amino acids in length. In some
embodiments, the labyrinthin-derived peptide 18 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21.22,23,24,25,26, 27,28, 29,30, 31,32, 33,34, 35,36, 37, 38, 39,40, 41, 42,43, 44, 45 46,
47, 48, 49, or 50 amino acids m length. In some ermbodiments, the labynnthin-derived peptide
has a sequence similarnty of at least about 60% similarity to a portion of labyninthin (SEQ ID
NG 1), such as at least about any of 65% similarity, 70% similarity, 75% similarity, 80%
similarity, 3% similarity, 90% similarity, or 95% similarity. In some embodiments, the
labyrinthin-derived peptide or a derivative thereof has a sequence similanity of at least about
60% similarity to a portion of labyrinthin (5EQ ID NG 1), wherein 1, 2, 3, 4, of § amino acids of
the sequence of the labvrinthin-derived peptide are deleted, substituted, inserted, and/or added to
the labyrinthin-derived peptide, and wherein when a substitution, insertion, and/or addition is
present, a moiety 1s substifuted, inseried, and/or added to the sequence. In some embodiments,
the moiety that is substituted, mserted, or added is a natural amino acid {e.g., g-amino acid ora
L-amino acid or a D-amino acid) or a non-natural aming acid. In some embodiments, the motety
that 1s substituted, inserted, or added 1s an amino acid substitute or a linker. In some
embodiments, the labyrinthin-derived peptide has a pl of between abouot 3 .4 to about 3.1, such as
about 3.3 to about 3.15. In some embodiments, the labyrinthmm-derived peptide has a pl of less
than about 3.4.

[(054] In some embodiments, the antigenic composition comprniges a labyrnthin-derived
peptide comprising a sequence selected from SEQ ID NO:2-32 (Table 2), or vanant thereof In
some embodiments, the labyrinthin-derived peptide comprising a sequence selected from SEQ
1D NG:2-32 (Table 2), or variant thercof, comprises one or two flanking amino acid scquences,
the one or two flanking amino acid sequences added on the terminal ends of the core sequences
provided in SEQ D N(:2-32. In some embodiments, the labyrimthin-derived peptide comprising
one or two flanking anuno acid scquences 18 a peptide having a scquence similarity of at feast
about 60% similarity, such as at feast about anv of 65% similanty, 70% smularity, 75%
similarity, 80% similarity, 85% similarity, 90% similarity, or 95% simularity, to a portion of
fabyrinthin {(SEQ ID NO:1). In some embodiments, the flanking amino acid sequence is based

on the sequence of a portion of labyrinthin (SEQ ID NG:1) and 1s a respective continuation of

13
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the labyrinthin sequence from each core sequence provided m SEQ 1D NO:2-32, such as from

one or two terminal ends of the core sequence. For example, for SEQ 1D NG:3, a first flanking

amino acid sequence of two ammo acids to the left of SEQ 1D NO:3 would be Pro-Ala, and a

second flanking amino acid sequence of two amino acids to the night of SEQ D NG:3 would be

Glu-Ala.

Table 2. Amino acid sequences of labyrinthin-derived peptides or portions thereof,

Aming acid sequence

SEQ ID NO-2

Glu-Pro-Ala

SEQ IDNG:3

Val-Pro-Pro-Glu

SEQ 1D NO4

Glu-Pro-His

SEQ ID NO:5

Ghu-Pro~-Glu

SEQ 1D NO'6

Val-Pro-Val

SEQ ID NG

Glu-Pro-Gin

SEQ ID NO'8

Gly-Pro-Thr

SEQ ID NO:9

Asn-Pro-Asp

SEQ ID NO:10

Ghi-Pro-Val

SEGQ ID NG

Ghi-Pro-Leu

SEQ IDNO: 12

Ala-Pro-Pro-Glu

SEQ ID NO:13

Asn-Pro-Val

SEQ ID NO14

Phe-Pro-Val

SEQ IDNO:15

Val-Pro-Pro-Asp

SEQ IDNDO:16

Ghi-Pro-Ala-Val-Pro-Pro-Glu

SEQ ID NO: 17

Val-Pro-Pro-Glu-Glu-Ala-Glu-Pro-His

SEQ ID NO: 18

Glu-Pro-His-Thr-Glu-Pro-Glu

SEQ ID NO:19

Glo-Pro-Glu-Glu-Gln-Val-Pro-Val

SEQ 1D NO:20

Val-Pro-Val-Glu-Ala-Glu-Pro-Gin

SEQ ID NO:21

Glyv-Pro~The-Gly-Glu-Pro-Gln

SEQ ID NO22

Asn-Pro-Asp-Ser-Ser-Glu-Pro-Val

SEQ ID NO:23

Ala-Pro-Pro-Glu-Asp-Asn-Pro-Val

SEQ ID NO:24

Phe-Pro-Val-Glu-Glu-Gln-Gln-Glu-Val-Pro-Pro-Asp

SEQ ID NO.25

Asp-Gly-Pro-Thr-Gly-Glu-Pro-Gln-Gla-Gly

SEQ ID NO:26

Glu-Gin-Glu-Asn-Pro-Asp-Ser-Ser-Glu-Pro-Val

SEQ IDNG:27

Ala-Pro-Pro-Glu-Asp-Asn-Pro-Val-Glu-Agp

SEQ 1D NO:28

Glu-Glu-Gin-Glo-Glu-Val-Pro-Pro-Asp

SEQ ID NO:29

Gly-Ghu-Asp-Leu-Gln-Gln-Glu-Asp-Gly-Pro-Thr-Gly-Glu-Pro-Gin-Gln-
Glu-Asp-Asp-Glu-Phe-Leu

SEQ D NO:30

Asp-Met-Glu-Glu-Met-Met-Ser-Glu-Gln-Glu-Asn-Pro-Asp-Ser-Ser-Gla-
Pro-Val-Val-Glu-Asp-Glu

SEQ ID NO31

Asn-Glo-Gly-He-Glu-He-Thr-Glu-Val-Thr-Ala-Pro-Pro-Glu-Asp-Asn-Pro-
Val-Glu-Asp-Ser-Gin

SEGQ 1D NO:32

Asp-Ser-Gin-Val-fle-Val-Glu-Glu-Val-5er-He-Phe-Pro-Val-Glu-Glu-Glo-~
Glo-Glu-Val-Pro-Pro-Asp
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6055] In some embodiments, the antigenic composition comprises a labynnthin-derived
peptide comprising SEQ 1D NO:Z or a variant thereof, wherem the labyrinthin-denived peptide
comprises a T-cell epitope and/or a B-cell epitope. In some embodiments, the fabyrinthin-
derived peptide comprises SEQ 1D NO:2 or a variant thereof, wherein the labyrinthin-derived
peptide is between 7 and 50 amine acids in length, such as between any of 7 and 25 amino acids
m length, 7 to 13 anuno acids in length, or 21 and 23 amino acids in length. In sonme
embodiments, the labvrinthin-derived peptide comprises SEQ 1D NO:2 or a variant thereof,
wherein the labyrinthin-derived peptide has a sequence similarity of at least about 60%
similarity to a portion of labynnthin (SEQ 1D NG:1), such as at least about any of 65%
similarity, 70% similarity, 75% siularity, 80% sunilarity, 85% similarity, 90% sinularity, or
95% smmilarity. In some embodiments, the labvrinthin-derived peptide comprises SEQ ID NG:2
or a variant thereof, wherein lor 2 amino acids of the sequence of SEQ 1D NO:2Z are deleted,
substituted, inserted, and/or added to the labvrinthin-derived peptide, and whercin when a
substitution, inseriion, and/or addition is present, a moiety is substituted, nserted, and/or added
to the sequence. In some embodiments, the moiety that 1s substituted, inserted, or added 15 a
natural aminoe acid {e.g., a-amino acid or a L-aminc acid or a D-amino acid) or a non-natural
amino acid. In some emboduments, the moicty that is substituted, inserted, or added is an amino
acid substitute or a linker.

{08656} In some embodiments, the antigenic composition comprises a labyrinthin-derived
peptide comprising SEQ 1D NG:3 or a variant thereof, wherein the labvanthin-derived peptide
comprises a T-cell epitope and/or a B-cell epitope. Tn some embodiments, the labyrnthin-
derived peptide comprises SEQ 1D NO:3 or a variant thereof, wherein the labyvrinthin-derived
peptide is between 7 and 50 amino acids in length, such as between any of 7 and 25 aming acids
m length, 7 to 13 amino acids in length, or 21 and 25 amino acids in length. In some
embodiments, the labvrinthin-derived peptide comprnises SEQ D NO:3 or a variant thereof,
wherein the labyrinthin-denved peptide has a sequence similanty of at least about 60%
similarity to a portion of labyrinthin (SEQ 1D NO:1), such as at least about any of 65%
similanty, 70% similarity, 75% similarity, 80% simularnity, 85% smmlarity, 90% similarity, or
95% simlarity. In some embodiments, the labyrinthin-derived peptide comprises SEQ 1D NG:3
o1 a variant thereof, wherein lor 2 amino acids of the sequence of SEQ 1D NO:3 are deleted,

substituted, inserted, and/or added to the labyrinthin~derived peptide, and wherein when a
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substitution, inseriion, and/or addition is present, a moiety is substituted, nserted, and/or added
to the sequence. In some embodiments, the motety that 1s substituted, inserted, or added is a
natural amino acid (¢.g., o-amino acid or a L-amino acid or a D~amino acid) or a non-natural
amino acid. In some embodiments, the moiety that is substituted, inserted, or added is an amino
acid substitute or a linker.

{8657} In some embodiments, the antigenic composition comprises a labyrinthin-derived
peptide comprising SEQ 1D NG:4 or a variant thereof, wherein the labvanthin-derived peptide
comprises a T-cell epitope and/or a B-cell epitope. Tn some embodiments, the labyrnthin-
derived peptide comprises SEQ 1D NO:4 or a variant thereof, wherein the labyvrinthin-derived
peptide is between 7 and 50 amino acids in length, such as between any of 7 and 25 aming acids
m length, 7 to 13 amino acids in length, or 21 and 25 amino acids in length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ} 1D NO:4 or a variant thereof]
wherein the labyrinthin-denved peptide has a sequence similarity of at least about 60%
similarity to a portion of labyrinthin {(SEQ 1D NO:1), such as at least about any of 65%
similanty, 70% simtlarity, 75% similarity, 80% simularnity, 85% smmlarity, 90% similarity, or
95% simlarity. In some embodiments, the labynnthin-derived peptide comprises SEQ 1D NG:4
o1 a variant thereof, wherein lor 2 amino acids of the sequence of SEQ 1D NO:4 are deleted,
substituted, inserted, and/or added to the labyrinthin~derived peptide, and wherein when a
substitution, insertion, and/or addition is present, a moiety 1s substituted, inserted, and/or added
to the sequence. In some embodiments, the moiety that 1s substituted, mserted, oradded is a
natural amino acid {e.g., g-amino acid or a L-amino acid or a D-amino acid) or a non-natural
ammno acid. In some embodiments, the motety that is substituted, nserted, or added is an amino
acid substitute or a hinker

[6058] In some embodiments, the antigenic composition comprises a labynnthin-derived
peptide comprising SEQ 1D NO5 or a variant thereof, wherem the labyrinthin-denived peptide
comprises a T-cell epitope and/or a B-cell epitope. In some embodiments, the fabyrinthin-
derived peptide comprises SEQ 1D NG5 or a variant thereof, wherein the labyrinthin-derived
peptide is between 7 and 50 amino acids in length, such as between any of 7 and 25 amino acids
m length, 7 to 13 amino acids i length, or 21 and 25 amino acids i length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ ID NO:S or a variant thereof,
wherein the labyninthin-derived peptide has a sequence similarity of at least about 66%

siratlarity to a portion of labynnthin (SEQ 1D NGO:1), such as at least about any of 65%
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similanty, 70% simtlarity, 75% similarity, 80% simularnity, 85% smmlarity, 90% similarity, or
95% simlarity. fn some embodiments, the labyrinthin-derived peptide comprises SEQ 1D NG:5
of a variant thereof, wherein lor 2 anuno acids of the sequence of SEQ 1D NO:5 are deleted.
substituted, mserted, and/or added to the labyrimthun-derived peptide, and wherein when a
substitution, insertion, and/or addition is present, a moiety 1s substituted, inserted, and/or added
to the sequence. In some embodiments, the moiety that 1s substituted, mserted, oradded is a
natural amino acid {e.g., g-amino acid or a L-amino acid or a D-amino acid) or a non-natural
ammno acid. In some embodiments, the motety that 1s substituted, nserted, or added is an amino
acid substitute or a hinker.

{6059] In some embodiments, the antigenic composition comprises a labynnthin-derived
peptide comprising SEQ D NG:7 or a vanant thercof, wherein the labynnthin-derived peptide
comprises a T-cell epitope and/or a B-cell epitope. In some embodiments, the labynnthin-
derived peptide comprises SEQ 1D NO:7 or & variant thereof, wherein the labyrinthin-derived
peptide is between 7 and 50 amino acids in length, such as between any of 7 and 25 amino acids
m length, 7 to 13 amino acids i length, or 21 and 25 amino acids i length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ ID NO:7 or a variant thereof,
wherein the labyninthin-derived peptide has a sequence similarity of at least about 66%
sirailarity to a portion of labynnthin (SEQ 1D NG:1), such as at least about any of 65%
similarity, 70% similarity, 75% similarity, 80% similarity, 85% similarity, 90% similarity, or
95% smmilarity. In some embodiments, the labyrinthin-derived peptide comprises SEQ 1D NG.7
or a variant thereof, wherein lor 2 amino acids of the sequence of SEQ 1D NO.7 are deleted,
substituted, inserted, and/or added to the labyrinthin-derived peptide, and whercin when a
substitution, insertion, and/or addition is present, a moiety s substituted, mserted, and/or added
to the sequence. In some embodiments, the motety that 1s substituted, inserted, or added is a
natural amino acid (¢.g., o-amino acid or a L-amino acid or a D~amino acid) or a non-natural
amino acid. In some embodiments, the moiety that is substituted, inserted, or added is an amino
acid substitute or a linker.

[6060] In some embodiments, the antigenic composition comprises a labyrinthin-denived
peptide comprising SEQ 1D NGO or a vanant thercof, wherein the labvrinthin-denived peptide
comprises a T-cel epttope and/or a B-cell epitope. In some embodiments, the labyrinthin-
derived peptide comprises SEQ 1D NO:8 or a vanant thereof, wherein the labyrinthin-derived

peptide 1s between 7 and 50 amino acids in length, such as between any of 7 and 25 amino acids
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m length, 7 to 13 amino acids i length, or 21 and 25 amino acids i length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ 1D NO:8 or a variant thereof,
wherein the labyrnthin-derived peptide has a sequence similarity of at least about 60%
similarity to a porfion of labyrinthin (SEQ ID NG:1}, such as at least about any of 65%
similarity, 70% similarity, 75% similarity, 80% similarity, 85% similarity, 90% similarity, or
55% similarity. In some embodiments, the labvrinthin-denved peptide comprises SEQ 1D NG:8
or a variant thereof, wherein lor 2 amino acids of the sequence of SEQ 1D NO:8 are deleted,
substituted, inserted, and/or added to the labyrinthin-derived peptide, and whercin when a
substitution, insertion, and/or addition is present, a moiety s substituted, mserted, and/or added
to the sequence. In some embodiments, the motety that 1s substituted, inserted, or added is a
natural amino acid {e.g., a~-amino acid or a L-amino acid or a D-amino acid) or a non-natural
aming acid. In some embodiments, the moiety that is substituted, inserted, or added is an amino
acid substitute or a linker.

{0061 ] In some embodiments, the antigenic composition comprises a labyrinthin-denived
peptide comprising SEG 1D NG9 or a variant thercof, wherein the labvrinthin-denived peptide
comprises a T-cel epttope and/or a B-cell epitope. In some embodiments, the labyrinthin-
derived peptide comprises SEQ 1D NO:9 or a variant thereof, wherein the labyrinthin-derived
peptide s between 7 and 50 amino acids o length, such as between any of 7 and 25 amino acids
in length, 7 to 13 amino acids in length, or 21 and 25 amino acids in length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ D NO:9 or a variant thereof,
wherein the labyrinthin-derived peptide has a scquence similarity of at least about 60%
similarity 1o a portion of labyninthin (SEQ 1D NG: 1), such as at least about any of 65%
similarity, 70% similarity, 75% similarity, 80% smmilarity, 85% smilarity, 90% similarity, or
95% simlarity. In some embodiments, the labyrinthin-derived peptide comprises SEQ 1D NG9
of a variant thereof, wherein lor 2 anuno acids of the sequence of SEQ 1D NO:9 are deleted.
substituted, mserted, and/or added to the labyrimthun-derived peptide, and wherein when a
substitution, insertion, and/or addition is present, a moiety 1s substituted, inserted, and/or added
to the sequence. In some embodiments, the moiety that 1s substituted, mserted, or added is a
natural amino acid {e.g., g-amino acid or a L-amuno acid or a D-amino acid) or a non-natural
amino acid. In some embodiments, the moiety that is substituted, inserted, or added is an amino

acid substitute or a linker.
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(062} In some embodiments, the antigenic composition comprises a labyrinthin-derived
peptide comprising SEQ 1D NO:10 or a vanant thereof, wherein the labyrinthim-derived peptide
comprises a T-cell epitope and/or a B-cell epitope. In some embodiments, the labyrinthin-
derived peptide comprises SEQ 1D NO:10 or a vanant thereof, wherein the labyrinthin-derived
peptide 1s between 7 and 30 aming acids n length, such as between any of 7 and 25 amino acids
in length, 7 to 13 amino acids in length, or 21 and 235 amino acids i length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ 1D NO: 10 or a varant thereof,
wherein the labynnthin-denived peptide has a sequence similanity of at least about 66%
similarity to a portion of labynnthin (SEQ ID NG:1), such as at least about any of 65%
similarity, 70% similarity, 75% similarity, 80% similarity, 85% smnilarity, 90% similarity, or
95% similarity. In some embodiments, the labvrinthin-denved peptide comprises SEQ 1D NG: 10
or g variant thereof, wherein lor 2 amino acids of the sequence of SEQ ID NG 10 are deleted,
substituted, inserted, and/or added to the labyrinthin-derived peptide, and wherein when a
substitution, inscrtion, and/or addition 1s present, a moicty is substituted, inserted, and/or added
to the sequence. In some embodiments, the moiety that 1s substituted, mserted, or added 15 a
natural amine acid (e.g., g-amino acid or a L-amuno acid or 3 D-aming acid) or a non-natural
amino acid. In some embodiments, the moiety that is substituted, inserted, or added is an amino
acid substitute or a linker.

8063} In some embodiments, the antigenic composition comprises a labyrinthin-denved
pepiide comprising SEQ 1D NO:11 or a vanant thercof, wherein the labyrinthin-derived peptide
corapnses a T-cell epitope and/or a B-cell epitope. Tn some embodiments, the labynnthin-
derived peptide comprises SEQ 1D NG: 11 or a vanant thereof, wherein the labyrnthin-derive
peptide 1s between 7 and 50 anuno acids in length, such as between any of 7 and 25 amino acids
m fength. 7 to 13 amino acids in length, or 21 and 25 amine acids in leagth. In some
embodiments, the labyrinthin-derived peptide comprises SEQ 1D NO:11 or a variant thercof,
wherein the labyrinthin-denved peptide has a sequence similanty of at least about 66%
similarity to a portion of labyrinthin (SEQ ID NG: 1), such as at least about any of 65%
similarity, 70% similarity, 75% sumilarity, 80% similarity, 85% similarity, 90% similarity, or
95% similarity. In some embodiments, the labyrinthin-derived peptide comprises SEQ D NO: 11
or a variant thereof, wherein lor 2 amino acids of the sequence of SEQ 1D NG: 11 are deleted,
substituted, mserted, and/or added to the labyrinthin-derived peptide, and wherein when a

substitution, insertion, and/or addition is present, a moiety is substituted, mserted, and/or added

19



CA 03123396 2021-06-14

WO 2020/123964 PCT/US2019/066264

to the sequence. In some embodiments, the moiety that 1s substituted, mserted, or added 15 a
natural aminoe acid {e.g., a-amino acid or a L-aminc acid or a D-amino acid) or a non-natural
amino acid. In some emboduments, the moicty that is substituted, inserted, or added is an amino
acid substitute or a linker.

0064} In some embodiments, the antigenic composition comprises a labyrinthin-denved
pepiide comprising SEQ 1D NO:12 or a vanant thercof, wherein the labyrinthin-derived peptide
corapnses a T-cell epitope and/or a B-cell epitope. Tn some embodiments, the labynnthin-
derived peptide comprises SEQ 1D NG: 12 or a vanant thereof, wherein the labyrnthin-derive
peptide 1s between 7 and 50 anuno acids in length, such as between any of 7 and 25 amino acids
m fength. 7 to 13 amino acids in length, or 21 and 25 amine acids in leagth. In some
embodiments, the labvrinthun~derived peptide comprnises SEQ D NG 12 or a vanant thereof,
wherein the labyrinthin-denved peptide has a sequence similanty of at least about 60%
similarity to a portion of labyrinthin {(SEQ ID NG:1), such as at least about any of 65%
similarity, 70% similarity, 75% sumilarity, 80% similarity, 85% similarity, 90% similarity, or
95% smularity. In some embodiments, the labynnthin-derived peptide comprises SEQ 1D NG 12
or a variant thereof, wherein lor 2 amino acids of the sequence of SEQ 1D NG:12 are deleted,
substituted, mserted, and/or added to the labyrinthin-derived peptide, and wherein when a
substitution, insertion, and/or addition is present, a moiety is substituted, mserted, and/or added
to the sequence. In some embodiments, the moicty that 1s substituted, mserted, or added is a
natural amine acid {e.g., g-amino acid or a L-aming acid or a D-amino acid) or a non-natoral
aming acid. In some cmbodiments, the moiety that is substituted, inserted, or added is an amino
acid substitute or a hinker.

3065] In some embodiments, the antigenic composition comprises a labyninthin-derived
peptide comprising SEQ 1D NO:13 or a varnant thereof, wherein the labyrmthin-derived peptide
comprises a T-cell epitope and/or a B-cell epitope. In some embodiments, the labyrinthin-
derived peptide comprises SEQ 1D NO:13 or a vanant thereof, wherein the labyrinthin-derived
peptide 1s between 7 and 30 aming acids m length, such as between any of 7 and 25 amino acids
m length, 7 to 13 anuno acids in length, or 21 and 23 amino acids in length. In sonme
embodiments, the labyrinthin-derived peptide comprises SEQ D NO:13 or a varant thereof,
wherein the labyrinthin-derived peptide has a sequence similarity of at least about 60%
similarity to a portion of labynnthin (SEQ 1D NG:1), such as at least about any of 65%

siratlanty, 70% similarity, 75% similarity, 80% sunilarity, 85% similanity, 90% sinularity, or
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95% similarity. In some embodiments, the labyrinthin-dernived peptide comprises SEQ D NO: 13
o1 a variant thereof, wherein lor 2 aming acids of the sequence of SEQ 1 NG: 13 are deleted,
substituted, inserted, and/or added to the labyrinthin~derived peptide, and wherein when a
substitution, insertion, and/or addition 1s present, a moicty 1s substituted, mserted, and/or added
to the sequence. In some embodiments, the moicty that 1s substituted, mserted, or added is a
natural amine acid {e.g., g-amino acid or a L-aming acid or a D-amino acid) or a non-natural
aming acid. In some cmbodiments, the moiety that is substituted, inserted, or added is an amino
acid substitute or a hinker.

3866} In some embodiments, the antigenic composition comprises a labyninthin-derived
peptide comprising SEQ 1D NO:14 or a vanant thereof, wherein the labyrinthim-derived peptide
comprises a T-cell epitope and/or a B-cell epitope. In some embodiments, the fabyrinthin-
derived peptide comprises SEQ 1D NO:14 or a variant thereof, wherein the labyrinthin-derived
peptide is between 7 and 30 amine acids in length, such as between any of 7 and 25 amino acids
m length, 7 to 13 anuno acids in length, or 21 and 23 amino acids in length. In sonme
embodiments, the labyrinthin-derived peptide comprises SEQ D NO: 14 or a varant thereof,
wherein the labyrinthin-derived peptide has a sequence similarity of at least about 60%
similarity to a portion of labynnthin (SEQ 1D NG:1), such as at least about any of 65%
siratlanty, 70% similarity, 75% similarity, 80% sunilarity, 85% simularity, 90% sinularity, or
95% similarity. In some embodiments, the labvrinthin-denved peptide comprises SEQ ID NG 14
or a variant thereof, wherein lor 2 amino acids of the sequence of SEQ 1D NO: 14 are deleted,
substituted, inserted, and/or added to the labvrinthin-derived peptide, and whercin when a
substitution, inseriion, and/or addition is present, a moiety is substituted, nserted, and/or added
to the sequence. In some embodiments, the moiety that 1s substituted, inserted, or added 15 a
natural amino acid (e.g., a-amino acid or a L-amino acid or a D-amino acid) or a non-natural
amino acid. In some emboduments, the moicty that is substituted, inserted, or added is an amino
acid substitute or a linker.

8067} In some embodiments, the antigenic composition comprises a labyrinthin-denved
peptide comprising SEQ 1D NO:15 or a vanant thercof, wherein the labyrnthin-derived peptide
comprises a T-cell epitope and/or a B-cell epitope. Tn some embodiments, the labyrnthin-
derived peptide comprises SEQ 1D NO:13 or a vanant thereof, wherein the labyrinthin-derived
peptide is between 7 and 50 amino acids in length, such as between any of 7 and 25 aming acids

m length, 7 to 13 amino acids in length, or 21 and 25 amino acids in length. In some
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embodiments, the labyrinthin-derived peptide comprises SEQ D NO:15 or a varant thereof,
wherein the labyrnthin-derived peptide has a sequence similarity of at least about 60%
sirailarity to a portion of labynnthin (SEQ 1D NGO:1), such as at least about any of 65%
similarity, 70% similarity, 75% siularity, 80% sunilarity, 85% similarity, 90% sinularity, or
95% similarity. In some embodiments, the labyrinthin-derived peptide comprises SEQ ID NQO:15
or a variant thereof, wherein lor 2 amino acids of the sequence of SEQ 1D NG: 15 are deleted,
substituted, inserted, and/or added to the labvrinthin-derived peptide, and whercin when a
substitution, inseriion, and/or addition is present, a moiety is substituted, nserted, and/or added
to the sequence. In some embodiments, the moiety that 1s substituted, inserted, or added 15 a
natural aminoe acid {e.g., a-amino acid or a L-aminc acid or a D-amino acid) or a non-natural
amino acid. In some embodiments, the moiety that is substituted, inserted, or added is an amino
acid substitute or a linker.

{0068] In some embodiments, the antigenic composition comprises a labyrinthin-derived
peptide comprising SEQ 1D NGO 16 or a vanant thereof, wherein the labyonthim-derived peptide
comprises a T-cell epitope and/or a B-cell epitope. Tn some embodiments, the labyrnthin-
derived peptide comprises SEQ 1D NO:16 or a vanant thereof, wherein the labyrinthin-derived
peptide is between 7 and 50 amino acids in length, such as between any of 7 and 25 aming acids
m length, 7 to 13 ammo acids in length, or 21 and 25 amino acids in length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ} 1D N{: 16 or a variant thereof,
wherein the labyrinthin-denved peptide has a sequence similarity of at least about 60%
similarity to a portion of labyrinthin (SEQ 1D NO:1), such as at least about any of 65%
similanty, 70% simtlarity, 75% similarity, 80% simularnity, 85% smmlarity, 90% similarity, or
95% sinularity. In some embodiments, the labyrinthin-derived peptide comprises SEQ D NO:16
or a variant thereof, wherein 1, 2, or 3 amino acids of the sequence of SEQ ID NG 16 are
deleted, substituted, inserted, and/or added to the labvrnthin-derived peptide, and wherein when
a substitution, msertion, and/or addition 1s present, a moiety is substituted, inserted, and/or added
to the sequence. In some embodiments, the moicty that 1s substituted, mserted, or added is a
natural amino acid {e.g., g-amino acid or a L-amino acid or a D-amino acid) or a non-natural
ammno acid. In some embodiments, the motety that 1s substituted, nserted, or added is an amino
actd substitute or a linker.

[(3069] In some embodiments, the antigenic composition comprises a labynnthin-derived

peptide comprising SEQ (D NO:17 or a vanant thercof, wherein the labyrinthin-denived peptide
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comprises a T-cell epitope and/or a B-cell epitope. Tn some embodiments, the labyrnthin-
derived peptide comprises SEQ 1B NO:17 or a varnant thercof, wherein the labyrinthin-derived
peptide 1s between 9 and 50 amino acids o fength, such as between any of 9 and 25 anmuno acids
m length, 9 to 13 amino acids in length, or 21 and 25 amino acids in length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ} 1D N{:17 or a variant thercof,
wherein the labyrinthin-denived peptide has a sequence similarity of at least about 60%
similarity to a portion of labyrinthin (SEQ 1D NO:1), such as at least about any of 65%
similanty, 70% simtlarity, 75% similarity, 80% simularnity, 85% smmlarity, 90% similarity, or
95% sinularity. In some embodiments, the labyrinthin-derived peptide comprises SEQ 1D NO:17
or a variant thereof, wherein 1, 2, or 3 amino acids of the sequence of SEQ ID NG:17 are
deleted, substituted, inserted, and/or added to the labyrnthin-derived peptide, and wherein when
a substitution, nsertion, and/or addition 1s present, a moiety 1s substituted, inserted, and/or added
to the sequence. In some embodiments, the moiety that 1s substituted, mserted, oradded is a
natural amino acid {e.g., g-amino acid or a L-amino acid or a D-amino acid) or a non-natural
ammno acid. In some embodiments, the motety that is substituted, nserted, or added is an amino
actd substitute or a linker.

{6670] In some embodiments, the antigenic composition comprises a labynnthin-derived
peptide comprising SEQ 1D NO:18 or a variant thercof, wherein the labyrinthin-denived peptide
comprises a T-cell epitope and/or a B-cell epitope. In some embodiments, the labynnthin-
derived peptide comprises SEQ 1D NO: 18 or a vanant thereof, wherein the labyanthin-derived
peptide is between 7 and 50 amino acids in length, such as between any of 7 and 25 amino acids
m length, 7 to 13 amino acids i length, or 21 and 25 amino acids i length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ 1D NO:18 or a vanant thereof,
wherein the labyrnthin-derived peptide has a sequence similarity of at least about 60%
siratlarity to a portion of labynnthin (SEQ 1D NO:1), such as at least about any of 65%
similarity, 70% similarity, 75% siularity, 80% sunilarity, 85% simularity, 90% sinularity, or
95% similarity. In some embodiments, the labyvrnthin-denived peptide comprises SEQ ID NG: 18
or a variant thereof, wherein 1, 2, or 3 anuno acids of the sequence of SEQ 1D NG i8 are
deleted, substituted, mserted, and/or added to the labynnthin-derived peptide, and wherein when
a substitution, msertion, and/or addition 18 present, a motety s substituted, mserted, and/or added
to the sequence. In some embodiments, the motety that 1s substituted, inserted, or added is a

natural amino acid (¢.g., o-amino acid or a L-amino acid or a D~amino acid) or a non-natural
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ammno acid. In some embodiments, the motety that is substituted, nserted, or added is an amino
acid substitute or a linker.

