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immune response in multiple types of cancer.

For proteins to be recognised by cytotoxic T-lymphocytes as tumour-specific or -associated
antigens, and for them to be used in a therapy, particular prerequisites must be fulfilled. The
antigen should be expressed mainly by tumour cells and not or in comparably small amounts
by normal healthy tissues. It is furthermore desirable, that the respective antigen is not only

present in a type of tumour, but also in high concentrations (i.e. copy numbers of the
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1 C20- OferétbreNEEME lard\d Qiartte08Yidt4ér the development of a tumour vaccine. The methods
for identifying and characterizing the TAAs are based on the use of CTL that can be isolated
from patients or healthy subjects, or they are based on the generation of differential
transcription profiles or differential peptide expression patterns between tumours and normal
tissues (Lemmel C., Weik S., Eberle U., Dengjel J., Kratt T., Becker H. D., Rammensee H.
G., Stevanovic S. Nat. Biotechnol. 2004 Apr.; 22(4):450-4, T. Weinschenk, C. Gouttefangeas,
M. Schirle, F. Obermayr, S. Walter, O. Schoor, R. Kurek, W. Loeser, K. H. Bichler, D.
Wernet, S. Stevanovic, and H. G. Rammensee. Integrated functional genomics approach for
the design of patient-individual antitumor vaccines. Cancer Res. 62 (20):5818-5827, 2002.).

However, the identification of genes overexpressed in tumour tissues or human tumour cell
lines, or selectively expressed in such tissues or cell lines, does not provide precise
information as to the use of the antigens transcribed from these genes in an immune therapy.
This is because only an individual subpopulation of epitopes of these antigens are suitable for
such an application since a T-cell with a corresponding TCR has to be present and
immunological tolerance for this particular epitope needs to be absent or minimal. It is
therefore important to select only those peptides from overexpressed or selectively expressed
proteins that are presented in connection with MHC molecules against which a functional T-

cell can be found. Such a functional T-cell is defined as a T-cell that upon stimulation with a
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specific antigen can be clonally expanded and is able to execute effector functions (“effector

T-cell”),

T-helper cells play an important role in orchestrating the effector function of CTLs in anti-
tumour immunity. T-helper cell epitopes that trigger a T-helper cell response of the Ty type
support effector functions of CD8-positive killer T-cells, which include cytotoxic functions
directed against tumour cells displaying tumour-associated peptide/MHC complexes on their
cell surfaces. In this way tumour-associated T-helper celi epitopes, alone or in combination
with other tumour-associated peptides, can serve as active pharmaceutical ingredients of

vaccine compositions which stimulate anti-tumour immune responses.

Since both types of response, CD8 and CD4 dependent, contribute jointly and synergistically
to the anti-tumour effect, the identification and characterization of tumour-associated antigens
recognised by either CD8+ CTLs (ligand: MHC class I molecule + peptide epitope) or by
CD4-positive CTLs (ligand: MHC class II molecule + peptide epitope) is important in the
development of tumour vaccines. It is therefore an object of the present invention, to provide
novel amino acid sequences for peptides that are able to bind to MHC complexes of either

class.

Brief description of the drawings
Fig. 1 shows the ESI-liquid chromatography mass spectra identifying tumour associated
peptide (TUMAP) PCN-002 from colon carcinoma sample CCA707 (Fig. 1a), TOP-002 from
glioblastoma sample GB1006 (Fig. 1b), PTP-001 from glioblastoma sample GB1006 (Fig.
1c), GAL-001 from renal cell carcinoma sample RCC190 (Fig. 1d), CHI-001 from
glioblastoma sample GB1002 (Fig. le), JAX-001 from glioblastoma sample GB1002 (Fig.
1f), AKR-001 from non-small lung cell cancer NSCLC-Pool 2 (Fig. 1g), and FNI-001 from
pancreatic ¢arcinoma sample PC330 (Fig. 1h) that were presented in a MHC class I restricted

manner.

Fig. 2 shows the ESI-liquid chromatography mass spectra identifying tumour associated
peptide (TUMAP) CEA-009 from gastric carcinoma GC-Pool 2 (Fig. 2a), TGFBI-006 from
gastric carcinoma GC-Pool 1 (Fig. 2b), TGFBI-007 from glioblastoma sample GB6002 (Fig.
2¢), TGFBI-008 from glioblastoma sample GB1004 (Fig. 2d), TGFBI-009 from non-small
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lung cell cancer NSCLC-Pool 1 (Fig. 2¢), and TGFBI-010 from glioblastoma sample GB6002
(Fig. 2f) that were presented in a MHC class II restricted manner.

Fig. 3 depicts the expression profiles of two genes encoding glioblastoma associated peptides
PTP-001 (Fig. 3a) and CHI-001 (Fig. 3b). Expression of the genes is absent or very low in
normal tissues while increased up to more than 250-fold in glioblastoma samples (GB1006T
to GB1011T; NCH359T and NCH361T).

Fig. 4 depicts binding affinities of selected peptides to HLA-A*0201 as measured by Epl
ELISA according to Sylvester-Hvid, C, Kristensen, N, Blicher, T, Ferre, H, Lauemoller, SL,
Wolf, XA, Lamberth, K, Nissen, MH, Pedersen, LO, and Buus, S; 2002, Establishment of a
quantitative ELISA capable of determining peptide - MHC class I interaction, Tissue
Antigens, 59, 251-258. The analysis was limited to peptides known to be MHC class I binding
peptides. Affinities of HLA-DR binding peptides cannot be measured with this assay.

Figure 5 depicts the Tetramer analysis of microsphere driven proliferation of ODC-001 and
NOX-001 specific CD8+ lymphocytes from peripheral blood.

1 x 10° CD8+ enriched PBMCs per well of the healthy HLA-A*0201+ donor HD100 was
stimulated weekly with microspheres coupled to anti-CD28 plus high density tumor antigen
A*0201/0DC-001 (upper panel) or anti-CD28 plus high density tumor antigen A*0201/NOX-
001 (lower panel). After three stimulations in vitro, all cells were stained with antibody CD8
FITC plus tetramers A*0201/NOX-001 PE and A*0201/0DC-001 APC. Cells are gated on
the lymphocyte population or CD8+ lymphocytes (right panel) and numbers represent
percentage of tetramer+ within CD8+ lymphocytes.

Figure 6 depicts the in vitro immunogenicity of TGFBI-004 as detected by IFNy ELISPOT

after five stimulation cycles

Cells were primed and restimulated repeatedly with TGFBI-004 and then incubated with
relevant TGFBI-004 (Well 1, 2, 3 and 4) and irrelevant (Neg. control} peptide, respectively.
The analysis after IFNy ELISPOT was performed on an ELISPOT Reader (CTL, Cleveland,
USA). PHA-lonomycin served as positive control. Numbers indicate the count of positive

spots.
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Figure 7 depicts the in vitro immunogenicity of TGFBI-004 as detected by ICS after five

stimulation cycles.

Cells were primed with TGFBI-004-loaded autologous DCs and restimulated repeatedly with
autologous PBMCs plus TGFBI-004. For the read-out cells were incubated with relevant
TGFBI-004 (Well 1, 2, 3 and 4) and irrelevant (Neg. Control) peptide, respectively.
Additionally to the intracellular IFNy staining, cells were also stained with CD4-FITC and
CD8-PerCP antibodies. The analysis was performed on a four-color FACSCalibur cytometer

(BD Biosciences, Germany).

Figure 8 depicts the ELISPOT analysis of IFNy production by T-cell lines upon in vitro
restimulation with the NOX-001 peptide. A. T-Cell line 7+ from donor HBC-154 (sorted
CD8+ NOX-001 tetramer+); B. T-Cell line 7- from donor HBC-154 (sorted CD8+ NOX-001

tetramer).

Soited CD8+ NOX-001 tetramer+ (A.) and CD8+ NOX-001 tetramer- (B.) cells were
analysed by IFNy ELISPOT after restimulation with irrelevant (MLA-001) (upper wells) and
relevant (NOX-001) (lower wells) peptide (10 pg/ml). Numbers indicate the count of positive

spots.

Figure 9 shows affinities of peptides contained in the present invention to HLA-A*0201.
Dissociation constants (Kp) of P116 HLA class I peptides and the viral marker peptide HBV-

001 were measured by an ELISA-based assay (see Examples).
Detailed description of the invention

In a first aspect the invention provides a peptide comprising 2 sequence that is selected from
the group of SEQ ID No. 1 to SEQ ID No. 29 or a variant thereof which is 80% homologous
to SEQ ID No. 1 to SEQ ID No. 29 or a variant, which will induce T-cells cross-reacting with
said peptide.

In the present invention, the term "homologous" refers to the degree of identity between
sequences of two amino acid sequences, i.e. peptide or polypeptide sequences. The

aforementioned "homology” is determined by comparing two sequences aligned under
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optimal conditions over the sequences to be compared. The sequences to be compared herein
may have an addition or deletion (for example, gap and the like) in the optimum alignment of
the two sequences. Such a sequence homology can be calculated by creating an alignment
using, for example, the ClustalW algorithm (Nucleic Acid Res., 22(22): 4673 4680 (1994).
Commonly available sequence analysis software, more specifically, Vector NTI, GENETYX
or analysis tools providled by  public databases, such as eg.

http://dragon.bio.purdue.edu/bioinfolinks/ may also be used.

A person skilled in the art will be able to assess whether T-cells induced by a variant of a
specific peptide will be able to cross-react with the peptide itself by (Fong, L, Hou, Y, Rivas,
A, Benike, C, Yuen, A, Fisher, GA, Davis, MM, and Engleman, EG; 2001, Altered peptide
ligand vaccination with Fit3 ligand expanded dendritic cells for tumor immunotherapy, Proc.
Natl. Acad. Sci. U.S.A, 98, 8809-8814); (Zaremba, S, Barzaga, E, Zhu, M, Soares, N, Tsang,
KY, and Schlom, J; Identification of an enhancer agonist cytotoxic T lymphocyte peptide
from human carcinoembryonic antigen, Cancer Res., 1997, 57, 4570-4577; Colombetti, S,
Fagerberg, T, Baumgartner, P, Chapatte, L, Speiser, DE, Rufer, N, Michielin, O, and Levy,
F;, Impact of orthologous melan-A peptide immunizations on the anti-self melan-A/HLA-A2
T cell cross-reactivity, J Immunol., 2006, 176, 6560-6567;Appay, V, Speiser, DE, Rufer, N,
Reynard, S, Barbey, C, Cerottini, JC, Leyvraz, S, Pinilla, C, and Romero, P; Decreased
specific CD8+ T cell cross-reactivity of antigen recognition following vaccination with

Melan-A peptide, Eur.J Immunol., 2006, 36, 1805-1814).

Table 1 shows the peptides, their respective SEQ ID NO as well as information on the parent

proteins.

Table 1: Peptides of the present invention

SEQ ID NO | Peptide Code | Sequence HLA Alleles Gene(s)

1 C20-001 ALSNLEVTL A*02 C200rf42
2 NOX-001 ILAPVILYI A*02 NOX1

3 PCN-001 KLMDLDVEQL A*Q2 PCNA

4 PCN-002 SMSADVPLY A*02 PCNA

5 TOP-001 KIFDEILVNA A*02 TOP2A, TOP2B
6 TOP-002 AAFVEELDKV A*02 TOP2B

7 CEA-009 VLLLVHNLPQHLFG class Il CEACAMS
8 TGFBI-001 ALFVRLLALA A*02,A*02/8*137 | TGFBI

9 TGFBI-006 GDKLEVSLKNNWS class Il TGFBI

10 TGFBI-007 GKKLRVFVYRNSLCIENS | class |l TGFBI
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11 TGFBI-008 LKNNVVSVNKEPVAEPD |[class Il TGFBI
KNNVVSVNKEPVAEPD |class Il TGFBI
KNNVVSVNKEPVA class |l TGFBI
LKNNVVSVNKEPVA class Il TGFBI

12 TGFBI-009 NGVIHYIDELLIPDS class Il TGFEI
GVIHYIDELLIPDSA class TGFBI

13 TGFBI-010 LNRILGDPEALRDL class i TGFBI

14 TGFBI-004 TPPIDAHTRNLLRNH class |l TGFBI

15 PTP-001 ALTTLMHQL AQ2 PTPRZ1

16 GAL-001 SLDPSSPQV A'02 GAL3ST1

17 CHI-001 SLWAGVVVL A*02 CHI3L2

18 JAK-001 KLTDIQIEL A*Q2 JAKMIP2

19 AKR-001 YLIHFPVSV A*02 AKR1C1, AKR1C?2

20 FN1-001 IVDDITYNV A*02 FN1

21 EGFR-002 GAVRFSNNPALCNVES |class | EGFR
AVRFSNNPALCNVES class || EGFR
AVRFSNNPALCNVE class ll EGFR

22 EGFR-005 NPTTYQMDVNPEGKYS |classll EGFR

23 EGFR-006 FKKIKVLGSGAFG class 1l EGFR

24 CHI3L1-001 | TTLIKEMKAEFIKEAQPG |class il CHI3ELA
TLIKEMKAEFIKEAQPG | class il CHI3L1
TTLIKEMKAEFIKEA class I CHI3L1
TLIKEMKAEFIKEA class I CHi3L1
IKEMKAEFIKEAQPG class Il CHI3L1
TTLIKEMKAEFIKE class Il CHI3L1

25 CHI3L1-007 | VKSKVQYLKDRQLAG class |l CHI3L1

26 CHI3L1-008 | SRRTFIKSVPPFLRT class|| CHI3L1

27 DCA-001 KLGDFGLATVV A*02 DCAMKL2

28 KCN-001 SLFDQVVKV A*02 KCNJ10

28 GPM-001 ALLSEVIQL A*Q2 GPM68B

Chromosome 20 open reading frame 42

C200rf42 is a focal adhesion protein involved in attachment of the actin cytoskeleton to the
plasma membrane and in integrin-mediated cellular processes. Deficiency of C20o0rf42 as a
result of loss-of-function mutations causes Kindler syndrome, an autosomal recessive
genodermatosis characterized by skin blistering, progressive skin atrophy, photosensitivity
and, occasionally, carcinogenesis (Herz, C, Aumailley, M, Schulte, C, Schlotzer-Schrehardt,
U, Bruckner-Tuderman, L, and Has, C; Kindlin-1 is a phosphoprotein involved in regulation
of polarity, proliferation, and motility of epidermal keratinocytes, J Biol Chem., 2006, 281,
36082-36090). Recently, a severe gastrointestinal tract involvement with hemorrhagic colitis
has been reported in a patient with a loss-of-function mutation (Sadler, E, Klausegger, A,
Muss, W, Deinsberger, U, Pohla-Gubo, G, Laimer, M, Lanschuetzer, C, Bauer, JW, and
Hintner, H; Novel KINDI gene mutation in Kindler syndrome with severe gastrointestinal

tract involvement, Arch. Dermatol., 2006, 142, 1619-1624).
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In the context of cancer, C200rf42 has been described within studies investigating gene
expression in cancer-relevant settings. It was found to be overexpressed in 70% of colon
carcinomas and 60% of lung carcinomas tested (n = 10). Normal tissue expression by
Northern Blot was restricted to neuromuscular tissues (Weinstein, EJ, Bourner, M, Head, R,
Zakeri, H, Bauer, C, and Mazzarella, R; URP1: a member of a novel family of PH and FERM
domain-containing membrane-associated proteins is significantly over-expressed in lung and
colon carcinomas, Biochim. Biophys. Acta, 2003, 1637, 207-216). Furthermore, C200rf42 has
been identified as a gene involved in TGF-B-mediated cell migration and tumour invasion
(Kloeker, S, Major, MB, Calderwood, DA, Ginsberg, MH, Jones, DA, and Beckerle, MC; The
Kindler syndrome protein is regulated by transforming growth factor-beta and involved in

integrin-mediated adhesion, J. Biol. Chem., 2004, 279, 6824-6833).

NADPH oxidase homolog-1 (NOX1)

NOX1, is a growth factor-responsive enzyme that catalyzes formation of the reactive oxygen
species superoxide (O.) and hydrogen peroxide (H:Oz). Its expression was originally
identified in colon, prostate, uterus, and proliferating vascular smooth muscle cells (Suh, Y.
A. et al. 1999; Cell transformation by the superoxide-generating oxidase Mox1. Nature 401,
79-82). Its expression is linked to a number of biological responses including cellular
proliferation, angiogenesis, and activation of cellular signalling pathways (Farper, R. W., Xu,
C., Soucek, K., Setiadi, H. & Eiserich, J. P. A reappraisal of the genomic organization of
human Nox1 and its splice variants. Arch. Biochem. Biophys. 2005, 435, 323-330).

NOX1 is highly expressed in the colon but its function in colonic physiology or pathology is
still poorly understood. In normal tissues, NOX1 expression was low in the ileum,
intermediate in the right colon, and high in the left colon. There was no statistical difference
in NOX1 expression between samples derived from adenomas, well differentiated or poorly
differentiated colon adenocarcinomas. NOX1 was highly expressed in colon epithelial cells,
both within the crypts and on the luminal surface. In conclusion, NOXI is an enzyme that is
constitutively expressed in colon epithelium and is not directly associated with
tumourigenesis (Szanto, . et al. Expression of NOXI, a superoxide-generating NADPH

oxidase, in colon cancer and inflammatory bowel disease. J Pathol. 2005, 207, 164-176).

Immunochistochemistry showed that NOX1 was constitutively expressed in surface mucous

cells. Adenomas and well differentiated adenocarcinomas up-regulated NOX1 expression.
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Nuclear factor (NF)-kappaB was predominantly activated in adenoma and adenocarcinoma
cells expressing abundant NOXI1, suggesting that NOX1 may stimulate NF-kappaB-
dependent antiapoptotic pathways in colon tumours (Fukuyama, M. et al. Overexpression of a
novel superoxide-producing enzyme, NADPH oxidase 1, in adenoma and well differentiated

adenocarcinoma of the human colon. Cancer Lett. 2005, 221, 97-104).

