wO 2019/072871 A2 |0 0000 0000 O O

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

World Intellectual Propert N
A i > O
International Bureau = (10) International Publication Number
(43) International Publication Date ——’/ WO 2019/072871 A2

18 April 2019 (18.04.2019) WIPOIPCT

(51) International Patent Classification: TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
AG1K 39/00 (2006.01) GOIN 33/68 (2006.01) KM, ML, MR, NE, SN, TD, TG).
GOIN 33/574 (2006.01) AG61P 35/00 (2006.01)

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(22) International Filing Date: —  with sequence listing part of description (Rule 5.2(a))

09 October 2018 (09.10.2018)

(21) International Application Number:
PCT/EP2018/077515

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
17195520.6 09 October 2017 (09.10.2017)  EP
PCT/EP2017/075683
09 October 2017 (09.10.2017)  EP
183054428 11 April 2018 (11.04.2018) EP

(71) Applicant: ENTEROME S.A. [FR/FR]; 94/96 avenue
Ledru-Rollin, 75011 Paris (FR).

(72) Inventors: CHENE, Laurent; 8 Rue du Cas Rouge Hain-
ault, 45170 Neuville aux Bois (FR). STROZZI, Francesco,
9, rue des Arquebusiers, 75003 Paris (FR). BONNY,
Christophe; 153, boulevard Voltaire, 75011 Paris (FR).
CERVINO, Alessandra; 3, rue de Tournezy, 77590
Bois-le-Roi (FR). MENDEZ, Celia, 407 Main Street,
Charlestown, MA 02129 (US).

(74) Agent: VON STOSCH, Andreas et al.; Prinzregentenstr.
22, 80538 Miinchen (DE).

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

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE,LR, LS, MW, MZ, NA,RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: MICROBIOTA SEQUENCE VARIANTS OF TUMOR-RELATED ANTIGENIC EPITOPES

(57) Abstract: The present invention relates to cancer immunotherapy, in particular to sequence variants of tumor-related antigenic
epitope sequences. Namely, the present invention provides a method for identification of microbiota sequence variants of tumor-related
antigenic epitope sequences. Such microbiota sequence variants are useful for the preparation of anticancer medicaments, since they
differ from self-antigens and, thus, they may elicit a strong immune response. Accordingly, medicaments comprising microbiota se-
quence variants, methods of preparing such medicaments and uses of such medicaments are provided.



10

15

20

25

30

WO 2019/072871 PCT/EP2018/077515

MICROBIOTA SEQUENCE VARIANTS OF TUMOR-RELATED ANTIGENIC EPITOPES

The present invention relates to the field of cancer immunotherapy, in particular to a method
of identification of bacterial sequence variants of epitopes of human tumor-related antigens
in the human microbiome. The present invention also relates to methods of providing
vaccines comprising such bacterial sequence variants of the human microbiome and to such
vaccines. Moreover, the present invention also provides a method for treating a human

individual with such vaccines.

Cancer is one of the leading causes of death across the world. According to the World Health
Organization, in 2012 only, 14 million new cases and 8.2 million cancer-related deaths were
reported worldwide, and it is expected that the number of new cancer cases will rise by about
70% within the next two decades. So far, more than 60% of world’s total new annual cases
occur in Africa, Asia and Central and South America. These regions also account for 70% of
the world’s cancer deaths. Among men, the five most common sites of cancer are lung,
prostate, colorectum, stomach and liver; while in women, those are breast, colorectum, lung,

cervix, and stomach.

Cancer has long been managed with surgery, radiation therapy, cytotoxic chemotherapy, and
endocrine manipulation, which are typically combined in sequential order so as to best
control the disease. However, major limitations to the true efficacy of these standard therapies
are their imprecise specificity which leads to the collateral damage of normal tissues incurred

with treatment, a low cure rate, and intrinsic drug resistance.

In the last years, there has been a tremendous increase in the development of cancer therapies
due notably to great advances in the expression profiling of tumors and normal cells, and
recent researches and first clinical results in immunotherapy, or molecular targeted therapy,

have started to change our perception of this disease.
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Promising anticancer immunotherapies have now become a reality and evidences that the
host immune system can recognize tumor antigens have led to the development of anticancer
drugs which are now approved by regulatory agencies as the US Food and Drug
Administration (FDA) and European Medicines Agency (EMA). Various therapeutic
approaches include, among others, adoptive transfer of ex vivo expanded tumor-infiltrating
lymphocytes, cancer cell vaccines, immunostimulatory cytokines and variants thereof,
Pattern recognition receptor (PRR) agonists, and immunomodulatory monoclonal antibodies
targeting tumor antigens or immune checkpoints (Galuzzi L. et al., Classification of current

anticancer immunotherapies. Oncotarget. 2014 Dec 30;5(24):12472-508):

Unfortunately, a significant percentage of patients can still present an intrinsic resistance to
some of these immunotherapies or even acquire resistance during the course of treatment.
For example, the three-year survival rate has been reported to be around 20% with the anti-
CTLA-4 antibody Ipilumumab in unresectable or metastatic melanoma (Snyder et al., Genetic
basis for clinical response to CTLA-4 blockade in melanoma. N Engl J Med. 2014 Dec
4;371(23):2189-2199; Schadendorf D et al.. Pooled Analysis of Long-Term Survival Data from
Phase Il and Phase Il Trials of Ipilimumab in Unresectable or Metastatic Melanoma. } Clin
Oncol. 2015 Jun 10;33(17):1889-94), while the three-year survival rate with another check
point inhibitor, Nivolumab targeting PD1, has been reported to be of 44% in renal cell
carcinoma (RCC) and 18% in NSCLC (McDermottet al., Survival, Durable Response, and
Long-Term Safety in Patients With Previously Treated Advanced Renal Cell Carcinoma
Receiving Nivolumab. | Clin Oncol. 2015 Jun 20;33(18):2013-20 ; Gettinger et al., Overall
Survival and Long-Term Safety of Nivolumab (Anti-Programmed Death 1 Antibody, BMS-
936558, ONO-4538) in Patients With Previously Treated Advanced Non-Small-Cell Lung
Cancer. J Clin Oncol. 2015 Jun 20;33(18):2004-12).

Fundamental drug resistance thus represents a fixed barrier to the efficacy of these
immunotherapies. It is thus clear that a different approach to cancer treatment is needed to

break this barrier.

Absence of response in a large number of subjects treated with these immunotherapies might

be associated with a deficient anti-tumor immune response (as defect in antigen presentation
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9%}

by APC or antigen recognition by T cells). In other words, positive response to immunotherapy
correlates with the ability of the immune system to develop specific lymphocytes subsets able
to recognize MHC class I-restricted antigens that are expressed by human cancer cells
(Kvistborget al., Human cancer regression antigens. Curr Opin Immunol. 2013 Apr;25(2):284-
90).

This hypothesis is strongly supported by data demonstrating that response to adoptive transfer
of tumor-infiltrating lymphocytes, is directly correlated with the numbers of CD8* T-cells
transfused to the patient (Besser et al., Adoptive transfer of tumor-infiltrating lymphocytes in
patients with metastatic melanoma: intent-to-treat analysis and efficacy after failure to prior

immunotherapies. Clin Cancer Res. 2013 Sep 1;19(17):4792-800).

A potent anti-tumoral response will thus depend on the presentation of immunoreactive
peptides and the presence of a sufficient number of reactive cells “trained” to recognize these

antigens.

Tumor antigen-based vaccination represent a unique approach to cancer therapy that has
gained considerable interest as it can enlist the patient’s own immune system to recognize,
attack and destroy tumors, in a specific and durable manner. Tumor cells are indeed known
to express a large number of peptide antigens susceptible to be recognized by the immune
system. Vaccines based on such antigens thus provide great opportunities not only to improve
patient’s overall survival but also for the monitoring of immune responses and the preparation
of GMP-grade product thanks to the low toxicity and low molecular weight of tumor antigens.
Examples of tumor antigens include, among others, by-products of proteins transcribed from
normally silent genes or overexpressed genes and from proteins expressed by oncovirus
(Kvistborg et al., Curr Opin Immunol. 2013 Apr;25(2):284-90) and neo-antigens, resulting
from point mutations of cellular proteins. The later are of particular interest as they have been
shown to be directly associated with increased overall survival in patient treated with CTLA4
inhibitors (Snyder et al., Genetic basis for clinical response to CTLA-4 blockade in melanoma.
N Engl) Med. 2014 Dec 4;371(23):2189-2199; Brown et al., Neo-antigens predicted by tumor
genome meta-analysis correlate with increased patient survival. Genome Res. 2014 May;

24(5):743-50).
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However, most of the tumor-associated antigens (TAAs) and tumor-specific antigens (TSAs)
are (existing) human proteins and are, thus, considered as self-antigens. During thymic
selection process, T cells that recognize peptide/self MHC complexes with sufficient affinity
are clonally depleted. By offering a protection against auto-immune disease, this mechanism
of T cell repertoire selection also reduce the possibility to develop immunity against tumor-
associated antigens (TAAs) and tumor-specific antigens (TSAs). This is exemplified by the fact
that cancer-reactive TCRs are generally of weak affinity. Furthermore, until now, most of the
vaccine trials performed with selected tumor-associated antigens (TAAs) and tumor-specific
antigens (TSAs) with high binding affinity for MHC have not been shown to elicit strong

immunity, probably reflecting the consequence of thymic selection.

Accordingly, the number of human tumor antigens on which cancer vaccines can be
developed is limited. Moreover, antigens derived from mutated or modified self-proteins may

induce immune tolerance and/or undesired autoimmunity side effects.

There is thus a need in the art to identify alternative cancer therapeutics, which can overcome
the limitations encountered in this field, notably resistance to immunotherapies that are

currently available.

In view of the above, it is the object of the present invention to overcome the drawbacks of
current cancer immunotherapies outlined above and to provide a method for identification
of sequence variants of epitopes of human tumor-related antigens. In particular, it is the object
of the present invention to provide a method to identify bacterial proteins in the human
microbiome, which are a source of sequence variants of tumor-related antigen epitopes.
Moreover, it is an object of the present invention to provide a method to identify peptides

from these bacterial proteins that can be presented by specific MHC molecules.

These objects is achieved by means of the subject-matter set out below and in the appended

claims.

Although the present invention is described in detail below, it is to be understood that this

invention is not limited to the particular methodologies, protocols and reagents described
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herein as these may vary. It is also to be understood that the terminology used herein is not
intended to limit the scope of the present invention which will be limited only by the
appended claims. Unless defined otherwise, all technical and scientific terms used herein

have the same meanings as commonly understood by one of ordinary skill in the art.

In the following, the elements of the present invention will be described. These elements are
listed with specific embodiments, however, it should be understood that they may be
combined in any manner and in any number to create additional embodiments. The variously
described examples and preferred embodiments should not be construed to limit the present
invention to only the explicitly described embodiments. This description should be
understood to support and encompass embodiments which combine the explicitly described
embodiments with any number of the disclosed and/or preferred elements. Furthermore, any
permutations and combinations of all described elements in this application should be
considered disclosed by the description of the present application unless the context indicates

otherwise.

Throughout this specification and the claims which follow, unless the context requires
otherwise, the term "comprise", and variations such as "comprises" and "comprising”, will be
understood to imply the inclusion of a stated member, integer or step but not the exclusion
of any other non-stated member, integer or step. The term “consist of" is a particular
embodiment of the term "comprise", wherein any other non-stated member, integer or step is
excluded. In the context of the present invention, the term "comprise" encompasses the term
"consist of". The term “comprising” thus encompasses “including” as well as “consisting” e.g.,
a composition “comprising” X may consist exclusively of X or may include something

additional e.g., X + Y.

The terms "a" and "an" and "the" and similar reference used in the context of describing the
invention (especially in the context of the claims) are to be construed to cover both the
singular and the plural, unless otherwise indicated herein or clearly contradicted by context.
Recitation of ranges of values herein is merely intended to serve as a shorthand method of
referring individually to each separate value falling within the range. Unless otherwise

indicated herein, each individual value is incorporated into the specification as if it were
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individually recited herein. No language in the specification should be construed as

indicating any non-claimed element essential to the practice of the invention.

The word “substantially” does not exclude “completely” e.g., a composition which is
“substantially free” from Y may be completely free from Y. Where necessary, the word

“substantially” may be omitted from the definition of the invention.

The term “about” in relation to a numerical value x means x + 10%.

Method for identification of bacterial sequence variants of tumor-related antigenic epitopes

The present invention is based on the surprising finding that bacterial proteins found in the
human microbiome contain peptides, which are sequence variants of epitopes of human
tumor-related antigens. Accordingly, the present inventors found “epitope mimicry” of human
tumor-related epitopes in the human microbiome. Interestingly, such epitope mimicry offers
a possible way to bypass the repertoire restriction of human T cells due to clonal depletion of
T cells recognizing self-antigens. In particular, antigens/epitopes distinct from self-antigens,
but sharing sequence similarity with the self-antigen, (i) can still be recognized due to the
cross-reactivity of the T-cell receptor (see, for example, Degauque et al., Cross-Reactivity of
TCR Repertoire: Current Concepts, Challenges, and Implication for Allotransplantation.
Frontiers in Immunology. 2016;7:89. doi:10.3389/fimmu.2016.00089; Nelson et al., T cell
receptor cross-reactivity between similar foreign and self peptides influences naive cell
population size and autoimmunity. Immunity. 2015 Jan 20;42(1):95-107); and (i) it is
expected that such antigens/epitopes are recognized by T cell/TCR that have not been
depleted during T cell education process. Accordingly, such antigens/epitopes are able to
elicit a strong immune response leading to clonal expansion of T cell harboring potential
cross reactivity with self-antigens. This mechanism is currently proposed to explain part of

autoimmune diseases.

The human microbiome, which is composed of thousands of different bacterial species, is a

large source of genetic diversity and potential antigenic components. The gut can be
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considered as the largest area of contact and exchange with microbiota. As a consequence,
the gut is the largest immune organ in the body. Specialization and extrathymic T cell
maturation in the human gut epithelium is known now for more than a decade. The gut
contains a large panel of immune cells that could recognize our microbiota and which are

tightly controlled by regulatory mechanisms.

According to the present invention, the large repertoire of bacterial species existing in the gut
provides an incredible source of antigens with potential similarities with human tumor
antigens. These antigens are presented to specialized cells in a complex context, with large
amount of co-signals delivered to immune cells as TLR activators. As a result, microbiota may
elicit full functional response and drive maturation of large T memory subset or some time
lead to full clonal depletion or exhaustion. Identification of bacterial components sharing
similarities with human tumor antigens will provides a new source for selection of epitopes
of tumor-related antigens, which (i) overcome the problem of T cell depletion and (ii) should
have already “primed” the immune system in the gut, thereby providing for stronger immune

responses as compared to antigens of other sources and artificially mutated antigens/epitopes.

In a first aspect the present invention provides a method for identification of a microbiota

sequence variant of a tumor-related antigenic epitope sequence, the method comprising the

following steps:

(i) selection of a tumor-related antigen of interest,

(i) identification of at least one epitope comprised in the tumor-related antigen selected in
step (i) and determination of its sequence, and

(i) identification of at least one microbiota sequence variant of the epitope sequence

identified in step (ii).

Furthermore, the present invention in particular also provides a method for identification of
a microbiota sequence variant of a tumor-related antigenic epitope, the method comprising
the following steps:

(1) comparing microbiota sequences with sequences of tumor-related antigenic epitopes

and identifying a microbiota sequence variant of a tumor-related antigenic epitope; and
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(2)  optionally, determining the tumor-related antigen comprising the tumor-related

antigenic epitope to which the microbiota sequence variant was identified in step (1).

The terms “microbiota sequence variant” and “tumor-related antigenic epitope sequence”
(also referred to as “epitope sequence”), as used herein, refer (i) to a (poly)peptide sequence
and (ii) to a nucleic acid sequence. Accordingly, the “microbiota sequence variant” may be
(i) a (poly)peptide or (ii) a nucleic acid molecule. Accordingly, the “tumor-related antigenic
epitope sequence” (also referred to as “epitope sequence”) may be (i) a (poly)peptide or (ii) a
nucleic acid molecule. Preferably, the microbiota sequence variant is a (poly)peptide.
Accordingly, it is also preferred that the tumor-related antigenic epitope sequence (also

referred to as “epitope sequence”) is a (poly)peptide.

In contrast to the term “epitope sequence”, which may refer herein to peptide or nucleic acid
level, the term “epitope”, as used herein, in particular refers to the peptide. As used herein,
an “epitope” (also known as “antigenic determinant”), is the part (or fragment) of an antigen
that is recognized by the immune system, in particular by antibodies, T cell receptors, and/or
B cell receptors. Thus, one antigen has at least one epitope, i.e. a single antigen has one or
more epitopes. An “antigen” typically serves as a target for the receptors of an adaptive
immune response, in particular as a target for antibodies, T cell receptors, and/or B cell
receptors. An antigen may be (i) a peptide, a polypeptide, or a protein, (ii) a polysaccharide,
(i) a lipid, (iv) a lipoprotein or a lipopeptide, (v) a glycolipid, (vi) a nucleic acid, or (vii) a
small molecule drug or a toxin. Thus, an antigen may be a peptide, a protein, a
polysaccharide, a lipid, a combination thereof including lipoproteins and glycolipids, a
nucleic acid (e.g. DNA, siRNA, shRNA, antisense oligonucleotides, decoy DNA, plasmid), or
a small molecule drug (e.g. cyclosporine A, paclitaxel, doxorubicin, methotrexate, 5-
aminolevulinic acid), or any combination thereof. In the context of the present invention, the
antigen is typically selected from (i) a peptide, a polypeptide, or a protein, (ii) a lipoprotein
or a lipopeptide and (iii) a glycoprotein or glycopeptide; more preferably, the antigen is a

peptide, a polypeptide, or a protein.

The term “tumor-related antigen” (also referred to as “tumor antigen”) refers to antigens

produced in tumor cells and includes tumor associated antigens (TAAs) and tumor specific
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antigens (TSAs). According to classical definition, Tumor-Specific Antigens (TSA) are antigens
present only in/on tumor cells and not infon any other cell, whereas Tumor-Associated
Antigens (TAA) are antigens present in/on tumor cells and non-tumor cells (“normal” cells).
Tumor-related antigens are often specific for (or associated with) a certain kind of

cancer/tumor.

In the context of the present invention, i.e. throughout the present application, the terms
“peptide”, “polypeptide”, “protein” and variations of these terms refer to peptides,
oligopeptides, polypeptides, or proteins comprising at least two amino acids joined to each
other preferably by a normal peptide bond, or, alternatively, by a modified peptide bond,
such as for example in the cases of isosteric peptides. In particular, the terms “peptide”,
“polypeptide”, “protein” also include “peptidomimetics” which are defined as peptide
analogs containing non-peptidic structural elements, which peptides are capable of
mimicking or antagonizing the biological action(s) of a natural parent peptide. A
peptidomimetic lacks classical peptide characteristics such as enzymatically scissile peptide
bonds. In particular, a peptide, polypeptide or protein can comprise amino acids other than
the 20 amino acids defined by the genetic code in addition to these amino acids, or it can be
composed of amino acids other than the 20 amino acids defined by the genetic code. In
particular, a peptide, polypeptide or protein in the context of the present invention can
equally be composed of amino acids modified by natural processes, such as post-translational
maturation processes or by chemical processes, which are well known to a person skilled in
the art. Such modifications are fully detailed in the literature. These modifications can appear
anywhere in the polypeptide: in the peptide skeleton, in the amino acid chain or even at the
carboxy- or amino-terminal ends. In particular, a peptide or polypeptide can be branched
following an ubiquitination or be cyclic with or without branching. This type of modification
can be the result of natural or synthetic post-translational processes that are well known to a
person skilled in the art. The terms “peptide”, “polypeptide”, “protein” in the context of the
present invention in particular also include modified peptides, polypeptides and proteins. For
example, peptide, polypeptide or protein modifications can include acetylation, acylation,
ADP-ribosylation, amidation, covalent fixation of a nucleotide or of a nucleotide derivative,
covalent fixation of a lipid or of a lipidic derivative, the covalent fixation of a

phosphatidylinositol, covalent or non-covalent cross-linking, cyclization, disulfide bond
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formation, demethylation, glycosylation including pegylation, hydroxylation, iodization,
methylation, myristoylation, oxidation, proteolytic processes, phosphorylation, prenylation,
racemization, seneloylation, sulfatation, amino acid addition such as arginylation or
ubiquitination. Such modifications are fully detailed in the literature (Proteins Structure and
Molecular Properties (1993) 2nd Ed., T. E. Creighton, New York ; Post-translational Covalent
Modifications of Proteins (1983) B. C. Johnson, Ed., Academic Press, New York ; Seifter et al.
(1990) Analysis for protein modifications and nonprotein cofactors, Meth. Enzymol. 182: 626-
646 and Rattan et al., (1992) Protein Synthesis: Post-translational Modifications and Aging,
Ann NY Acad Sci, 663: 48-62). Accordingly, the terms “peptide”, “polypeptide”, “protein”
preferably include for example lipopeptides, lipoproteins, glycopeptides, glycoproteins and
the like.

In a particularly preferred embodiment, the microbiota sequence variant according to the
present invention is a “classical” (poly)peptide, whereby a “classical” (poly)peptide is
typically composed of amino acids selected from the 20 amino acids defined by the genetic

code, linked to each other by a normal peptide bond.

Nucleic acids preferably comprise single stranded, double stranded or partially double
stranded nucleic acids, preferably selected from genomic DNA, cDNA, RNA, siRNA,
antisense DNA, antisense RNA, ribozyme, complementary RNA/DNA sequences with or
without expression elements, a mini-gene, gene fragments, regulatory elements, promoters,
and combinations thereof. Further preferred examples of nucleic acid (molecules) and/or
polynucleotides include, e.g., a recombinant polynucleotide, a vector, an oligonucleotide,
an RNA molecule such as an rRNA, an mRNA, or a tRNA, or a DNA molecule as described
above. It is thus preferred that the nucleic acid (molecule) is a DNA molecule or an RNA
molecule; preferably selected from genomic DNA; cDNA; rRNA; mRNA; antisense DNA;
antisense RNA; complementary RNA and/or DNA sequences; RNA and/or DNA sequences
with or without expression elements, regulatory elements, and/or promoters; a vector; and

combinations thereof.

Accordingly, the term “microbiota sequence variant” refers to a nucleic acid sequence or to

a (poly)peptide sequence found in microbiota, i.e. of microbiota origin (once the sequence
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was identified in microbiota, it can usually also be obtained by recombinant measures well-
known in the art). A “microbiota sequence variant” may refer to a complete (poly)peptide or
nucleic acid found in microbiota or, preferably, to a fragment of a (complete) microbiota
(poly)peptide/protein or nucleic acid molecule having a length of at least 5 amino acids (15
nucleotides), preferably at least 6 amino acids (18 nucleotides), more preferably at least 7
amino acids (21 nucleotides), and even more preferably at least 8 amino acids (24
nucleotides). It is also preferred that the microbiota sequence variant has a length of no more
than 50 amino acids, more preferably no more than 40 amino acids, even more preferably
no more than 30 amino acids and most preferably no more than 25 amino acids. Accordingly,
the microbiota sequence variant preferably has a length of 5 — 50 amino acids, more
preferably of 6 — 40 amino acids, even more preferably of 7 — 30 amino acids and most
preferably of 8 — 25 amino acids, for example 8 - 24 amino acids. For example, the
“microbiota sequence variant” may be a fragment of a microbiota protein/nucleic acid
molecule, the fragment having a length of 9 or 10 amino acids (27 or 30 nucleoctides).
Preferably, the microbiota sequence variant is a fragment of a microbiota protein as described
above. Particularly preferably, the microbiota sequence variant has a length of 8 — 12 amino
acids (as peptide; corresponding to 24 — 36 nucleotides as nucleic acid molecule), more
preferably the microbiota sequence variant has a length of 8 —~ 10 amino acids (as peptide;
corresponding to 24 — 30 nucleotides as nucleic acid molecule), most preferably the
microbiota sequence variant has a length of 9 or 10 amino acids (as peptide; corresponding
to 27 or 30 nucleotides as nucleic acid molecule). Peptides having such a length can bind to
MHC (major histocompatibility complex) class | (MHC 1), which is crucial for a cytotoxic T-
lymphocyte (CTL) response. It is also preferred that the microbiota sequence variant has a
length of 13 - 24 amino acids (as peptide; corresponding to 39 — 72 nucleotides as nucleic
acid molecule). Peptides having such a length can bind to MHC (major histocompatibility

complex) class Il (MHC 1), which is crucial for a CD4+ T-cell (T helper cell) response.

The term “microbiota”, as used herein, refers to commensal, symbiotic and pathogenic
microorganisms found in and on all multicellular organisms studied to date from plants to
animals. In particular, microbiota have been found to be crucial for immunologic, hormonal
and metabolic homeostasis of their host. Microbiota include bacteria, archaea, protists, fungi

and viruses. Accordingly, the microbiota sequence variant is preferably selected from the
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group consisting of bacterial sequence variants, archaea sequence variants, protist sequence
variants, fungi sequence variants and viral sequence variants. More preferably, the microbiota
sequence variant is a bacterial sequence variant or an archaea sequence variant. Most

preferably, the microbiota sequence variant is a bacterial sequence variant.

Anatomically, microbiota reside on or within any of a number of tissues and biofluids,
including the skin, conjunctiva, mammary glands, vagina, placenta, seminal fluid, uterus,
ovarian follicles, lung, saliva, oral cavity (in particular oral mucosa), and the gastrointestinal
tract, in particular the gut. In the context of the present invention the microbiota sequence
variant is preferably a sequence variant of microbiota of the gastrointestinal tract
(microorganisms residing in the gastrointestinal tract), more preferably a sequence variant of
microbiota of the gut (microorganisms residing in the gut). Accordingly, it is most preferred
that the microbiota sequence variant is a gut bacterial sequence variant (i.e. a sequence

variant of bacteria residing in the gut).

While microbiota can be found in and on many multicellular organisms (all multicellular
organisms studied to date from plants to animals), microbiota found in and on mammals are
preferred. Mammals contemplated by the present invention include for example human,
primates, domesticated animals such as cattle, sheep, pigs, horses, laboratory rodents and the
like. Microbiota found in and on humans are most preferred. Such microbiota are referred to
herein as “mammalian microbiota” or “human microbiota” (wherein the term
mammalian/human refers specifically to the localization/residence of the microbiota).
Preferably, the tumor-related antigenic epitope is of the same species, infon which the
microbiota (of the microbiota sequence variant) reside. Preferably, the microbiota sequence
variant is a human microbiota sequence variant. Accordingly, it is preferred that the tumor-

related antigen is a human tumor-related antigen.

In general, the term “sequence variant”, as used herein, i.e. throughout the present
application, refers to a sequence which is similar (meaning in particular at least 50%
sequence identity, see below), but not (100%) identical, to a reference sequence.
Accordingly, a sequence variant contains at least one alteration in comparison to a reference

sequence. Namely, the “microbiota sequence variant” is similar, but contains at least one
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alteration, in comparison to its reference sequence, which is a “tumor-related antigenic
epitope sequence”. Accordingly, it is also referred to the microbiota sequence variant as
“microbiota sequence variant of a tumor-related antigenic epitope sequence”. In other words,
the “microbiota sequence variant” is a microbiota sequence (sequence of microbiota origin),
which is a sequence variant of a tumor-related antigenic epitope sequence. That is, the
“microbiota sequence variant” is a microbiota sequence (sequence of microbiota origin) is
similar, but contains at least one alteration, in comparison to a tumor-related antigenic
epitope sequence. Accordingly, the “microbiota sequence variant” is a microbiota sequence
(and not a sequence variant of a microbiota sequence, which is no microbiota sequence). In
general, a sequence variant (namely, a microbiota sequence) shares, in particular over the
whole length of the sequence, at least 50% sequence identity with a reference sequence (the
tumor-related antigenic epitope sequence), whereby sequence identity can be calculated as
described below. Preferably, a sequence variant shares, in particular over the whole length
of the sequence, at least 60%, preferably at least 70%, more preferably at least 75%, more
preferably at least 80%, even more preferably at least 85%, still more preferably at least 90%,
particularly preferably at least 95%, and most preferably at least 99% sequence identity with
a reference sequence. Accordingly, it is preferred that the microbiota sequence variant shares
at least 60%, preferably at least 70%, more preferably at least 75%, more preferably at least
80%, even more preferably at least 85%, still more preferably at least 90%, particularly
preferably at least 95%, and most preferably at least 99% sequence identity with the tumor-
related antigenic epitope sequence. Particularly preferably, the microbiota sequence variant
differs from the tumor-related antigenic epitope sequence only in one, two or three amino
acids, more preferably only in one or two amino acids. In other words, it is particularly
preferred that the microbiota sequence variant comprises not more than three amino acid
alterations (i.e., one, two or three amino acid alterations), more preferably not more than two
amino acid alterations (i.e., one or two amino acid alterations), in comparison to the tumor-
related antigenic epitope sequence. Most preferably, the microbiota sequence variant
comprises one single or exactly two (i.e., not less or more than two) amino acid alterations

in comparison to the tumor-related antigenic epitope sequence.

Preferably, a sequence variant preserves the specific function of the reference sequence. In

the context of the present invention, this function is the functionality as an “epitope”, i.e. it
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can be recognized by the immune system, in particular by antibodies, T cell receptors, and/or

B cell receptors and, preferably, it can elicit an immune response.

The term “sequence variant” includes nucleotide sequence variants and amino acid sequence
variants. For example, an amino acid sequence variant has an altered sequence in which one
or more of the amino acids is deleted or substituted in comparison to the reference sequence,
or one or more amino acids are inserted in comparison to the reference amino acid sequence.
As a result of the alterations, the amino acid sequence variant has an amino acid sequence
which is at least 50%, preferably at least 60%, more preferably at least 70%, more preferably
at least 75%, even more preferably at least 80%, even more preferably at least 85%, still more
preferably at least 90%, particularly preferably at least 95%, most preferably at least 99%
identical to the reference sequence. For example, variant sequences which are at least 90%
identical have no more than 10 alterations (i.e. any combination of deletions, insertions or
substitutions) per 100 amino acids of the reference sequence. Particularly preferably, the
microbiota sequence variant differs from the tumor-related antigenic epitope sequence only
in one, two or three amino acids, more preferably only in one or two amino acids. In other
words, it is particularly preferred that the microbiota sequence variant comprises not more
than three amino acid alterations (i.e., one, two or three amino acid alterations), more
preferably not more than two amino acid alterations (i.e., one or two amino acid alterations),

in comparison to the tumor-related antigenic epitope sequence.

In the context of the present invention, an amino acid sequence “sharing a sequence identity”
of at least, for example, 95% to a query amino acid sequence of the present invention, is
intended to mean that the sequence of the subject amino acid sequence is identical to the
query sequence except that the subject amino acid sequence may include up to five amino
acid alterations per each 100 amino acids of the query amino acid sequence. In other words,
to obtain an amino acid sequence having a sequence of at least 95% identity to a query amino
acid sequence, up to 5% (5 of 100) of the amino acid residues in the subject sequence may
be inserted or substituted with another amino acid or deleted, preferably within the above
definitions of variants or fragments. The same, of course, also applies similarly to nucleic acid

sequences.
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For (amino acid or nucleic acid) sequences without exact correspondence, a "% identity" of
a first sequence (e.g., the sequence variant) may be determined with respect to a second
sequence (e.g., the reference sequence). In general, the two sequences to be compared may
be aligned to give a maximum correlation between the sequences. This may include inserting
"gaps" in either one or both sequences, to enhance the degree of alignment. A % identity may
then be determined over the whole length of each of the sequences being compared (so-
called “global alignment”), that is particularly suitable for sequences of the same or similar
length, or over shorter, defined lengths (so-called “local alignment”), that is more suitable for

sequences of unequal length.

Methods for comparing the identity (sometimes also referred to as “similarity” or “homology”)
of two or more sequences are well known in the art. The percentage to which two (or more)
sequences are identical can e.g. be determined using a mathematical algorithm. A preferred,
but not limiting, example of a mathematical algorithm which can be used is the algorithm of
Karlin e a/. (1993), PNAS USA, 90:5873-5877. Such an algorithm is integrated in the BLAST
family of programs, e.g. BLAST or NBLAST program (see also Altschul et a/, 1990, J. Mol.
Biol. 215, 403-410 or Altschul ef al. (1997), Nucleic Acids Res, 25:3389-3402), accessible
through the home page of the NCBI at world wide web site ncbi.nlm.nih.gov) and FASTA
(Pearson (1990), Methods Enzymol. 783, 63-98; Pearson and Lipman (1988), Proc. Natl.
Acad. Sci. U. S. A 85, 2444-2448.). Sequences which are identical to other sequences to a
certain extent can be identified by these programmes. Furthermore, programs available in the
Wisconsin Sequence Analysis Package, version 9.1 (Devereux et al,, 1984, Nucleic Acids
Res., 387-395), for example the programs BESTFIT and GAP, may be used to determine the
% identity between two polynucleotides and the % identity and the % homology or identity
between two polypeptide sequences. BESTFIT uses the "local homology" algorithm of (Smith
and Waterman (1981), J. Mol. Biol. 747 195-197.) and finds the best single region of

similarity between two sequences.

Preferably, the microbiota sequence variant differs from the tumor-related antigenic epitope
sequence (only) in primary and/or secondary anchor residues for MHC molecules. More
preferably, the microbiota sequence variant differs from the tumor-related antigenic epitope

sequence (only) in that it comprises amino acid substitutions (only) in primary and/or
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secondary anchor residues for MHC molecules. Anchor residues for the HLA subtypes are
known in the art, and were defined by large throughput analysis of structural data of existing
p-HLA complexes in the Protein Data Bank. Moreover, anchor motifs for MHC subtypes can
also be found in IEDB (URL: www.iedb.org; browse by allele) or in SYFPEITHI (URL:
http://www.syfpeithi.de/). For example, for a 9 amino acid size HLA.A2.01 peptide, the
peptide primary anchor residues, providing the main contact points, are located at residue

positions P1, P2 and P9.

Accordingly, it is preferred that the core sequence of the microbiota sequence variant is
identical with the core sequence of the tumor-related antigenic epitope sequence, wherein
the core sequence consists of all amino acids except the three most N-terminal and the three
most C-terminal amino acids. In other words, any alterations in the microbiota sequence
variant in comparison to the tumor-related antigenic epitope sequence are preferably located
within the three N-terminal and/or within the three C-terminal amino acids, but not in the
“core sequence” (amino acids in the middle of the sequence). In other words, in the
microbiota sequence variant alterations (mismatches) in comparison to the tumor-related
antigenic epitope sequence are preferably only allowed in the (at least) three N-terminal
amino acids and/or in the (at least) three C-terminal amino acids, more preferably alterations
(mismatches) are only allowed in the two N-terminal amino acids and/or in the two C-
terminal amino acids. This does not mean that all three (preferably all two) N-terminal and/or
C-terminal amino acids must be altered, but only that those are the only amino acid positions,
where an amino acid can be altered. For example, in a peptide of nine amino acids, the three
middle amino acids may represent the core sequence and alterations may preferably only
occur at any of the three N-terminal and the three C-terminal amino acid positions, more
preferably alterations/substitutions may only occur at any of the two N-terminal and/or the

two C-terminal amino acid positions.

More preferably, the core sequence (of the tumor-related antigenic epitope sequence) consists
of all amino acids except the two most N-terminal and the two most C-terminal amino acids.
For example, in a peptide (the tumor-related antigenic epitope sequence) of nine amino acids,

the five middle amino acids may represent the core sequence and alterations may preferably
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only occur at any of the two N-terminal and the two C-terminal amino acid positions (of the

tumor-related antigenic epitope sequence).

It is also preferred that the core sequence (of the tumor-related antigenic epitope sequence)
consists of all amino acids except the most N-terminal and the most C-terminal amino acid.
For example, in a peptide (the tumor-related antigenic epitope sequence) of nine amino acids,
the seven middle amino acids may represent the core sequence and alterations may
preferably only occur at the N-terminal position (P1) and the C-terminal amino acid position

(P9).

Most preferably, the core sequence (of the tumor-related antigenic epitope sequence) consists
of all amino acids except the two most N-terminal amino acids and the most C-terminal
amino acid. For example, in a peptide (the tumor-related antigenic epitope sequence) of nine
amino acids, the six middle amino acids may represent the core sequence and alterations
may preferably only occur at any of the two N-terminal positions (P1 and P2) and the C-

terminal amino acid position (P9).

It is particularly preferred that the microbiota sequence variant, e.g. having a length of nine
amino acids, comprises at position 1 (P1; the most N-terminal amino acid position) a
phenylalanine (F) or a lysine (K). Moreover, it is preferred that the microbiota sequence
variant, e.g. having a length of nine amino acids, comprises at position 2 (P2) a leucine (L) or
a methionine (M). Moreover, it is preferred that the microbiota sequence variant, e.g. having
a length of nine amino acids, comprises at position 9 (P9) a valine (V) or a leucine (L). Most
preferably, the microbiota sequence variant, e.g. having a length of nine amino acids,
comprises at position 1 (P1; the most N-terminal amino acid position) a phenylalanine (F) or
a lysine (K), at position 2 (P2) a leucine (L) or a methionine (M) and/or at position 9 (P9) a

valine (V) or a leucine (L).

The core sequence of the microbiota sequence variant may also differ from the core sequence
of the tumor-related antigenic epitope sequence. In this case it is preferred that any amino

acid substitution (in the core sequence of microbiota sequence variant compared to the core
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sequence of the tumor-related antigenic epitope sequence) is a conservative amino acid

substitution as described below.

In general, amino acid substitutions, in particular at positions other than the anchor position(s)
for MHC molecules (e.g., P1, P2 and P9 for MHC-l subtype HLA.A2.01), are preferably
conservative amino acid substitutions. Examples of conservative substitutions include
substitution of one aliphatic residue for another, such as lle, Val, Leu, or Ala for one another;
or substitutions of one polar residue for another, such as between Lys and Arg; Glu and Asp;
or Gln and Asn. Other such conservative substitutions, for example, substitutions of entire
regions having similar hydrophobicity properties, are well known (Kyte and Doolittle, 1982,
J. Mol. Biol. 157(1):105- 132). Examples of conservative amino acid substitutions are

presented in Table 1 below:

Original residues Examples of substitutions
Ala (A) Val, Leu, lle, Gly

Arg (R) His, Lys

Asn (N) GIn

Asp (D) Glu

Cys (O) Ser

Gin (Q) Asn

Glu (B) Asp

Gly (Q) Pro, Ala

His (H) Lys, Arg

He (I Leu, Val, Met, Ala, Phe
Leu (L) lle, Val, Met, Ala, Phe
Lys (K) Arg, His

Met (M) Leu, lle, Phe

Phe (F) Leu, Val, lle, Tyr, Trp, Met
Pro (P) Ala, Gly

Ser (S) Thr

Thr (T) Ser
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Trp (W) Tyr, Phe
Tyr (Y) Trp, Phe
Original residues Examples of substitutions
Val (V) lle, Met, Leu, Phe, Ala
(Table 1)

In particular, the above description of a (microbiota) sequence variant and its preferred
embodiments, is applied in step (iii) of the method according to the present invention,
wherein a microbiota sequence variant of a selected tumor-related antigenic epitope is
identified. Accordingly, the identification in step (iii) of the method according to the present
invention is in particular based on the principles outlined above for microbiota sequence

variants.