{06671} In some embodiments, the antigenic composition comprises a labyrinthin-derived
peptide comprising SEQ D NO:19 or a vanant thereof, wherein the labyrinthin-denived peptide
comprises a T-cell epitope and/or a B-cell epitope. In some embodiments, the labynnthin-
derived peptide comprises SEQ 1D NO:19 or a vanant thereof, wherein the labyrinthin-derived
peptide is between 8 and 50 amino acids in length, such as between any of 10 and 235 amino
acids 1n length, 8 to 13 amino acids in length, or 21 and 25 amino acids m length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ 1D NO:19 or a vanant thereof,
wherein the labynnthin-derived peptide has a sequence similarity of at least about 60%
similarity to a porfion of labyrinthin (S8EQ ID NG: 1}, such as at least about any 0t 63%
similarity, 70% similarity, 75% similarity, 80% similarity, 85% similarity, 90% similarity, or
55% similarity. In some embodiments, the labvrinthin-denved peptide comprises SEQ D NG:19
or a variant thereof, wherein 1, 2, or 3 anuno acids of the sequence of SEQ 1D NG 19 are
deleted, substituted, mserted, and/or added to the labynnthin-derived peptide, and wherein when
a substitution, msertion, and/or addition 18 present, a motety s substituted, mserted, and/or added
to the sequence. In some embodiments, the motety that 1s substituted, inserted, or added is a
natural amino acid (¢.g., o-amino acid or a L-amino acid or a D~amino acid) or a non-natural
aming acid. In some embodiments, the moiety that is substituted, inserted, or added is an amino
acid substitute or a linker.

[6672] In some embodiments, the antigenic composition comprises a labyrinthin-derived
peptide comprising SEQ 1D NO:20 or a vanant thercof, wherein the labyrinthin-derived peptide
comprises a T-cel epttope and/or a B-cell epitope. In some embodiments, the labyrinthin-
derived peptide comprises SEQ 1B NO:20 or a varant thereof, wherein the labyrinthin-derived
peptide 15 between & and 50 amino acids 1o length, such as between any of 10 and 25 ammno
acids in length, 8 to 13 amno acids in length, or 21 and 25 anuno acids in length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ} 1D N{:20 or a variant thercof,
wherein the labyrinthin-derived peptide has a scquence similarity of at least about 60%
similarity 1o a portion of labyninthin (SEQ 1D NG: 1), such as at least about any of 65%
similarity, 70% similarity, 75% similarity, 80% smmilarity, 85% smilarity, 90% similarity, or
95% simularity. In some embodiments, the labyninthin-derived peptide comprises SE 1D NG:20

or a variant thereof, wherein 1, 2, or 3 amino acids of the sequence of SEQ 1D NO:20 are
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deleted, substituted, mserted, and/or added to the labynnthin-derived peptide, and wherein when
a substitution, msertion, and/or addition is present, a moiety is substituted, inserted, and/or added
to the scquence. In some embodiments, the moicty that 15 substituted, mserted, or added s a
natural amino acid {e.g., a~-amino acid or a L-amino acid or a D-amino acid) or a non-natural
aming acid. In some embodiments, the moiety that is substituted, inserted, or added is an amino
acid substitute or a linker.

[6073] In some embodiments, the antigenic composition comprises a labyrinthin-denived
peptide comprising SEG 1D NG:21 or a vanant thereot, wherein the labyvrnthim-denived peptide
comprises a T-cel epttope and/or a B-cell epitope. In some embodiments, the labyrimthin-
derived peptide comprises SEQ 1B NO:21 or a varant thercof, wherein the labyrinthin-derived
peptide is between 7 and 30 amino acids in length, such as between any of 7 and 25 anuno acids
in length, 7 to 13 amino acids in length, or 21 and 25 amino acids in length. In some
embodiments, the labyrinthin-derived peptide compnises SEQ ID N(O:21 or a variant thereof,
wherein the labyrinthin-derived peptide has a scquence similarity of at least about 60%
similarity 1o a portion of labyninthin (SEQ 1D NG: 1), such as at least about any of 65%
similarity, 70% similarity, 75% similarity, 80% smmilarity, 85% smilarity, 90% similarity, or
95% simlarity. In some embodiments, the labyrinthin-derived peptide comprises SEQ 1D NO:21
or a variant thereof, wherein 1, 2, or 3 amino acids of the sequence of SEQ 1D NG:21 are
deleted, substituted, mserted, and/or added to the labvrinthin-denived peptide, and wherein when
a substitution, nsertion, and/or addition 1s present, 3 moiety is substituted, inserted, and/or added
to the sequence. In some embodiments, the moiety that 1s substituted, mserted, or added is a
natural amino acid {e.g., g-amino acid or a L-anmuno acid or a D-amino acid) or a non-natural
amino acid. In some embodiments, the moiety that 1s substituted, inserted, or added is an amino
acid substitute or a linker.

[06674] In some embodiments, the antigenic composition comprises a labyrinthin-derived
peptide comprising SEQ D NO:22 or a vanant thereof, wherein the labyrinthin-denived peptide
comprises a T-cell epitope and/or a B-cell epitope. In some embodiments, the labynnthin-
derived peptide comprises SEQ 1D NO:22 or a vanant thercof, wherein the labyrnthin-derived
peptide 1s between 8 and 50 anmino acids m length, such as between any of 10 and 25 amimno
actds in length, 8 to 13 amino acids m length, or 21 and 25 amino acids in length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ 1D NO:22 or a variant thereof,

wherein the labyrnthin-derived peptide has a sequence similarity of at least about 60%



CA 03123396 2021-06-14

WO 2020/123964 PCT/US2019/066264

similarity 1o a portion of labyninthin (SEQ 1D NG: 1), such as at least about any of 65%
similarity, 70% similarity, 75% similarity, 80% similarity, 85% smnilarity, 90% similarity, or
95% similarity. fn some embodiments, the labvrnthin-derived peptide comprises SEQ 1D NG:22
or a variant thereof, wherein 1, 2, or 3 amino acids of the sequence of SEQ 1D NO:22 are
deleted, substituted, mserted, and/or added to the labvrinthin-denived peptide, and wherein when
a substitution, nsertion, and/or addition 1s present, 3 moiety 1s substituted, inserted, and/or added
to the sequence. In some embodiments, the moiety that 1s substituted, mserted, or added is a
natural amino acid {e.g., g-amino acid or a L-anmuno acid or a D-amino acid) or a non-natural
amino acid. In some embodiments, the moiety that is substituted, inserted, or added is an amino
acid substitute or a linker.

{8675} In some embodiments, the antigenic composition comprises a labyrinthin-dernived
peptide comprising SEQ 1D NO:23 or a vanant thereof, wherein the labyrinthin-derived peptide
compnses a T-cell epitope and/or a B-cell epitope. In some embodiments, the labynnthin-
derived peptide comprises SEQ 1D NO:23 or a vanant thercof, wherein the labyrnthin-derived
peptide 1s between § and 50 anuno acids in length, such as between any of 10 and 25 ammo
actds in length, 8 to 13 amino acids m length, or 21 and 25 amino acids in length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ 1D NO:23 or a variant thereof,
wherein the labyrnthin-derived peptide has a sequence similarity of at least about 60%
similarity to a portion of labyrinthin (8EQ ID NG: 1), such as at least about any of 65%
similarity, 70% similarity, 75% stmilarity, 80% similarity, 85% similarity, 90% similarity, or
95% simtlartty. In some embodiments, the labyrinthin-derived peptide comprises SEQ 1D NO:Z3
or a variant thereof, wherein 1, 2, or 3 amino acids of the sequence of SEQ ID NG:23 are
deleted, substituted, nserted, and/or added to the labynnthin-derived peptide, and wherein when
a substitution, msertion, and/or addition is present, a moiety is substituted, inserted, and/or added
to the scquence. In some embodiments, the moicty that 15 substituted, mserted, or added s a
natural amino acid {e.g., a~-amino acid or a L-amino acid or a D-amino acid) or a non-natural
aming acid. In some embodiments, the moiety that is substituted, inserted, or added is an amino
acid substitute or a linker.

076} In some embodiments, the antigenic composition comprniges a labyrnnthin-derived
peptide comprising SEQ 1D NG:24 or a varnant thereof, wherein the labyrmthin-derived peptide
comprises a 1-ceH epitope and/or a B-cell epitope. In some embodiments, the labyrinthin-

derived peptide comprises SEQ 1D NO:24 or a variant thercof, wherein the labyrinthin-denived
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peptide 1s between 12 and 50 amino acids in length, such as between anv of 12 and 25 amino
acids in length, 12 to 13 amino acids in length, or 21 and 25 amine acids in length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ 1D NO:24 or a variant thercof,
wherein the labyrinthin-denved peptide has a sequence similanty of at least about 66%
similarity to a portion of labyrinthin (8EQ ID NG: 1), such as at least about any of 65%
similarity, 70% similarity, 75% similarity, 30% similarity, 85% smmilarity, 90% similarity, or
95% simtlartty. In some embodiments, the labyrinthin-derived peptide comprises SEQ 1D NG:24
or a variant thereof, wherein 1, 2, or 3 amino acids of the sequence of SEQ ID NG:24 are
deleted, substituted, nserted, and/or added to the labynnthin-derived peptide, and wherein when
a substitution, msertion, and/or addition is present, a moiety is substituted, inserted, and/or added
to the sequence. In some embodiments, the moiety that 1s substifuted, inserted, or added is a
natural amine acid (e.g., g~amino acid or a L-aming acid or a D-amino acid) or a non-natoral
amino acid. In some embodiments, the moiety that is substituted, inserted, or added is an amingo
acid substitute or a linker.

{077} In some embodiments, the antigenic composition comprises a labyrinthin-derived
peptide comprising SEQ ID NGO:25 or a vanant thereof, wherein the labyvrimthin-derived peptide
comprises a 1-ceH epitope and a B-cell epitope. In some embodiments, the labyrinthin-derived
peptide comprises SEQ 1D NO:25 or a variant thercof, wherein the labynnthin-derived peptide 1s
between 11 and 30 amino acids in length, such as between any of 11 and 25 amino acids in
length, 12 to 13 amino acids in length, or 21 and 25 amino acids in length. In some
crabodiments, the labyrinthin-derived peptide comprises SEQ 1D NO:25 or a varant thereof,
wherein the labynnthin-denived peptide has a sequence similanity of at least about 66%
similarity to a portion of labynnthin (SEQ 1D NG:1), such as at least about any of 65%
similarity, 70% similarity, 75% similarity, 80% similarity, 85% smnilarity, 90% similarity, or
95% similarity. fn some embodiments, the labvrinthin-derived peptide comprises SEQ 1D NO:25
or a varant thereof, wherein 1, 2, or 3 amino acids of the sequence of SEQ 1D NO:2S are
deleted, substituted, mserted, and/or added to the labvrinthin-denived peptide, and wherein when
a substitution, insertion, and/or addition i1s present, a moicty is substituted, inserted, and/or added
to the sequence. In some embodiments, the moiety that 1s substituted, mserted, or added 15 a
natural amine acid (e.g., g-amino acid or a L-amino acid or 3 D-aming acid) or a non-natural
amino acid. In some embodiments, the moiety that is substituted, inserted, or added is an amino

acid substitute or a linker.
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[078] In some embodiments, the antigenic composition comprises a labyrinthin-derived
peptide comprising SEQ 1D NO:26 or a vanant thereof, wherein the labyrinthim-derived peptide
comprises a T-cell epitope and a B-cell epitope. In some embodiments, the labvanthin-derived
peptide comprises SEQ 1D NG:26 or a vaniant thercot, wherein the labyrnthin-dernived peptide 15
between 11 and 30 amino acids in length, such as between any of 11 and 25 amino acids in
length, 12 to 13 amino acids in length, or 21 and 25 amino acids in length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ 1D NO:26 or a varant thereof,
wherein the labynnthin-denived peptide has a sequence similanity of at least about 66%
similarity to a portion of labynnthin (SEQ ID NG:1), such as at least about any of 65%
similarity, 70% similarity, 75% similarity, 80% similarity, 85% smnilarity, 90% similarity, or
95% similarity. In some embodiments, the labvnnthin-denived peptide comprises SEQ 1D NG:26
or g variant thereof, wherein 1, 2, or 3 amino acids of the sequence of SEG 1D NO:26 are
deleted, substituted, inserted, and/or added to the labvrinthin-dedved peptide, and wherein when
a substitution, insertion, and/or addition i1s present, a moicty is substituted, inserted, and/or added
to the sequence. In some embodiments, the moiety that 1s substituted, mserted, or added 15 a
natural amine acid (e.g., g-amino acid or a L-amuno acid or a D-aming acid) or a non-natural
amino acid. In some embodiments, the moiety that is substituted, inserted, or added is an amino
acid substitute or a linker.

{8679} In some embodiments, the antigenic composition comprises a labyrinthin-denved
pepiide comprising SEQ 1D NO:27 or a vanant thercof, wherein the labyrinthin-derived peptide
coraprnses a T-cell epitope and a B-cell epitope. In some embodiments, the labyrinthin-derived
peptide comprises SEQ [ NO:27 or a varnant thereof, wherein the labyrinthin-denived peptide 1s
between 11 and 50 amino acids m length, such as between any of 11 and 25 amino acids in
length, 11 to 13 amino acids in length, or 21 and 25 amino acids in length. In some
embodiments, the labyrinthin-derived peptide comprises SEQ 1D NO:27 or a variant thercof,
wherein the labyrinthin-denved peptide has a sequence similanty of at least about 66%
similarity to a portion of labyrinthin (SEQ ID NG: 1), such as at least about any of 65%

ot 5
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similarity, 70% similarity, 75% sumilarity, 80% similarity, 85% similarity, 90% similarity, or
95% similarity. In some embodiments, the labyrnnthin-derived peptide comprises SEQ D NO:27
or a variant thereof, wherein 1, 2, or 3 amino acids of the sequence of SEQ ID NG:27 are
deleted, substituted, nserted, and/or added to the labyrinthin-derived peptide, and wherein when

a substitution, msertion, and/or addition is present, a moiety is substituted, inserted, and/or added
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to the sequence. In some embodiments, the moiety that 1s substituted, mserted, or added 15 a
natural amino acid (e.g., a-amino acid or a L-amino acid or a D-amino acid) or a non-natural
amino acid. In some emboduments, the moicty that is substituted, inserted, or added is an amino
acid substitute or a linker.

e In some embodiments, the antigenic composition comprises a labyrinthin-denved
pepiide comprising SEQ 1D NO:28 or a vanant thercof, wherein the labyrinthin-derived peptide
corapnses a T-cell epitope and/or a B-cell epitope. Tn some embodiments, the labynnthin-
derived peptide comprises SEQ 1D NO:28 or a variant thereof, wherein the labyrinthin-derive
peptide is between 10 and 30 amino acids in length, such as between any of 10 and 25 amino
acids in length, 10 to 13 amino acids in length, or 21 and 25 amine acids in length. In some
embodiments, the labvrinthun~-derived peptide comprnises SEQ D N(G:28 or a vanant thereof,
wherein the labyrinthin-denved peptide has a sequence similanty of at least about 60%
similarity to 3 portion of labyrinthin {(S§EQ ID NO:1), such as at least about any of 65%
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similarity, 70% similarity, 75% sumilarity, 80% similarity, 85% similarity, 90% similarity, or
95% similarity. In some embodiments, the labyrmthin-derved peptide comprises SEQ 1D NO:28
or a variant thereof, wherein 1, 2, or 3 amino acids of the sequence of SEQ ID NG:28 are
deleted, substituted, nserted, and/or added to the labyrinthin-derived peptide, and wherein when
a substitution, msertion, and/or addition is present, a moiety is substituted, inserted, and/or added
to the sequence. In some embodiments, the moicty that 1s substituted, mserted, or added is a
natural amine acid {e.g., g-amino acid or a L-aming acid or a D-amino acid) or a non-natoral
aming acid. In some cmbodiments, the moiety that is substituted, inserted, or added is an amino
acid substitute or a hinker.

6081} In some embodiments, the antigenic composition comprises a labyninthin-derived
peptide comprising SEQ 1D NO:29 or a varnant thereof, wherein the labyrimthin-derived peptide
comprises a T-cell epitope and a B-cell epitope. fn some embodiments, the labvrnthin-derived
peptide comprises SEQ 1D NG:29 or a vaniant thercot, wherein the labyrnthin-dernived peptide 15
between 22 and 50 amino acids in length. In some embodiments, the labyrinthin-derived peptide
comprises SEQ D NO:29 or a vanant thercof, wherein the labvrinthin-derived peptide has a
sequence similarity of at least about 60% similarnity to a portion of labyrinthin (SEQ 1D NG: 1),
such as at least about any of 65% similarity, 70% similanty, 73% similarity, 80% similarity,
85% simlarity, 90% similarity, or 95% similarity. In some embodiments, the labvrinthin-derived

peptide comprises SEQ 1D NO:29 or a vanant thereof, wherein 1, 2, 3, 4, or 5 amino acids of the
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sequence of SEQ D NO:29 are deleted, substituted, inseried, and/or added {o the labyrinthin-
derived peptide, and wherein when a substitution, insertion, and/or addition is present, a moicty
1s substituied, inserted, and/or added to the sequence. In some embodiments, the moiety that is
substituted, mserted, or added 1s a natural amino acid {(e. 2., g-amino acid or a L-amino acid or a
D-amine acid) or a non-natural aning acid. In some embodiments, the moiety that 1s substituted,
mserted, or added is an amino acid substitute or a linker.

[0082] In some embodiments, the antigenic composition comprises a labyrinthin-denived
peptide comprising SEG 1D NG:30 or a vanant thereot, wherein the labyvrnthim-denived peptide
comprises a T-cell epitope and a B-cell epitope. In some embodiments, the labyrinthin-derived
peptide comprises SEQ 1D NO:30 or a vanant thereof, wherein the labynanthin-derived peptide is
between 22 and 30 amino acids in length. In some embodiments, the labyrinthin-derived peptide
comprises SEQ ID N(G:30 or a vanant thereof, wherein the labyrinthin-derived peptide has a
sequence similarity of at least about 60% similarity to a portion of labyrinthin (SEQ 1D NO: 1),
such as at least about any of 65% simiarity, 70% similarity, 75% simulanty, 80% similanty,
85% smmlarity, 90% similarity, or 95% similanty. In some embodiments, the labvrinthin-derived
peptide comprises SEQ 1D NO:30 or a vanant thereof, wherein 1, 2, 3, 4, or 5 amino acids of the
sequense of SEQ 1D NO:30 are deleted. substituted, inserted, and/or added to the labyrinthin-
derived peptide, and wherein when a substitution, insertion, and/or addition is present, a moicty
is substituted, mnserted, and/or added to the sequence. In some embodiments, the moiety that is
substituted, inserted, or added is a natural amino acid {e.g., g-amino acid or a L-aminc acid ora
D-amino acid) or a non-natural amino acid. In some embodiments, the moiety that is substituted,
mserted, or added 15 an amuno acid substitute or a linker,

G083 In some embodiments, the antigenic composition comprises a labyninthin-derived
peptide comprising SEQ 1D NO:31 or a vanant thereof, wherein the labyrinthim-derived peptide
comprises a T-cell epitope and a B-cell epitope. In some embodiments, the labvanthin-derived
peptide comprises SEQ 1D NG:31 or a vaniant thercot, wherein the labyrnthin-dernived peptide 15
between 22 and 30 amino acids in length. In some embodiments, the labyrinthin-derived peptide
comprises SEQ 1D NO:31 or a vanant thercof, wherein the labvrinthin-derived peptide has a
sequence similarity of at least about 60% similarnity to a portion of labyrinthin (SEQ 1D NG: 1},
such as at least about any of 65% similarity, 70% similanty, 73% similarity, 80% similarity,
85% simlarity, 90% similarity, or 95% similarity. In some embodiments, the labyrinthin-derived

peptide comprises SEQ 1D NO:31 or a vanant thereof, wherein 1, 2, 3, 4, or 5 amino acids of the
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sequence of SEQ D NO:31 are deleted, substituted, inseried, and/or added {o the labyrinthin-
derived peptide, and wherein when a substitution, insertion, and/or addition is present, a moicty
1s substituted, inserted, and/or added to the sequence. In some embodiments, the moiety that is
substituted, mserted, or added 1s a natural amino acid {(e. 2., g-amino acid or a L-amino acid or a
D-amine acid) or a non-natural aning acid. In some embodiments, the moiety that 1s substituted,
mserted, or added is an amino acid substitute or a linker.

[0084] In some embodiments, the antigenic composition comprises a labyrinthin-denived
peptide comprising SEG 1D NG:32 or a vanant thereot, wherein the labyvrnthim-denived peptide
comprises a T-cell epitope and a B-cell epitope. In some embodiments, the labyrinthin-derived
peptide comprises SEQ 1D N(O:32 or a vanant thereof, wherein the labynanthin-derived peptide is
between 23 and 30 amino acids in length. In some embodiments, the labyrinthin-derived peptide
comprises SEQ ID N(G:32 or a vanant thereof, wherein the labyrinthin-derived peptide has a
sequence similarity of at least about 60% similarity to a portion of labyrinthin (SEQ 1D NO: 1),
such as at least about any of 65% simiarity, 70% similarity, 75% similanty, 80% similanty,
85% smmlarity, 90% similarity, or 95% similanty. In some embodiments, the labvrinthin-derived
peptide comprises SEQ 1D NO:32 or a vanant thereof, wherein 1, 2, 3, 4, or 5 amino acids of the
sequenae of SEQ 1D NO:32 are deleted. substituted, inserted, and/or added to the labyrinthin-
derived peptide, and wherein when a substitution, insertion, and/or addition is present, a moicty
is substituted, mnserted, and/or added to the sequence. In some embodiments, the moiety that is
substituted, inserted, or added is a natural amino acid {e.g., g-amino acid or a L-aminc acid ora
D-amino acid) or a non-natural amino acid. In some embodiments, the moiety that is substituted,
mserted, or added 15 an amuno acid substitute or a linker,

[B0&S] In some embodiments, the antigenic composition comprises one or more labyrinthin-
derived peptides selected from the group comprising: (a} a first peptide comprising SEQ ID
MNO:Z5 or a varant thereof; (b) a second peptide comprising SEQ 1D NO:26 or a vaniant thereof]
{c} a third peptide comprismng SEQ 1D NO:27 or a vanant thereof; and (d) a fourth peptide
comprising SEQ 1D NO:28 or a variant thereof, wherein cach peptide comprises a T-cell epitope
and a B-¢cell epitope.

[(086] In some embodiments, the first peptide comprising SEQ D NO:25 or a vanant
thereof is between 11 and 50 amino acids in length, such as between any one of 11 and 45 amino
acids in length, 11 and 40 amino acids in length, 11 and 35 amino acids in length, 11 and 30

amino acids in length, 11 and 235 amino acids in length, 135 and 30 amino acids i length, 20 and
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30 amuno acids m length, or 21 and 25 anmino acids m length. In some embodiments, the first
peptide comprising SEQ 1D NG:25 or a variant thereof is at least 11 amino acids in length, such
as least any of 12 amino acids in length, 13 amino acids m length, 14 amino acids in length, 15
amino acids in length, 16 amino acids in length, 17 amino acids in length, 18 amino acids
length, 19 amino acids in length, 20 amino acids in length, 21 anuno acids in length, 22 amino
acids in length, 23 amino acids in length, 24 amino acids in length, 25 amino acids in length, 26
amino acids i length, 27 amino acids n length, 28 amine acids n length, 29 anuinpo acids n
length, 30 amino acids in length, 31 amino acids in length, 32 amino acids in length, 33 amino
actds in length, 34 amino acids in length, 35 amino acids m length, 36 amino acids m length, 37
amino acids in length, 38 amino acids in length, 39 amino acids in length, 40 amino acids in
length, 41 amino acids in length, 42 amino acids in length, 43 amino acids n length, 44 ammo
acids in length, 45 amino acids in length, 46 amino acids in length, 47 amino acids o length, 48
aming acids in length, 49 amino acids in length, or 30 amino acids in length. In some
cmbodiments, the first peptide comprsing SEQ 1D NO:235 or a vanant thercof is no greater than
50 amino acids m length, such as no greater than any of 49 amino acids in length, 48 ammo
actds in length, 47 amino acids in length, 46 amino acids m length, 45 amino acids m length, 44
amino acids in length, 43 amino acids in length, 42 amino acids in length, 41 amino acids in
length, 40 amino acids in length, 39 amino acids in length, 38 amino acids i length, 37 ammno
acids in length, 36 amino acids in length, 35 amino acids in length, 34 amino acids in length, 33
amino acids in length, 32 amino acids in length, 31 amino acids in length, 30 anino acids in
length, 29 amino acids in length, 28 amino acids in length, 27 amino acids in length, 26 amino
acids 1o length, 25 amino acids in length, 24 amino acids in length, 23 amino acids in length, 22
amino acids in length, 21 amino acids in length, 20 amuno acids in length, 19 amino acids
length, 13 amino acids in length, 17 amino acids in length, 16 amino acids in length, or 15 amino
acids in length. In some embodiments, the first peptide comprising SEQ 1D NO:25 or a vanant
thereot1s 11 amino acids in length, 12 amino acids in fength, 13 amino acids n length, 14 amino
acids in length, 15 amino acids in length, 16 amino acids in length, 17 amino acids mn length, 18
aming acids in length, 19 amino acids m length, 20 amino acids in length, 21 amino acids in
length, 22 amino acids in length, 23 amino acids in length, 24 amino acids in length, 25 ammo
actds in length, 26 amino acids in length, 27 amino acids m length, 28 amino acids m length, 29
amino acids in length, 30 amino acids in length, 31 amino acids in length, 32 amino acids in

length, 33 amino acids in length, 34 amino acids in length, 35 amino acids in length, 36 amino
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acids 1n length, 37 amino acids in length, 38 amino acids in length, 39 amino acids in length, 40
amino acids in length, 41 amino acids in length, 42 amino acids in length. 43 amino acids in
length, 44 amino acids 1 fength, 45 amino acids 1 length, 46 amino acids in length, 47 ammo
acids in length, 48 amino acids in length, 49 amino acids in length, or 530 amino acids m length.
{6087} In some embodiments, the first peptide comprises SEQ 1D NG: 25 In some
embodiments, the first peptide compnising SEQ 1D NO:25 5 SEQ I3 NG:29. In some
cmbodiments, the first peptide comaprising SEQ 1D NO:235 or variant thercof is a vanant of SEQ
1D NG:29, wherein at least one amino acid of the sequence of SEQ 1D NO:29 1s substituted,
deleted, mserted, and/or added to the first peptide. In some embodiments, the first peptide
comprising SEQ ID NG 25 or variant thergof is a variant of SEQ 1D NO:29, whergin 1,2, 3, 4,
or 5 amino acids of the sequence of SEQ [D N(O:29 are deleted, substituted, mserted, and/or
added to the first peptide, and wherein when a substitution, nsertion, and/or addition 1s present,
a molety is substituted, mserted, and/or added to the sequence. In some embodiments, the moiety
that is substituted, inserted, or added is a natural amino acid {e.g., a-anmino acid or a L-amino
acid or a D-anuno acid} or a non-natural amino acid. In some embodiments, the moiety that is
subatituted, mseried, or added 18 an amino acid substitute or a linker,

HEERY In some embodiments, the first peptide comprising SEQ 1D NO:25 or a variant
thercof i1s substantially homologous 1o a portion of labyrinthin (SEQ 1D NO:1). In some
embodiments, the first peptide comprising SEQ 1B NO:25 or a variant thereof has a sequence
similarity of at least about 60% similarity to a portion of labvrinthin (SEQ ID NGO 1), such as at
least about any of 63% similanty, 70% similarity, 75% sinularnity, 80% similarity, 85%
similanty, 90% simularity, or 95% similarity. In some embodiments, the vanant of SEQ ID
N(G:29 has a sequence similarity of at least about 60% similarity to a portion of labyrinthin (SE(
1D NG: 1), such as at least about any of 65% simularity, 70% similanity, 73% similarity, 80%
sirailanty, 853% similarity, 90% smilarity, or 95% similarity.

0089} In some embodiments, the second peptide comprising SEQ 1D NG:26 or a variant
thercof 1s between 12 and 30 amine acids in length, such as between any one of 12 and 45 amino
acids in length, 12 and 40 amino acids in length, 12 and 35 amino acids mn length, 12 and 30
amino acids in length, 12 and 25 amino acids in length, 15 and 30 amino acids in length, 20 and
30 amino acids i length, or 21 and 25 amino acids in length. In some embodiments, the second
peptide comprising SEQ 1D NG:26 or a variant thereof is at least 12 amino acids in length, such

as least any of 13 amino acids in length, 14 amino acids in length, 15 ammno acids in fength, 16
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amino acids in length, 17 amino acids in length, 18 amino acids i length, 19 anuno acids m
length, 20 amino acids in length, 21 amino acids in length, 22 amino acids in length, 23 amino
acids in fength, 24 amino acids i length, 25 amino acids in length, 26 anuno acids n length, 27
amino acids in length, 28 amino acids in length, 29 amino acids in length, 30 amino acids
length, 31 amino acids in length, 32 amino acids in length, 33 anuno acids in length, 34 amino
acids in length, 35 amino acids in length, 36 amino acids in length, 37 amino acids in length, 33
amino acids n length, 39 amino acids i length, 40 amino acids in length, 41 anuno acids in
length, 42 amino acids in length, 43 amino acids in length, 44 amino acids in length, 45 ammo
actds in length, 46 amino acids in length, 47 amino acids 1 length, 48 amino acids m length, 49
amino acids in length, or 50 amino acids in length. In some embodiments, the second peptide
comprising SEQ 1D NO:26 or a vanant thereof 13 no greater than 50 amino acids in length, suc
as no greater than any of 49 ammne acids in length, 48 amino acids in length, 47 amine acids i
length, 46 amino acids in length, 45 amino acids in length, 44 amino acids in length, 43 amino
acids in length, 42 amino acids in length, 41 amino acids in length, 40 amino acids 1n length, 39
amino acids in length, 38 amino acids in length, 37 amino acids i length, 36 anuno acids m
length, 35 aminoe acids in length, 34 amimno acids in length, 33 amine acids in length, 32 amino
acids in length, 31 amino acids in length, 30 amino acids in length, 29 amino acids m length, 28
amino acids in length, 27 amino acids in length, 26 amino acids in length, 25 amino acids i
length, 24 amino acids in length, 23 amino acids in length, 22 amino acids in length, 21 amino
acids in length, 20 amino acids in length, 19 aminoc acids in length, 18 amino acids i fength, 17
amino acids in length, 16 amino acids n length, or 15 amino acids in length. In some
embodiments, the second peptide comprising SEQ 1D NO:26 or a vanant thereofis 12 amino
actds in length, 13 amino acids in length, 14 amino acids m length, 15 amino acids m length, 16
amino acids in length, 17 amino acids in length, 18 amino acids in length, 19 amino acids in
length, 20 amino acids in length, 21 amino acids in length, 22 amino acids in length, 23 ammno
acids in length, 24 amino acids in length, 23 amino acids in length, 26 amino acids mn length, 27
amino acids m length, 28 amino acids i length, 29 ammno acids in length, 30 amino acids in
length, 31 amino acids in length, 32 amino acids in length, 33 amino acids in length, 34 amino
acids 1n length, 35 amino acids i length, 36 amino acids in length, 37 amino acids m length, 38
amino acids in length, 39 amino acids in length, 40 amuno acids in length, 41 amino acids

length, 42 amino acids in length, 43 amino acids in length, 44 amino acids in length, 45 amino
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actds 1n length, 46 amino acids in length, 47 amine acids in length, 48 amino acids in length, 49
amingo acids in length, or 50 amino acids in length.

