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Description

[0001] The present invention relates to novel, specific-binding therapeutic and/or diagnostic proteins directed against
Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4) also known as CD152, which proteins preferably are muteins of a lipocalin
protein, more preferably of lipocalin 2 (Lcn2 or NGAL). The invention also relates to nucleic acid molecules encoding
such proteins and to methods for generation and use of such proteins and nucleic acid molecules. Accordingly, the
invention also is directed to pharmaceutical and/or diagnostic compositions comprising such lipocalin proteins, including
uses of these proteins.

BACKGROUND

[0002] CTLA-4 is a member of the immunoglobulin superfamily, which is expressed on the surface of Helper T cells
and transmits an inhibitory signal to T cells. CTLA-4 is similar to the T-cell costimulatory protein CD28, and both molecules
bind to CD80 and CD86 on antigen-presenting cells. CTLA4 transmits an inhibitory signal to T cells, whereas CD28
transmits a stimulatory signal. Intracellular CTLA-4 is also found in regulatory T cells and may be important to their
function. T cell activation through the T cell receptor and CD28 leads to increased expression of CTLA-4, an inhibitory
receptor for B7 molecules (i.e. CD80 and CD86). Multiphoton microscopy studies observing T-cell motility in intact lymph
nodes gave evidence for the so called ’reverse-stop signaling model’. In this model CTLA 4 reverse the classic TCR-
induced ’stop signal’ needed for firm contact between T cells and antigen-presenting cells (APCs).
[0003] The CTLA-4 protein contains an extracellular V domain, a transmembrane domain, and a cytoplasmic tail.
Alternate splice variants, encoding different isoforms, have been characterized. The membrane-bound isoform functions
as a homodimer interconnected by a disulfide bond, while the soluble isoform functions as a monomer. The intracellular
domain is similar to that of CD28, in that it has no intrinsic catalytic activity and contains one YVKM motif able to bind
PI3K, PP2A and SHP-2 and one proline-rich motif able to bind SH3 containing proteins. The first role of CTLA-4 in
inhibiting T cell responses seem to be directly via SHP-2 and PP2A dephosphorylation of TCR-proximal signalling
proteins such as CD3 and LAT. CTLA-4 can also affect signalling indirectly via competing with CD28 for CD80/86 binding.
CTLA-4 can also bind PI3K, although the importance and results of this interaction are uncertain.
[0004] CTLA-4 deficient mice develop a massive and lethal lymphoproliferative disease that is more severe than similar
phenotypes observed in Ipr mice, gld mice, mice with a T cell specific defect in TGFβ signal transduction or targeted
deletion of the inhibitory molecule PD-1 (Chambers et al., Annu. Rev. Immunol. (2001), 19: 565-94). Absence of CTLA-
4 results in an activated phenotype of peripheral T cells (Waterhouse et al., Science (1995) 10; 270 (5238): 985-8, Tivol
et al., Immunity (1995) 3(5):541-7) whereas thymocyte development appears to be normal (Chambers et al., Proc. Natl.
Acad. Sci USA. (1997) 94(17):9296-301). From these observations it was concluded that CTLA-4 is necessary to regulate
peripheral T cell tolerance and homeostasis of CD4+ and CD8+ T cells as polyclonal expansion of both populations
occurs. The absence of CTLA-4 is most evident during the secondary responses in CTLA-4-/- TCR- transgenic models
(Chambers CA et al Proc. Natl. Acad. Sci. USA. (1999) 96(15): 8603-8).
[0005] Several molecular mechanisms by which CTLA-4 inhibition occurs have been proposed including direct effects
on phosphorylation levels, indirect effects due to competition with CD28 for ligand, sequestration of signalling molecules
or disruption of signalling complexes (Chambers et al., Annu Rev Immunol. 2001; 19:565-94, Egen et al., Nat Immunol.
(2002) 3(7):611-8, Chikuma and Bluestone, Mol Interv. 2002 2(4):205-8). Although the identity of the phosphatases
involved are still debated, decreased phosphorylation of proximal TCR signalling molecules like CD3 ζ, EKR and JUN-
N-terminal kinase have been observed when CTLA-4 cross- linking was used experimentally as CTLA-4 agonist. CTLA-
4 might function at least in part by competing with CD28 for B7 ligands and thereby attenuating co-stimulatory signals
indirectly particularly when B7 levels are low. Direct signalling through the tail of CTLA-4 appears to be necessary when
B 7 levels are high which is further supported by the fact that a tailless CTLA-4 mutant on the cell surface of transgenic
T cells in CTLA-4-/- mice delayed but did not prevent T cell activation and lymphoproliferation. The third model proposes
that CTLA-4 physically disturbs the assembly or organization of molecules in the immunologic synapse. Formation of
stable CTLA-4/B7 lattices due to the possible interaction of one CTLA-4 molecule with two B7 dimers as suggested by
crystal structures may disturb the organized assembly of key components involved in the generation of TCR/CD28 signals.
[0006] CTLA-4 blockade with monoclonal antibodies or antibody fragments has been shown to lead to the rejection
of a number of immunogenic transplantable tumor cell lines including colorectal carcinoma, renal carcinoma, lymphoma
and fibrosarcoma cell lines (see for example, US Patent 6,682,736, US patent application 2002/0086014 or International
patent application WO 01/14424). Less immunogenic tumor cell lines required concurrent combination therapy with a
tumor vaccine, low dose of chemotherapy or surgical resection. The anti-tumor response elicited by CTLA-4 blockade
is directed also towards normal tissue-derived proteins as autoimmune reactions were observed in mouse tumor models
(B 16 melanoma, TRAMP tumor cell) and clinical trials. Recent phase I and II studies with human monoclonal antibodies
are encouraging and the concurrent development of autoimmune reactions appears to be clinically manageable and
might even correlate with therapeutic efficacy (Phan et al., Proc. Natl. Acad. Sci USA (2003), 100: 8372-77, Sanderson
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et al. (2005), J. Clin. Oncol. 23: 741-50, Attia et al. (2005), J. Clin. Oncol. 23: 6043-53). On the other hand, recent results
support the notion that enhanced tumor immunity through CTLA-4 blockade does not necessarily have to be linked with
increased autoimmunity (Hodi et al., Proc. Natl. Acad. Sci USA (2003), 100: 4712-17, Lute et al., Blood (2005), 106(9):
3127-33). In addition to the application in cancer therapy, the use of CTLA-4 binding immunoglobulins for the treatment
of infectious diseases and or auto-immune diseases is subject of intensive research.
[0007] However, antibodies and fragments thereof may not be suitable for all potential applications. One limiting factor
may be their rather large molecular size, which is the case not only for intact antibodies but also for their antigen-binding
fragments such as Fab fragments.
[0008] For this reason, alternatives to CTLA-4 blocking antibodies have been considered soon after the therapeutic
potential of these antibodies emerged. International patent application WO 90/33770 is generally directed to ligands for
T cell surface molecules, especially CTLA-4, which induces antigen specific apoptosis of activated T cells. Isolated
peptides containing CTLA-4 fragments, constituting the epitope for such binding, are also disclosed and claimed. US
Patent 6,337,316 discloses peptidometics capable of inhibiting CD28 and/or CTLA-4 interaction with CD80 (B7-1) and
CD86 (B7-2) and having the core amino acid sequence Leu-Met-Tyr-Pro-Pro-Tyr-Tyr. An alterative to CTLA-4 blocking
antibodies are recombinant lipocalins which bind CTLA-4 (see WO2006056464 and Schönfeld et al. (2009), Proc. Natl.
Acad. Sci. USA 106(20): 8198-8203). WO 03/029463 relates to a lipocalin mutein having a detectable affinity to a given
target. WO 03/029471 relates to a mutein of human apolipoprotein D having detectable affinity to a given non-natural
target. Skerra, 2001, Reviews in Molecular Biotechnology, 74(4):257-275 relates to lipocalin muteins having binding
specificity to non-natural targets. Beste et al. 1999, PNAS 96(5)1898-1903 relates to a mutein of the bilin-binding protein
of Pieris brassicae having binding specificity to a non-natural target. WO 00/37504 relates to an antibody capable of
binding CTLA-4. US 6,719,972 relates to methods of inhibiting T cell proliferation or IL-2 accumulation with CTLA-4
specific antibodies.
[0009] Despite these approaches, it would still be desirable to have further alternatives, yet even improved molecules
that bind CTLA-4, for example for blocking the CTLA-4 interaction, and can be used in pharmaceutical and/or diagnostical
applications as described above. It would also be desirable to have a compound that has an improved efficacy. Accord-
ingly, it is an object of the present invention to provide such compounds.

DESCRIPTION OF FIGURES

[0010]

Figure 1 illustrates the PCR assembly strategy for the simultaneous random mutagenesis of the 10 amino acid
positions 44, 50, 79, 81, 104, 125, 127, 128, 130, and 134 (underlined and numbered) in the amino acid sequence
of the CTLA-4 specific Lcn2 mutein hNGALM1 (SEQ ID NO: 1) which serves as a template. These 10 positions
were divided into four sequence subsets. For randomization of the amino acids in each subset an oligodeoxynucle-
otide was synthesized (SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5) wherein NNS mixtures of the
nucleotides were employed at the mutated codons. N means a mixture of all four bases A, C, G, and T while S
means a mixture of only the two bases C and G; hence such a triplet encodes all 20 natural amino acids as well as
the amber stop codon TAG, which is translated as glutamine in the E. coli supE-strains XL1-blue (Bullock et al.,
BioTechniques 5 (1987), 376-378) or TG1 (Sambrook et al., Molecular Cloning. A Laboratory Manual (1989), Cold
Spring Harbor Press) that were used for phagemid production and gene expression. At five of the overall 10 mutated
amino acid positions (79, 81, 127, 130, and 134) the genetical code was restricted in a way to allow not all 20 natural
amino acids but only a certain subset to occur. In detail, at position 79 the triplet HCT codes either for threonine,
proline or serine, at position 81 the triplet GSA codes either for alanine or serine, at position 127 the triplet RRS
codes either for glycine, asparagine, lysine, serine, glutamate, aspartate, or arginine, at position 130 the triplet KHC
codes either for alanine, aspartate, valine, serine, tyrosine, or phenylalanine, and at position 134 the triplet KCT
codes either for alanine, or serine. According to this restricted triplet codes, H means a mixture of only the three
bases A, C, or T, R means a mixture of only the two bases A or G, and K means a mixture of only the two bases G
or T. One additional oligodeoxynucleotides (SEQ ID NO: 6) with fixed nucleotide sequences corresponding to the
non-coding strand (written below the DNA double strand sequence in 3’-5’ direction) and filling the gap between the
aforementioned oligodeoxynucleotides was also used in the assembly reaction. Two shorter flanking oligodeoxy-
nucleotides (SEQ ID NO: 7 and SEQ ID NO: 8), which were added in excess and carried biotin groups, served as
primers for the PCR amplification of the assembled, entirely synthetic gene fragment. The two flanking primers each
encompassed a BstXI restriction site (CCANNNNNNTGG), giving rise to mutually non-compatible overhangs upon
enzyme digestion. This special arrangement of restriction sites enabled a particularly efficient ligation and cloning
of the synthetic gene. Substitution of the amino acid Gln28 to His with respect to the original Lcn2 sequence was
necessary to introduce the first BstXI site, while the second one naturally occurs in the cDNA of Lcn2. Furthermore,
the unpaired residue Cys87 was replaced by Ser during the gene assembly. After assembly PCR the resulting gene
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fragment was inserted into a vector providing the missing parts of the Lcn2 structural gene. This illustration also
depicts two short primers (SEQ ID NO: 18 and SEQ ID NO: 19) upstream and downstream, respectively, of the
cassette flanked by the two BstXI restriction sites, which served for double stranded DNA sequencing.

Figure 2 depicts an alignment of certain amino acid sequences of CTLA4-specific, NGAL-based lipocalin muteins
in comparison with the polypeptide sequence of hNGALM1 (SEQ ID NO: 1) which served as a basis for affinity
maturation. The NGAL-derived, CTLA4-binding muteins (SEQ ID NOs: 1 and 12-17) comprise residues 1 to 178,
meaning they have the length of the mature wildtype proteins. Residues 179 to 188 are the sequence of a streptavidin
binding tag, Strep-tag™, used in the isolation of generated muteins. Generally, when reference is made herein to
SEQ ID NOs: 1, 12, 13, 14, 15, 16 or 17 preferably a lipocalin mutein without the Strep-tag™ is meant. Also depicted
is the human NGAL wild type sequence (SEQ ID NO. 20).

Figure 3 shows circular dichroism spectra of purified CTLA4-specific lipocalin mutein hNGALM4 (SEQ ID NO: 14)
displaying the transition from folded to unfolded state. The unfolded protein fraction f(u) was plotted as a function
of temperature T to determine the melting temperature of each lipocalin mutein.

Figure 4 depicts the results of a cell-based competition assay of affinity matured Lcn2 muteins blocking human
B7.1 binding to a human CTLA4-transfected CHO cell line.

Figure 5 depicts in comparision the specific in vivo activity of a CTLA4-specific lipocalin mutein hNGALM4 (SEQ
ID NO: 14) in the murine syngenic CSA1 M tumor model.

SUMMARY OF THE INVENTION

[0011] The invention relates to lipocalin mutein that is capable of binding human CTLA-4 with an affinity by a KD of
about 1 nM or lower, wherein the mutein comprises at least 9 mutated amino acid residues at the amino acid sequence
positions 44, 50, 79, 81, 98, 104, 125, 127, 128, 130 and/or 134 of the linear polypeptide sequence of hNGAL as shown
in SEQ ID NO: 20, wherein the mutein comprises a mutated amino acid residue at the sequence position 44 of the linear
polypeptide sequence of hNGAL. The current disclosure relates to a lipocalin mutein that is capable of binding Cytotoxic
T-Lymphocyte Antigen 4 (CTLA-4), also known as CD152, with an affinity measured by a KD of about 1 nM or lower.
More preferably, the lipocalins can have an affinity measured by a KD of about 0.8 nM or 0.6 nM or lower, i.e., in the
picomolar range. Also disclosed is a lipocalin mutein that is capable of competing with human B7.1 for binding to human
CTLA-4 in a competition assay preferably with an EC50 value of about 60 nM, 50 nM, 15 nM or 10 nM, or lower.
[0012] The disclosure relates to a lipocalin mutein comprising at one or more positions corresponding to position 44,
50, 79, 81, 98, 104, 125, 127, 128, 130 and/or 134 of the linear polypeptide sequence of SEQ ID NO:1 a substitution.
[0013] The mutein of the disclosure may comprise at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11 substitution(s) (or even
more substitutions such as 12, 13, 14, 15, 16, 17, 18, 19 or 20) at a sequence position corresponding to sequence
position 44, 50, 79, 81, 98, 104, 125, 127, 128, 130 and/or 134 of the linear polypeptide sequence of SEQ ID NO:1.
[0014] Similarly, the disclosure relates to a polypeptide comprising SEQ ID NO: 1, wherein said polypeptide comprises
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11 (or even more substitutions such as 12, 13, 14, 15, 16, 17, 18, 19 or 20) mutated amino
acid residues at the sequence positions 44, 50, 79, 81, 98, 104, 125, 127, 128, 130 and/or 134. Said polypeptide is
preferably an anticalin which preferably binds CTLA-4, in particular human CTLA-4.
[0015] In further particular embodiments, a lipocalin mutein according to the current invention comprises an amino
acid sequence selected from the group consisting of SEQ ID NOs: 1 and 12-17. In another embodiment, the mutein has
at least 70 % identity to the sequence of a wild-type human lipocalin, including human Lipocalin 2 (hNGAL). Preferably,
said mutein comprises 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11 mutated amino acid residues at the sequence positions 44, 50,
79, 81, 98, 104, 125, 127, 128, 130 and/or 134 of the linear polypeptide sequence of NGAL (SEQ ID NO: 1).
[0016] In another embodiment, the mutein of the current invention is conjugated to a compound selected from the
group consisting of an organic molecule, an enzyme label, a radioactive label, a colored label, a fluorescent label, a
chromogenic label, a luminescent label, a hapten, digoxigenin, biotin, a cytostatic agent, a toxins, a metal complex, a
metal, and colloidal gold. The mutein can be fused at its N-terminus and/or its C-terminus to a fusion partner which is a
protein, a protein domain, or a peptide.
[0017] In another embodiment, the mutein is conjugated to a compound that extends the serum half-life of the mutein.
More preferably, the mutein is conjugated to a compound selected from the group consisting of a polyalkylene glycol
molecule, a hydroethylstarch, an Fc part of an immunoglobulin, a CH3 domain of an immunoglobulin, a CH4 domain of
an immunoglobulin, an albumin binding peptide, and an albumin binding protein.
[0018] In another embodiment, the mutein of the current invention is an antagonist of CTLA-4.
[0019] In another embodiment, the current invention relates to a nucleic acid molecule comprising a nucleotide se-
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quence encoding a mutein of the current invention.
[0020] In yet another embodiment, the invention encompasses a host cell containing said nucleic acid molecule.
[0021] The lipocalin mutein of the current disclosure is selected from the group consisting of muteins of retinol-binding
protein (RBP), bilin-binding protein (BBP), apolipoprotein D (APO D), neutrophil gelatinase associated lipocalin (NGAL),
tear lipocalin (TLPC), α2-microglobulin-related protein (A2m), 24p3/uterocalin (24p3), von Ebners gland protein 1 (VEGP
1), von Ebners gland protein 2 (VEGP 2), and Major allergen Can f1 precursor (ALL-1). The lipocalin mutein of the
disclosure may be selected from the group consisting of human neutrophil gelatinase associated lipocalin (hNGAL),
human tear lipocalin (hTLPC), human apolipoprotein D (APO D) and the bilin-binding protein of Pieris brassicae.
[0022] The disclosure also includes a method of treating cancer, preferably lung cancer, bone cancer, pancreatic
cancer, skin cancer, cancer of the head or neck, cutaneous or intraocular malignant melanoma, uterine cancer, ovarian
cancer, rectal cancer, cancer of the anal region, stomach cancer, colon cancer, breast cancer, testicular cancer, uterine
cancer, carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the
vagina, carcinoma of the vulva, Hodgkin’s Disease, non-Hodgkin’s lymphoma, cancer of the esophagus, cancer of the
small intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the parathyroid gland, cancer of
the adrenal gland, sarcoma of soft tissue, cancer of the urethra, cancer of the penis, prostate cancer, chronic or acute
leukemias, solid tumors of childhood, lymphocytic lymphoma, cancer of the bladder, cancer of the kidney or ureter, renal
cell carcinoma, carcinoma of the renal pelvis, neoplasm of the central nervous system (CNS), primary CNS lymphoma,
tumor angiogenesis, spinal axis tumor, brain stem glioma, pituitary adenoma, Kaposi’s sarcoma, epidermoid cancer,
squamous cell cancer, t-cell lymphoma, cutaneous T cell lymphoma (CTCL), and combinations of said cancers, the
method comprising administering a pharmaceutical composition containing a mutein as described herein to a subject
in need thereof.