In step (i) of the method for identification of a microbiota sequence variant of a tumor-related
antigenic epitope sequence according to the present invention a tumor-related antigen of
interest is selected. This may be done, for example, on basis of the cancer to be prevented
and/or treated. Antigens relating to distinct types of cancer are well-known in the art. Suitable
cancer/tumor epitopes can be retrieved, for example, from cancer/tumor epitope databases,
e.g. from the database “Tantigen” (TANTIGEN version 1.0, Dec 1, 2009; developed by
Bioinformatics Core at Cancer Vaccine Center, Dana-Farber Cancer Institute; URL:
http://cvc.dfci.harvard.edu/tadb/). Further examples for databases of tumor-related antigens,
which can be wused in step (i) for selection include “Peptide Database”
(https://www.cancerresearch.org/scientists/events-and-resources/peptide-database) and
“CTdatabase” (http://www.cta.Incc.br/). In addition, the tumor-related antigen may also be

selected based on literature, such as scientific articles, known in the art.

It is particularly preferred to combine internet resources providing databases of antigens (as
exemplified above) with literature search. For example, in a sub-step (i-a) of step (i), one or
more tumor-related antigens may be identified from a database, such as Tantigen, Peptide
Database and/or CTdatabase, and in a sub-step (i-b) specific literature on the one or more
antigens selected in sub-step (i-a) from a database may be identified and studied. Such

literature may specifically relate to the investigation of specific tumor expression of antigens,
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such as Xu et al., An integrated genome-wide approach to discover tumor-specific antigens
as potential immunologic and clinical targets in cancer. Cancer Res. 2012 Dec
15;72(24):6351-61; Cheevers et al., The prioritization of cancer antigens: a national cancer
institute pilot project for the acceleration of translational research. Clin Cancer Res. 2009 Sep

1,15(17):5323-37.

Thereafter, a further round of selection may be performed in a sub-step (i-c), wherein the one
or more antigen selected in sub-step (i-a) from a database may be selected (i.e. maintained)

or “discarded” based on the result of the literature study in sub-step (i-b).

Optionally, the selected antigens may be annotated regarding the expression profile after
selection (e.g., after sub-step (i-a) or (i-c), if those sub-steps are performed). To this end, tools
such as Gent (http://medicalgenome kribb.re.kt/GENT/), metabolic gene visualizer
(http//merav.wi.mit.edu/), or protein Atlas (https://www.proteinatlas.org/) may be used.
Thereby, the one or more selected antigen may be further defined, e.g. regarding the potential
indication, its relation to possible side effects and/or whether it is a “driver” antigen (cancer-
causative alteration) or a “passenger” antigen (incidental changes or changes occurring as a
consequence of cancer) (see, for example, TangJ, Li Y, Lyon K, et al. Cancer driver-passenger
distinction via sporadic human and dog cancer comparison: a proof of principle study with

colorectal cancer. Oncogene. 2014;33(7):814-822).

Preferably, the tumor-related antigenic epitope identified in step (ii) can be presented by MHC
class I. In other words, it is preferred that, the tumor-related antigenic epitope identified in
step (ii) can bind to MHC class 1. MHC class | (major histocompatibility complex class |,
MHC-I) presents epitopes to killer T cells, also called cytotoxic T lymphocytes (CTLs). A CTL
expresses CD8 receptors, in addition to TCRs (T-cell receptors). When a CTL's CD8 receptor
docks to a MHC class | molecule, if the CTL's TCR fits the epitope within the MHC class |
molecule, the CTL triggers the cell to undergo programmed cell death by apoptosis. This route
is particularly useful in prevention and/or treatment of cancer, since cancer cells are directly

attacked. In humans, MHC class | comprises HLA-A, HLA-B, and HLA-C molecules.
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Typically, peptides (epitopes) having a length of 8 — 12, preferably 8 — 10, amino acids are
presented by MHC I. Which epitopes of an antigen can be presented by/bind to MHC | can
be identified by the databases exemplified above (for example, Tantigen (TANTIGEN version
1.0, Dec 1, 2009; developed by Bioinformatics Core at Cancer Vaccine Center, Dana-Farber
Cancer Institute; URL: http://cve.dfci.harvard.edu/tadb/) provides lists of epitopes with
corresponding HLA sub-types). A preferred analysis tool is “IEDB” (Immune Epitope Database
and Analysis Resource, IEDB Analysis Resource v2.17, supported by a contract from the
National Institute of Allergy and Infectious Diseases, a component of the National Institutes
of Health in the Department of Health and Human Services; URL: http://www.iedb.org)),
which provides, for example, MHC-I processing predictions
(http://tools.immuneepitope.org/analyze/html/mhc_processing.html). Thereby, information
regarding proteasomal cleavage, TAP transport, and MHC class | analysis tools can be
combined for prediction of peptide presentation. Another preferred database is the major
histocompatibility complex (MHC) databank “SYFPEITHI: a database of MHC ligands and
peptide motifs (Ver. 1.0, supported by DFG-Sonderforschungsbereich 685 and the European
Union: EU BIOMED CT95-1627, BIOTECH CT95-0263, and EU QLQ-CT-1999-00713; URL:
www.syfpeithi.de), which compiles peptides eluted from MHC molecules. Since the
SYFPEITHI database comprises only peptide sequences known to bind class I and class 1I
MHC molecules from published reports, the SYFPEITHI database is preferred. Particularly
preferably, the results obtained from /n vitro data (such as those compiled in the SYFPEITHI
database and IEDB database) may be extended by a restrictive search, for example including
human linear epitopes obtained from elution assays and with MHC class | restriction, in an

in silico prediction MHC binding database, e.g. IEDB database.

Additionally or alternatively to the above described database selection of epitopes presented
by/binding to MHC |, binding of candidate peptides to MHC class | may be preferably tested
by MHC in vitro or in silico binding tests. Moreover, in vitro or in silico binding tests may
also be combined, for example by firstly using an /n silico binding test to obtain a first
selection and by using an /n vitro binding test at a later step, e.g. to confirm the results
obtained with the /in silico binding test. This also applies in general: binding of a peptide,
such as an epitope or a microbiota sequence variant, may be preferably tested by the MHC

in vitro or in silico binding tests as described herein.
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In this context, for determination of binding to MHC class | the thresholds (cut-offs) provided
by the IEDB Solutions Center (URL: https:/help.iedb.org/hc/en-us/articles/114094151811-
Selecting-thresholds-cut-offs-for-MHC-class-I-and-ll-binding-predictions) may be used.
Namely, for MHC class | the cutoffs shown in https:/help.iedb.org/hc/en-
us/articles/114094151811-Selecting-thresholds-cut-offs-for-MHC-class-l-and-11-binding-

predictions and outlined in Table 2 may be used:

Table 2: Cutoffs for MHC class | binding predictions:

| Allele | Population frequency of allele || Allele specific affinity cutoff (IC50 nM) |
| A*0101 | 16.2 | 884 |
| A*0201 | 25.2 | 255 ]
| A*0203 | 3.3 | 92 [
| A*0206 | 4.9 I 60 |
| A*0301 | 15.4 | 602 |
| A*1101 | 12.9 | 382 |
| A%2301 | 6.4 | 740 |
| A*2402 | 16.8 | 849 ]
| A%2501 || 2.5 | 795 |
| A%2601 | 4.7 | 815 [
| A*2902 | 2.9 | 641 |
| _A*3001 | 5.1 | 109 1
| A*3002 || 5 | 674 |
| Ax3101 | 4.7 | 329 [
| A*3201 | 5.7 | 131 |
| A*3301 | 3.2 I 606 |
| A*6801 | 4.6 I 197 |
| A*6802 | 3.3 | 259 ]
| B*0702 | 13.3 | 687 ]
| B*0801 | 11.5 | 663 |
| B*1402 | 2.8 | 700 |
| B*1501 | 5.2 | 528 |
| B*1801 || 4.4 | 732 |
| B*x2705 | 2 | 584 |
| B*3501 | 6.5 | 348 |
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| B*3503 || 1.2 | 888 |
| B*3801 | 2 I 944 |
| B*3901 | 2.9 I 542 |
| B*4001 | 10.3 | 639 ]
| B*4002 | 3.5 | 590 |
| B*4402 | 9.2 | 904 [
| B*4403 | 7.6 | 780 [
| B*4601 | 4 | 926 ]
| B*4801 | 1.8 | 887 ]
| B*5101 | 5.5 I 939 [
| B*5301 | 5.4 | 538 |
| B*5701 | 3.2 [ 716 [
(derived ~ from  URL:  https:/help.iedb.org/hc/en-us/articles/114094151811-Selecting-

thresholds-cut-offs-for-MHC-class-1-and-1l-binding-predictions)

Prediction of MHC class | binding (MHC /n silico binding test) may be performed using
publicly available tools, such as “NetMHCpan”, for example the “NetMHCpan 3.0 Server”
or the “NetMHCpan 4.0 Server” (Center for biological sequence analysis, Technical
University of Denmark DTU; URL: http://www.cbs.dtu.dk/services/NetMHCpan/). The
NetMHCpan method, in particular NetMHCpan 3.0 or a higher version, is trained on more
than 180000 quantitative binding data covering 172 MHC molecules from human (HLA-A,
B, C, B) and other species. In general, the affinity may be predicted by leaving default
thresholds for strong and weak binders. For example, for HLA-A*0201 a calculated affinity
below 50nM may indicate “strong binders”, and an affinity between 50 and 255 nM (or 50

nM and 300nM) may indicate “moderate binders”.

In NetMHCpan, for example in NetMHCpan 3.0 or in NetMHCpan 4.0, the rank of the
predicted affinity may be compared to a set of 400000 random natural peptides, which may
be used as a measure of the %rank binding affinity. This value is not affected by inherent bias
of certain molecules towards higher or lower mean predicted affinities. For example (e.g., for
HLA-A*0201), very strong binders may be defined as having % rank < 0.5, strong binders
may be defined as having % rank < 1.0, moderate binders may be defined as having % rank

from 1.0 to 2.0, and weak binders may be defined as having a % rank > 2.0.
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A method for in vitro testing is well-known to the skilled person. For example, the skilled
person may use the experimental protocol as validated for peptides presented by HLA-A*0201
in Tourdot et al., A general strategy to enhance immunogenicity of low-affinity HLA-A2.1-
associated peptides: implication in the identification of cryptic tumor epitopes. Eur J Immunol.
2000 Dec; 30(12):3411-21. In this context, a reference peptide, such as HIV pol 589-597,
may be additionally used in the test. This enables calculation of the in vitro affinity relative

to the binding observed with the reference peptide, e.g. by the following equation:

Relative affinity = concentration of each peptide inducing 20% of expression of HLA-A*0201

/ concentration of the reference peptide inducing 20% of expression of HLA-A*0201

(where 100 % is the level of HLA-A*0201 expression detected with the reference peptide,
e.g. HIV pol 589-597, for example used at a T00puM concentration). For example, a peptide
displaying a relative affinity below 1 may be considered as a “strong binder”, a peptide
displaying relative affinity between 1 and 2 may be considered as a “moderate binder” and a

peptide displaying relative affinity more than 3 may be considered as a “weak binder”.

It is also preferred that the tumor-related antigenic epitope identified in step (i) can be
presented by MHC class Il In other words, it is preferred that, the tumor-related antigenic
epitope identified in step (ii) can bind to MHC class 1. MHC class Il (major histocompatibility
complex class I, MHC-Il) presents epitopes to immune cells, like the T helper cell (CD4+ T-
cells). Then, the helper T cells help to trigger an appropriate immune response which may
lead to a full-force antibody immune response due to activation of B cells. In humans, MHC
class Il comprises HLA-DP, HLA-DM, HLA-DOA, HLA-DOB, HLA-DQ and HLA-DR

molecules.

Typically, peptides (epitopes) having a length of 13 — 24 amino acids are presented by MHC
Il. Which epitopes of an antigen can be presented by/bind to MHC Il can be identified by the
databases as outlined above for MHC | (only that the tools relating to MHC Il may be used
instead of MHC I). Additionally or alternatively, binding of candidate peptides to MHC class
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Il may be preferably tested by MHC in vitro or in silico binding tests as described herein,

which also apply to MHC 11 in a similar manner.

Identification of at least one microbiota sequence variant of the epitope sequence in step (iii)
of the method for identification of a microbiota sequence variant according to the present
invention is preferably done by:
— comparing the epitope sequence selected in step (i) to one or more microbiota
sequence(s), and
— identifying whether the one or more microbiota sequence(s) contain one or more

microbiota sequence variant(s) of the epitope sequence (as outlined above).

In other words, step (iii) of the method according to the present invention preferably
comprises:
— comparing the epitope sequence selected in step (i) to one or more microbiota
sequence(s), and
— identifying whether the one or more microbiota sequence(s) contain one or more

microbiota sequence variant(s) of the epitope sequence (as outlined above).

In particular, the epitope sequence selected in step (ii) may be used as query sequence (input
sequence/reference sequence) for searching microbiota sequences, in particular in order to
identify one or more microbiota sequence(s) comprising a similar sequence (having at least
50% sequence identity, preferably at least 60% sequence identity, more preferably at least
70% sequence identity, even more preferably at least 75% sequence identity with the epitope

sequence selected in step (ii)).

In this context, the criteria (in particular regarding similarity and % sequence identity) for the
microbiota sequence variant outlined above, and in particular the preferred embodiments of
the microbiota sequence variant described above, are applied. For example, in a first step a
sequence similarity search, such as BLAST or FASTA may be performed. For example, a
protein BLAST (blastp) may be performed using the PAM30 protein substitution matrix. The
PAM30 protein substitution matrix describes the rate of amino acid changes per site over

time, and is recommended for queries with lengths under 35 amino acids. Further (additional)
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exemplified parameters of the protein BLAST may be a word size of 2 (suggested for short
queries); an Expect value (E) of 20000000 (adjusted to maximize the number of possible
matches); and/or the composition-based-statistics set to ‘0", being the input sequences shorter

than 30 amino acids, and allowing only un-gapped alignments.

Thereafter, the results may be filtered, for example regarding the sequence length, for example
such that only sequences having a length of 8 — 12 amino acids (e.g., only sequences having
a length of 8 amino acids, only sequences having a length of 9 amino acids, only sequences
having a length of 10 amino acids, only sequences having a length of 11 amino acids, or only
sequences having a length of 12 amino acids), preferably only sequences having a length of
8 — 10 amino acids, most preferably only sequences having a length of 9 or 10 amino acids,

are obtained.

Furthermore, the results may (additionally) be filtered such that mismatches/substitutions are
only allowed at certain positions, preferably only at the N- and/or C-terminus, but not in the
core sequence as described above. As a specific example the results may be filtered such that
only sequences having a length of 9 amino acids with mismatches/substitutions only allowed
at positions P1, P2 and P9 and with a maximum of two mismatches allowed per sequence,

may be obtained.

The one or more microbiota sequence(s), to which the epitope sequence is compared to, may
be any microbiota sequence or any compilation of microbiota sequences (such as any

microbiota sequence database).

Preferably, the microbiota sequence variant in step (iii) is identified on basis of a microbiota
(sequence) database. Such databases may preferably comprise microbiota (sequence) data of
multiple individuals (subjects). An example of such a database is the “Integrated reference
catalog of the human gut microbiome” (version 1.0, March 2014; Li et al. MetaHIT
Consortium. An integrated catalog of reference genes in the human gut microbiome. Nat
Biotechnol. 2014 Aug;32(8):834-41;, URL: http:/meta.genomics.cn/meta’home), which

includes data from the major human microbiome profiling efforts, the American National
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Institutes of Health Human Microbiome Project (NIH-HMP) and the European Metagenomics

of the Human Intestinal Tract Initiative (MetaHIT).

It is also preferred that the microbiota database comprises microbiota data of a single
individual, but not of multiple individuals. In this way, the microbiota sequence variant (or a
medicament comprising the same) can be specifically tailored for an individual. In addition
to the advantage that the microbiota sequence variants (identified by a method) of the present
invention are distinct from self-antigens, thereby avoiding self-tolerance of the immune
system, a microbiota sequence variant present in an individual has the additional advantage
that the individual may be “primed” for such a microbiota sequence variant, i.e. the individual
may have memory T-cells primed by the microbiota sequence variant. In particular, existing
memory T-cells against the microbiota sequence variant of a human tumor-related antigenic
epitope will be reactivated with a challenge of the microbiota sequence variant and will
strengthened and accelerate establishment of an anti-tumoral response, thereby further

increasing therapeutic efficacy.

A database comprising microbiota data of a single individual, but not of multiple individuals,
may be compiled, for example, by the use of one or more stool samples of the individual. For
example, microbial (in particular bacterial) nucleic acids (such as DNA) or (poly)peptides
may be extracted from the stool sample and sequenced by methods known in the art. The
sequences may then be compiled in a database containing only microbiota data, in particular
sequences. For compiling such a database, for example one or more standard operating
procedures (SOPs) developed and provided by the International Human Microbiome
Standards (IHMS) project may be used (URL: http://www.microbiome-standards.org/#SOPS).
The IHMS project (URL: http://www.microbiome-standards.org) was supported by the
European Commission under the Seventh Framework Programme (Project 1D: 261376) and
coordinated the development of standard operating procedures (SOPs) designed to optimize
data quality and comparability in the human microbiome field. The IHMS developed 14
standard operating procedures (SOPs), including SOPs for stool sample collection,
identification and extraction, for sequencing and for data analysis. For example, IHMS SOPs
may be used for the entire process of compiling a database (i.e., for each step a SOP may be

used). In another example, one or more steps may use one or more SOPs, while other steps
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use other methods. In a particularly preferred example, the sequencing of the DNA extracted
from a stool sample can be performed, e.g. at 40 million pair end reads for example on
an lllumina HiSeq. Sequences can be analyzed, for example, using bioinformatics pipeline
for identification of genomic part of candidate bacteria expressing the microbiota sequence

variant (e.g., a bacterial peptide).

Preferably, step (iii) of the method for identification of a microbiota sequence variant

according to the present invention comprises the following sub-steps:

(iii-a) optionally, identifying microbiota protein sequences or nucleic acid sequences from (a)
sample(s) of a single or multiple individual(s),

(iii-b) compiling a database containing microbiota protein sequences or nucleic acid
sequences of a single or multiple individual(s), and

(iii-c) identifying in the database compiled in step (iii-b) at least one microbiota sequence
variant of the epitope sequence identified in step (ii).

The sample in step (iii-a) is preferably a stool sample. Depending on whether the database to

be compiled shall relate to a single or multiple individuals, one or more stool samples of a

single or multiple individuals may be used.

The identification step (iii-a) preferably comprises extraction of microbial (in particular
bacterial) nucleic acids (such as DNA) or (poly)peptides from the sample, in particular the
stool sample and sequencing thereof, e.g. as described above. Optionally, sequences may be

analyzed as described above.

Preferably, the method according to the present invention further comprises the following
step:
(iv)  testing binding of the at least one microbiota sequence variant to MHC molecules, in

particular MHC | molecules, and obtaining a binding affinity.

Binding of the at least one microbiota sequence variant to MHC molecules, in particular to
MHC I or MHC I, may be tested by the MHC /n vitro or in silico binding tests as described
above. Accordingly, moderate, strong and very strong binders may be selected as described

above.
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Preferably, binding to MHC is tested (/n vitro and/or in silico as described herein) for the at
least one microbiota sequence variant to MHC molecules and, additionally, for the (respective
reference) epitope (the “corresponding” tumor-related antigenic epitope sequence) to MHC
molecules, in particular MHC I or MHC 1I molecules, and binding affinities are preferably

obtained for both (the epitope sequence and the microbiota sequence variant thereof).

After the binding test, preferably only such microbiota sequence variants are selected, which
bind moderately, strongly or very strongly to MHC, in particular MHC | or MHC 1I. More
preferably only strong and very strong binders are selected and most preferably, only such
microbiota sequence variants are selected, which bind very strongly to MHC, in particular

MHC I or MHC 11

More preferably, only such microbiota sequence variants are selected, which bind strongly
or very strongly to MHC, in particular MHC | or MHC I, and wherein the (respective
reference) epitope (the “corresponding” tumor-related antigenic epitope sequence) binds
moderately, strongly or very strongly to MHC, in particular MHC | or MHC 1l. Even more
preferably, only such microbiota sequence variants are selected, which bind very strongly to
MHC, in particular MHC | or MHC 1I, and wherein the (respective reference) epitope binds
moderately, strongly or very strongly to MHC, in particular MHC | or MHC I1. Most preferably,
only such microbiota sequence variants are selected, which bind very strongly to MHC, in
particular MHC I or MHC I, and wherein the (respective reference) epitope binds strongly or

very strongly to MHC, in particular MHC | or MHC 1.

It is also preferred that the step (iv) of the method according to the present invention further
comprises a comparison of the binding affinities obtained for the microbiota sequence variant
and for the respective reference epitope and selecting a microbiota sequence variant having
a higher binding affinity to MHC, in particular MHC | or MHC II, than the respective reference
epitope.

Preferably, the method according to the present invention further comprises the following

step:
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(v)  determining cellular localization of a microbiota protein containing the microbiota

sequence variant.

In this context, it is preferably determined whether the microbiota protein containing the
microbiota sequence variant (i) is secreted and/or (i) comprises a transmembrane domain.
Microbiota proteins, which are secreted or present in/on the membrane may elicit an immune
response. Therefore, in the context of the present invention microbiota sequence variants,
which are comprised in a microbiota protein, which is secreted (e.g., comprise a signal
peptide) or which comprises a transmembrane domain, are preferred. In particular,
microbiota sequence variants comprised in secreted proteins (or proteins having a signal
peptide) are preferred, since secreted components or proteins contained in secreted exosomes

are more prone to be presented by APCs.

In order to determine cellular localization of the microbiota protein containing the microbiota
sequence variant step (v) preferably further comprises identifying the sequence of a
microbiota protein containing the microbiota sequence variant, preferably before determining

cellular localization.

Cellular localization, in particular whether a protein is secreted or comprises a
transmembrane domain, can be tested /n silico or in vitro by methods well-known to the
skilled person. For example “SignalP 4.1 Server” (Center for biological sequence analysis,
Technical University of Denmark DTU; URL: www.cbs.dtu.dk/services/SignalP) and/or
“Phobius” (A combined transmembrane topology and signal peptide predictor, Stockholm
Bioinformatics Centre; URL: phobius.sbc.su.se) may be used. Preferably, two prediction tools

(e.g., SignalP 4.1 Server and Phobius) may be combined.

For example, to test whether a protein is secreted, presence of a signal peptide may be
assessed. Signal peptides are ubiquitous protein-sorting signals that target their passenger
(cargo) protein for translocation across the cytoplasmic membrane in prokaryotes. To test
presence of a signal peptide, for example “SignalP 4.1 Server” (Center for biological sequence
analysis, Technical University of Denmark DTU; URL: www.cbs.dtu.dk/services/SignalP)

and/or “Phobius” (A combined transmembrane topology and signal peptide predictor,
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Stockholm Bioinformatics Centre; URL: phobius.sbc.su.se) may be used. Preferably, two

prediction tools (e.g., SignalP 4.1 Server and Phobius) may be combined.

Moreover, it may be determined whether a protein comprises a transmembrane domain. Both,
signal peptides and transmembrane domains are hydrophobic, but transmembrane helices
typically have longer hydrophobic regions. For example, SignalP 4.1 Server and Phobius have
the capacity to differentiate signal peptides from transmembrane domains. Preferably, a
minimum number of two predicted transmembrane helices is set to differentiate between

membrane and cytoplasmic proteins to deliver the final consensus list.

Preferably, the method according to the present invention comprises step (iv) as described
above and step (v) as described above. Preferably, step (v) follows step (iv). It is also preferred

that step (iv) follows step (v).

Moreover, it is also preferred that the method according to the present invention comprises

the following step:

— annotation of the microbiota protein comprising the microbiota sequence variant.

Annotation may be performed by a (BLAST-based) comparison against reference database,
for example against the Kyoto Encyclopedia of Genes and Genomes (KEGG) and/or against
the National Center for Biotechnology Information (NCBI) Reference Sequence Database
(RefSeq). RefSeq provides an integrated, non-redundant set of sequences, including genomic
DNA, transcripts, and proteins. In KEGG, the molecular-level functions stored in the KO
(KEGG Orthology) database may be used. These functions are categorized in groups of
orthologs, which contain proteins encoded by genes from different species that evolved from

a common ancestor.

As described above, microbiota sequence variants of human antigen epitopes have the
advantage in comparison to the (fully) human epitope, that T cells able to strictly recognize
human peptides have been depleted during maturation as recognizing self-antigens, which is
not the case for microbiota sequence variants. Accordingly, microbiota sequence variants

provide increased immunogenicity. Moreover, as it is well-known in the art, that MHC (HLA)
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binding (which may be confirmed/tested as described above) is an indicator for T cell

immunogenicity.

However, immunogenicity of the microbiota sequence variant (alone or in comparison to the
corresponding human epitope) may also be (additionally) tested (e.g. to confirm their
increased immunogenicity). Accordingly, it is preferred that the method according to the
present invention further comprises the following step:

(vi)  testing immunogenicity of the microbiota sequence variant.

The skilled person is familiar with various methods to test immunogenicity, including /n silico,
in vitro and /n vivo/ex vivo tests. In general, examples of assays for immunogenicity testing
include screening assays, such as ADA (anti-drug antibody) screening, confirmatory assays,
titration and isotyping assays and assays using neutralizing antibodies. Examples of
platforms/assay formats for such assays include ELISA and bridging ELISA,
Electrochemiluminescence (ECL) and Meso Scale Discovery (MSD), flow cytometry, SPEAD
(solid-phase extraction with acid dissociation), radioimmune precipitation (RIP), surface
plasmon resonance (SPR), bead-based assays, biolayer interferometry, biosensor assays and
biocassays (such as cell proliferation assays). Various assays are described, for example, in
more detail in the Review article Meenu Wadhwa, Ivana Knezevic, Hye-Na Kang, Robin
Thorpe: Immunogenicity assessment of biotherapeutic products: An overview of assays and
their utility, Biologicals, Volume 43, Issue 5, 2015, Pages 298-306, ISSN 1045-1056,
https://doi.org/10.1016/j.biologicals.2015.06.004, which is incorporated herein by
reference. Moreover, guidelines for immunogenicity testing are provided by the FDA (Assay
development and validation for immunogenicity testing for therapeutic protein products.
Guidance for Industry. FDA, 2016). /n silico tests for immunogenicity (in particular applying
immunoinformatics tools) include in particular in silico test for MHC (HLA) binding as

described above.

As a specific example, the test substance (e.g., the microbiota sequence variant in any suitable
administration form) may be administered to a subject (animal or human) for immunization.
Thereafter, the immune response of the subject may be measured in various manners. For

example, immune cells, such as splenocytes, may be assessed, e.g. by measuring cytokine



10

15

20

25

30

WO 2019/072871 PCT/EP2018/077515

33

release (e.g. IFNy) of the immune cells (e.g. splenocytes), for example by ELISA. Alternatively,

also ADA (anti-drug antibodies) may be assessed.

Other well-known examples of assays include MHC multimer assays, such as a tetramer assay
(for example as described in Altman JD, Moss PA, Goulder PJ, Barouch DH, McHeyzer-
Williams MG, Bell JI, McMichael AJ, Davis MM. Phenotypic analysis of antigen-specific T
lymphocytes. Science. 1996 Oct 4;274(5284):94-6) or a pentamer assay.

In a preferred embodiment, immunogenicity regarding cytotoxic T cells (or the cytotoxic T
cell response) is tested, e.g. by assessing specifically the cytotoxic T cell response. In
particular, a cytotoxicity assay may be performed. For example the test substance (e.g., the
microbiota sequence variant in any suitable administration form) may be administered to a
subject (animal or human) having a tumor (expressing the antigen, to which the microbiota
sequence variant corresponds) and the tumor size is observed/measured. Cytotoxicity may
also be tested in vitro, e.g. by using a tumor cell line (expressing the antigen, to which the

microbiota sequence variant corresponds).

A cytotoxicity assay, in particular a T cell cytotoxicity assay, may be performed as
immunogenicity assay as described above or in addition to (other) immunogenicity assays as

described above.

Accordingly, it is preferred that the method according to the present invention further
comprises the following step:

(vi)  testing cytotoxicity of the microbiota sequence variant.

Preferably, T-cell cytotoxicity of the microbiota sequence variant is tested.

Preferably, cytotoxicity regarding the specific cells expressing the antigen, to which the

microbiota sequence variant corresponds, is tested (as described herein).

Preferably, the tumor-related antigenic epitope sequence (of which a microbiota sequence

variant is to be identified) has an amino acid sequence as set forth in any one of SEQ ID NOs:
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1~5,55-65, and 126 - 131. For example, the tumor-related antigenic epitope sequence
(of which a microbiota sequence variant is to be identified) has an amino acid sequence as
set forth in SEQ 1D NO: 58 or 59. For example, the tumor-related antigenic epitope sequence
(of which a microbiota sequence variant is to be identified) has an amino acid sequence as
set forth in SEQ ID NO: 131. In a specific embodiment, the tumor-related antigenic epitope
sequence (of which a microbiota sequence variant is to be identified) has an amino acid

sequence as set forth in SEQ ID NO: 1.

Method for preparing a medicament

In a further aspect the present invention provides a method for preparing a medicament,

preferably for prevention and/or treatment of cancer, comprising the following steps:

(a) identification of a microbiota sequence variant of a tumor-related antigenic epitope
sequence according to the method according the present invention as described above;
and

(b)  preparing a medicament comprising the microbiota sequence variant (i.e., peptide or

nucleic acid).

Preferably, the medicament is a vaccine. As used in the context of the present invention, the
term “vaccine” refers to a biological preparation that provides innate and/or adaptive
immunity, typically to a particular disease, preferably cancer. Thus, a vaccine supports in
particular an innate and/or an adaptive immune response of the immune system of a subject
to be treated. For example, the microbiota sequence variant as described herein typically
leads to or supports an adaptive immune response in a patient to be treated. The vaccine may

further comprise an adjuvant, which may lead to or support an innate immune response.

Preferably, the preparation of the medicament, i.e. step (b) of the method for preparing a
medicament according to the present invention, comprises loading a nanoparticle with the
microbiota sequence variant or with a polypeptide/protein comprising the microbiota
sequence variant (or a nucleic acid molecule comprising the microbiota sequence variant),

wherein the microbiota sequence variant is preferably a peptide as described above. In



10

15

20

25

30

WO 2019/072871 PCT/EP2018/077515

35

particular, the nanoparticle is used for delivery of the microbiota sequence variant (the
polypeptide/protein/nucleic acid comprising the microbiota sequence variant) and may
optionally also act as an adjuvant. The microbiota sequence variant (the
polypeptide/protein/nucleic acid comprising the microbiota sequence variant) is typically
either encapsulated within the nanoparticle or bound to (decorated onto) the surface of the
nanoparticle (“coating”). Nanoparticles, in particular for use as vaccines, are known in the
art and described, for example, in Shao K, Singha S, Clemente-Casares X, Tsai S, Yang Y,
Santamaria P (2015): Nanoparticle-based immunotherapy for cancer, ACS Nano 9(1):16-30;
Zhao L, Seth A, Wibowo N, Zhao CX, Mitter N, Yu C, Middelberg AP (2014): Nanoparticle
vaccines, Vaccine 32(3):327-37; and Gregory AE, Titball R, Williamson D (2013) Vaccine
delivery  using  nanoparticles, Front  Cell Infect Microbiol. 3:13, doi:
10.3389/fcimb.2013.00013. eCollection 2013, Review. Compared to conventional
approaches, nanoparticles can protect the payload (antigen/adjuvant) from the surrounding
biological milieu, increase its half-life, minimize its systemic toxicity, promote its delivery to
APCs, or even directly trigger the activation of TAA-specific T-cells. Preferably, the
nanoparticle has a size (diameter) of no more than 300 nm, more preferably of no more than
200 nm and most preferably of no more than 100 nm. Such nanoparticles are adequately
sheltered from phagocyte uptake, with high structural integrity in the circulation and long
circulation times, capable of accumulating at sites of tumor growth, and able to penetrate

deep into the tumor mass.

Examples of nanoparticles include polymeric nanoparticles, such as poly(ethylene glycol)
(PEG) and poly (D,L-lactic-coglycolic acid) (PLGA); inorganic nanoparticles, such as gold
nanoparticles, iron oxide beads, iron-oxide zinc-oxide nanoparticles, carbon nanotubes and
mesoporous silica nanoparticles; liposomes, such as cationic liposomes; immunostimulating

complexes (ISCOM); virus-like particles (VLP); and self-assembled proteins.

Polymeric nanoparticles are nanoparticles based on/comprising polymers, such as poly(d, -
lactide-co-glycolide) (PLG), poly(d,I-lactic-coglycolic acid)(PLGA), poly(g-glutamic acid) (g-
PGA), poly{ethylene glycol) (PEG), and polystyrene. Polymeric nanoparticles may entrap an
antigen (e.g., the microbiota sequence variant or a (poly)peptide comprising the same) or bind

to/conjugate to an antigen (e.g., the microbiota sequence variant or a (poly)peptide
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comprising the same). Polymeric nanoparticles may be used for delivery, e.g. to certain cells,
or sustain antigen release by virtue of their slow biodegradation rate. For example, g-PGA
nanoparticles may be used to encapsulate hydrophobic antigens. Polystyrene nanoparticles
can conjugate to a variety of antigens as they can be surface-modified with various functional
groups. Polymers, such as Poly(L-lactic acid) (PLA), PLGA, PEG, and natural polymers such
as polysaccharides may also be used to synthesize hydrogel nanoparticles, which are a type
of nano-sized hydrophilic three-dimensional polymer network. Nanogels have favorable
properties including flexible mesh size, large surface area for multivalent conjugation, high
water content, and high loading capacity for antigens. Accordingly, a preferred nanoparticle
is a nanogel, such as a chitosan nanogel. Preferred polymeric nanoparticles are nanoparticles
based on/comprising poly(ethylene glycol) (PEC) and poly (D,L-lactic-coglycolic acid)
(PLGA).

Inorganic nanoparticles are nanoparticles based on/comprising inorganic substances, and
examples of such nanoparticles include gold nanoparticles, iron oxide beads, iron-oxide zinc-
oxide nanoparticles, carbon nanoparticles (e.g., carbon nanotubes) and mesoporous silica
nanoparticles. Inorganic nanoparticles provide a rigid structure and controllable synthesis.
For example, gold nanoparticles can be easily produced in different shapes, such as spheres,
rods, cubes. Inorganic nanoparticles may be surface-modified, e.g. with carbohydrates.
Carbon nanoparticles provide good biocompatibility and may be produced, for example, as
nanotubes or (mesoporous) spheres. For example, multiple copies of the microbiota sequence
variant according to the present invention (or a (poly)peptide comprising the same) may be
conjugated onto carbon nanoparticles, e.g. carbon nanotubes. Mesoporous carbon
nanoparticles are preferred for oral administration. Silica-based nanoparticles (SiNPs) are also
preferred. SiNPs are biocompatible and show excellent properties in selective tumor targeting
and vaccine delivery. The abundant silanol groups on the surface of SiNPs may be used for
further modification to introduce additional functionality, such as cell recognition, absorption
of specific biomolecules, improvement of interaction with cells, and enhancement of cellular

uptake. Mesoporous silica nanoparticles are particularly preferred.

Liposomes are typically formed by phospholipids, such as 1,2-dioleoyl-3-

trimethylammonium propane (DOTAP). In general, cationic liposomes are preferred.
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Liposomes are self-assembling with a phospholipid bilayer shell and an aqueous core.
Liposomes can be generated as unilameller vesicles (having a single phospholipid bilayer) or
as multilameller vesicles (having several concentric phospholipid shells separated by layers
of water). Accordingly, antigens can be encapsulated in the core or between different
layers/shells. Preferred liposome systems are those approved for human use, such as Inflexal®

V and Epaxal®.

Immunostimulating complexes (ISCOM) are cage like particles of about 40 nm (diameter),
which are colloidal saponin containing micelles, for example made of the saponin adjuvant
Quil A, cholesterol, phospholipids, and the (poly)peptide antigen (such as the microbiota
sequence variant or a polypeptide comprising the same). These spherical particles can trap
the antigen by apolar interactions. Two types of ISCOMs have been described, both of which
consist of cholesterol, phospholipid (typically either phosphatidylethanolamine or phos-
phatidylcholine) and saponin (such as QuilA).

Virus-like particles (VLP) are self-assembling nanoparticles formed by self-assembly of
biocompatible capsid proteins. Due to the naturally-optimized nanoparticle size and
repetitive structural order VLPs can induce potent immune responses. VLPs can be derived
from a variety of viruses with sizes ranging from 20 nm to 800 nm, typically in the range of
20 - 150 nm. VLPs can be engineered to express additional peptides or proteins either by
fusing these peptides/proteins to the particle or by expressing multiple antigens. Moreover,

antigens can be chemically coupled onto the viral surface to produce bioconjugate VLPs.

Examples of self-assembled proteins include ferritin and major vault protein (MVP). Ferritin is
a protein that can self-assemble into nearly-spherical 10 nm structure. Ninety-six units of
MVP can self-assemble into a barrel-shaped vault nanoparticle, with a size of approximately
40 nm wide and 70 nm long. Antigens that are genetically fused with a minimal interaction
domain can be packaged inside vault nanoparticles by self-assembling process when mixed
with MVPs. Accordingly, the antigen (such as the microbiota sequence variant according to
the present invention of a polypeptide comprising the same) may be fused to a self-assembling
protein or to a fragment/domain thereof, such as the minimal interaction domain of MVP.

Accordingly, the present invention also provides a fusion protein comprising a self-
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assembling protein (or a fragment/domain thereof) and the microbiota sequence variant

according to the present invention.

