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DESCRIPTION

Field of the invention

[0001] The present invention relates to a recombinant binding protein as defined by the claims, said recombinant binding protein
comprising at least one derivative of the Src homology 3 domain (SH3) of the FYN kinase, wherein at least one amino acid in or
positioned up to two amino acids adjacent to the src loop and at least one amino acid in or positioned up to two amino acids
adjacent to the RT loop is substituted, deleted or added. Furthermore, the invention is directed to fusion proteins comprising a
binding protein as defined by the claims fused to a pharmaceutically and/or diagnostically active component. In addition, the
invention concerns nucleotides coding for these binding and/or fusion proteins as well as corresponding vectors and host cells.
Last but not least, the present invention relates to the use of binding and/or fusion proteins as defined by the claims for preparing
a medicament or a diagnostic means as well as to pharmaceutical or diagnostic compositions comprising said binding and/or
fusion proteins.

Background of the invention

[0002] Specific and high-affinity binding agents are indispensable tools for biological and medical research and also have utility
for medical diagnosis, prophylaxis and treatment. At present, monoclonal antibodies are the predominant class of binding
molecules that can be rapidly isolated with high affinity and specificity to virtually any target. However, immunoglobulins have
limitations that are based mostly on their general biophysical properties and their rather complicated molecular structure.
Therefore, already in the 1990's several research groups have explored small globular proteins as substitutes for antibodies. The
idea behind this concept is the transfer of a universal binding site from an antibody structure to alternative protein frameworks,
the so-called scaffolds. So far more than 40 scaffolds have been described, among them two SH3 domains, the SH3 domains of
the Abl and the Src kinase (see Binz et al., Nature Biotechnology, Vol. 23, No. 10, 1257-1268, 2005).

[0003] SH3 domains are found in many different proteins involved in intracellular signalling and cytoskeletal organization (Cohen
et al., "Modular binding domains in signal transduction proteins." Cell 80(2): 237-48, 1995). Despite the variability in their primary
structures these SH3 domains share a very similar overall structure and mode of binding to proteins sharing the minimal
consensus sequence Px<P that is a critical determinant for natural SH3 binding. An important function of SH3 domains is to
participate in highly selective protein-protein interactions.

[0004] EP 1541694 A1 describes a method of identifying, selecting and/or characterizing a compound which modulates the
activity of at least one Src family kinase. It further relates to compounds identified by said method, pharmaceutical compositions
and the use of those compounds and pharmaceutical compositions in the treatment of diseases, which are at least in part caused
by a Src family kinase.

[0005] US 6,326,469 B1 relates to cytoplasmic tyrosine kinases isolated from megakaryocytes (megakaryocyte kinases or MKKs)
which are involved in cellular signal transduction pathways and to the use of these proteins in the diagnosis and treatment of
disease. The US patent further pertains to specific megakaryocyte kinases, designated MKK1, MKK2 and MKKS, and their use as
diagnostic and therapeutic agents.

[0006] Erpel et al. ("Mutational analysis of the Src SH3 domain: the same residues of the ligand binding surface are important for
intra- and intermolecular interactions.”" Embo J. 14(5): 963-75,1995) investigated the influence of mutations in the RT and n-Src
loops of Src SH3 domains and demonstrated that mutations in both loops which are adjacent to the hydrophobic surface could
influence the ability of this domain to participate in inter- and intramolecular associations.

[0007] Hiipakka et al. ("SH3 domains with high affinity and engineered ligand specificities targeted to HV-1 Nef." J. Mol. Biol.
293(5): 1097-106, 1999) investigated the ability of the RT-loop of the Hck SH3 domain to act as a versatile specificity and affinity
determinant. The authors constructed a phage library of Hck domains, where 6 amino acids of the RT-Loop were randomized
(termed RRT-SH3). Using this strategy they identified individual RRT-SH3 domains that can bind to HIV-1 Nef up to 40 times
better than Hck-Sh3. The authors indicate the importance of the RT loop in SH3 ligand selection as a general strategy for
creating SH3 domains with desired binding properties.

[0008] Lee et al. ("A single amino acid in the SH3 domain of Hck determines its high affinity and specificity in binding to HIV-1 Nef
protein." Embo. J. 14(20): 5006-15, 1995) investigated the structural basis of the different SH3 binding affinities and specificities
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of Hek to the HIV-1 Nef protein and were able to transfer the binding property of Hck SH3 towards Nef to the Fyn SH3 domain by a
single mutation in the RT loop of the Fyn SH3 domain (R96).

[0009] Hosse et al. ("A new generation of protein display scaffolds for molecular recognition”, Protein Science, 15:14-27, 2006)
specifically address the requirements for binding proteins suitable for therapeutic applications. The authors note the importance
of some characteristics for therapeutically useful binding proteins such as serum stability, tissue penetration, blood clearance,
target retention and immune response. In the latter respect it is noted that non-human therapeutic proteins should be made as
similar to their human counterparts as possible and a human scaffold might be less immunogenic right from the start. These
authors conclude:

"However, even an entirely human scaffold is no guarantee for a protein that does not elicit a human immune response, especially
if it is an intracellular protein. Randomization of amino acids during library construction can potentially introduce novel T-cell
epitopes. Even single point mutations can render a human protein immunogenic. Furthermore, most human scaffolds cause some
autoimmune response."

[0010] Today, the SH3 domains of Abl and Hck kinases are acknowledged as protein scaffolds for generating protein binders
with prescribed specificity, even though only binders towards known ligands like the Nef proteins or synthetic peptides have been
identified so far (see Binz et al. above).