{6696] In some embodiments, the second peptide comprises SEQ 1D NO:26. In some
embodiments, the second peptide comprising SEQ 1D NG:26 15 SEQ ID NG:30. In some
embodiments, the second peptide comprising SEQ ID NG:26 or variant thereof is a variant of
SEQ 1D NO:30, wherein at least one aming acid of the sequence of SEQ 1D NO:26 15
substituted, deleted, inserted, and/or added to the first peptide. In some embodiments, the second
peptide comprising SEQ 1D NG:26 or vanant thereof 1s a varant of SEQ 1D NO:30, wherein |,
2.3, 4, or 5 aming acids of the sequence of SEQ 1D NG:30 are deleted, substituted, inserted,
and/or added to the first peptide, and wherein when a substitution, msertion, and/or addition is
present, a motety 1s substituted, inserted, and/or added to the sequence. In some embodiments,
the moiety that is substituted, nserted, or added 18 a natural aming acid {e. 2., gramino acid or a
L-amino acid or a B-amine acid) or a non-natural amine acid. In some embodiments, the moiety
that is substituted, mserted, or added 1s an anmuno acid substitute or 3 linker.

{6091 In some embodiments, the second peptide comprising SEQ [D N(G:26 or a vanant
thereof is substantially homologous to a portion of labyrinthin (SEQ ID NG:1). In some
embodiments, the second peptide comprising SEQ 1D NG:26 or a variant thereof has a sequence
sirailarity of at least about 60% similanty to a portion of labvrnthin (SEQ 1D NO: 1), such as at
least about any of 65% similarity, 70% similarity, 75% similarity, 80% similarity, 85%
similarity, 90% similarity, or 95% similarity . In some embodiments, the vanant of SEQ ID
NO:30 has a sequence similarity ot at least about 60% similarity to a portion of labynnthin (SEQ
1D NG:1), such as at least about any of 65% similarity, 70% similarity, 75% sumilarity, 80%
similarity, 85% similarity, 90% similarity, or 95% similarity.

[092] In some embodiments, the third peptide comprising SEQ ID N{:27 or variant thereof
1s between 11 and 50 anuino acids in length, such as between any one of 11 and 45 anuno acids
m length, 11 and 40 amino acids in length, 11 and 35 anuno acids 1n length, 11 and 30 amino
acids in length, 11 and 25 amino acids in length, 15 and 30 amino acids m length, 20 and 30
amine acids in length, or 21 and 25 amine acids in length. fn some embodiments, the third
peptide comprising SEQ 1D NG:27 or a variant thereot'1s at least 11 amino acids in length, such
as least any of 12 amino acids in length, 13 amino acids m length, 14 amino acids in length, 15
amino acids in length, 16 amino acids in length, 17 amino acids in length, 18 amino acids in

length, 19 amino acids in length, 20 amino acids in length, 21 amino acids in length, 22 ammno
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acids 1n length, 23 amino acids in length, 24 amino acids in length, 25 amino acids in length, 26
amino acids in length, 27 amino acids in length, 28 amino acids in length, 29 amino acids in
length, 30 amino acids in length, 31 amino acids in length, 32 amino acids i length, 33 ammno
acids in length, 34 amino acids in length, 33 amino acids in length, 36 amino acids mn length, 37
amino acids m length, 38 amino acids i length, 39 ammno acids in length, 40 amino acids in
length, 41 amino acids in length, 42 amino acids in length, 43 amino acids in length, 44 amino
acids in length, 435 amino acids in length, 46 amino acids in length, 47 amino acids o length, 48
amino acids in length, 49 amino acids in length, or 50 amino acids in length. In some
embodiments, the third peptide compnsing SEQ 1D NG:27 or a variant thereof 1s no greater than
50 amino acids in length, such as no greater than any of 49 amino acids in length, 48 amino
acids in length, 47 amino acids in length, 46 amino acids in length, 45 amino acids n length, 44
amino acids m length, 43 amino acids i length, 42 ammno acids in length, 41 amino acids in
length, 40 amino acids in length, 39 amino acids in length, 38 amino acids in length, 37 amino
acids in length, 36 amino acids in length, 35 amino acids in length, 34 amino acids n length, 33
amino acids in length, 32 amino acids in length, 31 amino acids i length, 30 anuno acids m
length, 29 amino acids in length, 28 amino acids in length, 27 amino acids in length, 26 ammo
acids in fength, 25 amino acids in length, 24 amino acids in length, 23 amino acids i length, 22
amino acids in length, 21 amino acids o length, 20 amino acids in length, 19 amino acids in
length, 18 amino acids in length, 17 amino acids in length, 16 amino acids in length, or 15 amino
acids in length. In some embodiments. the third peptide comprising SEQ 1D N(:27 or a variant
thercof 1s 11 amino acids mn length, 12 amino acids in length, 13 anuno acids in length, 14 anino
acids 1n length, 15 amino acids i length, 16 amino acids in length, 17 amino acids m length, 18
amino acids in length, 19 amino acids n length, 20 amuno acids in length, 21 amino acids
length, 22 amino acids in length, 23 amino acids in length, 24 amino acids in length, 25 amino
acids in fength, 26 amino acids o length, 27 amino acids in length, 28 anuno acids i length, 29
amine acids in length, 30 amino acids in length, 31 amino acids in length, 32 amino acids in
length, 33 amino acids in length, 34 amino acids in length, 35 amino acids in length, 36 amino
acids in length, 37 amino acids in length, 38 amino acids in length, 39 amino acids 1n length, 40
amino acids in length, 41 amino acids in length, 42 amino acids i length, 43 anuno acids m
length, 44 amino acids in length, 45 amimno acids in length, 46 amine acids in length, 47 amino

acids in length, 48 amino acids in fength, 49 amino acids in fength, or 50 amino acids in length.
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[6093] In some embodiments, the third peptide comprises SEQ ID NO:27. In some
embodiments, the third peptide comprising SEQ 1D NG:27 5 SEQ 1D NG:31 . In some
embodiments, the third peptide comprising SEQ 1D NO:27 or variant thereof is a vanant of SEQ
ID NG:31, wherein at least one amino acid of the sequence of SEQ 1D NO:27 1s substituted,
deleted, mnserted, and/or added to the first peptide. In some embodiments, the third peptide
comprising SEQ I NG:27 or variant thereof is a vaniant of SEQ ID NO:31, wherein 1,2, 3, 4,
or 3 anuino acids of the sequence of SEQ 1D N(O:31 are deleted, substituted, nserted, and/or
added to the first peptide, and wherein when a substitution, insertion, and/or addition is present,
a moiety is substituted, inserted, and/or added to the sequence. In some embodiments, the motety
that is substituted, 1nserted, or added is a natural amine acid {e.g., g-amino acid or a L-amino
acid or a D-amino acid)} or a non-natural aminoe acid. In some embodiments, the moiety that is
substituted, inserted, or added is an amino acid substitute or g linker.

{8094} In some embodiments, the third peptide comprising SEQ 1D NO:27 or a variant
thercof 1s substantiallv homologous to a portion of labvanthin (SEQ 1D NO: 1), In some
embodiments, the third peptide comprising SEQ 1D NO:27 or a variant thereof has a sequence
similarity of at least about 60% similarnity to a portion of labyninthin (SEQ ID NO: 1), such as at
least about any of 63% similarity, 70% similarity, 75% simiarnty, 80% similarity, 85%
sirailanty, 90% similarity, or 95% similarity. In some embodiments, the variant of SEQ 1D
NO:31 has a sequence similarity of at least about 60% similarity to a portion of labynnthin (SEQ
1D NGO 1), such as at feast about any of 65% similarity, 70% similarity, 75% similarity, 80%
similarity, 85% similarity, 90% smmilarity, or 95% similarity.

[3095] In some embodiments, the fourth peptide comprising SEQ ID NG:28 or a variant
thereof is between 10 and 50 amino acids in length, such as between any one of 10 and 45 amino
acids in length, 10 and 40 amino acids in length, 10 and 35 amino acids in length, 10 and 30
amino acids in length, 10 and 235 amino acids in length, 10 and 30 amino acids i length, 20 and
30 amino acids m length, or 21 and 25 amino acids i length. In some embodiments, the fourth
peptide comprising SEQ 1D NO:28 or a vanant thereof is at least 10 amino acids in length, such
as least any of 11 anuno acids in length, 12 anuno acids in length, 13 amino acids in length, 14
amino acids in length, 15 amino acids in length, 16 amino acids in length, 17 anuno acids m
length, 18 amino acids in length, 19 amino acids in length, 20 amino acids in length, 21 ammo
acids in length, 22 amino acids in length, 23 amino acids in length, 24 amino acids in length, 25

amino acids in length, 26 amino acids in length, 27 amino acids in length, 28 amino acids i
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length, 29 amino acids in length, 30 amino acids in length, 31 amino acids in length, 32 ammo

acids in length, 33

amino acids wn length, 34 amino acids in length, 35 amino acids in length, 36
amino acids in length, 37 amino acids o length, 38 amino acids in length, 39 amino acids i
length, 40 amino acids in length, 41 amino acids in length, 42 amino acids n length, 43 ammo
acids in length, 44 amino acids in length, 45 amino acids in length, 46 amino acids in length, 47
amino acids in length, 48 amino acids in length, 49 amino acids i length, or 30 amine acids in
length. In some embodiments, the fourth peptide comprising SEQ 1D NO:28 or a variant thereof
1s no greater than 50 amino acids m length, such as no greater than any of 49 amino acids in
length, 48 amino acids in length, 47 amino acids in length, 46 amino acids in length, 45 ammo
acids in length, 44 amino acids in length, 43 amino acids in length, 42 amino acids in length, 41
amino acids in length, 40 amino acids in length, 39 amino acids in length, 38 amino acids
length, 37 amino acids in length, 36 amino acids in length, 35 amino acids in length, 34 amino
acids in length, 33 amino acids in length, 32 amino acids in length, 31 amino acids in length, 30
aming acids in length, 29 amino acids m length, 28 amino acids in length, 27 amino acids in
length, 26 amino acids in length, 25 amino acids in length, 24 amino acids in length, 23 amino
actds in length, 22 amino acids in length, 21 amino acids m length, 20 amino acids m length, 19
amino acids in length, 18 amino acids in length, 17 amino acids in length, 16 amino acids in
length, or 15 amino acids in length. In some embodiments, the fourth peptide comprising SEQ
1D NO:28 or a variant thereof is 10 amimno acids in length, 11 amino acids in length, 12 amine
acids in length, 13 amino acids in length, 14 amino acids in length, 15 amino acids in length, 16
aming acids in length, 17 amino acids m length, 18 amino acids in length, 19 amino acids in
length, 20 amino acids in length, 21 amino acids in length, 22 amino acids in length, 23 amino
actds in length, 24 amino acids in length, 25 amino acids m length, 26 amino acids m length, 27
amino acids in length, 28 amino acids in length, 29 amino acids in length, 30 amino acids in
length, 31 amino acids in length, 32 amino acids in length, 33 amino acids in length, 34 ammno
acids in length, 33 amino acids in length, 36 amino acids m length, 37 anuno acids n length, 38
amino acids m length, 39 amino acids i length, 40 amino acids in length, 41 amino acids in
length, 42 amino acids in length, 43 amino acids in length, 44 amino acids in length, 45 amino
actds 1n length, 46 amino acids in length, 47 amine acids in length, 48 amino acids i length, 49
amino acids in length, or 50 amino acids in length.

{(096] In some embodiments, the fourth peptide comprises SE(Q 1D NO:28. In some
embodiments, the fourth peptide comprising SEQ 1D NG:28 15 SEQ 1D NO:32. In some
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embodiments, the fourth peptide comprising SEQ D NO:28 or vanant thereof 1s a vanant of
SEQ ID NQO:32, wherein at least one amino acid of the sequence of SEQ 1D NO:32 15
substituted, deleted, mseried, and/or added to the first peptide. In some embodiments, the fourth
peptide comprising SEQ {D NO:28 or vanant thereof is a vanant of SEQ 1D NG:32, wherein 1,
2,3, 4, or 5 amino acids of the sequence of SEQ ID NO:32 are deleted, substituted, inserted,
and/or added o the first peptide, and wheren when a substitution, insertion, and/or addition is
present, a moicty 18 substituted, mnserted, and/or added to the sequence. In some embodiments,
the moiety that is substituted, inserted, or added is a natural amino acid {e.g., g-amino acid or a
L-amino acid or a B-amino acid) or a non-natoral amino acid. In some embodiments, the moiety
that is substituted, inserted, or added is an amino acid substitute or a linker.

{8657} In some embodiments, the fourth peptide comprising SEQ 1D NO:28 or a vanant
thereof 1s substantially homologous to a portion of labyrinthin (SEQ 1D NG:1). In some
embodiments, the fourth peptide comprising SEQ 1D NO:28 or a variant thereof has a sequence
sinularity of at least about 60% similarity to a portion of labyrinthin (SEQ 1D NO: 1), such as at
cast about any of 65% similanty, 70% similarity, 75% similanty, 0% smilanity, 85%
similarity, 90% similarity, or 95% similarity. In some embodiments, the variant of SEQ 1D
NG:32 has a sequenae similarity of at least about 60% similarity to a portion of labyrinthin (SEQ
1D NO: 1), such as at least about any of 63% simularity, 70% similarity, 75% smilanty, 80%
similarity, 85% similarity, 90% sinnlarity, or 93% similarity.

{0098} In some embodiments, for any of the antigenic compositions disclosed herein, the
one or more of the labyrinthin-derived peptides are soluble in a solution. in some embodiments,
the one or more of the labyninthin-derived peptides have a solubility 1n a solution of at least
about 0.1 mg/mL, such as at least about any of 0.5 mg/mb, I mg/ml, 2 mg/ml, 3 mg/ml, 4
mg/ml, 3 mg/ml, 6 mg/ml, 7 mg/ml. 8 mg/md, 9 me/ml, or 10 mg/ml. In some embodiments, the
solution is a pharmaceutically acceptable vehicle. In some embodiments, the solution comprises
one or more of water, a buffer, such as PBS, and a salt solution, such as a sodm chlonde
solution.

[0099] In some embodiments, for any of the antigenic compositions disclosed herein, cach
of the one or more of the labyninthin-derived peptides have a punty of at least about 90%, such
as at least about any of 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%. Methods for
determuning peptide purity are known in the art, such as using a high-performance liquid

chromatography technigue.
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{3180} In some embodiments, for any of the antigenic compositions disclosed herein, one or

morg of the labyrinthin-denved peptides thereinr activaies both T-cell and/or B-cell adaptive
mmune responses. In some emboduments, for any of the antigenic compositions disclosed
herein, each labvrinthin-derived peptide activates T-cell and B-cell adaptive tmmmune responses.
In some embodiments, activation of the T-cell adaptive immune response resalts in production
of target-specific receptors, e.2., an anti-labyrinthin-derived peptide epitope T-cell receptor. In
some embodiments, activation of the T-cell adaptive immune response is via class I major
histocompatibility complexes (MHC ). In some embodiments, activation of the T-cell adaptive
mmmnune response is via class H major histocompatibility complexes (MHC ). In some
embodiments, activation of the T-cell adaptive immune response is via MHC | and MHC L. In
some embodiments, activation of the B-cell adaptive immune response results in production of
target-specific immunoglobuling, e g, an anti-labynnthin-derived peptide epitope antibody.
Methods for assessing labyrinthin-derived peptide activation of T-cell and B-cell adaptive
imune responses, and if a peptide is a T-cell and/or B-cell epitope, are known in the art. See,
e.g., Bercovici, N. ef al., Clin Diagn Lab Immunol, 2000, 7, 859-864; and McAllister, E. §. ef g/,
S Immunol, 2017, 199, 2998-3003.

10181} In some embodiments, for any of the antigenic compositions disclosed herein, at least
one of the one or more labyunthin-derived peptides of the antigenic composition 1s conjugated.
In some embodiments, the labynnthin-derived peptide 1s conpugated to a carrier molecule. In
some embodiments, the labyrinthin-derived peptide 1s conjugated to a protein, such as
ovalbumin, albumin, kevhole limpet hacmocyanin (KLH), diphtheria toxoid, tetanus toxoid, or
CRM197. In some embodiments, the labyrinthin-denved peptide is conjugated to a hipid. In
some embodiments, the labyrinthin-derived peptide 1s conjugated to an adjuvant. In some
embodiments, the labyrinthin-derived peptide is conjugated to an immuno-effective (such as an
immune enhancing) adjuvant. In some embodiments, the labynnthin~-derived peptide 1s
conjugated to one or more other labyninthin-derived peptides. In some embodiments, the
labyrinthin-derived peptide 15 conjugated to one or more other labyrinthin-derived peptides,
wherein the resulting sequence of the peptide is not a sequence of labyrinthin or a portion
thereof (SEQ 1D NG:1). For example, n some embodiments, the first labynnthin-denived
peptide is conjugated to a second labyrinthin-derived peptide, wherein the resulting sequence of
the first peptide and the second peptide 1s not a sequence of labyrinthin or a portion thergof

(SEQ 1D NGO D). In some embodiments, the labyrinthin-denived peptide is conjugated via a
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binker, such as a cross-hinker. In some embodiments, the labyrimthin-derived peptide is
conjugated to a hinker,

0102} In some cmbodiments, the antigenic composition comprises one or more labyrinthin-
derived peptides selected from the group comprising: (a} a first peptide comprising SEQ ID
N{O:25 or a variant thereof, (b) a sccond peptide comprising SEQ 1T N(:26 or a vanant thereof,
{c} a third peptide comprising SEQ 1D NO:27 or a vanant thereof, and {(d) a fourth peptide
comprising SEQ D NO:28 or a variant thercof, wherein cach peptide comprises a T-cell epitope
and a B-cell epitope. For example, 10 some embodiments, the antigenic composition comprises a
first peptide comprising SEQ ID NG:25 or a varnant thereof, wherein the first peptide comprises
a T-cell epitope and a B-cell epitope. In some embodiments, the one or more labvrinthin-derived
peptides are between 21 and 24 amino acids in length, such as 22 or 23 amino acids in length. In
some embodiments, the first peptide comprising SEQ ID NO:25 or a variant thereof comprises
SEQ I3 NO:29 or a variant thereof. In some embodiments, the first peptide comprising SEQ 1B
NO:25 or a vaniant thercof has a sequence simularity of at least about 90% similanity, such as at
least about any of 92% simularity, 93% similarnity, or 97% similarity, to a portion of labyrnthin
(SEQ ID NO: D). In some embodiments, the first peptide comprising SEQ IDNO:25 s SEQ D
NG:29. In some embodiments, the first peptide comprising SEQ ID NG:25 or a variant thereof is
conjugated. In some embodiments, the antigenic composition comprises a first peptide
comprising SEQ ID NO:29 or a vaniant thereof, wherein the first peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the antigenic composition comprises a first
peptide, wherein the first peptide 15 SEQ 1D NO:29, and wherein the first peptide comprises a T-
cell epitope and a B-cell epitope. In some embodiments, each peptide of the antigenic
composition activates T-cell and B-cell adaptive immuone responses.

{3103} In some embodiments, the antigenic composition comprises one or more labyrinthin-
derived peptides selected from the group comprising: (a) a first peptide comprising SEQ 1D
NO:25 or a vanant thereof; (b) a second peptide comprising SEQ 1D NO:26 or a vanant thereof,
{c} a third peptide comprising SEG 1D N{O:27 or a vanant thereof, and (d) a fourth peptide
corapnsing SEQ 1D NO:28 or a varant thercof. In some embodiments, the antigenic
coraposition comprises: (a} a first peptide comprising SEQ 1D NO:25 or a variant thereof, (b} a
second peptide comprising SEQ ID NO:26 or a variant thereof; (¢} a third peptide comprising
SEQ 1D NO:27 or a vanant thereof; and {d} a fourth peptide comprising SEQ 1D NG:28 ora

variant thereof. In some embodiments, the antigenic composition comprises: {a} a first peptide
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comprising SEQ 1D NO:235 or a variant thereof; (b} a second peptide comprising SEQ D NG:26
or a variant thereof, (¢} a third peptide comprising SEQ 1D NO:27 or a variant thereof) and (d} a
fourth peptide comprising SEQ 1D NG:28 or a vanant thereof, wherein these are the only four
labyrinthin-derived peptides in the antigenic composition. In some embodiments, the
labyrinthin-derived peptides are between 21 and 24 amimo acids in length, such as 22 or 23
amino acids in length. In some embodiments, the antigen composition comprising a peptide
comprising SEQ 1D NO:25 or a vanant thereof comprises SEQ 1D NO:29 or a vanant thercof. In
some embodiments, the antigen composition comprising a peptide comprising SEQ ID NO:26 or
a variant thereof comprises SEQ ID NO:30 or a variant thereof. In some embodiments, the
antigen composition comprising a peptide comprising SEQ 13 NO:27 or a variant thereof
comprises SEQ ID NG:31 or a vanant thereof. In some embodiments, the antigen composition
comprising a peptide comprising SEQ D NG:28 or a variant thereof comprises SEQ 1D NG:32
or a variant thereof. In some embodiments, the antigenic composition comprises: {a) a first
peptide comprising SEQ 1D NG:29 or a vanant thereof, (b) a second peptide comprising SEQ 1D
NG:30 or a vaniant thereof, (¢} a third peptide comprising SEQ 1D NO:31 or a vanant thereof;
and {d} a fourth peptide comprising SEQ 1D NGO:32 or a variant thereof, wherein these are the
only four labyrinthin-derived peptides in the antigenic composition. In some embodiments, the
labyrinthin-derived peptide comprises a T-cell epitope and/or a B-cell epitope.

[8104] In some embodiments, the antigenic composition comprises a second peptide
compnsing SEQ 1D NO:26 or a variant thereof, wherein the second peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the one or more labynnthin-derived
peptides are between 21 and 24 amino acids 1n length, such as 22 or 23 amino acids in length. In
some embodiments, the second peptide comprising SEQ ID N(:26 or a variant thereof
comprises SEQ 1D NO:30 or a variant thereof. In some embodiments, the second peptide
comprising SEQ ID NO:30 or a variant thereof has a sequence similarity of at least about 90%
similarity, such as at least about any of 92% similarity, 95% similarity, or 97% similanty, to a
portion of labyrinthin (SEQ ID NG 1), In some embodiments, the second peptide comprising
SEQ I3 NO:26 18 SEQ 1D NO:30. In some embodiments, the second peptide comprising SEQ
1D NO:26 or a variant thereof is comjugated. In some embodiments, the antigenic composition
comprises a second peptide comprising SEQ 1D NO:30 or a variant thercof, wherein the second
peptide comprises a T-cell epitope and a B-cell epitope. In some embodiments, the antigenic

composition comprises a second peptide, wherein the second peptide 1s SEQ 1D NG:30, and
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wherein the second peptide comprises a T-cell epttope and a B-cell epitope. In some
embodiments, each peptide of the antigenic composition activates T-cel and B-cel adaptive
HMUBE 10SPONSCs.

{8165} In some embodiments, the antigenic composition comprises a third peptide
comprising SEQ 1D NO:27 or a vanant thereof, wherein the third peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the one or more labyrinthin-derived
peptides arc between 21 and 24 amino acids in length, such as 22 or 23 amino acids in length. In
some embodiments, the third peptide comprising SEQ ID NG:27 or a vanant thereof comprises
SEQ 1D NO:31 or 8 vanant thereof. In some embodiments, the third peptide compnsing SEQ 1B
NG:27 or a variant thereof has a sequence similarity of at least about 90% simularity, such as at
least about any of 92% similarnity, 95% similanty, or 97% similanity, o a portion of labyrinthin
(SEQ ID NO: D). In some embodiments, the third peptide comprising SEQ ID N(G:27 15 SEQ D
NG:31. In some embodiments, the third peptide comprising SEQ ID NG:27 or a variant thereof
is conjugated. In some cmbodiments, the antigenic composition comprises a third peptide
coraprising SEQ ID NO:31 or a vanant thereof, wherein the third peptide comprises a T-cell
gpitope and a B-cell epitope. In some embodiments, the antigenic composition comprises a third
peptide, wheren the third peptide s SEQ 1D NO:31, and wherein the third peptide comprises a
T-cell epttope and a B-cell epitope.

[8106] In some embodiments, the antigenic composition comprises a fourth peptide
compnsing SEQ 1D NO:28 or a variant thereof, wherein the fourth pepiide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the one or more labynnthin-derived
peptides are between 21 and 24 amino acids 1n length, such as 22 or 23 amino acids in length. In
some embodiments, the fourth peptide comprising SEQ ID NQO:28 or a vartant thereof comprises
SEQ 1D NO:32 or a vanant thereof. In some embodiments, the fourth peptide comprising SEQ)
1D NG:28 or a variant thercof has a sequence simularity of at feast about 90% similanty, such as
at least about any of 92% simmilanity, 95% similanity, or 97% sumilarity, to a portion of
labyrinthin (SEQ 1D NO: 1} In some embodiments, the fourth peptide comprising SEQ D
NO:28 is SEQ 1D NG:32. In some cmobodiments, the fourth peptide comprising SEQ {D NO:2R
or a variant thereof s conjugated. In some embodiments, the antigenic composition comprises a
fourth peptide comprising SEQ 1D NO:32 or a vanant thereof, wherein the fourth peptide
comprises a 'T-ceH epitope and a B-cell epitope. In some embodiments, the antigenic

composition comprises a fourth peptide, wherein the fourth peptide s SEQ 1D NO:32, and
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wherein the fourth peptide comprises a T-cell epitope and a B-cell epitope. In some
embodiments, each peptide of the antigenic composition activates T-cel and B-cel adaptive
HMUBE 10SPONSCs.

{0197} In some embodiments, the antigenic composition comprises two or more labyrinthin-
derived peptides. For example, in some embodiments, the antigenic composition comprises: {(a) a
first peptide comprising SEQ 1D NO:25 or a variant thereof, and (b} a second peptide
comprising SEQ D NO:26 or a variant thercof, wherein cach peptide comprises a T-cell epitope
and a B-cell epitope. In some embodiments, each of the two or more labvrinthin-derived
peptides are between 21 and 24 amino acids in length, sach as 22 or 23 amino acids in length. In
some embodiments, the first peptide comprising SEQ I NG:25 or a variant thereof comprises
SEQ D NG:29 or a variant thereof. In some embodiments, the first peptide compnising SEQ D
NO:25 or a variant thereof has a sequence simularity of at least about 9096 similanty, such as at
least about anv of 92% similarity, 95% similarity, or 97% similarity, to a portion of labyrinthin
(SEQ 1D NO:1). o some embodiments, the first peptide comprising SEQ D NG:251s SEQ D
NG:29. In some embodiments, the first peptide comprnising SEQ 1D NO:23 or a vanant thercof is
conjugated. In some embodiments, the second peptide comprising SEQ ID NO:26 or a variant
thereof comprises SEQ 1D NO:30 or a variant thereof. In some embodiments, the second peptide
comprising SEQ ID NO:30 or a variant thereof has a sequence similarity of at least about 90%
similarity, such as at least about any of 92% sinularity, 95% similarity, or 97% similanty, o a
portion of labyrinthin (SEQ D NO: 1), In some embodiments, the second peptide comprising
SEQ D NO:26 15 SEQ 1D NO:30. In some embodiments, the second peptide comprising SEQ
1D NO:26 or a variant thereof is comjugated. In some embodiments, the antigenic composition
comprises: {a) a first peptide comprising SEQ B NO:29 or a variant thereof; and (b) a second
peptide comprising SEQ 1D NO:30 or a vanant thereof, wherein each peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the antigenic compaosition comprises: {(a) a
first peptide, wherein the first peptide 1s SEQ 1D NGO:29; and (b) a sccond peptide, wherein the
second peptide s SEQ ID NO:30, wherein sach peptide comprises a T-cell epitope and a B-cell
cpitope. In some emboduments, cach peptide of the antigenic composition activates T-cell and B-
cell adaptive immune responses.

(3108} In some embodiments, the antigenic composition comprises: (a} a first peptide
comprising SEQ ID NO:25 or a vaniant thereof, and (b} a third peptide comprising SE(Q 1D

MNO:2Z7 or a variant thereof, wherein each peptide comprises a T-cell epitope and a B-cell
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epitope. In some embodiments, the two or more labyrinthin-denived peptides are between 21 and
24 amino acids o length, such ag 22 or 23 ammo acids in length. In some embodiments, the first
peptide comprising SEQ (D NO:25 or a vanant thercof comprises SEQ 1D NO:29 or a variant
thercof. In some embodiments, the first peptide comprising SEQ ID NG:25 or a vanant thercof
has a sequence similarity of at least about 90% similarity, such as at least about any of 92%
similarity, 95% similarity, or 97% similarity, to a portion of labyrinthin (SEQ ID NG:1). In some
embodiments, the first peptide compnsing SEQ 1D N(G:25 s SEQ 1D NO:29. In some
embodiments, the first peptide comprising SEQ 1D N{G:23 or a variant thereof is conjugated. In
some embodiments, the third peptide comprising SEQ ID NO:27 or a variant thereof comprises
SEQ 1D NO:31 or a vanant thereof. In some embodiments, the third peptide compnsing SEQ 1B
NO:27 or a vanant thereof has a sequence sinulanty of at least about 909 similanty, such as at
least about any of 92% similarity, 95% similarity, or 97% similarity, to a portion of labyrinthin
{(SEQ 1D NO:1). In some embodiments, the third peptide comprising SEQ 1D NG 27 15 SEQ D
NO:31. In some cmbodiments, the third peptide comprising SEQ 1D NG:27 or a varnant thereof
is conjugated. In some embodiments, the antigenic composition comprises: (a) a first peptide
comprising SEQ [D N(G:29 or a variant thereof; and (b} a third peptide comprising SEQ 1D
NG:31 or a variant thereof, wherein each peptide comprises a T-cell ¢pitope and a B-eell
epttope. In some embodiments, the antigenic composition comprises: (a} a first peptide, wherein
the first peptide 1s SEQ D N(:29; and (b} a third peptide, wherein the third peptide is SEQ 1D
NG:31, wherein each peptide comprises a T-cell epitope and a B-cell epitope.

