(19) AUSTRALIAN PATENT OFFICE

(11) Application No. Al 2003224001 B2

(54)

(51)8

Title

Tumour-associated peptides that bond

International Patent Classification(s)

CO7K 7,06 (2006.01) 2BMEP C12N

CO7K 14,47 (2006.01)15/12

C12N 15-12 (2006.01)20060101ALTIZ2006052

GO1N 33569 1BMDE GO1N
(2006.01) 337569
GO1N 33,574 20060101AL12007072
(2006.01) 1BMER GO1N
A61K 48,00 (2006.01) > >4
ok /06 20060101AL12007072
20060101AFI2005100 1BMER AGIK
- C07K 48,00
La47 20060101ALN200607
20060101AL12006072 22BMER
PCT/EP03/03181

Application No: 2003224001

WIPO No:  wop3-102023

Priority Data

Number (32) Date

102 25 144.4 2002 .05.29
Publication Date : 2003 12 19

Publication Journal Date :  5pp4 02 12

Applicant(s)

Immatics Biotechnologies GmbH
Inventor(s)

Rammensee, Hans Geory, Stevanovic,
Agent/Attorney

to MHC molecules

(22) Application Date:  gp3 03 27

(33) Country
DE

Stefan, Weinschenk, Toni

Watermark Patent & Trademark Attorneys, Level 2 302 Burwood Road, Hawthorn, VIC,

3122




Al
«
)
|
=
I
=)
\=
S~

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATTONALE ANMELDUNG

(19) Weltorganisation fiir geistiges Eigentum
Internationales Biiro

(43) Internationales Verdffentlichungsdatum
11, Dezember 2003 (11.12.2003)

PCT

00 00O RO

(10) Internationale Veréffentlichungsnummer

WO 03/102023 Al

(51) Internationale Patentklassifikation’:
16/00, C12N 15/00, A61K 38/00

CO7K 7/06,

(21) Internationales Aktenzeichen: PCT/CP03/03181
(22) Internationales Anmeldedatum:
27. Mirz 2003 (27.03.2003)

(25) Einreichungssprache: Deutsch

(26) Verdffentlichungssprache: Deutsch
(30) Angaben zur Prioritiit:

10225 144.4 29. Mai 2002 (29.05.2002) DC

(71) Anmelder {fiir alle Besti mit A ’
von US): IMMATICS BIOTECIINOLOGIES GMBII
|DE/DE]; Aul der Morgenstelle 15, 72076 "Tiibingen (D).

(72) Erfinder; und
(75) Erfinder/Anmelder (nur fiir US): WEINSCHENK, Toni
[DL/DE]; Plochingerstrasse 146, 73730 Lsslingen (DE).
RAMMENSEE, Hans, Georg [DI/DL]; Sommerhalde
3, 72070 Tiibingen-Unterjessingen (DE). STEVANOVIC,
Stefan [DL/DL]; Aof der Burg 3, 72074 Tiibingen (DL).
(74) Anwilte: OTTEN, H. usw.; Witte, Weller & Partner, Post-
fach 105462, 70047 Stuttgart (DE).
(81) Bestimmungsstaaten (national): AE, AG, AL, AM, AT,
Al, AZ, BA, BB, BG, BR. BY. BZ, CA. C11, CN, CO, CR,
CU, CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE,
GII, GM, TR, 11U, 1D, 1L, IN, IS, IP, KK, KG, KP, KR,
K7, 1.C, LK, LR, LS, I'l, LU, LV, MA, MD, MG, MK,
MN, MW, MX, MZ, NI, NO, N7, OM, PII, PI,, PT, RO,
RU, SC. 8D, 8L, SG, SK. SL, L1, ITM, IN, TR, T'T, 17,
UA, UG, US, UZ, VC, VN, YU, ZA, 7M. 7W.

[Fortselzung auf der ndchsten Seite]

(54) Title: TUMOUR-ASSOCTATED PEPTIDES THAT BOND TO MHC MOLECULES

(54) Bezeichnung: AN MITC-MOILEKULE BINDENDE TUMOR-ASSOZITERTE PEPTIDE

A2/CMV

Cots% 7] bR

AZ2/Keratin 18

A2/CMV

A2Keratin 18—y

{57) Abstract: The invention relates to a tumour-associated peptide containing an amino acid sequence, which is selected from the
ey group consisting of SEQ ID No. 1 1o SEQ ID No. 79 of the enclosed sequence protocol. Said peptide has the capacity to bond to
& a molccule of the human major histocompatibility complex (MIIC) class I The invention also relates to the use of the peptides for
producing a medicament and for treating tumorous diseases. The itvention further relates to a pharmaceutical composition, which

comprises at least one of the peprides.

[Forisetzung auf der niichsten Seite]




WO 03/102023

AT {00 DR

(84) Bestimmungsstaaten (regional): ARTPO-Patent (GIT,

GM, KL, 1S, MW, MZ. SD, SL., 87, 17, UG, ZM. ZW),
Patent (AM, AZ, BY, KG, K7, MD, RU, T,
sches Patent (AT, RE, BG, CIT, CY, (7, DF,

CT, CM, GA, G, GQ, GW, M1, MR, NE, SN, TD, TG).

Verdffentlicht:
—  mil internaiionalem Recherchenbericht

8, 1, UR, GI3, GR, 11U, 114, IT, LU, MC, N,
PT, RO, ST, SI, SK, TR), OAPI-Patent (BT, BJ, CT,, CG,

— vor Ablauf der fiir Anderungen der Anspriiche geltenden
lirist; Verdfientlichung wird wiederholt, falls Anderungen
cintreffen

Zur Erklirung der Zweibuchstaben-Codes und der anderen 4b-
kiirzungen wird auf die krkldrungen ("Guidance Notes on Co-
des and Abbreviaiions") am Anfang jeder reguldren Ausgabe der
PCT-Gazette verwiesen.

(57) Zusammenfassung: Die Erfindung betrittt ein Tumor-assoziiertes Peptid mit einer Aminosduresequenz, die ansgewihlt ist aus
der Gruppe bestehend aus S1Q 11>-Nr. 1 his S81Q 1>-Nr. 79 aus dem beiliegenden Sequenzprotokoll, wohei das Peptid die 1dhigkeit
aulweist, an ein Molekiil des menschlichen TTaupt-Tlistokom patibilitils-Komplexes (MITC) Klasse-T zu binden. Die Brfindung be-
trittt dariiber hinaus die Verwendung der Peptide zur Ilerstellung eines Arzneimittels und zur Behandlung von Tumorerkrankungen.
lierner wird eine pharmazeutische Zusammensetzung heschrieben, die mindestens eines der Peptide aufweist.




Tumor-associated peptides binding to MHC-molecules

The present invention relates to tumor-associated peptides
having the ability to bind to a molecule of human major histo-

compatibility (MHC), class I.

Such peptides are used - for example -~ in immunotherapy of

tumor-associated diseases.

When tumor cells are eliminated by the immune system the iden-
tification of tumor-associated antigens (TAAR) by components of
the immune system plays a pivotable role. This mechanism is
based on the fact that there exist gualitative or quantitative
differences between tumor cells and normal cells. To induce an
anti-tumor-response, the tumor cells have to express antigens
which induce an immune response being sufficient for the elimi-

nation of the tumor.




In particular, CD8-expressing cytotoxic T-lymphocytes (in the
following CTL) are involved in rejection of tumors. To induce
such an immune reaction by cytotoxic T-cells foreign pro-
teinsg/peptides have to be presented to T-cells. Antigens are
recognized as peptide fragments by T-cells only if they are
presented by MHC-molecules on cell surfaces. These MHC ("major
histocompatibility complex") molecules are peptide receptors
which normally bind peptides intracellularly and transport them
to the cell surface. This complex of peptide and MHC-molecule
is recognized by T-cells. Human MHC-molecules are also desig-

nated as human leukocyte antigens (HLA).

There are two classes of MHC-molecules: MHC class-I-molecules,
which are present on most cells having a nucleus, present pep-
tides generated by degradation of endogenous proteins. MHC
class-II-molecules are present on professional antigen-
presenting cells (APC) only and present peptides of exogenous
proteins, which are taken up and processed during endocytosis.
Peptide/MHC-class~-I complexes are recognized by CD8-positive
cytotoxic T-lymphocytes, peptide/MHC class-II-complexes are
recognized by CD4 helper T-cells.

In order to induce a cellular immune response a peptide has to
bind to a MHC-molecule. This action depends on the allele of
the MHC-molecule and on the amino acid sequence of the peptide.
MHC-class-I-binding peptides, being - as a general rule - of 8
to 10 residues in length, comprise two conserved residues ("an-
chor") in their sequence, that engage complementary pockets

located in the MHC-molecule.




In order for the immune system to induce an effective CTL-
response directed against tumor-associated peptides, these
peptides have not only to be able to bind to specific MHC-
class-I-molecules expressed by tumor cells but have also to be
able to be recognized by T-cells having specific T-cell recep-

tors (TCR).

When developing a tumor vaccine a main aim is to identify and
to characterize tumor-associated antigens which are recognized

by CD8' CTL.

The antigens - or their epitopes, respectively - which are
recognized by tumor-specific cytotoxic T-lymphocytes can be
molecules of all classes of proteins, such an enzymes, recep-
tors, transcription factors, etc. Another important class of
tumor-associated antigens are tissue-specific structures such
as the cancer-testis antigens, which are expressed in various

kinds of tumors and healthy testis tissue.

In order for the T-lymphocytes to identify proteins as tumor-
specific antigens and in order to use them in therapy, certain
requirements have to be met: The antigen has to be expressed
mainly by tumor cells and not by normal cells or at least to a
minor extent as in tumors. Further, it is desirable if the
specific antigen is present not only in one kind of tumor but
also in other kinds in high concentrations. Further, the pres-
ence of epitopes in the amino acid sequence of the antigen is
essentially since those peptides derived from tumor-associated
antigens are supposed to induce a T-cell-response, either in

vitro or in vivo.




