
WO 2010/037514PCT/EP2009/006980 Novel immunotherapy against several
Tumors including Neuronal and Brain Tumors The present invention
relates to peptides, nucleic acids and cells for use in
immunotherapeutic methods. In particular, the present invention
relates to the immunotherapy of cancer. The present invention
furthermore relates to tumor-associated cytotoxic T cell (CTL)
peptide epitopes, alone or in combination with other tumor-associated
peptides that serve as active pharmaceutical ingredients of vaccine
compositions that stimulate anti-tumor immune responses. The present
invention relates to 30 peptide sequences and their variants derived
from HLA class 1 and class II molecules of human tumor cells that can
be used in vaccine compositions for eliciting anti-tumor immune
responses. Background of the invention Gliomas are brain tumors
originating from glial cells in the nervous system. Glial cells,
commonly called neuroglia or simply glia, are non-neuronal cells that
provide support and nutrition, maintain homeostasis, form myelin, and
participate in signal transmission in the nervous system. The two
most important subgroups of gliomas are astrocytomas and
oligodendrogliomas, named according to the normal glial cell type
from which they originate (astrocytes or oligodendrocytes,
respectively). Belonging to the subgroup of astrocytomas,
glioblastoma multiforme (referred to as glioblastoma hereinafter) is
the most common malignant brain tumor in adults and accounts for
approx. 40% of all malignant brain tumors and approx. 50% of gliomas.
It aggressively invades the central nervous system and is ranked at
the highest malignancy level (grade IV) among all gliomas. Although
there has been steady progress in their treatment due to improvements
in neuroimaging, microsurgery, diverse treatment options, such as
temozolomide or radiation, glioblastomas remain incurable. The lethal
rate of this brain tumor is very high: the average life expectancy is
9 to 12 months after first diagnosis. The 5-year survival rate during
the observation period from 1986 to 1990 was 8.0%. To date, the
five-year survival rate following aggressive therapy including gross
tumor resection is still less than 10%. Accordingly, there is a
strong medical need for an alternative and effective therapeutic
method.  WO 2010/037514PCT/EP2009/006980 - 2 - Tumor cells of
glioblastomas are the most undifferentiated ones among brain tumors,
so the tumor cells have high potential of migration and proliferation
and are highly invasive, leading to very poor prognosis.
Glioblastomas lead to death due to rapid, aggressive, and
infiltrative growth in the brain. The infiltrative growth pattern is
responsible for the unresectable nature of these tumors.
Glioblastomas are also relatively resistant to radiation and
chemotherapy, and, therefore, post-treatment recurrence rates are
high. In addition, the immune response to the neoplastic cells is
rather ineffective in completely eradicating all neoplastic cells
following resection and radiation therapy. Glioblastoma is classified
into primary glioblastoma (de novo) and secondary glioblastoma,
depending on differences in the gene mechanism during malignant
transformation of undifferentiated astrocytes or glial precursor
cells. Secondary glioblastoma occurs in a younger population of up to
45 years of age. During 4 to 5 years, on average, secondary
glioblastoma develops from lower-grade astrocytoma through
undifferentiated astrocytoma. In contrast, primary glioblastoma
predominantly occurs in an older population with a mean age of 55



More than 90% of all prostate cancers are discovered in the local and
regional stages; the 5-year relative survival rate for patients whose
tumors are diagnosed at these stages approaches 100%. Over the past
25 years, the 5-year survival rate for all stages combined has
increased from 69% to nearly 90%. According to the most recent data,
relative 10-year survival is 93% and 15-year survival is 77%. The
dramatic improvements in survival, particularly at 5 years, are
partly attributable to earlier diagnosis and improvements in
treatment. Nevertheless, the survival rate drops significantly after
the spreading to other tissues and organs. Lung Cancer Estimated
210,000 new cases are expected in 2007 in the USA, accounting for
about 15% of cancer diagnoses. The incidence rate is declining
significantly in men, from a high of 102 cases per 100,000 in 1984 to
78.5 in 2003. In women, the rate is approaching a plateau after a
long period of increase. Lung cancer is classified clinically as
small cell (13%) or non-small cell (87%) for the purposes of
treatment.  WO 2010/037514PCT/EP2009/006980 - 7 - Since 1987, more
women have died each year from lung cancer than from breast cancer.
Death rates have continued to decline significantly in men from
1991-2003 by about 1.9% per year. Female lung cancer death rates are
approaching a plateau after continuously increasing for several
decades. These trends in lung cancer mortality reflect the decrease
in smoking rates over the past 30 years. Treatment options are
determined by the type (small cell or non-small cell) and stage of
cancer and include surgery, radiation therapy, chemotherapy, and
targeted biological therapies such as bevacizumab (Avastine) and
erlotinib (Tarceva0). For localized cancers, surgery is usually the
treatment of choice. Recent studies indicate that survival with
early-stage, non-small cell lung cancer is improved by chemotherapy
following surgery. Because the disease has usually spread by the time
it is discovered, radiation therapy and chemotherapy are often used,
sometimes in combination with surgery. Chemotherapy alone or combined
with radiation is the usual treatment of choice for small cell lung
cancer; on this regimen, a large percentage of patients experience
remission, which is long lasting in some cases. The 1-year relative
survival for lung cancer has slightly increased from 37% in 1975-1979
to 42% in 2002, largely due to improvements in surgical techniques
and combined therapies. However, the 5-year survival rate for all
stages combined is only 16%. The survival rate is 49% for cases
detected when the disease is still localized; however, only 16% of
lung cancers are diagnosed at this early stage. There thus remains a
need for new efficacious and safe treatment option for glioblastoma,
prostate tumor, breast cancer, esophageal cancer, colorectal cancer,
clear cell renal cell carcinoma, lung cancer, CNS, ovarian, melanoma,
pancreatic cancer, squamous cell carcinoma, leukemia and
medulloblastoma and other tumors which show an overexpression of
survivin and/or the other proteins of the present invention,
enhancing the well-being of the patients without using
chemotherapeutic agents or other agents which may lead to severe side
effects. Summary of the invention In a first aspect thereof, the
present invention relates to a peptide comprising a sequence selected
from the group of SEQ ID No. 1 to SEQ ID No. 30, or a variant thereof
that is at least 85%  WO 2010/037514PCT/EP2009/006980 - 8 -
homologous to SEQ ID No. Ito SEQ ID No. 30, or a variant thereof that
induces T cells cross-reacting with said variant peptide; wherein



Detailed description of the invention As used herein and except as
noted otherwise all terms are defined as given below. The term
"peptide" is used herein to designate a series of amino acid
residues, connected one to the other typically by peptide bonds
between the alpha-amino and carbonyl groups of the adjacent amino
acids. The peptides are typically 9 amino acids in length, but can be
as short as 8 amino acids in length, and as long as 16 or 10, 11, 12,
13, 14 or 15 amino acids in length. The term "oligopeptide" is used
herein to designate a series of amino acid residues, connected one to
the other typically by peptide bonds between the alpha-amino and
carbonyl groups of the adjacent amino acids. The length of the
oligopeptide is not critical to the invention, as long as the correct
epitope or epitopes are maintained therein. The oligopeptides are
typically less than about 30 amino acid residues in length, and
greater than about 14 amino acids in length. The term "polypeptide"
designates a series of amino acid residues, connected one to the
other typically by peptide bonds between the alpha-amino and carbonyl
groups of the adjacent amino acids. The length of the polypeptide is
not critical to the invention as long as the correct epitopes are
maintained. In contrast to the terms peptide or oligopeptide, the
term polypeptide is meant to refer to molecules containing more than
about 30 amino acid residues. A peptide, oligopeptide, protein, or
polynucleotide coding for such a molecule is "immunogenic" (and thus
an "immunogen" within the present invention), if it is capable of
inducing an immune response. In the case of the present invention,
immunogenicity is more specifically defined as the ability to induce
a T-cell response. Thus, an "immunogen" would be a molecule that is
capable of inducing an immune response, and in the case of the
present invention, a molecule capable of inducing a T-cell response.
A T cell "epitope" requires a short peptide that is bound to a class
I or H MI-IC receptor, for lng a ternary complex (MHC class I alpha
chain, beta-2-microglobulin, and peptide) that can be recognized by a
T cell bearing a matching T-cell receptor binding to the MHC/peptide
complex with appropriate affinity. Peptides binding to MHC class I
molecules are typically 8-14 amino  WO 2010/037514PCT/EP2009/006980 -
12 - acids in length, and most typically 9 amino acids in length. T
cell epitopes that bind to MI-IC class II molecules are typically
12-30 amino acids in length. In the case of peptides that bind to MHC
class II molecules, the same peptide and the corresponding T cell
epitope may share a common core segment, but differ in the overall
length due to flanking sequences of differing lengths upstream of the
amino-terminus of the core sequence and downstream of its
carboxy-terminus, respectively. MHC class II receptors have a more
open conformation, peptides bound to MI-IC class 11 receptors are
correspondingly not completely buried in the structure of the MI-IC
class II molecule peptide-binding cleft as they are in the MHC class
I molecule peptide-binding cleft. Surprisingly this is not the case
for the peptide according to SEQ ID NO:1, as small variations in the
length of the peptide lead to an extreme decrease of activity (see
below). In humans there are three different genetic loci that encode
MI-IC class I molecules (the MHCmolecules of the human are also
designated human leukocyte antigens (HLA)): HLA-A, HLA-B, and HLA-C.
HLA-A*01, HLA-A*02, and HLA-A*I I are examples of different MI-IC
class I alleles that can be expressed from these loci. There are
three different loci in the human genome for MHC class 11 genes:



The term "active fragment" means a fragment that generates an immune
response (i.e., has immunogenic activity) when administered, alone or
optionally with a suitable adjuvant, to an animal, such as a mammal,
for example, a rabbit or a mouse, and also including a human, such
immune response taking the form of stimulating a T-cell response
within the recipient animal, such as a human. Alternatively, the
"active fragment" may also be used to induce a T-cell response in
vitro. As used herein, the terms "portion," "segment," and
"fragment," when used in relation to polypeptides, refer to a
continuous sequence of residues, such as amino acid residues, which
sequence forms a subset of a larger sequence. For example, if a
polypeptide were subjected to treatment with any of the common
endopeptidases, such as trypsin or chymotrypsin, the oligopeptides
resulting from such treatment would represent portions, segments or
fragments of the starting polypeptide. This means that any such
fragment will necessarily contain as part of its amino acid sequence
a segment, fragment or portion, that is substantially identical, if
not exactly identical, to a sequence of SEQ ID NO: 1 to 30, which
correspond to the naturally occurring, or "parent" proteins of the
SEQ ID NO: 1 to 30. When used in relation to polynucleotides, such
terms refer to the products produced by treatment of said
polynucleotides with any of the common endonucleases. In accordance
with the present invention, the term "percent identity" or "percent
identical," when referring to a sequence, means that a sequence is
compared to a claimed or described sequence after alignment of the
sequence to be compared (the "Compared Sequence") with the described
or claimed sequence (the "Reference Sequence"). The Percent Identity
is then determined according to the following formula: Percent
Identity= 100 [I -(C/R)]  WO 2010/037514PCT/EP2009/006980 - 16 -
wherein C is the number of differences between the Reference Sequence
and the Compared Sequence over the length of alignment between the
Reference Sequence and the Compared Sequence, wherein        (i) each
base or amino acid in the Reference Sequence that does not have a
corresponding aligned base or amino acid in the Compared Sequence and
(ii) each gap in the Reference Sequence and        (iii) each aligned
base or amino acid in the Reference Sequence that is different from
an aligned base or amino acid in the Compared Sequence, constitutes a
difference;       and R is the number of bases or amino acids in the
Reference Sequence over the length of the alignment with the Compared
Sequence with any gap created in the Reference Sequence also being
counted as a base or amino acid. If an alignment exists between the
Compared Sequence and the Reference Sequence for which the percent
identity as calculated above is about equal to or greater than a
specified minimum Percent Identity then the Compared Sequence has the
specified minimum percent identity to the Reference Sequence even
though alignments may exist in which the herein above calculated
Percent Identity is less than the specified Percent Identity. The
original peptides disclosed herein can be modified by the
substitution of one or more residues at different, possibly
selective, sites within the peptide chain, if not otherwise stated.
Such substitutions may be of a conservative nature, for example,
where one amino acid is replaced by an amino acid of similar
structure and characteristics, such as where a hydrophobic amino acid
is replaced by another hydrophobic amino acid. Even more conservative
would be replacement of amino acids of the same or similar size and



- 20 - (Qin and Blankenstein, 2000). Also the direct killing of tumor
cells by cytotoxic CD4+ T cells via lymphotoxins and granzyme B has
been proposed (Penna et al., 1992; Littaua et al., 1992).
Additionally, it was shown that C04-positive T cells recognizing
peptides from tumor-associated antigens presented by HLA class II
molecules can counteract tumor progression via the induction of
antibody (Ab) responses (Kennedy et al., 2003). In contrast to
tumor-associated peptides binding to HLA class I molecules, only a
small number of class II ligands of tumor associated antigens (TAA)
have been described to date. Since the constitutive expression of HLA
class II molecules is usually limited to cells of the immune system
(Mach et al., 1996), the possibility of isolating class II peptides
directly from primary tumors was not considered possible. However,
Dengjel et al. were recently successful in identifying a number of
MI-IC Class II epitopes directly from tumors (WO 2007/028574, EP 1
760 088 B1; (Dengjel et al., 2006). The antigens that are recognized
by the tumor specific cytotoxic T lymphocytes, that is, their
epitopes, can be molecules derived from all protein classes, such as
enzymes, receptors, transcription factors, etc. which are expressed
and, as compared to unaltered cells of the same origin, up-regulated
in cells of the respective tumor. The current classification of tumor
associated antigens (TAAs) comprises the following major groups
(Novellino et al., 2005): 1. Cancer-testis antigens: The first TAAs
ever identified that can be recognized by T cells (van der Bruggen et
al., 1991) belong to this class, which was originally called
cancer-testis (Cl') antigens because of the expression of its members
in histologically different human tumors and, among normal tissues,
only in spermatocytes/spermatogonia of testis and, occasionally, in
placenta. Since the cells of testis do not express class I and II HLA
molecules, these antigens cannot be recognized by T cells in normal
tissues and can therefore be considered as immunologically
tumor-specific. Well-known examples for CT antigens are the MACE
family members or NY-ESO-1.  WO 2010/037514PCT/EP2009/006980 -21-  2.
Differentiation antigens: These TAAs are shared between tumors and
the normal tissue from which the tumor arose; most are found in
melanomas and normal melanocytes. Many of these melanocyte
lineage-related proteins are involved in the biosynthesis of melanin
and are therefore not tumor specific but nevertheless are widely used
for cancer immunotherapy. Examples include, but are not limited to,
tyrosinase and Melan-A/MART-1 for melanoma or PSA for prostate
cancer.  3. Overexpressed TAAs: Genes encoding widely expressed TAAs
have been detected in histologically different types of tumors as
well as in many normal tissues, generally with lower expression
levels. It is possible that many of the epitopes processed and
potentially presented by normal tissues are below the threshold level
for T-cell recognition, while their overexpression in tumor cells can
trigger an anticancer response by breaking previously established
tolerance. Prominent examples for this class of TAAs are Her-2/neu,
Survivin, Telomerase or WTI.  4. Tumor specific antigens: These
unique TAAs arise from mutations of normal genes (such as [3-
catenin, CDK4, etc.). Some of these molecular changes are associated
with neoplastic transformation and/or progression. Tumor specific
antigens are generally able to induce strong immune responses without
bearing the risk for autoimmune reactions against normal tissues. On
the other hand, these TAAs are in most cases only relevant to the



HLA-bound peptides can be recognized by the immune system,
specifically T lymphocytes/T cells. T cells can destroy the cells
presenting the recognized HLA/peptide complex, e.g. glioblastoma
tumor cells presenting the derived peptides. T helper cells activated
by the survivinderived peptides can inhibit tumor vascularization,
can attract effector cells of the immune system and facilitate CTL
priming, proliferation, and a sustained CD8+ T-cell response. All
peptides of the present invention have been shown to be capable of
stimulating T cell responses (see Example 3 and Figure 3). Thus, the
peptides are usefid for generating an immune response in a patient by
which tumor cells can be destroyed. An immune response in a patient
can be induced by direct administration of the described peptides or
suitable precursor substances (e.g. elongated peptides, proteins, or
nucleic acids encoding these peptides) to the patient, ideally in
combination with an agent enhancing the immunogenicity (i.e. an
adjuvant). The immune response originating from such a therapeutic
vaccination can be expected to be highly specific against tumor cells
because the target peptides of the present invention are not
presented on normal tissues in comparable copy numbers, preventing
the risk of undesired autoimmune reactions against normal cells in
the patient.  WO 2010/037514PCT/EP2009/006980 - 25 - The
pharmaceutical compositions comprise the peptides either in the free
form or in the form of a pharmaceutically acceptable salt. As used
herein, "a pharmaceutically acceptable salt" refers to a derivative
of the disclosed peptides wherein the peptide is modified by making
acid or base salts of the agent. For example, acid salts are prepared
from the free base (typically wherein the neutral form of the drug
has a neutral -NH2 group) involving reaction with a suitable acid.
Suitable acids for preparing acid salts include both organic acids,
e.g., acetic acid, propionic acid, glycolic acid, pyruvic acid,
oxalic acid, malic acid, malonic acid, succinic acid, maleic acid,
firmaric acid, tartaric acid, citric acid, benzoic acid, cinnamic
acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid,
ptoluenesulfonic acid, salicylic acid, and the like, as well as
inorganic acids, e.g., hydrochloric acid, hydrobromic acid, sulfuric
acid, nitric acid phosphoric acid and the like. Conversely,
preparation of basic salts of acid moieties which may be present on a
peptide are prepared using a pharmaceutically acceptable base such as
sodium hydroxide, potassium hydroxide, ammonium hydroxide, calcium
hydroxide, trimethylamine or the like. In an especially preferred
embodiment the pharmaceutical compositions comprise the peptides as
salts of acetic acid (acetates) or hydrochloric acid (chlorides). 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 claimed
peptides on tissue biopsies can assist a pathologist in diagnosis of
cancer. Detection of certain peptides 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 can enable classification or
sub-classification of diseased tissues.  WO
2010/037514PCT/EP20091006980 - 26 - involved in the mechanism of
action. Loss of MI-IC expression is a well described mechanism by



ACSBGI 4 BCA-001 FLGDPPEKL HLA-A*02 BCAN 5 BCA-002 AL WA WPSEL
HLA-A*02 BCAN 6 CHI3L1-010 TLYGMLNTL HLA-A*02 CI-113L1 7 CLIP2-00 1
SLNELRVLL HLA-A*02 CLIP2 8 DTNA-001 KLQDEAYQV HLA-A*02 DTNA 9
EGFR-007 ALAVLSNYDA HLA-A*02 EGFR 10 FABP7-001 LTFGDVVAV HLA-A*02
FABP7 11 GFAP-001 NLAQDLATV HLA-A*02 GFAP 



12 0PR56-002 FLLSEPVAL HLA-A*02 0PR56 13 GRI-001 NILEQIVSV HLA-A*02
GRIA4 14 IGF2BP3-001 KIQEILTQV HLA-A*02 IGF2BP3 15 MLC-001 SVVEVIAGI
HLA-A*02 MLC1 16 NES-001 GLQSQIAQV HLA-A*02 NES 17 NES-002 SLQENLESL
HLA-A*02 NES 18 NES-003 FLFPGTENQEL HLA-A*02 NES 19 NES-004 NLAEELEGV
HLA-A*02 NES 20 



NR2E1-001 KIISEIQAL HLA-A *02 NR2E1 21 NRCAM-001 GLWHHQTEV HLA-A*02
NRCAM 22 PDPN-001 TLVGIIVGV HLA-A*02 PDPN 23 TNC-001 AMTQLLAGV
HLA-A*02 TNC 24 TNC-002 QLLAGVFLA HLA-A*02 TNC 25 CSP-001 TMLARLASA
HLA-A*02 CSPG4 26 BIR-002 TLGEFLKLDRERAKN HLA-DR and HLA-A*02
BIRC5/Surviv in 27 BIR-002a TLGEFLKLDRERAKD HLA-DR BIRC5/Survivin 28
BIR-002b 



