TRISPECIFIC AND/OR TRIVALENT BINDING PROTEINS
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10001} 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.
02/331,191, 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 thetr entirety.
SUBMISSION OF SEQUENCE LISTING ON ASCH TEXT FiLE

{0002} The content of the following submission on ASCI 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 patr 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
lasting 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 diug

development. Newly discovered neutralizing antibodies with improved breadth and



potency may provide more options for developing biotherapeutics to treat complexed

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

BRIEF SUMMARY

{0005} Provided heretn are multispecific binding proteins {e.g., antibodies) that form
three antigen binding sites. These binding proteins can specifically bind one, two, or three
antigen targets or target proteins,
{0006} 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:
‘V’Lguﬂ_,l—vaLg*CL U}
and a second polypeptide chain has a structure represented by the formula:
Vii-La-Vin-14-Cin {1}
and a third polypeptide chain has a structure represented by the formula:
"3-Crt {1}
and a fourth polypeptide chain has a structure represented by the formula:
Vis-Cr V]
wherein:
Vi1 18 a first immunoglobulin light chain variable domain;
Vi 1s a second immunoglobulin light chain variable domain;
Vi3 15 a third immunoglobulin light chain variable domain;
Vi 19 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 s an immunoglobulin light chain constant domain;
Ci is an immunoglobulin Cy heavy chain constant domain; and
Ly, Ls, L5 and Ly are amino acid linkers;
and wherein the polypeptide of formula T and the polypeptide of tormula II form a cross-over
fight chain-heavy chain pair.
{0007} In some embodiments, the second and/or third polypeptide chain further
comprises an Fe region linked to Gy, the Fe region comprising an immunogiobulin hinge

region and Cy; and Cyz immunoglobulin heavy chain constant domains.



{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:
Vig-Li-Vii-La-CL [
and a second polypeptide chain comprises a structure represented by the formula:
Vir-La-Vip-Le-Cm-hinge-Cpp-Cyz - [H]

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

"m3~Cr-hinge-Cip-Cas {1}
and a fourth polypeptide chain comprises a structure represented by the formula:
Vii-Co [IvV]

wherein:

Vi 18 a first immunoglobulin light chain vaniable domain;

Vi 1s a second immunoglobulin light chain variable domain;

Vi3 15 a third immunoglobulin light chain variable domain;

Vi 19 a first immunogliobulin heavy chain variable domain;

Vi 18 a second immunoglobulin heavy chain variable domain;

Vs 18 a third timmunoglobulin heavy chain variable domain;

Cy is an immunoglobulin light chain constant domain;

Ci is an immunoglobulin Cy heavy chain constant domain;

Cyqy is an immunoglobulin Cyp heavy chain constant domain;

Cus 18 an immunoglobulin Cis heavy chain constant domain,

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

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

and wherein the polypeptide of formula 1 and the polypeptide of formula 11 form a
cross-over light chain-heavy chain pair,
{0009] In some embodiments, the binding protein is trispecific and capable of
specifically binding three different antigen targets. In some embodiments, the binding
protein 1s 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 1s trivalent but monopecific and capable of specifically binding three antigen
targets, all of them being identical. In some embodiments, the binding protein is capabie 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, B7TH1,
B7H4 (also known as VICN1), BTHS, B7H6, B7TH7, B7TRP1, B7-4, C3, C5, CCL2 (also
known as MCP-1), CCL3 (also known as MIP-1a), CCL4 {also known as MIP-1b), CCLS
{also known as RANTES), CCL7 {(also known as MCP-3), CCL3 (also known as mcp-2),
CCL11 (also known as eotaxin), CCL1S {also known as MIP-1d}), CCL17 (also known as
TARC), CCL19 (also known as MIP-3b), CCL20 (also known as MIP-3a), CCL21 (also
known as MIP-2), CCL24 {(also known as MPIF-2/eotaxin-2), CCL2S (also known as
TECK), CCL26 (also known as eotaxin-3), CCR3, CCR4, CD3, CD19, CD20, CD23 (also
known as FCERZ2, a receptor for IgE), CD24, CD27, CD28§, D38, D39, CD40, CD70,
CD80 {(also known as B7-1}, CD86 (alsoc known as B7-2), CD122, CD137 (also known as
41BB), CDI137L, CD152 (also known as CTLA4), CD154 (also known as CD40L), CD160,
CD272, CD273 (also known as PDL2), CD274 (also known as PDL1), CD275 (also known
as B7TH2), CD276 (also known as B7TH3), CD278 (also known as ICOS), CD279 (also
known as PD-1), CDH1 (also known as E-cadherin), chitinase, CLECS, CLECS1, CRTHZ,
CSF-1 (also known as M-CSF), CSF-2 {(also known as GM-CSF), CSF-3 (also known as
GCSF), CX3CLT (also known as SCYD1), CXCL12 (also known as SDF1), 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, [L2Rbeta, IL1, IL1A ILIB, ILIF10,
112, L4, IL4Ra, 1L5, ILSR, L6, IL7, IL7Ra, IL8, 1L, ILOR, 110, rhIL10, 1L12, IL13,
fL13Ral, IL13Ra2, IL15, 1117 IL17Rb (also known as a receptor for 125}, IL18, 1L.22,
.23, 125, 127, L33, IL3S, ITGRBA4 (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, STZ (also known as a
receptor for 1L.33), STEAPZ, Syk kinase, TACI, TDBO, T14, TIGIT, TIM3, TLR, TLR2,
TLR4, TLR5, TLRO, TMEF1, TNFa, TNFRSF7, Tp3S, TREMI, TSLP (also known as a
co-receptor for IL7Ra), TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1

K

(also known as GPRS/CCXCR1). In some embodiments, one or more of the above antigen
targets are human antigen targets. In 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 1s CD28. In some embodiments, said tumor target protein is
CD38. Insome embodiments, the binding protein specifically binds three target proteins
that correspond to two target proteins on T cells and to one target protein selected from the
group consisting of AZAR, APRIL, ATPDase, BAFF, BAFFR, BCMA, BivS, BTK, BTLA,
B7DC, B7H, B7H4, B7HS, B7HS, B7TH7, BTRP1, B7-4, C3, C5, CCL2, CCL3, CCLA,
CCLS5, CCL7, CCLS, CCL11, CCLIS, CCLY7, CCLI9S, CCL20, CCL2Y, CCL24, CCL2S,
CCL26, CCR3, CCR4, CD3, CD19, CD20, CD23, CD24, CD27, CD2R, CD38, CD39,
CD40, CD70, CD80, CD86, CD122, CD137, CDI37L, CD152, CD154, CD160, CD272,
CD273, CD274, CD275, CD276, CD278, CD279, CDHI, chitinase, CLECYS, CLEC91,
CRTHZ, CSFE-1, CSF-2, C8F-3, CX3CL1, CXCL12, CXCL13, CXCR3, DNGR-1,
ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCERIA, FCERI,
FLAP, FOLHI, 24, GITR, GITRL, GM-CSF, Her2, HHLAZ, HMGB1, HVEM,
ICOSLG, IDO, IFNo, IgE, IGFIR, [L.2Rbeta, IL1, ILTA 1L1B, [LIF10, IL2, 114, {1 4Ra,
1L5, ILSR, IL6, IL7, IL7Ra, TL8, 1.9, ILOR, IL10, rhIL10, FL12, IL13, IL.13Ral, IL13Ra2,
WIS, ILT7, IL17Rb, IL1S, IL22) 1123, 1025, IL27, 1133, I35, ITGB4Y, ITK, KIR, LAG3,
LAMPI, feptin, LPFS2, MHC class I, NCR3LGI, NKG2D, NTPDase-1, OX40, OX40L,
PD-1H, platelet receptor, PROMI1, 5152, SISP1, SLC, SPG64, 812, STEAPZ, Syk kinase,
TACL TDO, T14, TIGIT, TIM3, TLR, TLR2. TLR4, TLRS5, TLRY, TMEF1, TNFa,
TNFRSE7, TpSS, TREMI, TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM,
and XCR1.
{0011} In another embodiment, the disclosure provides a binding protein comprising
four polypeptide chains that form three antigen binding sites, wherein a first polypeptide
chain has a structure represented by the formula:

Vig-Li-Vii-La-Cr B
and a second polypeptide chain has a structure represented by the formula:

Vir-Ls-Vua-Lg-Ciny B
and a third polypeptide chain has a structure represented by the formula;

VH} "CHI HIH



and a fourth polypeptide chain has a structure represented by the formula:
Vis-Co [1v]
wherein:

Vi 18 a first immunoglobulin light chain vaniable domain;

Vi 18 a second immunoglobulin fight chain variable domain;

Vi3 15 a third immunoglobulin light chain variable domain;

/1 19 8 first immunogiobulin heavy chain variable domain;

Vi 18 a second immunoglobulin heavy chain variable domain;

Viz 18 a third immunoglobulin heavy chain vanable domain;

Cy s an immunoglobulin light chain constant domain;

Ci is an immunoglobulin Cy heavy chain constant domain; and

Ly, L2, L3 and Ly are amino acid linkers;

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

wherein:

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

(b) Vo1 Vi; and V5 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: 43-39, 123-125;

(c) Vi, V2 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,

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

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

wherein:

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

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

any one of SEQ ID NOs: 25-42, 120-122;
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{c} Vi1, Vi, and Vi3 each independently comprise a vartable domain sequence as
set forth in any one of SEQ ID NOs: 150, 152, 154, 156, 158, 160, 162, 164, and 166;
(d} Vi1, Vg and Vs each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ 1D
NQOs: 25-42, 120-122, and 126-128; or
(e} Vi, Vi 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 Ci, the Fe region comprising an immunogiobulin hinge
region and Cyy and Cys immunoglobulin heavy chain constant domains.
{0013} In another embodiment, the disclosure provides a binding protein comprising
four polypeptide chains that form three antigen binding sites, wherein a first polypeptide
chain comprises a structure represented by the formula:
Vio-Li-ViiL-Cp {1}
and a second polypeptide chain comprises a structure represented by the formula:
V}u— E.@-V}{z -L4-C}11—hiﬂ gG—C szc}{; {E E}
and a third polypeptide chain comprises a structure represented by the tormula:
\”}{3-CH1—hi1’§g€~CHQ"CH3 HH}
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Co {IV]
wherein:
Vi1 1s a first immunoglobulin light chain vaniable domain;
Vi 1s a second immunoglobulin light chain variable domain;
Vi3 18 a third immunoglobulin light chain vanable domain;
Vi 19 a first immunogliobulin heavy chain variable domain;
Vi 18 a second immunoglobulin heavy chain variable domain;
Vs 18 a third timmunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chain constant domain;
Ci is an immunoglobulin Cy heavy chain constant domain;
Cyqy is an immunoglobulin Cyp heavy chain constant domain;
Cus 18 an immunoglobulin Cis heavy chain constant domain,
hinge is an immunoglobulin hinge region commecting the Cy, and Gy, domains; and

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



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

wherein:

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

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

(¢} Vi1, Viz and Vis 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) Vii Vip and Vi3 each independently comprise hight chain complementarity
determining regions comprising an aming acid sequence as set forth in any one of SEQ ID
NQOs: 43-59, 123-125, 138-140, and 149; or

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

wherein:

(a8) Vui, Vi and Vi are each independently a variable domain derived from an amino
acid sequence as set forth tn any one of SEQ D NGs: 1,3, 9,13, 17, 21, 114

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

(¢} 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, Vip and Vys each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ ID
NOs: 25-42, 120-122, and 126-128; or

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

{0014} In some embodiments, Vi, Vi and Viz each independently comprise a variable
domain sequence as set forth in any one of SEQ ID NOs: 151, 153, 155, 157, 159, 161, 163,
165, and 167; and Vi, Vi and Vi each independently comprise a variable domain
sequence as set forth in any one of SEQ 1D NGs: 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 amino acid sequence as set forth in
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any one of SEQ ID NOs: 43-59, 123-125, 138-140, and 149; and (d) Vy;, 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 NQOs: 25-42, 120-122, and 126-128.
{0015} In some embodiments of any of the binding proteins described herein, (a) Vi
comprises a CDR-HIT 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 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
ID NO: 47, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO48; Vip
comprises a CDR-HI comprising the amine acid sequence of SEQ 1D NO:34, a CDR-H2
comprising the amino acid sequence of SEQ 1D NO:35, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NQO:36; Vi, comprises a CDR-L1 comprising the amino
acid sequence of SEQ 1D NO:52, a CDR-L2 comprising the amino acid sequence of SEQ
D NO:53, 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 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 NG:27; and Vi ; comprises a CDR-L1 comprising the
amino acid sequence of SEQ 1D N(O: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 NO:45; (b)
Vi comprises a CDR-H1 comprising the amivo acid sequence of SEQ ID NG: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 NG:33; Vi comprises a CDR-L1 comprising the amino
acid sequence of SEQ 1D N(O:49, a CDR-L2 comprising the amino acid sequence of SEQ
1D NO:50, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:S1; Vi
comprises a CDR-HI comprising the amino acid sequence of SEQ 1D N34, a CDR-H2
comprising the amino acid sequence of SEQ D NG:35, and a CDR-H3 comprising the
amino acid sequence of SEQ ID N(O: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
1D NO:53, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:54; Vi
comprises a CDR-HI1 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 NO: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 NO:44, and a CDR-L3 comprising the amino acid sequence of SEQ D NG:45; (¢}
9



Y comprises a CDR-H1 comprising the amino acid sequence of SEQ 12 NO:28, a CDR-
H2 comprising the amino acid sequence of SEQ 1D NO:29, and a CDR-H3 comprising the
amino acid sequence of SEQ ID 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
I NO: 47, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:48; Vip
comprises a CDR-HI comprising the amino acid sequence of SEQ ID NO:34, a CDR-H2
comprising the amino acid sequence of SEQ 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 1D NO:52, a CDR-L2 comprising the amino acid sequence of SEQ
D NO:53, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:54; Vi3
comprises a CDR-HI comprising the amino acid sequence of SEQ ID NO:37, a CDR-H2
comprising the amino acid sequence of SEQ 1D N(G: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 ID NO:55, a CDR-LZ 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 N(3:31, a CDR-
2 comprising the amino acid sequence of SEQ ID NGO:32, and a CDR-H3 comprising the
amino acid sequence of SEQ ID N(O:33; Vi, comprises a CBR-L1 comprising the amino
acid sequence of SEQ 1D N(O: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:S1; Vi
comprises a CDR-HI1 comprising the amino acid sequence of SEQ ID N(G:34, a CDR-H2
comprising the amino acid sequence of SEQ ID NG:3S5, 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
13 NO:53, and a CDR-L3 comprising the amino acid sequence of SEQ ID NG:54; Vi
comprises a CDR-HI1 comprising the amino acid sequence of SEQ ID NO:37, a CDR-H2
comprising the aming acid sequence of SEQ ID N(G:38, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:39; and V5 comprises a CDR-L1 comprising the
amino acid sequence of SEQ ID NQO:55, a CDR-L2 comprising the amino acid sequence of
SEQ D NO:56, and a CDR-L3 comprising the amino acid sequence of SEQ D NG:57; (e}
YV comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:28, a CDR-
H2 comprising the amino acid sequence of SEQ ID NG:29, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:30; Vi ; comprises a CDR-L1 comprising the amino
acid sequence of SEQ D NO:46, a CDR-L2 comprising the amino acid sequence of SEQ
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D NG: 47, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:48; Vi
comprises a CDR-HI comprising the amino acid sequence of SEQ ID NO:34, a CDR-H2
comprising the amino acid sequence of SEQ 1D N(G:35, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NG:36; Vi; comprises a CDR-L1 comprising the amino
actd sequence of SEQ 1D N(O:52Z, a CBR-L.2 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 CDR-HI comprising the amino acid sequence of SEQ 1D N(:40, a CDR-H2
comprising the amino acid sequence of SEQ D NG:41, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NG:42; and Vi3 comprises a CDR-L1 comprising the
amino acid sequence of SEQ ID NO:58, 3 CDR-LZ comprising the amino acid sequence of
SEQ ID NG44, 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 NG:32, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:33; V; comprises a CDR-L1 comprising the amino
acid sequence of SEQ ID NO:49, a CDR-L2 comprising the amino acid sequence of SEQ
13 NSO, and a CDR-L3 comprising the amino acid sequence of SEQ ID NG:51; Vin
comprises a CDR-HI1 comprising the amino acid sequence of SEQ ID NO:34, a CDR-H2
comprising the aming 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 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 ID NO:54; Vi
comprises a CDR-HI comprising the amino acid sequence of SEQ ID NG:40, a CDR-H2
comprising the amino acid sequence of SEQ ID NG:41, and a CDR-H3 comprising the
amino acid sequence of SEQ 1D NO:42; and V5 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 ID NO:59; (g)
Y comprises a CDR-H1 comprising the amino acid sequence of SEQ H2 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 D 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 NO48; Vip
comprises a CDR-HI comprising the amine acid sequence of SEQ 1D NO:34, a CDR-H2
comprising the amino acid sequence of SEQ 1D NO:35, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:36; Vi, comprises a CDR-L1 comprising the amino

1



acid sequence of SEQ ID N(O: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; Vi
comprises a CDR-HI1 comprising the amino acid sequence of SEQ 1D NO:126, a CDR-H2
comprising the amino acid sequence of SEQ ID NG:127, and a CDR-H3 comprising the
amino acid sequence of SEQ 1D N(O:128; and Vi: comprises a CDR-L1 comprising the
amino acid sequence of SEQ ID NO: 138, a CDR-L2 comprising the amino acid sequence
of SEQ ID NO: 139, and a CIDR-L3 comprising the amino acid sequence of SEQ 1D
NO:140; (h) Vg, comprises a CDR-HI comprising the amino acid sequence of SEQ 1D
NO:31, a CDR-H2 comprising the amino acid sequence of SEQ D NO:32, and a CDR-H3
comprising the amino acid sequence of SEQ D 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 ID NO:5S 1, Vi comprises a CDR-HI comprising the amino acid sequence of SEQ ID
NO:34, a CDR-HZ comprising the amino acid sequence of SEQ D 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 1D NG: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-HI comprising the amino acid sequence of SEQ 1D
NO:126, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:127, and a CDR-
H3 comprising the amino acid sequence of SEQ 1D NO:128; and Vi; comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NG:138, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:139, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:140; (i) Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ
1D NG:28, a CDR-H2 comprising the amino acid sequence of SEQ ID NGO:29, and a CDR-
H3 comprising the amino acid sequence of SE{ 1D NGO:30; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG:46, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO: 47, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:48; Vg, comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:34, a COR-H2 comprising the amino acid sequence of SEQ ID NGO:3S, and a CDR-H3
comprising the amino acid sequence of SEQ [D 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 N(O:53, 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 ID
NO:120, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:121, and a CDR-
12



H3 comprising the amino acid sequence of SEQ ID NO:122; and V3 comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NO:123, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:124, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:12S; or ) Vi comprises a CDR-H1 comprising the amino acid sequence of
SEQ ID NO:31, a CDR-H2Z comprising the amino acid sequence of SEQ ID NO:32 and a
CDR-H3 comprising the anuno 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 ID NO:S L Vi comprises a CDR-HI comprising the amino acid sequence of SEQ ID
NO:34, a CDR-HZ comprising the amino acid sequence of SEQ D NO: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 1 NG: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; Vi comprises a CDR-HI1 comprising the amino acid sequence of SEQ 1D
NO:120, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:121, and a CDR-
H3 comprising the amino acid sequence of SE{Q 1D NGO:122; and Vi3 comprises a CDR-L1
comprising the amino acid sequence of SEQ D NG: 123, a CDR-L2 comprising the amino
actd sequence of SEQ 1D N(:124, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NOG:125. In some embodiments, (a} Vi comprises a CDR-H1 comprising the
amino acid sequence of SEQ ID NO:34, a CDR-H2 comprising the amino acid sequence of
SEG D NO:35, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:36;
Vi1 comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:52, a CDR-
L2 comprising the amino acid sequence of SEQ 2 NG: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 H3 NO:25, a CDR-HZ comprising the amino acid sequence of SEQ
1D NO:26, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:27; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NG:43, a CDR-L2
comprising the amino acid sequence of SEQ ID NO:44, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:45; Vi comprises a CDR-HI comprising the amino
acid sequence of SEQ 2 NO:25, a CDR-HZ comprising the amino acid sequence of SEQ
D NG: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 CDR-L2
comprising the amino acid sequence of SEQ 1D NO:44, and a CDR-L3 comprising the

amingo acid sequence of SEQ ID NG:45.



{0016} In some embodiments, the binding protein comprises one antigen binding site
that specitically binds a T-cell surface protein and another antigen binding site that
spectfically 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 CD2§, and an antigen binding site that specifically binds
a tumor target protein selected from the group consisting of CD19, CD20, CD38, Her2, and
LAMP1. In some embodiments, Vi and Vi torm a first antigen binding site that
specifically binds human CD3, Vy; and Vi, form a second antigen binding site that
specifically binds human CD28, and Vi and Vs 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 buman CD28, Vip and Vi, form a second
antigen binding site that specifically binds human CD3, and Vuz 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§, Her?2, and LAMP1. In some embodiments, the
antigen binding site that specifically binds CD3 comprises: (a} a heavy chain vasiable
domain comprising 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; or (b) a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 154 and a light chain
variable domain comprising the amino acid sequence of SEQ ID NO: 155, In some
embodiments, the antigen binding site that specifically binds CD3 comprises six CDRs, or a
heavy chain and a light chain vanable domain, shown in Tables 2-5. In some embodiments,
the antigen binding site that specifically binds CD2Z8 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 NGO 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
D NOG: 156 and a light chain variable domain comprising the amino acid sequence of SEQ
1D NO: 157; (b) a heavy chain variable domain comprising the amine acid sequence of
SEQ ID NO: 158 and a light chain variable domain comprising the amino acid sequence of
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SEQ ID NG 159; (¢} a heavy chain variable domain comprising the amino acid sequence
of SEQ ID NO: 164 and a light chain variable domain comprising the amino acid sequence
of SEQ ID NO: 165, (d) a heavy chain variable domain comprising the amino acid
sequence of SEQ ID NO: 150 and a light chain variable domain comprising the amino acid
sequence of SEQ ID NG: 151, or (e) a heavy chain variable domain comprising the amino
acid sequence of SEQ ID NO: 166 and a light chain vaniable domain comprising the amino
acid sequence of SEQ H3 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 hight
chain variable domain, shown in Tables 2-5. In some embodiments, the antigen binding
site that specifically binds a tumor target protein comprises six CDRs, or a heavy chain and
a light chain variable domain, of an anti-Her2, anti-CD19, anti-CD20, anti-CD38, or anti-
LAMP1 binding domain shown in Tables 2-5.
{0017} 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:
Via-bi-Vidla-Co {1
and a second polypeptide chain has a structure represented by the formula:
Va-L3-Vi-Lg-Cy (1]
and a third polypeptide chain has a structure represented by the formula:
Viz-Crn {IIT}
and a fourth polypeptide chain has a structure represented by the formula:
Y% L3~CL {W _E
wherein:
Vi1 18 a first immunogliobulin hight chain variable domain;
Vi 18 a second immunoglobulin light chain variable domain;
Vi3 1s a third immunoglobulin light chain variable domain;
Vi 18 a first immunogiobulin heavy chain variable domain;
Vs 18 a second immunoglobulin heavy chain variable domain;
/i3 18 a third immunoglobulin heavy chain vanable domain;
Cy 1s an immunoglobulin light chain constant domain;
Cm 18 an immunoglobulin Ciy heavy chain constant domain; and
L1, Ly, L3 and L; are amino acid linkers;
wherein the polypeptide of formula 1 and the polypeptide of formula I form a cross-

over light chain-heavy chain pair;



wherein:

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

(¢) Vi1, Viz and V5 each independently comprise a variable domain sequence as set
forth in any one of SEQ 1D NOs:169, 171, and 173;

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

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

wherein:

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

(b) Vi1 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 ID NQOs: 60, 62, 68, 73, 75, 81, 85, 87, 93;

() Vi, Vi, 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 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; or

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

{6018} In some embodiments, the second and/or third polypeptide chain further
comprises an Fe region linked to Cuy, the Fe region comprising an immmunogiobulin hinge
region and Cip; and Cus immunoglobulin heavy chain constant domains.
{0019} In another embodiment, the disclosure provides a binding protein comprising
four polypeptide chains that form three antigen binding sites, wherein a first polypeptide
chain comprises a structure represented by the formula:

Vip-Li-Viba-Cr t
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and a second polypeptide chain comprises a structure represented by the formula:
Vii-L3-Vin-L4-Cui-binge-Cipp-Cas - [1H]

and a third polypeptide chain comprises a structure represented by the formula:
Viz-Cr-hinge-Cyp-Cus [ ]

and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-CL Vi

wherein:

Vi1 18 a first immunoglobulin light chain variable domain;

Vi 18 a second immunoglobulin light chain variable domain;

Vi3 1s a third immunoglobulin light chain variable domain;

T 18 a first immunoglobulin heavy chain variable domain;

Vi 15 a second immunoglobulin heavy chain variable domain;

Vys 18 a third immunoglobulin heavy chain variable domain;

Cy is an immunoglobulin light chain constant domain;

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

Cyp 1s an immunoglobulin Cip heavy chain constant domain;

Cyas 18 an immunoglobulin Cy; heavy chain constant domain;

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

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

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

wherein:

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

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

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

(dy Vi Vip 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) Vi1 Vi and Vi 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 NQOs: 60, 62, 68, 73, 75, 81, 85, 87, 93;

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

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

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

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

{6020} In some embodiments, Vi1, Vi and Vi3 each independently comprise a variable
domain sequence as set forth in any one of SEQ ID NOs:169, 171, and 173; and Vy; V.
and Vi 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 Vi ;each
independently comprise light chain complementarity determining regions comprising an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 141-147, 178, and
179; and Vi, Vip and Vi each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SE( 13 NOs: 129-137.
{6021} In some embodiments of any of the binding proteins described herein, (a) Vi
comprises a CDR-HI comprising the amino acid sequence of SEQ ID NO:132, a CDR-H2
comprising the amino acid sequence of SE( 1D NG:133, and a CDR-H3 comprising the
amino actd sequence of SEQ ID NG:134; Vi, comprises a CDR-L1 comprising the amino
actd sequence of SEQ 1D N(:143, a CBR-L2 comprising the amino acid sequence of SEQ
D NG: 179, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:144; 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 NG:136, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NG:137; Vi, comprises a CDR-L1 comprising the amino
acid sequence of SEQ 1D N(O: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-HI1 comprising the amino acid sequence of SEQ 1D NO:129, a CDR-H2
18



comprising the amino acid sequence of SEQ ID NO: 130, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:131; and Vi3 comprises a CDR-L1 comprising the
aming acid sequence of SEQ ID NQG:141, a CDR-L2 comprising the amino acid sequence
of SEQ ID NO:178, and a CDR-L3 comprising the amino acid sequence of SEQ ID
NO:142; (b} Vi comprises a CDR-H1 comprising the amino actd sequence of SEQ 1D
NO:138, 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 D NG: 145, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO: 146, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NG:147; Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ
1D NO:132, a CDR-H2 comprising the amino acid sequence of SEQ ID NG:133, and a
CDR-H3 comprising the amino acid sequence of SEQ 1D NO:134; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ 1D 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; Vi3 comprises a CDR-HI comprising the amino acid
sequence of SEQ 1D NG:129, a CDR-HZ comprising the amino acid sequence of SEQ ID
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-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; {¢) Vi comprises a CDR-HI comprising the
amino acid sequence of SEQ ID N(G:132, a CDR-H2 comprising the amino acid sequence
of SEQ 1D NO:133, and a CDR-H3 comprising the anmino acid sequence of SEQ D
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 D NG:179, and a CDR-
L3 comprising the amino acid sequence of SEQ ID NO:144; Vi comprises a CDR-H1
comprising the amino acid sequence of SEQ D NG:129, a CDR-H2 comprising the amino
actd sequence of SEQ 1D N(O:130, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NO:131; Vi, comprises a CDR-L1 comprising the amino 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 ID NG 142; Vs 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 CDR-H3 comprising the amino acid sequence of
SEQ ID NO:137; and V5 comprises a CDR-L1 comprising the amino acid sequence of
SEQ D NO: 145, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 146, and a
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CDR-L3 comprising the amino acid sequence of SEQ 1D NG: 147, (d) Vy; comprises a
CDR-H1 comprising the amino acid sequence of 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; Vi, comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NO:141, a CDR-L2 comprising the amino acid sequence of SE{ 1D
NO:178, and a CDR-L3 comprising the amino acid sequence of SEQ ID NG:142; Vi
comprises a CDR-HI1 comprising the amino acid sequence of SEQ 1D N(: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 CDR-L1 comprising the amino
acid sequence of SEQ 1D N(O:143, a CDR-L2 comprising the amino acid sequence of SEQ
1D NG:179, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:144; Vi
comprises a CDR-HI1 comprising the amino acid sequence of SEQ 1D NO: 135, a CDR-H2
comprising the amino acid sequence of SEQ ID NG: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 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; (e) Vy; comprises a CDR-HI1 comprising the amino acid sequence of SEQ ID
NO:135, a CDR-H2 comprising the amino acid sequence of SEQ 1D NG 136, and a CDR-
H3 comprising the amino acid sequence of SEQ ID NO:137; Vi comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NO: 145, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:146, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:147; Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ
D NG: 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 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 NG:178, and a CDR-L3 comprising the amino acid
sequence of SEQ ID N(G:142; Vs comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NQO:132, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:133, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:134; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 143, a CDR-L2
comprising the amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144; (f) Vi comprises a CDR-H1 comprising the
amino acid sequence of SEQ ID NO:129, a CDR-H2 comprising the amino acid sequence
of SEQ ID NO:130, and a CDR-H3 comprising the amino acid sequence of SEQ ID
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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 ID NG 142; Vi comprises a CDR-H1
comprising the amino acid sequence of SEQ ID NG:135, a CDR-H2 comprising the amino
actd sequence of SEQ 1D N(O: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{3:145, a CBR-L.2 comprising the amino acid sequence of SE(} [ NO:146, and a CDR-
L3 comprising the amino acid sequence of SEQ ID NO: 147, Vi3 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
SEQ D NO: 143, a CDR-L2 comprising the amino acid sequence of SEQ ID NO:179, and a
CDR-L3 comprising the amino acid sequence of SEQ 1D NO:144; (g) Va, comprises a
CDR-H1 comprising the amino acid sequence of SEQ ID NO:135, a CDR-H2 comprising
the amino acid sequence of SEQ ID NO:136, and a CDR-H3 comprising the amino acid
sequence of SEQ 1D NG:137; Vi, comprises a CBR-L1 comprising the amino acid
sequence of SEQ 1D NO: 145, a CDR-L2 comprising the amino acid sequence of SEQ ID
NO:146, and a CBR-L3 comprising the amino acid sequence of SEQ 1D NO: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 D NO:133, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:134; Vi, comprises a CDR-L1 comprising the amino
acid sequence of SEQ 1D NO: 143, a CDR-L2 comprising the amino acid sequence of SEQ
D NG:179, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:144; Vi3
comprises a CDR-HI comprising the amino acid sequence of SEQ ID NO:135, a CDR-H2
comprising the amino acid sequence of SE( 1D NG:136, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NG:137; and Vi3 comprises a CDR-L1 comprising the
amino acid sequence of SEQ 1D NO: 145, a CDR-L2 comprising the amino actd sequence
of SEQ ID NO: 146, and a CDR-L3 comprising the anmuno acid sequence of SEQ ID
NO:147; (h) Vi comprises a CDR-H1 comprising the amine acid sequence of SEQ ID
NO:135, a CDR-H2 comprising the amino acid sequence of SEQ D NO:136, and a CDR-
H3 comprising the amino acid sequence of SEQ ID NGO:137; Vi comprises a CDR-L1
comprising the amino acid sequence of SEQ D NG: 145, a CDR-L2 comprising the aming
acid sequence of SEQ 1D NO:146, and a CDR-L3 comprising the amino acid sequence of
SEQ D NO:147; Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ
21