[0011] The SH3 domain of the Fyn kinase (Fyn SH3) comprises 63 residues (aa 83-145 of the sequence reported by Semba et
al. ("yes-related protooncogene, syn, belongs to the protein-tyrosine kinase family." Proc. Natl. Acad. Sci. USA 83(15): 5459-63,
1986) and Kawakami et al. ("Isolation and oncogenic potential of a novel human src-like gene." Mol Cell Biol. 6(12): 4195-201,
1986). Fyn is a 59 kDa member of the Src family of tyrosine kinases. As a result of alternative splicing the Fyn protein exists in
two different isoforms differing in their kinase domains; one form is found in thymocytes, splenocytes and some hematolymphoid
cell lines, while a second form accumulates principally in brain (Cooke and Perlmutter, "Expression of a novel form of the Fyn
proto-oncogene in hematopoietic cells." New Biol. 1(1): 66-74, 1989). The biological functions of Fyn are diverse and include
signalling via the T cell receptor, regulation of brain function as well as adhesion mediated signalling (Resh, M. D. "Fyn, a Src
family tyrosine kinase." Int. J. Biochem. Cell Biol. 30(11): 1159-62, 1998). It is an intracellular protein. SEQ ID NO: 1 shows the
Fyn SH3 sequence (aa 83-145 of Fyn kinase as reported by Kawakami et al. and Semba et al. in 1986, see above):
GVTLFVALYDYEARTEDDLSFHKGEKFQILNSSEGDWWEARSLTTGETGYIPSNY

VAPVDSIQ (SEQ ID NO: 1)

[0012] The sequence of the RT-Src and the n-Src loop are underlined and double-underlined, respectively.

[0013] The amino acid sequence of Fyn SH3 is fully conserved among man, mouse, rat and monkey (gibbon). Chicken Fyn SH3
differs in one, the one of Xenopus laevis in two amino acid positions from the corresponding human domain. Just as other SH3
domains the Fyn SH3 is composed of two antiparallel 3-sheets and contains two flexible loops (called RT-Src and n-Src-loops) in
order to interact with other proteins.

[0014] In summary, the prior art teaches protein frameworks, the so-called scaffolds, as alternatives to established antibody
structures. The Src homology 3 domain (SH3) is one of these about 40 or more scaffolds. Among the many different SH3 domains
(about 300 in the human genome and several thousands described so far in nature) the Fyn SH3 is one, which has been used
once before in order to elucidate SH3 binding specificity and affinity in general. The skilled person is also aware that intracellular
proteins are particularly prone to produce immune responses and, therefore, are typically less useful or even useless for in vivo
applications like therapy and diagnosis.

[0015] The object underlying the present invention is to provide improved target specific and high affinity binding proteins that
are suitable as research, and in particular, as diagnostic and medical agents. Furthermore, these binding proteins should be
stable and soluble under physiological conditions, elicit litle or no immune effects in humans receiving these, and provide a
binding structure that is also accessible by large target structures, i.e. that is not masked by steric hindrance.

Description of the invention

[0016] It was surprisingly found that the SH3 domain of the Fyn kinase of the Src family provides excellent properties for
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designing recombinant binding domains with specificity and high affinity to selected targets. In particular, it was found that the
target specificity can be designed by mutating the RT loop and/or the src loop resulting in higher variability and improved binding
properties for many targets.

[0017] Moreover, it was unexpectedly found that not only the native Fyn SH3 binding protein but also mutated Fyn SH3-derived
binding proteins were not immunogenic in vivo. Therefore, recombinant mutant Fyn SH3 binding proteins are particularly useful for
the development of non-immunogenic protein therapeutics and/or diagnostics.

[0018] The present invention is defined by the claims. Accordingly, a first aspect of the present invention relates to a
recombinant binding protein having a specific binding affinity to a protein or peptide, wherein said protein or peptide is not a
natural SH3 binding ligand, comprising at least one derivative of the Src homology 3 domain (SH3) of the Fyn kinase, wherein

1. (a) at least one amino acid in or positioned up to two amino acids adjacent to the src loop and
2. (b) at least one amino acid in or positioned up to two amino acids adjacent to the RT loop

is substituted, deleted or added, wherein the SH3 domain derivative has an amino acid sequence having at least 70, preferably at
least 80, more preferably at least 90 and most preferred at least 95 % sequence identity to the amino acid sequence of SEQ ID
NO: 1, and wherein said SH3 domain derivative has at least 85% identity to the amino acid of SEQ ID NO: 1 representing the Src
homology 3 domain (SH3) of the FYN kinase outside the src and RT loops and with the proviso that the recombinant protein is not
a natural SH3 domain containing protein existing in nature.

[0019] The recombinant binding protein of the invention does not comprise the amino acid sequence of SEQ ID NO: 2. The

amino acid sequence of SEQ ID NO: 2 (the Fyn SH3 variant R961 of Lee et al., see above) is provided below.

GVTLFVALYDYEAITEDDLSFHKGEKFQILNSSEGDWWEARSLTTGETGYIPSNYV
APVDSIQ (SEQID NO: 2)

[0020] In the context of this invention the RT loop of the Fyn kinase (sometimes also designated RT-Src-loop) consists of the
amino acids EARTED that are located in positions 12 to 17 in SEQ ID NO: 1. The positions to be substituted, deleted and/or
added, i.e. to be mutated, in or adjacent to the RT loop are amino acids 10 to 19, preferably 11 to 18, more preferably 12 to 17.

[0021] In the context of this invention the src loop of the FYN kinase (sometimes also designated n-Src-loop) consists of the
amino acids NSSE that are located in positions 31 to 34 in SEQ ID NO: 1. The positions to be substituted, deleted and/or added,
i.e. to be mutated, in or adjacent to the src loop are amino acids 29 to 36, preferably 30 to 35, more preferably 31 to 34.

[0022] The recombinant protein of the invention is not a natural SH3 domain containing protein exsting in or isolated from
nature. In other words, the scope of the invention excludes wild type SH3 domain containing proteins. There are abundant SH3
domain containing proteins in nature. These natural SH3 proteins have a binding affinity to their natural ligands. Most if not all of
these natural SH3 ligands have a Px® motif. However, the recombinant proteins of the invention are engineered proteins
designed for having affinities to non-natural targets, i.e. non-natural targets being any target, e.g. in nature, preferably in a
mammalian, more preferably in a human, excluding natural (wild-type) SH3 ligands. The recombinant proteins of the invention
essentially have no binding affinity to any natural SH3 binding ligands, most preferably not to any natural SH3 binding ligand
having a PxxP motif.