Thus, TAA represent a starting point for developing a tumor
vaccine. Methods for identification and characterization of TAA
are based on the utilization of patient-derived CTL or on the
generation of differential transcription profiles between tu-

mors and normal tissue.

Identification of genes which are overexpressed in tumorous
tissues or which are selectively expressed in such tissues does
not provide precise information about utilization of antigens
transcribed from these genes for immune therapy. This is based
on the fact that only several epitopes of these antigens are
suitable for such an utilization since a T-cell response is
induced - via MHC presentation - by epitopes of the antigens
only and not by the antigen as a whole. Thus it is important to
select those peptides of overexpressed or selectively expressed
proteins, that are presented by MHC-molecules, thereby generat-
ing points of attack for specific tumor recognition by cyto-

toxic T-lymphocytes.

In view of the above it is an object of the present invention
to provide at least one new amino acid sequence of such a pep-
tide which can bind to a molecule of the human major histocom-

patibility complex (MHC)-class-I.

This object is achieved, according to the invention, by provid-
ing a tumor-associated peptide containing an amino acid se-
quence which is selected from the group consisting of SEQ ID-
No. 1 to SEQ ID-No. 79 of the enclosed sequence protocol, the
peptide having the ability to bind to a molecule of the human

major histocompatibility complex (MHC)-class-I.
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Accordingly in a first aspect of the invention there is provided an isolated and/or
purified tumor-associated peptide, whersin the fumor-associated peptide is a
HLA-A*02 ligand which contains an amino acid sequence having the ability fo
bind to a molecule of the human major histocompatibility complex (MHC) Class -
1, wherein the peptide sequence comprises at position 2 and the C-terminal

amine acid position a non-polar amino acid.

In a second aspect of the invention there is provided the first aspect of the
invention namely an isolated and/for purified tumor associated peptide, wherein:
a)  the non-polar amino acid at position 2 is selected from the group
consisting of Leucine, Valine, |soleucine, Alanine and Methicnine, and
b) the non-polar amino acid at the C-terminal position is selected from
the group consisting of Leucine, Valine, {soleusine and Alanine.

In a third aspect of the invention there s provided an isolated andfor purified
tumor-associated peptide comprising the amino acid sequence YVDPVITSI (SEQ
ID No. 1), the peptide having the ability to hind to a molecule of the human major
histocompatibility complex (MHC) class-1.

It is understood that peptides identified from the tumor may be synthesized or be
expressed in cells in order to obtain larger amounts and in order to utilize them for
purposes described below.

The inventors were able to identify the above-mentioned peptides as specific
ligands of MHC-class-1-molecules from tumorous tissue. In this connection, with
the term "tumor-associated”, peptides are denoted herein, which have been
isolated and identified from tumorous material. These peptides - being presented
on genuine (primary) tumors - are subject to antigen processing in a fumor cell.

The specific ligands can be used in cancer therapy, for example to induce an

immune response directed against tumor cells, which express the corresponding
antigens from which the peptides deriva.

COMS ID No: ARCS-267472  Received by IP Australia: Time (H:m) 13:23 Date (Y-M-d) 2010-02-23
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On the one hand, such an immune response in terms of an induction of CTL can
be achieved in vivo. For that purpose a peptide is administered - for example in
form of a pharmaceutical composition - to the patient, who suffers from a tumor
disease associated with the TAA.

On the other hand, a CTL-response against a tumor expressing the antigen from
which the peptides derive can be induced ex vive. For this purpose the CTL-
precursor cells are incubated together with antigen-presenting cells and the
peptides. The

COMS ID No: ARCS-267691  Received by IP Australia: Time (H:m) 16:00 Date (Y-M-d) 2010-02-24
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CTL stimulated thereby are then cultivated, and these activated

CTL are administered to the patient.

A further possibility is to load APC ex vivo with the peptides
and to administer those loaded APC to a patient, who, in tumor
tissue, expresses the antigen from which the peptide is de-
rived. The APC can in turn present the peptide to the CTL in

vivo and activate them.

The peptides according to the invention can further be utilized

as diagnostic reagents.

In that way, the peptides can be used to find out if, in a CTL
population, there exist CTL specifically directed against the

peptide or if the CTL were induced by a therapy.

Further, the increase of precursor T-cells, which show reactiv-
ity against the defined peptide, can be tested with the pep-
tide.

In addition, the peptide can be used as a marker to assess the
disease course of a tumor expressing the antigen from which the

peptide derives.

In the enclosed Table 1 the identified peptides are listed.
They are disposed according to the respective HLA-types they
are binding to. Further, in the table the proteins are dis-
posed, from which the peptide is deriving, and the respective
position of the peptide in the corresponding protein. In doing
so, the English denotation of the proteins was kept to avoid

misleading translations. Further, the Acc-numbers are quoted,

-10-




which are listed in the gene bank of the "National Center for
Biotechnology Information" of the National Institute of Health

(see http://www.ncbi.nlm.nih.gov).

The inventors were able to isolate the peptides (or ligands)
from renal cell carcinomas of two patients, RCC01 and RCC13. In
doing so, 68 ligands from tumorous tissue of patient RCCOl were
isolated and 13 ligands from tumorous tissue of patient RCC13.
Two of the ligands identified in both patients were identical.
Those were the peptides having the sequence ID No. 1 and 3
(YVDPVITSI of met-protooncogene (C-Met) and ALLNIKVKL of kera-
tin 18).

79 ligands could be identified from the tumors of the patients,
30 of which were bound to the HLA-subtypes HLA-A*02, 13 were
bound to HLA-A*68, 34 to HLA~B*18 or HLA-B*44 and 2 to HLA*24.

HLA-A*02-ligands were all exhibiting the allele-specific pep-
tide motif: (Leucine/Valine, Isoleucine, Alanine or Methionine
on position 2; Leucine/Valine, Isoleucine or Alanine at the C-

terminus.

Some of the ligands derived from abundantly expressed so-called
housekeeping genes, which are expressed equally in most tis-

sues, but many were distinguished by tumor-association.

The peptide having the sequence ID No. 1 YVDPVITSI, for exam-
ple, is concerning a ligand, which, in particular, is associ-
ated with tumors and which derives from the met-protooncogene
(c-Met) (position 654-662). Peptides having the sequence ID

Nos. 2, 22 and 23 derive from adipophilin (also denoted as

11-




"adipose differentiation related" protein) and comprise posi-
tions 129-137, 62-71 and 349-358 in this protein, whereby the
last two are among HLA-A*68 presented peptides. The ligand
having the sequence ID No. 3 is a ligand, which is derived from

keratin 18 and is located at position 365-373.

The major part of the ligands was comprising the amino acid
glutamic acid (E) on position 2, which is an anchor-amino acid
of the HLA-B*44-subtype. In that way, peptides could be identi-
fied, which derive from proteins, that have proven to be immu-
nogenic in earlier experiments, for example peptide having
sequence ID No. 5, which derives from protein Annexin II (posi-
tion in Annexin II: 55-63). This protein proved to be immuno-
genic in respect of MHC class-II-molecules in melanoma patients
(see Heinzel et al., The self peptide annexin II (208-223)
presented by dendritic cells sentisizes autologous CD4+ T-
lymphocytes to recognize melanoma cells, 2001, Cancer Immunol.

Immunother. 49: 671-678).

Further, some peptides could be identified, which derive from
proteins, that are, in particular, overexpressed in tumorous
tissue. Thus, fragments of Vimentin (EEIAFLKKL, position 229-
237) and Caldesmon (DEAAFLERL, position 92-100) could be iden-
tified. Young et al., Expression profiling of renal epithelial
neoplasms: a method for tumor classification and discovery of
diagnostic molecular markers, 2001, Am. J. Pathol., 158: 1639-
1651) disclosed that these proteins were overexpressed in renal

cell carcinoma tissues.

The inventors were further able ~ among other things - to iden-

tify ligands, which derived from ets-1 (NEFSLKGVDF, position

-12-




86-95), Alpha-~Catenin (NEQDLGIQY, position 169-177) and
Galectin 2 (SEVKFTVTF, position 80-88).

The inventors further isclated fragment YYMIGEQKF (sequence ID
No. 79) which derives from the enzyme Nicotinamid-N-Methyl-
transferase (position 203-211). Takahashi et al., Gene expres-
sion profiling of clear cell renal cell carcinoma: gene identi-
fication and prognostic classification, 2001, Proc. Natl. Acad.
Sci. USA, 98: 9754-9749, disclosed that this enzyme was overex-

pressed in renal cells carcinoma.

Surprisingly, the inventors were able to detect cytotoxic T-
lymphocytes specific for one of the identified peptides in
donor blood. Thus, it is possible to induce a CTL-response

specific against the tumors.

The inventors were able to demonstrate, in their own experi-
ments, that by using two exemplarily selected peptides cyto-
toxic T-lymphocytes (CTL) could be generated in vivo, which
were specific for peptides having sequence ID No. 1 (c-Met-
protoocogene-fragment or c-Met-peptide) or specific for the
peptide having the sequence ID No. 2 (adipophilin fragment or
adipophiline peptide). These CTL were able to specifically kill
tumor cells, which expressed the respective proteins and which
derived from different tumor cell lines of different patients.
The inventors could further demonstrate that with the mentioned
CTL dendritic cells, for example, could be 1lysed, which were
previously pulsed (loaded) with the respective peptides. The
inventors demonstrated with these experiments that human T-
cells can be activated in vitro by using the peptides according

to the invention as epitopes. The inventors could not only

13-
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demonstrate that CTL, which were obtained from peripheral blood
mononuclear cells (PBMNC) of a patient and which were specific
for a certain peptide, were able to kill cells of the same kind
of tumor of another patient. The inventors further demonstrated
that even cells of other kinds of tumors could be lysed with

these CTL.

In a preferred embodiment, peptides may be used for stimulation
of an immune response, too, which comprise sequence ID No. 1 to
79 and in the sequence of which at least one amino acid may be

replaced by another amino acid with similar chemical features.

