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TRISPECIFIC AND/OR TRIVALENT BINDING PROTEINS

CROSS REFERENCES TO RELATED APPLICATIONS

0001} This application claims the priority benefit of U.S. Provisional Application
Serial No. 62/322,036, filed April 13, 2016; U.S. Provisional Application Serial No.
62/331,191, filed May 3, 2016; U.S. Provisional Application Serial No. 62/412,187, filed
October 24, 2016; and EP Application No. EP17305298.6, filed March 17, 2017; which are

incorporated herein by reference in their entirety.
SUBMISSION OF SEQUENCE LISTING ON ASCH TEXT FILE

{0062} The content of the following submission on ASCH text file is incorporated
herein by reference in its entirety: a computer readable form (CRF) of the Sequence Listing
{file name: 1839520271408EQLISTING txt, date recorded: April 11, 2017, size: 200 KB).

FIELD OF THE INVENTION

{0003] The disclosure relates to trispecific and/or trivalent binding proteins comprising
four polypeptide chains that form three antigen binding sites that specifically bind one or
more target proteins, wherein a first pair of polypeptides forming the binding protein
possess dual variable domains having a cross-over orientation and wherein a second pair of
polypeptides forming the binding protein possess a single variable domain. The disclosure
also relates to methods for making trispecific and/or trivalent binding proteins and uses of

such binding proteins.

BACKGROUND

{00064} Monoclonal antibody based biotherapeutics have become an important avenue
for new drug development. Monoclonal antibody technology offers specific targeting,
precise signaling delivery and/or payload to specific cell population, and provides long
fasting biological effect through its Fc functions. Efforts in antibody engineering have
allowed developing bispecific antibodies combining the specificities of two monoclonal
antibodies tor various biological applications, expanding the scope of antibody drug

development. Newly discovered neutralizing antibodies with improved breadth and
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potency may provide more options for developing bictherapeutics to treat complexed

diseases such as cancer, arthritis, and/or inflammatory disorders.

BRIEF SUMMARY

{0065} Provided herein are multispecific binding proteins {e.g., antibodies) that form
three antigen binding sites. These binding proteins can specifically bind one, two, or three
antigen targets or target proteins.

{6006} In one embodiment, the disclosure provides a binding protein comprising four
polypeptide chains that form three antigen binding sites that specifically bind one or more
antigen targets or target proteins, wherein a first polypeptide chain has a structure

represented by the formula:

Vig-bi-Vi-1a-Co [1]
and a second polypeptide chain has a structure represented by the formula:
Vin-La-Vin-Le-Ci {1
and a third polypeptide chain has a structure represented by the formula:
13-Crin {1}
and a fourth polypeptide chain has a structure represented by the formula:
Vis-Cp (V]

wherein:

Vi 18 a first immunogliobulin light chain variable domain;

Vs 15 a second immunoglobulin light chain variable domain;

Vi3 is a third immunoglobulin light chain variable domain;

Vi 18 a first immunoglobulin heavy chain variable domain;

Vi 18 a second immunoglobulin heavy chain variable domain;

V3 is a third immunoglobulin heavy chain variable domain;

Cy is an immunoglobulin light chain constant domain;

Cy is an immunoglobulin Cy; heavy chain constant domain; and

Ly, Lo, L5 and L, are amino acid linkers;
and wherein the polypeptide of formula I and the polypeptide of formula H form a cross-over
light chain-heavy chain pair.
{6607} In some embodiments, the second and/or third polypeptide chaiv further
comprises an Fe region linked to Cyy, the Fc region comprising an immunogiobulin hinge

region and Cy; and Cys immunoglobulin heavy chain constant domains,
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j6008] In another embodiment, the disclosure provides a binding protein comprising
four polypeptide chains that form three antigen binding sites that specifically bind one or
more target proteins, wherein a first pelypeptide chain comprises a structure represented by
the formula:
Vig-Li-Vi-La-Co (1
and a second polypeptide chain comprises a structure represented by the formula:
Vai-L3-Vm-La-C-hinge-Cip-Cz - [}
and a third polypeptide chain comprises a structure represented by the formula:
Vi~Cr-hinge-Cip-Cap (1]
and a fourth polypeptide chain comprises a structure represented by the formula:
Vii-Co [Ivi
wherein:
Vi 8 a first immunogiobulin light chain variable domain;
V1718 a second immunoglobulin light chain variable domain;
Vi3 15 a third immunoglobulin light chain variable domain;
Vi is a first immunoglobulin heavy chain variable domain;
Vi 18 a second immunoglobulin heavy chain variable domain;
V3 is a third immunoglobulin heavy chain variable domain;
Cy is an immunogliobulin light chain constant domain;
Cm 1s an immunoglobulin Cyy heavy chain constant dormain;
Cyg, 1s an immunoglobulin Cy; heavy chain constant domain;
Cuz 15 an immunoglobulin Cus heavy chain constant domain,
hinge is an immunoglobulin hinge region connecting the Cyy and Cy; domains; and
Ly, L, L3 and L. are amino acid linkers;
and wherein the polypeptide of formula I and the polypeptide of formula H form a
cross-over light chain-heavy chain pair.
[0069] In some embodiments, the binding protein is trispecific and capable of
specifically binding three different antigen targets. In some embodiments, the binding
protein is trivalent but bispecific and capable of specifically binding three antigen targets,
two of them being identical. In some embodiments, the binding protein of the present
disclosure i3 trivalent but monopecific and capable of specifically binding three antigen
targets, all of them being identical. In some embodiments, the binding protein is capable of
inhibiting the function of one or more target proteins. In some embodiments, the binding
protein is trispecific and capable of specifically binding three different antigen targets.
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{00190} In some embodiments, a binding protein of the present disclosure comprises
one, two, or three antigen binding sites that specifically bind a target protein selected from
AZAR, APRIL, ATPDase, BAFF, BAFFR, BCMA, BlyS, BTK, BTLA, B7DC, B7H1,
B7H4 (also known as VICN1), BTHS, B7Hs, B7TH7, B7RP1, B7-4, C3, C5, CCL2 (also
known as MCP-1), CCL3 (also known as MIP-1a), CCL4 (also known as MIP-1b), CCLS
{(also known as RANTES), CCL7 (also known as MCP-3), CCL8 (also known as mcp-2),
CCL11 (also known as eotaxin), CCL15 (also known as MIP-1d), CCL.17 (also known as
TARC), CCL19 {also known as MIP-3b), CCL20 (also known as MiF-3a), CCL21 {also
known as MIP-2), CCL24 {(also known as MPIF-2/¢otaxin-2), CCL25 {(also known as
TECK), CCL26 (also known as eotaxin-3), CCR3, CCR4, CD3, CD19, CD20, CH23 (also
known as FCERZ2, a receptor for IgE), CD24, CD27, D28, CD38§, D39, CD40, CD70,
CD80 (also known as B7-1}, CD86 (also known as B7-2), CD122, CD137 (also known as
41BB), CDI137L, CD152 (also known as CTLA4), CD154 (also known as CD40L), CD160,
CD272, CD273 (also known as PDL2), €274 (also known as PDL1Y, CD275 (also known
as BTH2), CD276 (also known as B7TH3), CD278 {also known as ICOS), CD279 {(aiso
known as PD3-1), CDH1 (also known as E-cadherin), chitinase, CLECS, CLEC91, CRTHZ,
CSF-1 (also known as M-CSF), CSF-2 (also known as GM-CSF), CSF-3 (also known as
GCSF), CX3CL1 (also known as SCYD1), CXCL12 (also known as SDF1Y, CXCL13,
CXCR3, DNGR-1, ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1,
FCER1A, FCERI1, FLAP, FOLH1, Gi24, GITR, GITRL, GM-CSF, Her2, HHLAZ2,
HMGB1E, HVEM, ICOSLG, IDO, IFNo, IgE IGFIR, {1 2Rbeta, IL1, ILTA, IL1B, ILIF10,
1.2, IL4, IL4Ra, 115, IL5R, IL6, IL7, IL7Ra, IL8, 1LO, ILOR, IL10, rhil.10, IL12, IL13,
fL13Ral, IL13Ra2, IL1S, 1117, IL17Rb (also known as a receptor for 1L.25), 1L18, {122,
.23, 1125, 1127, 1133, [L.35, ITGB4 (also known as b4 integrin), ITK, KIR, LAG3,
LAMPI, leptin, LPFS2, MHC class I, NCR3LGI, NKG2D, NTPDase-~1, OX40, OX40L,
PD-1H, platelet receptor, PROMTI, 8152, SISP1, SLC, SPG64, STZ (also known as a
receptor for 1L33), STEAPZ, Syk kinase, TACIL TDO, T14, TIGIT, TIM3, TER, TLR2,
TLR4, TLRS, TLR9, TMEF1, TNFa, TNFRSF7, Tps5, TREM!, TSLP (also known as a
co-receptor for IL7Ra), TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1
(also known as GPRS/CCXCR1). In some embodiments, one or more of the above antigen
targets are human antigen targets. o some embodiments, the binding protein of the present
disclosure is trispecific and capable of specifically binding three different antigen targets
selected from the above list. In some embodiments, the binding protein of the present
disclosure is trivalent but bispecific and capable of specifically binding three antigen targets
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selected trom the above list, two of them being identical. In some embodiments, the binding
protein of the present disclosure is trivalent but monopecific and capable of specifically
binding three antigen targets selected from the above list, all of them being identical. In
sorme embodiments, the binding protein specifically binds three target proteins that
correspond to two target proteins on T cells and to one tumor target protein. In some
embodiments, one of said target proteins on T cells 1s CD3. In some embodiments, one of
said target proteins on T cells is CD28. In some embodiments, said tumor target protein is
CD38. Insome embodiments, the binding protein specifically binds three target proteins
that correspond to two target proteins on T cells and to one target protein selected from the
group consisting of AZAR, APRIL, ATPDase, BAFF, BAFFR, BCMA, BivS, BTK, BTLA,
B7DC, B7H, B7H4, B7HS, B7HS, B7TH7, BTRP1, B7-4, (3, C5, CCL2, CCL3, CCLA,
CCLS, CCLY, CCL8, CCL11, CCLYS, CCL17, CCL19, CCL20, CCL2Y, CCL24, CCL2E,
CCL26, CCR3, CCR4, CD3, CD19, CD20, CD23, CD24, CD27, CD28, CD38, CD39,
CP40, CDT0, CDBO, ChEo, CD122, CD137, CDI137L, CDB152, CD154, CD160, €272,
CD273, CD274, CD275, CD276, CD278, CD279, CDHI, chitinase, CLECS, CLECOS1,
CRTH2, CSF-1, CSF-2, C8F-3, CX3CL1, CXCL12, CXCL13, CXCR3, DNGR-1,
ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCERITA, FCER1,
FLAP, FOLH1, Gi24, GITR, GITRL, GM-CSF, Her2, HHLAZ, HMGB1, HVEM,
ICOSLG, IDO, IFNo, IgE, IGFIR, IL2Rbeta, IL1, IL1A, IL1B, IL1F10, IL2, IL4, [L4Ra,
IL5, ILSR, L6, IL7, IL7Ra, IL8, 1.9, ILOR, IL10, rhIL 10, 112, 1113, IL13Ral, IL13Ra2,
WIS ILT7, 1L17Rb, TLAS, 122 1023 TL25, Y27, 1133, 135, ITGB4, ITK, KIR, LAG3,
LAMP1, leptin, LPFS2, MHC class IL, NCR3LG1, NKG2D, NTPDase-1, OX40, OX40L,
PD-1H, platelet receptor, PROM]1, 8152, SISPY, SLC, SPGO4, §T2, STEAP2, Syk kinase,
TACI TDO, T14, TIGIT, TIM3, TLR, TLR2, TLR4, TLR5, TLR9, TMEF1, TNFa,
TNFRSE7, Tpss, TREMI, TSLP, TSLPR, TWEAK, VEGF, VISTA, Vatm3, WUCAM,
and XCR1.
[e011} In another embodiment, the disclosure provides a binding protein comprising
four polypeptide chains that form three antigen binding sites, wherein a first polypeptide
chain has a structure represented by the formula:

Vig-b-Vi-Lo-Cy i1
and a second polypeptide chain has a structure represented by the formula:

Vii-Ls-Var-La-Cin (]
and a third polypeptide chaiu has a structure represented by the formula:

Vas-Crnt ]

W
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and a fourth polypeptide chain has a structure represented by the formula:
Vii-Co (V]
wherein:

Vi i a first immunogiobulin light chain variable domain;

Vo ts a second immunoglobulin light chain variable domain;

Vi3 is a third immunoglobulin light chain variable domain;

/w1 18 a first immunoglobulin heavy chain variable domain;

Vi 15 a second immunoglobulin heavy chain variable domain;

Vi is a third immunoglobulin heavy chain variable domain;

Cy is an immunoglobulin light chain constant domain;

Cm is an immunoglobulin Cuy heavy chain constant domain; and

Ly, L, L5 and L; are amino acid linkers;

wherein the polypeptide of formula I and the polypeptide of formula If form a cross-
over light chain-heavy chain pair;

wherein:

(a) Vo1, Vi and Vs are each independently a variable domain derived from an amino
acid sequence as set forth in any one of SEQ ID NOs: 2, 4, 10, 14, 18, 22, 115;

(b) Vi1 Vi» and Vp; each independently comprise light chain complementarity
determining regions of a variable domain comprising an amino acid sequence as set forth in
any one of SEQ ID NOs: 43-59, 123-125;

{c) Vi1, Vi and Vi3 each independently comprise a variable domain sequence as set
forth in any one of SEQ ID NOs:151, 153, 155, 157, 159, 161, 163, 165, and 167,

{d) Vi1, Vi and Vi3 each independently comprise light chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ ID
N{s: 43-59, 123-125, 138-140, and 149; or

(e) Vi Vi and Vi3 each independently comprise light chain complementarity
determining regions and/or a variable domain sequence shown in Tables 2-5; and

wherein:

(a) Vi, Vi, and Vi are each independently a variable domain derived from an amino
acid sequence as set forth in any one of SEQ ID NQOs: 1, 3, 9, 13, 17, 21, 114;

(b) Vi1, Vi and Vi each independently comprise heavy chain complementarity
determining regions of a variable domain comprising an amino acid sequence as set forth in

any one of SEQ ID NOs: 25-42, 120-122;
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{c} Vi, Vi and Vy3 each independently comprise a variable domain sequence as
set forth in any one of SEQ ID NOs:150, 152, 154, 156, 158, 160, 162, 164, and 166;
{(dy Vi1, Yz and Vs each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ ID
NQOs: 25-42, 120-122, and 126-128; or
(e} Vi, YV and Vi3 each independently comprise heavy chain complementarity
determining regions and/or a variable domain sequence shown in Tables 2-5.
0012} In some embodiments, the second and/or third polypeptide chain further
comprises an Fe region linked to Cyy, the Fe region comprising an immunoglobulin hinge
region and Cyy and Cyps immunogiobulin heavy chain constant domains.
{0013} In another embodiment, the disclosure provides a binding protein comprising
four polypeptide chains that form three antigen binding sites, wherein a first polypeptide
chain comprises a structure represented by the formula:
Vip-bi-ViLp-Cy {]
and a second polypeptide chain comprises a structure represented by the formula:
V}u"5.43-\"}{2~Lr4-CH1—hi1’§ geuC szCH; i_i E]
and a third polypeptide chain comprises a structure represented by the formula:
Vis-Cri-hinge-Crp-Cas {11}
and a fourth polypeptide chain comprises a structure represented by the formula:
Vi-Co (v}
wherein:
Vi 18 a first immunogiobulin light chain variable domain;
V17 18 a second immunoglobulin light chain variable domain;
Vi3 is a third immunoglobulin light chain variable domain;
Vi 8 a first immunoglobulin heavy chain variable domain;
Vi is a second immunoglobulin heavy chain variable domain;
Vs is a third immunoglobulin heavy chain variable domain;
C, is an immunoglobulin light chain constant domain;
Cy is an immunoglobulin Cy; heavy chain constant domain;
Cy, 1s an immunoglobulin Cy, heavy chain constant domain;
Cus 13 an immunoglobulin Cis heavy chain constant domain;
hinge is an immunoglobulin hinge region connecting the Cyy and Gy domains; and

Li. Ly, Ls and L are amino acid linkers;
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wherein the polypeptide of formula I and the polypeptide of formula H form a cross-
over light chain-heavy chain pair;

wherein:

(a) Vi1, Vi and V5 are each independently a variable domain derived from an amino
actd sequence as set forth in any one of SEQ 1D NQs: 2, 4, 10, 14, 18,22, 115;

(b) Vi1, Vi and Vi3 cach independently comprise light chain complementarity
determining regions of a variable domain comprising an amino acid sequence as set forth in
any one of SEQ ID NOs: 43-59, 123-125;

(¢} Vi1, Vi and Vis each independently comprise a variable domain sequence as set
forth in any one of SEQ ID NQOs:151, 153, 155, 157, 159, 161, 163, 165, and 167;

{(d) Vi, Vo and Vi3 cach independently comprise light chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ ID
NOs: 43-59, 123-125, 138-140, and 149; or

{e} Vi1 V2 and Vi3 each independently comprise light chain complementarity
determining regions and/or a variable domain sequence shown in Tables 2-5;

wherein:

(a) Vi, Vi, and Vi are each independently a variable domain derived from an amino
acid sequence as set forth in any one of SEQ ID NQs: 1,3, 9,13, 17, 21, 114;

(b) Vm, Vi and Vys each independently comprise heavy chain complementarity
determining regions of a variable domain comprising an amino acid sequence as set forth in
any one of SEQ ID NQOs: 25-42, 120-122;

(¢} Vui, Vi, and Vys each independently comprise a variable domain sequence as set
forth in any one of SEQ ID NOs:150, 152, 154, 156, 158, 160, 162, 164, and 166;

(d) Vi, Vi and Vs each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ ID
NOs: 25-42, 120-122, and 126-128: or

(e} Vi, Viz and Vi3 each independently comprise heavy chain complementarity
determining regions and/or a variable domain sequence shown in Tables 2-5.

0014} In some embodiments, Vi1, Vo and Vi each independently comprise a variable
domain sequence as set forth in any one of SEQ 1D NOs:151, 153, 155, 157, 159, 161, 163,
165, and 167, and Vi, Vs, and Vi each independently comprise a variable domain
sequence as set forth in any one of SEQ [ NOs:150, 152, 154, 156, 158, 160, 162, 164,
and 166. In some embodiments, Vi Vizand Vs each independently comprise light chain
complementarity determining regions comprising an amine acid sequence as set forth in

&
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any one of SEQ 1D NQOs: 43-59, 123-125, 138-140, and 149; and (d} Vi, Vi and Vy; each
independently comprise heavy chain complementarity determining regions comprising an
amino acid sequence as set forth in any one of SEQ ID NQs: 25-42, 120-122, and 126-128.
{0015} In some embodiments of any of the binding proteins described herein, (a) Vu
comprises a CDR-HI comprising the amino acid sequence of SEQ 1D NO:28, a CDR-H2
comprising the amino acid sequence of SEQ ID NO:29, and a CDR-H3 comprising the
amino acid sequence of SEQ 1D NO:30; Vi, comprises a CDR-L1 comprising the amino
acid sequence of SEQ ID NG:46, a CDR-L2 comprising the amino acid sequence of SEQ
D NO: 47, and a CDR-L3 comprising the amino acid sequence of SEQ ID NGO:48; Vip
comprises a CDR-HI comprising the amino acid sequence of SEQ D NO:34, a CDR-H2
comprising the amino acid sequence of SEQ 1D NG:35, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:36; Vi, comprises a CDR-L1 comprising the amino
acid sequence of SEQ ID NO:52, a CDR-L2 comprising the amino acid sequence of SEQ
1D NO:53, and a CDR-L3 comprising the amino acid sequence of SEQ D NO:54; Vs
comprises a CDR-HI comprising the amino acid sequence of SEQ 1D NO:25, a CDR-H2
comprising the amino acid sequence of SEQ 1D NG:26, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:27; and V3 comprises a CDR-L1 comprising the
amino acid sequence of SEQ ID N(:43, a CDR-L2 comprising the amino acid sequence of
SEQ ID NO:44, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:45; (b)
Vi corprises a CDR-H1 comprising the amino acid sequence of SEQ D NO:31, a CDR-
H2 comprising the aminc acid sequence of SEQ ID N(:32, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:33; Vi comprises a CDR-L1 comprising the amino
acid sequence of SEQ ID NO:49, a CDR-L2 comprising the amino acid sequence of SEQ
ID NG:50, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:51; Vi,
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D N(:34, a COR-H2
comprising the amino acid sequence of SEQ ID NG:35, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:36; Vi, comprises a CDR-L.1 comprising the amino
acid sequence of SEQ ID NO:52, a CDR-L2 comprising the amino acid sequence of SEQ
1D NG:S3, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:54; Vi
comprises a COR-H1 comprising the amino acid sequence of SEQ 1D NO:25, a CDR-H2
comprising the amino acid sequence of SEQ ID NG:26, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:27; and Vi3 comprises a COR-L1 comprising the
amino acid sequence of SEQ I NO:43, a CDR-L2 comprising the amino acid sequence of
SEQ ID NO:44, and a CDR-L3 comprising the amino acid sequence of SEQ 2 NO:45; (¢}
9
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Y comprises a CDR-HY comprising the amino acid sequence of SEQ 1D NG:28, a CDR-
H2 comprising the amino acid sequence of SEQ ID N(:29, and a CDR-H3 comprising the
amino acid sequence of SEQ 1D NO:30; Vi comprises a CDR-L1 comprising the amino
acid sequence of SEQ ID NO:46, a CDR-L2 comprising the amino acid sequence of SEQ
1D NO: 47, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:48; Vip
comprises a CDR-HI comprising the amino acid sequence of SEQ ID NO:34, a CDR-H2
comprising the amino acid sequence of SEQ D NG:35, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NG:36; Vi, comprises a CDR-L1 comprising the amino
actd sequence of SEQ 1D NO:52, s CDR-L2 comprnising the amino acid sequence of SEQ
1D NG:53, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:54; Vs
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:37, a CDR-H2
comprising the amino acid sequence of SEQ [D NC:38, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:39; and Vi3 comprises a CDR-L1 comprising the
amino acid sequence of SEQ ID NG:55, a CDR-L2 comprising the amino acid sequence of
SEQ ID NO:56, and a CDR-L3 comprising the amino acid sequence of SEQ ID NG:57; (d)
Vui comprises a CDR-HI1 comprising the amino acid sequence of SEQ ID NO:31, 3 CDR-
2 comprising the amino acid sequence of SEQ ID NGO:32, and a CDR-H3 comprising the
amino acid sequence of SEG ID NO:33; Vi, comprises a CDR-L.T comprising the amino
acid sequence of SEQ ID NO:49, a CDR-L2 comprising the amino acid sequence of SEQ
1D NO:50, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:ST; Vip
comprises a CDR-H1 comprising the aminc acid sequence of SEQ 1D NO:34, a COR-H2
comprising the arino acid sequence of SEQ ID NG:3S, and a CDR-H3 comprising the
amino acid sequence of SEG ID NO:36; Vi ; comprises a CDR-L1 comprising the amino
acid sequence of SEQ ID NO:52, a CDR-L2 comprising the amino acid sequence of SEQ
1D N(:53, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:54; Vi
comprises a CDOR-HI1 comprising the amino acid sequence of SEQ ID NG:37, a CDR-H2
comprising the amino acid sequence of SEQ ID NO:38, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:39; and V5 comprises a CDR-L1 comprising the
amino acid sequence of SEQ I NO:55, a CDR-L2 comprising the amino acid sequence of
SEQ ID NO:56, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NG:57; (e}
Vm comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NG:28, a CDR-
H2 comprising the amino acid sequence of SEQ 1D NO:29, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NG:30; Vi comprises a CDR-L1 comprising the amino
acid sequence of SEQ 1 NO:46, a CDR-L2 comprising the amino acid sequence of SEQ
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1D NOG: 47, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:48; Vip
comprises a CDR-HI comprising the amino acid sequence of SEQ 1D N(O:34, a CDR-H2
comprising the amino acid sequence of SEQ D NG:35, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:36; Vi, comprises a CDR-L1 comprising the amino
acid sequence of SEQ ID N(3:52, a CDR-L.2 comprising the amino acid sequence of SEQ
1D NO:53, and a CDR-L3 comprising the amino acid sequence of SEQ ID NG:54; Vi3
comprises a CDOR-HI comprising the amino acid sequence of SEQ ID N(:40, a COR-H2
comprising the amino acid sequence of SEQ ID NG 41, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:42; and Vis comprises a CDR-L1 comprising the
amino acid sequence of SEQ ID NO:58, a CDR-L2 comprising the amino acid sequence of
SEQ ID NO:44, and a CDR-L3 comprising the amino acid sequence of SEQ D NG:59; (1)
Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:31, a CDR-
H2 comprising the amino acid sequence of SEQ ID NO:32, and a CDR-H3 comprising the
amino acid sequence of SEQ ID N(G:33; Vi comprises a CDR-L1 comprising the amino
acid sequence of SEQ ID NG:49, a CDR-L2 comprising the amino acid sequence of SEQ
1D NO:50, and a CDR-L3 comprising the amino acid sequence of 8EQ ID NO:51; Vip
comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:34, a CDR-H2
comprising the amino acid sequence of SEQ ID NO:35, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:36; Vi, comprises a CDR-L1 comprising the amino
acid sequence of SEQ 1D NO:52, a CDR-L2 comprising the amino acid sequence of SEQ
ID NO:53, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:54; Vi
comprises a CDR-HI comprising the amino acid sequence of SEQ ID NG:40, a CDR-H2
comprising the amino acid sequence of SEQ ID NG:41, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NG:42; and Vi3 comprises a CDR-L1 comprising the
amino acid sequence of SEQ D NG:58, a CDR-L2 comprising the amino acid sequence of
SEQ ID NO:44, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NG:59; (g)
Y comprises a CDR-H1 comprising the amino acid sequence of SEQ [ NO:28, a CDR-
H2 comprising the amino acid sequence of SEQ ID NO:29, and a CDR-H3 comprising the
amino acid sequence of SEQ 1D NO:30; Vi, comprises a CDR-L1 comprising the amino
acid sequence of SEQ D NO:46, a CDR-L2 comprising the amino acid sequence of SEQ
D NO: 47, and a CDR-L3 comprising the amino acid sequence of SEQ ID NG:48; Vip
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:34, a CDR-H2
comprising the amino acid sequence of SEQ D NO:35, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:36; Vi, comprises a CDR-L1 comprising the amino
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actd sequence of SEQ ID NO:52, 2 CDR-L2 comprising the amino acid sequence of SEQ
ID NO:53, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:54; Vi
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D N(O:126, a CDR-H2
comprising the amino acid sequence of SEQ ID NG:127, and a CDR-H3 comprising the
amino acid sequence of SEQ ID N 128; and Vs comprises a CDR-L1 comprising the
amino acid sequence of SEQ ID NO: 138, a CDR-L2 comprising the amino acid sequence
of SEQ ID N(:139, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NGO:140; (h) Vg, comprises a CDR-HI comprising the amino acid sequence of SEQ ID
NO:31, a CDR-H2 comprising the anmino acid sequence of SEQ ID NG:32, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:33; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NG:49, a CDR-L2 comprising the amino
acid sequence of SEQ I NO:50, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:51; Vi, comprises a CBR-H1 comprising the amino acid sequence of SEQ ID
NO:34, a CDR-H2 comprising the amino acid sequence of SEQ 1D NQO:35, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:36; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NG:52, a CDR-L2 comprising the aming
actd sequence of SEQ ID NO:53, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:54; Vs comprises a CBR-H1 comprising the amino acid sequence of SEQ ID
NO:126, a CDR-HZ comprising the amino acid sequence of SEQ 1D NO:127, and a CDR-
H3 cormprising the amino acid sequence of SEQ 1D NO:128; and Vi3 comprises a CDR-L]
comprising the amino acid sequence of SEQ [D NG:138, a CDR-L2 comprising the amino
actd sequence of SEQ ID NO:139, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:140; (i) Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ
ID NG:28, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:29, and a CDR-
H3 comprising the amino acid sequence of SEQ 1D NO:30; Vi comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG 46, a CDR-L2 comprising the amino
acid sequence of SEQ ID N(O: 47, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:48; Vy; comprises a CDR-HI comprising the amino acid sequence of SEGQ 1D
NO:34, a CDR-H2 comprising the amivo acid sequence of SEQ ID NO:3S, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG:36; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ D NO:52, a CDR-L2 comprising the amino
acid sequence of SEQ ID N(:53) and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:54; Vys comprises a CDR-HI comprising the amino acid sequence of SEQ ID
N(:120, a CDR-H2 comprising the amino acid sequence of SEQ D NO:121, and a CDR-
12



WO 2017/180913 PCT/US2017/027488

H3 comprising the amino acid sequence of SEG ID NO:122; and Vi; comprises a CDR-L1
comprising the amino acid sequence of SEQ D NO:123, a CDR-L2 comprising the amino
acid sequence of SEQ ID NO:124, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:128; or (53 Vi comprises a CDR-H1 comprising the amino acid sequence of
SEQ ID N(O:31, a CDR-H2 comprising the amino acid sequence of SEQ I NO:32, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NO:33; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ D NG:49, a CDR-L2 comprising the aming
acid sequence of SEQ ID NG:50, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:5 1, Vip comprises a CDR-HI1 comprising the amino acid sequence of SEQ 1D
WNO:34, a CDR-H2 comprising the amino acid sequence of SEQ 1D NG:35, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG:36; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ [D NG:52, a CDR-L2 comprising the amino
actd sequence of SEQ ID NO:53, and a CDR-L3 comprising the amivo acid sequence of
SEQ ID NO:54; Vi3 comprises a CRBR-H1 comprising the amino acid sequence of SEQ ID
NO:120, a CDR-H2 comprising the amino acid sequence of SEQ ID NG:121, and a CDR-
H3 comprising the amino acid sequence of SEQ 1D NO:122; and Vi3 comprises a CDR-L1
comprising the amino acid sequence of SEQ D NG:123, a CDR-L2 comprising the amino
acid sequence of SEQ ID N(:124, and a CDR-L3 comprising the amino acid sequence of
SEQ ID N(O:125. In some embodiments, (a) Vi comprises a CDR-H1 comprising the
amino acid sequence of SEQ ID NO:34, a CDR-H2 comprising the amino acid sequence of
SEQ D NO:35, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:36;
Vi1 comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:52, a CDR-
L2 comprising the amino acid sequence of SEQ H2 NG:53, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:54; Vi, coruprises a CDR-H1 comprising the amino
acid sequence of SEQ 1D NG:25, a CDR-H2 comprising the amino acid sequence of SEQ
ID NO:26, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:27; Vi,
comprises a CDR-L.1 comprising the amino acid sequence of SEQ 1D NO:43, a CDR-1L2
comprising the amino acid sequence of SEQ ID NO:44, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:45; Vi3 coruprises a CDR-H1 comprising the amino
acid sequence of SEQ 1D NO:25, a CDR-HZ comprising the amino acid sequence of SEQ
1D NO:26, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:27; and Via
comprises a CDR-L.1 comprising the amino acid sequence of SEQ D NG:43, a CDR-L2
comprising the amino acid sequence of SEQ 1D NO:44, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:45.
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{0016} In some embodiments, the binding protein comprises one antigen binding site
that specifically binds a T-cell surface protein and another antigen binding site that
specifically binds an antigen target, e.g., a tumor target protein. In some embodiments, the
binding protein comprises an antigen binding site that specifically binds CD3, an antigen
binding site that specifically binds CD28, and an antigen binding site that specifically binds
a tumor target protein selected from the group consisting of CD19, CD20, CD38, Her2, and
LAMP1. In some embodiments, Vi and Vi form a first antigen binding site that
specifically binds human CD3, Vi, and Vi, form a second antigen binding site that
specifically binds human CD28, and Vi3 and Vi3 form a third antigen binding site that
specitically binds a human tumor target protein. In some embodiments, Vi and Vi, form a
first antigen binding site that specifically binds human CD28, Vi and Vio form a second
antigen binding site that specifically binds human CD3, and Vg3 and Vi3 form a third
binding site that specifically binds a human tumor target protein. In some embodiments,
the antigen binding site specifically binds a human tumor target protein selected from the
group consisting of CD19, CD20, CD38§, Her2, and LAMP1. In some embodiments, the
antigen binding site that specifically binds CD3 comprises: (a} a heavy chain variable
domain comprising the amino acid sequence of SEQ ID NO: 152 and a light chain variable
domain comprising the amino acid sequence of SEQ I NO: 153; or (b} a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 154 and a light chain
variable domain comprising the amino acid sequence of SEQ ID NO: 155, Insome
embodiments, the antigen binding site that specifically binds CD3 comprises six CDRs, ora
heavy chain and a light chain variable domain, shown in Tables 2-5. In some embodiments,
the antigen binding site that specifically binds CD28 comprises: {(a} a heavy chain variable
domain coruprising the amino acid sequence of SEQ ID NO: 160 and a light chain variable
domain comprising the amino acid sequence of SEQ ID NO: 161; or (b) a heavy chain
variable domain comprising the amino acid sequence of SEGQ ID NO: 162 and a light chain
variable domain comprising the amino acid sequence of SEQ 1D NO: 163, In some
embodiments, the antigen binding site that specifically binds CD28 comprises six CDRs, or
a heavy chain and a light chain variable domain, shown in Tables 2-5. In some
embodiments, the antigen binding site that specifically binds a tumor target protein
comprises: {a) a heavy chain variable domain comprising the amino acid sequence of SEQ
D NG: 156 and a light chain variable domain comprising the amino acid sequence of SEQ
ID NO: 157, (b) a heavy chain variable domain comprising the amino acid sequence of
SEQ ID NO: 158 and a light chain variable domain comprising the amino acid sequence of
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SEQ ID NO: 159; (¢} a heavy chain variable domain comprising the amino acid sequence
of SEQ ID NO: 164 and a light chain variable domain comprising the amino acid sequence
of SEQ ID NO: 165, (d) a heavy chain variable domain comprising the amino acid
sequence of SEQ ID NG: 150 and a light chain variable domain comprising the amino acid
sequence of SEQ ID NO: 151, or (e} a heavy chain variable domain comprising the amino
acid sequence of SEQ ID NO: 166 and a light chain variable domain comprising the amino
acid sequence of SEQ ID NO: 167. In some embodiments, the antigen binding site that
specifically binds a tumor target protein comprises six CDRs, or a heavy chain and a light
chain variable domain, shown in Tables 2-5. In some embodiments, the antigen binding
site that specifically binds a tumor target protein comprises six CDRs, or a heavy chain and
a light chain variable domatn, of an anti-Her2, anti-CD19, anti-CD20, anti-CD38, or anti-
LAMP1 binding domain shown in Tables 2-5.

6817} In another embodiment, the disclosure provides a binding protein comprising
four polypeptide chains that form three antigen binding sites, wherein a first polypeptide

chain has a structure represented by the formula:

VL=V la-Co {1

and a second polypeptide chain has a structure represented by the formula:
Vin-Ls-Vi-Lg-Cy {ij

and a third polypeptide chain has a structure represented by the formula:
Vuz-Cr ]

and a fourth polypeptide chain has a structure represented by the formula:
Via-Co (v

wherein:
Vi is a first immunoglobulin light chain variable domain;
Vi2 18 a second immunoglobulin light chain variable domain;
Va8 a third immunoglobulin light chain variable domain;
Vi is a first immunoglobulin heavy chain variable domain;
Vyy 18 a second immunoglobulin heavy chain variable domain;
/3 18 a third immunoglobulin heavy chain variable domain;
Cy is an immunogiobulin light chain constant domain;
Cm 13 an immunoglobulin Cuy heavy chain constant domain; and
L1, Ly, Ls and Ly are amino acid linkers;
wherein the polypeptide of formula 1 and the polypeptide of formula I form a cross-
over light chain-heavy chain pair;
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wherein:

{(a) Vi1, Vi and Vi;z are each independently a variable domain derived from an amino
acid sequence as set forth in any one of SEQ 1D NGs: 61, 63, 69, 71, 74, 76, 82, 86, 88, 94;
or

(b) Vi1, Viz and Vi3 each independently comprise light chain complementarity
determining regions of a variable domain of at least one amino acid sequence set forth in any
one of SEQ 1D NOs: 61, 63, 69, 71, 74, 76, 82, 86, 88, 94,

(¢} Vi1, Vi and Vi3 each independently comprise a variable domain sequence as set
forth in any one of SEQ 1D NOs:169, 171, and 173;

(d) Vi1, Vi and Vi3 each independently comprise light chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SEQ ID NOs: 141-147, 178, and 179; or

(e} Vi1 Vi; and Vi; each independently comprise light chain complementarity
determining regions and/or a variable domain sequence shown in Tables 2-5; and

wherein:

(3) Va1, Viz, and Vi are each independently a variable domain derived from an amino
acid sequence as set forth in any one of SEQ ID NQOs: 60, 62, 68, 73, 75, 81, 85, 87, 93; or

(b} Vi Vi, and Vi3 each independently comprise heavy chain complementarity
determining regions of a variable domain of at least one amino acid sequence set forth in
any one of in any one of SEQ D NOs: 60, 62, 68, 73, 75, 81, 85, 87, 93;

(c) Vi, Vi, and Vi each independently comprise a variable domain sequence as
set forth in any one of SEQ ID NOs: 168, 170, and 172;

(d) V. Vi and Vi each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SEQ ID NOs: 129137, or

(e) Vui, Viz and V3 each independently comprise heavy chain complementarity
determining regions and/or a variable domain sequence shown in Tables 2-5.

{0018} In some embodiments, the second and/or third polypeptide chain further
comprises an Fe region linked to i, the Fe region comprising an immuunogiobulin hinge
region and Cyy and Cps immunogliobulin heavy chain constant domains.
[6019] In another embodiment, the disclosure provides a binding protein comprising
four polypeptide chains that form three antigen binding sites, wherein a first polypeptide
chain comprises a structure represented by the formula:

Vip-Li-VinLa-Co (1]
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and a second polypeptide chain comprises a structure represented by the formula:
Vii-L3-Vi-La-Cai-hinge-Cip-Crz - {11

and a third polypeptide chain comprises a structure represented by the formula:
Vaz~-Cr-hinge-Cyp-Cas [THH]

and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cr [IV]

wherein:

Vi 18 a first immunogiobulin light chain variable domain;

Vi 18 a second immunoglobulin light chain variable domain;

Vi3 is a third immunoglobulin light chain variable domain;

Vi is a first immunogliobulin heavy chain variable domain;

Vi 18 a second immunoglobulin heavy chain variable domain;

V3 is a third immunoglobulin heavy chain variable domain;

C is an immunoglobulin light chain constant domain;

Cyy is an immunoglobulin Cy; heavy chain constant domain;

Cy; is an immunoglobulin Cip heavy chain constant domain;

Cys 15 an immunoglobulin Cys heavy chain constant domain;

hinge is an immunoglobulin hinge region connecting the Cy; and Cyp domains; and

L1, Ly, L3 and L, are amino acid linkers;

wherein the polypeptide of formula T and the polypeptide of formula I form a cross-
over light chain-heavy chain pair;

wherein:

(a} Vi1, Y1z and Vi3 are each independently a variable domain derived from an amino
acid sequence as set forth in any one of SEQ ID NGs: 61, 63, 69, 71, 74, 76, 82, 86, 88, 94;

(by Vi, Voo and Vi3 each independently comprise light chain complementarity
determining regions of a variable domain of at least one amino acid sequence set forth in any
one of SEQ ID NOs: 61, 63, 69, 71, 74, 76, 82, 86, 88, 94;

(¢} Vi1, Vs and Vi; each independently comprise a variable domain sequence as set
forth in any one of SEQ ID NQOs:169, 171, and 173;

(dy Vi Vi and Vi3 each independently comprise light chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SEQ 1D NOs: 141-147, 178, and 179; or

(¢} Vi Vi and Vi3 each independently comprise light chain complementarity
determining regions and/or a variable domain sequence shown in Tables 2-5;
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wherein:

(a) Vi, Vi and Vi3 are each independently a variable domain derived from an amino
acid sequence as set forth in any one of SEQ ID NOs: 60, 62, 68, 73, 75, 81, 85, 87, 93,

(b) Vi, Vi, and Vi3 each independently comprise heavy chain complementarity
determining regions of a variable domain of at least one amino acid sequence set forth in any
one of in any one of SEQ 1D NOs: 60, 62, 68, 73, 75, 81, 85, 87, 93;

(¢} Vi, Vi and Vs each independently comprise a variable domain sequence as set
forth in any one of SEQ ID NOs:168, 170, and 172;

(d) Vi1, Vi and Vi3 each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SEQ ID NOs: 129-137;

() Vui, Vuzand Vys each independently comprise heavy chain complementarity
determining regions and/or a variable domain sequence shown in Tables 2-5.

{0020} In some embodiments, Vi, Vi; and Vi3 each independently comprise a variable
domain sequence as set forth in any one of SEQ ID NOs: 169, 171, and 173; and Vg, Vo,
and Y3 each independently comprise a variable domain sequence as set forth in any one of
SEQ ID NOs:168, 170, and 172, In some embodiments, Vi Vipand Vi ;each
independently comprise light chain complementarity determining regions comprising an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 141-147, 178, and
179; and Vi, Vi and Vi each independently comprise heavy chain coraplementanty
determining regions comprising an amino acid sequence selected from the group consisting
of SEGQ 1D NOs: 129-137.

{0021} In some embodiments of any of the binding proteins described herein, (a) Vi
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D N(O:132, a CDR-H2
comprising the amino acid sequence of SEQ D N(G:133, and 3 CDR-H3 comprising the
amino acid sequence of SEQ ID NG:134; Vi comprises a CDR-L1 comprising the amino
actd sequence of SEQ ID N1 143, 3 CDBR-L2 comprising the amino acid sequence of SEQ
D NG:179, and a CDR-L3 comprising the amino acid sequence of SEQ ID NG:144; Vg,
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D N(O:135, a CDR-H2
comprising the amino acid sequence of SEQ ID NG:136, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:137; Vi, comprises a CDR-L1 comprising the amino
acid sequence of SEQ ID N(O:145, a CDR-L2 comprising the amino acid sequence of SEQ
1D NG: 146, and a CDR-L3 comprising the amino acid sequence of SEQ ID NG:147; Vs
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D N(O:129, a CDR-H2
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comprising the amino acid sequence of SEQ ID N(G: 130, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NQ:131; and Vi3 comprises a CDR-L1 coruprising the
amino acid sequence of SEQ 1D NG:141, a CDR-L2 comprising the amino acid sequence
of SEQ 1D NG:178, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NG:142; (b} Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D
NG:138, a CDR-HZ comprising the amino acid sequence of SEQ 1D NO:136, and a CDR-
H3 comprising the amino acid sequence of SEQ 1D NO:137; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ D NG:145, a CDR-L2 comprising the amino
actd sequence of SEQ ID NO: 146, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:147; Vu, comprises a CDR-H1 comprising the amino acid sequence of SEQ
ID NO:132, a CDR-H2 comprising the amine acid sequence of SEQ ID NO:133, and a
CDR-H3 comprising the amino acid sequence of SEQ 1D NO:134; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ 1D NO:143, a CDR-L2 comprising the
amino acid sequence of SEQ D NO:179, and a CDR-L3 comprising the amino acid
sequence of SEQ ID NO:144; Vi3 comprises a CDR-HI comprising the amino acid
sequence of SEQ 1D NG:129, a CDR-HZ comprising the amino acid sequence of SEQ ID
N©O:130, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:131; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ I3 NO:141, a CDR-L2
comprising the amino acid sequence of SEQ ID NO:178, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO:142; (¢) Vu; comprises a CDR-HI1 comprising the
amino acid sequence of SEQ D NOG:132, a CDR-H2 comprising the amino acid sequence
of SEQ I3 NGO:133, and a CDR-H3 comprising the amino acid sequence of SEQ 1D
WNO:134; Vi1 comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
NGO:143, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:179, and a CDR-
L3 comprising the amino acid sequence of SEQ D NG 144, Vip comprises a CDR-H1
comprising the amino acid sequence of SEQ ID NG:129, a CDR-H2 comprising the amino
acid sequence of SEQ ID NO:130, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NO:131; Vi; comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
NO:141, a CDR-L2 comprising the amino acid sequence of SE(G 1D NO:178, and a CDR-
L3 comprising the amino acid sequence of SEQ ID NO:142; Vi3 comprises a CDR-H1
comprising the amino acid sequence of SEQ ID NG:135, a CDR-H2 comprising the amino
actd sequence of SEQ 1D NO:136, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NO:137; and V3 comprises a CDR-L1 comprising the amino acid sequence of
SEQ ID NO:145, a CDR-L2 comprising the amino acid sequence of SEQ 1D NQ:146, and a
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CDR-L3 comprising the amino acid sequence of SEQ 1D NG:147; (d) Vy; comprises a
CDR-H1 comprising the amino acid sequence of SE(Q ID NO:129, a CDR-H2 comprising
the amino acid sequence of SEQ 1D NO:130, and a CDR-H3 comprising the amino acid
sequence of SEQ ID NG:131; Vi, comprises a COR-L1 comprising the amino acid
sequence of SEQ ID NO: 141, a CDR-L2 comprising the amino acid sequence of SEQ 1D
NO:178, and a CDR-L3 comprising the amino acid sequence of SEQ ID NG:142; Vo
comprises a CDOR-H1 comprising the amino acid sequence of SEQ 1D N(:132, a CDR-H2
comprising the amino acid sequence of SEQ ID NG:133, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:134; Vi, comprises a CDR-L1 comprising the amino
acid sequence of SEQ ID N(:143, a CDR-L2 comprising the amino acid sequence of SEQ
1D NG:179, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:144; Vs
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:135, a CDR-H2
comprising the arino acid sequence of SEQ ID NO:136, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:137; and Vi comprises a CDR-L1 comprising the
amino acid sequence of SEQ ID NO: 145, a CDR-L2 comprising the amino acid sequence
of SEQ ID NO: 146, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NO:147; {e) Vy; comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:135, a CDR-H2Z comprising the amino acid sequence of SEQ ID NO:136, and a CDR-
H3 comprising the amino acid sequence of SEQ ID NO:137; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ [D NG: 145, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:146, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:147; Vip comprises a CDR-HI comprising the amino acid sequence of SEQ
D NG:129, a CDR-H2 comprising the amino acid sequence of SEQ 1D N(O:130, and a
CDR-H3 comprising the amino acid sequence of SE(Q ID NO:131; Vi, comprises a CDR-
L1 comprising the amino actd sequence of SEQ ID NO: 141, a CDR-L2 comprising the
amino acid sequence of SEQ ID NG: 178, and a CDR-L3 comprising the amino acid
sequence of SEQ 1D N(O:142; Vy; comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO:132, a CDR-H2 comprising the amino acid sequence of SEQ D
NO:133, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:134; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:143, a CDR-L2
comprising the amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144; (f) Vi comprises a CDR-H1 comprising the
amino acid sequence of SEQ 1D NO:129, a CDR-H2 comprising the amivo acid sequence
of SEQ ID NG 139, and a CDR-H3 comprising the amino acid sequence of SEQ ID
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NO:131; Vi comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D
NO:141, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:178, and a CDR-
L3 comprising the amino acid sequence of SEQ ID NO:142; Vi, comprises a CDR-H1
comprising the amino acid sequence of SEQ ID NO:135, a CDR-HZ compristug the amino
acid sequence of SEQ ID N(:136, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NO:137; Vi, comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
NG:145, a CBR-L2 comprising the amino acid sequence of SE(Q [13 NG:146, and a CDR-
L3 comprising the amino acid sequence of SEQ ID NO:147; Vi3 comprises a COR-H1
comprising the amino acid sequence of SEQ ID NG:132, a CDR-H2 comprising the amino
acid sequence of SEQ ID NO:133, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NO:134; and Vi3 comprises a CDR-L1 comprising the amino acid sequence of
SEQ D NO:143, a CDR-L2 comprising the amino acid sequence of SEQ ID NG:179 and a
CDR-L3 comprising the amino acid sequence of SEQ 1D NO:144; (g} Vu, comprises a
CDR-H1 comprising the amino acid sequence of SEQ ID NO:135, a CDR-H2 comprising
the amino acid sequence of SEQ 1D NG:136, and a CDR-H3 comprising the amino acid
sequence of SEQ ID NO:137; Vi comprises a CDR-L1 comprising the amino acid
sequence of SEQ 1D NGO: 145, a CDR-L2 comprising the amino acid sequence of SEQ ID
NO:146, and a CBR-L3 comprising the amino acid sequence of SEQ D NO:147; Vi
comprises a CDR-H! comprising the amino acid sequence of SEQ 1D NO:132, a CDR-H2
comprising the amino acid sequence of SEQ D NG 133, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NG:134; V; comprises a COR-L1 comprising the amino
actd sequence of SEQ ID NO: 143, a CDR-L2 comprising the amino acid sequence of SEQ
D NG:179, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:144; Vi3
comprises a CDR-HI comprising the amino acid sequence of SEQ 1D N(O:135, a CDR-H2
comprising the amino acid sequence of SEQ 1D N(G:136, and 3 CDR-H3 comprising the
amino acid sequence of SEQ ID NG:137; and V3 comprises a CDR-L1 comprising the
amino acid sequence of SEQ ID N(: 145, a CDR-L2 comprising the amino acid sequence
of SEQ 1D NG: 146, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NGO:147; (h) Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:135, a CDR-H2 comprising the amino acid sequence of SEQ D NO:136, and a CDR-
H3 comprising the amino acid sequence of SEQ ID NO:137; Vi comprises a CDR-L]
comprising the amino acid sequence of SEQ ID NO:145, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:146, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:147; Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ
2]
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D NG:132, a CDR-H2 comprising the amino acid sequence of SEQ ID N(:133 and a
CDR-H3 comprising the amino acid sequence of SE(Q ID NO:134; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ ID NO: 143, a CDR-L2Z comprising the
amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the amino acid
sequence of SEQ ID NO:144; Vs comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO:132, a CDR-H2 comprising the amino acid sequence of SEQ D
N(:133, and a CDR-H3 comprising the amino acid sequence of SEQ ID N{:134; and Vi;
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO: 143, a CDR-LZ
comprising the amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144; (i) Va; comprises a CDR-H1 comprising the
amino acid sequence of SEQ 1D NO:132, a CDR-H2 comprising the amivo acid sequence
of SEQ ID NG 133, and a CDR-H3 comprising the amino acid sequence of SEQ ID
NO:134; Vi, comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D
NO:143, a CDR-L2 comprising the amino acid sequence of SEQ ID NO:179, and a CDR-
L3 comprising the amino acid sequence of SEQ D NO:144; Vi, comprises a CDR-HI
comprising the amino acid sequence of SEQ 112 WO:135, a CDR-H2Z comprising the amino
actd sequence of SEQ ID NO: 136, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NO:137; Vi,; comprises a CDR-LT comprising the amino acid sequence of SEQ ID
NO:145, a CDR-L2 comprising the amino acid sequence of SEQ ID NO:146, and a CDR-
L3 comprising the amino acid sequence of SEQ 1D NO:147; Vi comprises a CDR-H1
comprising the amino acid sequence of SEQ 12 NO:135, a CDR-H2 comprising the amino
actd sequence of SEQ ID NO:136, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NO:137; and V3 comprises a CDR-L1 comprising the amino acid sequence of
SEQ ID NO:145, a CDR-L2 comprising the amivo acid sequence of SEQ ID NO:146, and a
CDR-L3 comprising the amino actd sequence of SEQ 1D NO:147; or (§) Vi comprises a
CDR-HI comprising the amino acid sequence of SEQ ID NO:132, a CDR-H2 comprising
the amino acid sequence of SEQ ID NO:133, and 3 CDR-H3 comprising the amino acid
sequence of SEQ ID NO:134; Vi, comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO:143, a CDR-L2 comprising the amino acid sequence of SEQ ID
NO:179, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:144; Vi,
comprises a CDR-HI1 comprising the amino acid sequence of SEQ 1D NO:135, a CDR-H2
comprising the amino acid sequence of SEQ ID NO:136, and a CDR-H3 comprising the
amino acid sequence of SEQ 1D NO:137, Vi, comprises a CDR-L1 comprising the amino
acid sequence of SEQ 12 NO: 145, a CDR-L2 comprising the amino acid sequence of SEQ
22
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1D NG:146, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:147; Vi3
comprises a CDR-HI comprising the amino acid sequence of SEQ 1D N(O:132, a CDR-H2
comprising the amino acid sequence of SEQ D NG:133, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NG:134; and Vi; comprises a CDR-L1 comprising the
amino acid sequence of SEQ ID N(: 143, a CDR-L2 comprising the amino acid sequence
of SEQ ID NG:179, and a CDR-L3 comprising the amino acid sequence of SEQ ID
N(:144. In some embodiments, one or more of Vi, Vi1, Vi, Voo, Vs, and Vis
comprises one, two, or three CDR sequences of an antibody shown in Tables 2-5.

j6022] In some embodiments, the binding protein comprises three antigen binding sites,
where one, two, or three of the antigen binding site(s) specifically bind(s) a cvtokine target
protein selected fror the group cousisting of 1L~4, IL-13 and TNFa. In some embodiments,
(a)Vuy and Vi; form a first antigen binding site that specifically binds human TNFa, Vi
and Vp, form an antigen binding site that specifically binds human IL13, and Vs and Vi3
form an antigen binding site that specifically binds human 11.4; (b} Vi and Vi, form a first
antigen binding site that specifically binds human TNFa, Vi and Vi, form a second
antigen binding site that specifically binds human L4, and Vs and Vi3 form a third
antigen binding site that specifically binds human 1L13; (¢} Vy; and V; form a first antigen
binding site that specifically binds human 114, Vi, and Vi, form a second antigen binding
site that specifically binds human TNFa, and Vi3 and Vi3 form a third antigen binding site
that specifically binds human 1L.13; (d) Vi and Vi form a first antigen binding site that
specifically binds human [L4, Yy and Vi, form a second antigen binding site that
specifically binds buman IL13, and Vs and Vi3 form a third antigen binding site that
specifically binds human TNFa; (e) Vy; and Vi form a first antigen binding site that
specifically binds human IL13, Vi and Vi, form a second antigen binding site that
specifically binds human L4, and Vi and Vi form a third antigen binding site that
specifically binds human TNFa; or (f} Vg1 and Vi, form a first antigen binding site that
specifically binds buman 1113, Vip and V1; form a second antigen binding site that
specitically binds human TNFa, and Vys and V3 form a third antigen binding site that
specifically binds human [L.4. In some embodiments, the antigen binding site that
specifically binds human TNFa comprises a heavy chain variable domain comprising the
amino acid sequence of SEQ ID NO: 168 and a light chain variable domain comprising the
amino acid sequence of SEQ ID NO:169. In some embodiments, the antigen binding site
that specifically binds human IL4 comprises a heavy chain variable domain comprising the
amino acid sequence of SEQ ID NG:170 and a light chain variable domain comprising the
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amino acid sequence of SEGQ ID NO:171. In some embodiments, the antigen binding site
that specifically binds human IL13 comprises a beavy chain variable domain comprising
the amino acid sequence of SEQ 1D NO:172 and a light chain variable domain comprising
the amino acid sequence of SEQ ID NO:173.

0023} In some embodiments of any of the binding proteins described herein, the
second and/or third polypeptide chain further comprises an Fe region linked to Cyy, the Fe
region comprising an immunoglobulin hinge region and Cy; and Cys immunoglobulin
heavy chain constant domains. In some embodiments, at least one of Ly, L, Ly or Ly is
independently 0 amino acids in fength. Tn some erabodiments, Ly, Lo, L3 o L4 are each
independently at least one amino acid in length. In some embodiments, the binding protein
is trispecific and capable of specifically binding three different antigen targets. In some
embodiments, the binding protein is trispecific and capable of specifically binding three
different antigen targets. Tn some embodiments, the binding protein is capable of inhibiting
the function of one or more target proteins.

{0024} In some embodiments of any of the binding proteins described herein, at least
one of Ly, Ly, L5 or Ly is independently O amino acids in length. In some embodiments, L,
L,, Lyor Ly are each independently at least one amino acid in length. In some
embodiments, one, two, three, or all four of Ly, Lz, Ls and L4 are between 0 and 15 amino
acids in length. In some embodiments, at least two of Ly, Ly, Lz and Ly are between 1 and
IS amino acids in length. In some embodiments, {(a) L1, Ly, 13 and L4 each independently
are zero amino acids in length or comprise a sequence selected from the group consisting of
GGGGSGGGGS (SEQ 1D NO:104), GGGGRSGGGGSGGGEES (SEQ D NO:105), 8, RT,
TKGPS (SEQ D NO:106), GOPKAAP (SEQ ID NO: 175), and GGSGSSGSGG (SEQ ID
NO:148); or (b) Ly, Ly, L5 and Ly each independently comprise a sequence selected from the
group consisting of GGGGSGGGGS (SEQ 1D N(G:104), GGGGSGGGGSGGGES (SEQ
ID NO:105), S, RT, TKGPS (SEQ ID NO:106), GQPKAAP (SEQ ID NO: 175), and
GGSGSSGRGG (REQ ID NO:148). In some embodiments, Ly comprises the sequence
GQPKAAP (SEQ ID NO: 175), L; comprises the sequence TKGPS (SEQ ID NO:106), 15
comprises the sequence S, and Ly comprises the sequence RT; L; comprises the sequence
GGGGSGGGGES (SEQ ID NO:104), L, comprises the sequence GGGGSGGGES (SEQ ID
NO:104), Lz 15 0 amino acids in fength, and L4 is 0 amino acids in fength; L1 comprises the
sequence GGSGSSGSGG (SEQ ID N(O:148), L, comprises the sequence GGSGSSGSGG
(SEQ ID NO:148), L; is 0 amino acids in length, and L4 is O amino acids in length; or 14
comprises the sequence GGGGSGGGGSGGGES (SEQ ID NG:105), Ly 18 0 amino acids in
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fength, Ls comprises the sequence GGGGSGGGGSGGGGS (SEQ ID NO:105), and L4150
amino acids in length.

j0025] In some embodiments of any of the binding proteins described herein, the
second polypeptide chain further comprises a first Fe region linked to Cy, the first Fe
region comprising an immunoglobulin hinge region and Cp, and Ci immunoglobulin
heavy chain constant domains, wherein the first Fe region comprises amino acid
substifutions at positions corresponding to positions 354 and 366 of human 1gG1 or [gG4
according to EU Index, wherein the amino acid substitutions are S354C and T366W; and
wherein the third polypeptide chain further comprises a second Fc¢ region linked to Ci, the
second Fe region comprising an immunoglobulin hinge region and Cup and Cips
immunoglobulin heavy chain constant domains, wherein the second Fe region comprises
amino acid substitutions at positions corresponding to positions 349, 366, 368, and 407 of
human IgG1 or IgG4 according to EU Index, wherein the amino acid substitutions are
Y349C, T3668, L368A, and Y407V, In some embodiments, the second polypeptide chain
further comprises a first Fe region linked to Cy, the first Fc region comprising an
immunoglobulin hinge region and Cyp and Cis immunoglobulin heavy chain constant
domains, wherein the first Fc region comprises amino acid substitutions at positions
carresponding to positions 349, 366, 368, and 407 of human IgG1 or Ig(G4 according to EU
Index, wherein the amino acid substitutions are ¥Y349C, T3668, L368A, and Y407V, and
wherein the third polypeptide chain further comprises a second Fe region Hnked to Cuy, the
second Fe region comprising an immunoglobulin hinge region and Cypy and Cps
imrounoglobulin beavy chain constant domains, wherein the second Fe region comprises
amino acid substitutions at positions corresponding 1o positions 354 and 366 of human
IgGl or IgG4 according to EU Index, wherein the amino acid substitutions are $354C and
T366W. in some embodiments, the second polypeptide chain further comprises a first Fe
region linked to Cyy, the first Fe region comprising an immunoglobulin hinge region and
Cip and Cys immunoglobulin heavy chain constant domains, and wherein the third
polypeptide chain further comprises a second Fe region linked to Cyy, the second Fc region
comprising an immunoglobulin hinge region and Cip and Cuz immunoglobulin heavy chain
constant domains; wherein the first and/or second Fc regions comprise amino acid
substitutions at positions corresponding to positions 428 and 434 of human 1gG1 or IgG4
according to EU Index, wherein the amino acid substitutions are M428L and N434S. In
some embodiments, the Cy; domain of the second polypeptide chain comprises amino acid
substitutions at positions corresponding to positions 354 and 366 of human 1gG1 or IgG4
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according to EU Index, wherein the amino acid substitutions are 8354C and T366W; and
wherein the Cips domain of the third polypeptide chain comprises amino acid substitutions
at positions corresponding to positions 349, 366, 368, and 407 of human IgG1 or 1gG4
according to EU Index, wherein the amino acid substitutions are Y349C, T3668, L368A,
and Y407V, In some embodiments, the Cys domain of the second polypeptide chain
comprises amino acid substitutions at positions corresponding to positions 349, 360, 368,
and 407 of human 1gG1 or IgG4 according to EUJ Index, wherein the amino acid
substitutions are Y349C, T3668, L368A, and Y407V, and wherein the Cys domain of the
third polypeptide chain comprises amino acid substitutions at positions corresponding to
positions 354 and 366 of human 1gG1 or g4 according to EYJ Index, wherein the amino
acid substitutions are S354C and T366W. In some embodiments, the Cys domains of the
second and the third polypeptide chains both comprise amino acid substitutions at positions
corresponding to positions 428 and 434 of human IgG1 or IgG4 according to EU Index,
wherein the amino acid substitutions are M428L and N4348S. In some embodiments, the
second polypeptide chain further comprises a first Fc region linked to Cy, the first Fe
region comprising an immunoglobulin hinge region and Cu; and Cys immunoglobulin
heavy chain constant domains; wherein the third polypeptide chain further comprises a
second Fe region linked to Cy, the second Fe region comprising an immunoglobulin hinge
region and Cay and Cys immunoglobulin heavy chain constant domains; and wherein only
one of the first and the second Fe regions comprises amino acid substitutions at positions
corresponding to positions 435 and 436 of human IgG1 or IgG4 according to EU Index,
wherein the amino acid substitutions are H435R and Y436F. In some embodiments, the
Cusz domains of the second and the third polypeptide chains are human 1gG1 Cys domains,
and wherein only one of the Cy; domains comprises amino acid substitutions at positions
corresponding to positions 435 and 436 of human IgG1 or IgG4 according to EU Index,
wherein the amino acid substitutions are H435R and Y436F. In some embodiments, the
second polypeptide chain further comprises a first Fc region linked to Cy, the first Fe
region comprising an immunogiobulin hinge region and Cy, and Cy; immunoglobulin
heavy chain constant domains; wherein the third polypeptide chain further comprises a
second Fc region linked to Cu, the second Fe region comprising an immunoglobulin hinge
region and Cmp and Cis immunoglobulin heavy chain constant dorains; wherein the first
and/or second Fc regions are human Ig(G4 Fc regions; and wherein the first and the second
F¢ regions each comprise amino acid substitutions at positions corresponding to positions
228 and 409 of human g4 according to EU Index, wherein the amino acid substitutions
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are S228P and R409K. In some embodiments, the Cys domains of the second and the third
polypeptide chains are buman IgG4 Ciz domains, and wherein the Cyz domains each
comprise amino acid substitutions at positions corresponding to positions 228 and 409 of
human IgG4 according to EU Index, wherein the amino acid substitutions are S228P and
R409K. In some embodiments, the second polypeptide chain further comprises a first Fc
region linked to Cyy, the first Fc region comprising an immunoglobulin hinge region and
Cip and Cypz immunoglobulin heavy chain constant domains; wherein the third polypeptide
chain further comprises a second Fe region linked to Cgy, the second Fe region comprising
an immunoglobulin hinge region and Cip and Caz immunoglobulin heavy chain constant
demains; wherein the first and/or second Fc regions are human 1gG4 Fc regions; and
wherein the first and the second Fe regions each comprise amino acid substitutions at
positions corresponding to positions 234 and 235 of human IgG4 according to EU Index,
wherein the amino actd substitutions are F234A and L235A. In some embodiments, the
Cyus domains of the second and the third polypeptide chains are human IgG4 Cys domains,
and wherein the Cy; domains each comprise amino acid substitutions at positions
corresponding to positions 234 and 235 of human IgG4 according to EU Index, wherein the
amino acid substitutions are F234A and L235A. In some embodiments, the second
polypeptide chain further comprises a first Fe region linked to Cyy, the first Fe region
comprising an immunogliobulin hinge region and Cnz and Cys immunoglobulin heavy chain
constant domains; wherein the third polypeptide chain further comprises a second Fe region
linked to Cu;, the second Fc region comprising an immunoglobulin hinge region and Cy»
and Cuz immunoglobulin heavy chain constant domatns; wherein the first and/or second Fe
regions are human IgG1 Fc regions; and wherein the first and the second Fc regions each
comprise amino acid substitutions at positions corresponding to positions 234 and 235 of
human fgG1 according to EU Index, wherein the amino acid substitutions are L234A and
L235A. In some embodiments, the Cys domains of the second and the third polvpeptide
chains are human Ig(G1 Cy; domains, and wherein the Cy; domains each comprise amino
acid substitutions at positions corresponding to positions 234 and 235 of human IgGl
according to EU Index, wherein the amino acid substitutions are L234A and L235A. In
some embodiments, the first and/or second Fc regions are human IgG1 Fe regions. In some
embodiments, the first and/or second Fc regions are human IgG4 Fe regions.

{0026} In some embodiments of any of the binding proteins described herein, the Cp,
domain of the first polypeptide chain is a human kappa C domain, and the C, domain of
the fourth polypeptide chain is a human lambda Cp domain; or the Cp domain of the first
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polypeptide chain is a human lambda Cy domain, and the C domain of the fourth
polypeptide chain i3 a human kappa Cr domain. In some embodiments, the first
polypeptide chain comprises a lambda C; domain; wherein the Cys domain of the second
polypeptide chain comprises amino acid substitutions at positions corresponding to
positions 354 and 366 of human IgG1 or IgG4 according to EU Index, wherein the amino
acid substitutions are S354C and T366W; wherein the Cys domain of the third polypeptide
chain comprises amino acid substitutions at positions corresponding to positions 349, 366,
368, 407, 435, and 436 of human IgG1 or IgG4 according to EU Index, wherein the amino
acid substitutions are Y349C, T3668, L368A, Y407V, H435R, and Y436F; and wherein the
fourth polypeptide chain comprises a kappa Cy domain. In some embodiments, the first
polypeptide chain comprises a lambda Cp domain; wherein the Cys domain of the third
polypeptide chain comprises amingo acid substitutions at positions corresponding to
positions 354 and 366 of human IgG1 or 1gG4 according to EU Index, wherein the amino
acid substitutions are 8354C and T366W; wherein the Cy; domain of the second
polypeptide chain comprises amino acid substitutions at positions corresponding to
positions 349, 366, 368, 407, 435, and 436 of human IgG1 or 1gG4 according to EU Index,
wherein the amino acid substitutions are Y349C, T3668, L368A, Y407V, H435R, and
Y436F; and wherein the fourth polypeptide chain comprises a kappa Cp domain. In some
embodiments, the first polypeptide chain comprises a lambda Cy, domain; wherein the Cus
domain of the second polypeptide chain comprises amino actd substitutions at positions
corresponding to positions 354, 366, 435, and 436 of human IgG1 or IgG4 according to EU
Index, wherein the amino acid substitutions are S334C, T366W, H435R, and Y436F;
wherein the Cy; domain of the third polypeptide chain comprises amino acid substitutions
at positions corresponding to positions 349, 366, 368, and 407 of buman IgG1 or IgG4
according to EU Index, wherein the amino acid substitutions are Y349C, T366S, L368A,
and Y407V, and wherein the fourth polypeptide chain comprises a kappa C, domain. In
some embodiments, the first polypeptide chain comprises a kappa Cy domain; wherein the
Cus domain of the second polypeptide chain comprises amino acid substitutions at positions
corresponding to positions 354 and 366 of human IgG1 or IgG4 according to EU Index,
wherein the amino acid substitutions are S354C and T366W; wherein the Cgs domain of the
third polypeptide chain comprises amino acid substitutions at positions corresponding to
positions 349, 360, 368, 407, 435, and 436 of human IgG1 or IgG4 according to EU Index,
wherein the amino acid substitutions are Y349C, T3608, L368A, Y407V, H435R, and
Y436F,; and wherein the fourth polypeptide chain comprises a lambda Cp domain. In some
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embodiments, second and/or third polypeptide chain comprise a human IgGl or IgG4 Fe
region.

0027} In another embodiment, the disclosure provides a binding protein comprising a
first polypeptide chain, a second polypeptide chain, a third polypeptide chain and a fourth
polypeptide chain wherein:

(a} the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 4 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
NO: 4; the second polypeptide chain comprises the amino acid sequence of SEG ID NO: 3 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
WO: 3; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 1 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
NO: 1; and the fourth polypeptide chain comprises the amine acid sequence of SEQ ID NQO: 2
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
D NG: Z;

{(b) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 10
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
ID NO: 10; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
9 or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
{D NO: 9; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 1
or an amino acid sequence that 15 at feast 953% identical to the amino acid sequence of SEQ
ID NO: 1; and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 2 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 2;

{c) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 4 or
an amino acid sequence that s at Jeast 95% identical to the amino acid sequence of SEQ ID
NO: 4; the second polypeptide chain comprises the amino acid sequence of SEGQ ID NO: 3 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D
NO: 3; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 13 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
NO: 13; and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID NO:
14 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 14;

(d) the first polypeptide chain comprises the amine acid sequence of SEQ 1D NO: 10
or an amino acid sequence that is at feast 95% identical to the amino acid sequence of SEQ
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1D NQ: 10; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
9 or an arvino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
D NO: 9; the third polypeptide chain comprises the amino acid sequence of SEQ 1D NOG: 13
or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ
I NG 135 and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 14 or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of
SEQ ID NO: 14;

(e) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 4 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
WNO: 4; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 3 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
NQO: 3; the third polypeptide chain comprises the amino acid sequence of SEQ D NO: 17 or
an amino acid sequence that is at least 95% identical to the amivo acid sequence of SEQ 1D
NO: 17; and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
18 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEQ ID NO: 18

(f} the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 10
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
D NG: 10; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
9 or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
ID NO: 9; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 17
or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ
D NO: 17, and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 18 or an amino acid sequence that 13 at least 95% identical to the amino acid sequence of
SEQ ID NO: 18;

(g) the first polypeptide chain comprises the amino acid sequence of SEQ ID NG: 4 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D
NO: 4; the second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 3 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
NO: 3; the third polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 21 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
WNO: 21; and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
22 or an amino acid sequence that is at least 95% identical to the amino acid sequence of

SEQ ID NO: 22;
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(h) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NG: 10
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
D NO: 10; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO.
9 or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
1D NO: 9; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 21
or an amino acid sequence that is at feast 95% identical to the amino acid sequence of SEQ
1D NO: 21; and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 22 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 22;

(i} the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 63
or an amino acid sequence that 13 at least 95% identical to the amino acid sequence of SEQ
1D NO: 63; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
62 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 62; the third polypeptide chain comprises the amino acid sequence of SEQ 1D
WNO: 60 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEQ ID NO: 60; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 61 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 61

(i} the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 69
or an amino acid sequence that 15 at feast 953% identical to the amino acid sequence of SEQ
1D NO: 69; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
68 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 68; the third polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 60 or an amino acid sequence that 13 at least 95% identical to the amino acid sequence of
SEQ ID NO: 60; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 61 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 61;

(k) the first polypeptide chain comprises the amine acid sequence of SEQ ID NG: 69
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
1D NO: 69; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
68 or an amino acid sequence that is at least 953% identical to the amino acid sequence of
SEQ 1D NO: 68; the third polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 60 or an amino acid sequence that 1s at feast 95% identical to the amino acid sequence of
SEQ 1D NO: 60; and the fourth polypeptide chain comprises the amine acid sequence of SEQ
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ID NO: 71 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NG: 71;

(1) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 76
or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ
1D NO: 76; the second polypeptide chain comprises the amino acid sequence of SEQ ID NOG:
75 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 75; the third polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 73 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 74 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ D NO: 74;

{m) the first polypeptide chain comprises the amino acid sequence of SEQ ID NG: 82
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
1D NQ: 82; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
81 or an amino acid sequence that is at least 95% identical to the amine acid sequence of
SEQ ID NO:81; the third polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 73 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 74 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ B NO: 74;

(n) the first polypeptide chain comprises the amino acid sequence of SEQ D NO: 838
or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ
1D N(:88; the second pelypeptide chain comprises the amino acid sequence of SEQ ID NO:
87 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ I3 NO: 87, the third polypeptide chain comprises the amino acid sequence of SEQ ID
NGO: 85 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 85; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ D NO: 85,

(o) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 94
or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ
D NG: 94; the second polypeptide chain comprises the aming acid sequence of SEQ 1D NG:
93 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEQ ID NO: 93; the third polypeptide chain comprises the amino acid sequence of SEQ 1D
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NO: 85 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 85; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NOG: §6;

(p) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 69
or an amino acid sequence that is at feast 95% identical to the amino acid sequence of SEQ
1D NO: 69, the second polypeptide chain comprises the amino acid sequence of SEQ 11D NO:
68 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 68, the third polypeptide chain comprises the amino acid sequence of SEQ 1D
WNO: 73 or an aminoe acid sequence that is at {east 95% identical to the amino acid sequence of
SEQ ID NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 74 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NG: 74;

(q) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 69
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
ID NO: 69; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
68 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NQO: 68, the third polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 85 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 85; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID WO: 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 86;

(r) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 63
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
I3 NO: 63, the second polypeptide chain comprises the amino acid sequence of SEQ) 1D NO:
62 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 62; the third polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 73 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 74 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NG: 74;

(s) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 63
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
D NO: 63, the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO:

~n
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62 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ I3 NO: 62; the third polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 85 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 83; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
I NO: 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 86;

(1) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 4 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D
NO: 4; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 3 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D
NO: 3; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 114 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
NO: 114; and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID
WNO: 115 or an amino acid sequence that is at least 95% identical to the amino acid sequence
of SEQ ID NG: 115; or

(u) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:

10 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 10; the second polypeptide chain comprises the amine acid sequence of SEQ
1D NG: 9 or an amino acid sequence that is at feast 95% identical to the amino acid
sequence of SEQ 3 NO: 9; the third polypeptide chain coroprises the amino acid sequence
of SEQ ID NO: 114 or an amino acid sequence that is at least 95% identical to the amino
acid sequence of SEQ ID NO: 114; and the fourth polypeptide chain comprises the amino
acid sequence of SEQ ID NO: 115 or an amine acid sequence that is at least 95% identical
to the amino acid sequence of SEQ ID NO: 115,

{0028} In another embodiment, the disclosure provides an isolated nucleic acid
molecule comprising a nucleotide sequence encoding the binding protein or polypeptide
thereof according to any of the above embodiments. In another embodiment, the disclosure
provides an expression vector comprising the nucleic acid molecule according to one of the
above erobodirnents. Tn another embodiment, the disclosure provides an isolated host cell
comprising the nucleic acid molecule according to any of the above embodiments. In
another embodiment, the disclosure provides an isolated host cell cormprising the expression
vector according to any of the above embodiments. In some embodiments, the isolated host
cell is a mammalian cell or an insect cell. In one embodiment, the disclosure provides a
vector system comprising one or more vectors encoding a first, second, third, and fourth
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polypeptide chain of a binding protein according to any of the above embodiments. In
some embodiments, the vector system comprises a first vector encoding the first
polypeptide chain of the binding protein, a second vector encoding the second polypeptide
chain of the binding protein, a third vector encoding the third polypeptide chain of the
binding protein, and a fourth vector encoding the fourth polypeptide chain of the binding
protein. In some embodiments, the vector system comprises a first vector encoding the first
and second polypeptide chains of the binding protein, and a second vector encoding the
third and fourth polypeptide chains of the binding protein. In some embodiments, the one
or more vectors are expression vectors. In one embodiment, the disclosure provides an
isolated host cell comprising the vector system according to any of the above embodiments.
In one embodiment, the disclosure provides a method of producing a binding protein, the
method comprising: a) culturing a host cell according to any of the above embodiments
under conditious such that the host cell expresses the binding protein; and b) isolating the
binding protein from the host cell. In one embodiment, the disclosure provides a
pharmaceutical composition comprising the binding protein according to any of the above
embodiments and a pharmaceutically acceptable carrier.

1002%] In another embodiment, the disclosure provides a method of preventing and/or
treating cancer in a patient comprising administering to the patient a therapeutically
effective amount of at least one binding protein or pharmaceutical composition according to
any of the above embodiments. In another embodiment, the disclosure provides a binding
protein or pharmaceutical composition according to any of the above embodiments for use
in preventing and/or treating cancer in a patient. o another embodiment, the disclosure
provides a binding protein according to any of the above embodiments for the manufacture
of a medicament for preventing and/or treating cancer in a patient. In some embodiments,
the binding protein comprises one antigen binding site that specifically binds a T-celi
surface protein and another antigen binding site that specifically binds a tumor target
protein. In some embodiments, the binding protein comprises an antigen binding site that
specifically binds CD3, an antigen binding site that specifically binds CD28, and an antigen
binding site that specifically binds a tumor target protein selected from the group consisting
of CD19, CD20, CD38, Her2, and LAMP1. In some embodiments, the at least one binding
protein is co-administered with a chemotherapeutic agent. In some embodiments, the
patient is 2 human. In some embodiments, the binding protein is capable of inhibiting the
function of one ot more target proteins selected from the group consisting of AZAR,
APRIL, ATPDase, BAFF, BAFFR, BCMA, BlyS, BT, BTLA, B7DC, B7H1, B7H4,
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B7HS, B7H6, B7H7, BTRPL, B7-4, (3, C5, CCL2, CCL3, CCL4, CCLS, CCL7, CCLS,
CCL11, CCL15, CCL17, CCL19, CCL20, CCL21, CCL24, CCL25, CCL26, CCR3, CCRA4,
CD3, CD19, CD20, CD23, CD24, CD27, CD28, CD38, CD39, CD40, CD70, CDS0, CDS6,
Ch122, CD137, CDI137L, CD152, CD154, CD160, CD272, CD273, CD274, CD275,
CD276, CD278, CD279, CDHI, chitinase, CLECS, CLEC91, CRTH2, CSF-1, C8F-2,
CSF-3, CX3CL1, CXCL12, CXCL13, CXCR3, DNGR-1, ectonucleoside triphosphate
diphosphohydrolase 1, EGFR, ENTPD1, FCERITA, FCERL, FLAP, FOLHI, Gi24, GITR,
GITRL, GM-CSF, Her2, HHLA2, HMGB1, HVEM, ICOSLG, IDO, IFNq, IgE, IGFIR,
IL.2Rbeta, IL1, IL1A, ILIB, IL1F10, IL2, 114, TL4Ra, IL5, TLAR, 116, [L.7, IL7Ra, IL8,
1.9 H9R, IL10, thil 10, 1L12, IL13, IL13Ral, HL13RaZ, 115, IL17, IL17Rb, 118, 1122,
1123, 1L25, 1L.27, 1133, IL35, ITGB4, ITK, KIR, LAG3, LAMP1, leptin, LPFS2, MHC
class I, NCR3LGT, NKG2D, NTPDase-1, OX40, OX40L, PD-1H, platelet receptor,
PROM1, $152, SISP1, SLC, SPG64, ST2, STEAP2, Syk kinase, TACL TDO, T14, TIGIT,
TIM3, TLR, TLR2, TLR4, TLRS, TLRY, TMEF1, TNFa, TNFRSF7, Tps5, TREM1,
TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1.

{0038} In another embodiment, the disclosure provides a method of preventing and/or
treating an inflammatory disease or disorder in a patient comprising administering to the
patient a therapeutically effective amount of at least one binding protein or pharmaceutical
composition according to any of the above embodiments. In another embodiment, the
disclosure provides a binding protein or pharmaceutical composition according to any of
the above embodiments for use in preventing and/or treating an inflammatory disease or
disorder in a patient. In another embodiment, the disclosure provides a binding protein
according to any of the above embodiments for the manufacture of a medicament for
preventing and/or treating an inflamroatory disease or disorder in a patient. In some
embodiments, the binding protein comprises three antigen binding sites that each
specifically bind a cytokine target protein selected from the group consisting of IL-4, IL-13
and TNFa. In some embodiments, two of the three binding sites specifically bind a
cytokine target protein selected from the group consisting of IL-4, IL-13 and TNFa. In
some embodiments, the at least one binding protein is co-administered with an anti-
inflammatory agent. In some embodiments, the patient is a human. In some embodiments,
the binding protein is capable of inhibiting the function of one or more target proteins
selected from the group consisting of A2AR, APRIL, ATPDase, BAFF, BAFFR, BCMA,
BlyS, BTK, BTLA, B7DC, B7HI, B7H4, B7HS5, B7H6, B7TH7, BTRP1, B7-4, C3, C3,
CCL2, CCL3, CCL4, CCLS, CCL7, CCLS, CCL1L, CCL1S, CCL17, CCL1S, CCL20,
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CCL21, CCL24, CCL25, CCL26, CCR3, CCR4, CD3, CD19, CD20, CD23, CD24, CD27,
CD28, CD38, CD39, CD40, CD70, CD30, CD86, CD 122, CD137, CD137L, CD152,
CD154, CD160, CD272, CD273, CD274, CD275, CB276, CD278, CD27%, CDHI,
chitinase, CLEC9, CLEC91, CRTH2, CSF-1, CS8F-2, CSF-3, CX3CL1, CXCL12,
CXCL13, CXCR3, BNGR-1, ectonuclecside triphosphate diphosphobydrolase 1, EGFR,
ENTPD1, FCERIA, FCER1, FLAP, FOLHI, Gi24, GITR, GITRL, GM-CSF, Her2,
HHLA2, HMGB1, HVEM, ICOSLG, IDO, [FNg, Igh, IGFIR, [L2Rbeta, IL1, IL1A, IL1B,
IL1F10, L2, IL4, IL4Ra, ILS, ILSR, IL6, IL7, IL7Ra, IL8, ILY, ILOR, TL10, thIL10, IL12,
IL13, TL13Ral, TLI3Ra2, TS, 117, TL17Rb, TL18, 122, 1123, 1125, 1127, 1133, 135,
ITGB4, ITK, KIR, LAG3, LAMPI, leptin, LPFS2, MHC class I, NCR3LG1, NKG2D,
NTPDase-1, OX40, OX40L, PD-1H, platelet receptor, PROM1, $152, SISP1, SLC, SPG64,
ST2, STEAPZ, Syk kinase, TACL TDO, T14, TIGIT, TIM3, TLR, TLR2, TLR4, TLRS,
TLRY, TMEF1, TNFa, TNFRSF7, TpS5, TREM1, TSLP, TSLPR, TWEAK, VEGF,
VISTA, Vstm3, WUCAM, and XCR1.
{06031} In another embodiment, the disclosure provides a method of purifving a binding
protein produced by a host cell, comprising;
(a) producing in & host cell a binding protein comprising four polypeptide chains that form
three antigen binding sites that specifically bind one or more antigen targets or target
proteins, wherein a first polypeptide chain comprises a structure represented by the
formula:

Vir-L-Vi-1a-Co (1]
and a second polypeptide chain comprises a structure represented by the formula:

Vin-Ls3-Vip-Lg-Crp-hinge-Cro-Cs - [H]

and a third polypeptide chaiv comprises a structure represented by the formula:

Viz-Crn {1}
and a fourth polvpeptide chain comprises a structure represented by the formula:
Vi-Co (v

Vi1 18 a first immunoglobulin light chain variable domain;

Vi2 is a second immunoglobulin light chain variable domain;
Vi1 is a third immunoglobulin light chain variable domain;
Vi 18 a first immunoglobulin heavy chain variable domain,
Vu is a second immunoglobulin heavy chain variable domain;
Vs 18 a third iromunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chain constant domain;
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Cy 1s an immunoglobulin Cy; heavy chain constant domain;

Cyp 1s an immunoglobulin Cyp heavy chain constant domain;

Cys is an immunoglobulin Cys heavy chain constant domain;

hinge is an immunoglobulin hinge region connecting the Cy; and Cy, domains; and

L1, Lo, L3 and L4 are amino acid linkers;
wherein the polypeptide of formula I and the polypeptide of formula I form a cross-over
light chain-heavy chain pair, wherein only one of the Cygz domain of the second polypeptide
chain and the Cygz domain of the third polypeptide chain comprises amino acid substitutions
at positions corresponding to positions 435 and 436 of human IgG1 or IgG4 according to
U Index, wherein the amino acid substitutions are H435R and Y436F,;
{b) contacting the binding protein produced in (a) with Protein A; and
(c) eluting the binding protein from Protein A under conditions suitable for isolating the
binding protein away from binding proteins corprising either 0 or 2 Cy; domains
comprising the amino acid substitutions are H435R and Y436F.
{0032} In some embodiments, the Cy, domain of the first polypeptide chain is a human
kappa Cr domain, and the Cp domain of the fourth polypeptide chain is 2 human lambda Cp
domain; or the Cy, domain of the first polypeptide chain is a human lambda C; domain, and
the Cp, domain of the fourth polypeptide chain is a human kappa Cp domain, and the method
further comprises: {d) contacting the binding protein eluted in {c) with a kappa light chain
atfinity medium; and (e) eluting the binding protein from the kappa light chain affimty
medium under conditions suitable for isolating the binding protein away from binding
proteins comprising only lambda Cp domains. In some embodiments, the method further
comprises, after (e}, (f} contacting the binding protein eluted in (e) with a lambda light
chain affivity wedium; and (g) eluting the binding protein from the lambda light chain
affinity medium under conditions suitable for isolating the binding protein away from
binding proteins comprising only kappa C, domains. In some embodiments, the Cp. domain
of the first polypeptide chain is a human kappa Cr domain, and the C domain of the fourth
polypeptide chain is a human lambda C domain; or the Cp, domain of the first polypeptide
chain is a human lambda Cp, domain, and the Cp domain of the fourth polypeptide chain is a
human kappa Ci, domain, and the method further comprises: {d) contacting the binding
protein eluted in (¢) with a lambda light chain affinity medium; and {e) eluting the binding
protein from the lambda light chain affinity medium under conditions suitable for isolating
the binding protein away from binding proteins comprising only kappa Cy, domains. In
some embodiments, the method further comprises, after (e}, (f} contacting the binding
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protein eluted in (e) with a kappa light chain affinity medium; and (g} eluting the binding
protein from the kappa light chain affinity medium under conditions suitable for isolating
the binding protein away from binding proteins comprising only lambda C domains. In
some embodiments, the first polypeptide chain comprises a lambda C;, domain; wherein the
Cusz domain of the second polypeptide chain comprises amino acid substitutions at positions
corresponding to positions 354 and 366 of human IgG1 according to EU Index, wherein the
amino acid substitutions are S354C and T366W; wherein the Cr; domain of the third
polypeptide chain comprises amino acid substitutions at positions corresponding to
positions 349, 366, 368, 407, 435, and 436 of human IgGl according to EU Index, wherein
the amino acid substitutions are Y349C, T3668, L368A, Y407V, H435R, and Y436F,; and
wherein the fourth polypeptide chain comprises a kappa Cy domain. In some embodiments,
the binding protein is detected in one or more of (¢} and (e} using hydrophaobic interaction
chromatography (HIC). In some embodiments, the Cyz domains and/or Fe regions of the
second and the third polypeptide chains are human IgGl or 1gG4 Cus domains and/or Fo
regions.

{0033} It is to be understood that one, some, or all of the properties of the various
embodiments described herein may be combined to form other embodiments of the present
invention. These and other aspects of the invention will become apparent to one of skill in
the art. These and other embodiments of the invention are further described by the detailed

description that follows.
BRIEF DESCRIPTION OF THE DRAWINGS

{0834 FIGS. 14-1C show schematic representations of trispecific binding proteins
comprising four polypeptide chains that form three antigen binding sites that specifically
binds three target proteins, wherein a first pair of polypeptides possess dual variable
domains having a cross-over orientation (VHI1-VHZ and VL2-VL1) forming two antigen
binding sites, and wherein a second pair of polypeptides possess a single variable domain
(VH3 and VL3) forming a single antigen binding site. FIG, 1A shows a trispecific binding
protein comprising a “knobs-into-holes” mutation, where the knob is on the second pair of
polypeptides with a single variable domain. FIG. 18 shows a trispecific binding protein
comprising a “knobs-into-holes” mutation, where the knob is on the first pair of
polypeptides having the cross-over orientation. FEG., 1C shows the ortentation of variable
domains on the polypeptide chains, and the knob/hole orientation for the binding proteins

shown in Tables 1-3. “Heavy chain A” (e.g., a third polypeptide chain of the present
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disclosure) indicates the variable domain of heavy chain A. “Light chain A” (e.g., a fourth
polypeptide chain of the present disclosure) indicates the variable domain of light chain A,
“Heavy chain B” (e.g., a second polypeptide chain of the present disclosure) indicates
variable domain 1 and variable domain 2 of heavy chain B. “Light chain B” {e.g., a first
polypeptide chain of the present disclosure) indicates variable domain 1 and variable
domain 2 of light chain B.