D NG: 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 1D NO:134; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ ID NO:143, a CDR-LZ comprising the
amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the amino acid
sequence of SEQ 1D N(:144; Vi3 comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NQO:132, a CDR-H2 comprising the amino acid sequence of SEQ ID
N{3:133, and a CDR-H3 comprising the amino acid sequence of SEQ ID N(G:134; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO: 143, a CDR-L2
comprising the amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144; (1) Va: comprises a CDR-H1 comprising the
amino acid sequence of SEQ ID NO:132, a CDR-H2 comprising the amino acid sequence
of SEQ ID NO:133, and a CDR-H3 comprising the amino acid sequence of SEQ ID
NO:134; Vi comprises a CDR-L1 comprising the amino acid sequence of SEQ ID
NO:143, a CDR-L2 comprising the amino acid sequence of SEQ D NO:179, and a CDR-
L3 comprising the amino acid sequence of SEQ 1D NG: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 1D NO:136, and a CDR-H3 comprising the amino acid sequence of
SEQ ID NO137, Vi comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D
NO:145, a CDR-L2 comprising the amino acid sequence of SEQ D NO:146, and a CDR-
1.3 comprising the arino acid sequence of SEQ ID NO:147; 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 NO:136, and a CDR-H3 comprising the amino acid sequence of
SEQ ID N(G:137; and V5 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 comprising the amino acid sequence of SEQ ID NO:147; or () Vi comprises a
CDR-HI comprising the amino acid sequence of SEQ ID NG: 132, a CDR-H2 comprising
the amino acid sequence of SEQ 1D NOG:133, and a CDR-H3 comprising the amino acid
sequence of SEQ ID NQO: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
N(:179, and a CDR-L3 comprising the amino acid sequence of SEQ ID NG 144; Vi
comprises a CDR-H1 comprising the amino acid sequence of SEQ ID NGO: 135, a CDR-H2
comprising the amino acid sequence of SEQ D NO: 136, and a CDR-H3 comprising the
amino acid sequence of SEQ ID NO:137; Vi, comprises a CDR-L1 comprising the amino
acid sequence of SEQ 1D NO:145, a CDR-L2 comprising the amino acid sequence of SEQ
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D NG: 146, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:147; Vi3
comprises a CDR-HI comprising the amino acid sequence of SEQ 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 NOG:134; and Vi3 comprises a CDR-L1 comprising the
amino acid sequence of SEQ 1D NO:143, a CDR-L2 comprising the amino actd sequence
of SEQ ID NG: 179, and a CDR-L3 comprising the anmuno acid sequence of SEQ ID
N(O:144. In some embodiments, one or more of Yy, Vi, Vi, Vo, Vi, and Vis
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 froro the group cousisting of TL~4, 1L-13 and TNFa. In some embodiments,
(a)Vy and Vi form a first antigen binding site that specifically binds human TINFa, Vi
and Vi, form an antigen binding site that specifically binds human 1113, and Vs and Vi3
form an antigen binding site that specifically binds human {L4; (b} Vi and V., form a first
antigen binding site that specifically binds human TNFa, Vi, and Vi, form a second
antigen binding site that spectfically binds human 1L4, and Vs and Vi3 form a third
antigen binding site that specifically binds human IL13; (¢} Vy; and Vi form a first antigen
binding site that specifically binds human 1.4, 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 specitically binds human IL13; (d) Vi and Vi1 form a first antigen binding site that
spectfically binds human H.4, Vi, and Vi form a second antigen binding site that
specifically binds human H.13, and Vi and Vi; form a third antigen binding site that
specifically binds human TNFa; (e} Vi and Vi, form a first antigen binding site that
spectfically binds human H.13, Vy; and Vi, form a second antigen binding site that
specifically binds human H.4, and Vs and Vs form a third antigen binding site that
specifically binds human TNFa; or {f} Vi and Vi, form a first antigen binding site that
specifically binds human H.13, Vi and Vi; form a second antigen binding site that
specifically hinds human TNFa, and Vi3 and V3 form a third antigen binding site that
specifically binds human IL4. To 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 NOG:168 and a light chain variable domain comprising the
amino acid sequence of SEQ ID NO:169. In some embodiments, the antigen binding site
that specitically binds human L4 comprises a heavy chain variable domain comprising the
amino acid sequence of SEQ ID NO:170 and a light chain variable domain comprising the
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amino acid sequence of SEQ ID NO:171. In some embodiments, the antigen binding site
that specitically 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 amine acid sequence of SEQ ID NO:173.
{0023} In some embodiments of any of the binding proteins described herein, the
second and/or third polypeptide chain further comprises an Fe¢ region linked to Cyy, the Fe
region comprising an immunogiobulin hinge region and Cy; and Cys immunoglobulin
heavy chain constant domains. In some embodiments, at least one of L}, Ly, Ly or L4 s
independently 0 amino acids in length. In some embodiments, L1, Lo, L3 o 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 L1, Lo, L5 or Ly is independently 0 amino acids in length. In some embodiments, L,
L;, Lyor L4 are each independently at least one amino acid in length. In some
embodiments, one, two, three, or all four of L4, L;, Lz and L4 are between O and 15 amino
acids in length. In some embodiments, at least two of Ly, L, L;and L, are between 1 and
S anmuno acids in length. In some embodiments, (a) L1, Ly, 15 and L4 each independently
are zero amino acids in length or comprise a sequence selected from the group consisting of
GGGGSGGGGS (REQ 1D NO:104), GGGOGSGGGGSGGGES (SEQ IDNG:105), 8, RT,
TKGPS (SEQ 1D NO:106), GOPKAAP (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 1D N(O:104), GGGGSGGGGSGGEES (SEQ
ID NO:105), S, RT, TKGPS (SEQ ID NO:106), GQPKAAP (SEQ ID NO: 175), and
GGSGSSGRGG (REQ 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 compnses the sequence RT; L comprises the sequence
GGGGSGGGES (SEQ ID NO:104), L, comprises the sequence GGGGSGGGGS (SEQ ID
NO:104), L3 15 0 amino acids 1in length, and Ly 15 0 anuno acids in length; Ly corprises the
sequence GGSGSSGSGEG (SEQ ID NO:148), L, comprises the sequence GGSGSSGSGG
(SEQ D NG:148), L5 15 0 amino acids in length, and L, 15 O amino acids in length; or L;
comprises the sequence GGGGSGGGGSGGGES (SEQ ID NO:105), L, 15 0 amino acids in
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fength, L; comprises the sequence GGGGSGGGGSGGGES (SEQ ID NGO:108), and L4150
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 Cy, the first Fe
region comprising an immunoglobulin hinge region and Cp and Cis immunoglobulin
heavy chain constant domains, wherein the first Fc region comprises amino acid
substitutions at positions corresponding to positions 354 and 366 of human IgG1 or IgG4
according to EU Index, wherein the amino acid substitutions are 8354C and T366W; and
wherein the third polypeptide chain further comprises a second Fe region linked to Ci, the
second Fc region comprising an immunoglobulin hinge region and Cy; and Cigs
immunoglobulin heavy chain constant domaius, wherein the second Fc region comprises
amino acid substitutions at positions corresponding to positions 349, 366, 308, and 407 of
human IgG1 or IgG4 according to EU Index, wherein the amino acid substitutions are
Y349C, T3668, L308A, 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 Gz immunoglobulin heavy chain constant
domains, wherein the first Fc region comprises amino acid substitutions at positions
corresponding to posttions 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 Fc region Hoked to Cyy, the
second Fc region comprising an immunogiobulin hinge region and Cypy and Cus
immunoglobulin heavy chain constant domains, wherein the second Fe region comprises
amino acid substitutions at positions corresponding to positions 354 and 366 of human
TgG1 or IgG4 according to EU Index, wherein the amino acid substitutions are $354C and
T366W. In some embodiments, the second polypeptide chain further comprises a first Fe
region linked to Cy, the first Fe region comprising an immunoglobulin hinge region and
Cyy and Cy; immunoglobulin heavy chain constant domains, 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 Cp and Crz immunogliobulin heavy chain
constant domains, wherein the first and/or second Fc regions comprise amino acid
substitutions at positions corresponding to positions 428 and 434 of human 1gG1 or IgG4
according to EU Index, wherein the amino acid substitutions are M428L and 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 1gGl or IgG4
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according to EU Index, wherein the amino acid substitutions are 8354C and T366W; and
wherein the Cys domain of the third polypeptide chain comprises amino acid substitutions
at positions corresponding to positions 349, 366, 368, and 407 of human IgG1 or IgG4
according to EU Index, wherein the amino acid substitutions are Y349(C, T36685, L368A,
and Y407V, In some embodiments, the Cyz domain of the second polypeptide chain
comprises amino actd substitutions at positions corresponding to positions 349, 366, 368,
and 407 of human IgGl or IgG4 according to EU Index, wherein the amino acid
substitutions are Y349C, T3668, L368A, and Y407V, and wherein the Cy; domain of the
third polypeptide chain comprises amino acid substitutions at positions corresponding to
positions 354 and 360 of human 1gG1 or 1g(G4 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 IgG1l 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 Fe region linked to Cyy, the first Fe
region comprising an immunogiobulin hinge region and Cur and Cis immunogiobulin
heavy chain constant domains; wherein the third polypeptide chain further comprises a
second Fe region linked to Cuy, the second Fc region comprising an immunoglobulin hinge
region and Cyy and Cy3 immunoglobulin heavy chain constant domains; and wherein only
one of the first and the second F¢ regions comprises amino acid substitutions at positions
cotresponding to positions 435 and 4306 of human IgG1 or IgG4 according to EU Index,
wherein the amino acid substitutions are H435R and Y436F. In some embodiments, the
Cu3 domains of the second and the third polypeptide chains are human IgG1 Cyz domains,
and wherein only one of the Cys domains comprises amino acid substitutions at positions
cotresponding 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
second polypeptide chain further comprises a first Fc region linked to Cyy, the first Fc
region comprising an immunogiobulin hinge region and Cyyp and Cys immunoglobulin
heavy chain constant domains; wherein the third polypeptide chain further comprises a
second Fc region linked to Ci, the second Fe region comprising an immunoglobulin hinge
region and Cip and Cis immunoglobulin heavy chain constant domains; wherein the first
and/or second Fc regions are human IgG4 Fc regions; and wherein the first and the second
F¢ regions each comprise amino acid substitutions at positions corresponding to positions
228 and 409 of human Ig(G4 according to EU Index, wherein the amino acid substitutions
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are 8228P and R409K. In some embodiments, the Cy3 domains of the second and the third
polypeptide chains are human 1gG4 Cys domains, and wherein the Cys 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 Fc region comprising an immunoglobulin hinge region and
Cip and Cy3 immunogiobulin heavy chain constant domains; wherein the third polypeptide
chain further comprises a second Fc region linked to Cg,, the second Fc region comprising
an immunoglobulin hinge region and Cyp and Ciz immunoglobulin heavy chain constant
domains; wherein the first and/or second Fc regions are human Ig(G4 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 F234A and L235A. In some embodiments, the
Cu3 domains of the second and the third polypeptide chains are human IgG4 Cyz domains,
and wherein the Cys; domains each comprise amino acid substitutions at positions
corresponding to positions 234 and 235 of human Ig(G4 according to EU Index, wherein the
amino acid substitutions are F234A and L235A. In some embodiments, the second
polypeptide chain further comprises a first Fe region linked to Cyy, the first Fe region
comprising an immunoglobulin hinge region and Cpy and Cygs immunoglobulin heavy chain
constant domains; wherein the third polypeptide chain further comprises a second Fe region
linked to Cyi, the second Fc region comprising an immunoglobulin hinge region and Cy»
and Ciz immunoglobulin heavy chain constant domains; wherein the first and/or second Fe
regions are human Ig(G1 Fc regions; and wherein the first and the second Fc regions each
comprise arnino 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 Cysy domains of the second and the third polypeptide
chains are human IgG1 Cys domains, and wherein the Cy; domains each comprise amino
acid substitutions at positions corresponding to positions 234 and 235 of human IgG1l
according to EU Index, wherein the amino acid substitutions are L234A and L235A In
some embodiments, the first and/or second Fc regions are human Ig(G1 Fc 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 Cy,
domain of the first polypeptide chain 1s a human kappa Cy. domain, and the €, domain of
the fourth polypeptide chain is a human lambda Cy domain; or the C, domain of the first
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polypeptide chain is a human lambda Cy domain, and the C domain of the fourth
polypeptide chain is a human kappa Co domain. In some embodiments, the first
polypeptide chain comprises a lambda Cp domain; wherein the Cys domain of the second
polypeptide chain comprises amino acid substitutions at positions corresponding to
positions 354 and 366 of human IgG1 or IgG4 according to EU Index, wherein the amino
acid substitutions are S354C and T366W; wherein the Cy; domain of the third polypeptide
chain comprises amino acid substifutions at posttions 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, T3665, L368A, Y407V, H435R, and Y436F; and wherein the
fourth polypeptide chain comprises a kappa Ci domain. In some embodiments, the first
polypeptide chain comprises a lambda Cr domain; wherein the Cyz domain of the third
polypeptide chain comprises amino acid substitutions at positions corresponding to
positions 354 and 366 of human IgG1 or 1gG4 according to EU Index, wherein the amine
acid substitutions are 8354C and T366W; wherein the Cyp; domain of the second
polypeptide chain comprises amino acid substitutions at positions corresponding to
positions 349, 366, 368, 407, 435, and 430 of human IgG1 or IgG4 according to EU Index,
wherein the amino acid substitutions are Y349C, T3668, L368A, Y407V, H435R, and
Y436F; and wherein the fourth polypeptide chain comprises a kappa € domain. In some
embodiments, the first polypeptide chain comprises a lambda € 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 IgG1l or 1gG4
according to EU Index, wherein the amino acid substitutions are Y349C, T3608, L368A,
and Y407V, and wherein the fourth polypeptide chain comprises a kappa €, domain. In
some embodiments, the first polypeptide chain comprises a kappa Cp domain; wherein the
(Cus domain of the second polypeptide chain comprises amino acid substitutions at positions
corresponding to positions 354 and 366 of human IgG1 or IgG4 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 1gG1l 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 polypeptide chain comprise a human IgGl or IgG4 Fe
regIon.

10027 In another embodiment, the disclosure provides a binding protein comprising a
first polypeptide chain, a second polypeptide chain, a third polypeptide chain and a fourth
polypeptide chain wherein:

(a) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 4 or
an amino acid sequence that s 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 1D
NO: 3; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 1 or
an amino acid sequence that 1s at least 95% ideuntical to the amino acid sequence of SEQ ID
NO: 1; and the fourth polypeptide chain comprises the aminoe acid sequence of SEQ D 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 NO: 10
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
ID NO: 10; the second polypeptide chain comprises the amino acid sequence of SEQ ID NO:
9 or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
I 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 953% wdentical to the amino acid sequence of SEQ
D NQG: 1; and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 2 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NG 2;

(c) the first polypeptide chain comprises the amino acid sequence of SEQ ID NOG: 4 or
an amino acid sequence that s 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 1s at least 95% ideuntical to the amino acid sequence of SEQ ID
NO: 13; and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
14 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 14,

{d) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 10
or an aminc acid sequence that is at least 95% identical to the amino acid sequence of SEQ
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D NO: 10; the second polypeptide chain comprises the amino acid sequence of SEQ ID NOG:
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: 13
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
I NGO 13, and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 14 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 14;

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

(f} 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 ID NOG:
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: 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 feast 95% identical to the amino acid sequence of
SEQ ID NO: 18;

(g} the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 4 or
an 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 1s at least 95% ideuntical to the amino acid sequence of SEQ ID
NO: 3; 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 1D
NO: 21; and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
22 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
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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 is at least 953% wdentical to the amino acid sequence of SEQ
1D NO: 10; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
9 or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
I NO: 9; the third polypeptide chain comprises the amino acid sequence of SEQ 1D NG: 21
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
I3 NO: 21, and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 22 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 22;

(1) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 63
or an amino acid sequence that is at least 953% wdentical to the amino acid sequence of SEQ
1D NO: 63; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
62 or an amino acid sequence that is at least 95% 1dentical to the amino acid sequence of
SEQ ID NO: 62; the third pelypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 60 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 60; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 61 or an amino acid sequence that 1s at least 95% identical to the amino acid
sequence of SEQ ID NG 61

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

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

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

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

(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
D 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 NO: 87; 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 13 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 1D NO: 86;

{0} the tirst 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; the second polypeptide chain comprises the amino acid sequence of SEQ ID NOG:
93 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEG ID NO: 93; the third polypeptide chain comprises the amino acid sequence of SEQ ID
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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
D 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 ID NOG: 69
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
13 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 ID 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; 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 NOG: 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
13 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 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 chain comprises the amino acid sequence of SEQ
D NO: 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 86;

(r) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 63
or an amino acid sequence that is at least 953% wdentical to the amino acid sequence of SEQ
13 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; the third polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 73 or an amino acid sequence that 1s 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 ID NG: 74;

(s} the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 63
or an amino acid sequence that is at least 953% wdentical to the amino acid sequence of SEQ
1D NO: 63; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
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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 {east 95% identical to the amino acid sequence of
SEQ 1D NO: 85; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
I» NO: 86 or an amino actd sequence that i1s at least 95% identical to the amino acid
sequence of SEQ ID NO: 86;

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

(u} the first polypeptide chain comprises the amino acid sequence of SEQ ID NO:
10 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 10; the second polypeptide chain comprises the amino acid sequence of SE(Q
D 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: 114 or an amino acid sequence that is at least 95% identical to the amino
acid sequence of SEQ 1D NO: 114; and the tourth 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 amine acid sequence of SEQ ID NO: 115,
{0028} In another embodiment, the disclosure provides an isolated nucieic acid
molecule comprising a nucleotide sequence encoding the binding protein or polypeptide
thereot 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 erobodirents. Tn another embodiment, the disclosure provides an 1solated host cell
comprising the nucleic acid molecule according 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
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polypeptide chain of a binding protein according to any of the above embodiments. In
some embodiments, the vector system comprises a first vector encoding the first
polypeptide chain of the binding protein, a second vector encoding the second polypeptide
chain of the binding protein, a third vector encoding the third polypeptide chain of the
binding protetn, and a fourth vector encoding the fourth polypeptide chain of the binding
protein. In some embodiments, the vector system comprises a first vector encoding the first
and second polypeptide chains of the binding protein, and a second vector encoding the
third and fourth polypeptide chains of the binding protein. In some embodiments, the one
or more vectors are expression vectors. In one embodiment, the disclosure provides an
isolated host cell comprising the vector system according to any of the above embodiments.
In one embodiment, the disclosure provides a method of producing a binding protein, the
method comprising: a) culturing a host cell according to any of the above embodiments
under 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.

10029} In another embodiment, the disclosure provides a method of preventing and/or
treating cancer tn a patient comprising administering to the patient a therapeutically
etfective amount of at feast 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 embaodiments 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 embodiments,
the binding protein comprises one antigen binding site that specifically binds a T-cell
surface protein and another antigen binding site that specifically binds a tumor target
protein. 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 trom 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 A2ZAR,
APRIL, ATPDase, BAFF, BAFFR, BCMA, BlyS, BTK, BTLA, B7DC, B7TH1, B7TH4,
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B7HS, B7H6, B7H7, BTRPY, B7-4, €3, 5, CCL2, CCL3, CCL4, CCLS, CCL7, CCLS,
CCL11, CCL15, CCL17, CCL19, CCL20, CCL21, CCL24, CCL2S, CCL26, CCR3, CCRA4,
CD3, CD19, CD20, CBZ3, CD24, CD27, CD28, CD38, CD39, CD40, C170, CD8O, CD86,
CD122, CD137, CDI137L, CD152. CD154, CD160, CD272, CD273, CD274, CD275,
CD27¢6, CD278, CD279, CDHI, chitinase, CLECY, CLECST, CRTH2, CSF-1, C8F-2,
(CSF-3, CX3CL1, CXCL12, CXCL13, CXCR3, DNGR-1, ectonucleoside triphosphate
diphosphohydrolase 1, EGFR, ENTPD1, FCERTA, FCERI, FLAP, FOLHI1, Gi24, GITR,
GITRL, GM-CSF, Her2, HHLA2, HMGB1, HVEM, ICOSLG, IDO, IFNg, IgE, IGFIR,
IL2Rbeta, IL1, IL1A, TL1B, ILIF10, IL2, IL4, IL4Ra, IL5, IL5R, 1L6, IL7, IL7Ra, IL8,
1.9 IL9R, IL10, rhil 10, 112, IL13, IL13Ral, HL13RaZ, 1S, IL17, IL17Rb, IL18, IL22,
1123, 1125, 1127, 1L33, L35, ITGB4, ITK, KIR, LAG3, LAMP, leptin, LPFS2, MHC
class IL, NCR3LG1, 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, TLRO, TMEF1, TNFa, TNFRSF7, Tpss, TREMI,
TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1.
{00361 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, IL-13
and TNFa. In some embodiments, two of the three binding sites specifically bind a
cytokine target protein selected from the group consisting of IL-4, IL-13 and TNFa. In
some embodiments, the at least one binding protein 1 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,
BiyS, BTK, BTLA, B7DC, B7H1, B7H4, B7H5, B7H6, B7H7, BTRP1, B7-4, C3, C5,
CCL2, CCL3, CCL4, CCLS, CCL7, CCLS, CCL11, CCL15, CCL17, CCL19, CCL20,
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CCLZY, CCL24, CCLZS, CCL26, CCR3, CCRA4, CD3, CD19, CB20, €23, CD24, CD27,
CD28, CD3B, CD39, CD40, CD70, CDB0, CD36, 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 diphosphobydrolase 1, EGFR,
ENTPD1, FCER1A, FCER1, FLAP, FOLH1, Gi24, GITR, GITRL, GM-CSF, Her2,
HHLA2, HMGB1, HVEM, ICOSLG, IDO, IFNg, IgH, IGFIR, IL2Rbeta, IL1, 1L1A 1118,
IL1F10, IL2, IL4, [L4Ra, ILS, ILSR, TL6, IL7, IL7Ra, IL8, ILO, ILOR, 1L10, thiL10, IL12,
113, TLI3Ral, IL13Ra2, IL15, IL17, IL17Rb, 1L18, IL22, 1123, 1125, 1127, 1133, L3S,
ITGB4, ITK, KIR, LAG3, LAMPI leptin, LPFS2, MHC class I, NCR3LG1, NKG2D,
NTPDase-1, OX40, OX40L, PD-1H, platelet receptor, PROM1, $152, SISP1, SLC, SPG64,
S§T2, STEAPZ, Syk kinase, TACE TDO, T14, TIGIT, TIM3, TLR, TLRZ, TLR4, TLRS,
TLRO, TMEF1, TNFa, TNFRSF7, Tp55, TREMI, TSLP, TSLPR, TWEAK, VEGF,
VISTA, Vstm3, WUCAM, and XCR1.
{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 a binding protein comprising four polypeptide chains that form
three antigen binding sites that specifically bind one or more antigen targets or target
proteins, wherein a first polypeptide chain comprises a structure represented by the
formula:
Vip-Li-Vig-Ly-C f1]
and a second polypeptide chain comprises a structure represented by the formula:
V}ﬂ~L3“V'1-12"L4-"Cﬂrhingewcﬁz"cm Y
and a third polypeptide chain comprises a structure represented by the formula:
Viz-Cr {1}
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Co Hvi
Vi 15 a first immunoglobulin light chain variable domain;
Vi 18 a second immunoglobulin light chain variable domain;
Via1s a third immunoglobulin light chain variable domain;
Vi 18 a first immunogliobulin heavy chain variable domain;
Vs 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;
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Cy 1s an imnmunoglobulin Cy; heavy chain constant domain;

Cip is an immunoglobulin Cip heavy chain constant domain;

Cus is an immunoglobulin Cy; heavy chain constant domain;

hinge 1s an immunoglobulin hinge region connecting the Cy; and Cy, domains; and

Ly, Lo, L3 and Ls 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 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
EU Index, wherein the amino acid substitutions are H435R and Y436F;
{b) contacting the binding protein produced in {a) with Protein A; and
(c) eluting the binding protein from Protein A under conditions suitable for isolating the
binding protein away from binding proteins comprising either 0 or 2 Cys domains
comprising the amino acid substitutions are H435R and Y4306F.
{0032} In some embodiments, the Cy, domain of the first polypeptide chain is a human
kappa Cr domain, and the {1 domain of the fourth polypeptide chain s a2 human lambda Cp
domain; or 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 € domain, and the method
further comprises: {d) contacting the binding protein eluted in (¢) with a kappa light chain
attinity medium; and {e) eluting the binding protein from the kappa light chain atfinity
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}, () 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 suttable for isolating the binding protein away from
binding proteins comprising only kappa Cy, domains. In some embodiments, the € 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 Ci, domain; or the C;, domain of the first polypeptide
chain 1s a human lambda Ci domain, and the Co 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 light chain affinity medium under conditions suitable for isolating
the binding protein away from binding proteins comprising only kappa Cy domains. In
some embaodiments, 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 1solating
the binding protein away from binding proteins comprising only lambda Cy domains. In
some embodiments, the first polypeptide chain comprises a lambda Cp, domain; wherein the
Cuz 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 Ci; domain of the third
polypeptide chain comprises amino acid substitutions at positions corresponding to
positions 349, 366, 368, 407, 435, and 436 of human IgGl according to EU Index, wherein
the amino acid substitutions are Y349C, T3668, L368A, Y407V, H435R, and Y436F; and
wherein the fourth polypeptide chain comprises a kappa Cp, domain. In some embodiments,
the binding protein is detected in one or more of (¢} and (¢} using hydrophabic interaction
chromatography (HIC). In some embodiments, the Cyz domains and/or Fe regions of the
second and the third polypeptide chains are human IgGl or IgG4 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

{0034} 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 wherein a second pair of polypeptides possess a single variable domain
(VH3 and VL3) forming a single antigen binding site. FIG. 1A shows a trispecific binding
protein comprising a “knobs-into-holes” mutation, where the knob is on the second pair of
polypeptides with a single variable domain. FIG., 18 shows a trispecific binding protein
comprising a “knobs-into~-holes” mutation, where the knob is on the first pair of
polypeptides having the cross-over orientation. FIG., 1C 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 disclosure) indicates variable domain 1 and variable
domain 2 of light chain B.

{0035} FIG. 2 shows the resulis of an ELISA assay determining the binding of an anti-
Her2 x CD28 x CD3 IgG4 tnspecific 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 Ig(G4 trispecific antibody (referred to
herein as “Binding protein 17}, an anti-CD28 x CD3 1g(G4 bispecitic antibody (huCD28 x
CD3), an anti-Her? gGl antibody, or a control antibody (human-IgG1), using human
PBMC at the E:T=10. FIG. 3A shows the results of trispecific antibody-mediated specific
killing of ZR-75-1 cells. FIG, 3B shows the results of trispecific antibody-mediated
specific killing of AUSGS cells. FIG, 3C shows the results of FACS analysis determining
the cell surface expression of the indicated markers on ZR-75-1 and AUS6S cells.

16037} FIGS. 4 & 5 show the results of antibody-mediated specific killing of Her2"
breast cancer cells using an anti-Her2 x CD28 x CD3 Ig(G4 trspecific antibody (Binding
protein 1), an anti-CD28 x CD3 IgG4 bispecific antibody (huCD2Z8 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. § shows the results of antibody-mediated
specific killing of AUS65S cells using human PBMCs from donor KP45944 at E:T=10.
FIGS. 4 & 5 confirm similar cell killing results as shown in FEGS., 3A-3C using PBMCs
from a different donor.

{6038} 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,q; referred to herein as “Binding Protein 17), anti-Her2 x CD28 x
CD3 IgG4 tnspecific binding protein lacking the anti~-CD28 binding domain
{HERZ2/ACDZ8xxCD3 i), anti-HerZ x CD2Z8 x CD3 Ig(G4 trispecific binding protein
lacking the anti-CD3 binding domain (HER2/CD284,,xACD3 ), anti-Her2 x CD28 x CD3
1gG4 trispecific binding protein lacking both anti-CDZ8 and anti-CD3 binding domains

44



{(HER2/A(CD284,p,xACD3y4)), control anti-CD3 monoclional antibody, or control IgG4
antibody. FIG. 6A shows the activation (CD69") of human CD4" T cells from three donors.
FIG. 6B shows the activation (. CD697) of human CD&" T cells from three donors. CD28p
anti-CD28 superagonist antibody. CD3 e anti-CD3 antibody.
{0039} FI1GS. 7A-C show IL-2, NFxB, and nuclear factor of activated T-cells (NFAT)
pathway activation via anti-CD3 and anti-CD28 signaling, as measured by huciferase assay
using human Jurkat T cells with an 1L-2 promoter-luciferase construct (FEG. 7A), an NF«B
promoter-luciterase construct (FIG., 7B), or an NFAT promoter-luciferase construct (FIG.
7C). Autibodies tested were those described above in reference to FIGS. 6A-6D.
{0040} FIG. 8 shows the results of an ELISA assay determining binding of an anti-
CD19 x CD28 x CD3 IgG4 trspecific antibody (referred to herein as “Binding Protein 37),
or isotype control antibody, to CD3, CD28, and C1319. 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. FEG. 9B 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 KP4857
at E:'T=10. FIG, 9D shows the results of antibody-mediated specific killing of OCI-LY 19
cells using PBMCs from donor KP48573 at E:T=10. FIG. 9E shows the results of
antibody-mediated specific killing of human vmphoma 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. 3G
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. F1G. 9H shows the results of
antibody-mediated specific killing of human multiple myeloma RPMIB226 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 celis using PBMCs from donor
KP48572 at E:T=10. FIG. 9J 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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9L shows the resuits of antibody-mediated specific killing of SUDHLS celis using PBMCs
from donor KP48573 at E:T=10. FIG. 9M 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. 10 shows the results of an ELISA assay determining binding of an anti-
CD38 x CD28 x €3 1gG4 wrispecific antibody (Binding Protetn 5), or isotype control
antibody, to CD3, CD28 and CD38. The bound antibodies were detected using a
horseradish peroxidase (HRP)-conjugated anti-Fab secondary antibody.
{6043} FIGS. 11A-11D show the results of antibody-mediated specific killing of
CD38" human multiple myeloma cancer cells using an anti-CD38 x CD28 x CD3 IgG4
trispecific antibody (Binding protein 5}, an anti-CD28 x CD3 1gG4 bispecific antibody
(huCD28 x CD3), an anti-CD38 IgGl antibody, or a control antibody (thuman-IgG1). FIG.
11A shows the results of antibody-mediated specific killing of MOLP-8 cells using human
PBMUC as effector cells at E:T=10. FIG. 118 shows the results of antibody-mediated
specific killing of RPMI-8226 cells using human PBMC as effector cells at E:T=10. FIG.
11C shows the results of antibody-mediated specific killing of KMS-12-BM cells using
human PBMC as effector cells at E:T=10. FIG. 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.
10044} FIGS. 12A4-12D 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 Ig(G4 bispecific antibody
(huCD28 x CB3), an anti-CD38 IgG1l antibody, or a control antibody (human-IgG1l), using
human PBMC as effector cells at E:T=10 . FIG. 12A shows the results of antibody-
mediated specitic killing of NCI-H929 cells. FIG. 128 shows the results of antibody-
mediated specific killing of MM.1S cells. FIG. 12C shows the results of antibody-mediated
specific killing of MM 1R cells. FIG., 12D shows the results of FACS analysis determining
the cell surface expression of the indicated markers on NCI-H929, MM. 1§, and MM. IR
cells.
[0045] FIGS. 13A-13D show the results of antibody-mediated specific killing of
CD38" human niultiple myeloma cancer cells using an anti-CD38 x CD28 x CD3 IgG4
trispecific antibody (Binding protein 5), an anti-CD28 x CD3 Ig(G4 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:XT=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. FEG. 13C shows the results of antibody-mediated specific
killing of U266 cells. FIG. 13D shows the results of FACS analysis determining the cell
surface expression of the indicated markers on OPM-2, KMS-26, and 1226 cells.
{0046} FIGS, 14A-14C show the results of antibody-mediated specific killing of
CD38" human lymphoma cancer cells using an anti-CD38 x CD28 x CD3 Ig(G4 trispecific
antibody (Binding protein 5), an anti-CD28 x CD3 Ig(G4 bispecific antibody (huCD28 x
CD3), an anti-CD38 IgGl antibody, or a control antibody (human-IgGl), using human
PBMC as effector cells at E:T=10. FIG. 14A shows the results of antibody-mediated
specific killing of SUDHL-8 cells. FIG. 14B shows the resulis of antibody-mediated
spectfic killing of OCI-LY 19 cells. FIG. 14C shows the results of FACS analysis
determining the cell surface expression of the indicated markers on SUDHL-8 and OCI-
LY19 cells.
{06047} FIGS, 15A-15D show the results of antibody-mediated specific killing of
CD38" ALL cancer cells using an anti-CD38 x CD28 x CD3 [gG4 trispecific antibody
(Binding protein 5), an anti-CD28 x CD3 1gG4 bispecific antibody (huCD28 x CD3), an
anti-CD38 IgGT antibody, or a control antibody (human-lgG1), using human PBMC as
etfector cells at E:T=10. FIG. 154 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. FI1G. 15D shows the results of FACS analysis determining the cell surface
expression of the indicated markers on KOPN-8, HAL-1, and CCRF-SB cells.
{0048} FIG. 16 shows the results of antibody-mediated specific killing of CD38"
myeloma cancer cells using anti-CD38 x D28 x CD3 1g(G4 trispecific antibodies (referred
to herein as “Binding protein 57 and “Binding Protein 6,” depending on the specific anti-
(D28 binding domain used), an anti-CD28 x CD3 IgG4 bispecific antibody (huCD28 x
CD3), an anti-CD38 1gG1l antibody, a control anti-CD38 IgGl antibody, or a control
antibody (human-Ig(G1), using PBMCs from donor PK45926 at E:T=10.
10049} FIGS. 17A & 178 show [L.-2, NF«B, and nuclear factor of activated T-cells
(NFAT) pathway activation via anti-CD3 and anti-CD28 signaling, as measured by
fuciferase assay using human Jurkat T cells with an {L-2 promoter-tuciferase construct
(FIG. 17A) or an NFAT promoter-luciferase construct (FIG. 17B). Antibodies tested were
anti-CD38 x CD28 x CD3 IgG4 trispecific IgG4 antibody (Binding Protein 5, labeled as
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“Tri-Ab”), anti-CD38 x CD28 x CD3 1gG4 trispecific IgG4 antibody lacking the CD28
binding domain (labeled as “Tri-Ab (ACD28)), anti-CD38 x CD28 x CD3 Ig(G4 trispecific
1gG4 antibody lacking the CD3 binding domain (labeled as “Tri-Ab (ACD3)), and anti-
CD38 x CD28 x D3 IgG4 trispecific IgG4 antibody lacking the CD3 and CD28 binding
domains (Jabeled as “Tri-Ab (ACD2Z8x ACD3)). Luciferase assays were performed in
duplicate for each of the indicated Tri-Abs.

{00506} FIGK, 18A-18K show the results of a dose escalation toxicity study using the
anti-Her2 x CD28 x CD3 IgG4 trispecitic antibody (referred to herein as “Binding protein
17} 10 non-human primates (dose escalating from 0.1, 0.5, 2.5, 5, 10, to 100 ug/kg; animals
labeled as “409” and “410”). FIG. 18A shows the results of circulating CD4™ T cells
percentage in each animal, 6 hours post administering the anti-Her2 x CD28 x CD3
trispecific antibody. FIG. 18B shows the results of circulating CD8" T cells percentage in
each animoal, 6 hours post administering the anti-Her2 x CD28 x CD3 trispecific antibody.
FIG. 18C shows the results of the activation (CD69") of circulating CD4™ T cells 6 hours
post dosing. FIG. 18D shows the results of the activation (CD697) 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 CD?3 trispecific antibody at each dosing.
{0051} FI1GS. 19A-B show the in vivo anti-tumor activity of the anti-Her2 x CD28 x
D3 1gG4 trispecific antibody (referred to herein as “Binding protein 1) in the CD34”
urnbilical 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 trispecitic 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 trispectfic binding protein or PBS control.

{0052 FIGK, 20A-20H show the in vive anti-tumor activity of the anti-Her2 x CD28 x
CD3 IgG4 tnspecific antibody (referred to herein as “Binding protein 17} in the human
PBMUCs humanized NSG mouse model implanted with BT474 cells. FIG. 28A shows the
etfect of administering the indicated concentrations of the anti-Her2 x CD28 x CD3
trispecific binding protein, the indicated concentrations of Herceptin, or vehicle control, on
the body weight of the mice. FIG. 208 shows the dose-dependent anti-tumor activity of the
anti-Her2 x CD28 x CD3 tnspecific binding protein, Herceptin or indicated controls, as in
individual mice. F1G. 20C shows the average tumor volume in the mice after
administration of the indicated concentrations of the anti-Her2 x CD238 x CD3 trispecific
binding protein or PBS control. F1G. 20D shows the average tumor volume in the mice
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after administration of the indicated concentrations of Herceptin or PBS control. FIG. 20F
shows bar graphs of the average tumor volume at day 34 10 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 adminisiration of the indicated concentrations of the anti-
Her2 x CD28 x CD3 trispecific binding protein, the indicated concentrations of Herceptin,
or PBS control. FIG. 208G shows the human CD45+, CD3+, CD4+, CD8+ cells in the blood
of the mice at the end of the study. FIG. 20H shows the human CD45+, CD3+, CD4+,
CD8+ cells in the spleens of the mice at the end of the study.

{0053] FIGS. 21A-F show the results of a dose escalation toxicity study using the anti-
D38 x CD28 x CD3 IgG4 trspecific antibody (Binding protein ) in non-human primates
(dose escalating from 0.1, 0.5, 2.5, 5, 10, to 100 ug/kg). FIG. 21 A shows T cell activation
(CD69") (line graph) and proliferation (bar graph) of circulating CD4™ T cells after
administration of the anti-CD38 x CD28 x CD3 trispecific antibody. F1G. 21B shows T cell
activation (CD697) (line graph} and proliferation (bar graph) of circulating CD8" T cells
after administration of the anti-CD38 x CD28 x CD3 trispecific antibody. FIG. 21C shows
IL6 release in animals receiving the anti-CD38 x CD28 x CD3 trispecific antibody 6 hours
post each dosing by individual animal. ¥1G. 21D shows IL10 release in animals receiving
the anti-CD38 x CD28 x CD3 trispecific antibody 6 hours post each dosing by individual
animal. FIG. 21E shows TNFu release 1o 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 tnspecific antibody 6 hours post each dosing by individual animal.

{0054} FIGS, 22A-22C show the in vive anti-tumor activity of the anti-CD38 x CD28 x
D3 I1gG4 trspecific 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. ¥1G. 224 shows the iz 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 hurman 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 CD3 trispecific binding protein or the indicated controls.

{00585} FIGK. 23A-23D show the in vivo activity of the anti-CD38 x CD28 x CD3 IgG4
trispecific antibody (Binding protein 5} in the CD34+ umbilical cord blood cells humanized
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NSG mouse model implanted with RPMI-8226 cells transduced with CD38 and PD-L1.
FIG. 23A shows the change in body weight of mice treated with the indicated
concentrations of the anti-CD38 x CD28 x CD3 trispecific binding protein or PBS control.
FIG. 23B shows the change 1n 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,
TNE, and IL-2 in mice four hours after the first dose of the indicated concentrations of the
anti-CD38 x CD28 x CD3 trispecific binding protein or PBS control.

{0056} FIGR, 24 & 25 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 IgG4 tnspecific antibody (Binding protein S; triangles), an anti-CD28 x CD3 IgG4
bispecific antibody (squares), or an anti-CD28 1G4 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 CD&" T cells.

{00571 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 1gG4 tnispecific antibody (Binding protein 5; triangles), an anti-CD28 x CD3 1gG4
bispecific antibody (squares), or an anti-CD28 Ig(G4 antibody (circles) by determining the
serum levels of inflammatory cytokines. FIG., 26A shows the serum levels of IL-2. FIG,
26B shows the serum levels of TNF. FEG. 26C shows the serum levels of [FN-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 Proteins 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).
10060} FIG. 288 shows each of the configurations tested.

{0061} FIG. 29 shows representative chromatograms from analytical hydrophobic
interaction chromatography (HIC), demonstrating that trispecific binding proteins were

distinguishable from mispaired species.
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{0062} FIGS. 38A & 308 show the successful purification of a binding protein with
fambda light chain for CODYV arm, kappa light chain for Fab arro, knob mutations on
CODV arm, hole mutations on Fab arm, and RF mutations on Fab arm by Protein A
followed by KappaSelect (GE Healthcare) punification steps. Successful purification of
binding protein from mispaired species was demonsirated by hydrophobic interaction

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

DETAILED DESCRIPTION

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

General Definitions

10064} As utilized in accordance with the present disclosure, the following terms,
unless otherwise indicated, shall be understood to have the following meantogs. Unless
otherwise required by context, singular terms shall include pluralities and plural terms shall
include the singular.

10065} 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 polynuclectide 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, phoshoraniiadate and phosphoroamidate. The term
"polynucleotide” specifically 1ncludes single~stranded and double-stranded forms of DNA.
10066} An "isolated polynucleotide” is a polynuclectide of genomic, cDNA, or
synthetic origin or some combination thereof, which: (1) is not associated with all or a
portion of a polynucleotide in which the isolated polynucleotide is found in nature, (2} 1s
finked to a polynucleotide to which it is not linked in nature, or (3) does not occur 1o nature
as part of a larger sequence.

{00671 An "isolated polypeptide” is one that: (1} 1s free of at least some other

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

10068 Naturally occurring antibodies typically comprise a tetramer. Hach such
tetramer is typically composed of two identical pairs of polypeptide chains, each pair
having one full-length "light” chain (typically having a molecular weight of about 25 kDa)
and one full-length "heavy" chain (typically having a molecular weight of about 50-70
kBa). The terms "heavy chain" and "light chain” as used herein refer to any
immunoglobulin polypeptide having sufficient variable domain sequence to confer
specificity for a target antigen. The amino-terminal portion of each light and heavy chain
typically includes a variable domain of about 100 to 110 or more amino acids that typically
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 tull-length heavy chain immunogiobulin polypeptide includes a variable domain
{Vu) and three constant domains (Cyi, Cipp, and Cys), wherein the Vg domain is at the
amino-~-terminus of the polypeptide and the Cy; dormain 1s at the carboxyl-terminus, and a
full-length light chain immunoglobulin polypeptide includes a variable domain (Vi) and a
constant domain (Cyr), wherein the Vi domain is at the amino-terminus of the polypeptide
and the Cp 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, 1gG3, and IgG4. 1gM has subclasses
including, but not limited to, IgM1 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 IMMUNGLOGY (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 tramework regions (FR) joined by three hypervariable regions, also called
complementarity determining regions or CIDRs. 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-terminus to the carboxyl-terminus, both light and heavy chain
variable domains typically comprise the domains FR1, CDR1, FR2, CDR2, FR3, CDR3,
and FR4.