FTELTLGEF HLA-A1 BIRC5/Survivin 29 BIR-002c LMLGEFLKL HLA-A2
BIRC5/Survivin 30 BIR-002d EPDLAQCFY HLA-B 35 BIRC5/Surviv in  WO
2010/037514PCT/EP2009/006980 - 28 - Chondroitin sulfate proteoglycan
4 (CSPG4) CSPG4 (chondroitin sulfate proteoglycan) represents an
integral membrane chondroitin sulfate proteoglycan on nascent
pericytes with a functional role in neovascularization (Ozerdem,
2006). During embryogenesis, the CSPG4 proteoglycan is expressed on
immature capillary vessels, but as the vessels mature they lose this
expression. It is known as an early cell surface melanoma progression
marker implicated in stimulating tumor cell proliferation, migration
and invasion. CSPG4 is strongly expressed on >90% of human melanoma
lesions. Although CSPG4 is not strictly tumor specific,
tumor-reactive CD4+ T-cell responses in melanoma patients and healthy
individuals recognize CSPG4693.709 on HLA-DR11-expressing melanoma
cells in the absence of autoimmunity (Erfurt et al., 2007).
Expression of CSPG4 enhances integrin-mediated cell spreading, FAK
(focal adhesion kinase) phosphorylation, and activation of ERK1/2
(extracellular signal-regulated kinase) (Yang et al., 2004).
Furthermore, there is accumulating evidence from in vitro data that
CSPG4 plays an important role in tumor angiogenesis. Thus,
CSPG4-positive tumors have been found to have significantly increased
neovascularization rates and vascular volumes, and CSPG4 has been
shown to sequester angiostatin, which normally inhibits endothelial
cell proliferation and angiogenesis. Immature vessels also contain
CSPG4-positive pericytes, suggesting a role for this cell population
in modulating endothelial cell proliferation by blocking the
inhibitory effects of angiostatin during vessel development (Chekenya
et al., 2002b). CSPG4 expression has also been described in some
normal tissues besides activated pericytes such as endothelial cells,
chondrocytes, smooth muscle cells, certain basal keratinocytes within
the epidermis, as well as cells within the hair follicle (Campoli et
al., 2004). During angiogenesis and in response to CNS pathologies,
the highly motile CSPG4 cells undergo rapid morphological changes and
are recruited to sites where vessel growth and repair are occurring.
CSPG4 is over-expressed by both tumor cells and pericytes on the
blood vessels of malignant brain tumors (Chekenya and Pilkington,
2002). By implanting cells from an CSPG4- positive human glioma cell
line into immunodeficient nude rat brains it was shown that these
tumors had a higher microvascular density in comparison to controls
implying that CSPG4 expression regulates both the function and the
structure of the host-derived tumor vasculature  WO
2010/037514PCT/EP2009/006980 - 29 - (Brekke et al., 2006). In a
xenograft experiment of implantation of GBM biopsy spheroids into
nude rats, CSPG4 was identified to be mainly associated with blood
vessels on both the pericyte and basement membrane components of the
tumor vasculature and the expression was also associated with areas
of high cellular proliferation (Chekenya et al., 2002a) Furthermore,
CSPG4 expression paralleled progression of the tumor in a glioma
implantation model (Wiranowska et al., 2006). Malignant progression
is maintained by cross-talk between the tumor and its stroma, where
the activated stroma nurtures the proliferative and invasive
neoplastic cells, by providing neovasculature, extracellular matrix
components, and stimulatory growth factors. In this context, CSPG4
plays a major role in tumor-stroma activation through alterations in
cellular adhesion, migration, proliferation, and vascular



Stomach: - adenocarcinoma (excluding signet ring cell type), primary
Kidney: - renal cell carcinoma, cell line; renal cell carcinoma,
clear cell type, metastasis, all secondary sites; renal cell
carcinoma, clear cell type, primary; renal cell carcinoma, primary
Lung: - adenocarcinoma, primary; stage I, - adenosquamous carcinoma,
primary; - primary cancer; - small cell carcinoma, primary; -
squamous cell carcinoma, primary; Pancreas: - adenocarcinoma,
primary; - islet cell tumor, malignant, metastasis Prostate: -
adenocarcinoma, primary Skin: - metastatic malignant melanoma, lymph
node metastasis Acyl-CoA synthetase bubblegum family member 1
(ACSBG1) The protein encoded by this gene possesses long-chain
acyl-CoA synthetase activity. It is thought to play a central role in
brain in activation of very long-chain fatty acids metabolism and
myelinogenesis. Activation of fatty acids by thioesterification to
Acetyl-CoA is a prerequisite of most reactions involving this class
of molecules. Cancer-specific functions or over-expression has not
yet been described in literature The expression pattern of ACSBG1 in
brain, adrenal gland, testis, and ovary and its function suggests a
role of this protein in the biochemical pathology of X-linked
adrenoleukodystrophy (XALD). XALD is a severe, often fatal,
neurodegenerative disorder characterized by elevated plasma and
tissue levels of saturated very long-chain fatty acids (Asheuer et
al., 2005; Pei et al., 2003). Brevican (BCAN) Brevican is an
extracellular matrix protein that is highly expressed at birth
expressed from birth through 8 years of age and is downregulated by
20 years of age to low levels that are maintained in the normal adult
cortex. A GPI isoform is expressed at uniformly low levels throughout
development (Gary et al., 2000). Malignant gliomas aggressively
invade the surrounding normal brain which might be mediated by
tissue- or tumor-specific extracellular proteins. Thus the
extracellular matrix can modulate, in part, the permissiveness of a
tissue to cell movement. Accordingly, the ability of gliomas to
modify the ECM of the CNS may mediate the invasiveness of these
cells. One ECM molecule that shows dramatic upregulation in gliomas
is BCAN, a brain  WO 2010/037514PCT/EP2009/006980 - 31 - specific
chondroitin sulfate proteoglycan. BCAN expression is also upregulated
during periods of increased glial cell motility in development and
following brain injury. In glioma an approximately sevenfold increase
in expression over normal levels can be detected (Gary et al., 2000;
Gary et al., 1998). In addition to upregulation of BCAN in glioma,
proteolytic processing of the full-length protein also may contribute
to invasion (Gary et al., 1998; Nutt et al., 2001). It could be shown
that the proteolytic processing of BCAN by metalloproteases of the
ADAMTS family is a necessary step in mediating its pro-invasive
effect in glioma. The mutant, "uncleavable" form of BCAN is unable to
enhance glioma cell invasion in vitro and tumor progression in vivo
(Viapiano et al., 2008). mRNA for BCAN is not detectable in normal
adult human cortex or in any nonglioma tumor, thus BCAN is considered
to be a unique and selective marker in glioma (Jaworski et al.,
1996). Furthermore, protein analysis disclosed not only an increased
expression of the full-length BCAN but also the presence of
additional, unique isoforms in glioma. Thus, B/bAg is a full-length
product of BCAN mRNA that arises from an incomplete or reduced
glycosylation of the core protein. B/bag is absent from the normal
adult brain but is found in high-grade glioma samples (Viapiano et



GBM is the only nonepithelial human tumor for which excessive
activation of EGFR has been linked to tumor growth and patient
survival, and EGFR activation promotes GUM infiltration in vitro
(Penar et al., 1997).  WO 2010/037514PCT/EP2009/006980 - 35 - EGFR is
the proto-oncogene of erbB. Overexpression of EGFR can augment cell
growth because of increased formation of active ligand:receptor
complexes. Gene amplification is the mechanism underlying
overexpression of EGF receptors in GBM tumors (Thompson and Gill,
1985). The EGFR gene on chromosome 7 is known to gain in copy number
frequently in high-grade gliomas (Okada et al., 2007). Depletion of
EGFR by short interference RNA abolishes the tumorigenesis of
glioblastoma cells (Huang et al., 2007). EGFR overexpression is
detected in 40 - 70% of GBM whereas pilocytic, low-grade or
anaplastic astrocytoma are invariably EGFR negative. (Agosti et al.,
1992; Schwechheimer et al., 1995; Eppenberger and Mueller, 1994;
Huncharek and Kupelnick, 2000; Liu et al., 2006a). High serum levels
of EGFR indicate reduced survival (Quaranta et al., 2007).
Furthermore, it was shown that long-term survivors with high grade
astrocytomas are EGFRvIII negative (Liang et al., 2008). Notch-1
up-regulates EGFR expression and correlations between levels of EGFR
and Notch-1 mRNA can be found in primary high-grade human gliomas
(Purow et al., 2008). EGFR itself is involved in constitutive
activation of c-Jun NH2-terminal kinase (JNK), which contributes to
proliferation, survival and tumorigenesis in some tumors, including
gliomas (Li et al., 2008a). Although EGFRvIII is only expressed by a
small percentage of glioma cells, most of the cells exhibit a
transformed phenotype. It was shown that EGFRvIII expression in
indolent glioma cells stimulates formation of lipid-raft related
microvesicles containing EGFRvIII which are released to cellular
surroundings and can merge with the plasma membranes of cancer cells
lacking EGFRvIII leading to the transfer of oncogenic activity
(Al-Nedawi et al., 2008). Fatty acid binding protein 7, brain (FABP7)
Fatty acid-binding proteins (FABPs) are cytosolic 14-15 IcDa
proteins, which are supposed to be involved in fatty acid (FA)
uptake, transport, and targeting. They may modulate FA concentration
and in this way influence function of enzymes, membranes, ion
channels and receptors, and gene expression and cellular growth and
differentiation. Nine FABP types can he discerned with a specific
tissue distribution. In spite of 30-70% amino acid sequence identity,
they have a similar tertiary, beta-clam structure in which the FA is
bound. Nervous tissue contains four FABP types with a distinct
spatio-temporal distribution (Veerkamp and Zimmerman, 2001). FABP7 is
highly  WO 2010/037514PCT/EP2009/006980 - 36 - expressed in the
developing brain and retina and its expression decreases
significantly in the adult CNS (Godbout et al., 1998). Based on in
vitro results, it has been suggested that FABP7 is required for the
establishment of the radial glial system of the developing brain
(Mita et al., 2007). In normal brain FABP7 protein is barely
detectable but shows moderate to strong nuclear and cytoplasmic
expression in several GBMs. FABP7-transfected cells display 5-fold
greater migration than control cells. Thus, the shorter overall
survival associated with FABP7 overexpression especially in
glioblastoma may be due to increased migration and invasion of tumor
cells into the surrounding brain parenchyma (Liang et al., 2005).
Nuclear translocation of FABP7 is specifically related to EGFR