{3109} In some embodiments, the antigenic composition comprises: (a) a first peptide
coraprising SEQ ID NO:25 or a vanant thereof; and (b) a fourth peptide comprising SEQ ID
NQG:28 or a variant thereof, wherein cach peptide comprises a T-cell epitope and a B-cell
epitope. In some embodiments, the two or more labyrinthin-derived peptides are between 21 and
24 amino acids in fength, such as 22 or 23 ammno acids in length. fn some embodiments, the first
peptide comprising SEQ {D NO:25 or a vanant thereof comprises SEQ 1D NG:29 or a variant
thereof. In some embodiments, the first peptide comprising SEQ ID NG:25 or a variant thereof
has a sequence stnilarity of at least about 90% similarity, such as at least about any of 92%
similanty, 93% similarity, or 97% similarity, to a portion of labyrinthin (SEQ 1D NO:1). In some
embodiments, the first peptide comprising SEQ 1D N(:23 1s SEQ ID N(:29. In some
embodiments, the first peptide comprising SEQ 1D N(:25 or a variant thereof is conjugated. In

some cmbodiments, the fourth peptide comprising SEQ {1 NO:28 or a variant thereof compriscs
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SEQ 1D NO:32 or a vanant thereof. In some embodiments, the fourth peptide comprising SEQ
1D NG:28 or a variant thereof has a sequence similarity of at feast about 909% similanty, such as
at least about any of 92% simmilarity, 95% stmilanty, or 97% similarity, to a portion of
flabvrinthin (SEQ 1D NO:1). In some embodiments, the fourth peptide comprising SEQ [D
NO:28 1s SEQ 1D NO:32. In some embodiments, the fourth peptide compnising SEQ 1D NGO:28
or a variant thereof is conjugated. In some embodiments, the antigenic composition comprises:
(a} a first peptide comprisimg SEQ 1D NO:29 or a vanant thereof, and (b) a fourth peptide
coraprising SEQ [D NO:32 or a vanant thercof, wherein each peptide comprises a T-cell epitope
and a B-cell epitope. In some embodiments, the antigenic composition comprises: {a} a first
peptide, wherem the first peptide 1s SEQ 1D NO:29; and (b) a fourth peptide, wherein the fourth
peptide 1s SEQ 13 NO:32, wherein each peptide comprises a T-cell epitope and a B-cell epitope.
{8114 In some embodiments, the antigenic composition comprises: {a) a second peptide
compnsing SEQ 1D NO:26 or a variant thereof’ and (b} a third peptide comprising SEQ D
NO:27 or a variant thereof, wherein cach peptide comprises a T-cell epitope and a B-ccll
epitope. In some embodiments, the two or more labyrinthin-denived peptides are between 21 and
24 amino acids in length, such as 22 or 23 amino acids in length. In some embodiments, the
second peptide compusing SEQ 1D NG:26 or a variant thereof comprises SEQ ID NO30ora
variant thereof. In some embodiments, the second peptide comprising SEQ 1D NGO:30ora
variant thereof has a sequence sinmlarity of at least about 90% stmlarity, such as at least about
any of 92% similarity, 95% similarity, or 97% similarity, to a portion of labyrinthin (SEQ ID
NO: 1} In some cmbodiments, the second peptide comprising SEQ 1D NO:26 15 SEQ 1D NO:30.
In some embodiments, the second peptide comprising SEQ 1D NO:26 or a varant thereof is
conjugated. In some embodiments, the third peptide comprising SEQ ID N(G:27 or a vartant
thereof comprises SEQ ID NG:31 or a variant thereof. In some embodiments, the third peptide
comprising SEQ ID NO:27 or a variant thereof has a sequence similarity of at least about 920%
similarity, such as at least about any of 92% similarity, 95% similarity, or 97% similanty, to a
portion of labyrinthin (SEQ ID NG 1), In some embodiments, the third peptide compnising SEQ
1D NG:27 15 SEQ 1D NO:31. In some embodiments, the third peptide comprising SEQ 1D
NG:27 or a variant thercof 1s conjugated. In some embodiments, the antigemic composition
comprises: {a) a second peptide comprising SEQ ID NG:30 or a variant thereof, and (b} a third
peptide comprising SEQ 1D NO:31 or a vanant thereof, wherein each peptide comprises a T-cell

epitope and a B-cell epitope. In some embodiments, the antigenic compaosition comprises: {(a) a
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second peptide, wherein the second peptide 1s SEQ [D N(O:30; and (b) a third peptide, wherein
the third peptide 1s SEQ ID NG:31, wherein each peptide comprises a T-cell epitope and a B-cell
epiiope.

{8111} In some embodiments, the antigenic composition comprises: {(a) a second peptide
comprising SEQ 1D NO:25 or a variant thereof, and (b} a fourth peptide compnising SEQ D
NG:28 or a variant thereof, wherein each peptide comprises a T-ccl epitope and a B-cell
cpitope. In some embodiments, the two or more labynnthin-derived peptides are between 21 and
24 ammo acids m length, such as 22 or 23 amino acids in length. In some embodiments, the
second peptide comprising SEQ ID NO:26 or a vanant thereof comprises SEQIDNG:30ora
variant thergof In some embodiments, the second peptide comprising SEGQ 1D NO:30ora
variant thereof has a sequence stmilarity of at least about 0% simniarity, such as at least about
any of 92% similarity, 95% similarity, or 97% similarity, to a portion of labyrinthin (SEQ ID
NG:1). In some embodiments, the second peptide comprising SEQ 1D NG:261s SEQ 1D NG:30.
In some embodiments, the sccond peptide comprising SEQ H) NO:26 or a vanant thereof is
conjugated. In some embodiments, the fourth pepiide comprising SEQ 1D NG 28 or a variant
thereof comprises SEQ ID NO:32 or a variant thereof. In some embodiments, the fourth peptide
comprising SEQ 1D NG:28 or a variant thereof has a sequence simifanty of at least about 90%
similarity, such as at least about any of 92% similanty, 95% simidarity, or 97% similarity, to a
portion of labyrinthin (SEQ ID NG 1), In some embodiments, the fourth peptide comprising
SEQ B NO:28 is SEQ 1D NO:32. In some embodiments, the fourth peptide comprising SEQ 1D
NO:28 or a vaniant thercof is conjugated. In some embodiments, the antigenic composition
comprises: {a) a second peptide comprising SEQ 1D NG:30 or a variant thereof, and (b} a fourth
peptide comprising SEQ ID NO:32 or a vanant thereof, wherein cach peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the antigenic composition comprises: (a) a
second peptide, wherein the sccond peptide 1s SEQ 1D NO:30; and (b) a fourth peptide, wheren
the fourth peptide 1s SEQ 1D NO:32, wherein each peptide comprises a T-cell epitope and a B-
cell gpitope.

[6112] In some embodiments, the antigenic composition comprises: (a) a third peptide
coraprising SEQ ID NO:27 or a vanant thereof; and (b) a fourth peptide comprising SEQ ID
NQG:28 or a variant thereof, wherein cach peptide comprises a T-cell epitope and a B-cell
epitope. In some embodiments, the two or more labyrinthin-derived peptides are between 21 and

24 amino acids in length, such as 22 or 23 amuno acids in length. o some embodiments, the third
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peptide comprising SEG 1D NG:27 or a vanant thereot comprises SEQ 1D NG:31 or a vanant
thereof. In some embodiments, the third peptide comprising SEQ 1D NG:27 or a variant thereof
has a sequence simularity of at least about 90% sinularity, such as at least about any of 92%
similarity, 95% similarity, or 97% similanty, to a portion of labyrinthin (SEQ ID NG:1). In some
embodiments, the third peptide comprising SEQ ID N(G:27 1s SEQ ID NO:31. In some
embodiments, the third peptide comprising SEQ ID NO:27 or a variant thereof 1s conjugated. In
some embodiments, the fourth peptide comprising SEQ 1D NG:28 or a variant thercof comprises
SEQ 1D NO:32 or a vanant thereof. In some embodiments, the fourth peptide comprising SEQ
1D NO3:28 or a variant thereof has a sequence similarity of at least about 90% similarity, such as
at least about any of 92% similarity, 95% similarity, or 97% similarity, to a portion of
flabvrinthin (SEQ 1D NO:1). In some embodiments, the fourth peptide comprising SEQ [D
NO:28 1s SEQ 1D NO:32. In some embodiments, the fourth peptide compnising SEQ 1D NGO:28
or a variant thereof is conjugated. In some embodiments, the antigenic composition comprises:
{(a} a third peptide comprising SEQ 1D NG:31 or a vanant thereof; and (b) a fourth peptide
comprising SEQ 1D NO:32 or a vanant thereof, wherein each peptide comprises a T-cell epitope
and a B-cell epitope. In some embodiments, the antigenic composition comprises: {a} a third
peptide, wherem the third peptide s SEQ 1D NG:31; and (b} a fourth peptide, wherein the fourth
peptide 18 SEQ H3 NO:32, wherein each peptide comprises a T-cell epitope and a B-cell epitope.
[8113] In some embodiments, the antigenic composition comprises three or more
labyrinthin-derived peptides. For example, in some embodiments, the antigenic composition
coraprises: {a) a first peptide comprising SEQ (D NO:25 or a variant thercof; (b) a sccond
peptide comprising SEQ 1D NO:26 or a vaniant thercof, and (¢) a third peptide comprising SEQ
1D NO:27 or a variant thereof, wherein each peptide comprises a T-cell epitope and a B-cell
epitope. In some embodiments, each of the threc or more labyrinthin-derived peptides are
between 21 and 24 amino acids in length, such as 22 or 23 amino acids in length. In some
embodiments, the first peptide compnsing SEQ 1D NG:25 or a vaniant thereof comprises SEQ
1D NO:29 or a variant thereof. In some embodiments, the first peptide comprising SEQ ID
NO:25 or a vaniant thercof has a sequence simularity of at least about 90% similanity, such as at
least about any of 92% similanty, 93% similanity, or 97% similarity, to a portion of labyrinthin
(SEQ ID NO:1). In some embodiments, the first peptide comprising SEQ IDNO:25 s SEQ D
NG:29. In some embodiments, the first peptide comprising SEQ ID NG:25 or a variant thereof is

conjugated. In some embodiments, the sccond peptide comprising SEQ 1D NO:26 or a variant
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thereof comprises SEQ 1D NG:30 or a variant thereof. In some embodiments, the second peptide
comprising SEQ 1D NG:30 or a variant thereof has a sequence simifanty of at least about 90%
similarity, such as at least about any of 92% similanty, 95% simiarity, or 97% similarity, to a
portion of labyrinthin (SEQ ID NG: 1), In some embodiments, the second peptide comprising
SEQ ID NO:26 is SEQ ID NO:30. In some embodiments, the second peptide comprising SEQ
1D NO:26 or a variant thereof is conjugated. In some embodiments, the third peptide compnsing
SEQ D NO:27 or a variant thereof comprises SEQ 1D NG:31 or a vanant thercof. In some
embodiments, the third peptide comprising SEQ 1D NO:27 or a variant thereof has a sequence
similarity of at least about 90% similarity, such as at least about any of 92% similarity, 95%
similarity, or 97% simularity, t¢ a portion of labyrinthin (SEQ 1D NO: 1}, In some embodiments,
the third peptide compnising SEQ 1D NG:27 1s SEQ 1D NG:31. In some embodiments, the third
peptide comprising SEQ D NO:27 or a vanant thereof 1s conjugated. In some embodiments, the
antigenio composition comprises: {a) a first peptide comprising SEQ 12 N(O:29 or a variant
thereof, (b} a second peptide comprising SEQ 1D NG:30 or a vanant thercof, and (¢} a third
peptide comprising SEQ 1D NG:31 or a vanant thereof, wherein cach peptide comprises a T-cell
gpitope and a B-cell epitope. In some embodiments, the antigenic composition comprises: (a) a
first peptide, wherein the first peptide is SEQ 1D NO:29: (b) a second peptide, wherein the
second peptide 1s SEQ 1D NG:30; and (¢} a third peptide, wherein the third peptide 15 SEQ 1D
NO:31, wherein each peptide comprises a T-cell epitope and a B-cell epitope.

{0114} In some embodiments, the antigenic composition comprises: (a} a first peptide
corapnsing SEQ D NO:25 or a vanant thereof, (b) a second peptide comprising SEQ 1D NO:26
or a variant thereof; and (¢} a fourth peptide comprising SEQ 1D NO:28 or a vanant thereof,
wherein each peptide comprises a T-cell epitope and a B-cell epitope. In some embodiments,
gach of the three or more labyrinthin-denived peptides are between 21 and 24 amine acids in
fength, such as 22 or 23 amino acids in length. In some embodiments, the first peptide
comprising SEQ 1D NG:25 or a vanant thereof comprises SEQ D NO:29 or a vanant thereof. In
some embodiments, the first peptide comprising SEQ D NO:25 or a variant thereofhas a
sequence similarity of at least about 90% similarity, such as at least about any of 92% similanty,
95% smularity, or 97% sinularity, to a portion of labyrinthun (SEQ D NO: 13, In some
embodiments, the first peptide comprising SEQ 1D N(:23 1s SEQ ID N(:29. In some
embodiments, the first peptide comprising SEQ 1D N(:25 or a variant thereof is conjugated. In

some embodiments, the second peptide comprising SEQ 1D NG.26 or a varnant thereof
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comprises SEQ D NG:30 or a vanant thereof. In some embodiments, the second peptide
comprising SEQ 1D NG:30 or a variant thereof has a sequence simifanty of at least about 90%
similarity, such as at least about any of 92% similanty, 95% simiarity, or 97% similarity, to a
portion of labyrinthin (SEQ ID NG: 1), In some embodiments, the second peptide comprising
SEQ ID NO:26 is SEQ ID NO:30. In some embodiments, the second peptide comprising SEQ
1D NO:26 or a variant thereof is conjugated. In some embodiments, the fourth peptide
comprising SEQ 1D NO:28 or a varant thereof comprises SEQ 1D NO:32 or a vanant thercof. In
some embodiments, the fourth peptide comprising SEQ ID NG:28 or a vanant thereof has a
sequence similarity of at least about 90% similarity, such as at least about any of 92% similarity,
95% simlarity, or 97% simularity, to a portion of labyrinthin (SEQ 1D NGO 1} In some
embodiments, the fowrth peptide comprising SEQ 1D NG:28 15 SEQ ID NG:32. In some
embodiments, the fourth peptide comprising SEQ ID NO:28 or a vanant thercof 1s conjugated.
in some embodiments, the antigenic composition comprises: {a} a first peptide comprising SEQ
1D NO:29 or a variant thereof; (b} a second peptide comprising SEQ 113 NO:30 or a variant
thereof; and (¢} a fourth peptide comprising SEQ 1D NG:32 or a vaniant thercot, wherein cach
peptide comprises a T-cell epitope and a B-cell epitope. In some embodiments, the antigenic
composition comprises: (a} a first peptide, wherein the first peptide 1s SEQ 1D NG:29; (b} a
second peptide, wherein the second peptide is SEQ 1D NG:30; and (¢} a fourth peptide, wherein
the fourth peptide 1s SEQ D NO:32, wherein each peptide comprises a T-cell epitope and a B-
cell epitope.

[6115] In some embodiments, the antigenic composition comprises: (a) a first poptide
comprising SEQ 1D NO:235 or a vanant thereof; (b) a third peptide comprising SEQ ID NO:26 or
a variant thereof; and (¢} a fourth peptide comprising SEQ 1D NO:28 or a variant thereof,
wherein each peptide comprises a T-¢ell epitope and a B-cell epitope. In some embodiments,
cach of the three or more labyrinthin-denived peptides are between 21 and 24 anino acids
fength, such as 22 or 23 amino acids 1n length. In some embodiments, the first peptide
comprnising SEQ 1D NO:25 or a variant thereof comprises SEQ 1D NO:29 or a variant thereof. In
some embodiments, the first peptide comprising SEQ 1D NO:25 or a varant thereofhas a
sequence similarity of at least about 90% similarity, such as at least about any of 92% similarity,
95% simlarity, or 97% sinmlarity, to a portion of labyrinthin (SEQ I NO: 13, In some
embodiments, the first peptide comprising SEQ 1D N{:25 is SEQ ID N{:29. In some

embodiments, the first peptide comprising SEQ 1D NO:25 or a variant thereof is conjugated. In
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some embodiments, the third peptide comprising SEQ ID NG:27 or a vanant thereof comprises
SEQ 1D NO:31 or a vanant thereof. In some embodiments, the third peptide compnsing SEQ 1B
NG:27 or a variant thereof has a sequence sinularity of at least about 90% similarity, such as at
least about any of 92% similarnity, 95% similanty, or 97% similarity, o a portion of labyrinthin
(SEQ ID NO:1). In some embodiments, the third peptide comprising SEQ 1D N(:27 13 SEQ D
NG:31. In some embodiments, the third peptide comprising SEQ ID NG:27 or a varant thercof
is conjugated. fn some crobodiments, the fourth peptide comprising SEQ 1D NO:28 or a variant
thereof comprises SEQ 1D NO:32 or a variant thereof. In some embodiments, the fourth peptide
comprising SEQ ID N(O:28 or a variant thereof has a sequence similarity of at least aboot 90%
similarity, such as at least about any of 92% simifanty, 95% similarity, or 97% simularity, tc a
portion of labyrinthin (SEQ D NO: 1), In some embodiments, the fourth peptide comprising
SEQ B NG:28 is SEQ ID NO:32. In some embodiments, the fourth peptide comprising SEQ ID
NG:28 or a variant thereof 1s conjugated. In some embodiments, the antigenic composition
comprises: {a) a first peptide comprising SEQ {1 NO:29 or a vanant thereof, (b) a third peptide
comprising SEQ ID NO:31 or a variant thereof, and (¢) a fourth peptide comprising SEQ 1D
NG:32 or a variant thereof, wherein cach peptide comprises a T-cell epitope and a B-cell
epitope. In some embodiments, the antigenic composition comprises: (a} a first peptide, wherein
the first peptide 1s SEQ 1D NO:29; (b) a third peptide, wherein the third peptide 1s SEQ 1D
NO:31; and (¢} a fourth peptide, wheremn the fourth peptide 18 SEQ 1D NO:32, wherein cach
peptide comprises a T-cell epitope and a B-cel epiiope.

[6116] In some embodiments, the antigenic composition comprises: (a) a second peptide
comprising SEQ 1D NO:26 or a vanani thereof; (b) a third peptide comprising SEQ ID NO:27 or
a variant thereof; and (¢} a fourth peptide comprising SEQ 1D NO:28 or a variant thereof,
wherein each peptide comprises a T-¢ell epitope and a B-cell epitope. In some embodiments,
cach of the three or more labyrinthin-derived peptides are between 21 and 24 anuno acids in
fength, such as 22 or 23 amino acids in length. In some embodiments, the second peptide
comprnising SEQ 1D NO:26 or a variant thereof comprises SEG 1D NO:30 or a variant thereof. In
some embodiments, the second peptide comprising SEQ 1D NG:30 or a variant thereot has a
sequence similarity of at least about 90% similarity, such as at least about any of 92% sinularity,
95% simlarity, or 97% sinmlarity, to a portion of labyrinthin (SEQ I NO: 13, In some
embodiments, the second peptide comprising SEQ 1D NG:26 s SEQ 1D NG:30. In some

embodiments, the second peptide comprising SEQ 1D NO:26 or a variant thercof is conjugated.
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In some embodiments, the third peptide comprising SEQ 1D NO:27 or a vanant thercof
comprises SEQ 1D NG:31 or a vanant thereof, In some embodiments, the third peptide
comprising SEQ ID NO:27 or a variant thereof has a sequence similarity of at least about 90%
similarity, such as at least about any of 92% similarity, 95% similarity, or 97% similanty, to a
portion of labyrinthin (SEQ ID NG 1), In some embodiments, the third peptide comprising SEQ
1D NO:27 15 SEQ ID NG:31. In some embodiments, the third peptide comprising SEQ 1D
NO:27 or a vaniant thercof is conjugated. In some cmbodiments, the fourth peptide comprising
SEQ 1D NO:28 or a vanant thereof comprises SEQ ID NG:32 or a vaniant thercof. In some
embodiments, the fourth peptide comprising SEQ 1D NO:28 or a variant thereof has a sequence
similarity of at least about 90% similanty, such as at least about any of 92% similarity, 95%
similarity, or 97% similarnity, to a portion of labyrinthin (SEQ 1D NO:1). In some embodiments,
the fourth peptide comprising SEQ 1D NO:28 13 SEQ ID NO:32. In some cmbodiments, the
fourth peptide comprising SEQ ID N(O:28 or a variant thereof 1s conjugated. In some
cmbodiments, the antigenic composition comprises: {a} a second peptide comprising SEQ {D
NG:30 or a variant thercof’ (b} a third peptide comprising SEQ 1D NG:31 or a vanant thereof,
and {c} a fourth peptide comprising SEQ 1D N(:32 or a variant thereof, wherein each peptide
comprises a 'T-ceH epitope and a B-cell epitope. In some embodiments, the antigenic
composition comprises: {a} a second peptide, wherein the second peptide 1s SEQ 1D NG:30; (b)
a third peptide, wherein the third peptide 1s SEQ ID NG:31; and (¢} a fourth peptide, wherein the
fourth peptide 1s SEQ 1D NG:32, wherein cach peptide comprises a T-cell ¢pitope and a B-cell
epitope.

[0117] In some embodiments, the antigenic composition comprises four or more labvrinthin-
derived peptides. For example, in some embodiments, the antigenic composition comprises: () a
first peptide comprising SEQ ID N(O:25 or a variant thereof; {b} a second peptide comprising
SEQ 1D NO:26 or a vanant thereof {c¢) a third peptide compnsing SEQ 1D NO:27 or a vanant
thereot, and {(d) a fourth peptide comprising SEQ 1D NG:28 or a vanant thereof, wherein each
peptide comprises a T-cell epitope and a B-cell epitope. In some embodiments, each of the four
or more labyrinthin-denived peptides are between 21 and 24 amino acids in length, such as 22 or
23 ammo acids m length. In some embodiments, the first peptide comprising SEQ D NO:25 or
a variant thereof comprises SEQ ID NO:29 or a variant thereof. In some embodiments, the first
peptide comprising SEQ 1D NG:25 or a variant thereof has a sequence similarity of at least

about 90% similarity, such as at least about any of 92% similanty, 95% simiarity, or 97%
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similarity, to a portion of labyrinthin (SEQ ID NO:1). In some embodiments, the first peptide
comprising SEQ [D NG:25 15 SEQ ID NG:29. In some embodiments, the first peptide
comprising SEQ 1D NO:25 or a variant thereof 1s conpugated. In some emboduments, the second
peptide comprising SEQ {D NGO:26 or a vanant thereof comprises SEQ 1D NG:30 or a variant
thercof. In some embodiments, the second peptide comprising SEQ 1D N(:30 or a vanant
thereof has a sequence similarity of at least about 90% simularity, such as at least about any of
92% similarity, 95% sunilanty, or 97% similarity, to a portion of labyrinthin (SEQ 1D NO:1). In
some embodiments, the second peptide comprising SEQ 1D NG:26 1s SEQ 1D NO:30. In some
embodiments, the second peptide compnising SEQ 1D NO:26 or a vanant thereof 1s conjugated.
In some embodiments, the third peptide comprising SEQ 1D NG:27 or a varnant thereof
comprises SEQ ID NG:31 or a vanant thereof. In some embodiments, the third peptide
comprnising SEQ 1D NG:27 or a variant thereof has a sequence simlarity of at least about 90%
similarity, such as at least about any of 92% sinulanity, 95% simularity, or 97% similanty, toa
portion of labyrinthin (SEQ 1D NG: 1}, In some embodiments, the third peptide compnsing SEQ
D NO:27 15 SEQ TD NO:3 1. In some embodiments, the third peptide comprising SEQ [D
NG:27 or a variant thereof 1s conjugated. In some embodiments, the fourth peptide comprising
SEQ 1D NO:28 or a vanant thereof comprises SEQ ID NG:32 or a variant thercof. In some
embodiments, the fourth peptide comprising SEQ 1D NO:28 or a variant thercof has a scquence
similarity of at least about 90% similarity, such as at least about any of 92% similarity, 95%
similarity, or 97% similarity, to a portion of labvrinthin (SEQ 13 NO:1). In some embodiments,
the fourth peptide comprising SEQ 1D NO:28 is SEQ 1D NO:32. Jn some erabodiments, the
fourth peptide comprismg SEQ 1D NO:28 or a vanant thereof 1s conjugated. In some
embodiments, the antigenic composition comprises: {a) a first peptide comprising SEQ ID
NG:29 or a variant thereof, (b) a second peptide comprising SEQ 1D NO:30 or a varnant thereof]
{c) a third peptide comprising SEQ 1D NG:31 or a variant thercof, and {d) a fourth peptide
comprising SEQ 1D NO:32 or a vanant thereof, wherein each peptide comprises a T-cell epitope
and a B-cell epitope. In some embodiments, the antigenic composition comprises: {a) a first
peptide, wherein the first peptide 15 SEQ 1D NO:29; (b) a second peptide, wherein the second
peptide 18 SEQ 1D NO:30; (¢) a third peptide, wheremn the third peptide 1s SEQ ID NG:31; and
(d) a fourth peptide, wherein the fourth peptide 1s SEQ ID NG:32, wherein each peptide

comprises a 'T-cel eptiope and a B-cell epitope.



CA 03123396 2021-06-14

WO 2020/123964 PCT/US2019/066264
[3118] In some embodiments, wherem the antigenic composition comprises more than one

labvrinthin-derived peptide, the ratio between each of the more than one labyrinthin-denved
peptide may be sclected to achicve a desired immunotherapeutic response. in some
embodiments, the more than one labyrinthin-derived peptides, such as 2, 3, or 4 labyninthin-
derived peptides, are all provided 1n about the same amount i the antigenic composition, For
example, in some embodiments, wherein the antigenic composition comprises more than one
labvrinthin-derived peptide, the ratio of a first peptide to a second peptide is about 1:10 to about
101, such as about anyv ot 1:9, 1.8, 1.7, 1:6, 1:5, 1:4, 1.3, 1:2, 1.1, 2:1,3:1,4:1, 5.1, 601, 71,
8:1, or 1. In some embodiments, wherein the antigenic composition comprises: {a) a first
peptide, wheremn the first peptide 15 SEQ 1D N(G:29; (b) a second peptide, wherein the second
peptide 1s SEQ [0 NO:30; (¢} a third peptide, wherein the third peptide 1s SEQ {D NO:31; and
{d} a fourth peptide, wherein the fourth peptide 1s SEQ 1D NO:32 the ratio of the first peptide to
the second peptide to the third peptide to the fourth peptide is about 1:1:1:1. In some
crbodiments, wherein the antigenic composition contains only the following peptides: (a) a first
peptide, wherein the first peptide 15 SEQ D NG:29; (b) a second peptide, wherem the second
peptide 1s SEQ B NG:30; (¢} a third peptide, wherein the third peptide is SEQ ID NG:31; and
{d) a fourth peptide, wherein the fourth peptide 1s SEQ ID NO:32, the ratio of the first peptide to
the second peptide to the third peptide to the fourth peptide 1s about 1:1:1: 1.

{6119} In some embodiments, the antigenic composition comprises one or more labyrinthin-
derived peptides, wherein cach of the one or more labyuanthin-derived peptides has a pl between
about 3.4 to about 3.1, such as about 3.3 1o about 3.15. In some embodiments, the antigenic
composition comprises one or more labyrinthin-derived peptides, wherein each of the one or
more labynnthin-derived peptides has a pl of less than about 3 4, such as less than about any of
3.35,33,325,32,3.15,3.1,3.05, or 3. In some embodiments, the antigenic composition
comprises one or more labyrinthin-derived peptides, wherein cach of the one or more
labvrinthin-derived peptides has a pl of any onc of about 3 .4, about 3.35, about 3.3, about 3.25,

about 3.2, about 315, about 3.1, about 3.05, or about 3.

Nucleic acid compaositions comprising a labyrintfin-derived peptide

{0124} In some embodiments, there is provided nucleic acid compositions comprising one or
more nucleic acids encoding at least one of one or more labyrinthin-derived peptides comprised

m the antigenic composition disclosed herein. In some embodiments, the nucleic acid
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composition comprises nucleic acids encoding at least two or more labyrinthin~-derived peptides.
In some embodiments, the nucleic acid composition comprises nucleic acids encoding at feast
three or more labyrinthin-derived peptides. In some embodiments, the nucleic acid composition
comprises nucleic acids encoding four labyrinthin-derived peptides.

{6121} In some embodiments, the nucleic acid composition comprises one or more nucleic
acids encoding a first peptide comprising SEQ 1D NO.25 or a variant thereof. In some
crbodiments, the nucleic acid composition comprises one or more nucheic acids cncoding a first
peptide comprising SEQ 1D NG:25 . In some embodiments, the nucleic acid composition
comprises one or more nocleie acids encoding a first peptide comprising SEQ ID NO:2%or a
variant thereof. In some embodiments, the nucleic acid composition comprises ong or more
nucleic acids encoding a first peptide, wherein the first peptide 1s SEQ 1D NG:29,

{6122} In some embodiments, the nucleic acid composition comprises one or more nucleic
acids encoding a second peptide comprising SEQ 1D N(G:26 or a variant thereof In some
cmbodiments, the nucleic acid composition compriscs one or more nucheic acids cncoding a
second peptide comprising SEQ 1D NG:26. In some embodiments, the nucleic acid composition
comprises one or more nucleic acids encoding a second peptide comprising SEQ ID NO:30ora
variant thereof. In some embodiments, the nucleic acid composition comprises ong or more
nucleie acids encoding a sccond peptide, wherein the second peptide 1s SEQ 1 N(G:30.

{6123} In some embodiments, the nucleic acid composition comprises one or more nucleic
acids encoding a third peptide comprising SEQ 1D NO:27 or a variant thereof. In some
cmbodiments, the nucleic acid composition compriscs one or more nucheic acids cncoding a
third peptide compnising SEQ 1D NG:27. In some embodiments, the nucleic acid composition
comprises one or more nucleic acids encoding a third peptide comprising SEQ ID NO:31 ora
variant thereof. In some embodiments, the nucleic acid composition comprises ong or more
nucleie acids encoding a third peptide, wherein the third peptide 15 SEQ {1 NO:31.