10070} 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 (MNational 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 CDRs may be referred to as
Kabat CORs. Chothia and coworkers (Chothia and Lesk, 1987, J Mol Biol 196: 901-17,
Chothia ef ol , 1989, Nature 342: 877-83) found that certain sub-portions within Kabat
CDRs adopt nearly identical peptide backbone conformations, despite having great
diversity at the level of amino acid sequence. These sub-portions were designated as L1,
L2, and L3 or H1, HZ, 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, FASEBJ 9: 133-
39, MacCallum, 1996, ./ Mol Riol 262(5). 732-45; and Lefranc, 2003, Dev. Comp.
Immunol. 27 55-77. Still other CDR boundary definitions may not strictly follow one of
the herein systems, but will nonetheless overlap with the Kabat CDRs, although they may
be shortened or fengthened in light of prediction or experimental findings that particular
residues or groups of residues ot 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," /i
Antibody Engineering, Vol 2. Konterrnann R, Dubel S, eds. Springer-Verlag, Berdin, p.
33-51 (2010). The amino acid sequence of the heavy and/or light chain variable domain
may be also wnspected to identity the sequences of the CDRs by other conventional
methods, e.g., by comparison to known amino acid sequences of other heavy and light
chain variable regions to determine the regions of sequence hypervariability. The
numbered sequences may be aligned by eve, or by employing an alignment program such
as one of the CLUSTAL suite of programs, as described in Thompson, 1994, Nucleic Acids
Hes. 22 4673-80. Molecular models are conventionally used to correctly delineate
framework and CDR regions and thus correct the sequence-based assignments.

{0071} The term "Fc" as used herein refers to a molecule comprising the sequence of a
non-antigen-binding fragment resulting from digestion of an antibody or produced by other
means, whether in monomeric or multimeric form, and can contain the hinge region. The
original immunoglobulin source of the native Fc 1s preferably of human origin and can be
any of the immunoglobulins, although IgGl 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 {0 4
depending on class {e.g, 1gG, IgA, and IgE} or subclass {e.g, IgG1, 1gGZ, 1gG3, 1gAl, and
feGAZ). One example of a Fe is a disuifide-bonded dimer resulting from papain digestion
of an Igs. The term "native Fc" as used herein is generic to the monomeric, dimeric, and
multimeric forms.

16072} A F(ab) fragment typically includes one light chain and the Vy and Cy; domains
of one heavy chain, wherein the Vy-Cyj 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 vanable domains separated by an
amino acid linker and one heavy chain containing two variable domains separated by an
amino acid linker and a Cyq domain.

{06073} A F(ab') fragment typically includes one light chain and a portion of one heavy
chain that contains more of the constant region (between the Cy; and Cyy domains), such
that an interchain disulfide bond can be formed between two heavy chains to form a F(ab');
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:

Virbi-Vi-le-Cy {1
and a second polypeptide chain has a structure represented by the formula:
Vai-La-Vi-Ls-Cuy {11
and a third polypeptide chain has a structure represented by the formula;
Viz- Cmn (1]
and a fourth polypeptide chain has a structure represented by the formula:
Vi~ Co v
wherein:
Vi1 1s a first immunoglobulin light chain variable domain;
Vi 18 a second immunoglobulin light chain variable domain;
Vi3 is a third immunoglobulin light chain vanable domain;
Vi 18 a first immuvogiobulin heavy chain variable domain
Vi 18 a second immunoglobulin heavy chain variable domain;
Vi 18 a third immunoglobulin heavy chain varable domain;
Cy ts an immunoglobulin light chain constant domain;
Cyqy 18 an immunoglobulin Cyy heavy chain constant domain; and
L1, L, L5 and L4 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.
10075] A "recombinant" molecule is one that has been prepared, expressed, created, or
isolated by recornbinant means.
{0076} One embodiment of the disclosure provides binding proteins having biological
and immunological specificity to between one and three target antigens. Another
embodiment of the disclosure provides nucleic acid molecules comprising nucleotide
sequences encoding polypeptide chains that form such binding proteins. Another
embodiment of the disclosure provides expression vectors comprising nucleic acid
molecules comprising nuclectide sequences encoding polypeptide chains that form such
binding proteins. Yet another embodiment of the disclosure provides host cells that express
such binding proteins (i.e., comprising nucleic acid molecules or vectors encoding

polypeptide chains that form such binding proteins).



{6677} The term "swapability" as used herein refers to the interchangeability of vaniable
domains within the binding protein format and with retention of folding and ultimmate
binding affinity. "Full swapability” refers to the ability to swap the order of both Vi and
Vi domains, and therefore the order of Vi; and Vi, domaiuns, in the polypeptide chain of
formula 1 or the polypeptide chain of formula I (i.e, to reverse the order) while
maintaining full functionality of the binding protein as evidenced by the retention of
binding affinity. Furthermore, it should be noted that the designations Vi and Vi refer only
to the domain's location on a particular protein chain in the final format. For example, Vi
and Vi could be denved from Vi and Vi domains in parent antibodies and placed 1nto
the Vi and Vg positions in the binding protein. Likewise, Vi and Vi could be derived
from Vi and Vi domains in parent antibodies and placed in the Vi and Vi positions in
the binding protein. Thus, the Vy and Y, designations refer to the present location and not
the original location in a parent antibody. Vg and Vi domains are therefore "swappable”
{6078} 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 s 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.

{00679} The term "Her2" refers to human epidermal growth factor receptor 2 which is a
member of the epidermal growth factor receptor family.

{0080] "CD3" 18 chuster 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" 1s cluster of differentiation 28 polypeptide and 15 a T-cell surface
protein that provides co-stimulatory signals for T-cell activation and survival.

{0082} "CD19" 1s cluster of differentiation 19 polypeptide and is located on B-cells.
{0083] "CD20" is cluster of differentiation 20 polypeptide and is an activated-
glycosylated phosphoprotein expressed on the surface of B-cells.

{0084} "CD38" is cluster of differentiation 38 polypeptide and 13 a glycoprotein found
on the surface of many immune cells,

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

{6086} "IL-4" is interleukin 4 and is a cytokine that induces differentiation of naive

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

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

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

10090} The term "monospecific binding protein” refers to a binding protein that
specifically binds to one antigen target.

{6091} The term "monovalent binding protein” refers to a binding protein that has one
antigen binding site.

10092} The term "bispecific binding protein” refers to a binding protein that specifically
binds to two different antigen targets.

{6093} The term "bivalent binding protein" refers to a binding protein that has two
binding sites.

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

{0095] 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 coraponents
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 95% by weight of antibody as determined by the Lowry method, and
most preferably more than 99% by weight, (2) to a degree sufficient to obtain at least 15
residues of N-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. Isclated binding proteins include the binding
protein in sity within recombinant cells since at least one component of the binding
protein's natural environment will not be present.
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{6097} The terms "substantially pure” or "substantially purified" as used herein refer to
a cornpound or species that is the predominant species present {i.e., on a molar basis it 18
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 stil}
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 "peutralizing” binding protein as used herein refers to a molecule that is able
to block or substantially reduce an effector function of a target antigen to which it binds.
As used herein, "substantially reduce” means at least about 60%, preferably at least about
70%, more preferably at least about 75%, even more preferably at least about 80%, still
more preferably at least about 85%, most preferably at least about 90% reduction of an
effector function of the target antigen.

10099} 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 charactenistics. 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 wheun 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 < 107 M, and most
preferably when the dissociation constant is < 107 M.

{6100} The dissociation constant (Kp) of a binding protein can be determined, for
example, by surface plasmon resonance. Generally, surface plasmon resonance analysis
measures real-time binding 1nteractions 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, NI}, Surface plasmon analysis can
also be performed by immobilizing the analyte (binding protein on a biosensor matrix) and
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presenting the ligand {target antigen). The term "Kp," as used herein refers to the
dissociation constant of the interaction between a particular binding protein and a target
antigen.

{0101} The term "specifically binds" as used heretn refers to the ability of a binding
protein or an antigen-binding fragment thereof to bind to an antigen contatning an epitope
with an Kd of at least about 1 x T0°M, 1 x 107 M, 1 x 10° M, 1 x 107 M, 1 x 107" M, 1 x
107 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.

{0102} The term "hinker” as used herein refers to one or more amino acid residues
inserted between immunoglobulin domains to provide sufficient mobility for the domains of
the hight 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 expertmental data or as can be assumed by techniques of medeling or
secondary structure prediction. The hinkers 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 Vy;
domain; and L;, which is located on the light chain between the C-terminus of the Vi and
the N-terminus of the C domain. The heavy chain linkers are known as 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.

{0103} 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 cell. The term "vector”
includes a nucleic acid molecule that 1s 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 DINA molecule into which additional DNA segments may be inserted. Another type
of vector 1s a viral vector, wherein additional DNA segments may be inserted into the viral
genome. (ertain 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 genorne of a host cell upon 1ntroduction 1nto the host cell and thereby are
replicated along with the host genome. 1n 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”). Tn 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 ts 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,
10104} 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 1s intended to refer not only to the particular subject cell, but also to the progeny of
such a cell. Because certain modifications may occur in succeeding generations due to either
mutation or environmental influences, such progeny may not, in fact, be identical to the
parent cell, but such cells are still included within the scope of the term "host cell” as used
herein. A wide variety of host cell expression systems can be used to express the binding
proteins, including bacterial, yeast, baculoviral, and mammalian expression systems (as well
as phage display expression systems). An example of a suitable bacterial expression vector is
pUC19. To express a binding protein recombinantly, a host cell 1s transformed or transtected
with one or more recombinant expression vectors carrying DNA fragments encoding the
polypeptide chains of the binding protein such that the polypeptide chains are expressed in
the host cell and, preferably, secreted into the roedium in which the host cells are cultured,
from which medium the binding protein can be recovered.

{0105] 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 18 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 i1uside 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.



{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 polynucleotide or polypeptide that is present in an organism (including viruses}
that can be i1solated from a source in nature and that has not been intentionally modified by
man is naturally~-occurring. Sumilarly, "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.
10107} 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-carboxyglutamate, e-N, N, N-trimethyllysine, e-N-
acetyllysine, O-phosphoserine, N-acetylserine, N-formylmethionine, 3-methylhistidine, 5-
hydroxylysine, o-N-methylarginine, and other similar amino acids and imino actds (e.g., 4-
hydroxyproline). In the polypeptide notation used herein, the left-hand direction is the amino
terminal direction and the right-hand direction is the carboxyl-terminal direction, in
accordance with standard usage and convention.
{0108} Naturally oceurring 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, lle, Leu, Val, Pro;

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

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

(6) acidic: Asp, Gly;

(7y basic: His, Lys, Arg;

(8) residues that influence chain orientation: Gly, Pro;

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

(10) aromatic hydrophobic: Phe, Trp, Tyr.
{0109] Conservative amino acid substitutions may involve exchange of a member of one
of these classes with another member of the same class. Non-conservative substitutions may

involve the exchange of a member of one of these classes for a member from another class.
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{0110} 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 important for activity. Alternatively, one
skilled in the art can identify residues and postions of the molecules that are conserved among
similar polypeptides. In addition, even areas that may be important for biological activity or
for structure may be subject to conservative amino acid substifutions without destroying the
biological activity or without adversely affecting the polypeptide structure.

{0111} The term "patient” as used herein includes buman and animal subjects.

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

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

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

{0115} The terms "effective amount” and "therapeutically effective amount” when used in
reference to a pharmaceutical composition comprising one or more binding proteins refer to
an amount or dosage sufficient to produce a desired therapeutic result. More specifically, a
therapeutically effective amount 1s 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 amouunt roay vary depending ou 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.

{0116} 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 ernbodiment, 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-bi-Vi-Le-Cy {1

and a second polypeptide chain comprises a structure represented by the formula:
Vai-La-Vip-La-Cay {11

and a third polypeptide chain comprises a structure represented by the formula:
Viuz-Cui {1}

and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Co v

wherein:
Vi1 is a first immunoglobulin light chain variable domain;
Vi, 18 a second immunoglobulin light chain variable domain;
Viais a third immunoglobulin light chain vartable domain;
Vi 15 a first immunoglobulin heavy chain variable domain;
Vi 18 a second immunoglobulin heavy chain variable domain;
Vua 18 a third immunoglobulin heavy chain varnable domain;
Cy 1s an immunoglobulin light chain constant domain;
Cqy is an immunoglobulin Cyy heavy chain constant domain; and
L1, Lo, L5 and L4 are amino acid hinkers;

and wherein the polypeptide of formula 1 and the polypeptide of formula [f form a cross-over

fight chain-heavy chain pair.



{0118} In one embodiment, the binding protein of the disclosure is a trispecific and/or
trivalent binding protein comprising four polypeptide chains that form three antigen binding
sites that specifically bind one or more (e.g., three} antigen targets or target proteins, wherein

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

Vig-bi-Vii-L-Co (]
and a second polypeptide chain comprises a structure represented by the formula:
Vur-La-Vi-La-Cm L]
and a third polypeptide chain comprises a structure represented by the formula:
"3-Crat {1}
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Co (V]

wherein:
Vi 18 a first immunoglobulin light chain vaniable domain;
Vi 1s a second immunoglobulin light chain variable domain;
Vi3 15 a third immunoglobulin light chain variable domain;
Vi 19 a first immunogliobulin heavy chain variable domain;
Vi 18 a second immunoglobulin heavy chain variable domain;
Vs 18 a third timmunoglobulin heavy chain variable domain;
Cy s an immunoglobulin light chain constant domain;
Ci is an immunoglobulin Cy heavy chain constant domain; and
Ly, L2, L3 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.
{0119} In one ernbodiment, 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 farget proteins,
wherein a first polypeptide chain comprises a structure represented by the formula:
Virbi-Vi-Ly-Cy (]
and a second polypeptide chain comprises a structure represented by the formula:
X/V‘Hj“L3“V‘V'HZ"L4"CHjr"hiﬂge"{jﬁz"cr}{} {ﬂ}
and a third polypeptide chain comprises a structure represented by the formula:
"V'ng mehinge_CHz{‘,m {HH
and a fourth polypeptide chain comprises a structure represented by the formula:
VLS” CL U\‘q
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wherein:

Vi1 s a first immunoglobulin light chain variable domain;

Vi 18 a second immunoglobulin light chain variable domain;

Vis1¢ a third immunoglobulin ight chain variable domain;

Vi 18 a first immunogiobulin heavy chain variable domain;

Vo 18 a second immunoglobulin heavy chain variable domain;
/3 18 8 third immunoglobulin heavy chain vanable domain;

Cy is an immunoglobulin light chain constant domain;

Cm 18 an immunoglobulin Ciy heavy chain constant domain,

Cyz 18 an immunoglobulin Cyy heavy chain constant domain;

Cis is an immunoglobulin Cs heavy chain constant domain;

hinge is an immunoglobulin hinge region connecting the Cy; and Cyy, domains; and
Ly, La, 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.
{0120} 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, wheretn
a first polypeptide chain comprises a structure represented by the formula:
Vip-Li-Vii-Lp-Co {1
and a second polypeptide chain comprises a structure represented by the formula:
Vir-La-Vi-Lg-C-hinge-Cip-Cops {H]
and a third polypeptide chain comprises a structure represented by the tormula:
7}{3-— CH1—}'1i,11g{3—(:}{3~€}.13 uﬂj
and a fourth polypeptide chain comprises a structure represented by the formula:
Vi~ Co V]
wherein:
Vi1 18 a first immunoglobulin light chain variable domain;
Vi 18 a second immunoglobulin fight chain variable domain;
Vi3 15 a third immunoglobulin light chain variable domain;
Vi 19 a first immunogliobulin heavy chain variable domain;
Vi 18 a second immunoglobulin heavy chain variable domain;
Vs 18 a third timmunoglobulin heavy chain variable domain;

Cy is an immunoglobulin light chain constant domain;
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Cy 1s an imnmunoglobulin Cy; heavy chain constant domain;
Cip is an immunoglobulin Cip heavy chain constant domain;
Cus is an immunoglobulin Cy; heavy chain constant domain;

hinge is an immunoglobulin hinge region connecting the Cu; and Cipy domains; and
Ly, L, L5 and L 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.
{0121} In some embodiments, the first polypeptide chain and the second polypeptide
chain have a cross-over orientation that forms two distinct antigen binding sttes. 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 15 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-Vipp-Ly-Co H]
and a second polypeptide chain comprises a structure represented by the formula:
Vo3-L3-Vipa-La-Cri-hinge-Cp-Crz [}
and a third polypeptide chain comprises a structure represented by the formula:
Vs~ Cui-hinge-Cgr-Cups {1}
and a fourth polypeptide chain comprises a structure represented by the formula:
Via-Cp v
wherein:
Vi 1s 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 immunoglobuling
Vs is a variable domain of heavy or light chain of a third immunoglobulin;
Vpa 18 & variable domain of heavy or light chain of a fourth immunoglobulin;
Vi 19 an immunoglobulin heavy chain variable domain;
Vi3 18 an immunogiobulin light chain variable domain;
Cy i3 an immunoglobulin light chain constant domain,

Cy 1s an imnmunoglobulin Cp; heavy chain constant domain;
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Cys 1s an imnmunoglobulin Cy; heavy chain constant domain;

Cis is an immunoglobulin Cs heavy chain constant domain;

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

Ly, Ly, L5 and Ly are amino acid hinkers,
and wherein the polypeptide of formula I and the polypeptide of formula H form a cross-over
light chain-heavy chain pair.
{0123} In some embodiments, the binding protein of the disclosure comprises three
antigen binding sites that specifically bind one, two, or three antigen targets or target
proteins. In some embodiments, the binding protein binds three antigen targets. In some
embodiments, the binding protein binds three different antigen targets. In some
embodiments, two of the antigen binding sites bind the same antigen target. In those
embodiments, the binding protein comprises the same binding domains twice, or different
binding domatins, and/or specifically binds different antigens or epitopes on the same antigen
target. In some embodiments, three of the antigen binding sites bind the same antigen target.
In those embodiments, the binding protein comprises the same binding domains three times,
or different binding domains, and/or specifically binds different antigens or epitopes on the
same antigen target.
{0124} In some embodiments, Vi, Vi; and Vi3 are each independently a vartable domain
derived from an amino acid sequence as set forth in any one of SEQ ID NQs: 2, 4, 10, 14, 18,
22 or 115; and Vi, Vi and Vi are each independently a variable domain detived from an
amino acid sequence as set forth in any one of SEQID NQOs: 1, 3,9, 13, 17, 21 or 114, In
other embodiments, Vi1, Viz and Vij 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,
38 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 NOs: 60, 62, 68, 73, 75, 81, 85, 87 or
93, In other embodiments, Vi1, Vi, and Vi3 each independently comprise light chain
complementarity determining regions of a variable domain comprising an amino acid
sequence as set forth in any one of SEQ ID NOs: 43-59, 123-125; and Vi, Vi and Vs 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 NQGs: 25-42,
120-122. In other embodiments, Vi1, Vig 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 ID NQOs: 61, 63, 69, 71, 74, 76, 82, 86, 88 or 94; and
Vi, Vi and Vs each independently comprise heavy chain complementarity determining
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regions of a variable domain comprising an amino acid sequence as set forth in any one of
SEQ ID NQOs: 60, 62,68, 73, 75, 81, 85, 87 or 93. In some embodiments, Vi, Vi and Vi
each independently comprise heavy chain complementarity determining regions and/or a
variable domain sequence shown in Tables 2-5.
{0125] In some embodiments, Vi, Vizand Vis each independently comprise a variable
domain sequence as set forth in any one of SEQ ID NOs:169, 171, and 173; and/or Vy; Vo,
and Vy; 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 Vi ; each independently
comprise light chain complementarity determining regions comprising an amino acid
sequence selected from the group consisting of SEQ 1D NQGs: 141-147, 178, and 179; and/or
Vi, Vip and Vs each independently comprise heavy chain complementarity determining
regions comprising an aming acid sequence selected from the group consisting of SEQ 1D
NQOs: 129-137. In some embodiments, Vi, Vi; and Vi ; each independently comprise a
variable domain sequence as set forth in any one of SEQ D NQGs: 151, 153, 155, 157, 159,
161, 163, 165, and 167, and/or Vi Vi, and Vg each independently comprise a variable
domatn 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 V5 each independently comprise light
chain complementarity determining regions comprising an amino actd sequence as set forth
in any one of SEQ 1D NQOs: 43-59, 123-125, 138-140, and 149; and/or Vai, Vaz and Vgs each
independently comprise heavy chain complementarity determining regions of a variable
domain comprising an amino acid sequence as set forth in any one of SEQ 1D NQGs: 25-42,
120-122, and 126-128. In some embodiments, Vi1 Vi and Viz each independently comprise
light chain complementarity determining regions and/or a variable domain sequence shown in
Tables 2-5.
10126 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 {7.e., to reverse the order) are swapped.
{0127} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ 1D NO: 4 or an amino acid sequence that 1s at least 95% identical to the
amingc 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; 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 ID NO: 3 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ [D NG: 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 15 at least 95% ideuntical to the amino acid sequence of SEQ D 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 chain comprises the amino acid sequence of SEQ
I 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 SEQ 1D NG: 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 ID NO: 10 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ 1D NO: 10; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NG 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 NO: 1 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ D NG: 1
optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NGO 1; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D 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 SEQ 1D NO: 2.

10129} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 4 or an amino acid sequence that 1s 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; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 3 or an amino acid sequence that 1s at
feast 95% identical to the amino actd sequence of SEQ ID NO: 3 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ D NO: 3; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 13 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ D NO: 13
optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NG: 13; and the fourth polypeptide chain comprises the amino acid sequence of SEQ

1D NO: 14 or an amino acid sequence that is at least 95% identical to the amino acid
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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 NO: 14,
10130} 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 ID NO: 10; the second polypeptide chain
comprises the amino acid sequence of SEQ 1D NG 9 or an amino actd 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 NG: 9; the
third polypeptide chain comprises the amino acid sequence of SEQ 1D NGO 13 or an amino
acid sequence that 15 at least 95% ideuntical to the amino acid sequence of SEQ D NO: 13
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 13; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 14 or an aminoc 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 ID N 14,
10131} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NGO 4 or an amino acid sequence that ts 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; 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 NO: 3 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NQO: 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
optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide chain 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 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 NG: 10 or an amino acid sequence that s at least 95% identical to the
amino acid sequence of SEQ ID NO: 10 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ 1D 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
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 D NG: 9; the
third polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 17 or an amino
actd sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 17
optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NG: 17; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 18 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 18 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ D NO: 18.
{0133} In some embodiments, the first polypeptide chain comprises the arino 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 ID NO: 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 ID NO: 3 or an amino acid sequence that is at
feast 95% identical to the amino acid sequence of SEQ 1D NO: 3 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 3; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NGO 21 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO: 21
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEG D NO: 21; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
1D NG: 22 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 22 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 22,
{0134} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ D 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 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
feast 95% identical to the amino acid sequence of SEQ 1D NO: 9 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NG: 9; the
third polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 21 or an amino
acid sequence that 1s at least 95% ideuntical 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
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SEQ ID NG: 21; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
1D NO: 22 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ [D NG: 22 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 22.

{0135} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NQO: 63 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ 1D NO: 63 optionally comprising CDBRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID NO: 63; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 62 or an amino acid sequence that is at
feast 95% identical to the amino acid sequence of SEQ 1D NO: 62 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 62; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 60 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID 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
ID NGO: 61 or an amino acid sequence that is at least 95% tdentical to the amino acid
sequence of SEQ ID NO: 61 optionally comprising CDRs that are 100% 1dentical to the
CDRs of the polypeptide chatn of SEQ 1D NOG: 61.

{0136} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ 1D 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 CDRs of the polypeptide chain of SEQ ID NO: 69; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NQO: 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% tdentical to the CDRs of the polypeptide chain of SEQ 1D NG: 68; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 60 or an amino
actd sequence that is at least 95% identical to the amino acid sequence of SEQ ID 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 15 at least 95% identical to the amino acid
sequence of SEQ ID NO: 61 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ D NO: 61.

{0137} In some embodiments, the first polypeptide chain comprises the arino acid
sequence of SEQ D NG: 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 CDRs of the polypeptide chain of SEQ 1D NO: 69; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NG 68 or an amino acid sequence that is at
least 953% 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 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 SE(Q 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
D NG: 71 or an aminoc acid sequence that is at least 95% identical to the amino acid
sequence of SEQ 1D NO: 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 NG: 76 or an amino acid sequence that s at least 95% identical to the
amino acid sequence of SEQ ID NO: 76 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ 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
feast 95% identical to the amino actd sequence of SEQ ID NGO 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 NG: 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% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NG: 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% tdentical to the amino acid
sequence of SEQ 1D NO: 74 optionally comprising CIRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 74.

{0139} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 82 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NO: 82 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ 1D NO: 82; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 81 or an amino acid sequence that is at
feast 95% identical to the amino acid sequence of SEQ ID NO:81 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 81; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 73 or an amino

69



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 D 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 ID NO: 74 optionally comprising CDRs that are 100% 1dentical to the
CDRs of the polypeptide chain of SEQ ID NO: 74.
{0140} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 88 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NO: 88 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID NO: 88; the second polypeptide chain
comprises the amino acid sequence of SEQ 1D NO: 87 or an amino acid sequence that is at
least 95% 1dentical to the amino acid sequence of SEQ ID NO: 87 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NG: 87; the
third polypeptide chain comprises the amino acid sequence of SEQ 1D NO: 85 or an amino
acid sequence that 1s at least 95% i1dentical 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
I 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 NO: 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 ID NO: 94 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ 1D NO: 94; the second polypeptide chain
comprises the amino acid sequence of SEQ 1D NO: 93 or an amino acid sequence that is at
least 95% identical to the amino acid sequence of SEQ ID NO: 93 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NG: 93; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 85 or an amino
acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ 1D NO: 85
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 85; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 86 or an aminoc acid sequence that is at least 95% identical to the aming acid
sequence of SEQ 1D NO: 86 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 86
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{0142} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ 1D 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 CDRs of the polypeptide chain of SEQ ID NO: 69; the second polypeptide chain
comprises the amino acid sequence of SEQ 1D NG: 68 or an amino acid sequence that 1s at
feast 95% identical to the amino acid sequence of SEQ ID NO: 68 optionally comprising
CDRs that are 100% tdentical to the CDRs of the polypeptide chain of SEQ 1D NG: 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% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
1D NO: 74 or an amino acid sequence that 15 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 NG 74.

{0143} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ 1D NO: 69 or an amino acid sequence that is at Jeast 95% identical to the
amino acid sequence of SEQ ID NG: 69 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID NO: 69; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NQO: 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% tdentical to the CDRs of the polypeptide chain of SEQ ID NG: 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
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 1D NO: 86 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 86.

{0144} In some embodiments, the first polypeptide chain comprises the arino acid
sequence of SEQ [D NG: 63 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NO: 63 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID 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% 1dentical to the amino acid sequence of SEQ ID NO: 62 optionally comprising

71



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 NG: 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% 1dentical to the CDRs of the polypeptide chain of
SEQ 1D NG 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 1D NO: 74 optionally comprising CIRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 74,

10145} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 63 or an amino acid sequence that s at least 95% identical to the
amino acid sequence of SEQ ID NO: 63 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ 1D NO: 63; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 62 or an amino acid sequence that is at
feast 95% identical to the amino acid sequence of SEQ 1D NO: 62 optionally comprising
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 62; the
third polypeptide chain comprises the amino acid sequence of SEQ 1D NG: 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% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NGO: 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 1D NO: 86 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ ID NO: 36.

{0146} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ 1D NO: 4 or an amino acid sequence that 1s at least 95% identical to the
amino acid sequence of SEQ 1D NO: 4 optionally comprising CDRs that are 100% identical
to the CDRs of the polypeptide chain of SEQ ID NO: 4; the second polypeptide chain
comprises the amino acid sequence of SEQ ID NG: 3 or an amino acid sequence that is at
feast 95% identical to the 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 1D NO: 114 or an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ 1D NO: 114
optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NO: 114; and the fourth polypeptide chain comprises the amino acid sequence of
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 1D NO: 115,
10147} In some embodiments, the first polypeptide chain comprises the amino acid
sequence of SEQ ID NO: 10 or an amino acid sequence that is at least 95% identical to the
amino acid sequence of SEQ ID NO: 10 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 NG 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 NG: 9; the
third polypeptide chain comprises the amino acid sequence of SEQ ID NO: 114 or an amino
acid sequence that 15 at least 95% ideuntical to the amino acid sequence of SEQ D NO: 114
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 114; and the fourth polypeptide chain comprises the amino acid sequence of
SEQ ID NO: 115 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NQO: 115 optionally comprising CDRs that are 100% identical to the
CDRs of the polypeptide chain of SEQ 1D 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-Li-Vi-La-Cr (]
and a second polypeptide chain has a structure represented by the formula:
Vai-L3-Vip-Ly-Cyp-hinge-Cyp-Cy; (hole)  [H]
and a third polypeptide chain has a structure represented by the formula:
Yi3-Cr-hinge-Cra-Cus (knob) (11
and a fourth polypeptide chain has a structure represented by the formula:
Vis-Co [V]
wherein:
Vi1 s a first immunoglobulin light chain variable domain;
Vi is a second immunoglobulin light chain variable domain;
Vs 1s a third immunoglobulin ight chain variable domain;
Vi is a first immunoglobulin heavy chain variable domain;
Vi 18 a second immunoglobulin heavy chain variable domain;
Vi 1s a third immunoglobulin heavy chain vanable domain;
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Cy is an immunoglobulin light chain constant domain;
Ci is an immunoglobulin Cy heavy chain constant domain; and
Ly, Ls, L5 and Ly 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.
{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:
Vi-Li-Vi-L-Cy L]
and a second polypeptide chain has a structure represented by the formula;
Vi-La-Vi-Lse-Cai-hinge-Cip-Crs (holey  [H]
and a third polypeptide chain has a structure represented by the formula:
Vu3-Crr-hinge-Cip-Cys (knob) [HI]
and a fourth polypeptide chain has a structure represented by the formula:
Vis-CL [V]
wherein:
Vi ts a first immunoglobulin light chain variable domain;
Vi 1s a second immunoglobulin light chain variable domain;
Vi3 is a third immunoglobulin light chain vanable domain;
Vi 1s a first immunogiobulin heavy chain variable domain;
Vi 18 a second immunoglobulin heavy chain variable domain;
Vs is a third immunoglobulin heavy chain variable domain;
Cy 1s an immunoglobulin light chain constant domain;
Ci 1s an immunoglobulin Cy heavy chain constant domain; and
Ly, Ly, 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.
{0156} In some embodiments, the first polypeptide chain and the second polypeptide
chain have a cross-over orientation that forms two distinct antigen binding sites. In some
embodiments, the VHI and VL1 form a binding pair and form the first antigen binding site.
In some embodiments, the VHZ2 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

74



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 Cg,, Cyy, and/or Cygs domainds) (such as those including a modification
described herein). In some embodiments, the first polypeptide chain and the fourth
polypeptide chain comprise one or more modifications. In some embodiments, the first
polypeptide chain and the fourth polypeptide chain of a binding protein are different, e.g.,
having different C; domains {such as those including a modification described herein, and/or
jambda vs. kapp Cp 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 D NG 150, and/or a light chain variable domain
comprising an amino acid sequence that is at least 95%, at least 96%, at least 97%, at least
98%%, at least 99%, or 100% identical to SEQ ID NO:151, optionally comprising CDRs that
are 100% i1dentical to the CDRs of the polypeptide chain of SEQ ID NO: 151, In some
embodiments, a binding protein of the present disclosure comprises an antigen binding site
comprising a heavy chain variable domain comprising an amino acid sequence that is at least
5%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% 1dentical to SEQ ID
NO:152, optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide
chain of SEQ 1D NO: 152, and/or a light chain variable domain comprising an amino acid
sequence that is at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
identical to SEQ ID NO: 153, optionally comprising CDRs that are 100% 1dentical to the
CDRs of the polypeptide chain of SEQ ID NG 153, In some embodiments, a binding protein
of the present disclosure comprises an antigen binding site comprising a heavy chain variable
domain comprising an amino acid sequence that is at least 95%, at least 96%, at least 97%, at
feast 98%, at least 99%, or 100% identical to SEQ ID NO:154, optionally comprising CDRs
that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NG: 154, and/or a
light chain variable domain comprising an amino acid sequence that is at least 95%, at ieast
96%, at least 97%, at least 98%, at least 99%, or 100% identical to SEQ ID NO: 155,
optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NO: 155, In some embodirents, 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 ID NG: 156, and/or a light chain
variable domain comprising an amino acid sequence that 15 at least 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 SEQ 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 least 99%, or 100% identical to SEQ 1D
NO:158, optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide
chain of SEQ ID 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 ID 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
least 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 I NOG: 160, 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: 161,
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQ ID NO: 161, In some embodiments, a binding protein of the present disclosure
comprises an antigen binding site comprising a heavy chain variable domain comprising an
amino acid sequence that is at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identical to SEQ ID NO:162, optionally comprising CDRs that are 100%
identical to the CDRs of the polypeptide chain of SEQ ID NO: 162, and/or a light chain
variable domain comprising an amino acid sequence that is af least 95%, at least 96%, at ieast
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 1D NO: 163, In
some embodiments, a binding protein of the present disclosure comprises an antigen binding
site comprising a heavy chain vaniable domain comprising an amino acid sequence that is at
feast 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to SEQ D
NO:164, optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide
chain of SEQ ID NO: 164, and/or a light chain variable domain comprising an amino acid
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sequence that is at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
identical to SEQ ID NO: 165, optionally comprising CDRs that are 100% 1dentical 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 compnsing a heavy chain variable
domain comprising an amino acid sequence that is at least 95%, at least 96%, at least 97%, at
feast 98%, at least 99%, or 100% identical to SEQ ID NO: 166, optionally comprising CDRs
that are 100% ideuntical to the CDRs of the polypeptide chain of SEQ ID NG: 166, 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: 167,
optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NO: 167, In some embodirents, a binding protein of the present disclosure
comprises an antigen binding site comprising a heavy chain variable domain comprising an
amino acid sequence that 1s at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identical to SEQ ID 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
vartable 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
CDRs that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NG: 169, In
some embodiments, a binding protein of the present disclosure comprises an antigen binding
site comprising a heavy chain variable domain comprising an amino acid sequence that is at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to SEQ ID
NO:170, optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide
chain of SEQ ID NO: 170, and/or a light chain variable domain comprising an amino acid
sequence that 1s at least 95%, at least 96%, at least 97%, at least 98%%, at least 99%, or 100%
identical to SEQ ID NGO 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 1s at least 95%, at least 96%, at least 97%, at
fcast 98%, at least 99%, or 100% identical to SEQ ID NO:172, optionally comprising CDRs
that are 100% identical to the CDRs of the polypeptide chain of SEQ ID NO: 172, and/or a
light chain variable domain comprising an amino acid sequence that 15 at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% identical to SEQ ID N(O:173,
optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide chain of
SEQID 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 1s less than or
equal to 1uM, 500nM, 100nM, 50nM, 10nM, 5oM, or InM. Exemplary assays for
determining Ky 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 vifro and/or induces antibody-mediated in vifro cell killing of a cell
expressing one or more antigen targets of one or more binding domains of the binding
protein. Exemplary in vifro cell killing and T cell activation assays are known in the art. For
example, in some embodiments, in vigro cell killing and/or T cell activation is assayed using
the techniques described in Example 1.

{0154} In some embodiments, a binding protein of the present disclosure specifically
binds to, and/or blocks signaling mediated by, one or more cytokines. 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 hinding 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 specitically binds an antigen target or target protein. In sorue erabodiments, 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 coraprises a first antigen
binding site that specifically binds a target protein on T cells, a second antigen binding site
that specifically binds a target protein on T cells, and a third antigen binding site that
specifically binds a human tumor target protein. In some some embodiments, the first and
second antigen binding sites specifically bind a tumor target protein for instance selected
from CD3 and CD28, respectively. In some some embodiments, the first and second antigen
binding sites specifically bind a tumor target protein for instance selected from CD28 and
CD3, respectively. In some embodiments, the third antigen binding site specifically binds
CD1o, 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 CD28, and a third antigen binding site that specifically binds an antigen
target or target protein. In some embodiments, a binding protein of the present disclosure
comprises a first antigen binding site that specifically binds CD28, a second antigen binding
site that specifically binds CD3, and a third antigen binding site that specifically binds an
antigen target or target protein. Further examples of such antigen targets or target proteins are
provided infra. In some embodiments, a binding protein of the present disclosure comprises a
first antigen binding site that specifically binds CD3, a second antigen binding site that
specifically binds CDZ8, and a third antigen binding site that specifically binds a tumor target
protein.  In some erobodiments, a binding protein of the present disclosure comprises a first
antigen binding site that specifically binds human CD3, a second antigen binding stte that
specifically binds human 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
exarples of such tumor antigen targets or tumor target proteins are provided nfra.