In general, preferred examples of nanoparticles (NPs) include iron oxide beads, polystyrene
microspheres, poly(y-glutamic acid) (y-PGA) NPs, iron oxide-zinc oxide NPs, cationized
gelatin NPs, pluronic-stabilized poly(propylene sulfide) (PPS) NPs, PLGA NPs, (cationic)
liposomes, (pH-responsive) polymeric micelles, PLGA, cancer cell membrane coated PLGA,
lipid-calcium-phosphate (LCP) NPs, liposome-protamine-hyaluronic acid (LPH) NPs,
polystyrene latex beads, magnetic beads, iron-dextran particles and quantum dot

nanocrystals.

Preferably, step (b) further comprises loading the nanoparticle with an adjuvant, for example
a toll-like receptor (TLR) agonist. Thereby, the microbiota sequence variant (the
polypeptide/protein/nucleic acid comprising the microbiota sequence variant) can be
delivered together with an adjuvant, for example to antigen-presenting cells (APCs), such as
dendritic cells (DCs). The adjuvant may be encapsulated by the nanoparticle or bound
to/conjugated to the surface of the nanoparticle, preferably similarly to the microbiota

sequence variant.

It is also preferred that the preparation of the medicament, i.e. step (b) of the method for
preparing a medicament according to the present invention, comprises loading a bacterial
cell with the microbiota sequence variant. For example, the bacterial cell may comprise a
nucleic acid molecule encoding the microbiota sequence variant and/or express the
microbiota sequence variant (as peptide or comprised in a polypeptide/protein). To this end,
step (b) preferably comprises a step of transformation of a bacterial cell with (a nucleic acid
molecule comprising/encoding) the microbiota sequence variant (which is in this context
preferably a nucleic acid). Such a bacterial cell may serve as “live bacterial vaccine vectors”,
wherein live bacterial cells (such as bacteria or bacterial spores, e.g., endospores, exospores
or microbial cysts) can serve as vaccines. Preferred examples thereof are described in da Silva

et al., ] Microbiol. 2015 Mar 4;45(4):1117-29.
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Bacterial cells (such as bacteria or bacterial spores, e.g., endospores, exospores or microbial
cysts), in particular (entire) gut bacterial species, can be advantageous, as they have the
potential to trigger a greater immune response than the (poly)peptides or nucleic acids they
contain. Preferably, the bacterial cell is a gut bacterial cell, i.e. a bacterial cell (of a bacterium)

residing in the gut.

Alternatively, bacterial cells, in particular gut bacteria, according to the invention may be in
the form of probiotics, i.e. of live gut bacterium, which can thus be used as food additive due
to the health benefits it can provide. Those can be for example lyophilized in granules, pills

or capsules, or directly mixed with dairy products for consumption.

Preferably, the preparation of the medicament, i.e. step (b) of the method for preparing a
medicament according to the present invention, comprises the preparation of a
pharmaceutical composition. Such a pharmaceutical composition preferably comprises

(i) the microbiota sequence variant;

(i1) a (recombinant) protein comprising the microbiota sequence variant;

(iii) an (immunogenic) compound comprising the microbiota sequence variant;

(iv)  ananoparticle loaded with the microbiota sequence variant;

(v) an antigen-presenting cell loaded with the microbiota sequence variant;

(vi) a host cell, such as a bacterial cell, expressing the microbiota sequence variant; or
(vii)  a nucleic acid molecule encoding the microbiota sequence variant;

and, optionally, a pharmaceutically acceptable carrier and/or an adjuvant.

Formulation processing techniques, which are useful in the context of the preparation of
medicaments, in particular pharmaceutical compositions and vaccines, according to the
present invention are set out in “Part 5 of Remington’s “The Science and Practice of
Pharmacy”, 22" Edition, 2012, University of the Sciences in Philadelphia, Lippincott
Williams & Wilkins”.

A recombinant protein, as used herein, is a protein, which does not occur in nature, for
example a fusion protein comprising the microbiota sequence variant and further

components.
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The term “immunogenic compound” refers to a compound comprising the microbiota
sequence variant as defined herein, which is also able to induce, maintain or support an
immunological response against the microbiota sequence variant in a subject to whom it is
administered. In some embodiments, immunogenic compounds comprise at least one
microbiota sequence variant, or alternatively at least one compound comprising such a
microbiota sequence variant, linked to a protein, such as a carrier protein, or an adjuvant. A
carrier protein is usually a protein, which is able to transport a cargo, such as the microbiota

sequence variant. For example, the carrier protein may transport its cargo across a membrane.

As a further ingredient, the pharmaceutical composition may in particular comprise a
pharmaceutically acceptable carrier and/or vehicle. In the context of the present invention, a
pharmaceutically acceptable carrier typically includes the liquid or non-liquid basis of the
inventive pharmaceutical composition. If the inventive pharmaceutical composition is
provided in liquid form, the carrier will typically be pyrogen-free water; isotonic saline or
buffered (aqueous) solutions, e.g phosphate, citrate etc. buffered solutions. Particularly for
injection of the inventive inventive pharmaceutical composition, water or preferably a buffer,
more preferably an aqueous buffer, may be used, containing a sodium salt, preferably at least
30 mM of a sodium salt, a calcium salt, preferably at least 0.05 mM of a calcium salt, and
optionally a potassium salt, preferably at least 1 mM of a potassium salt. According to a
preferred embodiment, the sodium, calcium and, optionally, potassium salts may occur in
the form of their halogenides, e.g. chlorides, iodides, or bromides, in the form of their
hydroxides, carbonates, hydrogen carbonates, or sulfates, etc. Without being limited thereto,
examples of sodium salts include e.g. NaCl, Nal, NaBr, Na,CO;, NaHCOs, Na,SO., examples
of the optional potassium salts include e.g. KCl, K1, KBr, K2COj3, KHCO;, K;SO4, and examples
of calcium salts include e.g. CaCl,, Cal,, CaBr,, CaCO;, CaSQ,, Ca(OH),. Furthermore,
organic anions of the aforementioned cations may be contained in the buffer. According to
a more preferred embodiment, the buffer suitable for injection purposes as defined above,
may contain salts selected from sodium chloride (NaCl), calcium chloride (CaCl,) and
optionally potassium chloride (KCl), wherein further anions may be present additional to the
chlorides. CaCl, can also be replaced by another salt like KCl. Typically, the salts in the

injection buffer are present in a concentration of at least 30 mM sodium chloride (NaCl), at
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least 1T mM potassium chloride (KCl) and at least 0,05 mM calcium chloride (CaCl,). The
injection buffer may be hypertonic, isotonic or hypotonic with reference to the specific
reference medium, i.e. the buffer may have a higher, identical or lower salt content with
reference to the specific reference medium, wherein preferably such concentrations of the
afore mentioned salts may be used, which do not lead to damage of cells due to osmosis or
other concentration effects. Reference media are e.g. liquids occurring in “in vivo” methods,
such as blood, lymph, cytosolic liquids, or other body liquids, or e.g. liquids, which may be
used as reference media in “in vitro” methods, such as common buffers or liquids. Such
common buffers or liquids are known to a skilled person. Saline (0.9% NaCl) and Ringer-

Lactate solution are particularly preferred as a liquid basis.

Moreover, one or more compatible solid or liquid fillers or diluents or encapsulating
compounds may be used as well for the inventive pharmaceutical composition, which are
suitable for administration to a subject to be treated. The term "compatible" as used herein
means that these constituents of the inventive pharmaceutical composition are capable of
being mixed with the microbiota sequence variant as defined herein in such a manner that
no interaction occurs which would substantially reduce the pharmaceutical effectiveness of
the inventive pharmaceutical composition under typical use conditions. Pharmaceutically
acceptable carriers, fillers and diluents must, of course, have sufficiently high purity and
sufficiently low toxicity to make them suitable for administration to a subject to be treated.
Some examples of compounds which can be used as pharmaceutically acceptable carriers,
fillers or constituents thereof are sugars, such as, for example, lactose, glucose and sucrose;
starches, such as, for example, corn starch or potato starch; cellulose and its derivatives, such
as, for example, sodium carboxymethylcellulose, ethylcellulose, cellulose acetate; powdered
tragacanth; malt; gelatin; tallow; solid glidants, such as, for example, stearic acid, magnesium
stearate; calcium sulfate; vegetable oils, such as, for example, groundnut oil, cottonseed oil,
sesame oil, olive oil, corn oil and oil from theobroma; polyols, such as, for example,

polypropylene glycol, glycerol, sorbitol, mannitol and polyethylene glycol; alginic acid.

Preferably, the microbiota sequence variant as described herein, or a polypeptide comprising
the microbiota sequence variant, may be co-administrated or linked, for example by covalent

or non-covalent bond, to a protein/peptide having immuno-adjuvant properties, such as
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providing stimulation of CD4+ Th1 cells. While the microbiota sequence variant as described
herein preferably binds to MHC class I, CD4+ helper epitopes may be additionally used to
provide an efficient immune response. Th1 helper cells are able to sustain efficient dendritic
cell (DC) activation and specific CTL activation by secreting interferon-gamma (IFN-y), tumor
necrosis factor-alpha (TNF-a) and interleukine-2 (IL-2) and enhancing expression of
costimulatory signal on DCs and T cells (Galaine et al., Interest of Tumor-Specific CD4 T
Helper 1 Cells for Therapeutic Anticancer Vaccine. Vaccines (Basel). 2015 Jun 30;3(3):490-
502).

For example, the adjuvant peptide/protein may preferably be a non-tumor antigen that recalls
immune memory or provides a non-specific help or could be a specific tumor-derived helper
peptide. Several helper peptides have been described in the literature for providing a
nonspecific T cell help, such as tetanus helper peptide, keyhole limpet hemocyanin peptide
or PADRE peptide (Adotévi et al., Targeting antitumor CD4 helper T cells with universal
tumor-reactive helper peptides derived from telomerase for cancer vaccine. Hum Vaccin
Immunother. 2013 May;9(5):1073-7, Slingluff. The present and future of peptide vaccines for
cancer: single or multiple, long or short, alone or in combination? Cancer J. 2011 Sep-
Oct;17(5):343-50). Accordingly, tetanus helper peptide, keyhole limpet hemocyanin peptide
and PADRE peptide are preferred examples of such adjuvant peptide/proteins. Moreover,
specific tumor derived helper peptides are preferred. Specific tumor derived helper peptides
are typically presented by MHC class ll, in particular by HLA-DR, HLA-DP or HLA-DQ.
Specific tumor derived helper peptides may be fragments of sequences of shared
overexpressed tumor antigens, such as HER2, NY-ESO-1, hTERT or IL13RA2. Such fragments
have preferably a length of at least 10 amino acids, more preferably of at least 11 amino acids,
even more preferably of at least 12 amino acids and most preferably of at least 13 amino
acids. In particular, fragments of shared overexpressed tumor antigens, such as HER2, NY-
ESO-1, hTERT or IL13RA2, having a length of 13 to 24 amino acids are preferred. Preferred
fragments bind to MHC class Il and may, thus, be identified using, for example, the MHC
class Il binding prediction tools of IEDB (Immune epitope database and analysis resource;
Supported by a contract from the National Institute of Allergy and Infectious Diseases, a
component of the National Institutes of Health in the Department of Health and Human

Services ; URL: http://www.iedb.org/; http://tools.iedb.org/mhcii/).
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Further examples of preferred helper peptides include the UCP2 peptide (for example as
described in WO 2013/135553 A1 or in Dosset M, Godet Y, Vauchy C, Beziaud L, Lone YC,
Sedlik C, Liard C, Levionnois E, Clerc B, Sandoval F, Daguindau E, Wain-Hobson S, Tartour
E, Langlade-Demoyen P, Borg C, Adotévi O: Universal cancer peptide-based therapeutic
vaccine breaks tolerance against telomerase and eradicates established tumor. Clin Cancer
Res. 2012 Nov 15;18(22):6284-95. doi: 10.1158/1078-0432.CCR-12-0896. Epub 2012 Oct
2) and the BIRC5 peptide (for example as described in EP2119726 A1 or in Widenmeyer M,
Griesemann H, Stevanovi¢ S, Feyerabend S, Klein R, Attig S, Hennenlotter J, Wernet D,
Kuprash DV, Sazykin AY, Pascolo S, Stenzl A, Gouttefangeas C, Rammensee HG:
Promiscuous survivin peptide induces robust CD4+ T-cell responses in the majority of
vaccinated cancer patients. Int J Cancer. 2012 Jul 1;131(1):140-9. doi: 10.1002/ijc.26365.
Epub 2011 Sep 14). The most preferred helper peptide is the UCP2 peptide (amino acid
sequence: KSVWSKLQSIGIRQH; SEQ ID NO: 159, for example as described in WO
2013/135553 A1 or in Dosset M, Godet Y, Vauchy C, Beziaud L, Lone YC, Sedlik C, Liard C,
Levionnois E, Clerc B, Sandoval F, Daguindau E, Wain-Hobson S, Tartour E, Langlade-
Demoyen P, Borg C, Adotévi O: Universal cancer peptide-based therapeutic vaccine breaks
tolerance against telomerase and eradicates established tumor. Clin Cancer Res. 2012 Nov

15;18(22):6284-95. doi: 10.1158/1078-0432.CCR-12-0896. Epub 2012 Oct 2).

Accordingly, the pharmaceutical composition, in particular the vaccine, can additionally
contain one or more auxiliary substances in order to further increase its immunogenicity,
preferably the adjuvants described above. A synergistic action of the microbiota sequence
variant as defined above and of an auxiliary substance, which may be optionally contained
in the inventive vaccine as described above, is preferably achieved thereby. Depending on
the various types of auxiliary substances, various mechanisms can come into consideration
in this respect. For example, compounds that permit the maturation of dendritic cells (DCs),
for example lipopolysaccharides, TNF-alpha or CD40 ligand, form a first class of suitable
auxiliary substances. In general, it is possible to use as auxiliary substance any agent that
influences the immune system in the manner of a "danger signal" (LPS, GP96, etc.) or
cytokines, such as GM-CSF, which allow an immune response produced by the immune-

stimulating adjuvant according to the invention to be enhanced and/or influenced in a
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targeted manner. Particularly preferred auxiliary substances are cytokines, such as
monokines, lymphokines, interleukins or chemokines, that further promote the innate
immune response, such as IL-1, IL-2, IL-3, {L-4, IL-5, IL-6, IL-7, IL-8, IL-9, I1L-10, IL-12, IL-13,
IL-14, IL-15, IL-16, IL-17, IL-18, IL-19, IL-20, IL-21, IL-22, 1L-23, IL-24, IL-25, IL-26, IL-27, IL-
28, 1L-29, IL-30, IL-317, 1L-32, IL-33, IFN-alpha, IFN-beta, IFN-gamma, GM-CSF, G-CSF, M-
CSF, LT-beta or TNF-alpha, growth factors, such as hGH.

Most preferably, the adjuvant is Montanide, such as Montanide ISA 51 VG and/or Montanide
ISA 720 VG. Those adjuvants are rendering stable water-in-oil emulsions when mixed with
water based antigenic media. Montanide ISA 51 VG is based on a blend of mannide
monooleate surfactant and mineral oil, whereas Montanide ISA 720 VG uses a non-mineral
oil (Aucouturier J, Dupuis L, Deville S, Ascarateil S, Ganne V. Montanide ISA 720 and 51: a
new generation of water in oil emulsions as adjuvants for human vaccines. Expert Rev
Vaccines. 2002 Jun;1(1):111-8; Ascarateil S, Puget A, Koziol M-E. Safety data of Montanide
ISA 51 VG and Montanide ISA 720 VG, two adjuvants dedicated to human therapeutic
vaccines. Journal for Immunotherapy of Cancer. 2015;3(Suppl 2):P428. doi:10.1186/2051-
1426-3-52-P428).

Further additives which may be included in the inventive vaccine are emulsifiers, such as, for
example, Tween®; wetting agents, such as, for example, sodium lauryl sulfate; colouring
agents; taste-imparting agents, pharmaceutical carriers; tablet-forming agents; stabilizers;

antioxidants; preservatives.

The inventive composition, in particular the inventive vaccine, can also additionally contain
any further compound, which is known to be immune-stimulating due to its binding affinity
(as ligands) to human Toll-like receptors TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLRS,
TLRY, TLR10, or due to its binding affinity (as ligands) to murine Toll-like receptors TLRT,
TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLR8, TLR9, TLR10, TLR11, TLR12 or TLR13.

Another class of compounds, which may be added to an inventive composition, in particular
to an inventive vaccine, in this context, may be CpG nucleic acids, in particular CpG-RNA

or CpG-DNA. A CpG-RNA or CpG-DNA can be a single-stranded CpG-DNA (ss CpG-DNA),
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a double-stranded CpG-DNA (dsDNA), a single-stranded CpG-RNA (ss CpG-RNA) or a
double-stranded CpG-RNA (ds CpG-RNA). The CpG nucleic acid is preferably in the form of
CpG-RNA, more preferably in the form of single-stranded CpG-RNA (ss CpG-RNA). The CpG
nucleic acid preferably contains at least one or more (mitogenic) cytosine/guanine
dinucleotide sequence(s) (CpG motif(s)). According to a first preferred alternative, at least one
CpG motif contained in these sequences, in particular the C (cytosine) and the G (guanine) of
the CpG motif, is unmethylated. All further cytosines or guanines optionally contained in
these sequences can be either methylated or unmethylated. According to a further preferred
alternative, however, the C (cytosine) and the G (guanine) of the CpG motif can also be

present in methylated form.

Particularly preferred adjuvants are polyinosinic:polycytidylic acid (also referred to as “poly
1:C”) and/or its derivative poly-ICLC. Poly I:C is a mismatched double-stranded RNA with one
strand being a polymer of inosinic acid, the other a polymer of cytidylic acid. Poly I:C is an
immunostimulant known to interact with toll-like receptor 3 (TLR3). Poly I:C is structurally
similar to double-stranded RNA, which is the “natural” stimulant of TLR3. Accordingly, poly
I:C may be considered a synthetic analog of double-stranded RNA. Poly-ICLC is a synthetic
complex of carboxymethylcellulose, polyinosinic-polycytidylic acid, and poly-L-lysine
double-stranded RNA. Similar to poly 1:C, also poly-ICLC is a ligand for TLR3. Poly I:C and
poly-ICLC typically stimulate the release of cytotoxic cytokines. A preferred example of poly-
ICLC is Hiltonol®.

Microbiota sequence variant and medicament comprising the same

In a further aspect, the present invention also provides a microbiota sequence variant of a
tumor-related antigenic epitope sequence, preferably obtainable by the method for

identification of a microbiota sequence variant as described above.

Accordingly, features, definitions and preferred embodiments of the microbiota sequence
variant according to the present invention correspond to those described above for the

microbiota sequence variant obtained by the method for identification of a microbiota
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sequence variant. For example, it is preferred that the microbiota sequence variant has a
length of no more than 50 amino acids, more preferably no more than 40 amino acids, even
more preferably no more than 30 amino acids and most preferably no more than 25 amino
acids. Accordingly, the microbiota sequence variant preferably has a length of 5 — 50 amino
acids, more preferably of 6 — 40 amino acids, even more preferably of 7 — 30 amino acids
and most preferably of 8 ~ 25 amino acids, for example 8 ~ 24 amino acids. For example, the
microbiota sequence variant is preferably a (bacterial) peptide, preferably having a length of
8 — 12 amino acids, more preferably of 8 — 10 amino acids, such as nine or ten amino acids,
as described above. Moreover, the microbiota sequence variant shares preferably at least
70%, more preferably at least 75%, more preferably at least 80%, even more preferably at
least 85%, still more preferably at least 90%, particularly preferably at least 95%, and most
preferably at least 99% sequence identity sequence identity with the tumor-related antigenic
epitope sequence, as described above. Particularly preferably, the microbiota sequence
variant differs from the tumor-related antigenic epitope sequence only in one, two or three
amino acids, more preferably only in one or two amino acids. In other words, it is particularly
preferred that the microbiota sequence variant comprises not more than three amino acid
alterations (i.e., one, two or three amino acid alterations), more preferably not more than two
amino acid alterations (i.e., one or two amino acid alterations), in comparison to the tumor-
related antigenic epitope sequence. It is also preferred that the core sequence of the
microbiota sequence variant is identical with the core sequence of the tumor-related antigenic
epitope sequence, wherein the core sequence consists of all amino acids except the three
most N-terminal and the three most C-terminal amino acids, as described above. Moreover,
the preferred embodiments outlined above for the microbiota sequence variant obtained by
the method for identification of a microbiota sequence variant as described above apply

accordingly to the microbiota sequence variant according to the present invention.

Specific examples of the microbiota sequence variant according to the present invention
include (poly)peptides comprises or consists of an amino acid sequence according to any one
of SEQ ID NOs 6 — 18 and nucleic acid molecules encoding such (poly)peptides. Those
examples relate to microbiota sequence variants of epitopes of I1L13RA2. The Interleukin-13
receptor subunit alpha-2 (IL-13Ra2 or IL13RA2) is a membrane bound protein that is encoded

in humans by the ILT3RA2 gene. In a non-exhaustive manner, IL13RA2 has been reported as
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a potential immunotherapy target (see Beard et a/,; Clin Cancer Res; 72(11); 2012). The high
expression of IL13RA2 has further been associated with invasion, liver metastasis and poor
prognosis in colorectal cancer (Barderas et a/; Cancer Res; 72(11); 2012). Preferably, the
microbiota sequence variant according to the present invention comprises or consists of an
amino acid sequence according to SEQ ID NO: 6 or 18, or encodes an amino acid sequence
according to SEQ ID NO: 6 or 18. More preferably, the microbiota sequence variant
according to the present invention comprises or consists of an amino acid sequence according

to SEQ ID NO: 18, or encodes an amino acid sequence according to SEQ 1D NO: 18.

Further preferred examples of microbiota sequence variants of epitopes of IL13RA2 include
(poly)peptides comprising or consisting of an amino acid sequence according to any one of
SEQ ID NOs 132 - 141 and 158, and nucleic acid molecules encoding such (poly)peptides.
Preferably, the microbiota sequence variant according to the present invention comprises or
consists of an amino acid sequence according to SEQ 1D NO: 139, or encodes an amino acid

sequence according to SEQ 1D NO: 139.

Other preferred examples of the microbiota sequence variant according to the present
invention include (poly)peptides comprising or consisting of an amino acid sequence
according to any one of SEQ ID NOs 66 — 84 and 126, and nucleic acid molecules encoding
such (poly)peptides. Those examples relate to microbiota sequence variants of epitopes of
FOXM1 (forkhead box M1). FOXM1 comprises an epitope identified as a cytotoxic T
lymphocyte epitope and is overexpressed in various tumors and cancers, including pancreatic
tumors, ovarian cancer and colorectal cancer. Preferably, the microbiota sequence variant
according to the present invention comprises or consists of an amino acid sequence according

to SEQ ID NO: 75, or encodes an amino acid sequence according to SEQ ID NO: 75.

It is also preferred that the microbiota sequence variant does not consist of or comprise an
amino acid sequence as set forth in any one of SEQ ID NOs: 33 (IISAVVGIA), 34 (ISAVVGIV)
or 35 (LFYSLADLI). More preferably, the microbiota sequence variant does not consist of or
comprise an amino acid sequence as set forth in any one of SEQ ID NOs 33 — 35, 36
(ISAVVGIAYV), 37 (SAVVGIAVT), 38 (YIISAVVGI), 39 (AYIISAVVQ), 40 (LAYIISAVV), 41
(ISAVVGIAA), 42 (SAVVGIAAG), 43 (RISAVVGI), 44 (QRIISAVVQ), 45 (AQRIISAVY), 46
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(SAVVGIVV), 47 (AISAVVQ)), 48 (GAISAVVG), 49 (AGAISAVV), or 50 (LLFYSLADL). Even
more preferably, the microbiota sequence variant does not comprise an amino acid sequence
as set forth in SEQ ID NO: 51 (ISAVVG) and/or SEQ 1D NO: 52 (SLADLI). Most preferably,
the microbiota sequence variant is not a sequence variant (as defined herein) of the tumor-
related antigenic epitope sequences having an amino acid sequence as set forth in SEQ 1D
NO: 53 (ISAVVCGIL; epitope of Her2/neu) or in SEQ ID NO: 54 (LLYKLADLI; epitope of
ALDHTAT).

In a further aspect the present invention also provides a medicament comprising the
microbiota sequence variant according to the present invention as described above, which is
preferably obtainable by the method for preparation of a medicament according to the present

invention as described above.

Accordingly, features, definitions and preferred embodiments of the medicament according
to the present invention correspond to those described above for the medicament prepared
by the method for preparation of a medicament. For example, the medicament according to
the present invention preferably comprises a nanoparticle as described above loaded with the
microbiota sequence variant according to the present invention as described above. In
particular, such a nanoparticle may be further loaded with an adjuvant as described above.
Moreover, the medicament preferably comprises a bacterial cell as described above

expressing the microbiota sequence variant according to the present invention.

Preferably, the medicament comprises

(i the microbiota sequence variant as described above;

(i) a (recombinant) protein comprising the microbiota sequence variant as described
above;

(i) an (immunogenic) compound comprising the microbiota sequence variant as
described above;

(iv) a nanoparticle loaded with the microbiota sequence variant as described above;

(v) an antigen-presenting cell loaded with the microbiota sequence variant;

(vi) a host cell, such as a bacterial cell as described above, expressing the microbiota

sequence variant; or
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(vii)  a nucleic acid molecule encoding the microbiota sequence variant;

and, optionally, a pharmaceutically acceptable carrier and/or an adjuvant as described
above. Preferably, the medicament is (in the form offformulated as) a pharmaceutical
composition. More preferably, the medicament is a vaccine as described above. Moreover,
the preferred embodiments outlined above for the medicament prepared by the method for
preparation of a medicament as described above apply accordingly to the medicament

according to the present invention.

The inventive composition, in particular the inventive vaccine, may also comprise a
pharmaceutically acceptable carrier, adjuvant, and/or vehicle as defined herein for the
inventive pharmaceutical composition. In the specific context of the inventive composition,
in particular of the inventive vaccine, the choice of a pharmaceutically acceptable carrier is
determined in principle by the manner in which the inventive composition, in particular the
inventive vaccine, is administered. The inventive composition, in particular the inventive
vaccine, can be administered, for example, systemically or locally. Routes for systemic
administration in general include, for example, transdermal, oral, parenteral routes, including
subcutaneous, intravenous, intramuscular, intraarterial, intradermal and intraperitoneal
injections and/or intranasal administration routes. Routes for local administration in general
include, for example, topical administration routes but also intradermal, transdermal,
subcutaneous, or intramuscular injections or intralesional, intracranial, intrapulmonal,
intracardial, intranodal and sublingual injections. More preferably, inventive composition, in
particular the vaccines, may be administered by an intradermal, subcutaneous, intranodal or
oral. Even more preferably, the inventive composition, in particular the vaccine, may be
administered by subcutaneous, intranodal or oral route. Particularly preferably, the inventive
composition, in particular the vaccines, may be administered by subcutaneous or oral route.
Most preferably, the inventive composition, in particular the vaccines may be administered
by oral route. Inventive composition, in particular the inventive vaccines, are therefore

preferably formulated in liquid or in solid form.

The suitable amount of the inventive composition, in particular the inventive vaccine, to be
administered can be determined by routine experiments with animal models. Such models

include, without implying any limitation, rabbit, sheep, mouse, rat, dog and non-human
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primate models. Preferred unit dose forms for injection include sterile solutions of water,
physiological saline or mixtures thereof. The pH of such solutions should be adjusted to about
7.4. Suitable carriers for injection include hydrogels, devices for controlled or delayed
release, polylactic acid and collagen matrices. Suitable pharmaceutically acceptable carriers
for topical application include those which are suitable for use in lotions, creams, gels and
the like. If the inventive composition, in particular the inventive vaccine, is to be administered
orally, tablets, capsules and the like are the preferred unit dose form. The pharmaceutically
acceptable carriers for the preparation of unit dose forms which can be used for oral
administration are well known in the prior art. The choice thereof will depend on secondary
considerations such as taste, costs and storability, which are not critical for the purposes of

the present invention, and can be made without difficulty by a person skilled in the art.

The inventive pharmaceutical composition as defined above may also be administered orally
in any orally acceptable dosage form including, but not limited to, capsules, tablets, aqueous
suspensions or solutions. In the case of tablets for oral use, carriers commonly used include
lactose and corn starch. Lubricating agents, such as magnesium stearate, are also typically
added. For oral administration in a capsule form, useful diluents include lactose and dried
cornstarch. When aqueous suspensions are required for oral use, the active ingredient, i.e.
the inventive transporter cargo conjugate molecule as defined above, is combined with
emulsifying and suspending agents. If desired, certain sweetening, flavoring or coloring agents

may also be added.

The inventive pharmaceutical composition may also be administered topically, especially
when the target of treatment includes areas or organs readily accessible by topical
application, e.g. including diseases of the skin or of any other accessible epithelial tissue.
Suitable topical formulations are readily prepared for each of these areas or organs. For topical
applications, the inventive pharmaceutical composition may be formulated in a suitable
ointment, containing the inventive immunostimulatory composition, particularly its
components as defined above, suspended or dissolved in one or more carriers. Carriers for
topical administration include, but are not limited to, mineral oil, liquid petrolatum, white
petrolatum, propylene glycol, polyoxyethylene, polyoxypropylene compound, emulsifying

wax and water. Alternatively, the inventive pharmaceutical composition can be formulated
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in a suitable lotion or cream. In the context of the present invention, suitable carriers include,
but are not limited to, mineral oil, sorbitan monostearate, polysorbate 60, cetyl esters wax,

cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and water.

Sterile injectable forms of the inventive pharmaceutical compositions may be acueous or
oleaginous suspension. These suspensions may be formulated according to techniques known
in the art using suitable dispersing or wetting agents and suspending agents. The sterile
injectable preparation may also be a sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example as a solution in 1.3-butanediol.
Among the acceptable vehicles and solvents that may be employed are water, Ringer's
solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium. For this purpose, any bland
fixed oil may be employed including synthetic mono- or di-glycerides. Fatty acids, such as
oleic acid and its glyceride derivatives are useful in the preparation of injectables, as are
natural pharmaceutically-acceptable oils, such as olive oil or castor oil, especially in their
polyoxyethylated versions. These oil solutions or suspensions may also contain a long-chain
alcohol diluent or dispersant, such as carboxymethy! cellulose or similar dispersing agents
that are commonly used in the formulation of pharmaceutically acceptable dosage forms
including emulsions and suspensions. Other commonly used surfactants, such as Tweens,
Spans and other emulsifying agents or bioavailability enhancers which are commonly used
in the manufacture of pharmaceutically acceptable solid, liquid, or other dosage forms may

also be used for the purposes of formulation of the inventive pharmaceutical composition.

For intravenous, cutaneous or subcutaneous injection, or injection at the site of affliction, the
active ingredient will preferably be in the form of a parenterally acceptable aqueous solution
which is pyrogen-free and has suitable pH, isotonicity and stability. Those of relevant skill in
the art are well able to prepare suitable solutions using, for example, isotonic vehicles such
as Sodium Chloride Injection, Ringer's Injection, Lactated Ringer's Injection. Preservatives,
stabilizers, buffers, antioxidants and/or other additives may be included, as required. Whether
it is a polypeptide, peptide, or nucleic acid molecule, other pharmaceutically useful
compound according to the present invention that is to be given to an individual,

administration is preferably in a “prophylactically effective amount” or a “therapeutically
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effective amount” (as the case may be), this being sufficient to show benefit to the individual.
The actual amount administered, and rate and time-course of administration, will depend on

the nature and severity of what is being treated.

In this context, prescription of treatment, e.g. decisions on dosage etc. when using the above
medicament is typically within the responsibility of general practitioners and other medical
doctors, and typically takes account of the disorder to be treated, the condition of the
individual patient, the site of delivery, the method of administration and other factors known
to practitioners. Examples of the techniques and protocols mentioned above can be found in

REMINGTON'S PHARMACEUTICAL SCIENCES, 16th edition, Osol, A. (ed), 1980.

Accordingly, the inventive pharmaceutical composition typically comprises a “safe and
effective amount” of the components of the inventive pharmaceutical composition, in
particular of the microbiota sequence variant as defined herein. As used herein, a "safe and
effective amount” means an amount of the microbiota sequence variant as defined herein that
is sufficient to significantly induce a positive modification of a disease or disorder, i.e. an
amount of the microbiota sequence variant as defined herein, that elicits the biological or
medicinal response in a tissue, system, animal or human that is being sought. An effective
amount may be a "therapeutically effective amount" for the alleviation of the symptoms of the
disease or condition being treated and/or a "prophylactically effective amount" for
prophylaxis of the symptoms of the disease or condition being prevented. The term also
includes the amount of active microbiota sequence variant sufficient to reduce the
progression of the disease, notably to reduce or inhibit the tumor growth or infection and
thereby elicit the response being sought, in particular such response could be an immune
response directed against the microbiota sequence variant (i.e. an "inhibition effective
amount"). At the same time, however, a "safe and effective amount" is small enough to avoid
serious side-effects, that is to say to permit a sensible relationship between advantage and
risk. The determination of these limits typically lies within the scope of sensible medical
judgment. A "safe and effective amount" of the components of the inventive pharmaceutical
composition, particularly of the microbiota sequence variant as defined above, will
furthermore vary in connection with the particular condition to be treated and also with the

age and physical condition of the patient to be treated, the body weight, general health, sex,
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microbiota sequence variant as defined herein, the severity of the condition, the duration of
the treatment, the nature of the accompanying therapy, of the particular pharmaceutically
acceptable carrier used, and similar factors, within the knowledge and experience of the
accompanying doctor. The inventive pharmaceutical composition may be used for human
and also for veterinary medical purposes, preferably for human medical purposes, as a

pharmaceutical composition in general or as a vaccine.

Pharmaceutical compositions, in particular vaccine compositions, or formulations according
to the invention may be administered as a pharmaceutical formulation which can contain the

microbiota sequence variant as defined herein in any form described herein.

The terms “pharmaceutical formulation” and “pharmaceutical composition” as used in the
context of the present invention refer in particular to preparations which are in such a form
as to permit biological activity of the active ingredient(s) to be unequivocally effective and
which contain no additional component which would be toxic to subjects to which the said

formulation would be administered.

In the context of the present invention, an “efficacy” of a treatment can be measured based
on changes in the course of a disease in response to a use or a method according to the
present invention. For example, the efficacy of a treatment of cancer can be measured by a
reduction of tumor volume, and/or an increase of progression free survival time, and/or a
decreased risk of relapse post-resection for primary cancer. More specifically for cancer
treated by immunotherapy, assessment of efficacy can be by the spectrum of clinical patterns
of antitumor response for immunotherapeutic agents through novel immune-related response
criteria (irRC), which are adapted from Response Evaluation Criteria in Solid Tumors (RECIST)
and World Health Organization (WHO) criteria (/. Natl. Cancer Inst. 2010, 102(18): 1388~
1397).

Pharmaceutical compositions, in particular vaccine compositions, or formulations according

to the invention may also be administered as a pharmaceutical formulation which can contain
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antigen presenting cells loaded with microbiota sequence variant according to the invention

in any form described herein.

The vaccine and/or the composition according to the present invention may also be
formulated as pharmaceutical compositions and unit dosages thereof, in particular together
with a conventionally employed adjuvant, immunomodulatory material, carrier, diluent or
excipient as described above and below, and in such form may be employed as solids, such
as tablets or filled capsules, or liquids such as solutions, suspensions, emulsions, elixirs, or
capsules filled with the same, all for oral use, or in the form of sterile injectable solutions for

parenteral (including subcutaneous and intradermal) use by injection or continuous infusion.

In the context of the present invention, in particular in the context of a pharmaceutical
composition and vaccines according to the present invention, injectable compositions are
typically based upon injectable sterile saline or phosphate-buffered saline or other injectable
carriers known in the art. Such pharmaceutical compositions and unit dosage forms thereof
may comprise ingredients in conventional proportions, with or without additional active
compounds or principles, and such unit dosage forms may contain any suitable effective
amount of the active ingredient commensurate with the intended daily dosage range to be

employed.

Compositions, in particular pharmaceutical compositions and vaccines, according to the
present invention may be liquid formulations including, but not limited to, aqueous or oily
suspensions, solutions, emulsions, syrups, and elixirs. The compositions may also be
formulated as a dry product for reconstitution with water or other suitable vehicle before use.
Such liquid preparations may contain additives including, but not limited to, suspending
agents, emulsifying agents, non-aqueous vehicles and preservatives. Suspending agents
include, but are not limited to, sorbitol syrup, methyl cellulose, glucose/sugar syrup, gelatin,
hydroxyethyl cellulose, carboxymethyl cellulose, aluminum stearate gel, and hydrogenated
edible fats. Emulsifying agents include, but are not limited to, lecithin, sorbitan monooleate,
and acacia. Preservatives include, but are not limited to, methyl or propyl p-hydroxybenzoate
and sorbic acid. Dispersing or wetting agents include but are not limited to poly(ethylene

glycol), glycerol, bovine serum albumin, Tween®, Span®.
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Compositions, in particular pharmaceutical compositions and vaccines, according to the
present invention may also be formulated as a depot preparation, which may be administered

by implantation or by intramuscular injection.

Compositions, in particular pharmaceutical compositions and vaccines, according to the
present invention may also be solid compositions, which may be in the form of tablets or
lozenges formulated in a conventional manner. For example, tablets and capsules for oral
administration may contain conventional excipients including, but not limited to, binding
agents, fillers, lubricants, disintegrants and wetting agents. Binding agents include, but are
not limited to, syrup, accacia, gelatin, sorbitol, tragacanth, mucilage of starch and
polyvinylpyrrolidone. Fillers include, but are not limited to, lactose, sugar, microcrystalline
cellulose, maizestarch, calcium phosphate, and sorbitol. Lubricants include, but are not
limited to, magnesium stearate, stearic acid, talc, polyethylene glycol, and silica.
Disintegrants include, but are not limited to, potato starch and sodium starch glycollate.
Wetting agents include, but are not limited to, sodium lauryl sulfate. Tablets may be coated

according to methods well known in the art.

Compositions, in particular pharmaceutical compositions and vaccines, according to the
present invention may also be administered in sustained release forms or from sustained

release drug delivery systems.

Moreover, the compositions, in particular pharmaceutical compositions and vaccines,

according to the present invention may be adapted for delivery by repeated administration.

Medical treatment

In a further aspect the present invention provides the microbiota sequence variant/the
medicament as described above for use in the prevention and/or treatment of cancer.

Accordingly, the present invention provides a method for preventing and/or treating a cancer
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or initiating, enhancing or prolonging an anti-tumor response in a subject in need thereof
comprising administering to the subject the microbiota sequence variant/the medicament

according to the present invention as described above.

The term “cancer”, as used herein, refers to a malignant neoplasm. In particular, the term
“cancer” refers herein to any member of a class of diseases or disorders that are characterized
by uncontrolled division of cells and the ability of these cells to invade other tissues, either
by direct growth into adjacent tissue through invasion or by implantation into distant sites by
metastasis. Metastasis is defined as the stage in which cancer cells are transported through

the bloodstream or lymphatic system.