- 40 - 2008). IGF2BP3 is also highly expressed in pancreatic
carcinomas. In 2 studies >90% of pancreatic tumor tissue samples
showed IGF2BP3 expression after immunostaining whereas nonneoplastic
pancreatic tissues were negative for IGF2BP3. Furthermore, IGF2BP3
mRNA was overexpressed in pancreatic carcinomas in comparison to
non-neoplastic tissue samples and the expression increased
progressively with tumor stage (Yantiss et al., 2005; Yantiss et al.,
2008). IGF2BP3 expression was also found to be significantly
increased in high-grade urothelial tumors while it is generally not
expressed in benign urothelium or low-grade urothelial tumors.
Moreover, patients with IGF2BP3-positive tumors have a much lower
progression-free survival and disease-free survival rate than those
with IGF2BP3-negative tumors. IGF2BP3-positive patients with
superficial invasive urothelial carcinoma at initial diagnosis also
went on to develop metastases, whereas no metastasis was found in
IGF2BP3-negative patients. In addition, data from these studies
suggested that IGF2BP3 may be involved in the progression of
urothelial tumors from low grade to high grade in both papillary and
flat lesions (Li et al., 2008b; Sitnikova et al., 2008).
Megalencephalic leukoencephalopathy with subcortical cysts 1 (MLC1)
Megalencephalic leukoencephalopathy with subcortical cysts (MLC) is
an autosomal recessive cerebral white matter disorder in children.
MLC is caused by mutations in the gene MLCI (Ilja Boor et al., 2006).
According to the understanding of the inventors, no reports about any
association of MLCI with brain tumors are found in the literature.
One paper investigated the cellular and regional distribution of MLC
I in mouse brain (Schmitt et al., 2003). Highest MLC1 expression was
found during the pre- and perinatal period in multipotential neural
precursor cells. In the adult mouse brain MLC1 mRNA was exclusively
detected in glial cells. In contrast to developing and mature
astrocytes, oligodendrocytes were devoid of MLC I expression. Nestin
(NES) During development, there is extensive expression of the
intermediate filament nestin in neuroepithelial cells in the
ventricular layer at 11 weeks post-conceptional age in all parts of
the CNS, whereas nestin immunoreactivity diminishes during the second
and third trimesters (Takano and Becker, 1997; Lendahl et al., 1990;
Zimmerman et al., 1994; Tohyama et al., 1992).  WO
2010/037514PCT/EP2009/006980 - 41 - During or after migration away
from the proliferative ventricular layer, nestin expression is
sharply downregulated in post-mitotic neurons (Amold and Trojanowski,
1996). Nestin-staining of non-neoplastic adult human brain tissue
showed only weak staining of a very small number of endothelial cells
(Dahlstrand et al., 1992). Nestin can be re-expressed during
neoplastic transformation (Veselska et al., 2006). In glioma tissues,
nestin immunoreactivity occurs only in tumor cells and the quantity
of nestin produced increases as the grade of glioma becomes more
malignant toward glioblastoma. Glioblastomas (malignancy grade IV)
express the highest incidence of nestin-positive cells and in general
the highest levels of nestin staining. Nestin expression can be
detected in tumor cells of various types of primary CNS tumors, which
are of neuroectodermal origin, but not in metastasizing carcinoma
cells (Dahlstrand et al., 1992; Tohyama et al., 1992). Nestin is
almost not expressed in diffuse astrocytomas, variably expressed in
anaplastic astrocytomas and strongly and irregularly expressed in
glioblastomas, where its distribution varies in a complementary way



WO 2010/037514PCT/EP2009/006980 - 46 - environment that is more
conductive for tumor progression, of which angiogenesis is a crucial
step (Camemolla et al., 1999). TNC is overexpressed in tumor vessels
that have a high proliferative index which indicates that TNC is
involved in neoplastic angiogenesis (Kim et al., 2000). In tumors,
TNC-expression can be induced by hypoxia (Lal etal., 2001). TNC
induction is mediated by TGF-beta 1 , providing a mechanism for the
invasion of high-grade gliomas into healthy parenchyma (Hau et al.,
2006). Also, TNC overexpression is a consequence of the specific
activation of the tenascin-C gene promoter by gastrin, which is known
to significantly modulate the migration of human glioblastoma cells
(Kucharczak et al., 2001). TNC down-regulates tropomyosin-1 and thus
destabilizes actin stress fibers. It additionally causes
down-regulation of the Wnt inhibitor Dicldcopfl. As reduced
tropomyosin-1 expression and increased Wnt signaling are closely
linked to transformation and tumorigenesis, TNC specifically
modulates these signaling pathways to enhance proliferation of glioma
cells (Ruiz et al., 2004). Perivascular staining of TNC around
tumor-supplying blood vessels is observed in glioblastoma tissues,
whereas in WHOII and III gliomas, perivascular TNC staining is less
frequent, indicating that the intensity of mc staining correlates
with the tumor grade and the strongest staining indicates poor
prognosis (Herold-Mende et al., 2002; Zukiel et al., 2006). Highest
TNCexpression is observed in connective tissue surrounding tumors
(Chiquet-Ehrismann and Tucker, 2004). TNC also contributes to the
generation of a stem cell niche within the subventricular zone (SVZ),
acting to orchestrate growth factor signaling to accelerate neural
stem cell development. INC is essential for the timely expression of
the EGFR in neural stem cells and enhances FGF2 signalling. The
predominant effect of ThIC on cells in the SVZ is the regulation of
developmental progression (Garcion et al., 2004). TI\IC is the
strongest inducer of directed human NSC migration (haptotaxis). The
tumor-produced ECM thus provides a permissive environment for NSC
tropism to disseminated tumor cells (Ziu et al., 2006). The INC
pathway also plays an important role in mammary tumor growth and
metastases. Thus, signaling blockade or knockdown of INC in
MDA-MB-435 cells resulted in a significant impairment of cell
migration and anchorage-independent cell proliferation. Mice injected
with clonal MDA-MB-435 cells with reduced expression of INC
demonstrated a significant decrease in primary tumor growth as well
as a decrease in tumor relapse after surgical removal of the primary
tumor and a decrease in the incidence of lung metastasis (Calvo et
al., 2008).  WO 2010/037514PCT/EP2009/006980 - 47 - Survivin (BIRC5)
Expression of BIRC5 (survivin), a member of the inhibitor of
apoptosis protein (LAP) family, is elevated in fetal tissues and in
various human cancers, with greatly reduced expression in adult
normal differentiated tissues, particularly if their proliferation
index is low. Survivin seems to be capable of regulating both
cellular proliferation and apoptotic cell death. Although survivin is
usually located in the cell cytoplasmic region and associated with
poor prognosis in cancer, nuclear localization, indicative of
favorable prognosis, has also been reported (O'Driscoll et al.,
2003). Regulation of and through survivin has been described by
several mechanisms. Survivin seems to be associated with the
molecular chaperone Hsp60. In vivo, Hsp60 is abundantly expressed in



The fusion partner or sections of a hybrid molecule suitably provide
epitopes that stimulate CD4+ T-cells. CD4+ stimulating epitopes are
well known in the art and include those identified in tetanus toxoid.
In a further preferred embodiment the peptide is a fusion protein, in
particular comprising N-terminal amino acids of the HLA-DR
antigen-associated invariant chain (ID. In one embodiment the peptide
of the invention is a truncated human protein or a fusion protein of
a protein fragment and another polypeptide portion provided that the
human portion includes one or more inventive amino acid sequences.
Antibodies to the BCA, CLIP2, DTNA, NLGNAX, NR2E1, NRCAM or PDPN
polypeptides, to the chimeric/fusion proteins comprising the BCA,
CLIP2, DTNA, NLGNAX, NR2E1, NRCAM or PDPN polypeptides, as well as to
the fragments of the BCA, CLIP2, DTNA, NLGNAX, NR2E1, NRCAM or PDPN
polypeptides, including proteolytic, and antigenic fragments, and to
the chimeric/fusion proteins/peptides comprising these fragments are
also part of the present invention. In addition, methods of using
such antibodies for the prognosis of cancer, and glioblastoma in
particular, are also part of the present invention. The antibodies of
the present invention can be polyclonal antibodies, monoclonal
antibodies and/or chimeric antibodies. Immortal cell lines that
produce a monoclonal antibody of the present invention are also part
of the present invention. One of ordinary skill in the art will
understand that in some instances, higher expression of BCA, CLIP2,
DTNA, NLGNAX, NR2E1, NRCAM or PDPN as a tumor marker gene will
indicate a worse prognosis for a subject having glioblastoma. For
example, relatively higher levels BCA, CLIP2, DTNA, NLGNAX, NR2E1,
NRCAM or PDPN expression may indicate a relative large  WO
20101037514PCT1EP20091006980 - 52 - primary tumor, a higher tumor
burden (e.g., more metastases), or a relatively more malignant tumor
phenotype. The more the overexpression of the different proteins of
the group comprising BCA, CLIP2, DTNA, NLGNAX, NR2E1, NRCAM and PDPN
is different, the worse is the prognosis for a patient. The
diagnostic and prognostic methods of the invention involve using
known methods, e.g., antibody-based methods to detect BCA, CLIP2,
DTNA, NLGNAX, NR2E1, NRCAM and PDPN polypeptides and nucleic acid
hybridization- and/or amplification-based methods to detect BCA,
CLIP2, DTNA, NLGNAX, NR2E1, NRCAM and/or PDPN mRNA. In addition,
since rapid tumor cell destruction often results in autoantibody
generation, the glioblastoma tumor markers of the invention may be
used in serological assays (e.g., an ELISA test of a subject's serum)
to detect autoantibodies against BCA, CLIP2, DTNA, NLGNAX, NR2E1,
NRCAM or PDPN in a subject. BCA, CLIP2, DTNA, NLGNAX, NR2E1, NRCAM
and PDPN polypeptide-specific autoantibody levels that are at least
about 3-fold higher (and preferably at least 5-fold or 7-fold higher,
most preferably at least 10-fold or 20-fold higher) than in a control
sample are indicative of glioblastoma. Cell-surface localized,
intracellular, and secreted BCA, CLIP2, DTNA, NLGNAX, NR2E1, NRCAM
and PDPN polypeptides may all be employed for analysis of biopsies,
e.g., tissue or cell samples (including cells obtained from liquid
samples such as peritoneal cavity fluid) to identify a tissue or cell
biopsy as containing glioblastoma cells. A biopsy may be analyzed as
an intact tissue or as a whole-cell sample, or the tissue or cell
sample may be disaggregated and/or solubilized as necessary for the
particular type of diagnostic test to be used. For example, biopsies
or samples may be subjected to whole-tissue or whole-cell analysis of



