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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 foliowing 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

{0004} 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
tasting biclogical effect through its Fc functions. Efforts in antibody engineering have
allowed developing bispecific antibodies combining the specificities of two monoclonal
antibodies for 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 biotherapeutics to treat complexed

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

BRIEF SUMMARY

{0605] 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 proieins,

{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-Li-Vi-1a-Co {1

and a second polypeptide chain has a structure represented by the formula:
Vi-La-Vin-Le-Cin {1}

and a third polypeptide chain has a structure represented by the formula:
Vis-Cri (i}

and a fourth polypeptide chain has a structure represented by the formula:
Via-Cp V]

wherein:

Vi 18 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;

Vi is a first immunoglobulin heavy chain variable domain;

Vyz is a second immunoglobulin heavy chain variable domain;

Vi3 18 a third immunoglobulin heavy chain variable domain;

Cy is an immunoglobulin light chain constant domain;

Cin 1s an immunoglobulin Cyy heavy chain constant domain; and

Ly, L5, L5 and L are amino acid linkers;
and wherein the polypeptide of formula T and the polypeptide of formula I form a cross-over
light chain-heavy chain pair.
{0607} In some embodiments, the second and/or third polypeptide chain further
comprises an Fc region linked to Cyy, the Fe region comprising an immunoglobulin hinge

region and Cyp and Cysy immunoglobulin heavy chain constant domains.
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{6008] 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 polypeptide chain comprises a structure represented by
the formula:
Via-Li-Vi-1o-Co (1]
and a second polypeptide chain comprises a structure represented by the formula:
Vur-La-Vir-Lg-Cui-hinge-Cipp-Crz - [H]

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

/i3-Cri-hinge-Cun-Cri ]
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Co V]

wherein:

Vi is a first immunoglobulin light chain variable domain;

Vi is 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;

Vy3 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;

Ci 1s an immunoglobulin Cyy heavy chain constant domain;

Cyy is an immunoglobulin Cy, heavy chain constant domain;

Cys 18 an immunoglobulin Cys heavy chain constant domain,

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

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

and wherein the polypeptide of formula 1 and the polypeptide of formula I form a
cross-over light chain-heavy chain pair.
{0009] In some embodiments, the binding protein ts trispecitfic 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 15 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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{6010} In some embodiments, a binding protein of the present disclosure comprises
one, two, ot 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), B7HS, B7H6, B7H7, BTRP1, B7-4, C3, €5, CCL2 (also
known as MUP-1)}, CCL3 {(also known as MIP-1a), CCLA4 {also known as MIP-1b), CCLS
{also known as RANTES), CCL7 (also known as MCP-3), CCL3 (also known as mep-2),
CCL11 (also known as eotaxin), CCL15 {also known as MIP-14d}, CCL17 (also known as
TARC), CCL19 (also known as MIP-3b), CCLZ0 (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 FCERZ, a receptor for gk}, CD24, CD27, CD28, CD38, CD39, CD40, CD70,
CD80 (also known as B7-1}, CD86 (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 B7TH2), CD276 (also known as BTH3), CD278 (aiso known as ICO8), CD279 (also
known as PD-1), CDH1 {(also known as E-cadherin}, chitinase, CLEC9, CLECS1, 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 SCYD1), CXCL12 (also known as SDF1), CXCL13,
CXCR3, DNGR-1, ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPDH,
FCERIA, FCER1, FLAP, FOLH1, Gi24, GITR, GITRL, GM-CSF, Her2, HHLA2,
HMGBIL, HVEM, ICOSLG, IDO, IFNg, IgE, IGFIR, [L2Rbeta, L1, IL1A, IL1B, ILIF10,
T2, T4, IL4Ra, 115, TLSR, IL6, IL7, IL7Ra, IL8, TLS, TLOR, IL10, rhIL10, TL12, TL13,
fL13Ral, IL13Ra2, LTS5, [L17, IL17Rb {also known as a receptor for 1L.25), TL18 1122,
123, 1028, .27, 133, IL3S, ITGBA4 {also known as b4 integrin), ITK, KIR, LAG3,
LAMPI, leptin, LPFS2, MHC class H, NCR3LG1, NKG2D, NTPDase-1, 0X40, OX40L,
PD-1H, platelet receptor, PROMI, 8152, SISP1, SLC, SPG64, 8T2 (also known as a
receptor for IL.33), STEAPZ, Syk kinase, TACL TDQO, T14, TIGIT, TIM3, TLR, TLR2,
TLR4, TLRS, TLRY, TMEF1, TNFa, TNFRSF7, TpSS, 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. 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 from 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
some 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 is 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, BlyS, BTK, BTLA,
B7DC, BTHL, B7H4, B7HS, B7H6, BTH7, BTRP1, B7-4, C3, C5, CCL2, CCL3, CCLA4,
CCLS, CCL7, CCLS, CCL11, CCLIS, CCL17, CCL19, CCL20, CCL21, CCL24, CCL2S,
CCL26, CCR3, CCR4, CD3, CD19, CD20, CD23, CD24, CD27, CD28, CD38, CD39,
CD40, CD70, CD8O, ChBo, CD122, CD137, CDI37L, CD152, CD154, CD160, CDH272,
CD273, CD274, CD275, CD276, CD278, CD279, CDHI, chitinase, CLECY, CLECO1,
CRTH2, CSF-1, C8F-2, C8F-3, CX3CL1, CXCL12, CXCL13, CXCR3, DNGR-1,
ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCERIA FCERI,
FLAP, FOLHI, Gi24, GITR, GITRL, GM-CSF, Her2, HHLAZ, HMGB1, HVEM,
ICOSLG, IDO, IFNg, IgE, IGFIR, fL.2Rbeta, IL1, ILTA ILIB, IL1F10, L2, 1.4, [14Ra,
115, ILSR, IL6, IL7, TL7Ra, IL8, IL9, ILOR, IL10, rhiL10, IL12, IL13, IL13Ral, 1L13Ra2,
WAS TLY7, (L17Rb, TL18, 1022, 1123, W25 ¥L27, 1033, 135, ITGB4, ITK, KIR, LAGS,
LAMP1, feptin, LPFS2, MHC class I, NCR3LG1, NKG2D, NTPDase-1, 0X40, OX40L,
PD-1H, platelet receptor, PROM]1, 8152, SISP1, SLC, SPGo4, ST2, STEAP2, Syk kinase,
TACL TDO, T14, TIGIT, TIM3, TLR, TLR2Z, TLR4, TLRS5, TLR9, TMEF1, TNFa,
TNFRSF7, TpSS, TREMI, TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM,
and XCR1.
{6011} 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:

Vip-Li-Vi-1o-Co {1
and a second polypeptide chatn has a structure represented by the formula:

Vin-Ls-Vao-La-Crn 1]
and a third polypeptide chain has a structure represented by the formula:

Vuz-Crn {1}
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and a fourth polypeptide chain has a structure represented by the formula:
Vis-Cp {v]
wherein:

Vi is a first immunoglobulin light chain variable domain;

V12 is a second immunoglobulin light chain variable domain;

Vi1 15 a third immunoglobulin light chain variable domain;

Vi s a first immunoglobulin heavy chain variable domain;

Vi 18 a second immunoglobulin heavy chain variable domain;

Vs is a third immunoglobulin heavy chain variable domain;

Cy is an immunoglobulin light chain constant domain;

Cu 1s an immunoglobulin Cyy heavy chato constant domain; and

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

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

wherein:

{a) Vi1, Vo 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} VL1 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: 43-59, 123-125;

(c) Vi, Viz 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, Viz and V5 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; or

(&) Vi Vi and Vis 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 NOs: 1, 3,9, 13, 17, 21, 114;

(b} Vi, Vip and V3 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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(¢} V1, Vi and Vy3 each independently comprise a variable domain sequence as
set forth in any one of SEQ D NOs:150, 152, 154, 156, 158, 160, 162, 164, and 166;
(&) Vi1, Vi and Vs each independently comprise heavy chain complementarity
determining regions corprising an amino acid sequence as set forth in any one of SEQ 1D
NOs: 25-42, 120-122, and 126-128; or
{e) Vi, Vap and Vi3 each independently comprise heavy chain complementarity
determining regions and/or a variable domain sequence shown in Tables 2-5.
10012} In some embodiments, the second and/or third polypeptide chain further
comprises an Fc region linked to Cip, the Fc region comprising an immunoglobulin hinge
region and Cny and Cys immunogiobulin heavy chain constant domains.
{8013} 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:
Vigmbi-VipLlp-Cy {1
and a second polypeptide chain comprises a structure represented by the formula:
V}u—5.43—‘\/'}{3-1,,4—{11.1I—hin gfb—C Hz—C}{; i_l I}
and a third polypeptide chain comprises a structure represented by the formula:
Vaz-Crr-hinge-Ciy-Crs (I}
and a fourth polypeptide chain comprises a structure represented by the formula:
Via-Co A
wherein:
Vi1 is a first immunoglobulin light chain variable domain;
V12 is a second immunoglobulin light chain variable domain;
Viais a third immunoglobulin light chain variable domain;
Vy is a first immunoglobulin heavy chain variable domain;
Vyy 15 a second immunoglobulin heavy chain variable domain;
Vys is a third immunoglobulin heavy chain variable domain;
C, is an immunoglobulin light chain constant domain;
Cy 1s an immunoglobulin Cyy heavy chain constant domain;
Cy» 1s an immunoglobulin Cyy heavy chain constant domain;
Cu 18 an immunoglobulin Cus heavy chain constant domain,
hinge is an immunoglobulin hinge region comnecting the Cyy and Gy domains; and

L., L;, Ls and Ly are amino acid linkers;
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wherein the polypeptide of formula I and the polypeptide of formula U 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
acid sequence as set forth in any one of SEQ D NOs: 2, 4, 10, 14, 18, 22, 115;

(b) Vi1 Vi and Vis 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;

(¢} Vi1, Viz 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) Vi, Vo 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; or

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

wherein:

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

(b) Vu, Vi and Vy3 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;

(¢} Vi, Vi, and Vi 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

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

{0014} In some embodiments, Vi, Vi 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, Vi, and Vis cach 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, Vi,and Vi; 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 NOs: 43-59, 123-125, 138-140, and 149; and {(d) Vu, Vi and Vys 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.
{0015} In some embodiments of any of the binding proteins described herein, (a) Va,
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 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; 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 NQG:35, and a CDR-H3 comprising the
amino acid sequence of SEQ 1D NG:36; Vi, comprises a COR-L1 comprising the amino
actd 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 CDR-H1 comprising the amino acid sequence of SEQ 1D NO:25, a CDR-H2
comprising the amino acid sequence of SEQ 113 NO: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 D NO: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; (b)
Vi comprises a CDR-H1 comprising the amivo acid sequence of SEQ ID NO:31, a CDR-
H2 comprising the amino 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
actd sequence of SEQ ID N(O: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 NG:5S1; Vi
comprises a CDOR-HI comprising the amino acid sequence of SEQ 1D N(O: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 CBR-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 CDOR-H1 comprising the amino acid sequence of SEQ 1D N(: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 D NO:27; and V5 comprises a COR-L1 comprising the
amino acid sequence of SEG 1D 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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Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ D NG:28, a CDR-
H2 cormprising the amino acid sequence of SEQ 1D NG:29, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NG:30; Vi1 comprises a CDOR-L1 comprising the amino
actd sequence of SEQ ID NO:46, s CDR-L2 comprising the amino acid sequence of SEQ
H2 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 SE(Q 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 NO:52, a CDR-L2 comprising the amino acid sequence of SEQ
1D NO:33, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:54; Vs
comprises a CDR-HI comprising the amino acid sequence of SEQ 1D NGO:37, a CDR-H2
comprising the amino acid sequence of SEQ 12 NO:38, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NG: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 ID NO:56, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:57; (d)
Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:31, a CDR-
HZ comprising the amino acid sequence of SEQ ID NO:32, and a CDR-H3 comprising the
amino acid sequence of SEQ D NO:33; Vi, comprises a CBR-L1 comprising the amino
acid sequence of SEQ ID NO:49, a CDR-1.2 comprising the amino acid sequence of SEQ
1D NO:50, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:S1; Vip
comprises a CDOR-H1 comprising the amino acid sequence of SEQ 1D N(O:34, a CDR-H2
comprising the arino acid sequence of SEQ ID NO:3S, and a CDR-H3 comprising the
amino acid sequence of SEQ D NO:36; Vi ; comprises a CDOR-L1 comprising the amino
acid sequence of SEQ D NG:52, a CDR-L2 comprising the amino acid sequence of SEQ

D NOS3

>

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 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 Vi ; comprises a CDR-L1 comprising the
amino acid sequence of SEQ 1D 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 2 NO:57; (e}
Vm comprises a CDR-H1 comprising the amino acid sequence of SEQ D NO:28, a CDR-
H2 comprising the amino acid sequence of SEQ [ NO:29, and a CDR-H3 comprising the
amino acid sequence of SEG 1D NO:30; Vi; comprises a CDR-L1 comprising the amivo
acid sequence of SEQ 12 NO:46, a CDR-L2 comprising the amino acid sequence of SEQ
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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 1D NO:34, a CDR-H2
comprising the amino acid sequence of SEQ 1D NG:35, and a CDR-H3 comprising the
amivo acid sequence of SEQ ID NG:36; Vi, comprises s CDR-L1 comprising the amino
acid sequence of SEQ 1D NO:52,
1D NO:53, and a CDR-L3 comprising the amino acid sequence of SEQ ID NG:54; Vs

a CDR-L.2 comprising the amino acid sequence of SEQ

comprises a CDR-HI comprising the amino acid sequence of SEQ 1D N340, a CDR-H2
comprising the amino acid sequence of SEQ ID NO: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 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 1D NO:59; ()
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 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
I NO:50O, and a CDR-L3 comprising the amino acid sequence of 8EQ ID NO:S1; 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 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 amivo acid sequence of SEQ
ID 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 ID NG: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 D3 NG:42; and Vi3 comprises a CDR-L1 comprising the
amino acid sequence of SEQ 1D NO:58, a CDR-L2 comprising the amino acid sequence of
SEG ID NO:44, and a CDR-L3 comprising the amino acid sequence of SEQ ID NG:59; (g)
Y comprises a CDR-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 1D NO:30; Vi, comprises a CDR-L1 comprising the amivo
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; Vin
comprises a CDR-HI comprising the amino acid sequence of SEQ ID 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 1D NG:36; Vi, comprises a CDR-L1 comprising the aming
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acid sequence of SEQ ID NO:52, a CDR-L.2 comprising the amino acid sequence of SEQ
ID NG:53, and a CDR-L3 comprising the amino acid sequence of 8EQ ID NG:54; Vs
comprises a CDOR-H1 comprising the amino acid sequence of SEQ 1D N(O:126, a CDR-H2
comprising the arino acid sequence of SEQ ID NO:127, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:128; and Vs comprises a CDR-L1 comprising the
amino acid sequence of SEQ D NO:138, a CDR-LZ comprising the amino acid sequence
of SEQ ID NO: 139, and a CIDR-L3 comprising the amino acid sequence of SEQ 1D
NO:140; (h) Vyg; 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 1D NG:49, a CDR-L2 comprising the amino
acid sequence of SEQ H) NO:50, and a CDR-L3 comprising the amino acid sequence of
SEG ID NO:51; Vy, comprises a CBR-H1 comprising the amine acid sequence of SEQ ID
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 SE(Q 1D 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; Vs comprises a CBR-HI comprising the amino acid sequence of SEQ ID
WNO:126, 2 CDR-H2 comprising the aminc acid sequence of SEQ 1D NO:127, and a CBR-
H3 comprising the amino acid sequence of SEQ 1D NG:128; and Vi3 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 NO:139, and a CDR-L3 comprising the amino acid sequence of
SEQ 1D NO:140; (i) Vi, comprises a CDR-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 1D NO:30; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG:46, a CDR-L2 comprising the amino
actd sequence of SEQ 1D NO: 47, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:48; Vg; comprises a CDR-HI comprising the amino acid sequence of SEQ 1D
NG: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 CDR-L1
comprising the amino acid sequence of SEQ ID NG:52, a CDR-L2 comprising the amino
actd sequence of SEQ ID NO:53, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:54; Vg3 comprises a CDR-HI comprising the amino acid sequence of SEQ ID
N(O:120, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:121, and a CDR-
12
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H3 comprising the amino acid sequence of SEQ ID NO:122; and Vi: comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NQG:123, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:124, and a CDR-L3 comprising the aminc acid sequence of
SEQ ID NO:12S; or (5 Vi comprises a CDR-H1 comprising the amino acid sequence of
SEQ 1D NO:31, a CDR-HZ comprising the amino 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 SE(Q 1D NG: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:51; Vi comprises a CBR-H1 comprising the amine acid sequence of SEQ ID
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 1D NG:52, a CDR-L2 comprising the amino
actd sequence of SEQ ID NO:53, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:54; Vy3 comprises a CDBR-H1 comprising the amino acid sequence of SEQ ID
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 ID NG:123, a CDR-L2 comprising the amino
actd sequence of SEQ 1D NO:124, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:125. In some embodiments, (a} 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 ID NO:35, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:36;
V11 comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:52, a CDR-
1.2 comprising the amino acid sequence of SEQ I} NO:53, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO:54; Vi, coruprises a CDR-HI comprising the amino
acid sequence of SEQ 1D 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; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:43, a COR-L2
comprising the amino acid sequence of SEQ ID NG44, and a CDR-L3 comprising the
amino acid sequence of SE(Q 1D NO:45; Vi coruprises a CDR-H1 comprising the amino
acid sequence of SEQ 1D NO:25, a CDR-HZ comprising the amino acid sequence of SEQ
D 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 1D NG:43, a COR-L2
comprising the amino acid sequence of SEQ 1D NO:44, and a CDR-L3 comprising the

amino acid sequence of SEQ ID NG 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, Her?2, and
LAMP1. In some embodiments, Vi and Vi form a first antigen binding site that
specifically binds human CD3, Vy; and Vy; form a second antigen binding site that
specifically binds human CD28, and Vy3 and Vi; form a third antigen binding site that
specifically 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 Vi form a second
antigen binding site that specifically binds human CD3, and V3 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 12 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 1D NO: 155, Insome
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 2-5. In some embodiments,
the antigen binding site that specifically binds CDZ8 comprises: (a) a heavy chain variable
domain comprising the amino acid sequence of SEQ H NO: 160 and a light chain variable
domain comprising the amino actd 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, 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
1D NO: 156 and a light chain variable domain comprising the amino acid sequence of SE(
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 1D NO: 159; (c) a heavy chain variable domain comprising the amine acid sequence
of SEQ ID NOG: 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 NO: 150 and a light chaiv variable domaio comprising the amino acid
sequence of SEQ ID NO: 151, or () a heavy chain variable domain comprising the amino
actd sequence of SEQ ID NO: 166 and a light chain variable domain comprising the amino
acid sequence of SEQ 1D 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 chaivn variable domain, of an anti-Her2, anti-CD19, anti-CD20, anti-CD38, or anti-
LAMP1 binding domain shown in Tables 2-5.
{0617} 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:
Vio-Li-Vila-Co {1
and a second polypeptide chain has a structure represented by the formula:
Vaur-L3-Vi-Le-Ciny {1
and a third polypeptide chain has a structure represented by the formula:
Vis-Cr {11}
and a fourth polypeptide chain has a structure represented by the formula:
Vir-Co (v}
wherein:
Vi1 18 a first immunoglobulin light chain variable domain;
Vi 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;
Vas 18 a second immunoglobulin heavy chain variable domain;
/3 18 a third immunoglobulin heavy chain variable domain;
Cy is ann immunoglobulin light chain constant domain;
Cm 18 an immunoglobulin Cu; heavy chain constant domain; and
L1, Ly, L5 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;
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wherein:

{a) VL1, 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: 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 amine acid sequence set forth in any
one of SEQ ID NOs: 61, 63, 69, 71, 74, 76, 82, 86, 88, 94:

(¢) Vi, Viz and Vi3 each independently comprise a variable domain sequence as set
forth in any one of SEQ ID NGs:169, 171, and 173;

(d) Vi1, Vo and Vi3 each 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; or

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

wherein:

{(2) Vi1, Vi, and Vi 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; 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 1D NQOs: 60, 62, 08, 73, 75, 81, 85, 87, 93;

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

(e} Vui, Vi and Vi3 each independently comprise heavy chain cormplementarity
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 Fc region linked to Gy, the Fe region comprising an immunoglobulin hinge
region and Cyp and Cps immunogliobulin heavy chain constant domains.
10019] 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-L-ViLa-Cp (]
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and a second polypeptide chain comprises a structure represented by the formula:
Vai-La-Vir-La-Cri-hinge-Cipnp-Crz - [}

and a third polypeptide chain comprises a structure represented by the formula:
Vaz-Ca-hinge~-Ciyp-Cus [HI]

and a fourth polypeptide chain comprises a structure represented by the formula:
Via-Cr [V}

wherein:

Vi 18 a first immunoglobulin light chain variable domain;

V12 is a second immunoglobulin light chain variable domain;

Vi3 is a third immunoglobulin light chain variable domain;

Vi 18 a first immunogiobulin beavy chain variable domain;

Vyz 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;

Cyy is an immunoglobulin Cy; heavy chain constant domain;

Cypz 1s an immunoglobulin Cyp heavy chain constant domain;

Cgs 1s an immunoglobulin Cys heavy chain constant domain;

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

L1, Ly, L5 and L, are amino acid linkers;

wherein the polypeptide of formula 1T and the polypeptide of formula I 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
acid sequence as set forth in any one of SEQ ID NOs: 61, 63, 69, 71, 74, 76, 82, §6, 88, 94;

(b) Vi1 Viz and Vis 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:

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

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

{e) Vo 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 Vi 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) Vi1, Vyy, and Vy; each indepevdently 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 ID NOs: 60, 62, 68, 73, 75, 81, 85, 87, 93;

{(c) Vi, Viz, and Vi each independently comprise a variable domain sequence as set
forth in any one of SEQ 1D NOs: 168, 170, and 172;

(d) Vi, Vip 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,

{e) Vui, Vuz and Vs 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
demain sequence as set forth in any one of SEQ ID NOs:169, 171, and 173; and Vy, Vi,
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 Vi and Vs 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; and 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 NGs: 129-137.
{6021} In some embodiments of any of the binding proteins described herein, (a8} Vi
comprises a CDR-HI comprising the amino acid sequence of SEQ 1D NO:132, a CDR-H2
comprising the amino acid sequence of SEQ 113 NO:133, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NG:134; Vi, comprises a CDR-L1 comprising the amino
actd 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; Vg,
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 NG:136, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:137; Vi comprises a CDR-L1 comprising the amino
actd 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 NG:147; Vs
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:129, a CDR-H2
18
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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 Vis comprises a CDR-L1 comprising the
amino acid sequence of SEQ 1D 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
NO:142Z; (b} Vi comprises a CBDR-H1 comprising the amino acid sequence of SEQ ID
NO:1385, 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; V1, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID 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; Vg, 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 NO:133, and a
CDR-H3 comprising the amino acid sequence of SEQ 12 NO:134; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ 1D 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; Vi3 comprises a CDR-H1 comprising the amino acid
sequence of SEQ HI NC: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 NGO:131; and Vi3
comprises a CIR-L1 comprising the amino acid sequence of SEQ D NO:141, a CDR-1.2
comprising the amino acid sequence of SEQ ID NO:178, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO:142; {¢) Vi comprises a CDR-H1 comprising the
amino acid sequence of SEQ 1D NO:132, a COR-H2 comprising the amino acid sequence
of SEQ ID NO:133, and a CDR-H3 comprising the amino acid sequence of SEQ 1D
WNO: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 NG:179, and a CDR-
L3 comprising the amino acid sequence of SEQ 1D N(O:144; Vi, comprises a CDR-H1
comprising the amino acid sequence of SEQ ID NG:129, a CDR-H2 comprising the amino
actd sequence of SEQ 1D 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
NG:141, a CDR-L.2 comprising the amino acid sequence of SEQ 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 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 Vi3 comprises a CDR-L.1 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
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CDR-L3 comprising the amino acid sequence of SEQ 1D NO:147; (d) Vi, comprises a
CDR-H1 comprising the amino acid sequence of SEQ ID NG: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; Vi, coruprises a CDR-L1 comprising the amino acid
sequence of SEQ 1D 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 ID NG:142; Vo
comprises a CDR-HI 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
actd sequence of SEQ ID N(:143, a CDR-L2 comprising the amino acid sequence of SEQ
1D NGO:179, and a CDR-L3 comprising the amino acid sequence of SEQ [D NG:144; Vs
comprises a CDOR-H1 comprising the amino acid sequence of SEQ 1D NO:135, a CDR-H2
comprising the aruino 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 [D NO: 145, a CDR-LZ comprising the amino acid sequence
of SEQ ID NO: 146, and a CIDR-L3 comprising the amino acid sequence of SEQ 1D
NO:147; (e) Vy, comprises a CDR-HI comprising the amino acid sequence of SEQ ID
NO:133, 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; Vi comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NQ:145, a CDR-L2 comprising the amino
acid sequence of SE(Q 2 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
1D NO:129, a COR-H2 comprising the amine acid sequence of SEQ 1D NO:130, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NG:131; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ ID N(: 141, a CDR-L.2 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 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 NO:134; and Vi3
comprises a CDOR-L1 comprising the aming 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 D NO:144; (f) Vg, comprises a CDR-H1 comprising the
amino acid sequence of SEG 1D NO:129, a CDR-H2 comprising the arvino acid sequence
of SEQ ID NO:130, 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 ID
NGO:141, a CDR-1L2 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-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 SEGQ ID
NG:145, a CDR-L2 comprising the amino acid sequence of SE( 13 NO:146, and a CDR-
L3 comprising the amino acid sequence of SEQ ID NO:147; V3 comprises a CDR-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
SEGQ 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 1D NO:144; (g) Vg 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 [D 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 ID
NO:146, and a CDBR-L3 comprising the amino acid sequence of SEQ 1D NG:147, Vi
comprises a CDR-HI 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 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
1D NO:179, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:144; Viiz
comprises a CDR-HI comprising the amino acid sequence of SEQ 1D NO: 135, a CDR-H2
comprising the amino acid sequence of SEQ 113 NO:136, and a CDR-H3 comprising the
amino acid sequence of SEQ D NG:137; and V3 comprises a CDR-L1 comprising the
amino acid sequence of SEQ ID NG 145, 3 CDR-L2 comprising the amino acid sequence
of SEQ 1D NO: 146, and a CDR-L3 comprising the amine acid sequence of SEQ ID
NG:147; (h) Vi comprises a CBR-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 2a 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 1D NO:146, and a CDR-L3 comprising the amino acid sequence of
SEG D NO:147; Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ
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D NO:132, a CDR-HZ 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 ID NO:143, a CDR-L2 comprising the
amivo acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the amino acid
sequence of SEQ ID NG 144; Vi3 comprises a CBR-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{:134; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:143, a CDR-L2
comprising the arino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144; (i) Va1 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 CIDR-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 N(O: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 113 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 1D
NQO:145, a CDR-L2 comprising the amino acid sequence of SEQ ID N(O:146, and a CDR-
1.3 comprising the amivo acid sequence of SEQ ID NO:147; Vs 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 NO:145, a CDR-L2 comprising the armivo acid sequence of SEQ ID NO:146, and a
CDR-L3 comprising the amino acid sequence of SEQ 1D NO:147; or (§) Vi comprises a
CDR-H! 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; 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
N(O:179, and @ 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: 1353, a CDR-H2
comprising the amino acid sequence of SEQ ID NO:136, and a CDR-H3 comprising the
amino acid sequence of SEG 1D NO:137; Vi, comprises a CDR-L1 comprising the amivo
acid sequence of SEQ 2 NO:145, a CDR-L2 comprising the amino acid sequence of SEQ
22
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1D NO: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 NO:132, a CDR-H2
comprising the amino acid sequence of SEQ ID NG:133, and a CDR-H3 comprising the
amivo acid sequence of SEQ ID NO:134; and Vi; comwprises a CDR-L1 comprising the
amino acid sequence of SEQ ID NO: 143, a CBR-L2 comprising the amino acid sequence
of SEQ ID NG:179, and a CDR-L3 comprising the amino acid sequence of SEQ ID
N{3:144. In some embodiments, one or more of Vi, Vi, Vi, Vi, Vi, and Vi3
comprises one, two, or three CDR sequences of an antibody shown in Tables 2-5.

{0022} 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 cytokine target
protein selected from the group cousisting of 1L-4, IL-13 and TNFa. In some embodiments,
(a)Vy; and Vi ; form a first antigen binding site that specifically binds human TINFa, Vi
and VY, form an antigen binding site that specifically binds human TL13, and Vs and Vi3
form an antigen binding site that specifically binds human {1.4; (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 IL4, and Vs and Vi3 form a third
antigen binding site that specifically binds human IL13; (¢} Vi and YV, form a first antigen
binding site that specitically binds human 114, Vi and Vi, form a second antigen binding
site that specifically binds human TNFa, and Vi3 and V3 form a third antigen binding site
that specifically binds human IL13; {(d) Vi and Vi, form a first antigen binding site that
specifically binds human L4, Vi and Vi, form a second antigen binding site that
specifically binds human 113, and Vs and Vi; form a third antigen binding site that
specifically binds human TNFa; (e) Vi and Vi, form a first antigen binding site that
specifically binds human IL13, Vg, and Vi, form a second antigen binding site that
specifically binds human L4, and Vs and Vi: form a third antigen binding site that
specifically binds human TNFa; or {f} Vg1 and Vy; form a first antigen binding site that
specifically binds human H.13, Vi and Vi; form a second antigen binding site that
specifically binds human TNFa, and Vy; and Vi ; form a third antigen binding site that
specifically binds human [L4. 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 NGO 168 and a light chain variable domain comprising the
amino acid sequence of SEQ D NO:169. In some embodiments, the antigen binding site
that specifically binds human 114 comprises a heavy chain variable domain corprising the
amino acid sequence of SEQ 1D NG:170 and a light chain variable domain comprising the
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amino acid sequence of SEQ D NO:171. In some embodiments, the antigen binding site
that specifically binds human IL13 comprises a heavy chain variable domain comprising
the aminc acid sequence of SEQ 1D NO:172 and a light chain variable domain comprising
the amino acid sequence of SEQ ID NG:173.
{6023] 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 Fc
region comprising an immunoglobulin hinge region and Cy; and Cys immunoglobulin
heavy chain constant domains. In some embodiments, at leastone of Ly, L, Ly or Ly is
independently 0 amino acids in length. In some embodiments, Ly, Ly, L5 Ly 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. In 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, L3 or Ly is independently O amino acids in length. In some embodiments, L,
L,, Ly or Ly are each independently at least one amino acid in length. In some
embodiments, one, two, three, or all four of Ly, L3, L3 and L4 are between 0 and 15 amino
acids in length. In some embodiments, at least two of Ly, Ly, Lsand Ly are between | and
1S amino acids in length. In some embodiments, (a) L1, L, Lz and L4 each independenily
are zero amino acids in length or comprise a sequence selected from the group consisting of
GGGGSGGGGS (REQ ID NG 104), GGGGSGGGGSGGGOS (SEQ I NG:105), 8, RT,
TKGPS (SEQ ID NO:106), GQPKAAP (SEQ ID NO: 175), and GGSGSSGSGG (SEQ ID
NO:148); or (b) Ly, Ly, Lsand Ly each independently comprise a sequence selected from the
group consisting of GGGGSGGGGS (SEQ ID N(:104), GGGGSGGGGSGGGES (SEQ
ID NO:105), 8, RT, TKGPS (SEQ ID NO:106), GQPKAAP (SEQ ID NO: 175), and
GGSGSSGRGG (SEQ D NO:148). In some embodiments, L, comprises the sequence
GQPKAAP (SEQ ID NO: 175), L; comprises the sequence TKGPS (SEQ ID NO:106), L5
comprises the sequence S, and Ly comprises the sequence RT; L; comprises the sequence
GGGGSGGGGS (SEQ 1D NO:104), L, comprises the sequence GGGGSGGGGS (SEQ D
NO:104), Lz 15 0 amino acids in length, and L, 1s 0 amino acids in length; L, comprises the
sequence GGSGSSGSGG (SEQ ID NO:148), L, comprises the sequence GGSGSSGSGG
(SEQ ID NO:148), L; is 0 amino acids in length, and Ly is 0 amino acids in length; or 1;
comprises the sequence GGGGSGGGGSGGGES (SEQ ID NO:105), L, is 0 amino acids in
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fength, L; comprises the sequence GGGGSGGGGSGGGES (SEQ ID NO:105), and Ly 150
amino acids in length.

10025} In some embodiments of any of the binding proteins described herein, 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 Cuz immunogiobulin
heavy chain constant domains, wherein the first Fe region 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 $354C and T366W; and
wherein the third polypeptide chain further comprises & second Fe region linked to Cy, the
second Fc region comprising an immunoglobulin hinge region and Cp; and Cys
immunoglobulin heavy chain constant domains, wherein the second Fc 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 amivo acid substitutions are
Y349C, T3668, L368A, and Y407V, In some embodiments, the second polypeptide chain
further comprises a first Fc region linked to Cyy, the first Fe region comprising an
immunoglobulin hinge region and Cyp; and Cys immunoglobuldin 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 IgG1 or 1gG4 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 Huked to Cyy, the
second Fc region comprising an immunoglobulin hinge region and Cypy and Cus
immunoglobulin heavy chain constant domains, wherein the second Fc region comprises
amino acid substitutions at positions corresponding to positions 354 and 366 of human
1eG1 or IgG4 according to EU Index, wherein the amino acid substitutions are S354C and
T366W. In some embodiments, the second polypeptide chain further comprises a first Fe
region linked to Cypy, the first Fe region comprising an immunoglobulin hinge region and
Ciz and Cys immunoglobulin beavy chain constant domains, and wherein the third
polypeptide chain further comprises a second Fe region linked to Cy, the second Fc region
comprising an immunoglobulin hinge region and Cip and Ciy 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 IgG1 or 1gG4
according to EU Index, wherein the amino acid substitutions are M428E and N4348. In
some embodiments, 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
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according to EU Index, wherein the amino 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 {gG4
according to EU Index, wherein the amino acid substitutions are Y349, T36685, L368A,
and Y407V. In some embodiments, the Cysz domain of the second polypeptide chain
comprises amino acid substitutions at positions corresponding to positions 349, 366, 368,
and 407 of human IgG1 or IgG4 according to ELJ 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 Ig(G1 or IgG4 according to EU 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 N4348. In some embodiments, the
second polypeptide chain further comprises a first Fc region linked to Cyy, the first Fo
region comprising an immunoglobulin hinge region and Cu» 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 Cyy 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 EUJ Index,
wherein the amino acid substitutions are H435R and Y436F. In some embodiments, the
Cus domains of the second and the third polypeptide chains are human IgG1 Cys domains,
and wherein only one of the Cys 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 Cyy, the first Fe
region comprising an immunoglobulin hinge region and Cy, and Cys immunoglobulin
heavy chain constant domains; wherein the third polypeptide chain further comprises a
second Fe region linked to Cu, the second Fe region comprising an immunoglobulin hinge
region and Cip and Cys immunogiobulin heavy chain constant domains; wherein the first
and/or second Fc regions are human IgG4 Fe 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 IgG4 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 human IgG4 Cys domains, and wherein the Ciz domains each
comprise aming 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 Fe
region linked to Cyy, the first Fe region comprising an immunoglobulin hinge region and
Cip and Cyz immunoglobulin heavy chain constant domains; wherein the third polypeptide
chain further comprises a second Fc region linked to Cg,, the second Fe region comprising
an immunoglobulin hinge region and Cyp and Cus immunoglobulin heavy chain constant
domains; 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 lgG4 according to EU Index,
wherein the amino acid substitutions are F234A and L235A. In some embodiments, the
Cus domains of the second and the third polypeptide chains are human Ig(G4 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 Fc region
comprising an immunogliobulin hinge region and Cyy and Crys immunoglobulin heavy chain
coustant domains; wheretu the third polypeptide chain further comprises a second Fc region
linked to Cqs, the second Fe region comprising an immunoglobulin hinge region and Cy»
and Cys immunoglobulin heavy chain constant domains; 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 IgG1 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 polypeptide
chains are human IgG1 Cys domains, and wherein the Cys domains each comprise amino
acid substitutions at posttions 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 luman 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 €y,
domain of the firsi polypeptide chain is a human kappa C. domain, and the €y, domain of
the fourth polypeptide chain is a human lambda C; domain; or the Cg, domain of the first
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polypeptide chain is a human lambda C, domain, and the Cy domain of the fourth
polypeptide chain is a human kappa Cp domain. In some embodiments, the first
polypeptide chain comprises a lambda Cp domain; wherein the Cyz 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 Ig(G1 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 C, domain. In some embodiments, the first
polypeptide chain coroprises a lambda Cp domain, wherein the Cys domain of the third
pelypeptide chain comprises amino acid substitutions at positions corresponding to
positions 354 and 366 of human IgGl or 1gG4 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 or IgG4 according to EU Index,
wherein the amino acid substitutions are Y349C, T3668, L368A, Y407V, H435R, and
Y436F,; and wheretn the fourth polvpeptide chain comprises a kappa Cp domain. In some
embodiments, 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, 366, 435, and 436 of human IgG1 or IgG4 according to EU
Index, wherein the amino acid substitutions are S354C, 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 human IgG1 or IgG4
according to EU Index, wherein the amino acid substitutions are Y349C, T3608, 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 $354C and T366W; wherein the Cg; domain of the
third polypeptide chain comprises amino acid substitutions at positions corresponding to
positions 349, 360, 368, 407, 435, and 436 of human 1gG1 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 lambda C, domain. In some
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embodiments, second and/or third pelypeptide chain comprise a human IgGl or IgG4 Fe
region.

jeez7 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 NG: 4 or
an amino acid sequence that is at least 95% ideuntical to the amino acid sequence 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 amivo acid sequence of SEQ ID
WNO: 3; the third polypeptide chain comprises the amino acid sequence of SEQ 1D 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 1D NO: 2
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
D NG: 2;

{(b) the first polypeptide chain comprises the amino acid sequence of SEQ ID NG: 10
or an amine 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 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 1D
NO: 2 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NGO: 2;

{c) the first polypeptide chain comprises the amivo 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 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; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 13 or
an amino acid sequence that is at Jeast 95% ideuntical 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 I3 NG: 10
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
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1D 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
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
1D NG 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 1D 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 amivo 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 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 D NO: 17 or
an amino acid sequence that is at least 95% identical to the amwivo acid sequence of SEQ ID
WNO: 17; and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D NG:
18 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D 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
ID NG: 10; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
9 or an aroino 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 NG: 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
NO: 18 or an amino acid sequence that is at Ieast 95% identical to the amino acid sequence of
SEQ 1D 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 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 Jeast 95% ideutical to the amino acid sequence of SEQ ID
NO: 3; the third polypeptide chain comprises the amino acid sequence of SEQ D NO: 21 or
an amino actd sequence that is at least 95% identical to the amino acid sequence of SEQ ID
NO: 21; and the fourth polypeptide chain comprises the amine acid sequence of SEQ 1D NOG:
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 ID NO: 10
or an amino acid sequence that i3 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 ID NO:
9 or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
1 NO: 9; the third polypeptide chain comprises the amino acid sequence of 8EQ 1D NO: 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
NO: 22 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 22:

(i} the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 63
or an amino acid sequence that i3 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 ID NO:
62 or an amino acid sequeuce 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 is 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 1D NO: 61,

(j) 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 ID NO:
68 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEQ ID NO: 068, the third polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 60 or an amivo acid sequence that is at Ieast 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: 01,

(k) the first polypeptide chain comprises the amine acid sequence of SEQ ID NO: 69
or an amino acid sequence that i3 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 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
NGO: 60 or av amivo acid sequence that is at feast 95% identical to the amino acid sequence of
SEG D NO: 60; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
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D NO: 71 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NQG: 71,

(1} the first polypeptide chain comprises the amino acid sequence of SEQ I NO: 76
or an amino acid sequence that is 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 NO:
75 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ I3 NG: 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 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% identical to the amino acid
sequence of SEQ 1D 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
{D NO: 82; the second polypeptide chain comprises the amino acid sequence of SEQ ID NO:
81 or an amino acid sequence that is at least 95% identical to the amino 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 I3 NO: 73; and the fourth polypeptide chain comprises the amino actd 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 NG: 74;

{n} 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
1D N(:88; the second polypeptide chain comprises the amino acid sequence of SEQ ID NO:
87 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEQ 1D 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 13 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 NQ: 85

(o) the first polypeptide chain comprises the amino acid sequence of SEQ D NO: 94
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
1D NG: 94; the second polypeptide chain comprises the amino 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 1D 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 1D NG: 86;

(p) 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 feast 95% identical to the amino acid sequence of
SEG ID NO: 68; 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;

(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 NGO 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 chatn 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 ID NO: 63
or an amino acid sequence that i3 at least 95% itdentical 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 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 chatn 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 1D NG: 74;

(s) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 63
or an amino acid sequence that i3 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:

oy
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62 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NG: 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: 85; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
H» NGO 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 8¢

(t) 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 SEQ ID NO: 3 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID
NG: 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 8EQ 1D NO:
10 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ I 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 NOG: 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
actd sequence of SEQ ID NG: 114; and the fourth polypeptide chain comprises the amino
actd 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,
{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 accerding to any of the above embodiments. In
another embodiment, the disclosure provides an isolated host cell comprising 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

34



WO 2017/180913 PCT/US2017/027488

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
of 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: 3) culturing a host cell according to any of the above embodiments
under conditions 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,

{0029} 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. To sore emnbodiments,
the binding protein comprises one antigen binding site that specifically binds a T-cel
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 frorn 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 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 AZAR,
APRIL, ATPDase, BAFF, BAFFR, BCMA, BlyS, BTK, 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, CCL2S, CCL26, CCR3, CCR4,
CD3, CD19, CD20, CD23, CD24, CD27, CD28, CD38, CD39, (D40, CD70, CDYO, CDS6,
CD122, CD137, CD137L, CD152, CD154, CD160, CD272, CD273, CD274, CD275,
CD276, 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, FCERIA, FCERI, FLAP, FOLHI1, Gi24, GITR,
GITRL, GM-CSF, Her2, HHLAZ, HMGB1, HVEM, ICOSLG, IDO, IFNg, IgE, IGFIR,
M.2Rbeta, IL1, IL1A, TLIB, ILIF10, IL2, TL4, TL4Ra, IL5, IL5R, 116, IL7, IL7Ra, ILS,
L9 HL9R, 1L10, rhil10, 112, IL13, IL13Ral, IL13RaZ, W15 TL17, IL17RDb, IL18, IL22,
1123, 1025, 127, 1133, [L35, ITGB4, ITK, KIR, LAG3, LAMPI, leptin, LPFS2, MHC
class I, NCR3LG1, NKG2D, NTPDase-1, 0X40, OX40L, PD-1H, platelet receptor,
PROM1, $152, SISP1, SLC, SPG64, ST2, STEAP2, Syk kinase, TACL TDO, T14, TIGIT,
TIM3, TLR, TLR2, TLR4, TLRS, TLRS, TMEF1, TNFa, TNFRSF7, Tpss, TREM],
TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1.
{0030} 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 inflammatory 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, 1L.-13
and TNFa. In some embodiments, two of the three binding sites specifically bind a
cytokine target protein selected from the group consisting of 1-4, 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, BTDC, B7H1, B7H4, B7H5, B7H6, B7H7, BTRP1, B7-4, C3, C5,
CCL2, CCL3, CCL4, CCL5, CCL7, CCLS, CCL1L, CCLIS, CCL17, CCL19, CCL2Z0,
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CCL2Y, CCL24, CCL2ZS, CCL26, CCR3, CCR4, Cb3, CD19, CD20, CD23, CD24, CD27,
D28, CD38, CD39, CD40, CD70, CD8Y, CDB6, CD122, CD137, CD137L, CD152,
CD154, CD160, CD272, CD273, CD274, CD275, CD276, CD278, CD279, CDHI,
chitinase, CLEC9, CLECO1, CRTH2, CSF-1, CSF-2, CSF-3, CX3CL1, CXCL12,
CXCL13, CXCR3, BNGR-1, ectonucleoside triphosphate diphosphohydrolase 1, EGFR,
ENTPD1, FCERIA, FCERI1, FLAP, FOLHI, Gi24, GITR, GITRL, GM-CSF, HerZ,
HHLAZ2, HMGBI1, HVEM, ICOSLG, IDO, IFNg, IgE, IGFIR, IL2Rbeta, IL.1, IL1A, 1L1B
ILIF10, L2, 104, IL4Ra, ILS, ILSR, 16, IL7, L7Ra, IL8, 119, ILOR, IL10, thiL10, IL12,
.13, IL13Ral, IL13Ra2, IL1S, 117, IL17Rb, T.18, 122, 1123, IL2S, .27, 1133, I35,
ITGB4, ITK, KIR, LAG3, LAMPI, leptin, LPFS2, MHC class I, NCR3LG1, NKG2D,
NTPDase-1, 0X40, OX40L, PD-1H, platelet receptor, PROM1, S152, SISP1, SLC, SPG64,
ST2, STEAPZ, Svk kinase, TACE TDO, T14, TIGIT, TIM3, TLR, TLRZ, TLR4, TLRS,
TLRY, TMEF1, TNFa, TNFRSF7, TpSS, TREMI, TSLP, TSLPR, TWEAK, VEGF,
VISTA, Vstm3, WUCAM, and XCR1.

2

{0031} In another embodiment, the disclosure provides a method of purifving a binding
protein produced by a host cell, comprising:
{a) producing in a host cell & 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:
Vip-Li-Vi-1o-Co (1]
and a second polypeptide chain comprises a structure represented by the formula:
VVHI“LS“VHZ‘LFCHl“hinge“‘CHZ"CHB {H}
and a third polypeptide chain comprises a structure represented by the formula:
Vi-Crn iy
and a fourth polypeptide chain comprises a structure represented by the formula:
Via-Co (v
Vi; 15 a first immunoglobulin light chain variable domain;
Vi 15 a second immunoglobulin light chain varisble domain;
Vi is a third immunoglobulin light chain variable domain;
Vi 18 a first immunogiobulin heavy chain variable domain,
Va2 is a second immunoglobulin heavy chain variable domain;
Vs 19 a third immunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chain constant domain;
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Ci 18 an immunoglobulin Cy; heavy chain constant domain;

Cip 1s an immunoglobulin Cyp heavy chain constant domain;

Cys 1s an immunoglobulin Cys heavy chain constant domain;

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

L1, Lp, L5 and L4 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 only one of the Cyz domain of the second polypeptide
chain and the Cys 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
HU 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 Cys domains
comprising the amino acid substitutions are H435R and Y436F.
{0032} In some embodiments, the Cp, domain of the first polypeptide chain is a human
kappa Cy. 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 hurman lambda C; domain, and
the Cy domain of the fourth polypeptide chain is a human kappa € domain, and the method
further comprises: {d) contacting the binding protein eluted in {c) with a kappa light chain
affinity medium; and () 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. In some embodiments, the method further
comprises, after (e}, (f) contacting the binding protein eluted in {e) with a lambda light
chain atfinity 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 Cy, domains. In some embodiments, the Cp. domain
of the first polypeptide chain is a human kappa Cp domain, and the C, domain of the fourth
polypeptide chain is a human lambda Cy domain; or the € domain of the first polypeptide
chain is a human lambda Cp domain, and the Cy domain of the fourth polypeptide chainis a
human kappa C, 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 fight 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 Cp domains. In
some embodiments, the first polypeptide chain comprises a lambda 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 according to EU Index, wherein the
amino acid substitutions are S354C 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 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 binding protein is detected in one or more of (¢} and (e} using hydrophobic interaction
chromatography (HIC). In some embodiments, the Cyz domains and/or Fe regious of the
second and the third polypeptide chains are human IgGl or 1gG4 Cy; domains and/or Fe
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. 1A-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 (VHI-VH2 and VL2-VL1} forming two antigen
binding sites, and whergin 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. 1B 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. ¥IG. 1€ shows the orientation 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 disciosure) indicates variable domain 1 and variable
domain 2 of light chain B.

{0035} FEG. 2 shows the results of an ELISA assay determining the binding of an anti-
Her2 x CD28 x CD3 IgG4 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-Her2 x CD28 x CD3 IgG4 trispecific antibody (referred to
herein as “Binding protein 17), an anti-CD28 x CD3 IgG4 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
spectfic killing of AUSGS cells. FIG. 3C shows the results of FACS analysis determining
the cell surface expression of the indicated markers on ZR-75-1 and AUS65S cells.

{06637} FIGS. 4 & 5 show the results of antibody-mediated specific killing of Her2"
breast cancer cells using an anti-Her2 x CD28 x CD3 IgG4 trispecific 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-IgG1). FIG. 4 shows the results of antibody-
mediated specific killing of ZR-75-1 cells using human peripheral blood mononuclear cells
(PBMCs) from donor KP45926 at E:T=10. FIG. 5 shows the results of antibody-mediated
specific killing of AUS65 cells using human PBMCs from donor KP45944 at E:T=10.
FIGS. 4 & 5 confirm similar cell killing results as shown in FIGS. 3A-3C using PBMCs
from a different donor.

{0038} 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 tnspecific binding protein lacking the anti-CD28 binding domain
(HER2/ACD28pxCD3mig), anti-Her2 x CD28 x CD3 IgG4 trispecific binding protein
lacking the anti-CD3 binding domain (HER2/CD28,,x ACD344), anti-Her2 x CD28 x CD3
1gG4 trispecific binding protein lacking both anti-CD28 and anti-CD3 binding domains
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{(HER2/A(CD284,,xACD3 )}, controf anti-CD3 monoclonal antibody, or control IgG4
antibody. FIG. 6A shows the activation (CD69") of hurman CD4” T cells from three donors.
FIG. 6B shows the activation (CD697) of human CD8&" T cells from three donors. CD28,
anti-CD28 superagonist antibody. CD3 e anti-CD3 antibody.
{6039] FI1GS. 7TA-C show 1L-2, NFB, and nuclear factor of activated T-celis (NFAT)
pathway activation via anti-CD3 and anti-CD28 signaling, as measured by luciferase assay
using human Jurkat T cells with an [L-2 promoter-luciferase construct (FIG. 7A), an NFcB
promoter-luciferase construct (FEG. 7B), or an NFAT promoter-luciferase construct (FEG.
7C). Auntibodies tested were those described above in reference to FEGS. 6A-6D.
{60640} F1G. 8 shows the results of an ELISA assay determining binding of an anti-
CD19 x CD28 x CD3 I1g(G4 trispecific antibody (referred to herein as “Binding Protein 37},
or isotype control antibedy, to CD3, CD28, and CD19. The bound antibodies were detected
using a horseradish peroxidase (HRP)-conjugated anti-Fab secondary antibody.
{0041} FIGS. 9A-9N show the results of antibody-mediated specific killing of CD19™
human GCB lymphoma cells using an anti-CD 19 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 results 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 donor KP48573 at E:T=10. FIG. 9F shows the results of
antibody-mediated specific killing of human lymphoma KARPASS-422 cells using PBMCs
from donor KP48572 at E:T=10. FIG. 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. 84 shows the results of antibody-mediated specific killing of
Human diffuse large B-cell lymphoma HBL1 cells using PBMCs from donor KP48775 at
E:T=10. FIG. 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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91, shows the results of antibody-mediated specific killing of SUDHLS cells using PBMCs
from donor KP48573 at E:T=10. FIG. 90 shows the results 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 OCI-Ly3 cells
using PBMCs from donor KP48775 at E:'T=10.
{0042} FIG. 18 shows the results of an ELISA assay determining binding of an anti-
CD38 x CD28 x €13 1g(G4 trispecific antibody (Binding Protein 3), or isctype 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-119 show the results of antibody-mediated specific killing of
CD38" human multiple myeloma cancer cells using an anti-CD38 x CD28 x D3 IgG4
trispecific antibody (Binding protein 5}, an anti-CD28 x CD3 1gG4 bispecific antibody
(huCD28 x CD3), an anti-CD38 IgGl antibody, or a control antibody (human-igG1). FIG.
11 A shows the results of antibody-mediated specific killing of MOLP-8 cells using human
PBMC as 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. FI1G.
11C shows the results of antibody-mediated specific killing of KMS-12-BM ceils using
human PBMC as effector cells at E:T=10. FIG. 11D 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} FIGR. 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 IgG4
trispecific antibody (Binding protein 5}, an anti-CD28 x CD3 1g(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., 12A shows the results of antibody-
mediated specific killing of NCI-H929 cells. FIG. 128 shows the results of antibody-
mediated specific killing of MM. 1S cells. FEG. 12C shows the results of antibody-mediated
specific killing of MM 1R cells. FEG, 12D shows the results of FACS analysis determining
the cell surface expression of the indicated markers on NCI-H929, MM. 18, and MM. IR
cells.
j8045] FIGS. 13A-13D 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 §), an anti-CD238 x CD3 IgG4 bispecific antibody
(huCD28 x CD3), an anti-CD38 IgGl antibody, or a control antibody (human-Ig(G1), 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 GPM-2, KMS-26, and U226 cells.
{6646} FIGS. 14A-14C show the results of antibody-mediated specific killing of
CD38" buman lymphoma cancer cells using an anti-CD38 x CD28 x D3 IgG4 trispecific
antibody (Binding protein 5}, an anti-CD28 x CD3 IgG4 bispecific antibody (huCD28 x
CD3), an anti-CD38 IgG1 antibody, or a control antibody (human-Ig(G1), using human
PBMC as effector cells at E:T=10. FIG. 14A shows the results of antibody-mediated
specttic 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.
{0047} 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 5), an anti-CD28 x CD3 IgG4 bispecific antibody (huCD28 x CD3), an
anti-CD38 IgG1 antibody, or a control antibody (human-lg(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.
{0048} FIG. 16 shows the results of antibody-mediated specific killing of CD38”
myeloma cancer cells using anti-CD38 x CD28 x CD3 IgG4 trispecific antibodies (referred
to herein as “Binding protein 57 and “Binding Protein 6,” depending on the specific anti-
CD28 binding domain used), an anti-CD28 x CD3 Ig(G4 bispecific antibody (huCD28 x
CD3), an anti-CD38 IgGl antibody, a control anti-CD38 IgGl antibody, or a control
antibody (human-Ig(G1), using PBMCs from donor PK45926 at E:T=10.
{0049} FIGS. 17A & 178 show H.-2, NF«B, and nuclear factor of activated T-cells
(NFAT) pathway activation via anti-CD3 and anti-CD28 signaling, as measured by
tuciferase assay using human Jurkat T celis with an {L-2 promoter-luciferase construct
(FIG. 17A) ot an NFAT promoter-luciferase construct (FEG. 17B). Antibodies tested were
anti-CD38 x CD28 x CD3 IgG4 trispecific Ig(G4 antibody (Binding Protein 5, labeled as
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“Tri-Ab”), anti-CD38 x CD28 x €03 Ig(4 trispecific lgG4 antibody lacking the CD28
binding domain (labeled as “Tri-Ab (ACD28)), anti-CD38 x CD28 x CD3 1gG4 trispecific
1gG4 antibody lacking the CD3 binding domain (labeled as “Tri-Ab (ACD3)), and anti-
CD38 x CD28 x CD3 IgG4 trispecific IgG4 antibody lacking the CD3 and CD28 binding
domains (labeled as “Tri-Ab (ACD2Z8x ACD3}). Luciferase assays were performed in
duplicate for each of the indicated Tri-Abs.

{0056} 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} in non-huran 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 administering 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. FYG. 18D shows the results of the activation (CDG697) of circulating CD8" T
cells 6 hours post dosing. FEG. 18E shows the inflammatory cytokine release observed 6
hours post administering the anti-Her2 x CD28 x CD3 trispecific antibody at each dosing.
j6051] Fi1GS. 19A-B show the in vivo anti-tumor activity of the anti-Her2 x CD28 x
CD3 1gG4 trispecific antibody (referred to herein as “Binding protein 17) in the CD34”
umbilical cord blood cell humanized NSG mouse model implanted 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. FIG. 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.

{06521 FEGR. 20A-20H show the in vive anti-tumor activity of the anti-Her2 x CD28 x
CD3 1gG4 trispecific antibody {(referred to herein as “Binding protein 17} in the human
PBMCs bumanized NSG mouse model implanted with BT474 cells. F1G. 204 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 conirol, on
the body weight of the mice. FIG. 20B shows the dose-dependent anti-tumor activity of the
anti-Her2 x CD28 x CD3 tnispecific binding protein, Herceptin or indicated controls, as in
individual mice. FI1G. 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, 200 shows the average tumor volume in the mice
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after administration of the indicated concentrations of Herceptin or PBS control. FIG. 20K
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 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. 280G shows the human CD45+, CD3+, CD4+, CD8+ cells in the biood
of the mice at the end of the study. FIG, 20H shows the human CDA45+, CD3+, CD4+
CDB+ cells in the spleens of the mice at the end of the study.

{0053] FIGS, 21A-F show the results of a dose escalation toxicity study using the anti-
D38 x CD28 x CD3 g4 trispecific antibody (Binding protein S) in non~-human primates
{dose escalating from 0.1, 0.5, 2.5, 5, 10, t0 100 ng/kg). FEG. 21 A shows T cell activation
(CD&9™) (line graph) and proliferation (bar graph) of circulating CD4™ T cells after
administration of the anti-CD38 x CD28 x CD3 trispecific antibody. FIG. 21B shows T cell
activation (CD69") (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
L6 release in animals receiving the anti-CD38 x CD28 x CD3 trispecific antibody 6 hours
post each dosing by individual animal. FEG. 21D shows [L.10 release in animals receiving
the anti-CD38 x CD28 x CD3 trispecific antibody 6 hours post each dosing by individual
animal. FIG. 21 shows TNFa release o 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 animal.

HEEREY FI1GS, 22A-22C show the i vive anti-tumor activity of the anti-CD38 x CD28 x
D3 1gG4 trispecific antibody (Binding protein 3) 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. 22A 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 cells in mice administered the
anti-CD38 x CD28 x €3 trispecific binding protein or the indicated controls.

{0055} FIGRS. 23A-~23D show the in vivo activity of the anti-CD38 x CD238 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-C1D38 x CD28 x CD3 trispecific binding protein or PBS control.
FIG. 23B shows the chaoge in tumor volume in mice treated with the indicated
concentrations of the anti-CD38 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. FIG. 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 D3 trispecific binding protein or PBS control.

10056} FIGK. 24 & 25 show the i vivo activation of T cells in the CD34+ umbilical
cord blood celis humanized NSG mouse model by administering an anti-CD38 x CD28 x
CD3 1gG4 trispecific antibody (Binding protein S; triangles), an anti-CD28 x CD3 1gG4
bispecific antibody (squares), or an anti-CD28 1gG4 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.

10057} FIGS. 26A-26C show the in vivo activation of T cells in the CD34+ umbilical
cord blood cells humanized NSG mouse model by administering an anti-CD38 x CD28 x
CD3 1G4 trispecific antibody (Binding protein 5; triangles), an anti-CD28 x CD3 1G4
bispecific antibody (squares), or av anti-CD28 IgG4 antibody (circles) by determining the
serum levels of inflammatory cytokines. FIG, 26A shows the serum levels of IL-2. FIG,
268 shows the serum levels of TNF. FEG, 26C shows the serum levels of IFN-y.

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

{0059] FI1G. 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.

{8061 ] FIG. 29 shows representative chromatograms frorm analytical hydrophobic
interaction chromatography (HIC}, demonstrating that trispecific binding proteins were

distinguishable from mispaired species.
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{6062] FIGS., 38A & 308 show the successful purification of a binding protein with
fambda light chain for CODV arm, kappa light chain for Fab arm, knob mutations on
CODV arm, hole mutations on Fab arm, and RF mutations on Fab arm by Protein A
followed by KappaSelect (GE Healtheare) purification steps. Successful purification of
binding protein from mispaired species was demonstrated by hvdrophobic interaction

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

DETAILED DESCRIPTION

{80663] 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 in 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.

{0865} The term "polynuclectide” 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 ribonucleotides 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 polynucleotide of genomic, cDNA, or
synthetic origin or some combination thereof, which: (1) is not associated with all or a
portion of a polynuclectide in which the isolated polynucleotide is found in nature, (2) is
finked to a polynucleotide to which it is not linked in nature, or (3) does not oceur in nature
as part of a farger sequence.

{00671 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

47



WO 2017/180913 PCT/US2017/027488

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
polynuclectides, lipids, carbohydrates, or other materials with which it is associated in
nature, (5) is not associated (by covalent or noncovalent interaction) with portions of a
polypeptide with which the "isolated polypeptide” is associated in nature, {6} is operably
associated {(by covalent or noncovalent interaction) with a polypeptide with which it is not
associated in nature, or (7) does not occur in nature. Such an isolated polypeptide can be
encoded by genomic DNA, ¢cDNA, mRINA 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).

{0068} Naturally occurring antibodies typically comprise a tetramer. Each 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
specifictty 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 aming acids that typically
is 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 heavy chain immunoglobulin polypeptide includes a variable domain
(V) and three constant domains (Cy;, Cip, and Cys), wherein the Vi domain is at the
amino-terminus of the polypeptide and the Cys dorain is at the carboxyi-terminus, and a
full-length light chain immunogliobulin polypeptide includes a variable domain (V) 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.