Preferably, the medicament is administered in combination with an anti-cancer agent, more

preferably with an immune checkpoint modulator.

The invention encompasses the administration of the medicament according to the present
invention, wherein it is administered to a subject prior to, simultaneously or sequentially with
other therapeutic regimens or co-agents useful for treating, and/or stabilizing cancer and/or
preventing cancer relapsing (e.g. multiple drug regimens), in a therapeutically effective
amount. The medicament according to the present invention can be administered in the same
or different composition(s) and by the same or different route(s) of administration as said co-

agents.

Said other therapeutic regimens or co-agents may be selected from the group consisting of
radiation therapy, chemotherapy, surgery, targeted therapy (including small molecules,
peptides and monoclonal antibodies), and anti-angiogenic therapy. Anti-angiogenic therapy
is defined herein as the administration of an agent that directly or indirectly targets tumor-
associated vasculature. Preferred anti-cancer agents include a chemotherapeutic agent, a

targeted drug and/or an immunotherapeutic agent, such as an immune checkpoint modulator.

Traditional chemotherapeutic agents are cytotoxic, i.e. they act by killing cells that divide
rapidly, one of the main properties of most cancer cells. Preferred chemotherapeutic agents

for combination with the microbiota sequence variant as defined herein are such
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chemotherapeutic agents known to the skilled person for treatment of cancer. Preferred
chemotherapeutic agents for combination include 5-Fluorouracil (5-FU), Capecitabine
(Xeloda®), Irinotecan (Camptosar®) and Oxaliplatin (Eloxatin®). It is also preferred that the
microbiota sequence variant as defined herein is combined with a combined chemotherapy,
preferably selected from (i) FOLFOX (5-FU, leucovorin, and oxaliplatin); (ii) CapeOx
(Capecitabine and oxaliplatin); (iii) 5-FU and leucovorin; (iv) FOLFOXIRI (leucovorin, 5-FU,
oxaliplatin, and irinotecan); and (v) FOLFIRI (5-FU, leucovorin, and irinotecan). In non-spread
cancer, a combination with (i) FOLFOX (5-FU, leucovorin, and oxaliplatin); (ii) CapeOx
(Capecitabine and oxaliplatin); or (iii) 5-FU and leucovorin is preferred. For cancer that has
spread, a combination with (iv) FOLFOXIRI (leucovorin, 5-FU, oxaliplatin, and irinotecan); (i)
FOLFOX (5-FU, leucovorin, and oxaliplatin), or (v) FOLFIRI (5-FU, leucovorin, and

irinotecan) is preferred.

Targeted drugs for combination with the microbiota sequence variant as defined herein
include VEGF-targeted drugs and EGFR-targeted drugs. Preferred examples of VEGF-targeted
drugs include Bevacizumab (Avastin®), ramucirumab (Cyramza®) or ziv-aflibercept
(Zaltrap®). Preferred examples of EGFR-targeted drugs include Cetuximab (Erbitux®),
panitumumab (Vectibix®) or Regorafenib (Stivarga®).

Immunotherapeutic agents for combination with the microbiota sequence variant as defined
herein include vaccines, chimeric antigen receptors (CARs), checkpoint modulators and

oncolytic virus therapies.

Preferred vaccines for combination with the microbiota sequence variant as defined herein
include TroVax, OncoVax, IMA910, ETBX-011, MicOryx, EP-2101, MKC1106-PP, CDX-
1307, V934/V935, MelCancerVac, Imprime PGG, FANG, Tecemotide, AlloStim, DCVax, G-
6301, AVX701, OCV-CO02.

Artificial T cell receptors (also known as chimeric T cell receptors, chimeric
immunoreceptors, chimeric antigen receptors (CARs)) are engineered receptors, which graft
an arbitrary specificity onto an immune effector cell. Artificial T cell receptors (CARs) are

preferred in the context of adoptive cell transfer. To this end, T cells are removed from a
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patient and modified so that they express receptors specific to the cancer. The T cells, which

can then recognize and kill the cancer cells, are reintroduced into the patient.

Preferably, the immune checkpoint modulator for combination with the microbiota sequence
variant as defined herein is an activator or an inhibitor of one or more immune checkpoint
point molecule(s) selected from CD27, CD28, CD40, CD122, CD137, OX40, GITR, ICOS,
A2AR, B7-H3, B7-H4, BTLA, CD40, CTLA-4, IDO, KIR, LAG3, PD-1, TIM-3, VISTA,
CEACAMT1, GARP, PS, CSF1R, CD94/NKG2A, TDO, GITR, TNFR and/or FasR/DcR3; or an

activator or an inhibitor of one or more ligands thereof.

More preferably, the immune checkpoint modulator is an activator of a (co-)stimulatory
checkpoint molecule or an inhibitor of an inhibitory checkpoint molecule or a combination
thereof. Accordingly, the immune checkpoint modulator is more preferably (i) an activator of
CD27, CD28, CD40, CD122, CD137, OX40, GITR and/or ICOS or (ii) an inhibitor of A2AR,
B7-H3, B7-H4, BTLA, CD40, CTLA-4, IDO, KIR, LAG3, PD-1, PDL-1, PD-12, TIM-3, VISTA,
CEACAMT, GARP, PS, CSF1R, CD94/NKG2A, TDO, TNFR and/or FasR/DcR3.

Even more preferably, the immune checkpoint modulator is an inhibitor of an inhibitory
checkpoint molecule (but preferably no inhibitor of a stimulatory checkpoint molecule).
Accordingly, the immune checkpoint modulator is even more preferably an inhibitor of
A2AR, B7-H3, B7-H4, BTLA, CTLA-4, IDO, KIR, LAG3, PD-1, PDL-1, PD-L2, TIM-3, VISTA,
CEACAMT, GARP, PS, CSF1R, CD94/NKG2A, TDO, TNFR and/or DcR3 or of a ligand

thereof.

It is also preferred that the immune checkpoint modulator is an activator of a stimulatory or
costimulatory checkpoint molecule (but preferably no activator of an inhibitory checkpoint
molecule). Accordingly, the immune checkpoint modulator is more preferably an activator of

CD27, CD28, CD40, CD122, CD137, OX40, GITR and/or ICOS or of a ligand thereof.

It is even more preferred that the immune checkpoint modulator is a modulator of the CD40
pathway, of the IDO pathway, of the LAG3 pathway, of the CTLA-4 pathway and/or of the

PD-1 pathway. In particular, the immune checkpoint modulator is preferably a modulator of
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CD40, LAG3, CTLA-4, PD-L1, PD-L2, PD-1 and/or IDO, more preferably the immune
checkpoint modulator is an inhibitor of CTLA-4, PD-L1, PD-L2, PD-1, LAG3, and/or IDO or
an activator of CD40, even more preferably the immune checkpoint modulator is an inhibitor
of CTLA-4, PD-L1, PD-1, LAG3 and/or IDO, even more preferably the immune checkpoint
modulator is an inhibitor of LAG3, CTLA-4 and/or PD-1, and most preferably the immune
checkpoint modulator is an inhibitor of CTLA-4 and/or PD-1.

Accordingly, the checkpoint modulator for combination with the microbiota sequence variant
as defined herein may be selected from known modulators of the CTLA-4 pathway or the PD-
1 pathway. Preferably, the checkpoint modulator for combination with the microbiota
sequence variant as defined herein may be selected from known modulators of the the CTLA-
4 pathway or the PD-1 pathway. Particularly preferably, the immune checkpoint modulator
is a PD-1 inhibitor. Preferred inhibitors of the CTLA-4 pathway and of the PD-1 pathway
include the monoclonal antibodies Yervoy® (Ipilimumab; Bristol Myers Squibb) and
Tremelimumab (Pfizer/Medimmune) as well as Opdivo® (Nivolumab; Bristol Myers Squibb),
Keytruda® (Pembrolizumab; Merck), Durvalumab (Medlmmune/AstraZeneca), MEDI4736
(AstraZeneca; cf. WO 2011/066389 A1), MPDL3280A (Roche/Genentech; cf. US 8,217,149
B2), Pidilizumab (CT-011; CureTech), MEDIO680 (AMP-514; AstraZeneca), MSB-0010718C
(Merck), MIH1 (Affymetrix) and Lambrolizumab (e.g. disclosed as hPD109A and its
humanized derivatives h409All, h409A16 and h409A17 in W0O2008/156712; Hamid et al.,
2013; N. Engl. ). Med. 369: 134-144). More preferred checkpoint inhibitors include the CTLA-
4 inhibitors  Yervoy® (Ipilimumab; Bristol Myers Squibb) and Tremelimumab
(Pfizer/Medlmmune) as well as the PD-1 inhibitors Opdivo® (Nivolumab; Bristol Myers
Squibb), Keytruda® (Pembrolizumab; Merck), Pidilizumab (CT-011; CureTech), MEDI0680
(AMP-514; AstraZeneca), AMP-224 and Lambrolizumab (e.g. disclosed as hPD109A and its
humanized derivatives h409All, h409A16 and h409A17 in WO2008/156712; Hamid O. et
al., 2013; N. Engl. J. Med. 369: 134-144.

It is also preferred that the immune checkpoint modulator for combination with the
microbiota sequence variant as defined herein is selected from the group consisting of
Pembrolizumab, Ipilimumab, Nivolumab, MPDL3280A, MEDI4736, Tremelimumab,
Avelumab, PDR0O01, LAG525, INCB24360, Varlilumab, Urelumab, AMP-224 and CM-24.
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Oncolytic viruses are engineered to cause cell lysis by replicating in tumors, thus activating
an antitumor immune response. An oncolytic virus therapy for combination with the
microbiota sequence variant as defined herein is preferably selected from the group consisting
of X594 (Thymidine Kinase-Deactivated Vaccinia Virus), ColoAd1 (adenovirus), NV1020
(HSV-derived), ADXS11-001 (attenuated Listeria vaccine), Reolysin® (special formulation of
the human reovirus), PANVAC (recombinant vaccinia-virus CEA-MUC-1-TRICOM), Ad5-
hGCC-PADRE (recombinant adenovirus vaccine) and vwDD-CDSR (vaccinia virus).

Preferably, (i) the microbiota sequence variant and (ii) the chemotherapeutic agent, the
targeted drug and/or the immunotherapeutic agent, such as an immune checkpoint

modulator, are administered at about the same time.

“At about the same time”, as used herein, means in particular simultaneous administration or
that directly after administration of (i) the chemotherapeutic agent, the targeted drug and/or
the immunotherapeutic agent, such as an immune checkpoint modulator, (ii) the microbiota
sequence variant is administered or directly after administration of (i) the microbiota sequence
variant (ii) the chemotherapeutic agent, the targeted drug and/or the immunotherapeutic
agent, such as an immune checkpoint modulator, is administered. The skilled person
understands that “directly after” includes the time necessary to prepare the second
administration — in particular the time necessary for exposing and disinfecting the location for
the second administration as well as appropriate preparation of the “administration device”
(e.g., syringe, pump, etc.). Simultaneous administration also includes if the periods of
administration of (i) the microbiota sequence variant and of (ii) the chemotherapeutic agent,
the targeted drug and/or the immunotherapeutic agent, such as an immune checkpoint
modulator, overlap or if, for example, one component is administered over a longer period
of time, such as 30 min, 1 h, 2 h or even more, e.g. by infusion, and the other component is
administered at some time during such a long period. Administration of (i) the microbiota
sequence variant and of (ii) the chemotherapeutic agent, the targeted drug and/or the
immunotherapeutic agent, such as an immune checkpoint modulator, at about the same time
is in particular preferred if different routes of administration and/or different administration

sites are used.
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Itis also preferred that (i) the microbiota sequence variant and (ii) the chemotherapeutic agent,
the targeted drug and/or the immunotherapeutic agent, such as an immune checkpoint
modulator, are administered consecutively. This means that (i) the microbiota sequence
variant is administered before or after (ii) the chemotherapeutic agent, the targeted drug
and/or the immunotherapeutic agent, such as an immune checkpoint modulator. In
consecutive administration, the time between administration of the first component and
administration of the second component is preferably no more than one week, more
preferably no more than 3 days, even more preferably no more than 2 days and most
preferably no more than 24 h. It is particularly preferred that (i) the microbiota sequence
variant and (ii) the chemotherapeutic agent, the targeted drug and/or the immunotherapeutic
agent, such as an immune checkpoint modulator, are administered at the same day with the
time between administration of the first component (the checkpoint modulator of the
microbiota sequence variant) and administration of the second component (the other of the
checkpoint modulator and the microbiota sequence variant) being preferably no more than 6
hours, more preferably no more than 3 hours, even more preferably no more than 2 hours

and most preferably no more than 1 h.

Preferably, (i) the microbiota sequence variant and (ii) the chemotherapeutic agent, the
targeted drug and/or the immunotherapeutic agent, such as an immune checkpoint
modulator, are administered via the same route of administration. It is also preferred that (i)
the microbiota sequence variant and (ii) the chemotherapeutic agent, the targeted drug and/or
the immunotherapeutic agent, such as an immune checkpoint modulator, are administered

via distinct routes of administration.

Moreover, (i) the microbiota sequence variant and (ii) the chemotherapeutic agent, the
targeted drug and/or the immunotherapeutic agent, such as an immune checkpoint
modulator, are preferably provided in distinct compositions. Alternatively, (i) the microbiota
sequence variant and (ii) the chemotherapeutic agent, the targeted drug and/or the
immunotherapeutic agent, such as an immune checkpoint modulator, are preferably provided

in the same composition.
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Accordingly, the present invention provides a pharmaceutical formulation comprising a
microbiota sequence variant according to the invention combined with at least one co-agent
useful for treating and/or stabilizing a cancer and/or preventing cancer relapsing, and at least

one pharmaceutically acceptable carrier.

Moreover, the microbiota sequence variant according to the present invention can be
administered after surgery where solid tumors have been removed as a prophylaxis against

relapsing and/or metastases.

Moreover, the administration of the imaging or diagnosis composition in the methods and
uses according to the invention can be carried out alone or in combination with a co-agent

useful for imaging and/or diagnosing cancer.

The present invention can be applied to any subject suffering from cancer or at risk to develop
cancer. In particular, the therapeutic effect of said microbiota sequence variant may be to
elicit an immune response directed against the reference tumor-related antigenic epitopes, in
particular a response that is dependent on CD8* cytotoxic T cells and/or that is mediated by

MHC class 1 molecules.

In a further aspect the present invention also provides a (/n vitro) method for determining
whether the microbiota sequence variant of a tumor-related antigenic epitope sequence as
described herein is present in an individual comprising the step of determination whether the
microbiota sequence variant of a tumor-related antigenic epitope sequence as described
herein is present in an (isolated) sample of the individual. Preferably, the (isolated) sample is
a stool sample or a blood sample. In this context, the microbiota sequence variant is
preferably identified/obtained by a method for identification of a microbiota sequence variant

according to the present invention as described herein.

For example, determination of presence of the microbiota sequence variant may be performed
on the basis of the detection of microbiota, such as bacteria, harboring the microbiota
sequence variant. To this end, a stool sample may be collected and nucleic acids and/or

proteins/(poly)peptides may be isolated from the stool sample. The isolated nucleic acids
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and/or proteins/(poly)peptides may then be sequenced. For example, one or more standard
operating procedures (SOPs) developed and provided by the International Human
Microbiome Standards (IHMS) project may be used (URL: http://www.microbiome-
standards.org/#SOPS) as described above. As a specific example, the sequencing of the DNA
extracted from stool sample could be performed at 40 million pair end reads on
an lllumina HiSeq. Sequences can be analyzed using bioinformatics pipeline for
identification of genomic part of candidate bacteria expressing the bacterial peptide. Another
approach may the single detection of the microbiota sequence variant by using specifically

designed PCR primer pairs and real time PCR.

Moreover, determination of presence of the microbiota sequence variant may be performed,
for example, on the basis of immune response and/or preexisting memory T cells able to
recognize the microbiota sequence variant. To this end, the immune response may be
addressed in isolated blood samples for example by co-incubation of the microbiota sequence
variant (peptide) with purified peripheral blood mononuclear cells (PBMCs) and evaluation
of the immune response by ELISPOT assays. Such assay are well known in the art (Calarota
SA, Baldanti F. Enumeration and characterization of human memory T cells by enzyme-linked
immunospot assays. Clin Dev Immunol. 2013;2013:637649). Alternatively, evaluation of
memory T cells and T cell activation by lymphoproliferative response or intracellular staining
may be used to determine presence of the microbiota sequence variant or preexisting memory

T cells able to recognize the microbiota sequence variant.

Accordingly, the method for preventing and/or treating a cancer or initiating, enhancing or
prolonging an anti-tumor response in a subject in need thereof according to the present
invention as described above, may further comprise a step of determining whether the
microbiota sequence variant of a tumor-related antigenic epitope sequence comprised by the
medicament to be administered to the subject is present in the subject. Such determination

may be performed as described above.

Preferably, in the method for preventing and/or treating a cancer or initiating, enhancing or
prolonging an anti-tumor response in a subject in need thereof according to the present

invention as described above, the microbiota sequence variant of a tumor-related antigenic
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epitope sequence comprised by the medicament to be administered is present in the subject.
Without being bound to any theory, it is conceivable that the patient may have memory T-
cells primed by the microbiota sequence variant. Existing memory T-cells against the
microbiota sequence variant may then be reactivated with a challenge of the administered
medicament comprising the microbiota sequence variant and will be strengthened and

accelerate establishment of an anti-tumoral response.

It is also preferred that in the method for preventing and/or treating a cancer or initiating,
enhancing or prolonging an anti-tumor response in a subject in need thereof according to the
present invention as described above, the microbiota sequence variant of a tumor-related
antigenic epitope sequence comprised by the medicament to be administered is not present
in the subject. Without being bound to any theory, it is conceivable that overexpression of a
particular microbiota sequence variant in the gut and very high affinity of the microbiota
sequence variant may lead to exhaustion of T cell repertoire able to recognize such a

microbiota sequence variant and may reduce clinical efficacy.

BRIEF DESCRIPTION OF THE FIGURES

In the following a brief description of the appended figures will be given. The figures are
intended to illustrate the present invention in more detail. However, they are not intended to

limit the subject matter of the invention in any way.

Figure 1 shows a schematic overview of the immunization scheme used in Example 6.

Figure 2 shows for Example 6 the ELISPOT-IFNy results for group 1 (IL13RA2-B) and
group 2 (ILT3RA2-A). The peptide used for vaccination (in between brackets
under each group) and the stimulus used in the ELISPOT culture (X-axis) are
indicated on the graphs. (A) Number of specific ELISPOT-IFNy spots (medium
condition subtracted). Each dot represents the average value for one
individual/mouse from the corresponding condition quadruplicate. (B) For

each individual, the level of specific ELISPOT-IFNy response is compared to
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the ConA stimulation (value: 100%). Statistical analysis: paired t-test for intra-

group comparison and unpaired t-test for inter-group comparison; * p<0.05.

shows the results of Example 7.

shows for Example 12 the ELISPOT-IFNy results for mice vaccinated with
FOXM1-B2. The peptides used for vaccination and ex vivo stimulation of
splenocytes is indicated on the graph. The figure shows the number of specific
ELISPOT-IFNy spots (medium condition subtracted). Each dot represents the
average value for one individual/mouse from the corresponding condition

duplicate.

shows for Example 14 that bacterial peptide IL13RA2-BL (SEQ ID NO: 139)
strongly binds to HLA-A*0201, while the corresponding human peptide does
not bind to HLA-A*0201.

shows the results for Example 15 for HHD DR3 transgenic mice. HHD DR3
transgenic mice were immunized with IL13RA2-BL (FLPFGFILPV; SEQ ID NO:
139). On day 21, the mice were euthanized and the spleens were harvested.
Splenocytes were prepared and stimulated /n vitro with either 1L13RA2-BL
(FLPEGFILPV; SEQ 1D NO: 139) or IL13RA2-H (WLPFGFILI; SEQ ID NO: 1).
Elispot was performed on total splenocytes. Data were normalized to the
number of T cells from the splenocyte mixture. Each dot represents the average

value for one individual/mouse from the corresponding condition duplicate.

shows the results for Example 15 for HHD DR1 transgenic mice. HHD DR1
transgenic mice were immunized with IL13RA2-BL (FLPFGFILPV; SEQ ID NO:
139). On day 21, the mice were euthanized and the spleens were harvested.
Splenocytes were prepared and stimulated /n vitro with either 1L13RA2-BL
(FLPFGFILPV; SEQ 1D NO: 139) or IL13RA2-HL (WLPFGFILIL; SEQ ID NO:

131). Elispot was performed on total splenocytes. Each dot represents the
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average value for one individual/mouse from the corresponding condition

triplicate.

shows for Example 16 the ELISPOT-IFNy results for C57BL/6 mice vaccinated
with H2 Db B2 and control mice (vaccinated with OVA plus IFA), stimulated
ex vivo with bacterial peptide H2 Db B2 or murine reference peptide H2 Db
M2. The figure shows the number of specific ELISPOT-IFNy spots (medium
condition subtracted). Each dot represents the average value for one

individual/mouse from the corresponding condition triplicate.

shows for Example 16 the ELISPOT-IFNy results for BALB/c mice vaccinated
with H2 Ld B5 and control mice (vaccinated with OVA plus IFA), stimulated
ex vivo with bacterial peptide H2 Ld B5 or murine reference peptide H2 Ld
M5. The figure shows the number of specific ELISPOT-IFNy spots (medium
condition subtracted). Each dot represents the average value for one

individual/mouse from the corresponding condition triplicate.
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EXAMPLES

In the following, particular examples illustrating various embodiments and aspects of the
invention are presented. However, the present invention shall not to be limited in scope by
the specific embodiments described herein. The following preparations and examples are
given to enable those skilled in the art to more clearly understand and to practice the present
invention. The present invention, however, is not limited in scope by the exemplified
embodiments, which are intended as illustrations of single aspects of the invention only, and
methods which are functionally equivalent are within the scope of the invention. Indeed,
various modifications of the invention in addition to those described herein will become
readily apparent to those skilled in the art from the foregoing description, accompanying

figures and the examples below. All such modifications fall within the scope of the appended

claims.

Example 1: Identification of bacterial sequence variants of tumor-related epitopes in the
human microbiome

1. Selection of tumor-associated (TAA) and tumor-specific antigens (TSA)

According to the classical definition, Tumor-Specific Antigens (TSA) are from antigens
(proteins) present only on tumor cells, but not on any other cell type, while Tumor-Associated
Antigens (TAA) are present on some tumor cells and also some “normal” (non-tumor) cells.
The term “tumor-related antigen”, as used herein encompasses, tumor-associated (TAA) as

well as tumor-specific antigens (TSA)

Selection of tumor-related proteins / antigens was performed based on literature, in particular
based on well-known lists of TAAs and TSAs. For example, large numbers of potential TAA
and TSA can be obtained from databases, such as Tumor T-cell Antigen Database
(“TANTIGEN"; http://cve.dfci.harvard.edu/tadby), Peptide Database
(https://www.cancerresearch.org/scientists/events-and-resources/peptide-database) or

CTdatabase (http://www.cta.Incc.br/). Data from these database may be manually compared
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to recent literature in order to identify a feasible tumor-related antigen. For example, literature
relating to specific expression of antigens in tumors, such as Xu et al., An integrated genome-
wide approach to discover tumor-specific antigens as potential immunologic and clinical
targets in cancer. Cancer Res. 2012 Dec 15;72(24):6351-61; Cheevers et al., The
prioritization of cancer antigens: a national cancer institute pilot project for the acceleration
of translational research. Clin Cancer Res. 2009 Sep 1;15(17):5323-37, may be useful to
prioritize interesting antigens. A list of more than 600 candidate antigens was identified. All
selected antigens were annotated regarding expression profile using available tools, such as
Gent (http://medicalgenome.kribb.re ki/GENT)), metabolic gene visualizer
(http://merav.wi.mit.edu/), protein Atlas (https://www.proteinatlas.org/) or GEPIA
(http://gepia.cancer-pku.cn). In addition, for each antigen the potential indication, relation to

possible side effects, and driver vs passenger antigens were specified.

Among the 600 antigens, interleukin-13 receptor subunit alpha-2 (IL-13Ra2 or IL13RA2) was
selected based on the facts that (i) it comprises an epitope identified as a CTL (cytotoxic T
lymphocyte) epitope (Okano F, Storkus W), Chambers WH, Pollack IF, Okada H.
Identification of a novel HLA-A*0201-restricted, cytotoxic T lymphocyte epitope in a human
glioma-associated antigen, interleukin 13 receptor alpha2 chain. Clin Cancer Res. 2002
Sep;8(9): 2851-5); (ii) IL13RA2 is referenced in Tumor T-cell Antigen Database and CT
database as an overexpressed gene in brain tumor; (iii) overexpression and selective
expression of IL13RA2 was confirmed with tools as Gent, Metabolic gene visualizer and
protein atlas, analyzing data from gene expression (microarrays studies); and (iv)
overexpression was also reported in literature in brain tumors (Debinski et al., Molecular
expression analysis of restrictive receptor for interleukin 13, a brain tumor-associated
cancer/testis antigen. Mol Med. 2000 May;6(5):440-9), in head and neck tumors (Kawakami
et al., Interleukin-13 receptor alpha2 chain in human head and neck cancer serves as a
unique diagnostic marker. Clin Cancer Res. 2003 Dec 15;9(17):6381-8) and in melanoma
(Beard et al., Gene expression profiling using nanostring digital RNA counting to identify
potential target antigens for melanoma immunotherapy. Clin Cancer Res. 2013 Sep

15;19(18):4941-50).
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In particular, confirmation of overexpression and selective expression of IL13RA2 (point (iii))
was performed as follows: Analysis of mRNA data from the tissue atlas (RNA-seq data 37
normal tissues and 17 cancer types) generated by “The Cancer Genome Atlas” (TCGA;
available at https://cancergenome.nih.gov/)) highlight the low basal level of IL13RA2 mRNA
in normal tissue (with the exception of testis) and the high level of IL13RA2 mRNA expression
in several tumor types with the highest expression observed in glioma samples. The same was
observed when IL13RA2 mRNA expression was performed using Metabolic gEne RApid
Visualizer (available at http://merav.wi.mit.edu/, analyzing data from the International
Genomic Consortium, and NCBI GEO dataset) with a very low basal expression in most of
the normal tissues tested, except for testis, and a strong expression in melanoma samples,

glioblastoma and some samples of thyroid and pancreatic primary tumors.

IL13RA2 is a membrane bound protein that is encoded in humans by the IL13RA2 gene. In a
non-exhaustive manner, IL13RA2 has been reported as a potential immunotherapy target (see
Beard et a/.; Clin Cancer Res; 72(11); 2012). The high expression of IL13RA2 has further been
associated with invasion, liver metastasis and poor prognosis in colorectal cancer (Barderas
et al; Cancer Res; 72(11); 2012). Thus IL13RA2 could be considered as a driver tumor

antigen.

2. Selection of one or more epitopes of interest in the selected tumor-related antigen

In the next step, epitopes of the selected tumor-related antigen, which are presented
specifically by MHC-I, were identified. To this end, the tumor-related antigen sequence (of
IL13RA2) was analyzed by means of “Immune epitope database and analysis resource” (IEDB;
http://www.iedb.org/; for MHC-I analysis in particular:
http://tools.immuneepitope.org/analyze/html/mhc_processing.html - as used for IL13RA2
analysis, see also http://tools.immuneepitope.org/processing/) combining proteasomal
cleavage, TAP transport, and MHC class | analysis tools for prediction of peptide presentation.
Namely, the protein sequence of IL13RA2 was submitted to that IEDB analysis tool for
identification of potential epitopes that could be presented by HLA.A2.1. Thereby, a list of
371 potential epitopes with HLA A2.1 binding properties was obtained. Two epitopes of that
list were previously described as potential epitopes: WLPFGFILI (SEQ 1D NO: 1) that was
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described and functionally validated by Okano et al. (Okano F, Storkus W), Chambers WH,
Pollack IF, Okada H. Identification of a novel HLA-A*0201-restricted, cytotoxic T lymphocyte
epitope in a human glioma-associated antigen, interleukin 13 receptor alpha2 chain. Clin
Cancer Res. 2002 Sep;8(9): 2851-5) and LLDTNYNLF (SEQ ID NO: 2) that was reported in
IEDB database as found in a melanoma peptidome study (Gloger et al., Mass spectrometric
analysis of the HLA class | peptidome of melanoma cell lines as a promising tool for the
identification of putative tumor-associated HLA epitopes. Cancer Immunol Immunother.

2016 Nov;65(11):1377-1393).

In order to identify epitopes, which have a good chance to be efficiently presented by MHC
at the surface of tumor cells, in the list of the 371 potential epitopes with HLA A2.1 binding
properties, /n silico affinity of the 371 candidate epitopes to HLA A2.1 was calculated using
the NetMHCpan 3.0 tool (http:/www.cbs.dtu.dk/services/NetMHCpan/), with a maximum
accepted affinity of 3000 nM (IC50). Thereby, a list of 54 IL13RA2 epitopes was obtained.

3. Identification of bacterial sequence variants of the selected epitopes in the human

microbiome

Finally, the 54 selected IL13RA2-epitopes were compared to the “Integrated reference catalog
of the human gut microbiome” (available at http://meta.genomics.cn/meta’home) in order to
identify microbiota sequence variants of the 54 selected human IL13RA2-epitopes. To this
end, a protein BLAST search (blastp) was performed using the “PAM-30" protein substitution
matrix, which describes the rate of amino acid changes per site over time, and is
recommended for queries with lengths under 35 amino acids; with a word size of 2, also
suggested for short queries; an Expect value (E) of 20000000, adjusted to maximize the
number of possible matches; the composition-based-statistics set to ‘0", being the input
sequences shorter than 30 amino acids, and allowing only un-gapped alignments. Thereafter,
the blastp results were filtered to obtain exclusively microbial peptide sequences with a length
of 9 amino acids (for binding to HLA-A2.1), admitting mismatches only at the beginning
and/or end of the human peptide, with a maximum of two mismatches allowed per sequence.

Thereby, a list of 514 bacterial sequences (nonapeptides, as a length of nine amino acid was
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used as a filter) was obtained, which consists of bacterial sequence variants of the selected

ILT3RA2 epitopes in the human microbiome.

Example 2:  Testing binding of selected bacterial sequence variants to MHC

As binding of microbial mimics to MHC molecules is essential for antigen presentation to
cytotoxic T-cells, affinity of the 514 bacterial sequences to MHC class | HLA.A2.01 was
calculated using the NetMHCpan 3.0 tool (http://www.cbs.dtu.dk/services/NetMHCpan/).
This tool is trained on more than 180000 quantitative binding data covering 172 MHC
molecules from human (HLA-A, B, C, E) and other species. The 514 bacterial sequences
(blastp result of Example 1) were used as input, and the affinity was predicted by setting
default thresholds for strong and weak binders. The rank of the predicted affinity compared
to a set of 400000 random natural peptides was used as a measure of the binding affinity.
This value is not affected by inherent bias of certain molecules towards higher or lower mean
predicted affinities. Very strong binders are defined as having % rank < 0.5, strong binders
are defined as having % rank > 0.5 and < 1.0, moderate binders are defined as having % rank
of 2 1.0 and < 2.0 (in particular, moderate binders include “moderate to strong” binders,
which are defined as having % rank > 1.0 and < 1.5) and weak binders are defined as having
% rank of < 2.0. Namely, from the 514 bacterial sequences, only those were selected, which
show a very strong affinity (%rank < 0.5), and where the human reference epitope shows at
least moderate to strong affinity (for human peptide) (% rank < 1.5), preferably where the

human reference epitope shows at least strong affinity (for human peptide) (% rank < 1).

Thereby, the following 13 bacterial sequence variants (Peptide 1 - Peptide 13 were identified
(Table 3):

Bacterial | Human Affinity Affinity Affinity Affinity
peptide, | reference | human human bacterial bacterial
SEQID # | epitope, peptide peptide [nM] | peptide %rank | peptide [nM]
SEQID # | %rank

6 3 1,3 143,467 0,18 13,5048

7 3 1,3 143,467 0,06 6,6623

8 3 1,3 143,467 0,20 16,0441

9 4 0,5 35,5261 0,01 2,8783
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10 4 0,5 35,5261 0,02 3,6789
11 4 0,5 35,5261 0,04 5,0586
12 4 0,5 35,5261 0,05 5,8467
13 4 0,5 35,5261 0,18 13,3325
14 4 0,5 35,5261 0,40 25,3124
15 > 0,09 8,0315 0,04 5,5211
16 5 0,09 8,0315 0,40 26,9535
17 5 0,09 8,0315 0,40 26,9535
18 ! 0,8 66,1889 0,08 7,4445

Example 3:  Determining annotation and cellular localization of the bacterial proteins

comprising the selected bacterial sequence variants

Next, the annotation of the bacterial proteins containing the selected bacterial epitope
sequence variants was performed. To this end, a blast-based comparison against both the
Kyoto Encyclopedia of Genes and Genomes (KEGG) (http://www.genome.jp/kegg/) and the
National Center for Biotechnology Information (NCBI) Reference Sequence Database (RefSeq)
(https://www.ncbi.nim.nih.gov/refseq/). RefSeq provides an integrated, non-redundant set of
sequences, including genomic DNA, transcripts, and proteins. In KEGG, the molecular-level
functions stored in the KO (KEGG Orthology) database were used. These functions are
categorized in groups of orthologues, which contain proteins encoded by genes from different

species that evolved from a common ancestor.

In a next step, a prediction of the cellular localization of the bacterial proteins containing the
selected bacterial epitope sequence variants was performed using two different procedures,
after which a list of the peptide-containing proteins with the consensus prediction is delivered.
First, a dichotomic search strategy to identify intracellular or extracellular proteins based on
the prediction of the presence of a signal peptide was carried out. Signal peptides are
ubiquitous protein-sorting signals that target their passenger protein for translocation across
the cytoplasmic membrane in prokaryotes. In this context both, the SignalP 4.1.
(www.cbs.dtu.dk/services/SignalP) and the Phobius server (phobius.sbc.su.se) were used to
deliver the consensus prediction. If the presence of a signal peptide was detected by the two

approaches, it was interpreted that the protein is likely to be extracellular or periplasmic. If
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not, the protein probably belongs to the outer/inner membrane, or is cytoplasmic. Second, a

prediction of the transmembrane topology is performed. Both signal peptides and

transmembrane domains are hydrophobic, but transmembrane helices typically have longer

hydrophobic regions. SignalP 4.1. and Phobius have the capacity to differentiate signal

peptides from transmembrane domains. A minimum number of 2 predicted transmembrane

helices is set to differentiate between membrane and cytoplasmic proteins to deliver the final

consensus list. Data regarding potential cellular localization of the bacterial protein is of

interest for selection of immunogenic peptides, assuming that secreted components or

proteins contained in secreted exosomes are more prone to be presented by APCs.

Table 4 shows the SEQ ID NOs of the bacterial proteins containing the 13 bacterial peptides

shown in Table 4, their annotation and cellular localization:

Bacterial | Bacterial | Phylum Genus Species Kegg Consensus
peptide, | protein orth- cellular
SEQID # | SEQID # ology localization
6 19 Firmicutes | Lachno- Lachno- K01190 No trans-
clostridium | clostridium membrane
phyto-
fermentans
7 20 unknown unknown unknown unknown | No trans-
membrane
8 21 Firmicutes | Lacto- unknown unknown | Trans-
bacillus membrane
9 22 unknown unknown unknown unknown | No trans-
membrane
10 23 Firmicutes | Rumino- Rumino- K07315 No trans-
coccus coccus sp. membrane
5.1 39BFA
A
11 24 unknown unknown unknown unknown | No trans-
membrane
12 25 Firmicutes | unknown unknown K19002 No trans-
membrane
13 26 Bactero- Bacteroides | Bacteroides | unknown | No trans-
idetes fragilis membrane
14 27 unknown unknown unknown K01992 Trans-
membrane
15 28 Firmicutes | Copro- Copro- K07636 | No trans-
bacillus bacillus sp. membrane
8 1 38FAA
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16 29 unknown unknown unknown unknown | No trans-
membrane
17 30 unknown unknown unknown unknown | No trans-
membrane
18 31 unknown unknown unknown K19427 | Trans-
membrane

Based on the data shown in Tables 3 and 4, the bacterial peptide according to SEQ ID NO:
18 (amino acid sequence: FLPFGFILV; also referred herein as “IL13RA2-B”), which is a
sequence variant of the human IL13RA2 reference epitope according to SEQ ID NO: 1
(WLPFGFILI, see Table 2; also referred herein as “IL13RA2-H"), was selected for further
studies. Effectively, the human reference epitope has intermediate affinity, and is presented
at the surface of tumor cells. This MHC presentation was confirmed in several published
studies (Okano et al., Identification of a novel HLA-A*0201-restricted, cytotoxic T
lymphocyte epitope in a human glioma-associated antigen, interleukin 13 receptor alpha2

chain. Clin Cancer Res. 2002 Sep;8(9):2851-5).

The bacterial sequence variant (SEQ ID NO: 18) has a very strong binding affinity for
HLA.A2.01. Furthermore, this bacterial peptide sequence variant is comprised in a bacterial
protein, which is predicted to be expressed at the transmembrane level, thereby increasing
the probability of being part of exosome that will be trapped by antigen-presenting cells (APC)
for MHC presentation.

Example 4:  Bacterial peptide IL13RA2-B (SEQ ID NO: 18) has superior affinity to the HLA-
A*0201 allele in vitro than the human epitope IL13RA2-H (SEQ ID NO: 1)

This Example provides evidence that the bacterial peptide of sequence SEQ ID NO: 18
(FLPEGFILV; also referred herein as “IL13RA2-B”) has high affinity to the HLA-A*0201 allele
in vitro, whereas the corresponding reference human peptide derived from IL13RA2

(WLPFGFILI, SEQ ID NO: 1, also referred herein as “IL13RA2-H") has low affinity.
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A. Materials and Methods

Al. Measuring the affinity of the peptide to T2 cell line.

The experimental protocol is similar to the one that was validated for peptides presented by
the HLA-A*0201 (Tourdot et al., A general strategy to enhance immunogenicity of low-affinity
HLA-A2.1-associated peptides: implication in the identification of cryptic tumor epitopes. Eur
J Immunol. 2000 Dec; 30(12):3411-21). Affinity measurement of the peptides is achieved
with the human tumoral cell T2 which expresses the HLA-A*0201 molecule, but which is

TAP1/2 negative and incapable of presenting endogenous peptides.