- 57 - sequences in antibodies derived from a particular species or
belonging to a particular antibody class or subclass, while the
remainder of the chain(s) is identical with or homologous to
corresponding sequences in antibodies derived from another species or
belonging to another antibody class or subclass, as well as fragments
of such antibodies, so long as they exhibit the desired antagonistic
activity (U.S. Pat. No.4,816,567). Monoclonal antibodies of the
invention may be prepared using hybridoma methods. In a hybridoma
method, a mouse or other appropriate host animal is typically
immunized with an immunizing agent to elicit lymphocytes that produce
or are capable of producing antibodies that will specifically bind to
the immunizing agent. Alternatively, the lymphocytes may be immunized
in vitro. The monoclonal antibodies may also be made by recombinant
DNA methods, such as those described in U.S. Pat. No.4,816,567. DNA
encoding the monoclonal antibodies of the invention can be readily
isolated and sequenced using conventional procedures (e.g., by using
oligonucleotide probes that are capable of binding specifically to
genes encoding the heavy and light chains of murine antibodies). In
vitro methods are also suitable for preparing monovalent antibodies.
Digestion of antibodies to produce fragments thereof, particularly,
Fab fragments, can be accomplished using routine techniques known in
the art. For instance, digestion can be performed using papain.
Examples of papain digestion are described in WO 94/29348, published
22.12.1994, and U.S. Pat. No.4,342,566. Papain digestion of
antibodies typically produces two identical antigen binding
fragments, called Fab fragments, each with a single antigen binding
site, and a residual Fe fragment. Pepsin treatment yields a fragment
that has two antigen combining sites and is still capable of
cross-linking antigen. The antibody fragments, whether attached to
other sequences or not, can also include insertions, deletions,
substitutions, or other selected modifications of particular regions
or specific amino acids residues, provided the activity of the
fragment is not significantly altered or impaired compared to the
nonmodified antibody or antibody fragment. These modifications can
provide for some additional property, such as to remove/add amino
acids capable of disulfide bonding, to  WO
2010/037514PCT/EP2009/006980 - 58 - increase its bio-longevity, to
alter its secretory characteristics, etc. In any case, the antibody
fragment must possess a bioactive property, such as binding activity,
regulation of binding at the binding domain, etc. Functional or
active regions of the antibody may be identified by mutagenesis of a
specific region of the protein, followed by expression and testing of
the expressed polypeptide. Such methods are readily apparent to a
skilled practitioner in the art and can include site-specific
mutagenesis of the nucleic acid encoding the antibody fragment. The
antibodies of the invention may further comprise humanized antibodies
or human antibodies. Humanized forms of non-human (e.g., murine)
antibodies are chimeric immunoglobulins, immunoglobulin chains or
fragments thereof (such as Fv, Fab, Fab' or other antigen-binding
subsequences of antibodies) which contain minimal sequence derived
from non-human immunoglobulin. Humanized antibodies include human
immunoglobulins (recipient antibody) in which residues from a
complementary determining region (CDR) of the recipient are replaced
by residues from a CDR of a non-human species (donor antibody) such
as mouse, rat or rabbit having the desired specificity, affinity and



with a radionucleotide (such as I "14C, 1311 3H, 32 p 0 In, 99Tc,r S)
so that the tumor can be localized using immunoscintiography. In one
embodiment, antibodies or fragments thereof bind to the extracellular
domains of two or more BCA, CLIP2, DTNA, NLGNAX, NR2E1, NRCAM and
PDPN targets and the affinity value (Kd) is less than lx1ORM.
Antibodies for diagnostic use may be labeled with probes suitable for
detection by various imaging methods. Methods for detection of probes
include, but are not limited to, fluorescence, light, confocal and
electron microscopy; magnetic resonance imaging and spectroscopy;
fluoroscopy, computed tomography and positron emission tomography.
Suitable probes include, but are not limited to, fluorescein,
rhodamine, eosin and other fluorophores, radioisotopes, gold,
gadolinium and other lanthanides, paramagnetic iron, fluorine-18 and
other positron-emitting radionuclides. Additionally, probes may be
bi- or multi-functional and be detectable by more than  WO
2010/037514PCT/EP2009/006980 - 63 - one of the methods listed. These
antibodies may be directly or indirectly labeled with said probes.
Attachment of probes to the antibodies includes covalent attachment
of the probe, incorporation of the probe into the antibody, and the
covalent attachment of a chelating compound for binding of probe,
amongst others well recognized in the art. For immunohistochemistry,
the disease tissue sample may be fresh or frozen or may be embedded
in paraffin and fixed with a preservative such as formalin. The fixed
or embedded section contains the sample are contacted with a labeled
primary antibody and secondary antibody, wherein the antibody is used
to detect the BCA, CLIP2, DTNA, NLGNAX, NR2E1, NRCAM and PDPN
proteins express in situ or in vitro. The present invention in
another preferred aspect thereof provides a peptide comprising a
sequence that is selected from the group of SEQ ID NO: 1 to SEQ ID
NO: 30 or a variant thereof which is 85% homologous to SEQ ID NO: 1
to SEQ ID NO: 30 or a variant thereof that will induce T cells
cross-reacting with said peptide. In a preferred embodiment the
peptide is selected from a group of the peptides comprising a
sequence that is selected from the group of SEQ ID NO: I to SEQ ID
NO: 24 or a variant thereof which is 85% homologous to SEQ ID NO: 1
to SEQ ID NO: 24 or a variant thereof that will induce T cells
cross-reacting with said peptide. The peptides of the invention have
the ability to bind to a molecule of the human major
histocompatibility complex (MHC) class-I or -II. 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 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 NT!, GENETYX or analysis tools provided by public databases.
WO 2010/037514PCT/EP2009/006980 - 64 - 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
(Fong et al., 2000; (Zaremba et al., 1997; Colombetti et al., 2006;
Appay et al., 2006). By a "variant" of the given amino acid sequence



ASA  SEQ ID 25 Variants          L     L       L       E    K   



I   AG!  I AE      L  Y P K  Y      F  F T  YTH       K  P 



N        M  M  F        Y  S  V        V  R      



Position 1 2 3 4 5 6 7 8 9 ACS-001 Peptide Code K I ME  R I Q E V SEQ
ID 3 Variants   M       L     L 



L           K     I  A G I  A        YP  KL  Y 



F  F T  YTH         P          M    F        



Y  S  V        V  R         Position 1 2 3 4 5 6 7 8 9 BCA-001
Peptide Code F L  GDP  P 



EKL  SEQ ID 4 Variants   M              E         I  A GI  I AE     



L   YPKL   Y        F  TYTH        K  P  N        M  M  



F        Y  S  V        V  R         Position 1 2 3 4 5 6 7 8 9 



BCA-002 Peptide Code AL  WA  WP  S  EL SEQ ID 5 Variants   M
E    K   WO 2010/037514PCT/EP2009/006980 - 66 -    



I   AGI  I <       L  YP  KL  Y      F  F T  YTH       K  P  N 



M  M  F        Y  S  V        V  R        



Position 1 2 3 4 5 6 7 8 9 CHI3 L 1 -010 Peptide Code TL     YGMLNTL
SEQ ID 6 Variants   M              E 



K     I  A  I I AE      L   P K  Y      F  F  TYTH     



K  P  N        M  M  F        Y  S  V        V  



R         Position 1 2 3 4 5 6 7 8 9 CLIP2-00I Peptide Code S  LNEL
R  VLL  SEQ ID 7 Variants   M       



K     I  A GI  I AE      L   YPKL         F 



F  TYTH        K  P  N        M  M  F        Y  S  V  



V  R         Position 1 2 3 4 5 6 7 8 9 SLCO 1C 1-001 Peptide Code YL
I  AGI  I S  SEQ ID 2 Variants  



M              E    K     I  A G I  AE      L   YPKL  



Y      F  F  TYTH        ,... K  p  N        M  M  F     



S  V        V  R        WO 2010/037514PCT/EP2009/006980 - 67 -
Position 1 2 3 4 5 6 7 8 9  DTNA-001 



Peptide Code   KLQDE   A  YQV   SEQ ID 8 Variants   M       L
L      



E    K      I  A GI  I AE       L  YP  KL         F  F 



TYTH           P  N         M  M  F         Y  S  V 



V  R          Position 1 2 3 4 5 6 7 8 9 10 EGFR-007 Peptide Code AL
A VL  S  NYD 



A SEQ ID 9 Variants   M       L             L        E    K   



A GI  I AE       L   YPKL   Y       F  F T  YTH       



K  P  N         M  M  F         Y  S  V         V 



R          Position 1 2 3 4 5 6 7 8 9  FABP7-001 Peptide Code L TF
GD  V  VAV   SEQ ID 10 Variants   M   



L      L       L        E    K      I  A  I I 



AE         YP  KL  Y       F   T  YTH        K  P  N    



M  M  F         Y  S  V         V  R        



Position 1 2 3 4 5 6 7 8 9  GFAP-001 Peptide Code NL  A QD  L  ATV
SEQ ID 11 Variants   M       L     



L   WO 2010/037514PCT/EP2009/006980 - 68 -       E    K     I    Gil
E     L 



Y P K  Y        F T  YTH       K  P  N        M  M  F  



Y  S  V        V  R         Position 1 2 3 4 5 6 7 8 9 GPR56-002
Peptide Code 



FLL   SEP   VAL  SEQ ID 12 Variants   M              E    K     I
AG!  