{0157} 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
N 152 and a light chain variable domain comprising the amino acid sequence of SEQ 1D
NO: 153; or a heavy chain variable domain comprising the amino acid sequence of SEQ ID
NO: 154 and a light chain variable domain comprising the amino acid sequence of SEQ 1D
NO: 155 Additional VH, VL, and/or CDR sequences of antibodies that specitically bind
D3 suitable for use in any of the binding proteins described herein may be tound
International Publication No. W(O2016/116626, which is incorporated by reference herein in
its entirety. In some embodiments, the antigen binding site that specifically binds CD3
comprises six CDRs, or a heavy chain and a light chain variable domain, shown in Tables 2-
S. Tn some embodiments, the antigen binding site that specifically binds CD3 comprises (1)
three heavy chain CDRs of SEQ ID 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 CD3 is
part of a polypeptide chain comprising the amino acid sequence of SEQ ID NGO:3 or an amino
actd sequence that is at least 95% identical to the amino acid sequence of SEQ ID NO:3
optionally comprising CDRs that are 100% 1dentical 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 ID NO:4
optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NG44,

{0158 In some embodiments, the antigen binding site that specifically binds CD28&
comprises 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 1D
NO: 161; or a heavy chain variable domain comprising the amino acid sequence of SEQ ID
N 162 and a light chain variable domain comprising the amino acid sequence of SEQ 1D
NO: 163, In some embodiments, the antigen binding site that specifically binds CD28
comprises six CIIRs, 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 Nes. 28, 29 and 30, respectively, and three light chain
CDRs of SEQ ID Nos. 46, 47 and 48, respectively; or (it) three heavy chain CDRs of SEQ D
Nos. 31, 32 and 33, respectively, and three light chain CDRs of SEQ ID Nos. 49, 50 and 51,
respectively. In some embaodiments, the antigen binding site that specifically binds CDZ8 is
part of a polypeptide chain comprising 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 3 NO:3
optionally comprising CDRs that are 100% 1dentical to the CDRs of the polypeptide chain of
SEQ ID NO3. In some embodiments, the antigen binding site that specifically binds CD238
is part of a polypeptide chain comprising 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 ID
NO:4 optionally comprising CDRs that are 100% identical to the CDRs of the polypeptide
chain of SEQ ID NG 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 CD28, and a third antigen binding site that specifically binds CD38, or a

30



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 CD3§,

wherein:

®

{0160}

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

the antigen binding site specifically binding CD28 comprises (i) three heavy chain
CDRs of SEQ ID Nos. 28, 29 and 30, respectively, and three light chain CDRs of
SEQ 1> Nos. 46, 47 and 48, respectively; or (it) three heavy chain CDRs of SEQ ID
MNos. 31, 32 and 33, respectively, and three light chain CDRs of SEQ ID Nos. 49, 50
and 51, respectively; and

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

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

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

of SEQ H2 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

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

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

SEQ ID NQO: 165; a heavy chain variable domain comprising the amino acid sequence of

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

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

SEQ ID NO: 166 and a hight chain variable domain coroprising 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-Her?2, anti-CD19, anti-CD20, anti-CD38,

or anti-LAMPT binding domain shown in Tables 2-5.



{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:
Vip-La-ViLa-Cr L]
and a second polypeptide chain comprises a structure represented by the formula:
‘v’mnLngm—L4—CH1mhingemCHZnCm [H]
and a third polypeptide chain comprises a structure represented by the formula:
Vm—CHrhinge_CmmCHg {HE
and a fourth polypeptide chain comprises a structure represented by the formula:
Via-CL V]
wherein:
Vi1 18 a first immunoglobulin light chain variable domain;
Vi 18 a second immunoglobulin light chain variable domain;
Vs s a third immunoglobulin light chain variable domain;
Vy; 18 a first immunoglobulin heavy chain variable domain;
Vi ts a second immunoglobulin heavy chain variable domain;
Vs 15 a third immunoglobulin heavy chain variable domain;
Cy i3 an immunoglobulin light chain constant domain,
Cy 1s an imnmunoglobulin Cp; heavy chain constant domain;
Cip is an immunoglobulin Cip heavy chain constant domain;
Cys is an immunoglobulin Cys heavy chain constant domain;
hinge 1s an immunoglobulin hinge region connecting the Ci; and Cip domains; and
Ly, Lo, L3 and L, are amino acid linkers;
wherein the polypeptide of formula 1 and the polypeptide of formula I form a cross-
over light chain-heavy chain pair;
wherein:
Vi1, 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
wherein:
Vi, Vur and Vgz each independently comprise a variable domain sequence as set
forth in any one of SEQ 1D NOs:168, 170, and 172
{0162} In some embodiments, a binding protein of the present disclosure comprises four
polypeptide chains that form three antigen binding sites, wherein a first polypeptide chain
comprises a structure represented by the formula:
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Vi-Li-Viio-Cp L

and a second polypeptide chain comprises a structure represented by the formula:
Vi-n"La"VHz“LrCHrhiﬂge"C[—iz“CHE (1]

and a third polypeptide chain comprises a structure represented by the formula:
\"}{3~CH1—hiﬂgf§~(:}-12"CH3 {H:ﬁ}

and a tourth polypeptide chain comprises a structure represented by the formula:
Vis-Cp [Iv]

wherein:

Vi1 1s a first immunoglobulin light chain vaniable domain;

Vi 1s a second immunoglobulin light chain variable domain;

Vi3 is a third immunoglobulin light chain vanable domain;

Vi 1s a first immunogiobulin heavy chain variable domain;

Vi3 18 a second iromunoglobulin heavy chain variable domain;

Vs is a third immunoglobulin heavy chain variable domain;

Cy. is an immunoglobulin light chain constant domain;

Ci is an immunoglobulin Cy heavy chain constant domain;

Cyq; 18 an immunoglobulin Cy, heavy chain constant domain;

Cus 18 an immunoglobulin Cys heavy chain constant domain;

hinge 1s an immunoglobulin hinge region connecting the Cy; and Cy domains; and

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

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

wherein:

Vii 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:

Vui, Vi and Vys each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SEQ 1D NOs: 129-137.

{0163} 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:

Vip-Li-Vi La-Cp 1]

joal
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and a second polypeptide chain comprises a structure represented by the formula:
Vui-L3-Vin-L4-Cui-hinge-Crn-Cas {1}
and a third polypeptide chain comprises a structure represented by the formula:
Viz-Cr-hinge-Cyp-Cus {1}
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cr [1V]
wherein:
Vi1 18 a first immunoglobulin light chain variable domain;
Vi 18 a second immunoglobulin light chain variable domain;
Vi3 is a third immunoglobulin light chain variable domain;
T 18 a first immunoglobulin heavy chain variable domain;
Vi 15 a second immunoglobulin heavy chain variable domain;
Vys 18 a third immunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chain constant domain;
Cyy 1s an immunoglobulin Cy; heavy chain constant domain;
Cyp 1s an immunoglobulin Cip heavy chain constant domain;
Cyas 18 an immunoglobulin Cy; heavy chain constant domain;
hinge is an immunoglobulin hinge region connecting the Cy; and Cy; domains; and
Ly, Ly, L3 and Ly are amino acid linkers;
wherein the polypeptide of formula 1 and the polypeptide of formula I form a cross-
over light chain-heavy chain pair;
wherein:
Vi1, V12 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:
V1 Ve, and Vs each independently comprise a variable domain sequence as set
forth in any one of SEQ 1D N(s:150, 152, 154, 156, 15§, 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-Ea-Viida-Cp {1
and a second polypeptide chain comprises a structure represented by the formula:
Vi -Ls-Vio-La-Crpi-hinge-Cro-Cra (1]
and a third polypeptide chain comprises a structure represented by the formula:
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'VH3wCHl-hiﬂgﬁ-C}.m-ng HH-E
and a fourth polypeptide chain comprises a structure represented by the formula:
V'LTCL U\‘q
wherein:

Vi 18 a first immunoglobulin light chain vartable domain;

Vi 15 a second immunoglobulin light chain variable domain;

Vi3 is a third immunoglobulin light chain vartable domain;

Vi 15 a first immunoglobulin heavy chain variable domain;

Vi 18 a second immunoglobulin heavy chain variable domain;

Vaz 18 a third immunoglobulin heavy chain variable domain;

Cy 1s an immunoglobulin light chain constant domain;

Cqy is an immunoglobulin Cyy heavy chain constant domain;

Ca; 18 an immunoglobulin Cy; heavy chain constant domain,

Cys 1s an imnmunoglobulin Cys heavy chain constant domain;

hinge 1s an immunoglobulin hinge region connecting the Cyy and Cyp domains; and

Ly, L2, L3 and Ly are amino acid linkers;

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

wherein:

Vi Vio and Vi3 each independently comprise light chain complementarity
determining regions comprising an aming acid sequence as set forth in any one of SEQ ID
NQOs: 43-59, 123-125, 138-140, and 149; and

wherein:

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

{0165} In some embodiments, a binding protein of the present disclosure comprises an
antigen binding site that specifically binds CD3, an antigen binding site that specifically
binds CD28, and an antigen binding site that specitically 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 a human
antigen target other than CD3 or CD28. In some embodiments, a binding protein of the
present disclosure comprises {a) an antigen binding site that specifically binds CD3, wherein
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the antigen binding site that specifically binds CD3 comprises (i} a heavy chain variable
domain comprising the amino acid sequence of SEQ ID NO: 152 and a light chain variable
domain comprising the amino acid sequence of SEQ ID NO: 153, (i1) a heavy chain variable
domain comprising the amino acid sequence of SEQ 1D NO: 154 and a light chain variable
domain comprising the amino acid sequence of SEQ 1D NO: 155, {ii11) a heavy chain variable
domain comprising a CDR-HI comprising the amino acid sequence of SEQ ID NO:34, a
CDR-H2 comprising the amino acid sequence of SEQ 1D NG:35, and a CDR-H3 comptising
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 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, or (1v) a heavy chain varnable domain comprising a CDR-HI comprising
the amino acid sequence of SEQ 1D NO:34, a CDR-H2 comprising the amino acid sequence
of SEQ 1D NO:35, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NG:36,
and a light chain variable domain comprising a CDR-L1 comprising the amino acid sequence
of SEQ ID NG: 149, a CDR-L2 comprising the amino acid sequence of SEQ ID NO:53, and a
CDR-L3 comprising the amino acid sequence of SEQ ID 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 1D
NO: 161, (i1) a heavy chain variable domain comprising the amino acid sequence of SEQ 1D
NO: 162 and a light chain variable domain comprising the amino acid sequence of SEQ ID
NO: 163, (111} a heavy chain variable domain comprising a CDR-HI1 comprising the amino
acid sequence of SEQ 1D N(O:28, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:29, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:30, and a light
chain variable domain comprising a CBR-L1 comprising the amino acid sequence of SEQ ID
NO:46, a CDR-L2 comprising the amino acid sequence of SEQ 1D NO: 47, and a CDR-L3
comprising the amino acid sequence of SEQ ID N(: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 1D NGO:32, and a CDR-H3 comprising the amino
acid sequence of SEQ 2 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
acid sequence of SEQ ID NO:50, and a CDR-L3 comprising the amino acid sequence of SEQ
1D NO:ST; and (¢) an antigen binding site that specifically binds an antigen target other than
CD3 or CD2Z8. In some embodiments, a binding protein of the present disclosure comprises a
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first polypeptide chain comprising the amino acid sequence of SEQ ID NO:4 or 10, a second
polypeptide chain comprising the amino acid sequence of SEQ 1D NO:3 or 9, and a third and
a fourth polypeptide chain, wherein the third and fourth polypeptide chains form an antigen
binding domain that specifically binds an antigen target other than CD3 or CD28. In some
embodiments, the antigen binding site that specifically binds an antigen target other than 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), B7THS, B7HS,
B7H7, B7TRP1, B7-4, C3, C5, CCL2 (also known as MCP-1), CCL3 (also known as MIP-1a),
CCLA (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 {alsc known as MIP-2), CCL24 (also known as MPIF-2/ectaxin-
23, CCL2S (also known as TECK), CCL26 (also known as eotaxin-3), CCR3, CCR4, CD19,
CD20, CD23 (also known as FCERZ, a receptor for IgE), CD24, CD27, CD38, CD39, CD40,
CD70, CD8O (also known as B7-1), 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}Y, CD274 (also known as PDL1), 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), chitinase, CLECS, CLEC91, 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, ENTPD1,
FCERITA, FCERI1, FLAP, FOLHI1, Gi24, GITR, GITRL, GM-CSF, Her2, HHL A2 HMGBI1,
HVEM, ICOSLG, IDO, IFNg, IgE, IGFIR, IL2Rbeta, IL1, IL1A, ILIB, IL1F10, IL2, 114,
[L4Ra, IL5, ILSR, ILo, IL7, IL7Ra, IL8, 119, ILOR, [L10, thiL10, IL12, 1113, IL.13Ral,
I3Ra2, IL15, IL17, IL17Rb (also known as a receptor tor IL25), 1118, 122, 1L.23, 1125,
.27, 133, IL35, ITGBA4 (also known as b4 integrin}, [TK, KIR, LAG3, LAMP1, leptin,
LPFS2, MHC class I, NCR3LGI, NKG2D, NTPDase-1, OX40, OX40L, PD-1H, platelet
receptor, PROMI, S152, SISPI, SLC, SPGo4, ST2 (also known as a receptor tor 1133},
STEAP2, Svk kinase, TACL TDO, T14, TIGIT, TIM3, TLR, TLR2, TLR4, TLRS, TLR9,
TMEF1, TNFa, TNFRSF7, TpSS, TREMI, TSLP (also known as a co-receptor for H.7Ra),
TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1 {also known as
GPRS/CCXCR1).



{0166} In some embodiments, Vi comprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D NO:28, a CDR-H2 comprising the amino acid sequence of SEQ ID
N(:29, and a CDR-H3 comprising the amino acid sequence of SEQ ID N(G:30; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:46, a CDR-L2
comprising the aming acid sequence of SEQ ID NG 47, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:48; Vi, comprises a CDR-HI comprising the amino
acid sequence of SEQ H3 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 ID NO:52, a CDR-L2
comprising the amino acid sequence of SEQ ID N(G:53, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO:54; Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ ID NO:25, a CDR-HZ comprising the amino acid sequence of SEQ ID
NO:26, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:27; and Vi3
comprises a CDR-L.1 comprising the amino acid sequence of SEQ ID NG:43, a CDR-L2
comprising the amino acid sequence of SEQ ID NG44, and a CDR-L3 comprising the amino
acid sequence of SEQ D NO:45.

{0167} In some embodiments, Vg comprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D N34, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:35, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:36; Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:52, a CDR-L2
comprising the amino acid sequence of SEQ [D NG:53, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO:54; Vi comprises a CDR-HI1 comprising the amino acid
sequence of SEQ ID N(O:25, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:26, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:27; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N(:43, a CDR-L2
comprising the amino acid sequence of SEQ D NG44, and a CDR-L3 comprising the amino
actd sequence of SEQ 1D N(:45; 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
NO:26, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:27; and Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:43, a CDR-L2
comprising the amino acid sequence of SEQ ID NG44, and a CDR-L3 comprising the amino
acid sequence of SEQ D NO:45.

{0168} In some embodiments, Vy; comprises a CDR-HI comprising the amino acid
sequence of SEQ 1D NO:31, a CDR-HZ comprising the amino acid sequence of SEQ ID
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NO:32, and 2 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 NG: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:ST; Vi, comprises a CDR-HI comprising the amino acid
sequence of SEQ 1D N(:34, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:35, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:36; Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N(G:52, a CDR-L2
comprising the amino acid sequence of SEQ D NG:53, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO:54; Vis comprises a CDR-HI1 comprising the amino acid
sequence of SEQ ID N(:25, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:26, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:27; and Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:43, a CDR-L2
comprising the amino acid sequence of SEQ ID NG44, and a CDR-L3 comprising the amino
acid sequence of SEQ D NO:45.

{0169} In some embodiments, Vy; comprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D NG:28, a CDR-HZ comprising the amino acid sequence of SEQ ID
NO:29, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NG: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 NQO: 47, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:48; Vi comprises a CDR-HI comprising the amino
acid sequence of SEQ 12 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 NO:36; Vi,
comprises a CDR-L.1 comprising the amino acid sequence of SEQ ID NG: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 H3 NO:54; Vuz comprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D NO:37, a CDR-HZ comprising the amino acid sequence of SEQ ID
NO:38, and a CDR-H3 comprising the amino acid sequence of SEQ D NO:39; and Vi3
comprises a CDR-L 1 comprising the amino acid sequence of SEQ ID NGS5, a CDR-L2
comprising the amino acid sequence of SEQ ID NG:56, and a CDR-L3 comprising the amino
acid sequence of SEQ D NO:57.

10170} In some embodiments, Vi comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID N(O:31, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:32, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:33; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N(G:49, 3 CDR-L2
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comprising the amino acid sequence of SEQ ID N(G:50, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO:51; Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ D N(G: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 NO: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 SE(Q 3 NG:54; Vs comprises a UDR-H1 comprising the amino acid
sequence of SEQ ID NG:37, a CDR-HZ comprising the amino acid sequence of SEQ ID
NO:38, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:39; and Vi3
comprises a CDR-L.1 comprising the amino acid sequence of SEQ ID NG:55, a CDR-L2
comprising the amino acid sequence of SEQ 1D NQO:56, and a CDR-L3 comprising the amino
acid sequence of SEQ D NO:57.

{0171} In some embodiments, Vg comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID N(:28, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:29, and a CDR-H3 comprising the amino acid sequence of SEGQ ID NO:30; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ D N(:46, a CDR-L2
comprising the amino acid sequence of SEQ D NG: 47, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO:48; Vi comprises a CDR-H1 comprising the amino
acid sequence of SEQ 1D N(O: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 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 NG:53, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NO:54; V5 comprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D N(O:40, a CDR-H2 comprising the amino acid sequence of SEQ ID
N{(»41, and a CDR-H3 comprising the amino acid sequence of SEQ 1D N{:42; and Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO:58, a CDR-L2
comprising the aming acid sequence of SEQ ID N(:44, and a CDR-L3 comprising the amino
acid sequence of SEQ D NO:59.

{0172} In some embodiments, 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
NO:32, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:33; Vi,
comprises a CDR-L.1 comprising the amino acid sequence of SEQ ID N(G:49, a CDR-L2
comprising the amino acid sequence of SEQ 1D NGO:50, and a CDR-L3 comprising the amino
acid sequence of SE(Q 1D NO:51; Vy: comprises a CDR-H1 comprising the amino acid
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sequence of SEQ ID N(: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 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 NG:53, and a CDR-L3 comprising the amino
actd sequence of SEQ 1D 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
N{3:41, and a CBR-H3 comprising the amino acid sequence of SEQ 1D N{:42; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO:58, a CDR-L2
comprising the amino acid sequence of SEQ ID NG44, and a CDR-L3 comprising the amino
acid sequence of SEQ D NO:5O.
{0173} In some embodiments, Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ 1D NG:28, a CDR-HZ comprising the amino acid sequence of SEQ ID
NO:29, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:30; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D N(G:46, a CDR-L2
comprising the amino acid sequence of SEQ D NQO: 47, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NG:48; Vi, comprises a CDR-HI1 comprising the amino
acid sequence of SEQ 1D 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 NO:36; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NG:5Z, a CDR-L2
comprising the amino acid sequence of SEQ 1D NQO:53, and a CDR-L3 comprising the amino
acid sequence of SE(Q 1D NO:54; Vyz 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 ID NO:128; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:138, a CDR-L2
comprising the amino acid sequence of SE( 13 NG:139, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:140.
{0174} In some embodiments, Vi comprises a CDR-H1I comprising the amino actd
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 1D NO:33; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N(G:49, 3 CDR-L2
comprising the amino acid sequence of SEQ ID NG:50, and a CDR-L3 comprising the amino
acid sequence of SEQ ID NO:51; Vi comprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D NO:34, a CDR-H2 comprising the amino acid sequence of SEQ ID
N(O:35, and a COR-H3 comprising the amino acid sequence of SEQ ID N(O:36; Vi,
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comprises a CDR-L.1 comprising the amino acid sequence of SEQ ID NG:52, a CDR-L2
comprising the amino acid sequence of SEQ 1D NQO:53, and a CDR-L3 comprising the amino
acid sequence of SE(Q 1D NO:54; Vy; comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NO:126, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:127, and a CBR-H3 comprising the amino acid sequence of SEQ ID NO:128; and Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG: 138, a CDR-L2
comprising the amino acid sequence of SE( 13 NG:139, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:140.
{0175} In some embodiments, Vi comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID N(G: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 NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144; Vi, comprises a CDR-H1 comprising the amino
acid sequence of SEQ ID NO:135, a CDR-H2 comprising the amino acid sequence of SEQ
1D N(3:136, and a CDR-H3 comprising the amino actd sequence of SEQ 1D NO:137; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO: 145, a CDR-L2
comprising the aming acid sequence of SEQ [D NG 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:147; Vy; comprises a CDOR-H1 comprising the aming
acid sequence of SEQ D 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 NO: 178, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG 142,
{0176} In some embodiments, Vi comprises a CDR-HI1 comprising the amino acid
sequence of SEQ 1D NO: 135, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:136, and a CBR-H3 comprising the amino acid sequence of SEQ ID NO:137; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG: 145, a CDR-L2
comprising the amino acid sequence of SEQ 1D NGO 146, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NG:147; Vg, comprises a CDR-HI comprising the amino
acid sequence of SEQ 1D NO:132, a CDR-H2 comprising the amine 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 [D NG:179, and a CDR-L3 comprising the
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amino acid sequence of SEQ ID NO:144; Vy; comprises a CDR-H1 comprising the amino
acid sequence of SEQ D 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 aming acid sequence of SEQ D N(G:178, and a CDR-L3 comprising the
amino acid sequence of SEQ D NO: 142

0177 In some embodiments, Vi comprises a CDR-HI1 comprising the amino acid
sequence of SEQ ID NO: 135, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:145, a CDR-L2
comprising the amino acid sequence of SEQ 1D NGO 146, and a CDR-L3 comprising the
amingo acid sequence of SEQ ID N(O:147; Vg, comprises a CDR-HI comprising the amino
acid sequence of SEQ 1D NO:132, a CDR-H2 comprising the amine acid sequence of SEQ
1D NG: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
amino acid sequence of SEQ ID NO:144; Vg3 comprnses a CDR-HI comprising the amino
actd sequence of SEQ 1D N(O:129, a CDBR-H2 comprising the amino acid sequence of SEQ
D NO:130, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:131; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:141, a CDR-L2
comprising the amino acid sequence of SEQ 1D NG:178, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:142.

{0178} In some embodiments, Vi comprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D NO:132, a CDR-H2 comprising the amino acid sequence of SEQ ID
N{3:133, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:134; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO: 143, a CDR-L2
comprising the aming acid sequence of SEQ D N(G: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: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 ID NO:142; Vy; comprises a CDR-HI comprising the amine
acid sequence of SEQ 2 NO:135, a CDR-HZ comprising the amino acid sequence of SEQ
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D NG: 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 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.
{0179} In some embodiments, Vi comprises a CDR-HI comprising the amino actd
sequence of SEQ ID NQO:129, a CDR-H2 comprising the amino acid sequence of SEQ ID
N{3:130, and a CDR-H3 comprising the amino acid sequence of SEQ ID NGO 131, Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO: 141, a CDR-L2
comprising the amino acid sequence of SEQ ID 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 1D NO:132, a CDR-H2 comprising the amino acid sequence of SEQ
1D NO: 133, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:134; Vi
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID 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; Vys comprises a CDR-HI comprising the amino
acid sequence of SEQ H3 NO:135, a CDR-HZ 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-L1 comprising the amino acid sequence of SEQ 1D NG:145, a CDR-L2
comprising the amino acid sequence of SEQ D NO: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG 147,
10180} In some embodiments, Vyu; 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 ID 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( 1D NG:146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:147; Vg comprnises a CDR-HI comprising the amino
actd sequence of SEQ 1D N(O:129, a CDBR-H2 comprising the amino acid sequence of SEQ
D NG: 130, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:131; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:141, a CDR-L2
comprising the amino acid sequence of SEQ 1D NG:178, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:142; Viz comprises a CDR-HI comprising the amino
acid sequence of SEQ ID N(O: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 CDR-L1 comprising the amino acid sequence of SEQ ID NO: 143, a CDR-L2
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comprising the amino acid sequence of SEQ D NO: 179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NGO 144,

{0181} In some embodiments, Vy; comprises a CDR-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 ID NO:131; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG: 141, a CDR-L2
comprising the amino acid sequence of SE( 1D NG:178, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:142; Vg, comprnises a CDR-HI comprising the amino
acid sequence of SEQ 1D NO: 135, a CDR-H2 comprising the amine acid sequence of SEQ
D NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:137; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG: 145, a CDR-L2
comprising the amino acid sequence of SEQ [D NG:146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:147; Vg3 comprises a CDR-HI comprising the amino
acid sequence of SEQ ID N(O: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 SEQ ID N(G: 143, a CDR-L2
comprising the amino acid sequence of SEQ D NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO: 144,

{0182} In some embodiments, 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
N(:136, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:137; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:145, a CDR-L2
comprising the amino acid sequence of SEQ D NO: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:147; Vy, comprises a CDR-HI comprising the amino
acid sequence of SEQ H3 NO:132, a CDR-HZ comprising the amino actd 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 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; Vs comprises a CDR-HI comprising the amine
acid sequence of SEQ 2 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 1D 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 1D NGO 146, and a CDR-L3 comprising the
aming acid sequence of SEQ [D NG:147.
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{0183} In some embodiments, Vi comprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D NGO 135, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO:145, a CDR-L2
comprising the amino acid sequence of SEQ ID N(G: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:147; Vi comprises a CDR-HI comprising the amino
acid sequence of SEQ H3 NO:132, a CDR-HZ comprising the amino actd 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 amino acid sequence of SEQ D NO: 179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:144; Vs comprises a CDR-HI comprising the amine
acid sequence of SEQ 2 NO:132, a CDR-HZ comprising the amino acid sequence of SEQ
D NG: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
amino acid sequence of SEQ 1D NG: 144,
10184} In some embodiments, Vg comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID N(: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 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 [D NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:144; Vip comprises a CDR-HI comprising the amino
acid sequence of SEQ ID N(O:135, a CDR-H2 comprising the amino acid sequence of SEQ
1D NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N(G: 145, a CDR-L.2
comprising the amino acid sequence of SEQ D NG 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:147; Vi comprises a CDR-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 ID NO:137; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 145, a CDR-L2
comprising the amino acid sequence of SEQ ID NG:146, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO:147.
{0185} In some embodiments, 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
96



NO:133, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:134; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:143, a CDR-L2
comprising the amino acid sequence of SEQ 1D NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:144; Vg, comprises a CDR-HI comprising the amino
actd sequence of SEQ 1D N(O:135, a CBR-H2 comprising the amino acid sequence of SEQ
1D NO: 136, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:137; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N(G: 145, a CDR-L.2
comprising the amino acid sequence of SEQ D NG 146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:147; Viz comprises a CDR-HI comprising the amino
acid sequence of SEQ ID N(O: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 CDR-L1 comprising the amino acid sequence of SEQ ID NO: 143, a CDR-L2
comprising the amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO: 144,
{0186} In some embodiments, Vy; comprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D NG:28, a CDR-HZ comprising the amino acid sequence of SEQ ID
NO:29, and a CDR-H3 comprising the amino acid sequence of SEQ ID 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 NQO: 47, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NO:48; Vi comprises a CDR-HI comprising the amino
acid sequence of SEQ 12 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 NO:36; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ 1D NG:5Z, a CDR-L2
comprising the amino acid sequence of SEQ 1D NQO:53, and a CDR-L3 comprising the amino
acid sequence of SEQ H3 NO:54; Vuz comprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D NO:120, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:121, and a CBR-H3 comprising the amino acid sequence of SEQ ID NO:122; and V3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG:123, a CDR-L2
comprising the amino acid sequence of SEQ 1D NO:124, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NG:125.
{0187} In some embodiments, Vi comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID N(O:31, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:32, and a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:33; Vi,
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID N(G:49, 3 CDR-L2
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comprising the amino acid sequence of SEQ ID N(G:50, and a CDR-L3 comprising the amino
acid sequence of SEQ 1D NO:51; Vi comprises a CDR-HI comprising the amino acid
sequence of SEQ D N(G: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 NO: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 SE(Q 3 NG:54; Vs comprises a UDR-H1 comprising the amino acid
sequence of SEQ 1D NO:120, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:121, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:122; and Vi3
comprises a CDR-L.1 comprising the amino acid sequence of SEQ ID NG:123, a CDR-L2
comprising the amino acid sequence of SEQ 1D NO:124, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NG:125.

Antigen targets
{0188} In some embodiments, a binding protein of the present disclosure binds one or

more {e.g., one, two, or three) of the following antigen targets or target proteins: AZAR,
APRIL, ATPDase, BAFF, BAFFR, BCMA, BlyS, BTK, BTLA, B7DC, B7H1, B7H4 (also
known as VICN1), B7THS, B7Ho, B7TH7, B7RP1, B7-4, C3, CS, CCL2 (also known as MCP-
1), CCL3 (also known as MiP-1a), CCLA4 (also known as MIP-1b), CCLS {also known as
RANTES), CCL7 (also known as MCP-3), CCLS8 (also known as mep-2), CCL11 (also
known as eotaxin), CCL1S {(also known as MIP-1d), CCL17 (also known as TARC), CCL19
{(also known as MIP-3b), CCL20 (also known as MIP-3a}), CCL21 (also known as MIP-2),
CCL24 (also known as MPIF-2/eotaxin-2}, CCL25 (also known as TECK), CCL26 (also
known as eotaxin-3}, CCR3, CCR4, CD3, CD19, CD20, CD23 (also known as FCERZ, a
receptor for Igh), CD24, CD27, CD28, CD3§, CD39, CD40, CD70, CDEO (also known as
7-1}, CD86 (alsc known as B7-2), CD122, CD137 (also known as 41BB), CD137L, CD152
{(also known as CTLA4), CD154 (also known as CD40L), CD160, CD272, D273 (also
known as PDL2), CD274 (also known as PDL1}, CD275 (also known as B7HZ), CDB276 (also
known as B7TH3), CD278 (also known as ICOS), CD279 (also known as PD-1), CDHI (also
known as E-cadherin}, chitinase, CLECY, 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), CXCL1Z (also known as SDF1), CXCL13, CXCR3, DNGR-1, ectonucleoside
triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCER1A, FCERI, FLAP, FOLHI,
Gi24, GITR, GITRL, GM-CSF, Her2, HHLAZ, HMGB1, HVEM, ICOSLG, IDO, IFNa, IgE,
IGFIR, IL2Rbeta, IL1, ILTA ILIB, IL1F10, 102, 14, L 4Ra, IS ILSR, fLo, 1.7, IL7Ra,
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L8, 1.9, ILOR, IL10, rhEL10, IL12, TIL13, L 13Ral, [L13Ra2, IL15 1IL17, IL17Rb (also
known as a receptor for 1L25), 1118, H.22, 1123, 1L.25, 1127, 1133, 135, ITGB4 (also known
as b4 integrin}, ITK, KIR, LAG3, LAMPI, leptin, LPFS2, MHC class [T, NCR3LGI,
NKG2D, NTPDase-1, GX40, OX40L, PD-1H, platelet receptor, PROMI, S152, SISP1, SLC,
SPG64, ST2 {also known as a receptor for 1L.33), STEAPZ, Syk kinase, TACI, TB(O, T14,
TIGIT, TIM3, TLR, TLR2, TLR4, TLRS, TLR9, TMEF 1, TNFa, TNFRSF7, Tp35, TREMI,
TSLP (also known as a co-receptor for IL7Ra), TSLPR, TWEAK, VEGF, VISTA, Vstm3,
WUCAM, and XCR1 (also known as GPRS/CCXCR1). In some embodiments, one or more
of the above antigen targets are human antigen targets.

{0189} In one embodiment, the binding proteins specifically bind to one or more tumor
antigen targets {e.g., target proteins). In other embodiments, the binding proteins 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 imited to CD3 and CD28,
among others. Further examples of such antigen targets or target proteins are provided supra.
In some embodiments, the trispecific binding proteins may be generated by combining the
antigen binding domains of two or more monospecific antibodies (parent antibodies) into one
antibody. In some embodiments, a binding protein of the present disclosure binds one or
more {e.g., oneg, two, or three) of the following antigen targets: CD3, CD19, CD20, CD2S,
CD38, Her2, LAMPI, IL-4, {1.-13 and TINFa.

10190} 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 15 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 epttope. In another embodiment, the binding protein is capable of binding
three tumor antigen targets. In another embodiment, the binding protein 1s 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.

{0191} 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 ditferent 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 turnor 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 s capable of
specifically binding three epitopes on a single cvtokine 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 1L-4, 1L-13 and/or TNFa. Further examples of cytokine target
proteins are provided infra.

10193} In some embodiments, a binding protein of the present disclosure binds one or
more tumor target proteins and one or more T cell target proteins. In some embodiments, the
binding protein is capable of specifically binding one tumor target protein and two different
epitopes on a single T cell target protein. In some embodiments, the binding protein s
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 second polypeptide chains of the binding protein form
two antigen binding sites that specifically target two tumor target proteins, and the third and
fourth polypeptide chaius of the binding protein form an antigen binding site that specifically
binds a T cell target protein. In some embodiments, the one or more tumor target proteins are
one or more of CD3, CD19, CD20, CD28, CD38, Her2, 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 protetns of the disclosure may be prepared using domains or
sequences obtained or derived from any human or non-human antibody, including, for
exampie, human, muring, or humanized antibodies.

Linkers
{0196} In some embodiments, the linkers Ly, L;, L; and L, range from no amino acids

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

{0197} HExamples 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 NG: 98); a peptide with five glycine residues (Gly-Gly-Gly-Gly-Gly; SEQ
ID NO: 99); a peptide with six glycine residues (Gly-Gly-Gly-Gly-Gly-Gly; SEQ D NO:
100}, a peptide with seven glycine residues (Gly-Gly-Gly-Gly-Gly-Gly-Gly, SEQ 1D NO:
101); a peptide with eight glycine residues (Gly-Gly-Gly-Gly-Gly-Gly-Gly-Gly; SEQ ID 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 1D NG 104), the peptide Gly-Gly-Gly-Gly-Ser-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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{SEQ ID N(O:148). Other suitable linkers include a single Ser, and Val residue; the dipeptide
Arg-Thr, GIn-Pro, Ser-Ser, Thr-Lys, and Ser-Leu;, Thr-Lys-Gly-Pro-Ser (SEQ ID NO: 106),
Thr-Val-Ala-Ala-Pro (SEQ ID NO: 107}, Gin-Pro-Lys-Ala-Ala (SEQ ID NG: 108), Gln-Arg-
He-Glu-Gly (SEQ ID NO: 109); Ala-Ser-Thr-Lys-Gly-Pro-Ser (SEQ 1D NO: 110), Arg-Thr-
Val-Ala-Ala-Pro-Ser (SEQ 1D NO:111), Gly-Gln-Pro-Lys-Ala-Ala-Pro (§EQ 1D NO:112),
and His-lle-Asp-Ser-Pro-Asn-Lys (SEQ ID NO:113). The examples listed above are not
intended to limit the scope of the disclosure in any way, and linkers comprising randomly
selected amino acids selected from the group consisting of valine, leucine, isoleucine, serine,
threonine, lysine, arginine, histidine, aspartate, glutamate, asparagine, glutamine, glycine, and
proline have been shown to be suitable in the binding proteins. For additional descriptions of
finker sequences, see, e.g., W0O2012135345.

10198} The identity and sequence of amino acid residues in the linker may vary
depending on the type of secondary structural element necessary to achieve in the linker. For
example, glycine, serine, and alanine are best for linkers having maxinmum 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 Ly, In some
embodiments, the fength of L 15 at least twice the length of Ly, In some embodiments, the
length of L; is at least twice the length of Ls, and the length of L, is at least twice the length
of Ls. In some embodiments, L; 18 3 to 12 amino acid residues in length, 1; 15 3 to 14 amino
acid residues in length, L5 15 1 to 8 amino acid residues in length, and L4 1s 1 to 3 amino acid
residues o length. In some embodiments, L; 18 5 to 10 amino acid residues in length, L, 15 S
to 8 amino acid residues in length, L3 1s 1 to 5 amino acid residues in length, and Ly is 1 t0 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 1,4 1s 2 amino acid
residues in length. In some embodiments, 1 is 10 amino acid residues in length, L, is 10
amino acid residues in length, L5 1s 0 amino acid residue in length, and L4 18 0 amino acid
residues in length. In some embodiments, Ly, Ly, Ls, and Ly each have an independently
selected length from 0 to 15 amino acids {e.g., 0, 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, or
15 amino acids), wherein at least two of the linkers have a length of 1 to 15 amino acids {e.g.,
1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acids). In some embodiments, Ly, L;,

L, and 14 are each O amino acids in length.



{0200} In some embodiments, Ly, L;, L3, 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 NG: 525). In some embodiments, L3 comprises the sequence Asp-Lys-Thr-
His-Thr (SEQ ID NO: 525).

{0201} In some embodiments, L, L, L3, and/or Ly comprise a sequence denived from a
naturally occurring sequence at the junction between an antibody variable domain and an
antibody constant domain (e.g., as described in W(O2012/135345). For example, in some
embodiments, the linker comprises a sequence found at the transition between an endogenous
Vi and Cy; domain, or between an endogenous Vi and Co domain (e.g., kappa or lambda).
In some embodiments, the linker comprises a sequence found at the transition between an
endogenous human Vy and Ci domain, or between an endogenous human Vi and Co
domain {e.g., human kappa or lambda).

{6202} In some embodiments, Ly, Ly, L3, and/or Ly comprise the sequence Gly-Gln-Pro-
Lys-Ala-Ala-Pro (SEQ ID NG: 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 (§EQ 1D NO: 175), L, comprises the sequence Thr-
Lys-Gly-Pro-Ser-Arg (SEQ ID NO: 176), L; comprises the sequence Ser, and L; comprises
the sequence Arg-Thr. In some embodiments, L; comprises the sequence Gly-Gln-Pro-Lys-
Ala-Ala-Pro (SEQ ID NO: 175). In some embodiments, L, comprises the sequence Ser, L
comprises the sequence Arg-Thr, Ls comprises the sequence Gly-GIn-Pro-Lys-Ala-Ala-Pro
(SEQ ID NO: 175) and L4 comprises the sequence Thr-Lys-Gly-Pro-Ser-Arg (SEQ 1D NO:
176).

