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ANTIBODY VARIABLE DOMAINS AND ANTIBODIES HAVING DECREASED
IMMUNOGENICITY

FIELD OF THE INVENTION
[0001] The present invention relates to antibody variable domains, which exhibit a reduced
binding to anti-drug antibodies (ADA), to antibodies comprising one or more of said antibody
variable domains, and to pharmaceutical compositions comprising said antibodies. The
present invention further relates to nucleic acids encoding said antibody variable domains or
said antibodies, vector(s) comprising said nucleic acids, host cell(s) comprising said nucleic
acids or said vector(s), and a method of producing said antibody variable domains or said
multispecific antibodies. Additionally, the present invention relates to a method for generating

said antibody variable domains and antibodies.

BACKGROUND OF THE INVENTION

[0002] In the past forty years since the development of the first monoclonal antibodies
(“mAbs”; Kéhler & Milstein, Nature, 1975, Vol.256, pp. 495-497), antibodies have become an
increasingly important class of biomolecules for research, diagnostic and therapeutic
purposes. Initially, antibodies were exclusively obtained by immunizing animals with the
corresponding antigen of interest. While antibodies of non-human origin can be used in
research and diagnostics, in therapeutic approaches the human body typically recognizes
non-human antibodies as foreign and raise an immune response against the non-human
antibody drug substance, rendering it less or not effective. Even if the administered antibody
therapeutics have been humanized, e. g. by grafting of CDRs of non-human origin into human
immunoglobulin frameworks to minimize the non-human component, they can still elicit an
immune response, which compromises the efficacy and/or safety of these therapeutics.
[0003] Such an immune response typically involves the binding of anti-drug antibodies
(ADAs) to the therapeutic agent. These ADAs can be antibodies, which are already present in
human serum (so called pre-existing ADAs) and/or antibodies, which are formed during the
course of the therapy, also referred to as treatment-emerging ADAsS.

[0004] The risk of pre-existing ADA-binding and/or of treatment-emerging ADA formation
can be significantly enhanced for therapeutic antibodies that comprise or are built of portions
of a naturally occurring human antibody, e. g. Fab or Fv antibody fragments. Itis believed that
one of the main reasons for this increase in ADA-binding and ADA-formation is that in antibody

fragments, typically a significant number of amino acids that are formerly shielded by the
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contact to other antibody portions or domains, become exposed to the solvent and are present
to the immune system as potential epitopes.

[0005] Furthermore, the risk of pre-existing ADA-binding and/or of treatment-emerging ADA
formation can also be enhanced for therapeutic antibodies that comprise complementarity-
determining regions (CDRs) that have been obtained from non-human species, such as from
mouse or rabbit, because CDRs derived from non-human antibody repertoires represent
potential B-cell and/or T-cell epitopes. This risk for ADA-binding and ADA-formation applies to
all types of antibodies, to antibody fragments as well as to full-length antibodies or IgG-based
antibodies.

[0006] According to literature, antibody responses in patients are dependent on the
presence of both B-cell epitopes and T-cell epitopes. When a B-cell receptor recognizes and
binds an antigen such as an administered therapeutic antibody, the antigen is internalized into
the B cell by receptor-mediated endocytosis and undergoes proteolytic processing. The
resulting peptides are subsequently presented by MHC class || molecules. Upon recognition
of the T cell epitope by a T helper cell, the latter stimulates the corresponding B cells to
proliferate and differentiate into antibody producing plasma cells.

[0007] Several strategies have been provided in the prior art to further lower the response
of the immune system of a patient to the administered antibodies.

[0008] WO 2002/066514 (A2) for example discloses immunogenically modified fusion
proteins, which exhibit reduced immunogenicity relative to their non-modified parent fusion
protein, when exposed to the immune system of a given species, by having a reduced number
of T-cell epitopes within their amino acid sequence. The T-cell epitopes are specified therein
to be peptide sequences able to bind to MCH class Il molecule binding groups.
WO 2002/066514 (A2) further discloses a computational method that profiles the likelihood of
peptide regions to contain T-cell epitopes and suggests modifying said peptide regions to
potentially alter the MHC Class Il binding characteristics of the protein containing them.
[0009] WO 2002/079232 (A2) discloses a method for reducing the immunogenicity of a fusion
protein by first identifying a candidate T-cell epitope within a junction region spanning a fusion
junction of a fusion protein; and then changing an amino acid within the junction region to
reduce the ability of the candidate T-cell epitope to interact with a T cell receptor.

[0010] Furthermore, several computational methods for the identification of amino acid
stretches within an antibody that may potentially bind to MHC molecules (so called T-cell hot
spots) have been developed.

[0011] Nielsen et al., PLoS Computational Biology, 2008, 4(7), pp. 1-10, for example, disclose

a computational method, referred to as NetMHClIpan, that allows for pan-specific predictions
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of peptide binding to any HLA-DR molecule of known sequence. Knowledge of these critical
structural elements forms the basis for strategies to avoid them.

[0012] Cassotta et al., Nature Med., 2019, 25(9), pp. 1402-1407, disclose the identification of
a single immunodominant T cell epitope spanning the framework 2 — CDR2 region of the light
chain of the antibody therapeutic Natalizumab, using the T-cell epitope prediction algorithm
NetMHClIpan. Natalizumab is known to induce persistent neutralizing anti-drug antibodies
(ADAs) in about 6% of the treated patients. It is further disclosed that two light chain CDR2-
modified versions of Natalizumab, which had been engineered by structure-guided design,
were not recognized by T cells, while their target-binding properties are retained.

[0013] Although the currently available methods provide useful indications, how the
immunogenicity of a given antibody variable domain can be reduced, their proposed solutions
for immunogenicity reduction are highly case dependent, i. e. their proposed solutions for
reducing the immunogenicity of a given antibody variable domain are not described to be
generally applicable to other antibody variable domains. Thus, there is still a large unmet need
for antibody variable domains, that exhibit low immunogenicity, and for mutational schemes
which can generally be applied in the construction of antibodies and antibody fragments. More
specifically, it would be desirable to have antibody variable domains at hand, which have no
predicted T-cell epitopes, or which have a significantly reduced number of predicted T-cell
epitopes, and which can generally be applied in the construction of antibodies and antibody
fragments. It is furthermore desirable that these antibody variable domains provide a high
stability, when integrated in the final antibody format, which would allow their application in the
construction of stable antibody fragments and fragment-based multispecific antibodies
suitable for therapeutic development. It would further be desirable to have a generally
applicable method at hand that allows the reliable design and production of said antibody

variable domains.

SUMMARY OF THE INVENTION

[0014] It is an object of the present invention to provide antibody variable domain variants,
which generally exhibit reduced immunogenicity, more specifically, antibody variable domain
variants that are significantly less recognized by MHC class Il molecules, i. e. have no
predicted T-cell epitopes or at least a significantly reduced number of predicted T-cell
epitopes, when compared to their unmodified variants. It is a further important object of the
present invention that the functional properties of said antibody variable domain variants, in
particular their inhibition potency and/or their binding affinity to their respective antigen targets,

is not or not significantly reduced, when compared to their unmodified variants. Furthermore,
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these antibody variable domain variants should be highly stable to allow their application in
the construction of antibody fragments and multispecific antibodies suitable for pharmaceutical
development.

[0015] The inventors have surprisingly found that antibody variable domains, which
comprise a light chain complementarity-determining region 2 (LCDR2) that has a glycine (G)
at amino acid position 67 and a glycine (G) at amino acid position 68 (AHo numbering),
hereinafter also referred to as “GG variants” or “GG motif’, exhibit a significantly lower
predicted binding to MHC class Il proteins, when compared to their original versions that do
not comprise said GG motif. This advantageous property could be observed for all tested
antibody variable domains comprising said GG motif, where their non-GG variants have
been predicted to bind to (human) MHC class Il proteins, irrespective of their antigen target
specificity. It was further found that the stability of said GG variants as well as their functional
properties, in particular their inhibition potency and/or their binding affinity to their respective
antigen targets, are not or not significantly reduced, when compared to their unmodified
versions. These findings were surprising, since said GG motif is located in a CDR region
involved in antigen binding, and the presence of two glycine residues at adjacent position
bears the risk of increased flexibility that can result in stability reduction.

[0016] Besides, the universal applicability of this modification has been tested with a set of
about 200 sequences of antibodies that have been in clinical trials. Most of these antibody
sequences had no glycine at the light chain amino acid positions 67 and 68 (AHo numbering)
and just a few of these antibody sequences had one glycine either at position 67 or 68 (AHo
numbering). None of them had glycine residues at both positions. Introduction of the GG motif
into these 200 antibody sequences mostly eliminated or at least reduced their predicted
binding to MHC class Il proteins.

[0017] To further explore the above findings, a subset of fragment based multispecific
antibodies comprising at least one modified binding domain of the present invention has been
tested against patient-derived serum samples, showing a clear reduction in their binding to
pre-existing ADAs and/or to treatment-emerged ADAs, when compared to their unmodified
versions (see Example 3). In summary, this and the above findings demonstrate the universal
applicability of the antibody variable domains of the present invention for decreasing the risk
of adverse immunogenic reactions in preclinical and clinical development.

[0018] In antibody sequence searches using the antibody sequence analysis tool abYsis
(www.abYsis.org), only two prior art antibodies could be identified that accidentally have in
their original LCDR2 sequence a glycine (G) at amino acid position 67 and a glycine (G) at
amino acid position 68 (AHo numbering). These two LCDR2 sequence have been excluded

by way of disclaimer from the claimed subject matter. However, the inventors of the present



WO 2024/240690 PCT/EP2024/063788

invention cannot exclude that further antibody sequences may exist that also have an LCDR2

with a glycine (G) at amino acid position 67 and a glycine (G) at amino acid position 68 (AHo

numbering). Thus, as a precaution, the inventors preserve the right to disclaim any further

LCDR2 sequences of known antibodies or antibody fragments that accidentally have a glycine

(G) at amino acid position 67 and a glycine (G) at amino acid position 68 (AHo numbering).

[0019] In addition to the two antibodies mentioned above, some additional antibody

sequences have been identified that comprise GG motifs in a region corresponding to LCDR2

(see SEQ ID NOs: 11, 19, 27 and 39 of WO 2017/173359). However, in that case those

sequences show extended versions of LCDR2 comprising 20 amino acid residues (SEQ ID

NOs: 11, 19, 27) and 26 amino acid residues (SEQ ID NO: 39 of WO 2017/173359) instead

of the maximum number of amino acid residues in accordance with the LCDR2 definition used

in the present application (LCDR2: positions 58 to 72 according to the AHo numbering
scheme, resulting in a maximum length of 15 amino acids).

[0020] Accordingly, in a first aspect, the present invention relates to an antibody variable

domain, which binds to a target antigen, comprising:

(i) a variable heavy chain (VH) comprising from N-terminus to C-terminus, the regions
HFW1-HCDR1-HFW2-HCDR2-HFW3-HCDR3-HFWA4, wherein each HFW designates a
heavy chain framework region, and each HCDR designates a heavy chain
complementarity-determining region;

and

(i) a variable light chain (VL), wherein the variable light chain comprises, from N-terminus to
C-terminus, the regions LFW1-LCDR1-LFW2-LCDR2-LFW3-LCDR3-LFW4, wherein
each LFW designates a light chain framework region, and each LCDR designates a light
chain complementarity-determining region;

wherein said LCDR2 is defined by light chain amino acid positions 58 to 72 according to the

AHo numbering scheme, resulting in a maximum length of 15 amino acids, and wherein said

LCDR2 has a glycine (G) at amino acid position 67 and a glycine (G) at amino acid position

68 (AHo numbering);

and wherein said light chain complementarity-determining region LCDR2, /. e. amino acid

positions 58, 67, 68, 69, 70, 71, 72 (AHo numbering), does not have a sequence selected from

LGGNRAA (SEQ ID NO: 665) and RGGERVS (SEQ ID NO: 666).

[0021] In a second aspect, the present invention relates to an antibody comprising one or

more antibody variable domains of the present invention.

[0022] In a third aspect, the present invention relates to a nucleic acid or two nucleic acids

encoding the antibody variable domain or the antibody of the present invention.
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[0023] In a fourth aspect, the present invention relates to a vector or two vectors

comprising the nucleic acid or the two nucleic acids of the present invention.

[0024] In a fifth aspect, the present invention relates to a host cell or host cells comprising

the vector or the two vectors of the present invention.

[0025] In a sixth aspect, the present invention relates to a method for producing the

antibody variable domain of the present invention or the antibody of the present invention,

comprising (i) providing the nucleic acid or the two nucleic acids of the present invention, or

the vector or the two vectors of the present invention, expressing said nucleic acid or said

two nucleic acids, or said vector or vectors, and collecting said antibody variable domain or

said antibody from the expression system, or (ii) providing a host cell or host cells of the

present invention, culturing said host cell or said host cells; and collecting said antibody

variable domain or said antibody from the cell culture.

[0026] In a seventh aspect, the present invention relates to a pharmaceutical composition

comprising the antibody of the present invention and a pharmaceutically acceptable carrier.

[0027] In an eighth aspect, the present invention relates to the pharmaceutical composition

of the present invention for use as a medicament.

[0028] In a ninth aspect, the present invention relates to a method for generating a

modified antibody variable domain, wherein the method comprises the steps of

1) providing an unmodified antibody variable domain, which binds to a target antigen,
comprising:

(i) avariable heavy chain (VH) comprising from N-terminus to C-terminus, the regions
HFW1-HCDR1-HFW2-HCDR2-HFW3-HCDR3-HFW4, wherein each HFW
designates a heavy chain framework region, and each HCDR designates a heavy
chain complementarity-determining region;

and

(i) a variable light chain (VL), wherein the variable light chain comprises, from N-
terminus to C-terminus, the regions LFW1-LCDR1-LFW2-LCDR2-LFW3-LCDRS3-
LFW4, wherein each LFW designates a light chain framework region, and each
LCDR designates a light chain complementarity-determining region, wherein the
light chain complementarity-determining region LCDR2 does not comprise a glycine
(G) at both amino acid position 67 and 68 (AHo numbering);

2) introducing into the light chain complementarity-determining region LCDR2 of the
unmodified antibody variable domain provided in step 1) a glycine (G) at amino acid
position 67 and/or a glycine (G) at amino acid position 68 (AHo numbering), such that

there is a glycine (G) at both amino acid positions 67 and 68,
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wherein said LCDR2 is defined by light chain amino acid positions 58 to 72 according to the

AHo numbering scheme, resulting in a maximum length of 15 amino acids.

[0029] In atenth aspect, the present invention relates to a method for generating a

modified antibody from an unmodified antibody, the method comprises the step of

1) selecting one or more antibody variable domains comprised in said unmodified antibody,
which do not comprise a glycine (G) at both amino acid position 67 and 68 (AHo
numbering) in the LCDR2, for modification;

2) introducing into each of said one or more antibody variable domains selected in step 1)
a glycine (G) at amino acid position 67 and/or a glycine (G) at amino acid position 68
(AHo numbering) in the LCDR2, such that there is a glycine (G) at both amino acid
positions 67 and 68 (AHo numbering) in the LCDR2.

[0030] The aspects, advantageous features and preferred embodiments of the present

invention summarized in the following items, respectively alone or in combination, further

contribute to solving the object of the invention:

1. An antibody variable domain, which binds to a target antigen, comprising:

a. avariable heavy chain (VH) comprising from N-terminus to C-terminus, the regions
HFW1-HCDR1-HFW2-HCDR2-HFW3-HCDR3-HFW4,  wherein each  HFW
designates a heavy chain framework region, and each HCDR designates a heavy
chain complementarity-determining region;

and

b. a variable light chain (VL), wherein the variable light chain comprises, from N-
terminus to C-terminus, the regions LFW1-LCDR1-LFW2-LCDR2-LFW3-LCDR3-
LFW4, wherein each LFW designates a light chain framework region, and each LCDR
designates a light chain complementarity-determining region;

wherein said LCDR2 is defined by light chain amino acid positions 58 to 72 according to

the AHo numbering scheme, resulting in a maximum length of 15 amino acids, and

wherein said LCDR2 has a glycine (G) at amino acid position 67 and a glycine (G) at
amino acid position 68 (AHo numbering), particularly wherein said light chain
complementarity-determining region LCDR2 consists of seven amino acids;

and wherein said light chain complementarity-determining region LCDR2, /. e. amino acid

positions 58, 67, 68, 69, 70, 71, 72 (AHo numbering), does not have a sequence selected

from LGGNRAA (SEQ ID NO: 665) and RGGERVS (SEQ ID NO: 666).

2. The antibody variable domain of item 1, wherein said variable heavy chain framework
regions HFW1, HFW2, HFW3 and HFW4 and/or said variable light chain framework
regions LFW1, LFW2, LFW3 and LFW4 are selected from
a) human antibody framework regions; and

7
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b) human antibody framework regions comprising a total of 1 to 20, particularly 1 to 15,
particularly 1 to 10, amino acid positions where the amino acids are taken from a non-
human antibody, in particular from a lagomorph or rodent antibody, in particular from
a rabbit or mouse antibody, in particular from a rabbit antibody (back mutations), said
non-human antibody representing the source of the CDR sequences comprised in
the antibody variable domain.

The antibody variable domain of item 1 or 2, wherein said variable heavy chain framework

regions HFW1, HFW2, HFW3 and HFW4 and/or said variable light chain framework

regions LFW1, LFW2, LFW3 and LFW4 are selected from framework regions of an
antibody that has been tested in clinical trials.

The antibody variable domain of any one of the items 1 to 3, wherein

a. said variable light chain framework regions LFW1, LFW2, LFW3 and LFW4 together
are selected from a human antibody Vk framework or a human antibody VA
framework, in particular a human antibody Vk framework; or

b. said variable light chain framework regions LFW1, LFW2 and LFW3 are selected from
a human antibody Vk framework, and said variable light chain framework region
LFW4 is selected from a human antibody VA framework.

The antibody variable domain of item 4, wherein said human antibody Vk framework is

selected from the VK framework subtypes Vk1, Vk2, Vk3 and Vk4.

The antibody variable domain of item 4, wherein said human antibody Vk framework is of

the Vk framework subtype VK1.

The antibody variable domain of item 4, wherein said human antibody VA framework is

selected from the VA framework subtypes VA1, VA2 and VA3.

The antibody variable domain of item 4, wherein said variable light chain framework region

LFW4, when selected from a human antibody VA framework, has a sequence selected

from

a) any one of SEQ ID NOs: 527, 528, 529, 530, 531, 532, 533, 534 and 535; or

b) any one of SEQ ID NOs: 527, 528, 529, 530, 531, 532, 533, 534 and 535, which has
one or two mutations, particularly one mutation, particularly one or two mutations at
one or two positions selected from positions 141, 144, 145, 146 and 147 (AHo
numbering), more particularly one mutation at position 141 (AHo numbering).

The antibody variable domain of item 8, wherein said variable light chain framework

regions LFW1, LFW2, LFW3 and LFW4 are selected from

a. the combination of framework regions LFW1, LFW2, LFW3 and LFW4 (i. e. the
residues corresponding to the non-italicized residues of SEQ ID NO: 3 or of the VL
sequences shown in Table 2) of any one of the SEQ ID NOs: 304, 309, 515, 516,
517, 518, 519, 520, 521, 522, 523, 524, 525 and 526; and

b. the combination of framework regions LFW1, LFW2, LFW3 and LFW4 (i. e. the
residues corresponding to the non-italicized residues of SEQ ID NO: 3 or of the VL

8
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sequences shown in Table 2) of any one of the SEQ ID NOs: 304, 309, 515, 516,
517, 518, 519, 520, 521, 522, 523, 524, 525 and 526 having 1, 2, 3, 4 or 5 mutations
within the framework regions.
The antibody variable domain of any one of the preceding items, wherein said variable
heavy chain framework regions HFW1, HFW2, HFW3 and HFWA4 are selected from a
human VH framework.
The antibody variable domain of any one of the preceding items, wherein said variable
heavy chain framework regions HFW1, HFW2, HFW3 and HFW4 are selected from the
human VH framework subtypes VH1a, VH1b, VH3, VH4, VH5 and VHS6.
The antibody variable domain of any one of the preceding items, wherein said variable
heavy chain framework regions HFW1, HFW2, HFW3 and HFW4 are selected from the
human VH framework subtypes VH1a, VH1b, VH3 and VH4.
The antibody variable domain of any one of the preceding items, wherein said variable
heavy chain framework regions HFW1, HFW2, HFW3 and HFW4 are of the human VH
framework subtype VHS3.
The antibody variable domain of item 1, wherein said variable heavy chain framework
regions HFW1, HFW2, HFW3 and HFW4 are selected from
a. the combination of framework regions HFW1, HFW2, HFW3 and HFW4 (i. e. the
residues corresponding to the non-italicized residues of SEQ ID NO: 1 or of the VH
sequences shown in Table 2) of any one of the SEQ ID NOs: 302, 306, 496, 497,
498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 513 and
514; and
b. the combination of framework regions HFW1, HFW2, HFW3 and HFW4 (i. e. the
residues corresponding to the non-italicized residues of SEQ ID NO: 1 or of the VH
sequences shown in Table 2) of any one of the SEQ ID NOs: 302, 306, 496, 497,
498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 513 and
514 having 1, 2, 3, 4 or 5 mutations within the framework regions.
The antibody variable domain of item 1, wherein
(i) said variable light chain framework regions LFW1, LFW2 and LFW3 are selected from
a human antibody VK framework, in particular are of the Vk framework subtype Vk1;
(i) said variable light chain framework region LFW4 is selected from a human antibody
VA framework, in particular has a sequence selected from
a. any one of SEQ ID NOs: 527, 528, 529, 530, 531, 532, 533, 534 and 535; or
b. any one of SEQ ID NOs: 527, 528, 529, 530, 531, 532, 533, 534 and 535, which
has one or two mutations, particularly one mutation, particularly one or two
mutations at one or two positions selected from positions 141, 144, 145, 146 and
147 (AHo numbering), more particularly one mutation at position 141 (AHo
numbering); and
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(iii) said variable heavy chain framework regions HFW1, HFW2, HFW3 and HFW4 are of
the human VH framework subtype VH3.

16. The antibody variable domain of item 1, wherein
said variable light chain framework regions LFW1, LFW2, LFW3 and LFW4 are
selected from

(i)

(ii)

a.

the combination of framework regions LFW1, LFW2, LFW3 and LFW4 (i. e. the
residues corresponding to the non-italicized residues of SEQ ID NO: 3 or of the
VL sequences shown in Table 2) of any one of the SEQ ID NOs: 304, 309, 515,
516, 517, 518, 519, 520, 521, 522, 523, 524, 525 and 526; and

the combination of framework regions LFW1, LFW2, LFW3 and LFW4 (i. e. the
residues corresponding to the non-italicized residues of SEQ ID NO: 3 or of the
VL sequences shown in Table 2) of any one of the SEQ ID NOs: 304, 309, 515,
516, 517, 518, 519, 520, 521, 522, 523, 524, 525 and 526 having 1, 2, 3,4 or 5
mutations within the framework regions; and

said variable heavy chain framework regions HFW1, HFW2, HFW3 and HFW4 are
selected from

a.

the combination of framework regions HFW1, HFW2, HFW3 and HFW4 (i. e. the
residues corresponding to the non-italicized residues of SEQ ID NO: 1 or of the
VH sequences shown in Table 2) of any one of the SEQ ID NOs: 302, 306, 496,
497, 498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512,
513 and 514; and

the combination of framework regions HFW1, HFW2, HFW3 and HFW4 (i. e. the
residues corresponding to the non-italicized residues of SEQ ID NO: 1 or of the
VH sequences shown in Table 2) of any one of the SEQ ID NOs: 302, 306, 496,
497, 498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512,
513 and 514 having 1, 2, 3, 4 or 5 mutations within the framework regions.

17. The antibody variable domain of any one of items 1 to 16, wherein the light chain

complementarity-determining region LCDR2 has a sequence selected from
X1GGX2X3XaXs (SEQ ID NO: 536), wherein X4, Xa, X3, X4 and Xs correspond to amino
acid positions 58, 69, 70, 71 and 72 (AHo numbering), and wherein said X1, Xz, X3, X4
and Xs of LCDR2 are selected from:

(i)

(ii)

the corresponding positions of an LCDR2 region of a mammalian antibody, in

particular of an LCDR2 region of a lagomorph, rodent or human antibody, in particular

of an LCDR2 region of a rabbit, mouse or human antibody, in particular of an LCDR2

region of a rabbit antibody; or

the corresponding positions of an LCDR2 region of an antibody that has been tested

in clinical trials; or
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19.

20.
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(iiiy the corresponding positions of an LCDR2 region of an antibody according to (i) or (ii),
wherein one, two or three of said amino acid positions, in particular one or two of said
amino acid positions, have been altered.

The antibody variable domain of any one of item 17, wherein the other light chain

complementarity-determining regions LCDR1 and LCDRS are selected from:

() LCDR1 and LCDRS3 regions of said mammalian antibody; or

(i) LCDR1 and LCDRS3 regions of said antibody that has been tested in clinical trials; or

(i) LCDR1 and LCDRS3 regions of an antibody according to (i) or (ii), wherein at least in
one of said LCDR1 and LCDR3 regions, independently from each other, one, two or
three amino acid positions, in particular one or two amino acid positions, have been
altered.

The antibody variable domain of items 17 or 18, wherein the heavy chain

complementarity-determining regions HCDR1, HCDR2 and HCDR3 are selected from

() complementarity-determining regions of said mammalian antibody; or

(i) complementarity-determining regions of said antibody that has been tested in clinical
trials; or

(i) complementarity-determining regions of an antibody according to (i) or (ii), wherein
at least in one of said complementarity-determining regions, independently from each
other, one, two or three amino acid positions, in particular one or two amino acid
positions, have been altered.

The antibody variable domain of any one of the preceding items, wherein said light chain

complementarity-determining region LCDR2 has one or more of the following features:

(a) has alysine (K), leucine (L), methionine (M) or arginine (R), in particular a lysine (K),
methionine (M) or leucine (L), in particular a leucine (L), at amino acid position 70
(AHO numbering);

(b) has a sequence selected from X1GGX2X3X4Xs (SEQ ID NO: 536), wherein
X1 is selected from lysine (K), arginine (R), serine (S), threonine (T), alanine (A),
leucine (L), glycine (G), glutamine (Q), glutamate (E), tyrosine (Y) and aspartate
(D); in particular from lysine (K), arginine (R), serine (S), tyrosine (Y), glycine (G),
and aspartate (D);

X2 is selected from lysine (K), threonine (T), serine (S), isoleucine (l), aspartate (D),
asparagine (N), phenylalanine (F) and tyrosine (Y); in particular from lysine (K),
threonine (T), serine (S), aspartate (D), asparagine (N) and tyrosine (Y);

X; is selected from lysine (K), leucine (L), methionine (M) and arginine (R); in
particular from lysine (K), methionine (M) and leucine (L); in particular is leucine (L);
X4 is selected from alanine (A), glycine (G), valine (V), threonine (T), proline (P),
tyrosine (Y), aspartate (D), and glutamate (E); in particular from alanine (A), glycine
(G), threonine (T) and glutamate (E);
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23.
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Xs is selected from serine (S), threonine (T) and tyrosine (Y); in particular is serine
(S).

. The antibody variable domain of any one of the preceding items, wherein said light chain

complementarity-determining region LCDR2, i. e. amino acid positions 58, 67, 68, 69, 70,
71, 72 (AHo numbering), has a sequence selected from RGGILAS (SEQ ID NO: 667),
KGGTLAS (SEQ ID NO: 668), RGGTLAS (SEQ ID NO: 669), SGGTLAS (SEQ ID NO:
670), LGGTLAS (SEQ ID NO: 671), TGGTLAS (SEQ ID NO: 672), GGGTLAS (SEQ ID
NO: 673), RGGNLAS (SEQ ID NO: 674), DGGDLAS (SEQ ID NO: 675), DGGKLAS (SEQ
ID NO: 676), QGGKLAS (SEQ ID NO: 677), RGGKLAS (SEQ ID NO: 678), LGGKLAS
(SEQ ID NO: 679), SGGKLAS (SEQ ID NO: 680), GGGKLAS (SEQ ID NO: 681),
DGGRLAS (SEQ ID NO: 682), DGGNRAT (SEQ ID NO: 683), RGGTLES (SEQ ID NO:
684), KGGTLES (SEQ ID NO: 685), DGGDLTS (SEQ ID NO: 686), SGGFLYS (SEQ ID
NO: 687), SGGYRYT (SEQ ID NO: 688), SGGKLAA (SEQ ID NO: 689), SGGTLVS (SEQ
ID NO: 690), RGGTLAY (SEQ ID NO: 691), AGGTLAS (SEQ ID NO: 692), AGGYLAS
(SEQ ID NO: 693), RGGYLES (SEQ ID NO: 694), EGGKLAS (SEQ ID NO: 695),
RGGNLES (SEQ ID NO: 696), RGGILES (SEQ ID NO: 697), RGGNRES (SEQ ID NO:
698), RGGTLDS (SEQ ID NO: 699), LGGKLES (SEQ ID NO: 700), LGGKMES (SEQ ID
NO: 701), TGGSLAS (SEQ ID NO: 702) and GGGTLES (SEQ ID NO: 703).

The antibody variable domain of any one of the preceding items, wherein the format of
said antibody variable domain is selected from a Fab, an scFab, an Fv, a dsFv, an scFv
and a dsscFv, particularly from a Fab, Fv and scFv.

The antibody variable domain of any one of the preceding items, wherein the variable
light chain of said antibody variable domain comprises no 15mer peptide stretch having
a median percentile rank, as determined from the predicted individual binding strengths
(scoring ranks) of said 15mer peptide to each one of the 27 MHC class Il alleles that are
most common in the general population using the algorithm of NetMHCllpan-3.1, of less
than 13, particularly less than 14, particularly less than 15, particularly less than 16,
particularly less than 17, particularly less than 18, particularly less than 19, particularly
less than 20.

The antibody variable domain of any one of the preceding items, wherein the variable
heavy chain of said antibody variable domain comprises no 15mer peptide stretch
having a median percentile rank, as determined from the predicted individual binding
strengths (scoring ranks) of said 15mer peptide to each one of the 27 MHC class |l
alleles that are most common in the general population using the algorithm
NetMHClIpan-3.1, of less than 13, particularly less than 14, particularly less than 15,
particularly less than 16, particularly less than 17, particularly less than 18, particularly
less than 19, particularly less than 20.

12



WO 2024/240690 PCT/EP2024/063788

25. The antibody variable domain of any one of the preceding items, wherein said antibody

26.

variable domain, when being in scFv format, is further characterized by one or more of

the following features:

a.

has a melting temperature (Tm), when compared with the Tm of a version of said
antibody variable domain that does not comprise the LCDR2 amino acids defined in
item 1, that is not lower than 5°C, particularly not lower than 4.5°C, particularly not
lower than 4°C, particularly not lower than 3.5°C, particularly not lower than 3.0°C,
as determined by differential scanning fluorimetry (DSF) and when formulated in 20
mM Histidine, pH 6.0;

binds its target antigen with a dissociation constant (KD) that is not greater than 2-
folds, particularly not greater than 1.7-folds, particularly not greater than 1.5-folds,
particularly not greater than 1.4-folds, particularly not greater than 1.3-folds,
particularly not greater than 1.2-folds, when compared with the KD of a version of
said antibody variable domain that does not comprise the LCDR2 amino acids

defined in item 1, as measured by surface plasmon resonance (SPR).