With respect to the respective MHC-subtypes, these are, for
example, anchor amino acids, which may be replaced by amino
acids with similar chemical features. For example, in peptides,
which are associated with MHC-subtype HLA-A*02, Leucine on
position 2 may be replaced with Isoleucine, Valine or with
Methionine and vice versa, and Leucine at the C-terminus with
Valine, Isoleucine and Alanine, which all comprise non-polar

side chains.

Further, it is possible to use peptides having sequence ID Nos.
1 to 79, which comprise at least one additional amino acid at
the N- or C-terminus, or in the sequence of which at least one

amino acid may be deleted.

Further, peptides having sequence ID Nos. 1 79 can be used,
which comprise at least one amino acid being chemically modi-

fied.

-14-
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The varying amino acid(s) is (are) chosen in that way that the
variation does not effect the immunogenity of the peptide, that
is the peptide still displays a similar binding affinity to the
MHC-molecule and the ability to stimulate T-cells.

According to the invention, the peptide can be used for treat-

ment of tumor diseases and/or adenomatous diseases.

Tumor diseases to be treated comprise, for example, renal,
breast, pancreas, gastric, testis and/or skin cancer. Listing
of tumor diseases 1is supposed to be merely illustrative and

shall not limit the scope of usage.

The inventors were able to demonstrate, in their own experi-
ments, that the peptides according to the invention are suit-
able for such use. Thus, it was demonstrated that with specifi-
cally generated CTL, which were specific for certain peptides,

tumor cells could be effectively and selectively killed.

To use tumor-associated antigens in a tumor vaccine there are,
as a general rule, several possible forms of application. Tighe
et al., 1998, Gene vaccination: plasmid DNA is more than just a
blueprint, Immunol. Today 19(2): 89-97, demonstrated that the
antigen could be administered either as recombinant protein
with suitable adjuvants or carrier systems or - in plasmid
vectors - as cDNA encoding the antigen. In the latter cases, to
induce an immune response, the antigen has to be processed and
presented by antigen-presenting cells (APC) in the patient's

body.

-15-
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Melief et al., 1996, Peptide-based cancer vaccines, Curr. Opin.
Immunol. 8: 651-657, demonstrated a further possibility, i.e.

to use synthetic peptides as vaccine.

In a preferred embodiment the peptide can be used in addition

of adjuvants, or on its own.

As an adjuvant, the granulocate-macrophage-colony-stimulating-

factor (GM-CSF) can be used for example.

Further examples for such adjuvants are aluminumhydroxide,
emulsions of mineral oils, such as Freund's adjuvants, saponi-

nes or silicon compounds.

Use of adjuvants is of advantage, since the immune response
induced by the peptide can be boosted and/or the peptide can be

stabilized.

In another preferred embodiment the peptide is administered

when bound to an antigen-presenting cell.

This step is advantageously since the peptides can be presented
to the immune system, in particular to cytotoxic T-lymphocytes
(CTL). In that way, CTL can identify and specifically kill the
tumor cells. For example, dendritic cells, monocytes or B-
lymphocytes are suitable as antigen-presenting cells for that

purpose.

In doing so, the cells are, for example, loaded with the pep-

tides ex vivo. On the other hand, the cells may be transfected

-16-
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with DNA or the corresponding RNA encoding the peptides in

order for the peptides being expressed on the cells.

The inventors were able to demonstrate, in their own experi-
ments, that dendritic cells (DC) could be loaded with specific
peptides and that these loaded dendritic cells activated pep-
tide-specific CTL. That means, that the immune system can be
stimulated to produce CTL directed against the tumors which

express the respective peptides.

The antigen-presenting cells carrying the peptide may be used
either in a direct manner or may be activated with heat shock
protein gp%6 prior use. This heat shock protein induces expres-
sion of MHC-class-I-molecules and of costimulating molecules
such as B7, and, in addition, stimulates production of cyto-
kins. In that way the induction of immune responses is enhanced

all in all.

In another preferred embodiment the peptides are used to label

leukocytes, in particular T-lymphocytes.
This use is of advantage, if the peptides are used, in a CTL~
population, to detect CTL specifically directed against the

peptides.

The peptide can further be used as a marker to assess a therapy

course of a tumor disease.

The peptide can also be used for monitoring therapy in other

immunizations or therapies. In that way the peptide may not

17-
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only be used in a therapeutical way but also in a diagnostic

way.

In a further embodiment the peptides are used for generating an

antibody.

Polyclonal antibodies can be obtained, in a general manner, by
immunization of animals by means of injection of the peptides

and subsequent purification of the immunoglobuline.

Monoclonal antibodies can be generated according to standard-
ized protocols, for example as described in Methods Enzymol.

(1986), 121, Hybridoma technology and monoclonal antibodies.

In a further aspect the invention relates to a pharmaceutical

composition comprising one or more peptides.

This composition may for example be applied parenterally, for
example subcutaneously, intradermally or intramuscularly or may
be administered orally. In doing so the peptides are dissolved
or suspended in a pharmaceutically acceptable carrier, prefera-
bly an aqueous carrier. The composition can further comprise

additives, for example buffers, binders, diluents etc.

The peptides can also be administered together with immu-
nostimulating substances, for example cytokins. An extensive
description of additives which can be used in a composition of
this nature is given, for example, in A. Kibbe, Handbook of
Pharmaceutical Excipients, 3. ed., 2000, American Pharmaceuti-

cal Association and pharmaceutical press.

-18-
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The composition may be used for prevention, prophylaxis and/or

therapy of tumor diseases and/or adenomatous diseases.

The pharmaceutical composition comprising at least one of the
peptides having sequence ID Nos. 1 to 79 is administered to a
patient who suffers from a tumor disease, the respective pep-
tide or antigen is associated with. Thereby, a tumor-specific

immune response can be induced on basis of tumor-specific CTL.

The amount of the peptide or of the peptides being present in
the pharmaceutical composition is a therapeutically effective
amount. In this connection the peptides contained in the compo-

sition can bind to at least two different HLA-types.

The present invention relates, in a further aspect, to nucleic
acid molecules encoding the peptides with sequence ID Nos. 1 to

79.

The nucleic acid molecules can represent DNA- or RNA-molecules
and can be used for immune therapy of cancer as well. Thereby
the peptide expressed by the nucleic acid molecule induces an

immune response against tumor cells, which express the peptide.

According to the invention the nucleic acid molecules can be

provided in a vector.

The invention further relates to a cell genetically modified by
means of the nucleic acid molecule so that the cell is produc-

ing a peptide having sequence ID Nos. 1 to 79.

-19-
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For this purpose, the cells are transfected with DNA or corre-~
sponding RNA encoding the peptides, thereby expressing the
peptides on the cells. For this purpose, for example dendritic
cells, monocytes or B-lymphocytes are suitable as antigen-

presenting cells.

It will be understood that the features which are mentioned
above and the features still to be explained below can be used
not only in the combinations which are in each case specified
but also in other combinations or on their own without depart-

ing from the scope of the present invention.

Embodiments of the invention are displayed and explained in the

figures below.

Fig. 1 shows the detection of CD8'-T-lymphocytes specific

for keratin 18;

Fig. 2a-d show the induction of CTL-responses in vitro, spe-
cific for the c-Met-peptide (SEQ ID No. 1), Fig. 2a+b,
or the adipophilin-peptide (SEQ ID No. 2), Fig. 2c+d;

Fig. 3a~f show antigen-specific 1lysis of tumor cell 1lines
expressing c-Met or adipophilin, mediated by c-Met-
peptide (SEQ ID No. 1), Fig. 3a-d, or adipophilin-
peptide (SEQ ID No. 2), Fig. 3e-f, induced CTL;

Fig. 4a-c show lysis-inhibition assays with °Cr-labeled tumor
cells and unlabeled pulsed T2-cells mediated by c-
Met-peptide (SEQ ID No. 1), Fig. d4a+b, or adipo-
philin-peptide (SEQ ID No. 2), Fig. 4c) induced CTL;

-20-
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Fig. 5a+b show lysis of autologous dendritic cell transfected with tumor
RNA mediated by c-Met-peptide (SEQ ID NO. 1), Fig. 51, or
adipophilin-peptide (SEQ ID NO. 2), Fig. 5b, inducted CTL;

Fig. 6 shows that adipophilin-specific autologous CTL induced in vitro
recognize autologous tumor cells of a patent with chronic
lymphatic leukaemia but not autologous dendritic or B-cells.

Fig. 7 shows the detection of Tumor Associated Peptides on the surface
of tumor cells obtained from randomly obtained HLA-A*02

positive renal cell carcinoma (RCC) patients.

Fig. 8 shows T-cell responses in patients suffering from advanced renal
cell carcinoma dosed with eight courses of IMA901 vaccine.

Fig.9 shows T-cell responses for the TUMAPs contained in the IMAS01
vaccine.

EXAMPLE 1

1.1 Patient samples

Samples of patients having histologically confirmed renal cell carcinoma were
obtained from the department of urology, University of Tilbingen. Both patients
had not received preoperative therapy. Patient No. 1 (in the following designated
RCCO01) had the following HLA-typing: HLA-A*02 A*68 B*18 B*44; patient No. 2
(in the following designated RCC13) HLA-A*02 A*24 B*07 B*40.

1.2 Isolation of MHC-class-I-bound peptides

Shock-frozen tumor samples were processed as described in Schirle, M. et al.,
Identification of tumor-associated MHC-class | ligands by a novel T cell-
independent approach, 2000, European Journal of Immunology, 30; 2216-2225.
Peptides were isolated according to standard protocols using monoclonal
antibody W6/32 being specific for HLA class | or monoclonal antibody BB7.2
being specific for HLA-A2. Production and utilization of these antibodies is
described by Barnstable, C.J. et
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al., Production of monoclonal antibodies to group A erythro-
cytes, HLA and other human cell surface antigens - New tools
for genetic analysis, 1978, Cell, 14:9-20 and Parham, P. &
Brodsky, F.M., Partial purification and some properties of
BB7.2. A cytotoxic monoclonal antibody with specificity for
HLA-A2 and a variant of HLA-A28, 1981, Hum. Immunol., 3: 277-
299.