T2 cells (2.10° cells per well) were incubated with decreasing concentrations of peptides from
100 pM to 0.1 pM in a AIMV medium supplemented with 100 ng/pl of human B2m at 37°C
for 16 hours. Cells were then washed two times and marked with the anti-HLA-A2 antibody
coupled to PE (clone BB7.2, BD Pharmagen).

The analysis was performed by FACS (Guava Easy Cyte). For each peptide concentration, the
geometric mean of the labelling associated with the peptide of interest was subtracted from
background noise and reported as a percentage of the geometric mean of the HLA-A*0202
labelling obtained for the reference peptide HIV pol 589-597 at a concentration of 100puM.

The relative affinity is then determined as follows:

relative affinity = concentration of each peptide inducing 20% of expression of HLA-A*0201

/ concentration of the reference peptide inducing 20% of expression of HLA-A*0201.

A2. Solubilisation of peptides

Each peptide was solubilized by taking into account the amino acid composition. For peptides
which do not include any cysteine, methionine, or tryptophan, the addition of DMSO is
possible to up to 10% of the total volume. Other peptides are re-suspended in water or PBS

pH7.4.
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B. Results

For T2 Cells: Mean fluorescence intensity for variable peptidic concentrations: Regarding the
couple IL13RA2 peptides (IL13RA2-H and IL13RA2-B), the human peptide does not bind to
HLA-A*0201, whereas the bacterial peptide IL13RA2-B binds strongly to HLA-A*0201:
112.03 vs 18.64 at 100 pM ; 40.77 vs 11.61 at TO pM; 12.18 vs 9.41 at T pM ; 9.9 vs 7.46
at 0.1 pM. Also, ILT3RA2-B at 4.4uM induces 20% of expression of the HLA-A*0201 (vs 100
pM for IL13RA2-H).

Similar results were obtained from a second distinct T2 cell clone.

Example 5:  Bacterial peptide IL13RA2-B (SEQ ID NO: 18) has superior affinity to the HLA-
A*0201 allele in vitro.

This Example provides evidence that the bacterial peptide of sequence SEQ ID NO: 18
(FLPFGFILV; also referred herein as “IL13RA2-B”) has higher affinity to the HLA-A*0201 allele
than other sequence variants of the corresponding reference human peptide derived from
IL13RA2 (WLPFGFILI, SEQ ID NO: 1, also referred herein as “IL13RA2-H”). In this
experiment, the bacterial peptide of sequence SEQ ID NO: 18 (FLPFGFILV; also referred
herein as “IL13RA2-B”) was compared to

— the peptide “TA9V”, as described by Eguchi Junichi et al., 2006, Identification of
interleukin-13 receptor alpha 2 peptide analogues capable of inducing improved
antiglioma CTL responses. Cancer Research 66(11): 5883-5891, in which the
tryptophan at position 1 of SEQ ID NO: 1 was substituted by alanine (1A) and the
isoleucine at position 9 of SEQ ID NO: 1 was substituted by valine (9V);

— peptide “T119A”, wherein the tryptophan at position 1 of SEQ ID NO: 1 was substituted
by isoleucine (11) and the isoleucine at position 9 of SEQ ID NO: 1 was substituted by
alanine (9A); and

— peptide “1FIM”, wherein the tryptophan at position 1 of SEQ ID NO: 1 was substituted
by phenylalanine (1F) and the isoleucine at position 9 of SEQ 1D NO: 1 was substituted
by methionine (9M).
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A. Materials and Methods

The experimental protocol, materials and methods correspond to those outlined in Example

4, with the only difference that the above mentioned antigenic peptides were used.

B. Results

The following /in vitro binding affinities were obtained (Table 5):

Peptide In vitro binding affinity
ILT3RA2-B (SEQ ID N°18) 0.49
TA9V 3.06
T119A 2.22
1FOM 2.62

Accordingly, the antigenic peptide according to the present invention (IL13RA2-B (SEQ 1D
N°31)) showed considerably higher binding affinity to HLA-A*0201 than all other peptides
tested, whereas the peptide “1A9V”, as described by Eguchi Junichi et al., 2006, Identification
of interleukin-13 receptor alpha 2 peptide analogues capable of inducing improved
antiglioma CTL responses. Cancer Research 66(11): 5883-5891, showed the lowest affinity of
the peptides tested.

Example 6: _ Vaccination of mice with the bacterial peptide IL13RA2-B (SEQ ID NO: 18)

induces improved T cell responses in a ELISPOT-IFNYy assay

A. Materials and Methods

A. 1 Mouse mode/

The features of the model used are outlined in Table 6:
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Mouse Model C578L/6) B2m ™ "™1Ab” Tg(HLA-DRA HLA-DRB1*0301)"*" Tg(HLA-A/H2-D/B2M) ™
Acronym B/A2/DR3
Description Immunocompetent, no mouse class | and class I MHC
Housing SOPF conditions (ABSL3)
Number of mice 24 adults (> 8 weeks of age)

These mice have been described in several reports (Koller et al., Normal development of mice
deficient in beta 2M, MHC class | proteins, and CD8+ T cells. Science. 1990 Jun
8;248(4960):1227-30. Cosgrove et al., Mice lacking MHC class Il molecules. Cell. 1991 Sep
6;66(5):1051-66; Pascolo et al., HLA-A2.1-restricted education and cytolytic activity of
CD8(+) T lymphocytes from beta2 microglobulin (beta2m) HLA-A2.1 monochain transgenic
H-2Db beta2m double knockout mice. J Exp Med. 1997 Jun 16;185(12):2043-51).

A.2. Immunization scheme.

The immunization scheme is shown in Figure 1. Briefly, 14 B/A2/DR3 mice were assigned
randomly (based on mouse sex and age) to two experimental groups, each immunized with
a specific vaccination peptide (vacc-pAg) combined to a common helper peptide (h-pAg) (as
outlined in Table 7 below). The vacc-pAg were compared in couples (group 1 vs. group 2).

Thereby, both native and optimized versions of a single peptide were compared in each wave.

Table 7. Experimental group composition. h-pAg: ‘helper’ peptide; vacc-pAg: vaccination

peptide. The number of boost injections is indicated into brackets.

Group Peptide (vacc-pAg) Helper (h-pAg) Prime  |Boost  |Animal number
1 IL13RA2-B{100ug) SEQIDN" 18 |HHD-DR3(150g) SEQIDN'32 |+ +{IX) b
1 IL13RA2-H 100g) SEQIDN 1 |HHD-DR3(150g) SEQIDN'32 |+ +{IX) b

The peptides were provided as follows:
e couples of vacc-pAg: IL13RA2-H and IL13RA2-B; all produced and provided at a 4

mg/ml (4mM) concentration;
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e h-pAg: HHD-DR3 peptide (SEQ ID NO: 32); provided lyophilized (50.6 mg; Eurogentec

batch 1611166) and re-suspended in pure distilled water ata 10 mg/ mL concentration.

The animals were immunized on day 0 (d0) with a prime injection, and on d14 with a boost
injection. Each mouse was injected s.c. at tail base with 100 pL of an oil-based emulsion that
contained:

e 100 pg of vacc-pAg (25 pL of 4 mg/mL stock per mouse);

e 150 pg of h-pAg (15 pL of 10 mg/mL stock per mouse);

e 10 pL of PBS to reach a total volume of 50 L (per mouse);

e Incomplete Freund’s Adjuvant (IFA) added at 1:1 (v:v) ratio (50 pL per mouse).

A separate emulsion was prepared for each vacc-pAg, as follows: IFA reagent was added to
the vacc-pAg/h-pAg/PBS mixture in a 15 mL tube and mixed on vortex for repeated cycles of

1 min until forming a thick emulsion.

A.3. Mouse analysis

Seven days after the boost injection (i.e. on d21), the animals were euthanized and the spleen
was harvested. Splenocytes were prepared by mechanical disruption of the organ followed

by 70 pm-filtering and Ficoll density gradient purification.

The splenocytes were immediately used in an ELISPOT-IFNy assay (Table 8). Experimental
conditions were repeated in quadruplets, using 2*10° total splenocytes per well, and were
cultured in presence of vacc-pAg (10 uM), Concanavalin A (ConA, 2.5 pg/mL) or medium-
only to assess for their capacity to secrete IFNy. The commercial ELISPOT-IFNYy kit (Diaclone
Kit Mujrine IFNy ELISpot) was used following the manufacturer’s instructions, and the assay

was performed after about 16h of incubation.

Table 8. Setup of the ELISPOT-IFNy assay.
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Group Stimulus Wells Animal Total
IL13RA2-B {10uM) SEQID N° 18 4 6 24

. IL13RA2-H (10uM) SEQ ID N° 1 4 6 24
ConA (2,5ug/ml) 4 6 24
Medium 4 6 24
IL13RA2-B (10puM) SEQ ID N° 18 4 6 24

5 IL13RA2-H (10uM) SEQIDN° 1 4 6 24
ConA (2,5ug/mi) 4 6 24
Medium 4 6 24

Spots were counted on a Grand ImmunoSpot® S6 Ultimate UV Image Analyzer interfaced to
the ImmunoSpot 5.4 software (CTL-Europe). Data plotting and statistical analysis were

performed with the Prism-5 software (GraphPad Software Inc.).

The cell suspensions were also analyzed by flow cytometry, for T cell counts normalization.
The monoclonal antibody cocktail (data not shown) was applied on the purified leucocytes
in presence of Fc-block reagents targeting murine (1 :10 diluted ‘anti-mCD16/CD32 CF11
clone’ — internal source) Fc receptors. Incubations were performed in 96-well plates, in the
dark and at 4°C for 15-20 minutes. The cells were washed by centrifugation after staining to
remove the excess of monoclonal antibody cocktail, and were re-suspended in PBS for data

acquisition.
All data acquisitions were performed with an LSR-II Fortessa flow cytometer interfaced with
the FACS-Diva software (BD Bioscience). The analysis of the data was performed using the

Flowjo-9 software (TreeStar Inc.) using a gating strategy (not shown).

Table 9. FACS panel EXP-1.

Target Label Clone Provider  |Dilution
mCD3ey FITC 145-2C11  |Biolegend |1/100
mCD4 PE RM4-5 Biolegend |1/100
mCD8a APC 53-6,7 Biolegend |1/100
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B. Results

A total of 14 B/A2/DR3 mice were used for this experiment (see Table 8). At time of sacrifice,
the spleen T cell population was analysed by flow cytometry, showing that the large majority

belonged to the CD4+ T cell subset.

Table 10. Individual mouse features (groups 1 & 2). Each mouse is identified by a unique ear
tag ID number. * age at onset of the vaccination protocol (in weeks); * percentage of T cells

in total leukocytes; © percentage of CD4+ or CD8+ T cells in total T cells; ¢ plate (P) number.

 Mouse Sex Age®  Group  Tecels®

ID (wks)  (pAg) (%)
1 (IL13RA2-B) P1/2

M
827 M 14 1 {IL13RA2-B) 211 82.5 8.7 P1/2
828 M 14 | 1 (IL13RA2-B) 20.9 78.4 8.6 P1/2
829 F 15 | 1 (IL13RA2-B) 23.8 67.0 17.5 P12
830 F 15 | 1 (IL13RA2-B) 29.2 73.3 12.5 P1/2
831 F 15 | 1 (IL13RA2-B) N.A. N.A. N.A, ID tag lost {excluded)
17 M 9 1 (IL13RA2-B) 8.3 83.7 10.4 P5
832 E 151 2 (IL13RA2-H) 28.3 834 57 P12
833 F 15 -1 2 (IL13RA2-H) NA MNA. N.A. 1D fag lost {excluded)
834 E 15 2 (IL13RA2-H) 27.5 79.7 7.2 P1/2
835 M 131 2 (IL13RA2-H) 338 84.2 8.5 P12
836 M 13 | 2 {IL13RA2-H) 314 84.7 6.3 P12
837 M 15 12 (IL13RA2:-H) 30.8 834 54 P1/2
18 M 9 2 {(IL13RA2-H) 11.2 859 9.2 P5

After plating and incubation with the appropriate stimuli, the IFNy-producing cells were
revealed and counted. The data were then normalized as a number of specific spots (the
average counts obtained in the ‘medium only’ condition being subtracted) per 10° total T

cells.

The individual average values (obtained from the quadruplicates) were next used to plot the
group average values (see Figure 3A). As the functional capacity of T cells might vary from
individual to individual, the data were also expressed as the percentage of the ConA response

per individual (see Figure 3B).
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Overall, vaccination with the IL13RA2-B pAg bacterial peptide induced improved T cell
responses in the ELISPOT-IFNy assay, as compared to IL13RA2-H pA (reference human)-
vaccinated animals (group 2). For group 1 (IL13RA2-B), ex vivo re-stimulation with the
IL13RA2-B pAg promoted higher response than with the IL13RA2-H pAg. It was not the case
for group 2 (IL13RA2-H). The percentage of ConA-induced response (mean +/- SEM) for each
condition was as follows:

e Group 1 (ILT3RA2-B) / IL13RA2-B pAg: 56.3% +/- 18.1

e Group 1 (ILT3RA2-B) / IL13RA2-H pAg: 32.3% +/- 11.8

e Group 2 (ILT3RA2-H) / IL13RA2-B pAg: 2.0% +/- 0.8

e Group 2 (IL13RA2-H) / IL13RA2-H pAg: 1.1% +/- 0.8

Accordingly, those results provide experimental evidence that tumor-antigen immunotherapy
targeting IL13RA2 is able to improve T cell response /n vivo and that the IL13RA2-B bacterial
peptide (SEQ ID NO: 18), which was identified as outlined in Examples 1 - 3, is particularly

efficient for that purpose.

Example 7:  Bacterial peptide 1L13RA2-B (SEQ ID NO: 18) provides /n vifro cytotoxicity

against tumor cells

This Example provides evidence that the bacterial peptide of sequence SEQ ID NO: 18
(FLPFGFILV; also referred herein as “IL13RA2-B”) provides /n vitro cytotoxicity against U87
cells, which are tumor cells expressing IL13RA2. In contrast, the corresponding reference
human peptide derived from IL13RA2 (WLPFGFILI, SEQ ID NO: 1, also referred herein as
“IL13RA2-H") does not provide /n vitro cytotoxicity against U87 cells.

Methods:

Briefly, CD8 T cells from mice immunized with IL13RA2-H or IL13RA2-H were used. These
cells were obtained after sorting of splenocyte from immunized mice and were placed on top

of U87 cells (tumor cells expressing IL13RA2).
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In more detail, CD3* T cells were purified from splenocytes of HHD mice immunized with
IL13RA2-H (WLPFGFILI, SEQ ID NO: 1) or IL13RA2-B (FLPFGFILV, SEQ 1D NO: 18). To this
end, B6 f2m* HHD/DR3 mice were injected s.c. at tail base with 100 uL of an oil-based
emulsion containing vaccination peptide plus helper peptide plus CFA (complete Freund’s
adjuvant), at day 0 and day 14 as described in Example 6. On d21, i.e. seven days after the
boost injection, the animals were euthanized and the spleen was harvested. Splenocytes were
prepared by mechanical disruption of the organ. CD3+ purification was performed using the
mouse total T cells isolation kit from Miltenyi biotec using the recommended procedure.
Efficient purification of cells and viability was validated by cytometry using appropriate
marker for viability, CD8, CD4, CD3, and CD45.

U87-MG cells were seeded at 6 x 10° cells/well in flat-bottomed 24-well culture plates and
incubated for 24 h at 37°C in DMEM (Dulbecco’s Modified Eagle Medium) containing 10%
of FCS (fetal calf serum) and antibiotics. After 24 hours, culture media were removed and
replaced with media containing purified T CD3+ cells. The following ratios of T cells vs. U87-
MG cells were used: 1/0.5, 1/1 and 1/5.

72 hours after co-culture of U87-MG cells and CD3+ T cells, all cells from the wells were
harvested and specific U87-MG cell death was evaluated after immunostaining of CD45
negative cells with DAPI and fluorescent annexin V followed by cytometry analysis.

Results:

Results are shown in Fig. 3. In general, U87 cell lysis was observed after treatment with

IL13RA2-B but not with IL13RA2-H.

Example 8: Identification of bacterial sequence variants of an epitope of tumor-related

antigen FOXM1 in the human microbiome

In the present example, among the 600 antigens, forkhead box M1 (FOXM1) was selected
based on the facts that (i) it comprises an epitope identified as a CTL (cytotoxic T lymphocyte)
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epitope (Yokomine K, Senju S, Nakatsura T, Irie A, Hayashida Y, lkuta Y, Harao M, Imai K,
Baba H, Iwase H, Nomori H, Takahashi K, Daigo Y, Tsunoda T, Nakamura Y, Sasaki Y,
Nishimura Y. The forkhead box M1 transcription factor as a candidate of target for anti-cancer
immunotherapy. Int J Cancer. 2010 May 1;126(9):2153-63. doi: 10.1002/ijc.24836); (ii)
FOXMT is found overexpressed in many tumors in several database, including GEPIA, Gent,
Metabolic gene visualizer and protein atlas, analyzing data from gene expression (microarrays
studies); and (iii) overexpression was also reported in brain tumors (Hodgson )G, Yeh RF, Ray
A, Wang NJ, Smirnov |, Yu M, Hariono S, Silber J, Feiler HS, Gray JW, Spellman PT,
Vandenberg SR, Berger MS, James CD Comparative analyses of gene copy number and mRNA
expression in glioblastoma multiforme tumors and xenografts. Neuro Oncol. 2009
Oct;11(5):477-87. doi: 10.1215/15228517-2008-113), in pancreatic tumors (Xia JT, Wang H,
Liang L), Peng BG, Wu ZF, Chen LZ, Xue L, Li Z, Li W. Overexpression of FOXM1 s
associated with poor prognosis and clinicopathologic stage of pancreatic ductal
adenocarcinoma. Pancreas. 2012 May;41(4):629-35. doi:
10.1097/MPA.0b013e31823bcef2), in ovarian cancer (Wen N, Wang Y, Wen L, Zhao SH, Ai
ZH, Wang Y, Wu B, Lu HX, Yang H, Liu WC, Li Y.Overexpression of FOXM1 predicts poor
prognosis and promotes cancer cell proliferation, migration and invasion in epithelial ovarian
cancer. } Transl Med. 2014 May 20;12:134. doi: 10.1186/1479-5876-12-134), in colorectal
cancer (Zhang HG, Xu XW, Shi XP, Han BW, Li ZH, Ren WH, Chen P}, Lou YF, Li B, Luo
XY.Overexpression of forkhead box protein M1 (FOXM1) plays a critical role in colorectal
cancer. Clin Trans| Oncol. 2016 May;18(5):527-32. doi: 10.1007/s12094-015-1400-1), and

many other cancers.

In particular, confirmation of overexpression and selective expression of FOXM1 in
tumor/cancer as described above was performed as follows: Analysis of MRNA data from the
tissue atlas (RNA-seq data 37 normal tissues and 17 cancer types) generated by “The Cancer
Genome Atlas” (TCGA; available at https://cancergenome.nih.gov/)) highlight the low basal
level of FOXM1 mRNA in normal tissue (with the exception of testis) and the high level of
FOXMT mRNA expression in several tumor types. The same was observed when FOXM1
mRNA expression was performed using Metabolic gEne RApid Visualizer (available at
http://merav.wi.mit.edu/, analyzing data from the International Genomic Consortium, and

NCBI GEO dataset) with a very low basal expression in most of the normal tissues tested,
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except for embryo) and a strong expression in many tumor samples including samples of
breast cancer, oesophagal cancer, lung cancer, melanoma, colorectal samples and

glioblastoma samples.

FOXMT1 is a transcription factor involved in G1-S and G2-M progression that is encoded in
humans by the FOXM1 gene. In a non-exhaustive manner, FOXM1 has been proposed as a
potential immunotherapy target (Yokomine K, Senju S, Nakatsura T, Irie A, Hayashida Y, lkuta
Y, Harao M, Imai K, Baba H, Iwase H, Nomori H, Takahashi K, Daigo Y, Tsunoda T,
Nakamura Y, Sasaki Y, Nishimura Y; The forkhead box M1 transcription factor as a candidate
of target for anti-cancer immunotherapy. Int ] Cancer. 2010 May 1;126(9):2153-63. doi:
10.1002/ijc.24836). The high expression of FOXM1 has further been associated with
oncogenic transformation participating for example in tumor growth, angiogenesis, migration,
invasion, epithelial-mesenchymal transition, metastasis and chemotherapeutic drug
resistance (Wierstra . FOXM1 (Forkhead box M1) in tumorigenesis: overexpression in human
cancer, implication in tumorigenesis, oncogenic functions, tumor-suppressive properties, and
target of anticancer therapy. Adv Cancer Res. 2013;119:191-419. doi: 10.1016/B978-0-12-
407190-2.00016-2). Thus, FOXM1 could be considered as a driver tumor antigen.

In the next step, epitopes of the selected tumor-related antigen, which are presented
specifically by MHC-1, were identified. To this end, the tumor-related antigen sequence (of
FOXMT) was analyzed by means of “Immune epitope database and analysis resource” (IEDB;
http://www.iedb.org/; for MHC-I analysis in particular:
http://tools.immuneepitope.org/analyze/html/mhc_processing.html - as used for FOXM1
analysis, see also http://tools.immuneepitope.org/processing/) combining proteasomal
cleavage, TAP transport, and MHC class | analysis tools for prediction of peptide presentation.
Namely, the protein sequence of FOXMT was submitted to that IEDB analysis tool for
identification of potential epitopes that could be presented by HLA.A2.1. Thereby, a list of
756 potential epitopes with HLA A2.1 binding properties was obtained. Three epitopes of
that list were previously described as potential epitopes: YLVPIQFPV (SEQ ID NO: 55),
SLVLQPSVKV (SEQ ID NO: 56)/ LVLQPSVKV (SEQ ID NO: 57) and GLMDLSTTPL (SEQ ID
NO: 58)/ LMDLSTTPL (SEQ ID NO: 59) that was described and functionally validated by

Yokomine et al. (Yokomine K, Senju S, Nakatsura T, Irie A, Hayashida Y, Ikuta Y, Harao M,
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Imai K, Baba H, Iwase H, Nomori H, Takahashi K, Daigo Y, Tsunoda T, Nakamura Y, Sasaki
Y, Nishimura Y. The forkhead box M1 transcription factor as a candidate of target for anti-

cancer immunotherapy. Int J Cancer. 2010 May 1;126(9):2153-63. doi: 10.1002/ijc.24836).

In order to identify epitopes, which have a good chance to be efficiently presented by MHC
at the surface of tumor cells, in the list of the 756 potential epitopes with HLA A2.1 binding
properties, in silico affinity of the 756 candidate epitopes to HLA A2.1 was calculated using
the NetMHCpan 4.0 tool (http://www.cbs.dtu.dk/services/NetMHCpan/), with a maximum
accepted affinity of 3000 nM (IC50). Thereby, a list of 35 FOXM1 epitopes was obtained.

Finally, the 35 selected FOXM1-epitopes were compared to the “Integrated reference catalog
of the human gut microbiome” (available at http://meta.genomics.cn/meta/home) in order to
identify microbiota sequence variants of the 35 selected human FOXM1-epitopes. To this
end, a protein BLAST search (blastp) was performed using the “PAM-30" protein substitution
matrix, which describes the rate of amino acid changes per site over time, and is
recommended for queries with lengths under 35 amino acids; with a word size of 2, also
suggested for short queries; an Expect value (E) of 20000000, adjusted to maximize the
number of possible matches; the composition-based-statistics set to ‘0’, being the input
sequences shorter than 30 amino acids, and allowing only un-gapped alignments. Thereafter,
the blastp results were filtered to obtain exclusively microbial peptide sequences with a length
of 9 or 10 amino acids (for binding to HLA-A2.1), admitting mismatches only at the beginning
and/or end of the human peptide, with a maximum of two mismatches allowed per sequence
(in addition to the maximum two mistmatches, a third mismatch was accepted for an amino
acid with similar properties, i.e. a conservative amino acid substitution as described above.
Thereby, a list of 573 bacterial sequences was obtained, which consists of bacterial sequence

variants of the selected FOXM1 epitopes in the human microbiome.

Example 9: _ Testing binding of selected bacterial sequence variants to MHC

As binding of microbial mimics to MHC molecules is essential for antigen presentation to

cytotoxic T-cells, affinity of the 573 bacterial sequences to MHC class | HLA.A2.01 was
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calculated using the NetMHCpan 4.0 tool (http:/www.cbs.dtu.dk/services/NetMHCpan).
The 573 bacterial sequences (blastp result of Example 8) were used as input, and the affinity
was predicted by setting default thresholds for strong and weak binders. The rank of the
predicted affinity compared to a set of 400000 random natural peptides was used as a
measure of the binding affinity. This value is not affected by inherent bias of certain molecules
towards higher or lower mean predicted affinities. Very strong binders are defined as having
% rank < 0.5, strong binders are defined as having % rank > 0.5 and < 1.0, moderate binders
are defined as having % rank of = 1.0 and < 2.0 and weak binders are defined as having %
rank of < 2.0. Namely, from the 573 bacterial sequences, only those were selected, which
show a very strong affinity (%rank < 0.5), and where the human reference epitope shows at

least strong affinity (for human peptide) (% rank < 1).

Thereby, the following 20 bacterial sequence variants were identified (Table 11):

Affinity | Affinity | Affinity | Affinity
Human reference | Bacterial human human bacterial bacterial
epitope, peptide, peptide |peptide |peptide peptide
SEQID # SEQID # [nM] Y%rank [nM] Y%rank
60 66 33,8685 0,5 36,7574 0,5
61 67 35,0299 0,5 24,6073 0,4
61 68 35,0299 0,5 18,9641 0,25
62 69 22,1919 0,3 3,4324 0,015
62 70 22,1919 0,3 5,4835 0,04
62 71 22,1919 0,3 32,5867 0,5
55 72 2,0623 0,01 10,1452 0,125
55 73 2,0623 0,01 18,7154 0,25
59 74 36,1922 0,5 28,9885 0,4
59 75 36,1922 0,5 20,6064 0,3
63 76 58,7874 0,7 1,7952 0,01
63 77 58,7874 0,7 4,8682 0,04
63 78 58,7874 0,7 20,2275 0,3
63 79 58,7874 0,7 2,5715 0,01
63 80 58,7874 0,7 3,0709 0,01
63 81 58,7874 0,7 2,1973 0,01
64 82 39,9764 0,6 35,5715 0,5
65 83 4,1604 0,025 14,2518 0,175
62 84 22,1919 0,3 8,3115 0,09
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Example 10: Determining annotation and cellular localization of the bacterial proteins

comprising the selected bacterial sequence variants

Next, the annotation of the bacterial proteins containing the selected bacterial epitope
sequence variants was performed. To this end, a blast-based comparison against both the
Kyoto Encyclopedia of Genes and Genomes (KEGG) (http://www.genome.jp/kegg/) and the
National Center for Biotechnology Information (NCBI) Reference Sequence Database (RefSeq)
(https://www .ncbi.nlm.nih.gov/refseqy/). RefSeq provides an integrated, non-redundant set of
sequences, including genomic DNA, transcripts, and proteins. In KEGG, the molecular-level
functions stored in the KO (KEGG Orthology) database were used. These functions are
categorized in groups of orthologues, which contain proteins encoded by genes from different

species that evolved from a common ancestor.

In a next step, a prediction of the cellular localization of the bacterial proteins containing the
selected bacterial epitope sequence variants was performed using two different procedures,
after which a list of the peptide-containing proteins with the consensus prediction is delivered.
First, a dichotomic search strategy to identify intracellular or extracellular proteins based on
the prediction of the presence of a signal peptide was carried out. Signal peptides are
ubiquitous protein-sorting signals that target their passenger protein for translocation across
the cytoplasmic membrane in prokaryotes. In this context both, the SignalP 4.1.
(www.cbs.dtu.dk/services/SignalP) and the Phobius server (phobius.sbc.su.se) were used to
deliver the consensus prediction. If the presence of a signal peptide was detected by the two
approaches, it was interpreted that the protein is likely to be extracellular or periplasmic. If
not, the protein probably belongs to the outer/inner membrane, or is cytoplasmic. Second, a
prediction of the transmembrane topology is performed. Both signal peptides and
transmembrane domains are hydrophobic, but transmembrane helices typically have longer
hydrophobic regions. SignalP 4.7. and Phobius have the capacity to differentiate signal
peptides from transmembrane domains. A minimum number of 2 predicted transmembrane
helices is set to differentiate between membrane and cytoplasmic proteins to deliver the final

consensus list. Data regarding potential cellular localization of the bacterial protein is of
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interest for selection of immunogenic peptides, assuming that secreted components or

proteins contained in secreted exosomes are more prone to be presented by APCs.

Table 12 shows the SEQ ID NOs of the bacterial proteins containing the bacterial peptides

shown in Table 11, their annotation and cellular localization:

Bacterial | Bacterial | Phylum Genus Species Kegg Consensus
peptide, | protein orth- cellular
SEQID # | SEQID # ology localization
66 85 Bacteroide transmembr
tes Barnesiella | unknown K00347 | ane
67 86 .
unknown | unknown unknown unknown | cytoplasmic
68 87 Hungatella
Firmicutes | unknown hathewayi K02335 | cytoplasmic
68 88 Hungatella
Firmicutes | unknown hathewayi K02335 | cytoplasmic
69 89 .
unknown | unknown unknown unknown | cytoplasmic
70 90 .
unknown | unknown unknown unknown | cytoplasmic
71 91 transmembr
unknown | unknown unknown KO3310 | ane
72 92 unknown | unknown unknown K02355 | cytoplasmic
73 93 Bacteroide
tes unknown unknown K02355 | cytoplasmic
74 94 Coprococcu | Coprococcu
Firmicutes | s s catus K10117 | cytoplasmic
74 9> Firmicutes | Blautia unknown K10117 | cytoplasmic
74 %6 Firmicutes | Blautia unknown K10117 | secreted
74 7 Firmicutes | Blautia unknown K10117 | secreted
74 98 Coprococcu
Firmicutes | s unknown K10117 | secreted
74 99 Eubacterium
Firmicutes | Eubacterium | hallii K10117 | secreted
74 100 Blautia
Firmicutes | Blautia obeum K10117 | secreted
74 101 Firmicutes | Blautia unknown K10117 | cytoplasmic
74 102 Firmicutes | Blautia unknown K10117 | cytoplasmic
74 103 Eubacterium
Firmicutes | Eubacterium | ramulus K10117 | cytoplasmic
74 104 Firmicutes | Dorea unknown K10117 | cytoplasmic
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74 105 Firmicutes | Blautia unknown K10117 | secreted
75 106 Faecalibacte
Faecalibacte | rium
Firmicutes | rium prausnitzii K10117 | cytoplasmic
74 107 Firmicutes | Blautia unknown K10117 secreted
74 108 Firmicutes | Blautia unknown K10117 | cytoplasmic
74 109 Coprococcu
Firmicutes | s unknown Ki10117 cytoplasmic
74 10 Firmicutes | Blautia unknown K10117 | secreted
75 111 Faecalibacte
Firmicutes | rium unknown K10117 | cytoplasmic
75 112 Faecalibacte
Firmicutes | rium unknown K10117 secreted
75 113 Faecalibacte
Firmicutes | rium unknown K10117 | secreted
75 114 Faecalibacte
Faecalibacte | rium
Firmicutes | rium prausnitzii K10117 | secreted
75 115 Faecalibacte
Firmicutes | rium unknown K10117 | cytoplasmic
126 116 .
unknown | unknown unknown unknown | cytoplasmic
76 117 .
unknown | unknown unknown unknown | cytoplasmic
77 118 transmembr
unknown unknown unknown K05569 ane
78 19 unknown unknown unknown K01686 cytoplasmic
79 120 .
unknown | unknown unknown unknown | cytoplasmic
80 121 transmembr
unknown unknown unknown K06147 ane
81 122 transmembr
unknown unknown unknown K07089 ane
82 123 unknown unknown unknown K03654 cytoplasmic
83 124 .
unknown | unknown unknown unknown | cytoplasmic
84 125 Oscillibacte | Oscillibacte
Firmicutes | r rsp K03324 | cytoplasmic

Based on the data shown in Tables 11 and 12, the bacterial peptide according to SEQ ID NO:
75 (amino acid sequence: LMDLSTTEV; also referred to as “FOXM1-B2”), which is a

sequence variant of the human FOXM1 reference epitope according to SEQ ID NO: 59
(LMDLSTTPL; also referred to as “FOXM1-H2"), was selected for further studies. Effectively,
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the human reference epitope has medium/high affinity, and is presented at the surface of
tumor cells. This MHC presentation was confirmed in published studies (Yokomine K, Senju
S, Nakatsura T, Irie A, Hayashida Y, lkuta Y, Harao M, Imai K, Baba H, lwase H, Nomori H,
Takahashi K, Daigo Y, Tsunoda T, Nakamura Y, Sasaki Y, Nishimura Y. The forkhead box M1
transcription factor as a candidate of target for anti-cancer immunotherapy. IntJ Cancer. 2010

May 1;126(9):2153-63. doi: 10.1002/ijc.24836).

The bacterial sequence variant of SEQ 1D NO: 75 (LMDLSTTEV) has a strong binding affinity
for HLA.A2.01. Furthermore, this bacterial peptide sequence variant is comprised in a
bacterial protein, which is predicted to be secreted, thereby increasing the probability of

being trapped by antigen-presenting cells (APC) for MHC presentation.

Example 11: Bacterial peptide FOXM1 B2 (SEQ ID NQO: 75) binds to HLA-A*0201 allele /in

vitro and has superior affinity to the HLA-A*0201 allele /n vitro than the

human epitope

This Example provides evidence that the bacterial peptide of sequence SEQ ID NO: 75
(LMDLSTTEV; also referred herein as “FOXM1-B2”) binds to HLA-A*0201 allele /n vitro and

has high affinity to the HLA-A*0201 allele /n vitro, whereas the corresponding reference
human peptide derived from FOXM1-H2 (LMDLSTTPL, SEQ ID NO: 59, also referred herein
as “FOXM1-H2") has slightly lower affinity.

A. Materials and Methods

Al. Measuring the affinity of the peptide to T2 cell line.

The experimental protocol is similar to the one that was validated for peptides presented by
the HLA-A*0201 (Tourdot et al., A general strategy to enhance immunogenicity of low-affinity
HLA-A2.1-associated peptides: implication in the identification of cryptic tumor epitopes. Eur
J Immunol. 2000 Dec; 30(12):3411-21). Affinity measurement of the peptides is achieved
with the human tumoral cell T2 which expresses the HLA-A*0201 molecule, but which is

TAP1/2 negative and incapable of presenting endogenous peptides.
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T2 cells (2.10° cells per well) were incubated with decreasing concentrations of peptides from
100 uM to 0.1 pM in a AIMV medium supplemented with 100 ng/ul of human 2m at 37°C
for 16 hours. Cells were then washed two times and marked with the anti-HLA-A2 antibody

coupled to PE (clone BB7.2, BD Pharmagen).

The analysis was performed by FACS (Guava Easy Cyte). For each peptide concentration, the
geometric mean of the labelling associated with the peptide of interest was subtracted from
background noise and reported as a percentage of the geometric mean of the HLA-A*0202
labelling obtained for the reference peptide HIV pol 589-597 at a concentration of 100uM.

The relative affinity is then determined as follows:

relative affinity = concentration of each peptide inducing 20% of expression of HLA-A*0201

/ concentration of the reference peptide inducing 20% of expression of HLA-A*0201.

A2. Solubilisation of peptides

Each peptide was solubilized by taking into account the amino acid composition. For peptides
which do not include any cysteine, methionine, or tryptophan, the addition of DMSO is
possible to up to 10% of the total volume. Other peptides are re-suspended in water or PBS
pH7.4.

B. Results

For T2 Cells: Mean fluorescence intensity for variable peptidic concentrations: Both, bacterial
peptide FOXM1-B2 (SEQ ID NO: 75) and human peptide FOXM1-H2 (SEQ ID NO: 59) bind
to HLA-A*0201. However, the bacterial peptide FOXM1-B2 (SEQ ID NQ: 75) has a better
binding affinity to HLA-A*0201 than the human peptide FOXM1-H2 (SEQ ID NO: 59),
namely, 105 vs 77.6 at 100 pM ; 98.2 vs 65.4 at 25 uM ; and 12.7 vs 0.9 at 3 uM. Also, the
bacterial peptide FOXM1-B2 induces at 6.7puM 20% of expression of the HLA-A*0201, while

for the same expression a higher concentration of the human peptide FOXM1-H2 is required,

namely 12.6 pM.
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Similar results were obtained from a second experiment. These data show that the bacterial

peptide FOXM1-B2 is clearly superior to the corresponding human peptide FOXM1-H2.

Example 12: Vaccination of mice with the bacterial peptide FOXM1-B2 (SEQ ID NO: 75)

induces improved T cell responses in a ELISPOT-IFNy assay

A. Materials and Methods

A. T Mouse mocdle!

The features of the model used are outlined in Table 13:

Mouse Model C57BL/6) B2m "™"™|Ab” Tg(HLA-DRA HLA-DRB1*0301) " Tg(HLA-A/H2-D/B2M)™*
Acronym B/A2/DR3

Description Immunocompetent, no mouse class | and class Il MHC

Housing SOPF conditions (ABSL3)

Number of mice 15 adults (> 8 weeks of age)

These mice have been described in several reports (Koller et al., Normal development of mice
deficient in beta 2M, MHC class | proteins, and CD8+ T cells. Science. 1990 Jun
8;248(4960):1227-30. Cosgrove et al., Mice lacking MHC class Il molecules. Cell. 1991 Sep
6;66(5):1051-66; Pascolo et al.,, HLA-A2.1-restricted education and cytolytic activity of
CD8(+) T lymphocytes from beta2 microglobulin (beta2m) HLA-A2.1 monochain transgenic
H-2Db beta2m double knockout mice. J Exp Med. 1997 Jun 16;185(12):2043-51).

A.2. Immunization scheme.

The immunization scheme is shown in Figure 1. Briefly, 15 $/A2/DR3 mice were immunized
with a specific vaccination peptide (vacc-pAg) combined to a common helper peptide (h-
pAg) (as outlined in Table 14 below). The vacc-pAg were compared in couples (group 1 vs.
group 2). Thereby, both native and optimized versions of a single peptide were compared in

each wave.

Table 14. Experimental group composition. h-pAg: ‘helper’ peptide; vacc-pAg: vaccination

peptide.The number of boost injections is indicated into brackets.
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Group | Peptide (vacc-pAg) | Helper (h-pAg) Prime | Boost | Animal number
1 FOXM1-B2 (100ug) |HHD-DR3 (150pg) |+ +(1X) |15

The peptides were provided as follows:
e couples of vacc-pAg: FOXM1-B2 and FOXM1-H2; all produced and provided at a 4
mg/ml (4mM) concentration;
°  h-pAg: HHD-DR3 peptide (SEQ ID NO: 32); provided lyophilized (50.6 mg; Eurogentec

batch 1611166) and re-suspended in pure distilled water at a 10 mg/ mL concentration.