The antibody variable domain of item 1, wherein said antibody variable domain comprises:

(i)

(ii)

a VH sequence selected from SEQ ID NOs: 1 and 2 and from variants of SEQ ID
NOs: 1 and 2 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 4 and from variants of SEQ ID NO: 4
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 8 and 9 and from variants of SEQ ID
NOs: 8 and 9 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 11 and from variants of SEQ ID NO: 11
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 15 - 18 and from variants of SEQ ID
NOs: 15 - 18 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 20 and 22 and from variants of SEQ ID
NO: 20 and 22 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 31 and from variants of SEQ ID NOs: 31
having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 33 and from variants of SEQ ID NO: 33
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 36 and 37 and from variants of SEQ ID
NOs: 36 and 37 having 1, 2 or 3 mutations within the framework regions, and
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(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

a VL sequence selected from SEQ ID NO: 39 and from variants of SEQ ID NO: 39
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 43 and 44 and from variants of SEQ ID
NOs: 43 and 44 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 46 and from variants of SEQ ID NO: 46
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 50 and 51 and from variants of SEQ ID
NOs: 50 and 51 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 53 and from variants of SEQ ID NO: 53
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 57 and 58 and from variants of SEQ ID
NOs: 57 and 58 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 60 and from variants of SEQ ID NO: 60
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 64 - 66 and from variants of SEQ ID
NOs: 64 - 66 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 68 and 69 and from variants of SEQ ID
NO: 68 and 69 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 74 - 77 and from variants of SEQ ID
NOs: 74 - 77 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 80 and 81 and from variants of SEQ ID
NO: 80 and 81 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 94 and 95 and from variants of SEQ ID
NOs: 94 and 95 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 97 and from variants of SEQ ID NO: 97
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 101 and 102 and from variants of SEQ
ID NOs: 101 and 102 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 105 and 106 and from variants of SEQ ID
NO: 105 and 106 having 1, 2 or 3 mutations within the framework regions;

14



WO 2024/240690 PCT/EP2024/063788

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

a VH sequence selected from SEQ ID NOs: 110 and 111 and from variants of SEQ
ID NOs: 110 and 111 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 113 and from variants of SEQ ID NO: 113
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 117 and 118 and from variants of SEQ
ID NOs: 117 and 118 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 120 and from variants of SEQ ID NO: 120
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 124 and 125 and from variants of SEQ
ID NOs: 124 and 125 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 127 and from variants of SEQ ID NO: 127
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 131 and from variants of SEQ ID NOs:
131 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 133 and from variants of SEQ ID NO: 133
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 136 and 137 and from variants of SEQ
ID NOs: 136 and 137 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 140 and 141 and from variants of SEQ ID
NO: 140 and 141 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 145 and 146 and from variants of SEQ
ID NOs: 145 and 146 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 148 and from variants of SEQ ID NO: 148
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 152 and 153 and from variants of SEQ
ID NOs: 152 and 153 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 155 and from variants of SEQ ID NO: 155
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 159 - 161 and from variants of SEQ ID
NOs: 159 - 161 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 163 and 164 and from variants of SEQ ID
NO: 163 and 164 having 1, 2 or 3 mutations within the framework regions;
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(i) a VH sequence selected from SEQ ID NOs: 170 - 173 and from variants of SEQ ID
NOs: 170 - 173 having 1, 2 or 3 mutations within the framework regions, and

(i) a VL sequence selected from SEQ ID NO: 175 and 176 and from variants of SEQ ID
NO: 175 and 176 having 1, 2 or 3 mutations within the framework regions;

(i) a VH sequence selected from SEQ ID NOs: 182 and 183 and from variants of SEQ
ID NOs: 182 and 183 having 1, 2 or 3 mutations within the framework regions, and

(i) a VL sequence selected from SEQ ID NO: 185 and from variants of SEQ ID NO: 185
having 1, 2 or 3 mutations within the framework regions;

(i) a VH sequence selected from SEQ ID NOs: 190 and 193 and from variants of SEQ
ID NOs: 190 and 193 having 1, 2 or 3 mutations within the framework regions, and

(i) a VL sequence selected from SEQ ID NO: 195 and 196 and from variants of SEQ ID
NO: 195 and 196 having 1, 2 or 3 mutations within the framework regions;

(i) a VH sequence selected from SEQ ID NOs: 202 - 205 and from variants of SEQ ID
NOs: 202 - 205 having 1, 2 or 3 mutations within the framework regions, and

(i) a VL sequence selected from SEQ ID NO: 207 and 208 and from variants of SEQ ID
NO: 207 and 208 having 1, 2 or 3 mutations within the framework regions;

(i) a VH sequence selected from SEQ ID NOs: 214 - 217 and from variants of SEQ ID
NOs: 214 - 217 having 1, 2 or 3 mutations within the framework regions, and

(i) a VL sequence selected from SEQ ID NO: 219 and 220 and from variants of SEQ ID
NO: 219 and 220 having 1, 2 or 3 mutations within the framework regions;

(i) a VH sequence selected from SEQ ID NOs: 226 and 227 and from variants of SEQ
ID NOs: 226 and 227 having 1, 2 or 3 mutations within the framework regions, and

(i) a VL sequence selected from SEQ ID NO: 229 and from variants of SEQ ID NO: 229
having 1, 2 or 3 mutations within the framework regions;

(i) a VH sequence selected from SEQ ID NOs: 233 - 236 and from variants of SEQ ID
NOs: 233 - 236 having 1, 2 or 3 mutations within the framework regions,

and

(i) a VL sequence selected from SEQ ID NO: 239 and 240 and from variants of SEQ ID
NO: 239 and 240 having 1, 2 or 3 mutations within the framework regions;

or

(i) a VH sequence selected from SEQ ID NOs: 247 - 250 and from variants of SEQ ID
NOs: 247 - 250 having 1, 2 or 3 mutations within the framework regions, and
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(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

a VL sequence selected from SEQ ID NO: 252 and from variants of SEQ ID NO: 252
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 257 and 258 and from variants of SEQ
ID NOs: 257 and 258 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 260 and from variants of SEQ ID NO: 260
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 264 - 267 and from variants of SEQ ID
NOs: 264 - 267 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 269 and 270 and from variants of SEQ ID
NO: 269 and 270 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 275 - 278 and from variants of SEQ ID
NOs: 275 - 278 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 280 and 281 and from variants of SEQ ID
NO: 280 and 281 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 286 - 291 and from variants of SEQ ID
NOs: 286 - 291 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 293 and 294 and from variants of SEQ ID
NO: 293 and 294 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 302 and from variants of SEQ ID NOs:
302 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 304 and from variants of SEQ ID NO: 304
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 307 and from variants of SEQ ID NOs:
307 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 309 and from variants of SEQ ID NO: 309
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 312 and 313 and from variants of SEQ
ID NOs: 312 and 313 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 317 - 319 and from variants of SEQ ID
NO: 317 - 319 having 1, 2 or 3 mutations within the framework regions;
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(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

a VH sequence selected from SEQ ID NOs: 327 - 330 and from variants of SEQ ID
NOs: 327 - 330 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 332 and from variants of SEQ ID NO: 332
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 338 - 341 and from variants of SEQ ID
NOs: 338 - 341 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 343 and from variants of SEQ ID NO: 343
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 349 and 350 and from variants of SEQ
ID NOs: 349 and 350 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 352 and from variants of SEQ ID NO: 352
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 356 and 357 and from variants of SEQ
ID NOs: 356 and 357 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 359 and from variants of SEQ ID NO: 359
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 363 and 364 and from variants of SEQ
ID NOs: 363 and 364 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 366 and from variants of SEQ ID NO: 366
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 370 and 371 and from variants of SEQ
ID NOs: 370 and 371 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 373 and from variants of SEQ ID NO: 373
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 377 and 378 and from variants of SEQ
ID NOs: 377 and 378 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 380 and from variants of SEQ ID NO: 380
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 384 and 385 and from variants of SEQ
ID NOs: 384 and 385 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 387 and from variants of SEQ ID NO: 387
having 1, 2 or 3 mutations within the framework regions;
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a VH sequence selected from SEQ ID NOs: 391 and 392 and from variants of SEQ
ID NOs: 391 and 392 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 394 and from variants of SEQ ID NO: 394
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 398 and 399 and from variants of SEQ
ID NOs: 398 and 399 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 401 and from variants of SEQ ID NO: 401
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 405 and 406 and from variants of SEQ
ID NOs: 405 and 406 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 408 and from variants of SEQ ID NO: 408
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 412 and 413 and from variants of SEQ
ID NOs: 412 and 413 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 415 and from variants of SEQ ID NO: 415
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 419 and 420 and from variants of SEQ
ID NOs: 419 and 420 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 422 and from variants of SEQ ID NO: 422
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 426 and 427 and from variants of SEQ
ID NOs: 426 and 427 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 429 and from variants of SEQ ID NO: 429
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 433 and 434 and from variants of SEQ
ID NOs: 433 and 434 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 436 and from variants of SEQ ID NO: 436
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 440 and 441 and from variants of SEQ
ID NOs: 440 and 441 having 1, 2 or 3 mutations within the framework regions, and
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(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

a VL sequence selected from SEQ ID NO: 443 and from variants of SEQ ID NO: 443
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 447 and 448 and from variants of SEQ
ID NOs: 447 and 448 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 450 and from variants of SEQ ID NO: 450
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 454 and 455 and from variants of SEQ
ID NOs: 454 and 455 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 457 and from variants of SEQ ID NO: 457
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 461 and 462 and from variants of SEQ
ID NOs: 461 and 462 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 464 and from variants of SEQ ID NO: 464
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 468 and 469 and from variants of SEQ
ID NOs: 468 and 469 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 471 and from variants of SEQ ID NO: 471
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 475 and 476 and from variants of SEQ
ID NOs: 475 and 476 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 478 and from variants of SEQ ID NO: 478
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 482 and 483 and from variants of SEQ
ID NOs: 482 and 483 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 485 and from variants of SEQ ID NO: 485
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 489 and 490 and from variants of SEQ
ID NOs: 489 and 490 having 1, 2 or 3 mutations within the framework regions, and
a VL sequence selected from SEQ ID NO: 492 and from variants of SEQ ID NO: 492
having 1, 2 or 3 mutations within the framework regions;
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wherein said antibody variable domain is an scFv, which has a sequence selected from

SEQ ID NOs: 6, 7, 13, 14, 24, 25, 27, 28, 29, 30, 35, 41, 42, 48, 49, 55, 56, 62, 63, 71-

73, 83, 84, 86, 87, 89, 90, 92, 93, 99, 100, 108, 109, 115, 116, 122, 123, 129, 130, 135,

143, 144, 150, 151, 157, 158, 166, 168, 169, 178-181, 189, 198-201, 210-213, 222-225,

231, 232, 242, 243, 245, 246, 254-256, 262, 263, 272-274, 283-285, 296-298, 300, 301,

306, 311, 321-326, 334-337, 345-348, 354, 355, 361, 362, 368, 369, 375, 376, 382, 383,

389, 390, 396, 397, 403, 404, 410, 411, 417, 418, 424, 425, 431, 432, 438, 439, 445, 446,

452, 453, 459, 460, 466, 467, 473, 474, 480, 481, 487, 488, 494, 495 and from variants

of SEQ ID NOs: 6, 7, 13, 14, 24, 25, 27, 28, 29, 30, 35, 41, 42, 48, 49, 55, 56, 62, 63, 71-

73, 83, 84, 86, 87, 89, 90, 92, 93, 99, 100, 108, 109, 115, 116, 122, 123, 129, 130, 135,

143, 144, 150, 151, 157, 158, 166, 168, 169, 178-181, 189, 198-201, 210-213, 222-225,

231, 232, 242, 243, 245, 246, 254-256, 262, 263, 272-274, 283-285, 296-298, 300, 301,

306, 311, 321-326, 334-337, 345-348, 354, 355, 361, 362, 368, 369, 375, 376, 382, 383,

389, 390, 396, 397, 403, 404, 410, 411, 417, 418, 424, 425, 431, 432, 438, 439, 445, 446,

452, 453, 459, 460, 466, 467, 473, 474, 480, 481, 487, 488, 494, 495 having 1, 2, 3, 4 or

5 mutations within the framework regions.

The antibody variable domain as defined in any one of items 1 to 26, wherein the variable

heavy chain (VH) comprises a serine (S) at amino acid position 101 and a lysine (K) at

amino acid position 146 (AHo numbering).

An antibody comprising one or more antibody variable domains as defined in any one of

items 1 to 27.

The antibody of item 28, wherein the antibody is

(i) monospecific and monovalent, bivalent or trivalent for its target antigen;

(i) bispecific and, independently of each other, monovalent or bivalent for each target
antigen;

(i) trispecific and monovalent for each target antigen;

(iv) trispecific and bivalent for one of the target antigens and monovalent for the other
target antigens;

(v) trispecific and bivalent for two of the target antigens and monovalent for the third
target antigen;

(vi) tetraspecific and monovalent for each target antigen;

(vii) tetraspecific and bivalent for one of the target antigens and monovalent for the other
target antigens; or

(viii) tetraspecific and bivalent for two of the target antigens and monovalent for the other
target antigens.

The antibody of any one of items 28 and 29, wherein said antibody does comprise an

immunoglobulin Fc region.

The antibody of item 30, wherein the format of said antibody is selected from

21



32.

33.

34.

35.
36.

37.

WO 2024/240690 PCT/EP2024/063788

an Fc-bearing KiH-based format, DVD-lg, CODV-1gG, a Morrison format (IgG CHa-scFv
fusion (Morrison-H) or IgG CL-scFv fusion (Morrison-L)), (scFv)2>-Fc-(scFv). fusion
(ADAPTIR), an Fc-bearing DART™ and an Fc-bearing TRIDENT™, particularly DVD-Ig,
a Morrison format (IgG CHs-scFv fusion (Morrison-H) or IgG CL-scFv fusion (Morrison-
L)), BsAb (scFv linked to C-terminus of light chain), Bs1Ab (scFv linked to N-terminus of
light chain), Bs2Ab (scFv linked to N-terminus of heavy chain), Bs3Ab (scFv linked to C-
terminus of heavy chain), Ts1Ab (scFv linked to N-terminus of both heavy chain and
light chain), Ts2Ab (dsscFv linked to C-terminus of heavy chain), an IgG CrossMADb
format and an IgG scDB format (IgG CHs-scDB fusion or IgG CL-scDB fusion).

The antibody of item 31, wherein case the format comprises an I1gG region, the 1gG
region is selected from the IgG subclasses 1gG1 and IgG4.

The antibody of any one of items 28 and 29, wherein said antibody does not comprise an
immunoglobulin Fc region.

The antibody of item 33, wherein said antibody is in a format selected from the group
consisting of: a tandem scDb (Tandab), a linear dimeric scDb (LD-scDb), a circular
dimeric scDb (CD-scDb), a tandem tri-scFv, a tribody (Fab-(scFv)2), a Fab-Fv,, a triabody,
an scDb-scFv, a tetrabody, a didiabody, a tandem-di-scFv and a MATCH.

The antibody of item 33, wherein said antibody does not comprise CH1 and/or CL regions.
The antibody of item 35, wherein said antibody is in a scDb-scFv, a triabody, a tetrabody
or a MATCH format, in particular wherein said antibody is in a MATCH or scDb-scFv
format, more particularly wherein said antibody is in a MATCH format, more particularly a
MATCH3 or a MATCH4 format.

The antibody of item 27, wherein said antibody is a single chain antibody having a
sequence selected from SEQ ID NOs: 545 — 550, 552, 553, 743, 555, 556, 558, 559,
561, 562, 564, 565, 567, 568, 570, 571, 573, 574, 576, 577, 579, 580, 582, 583, 585,
586, 588, 589, 591, 592, 594, 595, 603, 604, 606, 607, 645, 646, 648 and 649 and from
variants of SEQ ID NOs: 545 — 550, 552, 553, 743, 555, 556, 558, 559, 561, 562, 564,
565, 567, 568, 570, 571, 573, 574, 576, 577, 579, 580, 582, 583, 585, 586, 588, 589,
591, 592, 594, 595, 603, 604, 606, 607, 645, 646, 648 and 649 having 1, 2, 3, 4or 5
mutations within the framework regions;

or wherein said antibody is a heterodimer consisting of two chains having a pair of
sequences selected from the following SEQ ID NOs: 597 and 600; 598 and 601; 609
and 612; 610 and 613; 615 and 618; 616 and 619; 621 and 624; 622 and 625; 627 and
630; 627 and 631; 633 and 636; 634 and 637; 639 and 642; 640 and 643; 645 and 648;
646 and 649; 651 and 654; 652 and 655; 657 and 660; 658 and 661; and from variants
of SEQ ID NOs: 597 and 600; 598 and 601; 609 and 612; 610 and 613; 615 and 618;
616 and 619; 621 and 624; 622 and 625; 627 and 630; 627 and 631; 633 and 636; 634
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and 637; 639 and 642; 640 and 643; 645 and 648; 646 and 649; 651 and 654; 652 and

655; 657 and 660, 658 and 661; wherein each of the sequences in said sequence pairs

has 1, 2, 3, 4 or 5 mutations within the framework regions.

A nucleic acid or two nucleic acids encoding the antibody variable domain of any one of

items 1 to 26, or the antibody of any one of items 28 to 37.

A vector or two vectors comprising the nucleic acid or the two nucleic acids of item 38.

A host cell or host cells comprising the vector or the two vectors of item 39.

A method for producing the antibody variable domain of any one of items 1 to 27, or the

antibody of any one of items 28 to 37, comprising (i) providing the nucleic acid or the

two nucleic acids of item 38, or the vector or the two vectors of item 39, expressing said
nucleic acid sequence or nucleic acids, or said vector or vectors, and collecting said

antibody variable domain or said antibody from the expression system, or (ii) providing a

host cell or host cells of item 40, culturing said host cell or said host cells; and collecting

said antibody variable domain or said antibody from the cell culture.

A pharmaceutical composition comprising the antibody of any one of items 28 to 37 and

a pharmaceutically acceptable carrier.

The antibody of any one of items 28 to 37, or the pharmaceutical composition of item

42, for use as a medicament.

A method for generating a modified antibody variable domain from an unmodified

antibody variable domain,

wherein said unmodified antibody variable domain binds to a target antigen and

comprises:

(i) avariable heavy chain (VH) comprising from N-terminus to C-terminus, the regions
HFW1-HCDR1-HFW2-HCDR2-HFW3-HCDR3-HFW4, wherein each HFW
designates a heavy chain framework region, and each HCDR designates a heavy
chain complementarity-determining region,

and

(i) a variable light chain (VL), wherein the variable light chain comprises, from N-
terminus to C-terminus, the regions LFW1-LCDR1-LFW2-LCDR2-LFW3-LCDRS3-
LFW4, wherein each LFW designates a light chain framework region, and each
LCDR designates a light chain complementarity-determining region, wherein the
light chain complementarity-determining region LCDR2 does not comprise a glycine
(G) at both amino acid position 67 and 68 (AHo numbering),

the method comprises the step of introducing a glycine (G) at amino acid position 67

and/or a glycine (G) at amino acid position 68 (AHo numbering) in the light chain
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complementarity-determining region LCDR2, such that there is a glycine (G) at both
amino acid positions 67 and 68,
wherein said LCDR2 is defined by light chain amino acid positions 58 to 72 according to

the AHo numbering scheme, resulting in a maximum length of 15 amino acids.

45. A method for generating a modified antibody variable domain, wherein the method

46.

47.

48.

comprises the steps of
1) providing an unmodified antibody variable domain, which binds to a target antigen,
comprising:
(i) a variable heavy chain (VH) comprising from N-terminus to C-terminus, the
regions HFW1-HCDR1-HFW2-HCDR2-HFW3-HCDR3-HFW4, wherein each
HFW designates a heavy chain framework region, and each HCDR designates a
heavy chain complementarity-determining region;
and
(i) avariable light chain (VL), wherein the variable light chain comprises, from N-
terminus to C-terminus, the regions LFW1-LCDR1-LFW2-LCDR2-LFW3-
LCDR3-LFW4, wherein each LFW designates a light chain framework region,
and each LCDR designates a light chain complementarity-determining region,
wherein the light chain complementarity-determining region LCDR2 does not
comprise a glycine (G) at both amino acid position 67 and 68 (AHo numbering);
2) introducing into the light chain complementarity-determining region LCDR2 of the
unmodified antibody variable domain provided in step 1) a glycine (G) at amino acid
position 67 and/or a glycine (G) at amino acid position 68 (AHo numbering), such
that there is a glycine (G) at both amino acid positions 67 and 68,
wherein said LCDR2 is defined by light chain amino acid positions 58 to 72 according to
the AHo numbering scheme, resulting in a maximum length of 15 amino acids.
The method of item 44 or 45, wherein said modified antibody variable domain comprises
a decreased number of 15mer peptide stretches that exhibit a median percentile rank of
less than 20, as determined from the predicted individual binding strengths (scoring
ranks) of said 15mer peptide to each one of the 27 MHC class Il alleles that are most
common in the general population using the algorithm NetMHClIpan-3.1, when
compared to the respective unmodified antibody variable domain.
The method of any one of items 44 to 46, wherein the LCDR2 of the unmodified
antibody variable domain comprises amino acid residues at positions 58, 67, 68, 69, 70,
71 and 72 (AHo numbering).

The method of any one of items 44 to 47, wherein the light chain complementarity-
determining region LCDR2 of the unmodified antibody variable domain has a sequence
selected from X1GGXoXsXsXs (SEQ ID NO: 536), wherein X4, Xz, X3, X4 and Xs correspond
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to amino acid positions 58, 69, 70, 71 and 72 (AHo numbering), and wherein X4, Xz, X3,

X4 and Xs of LCDR2 are selected from

(i) the corresponding positions of an LCDR2 region of a mammalian antibody, in
particular of an LCDR2 region of a lagomorph, rodent or human antibody, in particular
of an LCDR2 region of a rabbit, mouse or human antibody, in particular of an LCDR2
region of a rabbit antibody; or

(ii) the corresponding positions of an LCDR2 region of an antibody that has been tested
in clinical trials; or

(iiiy the corresponding positions of an LCDR2 region of an antibody according to (i) or (ii),
wherein one, two or three of said amino acid positions, in particular one or two of said
amino acid positions, have been altered.

The method of any one of items 44 to 48, wherein the LCDR2 of the unmodified

antibody variable domain comprises:

(i) analanine (A), threonine (T), serine (S) or glycine (G) at position 67 (AHo
numbering);

(i) a serine (S), tyrosine (Y) or phenylalanine (F) at position 68 (AHo numbering);

and optionally

(iiiy a lysine (K), threonine (T), serine (S), isoleucine (I), aspartate (D), asparagine (N),
phenylalanine (F) or tyrosine (Y) at position 69 (AHo numbering);

(iv) an alanine (A), glycine (G), valine (V), threonine (T), proline (P), tyrosine (Y),
aspartate (D) or glutamate (E) at position 71 (AHo numbering).

The method of any one of items 44 to 48, wherein the LCDR2 of the unmodified

antibody variable domain comprises:

() an alanine (A) or threonine (T) at position 67 (AHo numbering);

(i) a serine (S) or tyrosine (Y) at position 68 (AHo numbering);

and optionally

(iiiy a lysine (K), threonine (T), serine (S), aspartate (D), asparagine (N) or tyrosine (Y)
at position 69 (AHo numbering);

(iv) an alanine (A), glycine (G), threonine (T) or glutamate (E) at position 71 (AHo
numbering).

The method of any one of items 44 to 48, wherein the LCDR2 of the unmodified

antibody variable domain comprises:

(i) lysine (K), arginine (R), serine (S), threonine (T), alanine (A), leucine (L), glycine
(G), glutamine (Q), glutamate (E), tyrosine (Y) or aspartate (D) at position 58 (AHo
numbering);

(i) an alanine (A), threonine (T), serine (S) or glycine (G) at position 67 (AHo
numbering);

(iii)y a serine (S), tyrosine (Y) or phenylalanine (F) at position 68 (AHo numbering);
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(iv) alysine (K), threonine (T), serine (S), isoleucine (I), aspartate (D), asparagine (N),
phenylalanine (F) or tyrosine (Y) at position 69 (AHo numbering);

(v) alysine (K), leucine (L), methionine (M) or arginine (R) at position 70 (AHo
numbering);

(vi) an alanine (A), glycine (G), valine (V), threonine (T), proline (P), tyrosine (Y),
aspartate (D) or glutamate (E) at position 71 (AHo numbering);

(vii) a serine (S), threonine (T) or tyrosine (Y) at position 72 (AHo numbering).

The method of any one of items 44 to 48, wherein the LCDR2 of the unmodified

antibody variable domain comprises:

(i) alysine (K), arginine (R), serine (S), tyrosine (Y), glycine (G) or aspartate (D) at
position 58 (AHo numbering);

(i) an alanine (A) or threonine (T) at position 67 (AHo numbering);

(iii)y a serine (S) or tyrosine (Y) at position 68 (AHo numbering);

(iv) alysine (K), threonine (T), serine (S), aspartate (D), asparagine (N) or tyrosine (Y);

(v) aleucine (L) at position 70 (AHo numbering);

(vi) an alanine (A), glycine (G), threonine (T) or glutamate (E) at position 71 (AHo
numbering);

(vii) a serine (S) at position 72 (AHo numbering).

The method of any one of the items 44 to 46, wherein the light chain complementarity-

determining region LCDR2 of the modified antibody variable domain has a sequence

selected from X1GGX2X3X4Xs (SEQ ID NO: 536), wherein X4, X2, X3, X4 and Xs correspond
to amino acid positions 58, 69, 70, 71 and 72 (AHo numbering), and wherein said X1, Xs,

X3, X4 and Xs of LCDR2 are selected from:

(i) the corresponding positions of an LCDR2 region of a mammalian antibody, in
particular of an LCDR2 region of a lagomorph, rodent or human antibody, in particular
of an LCDR2 region of a rabbit, mouse or human antibody, in particular of an LCDR2
region of a rabbit antibody; or

(ii) the corresponding positions of an LCDR2 region of an antibody that has been tested
in clinical trials; or

(iiiy the corresponding positions of an LCDR2 region of an antibody according to (i) or (ii),
wherein one, two or three of said amino acid positions, in particular one or two of said
amino acid positions, have been altered.

The method of item 53, wherein the other light chain complementarity-determining regions

LCDR1 and LCDR3 and the heavy chain complementarity-determining regions HCDRA1,

HCDR2 and HCDRS are selected from

(i) complementarity-determining regions of a mammalian antibody, in particular from
complementarity-determining regions of a lagomorph, rodent or human antibody, in
particular from complementarity-determining regions of a rabbit, mouse or human

26



55.

56.

57.

58.

59.

WO 2024/240690 PCT/EP2024/063788

antibody, in particular from complementarity-determining regions of a rabbit antibody;
or

(i) complementarity-determining regions of an antibody that has been tested in clinical
trials; or

(iii)y complementarity-determining regions of an antibody according to (i) or (ii), wherein
at least in one of said complementarity-determining regions, independently from each
other, one, two or three amino acid positions, in particular one or two amino acid
positions, have been altered.

The method of any one of items 44 to 54, wherein the heavy chain framework regions

HFW1, HFW2, HFW3 and HFW4 and/or the light chain framework regions LFW1,

LFW2, LFW3 and LFW4 are as defined in any one of the items 3 and 10 to 16.

The method of any one of items 44 to 55, wherein said modified and unmodified antibody

variable domain is comprised in an antibody fragment selected from a Fab, an scFab, an

Fv, a dsFv, an scFv and a dsscFv particularly from a Fab, Fv and scFv.

The method of any one of items 46 to 54, wherein in said modified antibody variable

domain, the number of 15mer peptide stretches that exhibit a median percentile rank of

less than 20, as determined from the predicted individual binding strengths (scoring
ranks) of said 15mer peptide to each one of the 27 MHC class Il alleles that are most
common in the general population using the algorithm NetMHClIpan-3.1, is decreased
by at least 50%, particularly by at least 60%, particularly by at least 70%, particularly by
at least 80%, particularly by at least 90%, when compared to the respective unmodified
antibody variable domain.

The method of any one of items 44 to 57, wherein the method comprises that additional

step of

3) introducing into the variable heavy chain (VH) of the unmodified antibody variable
domain provided in step 1) a serine (S) at amino acid position 101 and a lysine (K)
at amino acid position 146 (AHo numbering).

A method for generating a modified antibody from an unmodified antibody,

the method comprises the steps of

1) selecting one or more antibody variable domains comprised in said unmodified
antibody, which do not comprise a glycine (G) at both amino acid position 67 and 68
(AHo numbering) in the LCDR2, for modification;

2) introducing into each of said one or more antibody variable domains selected in
step 1) a glycine (G) at amino acid position 67 and/or a glycine (G) at amino acid
position 68 (AHo numbering) in the LCDR2, such that there is a glycine (G) at both
amino acid positions 67 and 68 (AHo numbering) in the LCDR2,

wherein said LCDR2 is defined by light chain amino acid positions 58 to 72 according to

the AHo numbering scheme, resulting in a maximum length of 15 amino acids.
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60. The method of item 59, wherein the modified antibody comprises a decreased number
of 15mer peptide stretches that exhibit a median percentile rank of less than 20, as
determined from the predicted individual binding strengths (scoring ranks) of said 15mer
peptide to each one of the 27 MHC class Il alleles that are most common in the general
population using the algorithm NetMHClIpan-3.1, when compared to the respective
unmodified antibody.

61. The method of item 59 or 60, wherein the method comprises that additional step of
3) introducing into the variable heavy chain (VH) of each of said one or more antibody

variable domains selected in step 1) a serine (S) at amino acid position 101 and a
lysine (K) at amino acid position 146 (AHoO numbering).

62. The method of any one of items 43 to 61, wherein said modified antibody variable
domain or said modified antibody additionally has one or more of the features as defined
in any one of items 1 to 26.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 shows a median percentile rank plot of the VL region of the anti-PDL1 scFv
PRO2230, calculated with NetMHClIpan-3.1. The dashed line indicates the median
percentile rank 20. A median percentile rank of less than 20 is deemed to indicate significant
binding to MHC class Il proteins.

[0032] FIG. 2 shows median percentile rank plots of the VL regions of the multispecific
anti-PDL1xCD137xhSA antibody PRO1480 (A) and of a GG variant of PRO1480 (B),
calculated with NetMHClIpan-3.1. The plots for VL regions of the PDL1, CD137 (4-1BB) and
hSA binding domains are superimposed. The dashed line indicates the median percentile
rank 20. A median percentile rank of less than 20 is deemed to indicate significant binding to
MHC class Il proteins.

[0033] FIG. 3 shows median percentile rank plots of the VL regions of 206 therapeutic
antibodies (A) and of their corresponding GG variants (B), calculated with NetMHClIpan-3.1.
All VL region plots are superimposed. The dashed line indicates the median percentile rank
20. A median percentile rank of less than 20 is deemed to indicate significant binding to
MHC class Il proteins.

[0034] FIG. 4 shows the absorption levels of pre-existing and treatment-emerging ADAs
against PRO1480 in five patients at various time points, determined with the ELISA-based
pre-existing ADA-binding assay described in Example 3. Absorption levels were measured

at 450 nm and are given in A.U.
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[0035] FIG. 5 shows the inhibition of the absorption signal after spiking each serum with
the respective molecule (MATCH-3 molecules PRO1480, PRO4180, PRO4181: 150 nM
spiking; scFv PRO2230: 450 nM spiking), determined with the ELISA-based ADA-binding
assay described in Example 3. The reduction in the signal for the spiked sera vs. non-spiked

sera has to be greater than 30% (>30% inhibition) in order to be evaluated as specific.

DETAILED DESCRIPTION OF THE INVENTION

[0036] The inventors have surprisingly found that antibody variable domains, which
comprise a light chain complementarity-determining region 2 (LCDR2) that has a glycine (G)
at amino acid position 67 and a glycine (G) at amino acid position 68 (AHo numbering),
hereinafter also referred to as “GG variants” or “GG motif’, exhibit a significantly lower
predicted binding to (human) MHC class |l proteins, when compared to their original versions
that do not comprise said GG motif. This advantageous property could be observed for all
tested antibody variable domains comprising said GG motif, where their non-GG variants
have been predicted to bind to (human) MHC class |l proteins, irrespective of their antigen
target specificity. It was further found that the stability of said GG variants as well as their
functional properties, in particular their inhibition potency and/or their binding affinity to their
respective antigen targets, are not or not significantly reduced, when compared to their
unmodified versions. The inventors could further verify these findings by testing a subset of
fragment based multispecific antibodies comprising at least one modified binding domain of
the present invention against patient derived serum samples. These fragment-based
multispecific antibodies exhibited a clear reduction in the binding to pre-existing ADAs and/or
to treatment emerged ADAs, when compared to their unmodified versions.

[0037] Despite that fact that methods and strategies have been developed to reduce the
immunogenicity of a given antibody variable domain, these methods are highly case
dependent, i. e. their proposed solutions for reducing the immunogenicity of a given antibody
variable domain are not generally applicable to other antibody variable domains. Thus, there
is still a large unmet need for antibody variable domains, which exhibit low immunogenicity.
More specifically, it would be desirable to have antibody variable domains at hand, which
exhibiting low immunogenicity, in particular with regard to reduced binding to MHC class |l
proteins, and which can generally be applied in the construction of antibody fragments. It is
furthermore desirable that these antibody variable domains provide a high stability, when
integrated in the final antibody format, which would allow their application in the construction
of stable antibody fragments and fragment-based multispecific antibodies suitable for

therapeutic development.
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[0038] The antibody variable domain of the present invention could be successfully used
for the construction of several highly stable and functional antibody binding domains, such
as Fab fragments and scFvs, that can readily be used in the construction of multispecific
antibodies.

[0039] Besides, the universal applicability of this modification was tested with a set of 206

sequences of antibodies that have been clinically tested, i. e. clinically approved and clinical

phase 1-3 antibody therapeutics. These sequences have been published in Marks et al.

(Marks et al., Bioinformatics, Volume 37, Issue 22, November 2021, pp. 4041-4047), together

with the corresponding percentage of anti-drug antibody (ADA) responses in patients for each

of said therapeutics, obtained from clinical papers (referred in Marks et al. as immunogenicity
levels). Most of these antibody sequences had no glycine at both light chain amino acid
positions 67 and 68 (AHo numbering) and just a few of these antibody sequences had one
glycine either at position 67 or 68 (AHo numbering). None of them had glycine residues at
both positions. 86% of the corresponding GG variants of these 206 antibody sequences no
longer exhibited predicted binding to MHC class Il proteins and the other GG variants exhibited

a significant reduction in the predicted binding to MHC class Il proteins, except for one.

[0040] Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as commonly understood by those of ordinary skill in the art to which this

invention pertains.

[0041] The terms “comprising” and “including” are used herein in their open-ended and

non-limiting sense unless otherwise noted. With respect to such latter embodiments, the

term "comprising" thus includes the narrower term “consisting of”.

[0042] The terms “a” and “an” and “the” and similar references in the context of describing

the invention (especially in the context of the following claims) are to be construed to cover

both the singular and the plural, unless otherwise indicated herein or clearly contradicted by
context. For example, the term “a cell” includes a plurality of cells, including mixtures thereof.

Where the plural form is used for compounds, salts, and the like, this is taken to mean also a

single compound, salt, or the like.

[0043] In one aspect, the present invention relates to an antibody variable domain, which

binds to a target antigen, comprising:

(i) a variable heavy chain (VH) comprising from N-terminus to C-terminus, the regions
HFW1-HCDR1-HFW2-HCDR2-HFW3-HCDR3-HFWA4, wherein each HFW designates a
heavy chain framework region, and each HCDR designates a heavy chain
complementarity-determining region;

and
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(i) a variable light chain (VL), wherein the variable light chain comprises, from N-terminus to
C-terminus, the regions LFW1-LCDR1-LFW2-LCDR2-LFW3-LCDR3-LFW4, wherein
each LFW designates a light chain framework region, and each LCDR designates a light
chain complementarity-determining region;

wherein said LCDR2 is defined by light chain amino acid positions 58 to 72 according to the

AHo numbering scheme, resulting in a maximum length of 15 amino acids, and wherein said

LCDR2 has a glycine (G) at amino acid position 67 and a glycine (G) at amino acid position

68 (AHo numbering);

and wherein said light chain complementarity-determining region LCDR2, /. e. amino acid

positions 58, 67, 68, 69, 70, 71, 72 (AHo numbering), does not have a sequence selected from

LGGNRAA (SEQ ID NO: 665) and RGGERVS (SEQ ID NO: 666).

[0044] The term “antibody” and the like, as used herein, includes whole antibodies or

single chains thereof, and any antigen-binding variable domain (J. e. “antigen-binding

portion”) or single chains thereof; and molecules comprising antibody CDRs, VH regions or

VL regions (including without limitation multispecific antibodies). A naturally occurring “whole

antibody” is a glycoprotein comprising at least two heavy (H) chains and two light (L) chains

inter-connected by disulfide bonds. Each heavy chain is comprised of a heavy chain variable
region (abbreviated herein as VH) and a heavy chain constant region. The heavy chain
constant region is comprised of three domains, CH1, CH2 and CH3. Each light chain is
comprised of a light chain variable region (abbreviated herein as VL) and a light chain
constant region. The light chain constant region is comprised of one domain, CL. The VH
and VL regions can be further subdivided into regions of hypervariability, termed
complementarity determining regions (CDRs), flanked by regions that are more conserved,
termed framework regions (FRs). Each VH and VL is composed of three CDRs and four FRs
arranged from amino-terminus to carboxy-terminus in the following order: FR1, CDR1, FR2,

CDR2, FR3, CDRS3, FR4. The variable regions of the heavy and light chains contain a

binding domain that interacts with an antigen. The constant regions of the antibodies may

mediate the binding of the immunoglobulin to host tissues or factors, including various cells
of the immune system (e. g., effector cells) and the first component (Clqg) of the classical
complement system.