DETAILED DESCRIPTION OF THE INVENTION

[0023] In one aspect, the present invention relates to novel, specific-binding proteins directed against or specific for
CTLA-4. Proteins of the invention may be used for therapeutic and/or diagnostic purposes. A protein of the invention
includes particularly a lipocalin mutein, also designated herein as "mutein of a lipocalin" or "anticalin". More preferably,
a protein of the invention is a hNGAL mutein as described herein. As used herein, a protein of the invention "specifically
binds" a target (here, CTLA-4), if it is able to discriminate between that target and one or more reference targets, since
binding specificity is not an absolute, but a relative property. "Specific binding" can be determined, for example, in
accordance with Western blots, ELISA-, RIA-, ECL-, IRMA-tests, FACS, IHC and peptide scans.
[0024] Likewise, in another aspect, the invention relates to a lipocalin mutein, wherein said mutein comprises at 9 or
more positions corresponding to position 44, 50, 79, 81, 98, 104, 125, 127, 128, 130 and/or 134 of the linear polypeptide
sequence of SEQ ID NO: 20 a substitution, preferably a substitution as described herein, wherein the mutein comprises
a mutated amino acid residue at the sequence position 44 of the linear polypeptide sequence of hNGAL.
[0025] In an alternative aspect, the disclosure relates to a polypeptide comprising the amino acid sequence shown in
SEQ ID NO: 1, wherein said amino acid sequence shown in SEQ ID NO: 1 comprises at 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or
11 (or even more substitutions such as 12, 13, 14, 15, 16, 17, 18, 19 or 20) amino acid positions corresponding to
positions 44, 50, 79, 81, 98, 104, 125, 127, 128, 130 and/or 134 of the linear polypeptide sequence of SEQ ID NO: 1 a
substitution, preferably a substitution as described herein. The polypeptide of said alternative aspect is preferably an
anticalin which preferably binds CTLA-4, in particular human CTLA-4.
[0026] Similarly, the invention relates to a lipocalin mutein derived from NGAL having a cylindrical β-pleated sheet
supersecondary structural region comprising eight β -strands connected pair-wise by four loops at one end to define
thereby a binding pocket, wherein at least one amino acid of each of at least three of said four loops has been mutated
and wherein said lipocalin is effective to bind CTLA-4 as given non-natural target with detectable affinity. Advantageously,
the lipocalin mutein comprises at 9, 10, or 11 amino acid position(s) corresponding to the amino acid at position 44, 50,
79, 81, 98, 104, 125, 127, 128, 130 and/or 134 of the linear polypeptide sequence of SEQ ID NO: 20 a substitution,
wherein the mutein comprises a mutated amino acid residue at the sequence position 44 of the linear polypeptide
sequence of hNGAL, preferably a substitution as described herein.
[0027] The term "position" when used in accordance with the invention means the position of either an amino acid
within an amino acid sequence depicted herein or the position of a nucleotide within a nucleic acid sequence depicted
herein. The term "corresponding" as used herein also includes that a position is not only determined by the number of
the preceding nucleotides/amino acids. Accordingly, the position of a given amino acid in accordance with the invention
which may be substituted may very due to deletion or addition of amino acids elsewhere in a (mutant or wild-type)
lipocalin. Similarly, the position of a given nucleotide in accordance with the present invention which may be substituted
may vary due to deletions or additional nucleotides elsewhere in a mutein or wild type lipocalin 5’-untranslated region
(UTR) including the promoter and/or any other regulatory sequences or gene (including exons and introns).
[0028] Thus, under a "corresponding position" in accordance with the invention it is preferably to be understood that
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nucleotides/amino acids may differ in the indicated number but may still have similar neighboring nucleotides/amino
acids. Said nucleotides/amino acids which may be exchanged, deleted or added are also comprised by the term "cor-
responding position".
[0029] Specifically, in order to determine whether a nucleotide residue or amino acid residue of the amino acid sequence
of a lipocalin different from a NGAL lipocalin mutein of the invention corresponds to a certain position in the nucleotide
sequence or the amino acid sequence of a NGAL lipocalin mutein as described, in particular any of SEQ ID NOs: 1 and
12-17 or that having one or more amino acid substitutions at position 44, 50, 79, 81, 98, 104, 125, 127, 128, 130 and/or
134 of the linear polypeptide sequence of SEQ ID NO: 1, a skilled artisan can use means and methods well-known in
the art, e.g., alignments, either manually or by using computer programs such as BLAST2.0, which stands for Basic
Local Alignment Search Tool or ClustalW or any other suitable program which is suitable to generate sequence align-
ments. Accordingly, a lipocalin mutein of any of SEQ ID Nos: 1 and 12-17 or that having one or more amino acid
substitutions at position 44, 50, 79, 81, 98, 104, 125, 127, 128, 130 and/or 134 of the linear polypeptide sequence of
SEQ ID NO: 1 can serve as "subject sequence" or "reference sequence", while the amino acid sequence of a lipocalin
different from any of the NGAL muteins described herein serves as "query sequence".
[0030] Given the above, a skilled artisan is thus readily in a position to determine which amino acid position mutated
in Lcn2 as described herein corresponds to an amino acid of a scaffold other than Lcn2, preferably such as one of those
described herein. Specifically, a skilled artisan can align the amino acid sequence of a mutein as described herein, in
particular a NGAL mutein (or anticalin) of the invention with the amino acid sequence of a different lipocalin to determine
which amino acid(s) of said mutein correspond(s) to the respective amino acid(s) of the amino acid sequence of said
different lipocalin. More specifically, a skilled artisan can thus determine which amino acid of the amino acid sequence
of said different lipocalin corresponds to the amino acid at position(s) 44, 50, 79, 81, 98, 104, 125, 127, 128, 130 and/or
134 of the linear polypeptide sequence of SEQ ID NO: 1.
[0031] Proteins of the disclosure, which are directed against or specific for CTLA-4, include any number of specific-
binding protein muteins that are based on a defined protein scaffold. As used herein, a "mutein," a "mutated" entity
(whether protein or nucleic acid) or "mutant" refers to the exchange, deletion, or insertion of one or more nucleotides or
amino acids, respectively, compared to the naturally occurring (wild-type) nucleic acid or protein "reference" scaffold.
Preferably, the number of nucleotides or amino acids, respectively, that is exchanged, deleted or inserted is 1, 2, 3, 4,
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more such as 25, 30, 35, 40, 45 or 50, with 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, or 11 being preferred and 9, 10 or 11 being even more preferred. However, it is preferred that a lipocalin mutein
of the invention is still capable of binding CTLA-4, in particular human CTLA-4.
[0032] A protein of the disclosure can be a mutein of a lipocalin, preferably a lipocalin selected from the group consisting
of retinol-binding protein (RBP), bilin-binding protein (BBP), apolipoprotein D (APO D), neutrophil gelatinase associated
lipocalin (NGAL), tear lipocalin (TLPC), α2-microglobulin-related protein (A2m), 24p3/uterocalin (24p3), von Ebners
gland protein 1 (VEGP 1), von Ebners gland protein 2 (VEGP 2), and Major allergen Can f1 precursor (ALL-1), with
NGAL being a preferred lipocalin. As used herein, a "lipocalin" is defined as monomeric protein of approximately 18-20
kDA in weight, having a cylindrical β-pleated sheet supersecondary structural region comprising a plurality of (preferably
eight) β -strands connected pair-wise by a plurality of (preferably four) loops at one end to define thereby a binding
pocket. It is the diversity of the loops in the otherwise rigid lipocalin scaffold that gives rise to a variety of different binding
modes among the lipocalin family members, each capable of accommodating targets of different size, shape, and
chemical character (reviewed, e.g., in Flower, D.R. (1996), supra; Flower, D.R. et al. (2000), supra, or Skerra, A. (2000)
Biochim. Biophys. Acta 1482, 337-350). Indeed, the lipocalin family of proteins have naturally evolved to bind a wide
spectrum of ligands, sharing unusually low levels of overall sequence conservation (often with sequence identities of
less than 20%) yet retaining a highly conserved overall folding pattern. The correspondence between positions in various
lipocalins is well known to one of skill in the art. See, for example, U.S. Patent No. 7,250,297.
[0033] In a preferred embodiment, a protein of the invention is a mutein of Lipocalin 2 (Lcn 2; also known as human
neutrophil gelatinase-associated lipocalin, hNGAL, or as siderocalin). The term "human neutrophil gelatinase-associated
lipocalin" or "hNGAL" or "lipocalin 2" or "Lcn2" as used herein refers to the mature hNGAL with the SWISS-PROT/UniProt
Data Bank Accession Number P80188 (Isoform 1). The amino acid sequence shown in SWISS-PROT/UniProt Data
Bank Accession Number P80188 may be used as a preferred "reference sequence".
[0034] Most preferred, the amino acid sequence shown in SEQ ID NO: 1 (of the Sequence Listing) is used as a
"reference sequence". SEQ ID NO: 1 shows a lipocalin mutein that is capable of binding to CTLA-4, in particular human
CTLA-4. The mutein shown in SEQ ID NO: 1 was further affinity matured as described in the appended Examples,
resulting in lipocalin muteins that bind CTLA-4, in particular human CTLA-4 with an improved affinity. These affinity
matured lipocalin muteins are shown in SEQ ID NOs: 12-17. Some of the properties of these affinity matured lipocalin
muteins are illustrated in Tables 1-3 (see Examples) and Figure 4.
[0035] The amino acid sequence shown in SEQ ID NO: 1 differs from the Lcn2 wild type sequence (SEQ ID NO: 20)
at positions 40, 44, 46, 47, 49, 50, 60, 70, 71, 72, 73, 77, 79, 81, 101, 102, 103, 114, 118, 120, 125, 126, 127, 128, 130,
132, 134, 137 and 145. Accordingly, the lipocalin muteins of the invention that are obtainable by, for example, affinity
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maturation from the mutein shown in SEQ ID NO: 1, also differ from the wild type Lcn2 (NGAL) amino acid sequence
(SEQ ID NO: 20). In particular, said affinity matured lipocalin muteins (shown in SEQ ID NOs: 12-17) differ at positions
40, 44, 46, 47, 49, 50, 60, 70, 71, 72, 73, 77, 79, 81, 98 (only the mutein shown in SEQ ID NO:17), 101, 102, 103, 104
(all, except for the mutein shown in SEQ ID NO: 17), 114, 118, 120, 125, 126, 127 (all, except for the mutein shown in
SEQ ID NO: 16), 128, 130, 132, 134, 137 and 145 from the wild type NGAL sequence (SEQ ID NO: 20).
[0036] SEQ ID NO:20 shows the mature hNGAL. The terms "reference sequence" and "wild type sequence" (of NGAL)
are used interchangeably herein. The mature form of this protein has amino acids 21 to 198 (numbered as 1-178 in the
Sequence Listing) of the complete sequence, since a signal peptide of amino acids 1-20 (MPLGLLWLGL ALLGALHAQA)
is cleaved off. The protein further has a disulfide bond formed between the amino acid residues at positions 76 and 175
of the mature protein.
[0037] Accordingly, also preferred, but less preferred than the most preferred reference sequence SEQ ID NO: 1, the
wild type sequence of NGAL shown in SEQ ID NO: 20 could be used as an alternative "reference sequence".
[0038] Hence, it is envisaged that the invention relates to a lipocalin which comprises, in addition to 9 or more substi-
tutions at positions corresponding to positions 44, 50, 79, 81, 98, 104, 125, 127, 128, 130 and/or 134 of the linear
polypeptide sequence of hNGAL (SEQ ID NO: 20) or of the linear polypeptide sequence of SEQ ID NO: 1, at one or
more positions corresponding to positions 40, 46, 47, 49, 60, 70, 71, 72, 73, 77, 101, 102, 103, 114, 118, 120, 126, 132,
137 and/or 145 of the linear polypeptide sequence of hNGAL (SEQ ID NO: 20) a substitution. More preferably, the latter
one or more positions correspond to positions (within one or more so-called loop regions of a lipocalin) 40, 46, 47, 49,
70, 71, 72, 73, 77, 101, 102, 103, 126, 132 and/or 137 of the linear polypeptide sequence of hNGAL (SEQ ID NO: 20)
[0039] Similarly, it is envisaged that the invention relates to a lipocalin mutein comprising at one or more positions
corresponding to positions 40, 44, 46, 47, 49, 50, 60, 70, 71, 72, 73, 77, 79, 81, 98, 101, 102, 103, 104, 114, 118, 120,
125, 126, 127, 128, 130, 132, 134, 137 and/or 145 of SEQ ID NO: 20 a substitution.
[0040] More preferably, the invention relates to a lipocalin mutein comprising at one or more positions (within one or
more so-called loop regions of a lipocalin) which correspond to positions 40, 44, 46, 47, 49, 50, 70, 71, 72, 73, 77, 79,
81, 98, 101, 102, 103, 104, 125, 126, 127, 128, 130, 132, 134 and/or 137 of SEQ ID NO: 20 a substitution.
[0041] Generally, when referred to herein a "mutein of a lipocalin" or "lipocalin mutein", in particular a "mutein of
Lipocalin 2" or "Lipocalin 2 mutein" of the invention can also be designated as "anticalin". Accordingly, these terms can
be equally used herein. Preferably, an anticalin of the invention is different from its naturally occurring counterpart lipocalin
and/or from the anticalin shown in SEQ ID NO: 1 in that it differs in at least one amino acid from its naturally occurring
counterpart lipocalin and/or from the anticalin shown in SEQ ID NO: 1, respectively. The difference might be an amino
acid substitution, deletion and/or addition, with a substitution being preferred. Preferably, an anticalin of the invention
differs in at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11 or even more amino acid position(s) (such as 12, 13, 14, 15, 16, 17,
18, 19 or 20), preferably it differs at the amino acid positions as described herein. The difference preferably manifests
as amino acid substitution.
[0042] In this context, the inventors identified a specific group of Lipocalin 2 muteins with mutations at specific positions
which show detectable affinity as well as specificity for CTLA-4. Suitable amino acid positions for mutation include
sequence positions 44, 50, 79, 81, 98, 104, 125, 127, 128, 130 and/or 134 of the linear polypeptide sequence of SEQ
ID NO: 1. The present invention also relates to nucleic acids encoding these proteins.
[0043] Other protein scaffolds that can be engineered in accordance with the present invention to provide protein
muteins that bind CTLA-4 with detectable affinity include: an EGF-like domain, a Kringle-domain, a fibronectin type I
domain, a fibronectin type II domain, a fibronectin type III domain, a PAN domain, a G1a domain, a SRCR domain, a
Kunitz/Bovine pancreatic trypsin Inhibitor domain, tendamistat, a Kazal-type serine protease inhibitor domain, a Trefoil
(P-type) domain, a von Willebrand factor type C domain, an Anaphylatoxin-like domain, a CUB domain, a thyroglobulin
type I repeat, LDL-receptor class A domain, a Sushi domain, a Link domain, a Thrombospondin type I domain, an
immunoglobulin domain or a an immunoglobulin-like domain (for example, domain antibodies or camel heavy chain
antibodies), a C-type lectin domain, a MAM domain, a von Willebrand factor type A domain, a Somatomedin B domain,
a WAP-type four disulfide core domain, a F5/8 type C domain, a Hemopexin domain, an SH2 domain, an SH3 domain,
a Laminin-type EGF-like domain, a C2 domain, "Kappabodies" (III. et al. "Design and construction of a hybrid immu-
noglobulin domain with properties of both heavy and light chain variable regions" Protein Eng 10:949-57 (1997)), "Min-
ibodies" (Martin et al. "The affinity-selection of a minibody polypeptide inhibitor of human interleukin-6" EMBO J 13:5303-9
(1994)), "Diabodies" (Holliger et al. "’Diabodies’: small bivalent and bispecific antibody fragments" PNAS USA
90:6444-6448 (1993)), "Janusins" (Traunecker et al. "Bispecific single chain molecules (Janusins) target cytotoxic lym-
phocytes on HIV infected cells" EMBO J 10:3655-3659 (1991) and Traunecker et al. "Janusin: new molecular design
for bispecific reagents" Int J Cancer Suppl 7:51-52 (1992), a nanobody, an adnectin, a tetranectin, a microbody, an
affilin, an affibody an ankyrin, a crystallin, a knottin, ubiquitin, a zinc-finger protein, an autofluorescent protein, an ankyrin
or ankyrin repeat protein or a leucine-rich repeat protein, an avimer (Silverman, Lu Q, Bakker A, To W, Duguay A, Alba
BM, Smith R, Rivas A, Li P, Le H, Whitehorn E, Moore KW, Swimmer C, Perlroth V, Vogt M, Kolkman J, Stemmer WP
2005, Nat Biotech, Dec;23(12):1556-61, E-Publication in Nat Biotech. 2005 Nov 20 edition); as well as multivalent avimer
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proteins evolved by exon shuffling of a family of human receptor domains as also described in Silverman J, Lu Q, Bakker
A, To W, Duguay A, Alba BM, Smith R, Rivas A, Li P, Le H, Whitehorn E, Moore KW, Swimmer C, Perlroth V, Vogt M,
Kolkman J, Stemmer WP, Nat Biotech, Dec;23(12):1556-61, E-Publication in Nat. Biotechnology. 2005 Nov 20 edition).
[0044] A protein of the invention may include the wild type (natural) amino acid sequence of the "parental" protein
scaffold (such as a lipocalin) outside the mutated amino acid sequence positions; alternatively, a lipocalin mutein may
also contain amino acid mutations outside the sequence positions subjected to mutagenesis that do not interfere with
the binding activity and the folding of the mutein. Such mutations can be accomplished on a DNA level using established
standard methods (Sambrook, J. et al. (2001) Molecular Cloning: A Laboratory Manual, 3rd Ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY). Possible alterations of the amino acid sequence are insertions or deletions
as well as amino acid substitutions.
[0045] Such substitutions may be conservative, i.e. an amino acid residue is replaced with a chemically similar amino
acid residue. Examples of conservative substitutions are the replacements among the members of the following groups:
1) alanine, serine, and threonine; 2) aspartic acid and glutamic acid; 3) asparagine and glutamine; 4) arginine and lysine;
5) isoleucine, leucine, methionine, and valine; and 6) phenylalanine, tyrosine, and tryptophan. One the other hand, it is
also possible to introduce non-conservative alterations in the amino acid sequence. In addition, instead of replacing
single amino acid residues, it is also possible to either insert or delete one or more continuous amino acids of the primary
structure of a parental protein scaffold, where these deletions or insertion result in a stable folded/functional mutein,
which can be readily tested by the skilled worker.
[0046] The skilled worker will appreciate methods useful to prepare protein muteins contemplated by the present
invention but whose protein or nucleic acid sequences are not explicitly disclosed herein. As an overview, such modifi-
cations of the amino acid sequence include, e.g., directed mutagenesis of single amino acid positions in order to simplify
subcloning of a mutated lipocalin gene or its parts by incorporating cleavage sites for certain restriction enzymes. In
addition, these mutations can also be incorporated to further improve the affinity of a lipocalin mutein for a given target.
Furthermore, mutations can be introduced to modulate certain characteristics of the mutein such as to improve folding
stability, serum stability, protein resistance or water solubility or to reduce aggregation tendency, if necessary. For
example, naturally occurring cysteine residues may be mutated to other amino acids to prevent disulphide bridge for-
mation.
[0047] Accordingly, the invention also includes functional variants of proteins disclosed herein, which have a threshold
sequence identity or sequence homology to a reference protein. By "identity" or "sequence identity" is meant a property
of sequences that measures their similarity or relationship. The term "sequence identity" or "identity" as used in the
present invention means the percentage of pair-wise identical residues - following (homologous) alignment of a sequence
of a polypeptide of the invention with a sequence in question - with respect to the number of residues in the longer of
these two sequences. Percent identity is determined by dividing the number of identical residues by the total number of
residues and multiplying the product by 100. The term "homology" is used herein in its usual meaning and includes
identical amino acids as well as amino acids which are regarded to be conservative substitutions (for example, exchange
of a glutamate residue by an aspartate residue) at equivalent positions in the linear amino acid sequence of two proteins.
[0048] The percentage of sequence homology or sequence identity can, for example, be determined herein using the
program BLASTP, version blastp 2.2.5 (November 16, 2002; cf. Altschul, S. F. et al. (1997) Nucl. Acids Res. 25,
3389-3402). In this embodiment the percentage of homology is based on the alignment of the entire polypeptide se-
quences (matrix: BLOSUM 62; gap costs: 11.1; cutoff value set to 10-3) including the propeptide sequences, preferably
using the wild type protein scaffold as reference in a pairwise comparison. It is calculated as the percentage of numbers
of "positives" (homologous amino acids) indicated as result in the BLASTP program output divided by the total number
of amino acids selected by the program for the alignment.
[0049] It is also possible to deliberately mutate other amino acid sequence positions to cysteine in order to introduce
new reactive groups, for example, for the conjugation to other compounds, such as polyethylene glycol (PEG), hydrox-
yethyl starch (HES), biotin, peptides or proteins, or for the formation of non-naturally occurring disulphide linkages. With
respect to a mutein of human Lipocalin 2, exemplary possibilities of such a mutation to introduce a cysteine residue into
the amino acid sequence of a lipocalin including human Lipocalin 2 mutein to include the introduction of a cysteine (Cys)
residue at at least at one of the sequence positions that correspond to sequence positions 14, 21, 60, 84, 88, 116, 141,
145, 143, 146 or 158 of the wild type sequence of hNGAL. In some embodiments where a human Lipocalin 2 mutein of
the invention has a sequence in which, in comparison to the sequence of the SWISS-PROT/UniProt Data Bank Accession
Number P80188, a cysteine has been replaced by another amino acid residue, the corresponding cysteine may be
reintroduced into the sequence. As an illustrative example, a cysteine residue at amino acid position 87 may be introduced
in such a case by reverting to a cysteine as originally present in the sequence of SWISS-PROT accession No P80188.
The generated thiol moiety at the side of any of the amino acid positions 14, 21, 60, 84, 88, 116, 141, 145, 143, 146
and/or 158 may be used to PEGylate or HESylate the mutein, for example, in order to increase the serum half-life of a
respective human Lipocalin 2 mutein.
[0050] In some embodiments, a protein according to the invention binds CTLA-4 with a KD of 1 nM or less, 0.5 nM or