[0023] Preferably, the number of amino acids to be added into one and/or both loops is 1 to 20, more preferably 1 to 10 or 1to 5
amino acids, and most preferably no amino acids are added into the loops.

[0024] In another preferred embodiment, the portions of the SH3 domain derivative that lie outside the RT and src loops are
conserved as much as possible in order not to introduce immunogenic motifs.

[0025] It is preferred that the recombinant proteins of the invention essentially do not elicit an immunogenic reaction in mammals,
preferably in mouse, rat and/or human, most preferably in human. Of course, the immunogenicity of the complete recombinant
protein of the invention will not only depend on the SH3 domain derivative portion but can be influenced by other portions of the
whole protein.

[0026] In a preferred embodiment of the invention, at least the SH3 domain derivative portion of the recombinant protein is
essentially non-immunogenic in mammals, preferably in mouse, rat and/or human, most preferably in human.

[0027] For example, the person skilled in the art can determine immunogenic reactions of the recombinant protein or its SH3
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domain derivative portion by standard and routine techniques, e.g. by administering (e.g. i.v. injection) a recombinant protein of
interest or its SH3 domain derivative to a mammal such as a mouse and analysing the response of immunogenic blood cells
and/or factors (e.g. interleukins) after an appropriate time for an immune reaction to occur.

[0028] In a more preferred embodiment the binding protein according to the invention is one, wherein said SH3 domain derivative
has at least 90, preferably at least 95, most preferably at least 98 to 100 % identity to the Src homology 3 domain (SH3) of the
FYN kinase outside the src and RT loops.

[0029] In a preferred embodiment mutations are introduced in both the RT and src loops.

[0030] In a further more preferred embodiment the binding protein of the invention comprises one or preferably two altered
residues in positions 37 and/or 50 of the SH3 domain derivative, preferably two hydrophobic altered residues, more preferably
Trp37 and/or Tyr50, Trp37 and Tyr50 being most preferred. As demonstrated in figure 3b below their randomization can increase
the affinity.

[0031] The term "derivative of the Src homology 3 domain (SH3) of the FYN kinase", as it is used herein, is meant to encompass
an amino acid sequence having at least 70, preferably at least 80, more preferably at least 90 and most preferred at least 95 %
sequence identity to the amino acid sequence of SEQ ID NO: 1. The same meaning holds true for an SH3 domain derivative
having at least 85, preferably at least 90, more preferably at least 95, most preferably at least 98 % identity to the Src homology 3
domain (SH3) of the FYN kinase outside the src and RT loops, except that the amino acids forming said loops are excluded when
determining the sequence identity.

[0032] For the purpose of determining the extent of sequence identity of a derivative of the Fyn SH3 domain to the amino acid
sequence of SEQ ID NO: 1, for example, the SIM Local similarity program can be employed (Xiaoquin Huang and Webb Miller, "A
Time-Efficient, Linear-Space Local Similarity Algorithm." Advances in Applied Mathematics, vol. 12: 337-357, 1991 .), freely
available from the authors and their institute (see also the world wide web: http://mww.expasy.org/tools/sim-prot.html); for multiple
alignment analysis ClustalW can be used (Thompson et al., "CLUSTAL W: improving the sensitivity of progressive multiple
sequence alignment through sequence weighting, position-specific gap penalties and weight matrix choice.", Nucleic Acids Res.,
22(22): 4673-4680, 1994.). Preferably, the extent of the sequence identity of the derivative to SEQ ID NO: 1 is determined relative
to the complete sequence of SEQ ID NO: 1.

[0033] In a preferred embodiment the binding protein of the invention comprises at least two derivatives of the Fyn SH3 domain.
More preferably, it is a bivalent binding protein. The at least two derivatives of the SH3 domain may be the same or different.
Preferably, they are the same.

[0034] The binding protein of the invention can be designed to have any specific binding affinity to a given peptide or protein,
such as one comprising a Px<P motif, provided that said protein or peptide is not a natural SH3 binding ligand. Of course, only a
minority of natural and physiologically relevant target proteins contains a Px® motif. The examples below demonstrate that
binding proteins according to the invention for targets (e.g. ED-B domain of fibronectin) with motifs other than Px<P are available.
Therefore, the binding protein of the invention is by no means limited to the PxxP motif and can have a specific binding affinity to
any given peptide or protein, wherein said protein or peptide is not a natural SH3 binding ligand.

0035] More preferably, the binding protein according to the invention has a specific binding affinity to a target of 1077 to 10712
[ p \7 gp g p g y g

M, preferably 108 to 10712 m, preferably a therapeutically and/or diagnostically relevant target, more preferably an amino acid-
based target comprising a PxxP motif.

[0036] In a most preferred aspect, the binding protein according to the invention has a specific (in vivo and/or in vitro) binding

affinity of 107 to 10712 M, preferably 108 t0 1012 M, to the extracellular domain of oncofetal fibronectin (ED-B).

[0037] Also described herein is a recombinant binding protein, comprising at least one derivative of the Src homology 3 domain
(SH3) of the FYN kinase, wherein

1. (a) at least one amino acid in or positioned up to two amino acids adjacent to the src loop and/or
2. (b) at least one amino acid in or positioned up to two amino acids adjacent to the RT loop,

is substituted, deleted or added,
wherein the SH3 domain derivative has an amino acid sequence having at least 70, preferably at least 80, more preferably at
least 90 and most preferred at least 95 % sequence identity to the amino acid sequence of SEQ ID NO: 1,
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preferably with the proviso that the recombinant binding protein does not comprise the amino acid sequence of SEQ ID NO: 2,
and preferably with the proviso that the recombinant protein is not a natural SH3 domain containing protein existing in nature,

wherein said binding protein has a specific (in vivo and/or in vitro) binding affinity of preferably 1077 to 1012 M, more preferably
108 t0 10-12 M, to the extracellular domain of oncofetal fibronectin (ED-B).

[0038] Said SH3 domain derivative may have at least 85, preferably at least 90, more preferably at least 95, most preferably at
least 98 to 100 % identity to the Src homology 3 domain (SH3) of the FYN kinase outside the src and RT loops.