[0045] The term “antibody variable domain”, as used herein, refers to one or more parts of

an intact antibody that have the ability to specifically bind to a given antigen (e. g., PD-L1,

CD137, ROR1, MSLN, CD3, hSA, IL-4R, IL-31, IL-23R or Her2). This can be any antigen-

binding fragment (i. e. “antigen-binding portion”) of an intact antibody or single chains

thereof; and molecules comprising antibody CDRs, VH regions or VL regions. Specifically, in

case of the multispecific antibodies of the present invention, the term “antibody variable
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domain”, as used herein, refers in particular to a Fab, a single chain Fab (scFab), an Fv
fragment consisting of the VL and VH domains of a single arm of an antibody (Fv); a
disulfide stabilized Fv fragment (dsFv); a single chain Fv fragment (scFv); and a single chain
Fv fragment having an additional light chain constant domain (C.) fused to it (ScAB).
Preferably, the antibody variable domain of the present invention is selected from a Fab, an
Fv fragment, a disulfide stabilized Fv fragment (dsFv) and an scFv fragment. In particular
embodiments, the antibody variable domain of the present invention is a Fab. In other
particular embodiments, the antibody variable domain of the present invention is a single-
chain Fv fragment (scFv). In other particular embodiments, the VL and VH domains of the
scFv fragment are stabilized by an interdomain disulfide bond, in particular said VH domain
comprises a single cysteine residue in position 51 (AHo numbering) and said VL domain
comprises a single cysteine residue in position 141 (AHo numbering).

[0048] The term “Complementarity Determining Regions” (“CDRs”) refers to amino acid
sequences with boundaries determined using any of a number of well-known schemes,
including those described by Kabat et al. (1991), “Sequences of Proteins of Immunological
Interest,” 5th Ed. Public Health Service, National Institutes of Health, Bethesda, MD (“Kabat”
numbering scheme); Al-Lazikani et al., (1997) JMB 273, 927-948 (“Chothia” numbering
scheme); ImMunoGeneTics (IMGT) numbering (Lefranc, M.-P., The Immunologist, 7, 132-
136 (1999); Lefranc, M.-P. et al., Dev. Comp. Immunol., 27, 55-77 (2003)) (“IMGT”
numbering scheme); and the numbering scheme described in Honegger & Pluckthun, J. Mol.
Biol. 309 (2001) 657-670 (“AH0” numbering). For example, for classic formats, under Kabat,
the CDR amino acid residues in the heavy chain variable domain (VH) are numbered 31-35
(HCDR1), 50-65 (HCDRZ2), and 95-102 (HCDRS3); and the CDR amino acid residues in the
light chain variable domain (VL) are numbered 24-34 (LCDR1), 50-56 (LCDR2), and 89-97
(LCDRS3). Under Chothia the CDR amino acids in the VH are numbered 26-32 (HCDR1), 52-
56 (HCDR2), and 95-102 (HCDR3); and the amino acid residues in VL are numbered 24-34
(LCDR1), 50-56 (LCDR2), and 89-97 (LCDR3). By combining the CDR definitions of both
Kabat and Chothia, the CDRs consist of amino acid residues 26-35 (HCDR1), 50-65
(HCDR2), and 95-102 (HCDRS3) in human VH and amino acid residues 24-34 (LCDR1), 50-
56 (LCDR2), and 89-97 (LCDRS3) in human VL. Under IMGT the CDR amino acid residues in
the VH are numbered approximately 26-35 (HCDR1), 51-57 (HCDR2) and 93-102 (HCDR3),
and the CDR amino acid residues in the VL are numbered approximately 27-32 (LCDR1),
50-52 (LCDR2), and 89-97 (LCDR3) (numbering according to “Kabat”). Under IMGT, the
CDRs of an antibody can be determined using the program IMGT/DomainGap Align.

[0047] In the context of the present invention, the numbering system suggested by
Honegger & Plickthun (“AH0”) is used (Honegger & Plickthun, J. Mol. Biol. 309 (2001) 657-
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670), unless specifically mentioned otherwise. In particular, the following residues are
defined as CDRs according to AHo numbering scheme: LCDR1 (also referred to as CDR-
L1): L24-L42; LCDR2 (also referred to as CDR-L2): L58-L72; LCDRS3 (also referred to as
CDR-L3): L107-L138; HCDR1 (also referred to as CDR-H1): H27-H42; HCDR2 (also
referred to as CDR-H2): H57-H76; HCDRS (also referred to as CDR-H3): H108-H138.
Correspondingly, in the context of the present invention, the following residues are defined
as light chain frameworks 1 to 4 (LFW1-LFW4) and heavy chain frameworks 1 to 4 (HFW1-
HFW4), respectively, according to AHo numbering scheme: LFW1: L1-L.23; LFW2: L43-L57;
LFW3: L73-L106; LFW4: L139-L149; HFW1: H1-H26; HFW2: H43-H56; HFW3: H77-H107;
HFW4: H139-H149. For the sake of clarity, the numbering system according to Honegger &
Pltckthun takes the length diversity into account that is found in naturally occurring
antibodies, both in the different VH and VL subfamilies and, in particular, in the CDRs, and
provides for gaps in the sequences. Thus, in a given antibody variable domain usually not all
positions 1 to 149 will be occupied by an amino acid residue.

[0048] In order to avoid any unclarity, it is stressed here that as a result from the above
definition, said framework (FW) regions and said CDR regions comprised in the antibody
fragments of the present invention have maximum length corresponding to the above
residue numbering under the Aho numbering system. For example, in the case of the
LCDR2, the maximum sequence length is limited to 15 amino acids (resulting from the Aho
numbering L58-L72). Consequently, artificial antibody variable domains that have a longer
amino acid stretches in one or more of said FW regions and/or said CDR regions, e.g.
having an LCDR2 that is larger than 15 amino acids, are not considered as antibody variable
domains according to the present invention.

[0049] In particular embodiments, the antibody variable domains of the present invention
have an LCDR2, which has a length of at maximum 14, particularly of at maximum 12,
particularly of at maximum 10, particularly of at maximum 9, particularly of at maximum 8,
particularly of at maximum 7 amino acids.

[0050] In particular embodiments, the antibody variable domains of the present invention
have an LCDR2 that consists of seven amino acids.

[0051] The term “binds t0” as used herein refers to the ability of an individual antibody to
react with an antigenic determinant. However, this does not exclude that said individual
antibody can for example also react with homologues of said antigenic determinant (e. g.
with antigen determinants from other species) or with other antigen determinants belonging
to the same protein family.

[0052] The term “binding specificity” as used herein refers to the ability of an individual

antibody to react with one antigenic determinant and not with a different antigenic
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determinant. As used herein, the term “specifically binds to” or is “specific for” refers to
measurable and reproducible interactions such as binding between a target and an antibody,
which is determinative of the presence of the target in the presence of a heterogeneous
population of molecules including biological molecules. For example, an antibody that
specifically binds to a target (which can be an epitope) is an antibody that binds this target
with greater affinity, avidity, more readily, and/or with greater duration than it binds to other
targets. However, also these terms do not exclude that said individual antibody can bind with
comparable affinity to the same antigen determinants from different species. In its most
general form (and when no defined reference is mentioned), “specific binding” is referring to
the ability of the antibody to discriminate between the target of interest and an unrelated
molecule, as determined, for example, in accordance with specificity assay methods known
in the art. Such methods comprise, but are not limited to Western blots, ELISA, RIA, ECL,
IRMA, SPR (Surface plasmon resonance) tests and peptide scans. For example, a standard
ELISA assay can be carried out. The scoring may be carried out by standard color
development (e. g. secondary antibody with horseradish peroxide and tetramethyl benzidine
with hydrogen peroxide). The reaction in certain wells is scored by the optical density, for
example, at 450 nm. Typical background (= negative reaction) may be about 0.1 OD; typical
positive reaction may be about 1 OD. This means the ratio between a positive and a
negative score can be 10-fold or higher. In a further example, an SPR assay can be carried
out, wherein at least 10-fold, particularly at least 100-fold difference between a background
and signal indicates on specific binding. Typically, determination of binding specificity is
performed by using not a single reference molecule, but a set of about three to five unrelated
molecules, such as milk powder, transferrin or the like.

[0053] The antibody variable domains of the present invention bind to a target antigen,
which can be any target antigen. Examples of target antigens include, but are not limited to:
a transmembrane molecule; a receptor; a ligand; a growth factor; a growth hormone; a
clotting factor; an anti-clotting factor; a plasminogen activator; a serum albumin; a receptor
for a hormone or a growth factor; a neurotrophic factor; a nerve growth factor,; a fibroblast
growth factor; a CD protein; an interferon; a colony stimulating factor (CSF); an interleukin
(IL); a T-cell receptor; a T-cell co-stimulatory receptor, such as CD137; a surface membrane
protein; a viral protein; a tumor associated antigen; an integrin or an interleukin; VEGF; a
renin; a human growth hormone; a bovine growth hormone; a growth hormone releasing
factor; parathyroid hormone; thyroid stimulating hormone; a lipoprotein; alpha-1-antitrypsin;
insulin A-chain; insulin B-chain; proinsulin; follicle stimulating hormone; calcitonin; luteinizing
hormone; glucagon; clotting factor VIIIC; clotting factor IX; tissue factor (TP); von

Willebrand’s factor; Protein C; atrial natriuretic factor; a lung surfactant; urokinase; human
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urine; tissue-type plasminogen activator ({-PA); bombesin; thrombin; hemopoietic growth
factor; tumor necrosis factor-alpha or -beta; enkephalinase; RANTES (Regulated on
Activation Normally T-cell Expressed and Secreted); human macrophage inflammatory
protein (MIP-I)-alpha; Muellerian-inhibiting substance; relaxin A-chain; relaxin B-chain;
prorelaxin; mouse gonadotropin-associated peptide; a microbial protein, beta-lactamase;
DNase; IgE; a cytotoxic T-lymphocyte associated antigen (CTLA); CTLA-4; inhibin; activin;
vascular endothelial growth factor (VEGF); protein A or D; a rheumatoid factor; bone-derived
neurotrophic factor (BDNF); neurotrophin-3, -4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6); NGF-
beta; platelet-derived growth factor (PDGF); aFGF; bFGF; epidermal growth factor (EGF);
TGF-alpha; TGF-beta, including TGF-betat , TGF-beta2, TGF-beta3, TGF-betald, or TGF-
betab; insulin-like growth factor-1 or -ll (IGF-I or IGF-Il); des(I-3)-IGF-I (brain IGF-1), an
insulin-like growth factor binding protein, erythropoietin; an osteoinductive factor; an
immunotoxin; a bone morphogenetic protein (BMP); interferon-alpha, -beta, or -gamma; M-
CSF, GM-CSF or G-CSF; IL-1 to IL-10; superoxide dismutase; decay accelerating factor; an
AIDS envelope protein; a transport protein; a homing receptor; an addressin; a regulatory
protein; CD3, CD4, CD8, CD11a, CD11b, CD11c, CD18, CD19, CD20, CD34, CD40, or
CD48, an ICAM, VLA-4 or VCAM; or HER2, HER3 or HER4 receptor; a member of the ErbB
receptor family; an EGF receptor; HER2, HER3 or HERA4 receptor; a cell adhesion molecule;
LFA-1, Mac1, pl50.95, VLA-4, ICAM-1, VCAM, alphad/beta7 integrin or alphav/beta3
integrin; an alpha or beta subunit of a cell adhesion molecule; antibodies); a growth factor,
VEGF,; tissue factor (TF); TGF-beta; alpha interferon (alpha-IFN); IL-8; IgE; blood group
antigens ApoZ2; death receptor, such as PD-1; death receptor ligands, such as PD-L1;
flk2/flt3 receptor; obesity (OB) receptor; mpl receptor; CTLA4 or protein C.

[0054] The term “tumor-associated antigen (TAA)” refers to an antigen that is expressed
on the surface of a tumor cell. In particular embodiments, a TAA is an antigen that is
preferentially expressed on a tumor cell when compared to non-tumor cells, particularly
wherein expression of the TAA on a tumor cell is at least more than 5-fold, at least more
than 10-fold, at least more than 20-fold, at least more than 50- fold, or at least more than
100-fold higher than on non-tumor cells from the same organism or patient.

[0055] Examples of tumor associated antigen targets include, but are not limited to:
ADRB3, AFP, ALK, BCMA, beta human chorionic gonadotropin, CA-125 (MUC16), CAIX,
CD123, CD133, CD135, CD135 (FLT3), CD138, CD171, CD19, CD20, CD22, CD24,
CD276, CD33, CD33, CD38, CD44v6, CD79b, CD97, CDH3 (cadherin 3), CEA, CEACAMS,
CLDN®6, CLEC12A (CLL1), CSPG4, CYP1B1, EGFR, EGFRVIII, EpCAM, EPHA2, Ephrin B2,
ERBBs (e. g. ERBB2), FAP, FGFRA1, folate receptor alpha, folate receptor beta, Fos-related
antigen, GA733, GD2, GD3, GFRalpha4, globoH, GPC3, GPR20, GPRC5D, HAVCRH1,
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Her2/neu (HER2), HLA-A2, HMWMAA, HPV E6 or E7, human telomerase reverse
transcriptase, IL-11Ra, IL-13Ra2, intestinal carboxyl esterase, KIT, Legumain, LewisY,
LMP2, Ly6k, MAD-CT-1, MAD-CT-2, ML-IAP, MN-CA X, MSLN, MUC1, mut hsp 70-2, NA-
17, NCAM, neutrophil elastase, NY-BR-1, NY-ESO-1, o-acetyl-GD2, OR51E2, PANXS3,
PDGFR-beta, PLAC1, Polysialic acid, PSCA, PSMA, RAGE1, ROR1, sLe, sperm protein 17,
SSEA-4, SSTR2, sTn antigen, sTn-OGlycopeptides, TAG72, TARP, TEM1/CD248, TEM7R,
thyroglobulin, Tn antigen, Tn-O-Glycopeptides, TPBG (5T4), TRP-2, TSHR, UPK2 and
VEGFR2. Preferred examples are: CD138, CD79b, TPBG (5T4), HER2, MSLN, MUC1, CA-
125 (MUC16), PSMA, BCMA, CD19, EpCAM, CLEC12A (CLL1), CD20, CD22, CEA, CD33,
EGFR, GPCS3, CD123, CD38, CD33, CD276, CDH3 (cadherin 3), FGFR1, SSTR2, CD133,
EPHA2, HLA-A2, IL13RA2, ROR1, CEACAM®6, CD135, GD-2, GA733, CD135 (FLT3),
CSPG4 and TAG-72. Particular examples are: CD138, CD79b, CD123, MSLN, PSMA,
BCMA, CD19, CD20, CEA, CD38, CD33, CLEC12a, and ROR1.

[0056] Suitably, the framework regions HFW1, HFW2, HFW3 and HFW4 comprised in the
antibody variable domain of the invention are selected from a human VH framework. In
particular, the framework regions HFW1, HFW2, HFW3 and HFW4 comprised in the
antibody variable domain of the invention are selected from the human VH framework
subtypes VH1a, VH1b, VH3, VH4, VH5 or VHB6, particularly from the human VH framework
subtypes VH1a, VH1b, VH3 or VH4. In particular embodiments, the framework regions
HFW1, HFW2, HFW3 and HFW4 are selected from the human VH framework subtype VHS3.
HFW4 may be selected from a human germline sequence or from the HFW4 sequence of a
rearranged human antibody sequence.

[0057] In the context of the present invention, the terms “belonging to a human VHx
framework subtype (or a human antibody Vk/VA framework)”, “selected from a human VHx
framework subtype (or a human antibody Vik/VA framework)” or “are of the human VHx
framework subtype” mean that the framework sequences HFW1 to HFW3 (or LF1 to LFW3)
show the highest degree of homology to the consensus sequence of said human antibody
VH or VL framework subtype, as determined in Knappik et al., J. Mol. Biol. 296 (2000) 57-86
or in WO 2019/057787. In the context of the present invention, the sequences of human VH
domains are grouped into seven distinct framework subtypes, i. e. the framework subtypes
VH1a, VH1b, VH2, VH3, VH4, VH5 and VH6, herein also referred to as human subfamilies
VH1a, VH1b, VH2, VH3, VH4, VH5 and VHG, based on sequence homology to the
sequences as shown in Figure 3 of Knappik et al., J. Mol. Biol. 296 (2000) 57-86 or in WO
2019/057787. Specific example of VH domains belonging to the VH3 framework subtype are
represented by SEQ ID NOs: 496 to 509. Specific examples of a VH domain belonging to
the VH1a, VH1b, VH4, VH5 and VH6 framework subtypes are represented by SEQ ID NOs:
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510 - 514. Alternative examples of VH1a, VH1b, VH3 and VH4 sequences, and examples of
other VHx sequences, may be found in Knappik et al., J. Mol. Biol. 296 (2000) 57-86 or in
WO 2019/057787.
[0058] Itis common practice in the generation of antibody variable domains from non-
human sources that in the humanization process, also certain specific framework amino
acids of the non-human source antibody are introduced into the human framework regions
used for humanization, in order to maintain the binding properties of the resulting humanized
antibody variable domains. The introduction of said source framework residues into the
human framework regions is often referred to as “back mutations”. The positions of said
specific framework amino-acids or “back mutations” are well known to those skilled in the art.
In cases where the antibody variable domains are obtained from human sources, such back
mutations are generally not needed. Besides, the framework regions can comprise further
substitutions as defined in the below description of the terms “humanized” antibody or
“humanized” antibody variable domain. Apart from that, it is also common practice for the
generation of antibody variable domains to use variable domains sequences of known
antibodies that have been tested in clinical trials. This also includes antibodies that are
currently in clinical trials.
[0059] Thus, in particular embodiments, the variable heavy chain framework regions
HFW1, HFW2, HFW3 and HFW4 of the antibody variable domain of the present invention
are selected from
() human antibody framework regions; and
(i) human antibody framework regions comprising a total of 1 to 20, particularly 1 to 15,
particularly 1 to 10, amino acid positions where the amino acids are taken from a non-
human antibody, in particular from a lagomorph or rodent antibody, in particular from a
rabbit or mouse antibody, in particular from a rabbit antibody (back mutations), said non-
human antibody representing the source of the CDR sequences comprised in the antibody
variable domain.
[0060] In other particular embodiments, the variable heavy chain framework regions
HFW1, HFW2, HFW3 and HFW4 of the antibody variable domain of the present invention
are selected from framework regions of antibodies that have been tested in clinical trials. As
indicated above, the expression “antibodies that have been tested in clinical trials” refers to
antibodies that have already been tested in clinical trials as well as to antibodies that are
currently in clinical trials. This applies to antibodies that have successfully passed clinical
testing as well as to antibodies that failed in clinical testing.
[0061] In particular embodiments, the variable heavy chain framework regions HFW1,
HFW2, HFW3 and HFW4 of the antibody variable domain of the present invention are

selected from the combination of framework regions (. e. the residues corresponding to the
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non-italicized residues of SEQ ID NO: 1 or of the VH sequences shown in Table 2, /. e. all
residues that are not marked as CDR residues) of any one of the SEQ ID NOs: 302, 306,
496, 497, 498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 513
and 514; and from the combination of framework regions (i. e. the residues corresponding to
the non-italicized residues of SEQ ID NO: 1 or of the VH sequences shown in Table 2) of
any one of the SEQ ID NOs: 302, 306, 496, 497, 498, 499, 500, 501, 502, 503, 504, 505,
508, 507, 508, 509, 510, 511, 512, 513 and 514, wherein no more than 5 amino acids,
particularly no more than 4 amino acids, particularly no more than 3 amino acids, particularly
no more than 2 amino acids, particularly no more than 1 amino acid within the framework
regions have been mutated. In this connection, the term “mutation” means, as various non-
limiting examples, an addition, substitution or deletion. The VH regions further include VH
domains comprising at least positions 5 to 140 (AHo numbering), particularly at least
positions 3 to 145, more particularly at least positions 2 to 147 of one of the sequences
shown in the SEQ ID NOs: 302, 306, 496, 497, 498, 499, 500, 501, 502, 503, 504, 505, 506,
507, 508, 509, 510, 511, 512, 513 and 514, provided that such VH domains exhibit the
functional features defined above in item 25.

[0062] In particular embodiments, the variable light chain frameworks LFW1, LFW2, LFW3
and LFW4 of the antibody variable domain of the present invention are selected from a
human antibody Vk framework (e. g. a Vk1, VK2, Vk3 or Vk4 framework subtype) or a human
antibody VA framework (e. g. a VA1, VA2 or VA3 framework subtype), in particular a human
antibody Vk framework. In the context of the present invention, the sequences of human VL
domains are grouped into four distinct human Vk framework subtypes, i. e. the framework
subtypes Vk1, Vk2, Vk3 and Vk4, and three distinct human VA framework subtypes, /. e. the
framework subtypes VA1, VA2 and VA3, herein also referred to as human Vk subfamilies
VK1, VK2, VK3, and Vk4, and human VA subfamilies VA1, VA2 and VA3, based on sequence
homology to the sequences as shown in Figure 3 of Knappik et al., J. Mol. Biol. 296 (2000)
57-86 or in WO 2019/057787. In particular embodiments, the variable light chain frameworks
LFWA1, LFW2, LFW3 and LFW4 of the antibody variable domain of the present invention are
of the Vk1 framework subtype. Specific examples of Vk1 framework subtypes are
represented by SEQ ID NOs: 515, 516, 517 and 518. Alternative examples of Vk1
sequences, and examples of Vk2, Vk3 or Vk4 sequences, may be found in Knappik et al., J.
Mol. Biol. 296 (2000) 57-86.

[0063] In other particular embodiments, the variable light chain frameworks LFW1, LFW2
and LFWS3 are selected from a human antibody Vk framework, preferably a Vk1 framework
subtype, and the variable light chain framework LFW4 is selected from a VA framework. In

particular embodiments, the variable light chain framework LFW4 of the antibody variable
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domain of the present invention is selected from the group consisting of the VA framework 4
sequences of SEQ ID NOs: 527, 528, 529, 530, 531, 532, 533, 534 and 535. VA framework
4 sequence of SEQ ID NO: 534 comprises a single cysteine residue at the variable light (VL)
chain position 144 (AHo numbering) and is in particular applied in cases where a second
single cysteine is present in the corresponding variable heavy (VH) chain, particularly in
position 51 (AHo numbering) of VH, for the formation of an inter-domain disulfide bond.
[0064] In other particular embodiments, the LFW1, LFW2 and LFW3, and optionally also
LFW4, if LFW4 is selected from a human antibody Vk framework subtype, are selected from
the combination of framework regions LFW1, LFW2, LFW3 and optionally LFW4 (i. e. the
residues corresponding to the non-italicized residues of SEQ ID NO: 3 or of the VL
sequences shown in Table 2) of any one of the SEQ ID NOs: 515 - 526; and the combination
of framework regions LFW1, LFW2, LFW3 and optionally LFW4 (i. e. the residues
corresponding to the non-italicized residues of SEQ ID NO: 3 or of the VL sequences shown
in Table 2) of any one of the SEQ ID NOs: 515 - 526, wherein no more than 5 amino acids,
particularly no more than 4 amino acids, particularly no more than 3 amino acids, particularly
no more than 2 amino acids, particularly no more than 1 amino acid within the framework
regions have been mutated.
[0065] In particular embodiments, the variable light chain framework regions LFW1, LFW2,
LFW3 and LFW4 of the antibody variable domain of the present invention independently
from each other, are selected from
() human antibody framework regions; and
(i) human antibody framework regions comprising a total of 1 to 20, particularly 1 to 15,
particularly 1 to 10, amino acid positions where the amino acids are taken from a non-
human antibody, in particular from a lagomorph or rodent antibody, in particular from a
rabbit or mouse antibody, in particular from a rabbit antibody (back mutations), said non-
human antibody representing the source of the CDR sequences comprised in the antibody
variable domain.
[0066] In other particular embodiments, the variable light chain framework regions LFWA1,
LFW2, LFW3 and LFWA4 of the antibody variable domain of the present invention are
selected from framework regions of antibodies that have been tested in clinical trials.
[0067] In yet other particular embodiments, the variable light chain frameworks LFWA1,
LFW2, LFW3 and LFWA4 of the antibody variable domain of the present invention are
selected from the combination of framework regions LFW1, LFW2, LFW3 and LFW4 (i. e.
the residues corresponding to the non-italicized residues of SEQ ID NO: 3 or of the VL
sequences shown in Table 2) of any one of the SEQ ID NOs: 304, 309, 515, 516, 517, 518,
519, 520, 521, 522, 523, 524, 525 and 526; and the combination of framework regions
LFW1, LFW2, LFW3 and LFW4 (i. e. the residues corresponding to the non-italicized
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residues of SEQ ID NO: 3 or of the VL sequences shown in Table 2) of any one of the SEQ

ID NOs: 304, 309, 515, 516, 517, 518, 519, 520, 521, 522, 523, 524, 525 and 526, wherein

no more than 5 amino acids, particularly no more than 4 amino acids, particularly no more

than 3 amino acids, particularly no more than 2 amino acids, particularly no more than 1

amino acid within the framework regions have been mutated. In this connection, the term

“mutation” means, as various non-limiting examples, an addition, substitution or deletion.

The VL regions further include VL domains comprising at least positions 5 to 140 (AHo

numbering), particularly at least positions 3 to 145, more particularly at least positions 2 to

147 of one of the sequences shown in the SEQ ID NOs: 304, 309, 515, 516, 517, 518, 519,

520, 521, 522, 523, 524, 525 and 526, provided that such VL domains exhibit the functional

features defined above in item 25.

[0068] In preferred embodiments, the antibody variable domain of the present invention is

in a format selected from a Fab, an Fv fragment consisting of the VL and VH domains of a

single arm of an antibody; a disulfide stabilized Fv fragment (dsFv); and a single chain Fv

fragment (scFv). In particular embodiments, the antibody variable domain of the present
invention is selected from a Fab, an Fv fragment and a single-chain Fv fragment (scFv). In
other particular embodiments, the VL and VH domains of the scFv fragment are stabilized by
an interdomain disulfide bond, in particular said VH domain comprises a single cysteine
residue in position 51 (AHo numbering) and said VL domain comprises a single cysteine
residue in position 141 (AHo numbering).

[0069] In particular embodiments, the light chain complementarity-determining region

LCDR2 has a sequence selected from X1GGX2X3X4Xs (SEQ ID NO: 536), wherein X1, Xz, X,

X4 and Xs correspond to amino acid positions 58, 69, 70, 71 and 72 (AHo numbering), and

wherein said X4, X2, X3, X4 and Xs of LCDR2 are selected from:

(i) the corresponding positions of an LCDR2 region of a mammalian antibody, in particular
of an LCDR2 region of a lagomorph, rodent or human antibody, in particular of an LCDR2
region of a rabbit, mouse or human antibody, in particular of an LCDR2 region of a rabbit
antibody; or

(i) the corresponding positions of an LCDR2 region of an antibody that has been tested in
clinical trials; or

(iiiy the corresponding positions of an LCDR2 region of an antibody according to (i) or (ii),
wherein one, two or three of said amino acid positions, in particular one or two of said
amino acid positions, have been altered.

[0070] In further particular embodiments also the other light chain complementarity-

determining regions LCDR1 and LCDRS3 and, optionally, also the heavy chain

complementarity-determining regions HCDR1, HCDR2 and HCDRS are selected from the
antibodies defined above for the LCDR2.
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In further particular embodiments, the LCDR2 has a glycine (G) at amino acid position 67, a
glycine (G) at amino acid position 68, and a leucine (L) or an arginine (R) at amino acid
position 70 (AHo numbering).

[0071] In further particular embodiments, the LCDR2 has a sequence selected from
X1GGX2X3XeXs (SEQ ID NO: 536), wherein

X1 is selected from lysine (K), arginine (R), serine (S), threonine (T), alanine (A), leucine (L),
glycine (G), glutamine (Q), glutamate (E), tyrosine (Y) and aspartate (D); in particular from
lysine (K), arginine (R), serine (S), tyrosine (Y), glycine (G), and aspartate (D);

Xz is selected from lysine (K), threonine (T), serine (S), isoleucine (l), aspartate (D),
asparagine (N), phenylalanine (F) and tyrosine (Y); in particular from lysine (K), threonine (T),
serine (S), aspartate (D), asparagine (N) and tyrosine (Y);

X3 is selected from lysine (K), leucine (L), methionine (M) and arginine (R); in particular from
lysine (K), methionine (M) and leucine (L); in particular is leucine (L);

X4 is selected from alanine (A), glycine (G), valine (V), threonine (T), proline (P), tyrosine (),
aspartate (D), and glutamate (E); in particular from alanine (A), glycine (G), threonine (T) and
glutamate (E);

Xs is selected from serine (S), threonine (T) and tyrosine (Y); in particular is serine (S).
[0072] Non limiting examples of LCDR2 sequences are RGGILAS (SEQ ID NO: 667),
KGGTLAS (SEQ ID NO: 668), RGGTLAS (SEQ ID NO: 669), SGGTLAS (SEQ ID
NO: 670), LGGTLAS (SEQ ID NO: 671), TGGTLAS (SEQ ID NO: 672), GGGTLAS
(SEQ ID NO: 673), RGGNLAS (SEQ ID NO: 674), DGGDLAS (SEQ ID NO: 675),
DGGKLAS (SEQ ID NO: 676), QGGKLAS (SEQ ID NO: 677), RGGKLAS (SEQ ID
NO: 678), LGGKLAS (SEQ ID NO: 679), SGGKLAS (SEQ ID NO: 680), GGGKLAS
(SEQ ID NO: 681), DGGRLAS (SEQ ID NO: 682), DGGNRAT (SEQ ID NO: 683),
RGGTLES (SEQ ID NO: 684), KGGTLES (SEQ ID NO: 685), DGGDLTS (SEQ ID
NO: 686), SGGFLYS (SEQ ID NO: 687), SGGYRYT (SEQ ID NO: 688), SGGKLAA
(SEQ ID NO: 689), SGGTLVS (SEQ ID NO: 690), RGGTLAY (SEQ ID NO: 691),
AGGTLAS (SEQ ID NO: 692), AGGYLAS (SEQ ID NO: 693), RGGYLES (SEQ ID
NO: 694), EGGKLAS (SEQ ID NO: 695), RGGNLES (SEQ ID NO: 696), RGGILES
(SEQ ID NO: 697), RGGNRES (SEQ ID NO: 698), RGGTLDS (SEQ ID NO: 699),
LGGKLES (SEQ ID NO: 700), LGGKMES (SEQ ID NO: 701), TGGSLAS (SEQ ID
NO: 702) and GGGTLES (SEQ ID NO: 703).

[0073] The antibody variable domains of the present invention exhibit a reduced predicted
binding to MHC class Il proteins, more specifically to human MHC class || molecules, when
compared to their original versions that do not comprise said GG motif. For the prediction of

the binding properties of the antibody variable domains of the present invention to MHC
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class Il molecules, the NetMHClIpan algorithm was used, more specifically version 3.1 of the
NetMHClIpan software and NetMHClIIpan algorithm, respectively, hereinafter referred to as
“NetMHClIpan-3.1” or “NetMHClIpan-3.1 algorithm”, as described in detail in Example 2.
Briefly, in this methodology, the immunogenicity risk of a given (therapeutic) protein is
determined from the predicted binding strength of all 15mer peptide segments within the
(therapeutic) protein to MHC class Il molecules. These binding strengths are expressed by
percentile ranks, which can be plotted over the analyzed sequence as for example shown in
Figure 1. The lower the percentile rank, the stronger is the predicted binding strength to
MHC class Il molecules.

[0074] Accordingly, the variable light chain and/or the variable heavy chain, in particular
the variable light chain, of the antibody variable domain of the present invention comprises
no 15mer peptide stretch having a median percentile rank, as determined from the predicted
individual binding strengths (scoring ranks) of said 15mer peptide to each one of the 27
MHC class Il alleles that are most common in the general population using the algorithm of
NetMHClIpan, of less than 13, particularly less than 14, particularly less than 15, particularly
less than 16, particularly less than 17, particularly less than 18, particularly less than 19,
particularly less than 20. The NetMHCllIpan-3.1 algorithm allows a reliable in silico prediction
of immunogenicity risk of an antibody or antibody fragments.

[0075] Thus, for the purpose of the present invention, the term “immunogenicity” or
“immunogenicity risk”, as used herein, refers to the capacity of a therapeutic protein, e. g. an
antibody, an antibody fragment or an antibody variable domain, to bind to MHC class Il
proteins. Without being bound to theory, it is believed that the induction of the formation of
ADAs during therapeutic treatment is linked with the occurrence of B cell and/or T cell
epitopes on a therapeutic protein.

[0076] Apart from the use of in silico immunogenicity prediction tools, the extent of such
immunogenicity can also be estimated by an ELISA assay and can be expressed by the
percentage or the number of human serum samples, which contain measurable amounts of
ADAs formed during therapeutic treatment, that recognize, J. e. bind to, the therapeutic
protein in question, relative to the total number of tested human sera (percentage or number
of positive serum samples). A reduction of immunogenicity between a therapeutic protein
and a corresponding therapeutic protein being modified with the goal to reduce its
immunogenicity, e. g. by implementing the GG motif described herein, can be measured by
comparing the percentage of positive serum samples against the modified therapeutic
protein, with the percentage of positive serum samples against the original therapeutic

protein. A lower number or percentage of positive serum samples for the modified
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therapeutic protein indicates a reduction of immunogenicity relative to the original

therapeutic protein.

[0077] The antibody variable domains of the present invention, when being in scFv format,

further have advantageous biophysical properties, in particular an excellent stability. In

particular, it was found by the inventors that the antibody variable domains of the present
invention maintain their stability, as indicated by their melting temperature (Tm), when
compared to their original versions that do not comprise the GG motif. In this regard, the
expression “maintain their stability” means that their Tm is either equal or lower than the Tm
of their respective unmodified versions (i. e. versions of said antibody variable domains that
do not comprise the LCDR2 amino acids defined in item 1), or does not drop below 60°C or

in particular is not lower than 5°C, when compared to the Tm of their original versions (i. e.

versions of said antibody variable domains that do not comprise the LCDR2 amino acids

defined in item 1). The determination of the individual Tm is described in detail in Example 5.