EP 2 646 552 B1

9

5

10

15

20

25

30

35

40

45

50

55

less, 0.3 nM or less, or 0.2 nM or less. A protein of the invention may specifically bind one or more continuous, discon-
tinuous or conformation epitope(s) of the mature, folded bioactive form of CTLA-4.
[0051] A protein of the invention preferably binds to CTLA-4 with an affinity by a KD of about 1 nM or lower. Binding
affinities have been found by the present inventors to often be of a KD of about 1 nM and, in some cases, about 0.8 or
0.6, 0.5, 0.4, 0.3 nM and below. Thus, the lipocalin mutein of the invention are in the picomolar range which is an
outstanding property of a binding molecule.
[0052] The binding affinity of a protein of the invention (e.g. a mutein of a lipocalin) to a selected target (in the present
case, CTLA-4), can be measured (and thereby KD values of a mutein-ligand complex be determined) by a multitude of
methods known to those skilled in the art. Such methods include, but are not limited to, fluorescence titration, competition
ELISA, calorimetric methods, such as isothermal titration calorimetry (ITC), and surface plasmon resonance (BIAcore).
Such methods are well established in the art and examples thereof are also detailed below.
[0053] The amino acid sequence of a protein of the invention may have a high sequence identity to mature human
Lipocalin 2 or other lipocalins. In this context, a protein of the invention may have at least 70 %, at least 75 %, at least
80 %, at least 82 %, at least 85 %, at least 87 %, at least 90% identity, including at least 95% identity to a protein selected
from the group consisting of the sequence of SEQ ID NOS: 1 and 12-17.
[0054] The invention also includes structural homologues of the proteins selected from the group consisting of the
sequence of SEQ ID NOS: 1 and 12-17, which have an amino acid sequence homology or sequence identity of more
than about 60%, preferably more than 65%, more than 70%, more than 75%, more than 80%, more than 85%, more
than 90%, more than 92 % and most preferably more than 95% in relation thereto.
[0055] The terms "cytotoxic T lymphocyte-associated antigen-4", "CTLA-4", "CTLA4", "CTLA-4 antigen" and "CD152"
(see, e.g., Murata (1999) Am. J. Pathol. 155:453-460) are used interchangeably, and include variants, isoforms, species
homologs of human CTLA-4, and analogs having at least one common epitope with CTLA-4 (see, e.g., Balzano (1992)
Int. J. Cancer Suppl. 7:28-32). Accordingly, lipocalin muteins of the invention may, in certain cases, cross-react with
CTLA-4 from species other than human such as cynomolgus monkey or mouse. The amino acid sequence of human
CTLA-4 is disclosed at Genbank Accession Number NP_005205. The region of amino acids 1-37 is the leader peptide;
38-161 is the extracellular V- like domain; 162-187 is the transmembrane domain; and 188-223 is the cytoplasmic
domain. The nucleotide sequence of human CTLA-4 mRNA is disclosed at NM_005214. Variants of the nucleotide
sequence have been reported, including a G to A transition at position 49, a C to T transition at position 272, and an A
to G transition at position 439. The amino acid sequence of mouse CTLA-4 is disclosed at Genbank Accession Number
NP_033973. The region of amino acids 1-35 is the leader peptide. The term "CTLA-4" includes variants, isoforms,
homologs, orthologs and paralogs. For example, lipocalin muteins specific for CTLA-4 may, in certain cases, cross-react
with CTLA-4 from species other than human. The term "human CTLA-4" refers to human sequence CTLA-4, such as
the complete amino acid sequence of human CTLA-4 having Genbank Accession Number NP_005205. The human
CTLA-4 sequence may differ from human CTLA-4 of Genbank Accession Number NP 005205 by having, for example,
conserved mutations or mutations in non-conserved regions and the CTLA-4 has substantially the same biological
function as the human CTLA-4 of Genbank Accession Number NP_005205. For example, a biological function of human
CTLA-4 is having an epitope in the extracellular domain of CTLA-4 that is specifically bound by a lipocalin mutein of the
invention or a biological function of human CTLA-4 is modulation of T cell activity. A particular human CTLA-4 sequence
will generally be at least 90% identical in amino acids sequence to human CTLA-4 of Genbank Accession Number
NP_005205 and contains amino acid residues that identify the amino acid sequence as being human when compared
to CTLA-4 amino acid sequences of other species (e.g., murine). In certain cases, a human CTLA- 4 may be at least
95%, or even at least 96%, 97%, 98%, or 99% identical in amino acid sequence to CTLA-4 of Genbank Accession
Number NP_005205. In certain embodiments, a human CTLA-4 sequence will display no more than 10 amino acid
differences from the CTLA-4 of Genbank Accession Number NP 005205. In certain embodiments, the human CTLA-4
may display no more than 5, or even no more than 4, 3, 2, or 1 amino acid difference from the CTLA- 4 of Genbank
Accession Number NP_005205. Percent identity can be determined as described herein.
[0056] In line with the above, a protein of the invention preferably acts as an antagonist of CTLA-4. In some embod-
iments, a protein of the invention (e.g., a human Lipocalin 2 mutein) may act as an antagonist of CTLA-4 by inhibiting
the ability of CTLA-4 to bind to or otherwise interact with its cognate ligand B7.1 (CD80) and/or B7.2 (CD86).
[0057] In yet another aspect, the present invention includes various lipocalin muteins, including muteins of human
Lipocalin 2 that specifically bind CTLA-4. In this sense, CTLA-4 can be regarded a non-natural ligand of wild type human
Lipocalin 2, where "non-natural ligand" refers to a compound that does not bind to wildtype lipocalins, including human
Lipocalin 2 under physiological conditions. By engineering wildtype lipocalins such as human Lipocalin 2 with mutations
at certain positions, the present inventors have demonstrated that high affinity and high specificity for a non-natural
ligand is possible. In one aspect at least at 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11 nucleotide triplet(s) encoding for any of the
sequence positions 44, 50, 79, 81, 98, 104, 125, 127, 128, 130 and/or 134 of the linear polypeptide sequence of SEQ
ID NO: 1, or other parallel sites on lipocalins, a random mutagenesis can be carried out by allowing substitution at this
positions by a subset of nucleotide triplets.
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[0058] Further, the lipocalins can be used to generate muteins that have a mutated amino acid residue at any one or
more, including at least at any two, three, four, five, six, seven, eight, nine, ten, or eleven, of the sequence positions of
the sequence positions corresponding to the sequence positions 44, 50, 79, 81, 98, 104, 125, 127, 128, 130 and/or 134
of the linear polypeptide sequence of SEQ ID NO: 1.
[0059] A substitution at sequence position 44 may for example be a substitution Glu 44 → Asp, Gin, Ser or Leu. A
substitution at sequence position 50 may for example be a substitution Lys 50 → Asn, Asp, Leu, Pro or Arg. A substitution
at sequence position 79 may for example be a substitution Trp 79 → Thr, Pro, Ser. A substitution at sequence position
81 may for example be a substitution Arg 81 → Ala. A substitution at sequence position 98 may for example be a
substitution Lys 98 → Arg. A substitution at sequence position 104 may for example be a substitution Thr 104 → Trp,
Val, Glu, or Thr. A substitution at sequence position 125 may for example be a substitution Lys 125 → Leu, His, or Tyr.
A substitution at sequence position 127 may for example be a substitution Ser 127 → Glu, or Asp. A substitution at
sequence position 128 may for example be a substitution Gin 128 → Asp, Thr, or Ser. A substitution at sequence position
130 may for example be a substitution Arg 130 → Ala, Tyr, or Asp. A substitution at sequence position 134 may for
example be a substitution Lys 134 → Ala or Ser.
A substitution at sequence position Ala 40 may for example be a substitution Ala 40 → R or Y. A substitution at sequence
position 46 may for example be a substitution Lys 46 → Q or R. A substitution at sequence position 47 may for example
be a substitution Asp 47 → H or Y. A substitution at sequence position 49 may for example be a substitution Gin 49 →
M. A substitution at sequence position 60 may for example be a substitution Glu 60 → Gly. A substitution at sequence
position 70 may for example be a substitution Leu 70 → I. A substitution at sequence position 71 may for example be
a substitution Phe 71 → S or L. A substitution at sequence position 72 may for example be a substitution Arg 72 → S,
P or D. A substitution at sequence position 73 may for example be a substitution Lys 73 → H or T. A substitution at
sequence position 77 may for example be a substitution Asp77 → E or L. A substitution at sequence position 101 may
for example be a substitution Pro 101 → G or R. A substitution at sequence position 102 may for example be a substitution
Gly 102 → D or M. A substitution at sequence position 103 may for example be a substitution Leu 103 → K or D. A
substitution at sequence position 114 may for example be a substitution Asn 114 → Asp. A substitution at sequence
position 118 may for example be a substitution His 118 → Tyr. A substitution at sequence position 120 may for example
be a substitution Met 120 → Val. A substitution at sequence position 126 may for example be a substitution Val 126 →
A. A substitution at sequence position 132 may for example be a substitution Tyr 132 → S, F or H. A substitution at
sequence position 137 may for example be a substitution Leu → I. A substitution at sequence position 145 may for
example be a substitution Thr 145 → Ala.
[0060] Noteworthy, any of the amino acids that substitutes in a desired lipocalin the corresponding amino acid in the
reference sequence can be exchanged by a corresponding conservative amino acid. In particular, conservative substi-
tutions are the replacements among the members of the following groups: 1) alanine, serine, and threonine; 2) aspartic
acid and glutamic acid; 3) asparagine and glutamine; 4) arginine and lysine; 5) isoleucine, leucine, methionine, and
valine; and 6) phenylalanine, tyrosine, and tryptophan.
[0061] In one embodiment, a mutein of the invention, which binds to CTLA-4 includes the following amino acid re-
placements:

(a) Glu 44 → Asp; Lys 50 → Asn; Trp 79 → Thr; Arg 81 → Ala; Lys 125 → Leu; Ser 127 → Glu; Gln 128 → Asp;
Arg 130 → Ala; Lys 134 → Ala;
(b) Glu 44 → Asp; Lys 50 → Asp; Trp 79 → Pro; Arg 81 → Ala; Thr 104 → Trp; Lys 125 → His; Ser 127 → Asp; Gin
128 → Thr; Arg 130 → Tyr; Lys 134 → Ser;
(c) Glu 44 → Gln; Lys 50 → Leu; Trp 79 → Pro; Arg 81 → Ala; Thr 104 → Val; Lys 125 → His; Ser 127 → Asp; Gin
128 → Thr; Arg 130 → Tyr; Lys 134 → Ser;
(d) Glu 44 → Asp; Lys 50 → Pro; Trp 79 → Pro; Arg 81 → Ala; Thr 104 → Trp; Lys 125 → His; Ser 127 → Asp; Gln
128 → Ser; Arg 130 → Tyr; Lys 134 → Ser;
(e) Glu 44 → Ser; Lys 50 → Arg; Trp 79 → Thr; Arg 81 → Ala; Thr 104 → Trp; Lys 125 → His; Ser 127 → Asp; Gin
128 → Thr; Arg 130 → Tyr; Lys 134 → Ser;
(f) Glu 44 → Ser; Lys 50 → Pro; Trp 79 → Ser; Arg 81 → Ala; Thr 104 → Glu; Lys 125 → Tyr; Gln 128 → Asp; Arg
130 → Asp; Lys 134 → Ser; and
(g) Glu 44 → Leu; Lys 50 → Pro; Trp 79 → Pro; Arg 81 → Ala; Lys 98 → Arg; Lys 125 → His; Ser 127 → Asp; Gin
128 → Thr; Arg 130 → Tyr; Lys 134 → Ser.
(h) In addition, the muteins referred to in (a) to (g) may have the amino acid substitutions in comparison to wild type
hNGAL (Lcn2) which are apparent from the sequence alignment shown in Figure 3. These substitutions may be at
position 40, 46, 47, 49, 60, 70, 71, 72, 73, 77, 101, 102, 103, 114, 118, 120, 126, 132, 137 and/or 145. For example,
when the wild type sequence has at position 40 an Ala residue, then each of the muteins has an Arg residue at the
corresponding position.
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[0062] The numbering is preferably in relation to the linear polypeptide sequence of SEQ ID NO: 20, more preferably
in relation to the linear polypeptide sequence of SEQ ID NO: 1. Accordingly, given the teaching of the invention as
described above, a skilled artisan can readily determine which amino acids in a lipoprotein correspond to those described
above in (a) to (h) in the preferred reference sequence of NGAL (SEQ ID NO: 20) or in the more preferred reference
sequence of SEQ ID NO: 1 so as to mutate said amino acids in said lipoprotein.
[0063] It is also noted that the complex formation between the respective mutein and its ligand is influenced by many
different factors such as the concentrations of the respective binding partners, the presence of competitors, pH and the
ionic strength of the buffer system used, and the experimental method used for determination of the dissociation constant
KD (for example fluorescence titration, competition ELISA or surface plasmon resonance, just to name a few) or even
the mathematical algorithm which is used for evaluation of the experimental data.
[0064] Therefore, it is also clear to the skilled person that the KD values (dissociation constant of the complex formed
between the respective mutein and its target/ligand) may vary within a certain experimental range, depending on the
method and experimental setup that is used for determining the affinity of a particular lipocalin mutein for a given ligand.
This means that there may be a slight deviation in the measured KD values or a tolerance range depending, for example,
on whether the KD value was determined by surface plasmon resonance (Biacore), by competition ELISA, or by "direct
ELISA."
[0065] In one embodiment, the muteins disclosed herein can be linked, either N- or C-terminal to a fusion partner
which is preferably a protein, or a protein domain or a peptide. Examples of a fusion partner is an affinity tag such as
pentahistidine tag, a hexahistidine tag or a steptavidin tag (e.g. Streptag®). Thus, the present application encompasses
also all explicitly and generic described muteins equipped with such tags.
[0066] The term "fragment" as used in the present invention in connection with the feature lipocalin mutein fragment
relates to proteins or peptides derived from full-length mature Lcn 2 that are N-terminally and/or C-terminally shortened,
i.e. lacking at least one of the N-terminal and/or C-terminal amino acids. Such fragments include preferably at least 10,
more preferably 20, most preferably 30 or more consecutive amino acids of the primary sequence of mature Lcn 2 and
are usually detectable in an immunoassay of mature Lcn 2. The word "detect" or "detecting" as used herein is understood
both on a quantitative and a qualitative level, as well as a combination thereof. It thus includes quantitative, semi-
quantitative and qualitative measurements of a molecule of interest. Accordingly, the presence or absence of a molecule
such as CTLA-4, e.g. in a sample, as well as its concentration or level may be determined.
[0067] Also included in the scope of the present invention are the above muteins, which have been altered with respect
to their immunogenicity, to reduce any detected immunogenicity by employing methods known to the skilled worker in
the field.
[0068] Cytotoxic T-cells recognize peptide antigens on the cell surface of an antigen-presenting cell in association
with a class I major histocompatibility complex (MHC) molecule. The ability of the peptides to bind to MHC molecules
is allele specific and correlates with their immunogenicity. To reduce the immunogenicity of a given protein, the ability
to predict which peptides in a protein have the potential to bind to a given MHC molecule is of great value. Approaches
that employ a computational threading approach to identify potential T-cell epitopes have been previously described to
predict the binding of a given peptide sequence to MHC class I molecules (Altuvia et al. (1995) J. Mol. Biol. 249: 244-250).
Such an approach may also be utilized to identify potential T-cell epitopes in the muteins of the invention and to make,
depending on its intended use, a selection of a specific mutein on the basis of its predicted immunogenicity. It may be
furthermore possible to subject peptide regions that have been predicted to contain T-cell epitopes to additional muta-
genesis to reduce or eliminate these T-cell epitopes and thus minimize immunogenicity. The removal of amphipathic
epitopes from genetically engineered antibodies has been described (Mateo et al. (2000) Hybridoma 19(6):463-471)
and may be adapted to the muteins of the present invention. The muteins thus obtained may possess a minimized
immunogenicity, which is desirable for their use in therapeutic and diagnostic applications, such as those described below.
[0069] For some applications, it is also useful to employ the muteins of the invention in a conjugated form. The
conjugation can be carried out using any conventional coupling method known in the art.
[0070] The term "organic molecule" or "small organic molecule" as used herein for the non-natural target denotes an
organic molecule comprising at least two carbon atoms, but preferably not more than 7 or 12 rotatable carbon bonds,
having a molecular weight in the range between 100 and 2000 Dalton, preferably between 100 and 1000 Dalton, and
optionally including one or two metal atoms.
[0071] In general, it is possible to label a lipocalin mutein described herein with any appropriate chemical substance
or enzyme, which directly or indirectly generates a detectable compound or signal in a chemical, physical, optical, or
enzymatic reaction. An example for a physical reaction and at the same time optical reaction/marker is the emission of
fluorescence upon irradiation. Alkaline phosphatase, horseradish peroxidase or β-galactosidase are examples of enzyme
labels (and at the same time optical labels) which catalyze the formation of chromogenic reaction products. In general,
all labels commonly used for antibodies (except those exclusively used with the sugar moiety in the Fc part of immu-
noglobulins) can also be used for conjugation to the muteins of the present invention. The muteins of the invention may
also be conjugated with any suitable therapeutically active agent, e.g., for the targeted delivery of such agents to a given
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cell, tissue or organ or for the selective targeting of cells, e.g., of tumor cells without affecting the surrounding normal
cells. Examples of such therapeutically active agents include radionuclides, toxins, small organic molecules, and ther-
apeutic peptides (such as peptides acting as agonists/antagonists of a cell surface receptor or peptides competing for
a protein binding site on a given cellular target). Examples of suitable toxins include, but are not limited to pertussis-
toxin, diphtheria toxin, ricin, saporin, pseudomonas exotoxin, calicheamicin or a derivative thereof, a taxoid, a maytansi-
noid, a tubulysin or a dolastatin analogue. The dolastatin analogue may be auristatin E, monomethylauristatin E, auristatin
PYE and auristatin PHE. Examples of cytostatic agent include, but are not limited to Cisplatin, Carboplatin, Oxaliplatin,
5-Fluorouracil, Taxotere (Docetaxel), Paclitaxel, Anthracycline (Doxorubicin), Methotrexate, Vinblastin, Vincristine,
Vindesine, Vinorelbine, Dacarbazine, Cyclophosphamide, Etoposide, Adriamycine, Camptotecine, Combretatastin A-4
related compounds, sulfonamides, oxadiazolines, benzo[b]thiophenessynthetic spiroketal pyrans, monotetrahydrofuran
compounds, curacin and curacin derivatives, methoxyestradiol derivatives and Leucovorin. The lipocalin muteins of the
invention may also be conjugated with therapeutically active nucleic acids such as antisense nucleic acid molecules,
small interfering RNAs, micro RNAs or ribozymes. Such conjugates can be produced by methods well known in the art.
[0072] In one embodiment, the muteins of the invention may also be coupled to a targeting moiety that targets a
specific body region in order to deliver the inventive muteins to a desired region or area within the body. One example
wherein such modification may be desirable is the crossing of the blood-brain-barrier. In order to cross the blood-brain
barrier, the muteins of the invention may be coupled to moieties that facilitate the active transport across this barrier
(see Gaillard PJ, et al. (2005) International Congress Series. 1277,185-198 or Gaillard PJ, et al. (2005) Expert Opin
Drug Deliv. 2(2), 299-309). Such compounds are for example available under the trade name 2B-Trans™ (to-BBB
technologies BV, Leiden, NL). Other exemplary targeting molecules to which the muteins of the present invention may
be coupled include antibodies, antibody fragments or lipocalin muteins with affinity for a desired target molecule. The
target molecule of the targeting moieties may, for example, be a cell-surface antigen. Cell-surface antigens may be
specific for a cell or tissue type, such as, for example, cancer cells. Illustrative examples of such cell surface proteins
are HER-2 or proteoglycans such as NEU-2.
[0073] As indicated above, a mutein of the invention may in some embodiments be conjugated to a compound that
extends the serum half-life of the mutein (in this regard see also PCT publication WO 2006/56464 where such conjugation
strategies are described with references to muteins of human neutrophil gelatinase-associated lipocalin with binding
affinity for CTLA-4). The compound that extends the serum half-life may be a polyalkylene glycol molecule, such as
polyethylene (PEG) or an activated derivative thereof; hydroxyethyl starch, fatty acid molecules, such as palmitic acid
(Vajo & Duckworth (2000) Pharmacol. Rev. 52, 1-9), an Fc part of an immunoglobulin, a CH3 domain of an immunoglobulin,
a CH4 domain of an immunoglobulin, albumin or a fragment thereof, an albumin binding peptide, an albumin binding
protein, transferrin, or the tag Pro-Ala-Ser, to name only a few. The albumin binding protein may be a bacterial albumin
binding protein, an antibody, an antibody fragment including domain antibodies (see US patent 6,696,245, for example),
or a lipocalin mutein with binding activity for albumin. Accordingly, suitable conjugation compounds for extending the
half-life of a lipocalin mutein of the invention include albumin (Osborn et al. (2002) J. Pharmacol. Exp. Ther. 303, 540-548),
or an albumin binding protein, for example, a bacterial albumin binding domain, such as the one of streptococcal protein
G (König, T. and Skerra, A. (1998) J. Immunol. Methods 218, 73-83). Other examples of albumin binding peptides that
can be used as conjugation partner are, for instance, those having a Cys-Xaa1 Xaa2-Xaa3-Xaa4-Cys consensus se-
quence, wherein Xaa1 is Asp, Asn, Ser, Thr, or Trp; Xaa2 is Asn, Gin, His, Ile, Leu, or Lys; Xaa3 is Ala, Asp, Phe, Trp,
or Tyr; and Xaa4 is Asp, Gly, Leu, Phe, Ser, or Thr as described in US patent application 2003/0069395 or Dennis et
al. (Dennis et al. (2002) J. Biol. Chem. 277, 35035-35043).
[0074] In other embodiments, albumin itself or a biological active fragment of albumin can be used as compound of
a lipocalin mutein of the invention that extends the serum half-life of the mutein. The term "albumin" includes all mammal
albumins such as human serum albumin or bovine serum albumin or rat albumin. The albumin or fragment thereof can
be recombinantly produced as described in US patent 5,728,553 or European patent applications EP 0 330 451 and EP
0 361 991. Recombinant human albumin (Recombumin®) for use as a protein stabilizer is for example available from
Novozymes Delta Ltd. (Nottingham, UK).
[0075] If the albumin-binding protein is an antibody fragment it may be a domain antibody. Domain Antibodies (dAbs)
are engineered to allow precise control over biophysical properties and in vivo half-life to create the optimal safety and
efficacy product profile. Domain Antibodies are for example commercially available from Domantis Ltd. (Cambridge, UK
and MA, USA).
[0076] Using transferrin as a moiety to extend the serum half-life of the muteins of the invention, the muteins can be
genetically fused to the N or C terminus, or both, of non-glycosylated transferrin. Non-glycosylated transferrin has a half-
life of 14-17 days, and a transferrin fusion protein will similarly have an extended half-life. The transferrin carrier also
provides high bioavailability, biodistribution and circulating stability. This technology is commercially available from
BioRexis (BioRexis Pharmaceutical Corporation, PA, USA). Recombinant human transferrin (DeltaFerrin™) for use as
a protein stabilizer is also commercially available from Novozymes Delta Ltd. (Nottingham, UK).
[0077] If an Fc part of an immunoglobulin is used for the purpose to prolong the serum half-life of the muteins of the
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invention, the SynFusion™ technology, commercially available from Syntonix Pharmaceuticals, Inc (MA, USA), may be
used. The use of this Fc-fusion technology allows the creation of longer-acting biopharmaceuticals and may for example
comprise two copies of the mutein linked to the Fc region of an antibody to improve pharmacokinetics, solubility, and
production efficiency.
[0078] Yet another alternative to prolong the half-life of a mutein of the invention is to fuse the N- or C-terminus of a
mutein of the invention to long, unstructured, flexible glycine-rich sequences (for example poly-glycine with about 20 to
80 consecutive glycine residues). This approach disclosed in WO 2007/038619, for example, has also been term "rPEG"
(recombinant PEG).
[0079] If polyalkylene glycol is used as compound that extends the half-life of the mutein, the polyalkylene glycol can
be substituted or unsubstituted. It can also be an activated polyalkylene derivative. Examples of suitable compounds
are polyethylene glycol (PEG) molecules as described in WO 99/64016, in US Patent 6,177,074 or in US Patent 6,403,564
in relation to interferon, or as described for other proteins such as PEG-modified asparaginase, PEG-adenosine deam-
inase (PEG-ADA) or PEG-superoxide dismutase (see for example, Fuertges et al. (1990) "The Clinical Efficacy of
Poly(Ethylene Glycol)-Modified Proteins" J. Control. Release 11, 139-148). The molecular weight of such a polymer,
preferably polyethylene glycol, may range from about 300 to about 70.000 Dalton, including, for example, polyethylene
glycol with a molecular weight of about 10.000, of about 20.000, of about 30.000 or of about 40.000 Dalton. Moreover,
e.g. as described in US patents 6,500,930 or 6,620,413, carbohydrate oligo- and polymers such as starch or hydroxyethyl
starch (HES) can be conjugated to a mutein of the invention for the purpose of serum half-life extension.
[0080] In another embodiment, in order to provide suitable amino acid side chains for conjugating one of the above
compounds to the muteins of the invention artificial amino acids may be introduced by mutagenesis. Generally, such
artificial amino acids are designed to be more reactive and thus to facilitate the conjugation to the desired moiety. One
example of such an artificial amino acid that may be introduced via an artificial tRNA is para-acetyl-phenylalanine.
[0081] For several applications of the muteins disclosed herein, it may be advantageous to use them in the form of
fusion proteins. In some embodiments, the inventive mutein is fused at its N-terminus and/or it’s C-terminus to a protein,
a protein domain or a peptide such as a signal sequence and/or an affinity tag.
[0082] For pharmaceutical applications, a mutein of the invention may be fused to a fusion partner that extends the
in vivo serum half-life of the mutein (see again PCT publication WO 2006/56464 where suitable fusion partner are
described with references to muteins of human neutrophile gelatinase-associated lipocalin with binding affinity for CTLA-
4). Similar to the conjugated compounds described above, the fusion partner may be an Fc part of an immunoglobulin,
a CH3 domain of an immunoglobulin, a CH4 domain of an immunoglobulin, albumin, an albumin binding peptide or an
albumin binding protein, to name only a few. Again, the albumin binding protein may be a bacterial albumin binding
protein or a lipocalin mutein with binding activity for albumin. Accordingly, suitable fusion partners for extending the half-
life of a lipocalin mutein of the invention include albumin (Osborn, B.L. et al. (2002) supra J. Pharmacol. Exp. Ther. 303,
540-548), or an albumin binding protein, for example, a bacterial albumin binding domain, such as streptococcal protein
G (König, T. and Skerra, A. (1998) supra J. Immunol. Methods 218, 73-83). The albumin binding peptides described in
Dennis et al, supra (2002) or US patent application 2003/0069395 having a Cys-Xaa1-Xaa2-Xaa3-Xaa4-Cys consensus
sequence, wherein Xaa1 is Asp, Asn, Ser, Thr, or Trp; Xaa2 is Asn, Gin, His, Ile, Leu, or Lys; Xaa3 is Ala, Asp, Phe, Trp,
or Tyr; and Xaa4 is Asp, Gly, Leu, Phe, Ser, or Thr can also be used as fusion partner. It is also possible to use albumin
itself or a biological active fragment of albumin as fusion partner of a lipocalin mutein of the invention. The term "albumin"
includes all mammal albumins such as human serum albumin or bovine serum albumin or rat serum albumin. The
recombinant production of albumin or fragments thereof is well known in the art and for example described in US patent
5,728,553, European patent application EP 0 330 451 or EP 0 361 991.
[0083] The fusion partner may confer new characteristics to the inventive lipocalin mutein such as enzymatic activity
or binding affinity for other molecules. Examples of suitable fusion proteins are alkaline phosphatase, horseradish per-
oxidase, gluthation-S-transferase, the albumin-binding domain of protein G, protein A, antibody fragments, oligomeri-
zation domains, lipocalin muteins of same or different binding specificity (which results in the formation of "duocalins,"
cf. Schlehuber, S., and Skerra, A. (2001), Duocalins, engineered ligand-binding proteins with dual specificity derived
from the lipocalin fold (Biol. Chem. 382, 1335-1342), or toxins.
[0084] In particular, it may be possible to fuse a lipocalin mutein of the invention with a separate enzyme active site
such that both "components" of the resulting fusion protein together act on a given therapeutic target. The binding domain
of the lipocalin mutein attaches to the disease-causing target, allowing the enzyme domain to abolish the biological
function of the target.
[0085] Affinity tags such as the Strep-tag® or Strep-tag® II (Schmidt, T.G.M. et al. (1996) J. Mol. Biol. 255, 753-766),
the myc-tag, the FLAG-tag, the His6-tag or the HA-tag or proteins such as glutathione-S-transferase also allow easy
detection and/or purification of recombinant proteins are further examples of preferred fusion partners. Finally, proteins
with chromogenic or fluorescent properties such as the green fluorescent protein (GFP) or the yellow fluorescent protein
(YFP) are suitable fusion partners for a lipocalin mutein of the invention as well.
[0086] The term "fusion protein" as used herein also includes lipocalin muteins according to the invention containing
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a signal sequence. Signal sequences at the N-terminus of a polypeptide direct this polypeptide to a specific cellular
compartment, for example the periplasm of E. coli or the endoplasmatic reticulum of eukaryotic cells. A large number
of signal sequences is known in the art. A preferred signal sequence for secretion a polypeptide into the periplasm of
E. coli is the OmpA-signal sequence.
[0087] The present invention also relates to nucleic acid molecules (DNA and RNA) comprising nucleotide sequences
coding for muteins as described herein. Since the degeneracy of the genetic code permits substitutions of certain codons
by other codons specifying the same amino acid, the invention is not limited to a specific nucleic acid molecule encoding
a mutein of the invention but includes all nucleic acid molecules comprising nucleotide sequences encoding a functional
mutein.
[0088] A nucleic acid molecule disclosed in this application may be "operably linked" to a regulatory sequence (or
regulatory sequences) to allow expression of this nucleic acid molecule.
[0089] A nucleic acid molecule, such as DNA, is referred to as "capable of expressing a nucleic acid molecule" or
capable "to allow expression of a nucleotide sequence" if it includes sequence elements which contain information
regarding to transcriptional and/or translational regulation, and such sequences are "operably linked" to the nucleotide
sequence encoding the polypeptide. An operable linkage is a linkage in which the regulatory sequence elements and
the sequence to be expressed are connected in a way that enables gene expression. The precise nature of the regulatory
regions necessary for gene expression may vary among species, but in general these regions include a promoter which,
in prokaryotes, contains both the promoter per se, i.e. DNA elements directing the initiation of transcription, as well as
DNA elements which, when transcribed into RNA, will signal the initiation of translation. Such promoter regions normally
include 5’ non-coding sequences involved in initiation of transcription and translation, such as the -35/-10 boxes and the
Shine-Dalgarno element in prokaryotes or the TATA box, CAAT sequences, and 5’-capping elements in eukaryotes.
These regions can also include enhancer or repressor elements as well as translated signal and leader sequences for
targeting the native polypeptide to a specific compartment of a host cell.
[0090] In addition, the 3’ non-coding sequences may contain regulatory elements involved in transcriptional termination,
polyadenylation or the like. If, however, these termination sequences are not satisfactory functional in a particular host
cell, then they may be substituted with signals functional in that cell.
[0091] Therefore, a nucleic acid molecule of the invention can include a regulatory sequence, preferably a promoter
sequence. In another preferred embodiment, a nucleic acid molecule of the invention includes a promoter sequence
and a transcriptional termination sequence. Suitable prokaryotic promoters are, for example, the tet promoter, the lacUV5
promoter or the T7 promoter. Examples of promoters useful for expression in eukaryotic cells are the SV40 promoter
or the CMV promoter.
[0092] The nucleic acid molecules of the invention can also be part of a vector or any other kind of cloning vehicle,
such as a plasmid, a phagemid, a phage, a baculovirus, a cosmid or an artificial chromosome such as a YAC or BAC.
[0093] The DNA molecule encoding lipocalin muteins of the invention, and in particular a cloning vector containing
the coding sequence of such a lipocalin mutein can be transformed into a host cell capable of expressing the gene.
Transformation can be performed using standard techniques (Sambrook, J. et al. (2001), supra).
[0094] Thus, the invention is also directed to a host cell containing a nucleic acid molecule as disclosed herein.
[0095] The invention also relates to a method for the production of a mutein of the invention, wherein the mutein, a
fragment of the mutein or a fusion protein of the mutein and another polypeptide is produced starting from the nucleic
acid coding for the mutein by means of genetic engineering methods. The method can be carried out in vivo, the mutein
can for example be produced in a bacterial or eucaryotic host organism and then enriched, purified or isolated from this
host organism or its culture. It is also possible to produce a protein in vitro, for example by use of an in vitro translation
system. The term "enriched" means that the mutein or a functional fragment thereof constitutes a significantly higher
fraction of the total protein present in a sample or solution of interest than in a sample or solution from which it was
taken. Enrichment may for instance include the isolation of a certain fraction from a cell extract. This may be obtained
by standard techniques such as centrifugation. Examples of other means of enrichment are filtration or dialysis, which
may for instance be directed at the removal of undesired molecules below a certain molecular weight, or a precipitation
using organic solvents or ammonium sulphate. Purification may for instance include a chromatographic technique, for
example gel filtration, ion exchange chromatography, affinity purification, hydrophobic interaction chromatography or
hydrophobic charge induction chromatography. Another example for purification is an electrophoretic technique, such
as preparative capillary electrophoresis. Isolation may include the combination of similar methods. As used herein,
"substantially pure" or "substantially purified" means a compound or species that is the predominant species present
(i.e., on a molar basis it is more abundant than any other individual species in the composition). In some embodiments,
a substantially purified composition is a composition in which the species includes at least about 50 percent (on a molar
basis) of all molecular or, as applicable, all macromolecular species present. In certain embodiments, a substantially
pure composition will have more than about 80%, about 85%, about 90%, about 95%, or about 99% of all molecular or,
as applicable, all macromolar species present in the composition.
[0096] When producing the mutein in vivo, a nucleic acid encoding a mutein of the invention is introduced into a suitable
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bacterial or eukaryotic host organism by means of recombinant DNA technology (as already outlined above). For this
purpose, the host cell is first transformed with a cloning vector comprising a nucleic acid molecule encoding a mutein
of the invention using established standard methods (Sambrook, J. et al. (1989), supra). The host cell is then cultured
under conditions, which allow expression of the heterologous DNA and thus the synthesis of the corresponding polypep-
tide. Subsequently, the polypeptide is recovered either from the cell or from the cultivation medium.
[0097] In one aspect, the present invention relates to a method for the generation of a mutein which binds CTLA-4,
comprising:

subjecting a nucleic acid molecule encoding a lipocalin to mutagenesis, resulting in one or more mutein nucleic acid
molecule(s).