Wnt3a/beta-Catenin signalling has been described to induce NOXI1 expression (Petropoulos,
H. & Skerjanc, 1. S. Beta-catenin is essential and sufficient for skeletal myogenesis in P19

cells. J Biol Chem. 2002, 277, 15393-15399).

Recently, reactive oxygen species have been suggested to induce endothelial apoptosis that
subsequently induces the expression of various adhesion molecules for tumour cells. This
indicates that by tackling the production of ROS preventing tumour recurrence at distant sites
might be feasible (Ten, KM, van der Wal, JB, Sluiter, W, Hofland, LJ, Jeekel, J, Sonneveld,
P, and van Eijck, CH; The role of superoxide anions in the development of distant tumour

recurrence, Br.J Cancer, 2006, 93, 1497-1503).

Proliferating Cell Nuclear Antigen (PCNA)

PCNA is found in the nucleus and is a cofactor of DNA polymerase delta. The encoded
protein acts as a homotrimer and helps increase the processivity of leading strand synthesis
during DNA replication. Therefore, it is expressed in all proliferating cells, especially tumour

cells, and is used as a marker to detect proliferation.

DNA topoisomerase I1

TOP2A and TOP2B encode isoforms of a DNA topoisomerase, an enzyme that controls and
alters the topologic states of DNA during transcription. This nuclear enzyme is involved in
processes such as chromosome condensation, chromatid separation, and the relief of torsional
stress that occurs during DNA transcription and replication. DNA topoisomerase catalyses the
transient breaking and rejoining of two strands of duplex DNA which allows the strands to
pass through one another, thus altering the topology of DNA. The two isoforms of this
enzyme exist as likely products of a gene duplication event. The gene encoding the alpha

form is localised to chromosome 17 and the beta gene is localized to chromosome 3.
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TOP2A is the target for several anticancer agents and a variety of mutations in this gene have

been associated with the development of drug resistance.

The TOP2A gene is located adjacent to the HER-2 oncogene, the most frequently amplified
oncogene in breast cancer, at the chromosome location 17q12-q21 and is either amplified or
deleted, with equal frequency, in almost 90% of HER-2 amplified primary breast tumours
(Jarvinen, TA and Liu, ET; Topoisomerase II alpha gene (TOP2A) amplification and deletion
in cancer-more common than anticipated, Cytopathology, 2003, 14, 309-313). Furthermore,

TOP2A amplifications have been reported for other cancers.

Without TOP2A DNA replication and cell division are impossible. It has therefore become
the main target of many antitumour therapy regimens, even though the exact mechanism of
cell killing remains elusive (Kellner, U, Sehested, M, Jensen, PB, Gieseler, F, and Rudolph, P;
Culprit and victim -DNA topoisomerase II, Lancet Oncol., 2002, 3, 235-243). The success of
this approach is limited by the development of spontaneous resistance, and drug-induced
DNA damage can increase malignancy. Recent data suggest that amplification and deletion of
TOP2A may account for both sensitivity and resistance to TOP2A-inhibitor-chemotherapy,
depending on the specific genetic defect at the TOP2A locus.

It is not clear whether the involvement of TOP2B in cancer is similar to TOP2A or whether
there is a major difference between the two isoforms. TOP2B can at least supplement for
some of the TOP2A activity (Sakaguchi, A and Kikuchi, A; Functional compatibility between
isoform alpha and beta of type Il DNA topoisomerase, J Cell Sci., 2004, 117, 1047-1054).

Carcinoembryonic antigen-related cell adhesion molecule 5

Carcinoembryonic antigen (CEA = CEACAMS) is a 180 kDa heavily glycosylated membrane
protein composed of three C2 Ig-like repeating units flanked by a N-terminal Ig V-like region
and a C-terminal region, which includes glycophosphatidylinositol linkage region (Hegde, P,
Qi, R, Gaspard, R, Abernathy, K, Dharap, S, Earle-Hughes, J, Gay, C, Nwokekeh, NU, Chen,
T, Saeed, Al, Sharov, V, Lee, NH, Yeatman, TJ, and Quackenbush, J; Identification of
tumour markers in models of human colorectal cancer using a 19,200-element complementary

DNA microarray, Cancer Res., 2001, 61, 7792-7797).



class Il EGFR 23 EGFR- 006 FKKI KVLGSGAFG cl ass H EGFR 24 CHI 3L1-001
TTLI KEMKAEFI KEAQPG cl ass || CH 3L1 TLI KEMKAEFI KEAQPG cl ass | |

CHI 3L1

WO 2009/015842 PCT/EP2008/006153
- 14 -

As an oncofetal antigen, CEA is expressed during foetal development, but also, at low levels,
in the gastrointestinal epithelium of adults. However, CEA is overexpressed in a high
percentage of human tumours, including 90% of gastrointestinal, colorectal and pancreatic
cancer, 70% of non-small cell lung cancer cells and 50% of breast cancers (Thompson, JA,
Grunert, F, and Zimmermann, W; Carcinoembryonic antigen gene family: molecular biology
and clinical perspectives, J Clin Lab Anal., 2005, 5, 344-366). Due to its high expression by
tumour cells and its secretion to the serum, CEA has been broadly used as a tumour marker
(Sikorska, H, Shuster, J, and Gold, P; Clinical applications of carcinoembryonic antigen,
Cancer Detect. Prev., 1988, 12, 321-355) and is the standard serum marker for colorectal
cancer monitoring (Locker, GY, Hamilton, S, Harris, J, Jessup, JM, Kemeny, N, Macdonald,
IS, Somerfield, MR, Hayes, DF, and Bast, RC, Jr.; ASCO 2006 update of recommendations
for the use of tumour markers in gastrointestinal cancer, J Clin Oncol, 2006, 24, 5313-5327,).

Despite the overexpression of CEA in tumour cells, cancer patients do not normally show an
immune response against this antigen (Orefice, S, Fossati, G, Pietrojusti, E, and Bonfanti, G;
Delayed cutaneous hypersensitivity reaction to carcinoembryonic antigen in cancer patients,
Tumouri, 1982, 68, 473-475). The immune system commonly becomes tolerant to CEA,
because it is normally expressed at low levels in the body. However, in a series of clinical
vaccine trials, the immunogenicity of CEA has been demonstrated (Sarobe, P, Huarte, E,
Lasarte, JJ, and Borras-Cuesta, F; Carcinoembryonic antigen as a target to induce anti-tumour
immune responses, Curr. Cancer Drug Targets., 2004, 4, 443-454), especially in colorectal
carcinoma (CRC) (Mosolits, S, Ullenhag, G, and Mellstedt, H; Therapeutic vaccination in
patients with gastrointestinal malignancies. A review of immunological and clinical results,
Ann.Oncol., 2005, 16, 847-862), and CEA is the tumour associated antigen (TAA) with the
greatest number of vaccine platforms tested in this tumour type (von Mehren, M; Colorectal

cancer vaccines: what we know and what we don't yet know, Semin. Oncol., 2005, 32, 76-84),

Several cytotoxic and helper T-cell epitopes have been described for CEA (Crosti, M, Longhi,
R, Consogno, G, Melloni, G, Zannini, P, and Protti, MP; Identification of novel subdominant
epitopes on the carcinoembryonic antigen recognized by CD4+ T-cells of lung cancer
patients, J Immunol., 2006, 176, 5093-5099; Novellino, L, Castelli, C, and Parmiani, G; A
listing of human tumour antigens recognized by T-cells: March 2004 update, Cancer
Immunol.Immunother., 2004, 54, 187-207; Ruiz, M, Kobayashi, H, Lasarte, JJ, Prieto, J,

Borras-Cuesta, F, Celis, E, and Sarobe, P; Identification and characterization of a T-helper



TTLI KEMKAEFI KEA class Il CI-1131.1 TLI KEMKAEFI KEA class |1 CHI 3L1

| KEMKAEFI KEAQPG cl ass || CHI 3L1
WO 2009/015842 PCT/EP2008/006153

-15-

peptide from carcinoembryonic antigen, Clin Cancer Res., 2004, 10, 2860-2867), enabling a
variety of peptide-based vaccination trials in CRC (Babatz, J, Rollig, C, Lobel, B, Folprecht,
G, Haack, M, Gunther, H, Kohne, CH, Ehninger, G, Schmitz, M, and Bornhauser, M,
Induction of cellular immune responses against carcinoembryonic antigen in patients with
metastatic tumours after vaccination with altered peptide ligand-loaded dendritic cells, Cancer
Immunol. Immunother., 2006, 55, 268-276; Fong, L, Hou, Y, Rivas, A, Benike, C, Yuen, A,
Fisher, GA, Davis, MM, and Engleman, EG; Altered peptide ligand vaccination with FIt3
ligand expanded dendritic cells for tumour immunotherapy, Proc. Natl. Acad. Sci. U.S.A,
2001, 98, 8809-8814; Liu, KJ, Wang, CC, Chen, LT, Cheng, AL, Lin, DT, Wu, YC, Yu, WL,
Hung, YM, Yang, HY, Juang, SH, and Whang-Peng, J; Generation of carcinoembryonic
antigen (CEA)-specific T-cell responses in HLA-A*0201 and HLA-A*2402 late-stage
colorectal cancer patients after vaccination with dendritic cells loaded with CEA peptides,
Clin Cancer Res., 2004, 10, 2645-2651; Matsuda, K, Tsunoda, T, Tanaka, H, Umano, Y,
Tanimura, H, Nukaya, I, Takesako, K, and Yamaue, H; Enhancement of cytotoxic T-
lymphocyte responses in patients with gastrointestinal malignancies following vaccination
with CEA peptide-pulsed dendritic cells, Cancer Immunol.Immunother., 2004, 53, 609-616;
Ueda, Y, Itoh, T, Nukaya, [, Kawashima, I, Okugawa, K, Yano, Y, Yamamoto, Y, Naitoh, K,
Shimizu, K, Imura, K, Fuji, N, Fujiwara, H, Odhiai, T, Itoi, H, Sonoyama, T, Hagiwara, A,
Takesako, K, and Yamagishi, H; Dendritic cell-based immunotherapy of cancer with
carcinoembryonic antigen-derived, HLA-A24-restricted CTL epitope: Clinical outcomes of
18 patients with metastatic gastrointestinal or lung adenocarcinomas, Int.J Oncol., 2004, 24,
909-917; Weihrauch, MR, Ansen, S, Jurkiewicz, E, Geisen, C, Xia, Z, Anderson, KS,
Gracien, E, Schmidt, M, Wittig, B, Diehl, V, Wolf, J, Bohlen, H, and Nadler, LM; Phase I/II
combined chemoimmunotherapy with carcinoembryonic antigen-derived HLA-A2-restricted
CAP-! peptide and irinotecan, 5-fluorouracil, and leucovorin in patients with primary
metastatic colorectal cancer, Clin Cancer Res., 2005, 11, 5993-6001). These and other clinical
trials to date have demonstrated safety of CEA vaccinations and evidence for the induction of
immune response against this antigen (von Mehren, M; Colorectal cancer vaccines: what we

know and what we don't yet know, Semin. Oncol., 2005, 32, 76-84).

Transforming Growth Factor, Beta-Induced (TGFBI)
TGFBI was first identified as a TGF-beta-inducible gene in a human lung adenocarcinoma
cell line. It encodes for a secreted extracellular matrix protein, which is thought to act on cell

attachment and extracellular matrix composition.
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TGFBI was shown to be among the most significantly elevated genes in colorectal cancers
and it is expressed at high levels in adenomas as well. Quantitative PCR results demonstrated
strong elevation in both unpurified tumours and purified tumour epithelial cells. Accordingly,
in situ hybridization experiments revealed TGFBI to be expressed in many cell types, in both
the stromal and epithelial compartments (Buckhaults, P, Rago, C, St, CB, Romans, KE, Saha,
S, Zhang, L, Vogelstein, B, and Kinzler, KW; Secreted and cell surface genes expressed in

benign and malignant colorectal tumours, Cancer Res., 2001, 61, 6996-7001).

In a meta-analysis of studies investigating gene expression in colorectal carcinoma, TGFBI
was identified as one of only nine genes described as upregulated repeatedly (4 studies for
TGFBI) (Shih, W, Chetty, R, and Tsao, MS; Expression profiling by microarrays in colorectal
cancer, Oncol. Rep., 2005, 13, 517-524).

In human pancreatic tissues, there was a 32.4-fold increase in TGFBI mRNA levels in
pancreatic cancers in comparison to normal control tissues. In situ hybridization analysis
revealed that TGFBI mRNA was expressed mainly in the cancer cells within the pancreatic
tumour mass (Schneider, D, Kleeff, J, Berberat, PO, Zhu, Z, Korc, M, Friess, H, and Buchler,
MW, Induction and expression of betaig-h3 in pancreatic cancer cells, Biochim. Biophys.

Acta, 2002, 1588, 1-6).

TGFBI was identified as a gene promoting angiogenesis in an in vitro model. Additionally,
dramatically enhanced expression of TGFBI was detected in several tumours. Antisense
oligonucleotides to TGFBI blocked both gene expression and endothelial tube formation in
vitro, suggesting that TGFBI may play a critical role in endothelial cell-matrix interactions
(Aitkenhead, M, Wang, SJ, Nakatsu, MN, Mestas, J, Heard, C, and Hughes, CC;
Identification of endothelial cell genes expressed in an in vitro model of angiogenesis:
induction of ESM-1, (beta)ig-h3, and NrCAM, Microvase. Res., 2002, 63, 159-171).

Protein Tyrosine Phosphatase, Receptor-Type, Zetal (PTPRZI1)

PTPRZ1 is a member of the receptor type protein tyrosine phosphatase family and encodes a
single-pass type I membrane protein with two cytoplasmic tyrosine-protein phosphatase
domains, an alpha-carbonic anhydrase domain and a fibronectin type-III domain. Expression
of this gene is induced in gastric cancer cells (Wu, CW, Li, AF, Chi, CW, and Lin, WC;
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Both the protein and transcript are overexpressed in glioblastoma cells, promoting their
haptotactic migration (Lu, KV, Jong, KA, Kim, GY, Singh, J, Dia, EQ, Yoshimoto, K, Wang,
MY, Cloughesy, TF, Nelson, SF, and Mischel, PS; Differential induction of glioblastoma
migration and growth by two forms of pleiotrophin, J Biol Chem., 2005, 280, 26953-26964).

Furthermore, PTRPZI1 is frequently amplified at the genomic DNA level in glioblastoma
(Mulholland, PJ, Fiegler, H, Mazzanti, C, Gorman, P, Sasieni, P, Adams, J, Jones, TA,
Babbage, JW, Vatcheva, R, Ichimura, K, East, P, Poullikas, C, Collins, VP, Carter, NP,
Tomlinson, IP, and Sheer, D; Genomic profiling identifies discrete deletions associated with

translocations in glioblastoma multiforme, Cell Cycle, 2006, S, 783-791).

Janus Kinase and Microtubule Interacting Protein 2 (JAKMIP2)

JAKMIP2 was identified as one of many known or putative downstream targets of PAX3-
FKHR which were highly overexpressed in ARMS (Paediatric rhabdomyosarcoma, alveolar
subtype) (Lae, M, Ahn, E, Mercado, G, Chuai, S, Edgar, M, Pawel, B, Olshen, A, Barr, F, and
Ladanyi, M; Global gene expression profiling of PAX-FKHR fusion-positive alveolar and
PAX-FKHR fusion-negative embryonal rhabdomyosarcomas, J Pathol., 2007, 212, 143-151).

Fibronectin 1 (FN1)

Fibronectin is a high-molecular-weight glycoprotein containing about 5% carbohydrate that
binds to receptor proteins that span the cell's membrane, called integrins. In addition to
integrins, they also bind extracellular matrix components such as collagen, fibrin and heparin.
There are several isoforms of fibronectin, all of which are the product of a single gene. FNs

play a critical role in the maintenance of normal cell morphology, cell adhesion, migration,
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DCAMKL?2 should be considered a potential candidate mediator of the rapid cytoskeletal



In a particularly preferred enbodi ment of the invention the peptide
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to SEQ | D N@2¥MISIEEQ | D No. 29. "Consisting essenti al TG/ BR2008008]SF
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The present invention also relates to a host cell transfornmed with a

pol ynucl eoti de vector construct of the present invention. The host
cel | can b¥OAWWEM4hr okaryotic or eukaryotic. Bacteri alPCéFi28931g§15he
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are a strain of E. coli such as, for exanple, the E. coli strains

avail abl.e fr.0 t hesda, Rese rch Labor at or.i

Don | andSeaefiREly e MRt SRR Hno oS poffet it it PO dpmletess 1
(ATCC) efitopeckani c?l £h o0daall UnAth MobaES 8118&3))0 prefefably Betweer 8ainy G| énd
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Val one @jtionde jtheesegence @n@ﬁdm to jgay of SEQgImNp 1 pp SEELE lon 2P it [agrchriant

pPhase 3pditd@borind THMAGP H- Gnl/dE CRYmilhli 10h@H sGHCRLs oF dithSR0HS that Bre

not necessarily forming part of the peptide that functions as an epitope for MHC molecules

epitope.



preferably of Tl-type. The MHC class Il nol ecul es may be expressed on
the surface of any suitable cell and preferred the cell does not
natural |y SIBUYHAC class |11 nolecules (in WO PCT/EP2008/006153
2009/ 015842PCT/ EP2008/ 006153 - 39 - -#hich case the cell is
transfected to express such a nolecule). Alternatively, if the cell
naturally expresses MHC class Il nolecules, the cell is defective in
the anti gen-processing or antigen-presenting pathways. In this way,
it is pogedriteRss, Qhest BErerBbs cax bt empot th@rdidd &nh ciffident|ihtrodiceom lof theo

be prinmed substantially conpletely wth a chose anti.gen
bef or e BRAtHG 3650RYNE ﬁ%ﬂmwesevh@vamqng@w bees i Qég}thogwt of T fraseat
cell) tyREGRI Yheh B GoCihaSstedeht ReREH %a%mbﬁ %r@tb'irnf @rﬁﬁhadlﬂ’lpncs:es for

preferably is itself substantially incapable of |'oading said
cl ass | ¢xampleedhg 80 W-termingbaimoaasidsdidhe DRT#psigraasserigisd ipyariant chain

mol ecul @Pga%ll thé ?oqfow ,eh,l)%?]?[q}, ac%s gl?eeﬁé‘%ll e@ér%lge%ddc?s%%n—ﬂhlﬁﬁeh 5(‘360497