The animals were immunized on day 0 (d0) with a prime injection, and on d14 with a boost
injection. Each mouse was injected s.c. at tail base with 100 pL of an oil-based emulsion that

contained:

-]

100 pg of vacc-pAg (25 pb of 4 mg/mL stock per mouse);

150 pg of h-pAg (15 pL of 10 mg/mL stock per mouse);

10 pL of PBS to reach a total volume of 50 pL (per mouse);

Incomplete Freund’s Adjuvant (IFA) added at 1:1 (v:v) ratio (50 plL per mouse).

A separate emulsion was prepared for each vacc-pAg, as follows: IFA reagent was added to
the vacc-pAg/h-pAg/PBS mixture in a 15 mL tube and mixed on vortex for repeated cycles of

1 min until forming a thick emulsion.

A.3. Mouse analysis
Seven days after the boost injection (i.e., on d21), the animals were euthanized and the spleen
was harvested. Splenocytes were prepared by mechanical disruption of the organ followed

by 70 pm-filtering and Ficoll density gradient purification.

The splenocytes were immediately used in an ELISPOT-IFNy assay (Table 15). Experimental
conditions were repeated in duplicates, using 2*10° total splenocytes per well, and were
cultured in presence of vacc-pAg (10 pM), Concanavalin A (ConA, 2.5 pg/mL) or medium-

only to assess for their capacity to secrete IFNy. The commercial ELISPOT-IFNy kit (Diaclone
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Kit Mujrine IFNy ELISpot) was used following the manufacturer’s instructions, and the assay

was performed after about 16h of incubation.

Table 15. Setup of the ELISPOT-IFNy assay.

Group Stimulus Wells  |Animal | Total
FOXMT1-H2 (10pM) 2 15 30

1 FOXMT1-B2 (10uM) 2 15 30
ConA (2,5ug/ml) 2 15 30
Medium 2 15 30

Spots were counted on a Grand ImmunoSpot® S6 Ultimate UV Image Analyzer interfaced to
the ImmunoSpot 5.4 software (CTL-Europe). Data plotting and statistical analysis were

performed with the Prism-5 software (GraphPad Software Inc.).

The cell suspensions were also analyzed by flow cytometry, for T cell counts normalization.
The monoclonal antibody cocktail (data not shown) was applied on the purified leucocytes
in presence of Fc-block reagents targeting murine (1 :10 diluted ‘anti-mCD16/CD32 CF11
clone’ — internal source) Fc receptors. Incubations were performed in 96-well plates, in the
dark and at 4°C for 15-20 minutes. The cells were washed by centrifugation after staining to

remove the excess of monoclonal antibody cocktail, and were re-suspended in PBS for data

acquisition.
All data acquisitions were performed with an LSR-1l Fortessa flow cytometer interfaced with
the FACS-Diva software (BD Bioscience). The analysis of the data was performed using the

Flow)o-9 software (TreeStar Inc.) using a gating strategy (not shown).

Table 16. FACS panel EXP-1.

Target Label Clone Provider  |Dilution
mCD3ey FITC 145-2C11  |Biolegend |1/100
mCD4 PE RM4-5 Biolegend |1/100
mCD8o. APC 53-6,7 Biolegend |1/100
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B. Results

Atotal of 14 B/A2/DR3 mice were used for this experiment (see Table 15). At time of sacrifice,
the spleen T cell population was analysed by flow cytometry, showing that the large majority

belonged to the CD4+ T cell subset.

Table 17. Individual mouse features (groups 1 & 2). Each mouse is identified by a unique ear
tag ID number. * age at onset of the vaccination protocol (in weeks); ® percentage of T cells

in total leukocytes; © percentage of CD4+ or CD8+ T cells in total T cells; ¢ plate (P) number.

Nb |Mouse ld |Sex Age (weeks), | T cells (%) | T4 (%) | T8(%)q
1 731 M 22 16.9 80.6 9.58
2 736 M 27 19.9 70.8 15

3 744 F 24 241 71.9 12.3
4 753 F 24 19.2 63.2 17.9
5 758 F 24 23.2 68.3 17.7
11 1733 M 22 25.4 71.2 12.6
12 1738 M 24 30.9 74.9 12.2
13 1746 F 22 25.7 70.9 10.8
14 | 755 F 24 20.5 68.4 14.8
15 {756 F 26 15.8 70.7 14.1
21 1740 M 24 22.1 77.6 13.7
22 742 F 22 25.6 70.3 16.5
23 1748 F 22 17.1 55.1 16.3
24 1749 F 23 14 65.5 17.5
25 752 F 24 15.4 60.3 20.1

After plating and incubation with the appropriate stimuli, the IFNy-producing cells were
revealed and counted. The data were then normalized as a number of specific spots (the
average counts obtained in the ‘medium only’ condition being subtracted) per 10° total T

cells.

The individual average values (obtained from the quadruplicates) were next used to plot the
group average values (see Figure 4). Overall, vaccination with the FOXM1-B2 pAg bacterial
peptide (SEQ ID NO: 75) induced strong T cell responses in the ELISPOT-IFNy assay. £x vivo
re-stimulation with the FOXM1 -B2 pAg promoted higher response than with the human
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FOXM1-H2 pAg peptide. However, an efficient activation of T cells could be observed after
ex vivo re-stimulation with the FOXM1-H2, showing that vaccination with FOXM1-B2
peptide could drive activation of T cells recognizing the human tumor-associated antigen

FOXM1-H2, thus supporting the use of FOXM1-B2 for vaccination in humans.

Accordingly, those results provide experimental evidence that tumor-antigen immunotherapy
targeting FOXMT1 is able to improve T cell response /n vivo and that the FOXM1-B2 bacterial
peptide (SEQ ID NO: 75), which was identified as outlined in Examples 8 and 9, is particularly

efficient for that purpose.

Example 13: Validation of 10 aa bacterial sequence variants of tumor-related epitopes in

the human microbiome

In the following, it is demonstrated that bacterial sequences having a length of 10 amino acids
(10 aa) identified according to the present invention are able to induce immune activation

against tumor associated epitopes.

Interleukin-13 receptor subunit alpha-2 (IL-13Ra2 or IL13RA2) was selected as tumor
associated antigen essentially for the same reasons as described in Example 1. Briefly,
IL13RA2 selection was based on the facts that (i) it comprises an epitope identified as a CTL
(cytotoxic T lymphocyte) epitope (Okano F, Storkus WJ, Chambers WH, Pollack IF, Okada
H. Identification of a novel HLA-A*0201-restricted, cytotoxic T lymphocyte epitope in a
human glioma-associated antigen, interleukin 13 receptor alpha2 chain. Clin Cancer Res.
2002 Sep;8(9): 2851-5); (ii) IL13RA2 is referenced in Tumor T-cell Antigen Database and CT
database as an overexpressed gene in brain tumor; (iii) overexpression and selective
expression of IL13RA2 was confirmed with tools as Gent, Metabolic gene visualizer and
protein atlas, analyzing data from gene expression (microarrays studies); (iv) overexpression
was also reported in literature in brain tumors (Debinski et al., Molecular expression analysis
of restrictive receptor for interleukin 13, a brain tumor-associated cancer/testis antigen. Mol
Med. 2000 May;6(5):440-9), in head and neck tumors (Kawakami et al., Interleukin-13

receptor alpha2 chain in human head and neck cancer serves as a unique diagnostic marker.
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Clin Cancer Res. 2003 Dec 15;9(17):6381-8) and in melanoma (Beard et al., Gene expression
profiling using nanostring digital RNA counting to identify potential target antigens for
melanoma immunotherapy. Clin Cancer Res. 2013 Sep 15;19(18):4941-50), and (v), 2 9 aa
bacterial sequence (SEQ ID NO: 18) able to induce T cell activation against an IL13RA2
epitope (SEQ ID NO: 1) was already identified (Examples 1 - 7).

Epitopes of IL13RA2, which have a length of 10 amino acids and which are presented
specifically by MHC-I, were identified. To this end, the tumor-related antigen sequence (of
IL13RA2) was analyzed by means of “Immune epitope database and analysis resource” (IEDB;
http://www.iedb.org/; for MHC-I analysis in particular:
http://tools.immuneepitope.org/analyze/html/mhc_processing.htm} - as used for IL13RA2
analysis, see also http:/tools.immuneepitope.org/processing/) combining proteasomal
cleavage, TAP transport, and MHC class | analysis tools for prediction of peptide presentation.
Namely, the protein sequence of IL13RA2 was submitted to that IEDB analysis tool for
identification of potential epitopes that could be presented by HLA.A2.1. /n silico affinity of
candidate epitopes to HLA A2.1 was calculated using NetMHCpan 3.0 tool
(http://www .cbs.dtu.dk/services/NetMHCpan/) with a maximum accepted affinity of 3000 nM
(IC50), to identify epitopes, which have a good chance to be efficiently presented by MHC
Affinity. Thereby, a list of 19 potential IL13RA2 epitopes of 10 amino acids was obtained.

The 19 selected IL13RA2-epitopes were compared to the “Integrated reference catalog of the
human gut microbiome” (available at http:/meta.genomics.cn/meta/home) in order to
identify microbiota sequence variants. To this end, a protein BLAST search (blastp) was
performed using the “PAM-30" protein substitution matrix, which describes the rate of amino
acid changes per site over time, and is recommended for queries with lengths under 35 amino
acids; with a word size of 2, also suggested for short queries; an Expect value (E) of 20000000,
adjusted to maximize the number of possible matches; the composition-based-statistics set to
‘0’, being the input sequences shorter than 30 amino acids, and allowing only un-gapped
alignments. Thereafter, the blastp results were filtered to obtain exclusively microbial peptide
sequences with a length of 10 amino acids (for binding to HLA-A2.1), admitting mismatches
only at the beginning and/or end of the human peptide, with a maximum of 3 mismatches

allowed per sequence. Furthermore, only bacterial sequences were selected, which show a
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very strong affinity (%rank < 0.5), and where the human reference epitope shows at least

strong affinity (for human peptide) (% rank < 1.5).Thereby a list of 11 bacterial peptides having

similarity with 5 ILT3RA2 tumor associated peptides were identified.

Table 18: 10aa bacterial peptides having similarity with epitopes of human IL13RA2

Bacterial | Human Affinity Affinity Affinity Affinity

peptide, | reference | human human bacterial bacterial

SEQID # | epitope, peptide peptide [nM] | peptide %rank | peptide [nM]

SEQID # | %rank

132 127 0,7 54,6434 0,4 24,6345
133 127 0,7 54,6434 0,06 6,4119
134 127 0,7 54,6434 0,4 23,1945
135 128 0,125 9,6997 0,25 17,3756
136 129 0,7 51,5016 0,05 5,5782
137 129 0,7 51,5016 0,05 5,5782
138 130 0,7 50,2853 0,4 25,6338
139 131 1,3 136,856 0,03 4,4932
140 131 1,3 136,856 0,06 6,4084
158 131 1,3 136,856 0,05 5,8225
141 130 0,7 50,2853 0,4 26,8938

Next, the bacterial proteins containing the bacterial peptides shown in Table 18 were

identified. Moreover, the annotation of the bacterial proteins containing the selected bacterial

epitope sequence variants was performed as described above. Results are shown in Table 19.

Table 19 shows the SEQ ID NOs of the bacterial proteins containing the bacterial peptides

shown in Table 18, their annotation and cellular localization:

Bacterial | Bacterial | Phylum Genus Consensus cellular
eptide, rotein localization
pep P
SEQID # |SEQID #
132 22 Unknown Unknown cytoplasmic
133 142 Firmicutes Hungatella transmembrane
134 143 Unknown Unknown cytoplasmic
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135 144 Firmicutes Unknown transmembrane
136 28 Firmicutes Coprobacillus transmembrane
137 145 Unknown Unknown transmembrane
138 146 Unknown Unknown cytoplasmic

139 147 Unknown Unknown cytoplasmic

139 148 Firmicutes Blautia transmembrane
139 149 Unknown Unknown transmembrane
139 150 Firmicutes Blautia transmembrane
139 151 Firmicutes Blautia transmembrane
140 152 Firmicutes Clostridium transmembrane
140 153 Firmicutes Clostridium transmembrane
140 154 Unknown Unknown transmembrane
158 155 Unknown Unknown transmembrane
140 156 Firmicutes Lachnoclostridium | transmembrane
141 157 Unknown Unknown cytoplasmic

Table 19 shows that the bacterial peptide according to SEQ ID NO: 139 (FLPFGFILPV; also
referred to herein as “IL13RA2-BL") was identified in the most distinct bacterial proteins
expressed in human microbiota, namely, in five distinct bacterial proteins. For this reason,
the bacterial peptide according to SEQ ID NO: 139 (FLPFGFILPV) was selected for /in vitro
and /n vivo experimental testing. The corresponding human IL13RA2 epitope WLPFGFILIL
(ILT3RA2-HL, SEQ ID NO: 131), encompasses the sequence of IL13RA2-H peptide (SEQ 1D
NO: 1).

Example 14: Bacterial peptide [L13RA2-BL (SEQ ID NO: 139) binds to HLA-A*0201 allele
/n vitro and has superior affinity to the HLA-A*0201 allele /n vitro than the

corresponding human epitope

This Example provides evidence that the bacterial peptide of sequence SEQ 1D NO: 139
(FLPFGFILPV; also referred herein as “IL13RA2-BL”) binds to HLA-A*0201 allele /n vitro and
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has high affinity to the HLA-A*0201 allele /n vitro, while the corresponding reference human

peptide derived from IL13RA2 displays low affinity.

A. Materials and Methods

Al. Measuring the affinity of the peptide to T2 cell line.

The experimental protocol is similar to the one that was validated for peptides presented by
the HLA-A*0201 (Tourdot et al., A general strategy to enhance immunogenicity of low-affinity
HLA-A2.1-associated peptides: implication in the identification of cryptic tumor epitopes. Eur
J Immunol. 2000 Dec; 30(12):3411-21). Affinity measurement of the peptides is achieved
with the human tumoral cell T2 which expresses the HLA-A*0201 molecule, but which is

TAP1/2 negative and incapable of presenting endogenous peptides.

T2 cells (2.10° cells per well) were incubated with decreasing concentrations of peptides from
100 pM to 0.1 pM in a AIMV medium supplemented with 100 ng/ul of human g2m at 37°C
for 16 hours. Cells were then washed two times and marked with the anti-HLA-A2 antibody

coupled to PE (clone BB7.2, BD Pharmagen).

The analysis was performed by FACS (Guava Easy Cyte). For each peptide concentration, the
geometric mean of the labelling associated with the peptide of interest was subtracted from
background noise and reported as a percentage of the geometric mean of the HLA-A*0202
labelling obtained for the reference peptide HIV pol 589-597 at a concentration of 100uM.

The relative affinity is then determined as follows:

relative affinity = concentration of each peptide inducing 20% of expression of HLA-A*02071

/ concentration of the reference peptide inducing 20% of expression of HLA-A*0201.

A2. Solubilisation of peptides

Each peptide was solubilized by taking into account the amino acid composition. For peptides
which do not include any cysteine, methionine, or tryptophan, the addition of DMSO is
possible to up to 10% of the total volume. Other peptides are re-suspended in water or PBS
pH7.4.
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B. Results

For T2 Cells: Mean fluorescence intensity for variable peptidic concentrations: The bacterial
peptide IL13RA2-BL (SEQ ID NO: 139) binds to HLA-A*0201, while the corresponding
human peptide does not bind to HLA-A*0201._The bacterial peptide IL13RA2-BL (SEQ 1D

NO: 139) shows a strong binding affinity to HLA-A*0201, namely, 69% of maximum HIV pol
589-597 binding activity at 100 pM; 96% at 25uM and 43% at 6.25 uM. Results are also

shown in Figure 5.

Example 15: Vaccination of mice with the bacterial peptide IL13RA2-BL (SEQ ID NO: 139)

induces improved T cell responses in a ELISPOT-IFNy assay

A. Materials and Methods

A.1 Mouse model
Two different mice models were used for the study. The features of the model used are

outlined in Table 20:

Model 1 C57BL/6J B2m "™V"|Ab/ Tg(HLA-DRA HLA-DRB1*0301)#6h Tg(HLA-A/H2-D/B2M)18°¢
Acronym B/A2/DR3 HHDDR3
Description Immunocompetent, no mouse class | and class Il MHC

C57BL/63IB2mtmIUncIAb/"Tg(HLA-DRA,HLA-DRB1*0101#GihTg(HLA-A/H2-
Model 2 D/B2M)1Bpe

Acronym 3/A2/DR1 HHDDR1

Description Immunocompetent, no mouse class | and class It MHC

These mice have been described in several reports (Koller et al., Normal development of mice
deficient in beta 2M, MHC class | proteins, and CD8+ T cells. Science. 1990 Jun
8;248(4960):1227-30. Cosgrove et al., Mice lacking MHC class Il molecules. Cell. 1991 Sep
6;66(5):1051-66; Pascolo et al.,, HLA-A2.1-restricted education and cytolytic activity of
CD8(+) T lymphocytes from beta2 microglobulin (beta2m) HLA-A2.1 monochain transgenic
H-2Db beta2m double knockout mice. J Exp Med. 1997 Jun 16;185(12):2043-51).



10

15

25

WO 2019/072871 PCT/EP2018/077515

103

A.2. Immunization scheme.
The immunization scheme is shown in Figure 1. Mice were immunized with a specific

vaccination peptide (vacc-pAg) combined to a common helper peptide (h-pAg).

The peptides were provided as follows:
e vacc-pAg: IL13RA2-BL; all produced and provided at a 4 mg/ml (4mM) concentration;
e h-pAg: HHD-DR3 peptide (SEQ ID NO: 32); for immunization of p/A2/DR3 HHDDR3
mice provided at a 4 mg/ml (4mM) concentration
e h-pAg: UCP2 peptide (SEQ ID NO: 159); for immunization of B/A2/DR1 HHDDR1

mice provided at a 4 mg/ml (4mM) concentration

The animals were immunized on day 0 (d0) with a prime injection, and on d14 with a boost
injection. Each mouse was injected s.c. at tail base with 100 pL of an oil-based emulsion that
contained:

e 100 pg of vacc-pAg (25 pL of 4 mg/mL stock per mouse);

e 150 pg of h-pAg (15 pL of 10 mg/mL stock per mouse);

e 10 pL of PBS to reach a total volume of 50 pL (per mouse);

e Incomplete Freund’s Adjuvant (IFA) added at 1:1 (v:v) ratio (50 pl per mouse).

A separate emulsion was prepared for each vacc-pAg, as follows: IFA reagent was added to
the vacc-pAg/h-pAg/PBS mixture in a 15 mL tube and mixed on vortex for repeated cycles of

1 min until forming a thick emulsion.

A.3. Mouse analysis
Seven days after the boost injection (i.e. on d21), the animals were euthanized and the spleen
was harvested. Splenocytes were prepared by mechanical disruption of the organ followed

by 70 pm-filtering and Ficoll density gradient purification.

The splenocytes were immediately used in an ELISPOT-IFNy assay (Table 21). Experimental

conditions were repeated in quadruplets, using 2*10° total splenocytes per well, and were



10

15

20

WO 2019/072871 PCT/EP2018/077515

104

cultured in presence of vacc-pAg (10 uM), Concanavalin A (ConA, 2.5 pg/mL) or medium-
only to assess for their capacity to secrete IFNy. The commercial ELISPOT-IFNy kit (Diaclone
Kit Mujrine IFNy ELISpot) was used following the manufacturer’s instructions, and the assay

was performed after about 16h of incubation.

Table 21. Setup of the ELISPOT-IFNy assay.

Vaccination Peptide (vacc-

Group pAg) Stimulus Wells | Animal | Total
Medium 2 15 30
1 HHD DR3 ’%ﬁ%éf;é‘é?cgﬁﬁg)ﬁ;‘s ConA (2,5ug/ml) |2 15 30
mice (15 mice) " IFF)A PAS ML13RA2-BL 2 15 30
P ILI3RAZ-L 2 15 30
Medium 3 5 15
2 HHD DRI ’i}é’;ﬁi?éﬁﬁf"j\’\? 'ﬂ;‘s ConA Q,5pg/mh 13 |5 5
mice (5 mice) Pia P8 P IT3RA2 BL 3 5 15
ILT3RA2-HL 3 5 15

Spots were counted on a Grand ImmunoSpot® Sé6 Ultimate UV Image Analyzer interfaced to
the ImmunoSpot 5.4 software (CTL-Europe). Data plotting and statistical analysis were

performed with the Prism-5 software (GraphPad Software Inc.).

Results are shown in Figures 6 and 7. Results show that immunization of mice with IL13RA2-
BL peptide (SEQ 1D NO: 139) lead to strong response of splenocytes against either IL13RA2-
BL and also against IL13RA2-HL (SEQ ID NO: 131) in mice. Thus, IL13RA2-BL is strongly
immunogenic and is able to drive an effective immune response against human peptide
ILT3RA2-HL.

Example 16: Validation of the method for identification of a microbiota sequence variant

in a mouse model

The present invention relates to identification of peptides expressed from microbiota, such as
commensal bacteria, and able to promote immune response against tumor specific antigens
of interest. In particular, the method enables identification of bacterial peptides, which are

sequence variants of tumor associated peptides and which able to bind to human MHC (such
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as HLA.A2.07). The examples described herein provide evidence that the method according
to the present invention enables identification of microbiota sequence variants of epitopes
with strong binding affinity to MHC (for example, HLA.A2) and vaccination with microbiota
sequence variants of epitopes is able to induce immunogenicity against the respective

reference epitopes.

Without being bound to any theory, the present inventors assume that reference epitopes
(“from self”) result in specific T cell clone exhaustion during thymic selection. Furthermore,
without being bound to any theory, the present inventors also assume that immune system
has been primed with the bacterial proteins/peptides of commensal bacteria and/or has the

ability to better react to bacterial proteins/peptides of commensal bacteria.

The /n vivo experiments described above were performed in HLA transgenic mice expressing
class 1 and class 2 MHC (HHD DR3 mice) using bacterial peptides identified from human
microbiota and epitopes of tumor associated antigens identified from human tumors.
However, commensal bacterial species are different in human and in mice, and epitope
sequences of human tumor specific antigens may not always have full homologs in the mice
genome. Accordingly, epitopes of human tumor antigens may represent more immunogenic
“not self” sequences in mice, while they represent less immunogenic “self” sequences in

humans.

In view thereof, in the present example microbiota sequence variants of epitopes were
identified in mice commensal bacterial proteins. Those mice microbiota sequence variants

elicit immunogenicity against epitopes of mice antigens in wild-type mice.

7. Identification of bacterial sequence variants in the murine microbiome

To identify epitopes of murine proteins, mouse annotated proteins were used as reference
sequences. Two mouse reference epitopes of interest were selected, namely, “H2 Ld M5”
(VSSVFLLTL; SEQ ID NO: 160) of mouse gene Phtf1 for BALB/c mice, and “H2 Db M2”
(INMLVGAIM; SEQ ID NO : 161) of mouse gene Stra6 for C57BL/6 mice. Phtf1 encodes the

putative homeodomain transcription factor 1, which is highly expressed in mice testis, but
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also expressed at low level in most of mouse tissues. Stra6 (stimulated by retinoic acid 6)
encodes a receptor for retinol uptake, a protein highly expressed in mice placenta, but also
expressed at medium level in in mice ovary, kidney, brain, mammary gland, intestine and fat

pad.

In order to identify murine microbiota sequence variants thereof, stool samples from BALB/c
and C57BL/6 mice were collected for mice commensal microbiota sequencing. After
collection, microbial DNA was extracted using IHMS procedure (International Human
Microbiome Standards; URL: http://www.microbiome-standards.org/#SOPS). Sequencing
was performed using Hllumina (NextSeq500) technology and a mice gut gene catalogue was

generated.

Murine microbiota sequence variants of the above described murine reference epitopes were
identified using essentially the same identity criteria as in the above examples relating to the
human gut microbiome. In particular, to reproduce the criteria used in the above examples
in the context of human microbiota and human tumor-associated epitopes, peptides were
further selected on the basis of molecular mimicry to the murine reference sequence,
assuming that the selected murine reference peptide is expressed at low - medium level in

different mice organs and has the ability to bind to mice MHC class 1 at a medium low level.

Table 22 shows the two bacterial peptides candidates were selected for /n vivo studies:

Mouse strain BALB/c C57BL/6
Mouse gene/protein Phtf1 Stra6

Murine epitope VSSVFLLTL INMLVGAIM
SEQ ID NO. 160 161

peptide name H2 Ld M5 H2 Db M2
Mice rank 2,5 3,5

Microbial sequence KPSVFLLTL GAMLVGAVL
SEQ ID NO. 162 163

peptide name H2 Ld B5 H2 Db B2
Microbial rank 0,07 0,6
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Bacterial peptide H2 Ld B5 (SEQ ID NO: 162) is a fragment of a protein found in the
microbiota of BALB/c mice. H2 Ld B5 is a sequence variant of the Phtf1 peptide (H2 Ld M5;
SEQ 1D NO: 160).

Bacterial peptide H2 Db B2 (SEQ ID NO: 163) is a fragment of a protein found in the
microbiota of C57BL/6 mice. H2 Db B2 is a sequence variant of the Stra6 peptide (H2 Db
M2; SEQ ID NO: 161).

2. Bacterial peptides H2 Ld B5 (SEQ ID NO: 162) and H2 Db B2 (SFQ ID NO: 163)
induce immunogenicity in mice and allow activation of T cells reacting against mice

homolog peptides

A. Materials and Methods

A. 1 Mouse model
Healthy female BALB/c mice (n = 12) and healthy female C57BL/6) mice (n = 11), 7 weeks
old, were obtained from Charles River (France). Animals were individually identified and

maintained in SPF health status according to the FELASA guidelines.

A.2. Immunization scheme.

The immunization scheme is shown in Figure 1. Briefly, BALB/c mice and C57BL/6 mice
were assigned randomly to two experimental groups for each mouse strain, each group
immunized with a specific vaccination peptide (vacc-pAg) combined to a common helper
peptide (OVA 323-339 peptide; sequence: ISQAVHAAHAEINEAGR; SEQ 1D NO: 164) and

Incomplete Freund’s Adjuvant (IFA) as shown in Table 23.

Table 23: experimental groups

Peptide Animal
Group | Mice (vacc-pAg) | Helper (h-pAg) |Prime |Boost number
1 BALB/c |No OVA 323-339 |+ + (1X) 6
2 BALB/c |H2LdB5 OVA 323-339 |+ + (1X) 6
3 C57BL/6 | No OVA 323-339 |+ + (1X) 5
4 C57BL/6 [H2 Db B 2 OVA 323-339 |+ + (1X) 6
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The peptides were provided as follows:
e couples of vacc-pAg: H2 Ld B5 and H2 Db B2; all produced and provided at a 4 mg/m|
(4mM) concentration; and

e h-pAg: OVA 323-339 (SEQ ID NO: 164); provided at a 4 mg/ml (4mM) concentration.

The animals were immunized on day 0 (d0) with a prime injection, and on d14 with a boost
injection. Each mouse was injected s.c. at tail base with 100 pL of an oil-based emulsion that
contained:

e 100 pg of vacc-pAg (25 pL of 4 mg/mL stock per mouse);

e 150 pg of h-pAg (15 pL of 10 mg/mL stock per mouse);

e 10 pL of PBS to reach a total volume of 50 pyL (per mouse);

e Incomplete Freund’s Adjuvant (IFA) added at 1:1 (v:v) ratio (50 pL per mouse).

A separate emulsion was prepared for each vacc-pAg, as follows: IFA reagent was added to
the vacc-pAg/h-pAg/PBS mixture in a 15 mL tube and mixed on vortex for repeated cycles of

1 min until forming a thick emulsion.

A.3. Mouse analysis

Seven days after the boost injection (i.e. on d21), the animals were euthanized and the spleen
was harvested. Splenocytes were prepared by mechanical disruption of the organ followed
by 70 pm-filtering and Ficoll density gradient purification. Spleen weight, splenocyte number

and viability were immediately assessed (Table 24).

Table 24: Setup of the ELISPOT-IFNy assay.

Group I\S/\t(r);sne Vaccination A?\}Zal Splee(:qgelght (Mri\iﬁg'ns) Viability (%)
1 BALB/c OVA + IFA 6 126,0 101,8 97,1
7 125,1 135,4 96,9
8 137,9 132,8 97,0
9 144,2 79,2 96,7
10 111,2 69,5 97,3
11 111,6 74,5 97,8
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OVA + IFA +
2 BALB/c H2 Ld BS 42 135,0 95,9 98,4
43 166,0 116,2 97,6
44 161,8 78,5 98,2
45 159,0 91,3 98,7
46 231,0 133,1 98,7
47 148,3 108,8 98,1
3 C57BL/6 OVA + IFA 54 93,8 129,1 98,4
55 91,6 89,0 98,2
56 125,1 123,1 97,9
57 97,6 81,3 98,4
58 110,6 90,2 98,2
OVA + IFA +
11 C57BL/6 H2 Db B2 59 101,5 85,6 98,9
60 103,9 75,5 98,9
61 97,5 82,0 99,1
62 134,3 88,0 98,1
63 105,7 96,6 99,0
64 90,7 90,5 99,1

The splenocytes were used in an ELISPOT-IFNy assay (Table X). Experimental conditions were

repeated in quadruplets, using 2*10° total splenocytes per well, and were cultured in presence

of vacc-pAg (10 pM), mice peptide homolog, positive control (1 ng/ml of Phorbol 12-myristate

13-acetate (PMA) and 500 ng/ml of lonomycin) or medium-only to assess for their capacity

to secrete IFNy.

The commercial ELISPOT-IFNy kit (Diaclone Kit Mujrine IFNy ELISpot) was used following

the manufacturer’s instructions, and the assay was performed after about 16h of incubation.

Table 25. Setup of the ELISPOT-IFNy assay.

Group Mice Stimulus Wells Animal Total
H2 Lb B5 (KPSVFLLTL) 3 6 18

1 BALBc PMA plus ionomycin 3 6 18
Medium 3 6 18
H2 Lb B5 (KPSVFLLTL) 3 6 18

5 BALBC H2 Ld M5 ‘(VSSVFL‘LTL) 3 6 18
PMA plus ionomycin 3 6 18
Medium 3 6 18
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H2 Db B2
(GAMLVGAVL) 3 5 15
3 C57BL6 PMA plus ionomycin 3 5 15
Medium 3 5 15
H2 Db B2
(GAMLVGAVL) 3 6 18
H2 Db M2
4 C57BL6 (INMLVGAIM) 3 6 18
PMA plus ionomycin 3 6 18
Medium 3 6 18

Spots were counted on a Grand ImmunoSpot® S6 Ultimate UV Image Analyzer interfaced to
the ImmunoSpot 5.4 software (CTL-Europe). Data plotting and statistical analysis were

performed with the Prism-5 software (GraphPad Software Inc.).

B. Results

Results are shown in Figures 8 (for C57BL/6 mice) and 9 (for BALB/c mice). Overall,
vaccination with the bacterial peptides H2 Db B2 (SEQ ID NO: 163) and H2 Ld B5 (SEQ ID
NO: 162) induced improved T cell responses in the ELISPOT-IFNy assay. Furthermore,
vaccination with the bacterial peptides H2 Db B2 and H2 Ld B5 also induced improved T
cell responses in the ELISPOT-IFNy assay against the murine reference epitopes H2 Db M2
and H2 Ld M5, respectively. In control mice (vaccinated with OVA 323-339 plus IFA), no
unspecific induction of T cell responses were observed in response to ex vivo stimulation

with bacterial peptides H2 Db B2 and H2 Ld B5 in the ELISPOT-IFNy assay.

In summary, those results provide experimental evidence that the method for identification of
microbiota sequence variants as described herein is efficient for identification of microbiota

sequence variants inducing activation of T cells against host reference peptides.
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TABLE OF SEQUENCES AND SEQ ID NUMBERS (SEQUENCE LISTING):

SEQ ID NO Sequence Remarks
SEQIDNO: 1  [WLPFGFILI IL13RA2 epitope,
IL13RA2-H
SEQID NO: 2  |LLDTNYNLF IL13RA2 epitope
SEQID NO:3  [CLYTFLIST IL13RA2 epitope
SEQID NO: 4  |FLISTTFGC IL13RA2 epitope
SEQIDNO:5 [VLLDTNYNL IL13RA2 epitope
SEQID NO: 6  |YLYTFLIST Sequence variant
SEQID NO:7  [KLYTFLISI Sequence variant
SEQID NO: 8  |CLYTFLIGV Sequence variant
SEQIDNO:9  |FLISTTFTI Sequence variant
SEQ ID NO: 10 [FLISTTFAA Sequence variant
SEQID NO: 11 [TLISTTFGV Sequence variant
SEQ ID NO: 12 [KLISTTFGI Sequence variant
SEQ ID NO: 13 [NLISTTFGI Sequence variant
SEQ ID NO: 14 [FLISTTFAS Sequence variant
SEQID NO: 15 [VLLDTNYE! Sequence variant
SEQID NO: 16 [ALLDTNYNA Sequence variant
SEQ ID NO: 17 JALLDTNYNA Sequence variant
SEQ ID NO: 18 Sequence variant,
FLPFGFILV IL13RA2-B
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SEQ ID NO: 19

QYTNVKYPFPYDPPYVPNENPTGLYHQKFHLSK
EQKQYQQFLNFEGVDSCFYLYVNKTFVGYSQVS
HSTSEFDITPFTVEGQNELHVIVLKWCDGSYLED
QDKFRMSGIFRDVYLMFRPENYVWDYNIRTSLS
NENSKAKIEVFIMNQGQLKNPHYQLLNSEGIVL
WEQYTKDTSFQFEVSNPILWNAEAPYLYTFLISTE
EEVIVQQLGIREVSISEGVLLINGKPIKLKGVNRH
DMDPVTGFTISYEQAKKDMTLMKEHNINAIRTS
HYPNAPWFPILCNEYGFYVIAEADLEAHGAVSFY
GGGYDKTYGDIVQRPMFYEAILDRNERNLMRD
KNNPSIFMWSMGNEAGYSKAFEDTGRYLKELDP
TRLVHYEGSIHETGGHKNDTSMIDVFSRMYASV
DEIRDYLSKPNKKPFVLCEFIHAMGNGPGDIEDY
LSLFYEMDRIAGGFVWEWSDHGIYMGKTEEGIK
KYYYGDDFDIYPNDSNFCVDGLTSPDRIPHQGL
LEYKNAIRPIRAALKSAIYPYEVTLINCLDFTNAKD
LVELNIELLKNGEVVANQRVECPDIPPRCSTNIKI
DYPHFKGVEWQEGDYVHINLTYLQKVAKPLTPR
NHSLGFDQLLVNEPSRKEFWSVGNEFDIQNRTP!
DNNEEISIEDLGNKIQLHHTNFHYVYNKFTGLFD
SIVWNQKSRLTKPMEFNIWRALIDNDKKHADD
WKAAGYDRALVRVYKTSLTKNPDTGGIAIVSEFS
LTAVHIQRILEGSIEWNIDRDGVLTFHVDAKRNL
SMPFLPRFGIRCFLPSAYEEVSYLGFGPRESYIDKH
RASYFGQFHNLVERMYEDNIKPQENSSHCGCRE
VSLQNNAKDQIYVASKEAFSFQASRYTQEELEKK
RHNYELVKDEDTILCLDYKMSGIGSAACGPELAE
QYQLKEEEIKFSLQIRFDRS

Bacterial protein

SEQ ID NO: 20

MKTIRKLYTFLISIFVILSLCSCYNDTHHTWQNED
GTILAVDEVANGQIPVFQGSTPTKDSSSQYEYSF

Bacterial protein

SEQ ID NO: 21

MATLYCLYTFLIGVLYHSAWFLTQAFYYLLLFLIRL
ILSHQIRTSCNSSPLTRLKTCLMIGWLLLLFTPILSG
MTILIPHQESSTTHFSONVLLVVALYTFINLGNVL
RGFAKPRRATVLLKTDKNVVMVTMMTSLYNLQ
TLMLAAYSHDKSYTQLMTMTTGLVHVITIGLAL
WMIESRHKIKQLANNAG

Bacterial protein

SEQ ID NO: 22

ICAKNNGNPNTSSTNYAFLISTTFTINKGFVDVYS
ELNHALYSYDTVTFSGGTHARTGSSASSSYRPIRL
GLNSSNPIVINAPTFTLDLSKQSDGSAMTTYSDV
SNDKVKTLLAASGSSANHYAKLTSEFPPTVSTSTT
GSGVTVSVKTDGQQQYLFIARYDSTGHLLELQ
QRLRGEEAILKAEFTFPTVSPT

Bacterial protein
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SEQ ID NO: 23

MEHKRKKQWILHMLLLTVCSVFVVYAGREWMF
TNPFKPYTFSSVSYASGDGDGCTYVIDDSNRKIL
KISADGRLLWRACASDKSFLSAERVVADGDGNV
YLHDVRIEQGVQIASEGIVKLSSKGKYISTVASVE
AEKGSVRRNIVGMVPTEHGVVYMQKEKEGILVS
NTEQGSSKVFSVADAQDRILCCAYDRDSDSLFY
VTYDGKIYKYTDSGQDELLYDSDTVDGSIPQEIS
YSDGVLYSADIGLRDHRIPCDMENTGSTDRLTVE
ESLKEREIAYHVSAPGTLVSSTNYSVILWDGEDYE
QFWDVPLSGKLQVWNCLLWAACAVIVAAVLFF
AVTLLKILVKKFSFYAKITMAVIGHVGVAALFIGTL
FPOQFQSLLVDETYTREKFAASAVTNRLPADAFQR
LEKPSDFMNEDYRQVRQVVRDVFFSDSDSSQDL
YCVLYKVKDGTVTLVYTLEDICVAYPYDWEYEG
TDLQEVMEQGATKTYATNSSAGGFVFIHSPIRDK
SGDHGHEVGTDMNSLTEKSREIQVSLIINLIAIMV
VFFMLTFEVIYFIKGRQELKRRKQEEDNSRLPVEIF
RFIVFLVFFFTNLTCAILPIYAMKISEKMSVQGLSPA
MLAAVPISAEVLSGAIFSALGGKVIHKLGAKRSVF
VSSVLLTAGLGLRVVPNIWLLTLSALLLCGAGWGV
LLLLVNLMIVELPDEEKNRAYAYYSVSSLSGANCA
VVFGGFLLQWMSYTALFAVTAVLSVLLFLVANK
YMSKYTSDNEEENCETEDTHMNIVQFIFRPRISFF
LLMMIPLLICGYFLNYMFPIVGSEWGLSETYIGYT
YLLNGIFVLILGTPLTEFFSNRGWKHLGLAVAAFI
YAAAFLEVTMLONIPSLLIALALIGVADSFGIPLLTS
YFTDLKDVERFGYDRGLGVYSLFENGAQSLGSF
VFGYVLVLGVGRGLIFVLILVSVLSAAFLISTTFAA
HRDKRRSKNMEKRRKLNVELIKFLIGSMLVVGVL
MLLGSSLVNNRQYRKLYNDKALEIAKTVSDQVN
GDFIEELCKEIDTEEFEQIQKEAVAADDEQPIIDW
LKEKGMYQNYERINEYLHSIQADMNIEYLYIQMI
QDHSSVYLFDPSSGYLTLGYKEELSERFDKLKGNE
RLEPTVSRTEFGWLSSAGEPVLSSDGEKCAVAFRV
DIDMTEIVRNTIRFTVLMVCLCILILAAGMDISRKI
KKRISRPIELLTEATHKFGNGEEGYDENNIVDLDI
HTRDEIEELYHATQSMQKSIINYMDNLTRVTAEK
ERIGAELNVATQIQASMLPCIFPAFPDRDEMDIY
ATMTPAKEVGGDFYDFFMVDDRHMAIVMADYV
SGKGVPAALFMVIGKTLIKDHTQPGRDLGEVFTE
VNNILCESNENGMFITAFEGVLDLVTGEFRYVNA
GHEMPFVYRRETNTYEAYKIRAGFVLAGIEDIVYK
EQKLQLNIGDKIFQYTDGVTEATDKDRQLYGM
DRLDHVLNQQCLSSNPEETLKLVKADIDAFVGD
NDQFDDITMLCLEYTKKMENQRLLNNC

