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RECOMBINANT PEPTIDE-MHC COMPLEX BINDING PROTEINS AND THEIR
GENERATION AND USE

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims the benefit of priority to EP19215433.4, filed on December 11, 2019;
EP19215434.2, filed on December 11, 2019; EP19215435.9, filed on December 11, 2019; EP19215436.7,
flled on December 11, 2019; EP20161059.9, filed on March 4, 2020; and EP20181234 .4, filed on June 19,
2020. The disclosures of these six patent applications are incorporated herein for all purposes by reference

In their entirety.

FIELD OF THE DISCLOSURE

The present invention relates to a method of producing recombinant binding proteins with binding specificity
for a peptide-MHC (pMHC) complex. The invention also relates to recombinant binding proteins comprising
one, two or more designed repeat domain(s), preferably designed ankyrin repeat domain(s), with binding
specificity for a pMHC complex, and to such binding proteins which further comprise a binding agent having
binding specificity for a protein expressed on the surface of an immune cell, preferably a T-cell. In addition,
the invention relates to nucleic acids encoding such binding proteins or repeat domains, pharmaceutical
compositions comprising such binding proteins or nucleic acids, and the use of such binding proteins,
nucleic acids or pharmaceutical compositions in methods for treating or diagnosing diseases, including

cancer, Infectious diseases and autoimmune diseases.

BACKGROUND

Major histocompatibility complex (MHC) class | molecules play a key role in the surveillance of aberrant or
foreign proteins within cells. Peptides derived from endogenous proteins are loaded onto the peptide-
binding groove of MHC class | molecules and are then displayed on the cell surface. Such MHC class |
complexes are expressed in all nucleated cells, including malignant cells. Peptide-MHC (pMHC) complexes
are recognized by T cell receptors (TCRs) on CD8+ cytotoxic T lymphocytes (CTLs). The presentation of
peptide-MHC complexes provides a snapshot of the intracellular environment to circulating CTLs (Reeves
and James, Immunology 150: 16-24 (2016)). CTLs are activated in response to detecting aberrant or foreign
antigens, e.g. oncoproteins or bacterial or viral proteins, resulting in the destruction of the presenting cell.
CTLs are also activated in certain autoimmune diseases upon misrecognizing a “self” antigen (Bodis et al.,
Rheumatol. Ther. 5: 5-20 (2018)).

MHC class | complexes presenting tumor-specific or infectious agent-specific peptides represent a unique
and promising class of cell surface targets for immunotherapy of cancer and infectious diseases. Different
approaches have been developed in attempts to exploit this target class, including vaccines, adoptive cell
therapy and TCR-like antibodies. Among the tumor-associated antigens, cancer-testis antigens (CTAS) are

considered good candidate targets for immunotherapy as they are characterized by a restricted expression
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IN normal somatic tissues and re-expression in tumor tissues. One of the most frequently reported CTAS
across various cancer types is melanoma associated antigen A3 (MAGE-A3) (J Exp Clin Cancer Res. 2019
Jul 8;38(1):294. doi: 10.1186/s13046-019-1272-2). Moreover, several CTAs have been found to induce a
spontaneous immune response, NY-ESO-1 being one of the most immunogenic ones (Thomas et al., Front
Immunol. 2018; 9: 947). Among the infectious agent-specific peptides, EBV nuclear antigen 1 (EBNA-1) Is
the only viral protein found in all EBV-related malignancies (J Gen Virol. 2009 Sep; 90(Pt 9): 2251-2259).
Moreover, the sequence 18-27 of the hepatitis B virus (HBYV) nucleocapsid antigen is widely recognized by
CTL of HLA-A2-positive patients with acute self-limited HBV infection, and represents the main component
of a peptide-based therapeutic vaccine aimed at stimulating the antiviral CTL response In patients with
chronic hepatitis B (Hepatology. 1997 Oct;26(4):1027-34.c).

One obstacle to the therapeutic exploitation of virus- or tumor-specific peptide-MHC complexes has been
the inherently low affinity of TCRs for peptide-MHC complexes after thymic selection. This low affinity
presents a limitation, especially considering that virus- or tumor-specific peptide-MHC complexes are
typically present on the surface of virus-infected or tumor cells in low density. To overcome this obstacle,
affinity-enhanced TCRs have been developed and engineered T-cells expressing such affinity-enhanced
TCRs have been tested in clinical studies. It has been reported that affinity-enhanced TCRs can lack
specificity, and, in some instances, engineered T-cells expressing affinity-enhanced TCRs have caused
serious, sometimes even deadly, medical complications due to the unexpected recognition by the TCRSs of
an epitope derived from an unrelated protein (see, e.g., Linette et al., Blood 122(6): 863-871 (2013)).
Affinity-enhanced TCRs are also being developed as soluble TCRs, but soluble TCR expression is

challenging.

A number of TCR-like antibodies with binding specificity for MHC class | complexes presenting virus- or
tumor-specific peptides have been reported. Some of them were isolated using hybridoma technology.
However, isolation of pMHC-specific TCR-like antibodies by hybridoma technology has been hampered by
a number of factors, including the need to screen hundreds or even thousands of clones, low
Immunogenicity, few unique clones due to iImmunodominance, and poor control of fine-specificity (see, e.g.,
Porgador et al., Immunity 6: 715-726 (1997); Bernardeau et al., Eur. J. Immunol. 35(10): 2864-2875 (2005);
Skora et al., Proc. Natl. Acad. Sci. USA 112(32): 9967-9972 (2015)). More TCR-like antibodies have been
Isolated using phage display. However, the affinity of TCR-like antibodies isolated from phage display
libraries is generally relatively low and often not sufficient for therapeutic purposes (see, e.g., Chames et
al., Proc. Natl. Acad. Sci. USA 97: 7969-7974 (2000)). In order to generate TCR-like antibodies with
sufficiently high affinity, systems for affinity maturation have been developed. For example, one such
system for affinity maturation of a TCR-like antibody combines mutagenesis, libraries and yeast display,
and structure determinations and molecular modeling (Zhao et al., Leukemia 29(11): 2238-2247 (2015)).
Only with such complex and labor-intensive affinity maturation approach were Zhao et al. able to improve
the binding affinity of a TCR-like antibody by about 100-fold to obtain a pMHC-specific binding protein with
sufficient affinity. Taken together, it has been challenging thus far to develop molecules that specifically

bind disease-related peptide-MHC complexes with sufficient affinity, and current approaches generally
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iInvolve difficult expression systems and/or time- and labor-consuming procedures such as screening of a

large number of hybridoma clones or affinity maturation.

Thus, there still remains a need for new methods of producing pMHC-specific binding proteins, for new
PMHC-specific binding proteins, and for therapeutic and diagnostic approaches for the treatment and
characterization of diseases, including cancer, autoimmune diseases and infectious diseases, benefitting

from pMHC-specific binding.

SUMMARY

The present invention provides a method of producing recombinant binding proteins with binding specificity
for a peptide-MHC (pMHC) complex. The invention also provides recombinant binding proteins comprising
one, two or more designed repeat domain(s), preferably designed ankyrin repeat domain(s), with binding
specificity for a pMHC complex, and such binding proteins which further comprise a binding agent having
binding specificity for a protein expressed on the surface of an immune cell, preferably a T-cell. In addition,
the invention provides nucleic acids encoding such binding proteins or repeat domains, pharmaceutical
compositions comprising such binding proteins or nucleic acids, and the use of such binding proteins,
nucleic acids or pharmaceutical compositions in methods for treating or diagnosing diseases, such as, e.g.,

cancer, autoimmune diseases and infectious diseases, in a mammal, including a human.

The Inventive method of producing recombinant binding proteins with binding specificity for a pMHC
complex is surprisingly efficient and effective in generating binding proteins that bind with high affinity and/or
specificity to a chosen target pMHC complex. Thus far it has been challenging to develop molecules that
specifically bind disease-related pMHC complexes with sufficient affinity, and current approaches generally
iInvolve difficult expression systems and/or time- and labor-consuming procedures such as screening of a
large number of hybridoma clones or affinity maturation. The inventive method disclosed herein neither
Involves a difficult expression system nor does it require time- and labor-consuming procedures such as
those mentioned above. Furthermore, the binding interaction between binding proteins of the invention and
the target peptide-MHC complex unexpectedly involves a relatively large number of amino acid residues In
the target peptide. A large number of interaction residues in the target peptide is believed to reflect a highly
selective or specific binding interaction with the target peptide-MHC complex within the large universe of
different pMHC complexes. It appears that the pMHC-specific repeat domain(s) of the binding proteins of
the invention may provide a binding surface that sterically fits very well to the composite peptide-MHC
surface In a specific binding interaction. Furthermore, pMHC-specific repeat domain(s) of the binding
proteins of the invention may comprise particular amino acid sequence motifs in the N-terminal capping
module and/or the C-terminal capping module leading to improved pharmacokinetic properties of the
designed repeat domain and of proteins comprising the designed repeat domain. The methods and binding
proteins of the invention further provide the advantage that two or more of the same and/or different pMHC-
specific repeat domains can be readily combined in one binding protein (generating, e.g., bivalent,
biparatopic or bispecific binding proteins), thereby allowing to adapt and optimize binding avidity, binding
affinity, binding specificity and/or potency of the binding proteins. Moreover, binding proteins of the

iInvention may even further comprise a binding agent with binding specificity for a protein expressed on the
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surface of an immune cell, such as, e.g., a protein that is part of the T cell receptor complex expressed in
cytotoxic T cells or an activating receptor expressed in natural killer (NK) cells. Binding proteins of the
iInvention in such an immune cell engager format (e.g. a T cell engager format or a NK cell engager format)
can be advantageously used in methods to activate immune cells (e.g. T cells or NK cells) and/or to engage
the immune system in a localized and targeted fashion. Furthermore, the length of the linker connecting
the one or more pMHC-specific repeat domains to the binding agent unexpectedly influences the potency
of the binding proteins of the invention for use in an immune cell engager format, such as a T cell engager
format. Furthermore, the methods and binding proteins of the invention allow to specifically target
Intracellular proteins, among others, thereby facilitating many new diagnostic and therapeutic opportunities,

e.g. for cancers, infectious diseases and autoimmune diseases.