Prefera as’ar vel
r educed(Stmnbmt ‘M)nMaf:h tBlean’ﬂAIngeﬁtO dEnet doarpdqpo séqRenceSifi tha RN A ebt el A

| ack th TAP ide.tr ort Iude T2.. RVA- nd Dr osophi | a

col s, BRmselRLingrinnE BERE Brvedls e RPRIR i SR FYR ISP BB C B G55 e
human pemBdlE 1bgadi @y gdg.fsryg) ent cell line T2 is available fromthe
Anerican Type Culture Collection, 12301 Parldawn Drive, Rockville,

Maryl and 20852, USA under Catal ogue No CRL 1992; the Drosophila cell

| i ne Sc j t
o R Pk b 4aL b AR A TP i ik

Lj unggrerMHCosslEcules tExebmt N@dongbsmm@espmse Mqih@cfsefpaﬁlcb an leptimization of

host cel L ypqgg AfheXRTESP Khh Gl 825 aliPlrRAHL o B ‘?m e ARILEE LB

Prefera at or expresses

T-cel | moa-tepaphdébmds@nnhn-psmhimbomds B7.1, B7.2, ICAMl and LFA 3. The
nucl ei ¢ aci d sequences of numerous MHC class Il nol ecul es, and of the
costinul ator nolecules, are publicly available fromthe GenBank and

EVMBL damabrsése psptide |béﬂdi Mmmonac‘ithﬁ:sﬁaés?ar@fnoﬁp&ﬂé@ ¥/ peptidd (-€10-NOPElink&eek
as an anti ge Iﬁt he CTL are positive hel per cells. The MHC c] ass |
ye

nol ecul 84 lechopd dg §é\th%5’=ﬁ tSH@l EforigrIsQ PeRtidpmimipticiomay be madgning
is prefgarmegh IEIK‘)% 19%4 aﬁ%? ef'e@ﬁpl@@ﬁdﬂra%ltﬁ%e%wrﬁéé iMVMiezfe@8Sal 1y, Immunol.

mol ecul es (in which case the cell is transfected to express such a
mol ecul BP7, Ab%,e7338t3208, mcf)rppmedcbwwnbx wefetenge. eiips @BB@SCHVH&Ob'Ieasmkmg

o o arfiRaddpBp il SElitnd OhehD AOBLEE R bRABRRL NBaBior the aricpuation of side
I nI 2 (r:uu Scéwtmy Mdzmrr? r;oggﬂsﬁlﬁi)'té)aﬁmltt?ﬂ i‘rﬁl B«Illgéprés’fi Mpetrhalllvgd(eiﬁmisasstlhbse
o oo PpdpPaiRE hiE Ste Tl e bpstieal GrfmenNi DR S dior &S

t r ansf eqHedpfide WK, fSmECRoRNcRhlt @PBroffoBfsRl abl y the cel | corrprl ses
an expression vector capable of expressing a peptide containing SEQ

IDNO 1 to SEQID NO 29 or its variant am no acid sequence.
A non-peptide bond is, for example, ~-CH,-NH, -CH;S-, -CH,CH,;-, -CH=CH-, -COCH,-, -

CH(OH)CH3-, and -CH,SO-. United States Patent 4,897,445 provides a method for the solid
phase synthesis of non-peptide bonds (-CH;-NH) in polypeptide chains that involves
polypeptides synthesised by standard procedures and the non-peptide bond synthesised by

reacting an amino aldehyde and an amino acid in the presence of NaCNBHj.

Peptides comprising the sequences described above may be synthesized with additional
chemical groups present at their amino and/or carboxy termini, to enhance for example, the
stability, bioavailability, and/or affinity of the peptides. For example, hydrophobic groups
such as carbobenzoxyl, dansyl, or t-butyloxycarbonyl groups may be added to the peptides’



A nunber of other methods may be used for generating CTL in vitro.
For exanple, the nmethods described in Peoples et al, Proc. Natl.
Acad. Sci.MISROYYSH2 92 432-436 and Kawakami et al (19%CHEPRO0S/006153

| nununol . 148, 638-643 use autol ogous3tunour-infilt ratl ng | ynphocyt es

in the generation of CTL. Pl ebanski et al (1995) Eur . Imunol . 25,
1783- 1787, makes. use, of, autol ogous peri a hoc es (PL
' the. BPsBarERnb stviedan agdhaalborr £P Tbeed HoRY grovp 7%%’8'?

1689- 168facdie sl ithe Spdpigled! afhited | @Aniaf. awdaidagmjds tﬁér Lhwoﬂmh@y 10Gp,
pul sing dendritic ceIIs wi th peptide or , Or via in ectlon

wi th r eb@iloryearzonyl, pyan armdmgr@{p ey bejaigs tOJt Ep ldewearbomiemglzlzl 2228
and Jerone et al (1993) J. Inrnunol. 151, 1654 1662 make use of B
cells in the production of autol ogous CTL. In addition, nacrophages
pul sed Eimther,ghpmbmtwe@ of pim iyxpap'tdnde@y be syntliesized tb aitttrrthciect@ribicnaﬁguration.
Vi rus, d{in the aratio f _aut ol ogous Wal ter et
o | Cinal e REp O B oot oBoRP B Rpheol i o iR R o ¥ ms g by B2
Ramrensagd Hathebtigvah® usual B-iséeiért Sﬁg fatige, at eaedeiecsMhe achigy add treysxctmtas of
human CD38 T-c ”Sntﬁé panded on c t%at%% M—IC/an i - CD28- coat ed

mi cr ospHierRsBlides ABYENtion BRAYNRR, SYastituied Y(%s Wsﬁ knep nogenapyrally
N Vit gechfrin® AAn®bcill- B EHkS. RYierdfbiiOuah hi tﬁege Rlay %@Fvbgéfi'nd?éa%é%{btétﬂﬁht
cells, which'is also a suitable nethod fo eneratl ng T-cells agali nst
the pepbivavailahilictasiies bindingngtpepEthe peptide ainyent®. used in the
preparation of CTL and an exenplary nethod is described in detail in
WO 97/ 26328, incorporated herein by reference. For exanple, in

addi t i oSintilarliy agepidd ar @mhdm airtle T2veosdn shayoeherodifedd| @enagalllyebwmdting)
pr esent

b
Certs, BARrErTaRo A, Aol PRIEF o uneR ST PE Tod BeRR SRS o apen
pl ant Vm&diﬁeﬁldﬁa)ﬁrd)ﬁelﬁlikﬁdwﬂ S éhe dmamﬁmampblmﬂ:l?arég mtRaLundtSilardehamcal

1994, 202, 449- 955 d d f
Virus ABoEeRt G BRI ey Sraid G QP00 TGN IRSPbrgRg Rerem by
pept i degferend® CRAAEA InSHARELLRT2RGR! A9&LRSuddlbw idhe 1Raldd/at %d@!&tlon

that are directed against the peptides of the invention are useful
t her apyby auylpsion.anfiginaties, prddnxglation of lryempmfémwehlkﬁ}abon,deeltrabmzv@tl@uof

CTL Obt&h éég %yw‘uﬁ% bR BRI é@ﬂ&fﬁorﬁﬂ Aol (’I’N}é@i‘%ﬂf&e éS&;'f‘éﬁIo%de

CTLs, pro e "above rret selectrvely”recogni'se a ce
t hat aberbayt g;oupx pnésmﬁﬂlydryﬂ)ohqqnﬁqmmnldaycmrﬁim agdammdanonoofacysthme to

sequence f SE rabl t he C i,ses t.

cel oI PR R, S IR SPERA e ORI o B e i e
exarrpl ethldmlda:ehp@gﬂds Ga'dﬁloﬁlr@lthlstﬁilehhnﬂe‘) @_rmyﬂlﬁdlylhﬁlohl With Ngdé=rE@etkcid or
cells in a patient wherein the target cells aberrantly express a

pol ypepPeREc BT aNg; GHEPAMPYIAHOR oVikfL FYRngte fth alkaling pHi Althqugh erithoyhlimffation
pat i entthiretod @i SdeRfEdnaSkiEd pekdry & r@ﬂa‘ﬁ*é@ rto Qlfhafyt}é? 1861 gt Plotddis In

The CTLs adm nistered to the patient may derived fromthe patient

and actFroteinedciencedBdse Gobaan eiadvdoln %leyt&@ynSeNé' EA96108@bles noTE sytensive
AI tern ua}é@o&g)’t@ﬁng Schd cam{())f] e @&%rag&gent but are from anot her

i ndi vi cour prefera nor 1s a healthy individual.
By "heal thy individual" i t is rreant that the individual is gener ally

i n good, health fer has .a cqnpetent inmune syst , (e
o of or g, babRaE bF gl ARy Crer AR T b T iR ek L ripen of
test ed Jiclhal adichrbiiyeCtedpoddde tsadliels Cgllehpligiyaxl VO, i@itadeQRne, and 1,2-
Ch4- p05|t|ve CTL according to the present Inventi on can be cells of

the t urfyGlohexpredipnesioniern meaddugy faethapqsampleds the reaction of rmeghylglyaxal with
cel I's siipihoM nﬁblﬁgest r@ys?e‘rﬁ@ 'dé.n (IDEUIIEB&“EC&:QJ& lﬁhb%%&%htaﬁ??ﬁ&dlﬁ@aﬁoﬁ éﬁoother

express MHC class |1 ut t ef angeas
G tsi OUEHCEOP@W Stt¢$0$310h a@ IYSMQ elrbebISBdld? A5 aNedulten, lafge d’ﬁnﬂmalof rédgents are

M ssi Ouavaf?hbl WL mo'gliﬁc!_%&q% c%t&%cr: Tﬁ]e’ wvgesnfes of Pierc Eﬂemicafa‘Company and

Sigma-Aldrich and others provide information on specific reagents.




WD 2009/ 015842PCT/ EP2008/ 006153 - 43 - Mavr oukaki s, SA, and
Rosenberg, SA; Cancer Regression in Patients After Transfer of

Genet i cal | JYOENBYHEM2ed Lynphocytes, Science, 2006, 314 R GH/BRFp98/006153
126-129). Any nol ecul e of the |nventi32)n i.e. the peptide, nucleic
acid, expression vector, cell, activated CIL, T-cell receptor or the
nucl ei c,aci d en in for thetreatrrent

Char act SHFuRs TiRber e ity el in pRiicie & LS SEED Risp B fon ve
mol ecul erfbd BhE oRUREE ﬂhnh@ﬂ&rﬁdaﬂﬁezﬁméntbﬁ' Bi@[ﬂﬂnﬂéceﬂ‘mﬁmsﬁ awr@cr&waed’s RRagdne
manuf acture of a nedi capent. The nol ecul used itself or

conbi nelf MY he ytaddp mesiifcipeeifis ghgpmigaciq Fﬁ?@ﬂ?ﬁ M%&dnpst}wmwpmwl)-bl -
mol ecul ggsikarbbdifhial %9111 Yoe Luld€d Y@?drﬁ‘fimatmél&lﬂarv hﬁl% bétived Y Ifhe residue
adm nistefed directly into the patient, Into fected organ or
syst em aml lay glumiamsld aekidye. \Ewmytmrmhosataefqrv@dmm{@mﬂ herepgent et the
a human e_subs adm n| stere .ent
or used POt e BESe T AR e RE Pt R BB P Be BeGRle
from t h-npadnak Mhe reabiiehofiy€ing i’t@fduéﬁa:ﬁicbﬂleila&hﬁh&@rdups id,‘lﬁ)rrbahmplét usefid in
t he nuc elca adm pistered to s i.n vitro, sef ul
for 1 oo 2% peptss ft St et e stpsulnkips ob Puirupriaes. Tind S e She'or
I mrune- gtdchMbmt AN lenBRBicoB did) RS niajdk &t %‘ﬂ‘ihé&ﬁeathHeinRﬁ@tglﬂ@né}ﬁMf
be substantially pure, or conbined with an immune-stinulati nq?

adj uvanprotsins. DUPbIgning: residugs i v PERIBINA atano Ae winedifiedmiib- s&i rindegcepgide,
eyt OK! Ni3mobihy Afhi S ChiBkRAGE 99 MtrhilrBrRtthl AL NARL, Y ¥ AKSLABe b for
exanpl e I|pos e peptide may also be conjug ted 1O a suit

carri erths usddiBeatike yofi dy@syli wmdtlesh dxosselirkmgnvig Khe formetiomanfrdityrdsireecdibe
95/ 18145 andhs'hﬁ-.cﬂ%t @0 £ OX % 993 1Ann NY Acad. Sci .

690, 2762 991¥ gZ‘K g Pr%f id ¥gged, or be a fusion protein,
or be a hybrid nolecule. The peptldes of the present invention are
expected to st wever, stinulation is

ef fici eﬁ?cel’trfnl ? ‘f?r%%é?%?éicﬁﬁoﬁ W%?%@P&‘é ‘b’*ﬁdfl romosugginimide, &- hgg‘ioxy'
t he oppositloBerzt bidhiRe $r0B-UMiko-Glashyll]- (ﬁﬂ’i‘trbﬁ’f%?hﬁé?@épt@tﬁm&lee (éﬁé‘s-
CTLs the fusion partner or sections of a r|d nol ecul’e suitably
provi deskéi®)opes that stimul ate CD8- posi t| ve 'F-cells. On the other
hand, for MHC Class | epitopes that stimulate CD8 CTLs the fusion
partner or sections of a hybrid nolecule suitably provide epitopes

t hat stSuroésafub n@ﬂﬁqatielil tof ieerdpentit ngoteiﬁDand peptideD8vitt PR( iatdfteg associated

X 4 include t dentif ’
oo Bkl S I GE R AR e
conpr i sgyeliyldreglytolodiacyrpt blﬁif,fomfad&ieﬁyﬁ)isyuiewot @heb Grephiation Qifﬂfyﬂfo%bﬂsy

two to 25, .even re preferably _tw to 15 and st preferably
three, élaﬁwl?gfﬁ ,10%1952,0?%*@&93/ G gRmeaTiRePY i Alien peeted ' Gt pamgiion

t hi rteapltlpg@ Sgﬂ,s?g}latg_he invention or WO

2009/ 015842PCT/ EPZ008/ 006153 - 44 - additional peptides. The
peptide(s) may be derived fromone or nore specific TAAs and nmay bind
to VHC gl cyl :
popt | dee Rpie o PAbAL, Shash b JBRCH 50k S SARel nWIRRIAL Soncs i g
|nvent|p1eﬁerre¢leybmmmenproéslmnvmloa salt, such as for exanple, but not
limted to an acetate salt or a chl oride salt. Exanple 7 provides
studi es of a vaccine | MA-910, which contains sone of the peptides of

t he pr eG&iistallyNpepited And 0glihes it 1daes ol cattapiag Pepode ﬁﬁkatgbﬁbmsﬁ BRino
usi ng peptides in thg r salt, formand their particle size,

pol ynucﬂcléioqutiié‘e estypHiesingd By | the dimmes: p%xane%tnaqdﬁeaf F‘ﬂl%Pféﬁﬁ’F tPspide
Vect O Qhthd&d by @l¥1osdB beMu dh8 RUGLEI GheRf ! 198 1EYs, bﬁmggaj;ﬁldbﬁf%es 3@%

RNA or a conbination thereof Mt hods for gni n
i nt r od uteimt@ra;mdﬁ-amlmm@r@im pagedioar 5 agbrided rhywthei ﬁ-ﬁﬂmeewlmﬁthﬂnxycarbonyl

over vi e(Wmoé) Elro%y_ Ige%gugye 8e9vag§ of I?}%ss, %Pglh?y b%@-ﬁ%ﬂ@%&t‘é&m"é érr(])uf)niE 3 (()anrg:%smg
20% piperidine in N, N-dimethylformamide. Side-chain functionalities may be protected as

their butyl ethers (in the case of serine threonine and tyrosine), butyl esters (in the case of



- 45 - 197-MP-EC, ONTAK, PepTel (r) vector system PLG

m croparticles, resiquinod, SRL172, Virosomes and other Virus-like
particl es, WORMHSBIYEGE t rap, RB848, beta- gl ucan, PanBOACT/HGHS46183
QS21 stinmulon, which is derived from&aponin, nycobacterial extracts
and synthetic bacterial cell wall mmcs, and other proprietary

adj uvants, such as Ri bi's. Det.ox, il r_Superfos. .Adjuvants.such as
Fr bund oG A, Ppaicaraink dutviasaPhmT RHiRER grobl 9 Sodipe B
(e. 9., MsBhlhe)spestyl i Wefivostivdendni tihe celst S cindeyistetie) EnAPanahdthoky-BY,6-
been described previousl ,DuPui s.M_Mirphy TJ, H %gi ns D, ozzol i
M van mes@en@fqes@hwﬁoéﬁwa tyov (npdhirGaps ofc argiming)nt Whetgq jghgamine or
vacci ne j f s : S M adal L QI ;
18601, - bRl B bRintlMeSRIs L B mdd b Ak iR o Fama ! B for
adj uvanpretectimy oBithsl sidt shain amsids;fusciogalitiey. Thy salidephask isnepprivisybdsed on a
used. Sever.al Qki nes have_ b -dir |y | ke QI nf I .
ondr i PGS aRRE PRYReD B MR Xod IS ol gl it ERStaBGramice
accel er @atkbgné-henomer)y disaoryl®fictigast ididntine efckes i hidker)efahd ca@ploylsarcosine

anti gen-presenti cells. for T-Ilynphocytes (..q., CSF, IL-1 and

L ) (el i (figlianiBing Hesd). UBRaphic ey nioliabp e, Sketosar Brel yhe
ref er enggy-1aRilé UsShyRIRdybREMA-pREHbXP4detiD AcRSIrvalMO 2] Uikt Gcill edivatives are
| L-12) (Gabrilovich D, nni ngham HT, Carbone DP; |L-12 and putant

