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Description
Title of Invention: TOMM234 PEPTIDES AND VACCINES

INCLUDING THE SAME
Technical Field

[0001]  The present invention relates to the field of biological science, more specifically to
the field of cancer therapy. In particular, the present invention relates to novel peptides
that are extremely effective as cancer vaccines, and drugs for treating and preventing

tumors.

Background Art
[0002] It has been demonstrated that CD8-positive CTLs recognize epitope peptides derived

from tumor-associated antigens (TAAs) on the major histocompatibility complex
(MHC) class I molecule, and then kill the tumor cells. Since the discovery of
melanoma antigen (MAGE) family as the first example of TAAs, many other TAAs
have been discovered through immunological approaches (NPLs 1, 2), and some of
these TAAs are now in the process of clinical development as immunotherapeutic
targets.

[0003]  Favorable TAA is indispensable for proliferation and survival of cancer cells, as a
target for immunotherapy, because the use of such TAAs may minimize the well-
described risk of immune escape of cancer cells attributable to deletion, mutation, or
down-regulation of TAAs as a consequence of therapeutically driven immune
selection. Accordingly, the identification of new TAAs capable of inducing potent and
specific anti-tumor immune responses warrants further development and thus clinical
application of peptide vaccination strategies for various types of cancer is ongoing
(NPLs 3 to 10). To date, several clinical trials using these TAA derived peptides have
been reported. Unfortunately, many of the current cancer vaccine trials have shown

only a low objective response rate (NPLs 11 to 13). Accordingly, there remains a need

for new TAAs as immunotherapeutic targets.

[0004]  The TOMM34 gene (GenBank Accession No. NM_006809), translocase of outer mi-
tochondrial membrane 34, has been identified from human EST and ¢cDNA databases
and predicted to encode a protein containing degenerated tetratricopeptide repeat
(TPR) motifs (NPL 14). The protein encoded by this gene is involved in the import of
precursor proteins into mitochondria. This protein has a chaperone-like activity,

CA 2819463 2018-02-02
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[0003]

[10006]

[0007]

binding the mature portion of unfolded proteins and aiding their import into mito-
chondria (NPL 15).

In a recent study, 1t was indicated that TOMM34 1s tfrequently up-regulated in
colorectal cancer by gene-expression profile analysis using cDNA microarray
consisting of 23040 genes. Furthermore, knockdown of TOMM34 by siRNA 1n colon

cancer cell lines attenuated the growth ot colon cancer cells (NPL 16).

Citation List
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[PTL 1] PCT/JP2006/314947
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Summary of Invention

The present invention 1s based, at least 1n part, on the discovery ot novel peptides
that may serve as suitable targets of immunotherapy. Because TAAs are generally
perceived by the immune system as "self” and therefore often have no 1mmuno-
genicity, the discovery of appropriate targets 1s of extreme importance. As noted
above, TOMM34 (tor example, SEQ ID NOs: 41 and 42, also indicated in GenBank
Accession No. NM_006809) has been 1dentified as up-regulated 1n cancers, including,
but are not limited to, acute myelogenous leukemia (AML), chronic myelogenous
leukemia (CML), bladder cancer, breast cancer, cervical cancer, colorectal cancer,

esophagus cancer, liver cancer, osteosarcoma, prostate cancer, renal carcinoma, small
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[0008]

[0009]

10010]

cell lung cancer (SCLC), non-small cell lung cancer (NSCLC) and soft tissue tumor.
Thus, the present invention focuses on TOMM34 as an appropriate cancer marker and
a candidate for the target of immunotherapy.

In the course of the present invention, specific epitope peptides of the gene products
of TOMM34 that possess the ability to induce CTLs specific to TOMM34 were
1dentified. As discussed 1n greater detail below, peripheral blood mononuclear cells
(PBMCs) obtained from a healthy donor were stimulated using HLA-A*0201 binding
candidate peptides derived trom TOMM34. CTL lines were then established with
specific cytotoxicity against the HLA-A2 positive target cells pulsed with each ot
candidate peptides. The results herein demonstrate that these peptides are HLA-A2Z re-
stricted epitope peptides that may induce potent and specific immune responses against
cells expressing TOMM34. These results further indicate that TOMM34 is strongly
immunogenic and the epitopes thereot are eftective targets for tumor immunotherapy.