{0124} In some embodiments, the nucleic acid composition comprises one or more nucleic
acids encoding a fourth peptide comprising SEQ D NO:28 or a vartant thereof. In some
cmbodiments, the nucleic acid composition comprises one or more nucheic acids cncoding a
fourth peptide comprising SEQ 1D NG.28. In some embodiments, the nucleic acid composition
comprises one or more nucleic acids encoding a fourth peptide comprising SEQ ID NO32 ora
variant thereof. In some embodiments, the nucleic acid composition comprises ong or more

nucleie acids encoding a fourth peptide, wheren the fourth peptide 1s SEQ 1D NO:32.

i1
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[3125] In some embodiments, the nucleic acid composition comprises one or more nucleie
acid encoding at [cast onc of one or more labyrinthin-denived peptides described hercin, wherein
at least one of the one or more nucleic acids is a non-naturally occurming sequence. In some
embodiments, the nucleic acid composition comprises one or more nucleic acid encoding at least
one of one or more labyrinthin-derived peptides described herein, wherein at least one of the one

or more nucleic acids is conjugated, such as conjugated to a label.

Vaccine compositions comprising an antigenic composition

{0126} In some embodiments, there is provided vaccing compaositions comprising: (a) an
cffective amount of the antigenic compostition of any one of the antigenic compositions
described herein; and (b) a pharmaceutically acceptable vehicle.

4127} In some embodiments, the pharmaceutically acceptable vehicle is one or morg of an
aqueous suspension, an oily suspension, an emulsion, a liposome, a virosome, and a
nanoparticle. In some embodiments, the pharmaceutically acceptable vehicle is selected trom the
group consisting of an agueous suspension, an oily suspension, an emulsion, such as an otl-in-
water emulsion, a liposome, a virosome, and a nanopatticle. In some embodiments, the
pharmaceutically acceptable vehicle, or portion thereof, stabilizes an antigenic composition or
portion thereof. In some embodiments, the pharmaccutically acceptable vehicle, or portion
thereof, extends the circulating half-life of one or more labynnthin-derived peptides, as
compared to the circulating half-life of the one or more labyrinthin-derived peptides
administered without the pharmaceutically acceptable vehicle.

[6128] In some embodiments, the pharmaceutically acceptable vehicle comprises an
exeipient. Excipients are known in the art. See, Mehmood, Y. ef al , Open Science J Pharm
Pharm Sci, 3, 2015, 19-27, which is hercby incorporated by reference in s entirety. In some
embodiments, the excipient is one or more of a solvent, a co-solvent, a solubilizing agent, a
wetting agent, a suspending agent, a enuudsifying agent, a thickening agent, a chelating agent, an
antioxidant agent, a reducing agent, an antimicrobial preservative, a buffer, a pH adjusting agent,
a bulking agent, a protectant agent, and a tonicity agent. In some embodiments, the excipient
comprises one or more of) a sugar, a sacchanides, sucrose, lactose, trehalose, mannitol, sorbitol,
glucose, rafinose, an amino acid, glycine, histidine, polvvinylpyrrolidone (PVP), sodium citrate,

sodiura chloride, potassium chloride, a phosphate, monopotassium phosphate, disodium
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phosphate, Tris base-63, Tris acetate, Trnis HCI-63, dextrose, dextran, ficoll, gelatin, a starch,
hydroxyethyl starch, magnesium stearate, polyethylene glveol (PEG), a vitamin, and water.
[6129] In some embodiments, the pharmaceutically acceptable vehicle comprises less than
about 1% sahine (NaCl}, such as any of less than about 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.2%,
0.3%, 0.2%, or 0.1% saline. In some embodiments, the pharmaceutically acceptable vehicle
comprises about 1% saling, 0.9% saline, 0.8% saling, 0.7% saline, £.6% saling, 0.53% saline,
0.2% saline, 0.3% saline, 0.2% saline, or 0.1% saline. In some embodiments, the vaccine
coraposition comprises an effective amount of an antigenic composition deserbed herein,
wherein the antigenic composition is reconstituted with a pharmaceutically acceptable vehicle
comprising less than about 1% saline, such as any of less than about 0.9%, 0.8%, 0.7%, 0.6%,
0.5%, 0.2%, 0.3%, 0.2%, or 0.1% saline. In some embodiments, the vaccine composition
comprises an effective amount of an antigenic composition described herein, wherein the
antigenio composition is reconstituted with a pharmaceutically acceptable vehicle comprising
about 1% saline, saline, 0.99% saline, 0.8% saline, 0.7% saline, 0.6% saline, 0.5% saline, 0.2%
saline, 0.3% saling, 0.2% saline, or $.1% saline.

4130} In some embodiments, the pharmaceuntically acceptable vehicle comprises one or
more of a lipid, a bpopolysaccharide, a monophosphoryt lipid {(A), a lipopolysaccharide, and 3-
O-desacyl-4-monophosphoryl lipid AL

[8131] In some embodiments, the pharmaceutically acceptable vehicle comprises an
adjuvant. In some embodiments, the pharmaceutically acceptable vehicle comprises an immune-
enhancing adjuvant. In some embodiments, the pharmaceutically acceptable vehicle comprises
an immune-enhancing amount of an adjuvant, such as an immune-cnhancing adjuvant.
Adjavants, including immunc-enhancing adjuvants, are known in the art. In some embodiments,
the adjuvant is Granulocyte-Macrophage Colony Sttmulating Factor {GM-CSF). In some
embodiments, the adjuvant is GM-CSF of the organism for which adnunistration of the vaceine
m intended, e.g.

50

U5, Patent Nos. 5,583,112, 5,057,540, 7,858,589, and 187939084, and Alving, . R eral,

human GM-CSF. In some embodiments, the adjuvant comprises a saponin, See,

Curr Opin Immunol, 2012, 24, 310-315, which are hereby incorporated by reference in their
entirety. In some embodiments, the saponin 1s QS-21 (Quillaja saponaria Molina, fraction 21).
In some embodiments, the adjuvant comprises 3-O-desacyl-4"-monophosphoryl lipid A (MPL).
In some embodiments, the adjuvant comprises ASO1B, which comprises Q5-21, MPL, and

liposomes comprising BOPC {dioleoy! phosphatidylcholine} and cholesterol in phosphate
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buffer. In some embodiments, the adjuvant comprises AS04. In some embodiments, the adjuvant
comprises ASUZA. In some embodiments, the adjuvant compnses ASCGIE.

{0132} In some embodiments, the vaccine composition comprises any one of the antigenic
compositions described herein, wherein a labyrinthin~-derived peptide compnised thereinisina
salt form with a pharmaceutically acceptable salt. Pharmaceuntically acceptable salts are known
in the art. See, Berge ef al | J Pharm Sci, 66, 1977, 1-19, which is hereby meorporated by
reference in its entirety. In some embodiments, the pharmaceutically acceptable salt 1s sodium
chloride. In some embodiments, the pharmaceutically acceptable salt 1s an acetate salt. In some
embodiments, the pharmaceutically acceptable salt is sodium acetate. In some embodiments, the
phamaceutically acceptable salt is potassium chloride.

{8133} In some embodiments, the pharmaceutically acceptable vehicle comprises a
pharmaceutically acceptable acid. In some embodiments, the pharmaceutically acceptable acid 1s
acetic acid. In some embodiments, the concentration of a pharmaceutically acceptable acid in a
vaccine composition 1s less than or about 1%, such as less than or about 0.9%, 0.8%, 0.7%,
0.6%, 0.5%, 0.4%, 0.3%, 0.2%, or 0.1%.

3134} In some embodiments, wherein the vaccing composition comprises more than one
labvrinthin-derived peptide, the ratio between each of the more than one labyrinthin-denved
peptide may be sclected to achicve a desired immunotherapeutic response. fn some
embodiments, the more than one labyvrinthin-dertved peptides, such as 2, 3, or 4 labyninthin-
derived peptides, are all provided in about the same amount in the vaccine composition. For
cxample, in some embodiments, wherein the vaccine composition comprises more than one
labvrinthin-derived peptide, the ratio of a first pepuide to a second peptide 1s about 1:10 to about
10:1, such as about any of 1.9, 1.8, 117, 1.6, 1:5, 124, 13, 1:2, 111, 2:1,3:1, 4.1, 5.1, 6:1, 7.1,
8:1. or 9:1. In some embodiments, wherein the vaccing composition comprises: {a} a first
peptide, wherein the first peptide is SEQ 1D NO:29; (b} a second peptide, wherein the second
peptide 1s SEQ [0 NO:30; (¢} a third peptide, wherein the third peptide 1s SEQ {D NO:31; and
{d} a fourth peptide, wherein the fourth peptide 1s SEQ 1D NO:32 the ratio of the first peptide to
the second peptide to the third peptide to the fourth peptide s about 1:1:1:1. in some
embodiments, wherein the vaccine composition contains only the following peptides: (a) a first
peptide, wherein the first peptide 15 SEQ 1D N{O:29; (b) a second peptide, wherein the second
peptide 15 SEQ 1D NO:30; (¢} a third peptide, wherein the third peptide 15 SEQ 1D NO:31; and
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{d) a fourth peptide, wherem the fourth peptide 1s SEQ 1D NG:32, the ratio of the first peptide to
the second peptide to the third peptide to the fourth peptide 1s about 1:1:1: 1,

[0135] In some embodiments, the vaccine compostiion comprises an offective amount of an
antigenic composition of any oneg of the antigenic compositions described herein, wherein the
effective amount 13 between about 1 pg and about 500 ug. In some embodiments, the vaccine
composition comprises an effective amount of an antigenic composition of any one of the
antigenic compositions described herein, wherein the effective amount is at least about 1 pg of
total peptide, such as at least about any of 2 ug, 3 ug, 4 ug, 5 ug, 10 ug, 15 ug, 20 pg, 25 ug, 30
ug, 35 g, 40 pg, 45 ug, 50 ug, 55 pg, 60 ug, 65 pg, 70 pe, 75 ug, 830 ug, 83 ug, 90 pg, 93 ug,
100 pg, 110 g, 120 pg, 130 pg, 140 pg, 150 ug, 175 pe, 200 pg, 225 pg. 250 ug, 275 ug, 300
pg, 325 ug, 350 ug, 375 pg, 400 ug, 425 pg, 450 ug, 475 pg, or 500 pg.

[8136] In some embodiments, the vaccine composition comprises an effective amount of an
antigenio composition of any ong of the antigenic compositions described herein, wherein the
cffective amount 1s between about | pg and about 1000 ug. In some embodiments, the vaccine
coraposition comprises an effective amount of an antigenic composition of any one of the
antigenic compositions deseribed herein, wherein the effective amount is at least about 1 pg of
total peptide, such as at least about any of Z ug. 3 pg. 4 ug. 5 pg. 10 ug. 15 ug. 20 pg, 25 pg, 30
ug, 335 pug, 40 ug, 45 pg, 50 ug, 35 ug, 60 ug, 65 pg, 70 pg, 75 pg. 80 ug, 85 ug, 90 pg, 95 ug,
100 pg, 110 pg, 120 pg, 130 pg, 140 pg, 150 pg, 175 pg, 200 pg, 225 pg, 250 pg, 275 ug, 300
B, 325 ug. 350 pug, 375 ug, 400 ug, 425 pg, 450 ug. 475 ug, 500 pg, 525 pg, 550 ug, 575 pg,
600 pg, 625 ug, 650 pg, 675 pg, 700 ug, 725 pg, 750 pg, 775 pg, 800 ug, 825 pg, 850 pg, 875
ug, 900 pg, 925 ug, 950 ug, 975 ug, or 1000 ug.

{3137} In some embodiments, wherein the vaccing composition comprises more than one
labvrinthin-derived peptide, each of the more than one labvrinthin-derived peptide is present in
the vaccine composition in an amount of about 0.1 pug o about 500 ug. In some crmbodiments,
wherein the vaccine composition comprises more than one labyrinthin-denived peptide, cach of
the more than ong labyrinthin-derived peptide 15 present in the vaccine composition in an
amount of aboutany of 0.1 ug, 0.5 pg, 1 pg. 2 pg, 3 ug, 4 ug, 5 ug, 6 ug, 7 pg, 8 ug, 9 pug, 10 ug,
1ipg, 12 pg, 13 pg, 14 pg, 13 ng, 20 pg, 25 ug, 30 ug, 35 pg, 40 pg, 45 pg, 50 ug, 55 ug, 60 ug,
)

(]

ug, 70 pg, 75 ug, 80 pg, 83 ug, 90 pg, 95 ug, 100 pg, 110 pg, 120 pg, 130 pg, 140 pg, 150
wg, 173 ug, 200 pg, 225 pg, 250 ug, 275 ug, 300 ug, 325 pug, 350 pg. 375 pg, 400 ug, 425 pg,

450 pg, 475 pg, or 500 ug.

e
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[3138] In some embodiments, the vaccine composition has a pH of about 5 to about 8.5,
such as any of about 5.5 to about 7, about 6 to about 6.75, about 6.25 to about 675, about 6 1
about 7, or about 6.5 to about 7.

[6139] In some embodiments, the vaccine composition has a pH of about any of 5, 5.25, 5.5,
575,6,625,65,675.7,725,75,775, 8,825 or 8.5,

{0144] In some embodiments, the vaccine composition comprises another therapeoutic agent,
such as an immune checkpoint inhibitor.

{141} In some embodiments, the vaccine composition 1s pharmaceutically acceptable. In
some embodiments, the vaccine composition is pharmaceustically sterile.

10142} In some embodiments, the vaccing composition comprises: (1) an effective amount of
an antigenmic composition described herein; and (11} a pharmaceutically acceptable vehicle. In
some embodiments, the vaceine composition comprises: {1} an effective amount of an antigenic
composition described herein; and (i1} a pharmaceutically acceptable vehicle comprising an
adjuvant, such as GM-CSF. In some embodiments, the antigenic composttion compriscs one or
more labyninthin-derived peptides, wherein cach labyrinthin-derived peptide comprises one or
more of a T-cell epitope and a B-cell epitope. In some embodiments, each of the one or more
labvrinthin-derived peptides comprises a T-cell epiiope and a B-cell epitope. In some
embodiments, the one or more labyrinthin~-derived peptides are between 8 and 25 amino acids in
length. In some embodiments, the one or more labynnthin-derived peptides are substantially
homologous to a portion of labynnthin. In some embodiments, cach of the one or more
labyrinthin-derived peptides comprises a non-terminal proline residue.

[3143] In some embodiments, the vaccine composition comprises: (1) an effective amount of
an anfigenic composition, wherein the antigenic composition comprises one or more labyrinthin-
derived peptides selected from the group comprising: (a} a first peptide comprising SEQ ID
MNOZ5 or a variant thereof; (b) a second peptide comprising SEQ 1D NO:26 or a variant thereof]
{c} a third peptide comprismng SEQ 1D NO:27 or a vanant thereof; and (d) a fourth peptide
comprising SEQ 1D NO:28 or a vanant thereof, and wherein cach peptide comprises a T-cell
cpitope and a B-cell epitope; and (1) a pharmaccutically acceptable vehicle. For example, in
some embodiments, the antigenic composition of a vaccine composition comprises a first
peptide comprising SEQ ID NO:235 or a variant thercof, wherein the first peptide comprises a T-
cell epitope and a B-cell epitope. In some embodiments, the second peptide 1s batween 21 and

24 amino acids in length, such as 22 or 23 amino acids in length. o some embodiments, the first
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peptide comprising SEG 1D NG:25 or a vanant thereot comprises SEQ 1D NG:29 or g vanant
thereof. In some embodiments, the first peptide comprising SE{} 1D NO:25 or a vanant thereof
has a sequence simularity of at least about 90% similarity, such as at least about any of 92%
similarity, 95% similarity, or 97% similanty, to a portion of labyrinthin (SEQ ID NG:1). In some
embodiments, the first peptide comprising SEQ 1D NO:25 15 SEQ 1D NO:29. In some
embodiments, the first peptide comprising SEQ 1D NO:25 or a variant thereof is conjugated. In
some embodiments, the antigenic comaposition comprises a first peptide comprising SEQ 1D
NG:29 or a variant thercof, wherein the first peptide comprises a T-cell epitope and a B-cell
epitope. In some embodiments, the antigenic composition comprises a first peptide, wherein the
first peptide 1s SEQ 1D NO:29, and wherein the first peptide comprises a T-ceH epitope and a B-
cell epitope. In some embodiments, each peptide of the antigenic composition activates T-cell
and B-cell adaptive tmmune responses. In some embodiments, the effective amount of an
antigenio composition i a vaccine composition 1s between about 0.1 pg and about 1000 pg,
such as about 73 pg and about 150 pg, such as about 100 pg. In some embodiments, the effective
amount of an antigenic composition of a vaccine composition is between about 25 pg and about
75 ug. In some embodiments, the pharmaceutically acceptable vehicle comprises a saponin. In
some embodiments, the vaccine composition comprises GM-CSF.

[0144] In some embodiments, the antigenic composition of a vaccine composition comprises
a second peptide comprising SEQ ID NO:26 or a varant thereof, wherein the second peptide
comprises a T-cel ¢pitope and a B-cell epitope. In some embodiments, the second peptide is
between 21 and 24 amino acids in length, such as 22 or 23 amine acids in length. In some
embodiments, the second peptide comprising SEQ 1D NO:26 or a vanant thereof comprises SEQ
1D NO:30 or a variant thereof. In some embodiments, the second peptide comprising SEQ ID
NG:30 or a variant thereof has a sequence similarity of at least about 90% sinularity, such as at
least about anv of 92% similarity, 95% similarity, or 97% sinmilarity, to a portion of labyrinthin
{(SEG ID NO:1). In some embodiments, the second peptide comprising SEQ 1D NO:26 15 SEQ
1D NO:30. In some embodiments, the seccond peptide comprising SEQ 1D NO:26 or a vartant
thereof 1s conjugated. In some embodiments, the antigenic composition comprises a second
peptide comprising SEQ 1D NG:30 or a varant thereot, wherein the second peptide comprises a
T-cell epitope and a B-cell opitope. In some embodiments, the antigenic composition comprises
a second peptide, wherein the second peptide 1s SEQ 1D NG 30, and wherein the second peptide

comprises a T-cell epitope and a B-cell epitope. fn some embodiments, each peptide of the
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antigenic composition activates T-cell and B-cell adaptive immune responses. In some
embodiments, the effective amount of an antigenic composition in a vaccing composition is
between about 0.1 pg and about 1000 pg, such as about 75 pg and about 150 pg, such as about
100 pg. In some embodiments, the effective amount of an antigenic composition of a vaccine
composition is between about 25 ug and about 75 ug. In some embodiments, the
pharmaceutically acceptable vehicle comprises a saponin. In some embodiments, the vaccine
corposition comprises GM-CSF.

[3145] In some embodiments, the antigenic composition of a vaccine composition comprises
a third peptide compnsing SEQ 1D NO:27 or a variant thereof, wherein the third peptide
comprises a 'T-ceH epitope and a B-cell epitope. In some embodiments, the third peptide is
between 21 and 24 anuno acids in length, such as 22 or 23 amino acids in length. In some
embodiments, the third peptide comprising SEQ D NO:27 or a vanant thercof comprises SEQ
1D NO:31 or a variant thereof. In some embodiments, the third peptide comprising SE( 1D
NO:27 or a variant thercof has a sequence simlarity of at least about 90% similanity, such as at
cast about any of 2% simularity, 95% similarity, or 97% similarity, to a portion of labyrnthin
(SEQ ID NO:1). In some embodiments, the third peptide comprising SEQ ID NG:27 15 SEQ ID
NG:31. In some embodiments, the third peptide comprising SEQ 1D N3:27 or a variant thereof
1s conjugated. In some embodiments, the antigenic composition comprises a third peptide
comprising SEQ 1D NO:31 or a vanant thereof, wherein the third peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the antigenic composition comprises a third
peptide, wherein the third peptide is SEQ 1D NO:31, and wherein the third peptide comprises a
T-cell epitope and a B-cell epitope. In some embodiments, the effective amount of an antigenic
composition in 4 vaccine composition is between about 8.1 pg and about 1000 ug, such as about
75 g and about 150 ug, such as about 100 pg. In some embodiments, the effective amount of an
antigenic composition of a vaccine composition is between about 25 yg and about 75 ug. In
some embodiments, the pharmaceutically acceptable vehicle comprises a saponin. In some
embodiments, the vaccine composition comprises GM-CSF.

[3146] In some embodiments, the antigenic composition of a vaccine composition comprises
a fourth peptide comprising SEQ 1D NO:28 or a vanant thereof, wherein the fourth peptide
comprises a T-cel epitope and a B-cell epitope. In some embodiments, the fourth peptide is
between 21 and 24 amino acids in length, such as 22 or 23 amino acids in length. In some

embodiments, the fourth peptide comprising SEQ 1D NO:28 or a vanant thereof comprises SEQ
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1D NO:32 or a vanant thereof. In some embodiments, the fourth peptide comprising SEQ 1D
NG:28 or a variant thereof has a sequence similarity of at least about 90% sinularity, such as at
least about anv of 92% similarity, 95% similarity, or 97% sinularity, to a portion of labyrinthin
{(SEG ID NG:1). In some embodiments, the fourth peptide comprising SEQ [D NO:28 is SEQ ID
N{O:32. In some embodiments, the fourth peptide comprising SEQ 1D NG:28 or a variant thereof
is conjugated. In some embodiments, the antigenic composition compnses a fourth peptide
comprising SEQ 1D NO:32 or a variant thercof, wherein the fourth peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the antigenic composition comprises a
fourth peptide, wherem the fourth peptide 1s SEQ ID NQ:32, and wherein the fourth peptide
comprises a 'T-ceH epitope and a B-cell epitope. In some embodiments, each peptide of the
antigenic composition activates T-cell and B-cell adaptive immune responses. In some
embodiments, the effective amount of an antigenic composition in a vaccing composition is
between about 0.1 yg and about 1000 ug, such as about 75 pg and about 150 pg, such as about
100 pg. In some embodiments, the cffective amount of an antigenic composition of a vaccine
composition is between about 25 ug and about 75 ug. In some embodiments, the
pharmaceutically acceptable vehicle comprises a saponin. In some embodiments, the vaccine
composition comprises GM-CSF.

{3147} In some embodiments, the antigenic composition of a vaccine composition comprises
two or more labyvrinthin-derived peptides. For example, in some embodiments, the antigenic
composition of a vaccine composttion comprises: {(a) a first peptide comprising SE(Q 1D NO:25
or a variant thereof; and (b) a second peptide compnsing SEQ 1D NO:26 or a variant thereof,
wherein each peptide comprises a T-cell epitope and a B-cell epitope. In some embodiments,
gach of the two or more labyrinthin-derived peptides are between 21 and 24 aming acids in
length, such as 22 or 23 amino acids in length. In some embodiments, the first peptide
comprising SEQ 1D NO:25 or a vanant thereof comprises SEQ 13 NO:29 or a variant thereof. fn
some embodiments, the first peptide comprising SEQ 1D NO:25 or a vanant thereof has a
sequence similarity of at least about 90% similarity, such as at least about any of 92% similarity,
95% simtlartty, or 97% similarity, to a portion of labyrinthin (SEQ {1 NO:1). In some
embodiments, the first peptide comprising SEQ 1D N(G:25 1s SEQ D NG:29. In some
embodiments, the first peptide comprising SEQ ID N(:23 or a variant thereof is conjugated. In
some embodiments, the second peptide comprising SEQ 1D NOG:26 or a variant thereof

comprises SEQ 1D N(O:30 or a variant thereof. In some embodiments, the sccond peptide
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coraprising SEQ D NO:30 or a vanant thereof has a sequence similanity of at least about 90%
similarity, such as at least about any of 92% simifanty, 95% similarity, or 97% sinularity, tc a
portion of labyrinthin (SEQ 1D NO:1). In some cmobodiments, the sccond peptide comprising
SEQ ID NO:26 15 SEQ 1D NO:30. In some embodiments, the second peptide comprising SEQ
1D NO:26 or a variant thereof is conjugated. In some embodiments, the antigenic composition
comprises: {a) a first peptide comprising SEQ 1D NO:29 or a variant thereof, and (b} a second
peptide comprising SEQ 1D NO:30 or a vanant thereof, wherein each peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the antigenic composition comprises: (a) a
first peptide, wherein the first peptide 15 SEQ 1D NO:29; and (b} a second peptide, wherein the
second peptide is SEGQ 1D NO:30, wherein cach peptide comprises a T-cell epitope and a B-cell
epttope. In some embodiments, cach peptide of the antigemic composition activates T-cell and B-
cell adaptive immune responses. In some embodiments, the effective amount of an antigenic
composition in a vaccine composition is between about 8.1 pg and about 1000 ug, such as about
75 ug and about 130 ug, such as about 100 ug. In some embodinments, the effective amount of an
antigenic composition of a vaccine composttion 1s between about 25 pg and about 75 pg. In
some embodiments, the pharmaceutically acceptable vehicle comprises a saponin. In some
embodiments, the vaccine composition comprises GM-CSF.

[0148] In some embodiments, the antigenic composition of a vaccine composition
comprises: {a) a first peptide comprising SEQ ID NGO:25 or a variant thereof, and (b} a third
peptide comprising SEQ 1D NO:27 or a vanant thereof, wherein each peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the two or more labyrinthin-derived
peptides are between 21 and 24 amino acids 1n length, such as 22 or 23 amino acids in length. In
some embodiments, the first peptide comprising SEQ 1D NO:25 or a vaniant thereof comprises
SEQ 1D NO:29 or a vanant thereof. In some embodiments, the first peptide comprising SEQ [D
NO2Z5 or a variant thereof has a sequence sinularity of at least about 90% similarity, such as at
least about any of 92% similarnity, 95% similanty, or 97% similanity, o a portion of labyrinthin
(SEQ ID NO:1). In some embodiments, the first peptide comprising SEQ ID NO:251s SEQ ID
NO:29. In some cmbodiments, the first peptide compusing SEQ 1D NO:235 or a variant thercot is
conjugated. In some embodiments, the third peptide comprising SEQ 1D NG:27 or a variant
thereof comprises SEQ ID NO:31 or a vaniant thereof. In some embodiments, the third peptide
comprising SEQ 1D NG:27 or a variant thereof has a sequence simifanty of at least about 90%

similarity, such as at least about any of 92% similanty, 95% simidarity, or 97% similarity, to a
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portion of labyrinthin (SEQ ID NO: 1), In some embodiments, the thud peptide comprising SEQ
1D NG:27 is SEQ 1D NO:31. In some embodiments, the third peptide comprising SEQ [D
MNO:2Z7 or a variant thereof is conjugated. In some embodiments, the antigenic composition
comprises: {a) a first peptide comprising SEQ 1D NG:29 or a variant thereof, and (b} a third
peptide comprising SEQ D NO:31 or a vanant thereof, wherein each peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the antigenic compositicn comprises: {a} a
first peptide, wherein the first peptide is SEQ 1D NO:29; and (b} a third peptide, wherein the
third peptide 1s SEQ 1D NG:31, wherein each peptide comprises a T-cell epttope and a B-cell
epitope. In some embodiments, the effective amount of an antigenic composition in a vaccine
composition is between about 0.1 ug and about 1000 ug, such as about 75 ug and about 150 pg,
such as about 100 pg. In some embodiments, the effective amount of an antigemc composition
of a vaccine composition 1s between about 25 ug and about 75 pg. In some embodiments, the
pharmaceutically acceptable vehicle comprises a saponin. In some embodiments, the vaccine
corposition comprises GM-CSF.

[0149] In some embodiments, the antigenic composition of a vaccine composition
comprises: {a) a first peptide comprising SEQ D NO:25 or a vaniant thereof; and (b) a fourth
peptide comprising SEQ 1D NO:28 or a vanant thereof, wherein each peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the two or more labyrinthin-derived
peptides are between 21 and 24 amino acids in length, such as 22 or 23 amino acids m length. In
some embodiments, the first peptide comprising SEQ 1D NO:25 or a variant thereof comprises
SEQ H3 NO:29 or a vanant thereof. In some cmbodiments, the first peptide comprising SEQ ID
NO:25 or a variant thercof has a sequence similarity of at least about 90% similarnity, such as at
least about any of 92% similarity, 95% similarity, or 97% similarity, to a portion of labyrinthin
{(SEQ 1D NG 1. In some embodiments, the first peptide comprising SEQ ID NG 25 s SEQ 1D
NG:29. In some embodiments, the first peptide comprising SEQ ID NO:25 or a variant thereof is
conjugated. In some embodiments, the fourth peptide comprising SEQ 1D NO:28 or a vanant
thereof comprises SEQ 1D N{O:32 or a variant thereof. In some embodiments, the fourth peptide
comprising SEQ 1D NO:28 or a variant thercof has a sequence similanity of at least about 90%
similarity, such as at least about any of 92% similarity, 95% similanty, or 97% similarity, to a
portion of labyrinthin (SEQ ID NG:1). In some embodiments, the fourth peptide comprising
SEQ D NO:28 is SEG 1D NO:32. In some embodiments, the fourth peptide compnsing SEQ 1B

MNO:Z8 or a variant thereof is conjugated. In some embodiments, the antigenic composition
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coraprises: {a) a first peptide comprising SEQ D NO:29 or a vanant thereof; and (b) a fourth
peptide comprising SEQ 1D NO:32 or a vanant thereof, wherein each peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the antigenic compaosition comprises: {(a) a
first peptide, wherein the first peptide 1s SEQ ID NG:29; and (b) a fourth peptide, wherein the
fourth peptide 1s SEQ 1D NG:32, wherein cach peptide comprnises a T-cell epitope and a B-cell
epitope. In some embodiments, the effective amount of an antigenic composition 1o a vaccine
coraposition is between about 0.1 ug and about 1000 ug, such as about 75 ug and about 150 pg,
such as about 100 ug. In some embodiments, the effective amount of an antigenic composition
of a vaccing composition is between about 25 g and about 75 pg. In some embodiments, the
phammaceutically accepiable vehicle comprises a saponin. In some embodiments, the vaccine
composition comprises GM-CSF.