In one aspect, the invention provides a method of producing a peptide-MHC (pMHC)-specific binding
protein, wherein said binding protein comprises a designed repeat domain with binding specificity for a
target peptide-MHC complex, the method comprising the steps of:

(a) providing a collection of designed repeat domains;

(b) providing a recombinant target peptide-MHC complex; and

(Cc) screening said collection of designed repeat domains for specific binding to said target peptide-MHC
complex to obtain at least one designed repeat domain with binding specificity for said target peptide-MHC

complex. In a preferred embodiment, said designed repeat domain is a designed ankyrin repeat domain.

In another aspect, the invention provides a recombinant binding protein comprising a designed repeat

domain obtainable by the above method.

In another aspect, the invention provides a recombinant binding protein comprising a first designed repeat
domain, wherein said first repeat domain has binding specificity for a first target peptide-MHC complex. In
a preferred embodiment said first target peptide is derived from a protein associated with a disease or
disorder. As examples, in one particular preferred embodiment, said first target peptide is selected from the
group consisting of (i) a peptide derived from a protein expressed in a tumor cell, (ii) a peptide derived from
a protein of an infectious agent, preferably a viral infectious agent, and (iii) a peptide derived from a protein

associated with an autoimmune disorder.

In one particular aspect, said first target peptide is derived from an intracellular protein, preferably an
Intracellular protein expressed in a tumor cell, such as, e.g., NY-ESO-1 or MAGE-A3. In one preferred
aspect, a target peptide which is derived from NY-ESO-1 comprises or consists of the amino acid sequence
of SEQ ID NO: 19 or SEQ ID NO: 34, and a target peptide which is derived from MAGE-A3 comprises or
consists of the amino acid sequence of SEQ ID NO: 155. In another particular aspect, said first target
peptide is derived from a protein of a viral infectious agent, preferably a virus-specific protein, such as, e.g.,
EBNA-1 or HBV core antigen (HBcAQ). In one preferred aspect, a target peptide which is derived from
EBNA-1 comprises or consists of the amino acid sequence of SEQ ID NO: 92, and a target peptide which

IS derived from HBCcAg comprises or consists of the amino acid sequence of SEQ ID NO: 255.
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In one preferred aspect, the invention provides such a recombinant binding protein comprising a first
designed repeat domain with binding specificity for a first target peptide-MHC complex, wherein said first

repeat domain is a designed ankyrin repeat domain.

In one particular aspect, the invention provides such a recombinant binding protein comprising a first
ankyrin repeat domain with binding specificity for a first target peptide-MHC complex, wherein said first
target peptide is derived from NY-ESO-1, and wherein said first ankyrin repeat domain comprises an
ankyrin repeat module comprising an amino acid sequence selected from the group consisting of (1) SEQ
ID NOs: 37 to 72 and (2) sequences in which up to 9 amino acids in any of SEQ ID NOs: 37 to 72 are
substituted by another amino acid. In one particular embodiment, the invention provides such a
recombinant binding protein comprising a first ankyrin repeat domain with binding specificity for a first target
peptide-MHC complex, wherein said first target peptide is derived from NY-ESO-1, and wherein said first
ankyrin repeat domain comprises an amino acid sequence with at least 80% amino acid sequence identity
with any one of SEQ ID NOs: 20 to 33, wherein G at position 1 and/or S at position 2 of SEQ ID NOs: 20
to 33 are optionally missing, and wherein A at the second last position of SEQ ID NOs: 20 to 33 is optionally
substituted by L and/or A at the last position of SEQ ID NOs: 20 to 33 is optionally substituted by N.

In one particular aspect, the invention provides such a recombinant binding protein comprising a first
ankyrin repeat domain with binding specificity for a first target peptide-MHC complex, wherein said first
target peptide is derived from MAGE-A3, and wherein said first ankyrin repeat domain comprises an ankyrin
repeat module comprising an amino acid sequence selected from the group consisting of (1) SEQ ID NOs:
17510 217 and (2) sequences in which up to 9 amino acids in any of SEQ ID NOs: 175 to 217 are substituted
by another amino acid. In one particular embodiment, the invention provides such a recombinant binding
protein comprising a first ankyrin repeat domain with binding specificity for a first target peptide-MHC
complex, wherein said first target peptide is derived from MAGE-A3, and wherein said first ankyrin repeat
domain comprises an amino acid sequence with at least 80% amino acid sequence identity with any one
of SEQ ID NOs: 156 to 173, wherein G at position 1 and/or S at position 2 of SEQ ID NOs: 156 to 173 are
optionally missing, and wherein A at the second last position of SEQ ID NOs: 156 to 173 is optionally
substituted by L and/or A at the last position of SEQ ID NOs: 156 to 173 is optionally substituted by N.

In a further particular aspect, the invention provides such a recombinant binding protein comprising a first
ankyrin repeat domain with binding specificity for a first target peptide-MHC complex, wherein said first
target peptide is derived from EBNA-1, and wherein said first ankyrin repeat domain comprises an ankyrin
repeat module comprising an amino acid sequence selected from the group consisting of (1) SEQ ID NOs:
111 to 154 and (2) sequences in which up to 9 amino acids in any of SEQ ID NOs: 111 to 154 are substituted
by another amino acid. In one particular embodiment, the invention provides such a recombinant binding
protein comprising a first ankyrin repeat domain with binding specificity for a first target peptide-MHC
complex, wherein said first target peptide is derived from EBNA-1, and wherein said first ankyrin repeat
domain comprises an amino acid sequence with at least 80% amino acid sequence identity with any one
of SEQ ID NOs: 93 to 110, wherein G at position 1 and/or S at position 2 of SEQ ID NOs: 93 to 110 are
optionally missing, and wherein A at the second last position of SEQ ID NOs: 93 to 110 is optionally
substituted by L and/or A at the last position of SEQ ID NOs: 93 to 110 is optionally substituted by N.

5.
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In one particular aspect, the invention provides such a recombinant binding protein comprising a first
ankyrin repeat domain with binding specificity for a first target peptide-MHC complex, wherein said first
target peptide is derived from HBcAQ, and wherein said first ankyrin repeat domain comprises an ankyrin
repeat module comprising an amino acid sequence selected from the group consisting of (1) SEQ ID NOs:
23110 254 and (2) sequences in which up to 9 amino acids in any of SEQ ID NOs: 231 to 254 are substituted
by another amino acid. In one particular embodiment, the invention provides such a recombinant binding
protein comprising a first ankyrin repeat domain with binding specificity for a first target peptide-MHC
complex, wherein said first target peptide Is derived from HBcAg, and wherein said first ankyrin repeat
domain comprises an amino acid sequence with at least 80% amino acid sequence identity with any one
of SEQ ID NOs: 220 to 230, wherein G at position 1 and/or S at position 2 of SEQ ID NOs: 220 to 230 are
optionally missing, and wherein A at the second last position of SEQ ID NOs: 220 to 230 is optionally
substituted by L and/or A at the last position of SEQ ID NOs: 220 to 230 is optionally substituted by N.

In a further preferred aspect, the invention provides such a recombinant binding protein comprising a first
designed repeat domain with binding specificity for a first target peptide-MHC complex, wherein said first

repeat domain comprises an N-terminal and/or a C-terminal capping module.

In one particular aspect, the invention provides such a recombinant binding protein comprising a first
ankyrin repeat domain with binding specificity for a first target peptide-MHC complex, wherein said first
ankyrin repeat domain comprises an N-terminal capping module having an amino acid sequence wherein
the amino acid at position 8 iIs Q and/or the amino acid at position 15 is L, wherein said position numbers
of positions of the N-terminal capping module are determined by alignment to SEQ ID NO: 276 using the
position numbers of SEQ ID NO: 276. SEQ ID NO: 276 is an N-terminal capping module that is identical to
SEQ ID NO: 5, except that the G at position 1 and the S at position 2 of SEQ ID NO: 5 are missing. Thus,
position 8 in SEQ ID NO: 276 corresponds to position 10 in SEQ ID NO: 5, and position 15 in SEQ ID NO:
276 corresponds to position 17 in SEQ |ID NO: 5. In other words, said first ankyrin repeat domain comprises
an N-terminal capping module having an amino acid sequence wherein the amino acid at position 10 is Q
and/or the amino acid at position 17 is L, wherein said position numbers of positions of the N-terminal
capping module are determined by alignment to SEQ ID NO: 5 using the position numbers of SEQ ID NO:
5. Preferably, said alignment comprises no amino acid gaps. Sequence alignment generation is a

procedure well known In the art.

In one particular aspect, the invention provides such a recombinant binding protein comprising a first
ankyrin repeat domain with binding specificity for a first target peptide-MHC complex, wherein said first
ankyrin repeat domain comprises a C-terminal capping module having an amino acid sequence wherein
the amino acid at position 14 is R and/or the amino acid at position 18 is Q, wherein the position numbers
of positions of the C-terminal capping module are determined by alignment to SEQ |ID NO: 13 using the

position numbers of SEQ ID NO: 13. Preferably, said alignment comprises no amino acid gaps.

