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Title:

hECGF-1 related polymorphisms and applications thereof

Field of the invention
The current invention relates to the field of medicine, 1n particular to the fields of

stem cell transplantations, immunotherapy and prophylaxis of neoplastic disease.

Background of the invention

The 1dentification of tumor-associated antigens and the growing understanding of
tumor-specific 1mmune responses provide new possibilities to develop cellular
immunotherapy as a strategy for the treatment of cancer. However, the results of many
clinical trials have been disappointing since clinical responses were observed 1n only a
[imited number of patients (1,2). Vaccination protocols have not led to improvement 1n
overall survival of cancer patients. The main impediment of these vaccination strategies
1s that 1n most cases non-mutated self-proteins were targeted. In patients, T cells
specific for these self-antigens are probably anergic, tolerized or of low affinity due to
peripheral or central selection processes.

High-avidity T cell responses capable of eradicating hematological tumors can be
oenerated 1n an allogeneic setting. In hematological malignancies, allogeneic HLA-
matched hematopoietic stem cell transplantation (SCT) provides a platform for
allogeneic immunotherapy due to the induction of T cell-mediated graft-versus-tumor
(GVT) mmune responses. The clinical potency of the GVT reactivity has been
demonstrated by the induction of complete remissions by administration of donor
lymphocyte mfusion (DLI) m patients with relapsed leukemia after allogeneic SCT (3-
5). Immunotherapy in an allogeneic setting enables mduction of effective T cell
responses due to the fact that T cells of donor origin are not selected for low reactivity
against self-antigens of the recipient. Therefore, high-affinity T cells against tumor- or
recipient-specific antigens can be found in the T cell inoculum administered to the
patient during or after SCT. The main targets of the tumor-reactive T cell responses are
polymorphic proteins for which donor and recipient are disparate, designated minor

histocompatibility antigens (mHag) (6), or overexpressed proteins like proteinase-3 (7).
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Minor histocompatibility antigens (mHag) are epitopes comprised in
immunogenic peptides derived from cellular proteins containing differential amino acid
compositions due to polymorphisms in the genome of a subject. Disparity in mHag
between donor and recipient of allogeneic HLA-matched stem cell transplantation
(SCT) leads to stimulation of mHag-specific CD4" and CD8" T cells that are involved
in alloommune responses, including non desirable graft rejection or graft-versus-host
discase (GVHD) and desirable graft-versus-tumor (GVT) including graft-versus-
leukemia/lymphoma (GVL) reactivity.

Induction of GVT reactivity may coincide with the development of GVHD,
especially when immune responses are directed against mHags that are broadly
expressed 1n various tissues. GVT can be separated from GVHD by induction of T cells
against target structures specific for or overexpressed in tumor cells. In addition,
antigens for which expression 1s restricted to cells of hematopoietic origin, like HA-1
(8), HA-2 (9,10) and BCL2A1 (11), may serve as specific targets for GVT. T cells
specific for these antigens will destroy both malignant and normal cells of the
hematopoietic system of recipient origin. Because after allogeneic SCT hematopoietic
stem cells have been replaced by donor-derived cells that are not recognized by these T
cells, normal donor hematopoiesis in the patient will not be affected.

Appropriate antigens for tumor-associated T cell responses that play a role m
vivo can be identified by analysis of patients with good clinical responses after
allogeneic hematopoietic SCT. Characterization of the target structures of the T cell
responses 1n patients with relapsed hematological cancers that respond to DLI with no
or limited GVHD may result in the identification of clinically relevant tumor-specific
targets for immunotherapy of cancer.

Several mHag are derived from genes located at the Y chromosome (H-Y
antigens) that contain polymorphic amino acids compared to their homologues encoded
by the X chromosome (12-18) and US pat. 6,521,598. These male-specific mHag have
been shown play a role in sex—mismatched, HLA-matched allogeneic SCT (19).
Polymorphisms 1n autosomal genes have also been described to encode mHag. Some of
these mHag, like HA-3 (20), HA-8 (21) and UGT2B17 (22) display broad tissue
distributions, whereas the expression of other mHags, like HA-1 (8) and WO
03/047606, HA-2 US pat. 5,770,201 (9,10), HB-1 (23) and BCL2A1 (11), are

restricted to cells of hematopoietic origin. T cell responses i1nduced against



10

15

20

25

30

CA 02613654 2007-12-27

WO 2007/001183 PCT/NL2006/050157

3

hematopoiesis-restricted mHag may favour GVL reactivity and reduce the development
of GVHD. However, 1t has also been described that mismatches of hematopoiesis-
specific mHag, like HA-1 are correlated with GVHD, probably due a multistep
development of GVHD 1n which T cell responses against mHag-positive antigen-
presenting cells (APC) cause a local inflammation that Ieads to induction of T cell
responses to broadly-expressed mHag.

Several mechanisms of differential expression or recognition of mHags have been
described. A single nucleotide polymorphism (SNP) in the gene may result 1n an amino
acid substitution in the protem. The polymorphism might affect a TCR contact residue
as demonstrated for HB-1 (23) and BCL2A1 (11). Polymorphisms might affect splicing
of the messengers or can cause changes 1n the antigen processing pathway, including
protecasomal cleavage, like demonstrated for HA-3 (20) and TAP translocation as
shown for HA-8 (21). Next to amino acid difference that affect antigen processing,
presentation or recognition, differential mHag expression has also been described to
result from deletion of a member of a mult1 gene family (22).

The aim of the current mvention 1s to identify new mHags with 1mproved
properties for the treatment of neoplastic disease within the context of allogeneic stem

cell transplants.

Summary of the invention

The mvention achieves this aim by the use of new minor histocompatiblity
antigens and CTL clones specific for these mHag’s, 1solated from a patient treated with
donor lymphocyte infusion (DLI) as a curative treatment for relapsed or persistent
malignancies after HLA-matched allogeneic SCT. CTL lines obtained from patients
suffering from neoplastic disease were used for characterization of novel mHags that
are relevant for control of the malignancy after transplantation and, most importantly,
in the absence of severe side effects, in particular a severe graft versus host response.

In this specification, we describe the 1dentification of novel minor
histocompatibility antigens in the human ECGF-1 gene. An hECGF-1 gene encoded
mHag was recognized by a CTL clone, the HLA-B7-restricted CTL clone RDR173,
also designated LB-ECGF-1H, which was 1solated from a human patient who was
successfully treated for relapsed multiple myeloma with DLI. Using cDNA expression

cloning, the mHag 1dentified was encoded by a SNP i the hECGF-1 gene. The epitope
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recognized by CTL clone RDR173 1s derived from translation in an alternative ORF 1n
the ECGF-1 gene due to a non-conventional translation mechanism. Minor
histocompatibility antigens encoded by the hECGF-1 gene may not only provide a
suitable alternative to known mHags. Due to its biological properties and medical
implications, the ECGF-1 gene and an immune response against 1t provides unique
opportunities for improved treatment of neoplastic disease in the context of allogeneic
stem cell transplants. The ECGF-1 gene 1s predominantly expressed in cells of
hematopoietic origin and overexpressed in various solid tumors (24-28), playing a
critical role in tumor vascularization (24-27) and apoptotic responses (29-33). Hence it
constitutes an important target for immunotherapy of cancer. The identification of this
new mHag may be successfully exploited to be used for new methods and means to

treat both hematological malignancies and solid tumors.