[0078] It was further found by the inventors that the antibody variable domains of the

present invention maintain their binding affinity to their respective target antigens, when

compared to their original versions that do not comprise the GG motif. In this regard, the
expression “maintain their binding affinity” means that the monovalent dissociation constant

(KD) for binding of the antibody variable domains of the invention to their target antigens, as

measured by surface plasmon resonance (SPR), is either equal or lower than the KD of their

respective unmodified versions (i. e. versions of said antibody variable domains that do not
comprise the LCDR2 amino acids defined in item 1), or is not more than 2 times greater than
the KD of their original versions (i. e. versions of said antibody variable domains that do not
comprise the LCDR2 amino acids defined in item 1). The determination of the individual KD

values by SPR is described in detail in Example 4.

[0079] Suitably, the antibody variable domain of the present invention, when being in scFv

format, is further characterized by one or more of the following features:

() has a melting temperature (Tm), when compared with the Tm of a version of said
antibody variable domain that does not comprise the LCDR2 amino acids defined in
item 1, that is not lower than 5°C, particularly not lower than 4.5°C, particularly not lower
than 4°C, particularly not lower than 3.5°C, particularly not lower than 3.0°C, as
determined by differential scanning fluorimetry (DSF) and when formulated in 20 mM
Histidine, pH 6.0;

(i) binds its target antigen with a dissociation constant (KD) that is not greater than 2-folds,
particularly not greater than 1.7-folds, particularly not greater than 1.5-folds, particularly
not greater than 1.4-folds, particularly not greater than 1.3-folds, particularly not greater

than 1.2-folds, when compared with the KD of a version of said antibody variable
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domain that does not comprise the LCDR2 amino acids defined in item 1, as measured

by surface plasmon resonance (SPR).
[0080] DSF is described earlier (Egan, et al., MAbs, 9(1) (2017), 68-84; Niesen, et al.,
Nature Protocols, 2(9) (2007) 2212-2221). The midpoint of transition for the thermal
unfolding of the scFv constructs is determined by nano Differential Scanning Fluorimetry as
described in detail in Example 4. In brief, 1 £ 0.1 mg/ml and 10+ 1 mg/ml solution in 20 mM
Histidine buffer, pH 6, are prepared and subjected to a temperature ramp of from 20°C to
95°C with a 1°C/min increase. The unfolding event is monitored by using the intrinsic
fluorescence of proteins, i. €. by the change of the fluorescence emission spectra of
tryptophan (Trp). The midpoint of unfolding (Tm) is defined at the inflection point (thermal
midpoint) of the unfolding curve observed as a local maximum or minimum of the first
derivative.
[0081] As used herein, the term “affinity” refers to the strength of interaction between the
antibody or the antibody variable domain and the antigen at single antigenic sites. Within
each antigenic site, the variable region of the antibody variable domain or the antibody “arm”
interacts through weak non-covalent forces with antigen at numerous sites; the more
interactions, the stronger the affinity.
[0082] “Binding affinity” generally refers to the strength of the total sum of non-covalent
interactions between a single binding site of a molecule (e. g., of an antibody or an antibody
variable domain) and its binding partner (e. g., an antigen or, more specifically, an epitope
on an antigen). Unless indicated otherwise, as used herein, “binding affinity”, “bind to”,
“binds to” or “binding to” refers to intrinsic binding affinity that reflects a 1:1 interaction
between members of a binding pair (e. g., an antibody variable domain and an antigen). The
affinity of a molecule X for its partner Y can generally be represented by the dissociation
constant (Kp). Affinity can be measured by common methods known in the art, including
those described herein. Low-affinity antibodies and antibody variable domains generally bind
antigens slowly and tend to dissociate readily, whereas high-affinity antibodies generally
bind antigens faster and tend to remain bound longer. A variety of methods of measuring
binding affinity are known in the art, any of which can be used for purposes of the present
invention. Specific illustrative and exemplary embodiments for measuring binding affinity, /.
e. binding strength are described in the following.
[0083] The term “Kassoc ', “Ka” Or “Kon”, @s used herein, are intended to refer to the
association rate of a particular antibody-antigen interaction, whereas the term “Kgss”, “Kq” or
“Koit', @s used herein, is intended to refer to the dissociation rate of a particular antibody-
antigen interaction. In one embodiment, the term “Kp”, as used herein, is intended to refer to

the dissociation constant, which is obtained from the ratio of Ky to K, (/. €. Ko/Ka) and is
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expressed as a molar concentration (M). The “Kp” or “Kp value” or "KD" or "KD value"
according to this invention is in one embodiment measured by using surface plasmon
resonance assays.

[0084] The antibody variable domains of the present invention may have further
modifications that can reduce immunogenicity. Thus, in some embodiments, the antibody
variable domains of the present invention additionally comprise substitutions in the
framework regions to reduce their potential binding to pre-existing ADAs, when being in an
antibody fragment-based format, such as in an Fv or scFv format. Examples of such
modifications are for example disclosed in the patent applications WO 2022/136693 and
WO 2023/214047.

[0085] In particular embodiments, the antibody variable domains of the present invention
comprise a variable heavy chain (VH) having a serine (S) at amino acid position 101 and a
lysine (K) at amino acid position 146 (AHo numbering. These additional modifications in the
framework regions of the variable heavy chain, herein also termed “SK modification” or “SK
variant”, are disclosed in detail in the patent application WO 2023/214047.

[0086] In a second aspect, the present invention relates to an antibody comprising one or
more antibody variable domains of the present invention.

[0087] In certain embodiments, the antibody of the present invention further comprises
antibody variable domains that differ from the antibody variable domains of the present
invention. More specifically, the antibody of the present invention further comprises antibody
variable domains that do not have the GG motif as defined herein.

[0088] In preferred embodiments, the antibody of the present invention exclusively
comprises antibody variable domains of the present invention. More specifically, in these
preferred embodiments, the antibody of the present invention exclusively comprises antibody
variable domains that have the substitutions in the framework regions as defined herein.
[0089] The term “monovalent antibody” or “antibody that is monovalent for its target
antigen”, as used herein, refers to an antibody that binds to a single target molecule, and
more specifically to a single epitope on a target molecule. Also, the term “binding domain” or
“‘monovalent binding domain”, as used herein, refers to a binding domain that binds to a
single epitope on a target molecule.

[0090] Furthermore, the term “binding domain” of an antibody, as used herein, or the terms
“antigen-binding fragment thereof” or “antigen-binding portion” of an antibody, and the like,
refer to one or more parts of an intact antibody that have the ability to bind to a given
antigen, in particular to specifically bind to a given antigen. Antigen-binding functions of an
antibody can be performed by fragments of an intact antibody. Specifically, in case of the

antibodies of the present invention, the terms “binding domain”, as used herein, or the terms
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“antigen-binding fragment thereof” or “antigen-binding portion”, and the like, refer to a Fab
fragment, i. e. a monovalent fragment consisting of the VL, VH, CL and CH1 domains; an Fv
fragment consisting of the VL and VH domains of a single arm of an antibody; a disulfide
stabilized Fv fragment (dsFv); and a single chain Fv fragment (scFv). Preferably, the binding
domains of the antibodies of the present invention are independently of each other selected
from a Fab fragment, an Fv fragment, a disulfide stabilized Fv fragment (dsFv) and a single-
chain Fv fragment (scFv). In particular embodiments, the binding domains of the antibodies
of the present invention are independently of each other selected from a Fab fragment an Fv
fragment and a single-chain Fv fragment (scFv). In other particular embodiments, the VL and
VH domains of the scFv fragment are stabilized by an interdomain disulfide bond, in
particular said VH domain comprises a single cysteine residue in position 51 (AHo
numbering) and said VL domain comprises a single cysteine residue in position 141 (AHo
numbering).

[0091] The term “bivalent antibody” or “antibody that is bivalent for its target antigen”, as
used herein, refers to a single antibody with two valencies, where “valency” is described as
the number of antigen-binding moieties that binds to epitopes on a specific target molecule.
As such, the single antibody can bind to two binding sites on a target molecule and/or to two
target molecules due to the presence of two copies of the corresponding antigen-binding
moieties.

[0092] Likewise, the term “trivalent antibody” or “antibody that is trivalent for its target
antigen”, as used herein, refers to a single antibody with three valencies. As such, the single
antibody can bind to three binding sites on a target molecule and/or can bind up to three
target molecules due to the presence of three copies of the corresponding antigen-binding
moieties.

[0093] In case the antibodies of the invention comprise two or three binding domains, said
two or three binding domains either bind the same epitope or different epitopes on the target
molecules. Preferably, the two or three binding domains bind the same epitope on the target
molecule.

[0094] The term “same epitope”, as used herein, refers to an individual protein determinant
on the protein capable of specific binding to more than one antibody, where that individual
protein determinant is identical, i. e. consist of identical chemically active surface groupings
of molecules such as amino acids or sugar side chains having identical three-dimensional
structural characteristics, as well as identical charge characteristics for each of said
antibodies.

[0095] The term “different epitope”, as used herein in connection with a specific protein

target, refers to individual protein determinants on the protein, each capable of specific

46



WO 2024/240690 PCT/EP2024/063788

binding to a different antibody, where these individual protein determinants are not identical
for the different antibodies, /. e. consist of non-identical chemically active surface groupings
of molecules such as amino acids or sugar side chains having different three-dimensional
structural characteristics, as well as different charge characteristics. These different epitopes
can be overlapping or non-overlapping.

[0096] In one group of embodiments, the format of the antibody is selected from KiH-based
IgGs, such as DuoBodies (bispecific IgGs prepared by the Duobody technology) (MAbs.
2017 Feb/Mar;9(2):182-212. doi: 10.1080/19420862.2016.1268307); DVD-Ig; IgG-scFv
fusions, such as CODV-1gG, Morrison (IgG CHas-scFv fusion (Morrison-H) or IgG CL-scFv
fusion (Morrison-L)), bsAb (scFv linked to C-terminus of light chain), Bs1Ab (scFv linked to
N-terminus of light chain), Bs2Ab (scFv linked to N-terminus of heavy chain), Bs3Ab (scFv
linked to C-terminus of heavy chain), Ts1Ab (scFv linked to N-terminus of both heavy chain
and light chain) and Ts2Ab (dsscFv linked to C-terminus of heavy chain). More particularly,
the format of said antibody is selected from KiH-based |gGs, such as DuoBodies; DVD-Ig;
CODV-1gG and Morrison (IgG CHs-scFv fusion (Morrison-H) or IgG CL-scFv fusion
(Morrison-L)), even more particularly from DVD-1g and Morrison (IgG CHs-scFv fusion
(Morrison-H) or IgG CL-scFv fusion (Morrison-L)).

[0097] In this group of embodiments, the IgG is preferably selected from the 1gG
subclasses IgG1 and IgG4, in particular 1gG4.

[0098] In particular embodiments, the format of said antibody is selected from a Morrison
format, i. e. a Morrison-L and a Morrison-H format. The Morrison-L and Morrison-H format
used in the present invention are tetravalent and bispecific molecular formats bearing an IgG
Fc region, in particular an 1gG4 Fc region. Two highly stable scFv binding domains, wherein
the light chain comprises Vk FR1 to FR3 in combination with a VA FR4, and which are based
on the antibody variable domains of the present invention, are fused via a linker L1 to the
heavy chain (Morrison-H) or light chain (Morrison-L) C-termini.

[0099] The linker L1 is a peptide of 2-30 amino acids, more particularly 5-25 amino acids,
and most particularly 10-20 amino acids. In particular embodiments, said linker L1 comprises
one or more units of four (4) glycine amino acid residues and one (1) serine amino acid
residue (GGGGS),, wherein n=1, 2, 3, 4 or 5 (SEQ ID NO: 537), particularly n=2 (SEQ ID
NO: 538).

[0100] The VH regions and the VL regions of the two scFv domains are connected by a
linker L2. The linker L2 is a peptide of 10-40 amino acids, more particularly 15-30 amino
acids, and most particularly 20-25 amino acids. Particularly, said linker L2 comprises one or

more units of four (4) glycine amino acid residues and one (1) serine amino acid residue
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(GGGGS)n, wherein n=1, 2, 3, 4, 5, 6, 7 or 8 (SEQ ID NO: 539), particularly n=4 (SEQ ID
NO: 540).

[0101] In another group of embodiments, the antibody of the invention does not comprise
an immunoglobulin Fc region.

[0102] The term “immunoglobulin Fc region” or “Fc region”, as used herein, is used to
define a C-terminal region of an immunoglobulin heavy chain, i. e. the CH2 and CH3
domains of the heavy chain constant regions. The term “Fc region” includes native-sequence
Fc regions and variant Fc regions, /. e. Fc regions that are engineered to exhibit certain
desired properties, such as for example altered Fc receptor binding function and/or reduced
or suppressed Fab arm exchange. An example of such an engineered Fc region is the knob-
into-hole (KiH) technology (see for example Ridgway et al., Protein Eng. 9:617-21 (1996)
and Spiess et al., J Biol Chem. 288(37):26583-93 (2013)). Native-sequence Fc regions
include human 1gG1, IgG2 (IgG2A, 1gG2B), 1IgG3 and IgG4. “Fc receptor” or “FCcR” describes
a receptor that binds to the Fc region of an antibody. Particularly, the FCR is a native
sequence human FcR, which binds an IgG antibody (a gamma receptor) and includes
receptors of the FcyRI, FcyRII, and FcyRIIl subclasses, including allelic variants and
alternatively spliced forms of these receptors, FcyRII receptors including FcyRIIA (an
"activating receptor") and FcyRI IB (an “inhibiting receptor”), which have similar amino acid
sequences that differ primarily in the cytoplasmic domains thereof. Activating receptor
FcyRIIA contains an immunoreceptor tyrosine-based activation motif (ITAM) in its
cytoplasmic domain. Inhibiting receptor FcyRIIB contains an immunoreceptor tyrosine-based
inhibition motif (ITIM) in its cytoplasmic domain, (see M. Daeron, Annu. Rev. Immunol.
5:203-234 (1997). FcRs are reviewed in Ravetch and Kinet, Annu. Rev. Immunol. 9: 457-92
(1991); Capet et al, Immunomethods 4: 25-34 (1994); and de Haas et al, J. Lab. Clin. Med.
126: 330-41 (1995). Other FcRs, including those to be identified in the future, are
encompassed by the term “FcR” herein. The term “Fc receptor’ or “FcR” also includes the
neonatal receptor, FCRn, which is responsible for the transfer of maternal IgGs to the fetus.
Guyer et al., J. Immunol. 117: 587 (1976) and Kim et al., J. Immunol. 24: 249 (1994).
Methods of measuring binding to FCRn are known (see, e. g., Ghetie and Ward, Immunol.
Today 18: (12): 592-8 (1997); Ghetie et al., Nature Biotechnology 15 (7): 637-40 (1997);
Hinton et al., J. Biol. Chem. TJI (8): 6213-6 (2004); WO 2004/92219 (Hinton et al). Binding to
FcRn in vivo and serum half-life of human FcRn high-affinity binding polypeptides can be
assayed, e. g., in transgenic mice or transfected human cell lines expressing human FcRn,
or in primates to which the polypeptides having a variant Fc region are administered.

WO 2004/42072 (Presta) describes antibody variants which improved or diminished binding
to FcRs. See also, e. g., Shields et al., J. Biol. Chem. 9(2): 6591-6604 (2001).
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[0103] In this group of embodiments, the antibody is preferably in a format selected from
the group consisting of. a tandem scDb (Tandab), a linear dimeric scDb (LD-scDb), a circular
dimeric scDb (CD-scDb), a tandem tri-scFv, a tribody (Fab-(scFv).), a Fab-Fv-, a triabody,
an scDb-scFv, a tetrabody, a di-diabody, a tandem-di-scFv and a MATCH (described in WO
2016/0202457; Egan T., et al.,, MABS 9 (2017) 68-84).

[0104] In particular embodiments, the antibody of the invention does further not comprise
CH1 and/or CL regions. In these particular embodiments, the antibody is in a scDb-scFv, a
triabody, a tetrabody or a MATCH format, particularly in a MATCH or scDb-scFv format.
More particularly, the antibody of the invention is in a MATCH3 or a MATCH4 format.

[0105] In specific embodiments, the antibody of the invention is trispecific and tetravalent.
[0106] In further specific embodiments, the antibody of the invention is trispecific and
trivalent.

[0107] The antibody variable domains comprised in the bispecific, trispecific tetraspecific or
pentaspecific, antibodies of the invention are capable of binding to their respective antigens
or receptors simultaneously. The term “simultaneously”, as used in this connection refers to
the simultaneous binding of one of the antibody variable domains, which for example
specifically binds to PD-L1, and of one or two further antibody variable domains, which for
example have specificity for CD137 and hSA.

[0108] Suitably, the antibody variable domains comprised in the bispecific, trispecific
tetraspecific or pentaspecific, antibodies of the invention are operably linked.

[0109] The term “operably linked”, as used herein, indicates that two molecules (e. g.,
polypeptides, domains, binding domains) are attached in a way that each molecule retains
functional activity. Two molecules can be “operably linked” whether they are attached
directly or indirectly (e. g., via a linker, via a moiety, via a linker to a moiety). The term
“linker” refers to a peptide or other moiety that is optionally located between binding domains
or antibody variable domains used in the invention. A number of strategies may be used to
covalently link molecules together. These include, but are not limited to, polypeptide linkages
between N- and C-termini of proteins or protein domains, linkage via disulfide bonds, and
linkage via chemical cross-linking reagents. In one aspect of this embodiment, the linker is a
peptide bond, generated by recombinant techniques or peptide synthesis. Choosing a
suitable linker for a specific case where two polypeptide chains are to be connected depends
on various parameters, including but not limited to the nature of the two polypeptide chains
(e. g., whether they naturally oligomerize), the distance between the N- and the C-termini to
be connected if known, and/or the stability of the linker towards proteolysis and oxidation.

Furthermore, the linker may contain amino acid residues that provide flexibility.
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[0110] Inthe context of the present invention, the term “polypeptide linker” refers to a linker
consisting of a chain of amino acid residues linked by peptide bonds that is connecting two
domains, each being attached to one end of the linker. The polypeptide linker should have a
length that is adequate to link two molecules in such a way that they assume the correct
conformation relative to one another so that they retain the desired activity. In particular
embodiments, the polypeptide linker has a continuous chain of between 2 and 30 amino acid
residues (e. 9., 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, or 30 amino acid residues). In addition, the amino acid residues selected
for inclusion in the polypeptide linker should exhibit properties that do not interfere
significantly with the activity of the polypeptide. Thus, the linker peptide on the whole should
not exhibit a charge that would be inconsistent with the activity of the polypeptide, or
interfere with internal folding, or form bonds or other interactions with amino acid residues in
one or more of the monomers that would seriously impede the binding of receptor monomer
domains. In particular embodiments, the polypeptide linker is non-structured polypeptide.
Useful linkers include glycine-serine, or GS linkers. By “Gly-Ser” or “GS” linkers is meant a
polymer of glycines and serines in series (including, for example, (Gly-Ser),, (GSGGS)y
(SEQ ID NO: 541), (GGGGS)n (SEQ ID NO: 542) and (GGGS). (SEQ ID NO: 543), where n
is an integer of at least one), glycine-alanine polymers, alanine-serine polymers, and other
flexible linkers such as the tether for the shaker potassium channel, and a large variety of
other flexible linkers, as will be appreciated by those in the art. Glycine-serine polymers are
preferred since oligopeptides comprising these amino acids are relatively unstructured, and
therefore may be able to serve as a neutral tether between components. Secondly, serine is
hydrophilic and therefore able to solubilize what could be a globular glycine chain. Third,
similar chains have been shown to be effective in joining subunits of recombinant proteins
such as single-chain antibodies.

[0111] Suitably, the antibody variable domain of the invention is an isolated variable
domain. Likewise, the antibodies of the invention are isolated antibodies. The term “isolated
variable domain” or “isolated antibody”, as used herein, refers to a variable domain or an
antibody that is substantially free of other variable domains or other antibodies having
different antigenic specificities (e. g., an isolated antibody variable domain that specifically
binds mesothelin is substantially free of antibody variable domains that specifically bind
antigens other than mesothelin). Moreover, an isolated antibody variable domain or isolated
antibody may be substantially free of other cellular material and/or chemicals.

[0112] Suitably, the antibody variable domains and antibodies of the invention are
monoclonal antibody variable domains and antibodies. The term “monoclonal antibody

variable domains” or “monoclonal antibody” as used herein refers to variable domains or
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antibodies that have substantially identical amino acid sequences or are derived from the
same genetic source. A monoclonal variable domain or antibody displays a binding
specificity and affinity for a particular epitope, or binding specificities and affinities for specific
epitopes.

[0113] The antibody variable domains and antibodies of the invention include, but are not
limited to, chimeric, human and humanized antibody variable domains and antibodies.
[0114] The term “chimeric antibody” or “chimeric antibody variable domain”, as used
herein, refers to an antibody molecule or antibody variable domain in which (a) the constant
region, or a portion thereof, is altered, replaced or exchanged so that the antigen-binding site
(variable region) is linked to a constant region of a different or altered class, effector function
and/or species; or (b) the variable region, or a portion thereof, is altered, replaced or
exchanged with a variable region having a different or altered antigen specificity. For
example, a mouse antibody can be modified by replacing its constant region with the
constant region from a human immunoglobulin. Due to the replacement with a human
constant region, the chimeric antibody can retain its specificity in recognizing the antigen
while having reduced antigenicity in human as compared to the original mouse antibody.
[0115] The term “human antibody” or “human antibody variable domain” , as used herein,
is intended to include antibodies or antibody variable domains having variable regions in
which both the framework and CDR regions are derived from sequences of human origin.
Furthermore, if the antibody or antibody variable domain contains a constant region, the
constant region also is derived from such human sequences, e. g., human germline
sequences, or mutated versions of human germline sequences. The human antibodies and
antibody variable domains of the invention may include amino acid residues not encoded by
human sequences (e. g., mutations introduced by random or site-specific mutagenesis in
vitro or by somatic mutation in vivo). This definition of a human antibody or antibody variable
domain specifically excludes a humanized antibody or antibody variable domain comprising
non-human antigen-binding residues. Human antibodies and antibody variable domains can
be produced using various techniques known in the art, including phage-display libraries
(Hoogenboom and Winter, J. Mol. Biol, 227:381 (1992); Marks et al, J. Mol. Biol, 222:581
(1991)). Also available for the preparation of human monoclonal antibodies and human
monoclonal antibody variable domains are methods described in Cole et al, Monoclonal
Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985); Boemer et al, J. Immunol,
147(1):86-95 (1991). See also van Dijk and van de Winkel, Curr. Opin. Pharmacol, 5: 368-74
(2001). Human antibodies and human antibody variable domains can be prepared by
administering the antigen to a transgenic animal that has been modified to produce such

antibodies and antibody variable domains in response to antigenic challenge, but whose
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endogenous loci have been disabled, e. g., immunized xenomice (see, e. g., U.S. Pat. Nos.
6,075,181 and 6,150,584 regarding XENOMOUSE™ technology). See also, for example, Li
et al, Proc. Natl. Acad. Sci. USA, 103:3557- 3562 (2006) regarding human antibodies
generated via a human B-cell hybridoma technology.

[0116] The term “humanized” antibody or “humanized” antibody variable domain, as used
herein, refers to an antibody or antibody variable domain that retains the reactivity of a non-
human antibody or antibody variable domain while being less immunogenic in humans. This
can be achieved, for instance, by retaining the non-human CDR regions and replacing the
remaining parts of the antibody or antibody variable domain with their human counterparts (/.
e. the constant region as well as the framework portions of the variable region). Additional
framework region modifications may be made within the human framework sequences as
well as within the CDR sequences derived from the germline of another mammalian species.
The humanized antibodies and antibody variable domains of the invention may include
amino acid residues not encoded by human sequences (e. g., mutations introduced by
random or site-specific mutagenesis in vitro or by somatic mutation in vivo, or a conservative
substitution to promote stability or manufacturing). See, e. g., Morrison et al., Proc. Natl.
Acad. Sci. USA, 81:6851-6855, 1984; Morrison and Oi, Adv. Immunol., 44:65-92, 1988;
Verhoeyen et al., Science, 239: 1534-1536, 1988; Padlan, Molec. Immun., 28:489-498,
1991; and Padlan, Molec. Immun., 31: 169-217, 1994. Other examples of human
engineering technology include but are not limited to the Xoma technology disclosed in US
5,766,886.

[0117] The term “recombinant humanized antibody” or “recombinant humanized antibody
variable domain” as used herein, includes all human antibodies and human antibody variable
domains that are prepared, expressed, created or isolated by recombinant means, such as
antibodies and antibody variable domains isolated from a host cell transformed to express
the humanized antibody or humanized antibody variable domain, e. g., from a transfectoma,
and antibodies and antibody variable domains prepared, expressed, created or isolated by
any other means that involve splicing of all or a portion of a human immunoglobulin gene,
sequences to other DNA sequences.

[0118] Preferably, the antibody variable domains and antibodies of the invention are
humanized. More preferably, the antibody variable domains and antibodies of the invention
are humanized and comprise rabbit-derived CDRs.

[0119] The term “bispecific antibody”, “trispecific antibody”, “tetraspecific antibody”,
“pentaspecific antibody” or the more general term “multispecific antibody” as used herein,
refers to an antibody that binds to two or more different epitopes on at least two or more

different targets, for example 2 different targets (bispecific), 3 different targets (trispecific), 4
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different targets (tetraspecific), or 5 different targets (pentaspecific). Preferably, the
antibodies of the invention are bispecific, trispecific or tetraspecific, particularly bispecific or
trispecific, more particularly trispecific. As indicated above, the term trispecific antibody
refers to an antibody that binds to at least three different epitopes on three different targets
(e. g., PD-L1, CD137 and hSA or mesothelin, CD3 and hSA).

[0120] The term “epitope” means a protein determinant capable of specific binding to an
antibody. Epitopes usually consist of chemically active surface groupings of molecules such
as amino acids or sugar side chains and usually have specific three-dimensional structural
characteristics, as well as specific charge characteristics. “Conformational” and “linear”
epitopes are distinguished in that the binding to the former but not the latter is lost in the
presence of denaturing solvents.

[0121] The term “conformational epitope” as used herein refers to amino acid residues of
an antigen that come together on the surface when the polypeptide chain folds to form the
native protein.

[0122] The term “linear epitope” refers to an epitope, wherein all points of interaction
between the protein and the interacting molecule (such as an antibody) occurring linearly
along the primary amino acid sequence of the protein (continuous).

[0123] The term “recognize” as used herein refers to an antibody or antibody variable
domain that finds and interacts (e. g., binds) with its conformational epitope.

[0124] The inventors found that the antibody variable domain of the invention can be
successfully applied in the construction of diverse antibody fragments, e. g. scFv fragments,
and multispecific antibodies, e. g. bispecific and trispecific antibodies, which exhibits
significantly reduced immunogenicity, when compared to their unmodified counterparts, and
which have an excellent stability.

[0125] The antibody variable domains and antibodies of the invention can be produced
using any convenient antibody-manufacturing method known in the art (see, e. g., Fischer,
N. & Leger, O., Pathobiology 74 (2007) 3-14 with regard to the production of bispecific
constructs; Hornig, N. & Farber-Schwarz, A., Methods Mol. Biol. 907 (2012)713-727, and
WO 99/57150 with regard to bispecific diabodies and tandem scFvs). Specific examples of
suitable methods for the preparation of the multispecific constructs further include, inter alia,
the Genmab (see Labrijn et al., Proc. Natl. Acad. Sci. USA 110 (2013) 5145-5150) and
Merus (see de Kruif et al., Biotechnol. Bioeng. 106 (2010) 741-750) technologies.

[0126] These methods typically involve the generation of monoclonal antibodies or
monoclonal antibody variable domains, for example by means of fusing myeloma cells with
the spleen cells from a mouse that has been immunized with the desired antigen using the

hybridoma technology (see, e. g., Yokoyama et al., Curr. Protoc. Immunol. Chapter 2, Unit
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2.5, 2006) or by means of recombinant antibody engineering (repertoire cloning or phage
display/yeast display) (see, e. g., Chames & Baty, FEMS Microbiol. Letters 189 (2000) 1-8),
and the combination of the antigen-binding domains or fragments or parts thereof of two or
more different monoclonal antibodies to give a bispecific or multispecific construct using
known molecular cloning techniques.

[0127] The antibodies of the invention that are multispecific, e. g. bispecific, trispecific,
tetraspecific or pentaspecific, and/or multivalent, can be prepared by conjugating the
constituent binding specificities, using methods known in the art. For example, each binding
specificity of these antibodies can be generated separately and then conjugated to one
another. When the binding specificities are proteins or peptides, a variety of coupling or
cross-linking agents can be used for covalent conjugation. Examples of cross-linking agents
include protein A, carbodiimide, N-succinimidyl-5-acetyl-thioacetate (SATA), 5,5'-dithiobis
(2-nitrobenzoic acid) (DTNB), o-phenylenedimaleimide (oPDM), N-succinimidyl-3-(2-
pyridyldithio)propionate (SPDP), and sulfosuccinimidyl 4-(N-maleimidomethyl)-cyclohexane-
1-carboxylate (sulfo-SMCC) (see e. g., Karpovsky et al., 1984 J. Exp. Med. 160: 1686; Liu,
M A et al., 1985 Proc. Natl. Acad. Sci. USA 82:8648). Other methods include those
described in Paulus, 1985 Behring Ins. Mitt. No. 78, 118-132; Brennan et al., 1985 Science
229:81-83, and Glennie et al., 1987 J. Immunol. 139: 2367-2375. Conjugating agents are
SATA and sulfo-SMCC, both available from Pierce Chemical Co. (Rockford, Ill).

[0128] Alternatively, two or more binding specificities can be encoded in the same vector
and expressed and assembled in the same host cell. This method is particularly useful
where the bispecific molecule is a mAb x Fab, a mAb x scFv, a mAb x dsFv or a mAb x Fv
fusion protein. Methods for preparing multispecific and/or multivalent antibodies and
molecules are described for example in US 5,260,203; US 5,455,030; US 4,881,175; US
5,132,405; US 5,091,513; US 5,476,786; US 5,013,653; US 5,258,498; and US 5,482,858.
[0129] Binding of the antibody variable domains and multispecific antibodies to their
specific targets can be confirmed by, for example, enzyme-linked immunosorbent assay
(ELISA), radioimmunoassay (REA), FACS analysis, bioassay (e. g., growth inhibition), or
Western Blot assay. Each of these assays generally detects the presence of protein-
antibody complexes of particular interest by employing a labeled reagent (e. g., an antibody)
specific for the complex of interest.

[0130] In a further aspect, the invention provides a nucleic acid or two nucleic acids
encoding the antibody variable domain or the antibody of the invention. Such nucleic acids
can be optimized for expression in mammalian cells.

[0131] The term “nucleic acid” is used herein interchangeably with the term

“polynucleotide(s)” and refers to one or more deoxyribonucleotides or ribonucleotides and
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polymers thereof in either single- or double-stranded form. The term encompasses nucleic
acids containing known nucleotide analogs or modified backbone residues or linkages,
which are synthetic, naturally occurring, and non-naturally occurring, which have similar
binding properties as the reference nucleic acid, and which are metabolized in a manner
similar to the reference nucleotides. Examples of such analogs include, without limitation,
phosphorothioates, phosphoramidates, methyl phosphonates, chiral-methyl phosphorates,
2-O-methyl ribonucleotides, peptide-nucleic acids (PNAs). Unless otherwise indicated, a
particular nucleic acid sequence also implicitly encompasses conservatively modified
variants thereof (e. g., degenerate codon substitutions) and complementary sequences, as
well as the sequence explicitly indicated. Specifically, as detailed below, degenerate codon
substitutions may be achieved by generating sequences in which the third position of one or
more selected (or all) codons is substituted with mixed-base and/or deoxyinosine residues
(Batzer et al., Nucleic Acid Res. 19:5081, 1991; Ohtsuka et al., J. Biol. Chem. 260:2605-
2608, 1985; and Rossolini et al., Mol. Cell. Probes 8:91-98, 1994).

[0132] The invention provides substantially purified nucleic acid molecules which encode
polypeptides comprising segments or domains of the antibody variable domains or the
antibodies described above. When expressed from appropriate expression vectors,
polypeptides encoded by these nucleic acid molecules are capable of exhibiting antigen-
binding capacities of the antibody variable domains or the antibodies of the present
invention.

[0133] The polynucleotide sequences can be produced by de novo solid-phase DNA
synthesis or by PCR mutagenesis of an existing sequence (e. g., sequences as described in
the Examples below) encoding the antibody variable domain or the antibody of the invention.
Direct chemical synthesis of nucleic acids can be accomplished by methods known in the
art, such as the phosphotriester method of Narang et al., 1979, Meth. Enzymol. 68:90; the
phosphodiester method of Brown et al., Meth. Enzymol. 68: 109, 1979; the
diethylphosphoramidite method of Beaucage et al., Tetrahedron Lett., 22: 1859, 1981; and
the solid support method of US 4,458,066. Introducing mutations to a polynucleotide
sequence by PCR can be performed as described in, e. g., PCR Technology: Principles and
Applications for DNA Amplification, H. A. Erlich (Ed.), Freeman Press, NY, N.Y., 1992; PCR
Protocols: A Guide to Methods and Applications, Innis et al. (Ed.), Academic Press, San
Diego, Calif, 1990; Mattila et al., Nucleic Acids Res. 19:967, 1991; and Eckert et al., PCR
Methods and Applications 1:17, 1991.

[0134] Also provided in the invention are expression vectors and host cells for producing

the antibody variable domain or the antibody of the invention.
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[0135] The term “vector” is intended to refer to a polynucleotide molecule capable of
transporting another polynucleotide to which it has been linked. One type of vector is a
“plasmid”, which refers to a circular double stranded DNA loop into which additional DNA
segments may be ligated. Another type of vector is a viral vector, wherein additional DNA
segments may be ligated into the viral genome. Certain vectors are capable of autonomous
replication in a host cell into which they are introduced (e. g., bacterial vectors having a
bacterial origin of replication and episomal mammalian vectors). Other vectors (e. g., non-
episomal mammalian vectors) can be integrated into the genome of a host cell upon
introduction into the host cell, and thereby are replicated along with the host genome.