{0635} FIG. 2 shows the resulis of an ELISA assay determining the binding of an anti-
Her2 x CD28 x CD3 Ig(G4 trispecific antibody (Binding Protein 1), or isotype control
antibody, to human CD3, CD28 and Her2. The bound antibodies were detected using a
horseradish peroxidase (HRP)-conjugated anti-Fab secondary antibody.

{0036} FIGS. 3A-3C show the results of antibody-mediated specific killing of Her2"
breast cancer cells using an anti-HerZ x CD28 x CD3 Ig(G4 trispecific antibody (referred to
herein as “Binding protein 17}, an anti-CD28 x CD3 Ig(G4 bispecific antibody (huCD28 x
CD3), an anti-Her2 1gG1 antibody, or a control antibody (human-lgG1), using human
PBMC at the E:T=10. FIG. 3A shows the results of trispecific antibody-mediated specific
killing of ZR-75-1 cells. FIG. 3B shows the results of trispecific antibody-mediated
specific killing of AUS6S cells. FIG, 3C shows the results of FACS analysis determining
the cell surface expression of the indicated markers on ZR-75-1 and AUS565 cells.

{6037} FIGS. 4 & 5 show the results of antibody-mediated specific killing of Her2”
breast cancer cells using an anti-Her2 x CD28 x CD3 1gG4 trspecific antibody (Binding
protein 1), an anti-CD28 x CD3 1gG4 bispecific antibody (huCD28 x CD3}, an anti-Her2
1gG1 antibody, or a control antibody (human-IgG1l). FIG. 4 shows the results of antibody-
mediated specific killing of ZR-75-1 cells using human peripheral blood moncnuclear cells
(PBMUCs) from donor KP45926 at E:T=10. FIG. 5§ shows the results of antibody-mediated
specific killing of AUS6S cells using human PBMCs from donor KP45944 at H:T=10.
FIGS. 4 & 8 confirm similar cell killing results as shown in FIGS. 3A-3C using PBMCs
from a different donor.

{00638} FIGS. 6A & 6B show the activation (CD69") and proliferation of human T cells
treated with anti-Her2 x CD28 x CD3 IgG4 trispecific binding protein
(HERZ/CD28,,,xCD3 nig; referred to herein as “Binding Protein 17), anti-Her2 x CD28 x
CD3 1gG4 mspecific binding protein lacking the anti-CD28 binding domain
{(HER2/ACD28pxCD3 ), anti-Her2 x CD28 x CD3 g4 trispecific binding protein
lacking the anti-CD3 binding domain (HER2/CD28,;x ACD3w4), anti-Her2 x CD28 x CD3
1G4 trispecific binding protein lacking both anti-CD28 and anti-CD3 binding domains
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{(HERZ/A{CDZ83pxACD3 )}, control anti-CD3 monocional antibody, or control IgG4
antibody. FIG. 6A shows the activation (CD69") of human CD4” T cells from three donors.
FIG. 6B shows the activation (CD697) of human CD8™ T cells from three donors. CD28yp:
anti-CD28 superagonist antibody. CD3ge anti-CD3 antibody.
[0039] F1GS. 7A-C show IL-2, NF«B, and nuclear factor of activated T-cells (NFAT)
pathway activation via anti-CD3 and anti-CD28 signaling, as measured by lhuciferase assay
using human Jurkat T celis with an [L-2 promoter-luciferase construct (FIG. 7A), an NFcB
promoter-tuciferase construct (FIG, 7B), or an NFAT promoter-luciferase construct (FEG.
7C). Antibodies tested were those described above in reference to FIGS. 6A-6D.
{0040} FiG. 8 shows the results of an ELISA assay determining binding of an anti-
CD19 x CD28 x CD3 Ig(G4 trispecific antibody {referred to herein as “Binding Protein 37},
or isotype control antibody, to CD3, CD28, and CD19. The bound antibodies were detected
using a horseradish peroxidase (HRP)-conjugated anti-Fab secondary antibody.
{60641} FIGS. 9A-9N show the results of antibody-mediated specific killing of CD19”
human GCB lymphoma cells using an anti-CD19 x CD28 x CD3 IgG4 trispecific antibody
(referred to herein as “Binding Protein 37), or the indicated controls, using human PBMC as
effector cells at E:T=10. FIG. 9A shows the results of antibody-mediated specific killing of
OCI-LY 19 cells. FIG, 98 shows the resulis of FACS analysis determining the cell surface
expression of the indicated markers on OCI-LY 19 cells. FIG. 9C shows the results of
antibody-mediated specific killing of OCI-LY 19 cells using PBMCs from donor KP48572
at E:'T=10. FIG, 9D shows the results of antibody-mediated specific killing of OCI-L Y19
cells using PBMCs from dovor KP48573 at E:T=10. FIG. 9E shows the resuits of
antibody-mediated specific killing of human lymphoma KARPASS-422 cells using PBMCs
from donor KP48572 at E:T=10. FI{. 9F shows the results of antibody-mediated specific
killing of KARPASS-422 cells using PBMCs from donor KP48573 at E:T=10. FIG. 9G
shows the results of antibody-mediated specific killing of human chronic B cell leukemia
MeC1 cells using PBMCs from donor KP48572 at E:T=10. ¥IG. 9H shows the results of
antibody-mediated specific killing of human multiple myeloma RPMI8226 cells using
PBMCs from donor KP48775 at E:T=10. FIG. 91 shows the results of antibody-mediated
specific killing of human Burkitt's lymphoma Raji cells using PBMCs from donor
KP48572 at E:T=10. FIG. 94 shows the resulis of antibody-mediated specific killing of
Human diffuse large B-cell lymphoma HBL1 cells using PBMCs from donor KP48775 at
E:T=10. FI1G. 9K shows the results of antibody-mediated specific killing of
Large cell lymphoma SUDHLS cells using PBMCs from donor KP48572 at E:T=10. FIG.
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9L shows the results of antibody-mediated specific killing of SUDHLS cells using PBMCs
from donor KP48573 at E:T=10. FI{. 9M shows the resulis of antibody-mediated specific
killing of human B cell lymphoma ARH77 cells using PBMCs from donor KP48775 at
E:T=10. FIG. 9N shows the results of antibody-mediated specific killing of GCI-Ly3 cells
using PBMCs from donor KP48775 at E:T=10.
{00642} FIG. 10 shows the results of an ELISA assay determining binding of an anti-
CD38 x CD28 x CD3 IgG4 trispecific antibody (Binding Protein 5), or isotype control
antibody, to CD3, CD28 and CD38. The bound antibodies were detected using a
horseradish peroxidase (HRP)-conjugated anti-Fab secondary antibody.
{0043} FIGS., 11A-11D show the results of antibody-mediated specific killing of
CD38" human multiple myeloma cancer cells using an anti-CD38 x CD28 x CD3 IgG4
trispecific antibody (Binding protein 5}, an anti-CD28 x CD3 1G4 bispecific antibody
(huCD28 x CD3), an anti-CD38 IgGl antibody, or a control antibody (human-IgG1). FIG.
11A shows the results of antibody-mediated specific killing of MOLP-8 cells using human
PBMC ag effector cells at E:T=10. FIG. 11B shows the results of antibody-mediated
specific killing of RPMI-8226 cells using human PBMC as effector cells at E:T=10. FIG.
11C shows the results of antibody-mediated specific killing of KMS-12-BM cells using
human PBMC as effector cells at E:'T=10. FIG, 111 shows the results of FACS analysis
determining the cell surface expression of the indicated markers on MOLP-8, RPMI-8226,
and KMS-12-BM cells.
{0044} FIGK. 12A-12D show the results of antibody-mediated specific killing of
CD38" human multiple myeloma cancer cells using an anti-CD38 x CD28 x CD3 Ig(G4
trispecific antibody (Binding protein 3}, an anti-CD28 x CD3 1G4 bispecific antibody
(huCD28 x CD33), an anti-CD38 1g(G1 antibody, or a control antibody (human-IgG1l), using
human PBMC as effector cells at E:T=10 . FIG. 12A shows the results of antibody-
mediated specific killing of NCI-H929 celis. F1G. 12B shows the results of antibody-
mediated specific killing of MM. 1S cells. FIG. 12C shows the results of antibody-mediated
specific killing of MM. 1R cells. FIG. 12D shows the results of FACS analysis determining
the cell surface expression of the indicated markers on NCI-H929, MM. 1S, and MM. 1R
cells.
j6045] FIGS. 13A-13D show the results of antibody-mediated specific kiiling of
CD38" human multiple myeloma cancer cells using an anti-CD38 x CD28 x CD3 1gG4
trispecific antibody (Binding protein 5), an anti-CD28 x CD3 IgG4 bispecific antibody
(huCD28 x CD3), an anti-CD38 1zl antibody, or a control antibody (human-IgG1), using
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human PBMC as effector cells at E:T=10. FIG. 13A shows the results of antibody-
mediated specific killing of OPM-2 cells. FIG. 13B shows the results of antibody-mediated
specific killing of KMS-26 cells. FIG. 13C shows the results of antibody-mediated specific
killing of U266 cells. FIG. 13D shows the results of FACS analysis determining the cell
surface expression of the indicated markers on OPM-2, KMS-26, and 1226 cells.
{0046} FIGS, 14A-14C show the results of antibody-mediated specific killing of
CD38" human lymphoma cancer cells using an anti-CD38 x CD28 x CD3 IgG4 trispecific
antibody (Binding protein S), an anti-CD28 x CD3 Ig(G4 bispecific antibody (huCD28 x
CD3), an anti-CD38 IgGl antibody, or a control antibody (human-IgG1), using human
PBMC as effector cells at E:T=10. FiG. 14A shows the results of antibody-mediated
specific killing of SUDHL-8 cells. FIG. 14B shows the results of antibody-mediated
specific killing of OCI-LY 19 cells. FIG. 14C shows the results of FACS analysis
determining the cell surface expression of the indicated markers on SUDHL-8 and OCI-
LY19 cells.
{06047} FIGS. 15A-15D show the results of antibody-mediated specific killing of
CD38" ALL cancer cells using an anti-CD38 x CD28 x CD3 IgG4 trispecific antibody
(Binding protein 3), an anti-CD28 x CD3 1gG4 bispecific antibody (huCD28 x CD3), an
anti-CD38 1T antibody, or a control antibody (human-1g(G1), using human PBMC as
effector cells at E:T=10. FiG. 15A shows the results of antibody-mediated specific killing
of KOPN-8 cells. FIG. 13B shows the results of antibody-mediated specific killing of
HAL-1 cells. FIG, 15C shows the results of antibody-mediated specific killing of CCRF-
SB cells. FIG. 15D shows the results of FACS analysis determining the cell surface
expression of the indicated markers on KOPN-8, HAL-1, and CCRF-8B cells.
06048} FIG. 16 shows the results of antibody-mediated specific killing of CD387
myeloma cancer cells using anti-CD38 x CD28 x CD3 eG4 trispecific antibodies (referred
to herein as “Binding protein 57 and “Binding Protein 6,” depending on the specific anti-
D28 binding domain used), an anti-CI28 x CD3 [gG4 bispecific antibody (huCD28 x
CD3), an anti-CD38 IgGl antibody, a control anti-CD38 IgGl antibedy, or a control
antibody (human-IgG1), using PBMCs from donor PK45926 at E:T=10.
0049} FIGK. 17A & 17B show 1L.-2, NFxB, and nuclear factor of activated T-cells
(NFAT) pathway activation via anti-CD3 and anti-CD28 signaling, as measured by
fuciferase assay using human Jurkat T cells with an {L-2 promoter-luciferase construct
(FEG. 17A) or an NFAT promoter-luciferase construct (FIG. 17B). Antibodies tested were
anti-CD38 x CD28 x CD3 IgG4 trispecific IgG4 antibody (Binding Protein 5, labeled as
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“Tri-Ab”), anti-CD38 x CD28 x CD3 1g(G4 trispecific IgG4 antibody lacking the CD28
binding domain (labeled as “Tri-Ab (ACD28)), anti-CD38 x CD28 x CD3 1G4 trispecific
1g(G4 antibody lacking the CD3 binding domain (labeled as “Tri-Ab (ACD3)), and anti-
CD38 x CD28 x CD3 IgGA4 trispecific IgG4 antibody lacking the CD3 and CD28 binding
domains (labeled as “Tri-Ab (ACD28x ACD3)). Luciferase assays were performed in
duplicate for each of the indicated Tri-Abs.

{0058} FIGK., 18A-18E show the results of a dose escalation toxicity study using the
anti-Her2 x CD28 x CD3 IgG4 trispecific antibody (referred to herein as “Binding protein
17} 10 non-human primates (dose escalating from 0.1, 0.5, 2.5, 5, 10, to 100 ug/kg; animals
labeled as “409” and “410”). FIG. 18A shows the results of circulating CD4™ T cells
percentage in each animal, 6 hours post adroinistering the anti-Her2 x CD28 x CD3
trispecific antibody. FIG. 18B shows the results of circulating CD8&" T cells percentage in
each animal, 6 hours post administering the anti-Her2 x CD28 x CD3 trispecific antibody.
FIG. 18C shows the results of the activation (CD697) of circulating CD4™ T cells 6 hours
post dosing. FIG. 18D shows the results of the activation (CD69 ") of circulating CDR™ T
cells 6 hours post dosing. FIG. 18E shows the inflammatory cytokine release observed 6
hours post administering the anti-Her2 x CD28 x CD3 trispecific antibody at each dosing,
j0051] FI1GS. 19A-B show the in vivo anti-tumor activity of the anti-Her2 x CID28 x
CD3 1gG4 trispecific antibody (referred to herein as “Binding protein 17) in the CD34”
urabilical cord blood cell humanized NSG mouse model ioplanted with BT474 cells. FIG.
19A shows the change in body weight of mice treated with the indicated concentrations of
the anti-Her2 x CD28 x CD3 trispecific binding protein or PBS control. FEG. 198 shows
the change in tumor volume in mice treated with the indicated concentrations of the anti-
Her2 x CD28 x CD3 trispecific binding protein or PBS control.

{0052} FIGK, 20A-20H show the i vive anti-tumor activity of the anti-Her2 x CD28 x
CD3 1gG4 tnspecific antibody (referred to herein as “Binding protein 17) in the human
PBMCs humanized NSG mouse model implanted with BT474 cells. FIG. 20A shows the
etfect of administering the indicated concentrations of the anti-Her2 x CD28 x CD3
trispecific binding protein, the indicated concentrations of Herceptin, or vehicle control, on
the body weight of the mice. FIG. 268 shows the dose-dependent anti-tumor activity of the
anti-Her2 x CD28 x CD3 tnspecific binding protein, Herceptin or indicated controls, as in
individual mice. FiG. 20C shows the average tumor volume in the mice after
administration of the indicated concentrations of the anti-Her2 x CD28 x CD3 trispecific
binding protein or PBS control. FIG, 28D shows the average tumor volume in the mice
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after administration of the indicated concentrations of Herceptin or PBS control. FI1G. 20E
shows bar graphs of the average tumor volume at day 34 in the mice after administration of
the indicated concentrations of the anti-Her2 x CD28 x CD3 trispecific binding protein, the
indicated concentrations of Herceptin, or PBS control. FIG. 20F shows the average tumor
weight at day 34 in the mice afier administration of the indicated concentrations of the anti-
Her2 x CD28 x CD3 trispecific binding protein, the indicated concentrations of Herceptin,
or PBS control. FIG. 20G shows the human CD45+, CD3+, CD4+, CD8+ cells in the blood
of the mice at the end of the study. FIG. 20H shows the human CD45+, CD3+, CD4+,
CD8+ cells in the spleens of the mice at the end of the study.

[0053] FI1GS, 21 A-F show the results of a dose escalation toxicity study using the anti-
D38 x CD28 x CD3 Ig(G4 tispecific antibody (Binding protein S) in non~-human primates
(dose escalating from .1, 0.5, 2.5, 5, 10, to 100 ug/kg). FIG. 21A shows T cell activation
(CD&97) (line graph) and proliferation (bar graph) of circulating CD4™ T cells after
administration of the anti-CD38 x CD28 x CD3 trispecific antibody. FIG. 218 shows T cell
activation (CD697) (line graph) and proliferation (bar graph) of circulating CD8" T cells
after administration of the anti-CD38 x CD28 x CD3 trispecific antibody. FIG. 21C shows
IL6 release in animals receiving the anti-CD38 x CD28 x CD3 trispecific antibody 6 hours
post each dosing by individual animal. FIG, 210 shows [1.10 release in animals receiving
the anti-CD38 x CD28 x CD3 trispecific antibody 6 hours post each dosing by individual
animal. FIG, 21E shows TNFa release in animals receiving the anti-CD38 x CD28 x CD3
trispecific antibody. FiG. 21F shows [FNy release in animals receiving the anti-CD38 x
CD28 x CD3 trispecific antibody 6 hours post each dosing by individual avimal.

{0054 FIGS. 22A-22C show the i vive anti-tumor activity of the anti-CD38 x CD28 x
CD3 1gG4 trispecific antibody (Binding protein 5) in the CD34+ umbilical cord blood cells
humanized NSG mouse model implanted with RPMI-8226 multiple myeloma cells
transduced with CD38 and PD-L1. As a pilot study, this experiment determined the
working dose range for the Binding protein 5. FIG. 224 shows the in vivo tumor growth
curve in groups of the indicated concentrations of the anti-CD38 x CD28 x CD3 trispecific
binding protein or controls. FIG. 22B shows tumor infiltrating human CD8" T cells in mice
administered the anti-CD38 x CD28 x CD3 trispecific binding protein or the indicated
controls. FIG. 22C shows tumor infiltrating human CD4™ T celis in mice administered the
anti-CD38 x CD28 x CD3 trispecific binding protein or the indicated controls.

{0055} FIGS. 234-23D show the in vivo activity of the anti-CD38 x CD28 x CD3 IgG4
trispecific antibody (Binding protein 5} in the CD34+ umbilical cord blood cells humanized
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NSG mouse model implanted with RPMIE-8226 cells transduced with CD38 and PD-L.1.
FIG. 23A shows the change in body weight of mice treated with the indicated
concentrations of the anti-CD38 x CD28 x CD3 trispecific binding protein or PBS control.
FIG. 23B shows the change in tumor volume in mice treated with the indicated
concentrations of the anti-CD338 x CD28 x CD3 trispecific binding protein or PBS control.
FIG. 23C shows the tumor volumes in each group at Day 19. The tumor volumes in all
treated groups showed marked reduction, which are statistically different form the PBS
control group. FEG. 23D shows the serum concentration of inflammatory cytokines IFN-g,
TNF, and IL-2 in mice four hours after the first dose of the indicated concentrations of the
anti-CD38 x CD28 x CD3 trispecific binding protein or PBS control.

100546} FIGS, 24 & 28 show the in vivo activation of T cells in the CBD34+ umbilical
cord blood cells humanized NSG mouse model by administering an anti-CD38 x CD28 x
CD3 1gG4 tnispecific antibody (Binding protein S; triangles), an anti-CD28 x CD3 IgG4
bispecific antibody (squares), or an anti-CD28 1g(G4 antibody (circles) by determining the
increase in the percentage of CD69" T cells. FIG. 24 shows the in vivo activation of CD4”
T cells. FIG. 25 shows the in vivo activation of CD8” T cells.

10037} FIGS. 26A-26C show the in vivo activation of T cells in the CD34+ umbilical
cord blood celis humanized NSG mouse model by administering an anti-C38 x CD28 x
CD3 1G4 trispecific antibody (Binding protein 5; triangles), an anti-CD28 x CD3 1gG4
bispecific antibody (squares), or an anti-CD28 1gG4 antibody {circles) by determining the
serum levels of inflammatory cytokines. FIG, 26A shows the serum levels of IL-2. FIG,
268 shows the serurm levels of TNF. FIG. 26C shows the serum levels of IFN-y.

{0058] FIGS. 27A & 278 show the purification of the indicated proteins by size
exclusion chromatography. F1G. 27A shows the purification of Binding Proteins 9-15 by
size exclusion chromatography. FIG. 278 shows the purification of Binding Proteins 16-19
by size exclusion chromatography.

[0059] F1G. 28A depicts the trispecific binding protein used in experiments for
optimizing a purification scheme and configuration of optional binding protein features
{e.g., kappa/lambda light chains, knob/hole mutations, and H435R/Y436F mutations).
{0060} FIG, 288 shows each of the configurations tested.

6061} FIG. 29 shows representative chromatograms from analytical hydrophobic
interaction chromatography (HIC), demonstrating that trispecific binding proteins were

distinguishable from mispaired species.
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{0062} FIGS. 30A & 398 show the successful purification of a binding protein with
fambda light chain for CODV arm, kappa light chain for Fab arro, knob mutations on
CODV arm, hole mutations on Fab arm, and RF mutations on Fab arm by Protein A
followed by KappaSelect (GE Healthcare) purification steps. Successful purification of
binding protein from mispaired species was demonstrated by hydrophobic interaction

chromatography (HIC; FIG. 30A) and SDS-PAGE (FIG. 30B).

DETAILED DESCRIPTION

[0063] The disclosure provides trispecific and/or trivalent binding proteins comprising
four polypeptide chains that form three antigen binding sites that specifically bind to one or
more target proteins, wherein a first pair of polypeptides forming the binding protein
possess dual variable domains having a cross-over orientation and wherein a second pair of
polypeptides forming the binding protein possess a single variable domain.

General Definitions

{0064} As utilized 1n accordance with the present disclosure, the following terms,
unless otherwise indicated, shall be understood to have the following meanings. Unless
otherwise required by context, singular terms shall include pluralities and plural terms shall
include the singular.

{0065} The termy "polynucleotide” as used herein refers to single-stranded or double-
stranded nucleic acid polymers of at least 10 nucleotides in length. In certain embodiments,
the nucleotides comprising the polynucleotide can be ribonuclectides or
deoxyribonucleotides or a modified form of either type of nucleotide. Such modifications
include base modifications such as bromuridine, ribose modifications such as arabinoside
and 2',3'-dideoxyribose, and internucleotide linkage modifications such as
phosphorothioate, phosphorodithioate, phosphoroselenoate, phosphorodiselenoate,
phosphoroanilothioate, phoshoraniladate and phosphoroamidate. The term
"polynucleotide” specifically includes single-stranded and double-stranded forms of DNA.
{0066} An "isolated polynucleotide” is a polynuclectide of genomic, cDNA, or
synthetic origin or some combination thereof, which: (1} 18 not associated with all or a
portion of a polynucleotide in which the isolated polynuclectide is found in nature, (2} is
finked to a polynucleotide to which it is not linked in vature, or (3) does not occur in nature
as part of a larger sequence.

[0067] An "isolated polypeptide” is one that: (1) is free of at least some other

polypeptides with which it would normally be found, (2) is essentially free of other
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polypeptides from the same source, e.g., from the same species, (3) is expressed by a cell
from a different species, {4) has been separated from at least about 50 percent of
polynucleotides, lipids, carbohydrates, or other materials with which it is associated in
nature, (5) 18 not associated (by covalent or noncovalent tuteraction) with portions of a
polypeptide with which the "isolated polypeptide” is associated in nature, (6} is operably
assoctated (by covalent or noncovalent interaction} with a polypeptide with which 1t is not
associated in nature, or (7) does not occur in nature. Such an isolated polypeptide can be
encoded by genomic DNA, ¢cDNA, mRNA or other RNA, of synthetic origin, or any
combination thereof. Preferably, the isolated polypeptide is substantially free from
polypeptides or other contaminants that are found in its natural environment that would
interfere with its use {therapeutic, diagnostic, prophylactic, research or otherwise).

10068} Naturally occurring antibodies typically comprise a tetramer. Hach such
tetramer is typically composed of two identical pairs of polypeptide chains, each pair
having one full-length "light" chain (typically having a molecular weight of about 25 kDa)
and one full-length *heavy" chain (typically having a molecular weight of about 50-70
kDa). The terms "heavy chain" and "light chain” as used herein refer to any
immunoglobulin polypeptide having sutficient variable domain sequence to confer
specificity for a target antigen. The amino-terminal portion of each light and heavy chain
typically includes a variable domain of about 100 to 110 or more amino acids that typically
18 responsible for antigen recognition. The carboxy-terminal portion of each chain typically
defines a constant domain responsible for effector function. Thus, in a naturally occurring
antibody, a full-length beavy chain immunoglobulin polypeptide includes a variable domain
{Vu) and three constant domains {Cmi, Cmp, and Cys), wherein the Vy domain is at the
amino-terminus of the polypeptide and the Cy; domain is at the carboxyl-terminus, and a
full-length light chain immunoglobulin polypeptide includes a variable domain (Vi) and a
constant domain {Cy), wherein the V| domain is at the amino-terminus of the polypeptide
and the Cr domain is at the carboxyl-terminus.

[6069] Human light chains are typically classified as kappa and lambda light chains,
and human heavy chains are typically classified as mu, delta, gamma, alpha, or epsilon, and
define the antibody's isotype as IgM, gD, 1gG, IgA, and IgE respectively. IgG has several
subclasses, including, but not limited to, IgG1, IgG2, 1g(G3, and IgG4. 1gM has subclasses
including, but not limited to, IgM1 and IgM2. IgA is similarly subdivided into subclasses
including, but not liroited to, IgAl and IgAZ. Withio full-length light and heavy chaius, the
variable and constant domains typically are joined by a "}" region of about 12 or more
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amino acids, with the heavy chain also including a "D" region of about 10 more amino
acids. See, e.g., FUNDAMENTAL IMMUNCOLOGY (Paul, W, ed., Raven Press, Znd ed., 1989},
which is incorporated by reference in its entirety for all purposes. The variable regions of
each light/heavy chain pair typically form an antigen binding site. The variable domains of
naturally occurring antibodies typically exhibit the same general structure of relatively
conserved framework regions (FR) joined by three hypervariable regions, also called
complementarity determining regions or CDRs. The CDRs from the two chains of each
pair typically are aligned by the framework regions, which may enable binding to a specific
epitope. From the amino-~terraious to the carboxyl-terminus, both light and heavy chain
variable domains typically comprise the domains FR1, CDR1, FR2, CDR2Z, FR3, CDR3,
and FR4.

{06761 The term "CDR set" refers to a group of three CDRs that occur in a single
variable region capable of binding the antigen. The exact boundaries of these CDRs have
been defined differently according to different systems. The system described by Kabat
{Kabat et o/ | SEQUENCES OF PROTEINS OF IMMUNOLOGICAL INTEREST (National Institutes of
Health, Bethesda, Md. {1987) and (1991)) not only provides an unambiguous residue
numbering system applicable to any variable region of an antibody, but also provides
precise residue boundaries defining the three CDRs. These CIDRs may be referred to as
Kabat CDRs. Chothia and coworkers (Chothia and Lesk, 1987, J. Mol Fiol. 196: 901-17,;
Chothia et af., 1989, Nature 342: 877-83) found that certain sub-portions within Kabat
CDRs adopt nearly identical peptide backbone conformations, despite having great
diversity at the level of amino acid sequence. These sub-portions were designated as L1,
L2, and L3 or H1, H2, and H3 where the "L" and the "H" designates the light chain and the
heavy chain regions, respectively. These regions may be referred to as Chothia CDRs,
which have boundaries that overlap with Kabat CDRs. Other boundaries defining CDRs
overlapping with the Kabat CDRs have been described by Padlan, 1995, FASEB J. 9: 133-
39; MacCallum, 1996, . Mol Biol 262(5): 732-45; and Lefranc, 2003, Dev. Comp.
Immunol. 27 55-77. Still other CDR boundary definitions may not strictly follow one of
the herein systems, but will nonetheless overlap with the Kabat CDRs, although they may
be shortened or lengthened in light of prediction or experimental findings that particular
residues or groups of residues or even entire CDRs do not significantly impact antigen
binding. The methods used herein may utilize CDRs defined according to any of these
systems, although certain embodiments use Kabat or Chothia defined CDRs. Identification
of predicted CDRs using the amino acid sequence is well known in the field, such as in
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Martin, A.C. "Protein sequence and structure analysis of antibody variable domains," /n
Antibody Engineering, Vol 2. Konterrann R., Dubel S, eds. Springer-Verlag, Bexlin, p.
33-51 (2010). The amino acid sequence of the heavy and/or light chain variable domain
may be also tnspected to identify the sequences of the CDRs by other conventional
methods, e.g., by comparison to known amino acid sequences of other heavy and light
chain variable regions to determine the regions of sequence hypervariability. The
numbered sequences may be aligned by eve, or by employing an alignment program such
as one of the CLUSTAL suite of programs, as described in Thompson, 1994, Nucleic Acids
Hes. 22: 4673-80. Molecular models are conventionally used to correctly delineate
framework and CDR regions and thus correct the sequence-based assignments.

{0071} The term "Fe™ as used herein refers to a molecule comprising the sequence of &
non-antigen-binding fragment resulting from digestion of an antibody or produced by other
means, whether in monomeric or multimeric form, and can contain the hinge region. The
original immunoglobulin source of the native Fc is preferably of human origin and can be
any of the immunoglobulins, although IgG1 and IgG2 are preferred. Fc molecules are
made up of monomeric polypeptides that can be linked into dimeric or multimeric forms by
covalent (i.e., disulfide bonds) and non-covalent association. The number of intermolecular
disulfide bonds between monomeric subunits of native Fc molecules ranges from 1 to 4
depending on class {e.g., IgG, IgA, and IgE)} or subclass {e.g., IgG1, 1gGZ, 1gG3, IgAl, and
1eGAZ2). One example of a Fc is a disuifide-bonded dimer resuiting from papain digestion
of an IgG. The term "native Fc" as used herein is generic to the monomeric, dimeric, and
multimeric forms.

{0072} A F(ab) fragment typically includes one light chain and the Vi and Cy; domains
of one heavy chain, wherein the Vg-Cy, beavy chain portion of the F(ab) fragment cannot
form a disulfide bond with another heavy chain polypeptide. As used herein, a F(ab)
fragment can also include one light chain containing two variable domains separated by an
amino acid linker and one heavy chain containing two variable domains separated by an
amino acid linker and a Cqyy domain.

0673} A F(ab') fragment typically includes one light chain and a portion of one heavy
chain that contains more of the constant region {between the Cy, and Cyy domains), such
that an interchain disulfide bond can be formed between two heavy chains to form a F(ab')z
molecule.

{0074} The term "binding protein” as used herein refers to a non-naturally occurring {or
recombinant or engineered} molecule that specifically binds to at least one target antigen,
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and which comprises four polypeptide chains that form at least three antigen binding sites,

wherein a first polypeptide chain has a structure represented by the formula:

Vir-Li-Vi-la-Co {
and a second polypeptide chain has a structure represented by the formula:
Vai-L3-Vip-Ls-Cay (1]
and a third polypeptide chain has a structure represented by the formula:
Vs~ Cimn {110}
and a fourth polypeptide chain has a structure represented by the formula:
Vis- Cp {1v]
wherein:
Vi1 is a first immunoglobulin light chain variable domain;
Vi, 18 a second iramunoglobulin light chain variable domain;
Vi3 is a third immunoglobulin light chain variable domain;
Vi 15 a first immunogiobulin heavy chain variable domain;
Vi is a second immunoglobulin heavy chain variable domain;
Vus is a third immunoglobulin heavy chain variable domain;
Cy s an immunoglobulin light chain constant domain;
Cgq 18 an immunoglobulin Ciyy heavy chain constant domain; and
L, Lo, L5 and L4 are amino acid finkers;
and wherein the polypeptide of formula I and the polypeptide of formula H form a cross-
over light chain-heavy chain pair.
0075} A "recombinant” molecule is one that has been prepared, expressed, created, or
isolated by recombinant means.
{0076} One embodiment of the disclosure provides binding proteins having biological
and immunological specificity to between one and three target antigens. Another
embodiment of the disclosure provides nucleic acid molecules comprising nucleotide
sequences encoding polypeptide chains that form such binding proteins. Another
embodiment of the disclosure provides expression vectors comprising nucleic acid
molecules comprising nucleotide sequences enceding polypeptide chains that form such
binding proteins. Yet another embodiment of the disclosure provides host cells that express
such binding proteins (i.e., comprising nucleic acid molecules or vectors encoding

polypeptide chains that form such binding proteins).
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{8077} The term "swapability" as used herein refers to the interchangeability of variable
domains within the binding protein format and with retention of folding and ultimate
binding affinity. "Full swapability” refers to the ability to swap the order of both Vi, and
Y domains, and therefore the order of Vi and Vy; domains, in the polypeptide chain of
formula [ or the polypeptide chain of formula H (i.e., to reverse the order) while
maintaining full functionality of the binding protein as evidenced by the retention of
binding affinity. Furthermore, it should be noted that the designations Vg and Vi refer only
to the domain's location on a particular protein chain in the final format. For example, Vi
and Vi could be denved from Vi and Viz domains in parent antibodies and placed 1nto
the Vi and Vg, positions in the binding protein. Likewise, Vi and Vi, could be derived
from Vi and Vi domains in parent antibodies and placed in the Vi and Vi positions in
the binding protein. Thus, the Vy and V. designations refer to the present location and not
the original location in a parent antibody. Vg and Vi domains are therefore "swappable "
{0078} The term "antigen" or "target antigen" or "antigen target” as used herein refers to
a molecule or a portion of a molecule that is capable of being bound by a binding protein,
and additionally is capable of being used in an animal to produce antibodies capable of
binding to an epitope of that antigen. A target antigen may have one or more epitopes.
With respect to each target antigen recognized by a binding protein, the binding protein is
capable of competing with an intact antibody that recognizes the target antigen.

{0079} The term "Her2" refers to human epidermal growth factor receptor 2 which is a
member of the epidermal growth factor receptor family.

{0086} "CD3" is cluster of differentiation factor 3 polypeptide and is a T-cell surface
protein that is typically part of the T cell receptor (TCR) complex.

{0031} "CD28" is cluster of differentiation 28 polypeptide and is a T-cell surface
protein that provides co-stimulatory signals for T-cell activation and survival.

0082} "CD 197 is cluster of differentiation 19 polypeptide and is located on B-cells.
j0083] "CD20" is cluster of differentiation 20 polypeptide and is an activated-
glycosvlated phosphoprotein expressed on the surface of B-cells.

{0034} "C338" is cluster of differentiation 38 polypeptide and is a glycoprotein found
on the surface of many immune cells.

{0085] "LAMP1" is lysosomal-associated membrane protein 1.

{0086} "IL-4" is interleukin 4 and is a cytokine that induces differentiation of naive

helper T cells.
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{6087} "IL-13" is interfeukin 13 and is & cytokine secreted by many cell types such as
T-cells.

{0088} "TNFa" is tumor necrosis factor alpha and is a cytokine involved in systematic
inflammation.

[0089] The term "T-cell engager” refers to binding proteins directed to a host's immune
system, more specifically the T cells' cytotoxic activity as well as directed to a tumor target
protein.

j00%0] The term "monospecific binding protein” refers to a binding protein that
specifically binds to one antigen target.

{0091} The term "monovalent binding protein" refers to a binding protein that has one
antigen binding site.

100921 The term "bispecific binding protein" refers to a binding protein that specifically
binds to two different antigen targets.

{0093} The term "bivalent binding protein” refers to a binding protein that has two
binding sites.

0094} The term "trispecific binding protein” refers fo a binding protein that specifically
binds to three different antigen targets.

j0095) The term "trivalent binding protein” refers to a binding protein that has three
binding sites. In particular embodiments the trivalent binding protein can bind to one
antigen target. Tn other embodiments, the trivalent binding protein can bind to two antigen
targets. In other embodiments, the trivalent binding protein can bind to three antigen
targets.

{6096} An "isolated" binding protein is one that has been identified and separated
and/or recovered from a component of its natural environment. Contaminant components
of 1is natural environment are materials that would interfere with diagnostic or therapeutic
uses for the binding protein, and may include enzymes, hormones, and other proteinaceous
or non-proteinacecus solutes. In some embodiments, the binding protein will be purified:
(1) to greater than 95% by weight of antibody as determined by the Lowry method, and
most preferably more than 99% by weight, (2) to a degree sufficient to obtain at least 15
residues of N-termiinal or internal amino acid sequence by use of a spinning cup sequenator,
or (3) to homogeneity by SDS-PAGE under reducing or nonreducing conditions using
Coomassie biue or, preferably, silver stain. Isolated binding proteins include the binding
protein in situ within recombinant cells since at least one component of the binding
protein's natural environment will not be present.
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{6097} The terms "substantially pure" or "substantially purified" as used herein refer to
a corupound or species that is the predominant species present {7.e., on a molar basis it is
more abundant than any other individual species in the composition). In some
embodiments, a substantially purified fraction is a composition wherein the species
comprises at least about 50% (on a molar basis) of all macromolecular species present. In
other embodiments, a substantially pure composition will comprise more than about 80%,
85%, 90%, 95%, or 99% of all macromolar species present in the composition. In still
other embodiments, the species is purified to essential homogeneity {contaminant species
cannot be detected in the composition by conventional detection methods) wherein the
composition consists essentially of a single macromolecular species.

{0098} A "neutralizing” binding protein as used herein refers to a molecule that is able
to block or substantially reduce an effector function of a target antigen to which it binds.
As used herein, "substantially reduce” means at least about 60%, preferably at least about
70%, more preferably at least about 75%, even more preferably at least about 80%, still
more preferably at least about 85%, most preferably at least about 90% reduction of an
effector function of the target antigen.

1009%9] The term "epitope" includes any determinant, preferably a polypeptide
determinant, capable of specifically binding to an immunoglobulin or T-cell receptor. In
certain embodiments, epitope determinants include chemically active surface groupings of
molecules such as amino acids, sugar side chains, phosphoryl groups, or sulfonyl groups,
and, in certain embodiments, may have specific three-dimensional structural characteristics
and/or specific charge characteristics. An epitope is a region of an antigen that is bound by
an antibody or binding protein. In certain embodiments, a binding protein is said to
specifically bind an antigen when it preferentially recognizes its target antigen in a complex
mixture of proteins and/or macromolecules. In some embodiments, a binding protein is
said to specifically bind an antigen when the equilibrium dissociation constant is < 10 M,
more preferably when the equilibrium dissociation constant is < 10™ M, and most
preferably when the dissociation constant is < 1077 M.

[0160] The dissociation constant (Kp) of a binding protein can be determined, for
example, by surface plasmon resonance. Generally, surface plasmon resonance analysis
measures real-timae binding interactions between ligand {a target antigen on & biosensor
matrix} and analyte (a binding protein in solution) by surface plasmon resonance {(SPR) using
the BlAcore system (Pharmacia Biosensor; Piscataway, NI). Surface plasmon analysis can
also be performed by immobilizing the analyte (binding protein on a biosensor matrix) and
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presenting the ligand {target antigen). The term "Kp," as used herein refers to the
dissociation constant of the interaction between a particular binding protein and a target
antigen.

10181} The term "specifically binds" as used herein refers to the ability of a binding
protein or an antigen-binding fragment thereof to bind to an antigen containing an epitope
with an Kd of at least about 1 x 10°M, 1 x 107 M, 1x 10 M, I x 10" M, 1 x 10 M, 1 x
107 M, T x 107 M, or more, and/or to bind to an epitope with an affinity that is at least two-
fold greater than its affinity for a nonspecific antigen.

0102} The term "linker” as used herein refers to one or more amino acid residues
inserted between immunoglobulin domains to provide sufficient mobility for the domains of
the light and heavy chains to fold into cross over dual variable region immunoglobulins, A
linker is inserted at the transition between variable domains or between variable and constant
domains, respectively, at the sequence level. The transition between domains can be
identified because the approximate size of the immunoglobulin domains are well understood.
The precise location of a domain transition can be determined by locating peptide stretches
that do not form secondary structural elements such as beta-sheets or alpha-helices as
demonstrated by experimental data or as can be assumed by techniques of modeling or
secondary structure prediction. The linkers described herein are referred to as Ly, which is
focated on the light chain between the C-terminus of the Vi, and the N-terminus of the Vi,
domain; and L,, which is located on the light chain between the C-terminus of the Vi and
the N-terminus of the C domain. The heavy chain linkers are known as L3, which is located
between the C-terminus of the Vi and the N-terminus of the Vi domain; and L4, which is
located between the C-terminus of the Vi and the N-terminus of the Cy; domain.

{0163} The term "vecior” as used herein refers to any molecule {e.g., nucleic acid,
plasmid, or virus) that is used to transfer coding information to a host cell. The term "vector”
includes a nucleic acid molecule that is capable of transporting another nucleic acid to which
it has been linked. One type of vector is a "plasmid," which refers to a circular double-
stranded DNA molecule into which additional DNA segments may be inserted. Another type
of vector is a viral vector, wherein additional DNA segments may be inserted 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 tutroduction into the host cell and thereby are
replicated along with the host genome. In addition, certain vectors are capable of directing
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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. The terms “"plasmid" and "vector” may be used interchangeably herein, as a
plasmid is the most commonly used form of vector. However, the disclosure is intended to
include other forms of expression vectors, such as viral vectors (e.g, replication defective
retroviruses, adenoviruses, and adenoc-associated viruses), which serve equivalent functions.
0104} The phrase "recombinant host cell” {or "host cell”) as used herein refers to a cell
into which a recombinant expression vector has been introduced. A recombinant host ceil or
host cell is intended to refer not only to the particular subject cell, but also 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 such cells are still included within the scope of the term "host cell” as used
herein. A wide variety of host cell expression systems can be used to express the binding
proteins, including bacterial, yeast, baculoviral, and mammalian expression systems {as well
as phage display expression systems). An example of a suitable bacterial expression vector is
pUC1T9. To express a binding protein recombinantly, a host cell is transformed or transfected
with one or more recombinant expression vectors carrying DNA fragments encoding the
polypeptide chains of the binding protein such that the polypeptide chains are expressed in
the host cell and, preferably, secreted into the roedium in which the host cells are cultured,
from which medium the binding protein can be recovered.

{0185} The term "transformation” as used herein refers to a change in a cell's genetic
characteristics, and a cell has been transformed when it has been modified to contain a new
DNA. For exarople, a cell is transformed where it is genetically modified from its native
state. Following transformation, the transforming DNA may recombine with that of the cell
by physically integrating into a chromosome of the cell, or may be maintained transiently as
an episomal element without being replicated, or may replicate independently as a plasmid.
A cell is considered to have been stably transtformed when the DNA is replicated with the
division of the cell. The term "transfection” as used herein refers to the uptake of foreign or
exogenous DNA by a cell, and a cell has been "transfected” when the exogencus DNA has
been introduced 1nside the cell membrane. A number of transfection techniques are well
known in the art. Such techniques can be used to introduce one or more exogenous DNA

molecules into suitable host cells.
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{6166} The term "naturally cccurring” as used herein and applied to an object refers to the
fact that the object can be found in nature and has not been manipulated by man. For
example, a polynucleotide or polypeptide that is present in an organism (including viruses)
that can be isolated from a source in nature and that has not been intentionally modified by
man is naturally-cceurring. Similarly, "non-naturally occurring” as used herein refers to an
object that is not found in nature or that has been structurally modified or synthesized by
man,
0197} As used herein, the twenty conventional amino acids and their abbreviations
follow conventional usage. Stereoisomers {e.g., D-amino acids) of the twenty conventional
amino acids; unnatural amino acids and analogs such as o-, o-disubstituted amino acids, N-
alkyl amino acids, lactic acid, and other unconventional amino acids may also be suitable
components for the polypeptide chains of the binding proteins. Exarmpies of unconventional
amino acids include: 4-hydroxyproline, y-carboxyglutamate, e-N,N, N-trimethyllysine, g-N-
acetyllysine, O-phosphoserine, N-acetylserine, N-formylmethionine, 3-methylhistidine, 5-
hydroxylysine, o-N-methylarginine, and other similar amino acids and imino actds {e.g., 4-
hydroxyproline). In the polypeptide notation used herein, the left-hand direction is the amino
terminal direction and the right-hand direction is the carboxyl-terminal direction, in
accordance with standard usage and convention.
{0108} Naturally occurring residues may be divided into classes based on common side
chain properties:

(1) hydrophobic: Met, Ala, Val, Leu, lie, Phe, Trp, Tyr, Pro;

(2) polar hydrophilic: Arg, Asn, Asp, Gln, Glu, His, Lys, Ser, Thr ;

(3) aliphatic: Ala, Gly, lle, Leu, Val, Pro;

{4y aliphatic hydrophobic: Ala, lle, Leu, Val, Pro;

(5} neutral hydrophilic: Cys, Ser, Thr, Asn, Glg;

(6) acidic: Asp, Gly;

{7y basic: His, Lys, Arg;

(8} residues that influence chain ortentation: Gly, Pro;

(9) aromatic: His, Trp, Tyr, Phe; and

(10) aromatic hydrophobic: Phe, Trp, Tyr.
1016%9] Conservative amino acid substitutions may involve exchange of a mmember of one
of these classes with another member of the same class. Non-conservative substitutions may

involve the exchange of a member of one of these classes for a member from another class.
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{61190} A skilled artisan will be able to determine suitable variants of the polypeptide
chains of the binding proteius using well-known techniques. For example, one skilled in the
art may identify suitable areas of a polypeptide chain that may be changed without destroying
activity by targeting regions not believed to be important for activity. Alternatively, one
skilled in the art can identify residues and portions of the molecules that are conserved among
similar polypeptides. In addition, even areas that may be important for biological activity or
for structure may be subject to conservative amino acid substitutions without destroying the
biological activity or without adversely affecting the polypeptide structure.

10111} The term "patient” as used herein includes human and animal subjects.

{0112} The terms "treatment" or "treat" as used herein refer to both therapeutic treatment
and prophylactic or preventative measures. Those in need of treatment include those having
a disorder as well as those prone to have the disorder or those in which the disorder is to be
prevented. In particular embodiments, binding proteins can be used to treat humans with
cancer, or humans susceptible to cancer, or ameliorate cancer in & human subject. The
binding proteins can also be used to prevent cancer in a human patient. In particular
embodiments, the cancer is multiple myeloma, acute lymphoblastic leukemia, chronic
tymphocytic leukemia, acute myeloid leukemia, lymphoma, breast cancer such as Her2+
breast cancer, germinal center B-cell lympohoma or B-cell acute lymphoblastic leukemia, In
other embodiments, the binding proteins can be used to treat humans with inflammatory
disorders, or humans susceptible to inflammatory disorders, or ameliorate inflammatory
disorders in a human subject.

{0113} The terms "pharmaceutical composition” or "therapeutic composition” as used
herein refer to a compound or composition capable of inducing a desired therapeutic effect
when properly administered to a patient.

0114} The term "pharmaceutically acceptable carrier” or "physiclogically acceptable
carrier” as used herein refers to one or more formulation materials suitable for accomplishing
or enhancing the delivery of a binding protein.

0115} The terms "effective amount” and "therapeutically effective amount” when used in
reference to a pharmaceutical composition comprising one or more binding proteins refer to
an amount or dosage sufficient to produce a desired therapeutic result. More specifically, a
therapeutically effective amount is an amount of a binding protein sufficient to inhibit, for
some period of time, one or more of the clinically defined pathological processes associated
with the condition being treated. The effective amount moay vary depending on the specific
binding protein that is being used, and also depends on a variety of factors and conditions
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related to the patient being treated and the severity of the disorder. For example, if the
binding protein is to be administered in vivo, factors such as the age, weight, and health of the
patient as well as dose response curves and toxicity data obtained in preclinical animal work
would be among those factors considered. The determination of an effective amount or
therapeutically effective amount of a given pharmaceutical composition is well within the
ability of those skilled in the art.
01186} One embodiment of the disclosure provides a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and a therapeutically effective amount of a
binding protein,
Trispecific and/or Trivalent Binding Proteins
{0117} In one embodiment, the binding protein of the disclosure is a trispecific and/or
trivalent binding protein comprising four polypeptide chains that form three antigen binding
sites that specifically bind one or more {e.g., three) different antigen targets or target proteins,
wherein a first polypeptide chain comprises a structure represented by the formula:
VirLi-Vi-La-Co {1
and a second polypeptide chain comprises a structure represented by the formula:
Vai-La-Viga-La-Cuy {1
and a third polypeptide chain comprises a structure represented by the formula:
Yis-Cui 1]
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Co [1V]
wherein:
V11 18 a first immunoglobulin light chain variable domain;
Vi is a second immunoglobulin light chain variable domain;
Vi3 i3 a third immunoglobulin tight chain variable domain;
Vi1 15 a first immunogiobulin heavy chain variable domain;
Vs is a second immunoglobulin heavy chain variable domain;
Va3 is a third immunoglobulin heavy chain variable domain;
Cp is an immunoglobulin light chain constant domain;
Cuy is an immunoglobulin Cy heavy chain constant domain; and
L1, Lo, L5 and Ls are amino acid hinkers;
and wherein the polypeptide of formula I and the polypeptide of formula I form a cross-over

tight chain-heavy chain pair.
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{6118} In one embodiment, the binding protein of the disclosure is a trispecific and/or
trivalent binding protein comprising four polypeptide chains that form three antigen binding
sites that specifically bind one or more {(e.g., three) antigen targets or target proteins, wherein

a first polypeptide chain comprises a structure represented by the formula:

Vig-Li-Vii-Lo-Co [1]

and a second polypeptide chain comprises a structure represented by the formula:
Var-La-Vm-1y-Cin {1

and a third polypeptide chain comprises a structure represented by the formula:
Viz~Cr {1

and a fourth polypeptide chain comprises a structure represented by the formula:
Vi3-Cr v}

wherein:
Vi 8 a first immunogiobulin light chain variable domain;
V1718 a second immunoglobulin light chain variable domain;
Vi3 15 a third immunoglobulin light chain variable domain;
Vi is a first immunoglobulin heavy chain variable domain;
Vi 18 a second immunoglobulin heavy chain variable domain;
V3 is a third immunoglobulin heavy chain variable domain;
Cy is an immunogliobulin light chain constant domain;
Cm 1s an immunoglobulin Cyy heavy chatn constant domain; and
Ly, Ls, L5 and L4 are amino acid linkers;
and wherein the polypeptide of formula I and the polypeptide of formulda I form a cross-over
tight chain-heavy chain pair.
{6119} In one embodiment, the binding protein of the disclosure is a trispecific and/or
trivalent binding protein comprising four polypeptide chains that form three antigen binding
sites that specifically bind one or more {(e.g., three) different antigen targets or target proteins,
wherein a first polypeptide chain comprises a structure represented by the formula:
Vir-Li-Vi-L-Cy, {]
and a second polypeptide chain comprises a structure represented by the formula:
‘VHL"LS“‘V,HZ"L4“CH1"hiﬂge"(—:H7_“CH3 {H]
and a third polypeptide chain comprises a structure represented by the forrmula:
‘V'H3~ CHrhinge_CHg—CH; [HH
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cp (vl
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wherein:

Vi1 is a first immunoglobulin light chain variable domain;

Viz 18 a second immunoglobulin light chain variable domain;

Vs is a third immunoglobulin light chain variable domain;

Vi is a first immunoglobulin heavy chain variable domain;

Vs 18 a second immunoglobulin heavy chain variable domain;
/w3 18 a third immunoglobulin heavy chain variable domain;

Cy is an immunoglobulin light chain constant domain;

Cm 13 an immunoglobulin Cu; heavy chain constant domain;

Cyp 15 an immunoglobulin Cyp heavy chain constant domain;

Cus is an immunoglobulin Cys heavy chain constant domain;

hinge is an immunoglobulin hinge region connecting the Cyg; and Cy, domains; and
Ly, L, L3 and L are amino acid linkers;

and wherein the polypeptide of formula [ and the polypeptide of formula II form a cross-over
light chain-heavy chain pair.
{6120} In one embodiment, the binding protein of the disclosure is a trispecific and/or
trivalent binding protein comprising four polypeptide chains that form three antigen binding
sites that specifically bind one or more (e.g., three) antigen targets or farget proteins, wherein
a first polypeptide chain comprises a structure represented by the formula:
“V’LZ“E-ll"\'/L]“LZ'(ZL i_IJ
and a second polypeptide chain comprises a structure represented by the formula:
Var-Ls-Vm-14-Cr-hinge-Cp-Cas {H]
and a third polypeptide chain comprises a structure represented by the formula:
Vi~ Ca-hinge-Cin-Cin (1]
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Co {iv]
wherein:
Vi 8 a first immunogiobulin light chain variable domain;
Vo ts 8 second tmmunoglobulin light chain variable domain;
Vi3 15 a third immunoglobulin light chain variable domain;
Vi is a first immunoglobulin heavy chain variable domain;
Vi 18 a second immunoglobulin heavy chain variable domain;
V3 is a third immunoglobulin heavy chain variable domain;

Cy is an immunogliobulin light chain constant domain;
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Cy 1s an immunoglobulin Cy; heavy chain constant domain;
Cyp 1s an immunoglobulin Cyp heavy chain constant domain;
Cys is an immunoglobulin Cys heavy chain constant domain;

hinge is an immunoglobulin hinge region connecting the Gy and Cipp domains; and
Ly, Lo, L5 and L are amino acid linkers;

and wherein the polypeptide of formula I and the polypeptide of formula IT form a cross-over
light chain-heavy chain pair.

{0121} In some embodiments, the first polypeptide chain and the second polypeptide
chain have a cross-over orientation that forms two distinct antigen binding sites. In some
embodiments, the VHI and VL1 form a binding pair and form the first antigen binding site.
In some embodiments, the VH2 and VL2 form a binding pair and form the second antigen
binding site. In some embodiments, the third polypeptide and the fourth polypeptide form a
third antigen binding site. In some embodiments, the VH3 and VL3 form a binding pair and
form the third antigen binding site.

{0122} In one embodiment, the binding protein of the disclosure is a trispecific and/or
trivalent binding protein comprising four polypeptide chains that form three antigen binding
sites that specifically bind one or more {e.g., three) antigen targets or target proteins, wherein

a first polypeptide chain comprises a structure represented by the formula:

Voi-Li-Vos-Lo-Co ]

and a second polypeptide chain comprises a structure represented by the formula:
Vios-L3-Vpa-La-Cpi-hinge-Cup-Cas {H]

and a third polypeptide chain comprises a structure represented by the formula:
Vhsz- Cuy-hinge-Cap-Cus {11

and a fourth polypeptide chain comprises a structure represented by the formula:
Vi Cp v}

wherein:
Yp: 18 a variable domain of heavy or light chain of a first immunoglobulin;
Vi 18 a variable domain of heavy or light chain of a second immunoglobulin;
Vs is a variable domain of heavy or light chain of a third immunogiobulin;
Vpa 18 a variable domain of heavy or light chain of a fourth immunoglobulin;
Vs is an immunoglobulin heavy chain variable domain;
V318 an immunoglobulin light chain variable domain;
Cy is an immunoglobulin light chain constant domain;

Cyy 1s an immunoglobulin Cy; heavy chain constant domain;

62



WO 2017/180913 PCT/US2017/027488

Cys 15 an immunoglobulin Cy; heavy chain constant domain;

Cys is an immunoglobulin Cys heavy chain constant domain;

hinge is an immunoglobulin hinge region connecting the Cy; and Cypy domains; and

Ly, Ly, L5 and L4 are amino acid linkers;
and wherein the polypeptide of formula I and the polypeptide of formula Il form a cross-over
fight chain-heavy chain pair.
{0123} In some embodiments, the binding protein of the disclosure comprises three
antigen binding sites that specifically bind one, two, or three antigen targets or target
proteins. In some embodiments, the binding protein binds three antigen targets. In some
embodiments, the binding protein binds three different antigen targets. In some
embodiments, two of the antigen binding sites bind the same antigen target. In those
embodiments, the binding protein comprises the same binding domains twice, or different
binding domains, and/or specifically binds different antigens or epitopes on the same antigen
target. In some embodiments, three of the antigen binding sites bind the same antigen target.
In those embodiments, the binding protein comprises the same binding domains three times,
or different binding domains, and/or specifically binds different antigens or epitopes on the
same antigen target.
{0124} In some embodiments, Vi, Vi; and Vi; are each independently a variable domain
derived from an amino acid sequence as set forth in any one of SEQ ID NQOs: 2, 4, 10, 14, 18,
22 or 115; and Vi, Vi and Vs are each independently a variable domain derived from an
amino acid sequence as set forth in any one of SEQGID NQOs: 1,3,9, 13,17, 21 or 114, In
other embodiments, Vi1, Vo2 and Vi3 are each independently a variable domain derived from
an amino acid sequence as set forth in any one of SEQ ID NQOs: 61, 63, 69, 71, 74, 76, 82, 86,
88 or 94; and Vy; Vg, and Vi are each independently a variable domain derived from an
amino acid sequence as set forth in any one of SEQ D NOs: 60, 62, 68, 73, 75, 81, 85, 87 or
93, In other embodiments, Vi1, Vi and V3 each independently comprise light chain
complementarity determining regions of a variable domain comprising an amino acid
sequence as set forth in any one of SEQ D NOs: 43-59, 123-125; and Vi, Vi and Vi each
independently comprise heavy chain complementarity determining regions of a variable
domain comprising an amino acid sequence as set forth in any one of SEQ ID NQOs: 25-42,
120-122. In other embodiments, Vi1, Vi and Vi3 each independently comprise light chain
complementarity determining regions of a variable domain comprising an amino acid
sequence as set forth in any one of SEQ ID NOs: 61, 63, 69, 71, 74, 76, 82, 86, 88 or 94; and
Vi1, Vuz and Vs each independently comprise heavy chain complementarity determining
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regions of a variable domain comprising an amino acid sequence as set forth in any one of
SEQ ID NOs: 60, 62, 68, 73, 75, 81, 85, 87 or 93. In some embodiments, Vy;, Vi and Vi
each independently comprise heavy chain complementarity determining regions and/or a
variable domain sequence shown in Tables 2-5.

{0125} In some embodiments, Vi, Viz and Vs each independently comprise a variable
domain sequence as set forth in any one of SEQ ID NOs:169, 171, and 173; and/or Vi, Vao,
and V3 each independently comprise a variable domain sequence as set forth in any one of
SEQ ID NOs:168, 170, and 172. In some embodiments, Vi Vi and Vi3 each independently
comprise light chain complementarity determining regions comprising an amino acid
sequence selected from the group consisting of SEQ 1D NGs: 141-147, 178, and 179; and/or
Vi, Vi and Vs each independently comprise heavy chain complementarity determining
regions comprising an amino acid sequence selected from the group consisting of SEQ 1D
NOQOs: 129-137. In some embodiments, Vi, Vi, and Vi3 each independently comprise a
variable domain sequence as set forth in any one of SEQ [ NOs: 151, 153, 155, 157, 159,
161, 163, 165, and 167, and/or Vi Vi and Vs each independently comprise a variable
domain sequence as set forth in any one of SEQ 1D NOs:150, 152, 154, 156, 158, 160, 162,
164, and 166. In some embodiments, Vi Vi, and V;each independently comprise light
chain complementarity determining regions comprising an amino acid sequence as set forth
in any one of SEQ ID NOQOs: 43-59, 123-125, 138-140, and 149; and/or Va1, Vi and Vgs each
independently comprise heavy chain complementarity determining regions of a variable
domain comprising an amino acid sequence as set forth in any one of SEQ 1D NOs: 25-42,
120-122, and 126-128. In some embodiments, Vi1 Viz and Vi3 each independently comprise
light chain complementarity determining regions and/or a vartable domain sequence shown in
Tables 2-5.

0126} In particular embodiments, the order of the Vi and Vi domains, and therefore
the order of Vi, and V; domains, in the polypeptide chain of formula I or the polypeptide
chain of formula i (i.e., to reverse the order) are swapped.

0127} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 4 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ D NO: 4 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID NG: 4; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 3 or an amino acid sequence that is at
feast 95% identical to the amino acid sequence of SEQ 1D NO: 3 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NQO: 3; the
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third polypeptide chain comprises the amino acid sequence of SEQ 1D NG 1 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO: |
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 1; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
1D NO: 2 or an amino acid sequence that is at least 95% identical to the amino acid sequence
of SEQ ID NOG: 2 optionally comprising CDRs that are 100% identical to the CDRs of the
polypeptide chain of SEQ ID NO: 2.

0128} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 10 or an amino acid sequence that 1s at teast 95% identical to the
amino acid sequence of SEQ ID NO: 10 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ 1D NG 10; the second polypeptide chain
comprises the amino acid sequence of SEQ D NO: ¢ or an amino acid sequence that is at
least 95% identical to the amino acid sequence of SEQ ID NO: 9 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 9; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 1 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ} ID NO: |
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ 1D NO: 1; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NG: 2 or an amino acid sequence that is at {east 95% identical to the amino acid sequence
of SEQ ID NG 2 optionally cormprising CDRs that are 100% identical to the CDRs of the
polypeptide chain of SEQ D NO: 2.

{0129} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 4 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NO: 4 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ D NG 4; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NG: 3 or an amino acid sequence that is at
feast 95% identical to the aming acid sequence of SEQ 1D NO: 3 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 3; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 13 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ D NO: 13
optionally comprising CDRs that are 100% tdentical to the CDRs of the polypeptide chain of
SEQ ID NO: 13; and the fourth polypeptide chain comprises the amino acid sequence of SEQ

ID NO: 14 or an amino acid sequence that is at least 95% identical to the amino acid
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sequence of SEQ ID NO: 14 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ 1D NG: 14,
10130} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NGO 10 or an amino acid sequence that 1s at teast 95% identical to the
amino acid sequence of SEQ ID NO: 10 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID NO: 10; the second polypeptide chain
comprises the amine acid sequence of SEQ D NG 9 or an amine acid sequence that is at
least 95% identical to the amino acid sequence of SEQ ID NO: 9 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 9; the
third polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 13 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NG: 13
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 13; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
1D NG: 14 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 14 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ 1D NO: 14,
10131} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 4 or an amine acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NO: 4 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ D NG: 4; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 3 or an amino acid sequence that is at
least 95% identical to the amino acid sequence of SEQ ID NO: 3 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 3; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 17 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NG: 17
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ 1D NO: 17; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 18 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 18 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 18
[6132] In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 10 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NO: 10 optiovally compristng CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ [D NG 10; the second polypeptide chain
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comprises the amino acid sequence of SEQ D NO: 9 or an amine acid sequence that is at
feast 95% identical to the amino acid sequence of SEQ 1D NO: 9 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ 1D NO: 9; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 17 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 17
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 17; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 18 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 18 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ D NO: 18.
{0133} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ H2 NO: 4 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NO: 4 optionally coroprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID NO: 4; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 3 or an amino acid sequence that is at
least 95% identical to the amino acid sequence of SEQ ID NO: 3 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 3; the
third polypeptide chain comprises the amino acid sequence of SEQ ID N(: 21 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 21
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 21; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
1D NO: 22 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 22 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NG: 22.
{0134} In some embodiments, the first polypeptide chain comprises the aming acid
sequence of SEQ ID NO: 10 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NO: 10 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID NO: 10; the second polypeptide chain
comprises the amino acid sequence of SEQ D NG: 9 or an amino acid sequence that is at
least 95% identical to the amino acid sequence of SEQ 1D NO: 9 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 9; the
third polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 21 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO: 21
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
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SEQ ID NO: 21; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 22 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ D NO: 22 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 22.

{0135} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 63 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NO: 63 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ D NO: 63; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NG: 62 or an amino acid sequence that 13 at
feast 95% identical to the amino acid sequence of SEQ ID NO: 62 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 62; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 60 or an amino
acid sequence that is at least 95% identical to the amivo acid sequence of SEQ ID NO: 60
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 60; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 61 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 61 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ 1D NO: 61.

{0136} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ D NO: 69 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ D NG: 69 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID NO: 69; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 68 or an amino acid sequence that is at
feast 95% identical to the amino acid sequence of SEQ 1D NO: 68 optionally comprising
CDRs that are 100% tdentical to the CDBRs of the polypeptide chain of SEQ 1B NO: 68; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 60 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO: 60
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 60; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 61 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 61 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ D NO: 61.

{0137} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ H2 NO: 69 or an amino acid sequence that is at least 95% identical to the
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amino acid sequence of SEG ID NO: 69 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ 1D NO: 69; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 68 or an amino acid sequence that is at
feast 95% identical (o the amino acid sequence of SEQ ID NO: 68 optionally comprising
CDRs that are 100% identical to the CIPXRs of the polypeptide chain of SEQ ID NO: 68; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 60 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SE(Q I3 NO: 60
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 60; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 71 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ 1D NG: 71 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NG: 71.

{0138} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 76 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NO: 76 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ 113 NO: 76; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 75 or an amino acid sequence that is at
feast 95% identical to the amino acid sequence of SEQ ID NO: 75 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 75; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 73 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ [ NO: 73
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 73; and the fourth polypeptide chain comprises the aminoe acid sequence of SEQ
ID NO: 74 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ D NO: 74 optionally comprising CIDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 74,

{0139} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 82 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NO: 82 optionally comprising CDRs that are 100% identical
to the CERs of the polypeptide chain of SEQ I3 NO: 82; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NG: 81 or an amino acid sequence that 13 at
feast 95% identical to the amino acid sequence of SEQ 1D N(O:81 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ I3 NO: 81; the
third polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 73 or an amino
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acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO: 73
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 73; and the fourth polypeptide chain comprises the aminoc acid sequence of SEQ
ID NO: 74 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 74 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ 1D NG: 74
0148} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 88 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NO: 88 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID NO: 88; the second polypeptide chain
comprises the amino acid sequence of SEQ 1D NO: 87 or an amino acid sequence that is at
least 95% identical to the amino acid sequence of SEQ 1D NO: 87 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 87; the
third polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 85 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 85
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 85; and the fourth polypeptide chain comprises the aminoe acid sequence of SEQ
1D NO: 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 86 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ 1D NO: 86
j0141} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 94 or av amino acid sequence that is at least 95% identical to the
amino acid sequence of SEG ID NO: 94 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ 1D NO: 94; the second polypeptide chain
comprises the amino acid sequence of SEQ 113 NO: 93 or an amino acid sequence that is at
least 95% identical to the amino acid sequence of SEQ ID NO: 93 optionally comprising
CDRs that are 100% identical to the CPXRs of the polypeptide chain of SEQ I NO: 93; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 85 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO: 85
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 85; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
1D NG: 86 or an amino acid sequence that is at least 95% identical to the amine acid
sequence of SEQ 1D NO: 86 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 86,
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{0142} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 69 or an amino acid sequence that is at least 95% identical o the
amino acid sequence of SEQ 1D NO: 69 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID NO: 69; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 68 or an amino acid sequence that is at
feast 95% identical to the amino acid sequence of SEQ 1D NO: 68 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ [13 NO: 68; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 73 or an amino
actd sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO: 73
optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 74 or an amino acid sequence that is at least 95% i1dentical to the amino acid
sequence of SEQ ID NO: 74 optionally coraprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ D NO: 74.

{0143} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 69 or an amino acid sequence that is at least 95% identical o the
amino acid sequence of SEQ ID NO: 6% optionally comprising CDRs that are 100% identical
to the CPBRs of the polypeptide chain of SEQ I3 NO: 69; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 68 or an amino acid sequence that is at
feast 95% 1dentical to the amino acid sequence of SEQ ID NO: 68 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ I3 NO: 68; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 85 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 85
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 85; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: &6 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ 1D NOG: 86.

{6144} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ D NO: 63 or an aminc acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NO: 63 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID NO: 63; the second polypeptide chain
comprises the amino acid sequence of SEQ 1D NO: 62 or an amino acid sequence that is at
least 95% identical to the amino acid sequence of SEQ 1D NO: 62 optionally comprising
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CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 62; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 73 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ 12 NOG: 73
optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide chain of
SEQ 1D NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 74 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ D NO: 74 optionally comprising CIDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 74.

[6145] In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 63 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NG: 63 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ [D NG: 63; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 62 or an amino acid sequence that is at
least 95% identical to the amino acid sequence of SEQ 1D NO: 62 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 62; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 85 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NG: 85
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 85; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
1D NO: 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ [D NO: 86 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ 1D NO: 86.

{0146} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SE(Q ID NO: 4 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ 1D NO: 4 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ I NO: 4; the second polypeptide chain
comprises the amino acid sequence of SEQ IID NO: 3 or an amino acid sequence that is at
feast 95% identical to the amino acid sequence of SEQ ID NO: 3 optionally comprising
CDRas that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 3; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 114 or an amino
actd sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 114
optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NO: 114; and the fourth polypeptide chain comprises the amino acid sequence of
SEQ D NO: 115 or an amino acid sequence that is at least 95% identical to the amino acid
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sequence of SEQ ID NO: 115 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NG: 115
101474 In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NGO 10 or an amino acid sequence that 1s at teast 95% identical to the
amino acid sequence of SEQ ID NO: 10 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID NO: 10; the second polypeptide chain
comprises the amine acid sequence of SEQ D NG 9 or an amine acid sequence that is at
least 95% identical to the amino acid sequence of SEQ ID NO: 9 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 9; the
third polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 114 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ D NO: 114
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 114; and the fourth polypeptide chain comprises the amino acid sequence of
SEQ ID NO: 115 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 115 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 115
10148} In other embodiments, the binding protein of the disclosure 1s a trispecific and/or
trivalent binding protein comprising four polypeptide chains that form three antigen binding
sites that specifically bind one or more {e.g., three) different target proteins, wherein a first
polypeptide chain has a structure represented by the formula;
Vi-Li-Vi-La-Cr (1]
and a second polypeptide chaiv has a structure represented by the formula:
Vii-La-Vip-Le-Ci-hinge-Crp-Crs (hole)  [H]
and a third polypeptide chain has a structure represented by the formula:
Vi3-Cn~hinge-Cuz-Cys (knob) {HI]
and a fourth polvpeptide chain has a structure represented by the formula:
Via-Co V]
wherein:
Vi1 is a first immunogiobulin light chain variable domain;
Vi, is a second immunoglobulin light chain variable domain;
Viz1s a third immunoglobulin hight chain variable domain;
Vai is a first immunoglobulin heavy chain variable domain;
Vi is a second immunoglobulin heavy chain variable domain,
Vs 18 a third immunoglobulin heavy chain variable domain;
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Cy is an immunoglobulin light chain constant domain;
Cy 1s an immunoglobulin Cy; heavy chain constant domain; and
Ly, Lo, L5 and Ly are amino acid linkers;
and wherein the polypeptide of formula I and the polypeptide of formula I form a cross-over
light chain-heavy chain pair.
10149} In other embodiments, the binding protein of the disclosure 18 a trispecific and/or
trivalent binding protein comprising four polypeptide chains that form three antigen binding
sites that specifically bind one or more {e.g., three) target proteins, wherein a first polypeptide
chain has a structure represented by the formula:
Via-Li-Vi-La-Co (]
and a second polypeptide chain has a structure represented by the formula:
Vi-La-Vuo-Ls-Cri-hinge-Cipp-Crs (hole)  [H]
and a third polypeptide chain has a structure represented by the formula:
Viz-Cpi-hinge-Crp-Cus (knob) [HH]
and a fourth polypeptide chain has a structure represented by the formula:
Vis-Cr [1V]
wherein:
Vi1 1s a first immunoglobulin light chain variable domain;
Vi is a second immunoglobulin light chain variable domain;
Vi3 18 a third immunoglobulin hight chain vanable domain;
Vi is a first immunoglobulin heavy chain variable domain;
Vi is a second imrmunoglobulin heavy chain variable domain;
Vs is a third immunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chatn constant domain;
Cm is an immunoglobulin Cyy heavy chain constant domain; and
Ly, Lo, L5 and Ly are amino acid linkers;
and wherein the polypeptide of formula I and the polypeptide of formula Il form a cross-over
fight chain-heavy chain pair.
{6150} In some embodiments, the first polypeptide chain and the second polypeptide
chain have a cross-over orientation that forms two distinct antigen binding sites. In some
embodiments, the VHI and VL1 form a binding pair and form the first antigen binding site.
in some embodiments, the VH2 and VL2 form a binding pair and form the second antigen
binding site. In some embodiments, the third polypeptide and the fourth polypeptide form a
third antigen binding site. In some embodiments, the VH3 and VL3 form a binding pair and
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form the third antigen binding site. In some embodiments, the second polypeptide chain and
the third polypeptide chain comprise one or more modifications. In some embodiments, the
second polypeptide chain and the third polypeptide chain of a binding protein are different,
e.g., having different Cq,, Cyp, and/or Cy; domain{s) (such as those including a modification
described herein). In some embodiments, the first polypeptide chain and the fourth
polypeptide chain comprise one or more modifications. In some embodiments, the first
polypeptide chain and the fourth polypeptide chain of a binding protein are different, e.g.,
having different C domains {such as those including a modification described herein, and/or
lambda vs. kapp CL domains).

{0151} In some embodiments, a binding protein of the present disclosure comprises an
antigen binding site comprising a heavy chain variable domain comprising an amino acid
sequence that is at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
identical to SEQ ID NO:150, optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ 1D NG: 150, and/or a light chain variable domain
comprising an amino acid sequence that is at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% tdentical to SEQ 1D NO: 151, optionally comprising CDRs that
are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 151, In some
embodiments, a binding protein of the present disclosure comprises an antigen binding site
comprising a heavy chain variable domain comprising an amine acid sequence that is at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to SEQ ID
NO:152, optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide
chain of SEQ ID NO: 152, and/or a light chain variable domain comprising an amino acid
sequence that is at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
identical to SEQ 1D NO:153, optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NGO 153, In some embodiments, a binding protein
of the present disclosure comprises an antigen binding site comprising a heavy chain variable
domain comprising an amino acid sequence that is at least 95%, at least 96%, at least 97%, at
feast 98%, at least 99%, or 100% identical to SEQ ID NO:154, optionally comprising CDRs
that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 154, and/or a
light chain variable domain comprising an amino acid sequence that is at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% tdentical to SEQ 1D NO: 155,
optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NO: 155, In sorue emobodiments, a binding protein of the present disclosure
comprises an antigen binding site comprising a heavy chain variable domain comprising an
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amino acid sequence that is at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identical to SEQ ID NO:156, optionally comprising CDRs that are 100%
tdentical to the CDRs of the polypeptide chain of SEQ 1D NGO: 156, and/or a light chain
variable domain comprising an amino acid sequence that 1s at least 95%, at least 96%, at east
97%, at least 98%, at least 99%, or 100% identical to SEQ ID NO: 157, optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEGQ ID NO: 157, In
some embodiments, a binding protein of the present disclosure comprises an antigen binding
site comprising a heavy chain variable domain comprising an amino acid sequence that is at
least 95%, at least 96%, at least 97%, at least 98%, at feast 99%, or 100% identical to SEQ ID
WNO:158, optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide
chain of SEQ ID NO: 138, and/or a light chain variable domain comprising an amino acid
sequence that is at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
identical to SEQ ID NO:159, optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ 1D NO: 159. In some embodiments, a binding protein
of the present disclosure comprises an antigen binding site comprising a heavy chain variable
domain comprising an amino acid sequence that is at least 95%, at least 96%, at least 97%, at
feast 98%, at feast 99%, or 100% identical to SEQ D NO:160, optionally comprising CDRs
that are 100% identical to the CDRs of the polypeptide chain of SEQ 1D NO: 160, and/or a
tight chain variable domain comprising an amino acid sequence that is at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% identical to SEQ ID NO: 161,
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 161, In some embodiments, a binding protein of the present disclosure
comprises an antigen binding site comprising a heavy chain variable domain comprising an
amino acid sequence that is at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identical to SEQ ID NO:162, optionally comprising CDRs that are 100%
identical to the CDRs of the polypeptide chain of SEQ ID NO: 162, and/or a light chain
variable domain comprising an amino acid sequence that is at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% identical to SEQ ID NO:163, opticnally comprising
CDRas that are 100% identical to the CDRs of the polypeptide chain of SEQ D NO: 163 In
some embodiments, a binding protein of the present disclosure comprises an antigen binding
site comprising a heavy chain variable domain cormprising an amino acid sequence that is at
feast 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to SEQ 1D
NO:164, optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide
chain of SEQ ID NO: 164, and/or a light chain variable domain comprising an amino acid
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sequence that is at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
identical to SEQ 1D NO:165, optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ 1D NO: 165, In some embodiments, a binding protein
of the present disclosure comprises an antigen binding site comprising a heavy chain variable
domain comprising an amino acid sequence that is at least 95%, at least 96%, at least 97%, at
feast 98%, at least 99%, or 100% identical to SEQ ID NO:166, optionally comprising CDRs
that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 166, and/or a
Hight chain variable domain comprising an amino acid sequence that is at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% tdentical to SEQ 1D NO: 167,
optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NO: 167, In some embodiments, a binding protein of the present disclosure
comprises an antigen binding site comprising a heavy chain variable domain comprising an
amino acid sequence that is at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identical to SEQ 1D NO: 168, optionally comprising CDRs that are 100%
identical to the CDRs of the polypeptide chain of SEG ID NO: 168, and/or a light chain
variable domain comprising an amino acid sequence that is at least 95%, at feast 96%, at least
97%, at least 98%, at least 99%, or 100% identical to SEQ ID NG:169, optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NG: 169. In
some embodiments, a binding protein of the present disclosure comprises an antigen binding
site comprising a heavy chain variable domain comprising an amino acid sequence that is at
least 95%, at least 96%, at least 97%, at least 98%;, at least 99%, or 100% identical to SEQ ID
NO:170, optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide
chain of SEQ ID NO: 170, and/or a light chain variable domain comprising an amino acid
sequence that is at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
identical to SEQ 1D NO:171, optionally comprising CDRs that are 100% tdentical to the
CDRs of the polypeptide chain of SEQ ID NO: 171, In some embodiments, a binding protein
of the present disclosure comprises an antigen binding site comprising a heavy chain variable
domain comprising an amino acid sequence that 1s at least 95%, at least 96%, at least 97%, at
feast 98%, at least 99%, or 100% identical to SEQ ID NO:172, optionally comprising CDRs
that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 172, and/or a
Hight chain variable domain comprising an amino acid sequence that is at feast 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% identical to SEQ ID NG:173,
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ D NO: 173,
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{6152} In some embodiments, a binding protein of the present disclosure binds to one,
two, or three antigen targets with an equilibrium dissociation constant (Kp) that is [ess than or
equal to 1uM, 500nM, 100nM, 50nM, 100M, 5nM, or InM. Exemplary assays for
determining Kp are known in the art. For example, in some embodiments, Ky is determined
by measuring binding kinetics at between 0°C and 37°C e.g., at 0°C, 4°C, 25°C, or 37°C)
using the techniques described in Example 1 {e.g., SPR or ELISA).

{0153} In some embodiments, a binding protein of the present disclosure activates CD4
and/or CDS8 T cells in vitro and/or induces antibody-mediated in vitro cell killing of a cell
expressing one or more antigen targets of one or more binding domains of the binding
protein. Exemplary in vitro cell killing and T cell activation assays are known n the art. For
example, in some embodiments, i vigro cell killing and/or T cell activation is assayed using
the techniques described in Example 1.

{0154} In some embodiments, a binding protein of the present disclosure specifically
binds to, and/or blocks signaling mediated by, one or more cytokines. Hxemplary cytokine
release assays are known in the art. For example, in some embodiments, cytokine release is
assayed using the techniques described in Example 1.

10135] In some embodiments, a binding protein of the present disclosure comprises a first
antigen binding site that specifically binds a target protein on T cells, a second antigen
binding site that specifically binds a target protein on T cells, and a third antigen binding site
that specifically binds an antigen target or target protein. In some embodiments, a binding
protein of the present disclosure comprises a first antigen binding site that specifically binds a
target protein on T cells, a second antigen binding site that specifically binds a target protein
on T cells, and a third antigen binding site that specifically binds a tumor target protein. In
some embodiments, a binding protein of the present disclosure coruprises a first antigen
binding site that specifically binds a target protein on T cells, a second antigen binding site
that specifically binds a target protein on T cells, and a third antigen binding site that
specifically binds a human tumor target protein. In some some embodiments, the first and
second antigen binding sites specifically bind a tumor target protein for instance selected
from CD3 and CD28, respectively. In some some embodiments, the first and second antigen
binding sites specifically bind 2 tumor target protein for instance selected from CD28 and
CD3, respectively. In some embodiments, the third antigen binding site specifically binds
CD19, CD20, CD38, Her2, or LAMP1. Further examples of such targets and target proteins

are provided infra.
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{6156} In some embodiments, a binding protein of the present disclosure comprises a first
antigen binding site that specifically binds CD?3, a second antigen binding site that
specifically binds CI28, and a third antigen binding site that specifically binds an antigen
target or target protein. In some embodiments, a binding protein of the present disclosure
comprises a first antigen binding site that specifically binds CD28, a second antigen binding
site that specifically binds CD3, and a third antigen binding site that specifically binds an
antigen target or target protein. Further examples of such antigen targets or target proteins are
provided infra. In some embodiments, a binding protein of the present disclosure comprises a
first antigen binding site that specifically binds CD3, a second antigen binding site that
specitically binds CD28, and a third antigen binding site that specifically binds a tumor target
protein.  In some erobodiments, a binding protetu of the present disclosure comprises a first
antigen binding site that specifically binds human CD3, a second antigen binding site that
specifically binds hurman CD28, and a third antigen binding site that specifically binds a
human tumor target protein. In some embodiments, a binding protein of the present
disclosure comprises a first antigen binding site that specifically binds CD28, a second
antigen binding site that specifically binds CD3, and a third antigen binding site that
specifically binds a tumor target protein.  In some embodiments, a binding protein of the
present disclosure comprises a first antigen binding site that specifically binds human CD28,
a second antigen binding site that specifically binds human CD3, and a third antigen binding
site that specifically binds a human tumor target protein. In some embodiments, the third
antigen binding site specifically binds CD19, CD20, CD38, Her2, or LAMP1. Further
examples of such tumor antigen targets or tumor target proteins are provided infra.

{6157} In some embodiments, the antigen binding site that specifically binds CD3
comprises a heavy chain variable domain comprising the amino acid sequence of SEQ ID
N{): 152 and a light chain variable domain comprising the amino acid sequence of SEQ 1D
NO: 153; or a heavy chain variable domain comprising the amino acid sequence of SEG ID
NO: 154 and a light chain variable domain comprising the amino acid sequence of SEQ ID
NO: 155 Additional VH, VL, and/or CDR sequences of antibodies that specifically bind
CD3 suitable for use in any of the binding proteins described herein may be found in
International Publication No. WO2016/116626, which is incorporated by reference herein in
its entirety. In some embodiments, the antigen binding site that specifically binds CD3
comprises six CDRs, or a heavy chain and a light chain variable domain, shown in Tables 2-
S. In some embodiments, the antigen binding site that specificaily binds CD3 comprises (1)
three heavy chain CDRs of SEQ D Nes. 34, 35 and 36, respectively, and three light chain
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CDRs of SEQ D Nos. 52, 53 and 54, respectively; or (it} three heavy chain CDRs of SEQ ID
Nos. 34, 35 and 36, respectively, and three light chain CDRs of SEQ ID Nos. 149, 53 and 54,
respectively. In some embodiments, the antigen binding site that specifically binds CI23 is
part of a polypeptide chain comprising the amino acid sequence of SEQ 1D NO:3 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO:3
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO:3. In some embodiments, the antigen binding site that specifically binds CD3 is
part of a polypeptide chain comprising the amino acid sequence of SEQ ID NO:4 or an amino
actd sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO:4
optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide chain of
SEQ IDNO 4

i0158] In some embodiments, the antigen binding site that specifically binds CD28
comprises a heavy chain variable dorsain comprising the amino acid sequence of SEQ ID
WNO: 160 and a light chain variable domain comprising the amino acid sequence of SEQ ID
NO: 161; or a heavy chain variable domain comprising the amino acid sequence of SEQ ID
NGO: 162 and a light chain variable domain comprising the amino acid sequence of SEQ 1D
NO: 163, In some embodiments, the antigen binding site that specifically binds CD28
comprises six CIDRs, or a heavy chain and a light chain variable domain, shown in Tables 2-
5. In some embodiments, the antigen binding site that specifically binds CD28 comprises (i)
three heavy chain CDRs of SEQ 1D Nos. 28, 29 and 30, respectively, and three light chain
CDRs of SEQ ID Nos. 406, 47 and 48, respectively; or (it} three heavy chain CDRs of SEQ 1D
Nos. 31, 32 and 33, respectively, and three light chain CDRs of SEQ 1D Nos. 49, 50 and 51,
respectively. In some embodiments, the antigen binding site that specifically binds CD28 is
part of a polypeptide chain comprising the amino acid sequence of SEQ ID NG:3 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ H3 NG:3
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID N(O:3. In some embodiments, the antigen binding site that specifically binds CD23
is part of a polypeptide chain comprising the amino acid sequence of SEQ ID NO:4 or an
amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D
NO:4 optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide
chain of SEQ ID NO:4.

[0159] In some embodiments, a binding protein of the present disclosure comprises a first
antigen binding site that specifically binds CD?3, a second antigen binding site that
specifically binds C228, and a third antigen binding site that specifically binds CD38, ora
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first antigen binding site that specifically binds CD28, a second antigen binding site that

specifically binds CD3, and a third antigen binding site that specifically binds CD38,

wherein:

-2

{0166}

the antigen binding site specifically binding CD3 comprises (i) three heavy chain
CDRs of SEQ ID Nos. 34, 35 and 36, respectively, and three light chain CDRs of
SEQ ID Nos. 52, 53 and 54, respectively; or (i1} three heavy chain CDRs of SEQ ID
Nos. 34, 35 and 36, respectively, and three light chain CDRs of SE( 1D Nos. 149, 53
and 54, respectively; and

the antigen binding site specifically binding CD28 comprises (i} three heavy chain
CDRs of SEQ ID Nos. 28, 29 and 30, respectively, and three light chain CDRs of
SEQ 12 Nos. 46, 47 and 48, respectively; or (it} three heavy chain CDRs of SEQ ID
MNos. 31, 32 and 33, respectively, and three light chain CDRs of SEQ ID Nos. 49, 50
and 51, respectively; and

the antigen binding site specifically binding CD38 comprises (i} three heavy chain
CDRs of SEQ ID Nos. 40, 41 and 42, respectively, and three light chain CDRs of
SEQ ID Nos. 58, 44 and 59, respectively.

In some embodiments, the antigen binding site that specifically binds a tumor

target protein comprises a heavy chain variable domain comprising the amino acid sequence

of SEQ 13 NO: 156 and a light chain variable domain comprising the amine acid sequence of

SEQ ID NO: 157; a heavy chain variable domain comprising the amino acid sequence of

SEQ ID NO: 158 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 159; a heavy chain variable domain comprising the amino acid sequence of

SEQ ID NO: 164 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 165; a heavy chain variable domain comprising the amino acid sequence of

SEQ ID NO: 150 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 151; or a heavy chain variable domain comprising the amino acid sequence of

SEQ ID NO: 166 and a tight chain variable domain comprising the amino acid sequence of

SEQ ID NO: 167. In some embodiments, the antigen binding site that specifically binds a

tumor target protein comprises six CDRs, or a heavy chain and a light chain variable domain,

shown in Tables 2-5. In some embodiments, the antigen binding site that specifically binds a

tumor target protein comprises six CDRs of an anti-Her2, anti-CD19, anti-CD20, anti-CD38,

or anti-LAMP1 binding domain shown in Tables 2-5.
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{6161} In some embodiments, a binding protein of the present disclosure comprises four
polypeptide chains that form three antigen binding sites, wherein a first polypeptide chain
comprises a structure represented by the formula:
Vigp-Ea-Vi La-Cp, tH
and a second polypeptide chain comprises a structure represented by the formula:
Vm-Lg-Vm—h—CHlmhingenggnCm HI]
and a third polypeptide chain comprises a structure represented by the formula:
Va3-Cpi-hinge-Cigp-Crs [IH]
and a fourth polypeptide chain corprises a structure represented by the formula:
Vi-Cr [V
wherein:
Yii i8 a first immunoglobulin light chain variable domain;
Vi is a second immunoglobulin light chain variable domain;
Vi3 18 a third immunoglobulin light chain variable domain;
Vi 18 a first immunoglobulin heavy chain variable domain;
Vi is a second immunoglobulin heavy chain vasiable domain;
Vys 18 a third immunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chain constant domain;
Cyy 1s an immunoglobulin Cy; heavy chain constant domain;
Cr 1s an immunoglobulin Ci heavy chain constant domain;
Cgs 1s an immunoglobulin Cys heavy chain constant domain;
hinge is an inununoglobulin hinge region counecting the Ciy and Cip domains; and
L1, Lo, L3 and L; are amino acid linkers;
wherein the polypeptide of formula I and the polypeptide of formula I form a cross-
over light chain-heavy chain pair;
wherein:
Vi1, Vo and Vs each independently comprise a variable domain sequence as set forth
in any one of SEQ D NOs: 169, 171, and 173; and
wherein:
Vi, Vo, and Vps each independently comprise a variable domain sequence as set
forth in any one of SEQ 1D NOs: 168, 170, and 172.
{0162} In some embodiments, a binding protein of the present disclosure comprises four
polypeptide chains that form three autigen binding sites, wherein a first polypeptide chain
comprises a structure represented by the formula:
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Vig-Li-Viilo-Cp (]

and a second polypeptide chain comprises a structure represented by the formula:
Vui-L3-Vi-L4-Chi-hinge-Crp-Cys - [H]

and a third polypeptide chain comprises a structure represented by the formula:
\/’Hg~(fim~hinge{im—(lm {HI]

and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-CL (1]

wherein:

Vi1 1s a first immunoglobulin light chain variable domain;

Vi is a second immunoglobulin light chain variable domain;

Vizis a third immunoglobulin hight chain vanable domain;

Vi 18 a first immunoglobulin heavy chain variable domain;

Vi, is a second immunoglobulin heavy chain variable domain;

Vs is a third immunoglobulin heavy chain variable domain;

Cy 1s an immunogliobulin light chain constant domain;

Cy is an immunoglobulin Ciy heavy chain constant domain;

Cy; 15 an immunoglobulin Cy, heavy chain constant domain;

Cyz 18 an immunoglobulin Cys heavy chain constant domain,

hinge is an immunoglobulin hinge region connecting the Cy; and Cyy domains; and

L1, Lz, L3 and Ls are amino acid linkers;

wherein the polypeptide of formula I and the polypeptide of formula I form a cross-
over light chain-heavy chain pair;

wherein:

Ve Viz and Viz ecach independently comprise light chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SEQ ID NQOs: 141-147, 178, and 179; and

wherein:

Va1, Vi and Vs each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SEQ ID NQs: 129-137.