1.3 Mass spectrometry

Peptides from tumor tissue of patient RCCOl were separated by
reversed phase HPLC (SMART-system, pRPC C2/C18 SC 2.1/19, Amer-
sham Pharmacia Biotech) and fractions were analyzed by nanoESI
MS. In doing so it was proceeded as described in Schirle, M. et
al., Identification of tumor-associated MHC class I ligands by
a novel T cell-independent approach, 2000, European Journal of

Immunology, 30: 2216-2225.

Peptides from tumor tissue of patient RCC13 were identified by

online capillary LC-MS as mentioned above with minor modifica-
tions: Sample volumes of about 100 ul were loaded, desalted and
preconcentrated on a 300 um * 5 mm C18 p-precolumn (LC pack-
ings). A syringe pump (PHD 2000, Harvard Apparatus, Inc.)
equipped with a gastight 100 pl-syringe (1710 RNR, Hamilton),
delivered solvent and sample at 2 pl/min. For peptide separa-
tion, the preconcentration column was switched in line with a
75 pum * 250 mm C-18-column (LC packings). Subsequently a binary
gradient of 25 % - 60 % B within 70 min was performed, applying
a 12 pl/min flow rate reduced to approximately 300 nl/min with
a precolumn using a TEE-piece (ZTIC, Valco) and a 300 um *

150 mm C~18-column.
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A blank run was always included to ensure that the system was
free of residual peptides. On-line fragmentation was performed
as described and fragment spectra were analyzed manually. Data-
base searches (NCBInr, EST) were made using  MASCOT

(http://www.matrixscience.com).

1.4 Identification of 77 MHC-class-I-ligands of tumorous tis-

sue of patient RCCO1

In the enclosed Table 1 the ligands are listed which were bound
to HLA-A*(Q2, HLA-A*68, HLA-B*18 or HLA-B*44. Peptides that
bound to HLA-A*(02 reflected the allele-specific peptide motif:
On position 2 Leucine, Valine, Isoleucine, Alanine or Methion-
ine and at the C-terminus Leucine, Valine, Isoleucine or
Alanine. Most ligands were derived from so-called housekeeping
proteins but ligands from proteins with reported tumor-

associated associations could be detected also.

HLA-A*68 ligands were identified by their anchor amino acid
Threonine, Isoleucine, Valine, Alanine or Leucine on position 2
and Arginine or Lysine at the C-terminus. This indicated to
subtype HLA-A*6801. Two other ligands from adipophilin were
found among HLA-A*68 presented peptide, MTSALPEIQK and
MAGDIYSVFR, and further ETIPLTAEKL deriving from tumor-
associated cycline Dl. Peptide TIVNILTNR derives from Annexin
II, this protein proved as immunogenic in connection with MHC-
class-II in melanoma patients (see Heinzel et al., The self
peptide annexin II (208 - 223) presented by dendritic cells
sentisizes autologous CD4+ T-lymphocytes to recognize melanoma
cells, 2001, Cancer Immunol. Immunother. 49: 671-678). Further

ligands were carrying glutamic acid on position 2 which is an
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anchor amino acid of the HLA-B*44-subtype. Since the peptide
motif of HLA-B*18 is unknown the distinction between ligands of

these two HLA-B-molecules was not possible.

1.5 MHC-class-I-ligands of tumorous tissue of patient RCC13

With this tumorous tissue, too, the same ligands could be iden-
tified, which have been identified in patient RCCOl and which
derived from met-protooncogene (c-Met) and keratin 18: peptides
having sequence ID Nos. 1 and 3. In addition, further ligands
could be obtained from this tumorous tissue: A ligand could be
identified which derives from nicotinamide-N-methyltransferase
(NNMT); this gene is overexpressed in more than 95 % of all
renal carcinoma. Further, some other ligands overlap with the

peptide repertoire of RCCO1.

1.6 Detection of keratin 18-specific T-cells in normal CD8'-T-
cell repertoire

Peripheral blood mononuclear cells from healthy patients were
stained with HLA-A*020l-tetramers which were folded with adipo-
philin-, keratin 18- or met-protooncogene (c-Met)-peptides: For
generation of the tetramers, recombinant HLA-A*020l-molecules
were folded in vitro with the peptides SVASTITGV (SEQ ID No. 2,
adipophilin), ALLNIKVKL (SEQ ID No. 3, keratin 18) or YVDPVITSI
(SEQ ID No. 1, met-protooncogene, c-Met), purified by means of
gel filtration, biotinylated and mixed with streptavidin to

link the monomers.

Unexpectedly, a significant population of CD8'-T-lymphocytes

specific for keratin 18 was found in four out of 22 healthy
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individuals. In Fig. 1 the results of double staining are shown
in dotplots, whereby in the middle row the results of staining
with keratin 18 is shown. Between 0.02 and 0.2 % of the CD8'-
positive T-cells were specific for keratin 18. As can be seen
from the lower row of the dotplots, binding of the keratin 18-

tetramer was specific.

Example 2

To analyze presentation of the peptides with SEQ ID No. 1
(YVDPVITSI) (peptide fragment of c-Met-protooncogene} and SEQ
ID No. 2 (peptide fragment of adipophilin) by tumor cells and
their recognition by CTL, CTL were induced in vitro, which were
specific for the c-Met-peptide (peptide with SEQ ID No. 1) and
CTL which were specific for the adipophilin-peptide (SEQ ID
No. 2). In doing so, dendritic cells (DC) derived from healthy

HLA-A*(Q2-positive donors were used.

2.1 Generation of DC

Peripheral blood mononuclear cells (PBMNC) were isolated by
Ficoll/Paque-(Biochrom, Berlin, Germany)-density gradients
centrifugation of heparinized blood obtained from buffy coat
preparations of healthy volunteers from the blood bank of the
University of Tiibingen. Cells were seeded (1 x 107 cells / 3 ml
per well) into 6-well plates (Falcon, Heidelberg, Germany) in
RP10 media (RPMI 1640, supplied with 10 % heat-inactivated
fetal calf serum and with antibiotics). After 2 hours of incu-
bation at 37°C and 5 % CO,, non-adherent cells were removed and
the adherent blood monocytes were cultured in RP10 medium sup-

plemented with the following cytokins: human recombinant GM-CSF
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(granulocyte makrophage colony stimulating factor; Leukomax,
Novartis; 100 ng/ml), Interleukin IL-4 (R&D Systems, Wiesbaden,
Germany, 1000 IU/ml) and TNF-o (tumor necrosis factor o) (R&D

Systems, Wiesbaden, Germany, 10 ng/ml}).

2.2 Synthesis of peptides

Exemplary, two HLA-A*02-binding peptides (c-Met SEQ ID No. 1,
YVDPVITSI) or adipophilin (SEQ ID No. 2, SVASTITGV) which were
identified as described above) were synthesized using standard
F-moc chemistry on a peptide synthesizer (432A, Applied Biosys-
tems, Weiterstadt, Germany) and analyzed by reversed phase HPLC
and mass spectrometry. In that way, sufficient amounts of the

identified peptides can be generated.

2.3 Induction of antigen-specific CTL-response using HLA-A*02
restricted synthetic peptides

For CTL induction, the DC obtained in step 2.1 (5 x 10°) were
pulsed with the peptides obtained in step 2.2 with SEQ ID No. 1
or SEQ ID No. 2, each with 50 ug/ml for 2 hours, washed and
incubated with 2,5 x 10° autologous PBMNC in RP10 medium.

After 7 days of culture, cells were restimulated with autolo-
gous PBMNC pulsed with peptides. In doing so, 1 ng/ml human
recombinant Interleukin IL-2 (R&D Systems) was added on days 1,
3 and 5. The cytolytic activity of thereby induced CTL was
analyzed on day 5 after the last restimulation in a standard

’Icr-release-assay (see below, under 2.4: CTL-assay).
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2.4 CTL-Assay

In the CTL-assays, tumor cells, peptide-pulsed cells of differ-
ent cell lines and autologous DC were used as target cells.
Peptide-pulsed cells were pulsed with 50 upg/ml peptide (SEQ ID
No. 1 or SEQ ID No. 2) for 2 hours. All target cells were la-
beled with [®'Cr] sodium chromate in RP10 (RPMI 1640, supple-
mented with 10 % heat inactivated calf serum and antibiotics)
for 1 hour at 37°C. Subsequently, 10* cells/well were trans-
ferred to a 96-well round bottomed plate. Varying numbers of
CTL were added to give a final volume of 200 ul and incubated
for 4 hours at 37°C. At the end of the assays, supernatants (50
pl/well) were harvested and counted in a beta-plate counter.
The percent-specific lysis was calculated as: 100 x (experimen-
tal release - spontaneous release / maximal release - spontane-
ous release). The spontaneous and maximal release were deter-
mined in the presence of either medium or 2 % Triton X-100,

respectively.

2.5 Results of the CTL-induction

a) CTL-cytotoxic activity against peptide-pulsed DC

In Fig. 2, the results of the *'Cr-release-assay (see under 2.4)
with respect to the cytotoxic activity of induced CTL (see
under 2.3) against T2- or DC-cells is shown. The T2-cell line
is HLA-A*02-positive and TAP (transporter associated with anti-
gen processing) deficient; (TAP-peptide-transporter transport
peptide fragments of a proteinous antigen from the cytosol to
the endoplasmatic reticulum, where they associate with MHC-

molecules).

27-




24

In Figs. 2a and 2b, the cytotoxic activity of CTL induced with
peptide with SEQ ID No. 1 against T2-cells and DC is shown,
both cell types had previously been pulsed with the (c-
Met-~)peptide with SEQ ID No. 1 (black filled boxes) or an ir-
relevant peptide (Survivin (= "Sv"; ELTLGEFLKL; SEQ ID No. 80)
or HIV (ILKEPVHGV; Pol, HIV-1 reverse transcriptase peptide,
position 476-484; SEQ ID No. 81). In Figs. 2c and 2d the cyto-
toxic activity of CTL induced with peptide with SEQ ID No. 2
against T2- and DC-cells is shown, which had previously been

pulsed with the (adipophilin)-peptide with the SEQ ID No. 2.