[0039] The above ED-B-specific binding protein may comprise at least two derivatives of the SH3 domain, preferably it is a
bivalent binding protein.

[0040] Also, said ED-B-specific binding protein may have one or more, preferably two, altered, preferably hydrophobic, residues
in positions 37 and/or 50 of the SH3 domain derivative, in particular Trp37 and/or Tyr50, Trp37 and Tyr50 being most preferred.

[0041] A number of antibody-cytokine fusion proteins have already been investigated for applications in, e.g. arthritis or cancer
therapy, often with impressive results. For example, the human antibody L19 specific to the ED-B domain of fibronectin (a marker
of angiogenesis) has been used to deliver pro-inflammatory cytokines (such as IL-2, IL-12 or TNF) to solid tumours, sometimes
with striking therapeutic benefits [for a review and corresponding references see Neri & Bicknell, Nat. Rev. Cancer (2005) 5: 436-
446, and also WO 01/62298].

[0042] The binding protein of the present invention now allows for substituting antibodies in prior art fusion proteins and also for
designing new and less immunogenic fusion proteins for in vivo and in vifro pharmaceutical and diagnostic applications.

[0043] In a second aspect, the invention relates to a fusion protein comprising a binding protein of the invention fused to a
pharmaceutically and/or diagnostically active component.

[0044] A fusion protein of the invention may comprise non-polypeptide components, e.g. non-peptidic linkers, non-peptidic
ligands, e.g. for therapeutically or diagnostically relevant radionuclides.

[0045] Preferably, said active component is a cytokine, preferably a cytokine selected from the group consisting of IL-2, IL-12,
TNF-alpha, IFN alpha, IFN beta, IFN gamma, IL-10, IL-15, IL-24, GM-CSF, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, IL-11, IL-13, LIF, CD80,
B70, TNF beta, LT-beta, CD-40 ligand, Fas-ligand, TGF-beta, IL-1alpha and IL-1beta.

[0046] More preferably, said active component is a toxic compound, preferably a small organic compound or a polypeptide,
preferably a toxic compound selected from the group consisting of calicheamicin, neocarzinostatin, esperamicin, dynemicin,
kedarcidin, maduropeptin, doxorubicin, daunorubicin, auristatin, Ricin-A chain, modeccin, truncated Pseudomonas exotoxin A,
diphtheria toxin and recombinant gelonin.

[0047] In another preferred embodiment, the fusion protein according to invention is one, wherein said active component is a
chemokine, preferably a chemokine selected from the group consisting of IL-8, GRO alpha, GRO beta, GRO gamma, ENA-78,
LDGF-PBP, GCP-2, PF4, Mig, IP-10, SDF-1alpha/beta, BUNZO/STRC33, I-TAC, BLC/BCA-1, MIP-1alpha, MIP-1 beta, MDC,
TECK, TARC, RANTES, HCC-1, HCC-4, DC-CK1, MIP-3 alpha, MIP-3 beta, MCP-1-5, Eotaxin, Eotaxin-2, |-309, MPIF-1, 6Ckine,
CTACK, MEC, Lymphotactin and Fractalkine.

[0048] In a further preferred embodiment the binding protein according to the invention contains artificial amino acids.

[0049] In further preferred embodiments of the fusion protein of the present invention said active component is a fluorescent
dye, preferably a component selected from the groups of Alexa Fluor or Cy dyes (Berlier et al., "Quantitative Comparison of Long-
wavelength Alexa Fluor Dyes to Cy Dyes: Fluorescence of the Dyes and Their Bioconjugates", J Histochem Cytochem. 51 (12):
1699-1712, 2003.); a photosensitizer, preferably bis(triethanolamine)Sn(lV) chlorin eg (SnCheg); a pro-coagulant factor,
preferably tissue factor; an enzyme for pro-drug activation, preferably an enzyme selected from the group consisting of carboxy-
peptidases, glucuronidases and glucosidases; a radionuclide either from the group of gamma-emitting isotopes, preferably

99mTc, 123I, 111In, or from the group of positron emitters, preferably 18F, 64Cu, 68Ga, 86Y, 124I, or from the group of beta-

emitter, preferably 131I, 90Y, 177Lu, 67Cu, or from the group of alpha-emitter, preferably 213Bi, 211At; and/or a functional Fc
domain, preferably a human functional Fc domain.
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[0050] The above mentioned functional Fc domain will allow for directing a mammal's immune response to a site of specific target
binding of the binding protein component of the fusion protein, e.g. in therapeutic, prophylactic and/or diagnostic applications.

[0051] A further preferred embodiment relates to fusion proteins according to the invention as mentioned above, further
comprising a component modulating serum half-life, preferably a component selected from the group consisting of polyethylene
glycol (PEG), immunoglobulin and albumin-binding peptides.

[0052] In a most preferred embodiment, the fusion protein of the invention as mentioned above comprises a binding protein of

the invention having a specific (in vivo and/or in vitro) binding affinity of 1077 to 10712 M, preferably 108 to 10712 M, to the extra
domain of oncofetal fibronectin (ED-B). Preferably, said ED-B-specific binding protein has one or more, preferably two
hydrophobic residues in positions 37 and/or 50 of the SH3 domain derivative, in particular Trp37 and/or Tyr50, Trp37 and Tyr50
being most preferred.

[0053] Binding and fusion proteins according to the invention may be prepared by any of the many conventional and well known
techniques such as plain organic synthetic strategies, solid phase-assisted synthesis techniques or by commercially available
automated synthesizers. On the other hand, they may also be prepared by conventional recombinant techniques alone or in
combination with conventional synthetic techniques.

[0054] Further aspects of the present invention are directed to (i) a polynucleotide coding for a binding protein or fusion protein
according to the invention, (ii) a vector comprising said polynucleotide, (iii) a host cell comprising said polynucleotide and/or said
vector.

[0055] Polynucleotides can be DNA, RNA, PNA and any other analogues thereof. The vectors and host cells may be any
conventional type that fits the purpose, e.g. production of binding and fusion proteins of the invention, therapeutically useful
vectors and host cells, e.g. for gene therapy. The skilled person will be able to select those polynucleotides, vectors and host
cells from an abundant prior art and confirm their particular suitability for the desired purpose by routine methods and without
undue burden.