[0098] The method can further include:

expressing the one more mutein nucleic acid molecule(s) obtained in (a) in a suitable expression system,
bringing the plurality of muteins into contact with at least a fragment (including a soluble form) or a mature form of
CTLA-4, and
enriching the one or more mutein(s) having a detectable binding affinity for a given target by means of selection
and/or isolation.

[0099] The term "mutagenesis" as used herein means that the experimental conditions are chosen such that the amino
acid naturally occurring at a given sequence position of the lipocalin, including Lcn 2 (hNGAL; Swiss-Prot data bank
entry P80188) can be substituted by at least one amino acid that is not present at this specific position in the respective
natural polypeptide sequence. The term "mutagenesis" also includes the (additional) modification of the length of se-
quence segments by deletion or insertion of one or more amino acids. Thus, it is within the scope of the invention that,
for example, one amino acid at a chosen sequence position is replaced by a stretch of three random mutations, leading
to an insertion of two amino acid residues compared to the length of the respective segment of the wild type protein.
Such an insertion of deletion may be introduced independently from each other in any of the peptide segments that can
be subjected to mutagenesis in the invention. In one exemplary embodiment of the invention, an insertion of several
mutations may be introduced into the loop AB of the chosen lipocalin scaffold (cf. International Patent Application WO
2005/019256). The term "random mutagenesis" means that no predetermined single amino acid (mutation) is present
at a certain sequence position but that at least two amino acids can be incorporated with a certain probability at a
predefined sequence position during mutagenesis.
[0100] In one non-limiting approach, the coding sequence of human Lipocalin 2 can be used as a starting point for
the mutagenesis of the peptide segments selected in the present invention. Alternatively, the lipocalin mutein of SEQ
ID NO: 1 may be used. For the mutagenesis of the recited amino acid positions, the person skilled in the art has at his
disposal the various established standard methods for site-directed mutagenesis (Sambrook, J. et al. (2001), supra). A
commonly used technique is the introduction of mutations by means of PCR (polymerase chain reaction) using mixtures
of synthetic oligonucleotides, which bear a degenerate base composition at the desired sequence positions. Other similar
techniques are well known to those of skill in the art.
[0101] The nucleic acid molecules defined above can be connected by ligation with the missing 5’- and 3’-sequences
of a nucleic acid encoding a lipocalin polypeptide and/or the vector, and can be cloned in a known host organism. A
multitude of established procedures are available for ligation and cloning (Sambrook, J. et al. (2001), supra). For example,
recognition sequences for restriction endonucleases also present in the sequence of the cloning vector can be engineered
into the sequence of the synthetic oligonucleotides. Thus, after amplification of the respective PCR product and enzymatic
cleavage the resulting fragment can be easily cloned using the corresponding recognition sequences.
[0102] Longer sequence segments within the gene coding for the protein selected for mutagenesis can also be sub-
jected to random mutagenesis via known methods, for example by use of the polymerase chain reaction under conditions
of increased error rate, by chemical mutagenesis or by using bacterial mutator strains. Such methods can also be used
for further optimization of the target affinity or specificity of a lipocalin mutein. Mutations possibly occurring outside the
segments of experimental mutagenesis are often tolerated or can even prove to be advantageous, for example if they
contribute to an improved folding efficiency or folding stability of the lipocalin mutein.
[0103] The method disclosed herein may include subjecting the nucleic acid molecule to mutagenesis at nucleotide
triplets coding for at least any 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11 (or even more such as 12, 13, 14, 15, 16, 17, 18, 19 or
20) of the sequence positions corresponding to the sequence positions 44, 50, 79, 81, 98, 104, 125, 127, 128, 130 and/or
134 of the linear polypeptide sequence of the lipocalin NGAL (SEQ ID NO: 20), more preferably of the linear polypeptide
sequence of SEQ ID NO: 1. Such a nucleic acid may subjected to mutagenesis and introduced into a suitable bacterial
or eukaryotic host organism by using recombinant DNA technology. Obtaining a nucleic acid library of a lipocalin can
be carried out using any suitable technique that is known in the art for generating lipocalin muteins with antibody-like
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properties, i.e. muteins that have affinity towards a given target. Examples of such combinatorial methods are described
in detail in the international patent applications WO 99/16873, WO 00/75308, WO 03/029471, WO 03/029462, WO
03/029463, WO 2005/019254, WO 2005/019255, WO 2005/019256, or WO 2006/56464 for instance. After expression
of the nucleic acid sequences that were subjected to mutagenesis in an appropriate host, the clones carrying the genetic
information for the plurality of respective lipocalin muteins, which bind a given target can be selected from the library
obtained. Well known techniques can be employed for the selection of these clones, such as phage display (reviewed
in Kay, B.K. et al. (1996) supra; Lowman, H.B. (1997) supra or Rodi, D.J., and Makowski, L. (1999) supra), colony
screening (reviewed in Pini, A. et al. (2002) Comb. Chem. High Throughput Screen. 5, 503-510), ribosome display
(reviewed in Amstutz, P. et al. (2001) Curr. Opin. Biotechnol. 12, 400-405) or mRNA display as reported in Wilson, D.S.
et al. (2001) Proc. Natl. Acad. Sci. USA 98, 3750-3755 or the methods specifically described in WO 99/16873, WO
00/75308, WO 03/029471, WO 03/029462, WO 03/029463, WO 2005/019254, WO 2005/019255, WO 2005/019256,
or WO 2006/56464.
[0104] In accordance with this disclosure, the above methods may comprise:

(i) providing at least a fragment of CTLA-4 as a given target/ligand for example, contacting the plurality of muteins
with said target/ligand in order to allow formation of complexes between said ligand and muteins having binding
affinity for said target/ligand, and
(ii) removing muteins having no or no substantial binding affinity.

[0105] In the methods of the disclosure, the selection binding affinity is carried out under competitive conditions.
Competitive conditions as used herein means that selection of muteins encompasses at least one step in which the
muteins and the fragment of CTLA-4 are brought in contact in the presence of an additional ligand, which competes with
binding of the muteins to the target (CTLA-4). Alternatively, the additional ligand competes with binding of the muteins
by complexing an epitope distinct from the binding site of the muteins to the target by allosteric effects. Accordingly, any
fragment (including soluble fragment), precursor or mature form of CTLA-4 can be used in the generation of muteins of
the invention.
[0106] The methods of the disclosure may involve operably fusing a nucleic acid coding for the plurality of muteins of
the invention and resulting from mutagenesis at the 3’ end with a gene coding for the coat protein pIII of a filamentous
bacteriophage of the M13-family or for a fragment of this coat protein, in order to select at least one mutein for the binding
of a given ligand.
[0107] The fusion protein may include additional components such as an affinity tag, which allows the immobilization,
detection and/or purification of the fusion protein or its parts. Furthermore, a stop codon can be located between the
sequence regions encoding the lipocalin or its muteins and the phage capsid gene or fragments thereof, wherein the
stop codon, preferably an amber stop codon, is at least partially translated into an amino acid during translation in a
suitable suppressor strain.
[0108] For example, the phasemid vector pTLPC27, now also called pTlc27 that is described here can be used for
the preparation of a phagemid library encoding muteins of the invention. The inventive nucleic acid molecules coding
for muteins of the invention can be inserted into the vector using the two BstXI restriction sites. After ligation a suitable
host strain such as E. coli XL1-Blue is transformed with the resulting nucleic acid mixture to yield a large number of
independent clones. A respective vector can be generated for the preparation of a hyperphagemid library, if desired.
[0109] Once a mutein with affinity to a given target has been selected, it is additionally possible to subject such a
mutein to another mutagenesis in order to subsequently select variants of even higher affinity or variants with improved
properties such as higher thermostability, improved serum stability, thermodynamic stability, improved solubility, im-
proved monomeric behavior, improved resistance against thermal denaturation, chemical denaturation, proteolysis, or
detergents etc. This further mutagenesis, which in case of aiming at higher affinity can be considered as in vitro "affinity
maturation," can be achieved by site specific mutation based on rational design or a random mutation. Another possible
approach for obtaining a higher affinity or improved properties is the use of error-prone PCR, which results in point
mutations over a selected range of sequence positions of the lipocalin mutein. The error-prone PCR can be carried out
in accordance with any known protocol such as the one described by Zaccolo et al. (1996) J. Mol. Biol. 255, 589-603.
Other methods of random mutagenesis that are suitable for such purposes include random insertion/deletion (RID)
mutagenesis as described by Murakami et al. (2002) Nat. Biotechnol. 20, 76-81 or nonhomologous random recombination
(NRR) as described by Bittker et al. (2002) Nat. Biotechnol. 20,1024-1029. If desired, affinity maturation can also be
carried out according to the procedure described in WO 00/75308 or Schlehuber et al. (2000) J. Mol. Biol. 297, 1105-1120,
where muteins of the bilin-binding protein having high affinity to digoxigenin were obtained. A further approach for
improving the affinity is to carry out positional saturation mutagenesis. In this approach "small" nucleic acid libraries can
be created in which amino acid exchanges/mutations are only introduced at single positions within any of the four loop
segments. These libraries are then directly subjected to a selection step (affinity screening) without further rounds of
panning. This approach allows the identification of residues that contribute to improved binding of the desired target and
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allows identification of "hot spots" that are important for the binding.
[0110] In one embodiment, the above method for modifying a mutein further includes introducing a Cys residue at at
least one of any of the sequence positions that correspond to sequence positions 14, 21, 60, 84, 88, 116, 141, 145, 143,
146 or 158 of the wild type sequence of human Lipocalin 2 and coupling a moiety that is able to modify the serum half
time of said mutein via the thiol group of a Cys residue introduced at at least one of any of the sequence positions that
correspond to sequence positions 14, 21, 60, 84, 88, 116, 141, 145, 143, 146 or 158 of the wild type sequence of hNGAL.
The moiety that is able to modify the serum half time of said mutein may be selected from the group consisting of a
polyalkylene glycol molecule and hydroxyethylstarch.
[0111] Where a protein of the invention is a human Lipocalin 2 mutein of the invention, the naturally occurring disulfide
bond between Cys 76 and Cys 175 may be removed. Accordingly, such muteins (or any other human Lipocalin 2 mutein
that does not include an intramolecular disulfide bond) can be produced in a cell compartment having a reducing redox
milieu, for example, in the cytoplasma of Gram-negative bacteria.
[0112] In case a lipocalin mutein of the invention includes intramolecular disulfide bonds, it may be preferred to direct
the nascent polypeptide to a cell compartment having an oxidizing redox milieu using an appropriate signal sequence.
Such an oxidizing environment may be provided by the periplasm of Gram-negative bacteria such as E. coli, in the
extracellular milieu of Gram-positive bacteria or in the lumen of the endoplasmatic reticulum of eukaryotic cells and
usually favors the formation of structural disulfide bonds.
[0113] It is, however, also possible to produce a mutein of the invention in the cytosol of a host cell, preferably E. coli.
In this case, the polypeptide can either be directly obtained in a soluble and folded state or recovered in form of inclusion
bodies, followed by renaturation in vitro. A further option is the use of specific host strains having an oxidizing intracellular
milieu, which may thus allow the formation of disulfide bonds in the cytosol (Venturi et al. (2002) J. Mol. Biol. 315, 1-8.).
[0114] However, a mutein of the invention may not necessarily be generated or produced only by use of genetic
engineering. Rather, a lipocalin mutein can also be obtained by chemical synthesis such as Merrifield solid phase
polypeptide synthesis or by in vitro transcription and translation. It is for example possible that promising mutations are
identified using molecular modeling and then to synthesize the wanted (designed) polypeptide in vitro and investigate
the binding activity for a given target. Methods for the solid phase and/or solution phase synthesis of proteins are well
known in the art (reviewed, e.g., in Lloyd-Williams et al. (1997) Chemical Approaches to the Synthesis of Peptides and
Proteins. CRC Press, Boca Raton, Fields, GB, and Colowick (1997) Solid-Phase Peptide Synthesis. Academic Press,
San Diego, or Bruckdorfer et al. (2004) Curr. Pharm. Biotechnol. 5, 29-43).
[0115] In another embodiment, the muteins of the invention may be produced by in vitro transcription/translation
employing well-established methods known to those skilled in the art.
[0116] The invention also relates to a pharmaceutical composition that includes at least one inventive mutein referred
to in the claims or a fusion protein or conjugates thereof and, optionally, a pharmaceutically acceptable excipient.
[0117] The lipocalin muteins according to the invention can be administered via any parenteral or non-parenteral (e.g.
enteral) route that is therapeutically effective for proteinaceous drugs. Parenteral application methods include, for ex-
ample, intracutaneous, subcutaneous, intramuscular or intravenous injection and infusion techniques, e.g. in the form
of injection solutions, infusion solutions or tinctures, as well as aerosol installation and inhalation, e.g. in the form of
aerosol mixtures, sprays or powders. Non-parenteral delivery modes are, for instance, orally, e.g. in the form of pills,
tablets, capsules, solutions or suspensions, or rectally, e.g. in the form of suppositories. The muteins of the invention
can be administered systemically or topically in formulations containing conventional non-toxic pharmaceutically accept-
able excipients or carriers, additives and vehicles as desired.
[0118] In one embodiment of the present invention the pharmaceutical is administered parenterally to a vertebrate
animal, including a mammal, and in particular to a human. Corresponding administration methods include, but are not
limited to, for example, intracutaneous, subcutaneous, intramuscular or intravenous injection and infusion techniques,
e.g. in the form of injection solutions, infusion solutions or tinctures as well as aerosol installation and inhalation, e.g. in
the form of aerosol mixtures, sprays or powders. A combination of intravenous and subcutaneous infusion and /or
injection might be most convenient in case of compounds with a relatively short serum half life. The pharmaceutical
composition may be an aqueous solution, an oil-in water emulsion or a water-in-oil emulsion.
[0119] In this regard it is noted that transdermal delivery technologies, e.g. iontophoresis, sonophoresis or microneedle-
enhanced delivery, as described in Meidan and Michniak (2004) Am. J. Ther. 11(4), 312-316, can also be used for
transdermal delivery of the muteins described herein. Non-parenteral delivery modes are, for instance, oral, e.g. in the
form of pills, tablets, capsules, solutions or suspensions, or rectal administration, e.g. in the form of suppositories. The
muteins of the invention can be administered systemically or topically in formulations containing a variety of conventional
non-toxic pharmaceutically acceptable excipients or carriers, additives, and vehicles.
[0120] The dosage of the mutein applied may vary within wide limits to achieve the desired preventive effect or
therapeutic response. It will, for instance, depend on the affinity of the compound for a chosen ligand as well as on the
half-life of the complex between the mutein and the ligand in vivo. Further, the optimal dosage will depend on the
biodistribution of the mutein or its fusion protein or its conjugate, the mode of administration, the severity of the dis-
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ease/disorder being treated as well as the medical condition of the patient. For example, when used in an ointment for
topical applications, a high concentration of a protein of the invention can be used. However, if wanted, the protein may
also be given in a sustained release formulation, for example liposomal dispersions or hydrogel-based polymer micro-
spheres, like PolyActive™ or OctoDEX™ (cf. Bos et al., Business Briefing: Pharmatech 2003: 1-6).
[0121] Accordingly, the muteins of the present invention can be formulated into compositions using pharmaceutically
acceptable ingredients as well as established methods of preparation (Gennaro and Gennaro (2000) Remington: The
Science and Practice of Pharmacy, 20th Ed., Lippincott Williams & Wilkins, Philadelphia, PA). To prepare the pharma-
ceutical compositions, pharmaceutically inert inorganic or organic excipients can be used. To prepare e.g. pills, powders,
gelatine capsules or suppositories, for example, lactose, talc, stearic acid and its salts, fats, waxes, solid or liquid polyols,
natural and hardened oils can be used. Suitable excipients for the production of solutions, suspensions, emulsions,
aerosol mixtures or powders for reconstitution into solutions or aerosol mixtures prior to use include water, alcohols,
glycerol, polyols, and suitable mixtures thereof as well as vegetable oils.
[0122] The pharmaceutical composition may also contain additives, such as, for example, fillers, binders, wetting
agents, glidants, stabilizers, preservatives, emulsifiers, and furthermore solvents or solubilizers or agents for achieving
a depot effect. The latter is that fusion proteins may be incorporated into slow or sustained release or targeted delivery
systems, such as liposomes and microcapsules.
[0123] The formulations can be sterilized by numerous means, including filtration through a bacteria-retaining filter,
or by incorporating sterilizing agents in the form of sterile solid compositions which can be dissolved or dispersed in
sterile water or other sterile medium just prior to use.
[0124] A mutein of the present invention or a fusion protein or a conjugate thereof can be employed in many applications.
In general, such a mutein can be used in all applications antibodies are used, except those which specifically rely on
the glycosylation of the Fc part.
[0125] A lipocalin mutein described herein can be administered to an organism, including a human patient per se, or
in a pharmaceutical composition where it may include or be mixed with pharmaceutically active ingredients or suitable
carriers or excipient(s). Techniques for formulation and administration of a respective lipocalin mutein composition
resemble or are identical to those of low molecular weight compounds well established in the art. Exemplary routes
include, but are not limited to, oral, transdermal, and parenteral delivery. A lipocalin mutein or a respective composition
may be used to fill a capsule or tube, or may be provided in compressed form as a pellet. The lipocalin mutein or a
respective composition may also be used in injectable or sprayable form, for instance as a suspension of a respective
lipocalin mutein.
[0126] A composition that includes a lipocalin mutein of the invention may for instance be applied onto the skin or onto
a wound. Further suitable routes of administration may, for example, include depot, oral, rectal, transmucosal, or intestinal
administration; parenteral delivery, including intramuscular, subcutaneous, intravenous, intramedullary injections, as
well as intrathecal, direct intraventricular, intraperitoneal, intranasal, or intraocular injections. In some embodiments one
may administer a lipocalin mutein or a respective composition in a local rather than systemic manner, for example, via
injection.
[0127] Pharmaceutical compositions that include a lipocalin mutein of the present invention may be manufactured in
a manner that is itself known, e.g., by means of conventional mixing, dissolving, granulating, dragee-making, levigating,
emulsifying, encapsulating, entrapping or lyophilizing processes. A pharmaceutical composition for use in accordance
with the present invention thus may be formulated in conventional manner using one or more physiologically acceptable
carriers including excipients and auxiliaries that facilitate processing of the hydrogel and/or peptide/peptoid into prepa-
rations that can be used pharmaceutically. Proper formulation is dependent upon the route of administration chosen.
[0128] For injection, the lipocalin mutein or a respective composition may be formulated in aqueous solutions, for
instance in physiologically compatible buffers such as Hanks’s solution, Ringer’s solution, or physiological saline buffer.
For transmucosal administration, penetrants appropriate to the barrier to be permeated are used in the formulation. Such
penetrants are generally known in the art.
[0129] For oral administration, the lipocalin mutein or a respective composition can be formulated readily by combining
them with pharmaceutically acceptable carriers well known in the art. Such carriers enable the lipocalin mutein or a
respective composition, as well as a pharmaceutically active compound where present, to be formulated as tablets, pills,
dragees, capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by a patient to be treated.
Pharmaceutical preparations for oral use can be obtained by adding a solid excipient, optionally grinding a resulting
mixture, and processing the mixture of granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee
cores. Suitable excipients are, in particular, fillers such as sugars, including lactose, sucrose, mannitol, or sorbitol;
cellulose preparations such as, for example, maize starch, wheat starch, rice starch, potato starch, gelatine, gum tra-
gacanth, methyl cellulose, hydroxypropylmethyl-cellulose, sodium carboxymethylcellulose, and/or polyvinylpyrrolidone
(PVP). If desired, disintegrating agents may be added, such as the cross-linked polyvinyl pyrrolidone, agar, or alginic
acid or a salt thereof such as sodium alginate.
[0130] Dragee cores are provided with suitable coatings. For this purpose, concentrated sugar solutions may be used,



EP 2 646 552 B1

19

5

10

15

20

25

30

35

40

45

50

55

which may optionally contain gum arabic, talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium
dioxide, lacquer solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to
the tablets or dragee coatings for identification or to characterize different combinations of active compound doses.
[0131] Pharmaceutical preparations that can be used orally include push-fit capsules made of gelatine, as well as soft,
sealed capsules made of gelatine and a plasticizer, such as glycerol or sorbitol. The push-fit capsules can contain the
active ingredients in admixture with filler such as lactose, binders such as starches, and/or lubricants such as talc or
magnesium stearate and, optionally, stabilizers. In soft capsules, the peptides/peptoids may be suspended in suitable
liquids, such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition, stabilizers may be added. All formu-
lations for oral administration should be in dosages suitable for such administration. For buccal administration, the
compositions may take the form of tablets or lozenges formulated in conventional manner.
[0132] A lipocalin mutein of the invention may be formulated for parenteral administration by injection, e.g., by intra-
muscular injections or bolus injection or continuous infusion. Formulations for injection may be presented in unit dosage
form, e.g., in ampules or in multidose containers, with an added preservative. The respective compositions may take
such forms as suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain formulatory agents
such as suspending, stabilizing and/or dispersing agents.
[0133] A lipocalin mutein of the invention of the invention may also be used to target a compound to a pre-selected
site. In one such embodiment, a lipocalin mutein of the invention is used for the targeting of a pharmaceutically active
compound to a pre-selected site in an organism or tissue, comprising:

a) conjugating the lipocalin mutein with said compound, and
b) delivering the lipocalin mutein/compound complex to the pre-selected site.