{0069} 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, IgD, 1gG, IgA, and IgE respectively. IgG has several
subclasses, including, but not limited to, IgG1, IgG2, Ig(G3, and IgG4. IgM has subclasses
including, but not limited to, [gM1 and IgM2. IgA is similarly subdivided into subclasses
including, but not limited to, IgAl and IgA2. Withio full-length light and heavy chaius, the
variable and constant domains typically are joined by a "J" 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 IMMUNCLOGY (Paul, W, ed., Raven Press, 2nd 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-terruinus to the carboxyl-terminus, both light and heavy chain
variable domains typically comprise the domains FR1, CDR1, FR2, CDR2, FR3, CDR3,
and FR4.

{0070} 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 ef 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 of ., 1989, Narure 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 1.1,
1.2, 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, L Mol Biol 262(5): 732-45; and Lefranc, 2003, Dev. Comp.
Immunol. 277 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
Amtibody Engineering, Vol. 2. Kontermann R, Dibel S, eds. Springer-Verlag, Berin, p.
33-51 (2010). The amino acid sequence of the heavy and/or light chain variable domain
may be also inspected to identity the sequences of the CDRs by other conventional
methods, e.g., by comparison to known aming acid sequences of other heavy and light
chain variable regions to determine the regions of sequence hypervariability. The
numbered sequences may be aligned by eye, or by employing an alignment program such
as one of the CLUSTAL suite of programs, as described in Thompson, 1994, Nucleic Acids
Res. 22: 4673-80. Molecular models are conventionally used to correctly delineate
framework and CDR regions and thus correct the sequence-based assignments.

{60671} The term "Fe" as used herein refers to a molecule comprising the sequence of a
nen-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 scurce 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., lgG, IgA, and IgE) or subclass (e.g, IgG1, 1gG2, 1gG3, IgAl, and
1eGAZ2). One example of a Fe is a disulfide-bonded dimer resulting from papain digestion
of an Ig(z. The term "native F¢" as used herein is generic to the monomeric, dimeric, and
multimeric forms.

{6072} A F(ab) fragment typically includes one light chain and the Vy and Cyy domains
of one heavy chain, wherein the Vy-Cy, heavy 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 Cq; domain.

{6673} 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 forr a F{ab');
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:

Vi-Li-Vi-1a-Cy, HJ
and a second polypeptide chain has a structure represented by the formula:
Va-Ls3-Vip-La-Cuy (]
and a third polypeptide chain has a structure represented by the formula:
R/H,")” CHI EIIH
and a fourth polypeptide chain has a structure represented by the formula:
Vis- CL {1V]
wherein:
Vi1 is a first immunoglobulin light chain variable domain;
Vi 15 a second immunoglobulin light chain variable domain;
Viais a third immunoglobulin light chain variable domain;
Vi 18 a first immunoglobulin heavy chain variable domain;
V18 a second immunoglobulin heavy chain variable domain;
Va3 18 a third immunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chain constant domain;
Cyy 18 an immunoglobulin Cyy; 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 light chain-heavy chain pair.
{0075} A "recombinant" molecule is one that has been prepared, expressed, created, or
isolated by recombinant rueans.
{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 nuclectide sequences encoding polypeptide chains that form such
binding proteins. Yet another embodiment of the disclosure provides host cells that express
such binding proteins (7.e., comprising nucleic acid molecules or vectors encoding

polypeptide chains that form such binding proteins).
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{0077} 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 Vy; and
Y domains, and therefore the order of Vi; and Vi, domains, in the polypeptide chain of
formula 1 or the polypeptide chain of formula H (7 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 derived from Vi and Vi; domains in parent antibodies and placed into
the Vi and Vg positions in the binding protein. Likewise, Vy; 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 focation 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 recogunized by a binding protein, the binding protein is
capable of competing with an intact antibody that recognizes the target antigen.

{06079} The term "Her2" refers to human epidermal growth factor receptor 2 whichisa
member of the epidermal growth factor receptor family.

{0080} "CP3" 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.

{0081} *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] "CD19% 15 cluster of differentiation 19 polypeptide and is focated on B-cells.
{0083] "CD20" is cluster of differentiation 20 polypeptide and is an activated-
glvcosylated phosphoprotein expressed on the surface of B-cells.

{0084} "CB38" is cluster of differentiation 38 polypeptide and is a glycoprotein found
on the surface of many immune cells.

jB085] "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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{60871 “IL-13" is interfeukin 13 and is a 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.

{6089] 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.

{0092} 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 o a binding protein that specifically
binds to three different antigen targets.

{6095] 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. In 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.

{0096} 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 its 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 93% 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-terminal 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 blue or, preferably, silver stain. Isolated binding proteins include the binding
protein in sizu within recombinant cells since at feast one component of the binding
proteint's natural environment will not be present.

5
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{0097} The terms "substantially pure” or "substantially purified" as used herein refer to
a compound or species that is the predominant species present (Z.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 east 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.

{0099} 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 < 107" M.

[0100] The dissoctation constant (Kg) of a binding protein can be determined, for
example, by surface plasmon resonance. Generally, surface plasmon resonance analysis
measures real-time binding uteractions between ligand (a target antigen on a biosensor
matrix) and analyte (a binding protein in solution) by surface plasmon resonance (SPR) using
the BlAcore system (Pharmacia Biosensor; Piscataway, NJ). Surface plasroon 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.

{0161} The term "specifically binds" as used herein refers to the ability of a binding
protein ot 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, 1 x 10 M, 1 x 107 M, 1 x 1079 M, 1 x
101 M, 1 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.

{6162] 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 fight 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 L, 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 oo the light chain between the C-terminus of the Vi and
the N-terminus of the Cy, domain. The heavy chain linkers are known as L;, 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 Cyy; domain.

{3163} The term "vector” as used herein refers to any molecule {e.g., nucleic acid,
plasmid, or virus) that is used to transfer coding information to a host celi. 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 introduction 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 adenc-associated viruses), which serve equivalent functions.
j0104] 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 cell 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 cefl” 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
pUC19. To express a binding protein recombinantly, a host cell is transformed or transfected
with one ot more recombinant expression vectors carrying BNA 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 medium in which the host cells are cultured,
from which medium the binding protein can be recovered.

[0165] 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 example, 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 exogenous DNA has
been introduced uside 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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{0106} The term "naturally occurring” 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 polynucieotide 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-occurring. Stmiladly, "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.
{6107} As used herein, the twenty conventional amino acids and their abbreviations
follow conventional usage. Sterecisomers {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. Examples of unconventional
amino acids include: 4-hydroxyproline, y-carboxvglutamate, e-N, N, N-trimethyllysine, e-N-
acetyllysine, O-phosphoserine, N-acetylserine, N-formylmethionine, 3-methylhistidine, 5-
hydroxylysine, g-N-methylarginine, and other similar amino acids and imino acids (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, He, Phe, Trp, Tyr, Pro;

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

(3} aliphatic: Ala, Gly, le, Leu, Val, Pro;

(4) aliphatic hydrophobic: Ala, He, Leu, Val, Pro;

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

(6) acidic: Asp, Glu;

{7y basic: His, Lys, Arg;

{8} residues that influence chain orientation: Gly, Pro;

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

(10) aromatic hydrophobic: Phe, Trp, Tyr.
{0149} Conservative amino acid substitutions may involve exchange of a member of one
of these classes with another member of the same class. Non-conservaiive substitutions may

involve the exchange of a member of one of these classes for a member from another class.
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{6110} A skilled artisan will be able to determine suitable variants of the polypeptide
chains of the binding proteins 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 iroportant 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 biclogical activity or
for structure may be subject to conservative amino acid substitutions without destroying the
biological activity or without adversely affecting the polypeptide structure.

j0111] 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 wnclude 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 a 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
tymphocevtic leukemia, acute myeloid leukemia, lymphoma, breast cancer such as Her2+
breast cancer, germinal center B-cell lvmpohonia 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” a3 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 coruposition 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 18 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 may 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.
{3116} 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:
Vir-Li-Vi-Le-Co {1
and a second polypeptide chain comprises a structure represented by the formula:
Vai-L3-Vip-La-Cay (1]
and a third polypeptide chain comprises a structure represented by the formula:
7‘V’H’5“CHJ {IH}
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Co {1v]
wherein:
Vi1 is a first immunoglobulin light chain variable domain;
V1218 a second immmunoglobulin light chain varnable domain;
Vi3 is a third immunoglobulin Hight chain variable domain;
Vi is a first immunogiobulin heavy chain variable domain;
Vuz is a second immunoglobulin heavy chain variable domain;
Va3 18 a third immunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chaiu constant domain;
Cu is an immunoglobulin Cyy heavy chain constant domain; and
L1, Lo, Ls and L4 are amino acid linkers;
and wherein the polypeptide of formula I and the polypeptide of formula I form a cross-over

fight chain-heavy chain pair.
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{0118} In one embodiment, the binding protein of the disclesure 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-Vy-1a-Co i
and a second polypeptide chain comprises a structure represented by the formula:
Vir-La-Vi-La-Cm {1
and a third polypeptide chain comprises a structure represented by the formula:
3~Crit {1}
and a fourth polypeptide chain comprises a structure represented by the formula:
Viz-CL (v}

wherein:
Vi is a first immunoglobulin light chain variable domain;
Vi is 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;
Vy3 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;
C 1s an immunoglobulin Cyy heavy chain constant domain; and
Ly, Lo, L3 and Ly are amino acid linkers;
and wherein the polypeptide of formula [ and the polypeptide of formula 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:
Vi-bi-Vi-La-Cy {i]
and a second polypeptide chain comprises a siructure represented by the formula:
Vai-La-Viys-L4-Cri-hinge-Crn-Cys {1}
and a third polypeptide chain comprises a structure represented by the formula:
Vi~ Cen-hinge-Cy;-Cas (1]
and a fourth polypeptide chain comprises a structure represented by the forrula:
Vis-Co v}
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wherein:
Vi1 is a first immunoglobulin light chain variable domain;
Vi is a second immunoglobulin light chain variable domain;
Vi is 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;
Vs ts a third immunoglobulin heavy chain variable domain;
C_ is an immunoglobulin light chain constant domain;
C 18 an immunoglobulin Ciy heavy chain constant domain,
Cu 1s an immunoglobulin Cuy heavy chain constant domain;
Cus 1s an immunoglobulin Cys beavy chain constant domain;

hinge is an immunoglobulin hinge region connecting the Cq; and Cy, domains; and
14, Ly, L5 and L; are amino acid linkers;

and wherein the polypeptide of formula [ and the polypeptide of formula H form a cross-over
light chain-heavy chain pair.
{6120] In one embodiment, the binding protein of the disclesure 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-Vi-1s-Co (]
and a second polypeptide chain comprises a structure represented by the formula:
Vai-L3-Vin-Le-Ca-binge-Cr-Cus LN
and a third polypeptide chain comprises a structure represented by the formula:
w3~ Cen-hinge-Cuz-Cas [T}
and a fourth polypeptide chain comprises a structure represented by the formula:
Vi Co {iV]
wherein:
Vi 18 a first immunoglobulin light chain variable domain;
Vi 18 a second immunoglobulin light chain variable domain;
Vi3 15 a third immunoglobulin light chain variable domain;
Vui is a first immunoglobulin heavy chain variable domain;
Vy; 15 a second immunoglobulin heavy chain variable domain;
Vs is a third immunoglobulin heavy chain variable domain;

Cy s an immunoglobulin light chain constant domain;
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Ci 18 an immunoglobulin Cy; heavy chain constant domain;
Cip 1s an immunoglobulin Cyp heavy chain constant domain;
Cys 1s an immunoglobulin Cys heavy chain constant domain;

hinge is an immunoglobulin hinge region connecting the Cy; and Cy; domains; and
Ly, Ly, Ly and L4 are amino acid linkers;

and wherein the polypeptide of formula I and the polypeptide of formula I form a cross-over
tight 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 distingt 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-Vpo-Lo-Co (]
and a second polypeptide chain comprises a structure represented by the formula:
Vi3-L3-Vis-La-Cp-hinge-Cup-Crz {aj

and a third polypeptide chain comprises a structure represented by the formula:
VVH'_;- Cmnhiﬁgﬁ-CHzf-CHg HH}
and a fourth polypeptide chain coruprises a structure represented by the formula:
Vi (o {v]
wherein:
Vb1 is 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;
Vpz is a variable domain of heavy or light chain of a third immunoglobulin;
Vpy 18 a variable domain of heavy or light chain of a fourth immunoglobulin;
Vi3 is an immunoglobulin heavy chain variable domain;
Vi3 1s an immunoglobulin light chain variable domain;
Cy i3 an immunoglobulin light chain constant domain,;

Cyy 1s an immunoglobulin Cy; heavy chain constant domain;
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Cyz 18 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 Cy, domains; and

Ly, Lo, L5 and L4 are amino acid hinkers;
and wherein the polypeptide of formula | and the polypeptide of formuia I form a cross-over
tight chain-heavy chain pair.
{3123} 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.
{6124} In some embodiments, 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: 2, 4, 10, 14, 18,
22 or 115; and Vi, Viz and Vi, are each independently a variable domain derived from an
amino acid sequence as set forth in any one of SEQID NQOs: 1,3,9,13, 17, 21 0or 114, In
other embodiments, Vi1, 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: 61, 63, 69, 71, 74, 76, 82, 86,
88 or 94; and Vi, Vi and Vs 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 or
93, In other embodiments, Vi1, V2 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 1D 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 1D NOs: 25-42,
120-122. In other embodiments, Vi1, Viz and Vs 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: 61, 63, 69, 71, 74, 76, 82, 86, 88 or 94; and
Vi1, Vap and Vys 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 NQOs: 60, 62, 68, 73, 75, 81, 85, 87 or 93. In some embodiments, Vi, Vip and Vi3
each independently comprise heavy chain complementarity determining regions and/or a
variable domain sequence shown in Tables 2-5.
j6125] In some embodiments, Vi, Vi and Vi each independently comprise a variable
domain sequence as set forth in any one of SEQ ID NOs:169, 171, and 173; and/or Yy, Vo,
and VY3 each independently comprise a variable domain sequence as set forth in any one of
SEG 1D 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 NOs: 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 ID
NOs: 129-137. In some embodiments, Vi, Vi, 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, 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 NQOs: 43-59, 123-125, 138-140, and 149; and/or Va1, YV 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 13 NQOs: 25-42,
120-122, and 126-128. In some embodiments, Vi1 Vi and Vi; each independently comprise
light chain complementarity determining regions and/or a variable domain sequence shown in
Tables 2-5.
j0126] In particular embodiments, the order of the Vi and Vi domains, and therefore
the order of Vi, and Vi, domains, in the polypeptide chain of formula T or the polypeptide
chain of formula H (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 CIDRs 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
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 1D NO: 3; the
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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
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 1; and the fourth polypeptide chatn comprises the amino acid sequence of SEQ
> NO: 2 or an amino acid sequence that is at least 95% ideatical 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 is at least 95% identical to the
amino acid sequence of SEQ D 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 1D NO: 9 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 NG: 1 or an amine
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NG: 1
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
1D NO: 2 or an amino acid sequence that is at least 95% identical to the amino acid sequence
of SEQ ID NO: 2 optionally comprising CDRs that are 100% identical to the CDRs of the
polypeptide chain of SEGQ 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 D NG: 4 optionally comprising CDRs that are 100% identical
to the CE3Rs of the polypeptide chain of SEQ 113 NO: 4; the second polypeptide chain
comprises 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 ID NG 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 I NO: 13
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ 1D 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 ID NG: 14.
10130} In some embodiments, 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 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 113 NO: 9 or an amino acid sequence that is at
feast 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 NO: 13
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEG 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 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ 1D NO: 14
{0131} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ 1D NO: 4 or an amino actd 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 13 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 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 [D NOG: 17
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ I3 NO: 17; and the fourth polvpeptide 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
10132] 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 1D NO: 10 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ [D NO: 10; the second polypeptide chain
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comprises the amino acid sequence of SEQ ID NO: 9 or an amino acid sequence that is at
least 95% i1dentical 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 I3 NO: 9; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 17 or an amino
actd sequence that is at least 95% identical to the amino acid sequence of SEQ 1D 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.
{3133} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ 1D NG: 4 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NG: 4 optionally corprising 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 actd sequence that is at
least 95% identical to the amino acid sequence of SE{Q II> NO: 3 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NG: 3; the
third polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 21 or an amino
actd sequence that is at least 95% identical to the amino acid sequence of SEQ [D 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
D 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 1D NG: 22
{0134} In some embodiments, 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 ID NG 10 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID NQO: 10; the second polypeptide chain
comprises the amino acid sequence of SEQ I NO: 9 or an amino acid sequence that is at
least 95% identical to the amino acid sequence of SE(} 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: 21 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ D NG: 21
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
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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 1D NO: 22 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ 1D NO: 22.

{6135] 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 1D 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 NO: 62 or an amino acid sequence that is at
teast 95% identical to the amino acid sequence of SEQ ID NO: 62 optionally comprising
CDRs that are 100% identical to the CDRGs of the polypeptide chain of SEQ 1D NG 62; the
third polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 60 or an amine
actd sequence that is at least 95% identical to the amivno 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 polvpeptide 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 Jeast 95% identical to the
amino acid sequence of SEQ ID NO: 69 optionally comprising CDRs that are 100% identical
to the CDR3s 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
CDRas 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: 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% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NO: 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% identical to the amino acid
sequence of SEQ 1D NO: 61 optionally comprising CDRs that are 100% tdentical to the
CDRs of the polypeptide chain of SEQ [ NO: 61.

{6137} In some embodiments, the first polypeptide chain comprises the arvino acid
sequence of SEQ D NO: 69 or an amino acid sequence that is at least 95% identical to the
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amino acid sequence of SEQ ID NO: 69 optionally comprising CDRs that are 100% identical
to the CBRs 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
least 93% identical to the arnino acid sequence of SEQ ID NO: 68 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEGQ 1D NO: 68; the
third polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 60 or an amine
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 60
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEG 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 D NG: 71 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 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 CERs of the polypeptide chain of SEQ [D 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 amine 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 D NO: 73
optionally comprising CDRs that are 100% identical 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 CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 74.

{6139} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NQO: 82 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SE(Q 1D NO: 82 optionally comprising CDRs that are 100% identical
to the CERs of the polypeptide chain of SEQ [ NO: 82; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NGO: 81 or an amino acid sequence that is at
feast 95% identical to the aming acid sequence of SEQ ID NO:81 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ 1D NO: 81; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 73 or an amino
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acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 73
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEG ID NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
1D 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% 1dentical to the
CDRs of the polypeptide chain of SEGQ 1D NO: 74,

{3146} 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 CBRs of the polypeptide chain of SEQ ID NO: 88; the second polypeptide chain
comprises the amino acid sequence of SEQ 1B NO: 87 or an amino acid sequence that is at
least 95% identical to the amino acid sequence of SEQ D 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
SEG ID NO: 85; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
1 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 ID NG: 86.

{0141} In some embodiments, 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 D NO: 94 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID NO: 94; the second polypeptide chain
comprises the amino acid sequence of SEQ 1D NO: 93 or an amino acid sequence that is at
feast 95% identical to the amino acid sequence of SEQ ID NO: 93 optionally comprising
CIDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ 1D NG: 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 ID NO: 85
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ 1D 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.
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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 to the
amino acid sequence of SEQ D 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 D NG: 68 or an amino acid sequence that is at
feast 95% identical 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 1D NO: 68; 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 ID 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 amino acid sequence of SEQ
1D 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 D NO: 74.

{0143} 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 ID 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 ID NO: 68; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NGO: 85 or an amino
actd 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 D NO: 86.

{0144} In some embodiments, 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 NG: 63 optionaily 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 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 I NO: 73
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ I3 NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
1D NG: 74 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ 1D NG: 74 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ 1D NO: 74.

{0145} 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 D NG 63 optionally comprising CDRs that are 100% identical
to the CORs of the polypeptide chain of SEQ [ NO: 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 ID NO: 62 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NG: 62; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 85 or an amino
acid sequence that is at least 953% identical to the amino acid sequence of SEQ ID NO: 85
optionally comprising CDRas that are 100% identical to the CDRs of the polypeptide chain of
SEQ 1D 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 SEQ [D NO: 4 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ 1D NG: 4 optionally comprising 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 I 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
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ T 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 NG: 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
SEG 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 NO: 115,
10147} In some embodiments, 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 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 113 NO: 9 or an amino acid sequence that is at
feast 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% ideutical to the amino acid sequence of SEQ ID NO: 114
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEG ID NO: 114; and the fourth polypeptide chain comprises the amino acid sequence of
SEQ 1D NO: 115 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ D NO: 115 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 115,
{0148} In other embodiments, 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 target proteins, wherein a first
polypeptide chain has a structure represented by the formula:
Via-by-Viy-La-C, (]
and a second polypeptide chain has a structure represented by the formula:
Vin-Ls-Vip-Ls-Ci-hinge-Cyp-Crps (hole)  [1I]
and a third polypeptide chain has a structure represented by the formula:
Vi3-Cuy-hinge-Crz-Cus (knob) [HI]
and a fourth polypeptide chain has a structure represented by the formula:
Vis-Co (v
wherein:
Vi is a first immunoglobulin light chain variable domain;
V12 is a second immunoglobulin light chain variable domain;
Vs is a third immunoglobulin light chain variabie domain;
Vi is a first immunoglobulin heavy chain variable domain;
Vi 19 a second immunoglobulin heavy chain variable domain;
Vi 18 a third immunoglobulin heavy chain variable domain;
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(. is an immunoglobulin light chain constant domain;
Cy 1s an immunoglobulin Cyy heavy chain constant domain; and
Ly, L5, L5 and L, are amino acid linkers;
and wherein the polypeptide of formula [ and the polypeptide of formula H form a cross-over
light chain-heavy chain pair.
{0149} In other embodiments, 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) 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;
Vii-L3-Va-Ls-Cyui-hinge-Cip-Cas (hole)  [H]
and a third polypeptide chain has a structure represented by the formula:
Vis-Cri-hinge-Crp-Cys (knob) [HH]
and a fourth polypeptide chain has a structure represented by the formula:
Vis-CL (Vi
wherein:
Vi1 s a first immunogliobulin light chain variable domain,
Vi is a second immunoglobulin light chain variable domain;
Vi1 15 a third immunoglobulin light chain variable domain;
Vi 18 a first immunoglobulin heavy chain variable domain;
Vi 15 a second immunoglobulin heavy chain variable domain;
Vs is a third immunoglobulin heavy chain variable domain;
Cy 1s an immunoglobulin light chain constant domain;
Cy 1s an immunoglobulin Cyy heavy chain constant domain; and
Ly, Lo, L5 and Ly are amino acid linkers;
and wherein the polypeptide of formula [ and the polypeptide of formula H form a cross-over
light chain-heavy chain pair.
[0150] 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 forr 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,, Cyy, and/or Cyz domain(s) (such as those including a modification
described herein). In some emboduments, 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 ditferent, e.g.,
having different C; domains {such as those including a modification described herein, and/or
lambda vs. kapp Co 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 NO: 150, and/or a light chain variable domain
comprising an amino acid sequence that is at least 95%, at least 965, at least 97%, at least
98%, at least 99%, or 100% identical to SEQ 1D NO: 151, optionally comprising CDRs that
are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 151, Insome
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 feast
5%, 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 polvpeptide
chain of SEQ I3 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%
wdentical to SEQ 1D NO: 153, optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ 1D NO: 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 1D NO:154, opticnally comprising CDRs
that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NG: 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% identical to SEQ ID NO: 155,
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 155, Tu some embodiments, 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%
identical 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 is at [east 95%, at least 96%, at least
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
feast 95%, at least 96%, at least 97%, at least 98%, at feast 999, or 100% identical to SEQ ID
NO:158, optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide
chain of SEQ 1D NO: 158, 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 D 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 least 99%, or 100% identical to SEQ ID NO:160, optionally comprising CDRs
that are 100% identical to the CDRs of the polypeptide chain of SEQ 1D NG: 160, and/or a
tight chain variable domain comprising an amino acid sequence that is at least 95%, at least
96%, at feast 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 NG:162, optionally comprising CDRs that are 100%
identical to the CDRs of the polypeptide chain of SEQ ID NG: 162, and/or a light chain
variable domain comprising an amino acid sequence that is af least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% identical to SEQ ID NO: 163, optionally comprising
CDRs 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 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
NG: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 ID 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 1D 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% identical to SEQ D N(O: 167,
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ 1D 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 SEQ ID NO: 168, 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:169, optionally comprising
CIDRs that are 100% identical to the CDRs of the polypeptide chain of SEGQ ID NG: 169, In
some embodiments, a binding protein of the present disclosure comprises an antigen binding
site coruprising 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 1D 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% identical 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 is at least 95%, at least 96%, at least 97%, at
feast 98%, at least 99%, or 100% identical to SEQ 1D NO:172, optionally coroprising 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 least 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 ID NO: 173,
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{0152} 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 less than or
equal to 1pM, 5000M, 100nM, 50nM, 10nM, SnM, 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 CD8 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 i vitro cell killing and T cell activation assays are known in the art. For
example, in some embodiments, in vitro 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. Exemplary cytokine
release assays are known in the art. For example, in some embodiments, cytokine release is
assayed using the techniques described in Example 1.

{0155} 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 ervbodiments, 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 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 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 CB28, respectively. In some some embodiments, the first and second antigen
binding sites specifically bind a 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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{0156} 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
specifically binds C128, and a third antigen binding site that specifically binds an antigen
target or target protein. fn 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
specifically binds CD28, 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 CD?3, a second antigen binding site that
specifically binds hurnan 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 infia.

{6157} In some embodiments, the antigen binding site that specifically binds CD3
comprises a heavy chain variable domain comprising the amine acid sequence of SEQ ID
NO: 152 and a light chain variable domain comprising the amino acid sequence of SEQ ID
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. o 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 specifically binds CD3 comprises (i)
three heavy chain CDRs of SEQ D Nos. 34, 35 and 36, respectively, and three light chain
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CDRs of SEQ 1D 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 C23 is
part of a polypeptide chain comprising the amino acid sequence of SEQ 1D NO:3 or an amivo
actd 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
acid sequence that is at least 95% identical to the amino acid sequence of SEQ D NG:4
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO 4.

{0158} In some embodiments, the antigen binding site that specifically binds CD28
comprises a heavy chain variable dorvain 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 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, 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. 46, 47 and 48, respectively; or (ii) three heavy chain CDRs of SEQ 1D
Nos. 31, 32 and 33, respectively, and three light chain CDRs of SEQ ID 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 1D NO:3 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ 13 NOG: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 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 ID
NO:4 optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide
chain of SEQ 1D NO:4.

{0159] 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
specifically binds CI228, 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:
e 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 {ii) 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; and
e 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 1D Nos. 46, 47 and 48, respectively; or (i1} three heavy chain CDRs of SEQ ID
Nos. 31, 32 and 33, respectively, and three light chain CDRs of SEQ ID Nos. 49, 50
and 51, respectively; and
s 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.

{0160} 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 1D NO: 156 and a light chain variable domain comprising the amino 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
SEGQ ID NO: 159; a heavy chain variable domain comprising the amino acid sequence of
SEQ 1D NO: 164 and a light chain variable domain comprising the amino acid sequence of
SEQ 1D NO: 165; a heavy chain variable domain comprising the amino acid sequence of
SEQ 1D NO: 150 and a light chain variable domain comprising the amino acid sequence of
SEGQ ID NO: 151; or a heavy chain variable domain comprising the amino acid sequence of
SEG ID NO: 166 and a light chain variable domain corprising 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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{0161} 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:
Vig-Ea-Vi Lo-Co (i
and a second polypeptide chain comprises a structure represented by the formula:
Vi-Ls-Vi-La-Cri-hinge-Cup-Crz - [H]

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

\’Hg—Cmmhingequ-Cm HH]
and a fourth polypeptide chain coruprises a structure represented by the formula:
Via-Cr [vi

wherein:

Vi is 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;

Vi 18 a first immunoglobulin heavy chain variable domain;

Vs a second immunoglobulin heavy chain variable domain;

Vi3 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;

Cyp 1s an immunoglobulin Cyp heavy chain constant domain;

Cus is an immunoglobulin Cys heavy chain constant domain;

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

L1, Ly, L5 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:

Vi1, Vipand Vs each independently comprise a variable domain sequence as set forth
in any one of SEQ 1D NQOs:169, 171, and 173; and

wherein:

Vi1, Ve, and Vuz each independently comprise a variable domain sequence as set
forth in any one of SEQ 1D N(Os:168, 170, and 172.
{0162} 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:
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Vip-Li-Vido-Co [

and a second polypeptide chain comprises a siructure represented by the formula:
V}—H"LT‘V'Hz"LerH1"hiﬂg€"C[—12“CH3 [Hj

and a third polypeptide chain comprises a structure represented by the forroula:
Vis-Cri-binge-Cap-Cis [HEE]

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

wherein:

Vit is 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 is a first immunoglobulin heavy chain variable domain;

Vi i8 a second imnmunoglobulin heavy chain variable domain;

Vs is a third immunoglobulin heavy chain variable domain;

Cy is an immunoglobulin light chain constant domain;

Cy 1s an immunoglobulin Ciy heavy chain constant domain;

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

Cus 18 an immunogiobulin Cy; heavy chain constant domain,

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

L1, La, Lz and Ly are amino acid linkers;

wherein the polypeptide of formula { and the polypeptide of formula 1 form a cross-
over light chain-heavy chain pair;

wherein:

Vi Vip and Vi 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; and

wherein:

Vi, Vi and Vs each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SEQ ID NQOs: 129137,

{8163} 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 represenied by the formula:

Vio-Li-Vi La-Ce {f]

o]
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and a second polypeptide chain comprises a structure represented by the formula:
Vai-La-Vir-La-Cri-hinge-Cin-Crs {1}
and a third polypeptide chain comprises a structure represented by the formula:
Vaz-Ca-hinge~-Ciyp-Cus {1}
and a fourth polypeptide chain comprises a structure represented by the formula:
Via-Cr [IV]
wherein:
Vi 18 a first immunoglobulin light chain variable domain;
V12 is a second immunoglobulin light chain variable domain;
Vi3 is a third immunoglobulin light chain variable domain;
Vi 18 a first immunogiobulin beavy chain variable domain;
Vyz is a second immunoglobulin heavy chain variable domain;
V3 is a third immunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chain constant domain;
Cyy is an immunoglobulin Cy; heavy chain constant domain;
Cypz 1s an immunoglobulin Cyp heavy chain constant domain;
Cgs 1s an immunoglobulin Cys heavy chain constant domain;
hinge is an immunoglobulin hinge region connecting the Cy; and Cy; domains; and
L1, Ly, L5 and Ly are amino acid linkers;
wherein the polypeptide of formula 1T and the polypeptide of formula I form a cross-
over light chain-heavy chain pair;
wherein:
Vi1, Viz and Vi3 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
wherein:
Vi, Vi, and Vaz each independently comprise a variable domain sequence as set
forth in any one of SEQ ID N(Os: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:
Vig-Ei-Vila-Co i
and a second polypeptide chain comprises a structure represented by the formula:
Vin-L3-Vip-Lg-Ciy-hinge-Cp-Cis {fj
and a third polypeptide chain comprises a structure represented by the formula:
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Vigs-Crp-hinge-Crp-Cigs i}
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cp v}

wherein:

Vi1 is a first immunoglobulin light chain variable domain;

Vi, 15 a second immunoglobulin light chain variable domain;

Vi3 is a third immunoglobulin light chain variable domain;

Vi 15 a first immunoglobulin heavy chain variable domain;

Vi i3 a second immunoglobulin heavy chain variable domain;

Vuzis a third immunoglobulin heavy chain variable domain;

Cy s an immunoglobulin light chain constant domain;

Cygy 1s an immunoglobulin Cyy heavy chain constant domain;

Cyqy 18 an immunoglobulin Cyp heavy chain constant domain,

Cys 18 an immunoglobulin Cys heavy chain constant domain;

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

Ly, L2, L3 and L4 are amino acid Hnkers;

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

wherein:

Vi, Voo and Viz 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:

Vi, YV 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 embodinents, a binding protein of the present disclosure 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 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 {2} 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 corprising the amino acid sequence of SEQ ID NO: 152 and a light chain variable
domain comprising the amino acid sequence of SEQ 1D 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 amine acid sequence of SEQ 1D NO: 155, {ii1) a heavy chain variable
domain comprising a CDR-H1 comprising the amino acid sequence of SEQ ID NO:34, a
CDR-H2 comprising the amino acid sequence of SEQ [13 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 D NO:53, and a CDR-L3 comprising the amino acid sequence
of SEQ 1 NG:54, 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 ID NG:35, and a CDR-H3 comprising the amine acid sequence of SEQ 1D NG:36,
and a light chain variable domain comprising a CDR-LT comprising the amino acid sequence
of SEQ ID NG: 149, a CDR-L2 comprising the amino acid sequence of SEQ ID NO:53, and a
CDR-L3 comprising the amino acid sequence of SEQ I3 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
NO: 160 and a light chain variable domain comprising the amino acid sequence of SEQ ID
NO: 161, (i1) a heavy chain variable domain comprising the amine acid sequence of SEQ 1D
NO: 162 and a light chain variable domain comprising the amino acid sequence of SEQ 1D
NO: 163, (iit) a heavy chain variable domain comprising a CDR-H1 comprising the amino
actd 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, and a light
chain variable domain comprising a CDR-L1 comprising the amino acid sequence of SEQ ID
NGO: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, 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 NQG:32, and a CDR-H3 comprising the amino
acid sequence of SEQ D NO:33, and a light chain variable domain comprising a CDR-L1
comprising the amino acid sequence of SEQ ID NG: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
1D NO:5T; 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 N(O:4 or 10, a second
polypeptide chain corprising the amino acid sequence of SE(Q 1D NO:3 or 9, and a third and
a fourth polypeptide chain, wherein the third and fourth polypeptide chains form an antigen
binding domaiuo 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 CD3
or CD28 binds an antigen target selected from AZAR, APRIL, ATPDase, BAFF, BAFFR,
BCMA, BlyS, BTK, BTLA, B7DC, B7HI, B7H4 (also known as VTCNI1}, B7HS, B7HS,
B7H7, B7RP1, 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}3, CCLS (also known as mep-2), CCL11 (also known as ectaxin), 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-
23, CCL25 (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, CH39, CD40,
CD70, CDS8O (also known as B7-1), CD86 (also known as B7-2), CD122, CD137 (also
known as 41BB), CD137L, CD152 (alsc 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), CID3278 {also knowa as ICOS), CD279 (also
known as PD-1), CDHI1 (also known as E-cadherin), chitinase, CLECS, CLEC91, CRTH2,
CSF-1 (also known as M-CSF), CSF-2 {also known as GM-CSF), CSF-3 (also known as
GCSFy, CX3CL1 (also known as SCYD1), CXCL12 {(also known as SDF1), CXCL13,
CXCR3, DNGR-1, ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPDI,
FCERIA, FCER], FLAP, FOLH]1, Gi24, GITR, GITRL, GM-CSF, Her2, HHL A2, HMGB1,
HVEM, ICOSLG, IDO, IFN, IgE, IGFIR, IL2Rbets, IL1, IL1A, IL1B, IL1F10, IL2, 1L4,
HL4Ra, ILS, JLSR, 16, IL7, 1L 7Ra, 1L8, L9, ILOR, H.10, ¢hiL10, 112, 1113, IL13Ral,
IL13Ra2, IL15, IL17, IL17Rb (also known as a receptor for 1L.25), IL18, IL22, TL.23, 1125,
H.27, .33, 1135, ITGB4 (also known as b4 integrin}, ITK, KIR, LAG3, LAMPI, leptin,
LPFS2, MHC class II, NCR3LGI, NKG2D, NTPDase-1, 0X40, OX40L, PD-1H, platelet
receptor, PROM, S152, SISP1, SLC, SP(G64, ST2 (also known as a recepior for L33},
STEAP2, Syk kinase, TACL TDO, T14, TIGIT, TIM3, TLR, TLR2, TLR4, TLRS, TLRY,
TMEF1, TNFa, TNFRSF7, TpSS, TREMI, TSLP (also known as a co-receptor for 1L7Ra),
TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1 (also known as
GPRS/CCXCR1).
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{0166} In some embodiments, Vy, comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NQO: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 ID NG 47, and a CDR-L3 comprising the
amino acid sequence of SEQ [D NO:48; Vi, comprises a COR-HI 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 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 D NG:54; Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ [ 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; and Vi;
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D N(G:43, a COR-L2
comprising the amino acid sequence of SEQ ID NO:44, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO:45.
{0167} In some embodiments, Yy, comprises a CDR-HI comprising the amino acid
sequence of SEQ 1D N34, a CDR-HZ comprising the amino acid sequence of SEQ 1D
O35, 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(G:52, a CDR-L2
comprising the amino acid sequence of SEQ ID NO:53, and a CDR-L3 comprising the amino
actd sequence of SEGQ ID NG54, 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 [D
NO:26, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG.27; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N(O:43, 3 CDR-L2
comprising the amino acid sequence of SEQ ID NG:44, and a CDR-L3 comprising the amino
actd sequence of SEQ 1D NO4S; Vs comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID 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 Vi3
comprises a CDOR-L1 comprising the amino acid sequence of SEQ ID NO:43, 3 COR-L2
comprising the amino acid sequence of SEQ ID NO:44, and a CDR-L3 comprising the amino
actd sequence of SEQ ID NO:45.
{0168] In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ 1D NG:31, a CDR-H2 comprising the amino acid sequence of SEQ 1D
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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 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
actd sequence of SEQ ID NO:S1T; Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ 1D 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 NG:36; Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:52, 3 CDR-L2
comprising the amino acid sequence of SEQ ID NO:S3, and a CDR-L3 comprising the amino
actd sequence of SEQ ID NG54, Vs 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
N(:26, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:27; and Vis
comprises a CDOR-L1 comprising the amino acid sequence of SEQ ID NO:43, a COR-L2
comprising the amino acid sequence of SEQ ID NG44, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NO:45.

{0169} In some embodiments, Vy, comprises a CDR-HI comprising the amino acid
sequence of SEQ [D 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 ID NG:30; Vi,
comprises a CBR-L1 comprising the amino acid sequence of SEQ 1D NO: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 1D NO:48; Vi coruprises a CDR-HI comprising the amino
acid sequence of SEQ 2 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 NO:36; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:52, a COR-L2
comprising the amino acid sequence of SEQ ID NO:33, and a CDR-L3 comprising the amino
acid sequence of SEQ D NO:54; Vi comprises a CDR-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 SEQ ID NO:39; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG5S, a CDR-L2
comprising the amino acid sequence of SEQ ID NQG:36, and a CDR-L3 comprising the amino
acid sequence of SE( 2 NG:57.

6176} In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ [D NO: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 ID NO:33; Vi,
comprises a CDR-L1 comprising the aming acid sequence of SEQ ID N(G:49, a CDR-L2
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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 CDR-H1 comprising the amino acid
sequence of SEQ [2 NG: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 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
acid sequence of SEQ B2 NO:534; Vyz comprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D NG:37, s CDR-HZ 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 Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:55, a COR-L2
comprising the amino acid sequence of SEQ 1D NG:56, and a CDR-L3 comprising the amino
acid sequence of SEQ H) NG:57.

{0171} In some embodiments, Vg comprises a CDR-HI 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 NO:30; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N(:46, 3 CDR-L2
comprising the amino acid sequence of SEQ ID NG: 47, and a CDR-L3 comprising the
amino acid sequence of SEQ D NO:48; Vi, comprises a CBR-H1 comprising the amino
actd sequence of SEQ ID NO:34, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:3S, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:36; Vi,
comprises a COR-L1 comprising the amino acid sequence of SEQ ID N(O:52, 3 CDR-L2
comprising the amino acid sequence of SEQ ID NG:53, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NO:34; Vi3 comprises a CDR-H1 comprising the amino acid
sequence of SEQ D NG:40, a CDR-H2 comprising the amino acid sequence of SEQ 1D
N(»:41, and a CDR-H3 comprising the amino acid sequence of SEQ 1D N(:42; and Vi
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 N(:44, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NO:59.

{0172} In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ [ NG:31, a CDR-HZ comprising the amino acid sequence of SEQ ID
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 NG:49, a COR-L2
comprising the amino acid sequence of SEQ ID NO:30, 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 NQO: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 1D NO:36; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:52, a COR-L2
comprising the aruino acid sequence of SEQ ID NG:S3, 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 ID N(O: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 1D NO:42; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:58, a CDR-L2
comprising the arnino acid sequence of SEQ ID NG:44, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NO:59,
{6173} In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ [ 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 1D NCG:46, a COR-L2
comprising the amino acid sequence of SEQ ID NO: 47, and a CDR-L3 comprising the
amino acid sequence of SEQ I3 NO:48; Vi, comprises a CDR-H1 comprising the amino
acid sequence of SEQ 1D NG:34, a CDR-HZ 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 ID NG:52, a COR-L2
comprising the amino acid sequence of SEQ 1D NQO:53, and a CDR-L3 comprising the amino
acid sequence of SEQ 2 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
NO:127, and a CDR-H3 comprising the amino acid sequence of SEQ D NO:128; and Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:138, a CDR-L2
comprising the amino acid sequence of SE(Q 1D NC:139, and a CDR-L.3 comprising the
amino acid sequence of SEQ ID NG:140.
{0174} In some embodiments, Vy, comprises a CDR-HI comprising the amino acid
sequence of SEQ ID NO:31, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NG:32, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:33; Vi,
comprises a CDOR-L1 comprising the amino acid sequence of SEQ ID NO:49, 3 COR-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 CDR-H1 comprising the amino acid
sequence of SEQ [D NG: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 1D NO:36; Vi,
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comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NG:52, a CDR-L2
comprising the amino acid sequence of SEQ 1D NQ:53, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NG54, Vi3 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
NG:127, and a CBR-H3 comprising the amino acid sequence of SEQ 1D NG:128; and Vs
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:138, a CDR-L2
comprising the amino acid sequence of SEQ 1D NG 139, and a CDR-L3 comprising the
amino acid sequence of SEQ D NG:140.
{0175} In some embodiments, Vi comprises a CDR-HI1 comprising the amino acid
sequence of SEQ ID 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 NO:134; Vi,
comprises a CDOR-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-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 CIPR-H3 comprising the amino acid sequence of SEQ D 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; Vy; comprises a COR-H1 comprising the amino
acid sequence of SEQ 1D 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 NO: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 NO:178, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NG:142.
8176} In some embodiments, Vi comprises a CDR-HT comprising the amino acid
sequence of SEQ D NG: 135, a CDR-HZ 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 1D NQ:146, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NG:147; Vuy 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 NG:133, and a CDR-H3 comprising the amino acid sequence of SEQ D NO:134; Vi,
comprises a CDR-L1 comprising the amivo acid sequence of SEQ ID NO:143, a CDR-L2
comprising the amino acid sequence of SEQ 1D NG:179, and a CDR-L3 comprising the
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amino acid sequence of SEQ D NO:144; Vi3 comprises a CDR-HI1 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 ID NO:131; and 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 NG: 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 1D 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; 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 NO: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NG:147; Vg, comprises a CDR-HI comprising the amino
actd 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 1D 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 SE(Q 1D NO:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NGO:144; Vg3 comprises a CDR-HI comprising the amino
actd sequence of SEQ 1D 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 NO:131; and Vi3
comprises a CDR-L1 comprising the amivo 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
amino acid sequence of SEQ ID NO: 142,

{0178} In some embodiments, Vy, comprises a CDR-HI comprising the amino acid
sequence of SEQ 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 SEQ ID N{: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; Vy; 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 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 1D NO:142; Vy; comprises a CDR-HI comprising the amino
acid sequence of SE(} 2 NO:135, a CDR-HZ comprising the amino acid sequence of SEQ
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1D NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ 1D 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 1D N(G:146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO: 147
{6179] In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ D NO:129, a CDR-H2 comprising the amino acid sequence of SEQ 1D
N(: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 arino acid sequence of SEQ ID NG:178, and a CDR-L3 comprising the
amino acid sequence of SEQ D NO:142; Vy, comprises a CDR-H1 comprising the amino
acid sequence of SEQ BD NG 132, a CDR-H2 comprising the amino acid sequence of SEQ
1D NO:133, and a COR-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; Vy; comprises a CDR-HI comprising the amino
acid sequence of SEQ 1D NO:135, a CDR-HZ 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 CBR-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 1D NG:147.
{0186} In some embodiments, Vg comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NGO: 135, a CDR-H2 comprising the amino acid sequence of SEQ 1D
WNO:136, and a CDR-H3 comprising the amino acid sequence of SEQ D 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 SE(Q 1D NC: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 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; Vi,
comprises a CDR-L1 comprising the amivo acid sequence of SEQ ID NO:141, a CDR-L.2
comprising the amino acid sequence of SEQ D NG:178, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:142; Vs comprises a CDR-HI comprising the amino
actd 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 1D NO:134; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEGQ 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 D NO:144.

{0181 In some embodiments, Vi comprises a COR-HI comprising the amino acid
sequence of SEQ ID NOG: 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 1D NG: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 1D NG 178, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:142; Vg, 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 armivo acid sequence of SEQ ID NG 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-HI coroprising the amino
actd 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 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 1D NO: 144,

{0182} In some embodiments, Vy, comprises a CDOR-HI comprising the amino acid
sequence of SEQ D NG:135, a CDR-H2 comprising 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 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, 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
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 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 1D NO:144; Vi comprises a CDR-HI comprising the amino
acid sequence of SEQ 1D NO:135, a CDR-HZ comprising the amino acid sequence of SEQ
D NG: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 NG:145, a CDR-L2
comprising the amino acid sequence of SEQ 1D NQ:146, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NG:147.
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{0183} In some embodiments, Vy, comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NQC:135, a CDR-H2 comprising 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 1D 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 D NO: 147, 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
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 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 NG 144; Vi comprises a CDR-HI comprising the amino
acid sequence of SEQ H) NG: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 1D NO:134; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:143, a CDR-L2
comprising the amino acid sequence of SEQ ID NO:179, and a CDR-L3 comprising the
amine acid sequence of SEQ 1D NG 144,
{0184} In some embodiments, Yy, comprises a CDR-HI comprising the amino acid
sequence of SEQ 1D NO:132, a CDR-H2 comprising the amino acid sequence of SEQ 1D
WNO:133, and a CDR-H3 comprising the amino acid sequence of SEQ D 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 ID NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144; Vip comprises a CDR-HI corprising 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; 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 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: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 CDOR-L1 comprising the aming 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,
{B135] In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ 1D NG:132, a CDR-H2 comprising the amino acid sequence of SEQ ID
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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 NG: 143, a CDR-L2
comprising the amino acid sequence of SEQ 1D NG:179, and a CDR-L3 comprising the
amivo acid sequence of SEQ ID NO:144; Vi, comprises a CDR-HI coroprising the amino
actd 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; 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: 1446, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:147; Vi comprises a CDR-HI coroprising the amino
actd 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; and Vi3
comprises a CDOR-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 D NO: 144,
{0136} In some embodiments, Vy, comprises a CDR-HI comprising the amino acid
sequence of SEQ [D 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 ID NG:30; Vi,
comprises a CBR-L1 comprising the amino acid sequence of SEQ 1D NO: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 1D NO:48; Vi coruprises a CDR-HI comprising the amino
acid sequence of SEQ 2 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 NO:36; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:52, a COR-L2
comprising the amino acid sequence of SEQ ID NO:33, and a CDR-L3 comprising the amino
acid sequence of SEQ D NO:54; Vi comprises a CDR-H1 comprising the amino acid
sequence of SEQ D 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 NG: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 1D NQ:124, and a CDR-L3 comprising the
amino acid sequence of SEQ D NG:125.
j6187] In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ [D NO: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 ID NO:33; Vi,
comprises a CDR-L1 comprising the aming acid sequence of SEQ ID N(G:49, a CDR-L2
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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 CDR-H1 comprising the amino acid
sequence of SEQ [2 NG: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 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
acid sequence of SEQ B2 NO:534; Vyz comprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D NG: 120, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:121, and a CBR-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 N(G:123, a CDR-L.2
comprising the amino acid sequence of SEQ 1D NG:124, and a CDR-L3 cormprising the
amino acid sequence of SEQ 1D 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, B7H6, B7TH7, B7RP1, B7-4, C3, €S, CCL2Z (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}, CLL25 (also known as TECK), CCL26 (also
known as eotaxin-3), CCR3, CCR4, CD3, CD19, CD20, CD23 {(also known as FCER2, a
receptor for Igk), CD24, CD27, CD28, CD38, D38, CD40, CD70, CDEG {(also known as
B7-1), CD86 (also known as B7-2), CD122, CD137 (also known as 41BB), CD137L, CD152
{(also known as CTLA4), CD154 (also known as CD40L), CD 160, CD272, CB273 (also
known as PDL2), C13274 (also known as PDL1}Y, CD275 (also known as BTH2), CD276 (also
known as B7H3), CD278 (also known as ICOS), CD279 (also known as PD-1), CDHI (also
known as E-cadherin), chittnase, CLECS, CLEC91, CRTH2, CSF-1 (also known as M-CSF),
CSF-2 (also known as GM-CSF), CSF-3 (also known as GCSF), CX3CLI (also known as
SCYD1), CXCL12Z (also known as SDBF1), CXCL13, CXCR3, DNGR-1, ectonucleosids
triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCER1A FCERI1, FLAP, FOLHI,
(i24, GITR, GITRL, GM-CSF, Her2, HHLAZ, HMGB1, HVEM, ICOSLG, IDO, IFNao, IgE,
IGFIR, IL2Rbete, IL1, ILTA, ILIB, IL1F10, [L2, 1L4, IL4Ra, ILS, ILSR, 1L6, IL7, IL7Ra,
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L8, 119, ILO9R, TL10, rhEL10) T2, FL13, IL13Ral, [L13Ra2, 115, IL17, IL17RD {also
known as a receptor for 1.25), 1L18, 1022, 11.23, 1L.25, 1127, [1.33, 135, I'TGB4 (also known
as b4 integrin), ITK, KIR, LAG3, LAMPI, leptin, LPFS2, MHC class H, NCR3LGI,
NKG2D, NTPDase-1, 0X40, OX40L, PD-1H, platelet receptor, PROM]1, $152, SISP1, SLC,
SPG64, ST2 (also known as a receptor for 11.33), STEAP2, Syk kinase, TACE TDO, T14,
TIGIT, TIM3, TLR, TLR2, TLR4, TLRS5, TLR9, TMEF1, TNFa, TNFRSF7, Tp55, TREMI,
TSLP (also known as a co-receptor for IL7Ra), TSLPR, TWEAK, VEGF, VISTA, Vstm3,
WUCAM, and XCR1 (also known as GPRS/CCXCRI1). 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 specifically
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. Fusther examples of such antigen targets or {arget 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 {e.g., ong, two, or three) of the following antigen targets: CD3, CD19, CD20, CD28,
CD38, Her?, LAMPIL, IL-4, 1L.-13 and TNFa.

{0190} 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.

8191} 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 epitopes 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
tumor target proteins.

{0192} 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 infra.

{0193} In some embodiments, a binding protein of the present disclosure binds one or
more tuntor target proteins and one or more T cell target proteins. In some embodiments, the
binding protein is capabie of specificaily 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 specifically binds a tumor target protein.
In some embodiments, the first and secoud polypeptide chains of the binding protein form
two antigen binding sites that specifically target two tumor target proteins, and the third and
fourth polypeptide chains 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, Ch38, HerZ, LAMPI, 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.

10194 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 checkpoint 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, murine, or humanized antibodies.

Linkers
{6196} In some embodiments, the linkers Ly, L;, Ls and Ly 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 | amino acids long. Ly, L;, L3 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 1D NO: 98); a peptide with five glycine residues (Gly-Gly-Gly-Gly-Gly; SEQ
ID NO: 99); a peptide with six glyeine 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 1D NO:
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 NO: 104), the peptide Gly-Gly-Gly-Gly-8er-Gly-Gly-Gly-Gly-Ser-Gly-Gly-Gly-
Gly-Ser (SEQ ID NO: 105), and the peptide Gly-Gly-Ser-Gly-Ser-Ser-Gly-Ser-Gly-Gly
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(8EQ 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 (SEQ ID NG: 106),
Thr-Val-Ala-Ala-Pro (SEQ ID NO: 107}, Gin-Pro-Lys-Ala-Ala (SEQ ID NO: 108}, Gln-Arg-
Be-Glu-Gly (SEQ ID NG: 109); Ala-Ser-Thr-Lys-Gly-Pro-~-Ser (SEQ ID NG 110), Arg-Thr-
Val-Ala-Ala-Pro-Ser (SEQ ID NO:111), Gly-Gln-Pro-Lys-Ala-Ala-Pro (8EQ 1D NG: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 randornly
selected amino acids selected from the group consisting of valine, leucine, isoleucine, serine,
threonine, lysine, arginine, histidine, aspartate, glutamate, asparagine, glutamine, glvcine, and
proline have been shown to be suitable in the binding proteins. For additional descriptions of
finker sequences, see, e.g., W{32012135345.

{0198} 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.

{0199} In some embodiments, the length of L is at least twice the length of L;. In some
embodiments, the length of 1, is 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 L4. In some embodiments, L; 13 3 to 12 amino acid residues in length, 1; is 3 to 14 amino
acid residues in length, 15 15 1 to 8 amino acid residues in length, and L41s 1 to 3 amino acid
residues in length. In some embodiments, L; 18 5 to 10 amino acid residues in length, Ly 18 S
to 8 amino acid residues in length, L3 is 1 to 5 amino acid residues in length, and Ly is 110 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, L5 is 1 amino acid residue in length, and L4 s 2 amino acid
residues in length. In some embodiments, 1, 15 10 amino acid residues in length, L, 1s 10
amino acid residues in length, L; is 0 amino acid residue in length, and L4 is 0 amivo acid
residues in length. In some embodiments, Ly, Ly, Lz, 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, L4, L,,

Ls, and L4 are each O amino acids in length.
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{0208} In some embodiments, Ly, L, Ls, and/or Ly comprise the sequence Asp-Lys-Thr-
His-Thr (SEQ ID NO: 525). In some embodiments, Ly comprises the sequence Asp-Lys-Thr-
His-Thr (SEQ ID NO: 525). In some embodiments, L; comprises the sequence Asp-Lys-Thr-
His-Thr {(SEQ ID NO: 525).

j6201] In some embodiments, L, L, L, 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 W02012/135345). For example, in some
embodiments, the linker comprises a sequence found at the transition between an endogenous
Vg and Ciy 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 Vy and Ci domain, or between an endogenous human Vi and Co
domain {(e.g., human kappa or lambda).

{0262] In some embodiments, Ly, L;, L, and/or L4 comprise the sequence Gly-Gln-Pro-
Lys-Ala-Ala-Pro (SEQ ID NGO: 175). In some embodiments, L; comprises the sequence Gly-
Gin-Pro-Lys-Ala-Ala-Pro (SEQ ID NO: 175}, In some embodiments, L, comprises the
sequence Gly-Gin-Pro-Lys-Ala-Ala-Pro (SEQ 1D NO: 175), L, comprises the sequence Thr-
Lys-Gly-Pro-Ser-Arg (SEQ ID NG: 176), L; comprises the sequence Ser, and Ly comprises
the sequence Arg-Thr. In some embodiments, L; comprises the sequence Gly-Gln-Pro-Lys-
Ala-Ala-Pro (SEQ D 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 1D NO: 175) and L4 comprises the sequence Thr-Lys-Gly-Pro-Ser-Arg (SEQ 1D NO:
176).

{0203] In some embodiments, Ly, L;, L;and Ly each independently comprise a sequence
selected from (GGGGS), (wherein n is an integer between 0 and 5, SEQ ID NG 174),
GGGGSGGGGS (SEQ ID NO:104), GGGGSGGGGRGGGGS (SEQ ID NO:10S5), §, 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 NO: 175},
1, comprises the sequence TKGPS (SEGQ ID NO:106), L; comprises the sequence 8, and Ly
comprises the sequence RT. In some embodiments, L; comprises the sequence
GGGGSGGGGS (SEQ 1D NO:104), L, comprises the sequence GGGGSGGGGS (SEQ D
NO:104), Lz 15 0 amino acids in length, and L4 15 0 amino acids in length. In some
embodiments, L, comprises the sequence GGSGSSGSGG (SEQ ID NO:148), L, comprises
the sequence GGSGSSGRGG (SEQ D NOG:148), Ly is 0 amino acids in length, and Ly s 0
amino acids in length. In some embodiments, L; comprises the sequence
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GGGGESGGGEESGGEGEGES (SEQ D NO:105), Ly 1s O amino acids in length, Ls comprises the
sequence GGGGSGGGGSGGGGS (SEQ ID NO:10S), and Ly is 0 amino acids in length. In
some embodiments, £, and L, are zero amino acids in fength, and L; and L; each comprise an
independently selected sequence selected from (GGGGS), (wherein nis an integer between 0
and 5; SEQ ID N(O:174), GGGGSGGGGS (SEQ 1D NO:104), GGGGSGGGGSGGGGS
(SEQ ID NO:105), §, RT, TKGPS (SEQ ID NO:106), GQPKAAP (SEQ ID NO: 175), and
GOSGSSGSGE (SEQ D NGO1148). 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 is av integer between 0 and S; SEQ ID NO:174), GGGGSGGGGS
(SEQ ID NO:104), GGGGSGGGGSGGGGS (SEQ ID NO:105), S, RT, TKGPS (SEQ ID
NO:106), GOPKAAP (SEQ 1D NO: 175), and GGSGSSGSGEG (SEQ ID NO:148).

Fc 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 imrounoglobulin hinge region and CH2 and CH3 imununoglobulin heavy chain
constant domains. In some embodiments, a binding protein of the present disclosure
comprises a third polypeptide chain further comprising an Fc region linked to CHI, the Fe
region comprising an immunoglobulin hinge region and CHZ 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 Fe region linked to
CH1, the Fe region comprising an immunoglobulin hinge region and CH2 and CH3
immunogiobulin heavy chain constant domains, and a third polypeptide chain further
comprising an Fc region linked to CHY, 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 terma "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 Fe variants, and their interaction with the salvage receptor,
are known in the art. Thus, the term "Fe variant” can comprise a molecule or sequence that is
humanized from a non-human native Fc. Furthermore, a native Fo 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 "Fe variant”
comprises a molecule or sequence that lacks one or more native Fo 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) glycosylation, (5) interaction with
complement, (6) binding to an Fc receptor other than a salvage receptor, or (7) antibody-
dependent cellular cytotoxicity (ADCC).

{6266] To improve the vields of the binding proteins, the Cy: 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 af., 1996, Protein fng. 9.
617-21; and Merchant ef al., 1998, Nat. Biorechnol. 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 Cyz domains {of the two heavy
chains) can be the "knob,” while the other i3 the "hole.” The introduction of a disulfide
bridge further stabilizes the heterodimers (Merchant ef af., 1998; Atwell ef o/, 1997, .. Mol
Biol 270: 26-35) and increases the yield. In particular embodiments, the koob 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 Cyz domains do not include a knob in hole.

{0267} In some embodiments, a binding 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 ou the third polypeptide chain and a “hole” mutation ou 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 S354C and T366Y. In some embodiments, the
“knob” mutation comprises substitutions at positions corresponding te positions 354 and 366
of human IgG1 or IgG4 according to EU Index. In some embodiments, the amino acid
substitutions are S354C 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. Tu 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 lgG1 or 1gG4 according to EU Index. In some
embodiments, the amino acid substitutions are Y349C, T3668, L368A, and Y407V,
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{0208] 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
CH2Z and CH3 immunoglobulin heavy chain constant domains, wherein the first Fc region
comprises amino actd substitution(s) at positions corresponding to positions 366 and
optionally 354 of human IgG1 or 1g(G4 according to EU Index, wherein the amino acid
substitutions are T366W or T366Y and optionally S354C; and wherein the third polypeptide
chain further comprises a second Fe region linked to CHI, the second Fc 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 407 and optionally 349, 3606, and/or 368 and of human IgG?t or
1¢G4 according to EU Index, wherein the amino acid substitutions are Y407V or Y407T and
optionally Y349C, T3668, and/or L368A.

{0209} In some embodiments, the second polypeptide chain further comprises a first Fc
region linked to CH1, the first Fc 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 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 Y407T and optionally Y349(C, T36685, and/or
1.368A; and wherein the third polypeptide chain further comprises a second Fc region linked
to CHI, the second Fc 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 EU Index, wherein the amino acid substitutions are
T3I66W or T366Y and optionally S354C.

{0210} In some embodiments, the second polypeptide chain further comprises a first Fe
region linked to CHI, the first Fc 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 IgG4 according to EU Index, wherein the amino acid substituiion is T366W; and wherein
the third polypeptide chain further comprises a second Fe 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, 368, and/or 407 and of human

106



WO 2017/180913 PCT/US2017/027488

1gG1 or IgG4 according to EU Index, wherein the amino acid substitutions are T3668,
1.368A, and/or Y407V,

0211 In some embodiments, the second polypeptide chain further comprises a first Fc
region linked to CHI, the first Fc region comprising an tmununoglobulin hinge region and
CH?2 and CH3 immunoglobulin heavy chain constant domains, wherein the first Fc region
comprises amino acid substitution(s) at positions corresponding to positions 366, 368, and/or
407 and of human 1gG1 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 Fc region linked to CH1, the second Fc region comprising an immunoglobulin hinge
region and CH2 and CH3 immunoglobulin heavy chain constant domains, wherein the
second Fo region comprises amino acid substitution at position corresponding to position 366
of human IgG1 or 1gG4 according to EU Index, wherein the amino acid substitution is
T366W.