P53 peptddgd aptirts oacfarmrd symmectdel jpghydgide devivativeswith ghe exceptisnrfraspryagine
cancer; .4 I%ﬂl&l’ﬂfﬁhhe.rw Qwhaﬁ"es_g&l{@r lugi’ﬁgno!i' 1e988ed 6) 4! -Jd?’()yclo 1-
i mmunost I nul®at ory ol i gonucl eoti des have al so been reported to enharice
t he ef f eachaliiohidedtljydvexybenzitriagole a cuddivdeds etouphng  Midcddorg.  Bdl nepupbng daisly

t heory, | i gonucl eati de t b i,vat. . he innat.e . _ . N
(non. sufiitBeh PR Rt et ERo Sy th BBV b BfobBeld (iiptc aqd gy potn
TLRO. Qpés proded@es.c0pdi Rinpletion af symthesishpeptides amtdlgeed $ipac thel resih woppoad
and cel lular responses to . a wide variety of antigens, includin o
pept | deVBh SSPSPBIL aFReyeheot [sidpeham Brdirediaey FTANBR DY (EFRRPAL SMibe 9%
vacci negifluglehhie 0P coflalnin@a IR 0% fa%enafd niiRl ¥eACRIRS Icdmntadily Uedt afe
in both lpl)roph_yl actic and_ therapeutic vaccines. Mre inportantly it

enhanc exhardiibiel, phenodcanisolmang: weten Aheagrgctashpics dependifng ¢ therceastitugng gming

enhanceg.: i j : : i :
ervanc S AR, o] Sy Ekh BRIV R ARt s PIRE i
bi as i rhascedethpdatogies &irithebthesis df peptidentinpossidplecizes: fomexample Hyuekdorer

of vaccj dj gvants s as al 0 Lnc | et e. Freund’ s adiuvant
(et hatef thAlReps heah Aol Bfh oL PRIR B Fuhitinefiler (GBien
even grmaltietbn gogntitiasn for aledgs\afthe fudnee Cuarfhatma Bistechnok @064 Felni 1)e2%4B and
w th ot ger adj uvant.s ot_'l in formulations such as mcroparticles, nano
part i clBerefpEngey asHedh gD -or similar formul ations, which are
especially necessary for inducing a strong response when the antigen
is relatively weak. They al so accelerate the i nmune response and
enabl edHfwreasetiasid dosemoved Be eyapgration inyvaglsp il Fehsequent wituestige vgth
of nmagny; e i : 2 / - o -
At | Dogy e o e A D et Al PRUT Cpi N g o sftle
exper i netragtionArodednreMvhikh ioa dyophileratipre of the agotoms tphade affordsothk chidegeptide
receptog 9 activation, Nature Reviews, ug Di scover 5, .+ JUNE, 2006
471- hadyee of “eierd " Rsneel, Gor R T sty oS RNty el e o
CpG ol | @abigeieatNotittochemUK)dlté) NMotfigdldmAdGR2aiisKand an antigen to

i nduce an antigen-specific inmmune response. A commercially avail able
CpG TLRO antagonist is dSLIM (double Stem Loop | munonodul ator) by
Mol ogerpuBREtdn) maPebdTRA¥dtedMbyChny $né & &f SRk IO hiREs i as re-
phar maceuti cal conposition of the present invention. Qher TLR

bi ndi ngrystliizatipassizu exelesiorRpixomaisgraphy, iR exchangRclyromatenrphyl Rydyophapic

al'so b QHf'é?a%ﬂon %ﬁ{atoeg%gaﬂnwl ea§1df O('ﬁsﬁé?l% uh‘ev%gg-'ﬁ{lgﬂ%t Sh.llgRC|p%%fm£1%re "Hq%id

chromatography using e.g. acetonitril/water gradient separation.




The peptides of the present invention mght be used to anal yze

| ynmphocyt e responses agai nst those peptides of the present invention,
such as T YOYU&4dnses or antibody responses agai nst RHERMSOPHES
of the present invention or the pepti+éks of the present invention
conpl exed to MHC nol ecul es. These | ynphocyte responses can be used as

prognostic markers. for decision on further therapy steps.,These . .
respons aclé%lﬁo PRYIERMaY B cazied ot pijng é‘”’h&?ﬁre °‘B%‘° ﬁﬁ%ﬁ&{%&?@&ms, 1n
appr oach@fcidarTcaldlldr9 ElBEERoteY NP ROKY thate TROAGRE (OSHR)f frevepaiphiBa tigh
e.g. vaccination_of protein, nucleic acids, autologous materials,
adopt i veerformargecliquid chipmstrezaphys aming-asichanalyés aftsr acid hydrglysis and by fast
| ymphocyhg g 6% (RAB) ks SReaafnl A Al oReIPLSRTiDl AUSIQTOF
can be considered in'the assessment of side etfects., Moni toring of

| ynphocyass spedporsasanalygist al so be a val uable tool for follow up
exam nations of transplantation therapies, e.g. for the detection of
graft versus host and host versus graft diseases. WO

2009/ 01 A SRR TIspEE QF8hO GbEhiforr prd¥ides aThiRleiepdid deg. pdlyhldeopites atoding a

i nvention can be used to generate and devel op eci fic ant]bqdies
agai nstP %Wiaa@fébwgw@gl: ‘?ﬁ%@@% tlg%ma@ e%ﬁﬁ%éﬁ%?’%& CNA,
targeti QAL ANIS, AHd HRHAOSCEmbiatiDHY BleRIAE @SthtOsihd18. HldrRaRaBlelstasd; or

Anot her use of these antibodies can be targeting radionuclides to the
di seasewptivg seu stabiised nfoging gob unobisrtelsotidegc isuels ETE.2. TPrlgnusdestides wih @

to det - . : .
| ocal | SariirpiafARbARC IR i o] ByiBniliinfpfs il B B for the
used t opepédé.fOf caupsatdnly paptides enthirdgnosinsllp bearmdamnanino badaesidues goined by

el ot eo eyl AtPHAf RGP 2o 8RBT RE PSBhunt IR ARRE SRl OF

phar mactie inveafiorciopidss ir exprésioteseor Qpdbla b etpredsingSOpalypeplid® hedoRding to
| yophilized form (b) optionally, a second container containing a
di | uent™BMVERRnst i tuting sol ution for the |yophilized formulation
and (c) optionally, instructions for (i) use of the solution or (ii)
reconstitution and/or use of the |yophilized fornulation. Said kit

may f urdariety ofprethods bane hsen deyvelonse tq pparybly link pelaypuclgatidys, gspeiciallg NA,
v) a fi.l i egd| ' . The. G i.neL i

b bt or By ers o, deathpl2°0l oompfimcnteky Sofikhlel Bftin. or (0l EbrmbBmentary

mul ti - Usenapolyirer trects cathbe pliad tathe RN A abgroanpobe insentedits tpr efcar AB¥ 4. The

| yophilized. Ki of th resent. inventjon preferab C rise a

| yopni 1SEH PP Sartsht s FRERip BB drhipaliRa et eet P hypilefentary
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If viral vectors are used, pox- or adenovirus vectors are preferred.
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Alternatively, the gene for such selectable trait can be on another vector, which is used to co-

transform the desired host cell.
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expect ed because for HLA class Il peptides, several |length variants
for each aReRneS amboditeBiie Buitdell iSEXaki3dn presdithBRei] iapaitfduel a dendritic
previously (MDi ehl, PhD thesis 1998, University of Tuebingen) and.
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det ect epfogtaty cancer (Sipuleucel-T) (Small EJ, Schellhammer PF, Higano CS, Redfern CH,

Nemunaitis JJ, Valone FH, Verjee SS, Jones LA, Hershberg RM.; Placebo-controlled phase 3
trial of immunologic therapy with sipuleucel-T (APC8015) in patients with metastatic,
asymptomatic hormone refractory prostate cancer; J Clin Oncol. 2006; 24(19):3089-3094;



cl ass |
TGHBI -

class Il No CRC sanple Tunor |ocation Tunor stage C20- 001

001 _TOP- 001 NOX- 001
WO 2009/015842 PCT/EP2008/006153

-138 -

Rini BI, Weinberg V, Fong L, Conry S, Hershberg RM, Small EJ; Combination
immunotherapy with prostatic acid phosphatase pulsed antigen-presenting cells (Provenge)
plus bevacizumab in patients with serologic progression of prostate cancer after definitive

local therapy; Cancer. 2006; 107(1):67-74)

A further aspect of the invention provides a method of producing a peptide or its variant. The
method comprises culturing the host cell and isolating the peptide from the host cell or its

culture medium.

In another embodiment the peptide, the nucleic acid or the expression vector of the invention
are used in medicine. For example, the peptide or its variant may be prepared for intravenous
(i.v.) injection, sub-cutaneous (s.c.) injection, intradermal (i.d.) injection, intraperitoneal (i.p.)
injection, intramuscular (i.m.) injection. Preferred routes of peptide injection are s.c., i.d., i.p,,
i.m., and i.v. Preferred routes of DNA injection are i.d., i.m., s.c., i.p. and i.v. Doses of e.g.
between 50 pg and 1.5 mg, preferably 125 pg to S00 pg, of peptide or DNA may be given and
will depend from the respective peptide or DNA. Doses of this range were successfuily used
in previous trials (Brunsvig PF, Aamdal 8, Gjertsen MK, Kvalheim G, Markowski-Grimsrud
CJ, Sve I, Dyrhaug M, Trachsel S, Meller M, Eriksen JA, Gaudernack G; Telomerase peptide
vaccination: a phase I/Il study in patients with non-smali cell lung cancer; Cancer Immunol
Immunother, 2006; 55(12); 1553-1564; M. Staehler, A. Stenzl, P. Y. Dietrich, T. Eisen, A.
Haferkamp, J. Beck, A. Mayer, S. Walter, H. Singh, J. Frisch, C. G. Stief, An open label
study to evaluate the safety and immunogenicity of the peptide based cancer vaccine IMA901,
ASCO meeting 2007; Abstract No 3017).

An important aspect of the present invention is an in vitro method for producing activated
CTL. The method comprising contacting in vitro CTL with antigen loaded human class I or II
MHC molecules expressed on the surface of a suitable antigen-presenting cell for a period of
time sufficient to activate the CTL in an antigen specific manner. The antigen is a peptide
according to the invention. Preferably a sufficient amount of the antigen is used with an

antigen-presenting cell.

In case of a MHC class II epitope used as an antigen, the CTL are CD4-positive helper cells,
preferably of Ty -type. The MHC class II molecules may be expressed on the surface of any

suitable cell and preferred the cell does not naturally express MHC class II molecules (in
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which case the cell is transfected to express such a molecule). Alternatively, if the cell
naturally expresses MHC class II molecules, the cell is defective in the antigen-processing or
antigen-presenting pathways. In this way, it is possible for the cell expressing the MHC class
II molecule to be primed substantially completely with a chosen peptide antigen before

activating the CTL.

The antigen-presenting cell (or stimulator cell) typically has MHC class II molecules on its
surface and preferably is itself substantially incapable of loading said MHC class II molecule
with the selected antigen. The MHC class II molecule may readily be loaded with the selected

antigen in vitro.

Preferably the mammalian cell lacks or has a reduced level or has reduced function of the
TAP peptide transporter. Suitable cells which lack the TAP peptide transporter include T2,
RMA-S and Drosophila cells. TAP is the Transporter associated with Antigen Processing.

The human peptide loading deficient cell line T2 is available from the American Type Culture
Collection, 12301 Parklawn Drive, Rockville, Maryland 20852, USA under Catalogue No
CRL 1992; the Drosophila cell line Schneider line 2 is available from the ATCC under
Catalogue No CRL 19863; the mouse RMA-S cell line is described in Karre and Ljunggren
(1985) J. Exp. Med. 162,1745.

It is preferable that the host cell does not express MHC class I molecules before transfection.
Preferably the stimulator cell expresses a molecule important for T-cell costimulation such as

any of B7.1, B7.2, ICAM-1 and LFA 3.

The nucleic acid sequences of numerous MHC class II molecules, and of the costimulator

molecules, are publicly available from the GenBank and EMBL databases.

Similarly, in the case of a MHC class I epitope used as an antigen, the CTL are CD8-positive
helper cells. The MHC class I molecules may be expressed on the surface of any suitable cell
and it is preferred that cell does not naturally express MHC class I molecules (in which case
the cell is transfected to express such a molecule). Alternative, if the cell naturally expresses

MHC class I molecules, is defective in the antigen-processing or antigen-presenting pathways.
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In this way, it is possible for the cell expressing the MHC class I molecule to be primed

substantially completely with a chosen peptide antigen before activating the CTL.

If an antigen-presenting cell is transfected to express such an epitope preferably the cell
comprises an expression vector capable of expressing a peptide containing SEQ ID NO 1 to

SEQ ID NO 29 or its variant amino acid sequence.

A number of other methods may be used for generating CTL in vitro. For example, the
methods described in Peoples et al, Proc. Natl. Acad. Sci. USA 1995, 92, 432-436 and
Kawakami et al (1992) J. Immunol. 148, 638-643 use autologous tumour-infiltrating
lymphocytes in the generation of CTL. Plebanski et al (1995) Eur. J. Immunol, 25, 1783-1787
makes use of autologous peripheral blood lymphocytes (PLBs) in the preparation of CTL.
Jochmus et al (1997} J. Gen. Virol. 78, 1689-1695 describes the production of autologous
CTL by employing pulsing dendritic cells with peptide or polypeptide, or via infection with
recombinant virus. Hill et al (1995) J. Exp. Med. 181, 2221-2228 and Jerome et al (1993) J.
Immunol. 151, 1654-1662 make use of B cells in the production of autologous CTL. In
addition, macrophages pulsed with peptide or polypeptide, or infected with recombinant virus,
may be used in the preparation of autologous CTL. S. Walter et al. (Walter S, Herrgen L,
Schoor O, Jung G, Wernet D, Buhring HJ, Rammensee HG, Stevanovic S. Cutting edge:
predetermined avidity of human CD8 T-cells expanded on calibrated MHC/anti-CD28-coated
microspheres. J Immunol. 2003 Nov 15; 171 (10):4974-8) describe the in vitro priming of T-
cells by using artificial antigen presenting cells, which is also a suitable method for generating

T-cells against the peptide of choice.

Allogeneic cells may also be used in the preparation of CTL and an exemplary method is
described in detail in WO 97/26328, incorporated herein by reference. For example, in
addition to Drosophila cells and T2 cells, other cells may be used to present antigens such as
CHO cells, baculovirus-infected insect cells, bacteria, yeast, vaccinia-infected target cells. In
addition plant viruses may be used (see, for example, Porta et al, Virology, 1994, 202, 449-
955 which describes the development of cowpea mosaic virus as a high-yielding system for

the presentation of foreign peptides.
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The activated CTL that are directed against the peptides of the invention are useful in therapy.
Thus, a further aspect of the invention provides activated CTL obtainable by the foregoing

methods of the invention.

Activated CTLs, produced by the above method will selectively recognise a cell that
aberrantly expresses a polypeptide comprising an amino acid sequence of SEQ ID NO 1 to

29.

Preferably, the CTL recognises the cell by interacting through its TCR with the HLA/peptide-
complex (for example, binding). CTLs are useful in a method of killing target cells in a
patient wherein the target cells aberrantly express a polypeptide comprising an amino acid
sequence of the invention The patient is administered an effective number of the activated
CTLs. The CTLs administered to the patient may be derived from the patient and activated as
described above (i.e. they are autologous CTLs). Alternatively, the CTLs are not from the
patient but are from another individual. Of course, preferably the donor is a healthy
individual. By “healthy individual” it is meant that the individual is generally in good health,
preferably has a competent immune system and, more preferably, is not suffering from any

disease that can be readily tested for, and detected.

The target cells in vivo for the CD4-positive CTL according to the present invention can be
cells of the tumour (which sometimes express MHC class I} and/or stromal cells surrounding
the tumour (tumour cells) (which sometimes also express MHC class II; (Dengjel, J, Nastke,
MD, Gouttefangeas, C, Gitsioudis, G, Schoor, O, Altenberend, F, Muller, M, Kramer, B,
Missiou, A, Sauter, M, Hennenlotter, J, Wernet, D, Stenzl, A, Rammensee, HG, Klingel, K,
and Stevanovic, S; Unexpected Abundance of HLA Class II Presented Peptides in Primary
Renal Cell Carcinomas, Clin Cancer Res., 2006, 12, 4163-4170)).

The CTLs of the invention may be used as active ingredients in a therapeutic composition.
Thus the invention also provides a method of killing target cells in a patient where the target
cells aberrantly express a polypeptide comprising an amino acid sequence of the invention.
The method comprises administering to the patient an effective number of CTLs as defined

above.
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By "aberrantly expressed” we include the meaning that the polypeptide is over-expressed
compared to normal levels of expression or that the gene is silent in the tissue from which the
tumour is derived but in the tumour it is expressed. By "over-expressed"” we mean that the
polypeptide is present at a level at least 1.2 x that present in normal tissue; preferably at least

2 x and more preferably at least 5 x or 10 x the level present in normal tissue.

CTL may be obtained by methods known in the art, e.g. those described above.