[0136] Moreover, certain vectors are capable of directing the expression of genes to which
they are operatively linked. Such vectors are referred to herein as “recombinant expression
vectors” (or simply, “expression vectors”). In general, expression vectors of utility in
recombinant DNA techniques are often in the form of plasmids. In the present specification,
“plasmid” and “vector” may be used interchangeably as the plasmid is the most commonly
used form of vector. However, the invention is intended to include such other forms of
expression vectors, such as viral vectors (e. g., replication defective retroviruses,
adenoviruses and adeno- associated viruses), which serve equivalent functions. In this
particular context, the term “operably linked” refers to a functional relationship between two
or more polynucleotide (e. g., DNA) segments. Typically, it refers to the functional
relationship of a transcriptional regulatory sequence to a transcribed sequence. For
example, a promoter or enhancer sequence is operably linked to a coding sequence if it
stimulates or modulates the transcription of the coding sequence in an appropriate host cell
or other expression system. Generally, promoter transcriptional regulatory sequences that
are operably linked to a transcribed sequence are physically contiguous to the transcribed
sequence, /. e. they are cis-acting. However, some transcriptional regulatory sequences,
such as enhancers, need not be physically contiguous or located in close proximity to the
coding sequences whose transcription they enhance.

[0137] Various expression vectors can be employed to express the polynucleotides
encoding the antibody variable domain or the antibody chain(s). Both viral-based and non-
viral expression vectors can be used to produce the antibodies or antibody variable domains
in a mammalian host cell. Non-viral vectors and systems include plasmids, episomal vectors,
typically with an expression cassette for expressing a protein or RNA, and human artificial
chromosomes (see, e. g., Harrington et al., Nat Genet. 15:345, 1997). For example, non-viral
vectors useful for expression of the PD-L1-, CD137-, CD3-, hSA- or MSLN-binding
polypeptides, or of polynucleotides encoding such polypeptides, in mammalian (e. g.,
human) cells include pThioHis A, B and C, pcDNA3.1/His, pEBVHis A, B and C, (Invitrogen,
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San Diego, Calif.), MPS V vectors, and numerous other vectors known in the art for
expressing other proteins. Useful viral vectors include vectors based on retroviruses,
adenoviruses, adeno-associated viruses, herpes viruses, vectors based on SV40, papilloma
virus, HBP Epstein Barr virus, Vaccinia virus vectors and Semliki Forest virus (SFV). See,
Brent et al., supra; Smith, Annu. Rev. Microbiol. 49:807, 1995; and Rosenfeld et al., Cell 68:
143, 1992.

[0138] The choice of expression vector depends on the intended host cells in which the
vector is to be expressed. Typically, the expression vectors contain a promoter and other
regulatory sequences (e. g., enhancers) that are operably linked to the polynucleotides
encoding a multispecific antibody chain or a variable domain. In one embodiment, an
inducible promoter is employed to prevent expression of inserted sequences except under
inducing conditions. Inducible promoters include, e. g., arabinose, lacZ, metallothionein
promoter or a heat shock promoter. Cultures of transformed organisms can be expanded
under non-inducing conditions without biasing the population for coding sequences whose
expression products are better tolerated by the host cells. In addition to promoters, other
regulatory elements may also be required or desired for efficient expression of a
multispecific antibody chain or a variable domain. These elements typically include an ATG
initiation codon and adjacent ribosome binding site or other sequences. In addition, the
efficiency of expression may be enhanced by the inclusion of enhancers appropriate to the
cell system in use (see, e. g., Scharf et al., Results Probl. Cell Differ. 20: 125, 1994; and
Bittner et al., Meth. Enzymol., 153:516, 1987). For example, the SV40 enhancer or CMV
enhancer may be used to increase expression in mammalian host cells.

[0139] Vectors to be used typically encode the antibody variable domain or the antibody
light and heavy chain including constant regions or parts thereof, if present. Such vectors
allow expression of the variable regions as fusion proteins with the constant regions thereby
leading to production of intact antibodies and antibody variable domains thereof. Typically,
such constant regions are human.

[0140] The term “recombinant host cell” (or simply “host cell”) refers to a cell into which a
recombinant expression vector has been introduced. It should be understood that such
terms are intended to refer not only to the particular subject cell but to the progeny of such a
cell. Because certain modifications may occur in succeeding generations due to either
mutation or environmental influences, such progeny may not, in fact, be identical to the
parent cell, but are still included within the scope of the term “host cell” as used herein.
[0141] The host cells for harboring and expressing the antibody variable domain or the
antibody of the invention can be either prokaryotic or eukaryotic. E. coli is one prokaryotic

host useful for cloning and expressing the polynucleotides of the present invention. Other
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microbial hosts suitable for use include bacilli, such as Bacillus subtilis, and other
enterobacteriaceae, such as Salmonella, Serratia, and various Pseudomonas species. In
these prokaryotic hosts, one can also make expression vectors, which typically contain
expression control sequences compatible with the host cell (e. g., an origin of replication). In
addition, any number of a variety of well-known promoters will be present, such as the
lactose promoter system, a tryptophan (trp) promoter system, a beta-lactamase promoter
system, or a promoter system from phage lambda. The promoters typically control
expression, optionally with an operator sequence, and have ribosome binding site
sequences and the like, for initiating and completing transcription and translation. Other
microbes, such as yeast, can also be employed to express the antibody variable domain or
multispecific antibodies of the invention. Insect cells in combination with baculovirus vectors
can also be used.

[0142] In one embodiment, mammalian host cells are used to express and produce the
antibody variable domain or the antibody of the invention. For example, they can be either a
hybridoma cell line expressing endogenous immunoglobulin genes or a mammalian cell line
harboring an exogenous expression vector. These include any normal mortal or normal or
abnormal immortal animal or human cell. For example, a number of suitable host cell lines
capable of secreting intact immunoglobulins have been developed including the CHO cell
lines, various COS cell lines, HelLa cells, myeloma cell lines, transformed B-cells and
hybridomas. The use of mammalian tissue cell culture to express polypeptides is discussed
generally in, e. g., Winnacker, FROM GENES TO CLONES, VCH Publishers, N.Y., N.Y.,
1987. Expression vectors for mammalian host cells can include expression control
sequences, such as an origin of replication, a promoter, and an enhancer (see, e. g., Queen,
et al., Immunol. Rev. 89:49-68, 1986), and necessary processing information sites, such as
ribosome binding sites, RNA splice sites, polyadenylation sites, and transcriptional
terminator sequences. These expression vectors usually contain promoters derived from
mammalian genes or from mammalian viruses. Suitable promoters may be constitutive, cell
type-specific, stage-specific, and/or modulatable or regulatable. Useful promoters include,
but are not limited to, the metallothionein promoter, the constitutive adenovirus major late
promoter, the dexamethasone-inducible MMTV promoter, the SV40 promoter, the MRP pollll
promoter, the constitutive MPS V promoter, the tetracycline-inducible CMV promoter (such
as the human immediate-early CMV promoter), the constitutive CMV promoter, and
promoter-enhancer combinations known in the art.

[0143] Methods for introducing expression vectors containing the polynucleotide
sequences of interest vary depending on the type of cellular host. For example, calcium

chloride transfection is commonly utilized for prokaryotic cells, whereas calcium phosphate
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treatment or electroporation may be used for other cellular hosts. (See generally Green, M.
R., and Sambrook, J., Molecular Cloning: A Laboratory Manual (Fourth Edition), Cold Spring
Harbor Laboratory Press (2012)). Other methods include, e. g., electroporation, calcium
phosphate treatment, liposome-mediated transformation, injection and microinjection,
ballistic methods, virosomes, immunoliposomes, polycation-nucleic acid conjugates, naked
DNA, artificial virions, fusion to the herpes virus structural protein VP22 (Elliot and O'Hare,
Cell 88:223, 1997), agent-enhanced uptake of DNA, and ex vivo transduction. For long-term,
high-yield production of recombinant proteins, stable expression will often be desired. For
example, cell lines which stably express the antibody variable domain or the antibody of the
invention can be prepared using expression vectors of the invention which contain viral
origins of replication or endogenous expression elements and a selectable marker gene.
Following the introduction of the vector, cells may be allowed to grow for 1 to 2 days in an
enriched media before they are switched to selective media. The purpose of the selectable
marker is to confer resistance to selection, and its presence allows growth of cells which
successfully express the introduced sequences in selective media. Resistant, stably
transfected cells can be proliferated using tissue culture techniques appropriate to the cell
type. The present invention thus provides a method of producing the antibody variable
domain or the antibody of the invention, wherein said method comprises the step of culturing
a host cell comprising a nucleic acid or a vector encoding the antibody variable domain or
the antibody of the invention, whereby said antibody variable domain or said antibody of the
disclosure is expressed.

[0144] In one aspect, the present invention relates to a method of producing the antibody
variable domain or the antibody of the invention, the method comprising the step of culturing
a host cell expressing a nucleic acid or two nucleic acids encoding the antibody variable
domain or the antibody of the invention. In particular, the present invention relates to a
method of producing the antibody variable domain or the antibody of the invention, the
method comprising (i) providing a nucleic acid or two nucleic acids encoding the antibody
variable domain or the antibody of the invention or one or two vectors encoding the antibody
variable domain or the antibody of the invention, expressing said nucleic acid or nucleic
acids, or said vector or vectors, and collecting said antibody variable domain or said
antibody from the expression system, or (ii) providing a host cell or host cells expressing a
nucleic acid or two nucleic acids encoding the antibody variable domain or the antibody of
the invention, culturing said host cell or said host cells; and collecting said antibody variable
domain or said multispecific antibody from the cell culture.

[0145] In a further aspect, the present invention relates to a pharmaceutical composition

comprising the antibody of the invention, and a pharmaceutically acceptable carrier.
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"Pharmaceutically acceptable carrier" means a medium or diluent that does not interfere with
the structure of the antibodies. Pharmaceutically acceptable carriers enhance or stabilize the
composition, or facilitate preparation of the composition. Pharmaceutically acceptable
carriers include solvents, dispersion media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents, and the like that are physiologically compatible.
[0148] Certain of such carriers enable pharmaceutical compositions to be formulated as,
for example, tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, suspension and
lozenges for the oral ingestion by a subject. Certain of such carriers enable pharmaceutical
compositions to be formulated for injection, infusion or topical administration. For example, a
pharmaceutically acceptable carrier can be a sterile aqueous solution.

[0147] Pharmaceutical compositions in accordance with the present disclosure may further
routinely contain pharmaceutically acceptable concentrations of salt, buffering agents,
preservatives, supplementary immune potentiating agents such as adjuvants and cytokines
and optionally other therapeutic agents. The composition may also include antioxidants
and/or preservatives. As antioxidants may be mentioned thiol derivatives (e. g. thioglycerol,
cysteine, acetylcysteine, cystine, dithioerythreitol, dithiothreitol, glutathione), tocopherols,
butylated hydroxyanisole, butylated hydroxytoluene, sulfurous acid salts (e. g. sodium
sulfate, sodium bisulfite, acetone sodium bisulfite, sodium metabisulfite, sodium sulfite,
sodium formaldehyde sulfoxylate, sodium thiosulfate) and nordihydroguaiaretic acid.
Suitable preservatives may for instance be phenol, chlorobutanol, benzylalcohol, methyl
paraben, propyl paraben, benzalkonium chloride and cetylpyridinium chloride.

[0148] The pharmaceutical composition of the invention can be administered by a variety
of methods known in the art. The route and/or mode of administration vary depending upon
the desired results. Administration can be intravenous, intramuscular, intraperitoneal, or
subcutaneous, or administered proximal to the site of the target. The pharmaceutically
acceptable carrier should be suitable for intravenous, intramuscular, subcutaneous,
parenteral, spinal or epidermal administration (e. g., by injection or infusion). Depending on
the route of administration, the active compound, /. e. the antibody of the invention, may be
coated in a material to protect the compound from the action of acids and other natural
conditions that may inactivate the compound.

[0149] The pharmaceutical compositions of the invention can be prepared in accordance
with methods well known and routinely practiced in the art. See, e. g., Remington: The
Science and Practice of Pharmacy, Mack Publishing Co., 20th ed., 2000; and Sustained and
Controlled Release Drug Delivery Systems, J. R. Robinson, ed., Marcel Dekker, Inc., New
York, 1978. Pharmaceutical compositions are preferably manufactured under GMP

conditions. Typically, a therapeutically effective dose or efficacious dose of the antibody of
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the invention is employed in the pharmaceutical compositions of the invention. The
antibodies of the invention are formulated into pharmaceutically acceptable dosage forms by
conventional methods known to those of skill in the art. Dosage regimens are adjusted to
provide the optimum desired response (e. g., a therapeutic response). For example, a single
bolus may be administered, several divided doses may be administered over time, or the
dose may be proportionally reduced or increased as indicated by the exigencies of the
therapeutic situation. It is especially advantageous to formulate parenteral compositions in
dosage unit form for ease of administration and uniformity of dosage. Dosage unit form as
used herein refers to physically discrete units suited as unitary dosages for the subjects to
be treated; each unit contains a predetermined quantity of active compound calculated to
produce the desired therapeutic effect in association with the required pharmaceutical
carrier.

[0150] Actual dosage levels of the active ingredients in the pharmaceutical compositions of
the invention can be varied so as to obtain an amount of the active ingredient which is
effective to achieve the desired therapeutic response for a particular patient, composition,
and mode of administration, without being toxic to the patient. The selected dosage level
depends upon a variety of pharmacokinetic factors including the activity of the particular
compositions of the present invention employed, or the ester, salt or amide thereof, the route
of administration, the time of administration, the rate of excretion of the particular compound
being employed, the duration of the treatment, other drugs, compounds and/or materials
used in combination with the particular compositions employed, the age, sex, weight,
condition, general health and prior medical history of the patient being treated, and like
factors.

[0151] In one aspect, the present invention relates to the antibody of the invention or the
pharmaceutical composition of the invention for use as a medicament. In a suitable
embodiment, the present invention provides the multispecific antibody or the pharmaceutical
composition for use in the treatment of a proliferative disease, such as cancer, or a disease
selected from allergic, inflammatory and autoimmune diseases.

[0152] In another aspect, the present invention provides the pharmaceutical composition of
the invention for use in the manufacture of a medicament for the treatment of a proliferative
disease, such as cancer, or a disease selected from allergic, inflammatory and autoimmune
diseases.

[0153] In another aspect, the present invention relates to the use of the antibody or the
pharmaceutical composition of the present invention for treating a proliferative disease, such
as cancer, or a disease selected from allergic, inflammatory and autoimmune diseases, in a

subject in need thereof.
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[0154] In another aspect, the present invention relates to a method of treating a subject
comprising administering to the subject a therapeutically effective amount of the antibody of
the present invention. In a suitable embodiment, the present invention relates to a method
for the treatment of a proliferative disease, such as cancer, or a disease selected from
allergic, inflammatory and autoimmune diseases, in a subject comprising administering to
the subject a therapeutically effective amount of the antibody of the present invention.
[0155] The term “subject” includes human and non-human animals.

[0156] The term “animals” include all vertebrates, e. g., non-human mammals and non-
mammals, such as non-human primates, sheep, dog, cow, chickens, amphibians, and
reptiles. Except when noted, the terms “patient” or “subject” are used herein
interchangeably.

[0157] The terms “treatment”, “treating”, “treat”, “treated”, and the like, as used herein,
refer to obtaining a desired pharmacologic and/or physiologic effect. The effect may be
therapeutic in terms of a partial or complete cure for a disease and/or adverse effect
attributable to the disease or delaying the disease progression. “Treatment”, as used herein,
covers any treatment of a disease in a mammal, e. g., in a human, and includes: (a)
inhibiting the disease, /. e. arresting its development; and (b) relieving the disease, /. e.
causing regression of the disease.

[0158] The term “therapeutically effective amount” or “efficacious amount” refers to the
amount of an agent that, when administered to a mammal or other subject for treating a
disease, is sufficient to affect such treatment for the disease. The “therapeutically effective
amount” will vary depending on the agent, the disease and its severity and the age, weight,
etc., of the subject to be treated.

[0159] In another aspect, the present invention relates to a method for generating a
modified antibody variable domain,
wherein the method comprises the steps of

1) providing an unmodified antibody variable domain, which binds to a target antigen,

comprising:

(i) avariable heavy chain (VH) comprising from N-terminus to C-terminus, the regions
HFW1-HCDR1-HFW2-HCDR2-HFW3-HCDR3-HFW4, wherein each HFW
designates a heavy chain framework region, and each HCDR designates a heavy
chain complementarity-determining region;

and

(i) a variable light chain (VL), wherein the variable light chain comprises, from N-
terminus to C-terminus, the regions LFW1-LCDR1-LFW2-LCDR2-LFW3-LCDRS3-

LFW4, wherein each LFW designates a light chain framework region, and each
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LCDR designates a light chain complementarity-determining region, wherein the
light chain complementarity-determining region LCDR2 does not comprise a glycine
(G) at both amino acid position 67 and 68 (AHo numbering);

2) introducing into the light chain complementarity-determining region LCDR2 of the
unmodified antibody variable domain provided in step 1) a glycine (G) at amino acid
position 67 and/or a glycine (G) at amino acid position 68 (AHo numbering), such that
there is a glycine (G) at both amino acid positions 67 and 68,

wherein said LCDR2 is defined by light chain amino acid positions 58 to 72 according to the

AHo numbering scheme, resulting in a maximum length of 15 amino acids.

[0160] In particular embodiments of the method according to the present invention, the

LCDR2 of the unmodified antibody variable domain that is provided in step 1) has one or

more of the features as defined above in items 47 to 52.

[0161] In further particular embodiments of the method according to the present invention,

the LCDR2 and optionally the other light chain complementarity-determining regions LCDR1

and LCDR3 and the heavy chain complementarity-determining regions HCDR1, HCDR2 and

HCDRS3 of the modified antibody variable domain obtained in step 2) has one or more of the

features as defined above in items 53 and 54.

[0162] Likewise, in yet other particular embodiments of the method of the present

invention, the heavy chain framework regions HFW1, HFW2, HFW3 and HFW4 and/or the

light chain framework regions LFW1, LFW2, LFW3 and LFWA4 of the unmodified antibody

variable domain that is provided in step 1) are as defined in any one of the items 3 and 10 to

16.

[0163] In further particular embodiments, the method comprises that additional step of

3) introducing into the variable heavy chain (VH) of the unmodified antibody variable

domain provided in step 1) a serine (S) at amino acid position 101 and a lysine (K) at

amino acid position 146 (AHo numbering).
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Table 1 (continued)

37-20-B03-sc02-based sequences

8 VH: 37-20-B03-sc02

9 VH: 37-20-B03-sc02_(T101S, T146K)

10 VL: 37-20-B03-sc02 (Reference)

" VL: 37-20-B03-sc02_(A67G_F68G)

12 scFv: 37-20-B03 sc02 (Reference) (PRO1013)
13 scFv: 37-20-B03 sc02 (A67G_F68G)

14

scFv: 37-20-B03 sc02 (T101S_T146K)_(A67G_F68G)

37-20-B03-sc09. 1-based sequences

15 VH: 37-20-B03-sc09.1 (PRO2230)

16 VH: 37-20-B03-sc09.1_(Y42S) (PRO3476)

17 VH: 37-20-B03-sc09.1_(T101S_T146K)

18 VH: 37-20-B03-sc09.1_(Y42S _T101S_T146K)

19 VL: 37-20-B03-sc09.1 (PRO2230) (Reference)

20 VL: 37-20-B03-sc09.1_(A67G_F68G)

21 VL: 37-20-B03-sc09.1_(A9S) (PRO3757) (Reference)

22 VL: 37-20-B03-sc09.1 (A9S_A67G_F68G)

23 scFv: 37-20-B03 sc09.1 (Reference) (PRO2230)

24 scFv: 37-20-B03 sc09.1 (A67G_F68G)

25 scFv: 37-20-B03 sc09.1 (T101S_T146K)_(A67G_F68G)

662 scFv: 37-20-B03-sc09.1_(A9S) (Reference) (PRO3757)

26 scFv: 37-20-B03-sc09.1_(Y42S) (Reference) (PRO3476)

27 scFv: 37-20-B03-sc09.1_(Y42S) (A67G_F68G)

28 scFv: 37-20-B03-sc09.1_(Y42S) (T101S_T146K) _(A67G_F68G)

29 scFv: 37-20-B03 sc09.1_(A9S) (A67G_F68G)

30 scFv: 37-20-B03 sc09.1 (A9S) (T101S_T146K) (A67G_F68G)

663 scFv: 37-20-B03-sc09.1_CDR2_human_cons (Reference) (PRO3477)
664 scFv: 37-20-B03-sc09.1_(Y42S) CDR2_human_cons (Reference) (PRO3478)

37-20-B03-sc16 — based sequences

31 VH: 37-20-B03-sc16

32 VL: 37-20-B03-sc16 (Reference)

33 VL: 37-20-B03-sc16_(A67G_F68G)

34 scFv: 37-20-B03 sc16 (Reference) (PRO3757)
35 scFv: 37-20-B03 sc16 (A67G_F68G) (PRO4124)

37-20-B03-sc17 — based sequences

36 VH: 37-20-B03-sc17

37 VH: 37-20-B03-sc17_(T101S_T146K)

38 VL: 37-20-B03-sc17 (Reference)

39 VL: 37-20-B03-sc17_(A67G_F68G)

40 scFv: 37-20-B03 sc17 (Reference) (PRO3757)

41 scFv: 37-20-B03 sc17 (A67G_F68G) (PRO4125)

42 scFv: 37-20-B03 sc17 (T101S_T146K)_(A67G_F68G)

37-20-B03-sc09-IF — based sequences

43

VH: 37-20-B03-sc09-IF (PRO1347)

44

VH: 37-20-B03-sc09-IF_(T101S_T146K)
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45 VL: 37-20-B03-sc09-IF (PRO1347) (Reference)

46 VL: 37-20-B03-sc09-IF_(A67G_F68G)

47 scFv: 37-20-B03 sc09-IF (Reference) (PRO1347)

48 scFv: 37-20-B03 sc09-IF (A67G_F68G) (PRO4125)

49 scFv: 37-20-B03 sc09-IF (T101S_T146K)_(A67G_F68G)

33-03-G02-sc01 — based sequences

50 VH: 33-03-G02-sc01

51 VH: 33-03-G02-sc01_(T101S, T146K)

52 VL: 33-03-G02-sc01 (Reference)

53 VL: 33-03-G02-sc01_(A67G_S68G)

54 scFv: 33-03-G02-sc01 (Reference) (PRO830)

55 scFv: 33-03-G02-sc01 (A67G_S68G)

56 scFv: 33-03-G02-sc01 (T101S_T146K)_(A67G_S68G)

33-03-G02-sc03 — based sequences

57 VH: 33-03-G02-sc03

58 VH: 33-03-G02-sc03_(T101S, T146K)

59 VL: 33-03-G02-sc03 (Reference)

60 VL: 33-03-G02-sc03_(A67G_S68G)

61 scFv: 33-03-G02-sc03 (Reference) (PRO997)

62 scFv: 33-03-G02-sc03 (A67G_S680)

63 scFv: 33-03-G02-sc03 (T101S_T146K)_(A67G_S68G)

33-03-G02-sc18 — based sequences

64 VH: 33-03-G02-sc18 (PRO1392)

65 VH: 33-03-G02-sc18 (S72D_W73S_A74V)

66 VH: 33-03-G02-sc18 (T101S T146K)

67 VL: 33-03-G02-sc18 (PRO1392) (Reference)

68 VL: 33-03-G02-sc18_(A67G_S68G)

69 VL: 33-03-G02-sc18 (AB7G_S68G_S81R)

70 scFv: 33-03-G02-sc18 (Reference) (PRO1392)

71 scFv: 33-03-G02-sc18 (A67G_S68G) (PRO3724)

72 scFv: 33-03-G02-s¢18 (T101S_T146K)_(A67G_S68G) (PRO3891)

73 scFv: 33-03-G02-sc18 (S72D W73S A74V) (AB7G S68G) (PRO3747
38-27-A11-sc02 — based VH/VL sequences
74 VH: 38-27-A11-s¢02 (PRO1359)
75 VH: 38-27-A11-sc02_(G51C)
76 VH: 38-27-A11-sc02_(N72Q)
77 VH: 38-27-A11-sc02_(G51C_N72Q)
78 VL: 38-27-A11-sc02 (PRO1359) (Reference)
79 VL: 38-27-A11-sc02_(T141C) (Reference)
80 VL: 38-27-A11-sc02_(A67G_S68G)
81 VL: 38-27-A11-sc02_(A67G_S68G_T141C)

82 scFv: 38-27-A11-sc02 (Reference) (PRO1359)
83 scFv: 38-27-A11-sc02 (A67G_S68G) (PRO3726)
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84 scFv: 38-27-A11-sc02 (T101S_T146K)_(A67G_S68G)

85 scFv: 38-27-A11-sc02_(N72Q) (Reference)

86 scFv: 38-27-A11-sc02_(N72Q) (A67G_S68G)

87 scFv: 38-27-A11-sc02_(N72Q) (T101S_T146K)_(A67G_S68G)

88 scFv: 38-27-A11-sc02_(G51C)_(T141C) (Reference)

89 scFv: 38-27-A11-sc02_(G51C)_(T141C) (A67G_S68G)

90 scFv: 38-27-A11-sc02_(G51C)_(T141C) (T101S_T146K)_(A67G_S68G)

91 scFv: 38-27-A11-sc02_(G51C_N72Q)_(T141C) (Reference) (PRO2194)

92 scFv: 38-27-A11-sc02_(G51C_N72Q)_(T141C) (A67G_S68G) (PRO3742)

93 scFv: 38-27-A11-sc02_(G51C_N72Q)_(T141C) (T101S_T146K)_(A67G_S68G)

38-27-A11-sc03 — based sequences

94 VH: 38-27-A11-sc03

95 VH: 38-27-A11-sc03_(T101S_T146K)

96 VL: 38-27-A11-sc03 (Reference)

97 VL: 38-27-A11-sc03_(A67G_S68G)

98 scFv: 38-27-A11-sc03 (Reference) (PRO1360)
99 scFv: 38-27-A11-sc03 (A67G_S68G)

100

scFv: 38-27-A11-sc03 (T101S_T146K) (A67G_S68G)

38-27-A11-sc10 — based sequences

101 | VH: 38-27-A11-s¢10
102 | VH: 38-27-A11-sc10_(G51C)

103 VL: 38-27-A11-sc10 (Reference)

104 | VL: 38-27-A11-sc10_(T141C) (Reference)

105 | VL: 38-27-A11-sc10_(A67G_F68G)

106 | VL: 38-27-A11-sc10_(A67G_F68G_T141C)

107 | scFv: 38-27-A11-sc10 (Reference)

108 | scFv: 38-27-A11-s¢10 (A67G_S68G)

109 | scFv: 38-27-A11-sc10_(G51C)_(T141C) (A67G_S68G)
38-02-A04-sc01 — based sequences

110 | VH: 38-02-A04-sc01

11| VH: 38-02-A04-sc01_(T101S_T146K)

112 | vL: 38-02-A04-sc01 (Reference)

13 | vL: 38-02-A04-sc01_(A67G_S68G)

114

scFv: 38-02-A04-sc01 (Reference) (PRO)
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115 | scFv: 38-02-A04-sc01 (A67G_S68G)

116 | scFv: 38-02-A04-sc01 (T101S_T146K)_(A67G_S68G)

38-02-A04-sc05 — based sequences

117 | VH: 38-02-A04-sc05

118 | VH: 38-02-A04-sc05_(T101S_T146K)

119 | vL: 38-02-A04-sc05 (Reference)

120 | yL: 38-02-A04-sc05_(A67G_S68G)

121 scFv: 38-02-A04-sc05 (Reference) (PRO)

122 | scFv: 38-02-A04-sc05 (A67G_S68G)

123 | scFv: 38-02-A04-sc05 (T101S_T146K)_(A67G_S68G)

38-02-A04-sc06 — based sequences

124 | yH: 38-02-A04-sc06

125 | VH: 38-02-A04-sc06_(T101S_T146K)

126 | yL: 38-02-A04-sc06 (Reference)

127 | yL: 38-02-A04-sc06_(A67G_S68G)

128 scFv: 38-02-A04-sc06 (Reference) (PRO)

129 | scFv: 38-02-A04-sc06 (A67G_S68G)

130 | scFv: 38-02-A04-sc06 (T101S_T146K)_(A67G_S68G)

38-02-A04-sc13 — based sequences

131 VH: 38-02-A04-sc13 (PRO1352)

132 VL: 38-02-A04-sc13 (PRO1352) (Reference)

133 VL: 38-02-A04-sc13_(A67G_F68G)

134 | scFv: 38-02-A04-sc13 (Reference) (PRO1352)

135 | scFv: 38-02-A04-sc13 (AB7G_S68G) (PRO3727)

38-02-A04-sc16 — based sequences

136 VH: 38-02-A04-sc16

137 VH: 38-02-A04-sc16_(G51C)

138 VL: 38-02-A04-sc16 (Reference)

139 | VL: 38-02-A04-sc16_(T141C) (Reference)

140 VL: 38-02-A04-sc16_(A67G_F68G)

141 VL: 38-02-A04-sc16_(A67G_F68G_T141C)

142 scFv: 38-02-A04-sc16 (Reference) (PR0O4148)

143 scFv: 38-02-A04-sc16 (A67G_S68G) (PRO4152)

144 | scFv: 38-02-A04-sc16_(G51C)_(T141C) (A67G_S68G) (PRO4156)

38-27-C05-sc01 — based sequences

145 VH: 38-27-C05-sc01

146 VH: 38-27-C05-sc01_(T101S_T146K)

147 VL: 38-27-C05-sc01 (Reference)
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148 VL: 38-27-C05-sc01_(A67G_S68G)
149 scFv: 38-27-C05-sc01 (Reference)
150 scFv: 38-27-C05-sc01 (A67G_S68G)

151 scFv: 38-27-C05-sc01 (T101S T146K) (A67G S68G
Anti-CD3 antibody variable domains

28-21-D09-sc04 — based sequences

152 VH: 28-21-D09-sc04 (PRO2781)

153 VH: 28-21-D09-sc04 (T101S_T146K)

154 VL: 28-21-D09-sc04 (PRO2781) (Reference)

155 VL: 28-21-D09-sc04_(A67G_F68G)

156 scFv: 28-21-D09-sc04 (Reference) (PRO2781)

157 scFv: 28-21-D09-sc04 (A67G_S68G) (PRO3718)

158 scFv: 28-21-D09-sc04 (T101S_T146K)_(A67G_S68G)

28-21-D09-sc43 — based sequences

159 VH: 28-21-D09-sc43

160 VH: 28-21-D09-s¢c43 (T101S_T146K)

161 VH: 28-21-D09-s¢c43_(G51C_T101S_T146K)

162 VL: 28-21-D09-sc43 (Reference)

163 VL: 28-21-D09-sc43 (A67G_F68G)

164 VL: 28-21-D09-sc43 (A67G_F68G _T141C)

165 scFv: 28-21-D09-sc43 (Reference) (PRO4187)

166 scFv: 28-21-D09-sc43 (A67G_S68G) (PRO4188)

167 scFv: 28-21-D09-sc43_(T101S_T146K) (Reference) (PRO4189)
168 scFv: 28-21-D09-sc43 (T101S_T146K) (A67G_S68G) (PRO4190)
169 scFv: 28-21-D09-sc43_(T101S_T146K) (G51C_T141C)_(AB7G_S68G)

PRO4191
Anti-hSA antibody variable domains

19-04-A10-sc02 — based sequences

170 VH: 19-04-A10-sc02 (PRO2155)

171 VH: 19-04-A10-sc02_(G510)

172 VH: 19-04-A10-sc02_(T101S_T146K)

173 VH: 19-04-A10-sc02_(G51C_T101S_T146K)

174 VL: 19-04-A10-sc02 (PRO2155) (Reference)

175 VL: 19-04-A10-sc02_(A67G_F68G)

176 VL: 19-04-A10-sc02_(A67G_F68G_T141C)

177 scFv: 19-04-A10-sc02 (Reference) (PR0O2155)

178 scFv: 19-04-A10-sc02 (A67G_S68G) (PRO3721)

179 scFv: 19-04-A10-sc02 (T101S_T146K) (A67G_S68G)

180 scFv: 19-04-A10-sc02_(G51C_T141C) (A67G_S68G) (PRO3721)
181 scFv: 19-04-A10-sc02_(G51C_T141C) (T101S_T146K)_(A67G_S68G)

19-04-A10-sc11/12 — based sequences

182 VH: 19-04-A10-sc11 (PRO4112)

183 VH: 19-04-A10-sc12 (PRO4113)

184 VL: 19-04-A10-sc11/12 (PRO4112) (Reference)
185 VL: 19-04-A10-sc11/12_(A67G_F68G)

186 scFv: 19-04-A10-sc11 (Reference) (PRO4112)
187 scFv: 19-04-A10-sc11 (A67G_S68G) (PRO4116)
188 scFv: 19-04-A10-sc12 (Reference) (PRO4113)
189 scFv: 19-04-A10-sc12 (A67G_S68G) (PRO4117)
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19-01-H04-sc03 — based sequences

190 VH: 19-01-H04-sc03

191 VH: 19-01-H04-sc03_(G51QC)

192 VH: 19-01-H04-sc03_(T101S_T146K)

193 VH: 19-01-H04-sc03_(G51C_T101S_T146K)

194 VL: 19-01-HO4-sc03 (Reference)

195 VL: 19-01-H04-sc03_(A67G_F68G)

196 VL: 19-01-H04-sc03 (A67G_F68G_T141C)

197 scFv: 19-01-H04-sc03 (Reference)

198 scFv: 19-01-H04-sc03 (A67G_S68G)

199 scFv: 19-01-H04-sc03 (T101S_T146K) (A67G_S68G)
200 scFv: 19-01-H04-sc03_(G51C_T141C) (A67G_S68G)
201 scFv: 19-01-H04-sc03 _(G51C_T141C) (T101S_T146K)_(A67G_S68G)

23-13-A01-sc03 — based sequences

202 VH: 23-13-A01-sc03

203 VH: 23-13-A01-sc03_(G510)

204 VH: 23-13-A01-sc03_(T101S_T146K)

205 VH: 23-13-A01-sc03_(G51C_T101S_T146K)

206 VL: 23-13-A01-sc03 (Reference)

207 VL: 23-13-A01-sc03_(A67G_FB68G)

208 VL: 23-13-A01-sc03_(A67G_F68G_T141C)

209 scFv: 23-13-A01-sc03 (Reference)

210 scFv: 23-13-A01-sc03 (A67G_S68G)

211 scFv: 23-13-A01-sc03 (T101S_T146K) (A67G_S68G)
212 scFv: 23-13-A01-sc03_(G51C_T141C) (A67G_S68G)

213 scFv: 23-13-A01-sc03_(G51C_T141C) (T101S_T146K) (A67G_S68G
Anti-MSLN antibody variable domains