{8159} In some embodiments, the antigenic composition of a vaccine composition
comprises: {a) a second peptide comprising SEQ D NGO 26 or a variant thereof, and (b) a third
peptide comprising SEQ 1D NO:27 or a vanant thercof, wherein each peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the two or more labyninthin-derived
peptides are between 21 and 24 amino acids i length, sach as 22 or 23 amino acids in length. In
some embodiments, the second peptide comprising SEQ 1D NOG:26 or a variant thereof
comprises SEQ 1D N(O:30 or a variant thereof. In some embodiments, the sccond peptide
comprising SEQ ID NO:30 or a vanant thereof has a sequence similarity of at least about 90%
similarity, such as at least about any of 92% sinularnity, 95% simularity, or 97% similanty, toa
portion of labyrinthin (SEQ ID NO: 1). In some emboduments, the second peptide comprising
SEQ D NO:26 1s SEQ 1D NO:30. In some embodiments, the second peptide comprising SEQ
1D NO3:26 or a variant thereof is conjugated. In some embodiments, the third peptide comprising
SEQ 1D NO:27 or a vanant thereof comprises SEQ ID NG:31 or a variant thercof. In some
embodiments, the third peptide comprising SEQ 1D NO:27 or a variant thereot has a sequence
similarity of at least about 90% similarity, such as at least about any of 92% smularity, 95%
similarity, or 97% similanty, to a portion of labyrinthin (SEQ ID NO:1). In some embodiments,
the third peptide compnsing SEQ 1D NO:27 158 SEQ 1D NG:31. In some embodiments, the third
peptide comprising SEQ 1D NG:27 or a vanant thereof1s conjugated. In some embodiments, the
anfigenic composition comprises: {a) a second peptide comprising SEQ 1D NG:30 or a variant
thereof, and (b} a third peptide comprising SEQ 1D NO:31 or a variant thercof, wherein each

peptide comprises a T-cell epitope and a B-cell epitope. In some embodiments, the antigenic
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composition comprises: {a} a second peptide, wherein the second peptide 1s SEQ 1D NG:30; and
{b) a third peptide, wherein the third peptide is SEQ 1D NO:31, wherein each peptide comprises
a T-cell epitope and a B-cell epitope. In sone embodiments, the effective amount of an antigenic
composition m a vaccine composifion is between about 8.1 pg and about 1000 pg, such as about
75 ug and about 150 pg, such as about 100 pg. In some embodiments, the effective amount of an
antigenio composition of a vaccine composition is between about 25 ug and about 75 ug. In
some embodiments, the pharmaceutically acceptable vehicle comprises a saponin. In some
embodiments, the vaccine composition comprises GM-CSF.

151} In some embodiments, the antigenic composition of a vaccine compostition
comprises: {a) a second peptide comprising SEQ D NO:26 or a variant thereof, and (b} a fourth
peptide comprising SEQ D NO:28 or a vanant thereof, wherein each peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the two or more labyrinthin-denved
peptides are between 21 and 24 amino acids in length, such as 22 or 23 amino acids in length. In
some embodiments, the second peptide comprising SEQ 1D NG:26 or a variant thercof
comprises SEQ 1D NG:30 or a vanant thereof. In some embodiments, the second peptide
comprising SEQ 1D NG:30 or a variant thereof has a sequence similanty of at least about 90%
similarity, such as at least about any of 92% simifanty, 95% similarity, or 97% sinularity, tc a
portion of labyrinthin (SEQ 1D NO:1). In some cmbodiments, the sccond peptide comprising
SEQ B NO:26 is SEQ ID NO:30. In some embodiments, the second peptide comprising SEQ
1D NO:26 or a variant thereof is conjugated. In some embodiments, the fourth peptide
corapnsing SEQ D NO:28 or a vanant thercof comprises SEQ 1D NO:32 or a vanant thereof, In
some embodiments, the fourth peptide comprising SEQ ID NO:28 or a variant thercof has a
sequence similarity of at least about 90% similarity, such as at least about any of 92% similarity,
95% simlarity, or 97% simularity, to a portion of labyrinthin (SEQ 1D NGO 1}, In some
embodiments, the fourth peptide comprising SEQ 1D NG:28 15 SEQ 1D NO:32. In some
embodiments, the fourth peptide comprising SEQ 1D NG:28 or a vanant thereof 1s conjugated.
In some embodiments, the antigenic composition comprises: {a} a second peptide comprising
SEQ H3 NO:30 or a vanant thereof, and (b} a fourth peptide comprising SEQ ID NOG:32Z ora
variant thereof, wherein each peptide compnises a T-cell epitope and a B-cell epitope. Tn some
embodiments, the antigenic composition comprises: {a) a second peptide, wherein the second
peptide 1s SEQ 1D NG:30; and {b} a fourth peptide, wherem the fourth peptide 15 SEQ 1D

MNO:32, wherein each peptide comprises a T-cell epitope and a B-cell epitope. In some
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embodiments, the effective amount of an antigenic composition in a vaccing composifion is
between about 0.1 pg and about 1000 ug. such as about 75 pg and about 150 pg, such as about
100 pg. In some crbodiments, the cffective amount of an antigenic composition of a vaccine
composition 1s between about 25 ug and about 75 ug. In some embodiments, the
pharmaceutically acceptable vehicle comprises a saponin. In some embodiments, the vaccine
composition comprises GM-CSF.

[6152] In some embodiments, the antigenic composition of a vaccine composition
comprises: {a) a third peptide comprnising SEQ D NO:27 or a varnant thereof; and (b} a fourth
peptide comprising SEQ ID NO:28 or a vanant thereof, wherein each peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the two or more labyrinthin-derived
peptides are between 21 and 24 amino acids in length, such as 22 or 23 amino acids in length. In
some embodiments, the third peptide comprising SEQ 1D NO:27 or a variant thereof compnises
SEQ 1B NO:31 or a variant thereof. In some embodiments, the third peptide comprising SEQ 1D
NO:27 or a variant thercof has a sequence simlarity of at least about 90% similanty, such as at
least about any of 92% simularity, 93% similarity, or 97% similarity, to a portion of labyrnthin
(SEQ ID NO:1). In some embodiments, the third peptide comprising SEQ ID NG:27 15 SEQ ID
NG:31. In some embodiments, the third peptide comprising SEQ 1D N3:27 or a variant thereof
1s conjugated. In some embodiments, the fourth peptide comprising SEQ 1D NG:28 or a variant
thereof comprises SEQ 1D N{O:32 or a variant thereof. In some embodiments, the fourth peptide
comprising SEQ D NO:28 or a variant thereot has a sequence sinularity of at least about 90%
similarity, such as at least about any of 92% similarity, 95% sinularity, or 97% similanity, to a
portion of labyrinthin (SEQ ID NO: 1), In some embodiments, the fourth peptide comprising
SEQ D NO:28 is SEQ 1D N{O:32. In some embodiments, the fourth peptide compnsing SEQ 1B
NG:28 or a variant thereof 1s conjugated. In some embodiments, the antigenic composition
comprises: {a) a third peptide comprising SEQ 1D NO:31 or a varnant thereof, and (b) a fourth
peptide comprising SEQ D NO:32 or a vanant thereof, wheremn each peptide comprises a T-cell
epitope and a B-cell epitope. In some embodiments, the antigenic composition comprises: (a) a
third peptide, wherein the third peptide 1s SEQ 1D NG:31; and (b} a fourth peptide, wheremn the
fourth pepuide 15 SEQ 1D NO:32, wherein each peptide comprises a T-cell epitope and a B-cell
epitope. In some embodiments, the effective amount of an antigenic composition in a vaccine
composition is between about 0.1 ug and about 1000 ug, such as about 75 ug and about 150 pg,

such as about 100 pg. In some embodiments, the cffective amount of an antigenic composition
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of a vaccine composition s between about 25 pg and about 73 pg. In some embodmments, the
phammaceutically accepiable vehicle comprises a saponin. In some embodiments, the vaccine
composition comprises GM-CSF,

{8153} In some embodiments, the antigenic composition of a vaccine composition comprises
three or more labyrinthin-derived peptides. For example, in some embodiments, the antigenic
composition comprises: {a} a first peptide comprising SEQ 1D NO:25 or a variant thereof; (b} a
second peptide comprising SEQ 1D NO:26 or a variant thereof; and (¢} a third peptide
coraprising SEQ D NO:27 or a vanant thercof, wherein each peptide comprises a T-cell epitope
and a B-cell epitope. In some embodiments, each of the three or more labyrinthin-denved
peptides are between 21 and 24 amino acids in length, sach as 22 or 23 amino acids in fength. In
some embodiments, the first peptide comprising SEQ ID NG:25 or a variant thereof comprises
SEQ B NO:29 or a variant thereof. In some embodiments, the first peptide comprising SEQ 1B
NG:25 or a vanant thereof has a sequence similarity of at least about 90% similarnity, such as at
least about any of 92% similarity, 95% similarity, or 97% similarity, to a portion of labyrinthin
(SEQ ID NO:1). In some embodiments, the first peptide comprising SEQ IDNO:25 15 SEQ D
NG:29. In some embodiments, the first peptide comprising SEQ ID NO:23 or a variant thereof is
conjugated. In some embodiments, the second peptide comprising SEQ 1D NG:26 or a varnant
thercof comprises SEQ 1D NO:30 or a variant thereof. In some embodiments, the second peptide
comprising SEQ ID NO:30 or a vanant thereof has a sequence similarity of at least about 90%
similarity, such as at least about any of 92% sinulanity, 95% simularity, or 97% similanty, toa
portion of labyrinthin (SEQ ID NO:1). In some emboduments, the second peptide comprising
SEQ D NO:26 1s SEQ 1D NO:30. In some embodiments, the second peptide comprising SEQ
1D NG:26 or a vanant thereof 1s conjugated. In some embodiments, the third peptide comprising
SEQ 1D NO:27 or a vanant thereof comprises SEQ ID NG:31 or a variant thercof. In some
embodiments, the third peptide comprising SEQ 1D NO:27 or a variant thereot has a sequence
similarity of at least about 90% similarity, such as at least about any of 92% smularity, 95%
similarity, or 97% similanty, to a portion of labyrinthin (SEQ ID NO:1). In some embodiments,
the third peptide compnsing SEQ 1D NO:27 158 SEQ 1D NG:31. in some embodiments, the third
peptide comprising SEQ 1D NG:27 or a vanant thereot 1s conjugated. In some embodiments, the
antigenic composition comprises: {a) a first peptide comprising SEQ 1B NO:26 or a variant
thereof. (b} a second peptide comprising SEQ 1D NG:30 or a vanant thereof; and (¢} a third

peptide comprising SEQ D NO:31 or a vanant thereof, wherein each peptide comprises a T-cell
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epitope and a B-cell epitope. In some embodiments, the antigenic composition comprises: (a) a
first peptide, wherein the first peptide is SEQ 1D NO:29: (b) a second peptide, wherein the
second peptide 1s SEQ 1D NG:30; and (¢} a third peptide, wherein the third peptide 15 SEQ 1D
NO:31, wherein each peptide comprises a T-cell epitope and a B-cell epitope. In some
embodiments, the effective amount of an antigenic composition in a vaccing composition is
between about 0.1 yg and about 1000 ug, such as about 75 pg and about 150 pg, such as about
100 pg. In some embodiments, the cffective amount of an antigenic composition of a vaccine
composition is between about 25 ug and about 75 ug. In some embodiments, the
pharmaceutically acceptable vehicle comprises a saponin. In some embodiments, the vaccine
composition comprises GM-CSF.

[0154] In some embodiments, the antigenic composition of a vaccine composition
comprises: {a) a first peptide comprising SEQ ID NG:25 or a variant thereof, (b} a second
peptide comprising SEQ 1D N(:26 or a vanant thereof, and (¢} a fourth peptide comprising SEQ
1D NO:28 or a variant thereof, wherein cach peptide comprises a T-cell epitope and a B-cell
epitope. In some embodiments, each of the three or more labvnnthin-derived peptides are
between 21 and 24 amino acids i length, such as 22 or 23 amino acids in length. In some
embodiments, the first peptide comprising SEQ 1D N{: 235 or a variant thereof comprises SEQ
1D NG:29 or a variant thereof. In some embodiments, the first peptide comprising SEQ 1D
NO:25 or a variant thereof has a sequence simularity of at least about 9096 similanty, such as at
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least about anv of 92% similarity, 95% similarity, or 97% similarity, to a portion of labyrinthin
{(SEQ D NO:1). In some embodiments, the first peptide comprising SEQ 1D NG:251s SEQ (D
NG:29. In some embodiments, the first peptide comprising SEQ 1D NO:23 or a vanant thercof is
conjugated. In some embodiments, the second peptide comprising SEQ ID NQO:26 or a variant
thereof comprises SEQ ID NO:30 or a variant thereof. In some embodiments, the second peptide
comprising SEQ ID NO:30 or a variant thereof has a sequence similarity of at least about 90%
similarity, such as at least about any of 92% similarity, 95% similarity, or 97% similanty, to a
portion of labyrinthin (SEQ ID NG 1), In some embodiments, the second peptide comprising
SEQ I3 NO:26 1s SEQ 1D NO:30. Tn some embodiments, the second peptide comprising SEQ
1D NO:26 or a variant thereof 1s conjugated. In some embodiments, the fourth peptide
comprising SEQ 1D NO:28 or a variant thereof comprises SEQ 1D NGO:32 or a variant thereof. In
some embodiments, the fourth peptide comprising SEQ ID NO:2¥ or a variant thereof has a

sequence similarity of at least about 90% similarity, such as at least about any of 92% similarity,
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95% smularity, or 97% sinularity, to a portion of labyrinthun (SEQ D NO: 13, In some
embodiments, the fourth peptide comprising SEQ 1D NG:28 15 SEQ 1D NO:32. In some
embodiments, the fourth peptide comprising SEQ 1D NO:28 or a vanant thercof is conjugated.
In some embodiments, the antigenic composition comprises: {a) a first peptide comprising SEQ
ID NG:29 or a variant thereof, (b} a second peptide comprising SEQ ID NG:30 or a variant
thereof, and {¢} a fourth peptide comprising SE 1D N{O:32 or a variant thereof, wherein each
peptide comprises a T-cell epitope and a B-cell epiiope. In some embodiments, the antigenic
coraposition comprises: (a} a first peptide, wherein the first peptide 1s SEQ ID NG:29; (by a
second peptide, wherein the second peptide 1s SEQ 1D N(O:30; and (¢} a fourth peptide, wherein
the fourth peptide 1s SEQ ID NO:32, wherein ¢ach peptide comprises a T-cell epitope and a B-
cell epitope. In some embodiments, the effective amount of an antigenic composition in a
vaceing composition 1s between about 0.1 ug and about 1000 pg, such as about 75 ug and abowt
150 pg, sach as about 100 pg. In some embodiments, the offective amount of an antigenic
coraposttion of a vaccine compasttion is between about 25 ug and about 75 pg. In some
embodiments, the pharmaceutically acceptable vehicle comprises a saponin. In some
embodiments, the vaccine composition comprises GM-CSF.

{3155] In some embodiments, the antigenic composition of a vaccine composition
comprises: {a) a first peptide comprising SEQ 1D NO:25 or a vanant thereof; (b} a third peptide
compnsing SEQ ID NO:26 or a variant thereof] and (c¢) a fourth peptide comprising SEQ ID
NG:28 or a varant thereof, wherein each peptide comprises a T-ccl epitope and a B-cell
cpitope. In some embodiments, cach of the three or more labyninthin-derived peptides are
between 21 and 24 amimo acids in length, such as 22 or 23 amino acids in length. In some
embodiments, the first peptide comprising SEQ D NO:23 or a variant thereof comprises SEQ
1D NO:29 or a vanant thereof. In some embodiments, the first peptide comprising SEQ 1D
NO2Z5 or a variant thereof has a sequence sinularity of at least about 90% similarity, such as at
least about any of 92% similarnity, 95% similanty, or 97% similarity, o a portion of labyrinthin
(SEQ ID NO: D). In some embodiments, the first peptide comprising SEQ ID NG:251s SEQ ID
NO:29. In some cmbodiments, the first peptide compusing SEQ 1D NO:235 or a variant thercot is
conjugated. In some embodiments, the third peptide comprising SEQ 1D NG:27 or a varant
thereof comprises SEQ ID NO:31 or a vaniant thereof. In some embodiments, the third peptide
comprising SEQ 1D NG:27 or a variant thereof has a sequence simifanty of at least about 90%

similarity, such as at least about any of 92% similanty, 95% simiarity, or 97% similarity, to a
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portion of labyrinthin (SEQ ID NO: 1), In some embodiments, the thud peptide comprising SEQ
1D NG:27 is SEQ 1D NO:31. In some embodiments, the third peptide comprising SEQ [D
MNO:27 or a variant thereof is congugated. In some embodiments, the fourth peptide comprising
SEQ ID NO:28 or a vanant thereof comprises SEQ 1D NG:32 or a vanant thereof. In some
embodiments, the fourth peptide comprising SEQ ID NO:28 or a variant thercof has a sequence
similarity of at least about 90% similarity, such as at feast about any of 92% similarity, 95%
similarity, or 97% similarity, to a portion of labvrinthin (SEQ 13 NO:1). In some embodiments,
the fourth peptide compnising SEQ ID N(O:28 15 SEQ 1D NO:32. In some embodiments, the
fourth peptide comprising SEQ 1D NO:28 or a vanant thereof 1s conjugated. In some
embodiments, the antigenic composition comprises: {a) a first peptide comprising SEQ D
NO:29 or a vanant thereof, (b) a third peptide comprismg SEQ 1D NO:31 or a vanant thereof;
and (¢} a fourth peptide comprising SEG 1D N3:32 or a vanant thereof, wherein each peptide
comprises a T-cel ¢pitope and a B-cell epitope. In some embodiments, the antigenic
coraposition comprises: {(a) a first peptide, wherein the first peptide 15 SEQ 1D NG:29; (b} a third
peptide, wherein the thivd peptide 1s SEQ 1D NO:3 1; and (¢) a fourth peptide, wherein the fourth
peptide 15 SEQ 1D NQO:32, wherein cach peptide comprises a T-cell epitope and a B-cell epitope.
In some embodiments, the effective amount of an antigenic composition i 3 vaccing
composition is between about 0.1 pg and about 1000 ug, such as about 75 pg and about 150 pg,
such as about 100 pg. In some embodiments, the effective amount of an antigenic composition
of a vaccine composition is between about 25 ug and about 75 pg. In some embodiments, the
pharmaceutically acceptable vehicle conmprises a saponin. In some embodunents, the vaccine
coraposition comprises GM-CSF.

[(3156] In some embodiments, the antigenic composition of a vaccine compostition
comprises: {a) a second peptide comprising SEQ 1D NG:26 or a variant thereof, (b) a third
peptide comprising SEQ D NO:27 or a variant thercof; and {c} a fourth peptide comprising SEQ
1D NO:28 or a vanant thereof, wherein each peptide comprises a T-cell epitope and a B-cell
epitope. In some embodiments, cach of the three or more labynnthin-derived peptides are
between 21 and 24 amino acids in length, such as 22 or 23 amine acids in length. In some
embodiments, the second peptide comprising SEQ 1D NO:26 or a vanant thereof comprises SEQ
1D NO:30 or a variant thereof. In some embodiments, the second peptide comprising SEQ ID
NG:30 or a variant thereof has a sequence similarity of at least about 90% sinularity, such as at

least about anv of 92% similarity, 95% similarity, or 97% sinilarity, to a portion of labyrinthin
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{(SEQ D NG:1). In some embodiments, the second peptide comprising SEQ 1D NG:26 15 SEQ
1D NO:30. In some embodiments, the second peptide comprising SEQ 1D NG:26 or a variant
thereof is conjugated. In some embodiments, the third peptide comprising SEQID NO:27 ora
variant thereof comprises SEQ D NO:31 or a vanant thereof. In some embodiments, the third
peptide comprising SEQ 1D NO:27 or a variant thereof has a sequence similarity of at least
about 90% similarity, such as at feast about any of 92% similarity, 95% similarity, or 97%
similarity, to a portion of labyrinthin (SEQ 1D NO:1). In some embodiments, the third peptide
coraprising SEQ D NO:27 1s SEQ [D NO:31. In some embodiments, the third peptide
comprising SEQ ID NG:27 or a variant thereof is conjugated. In some embodiments, the fourth
peptide comprising SEQ 1D NO:28 or a varnant thercof comprises SEQ 1D N(OG:32 or g vanant
thercof. In some embodiments, the fourth peptide comprising SEQ [D NO:28 or a variant thereof
has a sequence similarity of at least about 90% similarity, such as at least about any of 92%
similarity, 95% similarity, or 97% similarity, to a portion of labyrinthin (SEQ ID NG:1). In some
crbodiments, the fourth peptide comprising SEQ D NG:28 15 SEQ 1D NO:32. In some
embodiments, the fourth peptide comprising SEQ 1D NO:28 or a vanant thereof 1s conjugated.
In some embodiments, the antigenic composition comprises: () a second peptide comprising
SEQ 1D NO:30 or a variant thereof, (b} a third peptide comprising SEQ D NO:31 ora variant
thereof, and (¢} a fourth peptide comprising SEQ D NO:32 or a vaniant thereof, wherein cach
peptide comprises a T-cell epitope and a B-cell epitope. In some embodiments, the antigenic
composition comprises. {a) a second peptide, wherein the sccond peptide 1s SEQ 1D N(OG:30; (b}
a third peptide, wherein the third peptide is SEQ 1D NG:31; and (¢) a fourth peptide, wherein the
fourth pepuide 15 SEQ 1D NO:32, wherein each peptide comprises a T-cell epitope and a B-cell
epitope. In some embodiments, the effective amount of an antigenic composition i a vaccine
composition is between about 0.1 ug and about 1000 ug, such as about 75 ug and about 150 pg,
such as about 100 pg. In some embodiments, the cffective amount of an antigenic composition
of a vaccine composition 18 between about 25 pg and about 75 pg. In some embodiments, the
pharmaceutically acceptable vehicle comprises a saponin. In some embodiments, the vaccine
corposition comprises GM-CSF.

{3157} In some embodiments, the antigenic composition of a vaccine composition comprises
four or more labynnthin-derived peptides. For example, in some embodiments, the antigenic
composition of a vaccine composition comprises: (a) a first peptide comprising SEQ 1D NO:Z5

or a variant thereof; (b} a second peptide comprising SEQ {3 NO:26 or a variant thercof, (¢} a
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third peptide comprising SEQ 1D NG:27 or a vanant thereof, and (d} a fourth peptide comprising
SEQ 1D NO:28 or a vanant thereof, wherein each peptide comprises a T-cell epitope and a B-
cell epitope. In some embodiments, cach of the four or more labyrinthin-derived peptides are
between 21 and 24 anuno acids in length, such as 22 or 23 amino acids in length. In some
embodiments, the first peptide compnising SEQ 1D NO:25 or a vanant thereof comprises SEQ
1D NO:29 or a variant thereof. In some embodiments, the first peptide comprising SEQ ID
NO:25 or a vaniant thercof has a sequence simularity of at least about 90% similanity, such as at
least about any of 92% simularity, 93% similarnity, or 97% similarity, to a portion of labyrnthin
(SEQ ID NO:1). In some embodiments, the first peptide comprising SEQ IDNO:25 s SEQ D
NG:29. In some embodiments, the first peptide comprising SEQ ID NG:25 or a variant thereof is
conjugated. In some embodiments, the second peptide comprising SEQ 1D NO:26 or a vanant
thereof comprises SEQ ID NO:30 or a variant thereof. In some embodiments, the second peptide
comprising SEQ D NO:30 or a variant thereot has a sequence sinularity of at least about 90%
similarity, such as at least about any of 92% sinmilarity, 95% sinularity, or 97% similanity, to a
portion of labyrinthin (SEQ ID NO: ). In some embodiments, the second peptide comprising
SEQ D NO:26 15 SEQ 1D NO:30. In some embodiments, the second peptide comprising SEQ
1D NG:26 or a variant thereof is conjugated. In some embodiments, the third peptide comprising
SEQ 1D NO:27 or a variant thereof comprises SEQ 1D NO:31 or a variant thereof. Tn some
embodiments, the third peptide comprising SEQ ID N(G:27 or a variant thereof has a sequence
similarity of at least about 90% similarity, such as at feast about any of 92% similarity, 95%
similarity, or 97% similarity, to a portion of labvrinthin (SEQ 13 NO:1). In some embodiments,
the third peptide compnsing SEQ ID NO:27 15 SEQ D NO:31. In some embodiments, the third
peptide comprising SEQ 1D NG:27 or a vanant thereof 1s conjugated. In some embodiments, the
fourth peptide comprising SEQ 1D N:28 or a vaniant thereof comprises SEQ ID NO:32 ora
variant thereof. In some embodiments, the fourth peptide comprising SEQ 1D NO:28 or a variant
thercof has a sequence similarity of at Ieast about 90% similanity, such as at least about any of
92% similarity, 95% similarity, or 97% simularity, to a portion of labyrinthin (SEQ ID NG 1) In
some embodiments, the fourth peptide comprising SEQ 1D NO:28 1s SEQ 1D NO:32. In some
embodiments, the fourth peptide comprising SEQ 1D NO:28 or a vanant thereof 1s conjugated.
In some embodiments, the antigenic composition comprises: (a) a first peptide comprising SEQ
1D NG:29 or g variant thereof, (b} a second peptide comprising SE€} 1D NO:30 or a variant

thereof, {c) a third peptide comprising SEQ D NO:31 or a vanant thereof, and (d) a fourth
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peptide comprising SEG 1D NG:32 or a vanant thereof, wherein cach peptide comprises a T-celi
epitope and a B-cell epitope. In some embodiments, the antigenic composition comprises: (a) a
first peptide, wherein the first peptide is SEQ 1D NG:29: (b) a second peptide, wherein the
second peptide 1s SEQ ID NG:30; (¢} a third peptide, wherei the third peptide 1s SEQ [D
NO:31; and (d) a fourth peptide, wherein the fourth peptide 19 SEQ 1D NO:32, wherein each
peptide comprises a T-cell epitope and a B-cell epitope. In some embodiments, the effective
amount of an antigenic composition 1n a vaccing composition is between about 0.1 ug and about
1000 pg, such as about 75 g and about 150 ug, such as about 100 ug. In some embodiments,
the effective amount of an antigenic composition of a vaccing composition is between about 25
ug and about 75 ug. In some embodiments, the pharmaceutically acceptable vehicle comprises a
saponin. In some embodiments, the vaccine composition comprises GM-CSF. In some
embodiments, the vaccine composition 1s LabVax 3(22)-23.

{8155} In some embodiments, the vaccine composition comprises one or more labyrinthin-
derived peptides selected from the group comprising: (a} a first peptide comprising SEQ 1D
NG:25 or a variant thercof’ (b} a second peptide comprising SEQ 1D N(:26 or a vanant thereof,
(¢} a third peptide comprising SEQ ID NOG:27 or a variant thercof’ and {d) a fourth peptide
comprising SEQ 1D NO:28 or a variant thereof. In some embodiments, the vaccine composition
comprises: €a) a first peptide comprising SEQ 1D NO:25 or a vanant thercof; (b} a second
peptide comprising SEQ D NO:26 or a vanant thereof; (¢} a third peptide comprising SEQ (D
NG:27 or a vanant thereof, and (d) a fourth peptide comprising SEQ 1D NG:28 or a variant
thereof. In some embodiments, the vaccine composition comprises: {a) a first peptide comprising
SEQ 1D NO:2S or a vanant thereof, (b) a second peptide comprising SEQ [D NO:26 or a vanant
thereof; (¢} a third peptide compnsing SEQ 1B NO:27 or a vanant thereof, and {d} a fourth
peptide comprising SEQ 1D NO:28 or a variant thercof, wherein these are the only four
labyrinthin-derived peptides m the vaccine composition. In some embodiments, the labyrinthin-~
derived peptides are between 21 and 24 amino acids in length, such as 22 or 23 amino acids in
length. In some embodiments, the vaccine composition comprising a peptide comprising SEQ
1D NO:23 or a variant thereof comprises SEGQ 1D NG:29 or a variant thercof. In some
embodiments, the vaccine composition comprising a peptide comprsing SEQ ID NO:26ora
variant thereof comprises SEQ 1D NO:30 or a variant thereof. In some embodiments, the vaccine
composition comprising a peptide comprising SEQ 1D NG:27 or a variant thereof comprises

SEQ H NO:31 or a vanant thereof. In some embodiments, the vaccine composition comprising
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a peptide comprising SEQ 1D NG:28 or a vanant thercot comprises SEQ 1D NG:32 or a variant
thereof. In some embodiments, the vaccine composition comprises: {a) a first peptide comprising
SEQ 1D NO:29 or a vanant thereof, (b} a sccond peptide comprising SEQ [ NGO:30 or a variant
thereof, (c¢) a third peptide comprising SEQ [D N(O:31 or a vanant thereof; and (d) a fourth
peptide comprising SEQ D NO:32 or a vanant thereof, wherein these arc the only four
labyrinthin-derived peptides in the vaccine composition. In some embodiments, the vaccine
corposition consists essentially of (a) a first peptide comprising SEQ 1 NO:29 or a variant
thereof; (b} a second peptide comprisimg SEQ 1D NO:30 or a vanant thereof, (¢} a third pepude
comprising SEQ ID NO:31 or a variant thereof; and {d} a fourth peptide comprising SEQ ID
NG:32 or a variant thereof, wherem these are the only four labyrinthin-derived peptides in the
vaccime composition. In some embodiments, the labynnthin-derived peptide comprises a T-cell
epitope and/or a B-cell epitope. In some embodiments, the effective amount of an antigenic
composition in a vaccine composition is between about 8.1 pg and about 1000 ug, such as about
75 ug and about 130 ug, such as about 100 ug. In some embodiments, the vaccine composition
comprises GM-CSF. In some embodiments, the vaccine composition 1s LabVax 3(223-23.
[(3159] In some embodiments, the vaccine composition comprises four labyrinthin-derived
peptides, wherein the four labyrinthin-derived peptides are SEQ 1D NO5:29-32, wherein these
arc the only four labvrnthim-derived peptides in the vaccine composition, wherein cach peptide
is present at an amount of 100 pg, and wherein the volume of the vaceme is about 0.1 mL. In
some embodiments, the vaccine composition is LabVax 3(223-23. In some embodiments,

LabVax 3(22)-23 further comprises GM-CSF.

Kits, medicines, and compositipns thereof

[3160] The present disclosure, in some aspects, provides compositions comprising an
antigenic composition disclosed herein, including kits, medicines, and compositions (such as
phamaceutical compositions and unit dosages} thereof. In some aspects, the present disclosure
provides vaccing compositions comprising an antigenic composition disclosed herein, including
kits, medicines, and compositions (such as pharmaceutical compositions and unit dosages)
thereot.

[B161] In some embodiments, kits of the present disclosure may include one or more
containers comprising an antigenic conposition and/or a vaccine composition described herein

{or a unit dosage and/or an article of manufacture thereof). In some embodiments, the kit further
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COMPIISes one or more containers comprising another agent {or a unit dosage and/or an article of
manufacture thereof), such as an adjuvant, mchiding mmune-effective adjuvants, such as GM-
CSF. In some embodiments, the kit further comprises instructions for use in accordance with any
of the methods disclosed herein. The kit may also comprise a description of critenia for selection
of an mdividual suitable for treatment with any of the methods disclosed herein. Instructions
supplied in the kits disclosed herein are typically written instractions on a label or package insert
{e.g., a paper sheet included 1o the kit), but machine-rcadable jnstructions {e.g., instructions
carried on a magnetic or optical storage disk} are also acceptable.