[6163] In some embodiments, a binding protein of the present disclosure comprises four
polypeptide chains that form three antigen binding sites, wherein a first polypeptide chain
comprises a structure represented by the formula:

Vio-Ly-Vibo-Co (]
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and a second polypeptide chain comprises a structure represented by the formula:
Viur-Ls-Viur-Ly-Cui-hinge-Crp-Cus {11}
and a third polypeptide chain comprises a structure represented by the formula:
Vas-Cr-hinge-Cup-Cas (]
and a fourth polypeptide chain comprises a structure represented by the formula:
Via-Co v}
wherein:
Vi 18 a first immunogiobulin light chain variable domain;
Vi 18 a second immunoglobulin light chain variable domain;
Vi3 is a third immunoglobulin light chain variable domain;
Vi is a first immunogliobulin heavy chain variable domain;
Vi 18 a second immunoglobulin heavy chain variable domain;
V3 is a third immunoglobulin heavy chain variable domain;
C is an immunoglobulin light chain constant domain;
Cyy is an immunoglobulin Cy; heavy chain constant domain;
Cy; is an immunoglobulin Cip heavy chain constant domain;
Cys 15 an immunoglobulin Cys heavy chain constant domain;
hinge is an immunoglobulin hinge region connecting the Cy; and Cyp domains; and
Ly, Ly, Ls and Ly are amino acid linkers;
wherein the polypeptide of formula T and the polypeptide of formula I form a cross-
over light chain-heavy chain pair;
wherein:
Vi1, Vip and Vi3 each independently comprise a variable domain sequence as set forth
in any one of SEQ ID NOs: 151, 153, 155, 157, 159, 161, 163, 165, and 167, and
wherein:
Vi, Vi, and Vs each independently comprise a variable domain sequence as set
forth in any one of SEQ ID NOs:150, 152, 154, 156, 158, 160, 162, 164, and 166,
{0164} In some embodiments, a binding protein of the present disclosure comprises four
polypeptide chains that form three antigen binding sites, wherein a first polypeptide chain
comprises a structure represented by the formula:
Vio-Li-ViLa-Co {1
and a second polypeptide chain comprises a structure represented by the formula:
Vin-L3-Var-Le-Cry-hinge-Cyp-Cps {aj
and a third polypeptide chain comprises a structure represented by the formula:
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Vipz-Cri-hinge-Cpp-Crs {1}
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Co [vi
wherein:

Vi1 is a first immunoglobulin light chain variable domain;

Vi 15 a second immunoglobulin light chain variable domain;

Vi3 i3 a third immunoglobulin light chain variable domain;

Vi 18 a first immunoglobulin heavy chain variable domain;

Vi 18 a second immunoglobulin heavy chain variable domain;

V3 is a third immunoglobulin heavy chain variable domain;

Cy 1s an immunoglobulin light chain constant domain;

Cy is an immunoglobulin Cyy heavy chain constant domain;

Cyg; 18 an immunoglobulin C; heavy chain constant domain,

Cys 1s an immunoglobulin Cy; heavy chain constant domain;

hinge is an immunoglobulin hinge region connecting the Cy and Cyy domains; and

Ly, L2, L3 and Ly are amino acid Hinkers,

wherein the polypeptide of formula I and the polypeptide of formula I form a cross-
over light chain-heavy chain pair;

wherein:

Vi Vi and Viz each independently comprise light chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ 1D
NOs: 43-59, 123-125, 138-140, and 149; and

wherein:

Vi, Vi and Vs each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ ID
NOs: 25-42, 120-122, and 126-128.

0165} In some embodiments, a binding protein of the present disclosure comprises an
antigen binding site that specifically binds CD3, an antigen binding site that specifically
binds CD?28, and an antigen binding site that specifically binds an antigen target other than
CD3 or CD28. In some embodiments, a binding protein of the present disclosure comprises
an antigen binding site that specifically binds human CD3, an antigen binding site that
specifically binds human CD28, and an antigen binding site that specifically binds 2 human
antigen target other than CD3 or CD28. In some embodiments, a binding protein of the
present disclosure comprises {a} an antigen binding site that specifically binds CD3, wherein
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the antigen binding site that specifically binds CD3 comprises (i} a heavy chain variable
domain coruprising the amino acid sequence of SEQ ID NO: 152 and a light chain variable
domain comprising the amino acid sequence of SEQ ID NO: 153, (i1) a heavy chain variable
domain comprising the amino acid sequence of SEQ ID NO: 154 and a light chain variable
domain comprising the amino acid sequence of SEQ 1D NO: 155, (iit) a heavy chain variable
domain comprising a CDR-HI comprising the amino acid sequence of SEQ D NO:34, a
CDR-H2 comprising the amino acid sequence of SE(Q I3 NO:35, and a CDR-H3 comprising
the amino acid sequence of SEQ ID NO:36, and a light chain variable domain comprising a
CDR-L1 comprising the amino acid sequence of SEQ ID NO:52, a CDR-L2 comprising the
amino acid sequence of SEQ ID NO:53, and a CDR-L3 comprising the amino acid sequence
of SEQ 1D NG:S4, or (iv) a heavy chain variable domain comprising a CDR-HI comprising
the amino acid sequence of SEQ 1D NO:34, a CDR-H2 comprising the amino acid sequence
of SEQ 1D NQ:35, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:396,
and a light chain variable domain comprising a CDR-L1 comprising the amino acid sequence
of SEQ ID NG: 149, a CDR-L2 comprising the amino acid sequence of SEGQ ID NO:53, and a
CDR-L3 comprising the amino acid sequence of SEQ 1D NO:54; (b) an antigen binding site
that specifically binds CD28, wherein the antigen binding site that specifically binds CD28
comprises (i} a heavy chain variable domain comprising the amino acid sequence of SEQ ID
WNO: 160 and a light chain variable domain comprising the amino acid sequence of SEQ ID
NQO: 161, (i1} a heavy chain variable domain comprising the amino acid sequence of SEQ ID
NO: 162 and a light chain variable domain comprising the amine acid sequence of SEQ 1D
NO: 163, (i1} a heavy chain variable domain comprising a CDR-H1 comprising the amino
acid sequence of SEQ I3 NO:28, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NGO:29, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:30, and a light
chain variable domain comprising a CBR-L1 comprising the amino actd sequence of SEQ ID
NG:46, a CDR-L2 comprising the amino acid sequence of SEQ ID NO: 47, and a CDR-L3
comprising the amino acid sequence of SEQ ID NO:48, or (iv) a heavy chain variable domain
comprising a CDR-H1 comprising the amino acid sequence of SEQ ID NO:31, a CDR-H2
comprising the amino acid sequence of SEQ ID NG:32, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO:33, and a light chain variable domain comprising a CDR-L1
comprising the amino acid sequence of SEQ D N(O:49, a CDR-L2 comprising the amino
acid sequence of SEQ ID NS0, and a CDR-L3 comprising the amino acid sequence of SEQ
ID NO:ST; and () an antigen binding site that specifically binds an antigen target other than
CD3 or CD28. In some embodiments, a binding protein of the present disclosure comprises a
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first polypeptide chain comprising the amino acid sequence of SEQ ID NO:4 or 10, a second
polypeptide chain comprising the amino acid sequence of SEQ 11 NO:3 or 9, and a third and
a fourth polypeptide chain, wherein the third and fourth polypeptide chains form an antigen
binding domain that specifically binds an antigen target other than CD3 or CD28. In some
embodiments, the antigen binding site that specifically binds an antigen target other than CI¥3
or CD28 binds an antigen target selected from A2ZAR, APRIL, ATPDase, BAFF, BAFFR,
BCMA, BlyS, BTK, BTLA, BTDC, B7THI, B7TH4 (also known as VTCN1), B7HS, BTHS,
B7H7, BTRP1, B7-4, C3, C5, CCL2 (also known as MCP-1), CCL3 (also known as MIP-1a),
CCLA4 (also known as MiP-1b), CCLS (also known as RANTES), CCL7 (also known as
MCP-3}, CCLS8 (also known as mep-2), CCL11 (also known as eotaxin), CCL15 (also known
as MIP-1d), CCL17 {also known as TARC), CCL19 (also known as MIP-3b), CCL20 {(also
known as MIP-3a), CCL21 {also known as MIP-2), CCL24 (also known as MPIF-2/eotaxin-
2), CCL2S (also known as TECK), CCL26 {(also known as eotaxin-3), CCR3, CCR4, CD19,
CD20, CD23 (also known as FCERZ, a receptor for IgE), CD24, CD27, CD38, CD39, CD40,
CD70, CD8O (also known as B7-1), CDE6 (also known as B7-2), CD122, CD137 {also
known as 41BB), CD137L, CD152 (also known as CTLA4), CD154 (also known as CD40L),
CD160, CD272, CD273 (also known as PDL2), CD274 {also known as PDL1), CD275 (also
known as B7H2), CD276 (also known as B7H3), CD278 (also known as 1COS), CD279 {also
known as PD-1), CDHI (also known as E-cadherin), chitinase, CLECY, CLEC91, CRTH2,
CSF-1 (also known as M-~CSF), CSF-2 (also known as GM-CSF), CSF-3 (also known as
GCSE), CX3CL1 (also known as SCYD1), CXCLI12 {also known as SDF1), CXCL13,
CXCR3, DNGR-1, ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1,
FCERIA, FCERIL, FLAP, FOLHI, Gi24, GITR, GITRL, GM-CSF, Her2, HHL A2, HMGBI,
HVEM, ICOSLG, IDO, PNy, IgE, IGFIR, IL2Rbets, IL1, ILIA, ILIB, IL1FI0, IL2, 114,
IL4Ra, IL5, JLSR, IL6, 117, IL7Ra, L8, 1LY, ILOR, IL10, thiIL10, IL12, 1113, IL13Ral,
IL13Ra2, IL15, 17, IL17Rb (also known as a receptor for 1L25), 1118, 1122, 1123, [L.25,
1.27, 133, 1135, ITGB4 (also known as b4 integrin), ITK, KIR, LAG3, LAMPI, leptin,
LPFS2, MHC class I, NCR3LGT, NKG2D, NTPDase-1, OX40, OX40L, PD-1H, platelet
receptor, PROMI, S152, SISP1, SLC, SP(G64, ST2 (also known as a recepior for 1133},
STEAP2, Syk kinase, TACL TDOQ, Ti4, TIGIT, TIM3, TLR, TLR2, TLR4, TLRS, TLR9,
TMEF 1, TNFa, TNFRSF7, TpSS, TREMI, TSLP (also known as a co-receptor for IL7Ra),
TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1 (alsc known as
GPRS/CCXCRI).
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{8166} In some embodiments, Vy; comprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D NO:28, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:29, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:30; Vi,
comprises a CDR-L1 corprising the amino acid sequence of SEQ 1D NG:46, a CDR-L2
comprising the amino acid sequence of SEQ D NO: 47, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:48; Vi, comprises a CDR-H1 comprising the amino
acid sequence of SEQ 1D NO:34, a CDR-HZ comprising the amino acid sequence of SEQ 1D
NO:35, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:36; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:532, a CDR-L2
comprising the amino acid sequence of SEQ ID NO:53, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO:54; Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ H2 NO:25, e CDR-H2 comprising the amino acid sequence of SEQ ID
NO:26, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:27; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ D NG:43, a CDR-L2
comprising the amino acid sequence of SEQ ID NO:44, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NO:45.

10167} In some embodiments, Vg comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID N34, a CDR-H2 comprising the amino acid sequence of SEQ ID
WNO:35, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:36; Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:52, a CDR-L2
comprising the amino acid sequence of SEQ [ NO:53, and a CDR-L3 comprising the amino
actd sequence of SEQ ID NO:54; Vi comprises a CDR-HI1 comprising the amino acid
sequence of SEQ ID NO:25, a CDR-H2 comprising the amino acid sequence of SEQ D
NG:26, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:27; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ D NO:43, a CDR-L2
comprising the amino acid sequence of SEQ D NO:44, and a CDR-L3 comprising the amino
actd sequence of SEQ ID NO:4S; Vi comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO:25, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:26, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:27; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N(G:43, a CDR-L2
comprising the amino acid sequence of SEQ D NO:44, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NO:45.

i0168] In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ H2 NO:31, e CDR-H2 comprising the amino acid sequence of SEQ ID
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NO:32, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:33; Vi,
comprises a CDR-L1 comprising the arvino acid sequence of SEQ ID NG:49, a CDR-1.2
comprising the amino acid sequence of SEQ [D NG:50, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NO:51; Vi, comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID N(O:34, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:35, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:36; Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ D NO:52, a CDR-L2
comprising the amino acid sequence of SEQ [D NO:53, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NO:54; Vis comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO:25, a CDR-H2 comprising the amino acid sequence of SEQ D
NG:26, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:27; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO:43, a CDR-L2
comprising the amino acid sequence of SEQ ID N(:44, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NO:45.

{0149} In some embodiments, Vy; comprises a CDR-H1 comprising the amino acid
sequence of SEQ D NO:28, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:29, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:30; Vi,
comprises a CDR-L.1 comprising the amino acid sequence of SEQ 1D NO:46, a CDR-1L2
comprising the amino acid sequence of SEQ D NO: 47, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:48; Vi comprises a CDR-H1 comprising the amino
acid sequence of SEQ 1D NO:34, a CDR-HZ comprising the aminc acid sequence of SEQ 1D
NG:35, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:36; Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:52, a CDR-L2
comprising the amino acid sequence of SEQ D NQO:53, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NG:54; Vi3 comprises a CDPR-H1 comprising the amino acid
sequence of SEQ ID NG:37, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:38, and a CDR-H3 comprising the amino acid sequence of 3EQ ID NG:39; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:SS, a CDR-L2
comprising the amino acid sequence of SEQ D NQO:56, and a CDR-L3 comprising the amino
acid sequence of SEQ D NO:57.

6176} In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ ID NO:31, a CDR-H2 comprising the amino acid sequence of SEQ D
NO:32, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:33; Vy,
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO:49, a CDR-L2
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comprising the amino acid sequence of SEQ ID N(O:50, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO:51; Vi, comprises a CDR-H1 comprising the amino acid
sequence of SEQ D NG:34, a CDR-HZ comprising the amino acid sequence of SEQ 1D
NO:35, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:36; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NG:52, a CDR-L2
comprising the amino acid sequence of SEQ ID NO:53, and a CDR-L3 comprising the amino
actd sequence of SEQ 1D NG:54; Vi comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO:37, a CDR-HZ comprising the amino acid sequence of SEQ ID
NO:38, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NG:39; and Vi3
comprises a CDR-L.1 comprising the amino acid sequence of SEQ ID NG:55, a CDR-L2
comprising the amino acid sequence of SEQ D NO:56, and a CDR-L3 comprising the amino
acid sequence of SEQ D NO:57.

{0171} In some embodiments, Vya comprises a CDR-HI comprising the amino acid
sequence of SEQ ID N(O:28, a CDR-H2 comprising the amino acid sequence of SEQ D
NO:29, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:30; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N(:46, a CDR-L2
comprising the amino acid sequence of SEQ D NG: 47, and a CDR-L3 comprising the
amino acid sequence of SEG ID NO:48; Vi, comprises a CDR-H1 comprising the amino
acid sequence of SEQ ID N(:34, a CDR-H2 comprising the amino acid sequence of SEQ 1D
N335, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:36; Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:52, a CDR-L2
comprising the amino acid sequence of SEQ D NO:53, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NO:54; Vs comprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D NO:40, a CDR-H2 comprising the amino acid sequence of SEQ ID
N{»41, and a CDR-H3 comprising the amino acid sequence of SEQ I N{:42; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ D NO:58, a CDR-L2
comprising the amino acid sequence of SEQ D NO:44, and a CDR-L3 comprising the amino
acid sequence of SEQ D NO:59.

0172} In some embodiments, Vi comprises a CDR-H!I comprising the amino acid
sequence of SEQ D NO:31, a CDR-HZ comprising the amino acid sequence of SEQ 1D
NO:32, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NG:33; Vi
comprises a CDR-L.1 comprising the amino acid sequence of SEQ D N(G:49, a CDR-L2
comprising the amino acid sequence of SEQ D NO:50, and a CDR-L3 comprising the amino
acid sequence of SEQ 2 NO:51; Vi comprises a CDR-H1 comprising the amino acid
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sequence of SEQ ID N34, a CDR-H2 comprising the amino acid sequence of SEQ D
NO:35, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NG:36; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:52, a CDR-L2
comprising the amino acid sequence of SEQ ID NO:53, and a CDR-L3 comprising the amino
actd sequence of SEQ ID NO:54; Vs comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO:40, a CDR-H2 comprising the amino acid sequence of SEQ ID
NG:41, and a CDR-H3 comprising the amino acid sequence of SEQ ID N(O:42; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO:38§, a CDR-L2
comprising the amino acid sequence of SEQ D NO:44, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NO:59.
0173} In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ H2 NO:28, e CDR-H2 comprising the amino acid sequence of SEQ ID
NO:29, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:30; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ D NG:46, a CDR-L2
comprising the amino acid sequence of SEQ ID NO: 47, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:48; Vi, comprises a CDR-H1 comprising the amino
acid sequence of SEQ 1D NO:34, a CDR-H2Z comprising the amino acid sequence of SEQ ID
NO:35, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:36; Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:52, a CDR-L2
comprising the amino acid sequence of SEQ D NG:53, and a CDR-L3 comprising the amino
acid sequence of SEQ [ NO:54; Vs comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO:126, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:127, and a CDR-H3 comprising the amine acid sequence of SEQ 1D NO:128; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG: 138, a CDR-L2
comprising the amino acid sequence of SEQ 12 NO:139, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:140.
{0174} In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ ID NO:31, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:32, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:33; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N(G:49, a CDR-L2
comprising the amino acid sequence of SEQ D NO:50, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NO:51; Vi comprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D NO:34, a CDR-H2Z comprising the amino acid sequence of SEQ ID
NO:35, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:36; Vi,
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comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:52, a CDR-L2
comprising the amino acid sequence of SEQ 1D NO:53, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO:54; Vy; comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO:126, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NQO:127, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:128; and Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:138, a CDR-L2
comprising the amino acid sequence of SEQ D NG:139, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:140.

j0175} In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ ID NO:132, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:133, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:134; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 143, a CDR-L2
comprising the amino acid sequence of SEQ D NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144; Vi, comprises a CDR-H1 comprising the amino
acid sequence of SEQ ID NO:135, a CDR-H2 comprising the amino actd sequence of SEQ
I3 N 136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 145, a CDR-L2
comprising the amino acid sequence of SEQ ID NO: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:147; Vi3 comprises a CDR-H1 comprising the aminc
acid sequence of SEQ 1D NOG:129, a CDR-H2 comprising the amino acid sequence of SEQ
1D NO:130, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:131; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:141, a CDR-L2
comprising the amino acid sequence of SEQ ID NG:178, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:142.

{0176} In some embodiments, Vi comprises a CDR-HT comprising the amino acid
sequence of SEQ ID NG: 135, a CDR-HZ comprising the amino acid sequence of SEQ ID
NO:136, and a CBR-H3 comprising the amino acid sequence of SEQ ID NG:137; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 145, a CDR-L2
comprising the amino acid sequence of SEQ D NO:146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:147; Vy, comprises a CDR-HI comprising the amino
acid sequence of SEQ ID NO: 132, a CDR-H2 comprising the amino acid sequence of SEQ
D NO:133, and a CDR-H3 comprising the amino acid sequence of SEQ D NG:134; Vi,
comprises a CDR-L1 comprising the arvino acid sequence of SEQ ID NO: 143, a CDR-L2
comprising the amino acid sequence of SEQ D NC:179, and a CDR-L3 comprising the
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amino acid sequence of SEQ ID NO:144; Vi; comprises a CDR-H1 comprising the amino
acid sequence of SEQ 1D NO:129, a CDR-H2 comprising the amino acid sequence of SEQ
D NO: 130, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:131; and Vi;
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:141, a CDR-L2
comprising the amino acid sequence of SEQ D NO:178, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:142.

0177 In some embodiments, Vi comprises a CDR-HT comprising the amino acid
sequence of SEQ ID NO: 135, a CDR-HZ comprising the amino acid sequence of SEQ 1D
NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NOG:137; Vi
comprises a CDR-L.1 comprising the amino acid sequence of SEQ [D NG:145, a CDR-L2
comprising the amino acid sequence of SEQ ID NO: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:147; Vyy comprises a CDR-H1 comprising the amino
actd sequence of SEQ ID NO:132, a CDR-H2 comprising the amino acid sequence of SEQ
1D NOG:133, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NG:134; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:143, a CDR-L2
comprising the amino acid sequence of SEQ 1D NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:144; Vgz comprises a CDR-HI comprising the amino
acid sequence of SEQ ID NO:129, a CDR-H2 comprising the amino acid sequence of SEQ
1D NO:130, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NG:131; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:141, a CDR-L2
comprising the amino acid sequence of SEQ [ NO:178, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:142.

{0178} In some embodiments, Vy; comprises a CDR-H1 comprising the amino acid
sequence of SEQ D NO:132, a CDR-H2 comprising the amino acid sequence of SEQ ID
N{133, and a CDR-H3 comprising the amino acid sequence of SEQ ID N(O:134; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO: 143, a CDR-L2
comprising the amino acid sequence of SEQ D NO:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144; Vy,; comprises a CDR-H1 comprising the amino
acid sequence of SEQ 1D NO:129, a CDR-H2 comprising the amino acid sequence of SEQ
ID NO:130, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:131; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 141, a CDR-L2
comprising the amino acid sequence of SEQ ID NO:178, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:142; Vy; comprises a CDR-HI comprising the amino
acid sequence of SEQ H2 NO:135, a CDR-H2 comprising the amino acid sequence of SEQ
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1D NG:136, and a CDR-H3 comprising the amino acid sequence of SEQ D NG:137; and Vi3
comprises a CDR-L1 comprising the arvino acid sequence of SEQ ID NO: 145, a CDR-L.2
comprising the amino acid sequence of SEQ [ NO:146, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NG:147.
{0179} In some embodiments, Vi comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO:129, a CDR-H2 comprising the amino acid sequence of SEQ D
NG:130, and a CDR-H3 comprising the amino acid sequence of SEQ ID N{O:131; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO: 141, a CDR-LZ
comprising the amino acid sequence of SEQ ID NG:178, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:142; Vy, comprises a CDR-H1 comprising the amino
acid sequence of SEQ 1D NO:132, a CDR-H2 comprising the amino acid sequence of SEQ
D NG 133, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:134; Vi
comprises a CDR-L.1 comprising the amino acid sequence of SEQ ID NO:143, a CDR-L2
comprising the amino acid sequence of SEQ [D NO:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144; Vi comprises a CDR-HI comprising the amino
acid sequence of SEQ 1D NO:135, a CDR-H2 comprising the amino acid sequence of SEQ
1D NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; and Vi35
comprises a CDR-L.1 comprising the amino acid sequence of SEQ 13 NO:145, a CDR-L2
comprising the amino acid sequence of SEQ [D NO:146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:147.
0180} In some embodiments, Vg1 comprises a CDR-HI comprising the amino acid
sequence of SEQ ID NO: 135, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:137; Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG: 145, a CDR-L2
comprising the amino acid sequence of SEQ 12 NO:146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG: 147, Vi comprises a CDR-HI comprising the amino
acid sequence of SEQ ID N(:129, a CDR-H2 comprising the amino acid sequence of SEQ
1D NO:139, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:131; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG: 141, a CDR-L2
comprising the amino acid sequence of SEQ [ NO:178, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:142; Vi comprises a CDR-H1 comprising the amino
acid sequence of SEQ ID NO:132, a CDR-H2 comprising the amino acid sequence of SEQ
1D NG:133, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:134; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 143, a CDR-L2
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comprising the amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144.

j0181} In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ ID NO:129, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:130, and a CBR-H3 comprising the amino acid sequence of SEQ ID NO:131; Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 141, a CDR-L2
comprising the amino acid sequence of SEQ D NG:178, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:142; Vg, comprises a CDR-HI comprising the amino
actd sequence of SEQ I NO: 135, a CDR-H2 comprising the amino acid sequence of SEQ
D NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NG:137; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG: 145, a CDR-L2
comprising the amino acid sequence of SEQ D NC:146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:147; Vi comprises a CDR-H1 comprising the amino
actd sequence of SEQ ID NO:132, a CDR-H2 comprising the amino acid sequence of SEQ
ID NG: 133, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:134; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N(G:143, a CDR-L2
comprising the amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the
amino acid sequence of SEG ID NO:144.

{0182} In some embodiments, Vi comprises a COR-H1 comprising the amino acid
sequence of SEQ B NO:135, a CDR-H2 comprising the amino acid sequence of SEQ ID
N(O:136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:137; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:145, a CDR-L2
comprising the amino acid sequence of SEQ ID NO: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO:147, Vi, comprises a CDR-HI comprising the amino
acid sequence of SEQ 1D NG:132, a CDR-HZ comprising the amino actd sequence of SEQ
1D NO:133, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:134; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ D NG:143, a CDR-L2
comprising the amino acid sequence of SEQ ID NO:179, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO:144; Viz comprises a CDR-HI comprising the amino
acid sequence of SEQ 1D NO:135, a COR-HZ comprising the amino acid sequence of SEQ
D NO: 136, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:137; and Vi
comprises a CDR-L.1 comprising the amino acid sequence of SEQ D NG:145, a CDR-L2
comprising the amino acid sequence of SEQ D NO:146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:147.
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{6183} In some embodiments, Vy; comprises a CDR-H1 comprising the amino acid
sequence of SEQ D NO:135, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:145, a CDR-L2
comprising the amino acid sequence of SEQ D NO: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:147; Vi comprises a CDR-H1 comprising the amino
acid sequence of SEQ 1 NO:132, a CDR-H2 comprising the amino acid sequence of SEQ
D NO:133, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:134; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:143, a CDR-L2
comprising the amino acid sequence of SEQ ID NO:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144; Vi comprises a CDR-HI comprising the amino
acid sequence of SEQ 2 NO:132, a CDR-H2 comprising the amino acid sequence of SEQ
1D NO:133, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:134; and Vi3
comprises a CDR-L.1 comprising the amino acid sequence of SEQ D NG:143, a CDR-L2
comprising the amino acid sequence of SEQ ID NO:179, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO:144.
10184} In some embodiments, Vg comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO:132, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:133, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:134; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:143, a CDR-L2
comprising the amino acid sequence of SEQ [ NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:144; Vi comprises a CDR-HI comprising the amino
acid sequence of SEQ I3 NO:135, a CDR-H2 comprising the amine acid sequence of SEQ
ID NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ D NO: 145, a CDR-L2
comprising the amino acid sequence of SEQ ID NO: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID N 147; Vi3 comprises a CDR-H1 comprising the amino
acid sequence of SEQ ID NO:135, a CDR-H2 comprising the amino acid sequence of SEQ
1D NG 136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:137; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:145, a CDR-L2
comprising the amino acid sequence of SEQ ID NG: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO: 147
[0135] In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ H2 NOG:132, a CDR-H2 comprising the amino acid sequence of SEQ ID
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WNO:133, and 2 CDR-H3 comprising the amino acid sequence of SEQ 1D NO:134; vV,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG: 143, a CDR-L2
comprising the amino acid sequence of SEQ D NO:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144; Vg, comprises a CDR-H1 comprising the amino
acid sequence of SEQ ID N(O:135, a CDR-H2 comprising the amino acid sequence of SEQ
1D NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N(: 145, a CDR-L2
comprising the amino acid sequence of SEQ D NG: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:147; Vi comprises a CDR-H1 comprising the amino
acid sequence of SEQ ID NO:132, a CDR-H2 comprising the amino acid sequence of SEQ
1D NG:133, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:134; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 143, a CDR-L2
comprising the amino acid sequence of SEQ D NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO:144.
{0136} In some embodiments, Vy; comprises a CDR-H1 comprising the amino acid
sequence of SEQ D NO:28, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:29, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:30; Vi,
comprises a CDR-L.1 comprising the amino acid sequence of SEQ 1D NO:46, a CDR-1L2
comprising the amino acid sequence of SEQ D NO: 47, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:48; Vi comprises a CDR-H1 comprising the amino
acid sequence of SEQ 1D NO:34, a CDR-HZ comprising the aminc acid sequence of SEQ 1D
NG:35, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:36; Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:52, a CDR-L2
comprising the amino acid sequence of SEQ 1D NO:53, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NG:54; Vi3 comprises a CDPR-H1 comprising the amino acid
sequence of SEQ ID NG: 120, a CDR-HZ comprising the amino acid sequence of SEQ ID
NQO:121, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:122; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:123, a CDR-L2
comprising the amino acid sequence of SEQ D NO:124, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO:125.
j0187} In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ ID NO:31, a CDR-H2 comprising the amino acid sequence of SEQ D
NO:32, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:33; Vy,
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO:49, a CDR-L2
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comprising the amino acid sequence of SEQ ID N(O:50, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO:51; Vi, comprises a CDR-H1 comprising the amino acid
sequence of SEQ D NG:34, a CDR-HZ comprising the amino acid sequence of SEQ 1D
NO:35, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:36; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NG:52, a CDR-L2
comprising the amino acid sequence of SEQ ID NO:53, and a CDR-L3 comprising the amino
actd sequence of SEQ 1D NG:54; Vi comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NOG: 120, a CDR-HZ comprising the amino acid sequence of SEQ 1D
NG:121, and & CDR-H3 comprising the amino acid sequence of SEQ ID NG:122; and Vi3
comprises a CDR-L.1 comprising the amino acid sequence of SEQ D NG:123, a CDR-L2
comprising the amino acid sequence of SEQ 1D NO:124, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:125.

j0188] In some embodiments, a binding protein of the present disclosure binds one or
more {e.g., one, two, ot three) of the following antigen targets ot target proteins: AZAR,
APRIL, ATPDase, BAFF, BAFFR, BCMA, BlyS, BTK, BTLA, B7DC, B7H1, B7H4 (also
known as VICN1), B7HS, B7He, B7H7, B7RP1, B7-4, C3, €S, CCL2 (also known as MCP-
1}, CCL3 (also known as MiP-1a), CCLA4 {(also known as MIP-1b), CCLS (also known as
RANTES), CCL7 (also known as MCP-3), CCLS (also known as mep-2), CCL11 (also
known as eotaxin}, CCL15 (also known as MIP-1d), CCL17 (also known as TARC), CCL19
(also known as MIP-3b), CCL20 (also known as MIP-3a), CCL21 (also known as MIP-2),
CCL24 (also known as MPIF-2/eotaxin-2}, CCL25 (also known as TECK), CCL26 (also
known as eotaxin-3), CCR3, CCR4, CD3, CD19, CD20, CD23 (also known as FCER2, a
receptor for IgE), CD24, CD27, D28, CD38§, D39, CD40, CD70, CD8O (also known as
B7-1}, CD86 (alse known as B7-2), CD122, CD137 (also known as 41BB), CD137L, CD152
{also known as CTLA4), CD154 (also known as CD40L), CD 160, CD272, CD273 (also
known as PDL2), C1274 (also known as PDL1}, CD275 (also known as B7TH2), CDB276 {alsc
known as B7TH3), CD278 (also known as ICOS), CD279 (alsc known as PD-1), CDHI (also
known as E~cadherin}, chitinase, CLECS, CLECO1, CRTH2, CSF-1 (also known as M-CSF),
CSF-2 (also known as GM-CSF), CSF-3 {also known as GCSF), CX3CL1 {also known as
SCYD1Y, CXCL12 (also known as SBF1), CXCL13, CXCR3, DNGR-1, ectonucleoside
triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCER1A, FCER1, FLAP, FOLHI,
(i24, GITR, GITRL, GM-CSF, Her2, HHLAZ2, HMGB1, HVEM, ICOSLG, IDO, IFNg, IgE,
IGFIR, IL2Rbeta, IL1, IL1A, IL1B, ILIF10, L2, 1L4, IL4Ra, IL5, ILSR, IL6, IL7, IL7Ra,
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L8, 19, IL9R, 110, rhEL10, 1L12, U113, TL13Ral, IL13Ra2, IL15, IL17, IL17Rb {also
known as a receptor for 1L.25), TL18, 1L.22) 11.23, IL.25, 1127, IL33, 1135, ITGBA4 (also known
as b4 integrin), ITK, KIR, LAG3, LAMP1, leptin, LPFS2, MHC class |, NCR3LGH,
NKG2D, NTPDase-1, 0X40, OX40L, PD-1H, platelet receptor, PROMI1, §152, SISP1, SLC,
SPG64, ST2 (also known as a receptor for 11.33), STEAP2, Syk kinase, TACE TDO, T14,
TIGIT, TIM3, TLR, TLR2, TLR4, TLRS, TLR9, TMEF1, TNFa, TNFRSF7, Tp3S, TREMI,
TSLP (also known as a co-receptor for IL7Ra), TSLPR, TWEAK, VEGF, VISTA, Vstm3,
WUCAM, and XCR1 (also known as GPRS/CCXCR1). In some embodiments, one or more
of the above antigen targets are human antigen targets.

{0189} In one embodiment, the binding proteins specifically bind to one or more tumor
antigen targets (e.g., target proteins). In other embodiments, the binding proteins specificaily
bind to one or more tumor target protein and one or more target protein on a T-cell including
a T cell receptor complex. These T-cell engager binding proteins are capable of recruiting T
cells transiently to target cells and, at the same time, activating the cytolytic activity of the T
cells. Examples of target proteins on T cells include but are not limited to CD3 and CD28,
among others. Further examples of such antigen targets or target proteins are provided supra.
In some embodiments, the trispecific binding proteins may be generated by combining the
antigen binding domains of two or more monospecific antibodies (parent antibodies) into one
antibody. In some embodiments, a binding protein of the present disclosure binds one or
more {2.g., one, two, or three) of the following antigen targets: CD3, CD19, CD20, CD28,
CD338, Her2, LAMPT, ¥L-4, 11.-13 and TINFa.

16199} In some embodiments of the disclosure, the trivalent binding protein is capable of
binding three antigen targets. In some embodiments of the disclosure, the trivalent binding
protein is capable of binding three different antigen targets. In one embodiment, the binding
protein is trispecific and one light chain-heavy chain pair is capable of binding two different
antigen targets or epitopes and one light chain-heavy chain pair is capable of binding one
antigen target or epitope. In another embodiment, the binding protein is capable of binding
three tumor antigen targets. In another embodiment, the binding protein is capable of binding
three different tumor antigen targets. In other embodiments, the binding protein is capable
of inhibiting the function of one or more of the antigen targets.

6191} In some embodiments, a binding protein of the present disclosure binds one or
more tumor target proteins. In some embodiments, the binding protein is capable of
specifically binding three epttopes on a single tumor target protein. In some embodiments,
the binding protein is capable of specifically binding three different epitopes on a single
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tumor target protein. In some embodiments, the binding protein is capable of binding two
different epitopes on a first tumor target protein, and one epitope on a second tumor target
protein. In some embodiments, the first and second tumor target proteins are different. In
some embodiments, the binding protein is capable of specifically binding three different
tumaor target proteins.

10192} In some embodiments, a binding protein of the present disclosure binds one or
more cytokine target proteins. In some embodiments, the binding protein is capable of
specifically binding three epitopes on a single cytokine target protein. In some embodiments,
the binding protein is capable of specifically binding three different epitopes on a single
cytokine target protein. In some embodiments, the binding protein is capable of binding two
different epitopes on a first cytokine target protein, and one epitope on a second cytokine
target protein. In some embodiments, the first and second cytokine target proteins are
different. In some embodiments, the binding protein is capable of specifically binding three
different cytokine target proteins. In some embodiments, the one or more cytokine target
proteins are one or more of IL-4, IL-13 and/or TNFa. Further examples of cytokine target
proteins are provided iufra.

10193] In some embodiments, a hinding protein of the present disclosure binds one or
more tumor target proteins and one or more T cell target proteins. In some embodiments, the
binding protein is capable of specifically binding one tumor target protein and two different
epitopes on a single T cell target protein. In some embodiments, the binding protein is
capable of specifically binding one tumor target protein and two different T cell target
proteins (e.g., CD28 and CD3). In some embodiments, the binding protein is capable of
specifically binding one T cell target protein and two different epitopes on a single tumor
target protein. In some embodiments, the binding protein is capable of specifically binding
one T cell target protein and two different tumor target proteins. In some embodiments, the
first and second polypeptide chains of the binding protein form two antigen binding sites that
specifically target two T cell target proteins, and the third and fourth polypeptide chains of
the binding protein form an antigen binding site that specitically binds a tumor target protein.
In some embodiments, the first and second polypeptide chains of the binding protein form
two antigen binding sites that specifically target two tumor target proteins, and the third and
fourth polypeptide chatus of the binding protein form an antigen binding site that specifically
binds a T cell target protein. In some embodiments, the one or more tumor target proteins are
one or more of CD3, CD19, CD20, CD28, CD38, Her2, LAMP1, IL-4, IL-13 and/or TNFa.
In some embodiments, the one or more T cell target proteins are one or more of CD3 and
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CD28. Further examples of tumor target proteins and T cell target proteins are provided
supra.

0194} In some embodiments, a binding protein of the present disclosure binds,
independently of each other, same or different, one, two or three antigen targets or target
proteins, selected from cytokine target proteins, tumor target antigens or fumor target
proteins, T cell target proteins, immune checkpotnt inhibitors, immune checkpoint
modulators, immune checkpoint costimulatory molecules, and/or target molecules on the
surface of an immune cell. In some embodiments, a binding protein of the present disclosure
is trivalent but bispecific and capable of specifically binding twice to the same antigen targets
or target proteins. In some embodiments, a binding protein of the present disclosure is
capable of specifically binding two different epitopes on a single cytokine target proteins,
tumor target antigens or tumor target proteins, T cell target proteins, immune checkpoint
inhibitors, immune checkpoint modulators, immune checkpoint costimulatory molecules,
and/or target molecules on the surface of an immune cell.. Further examples of such antigen
targets or target proteins are provided supra.

0195} The binding proteins of the disclosure may be prepared using domains or
sequences obtained or derived from any human or non-human antibody, including, for
example, human, nuring, or humanized antibodies.

Linkers
j6196] In some embodiments, the Hinkers L, L, Ls and L, range from no amino acids

(length=0) to about 100 amino acids long, or less than 100, 50, 40, 30, 20, or 15 amino acids
orless. The linkerscanalsobe 10,9,8,7,6,5,4,3, 2, or 1 amino acids long. L;, L, L; and
L, in one binding protein may all have the same amino acid sequence or may all have
different amino acid sequences.

{0197} Examples of suitable linkers include a single glycine (Gly) residue; a diglycine
peptide (Gly-Gly); a tripeptide (Gly-Gly-Gly); a peptide with four glycine residues (Gly-Gly-
Gly-Gly; SEQ ID NG: 98); a peptide with five glycine residues (Gly-Gly-Gly-Gly-Gly; SEQ
ID NO: 99); a peptide with six glycine residues (Gly-Gly-Gly-Gly-Gly-Gly; SEQ ID NO:
100}, a peptide with seven glycine residues (Gly-Gly-Gly-Gly-Gly-Gly-Gly, SEQ 1D NO:
101); a peptide with eight glycine residues (Gly-Gly-Gly-Gly-Gly-Gly-Gly-Gly; SEQ ID NG:
102). Other combinations of amino acid residues may be used such as the peptide Gly-Gly-
Gly-Gly-Ser (SEQ ID NO: 103), the peptide Gly-Gly-Gly-Gly-Ser-Gly-Gly-Gly-Gly-Ser
{SEQ ID NG 104), the peptide Gly-Gly-Gly-Gly-8er-Gly-Gly-Gly-Gly-Ser-Gly-Gly-Gly-
Gly-Ser (SEQ ID NQO: 105), and the peptide Gly-Gly-Ser-Gly-Ser-Ser-Gly-Ser-Gly-Gly
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{(SEQ ID NO:148). Other suitable linkers include a single Ser, and Val residue; the dipeptide
Arg-Thr, Gln-Pro, Ser-Ser, Thr-Lys, and Ser-Leu; Thr-Lys-Gly-Pro-Ser (SEG ID NO: 106),
Thr-Val-Ala-Ala-Pro (SEQ ID NO: 107}, GIn-Pro-Lys-Ala-Ala (SEQ 1D NO: 108}, Gln-Arg-
He-Glu-Gly (SEQ ID NO: 109); Ala-Ser-Thr-Lys-Gly~-Pro-Ser (SEQ ID NO: 110}, Arg-Thr-
Val-Ala-Ala-Pro-Ser (SEQ 1D NO:111), Gly-Gln-Pro-Lys-Ala-Ala-Pro (SEQ ID NO:112),
and His-lle-Asp-Ser-Pro-Asn-Lys (SEQ ID NO:113). The examples listed above are not
intended to limit the scope of the disclosure in any way, and linkers comprising randomly
selected amino acids selected from the group consisting of valine, leucine, isoleucine, serine,
threonine, lysine, arginiue, histidine, aspartate, glutamate, asparagine, glutamine, glycine, and
proline have been shown to be suitable in the binding proteins. For additional descriptions of
finker sequences, see, e.g,, WO2012135345.

10198} The identity and sequence of amino acid residues in the linker may vary
depending on the type of secondary structural element necessary to achieve in the linker. For
example, glycine, serine, and alanine are best for linkers having maximum flexibility. Some
combination of glycine, proline, threonine, and serine are useful if a more rigid and extended
linker is necessary. Any amino acid residue may be considered as a linker in combination
with other amino acid residues to construct larger peptide linkers as necessary depending on
the desired properties.

{6199} In some embodiments, the fength of L, is at least twice the length of Ls. In some
embodiments, the length of L, 18 at least twice the length of L4. In some embodiments, the
length of L, is at least twice the length of L;, and the length of L, is at least twice the length
of L;. In some embodiments, L; 15 3 to 12 amino acid residues in length, 1; is 3 to 14 amino
acid residues in length, L.; is 1 to 8 amino acid residues in length, and L4 1s 1 to 3 amino acid
residues in length. In some embodiments, L; is 5 to 10 amino acid residues in length, 1,158 5
to 8 amino acid residues in length, Ls is 1 to 5 amino acid residues in fength, and Ly is 1 to 2
amino acid residues in length. In some embodiments, Ly is 7 amino acid residues in length, L,
is 5 amino acid residues in length, L; is 1 amine acid residue in length, and L4 13 2 amino acid
residues in length. In some embodiments, L 15 10 amino acid residues in length, L, 15 10
amino acid residues in length, 1s is 0 amino acid residue in length, and Ly 18 0 amino acid
residues in length. In some embodiments, L, Ly, Ls, and L4 each have an independently
selected length from 0 to 15 amino acids {e.g., 0, 1,2,3,4,5,6,7,8, 9,10, 11, 12,13, 14, or
15 amino acids), wherein at least two of the linkers have a length of 1 to 15 amino acids {e.g.,
1,2,3.4,5,6,7,.8,9,10, 11, 12, 13, 14, or 15 amino acids}. In some embodiments, Ly, L,,

Ls, and L4 are each 0 amino acids in length.
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{0200} In some embodiments, Ly, L;, L;, and/or Ly comprise the sequence Asp-Lys-Thr-
His-Thr (SEGQ ID NO: 525). In some embodiments, L; comprises the sequence Asp-Lys-Thr-
His-Thr (SEQ ID NG: 525). In some embodiments, Ls comprises the sequence Asp-Lys-Thr-
His-Thr (SEQ 1D NO: 525).

j0201] In some embodiments, Ly, Lo, Ls, and/or Ly comprise a sequence derived from a
naturally occurring sequence at the junction between an antibody variable domain and an
antibody constant domain (e.g., as described in WO2012/135345). For example, in some
embodiments, the linker comprises a sequence found at the transition between an endogenous
Vi and Cy domain, or between an endogenous Vi and Co domain {(e.g., kappa or lambda}.
in some embodiments, the linker comprises a sequence found at the transition between an
endogenous human Vg and Cu; domain, or between an endogenous human Vi and Co
domain {e.g., human kappa or lambda).

j0282] In some embodiments, Ly, Ly, Ls, and/or Ly comprise the sequence Gly-Glo-Pro-
Lys-Ala-Ala-Pro (SEQ ID NO: 175). In some embodiments, L; comprises the sequence Gly-
Gln-Pro-Lys-Ala-Ala-Pro (SEQ ID NO: 175}, In some embodiments, L comprises the
sequence Gly-Gln-Pro-Lys-Ala-Ala-Pro (8EQ 1D NO: 175), L, comprises the sequence Thr-
Lys-Gly-Pro-Ser-Arg (SEQ ID NO: 176), L; comprises the sequence Ser, and L; comprises
the sequence Arg-Thr. In some embodiments, L; comprises the sequence Gly-Gln-Pro-Lys-
Ala~-Ala-Pro (SEQ ID NO: 175). In some embodiments, L, comprises the sequence Ser, L,
comprises the sequence Arg-Thr, L; comprises the sequence Gly-Gin-Pro-Lys-Ala-Ala-Pro
(SEQ D NO: 175) and Ly comprises the sequence Thr-Lys-Gly-Pro-Ser-Arg (SEQ 1D NO:
176,

{0203} In some embodiments, Ly, L, Liand L, each independently comprise a sequence
selected from (GGGGS), (wherein n is an integer between 0 and 5; SEQ 1D NO:174),
GGGGSGGGGS (SEQ ID NO:104), GGGGSGGGGSGGGGS (SEQ 1D NO:105), S, RT,
TKGPS (SEQ ID NO:106), GQPKAAP (SEQ ID NO: 175), and GGSGSSGSGG (SEQ ID
NO:148). In some embodiments, L, comprises the sequence GQPKAAP (SEQ ID NG: 175),
L, comprises the sequence TKGPS (SEQ ID NO:106), L; comprises the sequence S, and Ly
comprises the sequence RT. In some embodiments, L; comprises the sequence
GGGGSGGGGES (SEQ ID NO:104), L, comprises the sequence GGGGSGGGES (SEQ ID
NO:104), Lz 15 0 amino acids in length, and L4 is 0 amino acids in length. In some
embodiments, L, comprises the sequence GGSGSSGSGG (SEQ 1D NO:148), L, comprises
the sequence GGSGSSGRGG (SEQ ID NOG:148), Ly is 0 amino acids in length, and L, 15 0
amino acids in length. In some embodiments, L.; comprises the sequence
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GGGGSGOGGSGGEGS (SEQ ID NO:105), L is 0 amino acids in length, L; comprises the
sequence GGGGSGGGGSGGGGS (SEQ D NO:10S), and Ly is 0 amino acids in length. In
some embodiments, L, and L, are zero amino acids in fength, and L; and L, each comprise an
independently selected sequence selected from (GGGGR), (wherein n is an integer between 0
and 5; SEQ ID NO:174), GGGGSGGGGS (SEQ 1D NO:104), GGGGSGGGGSGGGGS
(SEQ ID NO:105), S, RT, TKGPS (SEQ 1D NO:106), GOQPKAAP (SEQ ID NO: 175), and
GOSGSSGSGHG (SEQ ID NO:148). In some embodiments, L; and Ly are zero amino acids in
tength, and L, and L, each comprise an independently selected sequence selected from
(GGGGS): (wherein n 15 an integer between 0 and 5; SEQ 1D NO:174), GGGGSGGGGS
{SEQ ID NO:104), GGGGSGGGGSGGGGS (SEQ ID NO:105), S, RT, TKGPS (SEQ ID
NGO 1063, GOPKAAP (SEQ ID NG: 175), and GGSGSSGSGG (SEQ ID NG:148).

Fe regions and constant domains
{0204 In some embodiments, a binding protein of the present disclosure comprises a

second polypeptide chain further comprising an Fc region linked to CH1, the Fc region
comprising an irorounoglobulin hinge region and CH2 and CH3 tmumunoglobulin heavy chain
constant domains. In some embodiments, a binding protein of the present disclosure
comprises a third polypeptide chain further coraprising an Fc region linked to CHI, the Fc
region comprising an immunoglobulin hinge region and CH2 and CH3 immunoglobulin
heavy chain constant domains. In some embodiments, a binding protein of the present
disclosure comprises a second polypeptide chain further comprising an Fc region linked to
CHI, the Fe region comprising an immunoglobulin hinge region and CH2 and CH3
immunoglobulin heavy chain constant domains, and a third polypeptide chain further
comprising an Fc region linked to CHI, the Fe region comprising an immunoglobulin hinge
region and CH2 and CH3 immunoglobulin heavy chain constant domains.

[0205] In some embodiments, a binding protein of the present disclosure includes one or
two Fe variants. The term "Fe variant” as used herein refers to a molecule or sequence that is
modified from a native Fc but still comprises a binding site for the salvage receptor, FcRn
{(neonatal Fc receptor). Exemplary Fo variants, and their interaction with the salvage receptor,
are known in the art. Thus, the term "Fc variant” can comprise a moiecule or sequence that is
humanized from a non-human native Fe. Furthermore, a native Fc comprises regions that can
be removed because they provide structural features or biological activity that are not
required for the antibody-like binding proteins of the invention. Thus, the term "F¢ variant”
comprises a molecule or sequence that lacks one or more native Fc sites or residues, or in

which one or more Fc sites or residues has be modified, that affect or are involved in: (1)
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disulfide bond formation, (2} incompatibility with a selected host cell, (3) N-terminal
heterogeneity upon expression in a selected host cell, {(4) glvcosylation, (5) interaction with
complement, (6) binding to an Fc receptor other than a salvage receptor, or (7) antibody-
dependent cellular cytotoxicity (ADCC).

6206} To improve the yields of the binding proteins, the Ciys domains can be altered by
the "knob-into-holes" technology which is described in detail with several examples in, for
example, International Publication No. W 96/027011, Ridgway et of., 1996, Protein Ling. 9
617-21; and Merchant ef a/, 1998, Nat. Biotechnol 16: 677-81. Specifically, the interaction
surfaces of the two Cuz domains are altered to increase the heterodimerisation of both heavy
chains containing these two Cys; domains. Each of the two Cys domains {of the two heavy
chaing) can be the "knob,” while the other 13 the "hole.” The introduction of a disulfide
bridge further stabilizes the heterodimers (Merchant er af., 1998; Atwell et af, 1997, .J. Aol
Biol 270: 26-35) and increases the yield. In particular embodiments, the kuob is on the
second pair of polypeptides with a single variable domain. In other embodiments, the knob is
on the first pair of polypeptides having the cross-over orientation. In yet other embodiments,
the Cus domains do not include a knob in hole.

10207} In some embodiments, a hinding protein of the present disclosure comprises a
“knob” mutation on the second polypeptide chain and a “hole” mutation on the third
polypeptide chain. In some embodiments, a binding protein of the present disclosure
comprises a “knob” mutation oun the third polypeptide chain and a “hole” mutation oo the
second polypeptide chain. In some embodiments, the “knob” mutation comprises
substitution{s} at positions corresponding to positions 354 and/or 366 of human IgG1 or IgG4
according to EU Index. In some embodiments, the amino acid substitutions are §354C,
T366W, T366Y, 8354C and T366W, or 8354C and T366Y. In some embodiments, the
“knob” mutation comprises substitutions at positions corresponding to positions 354 and 366
of human IgG1 or IgG4 according to EU Index. In some embodiments, the amino acid
substitutions are 8354C and T366W. In some embodiments, the “hole” mutation comprises
substitution{s) at positions corresponding to positions 407 and, optionally, 349, 366, and/or
368 and of human IgG1 or IgG4 according to EU Index. Tn some embodiments, the amino
acid substitutions are Y407V or Y407T and optionally Y349C, T3665, and/or L368A. In
some embodiments, the “hole” mutation comprises substitutions at positions corresponding to
positions 349, 3606, 368, and 407 of human 1gG1 or IgG4 according to EU Index. In some
embodiments, the amino acid substitutions are Y349C, T36685, L3684, and Y407V.



WO 2017/180913 PCT/US2017/027488

{0208} In some embodiments, the second polypeptide chain further comprises a first Fc
region linked to CHI, the first Fc region comprising an immunoglobulin hinge regioun and
CH2 and CH3 immunoglobulin heavy chain constant domains, wherein the first Fc region
comprises amino acid substitution(s) at positions corresponding to positions 366 and
optionally 354 of human IgG1 or g4 according to EU Index, wherein the amino acid
substitutions are T366W or T366Y and optionally $354C; and wherein the third polypeptide
chain further comprises a second Fe region linked to CH1, the second Fc region comprising
an immunoglobulin hinge region and CHZ and CH3 immunoglobulin heavy chain constant
domains, wherein the second Fe region comprises amino acid substitution(s) at positions
corresponding to positions 407 and opticnally 349, 366, and/or 368 and of human IgG1 or
1gG4 according to EU Index, wherein the amino acid substitutions are Y407V or Y407T and
optionally Y349C, T366S, and/or L368A.

{0289} In some embodiments, the second polypeptide chain further comprises a first Fe
region linked to CH1, the first Fc region comprising an immunoglobulin hinge region and
CH?2 and CH3 immunoglobulin heavy chain constant domains, wherein the first Fe region
comprises amino acid substitution(s) at positions corresponding to positions 407 and
optionally 349, 366, and/or 368 and of human IgG1 or IgG4 according to EU Index, wherein
the amino acid substitutions are Y407V or Y4077 and optionally Y349C, T36685, and/or
L368A; and wherein the third polypeptide chain further comprises a second Fc region linked
to CHI, the second Fe region comprising an immunoglobulin hinge region and CH2 and CH3
immunoglobulin heavy chain constant domains, wherein the second Fc region comprises
amino acid substitution(s) at positions corresponding to positions 366 and optionally 354 of
human IgG1 or IgG4 according to BU Index, wherein the amino acid substitutions are
T366W or T366Y and optionally S354C.

j0216] In some embodiments, the second polypeptide chain further comprises a first Fe
region linked to CH1, the first Fe region comprising an immunoglobulin hinge region and
CH2 and CH3 immunoglobulin heavy chain constant domains, wherein the first Fc region
comprises amino acid substitution at position corresponding to position 366 of human IgGl
or Ig(G4 according to EU Index, wherein the amino acid substitution is T366W; and wherein
the third polypeptide chain further comprises a second Fc region linked to CHI, the second
Fe region comprising an immunoglobulin hinge region and CHZ and CH3 immunoglobulin
heavy chain constant domains, wherein the second Fc region comprises amino acid

substitution(s) at positions correspounding to positions 366, 368, and/or 407 and of human
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1eG1 or IgG4 according to EU Index, wherein the amino acid substitutions are T3668,
1.368A, and/or Y407V.

10211} In some embodiments, the second polypeptide chain further comprises a first Fc
region linked to CH1, the first Fe region comprising an immunoglobulin hinge region and
CH2 and CH3 immunoglobulin heavy chain constant domains, wherein the first Fc region
comprises amino acid substitution(s) at positions corresponding to posttions 366, 368, and/or
407 and of human IgG1 or IgG4 according to EU Index, wherein the amino acid substitutions
are T3665, L368A, and/or Y407V, and wherein the third polypeptide chain further comprises
a second Fe region hinked to CHI, the second Fe region comprising an immunogiobulin hinge
region and CH2 and CH3 immunoglobulin heavy chain constant domains, wherein the
second Fe region cornprises amino acid substitution at position corresponding to position 366
of human IgG1 or IgG4 according to EU Index, wherein the amino acid substitution is
T366W.

{0212} In some embodiments, the second polypeptide chain further comprises a first Fc
region linked to CHI, the first Fe region comprising an immunoglobulin hinge region and
CH2 and CH3 immunoglobulin heavy chain constant domains, wherein the first Fc region
comprises amino acid substitutions at positions corresponding to positions 354 and 366 of
human Ig(G1 or Ig(G4 according to EU Index, wherein the amino acid substitutions are 8354C
and T366W; and wherein the third polypeptide chain further comprises a second Fc region
finked to CHI, the second Fe region comprising an immunoglobulin hinge region and CH2
and CH3 immunoglobulin heavy chain constant domains, wherein the second Fe region
comprises amino acid substitutions at positions corresponding to positions 349, 366, 368, and
407 of human IgG1 or IgG4 according to EU Index, wherein the amino acid substitutions are
Y349C, T366S, L368A, and Y407V, In some ervbodiments, the second polypeptide chain
further comprises a first Fc region linked to CHI, the first Fc region comprising an
immunoglebulin hinge region and CH2 and CH3 immunoglobulin heavy chain constant
domains, wherein the first Fc region comprises amino acid substitutions at positions
corresponding to positions 349, 366, 368, and 407 of human [gG1 or IgG4 according to EU
Index, wherein the amino acid substitutions are Y349C, T3668, L368A, and Y407V, and
wherein the third polypeptide chain further comprises a second Fc region linked to CHI, the
second Fe region comprising an immunoglobulin hinge region and CH2 and CH3
immunoglobulin heavy chain constant domains, wherein the second Fc region comprises
amino acid substitutions at positions corresponding to positions 354 and 366 of human IgG1
or fg(G4 according to EU Index, wherein the amino acid substitutions are S354C and T366W.
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in some embodiments, the first and/or second Fc regions are human IgGl Fc regions. In
some embodiments, the first and/or second Fe regions are human IgG4 Fe regions.

0213} In some embodiments, a binding protein of the present disclosure comprises one
or more mutations to improve serum half-life (See e.g., Hinton, P.R. et al. (2006} J. Immunol.
176(11:346-50). In some embodiments, the mutation comprises substitutions at positions
corresponding to positions 428 and 434 of human IgG1 or IgG4 according to EU Index,
wherein the amino acid substitutions are M428L and N4348. In some embodiments, the
binding protein comprises a second polypeptide chain further comprising a first Fe region
Hinked to CHI, the first Fe region cormprising an immunoglobulin hinge region and CH2 and
CH3 immunoglobulin heavy chain constant domains, and a third polypeptide chain further
comprising a second Fe region linked to CHI, the second Fe region comprising an
immunoglobulin hinge region and CHZ and CH3 immunoglobulin heavy chain constant
domains, wherein the first and/or second Fe regions comprise amino acid substitutions at
positions corresponding to positions 428 and 434 of human IgG1 or IgG4 according to EU
Index, wherein the amino acid substitutions are M428L and N434S. In some embodiments, a
binding protein of the present disclosure comprises knob and hole mutations and one or more
mutations to improve serum half-life. In some embodiments, the first and/or second Fc
regions are human IgG1 Fe regions. In some embodiments, the first and/or second Fc regions
are human Ig(34 Fc regions.

{0214} In some embodiments, a binding protein of the present disclosure comprises one
or more mutations to improve stability, e.g., of the hinge region and/or dimer interface of
1g(G4 (See e.g., Spiess, C. et al (2013) J. Biol. Chem. 288:26583-26593). In some
embodiments, the mutation comprises substitutions at positions corresponding to positions
228 and 409 of human IgG4 according to EU Index, wherein the amino acid substitutions are
S228P and R409K. In some embodiments, the binding protein comprises a second
polypeptide chain further comprising a first Fe region linked to Cy, the first Fe region
comprising an immunoglobulin hinge region and Cyy and Cys immunoglobulin heavy chain
constant domains, and a third polypeptide chain further comprising a second Fc region linked
to Cu, the second Fe region comprising an immunoglobulin hinge region and Cip and Cus
immunoglobulin heavy chain constant domains, wherein the first and second Fc regions are
human IgG4 Fe regions; and wherein the first and the second Fe regions each comprise
amino acid substitutions at positions corresponding to positions 228 and 409 of human fgG4
according to EU Index, wherein the amino acid substitutions are S228P and R409K. In some
embodiments, a binding protein of the present disclosure comprises knob and hole mutations
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and one or more mutations to improve stability. In some embodiments, the first and/or second
Fc regions are human Ig(G4 Fe regions.

0215} In some embodiments, a binding protein of the present disclosure comprises one
or more mutations to improve purification, e.g., by modulating the affinity for a purification
reagent. For example, it is known that heterodimeric binding proteins can be selectively
purified away from their homodimeric forms if one of the two Fe regions of the
heterodimeric form contains mutation{s) that reduce or eliminate binding to Protein A,
because the heterodimeric form will have an intermediate aftinity for Protein A-based
purification thau either homodimeric form and can be selectively eluted from Protein A, e.g.,
by use of a different pH (See e.g., Smith, EJ. eral (2015} Sci. Rep. 5:17943). In some
embodiments, the mutation comprises substitutions at positions corresponding to positions
435 and 436 of human IgG1 or 1gG4 according to EU Index, wherein the amino acid
substitutions are H435R and Y436F. In some embodiments, the binding protein comprises a
second polypeptide chain further comprising a first Fc region linked to Cyy, the first Fc
region comprising an immunoglobulin hinge region and Cyyy and Cys immunoglobulin heavy
chain constant domains, and a third polypeptide chain further comprising a second Fc region
linked to Cyy, the second Fc region comprising an immunoglobulin hinge region and Cy; and
Cys immunoglobulin heavy chain constant domains; and wherein only one of the first and the
second Fe regions comprises amino acid substitutions at positions corresponding to positions
435 and 436 of human IgG1 or IgG4 according to EU Tndex, wherein the amino acid
substitutions are H435R and Y436F. In some embodiments, a binding protein of the present
disclosure comprises knob and hole mutations and one or roore mutations to improve
purification. In some embodiments, the first and/or second Fe regions are human IgGl Fe
regions. In some embodiments, the first and/or second Fc regions are human IgG4 Fc
rESIONnS,

0216} In some embodiments, a binding protein of the present disclosure comprises one
or more muiations to reduce effector function, e.g., Fo receptor-mediated antibody-dependent
cetlular phagocvtosis (ADCP), complement-dependent cytotoxicity (CDC), and/or antibody-
dependent cellular cytotoxicity (ADCC). In some embodiments, the second polypeptide
chain further comprises a first Fo region linked to Cyy, the first Fe region comprising an
immunoglobulin hinge region and Ciy and Cuz immunoglobulin heavy chain constant
domains; wherein the third polypeptide chain further comprises a second Fc region linked to
Cuy, the second Fc region comprising an imumunoglobulin hinge region and Cy; and Cyz
immunoglobulin heavy chain constant domains; wherein the first and second Fc regions are
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human IgG1 Fc regions; and wherein the first and the second Fc regions each comprise
amino acid substitutions at positions corresponding to positions 234 and 235 of human IgG1
according to EU Index, wherein the amino acid substitutions are L234A and L235A. In some
embodiments, the Fc regions of the second and the third polypeptide chatus are human IgG1
Fc regions, and wherein the Fe regions each comprise amino acid substitutions at positions
corresponding to positions 234 and 235 of human IgG1 according to EU Index, wherein the
amino acid substitutions are 1.234A and L235A. In some embodiments, the second
polypeptide chain further comprises a first Fo region linked to Cy;, the first Fe region
comprising an immunoglobulin hinge region and Cyp and Crs immunoglobulin heavy chain
constant domains; wherein the third polypeptide chain further comprises a second Fc region
finked to Cy, the second Fe region comprising an immunoglobulin hinge region and Cyp and
Cis timmunoglobulin heavy chain constant domains; wherein the first and second Fe regions
are human IgG1 Fe regions; and wherein the first and the second Fe regions each comprise
amino acid substitutions at positions corresponding to positions 234, 235, 329 of human 1gG1
according to EU Index, wherein the amino acid substitutions are L234A, L235A, and P329A.
In some embodiments, the Fc regions of the second and the third polypeptide chains are
human IgG1 Fc regions, and wherein the Fc regions each comprise amino acid substitutions
at positions corresponding to positions 234, 235, and 329 of human IgG1 according to EU
Index, wherein the amino acid substitutions are L234A, L235A and P329A. In some
embodiments, the mutation comprises substitutions at positions corresponding to positions
234 and 235 of human lgG4 according to EU Index, wherein the amino acid substitutions are
F234A and L235A. In some embodiments, the binding protein comprises a second
polypeptide chain further comprising a first Fc region linked to Cy, the first Fc region
comprising an immunoglobulin hinge region and Cyy and Cys immunoglobulin heavy chain
constant domains, and a third polypeptide chain further comprising a second Fc region linked
to Cy, the second Fe region comprising an immunoglobulin hinge region and Cy; and Ci
immunoglobulin heavy chain constant domains; and wherein the first and the second Fe
regions each comprise amino acid substitutions at positions corresponding to positions 234
and 235 of human IgG4 according to EU Index, wherein the amino acid substitutions are
F234A and L235A. In some embodiments, a binding protein of the present disclosure
comprises knob and hole mutations and one or more mutations to reduce effector function. In
some embodiments, the first and/or second Fe regions are human IgG1 Fe regions. In some

embodiments, the first and/or second Fe regions are human IgG4 Fe regions. For further
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description of Fc mutations at position 329, see, e.g., Shields, R L. er a/ (2001} J. Biol.
Chem. 276:6591-6604 and W(31999051642.

0217} In some embodiments, the types of mutations described supra can be combined in
any order or combination. For example, a binding protein of the present disclosure can
comprise two or more of the “knob” and “hole” mutations, the one or more mutations to
improve serum half-life, the one or more mutations to improve 1gG4 stability, the one or
more mutations to improve purification, and/or the one or more mutations to reduce effector
function described supra.

[6218] In certain embodiments, a binding protein of the present disclosure comprises: a
first polypeptide chain that comprises a lambda C; domain; a Cyz domain of a second
polypeptide chain that comprises amino acid substitutions at posttions corresponding to
positions 354 and 366 of human IgGl according to EU Index, wherein the amino acid
substitutions are 8354C and T366W; a Cy; domain of a third polypeptide chain that
comprises amino acid substitutions at positions corresponding to positions 349, 360, 368,
407, 435, and 436 of human IgG1 according to EU Index, wherein the amino acid
substitutions are Y349C, T3668, L368A, Y407V, H435R, and Y436F; and a fourth
polypeptide chain that comprises a kappa Cy, domain. In some embodiments, the first
polypeptide chain comprises a lambda Cy domain; wherein the Cy; domain of the third
polypeptide chain comprises amino acid substitutions at positions corresponding to positions
354 and 366 of human IgGl according to EU Index, wherein the amino acid substitutions are
S354C and T366W; wherein the Cys; domain of the second polypeptide chain comprises
amino acid substitutions at positions corresponding to positions 349, 366, 368, 407, 435, and
436 of human IgG1 according to EU Index, wherein the amino acid substitutions are Y349C,
T3668, L368A, Y407V, H435R, and Y436F; and wherein the fourth polypeptide chain
comprises a kappa Cp domain. In some embodiments, the first polypeptide chain comprises a
lambda Ci, domain; wherein the Cys domain of the second polypeptide chain comprises
amino acid substitutions at positions corresponding to positions 354, 366, 435, and 436 of
human IgG1 according to EU Index, wherein the amino acid substitutions are 8354C,
T366W, H435R, and Y436F; wherein the Cyz domain of the third polypeptide chain
comprises amino acid substitutions at positions corresponding to positions 349, 366, 368, and
407 of human IgG1 according to EU Index, wherein the amino acid substitutions are Y349C,
13608, L368A, and Y407V, and wherein the fourth polypeptide chain comprises a kappa Cy.
domain. In some embodiments, the first polypeptide chain comprises a kappa C, domain;
wherein the Cy; domain of the second polypeptide chain comprises amino acid substitutions
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at positions corresponding to positions 354 and 366 of human IgG1 according to EU Index,
wherein the amino acid substitutions are S354C and T366W; wherein the Cys domain of the
third polypeptide chain comprises amino acid substitutions at positions corresponding to
positions 349, 366, 368, 407, 435, and 436 of human IgGl according to EU Index, wherein
the amino acid substitutions are Y349C, T3668S, L368A, Y407V, H435R, and Y436F; and
wherein the fourth polypeptide chain comprises a lambda Cy, domain.

0219} In some embodiments, a binding protein of the present disclosure is purified by
protein A aftinity chromatography, kappa light chain affinity chromatography {e.g., using a
KappaSelect resin according to manutacturer’s instructions; GE Healtheare), and optionally
fambda light chain affinity chromatography {e.g., using a LambdaFabSelect resin according
to mamufacturer’s instructions, GE Healthcare). In some erobodirnents, a binding protein of
the present disclosure is purified by Protein A affinity chromatography, lambda light chain
affinity chromatography (e.g., using a LarnbdaFabSelect resin according to manufacturet’s
instructions; GE Healthcare), and optionally kappa light chain affinity chromatography (e.g.,
using a KappaSelect resin according to manufacturer’s instructions; GE Healtheare). In some
embodiments, the binding protein comprises two Fc regions, each comprising a Cys domain,
and only one of the Cy; domains comprises amino acid substitutions at positions
carresponding to positions 435 and 436 of human IgG1 or IgG4 according to EU Index,
wherein the amino acid substitutions are H435R and ¥Y436F. In some embodiments, a
binding protein of the present disclosure is purified by protein A affinity chromatography,
then kappa light chain affinity chromatography (e.g., using a KappaSelect resin according to
manufacturer’s instructions; GE Healtheare), then optionally lambda light chain affinity
chromatography {(e.g., using a LambdaFabSelect resin according to manufacturer’s
iostructions; GE Healthcare) in sequence. In some embodiments, a binding protein of the
present disclosure is purified by Protein A affinity chromatography, then lambda light chain
affinity chromatography (e.g., using a LarmnbdaFabSelect resin according to manufacturer’s
instructions; GE Healthcare), then optionally kappa light chain affinity chromatography (e.g.,
using a KappaSelect resin according to manufacturer’s instructions; GE Healthcare) in
sequence. For example, in some embodiments, the binding protein is contacted with Protein
A, eluted from Protein A under conditions suitable for isolating the binding protein away
from binding proteins comprising either 0 or 2 Cuz domains comprising the amino acid
substitutions are H435R and Y436F, contacted with a kappa light chain affinity medium
{e.z., as used in the KappaSelect resin; GE Healtheare), and eluted from the kappa light chain
affinity medium under conditions suitable for isolating the binding protein away from binding
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proteins comprising only lambda €y domains (e.g., according to manufacturer’s instructions).
Conditions suitable for the Protein A elution are known in the art, including without
limitation a stepwise elution gradient from pH4.5-2.8. In some embodiments, Protein A or a
Protein A variant useful for protein purification is employed. ITn sorme embodiments, the
Protein A is attached to a substrate or resin, e.g., as part of a chromatography medium. In
some embodiments, after elution from the kappa light chain atfinity medium, the binding
protein is contacted with a lambda light chain affinity medium {e.g., as used in the
LambdaFabSelect resin; GE Healthcare), and eluted from the lambda light chain affinity
medium under conditions suitable for isolating the binding protein away from binding
proteins comprising only kappa C;, domains {e.g., according to manufacturer’s instructions).
In some embodiments, a binding protein of the present disclosure is detected using HIC
chromatography. In some embodiments, the binding protein comprises: a first polypeptide
chain that comprises a lambda O domain; a Cg; domain of a second polypeptide chain that
comprises amino acid substitutions at positions corresponding to positions 354 and 360 of
human IgG1 or IgG4according to BEU Index, wherein the amino acid substitutions are 8354C
and T366W; a Cyz domain of a third polypeptide chain that comprises amino acid
substitutions at positions corresponding to positions 349, 366, 368, 407, 435, and 436 of
human fgG1 or IgG4according to EU Index, wherein the amino acid substitutions are Y349C,
T3668, L368A, Y407V, H435R, and Y436F; and a fourth polypeptide chain that comprises a
kappa Cp domain. In some embodiments, the binding protein is produced by a host cell. In
some embodiments, the binding protein is purified from a cell culture medium or host cell
extract. In some embodiments, the binding proteins are secreted by a host cell or produced
and extracted from a host cell (e.g., before being contacted with Protein A). In some
embodimentis, the binding protein is in a cell culiure medium or host cell extract when
contacted with Protein A, In some embodiments, the binding protetn is puritied away from
other binding proteins, polypeptides, and/or other cellular components.

0228} In some embodiments, CH1, CH2, CH3 and CL of the trispecific binding proteins
described herein may comprise any of CH1, CH2, CH3 and CL sequences of binding proteins
1-53.

Nugcleic acids
0221} Standard recombinant DNA methodologies are used to construct the

polynucleotides that encode the polypeptides which form the binding proteins, incorporate
these polynucleciides into recombinant expression vectors, and introduce such vectors into

host cells. See e.g., Sambrook ef al.,, 2001, MOLECULAR CLONING: A LABORATORY MANUAL
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{Cold Spring Harbor Laboratory Press, 3rd ed.}. Enzymatic reactions and purification
techniques may be performed according to manufacturer's specifications, as commonly
accomplished in the art, or as described herein. Unless specific definitions are provided, the
nomenclature utilized in connection with, and the laboratory procedures and techniques of,
analytical chemistry, synthetic organic chemistry, and medicinal and pharmaceutical
chemistry described herein are those well-known and commonly used in the art. Similarly,
conventional techniques may be used for chemical syntheses, chemical analyses,
pharmaceutical preparation, formulation, delivery, and treatment of patients.

16222} Other aspects of the present disclosure relate to isolated nucleic acid molecules
comprising a nucleotide sequence encoding any of the binding proteins described herein. In
some embodiments, the isolated nucleic acid is operably linked to a heterologous promoter to
direct transcription of the binding protein-coding nucleic acid sequence. A promoter may
refer to nucleic acid control sequences which direct transcription of a nucleic acid. A first
nucleic acid sequence is operably linked to a second nucleic acid sequence when the first
nucleic acid sequence is placed in a functional relationship with the second nucleic acid
sequence. For instance, a promoter is operably linked to a coding sequence of a binding
protein if the promoter affects the transcription or expression of the coding sequence.
Examples of promoters may include, but are not limited to, promoters obtained from the
genomes of viruses (such as polyoma virus, fowlpox virus, adenovirus (such as Adencovirus
2}, bovine papilloma virus, avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B
virus, Simian Virus 40 (8V40), and the like), from heterologous eukaryotic promoters (such
as the actin promoter, an immunoglobulin promoter, from heat-shock promoters, and the
like}, the CAG-promoter (Niwa et al., Gene 108(2):193-9, 1991), the phosphoglycerate
kinase (PGK)-promuoter, a tetracycline-inducible promoter (Masui et al., Nucleic Acids Res.
33:e43, 20603), the lac system, the trp system, the tac system, the trc system, major operator
and promoter regions of phage lambda, the promoter for 3-phosphoglycerate kinase, the
promoters of yeast acid phosphatase, and the promoter of the yeast alpha-mating factors.
Polynuclectides encoding binding proteins of the present disclosure may be under the control
of a constitutive promoter, an inducible promoter, or any other suitable promoter described
herein or other suitable promoter that will be readily recognized by one skilled in the art.
j0223} In some embodiments, the isolated nucleic acid is incorporated into a vector. In
some embodiments, the vector is an expression vector. Expression vectors may include one
or more regulatory sequences operatively linked to the polynucleotide to be expressed. The
term "regulatory sequence” includes promoters, enhancers and other expression control
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elements (e.g., polvadenylation signals). Examples of suitable enhancers may include, but are
not limited to, enhancer sequences from mammalian genes (such as globin, elastase, albumin,
a-tetoprotein, insulin and the like), and enhancer sequences from a eukaryotic cell virus (such
as SV40 enhancer on the late side of the replication origin (bp 100-270), the cytomegalovirus
early promoter enhancer, the polyoma enhancer on the late side of the replication origin,
adenovirus enhancers, and the like). Examples of suitable vectors may include, for example,
plasmids, cosmids, episomes, transposons, and viral vectors (e.g., adenoviral, vaccinia viral,
Sindbis-viral, measles, herpes viral, lentiviral, retroviral, adenoc-associated viral vectors, etc.).
Expression vectors can be used to transfect host cells, such as, for example, bacterial cells,
veast cells, insect cells, and mammalian cells. Biologically functional viral and plasmid
DNA vectors capable of expression and replication in a host are known in the art, and can be
used to transfect any cell of interest.

0224} Other aspects of the present disclosure relate to a vector system comprising one or
more vectors encoding a first, second, third, and fourth polypeptide chain of any of the
binding proteins described herein. In some embodiments, the vector system comprises a first
vector encoding the first polypeptide chain of the binding protein, a second vector encoding
the second polypeptide chain of the binding protein, a third vector encoding the third
polypeptide chain of the binding protein, and a fourth vector encoding the fourth polypeptide
chain of the binding protein. In some embodiments, the vector system comprises a first vector
encoding the first and second polypeptide chains of the binding protein, and a second vector
encoding the third and fourth polypeptide chains of the binding protein. In some
emabodiments, the vector systern comprises a first vector encoding the first and third
polypeptide chains of the binding protein, and a second vector encoding the second and
fourth polypeptide chains of the binding protein. Tn sore embodiments, the vector system
comprises a first vector encoding the first and fourth polypeptide chains of the binding
protein, and a second vector encoding the second and third polypeptide chains of the binding
protein. In some embodiments, the vector system comprises a first vector encoding the first,
second, third, and fourth polypeptide chains of the binding protein. The one or more vectors
of the vector system may be any of the vectors described herein. In some embodiments, the
one of more Vectors are expression vectors.

Isolated host cells

[0225) Other aspects of the present disclosure relate to an isolated host cell comprising
one or more isolated polynucleotides, vectors, and/or vector systems described herein. In
some embodiments, the host cell is a bacterial cell {e.g., an £ coli cell). In some
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embodiments, the host cell is a yeast cell {e.g,, an . cerevisiae cell). In some embodiments,
the host cell is an insect cell. Examples of insect host cells may include, for example,
Drosophila cells {e.g., 82 cells), Trichoplusia ni cells {e.g., High Five™ cells), and
Spodoptera frugiperda cells (e.g., St21 or S19 cells). In some embodiments, the host cell is a
mammalian cefl. Examples of mammalian host cells may include, for example, human
embryonic kidney cells {e.g., 293 or 293 cells subcloned for growth in suspension culture),
Expi293TM cells, CHO cells, baby hamster kidney cells {e.g., BHK, ATCC CC1L. 10), mouse
sertoli cells (e.g., TM4 cells), monkey kidney cells (e.g, CV1 ATCC CCL 70), African green
monkey kidney cells {e.g., VERG-76, ATCC CRL-1587), human cervical carcinoma cells
{e.g., HELA, ATCC CCL 2), canine kidney cells (e.g,, MDCK, ATCC CCL 34), buffalo rat
fiver cells (e.g., BRL 3A, ATCC CRL 1442), human lung cells {e.g, W138, ATCC CCL 75),
human liver cells {e.g., Hep G2, HB 8065), mouse mammary tumor cells {e.g, MMT 060562,
ATCC CCL51), TRI cells, MRC S cells, FS4 cells, a human hepatoma line (e.g., Hep G2),
and myeloma cells (e.g., NSO and Sp2/0 cells).

{0226} Other aspects of the present disclosure relate to a method of producing any of the
binding proteins described herein. In some embodiments, the method includes a) culturing a
host cell {e.g., any of the host cells described herein) comprising an isolated nucleic acid,
vector, and/or vector system {e.g., any of the isolated nucleic acids, vectors, and/or vector
systems described herein} under conditions such that the host cell expresses the binding
protein; and b} isolating the binding protein from the host cell. Methods of culturing host
cells under conditions to express a protein are well known to one of ordinary skill in the art.
Methods of isolating proteins from cultured host cells are well known to ocue of ordinary skill
in the art, including, for example, by aftinity chromatography {e.g., two step affinity
chromatography comprising protein A affinity chromatography followed by size exclusion
chromatography).

Uses For Binding Proteins
102274 The binding proteins can be employed in any known assay method, such as

competitive binding assays, direct and indirect sandwich assays, and immunoprecipitation
assays for the detection and quantitation of one or more target antigens. The binding proieins
will bind the one or more target antigens with an affinity that is appropriate for the assay
method being employed.

{0228} For diagnostic applications, in certain embodiments, binding proteins can be
labeled with a detectable moiety. The detectable moiety can be any one that s capable of

producing, either directly or indirectly, a detectable signal. For example, the detectable
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moiety can be a radicisotope, such as H, M, P, %S, P P Te, M, or ©'Ga; a fluorescent
or chemiluminescent compound, such as fluorescein isothiocyanate, rhodamine, or luciferin;
or an enzyme, such as alkaline phosphatase, B-galactosidase, or horseradish peroxidase.
1022%9] The binding proteins are also useful for in vive imaging. A binding protein
labeled with a detectable moiety can be administered to an animal, preferably into the
bloodstream, and the presence and location of the labeled antibody in the host assayed. The
binding protein can be labeled with any moiety that is detectable in an animal, whether by
nuclear magnetic resonance, radiology, or other detection means known in the art.
16230] The binding proteins can also be used for cell activation, tumor targeting,
neutralization of cytokine activities, neutralization of viral infection, combination of multiple
signaling events, 1o treat cancer, arthritis, and/or inflammatory disorders. For example, in
some embodiments, a binding protein specifically binds one, two, or three antigen targets
selected from A2AR, APRIL, ATPDase, BAFF, BAFFR, BCMA, BlyS, BTK, BTLA, B7DC,
B7H1, B7H4 (also known as VTCUN1), B7THS, B7H6, B7H7, B7RP1, B7-4, 3, C5, CCL2
{also known as MCP-1), CCL3 (also known as MIP-1a), CCL4 (also known as MIP-1b),
CCLS (also known as RANTES), CCL7 (also known as MCP-3), CCL8 (also known as mep-
2}, CCL11 (also known as eotaxin}, CCL15 {(also known as MIP-1d), CCL17 (also known as
TARC), CCL19 (also known as MIP-3b), CCL20 (also known as MIP-3a), CCL21 (also
known as MIP-2), CCL24 (also known as MPIF-2/ectaxin-2), CCL25 (alsc known as
TECK), CCL26 (also known as eotaxin-3), CCR3, CCR4, CD3, CD19, CD20, CD23 (also
known as FCER2, a receptor for Igh), CD24, CD27, CD28, CD38, CD39, CD40, CD70,
CD80 (also known as B7-1), D86 {also known as B7-2), CD122, CB137 {also known as
41BB), CD137L, CD152 (also known as CTLA4), CD154 (alse known as CD40L), CD160,
CD272, CD273 (also known as PDL2), CD274 (also known as PDL1), CD275 (also known
as B7H2), CD276 (also known as B7H3), CD278 (also known as ICOR), CD279 {(also known
as PD-1), CDHI (also known as E-cadherin), chitinase, CLEC9, CLEC91, CRTH2, CSF-1
{also known as M-CSF), CSF-2 (also known as GM-CS8F), CSF-3 {alsc known as GCSF),
CX3CL1 (also known as SCYD1), CXCL12 (also known as SDF1), CXCL13, CXCR3,
DNGR-1, ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCERIA,
FCER1, FLAP, FOLHI1, Gi24, GITR, GITRL, GM-CSF, Her2, HHLA2, HMGRB1, HVEM,
ICOSLG, IDO, IFNg, IgE, IGFIR, HL.2Rbeta, IL1, IL1A, ILIB, IL1F10, IL2, L4, IL4Ra,
15, L3R, ILe, 17, IL7Ra, IL8, 119, HOR, 1L10, rhil10, 112, IL13, IL13Ral, fL13Ra2,
IL15, IL17, IL17Rb (also known as a receptor for IL25), IL18, IL22, 1L23, 1.25, 1127, 1L33,
.35, ITGB4 (also known as b4 integrin}, ITK, KIR, LAG3, LAMPI, feptin, LPFS2, MHC
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class I, NCR3LGI, NKG2D, NTPDase-1, 0X40, OX40L, PD-1H, platelet receptor,
PROMI, 8152, SISP1, SLC, SPG64, 8T2 (also known as a receptor for [L33), STEAPZ, Syk
kinase, TACH TDO, T14, TIGIT, TIM3, TLR, TLR2, TLR4, TLRS, TLRY, TMEF1, TNFa,
TNFRSEF7, Tp53, TREMI1, TSLP (also known as a co-receptor for IL7Ra), TSLPR, TWEAK,
/EGF, VISTA, Vstm3, WUCAM, and XCR1 (also known as GPRS/CCXCR1). In some
embodiments, one or more of the above antigen targets are human antigen targets.
0231} In some embodiments, a binding protein of the present disclosure is adminstered
to a patient in need thereof for the treatment or prevention of cancer. For example, in some
embodiments, the binding protein comprises one antigen binding site that specifically binds a
T-cell surface protein and another antigen binding site that specifically binds a tumor target
protein (e.g., two antigen binding sites that specifically bind T-cell surface proteins and one
antigen binding site that specifically binds a tumor target protein, or two antigen binding sites
that specifically bind tumor target proteins and one antigen binding site that specifically binds
a T-cell surface protein). In certain embodiments, the binding protein comprises an antigen
binding site that specifically binds CD?3, an antigen binding site that specifically binds CD28,
and an antigen binding site that specifically binds a tumor target protein selected from CD19,
CD20, CD38, Her2, and LAMPL. In some embodiments, the binding protein is co-
administered with a chemotherapeutic agent. In some embodiments, the patient is a human.
{0232} In some embodiments, a binding protein of the present disclosure is adminstered
to a patient in need thereof for the treatment or prevention of an inflammatory disease or
disorder. In some embodiments, the binding protein comprises three antigen binding sites
that each specifically bind a cytokine target protein selected from IL-4, IL-13 and TNFa. In
some embodiments, the binding protein is co-administered with an anti-inflammatory agent.
In some embodiments, the patient is a human.
j0233] The disclosure also relates to a kit comprising a binding protein and other reagents
useful for detecting target antigen levels in biological samples. Such reagents can include a
detectable label, blocking serum, positive and negative control samples, and detection
reagents. In some embodiments, the kit comprises a composition comprising any binding
protein, polynucleotide, vector, vector system, and/or host cell described herein. In some
embodiments, the kit comprises a container and a label or package insert on or associated
with the container. Suitable containers include, for example, bottles, vials, syringes, 1V
solution bags, etc. The containers may be formed from a variety of materials such as glass or
plastic. The container holds a composition which is by itself or combived with another
composition effective for treating, preventing and/or diagnosing a condition and may have a
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sterile access port {for example the container may be an intravenous solution bag or a vial
having a stopper pierceable by a hypodermic injection needle). In some embodiments, the
label or package insert indicates that the composition is used for preventing, diagnosing,
and/or treating the condition of choice. Alternatively, or additionally, the article of
manufacture or kit may further comprise a second (or third) container comprising a
pharmaceutically-acceptable buffer, such as bacteriostatic water for injection (BWFI},
phosphate-buffered saline, Ringer's solution and dextrose solution. It may fusther include
other materials desirable from a commercial and user standpoint, including other buffers,
diluents, filters, needles, and syringes.

Binding Protein Therapeutic Compositions and Administration Thereof

10234} Therapeutic or pharmaceutical compositions comprising binding proteins are
within the scope of the disclosure. Such therapeutic or pharmaceutical compositions can
comprise a therapeutically effective amount of a binding protein, or binding protein-diug
conjugate, in admixture with a pharmaceutically or physiologically acceptable formulation
agent selected for suitability with the mode of administration.

j0235] Acceptable formulation materials preferably are nontoxic to recipients at the
dosages and concentrations employed.

j0236} The pharmaceutical composition can contain formulation materials for modifving,
maintaining, or preserving, for example, the pH, osmolarity, viscosity, clarity, color,
isotonicity, odor, sterility, stability, rate of dissolution or release, adsorption, or penetration of
the composition. Suitable formulation materials include, but are not limited to, amino acids
(such as glycive, glutamine, asparagive, arginine, or fysine), antimicrobials, antioxidants
{such as ascorbic acid, sodium sulfite, or sedium hydrogen-sulfite}, buffers (such as borate,
bicarbonate, Tris-HCl, citrates, phosphates, or other organic acids), bulking agents {such as
mannitol or glycine}, chelating agents (such as ethylenediamine tetraacetic acid (EDTA)Y),
complexing agents (such as caffeine, polyvinylpyrrolidone, beta-cyclodextrin, or
hydroxypropyl-beta-cyclodextrin), fillers, monosaccharides, disaccharides, and other
carbohydrates {such as ghucose, mannose, or dextrins), proteins (such as serum albumin,
gelatin, or immunoglobulins), coloring, flavoring and diluting agents, emulsifying agents,
hydrophilic polymers (such as polyvinylpyrrolidone), low molecular weight polypeptides,
salt-forming counterions (such as sodium}, preservatives (such as benzatkonium chloride,
benzoic acid, salicylic acid, thimerosal, phenethyl alcohol, methylparaben, propylparaben,
chlothexidine, sorbic acid, or hydrogen peroxide), solvents (such as glycerin, propylene
glycol, or polyethylene glycol}, sugar alcohols {such as mannitol or sorbitol}, suspending
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agents, surfactants or wetting agents {such as pluronics; PEG; sorbitan esters; polysorbates
such as polysorbate 20 or polysorbate 80; triton; tromethamine; lecithin; cholesterol or
tyloxapal), stability enhancing agents (such as sucrose or sorbitol}, tonicity enhancing agents
{such as alkali metal halides — preferably sodium or potassium chloride — or mannitol
sorbitol), delivery vehicles, diluents, excipients and/or pharmaceutical adjuvants (see, e.g.,
REMINGTON'S PHARMACEUTICAL SCIENCES {18th Ed., A R. Gennaro, ed., Mack Publishing
Company 1990), and subsequent editions of the same, incorporated hergin by reference for
any purpose).