{6212} 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 amine acid substitutions at positions corresponding to positions 354 and 366 of
human IgG1 or Ig(G4 according to BU 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 1gG4 according to EU Index, wherein the amino acid substitutions are
Y349C, T366S, L363A, and Y407V, In some embodiments, the second polypeptide chain
further comprises a first Fc region linked to CHI, the first Fc 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 349, 366, 368, and 407 of human IgG1 or IgG4 according to EUJ
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 CH1, the
second Fc region comprising an unmunoglobulin 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 IgGl
or Ig(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 Fc regions.

10213} 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. (2046} J. Immunol.
176(13:346-56). 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 N4345. In some embodiments, the
binding protein comprises a second polypeptide chain further comprising a first Fe region
linked to CH1, the first Fc region coraprising 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 CH1, the second Fe region comprising an
immunoglobulin hinge region and CH2 and CH3 immunogliobulin heavy chain constant
domains, whereiuo the first and/or second Fc regions 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 substitutions are M428L and N434S. In some embodiments, a
binding protein of the present disclosure comprises knob and bole mutations and one or more
nutations to improve serum half-life. In some embodiments, the first and/or second Fe
regions are human Ig(G1 Fcregions. In some embodiments, the first and/or second Fc regions
are human Ig(G4 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
18G4 (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 Fc region
comprising an immunoglobulin hinge region and Cy 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 Cuy 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 {g(G4
according to EU Index, wherein the amino acid substitutions are S228P and R409K. In some
embodiments, a binding protein of the present disclosure comprises kriob and hole mutations

108



WO 2017/180913 PCT/US2017/027488

and one or more mutations to improve stability. In some embodiments, the first and/or second
Fec regions are human IgG4 Fe regions.

10215} In some embodiments, a binding protein of the present disclosure comprises one
of roore 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 affinity for Protein A-based
purification than either homodimeric form and can be selectively eluted from Protein A, e.g.,
by use of a different pH (See e.g., Smith, EJ. er ol (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 polvpeptide chain further comprising a first Fc region linked to Cyy, the first Fc
region comprising an immunoglobulin hinge region and Cyp; and Cys immuneglobulin heavy
chain constant domains, and a third polypeptide chain further comprising a second Fc region
linked to Cyy, the second Fe region comprising an immunoglobulin hinge region and Cyy; and
Cus immunoglobulin heavy chain constant domains; and wherein only one of the first and the
second Fe regions comprises aminoe 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, a binding protein of the present
disclosure comprises knob and hole mutations and one or more mutations to improve
purification. In some embodiments, the first and/or second Fc regions are human IgGl Fe
regions. In some embodiments, the first and/or second Fe regions are human IgG4 Fe
regions.

j0216] In some embodiments, a binding protein of the present disclosure comprises one
or more mutations to reduce effector function, e.g., Fe receptor-mediated antibody-dependent
cellular phagocvtosis (ADCP), complement-dependent cytotoxicity (CDC), and/or antibody-
dependeunt cellular cytotoxicity (ADCC). In some embodiments, the second polypeptide
chain further comprises a first Fc region linked to Cy, the first Fc region comprising an
immunoglobulin hinge region and Cus and Cyz immunoglobulin beavy chain constant
domains; wherein the third polypeptide chain further comprises a second Fc region linked to
Cuy, the second Fc region comprising an immunoglobulin hinge region and Cy;, and Cps
immunoglobulin heavy chain constant domains; wherein the first and second Fc regions are
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human IgG1 Fe 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 IgGl
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 L.234A and L235A. 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 Cip and Cys immunoglobulin heavy chain
constant domains; wherein the third polypeptide chain further comprises a second Fc region
finked to Cin, the second Fe region comprising an immunogiobulin binge region and Cyp and
Cus immunoglobulin heavy chain constant domains; wherein the first and second Fe regions
are human IgG1 Fe regions; and wherein the first and the second F¢ regions each comprise
amino acid substitutions at positions corresponding to positions 234, 235, 329 of human 1gGl
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 Fe regions, and wherein the Fc regions each comprise amino acid substitutions
at positions corresponding to positions 234, 235, and 329 of human Ig(G1 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 IgG4 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 immunogiobulin hinge region and Cyy and Cgs immunoglobulin heavy chain
constant domains, and a third polypeptide chain further comprising a second Fc region linked
to Cuy, the second Fe region comprising an immunoglobulin hinge region and Cy; and Cus
immunoglobulin heavy chain constant domains; and wherein the first and the second Fc
regions each comprise amino acid substitutions at positions corresponding to positions 234
and 235 of human IgG4 according to EU Tudex, 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 Fc regions are human lgG1 Fc regions. In some

embodiments, the first and/or second Fe regions are human IgG4 Fe regions. For further

110



WO 2017/180913 PCT/US2017/027488

description of Fc mutations at position 329, see, e.g., Shields, R L. ez al. (2001} J. Biol.
Chem. 276:6591-6604 and W(31999051642.

10217} 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 IgG4 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 Ci. domain; a Cy3 domain of a second
polypeptide chain that comprises amino acid substitutions at positions corresponding o
positions 354 and 366 of human lgG1 according to EU Index, wherein the amino acid
substitutions are S354C and T366W; a Cy; 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 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 C; domain. In some embodiments, the first
polypeptide chain comprises a lambda Cp, domain; wherein the Cys domain of the third
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 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,
T3665, 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
tambda Cp, domain; wherein the Cyy 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 Cys 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 Cr. domaing
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 Ig(z1 according to EU Index,
wherein the amino acid substitutions are S354C and T366W; wherein the Cis domain of the
third polypeptide chain comprises amino acid substitutions at positions corresponding to
positions 349, 366, 368, 407, 435, and 436 of human IgG!l 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 lambda Cp, domain.

{02191 In some embodiments, a binding protein of the present disclosure is purified by
protein A affinity chromatography, kappa light chain affinity chromatography {e.g., using a
KappaSelect resin according to manufacturer’s instructions; GE Healthcare), and optionally
tambda light chain affinity chromatography (e.g., using a LambdaFabSelect resin according
to manufacturer’s instructions; GE Healthcare). In some embodiments, a binding protein of
the present disclosure is purified by Protein A affinity chromatography, lambda light chain
affinity chromatography (e.g., using a LarmbdaFabSelect resin according to manufacturer’s
instructions; GE Healthcare), and optionally kappa light chain affinity chromatography {e.g.,
using a KappaSelect resin according to manufacturer’s instructions; GE Healthcare). In some
embodiments, the binding protein comprises two Fc regions, each comprising a Cys domain,
and only one of the Cyz domains comprises amino acid substitutions at positions
corresponding to posttions 435 and 436 of human Ig(G1 or Ig(G4 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 Healthcare}, then optionally lambda light chain affinity
chromatography (e.g., using a LambdaFabSelect resin according to manufacturer’s
instructions; 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 LambdaFabSelect 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 embodirents, the binding protein 1s 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 Cyz domains comprising the amino acid
substitutions are H435R and Y436F, contacted with a kappa light chain affinity medium
{e.g., as used in the KappaSelect resin; GE Healthcare), 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 €. 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 ora
Protein A variant useful for protein purification is eroployed. In some 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 affinity 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 aftinity
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 C, domain; a Cuz domain of a second polypeptide chain that
comprises amino acid substitutions at positions corresponding to positions 354 and 360 of
human gG1 or IgG4according to EU Index, wherein the amino acid substitutions are 8354C
and T366W; a Cus 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 IgG1 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 Cr domain. In some embodiments, the binding proteiu is produced by a host cell. Tn
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
embodiments, the binding protein is in a cell culture medium or host cell extract when
contacted with Protein A. In some embodiments, the binding protein is purified away from
other binding proteins, polypeptides, and/or other cellular components.

{0220} 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.

Nucleic acids
{02211 Standard recombinant DNA methodologies are used to construct the

polynucleotides that encode the polypeptides which form the binding proteins, incorporate
these polynucteotides 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 Laboratery 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,
anaiytical 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.

{0222} 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 15 operably linked to a heterologous promaoter to
direct transcription of the binding protein-coding nucleic acid sequence. A promoter may
refer to nucleic acid control sequences which direct transeription 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 Adenovirus
2}, bovine paptlloma 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 (PGKj-promoter, a tetracycline~-inducible promoter {Masut et al., Nucleic Acids Res.
33:¢43, 2003), 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 veast 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.
{6223} In some embodiments, the 1solated 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., polvadenvlation signals}. Examples of suitable enhancers may include, but are
not Hrited to, enhancer sequences from mammalian genes (such as globin, elastase, albumin,
a-fetoprotein, insulin and the like), and enhancer sequences from a eukaryotic cell virus (such
as SV40 evhancer 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, adeno-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
embodiments, the vector system 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. In some 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 or 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 £. coff cell). In some

115



WO 2017/180913 PCT/US2017/027488

embodiments, the host cell is a yeast cell (e.g,, an S. 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., S21 or $19 cells). In some embodiments, the host cell is a
mammalian cell. 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 CCL 10), mouse
sertoli cells (e.g., TM4 cells), monkey kidney cells {e.g., CV1 ATCC CCL 70), African green
monkey kidney cells (e.g., VERO-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 bost
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 one of ordinary skill
in the art, including, for example, by affinity chromatography {e.g., two step affinity
chromatography comprising protein A affinity chromatography followed by size exclusion
chromatography).

Uses For Binding Proteins
10227} 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 guantitation of one or more target antigens. The binding proteins
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 is capable of

producing, either directly or indirectly, a detectable signal. For example, the detectable
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moiety can be a radioisotope, such as 3H’, 14(3, p 3¢ 18y e Mn or “Ga; a fluorescent
or chemiluminescent compound, such as fluorescein isothiocyanate, rthodamine, or luciferin;
or an enzyme, such as alkaline phosphatase, B-galactosidase, or horseradish peroxidase.
{0229} The binding proteins are also useful for in vivo 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.
{0238} 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, to 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 VTCN1), B7HS, 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, £D20, CD23 (also
known as FCERZ2, a receptor for IgE), CD24, CD27, CD28, CD38, CD39, CD40, CD70,
CD80 (also known as B7-1), CDR6 (also known as B7-2), CD122, CD137 (also known as
41BB}, CD137L, CD152 (also known as CTLA4), CD154 (also known as CD40L), CD160,
CD272, CDB273 (also known as PDL2), CD274 {also known as PDL1), CD275 (also known
as B7TH2), CD276 {(also known as B7H3), CD278 (also known as ICOS), C3279 (also known
as PD-1}, CDHI1 (also known as E-cadherin), chitinase, CLEC9, CLEC91, CRTH2, CSF-1
{also known as M-CSF}, CSF-2 (also known as GM-CSF), C8F-3 (also known as GCSF),
CX3CL1 (also known as SCYD1), CXCL12 (also known as SDF1), CXCL13, CXCR3,
DNGR-1, ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCERI1A,
FCERI1, FLAP, FOLHI1, Gi24, GITR, GITRL, GM-CSF, Her2, HHLAZ, HMGB1, HVEM,
ICOSLG, IDO, IFNg, IgE, IGFIR, IL.2Rbeta, IL1, IL1A, IL1B, IL1F10, [L2, 114, IL4Ra,
15, ILSR, 16, IL7 TL7Ra ILS, 1.9, HOR IL10, rhilL10, [L12, 1113 IL13Ral, fL13Ra2,
L5, IL17, IL17Rb (also known as a receptor for 1L.25), HL18, 1022, 11.23, 1L.25, 1127, 1133,
L35, ITGB4 (also known as b4 integrin), ITK, KIR, LAGS, LAMP1, leptin, LPFS2, MHC
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class If, NCR3LG1, NKG2D, NTPDase-1, 0X40, OX40L, PD-1H, platelet receptor,
PROMI, §152, SISP1, SLC, SPG64, 8T2 (also known as a receptor for IL33), STEAP2, Svk
kinase, TACE TDO, T14, TIGIT, TIM3, TLR, TLRZ, TLR4, TLRS, TLRY, TMEF1, TNFa,
TNFRSF7, Tp55, TREMI1, TSLP (also known as a co-recepior for IL7Ra), TSLPR, TWEAK,
YEGF, 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.

{02311 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 susface 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 CD3, 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, Her?2, and LAMP1L. 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 veed thereof for the treatment or prevention of an inflarnmatory disease or
disorder. In some embodiments, the binding protein comprises three antigen binding sites
that each specifically bind a cytokine target protein selected from 1L-4, L.-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.

{0233} 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 combined 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 further 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

{0234} 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-drug
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.

{6236] The pharmaceutical composttion can contain formulation materials for modifving,
maintaining, or preserving, for example, the pH, osmolarity, viscosity, clarity, color,
isotonicity, odor, stertlity, 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 glycine, glutamine, asparagine, arginine, or lysine), antimicrobials, antioxidants
{(such as ascorbic acid, sodium sulfite, or sedium hydrogen-sulfite), buffers (such as borate,
bicarbonate, Tris-HCI, citrates, phosphates, or other organic acids), bulking agents {such as
mannitol or glycine), chelating agents (such as ethvlenediamine tetraacetic acid (EDTA)),
complexing agents (such as caffeine, polyvinylpyrrolidone, beta-cyclodextrin, or
hydroxypropyl-beta-cyclodextrin), fillers, monosaccharides, disaccharides, and other
carbohydrates {such as glucose, 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 benzalkonium chioride,
benzoic acid, salicylic acid, thimerosal, phenethyl alcohol, methylparaben, propylparaben,
chlorhexidine, sorbic acid, or hydrogen peroxide}, solvents (such as glycerin, propylene
glycol, or polvethylene glycoll, 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, exciptents 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 herein by reference for
any purpose).

[0237] The optimal pharmaceutical composition will be determined by a skilled 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 in vivo
release, and rate of #n7 vivo clearance of the binding protein.

{0238} The primary vehicle or carrier in a pharmaceutical compaosition 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 butfer 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 compositions can be prepared for
storage by mixing the selected composition having the desired degree of purity with optional
formulation agents in the form of a lyophilized cake or an aqueous solution. Further, the
binding protein can be formulated as a lyvophilizate using appropriate excipients such as
BLCTOSE.

{0239} 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, parenterally acceptable, agueous solution
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comprising the desired binding protein in a pharmaceutically acceptable vehicle. 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 pharmaceuatical 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 propellant 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 to 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 pharmaceuotical 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 imited to, inert
dituents, such as calcium carbonate, sodium carbonate or bicarbonate, lactose, or calcium
phosphate; or binding agents, such as starch, gelatin, or acacia; or lubricating ageunts such as
magnesium stearate, stearic acid, or talc.

10245] 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 formulations. 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,
poly{Z-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 filtration 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 & sterile access port, for example,
an intravenous solution bag or vial having a stopper pierceable by a hypedermic injection
needle.

{02471 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 adminisiration
unit. The kits can each contain both a first container having a dried protein and a second
container having an aqueous formulation. Also included within 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. Une 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.

{06250} Dosing frequency will depend upon the pharmacokinetic parameters of the
binding protein in the formulation being used. Typically, a clinician will administer the
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composition until a dosage 1s 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 refivement 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, intraocular, 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 continuous 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 known in the art). In some
embodiments, the at least 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.

{0254} 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 arnount 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 tn combination 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.

10256} Item 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:

Vi-Li-Vii-1a-Co (]

and a second polypeptide chain comprises a structure represented by the formula:
Va-Ls-Vip-Le-Coy (1]

and a third polypeptide chain comprises a structure represented by the formula:
Vis-Cu [1M0]

and a fourth polypeptide chain comprises a structure represented by the formula:
‘\”YLC)'”CL E‘I\/"!

wherein:

Vi1 is a first immunoglobulin light chain variable domain;

Vi 15 a second immunoglobulin light chain varisble domain;

Vi1 s a third immunoglobulin Hght chain variable domain;

Vi 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;

Cy is an immunoglobulin light chain constant domain;

Cyy 13 an immunoglobulin Ciy heavy chain constant domain; and

L1, Lo, L5 and L4 are amino acid Hnkers;
and wherein the polypeptide of formula I and the polypeptide of formula H form a cross-over
tight chain-heavy chain pair.
10257} 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:

VirLi-Vi-1a-Cy [I}

and a second polypeptide chain comprises a structure represented by the formula:
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Vir-L3-Vu-Ly-Coy-hinge-Cpa-Cys - [1H]
and a third polypeptide chain comprises a structure represented by the formula:
VH}“Cl—ﬂ'hiﬂgﬁ"cﬁz"cﬁs [IH}
and a fourth polypeptide chatn comprises a structure represented by the forrmula:
Vis-Co [tV
wherein:
Vi1 s a first immunoglobulin light chain variable domain;
V2 1s a second immunoglobulin light chain variable domain;
Vi3 is a third immunoglobulin light chain variable domain;
Vau is a first immunoglobulin heavy chain variable domain;
Vm 18 a second tmumunoglobulin heavy chain variable domain;
Vi3 is a third immunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chain constant domain;
Cy 1s an immunoglobulin Cy; heavy chain constant domain;
Cyy is an immunoglobulin Cyp heavy chain constant domain;
Cys 1s an immunoglobulin Cys heavy chain constant domain;
hinge is an immunoglobulin hinge region connecting the Cy; and Cyy, domains; and
L1, Lo, L5 and L4 are amino acid Hinkers;
and wherein the polypeptide of formula 1 and the polypeptide of formula If form a
cross-over Hght chain-heavy chain pair.
{0258} Item 3: The binding protein of item 1, wherein the second and/or the third
polypeptide chain further comprises an Fc region linked to Cini, the Fe region comprising an
immunoglobulin hinge region and Cy; and Cy; immunoglobulin heavy chain constant
domains.
{02591 Item 4. The binding protein of any one of items 1-3, wherein at least one of L;,
Ly, Lz or Ly 1s independently O amino acids in length.
{6260} ftern 5: The binding protein of any one of items 1-3, wherein Ly, Ly, Lyor Ly
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) L, Lo,
L; and Ly each independently are zero amino acids in length or comprise a sequence selected
from the group consisting of GGGGSGGGGS (SEQ ID NO:104), GGGGSGGGGSGEGES
(SEQ ID NO:105), 8, RT, TKGPS (SEQ 1D NO:106), GQPKAAP (SEQ 1D NO: 175), and
GGSGSSGSGG (SEQ ID NG:148); or (b) Ly, Ly, Ls and L; each independently comprise a
sequence selected from the group consisting of GGGGSGGGGS (SEQ 1D NO:104),
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GGGGSGGGGSGGGGS (SEQ ID NO:105), S, RT, TKGPS (SEQ ID NO:106), GOPKAAP
(SEQ D NG: 175), and GGIGSSGSGE (SEQ ID NG 148}
{0262} Item 7:  The binding protein of any one of items 1-5, wherein

(ay Ly comprises the sequence GOQPKAAP (SEQ ID NG 175), L, comprises the
sequence TKGPS (SEQ 1D NGO 106}, Ls comprises the sequence S, and L4 comprises the
sequence RT;

{b) L; comprises the sequence GGGGSGGGGS (SEQ 1D NO:104), L, comprises
the sequence GGGGSGGGGS (SEQ 1D NG 104), L3 is O amino acids in length, and Ly 18 0
amino acids in length;

(¢} L, comprises the sequence GGSGSSGSGG (SEQ 1D NG:148), L, comprises the
sequence GGSGSSGIGG (SEQ ID NO:148), 1315 0 amino acids in length, and Ly1s 0
amino acids in length; or

(d) L, comprises the sequence GGGGIGGGGSGGGGS (SEQ D NO:105), 1,10
amino acids in length, L5 comprises the sequence GGGGSGGGGSGGGES (SEQ ID
NO:108), and Ly is 0 amino acids in length.

{0263} Item 8:  The binding protein of any one of items 1-7, wherein the binding
protein is trispecific and capable of specitically binding three different antigen targets.
{6264] Htem 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.
{0265} Item 10:  The binding protein of item 9, wherein one of said target proteinson T
cells is CD3.
{0266} Item 11: The binding protein of item 9 or item 10, wherein one of said target
proteins ou T celis is CD28.
{0267} Item 12:  The binding protein of any one of items 9-11, wherein said tumor
target protein is CD38.
{0268} ftern 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 proteins 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, B7TH4, B7THS, B7H6,
B7H7, BTRPI, B7-4, C3, C5, CCL2, CCL3, CCL4, CCLS5, CCL7, CCLS, CCL11, CCL1S,
CCLY7, CCL19, CCL20, CCL21, CCL24, CCL25, CCL26, CCR3, CCR4, CD3, CD19,
CD20, CD23, CD24, CD27, CD28, CD38, CD39, CD40, CD70, CDS0, CD86, CD122,
CD137, CD137L, CD152, CD154, CD160, CD272, CD273, CD274, CD275, CD270,
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CD278, CD279, CDHI, chitinase, CLECY, CLECS1, CRTH2, CSF-1, CSF-2, CSF-3,
CX3CLL, CXCLI2, CXCL13, CXCR3, DNGR-1, ectonucleoside triphosphate
diphosphohydrolase 1, EGFR, ENTPD1, FCERIA, FCER1, FLAP, FOLH]1, Gi24, GITR,
GITRL, GM-CSF, Her2, HHLA2, HMGB1, HVEM, ICOSLG, IDO, IFNu, IgE, IGFIR,
[L2Rbeta, IL1, IL1A, IL1B, ILTF10, IL2, IL4, IL4Ra, [L5, L3R, IL6, IL7, IL7Ra, IL8, IL9,
ILOR, IL10, rhiL 10, IL12, IL13, IL13Ral, IL13Ra2, IL15, IL17, IL17Rb, IL18, [L22, TL23,
1125, IL27, 1133, .35, ITGB4, ITK, KIR, LAG3, LAMPI, leptin, LPFS2, MHC class 11,
NCR3LGI, NKG2D, NTPDase-1, 0X40, 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, Tp55, TREMI, TSLP, TSLPR,
TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1.

{0269} 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,
BlvS, BTK, BTLA, B7DC, B7H1, B7H4, BTHS, B7H6, B7TH7, B7RP1, B7-4, C3, 5, CCL2,
CCL3, CCL4, CCLS5, CCL7, CCL8, CCL11, CCL15, CCL17, CCL19, CCL26, CCL21,
CCL24, CCL2S, CCL26, CCR3, CCR4, C3, D19, CD20, CD23, CD24, CD27, CD28,
CD38, CD39, CDh40, CD70, CDEO, CD8o, CD122, CD137, CD137L, CD152, CD154,
CD160, CD272, CD273, CD274, CD275, CD276, CD278, CD279, CDHI, chitinase, CLECO,
CLECY1, CRTH2, CSF-1, CSF-2, CSF-3, CX3CL1, CXCL12, CXCL13, CXCR3, DNGR-1,
ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPDRI, FCER1A, FCERI,
FLAP, FOLHI, Gi24, GITR, GITRL, GM-CSF, Her2, HHLA2 HMGB1, HVEM, ICOSLG,
DO, IFNg, IgE, IGFIR, IL2Rbeta, IL1, IL1A, IL1B, ILIF10, IL2, L4, IL4Ra, ILS, IL5R,
6, L7, IL7Ra, 118, 1.9, HLOR, IL10, rhilL10, 1112, 1113, [L13Ra1, HL13Ra2, 115, [L17,
IL17Rb, TL18, 1122, IL23, 1125, IL27, 1133, IL35, ITGB4, ITK, KIR, LAG3, LAMPI,
feptin, LPFS2, MHC class I, NCR3LG1, NKG2D, NTPDase-1, 0X40, OX40L, PD-1H,
platelet receptor, PROM1, S152, SISP1, SLC, SPGo4, ST2, STEAPZ, Svk kinase, TACHE
TDO, T14, TIGIT, TIM3, TLR, TLR2, TLR4, TLRS, TLRO, TMEF 1, TNFa, TNFRSF7,
Tpss, TREMI, TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1.
{6271} ftern 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:

Vio-Li-Vi-Cr i
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and a second polypeptide chain comprises a structure represented by the formula:
Vai-La3-Vi-L4-Ciy {1
and a third polypeptide chain comprises a structure represented by the formula:
Vaz-Cy (]
and a fourth polypeptide chain comprises a structure represented by the formula:
Via-Cr {1v]
wherein:
Vi 18 a first immunoglobulin light chain variable domain;
V12 is a second immunoglobulin light chain variable domain;
Vi3 is a third immunoglobulin light chain variable domain;
Vi 18 a first immunogiobulin beavy chain variable domain;
Vyz 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;
Cyy is an immunoglobulin Cy; heavy chain constant domain; and
Ly, L2, L3 and L4 are amino acid Hnkers;
wherein the polypeptide of formula I and the polypeptide of formula H form a cross-
over light chain-heavy chatn pair;
wherein:
{a) Vi1, Vo and Vi3 each independenily comprise a variable domain sequence as set
forth in any one of SEQ 1D NQOs: 151, 153, 155, 157, 159, 161, 163, 165, and 167; or
(b) Vi1 Viz 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 Vys each independently comprise a variable domain sequence as set
forth in any one of SEQ ID N(Os:150, 152, 154, 156, 158, 160, 162, 164, and 166; or
{(b) Vui, 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
NOs: 25-42, 120-122, and 126-128.
{6272} ftern 170 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:
Vio-Li-Vi-Cr {f]
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and a second polypeptide chain comprises a structure represented by the formula:
Vai-La-Vir-La-Cri-hinge-Cin-Crs {1}
and a third polypeptide chain comprises a structure represented by the formula:
Vaz-Ca-hinge~-Ciyp-Cus {1}
and a fourth polypeptide chain comprises a structure represented by the formula:
Via-Cr [IV]
wherein:
Vi 18 a first immunoglobulin light chain variable domain;
V12 is a second immunoglobulin light chain variable domain;
Vi3 is a third immunoglobulin light chain variable domain;
Vi 18 a first immunogiobulin beavy chain variable domain;
Vyz is a second immunoglobulin heavy chain variable domain;
V3 is a third immunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chain constant domain;
Cyy is an immunoglobulin Cy; heavy chain constant domain;
Cypz 1s an immunoglobulin Cyp heavy chain constant domain;
Cgs 1s an immunoglobulin Cys heavy chain constant domain;
hinge s an immunoglobulin hinge region connecting the Cy; and Gy, domains; and
L1, Ly, L5 and Ly are amino acid linkers;
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 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) Vi Vi and Vs 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 Vs each independently coruprise a variable domain sequence as set
forth in any one of SEQ 1D NOs:150, 152, 154, 156, 158, 160, 162, 164, and 166; or
(b) V1, Vi and Vs each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ 1D

NOs: 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 Cyy, the Fc region comprising an
immunoglobulin hinge region and Cyp; and Cy; immunoglobulin heavy chain constant
domains.

{6274] Item 19:  The binding protein of any one of items 16-18, wherein at least one of
1, Ly, Ly or Ly, is independently 0 amino acids in length.

{0275} 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.

{0276} ftern 21. The binding protein of any one of items 16-18 and 20, wherein {(a) L1,
1,, 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),
GGGGSGGGGSGGGGS (SEQ ID NO:105), S, RT, TKGPS (SEQ ID NO:106), GOPKAAP
(SEQ ID NG: 175), and GGSGSSGRGG (SEQ ID NG 148); or (b Ly, Ly, Ly and L4 each
independently comprise a sequence selected from the group consisting of GGGGSGGGGS
(SEQ ID NG:104), GGGGSGGGGSGGGES (SEQ ID NG:105), 8, RT, TKGPS (SEQ ID
NG:106}, GOPKAAP (SEQ ID NO: 175), and GGSGSSGSGG (REQ 1D NO:148).

{0277} Itern 22:  The binding protein of any one of items 16-20, wherein:

{(a) L, comprises the sequence GOQPKAAP (SEQ ID NG 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 D NG:1104), L) comprises
the sequence GGGGSGGGGS (SEQ ID NO:104), L; 18 0 amino acids 1o length, and Ly 18 0
amino acids in fength;

{¢) Ly comprises the sequence GGSGSSGSGG (SEQ 1D NG:148), L,y comprises the
sequence GGSGSSGSGG (SEQ ID NO:148), L3 is 0 aminoe acids in length, and L4 is 0
amino acids in fength; or

(d) L: comprises the sequence GGGGSGGGGSGGGES (SEQ D NO:105), Ly is €
amino acids in length, L; comprises the sequence GGGGSGGGGSGGGES (SEQ ID
NG:10S), and Ly is 0 amino acids in length.

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

(a) Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ D 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 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-H1 comprising the amino actd sequence of SEQ ID
NO:34, a CDOR-H2 comprising the amino acid sequence of SEQ ID NO:35, and a CDR-H3
comprising the amino acid sequence of SEQ ID N3:36; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG:52, a CBR-L2 comprising the amino
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 1D
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 NG:27; and Vi3 comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NO:43, a CDR-L2 comprising the amino
acid sequence of SEQ D NG44, and a CDR-L3 comprising the amino acid sequence of
SEQ 1D NO:45;

(b) Vi comprises a CDR-H1 comprising the amivo acid sequence of SEQ ID
NO:31, a COR-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 1D 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
SEQ 1D NO:51; Vi comprises a CBR-HI comprising the amino acid sequence of SEQ ID
NO:34, a CDR-H2 comprising the amino acid sequence of SEQ ID N(G: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 ID NO:S3, and a CDR-L3 comprising the amino acid sequence of
SEQ 1D NO:54; Vg3 comprises a CDR-H1 comprising the amino acid sequence of SEQ D
NO:25, a CDR-H2Z comprising the amino acid sequence of SEQ ID NG:26, and a CDR-H3
comprising the amino acid sequence of SEQ D NO: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(O:44, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NG:4S5;

{c) Vi comprises a CDR-HI1 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 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 ID NO: 47, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:48; Vi comprises a CDR-HI1 comprising the amino acid sequence of SEQ 1D
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NO:34, a COR-H2 comprising the amino acid sequence of SEQ 1> 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 NG:52, a CDR-L2 comprising the amino
actd sequence of SEQ ID NO:53, and a CDR-L3 comprising the amino acid sequence of
SEQ 1D NO:54; Vs comprises a CBR-HT comprising the amino acid sequence of SEQ 1D
WNO:37, a CDOR-H2 comprising the amino acid sequence of SEQ ID NG:38, and a CDR-H3
comprising the amino acid sequence of SE(Q 1D N0:39; and Vi ; comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG5S, 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 NO:57;

{d} Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ D
NO:31, a COR-H2 comprising the amino acid sequence of SEQ ID NO:32, and a CDR-H3
comprising the amino acid sequence of SEQ ID N3:33; 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 NO:50, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:S1; Vip comprises a CBR-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 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
NO:37, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:3§, 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 1D NG:535, a CDR-L2 comprising the amino
acid sequence of SEQ D NO:56, and a CDR-L.3 comprising the amino acid sequence of
SEQ ID NO:57,

(e} Vu; comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:28, a CDR-H2 comprising the amino acid sequence of SEQ ID NG:29, and a CDR-H3
comprising the amino acid sequence of SEQ ID NQG:30; Vi1 comprises a CDR-L1
comprising the amino acid sequence of SEQ ID N(G: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 1D NO:48; Vq, comprises a CDR-H1 comprising the amino acid sequence of SEGQ ID
NGO: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 1D NG:36; Vi, comprises a CDR-L1
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comprising the amino acid sequence of SEQ ID 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
SEG 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 ID NO:41, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG:42; and Vs comprises a CDR-L1I
comprising the amino acid sequence of SEQ ID NO:38, 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:59;

(fy 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 ID NO:33; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: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; Vy; comprises a CDBR-H1 comprising the amino acid sequence of SEQ ID
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 D NO:36; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG:52, a CDR-L2 comprising the amino
actd sequence of SEQ 1D NO:S3, and a CDR-L3 comprising the amino acid sequence of
SEQ 1D NO:54; Vaz comprises a CDR-HI comprising the amino acid sequence of SEQ D
NG:40, a COR-H2 comprising the amino acid sequence of SEQ ID NO:41, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:42; and Vi3 comprises a CDR-L1
comprising the arino acid sequence of SEQ ID NG:58, a CDR-L2 comprising the amino
actd sequence of SEQ ID NO:44, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:59;

(g) Vin comprises a CDR-H1 comprising the amino acid sequence of SEQ D
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 N(O: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 ID 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 NO:33, 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:32, a CDR-L2 comprising the amino
acid sequence of SEQ H2 NO:53, and a CDR-L3 comprising the amino acid sequence of
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SEQ 1D NO:54; Vi3 comprises a CDR-HI1 comprising the amino acid sequence of SEQ D
NG:126, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:127, and a CBR-
H3 comprising the aminc acid sequence of SEQ ID N(G:128; and Vi3 comprises a CDR-L1
comprising the aroino acid sequence of SEQ ID NO: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;

{(b) 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 arino acid sequence of SEQ ID NG: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 D NG:50, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:51; Vi comprises a COR-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 ID NG:52, a CDR-L2 comprising the amino
acid sequence of SEQ D NO:53, and a CDR-1.3 comprising the amino acid sequence of
SEQ ID NO:54; Vys comprises a CDR-HI1 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 comprising the amino acid sequence of SEQ ID 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 B2 NO:139, and a CDR-L3 comprising the amino acid sequence of
SEQ 1D NO:140;

(i} Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:28, a CDR-H2Z comprising the amino acid sequence of SEQ ID NG:29, and a CDR-H3
comprising the amino acid sequence of SEQ 113 NC:30; Vi comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG:46, a CDR-L2 comprising the amino
actd sequence of SEQ 1D NO: 47, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:48; Vg; comprises a CDR-HI comprising the amino acid sequence of SEQ 1D
NG: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 CDR-L1
comprising the amino acid sequence of SEQ ID NG:52, a CDR-L2 comprising the amino
actd sequence of SEQ ID NO:53, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:54; Vg3 comprises a CDR-HI comprising the amino acid sequence of SEQ ID
N(O:120, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:121, and a CDR-
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H3 comprising the amino acid sequence of SEQ ID NO:122; and Vi: comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NQG:123, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:124, and a CDR-L3 comprising the aminc acid sequence of
SEQ ID NG:125; or
(i} Vi comprises a CBR-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 SE( 1D NO:33; Vi, comprises a CDR-LI 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 CDR-H1 comprising the amino acid sequence of SEQ [2 NO:34, a CDR-H2
comprising the amino acid sequence of SEQ 1D NG:33, and a CDR-H3 comprising the amino
acid sequence of SEQ H) NG: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 ID
WNO:53, and a CDR-L3 comprising the amino acid sequence of SE(Q D NOG:54; Vi
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 120, a CDR-H2
comprising the amino acid sequence of SEQ 113 NO:121, and a CDR-H3 comprising the
amino acid sequence of SEQ D NO:122; and V3 comprises a CDR-L1 comprising the
amino acid sequence of SEQ D NG:123, 3 CDR-L2 comprising the amino actd sequence of
SEQ 1D NO: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 polyvpeptide chain comprises a structure represented by
the formula:
Vig-Li-Vila-Co {1
and a second polypeptide chain comprises a structure represented by the formula:
Vai-bs-Vin-La-Cr (]
and a third polypeptide chain comprises a structure represented by the formula:
Viz-Cry {i]
and a fourth polypeptide chain comprises a structure represented by the formula:
Vii-Co {1v]
wherein:
Vi1 18 a first immunogiobulin light chain variable domain;
Vi is 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;
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Vs 18 a second immunoglobulin heavy chain variable domain;
Vs 1 a third immunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chain constant domain;
Cyqy 15 an immunoglobulin Cy heavy chain constant domain; and
L1, Lp, L5 and L4 are amino acid linkers;
wherein the polvpeptide of formula 1 and the polypeptide of formula H form a cross-
over light chain-heavy chain pair;
wherein:
(a) Vi1, Viz and Vi3 each independently comprise a variable domain sequence as set
forth in any one of SEQ ID NOs:169, 171, and 173; or
{(by Vi, Vo and Vi3 each independently comprise light chain complementarity
determining regions comprising an aminc acid sequence selected from the group consisting
of SEQ ID NOs: 141-147, 178, and 179;
wherein:
(a) Vi, Vi, and Vi each independently comprise a variable domain sequence as set
forth in any one of SEQ 1D NOs:168, 170, and 172; or
(b) Vi, Vg and Vi3 each independently comprise heavy chain complementarity
determining regions comprising an amino actd sequence selected from the group consisting
of SEQ D NOs: 129-137.
{0230} Item 25: A binding protein comprising four polypeptide chains that form three
antigen binding sites, wherein a first polyvpeptide chain comprises a structure represented by
the formula:
Vip-Li-Vila-Co (]
and a second polypeptide chain comprises a structure represented by the formula:
Vui-La-Vir-Ly-Cup-hinge-Cip-Cyz - [IH]
and a third polypeptide chain comprises a structure represented by the formula:
Vi3-C-hinge-Cup-Cus [T
and a fourth polypeptide chain comprises a structure represented by the formula:
Vi-Co [Ivi
wherein:
Vi1 18 a first immunogiobulin light chain variable domain;
Vi is a second immunoglobulin light chain variable domain;
Vi3 15 a third immunoglobulin light chain variable domain;
Vi 18 a first immunoglobulin heavy chain variable domain;
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Vs 18 a second immunoglobulin heavy chain variable domain;

Vs 1 a third immunoglobulin heavy chain variable domain;

Cy is an immunoglobulin light chain constant domain;

Cyqy 15 an immunoglobulin Cyy heavy chain constant domain,

Cyz 18 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 Cyp domaing; and

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

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

wherein:

{a) Vi1, Viz 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 Viz and Vi; 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:

(a) 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; or

{b) V1, Vin and Vy; each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SEQ 1D NGs: 129-137.
{0281} Item 26:  The binding protein of item 24, wherein the second and/or the third
polypeptide chain further comprises an Fe region linked to Cy;, the Fo region comprising an
immunoglobulin hinge region and Cypp and Cys immunoglobulin heavy chain constant
domains.
{0282} ftern 27:  The binding protein of any one of items 24-26, wherein at least one of
Ly, Ly, Ly and Ly, 1s independently O amino acids in length.
{0283} Item 28:  The binding protein of any one of items 24-26, wherein Ly, Lo, L5 and
L, are each independently at least one amino acid in length.
j6284] ftern 29 The binding protein of any one of items 24-26 and 28, wherein {a) Ly,
1,, Lsand L4 each independently are zero amino acids in length or comprise a sequence
selected from the group consisting of GGGGSGGGGES (8EQ ID NO:104),
GGGGSGGGGSGGGGS (SEQ IDNG:105), § RT, TKGPS (SEQ 1D NO:106), GOPKAAP
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(SEQ ID NO: 175), and GGSGSSGSGG (SEQ D NOG:148); or (bY Ly, L3, Lzand L, each
independently comprise a sequence selected from the group cousisting of GGGGSGGGGS
(SEQ ID NO:104), GGGGSGGGGSGGGES (SEQ ID NO:105), §, RT, TKGPS (SEQ ID
NO:106), GQPKAAP (SEQ ID NO: 175), and GGSGISGSGE (SEQ 1D NG 148).

{6285} ftem 30:  The binding protein of any one of items 24-28, wherein:

{(a) Ly comprises the sequence GQPKAAP (SEQ ID NO: 175), L; comprises the
sequence TKGPS (SEQ 1D NO:1006), L; comprises the sequence 8, and Ly comprises the
sequence RT,

(b) L1 comprises the sequence GGGGIGGGGS (SEQ ID NO:104), 1, comprises
the sequence GGGGSGGGGS (SEQ ID NO:104), L5 15 0 amino acids in length, and Ls s 0
amino acids in length;

{c) L1 comprises the sequence GGSGSSGSGG (SEQ ID NO:148), L, comprises the
sequence GGSGSSGSGG (SEQ ID NG:148), 15 1s 0 amino acids in length, and 1418 0
amino acids in fength; or

{d) L; comprises the sequence GGGGSGGGGSGGGGS (SEQ D NO:105), Ly 180
amine acids in length, L; comprises the sequence GGGGSGGGGSGGGES (SEQ ID
NO:105), and L4 is 0 amino acids in length.

{6286} Htem 31 The binding protein of any one of items 24-30, wherein:
(a) Vi1 comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO: 132,
CDR-H2 comprising the amino acid sequence of SEQ 1D NG:133, and a CDR-H3
comprising the amino acid sequence of SEQ D NO:134; Vi, comprises a CDR-L1
comprising the arino acid sequence of SEQ ID NG:143, a CDR-L2 corprising the amino
actd sequence of SEQ ID NO:179, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:144; Vg, comprises a CDR-HI 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 NG:137; Vi, comprises a CDR-
L1 comptising the amino acid sequence of SEQ [} 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 NO:147; Vi3 coroprises a CDR-H1 comprising the amino acid
sequence of SEQ [ N(G: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-L1 comprising the amino acid sequence of SEQ ID NG:141, a CDR-L.2
comprising the amino acid sequence of SEQ 1D NQ: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
NG:135, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:136, and a CBR-
H3 comprising the aminc acid sequence of SEQ ID NG:137; Vi, comprises a CDR-L1
comprising the aroino acid sequence of SEQ ID NO: 145, a CDR-L2 comprising the amino
actd sequence of SEQ 1D NO: 146, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:147; Vg, 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 a
CDR-H3 comprising the amino acid sequence of SEQ ID NG:134; V; 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:47, 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 [ N(G:1129, a CDR-HZ 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 ID NG:141, a CDR-L.2
comprising the amino acid sequence of SEQ ID NG:178, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO:142;

{(¢) Vu; comprises a CDR-HI comprising the amino acid sequence of SEQ ID
NQO:132, a CDR-H2 comprising the amino acid sequence of SEQ 1D N(:133, and a CDR-
H3 comprising the amino acid sequence of SEQ D NO:134; Vi comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NQ:143, a CDR-L2 comprising the amino
acid sequence of SEQ H2 NO: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
1D NO:129, a COR-HZ comprising the amine acid sequence of SEQ 1D N(O:130, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NG:131; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ ID N(: 141, a CDR-L.2 comprising the
amino acid sequence of SEQ ID NG:178, and a CDR-L3 comprising the amino acid
sequence of SEQ 1D NO:142; 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 NO:137; and Vi3
comprises a CDOR-L1 comprising the aming 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,

{d) Vg, comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D
N(O:129, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:130, and a CDR-
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H3 comprising the amino acid sequence of SEQ ID NO:131; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NQ:141, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:178, and a CDR-L3 comprising the aminc acid sequence of
SEQ ID NO:142; Vi, comprises a CDR-HI comprising the amino acid sequence of SEQ
1 NO:132, a CDR-HZ 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 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 1D NG 144; 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 D
NG:136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; and Vi3
comprises a CDOR-L1 comprising the amino acid sequence of SEQ ID NO:145, a CDR-L2
comprising the arino acid sequence of SEQ ID NG: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:147;

(e} Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
N(:135, a CDR-H2 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
actd sequence of SEQ ID 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
1D NO:129, a CDR-H2 comprising the amino acid sequence of SEQ D NO:130, and a
CDR-H3 comprising the amivo acid sequence of SEQ ID NO:131; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ [} NO:141, a CDR-L2 comprising the
amino acid sequence of SEQ I3 NG:178, and a CDR-L3 comprising the amino acid
sequence of SEQ 1D N(G:142; Vs comprises a CDR-H1 comprising the amino acid
sequence of SEQ D NG: 132, a CDR-HZ comprising the amino acid sequence of SEQ ID
N©O: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 1D NQO:179, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NOG:144;

(£} Vi comprises a CDR-H1 comprising the arino acid sequence of SEQ D
WNO:129, a CDR-H2 comprising the aminc acid sequence of SEQ 1D N(O:130, and a CBR-
H3 comprising the amino acid sequence of SEQ ID NO:13 1, Vi, comprises a CDR-LA
comprising the amino acid sequence of SEQ D NG 141, a CDR-L2 comprising the amino
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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
ID NO:135, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:136, and a
CDR-H3 comprising the amvivo acid sequence of SEQ ID NO:137; Vi, comprises a CDR-
1.1 comprising the amino acid sequence of SEQ 1D NO:145, a CDR-L2 comprising the
amino acid sequence of SEG 1D NO: 146, and a CDR-L3 comprising the amino acid
sequence of SEQ > NO:147; Vi3 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 CBR-H3 comprising the amino acid sequence of SEQ ID NO:134; and Vi3
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 1D NG:144;

(g) Vi comprises a CDR-H1 comprising the amivo acid sequence of SEQ ID
NO:135, a CDR-HZ comprising the amino acid sequence of SEQ 1D NO:136, and 3a 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 NC: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 1D NO:147; Vi, comprises a CDR-H1T comprising the amino acid sequence of SEQ
1D NO:132, a COR-HZ comprising the amine 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 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 NG: 135, a CDR-H2 comprising the amino acid sequence of SEQ ID
N(: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 NO: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:147;

{b) Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D
NO:135, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:136, and 2a 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 1D NO:146, and a CDR-L3 comprising the amino acid sequence of
SEG D NO:147; Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ
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D NO:132, a CDR-HZ 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 ID NO:143, a CDR-L2 comprising the
amivo acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the amino acid
sequence of SEQ ID NG 144; Vi3 comprises a CBR-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{:134; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:143, a CDR-L2
comprising the arino 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 COR-HI comprising the amino acid sequence of SEQ ID
N©: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 D NO:134; Vi, comprises a CDR-L]
comprising the amino acid sequence of SEQ ID NO:143, a CDR-LZ 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-H1 comprising the amino acid sequence of SEQ
D NO:135, a CDR-H2 comprising the amine 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 1D NO:145, a CDR-L2 comprising the
amino acid sequence of SEQ I3 NO: 146, and a CDR-L3 comprising the amino acid
sequence of SEQ 1D NG: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 ID
NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ D 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 SE(Q 1D NC:146, and a CDR-L.3 comprising the
amino acid sequence of SEQ ID NG:147; or

() 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 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 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-H1 comprising the amino acid sequence of SEQ D
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 1D NG:137; Vi, comprises a CDR-L1
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comprising the amino acid sequence of SEQ ID NQ: 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, Vy; comprises a COR-H1 comprising the amino acid sequence of SEQ ID
NG: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; and Vi3 comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NO:143, a CDR-LZ comprising the amino
acid sequence of SEQ 1D NO:179, and a CDR-L.3 comprising the amino acid sequence of
SEQ ID NO: 144

{0287} ftern 320 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 Fc region linked to Cqy, the
first Fc region comprising an immunoglobulin hinge region and Cip 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 IgGl or 1gG4 according to EU
Index, wherein the amino acid substitutions are $354C 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 Cuz 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 IgGl or 1gG4
according to EU Index, wherein the amino acid substitutions are Y349C, T366S, L368A, and
Y407V,

{0288} 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 Ci, the
first Fc region comprising an immunoglobulin hinge region and Cy; and Cyz 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 Fe region linked
to Cy, the second Fe region comprising an immunoglobulin hinge region and Cy; and Cys
immunoglobulin heavy chain constant domaius, wherein the second Fe region comprises
amino acid substitutions at positions corresponding to positions 354 and 366 of human 1gG1
or IgG4 according to BU 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,
wherein the second polypeptide chain further comprises a first Fe region linked to Cyy, the
first Fc region comprising an immunoglobulin hinge region and Cyp, and Cy: immunoglobulin
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heavy chain constant domains, 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 Cyp and Cp; immunoglobulin heavy chain constant domains; wherein the first and
second Fe regions comprise amino acid substitutions at positions corresponding to positions
428 and 434 of human Ig(G1 or Ig34 according to EU Index, wherein the amino acid
substitutions are M428L and N4348.

{6290} Item 35:  The binding protein of any one of items 2, 4-15, 17, 19-23, 25, and 27-
31, wherein the Cy; domain of the second polypeptide chain comprises amino acid
substitutions at positions corresponding to positions 354 and 366 of human IgGl 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 [gG1 or IgG4
according to EU Index, wherein the amino acid substitutions are Y349C, T3668, L368A, and
Y407V,

{0291} Ttem 36:  The binding protein of any one of items 2, 4-15, 17, 19-23, 25, and 27-
31, wherein the Cy3 domain of the second polypeptide chain comprises amino acid
substitutions at positions corresponding to positions 349, 366, 368, and 407 of human IgG!
or Ig(34 according to BU Index, wherein the amino acid substitutions are Y349C, T3665,
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 IgGl
or IgG4 according to EU Index, wherein the amino acid substitutions are S354C and T366W.
{0292} ftern 37:  The binding protein of any one of items 2, 4-15, 17, 19-23, 25, 27-31,
35, and 30, 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 IgG1 or IgG4 according to EU Index, wherein the amino acid substitutions are
M428L and N4348

{0293} ftern 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 Cgy, the
first Fc region comprising an immunoglobulin hinge region and Crp and Crz immunoglobulin
heavy chain constant domains; wherein the third polypeptide chain further comprises a
second Fe region linked to Gy, the second Fe region comprising an immunogiobulio hinge
region and Cyy and Cys immunoglobulin heavy chain constant domains; wherein the first and
second Fe regions are human IgG1l or 1gG4 Fe regions; and wherein ouly one of the first and
the second Fc regions comprises amino acid substitutions at positions corresponding to
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positions 435 and 436 of human IgG1 or {g(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 Cy3 domains of the second and the third polypeptide chains are
human IgG1 or g4 Cuz domains, and wherein only one of the Cys 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.
{0295] Ttem 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 Ci, the
first Fc region comprising an immunoglobulin hinge region and Cw» and Caz 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 immunoglobulin hinge
region and Cyp; and Cy; immunoglobulin heavy chain constant domains; wherein the first and
second Fc regions are human 1g(G4 Fc 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
S228P and R409K.

{6296] Htem 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 Cys domains, and wherein the Ciz domains each comprise amino acid
substitutions at positions corresponding to positions 228 and 409 of human 1gG4 according to
EU Index, wherein the amino acid substitutions are 8228P and R409K.

{0297} Item 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 Cy,
the first Fe region compriging an immunoglobulin hinge region and Cyp and Cus
immunoglobulin heavy chain constant domains; wherein the third polvpeptide chain further
comprises a second Fe region linked to Cyy, the second Fe region comprising an
immunoglobulin hinge region and Cy; and Cgz immunoglobulin heavy chain constant
domains; wherein the first and second Fc regions are human IgG4 Fc regious; and wherein
the first and the second Fc 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.

{0298] Item 43:  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
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are human Ig(G4 Cy; domains, and wherein the Cy; domains each comprise amino acid
substitutions at positions correspounding to positions 234 and 235 of human IgG4 according to
ElJ Index, wherein the amino acid substitutions are F234A and L235A.

{0299} ftero 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 Fc region linked to Cy;,
the first Fe region comprising an immunogiobulin hinge region and Cup and Cigs
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 Cuy and Cys immunoglobulin heavy chain constant
domains; 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 IgG4 according to EU Index, wherein the
amino acid substitutions are L234A and L235A.

{0300 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 IgG1 Cy; 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.

{0301} 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
site that specifically binds a human tumor target protein.

{0362} Item 47 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 CD28, wherein VHZ and VL2 form a second antigen binding site
that specifically binds burman CD3, and wherein VH3 and VL3 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.

{0304} 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
NGO: 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 SEQ [D
NO: 154 and a light chain variable domain comprising the amino acid sequence of SEQ 1D
NO: 155
{0365} Item 50:  The binding protein of any one of items 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 ID
NO: 160 and a light chain variable domain comprising the amino acid sequence of SEQ ID
NO: 16l 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} Ttem 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 variable domain comprising the amino acid sequence of SEQ ID
NO: 156 and a light chain variable domain comprising the amino acid sequence of SEQ 1D

NO: 157,

25

¢

{(b) a beavy 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 1D
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: 163

() 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 chain variable domain comprising the amino acid sequence of SEQ ID
NO: 166 and a light chain variable domain comprising the amiino acid sequence of SEQ ID
NO: 167
7,35-37, 39, 41, 43, and

El

{6307} ftem 52:  The binding protein of any one of items 2, 1

45, wherein:
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(a)VH1 and VL1 form a first antigen binding site that specifically binds human
TNFa, VH2 and V1.2 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 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 IL4,
and VH3 and VL3 form a third antigen binding site that specifically binds human IL.13;

(¢) 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 .13;

{d) VHI and VL1 form a first antigen binding site that specifically binds human
14, VH2 and VL2 form a second antigen binding site that specifically binds human IL13,
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
1113, VH2 and VL2 form a second antigen binding site that specifically binds human 114,
and VH3 and VL3 form a third antigen binding site that specifically binds human TNFa; or

(fy VH1 and VLI form a first antigen binding site that specifically binds human IL13,
YHZ 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 {L4.
{6308} Item 53:  The binding protein of item 52, wherein the antigen biunding 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 D NO: 169,
{9309} Item S4:  The binding protein of item 52 or item 53, wherein the antigen binding
site that specifically binds human IL4 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.
{0310} Ttem 55:  The binding protein of any one of items 52-54, wherein the antigen
binding site that specifically binds human IL13 comprises a heavy chain variable domain
comprising the amino acid sequence of SEQ ID NO:172 and a light chain variable domain
comprising the amino acid sequence of SEQ D NO:173.
{0311} ftem 56:  The binding protein of any one of items 1-55, wherein:

{(a) the Cr, 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
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(b} the C domain of the first polypeptide chain is a human lambda C; domain, and
the Cy domain of the fourth polypeptide chain is a human kappa Cp domain.
j0312] 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 Cy, domain; wherein the Cps
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 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 IgG1 according to EU Index, wherein the amino
acid substitutions are Y349C, T366S, L368A, Y407V, H435R, and Y4306F; and wherein the
fourth polypeptide chain comprises a kappa Cy domain.
{0313} 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 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
I 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)
1 NO: 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: §; 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 is at feast 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 12 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 I 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;

(<) the first polypeptide chain comprises the amino acid sequence of SEQ D NOG:
4 or an amivo 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 SEGQ ID NQO: 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
D NG: 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

{dy  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
SEG ID NO: 10; the second polypeptide chain comprises the amino acid sequence of SEQ ID
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 NQO: 14;

(&) the first polypeptide chain comprises the aming 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
2 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 NG: 17
or an amino acid sequence that is 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 is at least 95% identical to the amino acid sequence of
SEQ ID NG: 18;

) 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 13 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 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 {east 95% identical to the amino acid sequence of
SEQ ID 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 NQ: 15
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(&) the first polypeptide chain comprises the amino acid sequence of SEGQ 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 D NO: 3
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
1 NO: 3; the third polypeptide chain comprises the amino acid sequence of 8EQ 1D NO: 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
NO: 22 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 22:

(h) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 10
or an amino acid sequence that i3 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 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 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 acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 22;

& 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 amivo acid sequence that is at Ieast 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

) 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 D
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 av amivo acid sequence that is at feast 95% identical to the amino acid sequence of
SEG D NO: 60; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
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D NO: 61 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NQ: 61,

(k3 the first polypeptide chain comprises the amino acid sequence of SEQ ID NO:
69 or an amino acid sequevce 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
WNO: 68 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ I3 NG: 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 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 NO: 71,

)] the first polypeptide chain comprises the amino acid sequence of SEQ ID NO:
76 or an amino acid sequeuce 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
NO: 75 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 13 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 I3 NO: 73; and the fourth polypeptide chain comprises the amino actd 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 NG: 74

{(m) 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; the second polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 81 or an amino acid sequence that is at Ieast 95% identical to the amino acid sequence of
SEQ ID NO:81, the third polypeptide chain comprises the amino acid sequence of SEQ 1D
NGO: 73 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 13 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 NQO: 74

(ny  the first polypeptide chain comprises the amino acid sequence of SEQ ID NO:
&8 or an amino acid sequence that 1s 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 amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEQ 1D NO: 87; 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 1D NG: 86;

{0y  the first polypeptide chain comprises the amino acid sequence of SEQ 1D NG:
94 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEQ ID NO: 94; the second polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 93 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEG ID NO: 93; 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 NO: 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NG: 86;

(p)  the first polypeptide chain comprises the amino acid sequence of SEQ D NOG:
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 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 NGO 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 chatn comprises the amine 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;

(© 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 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 NO: 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 chatn 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 1D NG: 86;

r) 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 D NO: 63; the second polypeptide chain comprises the amino acid sequence of SEQ ID
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NO: 62 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NG: 62; the third polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 73 or an amino acid sequence that is at {east 95% identical to the amino acid sequence of
SEQ 1D NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
H» 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 NO:
63 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEG ID NO: 63; the second polypeptide chain comprises the amino acid sequence of SEQ ID
INO: 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
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
D NO: 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NQ: 86;

{t) the first polypeptide chain comprises the aming 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
2 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
ID NO: 3; the third polypeptide chain comprises the amino acid sequence of SEQ ID NG:
114 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEGQ 1D NO: 114; and the fourth polypeptide chain comprises the amino acid sequence of
SEQ 1D NO: 115 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ 1D NG: 115; or

(u)y  the first polypeptide chain comprises the amino acid sequence of SEG ID NG:
10 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 13 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% 1dentical 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 SE( 3y 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 [DNO: 115,
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{6314} ftem 39 An isolated nucleic acid molecule comprising a nucleotide sequence
encoding the binding protein of any one of items 1-58.

{0315} Item 60:  An expression vector comprising the nucleic acid molecule of item 59,
{0316} ftero 61 Anisolated host cell comprising the nuclete acid molecule of item 59,
{6317] ftem 62 Anisolated host cell comprising the expression vector of item 60.
{0318} Item 63:  The isolated host cell of item 61 or item 62, wherein the hostceli is a
mammalian cell or an insect cell.

j0319] Item 64: A pharmaceutical composition comprising the binding protein of any
one of items 1-58 and a pharmaceutically acceptable carrier.

{0320} Item 05: 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.

{6321} 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, CD20, CD38, Her2, and LAMPL.
{3323} Item 68:  The method of any one of items 65-67, wherein the at least one binding
protein is co-administered with a chemotherapeutic agent.

{0324} ftern 691 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 items 1-15, 24-45, and 52-38 or the
pharmaceutical composition of item 64.

j0325] Item 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 1L-4, I1.-13 and TNFa.

{0326} Item 71;  The method of item 69 or itemn 70, wherein the at least one binding
protein is co-administered with an anti-inflammatory agent.

j6327] Itern 72 The method of any one of items 65-71, wherein the patient i3 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, B7H7, B7RP1, B7-4, C3, 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, CD86, CD122, CD137, CDI37L, CD152, CD154, CD160, CD272, CD273, CD274,
CD275, CP276, CD278, CDB279, CDHI, chitinase, CLECS, CLECY1, CRTH2, CSF-1, CSF-
2, CSF-3, CX3CL1, CXCL1Z, CXCL13, CXCR3, DNGR-1, ectonucleoside triphosphate
diphosphohydrolase 1, EGFR, ENTPD1, FCERIA, FCERI1, FLAP, Gi24, GITR, GITRL,
GM-CSF, HerZ, HHLA2, BMGB1, HVEM, ICOSLG, IDO, IFNg, IgE, IGFIR, IL2Rbeta,
IL1, IL1A, IL1B, IL1F10, IL2, TL4, IL4Ra, IL5, TL5R, IL6, IL7, TL7Ra, IL8, 119, TLOR,
[L10, rthiL10, IL12, 1013, IL13Ral, IL13Ra2, IL15, [L17, IL17Rb, 1L18, 1L.22, 1L.23, IL25,
.27, 1033, 135, ITGB4, ITK, KIR, LAG3, LAMPI, leptin, LPFS2, MHC class I,
NCR3LG1, NKG2D, NTPDase-1, OX40, OX40L, PD-1H, platelet receptor, $152, SISP1,
SLC, SPG64, ST2, Syk kinase, TACL TDO, T14, TIGIT, TIM3, TLR, TLR2, TLR4, TLRS,
TLRS, TNFa, TNFRSF7, Tp55, TREMI, TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3,
WUCAM, and XCR1.

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

{6330] Htem 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 turnor target protein.
{0331} Item 76:  The binding protein for use or the composition for use of item 75,
wherein the binding protein corprises 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 counsisting of CD19,
CD20, CD38, Her?2, and LAMPT

10332} ftermn 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} Ttem 78:  The binding protein of any one of items 1-15, 24-45, and 52-58 or the
pharmaceutical composition of ttern 64 for use in preventing and/or treating av inflammatory
disease or disorder in a patient.

{8334] Itern 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 counsisting of TL-4, TL-13 and TNFa.
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{6335] Iem 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.
10336} Item 81: The binding protein for use or the composition for use of any one of
items 74-80, wherein the patient is a buman.