[(3162] In some embodiments, the composition comprising an antigenic composition
described herein, such as a vaccine composition, may be present in separate COntainers or in a
single container.

[8163] In some embodiments, the kits of the present disclosure are in suitable packaging.
Suitable packaging imclude, but is not limited to, vials, bottles, jars, flexible packaging {e.g.,
scaled Mylar or plastic bags), and the ike. Kits may optionally provide additional components
such as butfers and mterpretative information. The present application thus also provides articles
of manufacture, which include vials {such as sealed vials), bottles, jars, flexible packaging, and
the hike.

[0164] Also provided in the present disclosure are medicines and compositions (such as unit
dosages) useful for the methods described herein. For example, in some embodiments, there s
provided use of a composition comprising an anfigenic composition, such as a vaccine

coraposition, for a treatment of a cancer in an individual i need thercof.

Methods of use thereof

[0165] The present disclosure, in some aspects, provides methods of usc of the vaccine
compositions descried herein. In some aspects, the present disclosure provides a method for
treating a cancer in an individual in need thereof, the method comprising administering (o the
mdividual a vaccine composition described herein. In other aspects, the present disclosure
provides a method for preventing a cancer 1o an individual in need thereof, the method
comprising administering to the individual a vaccine composition described herein. In some
embodiments, the cancer is a Iabyrinthin-positive cancer. In some embodiments, the cancer is an

adenocarcinoma, such as a labyrinthin-positive adenocarcinoma.
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[3166] In some embodiment, the method for treating a cancer comprises admimistering to the
mdividual a vaccine composition, wheremn the vaccine composition comprises: (i) an effective
amount of an antigenic composition comprising onc or more labyrinthin-derived peptides, the
labyrinthin-derived peptide comprising a sequence selected from SEQ ID NG:2-32, or a vanant
thereof, and (11} a pharmaceutically acceptable vehicle. In some embodiments, the labynnthin-
derived peptide comprising a sequence selected from SEQ 1D NO:2-32 (Table 2), or vanant
thereof, comprises a flanking amino acid sequence on one or more terminal sides of the core
sequence provided m SEQ D NO:2-32.

(3167} In some embodiment, the method for preventing a cancer comprises adminmistering to
the individual a vaccine composition, wherein the vaccing composition comprises: (i) an
effective amount of an antigenic composition comprising one or more labyrimthin-denved
peptides, the labyrinthin-denved peptide comprising a sequence selected from SEQ 1D NO:2-32,
or a vanant thereof, and (it} a pharmaceutically acceptable vehicle. In some embodiments, the
labyrinthin-derived peptide comprising a sequence selected from SEQ 1D NO:2-32 (Table 2), or
variant thereof, comprises a flanking amino acid sequence on one or more termunal sides of the
core sequence provided mn SEQ ID NG:2-32.

13168} In some embodiments, the method for treating a cancer in an individual comprises
adnunistering to the individual a vaccine composition described herein, wherein the labvrinthin
status of the cancer is used as a basis for selecting the individual for the treatment. In some
embodiments, the labyrinthin status of the cancer is indicative of labyrinthin expression {such as
labyrinthin overexpression as compared to a control, e.2., a healthy or non-cancerous tissue of
the mdividual) in the cancer. In some embodiments, the labyrinthin status of the cancer is
mdicative of labyrinthin presentation on a cell surface of the cancer. In some embodiments, the
mdividual is selected for treatment when a cancer sample from the individual shows that about
10% or greater, such as at least about any of 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 63%, 75%, 0%, 83%, 90%, or 95%, of cancerous cells in the sample are positive for
labvyrinthin, such as determined using an immunohistochemical (JHC} technique. In some
crbodiments, the individual 15 sclected for treatment when a cancer sample trom the mdividual

shows that about 10% or greater, such as at least about any of 15%, 20%, 25%, 30%, 35%, 40%,

.
(]

%, 50%, 53%, 60%, 65%, 75%, B0%, 85%, 90%, or 95%, of a subpopulation of cancerous
cells 1o the sample, such as cells at the periphery of 3 tumor, are positive for labynnthin, such as

determined using an imvnunchistochemical (JHC) technigue.
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[3169] In some embodiments, disclosed herein 13 a method for treating a labyrinthin-positive
cancer in an individual, the method comprising administering to the individual a vaccine
composition, wherein the vaccine composition comprises an effective amount of an antigenic
composition comprising: {(a) a first peptide comprising SEQ 1D NG:29 or g vanant thereof, (b) a
second peptide comprising SEQ ID N(:30 or a variant thereof; {¢} a third peptide comprising
SEQ 1B NO:31 or a variant thereof, and {d} a fourth peptide comprising SEQ ID NO:3Z ora
variant thercot. In some embodiments, each peptide comprises a T-cell epitope and a B-cell
epitope. In some embodiments, the effective amount of an antigenic composition in a vaccine
composition is between about 0.1 ug and about 1000 pg, such as about 75 ug and about 150 pg,
such as about 100 pg. In some embodiments, the effective amount of an antigenic composition
of a vaccine composition 18 between about 25 pg and about 75 pg. In some embodiments, the
vaccine composition 1s LabVax 3(22)-23. In some embodiments, the method further comprises
selecting the individual for the treatment based on a labynnthin status of the cancer being
mdicative of a labyrinthin-positive cancer. In some embodiments, the labyrinthin status of the
cancer 1s indicative of a labyrnthin-positive cancer when about 10% or greater of cancerous
cells in a sample from the individual are positive for labyrinthin, such as determined using an
immunochistochemical {(IHC) technique. In some embodiments, the labyrinthin-positive cancer is
an adenocarcinoma.

[8170] The methods disclosed herein may comprise administering 1o the individual a
plurality of doses of the vaccine compositions described herein over a period of time. For
example, the vaccine compositions described hercin may be repeatedly administered to the
mdividual over a period of time until the individual develops an adequate immunogenic response
to components of the vaccine composition. In some embodiments, the method comprises
administening a vaccine composition to an individual in need thereof, wherein the individual
recetves about | to about 10 separate adounistrations of the vaccine composition. In some
embodiments, the method comprises administering a vaccine composition to an individual in
need thereof, wherein the individual receives 1,2, 3,4, 5, 6,7, 8, 9, or 10 separate
administrations of the vaccine composition. fn some embodiments, the method compriscs
administering a vaceine composition to an individual in need thereof, wherein the individual
recetves at least 1, such as atleastany of 2,3, 4, 5,6, 7, 8, 9, or 10, separate administrations of
the vaccine compaosttion. In some embodiments, the method comprises administering a vaccing

composition to an individual in need thereof, wherein the individual receives at least | separate
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administrations of the vaccine composition over a period of about 6 months. In some
embodiments, the method comprises administering a vaccine composition to an individual in
need thereof, wherein the individual receives at least 4 separate administrations of the vaccine
composition over a period of about 6 months. In some embodiments, the method comprises
administering a vaccine composition to an individual in need thereof, wherem the individual
receives at least 10 separate adminustrations of the vaccine composition over a penod of about 6
months. In some embodiments, the separate administrations of a vaccine composition are spaced
about 1 week apart. In some embodiments, the method comprises administering a vaceine
composition to an individual in need thereof, such as via mtradermal administration, whereimn the
mdividual receives at least 5 separate admimistrations of the vaccine composition over a period
of 12 weeks. In some embodiments, the method comprises administering a vaccine composition
to an individual i need thereof, such as via intradermal admunistration, wherein the individoal
receives at least 7 separate administrations of the vaccine composition over a period of 36
weeks. In some embodiment, one or more additional vaccmnations are administered to the
mdividual in need thereof. In some embodiments, the method comprises administering a vaccine
composition to an individual, wherein sabsequent administrations of the vaccine composition to
the individual are adjusted (such as via the frequency of administrations, spacing of time
between administrations, or dosage amount}. In some embodiments, the dosing frequency and or
dosage amount of a vaccine composition is adjusted over the course of the treatment, based on
the judgment of the administering physician.

{0171} The vaccine compositions may be administered via numerous administration routes.
For example, the agents described heren can be adnmunistered to an individual {such as human)
parenterally, meluding intravenous, intra-arterial, intraperitoneal, intrapulmonary, oral,
whalation, intravesicular, intramuscular, mtra-tracheal, subcutancous, mtraccular, intrathecal,
mtradermal, or transdermal. In some embodiments, the agents described herein, such as a
vaccing composition, are administered intradermally, such as via an intradermal injection. In
some embodiments, the vaceine compositions described hercin are administered intradermally,
wherein each injection in a series of vaceinations is administered in a different site {e.g., at lcast
3 cm away from a previous injection). In some embodiments, wherein the route of
administration 18 intradermal administration, the admimstration needle or svringe is held in place

for at keast about 3 minuies to about 5 minutes following injection of the vaccine composition.
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[B8172] In some embodiments, the method for treating and/or preventing a cancer 1n an
mdividual further comprises administering to the individual ancther agent. In some
embodiments, the other agent is an adjuvant. In some crmbodiments, the adjuvant is Granulocvie-
Macrophage Colony Stimulatimg Factor (GM-CSF). In some embodiments, the adjuvant is GM-
CSF of the organism for which administration of the vaceine 1n intended, ¢.g., human GM-CSF.
In some ¢mbodiments, the method comprises administering GM-CSF separately from the
vaccine composition. In some embodiments, the other agent 1s a chemotherapeutic agent. In
some embodiments, the GM-CSF 18 adounistered separately from the vaccine composition, such
as about 45 minutes to about 60 minutes prior 1o the administration of the GM-CSF. In some
embodiments, the other agent is an immune checkpoint inhibitor. In some embodiments, the
vaccine composition described herein and another agent are administered stmultancously. In
some embodiments, the vaccine composition described herein and another agent are
administered sequentially . In some embodiments, the vaccine composition described herein and
another agent are administered concurrently.

[173] In some embodiments, the method for treating and/or preventing a labyrinthin-
positive cancer in an individual comprises administering to the individual: (1) a vaccine
composition, wherein the vaccine composition comprises an effective amount of an antigenic
composition comprising: {a} a first peptide comprising SEQ 1D NO:29 or a variant thereof; (b} a
second peptide comprising SEQ ID N(:30 or a variant thereof; {¢} a third peptide comprising
SEQ 1B NO:31 or a variant thereof, and {d} a fourth peptide comprising SEQ ID NO:3Z ora
variant thercof, and (i1) a composition comprising GM-CSF. In some embodiments, the vaccine
coraposition is admimstered to the imdividual intradermally and the composttion comprising
GM-CSF is administered to the individual subcutaneously. In some embodiments, the vaccine
composition and the composition comprising GM-CSF are administered to the individual within
60 munutes of one another. In some cmbodiments, cach peptide comprises a T-cell epitope and a
B-cell epitope. In some embodiments, the eftective amount of an antigenic composition in a
vaceing composition 1s between about 0.1 ug and about 1000 pg, such as about 75 ug and abowt
150 pg, such as about 100 ug. In some embodiments, the cffective amount of an antigenic
coraposition of a vaccine composition is between about 25 pg and about 75 pg. In some
embodiments, the vaccime composition is LabVax 3(223-23. In some embodiments, the method
further comprises selecting the individual for the treatment based on a labyrinthin status of the

cancer being indicative of a labyrinthin-positive cancer. In some embodiments, the labyrinthin

81



CA 03123396 2021-06-14

WO 2020/123964 PCT/US2019/066264

status of the cancer is indicative of a labyrinthin-positive cancer when about 10% or greater of
cancerous cells in a sample from the mdividual are positive for labynnthin, such as determined
using an immunohistochemical (IHC) technique. In some embodiments, the labyrinthin-positive
cancer 1s an adenocarcinoma.

{6174} In some embodiments, the methods described herein for treating and/or preventing a
labyrinthin-positive cancer in an individual comprises administering to the individeal a vaccine
coraposition described herein. In some embodiments, the method further comprises
administering an adjuvant, such as GM-CSF. In some embodiments, the vaccine composition
comprises one or more labyrinthin-derived peptides selected from the group comprising: {a) a
first peptide comprising SEQ ID NO:25 or a varant thereof, (b} a second peptide comprising
SEQ ID NO:26 or a vanant thereot, (¢) a third peptide compnsing SEQ 1D NG:27 or a vanant
thercof] and (d} a fourth peptide comprising SEQ 1D NG:28 or a variant thereof. In some
embodiments, the vaccine composition comprises: {a) a first peptide comprising SEQ ID NO:25
or a variant thereot: (b} a second peptide comprising SEQ 1D NO:26 or a vanant thereof: {¢) a
third peptide comprising SEQ 1D NG:27 or a vanant thereof, and (d} a fourth peptide comprising
SEQ 1D NO:28 or a vanant thereof. In some embodiments, the vaceine composition comprises:
{a) a first peptide comprising SEQ 1D NO:25 or a vanant thereof, (b} a secound peptide
comprising SEQ 1D NO:26 or a variant thereof; (¢} a third peptide comprising SEQ 1D NO:27 or
a variant thereof, and (d} a fourth peptide comprising SEQ ID NG:28 or a variant thereof,
wherein these are the only four labyrinthm-derived peptides in the vaccine composition. In some
cmbodiments, the labyrinthin-derived peptides are between 21 and 24 amino acids in length,
such as 22 or 23 amino acids in length. In some embodiments, the vaccine composition
comprising a peptide comprising SEQ D NG:25 or a variant thereof comprises SEQ [D NG:29
or a variant thereof. In some embodiments, the vaccing composition comprising a peptide
comprising SEQ 1D NO:26 or a vanant thereof comprises SEQ 1D NO:30 or a variant thereof. fn
some embodiments, the vaccine composifion comprising a peptide comprising SEQ 1D NO:27 or
a variant thereof comprises SEQ ID NG:31 or a vanant thereof. In some embodiments, the
vaccine composition comprising a peptide compnsing SEQ 1D NO:28 or a variant thercof
comprises SEQ D NG:32 or a variant thereot. In some embodiments, the vaccine composition
comprises: {a) a first peptide comprising SEQ D NO:29 or a variant thereof; (b) a sccond
peptide comprising SEQ 1D NO:30 or a variant thercof; (¢} a third peptide comprising SEQ [D

MNO:31 or a variant thereof, and {d) a fourth peptide comprising SEQ 1D NO:32 or a variant

82



CA 03123396 2021-06-14

WO 2020/123964 PCT/US2019/066264

thereof, wherein these are the only four labyrinthin-derived peptides in the vaccine composition.
In some embodiments, the labyrinthin-denved peptide compuses a T-cell epitope and/or g B-cell
epitope. In some cmbodiments, the effective amount of an antigenic composition in a vaccine
composition 1s between about 0.1 ug and about 1000 ug, such as about 75 pg and about 150 pg,
such as about 100 pg. In some embodiments, the vaccine composition comprises GM-CSF. In
some embodiments, the vaccinge composition is LabVax 3(223-23.

[6175] The methods disclosed herein are useful for treating or preventing a proliferative
disease, such as a cancer, n an individual. In some embodiments, the cancer is a labynnthin-
expressing cancer. In some embodiments, the cancer 1s an adenocarcinoma.

{31 76] In some embodiments, the cancer is an carly stage cancer, a non-metastatic cancer, a
primary cancer, an advanced cancer, a locally advanced cancer, a metastatic cancer, a cancer in
FeIISsion, a recurrent cancer, a resistant cancer, or a refractory cancer. In some embodiments,
the cancer is a localized resectable cancer {e.g., a tumor that is confined to a portion of an organ
that allows for complete surgical removal), a localized unresectable cancer (e. g, a localized
tumor that 1 unresectable because crucial blood vessel structures), or an unresectable cancer. In
some embodiments, the cancer 18, according to TNM classifications, a stage I tumor, a stage 1
tumor, a stage HI tumor, a stage IV tumor, a N1 tumor, or a M1 fumor.

{6177} The methods disclosed herein are useful for treating or preventing a cancer, such as a
labvrinthin-expressing cancer in an individual. In some embodiments, the individaal has one or
more of the following characteristics: (i} ability to understand and willingness to sign an
nformed consent form; (i) at least 18 vears of age with histologically confirmed
adenocarcinoma and/or a labyrnthin-expressing cancer; (111} previously treated with at least |
prior systemic therapy (chemotherapy and/or biologic therapy) and either had no response/
progressed during treatment or progressed following the completion of sysiemic therapy or
refuses all other treatment; (iv) tumor(s) must overexpress the labyrinthin antigen, as determined
by a sereening mmmunohistochemical evalnation of the paraffin-embedded archival specimen
demonstrating > 109% of malignant cells staining for the antigen and with an intensity of at least
2x background according to the scoring by a single reference pathologist: (v) previous radiation
therapy must have been completed at least 3 weeks prior to 18! vaccine injection; {(vi} any
number of prior chemotherapy regimens; {(vii) documentation of delaved type hypersensitivity
{D'TH) response to common recall antigens prior to st vaccine injection; (vii} a performance

status > 60% on the Kamofsky scale; {ix) a life expectancy of 2 6 months at the time of st
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vaceine injection; {x) measurable or evaluable disease; {(x1) a pretreatment absolute granulocyte
count {AGC) > 1,000 and a pretreatment platelet count of > 75, 000 obtained within 4 weeks

prior to 1% vaccine injection; (Xit) a pretreatment scrum creatinine of < 1.5 mg/dl 1s required.
Measurements must be obtaimed within 4 weeks prior to 1st vaccing mjection; and {(xiit} a serum
bilirubin £ 1.5 and AST < 2.3 x institational upper hmits of normal (< 5X if with liver

metastases) obtained within 4 weeks prior to 1* vaccine mjection.

Methods of producing antibodies

{8178} The present disclosure, in some aspects, provides methods of producing an antibody
irt vivo, such as in a host animal. In some ecmbodiments, the method comprses adounistering to a
host animal an antigenic composition according to the disclosure herein. In some embodiments,
the method comprises administering to a host animal a mucleic acid composition according to the
disciosure herein. In some embodiments, the method comprises administering to a host animal a
vaceine composition according to the disclosure herein.

{6179} Methods for producing antibodies in a host animal are known. See, e.g., Lee, BS ef
al., Methods Mol Biol, 1474, 2016, 25-47.

{0180] In some embodiments, the labyrinthin-derived peptide is conjugated to a carrier, such
as a protein. In some embodiments, the labyrinthin-derived peptide is conjugated to an albumin,
such as boving serum albumin. In some embodiments, the labyvrinthin-derived peptide is
conjugated to keyvhole himpet hacmocyanin (KLH).

{0181} In some embodiments, the antibody is a polvclonal antibody. In some embodiments,
the antibody is a monoclonal antibody.

{0182} In some embodiments, the method of producing an antibody further comprises
punfying the antibody.

[183] Those skilled i the art will recognize that several embodiments are possible within
the scope and spint of the disclosure of this application. The disclosure 1s tllustrated further by
the examples below, which are not to be construed as liniting the disclosure in scope or spint o

the specific procedures described therein,
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EXAMPLES
Example I

[3184] This example demonstrates the design, synthesis, and formulation of select

labyrinthin-derived peptides according to the disclosure herein,

Feptides designed for B-cell and T-cell immune response

[3185] Labyrinthin-derived peptides were designed to produce B-cell and T-cell acquired
mmmnune system responses. Using the labyrinthin amino acid sequence (SEQ IP NGy asa
starting template, 13 labynnthin-dertved peptides were designed, and four labyrinthin~denived
peptide candidates were selected for further assessment and development (SEQ 1D NO:29, SEQ
ID NG:30, SEQ ID NG:31, and SEQ ID NO:32). The four selected labynnthin-derived peptide
candidates comprise amine acid sequences bave known immunogenicity via the B-celi-mediated
adaptive timmune system and studics were conducted to confirm predicted binding to the MHCT
complex groove 1o also trigger a T-cetl-mediated adaptive immune system response.

(4186} The solubility of the four labyrinthin-derived peptide candidates was tested in silico
for purposes of identifving peptide candidates suitable for formulation and admmistration. For
example, the water solubility of labyrinthin-derived pepiides candidates were tested using a
Peptide property calculator (<hittp//www pepcale.com/>). All labvrinthin-derived peptide

candidates were confirmed to have good water solubihity .

Synthesis of labyrinthin-derived peptides

{8187} The four labyrinthin-derived peptide candidates (SEQ 1D NG:29, SEQ 1D NG:30,
SEQ 13 NO:31, and SEQ 1D NO:32) were synthesized. Each labyrinthin-derived peptide
candidate sequence was confirmed using mass spectrometry. Specifically, an electrospray
tonization mass spectrometry technique was used o obtain parent ton m/z spectra for cach
sample (a spectram for SEQ 1D NOS:29-32 is shown in FIGS, 1A-1D, respectively) followed by
a tandem mass spectrometry technique to coliect ion fragmentation data to confirm the peptide
sequence of each labvrinthin-derived peptide candidate {data not shown}).

[0188] The punty of each labyrinthin-denved peptide candidate was measured using a high-
performance liguid chromatography technique measuring absorbance at 220 nm. The measured

purity for each labyrinthin-derived peptide candidate 1s shown in Table 3.
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Table 3. Punity of labyrinthin-derived peptides.

Peptide purity (%}

SEQ IB NO:29 96.289
SEQ 1D NO:30 95.0723
SEQ IDNO:3] a5.019
SEQ ID NG:32 96.530

Solubility and formulation of labyrinthin-derived peptides

[0189]

The solubility of each labyrinthin-derived peptide candidate was assessed by visual

exanination i ultrapure water, 0.1 M PBS (PBS; pH 7.4), and dimethyl sulfoxide (BDMSO;

analvtical grade). As reported in Table 4, a solubility of less than 0.1 mg/mL of solvent was

defined as “Undissolved” and solubility of greater than or 0.1 mg/mL was defined as

“Dissolved.” The concentration range of measured solubility is provided under the “Digsolved”

classification where available (Table 4).

Table 4. Sclubility of labyrinthin-derived peptides.

Ultrapure water PBS (pH74) DMSO
SEQID NG:29 Digsolved Dissolved Dhssolved
<10 mg/mL <10 mg/mb N/A

SEQ ID NG:30 Undissolved Dissolved Dissolved
<10 mg/mbL <10 mg/mbL

SEQID NG:31 Undissolved Undissolved Dissolved
<5 mg/mL

SEQ ID NG:32 Undissolved Undissolved Dhssoltved
<10 mg/ml.

[0196]

As observed, SE(Q ID NO:30, SEQ ID NO:31, and SEG ID NO:32 were undissolved

m ultrapure water, which contradicts the predicted i sifico solubility assessment described

above. Formulation in a pH buffer (PBS, pH 7.4) did not improve solubility for SEQ ID NG:31

and SEQ ID NO:32.
[0191]

Addrtional testing was completed to attempt to overcome the above-identified

solubility 1ssues. Results of the solubility tests performed for cach labyrnthin-derived peptide

candidate (SEQ ID N(O5:29-32} are shown in Table 3. In short, all peptides were again

dissolved 10 DMSQO, confirming that the peptides had the capacity to dissolve in solution.

Peptide solubility was then tested i normal saline (0.154 M sodium (NaCl}) and 0.2 M sodium

{NaCly. Normal saline 1s generally an option as a solvent/diluent as use for such purpose 1s

accepted by the Food and Drug Association. SEQ ID NO:31 and SEQ 1D N{:32 did not dissolve
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m anormal saline solution. Additional solutions were tested to determine an alternative diluent
to solubilize the candidate peptides, as determined by visual examination. As shown i Table 5,
all four candidate peptides dissolved m 0.2 M saline solution.

Tabile 3. Solubility of labvrinthin-dernived peptides.
SEQ IDNG:29 | SEQIDNO:30 | SEQID NO:31 | SEQIDNO:32

DMSO Yes Yes Yes Yes
0.154 M Sodivm ;o . ,

(NaCl) Yes Yes Mo No
0.2 M Sodium - . _ e
(NaCl) Yes Yes Yes Yes

3192} In further solability testing, two tubes of 1.1 mg peptide for cach of the four
candidate peptides target was dissolved mto 1 mb phosphate buffer {pH 10) (with and without
0.9% Na(l). Aficr testing the solubility, the pH was seriallv adiusted with 2% acetic acid to
fower the pH to the values shown in Table 6. The peptide solutions were subsequently stored at
4°C for several hours to dissolve the peptides thoroughly. Following centrifugation, the peptide
concentration that romained in solution was measured. The solubility (mg/ml) of cach peptide
candidate for cach condition is listed in Table 6. The solubility of all four peptide candidates
under all tested condition m Table 6 as above 0.3 mg/mL, and for each peptide candidate the

variability of solubiity across the pH ranges tested was mimimal.
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Table 6. Solubility of labyrimthin-denved peptides.
pH10 pHS pHES
img/ml mg/mlimg/ml

)
-
=
Rt
=
(]
jad
25

(3193} A combination of cach of the four peptides (SEQ ID NOS:29-32} were diluted in
cither water {pH of about 6.7-7) or isolyte (pH 7 4) and analyzed bv an ultra-performance hiquid
chromatographic {UPLC) technique develop to analyze the peptides in a solution fora
vaccination. As iustrated in FIG. 2, numbers 1-4 correspond in order with the peptides of SEQ
1D NOS:29-32.

[0194] Each peptide has a very low pl and the results tHustrated in FIG. 2 show that
buffering to a physiologic level led to the detection of doublets 1n all four peptides. The doublets
were especially pronounced for peptides #1 (SEQ 1D NO:29) and #2 (SEQ ID N(:30}). As
designed for each peptide, when the peptides reconstituted in isolyte were diluted further with
water the UPLC tracing for cach peptide resolved into a single peak {data not provided), such as
observed for the peptides reconstituted m water in FEG. 2. This data indicates that (1) the
peptides became charged as they are in an environment several pH units above their acidic pl’s,
and (2} the peptide structure remains intact as evidenced by each peptide resolving into a single
peak and retuming to the original retention times upon serial dilution with water (retumning fo a

more acidic pH}.
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Example 2
{0195] The cxample demonstrates the inhibition of tumor growth by a vaccine containing

four labvrinthin-derived peptides (SEQ 1D NOS:29-32) (LabVax 3(22}-23).

[3195] {57BL/6 hPD-1/PD-L1 mice sebeutaneously implanted with MC 38 murine colon
{adenocarcinoma) tumor cells were administered either: {a) 40 pg of LabVax (10 pg of cach
peptide, 1.d.) in combination with mouse GM-CSF (1 ug. s.c.) as an adjuvant; or {(b) salinc
control, on days 15, 26, and 40 after tumor implantation. Body weight and tumor weight were
measured during the study. Statistical analyses of the mouse weight and tumor weight are
provided in Table 7.

Table 7. Statistical analyvses of mouse weight and tumor weight.

Tukey's multiple Mean Diff. 95.00% CI Significant? Adjusted P
comparisons test valie
MOUSE 0.5757 -0.07956 1o NS 0.1143
WEIGHT (mice Saling vs. LabVax 1.231
bearing tumors -
morn)
TUMOR Saline vs. LabVax 3055 1798 -431.1 YES <¢.0001
WEIGHT

{0197] Body weights during the course of study were not different between the vaccme
versus saline control administration groups and no adverse events were noted in either group.
The results show that the vacoine produced a significant decrease in tumor growth (FIG. 3), and
thus LabVax 3(22)-23 has antitumor activity without toxicity in immune competent mice.
[3198] The results with respect to safety are in agreement with formal studies performed
under Good Laboratory Practices in Balb/C mice {Comparative Biosciences, Inc.; Samnyvale,
CA) which showed no toxicity by the individual peptides, nor the combination {LabVax 3(22)-
23] after 5 injections (50 pg cach peptide) over a 49 day periad.

[6199] Additionally, studies in mice that have seroconverted are in agreement with the
finding that the use of the peptides 1s safe. Prechinical acute (2 injections over 14 days) and long
term {4 injections over 49 days) testing of LabVax 3(22)-23 in mice were performed under an
approved GLP animal study. The dosage was approximately the equivalent of ~120x the
mtended human dosage (400 pg per injection). No clinically observed adverse events or

abnormalities have been noted throughout four injections.
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Example 3

{0200] To test for the production of antibodies after administration of peptides described
herein, 12 Balb/c mice were split into 4 treatment groups with cach treatment group assigned to
receive an ingjection of one of SEQ ID NG: 29-32. As shown m the Table 8, positive clones were
wdentified in cach treatment group.

Table 8. Number of positive clones identified for cach treatment group.

PEPTIDE Positive clones/hybridomag
SEQ ID NO.

29 3

3

31 10

32 3
Example 4
{6261} This example demonstrates a Phase 1 study of a four-peptide labvrinthin cancer

vaccine (LabVax 3(22)-23) in patients with adenocarcinomas. The four peptides of the vaccine
are SEQ D NOs:29-32,

10202} Patients (12) selected for the Phase | study have inoperable or metastatic solid tumors
{adenocarcinomas) who failed standard of care treatment. Two treatment cohorts will be
established based on the following: Cohort A: 6 patients administered (1.d.) LabVax 3(22)-23
alone; and Cohort B: 6 patients admimistered (1.d.} LabVax 3(22)-23 + GM-CSF (adiuvant).
Phase | expansion, should it occur, will include the following: 7 patients with breast
adenocarcinoma; 7 patients with lung adenocarcinoma; 10 patients with other adenocarcinomas
that are labyrinthin-positive. Adenccarcinomas, all MCA 44-3A6 positive (mouse monoclonal
anti-labvrinthin antibody), will be included in each of the cohorts in the expanded trial segment.
[0283] The primary objective of this study is to demonstrate that the svnthetic four-peptide
cancer vaceing causes no shori-term adverse effects in humans.

[(3204] The secondary objectives of this study are to: (i} compare safety of the vaccing
with/without GM-CSF (adjuvant); (i1} obtain prelinunary assessment on the efficacy of the
vaccine with/without GM-CSF (adjuvant); (i1} compare safety of the vaccine (with or without
GM-CSE)Y v more specific areas of labyrinthin-positive breast and lung patients, as well as a

cohort of other adenocarcinomas that are labyrnthin-positive; and {1v) obtain preliminary

94



CA 03123396 2021-06-14

WO 2020/123964 PCT/US2019/066264

assessment of the vaccine (with or without GM-CSF) m more specific arcas of labyninthin-
positive breast and lung patients, as well as a cohort of other adenocarcinomas that are
labyrinthin-positive.

[0205] Formulation, bottling, QA, QC, stenlity testing, and labeling 15 scheduled to be
performed vader ¢GMP. Further QA/QC stability testing is scheduled to be performed at Emery
Pharma. Peptides will be reconstituted in Isolyvie S pH 7.4 10 a concentration of 400 pg/100 wl
{comtaining 100 pg cach of the four peptides), stenile filtered. The final product has a pH of
about 6.5-7. The vaccine will then be aliquoted into vials for chinical use then stored at -80° (.
Ongoing studies have demonstrated that the peptides can be made in this manner and
reconstituted without any cffect on the structural mtegrity of the peptides {per GLP certified
UPLC analysis; Emery Pharma, Alameda, CA).