16237} The optimal pharmaceutical corposition will be determined by a skilied artisan
depending upon, for example, the intended route of administration, delivery format, and
desired dosage. Such compositions can influence the physical state, stability, rate of 71 vivo
release, and rate of in vivo clearance of the binding protein.

[06238] The primary vehicle or carrier in a pharmaceutical composition can be either
aqueous or non-aquecus in nature. For example, a suitable vehicle or carrier for injection can
be water, physiological saline solution, or artificial cerebrospinal fluid, possibly
supplemented with other materials common in compositions for parenteral administration.
Neutral buffered saline or saline mixed with serum albumin are further exemplary vehicles.
Other exemplary pharmaceutical compositions comprise Tris buffer of about pH 7.0-8.5, or
acetate buffer of about pH 4.0-5.5, which can further include sorbitol or a suitable substitute.
In one embodiment of the disclosure, binding protein composttions can be prepared for
storage by mixing the selected composition having the desired degree of purity with optional
formulation agents i the form of a lyophilized cake or an aqueous solution. Further, the
binding protein can be formulated as a lyophilizate using appropriate excipients such as
3UCTOse.

{02391 The pharmaceutical compositions of the disclosure can be selected for parenteral
delivery or subcutaneous. Alternatively, the compositions can be selected for inhalation or
for delivery through the digestive tract, such as orally. The preparation of such
pharmaceutically acceptable compositions is within the skill of the art.

{0248} The formulation components are present in concentrations that are acceptable to
the site of administration. For example, buffers are used to maintain the composition at
physiological pH or at a slightly lower pH, typically within a pH range of from about 5 to
about 8.

{0241} When parenteral administration is conternplated, the therapeutic compositions for
use can be in the form of a pyrogen-free, parenteraily acceptable, agueous solution
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comprising the desired binding protein in a pharmaceutically acceptable vehiclie. A
particularly suitable vehicle for parenteral injection is sterile distilled water in which a
binding protein is formulated as a sterile, isotonic solution, properly preserved. Yet another
preparation can involve the formulation of the desired molecule with an agent, such as
injectable microspheres, bic-erodible particles, polymeric compounds {such as polylactic acid
or polyglycolic acid), beads, or liposomes, that provides for the controlled or sustained
release of the product which can then be delivered via a depot injection. Hyaluronic acid can
also be used, and this can have the effect of promoting sustained duration in the circulation.
Other suitable means for the introduction of the desired molecule include implantable drug
delivery devices.

{0242} In one embodiment, a pharmaceutical composition can be formulated for
inhalation. For example, a binding protein can be formulated as a dry powder for inhalation.
Binding protein inhalation solutions can also be formulated with a propellaunt for aerosol
delivery. In vet another embodiment, solutions can be nebulized.

{0243} It is also contemplated that certain formulations can be administered orally. In
one embodiment of the disclosure, binding proteins that are administered in this fashion can
be formulated with or without those carriers customarily used in the compounding of solid
dosage forms such as tablets and capsules. For example, a capsule can be designed 1o release
the active portion of the formulation at the point in the gastrointestinal tract when
bioavailability is maximized and pre-systemic degradation is minimized. Additional agents
can be included to facilitate absorption of the binding protein. Diluents, flavorings, low
melting point waxes, vegetable oils, lubricants, suspending agents, tablet disintegrating
agents, and binders can also be employed.

[0244] Another pharmaceutical composition can involve an effective quantity of binding
proteins in a mixture with non-toxic excipients that are suitable for the manufacture of
tablets. By dissolving the tablets in sterile water, or another appropriate vehicle, solutions
can be prepared in unit-dose form. Suitable excipients include, but are not limited to, inert
diluents, such as calcium carbonate, sodium carbonate or bicarbonate, lactose, or calcium
phosphate; or binding agents, such as starch, gelatin, or acacia; or lubricating ageuts such as
magnesium stearate, stearic acid, or talc.

[6245] Additional pharmaceutical compositions of the disclosure will be evident to those
skilled in the art, including formulations involving binding proteins in sustained- or
coutrolled-delivery formudations. Techniques for formulating a variety of other sustained- or
controlled-delivery means, such as liposome carriers, bio-erodible microparticles or porous
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beads and depot injections, are also known to those skilled in the art. Additional examples of
sustained-release preparations include semipermeable polymer matrices in the form of shaped
articles, e.g. films, or microcapsules. Sustained release matrices can include polyesters,
hydrogels, polylactides, copolymers of L-glutamic acid and gamma ethyl-L-glutamate,
polv{2-hydroxyethyl-methacrylate), ethylene vinyl acetate, or poly-D{-}-3-hydroxybutyric
acid. Sustained-release compositions can also include liposomes, which can be prepared by
any of several methods known in the art.

0246} Pharmaceutical compositions to be used for in vivo administration typically must
be sterile. This can be accomplished by filiration through sterile filtration membranes.
Where the composition is lyophilized, sterilization using this method can be conducted either
prior to, or following, lyophilization and reconstitution. The composition for parenteral
administration can be stored in lyophilized form or in a solution. In addition, parenteral
compositions generally are placed into a container having a sterile access port, for example,
an intravenous solution bag or vial having a stopper pierceable by a hypedermic injection
needle.

{0247} Once the pharmaceutical composition has been formulated, it can be stored in
sterile vials as a solution, suspension, gel, emulsion, solid, or as a dehydrated or lyophilized
powder. Such formulations can be stored either in a ready-to-use form or in a form {e.g.,
tyophilized) requiring reconstitution prior to administration.

{0248} The disclosure also encompasses kits for producing a single~-dose administration
unit. The kits can each contain both a first container having a dried protein and a second
contatver having an aqueous formulation. Also included withio the scope of this disclosure

are kits containing single and multi-chambered pre-filled syringes {e.g., liquid syringes and

fyosyringes).
{0249} The effective amount of a binding protein pharmaceutical composition to be

employed therapeutically will depend, for example, upon the therapeutic context and
objectives. One skilled in the art will appreciate that the appropriate dosage levels for
treatment will thus vary depending, in part, upon the molecule delivered, the indication for
which the binding protein is being used, the route of administration, and the size (body
weight, body surface, or organ size) and condition (the age and general health) of the patient.
Accordingly, the clinician can titer the dosage and modify the route of administration to
obtain the optimal therapeutic effect.

{0250} Dosing frequency will depend upon the pharmacokinetic pararoeters of the
binding protein in the formulation being used. Typically, a clinician will administer the
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composition until a dosage is reached that achieves the desired effect. The composition can
therefore be administered as a single dose, as two or more doses {which may or may not
contain the same amount of the desired molecule) over time, or as a continuous infusion via
an implantation device or catheter. Further refinement of the appropriate dosage is routinely
made by those of ordinary skill in the art and is within the ambit of tasks routinely performed
by them. Appropriate dosages can be ascertained through use of appropriate dose-response
data.

10251} The route of administration of the pharmaceutical composition is in accord with
known methods, e.g., orally, through injection by intravenous, intraperitoneal, intracerebral
{intraparenchymal), intracerebroventricular, intramuscular, intraccular, intraarterial,
intraportal, or intralesional routes; by sustained release systems; or by implantation devices.
Where desired, the compositions can be administered by bolus injection or continucusly by
infusion, or by implantation device.

[0252] The composition can also be administered locally via implantation of a membrane,
sponge, or other appropriate material onto which the desired molecule has been absorbed or
encapsulated. Where an implantation device is used, the device can be implanted into any
suitable tissue or organ, and delivery of the desired molecule can be via diffusion, timed-
release bolus, or continucus administration.

[0253] In some embodiments, the present disclosure relates to a method of preventing
and/or treating a proliferative disease or disorder {e.g., cancer). In some embodiments, the
method comprises administering to a patient a therapeutically effective amount of at least one
of the binding proteins described herein. In some embodiments, the patient is a human. In
some embodiments, the at least one binding protein is administered in combination with one
or more anti-cancer therapies {e.g., any anti-cancer therapy knowu in the art). In some
embodiments, the at feast one binding protein is administered before the one or more anti-
cancer therapies. In some embodiments, the at least one binding protein is administered
concurrently with the one or more anti-cancer therapies. In some embodiments, the at least
one binding protein is administered after the one or more anti-retroviral therapies.

{6254} In some embodiments, the present disclosure relates to a method of preventing
and/or treating an inflammatory disease or disorder {e.g., cancer). In some embodiments, the
method comprises administering to a patient a therapeutically effective amount of at least one
of the binding proteins described herein. In some embodiments, the patient is a human. In
some embodiments, the at least one binding protein i3 administered 1o corbination with oue
or more anti-inflammatory therapies {e.g., any anti-inflammatory therapy known in the art).
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in some embodiments, the at least one binding protein is administered before the one or more
anti-inflammatory therapies. In some embodiments, the at least one binding protein is
administered concurrently with the one or more anti-inflammatory therapies. In some
embodiments, the at least one binding protein is administered after the one or more anti-
inflammatory therapies.

[0255] Without limiting the present disclosure, a number of embodiments of the present
disclosure are described below for purpose of illustration.

0256} Item 1. A binding protein comprising four polypeptide chains that form three
antigen binding sites that specifically bind ovne or more target proteins, wherein a first

polypeptide chain comprises a structure represented by the formula:

Vea-Lyi-Vi-12-Co (]

and a second polypeptide chain comprises a structure represented by the formula:
Va-La-Vi-Le-Cry (1]

and a third polypeptide chain comprises a structure represented by the formula:
Vis-Cuy {110}

and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Co {IV]

wherein:

Vi1 is a first immunoglobulin light chain variable domain;

Vi, 18 a second iramunoglobulin light chain variable domain;

Vi is a third immunoglobulin light chain variable domain;

Vi 15 a first immunogliobulin heavy chain variable domain;

Vi is a second immunoglobulin heavy chain variable domain;

Vs is a third immunoglobulin heavy chain variable domain;

Cy ts an immunoglobulin light chain constant domain;

Cygy 18 an immunoglobulin Cy, heavy chain constant domain; and

L1, Lo, L5 and L4 are amino acid linkers;
and wherein the polypeptide of formula I and the polypeptide of formula H form a cross-over
tight chain-heavy chain pair.
0257} Item 2. A binding protein comprising four polypeptide chains that form three
antigen binding sites that specifically bind one or more target proteins, wherein a first
polypeptide chain comprises a structure represented by the formula:

‘VLZ"L‘ I3 '\ZL 1"LZ "CL E_I}

and a second polypeptide chain comprises a structure represented by the formula:
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Vin-Ls3-Vip-Ly-Cin-hinge-Cup-Caz - [H]
and a third polypeptide chaiu comprises a structure represented by the formula:
Viu3-Crp-hinge-Cy,-Chs [HT]
and a fourth polypeptide chain comprises a structure represented by the formula:
Via-Co Vi
wherein:
Vi i8 a first immunoglobulin light chain variable domain;
Vi 18 a second immunoglobulin light chain variable domain;
Viz1s a third immunoglobulin hight chain variable domain;
Vui is a first immunoglobulin heavy chain variable domain;
Vi 18 a second immunoglobulin heavy chain variable domaiun;
Vi 18 a third immunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chain constant domain,
Cy 18 an immunoglobulin Cy; heavy chain constant domain;
Cy» is an immunoglobulin Cy» heavy chain constant domain;
Cys is an immunoglobulin Cys heavy chain constant domain;
hinge is an immunoglobulin hinge region connecting the Cy; and Cyyy domains; and
L1, Ly, L5 and L; are amino acid linkers;
and wherein the polypeptide of formula I and the polypeptide of formula {f form a
cross-over Hight chain-heavy chain pair.
0258} Item 3. The binding protein of item 1, wherein the second and/or the third
polypeptide chain further coroprises an Fc region linked to Cu, the Fe reglon comprising an
immunoglobulin hinge region and Cy; and Cyz immunoglebulin heavy chain constant
domains.
{0259 Item 4. The binding protein of any one of items 1-3, wherein at least one of Ly,
Ly, Lz or Ly is independently O amino acids in length.
{6260} Hem 5 The binding protein of any one of items 1-3, wherein Ly, L3, Lyor 14
are each independently at least one amino acid in length.
{0261} Item 6:  The binding protein of any ove of items 1-3 and 5, wherein (a) L1, L,,
Lz and L4 each independently are zero anmino acids in length or comprise a sequence selected
from the group consisting of GGGGSGGGES (SEQ ID NO:104), GGGGSGGGGSGGEES
(SEQ ID N0O:105), S, RT, TKGPS (SEQ ID NO:106), GOPKAAP (SEQ ID NO: 175), and
GGSGSSGSGE (SEQ D NO:148); or (b) Ly, Ly, Ly and L4 each independently comprise a
sequence selected from the group consisting of GGGGSGGGGS (SEQ ID NG:104),
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GGOGSGGGESGEGEGES (SEQ D NG:105), S, RT, TKGPS (8EQ ID NO:106), GOQPKAAP
(SEQ ID NG: 175), and GGSGSSGSGG (SEQ ID NO: 148).
0262} Item 7. The binding protein of any one of items 1-5, wherein

(a) Ly comprises the sequence GOQPKAAP (SEQ ID NG: 175), L, comprises the
sequence TKGPS (SEQ 1D N(:106), L3 comprises the sequence S, and L4 comprises the
sequence RT;

(b) L; comprises the sequence GGGGSGGGGS (SEQ 1D NQO:104), L; comprises
the sequence GGGGSGGGGS (SEQ ID NG:104), L is 0 amino acids in length, and Ly 13 0
amino acids in length;

{(c) L, comprises the sequence GGSGSSGSGG (SEQ 1D NO:148), L, comprises the
sequence GGSGSSGSGE (SEQ ID NO:148), L3 18 0 amino acids in length, and Ly is 0
amino acids in length; or

(d) L, comprises the sequence GGGGSGGGGSGGGES (SEQ D NO:105), L,is 0
amino acids in length, L5 comprises the sequence GGGGSGGGGSGGGES (SEQ 1D
NO:108), and Ly is 0 amino acids in length.

{0263} ftem 8:  The binding protein of any one of items 1-7, wherein the binding
protein is trispecific and capable of specifically binding three different antigen targets.
0264} ftem 9:  The binding protein of any one of items 1-8, wherein the binding
protein specifically binds three target proteins that correspond to two target proteins on T
cells and to one tumor target protein.
j0265] Item 10:  The binding protein of item 9, wherein one of said target proteins on T
cells 1s CD3.
{0266] ftem 11:  The binding protein of item 9 or item 10, wherein one of said target
proteins on T cells is CD28.
{0267} Irem 12. The binding protein of any one of items 9-11, wherein said tumor
target protein is CD38.
{0268} ftem 13: The binding protein of any one of items 1-8, wherein the binding
protein specifically binds three target proteins that correspond to two target proteinson T
cells and to one target protein selected from the group consisting of AZAR, APRIL,
ATPDase, BAFF, BAFFR, BCMA, BlyS, BTK, BTLA, B7DC, B7H1, B7H4, B7HS, B7H6,
B7H7, B7RP1, B7-4, C3, C5, CCL2, CCL3, CCL4, CCL3, CCL7, CCL8, CCL11, CCLI1S,
CCL17, CCL19, CCL20, CCL21, CCL24, CCL25, CCL26, CCR3, CCR4, CD3, CD19,
CD20, CD23, CD24, CD27, CD28, CD38, CD39, CD40, CD70, CD8O, CD86, CD122,
CD137, CDI37L, CD152, CD154, CDI60, CD272, CD273, CD274, CD275, CD27T6,
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CD278, CH279, CDHL, chitinase, CLECY, CLECS1, CRTH2, CSF-1, CSF-Z, CSF-3,
CX3CLL, CXCLI2, CXCLI3, CXCR3, DNGR-1, ectonucleoside triphosphate
diphosphohydrolase 1, EGFR, ENTPD1, FCERIA, FCER], FLAP, FOLHI1, Gi24, GITR,
GITRL, GM-CSF, Her2, HHLAZ2, HMGRB1, HVEM, ICOSLG, IDO, IFNg, IgE, IGFIR,
L.2Rbeta, IL1, ILTA, ILIB, ILIF10, IL2, 114, TL4Ra, 115, TL5R, L6, IL7, IL7Ra, 118, 119,
ILOR, ILIO, rhIL 10, TL12, IL13, IL13Ral, TL153Ra2 [L1S, 1IL17, IL17Rb, IL18, 122 1123,
.25, 1027, 1133, 1135, ITGB4, ITK, XIR, LAG3, LAMPI, leptin, LPF82, MHC class 1,
NCR3LGL, NKG2D, NTPDase-1, 0X40, O0X40L, PD-1H, platelet receptor, PROM1, 5152
SISPI, SLC, SPGo4, 8T2, STEAP2, Syk kinase, TACL TDO, T14, TIGIT, TIM3, TLR,
TLR2, TLR4, TLRS5, TLRY, TMEF1, TNFa, TNFRSF7, Tp35, TREMI, TSLP, TSLPR,
TWEAK, VEGF, VISTA, Vsim3, WUCAM, and XCR1.
102691 Item 14.  The binding protein of any one of items 1-13, wherein the binding
protein is capable of inhibiting the function of one or more target proteins.
{6270} Item 15:  The binding protein of item 14, wherein the one or more target proteins
are selected from the group consisting of AZAR, APRIL, ATPDase, BAFF, BAFFR, BCMA,
BIyS, BTK, BTLA, B7DC, B7THI, B7H4, BTHS, B7H6, B7TH7, B7TRP1, B7-4, C3, C5, CCL2,
CCL3, CCL4, CCLS, CCL7, CCL8, CCL1E, CCL1S, CCLY7, CCLIS, CCL2¢, CCL21,
CCL24, CCL2S, CCL26, CCR3, CCR4, CD3, D19, CD20, CD23, CD24, CD27, CD28,
CD38, CD39, CD40, CD70, CDRO, CDR6, CD122, CD137, CDI37L, CD152, CD154,
CD160, CD272, CD273, CD274, CD275, CD276, CD278, CD279, CDHI, chitinase, CLECY,
CLECO1, CRTH2, CSF-1, CSF-2, CSF-3, CX3CL1, CXCL12, CXCL13, CXCR3, DNGR-1,
ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCER1A, FCER],
FLAP, FOLHIL, GiZ4, GITR, GITRL, GM-CSF, Her2, HHLAZ, HMGB1, HVEM, ICOSLG,
DO, IFNg, IgE, IGF IR, IL2Rbeta, L1, ILTA, TLIB, ILIF10, 112, TL4, TL4Ra, ILS, TL3R,
16, [L7, IL7Ra, 118, 119, ILOR, 110, rhIl.10, 1112, 1113, JL13Ral, IL13Ra2, IL15, IL17,
IL17Rb, 118, 1022, 123, TL25, 127, 1133, IL35, ITGR4, ITK, KIR, LAG3, LAMPI,
feptin, LPFS2, MHC class I, NCR3LG1, NKG2D, NTPBase-1, OX40, OX40L, PD-1H,
platelet receptor, PROM1, S152, SISP1, SLC, SPG64, ST2, STEAP2, Syk kinase, TACL,
TDO, T14, TIGIT, TIM3, TLR, TLR2, TLR4, TLRS, TLRY, TMEF I, TNFa, TNFRSF7,
Tpss, TREMI, TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1.
[6271] Item 16 A binding protein comprising four polypeptide chatos that form three
antigen binding sites, wherein a first polypeptide chain comprises a structure represented by
the formula:

Vio-Ly-Vibo-Co i
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and a second polypeptide chain comprises a structure represented by the formula:
Vi-La-Vip-La-Cin {11}
and a third polypeptide chain comprises a structure represented by the formula:
Vaz-Cm (1]
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cr {1v]
wherein:
Vi 18 a first immunogiobulin light chain variable domain;
Vi 18 a second immunoglobulin light chain variable domain;
Vi3 is a third immunoglobulin light chain variable domain;
Vi is a first immunogliobulin heavy chain variable domain;
Vi 18 a second immunoglobulin heavy chain variable domain;
V3 is a third immunoglobulin heavy chain variable domain;
C is an immunoglobulin light chain constant domain;
Cyy is an immunoglobulin Cy; heavy chain constant domain; and
Ly, L2, L3 and Ly are amino acid Hinkers,
wherein the polypeptide of formula I and the polypeptide of formula I form a cross-
over light chain-heavy chain pair;
wherein:
(a) Vi1, Vi and Vis each independently comprise a variable domain sequence as set
forth in any one of SEQ D NOs:151, 153, 155, 157, 159, 161, 163, 165, and 167; or
(b) Vi1, Voo and Vi3 each independently comprise light chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ ID
NOs: 43-59, 123-125, 138-140, and 149; and
wherein:
(a) Vi, Vi, and Vi each independently comprise a variable domain sequence as set
forth in any one of SEQ ID N(s:150, 152, 154, 156, 158, 160, 162, 164, and 166; or
(b) Vi1, Vi and Vs each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ ID
NOs: 25-42, 120-122, and 126-128.
[6272] Itemm 17 A binding protein comprising four polypeptide chatos that form three
antigen binding sites, wherein a first polypeptide chain comprises a structure represented by
the formula:
Vio-Ly-Vibo-Co (]
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and a second polypeptide chain comprises a structure represented by the formula:
Viur-Ls-Viur-Ly-Cui-hinge-Crp-Cus {11}
and a third polypeptide chain comprises a structure represented by the formula:
Vaz~-Cr-hinge-Cyp-Cas {1}
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cr v}
wherein:
Vi 18 a first immunogiobulin light chain variable domain;
Vi 18 a second immunoglobulin light chain variable domain;
Vi3 is a third immunoglobulin light chain variable domain;
Vi is a first immunogliobulin heavy chain variable domain;
Vi 18 a second immunoglobulin heavy chain variable domain;
V3 is a third immunoglobulin heavy chain variable domain;
C is an immunoglobulin light chain constant domain;
Cyy is an immunoglobulin Cy; heavy chain constant domain;
Cy; is an immunoglobulin Cip heavy chain constant domain;
Cys 15 an immunoglobulin Cys heavy chain constant domain;
hinge 1s an immunoglobulin hinge region connecting the Cy; and Cy, domains; and
Ly, Ly, L3 and L, are amino acid linkers;
wherein the polypeptide of formula 1 and the polypeptide of formula I form a cross-
over light chain-heavy chain pair;
wherein:
(a) Vi1, Vi and Vs each independently comprise a variable domain sequence as set
forth in any one of SEQ ID NOs:151, 153, 155, 157, 159, 161, 163, 165, and 167, or
(b) Vi, Vi and Vi3 each independently comprise light chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ 1D
NOs: 43-59, 123-125, 138-140, and 149; and
wherein:
{(a) Vui. Vi, and Vas each independently comprise a variable domain sequence as set
forth in any one of SEQ 1D NOs:150, 152, 154, 1506, 158, 160, 162, 164, and 166; or
(b) Vi1, Vap and Vigz each independently comprise heavy chain complementarity
determining regions comprising an aming acid sequence as set forth in any one of SEQ 1D

WNOs: 25-42, 120-122, and 126-128.
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{0273} Item 18:  The binding protein of item 16, wherein the second and/or the third
polypeptide chain further comprises an Fe region linked to Cypy, the Fe region comprising an
immunoglobulin hinge region and Cyp and Cy; immunoglobulin heavy chain constant
domains.

{0274} ftem 19:  The binding protein of any one of items 16-18, wherein at least one of
Ly, Ly, Ly or Ly, is independently 0 amino acids in length.

19275] Item 20:  The binding protein of any one of items 16-18, wherein L;, 1, Ly or Ly
are each independently at least one amino acid in length.

16276} Item 21.  The binding protein of any one of items 16-18 and 20, wherein (a) L,
L,, Lyand L4 each independently are zero amino acids in length or comprise a sequence
selected from the group consisting of GGGGSGGGGS (SEQ ID NG:104),
GGGGSGGGGSGOGGS (SEQ D NG:105), §, RT, TKGPS (SEQ 1D NG 106), GOPKAAP
(SEQ ID NG: 175), and GGSGSSGSGG (SEQ ID NG 148y, or (b Ly, Ly, Lyand Ly each
independently comprise a sequence selected from the group consisting of GGGGSGGGGS
(SEQ ID NGO:104), GGGGIGGGGSGGGES (SEQ ID NG:105), §, RT, TKGPS (SEQ ID
NG:106), GQPKAAP (SEQ ID NO: 175), and GGSGSSGSGG (SEQ ID NO:148).

10277} Itern 22:  The binding protein of any one of items 16-20, wherein:

(a) L, comprises the sequence GQPKAAP (SEG ID NG: 175), L; comprises the
sequence TKGPS (SEQ ID NO:106), Ls; comprises the sequence S, and L4 comprises the
sequence RT;

(b) L, comprises the sequence GGGGSGGGGS (SEQ D NG:104), L, comprises
the sequence GGGGSGGGGS (SEQ ID NG:104), Ls 18 0 amino acids in length, and Ly i3 0
amino acids in length;

{¢) Ly comprises the sequence GGSGSSGSGG (SEQ ID NG 148), L, comprises the
sequence GGSGSSGSGG (SEQ 1D NO:148), L3 is 0 amino acids in length, and Ly is 0
amino acids in length; or

(d) L1 comprises the sequence GGGGSGGGGSGGGES (SEQ D NO:105), Ly is 0
amino acids in length, L3 comprises the sequence GGGGSGGGGSGGGES (SEQ ID
NO:105), and Ly i3 0 amino acids in length.

{0278} Item 23:  The binding protein of any one of items 16-22, wherein:

(a) Vi compnises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:28 a

CDR-H2Z comprising the amino acid sequence of SEQ ID NO:29, and a CDR-H3

comprising the amino acid sequence of SEQ 1D NO:30; Vi, comprises a CDR-L1

comprising the amino acid sequence of SEQ [D N(G:46, a CDR-L2 comprising the amino
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acid sequence of SEQ ID NO: 47, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:48; Vi comprises a CDR-HI comprising the amino acid sequence of SEQ ID
NO:34, a CDR-H2 comprising the amino acid sequence of SEQ ID N(OG:35, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG:36; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NO:52, a CDR-L2 comprising the amino
acid sequence of SEQ ID NO:53, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:54; Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:25, a CDR-HZ comprising the amino acid sequence of SEQ ID NO:26, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG:27; and Vi3 comprises a CDR-L1
comprising the amino acid sequence of SEQ ID N(O:43, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:44, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO45;

(b) Vi comprises a CDR-H1 comprising the arvino acid sequence of SEQ ID
NO:31, a CDR-H2 comprising the amino acid sequence of SEQ 1D NQO:32, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:33; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NG:49, a CDR-L2 comprising the aming
actd sequence of SEQ ID NO:50, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:51; Vi, comprises a CBR-H1 comprising the amino acid sequence of SEQ ID
NO:34, a CDR-H2 comprising the amino acid sequence of SEQ 1D NQG:35, and a CDR-H3
comprising the amino acid sequence of SEQ D NG:36; Vi, comprises a CDR-L1T
comprising the amino acid sequence of SEQ [D NG:52, a CDR-L2 comprising the amino
actd sequence of SEQ ID N(O:53, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:54; Vyz comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D
NO:25, a CDR-H2 comprising the amivo acid sequence of SEQ ID NO:26, and a CDR-H3
comprising the amino acid sequence of SEQ D NG:27; and Vi3 comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG:43, a CDR-L2 comprising the amino
acid sequence of SEQ ID N(3:44, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:45;

(c) Vi comprises a COR-H1 comprising the amino acid sequence of SEQ ID
NO:28, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:29, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG:30; Vi comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NO:46, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO: 47, and a CDR-L3 comprising the amiuo acid sequence of
SEQ ID NO:48; Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D
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NO:34, a COR-H2 comprising the amino acid sequence of SEQ 1D NG:35, and a CDR-H3
comprising the amino acid sequence of SEQ D NO:36; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ D NG:52, a CDR-L2 comprising the amino
acid sequence of SEQ ID NO:53, and a CDR-L3 comprising the amino acid sequence of
SEQ ID N(:54; V3 comprises a CBR-H1 comprising the amino acid sequence of SEQ ID
NO:37, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:38, and a CDR-H3
comprising the amino acid sequence of SEQ I3 NO:39; and Vi3 comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG:SS, a CDR-L2 comprising the amino
actd sequence of SEQ 1D NO:56, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:57;

{d) Vi1 comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D
NO:31, a CDR-H2 comprising the amino acid sequence of SEQ ID N(G:32, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:33; Vi coroprises a CDR-L1
comprising the amino acid sequence of SEQ ID NO:49, a CDR-L2 comprising the amino
acid sequence of SEQ ID NO:50, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:51; Vi comprises a CBR-H1 comprising the amino acid sequence of SEQ 1D
NO:34, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:35, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:36; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NO:52, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:53, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:54; Vs comprises a COR-H1 comprising the amino acid sequence of SEQ 1D
NG:37, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:38, and a CDR-H3
comprising the amino acid sequence of SEQ D NO:39; and Vi ; comprises a CDR-L1
comprising the amino acid sequence of SEQ D NO:55, a CDR-L2 comprising the amino
acid sequence of SEQ 1 NG:56, and a CBR-L3 comprising the amino acid sequence of
SEQ ID NO:57,

(e} Vi comprises a CDR-H1 comprising the aming acid sequence of SEQ 1D
NO:28, a CDR-HZ comprising the amino acid sequence of SEQ ID NG:Z9, and a CDR-H3
comprising the amino acid sequence of SEQ D NO:30; Vi comprises a CDR-L1
comprising the amino acid sequence of SEQ [ NO:46, a CDR-L2 comprising the amino
acid sequence of SEQ ID NO: 179, and a CDR-L3 comprising the amino acid sequence of
SEQ ID N(O:48; Vg, comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:34, a CDR-H2 comprising the amivo acid sequence of SEQ ID NO:35, and a CDR-H3
comprising the amino acid sequence of SEQ [D NC:36; Vi, comprises a CDR-L1
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comprising the amino acid sequence of SEQ D NO:52, a CDR-L.2 comprising the amino
acid sequence of SEQ 1D NO:53, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:54; Vi3 comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D
NG:40, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:41, and a CDR-H3
comprising the amino acid sequence of SEQ D NO:42; and Vs comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NO:538, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:44, and a CDBR-L3 comprising the amino acid sequence of
SEQ ID NO:59;

(£} Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
WNO:31, a CDR-H2 comprising the amino acid sequence of SEQ D NG:32, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG:33; Vi comprises a CDR-L1
comprising the amino acid sequence of SEQ [D N(G:49, a CDR-L2 comprising the amino
actd sequence of SEQ ID NO:50, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:51; Vyp comprises 2 COR-HI1 comprising the amino acid sequence of SEQ D
NO:34, a CDR-H2 comprising the amino acid sequence of SEQ ID NG:3S, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG:36; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ D NG:52, a CDR-L2 comprising the amino
acid sequence of SEQ ID N(3:53, and a CDR-L3 comprising the amino acid sequence of
SEQ ID N(O:54; Vs comprises a CRR-H1 comprising the amino acid sequence of SEQ ID
NO:40, a CDR-H2 comprising the amino acid sequence of SEQ ID NG:41, and a CDR-H3
comprising the amino acid sequence of SEQ [D NG:42; and Vi3 comprises a COR-L1
comprising the arino acid sequence of SEQ ID NO:58, 3 CDR-L2 comprising the amino
acid sequence of SEQ ID NO:44, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO-59:

(g) Vi comprises a CBR~H1 comprising the amino acid sequence of SEQ 1D
NG:28, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:29, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:30; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NO:46, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO: 47, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:48; Vy; comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D
NO:34, a CDR-H2 comprising the amino acid sequence of SEQ ID NG:35, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:36; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ D NO:52, a CDR-L2 comprising the amivo
acid sequence of SEQ 2 NO:53, and a CDR-L3 comprising the amino acid sequence of
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SEQ ID NO:54; Vyz comprises 2 CDR-HI1 comprising the amino acid sequence of SEQ 1D
NO:126, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:127, and a CDR-
H3 comprising the amino acid sequence of SEQ ID NO:128; and V3 comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NO:138, a CDR-L2 comprising the amino
acid sequence of SEQ ID N(:139, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:140;

(h) Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D
NO:31, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:32, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:33; Vi comprises a CDR-L1
comprising the amino acid sequence of SEQ ID N(O:49, a CDR-L2 comprising the amino
acid sequence of SEQ ID NO:50, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:5T, Vi comprises @ CDR-H1 comprising the amino acid sequence of SEQ 1D
NO:34, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:35, and a CDR-H3
comprising the amino acid sequence of SEQ D NO:36; Vi, comprises a COR-L1
comprising the amino acid sequence of SEQ ID NO:52, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:53, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:54; Vys comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D
NOG:126, a CDR-H2Z comprising the amino acid sequence of SEQ ID NO:127, and a CDR-
H3 comprising the amino acid sequence of SEQ D NO:12¢; and V3 comprises a CDR-L1
comprising the amino acid sequence of SEQ [D NG: 138, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:139, and a CDR-L3 comprising the aminoc acid sequence of
SEQ D NO:140;

(i} Vi comprises @ CDR-H1 comprising the amino acid sequence of SEQ 1D
NO:28, a CDR-H2 comprising the amivo acid sequence of SEQ ID NO:29, and a CDR-H3
comprising the amino acid sequence of SEQ D NG:30; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG 46, a CDR-L2 comprising the amino
acid sequence of SEQ ID N(O: 47, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:48; Vy; comprises a CDR-HI comprising the amino acid sequence of SEGQ 1D
NO:34, a CDR-H2 comprising the amivo acid sequence of SEQ ID NO:3S, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG:36; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ D NO:52, a CDR-L2 comprising the amino
acid sequence of SEQ ID N(:53) and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:54; Vys comprises a CDR-HI corprising the amino acid sequence of SEQ ID
N(:120, a CDR-H2 comprising the amino acid sequence of SEQ D NO:121, and a CDR-
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H3 comprising the amino acid sequence of SEQ D NO:122; and V: comprises a CDR-L1
comprising the amino acid sequence of SEQ D NO:123, a CDR-L2 comprising the amino
acid sequence of SEQ ID NO:124, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NOG:125; or
(i) Vin comprises a CDR-H1 comprising the amino acid sequence of SE(Q D NO:31,
a CDR-H2 comprising the amino acid sequence of SEQ ID NO:32, and a CDR-H3
comprising the amino acid sequence of SEQ I3 NO:33; Vi, comprises a CDR-L1 comprising
the amino acid sequence of SEQ ID NO:49, a CDR-L2 comprising the amino acid sequence
of SEQ} 1D NG:50, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:31;
Y comprises a CDR-H1 comprising the amino acid sequence of SEQ [3 NO:34, a CDR-H2
comprising the amino acid sequence of SEQ D NG:35, and a CDR-H3 comprising the amino
acid sequence of SEQ 2 NO:36; Vi, comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO:52, a CDR-L2 comprising the amino acid sequence of SEQ ID
NO:53, and a CDR-L3 comprising the amino acid sequence of SEQ [D NG:54; Vi
comprises a CDR-HI comprising the amino acid sequence of SEQ 1D NO:120, a CDR-H2
comprising the amino acid sequence of SEQ ID NG 121, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NGO:122; and V3 comprises a CDR-L1 comprising the
amino acid sequence of SEG ID NO:123, a CDR-L2 comprising the amino acid sequence of
SEQ ID N(:124, and a CDR-L3 comprising the amino acid sequence of SEQ D NO:125.
{0279} Item 24. A binding protein comprising four polypeptide chains that form three
antigen binding sites, wherein a first polypeptide chain comprises a structure represented by
the formula:
Via-Li-Vipdo-Co {1
and a second polypeptide chain comprises a structure represented by the formula:
Vai-L3-Vi-La-Chy (]
and a third polypeptide chain comprises a structure represented by the formula:
Vi-Crn (111]
and a fourth polypeptide chain comprises a structure represented by the formula:
Vi-Co {v]
wherein:
Vi1 1s a first immunoglobulin light chain variable domain;
Vi is a second immunoglobulin light chain variable domain;
Vi3 is a third immunoglobulin light chain variable domain;
Y 18 a first immunoglobulin heavy chain variable domain;
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Vi is a second immunoglobulin heavy chain variable domain;
Vs is a third immunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chain constant domain;
Cgqy 18 an immunoglobulin Cyy heavy chain constant domain; and
L1, Lo, L3 and L4 are amino acid linkers;
wherein the polypeptide of formula 1 and the polypeptide of formula I form a cross-
over light chain-heavy chain pair;
wherein:
(a) Vi1, V12 and Vi3 each independently comprise a variable domain sequence as set
forth in any one of SEQ ID NOs:169, 171, and 173; or
(b) VL1, Vo and Vi3 cach independently comprise light chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SEQ ID NQs: 141-147, 178, and 179,
wherein:
{(a) Vi, Vi, and Vs each independently comprise a variable domain sequence as set
forth in any one of SEQ 12 NOs:168, 170, and 172; or
(b} Vi, Vi and Vi3 each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SEQ D NGs: 129-137.
{0280} Item 25. A binding protein comprising four polypeptide chains that form three
antigen binding sites, wherein a first polypeptide chain comprises a structure represented by
the formula:
Vig-bi-ViiLo-Cy [}
and a second polypeptide chain comprises a structure represented by the formula:
VH}"5.43-‘*v":;-{z-Lz;-CH;—hiﬁge-(:[{gw(:}{g [H]
and a third polypeptide chain comprises a structure represented by the formula:
Vius-Crn-hinge-Cur-Cups {1
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cr 1V}
wherein:
Vi1 1s a first immunoglobulin light chain variable domain;
Vi is a second immunoglobulin light chain variable domain;
Vi3 18 a third immunoglobulin light chain vanable domain;
Vi 18 a first immunoglobulin heavy chain variable domain;
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Vi is a second immunoglobulin heavy chain variable domain;

Vs is a third immunoglobulin heavy chain variable domain;

Cy is an immunoglobulin light chain constant domain;

Cyqy 18 an immunoglobulin Cy heavy chain constant domain,

Cuz 15 an immunoglobulin Cuo heavy chain constant domain;

Cys 1s an immunoglobulin Cys heavy chain constant domain;

hinge is an immunoglobulin hinge region connecting the Cy; and Cyp domains; and

Ly, Lo, L3 and Ly are amino acid linkers;

wherein the polypeptide of formula T and the polypeptide of formula IT form a cross-
over light chain-heavy chain pair;

wherein:

{(a) Vi1, Vi and Vi3 each independently comprise a variable domain sequence as set
forth in any one of SEQ ID NOs:169, 171, and 173; or

{(b) Vi1, Vi and Vi3 each independently comprise light chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SEQ ID NOs: 141-147, 178, and 179;

wherein:

(a8} Vi Vip, and Vys each independently comprise a variable domain sequence as set
forth in any one of SEQ ID NOs:168, 170, and 172; or

(b) Vi1, Vi and Vi each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SE(} 1D NQs: 129-137.
{0281} ftem 26:  The binding protein of item 24, wherein the second and/or the third
polypeptide chain further comprises an Fe region linked to Cyy, the Fc region comprising an
immunoglobulin hinge region and Cpp and Cis immunoglobulin heavy chain constant
domains.
{0282} ftem 27:  The binding protein of any one of items 24-26, wherein at least one of
Ly, Ly, Ly and Ly, 18 independently O amino acids in length.
{0283} Item 28:  The binding protein of any one of items 24-26, wherein Ly, Lo, L3 and
L4 are each independently at {east one amino acid in length.
[6284] Itern 29:  The binding protein of any one of items 24-26 and 28, wherein (a) L,
L,, Lyand L4 each independently are zero amino acids in length or comprise a sequence
selected from the group consisting of GGGGSGGGGS (SEQ ID NG:104),
GGGGSGGGGSGOGGS (SEQ D NG:105), S, RT, TKGPS (SEQ 1D NG 106), GOPKAAP
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{(SEQ ID NG: 175), and GGSGSSGSGG (SEQ D NG: 148y, or (b)Y Ly, Lo, Lyand Ly each
independently comprise a sequence selected frorn the group cousisting of GGGGSGGGGS
(SEQ 1D NO:104), GGGGSGGGGSGGGES (SEQ 1D NO:105), §, RT, TKGPS (SEQ 1D
NG:106), GQPKAAP (SEQ ID NO: 175), and GGSGSSGSGG (SEQ 1D NO:148).

{0285} ftem 30:  The binding protein of any one of items 24-28, wherein:

(a} L, comprises the sequence GQPKAAP (SEQ ID NO: 175), L, comprises the
sequence TKGPS (SEQ ID NO:106), L: comprises the sequence 8, and Ly comprises the
sequence RT,

(b) Li comprises the sequence GGGGSGGGGS (SEQ ID NO:104), L, comprises
the sequence GGGGSGGGGS (SEQ ID NO:104), L5 1s 0 amino acids in length, and L4150
amino acids in length;

{c) L1 comprises the sequence GGSGSSGSGE (SEQ ID NO:148), L, comprises the
sequence GGSGSSGSGE (SEQ ID N(O:148), L; is 0 amino acids in length, and 1413 ¢
amino acids in length; or

{(d) L, comprises the sequence GGGGSGGGGSGGGGS (SEQ D NO:105), 1,180
amino acids in length, L; comprises the sequence GGGGSGGGGSGGGES (SEQ ID
NO:105), and L, 1s 0 amino acids in length.

{0286} ftem 31:  The binding protein of any one of items 24-30, wherein:
{a) Vy1 comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:132, a
CDR-H2 comprising the amino acid sequence of SEQ 1D NG:133, and a CDR-H3
comprising the amino acid sequence of SEQ [ NO:134; Vi, comprises a CDR-L1
comprising the arino acid sequence of SEQ ID NO: 143, a CDR-L2 comprising the amino
acid sequence of SEQ ID NO:179, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:144; Vi comprises a CDR-HI1 comprising the amino acid sequence of SEQ
I3 NO:13S, a CBR-H2 comprising the amino acid sequence of SEQ ID NO:136, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NG:137; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ 1D NO:145, a CDR-L2 comprising the
amino acid sequence of SEQ ID NO:146, and a CDR-L3 comprising the amino acid
sequence of SEQ 1D NO:147; Viz coruprises a CDR-H1 comprising the amino acid
sequence of SEQ [D NO:129, a CDR-HZ comprising the amino acid sequence of SEQ ID
NO:130, and & CDR-H3 comprising the amino acid sequence of SEQ ID NG:131; and Vi3
comprises a CDR-L.1 comprising the amino acid sequence of SEQ D NG:141, a CDR-L2
comprising the amino acid sequence of SEQ D NO:178, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO:142;
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{(b) Vu; comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:135, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:136, and a CDR-
H3 comprising the amino acid sequence of SEQ ID NO:137; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NO: 145, a CDR-L2 comprising the amino
acid sequence of SEQ ID N(:146, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:147; Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ
ID N(O:132, a CDR-H2 comprising the amino acid sequence of SEQ ID NG:133, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NG:134; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ D NO: 143, a CDR-L2 comprising the
amino acid sequence of SEQ ID NO:47, and a CDR-L3 comprising the amino acid
sequence of SEQ 1D NO:144; Vi coruprises a CDR-HI comprising the amivo acid
sequence of SEQ H2 NO:129, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:130, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:131; and Vi3
comprises a CDR-L.1 comprising the amino acid sequence of SEQ D NG:141, a CDR-L2
comprising the amino acid sequence of SEQ ID NO:178, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NG:142;

() Vy; comprises a CDR-HI comprising the amino acid sequence of SEQ 1D
NO:132, a CDR-HZ comprising the amino acid sequence of SEQ D NO:133, and a CDR-
H3 comprising the amino acid sequence of SEQ ID NO:134; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ [D NG:143, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:179, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:144; Vip comprises a CDR-HI comprising the amino acid sequence of SEQ
D NG:129, a CDR-H2 comprising the amino acid sequence of SEQ 1D N(O:130, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NO:131; Vi, comprises a CDR-
L1 comprising the amino actd sequence of SEQ ID NO: 141, a CDR-L2 comprising the
amino acid sequence of SEQ ID NG: 178, and a CDR-L3 comprising the amino acid
sequence of SEQ 1D N(:142; Vy; comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO:135, a CDR-H2 comprising the amino acid sequence of SEQ D
NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:145, a CDR-L2
comprising the amino acid sequence of SEQ ID NG: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:147;

(d) Vg, comprises a CDR-HI1 comprising the amino acid sequence of SEQ 1D
N(:129, a CDR-H2 comprising the amino acid sequence of SEQ D NO:130, and a CDR-
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H3 comprising the amino acid sequence of SEQ [D NO:131; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ D NO:141, a CDR-L2 comprising the amino
acid sequence of SEQ ID NO:178, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:142; Vi, comprises a CDR-H1 comprising the amino acid sequence of SEQ
1D NO:132, a CDR-H2 comprising the amino acid sequence of SEQ ID N(:133, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NO:134; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ D NO: 143, a CDR-L2 comprising the
amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the amino acid
sequence of SEQ ID NO:144; Vi3 comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO:135, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:137; and Vs
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 145, a CDR-L2
comprising the amino acid sequence of SEQ ID NO: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:147;

(e} Vin comprises a CDR-HI comprising the amine acid sequence of SEQ 1D
NG:135, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:136, and a CDR-
H3 comprising the amino acid sequence of SEQ ID NG:137; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID N(O: 145, a CDR-L2 comprising the amino
acid sequence of SEQ ID N(O:146, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:147; Vi compnses a CDR-H1 comprising the amino acid sequence of SEQ
ID NO:129, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:130, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NO:131; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ 2 NG:141, a CDR-L2 comprising the
amino acid sequence of SEQ 1D NO:178, and a CDR-L3 comprising the amino acid
sequence of SEQ 2 NO:142; Vs comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NG: 132, a CDR-HZ comprising the amino acid sequence of SEQ ID
NO:133, and a CBR-H3 comprising the amino acid sequence of SEQ ID NO:134; and V3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:143, a CDR-L2
comprising the amino acid sequence of SEQ D NO:179, and a CDR-L3 comprising the
amino acid sequence of SEQ D NO:144;

(f) Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
WNO:129, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:130, and a CDR-
H3 comwprising the amino acid sequence of SEQ ID NO:131; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ [D NC:141, a CDR-L2 comprising the amino
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actd sequence of SEQ ID NO:178, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:142; Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ
1D NO:135, a CDR-H2 comprising the aminoe acid sequence of SEQ ID NO:136, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ 1D NO:145, a CDR-L2 comprising the
amino acid sequence of SEQ ID NO:146, and a CDR-L3 comprising the amino acid
sequence of SEQ D NG:147; Vg3 comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO:132, a CDR-HZ comprising the amino acid sequence of SEQ 1D
NQO:133, and & CDR-H3 comprising the amino acid sequence of SEQ ID NG:134; and Vi3
comprises a CDR-L.1 comprising the amino acid sequence of SEQ D NG:143, a CDR-L2
comprising the amino acid sequence of SEQ ID NO:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144;

(g) Vi comprises a CDR-H1 comprising the arvino acid sequence of SEQ ID
NO:1335, a CDR-H2 comprising the amino acid sequence of SEQ 1D N(:136, and a CDR-
H3 comprising the amino acid sequence of SEQ [D NO:137; V, comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NG 145, a CDR-L2 comprising the amino
acid sequence of SEQ ID NO: 146, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:147; Vi comprises a CDR-HT comprising the amino acid sequence of SEQ
1D NG:132, a CDR-HZ comprising the amino acid sequence of SEQ ID N(O:133, and a
CDR-H3 compnising the amino acid sequence of SEQ ID NG:134; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ D NO:143, a CDR-L2 comprising the
amino acid sequence of SEQ ID NO:179, and a CDR-L3 comprising the amino acid
sequence of SEQ ID NO:144; Vy; comprises a CDR-H1 comprising the amino acid
sequence of SEQ D NO:135, a CDR-H2 comprising the amino acid sequence of SEQ ID
N{1136, and a CDR-H3 comprising the amino acid sequence of SEQ 1D N(O:137; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO: 145, a CDR-L2
comprising the amino acid sequence of SEQ D NO: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO: 147,

(h) Vi1 comprises a CDR-H1 comprising the amino acid sequence of SEG ID
NO:135, a CDR-H2 comprising the amino acid sequence of SEQ D NO:136, and a CDR-
H3 comprising the amino acid sequence of SEQ ID NO:137; Vi comprises a CDR-L]
comprising the amino acid sequence of SEQ ID NO:145, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:146, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:147; Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ
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D NG:132, a CDR-H2 comprising the amino acid sequence of SEQ ID N(:133 and a
CDR-H3 comprising the amino acid sequence of SE(Q ID NO:134; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ ID NO: 143, a CDR-L2Z comprising the
amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the amino acid
sequence of SEQ ID NO:144; Vs comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO:132, a CDR-H2 comprising the amino acid sequence of SEQ D
N(:133, and a CDR-H3 comprising the amino acid sequence of SEQ ID N{:134; and Vi;
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO: 143, a CDR-LZ
comprising the amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144;

(1) Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:132, a CDR-H2 comprising the amino acid sequence of SEQ D NO:133, and a CDR-
H3 comprising the amino acid sequence of SEQ ID NO:134; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NO:143, a CDR-L2 comprising the amino
acid sequence of SEQ ID NO:179, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:144; Vi comprises a CDR-HI1 comprising the amino acid sequence of SEQ
D NO:135, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 136, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; Vi, comprises a CDBR-
L1 comprising the amino acid sequence of SEQ [D NG:145, a CDR-L2 comprising the
amino acid sequence of SEQ ID NG:146, and a CDR-L3 comprising the amino acid
sequence of SEQ [D NO:147; Vs comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO: 135, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:136, and a CDR-H3 comprising the amine acid sequence of SEQ ID NO:137; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG: 145, a CDR-L2
comprising the amino acid sequence of SEQ 12 NO:146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:147; or

(i) Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:132, a CDR-H2Z comprising the amino acid sequence of SEQ ID NO:133, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:134; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ [ N(G:143, a CDR-L2 comprising the amino
acid sequence of SEQ ID NO: 179, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:144; Vg, comprises a CDR-H1 comprising the amino acid sequence of SEQ [D
NO:13S, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 136, and a CDR-H3
comprising the amino acid sequence of SEQ [D NG:137; Vi, comprises a CDR-L1
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comprising the amino acid sequence of SEQ ID NO: 145, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:146, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:147; Vy; comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:132, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:133, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:134; and Vi3 comprises 3 CDR-L1
comprising the amino acid sequence of SEQ ID NO:143, a CDR-L2Z comprising the amino
acid sequence of SEQ 1D NO:179, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:144.

[6287] Itemn 32.  The binding protein of any one of items 1, 3-16, 18-24, and 26-31,
wherein the second polypeptide chain further comprises a first F¢ region linked to Cyy, the
first Fc region comprising an immunogiobulin hinge region and Cp and Cys immunogiobulin
heavy chain constant domains, wherein the first Fc region comprises amino acid substitutions
at positions corresponding to positions 354 and 366 of human IgG1 or IgG4 according to EU
Index, wherein the aminc acid substitutions are S354C and T366W, and wherein the third
polypeptide chain further comprises a second Fe region linked to Cyy, the second Fe region
comprising an immunoglobulin hinge region and Cip and Cus immunoglobulin heavy chain
constant domains, wherein the second F¢ region comprises amino acid substitutions at
positions corresponding to positions 349, 3606, 368, and 407 of human IgG1 or 1G4
according to EU Index, wherein the amino acid substitutions are Y349C, T366S, L368A, and
Y407V,

j0288] Item 33:  The binding protein of any one of items 1, 3-16, 18-24, and 26-31,
wherein the second polypeptide chain further comprises a first Fe region linked to Cyp, the
first F¢ region comprising an immunoglobulin hinge region and Cy; and Cys immunoglobulin
heavy chain constant domains, wherein the first Fe region comprises amino acid substitutions
at positions corresponding to positions 349, 366, 368, and 407 of human IgG1 or IgG4
according to EU Index, wherein the amino acid substitutions are Y349C, T3668, L368A, and
Y407V, and wherein the third polypeptide chain further comprises a second Fc region linked
to Cyy, the second Fe region comprising an immunoglobulin hinge region and Cy; and Cyps
immunoglobulin heavy chain constant domains, wherein the second Fc region comprises
amino acid substitutions at positions corresponding to positions 354 and 366 of human 1gG1l
or Ig(G4 according to EU Index, wherein the amino acid substitutions are 8354C and T366W.
{0289} ftem 34:  The binding protein of any one of items 1, 3-16, 18-24, and 26-33,
whereiu the second polypeptide chain further comprises a first Fe region linked to Cqy, the
first Fc region comprising an immunoglobulin hinge region and Cyp; and Cys immunoglobulin
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heavy chain constant domains, and wherein the third polypeptide chain further comprises a
second Fc region linked to Ci, the second Fe region comprising an immunoglobulin hinge
region and Cy, and Cps immunoglobulin heavy chain constant domains; wherein the first and
second Fc regions comprise amino acid substitutions at positions corresponding to positions
428 and 434 of human IgG1 or IgG4 according to EU Index, wherein the amino acid
substitutions are M428L and N4348.

{0290} ftem 35:  The binding protein of any one of items 2, 4-15, 17, 19-23, 25, and 27-
31, wherein the Cys; domain of the second polypeptide chain comprises amino acid
substitutions at positions corresponding to positions 354 and 366 of human 1gG1 or IgG4
according to EU Index, wherein the amino acid substitutions are 8354C and T366W; and
wherein the Cys domain of the third polypeptide chain comprises amino acid substitutions at
positions corresponding to positions 349, 366, 368, and 407 of human IgG1 or IgG4
according to EU Index, wherein the amino acid substitutions are Y349C, T3668, L368A, and
Y407V,

{0291} Item 36:  The binding protein of any one of items 2, 4-15, 17, 19-23, 25, and 27-
31, wherein the Cys domain of the second polypeptide chain comprises aming acid
substitutions at positions corresponding to positions 349, 366, 368, and 407 of human IgGl
or Ig(34 according to EU Index, wherein the amino acid substitutions are Y349C, T3668,
L368A, and Y407V, and wherein the Cys domain of the third polypeptide chain comprises
amino acid substitutions at positions corresponding to positions 354 and 366 of human IgG1l
or Ig(G4 according to EU Index, wherein the amino acid substitutions are S354C and T366W.
j6292] Itern 37 The binding protein of any one of items 2, 4-15, 17, 19-23, 25, 27-31,
35, and 36, wherein the Cys domains of the second and the third polypeptide chains both
comprise amino acid substitutions at positions corresponding to positions 428 and 434 of
human fgG1 or g4 according to EU Index, wherein the amino acid substitutions are
M428L and N434S

{0293} ftem 38:  The binding protein of any one of items 1, 3-16, 18-24, and 26-34,
wherein the second polypeptide chain further comprises a first Fe region linked to Cqy, the
first Fc region comprising an immunoglobulin hinge region and Cip and Cyz immunoglobulin
heavy chain constant domains; wherein the third polypeptide chain further comprises a
second Fe region linked to Cuy, the second Fe region comprising an immunogiobulin hinge
region and Cyy and Cys immunoglobulin heavy chain constant domains; wherein the first and
second Fe regions are buman IgGl or 1gG4 Fe regions; and wherein ouly one of the first and
the second Fc regions comprises amine acid substitutions at positions corresponding to
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positions 435 and 436 of human IgG1 or Ig(G4 according to EU Index, wherein the amino
acid substitutions are H435R and Y436F.
{0294 Item 39:  The binding protein of any one of items 2, 4-15, 17, 19-23, 25, 27-31,
and 35-37, wherein the Cyz domains of the second and the third polypeptide chains are
human fgG1 or IgG4 Cuz domains, and wherein only one of the Cus domains comprises
amino acid substitutions at positions corresponding to positions 435 and 436 of human IgGl
or 1gG4 according to EU Index, wherein the amino acid substitutions are H435R and Y436F.
j0255] Itern 40:  The binding protein of any one of items 1, 3-16, 18-24, 26-34, and 38,
wherein the second polypeptide chain further comprises a first Fe region linked to Cyp, the
first Fc region comprising an immunoglobulin hinge region and Cyp and Cyz immunoglobulin
heavy chain constant domains; wherein the third polypeptide chain further comprises a
second Fe region linked to Cyy, the second Fe region comprising an immunogiobulin hinge
region and Cy; and Cys timmunogliobulin heavy chain constant domains; wherein the first and
second Fe regions are human 1gG4 Fe regions; and wherein the first and the second Fe
regions each comprise amino acid substitutions at positions corresponding to positions 228
and 409 of human IgG4 according to EU Index, wherein the amino acid substitutions are
228P and R409K.
0296} ftem 41:  The binding protein of any one of items 2, 4-15, 17, 19-23, 25, 27-31,
35-37, and 39, wherein the Cy3 domains of the second and the third polypeptide chains are
human IgG4 Cus dorains, and wherein the Cis domains each comprise amino acid
substitutions at positions corresponding to positions 228 and 409 of human 1g(4 according to
EU Index, wherein the amino acid substitutions are S228P and R409K.
{6297} ftem 42:  The binding protein of any one of items 1, 3-16, 18-24, 26-34, 38, and
40, wherein the second polypeptide chain further comprises a first Fe region linked to Cyy,
the first Fc region comprising an immunoglobulin hinge region and Cip and Cus
immunoglobulin heavy chain constant domains; wherein the third polypeptide chain further
comprises a second Fe region linked to Cy,, the second Fe region comprising an
immunoglobulin hinge region and Cy; and Cyz immunoglobulin heavy chain constant
domains; wherein the first and second Fc regions are human IgG4 Fe regions; and wherein
the first and the second Fc regions each comprise amino acid substitutions at positions
corresponding to posttions 234 and 235 of human IgG4 according to EU Index, wherein the
amino acid substitutions are F234A and L235A.
{0298} Item 43:  The binding protein of any ove of items 2, 4-15, 17, 19-23, 25, 27-31,
35-37, 39, and 41, wherein the Cy; domains of the second and the third polypeptide chains
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are human Ig(G4 Cys domains, and wherein the Cy3; domains each comprise amino acid
substitutions at positions corresponding to positions 234 and 235 of human 1gG4 according to
EU Index, wherein the amino acid substitutions are F234A and L235A.

10299] ftern 44:  The binding protein of any one of items 1, 3-16, 18-24, 26-34, 38, and
40, wherein the second polypeptide chain further comprises a first Fe region linked to Cy,
the first Fe¢ region comprising an immunoglobulin hinge region and Cyp and Cys
immunoglobulin heavy chain constant domains; wherein the third polypeptide chain further
comprises a second Fe region linked to Cyy, the second Fo region comprising an
immunoglobulin hinge region and Ci and Cyz immunoglobulin heavy chain constant
demains; wherein the first and second Fc regions are human IgG1 Fc regions; and wherein
the first and the second Fc regions each comprise amino acid substitutions at positions
corresponding to positions 234 and 235 of human Ig(G4 according to EU Index, wherein the
amino acid substitutions are L234A and L.235A.

{6360] Item 45:  The binding protein of any one of items 2, 4-15, 17, 19-23, 25, 27-31,
35-37, 39, and 41, wherein the Cys domains of the second and the third polypeptide chains
are human lgG1 Cus domains, and wherein the Cys domains each comprise amino acid
substitutions at positions corresponding to positions 234 and 235 of human 1gG4 according to
EU Index, wherein the amino acid substitutions are L234A and L235A.

j0361} Item 46:  The binding protein of any one of items 2, 4-15, 17, 19-23, 25, 27-31,
35-37,39, 41, 43, and 45, wherein VH1 and VL1 form a first antigen binding site that
specifically binds human CD3, wherein VH2 and VL2 form a second antigen binding site
that specifically binds human CD28, and wherein VH3 and VL3 form a third antigen binding
stte that specifically binds a human tumor target protein.

{0302} Item 47:  The binding protein of any one of items 2, 4-15, 17, 19-23, 2§, 27-31,
35-37, 39, 41, 43, and 45, wherein VH1 and VL1 form a first antigen binding site that
specifically binds human CD28, wherein VHZ and VL2 form a second antigen binding site
that specifically binds human CD3, and wherein VH3 and V1.3 form a third antigen binding
site that specifically binds a human tumor target protein.

{0363} Item 48:  The binding protein of item 46 or item 47, wherein the third antigen
binding site specifically binds a human tumor target protein selected from the group
consisting of CD19, CD20, CD338, Her2, and LAMPL.

{6304} ftem 49:  The binding protein of any one of items 46-48, wherein the antigen

binding site that specifically binds CD3 comprises:
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(a} a heavy chain variable domain comprising the amino acid sequence of SEQ ID
NO: 152 and a light chain variable domain comprising the amino acid sequence of SEQ ID
NO:153; or

(b) a heavy chain variable domain comprising the amino acid sequence of SE(Q 1D
NO: 154 and a light chain variable domain comprising the amino acid sequence of SEQ ID
NO: 155,
{0365} ftem 50:  The binding protein of any one of items 46-49, wherein the antigen
binding stte that specifically binds CD28 comprises:

(a} a heavy chain varablie domain comprising the amino acid sequence of SEQ ID
WNO: 160 and a light chain variable domain comprising the amino acid sequence of SEQ ID
NO: 161 or

(b} a heavy chain variable domain comprising the amino acid sequence of SEQ ID
NO: 162 and a light chain variable domain comprising the amino acid sequence of SEQ ID
NO: 163,
[0306] Item 51:  The binding protein of any one of items 46-50, wherein the antigen
binding site that specifically binds a tumor target protein comprises:

{a) a heavy chain vanable domain comprising the amino acid sequence of SEQ ID
NO: 156 and a light chain variable domain comprising the amino acid sequence of SEQ ID

NO: 1

>

4

{b) a heavy chain variable domain comprising the amino acid sequence of SEQ ID
NO: 158 and a light chain variable domain comprising the amine acid sequence of SEQ 1D
NO: 159;

(c} a heavy chain variable domain comprising the amino acid sequence of SEQ ID
NO: 164 and a light chain variable domain comprising the amino acid sequence of SEQ ID
NG 165,

(d) a heavy chain variable domain comprising the amino acid sequence of SEQ ID
NO: 150 and a light chain variable domain comprising the amino acid sequence of SEQ 1D
NO: 151 or

(e) a heavy chain variable domain comprising the amino acid sequence of SEQ ID
NO: 166 and a light chain variable domain comprising the amino acid sequence of SEQ 1D
NG 167.
{6307} ftem 52:  The binding protein of any one of items 2, 17, 35-37, 39, 41, 43, and

45, wherein:
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(a)VH! and VL1 form a first antigen binding site that specifically binds human
TNFa, VH2 and VL2 form a second antigen binding site that specifically binds human
1,13, and VH3 and VL3 form a third antigen binding site that specifically binds human
L4

(b) VHI and VLI form a first antigen binding site that specifically binds human
TNFa, VHZ and VL2 form a second antigen binding site that specifically binds human [L4,
and VH3 and VL3 form a third antigen binding site that specifically binds human IL13;

{c¢) VHI and VL1 form a first antigen binding site that specifically binds human
.4, VH2 and VL2 form a second antigen binding site that specifically binds human TNFa,
and VH3 and VL3 form a third antigen binding site that specifically binds human 1£.13;

(d) VHI and VL1 form a first antigen binding site that specifically binds buman
1.4, VH2 and VL2 form a second antigen binding site that specifically binds human [L13,
and VH3 and VL3 form a third antigen binding site that specifically binds human TNFa;

(e} VHI and VL1 form a first antigen binding site that specifically binds human
{113, VHZ and VL2 form a second antigen binding site that specifically binds human 1L4,
and VH3 and VL3 form a third antigen binding site that specifically binds human TNFa; or

(fy VHI and VL1 form a first antigen binding site that specifically binds human 113,
VH2 and VL2 form a second antigen binding site that specifically binds human TNFa, and
VH3 and VL3 form a third antigen binding site that specifically binds human 114
{0308} Item 53:  The binding protein of item 52, wherein the antigen binding site that
specifically binds human TNFa comprises a heavy chain variable domain comprising the
amino acid sequence of SEQ ID NO: 168 and a light chain variable domain comprising the
amino acid sequence of SEQ ID NO:160.
{0369} Item 54:  The binding protein of item 52 or item 53, wherein the antigen binding
site that specifically binds human 114 comprises a heavy chain variable domain comprising
the amino acid sequence of SEQ ID NO:170 and a light chain variable domain comprising
the amino acid sequence of SEQ ID NO:171.
{03190} Item 55:  The binding protein of any one of items 52-54, wherein the antigen
binding site that specifically binds human IL13 comprises a beavy chain variable domain
comprising the amino acid sequence of SEQ [ N(G:172 and a light chain variable domain
comprising the amino acid sequence of SEQ ID NG:173.
[0311} ftem 56:  The binding protein of any one of items 1-35, wherein:

{(a) the Cp, domain of the first polypeptide chain is a human kappa €, domain, and
the Cp domain of the fourth polypeptide chain is a human lambda C. domain; or
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(b} the Cp domain of the first polypeptide chain is a human lambda Cp domain, and
the Cr domain of the fourth polypeptide chain is a buman kappa Cp, domain.
0312 Item 57  The binding protein of any one of items 2, 17, 25, 35-37, 39, 41, and
43-55, wherein the first polypeptide chain comprises a lambda C;, domain; wherein the Cys
domain of the second polypeptide chain comprises amino acid substitutions at positions
corresponding to positions 354 and 366 of human IgG1 according to EU Index, wherein the
amino acid substitutions are S354C and T366W; wherein the Cr; domain of the third
polypeptide chain comprises amino acid substitutions at positions corresponding to positions
349, 360, 368, 407, 435, and 436 of human IgG1 according to EU Index, wherein the amino
acid substitutions are Y349C, T3668, L368A, Y407V, H435R, and Y436F; and wherein the
fourth polypeptide chain comprises a kappa Cp domain.
103134 Item 58 A binding protein comprising a first polypeptide chain, a second
polypeptide chain, a third polypeptide chain and a fourth polypeptide chain wherein:

(a) the first pelypeptide chain comprises the amino acid sequence of SEQ D NO:
4 or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
I3 NO: 4; the second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 3
or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ
1D NG 3; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 1
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
ID NO: 1; and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 2 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 2;

(b) the first pelypeptide chain comprises the amino acid sequence of SEQ 1D NO:
10 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 10, the second polypeptide chain comprises the amino acid sequence of SEQ ID
NGO: 9 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 9; the third polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: T or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 1; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 2 or an amino acid sequence that is at [east 95% identical to the amino acid sequence
of SEQ ID NG 2;

() the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
4 or an amivo acid sequence that is at least 95% identical to the amino acid sequence of SEQ
D NO: 4; the second polypeptide chain comprises the amino acid sequence of SEQ ID NG: 3
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or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
ID NO: 3, the third polypeptide chain comprises the amino acid sequence of SEQ ID NG: 13
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
ID NO: 13; and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 14 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 14,

(d) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
10 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 10; the second polypeptide chain comprises the amino acid sequence of SEQ 1D
WNO: 9 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NG: 9; the third polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 13 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 13; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 14 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 14;

(&) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
4 or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
I NG: 4, the second polypeptide chain comprises the amino acid sequence of SEQ 1D NQO: 3
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
1D NO: 3; the third polypeptide chain comprises the amino acid sequence of SEQ 1D NOG: 17
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
1D NO: 17; and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID
WNO: 18 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO- 18;

(fy the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
10 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 10; the second polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 9 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 9; the third polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 17 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 17, and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 18 or an amino acid sequence that is at least 95% identical to the amino acid

sequence of SEQ 1D NO: 18
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(2) the first pelypeptide chain comprises the amino acid sequence of SEQ ID NO:
4 or an amivo acid sequence that is at least 95% identical to the amino acid sequence of SEQ
D NO: 4; the second polypeptide chain comprises the amino acid sequence of SEG ID NQ: 3
or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ
1D NO: 3; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 21
or an amino acid sequence that is at feast 95% identical to the amino acid sequence of SEQ
1D NO: 21; and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 22 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 22;

(h) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 10
or an amino acid sequence that 13 at least 95% identical to the amino acid sequence of SEQ
1D NO: 10; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
9 or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
1D NQ: 9; the third polypeptide chain comprises the amino acid sequence of SEQ 1D NG: 21
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
I3 NO: 21; and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 22 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 22:

1 the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
63 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 63; the second polypeptide chain comprises the amino acid sequence of SEQ D
NO: 62 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 62; the third polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 60 or an amino acid sequence that 13 at least 95% identical to the amino acid sequence of
SEQ ID NO: 60; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 61 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NOG: 61;

G} the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
69 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 69; the second polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 68 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 68; the third polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 60 or an amino acid sequence that 1s at feast 95% identical to the amino acid sequence of
SEQ 1D NO: 60; and the fourth polypeptide chain comprises the amine acid sequence of SEQ
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ID NO: 61 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NG 61

(k) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
69 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 69; the second polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 68 or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of
SEQ ID NO: 68; the third polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 60 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 60; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 71 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ D NO: 71,

) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
76 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 76; the second polypeptide chain comprises the amino acid sequence of SEQ 1D
WNO: 75 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEQ 1D NO: 75; the third polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 73 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 74 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ B NO: 74;

{m)  the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
82 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 82; the second polypeptide chain comprises the amine acid sequence of SEQ 1D
NO: 81 or an amino acid sequence that 13 at least 95% identical to the amino acid sequence of
SEQ ID NO:81; the third polypeptide chain comprises the amino actd sequence of SEQ 1D
NG: 73 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 74 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ D NG: 74;

(n) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
&8 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO:88; the second polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 87 or an amivo acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 87; the third polypeptide chain comprises the amino acid sequence of SEQ 1D

152



WO 2017/180913 PCT/US2017/027488

NO: 85 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 85; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NOG: §6;

(o) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO:
94 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 94; the second polypeptide chain comprises the aming acid sequence of SEQ 1D
NO: 93 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 93, the third polypeptide chain comprises the amino acid sequence of SEQ 1D
WNO: 85 or an amino acid sequence that is at {east 95% identical to the amino acid sequence of
SEQ ID NO: 85; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NG: 86,

() the first pelypeptide chain comprises the amino acid sequence of SEQ D NO:
69 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEQ ID NO: 69, the second polypeptide chain comprises the aming acid sequence of SEQ ID
NO: 68 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NQO: 68, the third polypeptide chain comprises the amino acid sequence of SEQ 1D
WNO: 73 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID WO: 74 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 74;

()] the first pelypeptide chain comprises the amino acid sequence of SEQ 1D NO:
69 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 69, the second polypeptide chain comprises the amino acid sequence of SEQ ID
NGO: 68 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 68, the third polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 85 or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of
SEQ ID NO: 85; and the fourth polypeptide chain comprises the amine acid sequence of SEQ
ID NO: 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 86;

(r) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NOG:
63 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEQ 1D NO: 63; the second polypeptide chain comprises the amino acid sequence of SEQ ID
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NO: 62 or an aminoc acid sequence that is at least 95% identical to the amino acid sequence of
SEQ I3 NO: 62; the third polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 73 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
I NO: 74 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 74;

(s) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:

3 or an amino acid sequence that is at least 95% identical to the amino acid sequence of

SEQ 1D NO: 63; the second polypeptide chain comprises the amino acid sequence of SEQ 1D
WNO: 62 or an aminoe acid sequence that is at {east 95% identical to the amino acid sequence of
SEQ 13 NO: 62; the third polypeptide chain comprises the amino acid sequence of SEQ ID
NQO: 85 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 85; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
{D NO: 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 85

(t) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
4 or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
I NG: 4, the second polypeptide chain comprises the amino acid sequence of SEQ ID NQO: 3
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
ID NO: 3; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO:
114 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 114; and the fourth pelypeptide chain comprises the amino acid sequence of
SEQ ID NO: 115 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NQG: 115; or

{(u) the first polypeptide chain comprises the amino acid sequence of SEQ ID NG:
10 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 10; the second polypeptide chain comprises the amine acid sequence of SEQ ID
NO: 9 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 9, the third polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 114 or an amino acid sequence that is at least 95% identical to the amino acid sequence
of SEQ 1D NG 114, and the fourth polypeptide chain comprises the amino acid sequence of
SEQ ID NO: 115 or an amino acid sequence that is at least 95% identical to the amino acid

sequence of SEQ ID NQG: 115,
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{6314} ftem 59:  An isolated nucleic acid molecule comprising a nuclectide sequence
encoding the binding protein of any one of items 1-5§.

j0315] Item 60:  An expression vector comprising the nucleic acid molecule of item 59.
{0316} Itern 610 Anisolated host cell comprising the nucleic acid molecule of item 59.
{0317} ftem 62:  Anisolated host cell comprising the expression vector of item 60,
10318} Item 63:  The isolated host cell of item 61 or item 62, wherein the hostcell is a
mammalian cell or an insect cell.

10319} Item 64: A pharmaceutical composition comprising the binding protein of any
one of items 1-58 and a pharmaceutically acceptable carrier,

{0328} ftem 65: A method of preventing and/or treating cancer in a patient comprising
administering to the patient a therapeutically effective amount of at least one binding protein
of any one of items 1-23 and 32-58 or the pharmaceutical composition of item 64.

16321} Item 66 The method of item 65, wherein the binding protein comprises one
antigen binding site that specifically binds a T-cell surface protein and another antigen
binding site that specifically binds a tumor target protein.

{03221 Item 67 The method of item 66, wherein the binding protein comprises a first
antigen binding site that specifically binds CD3, a second antigen binding site that
specifically binds CD28, and a third antigen binding site that specifically binds a tumor target
protein selected from the group consisting of CD19, CB20, CD38, Her2, and LAMP1.
10323} Item 68:  The method of any one of items 65-67, wherein the at ieast one binding
protein is co-administered with a chemotherapeutic agent.

{0324} Itern 69 A method of preventing and/or ireating an inflammatory disease or
disorder in a patient comprising administering to the patient a therapeutically effective
amount of at least one binding protein of any one of items 1-15, 24-45, and 52-58 or the
pharmaceutical composition of ttem 64,

10325] Itern 70:  The method of item 69, wherein the binding protein comprises three
antigen binding sites that each specifically bind a cytokine target protein selected from the
group consisting of IL-4, [1.-13 and TINFa.

{03246} Item 71 The method of item 69 or itermn 70, wherein the at least one binding
protein is co-administered with an anti-inflammatory agent.

[6327] Iterm 72.  The method of any one of items 65-71, wherein the patient is a human.
{6328} ftem 73:  The method of item 65 or item 69, wherein the binding protein is
capable of inhibiting the function of one or more target proteins selected from the group
consisting of A2AR, APRIL, ATPDase, BAFF, BAFFR, BCMA, BlyS, BTK, BTLA, B7DC,
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B7H1, B7H4, B7HS, B7H6, BTH7, BTRP1, B7-4, €3, C5, CCL2, CCL3, CCL4, CCLS,
CCL7, CCL8, CCL11, CCL15, CCL17, CCL19, CCL20, CCL21, CCL24, CCL25, CCL26,
CCR3, CCR4, CD3, CD19, CD20, CD23, CD24, CD27, CD28, CD38, CD39, CD40, CD70,
CD80, CDR’6G, CD122, CD137. CDI37L. D152, CD154, CD160, CD272, CD273, CD274,
CD275, CD276, CD278, CD279, CDHI, chitinase, CLECS, CLECO1, CRTH2, CSF-1, CSF-
2, CSF-3, CX3CL1, CXCL12, CXCL13, CXCR3, DNGR-1, ectonucleoside triphosphate
diphosphohydrolase 1, EGFR, ENTPD1, FCERIA, FCER1, FLAP, Gi24, GITR, GITRL,
GM-CSF, Her2, HHLA?2, HMGB1, HVEM, ICOSLG, IDO, IFNu, IgE, IGFIR, IL2Rbeta,
L, LA ILIB, LIF10, L2, 4, IL4Ra, TL5, IL5R, 116, 117, HL7Ra, 1.8, IL9, IL9R,
110, thIL10, IL12, 013, IL13Ral, IL13Ra2, IL15, IL17, IL17Rb, IL18, 1L22, 1L.23, TL25,
1127, IL33, L35, ITGB4, ITK, KIR, LAG3, LAMPI, leptin, LPFS2, MHC class I,
NCR3LGT, NKG2D, NTPDase-1, 0X40, OX40L, PD-1H, platelet receptor, 5152, SISP1,
SLC, SPG64, 8T2, Syk kinase, TACL, TDO, T14, TIGIT, TIM3, TLR, TLR2, TLR4, TLRS,
TLRS, TNFa, TNFRSE7, Tp55, TREMI, TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3,
WUCAM, and XCR1.

{0329} ftem 74:  The binding protein of any one of items 1-23 and 32-58 or the
composition of itern 64 for use in preventing and/or treating cancer in a patient.

[0338] Item 75:  The binding protein for use or the composition for use of item 74,
wherein the binding protein comprises one antigen binding site that specifically binds a T-cell
surface protein and another antigen binding site that specifically binds a tumor target protein.
03314 Item 76:  The binding protein for use or the composition for use of item 75,
wherein the binding protein coruprises a first antigen binding site that specifically binds CD?3,
a second antigen binding site that specitically binds CD28, and a third antigen binding site
that specifically binds a tumor target protein selected from the group consisting of CI319,
CD20, CD38, Her2, and LAMP1L.

106332} Itemn 77:  The binding protein for use or the composition for use of any one of
items 74-76, wherein the binding protein is co-administered with a chemotherapeutic agent.
{0333} Item 78:  The binding protein of any one of items 1-15, 24-45, and 52-58 or the
pharmaceutical composition of itern 64 for use in preventing and/or treating an inflammatory
disease or disorder in a patient.

{6334} Iterm 79 The binding protein for use or the composition for use of item 78,
wherein the binding protein comprises three antigen binding sites that each specifically bind a

cytokine target protein selected from the group cousisting of 1.4, IL-13 and TNFa.
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{8335] ftem 80:  The binding protein for use or the composition for use of item 78 or
item 79, wherein the binding protein is co-administered with an anti-inflammatory agent.
0336} Item 81:  The binding protein for use or the composition for use of any one of
items 74-80, wherein the patient is a human.

{0337} Htem 82:  The binding protein for use or the composition for use of item 74 or
item 78, wherein the binding protein is capable of inhibiting the function of one or more
target proteins selected from the group consisting of A2AR, APRIL, ATPDase, BAFF,
BAFFR, BCMA, BlyS, BTK, BTLA, B7DC, B7H!, B7H4, B7HS5, B7H6, B7TH7, BTRP1,
B7-4, C3, C5, CCL2, CCL3, CCL4, CCLS, CCL7, CCL3, CCL11, CCLI1S, CCL17, CCL19,
CCL20, CCL21, CCL24, CCL25, CCL26, CCR3, CCR4, CD3, CD19, CD20, CD23, CD24,
CD27, CD28, CD38, CD39, CD40, CD70, CDB0, CD8s, CD122, CD137, CD137L, CD152,
CD154, CD160, CD272, CD273, CD274, CD275, CB276, CD278, CD279, CDHI, chitinase,
CLECY, CLEC91, CRTH2, CSF-1, CSF-2, CSF-3, CX3CL1, CXCL12, CXCL13, CXCR3,
DNGR-1, ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCERI1A,
FCERI, FLAP, FOLHI, Gi24, GITR, GITRL, GM-CSF, Her2, HHLA2, HMGB1, HVEM,
ICOSLG, 120, IFNg, Igh, IGF1IR, [L2Rbeta, IL1, IL1A LB, ILIFI10, 112, 114, IL4Ra,
ILS, TLAR, 116, 17, IL7Ra, IL8, 1LY, TLOR ILI0, rhIL10, 112, 1113, IL13Ral, IL13Ra2,
115 1L17, 1L17Rb, HU18, 122, 1023, 1125, 127, 1133, 1135, ITGB4, ITK, KIR, LAG3,
LAMPIL, leptin, LPFS2, MHC class I, NCR3LG1, NKG2ZD, NTPDase-1, OX40, OX40L,
PD-1H, platelet receptor, PROMI, S152, SISP1, SLC, SPG64, ST2, STEAP2, Syk kinase,
TACE TDO, T14, TIGIT, TIM3, TLR, TLRZ, TLR4, TLRS, TLRY, TMEF1, TNFa,
TNFRSF7, Tp55, TREM1, TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and
XCR1

{6338} Item 83: A method of purifying a binding protein produced by a host cell,
comprising:

(a) producing the binding protein of any one of items 2, 17, 25, 35-37, 41, 43, 45,
and 46-55 in a host cell, wherein only one of the Cy; domain of the second polypeptide
chain and the Cy; domain of the third polypeptide chain comprises amino acid substitutions
at positions corresponding to positions 435 and 436 of human IgG1 or IgG4 according to
EU Index, wherein the amino acid substitutions are H435R and Y436F;

(b) contacting the binding protein produced in (a) with Protein A and

{(c) eluting the binding protein from Protein A under conditions suitable for isolating

the binding protein away from binding proteins comprising either 0 or 2 Cy; domains
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comprising the amino acid substitutions are H435R and Y436F, thereby purifying the
binding protein.
03391 Item 84:  The method of item 83, wherein the Cp domain of the first polypeptide
chain is a human kappa Cp, domain, and the Cp, domain of the fourth polypeptide chainis a
human lambda Ci domain; or the Cp domain of the first polypeptide chain is a human lambda
Cy, domain, and the C, domain of the fourth polypeptide chain is a human kappa C;. domain,
and the method further comprises:

(d) contacting the binding protein eluted in (¢} with a kappa light chain affinity
medium; and

(e} eluting the binding protein from the kappa light chain affinity medium under
conditions suitable for isolating the binding protein away from binding proteins comprising
only lambda €y domains.
{0348} Item 85:  The method of item 84, further comprising, after {(e):

(f) contacting the binding protein eluted in (e) with a lambda light chain affinity
mediunm; and

(g) eluting the binding protein from the lambda light chain affinity medium
under conditions suitable for isolating the binding protein away from binding proteins
comprising only kappa Cr domains.
{0341} Item 86:  The method of item 83, wherein the C;, domain of the first polypeptide
chain is a human kappa Cp domain, and the C. domain of the fourth polypeptide chainis a
human lambda Cy, domain; or the C; domain of the first polypeptide chain is a human lambda
Co domain, and the Cr domain of the fourth polypeptide chain is a buroan kappa Ci domaiu,
and the method further comprises:

(d) contacting the binding protein eluted in (¢} with a fambda light chain affinity
medium; and

(e) eluting the binding protein from the lambda light chain affinity medium under
conditions suitable for isolating the binding protein away from binding proteins comprising
only kappa Cy domains.
{0342} Item 87 The method of item 86, further comprising, after (e}

(f) contacting the binding protein eluted in (e) with a kappa light chain affinity
medium,; and

(g) eluting the binding protein from the kappa light chain affinity medium
under conditions suitable for isolating the binding protein away from binding proteins

comprising only lambda Cp domains.
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{8343} ftem 88: The method of any one of items 83-87, wherein the first polypeptide
chain comprises a lambda Cp domain; wherein the Cus; domain of the second polypeptide
chain comprises amino acid substitutions at positions corresponding to positions 354 and 366
of human IgG1 according to EU Index, wherein the amino acid substitutions are $354C and
T366W,; wherein the Cys domain of the third polypeptide chain comprises amine acid
substitutions at positions corresponding to positions 349, 366, 368, 407, 435, and 436 of
human IgG1 according to EU Index, wherein the amino acid substitutions are Y349C, T366S,
L368A, Y407V, H435R, and Y436F, and wherein the fourth polypeptide chain comprises a
kappa Ci domain.

{0344} ftem 89:  The method of any one of items 83-88, wherein the binding protein is
detected in one or more of (¢} and (¢} using hydrophobic interaction chromatography (HIC).
10345 Item 90:  The method of any one of items 83-89, wherein the Cys domains of the

second and the third polypeptide chains are human IgG1 or IgG4 Cy; domains.
EXAMPLES

{0346} The Examples that follow are illustrative of specific embodimenis of the
disclosure, and various uses thereof. They are set forth for explanatory purposes only, and
should not be construed as limiting the scope of the inveation in any way.

Example 1: Materials and Methods

[06347} The following materials and methods were used for the experiments described in

Examples 2-5.

Trispecific antibody design

6348} A schematic illustration of the general trispecific antibody design is Hustrated in
FIGK, 1A-1C. Individual trispecific antibodies were designed based on 5 parameters: 1)
Selection of antibody binding sites; 2) Consideration of the position of each binding site; 3)
Choice of linkers for the bispecific binding arm (7.e., heavy chain/light chain B in FIG. 1C);
43. “Knob” and “Hole” mutation integration into respective halves of the antibody; 5} Choice
of Fc isotype (IgG1 or Ig(G4). After assembly of the amino acid sequences for each
trispecitic molecule, four genes for each trispecific Ab were synthesized using human
preferred codons (CambrY Applied Biosciences, Cambridge, MA, USA), and cloned into a

eukaryotic expression vector.



WO 2017/180913 PCT/US2017/027488

Production and purification of trispecific antibodies

[6349] Trispecific antibodies were produced by transient transfection of 4 expression
plasmids into Expi293 cells using ExpiFectamine™ 293 Transfection Kit (Thermo Fisher
Scientific) according to manufacturer’s protocol. Briefly, 25% (w/w) of each plasmid was
diluted into Opti-MEM, mixed with pre-diluted ExpiFectamine reagent for 20-30 minutes at
room temperature (RT), and added into Expi293 cells (2.5x10° cells/ml). An optimization of
transfection to determine the best ratio of plasmids was often used in order to produce the
trispecific antibody with good vield and purity.

[6350] 4-5 days post transfection, the supernatant from transfected cells was collected
and filtered through 0.45 pum filter unit (Nalgene). The trispecific antibody in the supernatant
was purified using a 3-step procedure. First, protein A affinity purification was used, and the
bound Ab was eluted using “IgG Elution Buffer”(Thermo Fisher Scientific). Second, product
was dialyzed against PBS (pH7.4) overnight with 2 changes of PBS buffer. Any precipitate
was cleared by filtration through 0.45 um filter unit (Nalgene) before next step. Third, size-
exclusion chromatography {(SEC) purification (Hiload 16/600 Superdex 200pg, or Hiload
26/600 Superdex 200pg, GE Healthcare) was used to remove aggregates and different species
in the prep. The fractions were analyzed on reduced and non-reduced SDS-PAGE to identify
the fractions that contained the monomeric trispecific antibody before combining them. The

purified antibody can be aliquoted and stored at -80°C long term.

ELISA assays
[06351] The binding properties of the purified antibodies were analyzed either using

ELISA or SPR methods. For ELISA, corresponding antigens for each binding site in the
trispecific antibody were used to coat a 96-well Immuno Plate (Nunc 439454, Thermo Fisher
Scientific) overnight at 4°C using 2 pg/ml each antigen in PBS{pH7 4}, The coated plate was
blocked using 5% skim milk+2% BSA in PBS for one hour at RT, followed by washing with
PBS+0.25% Tween 20 three times {Aqua Max 400, Molecular Bevices). Serial dilution of
antibodies {trispecitic and control Abs) were prepared and added onto the ELISA plates (100
ul/well in duplicate), incubated at RT for one hour, followed by washing 5 times with
PBS+0.25% Tween 20.

j6352] After washing, the HRP conjugated secondary anti-human Fab (1:53000, Cat. No.
109-035-097, Jackson ImmunoResearch Inc) was added to each well and incubated at RT for
30 minutes. After washing 5 times with PBS+0.25% Tween 20, 100 pl of TMB Microwell
Peroxidase Substrate (KPL, Gatthersburg, MD, USA) was added to each well. The reaction
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was terminated by adding 50 ul 1M H,;80, , and 0D, so was measured using SpectrabMax M35
{(Molecular Devices) and analyzed using SoftMax Pro6.3 software (Molecular Devices). The
final data was transferred to GraphPad Prism software (GraphPad Software, CA, USA), and

plotted as shown. ECA50 was calculated using the same software.

SPR assays

{0353} Two pairs of heavy and light chains were selected for full kinetic analysis. Kinetic
characterization of purified antibodies was performed using surface plasmon resonance (SPR)
technology on a BIACORE 3000 (GE Healthcare). A capture assay using a tag specific
antibody capture and orientation of the investigated antibodies was used. For capture of Fc
containing protein constructs the human antibody capture kit (GE Healthcare) was used, for
capture of His tag containing protein constructs the His capture kit (GE Healthcare) was used.
The capture antibody was iromobilized via primary amine groups (11000 RU) on a research
grade CMS5 chip (GE Life Sciences) using standard procedures. The analyzed antibody was
captured at a flow rate of 10 uL/min with an adjusted RU value that would result in maximal
analyte binding signal of typically 30 RU.