The specific 1lysis, which is demonstrated in the release of
*'Cr, is, in Figs. 2a - 2d, - as well as in the CTL-lysis-
diagrams of Figs. 3 — 5 - shown vs. different ratios of effector

cells (CTL) to target cells (°!Cr-labeled cells to be lysed).

As can be seen from Figs. 2a - 2d, an antigen-specific killing
of cells could be demonstrated with a CTL-cell line, which has
been generated after 2-weekly restimulation: Only cells were
lysed by an increasing amount of CTL, which presented either
the c-Met-peptide with the SEQ ID No. 1 (Figs. 2a and 2b) or
the adipophilin-peptide with the SEQ ID No. 2 (Figs. 2c and 2d)
(see in the Figs. 2a - 2d curves with black filled boxes, re-
spectively); while control cells pulsed with irrelevant pep-
tides were not lysed (curves with empty boxes). Thereby the

specifity of the cytolytic activity could be demonstrated.

b) CTL-cytotoxic activity against tumor cell lines

Next, it was tested, in a standard tumor 5!Cr-release-assays

again, whether CTL specific for the c-Met-peptide with SEQ ID
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No. 1 or for adipophilin-peptide with SEQ ID No. 2 recognized
and lysed tumor cells, which endogeously express the c-Met-

protooncogene or adipophilin.

In doing so, the following cell lines, 5!Cr-labeled, HLA-A*(2-
positive, were used: HCT 116 (colon cancer; obtained from Prof.

G. Pawelec, Tiibingen, Germany), A 498, MZ 1257 and MZ_1774

(renal cell carcinoma; obtained fro Prof. A. Knuth, Frankfurt,
Germany), MCF-7 (breast cancer; obtained from ATCC, American
Type Culture Collection), Mel 1479 (Malignant melanoma; ob-
tained from Prof. G. Pawelec, Tibingen, Germany) and U 266
(multiple myeloma; obtained from Prof. G. Pawelec, Tiibingen,
Germany). These cell 1lines express c-Met-protooncogene and

adipophilin as target structures ("targets").

In the experiments CEBV (Epstein-Barr-virus)-immortalized B-
cell line Croft, HLA-A*0l-positive; obtained from 0.J. Finn,
Pittsburgh, USA) and cell line SK-OV-3 (ovarian cancer; HLA~
A*Q3-positive; obtained from 0.J. Finn, Pittsburgh, USA) were

used as negative controls. K _562-cells (for example obtainable

at the German Collection of Mikro Organisms and Cell Cultures
DSMZ; ACC 10) were used to determine the activity of natural
killer cells (NK) since the cell line is highly sensitive for

these killer cells.
All cell lines were cultivated in RP10 medium (RPMI 1640, sup-

plemented with 10 % heat-inactivated fetal calf serum and anti-

biotics).

-29-




26

With the above-mentioned tumor cell lines and the CTL induced
*!Cr-release assays (see under 2.4.) were carried out as men-

tioned above.

Figs. 3a - 3f show the results of these CTL-assays, whereby in
Figs. 3a - 3d CTL were used which were induced using c-Met-
peptide with SEQ ID No. 1, and in Figs. 3e - 3f CTL were used,
which were induced using adipophilin peptide with SEQ ID No. 2.

As can be seen from Figs. 3a - 3f, the CTL specific for c-Met-
peptide with SEQ ID No. 1 (Fig. 3a - 3d) or specific for adipo-
philin peptide with SEQ ID No. 2 (Fig. 3e and 3f) were able to
efficiently lyse tumor cells expressing both HLA-A*02 and c-Met
or adipophilin (that is in Fig. 3a cell line HCT 116, in Fig.
3b cell line A 498, in Fig. 3c cell lines MZ 1257 and MEL 1479
and in Fig. 3d cell lines MCF-7 and U 266; in Fig. 3e cell
lines A 494, U 266 and MCF-7, in Fig. 3f cell lines MZ 1774,
Mel 1479 and MZ 1257). Specific lysis was measured - as men-
tioned under 2.4. - via °Cr release. There was no lysis of the
control cell line SK-0V-3 (HLA-A-*02-negative), neither through
CTL, which were induced by the peptide with SEQ ID No. 1 nor
through CTL, which were induced by the peptide with SEQ ID
No. 2. Thus, it could be demonstrated that both peptides have
to be presented on tumor cells in connection with HLA-A*02-
molecules to efficiently lyse the target cells. Further, the
antigen-specifity and the MHC-restriction of the CTL is proved

in that way.

CTL-cells induced in vitro with the peptide having SEQ ID No. 1
did not recognize the K562 cell line (see Figs. 3a, 3b and 3d),
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indicating that the c¢ytotoxic activity was not mediated by

natural killer (NK)-cells.

c) Inhibition-Assays

To further verify the antigen-specifity and the MHC-restriction
of the in-vitro-induced CTL, inhibition assays with non-*'Cr-

labeled ("cold") inhibitor cell lines were performed.

In doing so, the ability of peptide-pulsed cell lines was ana-
lyzed to inhibit the lysis of tumor cells (competition assay).
For this purpose, an excess of inhibitor (that is an excess of
unlabeled pulsed cells) was used. The ratio of inhibitor (pep-
tide-pulsed cells) to target (tumor cells) was 20:1. When in-
hibitor cell lines were lysed, no °Cr was released, since the

inhibitor cell lines were unlabeled.

Cell line T2 (HLA-A*02; TAP-deficient; see under 2.5.a)) was
used as inhibitor. Previous to the assay, this cell line T2 was
pulsed with the relevant peptides (SEQ ID Nos. 1 or 2) or an
irrelevant control peptide (Survivin (= Sv), SEQ ID No. 80),

respectively.

Results of these tests are shown in Figs. 4a - 4c, whereby in
Figs. 4a and 4b CTL were used which were c-Met-peptide-induced
(SEQ ID No. 1) and in Fig. 4c CTL were used, which were adipo-
philin-peptide-induced (SEQ ID No. 2).

In Figs. 4a and 4b lysis of the *!Cr-labeled cell lines U 266
and A 498 was tested without inhibitor cell line (see the curve

with black filled boxes); lysis with inhibitor cell 1line T2,
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pulsed with an irrelevant peptide (Survivin; SEQ ID No. 80;
negative control, curves with the filled triangles); and lyses
with the inhibitor cell line T2 pulsed with the c-Met-peptide
with SEQ ID No. 1 (curves with the empty rhombus).

Without inhibitor cells, 1lysis of tumor cells by CTL could be
demonstrated (see in Figs. 4a - 4d curves with black filled
boxes, respectively). Further, as can be seen from Fig. 4a and
4b, when using an excess of inhibitor target tumor cells were
not lysed (and no °Cr was released), if the inhibitor target
was pulsed with c-Met-peptide with SEQ ID No. 1 (see curves
with the empty rhombus symbols, respectively). The activity of
the CTL was directed against the excess unlabeled T-cells, so
that these cells and not the tumor cells were lysed. The T2-
cells pulsed with an irrelevant peptide (Survivin respectively;
SEQ ID No. 80) were not able to inhibit the lysis of tumor
cells by CTL, so that released °'Cr could be measured (see in

Figs. 4a and 4b curves with black filled triangles).

A similar event could be shown when using CTL induced with

adipophilin peptide with SEQ ID No. 2 (see Fig. 4c):

MHC-restriction and antigen-specifity of the cytotoxic activity
of the adipophiline-induced CTL could be demonstrated by using
a HLA-A*02-specific monoclonal antibody and in an inhibition
assay with unlabeled ("cold") inhibitor: The results of this
experiment are shown in Fig. 4c. A 498-tumor cells were blocked
when adding HLA-A*(Q2-specific antibody (monoclonal antibody
BB7.2, IgG2b, obtained from S. Stefanovic, Tiibingen) so that
they were not lysed by the added CTL and no °!Cr was released

(see Fig. 4c curve with filled triangle-symbols). As a control
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a non-specific antibody was used, which did not block the HLA-
A*Q2-molecule (ChromPure Maus IgG, Dianova, Germany; see in
Fig. 4c curve with filled boxes). With these inhibition assays,
the cells were incubated with 10 ug/ml antibody previous to

seeding on the 96-well-plates for 30 min.

Further it could be demonstrated that the T2-competition cell
line pulsed with the irrelevant peptide Survivin (SEQ ID No.
80) (T2/SV), was not able to inhibit CTL-induced lysis of tumor
cell line A 498 (see in Fig. 4c curve with black filled cir-
cles), but T2-inhibitor cell line pulsed with adipophilin pep-
tide with SEQ ID No. 2 (T2/AD) was able to inhibit the lysis of
the tumor cell line, so that - refrain to the latter case - no

*!Icr release could be measured (see in Fig. 4c curve with x-

symbols).

d) Specific lysis of transfected DC

In a next experiment, the cytotoxic activity of CTL in an
autologous setting was analyzed. In doing so, autologous DC,
generated from the same PBMNC that were utilized for CTL induc-
tion (see under 2.2.), were used as target cells. Prior to the
CTL-assay, the DC were electroporated with RNA, which was pre-
viously isolated either from tumor cell lines or which repre-
sented control-RNA (in vitro transcribed EGFP-RNA, enhanced
Green fluorescent protein-RNA); plasmide: pSP64 Poly(A) EGFPII,
obtained from Van Tendeloo, Antwerp, Belgium). Total RNA of
tumor cells was isolated with the QIAGEN Rneasy Mini Kit
(QIAGEN, Hilden, Germany) according to the manufacturer's pro-
tocol. Quantity and purity of RNA were determined by spectro-

photometry and stored in aliquots at -80°C.
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Prior to electroporation on day 6, immature DC were washed
twice with serum-free X-VIVO 20 medium (BioWhittaker, Walkers-
ville, USA) and resuspended to a final concentration of 2 x 107
cells/ml. Subsequently, 200 pl of the cell suspension were
mixed with 10 pg of total RNA and electroporated in a 4 mm-
cuvette using an Easyject Plus™ (Peglab, Erlangen, Germany)
(parameters: 300 V, 150 upF, 1540 Q, pulse time 231 ms). After
electroporation the cells were immediately transferred into
RP10 medium and returned to the incubator. More than 80 % of

the cells proved to be viable after electroporation.