[0056] The binding and fusion proteins of the present invention do not elicit a strong and preferably have essentially no immune
response in mammals, in particular in humans and mice, as was demonstrated for mice and is analogously expected to hold true
for humans, too, because the Fyn SH3 is identical in both mammalian species. It was surprisingly found that neither native Fyn
SH3 nor mutated Fyn SH3 causes an immune response in mice injected i.v. with either one. This was unexpected because Fyn
kinase is an intracellular protein and does not participate in neonatal B cell selection. Therefore, Fyn SH3-derived binding and
fusion proteins with designed target specificity and affinity are particularly well suited for therapeutic, prophylactic and/or
diagnostic applications in vivo.

[0057] Hence, a highly relevant aspect of the present invention relates to the use of a binding or fusion protein according to the
invention for preparing a medicament.

[0058] In a further aspect, the binding or fusion protein of the invention is used for preparing a diagnostic means, in particular for
in vivo applications.

[0059] Preferably, an ED-B specific binding or fusion protein as described above is used for preparing a medicament or
diagnostic means for the treatment or diagnosis of cancer.

[0060] Another aspect of the present invention relates to a pharmaceutical composition comprising a binding or fusion protein of
the invention and optionally a pharmaceutically acceptable excipient.

[0061] Another aspect of the present invention relates to a diagnostic composition, preferably for in vivo applications, comprising
a binding or fusion protein of the invention and optionally a pharmaceutically acceptable excipient.

[0062] Preferably, the pharmaceutical or diagnostic composition comprises an ED-B specific binding or fusion protein of the
invention and optionally a pharmaceutically acceptable excipient.

[0063] Pharmaceutical compositions and diagnostic means for in vivo applications of the present invention typically comprise a
therapeutically or diagnostically effective amount of a binding and/or fusion protein according to the invention and optionally
auxliary substances such as pharmaceutically acceptable excipient(s). Said pharmaceutical compositions are prepared in a



DK/EP 2054432 T3

manner well known in the pharmaceutical art. A carrier or excipient may be a liquid material which can serve as a vehicle or
medium for the active ingredient. Suitable carriers or excipients are well known in the art and include, for example, stabilizers,
antioxidants, pH-regulating substances, controlled-release excipients. The pharmaceutical preparation of the invention may be
adapted, for example, for parenteral use and may be administered to the patient in the form of solutions or the like.

[0064] Also described herein is a method of treatment or diagnosis, wherein an effective amount of the above pharmaceutical or
diagnostic composition is administered to a patient in need thereof, preferably a patient suffering or suspected of suffering from
cancer and/or inflammatory diseases.

[0065] In effecting treatment or diagnosis of a subject suffering from diseases, a binding or fusion protein of the present
invention can be administered in any form or mode which makes the therapeutic or diagnostic compound bioavailable in an
effective amount, including oral or parenteral routes. For example, compositions of the present invention can be administered
subcutaneously, intramuscularly, intravenously and the like. One skilled in the art in the field of preparing formulations can readily
select the proper form and mode of administration depending upon the particular characteristics of the product selected, the
disease or condition to be treated or diagnosed, the stage of the disease or condition and other relevant circumstances (see. e.g.
Remington's Pharmaceutical Sciences, Mack Publishing Co. (1990)). The compositions of the present invention can be
administered alone or in the form of a pharmaceutical or diagnostic preparation in combination with pharmaceutically acceptable
carriers or excipients, the proportion and nature of which are determined by the solubility and chemical properties of the product
selected, the chosen route of administration and standard pharmaceutical and diagnostic practice. The products of the present
invention, while effective themselves, may be formulated and administered in the form of their pharmaceutically acceptable salts,
such as acid addition salts or base addition salts, for purposes of stability, convenience of crystallization, increased solubility and
the like.

Figures

[0066]

Fig. 1 illustrates a dot blot analysis. The percentage of clones expressing a detectable amount of soluble Fyn SH3 mutants was
determined by dot blot analysis of bacterial cell lysates using anti-HIS-HRP antibody conjugate (Sigma) as detecting reagent.
Peroxidase activity was detected using the ECL plus Western blotting detection system (Amersham).

1. A) FynSH3 mutants with randomized RT-Src-loop.
2. B) FynSH3 mutants with an extended (4->6) and randomized n-Src-loop.
3. C) FynSH3 with RT- and n-Src randomized loops.

Fig. 2 illustrates a monoclonal phage-ELISA. After the third round of panning against MSA monoclonal bacterial supernatants
containing phages displaying Fyn SH3 mutants were tested by ELISA using MaxiSorp plates (Nunc) coated with MSA (100 pg/ml
overnight, 100 pl per well). Bound phages were detected using anti M-13-HRP antibody conjugates (Amersham).

Fig. 3 illustrates monoclonal phage-ELISA (against MSA) after one round of affinity maturation selection using MaxiSorp plates
(Nunc) coated with MSA (100pg/ml overnight, 100 pl per well)

1. A) Phage ELISA of the first sub-library of G4 (randomized n-Src loop and Trp37 and Tyr50). The parental clone G4 is
indicated with an arrow.

2. B) Phage ELISA of the second sub-library of G4 (randomized and extended n-Src loop). The parental clone G4 is indicated
with an arrow.

3. C) Phage ELISA of the first and second sub-library after one round of panning, performed under conditions favouring
binders with a long kof. The parental clone G4 is indicated with an arrow.

Fig. 4 shows the soluble ELISA (using MaxiSorp plates (Nunc) coated with MSA (100 pg/ml overnight, 100 pl per well) of several
MSA binding clones, after cloning (pQE-12 vector), expression and purification of the soluble protein, according to the
manufacturer's instructions (Qiagen, native conditions). As detecting agents anti-HIS-HRP antibody conjugates were used. As a
control the same binding proteins were added to wells blocked with 4% MPBS only.