Accordingly, 1t 1s an object of the present invention to provide 1solated peptides that
bind to HLA antigen and include the amino acid sequence ot TOMM34 (SEQ ID NO:
42) or the immunologically active fragments thereot. These peptides are expected to
have CTL inducibility and, thus, can be used to induce CTL 1n vitro or ex vivo, or to
be administered to a subject for inducing immune responses against cancers, examples
of which include, but are not limited to AML, CML, bladder cancer, breast cancer,
cervical cancer, colorectal cancer, esophagus cancer, liver cancer, osteosarcoma,
prostate cancer, renal carcinoma, SCLC, NSCLC and soft tissue tumor. Preferred those
peptides are nonapeptides or decapeptides, and, more preterably, a nonapeptide or de-
capeptide consisting of an amino acid sequence selected from among SEQ ID NOs: 1
to 20 and 22 to 40. Of these, the peptides having an amino acid sequence selected from
among SEQ ID NOs: 1, 5, 31 and 32 showed particularly strong CTL inducibility and
thus are particularly preferred.

The present invention also contemplates moditied peptides having an amino acid
sequence of an immunologically active fragment of TOMM34 in which one, two or
more amino acids are substituted, deleted, inserted or added, so long as the modified
peptides retain the requisite CTL inducibility of the original unmoditied peptide. Ot
these, peptide having an amino sequence of SEQ ID NO: 1, 5, 31 or 32 in which one,
two or more amino acids are substituted, deleted, inserted or added are particularly
preferred.

The present invention further encompasses 1solated polynucleotides encoding any
peptides of the present invention. These polynucleotides can be used to induce or
prepare APCs having CTL inducibility. Like the above-described peptides of the
present invention, such APCs can be administered to a subject for inducing immune

responses against cancers.
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|0011]  When administered to a subject, the present peptides are presented on the surtace ot
APCs so as to induce CTLs targeting the respective peptides. Therefore, one object of
the present invention is to provide compositions or agents including any peptides or
polynucleotides provided by the present invention for inducing CTL. Such com-
positions or agents, including any peptides or polynucleotides, can be used tor the
treatment and/or prophylaxis of cancers or the prevention of a postoperative recurrence
of cancer, examples of which include, but are not limited to, AML, CML, bladder
cancer, breast cancer, cervical cancer, colorectal cancer, esophagus cancer, liver
cancer, osteosarcoma, prostate cancer, renal carcinoma, SCLC, NSCLC and soft tissue
tumor, and/or preventing postoperative recurrence thereof.

[0012]  The present invention also contemplates pharmaceutical agents or compositions that
include or incorporate one or more peptides or polynucleotides of the present invention
formulated tor the treatment and/or prophylaxis of cancer, particularly a primary
cancer, or the prevention of a postoperative recurrence thereot. Instead ot or in

addition to the present peptides or polynucleotides, the present pharmaceutical agents

of the present peptides.

[0013]  The peptides or polynucleotides of the present invention may be used to induce
APCs which present on their surface a complex of an HLA antigen and the present
peptide, for example, by contacting APCs derived from a subject with the peptide or
introducing a polynucleotide encoding a peptide of this invention into APCs. Such
APCs have high CTL inducibility against target peptides and are useful for cancer i1m-
munotherapy. Accordingly, the present invention contemplates both methods for
inducing APCs with CTL inducibility and the APCs obtained by such methods.