The results of these experiments are shown in Figs. 5a and 5b.
In Fig. 5a CTL were used, which were induced with c-Met-peptide
with SEQ ID No. 1, in Fig. 5b CTL were used which were induced
with adipophilin peptide with SEQ ID No. 2.

After performing the CTL-assay with the CTL induced by c-Met-
peptide (SEQ ID No. 1) (see under 2.4.) a specific lysis of DC
could be demonstrated which were electroporated with RNA of c¢-
Met-expressing tumor cell lines (A 498 and MCF-7) (see in Fig.
S5a, curves with black filled symbols). DC electroporated with
RNA of the non-C-met-expressing tumor cell line Croft were not

lysed (see curve with the empty rhombus).

CTL induced with adipophilin-peptide with SEQ ID No. 2 lysed DC
which were electroporated with RNA of the adipophilin-
expressing cell line A 498 (see in Fig. 5b curve with black
filled triangles). Further, DC were lysed which were pulsed
with the adipophilin-peptide SEQ ID No. 2 (see in Fig. 5b curve
with black filled rhombus). On the other hand, DC electropo-
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rated with control (EGFP) RNA were not lysed (see in Fig. 5b

curve with the empty triangles).

Thus it could be demonstrated that - after transfection of the
DC with RNA of c-Met- or adipophilin-positive tumor cells - the
identified peptides, that is c-Met-peptide with SEQ ID No. 1
and adipophilin-peptide with SEQ ID No. 2, were processed and

presented.

e) Induction of adipophilin-specific CTL in a patient with

chronic lymphatic leukemia

In a further experiment, CTL were generated from PBMNC of HLA-
A*020l-positive patient with chronic lymphatic leukemia (CLL),
which were specific for adipophilin-peptide with SEQ ID No. 2.
The patient was in remission after treatment with fludarabine.
Further, autologous CLL-cells and DC of this patient were used
as °'Cr-labeled targets in an assay, in which *Cr-release is

mediated by the peptide-induced CTL.

As shown in Fig. 6, the peptide-induced CTL efficiently lysed
"autologous DC from this patient that were pulsed with the adi-
pophilin peptide with SEQ ID No. 2 ("DC + AD") as well as the
autologous CLL-cells ("CLL cells"). DC which were pulsed with
the irrelevant peptide Survivin with SEQ ID No. 80 were - on
the other hand - not lysed ("DC + SV"). Also, non-malignant B-

cells and cell line K 562 were not lysed by CTL.

The specifity of the CTL-response was further confirmed in a
target inhibition assay, using the cell line T2 (see above) as

inhibitor cells, which were pulsed with the adipophilin peptide
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with SEQ ID NO. 2 or with the irrelevant peptide Survivin with SEQ ID NO. 80,
respectively. The CTL induced with adipophilin-peptide with SEQ ID NO. 2 lysed
the excess inhibitor cell lines which were pulsed with the relevant peptide with
SEQ ID NO. 2 so that *'Cr-labeled tumor cells were not lysed in this case (see in
Fig. 6 the curve with empty boxes).

In conclusion, the inventors could show that the identified peptides represent
promising substances in the scope of an immune therapy for many (tumor)
diseases.

As will be demonstrated below, Immatics developed a vaccine (designated as
IMA901) containing 9 HLA-A02 and 1 HLA-DR TUMAPs that were identified and
validated using Immatics’ novel technology. Each of the TUMAPS in this vaccine
has been shown to demonstrate immunogenic activity (discussed below). Thus,
Immatics method of discovery and validation of immunogenic TUMAPSs has been
shown to predict in vivo immunogenicity.

EXAMPLE 3

A Vaccine Preparation

A vaccine containing 10 Tumor associated peptides (TUMAPs) was prepared
(IMA901). These TUMAPSs have been identified as being naturally presented in
primary renal cell carcinoma (RCC) tissues. The vaccine includes nine HLA-class
I-binding peptide epitopes with the capacity to activate cytotoxic T cells (CD8+ T
cells) and one HLA class li-binding peptide with the capacity to activate T helper
celts (CD4+ T cells). The IMAS01 vaccine includes the peptide from c-met
proto-oncogene (having the amino acid sequence YVDPVITSI (SEQ ID NO. 1)).
This peptide is designated as IMA-MET-001 in the attached data. The vaccine
also contains one additional peptide from hepatitis B virus (HBV) core antigen
(HBV-001, an HLA-A0201 binding immunogenic peptide antigen) to serve as a
marker peptide.
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B Identification of SEQID NO.1 on the surface of renal carcinoma
tissues (RCC)

Pre-clinical studies confirmed, using mass spectrometry-based detection of
peptides presented by and eluted from HLA-A*02 molecules that all naturally
processed tumor associated peptides (TUMAPSs) included in the vaccine, in
particular the peptide IMA-MET-001 from c-met proto-oncogene, are in fact
presented on the surface of tumor cells obtained from randomly selected
HLA-A*02 positive renal cell carcinoma (RCC) patients. The peptide from c-met
(SEQ ID NO. 1) having the sequence of YVDPVITSI was detected in 7/7 cases.
See Fig. 7.

Cc In vitro validation platform using ELISpot and HLA-Tetramer Assays
Two generally accepted but different assays for monitoring clinical immune
responses were used to detect the in vivo immune response: ELISpot Assay and
HLA-Tetramer Assay.

The ELISpot assay measures the release of IFN-y by T cells after specific
recognition of a peptide. Triplicate measurements of IFN-y spots in the assay
were performed to provide a reliable statistical calculation. The ELISpot assay
verifies the presence of the c-met peptide (IMA-MET-001) (or any desired
peptide) in patient blood. This assay can be used to demonstrate effector T cell
functions in response to stimulation of T cells from patient blood with the antigen
(peptide) of interest.

The HLA-tetramer assay measures the frequency of a T-cell population
specifically recognising a MHC/peptide complex. A single cell measurement by
cytometric analysis (FACS) was performed to provide a reliable statistical
calculation.” This assay uses HLA-A*02 tetramers that are complexed with the
peptide of interest, e.g. the peptide from c-met. This complex will specifically bind
only to those T cells isolated from the peripheral blood of patients vaccinated with
the vaccine (comprising the peptide from c-met) that bear the respective T cell
receptor (“TCR”) on their surface. The T cells are then detected by cytometric
analysis (FACS) with the use of a fluorophore.
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Both of these in vitro assays were performed for all single peptides present in the
IMA901 vaccine, including the c-met peptide (SEQ ID NO. 1).

The ELISpot assay is a method that allows detecting living activated CD8+ T cells
from sample material, e.g. patient peripheral blood mononuclear cells (PBMC), in
an antigen-(HLA/peptide-complex-) specific manner by measuring the secretion
of interferon-gamma (IFN-g) in response to a specific stimulus, i.e. the matching
HLA/peptide-complex for a particular T cell receptor (TCR). In brief, this sensitive
and easy-to-perform assay was employed in a clinical phase 1 study in patients
for assessing the frequency of CD8+ T celis reacting against tumor-associated
HLA ligands. The enzyme-linked immunosorbent (ELISpot) technique quantifies
T cells that produce certain cytokines, e.g. IFN-gamma, on a single cell level of
sensitivity, thus offering the most sensitive assay for detecting antigen-specific
T cells currently avaitable.

Purified T cells obtained from patient-derived PBMC at different points in time
before or during treatment with the IMA901 vaccine, according to the clinical
study protocol had been kept in cell culture and re-stimulated with the antigen of
choice (e.g. CCN-001, a peptide originating from the cell cycle control and tumor
antigen Cyclin D1) for 12 days before they were incubated for 20-24 hours in the
ELISpot microtiter plates coated with the anti-IFN-gamma-antibody. Those
T cells with the appropriate T cell receptor (TCR) recognising the CCN-001
peptide bound to the HLA-A*02 receptor secrete IFN-gamma in response to the

stimulus.

The secreted IFN-gamma is bound by the antibody coated on the well. After a
washing step, IFN-gamma release is visualised by an enzyme-labelled detection
antibody and its corresponding chromogenic substrate, which becomes insoluble
and attached to the surface of the well at the site of reaction. Each coloured spot
on the wells represents an area where at least one cell secreted IFN-gamma.
Spots can be quantified manually or automatically by using a CCD camera and
the according image analysis software. The significance of the differences
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between, e.g. T cells purified from pooled blood samples taken before and during
the first day of vaccination with SEQ ID NO. 1 and T cells present in PBMC after
several rounds of vaccination is determined by generally accepted statistical
methods for conducting analyses of this kind. Results from analysis showed that
the CCN-001 peptide included in SEQIDNO. 1 induced the proliferation
(increase in the number of spots over the course of treatment) of T cells
specifically recognising the CCN-001 peptide when displayed by the HLA-A*02
receptor. At the same time, T cells recognising an irrelevant peptide representing
a bona fide epitope from a viral antigen from the H1 virus, which was used as a
negative control, were not increased in number. (Results not shown).

A second assay, the HLA-tetramer assay, was also performed. The peptide
(c-met peptide) triggered the expansion of killer T cells. In this assay, the
presence or absence of antigen-specific T cells recognising a particular
HLA/peptide-complex of interest, i.e. peptides such as the MET-001 peptide
derived from the tumor antigen c-met proto-oncogene, is visualised by using
aggregates (referred to as HLA tetramers) consisting of four covalently linked
synthetic HLA/peptide complexes, which specifically bind to only those T cells
that carry the appropriate T cell receptor (TCR). Staining and counting of
antigen-specific T cells in this way is a generally accepted method for the
quantification of T cells.