Fig. 5 Specificity ELISA of soluble protein. Selected MSA binding Fyn SH3 mutants were tested for binding against human serum
albumin (HSA), rat serum albumin (RSA), bovine serum albumin (BSA) and ovalbumin using MaxiSorp plates (Nunc) coated with
the different albumins (each 100 pg/ml overnight, 100 pl per well).

Fig. 6 BIACore analysis of D3. Used concentrations: 4, 2, 1, and 0,5 pM (from top).
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Fig. 7 ELISA analysis of blood samples for the presence of murine antibodies.

1. A) MaxiSorp plates (Nunc) were coated with Fyn SH3 (20 pg/ml overnight, 100 pl per well). Blood samples (ranging from 75-
200 pl) of each of the 5 mice were applied in dilution series (from 1:4 to 1:100). Detection of antibodies was performed
using anti-mouse-IgG-HRP antibody conjugate (Sigma). As a control of the coating efficiency anti-HIS-HRP-conjugates
(Sigma) were used.

2. B) MaxiSorp plates (Nunc) were coated with Fyn SH3 D3 (20 pg/ml overnight, 100 pl per well). Blood samples (ranging from
75-200 pl) of each of the 5 mice were applied in dilution series (from 1:4 to 1:100). Detection of antibodies was performed
using anti-mouse IgG-HRP antibody conjugate (Sigma). As a control of the coating efficiency anti-HIS-HRP-conjugates
(Sigma) were used.

3. C) MaxiSorp plates (Nunc) were coated with scFv (60 pg/ml overnight, 100 pl per well). Blood samples (ranging from 75-200
l) of each of the 4 mice were applied in dilution series (from 1:4 to 1:100). Detection of antibodies was performed using
anti-mouse-lgG-HRP antibody conjugate (Sigma). As a control of the coating efficiency, anti-myc-HRP-conjugates (Roche)
were used.

Fig. 8 shows immunofluorescence of D3 (Fig. 8a), the corresponding negative control (8.b), the anti-CD31 staining (Fig. 8.c) and
the corresponding negative control (8.d) on F9 murine teratocarcinoma histological sections.

Fig. 9 shows the tumor retention of Fyn SH3-D3 (Fig. 9. a)), whereas no accumulation could be observed for Fyn SH3wt (Fig.

9.b)) Targeting results are expressed as % injected dose of 1251 1apeled protein retained per g of tissue (%ID/g).

[0067] In the following the subject-matter of the invention will be described in more detail referring to specific embodiments which
are not intended to be construed as limiting to the scope of the invention.

Examples

Example 1: Expression of Fyn SH3 mutants

[0068] For the purpose of evaluating the expression of mutants of Fyn SH3 a dot blot analysis of three different Fyn SH3
sublibraries was performed (Fig.1): in the first library only the RT-loop was randomized, in the second the Src loop was
randomized and extended to 6 residues and in the third library the RT- and the Src loop were randomized simultaneously, the
latter loop being extended from 4 to 6 residues. The percentage of expressed Fyn SH3 mutants ranged from 59-90%.

Table 1.

Library Expressed mutants (%) Number of clones tested
RT-Src 59 29
n-Src 90 29
RT-Src and n-Src 62 58

Example 2: Phage display selections against mouse serum albumin

[0069] Alibrary of 107 different Fyn SH3 was created (only the RT-loop was randomized) and cloned into the phagemid vector
pHEN1 (Hoogenboom et al. "Multi-subunit proteins on the surface of filamentous phage: methodologies for displaying antibody
(Fab) heavy and light chains", Nucleic Acids Res, 19(15):4133-7, 1991). The library was displayed on phages and 3 rounds of
panning were performed against mouse serum albumin (MSA). After the third round, screening for binding proteins was
performed by monoclonal phage-ELISA; 13 positive clones were detected (Fig.2). Sequencing of the 13 clones revealed that two
different sequences were enriched, denoted G4 and C4.

[0070] However, after subcloning and expression of G4 in the pQE-12 vector (Qiagen, expression and purifcation according to
manufacturer's handbook under native conditions) the binding of the protein towards MSA could not be detected by ELISA (Fig.
4) due to low affinity (phage ELISA is more sensitive than the ELISA of the soluble protein). Therefore, the sequence of G4 was
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used for two different affinity maturation libraries (size: 107 clones for each library). In the first one, the 4 residues of the n-Src
loop and residues Trp37 (SEQ ID NO: 1) and Tyr50 (SEQ ID NO: 1) were randomized, in the second one the n-Src loop was
extended from 4 to 6 randomized residues. After one round of panning several clones of both sublibraries gave stronger signals
in Phage ELISA compared to the parental clone G4 (Fig.3). After subcloning and expression of several clones the binding of the
soluble protein was confirmed by ELISA (Fig.4). Apparent dissociation constants were in the range of 100 nM (determined by
BlAcore). Some of the clones were cross-reactive with other serum albumins (tested: human serum albumin (HSA), rat serum
albumin (RSA), bovine serum albumin (BSA) and ovalbumin), whereas other clones were highly specific to MSA, indicating that it
is possible to isolate high specific binding proteins (Fig.5).

Example 3: Phage display selections against the extra domain b of fibronectin (ED-B)

[0071] ED-B was chosen as a target protein in order to demonstrate the ability to select Fyn SH3 derived binders against a
pharmaceutically relevant protein. ED-B is a 91 amino acid Type Il homology domain that is inserted into the fibronectin molecule
by a mechanism of alternative splicing at the level of the primary transcript whenever tissue remodelling takes place (Zardi et al.,
"Transformed human cells produce a new fibronectin isoform by preferential alternative splicing of a previously unobserved exon."
Embo J. 6(8): 2337-42, 1987). It is a good quality marker of angiogenesis that is overexpressed in a variety of solid tumors (e.g.
renal cell carcinoma, colorectal carcinoma, hepatocellular carcinoma, high-grade astrocytomas, head and neck tumours, bladder
cancer, etc.) but is virtually undetectable in normal adult tissue (except for the endometrium in the proliferative phase and some
vessels in the ovaries). (For more details on ED-B as a target see Menrad and Menssen, "ED-B fibronectin as a target for
antibody-based cancer treatments." Expert Opin. Ther. Targets 9(3): 491-500, 2005).