Bacterial protein

SEQ ID NO: 24

MAACAACRWLMNEKTLUISTTFGVGQLTLNAVE
HKAKQDCY

Bacterial protein
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SEQ ID NO: 25

MAKLNIGIFTDTYFPQLNGVATSVQTLRRELEKR
GHQVYIFTPYDPRQQQETDDHIFRLPSMPFIFVK
NYRACFVCPPHILRKIHQLKLDHHTQTEFSLGFL
GKLISTTFGIPMVHTYHTMYEDYVHYIAGGHLIS
AEGAREFSRIFCNTAMAVIAPTQKTERLLLSYGVN
KPISHPTGIDTSHFRKSNYDPAEILELRHSLGLKAD
TPVLISIGRIAKEKSIDVIIGALPKLLEKLPNTMMVI
VGEGMEIENLKKYADSLGIGDHLLFTGGKPWSE!
GKYYQLGDVFCSASLSETQGLTFAEAMAGGIPYV
VARRDDCIVNFMTHGETGMFFDDPAELPDLLYR
VLTOKPLREHLSTTSQNTMESLSVETFGNHVEELY
EKVVRAFQNAESIPLHSLPYIKGTRVVHRISKIPKK
LAHRSRSYSSQIAERLPFLPRHRS

Bacterial protein

SEQ ID NO: 26

MILNAMKLINLISTTFGIGVQDLLLKESFNEVEVC
FRLPRPFCVIADDINLFYAQILDDCQFDFLYCGN
SEITINSLHSITDVENFVSHISDKLASLDLNDPDDI
EVVNSFSILVKIRKEIRERVLNIYDFIALCNYWNDL
[TWENRLFVLSKEELKRGIVFYLLEDDICSFKTEGFY
FSHNREEKPHIVNCLEDIRENVYWGNLDVYKLTP
LYFHITQRSNVENIFQETFDVLSAVFSLCSILDIVSL
NAKDGKLVYKLCGYKNINGELNIDNSFSLLKNTE
NEYFKIFRWIYIGEGNKTDKIGIARNVLSLFIAND
NIAIEDNVFSIQSSFKTYLKENLDKYVAIRNQIYQ
ELDANSLSSAVKKDFLEGFKHNLLACITFFFSTIVLE
VLGGNSKSYFLFTKEVCILCYAVFFISFLYLLWMR
GDIEVEKKNISNRYVVLKKRYSDLLIPKEIDIILRNG
EELKEQMGYIDLVKKKYTALWICSLLTLCVIVTVLS
PIGNMFAGMIFAFKSIIVIFGLLIFLLVRLGSFIL

Bacterial protein

SEQ ID NO: 27

MNVFAGIQFGIRKGLRYKVNTYSWFLADLALYA
SVILMYFLISTTFASFGAYTKTEMGLYISTYFIINNLF
AVLFSEAVSEYGASILNGSFSYYQLTPVGPLRSLILL
NFNFAAMLSTPALLAMNIYFVVQLFTTPVQVILY
YLGVLFACGTMLFVFQTISALLLFGVRSSAIASAM
[TQLFSIAEKPDMVFHPAFRKVFTFVIPAFLFSAVPS
KVMLCGTAAVSEIAALFLSPLFFYALFRILEAAGCRK

YQHAGF

Bacterial protein
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SEQ ID NO: 28

MNKALFKYFATVLIVTLLFSSSVSMVILSDQMMQ
TTRKDMYYTVKLVENQIDYQKPLDNQVEKLND
LAYTKDTRLTHDKDGNVLADSDKEGIQENHSGR
SEFKEALSDQFGYATRYSSTVKKNMMYVAYYHR
GYVVRIAIPYNGIFDNIGPLLEPLFISAALSLCVALA
LSYRFSRTLTKPLEEISEEVSKINDNRYLSFDHYQY
DEFNVIATKLKEQADTIRKTLKTLKNERLKINSILD
KMNEGFVLLDTNYEILMVNKKAKQLFGDKMEV
NQPIQDFIFDHQIDQLENIGVEPKIVTLKKDEEV
YDCHLAKVEYGVTLLFVNITDSVNATKMRQEFFS
NVSHELKTPMTSIRGYSELLQTGMIDDPKARKQA
LDKIQKEVDQMSSLISDILMISRLENKDIEVIQHPV
HLQPIVDDILESLKVEIEKKEIKVTCDLTPQTYLAN
HQHVQQLMNNLINNAVKYNKQKGSLNIHSYL
VDQDYIIEVSDTGRGISLIDQGRVFERFFRCDAG
RDKETGGTGLGLAIVKHIVQYYKGTIHLESELGK
GTTFKIVLPINKDSL

Bacterial protein

SEQ ID NO: 29

MSISLAEAKVGMADKVDQQVVDEFRRASLLLD
MLIFDDAVSPGTGGSTLTYGYTCLKTPSTVAVRE
LNTEYTPNEAKREKKTADLKIFGGSYQIDRVIAQT
SGAVNEVEFQMREKIKAAANYFHMLVINGTGA
GSGAGYVTINTFDGLKKILSGSDTEYTAEDVDIST
SALLDTNYNAFLDAVDTFISKLAEKPDILMMNTE
MLTKVRSAARRAGYYDRSKDDFGRAVETYNGIK
LLDAGYYYNGSTTEPVVAIETDGSTAIYGIKIGLN
AFHGVSPKGDKHAQHLPDFSQAGAVKEGDVE
MVAATVLKNSKMAGVLKGIKIKPTE

Bacterial protein

SEQ ID NO: 30

MPVTLAEAKVGMADKVDQQVIDEFRRSSLLLD
MLTFDDSVSPGTGGSTLTYGYVRLKTPSTVAVRS
INSEYTANEAKREKATANVILGGSFEVDRVIANTS
GAVDEIDFQLKEKTKAGANYFHNLVINGTSAAS
GAGFVVNTFDGLKKILSGSDTEYTSESDISTSALL
DTNYNAFLDELDAFISKLAEKPDILLMNNEMLTK
TRAAARRAGFYERSVDGFGRTVEKYNGIPMMD
AGQYYNGSATVDVIETSTPSTSAYGETDIYAVKL
GLNAFHGISVDGSKMIHTYLPDLQAPGAVKKGK

Bacterial protein

VELLAGAILKNSKMAGRLKGIKIKPKTTAGG
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SEQ ID NO: 31 IMVFVFSLLFSPFFALFFLLLYLYRYKIKKIHVALSVFL Bacterial protein
VAFIGIYWYPWGDNQTHFAIYYLDIVNNYYSLA
LSSSHWLYDYVIYHIASLTGQYIWGYYFWLFVPF
LFFSLLVWQIVDEQEVPNKEKWLLLILLILFLGIREL
LDLNRNTNAGLLLAIATLLWQKNKALSITCVIVSL
LLHDSVRYFIPFLPFGFILVKQSQRKTDLHITTHISG
FLIKVIAPLVVSERNAMYLEVGGGRGVGSGEMVL
QGYVNILIGHQYLHRRNKSVIAKPLYVVYIVSILIA
AALSSMWVGRERFLLVSNILATSILTSWSKLRLVE
GVKVLRNFQLIHGSYSMKIINLLLVYSAHYVENSA
TTDNQKEFSIVARSFYMPTFMLFDIENYGFSDKKF
MNLYDRVDSTIDGE

SEQ ID NO: 32 |MAKTIAYDEEARRGLERGLN HHD-DR3

SEQ ID NO: 33 [IISAVVCIA peptide

SEQ ID NO: 34 [ISAVVGIV peptide

SEQ ID NO: 35 |LFYSLADLI peptide

SEQ ID NO: 36 |ISAVVGIAV peptide

SEQ ID NO: 37 |SAVVGIAVT peptide

SEQ ID NO: 38 |YIISAVVGI peptide

SEQ ID NO: 39 |AYIISAWG peptide

SEQ ID NO: 40 |LAYHSAVV peptide

SEQ ID NO: 41 [ISAVVGIAA peptide

SEQ ID NO: 42 |SAVVGIAAG peptide

SEQ ID NO: 43 |RISAVVCI peptide

SEQ ID NO: 44 |QRISAVVG peptide

SEQ ID NO: 45 |AQRIISAVV peptide

SEQ ID NO: 46 [SAVVGIVV peptide

SEQ ID NO: 47 JAISAVVCI peptide

SEQ ID NO: 48 |GAISAVVG peptide

SEQ ID NO: 49  |AGAISAVV peptide

SEQ ID NO: 50 |LLFYSLADL peptide

SEQ ID NO: 51 [ISAVVG peptide

SEQ ID NO: 52 [SLADLI peptide

SEQ ID NO: 53 [HISAVVGIL peptide

SEQ ID NO: 54 |LLYKLADLI peptide

SEQ ID NO: 55 |YLVPIQFPV FOXMT1 epitope

SEQ ID NO: 56 |SLVLQPSVKV FOXMT1 epitope

SEQ ID NO: 57  {LVLQPSVKV FOXMT epitope

SEQ ID NO: 58 |GLMDLSTTPL FOXM1 epitope

SEQID NO: 59 |LMDLSTTPL FOXMT1 epitope

SEQ ID NO: 60 |NLSLHDMFV FOXMT epitope

SEQ ID NO: 61 |KMKPLLPRV FOXMT1 epitope
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SEQ ID NO: 62 |[RVSSYLVPI FOXM1 epitope
SEQ ID NO: 63 |ILLDISFPG FOXMT1 epitope
SEQ ID NO: 64 |LLDISFPGL FOXM1 epitope
SEQ ID NO: 65 |YMAMIQFAI FOXMT epitope
SEQ ID NO: 66 |SLSLHDMFL Sequence variant
SEQ ID NO: 67 |KLKPLLPWI Sequence variant
SEQ ID NO: 68 |KLKPLLPFL Sequence variant
SEQ ID NO: 69 |MLSSYLVPI Sequence variant
SEQ ID NO: 70 |LLSSYLVPI Sequence variant
SEQ ID NO: 71 |FVSSYLVPT Sequence variant
SEQ ID NO: 72 [KVVPIQFPV Sequence variant
SEQ ID NO: 73 |KIVPIQFPI Sequence variant
SEQ ID NO: 74 [LMDLSTTNV Sequence variant
SEQ ID NO: 75 |LMDLSTTEV Sequence variant
SEQ ID NO: 76 {WLLDISFPL Sequence variant
SEQ ID NO: 77 |HLLDISFPA Sequence variant
SEQ ID NO: 78 {ELLDISFPA Sequence variant
SEQ ID NO: 79 |VLLDISFEL Sequence variant
SEQ ID NO: 80 |VLLDISFKV Sequence variant
SEQ ID NO: 81 |IMLDISFLL Sequence variant
SEQ ID NO: 82 |LLDISFPSL Sequence variant
SEQ ID NO: 83 |YQAMIQFLI Sequence variant
SEQ ID NO: 84 |RLSSYLVEI Sequence variant
SEQID NO: 85 |MFQSVFEGFESFLFVPNTTSRSGVHIHDSIDSKRT |Bacterial protein
MTVVIVALLPALLFGMYNVGYQHYLAIGELAQT
SFWSLFLFGFLAVLPKIVVSYVVGLGIEFTAAQLR
HHEIQEGFLVSGMLIPMIVPVDTPLWMIAVATAF
AVIFAKEVFGGTGMNIFNIALVTRAFLFFAYPSKM
SGDEVFVRTGDTFGLCGAGQIVEGFSGATPLGQ
AATHTGGGALHLTDILGNSLSLHDMFLGFIPGSI
GETSTLAILIGAVILLVTGIASWRVMLSVFAGGIV
MSLICNWCANPDIYPAAQLSPLEQICLGGFAFA
AVFMATDPVTGARTNTGKYIFGFLVGVLAILIRV
FNSGYPEGAMLAVLLMNAFAPLIDYFVVEANIR
HRLKRAKNLTK
SEQID NO: 86 | MEGLEGEDAITCFNDSFNHLKDRPDWDGYITLK|Bacterial protein
EANEWYRSGNGEPLFADINKIDFDNYVSWGEK
YVGETYVINYLLHIGRNIQTHIGAKVAGQGTAF
NINIY GKKKLKPLLPWIK
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SEQ ID NO: 87

MDKEKLVLIDGHSIMSRAFYGVPELTNSEGLHTN
AVYGFLNIMFKILEEEQADHVAVAFDLKEPTFRH
QMFEQYKGMRKPMPEELHEQVDLMKEVLGAM
EVPILTMAGFEADDILGTVAKESQAKGVEVVVVS
GDRDLLQLADEHIKIRIPKTSRGGTEIKDYYPEDV
KNEYHVTPKEFIDMKALMGDSSDNIPGVPSIGEK
TAAAHEAYGSIENAYAHIEEIKPPRAKKSLEENYSL
AQLSKELAAINTNCGIEFSYDDAKTDSLYTPAAY
QYMKRLEFKSLLSRFSDTPVESPSAEAHFRMVTDF,
GEAEAVFASCRKGAKIGLELVIEDHELTAMALCT
GEEATYCFVPQGFMRAEYLVEKARDLCRTCERVS
VLKLKPLLPFLKAESDSPLFDAGVAGYLLNPLKDT
YDYDDLARDYLGLTVPSRAGLIGKQSVKMALET
DEKKAFTCVCYMGYIAFMSADRLTEELKRTEMYS
LFTDIEMPLIYSLFHMEQVGIKAERVRLKEYGDRL
KVQIAVLEQKIYEETGETFNINSPKQLGEVLFDH
MKLPNGKKTKSGYSTAADVLDKLAPDYPVVQM
ILDYRQLTKLNSTYAEGLAVYIGPDERIHGTENQ
TITATGRISSTEPNLOQNIPVRMELGREIRKIFVPED
GYVFIDADYSQIELRVLAHMSGDERLIGAYRHAE
DIHAITASEVFHTPLDEVTPLOQRRNAKAVNFGIV
YGISSFGLSEGLSISRKEATEYINKYFETYPGVKEFL
DRLVADAKETGYAVSMFGRRRPVPELKSANFM
QRSFGERVAMNSPIQGTAADIMKIAMIRVDRAL
KAKGLKSRIVLQVHDELLIETRKDEVEAVKALLVD
EMKHAADLSVSLEVEANVGDSWFDAK

Bacterial protein




WO 2019/072871

119

PCT/EP2018/077515

SEQ ID NO: 88

MDKEKIVLIDGHSIMSRAFYGVPELTNSEGLHTN
AVYGFLNIMFKILEEEQADHVAVAFDRKEPTFRH
KMFEPYKGTRKPMPEELHEQVDLMKEVLGAME
VPILTMAGYEADDILGTVAKESQAKGVEVVVVS
GDRDLLQLADEHIKIRIPKTSRGGTEIKDYYPEDV
KNEYHVTPTEFIDMKALMGDSSDNIPGVPSIGEK
TAAANIEAYGSIENAYAHIEEIKPPRAKKSLEENYSL
AQLSKELATININCGIEFSYDDAKADNLYTPAAY
QYMKRLEFKSLLSRFSDTPVESPSAEAHFQMVTD
FGEAEAIFAACKAGAKIGLELVIEDHELTAMALCT
GEEATYCFVPQGFMRAEYLVEKARDLCRSCERVS
VLKLKPLLPFLKAESDSPLFDASVAGYLLNPLKDT
YDYDDLARDYLGMTVPSRADLLGKQTIKKALES
DEKKAFTCICYMGYIAFMSADRLTEELKKAEMYS
LFTDIEMPLIYSLFHMEQVGIKAERERLKEYGDRL
KVQIVALEQKIYEETGETFNINSPKQLGEVLFDH
MKLPNGKKTKSGYSTAADVLDKLAPDYPVVQM
ILDYRQLTKLNSTYAEGLAVYIGPDERIHGTENQ
TITATGRISSTEPNLONIPVRMELGREIRKIFVPED
GCVFIDADYSQIELRVLAHMSGDERLIGAYRHA
DDIHAITASEVFHTPLNEVTPLQRRNAKAVNFGI
VYGISSFGLSEGLSISRKEATEYINKYFETYPGVKEF
LDRLVADAKETCGYAVSMFGRRRPVPELKSTNFM
QRSFGERVAMNSPIQGTAADIMKIAMIRVDRAL
KAKGLKSRIVLQVHDELLIETQKDEVEAVKALLV
DEMKHAADLSVSLEVEANVGDSWFDAK

Bacterial protein

SEQ 1D NO: 89

MHTDQFFKEPKRGGRESMLDNTQRIVSIADAN
ASSSAMDTENADTLDDYEVITKLQKKKTVIVPRV
QSMQOQDYILKHHKRMILAEINRQLDGGTLQEIAQ
DAQHPVTLHVGDCRFGDMIFWRYDARVLLTD
VHSAYIHTGEATQTYDLYCELWVDMSKGMTFT
CGECGFLEDKPCRNLWMLSSYLVPILRKDEVEQ
GAEELLLRYCPKALEDLREHDAYRLADRMACG

Bacterial protein

WNVIRFTERKAPSACFSSVRVK
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SEQ ID NO: 90

MFRIDSDTQTYPNAFTSDNMEEDENPRLDRTQE
KTVVVPRIQSMKNYILKHHKRMILSELNRQIDGG
TLQEIQATAKGCVTLNAQNCTFPDMNFWRYDT
YTLLAEVLVCVNIEIDGILQTYDLYCELIVDMRKS
MKFGYGECGFLKDKPERDLWLLSSYLVPILRKDE
VEQGAEELLLRYCPNALTDRKEHNAYVLAENMG
LHVERYPLYRQSATLSVLFFCDGYVVAEEQDEEG
RGLDTPYTVKVSAGTHINTNAVHKDCCQLEIYH
ECIHYDWHYMFFKLQDMHNSDIRNLKTKRIVLI
RDKSVTNPTQWMEWQARRGSFGLMMPLCMM
EPLVDTMRMERVNNGQHPGKEFDSIARTIARDY
KLPKFRVKARLLQMGYIAAKGALNYVDGRYIEPF
AFSAENGSGNNSFVIDRKSAFAIYQENEAFRKQ!
QSGRYVYADGHICMNDSKYVCETNNGLMLTS
WANAHIDTCCLRFTSNYEPCGISDYCFGVMNS
DEEYNRHYMAFANAKKELTEKEKLAAMTRILYSL
PASFPEALSYLMKQAHITIEKLEEKACISSRTISRLRT]
EERRDYSLDQ

Bacterial protein

SEQ ID NO: 91

RDALGKKKLGILFASLLTFCYMLAFNMLQANNM
STAFEYFIPNYRSGIWPWVIGIVESGLVACVVFG
GIYRISFVSSYLVPTMASVYLLVGLYINITNITEMPRI
LGHFKDAFDFQSITGGFAGSVVLLGIKRGLLSNE
AGMGSAPNSAATADTSHPAKQGVMQILSVGID
TILICSTSAFHLLSKTPMDPKMEGIPLMQAAISSQV
GVWGRYFVTVSHCFAFSAVIGNFGISEPNVLFIK

DSKKVLNTLK

Bacterial protein
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SEQ ID NO: 92

MKVYKTNEIKNISLLGSKGSGKTTLAESMLYECG
VINRRGSIANNNTVCDYFPVEKEYGYSVESTVFY
AEFNNKKLNVIDCPGMDDFVGNAVTALNITDA
GVIVVNSQYGVEVGTQNIYRTAAKINKPVIFALN
KMDAENVDYDNLINQLKEAFGNKVVPIQFPVA
TGPDFNSIVDVLIMKQLTWGPEGGAPTITDIAPE
YQDRAAEMNQALVEMAAENDETLMDKFFEQG
ALSEDEMREGIRKGLIDRSICPVFCVSALKDMGYV
RRMMEFLGNVVPFVNEVKAPVNTEGVEIKPDAN
GPLSVFFFKTTVEPHIGEVSYFKVMSGTLKAGMD
LNNVDRGSKERLAQISVVCGQIKTPVEALEAGDI
GAAVKLKDVRTGNTLNDKGVEYRFDFIKYPAPK
YQRAIRPVNESEIEKLGAILNRMHEEDPTWKIEQS
KELKQTIVSGQGEFHLRTLKWRIENNEKVQIEYLE
PKIPYRETITKVARADYRHKKQSGGSGQFGEVH
LIVEAYKEGMEEPGTYKFGNQEFKMSVKDKQEIA
LEWGGKIVIYNCIVGGAIDARFIPAIVKGIMDRM
EQGPVTGSYARDVRVCIYDGKMHPVDSNEISFR
LAARHAFSEAFNAASPKVLEPVYDAEVLMPADC
MGDVMSDLQGRRAHIMGMEEANGLQKINAKY
PLKEMASYSTALSSITGGRASFTMKFASYELVPTDI
QEKLHKEYLEASKDDE

Bacterial protein

SEQ ID NO: 93

MKVYETKEIKNIALLGSKGSGKTTLAEAMLLECG
VIKRRGSVENKNTVSDYFPVEKEYGYSVFSTVFYA
EFLNKKLNVIDCPGSDDFVGSAITALNVTDTGVI
LIDGQYGVEVGTQNIFRATEKLQKPVIFAMNQI
DGEKADYDNVLQQMREIFGNKIVPIQFPISCGP
GFNSMIDVLLMKMYSWGPDGGTPTISDIPDEY
MDKAKEMHQGLVEAAAENDESLMEKFFDQGTL
SEDEMRSGIRKGLIGRQIFPVFCVSALKDMGVRR
MMEFLGNVVPFVEDMPAPEDTNGDEVKPDSKG
PLSLFVFKTTVEPHIGEVSYFKVMSGTLNVGEDLT
NMNRGGKERIAQIYCVCGQIKTNV

Bacterial protein
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SEQ ID NO: 94

MKMKKWSRVLAVLLALVTAVLLLSACGGKRAEK
EDAETITVYLWSTKLYDKYAPYIQEQLPDINVEFYV
VGNNDLDFYKFLKENGGLPDITCCRFSLHDASP
LKDSLMDLSTTNVAGAVYDTYLNNFMNEDGSV
NWLPVCADAHGFVVNKDLFEKYDIPLPTDYKSF
VSACQAFDKVGIRGFTADYYYDYTCMETLQGLS
ASELSSVDGRKWRTTYSDPDNTKREGLDNTVW
PKAFERMEQFIQDTGLSQDDLDMNYDDIVEMY
QSGKLAMYFGSSSGVKMFQDQGINTTFLPFFQE
NGEKWLMTTPYFQVALNRDLTQDETRLKKANK
VLNIMLSEDAQTQILYEGQDLLSYSQDVDMQLT
EYLKDVKPVIEENHMYIRIASNDFFSVSKDVVSK
MISGEYDAEQAYESFNTQLLEEESHSESVVLDSQ
KSYSNRFHSSGGNAAYSVMANTLRGIYGTDVLI
ATGNSFTGNVLKAGYTEKMAGDMIMPNDLAA
YSSTMNGAELKETVKNFVEGYEGGFIPFNRGSLP
VFSGISVEVKETEDGYTLSKVTKDGKKVQDNDT
FTVTCLAIPKHMETYLADENIVFDGGDTSVKDT
WTGYTSDGEAILVEPEDYINVR

Bacterial protein

SEQ ID NO: 95

MEKKKWNRVLSVLFVMVTALSLLSGCGGKRAEK
EDKETITVYLWTTNLYEKYAPYIQKQLADINIEFV
VGNNDLDFYKFLKENGGLPDIITCCRFSLHDASP
LKDSLMDLSTTNVAGAVYDTYLNSFQNEDGSV
NWLPVCADAHGFLVNKDLFEKYDIPLPTDYESF
VSACEAFDKVGIRGFTSDYFYDYTCMETLQGLS
ASELSSPDGRKWRTGYSDPDNTKIEGLDRTVWP
EAFERMEQFIRDTGLSRDDLDMDYDAVRDMFK
SGKLAMYFGSSADVKMMQEQGINTTFLPFFQE
NGEKWIMTTPYFQVALNRDLSKDDTRRKKAMK
ILSTMLSEDAQKRISDGQDLLSYSQDVDFKLTKY
LNDVKPMIQENHMYIRIASNDFFSVSKDVVSKMI
SGEYDAGQAYQVFHSQLLEEESASENIVLDSQKS
YSNRFHSSGGNEAYSVMVNTLRGIYGTDVUIAT
GNSFTGNVLKAGYTEKMAGDMIMPNGLSAYSS
KMSGTELKETLRNFVEGYEGGFIPFNRGSLPVVS
GISVEIRETDEGYTLGKVTKDGKQVQDNDIVTY
TCLALPKHMEAYPADDNIVFGGEDTSVKDTWLE

YISEGDAILAEPEDYMTLR

Bacterial protein
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SEQ ID NO: 96

MKKKKWNKILAVLLAMVTAVSLLSGCGGKSAEK
EDAETITVYLWSTNLYEKYAPYIQEQLPDINVEFV
VGNNDLDFYKFLEENGGLPDHTCCRFSLHDASP
MKDSLMDLSTTNVAGAVYDTYLRNEMNEDGS
VNWLPVCADAHGFVVNKDLFEKYDIPLPTDYES
FVSACQVFEEMGIRGFAADYYYDYTCMETLQGL
SASELSSADGRRWRTTYSDPDSTKREGLDSTVW
PEAFERMEQFIQDTGLSQDDLDMNYDDIVEMY
QSGKLAMYFGSSFGVKMFQDQGINTTFLPFFQE
NGEKWLMTTPYFQVALNRDLTKDETRRKKAME
VLSTMLSEDAQNRHSEGQDMLSYSQDVDMQL
TEYLKDVKSVIEENHMYIRIASNDFFSISKDVVSK
MISGEYDAEQAYQSFNSQLLEEKATSENVVLNS
QKSYSNRFHSSGGNAAYSVMANTLRGIYGTDV
LIATGNSFTGSVLKAGYTEKMAGDMIMPNVLLA
YNSKMSGAELKETVRNFVEGYQGGFIPFNRGSL
PVVSGISVEVKETADGYTLSKIKDGKKIQDNDTF
TVICLMMPQHMEAYPADGNITFNGGDTSVKD
TWTEYVSEDNAILAESEDYMTLK

Bacterial protein

SEQ ID NO: 97

MKRKKWNKVFSILLVMVTAVSLLSGCGGKSAEK
EDAEHNTVYLWSTSLYEKYAPYIQEQLPDINVEFVYV
GNNDLDFYRFLEENGGLPDITCCRFSLHDASPL
KDSLMDLSTTNVAGAVYDTYFSNFMNEDGSVN
WLPVCADAHGFVVNKDLFEKYDIPLPTDYESFV
SACQAFDKVGIRGFTADYYYDYTCMETLQGLSA
SKLSSVEGRKWRTIYSDPDNTKKEGLDSTVWPEA
FERMEQFIKDTGLSRDDLDMNYDDIAKMYQSG
RLAMYFGSSFGVKMFQDQGINTTFLPFFQENGE
KWIMTTPYFQAALNRDLTKDETRRKKAIKVLSTM
LSEDAQKRISEGQDLLSYSQDVDIHLTEYLKDVK
PVIEENHMYIRIASNDFFSVSKDVVSKMISGEYDA
RQAYQSFNSQLLKEESTLEAIVLDSQKSYSNRFHS
SGGNAAYSVMANTLRSIYGTDVLIATANSFTGN
VLKAGYTEKMAGNMIMPNDLFAYSSKLSGAELK
ETVKNFVEGYEGGFIPFNRGSLPVVSGISVEVKET
EDGYTLSKVTKEGKQIRDEDIFTVTCLATLKHME
AYPTGDNIVFDGENTSVKDTWTGYISNGDAVL

AEPEDYINVR

Bacterial protein
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SEQ 1D NO: 98

MKKKKWSRVLAVLLAMVTAISLLSGCGGKSAEK
EDAGTITVYLWSTKLYEKYAPYIQEQLPDINVEFV
VGNNDLDFYKFLDENGGLPDITCCRFSLHDAS
PLKESLMDLSTTNVAGAVYDTYLSNFMNEDGSV
NWLPVCADAHGFVVNKDLFEKYDIPLPTDYESF
VSACQAFDKVGIRGFTADYYYDYTCMETLQGLS
ASELSSVDGRKWRTTYSDPDNTKREGLDSTVWP
GAFERMEQFIRDTGLSRDDLDLNYDDIVEMYQS
GKLAMYFGSSSGVKMFQDQGINTTFLPFFQEN
GEKWLMTAPYFQVALNRDLTQDETRLKKANKY
LNIMLSEDAQTQILYEGQDLLSYSQDVDMQLTE
YLKDVKPVIEENHMYIRIASNDFFSVSKDVVSKMI
SGEYDAEQAYASFNTQLLEEESASESVVLDSQKS
YSNRFHSSGGNAAYSVMANTLRGIYGTDVLIAT
GNSFTGNVLKAGYTEKMAGDMIMPNDLSAYSS
KMSGVELKKTVKNFVEGYEGGFIPFNRGSLPVFS
GISLEVEETDNGYTLSKVIKDGKEVQDNDTFTVT
CLAIPKHMEAYPADENTVFDRGDTTVKGTWTG
YTSDGEAILAEPEDYINVR

Bacterial protein

SEQ ID NO: 99

MRKKKWNRVLAVLLMMVMSISLLSGCGSKSAEK
EDAETITVYLWSTNLYEKYAPYIQEQLPDINVEF!
VGNNDLDFYKFLNENGGLPDIITCCRFSLHDAS
PLKDNLMDLSTTNVAGAVYDTYLSNFMNEDGS
VNWLPVCADAHGFVVNKDLFEKYDIPLPTDYES
FVSACQTFDKVGIRGFTADYYYDYTCMETLQGL
SASELSSVDGRKWRTTYSDPDNTKREGLDSTVW
PKAFERMEQFIQDTGLSQDDLDMNYDDIVEMY
QSGKLAMYFGTSAGVKMFQDQGINTTFLPFFQ
ENGEKWIMTTPYFQVALNSNLTKDETRRKKAMK
VLDTMLSADAQNRIVYDGQDLLSYSQDVDLQL
TEYLKDVKPVIEENHMYIRIASNDFFSVSKDVVSK
MISGEYDAGQAYQSFDSQLLEEKSTSEKVVLDS
QKSYSNRFHSSGGNAAYSVMANTLRGIYGSDV
LIATGNSFTGNVLKAGYTEKMAGDMIMPNELSA
YSSKMSGAELKEAVKNFVEGYEGGFTPENRGSLP
VLSGISVEVKETDDDYTLSKVTKDGKQIQDNDT
FTVTCLAIPKHMEAYPADDNIVFDGGNTSVDDT
WTGYISDGDAVLAEPEDYMTLR

Bacterial protein
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SEQ ID NO: 100

FVMKKKKWNRVLAVLLMMVMSISLLSGCGGKS
TEKEDAETITVYLWSTNLYEKYAPYIQEQLPDINV
EFVVGNNDLDFYKFLKKNGGLPDIITCCRFSLHD
ASPLKDSLMDLSTTNVAGAVYDTYLSNFMNED
GSVNWLPVCADAHGFVVNKDLFEKYDIPLPTD
YESFVSACQAFDKVGIRGFTADYYYDYTCMETL
QGLSASELSSVDGRKWRTAYSDPDNTKREGLDS
TVWPKAFERMEQFIQDTGLSQDDLDMNYDDI
VEMYQSGKLAMYFGTSAGVKMFQDQGINTTFL
PFFQENGEKWLMTTPYFQVALNRDLTQDETRR
KKAMKVLSTMLSEDAQERHSDGQDLLSYSQDV
DMQLTEYLKDVKSVIEENHMYIRIASNDFFSVSK
DVVSKMISGEYDAEQAYQSFNSQLLEEEAISENIV
LDSQKSYSNRFHSSGGNAAYSVMANTLRGIYGS
DVLIATGNSFTGNVLKAGYTEKMAGDMIMPNS
LSAYSSKMSGAELKETVKNFVEGYEGGFIPFNRG
SLPVFSGISVEIKETDDGYTLSNVTMDGKKVQD
NDTFTVTCLAIPKHMEAYPTDENIVFDGGDISV
DDTWTAYVSDGDAILAEPEDYMTLR

Bacterial protein

SEQ ID NO: 101

MKRKLRGGFIMKKKKWNRVLAVLLAMVTAITLL
SGCGGKSAEKEDAETITVYLWSTNLYEKYAPYIQ
EQLPDINVEFVVGNNDLDFYRFLKENGGLPDIT
CCRFSLHDASPLKDSLMDLSTTNVAGAVYDTYL
SSEMNEDGSVNWLPVCADAHGFVVNKDLFEKY
DIPLPTDYESFVSACEAFEEVGIRGFTADYYYDYT
CMETLQGLSASELSSVDGRKWRTAYSDPDNTKR
EGLDSTVWPKAFERMEQFIQDTGLSQDDLDMN
YDDIVEMYQSCKLAMYFGSSAGVKMFQDQUI
NTTFLPFFQENGEKWIMTTPYFQVALNRDLTKD
ETRRKKAMKVLNTMLSADAQNRIVYDGQDLLS
YSQDVDLKLTEYLKDVKPVIEENHMYIRIASNDF
FSVSQDVVSKMISGEYDAEQAYQSFNSQLLEEES
ASEDIVLDSQKSYSNRFHSSGGNAAYSVMANTL
RGIYGTDVLIATGNSFTGNVLKAGYTEKMAGD
MIMPNGLSAYSSKMSGAELKETVKNFVEGYEGG
FIPENCGSLPVFSGISVEIKKTDDGYTLSKVTKDG
KQIQDDDTFTVTCLATPQHMEAYPTDDNIVFD
GGDTSVKDTWTGYISNGNAVLAEPEDYINVR

Bacterial protein
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SEQ ID NO: 102

MRTISEGGLLMKMKKRSRVLSALFVMAAVILLLA
GCAGNSAEKEEKEDAETITVYLWSTKLYEKYAPY]
QEQLPDINVEFVVGNNDLDFYKFLKENGGLPDII
TCCRFSLHDASPLKDSLMDLSTTNVAGAVYDTY
LNNFMNKDGSVNWIPVCADAHGVVVNKDLFE
TYDIPLPTDYASFVSACQAFDKAGIRGFTADYSY
DYTCMETLQGLSAAELSSVEGRKWRTAYSDPDN
TKKEGLDSTVWPEAFERMDQFIHDTGLSRDDLD
MDYDAVMDMFKSGKLAMYFGSSAGVKMFRD
QGIDTTFLPFFQQNGEKWLMTTPYFQVALNRD
LTKDETRREKAMKVLNTMLSEDAQNRIISDGQD
LLSYSQDVDMHLTKYLKDVKPVIEENHMYIRIAS
SDFFSVSKDVVSKMISGEYDAGQAYQSFHSQLL
NEKSTSEKVVLDSPKSYSNRFHSNGGNAAYSVM
ANTLRGIYGTDVLIATGNSFTGNVLKAGYTEKM
AGSMIMPNSLSAYSCKMTGAELKETVRNFVEGY
EGGLTPFNRGSLPVVSGISVEIKETDDGYTLKEVK
KDGKTVQDKDTFTVTCLATPQHMEAYPADEHV
GFDAGNSFVKDTWTDYVSDGNAVLAKPEDYM
TLR

Bacterial protein

SEQ ID NO: 103

MITKSGKQVGRVVMKKKKWNKLLAVFLVMATV
LSLLAGCGGKRAEKEDAETITVYLWSTSLYEAYAP
YIQEQLPDINIEFVVGNNDLDFYRFLEKNGGLPD
ITCCRFSLHDASPLKDSLMDLSTTNVAGAVYNT
YLNNFMNEDGSVNWLPYCADAHGFVVNKDLF
ETYDIPLPTDYESFVSACQAFDKAGIRGFTADYFY]
DYTCMETLQGLSASELSSVDGRKWRTSYSDPGN
TTREGLDSTVWPEAFERMERFIRDTGLSRDDLEM
NYDDIVELYQSGKLAMYFGTSAGVKMFQDQGH
NTTFLPFFQENGEKWLMTTPYFQVALNRDLTQ
DETRRTKAMKVLSTMLSEDAQNRISDGQDLLSY
SQDVDIHLTEYLKDVKSVIEENHMYIRIASNDFFS
VSKDVVSKMISGEYDAGQAYQSFQTQLLDEKTT
SEKVVLNSEKSYSNRFHSSGGNEAYSVMANTLR
GIYGTDVLIATGNSFTGNVLKAGYTEKMAGDMI
MPNGLSAYSCKMNGAELKETVRNFVEGYPGGF
LPFNRGSLPVFSGISVELMETEDGYTVRKVTKDG
KKVQDNDTFTVTCLATPQHMEAYPADQNMVF
AGGETSVKDTWTAYVSDGNAILAEPEDYINVR