{0334} For an exemplary assay, recombinant human 1113 (catalog # 11.012) and human
11.4 (catalog # 11.004) were purchased from Millipore, recombinant human TNFa {(catalog #
HB8916) was purchased from Sigma Aldrich. Binding kinetics were measured against
recombinant human IL4 and 1113 over a concentration range between 0.1 to 3 nM for IL4
and 0.8 to 25 oM for IL13. For human TNFu a concentration range from 3 to 100 nM was
used. As assay buffer HBS EP (10 mM HEPES, pH 7.4, 150 mM Na(l, 3 mM EDTA, and
0.005 % Surfactant P20) was used at a flow rate of 30 pl/min. Chip surfaces were regenerated
with the regeneration solution of the respective capture kit. Kinetic parameters were analyzed
and calculated in the BIAevaluation program package v4.1 using a flow cell without captured
antibody as reference and the 1:1 Langmuir binding model with mass transfer. To study
simultaneous binding of antigens the trispecific antibodies were captured by an anti-human
antibody capture surface. Antigens were used in single concentrations with 1L4 at 3 nM, 1113
at 25nM and TNFo at 100nM. To show simultaneous binding of all three antigens, a mixture
of IL4, 11.13 and TNFo was injected. In separate analysis cycles, IL13 was injected alone,
followed by either 1L4 or TNFa, and followed by a co-inject of either IL4/TNFu or a co-
inject of TNFo/IL4. The final response measured in each cycle was compared to show
simnilarity of consecutive binding of either two or three antigens and simultaneous binding of
a mixture of all three antigens.
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In vitro ¥ cell activation and proliferation assays

0355} Human PBMCs were purified from buffy coat purchased from Blood Research
Component (Brookline, MA, USA} using Ficoll-Paque Plus method. Briefly, fresh buffy coat
was first diluted at 1:3 ratio in PBS (pH7.4), and mixed with Ficoll-Paque Plus solution
(Ficoll) thoroughly before use by inverting the bottle several times. 15 mL density gradient
medium was added to each Leucosep® tube and spin for 30s at 1000xg, RT. The medium is
now located below the porous barrier. 30-40mL diluted buffy coat then was carefully poured
into each Leucosep tube, and centrifuged at 800 x g for 15 minutes at room temperature, with
the brake off and Max accel at 5. Plasma layer was removed, and the rest of the supernatant,
which contains the enriched PBMCs, was transferred into a new tube (Leucosep tube was not
held in the inverted position for longer than 2 seconds). Enriched PBMCs were washed with
45 m] PBS, and spun down at 250 x g for 10 minutes at room temperature. Wash was
repeated, and multiple tubes were combined into one tube. Cells were resuspended in 20mL
PBS and counted using a Bio-Rad TC20.

{0356} To set up the in viiro T cell activation assay, purified human PBMCs were
resuspended in culture medium (RPMI1640 with 10% FBS and supplemented with
glutamine/Streptomycin)(Thermo Fisher Scientific) (10° cells/ml). Indicated concentrations
of different trispecific and control antibodies were added to each well, or used to coat the
plate before use as described in Stebbings, R. ef al. (2007) J. fmmunol. 179:3325-3331, and
incubated for 16-24 hours in a tissue culture incubator. The cells were spin down, and the
supernatant was either collected for measuring cytokine release, or discarded. The cells were
stained with florescent iabeled antibodies for T cell markers (CD3, CD4, CDg, etc.) and
activation markers (CD69, CD62L, etc), and analyzed by running the samples on an Fortessa
flow cytometer {Beckton Dickinson, San Jose, CA), followed by analysis using the Flowjo
software (Fiowlo v10) and plotted as shown.

{0357} To set up the in vitro T cell proliferation assay, purified human PBMCs were
resuspended in culture medium (RPMI1640 with 10% FBS and supplemented with
glutamine/Streptomycin)(Thermo Fisher Scientific) (10° cells/ml). Indicated concentrations
of different trispecific and control antibodies were added to each well and incubated for 1-7
days in a tissue culture incubator. The celis were spun down, and the supernatant was either
collected for measuring cytokine release, or discarded. The cells were stained with florescent
fabeled antibodies for T cell markers (CD3, CD4, CD8, ete.) and activation markers (CD69,
CDo62L, etc), and analyzed by running the samples on an Fortessa flow cytometer (Beckton
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Dickinson, San Jose, CA), followed by analysis using the Flowjo software (Flowlo v10) and

plotted as shown.

In vitro cell killing assay

j6358] Purified human PBMCs were using for iz vitro killing assays against various
cancer cells using different trispecific antibodies. Briefly, the killing assay was set up in 96-
well V-bottom plate. For each plate, 40 m] PBMCs from each donor were plated at 2x10°6
cells/ml, and 30 ml of PKH26 (Sigma #MINI2Z0) labeled target cells at 2.5x1075 cells/ml
(4ul of dye to stain up to 1x1077 cells) were prepared. First 20pL/well test proteins at
various concentrations or PMA were added into each well, followed by adding 80pl/well
fabeled target cells into each well (2X10M cells/well). 100ul. of PBMC were then added to
each well, reaching E:'T=10:1 well (2x10"5 cells/well}, and incubated for 24 hours at 37°C
5% CO2 incubator. The cells were spin down, and the supernatant was either coliected for
measuring cvtokine release, or discarded. The cells were stained with Vivid LIVE/DEAD™
Fixable Violet Dead Cell Staining buffer (Life Technology #1.34955) (staining buffer was
prepared by adding 60ul. Vivid reagent into 60 mi PBS). Cells were resuspended into 100uL
staining buffer by incubation for 15 min at RT in the dark  After washing the cells with
1xPBS, the cells were resuspended in 200ul. PBS with 0.5% Paraformaldehyde, and
PKH26+Vivid+ cancer cells were collected by Fortessa flow cytometer (Beckton Dickinson,
San Jose, CA), followed by analysis using the Flowjo software. The percentage of killing is

calculated as “specific killing-spontaneous killing/total cells and plotted as shown.

Cytokine release assay

{03589} For measuring inflammatory cytokine concentrations in the in vitro activation
assays, in vitro killing assays, #n vivo activation assays in CD34+ umbilical cord cell
humanized NSG mice, and the toxicity study, cell culture supernatant was collected, and
serum samples were diluted according to manufacturer’s protocol using Milliplex Human
High Sensitivity T cell 13-plex Kit (EMD Millipore). These were subsequently analyzed by
EMD Millipore MAGPIX® Systern, and MILLIPLEX® Analyst 5.1 software.

In vivo mouse models and efficacy studies

{0368} Human CD34+ hematopoietic stem cell-engrafted NSG mice (hu-CD34) were
used as an in vivo mouse model. These mice develop multi-lineage human immune cells, and
are a validated platform for immunc-oncology efficacy studies (see, e.g., Shultz, LD eral
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(2014) Cold Spring Harb. Protoc. 2014:694-708). Hu-CD34™ NSG mice are produced by
injecting CD34" hematopoietic stem cells, showing effective multi-lineage engraftment of
human immune cell populations including T cells | B cells and some other populations
(McDermott, 8.P. ef al. (2010} Blood 116:193-200). Multi-lineage hematopoiesis occurs
within 12 weeks. Engraftment is stable for over one year without graft-versus-host disease.
{0361} For the efficacy study using hu-CD34 NSG mice, mice were purchased trom The
Jackson Laboratory (Maine, USA), and human cell populations were validated before use. In
general, 5x10° tumor cells mixed in Matrigel (BD Biosciences) (50% v/v) were used for
inoculating tumor in each mouse. Once tumor size reached the range of 100-150 mm’, mice
were selected and randomized into each group for study. Antibodies were given
intravenously at given doses 3 times weekly. Body weight was monitored 1-3 times weekly.
Tumor size was measured by caliper tumor measurements 1-3 times/week. All mice were
terminated when the tumor size reached 1,500 mm’, or 24 hours after the last dose. Terminal
blood samples (0.3mL) were collected into serum separator tubes, mixed by gently inverting
five times, and placed into a tube rack. Terminal tumors were also collected and weighed
before being put into fixative for immunohistochemistry analysis.

10362} Human PBMC humanized (hu-PBMC) NSG mice were used as another in vivo
mouse mode]. These mice are produced by injecting purified human PBMC from health
donors, which have the fastest engraftment rate using adult peripheral blood mononuclear
cells and enable short-term studies requiring a strong effector and memory T cell and NK celi
function, and are suitable for short term efficacy study(3-4 weeks) due to graft-versus-host
disease.

{8363} For the efficacy study using hu-PBMC NSG mice, &-10 week old NSG mice (Cat.
No: 005557, NOD.Cg-Prkdcscid B2rgim 1 Wjl/Sz]) were purchased from The Jackson
Laboratory (Maine, USA). Each mouse was innoculated with 5x10° tumor cells mixed in
Matrigel (BD Biosciences) (50% v/v). Once tumor size reached the range of 50-100 mm’,
10x10% human PBMCs from a healthy donor were reconstituted to each mouse. Human cell
reconstitution was validated the next day. Once tumor size reached the range of 100-150
mm’, mice were selected and randomized into each group for study. Antibodies were given
intravenously at given doses 3 times weekly. Body weight was monitored 1-3 times weekly.
Tumor size was measured by caliper tumor measurements 1-3 times/week. All mice were
terminated when the tumor size reached 1,500 mm’® or 24 hours after the last dose. Terminal

blood sarmples (0.3ml) were collected into serurn separator tubes, mixed by gently inverting
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five times, and placed into a tube rack. Terminal tumors were also collected and weighed

before being put into fixative for immunchistochemistry analysis.

NHP tolerability and pharmacokinetic study

[0364] All NHP studies were carried out by Covance (Princeton, New Jersey, USA)
according to Covance ICUCA protocol. Drug- and protein-naive or protein-naive male
Cynomolgus Monkeys were used in all studies. Based on study design, monkeys were
selected and grouped for each trispecific antibody. Antibody was given by intravenous
infusion for 1 hour via saphenous vein. Increasing doses were given on consecutive days for
fow doses (<10 pg/kg), but with a 1-2 day interval for higher doses (>10 pg/kg) for
observation purposes. Blood samples were collected at 0 hour (Day 1 only}), 0.5 hour (muid-
infusion), 1, and 6 hours from start of infusion for all animals after each dose, as specitied.
Additional unscheduled blood samples were collected at the discretion of the study director,
pathologist, and/or clinical veterinarian. All animals were returned to colony on Day 60.
PBMC and serum from the blood samples were prepared using standard methods, and

preserved for future analysis.

Luciferase reporter assay

{06365} GloResponse™ [L.2-1uc2P Jurkat Cells, Thaw and Use (Promega part#
CS5187002) and GioResponse™ NFAT-Luc2 Jurkat Cells (Promega Cat# C5176401) were
purchased from Promega (W1, USA}, and prepared for use according to manufacturer’s
protocol.

{6366} Briefly, the cells were thawed for 2 min in a 37°C water bath and gently
transferred to a 15mL conical centrifuge tube containing 10mL pre-warmed R10 media. Tube
was centrifuged at 300g for S min at RT. Supernatant was removed, and the cells were
resuspended in 20mL pre-warmed R10 media and transferred to a 75cm2 culture flask,
followed by incubation in 37°C tissue culture incubator until cells were growing and stable
{(~3-4 days). The cells were split twice a week to 0.1e6 cells/mL. Cells were maintained in
R10+Hygromycin B media for selection. Cells were used for assays ~7 days after thawing.
10367} For antibody stimulation, trispecific or control antibodies were prepared at various
concentrations and serially diluted in PBS. 25uL of antibodies were dispensed per well. For
plate-bound Abs, Maxisorp plate was used and incubated at 4°C overnight. For soluble Abs, a

U-bottom plate was used. Reporter cells were resuspended to 0.3-0.5 e6/mL, and 1750l cells
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were added to each well, and incubated in 37°C CO, incubator for 6 hours. The plate was
then taken out of the incubator and allowed to equilibrate to ambient temperature (10-15min).
Then 50ul of Bio-Glo™ Reagent (Promega Cat# G7941) (ambient temperature) was added to
the each well of the assay plate. After incubation for 5 minutes, luminescence activity was
measured using MicroBeta2 LumiJET microplate counter (Perkin Elmer; s read time). Data

were plotted using GraphPad Prism software.

Conformational stability

6368} Thermostability measurements (e.g., melting points, Ty} were determined using
differential scanning fluorimetry (DSF). Samples were diluted in D-PBS buffer (Tovitrogen)
to a final concentration of 0.2ug/pl including a 4x concentrated solution of SYPRO-Orange
dye (Invitrogen, 5000x stock in DMSO) in D-PBS in white semi-skirt 96-well plates
(BIORAD). All measurements were done in duplicate using a MyiQZ2 real time PCR
instrument (BIOR AD). Negative first denivative curves (~<d(RFUYAT) of the melting curves
were generated in the 105 Software v2.1 (BIORAD). Data were then exported into Microsoft

Excel for Tm determination and graphical display of the data.

IC50 measurements

Detection of antibody activity against IL-4 and 1L-13 with a reporter cell line

{0369} Activities of bispectic antibodies or derivatives against cytokines 1L4 and IL13
were determined in commercially available HEK-Blue IL-4/11-13 reporter cells (InvivoGen).
HEK-Bhue IL-4/1L-13 cells are designed to monitor the activation of the STATO pathway by
-4 or IL13. Stimulation of the cells with either cytokine results in production of the reporter
gene secreted embryonic alkaline phosphatase (SEAP) which can be measured in the culture
supernatant with the QUANTI-Blue assay. To test antibody activities against IL4 or IL13, the
cytokines were pre-incubated for 1 hour with different concentrations of the antibodies and
added to 50.000 HEK-Blue IL-4/1L-13 cells. Cytokine-mediated induction of SEAP was
measured after 24 hours incubation in the cell culture supernant with the QUANTI-Blue
assay {InvivoGen). Each experiment was performed with n = 3 datapoints for each antibody
concentration. The half-maximal inhibitory concentration (1C50) for each antibody was
calculated via the internal application Biostat-Speed V2.0 (Sanofi).

Detection of antibody activity against TNFo with a reporter cell line

{6370] Activities of bispecific antibodies or derivatives against TNFa were determined by
using commercially available HEK-Blue TNF-a reporter cells (InvivoGen). HEK-Blue TNF-a
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cells are designed to detect bioactive TINFa by monitoring the activation of the NFkB
pathway via the expression of the reporter gene secreted embryonic alkaline phosphatase
(SEAP) which can be measured in the culture supernatant with an QUANTI Blue Assay
(fovivoGen). To determine antibody activities against TNFa the cytokines were pre-incubated
for 1 hour with different concentrations of the antibodies and added to 50,000 HEK Blue
TNF-a cells. Cytokine mediated induction of SEAP was measured after 24 hours in the
culture supernatant with the QUANTI-Blue assay (InvivoGen). Hach experiment was
performed with n = 3 datapoints for each antibody concentration. The half maximal inhibitory

concentration for each antibody was calculated.

Example 2: Overview of the Trispecific Binding Proteins

10371} A novel strategy was developed for the generation of trispecific binding proteins.
The trispecific proteins comprised four polypeptides that formed three target binding sites
{(FEGS. 1A-C). Each target binding site comprised the Vg and V domain from an antibody
that targeted a distinct human antigen target (See e.g., Table 1). The trispecific binding
proteins contained a first pair of polypeptides that possessed dual variable domains having a
cross-over orientation forming two distinct antigen binding sites (called the CODV Ig
format), and a second pair of polypeptides, each with a single variable domain that formed a
third antigen binding site (FIGS. 1A and 1B).

Table 1: Heavy and light chain SEQ ID NOs for binding proteins 1-21, and the target

antigens to which the binding proteins are directed.

Binding Protein # | SEQ ID NOS Directed to:

1 i,2,3,4 Her2 x {CD28 < CD3)
2 1,2,9, 16 Her2 x {CD28 x CD3)
3 13, 14,3, 4 CD19 x(CD28 x CD3)
4 13, 14,9, 10 CD19 x (CD28 x CD3)
5 17, 18,3, 4 CD38 x (CD28 x CD3)
6 17, 18,9, 10 CD38 x (CD28 x CD3)
7 21,223, 4 LAMPI x {CD28 x CD3)
8 21,22,9, 10 | LAMPL x(CD28 x CD3)
9 60, 61,62, 63 TNFa x {IL.4 x IL13}
10 60, 61, 68, 69 TNFax (IL13 x 1L4)
11 60, 71, 68, 69 TNFax (.13 x IL4)
12 73,74,75,76 113 % (JL4 x TNFa)
13 73,74, 81,82 L3 < (TNFa < 11L4)
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14 85,86, 87, 88 L4 x (IL13 x TNFa)
15 85,86, 93, 94 L4 x (TNFa x IL13)
16 73, 74, 68, 69 TL13 x (IL13 x IL4)
17 83, 86, 68, 69 TLd x (TL13 x IL4)
18 73,74, 62. 63 113 % (L4 x IL13)
19 85, 86, 62. 63 T4 x (L4 x IL13)
20 114,115.3,4 | CD20x(CD28 x CD3)
21 114,115,910 | CD20x(CD28 x CD3)

{6372} The first pair of polypeptides (that possessed the dual variable domains)
comprised a first polypeptide having the structure Vig-Linker-Vi-Linker-Immunoglobulin
light chain constant domain, and a second polypeptide having the structure Vg -Linker-Viy;-
Linker-Immunoglobulin Ciiheavy chain constant domain, resulting in a pair of polypeptides
which had a cross over orienation that formed two distinct antigen binding sites: V-V and
Vip-Vip (FIG. 1C, see light and heavy chains B). Table A provides a summary of the design
of the bispecific arm (i.e., the army comprising heavy and light chains B) of IgG1 and IgG4
variants of representative trispecific binding proteins, including indicating the various
combinations of the linkers used in the bispecific arm of the trispecific binding proteins. The
second pair of polypeptides (that each posessed a single variable domain) comprised a first
polypeptide having the structure Vs-Immunoglobulin Cyy heavy chain constant domain, and
a second polypeptide having the structure V;-Immunoglobulin light chain constant domain,
resulting in a pair of polypetpides that formed a third antigen binding site: Vus-Vi3 (FIG. 1C,
see light and heavy chains A). Furthermore, the trispecitic binding proteins were constructed
such that either of the Cys domains could include a knob or a hole modification to facilitate

antibody heterodimerization (FIG. 1).

Table A: summary of the design of the bispecific arm of the {rispecific binding

proteins as an IgG1 (Hole) or IgG4 (Hole)

Cb28 x CB3 CB3 x CB28 P28 x D3 CB3x (D28
HC HC HC HC HC HC HC HC HC HC HC HC
-1 2 -3 ~1 -2 -3 -1 -2 -3 -1 -2 3
CD28 LC-1 X
X LC-2 X
B3 LC-3 X
CH3 LC-1 X
X LC-2 X
CB28 LC-3 X
D28 LC-1 X
X LC-2 X
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D3

LC-3

CB3 LC-1 be
x LC-2 X
Ch2s LC-3 X

Linkers: {L3, L4Y[L1.L2] - [S, RTY[GOPKAAP (SEQ ID NO:173), TKGPS (SEQ ID NO:166)];

[ AGGGGSGGGGS (SEQ ID NO:104)y, GGGGSGGGES (SEQ ID NO1043]; or

{GGGGSGGGGSGGGGS (SEQ 1D NO:103), Y[GGGGSGGGGSGGGES (SEQ ID NOG:163), ]
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Example 3: In Vifro Binding Activity and Antibody-mediated Specific Killing of T Cell

Engagers

{0373} This example describes in vitro assays for characterizing the activities of the T
cell engagers.

{0374} Using the approach described in Example 2 above for trispecific binding protein
design, four trispecific binding proteins (Binding Proteins 1, 3, 5, and 6} were generated.
These trispecific binding proteins were created by grafting onto a trispecific binding protein
framework the Vg and Vi domains isolated from antibodies targeting distinct human
proteins: CD3, CD19, CD28, CD38, or Her?. Binding Protein 1 was constructed such that the
first pair of polypeptides (which formed two antigen binding sites) targeted CD28 and CD3,
and the second pair of polypeptides (which formed the single antigen binding site) targeted
Her2 (Binding Protein 1 = Her2 x (CD28 x CD3)). Binding Protein 3 was constructed such
that the first pair of polypeptides (which formed two antigen binding sites) targeted CD28
and CD3, and the second pair of polypeptides (which formed the single antigen binding site)
targeted CD19 (Binding Protein 3 = CD19 x (CD28 x CD3)). Binding Protein 5 was
constructed such that the first pair of polypeptides (which formed two antigen binding sites)
targeted CD28 and CD3, and the second pair of polypeptides (which formed the single
antigen binding site) targeted CD38 (Binding Protein 5 = CD38 x (CD28 x CD3)). Binding
Protein 6 was consiructed such that the first pair of polypeptides (which formed two antigen
binding sites) targeted CD28 and CD3, and the second pair of polypeptides (which formed
the single antigen binding site) targeted CD38 (Binding Protein 6 = CD38 x (CD28 x CD3)).

In Vitro Assays Using Trispecific Binding Proteins Comprising Anti-Her2

[0375] To test the ability of the trispecific binding proteins to target and bind three
different human antigens, the specificity of Binding Protein 1 for its targets was first
examined by ELISA assay. Binding Protein 1 was capable of binding all three of its target
proteins—CD3, CD28, and Her2 (FEG. 2)—indicating that each binding domain in the
trispecific format retained its function.

{0376} ZR-75-1, AUS565 (Herf), ARH-77 (CD1 9+), MOLP-8, RPMI-8226, KMS-

12 BM, NCI-H929, MM.1.S, MM. 1., R OPM-2, KMS-26, and U266 cells (CD3 8+) were
labeled with the membrane dve PKH-26 {Sigma) and used as target cells in a cytotoxicity
assay. These labeled cell lines were co-cultured at an E:T ratio of 10:1 with enriched human

Pan T cells in the presence of increasing concentrations of a trispecific antibody, bispecific
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antibody, or control proteins for 24 hours. The extent of cell lysis in the target cells was
determined by staining with a live/dead cell marker (Life Technologies) and measuring the
number of dead cells in the labeled target cell population by running the samples on a
Fortessa flow cytometer (Beckton Dickinson, San Jose, CA) followed by analysis using the
Flowjo software (Flowlo v10).

10377} Her2+, CD19+, CD38+ tumor cell lines were stained with fluorescently
conjugated antibodies against human CD3, CD28, CD19, CD38, LAMP1, and/or Her2
(Biolegend). Staining with respective isotype-matched control antibodies was also included.
The cells were then acquired on the Fortessa (Beckton Dickinson, San Jose, CA) instrument.
Flow analysis was performed on FlowJo v10. The mediated killing results of various binding
proteins are shown in FIGS, 3A-5, 94 9B, & 11A-16.

103781 The ability of Binding Protein 1 to induce antibody-mediated cell killing of tumor
cells expressing HER2 proteins on their surface was tested. Not only was Binding Protein 1
capable of binding to all three of its target proteins, but it was also able to induce antibody-
mediated cell killing of Her2” cell lines (FIGS. 3A-4). Binding Protein | exhibited potent
antibody-mediated cell killing activities, while anti-CD3/CD28 bispecific Ab and anti-Her2
antibodies showed minimal killing activities (FEGS. 3A, 3B, 4, & 8), demonstrating the
effectiveness of using the trispecific Ab to engage tumor cells with T cells through a tumor
antigen (HER2) and T cell markers (CD3 and CD28}. Anti-CD3/CD28 is not only important
for T cell recruitment, but it also provides more effective T cell activation and survival
signaling, potentially improving the efficacy.

{0379} Additionally, studies were carried out on 7n vitro T cell activation and
proliferation, as well as cytokine production, using the anti-Her2 x CD28 x CD3 trispecific
antibody (Binding Protein 1). Binding protein 1 and control variants having one or two
binding domains inactivated by site-directed mutagenesis (ACD28: anti-CD28 inactivated;
ACD3: anti-CD3 inactivated; A(CD3xCD28): both anti-CD3 and anti-CD28 inactivated) were
used in buman PBMUC in vitro activation assay as described in Example 1. The results showed
that Binding protein 1 activated both human primary CD4 T cells and CD8 T cells effectively
in vitro. Inactivation of anti-CD28 reduced the activation potency, indicating the importance
of anti-CD28 co-signaling pathway. Inactivation of anti-CD3 binding site rendered Binding
protein 1 to minimal activity, suggesting that the anti-CD3 provided the primary T cell
activation signaling (FIGS. 6A & 6B). Similar results were obtained using 112 and NFAT
reporter human T cell lines (Jurkat-1L.2 and Jurkat-NFAT) (FIGS, 7A-7C).
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In Vitro Assavs Using Trispecific Binding Proteins Comprising Anti-CD19

6380} The anti-CDD19 x CD28 x CD3 trispecific binding protein was capable of binding
its target antigens (F1G. 8), indicating that each binding domain in the trispecific format
retained its function.

j0381} The anti-CD19 x CD28 x T3 trispecific binding protein was also capable of
inducing antibody-mediated cell killing of CD19+ cells (FIGS., 9A-9N). Similarly, anti-
CD19 x CD28 x CD3 trispecific binding protein exhibited potent killing activity against
human lymphoma cells, while both the anti-CD3/CD28, anti-CD19, and isotype control
antibodies showed minimal killing activities, demonstrating the effectiveness of using the
trispecific Ab to engage tumor celis with T cells through a tumor antigen (CD19) and T cell

markers {CD3 and CD28).

In Vitro Assays Using Trispecific Binding Proteins Comprising Anti-CD38

{6382] As observed with Binding Proteins 1 and 3, Binding Protein 5 was able to bind all
three of its target proteins {CD3, CD28, and CD38), as assessed by ELISA assay (FIG. 18),
indicating that each binding domain in the trispecific format retained its function.

j0383] Binding Protein 5 was also found to induce antibody-mediated cell killing of celis
(FIGS. 11A-15D) against 9 human multiple myeloma cells with various levels of C338 and
CD28 expression (see FIGS, 11D, 12D, & 13D). Similarly, trispecific Binding protein 5
exhibited potent killing activity against human multiple myeloma cells, while both the anti-
CD38 and isotype control antibodies showed minimal killing activities, demonstrating the
effectiveness of using the trispecific Ab to engage tumor cells with T cells through tumor
antigens (CD38 and CD28) and T cell markers (CD3 and CD28). Bispecitic anti-CD3/CD28
countrol antibody also showed marginal killing activity against CD28+ MM cells see FIGS,
1B, 12A-C, & 13A-C).

0384} These resulis demonstrate that the trispecific antibody platform described herein
provides the possibility of integrating binding sites for two tumor markers, or two binding
sites for T cell markers, allowing flexibility for scientific designs and various applications.
Binding Protein 5 was also effective against 5 CD38+ human lymphoma cell lines (FIGS.
14C & 15D), showing potent killing activities (FIGS. 14A-B & 15A-C).

[6385] The antibody-mediated cell killing against multiple myeloma cell line RPMI8226
using Binding Proteins 5 and 6 were tested, and their ECsqs were calculated and compared to
that of a CODYV format bispecific antibody targeting CD28 and CD3 (FIG. 16 and Table B).
Binding proteins 5 and 6 differ only in anti-CD28 binding domain; Binding protein 5 contains

172



WO 2017/180913 PCT/US2017/027488

an anti-CD28 superagonist, while Binding protein 6 contains a conventional anti-CD28.
Binding protein 5 showed more potent killing activity.

Table B: ECs values calculated for bispecific and trispecific binding proteins

ECs (ph)

huCD28 x CD3 fgG4 56.16
Binding Protein 3 1gG4 ¢.3787
Binding Protein 6 {gG4 5709

[6386] The activity of the anti-CD38 x CD28 x CD3 trispecific binding protein S and
control variants having one or two binding domains inactivated by site-directed mutagenesis
(ACD28: anti-CD28 inactivated, ACD3: anti-CD?3 inactivated, A{CD3xCD28): both anti-
CD3 and anti-CD28 inactivated) were tested using 112 and NFAT reporter human T cell lines
(Jurkat-1L2 and Jurkat-NFAT) in the in vifro activation assay as described in Exaraple 1. The
results showed that Binding protein S activated both human 11.2 and NFAT promoters
effectively in virro (FIGS. 17A & 17B). Inactivation of anti-CD28 reduced the activation
potency, which was more prominent for IL2 reporter, indicating the importance of anti-CD28
co-signaling pathway. Inactivation of anti-CD3 binding site rendered Binding protein 5 to
minimal activity, suggesting that the anti-CD3 provided the primary T cell activation

signaling.

Example 4: In Vive Activity of the T Cell engagers
{0387} This example describes experiments characterizing the properties and activities of

the anti-Her2 or anti-CD38 containing T cell engagers in vive.

In Vive Assavs Using Trispecific Binding Proteins Comprising Anti-Her2

{0388} A dose escalation study using the Her2 x CD28 x CB3 trispecific antibody was
carried out in non-human primates (FIGS. 18A-18E) as described in Example 1. All three
binding domains in Binding protein 1 are cross-reactive with monkey CD3/CDR28/HER2Z. A
dose escalation toxicity study was devised to assess the potential toxicity profile of the
molecular. Blood samples were collected for serum and PBMC isolations. Circulating T cell

populations were investigated after each dosing (FIGS.18A & 188B), along with T cell

173



WO 2017/180913 PCT/US2017/027488

subpopulation activation (CD69+) (FEGS, 18C & 18D). Percentage of CD4 and CD8 T-cells
in circulation were increased at low dose escalation, but eventually decreased at high dose
escalation. Significant CD4 and CD8 T cell activation were only prominent at 100 ug/kg
dose, suggesting rather a relative high tolerable dose. Serum level of several cytokines were
also measured. Significant cytokine release was only observed at the highest dose (100
ug/kg; FIG. 18E).

{0389} Next, the effect of the trispecific anti-Her2 x CDP28 x CI}3 Binding protein 1
antibody on tumor growth in humanized mouse models was examined as described in
Example 1 (FIGK, 19A-20H). FIGS. 194 & 19B summarize the results obtained using the
human CD34+ hematopoietic stem cell-engrafted NSG mice (hu-CD34) model inoculated
with human HERZ2+ breast cancer line BT474. Significant anti-tumor activities were evident
within all dose groups. The anti-tumor activity was dose dependent, which is statistically
different compared to the control group at 25 ng/kg. No significant body weight loss in any
treated groups observed.

{06390} A 2% in vivo study using human PBMC reconstituted NSG mice model inoculated
with human HER2+ breast cancer line BT474 was also done (FIGS, 20A-28H). Significant
anti-tumor activities were observed within high dose groups (100 and 500 ug/kg). Tumor
shrinkage was seen in 40% of the mice in 500 pg/kg group. The anti-tumor activity was dose
dependent. The anti-tumor activity in groups treated with 100 and 500 pg/kg doses were
significantly better than anti-HER 2-treated groups (0.1 to 10 mg/kg), indicating superior anti-
tumor activity from Binding protein 1. No significant body weight loss in any treated groups

observed.

In Vivo Assays Using Trispecific Binding Proteins Comprising Anti-CD38

{0391} A dose escalation study was conducted in non-human primates using the
trispecific anti-CD38 x CD28 x CD3 antibody (Binding protein 5) as described in Example 1
{(FIGS. 21A-21F). Two of the three binding domains in Binding protein S are cross-reactive
with monkey CD3 and CD28. A dose escalation toxicity study was devised to assess the
potential toxicity profile of the molecule. Blood samples were collected for serum and PBMC
isolations. Circulating T cell populations were investigated after each dosing (FIGS. 21A &
21B, bar graphs), along with T cell subpopulation activation (CD69+) (FIGS, 21A & 218,
fine graphs). Percentage of CD4 and CD8 T-cells in circulation increased at low dose
escalation, but eventually decreased at high dose escalation. Significant CP4 and CD8 T cell
activation were only prominent at 100 pg/kg dose, suggesting rather a relative high tolerable
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dose. Serum level of several cytokines was also measured. Significant cytokine release was
only observed at the highest dose (100 pg/kg, FIGS. 21C-21F).

0392} The in vive activity of the anti-CD38 x CD28 x CD3 trispecific antibody was next
tested in humanized mice (FIGS. 22A-23D) as described in Example 1. FIGS. 22A4-22C
summarized the result from a dose determining pilot siudy using the human CD34+
hematopoietic stem cell-engrafted NSG mice (h-CD34) model implanted with human MM
cell line RPMI-8226 transduced with CD38 and PD-L1, treated with Binding protein 5 at
doses 5, 50 and 100 ug/ke. Significant anti-tumor activity was only evident in group treated
with S pg/ke (FIG. 224). CDB T cell infiltration was observed in Binding protein 5 treated
mice (5 pglke) (FIGS. 228 & 22C).

10393} A foliow up study in the same model was performed using Binding protein S at
dosing from 0.04-5 ug'kg (FIGK, 23A-23D). Significant anti-tumor activity was shown in
all group treated with Binding protein 5 (FEG. 23B), which were statistically different from
the control at the end of study (FIG. 23C). No significant body weight loss was observed in
any treated groups (FIG. 23A). Dose dependent induction of serum inflammatory cytokines
IFN-y, TNF-g and 1L-2 four hours after the first dose was observed in mice treated with
indicated concentrations of the Binding protein 5 or PBS control (FIG. 23D), indicating
effective T cell activation by trispecific Binding protein § in vivo.

{0394} Humanized CD34+ NSG mice (n=3) were injected i.v. with 100mcg/kg of Tri-
specific Ab (triangel), Bi-specific Ab (square), or single-specific Ab (circle). Activation of
CD4+ or CO8+ T cells was measured at O (pre-injection), 1, 24, and 72 hours after Ab
injection by determiving mean increase in %o of CD69, decrease % of CDO2L and/or
concentration of inflammatory cytokines in plasma at each time points by Luminex’s xMAP
multiplexing technology. The T cell activation results of various trispecific antibodies are
shown in FIGS. 24-26C.

j03%5] Systemic in vivo T cell activation was studied in human CD34+ hematopoietic
stem cell-engrafted NSG mice (hu-CD34) model after administration of Binding protein S,
anti-CD3/CD28 IgG4 bispecific antibody and anti-CD28 IgG4 antibody controls (FIG. 24).
100 pg/kg of the Binding protein S and control antibodies were administered into 3
mice/group. Blood samples were collected at pre, 1 hour, 24 hours and 72 hours post
administration. Mouse sera and human T cells were isolated from blood, and preserved for T
cell activation analysis and for measurement of serum cytokine level. FIGS. 24 & 25 show
that both human CD4 and CD8 T cell were activated 1 hour post antibody infusion, which
returned to baseline at 72 hours. FIGS, 26A-26C shows the elevation of serum IFN-y, TNF-¢
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and IL-2 release in the same mice, which was observed 1 hour post infusion, and returned to
baseline 24 hours later. These results demonstrated both Binding protein 5 and anti-
CD3/CD28 IgG4 bispecific antibody are effective in activating T cell in the given animal

model, making it suitable for in vivo efficacy study.

Example 5: Characterization of Cytokine-directed Trispecific and Bispecific-Trivalent
Binding Proteins

10396} The follow example describes experiments characterizing the stability, binding
properties, and activities of novel trispecific and bispecific-trivalent binding proteins that
target human cytokines.

{6397} Trispecific binding proteins {e.g., that bind three different target proteins; Binding
Proteins 9-15), as well as bispecific-trivalent binding proteins {¢.g., that bind one antigen
bivalently on one antigen monovalently; Binding Proteins 16-19), were designed (Table C).
With the exception of Binding Protein 11 where 2 kappa constant domain was used on both
the CODV-LC and the Fab-arm-LC, all other Binding Proteins (9-10 and 12-19) were
produced with a kappa constant domain on the CODV-LC and a lambda constant domain on
the Fab-arm-LC. As Fe-backbone the IgG1 sequence was used. Whereas the CODV-HC
harbors the knob-RF mutations (8354C, T366W, H435R and Y4306F) the Fab-arm-HC
contains the hole mutations (Y349C, T3668, L3068A, Y407V).

Table C: summary of the trispecific/trivalent binding proteins directed to anti-1L-

4/11~13/TNFa

Antibody Specificity Construct Format
Binding Protein 9 (anti-IL4 x anti-IL13) x anti-TNFo (CODV-Fab) x Fab-1gG1 Fe Trispecific
Binding Peoiein 10 {anti-1L13 x anti-IL4) x anti-TNFa {CODV-Fab) x Fab-12G1 Fe Trispecific
Binding Protein 11 {anti-IL13 x anti-IL4) x anti-TNFo (CODV-Fab) x Fab-IeG1 Fe Trispecific
Binding Protein 12 (anti-IL4 x anti-TNFa) x anti-IL13 (CODV-Fab) x Fab-IgG1 Fe Trispecific
Binding Protein 13 (anti-TNFo x anti-IL4) x anti-IL13 (CODV-Fab) x Fab-1gG1 Fc Trispecific
Binding Protein 14 (anti-IL13 x anti-TNFg) x anti-TL4 (CODV-Fab) ¥ Fab-IgG1 Fo Trispecific
Binding Protein {3 {anti-TNFo x anti-IL13) x anti-IL4 (CODV-Fab) x Fab-IgG1 Fe Trispecific
Binding Protein 16 (anti-IL13 x anti-IL4) x anti-IL13 (CODV-Fab) x Fab-IgG1 Fe ?if;‘ﬁ;
Binding Protein 17 (anti-IL13 x anti-IL4) x anti-IL4 (CODV-Fab) x Fab-1gG1 Fc %‘;‘jiﬁf
Binding Protein 18 (anti-IL4 x anti-IL13) x anti-IL13 (CODV-Fab) x Fab-IgG1 Fo i‘;fzﬁf
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Binding Protein 19 (anti-IL4 x anti-IL13) ¥ anti-1L4 (CODWV-Fab) x Fab-IeG1 Fo Bispecific
Tavalent
{0398} The trispecific and bispecific-trivalent binding proteins were produced and
purified as described above (FI1G. 27).
Tabile ¥ SEC purification of Binding Proteins 16-19
Construct Retention Peak Height Aren Aggregation MW by SEC MW Cale.
Onstrue (mL) (mAL) (mAU*mL) (%) (kBa) (iBa)
pnging 3.02 648 83 L5 211 i
ponatng 2.99 659 89 2.1 225 172
Pf;’g;i’% 3.01 723 8.3 0.0 214 171
ponatng 2.98 732 88 0.9 228 171

03991 In order to assess the stability of the trispecific binding proteins, their melting
point was assessed by DSF and corpared with the thermostability of the parental antibodies
{Table E).

Table E: summary of the thermostability by DSF and percent monomers from

preparative size exclusion chromatography for varisus trispecific binding proteins

Construct Tm Prep SEC Monomer
— CO) %)
113 7 78 925
TNFu 70 - d
Binding i -
Protein 9 63 922
Binding -
Protein 18 62 - 85
Binding . . .
7 5.7
Protein 11 63 Y 6
Binding . .
Protein 12 39 76 87
Binding N N
Protein 13 59 70 945
Binding
o 5 6,0
Protein 14 36 69 924
Binding sg ) n
Protein 15 % 66 92.2
i3xi4 63 75 280
114 x TL13 64 - d

nd=not determined

{6400} To assess the binding affinity of every single antibody binding domain within the
trispecific format, SPR analysis for each single antigen was performed as described
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previously. The results were benchmarked against the afiinities of the parental antibodies

(Tables F, G, and H).

Table F: summary of surface plasmon resonance resulis for [L-4 for various

trispecific binding proteins

. K, Kq Ky iy
. 8 L A Rmax “hiNM2
Construct (/M %] (1/s] IM] max Chi
14 8 700407 157604 1R1E-12 74 024
Y13
TNFa
Binding 7 86EH07 3 80E-04 483E-12 2 0.309
Protein ¢
Binding 1 880407 8 41605 447E-12 23 0.763
Protein 18
Binding 5.92E+07 2 39E-04 4.04E-12 20 0.198
Protein 13
Binding 6.02E+07 2 39E-04 3.97E-12 35 0.406
Protein 12
Binding 3 5TE+07 1.81E-04 5.07E-12 30 0.257
Protein 13
Binding 8 OGE-H07 1.52E-04 .69E-12 33 0.254
Protein 14
Binding R
ISE+HT 23E-0- 7E-12 3 :
Protein 158 735E L23E-04 1L67E-12 i 0.547
Table G: summary of surface plasmon resonance results for 11-13 for various
trispecific binding proteins
L K, K, Ko , o
Construct (/M) (1/s] M Rmax Chin2
[T}
TL13 7 A4E+05 2 50E05 1.03E-10 33 0,938
TNFa
Binding 6.25E+05 9 27E-06 1.48E-11 2 0.176
Protein 9
Binding 7 16E+05 3 76E-05 525E-11 25 0.145
Protein 16
Dinding 2.95E+05 4.28E-05 1.45E-10 16 0.372
Protein 11
Binding L1TE40S 5.06E-05 1.21E-10 2% 0.338
Protein 12
Binding 6.15E+05 7 58E-05 1.23E-10 23 0.186
Protein 13
Binding 6.93E+05 1.19E-04 i 72E-10 22 0.232
Proiein 14
Binding 2 50B+05 561605 2.24B-10 30 0.631

Protein 15
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Table H: summary of surface plasmon resonance results for TNFg for various

trispecific binding proteins

. K. K, Kp R

Construct /M%) /5] M Rmax Chi
14
113
TNFu, 1780405 164604 5 72E-10 33 0745

Binding 132E+05 3 20E-04 2 42E-9 23 0.213
Protein 9

Binding 1.40E+05 2.90E-04 2.07E-9 27 0.241
Protein 18
_Binding 3 36E+05 1.82E-04 5 41E-10 28 0.539
Profein 11

Binding 4 49E+05 1.80E-04 4.00E-10 28 0.647
Protein 12

Bianding 5 ; R

Q4E-+05 34): 3.35E- 7

Protein 13 5.84E LI6E-04 3.35E-10 2 0.529

Binding 5. 29E+05 1 86E-04 3 52E-10 25 0.485
Protein 14

Binding 5 59E+05 1.84E-04 3 28E-10 27 0.409
Protein 15

{0401} In order to assess the neutralization activity of the trispecific binding proteins, a
cellular assay was performed using different HEK Blue kits (Invivogen). Cyiokines were
preincubated with different concentrations of anti-cytokine antibodies for 30 minutes at room
ternperatues in a 96 well plate. Controls included use of only the cyiokine or only the
antibody. 50,000 HEK Blue Cells (HEK Blue TNFa/IL1B cells (InvivoGen, Cat. # hkb-
tafil]l; HEK Blue STAT-6 cells (InvivoGen, Cat. # Hkb stai6) were added to the
cytokine/antibody mixture and incubated for 23 hours at 37°C, 5% CO2 in an incubator.
(QuantiBlue Reagent was added to each culture well and incubated for 2 hours at 37°C. The
0D was measured at 620 nm and the IC50 was calculated using BioStat Speed 2.0. The HEK
Blue Reporter Cell Assay results of various trispecific antibodies are shown in Tables I and
M.

0492} Next, ICso values were calculated for Binding Proteins 9-15 and benchmarked
against the single parental antibodies (Table I).

Table I: summary of HEK Blue Reporter Assays (ICsp Data) Tor various trispecific

binding proteins

T4 i A3 10 TNFe ICa
Construct (ng/mL) (ng/mL) (ng/mL)
214EH00
T4 1.85E+00 ; ;
1.82E+01

17¢
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WO 2017/180913
1 10E+02
IL13 - 8.83E+01 .
142E+01
3.63E+00
e ) - 5. 78E+00
2 41E+00
iﬁ“ﬁi;z;% 4.51E+00 1.77E+02 3.95E+01
Pil:t}gﬁl?q) 5.93E+00 4.68E+02 4.76E+01
I’i};ﬂt}gii?i 6.96E+00 4.89E+02 2.65E+01
Pféggf%v 5.03E+00 1.83E+402 2.17E+01
Pilifiil;% 1.38E+01 7.54E+01 2.26E+01
P?;':gff 4 1.02E+01 1.20E+02 6.26E+00
P?é?fi:?%ﬂ 1.30E+01 1.07E+02 2.38E+01

[0403]

differential scanning fluorimetry (DSF; Table J).

The thermostability of the bispecific-trivalent binding proteins was measured by

Table J: summary of the thermostability by DSF for various {rivalent binding proteins

Construct ?g: 2;‘2?
14 7 81
fE33 67 78
Binding y
Protein 16 63 )
Binding 63 )
Protein 17
Binding 65 }
Protein 18 -
Binding 55 )
Protein 19 i

[0404]

bispecific-trivalent binding proteins was measured for human L4 (Table K} and H.-13

{Tables K and L).

The binding affinity and number of target proteins bound by each of the

Table K: summary of surface plasmon resonance results for IL-4 for various trivalent

binding proteins

+ No. of
RE Ka Xd Rmax K . kida
Construct . 3 Analyte g P R Chi2 iLs
Capture {1/Mg) {1/} (RU} (VE) Bound Pousd
L4 116 1L4 R.70 1.57 24 1.81 0.240 15 1

180




WO 2017/180913 PCT/US2017/027488
Er07___ | E04
;aﬂf;?i;ﬂ?(; 226 L4 vt o 43 0.486 34 2

Table L: summary of surface plasmon resonance results for 11-13 for various

trivalent binding proteins

- No, of
RU Ka Kd | Rmax KD . kDa o
y : Analyte . ; P “hi2 . fLs
Construct Capture malye L ams | am | o) oD Chi Sound | povt
5 A7 @
1Li3 201 i3 RV I 37 o 0211 14 1
Q:é?:ﬁﬁ‘% p 226 13 E’&)’q ;?;; 35 Eﬁ 0.132 2 2
T 59 570 9.6 \
NN
Binding = X i £ - 35 - ,
Protein 19 Bt iLi3 E+06 £-05 3 E-1l v-166 2 2
Binding ne 2 191 381 1 200 N 4
Protein 19 82 a3 E+06 E-05 8 E-i1 0.265 4 !

[0405]

Table M: summary of HEK Blue Reporter Assays (1Csy Data) for various trivalent

binding proteins

. . L4 1C, ILI3 ICs,
Constract (/L) o
L4 6.07E+00 -

1L13 - 1126403
Binding - .
1 30E+ 24403
Protein 16 L30E+01 1.24E
Binding U
Protein 17 8.62E+00 9 30E+03
Binding ~
F 5, () SR 3
Protein 18 LA6E+01 1.10E+0
motein § 5.73E+00 6.93E+03

Protein 1%

Example 6: Trispecific Binding Protein Format Optimization

[0406]

Finally, ICs values were calculated for Binding Proteins 16-19 (Table M),

A problem with many existing heterodimeric binding protein formats (e.g.,

bispecific antibodies and variants thereof) is that it can be difficult to purity only the desired
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heterodimeric species without also including either homodimeric species. Thus, a process for
efficient purification of the desired, heterodimeric binding protein is of great interest, e.g., for
industrial-scale production.

64671 As described herein, binding proteins of the present disclosoure can include
several optional features, including without limitation knob and hole mutations {(e.g., to
promote proper heterodimer formation) and mutations to improve purification. In addition,
these binding proteins include two light chains, leading to four potential configurations: two
kappa light chains, two lambda light chains, a kappa light chain on the arm with dual variable
domains (the “CODV arm”) and a larmbda hight chain on the traditional antibody arm (the
“Fab arm”), and a lambda light chain on the CODV arm and a kappa light chain on the Fab
aro.

10408} Therefore, experiments were undertaken to identify a process that allows for
efficient purification of the desired binding protein of interest. Binding protein variants were
also tested for their efficiency of purification.

{0409} FIG. 28A shows a diagram of an exemplary binding protein of the present
disclosure, indicating variations that lead to unique configurations. These experiments tested
the effect of the placement of’ kappa and lambda light chains (e.g., two kappa, two lambda,
kappa on CODV arm and lambda on Fab arm, and lambda on CODV arm and kappa on Fab
arm), knob and hole mutations {e.g., knob mutations on CODV arm and hole mutations on
Fab arm, or hole mutations on CODV arm and knob mutations on Fab arm), and
H435R/Y436F mutations (“RF mutations,” e.g., RF mutations on CODV or Fab arm, or no
RF mutations). A total of 18 different variants were tested, as shown in FI1G. 28B. For these
experiments, the CODYVY arm had antigen binding sites specific for TNFa (f.e., VH and VL
sequences of SEQ ID NOs:168 and 169, respectively) and IL4 (i.e., VH and VL sequences of
SEQ ID NOs:170 and 171, respectively), whereas the Fab arm had an antigen binding site
specific for IL13 (F.e., VH and VL sequences of SEQ 1D NOs:172 and 173, respeciively).
8354C and T366W were used for the knob mutations, and Y349C, T3668, L368A, and
Y407V were used for the hole mutations.

{0418} Various processing steps were tested for the ability to monitor correct pairing of
CODV and Fab arms (e.g., as opposed to CODY or Fab homodimers), as well as correct
heavy chain-light chain pairing {e.£., as opposed to pairing between Fab arm light chain and
CODYVY arm heavy chain, or between Fab arm heavy chain and CODV arm light chain}.
Analytical size exclusion chromatography (SEC) was found to be ineffective at
distinguishing correct heavy chain and light chain pairing; binding proteins with Fab arm
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light chain mispaired with CODYV heavy chain and homodimeric binding proteins with two
Fab arms were found to co-clute with the desired trispecific binding proteins. However,
analytical hydrophaobic interaction chromatography (HIC) was found to resolve the desired
trispecific binding proteins from binding proteins with Fab arm light chain mispaired with
CODYV heavy chain and bomodimeric binding proteins with two Fab arms (FI1G. 29).

{0411} The 18 binding protein configurations shown in FIG. 288 were purified by
Protein A affinity chromatography, then KappaSelect (GE Healthcare) purification. Species
were monitored by HIC chromatography. One binding protein configuration was purified
efficiently without inclusion of muspaired species: lambda light chain for CODV arm, kappa
fight chain for Fab arm, knob mutations on CODYVY arm, hole mutations on Fab arm, and RF
mutations on Fab arm. HIC chromatography (FIG. 384), SDS-PAGE (FIG. 30B), and intact
mass analysis demonstrated that a single species corresponding to the desired trispecific
binding protein was purified.

{60412} These results identify a binding protein configuration that allows for more
efficient purification of binding proteins of interest away from mispaired species. Moreover,
the purification process of Protein A followed by KappaSelect purification sieps was shown
to provide effective separation of binding proteins of interest away from mispaired species.
{0413} While the disclosure includes varicus embodiments, it is understood that
variations and modifications will occur to those skilled in the art. Therefore, it is intended
that the appended claims cover all such equivalent variations that come within the scope of
the disclosure. In addition, the section headings used herein are for organizational purposes
only and are not to be construed as limiting the subject matter described.

{6414} Hach embodiment herein described may be combined with any other embodiment
or embodiments unless clearly indicated to the contrary. In particular, any feature or
embodiment indicated as being preferred or advantageous may be combined with any other
feature or features or embodiment or embodiments indicated as being preferred or
advantageous, unless clearly indicated to the contrary.

{0415} All references cited in this application are expressly incorporated by reference

herein.
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Table 1: Heavy and light chain SEQ ID NOs fer binding proteins 1-21 and the target

antigens to which the binding preteins are divected.

Binding Protein # SEQ 1D NOs Included Birected to:
1 1,2,3.4 Her2 x (CD28 x CD3)
2 1,2,9,10 Her2 x (CD28 x CD3)
3 13, 14,3, 4 CD19 x (CD28 x CD3}
4 13, 14,9, 10 CD19 x (CD28 x CD3)
3 17.18,3,4 CD38 x (CD28 x CD3)
6 17,18, 9, 10 CD38 x (CD28 x CD3)
7 21,22,3,4 LAMPL x (CD28 x CD3)
8 21,22,9, 10 LAMPI x (CD28 x CD3)
9 60, 61,62, 63 TNFa x (1L4 x I1L13)
10 60, 61, 68, 69 TNFax (IL13 x [L4)
i 60, 71, 68, 69 TNFax (IL13 < [L4)
12 73,74,75,76 IL13 x (114 x TNFa)
13 73,74, 81,82 I3 x (TNFax IL4)
14 85, 86, 87, 88 IE4 x (IL13 x TNFa)
15 85, 86,93, 94 IE4 x {(TNFax [L13)
16 73,74, 68, 69 L3 x {IL13 x 1L4)
17 853, 86, 68, 69 TL4 % (TL13 < 1L4)
18 73,74, 62,63 L3 x (L4 x H.13)
19 83,86, 62,63 14 x (L4 x IL13)
20 114, 115,3,4 CD20x (CD28 x CD3)
21 114,115,910 CD26 x (CD28 x CD3)

Table 2: Heavy and light chain sequences of binding proteins specifically directed to

Her2, CD3, CDB28, CD19 and/or CD20. CDR sequences are bolded and italicized.

Binding Protein 1 Amine Acid Sequences

Heavy Anti-Her2-H Knob: SEQIDNG: 1

chain A Evglvesgeglvapggsiriscaasgfnikdiyihwvrgapgkglewvarivpingy

{Anti- frvadsvkerfiisadiskntayigmuositacdtavyvesrwggdegfyamdywaas

HerZ— tivtvssastkgpsviplapcsrstsestaalgclvidy fpepvivewnsgaltsgvhif

H knob) pavigssglysissvvivpsssigtktvicnvdhkpsatkvdkrveskygppeppep

’ apeflgepsvilfppkpkdtimisrpevtevyvdvsgedpevgfnwyvdgvevh

naktkpreegfustvrvvsvitvihqgdwlngkevkekvsnkglpssiektiskakgg
prepgvytlppegeenmtkngvsiwelvkgtvpsdiavewesnggpennvkttppv
ldsdgstflyskltvdkstwqegnviscsvmbealhnhyvigkslslsigk

Light Anti-Her2-L: SEQID NG: 2

chain A Digmigspsslsasvedrvititcrasgdvatavawyggkpgkapkilivsasfivsg
vpsrisgsrsgtdftlussigpedfatvyeqglytppefoqatkveikrtvaapsviifp
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{Anti- psdegiksgtasvvellnnfypreakvgwkvdnalgsgnsgesvieqdskdstysls

Her2-1) stitiskadvekhkvvacevthgglsspytksfirges

Heavy Anti-CD28 ¥ Anti-CD3-H_Hole: SEQ ID NO: 3
chain B Quglvgsgaevvkpgasvkvsckasgy#fisyyihwvrgapgqglewigsi

{Anti- ypgrvamyagkfqgratltvdtsistaymelstlrsddiavyycershygldw

CD28 x nfdvwgkgttvivessqvglvesgggvvapgrslilscaasgfifikawmhb

Anti-CD3-
H Hole)

wvrgapgkqlewvagikdksnsyatyyadsvkgritisrddskntlylgmn
slraedtavyycrgvyyalspfdywgqgtivtvssrtastkgpsviplapesrst
sestaalgelvkdyfpepvivswnsgaltsgvhtfpavigssglyslssvvtvp
sssigtktytenvdhkpsatkvdirveskyveppeppepapefiggpsviifp
pkpkdtlmisrtpevtevvvdvsqedpevgfnwyvdgvevhnaktkpree
gfnstyrvvsvitvthgdwingkeykckvsnkglpssiektiskakggprep
gvctippsqeemtkngvslscavkgfypsdiavewesnggpennykttppy
tdsdgsfflvskdivdksrwgegnviscsvimhealhnhyigksislslgk

Light
chain B
(Anti-CD3
x Aunti-
CD28-L}

Anti-CD3 x Anti-CD28-L:
Divmtgtplsisvipgqgpasisckssgsivhnnantylswylgkpggspysliykvs
nrfsgvpdrisgsgsgtdftlkisrveacdvgvyycgggigyptifosatkveikeqp
kaapdigmitgspssisasvedrviiteqasgriyvwinwygqgkpgkapkilivias
nihtgvpsefsgsgsetdfiltissigpediatyyegggqiypyefogatkieiktkgpsrt
vaapsviitppsdeglksgtasvvelinnfvpreakvgwkvdnalgsgnsqesvieg
dskdstyslsstitiskadvekhkvyacevihgglsspvtksfiurgec

SEQ 1D NO: 4

Binding Protein 1 Nucleotide Sequences

Heavy
chain A
{Anti-
Her2-

H Knob:}

Anti-Her2-H Knob:
gaagtgcagctggiggaatciggcgacggaciggtecagectggoeggatetetgagac
tgagcetgtgocgecageggettcascatcaaggacacctacatceactgggtgegeea
ggcceciggcaagggactggaatgggtgaccagaatctaccecaccaacggetacac
cagatacgecgacagogigaaggecoggticaccatcagegocgacaccageaaga
acaccgectacctgeagatgaacageetgogggecgaggacaccgecgtgtactacty
tagtagatggggagocgacggctictacgecatggactattgggoccagggacacocic
gigaccgtgtctagigcgticgaccaagggacccatcggtgttcccictggeocctigeage
agaagcaccagegaatctacageegecctgggetgectegtigaaggactacttteecg
ageecgtgacegtgtectggaacictggegetctgacaageggegtgcacacctiicca
geegigetccagageageggectgtacicictgageagegtegtgacagigeccagea
geagcctgggcaccaagacctacaccigtaacgtegaccacaagoecagoaacacca
aggtegacaageggetosaatctaagiacggocctcoctgecciectigeccagecoct
gaatttctggecggaccoicegigticctgticoccecaaagocoaaggacaccotgaty
atcageeggacceccgaagtgacctgegtggteatopatototcccaggaagatoccy
aggtgcagticaatiggiacgigaacggrgiggaagigcacaacgeraagaccaagoe
cagagaggaacagitcaacageacctacegggiggtotcegtactgacegtgctecac
caggactggeigaacggceaaagagtacaagtgraaggtgiccaacaagggoecigeoe
agetecatcgagaaaaccaicagoaaggecaaggegeoagocecgogagecicaagty
tatacectgeccoctigocaggaagagatgaccaagaaccaggtgtocotgtggigtetc
gtgaaaggctictaccecagegacatigeegiggaatggaagagraacggecagece
gagaacaactacaagaccacceccectgigetiggacagegacggeteaticticcigta
ctecaagetgaccgiggacaagageoggigecageaagscaacgtgticagetgctee
gtgatgcacgaggcecctigeacaaceactacacceagaagicoctgicteigicectggg

&
caag

SEQIDNG: S

Light
chain A
{Anti-
Her2-L)

Anti-Her2-L:
gacatccagatgacccagagocccageagectgictgecagegtgggcgacagagte
accatcaccigtagagecagecaggacgigaacaccgecgtegectgetatcageaga
agoctiggeaaggececcaagetgetgatctacagegecageticcigtacageggegt
geccageagattcageggaageagaageggeaccgacttcacecigacceateagete
cctgcagceccgaggacticgecacctactacigerageageactacaccacececoct

SEQ 1D NO: 6

185




WO 2017/180913

PCT/US2017/027488

acatftgoccagggeaccaaggiggaaatcaagegtacggtggocgeteccagegigt
fcatcttoccacctagegacgageagotgaagicoggeacagectetgtogigtgecige
tgaacaactictacccccgegaggecaaagigeagtggaaggtgoacaacgeccigea
gagcggcaacagecaggaaagegtgacegageaggacageaaggactecacctaca
gectgageageaccotgacactgageaaggeogactacgagaagcacaaggtgtacg
cctgegaagigacccaccagggectigictagecccgtgaccaagageticaacoeggy
gogagtat

Heavy
chain B
{Anti~
CD28 x
Anti-CD3-
H Hole:)

Anti-CD28 X Anti-CD3-H_Hole:
caggtgcagetggigoagictggegecgaggicgigaaacctggegecicigtigaagy
{gtoctgcaaggocageggcetacacetttaccagctactacatcoactggatoogccag
gecoctggacagggactggaatggatcggeageatctaccecggeaacgtgaacace
aactacgeecagaagticcagggeagagecacectgaccgtggacaccageateage
accgectacatggaactgagecggcigagaageacgacaccgecgigtaciactgea
cocggicocactacggectggattggaacticgacgistgggoraagggcaccaccegt
gacagtgtctageagecaggtocagetggtgeaaiciggegecggagtogtisoagoct
ggcagaagoctgagactgagotgigeogecageggcticaccticaccaaggectgga
togcactgggetecgocaggeocciggaaageagetiggaatgeotigocceagatcaagy
acaagagcaacagetacgecacciactacgecgacagegigaaggoccggitcacca
teagocgggacgacageaagaacaccetgiaccigeagatgaacagectgegasccg
aggacaccgecgigtactactgicggggocgigtactatgecetgagecccticgattact
goeccagggaacccicgigacegigtctagteggaccgecageacaaagggeecat
cggtetiecctotggoccectigeageagaagcaccagegaatctacagecgeectggy
ctgectegtgaaggactactitcocgageecgigacegtgicctggaaciciggegetet
gacaagceggoegtgeacacctitccagecgigetccagageageggectgtacicictga
geagegtegtgacagtocecageageagectgggcaccaagacctacaccigtaacgt
ggaccacaagecoagoaacaccaaggiggacaagegggiggaatetaagtacggcee
cfoectgeecicatigeccagececigaatitctggecggaceetecgigticctgticec
cocaaageocaaggacaccetgatgatcagecggacececgaagigacctgegtgot
getgoatototoccaggaagatecegaggigeagticaattggtacgtegacgocpis
gaagigracaacgccaagaccaageccagagaggaacagticaacageacctaceg
gatggtgicegtgetgacogtgctgeaccaggactggotgaacg granagagiacaag
igcaaggtgtccaacaaggaoctgeccagotecategagaaaaccaicagcaaggoe
aagggecagecccgegagecticaagigtgtaccetgeceectagecaggaagagaty
accaagaaccaggigiccectgageigigocgigaaagactictacccoagegacatige
cgiggaatgooagascaacggecageccgagaacaactacaagaccaccececctgl
geiggacagegacggoteatteitectggtetecaagetgacegiggacaagagecggt
gecaggaaggcaacgigticagotgoteogigatgcacgaggeccigeacaaccacta
cacccagaagtecctgtctotgicocigggcaag

SEQ 1D NO: 7

Light
chain B
(Anti-CD3
X Anti-
CD28-L)

Anti-CD3 X Anti-CD28-L:
gacatcgtgatgacocagacccccctgagectgagegtgacacctggacageotgoca
geatcagotgoaagageagecagageciggigcacaacaacgecaacacctacctga
getgetatctgcagaageocggeragageccceagicectgatctacaaggtaiccaa
cagattcageggegtgoccgacagatictceggeageggetetggeaccgacticace
ctgaagatcageegggtggaageegaggacgtgggcgtgtactatigiggecagggee
acceagtacceecttcacctiiggeageggeaccaaggiggaaatcaagggecageeca
aggecgecccegacaiccagatgacceagagocccageagectgietgecagogigg
gegacagagigaccatcacctgtcaggecagecagaacatetacgigtggotgaacty
gtatcagoagaagocogglaaggceocceaageigeigatctacaaggccageaacct
geacaccggegtacccageagatitictggeageggctecggeacegacitcaccectyg
acaatcageicectgeagoeoccgaggacattgccacotactacigecageagggocaga
cctaceectacaccttiggecagggcaccaagetiggaaatcaagaccaagggocccag
ceglacggtggcegcteccagegtigticalcttcocacctagegacgagcagetigaagt
coggeacagectotgicgtgigccigetgaacaactictaccecegegagaccaaagiy

SEQIDNOG: 8
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cagtgeaagetoeacaacgCacigeagagcgscancageragsaangcgteaccsa
gcaggacagcaaggactccacctacagectgageageaccoigacactgageanggec
cgactacgagaagcacaaggtetacgcctgegaagteacccaccagggcecigictag
ceecgtgaccaagagettcaaccggggegagtat

Binding Protein 2 Amino Acid Sequences

Heavy
chain A
{Anti-
Her2-

H knob)

Anti-Her2-H_Kaob:
Evqglvesggglvapggsirlscaasgfhikdiyihwyrqapgkglewvariypengy
rvadsvkgrfiisadiskntayigmmsiracdtavyvyesrwggdeframdyweqgg
thvtvssastkgpsviplapesrsisestaalgelvkdytpepvtvswnsgaltsgvitf
pavigssglysissvvtvpssslgtktytenvdbkpsntkvdkrveskygppeppep
apetlgepsvitfppkpkdtinusrtpevtevvvdvsgedpevgfawyvdgvevh
naktkpreegfustyrvvsvitvihgdwlngkevkckvsnkglpssiektiskakgg
prepgvytippegeemtkngvshwelvkefvpsdiavewesnggpennyvkitppy
dsdgsfilyskitvdksrwqegnviscsvmbealhnhytgkslsisigk

SEQ ID NO: 1

Light
chain A
(Anti-
Her2-L)

Anti-Her2-L:
Digmtgspssisasvgdrviitcrasgdvntavawvggkpgkapkilivsasflvsg
vpsrisgsrsgtdftitisslgpedfatyveqghytspptfgqetkveikrivaapsviifp
psdeglksgtasvvellnnfypreakvgwkvdnalgsgnsqesviegdskdstysis
stltlskadvekhkvyacevthgglsspvtksfnrgec

SEQIDNG: 2

Heavy
chain B
{Anti-
CD28 x
Antt-CD3-
H Hole)

Anti-CD28 x Anti-CD3-H_Hole:
Qvglgesgpglvkpsqilsltctvsafsisdygvhwyrgppgkglewlgvi
waggginynpsiksrktiskdtskngvsilkdssvtaadtavyycardkgysyy
vsmdywgqgttvtvsssqvglvesgggvvgpgrsiriscaasgfittkawm
hwvrgapgkglewvagikdksnsyatyvadsvkgritisrddskntivigm
nsiraedtavyvergvyyalspfdywgqgtivivssriastkgpsviplapesr
stsestaalgelvkdyfpepvtvswnsgaltsgvhifpavigssglyslssvvty
pssslgtktytenvdhkpsntkvdkrveskygppeppepapefiggpsvilf
ppkpkdtlmisripevicvvvdvsqedpevgfnwyvdgvevhnakikpre
egfnstyrvvsvitvlhgdwlngkevkckvsnkglpssiektiskakgqprep
gvctlppsqeemtkngvslscavkgtypsdiavewesnggpennykttppy
Idsdgsfflvskdtvdksrwgegnviscsvmhealhnhytgkslslslgk

SEQ ID NO: 9

Light
chain B
(Anti-CD3
x Anti-
CD28-1)

Anti-CD3 x Anti-CD28-L:
Divitgtplslsvipegpasisckssgsivhnnantylswylgkpggspgslivkvs
nrfsgvpdrisgsgsatdtilkisrveacdvgvyyeggetqypftfasgtkveikggp
kaapdivitqspaslavspggratiterasesveyyvisimgwyggkpgappkllifa
asnvesgvparfsgsgsgidttitinpveandvanyyeqqsrkvpytfaggtkleiktk
gpsrivaapsviifppsdeglksgtasvyvellnntyvpreakvgwkvdnalgsgnsge
svtegdskdstyslssthtiskadyekbkvvacevthgglsspviksfnrges

SEQ ID NQ: 16

Binding Protein 2 Nucleotide Sequences

Heavy
chain A
{Anti-
Her2-

H Knob)

Anti-Her2-H_Knob:
gaagtgcagetggtggaatciggegocggaciggtgcagectggoggatcicigagac
tgageigtacegocageggeticaacatcaaggacacctacatccactgggigegocag
geecctggeaagggactggaatggotgoccagaatctaccocaccaacggotacace
agatacgeogacagogtgaageoccgoticaccalCagegeegacaccagraagaac
accgectacctgeagatgaacagecigegggecgaggacacegeegtigtactacigia
gtagatgeooagocgacggctictacgecatggactatiggggcecagggcacectegt
gaccgigtctagigegtegaccaaggacccateggigticectetiggoccettgeagea
gaagcaccagegaatctacageogecctgggctgecicgigaaggactactitccegag
occegtgacogtgicotggaactetggogeictgacaageggegtgcacacctticcage
cglgeiceagagcageggacctgtacicicigageagegtcgtoacagigeccageage
ageetgggacaccaagacctacaccigtaacgiggaccacaagoecageaacaccaag
gtggacaagegestooaaictaagtacggeccicectgeccicctigeecageeectga

SEQIDNG: 5
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attictgggcggacccicegtgttccigticcocccaaageccaaggacaccetgatgat
cagoeggacccecgaagigaccigegiggtggtgeatatgicccaggaagatecegag
gtecagticaattggtacgiggacggogtggaagigcacaacgloaagaccaagocca
gagaggaacagttcaacageacctacegggtagtoticegtgetgacegtgctgeacca
goactggctgaacggcaaagagiacaagtecaaggigiccaacaagggocigeccag
ctecatcgagaaaaccatcageaaggecaagggecageccegegagecteaagtgtat
accetgecccctigecaggaagagatgaccaagaaccaggtgtecctgtggtgictegt
gaaaggctictaccccagegacatigecgiggaatgggagagcaacggocageocga
gaacaactacaagaccaccococcigtigctggacagegacggctcaticticetgtacte
caagotgaccgtggacaagagecggtggcaggaaggcaacgigticagetgetecgty
atgcacgaggoeccigeacaaccactacacceagaagiocctgictcigicectigggcan
g

2

Light
chain A
{Anti-
Her2-L:)

Anti-Her2-L:
gacatccagatgacecagagoeeceageagectgicigecagegtgggegacagagty
accatcaccigtagagecagccaggacgtgaacaccegoegiggcctggtaicageaga
agectiggeaaggececcaagetgeigatctacagogecageticctgtacageggegt
geccagceagaticageggaageagaageggeaccgacticacecigaceateagetee
ctgcageocgaggacticgecacctactactgecageageactacaccacecocacca
catttgeccaggecaccaaggtggaaatcaagogtacggtggecgctoccagegiiic
atcticecacctagegacgageagetigaagtcoggeacageetotgicgigigectgely
aacaactictacceccgegaggecaaagigeagiggaaggtggacaacgocctgeag
agceggcaacagcecaggaaagogigaccgageaggacageaaggactecacciacag
cotgageageacectgacactgageaaggecgactacgagaagcacaaggigtacgc
ctgegaagtgacecaccagggecigtctageocegtgaceaagageticaaccgggac
gagtot

SEQIDNG: 6

Heavy
chain B
{Anti-
Ch28x
Anti-CD3-
H Hole:)

Anti-CD28 X Anti-CD3 _Hole:
caggtgcagetgcaggaatctggocciggeotiegigaagectagecagacecigagee
igaccigtaccgtgicoggettcagectgagogactacggegtgcactgggtgogecag
coacctggaaaaggectggaatggcigggcgteatotggectogcgeaggcaccaac
tacaaccccagectgaagicoagaaagaccalcagiaaggacaccaglanagaaccag
gtetcoctgaagetigageagegteacagocgocgataccgecgtgtactactgegeca
gagacaagggctacagctactactacagcatggactactggggccagggeaccacegt
gaccgtgtcatectcicaggtocagetggiggaatctggeggoeggagtagtocagecty
geagaagoctgagactgagetgigecgecagegacticaccticaccaaggectggat
geactgggtecgccaggecectiggaaageagetggaataggigacccagatcaagga
caagagcaacagotacgocacctactacgocgacagegigaagggecggticaccate
ageegggacgacageaagaacacccigtacetgeagatgaacagocigeggaaecga
ggacaccgeogtgtactactgteggggegtgtactatgeccigagecectiogattacig
gegccaggaacceicgigaccgtgictagtcggaccgeticgaccaagggeccateg
gigticectetggecectigeageagaageaccagegaatciacagecgocotgggcte
cotegtgaaggactactiiccegagoccgigaccgtgicctggaacictggogetctgac
aageggogtgoacacctiteccageogtgctecagagrageggoctgtacicicigagea
gegtegtgacagtgoecageageagectggecaccaagacctacacetigtaacgigga
ccacaageccagoaacaccaaggiggacaagegggtigoaatciaagtacggeccice
ctgeoctectigeccageccctgaattictgggeggaceetcegtgttectgticceeeca
aageocaaggacacectgatgatcagecggacceccgaagigaccigogtgetagie
gatgtatcccaggaagaiccegaggtgcagticaatiggtacgtggacggegtzgaagt
geacaacgecaagaccaagoccagagaggaacagttcaacageacctaccgggtogt
gicegtectgacegtectgcaccaggactggctgaacggcaaagagtacaagiocaag
gtgtccaacaagggaccigeccageicoatcgagaaaaccatcagoaaggocaaggec
cagececcgegagecicaagtgigtaceetgececctagecaggaagagatgaccaaga
accaggigtecctgagetgigecgigaaaggctictaccecagegacatigecgtggaat

gggagagcaacyoccagecegagaacaactacaagaccacceceoctgtactgac

SEQ ID NG: 11
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agegacggotcaticttcctggtgtccaageigacegiggacaagagecggiascagg
aaggcaacgtgticagetgeicegtgatgracgaggeccigeacaaccactacaccoa
gaagtcecctgictcigicecigggoaag

Light
chain B
(Anti-CD3
X Anti-
CD28-L)

Anti-CD3 X Anti-CD28-L:
gacatcgtgatgacccagaccoccctgagectgagegigacacciggacagectgeca
geatcagotgoaagageagecagageciggigcacaacaacgecaacacctacctga
gcigatatctgcagaageocggecagageccecagtcoctigatctacaaggatgtecaac
agattcageggegtgeccgacagatictecggeageggctetggcacegacticacect
gaagatcagecgggiggaageegaggacgtggocgtgtactatigiggecagggcac
ccagtaccecticaccitiggcageggeaccaaggizgaaatcaagggocecagoccaag
geogeeccegacategtgotgacacagagecotgotagectggoegigictectggaca
gaggpccaccatcacctgtagagecagegagagegiggaatattacgigaccagectg
atgcagtgetatcagcagaageocggecageccoccaagetigeigatiticgecgecag
caacgtggaaageggegigecagecagattticeggeageggeictggeacegactic
accetgaccatcaaccecgiggaagecaacgacgtggecaactactactgecageaga
geeggaaggtgecctacacctitggecagggoaccaagetggaaatcaagaccaagsg
gececagecgtacggiggocgoteccagegtgticateticccacctagogacgageag
ctgaagtocggeacagecictgtegtgtecotgotgaacaactictacececgegaggac
caaagtgcagigoaagcotoracaacgcoctaCagagogseaacagtcagganagcy
tgaccgageaggacageaaggactecacotacagectgageageaceetgacactga
geaaggecgactacgagaageacaaggigtacgectgegaagigacceaccagggce
cigictageecegigaccaagageticaaccgggacgagiot

SEQ ID NO: 12

Binding Protein 3 Amino Acid Sequences

Heavy
chain A
{Anti-
CD1o(B34
}-H_knob)

Anti-CD19(B34)-H_Kaob:
Qvgivgsgaevkkpgssvkvsckasgvafssywmmwyrgapggglewiggiw
pedgdinyngkikgratitadeststavmelssirsedtavyyearretitvgryvvam
dywaggttvivssastkgpsviplapeststsestaalgelvkdyfpepvivswnsgal
tsgvhtfpavigssglysissvvivpsssigtkivtenvdhkpsntkvdkrveskygpp
cppepapefiggpsvilfppkpkdtlmisripevicvvvdvsgedpevgfnwyvdg
vevhnaktkpreegfnstvrvvsvitvihgdwlingkevkckvsnkglpssiektiska
kggprepgvvtlppegeemtkngvsiwelvkgfypsdiavewesnggpennykit
ppvidsdgsfilvskltvdksrwgegnviscsvmhealhnbytgksisislek

SEQ ID NG: 13

Light
chain A
{Anti~
CD19(B34
L)

Anti-CDI9(B34)-L:
Divltgspaslavspggratitckasgsvdydgdsyinwyggkpggppkiiivdasn
tvsgvparfsgsgsgidfttinpveandtanyveggstedpwifgggtkleikitvaap
sviifppsdegiksgtasvvelinnfypreakvgwkvdnalgsgnsgesvieqdskd
styslsstitiskadyekhkvvacevthgglsspvtksinreec

SEQ ID NG: 14

Heavy
chain B
{Anti-
CD28 x
Anti-CD3-
H Hole)

Anti-CD28 x Anti-CD3-H_Hole:
Quglvgsgaevvkpgasviovsckasgyfisyyvibhwvrgapgqglewigsi
ypgurvaimyagkfogratitvdtsistaymelsrirsddtavyyctrshygldw
nfdvwekgttvtvsssqvglvesgggvvgpgrsiriscaasgfiftkawmhw
viqapgkaglewvagikdksnsyatyyadsvigrftisrddskntlylgmnsly
aedtavyycrgvyyalspfdywgqgtivivssitastkgpsviplapcsrsises
taalgclvkdyfpepvivswasgaltsgvhitfpavigssglysissvvivpssst
gtktytenvdhkpsntkvdkrveskygppeppepapeflggpsvilfppkpk
dtlmisrtpevtcvyvdvsqedpevgfnwyvdgvevhnakthkpreeqgfnst
yrvvevitvthgdwingkeykekvenkglpssiektiskakggprepqyctlp
psgeemtkngvsiscavkgfypsdiavewesnggpennyktippvldsdgs
ffivskltvdksrwgegnviscsvmhealhnhytgksisisigk

SEQIDNG: 3

Light
chain B
(Anti-CD3
x Anti-

Anti-CD3 x Anti-CD28-1:

Divmigtplsisvtpggpasisckssgsivlinnantylswylgkpegspgslivkys
nrfsgvpdrisgsgsgtdttikisrveacdvgvyyegggtgypftfosathveikggpk
aapdigmtgspssisasvgdrvtitcgasgriyywinwyqakpgkapkllivkasnl

SEQID NO: 4
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CD28-1)

htgvpsrisgsgsgtdtiltissigpediatyyeggegeypyefogetkicikikgpsriva
apsviifppsdegiksgtasvvellnntyvpreakvqwkvidnalgsgnsgesvtegds
kdstyslsstitlskadvekhkvyacevthqglsspviksfnrgec

Binding Protein 3 Nuclectide Sequences

Heavy
chain A
(Anti-
CD19(B34
3-H Knob)

Anti-CD19(B34)-H Knob:
caggtacagciggigcagageggcgccgaagigaagaageciggcageagogigaa
gateagctgoaaggccageggotatgecticageagetactggatgaacigggtaagg
caggcacciggecagggcctggagiggataggocaaatatggoctggegatggegac
accaactacaaccagaagticaaggocagagCgaccigacegregacgagageace
agcaccgegtacatggagctgageagectgaggagegaggacaccgecgtgtaciatt
gegecagaagggagaccaccaccgigggeaggtactactacgecatggactaciggy
gecagggaaccacegigacegtgageagegectegaccaagggeccateggtatico
ctetggecoctigeagoagaagoaccagegaatetacageegeocigggotaoctogty
aaggactactttecogageccgtgaccgtgtectggaacietggegcictgacaagegg
cgigeacacctifccagecgtgciccagageageggactgtactcicetgageagegtegt
gacagtgeccageageagectgggcaccaagacctacacctgtaacgtegaccacaa
geccagcaacaccaaggiggacaagegggtggaatctaagtacggoccteccigecct
cottgeccageccetgaattictgggeggacecteegigticetgticcceccaaagecca
aggacacccigatgatcagecggaccecogaagigacotgogiggtagiggatgtotc
ccaggaagatcocgaggtgcagticaatiggtacgiggacggogtgeaagtscacaac
geoaagaccaagoccagagageaacagticaacageacctaccgggiggtoicegiyg
cigaccgtgetgeaccaggactiggcigaacggeaaagagtacaagigcaaggistoca
acaagggcectgeccageicealogagaaaaccalcageaaggrcaagggocagecce
gegagectcaagtgtataccotgeccecitgecaggaagagatgaccaagaaccaggt
gtcoctgtggtatciogtgaaaggctictaccecagegacatigecgiggaatzggagag
caacggceagocogagaacaactacaagaccaccococcigigctggacagegacgy
cfcaticticetgtactecaagoigaccgiggacaagagecggigacaggaaggoaacy
tgttcagotgeteegtgatgcacgaggcoctgeacaaccactacacccagaagteectgt
ctetgtecctgggcaag

SEQ IDNG: 15

Light
chain A
{Anti~
CDI9(B34

L)

Anti-CDIS(B34)-L:
gacetegtgctgacecagageoctgegagectiggetgigagecctggecagagagee
accatcacctgeaaagecagecagagegtggactacgacggegacagetaceteaact
getaccagcagaagectggecagocceccaageigetigatitacgatgecageaacct
gatgagcggogtaccigetagaticagegactceggragoeggcacegacticaceety
accatcaacocogiggagpgecaacgacacegoecaactactactgecageagageacy
gaggacccciggaccticggecagggeacaaagetggagalcaagegtacggiggec
getoccagegtgticatcticocacctagegacgageagetgaagtecggcacagoectct
gtegtgtgcctgetgaacaactictaccecegegaggecaaagtgcagtggaagotesa
€3acgeoctecagagcgsraacagecagsaaagegigaccsagcagsacageans
gactccacctacagectgagcageacectgacactgageaaggecgactacgagaag
cacaaggtgtacgectgegaagigaccoaccagggocigictagececgigaccaaga
gettcaaccgggecgagtot

bt

SEQIDNG: 16

Heavy
chain B
(Anti-
CD28 x
Anti-CD3-
H Hole)

Anti-CD28 X Anti-CD3-H_Hole:
caggtocagciggtgeagictggogecgaggtcgtgaaacciggoegecteigigaagy
tgtcctgraaggecageggctacacctttaccagetactacatccactggatecgoecag
gecoctggacagggactggaatggatcggeageatciaccoeggeaacgigaacace
aactacgcccagaagticcagggoagagecaccctgaccgtggacaccagoatcage
accgectacatggaactgagecggcigagaagegacgacaccgecgtgtactacigea
cocggieccactacggectggattggaacticgacgtgtggoocaaggecaccaccgt
gacagigtctageagecaggtgeagetggiggaatetggeggcggagtsotocagoct
gocagaagectgagactgagetgtoccgocageggcticaccticaccaaggectgga
tgcactgggtgogccaggecociggaaageagetggaatgggtggcecagatcaagg
acaagagceaacagotacgecacctactacgocgacagegigaagggecgeticaccat

SEQIDNG: 7
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cageogggacgacageaagaacacccigtacetgeagatgaacagocigegggecga
goacaccgeegtetactactgteggggogtgtactaigeectgagececticgattacte
ggeocagggaacceicgigaccgigtotagtcggaccgecagcacaaagggoccate
gatgticectctggoeocetigeagcagaageaccagegaatctacagecgecctggact
gectegigaaggactactiicecgageeegtgacegigtectggaactciggegctotga
caageggegtgeacacctitecagecgtgetccagageageggectgtactotetgage
agegicgtgacagtacccagcageagecigggcaccaagacctacaceigiaacgion
accacaagoccageaacaccaaggiggacaageggategaatctaagtacggecctc
octgecctectigeccagecoctgaatiictgggoggaccoteegtgttecigticoccee
aaagoccaaggacaccotgatgatcagecggacoececgaagtgacctgegtagtoats
gatgtgtcocaggaagateccgaggigeagticaatigetacgtggacgeogtggaagt
geacaacgocaagaccaageccagagaggaacagitcaacageacctaccgggiest
gtecgigeigaccgigcigeaccaggactggetgaacggcaaagagiacaagtgcaag
gigiccaacaaggacctgeccagetecatcgagaaaaccaicageaaggecaaggec
cageoccgegagecteaagtgigtacectgeococtagecaggaagagatgaccaaga
accaggtgtocctgagotgigecgigaaaggctictaccecagegacatigecgtggaat
gggagagcaacggecagecogagaacaactacaagaccaccecoectgigetggac
agegacggcotcaticttectggtgiccaagetgacegiggacaagagocggtagcagsy
aaggcaacgtaticageigeticcgtgatgeacgaggccctgeacaaccactacaccca
gaagtccotgictetgicecigggraag

Light
chain B
(Anti-CD3
X Anti-
CD28-L)

Anti-CD3 X Anti-CD28-L:
gacatcgtgatgacocagaceoccctgagectgagegtgacacciggacagectgoca
geatcagotgoaagageagecagageciggigeacaacaacgecaacacetacciga
getgetatctgcagaageecggecagageccceagicoctgatetacaaggtaiceaac
agattcageggegtgeccgacagatictcoggeageggcictggcaccgacticacect
gaagatcageogggtegaageogaggacgigoocetotaciatigigoccaggucac
ccagtaccecticaccttiggeageggeaccaaggiggaaatcaagggccagoecaag
goegcococgacatecagatgacccagagecceageagoctgteigecagegiggsc
gacagagtgaccatcaccigtcaggocagecagaacatctacgigtegctgaactegta
tcagoagaagecoggeaaggcececcaageigeigatctacaaggecageaacetgoa
caccggogtgcccageagatitictggeageggctecggcaccegacticacccigacaa
tcageteectgeageccgaggacatigecacctactacigecageagggecagacctac
cectacacctitggecagggcaccaageiggaaatcaagaccaagggecccagecgta
cgatgeccgctcecagegtgticaicttcecacctagegacgageageigaagicogac
acagoctctgtegtptgcctgetgaacaactictacccecgegaggecaaagigeagty
gaaggtoracaacgCocigragagoggraacagecageanagegtoaccgageag
gacagcaaggactecacctacagecigagcageacccigacacigagcaaggocgac
tacgagaagcacaaggtgtacgectigegaagigaccecaccagggectgtetagecocg
tgaccaagagceticaaccgggacgagtgt

SEQIDNG: 8

Binding Protein 4 Amino Acid Sequences

Heavy
chain A
{Anti-
CD19(B34
-H knob)

Anti-CD19(B34)-H Kanob:
Qvgivgsgaevkkpgssvkvsckasgyafssywmunwvrqapgqglewiggiw
pedgdinyngkfkgratitadeststavmelssirsedtavyyearretttvgryyvam
dywgggttvivssastkgpsviplapesrstsestaalgelvkdyvipepvtvswasgal
tsevhtfpavigssglyslssyvtvpsssigtktyvtenvdhkpsnthkvdkrveskygpp
cppepapeflggpsvilfppkpkdilmisrtpevicvvvdvsgedpevgfnwyvdg
vevhnaktkpreegfnstyrvvsvitvihgdwlngkevkckvsnkglpssiektiska
kegprepgvvtlppegeemtkongvstwelvkefypsdiavewesnggpennyktt
ppvidsdgsfilyvskitvdksrwgegnviscsvmhealhnhyigkslsislgk

SEQIDNG: 13

Light
chain A
(Anti-
CD19(B34

Anti-CDIS(B34)-1:

Divligspastavspggratitckasqsvdvdgdsvinwyvqgkpggppkilivdasn
lvsgvparfsgsgsgtdfttinpveandtanyyeggstedpwitpggtkicikitvaap
sviifppsdegiksgtasvvclinnfypreakvgwkvdnalgsgnsqesviegdskd

SEQ ID NO: 14
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D)

stysisstitiskadyekhkvvacevthgglsspvtksfinrgec

Heavy
chain B
{Anti-
CD28x
Anti-CD3-
H Hole)

Anti-CD28 x Anti-CD3-H_Hole:
Qvaigesgpglvkpsgtisitetvsglsisdygvhwvrgqppgkglewlgviw
agggtnynpslksrktiskdtskngvslidssvtaadtavyycardkgysyyys
mdywgggtivtvsssqvglvesgggvvgpgrsirscaasgfiftkawmhw
vrgapgkglewvagikdksnsyatyyadsvkgrftisrddskntlylgmnsic
aedtavyyergvyyalspfdywaqetivivssrtastkgpsviplapcsrstse
staalgclvikdyfpepvtvswasgaltsgvhitfpavlgssglysissvvivpsss
lgiktytenvdhkpsntkvdkrveskygppceppepapefliggpsvilfppkp
kdtlmisrtpevicvvvdvsgedpevgfowyvdgvevhnakikpreeqfns
tyrvvsvitvihgdwingkeykckvsnkglpssiektiskakggprepgvetl
ppsqeemtkngvsiscavkgtypsdiavewesnggpennykttppvidsd
estfivskltvdksrwgegnviscsvimhealhnhytgksislslgk

SEQIDNG: 9

Light
chain B
{Anti-CD3
X Anti-
CD28-L)

Anti-CD3 x Anti-CD28-L:
Drvmtgiplsisvipggpasisckssgstvhnnantvlswylgkpsgspgslivkvsn
fsgvpdrisgsgsgtdfitkisrveacdvevyvegqgtgypftfesgtkveikggpka
apdivitgspasiavspggratiterasesvevyvislmgwyggkpggppkllifaas
nvesgvparfsgsesetdftttinpveandvanyyeqgsrkvpyifaqetkicikikg
psrtvaapsviifppsdegtksgtasvvellnnfypreakvgwkvdnalgsgnsgesv
tegdskdstystsstlilskadvekhkvyacevihgglsspvtksfnrgec

SEQ ID NO: 10

Binding Protein 4 Nucleotide Sequences

Heavy
chain A
{Anti-
CD19(B34
H Knob)