I AE      L   YPKL   Y        F T  YTH       K  P  N      



M  M  F        Y  S  V        V  R         Position 1 2 3 



4 5 6 7 8 9 GRI-001 Peptide Code NI  L  EQI   VSV  SEQ ID 13 Variants
M       L     L       L 



K     I   AG!  1 AE      L   YPKL   Y      F  



F T YT  H      K  P  N        M  M  F        Y  S  V   



V  R         Position 1 2 3 4 5 6 7 8 9 IGF2BP3-001 Peptide Code KI
QEI  L  TQV  SEQ ID 14 Variants   



M       L     L       L           K     1  AG   1 



AE      L  Y P K  Y      F  F T Y TH         P  N      WO
2010/037514PCT/EP2009/006980 



- 69 -    M  M  F         Y  S  V         V  R         



Position 1 2 3 4 5 6 7 8 9  MLC-001 Peptide Code S  VVE  VI   AGI
SEQ ID 15 Variants   M       L      



L       L            K      I  A G I   E      L   



YPKL   Y       F  F  TYTH         K  P  N         M  M  F 



Y  S           V  R          Position 1 2 3 4 5 6 7 



8 9  NES-001 Peptide Code  GLQS   QI   AQV   SEQ ID 16 Variants   M
L             L  



E    K      I   AG!    E      L  YP  KL  Y      



F  F  TYTH         K  P  N         M  M  F         Y 



S  V         V  R          Position 1 2 3 4 5 6 7 8 9  NES-002
Peptide Code   SLQENL  



ESL   SEQ ID 17 Variants   M                   K         AGI  I 



AE       L  Y P K  Y       F  F T  YTH        K  P      



M  M  F         Y  S           V  R        



Position 1 2 3 4 5 6 7 8 9I10I11 12  WO 2010/037514PCT/EP2009/006980
- 70 - NES-003 Peptide Code F LF  P GT  H  jz1 1:iY  



SEQ ID 18 Variants   M       L               L          E   



K        I  A G I I AE         L  Y  K L Y           



Y  1-1         K  P  N           M  M  F         



Y  S  V           V  R            Position I 2 3 4 5 6 7 8 9 



NES-004 Peptide Code NL     AEELEGV    SEQ ID 19 Variants   M       L
L       



K     I    Gil  A E       Y P K  Y      F  F T  T H  



K  P  N          M  F        Y  S  V        V 



R         Position 1 2 3 4 5 6 7 8 9 NLGN4X-001 Peptide Code NL  D T
L  MTYV   SEQ ID 1 Variants   M      



L            L       E    K     I  A GI  I AE      



L  YP  KL        F  F  Y T H      K  P  N        M  M  F 



Y  S  V          R         Position I 2 3 4 5 6 7 8 9 NR2E1-001 



Peptide Code KI  I  SEI   QAL  SEQ ID 20 Variants   M            L
E 



WO 2010/037514PCT/EP2009/006980 - 71 -    I  A G I   1_o     L   YPKL
Y      F  F T Y T 



H        P          M  M  F        Y  S  V       



V  R         Position 1 2 3 4 5 6 7 8 9 NRCAM-001 Peptide Code GL
WHHQTEV    SEQ ID 21 Variants   M    



L            L       E    K     I  A GI  I AE    



L   YPKL   Y      F  F  TYTH        K  P  N        M  M 



F        Y  S  V        V  R         Position 1 2 3 4 5 6 7 8 



9 PDPN-001 Peptide Code TL  VG  1 I  VGV  SEQ ID 22 Variants   M
L            L      



E    K       A    AE      L   YPKL   Y      F  F T  YTH  



K  P  N        M  M  F        Y  S  V        



V  R         Position 1 2 3 4 5 6 7 8 9 1NC-001 Peptide Code A MT  QL
L A G V SEQ ID 23 Variants        



L     L       L       E    K        G 1 1  E    



L  Y P K  Y      F  F T Y T H      K  P  N      WO
2010/037514PCT1EP20091006980 - 72 -    M 



M  F        Y  S  V        V  R         Position 1 2 3 4 5 6 



7 8 9 TNC-002 Peptide Code  QLL  AG  VF   LA SEQ ID 24 Variants   M
L            L    



E    K     I  A GI  I AE      L  YP  KL  Y      F  F T  



YTH       K  P  N        M  M  F        Y  S  V      



V  R        It is furthermore known for MHC-class II-presented
peptides that these peptides are composed of a "core sequence" having
an amino acid sequence fitting to a certain HLA-allele-specific motif
and, optionally, N- and/or C-terminal extensions that do not
interfere with the function of the core sequence (i.e. are deemed as
irrelevant for the interaction of the peptide and all or a subset of
T cell clones recognizing the natural counterpart). The N- and/or
C-terminal extensions can, for example, be between 1 to 10 amino
acids in length, respectively. These peptides can be used either
directly in order to load MI-IC class II molecules or the sequence
can be cloned into the vectors according to the description herein
below. As these peptides constitute the final product of the
processing of larger peptides within the cell, longer peptides can be
used as well. The peptides of the invention may be of any size, but
typically they may be less than 100,000 in molecular weight,
preferably less than 50,000, more preferably less than 10,000 and
typically about 5,000. In terms of the number of amino acid residues,
the peptides of the invention may have fewer than 1,000 residues,
preferably fewer than 500 residues, more preferably fewer than 100,
more preferably fewer than 100 and most preferably between 30 and 8
residues. Accordingly, the present invention also provides peptides
and variants thereof wherein said peptide or variant has an overall
length of between 8 and 100, preferably between 8 and 30, and most
preferred between 8 and 16, namely 8, 9, 10, 11, 12, 13, 14, 15, 16
amino acids.  WO 2010/037514PCT/EP2009/006980 -73 - Longer peptides
may also be suitable, 9-mer or 10-mer peptides as described in the
above Table 2 are preferred for MHC class 1-peptides, while 12- to
15-mers are preferred for MI-IC class II peptides. For MI-IC class II
restricted peptides, several different peptides with the same core
sequence may be presented in the MI-IC molecule. As the interaction
with the recognizing T (helper) cell is defined by a core sequence of
9 to 11 amino acids, several length variants may be recognized by the
same T (helper) cell clone. Thus, several different lengths variants
of a core binding sequence may be used for direct loading of MHC
class II molecules without the nee for further processing and
trimming at the N- or C-terminal ends. Correspondingly, naturally
occurring or artificial variants that induce T cells cross-reacting
with a peptide of the invention are often length variants. If a
peptide that is longer than around 12 amino acid residues is used
directly to bind to a MI-1C class II molecule, it is preferred that
the residues that flank the core HLA binding region are residues that
do not substantially affect the ability of the peptide to bind
specifically to the binding groove of the MEC class II molecule or to
present the peptide to the T (-helper) cell. However, as already
indicated above, it will be appreciated that larger peptides may be
used, e.g. when encoded by a polynucleotide, since these larger
peptides may be fragmented by suitable antigen-presenting cells.
However, in same cases it has been shown that the core sequence
flanking regions can influence the peptide binding to WIC class II
molecule or the interaction of the dimeric MHC:peptide complex with
the TCR in both directions compared to a reference peptide with the
same core sequence. Intramoiecular tertiary structures within the
peptide (e.g. loop formation) normally decrease the affinities to the
MEC or TCR. Intermolecular interactions of the flanking regions with
parts of the WIC or TCR beside the peptide binding grooves may



- 76 - or t-butyloxycarbonyl groups may be added to the peptides'
amino termini. Likewise, an acetyl group or a
9-fluorenylmethoxy-carbonyl group may be placed at the peptides'
amino termini. Additionally, the hydrophobic group,
t-butyloxycarbonyl, or an amido group may be added to the peptides'
carboxy termini. Further, the peptides of the invention may be
synthesized to alter their steric configuration. For example, the
D-isomer of one or more of the amino acid residues of the peptide may
be used, rather than the usual L-isomer. Still further, at least one
of the amino acid residues of the peptides of the invention may be
substituted by one of the well known non-naturally occurring amino
acid residues. Alterations such as these may serve to increase the
stability, bioavailability and/or binding action of the peptides of
the invention. Similarly, a peptide or variant of the invention may
be modified chemically by reacting specific amino acids either before
or after synthesis of the peptide. Examples for such modifications
are well known in the art and are summarized e.g. in R. Lundblad,
Chemical Reagents for Protein Modification, 3rd ed. CRC Press, 2005,
which is incorporated herein by reference. Chemical modification of
amino acids includes but is not limited to, modification by
acylation, amidination, pyridoxylation of lysine, reductive
alkylation, trinitrobenzylation of amino groups with 2,4,6-
trinitrobenzene sulphonic acid (TNBS), amide modification of carboxyl
groups and sulphydryl modification by performic acid oxidation of
cysteine to cysteic acid, formation of mercurial derivatives,
formation of mixed disulphides with other thiol compounds, reaction
with maleimide, carboxymethylation with iodoacetic acid or
iodoacetamide and carbamoylation with cyanate at alkaline pH,
although without limitation thereto. In this regard, the skilled
person is referred to Chapter 15 of Current Protocols In Protein
Science, Eds. Coligan et al. (John Wiley & Sons NY 1995-2000) for
more extensive methodology relating to chemical modification of
proteins. Successful modification of therapeutic proteins and
peptides with PEG is often associated with an extension of
circulatory half-life while cross-linking of proteins with
glutaraldehyde, polyethylenenlycol diacrylate and formaldehyde is
used for the preparation of hydrogels. Chemical modification of
allergens for immunotherapy is often achieved by carbamylation with
potassium cyanate.  WO 2010/037514PCT/EP2009/006980 - 77 - A peptide
or variant, wherein the peptide is modified or includes non-peptide
bonds is a preferred embodiment of the invention. Generally, peptides
and variants (at least those containing peptide linkages between
amino acid residues) may be synthesized by the Fmoc-polyamide mode of
solid-phase peptide synthesis as disclosed by Lu et al (1981) and
references therein. Temporary N-amino group protection is afforded by
the 9-fluorenylmethyloxycarbonyl (Fmoc) group. Repetitive cleavage of
this highly base-labile protecting group is done using 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 glutamic acid and aspartic
acid), butyloxycarbonyl derivative (in the case of lysine and
histidine), trityl derivative (in the case of cysteine) and
4-methoxy-2,3,6-trimethylbenzenesulphonyl derivative (in the case of
arginine). Where glutamine or asparagine are C-terminal residues, use
is made of the 4,4'- dimethoxybenzhydryl group for protection of the