Detailed description of the invention

ECGF-1 gene (SEQ ID No. 8) encodes a thymidine phosphorylase enzyme (EC
2.4.2.4 TUBMB nomenclature) and 1s also referred to as (blood platelet-derived)
endothelial cell growth factor. Interestingly, expression of human ECGF-1 has also
been shown in many solid tumors, like breast carcinoma (24) renal cell carcinoma (25),
colorectal cancer (28), cervical carcinoma (27) and ovarian carcinoma (26). Expression
1s detected 1n neoplastic, stromal and/or infiltrating cells, but the cell types that were
positive for ECGF-1 varied, even in tumors of same histological origin. ECGF-1
expression 1s positively correlated with microvesseldensity (24,25) and appears to be an
unfavorable prognostic factor in some tumors (25,28). The correlation of ECGF-1 with
tumor progression and worse prognosis can be explained by the angiogenetic activity of
ECGF-1. The angiogenic effect of ECGF-1 produced by tumor cells and tumor-
infiltrating monocytes has recently been described to be mediated via 2-deoxyribose, a
metabolite produced by the thymidine phosporylase activity of ECGF-1, that forms a
chemotactic gradient for endothelial cells (34). Anglogenesis 1s essential for tumor
crowth since 1t prevents that supply of oxygen and nutrients to tumor cells 1s limited to
diffusion. The angiogenic role of ECGF-1 1s exploited by the current invention to target
an immune response to solid and vascularised tumors and in methods to inhibit

anglogenesis 1n a tumor.
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Another role for ECGF-1 m tumor progression has been found. Although the

exact mechanism has to be elucidated, expression of ECGF-1 by tumor cells seems to
enhance resistance to apoptosis induced by hypoxia (29,30), Fas (31,32) or cisplatin
(33). Immunotherapy of malignancies will be successful when immune responses are
directed against proteins essential for survival of the tumor cells. Since tumor cells are
ogenetically instable, antigen-loss variants may arise that will escape T cell responses.
However, when the antigen 1s essential or beneficial for survival, these antigen-loss
variants are less likely to grow out. Although ECGF-1 expression 1s not essential for
cell survival, 1t seems to be correlated with tumor progression and poor prognosis due
to 1ts angiogenic and anti-apoptotic effects. For all the above reasons, ECGF-1 might be
an interesting target for immune responses against solid tumors as well, since tumor
cells escaping ECGF-1-specific T cells due to shut down or loss of antigen expression
may gain susceptiblity to apoptosis.

Disecase causmng mutations are yet another aspect of hECGF-1. Thymidine
phosphorylase deficiency caused by mutations in the ECGF-1 gene results in a human
mitochondrial disorder MNGIE, mitochondrial neurogastrointestinal
encephalomyopathy (35). Homozygous or compound-heterozygous mutations in the
ECGF-1 gene specifying thymidine phosphorylase (TP), located on human
chromosome 22ql3.32-qter are responsible for MNGIE, an autosomal recessive
disorder of intergenomic communication. The disorder 1s defined clinically by 1)
severe gastrointestinal dysmotility; 2) cachexia; 3) ptosis, ophthalmoparesis, or both; 4)
peripheral neuropathy; and 5) leukoencephalopathy. TP deficiency results in multiple
deletions of skeletal muscle mitochondrial DNA (mtDNA), which have been ascribed
to a defect in communication between the nuclear and mitochondrial genomes. A graft
versus host and/or tumor according to this invention does not lead to a similar ECGF-1
deficiency and syndrome. No signs of ECGF-1 deficiency were observed 1n the patient
from whom the ECGF-1 mHag specific T-cell clone was obtained, over several years
after remission of the tumor. The development of the MNGIE syndrome requires
ECGF-1 deficiency from gestation to adult development.

T cell responses against mHag that are preferentially restricted in expression to
the hematopoietic tissues are attractive candidates to be wused for cellular
immunotherapy in the context of allogeneic SCT and/or donor lymphocyte infusions,

compared to T cell responses against broadly expressed mHag due to reduced
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likelithood of development of severe GVHD. Gene expression profiling and real-time
RT-PCR demonstrates a relatively hematopoietic-specific expression of the ECGF-1
gene with high levels of expression in CD14" cells. However, ECGF-1 is also detected
in normal tissues, like liver and lung. An immunohistochemical analysis demonstrated
that ECGF-1 1s predominantly expressed by macrophages in these tissues, although
moderate or weak expression 1 e.g. stromal cells 1s also detected (36). Low levels of
ECGF-1 expression may have mmplications for the development of GVHD reactivity
when the ECGF-1 mHag will be used m mmmunotherapy of hematological
malignancies, but appropriate steps can be taken to minimize these problems, such as
immune suppression or tolerization methods known to the skilled physician.
Furthermore, the observation that no severe GVHD was observed 1n the patient from
whom the ECGF-specific CTL clone was 1solated, demonstrates that ECGF-1-specific
T cell clones may be useful for therapeutic purposes.

The current mnvention pertains to the identification and practical applications of
new minor histocompatibility antigens and the invention provides 1n a first embodiment
polymorphic minor histocompatibility antigens encoded by the hECGF-1 gene (SEQ
ID No. 8). A first polymorphic mHag antigen or epitope, recognized by a CTL clone
1solated from a multiple myeloma patient successfully treated with DLI after allogeneic
HLA-matched SCT, 1s encoded by a SNP at nucleotide 1526 in the ECGF-1 cDNA
(SEQ ID No. 7), affecting the amino acid at position 465 in the ECGF-1 protein (SEQ
ID No. 1, alternative allele SEQ ID No. 2). The mHag arises from translation in an
alternative open reading frame (ORF) instead of the primary ECGF-1 ORF. The G-to-A
transition results mm a Arg-to-His substitution in an alternatively translated peptide
(depicted 1n Figure 4 and SEQ ID No. 3, alternative allele SEQ ID No. 4). Although
binding to HLA B7 i1s comparable for both peptide variants, the Arginine containing
peptide variant was not recognized by CTL clone upon pulsing HLA-B7 positive target
cells, 1llustrating that the SNP affects a TCR contact residue. The HLA-B7 binding
peptides are shown in SEQ ID No.s 5 and 6.