{6337] 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 AZAR, APRIL, ATPDase, BAFF,
BAFFR, BCMA BlyS, BTK, BTLA, B7DC, B7H!1, B7H4, B7HS5 B7H6, B7TH7, BTRP1,
B7-4, C3, C5, CCL2, CCL3, CCL4, CCLS, CCL7, CCL8, CCL11, CCL1S, CCL17. CCL19,
CCL20, CCL21, CCL24, CCL25, CCL26, CCR3, CCR4, CD3, CD19, CD20, CD23, CD24,
CD27, CD28, CD38, CD39, CD40, CD70, CDB0, CD8s6, CD122, CB137, CDI37L, CD152,
CD154, CD160, CD272 CD273, CD274, CD275, CD276, CD278, CD279, CDH1, chitinase,
CLECY, CLECS1, CRTH2, CSF-1, CSF-2, CSF-3, CX3CL1, CXCL12, CXCL13, CXCR3,
DNGR-1, ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCERIA,
FCERI, FLAP, FOLHI, Gi24, GITR, GITRL, GM-CSF, Her2, HHLA2, HMGB1, HVEM,
ICOSLG, D0, IFNg, IgFE, IGF1R, [L.2Rbeta, IL.1, IL1A IL1B, IL1F10, 112, 114, IL4Ra,
ILS, ILSR, 116, IL7, IL7Ra, IL8, 1LY, ILOR, IL10, rhiIL10, IL12, IL13, IL13Ral, IL13Ra2,
15, 1017, IL17Rb, [L18, 1122, 123, 1125, 1127, 1133, IL3S, ITGB4, ITK, KIR, LAG3,
LAMPIL, leptin, LPFS2, MHC class ff, NCR3LG1, NKG2D, NTPDase-1, 0X40, OX40L,
PD-1H, platelet receptor, PROMI, S152, SISP1, SLC, SPG64, ST2, STEAP2, Syk kinase,
TACL TDO, T4, TIGIT, TIM3, TLR, TLRZ, TLR4, TLRS TLRY, TMEF1, TNFs,
TNFRSF7, Tp55, TREM1, TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and
XCR1.

{0338} 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 1u a host cell, wherein only one of the Cys 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
ElJ Index, wherein the amino acid substitutions are H435R and Y436F;

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

(¢} eluting the binding protein from Protein A under conditions suitable for isolating

the binding protein away from binding proteins comprising either O or 2 Cyz domains



WO 2017/180913 PCT/US2017/027488

comprising the amino acid substitutions are HA35R and Y436F, thereby purifving the
binding protein.
10339} Item 84: The method of item 83, wherein the Cp. domain of the first polypeptide
chain is a human kappa Cy, domain, and the Cy, domain of the fourth polypeptide chainis a
human lambda Cy, domain; or the Cp domain of the first polypeptide chain is a human fambda
Cy, domain, and the Cy, domain of the fourth polypeptide chain is a human kappa Cr domain,
and the method further comprises:

() contacting the binding protein ehuted 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 Cy, domains.
{0340} 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
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 Cp domains.
{0341} ftem 86: The method of item 83, wherein the C;, domain of the first polypeptide
chain is a human kappa Cp domain, and the Cy domain of the fourth polypeptide chainis a
human lambda C domain; or the Cr, domain of the first polypeptide chain is a human lambda
. domain, and the Cp domain of the fourth polypeptide chain is 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 C;, domains.
{0342} Item 87: The method of item 86, further comprising, after (e):

(fy 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 € domains.
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{6343} ftem 88: The method of any one of items 83-87, wherein the first polypeptide
chain comprises a lambda Cp domain; wherein the Cyu; 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 Cys domain of the third polypeptide chain comprises aming 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 C domaiu.

{6344} Item 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).
{0345} Item 90:  The method of any one of items 83-89, wherein the Cy; domains of the

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

{6346] The Examples that follow are illustrative of specific embodiments 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 invention in any way.

Example 1: Materials and Methods

[0347] The following materials and methods were used for the experiments described in

Examples 2-5.

Trispecific antibody design

{0348} A schematic iliustration of the general trispecific antibody design is ustrated in
FIGS. 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)
Chotce 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 Fe¢ isotype (IgG1 or 1g(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

[06349] Trispecific antibodies were produced by transient transfection of 4 expression
plasmids into Expi293 cells using ExpiFectamine™ 293 Transfection Kit (Thermeo 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
trispecitic antibody with good yield and purity.

{0358} 4-5 days post transfection, the supernatant from transfected cells was collected
and filtered through 0.45 um 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 “1g(G Flution 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.

£LISA assays
[0351] 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% skimn milk+2% BSA in PBS for one hour at RT, followed by washing with
PBS+0.25% Tween 20 three times (Agua Max 400, Molecular Devices). Serial dilution of
antibodies (trispecific 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.

j0352] After washing, the HRP conjugated secondary anti-human Fab (1:5000, Cat. No.
109-035-097, Jackson ImmuncoResearch 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, Gaithersburg, MD, USA) was added to each well. The reaction
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was terminated by adding 50 gl 1M H;80,, and OD,sg was measured using SpectraMax M3
(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. EC50 was calculated using the same software.

SPR assays

{06353} 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.

{0354} For an exemplary assay, recombinant human IL13 {(catalog # 1L012) and human
H.4 (catalog # 11.004) were purchased from Millipore, recombinant human TNFo {catalog #
H8916) was purchased from Sigma Aldrich. Binding kinetics were measured against
recombinant hurnan 114 and .13 over a concentration tange between 0.1 to 3 nM for IL4
and 0.8 to 25 nM 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 ul/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
simultaseous 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 TNFa 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 etther IL4/TNFa or a co-
inject of TNFo/IL.4. The final response measured in each cycle was compared to show
similarity of consecutive binding of either two or three antigens and simultaneous binding of
a mixture of all three antigens.

161



WO 2017/180913 PCT/US2017/027488

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 tn PBS (pH7 4), and mixed with Ficoli-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 butty 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 ml 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.

[6356] To set up the in vitro T cell activation assay, purified human PBMCs were
resuspended in culture medium (RPMI1640 with 10% FBS and supplemented with
olutamine/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 af. (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 labeled antibodies for T cell markers (CD3, CD4, CD8, 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 (FlowJo v10) and plotted as shown.

{0357} To set up the in vifro T cell proliferation assay, purified human PBMUCs 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 tlorescent
fabeled antibodies for T cell markers (CD3, CD4, CD8, etc.) and activation markers (CD69,
CD62L, 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 vi0) and

plotted as shown.

n vitro cell killing assay

{6358] Puritied human PBMCs were using for in 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 ml PBMCs from each donor were plated at 2x10°6
cells/mi, and 30 mi of PKH26 (Sigma #MINI26}) labeled target cells at 2.5x10"5 cells/ml
{(4uL of dye to stain up to 1x10°7 cells) were prepared. First 20ul/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 PBBMC 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 collected for
measuring cytokine release, or discarded. The cells were stained with Vivid LIVE/DEAD™
Fixable Violet Dead Cell Staining buffer (Life Technology #1.34955) (staining butfer was
prepared by adding 60ul. Vivid reagent into 60 ml PBS). Cells were resuspended into 100uL
staining buffer by incubation for 15 min at RT in the dark. After washing the cells with
1%PBS, 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

{0359} For measuring inflamratory cytokine concentrations in the in vifro activation
assays, in viiro killing assays, in 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® System, and MILLIPLEX® Analyst 5.1 software.

In vivo monse models and efficacy studies

{0360} Human CD34+ hematopoietic stem cell-engrafted NSG mice (hu-CID34) were
used as an in vive mouse model. These mice develop multi-lineage human immune cells, and
are a validated platform for immunc-oncology efficacy studies (see, e.g., Shultz, L.D. er ol
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(2014) Cold Spring Harb. Protoc. 2014:694-708). Hu-CD34™ NSG mice are produced by
injecting CD34" hematopoietic stern cells, showing effective multi-lineage engraftment of
human immune cell populations including T celis , 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.
{6361} For the efficacy study using hu-CD34 NSG mice, mice were purchased from 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 immunochistochemistry analysis.

{0362} Human PBMC humanized (hu-PBMC) NSG mice were used as another in vivo
mouse model. These mice are produced by injecting puritied human PBMC from health
denors, 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 cell
function, and are suitable for short term efficacy study(3-4 weeks) due to graft-versus-host
disease.

{0363} For the efficacy study using hu-PBMC NSG mice, 8-10 week old NSG mice {Cat.
No: 005557, NOB.Cg-Prkdescid B2rgim I Wjl/Sa]y were purchased from The Jackson
Laboratory (Maine, USA). Fach 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 samples (0.3mL} were collected into serum 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 immunohistochemistry 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 T only), 0.5 hour (mid-
infusion), 1, and 6 hours from start of infusion for all animals after each dose, as specified.
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

{0365} GloResponse™ [L.2-1uc2P Jurkat Cells, Thaw and Use (Promega part#
CS187002) and GloResponse™ NFAT-Luc2 Jurkat Cells (Promega Cat# C3176401) were
purchased from Promega (W1 UUSA), and prepared for use according to manufacturer’s
protocol.

{0366} 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,
{0367} 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 175ul 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 terperature) 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; 1s read time). Data

were plotted using GraphPad Prism software.

Conformational stability

j0368] Thermostability measurements (e.g., melting points, Ty} were determined using
differential scanning fluorimetry (DSF). Samples were diluted in D-PBS buffer (Tnvitrogen)
to a final concentration of 0. 2ug/pl including a 4x concentrated solution of SYPRO-Orange
dve (Invitrogen, 5000x stock in DMSO) in D-PBS in white semi-skirt 96-well plates
(BIORAD). All measurements were done in duplicate using a MyiQZ real time PCR
instrument (BIORAD). Negative first derivative curves (<dRFUYAIT) of the melting curves
were generated in the 15 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 IL-13 with a reporter cell line

{6369] Activities of bispecfic antibodies or derivatives against cytokines 114 and IL13
were determined in commercially available HEK-Blue 1L-4/1L-13 reporter cells (InvivoGen).
HEK-Blue IL-4/1L-13 cells are designed to monitor the activation of the STAT6 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/IL-13 cells. Cytokine-mediated induction of SEAP was
measured after 24 hours incubation in the cell culture supernant with the QUANTL-Blue
assay {(InvivoGen). Each experiment was performed with n = 3 datapoints for each antibody
concentration. The half-maxinal inhibitory concentration (IC50} 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

{0370} 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 bicactive TNFa 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
{InvivoGen). 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). Each 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

{0371} 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 Vi and Vi 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 proeteins 1-21, and the target

antigens to which the binding preteins are directed.

Binding Protein # | SEQ ID NOS Directed 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 CD19x(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 21,22.3,4 LAMPI1 < (CD28 x CD3)
3 21,22,9, 10 | LAMPL x(CD28 x CD3)
9 60, 61, 62,63 TNFax {(IL4 x IL13})
10 60, 61, 68, 69 TNFax (IL13 x 1L4)
11 60, 71, 68, 69 TNFax (1L13 x 114)
12 73,74, 75,76 113 < (JL4 x TNFa)
13 73,74, 81,82 13 x (TNFa < IL4)
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14 85, 86, 87, 88 IL4 x (IL13 x TNFa)
15 85, 86, 93, 94 IL4 x (TNFax IL13)
16 73, 74, 68, 69 TL13 x (IL13 x IL4)
17 83, 86, 68, 69 TLd x (IL13 x IL4)
18 73,74, 62. 63 IL13 x (IL4 x IL13)
19 83, 86, 62, 63 L4 x (TL4 x IL13)
20 114,115.3,4 | CD20x(CD28 x CD3)
21 114, 115,9,10 | CD20x (CD28 x CD3)

{0372} The first pair of polypeptides (that possessed the dual variable domains)
comprised a first polypeptide having the structure Vip-Linker-Vii-Linker-Immunoglobulin
light chain constant domain, and a second polypeptide having the structure Vg -Linker-Vy;-
Linker-Immunoglobulin Cyiheavy 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
Via-Vig (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 Vis-Immuunoglobulin Cyy heavy chain constant domain, and
a second polypeptide having the structure Vi s-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 trispecific 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)

CD28x CB3 CD3x CD28 D28 x D3 CB3x CD28
HC HC HC HC HC HC HC HC HC HC HC HC
-1 7 -3 -1 -2 -3 -1 -2 -3 -1 -2 <3
328 LC-1 X
X LC-2 X
B3 LC-3 X
CB3 LC-1 X
X LC-2 X
CD2R 1.C-3 X
D28 1LC-1 X
X LC-2 X
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B3 LC-3
CcB3 LC-t X
X LC-2 X
CD2R LC-3 X

Linkers: {£3, LAVILLE2Y - {S, RTYV{GOPKAAP (SEQ ID NCG:173), TKGPS (SEQ D NO:166);

[ HGGGGSGGGGS (SEQ 1D NO:104), GGGGSGGGGS (SEQ ID NO:104); or

[GGGGSGGGGSGGGGS (SEQ ID NO:103), YIGGCGGSGGGGSGGGES (SEQ ID NO:103),
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Example 3: In Vifre 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.

10374} Using the approach described in Example 2 above for trispecitic binding protein
design, four trispecific binding proteins (Binding Proteins 1, 3, S, and 6} were generated.
These trispecific binding proteins were created by grafting onto a trispecific binding protein
framework the Vy and Vi domains isolated from antibodies targeting distinct human
proteins: CD3, CD19, CD28, CD38, or Her2. 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 U328 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 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 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 (FIG. 2)—indicating that each binding domain in the
trispecific format retained its function.

{6376} ZR-T75-1, AUS65 (Her2 ™), ARH-77 (CD1 9+), MOLP-§, RPMI-8226, KMS-

12 BM, NCI-H929, MM.1.8, MM.1., R OPM-2, KMS-26, and U266 cells (CD3 8*} were
labeled with the membrane dye 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

170



WO 2017/180913 PCT/US2017/027488

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).

{0377} Her2+, CD19+, CD38+ tumor cell lines were stained with fluorescently
conjugated antibodies against human CD3, CD28, CD19, CD38, LAMP1, and/or Her?2
(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 FIGK, 34-8, 94, 9B, & 11A-16.

{0378} The ability of Binding Protein 1 to induce antibody-mediated cell killing of tumor
cells expressing HER2 proteins oo 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 1 exhibited potent
antibody-mediated cell killing activities, while anti-CID3/CD28 bispecific Ab and anti-Her?2
antibodies showed minimal killing activities (FIGS. 3A, 3B, 4, & 5), 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 /s 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 (ACDZ8: anti-CD28 inactivated;
ACD3: anti-CD3 inactivated; A(CD3xCD28): both anti-CD3 and anti-CDZ8 inactivated) were
used in burman PBMC in virro 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 IL2 and NFAT
reporter human T cell lines (Jurkat-11.2 and Jurkat-NFAT) (FIGS. 7A-7C).
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In Vitro Assavs Using Trispecific Binding Proteins Comprising Anti-CD19

{0336} The anti-CD19 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.

{6381 The anti-CD19 x CD28 x CD3 trispecific binding protein was alsc capable of
inducing antibody-mediated cell killing of CD 19+ cells (FIGS. 9A-3N). Similarly, anti-
CD19 x CD28 x €3 trispecific binding protein exhibited potent killing activity against
human lymphoma cells, while hoth 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 cells 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. 16),
indicating that each binding domain in the trispecific format retained its function.

{0383} Binding Protein 5 was also found to induce antibody-mediated cell killing of cells
(FEIGS, 11A-15D) against 9 human multiple myeloma cells with various levels of CD38 and
CD28 expression (see FIGS, 110, 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). Bispecific anti-CD3/CD28
control antibody also showed marginal killing activity against CD28+ MM cells see FIGS,
118, 124-C, & 13A-C).

j0384] 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 S was also effective against 5 CD38+ human lyrophoma cell lives (FIGS.
14C & 15D}, showing potent killing activities (FIGS. 14A-B & 15A-C).

{8385] The antibody-mediated cell killing against multiple myeloma cell line RPMIB226
using Binding Proteins 5 and 6 were tested, and their ECsos were calculated and compared to
that of a CODV 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
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an anti-CD28 superagonist, while Binding protein 6 contains a conventional anti-CD28.
Binding protein 5 showed more potent killing activity.

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

buCD28 x CD3 [sG4 56.16
Binding Protein 5 IgG4 0.3787
Biading Protein 6 5G4 5.709

{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-CD3 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 Example 1. The
results showed that Binding protein 5 activated both human L2 and NFAT promoters
effectively in virro (FIGS. 17A & 178B). 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 S 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

{6388] A dose escalation study using the Her2 x CD28 x €3 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/CD28/HER2. A
dose escalation toxicity study was devised to assess the potential toxicity profile of the
molecular. Blood samples were collected for serurn and PBMC isolations. Circulating T cell

populations were investigated after each dosing (FIGS.18A & 18B), along with T cell
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subpopulation activation (CD09+) (FIGS, 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)

{06389} Next, the effect of the trispecific anti-Her2 x CD28 x CD3 Binding protein 1
antibody on tumor growth in humanized mouse models was examined as described in
Example 1 (FIGS, 19A-206H) FIGS. 19A & 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 ug/kg. No significant body weight loss in any
treated groups observed.

{0390} A 2™ in vivo study using human PBMC reconstituted NSG mice model inoculated
with human HERZ2+ breast cancer line BT474 was also done (FIGS. 28A-20H). Significant
anti-tumor activities were observed within high dose groups (100 and 500 pg/kg). Tumor
shrinkage was seen in 40% of the mice in 500 pug/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-HER2-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.

{n Vivo Assavs Using Trispecitic 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
(FEGS. 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,
tine graphs). Percentage of CD4 and CD8 T-cells in circulation increased at low dose
escalation, but eventually decreased at high dose escalation. Significant CD4 and CD8 T cell
activation were only prominent at 100 pg/ke 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 ug/kg, FIGS. 21C-21F).

j0392] The in vivo activity of the anti-CD38 x CD28 x CD3 trispecific antibody was next
tested in huranized mice (FIGS. 22A4-23D) as described in Exarople 1. FIGS. 224-22C
summarized the result from a dose determining pilot study using the human CD34+
hematopoietic stem cell-engrafted NSG mice (hu-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 pg/kg. Significant anti-tumor activity was only evident in group treated
with S pgrkg (FIG. 22A). CDB T cell infiltration was observed in Binding protein 5 treated
mice (5 pg/ke) (FIGS. 228 & 22C).

{6393} A follow up study in the same model was performed using Binding protein 5 at
dosing from 0.04-5 pg/kg (FIGS. 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. 234). Dose dependent induction of serum inflammatory cytokines
HN-y, TNF-o and 11L-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 trispecitic Binding protein 5 in vivo.

{0394} Humanized CD34+ NSG mice {n=3) were injected i.v. with 100meg/kg of Tri-
specific Ab (triangel), Bi-specific Ab (square), or single-specific Ab (circle). Activation of
CD4+ or CD8+ T cells was measured at O (pre-injection), 1, 24, and 72 hours after Ab
injection by determining mean increase in % of D69, decrease % of CD62L and/or
concentration of inflammatory cytokines in plasma at each time points by Luminex’s xMAP
multiplexing techunology. The T cell activation results of various trispecific antibodies are
shown in FIGS, 24-26C.

j0395] 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 5,
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 FN-y, TNF-q
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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 1gG4 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.

{0397} Trispecific binding proteins (e.g., that bind three different target proteins; Binding
Proteins 9-15), as well as bispecific-trivalent binding proteins {e.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 a 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 IgGl sequence was used. Whereas the CODV-HC

harbors the knob-RF mutations (8354C, "

366W,; H435R and Y4306F) the Fab-arm-HC

contains the hole mutations (Y349C, T3665, L308A, Y407V).

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

4/i}.f‘ i 3‘/’]w NF(E

Antibody Specificity Construct Format
Binding Protein 9 (anti-IL4 x anti-IL13) x anti-TNFo (CODV-Fab) x Fab-1gG1 Fo Trispecific
Binding Protein 10 (anti-IL13 x anti-IL4) x anti-TNFq (CODV-Fab) x Fab-1gG1 Fo Trispecific
Binding Protein 11 {anti-1L13 x anti~1L4) x anti-TNFo (CODV-Fab) x Fab-1gG1 Fe Trispecific
Binding Protein 12 (anti-IL4 x anti-TNFe) x anti-IL13 (CODV-Fab) x Fab-IgG1 Fo Trispecific
Binding Protein 13 (anti-TNFq x anti-iL4) x anti-1L13 (CODV-Fab) x Fab-1gG1 Fc Trispecific
Binding Protein 14 {anti-IL13 x anti-TNFa) x anti-IL4 (CODV-Fab) x Fab-IgG1 Fe Trspecific
Binding Protein 15 {apti-TNFu x anti-}L13) x anti-IL4 {CODV-Fab) x Fab-1gG1 Fe Trispecific
Binding Protein 16 (anti-IL13 x anti-IL4) x anti-IL13 (CODV-Fab) x Fab-IgG1 Fe ?;fi‘iﬁ;
Binding Protein 17 {anti-1L13 x anti-]L4} x anti-1L 4 (CODV-Fab) x Fab-igG1 F¢ E?;Ej Zﬁg
Binding Protein 18 (anti-IL4 x anti-IL13) x anti-IL13 (CODV-Fab) x Fab-lgG1 Fo E%‘;fii;ﬁf
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Binding Protein 19 (anti-IL4 x anti-IL13) ¥ anti-IL4 (CODV-Fab) x Fab-1gG1 Fe Bispecific
Trvalent
03981 The trispecific and bispecific-trivalent binding proteins were produced and
purified as described above (FIG, 27).
Table D: SEC purification of Binding Proteins 16-19
Construct Retention Peal Height Aven Aggregation MW by SEC MW Cale,
j ’ {mi) (mAU) (AU *mL} (%0} [EY] (kDay
Bindiong - SN . <
Protein 16 3.02 648 8.1 1.5 211 ¥
1*?;?221%7 2.99 659 89 2.1 225 172
Binding - 5 g \ 014 -
Protein 18 3.01 729 838 0.0 214 171
Bindiog 4 g PN 5 5 "
Protein 19 2.98 732 8.8 0.9 228 171

[0399] In order to assess the stability of the trispecific binding proteins, their melting
point was assessed by DSF and compared with the thermostability of the parental antibodies
{Table E}.

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

preparative size exclusion chromatography for various trispecific binding proteins

Construct Tm Prep SEC Monomer
— €O %)
4 70 %1 100
fL13 67 7 535
TN 70 - d
Binding ] o
Protein 9 63 922
Binding —~
Protein 18 62 - 85.
Binding -
A - s
Protein 11 63 v 6
Binding N .
Protein 12 39 70 87
Binding N N
Protein 13 39 76 945
Binding
. 5 69 )
Protein 14 36 69 924
Binding . - _’
Protein 15 58 66 92.2
Ti3xi4 63 75 280
114 x TL13 64 - wd

nd=not determined

{6409} 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 IL-4 for various

trispecific binding proteins

~ X Ka Kd KD | ~g t A
Construct (/M %] {1/s] IM] Rmax Chit2
1A 3. 70B407 1576-04 1 R1E-12 74 024
i3
THFg
Binding 7 REE+07 3 80E-04 4.83E-12 26 0.309
Protein 9
Binding 1.880+07 8§ 41E-05 4.478-12 23 0.763
Protein 10
Binding 5 92E+)7 239E-04 4.04E-12 20 0.198
Protein 11
Binding 6.02E+07 2 39E-04 397E-12 35 0.406
Protein 12
Binding 3 57E+07 1.81E-04 5.07E-12 30 0.257
Protein 13
Binding 8 96E+07 1.526-04 169E-12 33 0.254
Protein 14
Binding e
Protein 15 733E L23E-04 1.67E-12 i 0.547

Table G: summary of surface plasmon resonanece results for [L-13 for various

trispecific binding proteins

~ " K;‘ Kd KIB . A PS4
Construct [/ME*s] f1/s] M] Rmax Chin2
Ti4
TL13 7 A4E+03 2 50E-05 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 18
Binding 2.95E+03 4.28E-05 1.45E-10 16 0.372
Protein 11
Binding L 1TE+05 5. 06E-05 1.21E-10 28 0.338
Protein 12
Binding . P o - 0
Protein 13 6.15E+05 7 58B-05 23E-10 23 0.186
Binding 6.93E+05 1.19E-04 { 72E-10 22 0.232
Proiein 14
Binding 2 50B+05 561E-05 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
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- Ka Kd KD .
< ¥5y B> - F y j .’\2
Constract [/M*s] /5] M| Rmax Chi
T4
113
TNFu 1786405 164604 5 72E-10 33 0.745
}i’;ﬁ‘iﬁ% 132E+03 3.20E-04 2 42F-0 23 0.213
Pf;‘;‘gg‘%ﬁ 1.40E+05 2 90E-04 2.07E-9 27 0.241
ﬁ;?gi‘i 336505 | B2E-04 5.41E-10 28 0.539
P?;;‘gz‘% 4 49E405 1 5OE-04 4.00B-10 28 0.647
;E;?f,i?% 5 5 84F+05 1.96E-04 335E-10 27 0.529
P?;‘;i‘;ff s 35 29F+05 1.86B-04 3.52E-10 25 0,485
P?;’:gz‘% 5 59E+05 1 B4E-04 328E-10 27 0,400
{0461} In order to assess the neutralization activity of the trispecific binding proteins, a

cellufar assay was performed using different HEK Blue kits {Invivogen). Cytokines were

preincubated with different concentrations of anti-cytokine antibodies for 30 minutes at room

ternperatues in a 96 well plate. Controls included use of ounly the cytokine or only the

antibody. 50,000 HEX Blue Cells (HEK Blue TINFa/IL 1B cells (InvivoGen, Cat. # hkb-

tofill; HEK Blue STAT-6 cells (InvivoGen, Cat. # Hkb stat6) were added to the

cytokine/antibody mixture and incubated for 23 hours at 37°C, 5% CO2 in an incubator.

QuantiBloe 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.
[0402]

against the single parental antibodies (Table ).

Next, ICso values were calculated for Binding Proteins 9-15 and benchmarked

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

binding proteins

4 s A3 IC ThRFg ICs
Construct {(ng/mi) {(ng/mL) {ng/mi)
2.14E+00
T4 1.85E+00 - -
1.82E+01
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1.10E+02

1L13 - 8.83E+01 ;
1 42E+01

3636400

TN ) - 5.78B+00
2. 41E+00

Eiﬁi;:gg 4. 51E+00 1.77E+02 3.955+01
P?é?gilfﬁ 3.93E+00 4 68E+02 4.76E+01
Puséltﬁi?i 6.96E+00 4.89E+02 2.65E+01
iy 5.03E+00 1 83E402 A
P%:;Tg?%’i 1.38E+01 7.54E+01 2.265+01
Pﬁ?ﬁ?i& 1.02E+01 1.20E+02 6.26E+00
Binding 1 30E401 L0702 S vEn

Protein 15

[0403]

differential scanning fluorimetry (DSF,; Table I).

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

Table J: summary of the thermostability by DSY for various trivalent binding proteins

Construct ?‘g; ?E?
L4 =G a1
Binding 3
Protein 16 63 -
Binding o3 -
Protein 17
Binding 65 )
Profein 18 -
Binding 5 -
Protein 19 -

[0404]

bispecific-trivalent binding proteins was measured for human [L-4 (Table K} and 1L-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 HL-4 for various trivalent

binding proteins

\ No. of
RE Ka Xd Rmax KB . Kkiba -
Construct . 5 Analyte g I J— Chi2 HE
Capture {1/00¢) {1/s) (R} [1%3] Bouud Bound
L4 i1é 114 R.70 1.57 24 1.81 0.240 15 1
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E+07 E-04
T
g 26 L4 TR o) 43 0.486 34 2

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

trivalent binding proteins

. MNa, of
RU Ka K Rmax KB . kiBa !
“omstne Analyte . . : "2 . fLs
Construct Capture nalyte (/M) (/s} (R} (M3 Chi Bousnd s
Bound
- > =
L3 201 IL13 Ef& {i?s 37 ;1111 0211 14 i
P‘:;‘;g::‘% p 226 w13 E’;&); ; :’)‘; 35 Eﬁ 0.132 26 2
Fr 39 5.70 96! -
e T o [ o [ e o o ]
Binding o . 106 333 , 353 R 7
Profein 13 21 13 E+06 £.05 i E-11 0186 28 2
Rinding A - 191 381 y 200 o -
Protein 19 282 - E+06 E-05 8 E-i1 0.265 4 !

{0485] Finally, ICsp values were calculated for Binding Proteins 16-19 (Table M}

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

binding proteins

e 14 1C, 113 Iy
Constroct (/i) L)
T4 6.07E+00 -

1L13 - 1126403
Binding ]
1 3 24F+03
Protein 16 L3UE+01 1.24E+03
Binding - N
Protein 17 8. 62E+00 9 30E+03
Binding ~
F {\’) Y ,))
Protein 18 L46E+01 1.10E+0
Binding e T
§.73E+00 SO
Protein 19 S73EH00 6.93E+03

Example 6: Trispecific Binding Protein Format Optimization

{0406} A problem with many existing heterodimeric binding protein formats {e.g.,

bispecific antibodies and variants thereof) is that it can be difficult to purify 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.

[0407] As described herein, binding proteins of the preseut disclosoure can include
several optional features, including without limitation knob and hole mutations {e.g., to
promote proper hetercdimer 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 “CODYV arm™) and a lambda light 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
aroy.

{0408} 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 arnt 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/Y430F 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 FIG. 28B. For these
experiments, the CODV arm had antigen binding sites specific for TNFa (j.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 {i.e., VH and VL sequences of SEQ 1D NOs:172 and 173, respectively).
S354C and T366W were used for the knob mutations, and Y349C, 13668, 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 CODV or Fab homodimers), as well as correct
heavy chain-light chain pairing (e.g., as opposed to pairing between Fab arro bight chain and
CODY arm heavy chain, or between Fab arm heavy chain and CODY 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-elute with the desired trispecific binding proteins. However,
analytical hydrophobic interaction chromatography (HIC) was found to resolve the desired
trispecific binding proteins from binding proteins with Fab arm light chatn mispaired with
CODYV heavy chatn and homodimeric binding proteins with two Fab arms (FIG. 29).

{0411} The 18 binding protein configurations shown in FIG. 288 were pursified by
Protein A affinity chromatography, then KappaSelect (GE Healthecare) purification. Species
were monitored by HIC chromatography. One binding protein configuration was purified
efficiently without inclusion of mispaired species: lambda light chain for CODV arm, kappa
light chain for Fab arm, knob mutations on CODVY arm, hole mutations on Fab arm, and RF
mutations on Fab arm. HIC chromatography (FI1G. 38A), SDS-PAGE (FIG. 30B), and intact
mass analysis demonstrated that a single species corresponding to the desired trispecific
binding protein was purified.

{0412} 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 steps was shown
to provide effective separation of binding proteins of interest away from mispaired species.
{60413} While the disclosure includes various 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.

{0414} Fach 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 for binding proteins 1-21 and the target

antigens to which the binding proteins are directed.

Binding Protein # SEQ 1D NOs Incladed Directed to:
1 1,2,3, 4 Her2 x (CD28 x CD3)
2 1,2,9,10 Her2 x (CD28 x CD3)
3 3,14,3. 4 CD19x (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 21,22,3,4 LAMPL x (CD28 x CD3)
8 21,229, 10 LAMP1 x (CD28 x CD3)
9 60, 61,62, 63 TNFax (14 x IL13)
10 60, 61, 68, 69 TNFa x (IL13 < IL4)
it 60, 71, 68, 69 TNFa x (TL13 x IL4)
12 73,74, 75,76 IL13 x (114 x TNFa)
13 73,74, 81, 82 TL13 x (TNFa x IL4)
14 85, 86, 87, 88 IL4 x {(IL13 x TNFa)
15 85, 86,93, 94 IL4 x {(TNFa x IL13)
16 73,74, 68, 69 I3 x (JL13 x 114}
17 85, 86, 68, 69 L4 x (IL13 x IL4)
[§: 73,74, 62, 63 L x (L4 x IL13)
19 85, 86, 62,63 L4 x (IL4 x1L13)
20 114, 115.3,4 CD20 x (CD28 x CD3)
21 114,113,910 CD20 x (CD28 x CD3)

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

Her2, CD3, CD28, CD1Y and/or CD20. CIR sequences are bolded and italicized.

Binding Protein 1 Amino Acid Sequences

Heavy Anti-Her2-H_Knob: SEQIDNG: 1

chain A Evglvesggglvapggsirscaasgfnikdiyihwvrgapekglewvariyptngy

{Anti- frvadsvkerftisadtskntayigmuosiracdtavyvesrwggdgfyamdywgag

Her} thvtvssastkgpsviplapcsrstsestaalgelvkdyfpepvivswnsgaltsgvhef

H knob) pavigssglyslssvvivpsssigtktvicnvdhkpsntkvdkrveskygppeppep

’ apeflggpsvilfppkpkdtimisrtpevicvyvdvsgedpevgfnwyvdgvevh

naktkpreegfnstvrvvsvitvihqdwlingkevkckvsnkglpssiektiskakgg
prepgvytippegeemtkngvsiwelvkgfvpsdiavewesnggpennvkitppv
ldsdgsfflvskltvdksrwqegnviscsvmbealhnhvigkslslsigk

Light Anti-Her2-L: SEQIDNG: 2

chain A

Digmitgspsslsasvgdrviitcrasgdvntavawyggkpgkapkliivsasflyvsg
vpsrisgsrsgtdftliisslgpedfatvyeqghvtipptigqatkveikrtvaapsviifp
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{Anti- psdeglksgtasvvellnnfypreakvgwkvdnalgsgnsgesvieqdskdstysls

Her2-1L) stitiskadyekhkvyacevthgglsspvtksfnrgee

Heavy Anti-CD28 x Anti-CD3-H_Hole: SEQIDNG: 3
chain B Qvglvgsgaevvkpgasvkvsckasgyiffsyyihwvrgapgqglewigsi

{Anti- ypguvainyagkfygratltvdisistaymelsrirsddiavyycershygldw

CD23x nfdvwgkgttvtvsssgvglvesgggvvapgrsiriscaasgfifthawmhb

Anitt-CD3-
H Hole)

wvrgapgkqglewvaqikdhsnsyatyyadsvkerfiisrddskntlylgmn
slraedtavyycrgvyyalspfdywgggtivivssrtastkgpsviplapesrst
sestaalgclvkdyfpepvivswasgaltsgvhtfpavigssglyslssvvtvp
ssslgtktytenvdhkpsntkvdkrveskyeppeppepapeflggpsvilfp
pkpkdilmisrtpevicvvvdvsgedpevgfnwyvdgvevhnaktkpree
gfnstyrvvsvitvihgdwingkeykckvsnkglpssiektiskakggprep
gvctippsqeemtkngvsiscavkgfypsdiavewesnggpennykitppy
tdsdgsfflvskltvdksrwqegnviscsvmhealhnhyigksisislgk

Light
chain B
{Anti-CD3
x Aunti-
CD2Z8-L)

Anti-CD3 x Anti-CD28-L:
Divmtgiplslsvipggpasisckssgsfvhnnaniylswylgkpggspgslivkvs
nrfsgvpdrisgsgsgtdftlkisrveaedvevyyvogggtgyplifesgtkveikeqp
kaapdignitgspssisasvedrvtitcqasgniyvwinwyqgkpgkapkilivias
nlhtgvpsrisgsgsetdfiltissigpediatyyegggqtypyefegetkleikikgpsrt
vaapsviitppsdeglksgtasvvelinnfypreakvgwkvdnalgsgnsqesvieg
dskdstysisstitiskadvekhkvyacevihgglsspvtksfirgec

SEQ 1D NO: 4

Binding Protein 1 Nucleotide Sequences

Heavy
chain A
{Anti-
Her2-

H Knob:)

Anti-Her2-H Knob:
gaagtecagctggtppaatctggeggcggactggtacagectggeggatctctgagac
{gagcigtgoccgecageggottcascatcaaggacacctacatcoactgggtgegeea
ggccecigaraagggactggaatgggtogccagaatctaceccaccaacggetacac
cagatacgcecgacagogigaagggccggticaccaicagegocgacaccageaaga
acaccgectacctgeagatgaacagectigegggecgaggacaccgecgtgtactacty
tagtagatgggoagocgacggctictacgeeatggactattggggocagggcacecte
gigaccgigtctagigegtcgaccaagggecccaicggtgticecictggeccetigeage
agaagcaccagegaatctacagecgecctgggeigectegigaaggactactiteccg
ageeegtgacoegtgtectggaacictggogeteigacaageggegtgeacacciticeca
geegtactecagagcagoggectgtacictctgageageaticatgacagtgeccagea
geagcetgggcaccaagacctacacoigtaacgtggaccacaagoccagoaacacca
aggtegacaageggetagaatctaagtacggoccicoctgeccicctigeccagecact
gaatttctgggeggaccctecgigticotgticecoccaaagoeccaaggacaccotgalg
atcagecggacceccgaagigacctgegtggtggtggatatoteccaggaagatcocy
aggtgcagticaatiggtacgiggacgocgtogaagigcacaacgoraagaccaagoec
cagagaggaacagitcaacagcacctacegggiggtoteegtgctgacegtgctgcac
caggactggcigaacggcaaagagiacaagtgcaaggtgicoaacaagggoctacac
agetccatcgagaaaaccatcagoaaggecaagggccagococgogagectcaagty
tatacectgeccoctigocaggaagagatgaccaagaaccaggtgtocctgtggigtctc
gtgaaaggcttctaccecagegacatigeegiggaatggaagagraacggeeagece
gagaacaactacaagaccacceceectgtgetggacagegacggeteaticttecigia
ctecaagetgacegiggacaagageoggigecageaagscaacgtgticagetgetce
gteatgcacgaggccctgcacaaccactacacccagaagicoctgicteigteoctiggg
caag

SEQIDNG: S

Light
chain A
{Anti-
Her2-11)

Anti-Her2-L:
gacalccagatgacccagagocccageagectgictgecagegtgggegacagagte
accatcacctgtagagecagecaggacgtgaacaccgoecgiggectggtatcagoaga
ageciggeaaggoeccccaagetgetgatctacagegecageticcigtacageggegt
geccageagatticageggaageagaageggeacegacticaceetgaceatcagete
cetgeagceocgagaacticgecacctactactgecageageactacaccacecococe

SEQIDNO: 6
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acatttggccagggeaccaaggtzgaaatcaagegiacggtggoecgeteccagegtgt
fcatctteccacctagegacgageagotigaagiccggeacagecteigicgtatgeciac
tgaacaactictaccccecgegaggecaaagtgceagtogaaggigeacaacgeocigea
gagcggcaacagecaggaaagegigacegageaggacageaaggactecacctaca
gectgageageaccotgacactgageaaggecgactacgagaagcacaaggigtacg
cctgegaagtigacceaccagggectgictageccegtgaccaagageticaaceggg
gegagtgt

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

Anti-CD28 X Anti-CD3-H Hole:
caggtecagetggtgoagictggegecgaggicgigaaacciggegecicigigaagy
tgtoectgeaaggecageggctacaccttiaccagetactacaiccactgggtoogocag
geecotggacaggpactggaatgoatoggcageatetaccecggeaacgtgaacace
aactacgeccagaagticcagggeagageeacectgacegtggacaccageateage
accgectacatggaactgagecggctgagaagegacgacaccgecgigtactactgea
cocggicocactacggectggattggaacticgacgtgtggggaagggcaccaccgt
gacagtgictagcagecaggtgcagceiggtgeaatciggegacggagtootocagoct
gacagaagoctgagactgagotgtigeogecageggcticaccticaccaaggectgga
tgeactgggtacgocaggeccctggaaageagetggaatggotooccoagatcaagy
acaagageaacagetacgecacctactacgecgacagegigaagggecggticacca
tcagocgggacgacageaagaacaccetgiaccigeagatgaacagectgegasccy
aggacaccgecgigtaciactgicggggocgigtactatgecetgageeccticgattact
ggggocagggaacccicgigacegigtetagioggaccgecagcacaaagggoccat
cggtettccctetggocccttgeageagaageaccagegaatctacagecgeectggsy
ctgcctegtgaageactactiicecgageccgigacegtgtcctggaacictiggegctet
gacaageggegtgcacacctitccagecgtgetccagageageggecigtacteteiga
geagegtegtgacagigeccageageagectigggeaccaagacctacaccigiaacgt
gaaccacaagecoageaacaccaaggtggacaagegggtggaatetaagtacggce
cteectgeecicatigeccagececigaattictggecggaceetecgigticetgticec
cocaaageccaaggacacceigatgatcagecggacccecgaagtgaccigegtgst
getpoatgtetoccaggaagatcccgaggtgcagitcaattggtacgisggacggcgis
gaagigcacaacgecaagaccaageccagagaggaacagticaacageacctaceg
gatggtgicegtgetgacegigetgeaccaggactggetgaacggraaagagtacaag
tgcaaggtgtccaacaagggoctgeccagetccatcgagaaaaccalcagraaggece
aagggecagecccgegagectcaagiptgtaccetgececotagecaggaagagaty
accaagaaccaggigtoectgagetgtgccgigaaaggctictaceccagegacatige
cgtggaatgeoagagcaacggecageccgagaacaactacaagaccaccecocctgt
geigeacagegacggoteatictteciggteiccaagetgacegiggacaagageeggt
gocaggaaggcaacgigiicagotgetecgtgatgcacgagacecigcacaaccacia
cacccagaagtcectgicicigicoctgggcaag

SEQ 1D NO: 7

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

Anti-CD3 X Anti-CD28-L:
gacategtgatgacccagacecccctgagocigagegtgacacctggacageotgeca
geatcagotgoaagagoagecagageciggigcacaacaacgecaacacctacciga
getgetatctgcagaageecggecagageccccagicecigatctacaaggtgtccaa
cagattcagcggegtgeecgacagattctceggeageggotetggeaccgacticace
ctgaagatcagecgggtggaageegaggacgtgggcgtgtactatigiggecagggc
accecagtaccocttcacctitggeageggeaccaaggiggaaatcaagggecagecca
aggecgececegacatccagatgacceagagoecccageagectgictgecagogige
gegacagagtgaccatcacctgtcaggecagecagaacatetacgigtggotgaacty
glatcagoagaagoecoggoaaggcocceaageigeigatctacaaggecageaacct
geacaccggegtecccageagatitictggeageggctecggeaccgacitcacectyg
acaatcagetccctgeageccgaggacattgecacctactactgecageagggecaga
cetaceectacaccitiggecagggcaccaagetiggaaatcaagaccaagggocecag
cegtacggtgoccgcteccagegtgticatcttcccacctagegacgagcagctgaagt
coggeacagectiotgicgigtgccigeigaacaactictaccccegigaggccaaagiy

SEQ ID NO: 8
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cagtggaaggtggacaacgccctgeagageggoaacagecaggaaagegigaccga
geaggacagceaaggactccacctacagoctgageageaccctgacactgagoaaggc
cgactacgagaagcacaaggigtacgectgegaagtgacccaccagggecigictag
ococgigaccaagagcettcaaccggggcegagiat

Binding Protein 2 Amine Acid Sequences

Heavy
chain A
{Anti-
Her2-

H knob)

Anti-Her2-H Kaob:
Evalvesggglvapggslriscaasgfnikdeyihwvrqapgkglewvariypengy
rvadsvkgritisadiskntaylgmnsiracdtavyyesrwggdgfvamdywegag
tivtvssastkgpsviplapesrsisestaalgelvkdytpepvtvswasgaltsgvitf
pavigssglyslssvvtvpssslgtktvtenvdbkpsntkvdkrveskygppeppep
apeflgepsvilippkpkdtimisrtpevtevvvdvsgedpevgfowyvdgvevh
naktkpreeqfnstyrvvsvitvihgdwlogkevkckvsnkglpssiektiskakgg
prepgvytlppegeemtkngvshwelvkefvpsdiavewesnggpennvkitppy
Idsdgsfilvskltvdksrwqegnviscsvimhealhnhvigksislslgk

SEQIDNG: 1

Light
chain A
{Anti-
Her2-1)

Anti-Her2-L:
Digmtgspsslsasvgdrvtitcrasgadvntavawyvggkpgkapkilivsasfivsg
vpstisgsragtdftitisslgpedfatvyegghyitpptfggetkveikrtvaapsviifp
psdeglksgtasvvelinnfypreakvgwhkvdnalgsgnsqesviegdskdstysis
stitlskadvekhkvvacevthgglsspvtksforgec

SEQ IBDNQ: 2

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

Anti-CD28 x Anti-CD3-H_Hole:
Quglgesgpglvkpsqilsltctvagfsisdygvhwyrgppgkglewlgvi
wagggtnynpsiksritiskdtskngvstidssviaadtavyycardkgysyy
ysmdywgqgttvtvsssqvglvesggevvgpgrsiriscaasgfittkawm
hwvrgapgkglewvagikdksnsyatyyadsvkgrftisrddskntlylgm
nsiraedtavyyergvyyalsptdywgqetlvtvssriastkgpsviplapesr
stsestaalgclvkdyfpepvtvswnsgaltsgvhifpavigssglyslssvvty
pssslgtktytenvdhkpsntkvdkrveskygppeppepapeflggpsvilf
ppkpkdtimisrtpevtevvvdvsqedpevqtnwyvdgvevhnaktkpre
eqfnstyrvvsvitvlhgdwingkevkckvsnkglpssiektiskakeqgprep
gvctippsqeemtkngvslscavkgtypsdiavewesnggpennyktippy
ldsdgsfflvskltvdksrwgegnviscsvmhealhnhytaksislslgk

SEQ IDNO: 9

Light
chain B
{Anti-CD3
X Anti-
CD28-1)

Anti-CD3 x Anti-UD28-L:
Divmtgtplslsvipggpasisckssgstvhnnantylawylgkpggspgslivkes
nrfsgvpdrisgsgsgtdfilkisrveacdvgvyyegggtqvpfifesstkveikggp
kaapdivitgspaslavspggratitcrasesveyyvisimgwyqggkpggppkihifa
asnvesgvparfsgsgsgtdftitinpveandvanyyeqgsrkvpyifoggtkleikik
gpsrivaapsviifppsdeglksgtasvvelinntyvpreakvgwkvdnalgsgnsge
svteqdskdstyslsstitiskadyekhkvvacevthqglsspvtksfrgec

SEQ ID NG: 18

Binding Protein 2 Nucleotide Sequences

Heavy
chain A
{Anti-
Her2-

H Knob)

Anti-Her2-H_Knob:
gaagtgcagetggtggaatctggegocggactgatgcagectagoggatctcigagac
tgagetgtaccgecageggeticaacatcaaggacacctacatecactgggigegocag
geocctggeaagggactggaatggetagocagaatctaccocaccaacggotacacc
agatacgeogacagogtgaaggogocoggttcaccatcagegoegacaccageaagaac
accgoctacctgeagatgaacagecigegggecgaggacacegeegtigtactacigia
gtagatgeosagocoacgactictacgecatggactatiggggccagggcacectegt
gacegtgtctagigegtcgaccaagggeccateggigticectetggoecoottgcagea
gaagcaccagegaaictacagergecctgggeigectegigaaggactactiteccgag
ccogtgacogtgtcotggaactctggogeictgacaageggegtgcacacctticcage
cgigciccagagcagegacctgtacicictgageagegtogtaacagtgeccageage
ageetgggacaccaagacctacaccigtaacgiggaccacaagoecageaacaccaag
giggacaagegggtooaatclaaglacggeccicectgeccicctigeecageecctga

SEQIDNO: 5
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attictgggcggaccectecgtgttecigticcocccaaageccaaggacaccetgatgat
cagecggaceccegaagigaccigegiggtggtgeatatstcccaggaagaiccegag
gtecagticaattggtacgiggacggcgtggaagigcacaacgccaagaccaagocea
gagaggaacagitcaacageacctacegggtagtoticegtpetgacegtgctgeacca
ggactggotgaacggcaaagagiacaagigcaaggigtccaacaagggocigeccag
ctecategagaaaaccatcageaaggeoaagggecageccegegagecteaagtatat
accetgececctigecaggaagagatgaccaagaaccaggigtecctgtggtgictont
gaaaggctictaccccagegacatigecgiggaatggeagagcaacggocageocga
gaacaactacaagaccaccococcigigetggacagegacggctcaticticetgiactc
caagctgaccgtgeacaagagecggtgscaggaaggcaacgigttcagetgctecgty
atgcacgaggecectgeacaaccactacacccagaagicectgieicigicecigggcaa
g

Light
chain A
{Anti-
Her2-L:)

Anti-Her2-1L:
gacatccagatgacecagagecccageagectgietgecagegtgggcgacagagie
accatcaccigtagagecagcecaggacgtgaacaccgoegtggectggtatcageaga
agectggeaaggcececcaageigeigatctacagegecageticctigtacageggegt
geceageagaticageggaageagaageggeaccgacticacecigaceateagotee
ctgcageocgaggacticgecacctactactgecageageactacaccacecacacca
cattigeccageecaccaaggigoaaatcaagogtacggtggecgcteccagegigitc
atcticecacctagegacgageagetgaagiceggeacagecicigtegigtgocigety
aacaactictacceecgegaggecaaagigeagiggaaggtggacaacgocctgeag
ageggcaacageeaggaaagogigaccgageaggacageaaggactecacciacag
cotgageagceacoctgacacigageaaggecgactacgagaagcacaaggigtacsc
ctgegaagtgacecaccagggecigictageocogtgacoaagagoticaaccggeac
gagtgt

SEQIDNO: 6

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

Anti-CD28 X Anti-CD3 _Hole:
caggigeageigeaggaatctggecciggectegigaagectagecagacecigagee
tgaccigtacegtgtecgacticagecigagegactacggegtgcactgggtacgccag
coacctggaaaaggectggaatggeiggpcgigatoiggectggcgeaggraccaac
tacaaccecagectgaagicoagaaagaccatcageaaggacaccageaagaaccag
gtetcectgaagotgagcagegtigacagecgocegataccgecgtgtactactgegeca
gagacaagggctacagctactactacagcatggactacigggeccagggoaccacegt
gacegtgteatectictcaggtgcagetggiggaatctegeggoggagtoatocagcoty
gcagaagoctgagactgagetgigecgecagegacticaccticaccaaggectggat
geactgggtacgcocaggececiggaaageagetiggaataggigacccagatcaagga
caagagcaacagotacgocacctactacgoegacagegigaagggocggticaccate
ageegggacgacageaagaacacccigtacetgeagatgaacagocigeggaccga
ggacaccgeogtgtactactgtegggocgtotactatgcccigagececttcgattacig
geeocaggeaacecicgigacogigictagtecggacegeticgaccaagggeecateg
gtaticoctictggecectigeageagaageaccagegaatctacagecgecctgggcty
cetegtgaaggactactiicocgagoccgigaccgtgicciggaaciciggogcetetgac
aageggogigeacaccttfccagecgtgetccagageageggoctetacteicigagea
gegtegtgacagigoecageageagectgggcaccaagacctacaceigtaacgigga
ccacaagoccageaacaccaaggtggacaagegggtgoaatctaagtacggaoccice
ctgocctectigeccageocctgaatitctggocggacccteegtgitectgttececeea
aageccaaggacacectgatgatcagecggaccoecgaagigaccigogtggtaste
gatgtateccaggaagaiccogaggtgeagticaatiggtacgtggacggegtzgaagt
glacaacgeraagaccaagoccagagaggaacagitcaacageacctaccgggtoet
gteogtgcigacegtgctgeaccaggactgecigaacggoaaagagiacaagigcang
gtetccaacaaggeccigeecageiceatcgagaaaaccatcagoaaggocaaggge
cageeecgegagecicaagigigtacectgecccctagecaggaagagatgaccaaga
accaggigtccctgagetgigocgigaaaggctictaccecagegacatigecgiggaat
gggagageaacggecagoeccgagaacaactacaagaccaccccceeigtgetggac

SEQ ID NO: 11
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agegacggetcaticttcciggtgtccaagetgacegiggacaagagecggtascagg
aaggcaacgtgticagetgetccgtgatgeacgaggecctgeacaaccactacaccea
gaagtceotgicteigicecigggoaag

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

Anti-CD3 X Anti-CD28-1:
gacatcgigatgacocagacccecctgagecigagegtgacacciggacageotgoca
geatcagotgoaagageagecagagectggigeacaacaacgeeaacacetacciga
getgataictgeagaagoecggecagagecceeagicoctigatctacaaggtoiceaac
agattcageggegtgeccgacagatictecggeagegactetggeacegacticacoet
gaagatcagcogggiggaagecgaggacgtggocgigtactatigiggccagggcac
ccagtaccecticaccttiggeageggeaccaaggiggaaatcaagggecagoccang
geegeececgacategtgotgacacagagecotgotagectggocgigictectggaca
gaggpccaccatcacciglagagecagegagagegiggaatattacgtgaccagoctg
atgcagtestatcageagaageocggecageccoccaageigetgatiticecegecag
caacgtggaaageggegigecagecagatiticeggeageggeteiggeacegactic
accetgaccatcaacceegiggaagecaacgacgiggecaactactactgecageaga
gceggaaggigecctacacctitggecagggoaccaagctggaaatcaagaccaagy
gececageogtacggiggocgotoccagegigticatettcccacctagegacgageag
ctgaagtocggeacagecictgtegtatocotgotgaacaactictacececgegagac
caaagigcagtggaagoiopacaacgecciglagagigeeaacageragganagcys
tgaccgageaggacagceaaggacticeacctacagectgageageaceotgacactga
geaaggecgactacgagaagceacaaggigtacgectgegaagigacceaccaggge
cigictageccegtgaccaagagceticaaccgggecgasiat

SEQ IBDNQ: 12

Binding Protein 3 Amino Acid Sequences

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

Anti-CD1%(B34)-H_Knob:
Qvglvgsgaevikkpgssvkvsckasgyvafssywmmwvrgapggglewigaiw
pedgdinyngkfkgratitadeststavmelssirsedtavyyearrettitvgryyyam
dywaqgttvivssastkgpsviplapesrstsestaalgelvkdyfpepvivswnsgal
tsevhtfpavigssglyslssvvivpssslgtkivtenvdhkpsntkvdkrveskygpp
cppepapetiggpsvilfppkpkdtimistipevicvvvdvsqedpevgfnwyvdg
vevhnaktkpreegfnstyrvvsvitvihgdwingke vkckvsnkelpssiektiska
kggprepgvvtlppegeemtkngvslwelvkgfypsdiavewesnggpennyktt
ppvidsdgsfilvskitvdksrwgegnviscsvmhealhnbyigksisislgk

SEQ IDNG: 13

Light
chain A
{Anti-
CD19(B34
L)

Anti-CDI%B34)-1L:
Divltgspaslavspgqratitckasgsvdvdgdsyinwyggkpggppkiliydasn
tvsgvparfsgsgsgidftltinpveandtanyveggstedpwifoggtkleikrtvaap
sviifppsdegiksgtasvvclinnfypreakvgwkvdnalgsgnsgesvteqdskd
styslsstitiskadyekhkvyacevthgglsspvikstnrgec

SEQIDNG: 14

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

Anti-CD28 x Anti-CD3-H_Hole:
Qvglvgsgasvvkpgasvivsckasgyefispyvihwyrgapgqglewigsi
ypgrvamyagkfqgratltvdisistaymelstlrsddtavyyerrshygldn
mfdvwekgttvtvsssqvglvesgggvvgpgrsiriscaasgfiftkawmhw
viqapgkglewvagikdksnsyatyyadsvkgritiseddskntivigmnsic
aedtavyycrgvyyalspfdywgaqgtivivssriastkgpsviplapcsrstses
taalgclvkdyfpepvivswasgaltsgvhtfpavigssglysissvvivpsasl
gtktytenvdhkpsntkvdkrveskygppeppepapeflggpsvilfppkpk
dtlmisrtpevicvvvdvsgedpevgfnwyvdgvevhnaktkpreegfnst
yryvvsvitvihgdwingkeykekvsnkglpssiektiskakgqgprepgvetlp
psgeemtkngvsiscavkgfypsdiavewesnggpennyktippvldsdgs
fivskltvdksrwgegnviscsvmhealhnhytgkslsisigk

SEQIDNG: 3

Light
chain B
{(Anti-CD3
X Anti-

Anti-CD3 x Anti-CD28-L:

Divmtgtplsisvipggpasisckssgsivlinnantylswylgkpegspgslivhys
nrfsgvpdrsgsgsgtdtilkisrveacdvgvyyegggtgypftfosatkveikggpk
aapdigmtqgspssisasvgdrvtitcqasgriyvwinwyqqkpgkapkllivhasnl

SEQIDNO: 4
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CD28-L)

htgvpsifsgsesetdfiltissiqpediatyvycqggqtypyefoqetkleikkgpsriva
apsviifppsdeqllsgtasvvellnntypreakvgwkvdnalgsgnsgesvtegds
kdstvslsstitiskadvekhkvyacevthqglsspvtksfnrgec

Binding Protein 3 Nucleotide Sequences

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

Anti-CD19(B34)-H_Knob:
caggtgcagciggigeagageggcgecgaagtgaagaagectgacageagegigaa
gatgagotgeaaggecageggetatgecticageagetactggatgaacigggigage
caggcacciggecagggcectggagtegataggocaaatatggoctggegatggcgac
accaactacaaccagaagiicaagogeagagCgaceigacogeogacgagagace
agcacogegtacatggagctgagcagectgaggagegaggacaccgecgigtactatt
gegecagaagggagaccaccaccgtggecaggtactactacgecatggactactggg
gecagggaaccaccgigaccgtgageagegcectegaccaagggeccateggigtice
ctetggecectigcageagaagoaccagegaatetacageegeecigagotaoctegty
aaggactactticcogageccgteacegtgtectggaacictggegotctigacaagegg
ogigeacacctitccagecgtgctccagageageggoctetacictotgageagegtegt
gacagtgeecageageagectgggeaceaagacctacacetglaacgtegaccacaa
geecageaacaccaaggiggacaagegggtggaatctaagtacggoccteccigecct
cettgeccageoectgaattictgggeggacectcegtgticetgticeccccaaageeea
aggacacccigatgatcagecggaccecegaagtgacetgogiggtogiggatgtetc
ccaggaagatcocgaggtgcagttcaatiggtacgiggacggogtggeaagtgcacaac
gecaagaccaagoccagagaggaacagticaacageacctaccgggiggtsiccgiyg
ctgaccgtgetgeaccaggactiggctgaacggeaaagagtacaagiecaaggistoca
acaagggcectgeccageiccatogagaaaaccalcageaaggrcaagggocageccee
gegagectcaagtgtataccetgeccecitgocaggaagagatgaccaagaaccaggt
gtcoetgtggigictogigaaagactictaccecagegacatigecgiggaatgggagag
caacggceeoagecogagaacaactacaagaccaccococcigtgctggacagegacgy
cteaticttectgtactocaagotgacogiggacaagagocggiggcaggaaggeaacy
tgticagctgctecgteatecacgaggeectgeacaaccactacacccagaagicccigt
ctetgtecetggecang

SEQ ID NO: 15

Light
chain A
{Anti-
CD19(B34
L

Anti-CDIS(B34)-L:
gaccteglgotgacccagagecotgegagociggctgtgageoctggecagagagee
accatcacctgeaaagecagecagagegtggactacgacggegacagetaceicaact
ggtaccagcagaagcctggecagocceceaageigeigattiacgatgecageaacct
gatgagegacgtacctgctagattcagegaciceggoagoggeacegacticaccetyg
accatcaacocogtggaggocaacgacaccgocaactactactgecageagageacy
gaggacceciggaccticggecagggeacaaagotggagatcaagogiacggiggee
gctoccagegigticatcticocacctagegacgageagetgaagiocggeacagectct
gtegtgtgcctgetgaacaacticlacececgegaggecaaagigeagtegaagotooa
caacgeccigeagagegacaacagecaggaaagegigaccgageagaacageaag
gactccacctacagectigageageacceigacactgageaaggecgactacgagaag
cacaaggigtacgeetigegaagigaccoaccagggecteiciagecocgigaccaaga
geticaaccggggegagiol

SEQIDNG: 16

Heavy
chain B
(Anti-
CD28 x
Anti-CID3-
H Hole)

Anti-CD28 X Anti-CD3-H_Hole:
caggtecagetgetgcagictggogcogaggtegtgaaacctggogoctctgigaagy
tgicctgoaaggecageggctacacctitaccagetactacaiccactgggigegecag
geceectggacagggactggaatggatcggeageatciaccoeggeaacgigaacace
aactacgcccagaagticcagggoagageeaccctgaccegtggacaccageatcage
accgectacatggaacigagecggcigagaagegacgacaccgecgtgtactactgea
cocggicocactacggectggattegaacticgacgtgtgggocaaggecaccaccgt
gacagigtctageagecaggtgcagetggiggaatetggegocggagtgotocagoct
ggcagaagectgagactgagetgteccgocageggcticaccticaccaaggoctgga
tgcactgggtacgccaggecociggaaageagetggaatgggtgscccagatcaagg
acaagagcaacagotacgecacciactacgocgacagegigaagggocggticaccat

SEQID NO: 7
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cageogggacgacagcaagaacacccigtacetgeagatgaacagoctgegggecga
geacacegeegtgtactactgtcgggpogtgtactaigeecigagececticgattacty
gagocagggaacectegigaccegigictagtcggaccgecagcacaaagggcecate
gatoticoctictggeccetigeagcagaageaccagegaatctacagecgecctgggct
gectegigaaggactactttccegagecegigacegtgicctggaactciggegeteiga
caageggegtgcacacctitccagecgtgctecagageageggectgtactetetgage
agegtcegtzacagtgcocageageagoctgggcaccaagacctacacotgiaacgigg
accacaageecageaacaccaaggiggacaagogggtogaaictaagtacggecctc
octgecctectigecoagocactgaatiictgggoggaccaicegtgtiecigticococe
aaageecaaggacaccctgatgatcagecggaccecccgaagtgacctgegtgstoats
gatgteteccaggaagatcocgaggtgcagticaatiggtacgtagacggogiggaagt
geacaacgocaagaccaageccagagaggaacagticaacagcacctacegggiost
gtocgigeigaccgiacigeaccaggaciggotgaacggcaaagagiacaagtgeaag
gigtccaacaaggacctgeccagetecatcgagaaaaccatcageaaggecaagggc
cageoccgegagectoaagtgigtacoctgeococtagecaggaagagatgaccaaga
accaggigtocotgagctgipocgigaaaggctictaccccagegacatigecgiggaat
gggagagcaacggccagocegagaacaactacaagaccaccoccectgigetggac
agegacggeteatictieciggtaiccaagetigacegiggacaagagecggtagcagy
aaggcaacgigticageigeiccgtgatgoacgaggecctgeacaaccactacaccca
gaagiecotgictcteicecigggraag