- 82 - DEAE-dextran or liposome formulations, are available from
Stratagene Cloning Systems, or Life Technologies Inc., Gaithersburg,
MD 20877, USA. Electroporation is also useful for transforming and/or
transfecting cells and is well known in the art for transforming
yeast cell, bacterial cells, insect cells and vertebrate cells.
Successfully transformed cells, i.e. cells that contain a DNA
construct of the present invention, can be identified by well known
techniques such as PCR. Alternatively, the presence of the protein in
the supematant can be detected using antibodies. It will be
appreciated that certain host cells of the invention are useful in
the preparation of the peptides of the invention, for example
bacterial, yeast and insect cells. However, other host cells may be
useful in certain therapeutic methods. For example,
antigen-presenting cells, such as dendritic cells, may usefully be
used to express the peptides of the invention such that they may be
loaded into appropriate MI-IC molecules. Thus, the current invention
provides a host cell comprising a nucleic acid or an expression
vector according to the invention. In a preferred embodiment the host
cell is an antigen presenting cell, in particular a dendritic cell or
antigen presenting cell. APCs loaded with a recombinant fusion
protein containing prostatic acid phosphatase (PAP) are currently
under investigation for the treatment of prostate cancer
(Sipuleucel-T) (Small EJ et al 2006; Rini et al 2006). A further
aspect of the invention provides a method of producing a peptide or
its variant, the method comprising culturing a 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 methods of peptide injection include s.c., i.d.,
i.p., i.m., and i.v. Preferred methods of DNA injection include 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 500 pg, of peptide or DNA may be given  WO
2010/037514PCT/EP2009/006980 - 83 - and will depend on the respective
peptide or DNA. Doses of this range were successfully used in
previous trials (Brunsvig et al 2006; Staehler et al 2007). Another
aspect of the present invention includes an in vitro method for
producing activated T cells, the method comprising contacting in
vitro T cells with antigen loaded human class I or II MI-IC molecules
expressed on the surface of a suitable antigen-presenting cell for a
period of time sufficient to activate the T cell in an antigen
specific manner, wherein the antigen is a peptide according to the
invention. Preferably a sufficient amount of the antigen is used with
an antigen-presenting cell. In the case of a MHC class II epitope
being used as an antigen, the T cells are CD4-positive helper cells,
preferably of THI-type. The MEC class II molecules may be expressed
on the surface of any suitable cell. Preferably the cell does not
naturally express MI-IC class II molecules (in which case the cell
has been transfected in order to express such a molecule).
Alternatively, if the cell naturally expresses MI-IC class II
molecules, it is preferred that it is defective in the
antigen-processing or antigen-presenting pathways. In this way, it is
possible for the cell expressing the MI-IC class II molecule to be



WO 2010/037514PCT/EP2009/006980 - 87 - 95/18145 and Longenecker et al
(1993)). The peptide may also be tagged, may be a fusion protein, or
may be a hybrid molecule. The peptides whose sequence is given in the
present invention are expected to stimulate CD4 or CD8 T cells.
However, stimulation of CD8 CTLs is more efficient in the presence of
help provided by CD4 T-helper cells. Thus, for MHC Class I epitopes
that stimulate CD8 CTL the fusion partner or sections of a hybrid
molecule suitably provide epitopes which 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,
the vaccine comprises at least one peptide having the amino acid
sequence set forth in SEQ ID NO:I or 20 and at least one additional
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. The
peptide(s) may be derived from one or more specific TAAs and may bind
to MHC class I and/or class II molecules. The polynucleotide may be
substantially pure, or contained in a suitable vector or delivery
system. The nucleic acid 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. Pascolo S. 2006; Stan R. 2006, or A Mandavi 2006. 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, adenoassociated 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 peptides 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 (TH)
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, aluminum salts, Amplivax, AS15, BCG,
CP-870,893, CpG7909, CyaA, dSLIM,  WO 2010/037514PCT/EP2009/006980 -
88 - flagellin or TLR5 ligands derived from flagellin, FLT3 ligand,
GM-CSF, 1C30, 1C31, Imiquimod (ALDARA), resimiquimod, ImuFact IMP321,
Interleukins as IL-2, IL-13, IL-21, Interferon-alpha or -beta, or
pegylated derivatives thereof, IS Patch, BS, ISCOMATRIX, ISCOMs,
JuvImmune, LipoVac, MALP2, MF59, monophosphoryl lipid A, Montanide
IMS 1312, Montanide ISA 206, Montanide ISA 50V, Montanide ISA-51,
water-in-oil and oil-in-water emulsions, OK-432, OM-174,
0M-197-MP-EC, ONTAK, OspA, PepTel(r) vector system, PLG and dextran
microparticles, resiquimod, SRLI 72, Virosomes and other Virus-like
particles, YF-17D, VEGF trap, R848, betaglucan, 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



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 present
formulation 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. Since the
peptides of the invention derived from BCA, CLIP2, DTNA, NLGNAX,
NR2EI, NRCAM and PDPN were isolated from glioblastoma, the medicament
of the invention is preferably used to treat glioblastoma. The
present invention will now be described in the following examples and
Figures that describe preferred embodiments thereof, nevertheless,
without being limited thereto. For the purposes of the present
invention, all references as cited herein are incorporated by
reference in their entireties. Figure 1: Exemplary mass spectrum from
IGF2BP3-001 demonstrating its presentation on primary tumor sample
086010. NanoESI-LCMS was performed on a peptide pool eluted from the
GBM sample 086010. The mass chromatogram for rn/z 536.3238  0.001 Da,
z = 2 shows a peptide peak at the retention time 49.89 mm. B) The
detected peak in the mass chromatogram at 48.76 min revealed a signal
of Ink 536.3239 in the MS spectrum. C) A collisionally induced decay
mass spectrum from the selected precursor nth 536.3239 recorded in
the nanoESI-LCMS experiment at the given retention time confirmed the
presence of 10r28133-00 i in the 086010 tumor sample. D) The
fragmentation pattern of the synthetic 1GF2BP3-001 reference peptide
was recorded and compared to the generated natural TUMAP
fragmentation pattern shown in C for sequence verification.  WO
2010/037514PCT/EP2009/006980 - 93 - Figure 2a shows the expression
profiles of mRNA of selected proteins in normal tissues and in 19
glioblastoma samples. Figure 2b shows the expression profiles of mRNA
of selected proteins in normal tissues and in 19 glioblastoma samples
Figure 3 shows the exemplary in vitro immunogenicity of IMA950 class
I TUMAPs Figure 4 shows the exemplary binding affinities of HLA
class! peptides of the invention to A*02 SEQ ID Nos 1 to 24 show the
sequences of preferred tumor associated peptides according to the
present invention. EXAMPLES The peptides FTELTLGEF (HLA-A1;
PolyPeptide Laboratories, Wolfenbilttel, Germany), LMLGEFLKL (HLA-A2;
Clinalfa, Sissach, Switzerland), and EPDLAQCFY (HLA-B35; PolyPeptide
Laboratories) were all obtained in pharmaceutical quality. EXAMPLE 1:
Identification of tumor associated peptides presented on cell surface
Tissue samples Patients' tumor tissues were provided by Hopital
Cantonal Universitaire de Geneve (Medical Oncology Laboratory of
Tumor Immunology) and Neurochirurgische Universitats-Klinik
Heidelberg (Molekularbiologisches Labor) Written informed consents of
all patients had been given before surgery. Tissues were shock-frozen
in liquid nitrogen immediately after surgery and stored until
isolation of TUMAPs at -80C. Isolation of HLA peptides from tissue
samples HLA peptide pools from shock-frozen tissue samples were



WO 2010/037514PCT/EP2009/006980 - 96 - 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 analyzed with
the GCOS software (Affymetrix), using default settings for all
parameters. For normalisation, 100 housekeeping genes provided by
Affymetrix were used Relative expression values were calculated from
the signal log ratios given by the software and the normal kidney
sample was arbitrarily set to 1.0. The expression profiles of the
source genes of the present invention that highly over-expressed in
glioblastoma of the present invention are shown in Fig. 2. EXAMPLE 3:
In vitro immunogenicity for IMA950 MHC class I presented peptides In
order to obtain get information regarding the immunogenicity of the
TUM.APs of the present invention, we performed investigations using a
well established in vitro stimulation platform already described by
(Walter, S, Herrgen, L, Schoor, 0, Jung, G, Wemet, D, Buhring,
Rammensee, HG, and Stevanovic, S; 2003, Cutting edge: predetermined
avidity of human CD8 T cells expanded on calibrated
MHC/anti-CD28-coated microspheres, J.Immunol., 171, 4974- 4978). This
way we could show considerably high immunogenicity for 13 HLA-A*0201
restricted TUMAPs of the invention (in >= 50 % of tested donors
TUMAP-specific CTLs could be detected) demonstrating that these
peptides are T-cell eptiopes against which CD8+ precursor T cells
exist in humans (Table 3). In vitro priming of CD84- T cells To
perform in vitro stimulations by artificial antigen presenting cells
(aAPC) loaded with peptideMHC complex (pMHC) and anti-CD28 antibody,
first we isolated PBMCs (peripheral blood mononuclear cells) from
fresh HLA-A*02+ buffy coats by using standard density gradient
separation medium (PAA, Colbe, Germany). Buffy coats were either
obtained from the Blood Bank Ttibingen or from the Katharinenhospital
Stuttgart. Isolated PBMCs were incubated overnight in T-cell medium
(TCM) for human in vitro priming consisting of RPMI-Glutamax
(Invitrogen, Karlsruhe, Germany) supplemented with 10% heat
inactivated human AB serum (PAA, Colbe, Germany), 100 U/m1 Penicillin
/ 100 pg/m1 Streptomycin (Cambrex, Verviers,  WO
2010/037514PCT/EP2009/006980 - 97 - Belgium), 1 mM sodium pyruvate
(CC Pro, Neustadt, Germany) and 20 jig/m1 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 Wm' IL-2 (Chiron, Munich, Gemany).
Generation of pMHC/antiCD28 coated beads, T-cell stimulations and
readout was performed as described before (Walter et al., 2003) with
minor modifications. Briefly, biotinylated recombinant HLA-A*0201
molecules lacking the transmembrane domain and biotinylated at the
carboxy terminus of the heavy chain were produced following a method
described by (Altman et al., 1996). The purified costimulatory mouse
IgG2a anti human CD28 Ab 9.3 (Jung et al., 1987) was chemically
biotinylated using Sulfo-N-hydroxysuccinimidobiotin as recommended by
the manufacturer (Perbio, Bonn, Germany). Beads used were 5.60 gm
large streptavidin coated polystyrene particles (Bangs Labooratories,
Illinois/USA). pMHC used as positive and negative controls were