[0134] For such a purpose the mutein is contacted with the compound of interest in order to allow complex formation.
Then the complex comprising the mutein and the compound of interest are delivered to the pre-selected site. This may,
for example, be achieved by coupling the mutein to a targeting moiety, such as an antibody, antibody fragment or lipocalin
mutein or lipocalin mutein fragment with binding affinity for the selected target.
[0135] This use is in particular suitable, but not restricted to, for delivering a drug (selectively) to a pre-selected site
in an organism, such as an infected body part, tissue or organ which is supposed to be treated with the drug. Besides
formation of a complex between mutein and compound of interest, the mutein can also be reacted with the given
compound to yield a conjugate of mutein and compound. Similar to the above complex, such a conjugate may be suitable
to deliver the compound to the pre-selected target site. Such a conjugate of mutein and compound may also include a
linker that covalently links mutein and compound to each other. Optionally, such a linker is stable in the bloodstream
but is cleavable in a cellular environment.
[0136] The muteins disclosed herein and its derivatives can thus be used in many fields similar to antibodies or
fragments thereof. In addition to their use for binding to a support, allowing the target of a given mutein or a conjugate
or a fusion protein of this target to be immobilized or separated, the muteins can be used for labeling with an enzyme,
an antibody, a radioactive substance or any other group having biochemical activity or defined binding characteristics.
By doing so, their respective targets or conjugates or fusion proteins thereof can be detected or brought in contact with
them. For example, muteins of the invention can serve to detect chemical structures by means of established analytical
methods (e.g. ELISA or Western Blot) or by microscopy or immunosensorics. Here, the detection signal can either be
generated directly by use of a suitable mutein conjugate or fusion protein or indirectly by immunochemical detection of
the bound mutein via an antibody.
[0137] Numerous possible applications for the inventive muteins also exist in medicine. In addition to their use in
diagnostics and drug delivery, a mutant polypeptide of the invention, which binds, for example, tissue- or tumor-specific
cellular surface molecules can be generated. Such a mutein may, for example, be employed in conjugated form or as
a fusion protein for "tumor imaging" or directly for cancer therapy.
[0138] In a further aspect, the present invention also encompasses the use of a mutein according to the invention for
the manufacture of a pharmaceutical composition. The pharmaceutical composition may be used as monotherapy or
as combination therapy. Accordingly, the invention also relates to a mutein as defined above for the treatment of a
disease or disorder associated with an altered, e.g. increased or reduced, level of CTLA-4.
[0139] In yet another aspect the invention relates to the use of a mutein according to the invention in diagnosis. The
use of a mutein according to the invention is typically for the diagnosis of a disease or disorder associated with an altered
level of CTLA-4 as well as a respective method of diagnosis.
[0140] Accordingly, the invention also relates to a mutein as defined above for the diagnosis of a disease or disorder
associated with an altered, e.g. increased or reduced, level of CTLA-4.
[0141] In principle, a CTLA-4 binding compound/mutein of the invention can be used in any therapeutic application in
which binding of CTLA-4 to a physiological ligand, for example, B7-1 or B7-2 is involved. Examples of such therapeutic
applications include, but are not limited to, the prevention and/or treatment of cancer or the prevention and/treatment of
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an infectious disease. In such application, an anti-CTLA-4 lipocalin mutein is administered to a mammal, for example,
a human, a dog, an ape, a rat, a mouse, in an amount of that is effective in treating said cancer or that infectious disease.
[0142] The infectious diseases may be caused by exposure to a particular toxin or pathogen. Similar to its application
to tumors as discussed below, CTLA-4 blockade that is mediated by a CTLA-4 binding lipocalin mutein, and surrogate
therapeutic endpoint can be used alone, or as an adjuvant, in combination with vaccines, to stimulate the secondary or
memory immune response to pathogens, toxins, and self- antigens. CTLA-4 blockade has been shown to be effective
in the acute phase of infections of Nippostrongylus brasiliensis (McCoy, K. et al. (1997) 186 (2); 183- 187) and Leishmania
donovani (Murphy, M. et al. (1998) J. Immunol. 161: 4153-4160). Examples of pathogens for which this therapeutic
approach may be particularly useful include pathogens for which there is currently no effective vaccine, or pathogens
for which conventional vaccines are of limited effectiveness. These include, but are not limited to HIV, Hepatitis (A, B,
& C), Influenza, Herpes, Giardia, Malaria, Leishmania, Staphylococcus aureus, and Pseudomonas aeruginosa. CTLA-
4 blockade is particularly useful in boosting immunity against established infections by agents such as HIV that present
altered antigens over the course of the infections. These epitopes are recognized as foreign at the time of administration
of the CTLA-4 binding compound/mutein of the invention, thus provoking a strong T cell response that is not dampened
by negative signals through CTLA-4. Some examples of pathogenic viruses causing infections treatable by using CTLA-
4 binding lipocalin muteins of the invention include hepatitis (A, B, or C), herpes virus (e. g., VZV, HSV-1 , HAV-6, HSV-
11, and CMV, Epstein Barr virus), adenovirus, influenza virus, flaviviruses, echovirus, rhinovirus, coxsackie virus, cor-
novirus, respiratorysyncytial virus, mumps virus, rotavirus, measles virus, rubella virus, parvovirus, vaccina virus, HTLV
virus, dengue virus, papillomavirus, molluscum virus, poliovirus, rabies virus, JC virus and arboviral encephalitis virus,
to name only a few. Some examples of pathogenic bacteria causing infections treatable by CTLA-4 binding lipocalin
muteins include chlamydia, rickettsial bacteria, mycobacteria, staphylococci, streptococci, pneumonococci, meningo-
cocci and conococci, klebsiella, proteus, serratia, pseudomonas, legionella, diphtheria, salmonella, bacilli, cholera, tet-
anus, botulism, anthrax, plague, leptospirosis, and Lyme disease bacteria. Some examples of pathogenic fungi causing
infections treatable by CTLA-4 binding lipocalin muteins include Candida (albicans, krusei, glabrata, tropicalis, etc.)
Cryptococcus neoformans, Aspergillus (fumigatus, niger etc.), Gefaus Mucorales (Mucor, Absidia, Rhizophus), Spo-
rothrix schenkii, Blastomyces dermatitidis, Paracoccidioides brasiliensis, Coccidioidesimmitis and Histoplasma capsu-
latum. Some examples of pathogenic parasites causing infections treatable by CTLA-4 binding muteins include Enta-
moeba histolytica, Balantidium coli, Naegleria fowleri, Acanthamoeba sp., Giardia lambia, Cryptosporidium sp., Pneu-
mocystis carinii, Plasmodium vivax, Babesia microti, Trypanosoma brucei, Trypanosoma cruzi, Leishmania donovani,
Toxoplasma gondi, and Nippostrongylus brasiliensis.
[0143] Also, the disclosure relates to a method of treating a tumor or cancer, the method comprising administering a
pharmaceutical composition as described herein containing a mutein of the invention to a subject in need thereof.
Likewise, the invention relates to a mutein of the invention for use in treating a tumor or cancer. Similarly, the disclosure
concerns the use of a mutein of the invention for the preparation of a pharmaceutical composition for treating a tumor
or cancer. The cancer or tumor to be treated is not particularly limited, and specific examples may include lung cancer,
bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous or intraocular malignant melanoma,
uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region, stomach cancer, colon cancer, breast cancer,
testicular cancer, uterine cancer, carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma of the
cervix, carcinoma of the vagina, carcinoma of the vulva, Hodgkin’s Disease, non-Hodgkin’s lymphoma, cancer of the
esophagus, cancer of the small intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the
parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the urethra, cancer of the penis, prostate
cancer, chronic or acute leukemias, solid tumors of childhood, lymphocytic lymphoma, cancer of the bladder, cancer of
the kidney or ureter, renal cell carcinoma, carcinoma of the renal pelvis, neoplasm of the central nervous system (CNS),
primary CNS lymphoma, tumor angiogenesis, spinal axis tumor, brain stem glioma, pituitary adenoma, Kaposi’s sarcoma,
epidermoid cancer, squamous cell cancer, t-cell lymphoma, cutaneous T cell lymphoma (CTCL), and combinations of
said cancers.
[0144] When applied for the treatment of cancer, the CTLA-4 binding compound or mutein can be administered to a
mammal in combination with another pharmaceutically active agent. Examples of such agents include, but are not limited
to, a chemotherapeutic or anti-tumor agent, a cancer vaccine, an immunomodulatory agent, an anti-angiogenesis agent,
an anti- vascular agent, a signal transduction inhibitor, an antiproliferative agent, an apoptosis inducer, a chemokine, a
cytokine and an inhibitor of a survival pathway.
In one presently preferred embodiment, the mutein is administered in combination with an anti- angiogenesis agent.
Examples of suitable anti-angiogenesis are a MMP-2 (matrix-metalloproteinase 2) inhibitor, an MMP-9 (matrix-metallo-
proteinase 9) inhibitor, and a COX-II (cyclooxygenase II) inhibitor, to name only a few.
[0145] In another presently preferred embodiment, the CTLA-4 binding mutein is administered in combination with a
chemotherapeutic agent. The chemotherapeutic agent may be a mitotic inhibitor, alkylating agent, anti-metabolite, in-
tercalating antibiotic, growth factor inhibitor, cell cycle inhibitor, enzyme, topoisomerase inhibitor, biological response
modifier, anti-hormone, angiogenesis inhibitor, or an anti-androgen.
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In yet another presently preferred embodiment, the CTLA-4 binding mutein is administered in combination with a signal
transduction inhibitor. Examples of suitable signal transduction inhibitors include, but are not limited to, an EGFR (epi-
dermal growth factor receptor) inhibitor, VEGF (vascular endothelial growth factor) inhibitor, and an erbB2 receptor
inhibitor. In yet another presently preferred embodiment, the CTLA-4 binding mutein is administered in combination with
a cytokine. Illustrative examples of suitable cytokines for use in the present invention include Interleukin-2 (IL-2), Inter-
feron-gamma (IFN-g), granulocyte/macrophage colony-stimulating factor (GM-CSF), Interferon-12 (IL-12), Interferon-
18 (IL-18), and SL cytokine precursor (FLT-3L).
[0146] It is also encompassed in the present invention to administer to a mammal an amount of a CTLA- 4 binding
lipocalin mutein in combination with radiation therapy. The amount of the mutein in combination with the radiation therapy
is effective in inhibiting abnormal cell growth or treating the hyperproliferative disorder in the mammal.
[0147] In another therapeutic application, a CTLA-4 binding mutein is employed for the treatment or prevention of T
cell mediated disease or tumor types expressing CTLA-4 in a mammal. For this purpose, a fusion or conjugate of an
anti-CTLA-4 mutein as described herein with a toxin can be used. The amount of said fusion or conjugate is chosen
such that it is effective in treating said T cell mediated disease or tumor.
Examples of T cell mediated diseases that can be treated in this manner include graft versus host disease, transplant
rejection or auto-immune diseases such as multiple sklerosis, lupus erythematosus, myasthenia gravis, rheumatoid
arthritis or diabetes mellitus. For the same purpose, polyvalent formulations of CTLA-4 binding muteins that cross-link
cell surface CTLA-4 and act as a CTLA-4 agonist might be used instead of a conjugate or fusion of a anti-CTLA-4 lipocalin
mutein with a toxin (see, e. g., Krummel and Allison, 1996, J. Exp. Med. 183,2533- 2540, cf. also International patent
application WO 01/14424). A polyvalent formulation of CTLA-4 binding muteins that acts as an agonist can be prepared
by covalently crosslinking two or more of the muteins using respective cross-linking reagents. Alternatively, CTLA-4
binding muteins can be cross-linked to each other by non-covalent interactions. For this purpose, they can for example,
be conjugated to or fused to an oligomerization module such as a leucine zipper, a jun/fos oligomerization module or
an immunoglobulin domain (like CH4 as shown ). Non-covalent oligomerization and thus formation of a preparation of
polyvalent CTLA-4 muteins then occurs via this oligomerization module. In accordance with this approach, a polyvalent
CTLA-4 cross- linking lipocalin mutein will transduce a negative signal similar to the signal elicited by the natural ligand
and inhibit, reduce or prevent activation, expansion or effector activities of the CTLA-4 expressing T cell. Accordingly,
a pharmaceutical composition wherein the at least two CTLA-4 binding muteins are (cross)-linked to each other to form
a multimer, for example, a dimer, trimer or higher oligomer is also encompassed in the present invention. As mentioned
above, a dimeric fusion protein in which two CTLA-4 binding molecules (which can be formed either by two different
CTLA-4 binding muteins or two molecules of the same CTLA-4 binding mutein) are fused to each other can be used in
such a pharmaceutical composition.
[0148] In still another aspect, the present invention features a diagnostic or analytical kit comprising a mutein according
to the present invention.
[0149] The subject in need of such a treatment may be a mammal, such as a human, a dog, a mouse, a rat, a pig, an
ape such as cynomolgous monkeys to name only a few illustrative examples, with human being preferred.
[0150] In still another aspect, the present invention features a method for in vivo imaging in a subject, including
administering to said subject a mutein of the invention or a pharmaceutical composition comprising a mutein of the
invention. The subject may be defined as above.
[0151] It must be noted that as used herein, the singular forms "a", "an", and "the", include plural references unless
the context clearly indicates otherwise. Thus, for example, reference to "a reagent" includes one or more of such different
reagents and reference to "the method" includes reference to equivalent steps and methods known to those of ordinary
skill in the art that could be modified or substituted for the methods described herein.
[0152] Unless otherwise indicated, the term "at least" preceding a series of elements is to be understood to refer to
every element in the series. Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention described herein. Such equivalents are
intended to be encompassed by the present invention.
[0153] Throughout this specification and the claims which follow, unless the context requires otherwise, the word
"comprise", and variations such as "comprises" and "comprising", will be understood to imply the inclusion of a stated
integer or step or group of integers or steps but not the exclusion of any other integer or step or group of integer or step.
When used herein the term "comprising" can be substituted with the term "containing" or sometimes when used herein
with the term "having".
[0154] When used herein "consisting of" excludes any element, step, or ingredient not specified in the claim element.
When used herein, "consisting essentially of" does not exclude materials or steps that do not materially affect the basic
and novel characteristics of the claim. In each instance herein any of the terms "comprising", "consisting essentially of"
and "consisting of" may be replaced with either of the other two terms.
[0155] The invention is further illustrated by the following non-limiting Examples and the attached drawings. However,
these Examples should not be construed so as to limit the invention. Rather, they are merely exemplary embodiments.
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[0156] Unless otherwise indicated, established methods of recombinant gene technology were used, for example, as
described in Sambrook et al. (2001), supra.