Since the SNP at pos 1526 and other nearby located SNP’s, for instance at
position 1545, also lead to amino acid substitutions in the primary ECGF-1 ORF (SEQ
ID No. 7) and 1 1ts alternative ORFs, 1in polypeptides predicted or shown to be

processed by the proteasome and capable of binding to one or more HLA 1sotype
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molecules, immune responses may also be raised against the primary ECGF-1 protein

or against proteins or polypeptides created by translation of alternative reading frames.
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CET [C/C] CRC rETE€CEEC

(Ref: http://bioinfo.weizmann.ac.1l)

Furthermore, the mHag polymorphism may be a polymorphism or SNP or
mutation that 1s causative (when homozygous or compound heterozygous) for the
human genetic disorder MNGIE. Examples of MNGIE mutations discovered to date
and resulting amino acid changes 1n all three reading frames are listed 1n table 3.

Whether an arbitrary SNP or any other polymorphism will yield a minor or a
major histocompatibility antigen that can be presented in the context of a certain HLA
molecule can be readily determined by the skilled artisan using computer modeling and
applying bioinformatics tools, such as, but not limited to: HLA BIND, SYFPEITHI,
NetMHC and TEPITOPE 2000 analysis (37-42). Whether a certain fragment of the
ECGF-1 protein or an alternative reading frame translation product will be degraded by
the proteasome and displayed on HLA molecules can also be determined in vitro using

commonly known techniques such as those described in 43, 44 and 45.

Table 3, MNGIE causing mutations i hECGF-1, gray shaded boxes: non-synonymous codons, m
brackets: amino acid encoded by codon (single letter code).
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Hence, 1n one embodiment of the invention, this specification provides peptides
comprising an amino acid sequence encoded by a reading frame as present in the
nucleotide sequence of a transcript of a naturally occurring hECGF-1 allele, wherein
the amino acid sequence comprises a polymorphic MHC class 1 or II minor
histocompatibility binding peptide or fragment. A peptide of the invention 1s normally
about 8 to 12 amino acids long, small enough for a direct fit in an HLA molecule, but it
may also be larger and presented by HLA molecules only after cellular uptake and
processing by the proteasome before presentation i the groove of an HLA molecule.
The peptide may also be N- and/or C-terminally capped or modified to prevent

degradation, mcrease stability or uptake. An mHag comprising peptide according to




10

15

20

25

30

CA 02613654 2007-12-27

WO 2007/001183 PCT/NL2006/050157

9

this 1nvention preferably comprises the gene product of a single nucleotide
polymorphism (SNP). The SNP may be comprised in the coding regions or exons of
hECGF-1, or may be located 1n intronic sequences, affecting splicing or affecting
cryptic messengers and translation products. The polymorphism may also be a MNGIE
causing allele. In particular the polymorphism may be selected from the known
polymorphisms in hECGF-1 selected from any of tables 1, 2 and 3, although newly
discovered mutations and SNP’s may also prove useful and result in a differential
immune response between individuals. In a most preferred embodiment of the
invention, the mHag to be used 1s a polymorphism affecting a change of amino acid
465 of hECGF-1, which gives rise to at least 4 peptide translation products, 1.e. both
alleles, from 2 out of the 3 different reading frames, containing an mHag as comprised
in SEQ ID No’s 1, 2, 3 or 4.

It 1s 1mportant to poimnt out that for use according to this invention, whether a
ogiven polymorphism results mm a polymorphic hECGF-1 encoded mHag and is useful
for raising an immune response, graft vs. leukemia or graft vs. tumor, will depend on
the genetic makeup and 1n particular HLA 1sotypes of both a donor and
acceptor/recipient and their respective differences. Even 1f donor and recipient are
identical with respect to their ECGF-1 alleles, but differ in their HLA 1sotypes an
immune response may arise if T cells recognize a self antigen in the context of a
different HLA allele (1.e. as a ‘non-self’-configuration) as foreign antigen. Application
of such antigenic reactions against ECGF-1 1s still within the scope of the current
invention.,

The peptides according to this mvention may be comprised, used or applied 1n the
context of an MHC class I or MHC class II molecule, for instance for raising or
enhancing an T cell immune response, 1n order to select for binding or interacting T
cell receptors or alternatively for antibodies capable of binding the peptides of the
invention, optionally in the context of a certain HLA 1sotype molecule.

In another embodiment the invention provides nucleic acid molecules encoding
the before mentioned peptides comprising ECGF-1 mHags. These nucleic acids may be
useful as means for producing the peptides of the invention or alternatively as
pharmaceutical compositions or DNA vaccines, to elicit, accelerate or enhance an
immune response, 1n particular a desirable graft vs. tumor response. Preferably, the

nucleic acids of the invention may be comprised in a nucleic acid vector, such as a
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plasmid, cosmid, an RNA or DNA phage or virus, or any other replicable nucleic acid
molecule, and are most preferably operably linked to regulatory sequences such as
(regulatable) promoters, mitiators, terminators and/or enhancers.

In another embodiment, the current invention provides a T cell receptor capable
of mteracting with the ECGF-1 polymorphic mHags contamning peptides and 1n
particular nucleic acid molecules encoding such a T cell receptor, optionally comprised
within a nucleic acid vector for expression and/or cloning purposes. T cell receptors
and 1n particular nucleic acids encoding TCR’s according to the mvention may be
applied to transfer a TCR from one T cell to another T cell and generate new T cell
clones, for instance T cell clones that essentially are of the genetic make-up of a graft
donor. The method to provide T cell clones capable of recognizing an mHag
comprising peptide according to the mvention may be generated and can be specifically
targeted to tumor cells expressing a ECGF-1 polymorphic mHag in a graft or DLI
recipient subject. Hence the invention provides T lymphocytes comprising a T cell
receptor capable of interacting with a polymorphic mHag encoded by a reading frame
in hECGF-1, which may be recombinant or naturally selected T lymphocytes. T
lymphocytes of the invention may be used for the methods and pharmaceutical
compositions of the invention. This specification thus provides at least two methods for
producing a cytotoxic T lymphocyte of the invention, comprising the step of bringing
undifferentiated lymphocytes into contact with a polymorphic hECGF-1 minor
histocompatibility antigen under conditions conducive of triggering an immune
response, which may be done in vitro or in vivo for instance 1n a patient receiving a
graft. Alternatively, it may be carried out in vitro by cloning a gene encoding the TCR
specific for a polymorphic hECGF-1 minor histocompatibility antigen, which may be
obtained from a cell obtained from the previous method, into a host cell and/or a host
lymphocyte obtained from a graft recipient, preferably a cytotoxic T lymphocyte
(CTL).