Protocols for this so-called adoptive transfer of CTL are well known in the art and can be
found, e.g. in (Rosenberg, SA, Lotze, MT, Muul, LM, Chang, AE, Avis, FP, Leitman, S,
Linehan, WM, Robertson, CN, Lee, RE, Rubin, JT, et al., A progress report on the treatment
of 157 patients with advanced cancer using lymphokine-activated killer cells and interleukin-2
or high-dose interleukin-2 alone, N. Engl. J. Med., 1987, 316, 889-897; Rosenberg, SA,
Packard, BS, Aebersold, PM, Solomon, D, Topalian, SL, Toy, ST, Simon, P, Lotze, MT,
Yang, JC, Seipp, CA, et al.; Use of tumor-infiltrating lymphocytes and interleukin-2 in the
immunotherapy of patients with metastatic melanoma. A preliminary report, N.Engl.J Med,
1988, 319, 1676-1680; Dudley, ME, Wunderlich, JR, Robbins, PF, Yang, JC, Hwu, P,
Schwartzentruber, DJ, Topalian, SL, Sherry, R, Restifo, NP, Hubicki, AM, Robinson, MR,
Raffeld, M, Duray, P, Seipp, CA, Rogers-Freezer, L, Morton, KE, Mavroukakis, SA, White,
DE, and Rosenberg, SA; Cancer regression and autoimmunity in patients after clonal
repopulation with antitumor lymphocytes, Science, 2002, 298, 850-854; Yee, C, Thompson,
JA, Byrd, D, Riddell, SR, Roche, P, Celis, E, and Greenberg, PD; Adoptive T cell therapy
using antigen-specific CD8+ T cell clones for the treatment of patients with metastatic
melanoma: in vivo persistence, migration, and antitumor effect of transferred T cells, Proc.
Natl. Acad. Sci .U.S.A, 2002, 99, 16168-16173; Dudley, ME, Wunderlich, JR, Yang, JC,
Sherry, RM, Topalian, SL, Restifo, NP, Royal, RE, Kammula, U, White, DE, Mavroukakis,
SA, Rogers, L], Gracia, GJ, Jones, SA, Mangiameli, DP, Pelletier, MM, Gea-Banacloche, J,
Robinson, MR, Berman, DM, Filie, AC, Abati, A, and Rosenberg, SA; Adoptive cell transfer
therapy following non-myeloablative but lymphodepleting chemotherapy for the treatment of
patients with refractory metastatic melanoma, J. Clin. Oncol., 2005, 23, 2346-2357);
revierwed in (Gattinoni, L, Powell, DJ, Jr., Rosenberg, SA, and Restifo, NP; Adoptive
immunotherapy for cancer: building on success, Nat. Rev. Immunol., 2006, 6, 383-393) and
(Morgan, RA, Dudley, ME, Wunderlich, JR, Hughes, MS, Yang, JC, Sherry, RM, Royal, RE,
Topalian, SL, Kammula, US, Restifo, NP, Zheng, Z, Nahvi, A, de Vries, CR, Rogers-Freezer,
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LJ, Mavroukakis, SA, and Rosenberg, SA; Cancer Regression in Patients After Transfer of
Genetically Engineered Lymphocytes, Science, 2006, 314 (5796): 126-129).

Any molecule of the invention, i.e. the peptide, nucleic acid, expression vector, cell, activated
CTL, T-cell receptor or the nucleic acid encoding it is useful for the treatment of disorders,
characterised by cells escaping an immune response. Therefore any molecule of the present
invention may be used as medicament or in the manufacture of a medicament. The molecule
may be used by itself or combined with other molecule(s) of the invention or (a) known

molecule(s).

Preferably the medicament is a vaccine. It may be administered directly into the patient, into
the affected organ or systemically, or applied ex vivo to cells derived from the patient or a
human cell line which are subsequently administered to the patient, or used in vitro to select a
subpopulation from immune cells derived from the patient, which are then re-administered to
the patient. If the nucleic acid is administered to cells in vitro, it may be useful for the cells to
be fransfected so as to co-express immune-stimulating cytokines, such as interleukin-2. The
peptide may be substantially pure, or combined with an immune-stimulating adjuvant(see
below) or used in combination with immune-stimulatory cytokines, or be administered with a
suitable delivery system, for example liposomes. The peptide may also be conjugated to a
suitable carrier such as keyhole limpet haemocyanin (KLH) or mannan (see WO 95/18145
and Longenecker et al (1993) Ann. NY Acad. Sci. 690,276-291). The peptide may also be
tagged, or be a fusion protein, or be a hybrid molecule. The peptides of the present invention
are expected to stimulate CD4 or CD8 CTLs. However, stimulation is more efficient in the
presence of help provided by T-cells positive for the opposite CD. Thus, for MHC Class II
epitopes that stimulate CD4 CTLs the fusion partner or sections of a hybrid molecule suitably
provide epitopes that stimulate CD8-positive T-cells. On the other hand, for MHC Class I
epitopes that stimulate CD8 CTLs the fusion partner or sections of a hybrid molecule suitably
provide epitopes that stimulate CD4-positive T-cells. CD4- and CD8-stimulating epitopes are

well known in the art and include those identified in the present invention.

In one aspect of the invention, the vaccine comprises at least one peptide, preferably two to
50, more preferably two to 25, even more preferably two to 15 and most preferably two, three,

four, five, six, seven, eight, nine, ten, eleven, twelve or thirteen peptides of the invention or



CCA166 col on 9 CCA734 col on

WO 2009/015842 PCT/EP2008/006153
- 44 .

additional peptides. The peptide(s) may be derived from one or more specific TAAs and may

bind to MHC class I and/or class IT molecules.

Preferably, when the peptides of the invention are used in a vaccine or medicament of the
invention, they are present as a salt, such as for example, but not limited to an acetate salt or a
chloride salt. Example 7 provides studies of a vaccine IMA-910, which contains some of the
peptides of the present invention and describes the preparation of the vaccine using peptides

in their salt form and their particle size.

The polynucleotide may be substantially pure, or contained in a suitable vector or delivery
system, The nucleic acid may be may be DNA, cDNA, PNA, CNA, RNA or a combination
thereof. Methods for designing and introducing such a nucleic acid are well known in the art.
An overview is provided by e.g. S. Pascolo: Vaccination with messenger RNA Methods Mo].
Med 2006, 127; 23-40; R. Stan, JD Wolchok and AD Cohen DNA vaccines against cancer
Hematol Oncol Clin North Am 2006, 3; 613-636 or A Mahdavi and BJ Monk Recent
advances in human papillomavirus vaccines Curr Oncol Rep 2006, 6, 465-472.
Polynucleotide vaccines are easy to prepare, but the mode of action of these vectors in
inducing an immune response is not fully understood. Suitable vectors and delivery systems
include viral DNA and/or RNA, such as systems based on adenovirus, vaccinia virus,
retroviruses, herpes virus, adeno-associated virus or hybrids containing elements of more than
one virus. Non-viral delivery systems include cationic lipids and cationic polymers and are
well known in the art of DNA delivery. Physical delivery, such as via a "gene-gun”, may also
be used. The peptide or peptide encoded by the nucleic acid may be a fusion protein, for
example with an epitope that stimulates T-cells for the respective opposite CDR as noted

above,

The medicament of the invention may also include one or more adjuvants. Adjuvants are
substances that non-specifically enhance or potentiate the immune response {(e.g.,immune
responses mediated by CTLs and helper-T (Ty) cells to an antigen, and would thus be
considered useful in the medicament of the present invention. Suitable adjuvants include, but
are not limited to 1018 ISS, aluminium salts, Amplivax, AS15, BCG, CP-870,893, CpG7909,
CyaA, dSLIM, GM-CSF, IC30, IC31, Imiquimod, ImuFact IMP321, IS Patch, ISS,
ISCOMATRIX, Juvimmune, LipoVac, MF59, monophosphoryl lipid A, Montanide IMS
1312, Montanide ISA 206, Montanide ISA 50V, Montanide ISA-51, OK-432, OM-174, OM-
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197-MP-EC, ONTAK, PepTel® vector system, PLG microparticles, resiquimod, SRL172,
Virosomes and other Virus-like particles, YF-17D, VEGF trap, R848, beta-glucan, Pam3Cys,
Aquila's QS21 stimulon, which is derived from saponin, mycobacterial extracts and synthetic
bacterial cell wall mimics, and other proprietary adjuvants such as Ribi's Detox, Quil, or
Superfos. Adjuvants such as Freund's or GM-CSF are preferred. Several immunological
adjuvants (e.g., MF59) specific for dendritic cells and their preparation have been described
previously { Dupuis M, Murphy TJ, Higgins D, Ugozzoli M, van Nest G, Ott G, McDonald
DM; Dendritic cells internalize vaccine adjuvant after intramuscular injection; Cell Immunol.
1998; 186(1):18-27; Allison AC; The mode of action of immunological adjuvants; Dev Biol
Stand. 1998; 92:3-11). Also cytokines may be used. Several cytokines have been directly
linked to influencing dendritic cell migration to lymphoid tissues (e.g., TNF-a), accelerating
the maturation of dendritic cells into efficient antigen-presenting cells for T-lymphocytes
(e.g., GM-CSF, IL-1 and IL-4) (U.S. Pat. No. 5,849,589, specifically incorporated herein by
reference in its entirety) and acting as immunoadjuvants (e.g., IL-12) {Gabrilovich DI,
Cunningham HT, Carbone DP; IL-12 and mutant P53 peptide-pulsed dendritic cells for the
specific immunotherapy of cancer; J Immunother Emphasis Tumor Immunol. 1996 (6):414-
418).

CpG immunostimulatory oligonucleotides have also been reported to enhance the effects of
adjuvants in a vaccine setting. Without being bound by theory, CpG oligonucleotides act by
activating the innate (non-adaptive) immune system via Toll-like receptors (TLR), mainly
TLRY. CpG triggered TLR9 activation enhances antigen-specific humoral and cellular
responses to a wide variety of antigens, including peptide or protein antigens, live or killed
viruses, dendritic cell vaccines, autologous cellular vaccines and polysaccharide conjugates in
both prophylactic and therapeutic vaccines. More importantly it enhances dendritic cell
maturation and differentiation, resulting in enhanced activation of Ty; cells and strong
cytotoxic T-lymphocyte (CTL) generation, even in the absence of CD4 T-cell help. The Ty
bias induced by TLR9Y stimulation is maintained even in the presence of vaccine adjuvants
such as alum or incomplete Freund’s adjuvant (IFA) that normally promote a Ty bias. CpG
oligonucleotides show even greater adjuvant activity when formulated or co-administered
with other adjuvants or in formulations such as microparticles, nano particles, lipid emulsions
or similar formulations, which are especially necessary for inducing a strong response when
the antigen is relatively weak. They also accelerate the immune response and enabled the

antigen doses to be reduced by approximately two orders of magnitude, with comparable
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antibody responses to the full-dose vaccine without CpG in some experiments (Arthur M,
Krieg, Therapeutic potential of Toll-like receptor 9 activation, Nature Reviews, Drug
Discovery, 5, JUNE 2006, 471-484). U. S. Pat. No. 6,406,705 B1 describes the combined use
of CpG oligonucleotides, non-nucleic acid adjuvants and an antigen to induce an antigen-
specific immune response. A commercially available CpG TLR9 antagonist is dSLIM (double
Stem Loop Immunomodulator) by Mologen (Berlin, Germany) which is a preferred
component of the pharmaceutical composition of the present invention. Other TLR binding

molecules such as RNA binding TLR 7, TLR 8 and/or TLR 9 may also be used.

Other examples for useful adjuvants include, but are not limited to chemically modified CpGs
(e.g. CpR, Idera),Poly(I:C), such as AmpliGen, non-CpG bacterial DNA or RNA as well as
immunoactive small molecules and antibodies such as cyclophosphamide, sunitinib,
Bavacizumab, celebrex, NCX-4016, sildenafil, tadalafil, vardenafil, sorafinib, XL-999, CP-
547632, pazopanib, ZD2171, AZD2171, anti-CTLA4 and SC58175, which may act
therapeutically and/or as an adjuvant. The amounts and concentrations of adjuvants and
additives useful in the context of the present invention can readily be determined by the

skilled artisan without undue experimentation.
Preferred adjuvants are dSLIM, BCG, OK432, ALDARA, PeviTer, and JuvImmune.

Preferably medicaments of the present invention are active against cancer. The cancer may be
non-metastatic or metastatic in particular cancer of the buccal cavity and pharynx, cancer of
the digestive tract, cancer of the colon, rectum, and anus, cancer of the respiratory tract, breast
cancer, cancer of the cervix uteri, vagina, and vulva, cancer of the uterine corpus and ovary,
cancer of the male genital tract, cancer of the urinary tract, cancer of the bone and soft tissue,
and kaposi sarcoma, melanoma of the skin, eye melanoma, and non-melanoma eye cancer,
cancer of the brain and central nervous system, cancer of the thyroid and other endocrine
glands, Hodgkin Lymphoma, Non-Hodgkin Lymphoma, and myeloma. Most preferably the
neoplastic disorder treated by the method of the current invention is colorectal cancer, lung
cancer, breast cancer, pancreatic cancer, prostate cancer, gastric cancer, renal cancer, GIST or

glioblastoma.
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Since the peptides of the invention were isolated from glioblastoma, colorectal, pancreatic,
lung, renal or gastric cancer, the medicament of the invention will be particularly useful if

cancer to be treated is glioblastoma, colorectal, pancreatic, lung, renal or gastric cancer.

In addition to being useful for treating cancer, the peptides of the present invention are also
useful as diagnostics. Since the peptides were generated from glioblastoma and since it was
determined that these peptides are not present in normal tissues, these peptides can be used to

diagnose the presence of a cancer.

The presence of the peptides of the present invention on tissue biopsies can assist a
pathologist in diagnosis of cancer. Detection of certain peptides of the present invention by
means of antibodies, mass spectrometry or other methods known in the art can tell the
pathologist that the tissue is malignant or inflamed or generally diseased. Presence of groups
of peptides of the present invention can enable classification or subclassification of diseased

tissues.

The detection of the peptides of the present invention on diseased tissue specimen can enable
the decision about the benefit of therapies involving the immune system, especially if T
lymphocytes are known or expected to be involved in the mechanism of action. Loss of MHC
expression is a well described mechanism by which infected of malignant cells escape
immunosurveillance. Thus, presence of the peptides of the present invention shows that this

mechanism is not exploited by the analyzed cells.

The peptides of the present invention might be used to analyze lymphocyte responses against
those peptides of the present invention, such as T cell responses or antibody responses against
the peptides of the present invention or the peptides of the present invention complexed to
MHC molecules. These lymphocyte responses can be used as prognostic markers for decision
on further therapy steps. These responses can also be used as surrogate markers in
immunotherapy approaches aiming to induce lymphocyte responses by different means, e.g,
vaccination of protein, nucleic acids, autologous materials, adoptive transfer of lymphocytes.
In gene therapy settings, lymphocyte responses against the peptides of the present invention
can be considered in the assessment of side effects. Monitoring of lymphocyte responses
might also be a valuable tool for follow-up examinations of transplantation therapies, e.g. for

the detection of graft versus host and host versus graft diseases.
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The peptides of the present invention can be used to generate and develop specific antibodies
against MHC/peptide complexes. These can be used for therapy, targeting toxins or
radioactive substances to the diseased tissue. Another use of these antibodies can be targeting
radionuclides to the diseased tissue for imaging purposes, such as PET. This use can help to
detect small metastases or to determine the size and precise localization of diseased tissues. In
addition, the peptides can be used to verify a pathologist’s diagnosis of a cancer based on a

biopsied sample.

In yet another aspect thereof, the present invention relates to a kit comprising (a) a container
that contains a pharmaceutical composition as described above, in solution or in lyophilized
form; (b) optionally, a second container containing a diluent or reconstituting solution for the
lyophilized formulation; and (c) optionally, instructions for (i) use of the solution or (ii)
reconstitution and/or use of the lyophilized formulation. Said kit may further comprise one or
more of (iii) a buffer, (iv) a diluent, (v) a filter, (vi) a needle, or (v) a syringe. The container is
preferably a bottle, a vial, a syringe or test tube; and it may be a multi-use container. The

pharmaceutical composition is preferably lyophilized.

Kits of the present invention preferably comprise a lyophilized formulation of the present
invention in a suitable container and instructions for its reconstitution and/or use. Suitable
containers include, for example, bottles, vials {e.g. dual chamber vials), syringes (such as dual
chamber syringes) and test tubes. The container may be formed from a variety of materials
such as glass or plastic. Preferably the kit and/or container contains instructions on or
associated with the container that indicates directions for reconstitution and/or use. For
example, the label may indicate that the lyophilized formulation is to reconstituted to peptide
concentrations as described above. The label may further indicate that the formulation is

useful or intended for subcutaneous administration.

The container holding the formulation may be a multi-use vial, which allows for repeat
administrations (e.g., from 2-6 administrations) of the reconstituted formulation. The kit may
further comprise a second container comprising a suitable diluent (e.g., sodium bicarbonate

solution).
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Upon mixing of the diluent and the lyophilized formulation, the final peptide concentration in
the reconstituted formulation is preferably at least 0.15 mg/mL/peptide (=75pg) and
preferably not more than 3 mg/mL/peptide (=1500ng). The kit may further include other
materials desirable from a commercial and user standpoint, including other buffers, diluents,

filters, needles, syringes, and package inserts with instructions for use.

Kits of the present invention may have a single container that contains the formulation of the
pharmaceutical compositions according to the present invention with or without other
components (e.g., other compounds or pharmaceutical compositions of these other

compounds) or may have distinct container for each component.

Preferably, kits of the invention include a formulation of the invention packaged for use in
combination with the co-administration of a second compound (such as adjuvants (e.g. GM-
CSF), a chemotherapeutic agent, a natural product, a hormone or antagonist, a anti-
angiogenesis agent or inhibitor, a apoptosis-inducing agent or a chelator) or a pharmaceutical
composition thereof, The components of the kit may be pre-complexed or each component
may be in a separate distinct container prior to administration to a patient. The components of
the kit may be provided in one or more liquid solutions, preferably, an aqueous solution, more
preferably, a sterile aqueous solution. The components of the kit may also be provided as
solids, which may be converted into liquids by addition of suitable solvents, which are

preferably provided in another distinct container.

The container of a therapeutic kit may be a vial, test tube, flask, bottle, syringe, or any other
means of enclosing a solid or liquid. Usually, when there is more than one component, the kit
will contain a second vial or other container, which allows for separate dosing. The kit may
also contain another container for a pharmaceutically acceptable liquid. Preferably, a
therapeutic kit will contain an apparatus (e.g., one or more needles, syringes, eye droppers,
pipette, etc.), which enables administration of the agents of the invention that are components

of the present kit.