Anti-CD19(B34)-H_Knob:
caggtgcagetggipoagagcggcgocgaagigaagaageetggcageagegigaa
gotgagctgcaaggecageggctatgecticageagotactggatgaactgggioagy
caggceacciggecagggociggagiggatagecoaaatatgecciggogatggcgac
accaactacaaccagaagitcaagggeagagegacctigacegeegacgagageace
agceaccgegtacatggagetgageagectgaggagegaggacaccgeegtgtactalt
gogecagaagggagaccaccaccegiggacaggtactactacgocatggactaciggg
gecagggaaccaccgigaccgtgageagegecicgaccaagggeccateggtetice
cietggeocctigeageagaageaccagegaatctacagecgecctggactgectegty
aaggactactttcocgageccgtgacegtgtcciggaacictggegcetctgacaagegg
cglgeacacctitccagocgtgetccagageageggectgtacictctgageagegtegt
gacagtgcocageageagectgggeaccaagacctacacctgtaacgiggaccacaa
geccageaacaccaaggtggacaagegggiggaatctaagtacggeccteccigecct
cotigeccagecectgaatitcigggeggaccctocgigticctgttccceccaaagecea
aggacaccotgatgatcagecggacoccegaagigaceigegiggtiggtggatgtistc
coaggaagatecogaggtocagticaattgotacgigeacgocgtggaagtacacaac
gecaagaccaageccagagaggaacagticaacageacctaccgggiggtotcogis
ctgaccgtgctgoaccaggactiggoigaacggcaaagagtacaagigeaagetgicca
acaaggacctgeccageiccatcgagaaaaccalcagcaaggeraagggccagecoe
gegagectcaagigtataccctgccecctigecaggaagagatgaccaagaaccaggt
gtooctgiggtetcticgigaaaggctictaccccagegacatigecgiggaatgggagay
caacggecagoocgagaacaactacaagaccacecoececigtgetggacagoegacgg
cteattcticcigtactecaagetgacegiggacaagagecggigecagoaagocaacy
tgttcagctgetecgigatgeacgaggeecigeacaaccactacacccagaagteocigt
ctetgtecctgggceaag

SEQID NG: 15

Light
chain A
{Anti-
CD1oB34
L)

Anti-CD19(B34)-L:
gaccicgigetgacccagagecctgegagectggetgtgageoctggeragagagee
accatcaccigeaaagecagecagagegiggactacgacggegacagetacetcaact
ggtaccagcagaageciggocagececccaagetgetgatitacgatgocageaacct
getgageggogtaccigetagaticageggctecggcageggeaccgacttcacectyg
accatcaaccocgiggaggocaacgacaccegecaactactactgecageagagoacy
gaggaccectggaccticggecaggocacagagetesagalcaagegtacggtesce

SEQ ID NO: 16

192




WO 2017/180913

PCT/US2017/027488

geicocagegigticatctiteccacctagegacgageagetgaagiceggeacagectet
gtcgigteccigetgaacaactictacocoogogaggcraaagigcagtggaagetsoa
caacgcecctgeagagoggcaacagecaggaaagegigaccgageaggacageaag
gaciccacctacagectgageageacectigacactgageaaggecgactacgagaag
cacaaggtgtacgectgogaagtgacocaccagggectgictageccegigaccaaga
geticaaccgggacgagtat

Heavy
chain B
{Anti-
CD28 x
Anti-CD3-
H_Hole:)

Anti-CD28 X Anti-CD3-H _Hole:
caggigeagoigeaggaatetggecciggectegigaagoctagecagacecigages
tgacctgtaccgigtocggeticagectgagegactacggegigeactgggtacgecag
ccacctggaaaageoctggaatgoctegocgtoalciggoctgscggagocaccaac
tacaaccccagocigaagiccagaaagaccatcageaaggacaccageaagaaccag
gteteoctgaagetgageagegtigacagecgeegatacegeegtgtactactgegeea
gagacaagggotacagetactactacageatggactaciggggecagageaccaccegt
gaccgtgtcatectctcaggtgcagetggtggaatciggeggcggagtegtycagecty
geagaagectgagacigagctgtgocgocageggeticaccticaccaaggectggat
geactgggtocgocaggeecatggaaagcageiggaatgggigocccagatcaagga
caagageaacagctiacgecacctactacgeegacagegtgaaggaocoggticaccate
ageegggacgacageaagaacacccigtacctgeagatgaacagecigegggeega
ggacaccgecgigtactactgicgggocgigtactatgeccigagececticgatiacty
ggoccagggaaccotegigacegtgictagtcggacogeticgaccaagggocoalcyg
gtettecctciggococtigeageagaageaccagegaatctacagecgeccigggetyg
cetegteaaggactactifoccgagecogtgaccegtgtectggaactetggcgotetgac
aageggcgtacacacciticcageegtactecagageageggecigtactetetgagea
gegtegtaacagtgeccageageagectgggeaccaagacctacacctgtaacgigga
ccacaagoccageaacaccaaggiggacaageggatggaatciaagiacggeccice
ctgeoctectigoccagococtgaatitcigggoggaccoteegtgticcigticocceca
aageccaaggacaccctgatgatcagocggacoecocgaagigaccigegtggtegty
gatgtgtcccaggaagatcecgaggtgcagticaatiggtacgtggacggcgtagaagt
geacaacgecaagaccaageccagagaggaacagiicaacageacctacegggiggt
gteegigeigacogigetigeaccaggaciggotgaacggcaaagagiacaagigcaag
gigtccaacaagggecigeccageiccatogagaaaaccaicageaaggecaaggge
cagococgogagecicaagigtgiaceetgocecctagecaggaagagaigaccaaga
accaggtgicoctgagetgigecgigaaaggtictaccccagegacatigecgtggaat
ggoagascaacggecagecegagaacaactiacaagaccaccoccectgigetggac
agegacggoteattcticetggatgtecaagetgacegtegacaagagecggiogragy
aaggeaacgtgticagotgotecgigatgeacgaggcectgeacaaccactacaccea
gaagiccetgteteigiccctgggocaag

SEQ ID NO: 11

Light
chain B
{Anti-CD3
x Anti-
CD28-L:)

Anti-CD3 X Anti-CD28-L:
gacategigatgacccagaceecectgagectgagegtgacacctggacagoectgeca
geatcagcetgeaagageagecagageciggtacacaacaacgecaacacetacetga
getggtatetgeagaageceggocagagoccecagicectgatctacaaggigiccaac
agattcagcgpcgtgoeccgacagaticteeggeageggotciggoaccgacticacoct
gaagatcageogggtesaagecgaggacgtgeocgtotactatigtegccaggecac
ccagtaccecttcacctiiggeageggcaccaaggiggaaatcaaggoecagoeceaag
geegececegacategtgetgacacagagecctgetagectggeegtgtetectggaca
gagggccaccatcacotgiagageoagegagagogtggaalattacgtgaccagecty
atgeagigatatcageagaageceggocagecccecaagetgetgatiticgeegecag
caacgtggaaageggegtoccagecagatiticeggoagogactctggcacogactic
acectgaccaicaaccoegiggaagecaacgacgiggocaactactactgecageaga
geeggaaggtocectacacctiiggecagggraccaageiggaaalcaagaccaagy
geeccagecgtacggtggecegetcccagegtgticateticecacctagegacgageag
cigaagiceggcacagectetgicgigigectgetgaacaactictaccecogogagge
caaagtgcagtggaagetogacaacgeeotgeagageggcaacagecaggaaageg

SEQ ID NO: 12
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tgaccgageaggacageaaggaciccacciacagocigageageaccctgacaciga
gcaaggecegactacgagaageacaaggigtacgectgegaagigacocaccagggc
cigtctagececgtgaccaagageticaaccggggegagist

Binding Protein § Amino Acid Sequences

Heavy
chain A
(Anti-
CD38-

H kuoob)

Anti-CD38-H_Kuob:
Qvqlvgsgaevakpetsvkisckasgytftdvwmagwvkgrpegglewistivpg
dedtgvagkfgekatitadkssktvymhlsslasedsavyvecargdvygsnsidvw
gagtsvivssastkgpsviplapesrstsestaalgelvkdyipepvtvewnsgaltsg
vhifpavigssglysissvvtvpsssigthtytenvdhkpsatkvdkeveskyegppep
pepapeflggpevilfppkpkdtimisripevicvvvdvsgedpevgfnwyvdgve
vhnaktkpreegfostyrvvsvitvihgdwingkeykckvsnkglipssiektiskak
ggprepgvytippegeeatkngvsiwelvkgfypsdiavewesnggpennyktip
pvidsdgsfilyskitvdksowgegnviscsvimhealhnbytgksisisigk

SEQID NG: 17

Light
chain A
{Anti-
CD38-1)

Anti-CD38-L:
Divitgshlsmstsigdpysitckasqdvstvvawyggkpegsprelivsasyryvig
vpdritgsgagtdfiftissvgacdlavyyegghysppyvtfggetkleiktvaapsvii
fppsdeqlksetasvvellnnfypreakvgwkvdnalgsgnsgesvtegdskdstys
lsstltlskadyekbkvyacevthgglsspvtksfrgec

SEQIDNG: 18

Heavy
chain B
{Antt~
CD28 x
Anti-CD3-
H Hole)

Anti-CD28 x Anti-CD3-H Hele:
Qvalvgsgaevvkpgasvkvsckasgytftsyyihwvrqapgqglewigss
ypgnvamyagkfqgratitvdtsistaymelsrirsddtavyycotrshygidw
nfdvwekgtivivsssqvglvesgggvvgpgrstriscaasgfiftkawmhw
vrqapgkglewvagikdhsnsyatyyadsvkgrfiisrddskntlylgmnslr
aediavyycrgvyyalspfdywaqgtivivssrtasikgpsviplapesrstses
taalgclvkdyfpepvivswnsgaltsgvhtipavigssglyslssvvivpsssl
gtktytenvdhkpsntkvdkrveskygppeppepapeflggpsvilfppkp
kdtlmisrtpevtevvvidvsgedpevgfnwyvdgvevhnaktkpreegfns
tyrvvsvitvlhgdwingkevkekvsnkglpssiektiskakggprepgvetl
ppsgeemtkngvsiscavkgfypsdiavewesnggpennykttppvldsd
gsffivskltvdksrwgegnviscsvmbealhnhytgksislsigk

SEQ 1D NO: 3

Light
chain B
{Anti-CD3
x Anti-
CD28-L)

Anti-CD3 x Anti-CD28-L:
Divimtqgtplsisvtpggpasisckssgsfvhinraniylswylgkpggspgslivivs
arfsgvpdrfsgsgsatdttikistveacdvavyyegggtgypitfosatkveikggpk
aapdigmiqgspssisasvgdrvtitcgasgriyvwinwyqgkpgkapkilivhasnl
htgvpsrisgsgsptdftitissigpediatyyegggatypyifoqetkicikikgpsrty
aapsviifppsdeqglksgtasvvclinnfypreakvgwkvdnalgsgnsgesvtegd
skdstyslsstitiskadyekhkvyacevthqglsspviksfurgec

SEQ 1D NO: 4

Binding Protein 5 Nucleotide Sequences

Heavy
chain A
{Anti~
CD38-

H Knob)

Anti-CD38-H Knob:

caggtocagciggtocagictggogcogaagiggecaageciggoacaagegigaag
ctgagetgeaaggecageggotacaccticaccgactactggatgeagtogstcaage
agaggeeaggecagggeciggaatggatcggeacaatctateecggegacggegata
ceggetacgeccagaagittcagggcaaggecacoctgaccgocgacaagageagea
agacogtgtacatgcaccigageagectiggocagegaggacagegocgigiactatty
cgeeagaggegactactacggcageaacagectggactatiggeaccagggeaccag
cgigacagigtetagigegtogaccaagggcccaicggtgticectctggeacatigeag
cagaageaccagegaatctacagecgeccigggetigectegtgaaggactacttteccg
ageeegtgaccegtgicctggaaciciggegeictgacaageggegigeacacetiteea
geegtgctecagageageggoectgtactetctgageagegtcgtgacagtgeocagea
geagecigggcaccaagacciacaccigtaacgtggaccacaageccageaacacca
aggiggacaagegggtegaatciaagtacggccctocctgoccicetigeccagecat
gaattictgeocggaccecicogigticetgticcocccaaageccaaggacacectgate
atcagecggacccccgaagtgaccigegtoetostooatotoicccaggaagalcecg

e

SEQID NG: 18
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aggtgcagticaatiggtacgiggacggcgtggangigracaacgccaagaccaagec
cagagagpgaacagticaacagoacctaccgggtggigtcegtocteacegtgctgcac
caggactggcigaacggcaaagagtacaagigeaaggtgtccaacaagggoctacoe
agetecatcgagaaaaccatcageaaggecaaggacoagocoecgoegagocticaagly
tataccetgecoectigecaggaagagatgaccaagaaccaggigicoctgtegtetcte
gtgaaaggctictaccccagegacatigecgiggaalggaagragraacggecagece

gagaacaactacaagaccaccocccctgigetggacagegacggotcaticttectgia

ctccaagcetgaccgiggacaagageoggtegcaggaaggcaacgigitcagetgetoe
gtgatgeacgaggccctgeacaaccactacaccoagaagicoctgictcigtecctggg
caag

Light
chain A
{Anti-
CD38-L)

Anti-CD38-L:
gacatcgtgatgacceagagecaccigageatgageaccagectgggegaccecgigt
ccatcacciglaaagecagecaggacgigiccacogigatgooctagtatcageagaa
gectggecagageoccagacggetgatetacagegecagetalcggtacateggestyg
cecgacagaticaceggaagoggagecggcaccgacttcaccticaccatcagetcigt
geaggecgaggacctggecgiatactactgecageageactacageecceoctacace
ttiggoggaggcaccaagetggaaateaagegtacggtggccgcicccagegigticat
cticceacctagogacgageagetgaagtccggoacagocictgicgigtagccigeiga
acaactictacceecgegaggecaaagigeagiggaaggtgoacaacgeccigeaga
goggeaacagecaggaaagegigaccgageaggacageaaggactecacctacage
ctgageageaccetgacactgageaaggoecgactacgagaageacaaggigtacgeo
tgegaagtgacceaccagggecigtetageocegtgaccaagageticaacegggge
gagtgt

SEQIDNO: 20

Heavy
chain B
{Anti-
CD28 x
Anti-CD3-
H Hole)

Anti-CD28 X Anti-CD3-H_Hole:
caggtgcagcetggtoeagtctegcpcegaggtcgtigaaacctggcgecictgtgaagy
{gtcctgeaaggecageggctacacctitaccagetactacatecactggatgcgoecag
goecectggacagggactggaatggategocageatetacceeggeaacgtigaacace
aactacgeccagaagticcagggoagagecacceigaccgiggacaccageateage
accgectacatggaactgagecggetgagaagegacgacaccgecgigtactacigea
coeggteccactacggectggatiggaacticgacgtptopspcaagggcaceaccgt
gacagtgtctageagecaggtecagetgatoeaatcteggcgecgeagtoatocagect
ggcagaagcctgagactgagotgtgccgecageggoticaccticaccaaggectigga
tgeactgggtgcgecaggeccectggaaageagctggaatggetogeccagatcaagy
acaagagcaacagetacgecacciactacgocgacagegigaagegocggticaceat
cageogagacgacageaagaacaccetigtacctgeagatgaacagoctgegggecg
aggacaccgecgigtactactgicgggecgtgtactatgecotgageccoticgatiact
ggeoocagggaaccctcgigacegigtctagtcggaccgecageacaaagggeecat
cggtgttecctciggecectigeageagaagoaccagegaatctacagecgecetegg
ctgectegtgaaggactactticocgagecegtgacegtgtectggaacictggegcetet
gacaageggegtgcacacciticcagoegigeiccagageageggecigiacictetga
geagegtogteacagigeccageageagectgggeaccaagacctacaccigiaacgt
ggaccacaageccagoaacaccaaggiggacaageggtogaatctaagtacggce
cteectgeectectigeccagecectigaatiiciggecggacceteogigticetgticece
ceaaageccaaggacacectgatgatcageoggaccecogaagigaccigegtegty
glggatgtetcccaggaagatccegaggtecagticaattggtacgtogacggcgtesa
agtgeacaacgocaagaccaageccagagaggaacagticaacageacctaceggst
gaigtecgtgetgacegtgotgcaccaggactggetgaacggeaaagagiacaagtac
aaggtgtecaacaagggcctgeccagetocalcgagaaaaccatcageaaggccaag
ggccagececgegagectcaagigtetaccotgececctagecaggaagagatgace
aagaaccaggtglicoctgagetgtecegtgaaaggctictaccecagegacatigecgt
ggaatgegagagcaacggocageecgagaacaactacaagaccacececeetgtget
gaacagegacggotoaticttectggtgtccaagetgacegiggacaagageeggtsg
caggaaggacaacgtgticagctgeicogtgatgcacgagocccigeacaaccactaca

SEQ ID NO: 7
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cceagaagicoctatcictgtocctagacaag

Light
chain B
(Anti-CD3
X Anti-
CD28-L)

Anti-CD3 X Anti-CD28-L:
gacatcgigatgacccagaccecectgagectgagegigacacciggacagectgeca
gcatcagetgeaagageagecagagectggigeacaacaacgecaacacciacetga
gctggtatetgoagaageceggocagagoeccecagiecotgatetacaaggtgtecaac
agattcageggegigcecgacagatictocggeageggotctggoacegacticacoet
gaagatcageogggiegaageegageacgtgoocototactatigigeccagggcac
ccagtaceecticacctitggcageggeaccaaggiggaaatcaagggecageecaag
gecgeccccgacatecagatgacceagagocceageagectgtcigecagegigggc
gacagagtgaccatcacctgicaggcecagocagaacatctacgtgiggctgaaciaggta
fcagcagaageocggeaaggoccecaagetgetgatotacaaggocageaacctgea
caccggegtgeecageagattttciggoageggetlcoeggeacegacticaccetgacaa
tcagctecoigeageccgaggacatigecacctactactgecageagggecagaccta
cecetacacctttggecagggcaccaageiggaaatcaagaccaagggeeccagecgt
acggiggecgeteecagegtgticatcticecacctagegacgageagetgaagicegg
cacagcctctgtegigtgecigetgaacaactictacecocgegaggecaaagtigeagt
ggaaggtaggacaacgocctglagageggcaacagecaggaaagegtgaccgagea
gegacagcaaggactccacctacagecigagoagoacccigacactgagcaaggccga
ctacgagaageacaaggigtacgcctgogaagigacecaccagggcectgtctageoee
gtgaccaagageticaaccggggcgagiot

SEQGIDNG: 8

Binding Protein 6 Amino Acid Sequences

Heavy
chain A
{Anti-
CpD38-

H knob)

Anti-CD38-H Knob:
gvglvgsgaevakpgtsvklsckasgvtfidywmgwvkqrpggelewigtivped
gdtgyagkfggkatltadkssktvymhlsslasedsavyyveargdyvgsnstdywg
ggtsvtvssastkgpsviplapesrstsestaalgelvkdvipepvtvswnsgaltsgy
htfpavigssglyslssvvtvpsssigtktytenvdhkpsntkvdkrveskygppepp
cpapeflgepsvilfppkpkdtimisrtpevtevvvdvsgedpevgfnwyvdgvev
hnaltkprecgfnstyrvvsvitvihgdwingkevickvankglpssickiiskakg
gprepgvyvtippegeemtkngvslwelvkgfypsdiavewesnggpennvktipp
vidsdgsfllyskitvdksrwgegnviscsvmhealhunhyigksistsigk

SEQIDNO: 17

Light
chain A
{Anti-
CD33-L)

Anti-CD38-L:
Divmtgshismstslgdpvsitckasgdvstvvawyggkpegsprrliysasyryig
vpdrftgsgagtdfittissvgacdlavvyeqghysppyifeggtkleikrtvaapsvhi
fppsdeglksgtasvvellnnfypreakvgwkvdnalgsgnsgesvieqdskdstys
lgstitiskadvekhkvyacevthgglsspvtksfnrgec

SEQGID NO: 18

Heavy
chain B
(Anti-
CD28 x
Anti-CD3-
H Hole)

Anti-CD28 x Anti-CD3-H_Hole:
Qvglgesgpgivkpsqgtlsltctvsglslsdygvhwvrgppgkglewlgviw
aggetnynpsiksrktiskdtskngvsikdssviaadtavyycardkgysyyy
smdywgagttvtvsssgvglvesgggvvgpgrsiriscaasgftfikawmh
wvrgapgkglewvagikdksnsyatyyadsvkgritistddskntivigmn
slraedtavyycrgvyyalspfdyweqgtivtvssriastkgpsviplapesrst
sestaalgelvkdyfpepvivswnsgaltsgvhtfpavigssglystssvvivp
ssslgtktytenvdhkpsntkvdkrveskveppeppepapefiggpsvilfpp
kpkdtimisrtpevicvvvdvsgedpevgfnwyvdgvevhnaktkpreeg
fustyrvvavitvihgdwlngkeykekvsnkglpssicktiskakggprepgv
ctippsqeemtkngvsiscavkgfypsdiavewesnggpennykttppvld
sdgsfflvskltvdksrwgegnviscsvmhealhnhyiqkslsisigk

SEQGIDNG: 9

Light
chain B
(Anti-CD3
x Anti-
CD28-L)

Anti-CD3 x Anti-CD28-L:
Divimtgtplslsvipggpasisckssgsivhnmantylswyigkpggspgslivkvs
nrfsgvpdrfsgsgsgtdftlkisrveacdvevvyegqetgypftiesgtkveikggp
kaapdivitgspaslavspgqratitcrasesveyyvislmgwyggkpegppkliifa
asnvesgvparfsgsgsetdfiltinpveandvanyyeggsrkvpytfggetkleiktk

SEQGID NG: 10
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gpsrivaapsviifppsdeglksgtasvvcllnnfypreakvgwkvdnalgsgnsge
svteqdskdstyslsstitiskadvekhkvvacevthgglsspvtksfrgec

Binding Protein 6 Nucleotide Sequences

Heavy
chain A
{Anti-
CD38-

H Knob)

Anti-CD38-H_Knob:
caggtgeagetggtgcagictggogeegaagiggecaagectggeacaagegtgaag
ctgagetgeaaggccageggotacaccttcacegactactggatacagtggaicaage
agaggccaggocaggacctggaatggateggeacaatetatcocggegacggcsata
ceggetacgeocagaagtitcagggcaaggecaccatgacoegeogacaagageagea
agaccgigtacatgeaccigageagoctegecagogaggaacagogeogigtactatg
cgecagaggegactactacggeageaacageciggactatiggggocagggeaccag
cgtgacagtgictagtgegtogaccaagggeccateggigticoctetggecectigeag
cagaageaccagcegaatctacagecgoocigggotgoectegteaaggactactticeog
agecogtgacogtgtectggaactotggegeictgacaageggegtgcacacciticea
gecgtgciceagageageggectgtacictcigageagegtogteacagtgcccagea
geageetgggcaccaagacctacaceigtaacgtggaccacaageccagcaacacca
aggtooacaagcgestooaatctaagtacggocctccctgecctectigoccagoecoct
gaatticigggcggacccicegtgticeigticeccecaaageccaaggacacceigatlg
atcagecggacceccgaagigacctgegiggtgatogatgtoteccaggaagaicecg
aggtecagticaatiggiacgigaacgaegiggaagiacacaacgcoaagaccaagee
cagagaggaacagticaacagcacctaccgggiggiatcegtecteacegtactgcac
caggactggcigaacgocaaagagtacaagigcaaggigtccaacaaggeoctecce
agetecatcgagaaaaccatcageaaggecaaggaccagocoecgogagoctcaagly
tatacectgeccectigecaggaagagatgaccaagaaccaggigicectigiggtaicic
gigaaaggctictaccccagegacatigecgiggaalgegagagscaacsgecagoece
gagaacaactacaagaccaccococctgigetggacagegacggotcaticttectgta
ctccaagetgaccgiggacaagagecggiggcaggaaggeaacgtattcagetgetoe
gigatgcacgaggcccigeacaaccactacaccoagaagicoctgteicigtecetggg
caag

SEQIDNG: 19

Light
chain A
{Anti-
CD38-1)

Anti-CD38-L:
gacatcgligatgacccagagecacctgageatgageaccagectgggegaccocgigt
ccatcaccigtaaagecagecaggacgigtecacegigatggoctggiatcageagaa
gectggecagageococagacggotgatctacagegecagetateggtacateggegty
cecgacagaticacceggaagoggagecggeaccgacticaccticaccatcagetctgt
geaggecgaggacctggecgtatactactgecageageactacageoceeactacace
tttggogpagecaccaageiggaaatcaagegtacggiggccgctcccagegigticat
ctteccacctagegacgagcagetgaagtecggeacagectetgicgigtaccigeiga
acaactictaccecegegaggecaaagigeagtgeaagoisoacaacgeoctgcaga
geggceaacagecaggaaagegtgaccgageaggacageaaggactecacctacage
ctgageageacocotgacactgageaaggecgactacgagaageacaaggigtacgee
tgogaagigacecaccagggecigtctageoccgigaccaagageticaacegggec
gagigt

SEQ IDNO: 28

Heavy
chain B
{Anti-
CD28 x
Anti-CD3-
H Hole:)

Anti-CD28 X Anti-CD3_Hole:
caggtgcagcetgeaggaatciggocciggectcgigaagectagecagaccetgagee
tgacctgtacegtgtecggcticagectgagegactacggegigeactgggtecgecag
ccacctggaaaaggectggaatggetggecgigatctggaciggogaagacaccaac
tacaaccccagectgaagtccagaaagaccatcageaaggacaccagoangaaccag
gigtccotgaagotgagcagegtgacagecgecgatacegecgtgtactactgegeca

gagacaagggctacagctactactacageatggactactggggccagggcaccacegt
gacogtgtcatectetcaggtgeagetggtogaatotgecggoeggagtgstocagocty
geagaagectgagactgageigtaccgecageggeticaccttcaccaaggoctgeat

geactggetocgccaggeocctggaaageageiggaalgggteocccagaleaagga
caagageaacagctacgecacciactacgecgacagegtgaagggccggticaccate
agcegegacgacageaagaacacceigtaccigeagatgaacagectgoggaecga

SEQIDNO: 11
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ggacaccgeogtgtactacigtcggggogtgtactaigeccigagecccitegatiactg
gogccagggaacectegtgacegigictagteggaccgeticgaccaagggeocateg
gigticcetctggecccitgeageagaageaccagegaatctacagocgecotgggcty
cotegtgaaggactactticoegageccgigaccegigicetggaactctggegeteigac
aageggegtgcacacctitccageegigetccagageageggectgtactctictgagea
gegiegtgacagtgeccageageagectgggeaccaagacctacaccigtaacgtgga
ccacaageccageaacaccaaggtggacaagegggiggaatctaagiacggeecice
ctgoeoctcetigeocageocotgaatitetgggcggacoctecgtgticetgitccoceea
aagcocaaggacaccetgatgatcagecggaccoccgaagigaceigegtggissty
gatgtgtoccaggaagatccogaggigeagticaatiggtacgtggacggcgiggaagt
geacaacgecaagaccaageecagagaggaacagticaacageacciacegggiggt
gtecgtgetgaccgigoigeaccaggaciggetgaacggcaaagagiacaagtgoaag
gigtccaacaagggcectigeccagetecatcgagaasaccaicageaaggoecangegc
cageoccgegagectcaagtgigiaceeigeceectagecaggaagagatgaccaag
aaccaggtgicoectgagotgtgccgtgaaaggcitctaccccagegacatigeegtega
atgggagagoaacggocagoeoegagaacaactacaagaccacoececectgigetgga
cagcgacggcteaticticeiggtetecaageigacegiggacaagagocggiggeag
gaaggcaacgigttcagetgetceglgatgoacgaggccctgeacaaccactacacce
agaagicecigicictgicccigggcaag

Light
chain B
{Anti-CD3
x Anti-
CD28-L:)

Anti-CD3 X Anti-CD28-L:
gacategtgatgacecagaccecccigagecigagegigacacctggacageetgeea
geatcagotgoaagageagecagageciggtgcacaacaacgecaacacctacciga
gotgetatctgeagaageocggecagageccecagicocigatetacaaggtgiccaac
agaticageggegtgceccgacagatictecggcageggctctggcacegacticacect
gaagatcagocgggotggaagocgagoacgtooocatotactatigiggccaggocac
ceagtaccecttcacettiggeageggeaccaaggiggaantcaagggrcageccag
geegoococgacategtgotgacacagagecetgetagectggocgigictectggac
agaggeoccaccatcacctgtagagecagogagagcgiggaatattacgtgaccagect
gatgcagtggtatcagcagaageccggecagecceccaageigetgatittegecges
agcaacgtgeaaagcggcgigecagecagattticeggoagoggeictggeacogact
tcaccctgaccatcaaccocgtggaagecaacgacgigeccaactactacigeoagea
gagecggaaggtgocctacaccitiggecagggeaccaagetggaaatcaagaccas
gggeeccageegtacggtggoecgeicccagegigticateticecacctagegacgag
cagctgaagiccggeacagecictgtegtgtgectgetgaacaactictacccecgega
geccaaagtgeagiggaaggiggacaacgecoigoagagcggcaacagocaggaaa
gegtgaccgageaggacageaaggactceacctacageetgageageacectgacac
tgageaaggecgactacgagaageacaaggatgtacgccigogaagtgacocaccagg
gectglctageceegteaccaagageticaaceggegogagtat

SEQIDNO: 12

Binding Protein 7 Amino Acid Sequences:

Heavy
chain A
{Anti~
LAMPI-
H knob)

Anti-LAMPI-H Knob:
gvalvgsgacvikkpgssvkvsckasgyiftnynifowvikspeqelewigaivpgn
gdapvsgkiggkatltadtsisttymelsslrsedtavyvevranwdvafayweggtl
vtvssastkgpsviplapesrstsestaalgelvkdypepvivswnsgalisgvhtfpa
vigsselyslssvvtvpsssigtktytenvdhkpsntkvdkrveskyeppeppepape
flggpsvitfppkpkdtlmistpevtevvvdvsgedpevgfowvvdgvevhnakt
kpreegfostyrvvsvitvihgdwingke vkekvsnkelpssicktiskakggprep
gvytippegeemtkngvsiwelvkgfvpsdiavewesnggpennvkitppvidsd
gsfflyskltvdksrwaegnviscavmbeathnhvigkslsislgk

SEQ IDNQO: 21

Light
chain A
(A k-
LAMPI1-
L)

Anti-LAMPI-L:
Digmtyspssisasvedrvtitckasgdidrymawygdkpgkaprllihdfstigsg
vpsrisgsgsgrdvtlttsnlepedfatyyclgydniwifegotiveikrtvaapsvhifp
psdeglksgtasvvellnnfypreakvgwkvdnalgsgnsqesviegdskdstysiss
titlskadyekbkvyacevthgglsspvtksfnrgec

SEQ 1D NO: 22

Heavy

Anti-CD28 x Anti-CD3-H_Hole:

SEQIDNG: 3
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chain B
(Anti-
CD28 x
Anti-CD3-
H Hole)

Qvalvagsgaevvkpgasviovasckasgpeftsyyihwvrgapgqglewigsd

ypgrvamyagkfqgratitvdisistaymelsrirsddtavyvesrshygldw
nfdvwekgttvtvsssqvglvesgggvvgpgrslriscaasgfiftkawmhw
viqapgkglewvagikdhsnsyatyyadsvigrftisrddskntiylgmnsie
aedtavyyergvypalspfdywgagtivivssrtastkgpsviplapesrstses
taalgclvkdyfpepvtvswnsgaltsgvhtipavigssglyslssvvivpsssl
gtktytenvdhkpsnikvdkeveskygppeppepapeflggpsvilfppkpk
dtlmisrtpevtcvvvidvsqedpevginwyvdgvevhnaktkpreeqfnst

yrvvsvitvihgdwingkeyvkekvsnkglpssiektiskakggprepgvetlp
psqeemtkngvsiscavkgfypsdiavewesnggpennykttppvidsdgs
fiivskitvdksrwgegnviscsvmbhealhnhytgksislsigk

Light
chain B
{Anti-CD3
x Anti-
CD281)

Anti-CD3 x Anti-CD28-L:
Divmtgtplslsvipggpasisckssqstvhnnantylswylgkpggspgslivivs
arfsgvpdrfsgsgsatdttlkistveacdvavyyegggtgypittosatkveikggpk
aapdigmtgspssisasvgdivtitcqasgriyvwinwyqakpgkapklliykasnl
htgvpsifsgsgsptdfiltissigpediatyyoggggiypyetoggtkieikikgpsriva
apsviitppsdeqgiksgtasvvcllnntypreakvgwkvdnalgsgnsgesvteqds
kdstysisstitiskadvekhkvvacevthgglsspvtkstnrgec

SEQIDNG: 4

Binding Protein 7 Nucleotide Sequences

Heavy
chain A
{Anti-
LAMPI-
H Knob)

Anti-LAMPI-H Knob:
caggtgcagetggtecagtctggegeogaagigaagaaacccggeageagegtgaag
stgtectgoaaggccageggotacatcticaccaactacaacatccactgggtcaagaa
giccccaggecagggoctggaatggatcggegecatetatceeggaaacggogacee
coctiacagecagaagticcagggcaaggecacectgacegeegataccageacctee
accacctacatggaacigageagecigeggagegaggacacegeegigtactatigeg
tgcgggccaactggeatgtgacciicgectatiggggccagggcacactogigacegty
toctctgegtegaccaagggeocateggtgticecictggeccotigeageagaageac
cagogaatctacagecgecctgggctgectegtgaaggactactiicocgagoecgiga
cegtgicotggaactciggegetctgacaagegeogtecacacctticcagecgtgctee
agagcageggoctgtactotctgageagegicgigacagtgoccageageagoctgagy
caccaagacciacaccigtaacgtggaccacaageccageaacaccaaggiggacaa
gegegtggaaictaagtacggoceteecigeocicetigeccagecocigaatitetzgy
cggaccetecgtgticctgticococcaaagoccaaggacacecigatgatcageesga
coccegaagtgacctgegtggtegtgpatgigtoccaggaagatocegaggiscagtic
aattggtacgtgeacgecgiooaasieCacaacgocaagaccaageecagagaggaa
cagticaacageacctaccgggtagtotecgtoctyacogtgotgeaccaggactggct
gaacggeaaagagtacaagigeaaggtgtccaacaagggcctgeecagetecatega
gaaaaccatcagcaaggecaagggceagecocgegagectcaagigtatacectgee
coctigecaggaagagatgaccaagaaccaggigtocctgiggteicicgtigaaagact
{ctaccccagogacattgocgiggaatgggagagcaacggocageccgagaacaact
acaagaccaccecocotgigetggacagegacggoteaticttcctetactccaagoiga
ccgtggacaagagecggigpcaggaaggcaacgisitcagotgoteogtgatecacga
ggccctgeacaaccactacacccagaagiccotgictetgicectggocaag

SEQ ID NO: 23

Light
chain A
(Anti-
LAMPI-
L)

Anti-LAMPI-L:
gacatccagatgacceagageeccageagectgictgecagegtgggogacagagte
accatcacatgeaaggecageecaggacategateggtacatggectggtaicaggaca
agecoggeaaggececcagacigeigatccacgataccageacactgeagagegecy
tgcocageagattiiceggeictiggageggcagagaciacacecigaccatcageaac
ctggaacocgaggacticgecacctactactgectgeagtacgacaaccigiggacctic
geeggagecaccaaggigoaaatcaagegtacggiggcogeicccagegtgticaict
teccacctagegacgageagetgaagiceggeacagecictgtegtgtgectgetgaac
aacttctaccecegegaggecaaagigeagtggaaggioggacaacgeoctgeagage
ggcaacagccaggaaagogtgaccgageaggacagcaaggactccacctacagoect

SEQ ID NO: 24
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gagcagcacccigacactgagceaaggecgaciacgagaageacaaggigtacgectg
cgaagigaccoaccagggectgictagecoegigaccaagagettcaaccgggaega
gigt

Heavy
chain
B(Anti-
CD28 x
Anti-CD3-
H Hole)

Anti-CD28 X Anti-CD3-H_Hole:
caggtgcagetggtgcagictggegocgaggtegtgaaacctggegectetgtgaage
{gtcctgeaaggecageggctacacctitaccagetactacatecactggatocgoecag

gococtggacaggoactggaatggaleggcageatciaccceggraacgigaacace

aactacgeccagaagticcagggragagecacceigaccgiggacaccagatcage
accgectacatggaactgagecggcetgagaagegacgacaccgecgigtactactgea
cocggicocactacggectggattegaacticgacgtgtegoocaagoocaccacegt
gacagtetctageagecaggtecagctgatopaatetegcgecgeagsteatocagoct
ggeagaagcectgagactgagetgteccgeoageggeticaccticaccaaggecigga
tgcactgggtacgecaggoceciggaaageagotggaatgggtogeccagatcaagy
acaagagcaacagetacgecacciactacgocgacagegigaagegocggticaceat
cagceogggacgacagcaagaacacccigtacctgeagatgaacagoctgeggaecga
ggacacogeogtgtactactgtcgggpogtatactatgcocigagecccttcgattactgy

ggeccagggaacectegtgacegigtotagtcggacegecageacaaagggeocate
gatgticecictggecectigcageagaageaccagegaatetacagecgeocigggot
goctegigaagaactactticcegagecegtgacegigtectggaaciciggegetctga
caagoeggegtgeacacctitecagecgtgotccagageageggectgtactetetgage
agegicgigacagigcecageagcagectgggeaccaagacctacacotgtaacgtgg
accacaagceecageaacaccaaggiggacaagegggtgeaaiciaagtacggoccte
cctgeectecttgeccageeoctgaattictgggeggacceteegtatiectgticocoee

aaageccaaggacaccetgatgatcagecggacceccgaagigacctgegiggtagto
gatgtgteccaggaagatcecgaggigeagticaatiggtacgiggacggcegiggaagt
geacaacgocaagaccaageccagagaggaacagticaacageacctacegggtest
gtocgtgetgaccgigetigeaccaggactggoigaacggcaaagagtacaagigoaag
gigtccaacaagggcectgecoagetocaicgagaaaaccatcageaaggccaaggoc
cagecccgegagecteaagtgtiotacectgecccetagecaggaagagatgaccaaga
accaggtgtecctgagetgtgeegigaaaggctictaccccagegacatigeegtggaat
gggagagcaacggecagecegagaacaactacaagaccaccecocatgigetggac

agegacggeteaticticctggtgtocaagetgacogiggacaagagocgetegcagy

aaggcaacgigttcagcetgctccgtgatgoacgaggccetgeacaaccactacaccoa

gaagieccigicicigicectgggcaag

SEQIDNOG: 7

Light
chain B
{Ant-CD3
x Anti-
CD28-L:)

Anti-CD3 X Anti-CD28-1:
gacatcgtgatgacccagacccccctgagoctgagegtgacacciggacagectgoca
geatcagotgeaagageagecagagectiggtiagcacaacaacgecaacacctacctga
getggtaicigeagaagoeceggecagageccecagicectgatetacaaggigtecaac
agattcageggegtgeocgacagatictecggeageggetetggeacegacticacect
gaagatcageogggiggaageogagoacgtggecatotactatigtggccagggeac
ccagtaccecttcacctitggcageggeaccaaggiggaaatcaaggoccagoccaag
geegeecacgacatccagatgacccagagecccageagectgicigecagegiggac
gacagagtgaccatcaccigicaggecagecagaacatetacgigteocteaactgata
{cagcagaageocggeaaggeecccaagetgeigaictacaaggoecageaacetges
caccggegtgeccageagatittetggeageggetecggeacegacticaccetgacaa
tecagetecctgeagecogaggacattgocacciactactgecageagggocagacctac
cectacacetitggecaggacaccaageiggaaatcaagaccaaggaceccagecgta
cggtegccgctcceagegtgticatcttcccacotagegacgagrageigaagiccgge
acagcctetgicgigtaccigeigaacaactictacececgegaggecaaagigeagty
gaagatoracaacgeocigtagagegecancagoragganageetaaccgagcay
gacagcaaggactceacctacagectgageageacectgacactgagcaaggecgac
tacgagaagcacaaggigtacgecigegaagigacccaccagggecigtctagececg
{gaccaagagcticaaccggoaocgagtot

SEQ IDNO: 8
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Binding Protein 8§ Amino Acid Sequences

Heavy
chain A
{Anti-
LAMP1-
H knob)

Aunti-LAMPI-H_Knob:
gvgivgsgacvkkpgsavkvsckasgyiftnynilwvkkspgqgleowigaiypga
gdapysgkfggkatitadtststtymelssltsedtavyyevranwdvafaywgggtl
vivssastkgpsviplapesrstsestaalgelvkdyfpepvtvswasgaltsgvhtfpa
vlgssglyslssvvtvpsssigtktyvtenvdhkpsatkvdkeveskyeppeppepape
flggpavitippkpkdtimisrtpevtcvvvdysgedpevgfnwyvdgvevhnakt
kpreegfnstyrvvavitvihgdwingkeykekvsnkglpssiektiskakggprep
qvvtippegeemikngvslwelvkgfvpsdiavewesnggpennvktippvidsd
gsfflyskltvdksrwqegnviscsvmbeathnhytgkslslsigk

SEQIDNO: 21

Light
chain A
(Anti-
LAMPI-
L)

Anti-LAMP1L-L:
Digmtgspssisasvedrvtitchasgdidrymawyqdkpgkaprilihdestlysg
vpstfsgsgsgrdytitisniepedfatyyclgydniwifeggtiveikrtvaapsviifp
psdeglksgtasvvelinnfypreakvgwkvdnalgsgnsgesvtegdskdstysiss
titlskadvekhkvyacevthgglsspvtksfnrgec

SEQ 1D NO: 22

Heavy
chain B
(Anti-
D28
Anti-CD3-
H Hole)

Anti-CD28 x Anti-CD3-H Hole:
Qvglgesgpglvkpsqgilsltctvsglslsdygvhwvrgppgkglewlgviw
aggetnynpsiksrktiskdtskngvsiklssvtaadtavyycardkgysyyys
mdyweqgttvivsssqvglvesgggvvpgrsitlscaasgftftkawmhw
vrgapgkaglewvaqgikdksnsyatyvadsvkgrfiisrddskntiylqmunsic
aedtavyycrgvyyalspfdywgqetlvivssrtastkgpsviplapesrstse
staalgclvldyfpepvivswasgalisgvhifpavigssglyslssvvivpsss
tgtktytenvdhkpsntkvdkrveskygppeppepapetiggpsvilfppkp
kdtlmisrtpevievvvdvsgedpevgfnwyvdgvevhnaktkpreeqgfns
tyrvvsvitvihgdwingkeykckvsnkglpssiektiskakggprepgvet
ppsqeemtkngvsiscavkgtypsdiavewesngqgpennykitppvldsd
gstfivskltvdksrwgegnviscsvimhealhnhytgksisisigk

SEQ ID NO: 9

Light
chain B
(Anti-CD3
X Anti-
CD28-L)

Anti-CD3 x Anti-CD28-L:
Divmtgtplslsvipggpasisckssgsivhmmantylswvigkpggspgslivkvsn
rfsgvpdrisgsgsetdfilkisrveacdvevyvegggtqypftiasgtkveikagpka
apdivitgspaslavspggratitcrasesveyyvisimgwyggkpggppkllifaas
nvesgvparfsgsgsetdftitinpveandvanyveqgsrkvpytfggetkleikikg
psrtvaapsviifppsdeglksgtasvvellnnfypreakvgwkvdnalgsgnsgesy
tegdskdstyslsstitiskadvekhkvvacevthgglsspviksfnreec

SEQ ID NO: 10

Binding Protein 8 Nucleotide Sequences

Heavy
chain A
{Anti-
LAMPI-
H Knob)

Anti-LAMP1-H Knob:
caggtecagetggtpragictggcgccgaagigaagaaaccoggeageagogtgaag
glgtectgeaaggccagegectacatoticaccaactacaacatecactgggtcaagaa
gioceccaggecagggeciggaatggatcggegecatetateceggaaacggogacge
ceottacagecagaagticcagggeaaggecaccetgacegeegataccageacctee
accacctacatggaactgageagectgeggagegagaacaccgecgiataciatigeg
tgogagocaacigggatgigaccticgoctatiggggecagggeacacicgigacegls
fccictgegtcgaccaagggoccateggtgticcetoiggececttgoageagaageac
cagcegaatctacageegoectgggctgoctegigaaggactactitccogagecegtiga
cegtgtectggaactetggegototgacaageggegtgcacacctttceagecgtgotee
agageageggectgtacicictgageagegtegigacagigeccageageageetiggy
caccaagacctacacctgtaacgiggaccacaageccageaacaccaaggigeacaa
gegggtggaatetaagtacggecctecetigocctectigeccageccetgaattictogg
cggacectecgtgticctgttccccocaaageccaaggacaccetgatgateagecgga
cecccgaagtgacctigogtgptgotooatatoicocaggaagatecegaggtecagttc
aattggtacgiggacggegtopaaglgcacaacgloaagaccaageecagagagaan

cagticaacagcacctaccgggtgstatoecgiactgacegtectgcaccaggactggct

SEQ 1D NO: 23

201




WO 2017/180913

PCT/US2017/027488

gaacggcaaagagtacaagtgceaaggtgtccaacaagggcectgeecageiceaicga
gaaaaccatcageaaggocaagggoecageocogegagectcaagigtatacecigoe
ccettgccaggaagagatgaccaagaaccaggtgicoctgtggigtotcgtgaaagact
tetaccecagegacatigeogiggaatgggagagcaacggecagecegagaacaact
acaagaccaccececctgigeiggacagegacggcteaticttectgtactecaagetiga
cegtggacaagageeggiggoaggaagocaacgtgticagetgeteogigatgeacga
gacccigeacaaccactacacccagaagteccigicictgiceciggacaag

Light
chain A
{Anti-
LAMPI-

L)

Anti-LAMPI-L:
gacatccagatgacccagagecccageagocigicigecagegtigggcgacagagty
accatcacatgeaaggecagecaggacategateggtacatggeciggtaicaggaca
ageocggceaaggoccecagactgetgatocacgataccageacactgcagageggeg
tgoccageagattitccggctetggcageggeagagactacacectgaccalcageaad
ctggaaccogaggacticgecacctactactgoctigeagiacgacaacctgiggaccotic
ggegoagocaccaaggiggasaicaagegtacggteoccgeticceagegigticatet
tcccacctagegacgageagetgaagiceggcacagectctgicgtgtaoctgetgaac
aactictaccecegogaggcecaaagtgeagiggaaggiggacaacgecctgeagazce
ggcaacagocaggaaagegigaccgageaggacageaaggactecacatacagect
gagcagcaccctgacactgageaaggecgactacgagaageacaaggtgtacgocty
cgaagigaccoaccagggectgictagococgigaccaagagettcaaccggggoega
gtet

SEGQ 1D NO: 24

Heavy
chain B
{Anti-
CD28 x
Anti-CD3-
H Hole:)

Anti-CD28 b Anti-CD3-H _Hole:
caggtgcagetgeaggaatctggecciggectegigaagoctagocagacectigages

tgacctgtaccgtgtecggoticagectgagegactacggegigeactgggigegecag
ccacciggaaaaggeciggaatggctggacgigaictgggliggoggaggcaccaac
tacaaccccagectgaagtocagaaagacoalcageaageacaccagraagaaceag
gigtecctgaagetgageagegtgacageegecgatacegecegtgtactacigegeea
gagacaagggectacagotactactacageatggactaciggggccagggeaccaccgt
gaccgigteatcctcicaggigeagetggiggaaicigaegocggagtggotacagocty
geagaagecigagacigagetgtgocgocageggeticaccticaccaaggeciggat
geactgggtocgocaggeccotggaaageageiggaatgggtgpcccagatcangga
caagageaacagetacgecacctactacgecgacagegtgaageocoggticaccate
agecgggacgacageaagaacaccoiglacctgeagatgaacagectgogggocga
ggacaccgecgtgtactactgteggoocgtgtactatgeccigagecccticgatiacty
geeoccagggaaccotegigacogtgictagicggacogettcgaccaagggocoaicy
gtgticecteiggoecciigeageagaagoaccagegaatctacagecgeoctgggcty
cctegtgaaggactactitccogageccgigacegigicetggaactoiggepcicigac
aagcggegtacacacctttccagoegtgctecagagcageggectigtactetetgagea
gegtegtaacagtacccageageagecigggeaccaagacctacaccigtaacgigga
ceacaageccageaacaccaaggtggacaagegggiggaatetaagtacggeccice
ctgeocicctigeceagecocigaatiictggeeggaccateegtigticcigticocecca
aagceccaaggacaccetgatgatcageeggacceccgaagigaccigegtagtegts
gatgtgicocaggaagatcocgaggigcagticaatiggtacgiggacggcgiggaagt
goacaacgocaagaccaageccagagaggaacagticaacageacctaccgggtgot
gtecgtgctgacegigolgeaccaggaciggotgaacggcasagagtacaagiscaag
gigtecaacaagggectigeccagetecaicgagaaaaccatcageaaggoeaaggec
cagocecgegagecicaagigtgiaccetgoocectagecaggaagagatlgaccaaga
accaggtgtcectgagetgtgecgigaaaggctictaccccagegacatigeegiggaat
gggagagcaacggccageccgagaacaactacaagaccaccocacetgigetggac
agegacggcteaticticetggtgtecaagetgacegtggacaagagocggtegagy
aaggcaacgigticagctigetecgtgatgcacgaggccetgoacaaccactacaccea
gaagtcectgieteigicectgggecaag

SEQIDNO: 11

Light
chain B

Anti-CD3 X Anti-CD28-1:
gacatcgtgatgacccagacceccetgagectgagegtgacacctggacageetgeca

SEQ IDNO: 12
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{(Anti-CD3
x Anti-
Cb28-L:)

geatcagetgeaagageagecagagectggiglacaacaacgecaacacctacctga
geiggtatotgoagaagocoggocagageecccagtccotgatetacaaggtgtecaac
agattcageggegigcecgacagatictecggeageggoiciggeacegacticaceet
gaagatcageogggtggaageegaggacgtggacgtatactatigtggecagggeac
ccagtaccecticacctitggcageggeaccaaggiggaaatcaagggoecageecaag
gecgeccccgacategtgetgacacagagecetigotagectggecgigicicetggaca
gagggccaccaicacctgtagagecagegagagegiggaatattacgigaccagectyg
atgoagiggtatcageagaagecoggecagececocaagotgotgatittegocgecag
caacgtggaaagcggcgtgccagocagattiiceggoagoeggcictggeaccgacttc
accctgaccatcaaccoegiggaagecaacgacgiggecaactactactgecageaga
gecggaaggtecoctacacciitggecagggeaccaagetgganalcaagaccaagsg
geeccagocgtacggiggccgetcecagegtgticatettcccacctagegacgageag
ctgaagiceggcacagectetgicgigtgoctgetgaacaactictaccecegogaggc
caaagtgcagigaaagetogacaacgocizeagageggcaacagleagganascg
{gaccgagcaggacageaaggactccacctacagectgagcageaccetgacaciga
geaaggcecgactacgagaagcacaaggtetacgoctgegaagigacceaccaggge

ctgtetagececgtgaccaagageticaaccgeeroegagtot

Binding Prot

ein 20 Amino Acd Sequences

Heavy
chain A
{Anti-
CD26-
H knob}

Anti-CD26-H Knob:
Ovyglggpgacelvkpgasvkmsckasgytfisynmhwvkgtpgrglewigaiypg
ngdtsyngkfkekatitadkssstaymaissltsedsavyyearstpyggdwyfivw
gagttvtvsaastkgpsviplapcsrstsestaalgelvkdyfpepvtvswnsgaltsgy
htfpavigssglyslssvvtvpsssigtktvicnvdhkpsntkvdkrveskveppepp
cpapeflggpsvilfppkpkdtimisripevicvvvdvsqedpevgfnwyvdgvev
hnaktkpreegfnstyrvvsvitvthgdwlngkevkckvsnkglpssicktiskakg
gprepgvytippegeemtkngvsiwelvkefypsdiavewesnggpennykttpp
vidsdesffyskltvdksrwgegnviscsvmheathohytgksisisigh

SEQ ID NG: 114

Light chain
A

{Anti~
CD20-L)

Anti-CD20-L:
Qivisgspailsaspgekvtmtcrasssvsythwiggkpgsspkpwivarsalasgy
pvrfsgsgsetsysitisrveacdaatyycqgwesappticgotileikrtvaapsviif
ppsdegiksgtasvvellnnfypreakvgwhkvdnalgsgnsgesviegdskdstyst
sstitiskadyekhkvyacevihqalsspyvitksfurgee

SEQ ID NO: 115

Heavy
chain B
{(CB28x
CD3-

H Hole)

CD28 x CD3-H_Hole:
Qvqlvgsgaevvkpgasvkvsckasgyifisyvihwvrqapeqglewigsi
ypgrvamyagkfqgratltvdisistaymelsrirsddiavyycershygldy
nfdvwekgattvtvsssqvglvesgggvvapgrsltiscaasgfifthawmhw
vrgapgkglewvagikdksnsyatyyadsvkgritisrddskntlylgmnsly
aedtavyycrgvyyalspfdyweqetivivssriastkgpsviplapesrstses
taalgelvkdyfpepvtvswnsgaltsgvhifpavigssglyslssvvivpssst
gtktytenvdhkpsntkvdlrveskygppeppepapeflggpsvilfppkp
kdtlmisrtpevicvvvdvsgedpevgfnwyvdgvevhnakikpreegfns
tyrvvsvitvlihgdwlngkeykckvsnkglpssiektiskakggprepgvetl
ppsqeemiknqusiscavkgfypsdiavewesngqpennvkttppvidsd
gstflvskitvdksrwgegnviscsvmheathnhytgkslslsigk

SEQIDNO: 3

Light chain
B(CD3x
CD28-1)

CD3 x CD28-L:
Divmtgtplslsvipggpasisckssgshimnantylswylgkpggspgslivhys
nrfsgvpdrisgsgsgtdfilkisrveacdvgvyyegggigypiifesgtkveikggpk
aapdigmtgspssisasvedrvtitegasgriyvwhnwygakpgkapkliiykesnl
htgvpsrisgsgsgtdfiltissigpediatyyveggggtypyefogetkleiktkgpsiv
aapsviifppsdeglksgtasvvellnnfypreakvgwhkvdnalgsgnsgesvieqd

skdstyslsstitiskadvekbkvvacevthgelsspvtksfnrgec

SEQIDNO: 4

Binding Prot

ein 20 Nucleotide Sequences

Heavy

| Anti-CD20-H_Knob:

| SEQ ID NO: 116
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chain A
(Anti-
CH20-

H Knob:)

caggigcagcigeageagectggegocgaactegigaaacciggogectoegigaag
atgagetgeaaggccageggotacaccitcaccagetacaacatgeactgggicaage
agaccoccggeagaggceciggaatggatcggcgecatctaceceggraacggegac
acctectacaaccagaagiicaaggoeaageecacectgaccgeegacasgageage
ageacagectacaigeagetgtecagectgaccagegaggacagegecgtgtactact
gegccagaageacciactacggeggogaciggtacticaacgigiggegagecggea
ccaccgtgacagigictgotgcticgaccaagggeocatcggtgttecciciggeccett
geagcagaageaccagegaatctacagocgoccigggctgecicgigaaggactactt
tecegagecogtgacegigtcctggaactctggogeictgacaageggcgtgcacacct
ttccageegtgetecagageageggocigtactotetgageagoegtegtgacagtgoce
agcagcagectgggcaccaagacctacaccigtaacgiggaccacaagcecagcaac
accaaggiggacaagegggiggaaictaagtacggecctcccigeecicetigeccag
cocctgaatitctggacggacccteogigticctgticcocccaaageocaaggacacee
tgatgatcagocggacecocgaagigaccigegtggtogtgpatgigtcccaggaagat
ocegaggtgcagticaattgglacgtggacgocgtigeaagtocacaacgocaagacca
ageccagagaggaacagitcaacageacctacegggtggigteogtgctgacegtgct
gcaccaggactggctgaacggcaaagagtacaagtecaaggigtecaacaagggect
geccagetecatcgagaaaaccalcaglaaggocaaggeccagrcocggagecic
aagtgiataccctgeecccttgecaggaagagatgaccaagaaccaggigteccigigg
tgtetcgtgaaaggctictaccocagegacatigecgtggaatgggagageaacggeca
geocgagaacaactacaagaccacococectgigetggacagoegacggctcattcticc
tgtactecaageigacegiggacaagageoggtggcaggaagacaacgigiicagoty
cteegtgatgeacgaggceccigeacaaccactacacccagaagtocctgictetgicoct
2225332

Light chain
A (Anti-
CD20-L)

Anti-CD26-L:
cagatcgtgetgagcecagagcecigecatectgagegeticeccaggogagaaagiga
ceatgacctgeagagocageagceagegigtcctacatecactggticcagoagaagec
cggeageagocceaagectiggaictacgecaccageaatoiggecageggagigect
gigcggtitagegactciggcageggcacaagetacagectgaccalcageegggtigg
aagcogaagatgoogecacctactacigecageagtggaccageaaceeccocacatt
tggeggaggcaccaagetiggaaatcaagegtacggiggeegetoccagegigticate
tieecacclagegacgageagetigaagtecggeacagectcigtegtatgoctgeigaa
caactictacccecgegaggccaaagigeagiggaaggtggacaacgecctgeagag
cggcaacagecaggaaagogtgaccgagoaggacageaaggacicoacctacagoe
tgagcageaccotgacactgageaaggeegactacgagaageacaaggtgtacgect
gegaagtgacceaccagggoctgictagecocgigaccaagageticaaccggggecy
agtgt

SEQ ID NO: 117

Heavy
chain B
(CD28xCD
3-H Hole)

CD28xCH3-H Hole:
caggtacagctggigeagtetggogeogaggtegtgaaacciggogectetgigaagg
tgtectgoaaggecageggotacacctitaccagetactacatocactgggtgcgocag
gococtggacagggactggaatggatcggeageatctaccccggraacgtgaacace
aactacgeccagaagticcagggeagagecaccoigacegiggacaccageateage
accgectacatggaactgagecggotgagaagegacgacaccgeegtigtaciacigea
ceeggteccactacggectggattggaacticgacgigiggggcaagggeaccacegt
gacagigtctageageoaggtgcagetggiggaatetagegacegagtagigcagect
ggcagaagectgagactgagetgtgocgocageggceticaccticaccaaggecigga
tgcactgggoigegecaggoccciggaaagoagotggaaiggatggcecagatcaagy
acaagagcaacagetacgecacctactacgecgacagegigaagggocggticaccat
cageogggacgacageaagaacacccigtacetgeagatgaacagoctgeggaecg
aggacaccgecgtgtactactgtegggocgtatactatgeccigagecccitegattact
ggggccagggaaccetegtgacogigictagicggaccgecageacaaagggeccat

cggtgticectctggeacciigeageagaageaccagegaatctacagecgecetggg

SEQIBNG: 7
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ctgcctegigaaggactactiicocgageccgigaccegigicctggaactcigacgetct

gacaageggeglgoacacetitccagecgtgetecagageageggectgtacicteiga
geagcgtcgigacagtgoccagoageagectgggcaccaagacctacacetgiaacgt
ggaccacaagoeocageaacaccaaggtggacaagegggatopaatctaagtacggec

ctecctgeectectigeecagececigaatitetgegoggaccotecgigticotgticoce
ccasageccaaggacacectigatgatcagecggaccoccgaagigaccigogtogty

giggatatoteccaggaagateccgaggigcagticaattgglacgtagacggesioga
agtgcacaacgecaagaccaageccagagaggaacagticaacageacciacegggt
gotptecgtocigaccgtgotgeaccaggactggotgaacggcaaagagiacaagige
aaggtetccaacaagggccigoeccagetccatcgagaaaaccatcaglaaggocaag

ggccagecccgegagecteaagigtgtaceotgecooctagecaggaagagateace

aagaaccaggtgicccigagotgigeogigaaaggetictaccecagegacatigeegt

goaatgggagagcaacggocagecegagaacaactacaagaccaccecceotgiget
ggacagegacggcicaticticetggigtccaageigaccgtggacaagageogateg

caggaaggcaacgtgticagetgetocgigatgeacgaggoccigeacaaccactaca
cccagaagtcectgicicigicectggocaag

Light chain | CD3 x CD28-L_Hole: SEQIDNO: 8

B

(CD3xCD7 | geatcagetgeaagageagecagagectggigeacaacaacgecaacacctacetga
é_L Hole:) gotggtatctgeagaageocggecagageccecagtcectgatctacaaggtaticcaac

gacatcgigatgacceagaccecectgagectgagegtgacacciggacagectgesa

agattcageggegtgoccgacagatictceggeageggetctggeacegacticacect
gaagatcagecgggtsgaagecgaggacgigagcgtatactaitgigaccaggecac
ccagtaceccticaccitiggragoggeaccaaggigeaaatcaagggocageocaag
gocgeccccgacatccagatgaccoagagocceageagectgtetgecagegiggge
gacagagtgaccatcaccigicaggccagecagaacaictacgigiggctgaactggta
tcagcagaageocggeasggececcaageigetgatctacaaggocageaacctgea
caccggegtgeccageagatitictggeageggetecggeaccgaciicacectgacaa
tcageteectgeageecgaggacattgecacctactactgecageagggccagaccta
cccctacacottiggocagggcaccaagetggaaatcaagaccaagggeeccagecgt
acggtegccgcteccagegtgticatcticccacctagegacgagcageigaagtecgg
cacagectetgiegigtgccigetgaacaacttctaceccegegaggecaaagigcagt
ggaaggtggacaacgeectgeagageggeaacagecaggaaagegigaccgagea
ggacageaaggactecacctacagectgageageaccetgacacigageaaggocga
ctacgagaagceacaaggigtacgectgegaagizacccaccaggacctgictagecce
gigaccaagagceticaaccgggecgagtat

Binding Protein 21 Amino Acid Sequences

Heavy | Anti-CD20-H Kaeb: SE ID NO:
chain qvylggpgacivkpgasvikmsckasgpftsyrmbwykgtpgrglowigadypgnrgdisyngkf | 114
A kokatltadkssstavmylssltsedsavyycarstyyggdwyfnvweagttvivsaastkgpsvipl
(Anti- apesrstsestaalgelvkdvipepvtvswasgaltsgvhtfpavigssglysissvvtvpssalgtkyt
CD20- cmfdhkpsmkvdkrvs—:skygppcppcpapeﬂggpsvﬂfppkpkdtlmisripevtcvxwdv:sq
H kno edpevgfowyvdgvevhnaktkpreegfustyrvvsvitvthgdwlngkevkckvsnkglpssie
— ktiskakggprepgvvtippegeemtkngvsiwelvkgfypsdiavewesnggpennyvktippvl
b) dsdestilyskitvdksrwgegnviscsvmhealhnhytgkslsisigk
Light Anti-CD20-L: SEQ ID NO:
chain qivisgspailsaspgekvimtcrasssvsyihwigakpesspkpwiyafsnlasgvpvrisgsgsgt | 115
A sysltisrveasdaatyyeggwisapptfpgetkicikrtvaapsviifppsdeglksgtasvvclinnf
(Anti- ypreakvgwkvdnalgsgnsqesviegdskdstyslsstitlskadyekhkvyacevihgglsspvt
CDog. | ksfargee
L)
Heavy | CD28 x CD3-H_Hole: SEQ ID NO:
chain B | gvqlgesgpglvkpsqtlsitetvsgfslsdygvhwvrgppgkglewlgviwagggtnynp | 9

slksrktiskdtsknqvstklssviaadtavyycardkgysyyysmdywgggttvivsssgy
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(CD28
x CD3-
H Hol
)

glvesgggvvgpgrslriscaasgfiftkawmhwvrgapgkglewvagikdksnsyatyy
adsvkgritisrddskntlylqmunslraedtavyyergvyvalspfdywgqgtivtvssrtast
kgpsviplapcsrstsestaalgelvkdyfpepvtvswasgaltsgvhifpavigssglyslss
vvitvpsssigtkiytenvdhkpsntkvdkrveskygppeppepapefigepsvilippkpk
dtlmisrtpevtevvvdvsgedpevgfnwyvdgvevhnaktkpreegfnstyrvvsvitvi
hgdwingkeykekvsnkglpssiektiskakggprepgvctippsgeemtkngvsiscay
kgtypsdiavewesnggpennyktippvldsdgsfilvskitvdksrwgegnviscsvimhb
ealhnhytgkslsislgk

Light
chain B
(CH3x
CD28-
L

CB3 x CD28-L
divimtgtplslsvipggpasisckasgslvhnnantylswylgkpggspgshvkvesnrfsgvpdrfs
gsgsatdfttkisrveacdvevyycgqgtqypftfgsgtkveikggpkaapdivligspaslavspggr
atitcrasesveyyvtslmgwyqgkpegppkilifaasnvesgvparfsgsgsgtdtiltinpveandv
anyyveqgsrkvpvitfgggtkleiktkgpsrtvaapsviifppsdeglksgtasvvellnnfypreakvg
wkvdnalgsgnsgesvtegdskdstyslsstitiskadvekhkvyacevthgelsspvtkstfirgec

SEQ ID NO:
10

Binding Protein 21 Nucleotide Sequences

Heavy
chain A
{Anti-
CD20-
H Knob
8y

Anti-CD20-H_Knob:
caggtgcagetgeageagectggegeegaactegtgaaacciggegecicogigaagatgagetgea
aggecageggcetacaccticaccagetacaacatgcacigggicaageagacceccggeagaggoct
ggaatggatcggcgecatctacceeggeaacggegacaccicetacaacoagaagiicaagggeaa
ggeoacccigaccgecgacaagageageageacagectacatgeagetgtceagecigaccagoga
ggacagegecegtgtactactgogecagaageacctactacggoeggegactggtaciicaacgtigtgs
ggageoggeaccaccgigacagteictgotgoticgaccaagggcccateggigticectetggecee
tigeageagaageaccagegaatctacagecgocctgggotgectegtgaaggactaciticecgage
cegtgaccgigteciggaacictggegeictigacaageggcgigeacacctitccagecgigeiccaga
gcagceggcecigtacicictgageagegicgigacagtgecoageageagectgggoaccaagaccta
cacciglaacgiggaccacaageccageaacaccaaggtogacaagegggtegaatetaagtacgy
cectecetgecetecttgeocageocotgaattictggacggaceetecgtgticctgitococecaaag
cceaaggacaccotgatgateagecggaceeccgaagigacctgegtegtgatooatgtoteceagg
aagatcecgaggtgeagitcaatiggtacgtggacggogiggaagtgracaacgecaagaccaagec
cagagaggaacagticaacagcacctaccgggtggigiccgigetgacegtgctgcaccaggactgg
cigaacggcaaagagtacaagtgcaaggtgiccaacaagggecigeccagetecategagaaaacca
tcagcaaggecaagggccagecocgegagectcaagigtataccetgeccectigecaggaagagat
gaccaagaaccaggtgteecigtgatotetcgtgaaaggctictaceccagegacatigeegiggaatg
ggagageaacggecageccgagaacaaciacaagaccaccececctgtgetggacagegacggct
caticticcigtactccaagetgacegtggacaagagecggtggoaggaaggcaacgigticagetget
cegtgatgcacgaggcccigeacaaccactacacceagaagtcccigictetgicectggacaag

SEQ 1D NO:
116

Light
chain A
{Anti-
CD20-
L)

Anti-CD20-L:
cagatcgtgeigagecagageccigecatcctgagegeticoccaggegagaaagigaccatgacct
geagagecageageagegtgtectacatecactggticcageagaageocggeageageoceange
ctiggatctacgeoaccageaatctggccagoggagigoctgigcggtitageggctotggeagegge
acaagclacagectgaccatcageegggtggaagocgaagatgecgecacotactactgecageagt
goaccageaacccccecacatitggoggagecaccaagctgoaaatcaagegtacggiggcogeic
ccagcegtgitcateticecacetagegacgageagetgaagtecggeacagecteigtegtgtgectge
tgaacaactictaccecogegaggocaaagigeagtggaagatggacaacgocctigragagcgeca
acagccaggaaagogigacoegageaggacageaaggactccacciacagoctigageageaccety
acactgagcaaggecgactacgagaagcacaaggtgtacgectgegaagigaccoaccagggecty
tctagecocgigaccaagagettcaaccggggcgagiat

SEQ ID NO:
117

Heavy
chain B
(CD28 x
CB3-

H Hole:

CD28 x UD3-H_Hole:

cagglgcagetgeaggaatciggeceiggectogtgaagectageoagacectgagecigacctgtac
cgtateeggetteagestgagegactacggegtgcactgggtgcgecageeacciggaaaaggocty
gaatggctgggogtgatctgggctggcgeagecaccaactacaacccragocigaaglocagasag
accatcageaaggacaccageaagaaccaggtgtcectgaageigageagegteacageegecgat
accgeegtgtactacigegocagagacaagggctacagetactactacageatggactactgggscca

SEQ ID NO:
118
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gggcaccaccgtgacogtgicatectcicaggigcageiggiggaatctggegacggagiastocag
ceiggeagaagoctgagactgagetgigeogecageggeticaccticaccaaggectggatgeacte
ggtgcgecaggoccetggaaageagotggaatgggtgocoecagatcaaggacaagageaacagot
acgecacctactacgeogacagogigaaggeccggitcaccalcagecgggacgacagoaagaaca
ccotgtacctgeagatgaacagectgegggccgaggacaccgecgigtactactgteggggegtgta
ctatgeoctgagecccticgattactggggccagggaaccoicgigacegigictagtcggacegetic
gaccaagggeccateggigticectciggecccitgeageagaageaccagegaaictacagoegoe
cigggetgecicgtgaaggactactitccogageccgtgacegigtcctggaactetggcgoteigaca
agcggcegigeacacaetiiceagecgigeiceagagcagoggcectgtacicictgageagegtegtgac
agtgoccageageagoctigggeaccaagacctacaccigtaacgiggaccacaagoecoageaacac
caaggtggacaagegggigeaatctaagtacggeectecctigooctoctigeccageocctigaatiict
gggcggacceicegtgticcigiiccecccaaageocaaggacaccctgatgatcagecggaccoee
gaagtgacctgcgigategtggatgigtcccaggaagaiccegaggtgcagticaatiggtacgtgga
cggogiggaagtacacaacgeoaagaccaagoccagagaggaacagticaacageacctaccggat
ggtgtocgigcigaccgigeigeaccaggaciggoigaacggcaaagagtacaagtgcaaggigice
aacaagggcectgeccageiccatogagaaaaccatcagraaggoeeaagggcageecegegages
tcaagigtgtaccctigeccectagecaggaagagatgaccaagaaccaggigtecctigagoigigecy
tgaaaggcttctaccccagegacatigecgtggaatgggagagcaacggeoagoecegagaacaacta
caagaccacceocccigigeiggacagegacggceteattcticciggigtccaagetgacegiaggaca
agagocggiggraggaagecaacgigticagetgctecgtgatgoacgaggccctgeacaaccacia
cacccagaagicocigtotcigtecetgggacaag

Light
chain B
(CD3 ¢
D28-L:)

(CD3 CD2’-L::
gacatcgigatgacceagacecocotgagectgagegigacacciggacagectigecageatcaget
geaagageageoagageciggtocacaacaacgecaacacctacetgagetggtatetgeagaagec
cggccagagcococagiccctgatctacaaggtgtccaacagaticageggegtgeccgacagatict
ceggeageggetetggeaccegacticaccetgaagaicagoecgggiggaagecgaggacgiggacy
tgtactatigtggecagggcacceagiaceocticacetitggeageggcaccaaggiggaaatcaagy
gocageccaaggocgecocogacategtgctgacacagagecctgetagectggecgigictecigs
acagagggccaccatcaccigtagagocagegagagegtggaatattacgtigaccagectgatgoag
tggtatcageagaagoecggocagecocccaagetgetgattitcgecgecageaacgtggaaagcy
gegtgccagocagattticoggeagoggcictegcacegacttcaccetgaceatcaacccegtggaa
gecaacgacgiggccaactactactgecageagagecggaaggigocctacaccttiggecagggca
ceaagceiggaaatcaagaccaagggeeccagecgtacggiggcogeteccagegigiteateticeca
cctagegacgageagetgaagiccggcacagectetgtegtstgectgctgaacaactictaceeccg
cgaggcecaaagtgeagiggaaggiggacaacgecctgoagagoeggcaacagecaggaaagogiga
cegageaggacageaaggactcoacctacagectgageageaccetgacactgageaaggecgact
acgagaagcacaaggigtacgecigegaagtgacccaccagggecigiciagococgigaccaaga
geticaaccggggegagtiat

SEQ 1D NO:
118

Tabie 3: Heavy and light chain sequences of binding proteins specifically directed to {1~

4, IL.-13 and/or TNFa.

Binding Protein 9 _Aming Acid Sequences

Heavy
chain A

HC
EVQLVESGGGLVQPGRSLRLSCAASGFTFBDYAMAEWVRQAP
GRGLEWVSAITWNSGHIDY ADSVEGRFTISRDNAKNSLYLOM
NSLRAEDTAVYYCAKVSVISTASSLDYWGQGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTS
GVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNT
KYDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI

SEQ 1D NO:
60
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SRTPEVTCVVVDVSHEDPEVEFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISK
AKGOPREPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFES
CSVMHEALHNHYTQESLSLSPG

Light
chain A

LC:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNYLAWYQQKPGKA
PRKLLIVAASTLOSGVPSRFSGSGSGTDRTLTISSLOPEDVATYYC
ORYNRAPYTFGQGTKVEIKGQPKAAPSVTLFPPSSEELQANKAT
LYCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYA
ASSYLSLUTPEQWEKSHRSYSCOVTHEGSTVEKTVAPTECS

SEQ ID NO:
61

Heavy
chain B

HC:
OVOQLOQSGPELVKPGASVKISCKASGYSFTSYWIHWIKQRPGQ
GLEWIGMIDPYDGETRLNQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRLKEYGNYDSFYFDVWGAGTLVTVSSEVQLK
ESGPGLVAPGGSLSITCTVSGFSLTDSSINWYVROPPGKGLEWLG
MIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRTDDTAT
YYCARDGYFPYAMDFWGQGTSVTVSSASTKGPSVFPLAPSSKS
TSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKYVDKKVEPKSC
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVV
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEGYNSTYRVVSY
LTVLHOGDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQY
YTLPPCRDELTKNQVSLWCLVKGFY PSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSKLTVDEKSRWOQQGNVFSCSVMHEAL
HNRFTQKSLSLSPG

SEQ ID NO:
62

Light
chain B

LC:

DIVLTQSPASLAVSLGOQRATISCRASESVDSYGCOSYMHEWY QQK
AGQPPKLLIYLASNLESGVPARFSGSGSRTDFTLTIDPYVQAEDA
ATYYCOONAEDSRIFGGGTKLEIKGGSGSSGSGGDIQMTOQSPA
SLSVSVOGDTITLTCHASONIDVWLSWFQOQRKPOGNIPKLLIYKASN
LHTGVPSRFSGSGSGTGETLTISSLQPEDIATYYCQOAHSYPFTF
GGGTKLEIKGGSGSSGSGGRTVAAPSVFIFPPSDEQLKSGTASY
YVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYS
LSSTLUTLSKADYEKHKVYACEVTHOGLSSPYTKSFNRGEC

SEQ ID NO:
63

Binding Protein 9 Nucleotide Sequences

Heavy
chain A

HC:
gaggtecagetggtogaaageggegeaggactgigcageccggeagaagectgagactgage
tgegecgecagegacticaccticgacgactacgecatgeacigggtecgecaggcecciggeaa
gpecctggaatgegtptccgecateacctggaacageggecacatogactacgocgacagegty
gaaggcecggticaccatcagecgggacaacgocaagaacagoctgtaccigeagatgaacagee
tecgggocgaggacaccgecgtgtactactgegecaaggigtcctacctgageaccgecageag
cotggactactggggecagggeacectggtaacagtatccagegeticeaccaagggecocage
gtgttcecoctggeccotageageaagagacatetggoggeacagecgoccigggotgoctggt
caaggactacticcecgageccgtgacagtgicciggaacictggogeccigaccageggagtgc
ataccticectgecgigcigeagtecagoegeectgtacagectgagcagegiggtcacagtgecca
geagceagectgggeacocagacctacatoigoaacgigaaccacaageccageaacacoaaggt
geacaagaaggtooaacceaagagetgogacaagacceacaccigteccecetgocetgeccet
gaactgetgggeggacceeiccgtgttectgticcocccaaageceaaggacaccotgatgateage
cggacceccgaagtgacctgegtestgetogacgioicccacgaggaccetgaagigaagticaa
ttggtacgiggacgacgiagaagigcataacgecaagaccaageecagagaggaacagtacaac
agcacctaccgggtggigtcegigctgaccgigetgcaccaggaciggeigaacggcaaagagia
caagtgcaaggtgtccaacaaggecetgectgeococatcgagaaaaccalcageaaggccaag
ggocagectagagageoccaagicigeacecigoeccoccageagagatgagcigaccaagaace

SEQ ID NO:
64

208
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aggtgiccetgageigogecgtgaagggctictaccecagegatatcgecgtagaatggsagage
aacggeeageccgagaacaactacaagaccaccecccotgigeiggacagegacggetoatictt
cotggtgtecaagetigacagtggacaagagocggiggcageagggeaacgigticagetgeage
gteatgcacgagoccotgeacaaccatiacacccagaagtcectzagcetgascecegge

Light
chain A

LC:
gacatccagatgacocagagecocageagectgagegecagegtgggegacagagigaccatc
acetgtegggccagocagggcateeggaactacciggoctegiatcageagaagocoggeaagg
cecoccaagetgetgatetacgecgecageacactgeagageggegtgeccageagattcagegg
cageggctecggeaccgacticaccetgaccatcageagectacageecgaggacgiggecace
tactactgccageggtacaacagagecccctacaccticggocaggacaccaaggiggaaatcaa
gggacageocaaggetgecoccicggtoacecigticoccccaageagegaggaacigeaggoe
aacaaggcecaccotegtgtacctgateagegactictacoctggoegecgigaccgtggectggaag
geegatagetotoccgigaagoccgocgiggaaaccaccacceocageaagtagageaacaac
aaatacgeegoctecagetaccigagectigaceccegageagiggaagtecccaceggioctacag
ctgecagaticacacacgaggeocagcaccgiggaaaagacegiggeccccaccgagigcage

SEQ ID NO:
65

Heavy
chain B

HC:
caggigcagetgeageagageggecctgagetggicaagectggegecagegigaagatcaget
geaaggecageggcetacagettcaccagetactggatecactggatcaageageggeeigecca
gugcctggaatggatcggeatgategaccecagegacggegagacacggeigaaccagagatic
cagggcagagecaccctgaccgiggacgagageaccageaccgectiacatgeagetgeggage
cecaccagegaggacagogccgigtactactgeaccoggeigaaagagtacggacaactacgaca
gctictacticgacgtgtggegagocggeacceiggicaccgtgiccagegaagtgcageigaaag
aaagceggecectggectggiggeccetggeggeagectigageatcaccigtacegigicoggtic
agecigaccgacageageatcaactgggtecgacageeccciggeaagggcectegagigacisg
gaatgatciggagogacggocggategactacgecgacgoecigaagicceggotgageateag
caaggacagcageaagagecaggigitoctggaaatgaccagectgoggaccgacgacacoge
cacctactactgegecagggacggetacticcoctacgecatggattictggooccaggocaccag
cgtgacegtgtectctgeticcaccaaggeocceagegigicectctggecoctageageaagag
cacatctggoggaacagecgecctgggetgectggicaaggactactiiccegagecegigacegt
gtectggaacictggigecetgacaageggagtgeataccticectgeegigetgeagageagegy
cotgtactetcigageagegiggicaccgigeraageageagectgggeacceagacctacatety
caacgigaaccacaagecciccaacaccaaggiggacaagaaggiggaacccaagageigega
caagacccacacctgtocteoctgtoctgecectgaactgeigggoggaceotecgtgticctgtics
cfoccaaageccaaggataceetgatgateagecggacceotgaagigaccligegtggtootooac
gtatcccacgaggatcccgaagigaagticaatiggtacgiggacggegtggaagigeataacgee
aagaccaageccagagaggaacagtacaacageacctaccgggtggtatecgtgotigacagtge
igcaccaggaciggctgaacggcaaagagiacaagigeaaggigiccaacaaggoeetgocage
coctategagaaaaccatcageaaggocaagggecageocegegagectcaggigtacacactg
cctecatgecgggacgagetgaccaagaaccaggigteceigtggtocctegtgaaggectictac
coctecgatategeegtegaatggeasascaacggecagoccgagaacaactacaagaccacce
ctecegigetiggacagegacggctcaticticetgtacageaageigacegtggacaagteeeggt
ggcageagggcaacgigticagetgeictgigatgeacgaggeocigeacaaceggticacceag
aagiccoigageetgageeciggc

SEQ ID NO:
66

Light
chain B

LC:
Gacategtgetgacecagagocctgocagectggocgtgtotctgggocagagagecaccatoa
gotgeegggccagegagagegtggacagetacggecagagcetacatgeactggtatcagcagaa
gocoggecagecococaagetgeigatctaccigaccageaacciggaaageggegiaccegoc
agattcageggcageggeageagaacegacticaccetgaccategaccoegigeaggecgagy
acgeegecacotactacigecageagaacgeegaggacagecggaccticggeggaggeacca
agcetggaaatcaagggeggetccggeageageggetcetggoeggcgatatecagatgacecagic
cecogeotecctgagegigtecgigggegacaccatcaccetgacatgecacgeragecagaaca
tcgacgtatggctgagetggticcageagaagectggeaacatecctaagetgetcatetataagge
ctecaacctgeacacoggogigoccagoaggitttceggotciggoagoggcacceggctitaccct
gacaatcageageetgeageccgaggatategccacatatiactgicageaggoecacagetace

SEQ ID NO:
&7
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ccticaccitiggcggcggaacaaagetcgagatiaaggacggcageggaageiceggeicegg
cggacgltacggtgeccactecttcegigttcatcticecicectcogacgageagetgaagicegge
accgectccgtggigtatcigeigaacaactictacoctegggaggocaaggigeagiggaagety
gacaacgeectgeagtocggeaacteccaggagicogtcaccgagoaggactecaaggacagea
cetacteccigioctccaceetgaceetgicecaaggeogactacgagaagcacaaggtgtacgect
gteagatoacceaccagggectgiccagecctgtgaccaagtccticaaceggggegagtac

Binding Protein 10_Amino Acid Sequences

Heavy
chain A

HC .
EVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRQAP
GRGLEWVSAITWNSGHIDY ADSVEGRFTISRDNAKNSLYLGM
NSLRAEDTAVYYCAKVSYISTASSLDYWGQOTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTS
GVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOQTYICNVNHKPSNT
KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHGDWLNGKEYKCKVSNKALPAPIEKTISK
ARKGQPREPOQVCTLPPSRDELTENQVSLSCAVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDESRWQQGNVES
CSVMHEALHNHYTOKSLSLSPG

SEQ ID
60

NG

Light
chain A

LC:
DIOMTGSPSSLSASVGDRVTITCRASOGIRNYLAWYQQKPGKA
PRLLIYAASTLOSGVPSRFSGSGSGTDFTLTISSLOPEDVATYYC
ORYNRAPYIFGQGTKVEIKGQPKAAPSVTLFPPSSEELQANKAT
LVCLISDFYPGAVTVAWKADSSPVKAGVETTIPSKOQSNNKY A
ASSYLSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTECS

SEQ ID
61

NG

Heavy
chain B

HC:

EVQLKESGPGLVAPGGSLSITCTVSGFSL TDSSINWVROPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSYTVSSQVQLQOQSGPE
LVKPGASVKISCKASGYSFISYWIHWIKQRPGOGLEWIGMIDF
EDGETRINQRFOQGRATLTVDESTSTAYMQOQLRSPTSEDSAVYYC
TREKEYOGNYDSFYFDVWGAGTLVTVSSASTRKGPSVEFPLAPSSK
STSGOTAALGCLVKDYFPEPVTVSWNSGALTSGVHTIFPAVLQS
SGLYSLSSVVTVPSSSLGTOTYIONVNHKPSNTKVDKKVEPKSC
DETHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTOVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGGPREPQY
YTLPPCRDELTKNOQVSLWCLVKGFYPSDIAVEWESNGOPENN
YKTTPPYVLDSDGSFFLYSKLTVDKSRWOQQGNVESCSVMHEAL
HNRFTQKSLSLSPG

SEQ ID
68

NG

Light
chain B

L
DIQMTQSPASLSVSVGDTITLTCHASONIDVWLSWEFQGQKPGNIP
KLLIYKASNLHTGVPSRFSGSGSGTGFTLTISSLOPEDIATYYCO
QAHSYPFTFGGGTKLEIKGGSGSSGSGGDIVLTQSPASLAVSLG
QRATISCRASESVDSYGOSYMHWY QQKAGQPPRKLLIVIASNLE
HGVPARFSGSGSRTDFTLTIDPYVOAEDAATYYCOONAEDSRTY
GGGTKLEIKGGSGSSGSGGRTVAAPSVEIFPPSDEQLKSGTASY
YVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPYVTKSFNRGEC

SEQ 1D
69

NG

Binding Protein 10 Nuclestide Sequences

Heavy
chain A

HC:
gaggtgcagciggtoggaaageggcggaggaciggtocageccggoagaagoctgagacigage
tgcgoegocageggoticaccticgacgactacgocatgeactggglicogecaggcccciggoaa
goocctoeaatggototccgocalcacciggaacageggocacatcgactacgccgacagoegts

SEQ ID
64

NG:

210
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gaaggocggticaccatcageegggacaacgecaagaacagecigtacctgeagatgaacagec
tgcgggcogaggacaccgeegtgtactactgegecaaggigtectacctgageaccgecageag

cotggactactggggcecagggacaccotggigacagigtecagegcticcaccaagggececage

gtgticecoctggeecotagcageaagageacatciggoggeacageegeectgggetgectggt
caaggactacticeecgagecegtgacagtgtectggaactctggegecctgaccagoggagtec

atacetteoctgeegigetgeagiccageggectgtacagecigageagegtiggicacagtgeeea
gcagceagectgggeaccagacctacalctgeaacgtgaaccacaagoccageaacaccaagget
gpacaagaaggiggaacccaagagcetgegacaagacecacaccigtccocectgeoctigecect
gaactgetgggcggacccicegtgticetgttecocccaaageccaaggacaccetgatgatcage
cggacceccgaagtgaccigegtggtggtagacgtgicccacgaggaccetgaagtgaagticaa
tigatacgtegacggogiggaagtgeataacgecaagaccaagoeccagagaggaacagtacaac
agcacctaccggatggtgtccgtgctgacogtgetgeaccaggactggeigaacggcaaagagta
caagigcaaggtgiccaacaaggeccigectgecoccalegagaaaaccalcageaaggocaag

ggccagoctagagagecocaagictgeaccetgocoeocageagagatgageigaccaagaace
aggtptecctgageigegecgtgaagggctictaccecagegatatcgecgtggaatgggagage

aacggecageccgagaacaactacaagaccaccececetgigeiggacagegacggcteatictt
cetggtgtecaagetgacagigeacaagageeggtggcageaggecaacgigticagotgcage

gtgatgcacgaggcootigeacaaccattacacccagaagtcoctigagecigagececgge

Light
chain A

L
gacatccagatgacccagageoecageagectigagegecagegtgggcgacagagtgaccate
acclgieggeecagecagegeatceggaactacciggectgotaleagragasgeeergcaagy
ccoccaagetgetgatctacgecgecageacacigeagageggegigeccageagaticagegg
cageggctecggcaccgacticaccoigaccatcageagecigeageecgaggacgiggocace
tactactgecageggtacaacagageocectacacoticggecagggeaccaaggtagaaatcaa
gggacageocaaggetgecoecctcggtcaceeigticococecaagagegaggaactgeagoce
aacaaggecacceotegigtocctgatcagegacttctacectggogeegtgacegtggectiggaag
gecgatageicicocgigaaggeggogiggaaaccaccacceccageaageagagcaacaac
aaatacgecegectecagetaccigagectgacecocgageagtggaagtcccaccggtiectacag

cigecaggtcacacacgagggcageaccgiggaaaagacogigacceccaccgagigeage

SEQ 1D NO:
65

Heavy
chain B

HC .
gaggtgcagetgaaagagiccggeeciggactegtggecceiggeggcagectgageatcacet
gtaccgigtccggceticagectgacogacageageatcaacigggicogacagecocotggeaag
ggoctggaatgectiggocatgatciggpecgacggocggatcgactacgecgacgocctgaagt
ccoggotgagcatcageaaggacagoageaagagocaggtaticctggaaatgaccageotgeg
gaccgacgacaccgecacctactactgegecagggacggetacttceectacgecatggattictyg
gggecagggcaccagegtgacegigtecagicaggiceagetgeagoagageggeccigaget
gotcaageciggogeragegtigaagatcagetgeaaggocageggotacageticaccagotact
ggatccactggatcaagcageggcotggecagggoctegagtggateggaatgategaccecag
cgacggogagacacggctgaaccagagaticcaggecagagoecaccetgacegiggacgagag
caccageaccgoctacatgeagetgeggagecccaccagegaggacagegoegigtactacige
accegactgaaagaatacggeaactacgacagetictacticgacgigiggggagecggeaccet
gotcaccgigtctagegeticcaccaaggaceccagegtgticcotetggocectageageaagag
cacatctggeggaacageegocctgggotgoctggicaaggactactiiccogagecegtgacegt
gicctggaactotggigoeccigacaageggagtgcataccttccctgoegtgctgeagageagegy
cetgtactcicigageagegtggteaccgigeoaagcageagectgggcacccagacctacatolg
caacgigaaccacaageociceaacaccaaggiggacaagaagetgoaacccaagagetgcga
caagacccacacctgtecicoctgtectgeccctgaactgetigggcggacoetecgtgticcigtice
ciccaaageccaaggatacecigatgatcageoggaccecigaagigacetgegtegtggisgac
gtatcccacgaggatccegaagigaagticaatiggiacgiggacggogtggaagtacataacgee
aagaccaageccagagaggaacagtacaacageacotaccgggtggtatecgtactgacagtye
tgeaccaggaciggotgaacggcaaagagtacaagtgeaaggisiccaacaaggoecotgocage
coctategagaaaaccatcageaaggocaagggecageocogegagectcaggigtacacactg
cetecatgecgggacgagetgaccaagaaccaggigtecctgiggtaccicgtgaagguctictac
ccotocgatatcgecgtggaatgggagagoaacggecageocgagaacaactacaagaccacee
ciccegtgctggacagegacggoteaticticctgtacageaagetgaccgiggacaagticccggt