In another embodiment, the invention provides new means, pharmaceuticals
and/or medicaments, to treat malignancies expressing the ECGF-1 protein. The
medicament 1s administered to a patient or subject suffering from a malignancy 1n an
amount sufficient to at least reduce the growth of the malignancy, preferably reduce the
malignancy 1n size and most preferably eradicates the malignancy. The patient or

subject to be treated preferably 1s a human. The malignancies to be treated according to
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this mnvention may be any necoplastic disease expressing ECGF-1, comprising all
hematological malignancies such as leukemia’s, lymphoma’s and (multiple)
myeloma’s, and all solid tumors, ranging from (benign) adenoma’s and polyps to
invasive and/or metastatic carcinoma’s. Solid tumors which are dependent on
angiogenesis and/or which have undergone infiltration with ECGF-1 expressing and/or
producing macrophages, or solid tumors in which the angiogenesis 1s at least partly
mediated by ECGF-1 from tumor cells or mfiltrating macrophages, are particularly
suitable for treatment according to this mvention.

The methods and means of the invention are particularly suitable to be applied 1n
the context of a subject that has undergone an allogeneic stem cell transplant, in for
instance a hematopoietic stem cell transplant or donor lymphocyte infusion (DLI). The
transplant 1s preferably, but not necessarily, HLA matched and comprises an allogeneic
donor which does not comprise at least one hECGF-1 allele that 1s present in the
recipient of the transplant or graft and therefore seen as ‘foreign’ or ‘non-self” by the
oraft. Alternatively, donor and recipient may have identical hECGF-1 alleles and are
HLA mismatched, whereby the HLA mismatch 1s capable of inducing an ECGF-1
specific graft vs. tumor response by presenting hECGF-1 peptides 1in a different HLA
context, recognized by the graft derived T-cells as non-self. Genotyping of donor and
recipient subjects for HLA or ECGF-1 alleles is a routine procedure that can be carried
out by any skilled artisan using several standard, textbook techniques.

The peptides according to the invention, which as defined before comprise an
ECGF-1 encoded polymorphic mHag, or lymphocytes carrying a T cell receptor
capable of interacting with the peptides of the invention in the context of an HLA
molecule, may be used for the manufacture of pharmaceutical compositions and
medicaments for the treatment of a subjects suffering from malignancies expressing
hECGF-1. The pharmaceutical compositions according to the invention will help to
elicit, accelerate, enhance or prolong an effective immune response in the subject to be
treated, in particular a desirable graft versus tumor T cell immune response. A graft vs.
tumor response 1S 1n particular suitable for removal of minimal residual disease or
metastases after chemotherapy of hematological cancers or after radiotherapy,
chemotherapy or surgical resection in the case of operable solid tumors. A graft vs.
tumor response 1s preferably a graft vs. hematological cancer response. A graft versus

tumor response against solid tumors 1s preferably applied to those tumors in organs or
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tissues which are dispensable or replaceable, and which may be completely eradicated
by the graft vs. host and/or graft vs. tumor response without serious adverse
consequences. Such organs or tissues comprise testes, kidneys, ovaria,
breastglands/tissues, prostate, thyroid, cervix, uterus and pancreas. In a particular
embodiment, the method and the medicaments of the invention may be applied to
inhibit tumor vascularization and /or to enhance apoptosis of tumor cells in response to
anti-tumor treatment. The mnvention may be used as a primary method of treatment or
as an adjuvant or follow-up treatment.

In a particular embodiment, the graft (stem) cells, in particular bone marrow/
lymphocyte stem cells, may be primed prior to the transplant in the donor, by bringing
them into contact with the ECGF-1 mHag’s and/or medicaments according to the
invention, 1n order to stimulate or accelerate an anti-tumor immune response against the
ECGF-1 mHag displaying tumor cells, after transplantation of the graft to the recipient.

The medicaments and pharmaceutical compositions according to the invention
may be formulated using generally known and pharmaceutically acceptable excipients
customary in the art and for instance described m Remington, The Science and Practice
of Pharmacy, 21™ Edition, 2005, University of Sciences in Philadelphia. In particular
immune modulating compounds and adjuvants may be suitably selected and applied by
the skilled artisan, such as immune modulators described in Current Protocols in
Immunology, Wiley Interscience 2004,

In yet another embodiment the invention provides for a human or humanized
antibody, or a fragment thercof, specific for a polymorphic hECGF-1 minor
histocompatibility antigen, the antigen optionally bemng in the context of an HLA
molecule. Antibodies according to the invention may be used for therapeutic and
pharmaceutical purposes and aiding mn an anti-tumor immune response but may also be
used for diagnostic purposes, in order to monitor tumors or tumor cells whether
hECGF-1 mHag 1s displayed by these cells, or which polymorphic hECGF-1 mHags
arc displayed. An antibody according to the mvention 1s preferably capable of binding
to or interacting with polymorphic hECGF-1 peptides, optionally 1n the context of an
HLA molecule. The antibody may also be an antibody raised in any other mammal,
which may be humanized using conventional techniques. The antibody of the invention
may be directly or indirectly labeled using conventional techniques. Suitable labels

comprise fluorescent moieties (such as; GFP, FITC, TRITC, Rhodamine), enzymes
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*P, >°S, "I and others),

(such as peroxidase, alkaline phosphatase), radioactive labels (
immunogenic or other haptens or tags (biotin, digoxigenin, HA, 6His, LexA, Myc and
others).

The antibodies and the peptides according to this mvention may also be used to
monitor graft anti-tumor responses by means of tetramer- or cytokine responses, such
as the mnduction of interleukins and/or IFN-Y.

In this document and in 1ts claims, the verb "to comprise" and 1its conjugations 1s
used 1n 1ts non-limiting sense to mean that items following the word are included, but
items not specifically mentioned are not excluded. In addition, reference to an element
by the indefinite article "a" or "an" does not exclude the possibility that more than one

of the element 1s present, unless the context clearly requires that there be one and only

one of the elements. The indefinite article "a" or "an" thus usually means "at least one".

Figure legends

Figure 1. CTL clone RDR173 lyses tumor cells and hematopoietic cells. Lysis of tumor
cells (a) patient-derived EBV-LCL cells (b) and donor-derived EBV-LCL cells (¢) were
tested 1n a CFSE-based cytotoxicity assay. Target cells were labeled with CFSE and
incubated for 48 h with CTL clone RDR173 (E/T ratio 3:1). As a positive control,
target cells were incubated with an HLA-A2-specific allo-reactive CTL clone (pos.

CTL) and as negative controle cells were incubated with a male-specific CTL clone

(neg. CTL).

Figure 2. CTL clone RDR173 recognizes a mHag presented in HLA-B7. (a)
Recognition of EBV-LCL cells were tested for recognition by CTL clone. (b) EBV-
LCL expressing one or more HLA class I allele in common with the patient (A2, A3,
B7, B60, Cw3) were incubated with CTL clone RDR173 for 24 h. Release of IFN-y

was determined using ELISA. HLA alleles that are shared with the patient are depicted
in bold.