[0014] It 1s a further object of the present invention to provide methods for inducing CTLs,
such methods including the step of co-culturing CD38-positive cells with APCs or
exosomes presenting the peptide of the present invention on 1ts surtace or the step 1n-
troducing a polynucleotide/polynucleotides encoding T cell receptor (TCR) subunit
polypeptides, wherein the TCR tormed by such subunit polypeptides is capable ot
binding to a complex of an HLA antigen and the present peptide on a cell surface.
CTLs obtained by such methods are usetul in the treatment and prevention of cancers,
examples of which include, but are not lmited to, AML., CML,, bladder cancer, breast
cancer, cervical cancer, colorectal cancer, esophagus cancer, liver cancer, 0s-
teosarcoma, prostate cancer, renal carcinoma, SCLC, NSCLC and soft tissue tumor.

Yet another object of the present invention 18 to provide isolated APCs that present
on the surface a complex of an HLA antigen and a peptide of the present invention.
The present invention further provides 1solated CTLs that target peptides ot the present

invention. These APCs and CTLs may be used for cancer immunotherapy.
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100135]

[0016]

It 1s yet another object of the present invention to provide methods tor inducing an
Immune response against a cancer 1n a subject in need thereof, such methods including
the step of administering to the subject a composition or agent that include one or more
peptides of the present invention, polynucleotides encoding the peptide ot the present
invention, or exosomes or APCs presenting the peptide of the present invention.

The applicability of the present invention extends to any of a number of diseases
relating to or arising from TOMM34 overexpression, such as cancer, exemplary
cancers including, but not limited to, AML, CML, bladder cancer, breast cancer,
cervical cancer, colorectal cancer, esophagus cancer, liver cancer, osteosarcoma,
prostate cancer, renal carcinoma, SCLC, NSCLC and soft tissue tumor.

More specifically, the present invention provides the tollowing [ 1] to[20]:

[1]An 1solated peptide following (a) or (b):

(a) an 1solated peptide comprising an amino acid sequence selected tfrom the group
consisting of SEQ ID NOs: 1, 5 31 and 32;

(b) an 1solated peptide comprising an amino acid sequence in which one, two, or
several amino acid(s) are substituted, deleted, inserted or added to an amino acid
sequence selected trom the group consisting of SEQ ID NOs: 1, 5, 31 and 32 to yield a
modified peptide that retains the ability to bind to an HLA antigen and cytotoxic T
lymphocyte (CTL) inducibility;

|2]The 1solated peptide of [1], wherein the HLLA antigen 1s HLA-A2;

[|3]The i1solated peptide of [1] or [2], wherein said peptide 18 a nonapeptide or de-
capeptide;

[4]The peptide of any one of [1] to [3], having at least one substitution selected from
the group consisting of:

(a) the second amino acid from N-terminus 1s or 1s modified to be an amino acid
selected from the group consisting ot leucine and methionine, and

(b) the C-terminal amino acid 1s or 18 moditied to be an amino acid selected trom the
group consisting of valine and leucine;

[|5]An 1solated polynucleotide encoding the peptide ot any one of [1] to [4]:

[6]A composition for inducing CTL, wherein the composition comprises one or more
peptide(s) of any one of [1] to [4], or one or more polynucleotide(s) of [5];

| 7]A pharmaceutical composition comprising:

(b) one or more polynucleotides of |3];

(¢) one or more APCs or exosomes that present a complex of the peptide ot any one
of [1] to [4] and an HLA antigen on their surface; or

(d) one or more CTLs that recognize a cell presenting a complex ot the peptide of

any one of [1] to [4] and an HLA antigen on its surface,
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in combination with pharmaceutically acceptable carrier,

formulated for a purpose selected from the group consisting of:

(1) treatment of an existing cancer,

(11) prophylaxis of a cancer,

(111) prevention of a postoperative recurrence ot a cancer, and

(v1) combinations thereof;

| 8] The pharmaceutical composition of [7] formulated for administration to a subject
whose HLA antigen 1s HLA-AZ;

|9]A method for inducing an antigen-presenting cell (APC) with CTL inducibility,
comprising a step selected from the group consisting of:

(a) contacting an APC with the peptide of any one of [1] to [4] 1n vitro, ex vivo or In
vivo, and

(b) introducing a polynucleotide encoding the peptide of any one of [1] to [4] into an
APC.

| 10]A method tor inducing a C'IL, comprising a step selected trom the group
consisting of:

(a) co-culturing a CD3&-positive T cell with an APC that presents on 1ts surtace a
complex of an HLLA antigen and the peptide of any one of [1] to [4],

(b) co-culturing a CD38-positive T cell with an exosome that presents on its surface a
complex of an HLLA antigen and a peptide of any one of [1] to [4], and

(¢) introducing into a T cell a polynucleotide/polynucleotides encoding T cell receptor
(TCR) subunit polypeptides, wherein the TCR tormed by said TCR subunit
polypeptides 1s capable of binding to a complex of an HLLA antigen and the peptide of
any one of [1] to [4] on a cell surtace;

[11]An 1solated APC that presents on 1ts surface a complex of an HLLA antigen and a
peptide of any one of [1] to [4];

cell (APC) with CTL inducibility, wherein the method comprises a step selected from
the group consisting of:

(a) contacting an APC with the peptide of any one of [1] to [4] 1n vitro, ex vivo or In
vivo, and

(b) introducing a polynucleotide encoding the peptide of any one of [1] to [4] into an
APC:;

|13]An 1solated CTL that targets any of the peptides ot | 1] to [4];

[14]The CTL of [13], which is induced by a method for inducing a CTL, wherein the
method comprises a step selected trom the group consisting of:

(a) co-culturing a CD3-positive T cell with an APC that presents on its surface a

complex of an HLA antigen and the peptide ot any one of [1] to [4],
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(b) co-culturing a CD8-positive T cell with an exosome that presents on its surface a
complex of an HLA antigen and a peptide of any one of [1] to [4], and

(c) introducing into a T cell a polynucleotide/polynucleotides encoding T cell receptor
(TCR) subunit polypeptides, wherein the TCR formed by said TCR subunit
polypeptides is capable of binding to a complex of an HLA antigen and the peptide of
any one of [1] to {4] on a cell surface:

[15]A method of inducing an immune response against cancer in a subject, comprisin g
the step of administering to the subject a peptide of [1] to |4], an immunologically
active fragment thereof, or a polynucleotide encoding the peptide or the fragment:
[16]A vector comprising a nucleotide sequence encoding the peptide of any one of [1]
to [4];

[17] A host cell transtformed or transfected with an expression vector of [16]:

[ 18]An exosome that presents a complex comprising the peptide of any one of [1] to
4] and an HL A antigen;

[19]An antibody against the peptide of any one of [1] to [4], or imm unologically active
fragment thereof;and

[20]A diagnostic kit comprising the peptide of any one of [1] to |4], the polynucleotide
of [5] or antibody or immunologically active fragment of [19].

[0017]  Objects and features of the invention will become more fully apparent when the
following detailed description is read in conjunction with the accompanying figures
and examples. It is to be understood that both the foregoing summary of the present
invention and the following detailed description are of exemplified embodiments, and
not restrictive of the present invention or other alternate embodiments of the present
invention. In particular, while the invention is described herein with reference to a
number of specific embodiments, it will be appreciated that the description is il-
lustrative of the invention and is not constructed as limiting of the invention. Various
modifications and applications may occur to those who are skilled in the art, without
departing from the spirit and the scope of the invention, as described by the appended
claims. Likewise, other objects, features, benefits and advantages of the present
invention will be apparent from this summary and certain embodiments described
below, and will be readily apparent to those skilled in the art. Such objects, features,
benefits and advantages will be apparent from the above in conjunction with the ac-
companying examples, data, figures and all reasonable inferences to be drawn

therefrom, alone or with consideration of the references .
Brief Description of Drawings

0018} Various aspects and applications of the present invention will become apparent to the
skilled artisan upon consideration of the brief description of the figures and the
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detailed description of the present invention and its preterred embodiments that
follows.