[0072] Alibrary of more than 1 billion Fyn SH3 mutants was prepared and displayed on phages (simultaneous randomization of
RT-Src and n-Src loops). After three rounds of panning against ED-B 3 binding clones were identified by phage ELISA.
Sequencing revealed two different sequences (clones denoted B11 and D3). The dissociation constant of D3 was determined by

surface plasmon resonance real-time interaction analysis using a BlAcore3000 instrument and showed a value of 8.5 x 108 M
(Figure 6).
D3 (SEQ ID NO: 3)

GVTLFVALYDYHAQSGADLSFHKGEKFQILKFGRGKGDWWEARSLTTGETGYIPSNYV
APVDSIQ -

Example 4: Immunogenicity

[0073] Immunogenicity of proteins is one of the major drawbacks in protein-related therapies, especially for treatments involving
repetitive administrations of a drug. Due to the conservation of the Fyn SH3 sequence in mice and men the immunogenic
potential of the FynSH3 wild type protein (Fyn SH3wt) and a Fyn SH3 mutant (Fyn SH3D3, a binder against ED-B) was
investigated in vivo by injecting 5 mice repeatedly with the two proteins. Mice were injected 4 times (every third day) with 20 ug of

protein. One day after the gth injection mice were sacrificed and blood samples were taken for examining the presence or
absence of murine anti-Fyn SH3wt and anti-Fyn SH3D3 antibodies. As a positive control 4 mice were injected (equal time points of
injection and equal dosages (= 60 pg)) with a human antibody in the single chain Fv format (scFv). However, one mouse of the
scFv group died 20 minutes after the third injection and the other 3 were about to die, so blood samples were already taken after
the third injection. Figures 7 a and b demonstrate that there were no detectable antibodies against Fyn SH3wt and Fyn SH3D3,
whereas strong signals were observed for the control group (Fig. 7c).

Example 5: Inmunohistofluorescence

[0074] In order to explore whether Fyn SH3-D3 (D3, a binder against ED-B) recognizes its target in the native conformation in the
tissue, immunofluorescence on F9 teratocarcinoma sections was performed. Figure 8 illustrates that D3 bound the tumor stroma
around blood vessels (Fig. 8.a). The detection was performed with anti-His-Alexa488 antibody conjugate. In the negative control,
no D3 protein was added (Fig. 8b). In order to visualize blood vessels, the same sections were co-stained with a rat anti-mouse-
CD31 antibody and as a secondary antibody donkey anti-rat Alexa594 conjugate was used (Fig. 8.c). The negative control was
done using the secondary antibody without the primary antibody (Fig. 8.d).



Example 6: Quantitative biodistribution in vivo

DK/EP 2054432 T3

[0075] The in vivo targeting performance of Fyn SH3-D3 (a binder against ED-B) and Fyn SH3 wild type (a non-binder to ED-B)
was evaluated by biodistribution experiments in mice bearing a s.c. grafted F9 murine teratocarcinoma. Since ED-B is identical in

mouse and man the results of the tumor targeting studies should be predictive of the D3 performance in humans. 125 jabeled D3
and SH3wt were injected i.v. and 24h later, animals were sacrificed, the organs excised, weighed and radioactivity was counted.
Figure 9.a shows that D3 selectively accumulated in the tumor (tumor:organ ratios ranged from 3:1 to 10:1), whereas no

enrichment could be observed for the Fyn SH3 wild type protein (Fig. 9.b).

SEQUENCE LISTING

[0076]

<110> Eidgenoessische Technische Hochschule Zuerich

<120> specific and high affinity binding proteins comprising modified SH3 domains of FYN kinase

<130> 50027PCT

<160> 3

<170> Patentln version 3.3

<210> 1
<211>63
<212> PRT

<213> Homo sapiens

<400> 1
g]y val Thr Leu

ASp Asp Leu Ser

20

ser Glu Gly Asp
35

Gly Tyr Ile Pro
50

<210>2
<211>63
<212> PRT
<213> Artificial

<400> 2
Gly val Thr Leu
1

ASp ASp Leu Ser

20

ser Glu Gly Asp
35

Gly Tyr Ile Pro
50

<210>3
<211> 65
<212> PRT
<213> Artificial

<220>

phe
5
Phe

Trp

Phe
5

Phe
Trp

ser

val

His

Trp

Asn

val

His

Trp

Asn

Ala Leu
Lys Gly
Glu Ala

40

Tyr val
55

Ala Leu
Lys Gly
Glu Ala

40

Tyr val
55

Tyr Asp
10

Glu Lys
25
Arg ser

Ala Pro

TYr Asp
10

Glu Lys
25

Arg Ser

Ala Pro

Tyr

phe

Leu

val

Tyr

phe

Leu

val

Glu

Gln

Thr

Asp
60

Glu

GIn

Thr

Asp
60

Ala

Ile

Thr

45

Ser

Ala

Ile

Thr

45

ser

Arg
Leu
30

Gly

Ile

Ile
Leu
30

Gly

Ile

Thr Glu
15

Asn Ser
Glu Thr

Gln

Thr Glu
15
Asn Ser

Glu Thr

Gln

10
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<223> variant of SH3 domain of Fyn kinase with high affinity to ED-B domain of fibronectin

<400> 3
Gly val Thr Leu Phe val Ala Leu Tyr Asp Tyr His Ala GIn Ser Gly
1 5 10 15

Ala Asp Leu Ser Phe His Lys Gly Glu Lys Phe GIn Ile Leu Lys Phe
20 25 30
Gly Arg Gly Lys Gly Asp Trp Trp Glu Ala Arg Ser Leu Thr Thr Gly
3s 40 45
Glu Thr Gly Tyr Ile Pro Ser Asn Tyr val Ala Pro val Asp Ser Ile
50 55 60

Gln
65
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PATENTKRAV

1. Rekombinant bindingsprotein med specifik bindingsaffinitet til et protein eller et peptid,
hvor proteinet eller peptidet ikke er en naturlig SH3-bindende ligand, omfattende mindst
ét derivat af Src-homologi-3-domeenet (SH3) i FYN-kinase, hvori
(a) mindst én aminosyre inde i eller placeret op til to aminosyrer nabostillet il
src-slgjfen og
(b) mindst én aminosyre inde i eller placeret op til to aminosyrer nabostillet il
RT-slgjfen
er erstattet, fiernet eller tilfgjet, idet SH3-domaene-derivatet har en aminosyresekvens
med mindst 70% sekvensidentitet med aminosyresekvensen SEQ ID NO: 1, og idet
SH3-domaene-derivatet har mindst 85% identitet med aminosyren i SEQ ID NO: 1, som
repraesenterer Src-homologi-3-domaenet (SH3) i FYN-kinasen uden for src- og
RT-slgjferne, og med det forbehold, at det rekombinante protein ikke er et naturligt

SH3-domeaene, der indeholder protein, som findes i naturen.