54-21-H03-sc01 — based sequences

214 VH: 54-21-H03-sc01 (PRO1922)

215 VH: 54-21-H03-sc01_(G51QC)

216 VH: 54-21-H03-sc01_(T101S_T146K)

217 VH: 54-21-H03-sc01_(G51C_T101S_T146K)

218 VL: 54-21-H03-sc01 (PRO1922) (Reference)

219 VL: 54-21-H03-sc01_(AB7G_FB68G)

220 VL: 54-21-H03-sc01_(A67G_F68G_G141C)

221 scFv: 54-21-H03-sc01 (Reference) (PRO1922)

222 scFv: 54-21-H03-sc01 (A67G_S68G) (PRO3732)

223 scFv: 54-21-H03-sc01 (T101S_T146K)_(A67G_S68G)
224 scFv: 54-21-H03-sc01_(G51C_T141C) (A67G_S68G)
225 scFv: 54-21-H03-sc01_(G51C_T141C) (T101S_T146K)_(A67G_S68G)

54-32-A07-sc02 — based sequences

226 VH: 54-32-A07-sc02 (PRO1925)

227 VH: 54-32-A07-sc02_(T101S_T146K)

228 VL: 54-32-A07-sc02 (PRO1925) (Reference)

229 VL: 54-32-A07-sc02_(A67G_S68G)

230 scFv: 54-32-A07-sc02 (Reference) (PRO1925)

231 scFv: 54-32-A07-sc02 (A67G_S68G)

232 scFv: 54-32-A07-sc02 (T101S_T146K) (A67G_S680)

54-32-A07-sc06 — based sequences
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233 VH: 54-32-A07-sc06 (PRO2306)

234 VH: 54-32-A07-sc06_(G51C) (PRO2309)

235 VH: 54-32-A07-sc06_(T101S_T146K)

236 VH: 54-32-A07-sc06_(G51C_T101S_T146K)

237 VL: 54-32-A07-sc06 (PRO2306) (Reference)

238 VL: 54-32-A07-sc06_(G141C) (PRO2309) (Reference)

239 VL: 54-32-A07-sc06_(A67G_S68G)

240 VL: 54-32-A07-sc06_(A67G_S68G_G1410)

241 scFv: 54-32-A07-sc06 (Reference) (PRO2306)

242 scFv: 54-32-A07-sc06 (A67G_S68G)

243 scFv: 54-32-A07-sc06 (T101S_T146K) (A67G_S680)

244 scFv: 54-32-A07-sc06_(G51C_T141C) (Reference) (PRO2309)
245 scFv: 54-32-A07-sc06_(G51C_T141C) (A67G_S68G) (PRO3733)
246 scFv: 54-32-A07-sc06_(G51C_T141C) (T101S_T146K)_(A67G_S68G)

54-01-G02-sc01 — based sequences

247 VH: 54-01-G02-sc01 (PRO1783)

248 VH: 54-01-G02-sc01_(N66A) (PRO2197)

249 VH: 54-01-G02-sc01_(T101S_T146K)

250 VH: 54-01-G02-sc01_(N66A_T101S_T146K)

251 VL: 54-01-G02-sc01 (Reference)

252 VL: 54-01-G02-sc01_(A67G_S68G)

253 scFv: 54-01-G02-sc01 (Reference) (PRO1783)

254 scFv: 54-01-G02-sc01 (A67G_S68G)

255 scFv: 54-01-G02-sc01_(N66A) (A67G_S68G)

256 scFv: 54-01-G02-sc01_(N66A_T101S T146K) (A67G_S680G)

54-22-H03-sc01 — based sequences

257 VH: 54-22-H03-sc01 (PRO1795)

258 VH: 54-22-H03-sc01_(T101S_T146K)

259 VL: 54-22-H03-sc01 (PRO1795) (Reference)
260 VL: 54-22-H03-sc01_(A67G_S68G)

261 scFv: 54-22-H03-sc01 (Reference) (PRO1795)
262 scFv: 54-22-H03-sc01 (A67G_S68G)

263 scFv: 54-22-H03-sc01_(T101S_T146K) (A67G_S68G
Anti-ROR1 antibody variable domains
55-39-G02-sc02 — based sequences

264 VH: 55-39-G02-sc02 (PRO2062)

265 VH: 55-39-G02-sc02_(G51C)

266 VH: 55-39-G02-sc02_(T101S_T146K)

267 VH: 55-39-G02-sc02 (G51C_T101S_T146K)

268 VL: 55-39-G02-sc02 (PRO2062) (Reference)

269 VL: 55-39-G02-sc02_(AB7G_F68G)

270 VL: 55-39-G02-sc02_(A67G_F68G_T141C)

271 scFv: 55-39-G02-sc02 (Reference) (PRO2062)

272 scFv: 55-39-G02-sc02 (A67G_S680)

273 scFv: 55-39-G02-sc02_(T101S_T146K) (A67G_S68G)
274 scFv: 55-39-G02-sc02_(G51C_T101S_T146K) (A67G_S68G_T141C)

55-39-G02-5¢03 — based sequences

275 VH: 55-39-G02-sc03 (PRO2271)
276 VH: 55-39-G02-sc03_(G51C)
277 VH: 55-39-G02-sc03_(T101S_T146K)
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278 VH: 55-39-G02-sc03 (G51C_T101S_T146K)

279 VL: 55-39-G02-sc03 (PRO2271) (Reference)

280 VL: 55-39-G02-sc03_(AB7G_F68G)

281 VL: 55-39-G02-sc03_(A67G_F68G_T141C)

282 scFv: 55-39-G02-sc03 (Reference) (PRO2271)

283 scFv: 55-39-G02-sc03 (A67G_S680)

284 scFv: 55-39-G02-sc03_(T101S_T146K) (A67G_S68G)

285 scFv: 55-39-G02-sc03_(G51C_T101S_T146K) (A67G_S68G_T141C)

55-38-D07 — based VH/VL sequences

286 VH: 55-38-D07-sc02 (PRO2060)

287 VH: 55-38-D07-sc02_(T101S_T146K)

288 VH: 55-38-D07-sc02_(G51C)

289 VH: 55-38-D07-sc02_(G51C_T101S_T146K)

290 VH: 55-38-D07-sc09

291 VH: 55-38-D07-sc09 (G51C)

292 VL: 55-38-D07-sc02 (PRO2060) (Reference)

293 VL: 55-38-D07-sc02_(AB7G_F68G)

294 VL: 55-38-D07-sc02_(A67G_F68G_T141C)

295 scFv: 55-38-D07-sc02 (Reference) (PRO2060)

296 scFv: 55-38-D07-sc02 (A67G_S68G) (PRO3735)

297 scFv: 55-38-D07-sc02_(T101S_T146K) (A67G_S68G)
298 scFv: 55-38-D07-sc02_(G51C_T101S_T146K) (A67G_S68G_T141C)
299 scFv: 55-38-D07-sc09 (Reference) (PRO4134)

300 scFv: 55-38-D07-sc09 (A67G_S68G) (PRO4139)

301 scFv: 55-38-D07-sc09 (G51C) (A67G_S68G_T141C) (PRO4143)

L e

Trastuzumab — based sequences

302 VH: Trastuzumab_lambda-cap (PRO0286)

303 VL: Trastuzumab_lambda-cap (PRO0286) (Reference)

304 VL: Trastuzumab_lambda-cap (A67G_S68G)

305 scFv: Trastuzumab_lambda-cap (Reference) (PRO0286)
306 scFv: Trastuzumab_lambda-cap (A67G_S68G) (PRO3716)

Pertuzumab — based sequences

307 VH: Pertuzumab lambda-cap (PRO1812)

308 VL: Pertuzumab_lambda-cap (PRO1812) (Reference)
309 VL: Pertuzumab_lambda-cap (A67G_S68G)

310 scFv: Pertuzumab_lambda-cap (Reference) (PRO1812)

31 scFv: Pertuzumab_lambda-cap (A67G_S68G) (PRO3717
Anti-IL23R antibody variable domains
14-11-D07-sc04 — based sequences

312 VH: 14-11-D07-sc04 (PRO0517)

313 VH: 14-11-D07-sc04_(T101S_T146K)

314 VL: 14-11-D07-sc01 (Reference)

315 VL: 14-11-D07-sc02 (Reference)

316 VL: 14-11-D07-sc04 (PRO0517) (Reference)
317 VL: 14-11-D07-sc01_(A67G_S68G)

318 VL: 14-11-D07-sc02_(A67G_S68G)

319 VL: 14-11-D07-sc04 (A67G_S68G)

320 scFv: 14-11-D07-sc01 (Reference) (PRO0517)
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321 | scFv: 14-11-D07-sc01 (A67G_S68G)

322 | scFv: 14-11-D07-sc02 (A67G_S68G)

323 | scFv: 14-11-D07-sc04 (A67G_S68G) (PRO3719)

324 | scFv: 14-11-D07-sc01_(T101S_T146K) (A67G_S68G)

325 | scFv: 14-11-D07-sc02_(T101S_T146K) (A67G_S68G)

326 | scFv: 14-11-D07-sc04_(T101S_T146K) (A67G_S68G) (PRO3719)

Anti-IL17 antibody variable domains

27-07-G02 - based sequences

327 VH: 27-07-G02-sc01 (PRO0561)

328 VH: 27-07-G02-sc01_(T101S_T146K)

329 VH: 27-07-G02-sc02

330 VH: 27-07-G02-sc02_(T101S_T146K)

331 VL: 27-07-G02-sc01 (PRO0561) (Reference)

332 VL: 27-07-G02-sc01_(AB7G_F68G)

333 scFv: 27-07-G02-sc01 (Reference) (PRO0561)

334 scFv: 27-07-G02-sc01 (A67G_F68G) (PRO3722)

335 scFv: 27-07-G02-sc01_(T101S_T146K) (A67G_F68G)
336 scFv: 27-07-G02-sc02 (A67G_F68G)

337 scFv: 27-07-G02-sc02_(T101S_T146K) (A67G_F68G)

27-31-C04 — based sequences

338 VH: 27-31-C04-sc01

339 VH: 27-31-C04-sc01_(T101S_T146K)

340 VH: 27-31-C04-sc02

341 VH: 27-31-C04-sc02_(T101S_T146K)

342 VL: 27-31-C04-sc01 (Reference)

343 VL: 27-31-C04-sc01_(A67G_F68G)

344 scFv: 27-31-C04-sc01 (Reference)

345 scFv: 27-31-C04-sc01 (A67G_F68G)

346 scFv: 27-31-C04-sc01_(T101S_T146K) (A67G_F68G)
347 scFv: 27-31-C04-sc02 (A67G_F68G)

348 scFv: 27-31-C04-sc02_(T101S_T146K) (A67G_F68G

Anti-PD-L1 low affinity antibody variable domains

33-03-G02_Q108A _G109A — based sequences

349 VH: 33-03-G02 (PRO1434)

350 VH: 33-03-G02 (PRO1434) (T101S_T146K)

351 VL: 33-03-G02_Q108A_G109A (PRO1434) (Reference)

352 VL: 33-03-G02_Q108A_G109A (A67G_F68G)

353 scFv: 33-03-G02_Q108A_G109A (Reference) (PRO1434)
354 scFv: 33-03-G02_Q108A_G109A (A67G_F68G) (PRO3725)
355 scFv: 33-03-G02_Q108A_G109A (T101S_T146K) (A67G_F68G
Anti-TNFa antibody variable domains

SEQ

ID Description: Sequence:
NO:

16-19-B11-sc01-based sequences

356

VH: 16-19-B11-sc01

357

VH: 16-19-B11-sc01 (T101S, T146K)
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358

VL: 16-19-B11-sc01 (Reference)

359 | VL: 16-19-B11-sc01 (AB7G_F68G)
360 | scFv: 16-19-B11-sc01 (Reference)
361 | scFv: 16-19-B11-sc01 (A67G_F68G)
362

scFv: 16-19-B11-sc01 (T101S_T146K)_(A67G_F68G)

16-19-B11-sc02-based sequences

363 | VH: 16-19-B11-sc02

364 | VH: 16-19-B11-sc02 (T101S, T146K)
365 | VL: 16-19-B11-sc02 (Reference)

366 | VL: 16-19-B11-sc02 (AB7G_F68G)
367 | scFv: 16-19-B11-sc02 (Reference)
368 | scFv: 16-19-B11-sc02 (A67G_F68G)
369

scFv: 16-19-B11-sc02 (T101S_T146K)_(A67G_F68G)

16-19-B11-sc06-based sequences

370 | VH: 16-19-B11-sc06

371 | VH: 16-19-B11-sc06 (T101S, T146K)
372 | yL: 16-19-B11-sc06 (Reference)

373 | VL: 16-19-B11-sc06 (AB7G_F68G)
374 | scFv: 16-19-B11-sc06 (Reference)
375 | scFv: 16-19-B11-sc06 (A67G_F68G)
376

scFv: 16-19-B11-sc06 (T101S_T146K)_(A67G_F68G)

16-19-B11-sc10-based sequences

377 | VH: 16-19-B11-s¢10

378 | VH: 16-19-B11-sc10 (T101S, T146K)
379 | VL: 16-19-B11-sc10 (Reference)

380 | vL: 16-19-B11-sc10 (AB7G_F68G)
381 | scFv: 16-19-B11-sc10 (Reference)
382 | scFv: 16-19-B11-sc10 (A67G_F68G)
383

scFv: 16-19-B11-sc10 (T101S_T146K)_(A67G_F68G)

16-19-B11-sc11-based sequences

384 | VH: 16-19-B11-sc11

385 | VH: 16-19-B11-sc11 (T101S, T146K)
386 | VL: 16-19-B11-sc11 (Reference)
387

VL: 16-19-B11-sc11 (A67G_F68G)
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388

scFv: 16-19-B11-sc11 (Reference)

389

scFv: 16-19-B11-sc11 (A67G_F68G)

390

scFv: 16-19-B11-sc11 (T101S_T146K)_(A67G_F68G)

16-18-E11-scO1-based sequences

391 | VH: 16-18-E11-sc01

392 | VH: 16-18-E11-sc01 (T101S, T146K)
393 | yL: 16-18-E11-sc01 (Reference)
394 | VL: 16-18-E11-sc01 (AB7G_F68G)
395 | scFv: 16-18-E11-sc01 (Reference)
396 | scFv: 16-18-E11-sc01 (A67G_F68G)
397

scFv: 16-18-E11-sc01 (T101S_T146K)_(A67G_F68G)

16-18-E11-sc02-based sequences

398 | VH: 16-18-E11-sc02

399 | VH: 16-18-E11-sc02 (T101S, T146K)
400 | yL: 16-18-E11-sc02 (Reference)

401 | vL: 16-18-E11-sc02 (AB7G_F68G)
402 | scFv: 16-18-E11-sc02 (Reference)
403 | scFv: 16-18-E11-sc02 (A67G_F68G)
404

scFv: 16-18-E11-sc02 (T101S_T146K)_(A67G_F68G)

16-18-E11-sc06-based sequences

405 | VH: 16-18-E11-sc06

406 | VH: 16-18-E11-sc06 (T101S, T146K)
407 | yL: 16-18-E11-sc06 (Reference)

408 | yL: 16-18-E11-sc06 (AB7G_F68G)
409 | scFv: 16-18-E11-sc06 (Reference)
410 | scFv: 16-18-E11-sc06 (A67G_F68G)
411

scFv: 16-18-E11-sc06 (T101S_T146K)_(A67G_F68G)

17-21-A01-sc01-based sequences

412 | VH: 17-21-A01-sc01

413 | VH: 17-21-A01-sc01 (T101S, T146K)
414 | yL: 17-21-A01-sc01 (Reference)
415 | yL: 17-21-A01-sc01 (AB7G_F68G)
416 | scFv: 17-21-A01-sc01 (Reference)
417

scFv: 17-21-A01-sc01 (A67G_F68G)
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418

scFv: 17-21-A01-sc01 (T101S_T146K)_(A67G_F68G)

17-21-A01-sc02-based sequences

419 | VH: 17-21-A01-s¢c02

420 | VH: 17-21-A01-sc02 (T101S, T146K)
421 | yL: 17-21-A01-sc02 (Reference)
422 | yL: 17-21-A01-sc02 (AB7G_F68G)
423 | scFv: 17-21-A01-sc02 (Reference)
424 | gcFv: 17-21-A01-sc02 (A67G_F68G)
425

scFv: 17-21-A01-sc02 (T101S_T146K)_(A67G_F68G)

17-21-A01-sc03-based sequences

426 | VH: 17-21-A01-sc03

427 | VH: 17-21-A01-sc03 (T101S, T146K)
428 | yL: 17-21-A01-sc03 (Reference)
429 | yL: 17-21-A01-sc03 (AB7G_F68G)
430 | scFv: 17-21-A01-sc03 (Reference)
431 | scFv: 17-21-A01-sc03 (A67G_F68G)
432

scFv: 17-21-A01-sc03 (T101S_T146K)_(A67G_F68G)

16-14-G10-sc01-based sequences

433 | VH: 16-14-G10-sc01

434 | VH: 16-14-G10-sc01 (T101S, T146K)
435 | VL: 16-14-G10-sc01 (Reference)
436 | VL: 16-14-G10-sc01 (A67G_F68G)
437 | scFv: 16-14-G10-sc01 (Reference)
438 | scFv: 16-14-G10-sc01 (A67G_F68G)
439

scFv: 16-14-G10-sc01 (T101S_T146K)_(A67G_F68G)

16-14-G 10-sc02-based sequences

440 | VH: 16-14-G10-sc02

441 | VH: 16-14-G10-sc02 (T101S, T146K)
442 | yL: 16-14-G10-sc02 (Reference)
443 | VL: 16-14-G10-sc02 (A67G_F68G)
444 | scFv: 16-14-G10-sc02 (Reference)
445 | scFv: 16-14-G10-sc02 (A67G_F68G)
446

scFv: 16-14-G10-sc02 (T101S_T146K)_(A67G_F68G)

16-14-G 10-sc03-based sequences
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447 | VH: 16-14-G10-sc03

448 | VH: 16-14-G10-sc03 (T101S, T146K)
449 | yL: 16-14-G10-sc03 (Reference)
450 | vL: 16-14-G10-sc03 (A67G_F68G)
451 | scFv: 16-14-G10-sc03 (Reference)
452 | scFv: 16-14-G10-sc03 (A67G_F68G)
453

scFv: 16-14-G10-sc03 (T101S_T146K)_(A67G_F68G)

16-02-B03-sc02-based sequences

454 | VH: 16-02-B03-s¢02

455 | VH: 16-02-B03-sc02 (T101S, T146K)
456 | yL: 16-02-B03-sc02 (Reference)
457 | yL: 16-02-B03-sc02 (AB7G_F68G)
458 | scFv: 16-02-B03-sc02 (Reference)
459 | scFv: 16-02-B03-sc02 (A67G_F68G)
460

scFv: 16-02-B03-sc02 (T101S_T146K)_(A67G_F68G)

16-02-B03-sc03-based sequences

461 | VH: 16-02-B03-sc03

462 | VH: 16-02-B03-sc03 (T101S, T146K)
463 | yL: 16-02-B03-sc03 (Reference)
464 | yL: 16-02-B03-sc03 (AB7G_F68G)
465 | scFv: 16-02-B03-sc03 (Reference)
466 | scFv: 16-02-B03-sc03 (A67G_F68G)
467 | scFv: 16-02-B03-sc03 (T101S_T146K)_(A67G_F68G)
16-02-B03-sc06-based sequences

468 | VH: 16-02-B03-sc06

469 | VH: 16-02-B03-sc06 (T101S, T146K)
470 | yL: 16-02-B03-sc06 (Reference)

471 | VL: 16-02-B03-sc06 (AB7G_F68G)
472 | scFv: 16-02-B03-sc06 (Reference)
473 | scFv: 16-02-B03-sc06 (A67G_F68G)
474

scFv: 16-02-B03-sc06 (T101S_T146K)_(A67G_F68G)

16-23-C06-sc02-based sequences

475

VH: 16-23-C06-sc02

476

VH: 16-23-C06-sc02 (T101S, T146K)
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477 | yL: 16-23-C06-sc02 (Reference)
478 | yL: 16-23-C06-sc02 (A67G_F68G)
479 | scFv: 16-23-C06-sc02 (Reference)
480 | scFv: 16-23-C06-sc02 (AB7G_F68G)
481

scFv: 16-23-C06-sc02 (T101S_T146K)_(A67G_F68G)

16-23-C06-sc03-based sequences

482 | VH: 16-23-C06-sc03

483 | VH: 16-23-C06-sc03 (T101S, T146K)
484 | yL: 16-23-C06-sc03 (Reference)
485 | yL: 16-23-C06-5c03 (A67G_F68G)
486 | scFv: 16-23-C06-sc03 (Reference)
487 | scFv: 16-23-C06-sc03 (AB7G_F68G)
488

scFv: 16-23-C06-sc03 (T101S_T146K)_(A67G_F68G)

16-23-C06-sc06-based sequences

489 | VH: 16-23-C06-sc06

490 | VH: 16-23-C06-sc06 (T101S, T146K)
491 | yL: 16-23-C06-sc06 (Reference)
492 | yL: 16-23-C06-5c06 (A67G_F68G)
493 | scFv: 16-23-C06-sc06 (Reference)
494 | scFv: 16-23-C06-sc06 (AB7G_F68G)
495

scFv: 16-23-C06-sc06 (T101S_T146K)_(A67G_F68G)
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Table 3: Examples of anti-PDL1 x CD137 x hSA multispecific antibodies, according to
the present invention.
SEQ ID NO: Description

PR0O1480 variants

544 PRO1480_unmodified (Reference)

545 PRO1480: “GG“-PDL1 BD

743 PRO1480: “GG"“-PDL1 BD, “GG“-CD137 BD

546 PRO1480: “GG“-PDL1 BD, “GG“-CD137 BD, “GG*-hSA BD

547 PRO1480_“SK*_(T301S, T346K, T701S, T746K, T1101S, T1146K):
“‘GG*-PDL1 BD

548 PRO1480_“SK*_(T301S, T346K, T701S, T746K, T1101S, T1146K):
“‘GG*-PDL1 BD, “GG“-CD137 BD, “GG"-hSA BD

549 PRO1480_“SK*_(T301S, T346K, T701S, T746K, T1101S,
T1146K)_N272Q: “GG*-PDL1 BD

550 PRO1480_“SK*_(T301S, T346K, T701S, T746K, T1101S,
T1146K)_N272Q: “GG*-PDL1 BD; “GG“-CD137 BD; “GG*-hSA BD

551 PRO1480_“SK*_(T301S, T346K, T701S, T746K, T1101S,
T1146K)_N272Q: “DiS* hSA-BD, (Reference)

552 PRO1480_“SK*_(T301S, T346K, T701S, T746K, T1101S,
T1146K)_N272Q: “GG*-PDL1 BD: “DiS* hSA-BD

553 PRO1480_“SK*_(T301S, T346K, T701S, T746K, T1101S,
T1146K)_N272Q: “GG* PDL1-BD: “GG* CD137-BD: “GG* hSA-BD;
“‘DiS* hSA-BD

Table 4: Description of SEQ ID NOs of specific examples of multispecific antibody
sequences according to the present invention, as present in the Sequence Listing. ?

PDL1 x CD137 x HSA

SEQ ID NO: Description:

554 scDb-scFv of PRO963 (= PRO1051)_(38-02-A04 sc01 scDb-i/33-03-
G02 sc01 scDb-0/19-01-H04-sc03 scFv) (Reference)

555 scDb-scFv of PRO963 (= PRO1051)_(38-02-A04 sc01 scDb-i/33-03-
G02 sc01 scDb-0/19-01-H04-sc03 scFv) (A67G_F68G)

556 scDb-scFv of PRO963 (= PRO1051)_(38-02-A04 sc01 scDb-i/33-03-

G02 sc01 scDb-0/19-01-H04-sc03 scFv) (T101S,
T146K) (A67G_F68G)

557 scDb-scFv of PRO966 (= PRO1052) (38-27-C05 sc01 scDb-i/33-03-
G02 sc01 scDb-0/19-01-H04-sc03 scFv) (Reference)

558 scDb-scFv of PRO966 (= PRO1052) (38-27-C05 sc01 scDb-i/33-03-
G02 sc01 scDb-0/19-01-H04-sc03 scFv) (A67G_F68G)

559 scDb-scFv of PRO966 (= PRO1052) (38-27-C05 sc01 scDb-i/33-03-

G02 sc01 scDb-0/19-01-H04-sc03 scFv) (T101S,
T146K)_(A67G_F68G)

560 scDb-scFv of PRO1057 (38-02-A04 sc01 scDb-i/33-03-G02 sc01
scDb-0/23-12-A01-s¢03, sk17sh4) (Reference)
561 scDb-scFv of PRO1057 (38-02-A04 sc01 scDb-i/33-03-G02 sc01

scDb-0/23-12-A01-sc03, sk17sh4) (A67G_F68G)
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562 scDb-scFv of PRO1057 (38-02-A04 sc01 scDb-i/33-03-G02 sc01
scDb-0/23-12-A01-sc03, sk17sh4) (T101S, T146K)_(A67G_F68G)

563 scDb-scFv of PRO1058 (38-27-C05 sc01 scDb-i/33-03-G02 sc01
scDb-0/23-13-A01-s¢03, sk17sh4) (Reference)

564 scDb-scFv of PRO1058 (38-27-C05 sc01 scDb-i/33-03-G02 sc01
scDb-0/23-13-A01-sc03, sk17sh4) (A67G_F68G)

565 scDb-scFv of PRO1058 (38-27-C05 sc01 scDb-i/33-03-G02 sc01
scDb-0/23-13-A01-sc03, sk17sh4) (T101S, T146K)_ (A67G_F68G)

566 scDb-scFv of PRO1175 (37-20-B03-sc01-0/38-02-A04 sc01-i/19-01-
H04sc03 scFv) (Reference)

567 scDb-scFv of PRO1175 (37-20-B03-sc01-0/38-02-A04 sc01-i/19-01-
HO04sc03 scFv) (A87G_F68G)

568 scDb-scFv of PRO1175 (37-20-B03-sc01-0/38-02-A04 sc01-i/19-01-
HO04sc03 scFv) (T101S, T146K) _ (A67G_F68G)

569 scDb-scFv of PRO1186 (38-02-A04 sc01 scDb-i/37-20-B03sc01
scDb-0/23-13-A01-s¢03 scFv) (Reference)

570 scDb-scFv of PRO1186 (38-02-A04 sc01 scDb-i/37-20-B03sc01
scDb-0/23-13-A01-sc03 scFv) (A67G_F68G)

571 scDb-scFv of PRO1186 (38-02-A04 sc01 scDb-i/37-20-B03sc01
scDb-0/23-13-A01-sc03 scFv) (T101S, T146K)_ (A67G_F68G)

572 scDb-scFv of PRO1430 (38-02-A04 sc13 scDb-i/37-20-B03 sc01
scDb-0/19-01-H04 sc03 scFv) (Reference)

573 scDb-scFv of PRO1430 (38-02-A04 sc13 scDb-i/37-20-B03 sc01
scDb-0/19-01-H04 sc03 scFv) (A67G_F68G)

574 scDb-scFv of PRO1430 (38-02-A04 sc13 scDb-i/37-20-B03 sc01
scDb-0/19-01-H04 sc03 scFv) (T101S, T146K)_ (A67G_F68G)

575 scDb-scFv of PRO1479 (38-02-A04 sc13 scDb-i/37-20-B03 sc09.1
scDb-0/19-01-H04 sc03 scFv) (Reference)

576 scDb-scFv of PRO1479 (38-02-A04 sc13 scDb-i/37-20-B03 sc09.1
scDb-0/19-01-H04 sc03 scFv) (A67G_F68G)

577 scDb-scFv of PRO1479 (38-02-A04 sc13 scDb-i/37-20-B03 sc09.1
scDb-0/19-01-H04 sc03 scFv) (T101S, T146K)_ (A67G_F68G)

578 scDb-scFv of PRO1482 (37-20-B03 sc09.1 scDb-i/38-02-A04 sc13
scDb-0//19-01-HO04 sc03 scFv) (Reference)

579 scDb-scFv of PRO1482 (37-20-B03 sc09.1 scDb-i/38-02-A04 sc13
scDb-0//19-01-H04 sc03 scFv) (A67G_F68G)

580 scDb-scFv of PRO1482 (37-20-B03 sc09.1 scDb-i/38-02-A04 sc13
scDb-0//19-01-HO04 sc03 scFv) (T101S, T146K)_ (A67G_F68G)

581 scDb-scFv of PRO1431 (38-02-A04 sc13 scDb-i/33-03-G02 sc18
scDb-0/19-01-H04 sc03 scFv) (Reference)

582 scDb-scFv of PRO1431 (38-02-A04 sc13 scDb-i/33-03-G02 sc18
scDb-0/19-01-H04 sc03 scFv) (A67G_F68G)

583 scDb-scFv of PRO1431 (38-02-A04 sc13 scDb-i/33-03-G02 sc18
scDb-0/19-01-H04 sc03 scFv) (T101S, T146K)_ (A67G_F68G)

584 scDb-scFv of PRO1473 (38-02-A04 sc13 scDb-i/33-03-G02 sc03
scDb-0/19-01-H04 sc03 scFv) (Reference)

585 scDb-scFv of PRO1473 (38-02-A04 sc13 scDb-i/33-03-G02 sc03
scDb-0/19-01-H04 sc03 scFv) (A67G_F68G)

586 scDb-scFv of PRO1473 (38-02-A04 sc13 scDb-i/33-03-G02 sc03
scDb-0/19-01-H04 sc03 scFv) (T101S, T146K)_ (A67G_F68G)

587 scDb-scFv of PRO1476 (33-03-G02 sc03 scDb-i/38-02-A04 sc13
scDb-0/19-01-H04 sc03 scFv) (Reference)
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588 scDb-scFv of PRO1476 (33-03-G02 sc03 scDb-i/38-02-A04 sc13
scDb-0/19-01-H04 sc03 scFv) (A67G_F68G)

589 scDb-scFv of PRO1476 (33-03-G02 sc03 scDb-i/38-02-A04 sc13
scDb-0/19-01-H04 sc03 scFv) (T101S, T146K)_ (A67G_F68G)

590 scDb-scFv of PRO1432 (33-03-G02 sc18 scDb-i/38-02-A04 sc13
scDb-0/19-01-H04 sc03 scFv) (Reference)

591 scDb-scFv of PRO1432 (33-03-G02 sc18 scDb-i/38-02-A04 sc13
scDb-0/19-01-H04 sc03 scFv) (A67G_F68G)

592 scDb-scFv of PRO1432 (33-03-G02 sc18 scDb-i/38-02-A04 sc13
scDb-0/19-01-H04 sc03 scFv) (T101S, T146K)_ (A67G_F68G)

593 scDb-scFv of PRO1481 (38-27-A11 sc03 scDb-i/37-20-B03 sc09.1
scDb-0/19-01-H04 sc03 scFv) (Reference)

594 scDb-scFv of PRO1481 (38-27-A11 sc03 scDb-i/37-20-B03 sc09.1
scDb-0/19-01-H04 sc03 scFv) (A67G_F68G)

595 scDb-scFv of PRO1481 (38-27-A11 sc03 scDb-i/37-20-B03 sc09.1

scDb-0/19-01-H04 sc03 scFv) (T101S, T146K)_ (A67G_F68G
IL17A x TNFa x HSA

SEQ ID NO: Description:

596 LC of A5 (Reference)

597 LC of A5 (A67G_F68G)

598 LC of A5 (T101S, T146K)_ (A67G_F68G)
599 HC of A5 (Reference)

600 HC of A5 (A67G_F68G)

601 HC of A5 (T101S, T146K)_ (A67G_F68G)
602 Sequence of A7_(Reference)

603 Sequence of A7 (A67G_F68G)

604 Sequence of A7 _(T101S, T146K)_ (A67G_F68G)
605 Sequence of A8 (Reference)

606 Sequence of A8 (A67G_F68G)

607 Sequence of A8 _(T101S, T146K)_ (A67G_F68G
anti-CD3xHSAxPDL1xHER2

SEQ ID NO: Description:

608 Chain 1 of PRO 1543 (Reference)

609 Chain 1 of PRO 1543 (A67G_F68G)

610 Chain 1 of PRO 1543 (T101S, T146K)_(A67G_F680G)
611 Chain 2 of PRO 1543 (Reference)

612 Chain 2 of PRO 1543 (A67G_F68G)

613 Chain 2 of PRO 1543 (T101S, T146K)_(A67G_F680G)
614 Chain 1 of PRO 1895 (Reference)

615 Chain 1 of PRO 1895 (A67G_F68G)

616 Chain 1 of PRO 1895 (T101S, T146K)_(A67G_F68G)
617 Chain 2 of PRO 1895 (Reference)

618 Chain 2 of PRO 1895 (A67G_F68G)

619 Chain 2 of PRO 1895 (T101S, T146K)_(A67G_F68G
MSLN x CD3 x hSA

SEQ ID NO: Description:

620 Chain 1 of PRO2562 (Reference)
621 Chain 1 of PRO2562 (A67G_F68G)
622 Chain 1 of PRO2562 (T101S, T146K)_(A67G_F68G)
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623 Chain 2 of PRO2562 (Reference)

624 Chain 2 of PRO2562 (A67G_F68G)

625 Chain 2 of PRO2562 (T101S, T146K)_(A67G_F68G)
626 Chain 1 of PRO2566 (Reference)

627 Chain 1 of PRO2566 (A67G_F68G)

628 Chain 1 of PRO2566 (T101S, T146K) (A67G_F68G)
629 Chain 2 of PRO2566 (Reference)

630 Chain 2 of PRO2566 (A67G_F68G)

631 Chain 2 of PRO2566 (T101S, T146K)_(A67G_F68G)
632 Chain 1 of PRO2567 (Reference)

633 Chain 1 of PRO2567 (A67G_F68G)

634 Chain 1 of PRO2567 (T101S, T146K)_(A67G_F68G)
635 Chain 2 of PRO2567 (Reference)

636 Chain 2 of PRO2567 (A67G_F68G)

637 Chain 2 of PRO2567 (T101S, T146K) (A67G_F680)
638 Chain 1 of PRO2660 (Reference)

639 Chain 1 of PRO2660 (A67G_F68G)

640 Chain 1 of PRO2660 (T101S, T146K)_(A67G_F68G)
641 Chain 2 of PRO2660 (Reference)

642 Chain 2 of PRO2660 (A67G_F68G)

643 Chain 2 of PRO2660 (T101S, T146K) (A67G F68G
ROR1 x CD3 x hSA

SEQ ID NO: Description:

644 scMATCH3 of PRO2667 (Reference)

645 scMATCH3 of PRO2667 (A67G_F68G)

646 scMATCH3 of PRO2667 (T101S, T146K)_(A67G_F68G)

647 scMATCH3 of PRO2668 (Reference)

648 scMATCH3 of PRO2668 (A67G_F68G)

649 sCMATCH3 of PRO2668 (T101S, T146K) (A67G_F680)

650 Chain 1 of PRO2669_MATCH4 (Reference)

651 Chain 1 of PRO2669_MATCH4 (A67G_F68G)

652 Chain 1 of PRO2669_MATCH4 (T101S, T146K)_(A67G_F68G)
653 Chain 2 of PRO2669_MATCH4 (Reference)

654 Chain 2 of PRO2669 MATCH4 (A67G_F68G)

655 Chain 2 of PRO2669_MATCH4 (T101S, T146K)_(A67G_F68G)
656 Chain 1 of PRO2670_MATCH4 (Reference)

657 Chain 1 of PRO2670_MATCH4 (A67G_F68G)

658 Chain 1 of PRO2670_MATCH4 (T101S, T146K)_(A67G_F68G)
659 Chain 2 of PRO2670 MATCH4 (Reference)

660 Chain 2 of PRO2670_MATCH4 (A67G_F68G)

661 Chain 2 of PRO2670_MATCH4 (T101S, T146K)_(A67G_F68G)

*) Original sequences (sequences without modifications) are disclosed in W0O2014180577,
WO02017158101, WO2017158079, WO2017158084, W0O2018224443, WO2019072868,
W02018224439, W0O2019072870, W0O2019072869, W0O2018224441, W0O2020157305,
W02020074584, W02021089609, W02021239987, W02022136669, W02022084440,
W02022136675, W02022136672, W02022167460.
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[0164] Throughout the text of this application, should there be a discrepancy between the
text of the specification (e. g., Tables 1 to 4) and the sequence listing, the text of the
specification shall prevail.