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

Anti-CD3 X Anti-CD28-1:
gacategigatgacocagaccoecctgagecigagegtgacaceiggacagestgoca
geatcagotgoaagageagecagageciggigcacaacaacgecaacacctacciga

getgatatctgeagaagoccggecagagecceeagicectigatetacaaggtaiceaac
agattcageggcegtgeccgacagatictcoggeagegeacictgecaccgacticaccot
gaagatcageogggiggaagecgaggacgigoocetotaciatigtgoccagggoac

ccagtaccecticaccitiggeageggeaccaaggiggaaatcaagggecagoccang
geegeecccgacatocagatgacceagagecccageagecetgtcigecagegtggsc

gacagagtgaccateacctgtcaggocagecagaacatctacgigiggctgaactegta
tcageagaagecoggeaaggeccccaageigeigatctacaaggecageaacctgea

caccggegtgcceageagatittctggcageggctecggeaccgacticaccecigacaa
tcagetecctigeageeegaggacatigecacctactactgecageagggecagaccetac
cectacacetitggocagegcaccaagetggaaatcaagaccaagggecccagecgta
cggtggccgcicecagegtgticatcttcccacctagegacgageageigaagicogge
acagoctctgicgtptocctgotgaacaactictacccecgegaggccaaagigcagty

gaaggatooacaacgeociglagagoggraacagecagganagegloaccgageay

gacageaaggactecacctacagecigageageacceetgacacigageaaggocgac
tacgagaagcacaaggigtacgectgegaagtgacceaccagggectgtetagececg
tgaccaagagcettcaaccgggacgagiot

SEQIDNG: 8

Binding Protein 4 Amino Acid Sequences

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

Anti-CDI%B34)-H Knob:
Qvglvgasgaevkkpgssvkvsckasgyafssywmunwvrgapgqglewiggiw
pedgdtnyngkikgratitadeststavimelssirsediavyyearretttvgryyvam
dywgggttvivssastkgpsviplapesrstsestaalgelvkdvipepvivswnsgal
tsgvhtfpavigssglysissvevtvpssslgtktyvtenvdhkpsntkvdkrveskygpp
cppepapeflggpavilfppkpkdilmisrtpevicvvvdvsqedpevgfowyvdg
vevhnaktkpreegfnstyrvvsvitvihgdwlngkevkekvsnkglpssiektiska
kegprepgvytlppegeemtkongvsiwelvkgfypsdiavewesnggpennyktt
ppvidsdgsfilyskitvdksrwgegnviscsvmhealhnhyigkslsisigk

SEQ ID NO: 13

Light
chain A
{Anti-
CD19(B34

Anti-CD1%(B34)-1.:

Divligspastavspgqratitckasqsvdvdgdsyinwyqgkpggppkilivdasn
tvsgvparfsgsgsgtdftltinpveandtanvycggstedpwitpggtklcikrtvaap
sviifppsdeglksgtasvvelinnfypreakvgwkvdnalgsgnsgesvieqdskd

SEQ ID NO: 14
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1)

styslsstitiskadyekbkvyacevthgglsspvtksinrgee

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

Anti-CD28 x Auti-CD3-H_Hole:
Qvglgesgpglvkpsqtlsitetvsgfslsdygvbwvrgppgkglewlgviw
agggtnynpsiksrkiiskdtskngvstidssvtaadtavyycardkgysyyys
mdyweqgtivivsssqvglvesgggvvqpgrslriscaasgftftkawmhw
vrgapgkglewvagikdksnsyatyyadsvkgrftisrddskntiylgmansic
aedtavyycrgvyyalsptdywgqgtivivssrtastkgpsviplapcsrstse
staalgclvidyfpepvivswasgaltsgvhtfpavigssglysissvvtvpsss
Igtktytenvdhkpsntkvdkrveskygppceppepapefiggpsvilfppkp
kdtlmisrtpevtcvvvdvsgedpevgtnwyvdgvevhnaktkpreeqtns
tyrvvsvitvibgdwlingkeykckvsnkglpssiektiskakggprepgvetl
ppsqeemtkngvslscavkgfypsdiavewesngqpennykttppvldsd
gsfilvskitvdksrwgegnviscsvimhealhnhytakslslsigh

SEQ IDNOG: S

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

Anti-CD3 x Anti-CD28-L:
Divmtgtplslsvipggpasisckssgstvhnmantylswylgkpggspgshivkvsn
rfsgvpdrfsgsgsgtdfilkisrveacdvevyvegqgtgypftfesgtkveikggpka
apdiviiqspasiavspggratiterasesveyyvislmgwyggkpggppkllifaas
nvesgvparfsgsgsetdfiltinpveandvanyycqggsrkvpytfogetkieiktkg
psrtvaapsviifppsdegtksgtasvvellnnfypreakvgwkvdnalgsgnsgesy
tegdskdstysisstlilskadvekhkvyacevihgglsspvtksfnrgec

SEQ ID NO: 10

Binding Protein 4 Nucleotide Sequences

Heavy
chain A
{Anti-
CD1I%(B34
»H Kuaob)

Anti-CD19%(B34)-H Knob:
caggtecageiggtgragageggcgocgaagigaagaagectggcageagegigaa
getgagctecaaggecagegectatgecitecageagotactggatgaacteggteasy
caggeacetggecagggoctegagigoatagecoaaatatggcciggogatggegac
accaactacaaccagaagiicaagggragagegacctigaccgecgacgagagcace
agcaccgegtacatggagcetgageagecigaggagegaggacaccgecegtgtactatt
gegecagaagggagaccaccacegigggcaggtactactacgocatggactaciggg
gecagggaaccaccgigaccgtgageagegecicgaccaagggoccateggigtice
ctetggeocctigeageagaagcaccagegaatctacagecgecciggectgecicgty
aageactactticecgagecegigacegtgtectggaacictiggegctictgacaagegg
cgigeacacctticeagocgtgeiccagageageggeotgtacictcigageagegtegt
gacagtgcccageagceagectgggeaccaagacctacacciglaacgtggaccacaa
geccageaacaccaaggtggacaagegggiggaatetaagtacggecciceetgecet
cettgeccagecectgaatitcigggeggaccctecgigticotgticececcaaagocca
aggacaccotgatgatcagocggacocccgaagigacctgegtggtogtggatgigic
coaggaagateccgagetgeagttcaatigptacgigeacggcgiggaagigcacaac
gecaagaccaagoeccagagaggaacagticaacageacctaccgggiggtoicegty
ctgaccgtgetgeaccaggactggetgaacggcasagagtacaagigcaaggigicca
acaagggcectgeccageiccatcgagaaaaccalcagcaageeraagggccagoecee
gegagcectcaagigtataceetgeccectigeraggaagagatgaccaagaaccaggt
gtecotgtggteicicgigaaaggctictaceccagegacatigecgiggaatgggagag
caacggecageocgagaacaactacaagaccacececectgtgetggacagoegacgg
cteattcticctgtactccaagetgacegiggacaagagecggigecagoaagocaacy
{gticagctgetecgtgatgeacgaggocctgeacaaccactacacccagaagteectgt
ctctgiceetgggcaag

SEQ ID NO: 15

Light
chain A
{Anti-
CD19(B34
L)

Anti-CD19(B34)-L:
gaccicgtgelgacccagageectgegagectggetigtgageoctggeragagagee
accatcaccigcaaagecagecagagegiggactacgacggegacagetacctcaact
ggtaccagceagaageciggecagececccaagetgetgatitacgatgoecageaacct
getgageggegtaccigoiagaticageggctecggcageggeaccgacttcacectyg
accatcaaccocgtggaggccaacgacaccgecaactactactgecageagagoacg
gaggaccectggaccticggccagggcacasageiggagatcaagegtacggtaoce

SEQ ID NO: 16
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getcocagegigticatcticccacctagegacgageagetgaagicegacacagecict
gicgigteccigcigaacaactictacocoegogaggccaaagigeagiggaagetooa
caacgecctgeagageggaacagecaggaaagegigaccgageaggacageaag
gactecacctacagectgageageacecigacactgageaaggeogactacgagaag
cacaaggtgtacgectgegaagtgacccaccagggectgictageccegigaccaaga
gettcaaccgggacgagist

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

Anti-CD28 X Anti-UD3-H Hole:
caggtgcagcigcaggaatctggecciggectegtgaagoctagecagacectgagec
tgacctgtacegtgtceggeticagecigagegactacggegigeacigggtacgecag
ccacciggaaaaggociggaatgactgggoegigaictgggctggoggaggcaccaac
tacaaccccagecigaagiocagaaagaceatcageaaggacaceagoaagaaccag
gtgtecotgaagetgageagegtgacagecgecgatacegecgtatactactgegeca
gagacaagggotacagetactactacageatggactaciggggecagggoaccacegt
gaccgigtcatectcicaggtgcageiggtgoaaiciggcggcggagtagtocagecty
geagaagcectgagactigagctgigocgocageggeticaccticaccaaggectggat
geactgggtocgocaggeccoiggaaageageiggaateggtgocccagateaagga
caagageaacagcetacgecacctactacgecgacagegigaageocoggticaccate
ageegggacgacageaagaacacecigtacctgeagatgaacagecigegggeega
gaacaccgecgigtactactgicgggocgigtactatgeccigagececticgatiacty
ggeoccagggaaccotegtgacegtgictagtcggacogeticgaccaagggeccalcyg
gtettecctctiggococtigeageagaageaccagegaatctacagecgeecigggety
octegteaaggactactifoccgagecegtgaccegtgtectggaactetggegotctgac
aagcggcegtocacacctttccageegtoctecagagcageggecigtactetetgagea
gegtegtaacagtacccageageagectgggeaccaagacctacacctgtaacgigga
ccacaagoccageaacaccaaggizgacaagegggiggaatciaagtacggeccice
ctgecctectigeccagecoctgaatitetgggoggaccoteegigticcigiicooceca
aagcccaaggacaccctgatgatcagoecggacocoegaagtgaccigegiggte oty
gatgtetcccaggaagatccegaggigeagticaatiggtacgigsacggcgiggaagt
geacaacgocaagaccaageccagagaggaacagticaacageaccetacegggiogt
gteeglgetgacegtgotgeaccaggactggetlgaacggcaaagagiacaagigcaag
gigtccaacaagggecigeccageiccalcgagaaaaccalcageaagaocaagggc
cagecocgogagecicaagigigiaceotgocceciagecaggaagagaigaccaaga
accaggtgtcoctgagetgigeegtgaaaggotictaccecagegacatigecgtggaat
ggaagascaacggccageccgagaacaaciacaagaccaccececctgigetggac
agegacggotcaticticotggtgtccaageigacegiggacaagagocggtoocagy

o8

SEQ ID NO: 11

aaggceaacgtgticagetgctecgigatgeacgaggcectgeacaaccactacaceca
gaagicecigtctctgtecciggocaay
Light Anti-CD3 X Anti-CD28-L: | SEQ ID NO: 12
chain B gacatcgigatgacceagaceoeocigagectigagogtgacacciggacagectigeea
(Anti-CD3 | gealcageigcaagagcagocagageciggtacacaacaacgecaacacciacctga
% Anti- getggtateigeagaageccggocagagocoecagiecctgatetacaaggigtocaac
CD28-L:) agattcagcggegtgeccgacagatictecggeageggotetggraccgacticacoct

gaagatcagecgggtegaagecgaggacgtgeocgtotactatigtegccagggcac
ceagtaceecttcacctiiggeageggeaccaaggiggaaatcaagggecageccaag
geegecccegacategtgetgacacagageoctigetagectggeegtgicicctggaca
gagegeoccaccatcacctglagageoagegagagogtggaalattacgtgaccagecty
atgcagtggtatcageagaageccggecagecccecaagetgetgatiticgeegocag
caacgtggaaageggcgtgccagecagatiticeggragoggeictggeaccgactic
acectgaccatcaaccoegiggaagecaacgacgiggocaactactactgecageaga
geoggaaggigcoctacacetitgeocagggoaccaageigganatcaagaccaagg
geeecagecgtacggiggecgetcccagegtgticatctteccacctagegacgageag
ctgaagiceggeacagcectetgtiegigtgectgeigaacaactictaccecegegagge
caaagtgoagiggaaggtogacaacgecotgoagagceocaacageeaganagcg
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tgaccgageaggacageaaggactccacctacagocigageageaccctgacaciga
geaaggeegactacgagaageacaaggtgtacgectgegaagtgacccaccagggce
cigtctagecccgtgaccaagagoticaaccggggegagist

Binding Protein 5 Amino Add Sequences

Heavy
chain A
{Anti-
CD38-

H kuoob)

Anti-CD38-H_Kuob:
Qvqglvgsgaevakpgtsvkisckasgvtftdyvwmgwvkgrpegglewigtivpg
dedtgvagkigekatitadkssktvymhlsslasedsavyvecargdyyesnsidvw
gagtsvivssastkgpsviplapcsrstsestaalgelvkdyipepvtvswasgaltsg
vhifpavigssglvslssvvtvpsssigthtytenvdhkpsntkvdkrveskveppep
pepapeflggpsvilfppkpkdtinmisripevicvvvdvsgedpevglnwyvdgve
vhraktkpreegfnstyrvvsvitvihgdwingkeykekvsnkgipssiektiskak
gaprepgvytippegeentkngvsiwelvkgfypsdiavewesnggpennykttp
pvidsdgsfilyskltvdksrwgegnviscsvmhealhnhytgksisisigk

SEQID NG: 17

Light
chain A
{Anti-
CD38-1)

Anti-CD38-L:
Divmtgshlsmstslgdpvsitckasqdvstvvawyggkpegsprelivsasyryig
vpdritgsgagtdfifissvgacdlavyyegghysppytfgegtklcikrtvaapsvii
fppsdeqlksgtasvvellontypreakvgwkvdnalgsgnsgesvtegdskdstys
Isstltlskadyekbkyyacevihgglsspvtksfurgec

SEQ ID NO: 18

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

Anti-CD28 x Anti-CD3-H Hele:
Qvqivgsgaevvkpgasvkvsckasgysfisyyihwvrgapgqglewigss
ypgrvamyagkfqgratitvdtsistaymelstirsddtavyyctrshygidw
nfdvwgkgtivivsssqvglvesgggvvapgrsirlscaasgfifthawmhw
vrqapgkqlewvaqikdhsnsyatyvadsvkgrfiisrddskntlylgmnsir
aedtavyycrgvyyalspfdyweqgtivivasrtastkgpsviplapessstses
taalgclvkdytpepvivswnsgaltsgvhtfpavigssglyslssvvivpssst
gtktytenvdhkpsntkvdkrveskvgppeppepapeflggpsvilfppkp
kdtlmisrtpevtcvvvdvsgedpevgfowyvdgvevhnaktkpreeqfus
tyrvvsvitvihgdwingkeykekvsnkglpssiektiskakgqprepqvetl
ppsqeemtknqvslscavkgfypsdiavewesnggpennykitppvidsd
gsfllvskltvdksrwgegnviscsvmbeathnhyigkslslsigk

SEQ 1D NO: 3

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

Anti-CD3 x Anti-CD28-L:
Divegtplsisvtpggpasisckssgsfvhnnantylswylgkpegspgsliviys
arfsgvpdrfsgsgsgtdfilkistveacdvgvyycgggegypitiosgtkveikggpk
aapdignitgspssisasvgdrvtitcgasgrivywinwyggkpgkapkllivkasal
htgvpsrisgsgsoidftltissigpediatyyeqgggtypytfogetkietktkgpsrty
aapsviifppsdeglksgtasvvellonfyvpreakvgwhkvdnalgsgnsqgesvtegd
skdstyslasthtiskadyekhkvvacevthqalsspyviksinrgec

SEQ 1D NO: 4

Binding Protein 3 Nucleotide Sequences

Heavy
chain A
{Anti-
CD38-

H Knob)

Anti-CD38-H _Knob:
cagglgcagciggtocagiciggegeegaagigaccaageciggeacaagegigaag
ctgagetgeaaggecageggctacaccttcaccgactaciggatgeagtagotcaage
agaggcecaggecagggeciggaatggateggeacaatetatcecggegacggegata
ceggetacgeccagaagiticagggcaaggecacecigaccgocgacaagageagea
agaccgtgiacatgeaccigageagectggocagegaggacagegecgigtaciatig
cgecagaggogactactacggeagcaacageetggactatigggoccagggcaccag
cgtgacagigictagigegicgaccaagggceocateggigticecictggeacotigeag
cagaagoaccagegaatctacagecgeecigggotgecticgtgaaggactacttteceg
ageecgtgaccgigtoctggaacictggegetctgacaageggegtgeacaccitteca
geegtgctocagageageggectgtacicictgageagegtcgtgacagigeccagea
geagectgggoaccaagacciacaceigtaacgiggaccacaageccageaacacea
aggtgpacaagegggtegaatciaagtacggccetocctgoecicetigencageceat
gaatttcigggcggaccecteoegtgticctgticcccocaaageccaaggacacectgatg

atcagecggaccoccgaagtgaccigegisatootooatototcccaggaagatcccy

SEQ 1D NO: 19
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aggtecagticaatiggtacgigoacgzcgtgeangtacacaacglraagaccaagec
cagagaggaacagticaacagcacctaccgggiggtetcegtecteacegtectgcac
caggactggcigaacggcaaagagtacaagigeaaggtgiccaacaagggoctgeoe
agetecaicgagaaaaccatcageaaggecaagggaecagoccegogagocicaagly
tataccotgeceectigecaggaagagatgaccaagaaccaggigicectgtggigictc
gigaaageoctictaccecagegacatigecgiggaalgggagagcaacgeecagece

gagaacaactacaagaccaccocoectgtoctggacagegacggeteaticttectgta

cfccaagcigaccgiggacaagageoggiggcaggaaggcaacgtgticageigeice
gtgatgcacgaggcccigeacaaccactacaccoagaagicoctgtetcigtceetggg
£aag

Light
chain A
{Anti-
CD38-L)

Anti-CD38-L:
gacatcgigatgacccagagecacctgageatgageaccagectgggcgaccecgigt
ccatcaceigtaaagocagecaggacgtgtecacegiggtggoctggtatcageagaa
gectggecagageoccagacggetgatctacagegecagetaicggtacateggegtes
coegacagaticaceggaagoggagecggcaccgacticaccttcaccatcageictgt
geaggecgaggacctggecgtgtactactgocageageactacageocecoctacace
ttiggoggaggcaccaagetggaaatcaagegtacggtggeogctcccagegtgticat
cttcccacctagogacgagceagcetgaagtceggoacagoctctgicgigtgccigciga
acaactictacceccgegaggecaaagigcagtooaagotooacaacgeoctgcaga
goggcaacagecaggaaagegtgacegageaggacageaaggactecacctacage
ctgageageaccctgacactgageaaggecgactacgagaageacaaggigtacgee
tgogaagigacecaccagggectaictagececgtgaccaagageticaaccaggec
gagtet

SEQ ID NO: 20

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

Anti-CD28 X Anti-CD3-H_Hole:
caggtgcagctggigoagiciggegecgaggtcgtgaaaccigacgecicigigaagy
tgtectgeaaggecageggctacacctttaccagetactacatecactgggigegecag
geecctggacagggactggaatggatcggeageatclaccecggeaacgtgaacace
aactacgeecagaagticcagggoagagecacceigaccgtggacaccageateage
accgectacatggaactgagecggetgagaagegacgacaccgecgigtactactgea
cecggtcocactacggectggatiggaacticgacgigtogggcaagggcaccacegt
gacagigtctageagecaggigeagetggtggaatctggoegacggagigatocagoct
ggcagaagectgagacigagotgtocogecageggeticaccticaccaaggecigga
tgcactgggtocgecaggoocciggaasageageiggaatggetoocceagatcaagy
acaagagcaacagcetacgecacctactacgocgacagegigaagggocggiicaccat
cageogggacgacageaagaacacectgiacetgeagatgaacagocteegggecg
aggacaccgeegigtactactgtegggecgigtactatgecotgageeccticgattact
ggegocagggaacccicgtgaccgigictagicggaccgecageacaaagggocecat
cggtgticcctetggeccctigeageagaageaccagegaatetacageogecetggg
ctgectegigaaggactactitecogagecogigacogigtectggaactotggegetet
gacaagcggegtgcacacctticcagecgtgeticcagageageggecigtactciciga
geagegtogtgacagtgeccageageagecigggcaccaagacctacaccigtaacgt
ggaccacaagecoagoaacaccaaggiggacaagegggiggaatctaagtacggce
cteectgeectiectigeccagececigaatitcigggeggaccetcegigticctgticece
ceaaageecaaggacacccligalgalcageoggaccecegaagtgaccigegiggty
gtgeatgtotcecaggaagatceegaggtecagitcaatiggtacgiggacggegtgsa
agtgcacaacgocaagaccaageccagagaggaacagticaacageacctacegggt
gatgtecgtgeigaccgtgetigcaccaggactggctgaacggcaaagagiacaagiac
aaggigtecaacaagggcctgeccagetecalcgagaaaaccatcageaaggecaag
ggecagecccgegagecteaagigtetaccetigocecctagecaggaagagatgace
aagaaccaggigtcocteagetigtecogigaaaggctictaccecagegacatigecgt
ggaaigggagagoaacggecageecgagaacaaciacaagaccacccoceetgtget
ggacagegacggetcaticticctggigiccaagetgacegiggacaagagecggtsg
caggaaggeaacgigticageigeicogigatgcacgaggaceccigcacaaccactaca

SEQIDNO: 7
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cceagaagicectgictctgtecetgggcaag

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

Anti-CD3 X Anti-CD28-L:
gacatcgigatgacccagaccocectgagectgagegigacacetggacagectgeca
geatcageigeaagageageeagagectggigeacaacaacgecaacacctacetga
gctgptatctgoagaagecoggocagagoccecagiceotgatctacaaggigiocaac
agattcagcggcegigeccgacagaticiceggeageggotciggeacegacticacect
gaagaicagoeegggtegaageegaggacgiggacgiatactatigtogccagggoac
ccaglaccecticaccttiggeageggeaccaaggiggaaatcaagggoecageccaag
gecgecceogacatccagatgacceagagoeceageagectgictgecagegtgsge
gacagagtgaccatcaccigicaggecagecagaacatctacgigiggctgaaciggta
fcagcagaagcocggeaaggaccecaagetgetgatctacaaggocageaaccigea
caccggegtgeecageagatiticiggeagoggcicoggeacegacticacccigacaa
tcagctecetgeageccgaggacatigecacctactactgecageagggecagaccta
cecctacacctitggecagggcaceaagetggaaatcaagaccaaggaceccagecgt
acggtogccgetcccagegtgticatoticecacctagegacgageagetgaagicegg
cacagcectetgtegtatgectgctgaacaactictacccocgegaggecaaagigeagt
ggaaggtegacaacgocotgoagageggcaacagecaggaaagegtgacegagea
geacagcaaggactccacctacagoctgagoagoacccigacacigageaaggeoga
ctacgagaageacaaggistacgcotigegaagtoacecaccagggccigtetagoecce
gigaccaagageticaaccggggcgagiat

SEQID NO: 8

Binding Protein 6 Amine Acid Sequences

Heavy
chain A
{Anti-
CD38-

H knob)

Auti-CD38-H_Knob:
gvglvgsgacvakpgtsvklisckasgvtfidywmgwvkgrpgaglewigtivpgd
gdtgyagkfggkatitadkssktvymhlisslasedsavyveargdyygsnstdywg
getsvivssastkgpsviplapesrsisestaalgelvkdvipepvtvswnsgaltsgy
htfpavigssglyslssvvivpsssigtkivienvdhkpsntkvdkrveskygppepp
cpapeflgepsvilippkpkdtimisrtpevicvyvdvsgedpevgfawyvdgvey
hnaktkpreegfnstyrvvevltvihgdwingkevkckvsnkglpssicktiskakg
gprepgvytippegeemtkngvslwelvkgfypsdiavewesnggpennykiipp
vidsdgsfilyvskitvdksrwagegnviscsvmhealhnhyvigksislslek

SEQ IDNO: 17

Light
chain A
{Anti-
CD38-L)

Anti-UD38-L:
Divimtgshlsmstslgdpvstickasgdvstvvawyggkpggspriliysasyryig
vpdritgsgagtdftfissvgacdlavyycgghysppyifogatkleikrtvaapsvii
fopsdeglksgtasvvellnnfypreakvgwkvdnalgsgnsgesvieqdskdstys
Isstitlskadyekhkvvacevihgglisspvtksiunrgee

SEQID NO: 18

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

Anti-CD28 x Anti-CD3-H_Hole:
Qvaigesgpgivkpsgtisitctvsgtslsdygvhwyrgppgkglewlgviw
agggtnynpslksrktiskdtskngvslklssviaadtavyycardkgysvyy
smdywgagttvtvsssgvglvesgggvvgpgrsiriscaasgftfikawmh
wvrgapgkglewvagikdksnsyatyyadsvkgrftistddskntlylgmon
slraedtavyyergvyyalspfdyweqgtivtvssrtastkgpsviplapesrst
sestaal gelvkdytpepvivswnsgaltsgvhtfpavigssglyslssvvivp
ssslgtktytenvdhkpsntkvdkrveskygppeppepapefiggpsvilfpp
kpkdtimisrtpevicvvvdvsgedpevgfnwyvdgvevhnaktkpreeq
fastyrvvsvitvlhgdwingkeykekvsnkglpssiektiskakggprepgv
ctlppsqeemtkngvslscavkgfypsdiavewesnggpennykttppvld
sdgsfflvskltvdksrwgegnviscsvmhealhnhyigkslsisigk

SEGQGIDNG: 9

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

Anti-UB3 x Anti-CD28-L:
Divmtgiplsisvipggpasisckssgstvhmnantylswyigkpggspgslivkvs
nrfsgvpdrisgsgsatdfilkisrveacdvevvyegggtqvpfiifgsgtkveikggp
kaapdivitgspaslavspgqratitcrasesveyyvtslmgwygakpegppkliifa
asnvesgvparfsgsgsgtdfiltinpveandvanyyeggsrkvpytfeggetkleiktk

SEQIDNG: 10
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gpsrtvaapsvtifppsdeglksgtasvvelnntypreakvgwkvdnalgsgnsge
svtegdskdstyslsstitiskadvekhkvvacevthgglsspvtksfnrgec

Binding Protein 6 Nucleotide Sequences

Heavy
chain A
{Anti-
CD38-

H Knob)

Anti-CD38-H_Kaob:
caggtgcagetggtigeagictggogeegaagiggecaagectggcacaagegtgaag
ctgagetgeaagaccageggotacaccttcaccgactactggatacagtgestcaage
agaggccaggocaggacctiggaatggatcggcacaatetatcecggegacggegata
ceggetacgeocagaagittcagggeaaggecaccolgaccgecgacaagageagea
agaccgtgtacatgeacctgageagectiggeoagegaggacagegeegiglactatig
cgecagaggegactactacggeageaacageciggactatigggeccagggcaccag
cgigacagigictagigegtogaccaagggoccateggtgttcocictggeccctigeag
cagaageaccagcegaatctacagecgoecigggetgoecicgtgaaggactactticcog
agecogtgacegigtcctggaactetggegeictgacaageggeatgcacacciticca
gocgigetccagageageggectgtacicictgageagegicgtgacagtecceagea
gcagceetgggocaccaagacetacaccigtaacgiggaccacaageecageaacacca
aggtegacaagegpatooaatClaaglacggeccicoctgecctectigeccagecect
gaatticiggecggaccctcegtgitcotigticeccecaaageecaaggacacceigalg
atcageeggaccecegaagteacctgegtggtgatooatstotcccaggaagatccey
aggtocagticaatiggiacgigaacgzegtygaagiacacaacgleaagaccaagec
cagagaggaacagticaacagcacctaccgggiggtetcegtecteacegtactgcac
caggactggctgaacgocaaagagiacaagigeaaggtstccaacaagggocigeae
agetecatcgagaaaaccatcageaaggecaaggeocagocccgoegagoctcaagty
tataccotgoceectigecaggaagagatgaccaagaaccaggigicectgtggigictc
gigaaaggctictaccccagegacatigecgiagaatggaagagaacsgecagece
gagaacaactacaagaccaccoeccctgigeiggacagegacggetcaticticetgta
cfccaagctgaccgiggacaagageoggiggcaggaaggcaacgtaticagetigetee
gtgatgcacgaggcecctgeacaaccactacaccoagaagicoctgtetcigiceetgeg
Caag

SEQ ID NO: 19

Light
chain A
{Anti-
CD38-L)

Anti-CD38-L:
gacatcgtgateacceagagecaccigageatgageaccagectggacgaceocgigt
ccatcacciglaaagecagecaggacgtgtecaccgiggiggcotggtalcageagaa
gectggecagageoceagacggetgatctacagegecagetatcggtacateggegtys
ceegacagaticaccggaagoggagecggceaccgacttcaccticaccatcagetctgt
geaggecgaggacctggocgtatactactgocageageactacageocecoctacace
tttggoggaggcaccaagetggaaatcaagegtacggtggcegcicocagegtgticat
cticceacctagegacgagcagcetgaagtceggoacagectotgicgtgtaccigeiga
acaactictacceccgegaggecaaagigcagteoaagotooacaacgeoctgcaga
geggcaacagecaggaaagegtgacegageaggacageaaggactecacctacage
cigageagceaccectgacactgageaaggecgactacgagaageacaaggigtacgee
tgogaagigacccaccaggeectgictageoccgigaccaagageticaaccgggec
gagtet

SEQ IDNG: 20

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

Anti-CD28 X Anti-CB3_Hole:
caggtgcagctgcaggaatciggecciggocticgigaagectagecagacccigagec
tgacctgtacegtgtecggeticagectgagegactacggegigeactgggigegccag
ccacctggaaaaggectggaatggctggacgigatciggactagoggagecaccaac
tacaaccceagectgaagiccagaaagaccaleageaaggacaccagoaagaaccag
gigtccotgaagotgageagegtgacagecgecgatacegecgtgtactacigegeca

gagacaagggctacagctactactacageatggactactggggccagggcaccacegt
gacegtgicatceteteaggtecagetggtggaatcigecggeggagiggtiocagectyg
geagaagectgagactgagetgtgecgecageggeticaccticaccaaggoetiggat

geactggetecgoecaggoccctggaaageageiggaatggetegcccagatcaagga
caagagcaacagctacgecacctactacgecgacagogtgaagggccggticaccatc
agecggoacoacagoaagaacaccctgiaccigeagatgaacagectgoggaocga

SEQ ID NO: 11
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ggacaccgecgigtactactgtegggpogtgtactatgeccigageccettegattactg
gosecagggaaccctegtgacegigictagicggaccgeticgaccaagggcacatcg
gigticectetggecectigeageagaageaccagegaatciacagocgecotggacte
cotegtgaaggactactticeegageecgigacegigiectggaacictggegetctgac
aageggegtgcacaccittccageegigetccagageageggecigtacicicigagea
gogtegtgacagtgeccageageagectgggeaccaagacctacaceigtaacgtega
ceacaageccageaacaccaaggiggacaagegggiggaatciaagtacggeecice
ctgoccicetigeccageccetgaatitetgggcggacactecgtpticetgticeococa
aagcocaaggacaccetgatgatcagecggaccoccgaagigaccigogiagioste
gatgtgteccaggaagateccgaggtgcagticaatigetacgigoacgocetogaagt
geacaacgoecaagaccaageccagagaggaacagiicaacageacciacegggtggt
gicegigeigaccgigeigeaccaggaciggetgaacggcaaagagiacaagigeaag
gigtccaacaagggectgoeccageiccategagaaaaceatcageaaggecaagggc
cageocegegagectcaagigigiacectgececctagecaggaagagatgaccaag
aaccaggtgtcoctgagotgigecgtgaaaggettctaccecagegacatigecgigga
atgggagageaacggocageccgagaacaactacaagaccaccececctgtgetgea
cagcgacggcetcaticticetggtgtecaageigaccgiggacaagagoeggiggeag
gaaggcaacgtgticagetgetecgigatgeacgaggeectigeacaaccactacacee
agaagicccigictcigicectggocaay

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

Anti-CD3 X Anti-CD28-L:
gacategigateacceagacececcigagectgagegigacacciggacagectgeca
gcatcagotgeaagageagecagageciggigeacaacaacgecaacacctacctga
getgatatctgcagaageocggecagagecceeagicoctigatctacaaggtgtecaac
agattcageggogtgcccgacagatictceggeageggctctggeaccgacticaccect
gaagatcagocgggtggaagocgaggacgiggocatstactatigiggccagggcac
ceagtaccectteaccttiggeageggeaccaaggiggaaatcaagggoeageecaag
geegeocoegacategtgetgacacagagecetgotagectagocgigtcteciggac
agagggccaccaicacctgtagagecagegagagegiggaatattacgtgaccagect
gatgcagtogtaicagcagaageccggecagocceccaagetgetgatiitecgecgeo
agcaacgiggaaagcggcegigecagecagattitccggragoggeictggeacogact
teacccigaccateaaccocgiggaagecaacgacgtgaccaactactactgecagea
gagecggaaggteccctacaccitiggecagggeaccaagetggaaatcaagaccaa
ggoccecageegtacggtggoecgeteccagegigitcateticecacctagegacgag
cagctgaagiceggeacagecticigtegtgtgectgetgaacaactictacececgega
goccaaagtgeagiggaaggiggacaacgecoigoagagoggcaacagocaggaaa
gegtgaccgageageacageaaggaciccacetacagectgageageacectgacac
tgagcaaggcegactacgagaageacaaggtotacgecigegaagigacceaccagy

gectgictagececgigaccaagageticaacegggecgagtat

SEQ IDNO: 12

Binding Protein 7 Amino Acid Seqguences:

Heavy Anti-LAMPI-H Kaob: SEQIDNQG: 21

chain A gvglvgsgaevkkpgssvkvsckasgyifinynifrwvkkspeqglewigaivpgn

{Anti- gdapysgkfgekatliadiststivmelsslmsedtavyyevranwdvafayweggtl

iAIviP i- vivssastkgpsviplapcarstsestaalgelvkdvipepvivswnsgalisgvhtfpa

H_knob) vigssglyslssvvivpsssigtktytenvdhkpsntkvdkrveskveppeppepape

- flggpsvilfppkpkdtimisrtpevtevvvdvsgedpevgfowyvdgvevhnakt

kpreegfostyrvvsvitvihgdwingke vkekvsnkelpssicktiskakggprep
qvytippegeemtkngvshwelvkgfypsdiavewesnggpennyktippvidsd
gsfflyskltvdksrwgegnviscsvmhealhnhyigksisisigk

Light Anti-LAMP1-L; SEQIDNG: 22

chain A Digmtgspssisasvedrvtitckasgdidrymawyqdkpgkaprliihdistigsg

(Anti- vpstsgsgsgrdytitisnlepedfatyyclgydniwiogativeikrtvaapsviifp

LAMP1- psdeglksgtasvvelinnfypreakvgwkvdnalgsgnsqesviegdskdstysiss

1) thtlskadvekbkvvacevthgglsspvtksfnrgec

Heavy Anti-CD28 x Anti-CD3-H_Hole: SEQIDNG: 3
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chain B
(Anti-
CD23 x
Anti-CD3-
H Hole)

Qvglvasgaevvkpgasvivsckasgyeftsyyihwyrgapgqglewigsd

ypgnvamyagkfqgratitvdtsistaymelstrsddtavyyerrshygldw
nfdvwekgttvtvsssqvglvesgggvvgpgrsiriscaasgfiftkawmhw
vrqapgkalewvagikdhsnsyatyyadsvkgritisrddskntlylgmnsir
aedtavyycrgvyyalspfdywgqgtivivssriastkgpsviplapcsrsises
taalgclvkdyfpepvtvswasgaltsgvhtfpavigssglyslssvvivpsssl
gtktytenvdhkpsntkvdkrveskygppeppepapefl ggpsvilfppkpk
dtimisrtpevtcvvvdvsqedpevgfnwyvdgvevhnaktkpreeqfnst

yrvvevltvihgdwingkevkekvankglpssiektiskakggprepquctlp
psqeemtknqvslscavkgfypsdiavewesnggpennykttppvidsdgs
fitvskitvdksrwgegnviscsvimhealhnhytgksisisigk

Light
chain B
(Anti-CD3
X Anti-
CD28L)

Aunti-CD3 x Anti-CD28-L:
Divimtgtplslsvtpggpasisckssgshviimnaniylswylgkpegspgsliyhys
orisgvpdifsgsgsgidfilkisrveacdvgvyyegggegypittosgtkveikggpk
aapdignitgspssisasvgdrvtitegasgriyywinwyqakpgkapkliiykasolt
htgvpsrfsesgsgtdfiltissigpediatyyeqgggtypyifogetideiktkgpsriva
apsviifppsdeqiksgtasvvellnnfypreakvgwkvdnalgsgnsqgesviegds
kdstyslsstitiskadvekhkvyacevthqglsspvthstnrgec

SEQ ID NG: 4

Binding Protein 7 Nucleotide Sequences

Heavy
chain A
{Anti-
LAMPI-
H Knob)

Anti-LAMPL-H Knob:
caggtacagctagtgcagtetggegecgaagigaagaaacecggeageagegigaag
gtgtcctgoaaggecageggatacatcticaccaactacaacaicoactgggicaagaa
gleoccaggecagggectggaatggatcggegccatetatcecggaaacgaegacge
coctiacagecagaagticeagggcaaggocacceeigacegecgataccageacctee
accacctacatggaacigageagectgeggagegaggacaccgeogtgtaciatigeg
tgcgggoccaactgegatgtggccttcgectatigggaccagggcacactcgigacegig
toctetgegtegaccaagggceccatcggtgttcecictggeocatigeageagaageac
cagogaatctacagecgecctgggctgectegtgaaggactactitcoegagoccgtga
cogtgticctggaactciggogetctgacaageggegtecacacciticcageegigcice
agagcageggectgtactetetgageagegicgigacagtgeccageageagectggg
caccaagacctacaccigtaacgtggaccacaageccageaacaccaaggiggacas
gogggtggaatctaagtacggoccicecigeccicetigeccagecectgaatitctggg
cggaccetecgigticctgticococcaaagoccaaggacacccigatgatcageezsa
coeccgaagtgacctgegiggtegtopatgigtoccaggaagatoccgaggtgcagtic
aattggtacgiggacgocgtogaagtocacaacgocaagaccaageocagagaggaa
cagttcaacageacctaccgggtegtstcogtgotgacegigetgeaccaggactggct
gaacggcaaagagtacaagigeaaggtgtceaacaagggoctgeecageiccatega
gaaaaccatcagcaaggecaagggecagececgegagectcaagigtatacectgee
coctigecaggaagagatgacoaagaaccaggtgtocctgtegigicicgigaaagact
fctaccecagegacattgocgiggaatgggagageaacggocagecegagaacaact
acaagaccaccecocctgigetggacagegacggoteaticticetgtactccaagotga
ocgiggacaagagecggtggcaggaagacaacgtgticagetgetcogtgatgcacga
ggccctgcacaaccactacacccagaagiccctgtetetgtocctggocaay

SEQ IDNQ: 23

Light
chain A
(Anti-
LAMPI-
L)

Anti-LAMP1-L:
gacatccagatgacecagageccecageagectgtcigecagegtgggegacagagte
accatcacalgeaaggecageeaggacatogaicggtacatggectggtaicaggaca
agecoggcaaggeccccagacigetgatccacgataccageacactgeagageggcy
tgcocageagattticeggciciggcageggcagagactacacccigaccatcageaac
ctggaacocgaggacticgecacctactacigectgeagtacgacaaccigtggacctic
gecggaggcaccaaggtegaaateaagegtacggteoccgetcccagegigttecaict
teccacctagegacgageagetgaagiceggeacagectetgtegigtgectgetgaac
aactictacceccgegaggecaaagigeagiggaaggtegacaacgeocigeagage
ggcaacagecaggaaagegtgaccgageaggacagcaaggaciccacctacagect

SEQ ID NO: 24
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gagcagcacceigacactgageaaggecgactacgagaageacaaggtgtacgectg
cgaagtgacceaccagggecetgictagecoegigaccaagageticaaccgggaega
gigt

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

Anti-CD28 X Anti-CB3-H_Hole:
caggtocagctggtpcagictggegecgaggtcgtgaaacctggegectctgtgaagy
tgtectgeaaggecageggctacacctttaccagetactacatecactgggigegecag
gecectggacagggactggaatggatcggeageatctacceeggraacgigaacace
aactacgeccagaagticcagggeagagecacceigaccgiggacaccageatcage
accgectacatggaacigagecggctigagaagegacgacaccgecgigtactactigea
cecggieccactacggecigpatiggaacticgacgigtggeocaaggocaccaccgt
gacagigictageagecaggigeagetggtggaatctggcegacggagigatocagoct
ggcagaagectgagactgagetgtagecgecageggcticaccticaccaaggecigga
tgcactgggigegecaggoecociggaaageagotggaatgagtogeccagaicaagg
acaagagcaacagetacgecacctactacgoecgacagegigaagggocggticaccat
cagceogggacgacagcaagaacacceigtaceigoagatgaacagoctgeggaccga
geacacogeegigtactactgtcgggpegtgtactatgcecigagececticgattacte
ggeccagggaacoctegtgaccgtgictagtcggaccgecageacaaagggcocate
geteticectetggeocetigeageagaageaccagegaatctacageegeectgggct
gectcgigaaggactactitccegagecegigacegigtectggaactetggegotciga
caagoggcgtgracacctitccagecgtgetccagageageggcecigiacteteigage
agcgicgigacagigcccageageagocigggeaccaagacctacacctgtaacgigg
accacaageccageaacaccaaggtggacaagegggtggaatctaagtacggocctc
cctgecctecttgeccagecoctgaattictgggeggaccotecgtgttectigticocoec
aaagceccaaggacaccectgatgaicageeggaceeccgaagtgacctacgtegiggte
gatgigtcecaggaagatccecgaggigeagticaatiggtacgiggacggegiggaagt
geacaacgocaagaccaageccagagaggaacagiicaacageacctacegggtggt
gtoegigeigaccgigetgeaccaggaciggetgaacggcaaagagtacaagigeaag
gtgtecaacaagggectgeccagetocatcgagaaaaccalcageaaggccaagggec
cageoccgegagectcaagigigtacoctgececctagecaggaagagatgaccaaga
accaggtgicectgagotgtgecgigaaagactictaccecagegacatigecgiggaat
gggagagcaacggecagecegagaacaactacaagaccacceeocctgtgetggac
agegacggetcaticticciggtgiccaagetgacegtggacaagagoeeggizgacagy
aaggcaacgigticagetgceicegtgatgracgaggccctgeacaaccactacaccea
gaagtecetgictctgiceciggocaag

SEQID NG 7

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

Anti-CD3 X Anti-CD28-1:
gacatcgtgatgacccagacccccetgagectgagegtgacacciggacagectgoca
geatcagetgeaagageagecagageciggtgcacaacaacgecaacacciacctga
getgetatetgcagaageceggecagageccecagteoctgatetacaaggtgtecaac
agattcageggcegtgeccgacagatictecggeagoggcteiggeacegacticacect
gaagaicageogggtggaageegaggacgtggecgtgtactatigtggccagggeac
ccagtaccecttcaccttiggeageggeaccaaggiggaaatcaaggoccagccaag
geegeocoegacatecagatgacccagagecccageagoctgicigecagegteggc
gacagagtgaccatcacctgicaggocagecagaacatetacgigtoactgaactggata
tcageagaageccggeaaggececcaagotgoigaictacaaggecageaaccigea
caccggegtgeccageagattitetggeageggetecggeacegacticacectgacaa
fcagctecctigeagecegaggacatigocacciactactgecageagggecagacctac
cectacacctitggecagggoaccaagetggaaatcaagaccaaggaocccageegta
cggteaccgcteccagegtgticaicticccacotagegacgagragoigaagiccgec
acagectctgicgigteccigetgaacaactictacececgegaggecaaagtgcagty
gaaggtosacaacgeoctgeagagoggeaacagocaggaaagegigaccgageag
gacagcaaggactceacctacagectgageageacecigacactgageaaggecgac
tacgagaagcacaaggigiacgecigegaagigacceaccagggocigtciageeceg
tgaccaagagcticaaccggggcgagtat

SEQ ID NO: 8
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Binding Protein 8 Amino Acid Sequences

Heavy
chain A
{Anti-
LAMPI-
H_knob)

Anti-LAMPI-H_Kuob:
qvglvgsgaevkkpgssvkvsckasgyifinynihwvkkspeqglewigaiypgn
gdapvsqkfggkatltadtststtymelssltsedtavyyevranwdvafayweggtl
vivssastkgpsviplapesrstsestaalgclvkdyfpepvivswasgaltsgvhtfpa
vigssglysissvvtvpsssigtktyienvdhkpsotkvdkeveskvgppeppepape
flggpavilfppkpkdtimisrtpevtevvvdvsqedpevgfnwyvdgvevhnakt
kpreegfnstyrvvsvitvihgdwingkeykckvsnkglipssicktiskakeqgprep
gvvtippegeemtkngvsiwelvkgfypsdiavewesnggpennvkitppvidsd
gstflysklivdksrwqegnviscsvmbeathnhytgksisisigk

SEQIDNO: 21

Light
chain A
{Anti-
LAMPI-
L)

Anti-LAMP1-L:
Dugmtgspssisasvedrviitchasgdidrymawygdkpgkapriithdeselysg
vpsifsgsgsgrdytitisnlepedfatyyclgydniwifeggtkveikrtvaapsviifp
psdeglksgtasvvelinnfypreakvgwkvdnalgsgnsgesvteqdskdstysiss
thtlskadvekhkvyacevthqglsspvtksforgec

SEQ ID NO: 22

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

Anti-CD28 x Anti-CD3-H Hole:
Qvglgesgpgivkpsqtisltetvsgislsdygvbwyrgppgkglewlgviw
agggtnynpsiksrktiskdtskngvstidssvtaadtavyycardkgysyvys
mdywgggtivivsssqvglvesgggvvapgrslriscaasgftftkawmhw
vrgapgkglewvagikdksnsyatyyvadsvkgrftisrddskntiylqmnsir
aedtavyycrgvyyalsptdywgqgtlvivssrtastkgpsviplapcsrstse
staalgclvidyfpepvivswasgaltsgvhifpavigssglysissvvivpsss
Igtktytenvdhkpsntkvdkrveskygppeppepapetiggpsvitfppkp
kdtlmisrtpevicvvvdvsgedpevgtnwyvdgvevhnaktkpreeqfns
tyrvvsvitvihgdwlngkeykckvsnkglpssiektiskakggprepgvetl
ppsqeemtkngvslscavkgtypsdiavewesnggpennvkttppvidsd
gsfflvskitvdksrwgegnviscsvimhealhnhytgkslslsigk

SEQ ID NO: 9

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

Anti-CH3 x Anti-CD28-L:
Divmtgiplslsvipggpasisckssgsivhmnantylswyigkpggspgslivkvsn
risgvpdrisgsgsetdftlkisrveacdvgvyvegagtgvpftfgsgthveikggpka
apdivitgspaslavspggratitcrasesveyyvisimgwyggkpggppkllifaas
nvesgvparfsgsgsetdftitinpveandvanyyeqgsrkvpytfpgetkieikiks
psrtvaapsviifppsdeglksgtasveclinnfypreakvgwkvdnalgsgnsgesv
tegdskdstyslsstitlskadvekhkvvacevthgglsspviksfnrgec

SEQ D NO: 10

Binding Protein 8 Nuclestide Sequences

Heavy
chain A
{Anti-
LAMP1-
H Knob)

Anti-LAMPI-H Knob:
caggtecagcetggtacagictggcgecgaagigaagaaaccoggoageagogigaag
gigtectgeaageecageggetacatettcaccaactacaacatecactgggtcaagaa
gtocccaggecaggacoiggaatggatcggogecalctatcceggaaacggogacge
ccottacagecagaagticcagggeaaggecaccetgaccgeegataccageacctce
accacctacatggaactgageagectgeggagegaggacaccgecgtgtactattzoeg
tgogggccaactgggatgtgaccticgoctatiggggccagggeacacicgigaccgiy
fecictigegtcgaccaagggoccateggtgticcctotggeccctigoagoagaageac
cagcegaatctacageegoecigggetgoctcgtgaaggactactiiccogageccgtga
cegtgtectggaactetggegetetgacaageggegtgeacacctitceagecgtgotee
agageageggectgtacictetgageagegtegtgacagtgeccageageagootggy
caccaagacciacacctglaacgtggaccacaageecageaacaccaaggtggacaa
gogggiggaatetaagtacggeocicectigocctoctigoocageeccigaattictggg
cggacecicegigticetgticeocccaaageccaaggacaccetgatgatcagecgga
oeoccgaagtgacctgegigetootooataigtcocaggaagatcocgaggtgcagttc
aatiggtacgtogacggoalooangiocacaacgleaagaccaagoeecagagasean
cagtlicaacageacctaceggatggtetcegtactigacegigotigeaccaggaciggct

SEQ 1D NO: 23
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gaacggcaaagagtacaagtgcaaggigtccaacaagggcctgoecageiccatega
gaaaaccatcagcaaggocaagggecageecogegagecteaagigiatacectigee
cecttgccaggaagagatgaccaagaaccaggigteoctigtggtotetcgigaaaggct
tetaccecagegacatigeogtggaatggpagagcaacggecagoecegagaacaact
acaagaccacceccectgigetggacagegacggctcaticticctgtaciccaagetga
cogiggacaagageeggiggcaggaaggcaacgtgitcagetgetecgigaigeacga
gacccigeacaaccactacacccagaagiocetgicictgicociggacaag

Light
chain A
{Anti-
LAMPI1-

L)

Anti-LAMPI-L:
gacatccagatgacccagagecccageagectgicigecagegtgggcgacagagty
accatcacatgeaaggccagecaggacatcgateggtacatggeciggtatcaggaca
ageocggeaaggoecccagactgetgatecacgataccageacacigeagagegacy
tgoccageagatiticegactoiggeageggeagagactacacectgaceatcageaad
ctggaaccogaggacticgecacctactactgoctgeagtacgacaacctgtggacotic
ggeggagacaccaaggiggaaatcaagegtacggigocegeicceagegtgticatet
teecacctagegacgageagetgaagiceggeacagecteigtegtetgocigetgaac
aactictaccoccgogaggecaaagigeagiggaaggigaacaacgecctgoagage
ggcaacagecaggaaagegigaccgageaggacageaaggactccacetacagect
gagcagcaccetgacactgageaaggecgactacgagaagcacaaggtgtacgocig
cgaagligaccoaccagggectgictagecoegigaccaagagcitcaaccggeggrea
gigt

SEGQGIDNG: 24

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

Anti-CD28 X Anti-CD3-H Hole:
caggtacagetgcaggaatciggecciggectegtgaagoctagecagacecigagee

tgacctgtacegigtecggeticagectgagegactacggegigeaciggatocgocag
ccacciggaaaaggoctggaatggctggacgigatctggaciggoggagecaccaac
tacaacccoageocigaagiccagaaagacoatCaglaaggacaccageaagaaccag
glgteectgaagetgageagegtgacageegecgataccgecgtigtactactgegeea
gagacaaggectacagetactactacageatggactaciggggocagggeaccacegt
gaccgigtcatectcicaggtocagetggiggaatctigacgocggagtgoiacagcectg
geagaagecigagacigagetgtgcegocageggcticaccitcaccaaggectggat
geactgggatecgocaggeecotggaaageageiggaatggetoocceagatoaagga
caagageaacagetacgecacctactacgeogacagogigaagggccggticaccatc
agecgggacgacageaagaacaccctglaccigeagatgaacagectgegggocga
ggacaccgecgigtactactgtogggocgtgtactatgcccigageccoticgattacty
ggeoccagggaaccetcgtgaccgigictagicggacogettcgaccaagggeccaicy
gteticectetggecectigcageagaageaccagegaatciacageogeoctaeacts
cctegtgaaggactactticcogagecegteacegtetectggaactotggegetcigac
aagceggcegtacacaccittecagecgigctceagageageggecigtacictetgagea
gegtegtgacagigeccageageagectgggeaccaagacctacacctgtaacgigea
ccacaageoecageaacaccaaggiggacaageggetggaatctaagtacggocctoe
ctgccctiectigeccagecoctgaatitictgggeggacceteegigticcigticoeocca
aagoccaaggacaccctgatgatcagecggaccccegaagigacctgegtiggigaty
gatgtgicccaggaagatcocgaggtocagticaatiggtacgiggacggegtgeaagt
goacaacgecaagaccaageccagagaggaacagticaacageacctacegggtost
gtecgigcigacegigeigeacoaggaciggotgaacggcanagagiacaagtgoaag
gtetccaacaagggoctgeccageiccategagaaaaccateagraaggecaagssc
cagococgogagecicaagigigiaccetgecceciagocaggaagagatgaccaaga
accaggtgtcocigagetgtgeegigaaaggetictaccecagegacatigeegtggaat
gogagagcaacggleagecegagaacaactacaagaccaccoeacetgigetggac
agegacggceteaticticetggtetecaagetigacegtggacaagagecggiggeagy
aaggcaacgigticagetgetecgtgatgeacgaggccctgeacaaccactacaccca
gaagiceetgtctetgicectiggecaag

SEGQ ID NG: 11

Light
chain B

Anti-CD3 X Anti-CD28-L:
gacatcgtgatgacccagacceecctgagectgagegtgacacciggacagecigeca

SEQIDNG: 12
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(Anti-CD3
x Anti-
CD28-L:)

geatcagetgcaagageagecagagectggigeacaacaacgecaacacctacctga
getggtatetgoagaagecoggocagagoccecagicectgatctacaaggtgtccaac
agattcageggcegigeccgacagatictecggeageggotciggeacegacticacect
gaagaicageegggiegaageegaggacgigoacgiatactatigipgccagggoac
ccagtaccecticacctiiggeageggeaccaaggiggaaaicaaggoreagoreaag
goegeoccegacategigetgacacagageectgetagectggoegtgictectggaca
gagggccaccatcacetgiagagecageogagagegtggaatattacgigaccagects
atgeagtggtatcageagaageceggecagececacaagotgotgattticgoecgocag
caacgiggaaagcggcgtgccagocagatiticoggrageggcictggeaccgacttc
accctgaccatcaacccegtggaagoecaacgacgiggecaaciactactgecageaga
gecggaaggtgocctacacctitggocagggcaccaageiggaaalcaagaccaagg
geoccagoegiacggiggaccgcticecagegtgticatettcccacetagegacgagcag
ctgaagtcoggeacagectotgiogigtgoctgcigaacaacitetacceccgogagge
caaagtgcagiggaagatogacaacgecotgeagagcggraacagicagganngcg
tgaccgagcaggacagcaaggactccacetacagectgageageaccctgacaciga
geaaggecgactacgagaageacaaggigetacgoctgcgaagigaccoaccaggge

(et

cigictageeccgigaccaagageticaaccgggoegagiat

Binding Protein 20 Amino Acid Sequences

Heavy
chain A
{Anti-
CD20-

H knob)

Ani-CD26-H_Knob:
Qvglqgpgaclvkpgasvkmsckasgyifisynmhwykgipgrglewigaiypg
ngdsyngkfkgkatitadkssstaymalssltsedsavyyearstpyggdwyfavw
gagttvtvsaastkgpsviplapcsrstsestaalgelvkdyfpepvtvewnsgaltsgy
htfpavigssglyslssvvtvpsssigtktytenvdhkpsntkvdkeveskyvegppepp
cpapeflggpsvilfppkpkdtlmisrtpevicvvvdvsqedpevgfowyvdgvey
hnaktkpreegfnstyrvvsvitvthgdwlngkevkckvsnkglpssicktiskakg
gprepgvytippegeemtkngvsiwelvkefypsdiavewesnggpennykiipp
vidsdgsfflvskltvdksrwgegnviscsvmheathohytgksistsigh

SEQ ID NO: 114

Light chain
A

{Anti-
CD20-L)

Anti-CD28-L:
Qivisgspatlsaspgekvimtcrasssvsyihwiggkpgsspkpwivarsnlasgy
pvrisgsgsetsysitisrveacdaatyycqgwisapptiggothleikrtvaapsviif
ppsdeglksgtasvvelinnfypreakvgwkvdnalgsgnsgesviegdskdstyst
sstltlskadyekhkvyacevihqglsspviksforgec

SEQ ID NO: 115

Heavy
chain B
{CB28x
CD3-

H Hole}

D28 x CD3-H_Hole:
Qvglvgsgaevvkpgasvkvsckasgyifisyyihwvrqapgqglewigsi
ypgrvamyagkfqgratitvdisistaymelsrirsddtavyycershygldw
nfdvwgkgtivtvsssqglvesgggvvapgrsidscaasgfiftkawmhw
vrqapgkglewvagikdisnsyatyyadsvkgritisrddskntlylgmnsir
aedtavyyergvyyelspfdywgqgtivivssrtastkgpsviplapesrstses
taalgclvkdyipepvtvswnsgaltsgvhtfpavigssglyslssvvivpssst
gthtytenvdhkpsntkvdkrveskygppeppepapeflggpsvilfppkp
kdtlmisrtpevievvvdvsgedpevgfnwyvdgvevhnakikpreegfns
tyrvvsvitvihgdwingkeykckvsnkglpssiektiskakggprepgvetl
ppsqeemiknqsiscavkgfypsdiavewesngqpennvkttppvidsd
gsfflvskitvdksrwoegnviscsvmheathnhvigksislsigh

SEQIDNG: 3

Light chain
B(CD3x
CD28-1)

CD3 x CD28-1:
Divmtgtplslsvipggpasisckssgsbimnantylswylgkpggspgsliyhvs
nrfsgvpdrisgsgsetdfilkisrveacdvgvyyegggigypiifesgtiveikggpk
aapdigmtgspssisasvedrvtiteqasgriyvwhnwygakpgkapklliykasnl
htgvpsrfsgsgsgtdfiltissigpediatvyveggggtypyefogetkleiktkgpsriv
aapsviifppsdeglksgtasvvellnnfypreakvgwkvdnalgsgnsgesvieqd
skdstyslsstitiskadvekhkvvacevthgelsspyvtksfnreec

SEQIDNO: 4

Binding Protein 20 Nucleotide Sequences

Heavy

| Anti-CD20-H_Knob:

SEQ IDNO: 116
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chain A
(Anti-
CD20-

H Knob:)

caggtgcagcigeageagoctggegocgaactegigaaacciggogecteegigaag
atgagcetgeaaggcecageggotacaccttcaccagcetacaacatgeactgggicaage
agaccocceggeagaggectggaatggatcgacgecaictaccceggraacggegac
acctectacaaccagaagiicaagegraageeeacecigaccgeegacaagageage
ageacagectacatgeagetgtecagecigaceagegaggacagegecgigtactact
gegecagaageacciactacggoggegaciggtacticaacgigiggogagecgeca
ceacegtgacagigictgetgeticgaccaagggeocatcggtgticeciciggoccctt
geageagaageaccagegaatctacagocgoccigggctgecicgigaaggactactt
tecegagecegtgaccgtgtcotggaactciggogetctgacaageggegtacacacct
{tecageegtigetecagageageggoctgtacteictigageagegiegtaacagigoce
agcagcagcectgggcaccaagacctacaccigtaacgtggaccacaagcecagcaac
accaaggigaacaagegggtggaatctaagtacggecctcecigeccicetigeccag
coectgaattictggscggaccctecgigticetgticeccecaaageecaaggacacee
tgatgatcagocggacocoecgaagigaccigegiggtegtggatgigiccoaggaagat
cecgaggtocagticaatiggtacgtgeacgocgiggaagtocacaacgocaagacea
ageccagagaggaacagticaacageacctacegggiggtgtecgigetgacegiget
geaccaggaciggetgaacggeaaagagtacaagtgeaaggigiccaacaagggect
geccagetecatcgagaaaaccatcagraaggecaaggeccagocceggagecic
aagtgtatacccigeecoctigocaggaagagatgaccaagaaccaggigtecetgiss
fgtctcgtgaaaggcttciaccecagegacatigecgiggaatgggagageaacggcca
geecgagaacaactacaagaccacococectgigetggacagoegacggctcattctioc
tgtactecaageigaccegtggacaagagecggtogcaggaagecaacgigttcagoly
cteegtgatgeacgaggcecctigeacaaccactacacccagaagtocctgictetgicoct
gagcaag

Light chain
A (Anti-
CD20-Ly

Anti-CD20-L:
cagatcgtgetgagecagagcecigecatectgagegeticeccaggogagaaagiga
ccatgacctgeagagocageageagegigicctacatecactggticcagoagaagec
ocggcageagoeccaagecetiggaictacgecaccageaatotggecageggagigect
gtgcggtitagcgectctggcagegacacaageiacagoctgaccatcagoogeigg
aagecgaagatgecgecacctactacigecageagiggaccageaacccccecacatt
tggeggaggcaccaagetggaaatcaagegtacggtgeccgeicccagegigticate
fteccacctagegacgageagetgaagtecggcacagectotgtegigtgocigetgaa
cagctictacceecgegaggecaaagigeagiggaaggtggacaacgeccigeagag
cggcaacagceeaggaaagogtgaccgagoaggacageaaggacicoacctacagoc
tgageagcaccotgacactgageaaggoecgactacgagaageacaaggigtacgect
gegaagigacceaccagggoctgictageceegtgaccaagageticaacegggecg
agtgt