In contrast to an ELISpot assay, no additional information regarding the
functionality of T cells (e.g. production of certain activation markers such as
IFN-gamma) is acquired. For providing information about particular cell
populations of interest, multiparametric analysis of different surface markers, e.g.
the CD8 co-receptor and a TCR hinding the HLA-A*02/MET-001
peptide-complex, Tcells are incubated first with an anti-CD8-antibody, a
secondary fluorescence-labelled antibody, and HLA-tetramers that are also
directly or indirectly linked to a chromophore.,

After washing the cells, the cells are passed through a detector with a laser at a
wavelength suitable for exciting light emission from the fluorescent dyes attached
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to the agents used for detection. Events measured by the detectors can be
visualized by e.g. dot plots showing the number of double and single-positive
cells i.e. cells having both the CD8 co-receptor as well as a matching TCR on its
surface, or only cells being positive for only one of the parameters under
investigation. In dot plots of this kind, double-positive populations always show
up in the upper right corner. In case of the MET-001 peptide, the presence of a
discrete double-positive population demonstrates the existence of a
MET-001-responsive T cell population after beginning of vaccination of patients
with the product IMA901 vaccine containing the MET-001 peptide as an active

pharmaceutical ingredient. (Results not shown).

D In vivo immunogenicity, determination for SEQ ID NO. 1 and for the
other TUMAPSs in the IMA901 vaccine
1. A phase | study to assess safety, immunogenicity, and anti-tumor activity

of tumor vaccination with eight courses of intradermally (i.d.) applied IMA901 plus
GM-GSF as adjuvant was performed in patients suffering from advanced renal
cell carcinoma (RCC).

The study involved 30 patients with histologically confirmed RCC of states
Ill and IV and who were also HLA type HLA-A*02 positive. Eight vaccinations
were given within 10 weeks. Each vaccination comprised the i.d. injection of
GM-CSF (75 pg) followed by the id. injection of 4.5 mg IMAS01 (413 ug per

peptide per vaccination).

The results showed that 74% of evaluable patients (27 out of 30) showed
a vaccine-induced T cell response to at least one HLA class | TUMAP and 30% of
evaluable patients were multi-peptide responders (i.e. > | vaccine-induced T cell
response). T cell responses were detectable by day 15. See Fig. 8.

2. In a phase | trial, the induction of T cell responses in vivo against two or

more of the HLA-A*02 binding TUMAPS included in the vaccine correlated with a
clinical stabilisation of the disease. A Wilcoxon two-sample test showed a
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significant difference regarding growth/shrinkage of target lesion in patients with
one or multiple TUMAP responses.

Immunogenicity was seen for 8 of the 9 HLA class | TUMAPs. IMAS01
induced a T cell response against TUMAPs in the majority of advanced RCC
patients (74%). For the peptide of MET-001, 15% of the patients showed a T cell

response. See Fig. 9.

E. The c-met peptide (SEQ ID NO. 1) triggers an immune response in

caner patients who received the peptide as a therapeutic vaccine
Not only does the peptide IMA-Met-001 from c-met lead to a strong and specific
stimulation of T cells in vitro, it also triggers an immune response in cancer
patents who received the peptide as a therapeutic vaccine. Four out of 27
patients with advanced renal cell carcinoma mounted an immune response
against the IMA-MET-001 peptide. In addition, eight out of the nine HLA-A*02
binding TUMAPS included in the vaccine triggered an immune response in vivo.
See Fig. 9.
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Patjent RCCO01
HLA-A"(2

1. | YVDPVITSI
2. | SVASTITGV
3. | ALLNIKVKL
4. | ALFDGDPHL
5. | RLLDYVVNI
6. | ALANGIEEV
7. | QLIDKVWQL
8. | ALSDLEITL
9. | ILRTGTIQL
10, | SLLGGDVVSY
11. | FLDGNELTL
12. | NLLPKLHIV
13. | ALASHLIEA
14, | SLYGGTITI
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An isolated and/or purified tumor-associated pepiide comprising the amino
acid sequence YVDPVITSI (SEQ ID No. 1), the peptide having the ability to bind
to a molecule of the human major histocompatibility complex (MHC) class-1.

2. The peptide according fo claim 1, whergein said peptide comprises one
additional amino acid at the N- orfand C-terminus.

3. The peptide according to claim 1 or 2, wherain at least one amino acid is
deleted,
4, The peptide according to any one of claims 1 o 3, wherein at least one

amino acid is chemically modified.

5. The use of the peptide according fo any one of claims 1 to 4, for the
manufacture of a medicament for the treatment of tumor diseases and/or

adenomatous diseases.

6. The use of the peptide according to any one of claims 1 to 4, for the
production of a pharmaceutical composition for the treafment of tumor diseases

and/or adenomatous diseases.

7. The use according to claim 5 or 8, wherein the disease is renal, breast,

pancreatic, stomach, bladder and/or testicular cancer.

8. The use according to claim 6 or 7, whereln the peptide is used together
with an adjuvant.

9. The use according to claim 6 or 7, wherein the peptide being used is

bound to an antigen presenting cell.

10.  The use of the peptide according fo any one of claims 1 to 4, for in vitro
labeling of leukocytes, in particular of T-lymphocytes.
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11. The use according to claim 10 for evaluation of the course of a therapy for
a tumor disease.

12.  The use of the peptide according to any one of claims 1 to 4 for the
production of an antibody.

13. A pharmaceutical composition centaining the peptide according to any one
of claims 1 to 4.

14. A nucleic acid molecule encoding the peptide according to any one of
claims 1 fo 4.

15. A vector, comprising the nucleic acid molecule accerding to claim 14.
16.  An isolated and/or purified cell that has been genetically altered using the
nucleic acid molecule according to claim 14 or using the vector according to claim

15, to produce a peptide according to any one of claims 1 to 4.

IMMATICS BIOTECHNOLOGIES GMBH

WATERMARK PATENT & TRADE MARK ATTORNEYS

P24896AU00
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SEQUENCE LISTING

<110> Immatics Biotechnologies GmbH
<120> Tumor-associated peptides binding to MHC-molecules
<130> 4648P102

<160> 79

<170> PatentIn version 3.1

<210> 1

<211> 9

<212> PRT

<213> Homo sapiens

<400> 1

Tyr Val Asp Pro Val Ile Thr Ser Ile
1 5

<210> 2

<211l> 9

<212> PRT

<213> Homo sapiens

<400> 2

Ser Val Ala Ser Thr Ile Thr Gly Vval
1 S

<210> 3

<2il> 9

<212> PRT

<213> Homo sapiens

<400> 3

Ala Leu Leu Asn Ile Lys Val Lys Leu

1

<210>
<211>
<212>
<213>

<400>

1

5

PRT
Homo sapiens

4

Ala Leu Phe Asp Gly Asp Pro His Leu
5
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<210> 5
<211> 9
<212> PRT
<213> Homo

<400> 5

Arg Leu Leu
1

<210> 6
<211> 9
<212> PRT

<213> Homo

<400> 6

Ala Leu Ala
1

<210> 7
<211> 9
<212> PRT
<213> Homo
<400> 7
Gln Leu Ile
1

<210> 8
<211> 9
<212> PRT
<213> Homo
<400> 8
Ala Leu Ser
1

<210> 9
<211> 9
<212> PRT

<213> Homo
<400> 9

Ile Leu Asp
1

39

sapiens

Asp Tyr Val Val Asn Ile
5

sapiens

Asn Gly Ile Glu Glu Vval
5

sapiens

Asp Lys Val Trp Gln Leu
5

sapiens

Asp Leu Glu Ile Thr Leu
5

sapiens

Thr Gly Thr Ile Gln Leu
5
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<210>
<211>
<212>
<213>

<400>

10

PRT
Homo

10

Ser Leu Leu

1

<210>
<211>
<212>
<213>

<400>

11

9
PRT
Homo

11

Phe Leu Asp

1

<210>
<211>
<212>
<213>

<400>

12

9
PRT
Homo

12

Asn Leu Leu

1

<210>
<211>
<212>
<213>

<400>

13

9
PRT
Homo

13

Ala Leu Ala

1

<210>
<211>
<212>
<213>

<400>

14

9
PRT
Homo

14

Ser Leu Tyr

1

40

sapiens

Gly Gly Asp val val Ser val
5 10

sapiens

Gly Asn Glu Leu Thr Leu
5

sapiens

Pro Lys Leu His Ile Val
5

sapiens

Ser His Leu Ile Glu 2la
5

sapiens

Gly Gly Thr Ile Thr Ile
5
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<210>
<211>
<212>
<213>

<400>

15

9
PRT
Homo

15

Phe Leu Leu

1

<210>
<211>
<212>
<213>

<400>

16

PRT
Homo

16

Phe Leu Asp

1

<210>
<211>
<212>
<213>

<400>

17

9
PRT
Homo

17

Ala Ile Vval

1

<210>
<211>
<212>
<213>

<400>

18
10
PRT
Homo

18

Asp Val Ala

1

<210>
<211>
<212>
<213>

<400>

19

8
PRT
Homo

19

Leu Ala Ser

1

sapiens

Asp Lys Lys Ile Gly val
5

sapiens

Gly Asn Glu Met Thr Leu
5

sapiens

Asp Lys Val Pro Ser Val
5

sapiens

Ser val Ile val Thr Lys
)

sapiens

Val Ser Thr Val Leu
5

41

Leu
10
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<210>
<211>
<212>
<213>

<400>

20

PRT
Homo

20

Val Met Ala

1

<210>
<211>
<212>
<213>

<400>

21

PRT
Homo

21

Leu Leu Phe

1

<210>
<211>
<212>
<213>

<400>

22
10
PRT
Homo

22

Met Thr Ser

1

<210>
<211>
<212>
<213>

<400>

23
10
PRT
Homo

23

Met Ala Gly

1

<210>
<211>
<212>
<213>

<400>

24

PRT
Homo

24

Glu Thr Ile
1

42

sapiens

Pro Arg Thr Leu Val Leu
5

sapiens

Asp Arg Pro Met His Val
5

sapiens

Ala Leu Pro Ile Ile Gln Lys
5 10

sapiens

Asp Ile Tyr Ser Val Phe Arg
5 10

sapiens

Pro Leu Thr Ala Glu Lys Leu
5 10
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<210>
<211>
<212>
<213>