In one particular aspect, the invention provides such a recombinant binding protein comprising a first
ankyrin repeat domain with binding specificity for a first target peptide-MHC complex, wherein said first
ankyrin repeat domain comprises (i) an N-terminal capping module having an amino acid sequence wherein

the amino acid at position 8 is Q and the amino acid at position 15 is L, and/or (i) a C-terminal capping

-6-
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module having an amino acid sequence wherein the amino acid at position 14 is R and the amino acid at
position 18 Is Q. Preferably, said position numbers of positions of the N-terminal capping module are
determined by alignment to SEQ ID NO: 276 using the position numbers of SEQ ID NO: 276, and said
position numbers of positions of the C-terminal capping module are determined by alignment to SEQ D

NO: 13 using the position numbers of SEQ |ID NO: 13. Preferably, said alignments comprise no amino acid

gaps.

In one particular aspect, the invention provides such a recombinant binding protein comprising a first
ankyrin repeat domain with binding specificity for a first target peptide-MHC complex, wherein said first
ankyrin repeat domain comprises an N-terminal capping module having an amino acid segquence
DLGKKLLQAARAGQLDEVRELLKAGADVNA (SEQ ID NO: 276), wherein up to 10 amino acids, up to 9
amino acids, up to 8 amino acids, up to /7 amino acids, up to 6 amino acids, up to 5 amino acids, up to 4
amino acids, up to 3 amino acids, up to 2 amino acids, or up to one amino acid in positions other than

position 8 and position 15 are optionally exchanged by other amino acids.

In one particular aspect, the invention provides such a recombinant binding protein comprising a first
ankyrin repeat domain with binding specificity for a first target peptide-MHC complex, wherein said first
ankyrin repeat domain comprises a C-terminal capping module having an amino acid seguence
QDKSGKTPADLAARAGHQDIAEVLQKAA (SEQ ID NO: 13), wherein up to 10 amino acids, up to 9 amino
acids, up to 8 amino acids, up to 7 amino acids, up to 6 amino acids, up to 5 amino acids, up to 4 amino
acids, up to 3 amino acids, up to 2 amino acids, or up to one amino acid of SEQ ID NO: 13 in positions

other than position 14 and position 18 are optionally exchanged by other amino acids.

In one particular aspect, the invention provides such a recombinant binding protein comprising a first
ankyrin repeat domain with binding specificity for a first target peptide-MHC complex, wherein said first
ankyrin repeat domain comprises (1) an N-terminal capping module having an amino acid seguence
DLGKKLLQAARAGQLDEVRELLKAGADVNA (SEQ ID NO: 276), wherein up to 10 amino acids, up to 9
amino acids, up to 8 amino acids, up to /7 amino acids, up to 6 amino acids, up to 5 amino acids, up to 4
amino acids, up to 3 amino acids, up to 2 amino acids, or up to one amino acid in positions other than
position 8 and position 15 are optionally exchanged by other amino acids, and (i) a C-terminal capping
module having an amino acid sequence QDKSGKTPADLAARAGHQDIAEVLQKAA (SEQ ID NO: 13),
wherein up to 10 amino acids, up to 9 amino acids, up to 8 amino acids, up to 7 amino acids, up to 6 amino
acids, up to 5 amino acids, up to 4 amino acids, up to 3 amino acids, up to 2 amino acids, or up to one
amino acid of SEQ ID NO: 13 In positions other than position 14 and position 18 are optionally exchanged

by other amino acids.

In one particular aspect, the invention provides such a recombinant binding protein further comprising a
second designed repeat domain with binding specificity for a second target peptide-MHC complex. In a
preferred embodiment said second target peptide is derived from a protein associated with a disease or
disorder. As examples, in one particular preferred embodiment, said second target peptide is selected from
the group consisting of (i) a peptide derived from a protein expressed in a tumor cell, (ii) a peptide derived
from a protein of an infectious agent, preferably a viral infectious agent, and (i) a peptide derived from a

protein associated with an autoimmune disorder.

_7-
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In one particular aspect, said second target peptide is derived from the same protein as said first target
peptide. In one embodiment, said second target peptide has the same amino acid sequence as said first
target peptide. In one embodiment, said second repeat domain has the same amino acid sequence as said
first repeat domain. In one embodiment, said second repeat domain has a different amino acid sequence
as compared to said first repeat domain. In one embodiment, said second target peptide has a different

amino acid sequence as compared to said first target peptide.

In one particular aspect, said second target peptide is derived from a protein that is different from the

protein, from which said first target peptide is derived.

In one preferred aspect, the invention provides such a recombinant binding protein further comprising a
second designed repeat domain with binding specificity for a second target peptide-MHC complex, wherein
said second repeat domain iIs a designed ankyrin repeat domain. In one particular aspect, the invention
provides such a recombinant binding protein further comprising a second ankyrin repeat domain with
binding specificity for a second target peptide-MHC complex, wherein said second target peptide iIs derived
from NY-ESO-1, and wherein said second ankyrin repeat domain comprises an ankyrin repeat module
comprising an amino acid sequence selected from the group consisting of (1) SEQ ID NOs: 37 to 72 and
(2) sequences In which up to 9 amino acids in any of SEQ ID NOs: 37 to 72 are substituted by another
amino acid. In one particular embodiment, the invention provides such a recombinant binding protein further
comprising a second ankyrin repeat domain with binding specificity for a second target peptide-MHC
complex, wherein said second target peptide is derived from NY-ESO-1, and wherein said second ankyrin
repeat domain comprises an amino acid sequence with at least 80% amino acid sequence identity with any
one of SEQ ID NOs: 20 to 33, wherein G at position 1 and/or S at position 2 of SEQ ID NOs: 20 to 33 are
optionally missing, and wherein A at the second last position of SEQ ID NOs: 20 to 33 is optionally
substituted by L and/or A at the last position of SEQ ID NOs: 20 to 33 is optionally substituted by N.

In another particular aspect, the invention provides such a recombinant binding protein further comprising
a second ankyrin repeat domain with binding specificity for a second target peptide-MHC complex, wherein
said second target peptide is derived from MAGE-A3, and wherein said second ankyrin repeat domain
comprises an ankyrin repeat module comprising an amino acid sequence selected from the group
consisting of (1) SEQ ID NOs: 175 to 217 and (2) sequences in which up to 9 amino acids in any of SEQ
ID NOs: 175 to 217 are substituted by another amino acid. In one particular embodiment, the invention
provides such a recombinant binding protein further comprising a second ankyrin repeat domain with
binding specificity for a second target peptide-MHC complex, wherein said second target peptide is derived
from MAGE-A3, and wherein said second ankyrin repeat domain comprises an amino acid sequence with
at least 80% amino acid sequence identity with any one of SEQ ID NOs: 156 to 173, wherein G at position
1 and/or S at position 2 of SEQ ID NOs: 156 to 173 are optionally missing, and wherein A at the second
last position of SEQ ID NOs: 156 to 173 is optionally substituted by L and/or A at the last position of SEQ
ID NOs: 156 to 173 is optionally substituted by N.

In another particular aspect, the invention provides such a recombinant binding protein further comprising
a second ankyrin repeat domain with binding specificity for a second target peptide-MHC complex, wherein

said second target peptide is derived from EBNA-1, and wherein said second ankyrin repeat domain
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comprises an ankyrin repeat module comprising an amino acid sequence selected from the group
consisting of (1) SEQ ID NOs: 111 to 154 and (2) sequences in which up to 9 amino acids in any of SEQ
ID NOs: 111 to 154 are substituted by another amino acid. In one particular embodiment, the invention
provides such a recombinant binding protein further comprising a second ankyrin repeat domain with
binding specificity for a second target peptide-MHC complex, wherein said second target peptide is derived
from EBNA-1, and wherein said second ankyrin repeat domain comprises an amino acid sequence with at
least 80% amino acid sequence identity with any one of SEQ ID NOs: 93 to 110, wherein G at position 1
and/or S at position 2 of SEQ ID NOs: 93 to 110 are optionally missing, and wherein A at the second last
position of SEQ ID NOs: 93 to 110 is optionally substituted by L and/or A at the last position of SEQ |ID
NOs: 93 to 110 is optionally substituted by N.

In another particular aspect, the invention provides such a recombinant binding protein further comprising
a second ankyrin repeat domain with binding specificity for a second target peptide-MHC complex, wherein
said second target peptide Is derived from HBCAg, and wherein said second ankyrin repeat domain
comprises an ankyrin repeat module comprising an amino acid sequence selected from the group
consisting of (1) SEQ ID NOs: 231 to 254 and (2) sequences in which up to 9 amino acids in any of SEQ
ID NOs: 231 to 254 are substituted by another amino acid. In one particular embodiment, the invention
provides such a recombinant binding protein further comprising a second ankyrin repeat domain with
binding specificity for a second target peptide-MHC complex, wherein said second target peptide is derived
from HBCcAg, and wherein said second ankyrin repeat domain comprises an amino acid sequence with at
least 80% amino acid sequence identity with any one of SEQ ID NOs: 220 to 230, wherein G at position 1
and/or S at position 2 of SEQ ID NOs: 220 to 230 are optionally missing, and wherein A at the second last
position of SEQ ID NOs: 220 to 230 is optionally substituted by L and/or A at the last position of SEQ |D
NOs: 220 to 230 is optionally substituted by N.

In a further preferred aspect, the invention provides such a recombinant binding protein comprising a
second designed repeat domain with binding specificity for a second target peptide-MHC complex, wherein

said second repeat domain comprises an N-terminal and/or a C-terminal capping module.