[0165] It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in combination in a
single embodiment. Conversely, various features of the invention, which are, for brevity,
described in the context of a single embodiment, may also be provided separately or in any
suitable sub-combination. All combinations of the embodiments pertaining to the invention
are specifically embraced by the present invention and are disclosed herein just as if each
and every combination was individually and explicitly disclosed. In addition, all sub-
combinations of the various embodiments and elements thereof are also specifically
embraced by the present invention and are disclosed herein just as if each and every such
sub-combination was individually and explicitly disclosed herein.

[0166] The present invention is not to be limited in scope by the specific embodiments
described herein. Indeed, various modifications of the invention in addition to those
described herein will become apparent to those skilled in the art from the foregoing
description. Such modifications are intended to fall within the scope of the appended claims.
[0167] To the extent possible under the respective patent law, all patents, applications,
publications, test methods, literature, and other materials cited herein are hereby
incorporated by reference.

[0168] The following Examples illustrates the invention described above, but is not,
however, intended to limit the scope of the invention in any way. Other test models known as
such to the person skilled in the pertinent art can also determine the beneficial effects of the

claimed invention.
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Examples

Example 1: Manufacturing of GG variants of scFvs and multispecific antibodies

according to the present invention and unmodified versions thereof (References)

1.1. Manufacturing of GG variants of scFvs according to the present invention and

unmodified variants thereof (References):

[0169] The scFv GG variants according to the present invention as well as their respective
unmodified versions (non-GG variants) have been produced following the methods described
in detail in the patent applications WO 2019/072868 and WO 2021/239987. The produced
scFv GG variants and corresponding non-GG versions are listed in Table 5.

[0170] Beriefly, the expression of the scFv GG variants, as defined herein, and their
respective unmodified versions (References) was performed in CHO cells using the
ExpiCHO Expression System (ThermoFisher). Expression was conducted according to
manufacturer’s instructions. Proteins were purified from clarified harvest by affinity
chromatography (Protein L and/or Protein A). If necessary, variant scFvs were polished by
SE-chromatography to a final monomeric content > 95 %. For quality control of the
manufactured material, standard analytical methods such as ESI-MS, SE-HPLC, UV2s and
SDS-PAGE were applied.

[0171] The mass of the scFvs has for example been verified by the following ESI-MS
standard method. Manufactured scFvs were 5-fold diluted with 1% TFA. Two ul of sample
were injected into an ACQUITY UPLC@ BioResolve-RP-mAb 2.7um 2.1x150 mm, 450 A
column (Waters, USA) and desalted using a gradient from 15 % to 85 % buffer B (0.1 %
formic acid, 25 % propan-2-ol in acetonitrile) at a flow rate of 200 yl/min at 50°C. The MS
analysis was performed on a Synapt G2 mass spectrometer directly coupled to the UPLC
station. Mass spectra were acquired in the positive-ion mode by scanning the m/z range from
400 to 5,000 da with a scan duration of 1 s and an interscan delay of 0.1s. The data were
recorded with the MassLynx 4.2 Software (both Waters, UK). Where possible, the recorded
m/z data of single peaks were deconvoluted into mass spectra by applying the maximum
entropy algorithm MaxEnt1 (MaxLynx).

[0172] The monomeric content of the manufactured scFvs has been determined for
example by using the following standard SE-HPLC method. Five ug of the respective scFv,

typically present at a concentration of from 0.1 to 10 mg/ml , were injected onto a Shodex
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KW402.5-4F column using a Hitachi Chromaster HPLC system at 25°C and a flow rate of
0.35 ml/min. The mobile phase was 50 mM sodium acetate, 250 mM sodium chloride in
water at pH 6.0. Elution profile was monitored at 280 nm.

[0173] The manufacturing details of the GG variant scFvs and their unmodified versions

(non-GG variants) that were produced are summarized in Table 6.

1.2. Manufacturing of PRO1480 (anti-PDL1 x CD137 x hSA multispecific antibody) and
GG variants of PRO1480:

[0174] The characterization and manufacturing of PRO1480 and its binding domains is
disclosed in detail in the patent application WO 2019/072868. The PRO1480 GG variants of
the present invention and its non-modified versions (References) have been produced
according to the methods described therein. The produced PRO1480 GG variants and
corresponding non-GG versions are listed in Table 5.

[0175] Briefly, the expression of PRO1480 GG variants and non-modified versions thereof
(scMATCHS constructs) has been performed at 0.5 | scale using CHOgro expression kit
(Mirus) and mammalian CHO-S cells. After 7 days of expression, proteins were purified from
clarified culture supernatants by Protein A (MabSelect PrismA, Cytiva) affinity
chromatography either followed by size exclusion chromatography (SEC) in 50 mM
phosphate-citrate buffer with 300 mM sucrose at pH 6.5 or, where applicable, capture
fractions with >95 % purity were directly pooled and buffer exchanged to 50 mM phosphate-
citrate buffer with 300 mM sucrose at pH 6.5 buffer. Monomeric content of SEC fractions was
assessed by SE-HPLC analysis and fractions with a monomeric content >95 % were pooled.
For quality control of the manufactured material, standard analytical methods such as SE-
HPLC, UV2g and SDS-PAGE were applied.

[0176] The manufacturing details of PRO1480 and the PRO1480 GG variants that were

produced are summarized in Table 7.
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Table 6: Manufacturing details for produced scFv GG variants and non-GG versions
thereof (References).

— - - - 5
SEQ ID Target PRO ID Purified volume Final titer Final MC

[mI] [mg/l] [%]
663 PD-L1 PRO3477 12 122 100
664 PD-L1 PRO3478 12 82 100
662 PD-L1 PRO3757 15 85 100
23 PD-L1 PRO2230 219 242 100
26 PD-L1 PRO3476 12 83 100
35 PD-L1 PRO4124 50 470 100
41 PD-L1 PRO4125 50 444 100
47 PD-L1 PRO1347 200 12 98
48 PD-L1 PRO3723 13 50 99
70 PD-L1 PRO1392 200 37 97
71 PD-L1 PRO3724 13 26 89
72 PD-L1 PRO3891 50 216 99
73 PD-L1 PRO3747 100 329 97
82 4-1BB PRO1359 200 17 92
83 4-1BB PRO3726 13 233 99
91 4-1BB PRO2194 250 8 96
92 4-1BB PRO3742 13 74 99
107 4-1BB PRO4147 42 201 99
108 4-1BB PRO4151 45 104 100
109 4-1BB PRO4155 46 102 100
134 4-1BB PRO1352 800 3 97.2
135 4-1BB PRO3727 13 131 99
142 4-1BB PRO4148 44 215 95
143 4-1BB PRO4152 40 325 97
144 4-1BB PRO4156 44 175 98
156 CD3e PRO2781 200 190 100
157 CD3e PRO3718 13 256 08
165 CD3e PRO4187 46 330 95
166 CD3e PRO4188 46 171 96
167 CD3e PRO4189 46 354 96
168 CD3e PRO4190 44 187 97
169 CD3e PRO4191 43 10 99
177 HSA PRO2155 500 30 98.0
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178 HSA PRO3721 13 172 99
186 HSA PRO4112 40 103 99
187 HSA PRO4116 42 104 99
188 HSA PRO4113 42 82 99
189 HSA PRO4117 42 101 99
221 MSLN PRO1922 580 49 100
222 MSLN PRO3732 13 50 100
244 MSLN PRO2309 100 144 99.6
245 MSLN PRO3733 13 18 98
271 ROR1 PRO2062 300 16 99.9
272 ROR1 PRO3734 13 23 99
295 ROR1 PRO2060 500 25 98
296 ROR1 PRO3735 13 121 99
299 ROR1 PRO4135 42 223 95
300 ROR1 PRO4139 44 68 100
301 ROR1 PRO4143 44 97 100
305 Her2 PRO0286 nd nd nd
306 Her2 PRO3716 nd nd nd
310 Her2 PRO1812 280 13 100
31 Her2 PRO3717
320 IL23R PRO0517 1500 64 99.0
323 IL23R PRO3719
333 IL17 PRO0561 55 95 95.1
334 IL17 PRO3722
353 PD-L1 PRO1434 1000 8 100
354 PD-L1 PRO3725 13 216 99

) MC: monomeric content
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Example 2: Determination of binding potencies to MHC class |l molecules

2.1. General procedure:

[0177] In silico prediction of immunogenicity risk, often in terms of predicted peptide-MHC
binding strength, has become common practice for biotherapeutics development
(Gokemeijer et al., AAPS J., 2017, 19, pp. 1587-1592) since peptide-MHC class Il binding is
a necessary and important condition for immunogenicity. NetMHClIpan (Andreatta et al.,
Bioinformatics, 2018, 34, pp. 1522-1528; Andreatta et al., Inmunogenetics, 2015, 67, pp.
641-650) is one of several different pieces of software, herein also referred to as
NetMHClIpan algorithm, that are useful for immunogenicity risk prediction. Low percentile
ranks, as determined by NetMHClIpan, correspond to high MHC binding strengths. Similar to
other software for predicting MHC class |l epitopes (Sturniolo et al., Nat Biotechnol, 1999, 17,
pp. 555-561; De Groot et al., Vaccine, 2001, 19, pp. 4385-4395; EP2125883A2; Jensen et
al., Immunology, 2018, 154, pp. 394-406; Nielsen et al., BMC Bioinformatics, 2007, 8, p.
238), NetMHClIpan operates by splitting each amino acid sequence into consecutive
overlapping fixed-length frames. NetMHClIpan uses 15mer frames, and within each such
frame, the lowest scoring 9mer is identified and reported as the score of the 15mer, for each
chosen allele. For the prediction results reported herein, a set of 27 alleles was used, which
covers a substantial majority of MHC class || molecules (Greenbaum et al., Immunogenetics,
2011, 863, pp. 325-335). The per-allele percentile rank of a 15mer is obtained from its score
by comparing the score against the scores of 200,000 random natural 15mers (Karosiene et
al., Immunogenetics, 2013, 65, pp. 711-724). For these prediction results, external to the
NetMHClIpan software, any reported 15mer percentile rank, for which the 9mer sequence
that gives rise to the 15mer’s percentile rank corresponds to a human germline segment, is
reset to 100.0, since those are unlikely to be problematic. Thereafter, the median percentile
rank for each 15mer frame is calculated from the 27 per-allele percentile ranks. We use a
median percentile rank less than 20 as an indicator of immunogenicity risk, which is the
commonly chosen threshold for this purpose (Oseroff et al., J. Immunol., 2010, 185, pp. 943-
955; Paul et al., J. Immunol. Methods, 2015, 422, pp. 28-34).

[0178] The NetMHClIpan software predicts binding of each individual peptide to MHC class
Il by applying an ensemble of artificial neural networks with 906-neuron input layers, that
have been trained on quantitative peptide binding data that covers multiple MHC class |l

molecules. For the presentation to the 906-neuron input layer of each network, the amino
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acids of each 9mer core peptide are encoded as the corresponding 20-element vector from
the BLOSUMS50 matrix (Henikoff et al., Proc. Natl. Acad. Sci. USA, 1992, 89, pp. 10915-
10919). The peptide flanking regions are encoded as one 20-element vector for each side of
the binding core, formed as the average BLOSUMS50 score vector for the residues in each
flanking region. MHC class || molecules are represented by 34-residue pseudo-sequences,
where each residue is again encoded as the corresponding 20-element vector from the
BLOSUMS0 matrix. Finally, peptide and peptide flanking region lengths are each encoded to
two different input neurons. In total this leads to 9 x 20+ 2 x 20+ 34 x 20+ 3 x 2 = 906
inputs, for each pair of peptide and MHC class Il molecule.

[0179] All binding potency predictions to MHC class || molecule have been performed with
the NetMHClIpan software version 3.1, hereinafter referred to as “NetMHClIpan-3.1” or
“NetMHClIpan-3.1 algorithm”. NetMHClIpan software version 3.1 is specifically disclosed in
Andreatta et al., Immunogenetics, 2015, 67(0), pp. 641-650.

2.2. lllustrative example of predicting the MCH class Il binding potency of a reference

PD-L1 binding domain in scFv format using NetMHClIpan-3.1:

[0180] A peptide sequence of interest, here as an example the VL part of the antibody
variable domain of the anti-PD-L1 scFv PR0O2230 (clone ID 37-20-B03-sc09.1), i. e. SEQ ID
NO: 19, is first decomposed into consecutive 15mer subsequences with an overlap of 14
amino acids starting with position 1 (15mers with amino acid positions 1-15, 2-16, 3-17, 4-18,
5-19, etc.). For SEQ ID NO: 19, this results in 99 consecutive 15mer subsequences.

[0181] Each of these 15mer subsequences is then processed by NetMHClIpan-3.1 for
binding potency prediction towards each of the 27 MHC class Il alleles that are most
common in the general population. For each of said 15mer subsequences NetMHClIpan-3.1
produces a percentile rank for each of said 27 MHC class Il alleles. NetMHClIpan-3.1 further
indicates for each of said 27 MHC class Il alleles the respective 9mer within the 15mer
subsequence that exhibits the strongest predicted binding (9mere binding core). For each
15mer, this leads to a set of results as for example shown in Table 8 below. Table 8 contains
the results obtained for the 15mer IYRAFILASGVPSRF (SEQ ID NO: 716) (15mer index:
47, start: 48, stop: 62).
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Table 8: Output example of NetMHClIpan-3.1 for 15mer IYRAFILASGVPSRF (SEQ ID

NO: 716):

allele

percentile rank

9mer binding core

HLA-DRB1*01:01

0.45

FILASGVPS (SEQ ID NO:
717)

ILASGVPSR (SEQ ID NO:

HLA-DRB1*03:01 5.01 18)
HLA-DRB1*04:01 2.12 ;ll;)ASGVPS (SEQ ID NO:
HLA-DRB1*04:05 1.63 ;ll;)ASGVPS (SEQ ID NO:
HLA-DRB1*07:01 2.02 ;ll;)ASGVPS (SEQ ID NO:
HLA-DRB1*08:02 2.51 ;ll;)ASGVPS (SEQ ID NO:
HLA-DRB1*09:01 0.71 ;ll;)ASGVPS (SEQ ID NO:
HLA-DRB1*11:01 4.93 ;ll;)ASGVPS (SEQ ID NO:
HLA-DRB1*12:01 11.36 ;'I;)ASGVPS (SEQ ID NO:
HLA-DRB1*13:02 4.99 |7|-1A8)SGVPSR (SEQ ID NO:
HLA-DRB1*15:01 2.79 ;ll;)ASGVPS (SEQ ID NO:
HLA-DRB3*01:01 15.67 |7|-1A8)SGVPSR (SEQ ID NO:
HLA-DRB3*02:02 1.81 ;ll;)ASGVPS (SEQ ID NO:
HLA-DRB4*01:01 13.27 |7|-1A8)SGVPSR (SEQ ID NO:
HLA-DRB5*01:01 5.41 ;ll;)ASGVPS (SEQ ID NO:
HLA-DQA1*05:01/DQB1*02:01 20.58 ¢1F9|)|-ASGVP (SEQ ID NO:
HLA-DQA1*05:01/DQB1*03:01 3.42 §1||;)ASGVPS (SEQ ID NO:
HLA-DQA1*03:01/DQB1*03:02 16.28 ¢1F9|)|-ASGVP (SEQ ID NO:
HLA-DQA1*04:01/DQB1*04:02 15.26 ¢1F9|)|-ASGVP (SEQ ID NO:
HLA-DQA1*01:01/DQB1*05:01 28.62 ;;)?FILASG (SEQ ID NO:
HLA-DQA1*01:02/DQB1*06:02 4.26 ;;)?FILASG (SEQ ID NO:
HLA-DPA1*02:01/DPB1*01:01 17.03 §1||;)ASGVPS (SEQ ID NO:
HLA-DPA1%01:03/DPB1*02:01 17.3 FILASGVPS (SEQ ID NO:

717)
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HLA-DPA1*01:03/DPB1*04:01 16.88 §1||;)ASGVPS (SEQ ID NO:
HLA-DPA1*03:01/DPB1*04:02 17.12 §1||;)ASGVPS (SEQ ID NO:
HLA-DPA1*02:01/DPB1*05:01 17.67 §1||;)ASGVPS (SEQ ID NO:
HLA-DPA1*02:01/DPB1*14:01 4.09 §1||;)ASGVPS (SEQ ID NO:

[0182] For each 15mer, the median of these percentile ranks is extracted. These percentile
ranks can be plotted for all 15mers resulting in a graph as shown in Figure 1. The lower the
median percentile rank, the stronger is the predicted binding of the 15mer to MHC class |l
molecules. Typically, a median percentile rank of less than 20 is deemed to indicate
significant binding to MHJC class Il proteins (median percentile rank 20 is represented in

Figure 1 as a dashed line).

2.3. Prediction of the MCH class Il binding potency of the produced scFv GG variants

and non-GG versions thereof (References) using NetMHClIpan-3.1:

[0183] The methodology described above in section 2.2 has been applied to the GG variants
of the produced scFvs according to the present invention and their respective non-GG
versions (References). For each scFv, the VL as well as the VH was analyses. Results of the

predicted MHC class |l biding potencies are summarized in Tables 9 and 10.
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2.4. Prediction of the MCH class Il binding potency of PRO1480 and of a GG variant of
PRO1480 using NetMHCllIpan-3.1:

[0184] The methodology described above in section 2.2 has been applied to the multispecific
anti-PDL1xCD137xhSA antibody PRO1480 as well as for a GG variant of PRO1480. The
respective median percentile rank plots are shown in Figure 2.

[0185] As apparent from Figure 2, the introduction of the GG motif into the LCDR2 of the
PDL1-, 4-1BB- (CD137-) and hSA-binding domains generally reduced the predicted binding
to MHC class Il molecules significantly, resulting in a final PRO1480 variant that no longer

has any predicted T-cell immunogenicity risk.

2.5. Prediction of the MCH class Il binding potency of 206 clinical antibody
therapeutics and their GG variants using NetMHCllIpan-3.1:

[0186] The methodology described above in section 2.2 has further been applied to a set of
206 sequences of therapeutic antibodies that have been clinically tested, /. e. approved
antibody therapeutics or clinical stage antibody therapeutics. These sequences have been
published in Marks et al. (Marks et al., Bioinformatics, Volume 37, Issue 22, November 2021,
pp. 4041-4047), together with the corresponding percentage of anti-drug antibody (ADA)
responses in patients for each of said therapeutics, obtained from clinical papers (referred to
as immunogenicity levels in Marks et al.). Most of these antibody sequences had no glycine
at both light chain amino acid positions 67 and 68 (AHo numbering), while just some
antibody sequences had one glycine, either at position 67 or 68 (AHo numbering). None of
them had glycine residues at both positions. 86 % of the corresponding GG variants of those
206 antibody sequences no longer exhibited predicted binding to MHC class Il proteins and
the other GG variants exhibited a significantly reduced predicted binding to MHC class |l
proteins, except for one.

[0187] The median percentile rank plot of the VL regions of these 206 therapeutic
antibodies as well as a median percentile rank plot for their corresponding GG variants are

shown in Figure 3.
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Example 3: ADA-binding assay

3.1. General assay procedure:

[0188] A method was developed at Numab to detect anti-drug-antibodies in human serum,
using a direct assay format.

[0189] Typically, 96 well half-area plates were coated with 100 ng/ml of the test molecule
(e. g. scFv molecules) for 2 h at room temperature. The plates were blocked for 1 h with PBS
containing 0.2 % Tween and 1 % BSA. Individual human sera were then added at a dilution
of 1:20 (5 % serum) or 1:100 (1 % serum), either unspiked (screening assay) or spiked
(confirmatory assay) with the same molecule as coated in the corresponding well. The
spiking concentration ranged from 60 to 115 nM and spiked samples were pre-incubated for
1 h. Antibodies bound to the molecules coated on the plate where then detected with 100
ng/ml rabbit anti-human IgG-HRP for 1 h. TMB substrate was added as substrate and after a
short incubation, the enzymatic reaction was stopped with 1 M HCI. The optical density of
each well was read at 450 nm.

[0190] All steps were performed at room temperature. Between each step, plates were
washed three times with 450 ul wash buffer. Except for the blocking and washing steps, all
assay components were added in a volume of 25 ul/well and duplicates were used. For the
incubation steps, the ELISA plates were placed on a rotating mixer (40 rpm).

[0191] Typically, two measurements were performed for each test molecule: A first
measurement, where untreated original human sera, i. e. unspiked human sera (screening
assay), were applied to the plates coated with the individual test molecules; and a second
measurement, where human sera that had been pre-incubated with the same compounds as
coated in the corresponding well, /. e. spiked human sera (confirmatory assay), were applied
to the plates coated with the individual test molecules, to determine whether the initially
detected binding of antibodies in the respective sera sample is specific to the test molecule.
A decrease of the absorbance signal in the spiked wells indicates that the signal observed in
the unspiked well of the initial screening assay is specific to the molecule coated on the
plate. The resulting percent inhibition (% inhibition) was calculated as reduction of the initial
signal obtained for unspiked serum (screening assay) as follows:

% inhibition = 100*(1-(signal spiked serum/signal unspiked serum))

[0192] Typically, only spiked samples having % inhibition values above a certain threshold,

referred to as confirmatory cut-point in percent (% CCP), are deemed to represent specific
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binding (screening positive). The % CCP required to confirm specificity was either set at 20
to 30 % inhibition or the % CCP was calculated from the mean % inhibition of all serum
samples measured as defined in section 2.2. Typically, the % CCP was set to 30 % for the
analysis of the pre-ADA binding signals. Samples, where percent inhibition was above the

% CCP, were regarded as positive.

[0193] In some specific cases, when necessary, a screening cut-point (SCP) was
calculated from the spiked sera measurements for each plate, to eliminate false positives
resulting from binders that initially exhibit very low or no binding to ADAs in the test serum
samples (low or no binding for unspiked and spiked serum samples). Unspiked samples with
signal below the SCP were termed “screening negative” and were not taken into account.

The SCP was calculated as indicated below in section 3.2.

3.2. Determination/calculation of Screening Cut Point (SCP) and confirmatory cut-point
in % (% CCP)

Screening Cut-Point (SCP):

[0194] The screening cut point (SCP) is the threshold at which a signal is considered
positive (screening positive). The screening cut point (SCP) was calculated from the spiked

sera measurements as follows:

SCP =mean N + 3 x SDN

Wherein:

a. “Mean N” corresponds to mean signal from all spiked individual sera measured for a
specific test compound,;

b. “SDN” corresponds to standard deviation calculated from all spiked individual sera

measured for a specific test compound.

Calculation of the confirmatory cut-point in percent (% CCP):

[0195] The confirmatory cut point in percent (% CCP) is the threshold at which a %

inhibition is considered to be specific (specific inhibition).
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[0196] The confirmatory cut point in percent (% CCP) is either set to a specific value, e. g.

to a value in the range of 20.0 to 30.0 %, or is calculated as follows:

% CCP = mean [% inhibition] + 2.33 x SDN

wherein:

c. “Mean [% inhibition]” corresponds to mean inhibition value in percent for all spiked
individual sera measured for a specific test compound,;

d. “SDN” corresponds to standard deviation calculated from [% inhibition] values of all

spiked individual sera measured for a specific test compound.

3.3. ADA-binding assay results for unmodified PRO1480 and PRO1480 GG variant
according to the present invention using patient-derived individual human serum

samples

[0197] To analyze the ability of the antibody GG variants of the present invention to reduce
the risk of pre-existing ADA-binding and, in particular, to investigate their binding properties
towards ADAs that have been formed during therapeutic treatment with PRO1480, a set of
patient-derived individual human serum samples were used. All sera were derived from
clinical human dose escalation studies with PRO1480. PRO1480 is a fragment-based
multispecific anti-PD-L1 x CD137 x hSA antibody developed by Numab Therapeutics AG.
PRO1480 is disclosed in the patent application WO 2019/072868.

[0198] In afirst study, sera from five individuals, /. e. patient 1 (Subject Number 1003002),
3 (Subject Number 10010002), 8 (Subject Number 10030006), 11 (Subject Number
10030007) and 12 (Subject Number 10010006), were used (see Table 11). The sera were
selected based on previous ADA assays in which treatment-emerging ADAs were identified.
Patient 1 (Subject Number 1003002), 8 (Subject Number 1003006) and 11 (Subject
Number1003007) also showed evidence for the presence of pre-existing ADAs. The sera
were taken at different time points of a first interpatient dose escalation study. Different

patients received different dose levels.
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Table 11: List of individual patient-derived serum samples used for ADA binding

assay.

Study timepoint

Patient Number Subject Number Dose level
(Days)
1 10030002 0 C1
1 10030002 8 C1
1 10030002 29 C2
1 10030002 43 C2
2 10010001 0 C1
3 10010002 0 C1
3 10010002 15 C1
3 10010002 29 C2
3 10010002 43 C2
6 10030004 0 C1
6 10030004 57 C3
8 10030006 0 C1
8 10030006 15 C1
8 10030006 57 C3
8 10030006 169 C7
8 10030006 225 C9
11 10030007 0 C1
11 10030007 15 C1
12 10010006 0 C1
12 10010006 8 C1
12 10010006 15 C1
12 10010006 29 C2
12 10010006 43 C2
13 10010009 0 C1
13 10010009 57 C3
14 10010010 0 C1
15 10010011 57 C3

[0199] In this first study, the following molecules were tested: PRO 2230 (positive control)
corresponding to the PD-L1 BD of PRO1480, as well as PRO4180 and PR0O4181, two GG

variants of PRO1480.
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[0200] In this first study, the ELISA-based binding assay for evaluating the binding
properties of the scFv PR0O2230 (positive control) and the PRO1480 variants was performed
as follows. 96 well half-area plates were coated with PRO1480 (100 ng/ml diluted in PBS pH
7.4) for 2 h at RT. The plates were blocked for 1 h with PBS containing 0.2 % Tween and

1 % BSA. Individual patient-derived human sera were then added at a dilution of 1:20 (5 %
serum). The sera were spiked either with the MATCH-3 molecules (150 nM final
concentration in serum) or with the scFv PR0O2230 (450 nM final concentration in serum).
Spiked samples were pre-incubated for 1 h. Identically as in all other ADA assays, antibodies
bound to PRO1480 were then detected with 100 ng/ml rabbit anti-human IgG-HRP for 1 h.
TMB substrate was added as substrate and after a short incubation, the enzymatic reaction
was stopped with 1 M HCI. The optical density of each well was read at 450 nm.

[0201] All steps were performed at RT. Between each step, plates were washed three
times with 450 ul wash buffer. Except for the blocking and washing steps, all assay
components were added in a volume of 25 pl/well and duplicates were used. For the
incubation steps, the ELISA plates were placed on a rotating mixer (40 rpm).

[0202] Data evaluation and calculations were done as described above, except that no
SCP and no CCP were calculated and used in the evaluation.

[0203] The absorption signals obtained for unmodified PRO1480 against the 17 tested
native patient sera are shown in Figure 4. The higher the absorption level, the more ADAs
are present in the serum samples that bind PRO1480. As can be deduced from Figure 4,
ADAs against PRO1480 are present in serum samples collected after 3-week treatment. The
slight increased absorption level observed for sera from patients 1, 8 and 11 taken at day 0O,
indicate the presence of some pre-existing ADAs that bind to PRO1480.

[0204] Results of the ADA binding assay for GG modified PRO1480 versions against the
patient-derived individual human serum samples are summarized in Table 12 and Figure 5.
Apparently, for the GG variants PRO4180 and PRO4181, no significant ADA binding (%
inhibition below 30 %) could be detected, whereas for PRO1480, significant amounts of ADA
binding (% inhibition above 30 %) could be detected for 13 of the 17 serum samples.

Table 13 summarizes the individual % inhibition values obtained for PRO1480, PR0O2230,
PR0O4180 and PRO4181 against the 17 patient sera.
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Table 12: Total number of positive serum samples for PRO1480, PRO2230, PRO4180
and PRO4181.

No of serum samples

Molecule ~ Farental Substitutions >30 % inhibition (without
SCP or CCP)
PRO2230 i wt 13
PRO1480 i wt 13
T301S, T346K, T701S, T746K,
PRO4180  PRO1480 T1101S, T1146K: N272Q; 0
“GG*-PDL1 BD: "DiS* hSA-BD
T301S, T346K, T701S, T746K,
oRO4181  PRO14E0 T1101S, T1146K: N272Q: .

“GG*-PDL1 BD; “GG* CD137-BD;
“‘GG* hSA-BD; “DiS“ hSA-BD

Table 13: % inhibition values for PRO1480, PRO2230, PRO4180 and PR0O4181 against
individual 17 patient serum samples.

Inhibition of signal after spiking (%)

Patient Timepoint Native serum
Number (Da?/s) (OD450nm) PRO1480 PRO2230 PRO4180 PRO4181
0 0.210 -12.6 -19.2 -16.7 -19.1
8 0.223 -24.8 -30.4 -32.2 -85
L 29 0.943 58.6 455 4.2 48
43 2.287 75.7 66.6 14.0 14.9
0 0.089 5.8 55 -7.4 -10.6
3 15 0.353 76.3 774 -14.0 -11.2
29 2.212 79.3 84.2 4.4 0.9
0 0.307 68.9 68.5 -20.9 -23.0
8 57 0.269 47 1 46.7 2.3 2.7
169 1.656 714 78.2 101 6.9
225 1.583 744 81.8 6.3 8.9
1 0 0.207 551 557 -10.1 -18.2
15 1.004 734 751 1.3 7.3
0 0.128 30.8 301 -8.1 21
12 8 0.115 6.3 6.9 55 -11.0
29 1.501 62.6 65.8 3.4 36
43 1.926 451 552 52 6.9

[0205] In a second study, sera from ten individuals, /. e. patient 1 (Subject Number
1003002), patient 2 (Subject Number 10010001), 3 (Subject Number 10010002), patient 6
(Subject Number 10030004), 8 (Subject Number 10030006), 11 (Subject Number
10030007), 12 (Subject Number 10010006), 13 (Subject Number 10010009), 14 (Subject
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Number 10010010) and 15 (Subject Number 10010011), were used (see Table 11). The sera
were selected based on previous ADA assays in which treatment-emerging ADAs were
identified. Patient 6 (Subject Number 10030004), 8 (Subject Number 1003006), 11 (Subject
Number1003007), 12 (Subject Number 10010006) and 13 (Subject Number 10010009) also
showed evidence for the presence of medium to high levels of pre-existing ADAs. The sera
were taken at different time points of a first interpatient dose escalation study. Different
patients received different dose levels.

[0206] In this second study, the following molecules were tested: PRO 2230 (positive
control) corresponding to the PD-L1 BD of PRO1480, as well as PRO4180, PRO4181,
PRO5033 and PRO5034, four GG variants of PRO1480.

[0207] The ELISA-based binding assay for evaluating the binding properties of the scFv
PR0O2230 (positive control) and the PRO1480 variants has been performed similar to the first
study. 96 well half-area plates were coated with PRO1480 or PR0O2230, PRO4180,
PR0O4181, PRO5033, PRO5034 respectively (100 ng/ml diluted in PBS pH 7.4) for 2 h at RT.
The plates were blocked for 1 h with PBS containing 0.2 % Tween and 1 % BSA. Individual
patient-derived human sera were then added at a dilution of 1:20 (5 % serum). The sera
were spiked either with the MATCH-3 molecules (150 nM final concentration in serum) or
with the scFv PR0O2230 (450 nM final concentration in serum). Spiked samples were pre-
incubated for 1 h. Identically as in all other ADA assays, antibodies bound to PRO1480 and
its variants were then detected with 100 ng/ml rabbit anti-human IgG-HRP for 1 h. TMB
substrate was added as substrate and after a short incubation, the enzymatic reaction was
stopped with 1 M HCI. The optical density of each well was read at 450 nm.

[0208] All steps were performed at RT. Between each step, plates were washed three
times with 450 ul wash buffer. Except for the blocking and washing steps, all assay
components were added in a volume of 25 pl/well and duplicates were used. For the
incubation steps, the ELISA plates were placed on a rotating mixer (40 rpm).

[0209] Data evaluation and calculations were done as described above, except that no
SCP and no CCP were calculated and used in the evaluation.

[0210] Results of the ADA binding assay for GG modified PRO1480 versions against the
patient-derived individual human serum samples of this second study are summarized in
Table 14. The values in Table 14 correspond to the individual % inhibition values obtained for
PR0O1480, PRO2230, PRO4180, PR0O4181, PRO5033 and PRO5034 against 25 patient

sera.
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[0211] As can be deduced from the data of Table 14, PRO5033, which contains a “GG
modification” in the PDL1-BD and PRO5034, which contains “GG modifications” in the PDL1
and CD137-BD, show clearly lower inhibition rates when compared to their unmodified
version PRO1480. For patient sera that comprise high levels of pre-existing ADAS, i. e. sera
samples from patients 8, 11 and 12, the absolute reduction of the inhibition rates is relatively
small due to the fact that the “GG modification” has only a small effect on pre-existing ADA
binding. PRO4180 and PRO4181 generally show stronger reduction in the inhibition rates,
when compared to their unmodified version PRO1480, since these variants also comprise
the “SK modification” in the heavy chain variable region of the individual binding domains,

which typically eliminates the binding to pre-existing ADAs very efficiently.