{0203} In some embodiments, Ly, L;, Ly and L4 each independently comprise a sequence
selected from (GGGGS), (wherein n 18 an integer between 0 and §; SEQ 1D NO:174),
GGGGSGGGGS (SEQ ID NO:104), GGGGSGGGGIGGEGES (SEQ ID NG:10S), S, RT,
TKGPS (SEQ ID NG:106), GOPKAAP (SEQ ID NO: 175), and GGSGSSGSGG (SEQ 1D
NQO:148). In some embodiments, L, comprises the sequence GQPKAAP (SEQ ID NG 175},
L, comprises the sequence TKGPS (SEQ ID NO:106), L; comprises the sequence S, and L4
comprises the sequence RT. In some embodiments, L; comprises the sequence
GGGGSGGGES (SEQ ID NO:104), L, comprises the sequence GGGGSGGGGS (SEQ ID
NO:104), Lz 13 0 amuno acids in length, and Ly is 0 amino acids in fength. In some
embodiments, L, comprises the sequence GGSGSSGSGG (SEQ ID NO:148), L, comprises
the sequence GGSGSSGRGEG (SEQ ID NO:148), L3 18 0 anmuno acids in length, and L, is 0
amino acids in length. In some embodiments, L.; comprises the sequence
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GGGGSGGGGESGGGES (SEQ ID NO:105), Ly 1s 0 amino acids in length, Ls; comprises the
sequence GGGGSGGGGSGGGGS (SEQ 1D NO:10S), and Ly 1s 0 anuno acids in fength. In
some embodiments, Ly and L, are zero amino acids in length, and L; and L; each comprise an
independently selected sequence selected from (GGGGR), (wherein n is an integer between 0
and 5; SEQ ID NO:174), GGGGSGGGES (SEQ 1D NO:104), GGGGSGGGGSGGGES
(SEQ ID NO:105), 8, RT, TKGPS (SEQ ID NO:106), GOPKAAP (SEQ ID NO: 175), and
GGSGSSGSGG (SEQ ID NO:148). In some embodiments, L5 and Ls are zero amino acids in
tength, and L, and L, each comprise an independently selected sequence selected from
(GGGGS)s (wherein n 15 an integer between 0 and S; SEQ 1D NO:174), GGGGSGGGES
{(SEQ ID NO:104), GGGGSGGGGSGGGGS (SEQ ID NO:105), S, RT, TKGPS (SEQ ID
NO:106), GOPKAAP (SEQ ID NO: 175), and GGSGSSGSGG (SEQ ID NO:148).

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

{0205] In some embodiments, a binding protein of the present disclosure includes one or
two Fc variants. The termo "Fe variant” as used herein refers to a molecule or sequence that 1s
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 Fc comprises regions that can
be removed because they provide structural features or biological activity that are not
required for the antibody-like binding proteins of the invention. Thus, the term "Fc¢ variant”
comprises a molecule or sequence that lacks one or more native Fc sites or residues, or in

which one or more Fc sites or residues has be modified, that aftect 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).

{0206} To improve the yields 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 er ol , 1990, Protein tng. 9.
617-21; and Merchant ef a/, 1998, Nat. Biotechnol. 16: 677-81. Specifically, the interaction
surfaces of the two Cyz domains are altered to increase the heterodimerisation of both heavy
chains containing these two Cys domains. Each of the two Cgs domains {of the two heavy
chains) can be the "knob,” while the other is the "hole.” The introduction of a disulfide
bridge further stabilizes the heterodimers (Merchant ef a/ , 1998; Atwell e o/, 1997, .J. Aol
Biol 270: 26-35) and increases the yield. In particular embodiments, the knob 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 Cys domains do not include a knob in hole.

10207} In some embodiments, a hinding protein of the present disclosure comprises a
“knob” mutation on the second polypeptide chain and a “hole” mutation on the third
polypeptide chain. In some embodiments, a binding protein of the present disclosure
comprises a “knob” mutation oo the third polypeptide chain and a “hole” mutation oo the
second polypeptide chain. In some embodiments, the “knob” mutation comprises
substitution{s) at positions corresponding to positions 354 and/or 366 of human IgG1 or IgG4
according to EU Index. In some embodiments, the amino acid substitutions are 5§354C,
T366W, T366Y, S354C and T366W, or 8354C and T366Y. In some embodiments, the
“knob” mutation comprises substitutions at positions corresponding to posttions 354 and 366
of human IgG1 or IgG4 according to EU Index. In some embodiments, the amino acid
substitutions are 8334C 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. In some embodiments, the amino
acid substitutions are Y407V or Y407T and optionally ¥Y349C, T3668S, and/or L368A. In
some embodiments, the “hole” mutation comprises substitutions at positions corresponding to
positions 349, 366, 368, and 407 of human IgGl or IgG4 according to EU Index. In some
embodiments, the amino acid substitutions are Y349C, T36685, L368A, and Y407V,



{0208} 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
CHZ and CH3 immunoglobulin heavy chain constant domains, wherein the first Fc region
comprises amino acid substitution{s) at positions corresponding to positions 366 and
optionally 354 of human IgG1 or IgG4 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 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 407 and optionally 349, 3606, and/or 368 and of human IgG1 or
1¢(G4 according to EU Index, wherein the amino acid substitutions are Y407V or Y407T and
optionally Y349C, T3665, and/or L368A.

10209} 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{(s) at positions corresponding to posttions 407 and
optionally 349, 366, and/or 368 and of human IgG1 or IgG4 according to EU Index, wherein
the amino acid substitutions are Y407V or Y4077 and optionally Y349(, T3668, and/or
L368A; and wherein the third polypeptide chain further comprises a second Fc region linked
to CHI, the second Fe region comprising an immunoglobulin hinge region and CH2 and CH3
immunoglobulin heavy chain constant domains, wherein the second Fc region comprises
amino acid substitution(s) at positions corresponding to positions 366 and optionally 354 of
human IgG1 or IgG4 according to EU Index, wherein the amino acid substitutions are
T3I66W or T366Y and optionally S354C.

{02161 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 actd substitution at position corresponding to position 366 of human IgGl
or Ig(G4 according to EU Index, wherein the amino acid substitution is T366W,; and wherein
the third polypeptide chain further comprises a second Fc region linked to CHI, the second
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, 368, and/or 407 and of human
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1eG1 or IgG4 according to EU Index, wherein the amino acid substitutions are T366S,
L368A, 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 tmumunoglobulin 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 366, 368, and/or
407 and of human IgG1 or IgG4 according to EU Index, wherein the amino acid substitutions
are T3668, L368A, and/or Y407V, 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 Fe region corprises amino acid substitution at position corresponding to position 366
of human IgG1 or 1g(G4 according to EU Index, wherein the amino acid substitution is
T366W.

{0212} In some embodiments, the second polypeptide chain further comprises a first Fc
region linked to CH1, the first Fe region comprising an immunoglobulin hinge region and
CH2Z and CH3 immunoglobulin heavy chain constant domains, wheretn the first Fc regton
comprises amino acid substitutions at positions corresponding to positions 354 and 366 of
human fgG1 or IgG4 according to EU Index, wherein the amino actd substitutions are 8354C
and T366W; and wherein the third polypeptide chain further comprises a second Fc region
finked to CHI, the second Fc region comprising an immunogiobulin hinge region and CH2
and CH3 immunoglobulin heavy chain constant domains, wherein the second Fe region
comprises amino acid substitutions at positions corresponding to positions 349, 366, 368, and
407 of human IgG1 or IgG4 according to EU Index, wherein the amino acid substitutions are
Y349C, T366S, L36BA, 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 Fe region comprises amino acid substitutions at positions
corresponding to positions 349, 366, 368, and 407 of human IgG!l or IgG4 according to EU
Index, wherein the amino acid substitutions are Y349C, T3668, L368A, and Y407V, and
wherein the third polypeptide chain further comprises a second Fc region linked to CH1, the
second Fe region comprising an immunoglobulin hinge region and CHZ2 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 T360W.
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In some embodiments, the first and/or second Fc regions are human IgGl Fc regions. In
some embodiments, the first and/or second Fe regions are human IgG4 Fe regions.

10213} In some embodiments, a binding protein of the present disclosure comprises one
or more mutations to improve serurn half-lite (See e g., Hinton, PR et al. (2006) J. Immunol.
176(13:346-50). In some embodiments, the mutation comprises substitutions at positions
corresponding to positions 428 and 434 of human IgG1 or IgG4 according to EU Index,
wherein the amino acid substituiions are M428L and N4345. In some embodimenis, the
binding protein comprises a second polypeptide chain further comprising a first Fe region
linked to CH1, the first Fc region comprising an immunoglobulin hinge region and CH2 and
CH3 immunoglobulin heavy chain constant domains, and a third polypeptide chain further
comprising a second Fe region hinked to CHI, the second Fe region comprising an
immunoglobulin hinge region and CH2 and CH3 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 Ig(G1 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 hole mutations and one or more
mutations to improve serum halt-life. In some embodiments, the first and/or second Fe
regions are human IgG1 Feregions. In some embodiments, the first and/or second Fc regions
are human 1g(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
1gG4 (See e.g., Spiess, C. efal (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
N228P and R409K. In some embodiments, the binding protein comprises a second
polypeptide chain further comprising a first Fe region linked to Cyy, the first Fe region
comprising an immunogiobulin hinge region and Cy; and Cys immunogiobulin heavy chatn
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 Cy 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 IgG4
according to EU Index, wherein the amino acid substitutions are S2238P and R409K. In some
embodiments, a binding protein of the present disclosure comprises knob and hole mutations
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and one or more mutations to improve stability. In some embodiments, the first and/or second
F¢ regions are human Ig(G4 Fe regions.

10215] In some embodiments, a binding protein of the present disclosure comprises one
or more mutations to improve purification, e.g., by modulating the affinity for a purification
reagent. For example, it is known that heterodimeric binding proteins can be selectively
purified away from their homodimeric forms if one of the two Fe regions of the
heterodimeric form contains mutation{s} that reduce or eliminate binding to Protein A,
because the heterodimeric form will have an intermediate atfinity 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. efal (2015} Sci. Rep. 5:17943). In some
embodiments, the mutation comprises 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 binding protein comprises a
second polypeptide chain further comprising a first Fc region linked to Cyy, the first Fc
region comprising an immunoglobulin hinge region and Cyy and Cys immunoglobulin heavy
chain constant domains, and a third polypeptide chain further comprising a second Fc region
linked to Cy;, the second Fc region comprising an immunoglobulin hinge region and Cy; and
Cy3 immunoglobulin heavy chain constant domains; and wherein only one of the first and the
second Fe regions comprises amino acid substitutions at positions corresponding to positions
435 and 436 of human IgG1 or IgG4 according to EU Tndex, wherein the amino acid
substitutions are H435R and Y436F. In some embodiments, a binding protein of the present
disclosure comprises knob and hole routations and one or more mutations to improve
purification. In some embodiments, the first and/or second Fc regions are human 1gGl Fe
regions. In some embodiments, the first and/or second Fe regions are human IgG4 Fe
regions,

10216} In some embodiments, a binding protein of the present disclosure comprises one
or more mutations to reduce effector function, e.g., Fc receptor-mediated antibody-dependent
cellular phagocytosis (ADCP), complement-dependent cytotoxicity (CDC), and/or antibody-
dependent 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 Cip and Cyz imrounoglobulin 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 Cy; and Cys
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 1.234A and L235A. 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 Cyp and Cys immunoglobulin heavy chain
constant domains; wherein the third polypeptide chain further comprises a second Fc region
finked to Cy, the second Fe region comprising an immunoglobulin hinge region and Cip and
Cys timmunoglobulin heavy chain constant domains; wherein the first and second Fe regions
are human IgG1l Fe regions; and wherein the first and the second Fe regions each comprise
amino acid substitutions at positions corresponding to positions 234, 235, 329 of human IgGl
according to EU Index, wherein the amino acid substitutions are L234A, 1L.235A, 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 EUJ Index, wherein the amino acid substitutions are
F234A and L235SA. In some embodiments, the binding protein comprises a second
polypeptide chain further comprising a first Fc¢ region linked to Cyy, the first Fc region
comprising an immunoglobulin hinge region and Cyy and Cygsz immunogiobulin heavy chain
counstant domains, and a third polypeptide chain further comprising a second Fe region linked
to Cyy, the second Fc region comprising an immunoglobulin hinge region and Cyy and Cs
immunoglobulin heavy chatn 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 Index, wherein the amino acid substitutions are
F234A and L235A. In some embodiments, a binding protein of the present disclosure
comprises knob and hole mutations and one or more mutations to reduce effector function. In
some embodiments, the first and/or second Fe regions are human IgG1 Fe regions. In some

embodiments, the first and/or second Fc regions are human IgG4 Fe regions. For turther
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description of Fc mutations at position 329, see, e.g., Shields, R.L. ef /. (2001} J. Biol.
Chem. 276:6591-6604 and W(O1999051642.

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

{0218} In certain embodiments, a binding protein of the present disclosure comprises: a
first polypeptide chain that comprises a lambda C,, domain; a Cys domain of a second
polypeptide chain that corprises amino acid substitutions at positions corresponding to
positions 354 and 366 of human 1gGl according to EU Index, wherein the amino acid
substitutions are 8354C and T366W; a Cy; domain of a third polypeptide chain that
comprises amino acid substitutions at positions corresponding to positions 349, 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 C domain; wherein the Cy; 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 Cy; domain of the second polypeptide chain comprises
amino acid substitutions at positions corresponding to positions 349, 366, 368, 407, 435, and
436 of human IgG1 according to EU Index, wherein the amino acid substitutions are Y349C,
T3668, L368A, Y407V, H435R, and Y436F; and wherein the fourth polypeptide chain
comprises a kappa Cp domain. In some embodiments, the first polypeptide chain comprises a
lambda Cy domain; wherein the 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,
T3I66W, H435R, and Y436F; wherein the Cy3 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,
T3668, L368A, and Y407V, and wherein the fourth polypeptide chain comprises a kappa (¢,
domain. In some embodiments, the first polypeptide chain comprises a kappa Cp, domain
wherein the Cy; domain of the second polypeptide chain comprises amino acid substitutions
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at positions coresponding to positions 354 and 366 of human Ig(G1 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 IgGl 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 Cy, domain.

{0219] 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
fambda light chain affinity chromatography (e.g., using a LambdaFab Select resin according
to mamufacturer’s instructions; GE Healthcare). In some ermbodirents, a binding protein of
the present disclosure is purified by Protein A affinity chromatography, lambda light chain
affinuty chromatography (e.g., using a LarobdaFabSelect 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 Healtheare). In some
embodiments, the binding protein comprises two Fc regions, each comprising a Crs domain,
and only one of the Cy3 domains comprises amino acid substitutions at positions
corresponding to positions 435 and 436 of human IgG1 or 2G4 according to EU Index,
wherein the amino acid substitutions are H435R and Y436F. In some embodiments, a
binding protein of the present disclosure is purified by protein A affinity chromatography,
then kappa light chain affinity chromatography (e.g., using a KappaSelect resin according to
manufacturer’s instructions; GE Healtheare), then optionally larmbda hight 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 manutacturer’s instructions; GE Healthcare) in
sequence. For example, in some embodiments, the binding protein i3 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 Ciz 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 Healtheare), and eluted from the kappa light chain
affinity medium under conditions suitable for isolating the binding protein away from binding

12



proteins comprising only lambda C domains {e.g., according to mamufacturer’s instructions).
Conditions suitable for the Protein A elution are known in the art, including without
limitation a stepwise elution gradient from pH4.5-2.8. In some embodiments, Protein A or a
Protein A variant useful for protein purification is emploved. In some embodiments, the
Protein A is attached to a substrate or resin, e.g2., as part of a chromatography medium. In
some embodiments, after elution from the kappa light chain affinity medium, the binding
protein 1s contacted with a lambda light chain affinity medium {e.g., as used in the
LambdaFabSelect resin, GE Healthcare), and eluted from the lambda light chain affinity
medium under conditions suitable for isolating the binding protein away from binding
proteins comprising only kappa C;, domains {e.g., according to manufacturer’s instructions).
In some embodiments, a binding protein of the present disclosure 18 detected using HIC
chromatography. In some embodiments, the binding protein comprises: a first polypeptide
chain that comprises a lambda Cy domain; a Crs domain of a second polypeptide chain that
comprises amino acid substitutions at positions corresponding to positions 354 and 366 of
human IgG1 or IgG4according to EU Index, wherein the amino acid substitutions are S354C
and T366W; a Cys 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,
T3608, L368A, Y407V, H435R, and Y436F; and a fourth polypeptide chain that comprises a
kappa Cp domain. In some embodiments, the binding protein is produced by a host cell. In
some embaodiments, 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, CHI1, 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
{0221} Standard recombinant DNA methodologies are used to construct the

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

host cells. See e.g., Sambrook ef o/, 2001, MOLECULAR CLONING: A LABORATORY MANUAL
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{Cold Spring Harbor Laboratory Press, 3rd ed.}. Enzymatic reactions and purification
techniques may be performed according to manufacturer's specifications, as commonly
accomplished in the art, or as described herein. Uniess specific definitions are provided, the
nomenclature utilized in connection with, and the laboratory procedures and techmques of,
analytical chemistry, synthetic organic chemistry, and medicinal and pharmaceutical
chenmustry 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, tormulation, delivery, and treatment of patients.

0222} Other aspects of the present disclosure relate to 1solated 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 heterclogous promoter to
direct transcription of the binding protein-coding nucleic acid sequence. A promoter may
refer to nucleic acid control sequences which direct transcription of a nucleic acid. A first
nucleic acid sequence is operably linked to a second nucleic acid sequence when the first
nucleic acid sequence is placed in a functional relationship with the second nucleic acid
sequence. For instance, a promoter 18 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 himited to, promoters obtained from the
genomes of viruses (such as polyoma virus, fowlpox virus, adenovirus (such as Adenovirus
2}, bovine papilloma virus, avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B
virus, Simian Virus 40 (S§V40), and the like}, from heterologous eukaryotic promoters (such
as the actin promoter, an immunoglobulin promoter, from heat-shock promoters, and the
like}y, the CAG-promoter (Niwa et al, Gene 108(2}:193-9, 1991}, the phosphoglycerate
kinase (PGK }-promoter, a tetracycline-inducible promoter (Masut et al, Nucleic Acids Res.
33:e43, 2005), 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.
{0223} 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 limited to, enhancer sequences from mammalian genes (such as globin, elastase, albumin,
a-tetoprotein, insulin and the like), and enhancer sequences from a eukaryotic cell virus (such
as SV40 enhancer on the late side of the replication origin (bp 100-270), the cytomegalovirus
earty 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, adenc-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 plasnid
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 systern comprises a first vector encoding the first and third
polypeptide chains of the binding protein, and a second vector encoding the second and
fourth polypeptide chains of the binding protein. Tn some erabodiments, the vector system
comprises a first vector encoding the first and fourth polypeptide chains of the binding
protein, and a second vector encoding the second and third polypeptide chains of the binding
protein. In some embodiments, the vector system comprises a first vector encoding the first,
second, third, and fourth polypeptide chains of the binding protein. The one or more vectors
of the vector system may be any of the vectors described herein. In some embodiments, the
One Of MOore 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. Tn
some embaodiments, the host cell is a bacterial cell (e.g,, an F. cofi cell). In some
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embodiments, the host cell is a yeast cell {e.g., an §. cerevisiae cell}. In some embodiments,
the host cell 1s an tnsect cell. Exarmples of insect host cells may include, for example,
Drosophila cells (e.g., S2 cells), Trichoplusia ni cells {e.g., High Five™ cells), and
Spodoptera frugiperda cells {e.g., SE21 or S$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., T™M4 cells), monkey kidney cells {(e.g., CVI 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 CCLA1), TRIcells, MRC 5§ cells, FS4 cells, a human hepatoma line (e.g., Hep G2),
and myeloma cells (e.g, NSO and Sp2/0 cells).

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

10228} 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 "H, "C, 7P, 7S, UL T T¢, in, or

"Ga; a fluorescent
or chemiluminescent compound, such as fluorescein isothiocyanate, rhodamine, or lucifering
or an enzyme, such as alkaline phosphatase, B-galactosidase, or horseradish peroxidase.
10229} The binding proteins are also useful for 7w vivo imaging. A binding protein
fabeled 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.
{0236} 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 AZAR, APRIL, ATPDase, BAFF, BAFFR, BCMA, BiyS, BTK, BTLA, B7DC,
B7H1, B7H4 (also known as VICN1), B7HS, B7H6, BTH7, BIRP1, B7-4, C3, C5, CCL2
{(also known as MCP-1), CCL3 (also known as MIP-1a), CCL4 (also known as MIP-1b),
CCLS {(also known as RANTES}, CCL7 (also known as MCP-3), CCL8 {also known as 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), CCL2S (alsc known as
TECK), CCL26 {(also known as eotaxin-3), CCR3, CCR4, CD3, CD19, €D20, €D23 (also
known as FCERZ, a receptor for IgE), CD24, CD27, CD28, CD38, CD39, CD40, CD70,
CDRO (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 B7H2}, CD276 (also known as B7H3), CI3278 (also known as ICOK), 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-{SF), CSF-3 (alsoc known as GCSF),
CXECLI (also known as SCYD1), CXCL12 (also known as SDF 1), CXCL13, CXCR3,
DNGR-1, ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCERIA,
FCER, FLAP, FOLHIL, Gi24, GITR, GITRL, GM-CSF, Her2, HHL A2, HMGB1, HVEM,
ICOSLG, IDO, IFNg, IgE, IGFIR, IL2Rbeta, IL1, IL1A, IL1B, IL1F10, IL2, IL4, IL4Ra,
L5, ILSR, IL6, IL7, IL7Ra, IL8, 119, TLOR, 1110, rhiL10, TL12, TL13, ILI3Ral, 1L13Ra2,
1115, IL17, IL17Rb (also known as a receptor for 1L25), IL18, 122, 1L.23, 1125, IL27, 1133,
.35 TTGB4 (also known as b4 integring, ITK, KIR, LAG3, LAMPI, leptin, LPFSZ, MHC
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class I, NCR3LG1, NKG2D, NTPDase-1, 0X40, GX40L, PD-1H, platelet receptor,
PROMI, 8152, SISP1, SLC, SPG64, ST2 (also known as a receptor for IL.33), STEAPZ, Svk
kinase, TACL TDO, T14, TIGIT, TIM3, TLR, TLRZ, TLR4, TLRS, TLRS, TMEF1, TNFa,
TNFRSF7, Tp55, TREMI, TSLP {(also known as a co-receptor 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.

{0231} In some embodiments, a binding protein of the present disclosure is adminstered
to a patient in need thereof for the treatment or prevention of cancer. For example, in some
embodiments, the binding protein comprises one antigen binding site that specifically binds a
T-cell surface protein and another antigen binding site that specifically binds a tumor target
protein {e.g., two antigen binding sites that specifically bind T-cell surface proteins and one
antigen binding site that specifically binds a tumor target protein, or two antigen binding sites
that specifically bind tumor target proteins and one antigen binding site that specifically binds
a T-cell surface protein). In certain embodiments, the binding protein comprises an antigen
binding site that specifically binds 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, Her2, and LAMP1. In some embodiments, the binding protein is co-
administered with a chemotherapeutic agent. In some embodiments, the patient is a human.
{0232} In some embodiments, a binding protein of the present disclosure is adminstered
to a patient in need thereof for the treatment or prevention of an inflammatory disease or
disorder. In some embodiments, the binding protein comprises three antigen binding sites
that each specifically bind a cytokine target protein selected from IL-4, IL-13 and TNFa. In
some embodiments, the binding protein is co-administered with an anti<inflammatory agent.
In some embodiments, the patient 1s a human.

{0233} The disclosure also relates to a kit comprising a binding protein and other reagents
usetul 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 etfective 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 adminmistration.

10235] Acceptable formulation materials preferably are nontoxic to recipients at the
dosages and concentrations employed.

10236} The pharmaceutical composition can contain formulation materials for modifving,
maintaining, or preserving, for example, the pH, osmolarity, viscosity, clarity, color,
1sotonicity, 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 sodium 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 (EDTAY),
complexing agents (such as caffeine, polyvinylpyrrolidone, beta-cyclodextrin, or
hydroxypropyl-beta-cyclodextrin), fillers, monosaccharides, disaccharides, and other
carbohydrates (such as ghucose, mannose, or dextring), proteins (such as serum albumin,
gelatin, or immunoglobuling), coloring, tlavoring and diluting ageots, emulsifying agents,
hydrophilic polymers (such as polyvinylpyrrolidone}, low molecular weight polypeptides,
salt-forming counterions (such as sodium), preservatives (such as benzalkoniurm chloride,
benzoic acid, salicylic acid, thimerosal, phenethyl alcohol, methylparaben, propylparaben,
chlorhexidine, sorbic acid, or hydrogen peroxide), solvents (such as glycerin, propylene
glveol, or polyethylene glycol}, sugar alcohols (such as mannitol or sorbitol}, suspending
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agents, surfactants or wetting agents (such as pluronics; PEG; sorbitan esters; polysorbates
such as polysorbate 20 or polysorbate 80, triton; tromethamine; lecithin; cholesterol or
tyloxapal), stability enhancing agents (such as sucrose or sorbitol}, tonicity enhancing agenis
{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 in vivo clearance of the binding protein.

{0238} The primary vehicle or carrier in a pharmaceutical composition can be etther
aqueous or non-aqueocus in nature. For example, a suitable vehicle or carrier for injection can
be water, physiological saline solution, or artificial cerebrospinal fluid, possibly
supplemented with other materials common in compositions for parenteral administration.
Neutral buffered saline or saline mixed with serum albumin are further exemplary vehicles.
Other exemplary pharmaceutical compositions comprise Tris buffer of about pH 7.0-8.5, or
acetate buffer of about pH 4.0-5.5, which can further include sorbitol or a suitable substitute.
In one embodiment of the disclosure, binding protein 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 Iyophilizate using appropriate excipients such as
BUCTOSe.

10239] 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.

{0240} 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, aqueous solution
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comprising the desired binding protein in a pharmaceutically acceptable vehicle. A
particularly suitable vehicle for parenteral 1njection 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, bio-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 emnbodiment, a pharmaceutical composition can be formulated for
inhalation. For example, a binding protein can be formulated as a dry powder for inhalation.
Binding protein inhalation solutions can also be formulated with a propellant for aerosol
delivery. In yet ancther embodiment, sclutions 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} Ancther pharmaceutical composition can involve an effective quantity of binding
proteins in a mixture with non-toxic excipients that are suitable for the manufacture of
tablets. By dissolving the tablets in sterile water, or another appropriate vehicle, solutions
can be prepared in unit-dose form. Suitable excipients include, but are not limited to, inert
diluents, such as calcium carbonate, sodium carbonate or bicarbonate, lactose, or calcium
phosphate; or binding agents, such as starch, gelatin, or acacia; or lubricating agents such as
magnesium stearate, stearic acid, or talc.

{0245] Additional pharmaceutical compositions of the disclosure will be evident to those
skilled in the art, including formulations involving binding proteins in sustained- or
controlled-delivery formulations. Technigues for formulating a variety of other sustained- or
controlied-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 1o 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{2Z-hydroxyethyl-methacrylate), ethylene vinyl acetate, or poly-D{-3-3-hydroxybutyric
acid. Sustained-release compositions can also include liposomes, which can be prepared by
any of several methods known tn the art.

10246} 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, ot following, lyophilization and reconstitution. The composition for parenteral
administration can be stored in lyophilized form or in a solution. In addition, parenteral
compositions generally are placed into a container having a sterile access port, for example,
an intravenous solution bag or vial having a stopper pierceable by a hypodermic injection
needle.

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

{0248} The disclosure also encompasses kits for producing a single-dose administration
unit. The kits can each contain both a first container having a dried protein and a second
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 1o be
employed therapeutically will depend, for example, upon the therapeutic context and
objectives. Une skilled in the art will appreciate that the appropriate dosage tevels 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 admirustration to
obtain the optimal therapeutic effect.

{0250} 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 admirnistered as a single dose, as two or more doses {(which may or may not
contain the same amount of the desired molecule) over time, or as a continuous infusion via
an implantation device or catheter. Further refinement of the appropriate dosage is routinely
made by those of ordinary skill in the art and is within the ambit of tasks routinely performed
by them. Appropriate dosages can be ascertained through use of appropriate dose-response
data.

10251} The route of administration of the pharmaceutical composition is in accord with
known methods, e.g., orally; through injection by intravenous, intraperitoneal, intracerebral
{intraparenchymal), intracerebroventricular, intramuscular, 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 continuously by
infusion, or by implantation device.

{0252} The composition can also be administered locally via implantation of 2 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
suttable tissue or organ, and delivery of the desired molecule can be via ditfusion, timed-
release bolus, or continuous adminisiration.

{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 1s a human. In
some embodiments, the at least one binding protein is administered in combination with one
or more anti-cancer therapies {e.g., any anti-cancer therapy knowu in the art). In sore
embodiments, the at feast one binding protein is administered before the one or more anti-
cancer therapies. In some embodiments, the at least one binding protein is administered
concurrently with the one or more anti-cancer therapies. In some embodiments, the at least
one binding protein i1s 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 admirnistering to a patient a therapeutically effective arount of at least one
of the binding proteins described herein. In some embodiments, the patient 15 a human. In
some embodiments, the at least one binding protein 15 administered in combination with one
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 itlustration.
10256} Item I 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 fornmula:
Via-Li-Vi-12-Co (]
and a second polypeptide chain comprises a structure represented by the formula:
Va-La-Vup-La-Cuy {11}
and a third polypeptide chain compriscs a structure represented by the formula:
‘V’HngH ] {HH
and a fourth polypeptide chain comprises a structure represented by the formula:
\/’Y{_,rCL ﬂ“’f}
wherein:
Vi1 1s a first immunoglobulin light chain variable domain;
Vi 18 a second immunoglobulin light chain variable domain;
Viais a third immunoglobulin light chain variable domain;
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 18 an immunoglobulin Cyy heavy chain constant domain; and
L1, Lo, L5 and Ly are amino acid linkers;
and wherein the polypeptide of formula I and the polypeptide of formula H form a cross-over
fight 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 fornmula:
Vir-Li-Vi-1a-Cy [ﬂ
and a second polypeptide chain comprises a structure represented by the formula:
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Viu-Ls-Vip-Ly-Crp-hinge-Crp-Crz - [H]
and a third polypeptide chain comprises a structure represented by the formula:
Vuz-Crr-hinge-Ca-Chs [HI}
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cr [V}
wherein:
Vi1 s a first immunoglobulin light chain variable domain;
V218 a second immunoglobulin light chain variable domain;
Vi 1s a third immunoglobulin ight chain variable domain;
Vi is a first immunoglobulin heavy chain variable domain;
Vi 1s a second immunoglobulin heavy chain variable domain,
Vi 1s a third immunoglobulin heavy chain vanable domain;
Cy 15 an immunoglobulin light chain constant domain;
Cy 1s an imnmunoglobulin Cy; heavy chain constant domain;
Cy 1s an immunoglobulin Cypy 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 Ly are amino acid linkers;
and wherein the polypeptide of formula 1 and the polypeptide of formula If form a
cross-over light chain-heavy chain pair.
10258 Item 3. The binding protein of item 1, wherein the second and/or the third
polypeptide chain further comprises an Fc region linked to Cy, the Fe region comprising an
immunoglobulin hinge region and Cy; and Cyz immunoglobulin heavy chain constant
domains,
{0259} Item 4. The binding protein of any one of ttems 1-3, wherein at least one of L,
Ly, Lz or Ly 1s independently O amino acids in length.
{0260} ftem 5; The binding protein of any one of items 1-3, wherein L, L;, Lyor Ly
are each independently at least one amino acid in length.
{0261} Item 6. The binding protein of any one of items 1-3 and 5, wherein (a) Ly, Ly,
Lz and L4 each independently are zero amino acids in length or comprise a sequence selected
from the group consisting of GGGGSGGGGS (SEQ ID NG:104), GGGGSGGGGSGGGGES
(SEQ ID NO:105), 8, RT, TKGPS (SEQ 1D NO:106), GQPKAAP (SEQ ID NO: 175), and
GGSGRSGSGG (SEQ ID NGO 148); or (b)Y Ly, Ly, Lsand Ly each independently comprise a
sequence selected from the group consisting of GGGGSGGGES (SEQ 1D NO:104),
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GGGGSGGGGSGGGGES (SEQ ID NO:105), 8, RT, TKGPS (SEQ ID NO:106), GQPKAAP
(SEQ ID NO: 175), and GGSGSSGSGG (SEQ ID NO:148).
{02621 Item 7. The binding protein of any one of items 1-5, wherein

{(a) L1 comprises the sequence GOPKAAP (SEQ ID NG: 175), L, comprises the
sequence TRKGPS (SEQ 1D N(:106), Lz comprises the sequence S, and L4 comprises the
sequence RT;
the sequence GGGGSGGGGS (SEQ 1D NG:104), Lz 1s O amino acids in length, and 1415 0
amino acids 1o length;

(¢} L comprises the sequence GGSGSSGSGG (SEQ 1D N(G: 1483, L, comprises the
sequence GGSGSSGSGG (SEQ ID NO:148), L3 15 0 amino acids in length, and Ly is 0
amino acids in fength; or

() Ly comprises the sequence GGGGRSGGGGSGGGGS (SEQ D NG:105), 1,180
amino acids in length, L5 comprises the sequence GGGGSGGGGSGGGGES (SEQ D
NO:108), and Ly 15 0 amino acids in length.