SEQ 1D NO:
97

211
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sgcageagggcaacgigticagetgcicigigatgeacgaggecctgeacaaccggticacccag
aagicoctgagecigagecetgge

Light
chain B

LC:
gacatccagatgacccagagecocgocagectgagegistecgiaggogataceatcacoetgac
ctgecacgecagecagaacatcgacgigtgacteagcigpttccageagaageccggeaacatce
ceaagetgetgatctacaaggecageaaccigeacacoggegigoccagoagattcageggetot
gacageggcaccggctitaccctgaccatcageagectgeagecogaggatatcgecacctacta
cigecageaggeccacagetaceecticacceticggoeggaggcaccaageiggaaateaagggc
ggcageggcageiceggeiciggeggcegatategigatgacoeagiciceegecteociggeegt
gteictggaccagagagecaccatcagetgeegggocagegagagegiggacagetacggeca
gagcetacatgeactggtatcagcagaaggooggacagecccctaaactgetcaictacctggeeto
caacctggaaagceggacgtgcocgocaggtiticcggcageggctecagaaccgacticaceetga
caatcgaccecgtgeaggecgaggacgocgocacatatiacigicageagaacgeogaggacag
cagaaccittggegecggaacaaageicgagattaaggocgoctecgectccageggatetgec
ggacgtacggtggecgetecticegtgttcaicticectocctecgacgageagetgaagieeggea
cegectecgigatetetetgcigaacaacttctacectegggaggccaaggigcagiggaagains
acaacgcecctgeagticcggeaacteccaggagicogicaccgageaggactocaaggacageac
ctactcectgteciccacccigaceetgicoaaggeegactacgagaagcacaaggtgtacgecigt
gagotoacccaccagggccigiccagoecctigtoaccaagiccticaaccgoggocoastoc

SEQ ID NO:
70

Binding Protein 11 Amine Acid Sequences

Heavy
chain A

HC:
EVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMEWVRQAP
GKGLEWVSAITWNYGHIDY ADSVEGRFTISRDNAKNSLYLGM
NSLRAEDTAVYYCAKVSYLSTASSLDYWGQGTLVTVSSASTKG
PSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTS
GVHTFPAVLGSSGLY SLASVVTVPSSSLOTQTYICNVNHKPSNT
KVDEKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPRPKDTLMI
SRTPEVTCVVVDVYSHEDPEVKENWY VDGVEVHNAKTKPREEQ
YNSTYRVVSVLETVLHODWINGKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVCTLPPSRDELTRKNQVSLSCAVKGFYPSDIAVEW
ESNGQPENNYKTTPPYVLDSDGSFFLVSKLTYVDKSRWGQQGNVES
CSVMHEALHNHYTQKSLSLSPG

SEQ 1D NO:
60

Light
chain A

L
DIOMTQSPSSLSASVGDRVTITCRASQGIRNYLAWY QRKPGKA
PRLLIVAASTLOSGVPSRFSGSGSGTDFTLTISSLOPEDVATYYC
ORYNRAPYTFGOGTKVEIKRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHOGLSSPYTKSFNRGEC

SEQ 1D NO:
71

Heavy
chain B

HC:
EVOLKESGPGLVAPGGSLSITCTVSGFSLTDSSINWVROPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMBDFWGRQUGTSVTVSSQVOLROQSGPE
LVKPGASVKISCKASGYSFTSYHTHWIKQRPGQGLEWIGMIDP
SDGETRLNQRFQGRATLTVDESTSTAYMQLRSPTSEDSAVYYC
TRILKEYGNYDSFYFDVWGAGTLVTYVSSASTRKGPSVEFPLAPSSK
STSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSVVTVPSSSLGTOTYICNYVNHKPSNTKVDKKVEPKSC
DRKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVY
DVSHEDPEVKINWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLHQDWENGKEYRKCKVSNKALPAPIEKTISKAKGQPREPQVY
YTLPPCRDELTENOQVSLWCLVKGFYPSDIAVEWESNGQPENN
YKTTPPYLDSDGSFFLYSKLTVDKSRWQOQGNVESCSVMHEAL
HNRFTOQKSLSLSPG

SEQ 1D NO:
68

Light

LC:

SEQ 1D NO:
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chain B

DIQMTQSPASLSYVSVGDTITUTCHASONIDVWLSWEFQQKPGNIP
KLLIYKASNLHTGVPSRFSGSGSGTGFTLTISSLOPEDIATYYCQ
OAHSYPFIFGGOTKLEIKGGSGSSGSGODIVLTQSPASLAVSLG
QRATISCRASESVDSYGOSYMHWY QOQKAGQPPKLLIVIASNLE
SGVPARFSGSGSRTDITLTIDPVQAEDAATYYCOONAFEDSRTY

GOGOTKLEIKGOSGSSGSGGRTVAAPSVEIFPPSDEQLKSGTASY

VCLLNNFYPREAKVOQWKVDNALOQSGNSQGESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

69

Binding Protein 11 _Nucleotide Sequences

Heavy
chain A

HC:
gagglgcagetggiggaaageggeggaggacigatocageccggeagaagectgagacigage
tgegeegecageggoticaccttcgacgactacgocatgeactgggicogecaggececigacan
goocctggaatgg stotcogocatcacotggaacageggocacaicgactacgeogacagogig
gaaggocggttcaccaicageegggacaacgecaagaacagecigtacetgeagatgaacagee
tgegeoccgagoacacegecgtatactactgegecaaggigicctaccigagraccgocageag
cotggactactggeoccaggecaccotiggigacagigteccagegeticcaccaagggeoocage
gteticceoctggoccotageageaagageacatctggeggeacagecgecetgggetgectggt
caaggactacttececgagecegtgacagigtectggaactetggegecctigaccageggagtac
ataccttecctgeegigetgeagicoageggoctgtacagecigageagegtggtcacagigeoca
gcagcagectgggeacceagacetacatctgeaacgtgaaccacaageccageaacaccaaggt
ggacaagaaggigoaacccaagagetgegacaagacecacacctgtececectgeoctgeocct
gaactgetggocggacectecgtgticctgitecceoccanageccaaggacaccetgatgatcage
cggacccccgaagigaccigegtggtagtggacgigicccacgaggaceetgaagtgaagitcaa
tigatacgizgacggogigoaagigcataacglcaagaccaageccagagaggaacagtacaac
agcacctaccgggtegtgtcegtgotgacegtgetgeaccaggactggetigaacggcaaagagta
caagtgcaaggtgiccaacaaggecctgeetgecoccategagaaaaccatcageaaggocaag
goccagoctagagagocccaagictgeaccetigecceocageagagatgageigaccaagaace
agetotecctgagetgegecgtigaaggactictaccccagegataicgecgtggaatgggagage
aacggecageccgagaacaactacaagaccaccececctgigeiggacagegacggceteatictt
ceiggtgtecaageigacagiggacaagagecggtggcageagggcaacgigitcagetgcage
gtgatgcacgaggcccigeacaaccattacacccagaagtcecigagecigagececgge

SEQ 1D NO:
64

Light
chain A

LC:
gacatccagatgacceagageoccageagectigagegecagegtgggcgacagagtgaccate
acctgtegggocagecagggceatecggaactacctggectggiatcageagaageocggcaagyg
ccocoaagetgctgatctacgecgecagoacacigcagageggegigeccageagaticagegg
cageggactecggeaccgacticaccotgaceatcageagectgeageccgagpacgiggocace
tactactgecageggtacaacagageocectacacoticggecagggoaccaaggtggaaatcan
geglacggtggecgeiccticegigticatctteccicectecgacgageagetgaagtecggace
gectecgiggtotatcigetgaacaacitetaccotogggaggceaaggigeagtzgaagetazac
aacgceoctgeagtocggceaacteccaggagicogtoacegageaggactccaaggacagoacet
acteectgtecicoaccotgacccigiceaaggeegactacgagaageacaaggtstacgccigio
aggtoacccaccagegcctgiccageectigigaccaagtoctcaaccgegoceastoc

SEQ ID NO:
)

Heavy
chain B

HC:
gaggtgcagetgaaagagiceggececiggactggiggeccceiggeggcagecigageatcacet
gtaccgigteeggcticageetgacegacageageatcaacigggicogacagecocctggoaag
gecctggaatgactggocatgatetggggcgacggceggalcgactacgecgacgeceigaagt
cocggetgageatcageaaggacageagceaagagecaggigticotggaaatgaccagectgeg
gaccgacgacaccgecacctactactgegecagggacggcetaciteecctacgecatggatttcty
gggcecagggcaccagegtgacegtgiccagicaggiccagetgeagcagageggecctgaget
gotcaageciggogccagegigaagateageigeaaggecageggetacageticaccagetact
ggatccactggatcaageageggectggocagggectegagtgeateggaatgategaccecag
cgacggegagacacggeigaaccagagaticcagggcagagecacecigacegiggacgagag
caccageaccgectacatgeageigeggageeccaccagegaggacagegecgtgtactactge
accogactaaaagaatacggcaactacgacagetictacticgacgigiggggagecggcaccct

SEQ ID NO:
97
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goteaccgigictagegeticcaccaagggecccagegiaticoctciggeccctageageaagag
cacatctggeggaacagecgecctgggctgectggicaaggactactticocgageccgigacegt
gtectggaaciciggteccetgacaageggagtgeataccticectgecgtgotgoagageagcgg
cctgtactetetgageagegtggtcacoegtgecaageageagecigggeacccagacctacatctg
caacgigaaccacaagecciccaacaccaaggiggacaagaaggiogaacccaagageigega

caagacccacacctgiccteoctgtecigeecetgaactgetgggeggaccotecgtigttectgiice
ctecaaageccaaggataccectgatgatcagecggaceccigaagigaccigegtagigatogac

gtgtcccacgaggatcccgaagtgaagticaattggtacgigeacggcgiggaagtgcataacgec
aagaccaageccagagaggaacagtacaacageacctacegggtggtetecgtgctgacagige

tgcaccaggactggctgaacggoaaagagtacaagtgcaaggtgtocaacaaggooctgecage

cectategagaaaaccatcageaaggecaagggecageccegegagecticaggtgiacacactg

cciccatgecggeacgagetgaccaagaaccaggtgteccigiggtecctegtgaagggctictac
cectecgatatcgocgiggaatgggagagcaacggecageccgagaacaactacaagaccacce
ctocogtgotggacagegacggcetcaticticctgtacageaagetigacegtggacaagteceggt

ggcagoagggcaacgigticagetgeictigigatgeacgaggecctgeacaacoggticacccag

aagtcectgagectgagcecetgec

Light
chain B

LC:
gacatccagatgacocagagecocgocagectgagegtgicegigggegataccatcacectigac
ctgecacgocagecagaacatcgacgtgipgctgagciggticeageagaageceggeaacatce
ccaagetgotgatctacaaggoecageaaccigeacaccggegigoccageagattcageggetcot
ggcageggeaceggetitaceetgaccaicageagoctigeageccgaggatategecacctacta
ctgecageaggeccacagetaccecticaccticggeggaggcaccaagetggaaatcaagggc
ggeagoggeageiceggeiciggeggegatategtgetgacccagtctcecgecicoctggeegt
gtcictgggecagagageoaccatcagetgeegggocagoegagagegiggacagetacggeca
gagctacatgeactiggtalcageagaaggocggacageococtaaactgctcatctacctggoctc
caacctggaaageggegtoccegocaggtitteceggeageggctecagaacegacttcaceciga
caatcgaccoegigeaggocgaggacgceogecacatatiacigicageagaacgocgaggacag
cagaacctitggegacggaacaangetegagatiaagggoegacicogacicecageggatetgge
goacgtacggiggccgoiccticcglgttcateticectecctcegacgageagetgaagiccggea
cegectocgtggtatgteigeigaacaactictaccotcgggaggccaaggigeagtggaageisg
acaacgeoctigeagiceggeaactcccaggagicogicaccgageaggaciccaaggacageac
ctacteectgtectecaccetgacectgiccaaggecgactacgagaageacaagetgtacgectgt
gageteacccaccagggecigiccageccigigaccaagtccticaaccgggocgagiaoc

SEQ ID NO:
76

Binding Protein 12 _Amino Acid Sequences

Heavy
chain A

HC

EVQLKESGPGLVAPGGSLSITCTVSGFSL TDSSINWVROQPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSASTKGPSVEPL
APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP
AVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHEPSNTKVDKK
VEPKSCDKTHTCPPUCPAPELLGGPSVFLFPPKPKDTLMISRTPEY
TCYVVDVSHEDPEVEKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHODWINGKEYKCKVSNKALPAPIEK TISKAKGO
PREPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWOQQGNVFSCSY
MHEALHNHYTQKSLSLSPG

SEQ ID NO:
73

Light
chain A

LC:

DIVLTQSPASLAVSLGQRATISCRASES VDS YGOSYMHEWY QQK
AGQPPKLLIYLZASNLESGVPARFSGSGSRTDFTLTIDPVQAEDA
ATYYCOONAEDSRTFGGGTKLEIKGOQPKAAPSVTLFPPSSEELQ
ANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKOS
NNKYAASSYLSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTEC
S

SEQ ID NO:
74

Heavy

HC:

SEQ 1D NO:
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chain B

QVQLQQSGPELVKPGASVKISCKASGYSFISYWIHWIKGRPGO
GLEWIGMIDPSDGETRULNQRFOQGRATLTVDESTSTAYMOQLRSP
TSEDSAVYYCTRLKEYGNYDSFYFDVWGAGTLVTVSSEV(QLY
ESGGGLVQPGRSLRLSCAASGFTFDDYAMHWYRQAPGKGLE
WVSAITWNSGHIDY ADSVEGRFTISRDNAEKNSLYLOMNSLRA
EDTAVYYCAKFSYLSTASSLDYWGQGTLVTVSSASTKGPSVEP
LAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLOGTQTYICNYNHKPSNTK VDK
KVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
YVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHODWILNGKEYKCKVSNKALPAPIEKTISKAKG
QPREPOQVYTLPPCRDELTENOQVSLWCLVKGEFYPSDIAVEWESN
GOPENNYKTIPPVLDSDGSFFLY SKLTVDKSRWQOGNVYFSCSY
MHEALHNRFTOKSLSLSPG

~3
L9

Light
chain B

LC:
DIQMTQSPSSLSASVGDRVTITCRASOGIRNYLAWY QUKPGK A
PKLLIYAARTLOSGVPSRFSGSGSGTDFTLTISSLOPEDVATYYC
URYNRAPYTFGQGTKVEIKGGSGSSGSGGDIQMTQSPASLSVS
/GDTITLTCHASONIDYVWELSWFQQKPGNIPKLLIYKASNLHTG
VPSRFSGSGSGTGFTLTISSLOPEDIATYYCQQAHSYPFTFGGGT
KLEIKGGSGSSGSGGRTVAAPSVFIFPPSDEQLKSGTASYVCLL
NNFYPREAKVOQWKVDNALQSGNSGESVTEQDSKDSTYSLSST
LTLSKADYEKHKVYACEVTHOGLSSPYTKSFNRGEC

SEQ 1D NO:
7%

Binding Protein 12 Nucleotide Sequences

Heavy
chain A

HC:
gaggtgeagcigaaggagagogeccceggectggtggoccecggeggeagectgageateace
tgcaccgigageggoticagectgaccgacageagcatcaactggaiocgecagererocgga
agggectggagtgpotgggcatgatciggaecgacggecgcategactacgeegacgeccigaa
gagecgectgageatcageaaggacageageaagagecaggtgticctiggagatgaccagecty
cgeaccgacgacaccgecacctactactgegecegegacggotactteccctacgecatggactic
tgegoccagggeaccagegtgacegigageagegecageaccaagggeeccagegtgttecee
ctggeocctageageaagageacatetggeggeacagecgoecctgggctgoctggtcaaggact
actteccegagecegigacagigioctggaactetggegocotgaccagoggagtgcatacetice
ctgeogigetgeagiccageggecigtacagectgageagegigatcacagigeccageageage
ctgggcacceagacctacatctgeaacgigaaccacaageccageaacaccaaggiggacaaga
agetooaaccoaagagetgogacaagacecacacetgiceccectgoecigoccctgaactgety
gocgeacectecgigticctgiiceccccanageccaaggacacceigatgateageeggacece
cgaagtgacctgegtgotgatgoacgtotcccacgaggaccetgaagigaagttcaatiggtacgt
ggacggegiggaagigeataacgocaagaccaageccagagaggaacagtacaacageaccta
ccgggteptotecgtacigaccgtgctgcaccaggactggotgaacggcanagagtacaagisgca
aggtptccaacaaggoccigectgeceeoatogagaaaaccatcageaaggocaagsgccagee
tagagagccccaagictgeaccetgececccageagagatgagetgaccaagaaccaggtatice
clgagctgegeegtgaagggctictaccecagegatatogecgtggaatggoagagcaacggce
agecegagaacaactacaagaccaccoeccectgigetggacagegacggoteattotiectggtat
ccaagetgacagiggacaagagecggiggcageagggcaacgigticagetgeagegigatgca
cgaggocctgracaaccattacacecagaagtecoigagecigageecegge

SEQ ID NO:
77

Light
chain A

LC:
gacatcgigetigacccagagecctgecagectggecgtgicictgggccagagagecaccatcag
ctgeogggocagegagagegiggacagetacggecagagetacatgeactggiatcageagaag
gecggecagocceccaagcigeigatctacciggecageaacciggaaagegacgigeccgoca
gaticageggeagoggeageagaacogacticaccctgaccatcgacecogigeaggecgagea
cgecgecacctactactgecageagaacgeegaggacagecggaccticggeggaggcaceaa
getggaaatcaagggacageccaaggetgocceecteggteacectgticcceccaageagegag
gaacigcaggoecaacaaggecacccicgigigecigatcagegacttctaccetggegecgtgac

SEQ ID NO:
78
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cgtggoctggaagaccgatagetctecegtgaaggecggcgiggaaaccaccacceecageaag
cagagcaacaacaaatacgeegocageagetacctgagectgacecocgageagtggaagtoce
accggtectacagelgeragatcacacacsaggstageaccgigganaagaccigececaca

cegaglacage

Heavy
chain B

HC:
cagptocagetgcageagageggoccigagetegicaagectggogecagegigaagateaget
gcaaggecageggctacageticaccagetactggatecactggatcaageageggeciggoca
goocctggaatgeatcggeatgategaceecagegacggogagacacggetigasccagagatic
cagggoagagccaccctgaccgiggacgagageaccagcaccgectiacatgeagetgeggagce
cceaccagegaggacagegocgigtactacigeacecggetgaaagagtacggcaactacgaca
getictacticgacgigtggggagecggcaccetggicaccgigtecagegaagigeagciggteg
aaageggcggageccigatocagecoggeagaagectgagactgagetgegeogeoagegget
teaccticgacgactacgeoatgcactgggiccgacaggoccciggeaaaggactiggaatggote
tcegecateacetggaacageggocacategactacgeegacagegiggaaggecggticaccat
cagecgggacaacgoecaagaacagecigtacetgeagatgaacagectgegggeegaggatac
cgecgtgtatiatigegecaaggigicctaccigageaccgecageagectggactactgggacea
ggocaccetegtgacagigtcetecgeticcaccaagggoecocagegigticoctctggecectag
cagcaagagcacatctggeggaacagocgoccigggetgectiggicaaggactactticecgage
cegtgaccgigtectggaactciggteccoigacaageggagtgcataccticectgecgtgeigea
gageageggectgtacteteigageagegtgatcacegigeraagoageagecteggracceag
acctacatctgeaacgigaaccacaagecctecaacaccaaggiggacaagaageiggaaccea
agagcetgegacaagacceacaccigtectecetgicctgococtigaactgetggacggaccetcey
tgttectgticcctocaaageccaaggatacectgatgateagecggacceetgaagtgaccigegt
gatootgoacgtgteccacgaggatcecgaagtgaagticaatiggtacgtgeacgocatooaags
tgcataacgocaagaccaageccagagaggaacagtacaacageacctacogggtogtotcogt
gctgacagtgctgeaccaggactggcteaacggcaaagagtacaagtecaagetgtccaacaag
gecctigecageecctategagaaaaccaicageaaggecaagggecageccegegagectcag
atetacacactgociccatgecgggacgagetigaccaagaaccaggiztoectgigatooctegty
aagggcttciaccoctecgatatcgeegtegaatgggagageaacggecagoccgagaacaacta
caagaccaccocteccgigetiggacagogacggctcaticticotgtacageaagetgaccgigga
caagicccggteocagcagggoaacgigticagetgeictgtgatgcacgaggoccigeacaace
goticacceagaagioectigagectigageceigge

SEQ ID NO:
75

Light
chain B

LC:
gacatccagatgacceagageoccageagoctigagogecagegtgggogacagagigaccate
acctgicgggecagecagggcatecggaactacetggectggiatcageagaageoeggeaagg
ceeocaagetgotgatctacgeegocageacacigeagageggegigeccageagaticagoegg
cageggotecggoaccgacticacectgaccatcageagoetgeageccgaggacgiggaerace
tactacigecageggtacaacagagoccectacaccticggeoaggecaccaaggtggaaatcaa
goocgoctoiggcagciccggeagegecggagacaticagatgacacagicoeccgecagectg
teegtgtcegtggecgataccatcaccetgacatgecacgecagecagaacategacgtgtogcly
agetggitccageagaaacciggeaacatecctaagetgetcalctataaggecageaacctgeac
acaggegtgocciccagaticiceggctctggetctggeaccggeititacactgacaatcagtictct
geagcctgaggatatcgecacatattactigicageaggceccacagetacecttteaccttcggaggce
gecaccaagetcgagatiaagggoggaageggcetccicoggriccggoggacgtacggtggoc
getecticcgtgttcateticectecctocgacgageagcigaagtccggeaccgecicegtggtpte
tetgetgaacaacttctacecteggeaggecaaggigcagtggaagatosacaacgeoctgcagt
ceggeaactcecaggagtecgicacegageaggaciceaaggacageacciacteccigtecice
accotgacectgtccaaggocgactacgagaageacaaggigtacgectgtgaggtgacceacca
goocctgiccagoocigigaccaagiccitcaaccgggacgagiac

SEQ ID NO:
86

Binding Protein 13 _Amino Acid Seguences

Heavy
chain A

HC:

EVQLKESGPGLVAPGGSLSITCTVSGFSLTDSSINWVROQPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSASTKGPSVEPL

SEQ ID NO:
73
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APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP
AVLGSSGLYSLSSVVTVPSSSLGTOTYICNYVNHKPSNTKVDKK
VEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPKDTEMISRTPEV
TCYVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHODWLNGEEYKCKVSNKALPAPIEKTISKAKGOQ
PREPQVCTLPPSRDELTKNQVSLSCAVKGEFYPSDIAVEWESNG
OPENNYKTTPPVLDSDGSFFLVSKLTVDEKSRWQQGNVFSCSY
MHEALHNHYTOKSLSLSPG

Light
chain A

LC:
DIVLTQSPASLAVSLGOQRATISCRASESVDSYGOSYMEWYQQK.
AGOQPPKLLIVLASNLESGVPARFSGSGSRTDFTLTIDPVQAEDA
ATYYCQONAEDSRIFGGGTKLEIKGQPKAAPSVTLFPPSSEELQ
ANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQS
NNKYAASSYLSLTPEQWEKSHRSYSCOQVTHEGSTVEKTVAPTEC
S

SEQ ID NO:
74

Heavy
chain B

HC:
EVQLVESGGGLYQPGRSLRLSCAASGFTFDDYAMEWVRQAP
GKGLEWVSAITWNSGHIDY ADSVEGRFTISRDNAKNSLYLOM
NSLRAEDTAVYYCAKVSYLSTASSLDYWGQGTLVTVSSQVQL
QQSGPELVKPGASVKISCKASGYSFISYWIHWIKQRPGQGLEW
IGMIDPSDGETRINQRFQGRATLTVDESTSTAYMQLRSPTSED
SAVYYCTRIKEYGNYDSFYFBVWGAGTLVTVSSASTKGPSVER
LAPSSKSTSGGTAALGCLVKDYFPEPVTYSWNSGALTSGVHTF
PAVLOQSSGLYSLSSVVTVESSSLGTQTYICNVNHKPSNTKVDK
KYVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VICVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKG
QPREPGVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSCSY
MHEALHNRFTOKSLSLSPG

SEQ ID NO:
81

Light
chain B

LC:
DIQMTQSPASLSVSVGDTITLTCHASQNIDVWELSWFQQKPGNIP
KLLIYKASNLHTGVPSRFSGSGSGTGFTLTISSLOPEDIATYYCQ
OAHSYPFIFGGGTRKLEIKGGSGSSGSGGDIOMTOSPSSLSASVG
DRVTITCRASQGIRNY LAWY QQKPGKAPKLLIYAASTLOSGVPS
RFSGSGSGTDFTLTISSLOPEDVATYYCORYNRAPYTFGQGTEY
EIKGGSGSSGEGGRTVAAPSVFIFPPSDEQLKSGTASVYCLLNN
FYPREAKVOQWEKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL
SKADYEKHEKVYACEVTHQGLSSPYVTKSFNRGEC

SEQ ID NO:
82

Binding Protein 13 Nucleotide Sequences

Heavy
chain A

HC:
gaggtpcagctgaaggagagcggecoecggectggtageccecggeggoagocigageatcace
tgcaccgigageggcticageetgaccgacageageatcaacigggiecgecageoeeocgga
agggectggagtaactgggcatgatciggepegacgaceacaicgactacgecgacgecctgaa
gageogectgageatcageaaggacageageaagagecaggtgticctggagatgaccagecty
cgcaccgacgacaccgecacotactactgegeccgegacggctacticcoctacgecatggactic
tggggccagggcaccagegtgaccgigageagegecagoaccaagggocceagegtgitecee
ctggeccctageageaagagcacatctggeggcacagecgecctgggcigectggicaaggact
acttecccgagececgigacagigicctggaactetggegocctgaccageggagtgcatacctice
cigeegtgctgeagtecageggoctglacagectgageagegiggicacagigeccageageage
ctgggcacceagacctacateigeaacgigaaccacaageccageaacaccaaggtggacaaga
aggtgoaacccaagagoigogacaagacceacacetgicococctgoectgoecctgaactgety
gocggaccetecgigttectgticcocccaaageccaaggacaccetgatgateageeggacece
cgaagtoacctgeatootostooacototcecacgaggacceigaagigaagticaatigotacgt

SEQ 1D NO:

o
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azacggegiggaagigeataacgccaagaccaagoeccagagaggaacagtacaacageaceta
cegggtgptotecgigeigaccgigetgeaccaggaciggotgaacggcaaagagtacaagigca
aggtgtccaacaaggeccigectgececcategagaaaaccatcageaaggocaagggccagee
tagagagcoccaagictgeacoctgeocoecageagagatgagoigaccaagaaccaggigioe
cigagctgegeegligaaggoctictacoccagegatategocgiggaatgegagascaicgroe
agecegagaacaactacaagaccacceccectgigetggacagegacggoteattotteciggtat
ccaagotgacagiggacaagagecggiggcagcagggcaacgigticagetgeagegigatgea
ceaggocctgracaaccattacacecagaagtecctgagectgageecegse

Light
chain A

LC:
gacatcgtgetgacccagagecctgecagectggecgtgictctgggecagagagecaccateag
ctgeogggocagegagagegiggacagotacggecagagetacatgcactggiatcageagaag
gecggecagecocecaagetgetgatctacctggoecageaacciggaaageggegtgeocgeca
gaticageggeageggcageagaacegacticaceetgaccategaceccgigeaggecgagea
cgecgecacctactactgecageagaacgeegaggacagecggaccticggeggaggcaccaa
getggaaatcaagggacagceccaaggetgecoectcggteacecigiiceciccaageagegag
gaactgeaggocaacaaggcecacecicgigtgectgatcagegactictaccetggegocgigac
cgtegcctggaaggccgatageictcocgigaaggceggogiggaaaccaccacceccageaag
cagagcaacaacaaatacgecgcecageagotacctgagectgaccocogageagtggaagicoe
acoggtcctacagotgocaggicacacacgaggacagcaccgiggaaaagacegigeccocea
CCgagtocage

SEQ ID NO:
78

Heavy
chain B

HC:
gaggtocagcetggtogaaageggcgeageactgstocageccggeagaagectgagactgase
tgegeegecageggcticacciicgacgactacgecatgeacigggicegacaggececiggeaa
gggoctggaatggototccgecateacctggaacageggecacategactacgocgacagegts
gaaggccggticaccatcagecgggacaacgocaagaacagecigtacctgeagatgaacagee
tecgggecgaggacaccgecgtgtactactgegecaaggigtcetaccigageaccgecageag
cctggactactggggccagggeacectggteacegigiccagicaggicoagoigeagagagc
ggccctigagetggtcaagectggegecagegtaaagatcageigeaaggecageggetacaget
tcaccagetactggatecactggaicaageageggectggecagggecicgagtggateggeaty
atcgaccecagegacggegagacacggetgaaccagagaticcagggeagagecaceetgace
gtggacgagagcaccageaccgectacatgeagetgeggagecccaccagegaggatagegec
gigtatiattgcacccggetgaaagagtacggcaactacgacagotictacttcgacgtgigggpag
ceggeaccectegigacagigioctecgeticcaccaagggecccagegtgticecictggeccota
geagcaagagcacaictggeggaacageegecctgggotgectggtecaaggactactitceegag
cecgigacogtgtectggaacictggigeoetgacaageggagigeatacctteoctgeegtgetge
agagcageggectgiactetctgageagegtggicacegtgecaageageageetgggeaceca
gacctacatcigeaacgigaaccacaagecotocaacaccaaggiggacangaaggtggaacce
aagagcetgcgacaagacccacaccigtoctecetgtcotgoccctgaactgetgggeggacccics
gtgticeigticectccaaagoccaaggataccotgatgatcagecggacoectgaagigacctecg
tegtgpotgsacgtetcecacgaggatcecgaagigaagticaatiggtacgtegaceocgtggaa
gtgcataacgecaagaccaageccagagaggaacagtacaacageacetacegggiggtgteey
tgctgacagtgetgeaccaggactggctgaacggcaaagagiacaagigeaaggtgtecaacaag
goccigecagecectategagaaaaccaicageaaggocaagggecageoccgegagcetoag
gigtacacactgectccatgecgggacgageigaccaagaaccaggteiccctigtgatgccicgty
aagpgottctacoectecgatategecgiggaatgggagagcaacggocageocgagaacaacta
caagaccaccectcecgigetggacagegacggcteaticticetgtacageaagetgacegtgga
caagicceggtggcageagggcaacgigticagetgeicigigatgeacgaggeecigeacaace
gattcacccagaagiccotgagectigageccigae

SEQ ID NO:
83

Light
chain B

LC:
gacatceagatgacccagageecegecagectgagegtgtcegtgggegataccatcacectgac
cigcoacgecagecagaacategacgtgiggetgagetggticcageagaagoeoggeaacaiced
ccaagotgeigatctacaaggocageaaccigeacaccggegigeccageagattcageggetct
gecagoggeaccggcttiaccctgaccateageagectigeageccgaggatatcgecacatacta
ctgecageaggeccacagetacceocticaccticggeggagocaccaagetggaaatcaaggec

SEQ 1D NOj;
84
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gocagoggeageiceggcagegacggagacaticagatgacacagtcecccageagectgice
gecagegtggecgacagagtgaccatcacotgicgggeccagecagggeatecggaactacciss
cotggtatcageagaaacctiggeaaggcecectaaactgeicatotacgoegocageacactgeagt
ctggegtaccctecagaticteccggaageggetceggeacegatticaccctgacaatetcateicty
cagectgaggacgtggocacatattacigecagagatacaacagageceoctacaccitiggeag
gacaccaaggicgagatiaagggeggatecggetecageggoeagoggaggacgtacggtagce
getecttecgtigticateticecteecicegacgageagetgaagtccggeacegoctecgiagigly
totgotgaacaactictaccotcgggageccaaggtecagiggaaggtogacaacgocctgoagt
ccggcaacicocaggagtecgicaccgageaggacticcaaggacageacctactecctgicetec
accotgaccctgtccaaggecgactacgagaageacaaggiglacgectgtgaggtgacceacca
gooccigtecageoctigigaccaagiccticaaccggggceagtoe

Binding Protein 14 Amino Acid Seguences

Heavy
chain A

HC:
QVQLOQQSGPELVKPGASVKISCKASGYSFISYWIHWIKQRPGO
GLEWIGMIDPSDGETRLNQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRELKEYGNYDSFYFDVWGAGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVIVSWNSGALTS
GVHTFPAVLOSSGLY SLESVVTVPSSSLGTQTYICNVNHKPSNT
KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPOVCTLPPSRDELTRKNQVSLSCAVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDESRWQQGNVFS
CSVMHEALHNHYTOKSLSLSPG

SEQ ID NO:
85

Light
chain A

e

KLLIYKASNLHTGVPSRFSGSGSGTGFTLTISSLOQPEDIATYYCQ
PAHSYPFTFGGGTKLEIKGOPKAAPSYTLFPPSSEELQANKATL
VCLISDFYPGAVTVAWKADSSPYVKAGVETTTPSKQSNNKYAA
SSYLSLTPEQWKSHRSYSCOQVTHEGSTVEKTVAPTECS

SEQ ID NO:
86

Heavy
chain B

HC:
EVQLKESGPGLVAPGGSLSITCTVSGFSLTDSSINWVRQPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSOQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSYVTVSSEVQLVESGGG
LVQPGRSLRLSCAASGFTFDDYAMAEWVRQAPGKGLEWVSAIT
WNSGHIDY ADSVEGRFTISRDNAKNSLYLOMNSLRAEDTAVY
YCAKVSYLSTASSLDYWGQGTLVTIVSSASTKGPSVEPLAPSSKS
TSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSYVTVPSSSLGTUTYICNVNHEPSNTKYDKKVEPKSC
DEKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVYY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLHQDWINGKEYRKCKVSNKALPAPIEKTISKAKGQPREPQY
YTLPPCRDELTEKNQVSLWCLVKGFYPSDIAVEWESNGQPENN
YKTTPPYLDSDGSFFLYSKLTVDKSRWOQOQGNVESCSVMHEAL
HNRFTQKSLSLSPG

SEQ ID NO:
87

Light
chain B

L

IQMTQSPSSLSASVGDRVTITCRASQGIRNYLAWY QUQKPGKAP
KLLIYAASTLOSGVPSRFSGSGSGTDFTLTISSLQPEDVATYYCQ
RYNRAPYTFGQGTREVEIKGGSGSSGSGGDIVLTQSPASLAVSLG
QRATISCRASESVDSYGOSYMHAWY QQKAGQPPRLLIVLASNLE
SGVPARFSGSGSRTDFTLTIDPVOAEDAATYYCOONAEDSRTY
GGGTKLEIKGGSGSSGSGGRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNFYPREAKVQWKVDNALOSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:
88
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Binding Protein 14 Nucleotide Sequences

Heavy
chain A

HC:
caggtgcagetgeageagageggecccgageiggtgaagececggegecagegigaagateage
tgcaaggccageggotacageticaccagetaciggaticactiggatcaageagegooccggeca
geocctggagtggatcggoatgatcgaccecagegacggegagaccegectgaaccagegetic
cagggeegogeracecigaccgiggacgagageaccageacogectacatgeagotgogeage
cecaccagegaggacagegecgtgtactactgeaccegoctgaaggagtacggoaactacgaca
getictacticgacgtgtggoocgceggeacectggteacegioageagogeeageaccaaggg
ceccagogtgticececiggoccctageageaagageacatetggeggcacageegoeciggact
geciggtcaaggactacttcccegagecegtgacagigtectggaactctggegeccigaccageg
gagtgcataccttccctgecgigoigeagiccageggectgtacagoctgageagegiggtcacag
tgeocageageagectgggcacccagacctacatcigeaacgtgaaccacaagoccageaacac
caaggtggacaagaaggiggaacecaagageigegacaagacecacacctgiccococtgeoct
geocctgaactgetgggeggacecicegtgticctgitecceoccaaageccaaggacacectgaty
atcagceeggaccececgaagigaccigegtiggtegtggacgtgicecacgaggacccigaagigaa
gttcaattggtacgiggacggecgtegaagigcataacgocaagaccaageccagagaggaacagt
acaacagcacctacogggtggtgicogtgctgacegigetgcaccaggactggctgaacggcaaa
gagtacaagtgcaaggtgtccaacaaggceccigectgeecocatcgagaaaaccatcagoaaggc
caagggecagectagagagecccaagtctgeaccetgeocoecageagagatgagctgaceaag
aaccaggtgteectgagotecgecgigaaggectictaceccagegatategeegtggaatggsa
gageaacggecageecgagaacaactacaagaccacceccocigigeiggacagegacggete
attcticctggigtecaagetgacagtggacaagagecggigacagcagggoaacgigticagety
cagegigatgcacgaggoceligoacaaccatiacacccagaagicocigageoigageocogge

SEQ ID NO:
89

Light
chain A

LC:
gacatecagatgacccagagecccgecagectgagogtgicogtggocgataccatcaccetgac
ctgeoacgecagocagaacatcgacgtgtggctgagetgeticcageagaagoccggeaacaice
ccaagetgotgatctacaaggecageaaceigeacaccggegigeccageagatticageggctct
ggcageggeaccggeittacecigaccatcageagectgeageocgaggataiegecacetacta
ctgecageaggeecacagetaceccticaccticggeggaggeaccaagetggaaatcaaggega
cagcccaaggcigeccocteggicaccetgticeococaagetcigaggaactgcaggecaacaa
gaccaccotegtgigectgateagogactictaceciggegecgtgacegtggociggaagzocy
atagctetecegtgaaggccggegiggaaaccaccaccocoagoaageagageaacaacaaata
cgocgecageagetaccigagoctgaccoccgageagiggaagtccoaceggicotacageige
caggicacacacgagggcageaccgiggaaaagaccgigococecaccgagigeage

SEQ ID NO:
96

Heavy
chain B

HC .
gaggtocagetgaaagagiccggeoctiggactgatesecoctggeggcagectigageatcacct
gtaccegigiceggcticageotgacegacagoageatcaacigggiccgacagecoceiggoaag
gecctggaatgectggocatgaictggggcgacggecggategactacgecgacgeceigaagt
cocggetgageatcageaaggacageageaagagecaggigticetggaaatgaccagoctgeg
gaccgacgacaccgecacctactactgegecagggacggctacttcecctacgecatggatticig
gepocagggcaccagegigacegigicctocgaagigcagciggtigoaaageggiggagecct
getgcagoecggcagaagectigagactgagetgegecgccageggcticaceticgacgactac
gecatgeactgggteegecaggetecoggaaagggacicgagigaatiotecgecatcacetggaa
cageggecacategattacgecgatagegiggaaggecggiicaccatcageogggacaacgec
aagaacagoctgtacctgeagatgaacagoctgagageogaggatacegecgigtactactgige
caaggtgtcctaccigageaccgocageagectggactactggggacagggaaccotggicacc
gigtecagegeticcaccaagggecacagegigticoctctggeccctageageaagageacaict
ggeggaacageogecctgggoigeotgeteaageactactitecccgageecgtgacegtgtecty
gaactctggigecctgacaageggagigcatacciicectgeogtgetgeagageageggocigia
ctetetgageagegiggtcacegigecaageageagestgggeacccagacciacatetgeaacgt
gaaccacaageociccaacaccaaggiggacaagaaggiggaacccaagagetgegacaagac
ccacacctgtecicoctgtectgecceigaactgetgggeggacceteegigticcigticoctecaa
agecoaaggataccctgatgatcagocggacocoigaagtgacctgegtggtegtamacgigicc
cacgageatcccgaagteaasttcaatiggtacgiogacggegtoaagtocataacgecaagac

SEQ 1D NO:
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caagoccagagaggaacagtacaacageacctaccgggtegtgtecgigctgacagiactacace
aggactggctgaacggeaaagagtacaagtgcaaggigiccaacaaggeccigecageccetate
gagaaaaccatcageaaggeoaagggocagececgegagectcaggigtacacactgectcoat
gecgggacgagetgaccaagaaccaggtgtocctgtggigecicgligaagggctictacoecctee
gatatcgeegtggaatggeagagcaacggecageccgagaacaactacaagaccaceecteceg
tgctggacagegacggcetcaticticetgtacageaagetgacegtggacaagtoccggiggoage
agggeaacgigticagetgetctgigatgeacgaggoccigacaaccggticacccagaagicce
tgagcetgageccigge

Light
chain B

LC:
gacatccagatgacccagagecccageagectigagegecagegtgggcgacagagigaccate
acctgtcgggccagecagggeatecggaactacctggeciggtateageagaageceggcaagg
oceccaagetgetgatetacgecgecageacactgeagageggogtgoccageagaticagegg
cageggctecggcaccgacticaccotgaccateageoagecigeageocgaggacgtooocace
tactactgecageggtacaacagageececctacaccticggecagggeaccaaggtegaaatcas
ggocggcictggeagceiceggeictggeggogatategigetgacccagiciceogocagecigy
cogtgictctggaccagagagecaceatcagetgeagagecagegagagegiggacageiacgg
ccagagetacatgeatiggtatcageagaaagecggecagecticctaaactgetcatctiacctggec
ageaacciggaatecggegigoeccgecaggtiticoggeageggcageagaaccgatticacact
gacaatcgaccecgtgeaggccgaggatgecgocacatattactgtcageagaacgeogaggac
ageeggacctteggeggaggcaccaagetiocgagatiaaggecgeaageggciccageggeagt
ggcggacgtacggtegccgetecticegtattcatcticccteccicegacgageagetgaagiceg
geaccgectcegtggigtgtcigeigaacaactictacocicgggasgocaaggigcagtegaagg
tgeacaacgeectgeagtocggeaacteccaggagicogicaccgageaggacticcaaggacag
cacctacteoctgtoctecaceetgaccetgiceaaggeoegactacgagaagcacaaggigtacge
clgtgagstoacccaccaggeecctgiccageccigigaccaagiccticaaccgggocgagioc

SEQ ID NO:
92

Binding Protein 15 Amino Acid Sequences

Heavy
chain A

HC:
QVOLOQSGPELVKPGASVKISCKASGYSFISYWIHWIKQRPG(
GLEWIGMIDPSDGETRILNQRFQGRATLTVDESTSTAYMOLRSP
TSEDSAVYYCTIRLKEYGNYDEFYFDVWGAGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVEDYFPERPVTVSWNSGALTS
GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNYNHKPSNT
KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVEKFNWYVDGVEVHNAKTKPREED
YNSTYRVVSVLTVLHOQDWLNGKEY KUKV SNKALPAPIEKTISK
AKGQPREPOQVCTLPPSRDELTENQVSLSCAVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFES
CSVMHEALHNHYTQKSLSLSPG

SEQ 1D NO:
85

Light
chain A

L
DIOMTOQSPASLSVSVYGDTITLTCHASGNIDVWLSWEFQQKPGNIP
KLLIYEASNLHTGVPSRFSGSGSGTGFTLTISSLOQPEDIATYYCQ
DAHSYPFTFGGGTKLEIKGOPKAAPSVTLFPPSSEELQANKATL
YVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNEKYAA
SSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

SEQ ID NO:
86

Heavy
chain B

HC:
EVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRQAP
GKGLEWVSAITWNSGHIDY ADSVEGRFTISRDNAKNSLYLOM
NSLRAEDTAVYYCAKVSYESTASSLDYWGQGTLVTVSSEVQL
KESGPGLVAPGGSLSITCTYSGFSL TDSSINWVRQPPGKGLEWL
GMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRTDDTA
TYYCARBGYFPYAMDFWGQGTSVTVSSASTRKGPSVEFPLAPSS
KSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVL
OSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDEKVEP
KSCDEKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTC

SEQ ID NO:
93
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VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRY

VEVLTVLHODWLNGKEYKCKVSNKALPAPIEK TISKAKGQPRE
POVYTLPPCRBELTKNQVSLWCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLY SKLTVDRSRWQQGNVFSCSVMHE

ALHNRFTOKSLSLSPG

Light
chain B

L

DIVLTQSPASLAVSLGQRATISCRASESVYDSYGOSYMHEWY QQK
AGOPPKLLIVIASNLESGVPARFSGSGSRTDFTLTIDPVGAEDA
ATYYCOONAEDSRTFGGGTKLEIKGGSGSSGSGGDIOMTGSPS
SLSASVGDRVTITCRASQGIRNYVLAWY QQRKPGKAPKLLIVAASY
LOSGVPSRFSGSGSGTDFTLTISSLOPEDVATYYCORYNRAPYT
FGQGTKVEIKGGSGSSGRGGRTVAAPSVFIFPPSDEQLKSGTAS
VVCLLINNFYPREAKVQWEKVDNALQSGNSQESVTEQDSKDSTY
SLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:
94

Binding Protein 15 Nucleotide Sequences

Heavy
chain A

HC:
caggtgcagetgeageagagoggcacogagetggigaagoccggegecagegigaagatcage
tecaaggecagegectacagceticaccagetactggattcactggateaageagegeoeccggeca
gggcctggagtgoatcpacalgalcgaceccagogacggegagaccegectgaaccagegctic
cagggeegegecaceetgacegiggacgagageaccageaccgectacatgeagetgegeage
cccaccagegaggacagegeegtgiactactgeaccegectgaaggagtacggcaactacgaca
gettctacticgacgigiggggcgecggeaccotggigaccgigageagegocageaccaaggyg
ccccagegtgticcecctggecectagoageaagageacatciggeggcacagecgecciggact
geotggtcaaggactacticcocgageocgigacagigtectggaactctggegccetgaceageg
gagtgcataccticectgecgigetgeagiceageggectgtacagectgageagegtggtcacag
tgeecageageagectgggeacecagacctacatcigeaacgtgaaccacaageocageascac
caaggtggacaagaaggiggaacceaagagetgegacaagacacacaccigtecoecoetgeoct
gocectgaactgetgggcggacccicogtgttectigttecocccaaageccaaggacacccigatg
atcagccggacceecgaagipaccigogtggigategacgtatcocacgaggaccoigaagiga
agttcaattggtacgiggacggegigeaagigcataacgecaagaccaagocoagagaggaaca
gtacaacagcacctaccgggtegtotecgtoctoacegtgetgeaccaggactggcetgaacggea
aagagtacaagtgcaaggigiccaacaaggeectgecigeceecatcgagaaaaccalcageaag
gocaagggecagectagagagecccaagictgoaccotgocceccageagagatgagetgacca
agaaccaggtgicectgagetgogecgigaaggectictaccecagegatategecgiggaaigy
gagageaacggecagoecgagaacaactacaagaccacececocigigetggacagogacgsc
teattcticctggtgtecaagetgacagtggacaagagecggiggragoaggecaacgigticage
tgcagegtgatgcacgaggeccigeacaaccatiacacecagaagicecigagectgagoecegg
C

SEQ ID NO:
89

Light
chain A

LG
gacatccagatgacccagageeccgecagectgagegtgteegtgggegataceatcacceigac
ctgecacgecagecagaacategacgigtggctgageiggticcageagaageceggaacatee
ccaagetgeigatctacaaggecagcaacctgeacaccggegigeccageagaticagogactct
ggeageggoaceggottiaccotgaccaicageagecigcageecgaggatatcgecacciacta
ctgccageaggeccacagetaccecticaceticggeggaggeacoaagetggaaatcaaggea
cageccaaggctgeccecteggteaccotgticeccccaageictgaggaactgcaggecaacan
ggecaccetegigtgectgatcagegactictacectggegecgigaccgiggcctggaaggocg
atagctcteccgtgaaggceggegiggaaaccaccaccoeccageaageagageaacaacaaata
cgecgecageagetacctgagectgacceccgageagtggaagicecaccggtoctacageige
caggtcacacacgagggeageaccgiggaaaagaccgiggococcacegagigoage

SEQ ID NO:
90

Heavy
chain B

HC:
gaggtecagetggtggaaageggcggaggaciggtgeageccggcagaagcetigagacigage
tgegeogecageggctticaccticgacgactacgecatgcactgggtecgacaggoccciggeaa
ggocciggaatgggtoicogecatcacciggaacageggecacategactacgecgacagogty
gaaggecgeticaccatcageoegggacaacgocaagaacagoctgtacetgeagatpaacagee

SEQ ID NO:
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tgeggacegaggacaccgocgigtactacigegecaaggtgicetaccigageaccgecageag

cctggactactggggccagggcacccetggicacegteicctocgaagtgcageigaaagagiccg
geoctggeotggiggoocctggeggoagecigageatcaccigtacegtgicoggoticageciga
ccgacagcagcatcaactgggtcegocagecticeeggaaagggactegagtgactggacatgat

ctgggocgacgecocggategatiacgoogatgeoetgaagtcceggotgageateageanggac
ageageaagagecaggigticeiggaaatgaccagectgagaaccgacgacacegecacctact

actgtgeecgggacgactacticeectacgecatggattictggggacagggaaccagegtgace

gtgtccagogettccaccaagggecccagegtgticeciciggeecctageageaagageacatot
ggeggaacagoegoeciggactgectggteaaggactactitecogageccgtgaccgtgtocty

gaactetggtgocctgacaageggagigeatacoticcotgecgtgctgcagageageggecigta
cloictgageagegtggtcacegtgecaageageagoectgggcacecagacctacatetgeaacg

tgaaccacaagecctecaacaccaaggiggacaagaaggtggaacccaagagetgegacaaga

cccacacctgtectecctgicotgocceigaactgetgggcggacccicegtgticcigticectoca

aageccaaggatacceigatgatcagecggaccecigaagtgacctigegtggtggtgsacgtotc

ccacgaggateccgaagtgaagticaatiggtacgtggacggcgtggaagigeataacgecaaga
ccaageccagagaggaacagtacaacageacctaccgggtogtotocgtectgacagtgctgea

ceaggactggetgaacggcasagagtacaagigeaaggtotccaacaaggeceigecageoeet

atcgagaaaaccatecageaaggecaagggecageccegegagectcaggigtacacactgecte
catgcegggacgagetgaccaagaaccaggigtccctgiggtoccicgigaagggctictaceect
ccgatategeegtegaatgggagageaacggecagoccgagaacaactacaagaceaccoctoc
cgtgotggacagegacggctcaticticcigtacageaagetgacegtggacaagicecggtggea
geagggcaacgtgticageigetctgtgatgcacgaggocctgeacaaceggticacccagaagic
ccigagectigagoccigge

Light
chain B

LC:
gacatcgtgctgacceagagecctgecagectggeogigicicigggecagagagecaccatcag
cigeegggecagegagagegtggacagetacggecagagctacatgeactggiatcageagaag
gocggecageococcaagetgetgatctacetggecageaacciggaaageggogigeccgeca
gattcageggeagceggeageagaaccgacticaccctgaccategaccecgigraggoecgagsa
cgeogeoacctactactgocageagaacgocgaggacagecggaccticggeggaggoaccaa
getggaaatcaaggecggctecggeageageggoictggeggegatatccagatgacccagicc
cecageagectgagegecagegiggacgacagagigaccatcacctgtagagocageoageec
atceggaactacciggetiggtatcagcagaaacceggaaaggeccctaaactecteatctacgee
gecageaccetgeagiccggegigecaageagaticteeggetctggeageggcacegatticac
actgacaatcageagectgeagecogaggatetagccacctatiatigecagagatacaacagage
cecectacaccticggecagggeaccaaggicgagatiaagggcggaageggoageticeggetoe
ggeggacgtacggtgpecgetecticegtgticatcticecteoctecgacgageageigaagiceg
geaccgecteogtggtgtgictgotgaacaactictacccicggegaggccaagetpcagiggaagy
tegacaacgecctgeagtecggeaactcccaggagicegteacegageaggactecaaggacag
cacctactecetgicctecaccetgacecigiccaaggecgactacgagaageacaaggiglacgc
ctgtzagatgacccaccagggecigtecageccigtgaccaagiccticaaccggoocgagioe

SEQ 1D NO:
96

Bunding Pro

tein 16 Amuno Acid Sequences

Heavy
chain A

HC
EVQLEKESGPGLVAPGGSLSITCTVSGFSLTDSSINWVRQPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSASTRKGPSVEPL
APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP
AVLQSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKK
VEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEY
TCVVVDVSHEDPEVEKFNWY VDGVEVHNAKTRKPREEQYNSTY
RVVSVLTVLHODWILNGKEYKCEKVSNKALPAPIEKTISKAKG(O
PREPOVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVESCSY

SEQ 1D NO:
73

Light

MHEALHNHYTQKSLSLSPG
LC:

SEQ ID NO:
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chain A

DIVETOSPASLAVSLGQRATISCRASESVDSYGOSYMEWY QQK
AGQPPKLLIYIASNLESGVPARFSGSGSRTDFTLTIDPVQAEDA
ATYYCQUONAEDSRTFGGOTKLEIKGOPKAAPSVTLFPPSSEELQ
ANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQS
NNEYAASSYLSLTPEQWRSHRSYSCOVTHEGSTVEKTVAPTEC
S

74

Heavy
chain B

HC:
EVQLEKESGPGLVAPGGSLSITCTVSGFSLTDSSINWYROQPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSOQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSQVOQLQQSGPE
LYKPGASVKISCKASGYSFINYWIHWIKQRPGOGLEWIGMIDP
SDGETRILNQRFQGRATLTVDESTSTAYMQLRSPTSEDSAVYYC
TRLKEYGNYDSFYFDVWGAGTLVTVSSASTKGPSVIPLAPSSK
STSGGTAALGCLVEDYFPEPVTVASWNSGALTSGVHTFPAVL(S
SGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKYDEKKVEPKSC
DKTHTCPPCPAPELLGGPSVFLFPPKPEDTLMISRTPEVTCVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQGYNSTYRVVSY
LTVLHQDWLNGKEYKCKVSNKALPAPIEK TISKAKGQPREPQY
YTLPPCRDELTKNQVSLWCLVEKGEFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWOQOQGNVESCSYVMHEEAL
HNRFTQKSLSLSPG

SEQ ID NO:
68

Light
chain B

LC:

DIGMTOQSPASLSVSVGDTITLTCHASONIDVIVLSWY QQKPGNIP
KLLIYKASNLHTGVPSRFSGSGSGTGFTLTISSLOPEDIATYYCO
QAHSYPFTFGGGTKLEIKGGSGSSGSGGDIVLTOSPASLAVSLG
QRATISCRASESVDEYGOSYMHWY QUKAGQPPKLLIYLASNLE
SGVPARFSGSGSRTDFTLTIDPVQAEDAATYYCQOONAEDSRIY
GGOTKLEIKGGSGSSGSGGRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOQWEKVDNALGSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ 1D NO:
69

Binding Protein 16 Nucleotide Sequences

Heavy
chain A

HC:
gaggtecagetgaaggagagcgoccceggeotiggigooccocggeggeagocigageaicace
tgeaccgtgageggcticagectigacegacageageatcaacigggigegecagececocggca
agggeciggagtggctggocatgateigggocgacggoecgeategactacgecgacgeecigaa
gagceegectgageatcagoaaggacageageaagagecaggtgticetggagaigaccageoty
cgraccgacgacaccgecacetactactgegeocgogacggctacticcectacgecatggactic
tgggoccagggcaccagaogigacogigagcagegecagoaccaagggocccagegigticece
ctggeocctageageaagageacaiciggeggeacageegeccigggeigectggteaaggact
acticeccgagecegigacagigiceiggaacictggegeccigaccageggagtgeatacctice
ctgecgtgetgeagtecageggecigtacagectgageagegtggicacagigeccageageage
ctgggceacccagacctacaictgeaacgigaaccacaageccageaacaccaaggiggacaaga
aggteggaaccoaagagcetgegacaagacceacacctgtcccocatgecatgecoctgaactgcty
ggcggacectcogigticctgticcocecaaageorcaaggacacceigatgatcagecggaccoe
cgaagtgaceigegtggiggtosacgisicocacgaggaccectgaagigaagticaatiggtacgt
ggacggegtggaagigcataacgecaagaccaagoeccagagaggaacagiacaacageaccta
cegggtogtatcegtgctgacegtgctgeaccaggactggotgaacggeasagagtacaagigea
aggtgiccaacaaggocctigectgececcatcgagaaaaccatcageaaggecaaggaccagoe
tagagagccccaagtcigeacectgeececcageagagaigagetgaccaagaaccaggigice
ctgagctocgocgigaagggctictacoccagogatategecgtggaatlggeagagcaacggce
agecegagaacaactacaagaccacccecccigigetggacagegacggcicaticticotggiot
ccaageigacagiggacaagagecggtagcageagggeaacgigticagetgeagegtgatgea
cgaggecctgeacaaccatiacacceagaagicecigagecigageocegge

SEQ ID NO:
77

Light

L

SEQ ID NO:
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chain A

gacatcgtgctgacecagageaoctgecageciggecgtgicictgggccagagagecaccaicag
cigeeggeecagegagagegiggacagetacggecagagetacatgeactggiatcageagaag
geoggeeagececocaagotgotgatciacciggecageaacotggaaageggegigoeccgeca
gaticageggeagoggeageagaaccgacticacoctigaccatcgacecegtgeaggocgagga
cgecgecacotactactgecageagaacgocgaggacagecggacctteggeggaggeaccaa
gotggaaatcaagggacageccaaggeotigecoecteggicacectgtcococcaageagegag
gaactgcaggecaacaaggcecacccicgigigectgatcagegactictaccetggegecgigac
cglggcectggangoccgatagotcicecgigaaggocggogiogaaaccaccaceeccageaag
cagagcaacaacaaatacgeogeoageagotaccigagectgaccecegageagiggaagicec
accggtcotacagetgecaggtcacacacgaggacageacegiggaaaagacegtgaccccca
cegagigeage

78

Heavy
chain B

HC:
gaggtocagetgaaagagticcggeoctggactgeiggocceiggeggcagoctgagcatcacct
gtaccgtgiceggeticagectgaccgacageageatcaactgggteegacagececciggeaag
ggectggaatggctgggcatgatetggggcgacggecggategactacgecgacgeccigaagt
ceeggotgagceatcageaaggacageageaagagecaggtgticeiggaaaigaccageetgeg
gaccgacgacaccgocacctactactgegecagggacggetacticecctacgocatggatticig
gggceagggcaccagogigacegigiceagicaggtocagetgeageagageggocctgaget
getcaagoctggoegccagegtgaagatcageigeaaggecagoggctacageticaccagetact
ggatccactggatcaageageggectggecagggectegagiggategeaatgatogaceccag
cgacggegagacacggetgaaccagagaticeagggeagagecaccetgacegiggacgagag
caccageaccgectacatgeageigeggagecceaccagegaggacagegecgiatactactae
acccggcetgaaagaatacggceaactacgacagctictacticgacgtetgggeagocggeaccet
ggtcaccgtgictagogetticcaccaagggcoccagogtgticecteiggeocctageageaagag
cacatciggeggaacageogeoctgggotgectgeicaaggactactiicecgagecegigacegt
giectggaactetiggtacectgacaageggagigeataccticectgoogigetgeagageagegy
cotgtactetctgagceagegtgsicaccgigceaageagcagecigggeacccagacctacatety
caacgtgaaccacaagecciccaacaccaaggiggacaagaaggiggaacccaagagetacga
caagacccacacctgicctccctgtoctgeocctgaactgeigggeggaccetcegigticotgtice
ctccaaageocaaggataccctgatgatcagecggaccoctigaagtgaccigogtggigptogac
gigteccacgageatcccgaagigaagttcaatigetacgiggacggegtggaagigcataacgce
aagaccaageccagagaggaacagtacaacageacctacegggtegtateegtectgacagige
tgcaccaggactggctgaacggeaaagagtacaagigcaaggtotecaacaaggeccigecage
cectatcgagaaaaccatcageaaggocaagggecageccegegagectcaggtgtacacactg
cctecatgeogggacgagetigaccaagaaccaggigtcootgtggigcctegigaagggctictac
ccclcegatatcgocgiggaatgggagagcaacggcagecegagaacaaciacaagaccacce
ctecegtgctegacagogacggeicaticticctgtacageaagctigacegtggacaagicecggt
ggcageagggeaacgigticagetgetotgtgatgcacgaggecctgeacaaceggticacecag
aagtccctgagecigagoeecisgse

SEQ 1D NO:
97

Light
chain B

LC:
gacatccagatgacccagagecccgecagectgagegtgteegtggaegataceatcacceigac
ctgecacgeeagecagaacatcgacgtgiggctgagetggticcageagaageceggcaacatce
ccaagetgctgatctacaaggecagceaacctgeacaccggegigeccageagattcagoggeict
ggeageggoaceggottiaccotgaccaicageagecigeagoeecgaggatategecacctacta
ctgccageaggoccacagotaccocticaccoticggeggaggcaccaagctggaaatcaageec
ggceageggeageteeggetctggeggegatategigeigacecagicteecgecicectiggeegt
gictetgggecagagagecaceatcagetgecgggecagegagagegtggacagetacggeca
gagctacatgeaciggtatcageagaaggeoggacagececetaaactgeteatctacciggectc
caacciggaaageggoegtgccegecaggttitccggeageggctecagaaccgacticacectga
caatcgaccocgigcaggoegaggacgecgecacatatiactgicageagaacgecgaggacag
cagaaccttiggeggoggaacaaagcicgagattaaggecggctceggotecageggatotgec
ggacgtacgetggocgotecticogtgttcateticectecctocgacgageagetgaagiceggca
cegecteegiggtatgictgetgaacaaciictacecicgggaggecaaggigcagiggaagatiog
acaacgeccigeagicoggeaactoccaggagtecgicacegageaggaciccaagaacageac
ctacteocigicctccacoctgacectgiccaaggecgactacgagaagcacaaggigtacgecigt

SEQ 1D NO:
70

225
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| cagetaacccaccageacctotecagecctataaccaagtcoticaacegesecagtac

Heavy
chain A

HC:
QVQLGQSGPELVKPGASVKISCKASGYSFISYWIHWIKQRPGQ
GLEWIGMIDPSDGETRINQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRLKEYGNYDSFYFDVWGAGTLVTVSSASTKG
PSVFPLAPSSKSTSGOTAALGCLVKDYFPEPVTVSWNSGALTS
GVHTFPAVLQSSGLY SLSSVVTVPSSSLGTQTYICNYNHKPSNT
KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTEMI
SRTPEVTICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHODWLNGKEYKCK Y SNKALPAPIEKTISK
AKGQOPREPOVCTLPPSRDELTKNQVSLSCAVEKGFYPSDIAVEW
ESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOQGNVES
CSYVMHEALHNHYTQKSLSLSPG

SEQ ID NO:
85

Light
chain A

LC:
DIOMTOSPASLSVSVGDTITLTCHASONIDVWLSWEFQQKPGNIP
KLLIYKASNLHTGVPSRFSGSGSGTGFTLTISSLOPEDIATYYCQ
DAHSYPFIFTGGGTKLEIKGQPKAAPSVTLFPPSSEELQANKATL
VCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAA
SSYLSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTECS

SEQ ID NO:
86

Heavy
chain B

HC:
EVQLKESGPGLVAPGGSLSITCTVSGFSLTDSSINWVROPPGKG
LEWLGMIBGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSQVOLQQSGPE
LVKPGASVKISCKASGYSFISYWIHWIKQRPGOGLEWIGMIDP
SDGETRLNQRFQGRATLTVDESTSTAYMGOQLRSPTSEDSAVYYC
TRILKEYGNYDSFYFDVYWGAGTLVTVSSASTKGPSYEFPLAPSSK
STSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLQS
SGLYSLSSVVTVPSSSLOGTOTYICNVNHKPSNTKVDREKVEPKSC
DKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTCVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLHOQDWILNGKEYKCKVSNKALPAPIEK TISKAKGQPREPQVY
YTLPPCRDELTENQVSLWCLVKGFYPSDIAVEWESNGOPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWOQOQGNVESCSVMHEAL
HNRFTQKSLSLSPG

SEQ 1D NO:
68

Light
chain B

LC:
DIGMTQOSPASLSVSVGDTITLTCHASONIDVIVISWEFQQKPGNIP
KLLIYKASNLHTGVPSRFSGSGSGTGRTLTISSLOPEDIATYYCO
QAHSYPFTFGGGTKLEIKGGSGSSGSGGDIVLTOSPASLAVSLG
QRATISCRASESVDEYGORYMAEWY QUKAGQPPKLLIYIASNLE
SGVPARFSGSGSRTDFTLTIDPVQAEDAATYYCOONAEDSRIF
GOGOTKLEIKGGSGSSGSGGRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOQWRKVDNALQSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHEVYACEVTHQGLSSPYTKSFNRGEC

SEQ ID NO:
69

Binding Pr

stein 17 Mucleotide Sequences

Heavy
chain A

HC:
caggtocagcigeageagageggococgagetggigaagcccggogecagogigaagatoage
tgcaaggccagoggetacagettcaccagetactggaticactggatcaageagegeeceggeea
ggecctggagtogatcggcatgalcgaccccagegacggegagaccegoecigaaccagegotic
cagggecgegeeacectgacegiggacgagageaccageacegectacatgeagetgegeage
cccaccagegaggacagcegecgtgiactactgraccegecigaaggagtacggeaactacgaca
gottctacticgacgigtggggogecggeacectggtoacegtoagragegccageaccanggg
ceecagegtgticecoctggeccotageageaagageacatetggoggeacagecgocctiggget
goctegtcaaggactacticeccgagecegtgacagtetcotggaactoiggcgoccigaccages

SEQ ID NO:
89

226
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gagtgcataccticectgoegigeigeagiccageggectgtacagectgageagogiggicacag
tgcccageageagectgggcaccoagacotacatcigeaacgtgaaccacaagoccagoaacac
caaggiggacaagaaggiggaacceaagagetgegacaagacocacaccigtococoetgecct
gococtgaactgetggacgaaccoicegigticctgticcocccaaageccaaggacacectgatg
atcageeggacceocogaagtgacetgegtgetootoraceigtcccacgaggacocigaagiga
agitcaatiggtacgiggacggegtgaaagtocataacgecaagaceaageecagagaggaaca
gtacaacageacclaccgggtagigteegtgctgaccgtgetgeaccaggactgactzaacggea
aagagtacaagtgcaaggigicraacaaggocetgectgececcatcgagaaaaceatcageaag
gocaagggcecagectagagagocccaagtetgoaccotgocceceageagagatgagetgacca
agaaccaggtgtccctgagetgogecgigaaggectictaccecagegatatcgecgiggaatgg
gagageaacggecageecgagaacaactacaagaccaceoccccigtgetggacagegacgge
teattcticctggigtecaageigacagtggacaagagecggiggcageagggcaacgigticage
tgcagogigatgeacgaggecctgeacaaccatiacacceagaagiccctgagectgagececgg
C

Light
chain A

LG
Gacatccagatgacccagageccegecagectgagegtatcogtaggegataccateaccstga
cctgecacgecagecagaacategacgigtegetgagotggticcageagaageocggcaacalc
cccaageigeigaictacaaggecageaacctgoacaccggegtgeccagoagaticageggctc
tggcageggcaccggcttiacoctgaccatcageagectigeageccgaggatatcgecacctacta
ctgecageaggeccacagetaceccticaccticggeggaggeaccaagetiggasatcasggga
cageccaaggetgeccecteggteacceigiiceccccaagetctigaggaactgeaggecaacaa
ggecacectegtgtacctgatcagegactictaceoiggogecgigacegigoectiggaaggecg
atagctctcocgigaaggocggogiggaaaccaccacceccageaageagageaacaacaaata
cgeogecagoagetacctgagectgaccocegagceagtggaagicocaccggtoctacageige
caggtcacacacgaggecagcacegtggasaagaccgtgsoceccaccgagisease

SEQ 1D NO:
90

Heavy
chain B

HC:
gaggtocagctgaaagagiceggocctggactggiggcccciggeggcagectgageatcacct
gtacegtgiceggcticagectgaccgacageageatcaactggetocgacageceeciggeaag
ggoctggaatgactagocatgatetgggocoacggcoggategactacgecgacgeocigaagt
cecggctgageatcageaaggacageageaagagecaggigttcctggaaatgaccagecigeg
gaccgacgacacegecacctactactgogecagggacggctacitecoctacgecatggatticty
ggoccagggeaccagegigaccgigiccagteaggicoagetgeageagagcggcactgagot
ggtecaagectggogecagegigaagatcageigeaaggocageggctacageticaccagctact
ggatccactggatcaageageggectgeccagggoctegagtggateggaatgategaccecag
cgacggegagacacggetgaaccagagaticcagggeagageeacectgacegtggacgagag
caccageaccgectacatgeageigoggagecccaccagegaggacagegecgtgtactactge
acceggotgaaagaatacggoaactacgacagctictacticgacgtgtgggsageocggcacoct
ggteaccgigictagegottccaccaagggococagegtgticcetoiggecectagoageaagag
cacateiggeggaacagecgoectggectgoctggtcaaggactacttteccgagecegigacegt
gtectggaactetggatgoccigacaageggagigcatacettecctgecgigetgcagagcagege
ccigtactetetgageagegtggteaccgtgocaageageagecigggeacccagacctacatelg
caacgigaaccacaagecctccaacaccaaggiggacaagaaggiggaacceaagagetgesa
caagacceacaccigtectecotgicotgecoctgaactgetgggeggacecicogigiicotgtice
ciccaaageccaaggataccecigatgatcagecggacoecigaagigaccigegtggtegtpgac
gtgtcccacgaggatcocgaagigaagticaatigptacgiggacggegtogaagigeataacgic
aagaccaageccagagaggaacagtacaacageacctaccgggteototccgtoctgacagtac
tgcaccaggactggcigaacggeaaagagiacaagigeaaggtetccaacaaggeoctgecage
cectatogagaaaaccatcageaaggecaagggecagececgegagectcaggigtacacacty
cotecatgocgggacgagetgaccaagaaccaggigtocoigiggigoctcgigaagggotictac
cectecgatategecgtggaatgggagageaacggccagoeccgagaacaactacaagaccacee
ctecegtgctggacagegacggctcattcticctgtacageaagetgaccgtggacaagicoeggt
ggcageagggcaacgigticagetgctetgigatgeacgaggocctgeacaaccggttcaccoag
aagteectgagectgagecctgge

SEQ ID NO:
97

Light

LC:

SEQ ID NO:
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chain B

gacatccagatgacccagagccccgecagectgagegtgteegtggacgataccatcacceigac
cigecacgecagecagaacatogacgigiggotgagetiggticcageagaagecoggeaacatee
ccaagctgctgatetacaaggecageaacctgeacaccggegigeecageagaticagoggcict
ggoageggeacceggetttacecotgaceatcagcagectgeageecgaggatategecacctacta
ctgeeageaggeocacagetacoccttcaccticggeggaggeaccaagetiggasatcaaggsc
ggeageggeagetceggelctggeggogatategtgetgacecagtctcecgeciccciggecgt
gictctgggccagagagecaccatcagetgecgggocagegagagegtggacagetacggoca
gagctacatgeactggtatcageagaaggcoggacagececotaaactgetcatctacctggecic
caacciggaaageggegtgecogeeaggttitceggeageggotccagaaccgaciteaceciga
caatcgaccocgtgeaggecegaggacgecgecacatatiactgicageagaacgocgaggacag
cagaacctliggeggeggaacaaagotegagatiaaggecggotecggeiccageggatctgge
ggacgtacggtggccgcetecticegigticatcttcectecctccgacgageageigaagtocggca
ccgecteegiggtgtatetgetgaacaactictacccicgggaggccaaggtgcagtiggaagsigg
acaacgecctgeagicoggeaactoccaggagtccgicacegageaggaciccaagaacageac
ctacteoctgtectecacoctgacecigtccaaggecgactacgagaageacaaggigtacgoctgt
gaggteacccaccaggeccigtccageectgtgaccaagtocticaaceggaocoastoc

70

Binding Pro

tein 18 Amino Acid Sequences

Heavy
chain A

HC:
EVQLKESGPGLVAPGGSLSITCTVSGFSLTDSSINVWVRGPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSASTKGPSVEPL
APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP

VEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVY
TCVVVDVSHEDPEVKINWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGO)
PREPOQVCTLPPSRBELTENQVSLSCAVKGFYPSDIAVEWESNG
QPENNYETTPPVLDSDGSFFLVSKLTVDKSRWOQOQGNVESCSY
MHEALHNHYTOQKSLSLSPG

SEQ 1D NO:
73

Light
chain A

LC:
DIVLTQSPASLAVSLGQRATISCRASESVDSYGUSYMHWYQQK
AGQPPRKLLIVIASNLESGVPARFSGSGSRTDFTLTIDPVQGAEDRA
ATYYCOONAEDSRIFGGGTKLEIKGOPKAAPSVTLFPPSSEELQ
ANKATLVCLISDFYPGAVTVAWKADSSPYVKAGVETTTPSK(QS
NNKYAASSYLSLTPEQWKSHRSYSCOVTHEGSTVEKTYAPTEC
S

SEQ 1D NO:
74

Heavy
chain B

HC:
QVOLOQSGPELVKPGASVKISCKASGYSFISYWIHWIKQRPGO
GLEWIGMIDPSDGETRINQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRIKEYGNYDSFYFDVWGAGTLVTVSSEVQLK
ESGPGLVAPGGSLSITCTVSGFSLTDSSINWVROQPPGKGLEWLG
MIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRTDDTAT
YYCARDGYFPYAMDFWGQGTSVTVSSASTKGPSVFPLAPSSKS
TSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTEVDKKVEPKSC
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVY
DVSHEDPEVKINWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTIVLHQDWILINGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQV
YTLPPCRDELTENQVSLWCLVEGFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCSYMHEAL
HNRFTQKSLSLSPG

SEQ ID NO:
62
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Light
chain B

LC:

DIVLTQSPASLAVSLGOQRATISCRASESVDIEYGOSYMHAWY QQK
AGOPPKLLIYIASNLESGYVPARFSGSGSRTDFTLTIDPVGAEDA
ATYYCOONAEDSRITGGGTKLEIKGGRGSSGSGGDIOMTQSPA
SLEVSVGDTITLTCHASQNIDVWLSWEFQQKPONIPKLLIYEASY
LHTGVPSRFSGSGSGTGFTLTISSLGPEDIATYYCQOAHSYPFTT
GGGTKLEIKGGSGSSGSGGRTVAAPSVEFIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOWERKVDNALQSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPYTKSFNRGEC

SEQ ID NO:
63

Binding Protein 18Nucleotide Sequences

Heavy
chain A

HC:
gaggtocagctgaaggagagcgoccecggectggtggoccocggeggcagecigageatcace
tgcaccgtgageggcticagectgaccgacageageatcaactgggigegecageoceecggea
agggectggagtggctgoocataatcigaoocgacggccgeategactacgecgacgecctgaa
gageegectgageatcagoaaggacageageaagagecaggigticctggagatgaccagecty
cgeaccgacgacaccgecacctactacigegeocgegacggctacticceciacgecatggactic
tggggccagggcaccagegtgacogigagcagoegecagoaccaagggocecagegigticeee
ctggeccctagcageaagageacatciggoggcacagecgeoctgggotgeciggicaaggact
acticeecgageccgtgacagtgicctiggaacictggegeccigaccageggagigcatacctice
ctgeegtgctgeagtccageggecigiacagectgageagegiggteacagtgeccageageage
cigggcacccagacctacatetgoaacgigaaccacaageccageaacaccaaggtiggacaaga
aggtggaaccoaagagetgegacaagacceacacctgtcccecatgecotgecoctgaactgcty
ggcggacectcogightcctgttccccocaaageocaaggacacoctgatgatcagceggaccac
coaagigacctgegiggtsotogacgigicocacgaggaccotgaagigaagticaatiggtacgt
ggacggegtggaagigeataacgecaagaccaageccagagaggaacagiacaacageacetia
cegggtggtateegtgetgacegigetgeaccaggactggotgaacggcaaagagtacaagtgea
aggtgiccaacaaggocctgoctgececcaicgagaaaaccatcageaaggecaaggacagoe
tagagagceoceaagteigeaceeigeecoccageagagatgageigaccaagaaccaggigtec
cigagetgegecgigaagggotictacoccagogatatcgocgiggaatggeagagcanacggce
agceecgagaacaactacaagaccaccoecccigigcigeacagegacggctcaticticotggtat
ccaagclgacagiggacaagageoggtegcageagggcaacgtaticagetgeagegigatgca
cgaggecctgeacaaccatiacacceagaagicccigageetgageecesgs

SEQ ID NO:
77

Light
chain A

LG
gacatcgtgetgacecagageectgecageciggecgtgtctctgggecagagagecaccatcag
ctgecgggecagegagagegiggacagetacggecagagetacatgeactggtatcageagaag
geoggccagececocaagotgotgatetacctggecageaacctggaaageggegigeccgeca
gattcageggeagoggoageagaaccgacticacoectgaccatcgacecegtgeaggecgagga
cgoegocacctactactgecagragaacgecgaggacagoecggacoticggoggaggcaccaa
golggaaatcaagggacageccaaggetgeccecicggicaccetgticcecccaageagegag
gaactgeaggecaacaaggecacectegigtgectgateagegactictacestggegocgtgac
cgiggcctggaageccgatagoicicocgigaaggoeggegigasaceaccaceocageaag
cagagcaacaacaaatacgeogecageagetaceigagectgaceecegageagtggaagicec
accggtcctacagetgecaggicacacacgagggceageaccgtggaaaagacegiggececca
cegagigeage

SEQ D
NG:78

Heavy
chain B

HC
caggtgcagetgeageagagoggceoctgagatggicaagectggegecagegtgaagatcaget
goaaggecageggetacageticaccagetactggatecactggatcaageageggoctggeca
gggcctggantgoatcggcatgategaccecagegacggogagacacggetgaaccagagatic
cagggcagagecaceetigacegiggacgagageaccageaccgectacaigeagetgeggage
cocaccagegaggacagegeogtgtactactgeaccoggetgaaagagtacggeaactacgaca
gettctacticgacgtgtggggagecggeaccetggicacegigiccagegaagtgeageiganag
aaageggecctggectggieocceciggoggcagectgagcatcaceigtaccgigiccgactic

SEQ 1D NO:
66
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agcctgaccgacagceagcatcaactgggtocgacagecccetggeaagggecicgagtoociog
gaatgatctgggpcgacggcoggatcgactacgecgacgeoctgaagiceoggeigagcatcag

caaggacagcagcaagagceaggtgticctggaaatgacoagecigeggaccgacgacaccge

cacctactacigegecagggacggctacttcecctacgecatggatttctgggoccaggecaccag
cgtgaccegtgtecteigeticcaccaagggecccagegtgticectetggecectageageasgag

cacatetggeggaacageegeccigggetgectggicaaggactactiteccgagecegigacegt
gicctggaactciggtgecetgacaageggagigeataccticecigeogtgetgeagagoagogs
ceigtacicictgageagegtggtcaccgigecaageageagectgggeacceagacctacatetg
caacgigaaccacaagecoiccaacaccaaggtggacaagaaggtgeaacceaagagetaoga

caagacceacaccigtectecctgicotgocectgaactgetigggeggacceteogigticetgttcee
ciccaaageccaaggatacectgatgatcagocggaccectigaagteacctgegiggteoiooac

gigteccacgaggatccogaagtgaagttcaattggtacgtggacgacgtagaagigeataacgee
aagaccaagceccagagaggaacagtacaacageacctacegggtagigtecgigcigacagige

tgcaccaggactggcetigaacggcaaagagtacaagigcaaggtigticcaacaaggeccigecage

cectatogagaaaaccatcageaaggecaagggocagececgegagecicaggtgtacacactg

cctecatgecgggacgagetigaceaagaaccaggtgiccetgtggtocctegtigaagggotictac
cocteegatatcgecgiggaatlgggagaglaacggeeagoecogaganscaactacasgaccacto
ciccegtgetggacagegacggetcaticticctgtacageaagetgaccgiggacaagteoeggt

ggeageagggcaacgigitcageigeicigigalgeacgaggceocigeacaaccggttcacceag

aagtcecigagecigagecctggoc

Light
chain B

LC:
Gacatcgtgcigaccoagageoctgecagociggecgtgiciciggaccagagagecaccatcea
getgeogggocagegagagegtegacagetacggocagagotacatgeactggtatcageagaa
ggocggecageecoccaagetgetgalctacctggecageaacctiggaaageggrgtacecgoc
agaticagcggoageggeageagaaccgacticacecigaccaicgacecegtgcaggeegagy
acgecegecacctactactgecageagaacgoecgaggacagecggaccticggeggaggeacca
agctggaaatcaagggeagciceggcageagogaciciggeggcgatatccagatgacecagic
ceecgectecctgagegtetecgtgggcgacaccatcaccetgacatgocacgecagesagaaca
tegacgtgtggctgagcigpticcageagaageciggoaacatcoctaagetgeteatctataaggc
ctccaacctgeacaccggegtgoocageaggtiitceggeictggeageggcaccggctitacect
gacaatcageagectgeageccgaggatatcgecacatattactgtcageaggeccacagetace
ceticacctitggeggeggaacaaageicgagatiaaggecggeageggaageteeggetocgy
cggacgtacggiggecgetccticegigticateticecteccicegacgageagetgaagicegge
accgecteegtggtatatetgetgaacaactictacecicggoaggecaaggiacagiggaagste
gacaacgoectgeagtecggeaacicecaggagtocgicaccgageaggactecaaggacagea
cctacteoctgtectecacectgaccectgtocaaggecgactacgagaagcacaaggigtacgoct
gigagoteacccaccaggecctgtccageecigigaccaagiocticaaccgeeoceastiac

SEQ 1D NO:
67

Binding Protein 19 Amino Acid Sequences

Heavy
chain A

HC:
QVOLOQSGPELVKPGASVKISCKASGYSFISYWIHWIKQRPG(
GLEWIGMIDPSDGETRINQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTIRLKEYGNYDEFYFDVWGAGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVEDYFPERPVTVSWNSGALTS
GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNT
KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI
SRTPEVTCYVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHOQDWLNGKEY KUKV SNKALPAPIEKTISK
AKGQPREPOVCTLPPSRDELTENQVSLSCAVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFES
CSVMHEALHNHYTQKSLSLSPG

SEQ 1D NO:
85

Light
chain A

L

DIOMTOQSPASLSVSVYGDTITLTCHASGNIDVWLSWEFQQKPGNIP
KLLIYEASNLHTGVPSRFSGSGSGTGFTLTISSLOPEDIATYYCQ
DAHSYPFTFGGGTKLEIKGOPKAAPSVTLFPPSSEELQANKATL

SEQ ID NO:
86
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VCLISDFYPGAVIVAWKADSSPVEAGVETTTPSKQSNNKYAA
SSYLSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTECS

Heavy
chain B

HC:
QVOLOQSGPELVEPGASVKISCKASGYSFTSYWTHWIKQRPGO
GLEWIGMIDPSDGETRINQRFOGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRIKEYGNYDSFYFDVWGAGTLVTVSSEVQLK
ESGPGLVAPGGSLSITUTVSGFSLTDSSINWVROPPGKGLEWLG
MIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRTDDTAT
YYCARDGYFPYAMDFWGQGTSVTVSSASTRKGPSVFPLAPSSKS
TSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLGSS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTRKVDKKVEPKSC
DKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVTCVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVESY
LIVLHQDWINGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY
YTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESNGQPENN
YKTIPPVLDSDGSFFLYSKLTVDKSRWQOGNVESCSVMHEAL
HNRFTOKSLSLSPG

SEQ ID NO:
62

Light
chain B

LC:
DIVLTQSPASLAVSLGQRATISCRASESVDSYGOSYMHEWYQQK
AGQPPKLLIYLZASNLESGVPARFSGSGSRTDFTLTIDPVQAEDA
ATYYCQONAEDSRIFTGGGTKLEIKGGSGSSGSGGDIGMTQSPA
SLSVSVGDTITLTCHASONIDVWILSWEFQOQKPGNIPKLLIYKASN
LHTGVPSRFSGSGSGTGEFTLTISSLQPEDIATYYCQUAHSYPFIY
GGGTKLEIKGGSGSSGSGGRTVAAPSVFIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHOGLSSPYTKSFNRGEC

SEQ 1D NO:
63

Binding Protein 19 Nucleotide Sequences

Heavy
chain A

HC:
caggtgcagetgeageagageggeceegagetggigaageceggegecagegigaagatcage
tgraaggccageggctacageticaccagetactggaticactggatcaageagegeeceggoca
ggecciggagiggatcggcatgatogaccocagegacggcgagaccegectgaaccagegotic
cagggecegegcecacectgacegtggacgagageaccageaccgectacatgcageigegcage
cecaccagegaggacagogeogtgtactactgeaccegectgaaggagtacggeaactacgaca
getictacticgacgigtggeocgccggcaccotggigaccgigageagegecagoaccaaggg
ceccagegtgttecceciggeccectageageaagageacatetggeggeacageegeccigggct
goctggtcaaggactacticceogagecegigacagigtcctggaactotggegeectgaccageg
gagtgcataccttccotgacgigeigeagiccageggcecigtacageetgagagogtggicacag
tgcccageageagectgggcaccoagacctacaicigeaacgigaaccacaagoccagoaacac
caaggtggacaagaaggiggaacccaagagotecgacaagacecacaccigtececcetgesct
geeectgaactgetgggoggaccoicegigticctgticcccccanageccaaggacacecigaty
atcagecggaccecogaagtgacctgegtggtogtogaceigicocacgaggacecigaagiga
agttcaattggtacgtggacggcgigaaagtecataacgecaagaccaageocagagaggaaca
gtacaacageacciaccgggtggigtecgtgctgaccgigetigeaccaggactiggcigaacggca
aagagtacaagtgcaaggtgicoaacaaggocctgoctgcceccatcgagaaaacoatcagceaag
gocaagggecagectagagageeccaagictgoaccotgoeceeceageagagatgagetigacca
agaaccaggtgicectgagotgogecgigaaggectictaccoecagegatatcgecgiggaatlgy
gagageaacggecageccgagaacaactacaagaccaccoccccigtgetiggacagegacgge
teattcticctggigtecaagetigacagtggacaagagecggiggcageagggcaacgigticage
tgcagegigatgeacgaggecctgeacaaccattacacccagaagiccctgagectgagececgg
C

SEQ 1D NO:
89

Light
chain A

LG

gacatccagaigacceagagececcgecagectgagegtotccgtgggcgataceatcaccetgac
ctgecacgecagecagaacategacgigtggotgagetiggticcageagaagecoggeaacatee
ccaagctgctgatetacaageecagcaacctgcacaccggegigeecageagaticageggcict

SEQ ID NO:
90
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ggcageggcaccggctttaccetgaccatcageagoctgeagecegaggatategocacctacta
cigeeageaggeccacagetacecottcaccticggeggaggcaccaagoiggaaatcaaggga
cagceccaaggotgoccecicggtcacectgiiceccccaagetotgaggaactgcaggocaacaa
ggecaccctegtgtgectgatcagegactictaccoiggogeogtgacogtgacctggaageccg
atagetoteccgtgaaggeeggegiggaaaccaccacccocageaageagageaacaacaaata
cgeogecageagetaceigagectgacecccgageagtggaagicecaceggicctacageige
caggicacacacgagggcagcaccgiggaaaagacegigacoccaccgag

Heavy
chain B

c
rtocage
HC:

caggtgcagetgcageagageggeccigagetggicaagectggegecagegtgaagatcaget
goaaggecageggetacageticaccagetactggatecaciggatcaageageggoctggeca
gggcctggaatgpatcggcatgategaccccagegacggegagacacggctgaaccagagatic
caggecagagecaccotgacegtiggacgagagoaccageaccgectacatgoagetgeggage
ceeaccagegaggacagegocgtgtactactgeaceegecigaaagagliacggcaactacgaca
gettetacticgacgtgiggggagccggeaccetggtcacegtgiccagegaagigeagetiganagy
aaageggecctggectgatggccectggoggcagectgageateaccigtacegigiceggcttc
agoctgaccgacageageatcaactgggtecgacagecccciggeaagggecicgagtgocte
gaatgatctgggpcgacggecggatcgactacgecgacgeoctgaagicecggigageaicag
caaggacagcageaagagcecaggtgticctggaaatgaccagecigeggaccgacgacaccge
cacctactactgegecagggacgactacticccctacgecatggattictgggoccageacaccag
cgtgaccgtgtectetgeticcaccaagggecccagegtgticectetggeccctageageasgag
cacatetggeggaacageegeceigggeigectggicaaggactactiteccgagecegigacegt
gicctggaacteiggtoccctgacaageggagigeatacettcccigeogtgcigeagascagegs
cctgtacticictgageoagegtggtcaccgigecaageageagectgggeacccagacctacatetg
caacgigaaccacaageccticcaacaccaaggtggacaagaaggigoaaccoaagagetgcga
caagacceacacctgtoctccctgtcctgocoetgaactgeigggeggaccectecgtgticctatice
ciccaaageccaaggatacectgatgatcagecggaccectgaagteacctgegiggteotooac
gtgicccacgaggaiccegaagtgaagitcaatiggtacgtggacggegtagaagigcataacgee
aagaccaagcccagagaggaacagtacaacageacctaccgggiggigicegigeigacagiac
tgcaccaggactggcigaacggcaaagagtacaagtgcaaggtstecaacaaggocecigecage
cectategagaaaaccatcageaaggecaagggocageccegegagecicaggtgtacacacty
cctecatgecgggacgageigaccaagaaccaggigtoccigtogtoccicgigaagggotictac
cecteegatatecgecgigeaalggearagCaacggecagocegagancaactacasgaccacce
ciecegigetggacagegacggeicaticticetgtacagcaagetgacegtggacaagicceggt
ggcageagggcaacgtgttcageigetctgtgatgcacgaggecctgeacaaceggticacccag
aagicectgagecigageocigge

SEQ 1D NO:
66

Light
chain B

L
gacategtgotgacceagagecctgecageciggocgigictictgggocagagagecaccateag
ctgecgggceagegagagogtgeacageiacggccagagotacatgeactggtateageagaag
gocggecageocoecaagetgetaatctacetggccageaacciggaaageggogigeccgoca
gattcageggcageggcagcagaaccgacticaccetgaccategaccecgigeaggocgagga
cgeegecacctactactgecageagaacgecgaggacagecggaccticggoeggaggeaccaa
gotggaaatcaagggegactecggeageageggciciggeggegatatccagatgaceeagice
ceegectecotgagegtstecgtgggcgacaccatcacecigacatgecacgecagecagaacat
cgacgtgtggcigagctegticcageagaagoctggeaacatecataagotgotcatetataagge
ctecaacctigeacaccggegigeocageaggtiticeggoictggeagegacaccggetttacect
gacaatcageagectgeageccgaggatatcgecacatattacigtcageaggeocacagetace
ceticacctitggeggeggaacaaageicgagatiaaggoegacageggaageiceggeicegy
cggacgtacggtgoccgctecticegigticateticecteccicogacgageagetgaagiecgge
accgecteogtggtgtotetacigaacaactictacecicgggaggccaaggtecagiggaagste
gacaacgoectgeagtecggcaacicecaggagtocgicaccgageaggactecaaggacagea
cctacticoctgtectecacectgacecigtocaaggecgactacgagaageacaaggtetacgoct
gtgagsteacceaccaggeccigtccageoctgteaccaagtocticaaccggooceastac

SEQ ID NO:
67
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QLVESGGGLVOPGGSLRLSCAASGFNIKDTY SSLSASVGDRVTITCRA
sog. | THWVRQAPGKGLEWVARIYPINGYTRYADSVK | NIAVAWYQOKPGKAPKLLIYSASFLYSG
Hory | GRETISADTSKNTAYLQMNSLRAEDTAVYYCSR | VPSRFSGSRSGTDFTLTISSLOPEDFATYY

WGGDGFYAMDYWGQGTLVTVSS COQHYTTPPTFGQGTKVEIK
(SEQ ID NO:150) (SEQ ID NO:15D)
OVOLVESGGOVVOPGRSLRLSCAASGETFIRA | DIVMTOTPLSLSVIPGQPASISCKASOSLY
ansi. | PMEWVRQAPGKQLEWVAQIKDKSNSYATYYA | HNNANTYLSWYLQKPGQSPQSLIYKVSN
cps | DSVKGRITISRDDSKNTLYLQMNSLRAEDTAVY | RFSGVPDRFSGSGSGTDFTLRISRVEAED
YCRGVYYALSPFDYWGQGTLVTVSS VGVYYCGOGTQYPFTFGSGTKVEIK
(SEQ ID NO:152) (SEQ ID NO:153)
QVOLVESGGGVVQPGRSLRLSCAASGFTFTEA | DIVMTQTPLSLSVTPGUPASISCKSSOSLY
Anth. | PMEWVRQAPGKGLEWVAQIKDKSNSYATY YA | HNNGNTYLSWYLQKPGQSPQLLIVAVSN
(b3 | DSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVY | RFSGVPDRFSGSGSGTDFTLKISRVEAED
- YCRGVYYALSPFDYWGQGTLVTVSS VGVYYCGOGTOYPFTFGGGTKVEIK
(SEQ 1D NO154) (SEQ ID NO:155)
OVOLVOSGAEVEKPGSSVEVSCKASGYAFSSY | DLVLTOSPASLAVSPGORATITCKASOSY
Auti. | PVINWVRQAPGQGLEWIGQIWPGBGDINYNG | DYDGDSYLNWYQUKPGOPPKLLIY DASN
cpro | KFKGRATLTADESTSTAYMELSSLRSEDTAVYY | LVSGVPARFSGSGSGTDFILTINPVEAND
CARRETTTVGRYYYAMDY WGQGTTVTVSS TANYYCQOSTEDPWIFGQGTKLEK
(SEQ D NO:156) (SEQ ID NO:137)
OVOLGOPGAELVKPGASVKMSCRASGYFFISY | QIVLSQSPALL SASPGEKVIMICRASSSVS
ane | WMHWVKQTPGRGLEWIGAIYPGNGDTSYNOKF | FIHWFQQKPGSSPKPWIYATSNLASGVP
cpap | KGRATLTADKSSSTAYMOLSSLTSEDSAVYYCA | VRFSGSGSGTSYSLTISRVEAEDAATYYC
=Y | RSTYYGGDWYFNVWGAGTTVTVSA COWTSNPPTPGGGTKLEIK
(SEQ ID NO:158) (SEQ ID NO:159)
QVOLVORGAEVVKPGASVK VSCKASGYTFTSY | DIQMTOSPSSLSASVGDRVTITCQASONT
angi. | YIHWVROAPGQGLEWIGSIYPGNVNINYAQKF | ¥VWLNWYQQKPGKAPKLLIYKASNLHT
Cposq | QORATLTVDTSISTAYMELSRLRSDDTAVYYCT | GVPSRFSGSGSGTDFTLTISSLOPEDIATY
RSHYGLDWNFDVWGKGTTVTVSS YCQOGRTYPYTFGQGTKLEIK
(SEQ 1D NO:160) (SEQ ID NO:161)
OVOLQESGPGLVEPSQTLSLTCIVSGFSLSDYG | DIVLTQSPASLAVSPGURATITCRASESY
Aogi. | VEWVRQPPGKGLEWLGVIWAGGGINYNPSLE | EYYVISLMOWYQOKPGQPPKLLIFAASN
cpass | SRKTISKDTSKNQVSLKLSSVTAADTAVYYCAR | VESGVPARFSGSGSGTDFTLTINPVEAND
- DEGYSYYYSMDYWGQGTTVIVSS VANYYCOQSREVPY ITFGQGTKLEIK
(SEQ 1D NO:162) (SEQ ID NO:163)
QVOLVOSGAEVAKPGTSVKLSCKASGYTFIDY | DIVMTQSHLSMSTSLGDPVSITCRASODY
| WMOQWVKOQRPGQGLEWIGTIYPGDGDTGYAQK | STHVAWYQOKPGQSPRRLIYSASYRYIG
Anti- | FOGKATLTADKSSKTVYMHLSSLASEDSAVYY | VPDRFTGSGAGTDFTFTISSVQAEDLAVY
CBI | C4RGDYYGSNSLDYWGOGTSVTVSES YCQQHYSPPYTFGGGTKLEIK
(SEQ ID NO:164) (SEQ ID NO:165)
QVOLVORGAEVEKPGSSVEVSCKASGYIFINYN | DIOMTOSPSSLSASVEDRVTITCKASODT
auti. | [HWVKKSPGQGLEWIGAIYPGNGDAPYSQKFQ | DRYMAWYQDKPGK APRLLIHDISTLOS
L Anpy | GRATLTADTSTSTTYMELSSLRSEDTAVYYCVR | GVPSRFSGSGSGRDY TLTISNLEPEDFAT
At ANWDYVAFAYWGQGTLVTVSS (SEQ 1D NO:166) | YYCLOYDPNLWIFGGGTK VEIK
(SEQ ID NO:167)
EVOLVESGGGLVOPGRSLRLSCAASGFTFDDYA | DIOMTQSPSSLSASVGDRVITTCRASOGE
Anti. | MEWVRQAPGKGLEW VSAITWNSGHIDYADSY | RNYLAWYQOQKPGKAPKLLIVAASTLOSG
TNge | EGRETISRDNAKNSLYLOMNSLRAEDTAVYYC | VPSRFSGSGSGTDFTLTISSLOPEDVATY
: AKVSYLSTASSLDYWGQGTLVTVSS YCQRYNRAPYTFGOGTKVEIK
(SEQ ID NO:168) (SEQ ID NO:169)
Anti- | QVOLQOSGPELVKPGASVRISCKASGYSFTSYW | DIQMTQSPASLSVSVGDTITLTCHASONT
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14 DVWILSWFQOKPGNIPKLLIYKASNLHTG
RATLTVDESTSTAYMOLRSPTIEDSAVYYCTRE | VPSRFSGSGSGTGFTLTISSLOPEDIATYY
KEYGNYDSFYFDVWGAGTLVTVSS COQAHSYPFTFGGGTKLEIK
{SEQ ID NO:170) (SEQ ID NO:171)
EVOLKESGPGLVAPGGSLSITCTVSGFSLIDSSI | DIVLTOSPASLAVSLGORATISCRASESY

Antie | VWVRQPPGKGLEWLGMIWGDGRIDY ADALKS | DSYGQSYMHWYQQKAGOPPKLLIYLAS
T3 | RLSISKDSSKSQVFLEMTSLRTDDTATYYCARD | NLESGVPARFSGSGSRTDFTLTIDPVOAE

GYFPYAMDFWGQGTSVTVSS
(SEQ 1D NO:172)

DAATYYCQONAEDSRIFGGGTKLEIK
(SEGQ D NO:173)

Naote: UDR sequences are bolded and italicized in amino acid sequences above.
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CLAIMS

What is claimed 1s:

1. A binding protein comprising four polypeptide chains that form three antigen binding
sites that specifically bind one or more target proteins, wherein a first polypeptide chain
comprises a structure represented by the formula:
Viz-Li-Vi-La-Cp Hl
and a second polypeptide chain comprises a structure represented by the formula:
Vai-La-Vip-Le-Cr Hi
and a third polypeptide chain comprises a structure represented by the formula:
YVia-Cin [1f]
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cy (v}
wherein:
Vi 18 a first immunoglobulin Light chain variable domain;
V12 18 a second immunoglobulin light chain vaniable domain;
Vs 18 a third immunoglobulin light chain variable domain;
Vi s a first immunoglobulin heavy chain variable domain
Yy 18 a second immunoglobulin heavy chain variable domain;
Vs is a third immunoglobulin heavy chain variable domain;
Cy 15 an immunoglobulin light chamn constant domain;
Cuy 1s an immunoglobulin Cyy heavy chain constant domain; and
Ly, 1o, L5 and Ly are amino acid linkers;
and wherein the polypeptide of formula 1 and the polypeptide of formula 1T form a cross-over
light chain-heavy chain pair.
2. A binding protein comprising four polypeptide chains that form three antigen binding
sttes that specifically bind one or more target proteins, wherem a first polypeptide chamn
comprises a structure represented by the formula:
Via-ly-Vi-L-Cr (1]

and a second polypeptide chain comprises a structure represented by the formula:
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Vi -L;-VHQ-’LL;-CH;~hinge-CH2-Cﬂs {1}
and a third polypeptide chain comprises a structure represented by the formula:
Vis-Crg-hinge-Crp-Crp [HH}
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cp [V}
wherein:
V1 18 a first immunoglobulin light chain variable domain;
Vi, 18 a second immunoglobulin light chain variable domain;
Vi3 18 a third immunoglobulin light chain variable domain;
Vy, 15 a first immunoglobulin heavy chain variable domain;
Vi 18 a second immunogiobulin heavy chain variable domain;
YV 15 a third immunoglobulin heavy chain variable domain;
Cy 1s an immunoglobulin light chain constant domain;
Ciy 18 an immunoglobulin Cyy heavy chain constant domain;
Cip 1s an immunoglobulin Ciz heavy chain constant domain;
Cys 18 an immunoglobulin Cys heavy chain constant domain;
hinge is an immunoglobulin hinge region connecting the Cyy and Cyp domains; and
Ly, 1o, L5 and Ly are amino acid linkers;
and wherein the polypeptide of formula I and the polypeptide of formula I form a

cross-over Hght cham-heavy chain pair,

3. The binding protein of claim 1, wherein the second and/or the third polypeptide chain
further comprises an Fe region linked to Cy), the Fe region comprising an immunoglobulin

hinge region and Cip and Cys immunoglobulin heavy chain constant domains.