Example 4: KD determination by SPR

[0212] For determination of the binding kinetics and affinity of the GG modified scFvs and
the corresponding non modified references to their respective targets, the following general
procedure was applied.

[0213] The respective target proteins of the tested scFvs were immobilized on a CMD200M
SPR sensor prism chip (Xantec) in an SPR 24 system (Sierra Sensor - Bruker). The mutation
variants were then injected at concentrations of 10 nM, 2 nM and 0.4 nM over the ligand-
immobilized spots and reference spots. The wild type variants were used as control, while an
empty spot was used as reference.

[0214] After each analyte cycle, the surface was regenerated with 3 M MgCl. solution,
thereby allowing the next analyte cycle to have only free ligand available. Binding affinity Kp
was globally calculated by the Bruker SPR software based on the binding association (kon)
and dissociation (ko) rate, by fitting a 1:1 Langmuir model to the curves obtained by the

cycles with the three different concentrations of the analyte.
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Table 14: % inhibition values for PRO1480, PRO2230, PRO4180, PRO4181, PRO5033

and PRO5034 against individual 25 patient serum samples.

Patient Tirpe Inhibition of signal after spiking (%)
number Point
(Days) PRO1480 PRO2230 PRO4180 PRO4181 PRO5033 PRO5034

0 0.1 -34.3 -12.9 -5.3 -4.9 -0.7

1 8 8.5 225 -7.6 2.1 6.9 1.8
29 55.4 55.4 29.7 31.0 53.1 52.9

2 0 14.3 27.4 -8.4 -2.0 -2.5 11.2
0 -2.4 7.9 -18.1 -5.9 -6.0 -12.6

3 15 80.1 63.8 9.9 15.2 12.8 16.5
29 85.6 87.4 53.5 57.0 62.8 64.3

43 87.4 87.9 82.9 84.0 85.2 85.7

0 15.5 70.9 -5.6 -9.7 10.8 11.7

6 57 15.6 512 -6.8 -5.3 11.7 -34
0 76.2 91.0 -21.8 -21.7 76.2 73.0

15 82.7 88.8 75.3 76.3 79.8 80.6

8 57 87.7 90.1 78.0 79.9 82.5 83.8
225 61.8 88.2 3.1 46 53.2 43.5

0 772 93.1 -4.2 -12.6 74.9 70.5

" 15 78.9 81.9 13.0 26.2 82.3 81.4
0 59.8 86.7 -7.0 -1.8 53.0 53.2

8 28.0 n.d. -6.5 -11.1 17.6 20.0

12 15 86.6 n.d. 49.3 476 85.9 87.0
29 60.3 67.8 49.2 448 72.0 74.6

43 57.4 70.1 62.8 63.1 74.4 75.9

13 0 34.0 n.d. 53 24 24.8 33.5
57 70.0 41.2 38.8 68.9 50.5 43.0
14 0 5.1 52.6 -48.8 -12.2 -6.8 -29.8
15 57 42.0 38.5 32.9 394 40.7 36.2

n.d.: not determined

[0215] As apparent from Table 15, the KD values of the GG modified scFvs variants for
binding to their respective targets generally showed only little variation, when compared to
their reference compounds. This means that no significant difference in binding affinity
between the variants and the corresponding reference compounds could be identified. These
results indicate that the GG modification (67G and 68G) in the CDRL2 of the tested scFvs
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does not significantly influence their binding affinities to their targets. This is in contrast to the
KD measurements performed with the anti-PD-L1 scFvs PRO3477 and PRO3478, where
their LCDR2s have been changed into a human consensus LCDR2 sequence, which showed

no more binding to PD-L1.

Example 5: Thermal stability measurement using nanoDSF

[0216] The GG modified scFvs according to the present invention and their respective
unmodified versions were analyzed for thermal stability using nanoDSF. The aim of these
thermal stability measurement was to determine the influence of the GG modification on the
stability of the respective scFvs.
[0217] During nanoDSF measurement, molecules in solution were subjected to increasing
temperature which leads to the unfolding of the molecules. The unfolding event causes a
shift of the fluorescence emission spectra of tryptophan (Trp) by a change of its environment,
e. g., from the hydrophobic core to solvent-exposed region. In the curve of the shift of the
fluorescence emission, the inflection point of the unfolding curve is defined as the thermal
midpoint (Tm). Tm is an important factor to assess the stability of protein. Higher Tm
suggests a more stable protein. A protein can have multiple Tm based on the number of
domains that unfold separately. The thermal stability is further influenced by the protein
concentration and buffer conditions.
[0218] The following general procedure was applied. Proteins in 20 mM histidine buffer (pH
6) at 1 £ 0.1 mg/ml were prepared for thermal stability. Melting curves were generated with a
temperature increase from 20°C to 95°C with a 1°C/min. The intrinsic fluorescence of the
proteins was monitored and recorded. The spectral shift upon unfolding was recorded at two
wavelengths, 330 nm and 350 nm, and the ratio of 350 nm/330 nm was taken to analyze the
data. The protein unfolding was conducted using the Prometheus device (Nanotemper
Technologies) and analyzed by the “PR.ThermControl” v2.3.1 and “PR.Stability Analysis”
v1.1 software.
[0219] As apparent from Table 15, the Tm values obtained for the GG modified scFvs
variants do not vary much from the Tm values obtained for the corresponding reference
compounds. Almost all GG variants exhibit high Tm values indicating excellent stability also
for the GG modified scFvs variants. These results indicates that the GG modification (67G
and 68G) in the CDRL2 of the tested scFvs does not significantly influence their thermal
stability.
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CLAIMS

An antibody variable domain, which binds to a target antigen, comprising:
a. a variable heavy chain (VH) comprising from N-terminus to C-terminus, the regions

HFW1-HCDR1-HFW2-HCDR2-HFW3-HCDR3-HFW4,  wherein  each HFW
designates a heavy chain framework region, and each HCDR designates a heavy
chain complementarity-determining region;

and

b. avariable light chain (VL), wherein the variable light chain comprises, from N-terminus
to C-terminus, the regions LFW1-LCDR1-LFW2-LCDR2-LFW3-LCDR3-LFW4,
wherein each LFW designates a light chain framework region, and each LCDR
designates a light chain complementarity-determining region;

wherein said LCDR2 is defined by light chain amino acid positions 58 to 72 according to

the AHo numbering scheme, resulting in a maximum length of 15 amino acids, and

wherein said LCDR2 has a glycine (G) at amino acid position 67 and a glycine (G) at

amino acid position 68 (AHo numbering);

and wherein said light chain complementarity-determining region LCDRZ2, /. e. amino acid

positions 58, 67, 68, 69, 70, 71, 72 (AHo numbering), does not have a sequence selected

from LGGNRAA (SEQ ID NO: 665) and RGGERVS (SEQ ID NO: 666).

The antibody variable domain of claim 1, wherein
a. said variable light chain framework regions LFW1, LFW2, LFW3 and LFW4 together

are selected from a human antibody Vk framework or a human antibody VA
framework, in particular a human antibody Vk framework; or

b. said variable light chain framework regions LFW1, LFW2 and LFW3 together are
selected from a human antibody Vk framework, and said variable light chain

framework region LFW4 is selected from a human antibody VA framework.

The antibody variable domain claim 2, wherein said variable light chain framework regions

LFW1, LFW2, LFW3 and LFW4 are selected from

a. the combination of framework regions LFW1, LFW2, LFW3 and LFW4 (i. e. the
residues corresponding to the non-italicized residues of SEQ ID NO: 3) of any one of
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the SEQ ID NOs: 304, 309, 515, 516, 517, 518, 519, 520, 521, 522, 523, 524, 525
and 526; and

b. the combination of framework regions LFW1, LFW2, LFW3 and LFW4 (i. e. the
residues corresponding to the non-italicized residues of SEQ ID NO: 3) of any one of
the SEQ ID NOs: 304, 309, 515, 516, 517, 518, 519, 520, 521, 522, 523, 524, 525
and 526 having 1, 2, 3, 4 or 5 mutations within the framework regions.

The antibody variable domain of any one of the preceding claims, wherein said variable
heavy chain framework regions HFW1, HFW2, HFW3 and HFW4 are of the human VH
framework subtype VHS3.

The antibody variable domain of claim 4, wherein said variable heavy chain framework

regions HFW1, HFW2, HFW3 and HFW4 are selected from

a. the combination of framework regions HFW1, HFW2, HFW3 and HFW4 (. e. the
residues corresponding to the non-italicized residues of SEQ ID NO: 1) of any one of
the SEQ ID NOs: 302, 306, 496, 497, 498, 499, 500, 501, 502, 503, 504, 505, 506,
507, 508, 509, 510, 511, 512, 513 and 514; and

b. the combination of framework regions HFW1, HFW2, HFW3 and HFW4 (i. e. the
residues corresponding to the non-italicized residues of SEQ ID NO: 1) of any one of
the SEQ ID NOs: 302, 306, 496, 497, 498, 499, 500, 501, 502, 503, 504, 505, 506,
507, 508, 509, 510, 511, 512, 513 and 514 having 1, 2, 3, 4 or 5 mutations within the

framework regions.

The antibody variable domain of any one of the preceding claims, wherein the light chain

complementarity-determining region LCDR2 has a sequence selected from

X1GGX2X3XaXs (SEQ ID NO: 536), wherein X4, Xz, X3, X4 and Xs correspond to amino acid

positions 58, 69, 70, 71 and 72 (AHo numbering), and wherein said X1, Xz, X3, X4 and Xs

of LCDR2 are selected from:

(i) the corresponding positions of an LCDR2 region of a mammalian antibody, in
particular of an LCDR2 region of a lagomorph, rodent or human antibody, in particular
of an LCDR2 region of a rabbit, mouse or human antibody, in particular of an LCDR2
region of a rabbit antibody; or

(i) the corresponding positions of an LCDR2 region of an antibody that has been tested
in clinical trials; or
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(iiiy the corresponding positions of an LCDR2 region of an antibody according to (i) or (ii),
wherein one, two or three of said amino acid positions, in particular one or two of said
amino acid positions, have been altered.

The antibody variable domain of claim 6, wherein said light chain complementarity-

determining region LCDR2 has one or more of the following features:

(a) has a lysine (K), leucine (L), methionine (M) or arginine (R), in particular a lysine (K),
leucine (L) or methionine (M), in particular a leucine (L), at amino acid position 70
(AHo numbering);

(b) has a sequence selected from X1GGX2X3X4Xs (SEQ ID NO: 536), wherein
X1 is selected from lysine (K), arginine (R), serine (S), threonine (T), alanine (A),
leucine (L), glycine (G), glutamine (Q), glutamate (E), tyrosine (Y) and aspartate (D);
in particular from lysine (K), arginine (R), serine (S), tyrosine (Y), glycine (G), and
aspartate (D),

Xz is selected from lysine (K), threonine (T), serine (S), isoleucine (I), aspartate (D),
asparagine (N), phenylalanine (F) and tyrosine (Y); in particular from lysine (K),
threonine (T), serine (S), aspartate (D), asparagine (N) and tyrosine (Y);

X; is selected from lysine (K), leucine (L), methionine (M) and arginine (R); in
particular from lysine (K), methionine (M) and leucine (L); in particular is leucine (L);
X4 is selected from alanine (A), glycine (G), valine (V), threonine (T), proline (P),
tyrosine (Y), aspartate (D), and glutamate (E); in particular from alanine (A), glycine
(G), threonine (T) and glutamate (E);

Xs is selected from serine (S), threonine (T) and tyrosine (Y); in particular is serine
(S).

The antibody variable domain of claim 6, wherein said light chain complementarity-
determining region LCDR2, i. e. amino acid positions 58, 67, 68, 69, 70, 71, 72 (AHo
numbering), has a sequence selected from RGGILAS (SEQ ID NO: 667), KGGTLAS (SEQ
ID NO: 668), RGGTLAS (SEQ ID NO: 669), SGGTLAS (SEQ ID NO: 670), LGGTLAS
(SEQ ID NO: 671), TGGTLAS (SEQ ID NO: 672), GGGTLAS (SEQ ID NO: 673),
RGGNLAS (SEQ ID NO: 674), DGGDLAS (SEQ ID NO: 675), DGGKLAS (SEQ ID NO:
676), QGGKLAS (SEQ ID NO: 677), RGGKLAS (SEQ ID NO: 678), LGGKLAS (SEQ ID
NO: 679), SGGKLAS (SEQ ID NO: 680), GGGKLAS (SEQ ID NO: 681), DGGRLAS (SEQ
ID NO: 682), DGGNRAT (SEQ ID NO: 683), RGGTLES (SEQ ID NO: 684), KGGTLES
(SEQ ID NO: 685), DGGDLTS (SEQ ID NO: 686), SGGFLYS (SEQ ID NO: 687),
SGGYRYT (SEQ ID NO: 688), SGGKLAA (SEQ ID NO: 689), SGGTLVS (SEQ ID NO:
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690), RGGTLAY (SEQ ID NO: 691), AGGTLAS (SEQ ID NO: 692), AGGYLAS (SEQ ID
NO: 693), RGGYLES (SEQ ID NO: 694), EGGKLAS (SEQ ID NO: 695), RGGNLES (SEQ
ID NO: 696), RGGILES (SEQ ID NO: 697), RGGNRES (SEQ ID NO: 698), RGGTLDS
(SEQ ID NO: 699), LGGKLES (SEQ ID NO: 700), LGGKMES (SEQ ID NO: 701),
TGGSLAS (SEQ ID NO: 702) and GGGTLES (SEQ ID NO: 703).

The antibody variable domain claim 1, wherein said antibody variable domain comprises:

(i)

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(ii)

or

(i)

(ii)

or

(i)

(ii)

a VH sequence selected from SEQ ID NOs: 1 and 2 and from variants of SEQ ID
NOs: 1 and 2 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 4 and from variants of SEQ ID NO: 4 having
1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 8 and 9 and from variants of SEQ ID
NOs: 8 and 9 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 11 and from variants of SEQ ID NO: 11
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 15 - 18 and from variants of SEQ ID NOs:
15 - 18 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 20 and 22 and from variants of SEQ ID
NO: 20 and 22 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 31 and from variants of SEQ ID NOs: 31
having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 33 and from variants of SEQ ID NO: 33
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 36 and 37 and from variants of SEQ ID
NOs: 36 and 37 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 39 and from variants of SEQ ID NO: 39
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 43 and 44 and from variants of SEQ ID
NOs: 43 and 44 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 46 and from variants of SEQ ID NO: 46
having 1, 2 or 3 mutations within the framework regions;
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or

() a VH sequence selected from SEQ ID NOs: 50 and 51 and from variants of SEQ ID
NOs: 50 and 51 having 1, 2 or 3 mutations within the framework regions,

and

(i) a VL sequence selected from SEQ ID NO: 53 and from variants of SEQ ID NO: 53
having 1, 2 or 3 mutations within the framework regions;

or

(i) a VH sequence selected from SEQ ID NOs: 57 and 58 and from variants of SEQ ID
NOs: 57 and 58 having 1, 2 or 3 mutations within the framework regions,

and

(i) a VL sequence selected from SEQ ID NO: 60 and from variants of SEQ ID NO: 60
having 1, 2 or 3 mutations within the framework regions;

(i) aVH sequence selected from SEQ ID NOs: 64 - 66 and from variants of SEQ ID NOs:
64 - 66 having 1, 2 or 3 mutations within the framework regions, and

(i) a VL sequence selected from SEQ ID NO: 68 and 69 and from variants of SEQ ID
NO: 68 and 69 having 1, 2 or 3 mutations within the framework regions;

(i) aVH sequence selected from SEQ ID NOs: 74 - 77 and from variants of SEQ ID NOs:
74 - 77 having 1, 2 or 3 mutations within the framework regions, and

(i) a VL sequence selected from SEQ ID NO: 80 and 81 and from variants of SEQ ID
NO: 80 and 81 having 1, 2 or 3 mutations within the framework regions;

(i) a VH sequence selected from SEQ ID NOs: 94 and 95 and from variants of SEQ ID
NOs: 94 and 95 having 1, 2 or 3 mutations within the framework regions, and

(i) a VL sequence selected from SEQ ID NO: 97 and from variants of SEQ ID NO: 97
having 1, 2 or 3 mutations within the framework regions;

(i) a VH sequence selected from SEQ ID NOs: 101 and 102 and from variants of SEQ
ID NOs: 101 and 102 having 1, 2 or 3 mutations within the framework regions, and

(i) a VL sequence selected from SEQ ID NO: 105 and 106 and from variants of SEQ ID
NO: 105 and 106 having 1, 2 or 3 mutations within the framework regions;

(i) a VH sequence selected from SEQ ID NOs: 110 and 111 and from variants of SEQ
ID NOs: 110 and 111 having 1, 2 or 3 mutations within the framework regions, and
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(ii)

a VL sequence selected from SEQ ID NO: 113 and from variants of SEQ ID NO: 113
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 117 and 118 and from variants of SEQ
ID NOs: 117 and 118 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 120 and from variants of SEQ ID NO: 120
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 124 and 125 and from variants of SEQ
ID NOs: 124 and 125 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 127 and from variants of SEQ ID NO: 127
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 131 and from variants of SEQ ID NOs:
131 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 133 and from variants of SEQ ID NO: 133
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 136 and 137 and from variants of SEQ
ID NOs: 136 and 137 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 140 and 141 and from variants of SEQ ID
NO: 140 and 141 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 145 and 146 and from variants of SEQ
ID NOs: 145 and 146 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 148 and from variants of SEQ ID NO: 148
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 152 and 153 and from variants of SEQ
ID NOs: 152 and 153 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 155 and from variants of SEQ ID NO: 155
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 159 - 161 and from variants of SEQ ID
NOs: 159 - 161 having 1, 2 or 3 mutations within the framework regions, and

129



10

15

20

25

30

35

WO 2024/240690 PCT/EP2024/063788

(ii)

a VL sequence selected from SEQ ID NO: 163 and 164 and from variants of SEQ ID
NO: 163 and 164 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 170 - 173 and from variants of SEQ ID
NOs: 170 - 173 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 175 and 176 and from variants of SEQ ID
NO: 175 and 176 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 182 and 183 and from variants of SEQ
ID NOs: 182 and 183 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 185 and from variants of SEQ ID NO: 185
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 190 and 193 and from variants of SEQ
ID NOs: 190 and 193 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 195 and 196 and from variants of SEQ ID
NO: 195 and 196 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 202 - 205 and from variants of SEQ ID
NOs: 202 - 205 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 207 and 208 and from variants of SEQ ID
NO: 207 and 208 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 214 - 217 and from variants of SEQ ID
NOs: 214 - 217 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 219 and 220 and from variants of SEQ ID
NO: 219 and 220 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 226 and 227 and from variants of SEQ
ID NOs: 226 and 227 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 229 and from variants of SEQ ID NO: 229
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 233 - 236 and from variants of SEQ ID
NOs: 233 - 236 having 1, 2 or 3 mutations within the framework regions, and
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(ii)

a VL sequence selected from SEQ ID NO: 239 and 240 and from variants of SEQ ID
NO: 239 and 240 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 247 - 250 and from variants of SEQ ID
NOs: 247 - 250 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 252 and from variants of SEQ ID NO: 252
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 257 and 258 and from variants of SEQ
ID NOs: 257 and 258 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 260 and from variants of SEQ ID NO: 260
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 264 - 267 and from variants of SEQ ID
NOs: 264 - 267 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 269 and 270 and from variants of SEQ ID
NO: 269 and 270 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 275 - 278 and from variants of SEQ ID
NOs: 275 - 278 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 280 and 281 and from variants of SEQ ID
NO: 280 and 281 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 286 - 291 and from variants of SEQ ID
NOs: 286 - 291 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 293 and 294 and from variants of SEQ ID
NO: 293 and 294 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 302 and from variants of SEQ ID NOs:
302 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 304 and from variants of SEQ ID NO: 304
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 307 and from variants of SEQ ID NOs:
307 having 1, 2 or 3 mutations within the framework regions, and
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(ii)

and

(ii)

or

(i)

(ii)

or

(i)

(ii)

or

(i)

a VL sequence selected from SEQ ID NO: 309 and from variants of SEQ ID NO: 309
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 312 and 313 and from variants of SEQ
ID NOs: 312 and 313 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 317 - 319 and from variants of SEQ ID NO:
317 - 319 having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 327 - 330 and from variants of SEQ ID
NOs: 327 - 330 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 332 and from variants of SEQ ID NO: 332
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 338 - 341 and from variants of SEQ ID
NOs: 338 - 341 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 343 and from variants of SEQ ID NO: 343
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 349 and 350 and from variants of SEQ
ID NOs: 349 and 350 having 1, 2 or 3 mutations within the framework regions,

a VL sequence selected from SEQ ID NO: 352 and from variants of SEQ ID NO: 352
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 356 and 357 and from variants of SEQ
ID NOs: 356 and 357 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 359 and from variants of SEQ ID NO: 359
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 363 and 364 and from variants of SEQ
ID NOs: 363 and 364 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 366 and from variants of SEQ ID NO: 366
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 370 and 371 and from variants of SEQ
ID NOs: 370 and 371 having 1, 2 or 3 mutations within the framework regions, and
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(ii)

a VL sequence selected from SEQ ID NO: 373 and from variants of SEQ ID NO: 373
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 377 and 378 and from variants of SEQ
ID NOs: 377 and 378 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 380 and from variants of SEQ ID NO: 380
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 384 and 385 and from variants of SEQ
ID NOs: 384 and 385 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 387 and from variants of SEQ ID NO: 387
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 391 and 392 and from variants of SEQ
ID NOs: 391 and 392 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 394 and from variants of SEQ ID NO: 394
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 398 and 399 and from variants of SEQ
ID NOs: 398 and 399 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 401 and from variants of SEQ ID NO: 401
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 405 and 406 and from variants of SEQ
ID NOs: 405 and 406 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 408 and from variants of SEQ ID NO: 408
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 412 and 413 and from variants of SEQ
ID NOs: 412 and 413 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 415 and from variants of SEQ ID NO: 415
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 419 and 420 and from variants of SEQ
ID NOs: 419 and 420 having 1, 2 or 3 mutations within the framework regions, and
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(ii)

a VL sequence selected from SEQ ID NO: 422 and from variants of SEQ ID NO: 422
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 426 and 427 and from variants of SEQ
ID NOs: 426 and 427 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 429 and from variants of SEQ ID NO: 429
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 433 and 434 and from variants of SEQ
ID NOs: 433 and 434 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 436 and from variants of SEQ ID NO: 436
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 440 and 441 and from variants of SEQ
ID NOs: 440 and 441 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 443 and from variants of SEQ ID NO: 443
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 447 and 448 and from variants of SEQ
ID NOs: 447 and 448 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 450 and from variants of SEQ ID NO: 450
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 454 and 455 and from variants of SEQ
ID NOs: 454 and 455 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 457 and from variants of SEQ ID NO: 457
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 461 and 462 and from variants of SEQ
ID NOs: 461 and 462 having 1, 2 or 3 mutations within the framework regions, and

a VL sequence selected from SEQ ID NO: 464 and from variants of SEQ ID NO: 464
having 1, 2 or 3 mutations within the framework regions;

a VH sequence selected from SEQ ID NOs: 468 and 469 and from variants of SEQ
ID NOs: 468 and 469 having 1, 2 or 3 mutations within the framework regions, and
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(i) a VL sequence selected from SEQ ID NO: 471 and from variants of SEQ ID NO: 471
having 1, 2 or 3 mutations within the framework regions;

or

() a VH sequence selected from SEQ ID NOs: 475 and 476 and from variants of SEQ
ID NOs: 475 and 476 having 1, 2 or 3 mutations within the framework regions, and

(i) a VL sequence selected from SEQ ID NO: 478 and from variants of SEQ ID NO: 478
having 1, 2 or 3 mutations within the framework regions;

or

(i) a VH sequence selected from SEQ ID NOs: 482 and 483 and from variants of SEQ
ID NOs: 482 and 483 having 1, 2 or 3 mutations within the framework regions, and

(i) a VL sequence selected from SEQ ID NO: 485 and from variants of SEQ ID NO: 485
having 1, 2 or 3 mutations within the framework regions;

or

(i) a VH sequence selected from SEQ ID NOs: 489 and 490 and from variants of SEQ
ID NOs: 489 and 490 having 1, 2 or 3 mutations within the framework regions, and

(i) a VL sequence selected from SEQ ID NO: 492 and from variants of SEQ ID NO: 492
having 1, 2 or 3 mutations within the framework regions;

or

wherein said antibody variable domain is an scFv, which has a sequence selected from

SEQID NOs: 6, 7, 13, 14, 24, 25, 27, 28, 29, 30, 35, 41, 42, 48, 49, 55, 56, 62, 63, 71-73,

83, 84, 86, 87, 89, 90, 92, 93, 99, 100, 108, 109, 115, 116, 122, 123, 129, 130, 135, 143,

144, 150, 151, 157, 158, 166, 168, 169, 178-181, 189, 198-201, 210-213, 222-225, 231,

232, 242, 243, 245, 246, 254-256, 262, 263, 272-274, 283-285, 296-298, 300, 301, 306,

311, 321-326, 334-337, 345-348, 354, 355, 361, 362, 368, 369, 375, 376, 382, 383, 389,

390, 396, 397, 403, 404, 410, 411, 417, 418, 424, 425, 431, 432, 438, 439, 445, 446, 452,

453, 459, 460, 466, 467, 473, 474, 480, 481, 487, 488, 494, 495 and from variants of SEQ

ID NOs: 6, 7, 13, 14, 24, 25, 27, 28, 29, 30, 35, 41, 42, 48, 49, 55, 56, 62, 63, 71-73, 83,

84, 86, 87, 89, 90, 92, 93, 99, 100, 108, 109, 115, 116, 122, 123, 129, 130, 135, 143, 144,

150, 151, 157, 158, 166, 168, 169, 178-181, 189, 198-201, 210-213, 222-225, 231, 232,

242, 243, 245, 246, 254-256, 262, 263, 272-274, 283-285, 296-298, 300, 301, 306, 311,

321-326, 334-337, 345-348, 354, 355, 361, 362, 368, 369, 375, 376, 382, 383, 389, 390,

396, 397, 403, 404, 410, 411, 417, 418, 424, 425, 431, 432, 438, 439, 445, 446, 452, 453,

459, 460, 466, 467, 473, 474, 480, 481, 487, 488, 494, 495 having 1, 2, 3, 4 or 5 mutations

within the framework regions.
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10.

11.

12.

13.

14.

The antibody variable domain of any one of the preceding claims, wherein the variable
heavy chain (VH) comprises a serine (S) at amino acid position 101 and a lysine (K) at
amino acid position 146 (AHo numbering).

An antibody comprising one or more antibody variable domains as defined in any one of
claim 1 to 10.

The antibody of claim 11, wherein said antibody is a single chain antibody having a
sequence selected from SEQ ID NOs: 545 — 550, 552, 553, 743, 555, 556, 558, 559,
561, 562, 564, 565, 567, 568, 570, 571, 573, 574, 576, 577, 579, 580, 582, 583, 585,
586, 588, 589, 591, 592, 594, 595, 603, 604, 606, 607, 645, 646, 648 and 649 and from
variants of SEQ ID NOs: 545 — 550, 552, 553, 743, 555, 556, 558, 559, 561, 562, 564,
565, 567, 568, 570, 571, 573, 574, 576, 577, 579, 580, 582, 583, 585, 586, 588, 589,
591, 592, 594, 595, 603, 604, 606, 607, 645, 646, 648 and 649 having 1, 2, 3, 4or 5
mutations within the framework regions;

or wherein said antibody is a heterodimer consisting of two chains having a pair of
sequences selected from the following SEQ ID NOs: 597 and 600; 598 and 601; 609
and 612; 610 and 613; 615 and 618; 616 and 619; 621 and 624; 622 and 625; 627 and
630; 627 and 631; 633 and 636; 634 and 637; 639 and 642; 640 and 643; 645 and 648;
646 and 649; 651 and 654; 652 and 655; 657 and 660; 658 and 661; and from variants
of SEQ ID NOs: 597 and 600; 598 and 601; 609 and 612; 610 and 613; 615 and 618;
616 and 619; 621 and 624; 622 and 625; 627 and 630; 627 and 631; 633 and 636; 634
and 637; 639 and 642; 640 and 643; 645 and 648; 646 and 649; 651 and 654; 652 and
655; 657 and 660, 658 and 661; wherein each of the sequences in said sequence pairs

has 1, 2, 3, 4 or 5 mutations within the framework regions.

A pharmaceutical composition comprising the antibody of any one of claims 11 or 12 and

a pharmaceutically acceptable carrier.

A method for generating a modified antibody variable domain, wherein the method
comprises the steps of
1) providing an unmodified antibody variable domain, which binds to a target antigen,

comprising:
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15.

16.

(i) a variable heavy chain (VH) comprising from N-terminus to C-terminus, the
regions HFW1-HCDR1-HFW2-HCDR2-HFW3-HCDR3-HFW4, wherein each
HFW designates a heavy chain framework region, and each HCDR designates
a heavy chain complementarity-determining region;
and
(i) avariable light chain (VL), wherein the variable light chain comprises, from N-
terminus to C-terminus, the regions LFW1-LCDR1-LFW2-LCDR2-LFW3-
LCDR3-LFW4, wherein each LFW designates a light chain framework region,
and each LCDR designates a light chain complementarity-determining region,
wherein the light chain complementarity-determining region LCDR2 does not
comprise a glycine (G) at both amino acid position 67 and 68 (AHo numbering);
2) introducing into the light chain complementarity-determining region LCDR2 of the
unmodified antibody variable domain provided in step 1) a glycine (G) at amino acid
position 67 and/or a glycine (G) at amino acid position 68 (AHo numbering), such
that there is a glycine (G) at both amino acid positions 67 and 68;
wherein said LCDR2 is defined by light chain amino acid positions 58 to 72 according to

the AHo numbering scheme, resulting in a maximum length of 15 amino acids.

The method of claim 14, wherein the LCDR2 of the unmodified antibody variable domain

comprises:

(i) analanine (A), threonine (T), serine (S) or glycine (G), in particular an alanine (A) or
threonine (T) at position 67 (AHo numbering);

(i) a serine (S), tyrosine (Y) or phenylalanine (F), in particular a serine (S) or tyrosine
(Y) at position 68 (AHo numbering);

and optionally

(iiiy a lysine (K), threonine (T), serine (S), isoleucine (I), aspartate (D), asparagine (N),
phenylalanine (F) or tyrosine (Y), in particular a lysine (K), threonine (T), serine (S),
aspartate (D), asparagine (N) or tyrosine (Y) at position 69 (AHo numbering);

(iv) an alanine (A), glycine (G), valine (V), threonine (T), proline (P), tyrosine (Y),
aspartate (D) or glutamate (E), in particular an alanine (A), glycine (G), threonine (T)
or glutamate (E) at position 71 (AHo numbering).

The method of any one of claims 14 or 15, wherein the LCDR2 of the unmodified
antibody variable domain comprises:
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17.

18.

(i) lysine (K), arginine (R), serine (S), threonine (T), alanine (A), leucine (L), glycine
(G), glutamine (Q), glutamate (E), tyrosine (Y) or aspartate (D), in particular a lysine
(K), arginine (R), serine (S), tyrosine (Y), glycine (G) or aspartate (D) at position 58
(AHo numbering);

(i) an alanine (A), threonine (T), serine (S) or glycine (G), in particular an alanine (A) or
threonine (T) at position 67 (AHo numbering);

(iiiy a serine (S), tyrosine (Y) or phenylalanine (F), in particular a serine (S) or tyrosine
(Y) at position 68 (AHo numbering);

(iv) alysine (K), threonine (T), serine (S), isoleucine (I), aspartate (D), asparagine (N),
phenylalanine (F) or tyrosine (Y), in particular a lysine (K), threonine (T), serine (S),
aspartate (D), asparagine (N) or tyrosine (Y) at position 69 (AHo numbering);

(v) alysine (K), leucine (L), methionine (M) or arginine (R), in particular a leucine (L) at
position 70 (AHo numbering);

(vi) an alanine (A), glycine (G), valine (V), threonine (T), proline (P), tyrosine (Y),
aspartate (D) or glutamate (E), in particular an alanine (A), glycine (G), threonine (T)
or glutamate (E) at position 71 (AHo numbering);

(vii) a serine (S), threonine (T) or tyrosine (Y), in particular a serine (S) at position 72
(AHo numbering).

The method of any one of claims 14 to 16, wherein the method comprises that additional

step of

3) Introducing into the variable heavy chain (VH) of the unmodified antibody variable
domain provided in step 1) a serine (S) at amino acid position 101 and a lysine (K)
at amino acid position 146 (AHo numbering).

A method for generating a modified antibody from an unmodified antibody, the method

comprises the steps of

1) selecting one or more antibody variable domains comprised in said unmodified
antibody, which do not comprise a glycine (G) at both amino acid position 67 and 68
(AHo numbering) in the LCDR2, for modification;

2) introducing into each of said one or more antibody variable domains selected in step
1) a glycine (G) at amino acid position 67 and/or a glycine (G) at amino acid position
68 (AHo numbering) in the LCDR2, such that there is a glycine (G) at both amino
acid positions 67 and 68 (AHo numbering) in the LCDR2,

wherein said LCDR2 is defined by light chain amino acid positions 58 to 72 according to

the AHo numbering scheme, resulting in a maximum length of 15 amino acids.
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19. The method of claim 18, wherein the method comprises that additional step of
3) introducing into the variable heavy chain (VH) of each of said one or more antibody
variable domains selected in step 1) a serine (S) at amino acid position 101 and a

5 lysine (K) at amino acid position 146 (AHO numbering).

20. The method of any one of claims 14 to 19, wherein said modified antibody variable
domain or said modified antibody comprises a decreased number of 15mer peptide
stretches that exhibit a median percentile rank of less than 20, as determined from the

10 predicted individual binding strengths (scoring ranks) of said 15mer peptide to each one
of the 27 MHC class |l alleles that are most common in the general population using the
algorithm NetMHClIpan-3.1, when compared to the respective unmodified antibody
variable domain.

15 21. The method of any one of claims 14 to 20, wherein said modified antibody variable

domain or said modified antibody additionally has one or more of the features as defined
in any one of the claims 1 to 9.
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Figure 1:
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Figure 2:
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Figure 3:
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