In one particular aspect, the invention provides such a recombinant binding protein comprising a second
ankyrin repeat domain with binding specificity for a second target peptide-MHC complex, wherein said
second ankyrin repeat domain comprises an N-terminal capping module having an amino acid sequence
wherein the amino acid at position 8 is Q and/or the amino acid at position 15 is L, wherein said position
numbers of positions of the N-terminal capping module are determined by alignment to SEQ ID NO: 276
using the position numbers of SEQ ID NO: 276. In other words, said second ankyrin repeat domain
comprises an N-terminal capping module having an amino acid sequence wherein the amino acid at
position 10 is Q and/or the amino acid at position 17 is L, wherein said position numbers of positions of the
N-terminal capping module are determined by alignment to SEQ ID NO: 5 using the position numbers of
SEQ ID NO: 5. Preferably, said alignment comprises no amino acid gaps. Sequence alignment generation

IS a procedure well known in the art.

In one particular aspect, the invention provides such a recombinant binding protein comprising a second

ankyrin repeat domain with binding specificity for a second target peptide-MHC complex, wherein said
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second ankyrin repeat domain comprises a C-terminal capping module having an amino acid seguence
wherein the amino acid at position 14 is R and/or the amino acid at position 18 is Q, wherein the position
numbers of positions of the C-terminal capping module are determined by alignment to SEQ ID NO: 13

using the position numbers of SEQ ID NO: 13. Preferably, said alignment comprises no amino acid gaps.

In one particular aspect, the invention provides such a recombinant binding protein comprising a second
ankyrin repeat domain with binding specificity for a second target peptide-MHC complex, wherein said
second ankyrin repeat domain comprises (i) an N-terminal capping module having an amino acid sequence
wherein the amino acid at position 8 is Q and the amino acid at position 15 is L, and/or (i) a C-terminal
capping module having an amino acid sequence wherein the amino acid at position 14 is R and the amino
acid at position 18 is Q. Preferably, said position numbers of positions of the N-terminal capping module
are determined by alignment to SEQ ID NO: 276 using the position numbers of SEQ ID NO: 276, and said
position numbers of positions of the C-terminal capping module are determined by alignment to SEQ D

NO: 13 using the position numbers of SEQ |ID NO: 13. Preferably, said alignments comprise no amino acid

gaps.

In one particular aspect, the invention provides such a recombinant binding protein comprising a second
ankyrin repeat domain with binding specificity for a second target peptide-MHC complex, wherein said
second ankyrin repeat domain comprises an N-terminal capping module having an amino acid sequence
DLGKKLLQAARAGQLDEVRELLKAGADVNA (SEQ ID NO: 276), wherein up to 10 amino acids, up to 9
amino acids, up to 8 amino acids, up to /7 amino acids, up to 6 amino acids, up to 5 amino acids, up to 4
amino acids, up to 3 amino acids, up to 2 amino acids, or up to one amino acid in positions other than

position 8 and position 15 are optionally exchanged by other amino acids.

In one particular aspect, the invention provides such a recombinant binding protein comprising a second
ankyrin repeat domain with binding specificity for a second target peptide-MHC complex, wherein said
second ankyrin repeat domain comprises a C-terminal capping module having an amino acid seguence
QDKSGKTPADLAARAGHQDIAEVLQKAA (SEQ ID NO: 13), wherein up to 10 amino acids, up to 9 amino
acids, up to 8 amino acids, up to 7 amino acids, up to 6 amino acids, up to 5 amino acids, up to 4 amino
acids, up to 3 amino acids, up to 2 amino acids, or up to one amino acid of SEQ ID NO: 13 in positions

other than position 14 and position 18 are optionally exchanged by other amino acids.

In one particular aspect, the invention provides such a recombinant binding protein comprising a second
ankyrin repeat domain with binding specificity for a second target peptide-MHC complex, wherein said
second ankyrin repeat domain comprises (i) an N-terminal capping module having an amino acid sequence
DLGKKLLQAARAGQLDEVRELLKAGADVNA (SEQ ID NO: 276), wherein up to 10 amino acids, up to 9
amino acids, up to 8 amino acids, up to /7 amino acids, up to 6 amino acids, up to 5 amino acids, up to 4
amino acids, up to 3 amino acids, up to 2 amino acids, or up to one amino acid in positions other than
position 8 and position 15 are optionally exchanged by other amino acids, and (i) a C-terminal capping
module having an amino acid sequence QDKSGKTPADLAARAGHQDIAEVLQKAA (SEQ ID NO: 13),
wherein up to 10 amino acids, up to 9 amino acids, up to 8 amino acids, up to 7 amino acids, up to 6 amino

acids, up to 5 amino acids, up to 4 amino acids, up to 3 amino acids, up to 2 amino acids, or up to one
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amino acid of SEQ ID NO: 13 in positions other than position 14 and position 18 are optionally exchanged

by other amino acids.

In one particular aspect, the invention provides such a recombinant binding protein, wherein the binding
protein comprises a polypeptide comprising an amino acid sequence with at least 80% amino acid

sequence identity with any one of SEQ ID NOs: 16 to 18.

In one preferred aspect, binding of the repeat domain to its target peptide-MHC complex comprises
Interaction of said repeat domain with at least one, at least two, at least three, at least four, at least five, at
least six, or at least seven amino acid residues of said target peptide. In one embodiment, binding of the
repeat domain to its target peptide-MHC complex alternatively or further comprises interaction of said

repeat domain with at least one amino acid residue of said MHC.

In one particular aspect, the invention provides such pMHC-specific recombinant binding proteins, wherein
the binding proteins further comprise a binding agent with binding specificity for a protein expressed on the
surface of an immune cell, preferably a T-cell or a NK cell, more preferably a CD8+ cytotoxic T-cell. In one
embodiment, said protein expressed on the surface of a T-cell is a protein that is part of the T-cell receptor
complex. As an example, in one particular embodiment, the invention provides such pMHC-specific
recombinant binding proteins, wherein the binding proteins further comprise a binding agent with binding
specificity for CD3. In another embodiment, said protein expressed on the surface of a NK cell is an
activating receptor of NK cells. Examples of such activating receptors of NK cells include CD16
(also known as FcyRIIA), NKG2D, SLAM family members and the natural cytotoxicity receptors NKp30,
NKp44 and NKp46.

In one preferred aspect, the invention provides such a recombinant binding protein further comprising a
binding agent with binding specificity for a protein expressed on the surface of an immune cell, wherein

said binding agent Is a designed repeat domain, preferably a designed ankyrin repeat domain.

In another aspect, the invention provides nucleic acids encoding the designed repeat domains of the
Invention or encoding the pMHC-specific recombinant binding proteins of the invention, and pharmaceutical
compositions comprising the pMHC-specific recombinant binding protein or nucleic acid of the invention

and a pharmaceutically acceptable carrier and/or diluent.

In another aspect, the invention provides a method of tumor-localized activation of immune cells, such as
T-cells or NK cells, in a mammal, preferably a human, the method comprising the step of administering to
said mammal the pMHC-specific recombinant binding protein or nucleic acid of the invention, wherein said
binding protein further comprises a binding agent with binding specificity for a protein expressed on the
surface of an immune cell, and wherein said first target peptide and/or, if said binding protein comprises

said second repeat domain, said second target peptide is derived from a protein expressed in a tumor cell.

In another aspect, the invention provides the pMHC-specific recombinant binding protein or nucleic acid
according to the invention for use in a method of tumor-localized activation of immmune cells, such as T-cells
or NK cells, in a mammal, preferably a human, wherein said binding protein further comprises a binding

agent with binding specificity for a protein expressed on the surface of an immune cell, and wherein said
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first target peptide and/or, If said binding protein comprises said second repeat domain, said second target

peptide Is derived from a protein expressed in a tumor cell.

In another aspect, the invention provides a method of infection-localized activation of immune cells, such
as T-cells or NK cells, in a mammal, preferably a human, the method comprising the step of administering
to said mammal the pMHC-specific recombinant binding protein or nucleic acid of the invention, wherein
said binding protein further comprises a binding agent with binding specificity for a protein expressed on
the surface of an immune cell, and wherein said first target peptide and/or, If said binding protein comprises

said second repeat domain, said second target peptide is derived from a protein of an infectious agent.

In another aspect, the invention provides a method for treating a medical condition, the method comprising
the step of administering to a patient in need thereof a therapeutically effective amount of the pMHC-specific

recombinant binding protein, nucleic acid, or pharmaceutical composition of the invention.

In another aspect, the invention provides the pMHC-specific recombinant binding protein, nucleic acid, or

pharmaceutical composition of the invention for use in a method of treating a medical condition.

In another aspect, the invention provides a method of diagnosing a medical condition in a mammal,

preferably a human, the method comprising the steps of:

() contacting a cell or tissue sample obtained from saild mammal with the pMHC-specific recombinant
binding protein of the invention; and

(1) detecting specific binding of said binding protein to said cell or tissue sample.

In one particular aspect, saild medical condition IS a cancer, an infectious disease, preferably a viral
Infectious disease, or an autoimmune disease. In one embodiment, said medical condition iIs a cancer. In
one embodiment, said medical condition is an infectious disease, preferably a viral infectious disease. In

one embodiment, said medical condition IS an autoimmune disease.