27% IGF2BP3-001 50% 21% NES-001 75% 38% NLGN4X-001 100% 62% NRCAM-001
86% 39% PDPN-001 60% 11% SLCOICI-001 60% 7% TNC-001 60% 30% TNC-002
50% 14%  In addition to these results obtained from healthy blood
donors, the peptides BCA-002, CHI3L1- 001, and NLGN4X-001 were also
tested in a small number of glioblastoma patients. All peptides
proved to be immunogenic to a similar extent compared with healthy
donors, demonstrating the existence of precursor T cells in a
relevant target population for the vaccine. EXAMPLE 4 Binding of HLA
class I-restricted peptides of the invention to HLA-A*0201 Objective
and Summary  WO 2010/037514PCT/EP2009/006980 - 99 - The objective of
this analysis was to evaluate the affinity of the HLA class I
peptides to the MI-IC molecule coded by the HLA-A*0201 allele as this
is an important parameter for the mode of action of peptides as part
of cancer immunotherapies. Affinities to HLA-A0201 were medium to
high for all tested HLA class I-restricted peptide 0 of the
invention, with dissociation constants in the range of the positive
control peptide HBV-001, a known strong A*02 binder derived from
hepatitis B virus core antigen. These results confirmed the strong
binding affinity of all tested HLA class I peptides of the present
invention. 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 HLAA*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 et al.,
2002). 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 (KD values) were
calculated using a standard curve recorded from dilutions of a
calibrant HLA/peptide complex. Results Results are shown in Figure 4.
A lower KD value reflects higher affinity to HLA-A*0201. All tested
peptides of the invention had a strong affinities to HLA-A*0201
around the KD for the positive control peptide HBV-001, a known
strong A*02 binder. Thereby, all class I TUMAPs of the invention have
a strong binding affinity to the MI-IC molecule A*02. Reference List
About!, Laurent-Maquin D, Lendahl U, Mitsiadis TA (2000). Nestin
expression in embryonic and adult human teeth under normal and
pathological conditions. Am J Pathol. 157, 287-295.  
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invention claimed is:   1. A peptide consisting of the amino acid
sequence of SEQ ID NO: 4, or a pharmaceutically acceptable salt
thereof.   2. A fusion protein comprising the peptide of SEQ ID NC. 4
adjoined at the N-terminus and/or the C-terminus by one or more
heterologous peptides, or a pharmaceutically acceptable salt thereof.
3. The fusion protein of claim 2, wherein said one or more
heterologous peptides is a carrier protein selected from keyhole
limpet haemocyanin (KLH) and mannan.     4. The f-usion protein of
claim 2, wherein the fusion protein maintains an. ability to bind to
a molecule ofthe human major histocompatibility complex (MHC) class-I
or II, so as to be capable of stimulating CD4+ and/or CD8+ T cells
specific.   S. The fusion protein of claim 2, wherein said fusion
protein has an overall length of between 10 and 100 amino acids.   6.
The fusion protein of claim 2, wherein the heterologus peptide
comprises the 80N-terminal amino acids ofthe HLADR antigen-associated
invariant chain, Ii.   7. An acylated peptide consisting of SEQ ID
NO: 4 or a pharmaceutically acceptable salt thereof.    8. A
pegylated peptide consisting of SEQ ID NO: 4 or a pharmaceutically
acceptable salt thereof.    9. A composition comprising a peptide of
claim 1 or pharmaceutically acceptable salt thereof, and a
pharmaceutically a pharmaceutically acceptable carrier.    10. A
composition comprising a fusion protein of claim 2 or
pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable cattier. 11.A composition comprising an acylatedpeptide of
claim to 7 or pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. 12.A composition compri sing a
pegylated peptide of claim 8 or pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier.    13. A method
of inducing an immune response in a subject, the method comprising
administering to the subject a peptide of claim 1 or a
pharmaceutically acceptable salt thereof.    14. A method of inducing
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<211> 9 <212> PRT <213> Homo sapiens <400> 2 Tyr Leu Ile Ala Gly Ile
Ile Ser Leu 15 <210> 3 <211> 9 <212> PRT <213> Homo sapiens <400> 3
Lys Ile Met Glu Arg Ile Gln Glu Val 15 <210> 4 <211> 9 <212> PRT
<213> Homo sapiens <400> 4 Phe Leu Gly Asp Pro Pro Glu Lys Leu  15
<210> 5 <211> 9 <212> PRT <213> Homo sapiens <400> 5 Ala Leu Trp Ala
Trp Pro Ser Glu Leu 15 <210> 6 <211> 9 <212> PRT <213> Homo sapiens
<400> 6 Thr Leu Tyr Gly Met Lou Asn Thr Lou 15 <210> 7 <211> 9 <212>
PRT <213> Homo sapiens 



<400> 7 Ser Leu Asn Glu Lou Arg Val Leu Leu 15 <210> 8 <211> 9 <212>
PRT <213> Homo sapiens <400> 8 Lys Lou Gln Asp Glu Ala Tyr Gln Val 15
<210> 9 <211> 10 <212> PRT <213> Homo sapiens <400> 9 Ala Lou Ala Val
Lou Ser Asn Tyr Asp Ala 1510 <210> 10 <211> 9 <212> PAT <213> Homo
sapiens  <400> 10 Leu Thr Phe Gly Asp Val Val Ala Val 15 <210> 11
<211> 9 <212> PRT <213> Homo sapiens <400> 11 Asn Leu Ala Gin Asp Leu
Ala Thr Val 15 <210> 12 <211> 9 <212> PRT <213> Homo sapiens <400> 12
Phe Leu Leu Ser Glu Pro Val Ala Leu 15 <210> 13 <211> 9 <212> PRT
<213> Homo sapiens <400> 13 Asn Ile Leu Glu Gin Ile Val Ser Val 15
<210> 14 <211> 9 <212> PRT 



<213> Homo sapiens <400> 14 Lys Ile Gin Glu Ile Leu Thr Gin Val 15
<210> 15 <211> 9 <212> PRT ..), Homo sapiens <400> 15 Ser Val Val Glu
Val Ile Ala Gly Ile 15 <210> 16 <211> 9  -4- <212> PRT <213> Homo
sapiens <400> 16 Gly Leu Gin Ser Gin Ile Ala Gin Val 15 <210> 17
<211> 9 <212> PRT <213> Homo sapiens <400> 17 Ser Leu Gin Glu Asn Leu
Glu Ser Leu 15 <210> 18 <211> 11 <212> PRT <213> Homo sapiens <400>
18 Phe Leu Phe Pro Gly Thr Glu Asn Gin Glu Leu 1510 <210> 19 <211> 9
<212> PRT <213> Homo sapiens <400> 19 Asn Leu Ala Glu Glu Leu Glu Gly
Val 15 <210> 20 <211> 9 <212> PRT <213> Homo sapiens <400> 20 Lys Ile
Ile Ser Glu Ile Gin Ala Leu 15 <210> 21 <211> 9 



<212> PRT <213> Homo sapiens <400> 21 Gly Leu Trp His His Gin Thr Glu
Val 15  - 5 - <210> 22 <211> 9 <212> PRT <213> Homo sapiens <400> 22
Thr Leu Val Gly Ile Ile Val Gly Val 15 <210> 23 <211> 9 <212> PRT
<213> Homo sapiens <400> 23 Ala Met Thr Gln Leu Leu Ala Gly Val 15
<210> 24 <211> 9 <212> PRT <213> Homo sapiens <400> 24 Gln Leu Leu
Ala Gly Val Phe Leu Ala 15 <210> 25 <211> 9 <212> PRT <213> Homo
sapiens <400> 25 Thr Met Leu Ala Arg Leu Ala Ser Ala 15 <210> 26
<211> 15 <212> PRT <213> Homo sapiens <400> 26 Thr Lou Gly Glu Phe
Leu Lys Lou Asp Arg Glu Arg Ala Lys Asn 1  5 10 15 <210> 27  



<211> 15    <212> PRT    <213> Homo sapiens   <400> 27     -6- Thr
Leu Gly Glu Phe Leu Lys Leu Asp Arg Glu Arg Ala Lys Asp 1  5 10 15
<210> 28    <211> 9    



<212> PRT    <213> Homo sapiens   <400> 28     Phe Thr Glu Leu Thr
Leu Gly Glu Phe 15 <210> 29 <211> 9 <212> PRT <213> Homo sapiens
<400> 29 Leu Met Leu Gly Glu Phe Leu Lys Leu 15 <210> 30 <211> 9
<212> PRT <213> Homo sapiens <400> 30 Glu Pro Asp Leo Ala Gin Cys Phe
Tyr 15 