{0263} Item 8. The binding protein of any one of ttems 1-7, wheretn the binding
protein is trispecitic and capable of specifically binding three different antigen targets.
{0264} Item 91 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.
10265} 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 on T cells is CD28.
102671 Item 12 The binding protein of any one of ttems 9-11, wherein said tumor
target protein is CD38.
{0268} Item 13:  The binding protein of any one of items 1-8, wherein the binding
protein specifically binds three target proteins that correspond to two target proteinson T
cells and to one target protein selected from the group consisting of AZAR, APRIL,
ATPDase, BAFF, BAFFR, BCMA, BlyS, BTK, BTLA, B7DC, B7H1, B7H4, B7HS, B7H6,
B7H7, BIRP1, B7-4, C3, C5, CCL2, CCL3. CCL4, CCLS, CCL7, CCLY, CCL11, CCL1S,
CCLY7, CCLIS, CCLZO, CCL21, CCLZ4, CCL2S5, CCL26, CCR3, CCR4, CD3, CDhi9,
CD20, CD23, CD24, CD27, CD28, CD38, CD39, CD40, CD70, CDRO, CD386, CD122,
CD137, CD137L, CB152, CD154, CPB160, CD272, D273, CD274, CD275, CD276,
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CD278, CD279, CDHI, chitinase, CLECY, CLEC91, CRTH2, CSF-1, C8F-2, CSF-3,
CXGECLL, CXCLI2, CXCL13, CXCR3, BDNGR-1, ectonucleoside triphosphate
diphosphohydrolase 1, EGFR, ENTPD1, FCERIA, FCER1, FLAP, FOLH1, Gi24, GITR,
GITRL, GM-CSF, Her2, HHL A2, HMGBI1, HVEM, ICOSLG, IDO, IFNg, IgE, IGFIR,
L.2Rbeta, ILT, ILTA, ILIB, IL1F10, IL2, IL4, 114Ra, 115, IL5R, 116, [L7, [L7Ra, IL8, IL9,
ILOR, IL10, vhiL 10, 112, 1L13, IL13Ral, TL13Ra2, IL1S5, IL17, IL17Rb, IL18, 1122, 1L.23,
1125, IL27, 1133, 1135, ITGB4, ITK, KIR, LAG3, LAMPI, leptin, LPFS2, MHC class 1],
NCR3LGI, NKG2D, NTPDase-1, OX40, OX40L, PD-1H, platelet receptor, PROMI, 8152,
SISPL, SLC, SPGo4, ST2, STEAP2, Syk kinase, TACE, TDO, T14, TIGIT, TIM3, TLR,
TLR2, TLR4, TLRS, TLRY, TMEF1T, TNFa, TNFRSF7, Tp55, TREM1, TSLP, TSLPR,
TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1
{02691 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.
{0270} 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,
BlyS, BTK, BTLA, B7DC, BTHI1, B7H4, BTHS, B7THG6, B7H7, B7TRP1, B7-4, C3, €5, CCLZ,
CCL3, CCL4, CCLS, CCL7, CCLB, CCL1, CCL1S, CCL17, CCL19, CCL26, CCL21,
CCL24, CCL25, CCL26, CCR3, CCR4, CD3, CBI9, CB20, CD23, Ch24, D27, CD2E,
CD38, CD39, Ch40, CD70, CDE0, CDEo, CD122, CD137, CD137L, CD152, CD154,
CD160, CD272, CD273, CD274, CD275, CD276, CD278, CD279, CDHI, chitinase, CLECY,
CLECO1, CRTH2, CSF-1, CSF-2, CSF-3, CXGCL1, CXCL12, CXCL13, CXCR3, DNGR-1,
ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCERIA, FCERI,
FLAP, FOLHY, Gi24, GITR, GITRL, GM-CSF, Her2, HHLAZ, HMGB1, HVEM, ICOSLG,
DO, IFNg, IgE, IGFIR, ILZRbeta, L1, ILTA, TL1B, [L1F10, 112, 14, [L4Ra, ILS, ILSR,
16, IL7, IL7Ra, 118, 119, HLOR, 1110, rhil10, 1112, [L13, IL13Ra1, IL13Ra2, IL15, 117,
IL17Rb, 1L18, 1122, 123, 125, 1L27, 1133, I35, ITGR4, ITK, KIR, LAGS3, LAMPI,
leptin, LPFS2, MHC class I, NCR3LG1, NKG2D, NTPDase-1, (0X40, OX40L, PD-1H,
platelet receptor, PROM1, S152, SISPIL, SLC, SPGo4, ST2, STEAPZ, Syk kinase, TACIL,
TDO, T4, TIGIT, TIM3, TLR, TLR2, TLR4, TLRS, TLRY, TMEF1, TNFa, TNFRSF7,
Tpss, TREMI, TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1.
{0271} Itern 160 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-Vi La-Cp H]
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and a second polypeptide chain comprises a structure represented by the formula:
Vii-La-Vi-La-Cr B
and a third polypeptide chain comprises a structure represented by the formula:
Vas-Ci (1]
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cr {1V}
wherein:
Vi1 18 a first immunoglobulin light chain variable domain;
Vi 18 a second immunoglobulin light chain variable domain;
Vi3 1s a third immunoglobulin light chain variable domain;
T 18 a first immunoglobulin heavy chain variable domain;
Vi 15 a second immunoglobulin heavy chain variable domain;
Vys 18 a third immunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chain constant domain;
Cyy 1s an immunoglobulin Cy; heavy chain constant domain; and
Ly, L2, L3 and Ly are amino acid linkers;
wherein the polypeptide of formula T and the polypeptide of formula I form a cross-
over light chain-heavy chain pair;
wherein:
{(a) Vi1, Vi 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; or
(b) Vi Vi and Vi3 each independently comprise light chain complementarity
determining regions comprising an amino acid sequence as set forth in any one of SEQ ID
NQOs: 43-59, 123-125, 138-140, and 149; and
wherein:
(a) Vi1, Vi, and Vy; each independently comprise a variable domain sequence as set
forth in any one of SEQ 1D N(Os:150, 152, 154, 156, 15§, 160, 162, 164, and 166, or
{(b) Vi, Vyy and Vys 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.
10272} Itern 17: A binding protein comprising four polypeptide chains that torm three
antigen binding sites, wherein a first polypeptide chain comprises a structure represented by
the formula:
Vip-Li-Vi La-Cp 1]
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and a second polypeptide chain comprises a structure represented by the formula:
Vui-L3-Vin-L4-Cui-hinge-Crn-Cas {1}
and a third polypeptide chain comprises a structure represented by the formula:
‘V'Hg—CH1~hi1’1g®~CH2'CH3 uﬂj
and a fourth polypeptide chain comprises a structure represented by the formula:
Vis-Cr [IV]
wherein:
Vi1 18 a first immunoglobulin light chain variable domain;
Vi 18 a second immunoglobulin light chain variable domain;
Vi3 1s a third immunoglobulin light chain variable domain;
Vi 18 a first immunoglobulin heavy chain vanable domain;
Vi 15 a second immunoglobulin heavy chain variable domain;
Vys 18 a third immunoglobulin heavy chain variable domain;
Cy is an immunoglobulin light chain constant domain;
Cy 1s an immunoglobulin Cy; heavy chain constant domain;
Cyp 1s an immunoglobulin Cip heavy chain constant domain;
Cyas 18 an immunoglobulin Cy; heavy chain constant domain;
hinge s an immunoglobulin hinge region connecting the Cyyy and Gy, domains; and
Ly, Lo, L3 and Ly are amino acid linkers;
wherein the polypeptide of formula 1 and the polypeptide of formula II form a cross-
over light chain-heavy chain pair;
wherein:
{a) Vi1, Vo2 and Vis each independently comprise a variable domain sequence as set
forth in any one of SEQ ID NOs:151, 153, 155, 157, 159, 161, 163, 165, and 167; or
(b} Vi Vip and Vi3 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
wherein:
{(a) V. Vi, and Vs each tndependently comprise a variable domain sequence as set
forth in any one of SEQ 1 NOs:150, 152, 154, 156, 158, 160, 162, 164, and 166; or
(b) Vi1, Vmp and Vi3 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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106273} Item 18:  The binding protein of item 10, wherein the second and/or the third
polypeptide chain further comprises an Fc region hinked to Cyy, the Fe region comprising an
immunoglobulin hinge region and Cyp; and Cyy; immunoglobulin heavy chain constant
domains.

{0274} Item 19:  The binding protein of any one of items 16-18, wherein at feast one of
Ly, Ly, Ly or Ly, 1s independently 0 amino acids in length.

{0275] Item 20:  The binding protein of any one of items 16-18, wherein Ly, 1o, Ly or Ly
are each independently at least one amino acid in length.

{0276} Item 21:  The binding protein of any one of items 16-18 and 20, wherein (a) L;,
Ly, Ly and L, each independently are zero amino acids in length or comprise a sequence
selected from the group consisting of GGGGSGGGGS (SEQ 1D NG:104),
GGGGSGGGGSGGGES (SEQ D NG:H105), §, RT, TKGPS (SEQ 1D NO:106), GOPKAAP
(SEQ ID NG: 175), and GGSGSSGSGG (SEQ D NG:148); or (b)y Ly, Ly, Ly and L4 each
independently comprise a sequence selected from the group consisting of GGGGSGGGGS
(SEQ ID NO:104), GGGGSGGGGSGGGES (SEQ ID NO:105), 5, RT, TKGPS (SEQ ID
N(:106), GOPKAAP (SEQ ID NO: 175), and GGSGSSGRGG (SEQ 1D NOG:148),

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

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

(b} L, comprises the sequence GGGGSGGGGS (SEQ D NO:104), L, comprises
the sequence GGGGSGGGGS (SEQ ID NO:104), Lz 1s 0 amino acids 1o length, and Ly 18 0
amino acids in length;

{¢) L; comprises the sequence GGSGSSGSGG (SEQ 1D NG:148), Ly comprises the
sequence GGSGSSGRGG (SEQ 1D NO:148), Lz 15 0 amino acids in length, and L, is 0
amino acids in length; or

{d) L; comprises the sequence GGGGSGGGGSGOGOS (SEQ D NG:105), 1,180
amino acids i length, L5 comprises the sequence GGGGSGGGGSGGGES (SEQ ID
NO:10S), and Ly 15 0 amino acids in length.

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

{a) Vi 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 D NG:30; Vi, comprises a CDR-L1

comprising the amino acid sequence of SEQ 1D 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; Vip comprises a CDR-HI comprising the amino acid sequence of SEQ ID
N34, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:35, and a CDR-H3
comprising the amino acid sequence of SEQ ID NO:36; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID N(G: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 NG:54; Vi comprises a CDR-H1 comprising the amino actd sequence of SEQ ID
NO:25, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:26, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG:27; and Vi3 comprises a CDR-L1
comprising the amino acid sequence of SEQ D NO:43, a CDR-L.2 comprising the amino
acid sequence of SEQ 1D NO:44, and a CDR-L3 comprising the amino acid sequence of
SEQ 1D NO:45;

(b) V1 coraprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:31, a CDR-H2 comprising the amino acid sequence of SEQ ID NG:32, and a CDR-H3
comprising the amino acid sequence of SEQ 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 ID NOST, 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 NG:35, and a CDR-H3
comprising the amino acid sequence of SEQ D NG:36; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ) D NG:52, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:53, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:54; Vi3 comprises a CDR-H1 comprising the amino acid sequence of SEQ D
NO:25, a COR-H2 comprising the amino acid sequence of SEQ ID NO:26, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG:27; and Vi3 comprises a CDR-L1
comprising the amino acid sequence of SEQ D NG:43, a CDR-L2 comprising the amino
actd sequence of SEQ 1D N(:44, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:45;

(¢} Vi comprises a CDR-H1 comprising the amine acid sequence of SEQ ID
N(O: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 NG:30; Vi coraprises a CDR-L1
comprising the amino acid sequence of SEQ D NO:46, a CDR-L2 comprising the amino
acid sequence of SEQ D NO: 47, and a CDR-L3 comprising the amino acid sequence of
SEQ D NO:48,; Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
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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 1D NO:36; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ) D NG:52, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:53, 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
NO:37, a CDR-H2 comprising the amino acid sequence of SEQ D NO:38, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG: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 1D NO:56, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:ST,

{(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 ID NGO: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 D NO:49, a CDR-L.2 comprising the amino
acid sequence of SEQ ID NO:50, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:51; Vip comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:34, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:35, and a CDR-H3
comprising the aming acid sequence of SEQ [D N(O:36; Vi ; comprises a CDR-L1
comprising the amino acid sequence of SEQ D NO:52, a CDR-L.2 comprising the amino
acid sequence of SEQ 1D NO:53, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:54; Vs comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:37, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:38, and a CDR-H3
comprising the amino acid sequence of SEQ D NO:39; and Vi ; comprises a CDR-L1
comprising the amino acid sequence of SEQ D NG:55, a CDR-L2 comprising the amino
acid sequence of SEQ H3 NO:56, and a CBR-L.3 comprising the amino acid sequence of
SEQ ID NO:57,

(e} Vu; comprises a CDR-H1 comprising the amino acid sequence of SE(Q 1D
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 D NG:30; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ) D NG:46, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:179, and a CDR-L3 comprising the amino acid sequence of
SEQ ID N(:48; Vi, comprises a CDR-HI1 comprising the amino acid sequence of SEQ 1D
NO:34, a COR-H2 comprising the amino acid sequence of SEQ ID NGO:3S, and a CDR-H3
comprising the amino acid sequence of SEQ [D NG:36; Vi, comprises a CDR-L1
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comprising the amino acid sequence of SEQ D NO:52, a CDR-L.2 comprising the amino
acid sequence of SEQ 1D NO:53, and a CDR-L3 comprising the amino acid sequence of
SEQ D NO:54; Vi3 comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NGO-40, a CDR-H2 comprising the amino acid sequence of SEQ D NO:41, and a CDR-H3
comprising the aming acid sequence of SEQ [D N(:42; and Vi3 comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NQO:58, a CDR-L2 comprising the amino
acid sequence of SEQ H3 NO:44, and a CDBR-L.3 comprising the amino acid sequence of
SEQ ID NO:59;

(£} Vi cormaprises a CDR-HI comprising the arino acid sequence of SEQ ID
NO:31, a CDR-H2 comprising the amino acid sequence of SEQ ID NG:32, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NO:33; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ) D 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 ID NO:51; 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 NG:35, and a CDR-H3
comprising the amino acid sequence of SEQ D NO:36; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ D NG:52, a CDR-L2 comprising the amino
acid sequence of SEQ ID NO:S3
SEQ ID NO:54; Vaz comprises a CDR-HI1 comprising the amino acid sequence of SEQ 1D
NO:40, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:41, and a CDR-H3

and a CDR-L3 comprising the amino acid sequence of

2

comprising the amino acid sequence of SEQ) [D NG:42; and Vi3 comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG:S8, 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 NO:59:;

{g) Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ 1D
NO:28, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:29, and a CDR-H3
comprising the aming acid sequence of SEQ [D N(G: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 D NO: 47, and a CDR-L3 comprising the amino acid sequence of
SEQ D NO:48, 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 1D 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 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
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SEQ ID NO:54; Vi comprises a CDR-HI1 comprising the amino acid sequence of SEQ 1D
NO:126, a CDR-H2 comprising the amino acid sequence of SEQ ID NG: 127, and a CDR-
H3 comprising the amino acid sequence of SEQ D N(G:128; and V5 comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG: 138, a CDR-L2 comprising the amino
actd sequence of SEQ 1D N(: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 1D
NO:31, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:32, and a CDR-H3
comprising the amino acid sequence of SEQ ID NG:33; Vi coraprises a CDR-L1
comprising the amino acid sequence of SEQ D NO:49, a CDR-L.2 comprising the amino
acid sequence of SEQ 1D NO:50, and a CDR-L3 comprising the amino acid sequence of
SEGQ D NO:5T, 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 1D 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 NO:52, a CDR-L2 comprising the amino
acid sequence of SEQ H3 NO:53, and a CDBR-L.3 comprising the amino acid sequence of
SEQ ID 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 NG:127, and a CDR-
H3 comprising the amino acid sequence of SEQ 1D NO:128; and Vi3 comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NO:138, a CDR-L2 comprising the amino
acid sequence of SEQ 2 NO:139, and a CDR-L3 comprising the amino acid sequence of
SEQ 1D NO: 140;

(1} Vi1 comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:28, a COR-H2 comprising the amino acid sequence of SEQ ID NO:29, and a CDR-H3
comprising the amino acid sequence of SEQ 1D NG:30; Vi, comprises 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; Vg, comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:34, a COR-H2 comprising the amino acid sequence of SEQ ID NGO:3S, and a CDR-H3
comprising the amino acid sequence of SEQ [D 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 N(O:53, 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 ID
NO:120, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:121, and a CDR-
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H3 comprising the amino acid sequence of SEQ ID NO:122; and V3 comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NO:123, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO:124, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:12S; or

{1} Vi comprises a CBR-H1 comprising the amino acid sequence of SEQ 1D NO:31,
a CDR-H2 comprising the amino acid sequence of SEQ ID NG:32, and a CDR-H3
comprising the amino acid sequence of SEQ 1D 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 SE(} 13 NO:50, and a CDR-L3 comprising the amino acid sequence of SEQ 1D NG5,
Y, comprises a CDR-H1 comprising the amino acid sequence of SEQ D NG:34, a CDR-HZ
comprising the amino acid sequence of SEQ 1D NG:35, and a CDR-H3 comprising the amino
acid sequence of SEQ 2 NO:36; Vi, comprises a CDR-L1 comprising the amino acid
sequence of SEQ ID NG:52, a CDR-L2 comprising the amino acid sequence of SEQ 1D
NO:53, and 2 CDR-L3 comprising the amino acid sequence of SEQ [ NG:54; Vi
comprises a CDR-HI comprising the amino acid sequence of SEQ ID NO:120, a CDR-H2
comprising the amino acid sequence of SE( 1D NG: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 NG:123, a CBR-L2Z comprising the amino acid sequence of
SEQ ID N(:124, and a CDR-L3 comprising the amino acid sequence of SEQ ID NO:125.
{0279} Item 24: A binding protein comprising tour polypeptide chains that form three
antigen binding sites, wherein a first polypeptide chain comprises a structure represented by

the formula:

Vig-Li-VinLo-Cy {1

and a second polypeptide chain comprises a structure represented by the formula:
Vai-La-Vip-La-Cay ]

and a third polypeptide chain comprises a structure represented by the formula:
Vi-Crn (111

and a tourth polypeptide chain comprises a structure represented by the formula:
Viz~Cr (V]

wherein:
Vi1 1s a first immunoglobulin light chain vaniable domain;
Vi 1s a second immunoglobulin light chain variable domain;
Vi3 18 a third immunoglobulin light chain vanable domain;
Vi 1s a first immunogiobulin heavy chain variable domain;
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Vi 18 a second immunoglobulin heavy chain variable domain;
/3 18 a third immunoglobulin heavy chain vanable domain;
Cy is an immunoglobulin light chain constant domain;
Cay 18 an immunoglobulin Cy heavy chain constant domain; and
Ly, Lo, L3 and Ls are amino acid linkers;
wherein the polypeptide of formula 1 and the polypeptide of formula II form a cross-
over light chain-heavy chain pair;
wherein:
{(a) Vi1, Vo2 and Vis each independently comprise a variable domain sequence as set
forth in any one of SEQ ID NOs:169, 171, and 173, or
(b) Voi Vip and Vi3 each independently comprise hight chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SEQ ID NQs: 141-147, 178, and 179,
wherein:
{(a) Va1 Vi, and Vyz 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 Vs each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SEQ 1D NOs: 129-13
{0230} Item 25 A binding protein comprising tour polypeptide chains that form three
antigen binding sites, wherein a first polypeptide chain comprises a structure represented by
the formula:
VL=V L-Co Hi
and a second polypeptide chain comprises a structure represented by the formula:
V}-n-E.@-V}{z-L4-C}11—hiﬂge-—CHz*CH} [H}
and a third polypeptide chain comprises a structure represented by the formula:
”}{3-CH1—hi1’§g€~CHQ"CH3 H“}
and a tourth polypeptide chain comprises a structure represented by the formula:
Vis-Co (Vi
wherein:
Vi1 1s a first immunoglobulin light chain vaniable domain;
Vi 1s a second immunoglobulin light chain variable domain;
Vi3 18 a third immunoglobulin light chain vanable domain;
Vi 1s a first immunogiobulin heavy chain variable domain;
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Vi 18 a second immunoglobulin heavy chain variable domain;
/3 18 a third immunoglobulin heavy chain vanable domain;

Cy is an immunoglobulin light chain constant domain;

Cay 18 an immunoglobulin Cy heavy chain constant domain,

Cyz 18 an immunoglobulin Cyy heavy chain constant domain;

Cys 1s an immunoglobulin Cys heavy chain constant domain;

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

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

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

wherein:

(a) Vi1, V2 and Vi3 each independently comprise a variable domain sequence as set
forth in any one of SEQ 1D NOs:169, 171, and 173; or

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

wherein:

(8} Vi Vi, and Vi3 each independently comprise a variable domatn sequence as set
forth in any one of SEQ ID NOs:168, 170, and 172; or

(b) Vi1, Vi and Vi each independently comprise heavy chain complementarity
determining regions comprising an amino acid sequence selected from the group consisting
of SE( 13 NOs: 129-137.
10281} Item 26:  The binding protein of item 24, wherein the second and/or the third
polypeptide chain further comprises an Fc region hinked to Cyy, the Fe region comprising an
immunoglobulin hinge region and Cyp and Gz immunoglobulin heavy chain constant
domains.
{0282} Item 27:  The binding protein of any one of items 24-26, wherein at feast one of
Li, Ly, L; and Ly, is independently 0 amino acids in length.
{0283} Item 28:  The binding protein of any one of items 24-26, wherein Ly, Lo, Lz and
L, are each independently at least one amino acid in length.
10284} Itern 290 The binding protein of any one of items 24-26 and 28, wherein (a) L,
Ly, Ly and L, each independently are zero amino acids in length or comprise a sequence
selected from the group consisting of GGGGSGGGGS (SEQ 1D NG:104),
GGGGSGGGGSGGGES (SEQ D NG:H105), §, RT, TKGPS (SEQ 1D NO:106), GOPKAAP
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(SEQ ID NO: 175), and GGSGSSGSGG (SEQ D NO:148); or (by Ly, Ls, Lsand L4 each
independently comprise a sequence selected from the group cousisting of GGGGSGGGGS
(SEQ 1D NO:104), GGGGSGGGGSGGGES (SEQ 1D NO:105), §, RT, TKGPS (SEQ 1D
NG:1006), GQPKAAP (SEQ ID NO: 175), and GGSGSSGSGG (SEQ ID N(O:148).

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

{a) L, comprises the sequence GOQPKAAP (SEQ ID NO: 175), L; comprises the
sequence TKGPS (S8EQ ID NO:106), L; comprises the sequence S, and Ly comprises the
sequence RT,

{(b) L: comprises the sequence GGGGRSGGGGS (SEQ 1D NO:104), L, comprises
the sequence GGGGSGGGGS (SEQ 1D NO:104), Ls 1s § amino acids in length, and L4150
amino acids in length;

{c) L comprises the sequence GGSGSSGSGG (SEQ 1D NO:148), L, comprises the
sequence GGSGISGSGE (SEQ 1D NO:148), Ls 1s 0 amino acids in length, and Ly 18 0
amino acids in fength; or

{(d) L; comprises the sequence GGGGSGGGGSGGGGS (SEQ D NO:10S5), Ly is 0
amino acids in fength, L; comprises the sequence GGGGSGGGGSGGGES (SEQ ID
NO:105), and L4 15 0 amino acids in length.

{0286} Item 31:  The binding protein of any one of items 24-30, wherein:
{a) Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ I3 NO:132, a
CDR-H2 compnsing the amino acid sequence of SEQ ID NG:133, and a CDR-H3
comprising the amino acid sequence of SEQ) [D NG:134; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG:143, a CDR-L2 comprising the amino
acid sequence of SEQ ID NO:179, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:144; Vg, comprises a CDR-H1 comprising the amino acid sequence of SEQ
1D N(:135, a CBR-H2 comprising the amino acid sequence of SEQ ID NO:136, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NG:137; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ H3 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; Vi3 coraprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D NG: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 ID NG:131; and Vi3
comprises a CDR-L.1 comprising the amino acid sequence of SEQ ID NG:141, a CDR-L2
comprising the amino acid sequence of SEQ D NO:178, and a CDR-L3 comprising the
amingc acid sequence of SEQ 1D NG:142;
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(b} Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:138, 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 NG:145, a CDR-L2 comprising the amino
actd sequence of SEQ 1D N(:146, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:147; Va, comprises a CDR-HI comprising the amino acid sequence of SEQ
1D N(:132, a CBR-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; 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:47, and a CDR-L3 comprising the amino acid
sequence of SEQ 1D NO:144; Vi3 coraprises a CDR-H1 comprising the amino acid
sequence of SEQ 1D NG: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 IDNG:131; and Vi3
comprises a CDR-L.1 comprising the amino acid sequence of SEQ ID NG:141, a CDR-L2
comprising the amino acid sequence of SEQ D NO: 178, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO:142;

{(¢) Vi comprises a CDR-HI comprising the amino acid sequence of SEQ 1D
NO:132, a CDR-HZ comprising the amino acid sequence of SEQ 1D NGO: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 2 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: 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 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 NG:178, and a CDR-L3 comprising the amino acid
sequence of SEQ ID N(G:142; Vs comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NQO:135, a CDR-H2 comprising the amino acid sequence of SEQ ID
NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 145, a CDR-L2
comprising the amino acid sequence of SEQ ID NG: 146, and 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 ID
NO: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 1D NO: 141, a CDR-L2 comprising the amino
acid sequence of SEQ 2 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
2 NG:132, a CDR-HZ comprising the amino acid sequence of SEQ ID NG:133, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NO:134; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ ID NO: 143, a CDR-L2 comprising the
amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the amino acid
sequence of SEQ ID NO:144; Vs comprises a CDR-HI1 comprising the amino acid
sequence of SEQ ID N(O:135, a CDR-H2 comprising the amino acid sequence of SEQ 1D
NO:136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NO: 145, a CDR-L2
comprising the amino acid sequence of SEQ ID NG:146, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO: 147,

(e} Vi comprises a CDR-HI1 comprising the amino acid sequence of SEQ 1D
N{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 NG:137; Vi comprises a CDR-L1
comprising the aming acid sequence of SEQ D NG 145, a CBR-L2 comprising the amino
acid sequence of SEQ ID N(O:146, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:147; Vi comprises a CDR-HI1 comprising the amino acid sequence of SEQ
1D NO:129, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:130, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NO:131; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ 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 NG:142; Vi3 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 CBR-H3 comprising the amino acid sequence of SEQ ID NO:134; and V3
comprises a CDR-L1 comprising the amino acid sequence of SEQ ID NG: 143, a CDR-L2
comprising the amino acid sequence of SEQ D NGO:179, and a CDR-L3 comprising the
aminc acid sequence of SEQ 1D NG:144;

(£} Vi cormaprises a CDR-HI comprising the arino acid sequence of SEQ ID
NO:129, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:130, and a CDR-
H3 comprising the amino acid sequence of SEQ 1D NO:131; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D 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-HI1 comprising the amino acid sequence of SEQ
1D NO:135, a CDR-H2 comprising the amino acid sequence of SEQ ID NO:136, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ H3 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 NG:147; Vy3 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 ID NG: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 D NGO:179, and a CDR-L3 comprising the
aminc acid sequence of SEQ 1D NG:144;

(g) Vi coraprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:135, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO:136, and a CDR-
H3 comprising the amino acid sequence of SEQ ID NO:137; Vi comprises a CDR-L1
comprising the amino acid sequence of SEQ 1D NG: 145, a CDR-L2 comprising the amino
acid sequence of SEQ 1D NO: 146, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NG:147; Vi, 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 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-LZ comprising the
amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the amino acid
sequence of SEQ ID NO:144; Vs 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
N{3:136, and a CDR-H3 comprising the amino acid sequence of SEQ ID NG:137; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO: 145, a CDR-L2
comprising the aming acid sequence of SEQ [D N(O: 146, and a CDR-L3 comprising the
amino acid sequence of SEQ D NO: 147,

(b) Vi comprises a CDR-HI1 comprising the amino acid sequence of SEQ 1D
NO:135, a CDR-H2 comprising the amino acid sequence of SEQ D NO:136, and a CDR-
H3 comprising the amino acid sequence of SEQ ID NGO:137; Vi comprises a CDR-L1
comprising the amino acid sequence of SEQ D NG: 145, a CDR-L2 comprising the aming
acid sequence of SEQ 1D NO:146, and a CDR-L3 comprising the amino acid sequence of
SEQ D NO:147; Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ
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D NG: 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 1D NO:134; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ ID NO:143, a CDR-LZ comprising the
amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the amino acid
sequence of SEQ 1D N(:144; Vi3 comprises a CDR-H1 comprising the amino acid
sequence of SEQ ID NQO:132, a CDR-H2 comprising the amino acid sequence of SEQ ID
N{3:133, and a CDR-H3 comprising the amino acid sequence of SEQ ID N(G:134; and Vi3
comprises a CDR-L1 comprising the amino acid sequence of SEQ [D NO: 143, a CDR-L2
comprising the amino acid sequence of SEQ ID NG:179, and a CDR-L3 comprising the
amino acid sequence of SEQ 1D NO:144;

(1) Vi comprises a CDR-HI comprising the amino acid sequence of SEQ ID
NO:132, 2 CDR-H2 comprising the amino acid sequence of SEQ D NO:133, and a CDR-
H3 comprising the amino acid sequence of SEQ ID NGO:134; Vi, comprises a CDR-L1
comprising the amino acid sequence of SEQ ID NG: 143, a CDR-L2 comprising the amingo
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 actd sequence of SEQ
ID NO:135, a CDR-H2 comprising the amino acid sequence of SEQ ID NO: 136, and a
CDR-H3 comprising the amino acid sequence of SEQ ID NO:137; Vi, comprises a CDR-
L1 comprising the amino acid sequence of SEQ 1D NG:145, a CDR-L2 comprising the
amino acid sequence of SEQ ID NO:146, and a CDR-L3 comprising the amino acid
sequence of SEQ [D 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 1D
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 SE( 1D NG:146, and a CDR-L3 comprising the
amino acid sequence of SEQ ID NG:147; or

(1} Vi comprises a CBR-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 1D N(G: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; Vg, comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:138, a CDBR-H2 comprising the amino acid sequence of SEQ 1D NO: 136, and a CDR-H3
comprising the amino acid sequence of SEQ) [D NG:137; Vi, comprises a CDR-L1

142



comprising the amino acid sequence of SEQ ID NG: 145, a CDR-L2 comprising the aming
acid sequence of SEQ 1D NO:146, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:147; Vi comprises a CDR-H1 comprising the amino acid sequence of SEQ ID
NO:132, a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 133, and a CDR-H3
comprising the aming actd sequence of SEQ D NGO 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 H3 NO:179, and a CDR-L3 comprising the amino acid sequence of
SEQ ID NO:144.

{02871 Item 32:  The binding protein of any one of items 1, 3-16, 18-24, and 26-31,
wherein the second polypeptide chain further comprises a first Fc region linked to Cygy, the
first Fc region comprising an immunogiobulin 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 IgG1 or IgG4 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 Cus immunoglobulin heavy chain
constant domains, wherein the second Fo region comprises amino acid substitutions at
positions corresponding to positions 349, 366, 368, and 407 of human lgGl or IgG4
according to EU Index, wherein the amino acid substitutions are Y349C, T3665, 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 Cyy, the
first Fc region comprising an immunoglobulin hinge region and Cy; and Cys immunoglobulin
heavy chain constant domains, wherein the first Fe region comprises amino acid substitutions
at positions corresponding to positions 349, 366, 368, and 407 of human IgG1 or 1gG4
according to EU Index, wherein the amino acid substitutions are Y349C, T36685, L368A, and
Y407V, and wherein the third polypeptide chain further comprises a second Fc region linked
to Cy, the second Fe region comprising an immunoglobulin hinge region and Cy, and Cygs
immunoglobulin heavy chain constant domaius, wherein the second Fc region 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 $354C and T366W.
{0289} Item 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 Cys immunoglobulin heavy chain constant domains; wherein the first and
second Fc regions comprise amino acid substitutions at positions corresponding to positions
428 and 434 of human IgG1 or IgG4 according to EU Index, wherein the amino acid
substitutions are M428L and N4348.

{0290} Item 35 The binding protein of any one of ttems 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 1gG1 or IgG4
according to EU Index, wherein the amino acid substitutions are 8354C and T366W; and
wherein the Cys domain of the third polypeptide chain comprises amino acid substitutions at
positions corresponding to positions 349, 366, 368, and 407 of human IgG1 or 1gG4
according to EU Index, wherein the amino acid substitutions are Y349C, T36685, L368A, and
Y407V,

{0291} Item 36:  The binding protein of any one of items 2, 4-15, 17, 19-23, 25, and 27-
31, wherein the Cyz domain of the second polypeptide chain comprises amino acid
substitutions at positions corresponding to positions 349, 366, 368, and 407 of human IgGl
or Ig(34 according to EU Index, wherein the amino acid substitutions are Y349C, T3668,
L3068A, and Y407V, and wherein the Cy3; domain of the third polypeptide chain 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 T360W.
{6292} Item 37 The binding protein of any one of items 2, 4-15, 17, 19-23, 25, 27-31,
35, and 36, wherein the Cys domains of the second and the third polypeptide chains both
comprise arnino 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

10293} Item 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 Fc region linked to Cyq,, the
first Fc region comprising an immunogiobulin hinge region and Cip and Cys immunogiobulin
heavy chain constant domains; wherein the third polypeptide chain further comprises a
second Fe region linked to Cuy, the second Fe region comprising an immunogiobulin hinge
region and Cyy and Cyy3 immunoglobulin heavy chain constant domains; wherein the first and
second Fe regions are huroan IgGl or 1gG4 Fe regions; and wherein only one of the first and
the second Fc regions comprises amino acid substitutions at positions corresponding to
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positions 435 and 4306 of human IgG1 or 1g(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 Cy; domains of the second and the third polypeptide chains are
human IgG1 or Ig(G4 Cys domains, and wherein only one of the Cys domatns comprises
amino acid substitutions at positions corresponding to positions 435 and 436 of human IgGl
or lg(G4 according to EU Index, wherein the amino acid substitutions are H435R and Y436F.
{0295} Itern 40 The binding protein of any one of items 1, 3-16, 18-24, 26-34, and 38,
wherein the second polypeptide chain further comprises a first Fe region linked to Cyy, the
first Fc region comprising an immunoglobulin hinge region and Cy» and Cys immunoglobulin
heavy chain constant domains; wherein the third polypeptide chain further comprises a
second Fc region linked to Ci, the second Fe region comprising an immunoglobulin hinge
region and Cy; and Cy immunoglobulin heavy chain constant domains; wherein the first and
second Fc regions are human Ig(G4 Fe regions; and wherein the first and the second Fe
regions each comprise amino acid substitutions at positions corresponding to positions 228
and 409 of human IgG4 according to EU Index, wherein the amino acid substitutions are
228P and R409K.
10296} Item 41 The binding protein of any one of items 2, 4-15, 17, 19-23, 25, 27-31,
35-37, and 39, wherein the Cys domains of the second and the third polypeptide chains are
human IgG4 Cis domains, and wherein the Cys 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 hinked to Cy,,
the first Fc region comprising an immunoglobulin hinge region and Cip and T
immunoglobulin heavy chain constant domains; wherein the third polypeptide chain further
comprises a second Fe region linked to Cy, the second Fc region comprising an
immunoglobulin hinge region and Cyy; and Cyz immunoglobulin heavy chain constant
domains, wherein the first and second Fe regions are human IgG4 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 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 Cy; domains of the second and the third polypeptide chains
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are human [g(G4 Cyz domains, and wherein the Cy; domains each comprise aming acid
substitutions at positions corresponding to positions 234 and 235 of human 1gG4 according to
ElJ Index, wherein the amino acid substitutions are F234A and L235A.

10299} Itern 44. The binding protein of any one of items 1, 3-16, 18-24, 26-34, 38, and
40, wherein the second polypeptide chain further comprises a first Fe region linked to Cyp,
the first Fe region comprising an immunoglobulin hinge region and Cyp and Ciis
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 Ciy and Cyz 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 Cy; domains of the second and the third polypeptide chains
are human lgG1 Cis domatns, and wherein the Cys 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 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 VHI1 and VL1 form a first antigen binding site that
specifically binds human CD3, wherein VHZ and VL2 form a second antigen binding site
that specifically binds hursan CD28, and wherein VH3 and VL3 form a third antigen binding
site that specifically binds a human tumor target protein.

{6302} 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 human CD3, and wherein VH3 and VI.3 form a third antigen binding
site that specifically binds a human tumor target protein.

{0303} 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.