In another aspect, the invention provides a method of targeting tumor cells in a patient having a tumor for
destruction of the tumor cells, the method comprising the step of administering to the patient a
therapeutically effective amount the pMHC-specific recombinant binding protein, nucleic acid, or
pharmaceutical composition of the invention, wherein said first target peptide and/or, if said binding protein
comprises said second repeat domain, said second target peptide is derived from a protein expressed In
the tumor cells, preferably an intracellular protein expressed in the tumor cells. In one embodiment, said

binding protein further comprises a toxic agent capable of killing a tumor cell.

In another aspect, the invention provides the pMHC-specific recombinant binding protein, nucleic acid, or
pharmaceutical composition of the invention for use in a method of targeting tumor cells in a patient having
a tumor for destruction of the tumor cells, wherein said first target peptide and/or, if said binding protein
comprises said second repeat domain, said second target peptide is derived from a protein expressed In
the tumor cells, preferably an intracellular protein expressed in the tumor cells. In one embodiment, said

binding protein further comprises a toxic agent capable of killing a tumor cell.

In another aspect, the invention provides a method of targeting infected cells in a patient having a viral

Infectious disease for destruction of the infected cells, the method comprising the step of administering to
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the patient a therapeutically effective amount the pMHC-specific recombinant binding protein, nucleic acid,
or pharmaceutical composition of the invention, wherein said first target peptide and/or, if said binding
protein comprises said second repeat domain, said second target peptide is derived from a protein
expressed in the infected cells, preferably a virus-specific protein. In one embodiment, said binding protein

further comprises a toxic agent capable of killing an infected cell.

In another aspect, the invention provides the pMHC-specific recombinant binding protein, nucleic acid, or
pharmaceutical composition of the invention for use in a method of targeting infected cells in a patient
having a viral infectious disease for destruction of the infected cells, wherein said first target peptide and/or,
If said binding protein comprises said second repeat domain, said second target peptide is derived from a
protein expressed In the infected cells, preferably a virus-specific protein. In one embodiment, said binding

protein further comprises a toxic agent capable of killing an infected cell.

BRIEF DESCRIPTION OF THE FIGURES

Figures 1A to 1C: Quality control testing of biotinylated pMHC complexes (biotin-pMHC). (A) Preparative
size exclusion chromatography (SEC) for isolation of the biotinylated NYESOpMHC, NYESOAApPpMHC and
EBNApMHC complexes. Ultraviolet (UV) absorbance at 280 nm was measured in the eluate. (B) SDS-
PAGE analysis of the concentrated and refolded complexes in the absence or presence of Streptavidin.
(C) Analytical size exclusion chromatography of the tripartite pMHC complexes. UV absorbance at 280 nm

and 230 nm was measured In the eluate.

Figure 2: Efficient expression and purification of binding proteins comprising a repeat domain with binding
specificity for a target peptide-MHC complex. Highly soluble binding proteins with binding specificity for
NYESOpMHC were purified from E. coli culture with a high level of purity. A representative SDS-PAGE gel
with elution fractions obtained after the SEC AKTAxpress ™ run (following IMAC) for NYESOpMHC-specific

DARPIN® protein #21 i1s shown. The gel was stained with Coomassie Blue.

Figures 3A to 3C: Specific and high affinity binding of binding proteins of the invention to target peptide-
MHC complex. Representative SPR traces for DARPIN® protein #21 binding to NYESOpMHC (A),
NYESOAApPMHC (B) and EBNApMHC (C) are shown. DARPIN® protein #21 bound with high affinity to
NYESOpMHC, while no binding was detected to the two other pMHC complexes. Regular spikes in the

binding traces are machine artifacts and may be neglected.

Figures 4A and 4B: Favorable biophysical properties and specific binding of binding proteins of the invention
to target peptide-MHC complex. (A) Representative Homogeneous Time Resolved Fluorescence (HTRF)
assay results for DARPIN® protein #21 showed highly specific target binding to NYESOpMHC. No binding
of DARPIN® protein #21 to NYESOAApMHC or EBNApMHC was detected. (B) Size exclusion
chromatography (SEC) of DARPIN® protein #21 showed a single monodisperse peak, which eluted at a
position corresponding to the expected mass of an individual DARPIN® protein #21 molecule. No traces of

aggregates or multimers were detected.

Figures 5A to 5F: Binding of representative binding proteins to cells. T2 cells were pulsed with NY-ESO-1-
9V (157-165) peptide (NY-ESO pulsed cells) or EBNA-1 (562-570) peptide (EBNA pulsed cells) or treated
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with buffer not containing any peptide (non-pulsed cells). Titration binding curves of the indicated binding
proteins to (A) NY-ESO pulsed cells, (B) non-pulsed cells, (C) NY-ESO pulsed cells, (D) NY-ESO pulsed
cells, and (E) non-pulsed cells are shown. A titration binding curve of TCE DARPIN® protein #21 to EBNA

pulsed cells is also shown (F).

Figures 6A to 6C: T cell activation assay using T2 cells as target cells. (A) T2 cells pulsed with NY-ESO-1-
OV (157-165) peptide (black bars) and non-pulsed T2 cells (grey bars) were incubated with effector CD8"
T cells (BK112) in the presence of different TCE DARPIN® proteins (1 pM): (1) TCE DARPIN® protein #23,
(2) TCE DARPIn® protein #24, (3) TCE DARPIn® protein #25, (4) TCE DARPIn® protein #26, (5) TCE
DARPIn® protein #27, (6) TCE DARPIn® protein #28, (7) TCE DARPIn® protein #29, (8) TCE DARPIn®
protein #30, (9) TCE DARPIN® protein #31, (10) TCE DARPIN® protein #32, (11) TCE DARPInN® protein
#33, (12) TCE DARPIn® protein #21, (13) TCE DARPIn® protein #20, (14) TCE DARPIn® protein #22, and
(15) no TCE DARPIN® protein. Intracellular interferon-y (IFN-y) in the T cells was detected by FACS. (B)-
(C) In similar T cell activation assays, TCE DARPIn® protein #21 (B) and TCE DARPIN® protein #32 (C)

were titrated over a broader concentration range (from 0.01 pM to 1 nM), as indicated.

Figure 7: T cell activation assay using tumor cells as target cells. IM9 tumor cells (round symbols) or MCF-
{ tumor cells (triangular symbols) were incubated with effector CD8" T cells (BK112) in the presence of
different concentrations of TCE DARPIn® protein #21. As a control, effector CD8" T cells (BK112) were
Incubated in the presence of different concentrations of TCE DARPIn® protein #21 but in the absence of
tumor cells (square symbols). Intracellular IFN-y in the T cells was detected by FACS. Ag: antigen (here,
the NY-ESO-1-9V (157-165) peptide). Both tumor cell lines are HLA-A2".

Figures 8A to 8E: T cell activation assay using tumor cells as target cells. IM9 tumor cells (round symbols)
or MCF-7 tumor cells (triangular symbols) were incubated with peripheral blood mononuciear cells (PBMCs)
of a donor as effector cells in the presence of different concentrations of the indicated binding proteins. As
a control, the PBMCs were incubated in the presence of different concentrations of the indicated binding

proteins but in the absence of tumor cells (square symbols). CD25 expression in CD8" T cells was detected
by FACS.

Figures 9A to 9E: T cell activation assay using tumor cells as target cells. IM9 tumor cells or MCF-7 tumor
cells were incubated with PBMCs of a donor as effector cells in the presence of different concentrations of
the indicated binding proteins, as for Figure 8. The levels of interferon-y (IFN-y) were quantified in the

supernatants of the cells as an additional measure of T cell activation.

Figures 10A to 10E: T cell activation assay using tumor cells as target cells. IM9 tumor cells or MCF-7
tumor cells were Incubated with PBMCs of a donor as effector cells in the presence of different
concentrations of the indicated binding proteins, as for Figure 8. The levels of tumor necrosis factor-a (TNF-

a) were quantified in the supernatants of the cells as an additional measure of T cell activation.

Figures 11A to 11 E: Target peptide binding analyzed by alanine scanning mutagenesis. Functional binding
of the Indicated binding proteins to the NY-ESO-1-9V (157-165) peptide and a series of alanine-mutated
variants thereof were tested in a T cell activation assay using pulsed T2 cells as target cells and BK112 T

cells as effector cells. The amino acid residues and positions in the NY-ESO-1-9V (157-165) peptide that
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were replaced with alanine are indicated. As a control, non-pulsed T2 cells were used. Intracellular IFN-y

was detected as a measure of T cell activation.

Figure 12: Cytotoxicity assay showing target pMHC-dependent target cell killing by effector cells mediated
by a representative binding protein of the invention. Effector cells (peripheral blood mononuclear cells
(PBMCs)) and target cells (either pulsed T2 cells (PT2) or non-pulsed T2 cells (NPT2)) were incubated in
the presence of different concentrations (0.01 nM, 0.1 nM, 1 nM) of a NYESOpMHC-specific binding protein
In TCE format (TCE DARPIN® protein #21 (D)). Apoptotic levels (total green object area) at different

iIncubation times are shown.

Figure 13: T cell activation assay using T2 cells as target cells. T2 cells pulsed with NY-ESO-1-9V (157—
165) peptide (black bars) and non-pulsed T2 cells (grey bars) were incubated with effector CD8" T cells
(BK112) In the presence of different bivalent or biparatopic binding proteins in TCE format (0.1 pM) or
controls: (1) TCE BP DARPIn® protein #20/#21, (2) TCE BP DARPIn® protein #21/#22, (3) TCE BV
DARPIN® protein #21/#21, (4) a TCE DARPIn® protein comprising an ankyrin repeat domain with binding
specificity for human serum albumin instead of the ankyrin repeat domains with binding specificity for

NYESOpMHC, and (5) no TCE DARPIN® protein added. Intracellular interferon-y (IFN-y) in the T cells was
detected by FACS.