2. Bindingsprotein ifglge krav 1, som omfatter mindst to derivater af SH3-domaenet,

fortrinsvis et bivalent bindingsprotein.

3. Bindingsprotein ifglge krav 1 eller 2 omfattende én eller fortrinsvis to aendrede rester
i stilling 37 og/eller 50 i SH3-domaene-derivatet, fortrinsvis to hydrofobe aendrede rester,

mere foretrukket Trp37 og/eller Tyr50, idet Trp37 og Tyr50 iseer foretreekkes.

4. Bindingsprotein ifglge et hvilket som helst af kravene 1 til 3 med en specifik
bindingsaffinitet pa 107 til 10'? M, fortrinsvis 10 til 102 M, til det ekstracelluleere

domeene i oncofgtalt fibronectin (ED-B).

5. Bindingsprotein ifglge et hvilket som helst af kravene 1 til 4 omfattende aminosyre-
sekvensen SEQ ID NO: 3.

6. Fusionsprotein omfattende et bindingsprotein ifglge et hvilket som helst af kravene 1

til 5 fusioneret til en farmaceutisk og/eller diagnostisk aktiv komponent.

7. Fusionsprotein ifglge krav 6, hvori komponenten er valgt fra gruppen bestaende af:
(i) cytokiner, fortrinsvis cytokiner valgt fra gruppen bestaende af IL-2, IL-12,
TNF-a, IFN-a, IFN-B, IFN-y, IL-10, IL-15, IL-24, GM-CSF, IL-3, IL-4, IL-5, IL-6,
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(ii)

(iif)

(iv)
(v)

(vi)
(vii)

(vii)

(viii)
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IL-7, IL-9, IL-11, IL-13, LIF, CD80, B70, TNF-B, LT-B, CD-40-ligand, Fas-ligand,
TGF-B, IL-1a og IL-1B;

toksiske forbindelser, fortrinsvis sma organiske forbindelser eller polypeptider,
fortrinsvis toksiske forbindelser valgt fra gruppen bestdende calicheamicin,
neocarzinostatin, esperamicin, dynemicin, kedarcidin, maduropeptin,
doxorubicin, daunorubicin, auristatin, Ricin-A-keede, modeccin, trunkeret
Pseudomonas-exotoxin-A, diphtheritistoxin og rekombinant gelonin;
chemokiner, fortrinsvis chemokiner valgt fra gruppen bestaende af IL-8,
GRO-a, GRO-B, GRO-y, ENA-78, LDGF-PBP, GCP-2, PF4, Mig, IP-10,
SDF-1a/B, BUNZO/STRC33, I-TAC, BLC/BCA-1, MIP-1a, MIP-13, MDC,
TECK, TARC, RANTES, HCC-1, HCC-4, DC-CK1, MIP-3a, MIP-33, MCP-1-5,
Eotaxin, Eotaxin-2, 1-309, MPIF-1, 6Ckine, CTACK, MEC, Lymphotactin og
Fractalkin;

fluorescerende farvestoffer, fortrinsvis en komponent valgt blandt Alexa-fluor-
eller Cy-farvestoffer;

fotosensibilisatorer, fortrinsvis bis(triethanolamin)Sn(1V)-chlorin-6 (SnChes);
pro-coagulant-faktorer, fortrinsvis vaevsfaktorer;

enzymer til aktivering af promedikamenter, fortrinsvis enzymer valgt fra
gruppen bestdende af carboxypeptidaser, glucuronidaser og glucosidaser;
radionuclider, enten fra gruppen af y-emitterende isotoper, fortrinsvis " T¢, 123,
"n, eller fra gruppen af positron-emittere, fortrinsvis '®F, 4Cu, %Ga, 86Y, 124,
eller fra gruppen af B-emittere, fortrinsvis *'l, Y, 77Lu, 6’Cu, eller fra gruppen
af a-emittere, fortrinsvis 2"*Bi, 2''At; og

funktionelle Fc-domeener, fortrinsvis humane funktionelle Fc-domeener.

8. Fusionsprotein ifglge krav 6 eller 7, som endvidere omfatter en komponent, der

modulerer serum-halveringstiden, fortrinsvis en komponent valgt fra gruppen bestdende

af polyethylenglycol (PEG), immunoglobulin og albuminbindende peptider.

9. Fusionsprotein ifglge et hvilket som helst af kravene 6 til 8 omfattende bindings-

proteinet ifglge krav 5 eller 6.

10. Polynukleotid, der koder for et bindingsprotein eller et fusionsprotein ifalge et hvilket

som helst af kravene 1 til 9.

11. Vektor, der omfatter et polynukleotid ifglge krav 10.
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12. Veertscelle, der omfatter et polynukleotid ifalge krav 10 og/eller en vektor ifglge krav
11.

5 13. Anvendelse af et bindings- eller fusionsprotein ifglge et hvilket som helst af kravene
1 til 9 til fremstilling af et medikament eller et diagnostisk middel, fortrinsvis et

medikament til behandling af cancer eller et diagnostisk middel til diagnose af cancer.

14. Farmaceutisk eller diagnostisk sammensatning omfattende et bindings- eller
10 fusionsprotein ifglge et hvilket som helst af kravene 1 til 9 og eventuelt et farmaceutisk

acceptabelt excipiens.
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