16304} Item 49:  The binding protein of any one of items 46-48, wherein the antigen

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

(b) a heavy chain variable domain comprising the amino acid sequence of SEQ 1D
NO: 154 and a light chain variable domain comprising the amino acid sequence of SEQ 1D
NO: 155
{0305} Item SO:  The binding protein of any one of ttems 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 1D
NO: 161 or

(b} a heavy chain variable domain comprising the amino acid sequence of SEQ 1D
NO: 162 and a light chain variable domain comprising the amino acid sequence of SEQ ID
NO: 163,
{0306} Item S1:  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 varnable 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: 1

4%
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{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 SEQ ID
NGO 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
NG 165

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

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

45, wherein:
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{(a)VH! and VL1 form a first antigen binding site that specifically binds human
TNFa, VH2 and VL2 form a second antigen binding site that specifically binds human
113, 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 YH3 and VL3 form a third antigen binding site that specifically binds human .13,

(¢) VHI and VL1 form a first antigen binding site that specifically binds human
L4, 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 H.13;

(d) VHI and VL1 form a first antigen binding site that specifically binds human
L4, 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
{113, 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 VHI and VL1 form a first antigen binding site that specifically binds human 1L 13,
YH2 and VL2 form a second antigen binding site that specifically binds human TNFa, and

/H3 and VL3 form a third antigen binding site that specifically binds human L4

{0308} Item 53:  The binding protein of item 52, wherein the antigen binding site that
specifically binds human TNFa comprises a heavy chain variable domain comprising the
amino acid sequence of SEQ ID NG:168 and a light chain variable domain comprising the
amino acid sequence of SEQ D NO:169.
{0309} 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 domatn comprising
the amino acid sequence of SEQ ID NO:170 and a light chain variable domain comprising
the amino acid sequence of SEQ ID NOG:171.
{0310} Item SS:  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 dormain
comprising the amino acid sequence of SEQ [D NG:172 and a light chain variable domain
comprising the amino acid sequence of SEQ D NG:173.
{0311} Item 56:  The binding protein of any one of items 1-55, wherein:

(a) the Cp. domain of the first polypeptide chain is a human kappa C, domatn, and
the Cy domain of the fourth polypeptide chain is a human lambda €y domain; or
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{b) the C. domain of the first polypeptide chain is a human lambda Cp domain, and
the Cp domain of the fourth polypeptide chain is a human kappa Cr domain.
{0312} Item 57 The binding protein of any one of items 2, 17, 25, 35-37, 39, 41, and
43-55, wherein the tirst polypeptide chain comprises a lambda Cy domain; wherein the Cys
domain of the second polypeptide chain comprises amino acid substitutions at positions
corresponding to positions 354 and 366 of human IgG1 according to EU Index, wherein the
amino acid substitutions are S354C and T366W: wherein the Ci; domain of the third
polypeptide chain comprises amino acid substitutions at positions corresponding to positions
349, 360, 368, 407, 435, and 436 of human IgG1 according to EU Index, wherein the amino
acid substitutions are Y349C, T3668, L368A, Y407V, H435R, and Y436F; and wherein the
fourth polypeptide chain comprises a kappa Cr domain,
10313} 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 tirst polypeptide chain comprises the amino acid sequence of SEQ ID NO:
4 or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ
13 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)
I NO: 3; the third polypeptide chain comprises the amino acid sequence of SE{Q ID NO: 1
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
1D NO: 1; and the fourth polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 2 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 2;

(b) the tirst polypeptide chain comprises the amino acid sequence of SEQ ID NO:
10 or an amino acid sequence that is at least 95% 1dentical to the amino acid sequence of
SEQ 1D NG: 10; the second polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 9 or an amino acid sequence that 1s 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 1D
NO: 1 or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of
SEQ D NO: 1; and the fourth polypeptide chain coraprises 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 NG: 2;

(¢} the tirst polypeptide chain comprises the amino acid sequence of SEQ ID NO:
4 or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ
1D NO: 4; the second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 3
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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 NO: 13
or an aminc acid sequence that is at least 95% identical to the amino acid sequence of SEQ
D 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 aming acid sequence of SE{Q} 1D NO:
10 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 10; the second polypeptide chain comprises the amino acid sequence of SEQ 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: 13 or an amino acid sequence that is at {east 95% identical to the amino acid sequence of
SEQ 1D NGO 13; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 14 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 14;

(&) the first polypeptide chain comprises the aming acid sequence of SE{Q} 1D NO:
4 or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
I3 NO: 4; the second polypeptide chain comprises the amino acid sequence of SEQ ID NG: 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 NO: 17
or an aminc 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 NO: 18;

{(f) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
10 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 10; the second polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 9 or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of
SEQ ID NO: 9; the third polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 17 or an amino acid sequence that is at {east 95% identical to the amino acid sequence of
SEQ 1D NGO 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 D NO: 18;



(2) the tirst polypeptide chain comprises the amino acid sequence of SEQ ID NO:
4 or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ
1D NO: 4; the second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 3
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
I NO: 3; the third polypeptide chain comprises the amino acid sequence of SEQ 1D NG: 21
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
I3 NO: 21, and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 22 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 22;

{(h) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 10
or an amino acid sequence that is at least 953% wdentical to the amino acid sequence of SEQ
1D NO: 10; the second polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
9 or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
D NG: 9; the third polypeptide chain comprises the amino acid sequence of SEQ ID NG: 21
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
I3 NO: 21, and the fourth polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 22 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 22;

{1} the first polypeptide chain comprises the amino acid sequence of SEQ ID NO:
63 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEQ 1D NO: 63; the second polypeptide chain comprises the amino acid sequence of SEQ 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 pelypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 60 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEQ 1D NO: 60; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
ID NO: 61 or an amino acid sequence that 1s at least 95% identical to the amino acid
sequence of SEQ ID NG 61

G) the tirst polypeptide chain comprises the amino acid sequence of SEQ ID NO:
69 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEQ 1D NO: 69, the second polypeptide chain comprises the amino acid sequence of SEQ 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 pelypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 60 or an amino acid sequence that is at feast 95% identical to the amino acid sequence of
SEQ 1D 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 NG: 61,

(k3 the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
69 or an amino acid sequence that is at least 95% i1dentical to the amino acid sequence of
SEQ 13 NO: 69; the second polypeptide chain comprises the amino 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 I3 NO: 68; the third polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 60 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 60; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 71 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 71,

)] the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
76 or an amuno acid sequence that is at least 95% identical to the amino acid sequence of
SEQ ID NO: 76; the second polypeptide chain comprises the amino acid sequence of SEQ 1D
NO: 75 or an amino acid sequence that 1s at least 95% identical to the amino acid sequence of
SEQ I3 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 13 NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 74 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ D 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 feast 95% identical to the amino acid sequence of
SEQ 1D NG: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 13 NO: 73; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 74 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ D NG: 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 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
SEG ID NO: 87; the third polypeptide chain comprises the amino acid sequence of SEQ ID
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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: 806 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 86;

(o) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO:
94 or an amino acid sequence that is at least 95% 1dentical 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 ID NO: 93; the third polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 85 or an amino acid sequence that is at least 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: 806 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 86;

{p) the tirst polypeptide chain comprises the amino acid sequence of SEQ ID NO:
69 or an amino acid sequence that is at least 95% 1dentical to the amino acid sequence of
SEQ 1D NG: 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: 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;

(© the tirst polypeptide chain comprises the amino acid sequence of SEQ ID NO:
69 or an amino acid sequence that is at least 95% 1dentical to the amino acid sequence of
SEQ 1D NG: 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 chain comprises the amino acid sequence of SEQ
ID NO: 806 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 86;

{(r) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO:
63 or an amino acid sequence that is at least 95% 1dentical to the amino acid sequence of
SEQ 1D NO: 63; the second polypeptide chain comprises the amino acid sequence of SEQ 1D
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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 NO: 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
» NO: 74 or an amino actd sequence that i1s at least 95% identical to the amino acid
sequence of SEQ ID NO: 74;

{s) the first polypeptide chain comprises the amino acid sequence of SEQ 1D NO:
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 ID
NO: 62 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ 1D NO: 62; the third polypeptide chain comprises the amino acid sequence of SEQ ID
NO: 85 or an amino acid sequence that is at {east 95% identical to the amino acid sequence of
SEQ 1D NO: 85; and the fourth polypeptide chain comprises the amino acid sequence of SEQ
D NO: 86 or an amino acid sequence that is at least 95% identical to the amino acid
sequence of SEQ ID NO: 86;

(t) the first polypeptide chain comprises the aming acid sequence of SE{Q} 1D NO:
4 or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
I3 NO: 4; the second polypeptide chain comprises the amino acid sequence of SEQ ID NG: 3
or an amino acid sequence that is at least 95% identical to the amino acid sequence of SEQ
1D NO: 3; the third polypeptide chain comprises the amino acid sequence of SEQ ID NO:
114 or an amino acid sequence that is at least 95% identical to the amino acid sequence of
SEQ D NGO 114, and the fourth peolypeptide 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 D NG 115; or

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



{0314} Item 59:  An isolated mucleic acid molecule comprising a nuclectide sequence
encoding the binding protein of any one of items 1-38.

10315§ Item 60:  An expression vector comprising the nucleic acid molecule of item 59.
{0316} Itern 610 Anisolated host cell comprising the nucleic acid molecule of item 59.
{0317} Item 62:  Antsolated host cell comprising the expression vector of item 60,
{0318} Item 63:  The isolated host cell of item 61 or item 62, wherein the host cell is a
mammaltan cell or an insect cell.

{0319 Item 64: A pharmaceutical composition comprising the binding protein of any
one of tterns 1-58 and a pharmaceutically acceptable carrier.

{0320} Item 65: A method of preventing and/or treating cancer in a patient comprising
administering to the patient a therapeutically effective amount of at least one binding protein
of any one of items 1-23 and 32-58 or the pharmaceutical composition of item 64.

{0321} 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 LAMPY.
{0323} 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.

10324} Itern 690 A method of preventing and/or treating an inflarematory disease or
disorder in a patient comprising administering to the patient a therapeutically etfective
amount of at least one binding protein of any one of items 1-15, 24-45, and 52-58 or the
pharmaceutical composition of item 64,

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

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

103271 Item 72:  The method of any one of items 65-71, wherein the patient 13 a human.
{0328} Item 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 A2ZAR, APRIL, ATPDase, BAFF, BAFFR, BCMA, BlyS, BTK, BTLA, B7DC,
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B7H1, B7H4, B7HS5, B7H6, BTH7, BTRP1, 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,
CDR0, CDRG, CD122, CD137. CDI3TL, CD152, CD154, CD160, CD272, CD273, CD274,
CD275, CD276, CD278, CD279, CDHI, chitinase, CLECS, CLECO1, CRTH2, CSF-1, CSF-
2, CSF-3, CX3CL1, CXCL12, CXCL13, CXCR3, DNGR-1, ectonucleoside triphosphate
diphosphohydrolase 1, EGFR, ENTPD1, FCERTA, FCERI, FLAP, Gi24, GITR, GITRL,
GM-CSF, Her2, HHLA?, HMGB1, HVEM, ICOSLG, IDO, IFNg, IgE, IGFIR, IL2Rbets,
L1, IL1A, TLIB, IL1F10, TL2, T4, TL4Ra, TL5, TL5R, IL6, 17, TL.7Ra, L8, IL9, TLOR,
[L10, rhIL10, IL12, 113, 1L13Ral, IL13Ra2, 1L15, [L17, IL17Rb, [L18, [L22, 11.23, 1125,
1L.27, 1133, IL35, ITGB4, ITK, KIR, LAG3, LAMP1, leptin, LPFS2, MHC class 11,
NCR3LG1, NKG2D, NTPDase-1, OX40, OX40L, PD-1H, platelet receptor, $152, SISP1,
SLC, SPG64, 8T2, Syk kinase, TACL TDO, T14, TIGIT, TIM3, TLR, TLR2, TLR4, TLRS,
TLRE, 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 itern 64 for use in preventing and/or treating cancer in a patient.

10330} Item 75.  The binding protein for use or the composition for use of item 74,
wherein the binding protein comprises one antigen binding site that specifically binds a T-cell
surface protein and another antigen binding site that specifically binds a tumor target protein.
10331} Item 76:  The binding protein for use or the composition for use of item 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 specitically binds a tumor target protein selected from the group counsisting of CD19,
CD20, CD38, Her2, and LAMPI.

10332} Itemm 77:  The binding protein for use or the composition for use of any one of
items 74-76, wherein the binding protein is co-administered with a chemotherapeutic agent.
{0333} Item 78  The binding protein of any one of items 1-15, 24-45, and 52-58 or the
pharmaceutical composition of itern 64 for use in preventing and/or treating an inflammatory
disease or disorder in a patient.

10334} Itern 790 The binding protein for use or the composition for use of item 78,
wherein the binding protein comprises three antigen binding sites that each specitically bind a

cytokine target protein selected from the group counsisting of 1L-4, IL-13 and TNFa.



{0335} Item 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 hurman.

{0337} ftem 82: The binding protein for use or the composition for use of item 74 or
item 78, wherein the binding protein is capable of inhibiting the function of one or more
target proteins selected from the group consisting of A2AR, APRIL, ATPDase, BAFF,
BAFFR, BCMA, BiyS, BTK, BTLA, B7DC, B7HI, B7H4, B7HS, B7H6, BTH7, BTRPI,
B7-4, C3, C5, CCL2, CCL3, CCLA4, CCLS, CCL7. CCL8, CCL11, CCL15, CCL17, CCL19,
CCL20, CCL21, CCL24, CCL25, CCL26, CCR3, CCR4, CD3, CDH19, CD20, CD23, CD24,
CD27, CD28, CD38, CD39, CD40, CD70, CDB0, CD36, CD122, CD137, CD137L, CD152,
CD154, CD160, CD272, CD273, CD274, CD275, CD276, CD278, CD279, CDHI, chitinase,
CLECY, CLEC91, CRTH?2, CSF-1, CSF-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, HHLAZ2, HMGB1, HVEM,
ICOSLG, DO, IFNg, Igk, IGFIR, H.2Rbeta, IL1, ILTA, IL1B, ILIF10, [L.2, 114, IL4Ra,
LS, TLSR, 106, 117, IL7Ra, IL8, IL9, TLOR, TL10, thiL10, TL12, TL13, IL13Ral, IL13Ra2,
015, 137, IL17Rb, H.18, 1122, FL23, 1025, 1R.27, 133, IL3S, ITGR4, ITK, KIR, LAG3,
LAMPI, leptin, LPFS2, MHC class [, NCR3LGI, NKG2D, NTPDase-1, OX40, OX40L,
PD-1H, platelet receptor, PROMI1, §152, SISP1, SLC, SPG64, ST2, STEAP2, Svk kinase,
TACE TDO, T14, TIGIT, TIM3, TER, TLERZ, TLR4, TLRS, TLRS, TMEF1, TNFa,
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 in 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 Cy domains



comprising the amino acid substitutions are H435R and Y430F, thereby purifyving the
binding protein.
10339} Item 84: The method of item 83, wherein the € domain of the first polypeptide
chain is a human kappa Cy domain, and the C;, domain of the fourth polypeptide chainis a
human lambda Cy domain; or the CL domain of the first polypeptide chain is a human lambda
'y, domain, and the Cy, domain of the fourth polypeptide chain 1s a human kappa C;, domain,
and the method further comprises:

(d) contacting the binding protein eluted in {c¢) with a kappa light chain atfinity
medium; and

(e} eluting the binding protein from the kappa light chain 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 (&) with a lambda light chain affinity
medium; and

{g) eluting the binding protein from the lambda light chain affinity medium
under conditions suitable for isolating the binding protein away from binding proteins
comprising only kappa Cr domains.
{0341} Item 86:  The method of item 83, wherein the Cy, domain of the first polypeptide
chain 1s a human kappa Cp domain, and the Co domain of the fourth polypeptide chainis a
human lambda Cy domain; or the C;. domain of the first polypeptide chain is a human lambda
Cp domain, and the Cp domain of the fourth polypeptide chain is a human kappa Ci domaiu,
and the method further comprises:

{d) contacting the binding protein eluted 1o (¢) with a lambda light chain atfinity
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):

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

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

comprising only lambda € domains.



{0343} Item 88: The method of any one of items 83-87, wherein the first polypeptide
chain comprises a lambda Cp domain; wherein the Cuz 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 Cyz domain of the third polypeptide chain comprises amino actd
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, T3668S,
L368A, Y407V, H435R, and Y436F,; and wherein the fourth polypeptide chain comprises a
kappa Cr domain,

{0344} Item 89:  The method of any one of items 83-8&, wherein the binding protein is
detected in one or more of (¢} and {(e) using hydrophobic interaction chromatography (HIC).
10345} Item 90:  The method of any one of items 83-89, wherein the Cys domains of the

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

{0346} The Examples that follow are illustrative of specific embodiments of the
disclosure, and various uses thereof. They are set torth 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 expenments described in

Examples 2-5.

Trispecific antibody design

{0348} A schematic illustration of the general trispecific antibody design 1s Uustrated in
FIGK. 1A-1C. Individual trispecific antibodies were designed based on 5 parameters: 1)
Selection of antibody binding sites; 2) Consideration of the position of each binding site; 3)
Chotce of linkers for the bispecific binding arm (7.e., heavy chain/light chain B in FIG. 1C);
4y, “Knob” and “Hole” mutation integration into respective halves of the antibody; 5} Choice
of Fc isotype (Ig(51 or 1g(G4). After assembly of the amino acid sequences for each
trispecific 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.



Production and purification of trispecific antibodies

{0349} Trispecific antibodies were produced by transient transfection of 4 expression
plasmids imto Expi293 cells using ExpiFectamine™ 293 Transfection Kit (Thermo Fisher
Scientific) according to manufacturer’s protocol. Briefly, 25% (w/w) of each plasmid was
diluted into Opti-MEM, mixed with pre-diluted ExpiFectamine reagent for 20-30 minutes at
room temperature (RT), and added into Expi293 cells (2.5x10° cells/ml}. An optimization of
transfection to determine the best ratio of plasmids was often used in order to produce the
trispecific antibody with good vield and purity.

{0356] 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 “igG Elution Buffer”{Thermo Fisher Scientific). Second, product
was dialyzed against PBS (pH7.4) overnight with 2 changes of PBS buffer. Any precipitate
was cleared by filtration through 0.45 um filter unit (Nalgene) before next step. Third, size-
exclusion chromatography (SEC) purification (Hiload 16/600 Superdex 200pg, or Hiload
26/600 Superdex 200pg, GE Healthcare) was used to remove aggregates and different species
in the prep. The fractions were analyzed on reduced and non-reduced SDS-PAGE to identify
the fractions that contained the monomeric trispecific antibody before combining them. The

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

LLISA 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 Immune Plate (Nunc 439454, Thermo Fisher
Scientific) overnight at 4°C using 2 pg/mi each antigen in PRS(pH7 4). The coated plate was
blocked using 5% skim milk+2% BSA in PBS for one hour at RT, tollowed by washing with
PBS+0.25% Tween 20 three times (Aqua Max 400, Molecular Devices). Sertal 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.

{0352] After washing, the HRP conjugated secondary anti-human Fab (1:5000, Cat. No.
109-035-097, Jackson ImmunoResearch Inc) was added to each well and incubated at RT for
30 minutes. After washing 5 times with PBS+0.25% Tween 20, 100 ul 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 ul 1M H,80,, and OD,so was measured using SpectraMax M5
{(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

{0353} Two pairs of heavy and light chains were selected for full kinetic analysis. Kinetic
characterization of purified antibodies was performed using surface plasmon resonance (SPR)
techuology 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 F¢
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 immmobilized 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 maxamal
analvte binding signal of typically 30 RU.

{0354} For an exemplary assay, recombinant human IL13 (catalog # 1L.012) and human
114 (catalog # 11.004) were purchased from Millipore, recombinant human TNFo {catalog #
HB916) was purchased from Sigma Aldrich. Binding kinetics were measured against
recombinant hurman IL4 and 113 over a concentration range between 0.1 to 3 nM for [1L4
and 0.8 to 25 nM for IL13. For human TNFo a concentration range from 3 to 100 nM was
used. As assay buffer HBS EP (10 mM HEPES, pH 7.4, 150 oM 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
simultaneous binding of antigens the trispecific antibodies were captured by an anti-human
antibody capture surface. Antigens were used in single concentrations with 1L4 at 3 nM, 1113
at 25nM and TNFo at 100nM. To show simultaneous binding of all three antigens, a mixture
of IL4, 1113 and TNFa was injected. In separate analysis cycles, IL13 was injected alone,
followed by either IL4 or TNFo, and followed by a co-inject of either IL4/TNFu or a co-
inject of TNFo/IL4. The final response measured in each cycle was compared to show
sirntlarity of consecutive binding of either two or three antigens and simultanecous binding of
a mixture of all three antigens.
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In vitro 1 cell activation and proliferation assays

10355] Human PBMCs were purified from buffy coat purchased from Blood Research
Component (Brookline, MA, USA) using Ficoll-Paque Plus method. Briefly, fresh buffy coat
was first diluted at 1:3 ratio in PBS (pH7.4), and mixed with Ficoll-Paque Plus solution
{(Ficoll) thoroughly before use by inverting the bottle several times. 15 mL density gradient
medium was added to each Leucosep® tube and spin for 30s at 1000xg, RT. The medium is
now located below the porous barrier. 30-40mL diluted 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 transterred 1nto a new tube (Leucosep tube was not
held in the inverted position for longer than 2 seconds). Enriched PBMCs were washed with
45 mi PBS, and spun down at 250 x g for 10 minutes at room temperature. Wash was
repeated, and multiple tubes were combined into one tube. Cells were resuspended in 20mL
PBS and counted using a Bio-Rad TC20.

{0356} To set up the in vitro T cell activation assay, purified human PBMCs were
resuspended in culture medium (RPMI1640 with 10% FBS and supplemented with
glutamine/Streptomycin)(Thermo Fisher Scientific) (10° cells/mi). Indicated concentrations
of different trispecific and control antibodies were added to each well, or used to coat the
plate before use as described 1n Stebbings, R ef al. (2007) J. Immunol. 179:3325-3331, and
incubated for 16-24 hours in a tissue culture incubator. The cells were spin down, and the
supernatant was etther collected for measuring cytokine release, or discarded. The cells were
stained with florescent labeled antibodies for T cell markers (CDB3, CD4, CDE, etc.) and
activation markers (CD69, CDO2L, 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 vitro T cell proliferation assay, purified human PBMCs were
resuspended in culture medium (RPMI1640 with 10% FBS and supplemented with
glutamine/Streptomycin){Thermo Fisher Scientific) (10° cells/ml). Indicated concentrations
of different trispecific and control antibodies were added to each well and incubated for 1-7
days in a tissue culture incubator. The cells were spun down, and the supernatant was either
coliected for measuring cytokine release, or discarded. The cells were stained with florescent
fabeled antibodies for T cell markers (CD3, CD4, CD8, ete ) and activation markers (CD69,
CDo62ZL, etc ), and analyzed by running the samples on an Fortessa flow cytometer {Beckton
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Dickinson, San Jose, CA}, followed by analysis using the Flowjo software (Flowlo v10} and

plotted as shown.

In vitro cell killing assay

{0358} Purified human PBMCs were using for 7n vifro 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 2x1076
cells/ml, and 30 mi of PKH26 (Sigma #MINI26) labeled target cells at 2.5x1075 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
{abeled target cells into each well (2X 107 cells/well). 100uL. of PBMC were then added to
each well, reaching E:T=10:1 well (2x10"5 cells/well), and incubated for 24 hours at 37°C
5% CO2 incubator. The cells were spin down, and the supernatant was either collected for
measuring cvtokine release, or discarded. The cells were stained with Vivid LIVE/DEAD™
Fixable Violet Dead Cell Staining buffer (Life Technology #1.34955) (staining butter was
prepared by adding 60ul. Vivid reagent into 60 mi PBS). Cells were resuspended into 100uL
staining buffer by incubation for 15 min at RT in the dark. After washing the cells with
1xPBS, the cells were resuspended in 200ul. PBS with 0.5% Paratormaldehyde, 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 kalling 1s

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

Cytokine release assay

{0359} For measuring inflammatory cytokine concentrations in the i vifro activation
assays, in vitro killing assays, in vivo activation assays tn CI34+ umbilical cord cell
humanized NSG mice, and the toxicity study, cell culture supernatant was collected, and
serum samples were diluted according to manutacturer’s protocol using Milliplex Human
High Sensitivity T cell 13-plex Kit (EMD Millipore}. These were subsequently analyzed by
EMD Millipore MAGPIX® Systern, and MILLIPLEX® Analyst 5.1 software.

In vivo mouse models and efficacy studies

{0360} Human D34+ hematopoietic stem cell-engrafted NSG mice (hu-CD34) were
used as an i vivo mouse model. These ruice develop multi-lineage human immune cells, and
are a validated platform for immunc-oncology efficacy studies (see, e.g., Shultz, L.D. ef ol
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(2014) Cold Spring Harb. Protoc. 2014:694-708). Hu-CD34" NSG mice are produced by
injecting CD34" hematopoietic sterm cells, showing effective multi-lineage engraftment of
human immune cell populations including T cells , B cells and some other populations
(McDermott, S.P. ef al. (2010) Blood 116:193-200). Multi-lineage hematopoiesis occurs
within 12 weeks. Engraftment is stable for over ong year without graft-versus-host disease.
{0361} For the efficacy study using hu-CD34 NSG mice, mice were purchased trom The
Jackson Laboratory (Maine, USA), and human cell populations were validated before use. In
general, 5x10° tumor cells mixed in Matrigel (BD Biosciences) (50% v/v) were used for
inoculating tumor in each mouse. Once tumor size reached the range of 100-150 mm’, mice
were selected and randomized into each group for study. Antibodies were given
intravenously at given doses 3 times weekly. Body weight was monitored 1-3 times weekly.
Tumor size was measured by caliper tumor measurements 1-3 times/week. All mice were
terrninated 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.

10362} Human PBMC humanized (hu-PBMC) NSG mice were used as another in vivo
mouse model. These mice are produced by injecting purified human PBMC from health
donors, which have the fastest engraftment rate using adult peripheral blood mononuclear
cells and enable short-term studies requiring a strong effector and memory T cell and NK 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, NOD.Cg-Prkdescid 12rgtm 1 Wil/Sz) were purchased from The Jackson
Laboratory (Maine, USA). Each mouse was innoculated with 5x10° tumor cells mixed in
Matrigel (BD Biosciences) {50% v/v). Once tumor size reached the range of 50-100 mm’,
10x10° human PBMCs from a healthy donor were reconstituted to each mouse. Human cell
reconstitution was validated the next day. Once tumor size reached the range of 100-15¢
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 serurn separator tubes, mixed by gently inverting
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five times, and placed into a tube rack. Terminal tumors were also collected and weighed

before being put into fixative for immuunohistochemistry 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
infuston 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 ug/kg) for
observation purposes. Blood samples were collected at 0 hour (Bay 1 only), 0.5 hour (mid-
infusion), 1, and ¢ 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™ I 2-1uc2P Jurkat Cells, Thaw and Use (Promega part#
CS187002) and GloResponse™ NFAT-Luc2 Jurkat Cells (Promega Cat# C5176401) were
purchased from Promega (W1, USA), 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 75cm?2 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
Ri0+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. 25pL 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 ¢6/mL, and 1750l cells
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were added to each well, and incubated in 37°C CO, incubator for 6 hours. The plate was
then taken out of the incubator and allowed to equilibrate to ambient temperature {10-15min}.
Then 50l of Bio-Glo™ Reagent (Promega Cat# G7941) (ambient temperature) was added to
the each well of the assay plate. After incubation for 5 minutes, luminescence activity was
measured using MicroBeta2 LumiJET microplate counter (Perkin Elmer; 1s read time). Data

were plotted using GraphPad Prism software,

Conformational stability

{0368} Thermostability measurements (e.g., melting points, Ty} were determined using
differential scanning fluorimetry (DSF). Samples were diluted 1n D-PBS buffer (Jovitrogen)
to a tinal concentration of 0. 2pg/ul including a 4x concentrated solution of SYPRO-Orange
dye (Invitrogen, 5000x stock in DMSO) in D-PBS in white semi-skirt 96-well plates
(BIORAD). All measurements were done in duplicate using a MyiQ2 real time PCR
instrument (BIORAD). Negative first derivative curves (-d(RFUYdT) of the melting curves
were generated in the 105 Software v2.1 (BIORAD). Data were then exported into Microsoft

Excel for Tm determination and graphical display of the data.

IC30 measurements

Detection of antibodv activity against IL-4 and IL-13 with a reporter cell line

o)

{0369} Activities of bispecfic antibodies or derivatives against cytokines IL4 and 1113
were determined in commercially available HEK-Blue IL-4/1L-13 reporter cells (InvivoGen).
HEK-Blue IL-4/1L-13 cells are designed to monitor the activation of the STATO pathway by
-4 or IL13. Stimulation of the cells with either cytokine results in production of the reporter
gene secreted embryonic alkaline phosphatase (SEAP) which can be measured in the culture
supernatant with the QUANTI-Blue assay. To test antibody activities against IL4 or [1.13, the
cytokines were pre-incubated for 1 hour with different concentrations of the antibodies and
added to 50.000 HEK-Blue IL-4/1L-13 cells. Cytokine-mediated induction of SEAP was
measured after 24 hours incubation in the cell culture supernant with the QUANTI-Blue
assay (InvivoGen). Each experiment was performed with n = 3 datapoints for each antibody
concentration. The half-maximal inhibitory concentration (1C50) for each antibody was
calculated via the internal application Biostat-Speed V2.0 (Sanofi}).

Detection of antibody activity against TNFa with a reporter cell line

{6370} Activities of bispecific antibodies or derivatives against TNFa were determined by
using commercially available HEK-Blue TNF-a reporter cells (InvivoGen). HEK-Blue TNF-a
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cells are designed to detect bicactive TINFa by monitoring the activation of the NFkB
pathway via the expression of the reporter gene secreted embryonic alkaline phosphatase
(SEAP) which can be measured in the culture supernatant with an QUANTI Blue Assay
{(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

10371} A novel strategy was developed for the generation of trispecific binding proteins.
The trispecific proteins comprised four polypeptides that formed three target binding sites
{(FIGS, 1A-C). Hach target binding site comprised the Vg 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 distinet 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 NQGs for binding proteins 1-21, and the target

antigens to which the binding proteins are directed.

Binding Protein # | SEQ ID NOS Birected to:

1 1,2,3,4 Her2 x {CD28 x CD3)
2 1,2,9,10 Her2 x {CD28 x CD3)
3 13, 14,3, 4 CD19 x(CD28 x CD3)
4 13, 14,9, 10 CD1Ox (CD28 x CD3)
3 17, 18,3, 4 CD38 x (CD28 x CD3)
6 17,18,9. 10 CD38 x (CD28 x CD3)
7 21,22.3,4 LAMPI x{(CD28 x CD3)
8 21,22,9, 10 | LAMPI x(CD28 x CD3)
9 60, 61, 62, 63 TNFax {(IL4 x IL13)
10 60, 61, 68, 69 TNFax{IL13x 1L4)
11 60, 71, 68, 69 TNFax (IL13 x {L4)
12 73,74,75,76 13 x (L4 x TNFa)
13 73,74, 81,82 ILI3 < (TNFa < IL4)
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14 85, 86, 87, 88 L4 x (IL13 x TNFa)
15 85, 86, 93, 94 L4 x (TNFax IL13)
16 73, 74, 68, 69 IL13 x (IL13 x IL4)
17 83, 86, 68, 69 L4 x (IL13 x 1L4)
18 73,74, 62, 63 IL13 % (IL4 x 1L13)
19 83, 86, 62. 63 L4 x (L4 x IL13)
20 114,115,3.4 | CD20x(CD28 x CD3)
21 114,115.9,10 | CD20x(CD28 x CD3)

16372} The first pair of polypeptides (that possessed the dual variable domains)
comprised a first polypeptide having the structure Vig-Linker-Vy-Linker-Immunoglobulin
light chain constant domain, and a second polypeptide having the structure Vygi-Linker-Vip-
Linker-Immunoglobulin Ciheavy chain constant domain, resulting 1n a pair of polypeptides
which had a cross over orienation that formed two distinct antigen binding sites: Vi-Vi; and
V-V, (FEG. 1C, see light and heavy chains B). Table A provides a summary of the design
of the bispectfic arm (i.e., the arm 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 Vip-Immunoglobulin Cyy heavy chain constant domain, and
a second polypeptide having the structure Vis-Immunoglobulin light chain constant domain,
resulting in a pair of polypetpides that formed a third antigen binding site: V-V (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 trispecific binding

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

C028 x T3 CD3 x CD28 D28 x CD3 CB3x D28
HC HT HC HC HC HC HT HC HC HC HC HC
-1 -3 -3 -1 -2 -3 ! -2 -3 -1 -2 -3
D28 LC-1 X
X LC-2 X
CB3 LC-3 X
Ci3 LC-1 X
X LC-2 X
D28 1.C-3 X
D28 LC-1 X
X 1.C-2 X
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B3 LC-3 X

Ci3 LC-1 X
x LC-2

CB28 LC-3

Linkers: L3, LAVIL1L21 — |5, RTV[GOPKAAP (SEQ 1D NO-173). TRGPS (SEQ ID NO- 106}
[.]/[GGGGSGGGES (SEQ ID NO:104), GGGGSGGGES (SEQ ID NO: 104 or
[GOGGSGGGGSGGGGS (SEQ ID NO:103), VIGGGGSGGGGSGGGGS (SEQ ID NO:103), |
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Example 3: In Vitre Binding Activity and Antibody-mediated Specific Killing of T Cell

Engagers

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

10374} Using the approach described in Example 2 above for trispecific binding protein
design, four trispecific binding proteins (Binding Proteins 1, 3, 5, and 6) were generated.
These trispecific binding proteins were created by grafting onto a trispecific binding protein
framework the Vg and Vi domains isolated from antibodies targeting distinct human
proteins: CD3, CD19, CD28, CD38, or HerZ. 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 CI13)}). Binding Protein 5 was
constructed such that the first pair of polypeptides (which formed two antigen binding sites)
targeted CD28 and CD3, and the second pair of polypeptides {which formed the single
antigen binding site) targeted CD38 (Binding Protein S = 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 Assavs Using Trispecific Binding Proteins Comprising Anti-Her?2

{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-75-1, AUS65 (Her2 ), ARH-77 (CD1 9&), MOLP-8, RPMI-8226, KMS-

12 BM, NCI-H929, MM.1.S, MM. 1., R OPM-2, KMS-26, and U266 cells (CD38+) were
labeled with the membrane dye PKH-26 (Sigma) and used as target cells in a cytotoxicity
assay. These labeled cell ines were co-cultured at an E:T ratio of 10:1 with enniched human

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

{0377} Her2+, CD 19+ CD38+ tumor cell lines were stained with fluorescently
conjugated antibodies against human CD3, CDB28, CD19, CD38, LAMPI, and/or Her2
(Biolegend). Staining with respective isotype-matched control antibodies was also included.
The cells were then acquired on the Fortessa (Beckton Dickinson, San Jose, CA) instrument.
Flow analysis was performed on FlowJo v10. The mediated killing results of various binding
proteins are shown in FIGK, 3A-3, 9A 9B, & 11A-146.

10378 The ability of Binding Protein 1 to induce antibody-mediated cell killing of tumor
cells expressing HERZ2 proteins on their surface was tested. Not only was Binding Protein 1
capable of binding to all three of its target proteins, but it was also able to induce antibody-
mediated cell killing of Her2" cell lines (FIGS. 3A-4). Binding Protein 1 exhibited potent
antibody-mediated cell killing activities, while anti-CD3/CD28 bispecific Ab and anti-Her?2
antibodies showed minimal killing activities (FEGS. 34, 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.

{03791 Additionally, studies were carried out on in vitro T cell activation and
proliferation, as well as cytokine production, using the anti-Her2 x CD28 x CD3 trispecific
antibody (Binding Protein 1). Binding protein 1 and control variants having one or two
binding domains inactivated by site-directed mutagenesis (ACD28: anti-CD28 inactivated;
ACD3: anti-CD3 inactivated; A(CD3xCD28): both anti-CD3 and anti-CD28 inactivated) were
used in buman PBMC in vitro activation assay as described in Example 1. The results showed
that Binding protein 1 activated both human primary CD4 T cells and CD8 T cells effectively
in vitro. Inactivation of anti-CD28 reduced the activation potency, indicating the importance
of anti-CD28 co-signaling pathway. Inactivation of anti-CD3 binding site rendered Binding
protein 1 to minimal activity, suggesting that the anti-CD3 provided the primary T cell
activation signaling (FIGS. 6A & 6B). Similar results were obtained using L2 and NFAT

reporter human T cell lines (Jurkat-TL2 and Jurkat-NFAT) (FIGK. 7A-7C).
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In Vitro Assavs Using Trispecific Binding Proteins Comprising Anti-CD19

{0330} 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.

{0381} The anti-CIx 19 x CD28 x CD3 trispecific binding protetn was also capable of
inducing antibody-mediated cell killing of CD19+ cells (FIGS, 2A-9N). Similarly, anti-
CD19 x CD28 x €133 trispecitic binding protein exhibited potent killing activity against
human lymphoma cells, while both the anti-CD3/CD28, anti-CD19, and isotype control
antibodies showed minimal killing activities, demonstrating the effectiveness of using the
trispecific Ab to engage tumor cells with T cells through a tumor antigen (CP19) and T cell

markers (CD3 and CD28).

In Vitro Assavs Using Trispecific Binding Proteins Comprising Anti-CD38

{0382} 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. 10),
indicating that each binding domain in the trispecific format retained its function.

{03831 Binding Protein 5 was also found to induce antibody-mediated cell killing of cells
{(FIGS. 11A-15D) against 9 human multiple myeloma cells with various levels of CD38 and
CD28 expression (see FIGS, 11D, 12D, & 13D). Similarly, trispecific Binding protein 5
exhibited potent killing activity against human multiple myeloma cells, while both the anti-
CD38 and isotype control antibodies showed minimal killing activities, demonstrating the
effectiveness of using the trispecitic Ab to engage tumor cells with T cells through tumor
antigens (CD38 and CDZ8) and T cell markers (CD3 and CD28). Bispecific anti-CD3/CD28
control antibody also showed marginal killing activity against CD28+ MM cells see FIGS.
1B, 124-C, & 13A-().

10384} These results demonstrate that the trispecific antibody platform described herein
provides the possibility of integrating binding sites for two tumor markers, or two binding
sites for T cell markers, allowing flexibility for scientific designs and various applications.
Binding Protein 5 was also effective against 5 CD38+ human lymaphoma cell lines (FIGS.
14C & 15D), showing potent killing activities (FIGS. 14A-B & 15A-C).

{0385] The antibody-mediated cell killing against multiple myeloma cell line RPMIB226
using Binding Proteins 5 and ¢ were tested, and their ECsgs 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 ¢ ditfer 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.

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

ECs (phD
hulD28 x CB3 izG4 56.16
Binding Protein 5 IgG4 ¢.3787
Binding Protein 6 {gG4 5.70%

{0336} 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
(ACDZ8: 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 Exarmple 1. The
results showed that Binding protetn 5 activated both buman IL.2 and NFAT promoters
effectively in virro (FIGS. 17A & 17B). Inactivation of anti-CD28 reduced the activation
potency, which was more prominent for IL2 reporter, indicating the importance of anti-CD28
co-signaling pathway. Inactivation of anti-CD3 binding site rendered Binding protein 5 to
minimal activity, suggesting that the anti-CD3 provided the primary T cell activation

signaling.

Example 4: fn 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 vivo,

In Vive Assavs Using Trispecific Binding Proteins Comprising Anti-Her2

{0388} A dose escalation study using the Her2 x CD28 x CD3 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/HERZ. 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 (CDo69+) (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 pg'kg
dose, suggesting rather a relative high tolerable dose. Serum level of several cytokines were
also measured. Significant cytokine release was only observed at the highest dose (100
ug’kg; FIG. 18E).

{0389} Next, the effect of the trispecific anti-Her2 x CD28 x €33 Binding protein 1
antibody on tumor growth in humanized mouse models was examined as described in
Example 1 (FIGS, 19A-20H). FIGS. 1%5A & 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 1s statistically
different compared to the control group at 25 pg/kg. No significant body weight loss in any
treated groups observed.

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

In Vivo Assavs Using Trispecific Binding Proteins Comprising Anti-CID38

{0391} A dose escalation study was conducted in non-human primates using the
trispecific anti-CD38 x CD28 x CD3 antibody {Binding protein 5) as described in Example 1
{(FIGS. 21A-21¥). 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 & 21B,
line 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 ng/kg dose, suggesting rather a relative high tolerable
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dose. Serum level of several cytokines was also measured. Significant cyvtokine release was
only observed at the highest dose (100 pg/kg, FIGS. 21C-21F).

10392} The in vive activity of the anti-CD38 x CD28 x CD3 trispecific antibody was next
tested in humanized mice (FIGS. 22A-23D) as described 1o Exarople 1. FEGS, 22A-22C
summarized the result from a dose determining pilot study using the human CD34+
hematopoietic stem cell-engrafted NSG mice (hu-CD34) meodel implanted with human MM
cell line RPMI-8226 transduced with CD38 and PD-L1, treated with Binding protein 5 at
doses 5, 50 and 100 ug/kg. Significant anti-tumor activity was only evident in group treated
with S pg/kg (FI1G. 224). CDB T cell infiltration was observed in Binding protein 5 treated
mice (5 pg/ke) (FIGS. 22B & 22C).