Figures 14A and 14B: Binding of representative binding proteins comprising two repeat domains with
binding specificity for a target pMHC complex to cells. T2 cells were pulsed with NY-ESO-1-9V (157-16%5)
peptide (pulsed cells) or treated with buffer not containing any peptide (non-pulsed cells). Titration binding

curves of the indicated binding proteins to pulsed cells (A) and non-pulsed cells (B) are shown.

Figures 15A and 15B: T cell activation assay using tumor cells as target cells. IM9 tumor cells (round
symbols) or MCF-7 tumor cells (triangular symbols) were incubated with peripheral blood mononuciear
cells (PBMCs) of a donor as effector cells in the presence of different concentrations of the indicated binding
proteins comprising two repeat domains with binding specificity for a target pMHC complex. As a control,
the PBMCs were incubated in the presence of different concentrations of the indicated binding proteins but

in the absence of tumor cells (square symbols). CD25 expression in CD8" T cells was detected by FACS.

Figures 16A and 16B: T cell activation assay using tumor cells as target cells. IM9 tumor cells or MCF-7
tumor cells were incubated with PBMCs of a donor as effector cells in the presence of different
concentrations of the indicated binding proteins comprising two repeat domains with binding specificity for
a target pMHC complex, as for Figure 15. The levels of IFN-y (A) and TNF-a (B) were quantified in the

supernatants of the cells as an additional measure of T cell activation.

Figure 17: Target peptide binding analyzed by alanine scanning mutagenesis. Functional binding of the
iIndicated binding protein comprising two repeat domains with binding specificity for a target pMHC complex
to the NY-ESO-1-9V (157-165) peptide and a series of alanine-mutated variants thereof were tested in a
T cell activation assay using pulsed T2 cells as target cells and BK112 T cells as effector cells. The amino
acid residues and positions in the NY-ESO-1-9V (157-165) peptide that were replaced with alanine are
Indicated. As a control, non-pulsed T2 cells were used. Intracellular IFN-y was detected as a measure of T

cell activation dependent on binding of the binding proteins to the target cells.
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Figures 18A to 18F: T cell activation assay using tumor cells as target cells. U266B1 tumor cells (round
symbols) or Colo205 tumor cells (square symbols) ((A) and (B)), MCF-7 tumor cells transfected to express
NY-ESO-1 (round symbols) or untransfected MCF-7 tumor cells (square symbols) ((C) and (D)), and IM9
tumor cells (round symbols) and MCF-7 tumor cells (square symbols) ((E) and (F)) were incubated with
peripheral blood mononuclear cells (PBMCs) of a donor as effector cells in the presence of different
concentrations of the indicated representative binding proteins of the invention (in TCE format). TCE
DARPIN® protein #21 was used in (A), (C) and (E), and TCE DARPIn® protein #32 was used in (B), (D)
and (F). CD69 expression in CD8™ T cells was detected by FACS. Ag: NYESOpMHC.

Figures 19A and 19B: Cytotoxicity assay showing target pMHC-dependent target cell killing by effector cells
mediated by a representative binding protein of the invention. Pulsed (P T2) or non-pulsed (NP T2) T2 cells
(A) and HLA-A2"/ NY-ESO-1* tumor cells (IM9, U266B1) or HLA-A2*/ NY-ESO-1- tumor cells (MCF-7) (B)
were incubated, as target cells, with effector CD8" T cells in the presence or absence of a NYESOpMHC-
specific binding protein in TCE format (TCE DARPIN® protein #21) (1nM). Different ratios of effector cells
to target cells (E:T) were used (30:1, 10:1, 5:1, and 1:1), as indicated. The percentage of specific lysis of
the T2 cells (A) or tumor cells (B) obtained by the chromium release assay was plotted for different effector
to target ratios. Ag: NYESOpMHC.

Figures 20A and 20B: Cytotoxicity assay showing target pMHC-dependent target cell killing by effector cells
mediated by a representative binding protein of the invention. These Figures show experiments as
described in Figures 19A and 19B, but using a different NYESOpMHC-specific binding protein in TCE
format (TCE DARPIN® protein #32).

Figures 21A and 21B: Target peptide binding analyzed by X-scanning mutagenesis. Functional binding of
a NYESOpMHC-specific binding protein in TCE format (TCE DARPIN® protein #21 in (A); TCE DARPIN®
protein #32 in (B)) to the NY-ESO-1-9V (157-165) peptide and a series of single-mutation variants thereof
were tested in a T cell activation assay using pulsed T2 cells as target cells and BK112 T cells as effector
cells. Each amino acid of the target peptide sequence was replaced with every one of the other 19 standard
amino acids. The amino acid residues and positions In the NY-ESO-1-9V (157-165) peptide that were
replaced with another amino acid are indicated on the left of the table, and the replacement amino acids
are indicated on top of the table. Intracellular IFN-y was detected as a measure of T cell activation
dependent on binding of the binding proteins to the target cells. Each experiment was performed in two
Independent replicates. Values were averaged and normalized to 100% for the according wild-type residue
(dark shaded fields) in each position. All values above 30%, indicating no loss or not a complete loss of T-

cell activation, are marked in bold font and light shaded color.

Figures 22 and 23: T cell activation by pMHC-specific binding proteins in TCE format depending on length
of linker connecting the pMHC-specific binding domain and the CD3-specific binding agent. HLA-A2*/NY-
ESO-1" tumor cells (IM9) (continuous lines) or HLA-A2*/NY-ESO-1- tumor cells (MCF-7) (dashed lines)
were incubated with PBMCs for 48 hours In the presence or absence of TCE DARPIN® protein #21 with
different linker lengths (Figure 22) or of TCE DARPIN® protein #32 with different linker lengths (Figure 23).

After 48 hours, CD25 expression was measured on CD8" T cells. Results obtained in the presence of TCE
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DARPIN® protein are shown. No T cell activation was observed in the absence of TCE DARPIN® protein.
Ag: antigen/NY-ESO-1. Linker lengths: standard, XXS, XS, S and L (see Example 11).

Figures 24 and 25: T cell activation by pMHC-specific binding proteins in TCE format depending on length
of linker connecting the pMHC-specific binding domain and the CD3-specific binding agent. HLA-A2*/NY-
ESO-1* tumor cells (U266B1) (continuous lines) or HLA-A2'/NY-ESO-1- tumor cells (Colo205) (dashed
lines) were incubated with PBMCs for 48 hours in the presence or absence of TCE DARPIN® protein #21
with different linker lengths (Figure 24) or of TCE DARPIN® protein #32 with different linker lengths (Figure
25). After 48 hours, CD25 expression was measured on CD8" T cells. Results obtained in the presence of
TCE DARPIN® protein are shown. No T cell activation was observed in the absence of TCE DARPIN®
protein. Ag: antigen/NY-ESO-1. Linker lengths: standard, XXS, XS, S and L (see Example 11).

Figure 26. Pharmacokinetic profiles in mouse of variants of designed ankyrin repeat domains (each
genetically linked to an identical designed ankyrin repeat domain with binding specificity for serum albumin
via an identical polypeptide linker). (a) Pharmacokinetic profile in mouse of Protein #281, and variant
Proteins #282 and #283. (b) Pharmacokinetic profile in mouse of Protein #284, and variant Proteins #2895,
#286, and #28/. (¢) Pharmacokinetic profile in mouse of Protein #2388, and variant Proteins #289, #290,
and #291. (d) Pharmacokinetic profile in mouse of Protein #292, and variant Proteins #293, #294, and
#295. The experiment was performed as described in Example 17 using Balb/c mice and 1 mg/kg
Intravenous dosing. Proteins #2381 to #295 (comprising SEQ ID NOs: 281 to 295, respectively, with each
having a His-tag (SEQ ID NO: 326) at the N-terminus; symbol indicated in the figure) were produced and

purified as described in Example 17. C: concentration in [nM]; t: time in [hours].

DETAILED DESCRIPTION OF THE INVENTION

As disclosed and exemplified herein, the disclosure provides designed repeat proteins, preferably designed
ankyrin repeat proteins, that specifically target a peptide-MHC complex. Designed repeat protein libraries,
Including designed ankyrin repeat protein libraries (W0O2002/020565; Binz et al., Nat. Biotechnol. 22, 575-
582, 2004; Stumpp et al., Drug Discov. Today 73, 695-701, 2008), can be used for the selection of target-
specific designed repeat domains that bind to their target with high affinity. Such target-specific designed
repeat domains in turn can be used as valuable components of recombinant binding proteins for the
treatment of diseases. Whether designed repeat protein libraries can be used to identify proteins that

specifically and with high affinity bind to a composite epitope, such as the ones presented by peptide-MHC
complexes, had not been shown. Generating molecules that specifically bind disease-related peptide-MHC

complexes with sufficient affinity has been notoriously difficult.

Designed ankyrin repeat proteins are a class of binding molecules which have the potential to overcome
limitations of monoclonal antibodies, hence allowing novel therapeutic approaches. Such ankyrin repeat
proteins may comprise a single designed ankyrin repeat domain, or may comprise a combination of two,
three, four, five or more designed ankyrin repeat domains with the same or different target specificities
(Stumpp et al., Drug Discov. Today 73, 695-701, 2008; U.S. Patent No. 9,458,211). Ankyrin repeat proteins

comprising only a single designed ankyrin repeat domain are small proteins (14 kDa) which can be selected
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to bind a given target protein with high affinity and specificity. These characteristics, and the possibility of
combining two, three, four, five or more designed ankyrin repeat domains in one protein, make designed
ankyrin repeat proteins ideal agonistic, antagonistic and/or inhibitory drug candidates. Furthermore, such
ankyrin repeat proteins can be engineered to carry various effector functions, e.g. cytotoxic agents or half-
life extending agents, enabling completely new drug formats. Taken together, designed ankyrin repeat
proteins are an example of the next generation of protein therapeutics with the potential to surpass existing

antibody drugs.
DARPIN® is a trademark owned by Molecular Partners AG, Switzerland.