[0206] For example, a computer-based analysis of the four peptides was conducted by
SafeBridge Consultants, Inc. {(New York, NY and Mountain View, CA), and achieved an
Occupational Health Categorization: Category 2 of 4. The score indicates that the peptides were
safe and were only margimalized in their score due to lack of available data in the Iiterature
10207} For Cohort B, 100 mceg human GM-CSF will be admunistered sabcutancousty 43-60
mimuies prior to the LabVax 3(22)-23 {1.d.} injection. GM-CSF is to be injecied within 3 cm of
the vaccine injection site, using a 28 gauge needle.

[0208] Subjects with advanced/metastatic or recurrent adenocarcinoma {stage IV) of any
primary site, with crphasis on breast and non-small cell lung cancer that is tncurable with
available therapies will be recrutted from the UC Davis Comprehensive Cancer Center for
Cohort A and Cohort B. The follow-up Phase I expansion will be opened to carhier stage
adenocarcinoma subjects with labynnthin-positive tumors.

103269} Patients must meet all of the following criteria to be cligible for study entry: (i)
ability to understand and willingness to sign an informed consent formy (1) patients of at feast 18
vears of age with histologically confirmed adenocarcinoma; (111} patients must have been
previously treated with at least 1 prior systemic therapy (chemotherapy and/or biologie therapy}
and either had no response/ progressed during treatment or progressed following the completion
of systenuc therapy or refuses all other freatment; (iv) tumors must overexpress the labyrinthin
antigen, as determingd by a screening nmunochistochemical evaluation of the paraffin-
embedded archival specimen demonstrating > 10% of malignant ceils staining for the antigen

and with an wmtensity of at feast 2x background according to the scoring by a single reference
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pathologist; {v) previous radiation therapy must have been completed at least 3 weeks prior to ¥
vaceine injection. There must be no plans for the patient to receive concurrent radiation therapy
to measurable lesions. The measurable lesion may be in the ficld(s) of prior radiation provided
that the lesion 1s demonstrated by CT scan to be progressing or stable; {vi) any number of prior
chemotherapy regimens is allowed. Prior chemotherapy must have been completed at least 3
weeks prior to Ist vaccine imjection and patients must have recovered from all toxicities of the
prior treatment before 13 vaccine injection; (vil) patients must have documentation of delayed
tyvpe hypersensitivity (DTH) response to common recall antigens prior to 1st vaccine mjection.
As part of the prescreen evaloation, patients will underge DTH testing to at least one common
recall antigen; selection will be at the discretion of the physician, based upon the history and
physical (mumps, Trichophyton, Candida antigens, flu matrix, and/or PPD, ete.). Skin tests will
be read at or about 48 hours. A skin reaction will be considered positive if there 1s any
measurable induration associated with erythema of 10 num or greater. Ervthema alone will not be
regarded as a positive DTH response; (viii} all patients must bave a performance status > 60%
on the Kamofsky scale; (ix) all patients must have a hife expectancy of > 6 months at the time of
1st vaceine injection; (x) all lab work and all radiologic tests {e.g., x-rays, CT} must be done
within 4 weeks prior to 1% vaccing injection; (xi) patients must have measurable or evaluable
discase {scc section [0}, All paticnts must have a pretreatment absolute granulocyie count

=
7
b

{AGC) > 1,000 and a pretreatment platelet count of > 75,000 obtained within 4 weeks priorto 19
vaccine injection; {Xii} a pretreatment serum creatinine of < 1.5 mg/dl 18 required. Measurements
must be obtained within 4 wecks prior to st vaccine mjoction; (xiit} patients must have a serum
bilirabin < 1.5 and AST < 2.5 x institutional upper limits of normal (< 5Xf with hiver
metastases) obtained within 4 weeks prior to 15 vaccing mjection; (xiv} because of their
relatively short life expectancy which will preclude assessment of this vaccine’s activity and
toxicity, patients with known brain and/or leptomeningeal metastases are excluded; and (xv}
because the effects of the vaccme on the unborn tetus or nursing mfant are unknown, pregnant
and nursing women are ineligible. Women of child bearing age must have a negative urine or
serum pregnancy test (HCG).

{6210} Patients who meet any of the following criteria will be excluded from study entry: {1}
known active immunological disease, autommmune disease, hereditary or congenital
mnmunodeficiencics, underying immunodeficiency, or altered immune fanction (e.g.. active

Grave’s disease, AIDS/HIV, Addison’s discase, myasthenia gravis, severc atopic dermatitis,
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rheumatoid arthritis, eczema scleroderma, Goodpasture’s syndrome, Sjogren’s syndrome,
ankylosing spondylitis, Hashimoto's thyroiditis, systemic fopus ervthematosus, antoimmune
neutropenia/thrombocytopenia, immune-mediated hemolvtic anemia, or previous history of
anaphylaxis requiring 1CU care). Contact the Principal Investigator for any clarifications
regarding this criterion; (it} patients who have had a prior splencetomy are incligible because of
a compromised immane function; {11t} pregoant or lactating women; (1v) any medical condition
mcluding additional malignancies, laboratory abnormalities, or psychiatric tiness that would
prevent the subject from participating and adhering to study related procedures; (v) uncontrolled
concomitant disease that in the opinion of the investigator would mterfere with the patient’s
safety or compliance on trial; and (vi) severe infection that in the opimon of the investigator
would nterfere with patient safety or compliance on trial within 4 weeks prior to enrollment.
{6211} Dose imtting toxicity (BLT} in a given patient 1s defined as any grade HI non-
hematologic toxicity not reversible to grade H or less within 96 howurs, or any grade IV toxicity.
I3L.T 1s based on the first course of treatment. Toxicity will be graded according to the NCI
Common Terminology Criteria for Adverse Events (CTCAE; version 5.0). To be evaluable for
toxicity, a patient must recetve at least T complete course of treatment and be observed for at
least 6 months after the start of the first course or have experienced DLT. All patients who are
not evaluable for toxicity will be replaced.

[8212] Maximum tolerated dose (MTD) 15 defined as the highest amount of injections tested
in which fewer than 33% of patients experienced DLT attnbutable to the study drugs (LabVax
3(22)-23 = adjuvant), when at least 6 paticnts were treated at that dose and are cvaluable for
toxacity. The MTD is 1 injection level below the lowest dose tested 1n which 33% or more
patients experienced DLT attributable to the study drugs. At least 6 patients will be treated at the
MTD.

{6213} The DL T-level is the lowest injection level tested in which 33% or more patients
experienced DLT attributable to the study drug(s); the DL T-level 15 1 dose level above the
MTD.

[0214] Six patients for cach vaccine/vaccine + GM-CSF group will be treated at the
scheduled intervals up to 5 through 12 weeks. If (/3 of the first patients in cach group experience
DLT after the first 2 injections, the next 3 patients will be enrolied while the initial group
continues with the injection schedule. If DLT attributable to the study drug{s) is experienced in

exactly 1/3 patients, 3 more patients (for a total of 6) will be treated up to that mjection serics
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amount. If no additional DLT is observed at the expanded injection schedule (i.e., no more than
1/6 with BLT), the injection regimen will continue. Injections torminate as soon as 2 or more
paticnts expericnee any DLT attributable to the study dmg(s), at a given injection frequency.
The Phase 1 trial will be closed when 6 patients for each group have been treated and at most 1/6
patients experience DLT. If more than 1/6 patients experience DLT, the next lower amount of
mjections will be used i the remaining patients.

[0215] All patients who have not experienced any DLT at the mtervals (just prior to} will
continue with the next injection as necessary. Treatment will continue i an individual patient
according to the injection schedule if no DLT is observed and if benefit 15 observed; patients will
go off therapy for unacceptable toxicity {(as determined by the treating physician and/or the
patient), or toxicity requining disconfinuation of treatment.

[8216] Based on the first-into-human chnical trial, after the patients complete the 12-week
mjection schedule, and 1-month follow-up phase, the patients that have stable or tamor
regression will be offered, off study, additional vaccinations {e.g., boosters, patient
seroconversion imitiating). The treating physician will deternine the mjection frequency.

0217} All patients being considered for this trial will be pre-screened prior to protocol
therapy to determine that tumors overexpress the labyrinthin antigen, as determined by a
screening immuno-histochemical evaluation of the paraftin-embedded archival specimen
demonstrating > 10% of malignant cells staining for the antigen. A single reference pathologist
will malke this assessment.

{0218] This 1s a single site, open-label trial of the synthetic peptide cancer vaccine LabVax
3{22)-23 directed at producing an immune response to the tumor-associated antigen. The design
of the study will be to examine safety of the vaccme (& GM-CSF as adjuvant) in a pilot group of
adenocarcinoma patients. Preliminary information will be obtained regarding efficacy and post
study correlates about seroconversion will be made.

[0219] Vials will be supplied containing enough peptide vaccine to achieve m injection of
400 pg/100 wl (100 ug for each of the four peptides) dituted in Isolvte 5 pH 7 4. GM-C5F (250
ug/vialy will be used in accordance with the manufacturer’s information. A concomitant
administration of 100 pg 1s to be administered with each LabVax 3(22)-23 injection.

[0220] Patients will be given 400 pg peptide vaccine contained in a total volame of 0.1 ml

mtradermally on weeks 1, 2, 4, 8, and 12 {(additional vaccinations on weeks 24 and 36 pending
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cimical responsivity). The vaccine will be stored at -20 °C and warmed to room temperature
prior to use. The vaccine should be used within one howur of reaching room temperature.

{0221} A1 mi synnge with a 28-gauge needle or smaller is to be used to draw up 0.1 mi
from a single vial. The total volume will be mjected intradermally after 60% (about 4 mm) of the
needle length has been threaded into the dermis.

106222} Afier the fluid has been mjected, the needle/syringe is to be held i place for 5
minutes (may be taped in place), in order to prevent back flow. Any bandage over the injection
gite is to be placed such that pressure is not exerted on the injected fluid. Patients are to be
advised to avoid applying pressure to the injection site until the fluid 18 absorbed. Stertle saline
will be used to reconstitute to achieve an equuvalent co-administration of 100 ug of GM-CSF
{when used) and administered within one hour of vaccimation. Alternative injection sites, as
appropriate, will be located m either leg or abdomen. It is the intent to give cach of the serics of
vaccinations at slightly different sites (3 cm from the last injection site if the previous injection
site can be seen), and the relative locations will be recorded. Any inflanunation of the site will
be documented (photographed and/or written record). Inflammation is defined as an arca of
persistent redness and/or induration greater than 20 mum surrounding the injection stie lasting
greater than 1 week or anv skin ulceration.

0223} The first 3 patients from cach group (£ GM-CSF) will be observed for 60 munites
post immunization for the first 5 immanizations. Temperatures, vital signs, and reactions will be
assessed by the staff at the end of the post immunization peniod every fifteen minutes. Patignts
will take and record thewr temperatures the same evening (and at additional times if they have
symptoms of fever) and record any other svmptoms they expenience. If paticnts report any skin
changes, they will be asked to come in for evaluation. Provided that there are no serious adverse
affects noted in the first 6 patients through their first 5 doses, the monitoring time will be waived
for the remainder of their injections. Patients 7-12 will be monitored for 60 nunutes immediately
following their first vaccine injection; subsequent injections will not require post-vaccine
observation unless clinically indicated.

[6224] Serum samples will be collected on weeks 0, 1, 2, 4, 8, 12, and 14 {or within 10-20
days after the last injection, mcluding if additional vaccine injections are, to assess
seroconversion post trial, but will also be available to ascertam any systemic toxicity, if

warranted. Serum samples will be collected just prior to cach vaccination.
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[B225] A maximum of 3 patients will be enrolled each week until the first 6 patients have
received 3 doses with no adverse events (Grade > 2).

[0226] If intradermal injection results in skin vicerations, subsequent mjections can be given
subcutaneously for the remaming vaccinations. As vaccinations are being administered
mtradermally (1.d.}, if a patient developed a significant tmmune response, the DTH reaction
would preclude further intradermal admunistration. A significant D'TH response i3 defined as
persistent redness and induration greater than 20 mm surrounding the imjection stic lasting
greater than | week or any skin ulceration.

66227} Subjects will be evaluated for 31 weeks to include a follow-up exam 4 weeks after
the lastinjection {or last injection if mjections are stopped carlier). Thereafter they will be
evaluated tor immunologic parameters on the 4th and 7th month afier the last injection.

[0228] Paticnts may receive ongoing supportive and palbiative care (e.g., nutritional support,
pain control} as clinically indicated throughout the study. Patients may not be receiving any
concurrent oncologic or cancer-directed therapy (¢.g., chemotherapy, biologic therapy, etc.).
Bisphosphonate therapy 1s allowed as part of supportive care. Patients who develop urgent
complications in previcusly documented sites of disease may receive palliative radiation
therapy. Continuation on the protocol therapy will be determined by discussions with the
sponsor and the investigator, if medically appropriate.

[8229] A patient will be removed from protocol treatment if any of the following conditions
are satisticd: (1) unacceptable toxicity (as determined by the treating physician and/or the
patient), or toxicity requiring discontinuation of treatment; (11) paticnts may choose to withdraw
from the study at any time for any reason; (111) patients may be withdrawn from the protocol at
the investigator’s discretion if the investigator feels that contimuation is not in the patient’s best
medical interest or if the patient is non-compliant with treatment; {iv) progression of disgase
characterized by the development of new lesions or if existing disease nereases by over 100% of
the baseline or nadir {whichever is smaller) long-axis unidimensional diameter; (v} progression
of disease per RECIST (Response Evaluation Criteria in Solid Tumors) criteria; and (vi)
completion of protocol therapy as follows: (a) completion of 5 planned vaccinations; and {b)
final dose of 12th patient (Phase I) or 30th patient (Phase [ expanded segment). Patients that
start, but do not complete the fidl injection schedule for a given cohort are not counted fowards
the patient totals required to complete each respective cohort; therr data will be included in the

study summary.
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6230} I patients fail to respond to the protocol treatment and/or are removed from the
therapy because of toxic effects or “discase progression”, further treatment, if any, is at the
discretion of the investigator.

{8231} After removal from protocol treatment, all patients will be followed for late
toxicities. Patients will be seen 4 weeks, 12 weeks and 28 wecks after coming off therapy (last
mjection). H ongoing toxicities have not resolved to < grade | within the first 4 weeks, patients
arc 1o be seen every month until toxicity resolves to < grade 1. No new toxicities after the 4-
week follow-up will be reported unless considered related to protocol treatment by the
mvestigator. Final report form will be required on all patients either after the final follow-up or
at the time of death.

{8232} Patients will be enrolled on the study as outlined above. If, at anv time during the
study, there 1s sufficient evidence suggesting an excessive Grade 3 or Grade 4 toxicity rate, the
study will be terminated. An excessive Grade 3 toxicity rate will be taken to be 20% {or 4
paticnts} and an excessive Grade 4 toxicity rate will be taken to be 10% {or 2 patients) of the
patients enrolied to that date. Evidence that the toxicity rate 1s excessive will be considered
sufficient if the lower limit of the 90% one-sided confidence nterval for the estimate of the
toxicity rate exceeds the appropriate limit {20% for Grade 3, 10% for Grade 4).

10233} Opcrationally, this will occur if any of the following occur: (1) grade 3 Toxietty (n
=20} 2 of the first 2 patients, 3 of the first 6 patients, 4 of the first 9 patients, 5 of the first 13
patients, 6 of the first 14 patients, or 7 of the first 19 patients; or{(ii) grade 4 Toxicity {u=20}: 2 of
the first 5 patients, 3 of the first 11 patients, 4 of the first 18 patients, or 5 of the first 19.

4234} The toxicity scale, definitions, and specific criteria for each toxicity level will be
those as outlined in the guidelimes defined by the CTCAE version 3.0, I the patient develops
any grade 3 or greater hematologic or non-hematologic toxicity that is possibly, probably, or
defuutely related to the immumnizations, no further vaccinations will be given to that patient and
the patient wili be removed from protocol therapy. There will be no vaccine dose modifications
allowed. If the Grade > 3 toxicity observed 1s determined by the investigator to be related to the
nune response generated, a regimen of corticosterowds.

[03235] A comprehensive metabolic panel will be performed on serum (ncluding total
bilirpbin, SGOT, and creatinime), and monitored on weeks 0, 1, 2, 4, &, and 12; and on any
additional vaccination weeks if deemed necessary according o the schema {i.e., weeks 24 and

36). In addition, the patient will undergo a physical examination at the first immunization and
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then at each vaccination. Patients will be observed for the development of antoimmunity in

normal tissues which may express basal levels of labyrinthin, especially in the skin and salivary

glands.
[8236] Baseline evaluations are to be conducted within 14 days prior to 1¥ vaccine injection

uniess otherwise noted. Scans and X-rays must be performed within 28 days prior to 1* vaceine

mjection, In the event that the patient’s condition is deteriorating, laboratory evaluations should

be repeated within 48 hours prior to inttiation of the next cycle of therapy.

o

4]

Table 9. Study schedule.

Week or Event ngg;“ 1] 274812 16 gggc
LabVax 3(22)-23 ¢ XXX X | X

faformed Consent X

Demographics X

Medical History X

Physical Exam® X XXX X | X1 X
Performance Siatus’ X X |1 XIXiIX ]| XX

THC on Tumor Tissue X X

Serum for Antibody Titer X X X X X
CBC X X X X i X
Chemistry X X X XX

DTH® X X
Pregnancy Test? X

Tumer Evaluation® X X

Pre-study requirements {within 4 weeks pror to Ist vaccine injection except where
otherwise indicated), DTH, pregnancy test, biopsy for immunohistochemistry included m
pre-study exam.

First of 3 follow-ups as defined in section 7.4.8. Booster vaccinations may be admimstered
at the discretion of the physician and patient, provided matenial is available.

It is preferable that 2 consccutive measurements taken 4 weeks apart be used to document
progressive disease if the patient is removed from study for this reason.

LabVax 3(22%-23 (0.1 mi, 1d.} + GM-CSF.

Routine to include vital signs, height (pre-study only needed), weight,

Tumor evaluation (chnical measurements; as dicated: radiographic scans, biopsy for
immunochistochemisiry, eic).

Comprehensive metabolic panel {including scrum creatinine, AST, total blirubin, CBC
w/auto ditferential for pre-study at a ninumal}.
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{6237} Within 4 weeks prior to 1% vaccing injection except where otherwise indicated: (i)
History and Physical Exam including: Height, Weight, Performance status, Clinical tumor
measurcments; (i) hematology: Complete blood count with auto differential; (it1) biochemistry:
Serum creatinine, AST, total bilirubin; and (iv) radiology: Scans/X-ravs as necessary 1o
document disease (within 3 months prior to 1st vaccine injection}. To ensure comparability, the
baseline X-rays/scans and sobsequent X-raye/scans to assess response must be performed using
identical techniques; i.¢. scans performed immediately following bolus contrast administration
using a standard volume of contrast, the identical contrast agent, and preferably the same
scanner.

10238] Other investigations will mclude: (i) baseline Serum Sample {for antibody titers); (i1}
pregnancy test {for women of childbearing potential) within 2 weeks prior to 1st vaccine
mjection; {111y DTH to common recall antigens within 3 months prior to st vaccine myjection;
and (1v) immunchistochemistry (tumor tissue must be positive for labyrinthin expression for
chigibility) should be performed within 3 months prior to 1st vaccine injection.

[(3239] All patients will be evaluable for toxicity from the time of their first treatment with
LabVax 3(22}-23. All patients will be evaluable for toxicity from the peptide mjections and will
be monitored for acuie toxicity. All patients will be monitored for 1 hour post injection for the
first 3 mjections with a physician within immediate proximity.

{0244} Response and progression will be evaluated in this study using the new international
criteria proposed by RECIST (Response Evaluation Criteria 1n Schid Tumors) committee.
Changes in only the largest diameter (unidimensional measurement) of the fumor lesions are
used n the RECIST criteria.

0241} Measurable lesions are defined as those that can be accurately measured in at least
one dimension (longest diameter to be recorded) as > 20 mm with conventional techniques (PE,
CT, XK, MR} or as 2 10 num with spiral CT scan. All tumor measurcments must be recorded in
mijlimeters (or decimal fractions of centimeters).

16242} All other lesions {or sites of disease), meluding small lesions (longest diameter <20
mm with conventional techniques or < 10 num with spiral CT scan) are considered non-
measurable disease. Bone lesion, leptomeningeal disease, asciies, pleural/pericardial effusions,
tymphangitis cutis/pohmonis, inflammatory beast disease, abdominal masses (not followed by
CT or MR and cystic lesions are all non-measurable. Prostate cancer patients may also have

PSA-only discase.
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[(3243] All measurable lesions up to a maximum of 5 lesions per organ and 10 lesions in total
representative of all involved organs should be identified as target kesions and be recorded and
measurcd at bascline. Target lesions should be sclected on the basis of their size (lesions with the
longest diameter) and their suitabifity for accurate repetitive measurements {either by imaging
techmiques or clinically). A sum of the longest diameter (LD) for all target lesions will b
calculated and reporied as the baseline sum LD. The baseline sum LD will be used as reference
to further characterize the objective tumor response of the measurable dimension of the disease.
If'there are > 10 measurable lesions, those not selected as target lesions will be considered
together with non-measurable disease as non-target lesions.

103244} All non-measurable lesions (or sites of disease} plus any measurable lesions over and
above the 10 fisted as target lesions. Measurements are not required but these lesions should be
noted at baseline and should be followed as “present” or “absent”.

{0245] All patients will have their best response on study classified as ocuthined below:
Complete Response (CR): disappearance of all clinical and radiological evidence of tumor (both
target and non-target); Partial Response (PR): at least a 30% decrease n the sum of LD of target
lesions taking as reference the baseline sum LI¥; and stable Discase (8D} steady state disease.
Neither sufficient shrinkage to qualifv for PR nor sufficient increase to qualify for PD;
Progressive Discase (PD): at least a 20% increase in the sum of LD of measured losions taking
as references the smallest LD recorded since the treatment started or the appearance of one or
more new lesions. Appearance of new lesions will also constitute progressive disease. In
exceptional circumstances unequivocal progression of non-target lesions may be accepted as
evidence of discase progression. In exceptional circumstances unequivocal progression of non-

target lesions may be accepted as evidence of disgase progression.
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Table 10. Response classifications.

Target Non- New Overall | Best Response For This Category Also
Lesions Target Lesions | Respouse Reguires
Lesions
CR R No 'R > 4 weeks confirmation
CR Non- No PR > 4 wecks confirmation

CR/Non-PD

PR Nou-PD No PR > 4 weeks confirmation

SD Nou-PL3 No SD Documented at least > 4 weeks from
baseline, > & weeks for PSA-only
discase

P Any YesorNo | PD No prior SD, PR, or CR

Any PD Yesor No | PD No prior SD, PR, or CR

Any Any Yes PD No prior 3D, PR, or CR

[03246] Response duration will be measured from the time measurement criteria for CR/PR
{whichever 1s first recorded) are first met until the first date that recurrent or progressive disease
is objectively documented. Stable discase duration will be measured from the time of start of
therapy until the criteria for progression are met, taking as reference the smallest measurements
recorded since the treatment started.

0247} Chlimcal serological studies will be performed o all patients after the course of this
study to assess any development of serum antibodies directed against the labyrinthin-based
peptides. The antibody response will be measured and evaluated as the total tmmunoglobulin
{(IgM, 12, Iga, gD, and IgE) response to the labyrinthin-based peptides (all 4 combined).
Individual IgM and Ig( responses will be measured for research purposes and will not be used
i this stady to direct treatment. g subclass responses will also be determined for research
purposes and will not be used to direct treatment. These responses will be evaluated at weeks 4,
6,12, 15,19, 23, and 27.

{0248} A blood sample of 10 ml is to be drawn as cutlined above. Each sample will be
collected into a non-heparnnized vacutainer with a 20 g or larger needle. Blood samples will be
cooled immediately on wet ice {(approximately 4-8 C) and kept at this temperature until
processed to separate the serum. The serum will be spiked with sodium azide as preservative

{final concentration greater within 0.05-0.1% using a saturated sodium azide solution) with the
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volume of addition recorded along with the total amount of serum. The samples should be
divided equally and stored at -80° C in two different freczers until analyses.

0249} The serum should never be frozen. Samples (10 cc) should be kept in the refugerator
{4° C) m thewr collecting tubes (provided by LabyRx, Inc ; sodium azide, non-hepanmized red
top tubes with wax phase separator). Serum samples will remain at the institution and shipped in
bulk later doring the trial. The reserve of serum is to safeguard against the loss of a sample in
shipment or at the subsequent storage site.

[(3250] Patients who seroconvert to 1: 100,000 will be requested {optional; one time onlv) to
provide 10 ml of whole blood for the isolation of viable lymphocyie cells. The whole blood will
be processed on a Ficoll step gradicnt, the cells washed 3 times with Hanks Buaffer, and the cells

&G/

aliguoted and cyropreserved (about 5 x 10%vial) in 10% DMSO/90% Fetal Calf Serum. These
cells will be given to LabvRx {or a third-party testing laboratory) for the evaluation of celhular
immune responses and other research related studies.

[0251] Prior to patient treatment, a formalin fixed paraffin embedded tissue with a
representative sample of tumor tissue must be submitied for immunchistochemical staining and

detection/evahuation of labyrinthin.
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CLAIMS

What is claimed is:

1. An antigenic composition comprising one or more labyrinthin-derived peptides, wherein
cach labynnthin-derived peptide comprises one or more of a T-cell epitope and a B-cell

epitope.

2. The antigemic composition of claim 1, wherein each of the one or more labyrinthin-denved

peptides comprises a T-cell epitope and a B-cell epitope.

3. The antigenic composition of claim 1 or 2, wherein the one or more labyrithin-derived

peptides are between 8 and 25 amino acids n length.

4. The antigenic composttion of any one of claims 1-3, wherein the one or more labyrinthin-

derived peptides are substantially homologous to a portion of labyrinthin.

(9]

The antigenic composition of any one of claims 1-4, wherein each of the one or more

labvrinthin-derived peptides comprises a non-terminal proline residue.

6. An antigenic composttion comprising one or more labyrinthin-derived peptides selected
from the group consisting of:
(2} afirst peptide comprising SEQ 1D NO:25 or a variant thereof,
{(b) a second peptide compnising SEQ 1D NOG:26 or g vanant thereof,
{c¢) athird peptide comprising SEQ ID NO:27 or a variant thereof, and
{d} a fourth peptide comprising SEQ 1D NO:28 or a variant thereof,
wherein the one or more labyrinthin-derived peptides arc between 12 and 235 amino acids
wn length, and

wherein each peptide comprises a T-cell epitope and a B-cell epitope.
7. The antigenic composition of claim 6, wherein the first peptide compnises SEQ [D NO:25,

8. The antigenic composition of claim 6 or 7, wherein the second peptide comprises SEQ 1D
NO:26.
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9.

10.

11

13.

i5.

16.

17.

18

19.

The antigenic composition of any one of claims 6-8, wherein the third peptide comprises

SEQ IDNO:27.

The antigenic composition of any one of claims 6-9, wherein the fourth peptide comprises

SEQ ID NO:28.

The antigenic composition of any one of claims 6-10, wherein the one or more labvrinthin-

derived peptides are between 21 and 24 anino acids in length.

The antigenic composition of any one of claim 6-11, wherein the one or more labynnthin-

derived peptides are 22 or 23 amino acids in length.

The antigenic composition of any one of claims 6-12, wherein the one or more labvrinthin-

derived peptides are substantially homologous to a portion of labyrinthin.

The antigenic composition of any onc of claims 6-13, whercin the first peptide 1s SEQ 1D
N{:29 or a variant thereof having 1 or 2 amino acids substituted, deleted, mserted, and/or

added relative to SEQ ID NG:29.

The antigenic composition of any one of claims 6-14, wherein the first peptide 15 SEQ 1D

NO:Z9.

The antigentc composition of any one of claims 6-15, wherein the second peptide 1s SEQ
1 NO:30 or a variant thereof having 1 or 2 amino acids substituted, deleted. inserted,

and/or added relative to SEQ 1D NG:30.

The antigenic composition of any onc of claims 6-16, whercin the second peptide 15 SEQ

D NG:36,

The antigenic composition of any ong of claims 6-17, wherein the thud peptide 18 SEQ 1D
NO:31 or a variant thereof having 1 or 2 amimo acids substituted, deleted, mserted, and/or

added relative to SEQ ID NG:31.

The antigentic composition of any one of claims 6-18, wherein the third peptide is SEQ ID

NO3L
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e
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The antigenic composition of any one of claims 6-19, wherein the fourth peptide 18 SEQ 1D
NG:32 or a variant thereof having 1 or 2 amino acids substituted, deleted, mmseried, and/or

added relative to SEQ 1D NG:32.

21, 'The antigenic composition of any one of claims 6-20, wherein the fourth peptide s SEQ D

NG:32.

22, The antigenic composition of any one of claims 6-21, wherein at feast one of the one or

more labyrinthin-derived peptides 1s conjugated 1o a linker.

23 'The antigenic composition of any one of claims 6-22, whercin the antigenic composition

comprises two or more of the labyrinthun-derived peptides.

24.  The antigenic composition of any one of claims 6-23, wherein the antigenic composition

comprises three or morg of the labyrinthin-derived peptides.

25 The antigenic composition of any one of claims 6-24, wherein the antigenic composition
comprises four of the labyrinthin-derived peptides.
26. A nucleic acid composition comprising one or more nucleic acids encoding at least one of

the onc or more labyrinthin-denved peptides comprised in the antigenic composition of

any one of claims 1-235.

27. A vaccine composiiion comprising:
(a} an cffective amount of the antigenic composition of any one of claims 1-25; and

{b) a pharmaceutically acceptable vehicle.

28, The vaccime composition of claim 27, wherein the pharmaceutically acceptable vehicle is
selected from the group consisting of an aqueous suspension, an ¢ily suspension, an

emulsion, g liposome, a virosome, and a nanoparticle.

29, The vaccine composition of claim 27 or 28, wherein the pharmaceutically acceptable
2
vehicle comprises an excipient.
30. The vaccine composition of any one of claims 27-29, wherein the pharmaceutically

acceptable vehicle comprises an adjuvant.
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31, The vaccine composition of claim 30, wherein the adjuvant i1s an immune-enhancing

adjuvant,

32, A method for treating a cancer in an individual in need thereof, the method comprising

administering to the mdividual the vaccine composition of any one of claims 27-31.

3
L2

The method of claim 32, further comprising admuinistering to the individual an immune

checkpoint inhibitor.

34. A method of producing an antibody in a host animal, the method comprising administenng
to the host amimal the antigenic composition of any one of claims 1-25, the nucleic acid
composition of claim 26, or the vaccine composition of any one of claims 27-33, thereby

produacing the antibody.

Ny
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