Bacterial protein

SEQ ID NO: 104

MENNFTRESILKKEKMEQLPNINVEFVVGNNDL
DFYKFLKENGGLPDHTCCRFSLHDASPLKDSLM
DLSTTNVAGAVYDTYLNNFMNEDGSVNWLPV
CADAHGFVVNKDLFEQ

Bacterial protein

SEQ ID NO: 105

MKKKKWNKILAVLLAMVTAISLLSGCGSKSAEKE
DAETITVYLWSTNLYEKYAPYIQEQLPDINVEFVV
GNNDLDFYKFLKENGGLPDHTCCRFSLHDASPL

KDSLMDLSTTNVAGAVYDTY

Bacterial protein
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SEQ ID NO: 106 |RFSLNDAAPLAEHLMDLSTTEVAGTFYSSYLNNN]|Bacterial protein
QEPDCGAIRWLPMCAEVDGTAANVDLFAQHNIP
LPTNYAEFVAAIDAFEAVGIKGYQADWRYDYTC
LETMQGCAIPELMSLEGTTWRMNYESETEDSST
GLDDVVWPKEGL

PEQID NO: 107 1\ 4y kK AWNKLLAQLVVMVTAISLLSGCGGKSVE | Bacterial protein

KEDAETITVYLWSTKLYEKYAPYIQEQLPDINIEFV
VGNNDLDFYRFLDENGGLPDITCCRFSLHDAS
PLKDSLMDLSTTNVAGAVYDTYLNSFMNEDGS
VNWLPVCADVHGFVVNRDLFEKYDIPLPTDYES
FVSACRAFEEVGIR

SEQ ID NO: 108 [KDSLMDLSTTNVAGAVYDTYLSNFMNEDGSVN|Bacterial protein
WLPVCADAHGFVVNKDLFEKYDIPLPTDYESFV
SACQVFDEVGIRGFTADYYYDYTCMETLQGLSA
SELSSVDGRKWRTAYSDPDNTKREGLDSTVWP
AAFEHMEQFIRDTGLSRDDLDMNYDDIVEMYQ
SGKLAMYFGSSSGVKMFQDQGINTTFLPFFQKD
GEKWLMTTPYFQVALNSDLAK

SEQ ID NO: 109 {IMQRKLRGGFVMEKKKWKKVLSVSFVMVTAISLL {Bacterial protein
SGCGGKSAEKEDAETITVYLWSTNLNEKYAPYIQ
EQLPDINVEFVVGNNDLDFYKFLNENGGLPDIT
CCRFSLHDASPLKDSLMDLSTTNVAGAVYDTYL
NNFMNEDGSVNWLPVCADAHGFVVNKDLFEK
YDIPLPTDYESFVSACQAFDQVGIRGFTADYYY
DYTCMETLQGLSVSDLSSVDGRKWRTTYS

SEQ ID NO: 110 |MKKKKWNRVLAVLLMMVMSISLLSGCGGKSTE |Bacterial protein
KEDAETITVYLWSTNLYEKYAPYIQEQLPDINVEF
VVGNNDLDFYKFLKENGGLPDITCCRFSLHDAS
PLKDSLMDLSTTNVAGAVYDTYLSSFMNEDGSV
NWLPVCADAHGFVVNKDLFEKYDIPLPTDYESF
VSACEAFEEVGIRGFTADYYYDYTCMETLQGLSA
SELSSVDGRKWRTTYSAPDNTKREGLDSTVWPK
AFERMEQFIQDTGLSQDDLDMNYDDI

SEQ ID NO: 111 Bacterial protein
GGFLCFANASCLQSTRFFALAMQKQLETLLLQW

YNKIVFLWENQRKAQCGQAASAGIPMWCVRT
ATAALRSAALRYCEEGIYMMKKISRRSFLQACGV
AAATAALTACGGGKAESDKSSSONGKIQITFYL
WDRSMMKELTPWLEEKFPEYEFHFIQGFNTMDY
YRDLLNRAEQLPDHTCRRFSLNDAAPLAEHLMD
LSTTEVAGTFYSSYLNNNQEPDGAIRWLPMCAE
VDGTAANVDLFAQHNIPLPTNYAEFVAAIDAFE
AVGIKGYQADWRYDYTCLETMQGSAIPELMSLE
GTTWRMNYESETEDGSTGLDDVVWPKVFEK
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SEQ ID NO: 112

MMKKISRRSFLQVCGITAATAALTACGGGKADS
GKGSQNGRIQITFYLWDRSMMKELTPWLEQKF
PEYEFNFIQGFNTMDYYRDLLNRAEQLPDIITCR
RFSLNDAAPLAEHLMDLSTTEVAGTFYSSYLNNN
QEPDGAIRWLPMCAEVDGTAANVDLFAQYNIP
LPTNYAEFVAAINAFEAVGIKGYQADWRYDYTC
LETMQGSAIPELMSLEGTTWRMNYESETEDGST
GLDDVVWPKVFEKYEQFLRDVRVQPGDDRLEL
NPIAKPFYARQTAMIRTTAGIADVMPDQYGENA
SILPYFGETANDSWLLTYPMCQAAVSNTVAQDE
AKLAAVLKVLGAVYSAEGQSKLASGGAVLSYNK
EVNITSSASLEHVEDVISANHLYMRLASTEFFRISE
DVGHKMITGEYDARAGYDAFNEQLVTPKADPE
AEILFTQNTAYSLDMTDHGSAAASSLMNALRAA
YDASVAVGYSPLVSTSIYCGDYSKQQLLWVMA
GNYAVSQGEYTGAELRQMMEWLVYNVKDNGA
NPIRHRNYMPVTSGMEYKVTEYEQGKFRLEELTI
NGTPLDDTAAYTVFVAGTDVWIENEVYCNCPM
PENLKTKRTEYAIEKADSRSCLKDSLAVSKQFPAP
SEYLTIVQGE

Bacterial protein

SEQ ID NO: 113

MMNKISRRSFLQAAGVVAAAAALTACGGKTEA
DKGSSONGKIQITFYLWDRSMMKELTPWLEQK
FPEYEFNFIQGFNTMDYYRDLLNRAEQLPDITC
RRFSLNDAAPLAEYLMDLSTTEVAGTFYSSYLNN
NQEPDGAIRWLPMCAEVDGTAANVDLFAQYN
IPLPTNYAEFVAAIDAFEAVGIKGYQADWRYDY
TCLETMQGCAIPELMSLEGTTWRMNYESETEDG
STGLDDVVWPKVFEKYEQFLKDVRVQPGDDRL
ELNPIAKPFYARQTAMIRTTAGIADVMLDLHGF
NASILPYFGETANDSWLLTYPMCQAAVSNTVA
QDEAKLAAVLKVLGAVYSAEGQSKLAAGGAVLS
YNKEVNITSSTSLEHVADVISANHLYMRLASTEIF
RISEDVGHKMITGEYDAKAGYEAFNEQLVTPKA
DPETEILFTONTAYSIDMTDHGSAAASSLMTALR
TTYDASIAIGYSPLVSTSIYCGDYSKQQLLWVMA
GNYAVSQGEYTCGAELRQMMEWLVNVKDNGA
NPIRHRNYMPVTSGMEYKVTEYEQGKFRLEELTV
NGAPLDDTATYTVFVAGTDVWIENEVYCSCPM
PENLKTKRTEYAIEGADSRSCLKDSLAVSKQFPAP

SEYLTIVOQGE

Bacterial protein
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SEQ ID NO: 114

MMKKISRRSFLQACGIAAATAALTACGGGKAES
GKGSSQNGKIQITFYLWDRSMMKALTPWLEEKF
PEYEFTFIQGFNTMDYYRDLLNRAEQLPDITCRR
FSLNDAAPLAEHLMDLSTTEVAGTFYSSYLNNN
QEPDGAIRWLPMCAEVDGTAANVDLFAQHNIP
LPTNYAEFVAAIDAFEAVGIKGYQADWRYDYTC
LETMQGCAIPELMSLEGTTWRMNYESETEDGST
GLDDVVWPKVFKKYEQFLKDVRVQPGDARLEL
NPIAEPFYARQTAMIRTTAGIADVMFDLHGFNT
SILPYFGETANDSWLLTYPMCQAAVSNTVAQDE
AKLAAVLKVLESVYSAEGQNKMAVGAAVLSYNK
EVNITSSTSLEHVADISANHLYMRLASTEIFRISED
VGHKMITGEYDAKAAYDAFNEQLVTPRVDPEA
EVLFTQNTAYSLDMTDHGSAAASSLMNALRATY]
DASIAVGYSPLVSTSIYCGDYSKQQLLWVMAGN
YAVSQGDYTGAELRQMMEWLVYNVKDNGANPI
RHRNYMPVTSGMEYKVTEYEQGKFRLEELTING
APLDDTATYTVFVAGTDVWMEDKAYCNCPMP
ENLKAKRTEYAIEGADSRSCLKDSLAVSKQFPAPS
EYLTIVQGE

Bacterial protein

SEQ ID NO: 115

MCHFSLFPVSEIQNLPDFSCKILQDVQNQLETLL
LQWYNNTVILWENQRKAQCGQAASAGIPVGC
VRIATAALRYCACAVLPSDTVRKYICMMKKISRRS
FLQVCGITAATAALTACGSGKAEGDKSSSQNGK
IQITFYLWDRSMMKALTPWLEEKFPEYEFNFIQG
FNTMDYYRDLLNRAEQLPDIITCRRFSLNDAAPL
AEHLMDLSTTEVAGTFYSSYLNNNQEPDGAIRW
LPMCAEVDGTAANVDLFAQYNIPLPTNYAEFVA
AINAFEAVGIKGYQADWRYDYTCLETMQGSAIP
ELMSLEGTTWRRNYESETEDGSTGLDDVVWPK
VFEKYEQFLKDVRVQPGDDRLELNPIAKPFYAR
QTAMIRTTAGIADVMPDQYGFNASILPYFGETA
NDSWLLTYPMCQAAVSNTVAQDEAKLAAVLKV
LEAVYSAEGQSKMAGGAAVLSYNKEINITSSTSLE
QVADIISANHLYMRLASTEIFRISEDVGHKMITGE
YDAKAAYDAFNEQLVTPRADPEAEVLFTQNTAY
SIDMTDHGSAAASSLMNALRATYDASIAVGYSP
LVSTSIYCGEYSKQQILWVMAGNYAVSQGEYTG
AELRQMMEWLVNVKDNGANPIRHRNYMPVTS
GMEYKVTEYEQGKFRLEELTINGAPLDDTATYTV
FVAGTDVWIENEVYCNCPMPENLKAKRTEYAIE

GAESRSCLKDSLAVSKQFPAPSEYLTIVQGE

Bacterial protein
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SEQ ID NO: 116

MKLLAVTFVVASNFVSCSKGIAEADKLDLSTTPV
QTVDDVFAVQTKNGEMGMRMEAVRLERYNK
DGTKTDLFPAGVSVFGYNEEGLLESVIVADKAEH
TVPSSGDEIWKAYGNVILHNVLKQETMETDTIF
WDSSKKEIYTDCYVKMYSRDMFAQGYGMRSD
DRMRNAKLNSPFNGYVVTVRDTTAVIIDSVNYI
GPFPKK

Bacterial protein

SEQ ID NO: 117

GMTLMHSPPMLYSRAAAKTHRVPFWLLDISFPLS
MKKALCPKNGQRA

Bacterial protein

SEQIDNO: 118

MLKQWFKLTCLLYILWLILSGHFEAKYLILGLLGS
ALIGYFCLPALTITSSIGKRDFHLLDISFPAFCGYW
LWLLKEHKSSLSVSAAILSPKMKINPVIEIDYIFNN
PAAVTVFVNSIILTPGTVTIDVKDERYFYVHALTD
SAALGLMDGERQRRISRVFER

Bacterial protein

SEQ ID NO: 119

MKHITFSNGDKVCTIGQGTWNMGRNPLCEKSE
ANALLTGIDLGMNMIDTAEMYGNEKFIGKVIKS

CRDKVFLVSKVHPENADYQGTIKACEESLRRLGI

EVLDLYLLHWKSRYPLSETVEAMCRLQRDGKIRL
WGVSNLDVDDMELIDDIPNGCSCDANQVLYN
LQERGVEYDLIPYAQQRDIPVIAYSPVGEGKLLR

HPVLRTIAEKHNATPAQIALSWIIRNPGVMAIPK

AGSAEHVKENFGSVSITLDTEDIELLDISFPAPQH

KIQLAGW

Bacterial protein

SEQ ID NO: 120

MMKPDEIAKAFLHEMNPTNWNCGQGEMPAGF
DTRTMEFITDMPDVLLDISFELCMEDDGTFQWE
HYCELVQESSDTIVDCAHGYGINSVQNLTDTIS
OQLLEVNVK

Bacterial protein

SEQ ID NO: 121

MRENLSGIRVVRAFNAEKYQEDKFEGINNRLTN
QOMFNQRTFNFLSPIMYLVMYFLTLGIYFIGANL
INGANMGDKIVLFGNMIVESSYAMQVIMSFLML
AMIFMMLPRASVSARRINEVLDTPISVKEGNVTM
NNSDIKGCVEFKNVSFKYPDADEYVLLDISFKVN
KGETIAFIGSTGSGKSTLINLIPRFYDATSGEILIDGI
NVRDYSFEYLNNIIGYV

Bacterial protein

SEQ ID NO: 122

MILFRHWCWSFLGVVIESLPFIVIGAINSTIQFYISE
DIIKRIVPRRRGLAFLVAAFIGLVFPMCECAIVPVA
RSLIKKGVPIGITITEMLSVPIVNPFVITSTYYAFEA
NLTIVLIRVVGGILCSHVGMLITYIFKDSTIESIISDG
YLDLSCTCCSSNKKYYISKLDKLITIVCQASNEFLN
ISVYVILGAFISSIFGSIINEEILNDYTENNILAVIML
DISFLLSLCSEADAFVGSKFLNNFGIPAVSAFMILG
PMMDLKNAILTLGLFKRKFATILHTILLVVTAFSICL
SFISL

Bacterial protein




WO 2019/072871

131

PCT/EP2018/077515

SEQ ID NO: 123

MMTAAQTLKEYWGYDGFRPMQEENSSALEGRD
TLAILPTGGGKSICFQVPAMMRDGIALVVTPLIAL
MKDQVQNLEARGIRAIAVHAGMNRREVDTAL
NNAAYGDYKFLYVSPERLGTSLFKSYLEVLDVNEFI
VVDEAHCISQWGYDFRPDYLRIGEMRKVLKAPL
IALTATATPEVARDIMQKLVRPGTPSQVERNLEN
FTLLRSGFERPNLSYIVRECEDKTGQLLNICGSVP
GSGIVYMRNRRKCEEVAALLSGSGVSASFYHAG
LGALTRTERQEAWKKGEIRVMVCTNAFGMGID
KPDVRFVLHLGLPDSPEAYFQEAGRAGRDGQR
SWAALLWNKTDIRRLRQLLDISFPSLEYIEDIYQKI
HIFNKIPYEGGEGARLKFDLEAFARNYSLSRAAV
HYAIRYLEMSDHLTYTEDADISTQVKILVDRQAL
YEVSLPDPMMLRLLDALMRAYPGIFSYIVPVDEE
RLAHLCGVSVPVLRQLLYNLSLEHVIRYVPCDKA
TVIFLHHGRLMPGNLNLRKDKYAFLKESAEKRA
GAMEEYVTQTEMCRSRYLLAYFGQTESRDCGC
CDVCRSRAARERTEKLILGYASSHPGFTLKEFKA
WCDDPGNALPSDVMEIYRDMLDKGKLLYLHP
DES

Bacterial protein

SEQ 1D NO: 124

MPKPGSSLEDAREQKFSSAVTEYGDLNPSEGIQV
MSIDWDGDFKEDDDGGMFFKDGFEYQAMIQF
LIDPNGKYDTDYIIKNGEYILDGSRIKVTVNGKP
AHVQNSTPYVIYMDIQFLIGSGGKGLDRELASG
RAYQSSVNYALCNNLIDEELLGNDYTKSLNQLQ
LRSLAVRLAEELVGKEIKVEKKVEGKYNDAITFSTI
APGERVWVVGPRLGGMSEYLPVKEPVTGQTLY
VKANCFRPVRKYVFKSEKTTLREGEFKNYVDGQ
YIWYRWN

Bacterial protein
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SEQ ID NO: 125

MDIFSVFTLCGGLAFFLYGMTVMSKSLEKMAGG
KLERMLKRMTSSPFKSLLLGAGITIAIQSSSAMTV
MLVGLVNSGVMELRQTIGHMGSNIGTTLTAWIL
SLTGIESENVFVNLLKPENFSPLIALAGILLIMGSKR
QRRRDVGRIMMGFAILMYGMELMSGAVSPLAE
MPQFAGLLTAFENPLLGVLVGAVFTGHQSSAAS
VAILQALAMTGSITYGMAIPIMGQNIGTCVTALI
SSIGVNRNAKRVAVVHISFNVIGTAVCLILFYGG
DMILHFTFLNQAVGAVGIAFCHTAFNVFTTILLL
PFSRQLEKLARRLVRTEDTRESFAFLDPLLLRTPGA
AVSESVAMAGRMGQAARENICLATDQLSQYSR
ERETQILQNEDKLDIYEDRLSSYLVEISQHGLSMQ
DMRTVSRLLHAIGDFERIGDHAVNIQESAQELH
DKELRFSDSAREELQVLLSALDDILDLTIRSFQAA
DVETARRVEPLEETIDQLIEEIRSRHIQRLQAGQC
TIQLGFVLSDLLTNIERASDHCSNIAVSVIEECSG
GPGRHAYLQEVKAGGAFGEDLRRDRKKYHLPE
A

Bacterial protein

SEQ ID NO: 126 [KLDLSTTPV Sequence variant
SEQ ID NO: 127 [FLISTTFGCT IL13RA2 epitope
SEQ ID NO: 128 |YLYLQWQPPL IL13RA2 epitope
SEQ ID NO: 129 |GVLLDTNYNL IL13RA2 epitope
SEQ ID NO: 130 [FQLQNIVKPL IL13RA2 epitope
SEQ ID NO: 131 |WLPFGFILIL IL13RA2 epitope
SEQ ID NO: 132 [FLISTTFTIN Sequence variant
SEQ 1D NO: 133 |FMISTTFMRL Sequence variant
SEQ ID NO: 134 |QMISTTFGNV Sequence variant
SEQ 1D NO: 135 [WLYLQWQPSV Sequence variant
SEQ 1D NO: 136 {FVLLDTNYEI Sequence variant
SEQ ID NO: 137 |FILLDTNYEI Sequence variant
SEQ ID NO: 138 |YELQNIVLPI Sequence variant
SEQ ID NO: 139 |FLPFGFILPV Sequence variant
SEQ ID NO: 140 [FMPFGFILPI Sequence variant
SEQ ID NO: 141 {FMLONIVKNL Sequence variant
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SEQ ID NO: 142 IMGGRWMGYILIGIYVLLVLYHLVKDINGDVKW |Bacterial protein
AMVYITFGFLFYLCSHCEYLNTYDLSNYNAQYA
YYNPMWDKSFTLYYLFLTMMRLGQIAEISFVNW
WWITLAGAFLINAVKIHRFNPHHFLVFFMMYYI!
NLYTGLKFFYGFCIYLLASGFLLRGGRKNKLLYVF
LTAVAGGMHVMYYAFILFALINTDMPASMEECS
LNIYSHIRRHRHAVLVIASLTLSFVLRLSGSANEFLS
RVFSFIDSDKMDDYLSLSTNGGFYIPVIMQLLSLY
LAFHIKKQSKRASLLNQQYTDVLYYFNLLQVIFYP
LFMISTTFMRLITATSMVTIAAGGYNKFEIKQRKR
FKIGASFLIVAASLFRQLVLGHWWETAVVPLFHL

SEQ ID NO: 143 IMEKQKIFDVDPGVDDCMALILSFYEPSIDVQMI |Bacterial protein
STTFGNVSVEQTTKNALFIVQNFADKDYPVYKG
AAQGLNSPIHDAEEVHGKNGLGNKHAHDVTK
QIANKPGYGAIEAMRDVILKNPNEHLVAVGPVT
NVATLFNTYPETIDKLKGLVLMVGSIDGKGSITPY
ASFNAYCDPDAIQVVLDKAKKLPHLSTKENGTTC
YFEDDQRERFAKCGRLGPLFYDLCDGYVDKILLP
GQYALHDTCALFSILKDEEFFTREKVSMKINTTFD
EKRAQTKFRKCASSNITLLTGVDKQKVIKRIEKILK
RT

SEQ 1D NO: 144 |PGAQGRGSAAGGDDMIWELLVQLAAAFGATYV [Bacterial protein
GFAVLVNAPPREFVWAGVTGCAVGWGCYWLYL
QWQPSVAVASLLASLMLALLSRVFSVVRRCPAT

VFLISGIFALVPGAGIYYTAYYFIMGDNAMAVAK
GVETFKIAVALAVGIVLVLALPGRLFEAFAPCAGK
KKGER

SEQ ID NO: 145 |MNKALFKYFATVLHTLLFSSSVSMVILSDQMMQT|Bacterial protein
TRKDMYYTVKLVENQIDYQKPLEKQIDKLNDLA
YTKDTRLTIIDKEGNVLADSDKEGIQENHSGRSE

FKEALSDQFGYATRYSSTVKKNMMYVAYYHRG

YVVRIAIPYNGIFDNIGPLLEPLFISAALSLCVALAL
SYRFSRTLTKPLEEISEEVSKINDNRYLSFDHYQYD
EFNVIATKLKEQADTIRKTLKTLKNERLKINSILDK

MNEGFILLDTNYEILMVNKKAKQLFSDRMEVNQ
PIQDFFDHQIDQLENIGVEPKIVTLKKDEEVYD

CHLAKVEYGVTLLFVNVTESVNATKMRQEFFSN

VSHELKTPMTSIRGYSELLQACGMIDDPKVRKQAL
DKIQKEVDHMSQLIGDILMISRLENKDIEVIKHPV
HLQPIVDDILESLKVEIEKREITVECDLTSQTYLAN

HQHIQQLMNNLINNAVKYNKQKGSLNIHSYLV
DOQDYNEVSDTGRGISLIDQGRVFERFFRCDAGR
DKETGGTGLGLAIVKHIVQYYKGTIHLESELGKG
TTFKVVLPHKDSL
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SEQ 1D NO:

146

MIKCTVHKLSPSKTLYLEDSNKKTIASTIKDSLYLY
KIPTKLAEILEDDDIVYLDIDENYELQNIVLPIKKSS
EVKASIYKTEYFEINWLNTKIEDLSSTVDKKEKAIIR
VLGHENKFKTLHLWSTINTLWHVLTIVILNLI

Bacterial protein

SEQ 1D NO:

147

MGILLFAVYVILLIYFLFFSEEYGRVAQAERVYRYN
LVPFVEIRRFWVYREQLGAFAVFTNIFGNVIGFLP
FGFILPVIFRRMNSGFLICISGFVLSLTVEVIQLVTK
VGCFDVDDMILNTLCAALGYVLFLICNHIRRKF
HYGKKI

Bacterial protein

SEQ ID NO:

148

MKKETKHHIRTLGTILFILYVLALIYFLFFSEEYGRAA
LEERQYRYNLIPFVEIRRFWVYRRQLGFMAVAAN
LFGNVIGFLPFGFILPVILDRMRSCGWLILAGFGLS
VTVEVIQLITKVGCFDVDDMILNTAGAALGYLLF
FICDHLRRKIYGKKI

Bacterial protein

SEQ ID NO:

149

YDDLRGFFLKKETKTLIRRMGILLFVIYIIFLVYFLFF
SEEYGRAAEAQRVYRYNLIPFVEIRRFWIYREQLG
TFAVFSNIFGNVIGFLPFGFILPVIFRRMNSGFLIC
VSGFILSLTVEVIQLVTKVGCFDVDDMILNTLGA
TLGYVLFFVCNHIVTVHW

Bacterial protein

SEQ ID NO:

150

RLOQKQEKTLKKETKHHRTLGTILFILYVLALIYFLFF
SEEYGRAAMEERQYRYNLIPFVEIRRFWVYRKQL
GLMAVVTNLFGNVIGFLPFGFILPVILDKMRSG
WLIVLAGFGLSVTVEVIQLITKVGCFDVDDMILN
TAGAALGYLLFFICDHLRRKIYGKKI

Bacterial protein

SEQ ID NO:

151

MWFFSQKQEKTLKKETKHIRTLGTVLFILYVLALI
YFLFFSEEYGRVAMEEREYRYNLIPFVEIRRFWVYR
KQLGFLAVCTNLFGNVIGFLPFGFILPVILERMRS
GWLILAGFGLSVTVEVIQLITKVGCFDVDDMIL
NTAGAALGYLLFFICNHLRRKIYGKKI

Bacterial protein

SEQ 1D NO:

152

AFLINTVGNVVCFMPFGFILPHTEFGKRWYNTFL
LSFLMTFTIETIQLVFKVGSFDVDDMFLNTVGGV
AGYILVVICKVIRRAFYDPET

Bacterial protein

SEQ 1D NO:

153

MWKRTKTHQKVCWVLFHGYLLMLTYFMFFSDG

FSRSEYTEYHYNITLFKEIKRFYTYRELLGMKAFLIN
TVGNVVCFMPFGFILPHTELGKRWYNTFLLSFLM

TFTIETIQLVFKVGSFDVDDMFELNTVGGIAGYILV
IHICKAMRRVFYDSET

Bacterial protein

SEQ 1D NO:

154

MWKKEKTHQKICWILFFSYLLMLTYFMFFSDGF
GRSEYTEYHYNLTLFKEIRRFYTYRELVGTKAFLLN
IVGNVVCFMPFGFILPHTRLGERWLNTLLLSFLLT
LSIETIQLVFRVGSFDVDDMFLNTVGGAAGYVS
VTMLKWIRRAFHGSKNEKDFIH

Bacterial protein
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SEQ ID NO:

155

MAKHSTRNQRLGWVLFVLYLGALFYLMFFADM
AERGLGVKENYTYNLKPFVEIRRYLFCASQIGFRG
VFLNLYGNILGFMPFGFILGVISSRCRKYWYDAVI
CTYLLSYSIEMIQLFFRAGSCDVDDILNTLGGTL
GYIAFHIVQHERIRRYFLKHPKKKRPQQ

Bacterial protein

SEQ ID NO:

156

MENSCAVLRDGCLLIDGENMIKKTRMHQKICW
VLFISYLVVLTYFMFFSDGFGRSGHEEYAYNLILFK
EIKRFYKYRELLGMRSFLLNTVGNVICFMPFGFILP
IISRRGKKWYNTFLLSFLMSFGIETIQLIFKVGSFD
VDDMFLNTLGGIAGYICVCMAKGVRRMASGAS
DR

Bacterial protein

SEQ ID NO:

157

LCKIVASNFESSRIRFFMLOQNIVKNLEKVKWLEDSS
SRFSRLKM

Bacterial protein

SEQ ID NO

: 158

FMPFGFILGV

Sequence variant

SEQ ID NO

1159

KSVWSKLQSIGIRQH

UCP2 peptide

SEQ ID NO

1160

VSSVFLLTL

Mouse epitope

SEQ ID NO

1161

INMLVGAIM

Mouse epitope

SEQ ID NO

1162

KPSVFLLTL

Sequence variant

SEQ ID NO

2163

GAMLVGAVL

Sequence variant

SEQ ID NO

164

ISQAVHAAHAEINEAGR

OVA 323-339
peptide
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CLAIMS

Method for identification of a microbiota sequence variant of a tumor-related antigenic

epitope sequence, the method comprising the following steps:

(i) selection of a tumor-related antigen of interest,

(i) identification of at least one epitope comprised in the tumor-related antigen
selected in step (i) and determination of its sequence, and

(i) identification of at least one microbiota sequence variant of the epitope

sequence identified in step (ii).

2. The method according to claim 1, wherein step (iii) comprises
—  comparing the epitope sequence selected in step (ii) to one or more microbiota
sequence(s), and
— identifying whether the one or more microbiota sequence(s) contain one or more

microbiota sequence variant(s) of the epitope sequence.

3. The method according to claim 1 or 2, wherein the microbiota sequence variant shares

at least 50% sequence identity with the tumor-related antigenic epitope sequence.

4. The method according to any one of claims 1 — 3, wherein the microbiota sequence
variant is a human microbiota sequence variant and wherein the tumor-related antigen

is a human tumor-related antigen.

5. The method according to any one of claims 1 - 4, wherein the microbiota sequence
variant is selected from the group consisting of bacterial sequence variants, archaea
sequence variants, protist sequence variants, fungi sequence variants and viral

sequence variants.

6.  The method according to claim 5, wherein the microbiota sequence variant is a

bacterial sequence variant or an archaea sequence variant.
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10.

11.

12.

13.

14.

15.

16.

The method according to any one of claims 1 - 6, wherein the microbiota sequence

variant is a sequence variant of microbiota of the gut.

The method according to claim 7, wherein the microbiota sequence variant is a gut

bacterial sequence variant.

The method according to any one of claims 1 — 8, wherein the microbiota sequence

variant is a peptide.

The method according to claim 9, wherein the peptide has a length of 8 -~ 12 amino

acids, preferably of 8 — 10 amino acids, most preferably of 9 or 10 amino acids.

The method according to any one of claims 1 - 10, wherein the microbiota sequence
variant shares at least 70%, preferably at least 75%, sequence identity with the tumor-

related antigenic epitope sequence.

The method according to any one of claims 9 — 11, wherein the core sequence of the
microbiota sequence variant is identical with the core sequence of the tumor-related
antigenic epitope sequence, wherein the core sequence consists of all amino acids

except the three most N-terminal and the three most C-terminal amino acids.

The method according to any one of claims 1 - 12, wherein the tumor-related antigenic

epitope identified in step (ii) can bind to MHC 1.

The method according to any one of claims 1 — 13, wherein the microbiota sequence

variant in step (iii) is identified on basis of a microbiota database.

The method according to claim 14, wherein the microbiota database comprises

microbiota data of multiple individuals.

The method according to claim 14, wherein the microbiota database comprises

microbiota data of a single individual, but not of multiple individuals.
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17.

18.

19.

20.

21.

22.

138

The method according to any one of claims. 14 — 16, wherein step (iii) comprises the

following sub-steps:

(ili-a)  optionally, identifying microbiota protein sequences or nucleic acid
sequences from (a) sample(s) of a single or multiple individual(s),

(iii-b)  compiling a database containing microbiota protein sequences or nucleic acid
sequences of a single or multiple individual(s), and

(iii-c)  identifying in the database compiled in step (iii-b) at least one microbiota

sequence variant of the epitope sequence identified in step (ii).

The method according to claim 17, wherein the sample in step (iii-a) is a stool sample.

The method according to any one of claims 1 ~ 18, wherein the method further
comprises the following step:
(iv) testing binding of the at least one microbiota sequence variant to MHC

molecules, in particular MHC | molecules, and obtaining a binding affinity.

The method according to claim 19, wherein step (iv) further comprises testing binding
of the (respective reference) epitope to MHC molecules, in particular MHC | molecules,

and obtaining a binding affinity.

The method according to claim 20, wherein step (iv) further comprises comparing of
the binding affinities obtained for the microbiota sequence variant and for the
respective reference epitope and selecting microbiota sequence variants having a

higher binding affinity to MHC than their respective reference epitopes.

The method according to any one of claims 1 —~ 21, wherein the method further
comprises the following step:
(v) determining cellular localization of a microbiota protein containing the

microbiota sequence variant.
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23.

24.

25.

26.

27.

28.

29.

30.

31.

The method according to claim 22, wherein step (v) further comprises identifying the
sequence of a microbiota protein containing the microbiota sequence variant,

preferably before determining cellular localization.

The method according to any one of claims 19 — 23, wherein the method comprises

step (iv) and step (v).

The method according to claim 24, wherein step (v) follows step (iv) or wherein step

(iv) follows step (v).

The method according to any one of claims 1 — 25, wherein the method further
comprises the following step:

(vi) testing immunogenicity of the microbiota sequence variant.

The method according to any one of claims 1 - 26, wherein the method further
comprises the following step:

(vii) testing cytotoxicity of the microbiota sequence variant.

The method according to any one of claims 1 — 28, wherein the tumor-related antigenic
epitope sequence is the sequence as set forth in any one of SEQ ID NOs: 1 -5, 55 -
65, and 126 — 131.

The method according to claim 29, wherein the tumor-related antigenic epitope

sequence is the sequence as set forth in SEQ 1D NO: 1.

Microbiota sequence variant of a tumor-related antigenic epitope sequence, preferably

obtainable by the method according to claim 1 - 29.

The microbiota sequence variant according to claim 30, wherein the microbiota
sequence variant is a (bacterial) peptide, preferably having a length of 8 — 12 amino

acids, more preferably of 8 — 10 amino acids, most preferably 9 or 10 amino acids.
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32.

33.

34.

35.

36.

37.

140

The microbiota sequence variant according to claim 31, wherein the microbiota
sequence variant shares at least 70%, preferably at least 75%, sequence identity with
the tumor-related antigenic epitope sequence, and/or wherein the core sequence of the
microbiota sequence variant is identical with the core sequence of the tumor-related
antigenic epitope sequence, wherein the core sequence consists of all amino acids

except the three most N-terminal and the three most C-terminal amino acids.

The microbiota sequence variant according to claim 31 or 32, wherein the microbiota
sequence variant comprises or consists of an amino acid sequence according to any
one of SEQ ID NOs 6 - 18, preferably the microbiota sequence variant comprises or
consists of an amino acid sequence according to SEQ ID NO: 6 or 18, more preferably

the microbiota sequence variant comprises or consists of an amino acid sequence
according to SEQ ID NO: 18.

The microbiota sequence variant according to claim 31 or 32, wherein the microbiota
sequence variant comprises or consists of an amino acid sequence according to any
one of SEQ ID NOs 66 — 84 and 126, preferably the microbiota sequence variant

comprises or consists of an amino acid sequence according to SEQ 1D NO: 75.

The microbiota sequence variant according to claim 31 or 32, wherein the microbiota
sequence variant comprises or consists of an amino acid sequence according to any
one of SEQ ID NOs 132 — 141 and 158, preferably the microbiota sequence variant

comprises or consists of an amino acid sequence according to SEQ 1D NO: 139.

Method for preparing a medicament, preferably for prevention and/or treatment of

cancer, comprising the following steps:

(a) identification of a microbiota sequence variant of a tumor-related antigenic
epitope sequence according to the method according to any one of claims 1
- 29;

(b) preparing a medicament comprising the microbiota sequence variant.

The method according to claim 36, wherein the medicament is a vaccine.
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38.

39.

40.

41.

42.

43.

44,

141

The method according to claim 36 or 37, wherein step (b) comprises loading a

nanoparticle with the microbiota sequence variant.

The method according to claim 38, wherein step (b) further comprises loading the

nanoparticle with an adjuvant.

The method according to claim 36 or 37, wherein step (b) comprises loading a bacterial

cell with the microbiota sequence variant.

The method according to claim 40, wherein step (b) comprises a step of transformation
of a bacterial cell with (a nucleic acid molecule comprising/encoding) the microbiota

sequence variant.

The method according to any one of claims 36 — 41, wherein step (b) comprises the

preparation of a pharmaceutical composition comprising

(M the microbiota sequence variant;

(in) a recombinant protein comprising the microbiota sequence variant;

(iii) an immunogenic compound comprising the microbiota sequence variant;
(iv) a nanoparticle loaded with the microbiota sequence variant;

(v) an antigen-presenting cell loaded with the microbiota sequence variant;
(vi) a host cell expressing the microbiota sequence variant; or

(vit) a nucleic acid molecule encoding the microbiota sequence variant;

and, optionally, a pharmaceutically acceptable carrier and/or an adjuvant.

Medicament comprising the microbiota sequence variant according to any one of
claims 30 - 35, preferably obtainable by the method according to any one of claims 36
—42.

The medicament according to claim 43 comprising a nanoparticle loaded with the

microbiota sequence variant according to any one of claims 30 — 35.
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45.

46.

47.

48.

49.

50.

51.

142

The medicament according to claim 44, wherein the nanoparticle is further loaded with

an adjuvant.

The medicament according to claim 43 comprising a bacterial cell expressing the

microbiota sequence variant according to any one of claims 30 ~ 35.

The medicament according to claim 43 comprising

(0 the microbiota sequence variant;

(i1) a recombinant protein comprising the microbiota sequence variant;

(iif) an immunogenic compound comprising the microbiota sequence variant;
(iv) a nanoparticle loaded with the microbiota sequence variant;

(v) an antigen-presenting cell loaded with the microbiota sequence variant;
(vi) a host cell expressing the microbiota sequence variant; or

(vii) a nucleic acid molecule encoding the microbiota sequence variant;

and, optionally, a pharmaceutically acceptable carrier and/or an adjuvant.

The medicament according to any one of claims 43 — 47, wherein the medicament is a

vaccine.

The medicament according to any one of claims 43 — 48, wherein the medicament is

for use in the prevention and/or treatment of cancer.

The medicament according to claim 49, wherein the medicament is administered in
combination with an anti-cancer agent, preferably with an immune checkpoint

modulator.

A method for preventing and/or treating a cancer or initiating, enhancing or prolonging
an anti-tumor response in a subject in need thereof comprising administering to the

subject the medicament according to any one of claims 43 - 48.
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52.

53.

54.

55.

56.

57.

58.

The method according to claim 51, wherein the medicament is administered in
combination with an anti-cancer agent, preferably with an immune checkpoint

modulator.

A (in vitro) method for determining whether the microbiota sequence variant of a tumor-
related antigenic epitope sequence according to any one of claims 30 - 35 is present
in an individual comprising the step of determination whether the microbiota sequence
variant of a tumor-related antigenic epitope sequence according to any one of claims

30 - 35 is present in an (isolated) sample of the individual.

The method according to claim 53, wherein the (isolated) sample is a stool sample or

a blood sample.

The method according to claim 53 or claim 54, wherein the microbiota sequence
variant of a tumor-related antigenic epitope sequence is obtained by a method

according to any one of claims 1 - 29.

The method for preventing and/or treating a cancer or initiating, enhancing or
prolonging an anti-tumor response according to claim 51 or 52 further comprising
— a step of determining whether the microbiota sequence variant of a tumor-
related antigenic epitope sequence comprised by the medicament to be
administered to the subject is present in the subject, preferably according to the

method of any one of claims 53 - 55.

The method for preventing and/or treating a cancer or initiating, enhancing or
prolonging an anti-tumor response according to claim 51 or 52, wherein the microbiota
sequence variant of a tumor-related antigenic epitope sequence comprised by the

medicament to be administered is present in the subject.

The method for preventing and/or treating a cancer or initiating, enhancing or

prolonging an anti-tumor response according to claim 51 or 52, wherein the microbiota



WO 2019/072871 PCT/EP2018/077515

144

sequence variant of a tumor-related antigenic epitope sequence comprised by the

medicament to be administered is not present in the subject.
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