In one aspect, the invention provides a method of producing a peptide-MHC (pMHC)-specific binding
protein, wherein said binding protein comprises a designed repeat domain with binding specificity for a

target peptide-MHC complex, the method comprising the steps of:

(a) providing a collection of designed repeat domains;
(b) providing a recombinant target peptide-MHC complex; and
(C) screening said collection of designed repeat domains for specific binding to said target peptide-MHC

complex to obtain at least one designed repeat domain with binding specificity for said target peptide-

MHC complex.

In one embodiment, said designed repeat domain iIs a designed ankyrin repeat domain and said collection

of designed repeat domains is a collection of designed ankyrin repeat domains.

In one embodiment, said collection comprises designed repeat domains that comprise fixed positions and
randomized positions, and wherein designed repeat domains of said collection differ from each other in at

least one of the randomized positions.
In one embodiment, said collection of designed repeat proteins is provided by ribosome display.

In one embodiment, the method further comprises the steps of (i) providing a second recombinant peptide-
MHC complex, wherein said peptide of said second peptide-MHC complex comprises an amino acid
sequence that differs from said target peptide by at least one amino acid residue; and (ii) removing from
said collection by negative selection designed repeat domains with binding specificity for said second

recombinant peptide-MHC complex.

In one embodiment, said repeat domain with binding specificity for a target peptide-MHC complex binds to
said target peptide-MHC complex in PBS with a dissociation constant (Kp) below 10'M, or below 5 x 10
M, or below 3 x 10°M, or below 2 x 10°M, or below 10°M, or below 5 x 10°M, or below 3 x 10°M, or below
2 x 10°M., or below 10°M, or below 5 x 10"°M., or below 3 x 10-'°M, or below 2 x 10°"°M., or below 10-'°M.
In one embodiment, said repeat domain with binding specificity for a target peptide-MHC complex binds to

said target peptide-MHC complex in PBS with a dissociation constant (Ko) below 10-'M.

In one embodiment, binding of said repeat domain with binding specificity for a target peptide-MHC complex
to said target peptide-MHC complex comprises interaction of said repeat domain with at least one, at least
two, at least three, at least four, at least five, at least six, or at least seven amino acid residues of said target

peptide. Thus, In one embodiment, binding of said repeat domain with binding specificity for a target
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peptide-MHC complex to said target peptide-MHC complex comprises interaction of said repeat domain
with at least one amino acid residue of said target peptide. In one embodiment, binding of said repeat
domain with binding specificity for a target peptide-MHC complex to said target peptide-MHC complex
comprises interaction of said repeat domain with at least two amino acid residues of said target peptide. In
one embodiment, binding of said repeat domain with binding specificity for a target peptide-MHC complex
to said target peptide-MHC complex comprises interaction of said repeat domain with at least three amino
acid residues of said target peptide. In one embodiment, binding of said repeat domain with binding
specificity for a target peptide-MHC complex to said target peptide-MHC complex comprises interaction of
said repeat domain with at least four amino acid residues of said target peptide. In one embodiment, binding
of said repeat domain with binding specificity for a target peptide-MHC complex to said target peptide-MHC
complex comprises interaction of said repeat domain with at least five amino acid residues of said target
peptide. In one embodiment, binding of said repeat domain with binding specificity for a target peptide-MHC
complex to said target peptide-MHC complex comprises interaction of said repeat domain with at least six
amino acid residues of said target peptide. In one embodiment, binding of said repeat domain with binding
specificity for a target peptide-MHC complex to said target peptide-MHC complex comprises interaction of
said repeat domain with at least seven amino acid residues of said target peptide. In a further or alternative
embodiment, binding of said repeat domain with binding specificity for a target peptide-MHC complex to
said target peptide-MHC complex comprises interaction of said repeat domain with at least one amino acid
residue of said MHC.

Methods to determine the amino acid residues involved in the binding interaction between proteins or
between a protein and a peptide, such as, €.g., alanine scanning mutagenesis, are well known to the person
skilled in the art.

In the context of the present invention, a typical and preferred determination of the amino acid residues of
a target peptide that are involved in the binding interaction between a binding protein or a designed repeat
domain with binding specificity for a target peptide-MHC complex and the target peptide-MHC complex is
performed by alanine scanning mutagenesis as described in Example 7. Thus, in one embodiment said
amino acid residues of a target peptide that are involved in the binding interaction between a binding protein
or a designed repeat domain of the invention with binding specificity for a target peptide-MHC complex and
the target peptide-MHC complex are determined by alanine scanning mutagenesis. In one embodiment
said amino acid residues of a target peptide that are involved in the binding interaction between a binding
protein or a designed repeat domain of the invention with binding specificity for a target peptide-MHC
complex and the target peptide-MHC complex are determined by alanine scanning mutagenesis as

described in Example 7.

In the context of the present invention, the phrase “binding of said repeat domain with binding specificity
for a target peptide-MHC complex to said target peptide-MHC complex comprises interaction of said repeat
domain with at least one, at least two, at least three, at least four, at least five, at least six, or at least seven
amino acid residues of said target peptide”, or similar phrases, refers to any amino acid residues of the
target peptide, the mutation of which to alanine results in a reduction of T cell activation in an assay as

described in Example 7 (or a similar assay) by at least 50% compared to the wild-type peptide.
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The inventors of the present invention have discovered that a surprisingly large number of peptide residues
are important for the specific interaction between the binding proteins of the invention comprising an ankyrin
repeat domain with binding specificity for a target peptide-MHC complex and the target peptide. For
Instance, in the appended examples, several peptide residues that are important for the specific interaction
between the binding proteins of the invention comprising an ankyrin repeat domain with binding specificity
for NYESOpMHC and the NY-ESO-1 target peptide have been identified (see Figure 11). The inventors
theorize that this finding may reflect a structural difference between the binding surface formed by the
designed ankyrin repeat domains of the present invention and that formed by other binding proteins, such
as antibodies and T cell receptors (TCRSs). Without being bound by any theory, it is believed that the higher
the number of amino acid residues involved in the binding of a repeat domain and its target peptide, the
higher i1s the binding specificity. In one embodiment, said target peptide Is selected from the group
consisting of (i) a peptide derived from a protein expressed in a tumor cell, (i) a peptide derived from a
protein of an infectious agent, such as a bacterial infectious agent or a viral infectious agent, preferably a
viral infectious agent, and (iii) a peptide derived from a protein associated with an autoimmune disorder. In
one embodiment, said target peptide is derived from an intracellular protein, preferably an intracellular
protein expressed in a tumor cell. In one embodiment, said target peptide is derived from NY-ESO-1. In
one embodiment, said target peptide has the amino acid sequence of SEQ ID NO: 19 or SEQ ID NO: 34.
In one embodiment, said target peptide is derived from MAGE-A3. In one embodiment, said target peptide
has the amino acid sequence of SEQ ID NO: 155. In one embodiment, said target peptide is derived from
a protein of an infectious agent, such as, e.g., a viral infectious agent, preferably a virus-specific protein. In
one embodiment, said target peptide is derived from EBNA-1. In one embodiment, said target peptide has
the amino acid sequence of SEQ ID NO: 92. In one embodiment, said target peptide is derived from HBCAg.

In one embodiment, said target peptide has the amino acid sequence of SEQ ID NO: 255.

In one embodiment, said MHC i1s MHC class |. In one embodiment, said MHC class | is HLA-A*02. In one
embodiment, said HLA-A*02 1s HLA-A*0201. In one embodiment, saild HLA-A*0201 has the amino acid
sequence of SEQ ID NO: 73. Alternatively, in another embodiment, saild MHC is not HLA-A*02. In one
embodiment, saild MHC class | is HLA-A*01. In one embodiment, saild HLA-A*01 i1s HLA-A*0101. In one
embodiment, said HLA-A*0101 has the amino acid sequence of SEQ ID NO: 218. Alternatively, in another
embodiment, said MHC i1s not HLA-A*01.

In another aspect, the invention relates to a recombinant binding protein comprising a designed repeat

domain obtainable by one of the methods of the invention as described herein.

In another aspect, the invention relates to a recombinant binding protein comprising a first designed repeat

domain, wherein said first repeat domain has binding specificity for a first target peptide-MHC complex.