[0019] [fig.1]Figure 1 1s composed ot a series of photographs, (a)-(e), depicting the results of
interferon (IFN)-gamma enzyme-linked immunospot (ELISPOT) assay on CTLs that
were induced with peptides derived from TOMM34. The CTLs 1n well number #4 with
TOMM34-A02-9-30 (SEQ ID NO: 1) (a), in #2 with TOMM34-A02-9-220 (SEQ ID
NO: 5) (b), in #4 with TOMM34-A02-10-30 (SEQ ID NO: 31) (¢) and 1n #2 with
TOMM34-A02-10-220 (SEQ ID NO: 32) (d) showed potent IFN-gamma production as
compared with the control, respectively. The square on the well of these pictures
indicates that the cells from corresponding well were expanded to establish CTL lines.
In contrast, as 1s the typical case of negative data, specific IFN-gamma production
from the CTL stimulated with TOMM34-A02-10-143 (SEQ ID NO: 21) (e) was not
shown. In the figures, "+" indicates the IFN-gamma production against target cells
pulsed with the appropriate peptide, and "-" indicates the IFN-gamma production
against target cells not pulsed with any peptides.

[0020] [hg.2]Figure 2 1s a line graph depicting the IFN-gamma production of the CTL line
stimulated with TOMM34-A02-9-30 (SEQ ID NO: 1). The quantity of IFN-gamma
which CTL produced was measured by IFN-gamma enzyme-linked immunosorbent

assay (ELISA). The results demonstrate that CTL line established by stimulation with

this peptide show potent IFN-gamma production as compared with the control. In the
figures, "+" indicates the IFN-gamma production against target cells pulsed with the
appropriate peptide, and "-" indicates the IFN-gamma production against target cells
not pulsed with any peptides.

[0021] [fig.3]Figure 3 is a line graph depicting the IFN-gamma production of the CTL clone
established by limiting dilution from the CTL line stimulated with
TOMM34-A02-9-30 (SEQ ID NO:1) . The results demonstrate that the CTL clone es-
tablished by stimulation with this peptide show potent IFN-gamma production as
compared with the control. In the figure, "+" indicates the IFN-gamma production
against target cells pulsed with the appropriate peptide and "-" indicates the IFN-
gamma production against target cells not pulsed with any peptides.

[0022] [fig.4]Figure 4 1s a line graph depicting the specific CTL activity against target cells
that express TOMM34 and HLA-A*0201. COS7 cells transfected with HLA-A*0201
or the full length TOMM34 gene were prepared as the controls. The CTL line es-
tablished with TOMM34-A02-9-30 (SEQ 1D NO:1) showed specitic CTL activity
against COS7 cells transtected with both TOMM34 and HLA-A*0201 (black lozenge).
On the other hand, no significant specitic CTL activity was detected against target cells
expressing either HLA-A*0201 (triangle) or TOMM34 (circle).
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Description of Embodiments

[(0023]  Although any methods and materials similar or equivalent to those described herein
can be used 1n the practice or testing of embodiments of the present invention, the
preterred methods, devices, and materials are now described. However, before the
present materials and methods are described, it should be understood that these de-
scriptions are merely illustrative and not intended to be limited. It should also be un-
derstood that the present invention 1s not limited to the particular sizes, shapes, di-
mensions, materials, methodologies, protocols, etc. described herein, as these may vary
in accordance with routine experimentation and optimization. It is also to be un-
derstood that the terminology used in the description is for the purpose of describing
the particular versions or embodiments only, and is not intended to limit the scope of

the present invention which will be limited only by the appended claims.

Nothing herein 1s to be construed as an admission that the invention is not entitled to

antedate such disclosure by virtue of prior invention.

(0024] L Definitions

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the
present mvention belongs. In case of conflict, the present specification, including def-
in1tions, will control, In addition, the materials, methods, and examples are illustrative
only and not intended to be limiting,

The words "a”, "an", and "the" as used herein mean "at least one" unless otherwise
specitically indicated.