EXAMPLES

Example 1: Construction of a mutant Lcn2 Phage display library for the affinity maturation of CTLA-4-specific 
hNGAL muteins

[0157] A mutant genetic library on the basis of a CTLA-4 specific Lcn2 mutein hNGALM1 with the SEQ ID NO: 1 was
generated by site-directed randomization of 10 amino acid positions located mainly in the structurally variable loop
regions in order to select an affinity matured mutein. Mutagenesis and polymerase chain reaction (PCR) assembly of
this region was essentially performed according to a published strategy (Beste et al. (1999) Proc. Natl. Acad. Sci. USA
96, 1898-1903; Skerra (2001) J. Biotechnol. 74, 257-275), this time using a two pot amplification reaction with the
template hNGALM1 and oligodeoxynucleotides (sequences of SEQ ID NO: 2 to SEQ ID NO: 8) as illustrated in Figure
1. For the first PCR reaction Oligodeoxynucleotides were designed such that the primers with sequences of SEQ ID
NO: 2 to SEQ ID NO: 5 carried degenerate codons at the amino acid positions 44, 50, or 79, 81, or 104, or 125, 127,
128, 130, 134, respectively, in order to introduce the combinatorial mutations. In a second PCR reaction a mediating
primer with SEQ ID NO: 6 and the two flanking primers with SEQ ID NO: 7 and SEQ ID NO: 8 were used and served
for the amplification of the assembled randomized library gene fragment. All PCR steps were performed using Go-Taq
DNA polymerase (Promega, Mannheim, Germany) as described (Schlehuber et al. (2000) J. Mol. Biol. 297, 1105-1120).
[0158] Oligodeoxynucleotides that did not carry degenerate codons were purchased in HPLC grade from Metabion
(Munich, Germany). Oligodeoxynucleotides bearing degenerated codons were purchased desalted from the same vendor
and further purified by urea PAGE. The resulting DNA library was cut with BstXI (Promega, Mannheim, Germany) and
cloned on the phagemid vector phNGAL35 (SEQ ID NO: 9), which is based on the generic expression vector pASK75
(Skerra (1994) Gene 151, 131-135) and codes for a fusion protein composed of the OmpA signal peptide, followed by
a T7-affinity-tag (T7), the modified mature Lcn2, an amber codon, and the C-terminal fragment of the gene III coat protein
of the filamentous bacteriophage M13, i.e. similar as previously described for the bilin-binding protein (Beste et al., supra;
Skerra, supra). Electroporation of E. coli XL1-Blue (Bullock et al. (1987) Biotechniques 5, 376-378) with the ligation
mixture of digested PCR product and digested plasmid DNA, yielded a library with a complexity corresponding to 7,7 x
109 independent transformants.
100 ml of the culture, containing the cells which were transformed with the phasemid vectors on the basis of phNGAL35
coding for the library of the lipocalin muteins as phage pIII fusion proteins, were transferred to a sterile Erlenmeyer flask
and incubated for one hour at 37 °C, 160 rpm in 2YT medium without antibiotic selection pressure. Before infection with
VCS-M13 helper phage the culture was diluted in 2YT medium to an OD550 of 0.1 with the corresponding antibiotic
added and further grown under identical conditions until an OD550 of 0,6 was reached. After infection with VCS-M13
helper phage (Agilent Technologies, La Jolla, USA) at a multiplicity of infection of approximately 10 the culture was
shaken for additional 30 min at 37 °C, 100 rpm. Then the incubator temperature was lowered to 26 °C and the shaker
speed was increased again to 160 rpm, after 10 min kanamycin (70 mg/ml) was added, followed by induction of gene
expression via addition of anhydrotetracycline (ACROS Organics, Geel, Belgium) at 25 mg/l (125 ml of a 200 mg/ml stock
solution in dimethylformamide, DMF per liter of culture). Incubation continued for another 12-15 h at 26 °C, 160 rpm.
[0159] Cells from the complete culture were sedimented by centrifugation (30 min, 18000 g, 4 °C). The supernatant
containing the phagemid particles was sterile-filtered (0.45 mm), mixed with 1/4 volume 20 % w/v PEG 8000, 15 % w/v
NaCl, and incubated on ice for at least 2 h. After centrifugation (30 min, 18000 g, 4 °C) the precipitated phagemid particles
from 1 liter of culture were dissolved in 30 ml of cold BBS/E (200 mM Na-borate, 160 mM NaCl, 1 mM EDTA pH 8.0)
containing 50 mM benzamidine (Sigma) and Pefabloc 1 mg/ml (Roth, Karlsruhe, Germany). The solution was incubated
on ice for 1 h. After centrifugation of undissolved components (10 min, 43000 g, 4 °C) each supernatant was transferred
to a new reaction vessel.
[0160] Addition of 1/4 volume 20 % w/v PEG 8000, 15 % w/v NaCl and incubation for 60 min on ice served to reprecipitate
the phagemid particles until the phagemids were aliquoted and frozen at -80°C for storage. For the first selection cycle
phagemids were thawed and centrifuged (30 min, 34000 g, 4 °C), the supernatant was removed, and the precipitated
phagemid particles were dissolved and combined in a total of 400 ml PBS containing 50 mM benzamidine. After incubation
for 30 min on ice the solution was centrifuged (5 min, 18500 g, 4°C) in order to remove residual aggregates and the
supernatant was used directly for the phage display selection.

Example 2: Phagemid presentation and selection of NGAL muteins with affinity for extracellular domain of 
dimeric human CTLA-4

[0161] Phagemids obtained from Example 1 were subjected to phage display selection against the recombinant bi-
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otinylated extracellular domain of dimeric human CTLA-4 (Schonfeld et al. (2009), PNAS 106, 8198-8203).
[0162] Phagemid display and selection of CTLA4-specific lipocalin muteins employing magnetic streptavidin beads
was essentially carried out as described in Example 27 in International Patent application WO 2005/019256 except the
following deviations: Phagemids and target were incubated in solution and the selection stringency was increased either
by limiting the target concentration (1.2, 0.2 and 0.04 nM) and incubation time (5, 20 min) for phagemids with the target
in order to select faster kon rates or by competition with 12, or 25 nM of an antagonistic CTLA-4 antibody BNI3 (BD
Bioscience) at a target concentration of 1 nM. The phagemids were eluted both under acidic and basic conditions.
[0163] Phagemid amplification between each panning cycle was performed as described in Schlehuber, S. et al. (J.
Mol. Biol. (2000), 297, 1105-1120).
[0164] Three rounds of selection against biotinylated CTLA4 were carried out in this way employing the preparation
of amplified phagemids from the respective previous enrichment cycle with the exception that only about 3 · 1011 phagemi-
ds were utilized beginning with the second enrichment cycle.

Example 3: Identification of CTLA4-specific muteins using high-throughput ELISA screening

[0165] Screening of the muteins selected according to Example 2 was performed essentially as described in Example
3 of international patent application WO 2006/56464.
[0166] Therein, NGAL variants equipped with a T7 detection tag (Novagen) as well as a Strep-tag II affinity tag (IBA)
were soluble expressed in a 96 well microtiter plate using the E. coli strain TG1/ F- with phNGAL37 SEQ ID NO: 10.
This vector corresponds to phNGAL15 SEQ ID NO: 11 as described in the following example 4 with an N-terminal T7
tag consisting of 11 amino acids (MASMTGGQQMG). Lipocalin mutein expression was induced overnight at 22 °C at
700 rpm with anhydrotetracycline (0,2mg/ml) at an OD550 of 0.6. Afterwards, cells were lysed (100 mM Na-borate, pH
8.0, 80 mM NaCl, 1 mM EDTA, 0.025 % w/v lysozyme) for 1 h under agitation. To minimize non-specific binding in the
subsequent ELISA screen, the crude cell lysates were supplemented with 2 % w/v BSA and 0.1 % v/v Tween 20 and
tested in ELISA for binding to human CTLA-4-Fc (Chimerigen).
[0167] In a reverse ELISA approach soluble expressed muteins from the crude cell lysate were captured via immobilized
T7 mAb (5 mg/ml, Novagen) on wells of black Fluotrac 600 ELISA plates (Greiner; 384 well). Neutravidin, 5 mg/ml, and
3 % milk were used as negative control. Plates were blocked with PBST/0.1 containing 2 % w/v BSA , and subsequently
incubated with limited amounts of soluble human CTLA4-Fc (2 nM, 0,5 nM) for 1 h at room temperature in order to
differentiate the muteins by their affinity. Subsequently plates were washed five times and bound target was detected
via an goat anti-human Fc monoclonal antibody-HRP conjugate (Jackson ImmunoResearch), diluted 1:5.000 in
PBST/0.1. Therefore, QuantaBlu™ (Pierce; 1:2 diluted in PBS/T 0.1%) was used as fluorogenic HRP substrate. After
45 min of signal development at room temperature fluorescence was excited at a wavelength of 320 nm (6 12.5 nm)
and measured at 430 nm (6 17.5 nm) in a GENiosPlus plate reader (Tecan).
[0168] Screening of 2880 clones, selected as described in Example 2, led to the identification of more then 660 primary
hits indicating the successful isolation of muteins having improved affinity for CTLA-4 compared to hNGALM1 SEQ ID
NO: 1 which served as the basis for affinity maturation.
[0169] Further differentiation of the primary hits in terms of their target affinity was carried out in the identical reverse
ELISA approach as described above but either under target-limiting conditions with CTLA4-Fc (Chimerigen) at concen-
trations of 1, and 0.1 nM, respectively, or under time-limiting conditions with 10 nM of target and a reduced incubation
time of 5 min in order to select for muteins with faster kon rate.
[0170] In some cases a competition ELISA was carried out where CTLA4-Fc (2,5 mg/ml) was captured in ELISA plates
via an immobilized mouse anti-human IgG Fc Gamma fragment-specific antibody (Jackson ImmunoResearch (5 mg/ml)
and incubated for 1 h with a premixture of the mutein extracts and different concentrations of a competitive CTLA4-
specific mAb BNI3 (BD Bioscience) at concentrations of 30, 100, and 200 nM, respectively.
Using these ELISA approaches the muteins with SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15,
SEQ ID NO: 16, and SEQ ID NO: 17, were identified. The sequences of these muteins are depicted in Figure 2.

Example 4: Production of CTLA4-binding muteins (NGAL)

[0171] The recombinant Lcn2 and the human CTLA-4-specific Lcn2 variants were produced by periplasmic secretion
in E. coli K12 strain JM83 (Yanisch-Perron et al. (1985) Gene 33, 103-119), the E. coli supE strain TG1-F- (a derivative
of E. coli K12 TG1 [Kim et al. (2009) J. Am. Chem. Soc. 131, 3565-3576] that was cured from its episome using acridinium
orange), or E. coli W3110 (Bachmann (1990) Microbiol. Rev. 54, 130-197).
[0172] For a small scale soluble protein expression the plasmid phNGAL15 (SEQ ID NO: 11) was used, encoding a
fusion of the OmpA signal peptide with the respective mutein and the C-terminal Strep-tag II, whereby the plasmid carries
the two non-compatible BstXI restriction sites for unidirectional subcloning of the mutated gene cassette. Growth was
allowed to occur in a 2 L shaking flask culture in the presence of LB-Ampicillin medium according to the protocol described
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in Schlehuber, S. et al. (J. Mol. Biol. (2000), 297, 1105-1120). For larger amounts of protein the periplasmatic production
was performed with the same vector expressed in the E. coli strain W3110 via bench top fermenter cultivation in a 1 I
or 10 I vessel based on the protocol described in Schiweck, W., and Skerra, A. Proteins (1995) 23, 561-565).
[0173] The Lcn2 variants were purified from the periplasmic fraction in a single step via streptavidin affinity chroma-
tography (Strep-Tactin™ Superflow, IBA) using a column of appropriate bed volume according to the procedure described
by Skerra, A. & Schmidt, T. G. M. (2000) (Use of the Strep-tag and streptavidin for detection and purification of recombinant
proteins. Methods Enzymol. 326A, 271-304). To achieve higher purity and to remove any aggregated recombinant
protein, a gel filtration of the muteins was finally carried out on a Superdex 75 HR 10/30 column (24-ml bed volume,
Amersham Pharmacia Biotech, Freiburg, Germany) in the presence of PBS buffer. The monomeric protein fractions
were pooled, analysed for purity by SDS-PAGE (Fling and Gregerson (1986) Anal. Biochem. 155, 83-88), and used for
further biochemical characterization.

Example 5: Measurement of binding affinity for CTLA-4 via surface plasmon resonance on a Biacore T100 
instrument

[0174] Real time affinity analysis was performed at 25°C using a Biacore T100 system (GE Healthcare). Anti-human
IgG-Fc antibody (Jackson ImmounoResearch Laboratories) was immobilized on a CM5 sensor chip using standard
amine coupling chemistry, resulting in a ligand density of 8000 resonance units (RU). The reference channel was left
blank (activated with EDC/NHS and subsequently blocked with ethanolamine). hCTLA4-Fc (Chimerigen) or murine
CTLA4-Fc (R&D Systems) fusion protein was captured on this surface to a ligand density of approximately 300 RU at
a flow rate of 10 ml/min in HBS-EP (Biacore). Subsequently, the Lcn2 muteins (SEQ ID: No 12 to SEQ ID NO: 17) were
applied in an appropriate dilution series in HBS-EP at a flow rate of 30 ml/min. Regeneration of the derivatized chip
surface was achieved by a combination of first basic (2.5 mM NaOH) and then acidic (10 mM glycine, pH 1.5) buffer,
each for 8 and 16 s, respectively. Statistic analysis revealed that on average less than 1 RU protein remained bound
after the regeneration step. To correct for buffer effects and baseline drift, double referencing was used throughout.
Kinetic data evaluation was performed using the Biacore T100 Evaluation Software (v. 2.0.1) using the Langmuir 1:1
binding model and global fitting.
[0175] The values determined for ka and kd for the muteins of the sequences of SEQ ID NO: 12 to SEQ ID NO: 17
are summarized in Table I.

Example 6: Determination of thermal denaturation for CTLA4-specific Lcn2 muteins by use of CD spectroscopy

[0176] Circular dichroism spectra of the purified CTLA4-specific Lcn2 muteins from affinity maturation as described
in Example 2 were measured with a Jasco-810 spectropolarimeter (Jasco, Groß-Umstadt, Germany) thermostatted with
a computer controlled waterbath. Solutions of the lipocalin muteins were concentrated at 100-200 mg/ml in PBS buffer,
pH 7.5 and applied in a quartz cuvette with a pathlength of 1 mm that was sealed with a Teflon lid. Thermal unfolding
was performed by heating the sample at a constant temperature gradient of 40 k h-1 from 25 to 95°C. Data were collected
for each 0.1 K step at a wavelength of 218 nm, where maximal spectral change upon unfolding was observed for Lcn2
muteins beforehand. The sample buffer showed no change in ellipticity with variation in temperature, so no corrections
were made. Data from the thermal denaturation experiments were fitted by non-linear least-square regression using
Kaleidagraph software and an equation for a two-state model of the unfolding transition as described at Brumano et al.
(2000) Arch Biochem Biophys. 382(1), 57-62 and Cohen et al. (1994) Protein Sci. 3(8), 1253-60. Using the parameters

Table 1: SPR analysis demonstrates cross-reactivity with KD values in the picomolar range for human CTLA4-Fc 
and mouse CTLA4 as well.

human CTLA4 mouse CTLA4

Clone kon(1/Ms x 
105)

koff(1 x 10-5) KD (M) kon(1/Ms x 
105)

koff(1/s x 105) KD (M)

hNGALM2 5,65E+05 3,88E-04 6,86E-10 2.98E+05 9,07E-04 3,05E-09

hNGALM3 4,22E+05 1,94E-04 4,60E-10 1,99E+05 1,34E-04 6,72E-10

hNGALM4 5,39E+05 1,86E-04 3,46E-10 2.21E+05 1,29E-04 5,84E-10

hNGALM5 3.80E+05 2,81E-04 7,40E-10 8,13+05 2,61-04 3,20E-10

hNGALM7 7,84E+05 5,17E-04 6,59E-10 2,61E+05 1,08E-04 4,13E-10

hNGALM6 3,35E+05 1,97E-04 5,88E-10 6,36E+07 4,207 6,61E-08
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from the corresponding curve fit, the unfolded fraction f(u) was plotted as a function of temperature T for illustration (see
Fig. 3) and the values for the melting temperature is given in table 2.

Example 7: B7.1 blocking FACS on human CTLA4-transfected CHO cells

[0177] Different concentrations of the Lcn2 muteins or, as a positive control, of the antibody BNI3 (BD Bioscience)
were mixed with recombinant biotinylated human B7.1 (Ancell) at 10 nM final concentration and added to 100 000 of
the CTLA-4 transfected CHO-K1 cells which were generated according to the description in example 16 of PCT/EP
2005/012640. Samples were incubated at 4°C for 2 h, washed twice in PBS containing 2 % w/v BSA, and detection of
bound B7.1 was accomplished by incubation with streptavidin-phycoerythrin for 30 min at 4°C. Mean fluorescence
intensities were determined by flow cytometry and fitted to a sigmoidal dose response model using Prism (GraphPad)
as depicted in Figure 4 to determine EC50 values for Lcn2 muteins from sequences of SEQ ID NO: 12 to SEQ ID NO:
17 which are summarized in Table 3. Wild type Lcn2 or isotype control antibody did not lead to measurable inhibition
of B7.1 binding to the CTLA-4 expressing CHO cells (data not shown).

Example 8: A CTLA4-specific mutein specifically inhibits tumour growth in the murine syngenic CSA1M tumor 
model (p < 0.001)

[0178] As depicted in Figure 5, to assess in comparision the specific in vivo activity of a CTLA4-specific mutein
hNGALM4 (SEQ ID NO: 14) in the murine syngenic CSA1M tumor model, CSA1M cells was used in a dose that leads
to a progressively growing, subcutaneous tumor in 100% of S.C. injected syngeneic Balb/c mice. Treatment of tumor-
bearing animals with the positive control antibody and negative istotype control antibody were started on the same day
as the tumor challenge. The endpoint for pharmacologic activity was reduction of S.C. tumor growth. CSA1 M cells were
trypsinized, counted, washed and resuspended in serum-free DMEM medium for subcutaneous (S.C.) injection (1.0 x
106 cells per mouse) onto the flank of Balb/c mice. Anticipated growth patterns were observed with positive and negative
control groups. hNGALM4 strongly inhibited tumor growth over a 35 day period with tumor growth (p < 0.001). No toxicity
was observed in mice treated with hNGALM4.

SEQUENCE LISTING

[0179]

Table 2: Tm of affinity-matured CTLA4-specific Lcn2 muteins

Mutein Tm [°C]

hNGALM2 51

hNGALM3 57

hNGALM4 64

hNGALM5 61

hNGALM6 66

hNGALM7 53

Table 3: EC50 values of affinity-matured CTLA4-specific Lcn2 muteins in a B7.1 blocking FACS on human CTLA4-
transfected CHO cells.