In a preferred embodiment, the binding protein of the invention comprises a first designed repeat domain
with binding specificity for a first target peptide-MHC complex, wherein said first target peptide is selected
from the group consisting of (i) a peptide derived from a protein expressed in a tumor cell, (i) a peptide
derived from a protein of an infectious agent, such as a bacterial infectious agent or a viral infectious agent,
preferably a viral infectious agent, and (ii)) a peptide derived from a protein associated with an autoimmune

disorder.
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In one embodiment, said first target peptide is derived from an intracellular protein, preferably an
Intracellular protein expressed in a tumor cell. In one embodiment, said first target peptide is derived from
a tumor-specific intracellular protein. In one embodiment, said first target peptide is derived from NY-ESO-
1. In one embodiment, said first target peptide has the amino acid sequence of SEQ ID NO: 19 or SEQ ID
NO: 34. In one embodiment, said first target peptide is derived from MAGE-A3. In one embodiment, said
first target peptide has the amino acid sequence of SEQ ID NO: 155. In one embodiment, said target peptide
IS derived from a protein of an infectious agent, such as, e.g., a viral infectious agent, preferably a virus-
specific protein. In one embodiment, said target peptide is derived from EBNA-1. In one embodiment, said
target peptide has the amino acid sequence of SEQ ID NO: 92. In one embodiment, said target peptide is
derived from HBCcAg. In one embodiment, said target peptide has the amino acid sequence of SEQ |ID NO:
255. In a preferred embodiment, the first MHC is MHC class |. In one embodiment, said first MHC class |
IS HLA-A*02. In one embodiment, said HLA-A*02 i1s HLA-A*0201. In one embodiment, said HLA-A*0201
has the amino acid sequence of SEQ ID NO: 73. Alternatively, in another embodiment, said first MHC s
not HLA-A*02. In one embodiment, said first MHC class | is HLA-A*01 In one embodiment, said HLA-A*01
IS HLA-A*0101. In one embodiment, said HLA-A*0101 has the amino acid sequence of SEQ ID NO: 218.
Alternatively, in another embodiment, said first MHC is not HLA-A*01.

In one embodiment, said first repeat domain binds to said first target peptide-MHC complex in PBS with a

dissociation constant (Kp) below 10-'M.

In one embodiment, said binding of said first repeat domain to said first target peptide-MHC complex
comprises interaction of said first repeat domain with at least one, at least two, at least three, at least four,
at least five, at least six, or at least seven amino acid residues of said first target peptide. Thus, in one
embodiment, binding of said first repeat domain to said first target peptide-MHC complex comprises
Interaction of said first repeat domain with at least one amino acid residue of said first target peptide. In one
embodiment, binding of said first repeat domain to said first target peptide-MHC complex comprises
Interaction of said first repeat domain with at least two amino acid residues of said first target peptide. In
one embodiment, binding of said first repeat domain to said first target peptide-MHC complex comprises
Interaction of said first repeat domain with at least three amino acid residues of said first target peptide. In
one embodiment, binding of said first repeat domain to said first target peptide-MHC complex comprises
Interaction of said first repeat domain with at least four amino acid residues of said first target peptide. In
one embodiment, binding of said first repeat domain to said first target peptide-MHC complex comprises
Interaction of said first repeat domain with at least five amino acid residues of said first target peptide. In
one embodiment, binding of said first repeat domain to said first target peptide-MHC complex comprises
Interaction of said first repeat domain with at least six amino acid residues of said first target peptide. In
one embodiment, binding of said first repeat domain to said first target peptide-MHC complex comprises
Interaction of said first repeat domain with at least seven amino acid residues of said first target peptide. In
a further or alternative embodiment, binding of said first repeat domain to said first target peptide-MHC
complex comprises interaction of said first repeat domain with at least one amino acid residue of said first
MHC.
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In a preferred embodiment, said first designed repeat domain is a designed ankyrin repeat domain. In a
particularly preferred embodiment, said first designed ankyrin repeat domain is a designed ankyrin repeat
domain with binding specificity for a target peptide-MHC complex as described more specifically in any of

the aspects or embodiments herein.

In one embodiment, a designed ankyrin repeat domain with binding specificity for a target peptide-MHC

complex according to the present invention comprises an ankyrin repeat module.

In one particular embodiment, a designed ankyrin repeat domain with binding specificity for a target peptide-
MHC complex according to the present invention comprises an ankyrin repeat module comprising an amino
acld sequence selected from the group consisting of (1) SEQ ID NOs: 37 to 72 and (2) sequences in which
upto 9, orupto 8, orupto 7,orupto6, orupto5,orupto4, orupto 3, orupto 2, orupto1 amino acids
In any of SEQ ID NOs: 37 to 72 are substituted by another amino acid. Thus, in one embodiment, said
ankyrin repeat module comprises an amino acid sequence selected from the group consisting of (1) SEQ
ID NOs: 37 to 72 and (2) sequences in which up to 9 amino acids in any of SEQ ID NOs: 37 to 72 are
substituted by another amino acid. Thus, in one embodiment, said ankyrin repeat module comprises an
amino acid sequence selected from the group consisting of (1) SEQ ID NOs: 37 to 72 and (2) sequences
In which up to 3 amino acids in any of SEQ ID NOs: 37 to 72 are substituted by another amino acid. In one
embodiment, said ankyrin repeat module comprises an amino acid sequence selected from the group
consisting of (1) SEQ ID NOs: 37 to 72 and (2) sequences in which up to 2 amino acids in any of SEQ ID
NOs: 37 to 72 are substituted by another amino acid. In one embodiment, said ankyrin repeat module
comprises an amino acid sequence selected from the group consisting of (1) SEQ ID NOs: 37 to 72 and
(2) sequences in which up to 1 amino acid in any of SEQ ID NOs: 37 to 72 is substituted by another amino
acid. In one embodiment, said ankyrin repeat module comprises an amino acid sequence selected from
the group consisting of SEQ ID NOs: 37 to 72. In one preferred embodiment, said target peptide has the
amino acid sequence of SEQ ID NO: 19 or SEQ ID NO: 34.

In one particular embodiment, a designed ankyrin repeat domain with binding specificity for a target peptide-
MHC complex according to the present invention comprises an ankyrin repeat module comprising an amino
acid sequence selected from the group consisting of (1) SEQ ID NOs: 37 to 42, 54, 55 and 67 to 72 and
(2) sequences in which upto 9, orupto 8, orupto 7, orupto6,orupto5, orupto4, orupto3, orupto
2, or up to 1 amino acids in any of SEQ ID NOs: 37 to 42, 54, 55 and 67 to 72 are substituted by another
amino acid. Thus, in one embodiment, said ankyrin repeat module comprises an amino acid sequence
selected from the group consisting of (1) SEQ ID NOs: 37 to 42, 54, 55 and 67 to 72 and (2) sequences In
which up to 3 amino acids in any of SEQ ID NOs: 37 to 42, 54, 55 and 67 to 72 are substituted by another
amino acid. In one embodiment, said ankyrin repeat module comprises an amino acid sequence selected
from the group consisting of (1) SEQ ID NOs: 37 to 42, 54, 55 and 67 to 72 and (2) sequences in which up
to 2 amino acids in any of SEQ ID NOs: 37 to 42, 54, 55 and 67 to 72 are substituted by another amino
acid. In one embodiment, said ankyrin repeat module comprises an amino acid sequence selected from
the group consisting of (1) SEQ ID NOs: 37 to 42, 54, 55 and 67 to 72 and (2) sequences in which up to 1
amino acid in any of SEQ ID NOs: 37 to 42, 54, 55 and 67 to 72 is substituted by another amino acid. In

one embodiment, said ankyrin repeat module comprises an amino acid sequence selected from the group
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consisting of SEQ ID NOs: 37 to 42, 54, 55 and 67 to 72. In one preferred embodiment, said target peptide
has the amino acid sequence of SEQ ID NO: 19 or SEQ ID NO: 34.

In one particular embodiment, a designed ankyrin repeat domain with binding specificity for a target peptide-
MHC complex according to the present invention comprises an ankyrin repeat module comprising an amino
acid sequence selected from the group consisting of (1) SEQ ID NOs: 37 to 42 and 67 to 69 and (2)
sequences in whichup to 9, orupto 8, orupto 7/, orupto 6, orupto 5, orupto4, orupto 3, orupto?2, or
up to 1 amino acids in any of SEQ ID NOs: 37 to 42 and 67 to 69 are substituted by another amino acid.
Thus, In one embodiment, said ankyrin repeat module comprises an amino acid sequence selected from
the group consisting of (1) SEQ ID NOs: 37 to 42 and 67 to 69 and (2) sequences Iin which up to 3 amino
acids in any of SEQ |ID NOs: 37 to 42 and 67 to 69 are substituted by another amino acid. In one
embodiment, said ankyrin repeat module comprises an amino acid sequence selected from the group
consisting of (1) SEQ ID NOs: 3710 42 and 67 to 69 and (2) sequences in which up to 2 amino acids in any
of SEQ ID NOs: 37 to 42 and 67 to 69 are substituted by another amino acid. In one embodiment, said
ankyrin repeat module comprises an amino acid sequence selected from the group consisting of (1) SEQ
ID NOs: 37 to 42 and 67 to 69 and (2) sequences in which up to 1 amino acid in any of SEQ ID NOs: 37 to
42 and 67 to 69 iIs substituted by another amino acid. In one embodiment, said ankyrin repeat module
comprises an amino acid sequence selected from the group consisting of SEQ ID NOs: 37 to 42 and 67 to
69. In one preferred embodiment, said target peptide has the amino acid sequence of SEQ ID NO: 19 or
SEQ ID NO: 34.

In another particular embodiment, a designed ankyrin repeat domain with binding specificity for a target
peptide-MHC complex according to the present invention comprises an ankyrin repeat module comprising
an amino acid sequence selected from the group consisting of (1) SEQ ID NOs: 111 to 154 and (2)
sequences in which up to 9, orupto 8, orupto 7, orupto6,orupto 5, orupto4, orupto 3, orupto?2, or
up to 1 amino acids in any of SEQ ID NOs: 111 to 154 are substituted by another amino acid. In one

preferred embodiment, said target peptide has the amino acid sequence of SEQ D NO: 92.

In a further particular embodiment, a designed ankyrin repeat domain with binding specificity for a target
peptide-MHC complex according to the present invention comprises an ankyrin repeat module comprising
an amino acid sequence selected from the group con<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>