Figure 3. CTL clone RDR173 recognizes an epitope translated in an alternative ORF.
Deletion constructs derived from patient and donor ECGF-1 cDNA (a), constructs with

the CTG codon at pos. 1441-1443 mutated into an AAG codon (a) and constructs with
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Kozak-ATG sequences in the primary or the alternative ORFs (b) were cloned into an
expression vector and transfected into COS/HLA-B7 cells. Transfected cells were
cocultered with CTL clone RDR173 for 24h. Release of IFN-Y 1n the supernatant was
measured by ELISA.

Figure 4. Nucleotide sequence and protein translation of the partial ECGF 1 cDNA
1solated from the cDNA library. The internal ATG codon of the primary ECGF-1 ORF
and the CTG start codon of the alternative ORF are depicted in bold and underlined.
The SNP and amino acid substitutions are indicated with arrows. The CTL epitope
recognized by CTL clone RDR173 1s boxed. Numbers are relative to the full-length
ECGF ¢cDNA and protein.

Figure 5. CTL clone RDR173 recognizes the minimal epitope RPHAIRRPLAL. (a)
Overlapping 9-, 10- and 11-mer peptides (1 wg/ml) were pulsed on donor-derived
EBV-LCL cells for 2h at 37°C. Peptide-pulsed EBV-LCLs were cocultured with CTL
clone RDR173 for 24h. Release of IFN-Y in the supernatant was measured by ELISA.
(b) Increasing concentrations of the patient-derived peptide RPHAIRRPLAL (filled
symbols) and the donor-derived peptide RPRAIRRPLAL (open symbols) were pulsed
on donor-derived EBV-LCL cells for 2h at 37°C. Peptide-pulsed EBV-LCLs were
cocultured with CTL clone RDR173 for 24h. Release of IFN-Y in the supernatant was
measured by ELISA.

Figure 6. CTL clone RDR173 lyses altECGF-1H-positive tumor cells. HLA-B7-
expressing CML cells were labeled with CFSE and incubated with CTL clone

RDR173. Melanoma cells were transduced with HLA-B7 and tested for recognition by
CTL clone RDR173 1n a CFSE-based cytotoxicity assay. As a control cells were
transduced with retroviral construct containing only the marker gene. Target cells were
also incubated with an HLA-B7-specific alloreactive T cell clone to demonstrate

functional HLA-B7 expression

Figure 7. Pulsing target cells with the 23-mer peptide leads to efficient processing and
presentation LB-ECGF-1H epitope. CD14+ cells were pulsed with titrated
concentrations of the 11- and 23-mer hECGF-1 peptide for 4h at 37°C. Target cells
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(3x10%) were incubated with CTL clone RDR173 (10%) for 24h at 37°C. Release of

IFN-Y in the supernatant was measured by ELISA.

Figure 8. The LB-ECGF-1H epitope can be processed and presented by various target
cells upon pulsing with the 23-mer peptide. HLA-B7-positive EBV-LCL cells (EBV),
peripheral blood lymphocytes (PBL), phytohemagglutinin activated T cells (PHA
blasts), CD14" cells (CD14) and CD19" cells (CD19) were pulsed with titrated
concentrations of the 23-mer hECGF-1 peptide for 4h at 37°C. Target cells (3x10%)
were incubated with CTL clone RDR173 (10%) for 24h at 37°C. Release of IFN-Y in the

supernatant was measured by ELISA.

Examples

Isolation and characterization of tumor-reactive T cell clone RDRI173

We 1solated from peripheral blood of a patient successfully treated with DLI for

relapsed MM, CD&8+ CTL clones by direct cloning of T cells that produced IFN-Y upon
stimulation with 1rradiated BM cells harvested from the patient before SCT (46). CTL
clones recognizing several distinct antigens in the context of various HLA class I
alleles were 1solated including CTL clone RDR173. The tumor-reactivity of CTL clone
RDR173 was demonstrated by the recognition of MM cells in the bone marrow from
the moment of relapse using a CFSE-based cytotoxicity assay (47). To i1dentily the
tumor cells 1n the heterogenecous cell population, malignant cells were stained with PE-
labeled ant1-CD138 antibodies. As shown 1n Figure 1a, malignant MM cells were lysed
by CTL clone RDR173 similar to a control anti-HLA-A2-specific CTL clone, whereas
they were not lysed by a male-specific, HLA-A1-restricted CTL clone (negative control
CTL clone). In addition to tumor cells, CTL clone RDR173 also lysed the EBV-
transformed lymphoblastoid cell line (EBV-LCL) cells (Fig. 1b), whereas donor-
dertved EBV-LCL cells were not recognized (Fig. 1¢). Similar results were obtained
for patient- and donor-derived PHA-blasts (data not shown). Recognition of patient-
dertved EBV-LCL cells could be blocked by antibodies against HLLA class I and HLA-
B/C alleles as shown 1n Figure 2a. Screening a panel of EBV-LCL cells sharing HLA-B
or HLA-C alleles with the patient showed that CTL clone RDR173 recognized an
epitope 1n the context of HLA-B7 (Fig. 2b). To demonstrate the clonality of clone
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RDR173, the TCR o and 3 chains of CTL clone RDR137 were determined using
TCR VB-specific monoclonal antibodies and TCR AV and BV family-specific
oligonucleotides and sequencing. Since only one TCR o and one TCR B could be

detected, the tumor-reactive CTL clone RDR173 was demonstrated to be a monoclonal

CTL recognizing a mHag presented in HLA-B7.

Identification of the epitope recognized by CD8+ CTL clone RDRI173

To identify the antigen that 1s recognized by CTL clone RDR173, ¢cDNA
expression cloning was performed based on the procedure as described by De Plaen et
al. (48). Briefly, a cDNA library was constructed from EBV-LCL cells derived from
the patient. Plasmid pools consisting of ~40 cDNAs from the library were transfected
into COS cells that were retrovirally transduced with HLA-B7 ¢cDNA (COS/HLA-B7).
Transfected COS/HLA-B7 cells were tested for recognition by CTL clone RDR173.
One cDNA pool stimulated IFN-y production of the CTL, and subcloning of this pool
resulted 1n the 1solation of a plasmid contamning a 475-bp ¢cDNA 1insert that was
recognized by CTL clone RDR173 after transfection in COS/HLA-B7 cells. A BLAST
search revealed that this cDNA insert was identical to the 3" part (nt 1126-1600) of
endothehial cell growth factor-1 (ECGF-1, also known as platelet-derived-ECGF or
thymidine phosphorylase) cDNA. The incomplete cDNA fragment of ECGF-1 that we
1solated from the cDNA library contained an mternal ATG codon (nt 1169-1171) from
which translation results in a protein i1dentical to the C-terminal 137 amino acids of
ECGF-1. Comparing the cDNA 1nsert 1solated from the ¢cDNA library with donor-
derived cDNA showed that these ¢cDNA sequences were completely identical except
for a G-to-A transition at nt 1526.