SEQ IDNG: 117

Heavy
chain B
(CD28xCD
3-H Hole)

CD28xCD3-H Hole:
caggtgcagetggtecagtctggegeogaggtegtgaaacciggogectotgigaagg
tgtectgeaaggecagoggotacacctitaccagotactacatocactgggigegacag
goeoctggacagggactggaatggatcggeageatctaccceggraacgtgaacace
aactacgeccagaagticcagggeagagecaccotgacegtggacaccageateage
accgectacatggaactgagecggotgagaagegacgacaccgeegtigtactiactgea
ceeggteccactacggectggattegaacticgacgigtegeocaagoocaccacegt
gacagigtctagcagecaggtacagetggiggaatetggegacggagiagigeagect
ggcagaagectgagactgagetgtgocgocageggcticaccticaccaaggecigga
tgcactgggigegcraggocociggaaagoagotggaaiggatggcecagatcaagyg
acaagagcaacagetacgecacctactacgecgacagegtgaagggccggtitcaccat
cagceogggacgacageaagaacacccigtacetgeagatgaacagoctgegggaecg
aggacaccgeegtgtactactgtegggocgtatactatgeccigagecocttegattact
ggooccagggaaccotegtgacogtgictagicggaccgecageacaaagggceccat
cgegtgticectctggecectigeageagaageaccagegaatctacagecgecctggg

SEQIDNG: 7
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ctgectegtgaaggactactitcocgageccgigacegigtectggaactetggogetct
gacaageggcgigcacacetttccagecgtgeticcagagoageggocigiacictciga
geagegtcgigacagtgoecageageagocigggcaccaagacctacacotgtaacgt
ggaccacaageccageaacaccaaggiggacaagegggtggaatctaagtacggec
cteectgecctectigeccagececigaatitetgggeggacceetecgigticetgitecce
ccaasageccaaggacacecigatgatcagecggaccecegaagtgacctigegtggtys
gigaatateotcccaggaagatecegaggigeagticaattpgtacgtygacggegtena
agtgcacaacgecaagaccaagoccagagaggaacagitcaacageacctacegggt
getptecgigoigaccgtgotplaccaggactggoligaacggcaaagagiacaagige
aaggtgiceaacaagggecigeccageiccatcgagaaaaccateagoaaggocaag
ggecageeccgegagecteaagigigtacectgeccectagecaggaagagaigace
aagaaccaggigicoctgagetgigeogigaaagactictaccccagegacatigeegt
gaaatggeagagcaacgaccageccgagaacaactacaagaccacceecceigigel
ggacagegacggcicaticticciggigiccaagetgaccgtzgacaagagcogsteg
caggaaggcaacgtgticagetgeiccgigatgeacgaggoccigeacaaccactaca
cecagaagiccctgictictgicectggecaag

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

B

(CD3xCD2 geatcagetgcaagageageoagagectgetgcacaacaacgecaacaccetaccetga
8-L Hole)) getggtatcigeagaageocggecagageccecagteccigatctacaaggigtccaac

gacatcgtgatgacceagaccccectgagectgagegtgacacciggacagectgeca

agaticageggegtgeccgacagatictecggeageggetctggeaccegacticaceet
gaagatcagecgggiggaagecgagzgacgtgascgtatactaitgigacecagggecac
ccagtaccccticaccttiggeagoggeaccaaggigeaaateaagggocageccaag
gocgecoccgacatecagatgacceagagecceageagectgteigecagegiggee
gacagagteaccalcaccigtcaggeccagecagaacaictacgigtggctgaaciggta
{cagcagaagoeceggeaaggeceecaagetgetgatetacaaggecageaaccigea
caccggegtgeccageagatitictggeageggetecggeaccgaciicacectgacaa
tcagotcccigeageccgaggacatigecacetactacigecageagggccagaceta
cecctacacctitggocagggeaccaagetggaaatcaagaccaagggccccagecgt
acggtggccgeteccagegtgticatcticecacetagegacgageageigaagtiecgg
cacagectctgicgtgtoccigetgaacaactictacecocgegaggecaaagigeagt
ggaagglggacaacgeoctgeagageggeaacagecaggaaagegigaccgagca
ggacageaaggactecacctacagectgageageaccetgacacigageaaggocga
ctacgagaagcacaaggigtacgectgegaagigacceaccaggacctgiciagecce
gigaccaagagcticaaccgggacgagtat

Binding Protein 21 Amino Acid Sequences

Heavy | Anti-CD20-H_Kneb: SEQ ID NO:
chain qvyglggpgacivkpgasvkmsckasgpfisynmhwykgtpgralewigadypgngdisvngkf | 114
A kokatltadkssstavmglssitsedsavyycarsiyyggdwyfnvrwaagttvivsaastkgpsvipl
(Anti- apesrstsestaalgelvkdyfpepvivswasgaltsgvhtfpavigssglyslssvvivpsssigtkevt
CD20- cnvdhkpsntkvdkrveskygppcppcpapeﬂggpsvﬂfppkpkdtimisﬁpevtcvvvdvsq
H kno edpevqﬁaWyvdgvcyimaktkpreeqfnstywvsvi tvthgdwingkevkckvankglpssie
— ktiskakggprepgvvtippegeemtkogvstwelvkgfyvpsdiavewesnggpennvkttppvl
b) dsdgsfflyskitvdksrwgegnviscsymbealthnhytgksisisisk
Light Anti-CD20-1: SEQ ID NO:
chain qivisgspailsaspgekvtmtcrasssvsyihwiqgkpgsspkpwiyatsnlasgvpvrisgsgset | 115
A syslttsrveasdaatyveggwisnpptipgetkicikrtvaapsviifppsdeglksgtasvvelinnf
(Anti- ypreakvgwkvdnalgsgnsqesviegdskdstysisstltiskadyekhkvyacevihgglsspvt
CDog- | ksfnrgee
L)
Heavy | CD28 x CD3-H_Hole: SEQ ID NG:
chain B | qvqlgesgpglvkpsqtisitctvsgfsisdygvhwvrgppgkelewlgviwagggtnvnp | 9

slsrktiskdtskngvstidssviaadtavyycardkgysyyysmdywgggttvivsssgy
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(CD28
x CD3-
H Hol
)

givesgggvvapgrsiriscaasgfiftkawmhwvrgapgkglewvagikdksnsyatyy
adsvkgritisrddskntlyigmunslraedtavyyergvyyalspfdywgqgtivtvssrtast
kgpsvitplapcsrstsestaalgelvkdyfpepvtvswnsgaltsgvhtfpavigssglyslss
vvivpssslgtktyteovdhkpsutkvdkrveskygppeppepapefiggpsvilfppkpk
ditimisrtpevtevvvdvsgedpevgfnwyvdgvevhnaktkpreegfnstyrvvsvitvl
hgdwingkevkckvankglpssiektiskakggprepqvetlppsqeemthagvsiscay
kgtypsdiavewesnggpennyktippvidsdgstilvskitvdksrwgegnviscsvmh
ealhnhytgkslsislghk

Light
chain B
(CH3 x
CD28-
L)

CD3 x CD28-L
divmigtplslsvipggpasisckssgsivhnnantylswylgkpegspgshivkvsnrfsgvpdrfs
gsgsgtdfitkistveacdvevyyegqetqupfifgsgtkveikggpkaapdivitgspaslavspggr
atitcrasesveyyvtslmqwyqakpegppkiifaasnvesgvparfsgsgsgtdfiltinpveandv
anyyveqgsrkvpyifgggtkleiktkgpsrivaapsviifppsdeglksgtasvvellnafypreakvg
wkvdnalgsgnsgesviegdskdstyslsstitiskadvekhkvyacevthgelsspvikstnrgec

SEQ ID NO:
10

Binding Protein 21 Nucleotide Sequences

Heavy
chain A
{Anti-
CD20-
H_Knob
)

Anti-CD20-H_Knob:
caggtgcagetgeageageciggegeegaactegtgaaacciggegecicegigaagatgageigea
aggecageggcetacaceticaccagetacaacatgeacigggicaageagaccoccggeagaggoct
ggaatggatcggcgecatctacceeggeaacggegacaccicetacaaccagaagticaagggcaa
ggccacccigaccgecgacaagagoageageacagectacatgeagetgiceagecigaccagega
ggacagegeegigtactactgegecagaageacctactacggoeggegactiggtacticaacgtgtes
ggagcoggeaccaccgigacagtgtcigoigoticgaccaagggeecateggigticoctetggocee
ttgecageagaageaccagegaatciacagecgoeectgggetgectegtgaaggactaciticeegage
cegtgaccgtgteciggaacictggegeictgacaageggegigeacacctitccagecgigeiccaga
gcageggcecigtacictctgageagegicgigacagtgecoageageagectgggoaccaagaccta
cacctgtaacgiggaccacaagecoageaacaccaaggtggacaagegggtggaatetaagtaceg
cectecctgecctectigeocageocotgaatitetggacgpacectecgtgticctgitococccanag
ceceaaggacaccectgatgatcagecggaceeccgaagigacctgegtggtgaigoatgtatcccagg
aagatcccgaggtgeagticaatiggtacgiggacggogtggaagigcacaicgreaagaccaagec
cagagaggaacagticaacageacctaccgggtegigicegigetgacegtgetgeaccaggactgg
ctgaacggcaaagagtacaagigeaaggigiccaacaagggectgeocageiccategagaaaacca
tcagcaaggecaagggceagecocgegagectcaagigtatacectigececctigecaggaagagat
gaccaagaaccaggtoteecigtggtetctcgteaaaggctictaccecagegacatigoegiggaaty
ggagageaacggecageccgagaacaaciacaagaccaceececctgigetiggacagegacggcet
cattcticeigtaciccaagetgacegiggacaagagecggtageaggaaggcaacgigitcagetget
cegtgatgcacgaggcocigeacaaccactacacccagaagicecigictetgicocigggcaag

SEQ ID NO:
116

Light
chain A
(Anti-
CD20-
L)

Anti-CD20-L:
cagategtgcigagocagagocotgecaicotgagegeticoccaggegagaaagtgaccaigacct
gragageoageageagegtgtectacatecactggticcageagaageecggeageageocoange
ctiggatctacgecaccageaatctggecagoggagigoctgigoggtitageggctotggeagegge
acaagctacagectigaccatcagoeeggetggaagocgaagatgecgecacctactactgecagoagt
goaccageaacceececacattiggoggagecaccaageiggaaatcaagegtacggtggccgoic
ceagegteattcaicticecacctagegacgageagetgaagtecggeacagecteigtegtgtgectge
tgaacaactictaccecogegaggocaaagtgcagtigeaagsioeacaacgocetaeagageggca
acagccaggaaagogtgacogageaggacageaaggactccacciacageoctgagoageaccaoty
acactgagcaaggeogactacgagaagcacaaggtgtacgectgegaagigaccoaccagggecty
tctagecocgtgaccaagagcettcaaccggggegagiat

SEQ ID NO:
117

Heavy
chain B
(CD28 x
CD3-

H Hole:

CD28 x UD3-H_Hole:
caggtgcagetgcaggaatotgaccotggecicgigaagectagecagacectgagecigaccigtac
cgtgiceggettcagecigagegactacggegigeactgggtacgecagecacctggaaaaggoctg
gaatggctggocgtoateiggoctgacggagacaccaactacaaccecagectgaagiccagaaag
accatcagraaggacaccageaagaaccaggtgicocigaageigageagegtgacagocgocgat
accgecgtgtactactgegecagagacaaggactacagetactactacageatggactactgggocca

SEQ ID NO:
118
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gggcaccaccgtgacegtgicatectcicaggtacageiggtggaatctggegacggagtagtecag
cctggeagaagoctgagacigagetgigecgecageggcticaccticaccaaggoctggatgcacty
ggtocgecaggeccctggaaageagotggaatggotoococagatcaaggacaagagcaacagot
acgecacctactacgeegacagogtgaageoccgoticaccalcagicgggacgacagoaaganca
cecigtacctgeagatgaacagectgegggecgaggacacegeegigtactactgiegggecgigta
ctatgeectgagocecctiegattactggggecagggaacectegigacegtgtcfagicggacegetic
gaccaagggeccateggigticectciggececitgeageagaageaccagegaatctacageegoe
cigggotgectegigaaggactactitecogagecegtgacegtgtcciggaacictgacgotcigaca
agcggcgtgcacacctiiccagecgtaciccagagcageggeatgtacicteigageagegtegtoac
agtgcecageageagectigggeaccaagacctiacaccigtaacgiggaccacaagocoageaacac
caaggtggacaagegggtggaatctaagtacggeectccctgocctectigeccagecestgaatitet
ggacgeaccetccgigticetgticcecocaaagoccaaggacaceetigatgatcageoggaccoct
gaagigaccigegigatgotggataigtcecaggaagatccogagetacagticaattggtacgtooa
cggegiggaagtacacaacgecaagaccaagecagagaggaacagticaacageacctaccggat
ggigtecgtgetgaccgigetgeaccaggaciggeigaacggcaaagagtacaagtgcaaggigice
aacaagggcctgcccageiccatogagaaaaccatcagraaggecaaggeecageeeegegages
teaagigigtaceetgeceoctagecaggaagagatgaccaagaaccaggigteccigagetgigeeg
tgagaggcticiaccccagegacatigecgtggaatgggagagcaacggecagoecegagaacaacta
caagaccacceocccigigeiggacagegacggcteattcticciggigtccaagetgaccgiggaca
agagocggiggeaggaaggcaacgigticageigetcegtgatgracgaggeccigeacaaccacta
cacccagaagicoctgtotcigiccetgggacaag

Light
chain B
(CD3_C
D28-L:)

{CD3 CD28-L::
gacatcgigatgacceagacceocotgagectgagegigacacciggacagectigecageatcaget
geaagageageeagageotggtocacaacaacgecaacacctacetgagetggtatetgeagaagec
cgoccagageocccagicectigatctacaaggteiccaacagaticageggcgtoccegacagatict
ceggeageggcteiggcacogacticaccetgaagalcagoecgggiegaagocgaggacgiggacg
tgtactatigtggecagggcacceagtaccocttcacetitggeageggeaccaaggiggaaatcaagg
gocageccaaggocgecoccgacategigetgacacagageccigetagectggecgigictecigy
acagagggccaccatcacctgiagagecagegagagegiggaatattacgigaccageotgatgoag
tggtatcagcagaagoecggoecagococccaageigetgattitcgecgecageaacgiggaaagcy
gegigccagecagattticeggeagoggcictggeacegacticaccetgaceatcaaccccgiggaa
gecaacgacgtggccaactactactgecageagagecggaaggtocectacaccitiggecagggea
ceaageiggaaatcaagaccaagggecceagecgtacggtggeogeicecagegigticateticeea
cciagegacgageagetgaagiccggeacagecteigtegtatgcctgetgaacaactictacccecg
cgaggecaaagtgcagiggaaggiggacaacgocatgoagagoggcaacagecaggaaagogiga
ccgageaggacageaaggacicoacctacagectgageageacceigacactgageaaggecgact
acgagaageacaaggigtacgectigegaagigacceaccagggectgictagocoegigaccaaga
geticaaccggeocoaotot

SEQ 1D NO:
119

Tabile 3: Heavy and light chain sequences of binding proteins specifically direcied to I~

4, IL-13 and/or TNFa.

Binding Protein 9 Aming Acid Sequences

Heavy
chain A

HC
EVQLVESGGGLVQPGRSLRLSCAASGFTFBDYAMAWVRQAP
GRGLEWVSAITWNSGHIDY ADSVEGRFTISRDNAKNSLYLOM
NSLRAEDTAVYYCAKVSYISTASSLDYWGQGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTS
GVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNT
KVDKEKVEPKSCDKTHTCPPCPAPELLGGPSYFLFPPKPKDTLMI

SEQ ID NO:
60
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SRIPEVTCVVVDVSHEDPEVEFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIEKTISK
AKGOPREPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEW
ESNGOQPENNYKTTPPVLDSDGSFFLVSKLTVBKSRWQQGNVES
CSVMHEALHNHYTQESLSLSPG

Light
chain A

LC:

DIQMTQSPSSLSASVGDRVTITCRASUGIRNYLAWY QQKPGKA
PKLLIYAASTLOSGVPSRISGSGSGTDFTLTISSLQPEDVATYYC
ORYNRAPYTFGQGTKVEIKGOPKAAPSVTLFPPSSEELQANKAT
EVCLISDEFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYA
ASSYLSLTPEQWEKSHRSYSCQVTHEGSTVEKTVAPTECS

SEQ ID
61

NOG:

Heavy
chain B

HC:
QVOLOOSGPELVEPGASVKISCKASGYSFISYWIHWIKQRPGO
GLEWIGMIDPSDGETRLNQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRIKEYGNYDSFYFDVWGAGTLVTVESEVQLK
ESGPGLVAPGGSLSITCTVSGFSLIDSSINWVROPPGKGLEWLG
MIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRTDDTAT
YYCARDGYFPYAMDFWGQGTSVTVSSASTKGPSVFPLAPSSKS
TSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQGYNSTYRVVSY
LTVLHGDWELNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQY
YTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWQOQGNVFSCSVMHEAL
HNRFTOKSLSLSPG

SEQ ID
&2

NG:

Light
chain B

LC:
DIVLTQSPASLAVSLGOQRATISCRASESVIDSYGOSYMHWYQQK
AGOPPKLLIVIASNLESGVPARFSGSGSRTDFTLTIDPVQAEDA
ATYYCQONAEDSRIFGGGTKLEIKGGSGSSGSGGDIOMTOQSPA
SLSVSVGDTITLTCHASONIDVWLSWFQQKPGNIPKLLIYXASN
LHTGVPSRESGSGSGTGFTLTISSLOQPEDIATYYCQOAHSYPFTY
GGGTKLEIKGGSGSSGSGGRTVAAPSVEIFPPSDEQLKSGTASY
VCLENNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYS
LSSTUTLSKADYEKHKVYACEVTHOGLSSPYTKSFNRGEC

SEQ ID
63

NO:

Binding Protein 2 Nucleotide Sequences

Heavy
chain A

HC:
gaggtgcagoiggiggaaageggeggaggactggtocageccggeagaagectigagactgage
tgegeegecagegacticaccticgacgactacgecatgeactgggiccgecaggeeceiggeaa
gggectggaatgegtoiccgecatecacciggaacageggecacatogactacgoegacagegty
gaaggccggticaccatcagecgggacaacgocaagaacagecigtaccigeagatgaacagee
tgcgggocgaggacaccgecgigtactactgegecaaggigtectacctgageacegecagoag
cotggactactgggoccagggeacectggigacagigiccagegeticeaccaaggegocecage
gtgttcceoctggecceetageageaagagcacatetggoggoacagecgeectgagetgoctggt
caaggactacticcccgagoccgtgacagigicetggaactciggogeocigaccageggagtac
ataccticectgocogigeigeagiccageggectgtacagectgageagegtgatcacagigecca
geagcagoctgggeacecagacctacatoigoaacgigaaccacaageccageaacacoaaggt
geacaagaaggiggaacceaagagetgegacaagacceacaccigteccecetgecetgeecct
gaactgetgggcggacecicegtgitectgttccocecaaageecaaggacaceotgatgateage
cggacceccgaagteacctecgtggigatggacgtotcccacgaggacectgaagtgaagticaa
ttggtacgiggacggcgtagaagigcataacgecaagaccaageecagagaggaacagtacaac
ageacctaccgggtggigtecgigeigacegtgcigeaccaggaciggeigaacggcaaagagta
caagtgeaaggtotccaacaaggecctgectgeococatcgagaaaaccatcageaaggecaag
ggocagectagagageoccaagictgeacectgeococeageagagatgagCloaccaagaace

SEQ ID
64
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aggtateccigagetgogecgtgaagggcticiaccocagegatatcgecgtggaatggsagage
aacggocageccgagaacaactacaagaccaccecccatgigeiggacagegacggetoatictt
cctggigtccaagetgacagiggacaagagocggigorageagggeaacgigticagetgeage
gtoatecacgagoccetgoacaaccatiacacccagaagiecctgagoeetgageceogge

Light
chain A

L
gacalccagatgacccagagecocageageotigagegecagegtgggcgacagagigaccatc
acctgteggaccagecagggcatecggaactacciggectggtatcageagaagocoggeaagy
ceeecaagetgetgatetacgecgecageacacigeagageggegtgoeccageagaticagoegg
cagceggcetecggeaccgacticaccetgaccateageagecigeageecgaggacgtggocace
tactactgecagoggtacaacagagecccctacaccticggocagggcaccaaggtiggaaatcaa
gegacageocaaggetgecoccicggtoacecigticococcaageagegaggaacigeaggoe
aacaaggcecaccotegigtecctgatcagegactictacoctggoegecgtgacegtggociggaag
geegatagetetecogtgaagacegecgtiogcaaaccactacceocageaagcagagoancaac

aaatacgcegectecagetaccigagectgacececgageagiggaagtcecaceggioctacag

SEQ 1D NO:
65

Heavy
chain B

cigecaggtcacacacgagggceagceaccgiggaaaagaccgiggcceccaccgagigeage
HC:
caggtocagetgeageagageggeectgagetggicaagectggegecagegigaagatcaget
geaaggecageggctacagettcaccagetactggatecactggatecaageageggeciggeca
gggoctggaatggaicggeatgategaccecagegacggegagacacggeigaaccagagatic
cagggcagagecacectgacegiggacgagageaccageaccgectacatgeagetigeggage
cocaccagogaggacagegecgigtactactgeacceggeigaaagagtacggcaactacgaca
gctictacticgacgtgtggooagccggeaccetggicaccgtgiccagegaagtgrageigaaag
aaagcggcecctiggectggtggececiggeggeagectgageateaccigiacegigtecggctic
agecigaccgacageageatcaactgggtccgacageecociggeaagggcctegagigaciss
gaatgatcigaagegacgaceggategactacgcegacgeccigaagicccggotgageatcag
caaggacagcageaagagocaggtgticctggaaatgaccagectgoggaccgacgacacege
cacctactactgegecagggacggctacticcectacgecatggatticiggggoecagggeaceag
cglgaccgtgtectotgeticcaccaagggecceagegigttccotetggecoctiagoageaagag
cacatctggoggaacageegecctggectgectggicaaggactactiiccegagecegtgacegt
gtectiggaacictggigecctgacaageggagtgeataccticectgecgigetgeagageagegy
cotgiacteicigageagegtggicacegtgecaageageagectgggeacceagacctacatety
caacgtgaaccacaagcecciccaacaccaaggiggacaagaaggiggaacccaagageigega
caagacceacaccigtecteoctgtectgececigaactgetgggeggaccotecgigticcigtice
ctocaaageccaaggatacectgatgateagecggaccccigaagigaccigegtggtoatooac
gtotoccacgaggatccogaagtigaagticaatigetacgiggacggogtggaagtocatascgee
aagaccaageccagagaggaacagtacaacagceacctaccgggiggtateegtgctgacagige
tgcaccaggactggeizaacggcaaagagtiacaagtgeaaggigtccaacaaggecatgocage
coctatcgagaaaaccateageaaggocaagggocageoccgegagectoaggigtacacactg
cetecatgecgggacgagcteaccaagaaccaggtgtecctigiggtecctegtgaaggectictac
coctecgatategoecgiggaatgeeasagcaacgglcagecegagaacaactacaagaceacce
ctceegigetggacagegacggctcaticticctgtacageaageigacegiggacaagiceoggt
ggcageaggecaacgigticagotgotetgigatgeacgaggeccigeacaaccggticacccag
aagteectgagectgagoectgge

SEQ iID NO:
66

Light
chain B

LG
Gacatogtgotgacccagagecctgocagectggocgigtetctgggccagagagecaccatea
goigocgggocagegagagegiggacagetacggccagagctacatgeactggtatcagcagaa
gocegaccagecoeccaagtgoigatctacctggeeageaacoiggaaageggegigecegec
agaticageggcageggcageagaaccgacticacectigaccategaccocgigeaggoegagyg
acgecgecacctactactgecageagaacgecgaggacagecggaccticggeggaggeacea
agctggaaatcaagggeggetccggeageageggcictggoeggcgatatccagatgacccagic
cecogectecctgagegigtecgigagogacaccaicacectgacatgecacgecagecagaaca
tcgacgigigocteagetggticcageagaagectggeaacateoctaagigeicatetataagae
ctecaaccigeacacoggogtgoccagoaggtittcoggotciggoageggeaceggetitacect
gacaatcageageotgeagoccgageatatcgcecacatatiacigicagcaggoeccacagetiace

SEQ ID NO:
67
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coticacclitggegacggaacaaageicgagaltaaggecgecagcggaageiccgecriccgy
cggacgtacgatggccactecticegtgticatcttcccicectccgacgageagetgaagicegge
accgeetcogiggtatoteigeigaacaactictacoctegggaggocaaggigeagtogaaggty
gacaacgeoctgeagtocggeaacicocaggagicogtcacegagoaggactecaaggacagea
cetacteccigicctccacectgacectgiccaaggecgactacgagaageacaaggigtacgect
gtgagoigacceaccaggeecigiccagoocteigaccaagiocticaaccggeoceagtoc

Binding Protein 10_Amino Acid Sequences

Heavy
chain A

HC:
EVQLVESGGGLVYQPGRSLRLSCAASGFTFDDYAMHWYRQAP
GKGLEWVSAITWNSGHIDY ADSVEGRFTISRDNAKNSLYLGM
NSLRAEDTAVYYCAKVSYISTASSLDYWGQGTLVTVSSASTKG
PSVEPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTS
GVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNT
KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPK DTLMI
SRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHODWILNGKEYKCKVSNKALPAPIEKTISK
AKGQOPREPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVES
CSVMHEALHNHYTQKSLSLSPG

SEGQ ID NO»
60

Light
chain A

LC:

DIOMTGSPSSLSASVGDRVTITCRASOGIRNYLAWY QQKPGKA
PRLLIYAASTLOSGVPSRFSGSGSGTDFTLTISSLQPEDVATYYC
ORYNRAPYIFGOGTKVEIKGGPKAAPSVTLFPPSSEELQANKAT
LVCLISDFYPGAVTIVAWKADSSPVKAGVETTIPSKQSNNKYA
ASSYLSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTECS

SEQ 1D NO:
61

Heavy
chain B

HC:

EVQLKESGPGLVAPGGSLSITCTVSGFSL TDSSINWVROQPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSQVQLOQQSGPE
LVKPGASVKISCKASGYSFTSYWIHWIKQRPGOGLEWIGMIDP
SDGETRLNQRFQGRATLTVDESTSTAYMOQLRSPTSEDSAVYYC
TRIKEYGNYDSFYFDVWGAGTLVTVSSASTKGPSVFPLAPSSK
STSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVL(S
SGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSC
DEKTHTCPPCPAPELLGGPSVFLFPPKPKDTEMISRTPEVTCVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPCRDELTENOVSLWCLVKGFYPSDIAVEWESNGGQPENN
YKTTPPVLDSDGSFFLY SKLTYDRKSRWQQGNVFSCSVMHEAL
HNRFTQKSLSLSPG

SEQ 1D NO:
68

Light
chain B

L
DIQMTQSPASLSVSVGDTITLTCHASGNIDVIWLSWEFQQKPGNIP
KLLIYKASNLHTGVPSRFSGSGSGTGFTLTISSLOPEDRDIATYYCQ
OAHSYPFTFGGGTKLEIKGGSGSSGSGGDIVLTOSPASLAVSLG
QRATISCRASESVDSYGOSYMHWY QQKAGQPPRLLIVIASNLE
SGVPARFSGSGSRTDFTLTIDPVOQAEDAATYYCOONAEDSRTY
GGGTKLEIKGGSGSSGSGGRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNFYPREAKVQWEKVDNALQSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPYTKSFNRGEC

SEQ ID NO:
69

Binding Protein 10 Nudeotide Sequences

Heavy
chain A

HC:
gaggtgcagciggiggaaagoggcggaggactgatocageccggoagaagecigagactgage
tgcgecgecageggeticaccticgacgactacgecatgeacigggicogecaggececiggeaa
gooccigoaalgoototccgocatcacctggaacageggecacategactacgccgacagogte

SEQ ID NO:
64
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gaaggocggticaccatcageegggacaacgecaagaacagecigtacctgeagatgaacagec
tgcgggcogageacacegecgtgtactactgegecaaggigtectaccigageaccgecageag

cetggactactggeeccaggecaccotggigacagigiccagegceticoaccaagggececage

gtgticccoctggeccetageageaagageacatciggeggeacageegeoctgggotgectggt
caaggactacttcecegagecegigacagigiectggaactctggegecctgaccageggagige

ataccticcctgeegtgetgeagiccageggectgtacagectgageagegtiggteacagigeeca
geageagectgggcacceagacctacalctgcaacgtgaaccacaagoccageaacaccaaggt
gEacaagaaggiggaaccecaagagetgegacaagacccacaccigiccecectgeactgecect
gaactgeiggacggacecicogigticctgitccocccaaageccaaggacaccetigatgatcage
cggacccecgaagtgaccigegtgptagsteoacatotcccacgaggaccotgaagtoaagticaa
ttggtacgtagacggogiggaagtgcalaacgecaagaccaagoeccagagaggaacagtacaac
agcacctaccggategtagticogtgctgacegtgetgeaccaggactggetgaacggaaagagta
caagigeaaggtaticcaacaaggeectgectgecoccategagaaaaccatcageaaggecaag

ggccagoctagagagecocaagictgeaccetgoecoeocageagagatgageigaccaagaace
aggtgtccctgagoigogecgtgaagggctictaccocagegataicgecgtggaatgggagags
aacggecageccgagaacaactacaagaccacceceectgigetggacagegacggcteatictt
cciggtetecaagetigacagiggacaagagecggliggcageaggecaacgigitcagetigeage

gigatgcacgagpccctgeacaaccatiacacccagaagtcoctgagoectgageeecgge

Light
chain A

LC:
gacaiccagatgacccagagececageagectigagegecagegtgggcgacagagigaccate
accigteggaccagecagggeateeggaactacciggectggiateageagasgeceggeaagy
ccoccaagetgetgatetacgecgecageacacigeagageggoegigeccageagaticagegg
cagcggcetecggeacegacticaccotgaccatcageagecigeagoccgaggacgiggocacc
tactactgecageggtacaacagageocectacacoticggecagggeaccaaggtggaaatcaa
gggacagoeocaaggetgoccectcggicaccetgticococcaageagegaggaactgcaggoc
aacaaggecaccotegigtgoctgatcagegactictaccotggogecgigacegtggectggaag
gecgatagetcicocgigaaggoeggogiggaaaccaccacceecageaagragagcaacaac
aaatacgccgectccagetacctgagectgaceccegageagiggaagteccaceggicciacag

SEQ 1D NO:
65

Heavy
chain B

ctgecaggicacacacgagggceageaccgiggaaaagacegiggcceccaccgagigeage
HC:
gaggtgcagetgaaagagiceggeectggactegiggeccceiggeggcagectgageatcacet
gtaccgigtceggeticagectgacogacageageatcaactgggicogacagecocctggeaag
ggoctggaatgactogocatgatcigggocgacggocggategactacgoecgacgocctgaagt
cccggetgageatcageaaggacageageaagagecaggtgticctggaaatgaccageotgeg
gaccgacgacaccgecacctactactgegecagggacggotacticoccctacgecatggatttctg
gggecagggraccagegigaccegtgtecagtcaggiccagetgeageagageggecetgagct
geotcaagectggogecagegigaagatcagetigeaaggocageggetacageticaccagetact
ggatccactggatcaagcageggcectggocagggccicgagtggateggaatgatcgaccocag
cgacggcgagacacggctgaaccagagaticcagggcagagecacceetgacogtggacgagag
caccageaccgectacatgeagetgeggageeccaccagegaggacagegocgigtactacige
acceggcetgaaagaatacggcaactacgacagettetacticgacgigtggggagccggeaccet
geoteacegtgtctagegeticcaccaagggeeccagegtgticoctetggocctageagoaagag
cacatctggeggaacageegoecigggotgoctggicaaggactactttecogagecegtgacegt
gtcctggaactotggigecctgacaageggagtacataccticectgocgigetgcagageagegy
cctgtactcictgageagegtggtcaccgigecaageageagectgggcacceagacctacatety
caacgigaaccacaageociccaacaccaaggiggacaagaaggtggaacecaagageligega
caagacccacacetgtectecctgtectgeocctgaactgetgggeggacectoegtgitectgtice
ciccaaageccaaggatacecigatgatcagecggaccecigaagtgaccigegtogigetanac
gtztecccacgaggatccogaagigaagticaatiggtacgiggacggogtggaagtgcataacgee
aagaccaageccagagaggaacagtacaacageacctaccgggtggtgtccgtgotgacagige
{geaccaggactggctgaacegcaaagagtacaagtigoaaggigtccaacaaggoecotgocage
coctatcgagaaaaccatcageaaggocaagggocageocegegagecticaggigtacacacty
cetecatgecgggacgagetigaccaagaaccaggigteccigiggtacctegigaagggctictac
ccotecgatatcgecgtggaatgggagageaacggecageocgagaacaactacaagaccacee
ciccegigetggacagegacggoteatictcctotacageaageigaccgiggacaagicceggt

SEQ ID NO:
97
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ggcageagggceaacgigticagetgctcigigatgeacgaggecctgeacaaccggticacceag
aagicocigagecigagecetggc

Light
chain B

LC:
gacalccagatgacccagagecocgocagectgagegizicegigggogataccatcacecigac
ctgecacgecagecagaacatcgacgigigecteageiggticcageagaageceggeaacatce
ccaagetgetgatctacaaggecageaaccigeacacoggogtgoccagoagaticageggetet
gacageggceaccggcetitacectgaccatcageagectgeagecegaggatatogecacctacta
ctgocagceaggeccacageiaceccttcaccticggoggaggoaccaagotggaaaicaagggc
geoagoggcagetcoggetciggoggcgatategtgetigacecagtetcocgecicoctggeogt
gtcictgggocagagagecaccatcagetgoegggecagegagagegiggacagetacggeca
gagctacatgcactggtatcagcagaaggoeggacageococtaaactgetcaictacctggoeto
caacctggaaagegecgtgccegocaggitttccggeageggcetocagaacoegacttcaccetga
caatcgaccecgtgoaggecgaggacgecgecacatatiactgtcageagaacgecgagaacag
cagaacctitggeggcggaacaaageicgagattaagegegoctceggetccageggatetgge
goacgtacggigacogctecticegtgiteateticecticectocgacgageagetgaagiecggea
cogeetocgigatetatctgotgaacaactctaceotegggaggccaaggtigcagiggaageins
acaacgceoctgeagtccggeaactcccaggagicogicaccgageaggactocaaggacageac
ctactecctgicetecacccigacceetgicoaaggocgactacgagaagcacaaggipgtacgecigt
gagotoacccaccagggocigiccagecetgtoaccaagiccticaaccgoggoroasioc

SEQ ID NO:
70

Binding Protein 11 Amino Acid Sequences

Heavy
chain A

HC:
EVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMEWVRQAP
GKGLEWVSAITWNSGHIDY ADSVEGRFTISRDNAKNSLYLOM
NSLRAEDTAVYYCAKVSYLRTASSLDYWGQGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTS

KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISK
ARKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEW

ESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQOONVES
CSVMHEALHNHYTQKSLSLSPG

SEQ 1D NO:
60

Light
chain A

LC:

DIQMTQSPSSLSASVGDRVTITCRASOGIRNYLAWY QQKPGKA
PRLLIYAASTLOSGVPSRFSGSGSGTDFTLTISSLOQPEDVATYYC
QRYNRAPYIFGOGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHOGLSSPYTKSENRGEC

SEQ 1D NO:
71

Heavy
chain B

HC:
EVOLKESGPGLVAPGGSLSITCTVSGFSLTDSSINWVROQPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVIVSSQVOLOQSGPE
LVKPGASVKISCKASGYSFTSYHTHWIKQRPGQGLEWIGMIDP
SDGETRINQRFQGRATLTVDESTSTAYMQLRSPTSEDSAVYYC
TRIKEVGNYDSFYFDVWGAGTLVTVSSASTKGPSVFPLAPSSK
STSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVL(S
SGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTRKVDKKVEPKSC
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVYVY
DVSHEDPEVKINWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLHODWENGKEYRKCKVSNKALPAPIEKTISKAKGQPREPQY
YTLPPCRDELTKNOQVSLWCLVKGFYPSDIAVEWESNGGPENN
YKTTPPVLDSDGSFFLY SKLTVDKSRWQOQGNVFSCSVMHEAL
HNRFTQKSLSLSPG

SEQ 1D NO:
68

Light

LC:

SEQ 1D NO:
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chain B

DIQMTQSPASLSVSVGDTITLTCHASONIDVWESWEQQKPGNP
KLLIY KASNLHTGVPSRFSGSGSGTGFTLTISSLOPEDIATYYCQ
QAHSYPFIFGGGTKLEIKGGSGSSGSGGDIVLTQSPASLAVSLG
QRATISCRASESVDSYGOSYMHWY QOKAGOPPKLLIYIASNLE
SGVPARFSGSGSRTDFTLTIDPVQAEDAATYYCQQONAEDSRTF

GGGTKLEIKGGSGSSGSGGRTVAAPSYFIFPPSDEQLKSGTASY
VCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

69

Binding Protein 11 Nucleotide Sequences

Heavy
chain A

HC:
gaggtgcageiggtggaaageggeggaggactggtocageceggcagaagectgagactgage
tgegeogecageggeticaccttegacgactacgecatgeactgggicegecaggececiggcaa
geocctggaatggatotecgocatcacciggaacageggocacatcgactacgecgacagesty
gaaggocggiicaccatcageegggacaacgecaagaacagecigtacetgeagatgaacagec
{gegooccgagoacacegeegtetactactgegecaaggtigtectacetgageaccgocageag
cotggactactgggoccaggacaccetggigacagigteccagegeticoaccaagggococage
gigticceectggoeceotageageaagageacatctggeggeacagecgecetgggetgectggt
caaggactacttececgagecegigacagigtectggaactetggegooctgaccageggagigc
ataccticectgeogtgetgeagiceageggectgtacagecigageagegtggtcacagigeoca
gcageagectgggoaccoagacctacatcigeaacgigaaccacaagoccageaacaccaaggt
ggacaagaaggigeaacccaagagoetgoegacaagacecacacctgtccccoctgeccigeocct
gaactgetigggcggacecicogigticetgitococccaaageccaaggacaccetgatgateage
cggacceccgaagtgaccigegtggiggtagacgigteccacgaggaccotigaagigaagticas
ttggtacgiggacggogtggangliscalaacgleaagaccaagoecoagagaggaacagtacaac
agcacctaccgggtegtgtccgtgetgacegtgetgeaccaggactggctgaacggcaaagagia
caagigcaaggtgiccaacaaggoecigeotgecoccatcgagaaaaccateageaaggccaag
gaccagectagagagecocaagictgeaccotgocoeocageagagatgagetgaccaagaace
aggtgtccctgagetgegccgigaaggoctictaccccagegatatcgecgtggaatlgggagage
aacggecageecgagaacaactacaagaccacccoeccigigetggacagegacggetcatictt
cetggtgtecaagetgacagiggacaagageeggiggecageaggpcaacgigticageigeage
gigatgcacgaggceccigeacaaccatiacacccagaagtcecigagecigagececgge

SEQ ID NO:
64

Light
chain A

LC:
gacaiccagatgacccagageoccageagecigagegecagegigggcgacagagtgaccate
accigteggaecagecagggceatecggaactacctggectggiatcageagaagcocggeaags
ceocraagetgetgatetacgecgecageacacigeagageggegigeceageagaticagege
cagegectecggeacegacticaccotgaccatcagragecigeagocegageacgtgoecace
tactactgecageggtacaacagagecccctacaceticggocagggeaccaaggiggaaatcaa
gegltacggtggocgotocticegigticatettecctcoctecgacgageagetgaagtecggeace
soctecgiggtgtgtcigeigaacaactictacectegggageccaaggigeagiggaaggtagac
aacgcecctgeagtocggeaacicecaggagtcogicaccgageaggaciccaaggacageacet
actcectgtecticoaccctgacceceigicecaaggecgactacgagaageacaaggtptacgecigty
aggtaacccaccaggecotgtccageectgtgaccaagiocticaaccgegocaastioc

SEQ ID NO:
72

Heavy
chain B

HC .
gaggtocagetgaaagagiceggoeciggactggtggecceiggeggcagectgageatcacet
gtaccgtgtccggcticageotgacogacageageatcaactgggicogacagecocctggoaag
ggoctggaatggetgggcatgatetgggacgacggecggatcgactacgecgacgeocigaagt
cecggetgagoatcageaaggacagcageaagagecaggigticctggaaatgaceagecigeg
gaccgacgacaccgecacctactactgegecagggacggctactteccctacgecatggatitcty
gggecagggcaccagegigacegigtccagicaggiccageigeagcagageggecctgaget
gotcaagectggogecagegigaagateagetgeaaggocageggetacagceticaccagetact
ggatccactggatcaageageggeotggecagggoctegagtggatcggaatgategaceccag
cgacggegagacacggetgaaccagagaticcagggcagagecacectgacegiggacgagag
caccageaccgectacatgeageigeggagecccaccagoegaggacagegeogtgtactactge
accoggcigaaagaatacggcaactacgacageitctacticgacgigtgggaagccggeaccet

SEQ 1D NO:
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ggtcaccgtgtctagegeticcaccaagggececagegtaticocteiggeccctageageaagag
cacatctggegeaacagecgecctgggctocctggtcaaggactactiicecgagececgigaccgt
gteciggaactctggioccctgacaageggagigoataceticeetgecgtgotgoagageagegg
octgtactetetgageagegtoeicacegtgecaageageagectgggeacceagacciacatety
caacgigaaccacaagecceiccaacaccaaggiggacaagaaggtggaacceaagageigega

caagacccacacctgioctoectgtectgecccigaactgetggacggacecteogigticetgtice
ciocaaageccaaggatacceetgatgateagecggaceccigaagigaccigegtggtgatggac

gtgtcccacgaggatcccgaagigaagticaatiggtacgiggacggcgtggaagtgcataacgee
aagaccaageocagagaggaacagtacaacageacctaccgggiggtotocgtgctgacagige

tecaccaggactggctgaacggeaaagagtacaagtocaaggtgtccaacaaggeoctgccage
cectategagaaaaccatcageaaggecaagggecageeccgegagecicaggtgtacacactg
cciccatgecgggacgageigaccaagaaccaggtateccigiggigectegtgaagggotictac
cecteogatatcgecgiggaatgggagagcaacggcragecogagaacaactacaagaccacco
ctocegtgotggacagegacggcteaticticetgtacageaagetgacegiggacaagicecggt

geoagcagggcaacgigticagetgetctigigatgeacgaggecctgeacaaccggticacccag
aagtcocigagocigagecoigge

Light
chain B

LC:
gacatccagatgacecagagecocgocagectgagegtgicegigggegataccatcacectigac
ctgecacgecagecagaacatcgacgigiggctgagetggticcageagaageccggeaacatee
ccaagotgotgatetacaaggecageaaccigeacaccggegigeocageagattcageggetet
ggcageggcaceggetttacectgaccatcageagoctgeageccgaggatategecacctacta
ctgecagceaggoccacagetaceecticaccticggeggaggcaccangetggaaatcaaggec
ggoagoggeagetccggetciggoggegatategtgetgacccagtcicecgecticoctggeegt
gicictgggocagagageoaccatcagetgeegggocagoegagagegiggacagetacggeca
gagctacatgeaciggtatcagcagaaggocggacageococtaaactgcicatctacctegeotc
caacciggaaagegeegtoccegecaggtittecggeageggctecagaaccgacticaceciga
caatcgaccccgtgeaggeegaggacgecgecacatatiactgicageagaacgecgaggacag
cagaacctitggeggoggaacaaagetcgagatiaagggogaciceggeiccageggatetage
goacgtacggiggcegeiccticcgtgticateticectecctecgacgagcageigaagiccggca
cegeetocgiggtetgictectgaacaactictaccotegggageccaaggigeagtggaageigs
acaacgecctgeagiccggeoaacticecaggagicogicaccgagcaggactocaaggacageac
ctactecctgtectecacectgacocigiccaaggecgactacgagaageacaaggigtacgectgt
gaggigacccaccagggectgiecageocigigaccaagtecticaaccgggacgagiae

SEQ ID NO:
70

Binding Protein 12_Amino Acid Seguences

Heavy
chain A

HC
EVQLKESGPGLVAPGGSLSITCTYSGFSLTDSSINWYVROQPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSASTKGPSVEPL
APSSKSTSGGTAALGCLYKDYFPEPVTVSWNSGALTSGVHTFP
AVLQSSGLYSLSSVVTVPSSSLGTQTYICNYNHEKPSNTKVDKK
VEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEY
TCYVVDVSHEDPEVKFNWYVDOGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHODWINGKEYKCKVSNKALPAPIEK TISKAKGO
PREPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCSY
MHEALHNHYTQKSLSLSPG

SEQ D NO:
73

Light
chain A

LC:
DIVLTQSPASLAVSLGQRATISCRASESVDSYGOSYMHWYQQK
AGGPPKLLIVIASNILESGVPARFSGSGSRTDFTLTIDPVQAEDA
ATYYCQONAEDSRIFGGGTKLEIKGGPKAAPSVTLRPPSSEELQ
ANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKDS
NNKYAASSYLSLTPEQWKSHRSYSCOQVTHEGSTVEKTVAPTEC
S

SEQ ID NO:
74

Heavy

HC:

SEQ ID NO:
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chain B

QVOLOQQSGPELVKPGASVKISCKASGYSFISYVWIHWIKQRPGQ
GLEWIGMIDPSDGETRLNQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRIKEYGNYDSFYFDVWGAGTLVIVSSEVQLY
ESGGGLVQPGRSLRLSCAASGFTFDDYAMAEWVRQAPGKGLE
WY SAITWNSGHIDY ADSVEGRFTISRDNAKNSLYLOMNSLRA
EDTAVYYCAKVSYLSTASSLDYWGQGTLVIVSSASTKGPSVEP
LAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTY
PAVEQSSGLY SLSSVVTVPSSSLGTQTYICNYNHKPSNTK VDK
KVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VTICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHODWELNGKEYKCKVSNKALPAPIEKTISKAKG
OPREPOVYTLPPCRDELTKNOQVSLWCLVKGFYPSDIAVEWESN
GOPENNYKTIPPVLDSDGSFFLY SKLTVDKSEWQQGNVFSCSY
MHEALHNRFTQKSLSLSPG

75

Light
chain B

LC:
DIQMTQSPSSLSASVGDRVTITCRASOGIRNYIAWYQQKPGKA
PKLLIVAASTLOSGVPSRESGSGSGTDFTLTISSLOPEDVATYYC
URYNRAPYTFGQGTKVEIKGGSGSSGSGGDIQMTQSPASLSYS
VGDTITLTCHASONIDVWLSWEFQQKPONIPKLLIYEKASNLHTG
VPSRFSGSGSGTGFTLTISSLOPEDIATYYCQQAHSYPFTFGGGT
KLEIKGGSGSSGSGGRTVAAPSVFIFPPSDEQLKSGTASVVCLL
NNFYPREAKVOQWKYVDNALOSGNSGESVTEQDSKDSTYSLSST
LTLSKADYEKHKVYACEVTHOQGLSSPYTKSFNRGEC

SEQ 1D NO:
7

Binding Protein 12 Nucleotide Sequences

Heavy
chain A

HC:
gaggigcagceigaaggagageggeceeggectggtogoeceecggeggeagectgageatcace
tgeaccgigageggoticagectgaccgacageageatcaactggaiocgocageoceotgeca
agggectggagtgectggacatgatctgggpegacggecgeategactacgecgacgecctgaa
gagecgectgageatcagoaaggacagoageaagagecaggtgticctggagatgaccageciyg
cgeacegacgacaccgecacctactactgegecegegacgactacticecctacgecatggactic
tggogccagggeaccagegigacegigageagogecageaccaagggeeccagegtattcoce
ctggeccctageageaagageacaictiggeggeacagecgoecctgggotgoctggicaaggact
acttceccgagecegtgacagtgtoctggaacictggegecctgaccageggagtgcatacctice
cigeegtgctgeagtccageggoctgtacagectgageagegiggtcacagigoccagcageasce
ctgggcacccagacctacateigeaacgtgaaccacaageccageaacaccaaggtggacaaga
aggtgpaacceaagagotgogacaagacceacaccigicececetgoccigeceetgaactgoty
gocooaceciccgtgticeigticcococaaageccaaggacaccotgatgateagoeggaccee
cgaagigaccigegtgotootoaacaioteccacgaggacectigaagtgaagitcaatiggtacgt
ggacggegiggaagtgeataacgecaagaccaageccagagaggaacagtacaacageaceta
cegegtggistecgtactgaccgigcigcaccaggaciggotgaacggcaaagagtacaagigea
aggtgiccaacaaggoccigeetgececoatogagaaaaccalcageaaggecaaggecagee
{agagagececaagictgeacectgeoceccageagagatgagetgaccaagaaccaggtgtoc
cigagctgcgocgigaagggotictaccecagegatatcgecgiggaatlggaagaccaacggce
agecegagaacaactacaagaccacccceectgigetggacagegacggcteaticttectggtet
ccaagotgacagtggacaagagecggigacagcagggeaacgigticagetgeagegtgataca
cgaggecetgeacaaccatiacacecagaagtecctigagectgageccegge

SEQ D NO:
7

Light
chain A

LC:
gacatcgtgetgacccagagecctgecagectggecgtgtcictgggcecagagagecaccatcag
cigeogggocagegagagegtggacagotacggecagagetacatgeactggiatcageagaag
gccggcecagocccccaagetgeigaictacctggecageaacciggaaageggegtigeocgoca
gattcageggeageggeageagaaccgacticaccctgaccategaceeogigeaggecgagea
cgecgecacctactactgecageagaacgecgaggacagecggaceticggeggaggcaceaa
getggaaatcaagggacageccaaggotgoccectcggteaceeigticcocccaageagegag
gaacigeaggocaacaaggecacecicgigigecigaticagegacitetaceetggegoogigac

SEQ ID NO:
78
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cgtzgeciggaaggecgatagetctoceglgaaggeegeegiggaaaccactacceccageaag
cagagcaacaacaaatacgeegocageagetaccigagecigacecaegagcagtggaagioce
accggtcctacagceigecaggicacacacgagggeageaccgtggaaaagacegiggeococa
cegagtacage

Heavy
chain B

HC .
caggtocagetgcageagageggoecigagetegteaageciggogecagegtgaagatcaget
geaaggccagegactacagcticaccagetactggatccactggateaagcageggectggeca
goocctggaatgeatcggeatgategaceecagoegacggogagacacggetigaaccagagatic
cagggoagagecaccctgaccegtggacgagageaccagcaccgectacatgeagetgegsage
ccoaccagegaggacagegocgtgtactactgcaceeggetganagagtacggeaactacgaca
gotictacticgacgigiggggagecggeacaetggicacegigtccagegaagigeagciggtieg
aaageggeggaggoctgatocagocoggeagaagectgagacigagetgegccgecageggot
teaccticgacgactacgecatgeactggptecgacaggecoctggeaaaggactggaalggote
fcegecatcacctggaacageggocacategactacgeegacagegiggaaggecggttcaceat
cagecgggacaacgecaagaacageetgtaccigeagatgaacagectgegggocgaggatac
cgecgtatatiattgegecaaggtgtectacctgageaccgecagrageciggactactgggacea
gegocaccetegtgacagigtectecgeticcaccaagggococagegigiicoctctggecectag
cagcaagagcacatetggceggaacagoecegoccigggotgeciggicaaggactactiiccegage
cegtgaccgtgtectggaactctggtoceotgacaageggagigeataceticoectgccgtgotgea
gagcageggcectigtactetctgageagegtggicaccgigecaageageageetgggeaceeag
acclacatcigeaacgigaaccacaagecciccaacaccaaggiggacaagaaggetaggaaccea
agagcetgegacaagacccacaccigtecteecigicetgoccctigaactgetgggeggaceciceg
tettoctgticectocaaageccaaggataccetgatgatcagecggaccectgaagtgaccigegt
gatgptgoacgtgtcccacgaggatcecgaagtgaagticaattgptacgigeacgocgigoaag
tgcataacgocaagaccaageocagagaggaacagiacaacageacctaccgggtagtgicogt
getgacagtectgcaccaggactggcteaacggcaaagagtacaagiecaagetgtccaacaag
geectigecageocctategagaaaaccatcagcaaggecaagggecageccegegagecicag
gtgtacacactgoctccalgecgggacgagetgaccaagaaccaggigicectgiggtoccicgty
aagggcttctaccoctecgatatcgecgtegaatgggagagcaacggecagoccgagaacaacta
caagaccaccecteccgtgctggacagogacggcicaticticotgtacageaagetgacegigga
caagicceggtggcageagggeaacgigttcagotgeictgtaatgcacgaggoccigeacaace
gaticacceagaagicectgagectigagoeccigge

SEQ 1D NO:
79

Light
chain B

LC:
gacatccagatgacceagageoccageagecigagogecagegtgggcgacagagtgaccate
acctgicgggecagecaggecatecggaactacctggectgglatcageagaagoocggraagg
cecocaagotgotgatctacgecgecageacactgeagageggcgigeccageagaticagegs
cageggctecggeaccgacticacectigaccatcagcagocigeagecegaggacgiggccace
tactactgecageggtacaacagagoccectacaccticggecagggcaccaaggiggaaatcaa
gagcgoctetggcagciceggcageggeggagacaticagalgacacagicocoegocagectyg
tecgigtecgigggogataccaicacecetgacatgecacgecagecagaacategacgigtgacty
agetggttccageagaaacctggeaacatcectaagetgetcatetataaggecageaaccigeac
acaggegtgocctccagatictecggeictggeictggeaceggetttacacizacaateagttctct
geagectgaggatatcgecacatattactgteageaggcccacagcetacectticaccticggaggac
gocaccaagcicgagatiaagggoggaagcggcticcicoggeiccggoggacgtacggtipgoc
getecticegtgttcatcticectccctocgacgageagetgaagtccggeaccgecicegiggtpte
{ctgetgaacaacttctacectegggaggccaaggtigcagtggaagatggacaacgeoctgeagt
coggeaactcecaggagteegicaccgageaggactccaaggacageacctactecctgtecice
accotgaccectgtccaaggocgactacgagaageacaaggtgiacgectgigaggiaacecacca
gogcetgiccageecigigaccaagiociteaaccgggacgagioc

SEQ ID NO:
86

Binding Protein 13 _Amuno Acid Sequences

Heavy
chain A

HC:

EVQLKESGPGLVAPGGSLSITCTVSGFSLIDSSINWVROPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSASTKGPSVEPL

SEQ ID NO:
73
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APSSKSTSGOTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEP
AVLGQSSGLYSLSSVVTVPSSSLGTOTYICNYNHKPSNTKYVDKK
VEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTEMISRTPEVY
TCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGO
PREPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWOQOQGNVESCSY
MHEALHNHYTOKSLSLSPG

Light
chain A

LC:
DIVLTQSPASLAVSLGQRATISCRASESVDSYGOSYMHWYQQK
AGOPPKLLIVIASNLESGVPARFSGSGSRTDFTLTIDPYVQAEDA
ATYYCQONAEDSRIFGGGTKLEIKGOPKAAPSVTLFPPSSEELQ
ANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKDS
NNKYAASSYLSLTPEQWKSHRSYSCOQVTHEGSTVEKTVAPTEC
8

SEQ ID NO:
74

Heavy
chain B

HC:
EVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMITWVRQAP
GKGLEWVSAITWNSGHIDY ADSVEGRFTISRDNAKNSLYLOM
NSLRAEDTAVYYCAKVEYVESTASSLDYWGQGTLVTVSSQVQL
QOSGPELVEKPGASVIKISCKASGYSFISYWIHWIKQRPGQGLEW
IGMIDPSDGETRLNQRFGGRATLTVDESTSTAYMQLRSPTSED
SAVYYCTRIKEYGNYDSFYFDVWGAGTLVTVSSASTKGPSVEPR
LAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTF
PAVEQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDK
KYEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VICVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHODWELNGKEYKCKVSNEKALPAPIEKTISKAKG
QPREPOQVYTLPPCRDELTKNOQVSLWCLVKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLYSKLTVDBKSRWQQGNVESCSY
MHEALHNRFTQKSLSLSPG

SEQ iID NO:
81

Light
chain B

LC:
DIQMTQSPASLSVSVGDTITLTCHASONIDVWELSWFQQKPGNIP
KLLIYRASNLHTGVPSRFSGSGSGTGFTLTISSLOPEDIATYYC Y
OARSYPFIFGGGTRLEIKGGSGSSGSGGDIOMTOSPSSLSASVG
DRVTITCRASOGIRNYLAWY QQKPGKAPKLLIYAASTLOSGVPS
RFSGSGSGTDFTLTISSLOPEDVATYYCORYNRAPYTFGQGTRY
EIKGGSGSSGSGGRTIVAAPSVFIFPPSDEQLKSGTASVYCLLNN
FYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL
SKADYEKHKVYACEVTHOQGLSSPVTRKSENRGEC

SEQ ID NO:
82

Binding Protein 13 Nucleotide Sequences

Heavy
chain A

HC:
gaggigcagoigaaggagagcggececggeciggiascccocggeggoagoctgageatcace
tgeaccegigageggctticagectgaccgacageagealcaaciggoloceecageoccergga
agggectggagtgactgggcatgatciggagegacgaccgeatcgactacgecgacgeccigaa
gagecgectgageatcageaaggacageageaagagecaggtgticctggagatgaccagecty
cgeaccgacgacaccgecacctactacigegeccgegacggctacticeoctacgecatggactte
tggggccagggcaccagegtgaccgtgageagegecageaccaagggeeccagegtgticcee
ctggeccctageageaagagcacatctiggeggcacagecgeectgggoigectggicaaggact
actteccegagececgtgacagigtectggaacictggegecctgaccageggagtgeatacetice
cigeegtgetigeagtecageggectgtacagectgageagegigetcacagigeocageageage
ctgggcacceagacctacateigeaacgigaaccacaageccageaacaccaaggtggacaaga
aggtggaacccaagagetgogacaagaccecacaccetgicocoectgoccigoccctgaactgetg
gocggacceicegtgitcctgticcocccaaageccaaggacaccetgatgatoagecggaccee
cgaagtoaccigeatootostooacatoicccacgaggaccotgaagtoaagticaatigstacat

SEQ ID NO:
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ggacggegiggaagtgeataacgecaagaccaageccagagaggaacagtacaacageaceta
cegeatggigtecgiscigaccgigcigcaccaggaciggotgaacggcaaagagiacaagigea
aggtgiccaacaaggocctgeetgececoatcgagaaaaccalcageaaggecaaggeecagee
fagagagececaagictgeacectgeoceccageagagatgagetgaccaagaaccaggtgtoc

cigagctgcgecgtgaagggcotictaccecagegataicgoecgiggaalggeagagcaacggce

ageccgagaacaactacaagaccaccocceoctgtgetggacagegacggeteaticttectggtat
ccaagetgacagiggacaagagecggiggeageagggcaacgigticagetgeageginatgca
cgaggecetgeacaaccatiacacecagaagtecctigagectgageccegge

Light
chain A

LC:
gacaicgtgetgacccagagecctgecagectggecgtgtcictgggcecagagagecaccateag
ctgecgggocagegagagegtiggacagotacggocagagctacatgcactggtatcagcagaag
gecggecagococccaagetgeigaictiacciggecageaacciggaaageggegigeocgoca
gattcageggeageggeageagaaccgacticaccetgaccategaceeogigeaggecgagea
cgecgecacctactactgecageagaacgecgaggacagecggaceticggeggaggeaceaa
gctggaaatcaagggacageccaaggetgecoecicggicacecigticoocccangeagegag
gaacigeaggocaacaaggecacecicgigtgecigatcagegacitetaceotggegoogigac
cgtegcctggaaggccgatagcicicoegigaaggceggogtggaaacoaccacceccageaag
cagagcaacaacaaatacgecgecageagotaccigagecigaccocogageagiggaagicce
accggtectacagotgocaggtcacacacgaggacagcacegtgganaagaccgigpecocea
cegagtocaoe