The pharmaceutical formulation of the present invention is one that is suitable for
administration of the peptides by any acceptable route such as oral (enteral), nasal, ophthal,
subcutaneous, intradermal, intramuscular, intravenous or transdermal. Preferably the

administration is s.c., and most preferably, i.d. Administration may be by infusion pump.
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For the purposes of the present invention, all references as cited herein are incorporated by

reference in their entireties,

EXAMPLES

1. Synthesis and structure

Peptides were synthesized by standard and well-established solid phase synthesis using Fmoc
chemistry. After purification by preparative HPLC, ion-exchange procedure was performed to
incorporate physicological compatible counter ions (acetate or chloride). Finally, white to off
white solids were obtained after lyophilization. All TUMAPs are administered as acetate salts

except IMA-CCN-001 which is supplied as chloride salt for technical reasons during the

manufacturing procedure.

2. Identification of tumour associated peptides (TUMAPs) presented on cell surface
Tissue samples

Patients’ tumour and healthy tissues were provided by several different clinical sites (see
Table below). Written informed consents of all patients had been given before surgery.
Tissues were shock-frozen in liquid mitrogen immediately after surgery and stored until

isolation of TUMAPs at -80°C.

Isolation of HLA peptides from tissue samples

HLA peptide pools from shock-frozen tissue samples were obtained by immune precipitation
from solid tissues according to a slightly modified protocol (Falk, K., Rotzschke, O.,
Stevanovic, S., Jung, G. and Rammensee, H.G. Allele-specific motifs revealed by sequencing
of self-peptides eluted from MHC molecules, Nature 351, 290-296 (1991); Seeger, F.H. et al.
The HLA-A*6601 peptide motif: prediction by pocket structure and verification by peptide
analysis. Immunogenetics 49, 571-576 (1999)) using the HLA-A*(02-specific antibody BB7.2
or the HLA-A, -B, -C-specific antibody W6/32, CNBr-activated sepharose, acid treatment and

ultrafiltration.

Detection of TUMAPs by ESI-liquid chromatography mass spectrometry (ESI-LCMS)

The obtained HLA peptide pools were separated according to their hydrophobicity by
reversed-phase chromatography (CapLC, Waters) and the eluting peptides were analyzed in a
hybrid quadrupole orthogonal acceleration time of flight tandem mass spectrometer (Q-TOF
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Ultima, Waters) equipped with an ESI source. Peptide pools were loaded onto a C18 pre-
column for concentration and desalting. After loading, the pre-column was placed in line for
separation by a fused-silica micro-capillary column (75 pm i.d. x 250 mm) packed with 5 pm
C18 reversed-phase material (Dionex). Solvent A was 4 mM ammonium acetate/water.
Solvent B was 2 mM ammonium acetate in 80% acetonitrile/water. Both solvents were
adjusted to pH 3.0 with formic acid. A binary gradient of 15% to 60% B within 90 minutes
was performed, applying a flow rate of 5 pul/min reduced to approximately 200 nl/min by a
split-system. A gold coated glass capillary (PicoTip, New Objective) was used for
introduction into the micro-ESI source. The integration time for the TOF analyzer was 1.9 s
with an interscan delay of 0.1 s. Subsequently, the peptide sequences were revealed by
collisionally induced decay (CID) mass spectrometry (ESI-LCMS/MS). The identified
TUMAP sequence was assured by comparison of the generated natural TUMAP
fragmentation pattern with the fragmentation pattern of a synthetic sequence-identical

reference peptide.

Fig 1 and Fig 2 show exemplary spectra obtained from tumour tissue for MHC class I
associated TUMAPs (Fig. 1a-1h) and MHC class II associated TUMAPs (Fig. 2a-2f).

3. Expression profiling of genes encoding the peptides of the invention

The peptides identified as being presented on the surface of tumour ceils by MHC molecules
are likely able to induce T-cells with a high specificity of recognition for the tissue from
which they were derived. To minimize the risk for autoimmunity induced by vaccination with
such peptides the inventors focused on those peptides that are derived from proteins that are

overexpressed on tumour cells compared to the majority of normal tissues.

The ideal peptide will be derived from a protein that is unique to the tumour and not present
in any other tissue. To identify peptides that are derived from genes with an ideal expression
the identified peptides were assigned to the proteins and genes, respectively, from which they

were derived and expression profiles of the genes were generated.

RNA sources and preparation
Surgically removed tissue specimens were provided by several different clinical sites (see

Table 2) after written informed consent had been obtained from each patient.
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Tumour tissue specimens were snap-frozen in liquid nitrogen immediately after surgery and
later homogenized with mortar and pestle under liquid nitrogen. Total RNA was prepared
from these samples using TRIzol (Invitrogen, Karlsruhe, Germany) followed by a cleanup
with RNeasy (QIAGEN, Hilden, Germany); both methods were performed according to the

manufacturer's protocol.

Total RNA from healthy human tissues was obtained commercially (Ambion, Huntingdon,
UK; Clontech, Heidelberg, Germany; Stratagene, Amsterdam, Netherlands; BioChain,
Hayward, CA, USA). The RNA from several individuals (between 2 and 123 individuals) was
mixed such that RNA from each individual was equally weighted. Leukocytes were isolated

from blood samples of 4 healthy volunteers.

Quality and quantity of all RNA samples were assessed on an Agilent 2100 Bijoanalyzer
(Agilent, Waldbronn, Germany) using the RNA 6000 Pico LabChip Kit (Agilent).

Microarray experiments

Gene expression analysis of all tumour and normal tissue RNA samples was performed by
Affymetrix Human Genome (HG) U133A or HG-U133 Plus 2.0 oligonucleotide microarrays
(Affymetrix, Santa Clara, CA, USA). All steps were carried out according to the Affymetrix
manual (http://www.affymetrix.com/support/technical/manual/expression_manual.affx).
Briefly, double-stranded cDNA was synthesized from 5-8 pg of total RNA, using SuperSeript
RTII (Invitrogen) and the oligo-dT-T7 primer (MWG Biotech, Ebersberg, Germany) as
described in the manual. In vitro transcription was performed with the BioArray High Yield
RNA Transcript Labelling Kit (ENZO Diagnostics, Inc., Farmingdale, NY, USA) for the
UI33A arrays or with the GeneChip IVT Labelling Kit (Affymetrix) for the U133 Plus 2.0
arrays, followed by cRNA fragmentation, hybridization, and staining with streptavidin-
phycoerythrin and biotinylated anti-streptavidin antibody (Molecular Probes, Leiden,
Netherlands). Images were scanned with the Agilent 2500A GeneArray Scanner (U133A) or
the Affymetrix Gene-Chip Scanner 3000 (U133 Plus 2.0), and data were analysed with the
GCOS software (Affymetrix), using default settings for all parameters. For normalization, 100
housekeeping genes provided by Affymetrix were used
(http://www.affymetrix.com/support/technical/mask_files.affx). Relative expression values
were calculated from the signal log ratios given by the software and the normal sample was

arbitrarily set to 1.0.
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Expression profiles of all peptides of the present invention show a high expression of the
respective gene in tumour tissue while being not or to a very low extend expressed in normal

tissues.

Fig. 3 shows such profiles for the genes of glioblastoma specific peptides PTP-001 (gene:
PTPRZI1, Fig. 3a), and CHI-001 (gene: CH3L2, Fig. 3b).

4. Re-detection of identified TUMAPs by ESI-liquid chromatography mass spectrometry
(ESI-LCMS) in additional tumour samples
TUMAPs identified by the method of EXAMPLE 1 were systematically searched for on

colorectal tumour samples by mass spectrometry.

The obtained HLA peptide pools were separated according to their hydrophobicity by
reversed-phase chromatography (CapLC, Waters) and the eluting peptides were analyzed in a
hybrid quadrupole orthogonal acceleration time of flight tandem mass spectrometer (Q-TOF
Ultima, Waters) equipped with an ESI source. Peptide pools were loaded onto a C18 pre-
column for concentration and desalting. After loading, the pre-column was placed in line for
separation by a fused-silica micro-capillary column (75 pm i.d. x 250 mm) packed with 5 pm
Ci8 reversed-phase material (Dionex). Solvent A was 4 mM ammonium acetate/water.
Solvent B was 2 mM ammonium acetate in 80% acetonitrile/water. Both solvents were
adjusted to pH 3.0 with formic acid. A binary gradient of 15% to 60% B within 90 minutes
was performed, applying a flow rate of 5 pl/min reduced to approximately 200 nl/min by a
split-system. A gold coated glass capillary (PicoTip, New Objective) was used for
introduction into the micro-ESI source. The integration time for the TOF analyzer was 1.9 s
with an interscan delay of 0.1 s. For detection of defined peptides high sensitive screening
was performed in this type of ESI-LCMS experiments on the basis of known molecular
weights and retention times of the peptides in the chromatographic system. Therefore, a list
containing the m/z values of the previously identified peptides (singly and/or doubly charged)
was applied for precursor selection. Subsequently the sequence was revealed by collisionally
induced decay (CID) mass spectrometry (ESI-LCMS/MS). The TUMAP sequence was
confirmed by comparison of the generated natural TUMAP fragmentation pattern with the
fragmentation pattern of a synthetic sequence-identical reference peptide. Evaluation of the

HLA peptide purification yield and reproducibility of the analytical system, including
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Preparation of peptide solutions
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Peptides were dissolved in DMSO + 0.5% TFA (Merck, Dammstadt, Germany) at a
concentration of 10 mg/ml. The highest peptide working solution used in this assay was 200
puM, therefore the stock solution was diluted 1:50 in a peptide-dilution buffer (PBS with 0.1%
Lutrol-F68 and 10 mg/l Phenol red) to a final volume of 100 pl. A serial five-fold dilution

was performed with peptide-dilution buffer.

Refolding of HLA-A*0201/peptide complexes

According to the manual, a 2-fold concentrated HLA-A*0201 solution was prepared by
mixing 3x pH buffer (pH 6.6), Lutrol-F68, human B2m, recombinant HLA-A*0201 (all
included in the ELISA EpI Kit) with PBS.

For the refolding process, 15l of peptide serial dilutions and 15pl of the 2-fold concentrated
MHC mix were mixed in 96-well plates (Nunc, Rochester,NY, USA) and incubated at 18°C
for 48 hours.

Quantification of the complexes by an ELISA

Maxisorp plates (Nunc, Rochester, NY) were coated with 5 pg/ml w6/32 antibody in coating
buffer (pH 9.6), incubated for 24 h at 4°C and blocked with 5% skim milk powder (Merck,
Darmstadt, Germany) in PBS over night at 4°C.

MHC complex standard (ELISA Epl Kit) was diluted with 2% skim milk powder in PBS
(SMP/PBS) to a concentration of 10 nM. A serial 3.16fold dilution was prepared and
transferred to the coated and blocked Maxisorp plate. The peptide-MHC complexes were
diluted 10-fold with 2% SMP/PBS, transferred to the same Maxisorp plate and incubated for 2
hours at 4°C. Rabbit anti-h32m antibody (ELISA Epl Kit) was added in a 1:2500 dilution in
2% SMP/PBS and incubated for 1 hour at 4°C. Amplification buffer (HRP-conjugated goat
anti-rabbit polymer) and mouse serum (both supplied with the ELISA Epl Kit) was diluted in
2% SMP/PBS, added to the plates and incubated 30 minutes at room temperature.
Development buffer (Tetramethylbenzidine, TMB; ELISA Epl Kit) was added, plates were
incubated under light protection for 30 minutes at room temperature. The reaction was
stopped by adding 0.2 M sulfuric acid {VWR, Darmstadt, Germany). Plates were read at
OD450 nm using the VERSAmax ELISA-Reader (Molecular Devices, Sunnyvale, CA, USA).

Data were interpreted with Excel and Prism®, Graphpad 3.0.
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Table 3a: |In vitro i munogenicity of peptides of the invention
Anti gen Po¥Q3%¥018Rors / donors tested Positive wel | s FCHEIQE/0081$3
| MA- HBV- 001 7/16 ( 44% 10/107 ( 9% -PMA-TGFBI-001 3/4 ( 75%)

Resulis are shown in Fig. 4. A lower KD value reflects higher affinity to HLA-A*0201.
Binding affinities stretch over a range of approximately four decades but most peptides have
similar binding affinities within one decade (C20-001, ODC-001, PCN-001, TOP-001). The
affinity of MUC-001 is about one decade lower compared to the majority of the included
ligands but MUC-001 was nevertheless able to induce a T-cell response when uécd in a
vaccine for renal carcinoma (Wierecky, J, Muller, MR, Wirths, S, Halder-Oehler, E, Dorfel,
D, Schmidt, SM, Hantschel, M, Brugger, W, Schroder, S, Horger, MS, Kanz, L, and Brossart,
P; Immunologic and clinical responses after vaccinations with peptide-pulsed dendritic cells
in metastatic renal cancer patients, Cancer Res., 2006, 66, 5910-5918). On the other hand,
NOX-001 has a slightly higher binding affinity and TGFBI-001 is the strongest binder with a
100-fold lower KD value compared with the majority of peptides.

In absolute terms, KD values between 0.01 and 0.1 nM as observed for the majority of
peptides represent already a strong binding. Similar affinities had been also observed for
peptides contained in the renal cell carcinoma vaccine IMA901 that was successfully tested
(H. Singh-Jasuja, S. Walter, T. Weinschenk, A. Mayer, P. Y. Dietrich, M. Staehler, A. Stenzl,
S. Stevanovic, H. Rammensee, J. Frisch; Correlation of T-cell response, clinical activity and
regulatory T-cell levels in renal cell carcinoma patients treated with IMA901, a novel multi-
peptide vaccine; ASCO Meeting 2007 Poster # 3017; M. Stachler, A. Stenzl, P. Y. Dietrich,
T. Eisen, A. Haferkamp, J. Beck, A. Mayer, S. Walter, H. Singh, J. Frisch, C. G. Stief; An
open label study to evaluate the safety and immunogenicity of the peptide based cancer
vaccine IMA901, ASCO meeting 2007; Poster # 3017). Therefore, binding properties of
peptides of the present invention are quite similar to those of peptides that have been shown in

vivo to induce a T-cell response.

6. In vitro immunogenicity of MHC class I presented peptides

In vitro priming of CD8+ T cells

To perform in vitro stimulations by artificial antigen presenting cells (aAPC) loaded with
peptide-MHC complex (pMHC) and anti-CD28 antibody, first PBMCs (peripheral blood
mononuclear cells) were isolated from fresh HLA-A*02+ buffy coats by using standard
density gradient separation medium (PAA, Célbe, Germany). Buffy coats were either
obtained from the Blood Bank Tiibingen or from the Katharinenhospital Stuttgart. Isolated

PBMCs were incubated overnight in T-cell medium (TCM) for human in vitro priming
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consisting of RPMI-Glutamax (Invitrogen, Karlsruhe, Germany) supplemented with 10% heat
inactivated human AB serum (PAA, Colbe, Germany), 100 U/ml Penicillin / 100 pg/ml
Streptomycin (Cambrex, Verviers, Belgium), 1 mM sodium pyruvate (CC Pro, Neustadt,
Germany) and 20 pg/ml Gentamycin (Cambrex). CD8+ lymphocytes were isolated using the
CD8+ MACS positive selection kit (Miltenyi, Bergisch Gladbach, Germany) according to the
manufacturer's instructions. Obtained CD8+ T-cells were incubated until use in TCM
supplemented with 2.5 ng/ml IL-7 (PromoCell, Heidelberg, Germany) and 10 U/ml IL-2
(Chiron, Munich, Gemany). Generation of pMHC/anti-CD28 coated beads, T-cell
stimulations and readout was performed as described before (Walter, S, Herrgen, L, Schoor,
0O, Jung, G, Wemet, D, Buhring, HJ, Rammensee, HG, and Stevanovic, S; Cutting edge:
predetermined avidity of human CD8 T cells expanded on calibrated MHC/anti-CD28-coated
microspheres, J. Immunol., 2003, 171, 4974-4978) with minor modifications. Briefly,
biotinylated recombinant HLA-A*0201 molecules lacking the transmembrane domain and
being biotinylated at the carboxy terminus of the heavy chain were produced following a
method described by Altman et al. (Altman, JD, Moss, PA, Goulder, PJ, Barouch, DH,
Heyzer-Williams, MG, Bell, JI, McMichael, AJ, and Davis, MM; Phenotypic analysis of
antigen-specific T lymphocytes, Science, 1996, 274, 94-96). The purified costimulatory
mouse [gG2a anti human CD28 Ab 9.3 (Jung, G, Ledbetter, JA, and Muller-Eberhard, HJ,;
Induction of cytotoxicity in resting human T lymphocytes bound to tumor cells by antibody
heteroconjugates, Proc Natl Acad Sci U S A, 1987, 84, 4611-4615) was chemically
biotinylated using Sulfo-N-hydroxysuccinimidobiotin as recommended by the manufacturer
(Perbio, Bonn, Germany). Beads used were 5.60 pum large streptavidin coated polystyrene
particles (Bangs Labooratories, Illinois/USA). pMHC was used as positive control and
negative controls were A*0201/MLA-001 (peptide ELAGIGILTV from modified Melan-
A/MART-1) and A*0201/DDX5-001 (YLLPAIVHI from DDXS5) or A*0201/HBV-001
(FLPSDFFPSV), respectively.

800.000 beads / 200 pl were coated in 96-well plates in the presence of 600 ng biotin anti-
CD28 plus 200 ng relevant biotin-pMHC (high density beads) or 2 ng relevant plus 200 ng
irrelevant (pMHC library) MHC (low density beads). Stimulations were initiated in 96-well
plates by conincubating 1x10% CD8+ T cells with 2x10° washed coated beads in 200 pl TCM
supplemented with 5 ng/ml IL-12 (PromoCell) for 3-4 days at 37°C. Half of the medium was
then exchanged by fresh TCM supplemented with 80 U/ml IL-2 and incubation was continued

for 3-4 days at 37°C. This stimulation cycle was performed for a total of three times. Finally,
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Peptides of the present invention were tested together with peptides of known in vivo
immunogenicity for comparison. A representative staining showing generation of T-cell lines
specific for NOX-001 and ODC-001 is shown in Figure 5. The results are summarized in
table 3 below.