4, The binding protein of claim 1 or claim 2, wherein at least one of Ly, Ly, Ly or Ly 13

independently 0 amino acids in length.

5. The binding protein of claim 1 or claim 2, wherein Ly, L, Ly or L4 are each

independently at least one amino acid 1o length.
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6. The binding protein of claim 1 or claim 2, wherein {a} L;, Ly, Lsand Ly each
mdependently are zero amino acids in length or comprise a sequence selected from the group
consisting of GGGGSGGGGS (SEQ 1D N(:104), GGGGSGGGGSGGGGS (SEQ ID
N(:103), S, RT, TKGPS (SEQ 1D NO:106), GOPKAAP (SEQID NO: 175), and
GGSGSSGSGG (SEQ 1D NO:148); or (bY Ly, Ly, Ly and Ly each independently comprise a
sequence selected from the group consisting of GGGGSGGGGS (SEQ 1D NO:104),
GGGGSGGGGSGGGGS (SEQ ID NO:105), 8, RT, TKGPS (SEQ ID NO:106), GOPKAAP
(SEQ ID NO: 175), and GGSGSSGSGG (SEQ 1D NO:148).

7. The binding protein of claim 1 or claim 2, wherein

{(a) L1 comprises the sequence GQPKAAP (SEQ 1D NO: 175}, L, comprises the
sequence TKGPS (SEQ 1D N(:106), Ls comprises the sequence 8, and Ly comprises the

sequence RT,

{b) L comprises the sequence GGGGSGGGGS (SEQ 1D NO: 104}, L, comprises the
sequence GGGGSGGGGS (SEQ ID NG:104), L5 1s 0 amino acids 1 length, and 1415 0 amino

acids in length;

{c) L; comprises the sequence GGSGESGSGG (SEQ 1D NG:148), 1, comprises the
sequence GGSGSSGSGE (SEQ ID NO:148), Ly 15 0 amine acids in length, and Ly 18 0 amino

acids 1n length; or

{d) L; comprises the sequence GGGGSGGGGSGEGES (SEQ ID NG:105), 1,150
amino acids in fength, Ls comprises the sequence GGGGSGGGGSGGGGS (SEQ 1D NO: 1053,

and L4 1s 0 amino acids in length.

8 The binding protein of claim 1 or ¢laim 2, wherein the binding protein 1s irispecific and

capable of specifically binding three different antigen targets.

9. The binding protein of any one of claims 1-8, wherein the binding protein specifically
binds three target proteins that correspond to two target proteins on T cells and to one tumor

target protein,
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10. The binding protein of claim 9, wherein one of said target proteins on T cells 1s CD3.
11 The binding protein of claim 9 or claim 10, wherein one of said target proteins on T
cells 1s CD328.

12. The binding protein of any one of claims 9-11, wherein said tumor target protein ts
CD38.

13 The binding protein of any oue of claims 1-8, wherein the binding protein specifically

binds three target proteins that correspond to two target protemns on T cells and to one target
protein selected from the group consisting of AZAR, APRIL, ATPDase, BAFF, BAFFR,
BCMA, BlyS, BTK, BTLA, B7DC, B7H1, B7H4, B7HS, B7H6, B7H7, B7RP1, B7-4, C3, C5,
CCL2, CCL3, CCL4, CCL35, CCL7, CCLS, CCLIL, CCL1S, CCL17, CCL19, CCL20, CCL21,
CCL24, CCL2S, CCL26, CCR3, CCR4, CD3, CD19, CD20, D23, CD24, CD27, CD28,
CD38&, CD39, CD40, CD70, CD80, CDS6, CD122, CD137, CDI3TL, CD152, CD154, CD160,
D272, CD273, CD274, CD275, CD276, CD278, D279, CDHI, chitinase, CLECY, CLECO1,
CRTH2, CSF-1, CSF-2, CSF-3, CX3CL1, CXCL12, CXCL13, CXCR3, DNGR-1,
ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPDI1, FCER1A, FCER],
FLAP, FOLHI, Gi24, GITR, GITRL, GM-CSF, Her2, HHLAZ, HMGB1, HVEM, ICOSLG,
DO, IFNw, IoE, IGFIR, IL2Rbeta, IL1, IL1A, IL1B, IL1F10, IL2, IL4, IL4Ra, L5, ILSR,
L6, TL7, IL7Ra, TLR, 1LY, ILOR, TL10, rhIL10, TL12, IL13, IL13Ral, IL13Ra2, TL15, IL17,
IL17Rb, IL18, IL22, 1123, 1125, 1L27, 1133, IL35, ITGB4, ITK, KIR, LAG3, LAMP1, leptin,
LPFS2, MHC class I, NCR3LGH, NKG2D, NTPDase-1, 0X40, OX40L, PD-1H, platelet
receptor, PROMI, 8152, SISP1, SLC, SPGo4, ST2, STEAPZ, Syk kinase, TACT, TDO, T14,
TIGIT, TIM3, TLR, TLR2, TLR4, TLRS, TLRY, TMEF1, TNFa, TNFRSF7, Tp55, TREMI,
TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1.

14. The binding protein of claim 1 or claim 2, wherein the binding protein is capable of

mhibiting the function of one or more target proteins.

15. The binding protein of claim 14, wherein the one or more target proteins are selected
from the group consisting of AZAR, APRIL, ATPDase, BAFF, BAFFR, BCMA, BlyS, BTK,
BTLA, B7DC, B7H1, B7H4, B7HS, B7Ho, B7H7, B7RP1, B7-4, C3, C5, CCL2, CCL3,
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CCL4, CCLS, CCL7, CCL8, CCL11, CCL1S, CCL17, CCL19, CCL20, CCL21, CCL24,
CCL25, CCL26, CCR3, CCR4, CD3, CD19, CD20, D23, CD24, D27, CH28, CD38, Ch39,
D40, CD70, CDRO, CD86, CB122, CD137, CDI37L, CD152, CD154, CD160, CD272,
CD273, CD274, CD275, CD276, CD278, CD279, CDHI, chitinase, CLEC9, CLEC91,
CRTHZ2, CSF-1, CSF-2, CSF-3, CX3CL1, CXCL12, CXCLI3, CXCR3, DNGR-1,
ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCERIA, FCER1,
FLAP, FOLHI, Gi24, GITR, GITRL, GM-CSF, Her2, HHLA2, HMGB1, HVEM, ICOSLG,
DO, IFNo, IgE, IGFIR, IL2Rbeta, IL1, TL1A, ILIB, ILIF10, IL2, IL4, [L4Ra, ILS, IL5R,
1L6, IL7, IL7Ra, 1L8, 109, TLOR, 1110, rhiL10, IL12, [L13, TL13Ral, 1L13Ra2, 1115, IL17,
IL17Rb, 1118, 1122, 1123, 1125, IL27, 1L33, IL35, ITGR4, ITK, KIR, LAG3, LAMP1, leptin,
LPFS2, MHC class H, NCR3LGI, NKG2D, NTPDase-1, OX40, OX40L, PD-1H, platelet
receptor, PROMI, §152, 8ISP1, SLC, SPGo4, ST2, STEAP2, Svk kinase, TACE TDO, T14,
TIGIT, TIM3, TLR, TLR2, TLR4, TLRS, TLRY, TMEF1, TNFa, TNFRSF7, Tp55, TREMI,
TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1.

16. A binding protein comprising four polypeptide chains that form three antigen binding
sites, wherein a first polypeptide chain comprises a structure represented by the formula:
Via-Li-Vido-Co B4}
and a second polypeptide chain comprises a structure represented by the formula:
Vui-La-Vi-Lu-Cu (i
and a third polypeptide chain comprises a structure represented by the formula:
Vis-Chy [}
and a fourth polypeptide chain comprises a structure represented by the formula:
Via-Cp [Iv]
wherein:
Vi1 18 a first immunoglobulin light chain vanable domain;
Viz 18 a second immunoglobulin light chain variable domain;
Vi3 18 a third immunoglobulin light chain variable domain;
Vi 15 a first immunoglobulin heavy chain variable domain;
Vs 1s a second immunoglobulin heavy chain variable domain;

Vs 18 a third immunoglobulin heavy chain variable domain;
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Cy 1s an immunoglobulin light chain constant domain;

Ciqy 18 an immumoglobulin Cyy heavy chain constant domain; and

14, Ly, L2 and Ly are amino acid linkers;

wherein the polypeptide of formula I and the polypeptide of formula I form a cross-over
light chain-heavy chain pair;

wherein:

{a) Vi1, Y12 and Vi3 each independently comprise a variable domain sequence as set forth
in any one of SEQ ID NQOs: 151, 153, 155, 157, 159, 161, 163, 165, and 167; or

{(b) Vi Vio and Vis each independently comprise light chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ 1D NOs:
43-59, 123-125, 138-140, and 149; and

wherein

(a) Vi1, Vi, and Vi each independently comprise a varable domain sequence as set
forth in any one of SEQ ID NOs: 150, 152, 154, 156, 138, 160, 162, 164, and 166; or

{(b) Vui, Vip and Vg3 each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ ID NOs:

25-42, 120-122, and 126-128.

17. A binding protein comprising four polypeptide chaing that form three antigen binding
sites, wherein a first polypeptide chain comprises a structure represented by the formula:
Viz-Li-Vido-Cy {}
and a second polypeptide chain comprises a structure represented by the formula:
Vir-La-Vi-Ly-Cri-hinge-Ci-Chs {11}
and a third polypeptide chain comprises a structure represented by the formula:
Vyz-Crr-hinge-Cra-Cas [IH]
and a fourth polypeptide chain comprises a structure represented by the formula:
Via-Co (v}
wherein:
Vi 18 a first immunoglobulin light chain variable domain;
V7 18 a second immunoglobulin light chain variable domain;

Vs 18 a third immunoglobulin light chain variable domain;
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Vi 18 a first immunoglobulin heavy chain variable domain;

Vy: 15 a second immunogliobulin heavy chain variable domain;

Vi3 18 a third immunoglobulin heavy chain variable domain;

Cy, 1s an immunoglobulin light chain constant domain;

Cyy 1s an immunoglobulin Cyy heavy chain constant domain;

Cip 18 an immunoglobulin Cy, heavy chain constant domain;

Cu 1s an immunoglobulin Cys heavy chain constant domain;

hinge is an immunoglobulin hinge region connacting the Cy,; and Cy, domains; and

Ly, 1o, L3 and Ly are amino acid linkers;

wherein the polypeptide of formula § and the polypeptide of formula 11 form a cross-over
light chain-heavy chain pair;

wherein:

{a) V11, V12 and V3 each independently comprise a variable domain sequence as set forth
inany one of SEQ ID NOs:151, 153, 155, 157,159, 161, 163, 165, and 167; or

{b) Vi Via and Vi; each independently comprise light chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ ID NOs:
43-59, 123-125, 138-140, and 149; and

wherein:

{a) Vin, Vi, and Vs each independently comprise a variable domain sequence as set
forth in any one of SEQ ID NQOs: 150, 152, 154, 156, 158, 160, 162, 164, and 166; or

{b) V1, Vi and Vs each mdependently comprise heavy chain complementarity
determining regions comprising an anuno acid sequence as set forth in any one of SEQ ID

NOs: 25-42, 120-122, and 126-128.

18 The binding protein of claim 16, wherem the second and/or the third polypeptide chain
further comprises an Fe region linked to Ciy, the Fe region comprising an immunoglobulin

hinge region and Cyp and Cys immunoglobulin heavy chamn constant domains.

19. The binding proten of claim 16 or claim 17, wherein at least one of L), L5, Ly or Ly, 18

independently 0 amino acids in fength
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20. The binding protein of claim 16 or claim 17, wherein Ly, L, L3 or Ly are each

mdependently at least one aming acid in length.

~

21. The tinding protein of claim 16 or claim 17, wherein {a} L, 1, Ly and L4 each
mdependently are zero amino acids in length or comprise a sequence selected from the group
consisting of GGGGSGGGGS (SEQ 1D NO:104), GGGGSGGGGSGGGGS (SEQID
NO:105), 8, RT, TKGPS (SEQ 1D NO:106), GOPKAAP (SEQ ID NO: 175), and
GGSGSSGSGG (SEQ 1D NO:148); or (Y Ly, Ly, Ls and Ly each independently comprise a
sequence selected from the group consisting of GGGGSGGGES (SEQ 1D NG:104),
GGGGSGGGGSGGGGS (SEQ ID NO:103), S, RT, TKGPS (SEQ I NO:106), GOPKAAP
(SEQ ID NO: 175), and GGSGSSGSGG (SEQ 1D NO:148).

22 The binding protein of claim 16 or claim 17, wherein:
(a) Li comprises the sequence GQPKAAP (SEQ 1D NO: 175), L, comprises the
sequence TKGPS (SEQ 1D NO:106), L; comprises the sequence S, and Ly comprises the

sequence RT,

{b) L comprises the sequence GGGGSGGGGS (SEQ 1D NO: 104}, L, comprises the
sequence GGGGSGGGGS (SEG ID NG:104), Ls 1s 0 amino acids 1 length, and 1415 0 amino

acids in length;

(¢} L1 comprises the sequence GGSGSSGSGG (SEQ 1D NG:148), L, comprises the
sequence GGSGSSGSGE (SEQ ID NO:148), Ly 18 0 amine acids in length, and Ly 18 O amino

acids 1n length; or

{d) L comprises the sequence GGGGSGEGGSGEGES (SEQ ID NG:105), L, 150
amino acids in fength, L comprises the sequence GGGGSGGGGSGGGGS (SEQ 1D NO:105),

and Ly 1s 0 amino acids in length.

23 The binding protein of claim 16 or claim 17, wherein:
{a}) Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:28, a
CDR-H2 comprising the annno acid sequence of SEQ ID NO:29, and a CDR-H3 comprising

the amino acid sequence of SEQ ID NO:30; Vi comprises a CDR-LI compnising the amino
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acid sequence of SEQ 1D NO:46, a CDR-L2 comprising the amino acid sequence of SEQ ID
MN(:47, and a CDR-L3 comprising the amino acid sequence of SEQ ID N 48; Vi, comprises
a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:34, a CDR-H2 comprising the
amino acid sequence of SEQ 1D NO:35, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NO:36; Vi, comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
N(:52, a CDR-L2 comprising the amino acid sequence of SEQ ID NO:53, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NG:54; Vi3 comprises a CDR-H1 comprising
the amino acid sequence of SEQ 1D NO:25, a CDR-H2 comprising the aming acid sequence of
SEQ ID NO:26, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:27; and
Vi comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NG:43, a CDR-L2
comprising the amino acid sequence of SEQ ID NG44, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NG:45;

{b) Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NG:31, 5
CDR-H2 comprising the amino acid sequence of SEQ ID NO:32, and a CDR-H3 comprising
the amino acid sequence of SEQ ID NO:33; Vi comprises a CDR-L1 comprising the amivo
acid sequence of SEQ 1D N(G:49, a CDR-L2 comprising the amino acid sequence of SEQ ID
NG:50, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:51; Vi comprises
a CDR-H1 comprising the amino acid sequence of SEQ ID NG:34, a CDR-HZ comprising the
amino acid sequence of SEQ I NG:35, and a CDR-H3 comprising the amino acid sequence of
SECQID NO:36, Vi, comprises a CDR-LT comprising the amino acid sequence of SEQ ID
N(:52, a CDR-LZ comprising the amino acid sequence of SEQ ID NG:53, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NG:54; V3 comprises a CDR-HI comprising
the amino acid sequence of SEQ 1D NG:25, a CDR-H2 comprising the amino acid sequence of
SEQ ID N(G:26, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:27; and
Via comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D N(G:43, a CDR-L2
comprising the amino acid sequence of SEQ 1D NG:44, and a CDR-L3 comprising the amino
actd sequence of SEQ 1D NG:45;

{c} Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO.28, a
CDR-HZ comprising the anino acid sequence of SEQ 1D NO:29, and a CDR-H3 comprising
the amino acid sequence of SEGQ ID NO:30; Vi, comprises a CDR-L1 comprising the amino

acid sequence of SEQ 1D N(O:46, a CDR-L2 comprising the amino acid sequence of SEQ 1D
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NO:47, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:48; Vg, comprises
a CDR-H1 comprising the amino acid sequence of SEQ ID NG:34, a CDR-H2 comprising the
amino acid sequence of SEQ D NG:35, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NG:36; Vi, comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
NO:52, a CDR-L2 comprising the amino acid sequence of SEQ D NQ:53, and a CDR-L3
comprising the amino acid sequence of SEQ ID NQO:54; Vy; comprises a CDR-HI comprising
the amino acid sequence of SEQ ID NO:37, a CDR-HZ comprising the amino acid sequence of
SEQ 1D NG:38, and a CDR-H3 comprising the amino acid sequence of SEQ 1D N(G:39; and
Vi3 comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NQO:55, a CDR-L2
comprising the amino acid sequence of SEQ 1D NO:56, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NOG: 57,

{d} Vi comprises 8 CDR-H1 comprising the amino acid sequence of SEQ ID NO:31, a
CDR-H2 comprising the amino acid sequence of SEQ 1D NO:32, and a CDR-H3 cormprising
the amino acid sequence of SEQ ID NO:33; Vi, comprises a CDR-L1 comprising the amino
acid sequence of SEQ 1D NO:49, 3 CDR-L2 comprising the amino acid sequence of SEQ 1D
NO:50, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:51; Vi comprises
a CDR-HI comprising the amino acid sequence of SEQ ID NG:34, a CDR-H2 comprising the
amino acid sequence of SEQ D NO:35, and a CDR-H3 comprising the amino acid sequence of
SEQ I NO:36; Vi comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D
N©O:52, a CDR-L2 comprising the amino acid sequence of SEQ ID NO:53, and a CDR-L3
comprising the amino actd sequence of SEQ ID NO:54; Vi comprises a CDR-H1 comprising
the amino acid sequence of SEQ ID N(O:37, a CDR-H2 comprising the amino acid sequence of
SEQ ID NG:38, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NG:39; and
Vi3 comprises a CDR-L1 comprising the aming acid sequence of SE{} ID NG:55, a CDR-1L.2
comprising the amino acid sequence of SEQ ID NO:56, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO:57,

(e} Vu; comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:28, a
CDR-HZ comprising the amino acid sequence of SEQ ID NO:29, and a CDR-H3 comprising
the amino acid sequence of SEQ 12 NO:30; Vi1 comprises 8 CDR-L1 comprising the aming
acid sequence of SEQ ID NQO:46, 2 CDR-L2 comprising the amino acid sequence of SEQ ID
NO: 47, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:48; Vg, comprises
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a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:34, a CDR-H2 comprising the
amino acid sequence of SEQ ID NO:35, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NO:36, Vi, comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
N(:52, a CDR-L2 comprising the amino acid sequence of SEQ ID NO:53, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NG:54; Vi, comprises a CDR-H1 comprising
the amino acid sequence of SEQ 1D NO:40, a CDR-H2 comprising the amino acid sequence of
SEQ ID NO:41, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:42; and
Vi comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NG:58, a CDR-L2
comprising the amino acid sequence of SEQ 1D NG:44, and a CDR-L3 comprising the aming
acid sequence of SEQ 1D NG:59;

{f) Vi, comprises a CDR-HI comprising the amino acid sequence of SEQ ID NO:31, a
CDR-H? comprising the amino acid sequence of SEQ 1D NO:32, and a CDR-H3 comprising
the amino acid sequence of SEQ ID NO:33; Vi, comprises a CDR-L1 comprising the amino
actd sequence of SEQ ID N(:49, a CDR-L2 comprising the amino actd sequence of SEQ ID
NQO:50, and a CDR-L3 comprising the amino acid sequence of SEQ D NO:51; Vi comprises
a CDR-H1 comprising the amino acid sequence of SEQ D NGO:34, a CDR-HZ2 comprising the
amino acid sequence of SEQ 1D NG:35, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NO:36; Vi, comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
NQO:52, a CDBR-L2 comprising the ammno acid sequence of SEQ ID NG:53, and a CDR-L3
comprising the amino acid sequence of SEQ ID NOG:54; Vi, comprises a CDR-HI comprising
the amino acid sequence of SEQ 1D NG:40, a CDR-H2 comprising the amino acid sequence of
SEQ ID N(G:41, and a CDR-H3 comprising the amino acid sequence of SEQ ID N(O:42; and
Vi3 comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N(O:58, a CDR-L2
comprising the amino acid sequence of SEQ 1D NG:44, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO:59,

{g) Vi comprises a CDR-HI comprising the aming acid sequence of SEQ 1D NO:28, 2
CDR-H2 comprising the annno acid sequence of SEQ 1D NO:29, and a CDR-H3 comprising
the amino acid sequence of SEQ ID N(:30; Vi comprises a CDR-L1 comprising the amino
acid sequence of SEQ 1D N(O:46, a CDR-L2 comprising the amino acid sequence of SEQ 1D
NO: 47, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:48; Vi, comprises
a CDR-H1 comprising the amino acid sequence of SEQ ID NO:34, a CDR-H2 comprising the
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amino acid sequence of SEQ D NG:35, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NG:36; Vi; comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D
NO:52, a CDR-L2 comprising the amino acid sequence of SEQ 11D NO:53, and a CDR-L3
comprising the amino acid sequence of SEQ ID NO:54; Vs comprises a CDR-HI1 comprising
the amino acid sequence of SEQ ID NO:126, a CDR-H2 comprising the amino acid sequence
of SEQ 1D NO:127, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:128;
and V3 comprises a CDR-LI comprising the amino acid sequence of SEQ 1D NO:138, a
CDR-L2 comprising the amino acid sequence of SEQ ID NO:139, and a CDR-L3 comprising
the amino acid sequence of SEQ ID N(G:140;

{h} Vi1 comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:31, a
CDR-H2 comprising the amino acid sequence of SEQ 1D NO:32, and a CDR-H3 comprising
the amino acid sequence of SEQ D NO:33; Vi comprises a CDR-L1 comprising the amino
acid sequence of SEQ 1D NO:49, a CDR-L2 comprising the amino acid sequence of SEQ 1D
NO:50, and a CDR-L3 comprising the amine acid sequence of SEQ D NO:51; Vi, comprises
a CDR-HI comprising the aroino acid sequence of SEQ 1D NO:34, a CDR-H2 comprising the
amino acid sequence of SEQ ID NG:35, and a CDR-H3 comprising the amimo acid sequence of
SEQ D NG:36; Vi comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
NOG:52, a CDR-L2 comprising the amino acid sequence of SEQ ID N(:533, and a CDR-L3
comprising the amino acid sequence of SEQ ID NO:54; Vi comprises a CDR-HI comprising
the amino acid sequence of SEQ ID N(O:126, a CDR-H2 comprising the amino acid sequence
of SEQ 1D NO:127, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:128;
and Vi3 comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:138, a
CDR-L2 comprising the amino acid sequence of SEQ ID N(:139, and a CDR-L3 comprising
the amino acid sequence of SEQ ID NO:140;

(1) Vg comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:28, a
CDR-HZ comprising the amino acid sequence of SEQ ID NO:29, and a CDR-H3 comprising
the amino acid sequence of SEQ 1D NO:30; Vi1 comprises 8 CDR-L1 comprising the aming
acid sequence of SEQ ID N{:46, a CDR-L2 comprising the amino acid sequence of SEQ ID
NG 47, and a CDR-L3 comprising the amino acid sequence of SEQ 1 NO:48; Vg, comprises
a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:34, a CDR-H2 comprising the

amino acid sequence of SEQ [ NO:35, and a CDR-H3 comprising the amino acid sequence of
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SEQ ID NO:36; Vi, comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
N(:52, a CDR-L2 comprising the amino acid sequence of SEQ ID NO:53, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NG:54; Vs comprises a CDR-H1 comprising
the amino acid sequence of SEQ 1D NO:120, a CDR-H2 comprising the amino acid sequence
of SEQ ID NO:121, and a CDR-H3 comprising the amino acid sequence of SEQ 1D N(G:122;
and Vi3 comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:123, a
CDR-LZ comprising the amino acid sequence of SEQ 1D NO:124, and a CDR-L3 comprising
the amino acid sequence of SEQ 1D NO:125; or

() Vi comprises a CDR-H1 comprising the anmuno acid sequence of SEQ ID NO:31,a
CDR-H? comprising the amino acid sequence of SEQ 1D NO:32, and a CDR-H3 comprising
the amino acid sequence of SEQ ID NO:33; Vi, comprises a CDR-L1 comprising the amino
acid sequence of SEQ 1D N(O:49, a CDR-L2 comprising the amino acid sequence of SEQ 1D
NQO:50, and a CDR-L3 comprising the amino acid sequence of SEQ D NO:51; Vi comprises
a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:34, a CDR-H2 comprising the
amine acid sequence of SEQ ID NO:35, and a CDR-H3 comprising the amine acid sequence of
SEQ ID NGO:36;, Vi, comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
NO:52, a CDR-L2 comprising the amino acid sequence of SEQ 1D NG:53, and a CDR-L3
comprising the amino acid sequence of SEQ ID NG:54; Vy; comprises a CDR-HI comprising
the amino acid sequence of SEQ ID NG:120, a CDR-H2 comprising the amino acid sequence
of SEQ ID NG:121, and a CDR-H3 comprising the armino acid sequence of SEQ ID N(:122;
and V5 comprises 3 CODR-LT comprising the amine acid sequence of SEQ ID N(O:123, a
CDR-L2 comprising the amino acid sequence of SEQ 1D NG: 124, and a CDR-L3 comprising

the amino acid sequence of SEQ 1D NG: 125

~

24, A binding protein comprising four polypeptide chains that form three antigen binding

sites, wherein a first polypeptide cham comprises a structure represented by the formula:
Vio-Li-Vido-Cy {4

and a second polypeptide chain comprises a structure represented by the formula:
Vai-1s-Va-Lae-Ca (11}

and a third polypeptide chain comprises a structure represented by the formula:

Vigs-Cray 1]
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and a fourth polypeptide chain comprises a structure represented by the formula:
Via-Co [iv]

wherein:

Vi 18 a first immunoglobulin light chain variable domain;

V1, 18 a second immunoglobulin light chain variable domain;

Vi3 is a third immunoglobulin light chain variable domain;

Y 18 a first immunoglobulin heavy chain variable domain;

Vo 18 a second immunoglobulin heavy chain varniable domain;

Vs s a third immunoglobulin heavy chain variable domain;

Cy. 15 an immunoglobulin light chain constant domain;

Cyy 1s an immunoglobulin Ciy heavy chain constant domain; and

L, Ly, L5 and Ly are amino acid linkers;

wherein the polypeptide of formula I and the polypeptide of formula 11 form a cross-over
light chamn-heavy chain pair;

wherein:

{a) Vi1, Vizand Vij each independently comprise a variable domain sequence as set forth
in any one of SEQ ID NGs:169, 171, and 173; or

{(b) Vi1 Vi and Viz each independently comprise hight chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting of
SEQID NOs: 141-147, 178, and 179;

wherem:

{a) Vi, Vi, and Vi each mndependently comprise a vanable domain sequence as set
forth in any one of SEQ 1D NGs: 168, 170, and 172, or

(b)Y Vm, Vi and Vi each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 129-137.
25. A binding protein comprising four polypeptide chains that form three antigen binding
sites, wherein a first polypeptide chain comprises a structure represented by the formula:

Via-Li-Viilo-Co Y

and a second polypeptide chain comprises a structure represented by the formula:
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Vi -L;-VHQ-’LL;-CH;~hinge-CH2-Cﬂs {1}
and a third polypeptide chain comprises a structure represented by the formula:
Vus-Cry ~hinge—CH;_—CH3 !HI]
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cr [V}
wherein:
V1 18 a first immunoglobulin light chain variable domain;
Vi, 18 a second immunoglobulin light chain variable domain;
Vi3 18 a third immunoglobulin light chain variable domain;
Vy, 15 a first immunoglobulin heavy chain variable domain;
Vi 18 a second immunogiobulin heavy chain variable domain;
YV 15 a third immunoglobulin heavy chain variable domain;
Cy 1s an immunoglobulin light chain constant domain;
Ciy 18 an immunoglobulin Cyy heavy chain constant domain,
Cip 1s an immunoglobulin Ciz heavy chain constant domain;
Cys 18 an immunoglobulin Cys heavy chain constant domain;
hinge is an inmmunoglobulin hinge region connecting the Cy; and Cye domains; and
Ly, Lo, L5 and Ly are amino acid linkers;
wherein the polypeptide of formula T and the polypeptide of formula 11 form a cross-over
light chain-heavy chain pair;
wherein:
{a) Vi1, V2 and Vi3 each independently comprise a variable domain sequence as set forth
in any one of SEQ ID NGs:169, 171, and 173, or
(b} Vi1 Vi and Vii each mndependently comprise hght chain complementanty
determining regions comprising an amino acid sequence selected from the group counsisting of
SEQ ID NOs: 141-147, 178, and 179;
wherein:
{a) Vi, Vi, and Vs each mndependently comprise a vanable domain sequence as set

forth in any one of SEQ 1D NQs: 168, 170, and 172, or

250



WO 2017/180913 PCT/US2017/027488

{b) Vi1, Vi and Vs each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting of

SEQID NOs: 129-137.

26. The binding protein of claim 24, wherein the second and/or the third polvpeptide chain
further comprises an Fc region linked to Cyy, the Fe region comprising an immunoglobulin

hinge region and Cy and Cys immumnoglobulin heavy chain constant domains.

27. The binding protein of claim 24 or claim 25, wherein at least one of L, L, Ly and Ly, 15

mdependently 0 amino acids in length.

~

28. The binding protein of claim 24 or claim 25, wherein Ly, L, L; and Ly are each

mdependently at least one amino acid in length.

29, The binding protein of claim 24 or claim 25, wherem {a} Ly, Lo, Lsand Ly each
mdependently are zero amino acids in length or comprise a sequence selected from the group
consisting of GGGGSGGGES (SEQ ID NG:104), GGGGSGGGGSGGGGES (SEQ ID
NO:105), S, RT, TKGPS (SEQ ID NO:106), GQPKAAP (SEQ ID NO: 175), and
GGSGSSGSGG (SEQ 1D NO:148); or (BY Ly, Ly, Lsand Ly each independently comprise a
sequence selected from the group consisting of GGGGSGGGES (SEQ 1D NO:104),
GGGGSGGGGSGEGES (SEQ ID NGO 105}, §, RT, TKGPS (SEQ ID NO:106), GQPKAAP
(SEQ ID NO: 175), and GGSGSSGSGG (SEQ 1D NO:148).

30. The binding protein of claim 24 or claim 25, wherein:
{(a) L; comprises the sequence GQPKAAP (SEQ 1D NO: 175), L, comprises the
sequence TKGPS (SEQ 1D N(:106), Ls comprises the sequence 8, and Ly comprises the

sequence RT,

{b) L; comprises the sequence GGGGSGGGGS (SEQ 1D NO: 104}, L, comprises the
sequence GGGGSGGGGS (SEQ ID NG:1104), L5 1s 0 amino acids 1 length, and 1415 0 amino

acids in length;
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{c) L; comprises the sequence GGSGSSGSGG (SEQ ID NO:148), L, comprises the
sequence GGSGSSGSGG (SEQ D N(:1148), Ls is 0 amino acids in length, and L4 is 0 amino

acids in length; or

{d} L; comprises the sequence GGGGSGGOGSGGOGS (REQ ID NG:105), 1,150
amino acids in tength, Ls comprises the sequence GGGGSGGGGEGGGGS (SEQ D NO:103),

and L4 18 0 amino acids in length.

31. The binding protein of claim 24 or claim 25, wherein:

{(a) Va1 comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:132,
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:133, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:134; Vi, comprises a CDR-L1 comprising
the amino acid sequence of SEQ ID N(:143, a CDR-L2 comprising the amino acid sequence
of SEQ 1D NO:179, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NG:144;
Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ [D NO:135, a CDR-H2
comprising the amino acid sequence of SEQ 1D NO:136, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO:137; Vi, comprises a COR-L1 comprising the amino acid
sequence of SEQ ID NO:145, a CDR-L2 comprising the aming acid sequence of SEQ ID
NO:146, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NG 147, Vi
comprises a CDR-H1 comprising the anmino acid sequence of SEQ ID NO:129, a CDR-H2
comprising the amino acid sequence of SEQ ID NO:130, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NG:131; and Vi3 comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO:141, a CDR-L2 comprising the amino acid sequence of SEQ ID
NG:178, and a CDR-L3 comprising the amine acid sequence of SEQ 1D NO:142;

{b) Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NG:135,
a CDR-HZ comprising the amino acid sequence of SEQ ID NG: 136, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG:137; Vi comprises a CDR-L1 comprising
the amino acid sequence of SEQ ID NO: 145, a CDR-L2 comprising the amino acid sequence
of SEQ 1D NO: 146, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NG: 147,
Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NG:132, a CDR-H2
comprising the amino acid sequence of SEQ ID NO: 133, and a CDR-H3 comprising the amino
acid sequence of SEQ ID N 134, Vi, comprises 3 CDR-LT comprising the amino acid
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sequence of SEQ 1D NO:143, a CDR-L2 comprising the amino acid sequence of SEQ 1D
MN{(3:47, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:144; Vi3
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:129, a CDR-HZ
comprising the amino acid sequence of SEQ ID N(O:130, and a CDR-H3 comprising the amino
acid sequence of SEQ ID NO:131; and V3 comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO:141, a CDR-L.2 comprising the aming acid sequence of SEQ ID
NO:178, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:142;

{c} Vu; comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:132,
a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:133, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NO:134; Vi, comprises a CDR-L1 comprising
the amino acid sequence of SEQ ID N(O: 143, a CDR-L2 comprising the amino acid sequence
of SEQ 1D NO:179, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:144;
Vm comprises a CDR-HI1 comprising the amino acid sequence of SEQ ID NO:129, a CDR-H2
comprising the amino acid sequence of SEQ 11 NO:130, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO:131; Vi; comprises a CDR-LI comprising the amine acid
sequence of SEQ ID NG: 141, a CDR-L2 comprising the amino acid sequence of SEQ ID
NO:178, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:142; Vi
comprises a CDR-HI comprising the amino acid sequence of SEQ ID NQO:135, a CDR-H2
comprising the amino acid sequence of SEQ ID NO:136, and a CDR-H3 comprising the amino
acid sequence of SEQ ID NO:137; and Vi3 comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO:145, a CDR-L2 comprising the amino acid sequence of SEQ ID
NG:146, and & CDR-L3 comprising the amino acid sequence of SEQ 1D NG: 147,

{d} Vi comprises 3 CDR-H1 comprising the amino acid sequence of SEQ 1D NO:129,
a CDR-H2 comprising the aming acid sequence of SEQ D NG: 130, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:131; Vi comprises a CDR-L1 comprising
the amino acid sequence of SEQ ID NO:141, a CDR-L2 comprising the amino acid sequence
of SEQ 1D NO:178, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NG:142;
Vi, comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:132, a CDR-H2
comprising the amino acid sequence of SEQ ID N(O:133, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO:134; Vi, comprises a COR-L1 comprising the amino acid
sequence of SEQ ID NO:143, a CDR-L2 comprising the amino acid sequence of SEQ ID
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NO:179, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NG:144; Viiz
comprises a CDR-H1 comprising the amino acid sequence of SEQ ID N(:135, a CDR-H2
comprising the amino acid sequence of SEQ 1D NG:136, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO:137; and Vi3 comprises a CDOR-L1 comprising the amino acid
sequence of SEQ D NO:145, a CDR-L2 comprising the amino acid sequence of SEQ [D
NO:146, and a CDR-L3 comprising the aming acid sequence of SEQ ID NO:147,

{e) Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:135,
a CDR-H2 comprising the amino acid sequence of SEQ ID NO:136, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG:137; Vi, comprises a CDR-L1 comprising
the amino acid sequence of SEQ D NO:145, a CDR-L2 comprising the amino acid sequence
of SEQ 1D NO: 146, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:147;
Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:129, a CDR-H2
comprising the amino acid sequence of SEQ 1D NG: 130, and a CDR-H3 comprising the amino
acid sequence of SEQ ID NO:131; Vi, comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO:141, a CDR-L2 comprising the amino acid sequence of SEQ ID
NOG: 178, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NG:142; Vi
comprises a CDR-HI comprising the amino acid sequence of SEQ ID NO: 132, a CDR-H2
comprising the amino acid sequence of SEQ ID NG:133, and a CDR-H3 comprising the amino
acid sequence of SEQ ID NG:134; and Vi, comprises a CDR-L1 comprising the amino acid
sequence of SEQ I NG: 143, a CDR-L2 comprising the amino acid sequence of SEQ 1D
N(:179, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO: 144,

(f) Vi1 comprises a CDR-H1 comprising the amine acid sequence of SEQ 1D N(O:129,
a CDR-HZ comprising the amino acid sequence of SEQ ID NO:130, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG:131; Vi) comprises a CDR-L1 comprising
the amino acid sequence of SEQ 1D NO: 141, a CDR-L2 comprising the amino acid sequence
of SEQ ID NO:17¢, and a CDR-L3 comprising the amino acid sequence of SEQ [D NG 142,
Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ D N(:135, a CDR-H2
comprising the amino acid sequence of SEQ 1D NG:136, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO:137; Vi, comprises a CDR-L1 comprising the amino acid
sequence of SEQ 1D NG:145, a CDR-L2 comprising the amino acid sequence of SEQ 1D
NO:146, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:147; Vy;
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comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:132, a CDR-HZ
comprising the amino acid sequence of SEQ ID NO: 133, and a CDR-H3 comprising the aming
acid sequence of SEQ I NO:134; and Vi3 comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID N(:143, a CDR-L2 comprising the amino acid sequence of SEQ ID
NO:179, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:144;

{g) Vi1 comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:135,
a CDR-H2 comprising the amino acid sequence of SEQ D NO:136, and a CDR-H3
comprising the amino acid sequence of SEQ ID NQ:137; Vi comprises a CDR-L1 comprising
the amino acid sequence of SEQ ID NO: 145, a CDR-L2 comprising the amino acid sequence
of SEQ 1D NO:146, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:147;
Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ 13 NO:132, a CDR-H2
comprising the amino acid sequence of SEQ 1D NO:133, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO:134; Vi, comprises a CDR-LI comprising the amine acid
sequence of SEQ 1D NO:143, a CDR-L2 comprising the amino acid sequence of SEQ 1D
NO:179, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:144; Vi
comprises a CDR-HI comprising the amino acid sequence of SEQ ID NG:135, a CDR-H2
comprising the amino acid sequence of SEQ ID NO:136, and a CDR-H3 comprising the amino
acid sequence of SEQ ID NO:137; and Vi3 comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID N 145, a CDR-L2 comprising the amino acid sequence of SEQ ID
NO:146, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NG: 147,

{(h} Vi comprises 3 CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 135,
a CDR-H2 comprising the aming acid sequence of SEQ D NG: 136, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:137; Vi comprises a CDR-L1 comprising
the amino acid sequence of SEQ ID NO:145, a CDR-L2Z comprising the amino acid sequence
of SEQ I NO: 146, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NG: 147,
Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:132, a CDR-H2
comprising the amino acid sequence of SEQ ID N(G:133, and a CDR-H3 comprising the amino
acid sequence of SEQ ID N{:1134; Vi, comprises 3 CDR-L1 comprising the amino acid
sequence of SEQ ID N(:143, a CDR-L2 comprising the aming acid sequence of SEQ ID
NO:179, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:144; Vs
comprises a CDR-H1 comprising the amino acid sequence of SEGQ ID NO:132, 3 CDR-H2
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comprising the amino acid sequence of SEQ 1D NG:133, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NG:134; and V2 comprises a CDR-L1 comprising the amino acid
sequence of SEQ D NO:143, a CDR-L2 comprising the amino acid sequence of SEQ D
N(:179, and a CDR-L3 comprising the amine acid sequence of SEQ ID NO: 144,

{1) Vi; comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:132,
a CDR-H2 comprising the amino acid sequence of SEQ ID NO:133, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG:134; Vi comprises a CDR-L1 comprising
the amino acid sequence of SEQ 1D NO:143, a CDR-L2 comprising the amino acid sequence
of SEQ 1D NO:179, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:144;
Vi comprises a CDR-HT comprising the amino acid sequence of SEQ ID NO:135, a CDR-H2
comprising the amino acid sequence of SEQ ID NO:136, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO:137; Vi, comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO:145, a CDR-L2 comprising the amino acid sequence of SEQ ID
N(O:146, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NG:147; Vi
comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:135, a CDR-H2
comprising the amino acid sequence of SEQ ID NG:136, and a CDR-H3 comprising the amino
acid sequence of SEQ ID NG:137; and Vi comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NG:145, a CDR-L2 comprising the amino acid sequence of SEQ ID
NQO:146, and a CDR-L3 comprising the aming acid sequence of SEQ ID NO:147; or

(1) Va comprises a CDR-H1 comprising the amino acid sequence of SEQ ID N(:132,
a CDR-H2 comprising the amino acid sequence of SEQ ID N(O:133, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG:134; Vi comprises a CDR-L1 comprising
the amino acid sequence of SEQ 1D N(: 143, a CDR-L2 comprising the amino acid sequence
of SEQ 1D NO:179, and a CDR-L3 comprising the amino acid sequence of SEQ ID NGO 144,
Vi comprises a COR-H1 comprising the amino acid sequence of SEQ ID N(:135, a CDR-H2
comprising the amino acid sequence of SEQ 1D NO:136, and a CDR-H3 comprising the amino
actd sequence of SEQ 1D NG:137; Vi ; comprises a CDR-L1 comprising the amino acid
sequence of SEQ 1D NO:145, a CDR-L2 comprising the amino acid sequence of SEQ 1D
N(:1406, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO1147; Vi
comprises a CDR-H1 comprising the amino acid sequence of SEQ D NO:132 a CDR-H2

comprising the amino acid sequence of SEQ 1D NO:133, and a CDR-H3 comprising the amino
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acid sequence of SEQ 1D NO:134; and Vi3 comprises a CDR-L1 comprising the amino acid
sequence of SEQ D N(O:143, a CDR-L2 comprising the amino acid sequence of SEQ ID
NG:179, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NG: 144,

32. The binding protein of any one of claims 1, 16, and 24, wherein the second polypeptide
chain further comprises a first Fe region linked to Cyy, the first Fe region comprising an
mmmunoglobulin hinge region and Cyp and Cyyy immunoglobulin heavy chain constant domains,
wherein the first Fc region comprises amino acid substitutions at positions corresponding to
positions 354 and 366 of human 1gG1 or IgG4 according to EU Index, wherein the anuno acid
substitutions are 8354C and T366W; and wherein the third polypeptide chain further comprises
a second Fe region linked to Cyyy, the second Fc region comprising an immunoglobulin hinge
region and Cyr and Cys timmunoglobulin heavy chain constant domains, wherein the second Fe
region comprises amino acid substitutions at positions corresponding to positions 349, 366,
368, and 407 of human 1gG1 or IgG4 according to EU Index, wherein the amino acid

substitutions are Y349C, T3668, L3684, and Y407V,

33. The binding protein of any one of claims 1, 16, and 24, wherein the second polypeptide
chain further comprises a first Fe region linked to Cyy, the first Fo region comprising an
mmmunoglobulin hinge region and Cp and Cys immunoglobulin heavy chain constant domains,
wherein the first Fe region comprises amino acid substitutions at positions corresponding to
positions 349, 366, 368, and 407 of human IgGl or 1gG4 according to EU Index, wherein the
amino acid substitutions are Y349C, T3668, L368A, and Y407V, and wherein the third
polvpeptide chain further comprises a second Fe region linked to Cyy, the second Fe region
comuprising an immunoglobulin hinge region and Cyy and Cys immunoglobulin heavy chan
constant domains, wherein the second Fe region comprises amino acid substitutions at
positions corresponding to positions 354 and 366 of human IgG1 or Ig(G4 according to U

Tndex, wherein the amino acid substitutions are S334C and T366W.

34 The binding protein of any one of claims 1, 16, 24, 32, and 33, wherein the second
polypeptide chain further comprises a first Fe region hnked to Cy;, the first Fe region
comprising an immunoglobulin hinge region and Cip and Cys tamunoglobulin heavy chain

constant domains, and wherein the third polypeptide chain further comprises a second Fe
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region hinked to Cyy, the second Fe region comprising an immunoglobulin hinge region and
Cyp and Cgz immunoglobulin heavy chain constant domains; wherein the first and second Fe
regions comprise amino acid sebstitutions at positions corresponding to positions 428 and 434
of human 1gG1 or IgG4 according to EU Index, wherein the amino acid substitutions are

MA28L and N434S.

3s. The binding protein of any one of claims 2, 17, and 25, wherein the Cys domain of the
second polypeptide chain comprises aming acid substitutions at positions corresponding to
positions 354 and 366 of human 1gG1 or IgG4 according to EU Index, wherein the anuno acid
substitutions are 8354C and T366W; and wherein the Cy; domain of the third polypeptide
chain comprises amino acid substitutions at positions corresponding to positions 349, 366, 368,
and 407 of human IgG1 or IgG4 according to EU Index, wherein the amino acid substitutions

are Y349C, T366S, L368A, and Y407V,

36. The binding protein of any one of claims 2, 17, and 25, wherein the Cyy; domain of the
second polypeptide chain comprises amino acid substitutions at positions corresponding to
posttions 349, 366, 368, and 407 of human IgGl or 1G4 according to EU Index, wherein the
amino acid substitutions are Y349C, T366S, L368A, and Y407V, and wherein the Cy; domain
of the third polypeptide chain comprises amino acid substitutions at posttions corresponding 1o
positions 354 and 366 of human [gG1 or IgG4 according to EU Index, wherein the anuno acid

substitutions are 8354C and T366W.

37. The binding protein of any one of claims 2, 17, 25, 35, and 36, wherein the Cu;
domains of the second and the third polypeptide chains both comprise amino acid substitutions
at positions corresponding to positions 428 and 434 of human IgG1 or 1gG4 according to EU

Index, wherein the amino acid substttutions are M428L and N4348S.

38. The binding protein of any one of claims 1, 16, 24, and 32-34, wherein the second
polypeptide chain further comprises a first Fc region linked to Cyj, the first Fc region
comprising an immunoglobulin hinge region and Cyp and Cys immunoglobulin heavy chain
constant domains; wherein the third polypeptide chain further comprises a second Fe region

linked to Cpy, the second Fc region comprising an immunoglobulin hinge region and Cy; and
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Cys immunoglobulin heavy chain constant domains; wherein the first and second Fe regions
are human 1gG1l or 1G4 Fe regions; and wherein only one of the first and the second Fe
regions comprises amino acid substitutions at positions corresponding to positions 435 and 436
of human 1gG1 or IgG4 according to EU Index, wherein the amino acid substitutions are

H435R and Y4306F.

39. The binding protein of any one of claims 2, 17, 25, and 35-37, wherein the Cys domains
of the second and the third polypeptide chains are human [5G or IgG4 Cys domains, and
wherein only one of the Cy; domains comprises amino acid substitutions at postiions
corresponding to positions 435 and 436 of human 1G] or IgG4 according to EU Index,

wherein the amino acid substitutions are H435R and Y436F.

40. The binding protein of any one of claims 1, 16, 24, 32-34, and 38, wherein the second
polypeptide chain further comprises a first F¢ region linked to Ciy, the first Fc region
comprising an immunoglobulin hinge region and Cyy, and Cgz immunoglobulin heavy chain
constant domains; wherein the third polypeptide chain further comprises a second Fe region
linked to Cyy, the second Fc region comprising an immunoglobulin hinge region and Cr; and
Crs immunoglobulin heavy chain constant domains; wherein the first and second Fc regions
are human ¢G4 Fe regions; and wherein the first and the second Fe regions each comprise
amino acid substitutions at posttions corresponding to positions 228 and 409 of human IgG4

according to EU Index, wherein the amino acid substitutions are $228P and R409K.

41 The binding protein of any one of claims 2, 17, 25, 35-37, and 39, wherein the Ci
domains of the second and the third polypeptide chains are human 1gG4 Chy domains, and
wherein the Cpz domains each comprise amino acid substitutions at positions corresponding to
positions 228 and 409 of human 1g(G4 according to EU Index, wherein the anuno acid

substitutions are S228P and R409K.

47, The binding protein of any one of claims 1, 16, 24, 32-34, 38, and 40, wherein the
second polypeptide chain further comprises a first Fc region linked to Cyy, the first Fc region
comprising an immunoglobulin hinge region and Cyy, and Cyz tmmunoglobulin heavy chain

constant domains; wherein the third polypeptide chain further comprises a second Fe region
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linked to Cyy, the second Fc region comprising an immumoglobulin hinge region and Cyp and
Cys immunoglobulin heavy chain constant domains; wherein the first and second Fe regions
are human 1g0G4 Fe regions; and wherein the first and the second Fe regions each comprise
amino acid substitutions at posttions corresponding to positions 234 and 235 of human 1gG4

according to BEU Index, wherein the amino acid substitutions are F234A and L235A.

43, The binding protein of any one of claims 2, 17, 25, 35-37, 39, and 41, wherein the Cy;
domains of the second and the third polypeptide chains are human 1G4 Cy; domains, and
wherein the Cps domains each comprise amino acid substitutions at posiiions corresponding o
positions 234 and 235 of human 1gG4 according to EU Index, wherein the amino acid

substitutions are F234A and L235A.

44, The binding protein of any one of claims 1, 16, 24, 32-34, 38, and 40, wherein the
second polypeptide chain further comprises a first Fe region linked to Cyy, the first Fe region
comprising an immunoglobulin hinge region and Cyy, and Cgz immunoglobulin heavy chain
constant domains; wherein the third polypeptide chain further comprises a second Fe region
linked to Cyy, the second Fc region comprising an immunoglobulin hinge region and Cr; and
Crs immunoglobulin heavy chain constant domains; wherein the first and second Fc regions
are human IgG1 Fe regions; and wherein the first and the second Fe regions each comprise
amino acid substitutions at posttions corresponding to positions 234 and 235 of human 1gG4

according to EU Index, wherein the ammno acid substitutions are 1.234A and L.235A.

45, The binding protein of any one of claims 2, 17, 25, 35-37, 39, and 41, wherein the Cy;
domains of the second and the third polypeptide chains are human 1gGl Cys domains, and
wherein the Cpz domains each comprise amino acid substitutions at positions corresponding to
positions 234 and 235 of human 1g(G4 according to EU Index, wherein the anuno acid

substitutions are L234A and L235A.

46, The binding protein of any one of claims 2, 17, 35-37, 39, 41, 43, and 45, wherein Vi
and Vi form a first antigen binding site that specifically binds human CD3, wherein Vi and
Vi, form a second antigen binding site that specifically binds human CD28, and wherein Vi

and Vi3 form a third antigen binding site that specifically binds a human tumor target protein.
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47. The binding protein of any one of claims 2, 17, 35-37, 39, 41, 43, and 45, wherein Vg
and Vy; form a first antigen binding site that specifically binds human CD28, wherein Vg, and
Vi, form a second antigen binding site that specifically binds human CD3, and wherein Vi

and Vi; form a third antigen binding site that specifically binds a human tumor target protein.

48, The binding protein of claim 46 or claim 47, wherein the third antigen binding site
specifically binds a human tumor target protein selected from the group consisting of (D19,

D20, CD38, Her2, and LAMPL.

49 The binding protein of any one of claims 46-48, wherein the antigen binding site that

specifically binds CD3 comprises:

{a) a heavy chain variable domain comprising the anuno acid sequence of SEQ 1D NO:
152 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO:

153; or

{b) a heavy chain vaniable domain comprising the amine acid sequence of SEQ 1D NG:
154 and a fight chain variable domain comprising the anino acid sequence of SEQ 1D NO:

155.

50. The binding protein of any one of claims 46-49, wherein the antigen binding site that

specifically binds CD28 comprises:

{a) a heavy chain variable domain comprising the amino acid sequence of SEQ 1D NO:
160 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO:

161; or

{b) a heavy chain variable domain comprising the amuno acid sequence of SEQ 1D NO:
162 and a hight chain vanable domain comprising the amino acid sequence of SEQ 1D NG:

163,

St The binding protemn of any one of claims 46-50, wherein the antigen binding site that

specifically binds a tumor target protein comprises:
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{a) a heavy chain variable domain comprising the anmino acid sequence of SEQ ID NO:
156 and a light chain variable domain comprising the amine acid sequence of SEQ [D NO:

157;

{b} a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO:
158 and a light chain vanable domain comprising the amino acid sequence of SEQ ID NO:

159;

>

{c) a heavy chain variable domain comprising the anmino acid sequence of SEQ ID NO:
164 and a light chain variable domain comprising the amino acid sequence of SEQ 1D NO:

165;

{d} a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO:
150 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO:

151; or

(e} a heavy cham variable domain comprising the amino acid sequence of SEQ ID NO:
166 and a fight chain variable domain comprising the amino acid sequence of SEQ 1D NO:

167.

N
N

The binding protemn of any one of claims 2, 17, 35-37, 39, 41, 43, and 45, wherein:

{a)Vm and Vi) form a first antigen binding site that specifically binds human TNFa,
Vi and Vi, form a second antigen binding site that specifically binds human [L13, and Vi

and Vi3 form a third antigen binding site that specifically binds human 114,

{b) Vi and Vi form a first antigen binding site that specitically binds human TNFa,
YV and Vi, form a second antigen binding stie that specifically binds human L4, and Vs and

Vi3 form a third antigen binding site that specifically binds human [L13;

{c) Vi and Vi form a first antigen binding site that specifically binds human L4, Vi,
and Vi, form a second antigen binding site that specificallv binds human TNFa, and Vi and

Vi3 form a third antigen binding site that specifically binds human IL13;
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{d) Vi and Vi, form a first antigen binding site that specifically binds human L4, Vip
and Vi, form a second antigen binding site that specifically binds human IL13, and Vys and

Vi3 form a third antigen binding site that specifically binds human TNFa;

{e) Vu1 and V1, form a first antigen binding site that specifically binds human IL13,
Vi and Vi ; form a second antigen binding site that specifically binds human IL4, and Vs and

Via form a third antigen binding site that specifically binds human TNFa; or

{f) Vu1 and V; form a first antigen binding site that specifically binds human [L13,
Vip and Vi, form a second antigen binding site that specifically binds human TNFa, and Vs

and V3 form a third antigen binding site that specifically binds human L4,

53, The binding protein of claim 52, wherein the antigen binding site that specifically binds
human TNFa comprises a heavy chain variable domain comprising the amino acid sequence of
SEQ ID NG:168 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO:169.

54. The binding protein of claim 52 or claim 53, wherein the antigen binding site that
specifically binds human 1.4 comprises a heavy chain variable domain comprising the amino
acid sequence of SEQ 1D NO:170 and a light chain variable domain comprising the amino acid

sequence of SEQ 1D NO:171.

5S. The binding protein of any one of claims 52-54, wherein the antigen binding site that
specifically binds human 1113 comprises a heavy chain variable domain comprising the aming
acid sequence of SEQ 1D NO:172 and a light chain variable domain comprising the amino acid

sequence of SEQ 1D NG:173.
56. The binding protein of any one of claims 1-55, wherein:

(a) the Cp. domain of the first polypeptide chain 15 a human kappa Cp domain, and the

CL domain of the fourth polypeptide chain 15 a human lambda Cp domain; or

{b) the Cp domain of the first polypeptide chain 13 2 human lambda Cp domain, and the

Cp domain of the fourth polypeptide chain 1s a human kappa Cp domain.
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57. The binding protein of any one of claims 2, 17, 25, 35-37, 39, 41, and 43-55, wherein
the first polypeptide chain comprises a lambda Cy, domain; wherein the Cys domain of the
second polypeptide chain comprises amino acid substitutions at positions corresponding to
positions 354 and 366 of human IgG1 according to EU Index, wherein the amino acid
substitutions are S354C and T366W; wherein the Cgs; domain of the third polypeptide chain
comprises amino acid substitutions at positions corresponding to positions 349, 366, 368, 407,
435, and 436 of human IgGl according to EU Index, wherein the amino acid substitutions are
Y349C, T3668, L368A, Y407V, H4335R, and Y436F; and wherein the fourth polypeptide chain

comprises a kappa Cy, domain.

8. A binding protein comprising a first polypeptide chain, a second polypeptide chain, a

third polypeptide chain and a fourth polypeptide chain wherein:

{a) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 4
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D
NO: 4; the second polypeptide chain comprises the amino acid sequence of SEGQ 1D NO: 3 or an
amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEGQ 1D NO: 3;
the third polypeptide chain comprises the amino acid sequence of SEQ ID NG: 1 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO: 1; and the
fourth polypeptide chain comprises the amino acid sequence of SEQ ID NO: 2 or an amino acid
sequence that is at least 95% identical to the amino acid sequence of SEQ ID NG: 2;

(b) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 10
or an amino acid sequence that 1s at least 93% identical to the amino acid sequence of SEQ ID
NG: 10; the second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 9 or
an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ ID NO:
9: the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 1 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 1; and the
fourth polypeptide chain comprises the anminoe acid sequence of SEQ ID NO: 2 or an amino acid
sequence that s at least 95% identical to the aming acid sequence of SEQ ID NG: 2;

(c} the first polypeptide cham comprises the amine acid sequence of SEQ ID NO: 4
or an amine acid sequence that is at least 95% identical to the amine acid sequence of SEQ ID
NO: 4; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 3 or an
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amino acid sequence that is at least 95% identical to the aming acid sequence of SEQ ID NQ: 3;
the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 13 or an aming
actd sequence that is at least 95% 1dentical to the amino acid sequence of SEQ ID NO: 13; and
the fourth polypeptide chain comprises the amino acid sequence of SEQ ID NO: 14 or an amino
acid sequence that is at least 95% tdentical to the amino acid sequence of SEQ ID NG: 14;

{d) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 10
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
NO: 10; the second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 9 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO:
9; the third polypeptide chain comprises the amino acid seqguence of SEQ ID NO: 13 or an aming
acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ ID NQO: 13; and
the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 14 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 14;

{e} the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 4
or an amine acid sequence that is at least 95% wdentical to the amino acid sequence of SEQ ID
NO: 4; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 3 or an
amino acid sequence that 15 at least 95% 1dentical to the amino acid sequence of SEQ 1D NQO: 3;
the third polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 17 or an amino
acid sequence that 1s at least 95% identical to the amino acid sequence of SE ID NO: 17; and
the fourth polypeptide chain comprises the amino acid sequence of SEQ ID NO: 18 or an amino
acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ ID NO: 18;

{H) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 10
or an amine acid sequence that 1s at least 95% identical to the amine acid sequence of SEQ ID
NO: 10; the second polypeptide chain comprises the amine acid sequence of SEQ ID NG: 9 or
an amino acid sequence that 1s at least 95% 1dentical to the amino acid sequence of SEQ 1D NO:
9; the third polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 17 or an amino
actd sequence that 1s at least 95% identical to the amino acid sequence of SEQ 1D NGO 17; and
the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 18 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 18;

{g)  the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 4

or an aming acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D

265



WO 2017/180913 PCT/US2017/027488

NQO: 4; the second polypeptide chain comprises the amino acid sequence of SEQ I3 NO: 3 oran
amino acid sequence that 1s at least 95% 1dentical to the amino acid sequence of SEQ D NO: 3;
the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 21 or an amino
acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ ID NO: 21; and
the fourth polypeptide chain comprises the amino acid sequence of SEQ ID NO: 22 or an amino
actd sequence that s at least 95% 1dentical to the amino acid sequence of SEQ ID NG: 22;

{h) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 10 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO:
10; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 9 or an
amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO: 9;
the third polypeptide chain comprises the amino acid sequence of SEQ ID NG: 21 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 21; and
the fourth polypeptide chain comprises the amino acid sequence of SEQ ID NG: 22 or an amino
acid sequence that is at [east 95% identical to the amino acid sequence of SEQ 1D NG: 22;

{1) the first polypeptide chain comprises the amino acid sequence of SEQ ID NG: 63
or an amuno acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ 1D
NO: 63; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NG: 62 or
an amino acid sequence that is at least 93% identical to the amino acid sequence of SEQ 1D NO:
62; the third polypeptide cham comprises the amino acid sequence of SEQ ID NG 60 or an
aminoe acid sequence that 1s at least 95% 1dentical to the amino acid sequence of SEQ D NO: 60;
and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID NO: 61 or an
arminoe acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ ID NO»: 61,

) the first polypeptide chain comprises the amuno acid sequence of SEQ 1D NO: 69
or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQQ ID
N1 69; the second polypeptide chain comprises the aming acid sequence of SEQ 1D NO: 68 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO:
68; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 60 or an
amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 12 NG 60;
and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 61 or an

amino acid sequence that is at least 95% 1dentical to the amino acid sequence of SEQ ID NO: 61;
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(k) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 69
or an aming acid sequence that is at least 95% 1dentical to the aming acid sequence of SEQ 1D
NO: 69; the second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 68 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO:
68; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 60 or an
amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 60;
and the fourth polypeptide chain comprises the amino acid seqguence of SEQ ID NO: 71 or an
amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 71;

{H the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 76
or an aming acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D
NQO: 76; the second polypeptide chain comprises the amine acid sequence of SEQ ID NO: 75 or
an amine acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO:
75; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 73 or an
amino acid sequence that is at least 95% 1dentical to the anuno acid sequence of SEQ ID NO: 73;
and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID NO: 74 or an
amino acid sequence that s at least 95% identical to the amino acid sequence of SEQ ID NO: 74;

{(m)  the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 82
or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ 1D
NO: 82; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 31 or
an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ ID
N{:81; the third polypeptide chain comprises the amino acid sequence of SEQ ID NG: 73 or an
aminoe acid sequence that 1s at least 95% 1dentical to the amino acid sequence of SEQ ID NO: 73;
and the fourth polypeptide chain comprises the aming acid sequence of SEQ ID NO: 74 or an
amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 74;

(0} the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 88
or an amine acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
N{:88; the second polypeptide chain comprises the amino acid sequence of SEQ [D NO: 87 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO:
87; the third polypeptide chain comprises the anmince acid sequence of SEQ 1D NO: 85 or an

amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 85;
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and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID WNO: 86 or an
amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO: 86;

(o) the first polypeptide chain comprises the amuno acid sequence of SEQ ID NO: 94
or an aming acid sequence that is at least 95% identical to the aming acid sequence of SEQ 1D
NO: 94; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 93 or
an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ ID NO:
93; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 85 or an
amino acid sequence that is at least 93% identical to the amino acid sequence of SEQ ID NO: 85;
and the fourth polypeptide chain comprises the amino acid seqguence of SEQ ID NO: 86 or an
amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 86,

{p) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 69
or an aming acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D
NO: 69; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NG: 68 or
an amino acid sequence that is at east 93% identical to the amino acid sequence of SEQ 1D NO:
68; the third polypeptide chain comprises the amino acid sequence of SEQ ID NG: 73 or an
amino acid sequence that is at least 95% 1dentical to the anuno acid sequence of SEQ ID NO: 73;
and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID NO: 74 or an
amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ ID NO: 74;

{q} the first polypeptide chain comprises the amino acid sequence of SEQ ID NG: 69
or an amine acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ ID
NQO: 69; the second polypeptide chain comprises the amine acid sequence of SEQ 1D NO: 68 or
an aming acid sequence that is at least 93% identical to the amino acid sequence of SEQ 1D NO:
68; the third polypeptide cham comprises the amino acid sequence of SEQ ID NG: 85 or an
aminoe acid sequence that 1s at least 95% 1dentical to the amino acid sequence of SEQ ID NO: 85;
and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 86 or an
amino acid sequence that is at least 95% identical to the amine acid sequence of SEQ ID NO: 8¢;

(1) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 63
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
N1 63; the second polypeptide chain comprises the aming acid sequence of SEQ 1D NO: 62 or
an amino acid sequence that is at least 95% tdentical to the amino acid sequence of SEQ 1D NO:

62; the third polypeptide chain comprises the amino acid sequence of SEQ D NO: 73 or an
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amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO: 73;
and the fourth polypeptide chain comprises the amino acid sequence of SEQ I NO: 74 or an
amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 74,
{(s) the first polypeptide chain comprises the amino acid sequence of SEQ ID NGO: 63
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
NO: 63; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 62 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO:
62; the third polypeptide chain comprises the amino acid sequence of SEQ ID NG 85 or an
amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 85;
and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID NO: 86 or an
amino acid sequence that is at least 953% identical to the amino acid sequence of SEQ ID NO: 86;
(t} the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 4
or an amine acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
NO: 4; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 3 or an
amine acid sequence that 15 at least 95% 1dentical to the amino acid sequence of SEQ 1D NQO: 3;
the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 114 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NG: 114; and
the fourth polypeptide chain comprises the amuno acid sequence of SEQ ID NO: 115 or an amino
acid sequence that 1s at least 95% identical to the amine acid sequence of SEQ ID NO: 115; or
{u) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
10 or an amino acid sequence that is at least 95% 1dentical to the amino acid sequence of SEQ
ID NG 10; the second polypeptide chain comprises the ammo acid sequence of SEQ 1D NG 9
or an amino acid sequence that 15 at least 95% identical to the amino acid sequence of SEQ 1D
NG: 9; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 114 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
NQO: 114; and the fourth polypeptide chain comprises the amino acid sequence of SEQ D NO:
115 or an amino acid sequence that is at least 95% 1dentical to the amino acid sequence of SEQ

ID NG 115

59. An isolated nucleic acid molecule comprising a nucleotide sequence encoding the

binding protein of any one of claims 1-58.
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60. An expresston vector comprising the nucleic acid molecule of claim 59.

61. Amn 1solated host cell comprising the nucleic acid molecule of claim 59.

62, An 1solated host cell comprising the expression vector of claim 60

63. The isolated host cell of claim 61 or claim 62, wherein the host cell is a mammalian cell

or an insect cell.

64. A pharmaceutical composition cormprising the binding protein of any one of claims 1-

58 and a pharmaceutically acceptable carrier.

65. A method of preventing and/or treating cancer in a patient comprising administering to
the patient a therapeutically effective amount of at least one binding protein of any one of

claims 1-23 and 32-58 or the pharmaceutical composition of claim 64

66. The method of claim 65, wherein the binding protein comprises one antigen binding
site that specifically binds a T-cell surface protein and another antigen binding site that

specifically binds a tumor target protein.

67.  The method of clairn 66, wherein the binding protein comprises a first antigen binding
stte that spectfically binds CID3, a second antigen binding site that specifically binds CD28, and
a third antigen binding site that specifically binds a tumor target protein selected from the

group consisting of CI319, CD20, CD38, Her2, and LAMP1L.

68.  The method of any one of claims 65-67, wherein the at least one binding proten is co-

adroinistered with a chemotherapeutic agent.

69. A method of preventing and/or treating an inflammatory disease or disorder in a patient
comprising administering to the patient a therapeutically effective amount of at least one
binding protein of any one of claims 1-15, 24-45, and 52-38 or the pharmaceutical composition

of claim 64.
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70. The method of claim 69, wherein the binding protein comprises three antigen binding
sites that each specifically bind a cytokine target protein selected from the group consisting of

iL-4, }L-13 and TNFa.

71. The method of claim 69 or claim 70, wherein the at least one binding protein is co-

administered with an anti-inflammatory agent.
72. The method of any one of claims 65-71, wherein the patient 15 2 human.

73. The method of claim 65 or claim 69, wherein the binding protein 1s capable of
mhibiting the function of one or more target proteins selected from the group consisting of
A2AR, APRIL, ATPDase, BAFF, BAFFR, BCMA, BlyS, BTK, BTLA, B7DC, B7H1, B7H4,
B7HS, B7Hs6, B7H7, B7RPL, B7-4, (3, C5, CCL2, CCL3, CCL4, CCLS, CCL7, CCL3,
CCLLL, CCLLS, CCLL7, CCLL9, CCL20, CCL21, CCL24, CCL25, CCL26, CCR3, CCR4,
CD3, CD19, CD20, CD23, CD24, CD27, CD28, CD38, CD39, CD40, (D70, CDEO, CDS6,
D122, CD137, CBI37L, CD152, CD154, CD160, CD272, CD273, CD274, CD275, CD276,
CD278, CD279, CDHI, chitinase, CLECY, CLEC91, CRTH?2, CSF-1, CSF-2, CSF-3,
CX3CLL, CXCL12, CXCL13, CXCR3, DNGR-1, ectonucleoside triphosphate
diphosphohydrolase 1, EGFR, ENTPD1, FCER1A, FCERI1, FLAP, FOLH1, (24, GITR,
GITRL, GM-CSF, Her2, HHLA2, HMGB1, HVEM, ICOSLG, IDO, IFNu, IgE, IGFIR,
IL2Rbeta, IL1, IL1A, IL1B, IL1F10, IL2, IL4, IL4Ra, IL3, ILSR, 1L6, IL7, fL7Ra, IL8, IL9,
TLOR, TL10, thiL10, IL12, 1L13, IL13Ral, IL13Ra2, IL15, IL17, IL17Rb, 1118, 1122, 1123,
128, 127, 11.33, 135, ITGB4, ITK, KIR, LAG3, LAMPL, leptin, LPFSZ, MHC class If,
NCR3LGE, NKG2D, NTPDase-1, OX40, OX40L, PD-1H, platelet receptor, PROM]1, 152,
SISP1, SLC, SPGo4, 812, STEAPZ, Syk kinase, TACE, TDO, T14, TIGIT, TIM3, TLR, TLRZ,
TLR4, TLRS, TLRS, TMEF1, TNFa, TNFRSF7, TpSS, TREMI, TSLP, TSLPR, TWEAK,
VEGF, VISTA, Vstm3, WUCAM, and XCR1.

74. The binding protein of any one of claims 1-23 and 32-58 or the composition of claim 64

for use in preventing and/or treating cancer in a patient.
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75. The binding protein for use or the composition for use of claim 74, wherein the binding
protein comprises one antigen binding site that specifically binds a T-cell surface protein and

another antigen binding site that specifically binds a tumor target protein.

76. The binding protein for use or the composition for use of claim 75, wherein the binding
protein comprises a first antigen binding site that specifically binds CD3, a second antigen
binding site that specifically binds CD28, and a third antigen binding site that specifically
binds a tumor target protein selected from the group consisting of CD19, CD20, CD38, Her2,
and LAMPT.

77. The binding protein for use or the composition for use of any one of claims 74-76,

wherein the binding protein is co-administered with a chemotherapeutic agent.

78. The binding protein of any one of claims 1-15, 24-45, and 52-58 or the pharmaceutical
composiiion of claim 64 for use in preventing and/or treating an inflammatory disease or

disorder in a patient.

79. The binding protein for use or the composition for use of claim 78, wherein the binding
protetn comprises three antigen binding sttes that each specifically bind a cytokine target

protein selected from the group consisting of 1L-4, 113 and TINFa.

&0. The binding protein for use or the composition for use of claim 78 or claim 79, wherein

the binding protein is co-administered with an anti-inflammatory agent.

&1. The binding protein for use or the composition for use of any one of claims 74-80,

wherein the patient is a human.

&2. The binding protein for use or the composition for use of claim 74 or claim 78, wherein
the binding protein is capable of inhibiting the function of one or more target proteins selected
from the group consisting of AZAR, APRIL, ATPDase, BAFF, BAFFR, BCMA, BlvS, BTK,
BTLA, B7DC, B7HI, B7H4, B7HS, B7HG6, B7H7, BTRP1, B7-4, C3, €5, CCL2, CCL3,
CCL4, CCLS, CCL7, CCL8, CCLIL, CCLIS, CCLY7, CCL19, CCL20, CCL21, CCL24,
CCL25, CCL26, CCR3, CCR4, D3, CD19, CD20, CD23, CD24, CD27, Ch28, CD38, D39,
(D40, CD70, CDR0, CD86, CD122, CD137, CD137L, CD152, CDB154, CD160, CD272,
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CD273, CD274, CB275, CD276, CD278, CD279, CDHI, chitinase, CLECS, CLEC91,
CRTH2, CSF-1, C8F-2, CSF-3, CX3CL1, CXCL1Z, CXCL13, CXCR3, DNGR-1,
ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCER1A, FCERT,
FLAP, FOLH1, Gi24, GITR, GITRL, GM-CSF, Her2, HHEAZ HMGBI, HVEM, ICOSLG,
D0, IFNg, IgE, IGFIR, 1L2Rbeta, 1L, IL1A ILIB IL1F10, 112, 114, [E4Ra 15, ILSK,
e, 17, 1L7Ra, L8, 1LY, LR, 1110, (b1 10, 112, 113, 1L13Ral, [IL13Ra2 1015, 1117,
IL17RDb, IL18, 1022, 1123, 1028, 1127, 1133, 1135, ITGB4, [TK, KIR, LAG3, LAMP1, leptin,
LPFS2, MHC class {f, NCR3LGI, NKG2ZD, NTPDase-1, 0X40, OX40L, PD-1H, platelet
receptor, PROM1, 8152, SISP1, SLC, SPG64, ST2, STEAP2, Syk kinase, TACT, TDO, T4,
TIGIT, TIM3, TLR, TLR2, TLR4, TLRS, TLRS, TMEF1, TNFa, TNFRSF7, TpsS, TREMI,
TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1.

83. A method of purifying a binding protein produced by a host cell, comprising:

{a) producing the binding protein of any one of claims 2, 17, 25, 35-37, 41, 43, 45, and
46-55 in a host cell, wherein only one of the Cyy domain of the second polypeptide chain and
the Cys domain of the third polvpeptide chain comprises amino acid substitutions at positions
corresponding to positions 435 and 436 of human 1gG1 or IgG4 according to EU Index,
wherein the amino acid substitutions are H435R and Y436F;

{b) contacting the binding protein produced in {(a) with Protein A; and

{c) eluting the binding protein from Protein A under conditions suitable for isolating the
binding protein away from binding proteins comprising either 0 or 2 Cy; domains comprising

the amino acid substitutions are H433R and Y436F.

84 The method of claim &3, wherein the Cp domain of the first polypeptide chain is a
human kappa Cp domain, and the Cp domain of the fourth polypeptide chain is a human
fambda Cp domain; or the Cp domain of the first polypeptide chain 1s a human lambda Cp
domain, and the C dornain of the fourth pelypeptide chain 15 a human kappa Cp domain, and
the method further comprises:

{d) contacting the binding protein eluted in (¢} with a kappa light chain affinity

medium, and
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{e) eluting the binding protemn from the kappa hght chamn affinity medium under
conditions suitable for isolating the binding protein away from binding proteins comprising

only lambda C;, domains.
85. The method of claim &4, further comprising, after (e}

{f} contacting the binding protein eluted 1n (e} with a lambda light chain affinity
medium, and

{g) eluting the binding protein from the lambda Light chain affinity medium
under conditions suitable for isolating the binding protein away from binding proteins

comprising only kappa Cr domains.

36. The method of claim &3, wherein the Cp domain of the first polypeptide chainis a
human kappa Cp domain, and the Cp domain of the fourth polypeptide chain is a human
lambda Cp domain; or the Cp domain of the first polypeptide chain is a human lambda Cp
domain, and the C; domain of the fourth polypeptide chain i3 a human kappa €, domain, and
the method further comprises:

{d) contacting the binding protein eluted in (¢} with a lambda light chain affinity
medium; and

{e) eluting the binding protein from the lambda light chain affinity medium under
conditions suitable for isolating the binding protein away from binding proteins comprising

only kappa Cy, domains.
87. The method of claim &6, further comprising, after (e}

{f) contacting the binding protein eluted in {e} with a kappa light chain affinity medium;
and

{g) eluting the binding protein from the kappa light chain affinity medium
under conditions suitable for isolating the binding protein away from binding proteins

comprising only lambda C;. domains.

88. The method of any one of claims 83-87, wherein the first polypeptide chain comprises a

lambda €y, domain; wherein the Cys domain of the second polypeptide chain comprises amino
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acid substitutions at positions corresponding to positions 354 and 366 of human IgGl

according to EU Index, wherein the amino acid substitutions are 8354C and T366W; wherein
the Cy; domain of the third polypeptide chain comprises amino acid substitutions at positions
corresponding to positions 349, 366, 368, 407, 435 and 436 of human g1 according to EU
Index, wherein the amino acid substitutions are Y349, T3668, L368A, Y407V, H435R, and

Y436F; and wherein the fourth polypeptide chain comprises a kappa C; domain.

&9. The method of any one of claims &3-88, wherein the binding protein is detected 1n one

or more of (¢} and {e) using hydrophobic interaction chromatography (HIC).

90. The method of any one of claims 83-89, wherein the Cys domains of the second and

the third polypeptide chains are human IgG1 or IgG4 Cas domains.