SEQ ID NO:
78

Heavy
chain B

HC:
gagglgcageiggiggaangegecggaggactggigeagoacggragaagecigagacigage
tgegecgecageggcticaccticgacgactacgecatgeacigggicegacaggececiggeaa
gogoectggaatgggtatccgecatcacciggaacageggecacatcgactacgocgacagegis
gaaggceoggticaccatcagecgggacaacgocaagaacagecigtacctgeagatgaacagee
tgcgggecgaggacaccgecgigtactactgogecaaggigtectaccigageacogeageag
cctggactactgggeecagggeacectggtcacegtgiccagteaggiceagetgeageagage
ggocctgagetggicaagectggegecagegtgaagatcagetgeaaggecageggetiacaget
{caccageotactggatecactggateaageageggectggecagggectegagtiggategecaty
aicgaccecagegacggegagacacggetgaaccagagattccagggeagagecaccetigace
gtogacgagagcaccageaccgectacatgeagetgeggageeccaccagegaggatagegee
gtgtatiattgeacccggctigaaagagtacggcaactacgacagottctacticgacgtgigssgag
coggeaccoicgigacagigtectcegeticeaccaaggacoccagegtgticecictggeoceta
geagcaagagcacaictggeggaacageogeoctgggetgectggtcaaggactactitcecgag
ceegtgacegigtectggaactctggigecctgacaageggagigeatacettecetgecgigetge
agagcageggcectgtacteictgageagegtggtcacegigecaageageagectgggcaccea
gacctacatctgeaacgigaaccacaagecciccaacaccaaggiggacaagaaggiggaacce
aagagctecgacaagacccacacctgicctiecctgtectgoccctgaactgcigggeggaccecico
gtoticetgitccciccaaagoccaaggatacectgatgatcagecggacccctgaagigacctgeg
tegtgpiggacgtgtcocacgaggatcccgaagigaagticaattggtacgtogacggcpiooan
gigcataacgecaagaccaageccagagaggaacagtacaacageacctacegggiggtgteeg
tgeigacagtgctgcaccaggactegcteaacggeaaagagiacaagtgeaaggtgtecaacaag
goecigoecagecectatcgagaaaaccaicageaaggocaagggecageoccgegagcecicag
gtgtacacactgectccalgecgggacgagcigaccaagaaccaggigicectgtgatgoctegty
aagggottctacoectecgataicgecgtggaatgggagageaacggocageccgagaacaacta
caagaccacccctcecgigetggacagegacgecteaticticetgtacageaagetgacegtgea
caagicceggiggeageagggcaacgighicagoigoictgigatgcacgaggecctgeacaace
gattcacccagaagiccotzagecigageccigae

SEQ ID NO:
83

Light
chain B

LG
gacaiccagatgacccagagececgecagectigagegigtcegigggegataccatcacectgac
cigecacgecagecagaacategacgtgiggctigagetggticcageagaageecggcaacatec
ccaagotgotgatetacaaggocageaaccigeacaccggegtgeocageagattcageggeict
geeageggeaccggotttacccigaccateageagecigeageccgaggatatcgecacotacta
ctgecageaggoccacagetaccocticaccticggeggagocaccaagctoggaaalcaaggec

SEQ 1D NOj;
84
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ggcageggcageiccggeagoggcggagacaticagatgacacagteecccagragoctgice
gccagegtggocgacagagtgaccatcaccigicggeccagecagggeatceggaactaccigg
cctggtatcageagaaacctggeaaggceccctaaacigeicatetacgeegocageacactgeagt
ctggegtacoctecagatictecggaageggeiceggeaccgatticaccectgacaatctcateicig
cagectgaggacgtggecacatatiactgecagagatacaacagageecectacaceitiggecag
gocaccaaggicgagattaaggeegoatecggotecageggcageggaggacgtacegtooce
getecttcogtgticatcticoctcocticogacgageagetgaagtceggeacegoctocgtagigly
totgetgaacaactictacecicgggaggccaaggtgcagiggaaggtogacaacgocctgoagt
ceggceaacicecaggagicegicaccgageaggaciccaaggacageacctactecctgicetec
accetgacectgtccasggoegactacgagaageacaaggigtacgectigigaggtgacceacca
ggoccigtecageccigigaccaagiecticaaccgggocgagtuc

Binding Protein 14 Amino Acid Seguences

Heavy
chain A

HC
QVQLOQSGPELVKPGASVKISCKASGYSFISYWIHWIKQRPG(Q
GLEWIGMIDPSDGETRINQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRILKEYGNYDSFYFDVWGAGTLVTVYSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTIVSWNSGALTS
GVHTFPAVLQOSSGLYSLSSVVTVPSSSLGTOQTYICNVNHKPSNT
KVDKKVEPKSCDKTHICPPCPAPELLGGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVCTLPPSRDELTRKNQVSLSCAVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDESRWQQGNVES
CSYMHEALBNHYTOKSLSLSPG

SEQ ID NO:
85

Light
chain A

LE:

KLLIYYKASNLHTGVPSRFSGSGSGTGFTLTISSLOPEDIATYYCQ
QAHSYPFTFGGGTKLEIKGQPKAAPSYTLFPPSSEELQANKATL
VCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAA
SSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

SEQ D NO:
86

Heavy
chain B

HC:
EVOQLKESGPGLVAPGGSLSITCTVSGFSLTDSSINWVROPPGKG
LEWLOMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGOQGTSVIVSSEVQLVESGGG
LVQPGRSLRLSCAASGFTFDDYAMHAWVRQAPGKGLEWVSAIT
WNSGHIDYADSVEGRFTISRDNAKNSLYLOMNSLRAEDTAVY
YCAKVSYLSTASSLIDYWGQGTLVTIVESASTKGPSVEFPLAPSSKS
TSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTEVDKKVEPKSC
DETHTCPPCPAPELLGGPSVFLFPPKPKDTEMISRTPEVICVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSV
LTVLHQDWENGKEYRCKVSNKALPAPIEK TISKAKGOPREPQV
YTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESNGQPENN
YKTTPPYVLDSDGSFFLY SKETVDKSRWOQOGNVESCSVMHEAL
HNRFTQKSLSLAPG

SEQ D NO:
87

Light
chain B

LC:

IOMTQSPSSLSASVGDRVTITCRASQGIRNYLAWY QQKPGKAP
KLLIYAASTLOSGVPSRFSGSGSGTDFTLTISSLOPEDVATYYCQ
RYNRAPYTFGQGTRVEIKGGSGSSGSGGDIVLTOSPASLAVSLG
QRATISCRASESVDSYGOSYMHEWY QQRAGQOPPRKLLIVIASNLE
SGVPARFSGSGSRTDFTLTIDPVOAEDAATYYCOONARKDSRITY
GGGTKLEIKGGSGSSGSGGRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNFYPREAKVQWKVDNALQSGNSQESVTEGDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPYVTKSFNRGEC

SEQ 1D NO:
88
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Binding Protein 14 Nucleotide Sequences

Heavy
chain A

HC:
caggtgcagetgcageagageggococgagetggigaageccggogecagegtgaagatcage
tgcaaggocageggetacageticaccagotactggattcactggatcaageagegocoeggoca
geocctggagiggateggoatgatcgaccecagegacggegagaccogectgaaccagegetic
cagggoegogecacccigacegiggacgagageaccagceaccgectacatgeageigogeage
occaccagegaggacagegecgtgtactactgeaccegectgaaggagtacggeaactacgaca
getictacticgacgtgtggoocgceggeacectggigacegigagoagogeeagoaccaagy,
coccagegigiteecceciggeccctageageaagageacaictggeggeacagocgocctggget
gectggicaaggactacttececgageecgtgacagtgioctggaactciggegecetgaccageg
gagtgcataccttecctgecgigeigeagiccageggectgtacagoctgageagegiggtcacag
fgeecageageageotggecacceagacctacatctgeaacgigaaccacaagocoagoaacac
caaggiggacaagaaggtosaacecaagageigoegacaagacecacaceigtececoctgeoct
geeectgaactgetggocggaccoicegigticctgitecccccaaageccaaggacacectgatg
atcageeggacccecgaagigacetgegtggtggtggacgtatcccacgaggacecigaagigaa
gticaattggtacgiggacggegiggaagigeataacgocaagaccaageccagagaggaacagt
acaacagcacctaccgggiggtgicogtgctgacegtectecaccaggactggctgaacggeaaa
gagtacaagtgcaaggtgtccaacaaggeccigecigeecocatcgagaaaaccaicageaaggec
caagggecagectagagagecccaagicigeacecigeoceccageagagatgageigaccaag
aaccaggigteectgagotgegeogigaagggetictaceccagegatategeogiggaatiggsa
gagecaacggecageecgagaacaactacaagaccaceeccecigigeiggacagegacggete
atteticctggintocaagetgacagiggacaagageeggiggeagcagggoaacgigitcagetg
cagegtgatgcacgaggoccigeacaaccatiacacccagaagiccoigageoigageecogge

SEQ ID NO:
89

Light
chain A

LC:
gacatccagatgacccagagecccgecagectgagogtgicegigggcgataccatcaccctgac
ctgeoacgecagocagaacaicgacgtgtggcigagetgaticcageagaageccggceaacatec
ccaagetgetgatctacaaggecageaacctgeacacceggegtgeccageagaticageggcict
ggcageggeaccggetttacectigaccaicageagectgeageccgaggatategecacctacta
ctgecageaggeccacagetaceocticaccticggeggaggeaccaageiggaaatcaaggga
cageccaaggcigeccoctcggicaccetgiiccececaagetctgaggaactgeaggecaacaa
gaccaccctegtgigectgateagegactictaceciggegecgtgacegtggeciggaaggeey
atagcetcteccgigaaggeoggegiggaaaccaccaccoccagoaageagageaacaacaaata
cgecgecageagetacctgagectgaccocegageagiggaagteccaceggicctacageige
caggtcacacacgaggecageaccgigoaaaagaccgligocccccaccgagiocagsc

SEQ ID NO:
90

Heavy
chain B

HC .
gaggtgeagotgaaagagiceggeectggactggtggococtggeggcagecigageatcacet
gtaccgtgiceggcticagectgaccgacageageatcaacigggiccgacagococciggoaag
ggoctggaatggotggecatgatclgggocgacggecggategactacgecgacgecetgaagt
cocggetgagcatcageaaggacageageaagagecaggigticotggaaatgaccagoctaeg
gaccgacgacaccgecacctactactgegecagggacggctacttcecctacgecatggatitetg
gggocagggcaccagegtoacegtgtectocgaagigeageiggiggaaageggggagecct
getgcagoecggeagaagoectgagactgagetgegecgecageggeticaceticgacgactac
gecatgeactgggteogecaggeteceggaaagggactegagiggatotecgecatcaceiggaa
cageggecacatcgattacgecgatagegiggaaggecggitcaccalcageogggacaacgec
aagaacagoctgtacctgeagatgaacagocigagagergaggatacogeogigtactactgtge
caaggtatcectacctgagoaccgocageagectggactactagggacagggaacectggicace
gigtccagcegcttccaccaagggococagegtgticoctetggeccctageagcaagagceacaict
ggoggaacageogecctgggcigeotgeteaageactactitecccgageecgtgacegtgtecty
gaactctggigeoctgacaageggagigcataccticectgeogtgetgeagagcageggoctigta
ctetetgageagegiggtcacegigeeaageageagectgggeacccagacciacatcigeaacgt
gaaccacaagecctccaacaccaaggiggacaagaaggiggaacccaagagetgegacaagac
ccacacctgtoctcectgtectgececigaactgeiggaggacceteogtgticcigticectecaa
agecoaaggataccotgatgatcagocggacoccigaagtgacctgegiggiggtggacgigice
cacgageatoccgaagigaagticaatiggiacgtogacggogigeaagtocataacgccaagac

pe

SEQ ID NO:
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caagoccagagaggaacagtacaacageacctaccgggtggtatecgtactgacagtactgeace
aggactggctgaacggcaaagagtacaagtgcaaggigtccaacaaggeocigecageccetate
gagaaaaccatcagcaaggecaagggecagecccgegagectcaggigtacacactgectcoat
gecgggacgagcigaccaagaaceaggigtoccigtagtoecicgigaagggctictacoecctce
gatatcgeegtegaaigggagageaacggoecageocgagaacaactacaagaccaceecteccg
tgctggacagegacggotcattcticetgtacageaagetgacegiggacaagtcoeggiggcage
agggcagcgtgticagetgetetgigaigeacgaggocctgracaaccggticacceagaagicee
tgagecigagocctgge

Light
chain B

LC:
gacatccagatgacecagageoccageagecigagegecagegtgggcgacagagtgaccate
acctgtcgggccagecagggoatccggaactacetggeciggtatcageagaageccggcaagg
ceoccaagetgetgatetacgocgecageacacigeagageggogigoccagoagaticagegy
cageggctecggcaccgacticaccotgaccateageagectigeageoccgaggacgiggocace
tactactgecageggtacaacagageccectacaccttcggecagggeaccaaggiggaaatcas
goocgecictggcageiccggctctggeggogatategigetgacccagictecogecagecigg
cogtgicictgggecagagagecaccatcageigcagagecagegagagegiggacageiacgg
ccagagetacatgeatiggtatcagcagaaageeggecagectoctaaactgetcatctacctggee
ageaacciggaatcocggegigoccgecaggtiticeggcageggcageagaacegatticacact
gacaatcgaccecgtgeaggccgaggatgecgocacatattactgtcageagaacgeogagaac
agecggaccticggcggaggoaccaagetcgagatiaaggacggaageggciccageggeagt
ggeggacgtacggteacegctecticegtgitcatcticccteccicegacgageagetgaagiccg
geaccgectecgtggtateteigeigaacaactictacocicgggaggocaaggiagcagtggaag
tggacaacgeectigeagtocggeaacteccaggagicogicaccgageaggactccaaggacag
cacctacteoctgtectecacectgaccoigiccaaggecgactacgagaagcacaaggigtacge
cigtgagotoacccaccaggecctgiccageectgigaceaagiocticaaccggggocgagstoc

SEGQ ID NO:
92

Binding Pro

tein 15 Amino Acid Sequences

Heavy
chain A

HC:
OVOQLOQSGPELVKPGASVKISCKASGYSFISYWIHWIKQRPG(
GLEWIGMIDPSDGETRINQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRILKEYGNYDEFYFDVWGAGTLVTVSSASTKG
PSVFPLAPSSKSTSGOGTAALGCLVEDYFPEPVTVSWNSGALTS
GVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNT
KVYDEKKVEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTEME
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPOQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLVSKLTVBEKSRWQQGNVES
CSVMHEALHNHYTQKSLSLSPG

SEQ ID NO:
83

Light
chain A

L
DIQOMTQSPASLEVSVGDTITLTCHASQNIDVIWLSWEFQQKPGNIP
KLLIYEASNLHTGVPSRFSGSGSGTGEFTLTISSLOPEDIATYYCE
PAHSYPFITGGGTKLEIKGOPKAAPSYVTLFPPSSEELQANKATL
VCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAA
SSYLSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTECS

SEQ ID NO:
86

Heavy
chain B

HC:
EVQLVESGGGLYQPGRSLRLSCAASGFTFDDYAMHWVRQAP
GKGLEWVSAITHWNSGHIDY ADSVEGRFTISRDNAKNSLYLQM
NSLRAEDTAVYYCAKVSYLSTASSLDYWGQGTLVTVSSEVQL
KESGPGLVAPGGSLSITCTVSGFSL TDSSINWVROQPPGRKGLEWL
GMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRTDDTA
TYYCARBGYFPYAMDFWGQGTSVTVSSASTKGPSVEPLAPSS
KSTSGGTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPAVL
QSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTC

SEQ ID NO:
93
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VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRY

VSVLTVLHODWLINGKEYKCKVSNKALPAPIEK TISKAKGOPRE
POVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLY SKETVERKSRWQOQGNVESCSVMHE

ALHNRFTOQKSLSLSPG

Light
chain B

L

DIVETQSPASLAVSLGORATISCRASESVDSYGOSYMHEWY QQK
AGQPPKLLIYVZASNLESGYPARFSGSGSRTDFTLTIDPVQAEDA
ATYYCQONAEDSRTFGGGTKLEIKGGSGSSGSGGDIQMTQSPS
SLSASVGDRVTITCRASQGIRNY LAWY QQKPGKAPKLLIYAASY
LOSGVPSRFSGSGSGTDFTLTISSLOPEDVATYYCORYNRAPYT
FGOQGTKVEIKGGSGSSGSGGRTVAAPSVFIFPPSDEQLKSGTAS
VVCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTY
SLSSTLTLSKADYEKHKVYACEVTHQGLSSPYVTKSFNRGEC

SEQ ID NO:
94

_Bindings Pr

tein 15 Nucleotide Sequences

Heavy
chain A

HC:
caggtgcagetgeageagageggeoccgagetggigaagcccggegecagegigaagaicage
tgcaaggecagegectacageticaccagetactggaticactggateaageagegeoeccggeca
gggcctggagtgoatcggcalgalegacoccagegacggogagacecgecigaaccagoegetic
cagggeegegecacectgacegiggacgagageaccageaccgectacaigeageigegeage
cecaccagegaggacagogecgtgiactacigeaccegectgaaggagtacggeaactacgaca
getictacticgacgigtgggecgecggeaccetggizaccgiaagcagegrcageaccaaggs
cccecagegtgticcecotggecoctagoageaagageacatctggeggcacagecgecctiggact
occtggtcaaggactacticcoegageecgigacagigtectggaactctggegecctgaccageg
gagtgeataccticectgeogtgctgeagiccageggoctgtacagectgagcagegtggtcacag
tgcecageageagectgggeacccagacctacatcigeaacgtgaaccacaageecageascac
caaggiggacaagaagatogaacccaagageigegacaagacccacaccigiceocectgecct
gocectgaactgetgggegeaccctcegigitectgticcocccaaageccaaggacacectgate
atcagecggacceecgaagtgaccigegtggtggiggacgtgicocacgaggaccotgaagiga
agticaatiggtacgiggacggogiggaagtpoataacgCoaagaccaagocoagagaggaaca
otacaacagceacctaccgggtoatotcogtectgacegtgeigeaccaggactggctgaacggea
aagagtacaagtgcaaggigiccaacaaggecectgectigeececategagaaaaccatcageaag
gocaagggecagcectagagagecceaagictgeacccigoececcageagagatgagetgacea
agaaccaggtgicectgagotgoegeogigaaggocticiaccecagegatategecgtggaatgs
gagageaacggecageccgagaacaactacaagaccacecococtgtgetggacagogacgsc
teaticticotggtotccaagcigacagiggacaagagocggtgocageagegocaacgigiicage
tecagegtgatgeacgaggoccigeacaaccattacacecagaagicectgagectgageocegg
<

SEQ 1D NO:
89

Light
chain A

LC:
gacatccagatgacceagageccogecagectgagegigtecgtggscgataccatcacectgac
ctgecacgecagecagaacategacgigteactgagciggticeageagaageceggaacatee
ccaagetgetgatctacaaggecageaaccigeacaccggcegigeccageagattcagoggcict
ggcageggoaccggotitaccotgaccatcageagecigeageccgaggatatcgecacetacta
ctgccagraggeccacagetaceecticaccticggeggaggeaccaagetggaaatcaaggea
cageccaaggcetgececcteggtcaceetgitecocecaageictgaggaactgcaggecaacaa
ggocaccetegigtgectgateagegactictacectggegecgtgaccgiggoctegaaggocg
atagceteteccgigaaggecggoegiggaaaceaccaceeecageaageagageaacaacaaata
cgecgecageagetacctgagectgacceccgageagtggaagicocaccggtoctacageige
caggicacacacgagggeageaccgizggaaaagaccgiggoccccacegagigoage

SEQ ID NO:
90

Heavy
chain B

HC:
gagatgcagetggtgganageggocggaggactggtigrageccggeagaagectgagactgage
tgcgeogerageggoticaccticgacgactacgeeatgeactgggtecgacaggoccciggeaa
ggecciggaatgggigicogecatcacciggaacageggecacategactacgecgacagogty
gaagocogoticaccatcageogggacaacgocaagaacagecigiacctgeagatoaacagoc

SEQ ID NO:
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tgeggacegaggacaccgoegigtactactgegecaaggtgicctaccigageaccgecageag
cetggactactgggaccagggacaccetggtcacegigicctocgaagtgcagcigaaagagiccy
geoctggectggigaccectigecggoagectgageatcaccigtacegigiceggoticagectga
ccgacagceagceatcaactgggatocgecagecicecggaaaggactcgagtgacteogcatgat
ciggggegacggecggatcgattacgeegatgeoctgaagiceeggetgageatcageaaggac
ageagcaagagecaggigticeiggaaatgaccagoectgagaaccgacgacacegecacctact
actgtacccgggacgactacticecctacgecatggatiiciggaaacagggaaccagegigace
gtgtccagogettccaccaagggecccagogtgticecictggoecctageageaagageacatot
ggcggaacagoeegeccigggctgectggicaaggactactiiccogagecegtgacegtgtectg
gaactctggtecccigacaageggagtocataccitccotgoegigctgeagagcagegeecigta
cieictgageagegtggicaccgtgecaageageagectgggeacceagacctacatcigeaacyg
tgagecacaagecotecaacaccaaggiggacaagaaggtegaacceaagagetgcsacaags
ceeacaccigtecteecigicotgoccctgaactigetggacgeacecicogigticcigticectcca
aagececaaggatacecigatgatcageoggaccecigaagtgacotgegtggtggigoacyiglc
ccacgaggatcccgaagigaagttcaatiggtacgtggacggcetiggaagtgcataacgecaaga
ceaageccagagageaacagtacaacageacctaccgggtggtoiccgtgcigacagtgeigea
ceaggactggotigaacggcaaagagtacaagigeaaggtgiceaacaaggecctgecageecot

catgecgggacgagetgaccaagaaceaggigtccctgtgatecciogtgaaggectictaccect
cegatategeogiogaat g ggagagcaacgCeagecCgagaacaactacaagaccaccectcs
cgtectggacagegacggcteattcticctgtacageaagetgacogtagacaagtcecggtggca

geagggcaacgtaticagetgetetgtgatgcacgaggoectgeacaaceggticacceagaagtc
cetgagectaagcectggc
Light LC: SEQ 1D NO:
chain B gacatcgtgctgacccagagcectgecagectggeogigicictgggccagagagccaccatcag | 96

ctgeegggecagegagagegiggacagetacggecagagetacatgeactggtalcageagaayg
goeggecageococcaagetgetgatctaceiggecagcaacciggaaageggegigecegeca
gattcageggceageggeageagaaccgacticaccctigaccatcgaccocgizraggecgagsa
cgecgecacctactactgocageagaacgocgaggacagecggaccttcggeggaggeaccaa
getggaaatcaaggpcgoctecggoagoageggoictggeggcgatatecagatgacceagioc
cccageagectgagegecagogiggacgacagagigaccatcacetgtagagecageoagggec
atccggaactacceiggctiggtatcageagaaacccggaaaggcccctaaactgcteatctacgee

gecageaccctgeagtecggegigecaageagatictecggetetggcagoggeacegatticac

actgacaatcageagcectgeagecegaggatgtggecacctattatigecagagatacaacagage
ceectacaccticggecagggcaccaaggicgagattaaggecggaageggragetecggeice
gecggacgtacgotggccgctecticegtgticateticecteccteccgacgageagetgaagiceg
geaccgecteogtggtptigictoctoaacaactictacecicgggaggaccaaggtocagigoaags
tggacaacgeectgeagtcoggeaacicecaggagicegteaccgageaggactceaaggacag
cacctacteocigicctocacoctgacecigiccaaggecgaciacgagaageacaaggtetacge
cigtzaggteacccaccagggecigtecageocigigaccaagtocticaaccgggeegagioc

Binding Protein 16 Anuno Acid Seguences

Heavy
chain A

HC:
EVQLKESGPGLVAPGGSLSITCTVSGFSLTDSSINWYRQPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSASTRKGPSVEPL
APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP
AVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKK
VEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEY
TCVVVDVSHEDPEVKFNWYVDGVEVHNAKTRKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKYVSNKALPAPIEKTISKAKGO
PREPOQVCTLPPSRDELTEKNGQVSLSCAVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQOQGNVESCSY

SEQ 1D NO:
73

Light

MHEALHNHYTOKSLSLSPG
L

SEQ ID NO:
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chain A

DIVLTOSPASLAVSLOGQRATISCRASESVDSYGOSYMAWYQQK
AGQPPKLLIYLASNLESGVPARFSGSGSRTDFTLTIDPVQAEDA
ATYYCOONAEDSRTFGGGTKLEIKGOQPKAAPSVTLFPPSSEELQ
ANKATLVCLISDFYPGAVIVAWKADSSPVKAGVETTTPSKQS
NNEYAASSYLSLTPEQWESHRSYSCOVTHEGSTVEKTVAPTEC
S

74

Heavy
chain B

B
EVQLKESGPGLVAPGGSLSITCTVSGFSLTDSSINWYRQPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSQVOLQQSGPE
LVKPGASVKISCKASGYSFISYWIHWIKQRPGOQGLEWIGMIDP
SDGETRINQRFQGRATLTVDESTSTAYMGQLRSPTSEDSAVYYC
TRIKEYGNYDSFYFDVWGAGTLVTVSSASTKGPSVFPLAPSSK
STSGGTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPAVLQS
SGLYSLSSVVTVPSSSLOGTQTYICNVNHKPSNTKVDEKVEPKSC
DK THTCPPCPAPELLGGPSVFLFPPKPRKDTLMISRTIPEVTCVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLEHQDWILNGKEYKCKVSNKALPAPIEK TISKAKGQPREPQY
YTLPPCRDELTENQVSLWCLVKGFYPSDIAVEWESNG(QPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWOQOQGNVESCSYMHEAL
HNRFTQKSLSLSPG

SEQ 1D NO:
68

Light
chain B

LC:
DIGMTQSPASLSVSVGDTITLTCHASONIDVWELSWEFQQKPGNIP
KLLY KASNLHTGVPSRESGSGSGTGFTLTISSLOPEDIATYYCQ
CAHSYPFTFGGGTKLEIKGGSGSSGSGGDIVLTOSPASLAVSLG
QRATISCRASESVDEYGOSYMHAWY QUKAGQPPKLLIYIASNLE
SGVPARFSGSGSRTIDFTLTIDPVQAEDAATY Y CQOONAEDSRITY
GOOTKLEIKGGSGSSGSGGRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOQWERKVDNALQSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHEVYACEVTHQGLSSPYVTKSFNRGEC

SEQ ID NO:
69

Binding Pr

niein 16 Nucleotide Sequences

Heavy
chain A

HC:
gaggtgcagctoaaggagagcgoccecggectggiggoccocggeggeagoctgagcatcace
tgcaccgtgageggcticagectgaccgacageageatcaactggatoogoecagecccoecggea
agggectggagiggcigoocatgateiggogegacggecgeatcgactacgecgacgeccigaa
gageogectgageatcagoaaggacageageaagagecaggigiiceiggagaigaccagecty
cgraccgacgacaccgecacetactactgogeocgogacggctacticeectacgecatggactic
tggggccagggcaccagogigacegtgageagoegecagoaccaagggecccagegigticece
ctggeocctageageaagageacatciggeggeacageogeectgggotgeciggtcaaggact
acttccocgagecegigacagigtoctggaacictiggegocetgaccageggagtocatacetico
ctgeegtgotgeagtecageggecigtacagectgageagegtegtcacagigeccageageage
ctggacacccagacctacatetigeaacgigaaccacaageccageaacaccaagatgeacanga
aggtggaacceaagagetgegacaagacccacacctgtcecceotgecotgecoctgaactgctg
ggceggacecicogigitoctgttccececaaageocaaggacaccctgatgatcagecggaccee
cgaagtgacotgegtgatgstasacgigicecacgaggaccetgaagtgaagticaatigplacgt
ggacggoegtggaagligcataacgcoaagaccaagoeecagagaggaacagiacaacageaccta
cegggtggtetcegtgctgacegtactgeaccaggactggeigaacggcaaagagtacaagioca
aggtgiccaacaaggocctgoctgeccccatcgagaaaaccatcageaaggocaagggecagoc
tagagagceoccaagtcigcaccctgeccoccageagagaigagetgaccaagaaccaggigice
cigagetgcgecgigaagggotictaccecagogatategecgtiggaatggeagageaacggce
ageccgagaacaactacaagaccaccoeececigtgetggacagegacggeicatteticotggist
ccaageigacagiggacaagagocggtggeageagggeaacgtgticageigeagegigatgea
cgaggeccigeacaaccatiacacccagaagiccctgagectgageocegge

SEQ ID NO:
7

Light

L

SEQ ID NO:
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chain A

gacatcgigetgacccagageccigecagoctggecgtgicictgggccagagagecaceatcag
cigeegggcecagegagagegtggacagetacgoecagagcetacatgeactggtatcageagaag
geoggeeagecceocaagotgotgatctacciggecageaacotggaaageggegigoeccgeca
gattcageggoageggeageagaaccgacticacoctgaccatcgacecegigeaggeogagea
cgecgecacctactactgecageagaacgeogaggacagecggaccttcggeggaggeaceaa
getggaaatcaagggacageccaaggetgeccccteggicaccetgitcoecccaageagegag
gaactgeaggoecaacaaggecaccctegigtgectgatcagegactictacectggegecgigac
cgtggcetggaagaccgatagotcicocgigaaggocggegiegaaaccaccacceocagcaag
cagagcaacaacaaatacgecgecageagotaccigagectgaccecegageagiggaagicce
accggtcctacagetgecaggtcacacacgageacageacegiggaaaagacogtgacccoca
cegagtgeage

78

Heavy
chain B

HC:
gagglgcageigaaagagtccggeoctggactgetggoceciggeggcagoctgageatcacct
gtacegtgiceggettcagectigacegacageageatcaactgggtecgacagecocciggeaag
ggociggaatggctgopcatgateigggecgacggecggatcgactacgecgacgecctgaagt
ceeggotgageatcagoaaggacageageaagagecaggigticciggaaatgaccagectgeg
gaccgacgacaccgocacctactactgegecagggacggctacticocctacgecatggattictg
gggccagggcaccagogigacegtgicoagicaggtocagetgcageagageggoceigagct
getcaagoctiggoegecagegtgaagatcagetgceaaggccagoggetacageticaccagetact
ggatccactggalcaageageggectggecagggecticgagtggaleggaatgatogaceccag
cgacggoegagacacggeigaaccagagaticecagggeagagecaceetgacegtggacgagag
caccageaccgectacatgeageigeggagocecaccagegaggacagegecgtgtactacige
acccggctgaaagaatacggceaactacgacagctictacticgacgigtggggagocggcaccat
getcaccgigictagegeticcaccaagggccccagegigticecictggeccetageageaagag
cacatctggeggaacagecgeoctegactigectggicaaggactactiteccgagocegtgacegt
gtectggaactctggtoccctgacaageggagigeataccticeotgecgigeigeagageagesy
cetgtactetetgageagegtgatcaccegtgecaageageagoctgggeacceagacctacatoty
caacgigaaccacaagcecciccaacaccaaggiggacaagaaggigaaacccaagageigoga
caagacccacacctgiecicectgioctgeocctgaacigeigggeggaccetoegigticetgttce
ctecaaageocaaggataccctgatgatcagecggacecctgaagtgaccigogtggtastegac
gigtcccacgaggatcccgaagigaagttcaatigatacgtggacggcgiggaagiocataacgec
aagaccaageccagagaggaacagtacaacageacctacegggtggtoteegtectgacagise
tgcaccaggactggctgaacggcaaagagtacaagigeaaggtgtecaacaaggecetgecage
cectatcgagaaaaccatcageaaggocaagggcecageccegegagoctcaggtagtacacactg
cctccatgeogggacgageigaccaagaaccaggtgicoctgiggigcctogigaaggecticiac
ccclcegatatcgocgtiggaatgegagagcaacggoecagecogagaacaactacaagaccacce
ctecegtgetggacagegacggctcaticticotgtacageaagetgacegtggacaagicccggt
ggcageagggcaacgigticageigoictgtgatgcacgaggecctgeacaaccggticacecag
aagiccctgagccigageecigge

SEQ ID NO:
97

Light
chain B

LG
gacatceagatgaccecagageecogecagecigagegigteegtggacgataccatcaceetgac
ctgecacgeeagecagaacategacgigiggotgagetggticcageagaagoecoggcaacatcs
ccaagetgctgatetacaaggocageaacctgeacaccggegigeecageagaticageggeict
ggeageggoaccggottiaccotgaccatcageagecigeagoccgaggatatcgecacetacia
ctgccageaggoccacagotaccocticaceticggeggaggcaccaageiggaaalcaaggac
ggcageggeagelccggetctggeggegatategtgetgacecagictecegeciceotggeegt
gictetgggccagagagecacceateagetgecgggccagegagagegtggacagetacggeea
gagctacatgeaciggtatcageagaaggceoggacageccectaaactgeicatctacetggectc
caacciggaaageggegtgeccgecaggtiiteceggeageggetecagaaccgacticacectga
caatcgaccocgtglaggoegaggacgecgecacatatiactgicageagaacgocgaggacag
cagaaccitiggcggoggaacaaagcticgagatiaaggecggotccggotecageggatoigec
ggacgtacggtgoocgotocticegigticatcticoctecctecgacgageagotgaagiceggca
cegectecgiggigtgictgetgaacaactictacectegggaggecaaggtgcagiggaagotoy
acaacgecctgeagicegacaactcccaggagicegicaccgageaggactccaaggacageac
ctacteoctgtectccacccigacecigiccaaggecgactacgagaagcacaaggigtacgecigt

SEQ ID NO:
70
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| gaggtaacceaccaggacctgtecagecetgtgaccaagicoticaacceaaacaagtac

Binding Protein 17 Amino Acid Seguences

Heavy
chain A

HC:
QVOLOQQSGPELVKPGASVKISCKASGYSFISYWIHWIKQRPG(Q
GLEWIGMIDPSDGETRINQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRLKEYGNYDSFYFDVWGAGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVKDYFPEPYVTVSWNSGALTS
GVHTFPAVLQSSGLY SLESSVVTVPSSSLGTQTYICNYNHKPSNT
KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMI
SRTPEVTICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHQDWLNGKEYKCK YV SNKALPAPIEKTISK
AKGQOPREPOVCTLPPSRDELTKNQVSLSCAVEGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWOQOQGNVES
CSVMHEALHNHYTQKSLSLSPG

SEQ 1D NO:
85

Light
chain A

L
DIQMTOSPASLSVSVGDTITLTCHASONIDVWELSWEFQQKPGNIP
KLLIYKASNLHTGVPSRFSGSGSGTGFTLTISSLOPEDIATYYCQ
OAHSYPFIFTGGGTKLEIKGOPKAAPSVTLFPPSSEELQANKATL
VCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAA
SSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

SEQ ID NO:
86

Heavy
chain B

HC:
EVQLKESGPGLVAPGGSLIITCTVSGFSLTDSSINWYVROQPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSOQVEFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSQVOLQQSGPE
LVKPGASVKISCKASGYSFISYWIHWIK QRPGOQGLEWIGMIDP
SDGETRLNQRFQGRATLTVDESTSTAYMOQLRSPTSEDSAVYYC
TRIKEYGNYDSFYFDVWGAGTLVTVSSASTKGPSVEFPLAPSSK
STSGGTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPAVLQS
SGLYSLSSYVTVPSSSLGTQTYICNVNHKPSNTKVDEKVEPKSC
DKTHTCPPCPAPELLGGPSVFLFPPKPRKDTLMISRTIPEVTCVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLEHQDWILNGKEYKCKVSNKALPAPIEK TISKAKGQPREPQY
YTLPPCRDELTENQVSLWCLVKGFYPSDIAVEWESNG(QPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWOQOGNVESCSYVMHEAL
HNRFTQKSLSLSPG

SEQ 1D NO:
68

Light
chain B

LC:
DIOMTQSPASLSVSVGDTITLTCHASONIDVIILSWEFQQKPGNIP
KLLIYKASNLHTGVYPSRFSGSGSGTGFTLTISSLOPEDIATYYCQ
QAHSYPFTFGGGTKLEIKGGSGSSGSGGDIVLTOSPASLAVSLG
QRATISCRASESVDEYGOSYMHAWY QUKAGQPPKLLIYIASNLE
SGVPARFSGSGSRIDFTLTIDPVQAEDAATYYCQONAEDSRIY
GOGGTKLEIKGGSGSSGSGOGRTVAAPSVEIFPPSDEQLKSGTASY
YVCLLNNFYPREAKVQWEKVDNALQSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHEVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:
69

Binding Protein 17 Nucleotide Sequences

Heavy
chain A

HC:
caggtocagotgeageagageggoccegageiggigaageccggogecagegtgaagatoage
tgcaaggecageggotacageticaccagetactggaticactggatcaageagegecceggeea
gagectggagiggatcggcatgategaccecagegacggegagaccegecigaaccagegetic
cagggecgegecacectgacegiggacgagageaccageacegectacaigeagetgegeage
cecaccagegaggacagegecgtgtactactgeaceegecigaaggagtacggeaactacgaca
gottctacticgacgtigtggpeogecggeacectggieacegtoagragogeoageaccaaggg
ceccagegtgticecoctggeccotageageaagageacatetggoggeacagecgecciggget
goctggicaaggactacticecogagecogtgacagtetcciggaacictgecgocctgaccagegy

SEQ ID NO:
89
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gagtgcataccticectgoegigetgeagiccageggectatacagectigageagegtggicacag
tgcccageageagectgggcacceagacotacatcigeaacgtigaaccacaagoccagaacac
caaggtggacaagaaggtggaacccaagagetigegacaagacceacaccigtocoecctgecct
goccctgaactgetgggoggacceicogtgitectgticcecccanageccaaggacacectgatg
atcageeggacceccgaagtgaccigegiggtggtgoacgtgtcccacgaggacectgaagiga
agttcaattggtacgiggacggegiggaagigeataacgecaagaccaageccagagaggaaca
glacaacageacctaccgggtggigteegtgetgacegtgeigeaccaggactgacigaacggca
aagagtacaagigcaaggigiccaacaaggocotgoctgececcategagaaaaccatcageaag
gocaaggeccagectagagagocceaagictgoacectgeoccceageagagatgagetigacca
agaaccaggigicectgagetigegecgtgaageoctictaccecagegatategecgtggaalgg
gagageaacggecagecegagaacaactacaagaccaccocoectglectggacagegacggs
teattcticciggigtccaagetgacagiggacaagageeggtggcageagggcaacgigticage
tzcagogigatgeacgaggecetigeacaaccatiacacccagaagicocigagectgagocoegg
<

Light
chain A

LG
Gacatccagatgacccagageocegecagectgagegtgteogteggcgataceatcaccetga
cctgecacgecagecagaacatcgacgigiggctgagotggticcageagaageocggcaacats
cccaagcigcigatctacaaggecageaacctgoacaceggogtgecoagoagaticageggctc
tggcageggcaccgactifacectgaccatcageagectgeageccgaggatatcgecacctacta
ctgecageaggeccacagetaceccticaccticggeggaggeaccaageiggaaatcaaggga
cagceccaaggetgeccecteggteacecigticeccecaageictgaggaactgcaggecaaca
ggecacectegigiaoctgatcagegacticiaceciggogecgtgacegigecctggaaggecg
atagcicteocgigaaggoeggogiggaaaccaccacceceageaageagageaacaacaaata
cgeogeoageagetacctgagectgaccocegageagtggaagicecaccggioctacageige
caggicacacacgaggecageacegiggaaaagaccgtogoccccacegagiocage

SEQ ID NO:
90

Heavy
chain B

HC:
gaggtocagctgaaagagtecggocotggactggteacceciggeggcagoctgageatoacct
gtacegtgteeggoticagectgaccgacageageatcaactggatccgacagecceciggeaag
ggcctggaatggctgeocatgalctgggocgacggeoggategactacgeegacgeoctgaagt
cceggctgageatcageaaggacageageaagagecaggtgticctggaaatgaccagecigeg
gaccgacgacaccgecacctactactgogecagggacggcetacitecoctacgecatggatticty
ggeccagggoaccagegigacegigtecagtoaggicoagotgeageagagoeggeoctgagot
ggtcaageotggegecagegigaagatcagetgcaaggecageggctacageticaccagetact
geatccactggatcaageageggectggccagggoctegagtggatcggaatgategaccecag
cgacggegagacacggotgaaccagagaticcagggeagagecaceotgaccgtggacgagag
caccagcacegectacatgragotgoggageoccaccagegaggacagegecgigtactacige
acceggetgaaagaatacggcaactacgacagctictacticgacgiatgggasagecggeacoect
goteaccgtgtctagegettccaccaagggocccagegigttcectatggeccetagoageaagag
cacatctggeggaacageegocctggectgoctggteaaggactactttecegagecegtgacegt
gtectggaacteiggtgoceigacaageggagigeataccticcctigecgigeigeagageagegy
cctgtactetctgageagegtggteacegigoecaageageagectgggeacccagacctacatetg
caacgigaaccacaagecctocaacaccaaggtggacaagaaggtiggaacceaagagetgega
caagacceacaccigiecteccigicotgoccctgaactgetgggcggacecicogigitectgtice
ciccaaageccaaggataccctgatgatcagecggacoccigaagtgacctgegiggiggtagac
gtgteccacgaggatcccgaagtigaagticaatiggtacgtggacggegiggaagigeataacgce
aagaccaageccagagaggaacagtacaacageacctacegggtegtotecgtectgacagisc
tgcaccaggactggcigaacggcaaagagtacaagigcaaggtatccaacaaggeectgeoage
cectatcgagaaaaccatcageaaggceraaggaccagececgegagecicaggtgtacacactg
cotecatgecgggacgagotgaccaagaaccaggigiccctgiggteocicgigaaggpotictac
cceteegatatcgecgiggaatgggagageaacggecageecgagaacaactacaagaccacce
cteecgigetggacagegacggctcaticticetgtacagcaagotgaccgtggacaagicocggt
ggcageagggcaacgigitcagetgetetgigatgcacgaggocctgeacaaccggitcaccoag
aagteectgageetgageectgge

SEQ ID NO:
97

Light

LC:

SEQ ID NO:
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chain B

gacatccagatgacccagageccegecagectgagegigtoegtggacgataceatcacceetgac
cigecacgecagecagaacategacgigtgsoigagetggticcageagaagecoggcaacated
ccaagcetgcetgatctacaaggecageaacctgcacaccggegigeccageagaticagoggcict
gocageggeaccggcettiaccetgaceatcageagectgeageecgaggatatcgecacetactia
ctgeeageaggeccacagetaceccticaccticggeggaggeaccaagetggaaatcasggsc
ggeageggeagcetceggetctggeggogatatcgigeigacecagicicecgectooctggeegt
gictctgggccagagagecaccatcagetigecggaccagegagagegtggacagetacggoca
gagetacatgoaciggtatcagcagaaggceoggacagecccctaaactgetcatctacctggecic
caacciggaaageggegtgeccgecaggtitteceggeageggotccagaaccgacticaccotga
caatcgaccocgigeaggoegaggacgoecgecacatatiactgicagcagaacgocgaggacag
cagaacctitggeggeggaacaaagetcgagatiaagggeggctceggeiccageggatctgge
ggacgtacggtgoccgciccitcegigticatctteccicectecgacgageagetgaagtecggea
cegecteogtggtgtotctactgaacaactictacccicgggaggecaaggtacagiggaaggieg

acaacgeectgeagiceggeaacteceaggagticcgicacegageageactceaaggacagcac

ctactcoctgtcctecacactgacccigtccaaggecgactacgagaagcacaaggigtacgecigt
gaggteacccaccaggececigtocageoctgigaccaagiccticaaccgeooceagtioc

76

Binding Protein 18 Amino Acid Seguences

Heavy
chain A

HC:
EVQLKESGPGLVAPGGSLSITCTVSGFSLTDSSINWVROPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLERT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSASTKGPSVFPL
APSSESTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP
AVLQSSGLYSLSSYVTVPSSSLOGTQTYICNVNHKPSNTKVDKK
VEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPEKDTLMISRTPEY
TCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTY
RYVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGO)
PREPOVCTLPPSRDELTEKNQVSLSCAVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWOQOQGNVESCSY
MHEALHNHYTQKSLSLSPG

SEQ 1D NO:
73

Light
chain A

LC:

DIVLTQSPASLAVSLGQRATISCRASESVDSYGOSYMHWY QQK
AGQOPPRKLLIVIASNLESGVPARFSGSGSRTDFTLTIDPVQAEDA
ATYYCOONAEDSRIFGGGTKLEIKGQPKAAPSVTLFPPSSEELG
ANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSK(S
NNKYAASSYLSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTEC
S

SEQ ID NO:
74

Heavy
chain B

HC:
OVOQLOQSGPELVKPGASVKISCKASGYSFISYWIHWIKQRPG(
GLEWIGMIDPSDGETRINQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRIKEYGNYDSFYFRBVWGAGTLVTVSSEVQLK
ESGPGLVAPGGSLSITCTVSGFSLTRSSINWVROPPGKGLEWLG
MIWGDGRIDY ADALKSRLSISKDSSKSGVFLEMTSLRTDDTAT
YYCARDGYFPYAMDFWGQGTSVTVSSASTKGPSVFPLAPSSKS
TSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVY
DVSHEDPEVEKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLHQDWILINGRKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPCRDELTENQVSLWCLVEGFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL
HNRFTQKSLSLSPG

SEQ ID NO:
62
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Light
chain B

L

DIVLTQSPASLAVSLGQRATISCRASESVDSYGOSYMHEWY QQK
AGOPPKLLIYLASNLESGVPARFSGSGSRTDFTLTIDPVGAEDA

ATYYCOONAEDSRITGGGTKLEIKGGSGSSGSGGDIQMTQSPA
SLSVSVGDTITLTCHASONIDVWISWRQQKPONIPKLLIVKASY
LHTGVPSRFSGSGSGTGRTLTISSLOPEDIATYYCQOAHSYPFTY
GGGTKLEIKGGSGSSGSGGRTVAAPSVEIFPPSDEQLKSGTASY

VCLLNNFYPREAKVQWEVDNALQSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPYVTKSFNRGEC

SEQ ID NO:
63

Binding Pr

niein 18Nucleotide Sequences

Heavy
chain A

HC:
gaggtecagceigaaggagagegoccecggectggiggocceeggeggeagectgageatcace
tgcaccgtgageggcticagectgaccgacageageatcaacigggigegecageeocecggea
agggectggagiggctiggocatgatciggogegacggecgeatecgactacgecgacgeccigaa
gageogcectgageatcagoaaggacageageaagagecaggigticctggagatgaccagecty
cgeaccgacgacaccgecacctactactgegeocgegacggctacticceciacgecatggactic
tggggccagggcaccagogigacegigagcagogecagoaccaagggococagegigticoce
ctggeccctagcagcaagageacaictggeggeacageogeccigggetgectggtcaaggact
acticeecgageccgtgacagtgtoctggaactetggegeectgaccageggagigeatacetice
ctgeegtgeotgeagiccageggecigiacagectgageagegtggicacagtgeccageageage
ctgggcacecagacctacaictgoaacgigaaccacaageccageaacaccaaggtggacaaga
aggtgeaaccoaagagetgegacaagacccacaccigicececotgecatgecoctgaactgctg
ggcggacecicogigltcctgticcececaaageocaaggacaceetgatgatcageeggaccae
cgaagtgacctgogigetostooacgtgteccacgaggaccoigaagtgaagitcaatigptacgt
ggacggegtggaagigeataacgecaagaccaageecagagaggaacagiacaacageaceta
cegggtggtgteegtgctgacegtactgcaccaggactggetgaacggcaaagagtacaagigea
aggtgiccaacaaggocctgoctgecccealcgagaaaaccatcageaaggocaagggecagoc
tagagagceoccaagictgeacecigeccoccageagagaigagetgaccaagaaccaggistce
cigagetgegecgigaagggctictaccccagegatatcgoegtggaatggeagageaacggee
agocogagaacaactacaagaccacceccccigtgctggacagegacggeicaticticotggigt
ccaagceigacagtggacaagagecggtgacagcagggeaacgigticagetgeagegtgatgca
cgaggecctgeacaaccatiacacccagaagicecigagecigagoeeeegge

SEQ ID NO:
77

Light
chain A

LC:
gacatcgigetgacecagageectgecagectggecgtgictetgggocagagagecaccaicag
ctgeegggecagegagagogigeacagetacggecagagetacatgcactggtaicageagaag
geeggecagececocaagetgetgatctaceiggecageaacciggaaageggegiaeecgeca
gattcageggeagegglageagaaccegacticacoctgaccatcgacceegigeaggeogagea
cgocgocacctactactgecagoagaacgeogaggacageceggacoticggoggaggcaccaa
gotggaaatcaagggacageccaaggeigeececicggicacectgticcecocaageagegag
gaactgeaggoecaacaaggecacectegtgtgectgatcagegactictaceotggegoeegigac
cgtggcctggaaggccgatagotcicoogigaaggocggogtggaaaccaccaccoccageaag
cagagcaacaacaaatacgecgecageagetaccigagectgaccecegageagtggaagicee
accggicctacagetgecaggtcacacacgagggcageaccgiggaaaagacegiggecccea
cegagtgeage

SEQ D
NG:78

Heavy
chain B

HC:
caggigcagetgeageagageggcccigagotggicaagectiggegccagegigaagatcaget
goaaggecageggctacageticaccagetactggatecactggaicaageageggoctggeca
ggocctggaatgoatcgocatgategaccecagegacggogagacacggcigaaccagagatic
cagggeagagecaceetigaccegiggacgagageaccageacegectacaigeagetgeggage
cecaccagegaggacagegeogtgtactactgeaceeggctgaaagagtacggeaactacgaca
gettetacticgacgigtggogagecggeaccetggicacegigiccagegaagtgeagetgaaag
aaageggecoiggeciggtoocceciggoggcageetgagcateaccigtaccgtgiccgactic

SEQ 1D NO:
66
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agcctgaccgacageageatcaacigggtecgacagecccctggeaagggecicgagtgocteg
gaatgatctgggocgacggecggatcgactacgecgacgeoctgaagteccggeigageatcag

caaggacagcagcaagagcecagegtgticoiggaaatgaccagecigeggacegacgacaccgc

cacctactacigegecagggacgactacitecectacgecatggatitctggoaccagpgacaccag
cgtgaccgtgicctetgeticcaccaagggecccagegigticectetggoeccetageageaagag

cacatctggeggaacagecgecctgggcigectggtcaaggactactiteccgageecgtgacegt
glectggaacteiggtococtgacaageggagigeataccticoctgecgigeigeagagcagogg
cctgtacictetgageagegtggtcaccgigecaageageagecigggeacceagacctacatctg
caacgitgaaccacaagecctccaacaccaaggtggacaagaaggtgeaacceaagagctgcga

caagacceacacctgtecteootgioctgecoctgaactgctgggegeaccetcegigttoctgattce
ctecaaageoccaaggatacectgatgatcagecggacccctigaagtgacctgegiggtagtogac

gigicccacgaggatcccgaagtgaagitcaattggtacgtggacgacgiggaagigeataacgee
aagaccaagcccagagaggaacagtacaacageacciaccgggtggigteegigeigacagiae

tgcaccaggactggcigaacggcaaagagtacaagigcaaggtatccaacaaggoecigeeage

cectatogagaaaaccatcageaaggecaagggecagececgegagecicaggtgtacacacty

cetecatgecgggacgageigaccaagaaccaggtotocctgiggigoctegigaagggctictac
cectecgatategecgtggaatlggoagagcaacggecagecegagaacaactacaagaccacce
ctecegigetggacagegacggcetcaticticctgtacageaagetgacegtiggacaagicceggt

ggcageagggcaacgtgitcageigeicigtgatgcacgaggccetgeacaaccggticacecag

aagiccctgagecigageccigge

Light
chain B

LC:
Gacatcgigctgacceagageccigecageciggecgtgicicigggocagagagecaccatca
getgeogggocagegagagegtegacagetacggocagagotacatgeaciggtatcageagaa
geocgaccagecccccaagetgetgatctacctggecageaacciggaaagegacgigeecgee
agattcageggoageggeageagaaccgacticacoctgaccatcgaceccgigeaggeogags
acgcecegecacctactactgecageagaacgecgaggacageeggaccttcggeggaggeaces
agctggaaatcaagggeagctecggeageageggeictggcggegatatccagatgacccagic
cceegecteoctgagegtgtccgtgggcgacaccatcaccetgacatgocacgecagecagaaca
tegacgtotggotgagciggticcageagaageciggoaacatcoctaagetgctcatctataaggc
ctecaacctgeacaccggegigeccageaggtiticeggeictggeageggeaccggctttacect
gacaatcagcagectgeageccegaggatatcgecacatattactgtcagcaggeocacagetace
ceticacctitggeggeggaacaaagetogagatiaaggacggcageggaageteeggetcegs
cggacglacgetggocgeiccticogigticatettecctecctcegacgageagetigaagteegge
accgecteegtggtgtgtotgotgaacaactictacecicgggaggecaaggtacagiggaagsie
gacaacgoecigeagtccggeaacicecaggagicegticaccgageaggactccaaggacagoa
cctactecctgtectecacoctgacecigtecaaggecgactacgagaageacaaggtatacgoct
gigagsotoacccaccaggacoigiccageecigigaccaagiocticaaccggoocoastioc

SEQ 1D NO:
67

Binding Protein 19 Aminoc Acid Sequences

Heavy
chain A

HC:

OVOLOQOSGPELVKPGASVKISCKASGYSFTS YWIHWIKQRPGO
GLEWIGMIDPSDGETRINQRFQGRATLTVDESTSTAYMOQLRSP
TSEDSAVYYCTRELKEYGNYDEFYFDVWGAGTLVTVSSASTEG
PSVEPLAPSSKSTSOGTAALGCLVEDYFPEPVTVSWNSGALTS
GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNT
KVYDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISK
AKGQOPREPOVCTLPPSRDELTENQVSLSCAVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVES
CSYMHEALHNHYTQKSLSLSPG

SEG ID NO:
&3

Light
chain A

L

DIOMTQSPASLSVSVGDTITLTCHASONIDVWLSWEFQGQKPGNIP
KLLIYKASNLHTGVPSRFSGSGSGTGFTLTISSLQPEDIATYYCQ
OARSYPFIFGGGTKLEIKGOPKAAPSVTLFPPSSEELQANKATL

SEQ ID NO:
86
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VCLISDFYPGAVTIVAWKADSSPYVEKAGVETTTPSKQSNNKYAA
SSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

Heavy
chain B

HC:
QVOLGOSGPELVEPGASVRKISCKASGYSFISYWIHWIKQRPGQ
GLEWIGMIDPSDGETRUNQRFOGRATLTVDESTSTAYMOQLRSP
TSEDSAVYYCUTRIKEYGNYDSFYFDVYWGAGTLVTVSSEVQLK
ESGPGLVAPGGSLSITCTYSGFSLTDSSINWVROPPGKGLEWLG
MIWGDGRIDY ADALKSRLSISKDSSKSGVFLEMTSLRTDDTAT
YYCARDGYFPYAMDFWGQGTSVTVSSASTKGPSVFPLAPSSKS
TSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC
DKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTOVVY
DVSHEDPEVKFNWYVDGVEVHNAKTEKPREEQYNSTYRVVSY
LTVLEHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQY
YTLPPCRDELTKNQVYSLWCLVKGFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVESCSVMHEAL
HNRFTOKSLSLSPG

SEQ 1D NO:
62

Light
chain B

LC:

DIVLETQSPASLAVSLGQRATISCRASESVDSYGOSYMAWY QQK.
AGQPPKLLIVLASNLESGVPARFSGSGSRTDFTLTIDPVQAEDA
ATYYCQONAEDSRITGGGTKLEIKGGSGSSGSGGDIQMTQSPA
SLSVSVGDTITLTCHASONIDVWILSWFQOKPGNIPKLLIYKASN
LHTGVPSRFSGSGSGTGEFTLTISSLOPEDIATYYCQUAHSYPFIY
GGGTKLEIKGGSGSSGSGGRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYS
LSSTUTLSKADYEKHKYVYACEVTHOQGLSSPVTKSFNRGEC

SEQ 1D NO:
63

Binding Protemn 19 Nucleotide Sequences

Heavy
chain A

HC:
caggigcagetgeageagageggoeccegagetggigaageeeggegecagogtigaagalcage
tzcaaggecageggctacageticaccagetactggaticactggalicaagragogcecoggoca
ggecciggagiggatcggcatgatogaccocagegacggegagacccgectigaaccagegotic
cagggceegegecacectgacegiggacgagageaccageaccgectacatgcageigogeage
cecaccagegaggacagogeogtgtactactgcaccogecigaaggagtacggcaactacgaca
gcttctacttcgacgtgtegoococcggcaccolggigaccgigagcagegocageaccaaggs
ceecagegtgtiececeiggeccctageageaagageacatetggeggeacageegeccigggct
goctggtcaaggactacticeccgageccgigacagigicctggaacictggegcecigaccageg
gagtgcataccticcotgocgigetgeagiccageggecigtacageetgageagogtggicacag
tgcccageageagectgggcaccoagacotacatcigeaacgtgaaccacaagoccageaacac
caaggtggacaagaaggtggaacccaagageigegacaagacccacaccigiceccectgeoct
goooctgaactgetggeoggacectecgigticetgticoccccansageccaaggacacectgatg
atcageeggacceccegaagtgacetgegiggiggtggacgigicccacgaggaceeigaagtga
agttcaatiggtacgtggacggcgiggaagigeataacgecaagaccaageccagagaggaaca
gtacaacagcacctaccgggtggigicegtgctgaccgigetgcaccaggaciggcigaacggca
aagagtacaagtgraaggtgiccaacaaggocctgoetgececcatcgagaaaaccatcageaay
gocaagggaecagectagagagecceaagiotgoaccetgoececcageagagatgagetgacca
agaaccaggigtccctgagotgegoeogigaaggectictaccecagegatategeogtggaatgg
gagageaacggecagecegagaacaactacaagaccaceccocotgigetggacagegacgge
teaticticciggtgtecaagetgacagtggacaagagecggiggcageaggacaacgigiicage
tgcagegigatgeacgaggeccigeacaaccattacacceagaagicocigagectgagecocgg
<

SEQ 1D NO:
89

Light
chain A

LC:

gacatccagatgacceagageccegecagectgagegtatocgtgggcgataceatcaccetgac
cigecacgecagecagaacategacgtgiggoigagctiggticcageagaagecoggeaacatee
ceaagctgctgatetacaagpocagcaaccigeacaceggegiscocageagaticageggcict

SEQ ID NO:
90
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gacageggcaccggcttiacectgaccatcageagectgeageccgaggatatcgecacctacta
cigecageaggeccacagcetaceccticaccttcggeggaggeaccaagotggaaatcaagegsa
cageccaaggotgoccecteggtcacectgitccecccaagetotigaggaacigeaggocaacaa
goeocacoetegtgtecctgatcagegactictacceoiggogeogtgaccgtgacctggaagocceg
atagetcteccgtgaaggecggegiggaaaccaccacecccageaageagageaacaacaaata
cgoecgecageagetaccigagectgacceccgageagiggaagicocaceggicctacagetge
caggicacacacgagggcagcaccgiggaaaagacegiggeocccaccgagigeage

Heavy
chain B

HC:
caggtgcageigeageagageggeocigagotggicaageciggcgecagegigaagateaget
geaaggccageggotacageticaccagetactggatecactggatcaageageggoectggeca
gggcctggaatggatcgacatgatogaccccagegacggogagacacggcigaaccagagatic
caggecagagecaccotgacegiggacgagagcaccagoeaccgectacatgeageigeggage
ceeaccagegaggacagegoecgtgtactacigeacecggectgaaagagtacgecaactacgaca
gettetacticgacgigtggggagoecggeaccectggicacegigiccagegaagigeageigaaag
aaageggecctggeciggtgoccectggogacagcctgageateaccigtacegigiceggette
agcctgacegacageageatcaacigggtecgacagecccctggeaagggecicgagtgocteg
gaatgatctgggocgacggceggatcgactacgecgacgeactgaagtoccggcigageaicag
caaggacagcagceaagagccaggtaticctggaaatgaccagecigeggacegacgacaccge
cacctactactgegecagggacgectacticecctacgecatggatitotgggoccagggcaccag
cgtgaccgtgtectetgeticcaccaagggeoccagegigticectetggoeccectageageaagag
cacatetggeggaacageegecctgggeigectggicaaggactactiteccgageeegigacegt
giectagaacteiggteccctgacaageggagtgcataccticecigecgigetgeagagcagogy
cctgtactetctgageagegiggtcacegtgccaageageagecigggeacccagacctacatetg
caacgigaaccacaagocctccaacaccaaggtggacaagaaggtoeaaccoaagagctgcga
caagacceacaccigioctecotgicotgococtgaactgcigggoeggaccoicogigtioctgitee
ctecaaageccaaggatacectgatgatcagecggacoectgaagtgacctgegtogtootooac
gigtcccacgaggatcccgaagtgaagticaatiggtacgtggacggegtagaagigcataacgee
aagaccaageecagagaggaacagtacaacageacctaccgggiggigtcegigcigacagige
tgcaccaggactggctgaacggcaaagagtacaagigeaaggtgiccaacaaggoecigecage
ccetategagaaaaccatcageaaggeraagggecagececgegagectcaggtgtacacactyg
cctecatgecgggacgagetgaccaagaaccaggtgtoceigiggtoocicgigaagggctictac
cectecgatategecgiggaatggeagageaacgaccageccegagaacaactacasgaccacce
cteccgigetggacagegacggeicaticticetgtacageaagetgacegiggacaagioceggt
ggcageagggcaacgtgitcagetgeicigigatgeacgaggccctgeacaaccggttcacecag
aagiccctgagecigageccigoe