To determine whether this non-synonymous polymorphism encoded the epitope
recognized by CTL clone RDR173, constructs were made contamning nt 1391-1582,
1472-1552 and 1508-1582 of the cDNA 1nsert, respectively, preceeded by Kozak-ATG
sequences to ensure translation. The construct containing nt 1391-1582 was clearly
recognized by CTL clone RDR173 upon transfection in COS/HLA-B7 (Fig. 3a).
However, the smaller fragments containing nt 1472-1552 and 1508-1582 were hardly
recognized. Even 1f the Ala-to-Thr substitution caused by the polymorphism is not
present in the epitope itself, but affects antigen processing, ¢.g. proteasomal cleavage,

at least one of these constructs was expected to be recognized by CTL clone RDR173.
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Donor-derived fragments of ECGF-1 were not recognized by CTL clone RDR173,
confirming that the G-to-A transition at position 1526 was likely to be mvolved in the
differential expression or recognition of the epitope.

Analysis of nt 1391-1472 of the cDNA 1nsert revealed the presence of a CTG
codon (nt 1441-1443) capable of serving as an alternative start codon. Translation
initiated by this CTG codon would result in a protein encoded by another ORF than
ECGF-1 in which the SNP at nt 1526 caused an Arg-to-His substitution (Fig. 4). To
investigate whether the epitope recognized by CTL clone RDR173 was encoded by the
alternative ORF we made a construct in which the CTG codon was mutated to AAG.
Transfection of COS/HLA-B7 cells with this constructs demonstrated decreased
recognition (Fig. 3a), suggesting that translation starting at the CTG at nt 1441-1443
resulted 1in production of the epitope recognized by CTL clone RDR173.

To further determine the location of the epitope recognized by CTL clone
RDR173, smaller cDNA fragments with Kozak-ATG sequences 1n all three ORF were
constructed and tested for recognition. Since the fragment containing nt 1510-1552
translated in the third ORF was still recognized by CTL clone RDR173 (Fig. 3b), the
epitope was located within the 14 amino acid sequence encoded by this fragment. To
identify the mimimal peptide recognized by CTL clone RDR173, overlapping 9-, 10-
and 11-mer peptides were synthesized, pulsed on donor-derived EBV-LCL cells and
tested for recognition. Fig. Sa demonstrates that the 11-mer RPHAIRRPLAL peptide 1s
the epitope recognized by CTL clone RDR173 (LB-ECGF-1H).

To reveal whether the differential recognition of recipient and donor cells by CTL
clone RDR173 1s due to differences in presentation of the epitope or recognition by the
T cells, the donor-derived peptide RPRAIRPLAL (LB-ECGF-1R) was synthesized.
EBV-LCL cells pulsed with the LB-ECGF-1R peptide were not recognized by CTL
clone RDR173 (Fig. 5b). Since LB-ECGF-1H and LB-ECGF-1R bind to HLA-B7 with
comparable affmities (EC50 of 14.2 and 26.2, respectively; data not shown), these data
indicate that the amino acid substitution 1s critical for TCR recognition and affects a

TCR contact residue.

Analysis of LB-ECGF-1H-specific immune response in vivo
The magnitude of the LB-ECGF-1H-specific immune response in the peripheral

blood of the MM patient responding to DLI was analyzed using tetrameric complexes.
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At the time of the clinical response, 5-7 weeks after DLI (49), 1.1% of the CD8+ T
cells recognized the HLA-B7/LB-ECGF-1H tetramer (data not shown). Tetramer-

positive T cells were cloned by FACSsorting and TCR o and 3 chains were determined
from proliferating, HLA-B7/LB-ECGF-1H-positive clones. All clones expressed the
same TCR o and [3 chain as clone RDR173 indicating that the LB-ECGF-1H-specific T

cells in the peripheral blood of the patients were derived from a monoclonal T cell

response.

Population frequency of LB-ECGF-1H/R alleles

The disruption of a BssHII restriction site by the G-to-A transition at pos. 1526
was used to determine the population frequency of the LB-ECGF-1H and LB-
ECGF-1R alleles. A 223-bp ¢cDNA fragment was amplified from 70 unrelated
individuals and digested with BssHII. PCR products obtained from the LB-ECGF-1H
allele could not be cut by BssHII, whereas digestion of LB-ECGF-1R-derived PCR
products resulted in two bands of 69 and 154 bp. Sixty-two persons were homozygous
for the LB-ECGF-1R allele, whereas eight individuals were heterozygous for this
polymorphism, indicating a frequency of 11% LB-ECGF-1H-positive individuals in the
population. Individuals that were homozygous for the LB-ECGF-1H allele were not
detected.

At least 6 other SNP’s have been described in hRECGF-1 which may also give rise
to immunological differences (Table 1). We have analyzed the frequencies of these
SNPs 1n a panel of unrelated individuals by sequencing. The frequencies of the alleles

arec shown 1n Table 4.

Table 4. Population frequencies of other SNP’s in hECGF-1

POS. Homozygous Homozygous
DNA | Heterozygous % SNP-pos | allele freq.
aa wild type SNP

cta [G/Clggc 0
cct [G/A] ggt 0
ggc [T/C] cag /6
ggqg [T/A] cag 14
att [C/T] gcc 0

32

cct [C/T] gece
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Expression of ECGF-1 in normal tissue and malignancies

Analysis of the expression pattern of ECGF-1 in a microarray study of gene
expression across tissues (http://symatlas.gnf.org/SymAtlas/; ref (50)) showed high
expression of ECGF-1 1n several cells of the hematopoietic system, in particular
CD14+ monocytes and DC. Furthermore, the ECGF-1 gene was reported to be present
in ¢cDNA derived from lung, liver and heart. To confirm these data, we performed
quantitative realtime RT-PCR for ECGF-1. In accordance with the DNA microarray
study, we detected the highest levels of ECGF-1 expression in CD14+ cells (data not
shown). However, we also detected high ECGF-1 expression in other PBMC, like
CD4+, CD&8+ and CD19+ cells. Furthermore, ECGF-1 was detected 1n lung, spleen,
liver, thymus and heart. In all the other tissues, the ECGF-1 gene expression was low or
absent.

In hematological malignancies like multiple myeloma, CML, AML and ALL and
in cell lmes derived from solid tumors like melanoma, breast carcinoma,
coloncarcinoma and ovarian carcinoma variable levels of expression of the ECGF-1
could be detected (data not shown). To investigate whether tumor cells other than MM
cells could also be recognized by CTL clone RDR173, CML cells from a HLA-B7-
expressing, LB-ECGF-1H-positive patient were tested for recognition by CTL clone
RDR173. Furthermore, LB-ECGF-1H-positive melanoma cells 1 which low
expression of the ECGF-1 gene could be detected were tested for recognition by CTL
clone RDR173. Since the melanoma 1s HLA-B7-negative, these cells were retrovirally
transduced with HLA-B7. As shown in Fig. 6, HLA-B7-expressing, LB-ECGF-1H-
positive CML and melanoma cells were lysed by CTL clone RDR173, whereas HLA-
B7-expressing, altECGF-1R-positive cells were not lysed by CTL clone RDR173.