[0025]  The terms "isolated" and "purified" used in relation with a substance (e.g., peptide,
antibody, polynucleotide, etc.) indicates that the substance is substantially free from at
least one substance that may else be included in the natural source. Thus, an isolated or
purified peptide refers to peptide that are substantially free of cellular material such as
carbohydrate, lipid, or other contaminating proteins from the cell or tissue source from
which the peptide is derived, or substantially free of chemical precursors or other
chemicals when chemically synthesized. The term "substantially free of cellular
material” includes preparations of a peptide in which the peptide is separated from
cellular components of the cells from which it is isolated or recombinantly produced.
Thus, a peptide that is substantially free of cellular material includes preparations of
polypeptide having less than about 30%, 20%, 10%, or 5% (by dry weight) of het-
erologous protein (also referred to herein as a "contaminating protein"). When the

peptide is recombinantly produced, it is also preferably substantially free of culture
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[0026]

[0027]

[0028]

medium, which includes preparations ot peptide with culture medium less than about
20%, 10%, or 5% of the volume of the peptide preparation. When the peptide is
produced by chemical synthesis, 1t 1s preferably substantially free ot chemical
precursors or other chemicals, which includes preparations of peptide with chemical
precursors or other chemicals involved in the synthesis of the peptide less than about
30%, 20%, 10%, 5% (by dry weight) of the volume of the peptide preparation. That a
particular peptide preparation contains an 1solated or purified peptide can be shown,
for example, by the appearance of a single band tollowing sodium dodecyl sultate
(SDS)-polyacrylamide gel electrophoresis of the protein preparation and Coomassie
Brilliant Blue staining or the like of the gel. In a preferred embodiment, peptides and
polynucleotides of the present invention are 1solated or purified.

The terms "polypeptide”, "peptide” and "protein” are used interchangeably herein to
refer to a polymer of amino acid residues. The terms apply to amino acid polymers 1n
which one or more amino acid residue 1s a moditfied residue, or a non-naturally
occurring residue, such as an artiticial chemical mimetic ot a corresponding naturally
occurring amino acid, as well as to naturally occurring amino acid polymers.

The term "oligopeptide” sometimes used 1n the present specification 1s used to refer
to peptides of the present invention which are 20 residues or fewer, typically 15
residues or fewer 1n length and 1s typically composed ot between about 8 and about 11
residues, often 9 or 10 residues.

The term "amino acid” as used herein refers to naturally occurring and synthetic
amino acids, as well as amino acid analogs and amino acid mimetics that similarly
function to the naturally occurring amino acids. Amino acid may be either L-amino
acids or D-amino acids. Naturally occurring amino acids are those encoded by the
genetic code, as well as those modified after translation 1n cells (e.g., hydroxyproline,
gamma-carboxyglutamate, and O-phosphoserine). The phrase "amino acid analog”
refers to compounds that have the same basic chemical structure (an alpha carbon
bound to a hydrogen, a carboxy group, an amino group, and an R group) as a naturally
occurring amino acid but have a moditied R group or modified backbones (e.g., ho-
moserine, norleucine, methionine, sultoxide, methionine methyl sultonium). The
phrase "amino acid mimetic” refers to chemical compounds that have ditterent
structures but similar functions to general amino acids.

Amino acids may be reterred to herein by their commonly known three letter
symbols or the one-letter symbols recommended by the IUPAC-IUB Biochemical
Nomenclature Commission.

The terms "gene", "polynucleotides” and "nucleic acids” are used interchangeably
herein and, unless otherwise specifically indicated are similarly to the amino acids

reterred to by their commonly accepted single-letter codes.
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10029]

[0030]

[0031]

The term "composition” as used herein 1s intended to encompass a product including
the speciftied ingredients 1n the specified amounts, as well as any product that results,
directly or indirectly, from combination of the specified ingredients in the specified
amounts. Such term 1n relation t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>