SEQ 1D NO:
66

Light
chain B

LE:
gacatcgtgctgacceagageccigeeageciggocgigictctgggecagagagecaccateag
ctgccgggecagegagagogtgeacagetacggecagagaotacatgeactiggiatcageagaag
goeggecageccoccaagetgetgatetacetggecageaacctiggaaageggogigccegeca
gattcageggeagoggcagcagaaccgacitcaccetgaccatcgaccecgigeaggocgagga
cgeegecacctactacigecageagaacgeegaggacageeggaccticggeggaggcaccaa
gotggaaatcaagggcegactocggcageageggotctggeggogaiatecagatgacceagice
ceegoctecotgagegtptecgtgggcgacaccatcacectgacatgecacgecagocagaacat
cgacgtgtggcigagctegticcagcagaagociggcaacatecctaagotgcteatctataagge
ctecaacctgeacaccggegigeccageaggtiticeggetctggcageggacaccggcittacect
gacaatcagceagcectgeageecgaggatatcgecacatattacigtcageaggeccacagetace
cottcacctitggeggeggaacaaageicgagattaaggocggcageggaagetceggetiocgy
cggacgtacggteoccgctecticegigticatcticecteccicogacgageagetgaagtecgge
accgectcegtggtgigtotacigaacaactictacecicggaggecaaggtacagiggaag sty
gacaacgoecigeagtccggeaacicecaggagicegtcaccgageaggactccaaggacagoa
cctacteoctgtectecacoctgacecigtocaaggecgactacgagaageacaaggtetacgoct
gtoagoteacccaccaggacctgiccageocigigaccaagiocticaaccgeeoceasiac

SEQ ID NO:
67
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OLVESGGGLVOPGGSLRLSCAAS DIOMTOQSPSSLSASVGDRVTITCRASQDY
Aot | THWVRQAPGKGLEWVARIFPTNGYTRYADSVK | NEAVAWYQQKPGKAPKLLIYSASFLYSG
Hopz | GRETISADTSKNTAYLQMNSLRAEDTAVYYCSR | VPSRFSGSRSGTDFTLTISSLOPEDFATYY
WGGDGFYAMDYWGQGTLVTVSS COONYTTPPIFGQGTKVEIK
(SEQ ID NO:150) (SEQ ID NO:151)
OVOLVESGGGVVOPGRSLRLSCAASGETFIAA | DIVMTQTPLSLSVTPGOPASISCKSSOSLY
Angi. | WMHWVRQAPGKOLEWVAQIKDKSNSYATYYA | HNNANTYLSWYLQKPGQSPQSLIVAVSN
cps | PSVKGRETISRDDSKNTLYLQMNSLRAEDTAVY | RESGVPDRFSGSGSGTDFTLKISRVEAED
YCRGVYYALSPFDYWGOGTLVTVSS VGVYYCGOGTOYPFTFGSGTKVEIK
{(SEQ ID NO:152) (SEQ ID NO:153)
QVQLVESGGGVVQPGRSLRLSCAASGFTFTEA | DIVMTQTPLSLSVTPGOPASISCKSSOSLY
Anti | PMHWVRQAPGKGLEWVAQIKDESNSYATYYA | HNNGNTYLSWYLQKPGQSPQLLIYKVSN
(pss | DSVKGRETISRDNSKNTLYLOMNSLRAEDTAVY | RESGVPDRFSGSGSGTDFTLKISRVEAED
- YCRGVYYALSPFDYWGQGTLVIVSS VGVYYCGOGTOYPFTFGGGTKVEIK
(SEQ 1D N(O-154) (SEQ ID NO:135)
OVOLVOSGAEVKKPGSSVEVSCKASGYAFASY | DLVLTQSPASLAVSPGQRATITCKASOSY
oti. | WMNWVROAPGQGLEWIGQIWPGDGDINYNG | DYDGDSYLNWYQOKPGOPPKLLIYDASN
cpio | KFKGRATLTADESTSTAYMELSSLRSEDTAVYY | LVSGVPARFSGSGSGTDFILTINPVEAND
7 CARRETTTVGRYYYAMDY WGOGTTVTVSS TANYYCQOSTEDPWTFGQGTKLEK
(SEQ TD NO:136) (SEQ ID NO:137)
OVOLOQPGAELVKPGASVKMSCEASGYFFTSY | QIVLSOSPAILSASPGEK VIMTCRASSSVS
Ami. | MMHWVKOTPGRGLEWIGAIYPGNGDTSYNQKF | YIHWFQOKPGSSPKPWIYATSNLASGVP
Cpao | KGRATLTADKSSSTAYMOQLSSLTSEDSAVYYCA | VRFSGSGSGTSYSLTISRVEAEDAATYYC
Y| RSTYYGGDWYFNVWGAGTTVTVSA GOWISNPPTPGGGTKLEIK
(SEQ ID NO:158) (SEQ ID NO:159)
QVOLVOSGAEVVKPGASVK VSCKASGYTFISY | DIQMTOSPSSLSASVGDRVTITCOASONT
Anti | YHWVROAPGQGLEWIGSIYPGNVNINYAQKF | FVIWLNWYQOKPGRAPKLLIYKASNLHT
cpagg | QGRATLTVDTSISTAYMELSRLRSDDTAVYYCT | GVPSRFSGSGSGTDFTLTISSLOPEDIATY
: RSHYGLDWNFDVWGKGTTVTVSS YCOQGOTYPYTFGQGTKLEIK
(SEQ ID NO-160) (SEQ ID NO:161)
QVOQLOQESGPGLVKPSQTLSLTCTVSGFSLSDYSG | DIVLTQSPASLAVSPGORATITCRASESY
aoti. | VEWVRQPPGKGLEWLGVIWAGGGINYNPSLE | EYYVISEMQWYQQKPGQPPKLLIFA4SN
Cpag | SRETISKDTSKNQVSLKLSSVTAADTAVYYCAR | VESGVPARFSGSGSGTDFTLTINPVEAND
- DEGYSYYYSMDYWGQGTTVIVSS VANYYCOOSREVPYTFGOGTKLEIK
(SEQ ID NO:162) (SEQ ID NO:163)
OVOLVQSGAEVARPGTSVKLSCKASGYTFTDY | DIVMTQSHLSMSTSLGDPVSITCRASODY
| WMOWVKQRPGQGLEWIGTIVPGDGDTGYAQK | STHVAWYQQKPGQSPRRLIYSASYRYIG
Anti- | FOGKATLTADKSSKTVYMHLSSLASEDSAVYY | VPDRFTGSGAGTDFTFTISSVQAEDLAVY
CB38 | CARGDYVGSNSLDYWGOGTSVIVSS YOQORYSPPYTPGGGTKLEK
(SEQ 1D NO:164) (SEQ ID NO:165)
QVOLVOSGAEVKKPGSSVEVSCKASGYIFTNYN | DIOMTOSPSSLSASVGDRVTITCKASODI
nti. | THWVKKSPGQGLEWIGATYPGNGDAPYSQKFQ | DRYMAWYQDKPGK APRLLIHDISTLOS
L anp; | GKATLTADTSTSTTYMELSSLRSEDTAVYYCVR | GVPSRFSGSGSGRDYTLTISNLEPEDFAT
A ANWDYVAFAYWGQGTLVTVSS (SEQ ID NO:166) | YYCLOYDNLWIFGGGTKVEIK
{(SEQ ID NO:167)
EVOLVESGGGLVOPGRSLRLSCAASGFTFDDYA | DIOMTQSPSSLIASVGDRVITTCRASQOGH
Anti. | MHWVRQAPGKGLEWVSAITWNSGHIDY ADSV | RNYLAWYQOKPGKAPKLLIYAASTLOSG
TNEy | EGRETISRDNAKNSLYLQMNSLRAEDTAVYYC | VPSRFSGSGSGTDFTLTISSLOPEDVATY
AKVSYLSTASSLDYWGQGTLVTVSS YCQRYNRAPYIFGQGTKVEIK
(SEQ ID NO:168) (SEQ 1D NO:169)
Auti- | OVOLOQSGPELVKPGASVRISCKASGYSFTSYW | DIQMTQSPASLSVSVGDTITLTCHASONT
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FHWIKQRPGQGLEWIGMIDPSDGETRLNORFQG
RATLTVIDESTSTAYMOLRSPTSEDSAVYYCTRE
KEYGNYDSFYFDVWGAGTLVTVSS

(SEQ ID NO:170)

DVWLSWEFQQKPGNIPKLLIYKASNLHTG
VPSRFSGSGSGTGFTLTISSLOPEDATYY
COQAHSYPFTFGGGTKLEIK

(SEQ ID NO:171)

Anti-
13

EVOLKESGPGLVAPGGSLSITCTVSGFSLTDSST
NWVRQPPGKGLEWLGMIWGDGRIDY ADALKS
RLSISKDSSKSQVFLEMTSLRTDDTATY YCARD
GYFPYAMDFWGQGTSVTVSS

(SEQ D NO:172)

DIVETOQSPASLAVSLGQRATISCRASESY
DRYGOSYMHWYQUKAGOPPKLLIYLAS
NLESGVPARFSGSGSRTDIFTLTIDPVQAE
DAATYYCQONAEDSRIFGGGTKLEIK
(SEG D NO:173)

Note: CDR sequences are bolded and italicized i 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:
Vi-ba-Vi-L-Cr 24
and a second polypeptide chain comprises a structure represented by the formula:
Va-La-Vip-La-Cay (11}
and a third polypeptide chain comprises a structure represented by the formula:
Vi-Can Hit]
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cy HV]
wherein:
Vi is a first immunoglobulin light chain variable domain;
Vi 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,
Vo 18 a second imumunoglobulin heavy chain variable domain;
Vi 18 a third immunoglobulin heavy chain variable domain;
Cy 15 an immunoglobulin light chain constant domain;
Cay 1s an immunoglobulin Ciy heavy chain constant domain; and
L1, Lo, L5 and Ly are amino acid linkers;
and wheren the polypeptide of formula T and the polypeptide of formula 11 form a cross-over
fight cham-heavy chan pair.
2. A binding protein comprising four polypeptide chains that form three antigen binding
sites that specifically bind one or more target proteins, wherem a first polypeptide chain
comprises a structure represented by the formula:
Vi-bi-Vi-L-Co {1}

and a second polypeptide chain comprises a structure represented by the formula:
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VH; ~L3ﬂ\7H3~L4~C31~hinge-CH2-CHs HH
and a third polypeptide chain comprises a structure represented by the formula:
V H3 DCH] -hi nge “(:}}[2“ C}[g ]HH
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cr IV}
wherein:
Vi 18 a first immunoglobulin hight chain variable domain;
Viz 18 a second immunoglobulin light chain variable domain;
Vi3 15 a third rmmunoglobulin Light chain variable domain;
YV 1s a first immunoglobulin heavy chain variable domain;
Vi 18 a second mamunoglobulin heavy chain vanable domain;
Vs 1s a third immunoglobulin heavy chain variable domain;
Cy 1 an immunoglobulin hight chain constant domain;
Ci 13 an immunoglobulin Cy) heavy chain constant domain,
Cm 1s an immunoglobulin Cip heavy chain constant domain;
Cip 13 an immunoglobulin Cis heavy chain constant domain,
hinge 1s an immunoglobulin hinge region connecting the Cu; and Cp domains; and
Li, 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.

3 The binding protein of claim 1, wherein the second and/or the third polypeptide chain
further coraprises an Fe region linked to Cyy, the Fe region comprising an immunogiobulin

hinge region and Cyp 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 15

independently 0 amino acids in length,

5. The binding protein of claim 1 or claim 2, wherein Ly, Ly, 1s0r Ly are each

independently at least one amino acid in length.
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6. The binding protein of claim 1 or claim 2, wherein (&} L;, L, Lrand Ly each
independently are zero aming acids in length or comprise a sequence selected from the group
consisting of GGGGSGGGGS (SEQ ID NO:104), GGGGSGGGGSGLGGS (SEQ 1D
N(G:103), 8, RT, TKGPS (SEQ 1D NO:106), GOPKAAP (SEQ ID NO: 175), and
GGSGSSGSGG (SEQ D NO:148); or (b)Y Ly, Ly, Ly and L, each independently comprise a
sequence selected from the group consisting of GGGGSGGGGS (SEQ 1D NG 104),
GGGGSGGGGSGGGGS (SEQ ID NO:103), S, RT, TKGFS (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 (REQ ID NG:104), L; is ¢ aminoe acids in length, and Ly 1s 0 amino

acids in length;

(c) Ly comprises the sequence GGSGRSGSGG (SEQ 1D NO:148), L, comprises the
sequence GGSGSSGSGE (SEQ 1D NO:1483, La 18 O amino acids in length, and Ly 18 O amino

acids in length; or

{(d) L, comprises the sequence GGGGSGEGGSGEGES (SEQ ID NG:105), 1,130
aming acids in length, L; comprises the sequence GGGGSGGGGSGGGES (SEQ 1D NO:105),

and L4 1s 0 amino acids in length.

8. The binding protein of claim 1 or claim 2, wherein the binding protein 1s trispecific 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 protemns that correspond to two target proteins on T cells and to one tumor

target proteun,
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10. The binding protein of claim 9, wherein one of said target proteins on T cells 15 CD3.

11 The binding protein of claim 9 or claim 10, wherein one of said target proteins on T

cells 1s CD28.

1z, The binding protein of any one of claims 9-11, wherein said tumor target protein is
D338,
13 The binding protein of any one of claims 1-8, wherein the binding protein specifically

binds three target protemns 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, BlyS, BTK, BTLA, B7DC, B7H1, B7H4, B7HS, B7Hs, B7H7, B7RP1, B7-4, C3, C5,
CCL2, CCL3, CCL4, CCLS, CCL7, CCL8, CCLIY, CCL1S, CCL17, CCL19, CCL20, CCL21,
CU124, CCL2S, CCL26, CCR3, CCR4, CB3, CD19, CD26, CD23, CD24, (D27, CD2E,
CD38, (D39, CD40, TD70, CDA0, CD36, CD122, CD137, CDI37L, CD1352, (D134, D160,
D272, CD273, CD274, CD275, CD276, D278, D279, CDHI, chitinase, CLECY, CLECO1,
CRTH2, CSF-1, CSF-2, CSF-3, CX3CLL, CXCL12, CXCL13, CXCR3, DNGR-1,
ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCER1A, FCERI,
FLAP, FOLHI, Gi24, GITR, GITRL, GM-CSF, Her2, HHL A2, HMGBI, HVEM, ICOSLG,
DO, IFNw, IgE, IGFIR, 1L2Rbeta, IL1, IL1A, IL1B, IL1F10, IL2, 114, H1.4Ra 115, ILSK,
L6, 117, 1L7Ra, 118, 119, LR, 110, (K110, IL12 113, H13Ral, [L13Ra2 1115 1117,
IL17Rb, IL18, 1022, 1023, 1125, 1127, 1133, 1035, 1TGB4, ITK, KIR, LAG3, LAMP1, leptin,
LPFS2, MHC class {f, NCRALGI, NKG2D, NTPDase-1, 0X40, OX40L, PD-1H, platelet
receptor, PROMI, 8152, SISP1, SLC, SPG64, ST2, STEAPZ, Syk kinase, TACL TDO, T14,
TIGIT, TIM3, TLR, TLR2, TLR4, TLRS, TLRS, TMEF1, TNFa, TNFRSFE7, TpSS, 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, B7HI1, B7H4, B7HS, B7HG, B7TH7, B7RPL, B7-4, C3, C5, CCL2, CCL3,
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CCL4, CCLS, CCL7, CCLB, CCL1Y, CCL1S, CCL17, CCL19, CCL20, CCL21, CCL24,
CCL2ZS, CCL26, CCR3, CCR4, CD3, CD19, CD20, CD23, (D24, CD27, CD2Z8, Ch38, Ch39,
CD40, CD70, CD80, CD86, CD122, CD137, CD137L, CD152, CD154, CD160, CD272,
CD273, CD274, CD275, CD276, CD278, CD279, CDHI, chitinase, CLECY, CLEC91,
CRTHZ, CSF-1, CSF-2, CSF-3, CX3CL1, CXCL12, CXCL13, CXCR3, DNGR-1,
ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCER1A, FCERI,
FLAP, FOLH1, Gi24, GITR, GITRL, GM-CSF, Her2, HHLA2, HMGB1, HVEM, ICOSLG,
DO, [FNo, IgE, IGF1R, IL2Rbeta, L1, IL1A, {L1B, IL1F10, L2, 114, IL4Ra, ILS, IL5R,
1L6, IL7, IL7Ra, 1.8, L9, TLOR TL10, rhil10, 1L12, TL13, TL13Ral, TL13Ra2, 115, [L17,
IL17Rb, 118, 1122, 1123, 1125, 1L.27, 1L33, 1L35, ITGB4, ITK, KiR, LAG3, LAMP!, leptin,
LPFS2, MHC class 1T, NCR3LGI, NKG2D, NTPDase-1, OX40, OX40L, PD-1H, platelet
receptor, PROMI, S152, SISP1, SLC, SPGo4, ST2, STEAP2, Svk kinase, TACL TDO, T14,
TIGIT, TIM3, TLR, TLR2, TLR4, TLRS, TLRY, TMEF!, TNFa, TNFRSF7, Tp55, TREMI,
TSLP, TSLPR, TWEAK, VEGF, VISTA, Vsim3, 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:
Vip-Ly-Vipls-Co (]
and a second polypeptide chain comprises a structure represented by the formula:
Vir-La-Vim-La-Cm (i}
and a third polypeptide chain comprises a structure represented by the formula:
Virr-Ch [iH]
and a fourth polypeptide chain comprises a structure represented by the formula:
Via-Cp (V]
wherein:
Vi1 15 a first immunoglobulin light chain vaniable domain;
Va8 a second immunoglobulin light chain variable domain;
Vis s a third immunoglobulin hight chain varable domain;
Vi 18 a first immumnoglobulin heavy chain variable domain;
Vi: is a second immunoglobulin heavy chain variable domain;

Vi3 18 a third immunoglobulin heavy chain variable domain;
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Cy is an immunoglobulin light chain constant domain;

Ciq 18 an immunoglobulin Cyy heavy chain constant domain; and

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

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

wherein;

{(a) Vi, Viz 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; or

(by Vi Vi and Vi3 each independently comprise light chain complementarity
determining regions comprising an amine acid sequence as set forth in any one of SEQ 1D NQs:
43-59, 123-125, 138-140, and 149; and

wherein:

(a) Vi, Vi, and Vs each independently comprise a vanable domain sequence as set
forth in any one of SEQ 1D NQs: 150, 152, 154, 156, 158, 160, 162, 164, and 166; or

(b} Vui, Vip and Vi each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ 1D NOs:

25-42,120-122, and 126-128.

17. A binding protein comprising four polypeptide chains that form three antigen binding
sttes, wherein a first polypeptide chain comprises a structure represented by the formula:
VL~V da-Co (i
and a second polypeptide chain comprises a structure represented by the formula:
Vi-La-Vin-Ly-Cmi-hinge-Crz-Cas {1}
and a third polypeptide chain comprises a structure represented by the formula;
‘\’733"C}ﬂ"hiﬁgt‘?(?}{yﬁﬂg [iﬂ}
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 15 a second immunoglobulin light chain variable domain;

Vs is a third immunoglobulin light chain variable domain;
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Vi 18 a first immunogliobulin heavy chain variable domain;

Vi 18 a second immunoglobulin heavy chain variable domain;

Vs 18 a third immunoglobulin heavy chain variable domain;

Cy. 1s an immunoglobulin light chain constant domain;

Cyy ts an immunoglobulin Cyy heavy chain constant domain;

Cip 15 an immumoglobulin Cy» heavy chain constant domain;

Cys is an immunoglobulin Cis heavy chain constant domain;

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

14, Ly, L3 and L4 are amino acid linkers;

wherein the polypeptide of formula I and the polypeptide of formulda I form a cross-over

light chain-heavy chain patr;

wherein:

{a) Vi, Vi, and V5 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

(by Vi1 Vio and Vi3 each independently comprise light chain complementarity

determining regions comprising an amine acid sequence as set forth in any one of SEQ 1D NQs:

43-59, 123-125, 138140, and 149; and

wherein:

(a) Vi, Vi, and Vs each independently comprise a variable domain sequence as set

forth in any one of SEQ 1D NQOs: 150, 152, 154, 156, 158, 160, 162, 164, and 166; or
(b) Vi, Vi and Vs each mdependently 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.

18. The binding protein of claim 16, wherein the second and/or the third polypeptide chain
further comprises an Fc¢ region linked to Cipy, the Fe region comprising an immunoglobulin

hinge region and Cip; and Cyy immunoglobulin heavy chain constant domains.

19. The binding proten of claim 16 or claim 17, wherein at least one of Ly, 1y, Ly or Ly, 18

independently 0 amino acids in length,
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20. The binding protein of claim 16 or claim 17, wherein Ly, Ly, L3 or L4 are each

independently at least one amino acid in length.

~

21. The binding protein of claim 16 or claim 17, wherein {a} L, L,, L and L4 each
independently are zero amine acids in length or comprise a sequence selected from the group
consisting of GGGGSGGGGS (SEQ 1D NO:104), GGGGSGGGGSGGGGS (SEQ 1D
NO:105), 8, RT, TKGPS (SEQ ID NO:106), GOPKAAP (SEQ ID NO: 175), and
GGSGSSGRGG (SEQ 1D NO:148); or (b Ly, Ly, Ly and L, each independently comprise a
sequence selected from the group consisting of GGGGSGGGGS (SEQ 1D NG:104),
GGGGSGGGGSGGGGS (SEQ ID NO:103), S, RT, TKGPS (SEQ 1D NO:106), GUPKAAP
(SEQ ID NO: 175}, and GGSGSSGSGG (SEQ 1D NO:148).

22 The binding protein of claim 16 or claim 17, wherein:
(a} L1 comprises the sequence GQPKAAP (SEQ 1D NO: 175), L, comprises the
sequence TKGPS (SEQ 1D NG:106), L; comprises the sequence 8, and L, comprises the

sequence RT;

{b) L comprises the sequence GGGGSGGGGS (SEQ 1D NO:104), L, comprises the
sequence GGGGSGGGGS (REQ ID NG:104), L; is ¢ amine acids in length, and L4 1s 0 amino

acids in length;

(c) Ly comprises the sequence GGSGRSGSGG (SEQ 1D NO:148), L, comprises the
sequence GOSGSSGSGE (SEQ 1D NO:148), La 18 0 amino acids in length, and Ly 18 0 amino

acids in length; or

{(d) L comprises the sequence GGGGSGEGGSGEGES (SEQ ID NG:105), L, 130
aming acids in length, Lx comprises the sequence GGGGSGGGGSGHGES (SEQ 1D NO:105),

and L4 is 0 amino acids in length.

23. The binding protein of claim 16 or claim 17, wherein:
(3} Vi comprises a CDR-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 s CDR-H3 comprising

the amino acid sequence of SEQ ID NO:30; Vi comprises a CDR-L1 comprising the amino
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acid sequence of SEQ 1D NO:46, a CDR-L2 comprising the amino acid sequence of SEQ 1D
N(:47, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO148; Vi, comprises
a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:34, a CDR-H2 comprising the
aming acid sequence of SEQ D NO:35, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NQO:36; Vi, comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
N©O:52, a CDR-L2 comprising the amino acid sequence of SEQ ID NG: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: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
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 ID NG44, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D N(G:45;

(b) 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 1D NO:32, and a CDR-H3 comprising
the amino acid sequence of SEQ ID NG: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 ID
NQO:50, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:51; Vi comprises
a CDR-H1 comprising the anmino acid sequence of SEQ 1D NO:34, a CDR-HZ comprising the
amino 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
N(:52, a CDR-LZ comprising the ammno acid sequence of SEQ 1D NO:53, and a CDR-L3
comprising the amino acid sequence of SEQ ID NO:54; Vis 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 NG:26, and a CDR-H3 comprising the amino acid sequence of SEQ ID N(G:27, and
Vs comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NG:43, a CDR-L2
comprising the amino acid sequence of SEQ 1D NG:44, and a CDR-13 comprising the amino
acid sequence of SEQ 1D N(G:45;

(¢} Vin comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:28, a
CDR-HZ comprising the amino acid sequence of SEQ 1D 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 1D NO:46, a CDR-L2 comprising the amino acid sequence of SEQ ID
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NQO:47, and a CDR-L3 comprising the amino acid sequence of SEQ 123 NO:48; Vg, comprises
a CDR-H1 comprising the amino acid sequence of SEQ ID NO:34, a CDR-HZ 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 1D NO:53, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NO:54; Vy; comprises a CDR-HT comprising
the amino acid sequence of SEQ ID NO: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 NO:39; and
Vi3 comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D 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 1D NG:57,

(d} 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 113 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 NO:49, s CDR-L2 comprising the amino acid sequence of SEQ 1D
NO:50, and a CDR-L3 comprising the amino acid sequence of SEQ ID NOG:51; 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 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 I
N: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 CDR-HT comprising
the amino acid sequence of SEQ ID N(O: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
Vi3 comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:SS, 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 NO:.57,

(e} Vai comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:28, a
CDR-HZ comprising the amino acid sequence of SEQ 1D NO:29, and a CDR-H3 comprising
the amino acid sequence of SEQ I NG:30; Vi1 comprises a CDR-L1 comprising the aming
acid sequence of SEQ 1D 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 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
aming 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 amine acid sequence of SEQ ID
N(:52, a CDBR-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; Vy; 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 NQO:41, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:42; and
Via 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 NG44, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO:59;

(f) Vi, comprises a CDR-HI comprising the amino acid sequence of SEQ ID NO:31, a
CDR-H2 comprising the amine acid sequence of SEQ ID NO:32, and a CDR-H3 comprising
the amuno acid sequence of SEQ ID NG: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 ID
NQO:50, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:51; Vi comprises
a CDR-H1 comprising the anino acid sequence of SEQ 1D NO:34, a CDR-HZ comprising the
amine acid sequence of SEQ ID NG:3S, and a CDR-H3 comprising the anino acid sequence of
SEQ ID NO:36; Vi, comprises a CDR-L1 comprising the amino acid sequence of SEQ D
N(:52, a CDR-LZ comprising the ammo acid sequence of SEQ 1D 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 1D N(G.40, a CDR-H2 comprising the amino acid sequence of
SEQ ID NG44, and a CDR-H3 comprising the amino acid sequence of SEQ ID N(O:42; and
Vs comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D 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 1D NG:59;

(g} Vi comprises a CDR-HI comprising the aming acid sequence of SEQ 1D NO:28, a
CDR-HZ comprising the amino acid sequence of SEQ 1D NO:29, and a CDR-H3 comprising
the amino acid sequence of SEG ID NG:30; Vi, comprises a CDR-L1 comprising the amino
acid sequence of SEQ 1D 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 D NO:48; Vy; comprises
a CDR-H1 comprising the amino acid sequence of SEQ ID N(O:34, a CDR-HZ comprising the
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amino acid sequence of SEQ ID NO:35, and a CDR-H3 comprising the amino acid sequence of
SEQ 1D NG:36; Vi comprises a UDR-L1 comprising the amino acid sequence of SEQ [D
NQO:52, a CDR-L2 comprising the amino acid sequence of SEQ I 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 ID NO:126, a CDR-HZ2 comprising the amino acid sequence
of SEQ 1D NO:127, and a CDR-H3 comprising the amino acid sequence of SEQ D NO:128;
and V15 comprises a CDR-L1 comprising the amine acid sequence of SEQ ID NO:138, a
CDR-L2 comprising the amine acid sequence of SEQ ID NO:139, and 2 CDR-L3 comprising
the amino acid sequence of SEQ 1D NO:140;

(h) 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 I3 NO:32, and a CDR-H3 comprising
the amino acid sequence of SEQ ID NO:33; Vi comprises a CDR-L1 comprising the aming
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 amino acid sequence of SEQ ID NO:51; 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 NO:35, and a CDR-H3 comprising the amino acid sequence of
SEQ 1D NO:36; V2 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-HT comprising
the amino acid sequence of SEQ ID 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 NG:128;
and Vi; 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 NO: 139, and a CDR-L3 comprising
the amino acid sequence of SEQ 1D NO:140;

(1) Va: comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:28, a
CDR-HZ comprising the amino acid sequence of SEQ 1D NO:29, and a CDR-H3 comprising
the amino acid sequence of SEQ I NG:30; Vi1 comprises a CDR-L1 comprising the aming
acid sequence of SEQ 1D NO:46, a CDR-LZ comprising the aming acid sequence of SEQ 1D
NG 47, and a CDR-L3 comprising the amino acid sequence of SEQ 12 NG:48; Vi, comprises
a CDR-H1 comprising the amino acid sequence of SEQ [D 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
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SEQ ID NO:36; Vi, comprises a CDR-L1 comprising the amine acid sequence of SEQ ID
N(:52, a CBR-L2 comprising the amino acid sequence of SEQ 1D NG:33, and a CDR-L3
comprising the amino acid sequence of SEQ 1D NO:54; Vi3 comprises a CDR-H1 comprising
the amino acid sequence of SEQ 1D N(: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(:122;
and Vi ; comprises a CDR-LT comprising the aming acid sequence of SEQ ID 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

() Vinr comprises a CDR-H1 comprising the anuno acid sequence of SEQ ID NO:31, 2
CDR-H2 comprising the amine acid sequence of SEQ ID NO: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 1D NO:49, a CDR-L2 comprising the amino acid sequence of SEQ ID
NQO:50, and a CDR-L3 comprising the amimo acid sequence of SEQ ID NO:51; Vi comprises
a CDR-H1 comprising the anmino acid sequence of SEQ D NO:34, a CDR-HZ comprising the
amine acid sequence of SEQ ID NG:3S, and a CDR-H3 comprising the anino acid sequence of
SEQ ID NO:36; Vi, comprises a CDR-L1 comprising the amino acid sequence of SEQ [D
NQO:52, a CDR-L2 comprising the amino acid sequence of SEQ 11D NO:53, and a CDR-L3
comaprising the amino acid sequence of SEQ 1D NO:54; Vi comprises a CDR-HI comprising
the aming acid sequence of SEQ 1D N(:120, a CDR-H2 comprising the amine acid sequence
of SEQ ID NO:121, and a CDR-H3 comprising the amino acid sequence of SEQ 1D N(G:122;
and V5 comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N{:123, 2
CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 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 chain comprises a structure represented by the formula:
Vip-Li-Viplp-Co i1

and a second polypeptide cham comprises a structure represented by the formula:
Vai-Ls-Vaz-Lae-Ci {i}

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

Vis-Chy fHI}
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and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cy HV]

wherein:

Vi, 18 a first immunoglobulin light chain variable domain;

V7 18 a second immunoglobulin light chain variable domain;

Vs 1s a third immunoglobulin light chain variable domain;

YV 18 a first immunoglobulin heavy chain variable domamy;

Vo 18 a second immunoglobulin heavy chain variable domain;

V3 18 a third immunoglobulin heavy chain variable domain;

Cy 18 an immuncglobulin light chain constant domain;

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

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

wherein the polypeptide of formula 1 and the polvpeptide of formula IT 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 ID N(s:169, 171, and 173; or

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

wherein:

(3) Vi, Vi, and Vs each independently comprise a vanable domain sequence as set
forth in any one of SEQ 1D NGs: 168§, 170, and 172; or

(b} Vm, Vm and Vms each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting of
SEQ ID NQOs: 125-137.
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:

Vb=V do-Co 1

and a second polypeptide chain comprises a structure represented by the formula:
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VH; ~L3ﬂ\7H3~L4~C31~hinge-CH2-CHs HH
and a third polypeptide chain comprises a structure represented by the formula:
\Y% HE”CH] -h inge—C Hz-CHg ]HH
and a fourth polypeptide chain comprises a structure represented by the formula:
AY [J;"C;_, H\/}
whergin:
Vi 18 a first immunoglobulin hight chain variable domain;
Vi, is a second immunoglobulin light chain variable domain;
Vi3 15 a third rmmunoglobulin Light chain variable domain;
YV 1s a first immunoglobulin heavy chain variable domain;
Vi, 18 a second immunoglobulin heavy chain variable domain;
Vs 18 a third immunoglobulin heavy chain variable domain;
Cy 1 an immunoglobulin hight chain constant domain;
Ci 13 an immunoglobulin Cy) heavy chain constant domain,
Cm 1s an immunoglobulin Cip heavy chain constant domain;
Cip 13 an immunoglobulin Cis heavy chain constant domain,
hinge is an immunoglobulin hinge region connecting the Cy; and Cy, domains; and
Li, Lo, L5 and Ly are amino acid linkers;
wherein the polypeptide of formula 1 and the polypeptide of formula IT form a cross-over
light chain-heavy chain patr;
wherein:
{(a) VL1, Vo and Vis each mdependently comprise a variable domain sequence as set forth
in any one of SEQ ID N(s:169, 171, and 173; or
(b} Vi, Vi and Vi3 each independently comprise hight chain complementarity
determining regions comprising an amine acid seguence selected from the group consisting of
SEQ ID NOs: 141-147, 178, and 179;
wherein:
(3) Vi, Vi, and Vs each independently comprise a variable domain sequence as set

forth in any one of SEQ 1D NOs: 168, 170, and 172, or
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(b} Vi, Vi and Vas each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting of

SEQID NOs: 125-137.

26. The binding protein of claim 24, wherein the second and/or the third polypeptide chain
fusther comprises an Fc region linked to Cyy, the Fe region comprising an immunoglobulin

hinge region and Cyp and Cyy immunoglobulin heavy chain constant domains.

27. The binding protein of claim 24 or claim 25, wherein at least one of Ly, 1o, Ly and Ly, is

independently 0 amino acids in length.

~

28 The binding protein of claim 24 or claim 25, wherein Ly, L, 1; and Ly are each

mdependently at least one amino acid in length.

29, The binding protein of claim 24 or claim 25, wherem {a} L, L, Lsand L, each
mdependently are zero amino acids in fength or comprise a sequence selected from the group
consisting of GGGGSGGGGS (SEQ ID NG:104), GGGGSGGGGSGGGGS (SEQ ID
NO:105), S, RT, TKGPS (SEQ ID NG 1063, GQPKAAP (SEQ ID NO: 175), and
GGSGSSGSGG (SEQ 1D NO:148); or (b Ly, Lo, Ly and Ly each independently comprise a
sequence selected from the group consisting of GGGGSGGGGS (SEQ 1D NG:104),
GGGGSGGGGSGOGES (SEQ 1D NO:105), §, RT, TKGPS (SEQ ID NO:106), GOPKAAP
(SEQ ID NO: 175}, and GGSGSSGSGG (S8EQ 1D NO:148).

30. The binding protein of claim 24 or claim 25, wherein:
(a} L, comprises the sequence GQPKAAPR (SEQ 1D NO: 175), L; comprises the
sequence TKGPS (SEQ 1D NG:106), Ls comprises the sequence S, and Ly comprises the

sequence RT,

{b) L; comprises the sequence GGGGSGGGGS (SEQ 1D NO:104), L, comprises the
sequence GGGGESGGGGS (SEQ ID NG:104), L; is C amino acids i length, and L4 15 0 amino

acids in length;
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(¢} L; comprises the sequence GGSGSSGSGHG {SEQ ID NO:148), L, comprises the
sequence GGSGSSGSGG (SEQ ID N(:148), Ly is 0 amino acids in ength, and L4 1s 0 amino

acids in length; or

(d} L, comprises the sequence GGGGSGGGGSGGGGS (SEQID NG:105), L, 150
amino acids in length, 15 comprises the sequence GGGGSGGGGSGGGGS (REQ ID NG1105),

and Ly 18 O amine acids in length.

31 The binding protein of claim 24 or claim 25, wherein:

(a} Vmi 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 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 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;
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 D 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; Vi
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 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 ID NGO 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 1D NO:142;

(b} Vi comprises a CDR-HI comprising the amino acid sequence of SEQ 1D NO: 135,
a CDR-H2 comprising the anuno 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 SEC 1D NO: 146, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NG: 147
Vip comprises a CDR-HI1 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 1D NO:134; Vi, comprises a CDR-L1 comprising the amino acid
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sequence of SEQ 12 NG:143, a CPR-L2 comprising the amino acid sequence of SEQ D
N(:47, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO144; Vi
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NG: 129, a CDR-H2
comprising the amino acid sequence of SEQ ID N(O:130, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO:131; and V5 comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO:141, e 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;

(¢} Va; 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 NO:133, and a CDR-H3
comprising the amino acid sequence of SEQ ID NQO:134; Vi comprises a CDR-L1 comprising
the amino acid sequence of SEQ 1D NO: 143, a CDR-L2 comprising the amine acid sequence
of SEQ 1D NO:179, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:144;
Ve comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:129, a CDR-H2
comprising the amino acid sequence of SEQ ID NG: 130, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D 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 ID
NQO: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 1D NG: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; and Vi3 comprises a CDR-L1 comprising the aming acid
sequence of SEQ ID 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 1D NO:147;

(d} Vi comprises 3 CDR-HI comprising the amino acid sequence of SEQ 1D NO:129,
a CDR-H2 comprising the amino acid sequence of SEQ I NO: 130, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:131; Vi, comprises 3 CDR-L1 comprising
the amino acid sequence of SEQ ID NG:141, a CDR-L2 comprising the amino acid sequence
of SEQ ID NO:178, and & CDR-L3 comprising the amino acid sequence of SEQ 1D NO:142;
Vo 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 CDR-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 NO:144; Vi
comprises a UDR-H1 comprising the amino acid sequence of SEQ ID N(G: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 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 & CDR-L3 comprising the amino 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 NG: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 1D NO:145, a CDR-LZ 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 ID NO:129, a CDR-H2
comprising the amino acid sequence of SEQ ID 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 D
NO:178, and a CDR-L3 comprising the amino acid sequence of SEQ 1D 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 NO:133, and a CDR-H3 comprising the amino
acid sequence of SEQ ID NO:134; and Vs 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
N(:179, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:144;

() Vi 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 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 NG:141, a CDR-L2 comprising the amino acid sequence
of SEQ ID NG:17¢, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:142;
Vi comprises a CDR-HI1 comprising the amino acid sequence of SEQ ID N(:135, a COR-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 NO:145, a CDR-L2 comprising the amino acid sequence of SEQ D
N(:146, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:147; Vi
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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 N(:133, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO:134; and V5 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} Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 1335,
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 NQO: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 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: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 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 1D NO:144; Vi
comprises a CDR-HI comprising the amino acid sequence of SEQ 1D 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 NG:145, a CDR-L2 comprising the amino acid sequence of SEQ ID
NG:146, and a CDR-L3 compuising the amino acid sequence of SEQ 1D NO:147;

(h} Vi comprises 3 CDR-HI comprising the amino acid sequence of SEQ ID NO: 135,
a CDR-H2 comprising the amino acid sequence of SEQ I 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(O:143, 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 1D 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 NO:134; Vi, comprises a COR-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; Vi,
comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:132, a 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 NO:134; and Vi3 comprises a COR-L1 comprising the amino acid
sequence of SEQ 12 NG:143, a CPR-L2 comprising the amino acid sequence of SEQ 1D
N(:179, and a CDR-L3 comprising the aming 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 NG: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-LZ comprising the amino acid sequence
of SEQ ID NO:179, and 2 CDR-L3 comprising the amino acid sequence of SEQ 1D NO:144;
Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID 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 1D NO:137; V1, 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
N:146, and a CDR-L3 coruprising the amino acid sequence of SEQ ID NO:147; Vi
comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NO:135, a CDR-H2
comaprising the amino acid sequence of SEQ 1D NO:136, and a CDR-H3 comprising the amino
acid sequence of SEQ 1D NO:137; and 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
N(:146, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:147; or

(1) Va: comprises a CDR-H1 comprising the armno acid sequence of SEQ ID N(O: 132,
a CDR-HZ 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 1D 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;
Vip comprises a CDR-HI1 comprising the amino acid sequence of SEQ ID N(:135, a CODR-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 NQO: 145, a CDR-L2 comprising the amino acid sequence of SEQ ID
N(:1406, and a CDR-1L.3 comprising the aming acid sequence of SEQ ID NO: 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 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 amine 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 1D NO: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 Cy, the first Fe region comprising an
immunoglobulin hinge region and Cip, and Cis immunoglobulin heavy chain constant domains,
wherein the first F¢ region comprises aming acid substitutions at positions corresponding to
positions 354 and 366 of human 1gG1 or IgG4 according to EY Index, wherein the amine acid
substitutions are 8354C and T366W; and wherein the third polypeptide chain further comprises
a second Fc region linked to Ciyy, the second Fo region comprising an immunoglobulin hinge
region and Cyp and Cys immunoglobulin heavy chain constant domains, wherein the second Fe
region comprises amino actd 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,

33. The binding protein of any one of claims 1, 16, and 24, wherein the second polypeptide
chain further comprises a first Fc region linked to Cyy, the first Fc region comprising an
mmmunoglobulin hinge region and Cyy and Cyy 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
polypeptide chain further comprises a second Fc region linked to Cuy, the second Fe region
corprising an immunoglobulin hinge region and Cy, and Cys immunoglobulin heavy chain
constant domains, wherein the second Fc region comprises amine acid substitutions at
positions corresponding to positions 354 and 366 of human TeGl or 2G4 according to EU

Tndex, wherein the amino acid substitutions are S354C and T366W.

34, The binding protein of any one of claims 1, 16, 24, 32, and 33, wherein the second
polypeptide chain turther comprises a first F¢ region hnked to Cyy, the first Fe region
comprising an immunogiobulin hinge region and Cip and Cys immunoglobulin heavy chain

constant domains, and wherein the third polypeptide chain further comprises a second Fc
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region linked to Cyy, the second Fc region comprising an immunoglobulin hinge region and
Cap and Cya immunoglobulin heavy chain constant domains; wherein the first and second Fe
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 N4348,

35. The binding protein of any one of claims 2, 17, and 235, wherein the Cps domain of the
second polypeptide chain comprises aming acid substitutions at positions corresponding 1o
positions 354 and 366 of human 1gG1 or IgG4 according to EY Index, wherein the amine 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 1gG1 or 1gG4 according to EU Index, wherein the amino acid substitutions

are Y349, T366S, L368A, and Y407V,

36. The hinding protein of any one of claims 2, 17, and 25, wherein the Cy; domain of the
second polypeptide chain comprises amino acid substitutions at positions corresponding {0
postitons 349, 366, 368, and 407 of human IgGl or 1gG4 according to BU 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 IgG4 according to EU Index, wherein the amine acid

substitutions are S354C and T366W.

37. The binding protein of any one of claims 2, 17, 25, 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 IgG1 or 1gG4 according to EU

Index, wherein the amino actd substitutions 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 F¢ region linked to Cyy, the first Fc region
comprising an immunoglobulin hinge region and Cy and Cys immunoglobulin heavy chain
constant domains; wherein the third polvpeptide chain further comprises a second Fe region

linked to Cu, the second Fe region comprising an immuncglobulin hinge region and Uy, and
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Cys immunoglobulin heavy chain constant domains; wherein the first and second Fe regions
are human lgGl 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 Y43¢6F.

39. The binding protein of any one of claims 2, 17, 25, and 35-37, wherein the Cy: domaing
of the second and the third polypeptide chains are human 1gG1 or IgG4 Cys domains, and
wherein only one of the Cys domains comprises amine acid substitutions at posiiions
corresponding to positions 435 and 436 of human g1 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 Fo region hinked to Cyyy, the first Fc region
comprising an immunoglobulin hinge region and Cy; and Cgr immunoglobulin heavy chain
constant domains; wherein the third polypeptide chain further comprises a second Fc region
linked to Cyy, the second Fc region comprising an immunoglobulin hinge region and Cpp; and
Cuy immunoglobulin heavy chain constant domains; wherein the first and second Fc regions
are human 1gG4 Fc regions; and wherein the first and the second Fc regions each comprise
amino acid substitutions at postitons corresponding to positions 228 and 409 of human lgG4

according to EU Index, wherein the anmno acid substitutions are S228P and R409K.

41, The binding protein of any one of claims 2, 17, 25, 35-37, and 39, wherein the Cips
domains of the second and the third polypeptide chains are human IgG4 Cys domains, and
wherein the Cps 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.

42, The bhinding 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 Cy, the first Fc region
comprising an immunoglobulin hinge region and Cy; and Cgz immunoglobulin heavy chain

constant domains; wherein the third polypeptide chain further comprises a second Fe region
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linked to Cyy, the second Fe region comprising an immunogiobulin hinge region and Cyp and
Cas immunoglobulin heavy chain constant domains; whergin the first and second Fc regions
are human Ig(G4 Fc regions; and wherein the first and the second Fc regions each comprise
aming acid substitutions at postiions corresponding to positions 234 and 235 of human 1gG4

according to EU 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 1gG4 Cys domains, and
wherein the Cyz domains each comprise amino acid substitutions at posiiions corresponding 1o
postitons 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 Ty, the first Fc region
comprising an immunoglobulin hinge region and Cy; and Cgr immunoglobulin heavy chain
constant domains; wherein the third polypeptide chain further comprises a second Fc region
linked to Cyy, the second Fc region comprising an immunoglobulin hinge region and Cpp; and
Cuy immunoglobulin heavy chain constant domains; wherein the first and second Fc regions
are human 1gG1 Fc regions; and wherein the first and the second Fc regions each comprise
amino acid substitutions at postitons corresponding to positions 234 and 235 of human 1gG4

according to EU Index, wherein the amino acid substitutions are L234A and L235A.

45, The binding protein of any one of claims 2, 17, 25, 35-37, 39, and 41, wherein the Cyy
domains of the second and the third polypeptide chains are human IgGi Cys domains, and
wherein the Cps 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 Vu and
Vi, form a second antigen binding site that specifically binds human CD28, and wherein Vy;

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 Vi
and Vi, 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 Vi3 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 CD19,

D20, CD38, HerZ, and LAMPI.

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 anmuno acid sequence of SEQ 1D NO:
152 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO:

15

43

;or

{b} a heavy chain vanable domain comprising the amino acid sequence of SEQ 1D NO:
154 and a hight chain variable domain comprising the amino 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 amine acid sequence of SEQ 1D NO:
162 and a hight chain variable domain comprising the amino acid sequence of SEQ 1D NG:

163,

51 The binding protemn of any one of claims 46-50, wherein the antigen binding site that

specificaily binds a tumor target protein comprises:
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(3} a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO:
156 and a light chain variable domain comprising the amino acid sequence of SEQ 1D NG:

157;

(b} a heavy chain variable domain comprising the amino acid sequence of SEQ 1D NO:
158 and a light chain variable domain comprising the aming acid sequence of SEQ ID NGO

159;

s

{c) 2 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 1D NO:
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 hight chain variable domain comprising the amino acid sequence of SEQ 1D NO:

167.
52, The binding protein of any one of claims 2, 17, 35-37, 39, 41, 43, and 45, wherein:

{3}V and Vi, form a first antigen binding site that specifically binds human TNFa,
Vip and Vi, form a second antigen binding site that specifically binds human 1113, and Vi

and Vs form a third 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 114, and Vi3 and

Vi3 form a third antigen binding site that specifically binds human [L13;

(¢} Vay and Vi, form a first antigen binding site that specifically binds human L4, 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 11.13;
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(d} Vuy and Vi, form a first antigen binding site that specifically binds human L4, Vi
and Vi, form a second antigen binding site that specifically binds human 1113, and Vs and

Vi3 form a third antigen binding site that specifically binds human TNFa;

(e} Vmi and V; form a first antigen binding site that specifically binds human IL13,
YV and V; form a second aniigen binding site that specifically binds human 114, and Vs and

Vi3 form a third antigen binding site that specifically binds human TNFa; or

{(f) Vi1 and Vy; 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 Vps

and Vs 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 NOG: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
specificaily binds human H.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 NG:171.

55. The binding protein of any ove of claims 52-54, wherein the antigen binding site that
specifically binds human H.13 comprises a heavy 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 1D NO: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 1s a human lambda Cp domain; or

(b} the Cp domaimn of the first polypeptide chain 1s a human lambda Cp domain, and the

C domain of the fourth polypeptide chain 1s a human kappa € domain.
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57. The binding protein of any one of claims 2, 17, 25, 35-37, 39, 41, and 43-55, whergin
the first polypeptide chain comprises a lambda Cy, domain; wherein the Cys domain of the
second polypeptide chain comprises aming acid substitutions at positions corresponding 1o
positions 354 and 366 of human IgG1 according to EU Index, wherein the amino acid
substitutions are 8354C and T366W; wherein the Cgz domain of the third polypeptide chain
comprises amino acid substitutions at positions corresponding to positions 349, 366, 368, 407,
435, and 436 of human 1gG1 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 ;. domain.

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 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 ID
NO: 4; the second pelypeptide chain comprises the amino acid sequence of SEQ ID NO: 3 or an
amino acid sequence that 15 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: 1 or an amino
acid sequence that is at least 95% identical o 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 s at least 95% identical to the amuno acid sequence of SEQ ID NG: 2;

(b} the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 10
or an amino acid sequence that 1s at least 95% 1dentical 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 1s at least 95% 1dentical 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 1s 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 1D NO: 2 or an amino acid
sequence that s at least 95% identical to the amino acid sequence of SEQ 1D NO: 2;

(¢} the first polypeptide chain comprises the amino acid sequence of SEQ ID NGO 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 SEQ ID NO: 3 oran
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amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NGO 3;
the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 13 or an aming
acid sequence that 1§ 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 [D NO: 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 s at least 95% identical to the amine acid sequence of SEQ 1D NO:
9; the third polypeptide chain comprises the amino acid sequence of SEGQ ID NO: 13 or an aming
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% 1dentical to the amino acid sequence of SEQ D NQ: 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
NO: 4; the second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 3 oran
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: 17 or an amino
acid sequence that is at least 95% identical to the amino acid sequence 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 NQO: 13;

(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 amino acid sequence of SEQ ID
NO: 10; the second polypeptide chamn comprises the amine acid sequence of SEQ ID NG: 9 or
an amino acid sequence that 1s 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 1D 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 1D NGO: 18 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ D NG: 18;

{g) 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 ID
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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 1D NGO: 21 or an amino
acid sequence that is at least 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 1s 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 1D NO: 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 fo 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 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
acid sequence that 1s at least 93% identical to the anino acid sequence of SEQ D NO: 22;

(1) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 63
or an amino acid sequence that 1s 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 ID NO: 62 or
an anmuno acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NG:
62; the third polypeptide chain comprises the amino acid sequence of SEQ 1D NG: 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 chamn comprises the amino acid sequence of SEQ D NGO 61 or an
amine acid sequence that 1s at least 95% identical to the amine acid sequence of SEQ 1D NO: 61,

() the first polypeptide chain compuises the amino acid sequence of SEQ 1D NO: 69
or an anminoe acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ 1D
NG 69; the second polypeptide chain comprises the amine acid sequence of SE(Q 1D NO: 68 or
an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NG:
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 D NO: 60;
and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D NGO 61 or an

amine acid sequence that s 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 NG: 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 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 ID NG: 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 sequence of SEQ ID NO: 71 or an
amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ D NO: 71;

4] 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
NQ: 76, the second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 75 or
an amino acid sequence that is at least 95% 1dentical to the amino acid sequence of SEQ D 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 ID NG: 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 aminoe acid sequence of SEQ ID NO: 74;

{(m)  the first polypeptide chain comprises the amino acid sequence of SEQ 1D NG: 82
or an amino acid sequence that s at least 95% identical to the amino acid sequence of SEQ ID
NQO: 82; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 31 or
an amino acid sequence that s at least 95% identical to the amino acid sequence of SEQ ID
N(O:81; the third polypeptide cham comprises the ammno acid sequence of SEQ ID NO: 73 or an
amino acid sequence that 13 at least 95% 1dentical to the amino acid sequence of SEQ D NO: 73;
and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 74 or an
amine acid sequence that 1s at least 95% identical to the amine acid sequence of SEQ 1D NO: 74;

(n}  the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 88
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D
N(:88; the second polypeptide 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 1D NG:
87; the third polypeptide chain comprises the amino acid sequence of SEQ 1D NG 85 or an

amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO: 85,
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and the fourth polypeptide chain comprises the amino acid sequence of SEQ} ID NGO 86 or an
amino acid sequence that is at least 95% i1dentical to the amino acid sequence of SEQ 1D NO: 86;

{0} the first polypeptide chain comprises the amino acid sequence of SEQ 1D NG: 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 amino acid sequence of SEQ ID NO: 93 or
an amino acid sequence that is at least 95% 1dentical to the amino acid sequence of SEQ D NO:
93; 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 95% identical to the amino acid sequence of SEQ [D NO: 86;

(m) 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
NQO: 69; the second polvpeptide chain comprises the amino acid sequence of SEQ ID NO: 68 or
an amino acid sequence that 1s at least 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% identical to the amino acid sequence of SEQ ID NG: 73;
and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID NQO: 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 anmine acid sequence that 1s at least 95% 1dentical to the amino acid sequence of SEQ 1D
NQO: 69, the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 638 or
an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ I NO:
63; the third polypeptide chain comprises the amino acid sequence of SEQ 1D NG: 85 or an
amine acid sequence that 13 at least 95% 1dentical to the amino acid sequence of SEQ D NO: 85;
and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D NGO 86 or an
amino acid sequence that is at least 95% identical to the amino acid sequence of SE(Q D NO: 86;

(1} the first polypeptide chain comprises the amino acid sequence of SEQ ID NQO: 63
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D
NG: 63; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 62 or
an amino acid sequence that 15 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 NQO: 73 or an
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amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ D NO: 73;
and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 74 or an
amino acid sequence that is at least 95% identical to the amine acid sequence of SEQ ID NO: 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 ID
NO: 63; the second polypeptide chain comprises the amino acid sequence of SEQ D NO: 62 or
an amino acid sequence that 15 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 NO: 85 or an
amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ D NO: 85,
and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D NGO: 86 or an
anmino acid sequence that 1s at least 93% 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 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 SEQ 1D NO: 3 oran
amino acid sequence that 15 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 1s 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 NG: 115 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 115; or
{u) the first polypeptide chain comprises the amino acid sequence of SEQ ID NG:
10 or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ
1D NG 10; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NG: 9
or an amino acid sequence that 1s at feast 95% identical to the amino acid sequence of SEQ 1D
NQO: 9; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 114 or
an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ 1D
NO: 114; and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D NOG:
115 or an amino acid sequence that 1s at least 95% identical 1o the aming 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 expression vector comprising the nucleic acid molecule of claim 59.

61. An isolated host cell comprising the nucleic acid molecule of claim 59.

62. An 1solated host cell comprising the expression vector of claim 60,

63. The 1solated host cell of claim 61 or claim 62, wherein the host cell is a mammalian cell

or an insect cell.

64. A pharmaceutical composition comprising 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 adnunistering to
the patient a therapeutically effective amount of at least one binding protein of anv one of

claims 1-23 and 32-58 or the pharmaceutical composition of ¢laim 64,

60. 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 protemn.

67. The method of claim 66, wherein the binding protein comprises a first antigen binding
stte 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 CI319, CD20, CD38, Her2, and LAMPL.

68. The method of any one of claims 65-67, wherein the at least one binding protein is ¢co-

administered 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 52-58 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

1L-4, }L-13 and TINFa.

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 a human.

73. The method of claim 65 or claim 69, wherein the binding protem 1s capable of
inhibiting the function of one or more target proteins selected from the group consisting of
AZAR, APRIL, ATPDase, BAFF, BAFFR, BCMA, BIvS, BTK, BTLA, B7DC, B7H1, B7H4,
B7HS, B7H6, B7H7, BTRP1, B7-4, 3, C5, CCL2, CCL3, CCL4, CCLS, CCL7, CCLS,
CCLIL, CCLIS, CCL17, CCL19, CCL20, CCL21, CCL24, CCL25, CCL26, CCR3, CCR4,
CD3, (D19, CD20, CD23, CD24, CD27, CD28, CD38, CD39, CD40, CD70, CDE0, CDR6,
D122, CD137, CDI37L, CD152, CD154, CD160, CD272, CD273, CD274, CD275, CD276,
D278, (D279, CDHI, chitinase, CLECO, CLEC91, CRTH2, CSF-1, CSF-2, CSF-3,
CX3CLL, CXCL12, CXCL13, CXCR3, DNGR-1, ectonucleoside triphosphate
diphosphohydrofase 1, EGFR, ENTPD1, FCER1A, FCER1, FLAP, FOLHI, Gi24, GITR,
GITRL, GM-CSF, Her2, HHLA2, HMGB1, HVEM, ICOSLG, IDO, IFNg, IgE, IGFIR,
TL2Rbeta, IL1, TL1A, IL1B, IL1F10, IL2, TL4, TL4Ra, 1L5, ILSR, IL6, IL7, IL7Ra, ILR, 1LY,
TLOR_ TL10, thiL10, TL12, IL13, IL13Rat, TL13Ra2, 1L15, 117, IL17Rb, TL18, 1122, TL.23,
1025, 1127, 1133, 1035, ITGB4, ITK, KIR, LAG3, LAMP1, leptin, LPFSZ, MHC class II,
NCR3LGI, NKG2D, NTPDase-1, OX40, OX40L, PD-1H, platelet receptor, PROM]1, §152,
SISP1, SLC, SPG64, ST2, STEAP2, Syk kinase, TACL TDO, T14, TIGIT, TIM3, TLR, TLRZ,
TLR4, TLRS, TERY, TMEF1, TNFa, TNFRST7, 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 LAMPIL.

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
composition of claim 64 for use 1n preveniing and/or treating an inflammatory disease or

disorder 1n a patient.

79. The binding protein for use or the composition for use of claim 78, wherein the binding
protein comprises three antigen binding sites that each specifically bind a cytokine target

protein selected from the group consisting of 114, IL-13 and TINFa.

0. The binding protein for use or the composition for use of claim 78 or ¢laim 79, wherein

the binding protein s 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 1s 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, BAFT, BAFFR, BCMA, BlyS, BTK,
BTLA, B7DC, B7H!1, B7H4, B7HS, BVHG, B7H7, BTRP1, B7-4, €3, CS, CCL2, CCLA,
CCL4, CCLS, CCL7, CCL8, CCLIL, CCLIS, CCLY7, CCL19, CCL20, CCL21, CCL24,
CCL25, CCL26, CCR3, CCR4, CD3, CD19, CD20, CD23, CD24, CD27, CD23, CD38, D39,
CD40, CD70, CD80, CD86, CD122, CD137, CD137L, CD152, CB154, CD160, CD272,
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CD273, CD274, CD275, CD276, CD278, CD279, CDH1, chitinase, CLECY, CLE(C91,
CRTH2, CSF-1, CSF-2, C8F-3, CX3CL1, CXCL12, CXCL13, CXCR3, DNGR-1,
ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCERIA, FCER],
FLAP, FOLHI, Gi24, GITR, GITRL, GM-CSF, Her2, HHLAZ HMGBI, HVEM, ICOSLG,
IDO, IFNg, IeE, IGFIR, IL2Rbeta, IL1, IL1A, IL1B, IL1F10, IL2, IL4, IL4Ra, ILS, L3R,
L6, IL7, 1L7Ra, IL8, 119, ILOR, 1010, rhIL10, TL12, TL13, IL13Ral, [L13Ra2, 1015, 1117,
IL17Rb, TL18, 1L22, 1123, 1125, 1127, TL33, 1135, ITGB4, ITK, KIR, LAG3, LAMP1, leptin,
LPFS2, MHC class I, NCR3LGI, NKG2D, NTPDase-1, OX40, OX40L, PD-1H, platelet
receptor, PROMI, §152, SISP1, SLC, SPG64, ST2, STEAPZ, Syk kinase, TACL TDO, T14,
TIGIT, TIM3, TLR, TLR2, TLR4, TLRS5, TLRY, TMEF1, TNFa, TNFRSF7, Tp5S, 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 Cus domain of the second polypeptide chain and
the Cy: domain of the third polypeptide chain comprises amino acid substitutions at positions
corresponding to posttions 435 and 436 of human 1gG1 or IgG4 according to EU Index,
wheremn the amine acid substitutions are H435R and Y436F;

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

(2} 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 H435R and Y436F.

34, The method of claim &3, wherein the Cp domain of the first polypeptide chainis a
human kappa Cr domain, and the Cp domain of the fourth polypeptide chain is a2 human
lambda Cp domain; or the Cp domain of the first polypeptide chain 1s a human lambda Cp
domain, and the Cp domain of the fourth polypeptide chain 1s a human kappa Cp domain, and
the method further comprises:

{d) contacting the binding protein eluted in (¢} with a kappa light chain affinuty

medium; and
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(&) eloting the binding protein from the kappa light chain affinity mediom under
conditions suitable for isolating the binding protein away from binding proteins comprising

only lambda C;, domains.
85. The method of claim 84, 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 Ty domains.

36. The method of claim 83, 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 ' domain; or the Cr domain of the first polvpepiide chain is a human lambda Cp
domain, and the C;, domain of the fourth polypeptide chain is 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 C domains.
87. The method of claim 86, further comprising, after (e}

(f) contacting the binding protein eluted in (e} with a kappa light chain affinity mediom;
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 € domains.

88. The method of any one of claims 83-87, wherein the first polypeptide chain comprises a

lambda €, 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 1gG1

according to EU Index, wherein the amino acid substituiions are 8354C and T366W; wherein
the Cys domain of the third polypeptide chain comprises amino acid substitutions at positions
corresponding {0 positions 349, 366, 368, 407, 435, and 436 of human [g(G1 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 kappa C; domain.

&9. The method of any one of claims 83-88, wherein the binding protein is detected in one

or more of (¢} and {e} using hydrophobic interaction chromatography (HIC).

90. The method of any one of claims 83-89, wherein the Cy; domains of the second and

the third polypeptide chains are human IgG1 or IgG4 Cay domains.