Table 3: In vitro immunogenicity of peptides of the invention compared with those of

vaccine peptides

Antigen Immunogenicity
detected
TGFBI-001 yes
NOX-001 yes
PCN-001 yes
TOP-001 yes
C20-001 yes
0ODC-001 yes
CCN-001 yes
PTP-001 yes
CHI-001 yes
JAK-001 yes




WO 2009/ 015842PCT/ EP2008/ 006153 -61 - cytonetry. T cells were

anal yzed after ei gﬁt_l‘t stinmulations by ELISPOT and intracellul ar | FI\Q/
stai ni ng pMO'EUHETC and CDB-Per CP to determine the perd&%gacis
| FNy- producing cells in specific T-cef?-subpopul ations. In this
experinment, cells stinulated with TGFBI -004 peptide fromdifferent

wel |'s r oo} ed, i.ncubated. wth irrel nt. peptide for the read-out
and peﬁamaz V'H'é’dﬁlt']i'\’/‘éog(%ﬁ%(??g?ptéﬁg%laei'%ﬁe"g “dendritic cells
(DCs) Human DCs were obtained from nonocytes cultured in DC nedi um
consi sfing of RPM 164Q- G ut amax/25aM Hepes (L nvitrggen—Ger many)
suppl efrdAfizen with 10% aURositygodenoR dsAenars | Besitysmwveliehiells [i n and 100
ag/ mL streptonycin. Firldesteduffy coat and plesisdn was obt ai ped by
centri [ IMAtHBY-00f t he hlWpgl(44% M a heal t hy| twneT ( $Bl)oodbank
Tubi ngeYA-TERBR00IET € ([Rgh (I739) At ed Trom tNgrbUfigesgoat Dy| st andard

denSit'hﬁhﬁ ﬁXlL DcPa'c:W§x6 jlpHUbth Se g%grf?g%WEdTUWr PAA,

Austri suspend ed-umnto—d Fne total——cell nunber.

A=A RA~ R~

100- 12pMAHCNA0h:  pRME/ 4 78”adhshed remn@ggdghd%a 15. m{ X-Vivo 20
medi um INBASRAIR-D8bker , BAVYi(dhYs Jand transfel ¥éd (80%)cel | cllture

fl ask. | MAar20200hour s at| 12¥ C20mEdi a cont ai n| g0 pértegdher al b| ood
Iguﬁoim_(m\@gmvyas fEW‘{@pvﬁ)dDer.enf monpeghegawer e washed Lvm'lgg
B WL DN 2 T 07 Y & 0 W 0 a5

(R&D syBAGEAGA nany) | 4¢h (d89%3 and 5 100] HYPH(8EKALSE anfl 30 ng/ n
| L-4 (] MACGT601s) or |20 fdiP%lL- 4 (R&D Sy43/8h 78%e) nany) | was added.
On day| MAmBTW0e DCs Wewe (a¢%d vated wi t h™ [L8o/mp/(aR%NF- a (R&D
Systens, Germany)y and 20 ag/ m_pol y(IC) (SIrgma Ardrich, Gernmany) or

100 ng/m LPS for 24 hours. Remaining PBMCs and obtained PBLs were
al i quot Bebulindf i wire nmniunogenigity qxpeminends opndupied iblyi the hveptorsar summarized

gener at + Ry . . i j .

105 aut BrogurupiBbpart Bhep pRpEEYT SR eBEL NS Lilh igh ekt
Gener atbeads. fs Oifeyent BBMGami stiund lotn Mahighiwadfeasthd ihonurfopescipurgsolss onty
gain as nman ells a ossi bl e (Jjncl udi adher.ent,cells). After

Dol no- vESSHAI (it Hheea HRchaiinseat oF HEHEH W STBFMOREIS: For | oadi ng
with peptide, DCs were resuspended in 1 ml DC nedi um and i ncubat ed

with 25 pig/nl peptide for 2 hours at 37 C. Peptides used for pulsing
of DCs Tndp &itmegmmpupegenigigydter MG class{l pssentedipentides o at ed pepti des),

Padre apgeMVeeiAUiI a8 q@ﬁﬁ%fﬁ%ﬁ)ﬂ‘gﬁgﬁ%}’éfﬁ alldﬂﬁ%eﬂldv‘éugﬁimmunc

medi um (at "| east tw ce) pl ated I plate at a density of
3 M o cespopsesiagiinstituppur ¢ds. Teesefere, MHG clrepilingptidasrwere hrgluded de dMARd 0.1

m sus i C [Ny e i .1 0 .

D000 o Laiiod Bb R Sl BSaIRSDY ‘gﬁﬁ?éast ednipsd/ B BA9IQ, wes tested for jts
for 7 dansumagenicpéfentid trevitiorandipagyed cbbaammdudet b burspedific €D4+ and CD8+
resti ated with cryoprese d aut ol ogous t .de- | gaded PB t hat
nave bebrPeltr b ZPUHOR Obo)- ek A CEMHOTB0 S LN e IrRRIDEY G was shov o
| nt er nadxpe¥vaénts GsiRé RN ulations pbASmielilin aR Bstobgdussydief. PBMCs wer e added

per well for this purpose. Pulsing of PBMCS with peptide was

perfornmed as aforenentioned (for DCs). On day 1 after the first

resti mup,ati0n -2 (R&D Systens, Gernmany) and IL-7 was added to a
final concgﬁt ?g%%ton of 2 ng/mM and 5 ng/m, respectively. Afterwards,
every Zrimidg\and rdpansenyof7ipacifiayhuirian Xlxhid atd CD8weredls axkie dssaped frevitro by

di a. Second timul ati f d7d t but this ti.
o P Tge oot TP Y Rep it BEMEL R i lodbB SRS il Bfadidlich Mili®
Egixtcis mﬁugﬂégmis _P?M@sl.ﬂﬁﬁéﬂgf !ﬁE@exﬁdgadtél gﬂtiglia?yspef}lfi!: e:DIzw' ﬂAbenle,pmbﬁtﬁyte%@mled

e e one el Ng added alternatl vely. na sSes r
perforﬁpg%”[g? f(g’r OR% e@‘ﬁgmdog?r?ﬁ%%t BERODE AT icé‘ﬁr’fa?%@shdﬁyag ﬁ%ﬁﬂ&
and | FNyQBH 0GRSO B 1 REDRES *03/D@s * PYDRIBBISRBS) RidrfesifrtMidied G&hE bdpRgs

pulsed autologous DCs and restimulated with autologous PBMCs plus peptide. As a read-out

system, IFNy production upon short term restimulation was assessed by ELISPOT and flow



WO 2009/ 015842PCT/ EP2008/ 006153 - 63 - To get additional insight on
t he irmuno enicity of 1 MA910 peptides and the properties of ecific
T cel | s, 2pE38d%ks, NOX- 001 and TGFBI-001, were sel é’&tTéFﬁz?‘g’P“m

further eval uation. The experinments fErforned for this purpose were
conducted at immtics biotechnol ogi es GrbH, Tti bi ngen Germany (cell

sorting was performed at {he, Univer i ar to 0
Dr. Bar®iRyyetnypd reheieite aabeedaferigh P’i"é '380%* £‘?‘S§5’t A 8?@’” %FrNY
| ow dens‘iélﬁi)ﬁg"i‘:ms'(gﬁﬂﬂfﬁ Exﬁi CDRLRESP fAdktdtind tHe ﬁ@dedtige(bfhm?-prﬁucmg cells
| ow avidity. It has been shown before (Walt

Schoor m@pequﬁm&celgubpen@@tlora Ingthisreicpryimant, @ellmmﬁgéé’lthﬁ&%m’“ peptide
S an
e AL SR B FPBCRT Byt e 3805

cell s expa on ca coate crospheres,

| mrunol perfoRO€iBss nkgdtive4dn4eld078) , human hi gh-avidity CTLs can be

rai sed successfully by using | ess peptide for activation conpared to

|l ow-avidity CD8+ T cells. It has al so been denponstrated that cells

expandegedehfon\Fieif-gictelleeh)i cient in recognl zi ng

anti gen-expressing tumur_cell Iines, a%&%eﬂa stl Ut n(g_jé ‘Eosﬁﬂb‘ﬁe

maj or tidwnan PCsHuerg AhaBghERR BENegyLs 18t |I§§ IURCQRSSERE P

abi I ty; E)_Cﬂﬁﬁﬁn'agﬂ§mw éﬁ{vﬁr@eﬁhe%wy Béuﬁaibméﬁte&smtﬂ 30¥Ak@Blogous
ce rime

human S were and expanded repeated in vitro
sti rmul gplasores/ W8 H/mba@tsmtlmamlﬂﬂu Hgimi siwpmmlt igghvbefly coat and plasma was

tid
a1 L e SRR B Y oS REm AR MoreP (hREARERTAGRCR) PRAMCS
cel I's wegre tlmil-iﬁblhte(ﬂ Iﬁ@rfemesimﬁfyr@dt by stantizrd: dérsity Igyadm}nt eqmarnoo (Bmbleriyts.

Tet rane Sit cel of, eac nor .

accor di $F§grt" o h&e%&‘HIE’I é‘b‘ét&ia? F‘E:‘ffeﬁ“pg'f‘%sdga%\n ﬁ%%lﬁé?talat%e
human aRine090HRY @illldn dFoEMas dvekd wadhey, rssﬂspﬁﬁlé@dx mnﬁmlmﬂo mediumm
a FACSAria. Sorted cells were cul tured an(? xg dg% 5| theéggg%fnc ]
of irr d&lfa%kﬂtak@ea@gwé‘@l% ransfegrd Fed celher!ivrg @‘g g2 Qoyrs negta
the genghaidigd ﬁﬁfﬂr&lnﬁﬂmﬁ' Qﬁk&‘ﬂe@' GPSB ?%bﬁ@&n@%ﬁc'aﬁh&eﬁeh{&ocﬁ% were

PMHC-t et r amer nin perf ormed determ ne their

f unct i owashed {wyice ith IOpanBStan@ qulliered £ Sogryd ihy0 el (Iporedame with| 100rmg/rak
t t
oL, G Lok AR 38 B LA R Rode CHLARN] Gl Yo B3R (G5,

cor r espGérttiang). Paphy d @nd 5d 00 ugholr GM—:-CSF hich#b0g/Gé Hle# {irmnnabolspe@0frignl

CD8+ T- s lnyitro tlrrul rtificial anti

pr esentﬁ‘njg %‘%b@si‘%{ﬁpéf é‘ﬁ’s\ﬁfl gp ?e- ec]% W' t'l\/iq—%? Wil
anti - %ﬁmFszaeﬁe NGetsiagd) and 20g60mi g 1@h®igna mluhnt}ynnany) or
difference to the method described above Waé)@%he f that

sti mul at00oretmh&PS {98 r2Acheray Repsiping JIBMER £ iaﬁrﬁégﬁ%%d@i%éllqmw and
wi th begads, loaded with 2 ng relevant plus 200 ng irrelevant library
(pMHC) MHC l(.‘I ow density beads) instead of 200 ng rel evant IHC (high
density beads). Thus, predom nantly high avidity T cells were
generatgd.for .deeper_val i on of peptides. After three

sti nul aﬁivgﬁ%’,’rl'g'"g'r"Zﬁ’f%C?ﬁ 2g'?‘(}ir}iyn vitro primed T cells was pMHC tetraner
st ai nedT@pehetles €Ded batlscy ndllivh FBMEnBBYs were dtimniated)eithc * )l 05 entolgous

gi ven i gen was detected if t | east. o val abI S Vi

sti mul ?Séﬂ%’? egss hagyrstadeon f"ﬂ&/ dﬁ?‘a%rsgﬁ o@ﬁ‘ber? %%fl)gf’)h P?SS%% P
Ch8+ T-gBTh WdsiBedfdr @his phrpbhd tolgaid hiTihay LMy af ?oﬁlblé tihauw«ag lade@Bitaengd
at | east 1% of specific tetramer+ anon cells and fhe

per cent Afier bsingspashed withRE mediym, celb nv@g%a@asakter@a@fl E@%O%% wghpﬁrﬁldsf
the negggl &%re%agﬁai*deé G T %Cm%n P (e sPQfh bb i%/rﬁﬁ&é de?orqamr
e terwar S accor

donor were pool ng to the anti specificit
st ai necat\di7t B. Pépgideonsed Spopudsing opNBEEweet TERBI-00¢ d’ohmnsaﬁmlamf E@EBaIﬂI GV

anti body, ¢l108iaas), FAL da RV ANbEEE PBMEPASSwRR thiidh, Whsfed with DC

medium (at least twice) and plated in a 24 well plate at a density of 3 Mio cells/ml in 1 ml.

DCs loaded with peptide were then added (as 1 ml suspension containing the peptide) to the



WO 2009/ 015842PCT/ EP2008/ 006153 - 65 - Additionally, for NOX-001, one
T-cell ling c _ established that also proved to be func

ELI SPOT si ﬁ'é)ez(awlmqﬂﬁg specifically expressing | FNy aftert q‘i}'ﬁ E’W&P@f?
with this peptide (Fig. 8). 9. Bindin®of HLA class |-restricted
pepti des of the invention to HLA- A*0201 The objective of this

o pou el R e CS AL s S i dys B3 176 Kbl SARE, ObBERE LIPS were
the HLAﬁ.léf G&Iﬁimﬁdtécﬁ Ivﬂth_ ﬁiggpﬁbérw&’s aﬁmlogﬁh:i pﬁﬁﬁeHgsiﬁﬁda BBM_(? g«aﬁzﬁqe \rzlfere
const. ;ﬁ{?@ tﬁreé) Y:A@ aopl 1000 E Na?ﬂe (o b?m%wfals%ﬂ’ﬂ&d%bs ] ’ﬁgbﬁ{:ﬁ%fmd
t est St@blxeldﬂlpﬁi\@@mvb@eade@drpérexaﬁf&% "%pﬁltpoge‘ PLRIRITHMCY s cﬂl& was

heavy chain, beta-2 m crogl obulin d the peptidic Ii gand The

acti vi t performed ﬁa@tﬁrwm@@%ﬁph BXis)- r@u\Aaxoéoaﬁehélm ISE rﬁéﬂﬁmlﬁblp@cm ¢4R&D
al one c fu

HLA- A* O%R&ﬁsﬁ%gﬁ%{gé%d%?nu%ﬁag%&d I %t?%"‘"‘ggﬁ’!é:%‘ﬁs fadffefhélont al ni n%’¥“1
b2m andrespectyyby. odpffterafaels,pamy 2ed da;hmsbewqt @ibudagd LDkt Hapivetry added to the
efficiently in a ept - dependent Thea |Iab|I|t
of ' t hecBedit SaRlehinirfiod PR herfoEnPER BEE Mo BUngs mitchrlife PR adséd
af fini talod (Wikticat BMCY) tbehmarﬂura@mmelaaﬁﬂnﬁh&nﬁhaas perfoRh@CiH € 7 day
(Syl vester-Hvid C,.  Kristensen N, Blicher T, Ferre H,  Lauenpl]|er SL,

Vol f XzEyclea vty paptide-lagded EBMS %@ép%’nalm beipg @dded pisraaiivelyh fuialysex
a quanttabbyemfehl.Rér GaeR! ﬁuﬂlﬁlaﬁj&; l?'lmrﬁl!eﬂglapﬁiw ning Mha HENFEBRPOT.

interaction. Tissue Antigens 200 251- 258 Purifred reconbi nant
HLA- A*0201 nol ecul es were i ncubat ed toget her with b2m and graded
doses o% pepti de of interest. The anount of de novo-fol ded

HLA/ pepti de corrpl exes was determ ned by a quantitative ELI SA.

Di ssocilatwasmossibistta mrma( KD4vdl el )linee smclfmlahyl Ireecenlg s ithreg peptide af daterst

curve GGrded{FAI ALLANE 8 8 S\ TLATL Sk AR LR COMRLPY T

hi gher 1afek) Whér¥astia 3Hod-A* P2k 1Adek lmRBI&mztf@écnﬂ& FIRe iddﬁiemgtccn4+ and/or
HLA- A*020 | were conparable to the well-known contro

v 001008 celareas P RaCs i, TREPL-0M Has Fie eheiabmBer epd Fps--cell

1.6 “Mrespﬁsﬁseglﬁ'oﬂﬁ doftor B%ted %h@%@%@&‘eoééséﬁbéa%éhﬁbﬁlgl @s&:ﬁgmﬁﬁhg to
SEQ I D No. whi ch induces T cel cross-reacting wth ' 'said pepti

and vxhethmmomssmg eyt iities hkely almtdhnermpﬂidd srigmunegeie and das Qieamamt}oto
am no g ptide according to Claim1l, wherein said

pept i dg %‘%ETa%ellgg o1 “length of between 8 and 30, and nost preferred
between 8 and 16 am no acids. 3. The peptide according to any one of

d aims 81Functmn::l\‘\'hel':(ie Itlrg)nse?(legppggé L)q &&f(-ﬂﬁizgu!l ?d}lqll-ﬂﬂl

Immunogenicity of peptides included in the IMA910 vaccine was demonstrated in vitro by
using immatics’ TUMAP validation platform (immatics biotechnologies GmbH, Tiibingen,
Germany). The induction of specific T cells is an indication for the ability of peptides to
successfully activate the immune system. Since efficient anti-tumour immune response is only
possible when activated T cells are of high avidity and functional, the TUMAPs’ ability to
prime high avidity, functional T lymphocytes was investigated by testing their ability to
produce IFNy or to kill tumour cell lines. Two peptides, NOX-001 and TGFBI-001, were
chosen for deeper validation due to their capacity to induce high avidity CTLs in vitro. The
results proved that high avidity precursor T cells exist against both peptides in humans and
that functional CD8+ T cell lines could be generated by NOX-001.