Stmilar results were obtained when release of IFN-y was determined (data not shown).

These data demonstrate that the LB-ECGF-1H-specific CTL clone RDR173 can be

reactive against both hematological malignancies and solid tumors.

Processing and presentation of the LB-ECGF-1H epitope from synthetic peptides
Furthermore, we have tested whether LB-ECGF-1H could also be processed and
presented when long peptides were pulsed on target cells, indicating that the LB-

ECGF-1H epitope will be presented in vivo when long peptides are used for
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vaccination. The 23-mer peptide RPAGGARTLRPHAIRRPLALRRA containing the
epitope (depicted 1n bold) was synthesized. Target cells were pulsed with titrated
concentration of the long peptide for 4 hours at 37°C and tested for recognition by CTL
clone RDR173. Figure 7 demonstrates that pulsing target cells with the 23-mer peptide
results 1n an efficient recognition by CTL clone RDR173, comparable to pulsing target
cells with the 11-mer epitope. Figure 8 shows that various target cells like EBV-LCL,
PHA blast and CD14+ cells, have the ability to process and present the epitope upon
pulsing with the 23-mer peptide.

Materials and Methods

Cell culture

The mHAg-specitic HLA-B7-restricted CD8+ CTL clone RDR173 was 1solated
from peripheral blood of a patient with relapsed MM responding to DLI after HLA-
matched allogeneic SCT using the IFN-y-secretion assay (46). CTL clone RDR173 was
cultured by stimulation with irradiated (50 Gy) allogeneic PBMC and patient-derived

EBV-transformed B cells in IMDM (Cambrex, Verviers, Belgium) supplemented with
5% human ABO serum, 5% {fetal bovine serum (FBS), 100 U/ml IL-2 (Chiron,

Amsterdam, the Netherlands) and 0.8 pug/ml phytohemagglutinin (PHA, Murex Biotec
Limited, Dartford, United Kingdom). EBV-transformed lymphoblastoid cell lines
(EBV-LCL), COS cells and melanoma cell lines were maintained in IMDM (Cambrex)
containing 8% FBS.

CEFSE-based cytotoxicity assay

To determine lysis by CTL clone RDR173 of malignant cells mn a heterogenous
population of target cells, a CFSE-based cytotoxicity assay was performed as described
before (47). Bricfly, PBMC, bone marrow cells or tumor cells were labeled with 2.5
UM CFSE and incubated with T cell clone RDR173 (E:T ratio 1:3) at 37°C. After 24 or
48 h, MM and CML cells were stained with PE-labeled anti-CD138 and anti-CD34
antibodies, respectively. Melanoma cells retrovirally transduced with HLA-B7 were
stained with APC-labeled antibodies against the marker gene NGFR. To allow
quantitative analysis, 104 Flow-Count Fluorospheres (Coulter Corporation, Miami,

USA) were added, and samples were directly analyzed by flowcytometry.
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IFN-y ELISA

EBV-LCL cells were seeded at 3x104 cells/well together with 5x103 T cells 1n
96-well round bottom plate. For blocking studies, target cells were preincubated with

antibodies against HLLA class I (w6/32), HLA class II (PdV5.2) or HLA-B/C alleles
(B1.23.2) for 30 min at room temperature. After 24 h incubation at 37°C, release of

IFN-Y 1n the supernatant was measured using standard ELISA (Sanguin, Amsterdam,

the Netherlands).

Analysis of TCRVoL and TCRVP chains

TCR AV and BV gene usage of the CTL clones was determined by PCR and

sequencing as described before (51).

Construction of cDNA library

A cDNA library was constructed using the SuperScript Choice System kit
(Invitrogen, Breda, the Netherlands). RNA was i1solated from the patient-derived
EBV-LCL using Trizol (Invitrogen) according to the manufacturer's instructions and
further purified using the RNA Cleanup protocol of the RNeasy kit (QIAGEN, Venlo,
the Netherlands). Poly (A)+ mRNA was 1solated using the PolyATract mRNA Isolation
System (Promega, Leiden, the Netherlands), and converted to ¢cDNA using an oligo-
d(T) primer containing a Notl restriction site at the 5' end. After double strand cDNA
synthesis, the cDNA was ligated to BamHI-EcoRI adapters (Stratagene, La Jolla, CA,
USA), digested with Notl, and size-fractionated using column chromatography.
Fractions containing the largest cDNA fragments were ligated mmto BamHI and Notl
sites of the pCR3.1 expression vector (Invitrogen). Ligation products were transformed
into E. Coli Top10 bacteria, and transformed clones were selected with ampicillin. The
library was divided mto pools of ~40 cDNA clones. Each pools was amplified 1n liquid

culture for 4 h, and plasmid DNA was 1solated using QIAprep 96 Turbo Miniprep Kit
(QIAGEN).

Transfection of COS cells and CTL stimulation assay
To identify the gene encoding the epitope that is recognized by CTL clone
RDR173, COS cells were transfected with the cDNA library, and tested for recognition.
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Briefly, COS cells retrovirally transduced with the HLA-B7 ¢cDNA were plated 1n {lat-
bottom 96-well plate at 2x104 cells/well, and incubated overnight at 37°C.

Approximately 80 ng of plasmid DNA from each pool was mixed with 0,8 ul

lipofectamine (Invitrogen) in 50 pl OpttMEM medium (Invitrogen). Transfection
mixtures were incubated for 30 min at room temperature, and added to the
COS/HLA-B7 cells. After 5 h of incubation at 37°C, 50 ul IMDM/10% FBS was
added. Twenty-four hours after transfection, 3x103 CD8+ CTL were added to
transfected COS cells. After 24 h of coculture at 37°C, the release of IFN-Y 1n the

supernatant was determined using standard ELISA (Sanguin, Amsterdam, the

Netherlands).

Tetrameric HLA class I/peptide complexes and flowcytrometric analysis
PE-conjugated tetrameric complexes of HLA-B7 molecules with the ECGF-1-
derived peptide RPHAIRRPLAL were constructed as previously described (52) with

minor modifications. For cytrometric analysis and FACSort experiments, cells were
labeled with tetrameric complexes for 2h at 4°C in RPMI without phenol,

supplemented with 2% FBS. Cells were counterstained with FITC-labeled antibodies
against CD4 (Caltag) and CD40 (Serotech) or CD8 (Caltag).