Mutein EC50 [nM]

hNGALM2 6

hNGALM3 7,6

hNGALM4 9,5

hNGALM5 9

hNGALM6 10,3

hNGALM7 11
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<110> Pieris AG

<120> Muteins of human lipocalin 2 with affinity for CTLA4-4

<130> PIE13918PCT

<150> EP10193401.6
<151> 2010-12-02

<150> US61/419,072
<151> 2010-12-02

<160> 20

<170> PatentIn version 3.3

<210> 1
<211> 178
<212> PRT
<213> artificial

<220>
<223> hNGALM1 mutant

<400> 1
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<210> 2
<211> 73
<212> DNA
<213> artificial

<220>
<223> Primer 73N (SSRO-1 oligonucleotide)

<220>
<221> misc_feature
<222> (31)..(32)
<223> n is a, c, g, or t

<220>
<221> misc_feature
<222> (49)..(50)
<223> n is a, c, g, or t

<400> 2

<210> 3
<211> 52
<212> DNA
<213> artificial

<220>
<223> Primer 52N (SSRO-2 oligonucleotide)

<400> 3
ctgggaacct ggaacaaaag ttscgatagd gtacagacac ttcttatggg ag 52

<210> 4
<211> 43
<212> DNA
<213> artificial

<220>
<223> Primer 43N (SSRO-3 oligonucleotide)

<220>
<221> misc_feature
<222> (23) .. (24)
<223> n is a, c, g, or t
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<400> 4
catcaagagt tacggggata agnnsagtta cctcgtccga gtg 43

<210> 5
<211> 76
<212> DNA
<213> artificial

<220>
<223> Primer 76N (SSRO-4 oligonucleotide)

<220>
<221> misc_feature
<222> (44)..(45)
<223> n is a, c, g, or t

<220>
<221> misc_feature
<222> (53)..(54)
<223> n is a, c, g, or t

<400> 5

<210> 6
<211> 65
<212> DNA
<213> artificial

<220>
<223> Primer 65N (SSRO-5 oligonucleotide)

<400> 6

<210> 7
<211> 54
<212> DNA
<213> artificial

<220>
<223> primer NGAL12bio

<400> 7
cttccaggac aaccaattcc atgggaagtg gtatgtggta ggtctcgcag ggaa 54

<210> 8
<211> 39
<212> DNA
<213> artificial
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<220>
<223> Primer NGAL13bio

<400> 8
cctttagttc cgaagccagc tccttggttc tcccgtaga 39

<210> 9
<211> 4978
<212> DNA
<213> artificial

<220>
<223> vector construct phNGAL35

<400> 9
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<210> 10
<211> 3778
<212> DNA
<213> artificial

<220>
<223> vector phNGAL37
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<400> 10
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<210> 11
<211> 3745
<212> DNA
<213> artificial

<220>
<223> vector pNGAL15

<400> 11
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<210> 12
<211> 178
<212> PRT
<213> artificial

<220>
<223> hNGALM2

<400> 12
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<210> 13
<211> 178
<212> PRT
<213> artificial

<220>
<223> hNGALM3

<400> 13
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<210> 14
<211> 178
<212> PRT
<213> artificial

<220>
<223> hNGALM4

<400> 14
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<210> 15
<211> 178
<212> PRT
<213> artificial

<220>
<223> hNGALM5

<400> 15
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<210> 16
<211> 178
<212> PRT
<213> artificial

<220>
<223> hNGALM6

<400> 16
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<210> 17
<211> 178
<212> PRT
<213> artificial

<220>
<223> hNGALM7

<400> 17
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<210> 18
<211> 18
<212> DNA
<213> artificial

<220>
<223> Primer (ASKD20)

<400> 18
ccactcccta tcagtgat 18

<210> 19
<211> 31
<212> DNA
<213> artificial

<220>
<223> Primer (NGAL67)
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<400> 19
cttcacaggt caagcttatt atttttcgaa c 31

<210> 20
<211> 178
<212> PRT
<213> Homo sapiens

<220>
<221> MISC_FEATURE
<223> wt Lcn2 (hNGAL)

<400> 20

Claims

1. A lipocalin mutein that is capable of binding human CTLA-4 with an affinity by a KD of about 1 nM or lower, wherein
the mutein comprises at least 9 mutated amino acid residues at the amino acid sequence positions 44, 50, 79, 81,
98, 104, 125, 127, 128, 130 and/or 134 of the linear polypeptide sequence of hNGAL as shown in SEQ ID NO: 20,
wherein the mutein comprises a mutated amino acid residue at the sequence position 44 of the linear polypeptide
sequence of hNGAL.

2. The mutein of claim 1, wherein the amino acid sequence of the mutein comprises one of the following sets of amino
acid substitutions:

(a) Glu 44 → Asp; Lys 50 → Asn; Trp 79 → Thr; Arg 81 → Ala; Lys 125 → Leu; Ser 127 → Glu; Gin 128 →
Asp; Arg 130 → Ala; Lys 134 → Ala;
(b) Glu 44 → Asp; Lys 50 → Asp; Trp 79 → Pro; Arg 81 → Ala; Thr 104 → Trp; Lys 125 → His; Ser 127 → Asp;
Gin 128 → Thr; Arg 130 → Tyr; Lys 134 → Ser;
(c) Glu 44 → Gln; Lys 50 → Leu; Trp 79 → Pro; Arg 81 → Ala; Thr 104 → Val; Lys 125 → His; Ser 127 → Asp;
Gin 128 → Thr; Arg 130 → Tyr; Lys 134 → Ser;
(d) Glu 44 → Asp; Lys 50 → Pro; Trp 79 → Pro; Arg 81 → Ala; Thr 104 → Trp; Lys 125 → His; Ser 127 → Asp;
Gin 128 → Ser; Arg 130 → Tyr; Lys 134 → Ser;
(e) Glu 44 → Ser; Lys 50 → Arg; Trp 79 → Thr; Arg 81 → Ala; Thr 104 → Trp; Lys 125 → His; Ser 127 → Asp;
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Gin 128 → Thr; Arg 130 → Tyr; Lys 134 → Ser;
(f) Glu 44 → Ser; Lys 50 → Pro; Trp 79 → Ser; Arg 81 → Ala; Thr 104 → Glu; Lys 125 → Tyr; Gin 128 → Asp;
Arg 130 → Asp; Lys 134 → Ser; and
(g) Glu 44 → Leu; Lys 50 → Pro; Trp 79 → Pro; Arg 81 → Ala; Lys 98 → Arg; Lys 125 → His; Ser 127 → Asp;
Gin 128 → Thr; Arg 130 → Tyr; Lys 134 → Ser.

3. A lipocalin mutein according to any of the preceding claims, comprising an amino acid sequence selected from the
group consisting of SEQ ID NOs: 1 and 12-17 or of a fragment or variant thereof, said fragment or variant comprises
the amino acid residues as defined in claim 1 or 2.

4. A lipocalin mutein according to claims 1 to 3 having at least 70% identity to a protein selected from the group
consisting of SEQ ID NOs: 1 and 12-17.

5. The mutein of any one of claims 1 to 4, wherein the mutein is conjugated to a compound selected from the group
consisting of an organic molecule, an enzyme label, a radioactive label, a colored label, a fluorescent label, a
chromogenic label, a luminescent label, a hapten, digoxigenin, biotin, a cytostatic agent, a toxins, a metal complex,
a metal, and colloidal gold.

6. The mutein of any one of claims 1 to 5, wherein the mutein is conjugated to a compound that extends the serum
half-life of the mutein, wherein the compound that extends the serum half-life is selected from the group consisting
of a polyalkylene glycol molecule, hydroethylstarch, a Fc part of an immunoglobulin, a CH3 domain of an immu-
noglobulin, a CH4 domain of an immunoglobulin, an albumin binding peptide, and an albumin binding protein.

7. The mutein of any one of claims 1 to 6 for use as an antagonist of CTLA-4.

8. The mutein of any one of claims 1 to 6 for use in therapy or diagnosis.

9. A nucleic acid molecule comprising a nucleotide sequence encoding a mutein of any one of claims 1 to 6.

10. A host cell containing a nucleic acid molecule of claim 9.

11. A method of producing a mutein according to any one of claims 1 to 6, wherein the mutein, a fragment of the mutein
or a fusion protein of the mutein and another polypeptide is produced starting from the nucleic acid coding for the
mutein by means of genetic engineering methods.

12. A pharmaceutical composition comprising a mutein according to any one of claims 1 to 6 and a pharmaceutically
acceptable excipient.

13. A diagnostic or analytical kit comprising a mutein according to any one of claims 1 to 6.

14. A pharmaceutical composition containing a mutein according to any one of claims 1 to 6 or a pharmaceutical
composition according to claim 12 for use in the treatment of cancer.

15. A method of detecting the presence of CTLA-4 in a biological sample, the method comprising contacting the sample
with a mutein of any one of claims 1 to 6 under conditions that allow the formation of a complex of the mutein and
CTLA-4.

Patentansprüche

1. Lipocalinmutein, das fähig ist, humanes CTLA-4 mit einer Affinität mit einem KD-Wert von etwa 1 nM oder kleiner
zu binden, wobei das Mutein mindestens 9 mutierte Aminosäurereste an den Aminosäuresequenzpositionen 44,
50, 79, 81, 98, 104, 125, 127, 128, 130 und/oder 134 der linearen Polypeptidsequenz von hNGAL, wie dargestellt
in SEQ ID NO: 20, umfasst, wobei das Mutein einen mutierten Aminosäurerest an der Sequenzposition 44 der
linearen Polypeptidsequenz von hNGAL umfasst.

2. Mutein nach Anspruch 1, wobei die Aminosäuresequenz des Muteins einen der folgenden Sätze von Aminosäure-
substitutionen umfasst:
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(a) Glu 44 → Asp; Lys 50 → Asn; Trp 79 → Thr; Arg 81 → Ala; Lys 125 → Leu; Ser 127 → Glu; Gin 128 →
Asp; Arg 130 → Ala; Lys 134 → Ala;
(b) Glu 44 → Asp; Lys 50 → Asp; Trp 79 → Pro; Arg 81 → Ala; Thr 104 → Trp; Lys 125 → His; Ser 127 → Asp;
Gln 128 → Thr; Arg 130 → Tyr; Lys 134 → Ser;
(c) Glu 44 → Gln; Lys 50 → Leu; Trp 79 → Pro; Arg 81 → Ala; Thr 104 → Val; Lys 125 → His; Ser 127 → Asp;
Gin 128 → Thr; Arg 130 → Tyr; Lys 134 → Ser;
(d) Glu 44 → Asp; Lys 50 → Pro; Trp 79 → Pro; Arg 81 → Ala; Thr 104 → Trp; Lys 125 → His; Ser 127 → Asp;
Gin 128 → Thr; Arg 130 → Tyr; Lys 134 → Ser;
(e) Glu 44 → Ser; Lys 50 → Arg; Trp 79 → Thr; Arg 81 → Ala; Thr 104 → Trp; Lys 125 → His; Ser 127 → Asp;
Gin 128 → Thr; Arg 130 → Tyr; Lys 134 → Ser;
(f) Glu 44 → Ser; Lys 50 → Pro; Trp 79 → Ser; Arg 81 → Ala; Thr 104 → Glu; Lys 125 → Tyr; Gin 128 → Asp;
Arg 130 → Asp; Lys 134 → Ser; und
(g) Glu 44 → Leu; Lys 50 → Pro; Trp 79 → Pro; Arg 81 → Ala; Lys 98 → Arg; Lys 125 → His; Ser 127 → Asp;
Gin 128 → Thr; Arg 130 → Tyr; Lys 134 → Ser.

3. Lipocalinmutein nach einem der vorangehenden Ansprüche, umfassend eine Aminosäuresequenz, ausgewählt aus
der Gruppe bestehend aus SEQ ID NO: 1 und SEQ ID NO: 12 bis SEQ ID NO: 17 oder aus einem Fragment oder
einer Variante davon, wobei das Fragment oder die Variante die Aminosäurereste wie in Anspruch 1 oder 2 definiert
umfasst.

4. Lipocalinmutein nach den Ansprüchen 1 bis 3 mit mindestens 70 % Identität mit einem Protein, ausgewählt aus der
Gruppe bestehend aus SEQ ID NO: 1 und SEQ ID NO: 12 bis SEQ ID NO: 17.

5. Mutein nach einem der Ansprüche 1 bis 4, wobei das Mutein mit einer Verbindung, ausgewählt aus der Gruppe
bestehend aus einem organischen Molekül, einem Enzymmarker, einem radioaktiven Marker, einem farbigen Mar-
ker, einem Fluoreszenzmarker, einem chromogenen Marker, einem Lumineszenzmarker, einem Hapten, Digoxige-
nin, Biotin, einem Zytostatikum, einem Toxin, einem Metallkomplex, einem Metall und kolloidalem Gold, konjugiert ist.

6. Mutein nach einem der Ansprüche 1 bis 5, wobei das Mutein mit einer Verbindung, die die Serumhalbwertszeit des
Muteins verlängert, konjugiert ist, wobei die Verbindung, die die Serumhalbwertszeit des Muteins verlängert, aus-
gewählt ist aus der Gruppe bestehend aus einem Polyalkylenglykol-Molekül, Hydroethylstärke, einem Fc-Teil eines
Immunglobulins, einer CH3-Domäne eines Immunglobulins, einer CH4-Domäne eines Immunglobulins, einem Al-
bumin-Bindungspeptid und einem Albumin-Bindungsprotein.

7. Mutein nach einem der Ansprüche 1 bis 6 zur Verwendung als Antagonist von CTLA-4.

8. Mutein nach einem der Ansprüche 1 bis 6 zur Verwendung in der Therapie oder Diagnose.

9. Nukleinsäuremolekül, umfassend eine Nukleotidsequenz, die ein Mutein nach einem der Ansprüche 1 bis 6 codiert.

10. Wirtszelle, die ein Nukleinsäuremolekül nach Anspruch 9 enthält.

11. Verfahren zur Herstellung eines Muteins nach einem der Ansprüche 1 bis 6, wobei das Mutein, ein Fragment des
Muteins oder ein Fusionsprotein aus dem Mutein und einem anderen Polypeptid ausgehend von der Nukleinsäure,
die das Mutein codiert, durch Gentechnikverfahren hergestellt wird.

12. Pharmazeutische Zusammensetzung, umfassend ein Mutein nach einem der Ansprüche 1 bis 6 und einen phar-
mazeutisch verträglichen Trägerstoff.

13. Diagnose- oder Analysekit, umfassend ein Mutein nach einem der Ansprüche 1 bis 6.

14. Pharmazeutische Zusammensetzung, enthaltend ein Mutein nach einem der Ansprüche 1 bis 6, oder pharmazeu-
tische Zusammensetzung nach Anspruch 12 zur Verwendung bei der Behandlung von Krebs.

15. Verfahren zum Nachweis des Anwesenheit von CTLA-4 in einer biologischen Probe, wobei das Verfahren das
Inkontaktbringen der Probe mit einem Mutein nach einem der Ansprüche 1 bis 6 unter Bedingungen, die die Bildung
eines Komplexes aus dem Mutein und CTLA-4 ermöglichen, umfasst.
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Revendications

1. Une mutéine de lipocaline qui est capable de se lien au CTLA-4 humain avec une affinité KD d’environ 1 nM ou
inférieur, dans lequel la mutéine comprend au moins 9 résidus d’acides aminés aux positions de séquence d’acides
aminés 44, 50, 79, 81, 98, 104, 125, 127, 128, 130 et/ou 134 de la séquence polypeptidique linéaire de hNGAL
comme représenté dans la SEQ ID No : 20, dans laquelle la mutéine comprend un résidu d’acide aminé muté à la
position de séquence 44 de la séquence polypeptidique linéaire de hNGAL.

2. La mutéine selon la revendication 1, dans laquelle la séquence d’acides aminés de la mutéine comprend l’un des
ensembles suivants de substitutions d’acides aminés :

(a) Glu 44 → Asp ; Lys 50 → Asn ; Trp 79 → Thr ; Arg 81 → Ala ; Lys 125 → Leu ; Ser 127 → Glu ; Gln 128 →
Asp ; Arg 130 → Ala ; Lys 134 → Ala ;
(b) Glu 44 → Asp ; Lys 50 → Asp ; Trp 79 → Pro ; Arg 81 → Ala ; Thr 104 → Trp ; Lys 125 → His ; Ser 127 →
Asp ; Gin 128 → Thr ; Arg 130 → Tyr ; Lys 134 → Ser;
(c) Glu 44 → Gln ; Lys 50 → Leu ; Trp 79 → Pro ; Arg 81 → Ala ; Thr 104 → Val → ; Lys 125 → His ; Ser 127
→ Asp ; Gin 128 → Thr ; Arg 130 → Tyr ; Lys 134 → Ser;
(d) Glu 44 → Asp ; Lys 50 → Pro ; Trp 79 → Pro ; Arg 81 → Ala ; Thr 104 → Trp ; Lys 125 → His ; Ser 127 →
Asp ; Gln 128 → Ser ; Arg 130 → Tyr ; Lys 134 → Ser;
(e) Glu 44 → Ser ; Lys 50 → Arg ; Trp 79 → Thr ; Arg 81 → Ala ; Thr 104 → Trp ; Lys 125 → His ; Ser 127 →
Asp ; Gln 128 → Thr ; Arg 130 → Tyr ; Lys 134 → Ser;
(f) Glu 44 → Ser ; Lys 50 → Pro ; Trp 79 → Ser ; Arg 81 → Ala ; Thr 104 → Glu ; Lys 125 → Tyr ; Gin 128 →
Asp ; Arg 130 → Asp ; Lys 134 → Ser ; et
(g) Glu 44 → Leu ; Lys 50 → Pro ; Trp 79 → Pro ; Arg 81 → Ala ; Lys 98 → Arg ; Lys 125 → His ; Ser 127 →
Asp ; Gln 128 → Thr ; Arg 130 → Tyr ; Lys 134 → Ser.

3. Une mutéine de lipocaline selon l’une quelconque des revendications précédentes, comprenant une séquence
d’acides aminés choisie parmi le groupe comprenant les SEQ ID No : 1 et 12 à 17 ou d’un fragment ou d’une variante
de celles-ci, ledit fragment ou ladite variante comprenant les résidus d’acides aminés selon la revendication 1 ou 2.

4. Une mutéine de lipocaline selon les revendications 1 à 3 ayant au moins 70 % d’identité avec une protéine choisie
parmi le groupe comprenant les SEQ ID No : 1 et 12 à 17.

5. La mutéine selon l’une quelconque des revendications 1 à 4, dans laquelle la mutéine est conjuguée à un composé
choisi dans le groupe comprenant une molécule organique, un marqueur enzymatique, un marqueur radioactif, un
marqueur coloré, un marqueur fluorescent, un marqueur chromogène, un marqueur luminescent, un haptène, de
la digoxigénine, de la biotine, un agent cytostatique, une toxine, un complexe métallique, un métal et de l’or colloïdal.

6. La mutéine selon l’une quelconque des revendications 1 à 5, dans laquelle la mutéine est conjuguée à un composé
qui augmente la demi-vie sérique de la mutéine, dans laquelle le composé qui augmente la demi-vie sérique de la
mutéine est choisi parmi le groupe constitué de molécule de polyalkylène glycol, hydroéthylamidon, une partie Fc
d’une immunoglobuline, un domaine CH3 d’une immunoglobuline, un domaine CH4 d’une immunoglobuline, un
peptide se liant à l’albumine, et une protéine de liaison de l’albumine

7. La mutéine selon l’une quelconque des revendications 1 à 6, pour une utilisation comme antagoniste de CTLA-4.

8. La mutéine selon l’une quelconque des revendications 1 à 6, pour une utilisation thérapeutique ou de diagnostic.

9. Une molécule d’acide nucléique comprenant une séquence de nucléotides codant pour une mutéine selon l’une
quelconque des revendications 1 à 6.

10. Une cellule hôte contenant une molécule d’acide nucléique selon la revendication 9.

11. Un procédé de production d’une mutéine selon l’une quelconque des revendications 1 à 6, dans lequel la mutéine,
un fragment de la mutéine ou une protéine de fusion de la mutéine et d’un autre polypeptide est produit à partir de
l’acide nucléique codant pour la mutéine au moyen de procédés de génie génétique.

12. Une composition pharmaceutique comprenant une mutéine selon l’une quelconque des revendications 1 à 6, et un
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excipient pharmaceutiquement acceptable.

13. Une trousse de diagnostic ou d’analyse comprenant une mutéine selon l’une quelconque des revendication 1 à 6.

14. Une composition pharmaceutique contenant une mutéine selon l’une quelconque des revendication 1 à 6 ou une
composition pharmaceutique selon la revendication 12 pour une utilisation dans le traitement du cancer.

15. Un procédé de détection de la présence de CTLA-4 dans un échantillon biologique, le procédé consistant à mettre
en contact l’échantillon avec une mutéine selon l’une quelconque des revendications 1 à 6 sous les conditions qui
permettent la formation d’un complexe de la mutéine et de CTLA-4.
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