Principle of test
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To determine the ability of peptides to generate high-avidity CTL lines, isolated human CD8+
cells were primed and expanded by repeated in vitro stimulations with beads coated with low-
density pMHC (peptide-MHC-complex) and anti-CD28 antibody in the presence of IL-12 and
IL-2. After three stimulations, a fraction of in vitro primed T cells were pMHC-tetramer
stained and detected by cytometric analysis. Tetramer-positive cells of each donor were
pooled afterwards according to the antigen specificity, stained with pMHC-tetramer and
human anti-CD8-FITC antibody and finally subjected to FACS sorting on a FACSAria.
Sorted cells were cultured and expanded in the presence of irradiated feeder cells, cytokines
and mitogen. As a read-out for the generation of primed high avidity antigen specific cells,
pMHC-tetramer staining was performed. To determine their functionality, IFNy production
was assayed by ELISPOT and killing of tumour cell lines was examined using a cytotoxicity
assay based on live/dead staining after restimulation of the cells with the corresponding

peptide and tumour cell lines.

Generation of specific CD8+ T-cell lines
In vitro stimulations using artificial antigen presenting cells (aAPC) loaded with peptide-
MHC complex (pMHC) and anti-CD28 antibody were conducted as described above. The

only difference to the method described above was the fact that stimulations were performed
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Pat ent | strepgcon 1 3nM sod @ pdruv@é dnd 90 p2ARDGemMdmycin) in the presence of 5 x 105
cells/ml irradiated fresh allogeneic PBMCs, 5 x 10 cells/ml irradiated LG2-EBV cells, 150
U/ml IL-2 (Chiron, Munich, Germany) and 0,5 pg/ml PHA-L (Roche Diagnostics,
Mannheim, Germany). Expansion of these ceils occurred in T cell medium containing 150
U/ml IL-2. As a read-out for the generation of primed high avidity antigen specific cells,
pMHC-tetramer staining was performed as above and analyzed on a four-color FACSCalibur

(BD Biosciences, Germany).

Functionality tests

To determine their functionality, IFNy production was assessed by ELISPOT (IFNy ELISPOT
Set, BD, Germany) after restimulation of the cells with the corresponding peptide.
Additionally, cell-mediated cytotoxicity of specific CTLs was investigated by killing of
tumour cell lines using the LIVE/DEAD cell-mediated cytotoxicity Kit (L7010, Invitrogen,
Germany). Both assays were performed according to manufacturer’s instructions, except

noted otherwise.

Results

Both peptides, NOX-001 and TGFBI-001, were immunogenic in vifro as shown by successful
priming with low pMHC density aAPCs. For NOX-001 as well as for TGFBI-001 specific T-
cell lines could be established by FACS, thus demonstrating that high-avidity CD8+ T cell

precursors exist in healthy donors.
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G n Leu 1510 <210> 4 <211> 9

<212> PRT

Additionally, for NOX-001, one T-cell line could be established that also proved to be
functional by ELISPOT since it was specifically expressing IFNy after restimulation with this
peptide (Fig. 8).

9. Binding of HLLA class I-restricted peptides of the invention to HLA-A*0201

The objective of this analysis was to evaluate the affinity of the HLA class I peptides CHI-
001, DCA-001, JAK-001 and PTP-001 to the MHC molecule coded by the HLA-A*0201
allele. Affinities for all peptides to HLA-A*0201 were comparable to the well-known control
peptide HBV-001, dissociations constants (Kp) being in the range from 0.05 to 1.6 nM.

Principle of test

Stable HLA/peptide complexes consist of three molecules: HLA heavy chain, beta-2
microglobulin (b2m) and the peptidic ligand. The activity of denatured recombinant HLA-
A*0201 heavy chain molecules alone can be preserved making them functional equivalents of
“empty HLA-A*0201 molecules”. When diluted into aqueous buffer containing b2m and an
appropriate peptide, these molecules fold rapidly and efficiently in an entirely peptide-
dependent manner. The availability of these molecules is used in an ELISA-based assay to
measure the affinity of interaction between peptide and HLA class I molecule (Sylvester-Hvid
C, Kristensen N, Blicher T, Ferre H, Lauemoller SL, Wolf XA, Lamberth K, Nissen MH,
Pedersen LO, Buus S. Establishment of a quantitative ELISA capable of determining peptide -
MHC class I interaction. Tissue Antigens 2002, 59, 251-258).

Purified recombinant HLA-A*0201 molecules were incubated together with b2m and graded
doses of the peptide of interest. The amount of de novo-folded HLA/peptide complexes was
determined by a quantitative ELISA. Dissociation constants (Kp values) were calculated

using a standard curve recorded from dilutions of a calibrant HL.A/peptide complex.

Results

Results are shown in Figure 9. A lower Ky value reflects higher affinity to HLA-A*0201.
Affinities for all peptides to HLA-A*0201 were comparable to the well-known control
peptide HBV-001, dissociations constants (Kp) being in the range from 0.05 to 1.6 nM.



<213> hono sapiens <400> 4 Ser Met Ser Ala Asp Val Pro Leu Val 15
<210> 5 <211> 10 <212> PRT <213> honp sapiens Lys Ile Phe Asp GQu

Ile Leu Val

WMh Ala 1510 <210> 6 <211> 10 <212> PRT <213> hono sapi ens

<400> 6 Ala Ala Phe Val Gu Gu Leu A$p Lys Val 1510

10.

Claims:
An isolated peptide comprising a sequence of SEQ ID No. 1 which induces T cells

cross-reacting with said peptide, and wherein said peptide has an overall length of be-

tween & and 100 amino acids.

The peptide according to Claim |, wherein said peptide has an overall length of between

8 and 30, and most preferred between 8 and 16 amino acids.

The peptide according to any one of Claims 1 or 2, wherein said peptide of SEQ 1D No.
I is modified in that the side chains of one or two of the amino acid residues are altered
so that the peptide is still able to bind to an HLA molecule in substantially the same way

as a peptide consisting of the amino acid sequence of SEQ ID No. 1.

The peptide according to any of Claims 1 or 2, wherein the peptide consists of an amino

acid sequence according to SEQ 1D No. 1.

The peptide according to any of Claims 1 to 4, wherein said peptide includes non-

peptide bonds.

The peptide according to any of Claims 1 to 5, wherein the peptide is part of a fusion
protein, comprising N-terminal amino acids of the HLA-DR antigen-associated inva-

riant chain ([i).
An isolated nucleic acid, encoding a peptide according to any one of Claims 1 to 6.

The nucleic acid according to Claim 7 which is DNA, ¢cDNA, PNA, CNA, RNA or

combinations thereof.
An expression vector capable of expressing a nucleic acid according to Claim 7 or 8.

A peptide according to any one of Claims 1 to 6, a nucleic acid according to Claim 7 or

8 or an expression vector according to Claim 9 for use in medicine.



<210> 7 <211> 14 <212> PAT <213> honp sapi ens <400> 7 Val Leu Leu Leu
Val H's Asn Leu Pro Gn H's Leu Phe Ay 1510 <210> 8 <211> 10 <212>
PRT <213> honp sapiens <400> 8 Ala Leu Phe Val Arg Leu Leu Ala Leu
Ala 1510 <210> 9 <211> 14 <212> PRT 67

11, An isolated host cell comprising a nucleic acid according to Claim 7 or 8 or an expres-

sion vector according to Claim 9.

12. The host cell according to Claim 11 that is an antigen presenting cell, in particular a

dendritic cell or antigen presenting cell.

13. A method of producing a peptide according to any one of Claims 1 to 6, the method
comprising culturing the host cell according to Claim 11, and isolating the peptide from

the host cell or its culture medium.

14, An in vitro method for producing activated cytotoxic T lymphocytes (CTL), the method
comprising contacting in vitro CTL with antigen loaded human class I or II MHC mole-
cules expressed on the surface of a suitable antigen-presenting cell for a period of time
sufficient to activate said CTL in an antigen specific manner, wherein said antigen is a

peptide according to any one of claims 1 to 6.

15. The method according to Claim 14, wherein the antigen is loaded onto class I or II
MHC molecules expressed on the surface of 2 suitable antigen-presenting cell by con-

tacting a sufficient amount of the antigen with an antigen-presenting cell.

16. The method according to Claim 14, wherein the antigen-presenting cell comprises an

expression vector capable of expressing said peptide according to SEQ ID No. 1.

17.  Activated eytotoxic T lymphocytes (CTL), produced by the method according to any
one of Claims 14 to 16, which selectively recognize a cell which aberrantly expresses a

polypeptide comprising an amino acid sequence given in any one of Claims 1 to 4.

18. A method of killing target cells in a patient which target cells aberrantly express a poly-
peptide comprising an amino acid sequence given in any one of Claims 1 to 4, the me-
thod comprising administering to the patient an effective number of cytotoxic T ])'m'~

phocytes (CTL) as defiried in any of Claims 14 to 17.

19.  Use of a peptide according to any one of claims 1 to 6, a nucleic acid according to claim

7 to 8, an expression vector according to claim 9, a cell according to claim 11 or 12, or



<213> hono sapiens <400> 9 Ay Asp Lys Leu Qu Val Ser Leu Lys Asn

Asn Val Val

Ser 1510 <210> 10 <211> 18 <212> PRT <213> honp sapi ens

<400> 10 Gy Lys Lys Leu Arg Val Phe Val Tyr Arg Asn Ser Leu Cys lle

d u 151015

<210> 11 <211> 17 <212> PR8 <213> hono sapi ens <400> 11

Leu Lys Asn Asn Val Val Ser Val Asn Lys Qu Pro Val Ala Gu Pro

151015 Asp

20.

21.

22,

an activated cytotoxic T lymphocyte according to claim 17 in the manufacture of a me-

dicament.

Use according to claim 19, wherein said medicament is a vaccine,

Use according to claim 19 or 20, wherein said medicament is active against cancer,

Use according to claim 21, wherein said cancer cells are glioblastoma cells, colorectal,

pancreatic, Jung, renal or gastric cancer cells.



<210> 12 <211> 15 <212> PRT <213> hono sapi ens <400> 12 Asn dy Val

Ile Hs Tyr

Ile Asp Qu Leu Leu Ile Pro Asp Ser 151015 <210> 13 <211>

14 <212> PRT <213> honp sapiens <400> 13 Leu Asn Arg Ile Leu Ay Asp
Pro Au Ala Leu Arg Asp Leu 1510 <210> 14 <211> 15 <212> PRT <213>
hono sapi ens <400> 14 Thr Pro Pro Ile Asp Ala Hi's Thr Arg Asn Leu Leu
Arg Asn H's 151015 <210> 15 <21lg.8mwdliZzarRET <213> hono sapiens

<400> 15
<110>

<120>
<130>
<160>
<170>
<210>
<211>
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<213>
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1

9

PRT

homo sapiens

1

Ala Leu Ser Asn Leu Glu Val Thr Leu

1

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

<400>

5

2

9

PRT

homo sapiens

2

Ile Leu Ala Pro Val Ile Leu Tyr Ile

1

<210>
<21l1>
<212>
<213>

<4Q0>

10
PRT
homo sapiens

3

Lys Leu Met Asp Leu Asp Val Glu Gln Leu

1

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

<400>

5 10

4

9

PRT

homo sapiens

4

Ser Met Ser Ala Asp Val Pro Leu Val

1

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

<400>

5

10
PRT
homo sapiens



Ala Leu Thr Thr Leu Met Hs G n Leu 15 <210> 16 <211> 9 <212> PRT
Pro Gn Val 15

<213> hono sapi ens

Ala Ay Vval Vval Val

Lys Ile Phe
1

<210> &6
<21i> 10
<212> PRT
<213> homo

<400> 6

Ala Ala Phe
1

<210> 7
<211> 14
<212> PRT
<213>» homo

<400> 7

Val Leu Leu
1

<210> 8
<211> 10
<2i2> PRT
<213> homo

<400> 8
Ala Leu Phe
1

<210> 9
<211> 14
<212> PRT
<213> homo

<400> 9
Gly Asp Lys
1

<210> 10
<211> 18
<212> PRT
<213> homo

<400> 10
Gly Lys Lys
1

Asn Ser

Asp Glu
5

sapiens

Val Glu
5

sapiens

Leu Val
5

sapiens

Val Arg

sapiens

Leu Glu
5

sapiens

Leu Arg
5

<400> 16 Ser Leu Asp Pro Ser Ser

<210> 17 <211> 9 <212> PRT <213> hono sapi ens <400> 17 Ser
Leu 15 <210> 18 <241> 9 <212> PRT

Ile Leu Val Asn Ala
10

Glu Leu Asp Lys Val
10

His Asn Leu Pro Gln His Leu Phe Gly
10

Leu Leu Ala Leu Ala
10

Val Ser Leu Lys Asn Asn Val Val Ser
10

Val Phe Val Tyr Arg Asn Ser Leu Cys Ile Glu

10

15

Leu Trp




<213> hono sapi ens <400> 18 Lys Leu Thr Asp Ile Gn lle Gu Leu 15
<210> 19 <211> 9 <212> PRT <213> honp sapi ens <400> 19 Tyr Leu lle
Hs Phe Pro Val Ser Val 15 <210> 20 <211> 9 <212> PRT <213> hono
sapiens <400> 20 Ile VvVal Asp Asp Ile Fhr Tyr Asn Val 15 <210> 21
<211> 16 <212> PRT <213> hono sapi ens <400> 21

<210> 11
<211> 17
<212> PRT

<213> homo sapilens

<400> 11

Leu Lys Asn Asn Val Val Ser Val Asn Lys Glu Pro Val Ala Glu Pro
1 5 10 15

Asp

<210> 12

<21i> 15

<212> PRT

<213> homo sapiens

<400> 12

Asn Gly Val Ile His Tyr Ile Asp Glu Leu Leu Ile Pro Asp Ser
1 5 10 15
<210> 13

<211> 14

<212> PRT

<213> homo sapiens

<400> 13

Leu Asn Arg Ile Leu Gly Asp Pro Glu Ala Leu Arg Asp Leu

1 5 10

<210> 14

<211> 15

<212> PRT

<213> homo sapiens

<400> 14

Thr Pro Pro Ile Asp Ala His Thr Arg BAsn Leu Leu Arg Asn His
1 5 10 15
<210> 15

<211> 8

<212> PRT

<213> homo sapiens
<400> 15

Ala Leu Thr Thr Leu Met His Gln leu
1 5

<210> 16

<211> 9

<212> PRT

<213> homo sapiens



Ay Ala Val Arg Phe Ser Asn Asn Pro Ala Leu Cys Asn Val A u Ser
151015 <211> 16 <212> PRT <213> hono sapi ens <400> 22 Asn Pro Thr
Thr Tyr G n Met Asp Val Asn Pro Qu Ay Lys Tyr Sex 151015 <210> 23
<211> 13 <212> PRT <213> hono sapi ens4<400> 23 Phe Lys Lys Ile Lys
Val Lau Ay Ser Gy Ala Phe dy 1510 <210> 24 <211> 18 <212> PRT
<213> hono sapi ens <400> 24 Thr Thr Leu Ile Lys u Met Lys Ala Qu
Phe Iledys Gat Ala G n 151015

Ser Leu Asp Pro Ser Ser Pro Gln Val
1 5

<210> 17

<211> 9

<212> PRT

<213> homo sapiens

<400> 17

Ser Leu Trp Ala Gly Val Val Val Leu
i 5

<210> 18

<211> 9

<212> PRT

<213> homo sapiens

<400> 18

Lys Leu Thr Asp Ile Gln Ile Glu Leu
i 5

<210> 19

<211> 9

<212> PRT

<213> homo sapiens

<400> 19

Tyr Leu Ile His Phe Pro Val Ser Val
1 5

<210> 20

<211> 9

<212> PRT

<213> homo sapiens

<400> 20

Ile Val Asp Asp Ile Thr Tyr Asn Val
1 5

<210> 21

<211> 16

<212> PRT

<213> homo sapiens

<400> 21
Gly Ala Val Arg Phe Ser Asn Asn Pro Ala Leu Cys Asn Val Glu Ser
1 5 10 15

<210> 22



Pro Ay <210> 25 <211> 15 <212> PRT <213> hono sapi ens <400> 25 Val
Lys Sex Lys Val Gn Tyr Leu Lys Asp Mg Gn Leu Ala Ay 151015 <210>
26 <211> 15 <212> PRT <213> hono sapi ens <400> 26 Ser Arg Arg Thr the
Ile Lys Ser Val Pro Pro Phe Leu Arg TRr 151015 <210> 27 <211> 11
<212> PRT <213> hono sapiens 6 <400> 27 Lys Leu Ay Asp Phe Gy Leu
Ala Thr Ma], Va} 1510 <210> 28 <211> 9

<212> PRT
<213> homo sapiens

<400> 22

Asn Pro Thr Thr Tyr Gln Met Asp Val Asn Pro Glu Gly Lys Tyr Ser
1 5 10 15

<210> 23

<211> 13

<212> PRT

<213> homo sapiens

<400> 23

Phe Lys Lys Ile Lys Val Leu Gly Ser Gly BAla Phe Gly
1 5 10

<210> 24

<211> 18

<212> PRT

<213> homo sapiens

<400> 24

Thr Thr Leu Ile Lys Glu Met Lys Ala Glu Phe Ile Lys Glu Ala Gln
1 5 10 15

Pro Gly

<210> 25

<211> 15

<212> PRT

<213> homo sapiens
<400> 25

Val Lys Ser Lys Val Gln Tyr Leu Lys Asp Arg Gln Leu Ala Gly
1 5 10 15

<210> 26

<211l> 15

<212> PRT

<213> homo sapiens

<400> 26

Ser Arg Arg Thr Phe Ile Lys Ser Val Pro Pro Phe Leu Axrg Thr
1 5 10 15

<210> 27

<211> 11

<212> PRT

<213> homo sapiens



<212> PRT <213> honp sapi ens <400> 28 Ser Leu Phe Asp G n Val Val Lys
Val 15 <210> 29 <211> 9 <212> PRT <213> hono sapi ens <400> 29 Ala Leu
Leu Ser u Vval Ile Gn Leu 15 p

<400> 27

Lys Leu Gly Asp Phe Gly Leu Ala Thr val Val
1 5 10

<210> 28

<211> B9

<212> PRT

<213> homo sapiens

<400> 28

Ser Leu Phe Asp Gln Val Val Lys Val
1 5

<210> 29

<211> 9

<212> PRT

<213> homo sapiens

<400> 29

Ala Leu Leu Ser Glu Val Ile Gln Leu
1 5