<400>

25
10
PRT
Homo

25

Asp Val Met

1

<210>
<211>
<212>
<213>

<400>

26

9
PRT
Homo

26

Thr Ile Ile

1

<210>
<211>
<212>
<213>

<400>

27

9
PRT
Homo

27

Thr Ile Vval

1

<210>
<211>
<212>
<213>

<400>

28

9
PRT
Homo

28

Thr Ile Ile

1

<210>
<211>
<212>
<213>

<400>

29
10
PRT
Homo

29

Ser Ile Phe

1

43

sapiens

Val Gly Pro Phe Lys Leu Arg
5 10
sapiens

Asp Ile Leu Thr Lys Arg
5

sapiens

Asn Ile Leu Thr Asn Arg
5

sapiens

Asp Ile Ile Thr His Arg
5

sapliens

Asp Gly Arg Val val Ala Lys
5 10
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<210>
<211>
<212>
<213>

<400>

30

9
PRT
Homo

30

Ser Thr Ile

1

<210> 31
<211> 10
<212> PRT
<213> Homo
<400> 31
Glu Leu Ile
1

<210> 32
<211> 11
<212> PRT
<213> Homo
<400> 32
Glu Ile Ala
1

<210> 33
<211> 9
<212> PRT
<213> Homo
<400> 33
Glu Thr Ile
1

<210> 34
<211> 9
<212> PRT
<213> Homo
<400> 34

Ser Leu Ala

1

44

sapiens

Glu Tyr Val Ile Gln Arg
5

sapiens

Lys Pro Pro Thr Ile Leu Arg
5 10

sapiens

Met Ala Thr val Thr Ala Leu Arg
5 10
sapiens

Gly Glu Ile Leu Lys Lys
5

sapiens

Asp Ile Met Ala Lys Arg
5
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<210>
<211>
<212>
<213>

<400>

35

PRT
Homo

35

Glu Glu Ile

1

<210>
<211>
<212>
<213>

<400>

36

PRT
Homo

36

Asp Glu Ala

1

<210>
<211>
<212>
<213>

<400>

37

8
PRT
Homo

37

Asp Glu Met

1

<210>
<211>
<212>
<213>

<400>

38

PRT
Homo

38

Asp Glu val

1

<210>
<211>
<212>
<213>

<400>

39

9
PRT
Homo

39

Asn Glu Asn

1

45

sapiens

Ala Phe Leu Lys Lys Leu
5

sapiens

Ala Phe Leu Glu Arg Leu
5

sapiens

Lys Val Leu Val Leu
5

sapiens

Lys Phe Leu Thr val
S

sapiens

Ser Leu Phe Lys Ser Leu
5
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<210>
<211>
<212>
<213>

<400>

40

PRT
Homo

40

Asp Glu Phe

1

<210>
<211>
<212>
<213>

<400>

41

PRT
Homo

41

Glu Glu Val

1

<210>
<211>
<212>
<213>

<400>

42

PRT
Homo

42

Asp Glu val

1

<210>
<211>
<212>
<213>

<400>

43

PRT
Homo

43

Thr Glu Arxrg

1

<210>
<211>
<212>
<213>

<400>

44
10
PRT
Homo

44

Asn Glu Phe

1

sapiens

Lys Val Val val val
5

sapiens

Lys Leu Ile Lys Lys Met
5

sapiens

Lys Leu Pro Ala Lys Leu
5

sapiens

Glu Leu Lys val Ala Tyr
5

sapiens

Ser Leu Lys Gly Val Asp
5

46

Phe
10
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<210>
<211>
<212>
<213>

<400>

45

9
PRT
Homo

45

Asn Glu Gln

1

<210>
<211>
<212>
<213>

<400>

46

PRT
Homo

46

Glu Glu Arg

1

<210>
<211>
<212>
<213>

<400>

47
10
PRT
Homo

47

Glu Glu Ile

1

<210>
<211>
<212>
<213>

<400>

48

PRT
Homo

48

Asp Glu Tyr

1

<210>
<211>
<212>
<213>

<400>

49

PRT
Homo

49

Asp Glu Leu

1

sapiens

Asp Leu Gly Ile Gln Tyr
5

sapiens

Ile val Glu Leu Phe
5

sapiens

Arg Glu Ala Phe Arg Val
5

sapiens

Ile Tyr Arg His Phe Phe
5

sapiens

Glu Leu His Gln Arg Phe
5

47

Phe
10
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<210>
<211>
<212>
<213>

<400>

50

9
PRT
Homo

50

Ser Glu Val

1

<210>
<211>
<212>
<213>

<400>

51

PRT
Homo

51

Ile Glu Thr

1

<210>
<211>
<212>
<213>

<400>

52

PRT
Homo

52

Lys Glu Asn

1

<210>
<211>
<212>
<213>

<400>

53

PRT
Homo

53

Asp Glu Vval

1

<210>
<211>
<212>
<213>

<400>

54

9
PRT
Homo

54

Gly Glu Ala

1

48

sapiens

Lys Phe Thr vVal Thr Phe
)

sapliens

Ile Ile Asn Thr Phe
5

sapiens

Pro Leu Gln Phe Lys Phe
5

sapiens

Arg Thr Leu Thr Tyr
5

sapiens

val val Asn Arg Val Phe
5
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<210>
<211>
<212>
<213>

<400>

55
10
PRT
Homo

55

Glu Glu Val
1

<210>
<211>
<212>
<213>

<400>

56

PRT
Homo

56

Asp Glu Gly

1

<210>
<211>
<212>
<213>

<400>

57

PRT
Homo

57

Asp Glu val

1

<210>
<211>
<212>
<213>

<400>

58

9
PRT
Homo

58

val Glu val

1

<210>
<211>
<212>
<213>

<400>

Thr Glu Asn

1

59

9
PRT
Homo

59

sapiens

Leu Ile Pro Asp Gln Lys
5

sapiens

Arg Leu Val Leu Glu Phe
5

sapiens

Glu Leu Ile His Phe
5

sapiens

Leu Leu Asn Tyr Ala Tyr
5

sapiens

Asp Ile Arg Val Met Phe
5

49

Tyr
10
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<210> 60
<211> 8
<212> PRT
<213> Homo
<400> 60
Leu Glu Gly
1

<210> 61
<211> 8
<212> PRT
<213> Homo
<400> 61

Asn Glu Leu

1

<210>
<211>
<212>
<213>

<400>

62

9
PRT
Homo

62

Glu Glu Phe
1

<210> 63
<211> 8
<212> PRT
<213> Homo
<400> 63
Val Glu Ala
1

<210> 64
<211> 9
<212> PRT
<213> Homo
<400> 64

Asp Glu Arg

1

50

sapiens

Leu Thr val val Tyr
5

sapiens

Pro Thr Val Ala Phe
S

sapiens

Gly Gln Ala Phe Ser Phe
5

sapiens

Ile Phe Ser Lys Tyr
5

sapiens

Thr Phe His Ile Phe Tyr
5
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<210>
<211>
<212>
<213>

<400>

65

9
PRT
Homo

65

Thr Glu Lys

1

<210>
<211>
<212>
<213>

<400>

66

9
PRT
Homo

66

val Glu Ser

1

<210>
<211>
<212>
<213>

<400>

67
10
PRT
Homo

67

Ser Glu Ala

1

<210>
<211>
<212>
<213>

<400>

68

8
PRT
Homo

68

Asp Glu Gly

1

<210>
<211>
<212>
<213>

<400>

69

9
PRT
Homo

69

Ala Leu Ala

1

sapiens

Val Leu Ala Ala Val Tyr
5

sapiens

Pro Leu Ser Val Ser Phe
5

sapiens

Gly Ser His Thr Leu Gln
5

sapiens

Lys Val Ile Arg Phe
5

sapiens

Ala val val Thr Glu Vval
5

51

Trp
10
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<210> 70
<211> 9
<212> PRT
<213> Homo

<400> 70

Thr Leu Ile
1

<210> 71
<21l> §
<212> PRT
<213> Homo

<400> 71

Ala Leu Phe
1

<210> 72
<21l> 9
<212> PRT
<213> Homo

<400> 72

Val Leu Ala
1

<210> 73
<211> 9
<212> PRT
<213> Homo

<400> 73

Thr Leu Asp
1

<210> 74
<211> 9
<212> PRT
<213> Homo

<400> 74

Tyr Leu Asp
1

52

sapiens

Glu Asp Ile Leu Gly Val
5

sapiens

Gly Ala Leu Phe Leu Ala
5

sapiens

Thr Leu Val Leu Leu Leu
5

sapiens

Asp Leu Ile Ala Ala Val
5

sapiens

Asn Gly val val Phe Val
S
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53

<210> 75
<211> 9
<212> PRT

<213> Homo sapiens
<400> 75

Ser Val Phe Ala Gly Val Vval Gly val
1 5

<210> 76
<211> 10
<212> PRT

<213> Homo sapiens
<400> 76

Ser Leu Ile Asn Val Gly Leu Ile Ser Val

1 5 10
<210> 77

<211> 9

<212> PRT

<213> Homo sapiens
<400> 77

Ala Leu Ala Asp Gly val Gln Lys Val
1 5

<210> 78
<211> 9
<212> PRT

<213> Homo sapiens
<400> 78

Thr Tyr Gly Glu Ile Phe Glu Lys Phe
1 5

<210> 79
<211> 8
<212> PRT

<213> Homo sapiens
<400> 79

Tyr Tyr Met Ile Gly Glu Gln Lys Phe
1 5
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<210>
§<211>
<212>
<213>

<400>

54

80

10

PRT

Homo sapiens

80

Glu Leu Thr Leu Gly Glu Phe Leu Lys Leu

1

<210>
<211>
<212>
<213>

<400>

5 10

81

9

PRT

Human Immunodeficiency Virus

8l

Ile Leu Lys Glu Pro Val His Gly Val

1

5
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