Screening for population frequency
RNA was 1solated from PBMC using Trizol (Invitrogen) according to the

manufacturer's instructions and transcribed to c¢DNA using M-MLV reverse

transcriptase (Invitrogen). PCR was performed 1in 50 pl reaction mixture containing 1x

buffer, 300 nM forward primer (5'-TATAAGATCTGCCACCATGGGCGCAGAGC-
TGCTGGTC-3"), 300 nM reverse primer (5'-TACGCGGCCGCTTATTGCTGCGGC-

GGCAGAAC-3"), 500 uM dNTP, GC-rich solution (Roche, Indianapolis, USA), 1 U
PWO Superyield DNA polymerase (Roche). Amplification using the following PCR
program 2' 95°C, 30 cycli of 15" 95°C, 30" 55°C, 1' 72°C, and final clongation for 7' at
72°C resulted 1n a fragment of 223 bp that was digested with 10 U BssHII for 2 h at

50°C and analyzed on a 2% agarose gel. Digestion of PCR product derived from the

LB-ECGF-1R-B7 allele results in bands of 69 and 154 bp, whereas amplification and
digestion of the LB-ECGF-1H-B7 allele results 1n a single band of 223 bp.
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Quantitative RT-PCR

Quantitative real-time PCR was performed for the commercially available
Human Blood fraction MTC Panel, Human MTC Panel I and II (BD Biosciences,
Alphen aan de Ruyn, the Netherlands). Using Primer Express software (Applied
Biosystems, Foster City, CA, USA), forward primer 5-CGGAATCCTATATG-
CAGCCAG-3', reverse primer S-CCCTCCGAACTTAACGTCCA-3" and probe 5'-
(TET)- TGCCACTCATCACAGCCTCCATTCTC-(TAMRA)-3" were designed for

ECGF-1. PCR was performed 1n 50 pl reaction mixture containing 1x Tagman buffer,

300 nM of each primer, 120 nM probe, 200 uM dNTP, 3 mM MgCl2, 1.25 U

AmpliTaq Gold polymerase and 10-100 ng of cDNA sample. PCR amplification was
also performed for the housekeeping gene porphobilogen deaminase (PBGD) using
forward primer S“GGCAATGCGGC-TGCAA-3, reverse primer
S-GGGTACCCACGCGAATCAC-3’ and probe S'(TET)-
CTCATCTTTGGGCTGTTTTCTTCCGCC-(TAMRA)-3'. For PBGD, PCR was

performed in 50 ul reaction mixture containing 1x Tagman-buffer, 300 nM of each
primer, 120 nM probe, 200 uM dNTP, 4 mM MgCl2, 1.25 U AmpliTaq Gold
polymerase and 10-100 ng of cDNA sample. Amplification was started with 10" 95°C,
followed by 55 cychi of 15" 95°C, 30" 60°C and 30" 60°C. Expression of ECGF-1 was

normalized to expression of the housekeeping gene.
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1 _
Amended Claims

1.  The use of a peptide for the manufacture of a medicament for the treatment of a

malignancy expressing the hECGE-1 protein, wherein

d a) the peptide comprises an amino acid sequence encoded by an open
reading frame as present in the nucleotide sequence of a transcript of a

naturally occurring hECGF-1 allele, wherein the amino acid sequence

comprises a polymorphic MHC class I or Il minor histocompatibility
binding peptide;
10 b) the amino acid sequence of the MHC binding peptide of a) comprises a
polymorphism in amino acids residues 263, 277, 324, 428, 465, 467 and/or
471 in SEQ ID No.l due to a single nucleotide polymorphism 1n the
hECGF-1 gene;
c) the reading frame is selected from the amino acid sequences of SEQ 1D
No’s. 1 to 4; and
d) the MHC binding peptide is in the context of an MHC class I or MHC

15

class II molecule.

2. The use of a cell for the manufacture of a medicament for the treatment of a

20  malignancy expressing the hECGF-1 protein, wherein
a)thecellisaT lymphocyte comprising a T cell receptor that is capable of
interacting with the MHC binding peptide of claim 1 d); or
b) the cell is a host cell comprising a nucleic acid molecule encoding the T

cell receptor defined in a).
235

3. The use according to claam 1 or 2, wherein the subject has undergone an

allogeneic hematopoietic stem cell transplantation.

4. The use according to any one of claims 1 — 3, wherein the malignancy 1s a

30  hematopoietic malignancy.

5.  The use according to any one of claims 1 — 3, wherein the malignancy i1s a solid

tumor present 1n or originating from a dispensible organ or tissue.
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6.  The use according to claim 5, wherein the dispensible tissue or organ is selected
from the group consisting of testes, kidneys, ovaria, breast, prostate, thyroid, cervix,

uterus and pancreas.

7.  The use according to claims 5 or 6, wherein the malignancy is an at least partly

vascularized solid tumor.

8. A peptide compnising an amino acid sequence encoded by an open reading frame
as present in the nucleotide sequence of a transcript of a naturally occurnng hECGF-1

allele, wherein the amino acid sequence comprises a polymorphic MHC class 1 or Il

minor histocompatibility binding peptide, comprising a polymorphism in amino acids
residues 263, 277, 324, 428, 465, 467 and/or 471 in SEQ ID No.l due to a single
nucleotide polymorphism in the hECGF-1 gene and wherein the reading frame is

selected from the amino acid sequences of SEQ ID No’s. 1 to 4.

9.  The peptide according to claam 8, wherein the MHC binding peptide 1s in the

context of an MHC class I or MHC class Il molecule.

10. A nucleic acid molecule encoding the peptide according to claims 8 or 9.

11. A TCR receptor capable of interacting with the MHC binding peptide as defined

in claim 9.

12. A nucleic acid molecule encoding the TCR receptor as defined in claim 11,

optionally comprised within a nucleic acid vector.

13. A T lymphocyte comprising a T cell receptor as defined in claim 11.

14. A host cell compnising the nucleic acid molecule as defined in claim 12.

15. A phammaceutical composition comprising at least one of:

1) an antigenic peptide as defined in claims 8 or 9;
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1) a cell as defined in claims 13 or 14;
) a gene and/or a vector encoding the peptide as defined in claims 8 or 9;
1v) a gene and/or a vector encoding a TCR as defined in claim 11;

and at least one pharmaceutically acceptable excipient.

16. A human or humanized antibody specific for a polymorphic hECGF-1 mnor
histocompatibility antigen, the antigen optionally being in the context of an HLA

molecule.

10 17. The antibody according to claim 16, capable of binding an hECGF-1 mHag

encoded by a hECGF-1 nucleotide sequence comprising a SNP at amino acid resitdues
263, 277, 324, 428, 465, 467 and/or 471 in SEQ ID No. 1, optionally in context of
MHC class I or MHC class Il molecule.

15 18.
a) bringing cells undifferentiated lymphocytes into contact with a polymorphic hECGF-

A method for producing a cytotoxic T lymphocyte comprising the step of

I minor histocompatibility antigen under conditions conducive of triggerning an immune

response of in vivo or in vitro, or

b) by cloning a gene encoding a TCR specific for a polymorphic hECGF-1 minor
20  histocompatibility antigen into a CTL.
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