{06393} A follow up study in the same model was performed using Binding protein S at
dosing from 0.04-5 ug/kg (FIGK, 23A-23D). Significant anti-tumor activity was shown in
all group treated with Binding protein 5 (FIG. 23B), which were statistically different from
the control at the end of study (FIG. 23C). No significant body weight loss was observed in
any treated groups (FIG. 23A). Dose dependent induction of serum inflammatory cytokines
FN-y, TNF-o and IL-2 four hours after the first dose was observed in mice treated with
indicated concentrations of the Binding protein 5 or PBS control (FIG. 23D), indicating
effective T cell activation by trispecific Binding protetn 5 in vivo.

{0394} Humanized CD34+ NSG mice (n=3) were injected i.v. with 100mcg/kg of Tri-
specific Ab (triangel), Bi-specific Ab (square), or single-specific Ab (circle}). Activation of
CDB4+ or CD8+ T cells was measured at O (pre-injection), 1, 24, and 72 hours after Ab
injection by deterroining mean increase in %o of CD69, decrease % of CD62L and/or
concentration of inflammatory cytokines in plasma at each time points by Luminex’s xMAP
multiplexing technology. The T cell activation results of various trispecific antibodies are
shown in FIGS. 24-26C.

10395] 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,
anti-CD3/CD28 eG4 bispecific antibody and anti-CD28 IgG4 antibody controls (F1G. 24).
100 pg/kg of the Binding protein S and control antibodies were administered into 3
mice/group. Blood samples were collected at pre, 1 hour, 24 hours and 72 hours post
admunistration. Mouse sera and human T cells were 1solated 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 IFiNwy, TNF-a
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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 &: 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-L{ and a lambda constant domain on

the Fab-arm-LC. As Fc-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, T3668, L368A, Y407V,

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

4/11-13/TN¥a

Axntibody Specificity Construct Format
Binding Protein 9 (anti-TL4 x anti-IL13) x anti-TNFo (CODV-Fab) x Fab-1gG1 Fe Trispecific
Binding Protein 10 {anti-TL13 x anti-TL4) x anti-TNFo (CODW-Fab) x Fab-IgG1 Fe Trispecific
Binding Protein 11 (anti-IL13 x anti-IL4) x anti-TNFo (CODV-Fab) x Fab-1gG1 Fe Trispecific
Binding Protein 12 (anti-1L4 x anti-TNFa) x anti-IL13 (CODV-Fab) x Fab-IgG1 Fe Trispecific
Binding Protein 13 (anti-TNFa x anti-IL4) x anti-IL13 (CODV-Fab) x Fab-1gG1 Fe Trispecific
Binding Protein 14 (anti-TL13 x anti-TNFa) x anti-IL4 (CODV-Fab) ¥ Fab-IgG1 Fe Trspecific
Binding Protein §5 {anti-TNFo x anti-IL13) x anti-IL4 (CODV-Fab) x Fab-1gG1 Fe Trispecific
Binding Protein 16 (anti-IL13 x anti-TL4) x anti-IL13 (CODV-Fab) x Fab-IgG1 Fe %if;f;;
Binding Protein 17 {anti-IL13 x anti-1L4) x anti-iL 4 {CODV-Fab) x Fab-igG1 F¢ B;;{j iii;?
Binding Protein 18 (anti-IL4 ¥ anti-IL13) x anti-IL13 (CODV-Fab) ¥ Fab-IgG1 Fe %‘;fz‘f;if
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Binding Protein 9

(anti-1L4 x anti-IL13) x anti-1L4

(CODV-Fab) x Fab-1gG1 Fe

Bispecific

Trivalent
3398 The trispecific and bispecific-trivalent binding proteins were produced and
3 E el
purified as described above (FI1G. 27).
Table D: SEC purification of Binding Proteins 16-19
. Retention Peak Height Area Aggregation MW by SEC MW Cale.
Constroct . . ; .

) ’ {mi}) {(mAl) {(mAU*mL) {Yo) {kDa) {kDa)
ﬁ;‘;‘gf%{) 3.00 64.8 8.1 13 211 ¥
P?;?gf% 2.99 659 89 2.1 225 172

Binding 4 g \ 14 -
Protein 18 3.01 72.9 838 5.0 214 171
ﬁ;‘;‘gf% 2.98 732 838 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 ).

Table E: 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 (%)
14 70 {1 160
B33 7 78 92.5
TNFo 7 - d
Binding . ) o
Protein 9 63 922
Binding -
Protein 16 62 - 85,
Binding . o o
Protein 11 63 76 65.
Binding i .
Protein 12 59 70 87,
Binding T
Protein 13 5 G 9435
Binding
- ) 6.Q )
Protein 14 36 69 92.4
Binding . ] N
Protein 15 38 66 92.2
A3 x4 63 75 850
T4 xFL13 64 - d

nd=not determuined

[0400]

trispecific format, SPR analysis for each single antigen was performed as described

To assess the binding affinity of every single antibody binding domain within the
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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 results for [L-4 for various

trispecific binding proteins

K,

Ky

Ks

“onstruct ' Rmax “hi’2
Construct (/M| (1/s] M) max Chi
T4 S F0E07 157604 [ 81E-12 74 024
[TRE
THNFg
Binding 7 RGBT 3 BOE-04 483E-12 26 0.309
Protein ¢
Binding 1.88E+07 8 41E-05 4.47E-12 23 0.763
Protein 10
Binding 5 92E+0T 2.39E-04 4.04E-12 30 0.198
Protein 11
Binding 6.02E+Y7 2.39E-04 3.97E-12 35 0.406
Protein 12
Binding 3.57E+07 1.81E-04 5.07E-12 30 0.257
Protein 13
Binding 8 O6E+07 152604 1. 69E-12 33 0.254
Protein 14
Binding T
35E+H0T 2 ~{}4 TE~12 3 4
Protein o 7358 123804 1.67E-12 31 0.547
Table G: summary of surface plasmon resonance results for 1L-13 for various
trispecific binding proteins
~ ) . Kiﬁ Kd Kﬂ . Nia 3 A
Construct (/M %] (1/s] M Rmax Chi™2
L4
113 7 44F+05 2 50E05 1.03E-10 33 0.938
TNFa
Binding 6.25E+05 9 27E-06 1.48E-11 2 0.176
Profein 9
Binding 7 16E+05 3 76E-05 525E-11 25 0.145
Protein 16
Binding 2 95E+05 4 28E-05 1.45E-10 16 0.372
Protein 11
Binding 4 1TE+05 5 06E-05 1.21E-10 28 0.338
Protein 12
Binding SEAnS - emas - n 0
Protein b 6.15E+05 7 58E-05 23E-10 23 0.186
Binding 6.93E-+05 1.19E-04 [ 72E-10 22 0.232
Proiein 14
Binding 2.508+05 561805 2.24B-10 30 0.631

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

trispecific binding proteins

. K, Ky K )
. s s g . “hit2
Constract (/M ] /5] M| Rmax Chi
L4
113
TNFa 1780405 1.640-04 5 22E-10 33 0.745

Binding 1.32E+05 3 20E-04 2 47E-9 23 0.213
Protein 9

Binding 1.40E+05 2 90E-04 2.07E-9 27 0.241
Protein 10
Binding 3 36E-+05 1.82E-04 5. 41E-10 28 0.539
Profein 11

Binding 4 49E405 1.80E-04 4.00E-10 28 0.647
Protein 12

Binding - . e 16

84E+05 i~ {}4 3.35E- 7

Protein 13 584K L96E-04 335E-10 2 $.529

Binding 5 29E+05 1.86E-04 3 52E-10 25 0.485
Protein 14

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

{0401} In order to assess the neutralization activity of the tnispecific binding proteins, a

celluiar assay was performed using different HEK Blue kits (Invivogen). Cyiokines were

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

temnperatues 10 a 96 well plate. Controls included use of only the cytokine or only the

antibody. 50,000 HEK Blue Cells (HEK Blue TNFa/IL1B cells (InvivoGen, Cat. # hkb-

tofil1; HEK Blue STAT-6 celis (InvivoGen, Cat. # Hkb stat6) were added to the

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

QuantiBlue Reagent was added to each culture well and incubated for 2 hours at 37°C. The

0D was measured at 620 nm and the IC50 was calculated using BioStat Speed 2.0. The HEK

Blue Reporter Cell Assay results of various trispecific antibodies are shown in Tables I and

M.

10402} Next, ICs0 values were calculated for Binding Proteins 9-15 and benchmarked

against the single parental antibodies (Table I).

Table I: summary of HEK Blue Reporter Assays (1Csg Data) for varisus trispecific

binding proteins

114 ICs TL33 1IC,, TRFa ICs
Construct {(ng/ml) {(ng/mL) {(ng/miy
2. 14E+00
T4 1.85E+00 - -
1.82E+01
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1.10E+02

1L13 - 8.83E+01 ]
1A2E+01

3.630+00
TNFg - 5.780+00
2415400

Binding s _ . .
Protein 9 4.51E+00 L77E+02 3.95E+01
Pfﬁgﬁ% 3.93E+00 4.68E-+02 4. T6E+01
P?é:éii?%i 6.96E+00 4 89E+02 2 63E+01
Pi?g??v 5.03E+00 1.83E+02 2 17E+01
p%f;?faf?f; 1.38E+01 7 S4E+01 2.26E+01
pnang L02E+01 1.20E+02 6 26E+00
Binding 1 305401 L0702 S aseor

Protein 15

[0403]

differential scanning fluorimetry (DDSF; Table §).

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

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

Construct ?g; ’2}2?
4 TG %1
33 67 73
Binding 3
Protein 16 63 -
Binding o3 ]
Protein 17
Binding 65 ]
Protein 18 -
Binding s ]
Protein 19 -

[0404]

bispectfic-trivalent binding proteins was measured for human IL-4 (Table K) and 1.-13

{Tables K and L).

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

Table K: summary of surface plasmon resonance results for [1-4 for various trivalent

binding proteins

) ; Neo. of
RU Ka Kd Rmax Ki . kida y
Construct . . Analyte e . R Chi2 iLs
Capture {1/Mg) {1/8) (RU} (VD) Bound Bousd
L4 116 14 R.70 1.57 24 1.81 0.240 15 1
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E+07 E-04 E-12
L T B O I I T O
T T e 570
P‘f;‘::ﬁ‘%, 218 e E#t; E’g‘; 43 é ;,: 0.278 35 2
S ST = ahl
Binding - ., 332 339 s 102 o
Protein 18 215 LA E407 E-04 == E-12 408 18 L
Binding ) R17 385 . 465 ‘ .
" 22 A o L o 3 (.486 34 2
Protein 19 226 LA B407 04 4 E-12 486 2
Table L: summary of surface plasmon resonance results for 1L-13 for various
trivalent binding proteins
. Mo, of
RU Ka Kd Rmax KB . kba il
Construet Analyie . ) v Chi2 ; iis
Capture (3/Mis) (1/8) (RO} (M3 Bound Bound
5 547 6
HEE 201 1L13 ff(; ij 37 ;1111 0211 14 i
P‘:;‘;g‘;‘% . 226 13 E/&)/-? ;:’)‘; 35 Eﬁ 0.132 26 2
Binding e - 592 570 " 964 o
Protein 17 233 i3 E405 E-05 - E-11 0128 i !
Binding " . 100 354 353 \
3 ; 5 ¥ 0 2
Protein 13 Bt L E+06 £:05 3 Bl 166 8 2
Binding R s 191 381 , 200 s .
Protein 19 82 43 E+06 E-05 18 E-11 0.263 i !

[0405]

Tabie M: summary of HEK Blue Reporter Assays (8 s Data} for various trivalent

binding proteins

e FEDE R LM .13 8C,,
Constract (ng/mL) (ne/mL)
14 6.07E+00 -

HAR - 1.12E403
Binding )

& 30EH 248403

Protein 16 L 30E+OL L24E

Binding - o

= G572 - C ’3() < ’:{

Protein 17 8.62E+00 9 30EH0
Binding -

46E+0 03

Protein 18 1.46E+01 1I0E+D

Binding S T3EH00 6.9304+03

Protein 19

Example 6: Trispecific Binding Protein Format Optimization

[0406]

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

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

bispecific antibodies and variants thereof) is that it can be difficult to purity only the desired
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heterodimeric species without also including either homodimeric species. Thus, a process for
etficient purification of the desired, heterodimeric binding protein 1s of great interest, e.g., for
industrial-scale production.

{0407} As described herein, binding proteins of the present disclosoure can include
several optional features, including without imitation knob and hole mutations {e.g., to
promote proper heterodimer formation) and mutations to improve purification. In addition,
these binding proteins include two light chains, leading to four potential configurations: two
kappa light chains, two lambda light chains, a kappa light chain on the arm with dual variable
domains {the “CODV arm”) and a 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
arm.

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

{0409} FIG. 28A shows a diagram of an exemplary binding protein of the present
disclosure, indicating variations that lead to unique configurations. These experiments tested
the effect of the placement of: kappa and lambda light chains {e.g., two kappa, two lambda,
kappa on CODYV arm and lambda oo Fab arm, and lambda on CODV arm and kappa on Fab
arm}, knob and hole mutations {(e.g., knob mutations on CODV arm and hole mutations on
Fab arm, or hole mutations on CODV arm and knob mutations on Fab arm), and
H435R/Y4306F 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 CODYVY arm had antigen binding sites specific for TNFa {i.e., VH and VL
sequences of SEQ 1D 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).
$354C and T366W were used for the knob mutations, and Y349, T3668, L368A, and
Y407V were used for the hole mutations.

{04106} Vartous processing steps were tested for the ability to monitor correct pairing of
CODYV 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 armo light chain and
CODV arm heavy chain, or between Fab arm heavy chain and CODV arm light chain).
Analytical size exclusion chromatography (SEC) was found to be ineffective at
distinguishing correct heavy chain and light chain pairing; binding proteins with Fab arm
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light chain mispaired with CODYV heavy chain and homodimeric binding proteins with two
Fab arms were found to co-elute with the desired trispecific binding proteins. However,
analvtical hydrophobic interaction chromatography (HIC) was found to resolve the desired
trispecific binding proteins from binding proteins with Fab arm light chain 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 purified by
Protein A affinity chromatography, then KappaSelect (GE Healtheare) 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
fight chain for Fab arm, knob mutations on CODY arm, hole mutations on Fab arm, and RF
mutations on Fab arm. HIC chromatography (FIG. 30A), SDS-PAGE (FIG. 30B), and intact
mass analysis demonstrated that a single species corresponding to the desired trispecific
binding protein was purified.

10412} 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.
{0413} 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} Hach embodiment herein described may be combined with any other embodiment
or embodiments unless clearly indicated to the contrary. In particular, any feature or
embodiment indicated as being preferred or advantageous may be combined with any other
feature or features or embodiment or embodiments indicated as being preferred or
advantageous, unless clearly indicated to the contrary.

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

herein.
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SEQUENCES

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

antigens to which the binding proteins are directed.

Binding Protein # SEC 1D NOs included Birected to:
1 1,2,3,4 Her2 x (CD28 x CD3)
2 1,2,9,10 Her2 x (CD28& x CD3)
3 13,14, 3,4 D19 x (CD28 x CD3}
4 13, 14,9, 10 D19 x (CD28 x CD3}
3 17, 18,3, 4 CD38 x (CD28 x CD3)
6 17,18,9, 10 CD38 x (CD28 x CD3)
7 21,22,3,4 LAMPL x (CD28 x CD3)
8 21,22,9, 10 LAMPL x (CD28 x CD3)
9 60, 61, 62, 63 TNFa x (114 x 1L13)
10 60, 61, 68, 69 TNFa x (IL13 < [L4)
i1 60, 71, 68, 69 TNFax (JL13 < [L4)
12 73,74,75, 76 TLI3 < (L4 x TNFa)
i3 73.74,81.82 13 x (TNFax IL4)
14 85, 86, 87, 88 T4 x (IL13 x TNFa)
15 85, 86, 93,94 B4 x (TNFax IL13)
16 73,74, 68, 69 ILi3x (IL13 x 114}
17 85, 86, 68, 69 T4 x (IL13 < 14)
18 73,74, 62, 63 I3 x (L4 x IL13)
19 83, 86, 62, 63 4 x (L4 x TL13)
20 114, 115,3,4 CD20 x (CD28 x CH3)
21 114, 115,910 CD20 x (CD28 x CH3)

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

Her2, CD3, CD28, CD19 and/or C20. CDR sequences are bolded and italicized.

Binding Protein 1 Amine Acid Sequences

Heavy Anti-Her2-H_Knob: SEQIDNO: 1

chain A Evglvesgeglvapggsirscaasginikdtyithwyrgapgkglewvariypingy

{Anti- frvadsvkgrftisadiskntaylgmuslracdtavyyvesrwggdgfyvamdyweag

Herd- tivtvssastkgpsviplapcesrstsestaalgelvkdytpepvtvswnsgaltsgvhif

H knob) pavigssglyslssvvivpsssigtktvtenvdbkpsatkvdkrveskygppeppep

’ apeflgepsvilfppkpkdtimisrtpevicvyvdvsgedpevafnwyvdgvevh

naktkpreegfnstyrvvsvitvihgdwingkevkekvsnkglpssiektiskakgg
prepgvytippegeemtkngvsiwelvkgtvpsdiavewesnggpennvketppy
ldsdgsiflyskltvdksrwgegnviscsvmbealhnhyigkslsisigk

Light Anti-Her2-L: SEQID NG: 2

chain A Digmtgspsslsasvgdrviiterasgdvatavawyvggkpgkapkilivsasflvsg
vpsrfsgsrsgtdftitisslgpedfatyvegghvippifoqatkveikrtvaapsviifo
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{Anti- psdeglksgtasvvellnnfypreakvgwkvdnalgsgnsgesvieqdskdstysls

Her2-1) stitiskadvekhkvvacevthqglsspvtksfnrgee

Heavy Anti-CD28 x Anti-CD3-H_Hole: SEQID NO: 3
chain B Qvqlvgsgaevvkpgasvkvsckasgyifisyyihwvrgapgqglewigsi

{Anti- ypgrvamvagkiggratitvdisistaymelsrirsddiavyycershygldsy

CD28 x nfdvegkgattvivessgvglvesggevvapgrsirlscaasgfiftkawmb

Anti-CD3-
H Hole)

wvrqapgkglewvagikdhsnsyatyyadsvkerftisrddskntlylgmn
slraedtavyycrgvyyalspfdyweggtivivssrtastkgpsviplapesrst
sestaalgelvidyfpepvivswnsgaltsgvhtipavigssglyslssvvtvp
ssslgtktytenvdhkpsntkvdkrveskygppeppepapeflggpsvilfp
pkpkdtlmisrtpevtevvvdvsqedpevginwyvdgvevhnaktkpree
gfnstyrvvsvitvlhgdwingkeykckvsnkglpssiektiskakgqprep
gvctippsqeemtkngvsiscavkgfypsdiavewesnggpennykitppy
ldsdgsfflvskltvdksrwaegnviscsvmhealhinhyigksisislgk

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

Anti-CD3 x Anti-CD28-L:
Divmtgiplsisvipgapasisckssgsivhnnantylswylgkpgaspyslivivs
nrfsgvpdrisgsgsgtditikisrveacdvevyvegggigypitfasgtkveikggp
kaapdigmtgspsslsasvedrvtiteqasgriyvwinwyqakpgkapklivkas
nlhtgvpsrfsgsesetdftitisslgpediatyyegggatypyifogetkleiktkgpert
vaapsvitppsdegiksgtasvvellnnfvpreakvgwkvdnalqsgnsqesvieg
dskdstyslsstltiskadvekhkvyacevthgglsspvtksfnrgec

SEQ D NG: 4

Binding Protein 1 Nucleotide Sequences

Heavy
chain A
{Anti-
Her2-

H Knob:)

Anti-Her2-H_Knob:
gaagtecagetggtoeaatciggegacggactggtocageciggoeggateictgagac
tgagcetgtgocgecageggceticaacatcaaggacacctacatccactgggigegeca
gacceciggeaagggactiggaatgaatoscoeagaatetaccecaccaacggctacac
cagatacgcecgacagogigaagggcoggiicaccalcagegoogacaccageaaga
acaccgectacctgeagatgaacagectgegggocgaggacaccgecgtgtactacty
tagtagatggosagocgacggctictacgecatggactattggggocagggcacocic
gtgaccgigictagigegtegaccaaggacccatcggatgticecticiggecceotigeage
agaagcaccagegaatetacagecgecctgggetgoctegtgaaggactactiteceg
agoecgigacegigtoctggaactctggonctetgacaageggegtgeacacciticea
gecgtgetccagageageggcectgtacteicigageagegicgtgacagtocecagea
geagcectgggcaccaagacctacaccigtaacgiggaccacaagoccagaacacca
aggtegacaagcegggtggaatctaagiacggoccicoctgecctectigeccagecoct
gaatttctggeoggaccctoegtgticctgticecoccaaagoccaaggacaccoigalg
atcagecggacceccgaagteaccetgogiggtaatogaigioteccaggaagateccy
aggtecagticaatiggtacgiggacgecatoeaaotfscacascgocaagaccaagod
cagagaggaacagticaacageacctacegggigatotecgtgctgacegtgctgcac
caggactggctgaacggcaaagagtacaagigoaaggtgiccaacaagggccigeoe
agctecatcgagaaaaccatcageaaggecaagggecagocoecgegagecticaagty
tatacectgeoccetigecaggaagagateaccaagaaccaggtstecctgtggtotctc
gtgaaaggcttciaccecagegacatigeegtegaalgesagascascgeecagece
gagaacaactacaagaccacecccccigtgetggacagegacggcteaticftectgta
ctecaagetgaccgtggacaagagecggteocageaasscaacgigticagetgctce
gteatgcacgaggcooctgeacaaccactacacceagaagteocigictetgtccctgeg
caag

SEQIDNG: 5

Light
chain A
{Anti-
Her2-L:)

Anti-Her2-L:
gacatccagatgacccagagoeccageagectgictgccagegtgggegacagagiy
accatcacctgiagagecagecaggacgigaacaccgoegtegociggtalcageaga
ageciggeaaggeccccaagetgetgatctacagogecageticctgtacageggegt
geoecageagattcageggaageagaageggcacegacticacectgaccatcagetc
cctgcageccgaggacticgecacctactactgecageageactacaccacceococe

SEQIDNG: 6
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acatttggccaggecaccaaggtagaaaicaagegtacggtggocgeteccagoegiat
tcatcttoccacctagegacgageagotgaagiceggeacagectetgicgigigecige
tgaacaactictacccccgegaggccaaagigeagtegaaggtgeacaacgeocigea
gagcgecaacagecaggaaagegigacegageaggacageaaggaciceacctaca
geotgageageaccotigacacigageaaggeogactacgagaageacaaggtatacg
cotgoegaagtoacccaccagggectgictageocegtgaccaagageticaaceggg
gegagtat

Heavy
chain B
{Anti-
ChD28x
Anti-CD3-
H Hole:)

Anti-CD28 X Anti-UB3-H_Hole:
caggtecagctegigoagtctggegocgaggicgigaaacciggegocicigizaagy
tgtoctgeaaggocageggectacacottiaccagetactacaticoactggatococcay
geecoliggacagggactggaatgeatogocageatclaccecggeaacgigaacace
aactacgeccagaagticcagggeagagecacectgacegtggacaccageateage
accgectacatggaactgagecgecigagaagegacgacaccgecgtatactactgea
cocggteccactacggectggatiggaacticgacgtgtggoscaagescaceaccyt
gacagtgictagcagecaggtgcagetggigeaaictggoegocggagiogotpoagoct
ggcagaagoctgagactigagotgigeogeragoggeticaccticaccaaggocigga
tgcactgggtecgocaggeccciggaaageagetggaatgeotgocceagatcaagyg
acaagagcaacagetacgecacctactacgecgacagegigaagooccggticaces
tcagocgggacgacageaagaacacceotgiacctgcagatgaacagectarggsccy
aggacaccgecegtgtactactgicgggacgtgtactatgccctigagecccticgatiact
goggccagggaacccicgigacegigtetagicggaccgecageacaaagggoecat
cggteticectotggococttgeageagaageaccagegaatctacagoeogecciggg
ctgeotegtgaaggactactitcocgageecgtgacegtgicciggaacictggogctct
gacaageggegigeacacctiiccagecgigetecagageageggectgtaciciciga
geagegtegteacagtocecageageagectgggcaccaagacetacaccigtaacgt
gaaccacaageccageaacaccaaggiggacaagegggtggaatctaagiacggee
cteectgecctectigeccagecectgaattictgggcggaceetecgtgticetgiticec
cocaaageoccaaggacaccecetgatgateagecggacececegaagigaccigegisgt
gotgeatgtoicccaggaagatcccgaggtgeagticaatiggtacgigeacggeglyg
gaagtgcacaacgecaagaccaageocagagaggaacagticaacageacctaceg
gatgetgicegtgctgacogigetigcaccaggactiggetigaacggcaaagagtacaag
tgcaaggigtecaacaagggoctgeccageiccatcgagaaaaceatcageaagece
aagggecagecccgegagecteaagtgtgtacecigeccectagecaggaagagaty
accaagaaccaggigtoectgageigtgoegtgaaaggctictaccccagegacatige
cglggaategoagagcaacggocageccgagaacaactacaagaccaccecocotgt
getgoacagegacggoteaticitectggigtccaagetgacegiggacaagageeggt
gacaggaaggcaacgigticagotgetecgtgatgeacgaggecectgeacaaccacta
cacecagaagicectgtetetgicoctgggcaag

SEQ 1D NG 7

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

Anti-CD3 X Anti-CD28-L:
gacategtgatgacocagaccocceigagectgagegtgacaceiggacagectgoca
geatcagotgoaagageagecagagectggigcacaacaacgecaacacctacciga
gctgetaictgeagaageocggeragageccecagicocigatetacaaggigiccaa
cagattcageggegigoccgacagatictceggoageggetctggeaccgacticace
cigaagatcagecgggiggaageegaggacgteoocaigtactatigtegccaggsc
acceagtaccecticacctitggeageggoaccaaggtaggaagtcaagggocagecca
aggecegecccegacatccagatgacecagagococageagectgtcigecagogiee
gegacagagtoaccatcaceigicaggecagecagaacatetacgtetggoigaacty
gtatcagoagaagecoggeaaggeccecaagetgetgatctacaaggecageaacct
geacaccggegtgcccageagattitciggcageggetecggeacegacticaccctyg
acaatcageicocigeageoegaggacatigecacctactactgecageagggccaga
cotaccoctacacctitggecagggcaccaagetiggaaatcasgaccaageeocecag
cegtacggtogccgcicccagegtgticatcttcccacetagegacgagcagctgaagt
coggeacagectotgicgigigecigeigaacaactictacceccgigaggccaaagis

SEGQGID NG: 8
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cagiggaaggtggacaacgcoctgeagagegglaacagecaggaaagegigaccga
geaggacagcaaggactccacciacagoctgageageaccctgacactgagoaagec
cgactacgagaageacaaggtetacgoctgegaagteacccacoagggectgtictag
ceccgigaccaagagcticaaccggggegagtiot

fete

Binding Protein 2 Amino Acid Sequences

Heavy
chain A
{Anti-
Her2-

H knob)

Anti-Her2-H_Kaob:
Hvglvesggglvagpggsiriscaasgfhikdtvibwvrqapgkglewvariypengy
frvadsvkgritisadiskntaylgmnsiracdiavyyesrwggdefyamdyweag
tivtvssastkgpsviplapesrstsestaalgelvkdyfpepvtvswasgaltsgvhtt
pavigssglvslssvvtvpssslgthtyvienvdhkpsntkvdkrveskyegppeppep
apeflgepsvitfppkpkdtimisrtpevievvvdvsgedpevgfawyvdgvevh
naktkpreeqfnstyrvvsvitvihgdwingke vkckvsnkglpssiektiskakgg
prepgyvytippegeemtlngvslwelvkefypsdiavewssnggpennykitppy
Idsdgstilyskltvdksrwgegnviscsvmbealhnhyvtgkslsisigk

SEQ ID NG: 1

Light
chain A
{Anti-
HerZ-L}

Anti-Her2-L:
Bigmitgspsslsasvadrvtiterasgadvmtavawyvggkpgkapkllivsasflysg
vpsrisgsragtdftitissigpedfatyvegghivipptfgggtkveikrtvaapsviifp
psdeglksgtasvvellmmfypreakvgwkvdnalgsgnsqesviegdskdstvsls
stitiskadvekhkvvacevthaglsspviksforgec

SEQIDNG: 2

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

Anti-CD28 x Anti-CD3-H_Hole:
Qvglgesgpglvkpsqilsltctvsgfsisdygvhwvrgppgkglewlgvi
waggginynpsiksrktiskdtskngvstidssviaadtavyycardkgysyy
ysmdywgqgttvtvsssqvglvesgggvvgpgrsirlscaasgfittkawm
hwvrqapgkqglewvaqikdksnsyatyyadsvkgrftisrddskntlylgm
nslraedtavyyergvyyalsptdywgqgtivivssitastkgpsviplapcsr
stsestaalgcivkdyfpepvivswnsgaltsgvhtfpaviqssglysissvvty
pssslgtktytenvdbkpsntkvdkoveskygppeppepapeflggpsvilf
ppkpkdtlmisrtpevtcvvvdvsgedpevgfnwyvdgvevhnaktkpre
eqfnstyrvvsvitvlihgdwingkeykckvsnkglpssiektiskakgqprep
gvctippsqeemtkngvsiscavkgtypsdiavewesnggpennykiippv
ldsdgstilvskltvdksrwgegnviscsvmhealhnhytakslsislgk

SEQIDNG: S

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

Anti-CB3 x Ants-CD28-L:
Divmtgtplslsvipggpasisckssgsivhnnantvlswylgkpegspgslivkes
nrtsgvpdrisgsgsgtdtilkisrveacdvgvyyvegggiqypfifosgtkveikggp
kaapdivitgspaslavspggratiterasesvevyvisimgwyggkpggppkilifa
asnvesgvparfsgsgsgidftitinpveandvanyveggsrkvpvifaggthkleiktk
gpsrivaapsviifppsdeglksgtasvvelnnfypreak vgwkvdnalgsgnsge
svtegdskdstyslsstitiskadyekhkvvacevthgelsspyvtkstfnrgec

SEQ ID NG: 18

Binding Protein 2 Nucleotide Sequences

Heavy
chain A
{Anti-
Her2-

H Knob:)

Anti-Her2-H_Knobh:
gaagtecagetggtgoaatetgecgacggactggtocagectggogeatcictgagac
tgagcetgisccgocageggotticaacatcaaggacacctacatecactgggtacsocag
geocctggeaagggactggaatggetpggocagaatctaccocaccaacggotacace
agatacgecgacagogtgaagggccggticaccatcagegoegacaccagoaagaac
accgoctacctgeagatgaacagectgegggccgaggacacegecgigtactactgia
gtagatgogoagocoacggctictacgecatggaciatigeeoccaggecacocicgt
gacegigtctagtgegtegaccaagegcccatogetgticectctggococtigeagea
gaagcaccagegaatetacagecgecctggacigecicgigaaggactactitcccgag
ccogigacogigtectggaactetggogcictgacaageggegtigcacacctticcage
cglgetccagageageggcectgtacicictgageagegtogtgacagtacccageage
ageeotgggcaccaagacctacaccigtaacgtegaccacaageocageaacaccaag
gtggacaagcggateoaatciaagtacggocctecctaccctectigeccageocetsa

SEQIDNG: S
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attictgggcggaccctcegigticetgticcococaaageccaaggacacceeigatgat
cagecggaccccegaagigaccigegiggiagtoeatetstcccaggaagatecegag
gtecagttcaatiggtacgiggacggogiggaagiocacaacgoaagaccaagoeea
gagaggaacagitcaacageacctacegggtogigtccgipotigacegigetgeacca
ggactggctgaacggcaaagagtacaagtocaaggtgiecaacaagggoctgoccay
cliccategagaaaaccatcageaaggecaageaccageccegegagectcaagigtat
accetgecccctigecaggaagagatgaccaagaaccaggigteccigtggtytctegt
gaaaggctictaccccagegacatigecgtggaatgegagagcaacggocageocga
gaacaactacaagaccaccoccectgigetggacagegacggctcaticticetgtacte
caagotgaccgtgeacaagagccggtegcaggaagecaacgigitcagetactecaty
atgeacgaggeccigeacaaccactacacecagaagtocctgictotgtooctgggcaa
o

Light
chain A
{Anti-
Her2-L:)

Anti-Her2-L:
gacatccagatgacceagageccecageagectgicigecagegtegucgacagagty
accatcacctgiagagecagcecaggacgigaacaccgoegtogeciggtatcageaga
ageciggeaaggcocccaagetgetgatetacagogecageticcigtacageggegt
geccageagaticageggaageagaageggcaccgacticaccctgaccatcagotee
ctgeageocgaggacticgecacctactacigerageageactiacaccacecococca
catttegoccagggcaccaaggiggaaatcaagogtacggtggocgoicecagogigtic
atcticccacctagegacgageagetgaagtecggeacageetctgtegtgtgoctigeiy
aacaacttctaccoccgegaggecaaagigeagigoaagoiogacaacgooctgcag
agcggcaacagccaggaaagogtgacoegageaggacageaaggactecacctacag
cotgageageacoctgacacigageaaggecgactacgagaageacaaggigtacge
clgegaagteacocaccagggecigtctageoeegtgaceaagagoticaacogggac
gagtot

SEQIDNO: 6

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

Anti-CD238 X Anti-CD3 _Hole:
caggtecageigeaggaatetggecciggeciegigaagectageragacceigages
tgaccigtaccgtptccggettcagocigagegactacggogtecactigggtgogecag
coacctggaaaaggcectggaatgsctgggogigatotiggecigaegeaggoaccaac
tacaaccccagcectgaagicoagaaagaccatoagoaaggacaccageaagaaccag
gtotcccigaagceigagcagegtgacagocgoegataccgecgtgtactactgegoca

gagacaagggctacagetactactacageatggactacigggeccagggeaccaccegt
gacegigteatecticicaggtocagotagiggaatctggeggeggagtaotgcagecty
geagaagectgagactgageigtoccgecagoggcticaccitcaccaaggectggat

geactggeotacgccaggeccciggaaageagetggaaiggotgscccagaicaagga
caagagcaacagotacgocacctactacgocgacagegigaaggoccgettcaccatc
ageogggacgacageaagaacacecigtacctgeagatgaacagoctgeggoccga

ggacaccgecgtgtactactgteggeacgtotactatgeccigageeccticgattacig

gagccagggaaccoicgigacegigictagteggaccgoticgaccaagggeocateg
gtgticectetggococctigeageagaageaccagcgaatciacagecgecoiggocty
cotegtgaaggactactitcocgageecgtgaccgtgtoctggaacictggogetcigac
aageggegtgoacacctitccagecgtgetecagageageggectgtacictetgagea
gegtegtgacagtgoccageageagectgggcaccaagacctacacciglaacgtgga
ccacaagoecageaacaccaaggiggacaagegggtecaatctaagiacggecctce

ctgecctectigeccagecectgaattictgggeggacectcegigitecigticcoceea

aageocaaggacacectgatgatcagecggaccoccgaagtgaceigegiggtonio

gaigigteccaggaagaloccogaggtacagitcaattggtacstegacgpegtozaagt
geacaacgcecaagaccaageccagagageaacagticaacagceacctaccgggiget
gteogtectgacegigetgeaccaggactggctigaacggoaaagagiacaagtocaag
gtotccaacaaggaccigeocagetecatCgagaaaaccaicagaaggocaaggge

cagecccgegagectcaagtetotacecigeecectagecaggangagateaccaaga
accaggigtccctgagetgtagccgigaaaggctictaccecagegacatigecgtagaat

gggagagcaacggccageccgagaacaactacaagaccacecccactgigetggac

SEQ ID NG: 11
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agegacggeteaticticctggtgiccaagetgacegtggacaagagecggiggoage
aaggcaacgtgitcageigeicegtgatgracgaggecctgeacaaccactacaccoa
gaagtecctgictctgtcecigggoaag

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

Anti-CD3 X Anti-CD28-L:
gacategtgatgacocagaceoccetigagectgagegtgacacciggacagecigoca
geatcagotgoaagageagecagagectggigcacaacaacgecaacacctacciga

getgotalctgeagaageocggecagageccccagicoctgatctacaaggigicoaac
agattcageggegtacecgacagatictecggoageggotetggeacegaciteaccet
gaagatcageogggigeaagecgaggacgtagoocgigtactatigigoccagggcac

ccagtaccectteacctiiggeageggcaccaaggizggaaatcaaggoccagoccang
geegecccegacategtgotgacacagagecotgotagectggecgigictoctggaca
gaggoocaccatcacciglagagocagegagagegiggaatattacgigaccagecig
atgcagtgotaicageagaageocggecagoeccoccaagetigcigattticgccgecag
caacgtegaaageggcgtgccagocagattitcoggcageggeictggeacegactic

acceigaccatcaacceegiggaagecaacgacgtaggecaactactacigecageaga
accggaaggigeectiacacettiggoecagggoaccaagciggaaatcaagaccaagy

geeocageogtacggtspocgotoccagegtaticatoticccacctagogacgageag
ctgaagtocggeacagectctgicgigtacotgotgaacaactictacccocgegagse

caaagigeagtgeaacetooacaacgcccigCagagiggeaacagtcagsanagcy
tgaccgageaggacageaaggaciccacctacagectgageageacectgacactga

geaaggecegactacgagaageacaaggigtacgocigegaagigacccaccaggac

cigictageccegigaccaagageticaaccggggacgagiot

SEQ ID NO: 12

Binding Protein 3 Amine Acid Sequences

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

Anti-CDI1%(B34)-H Knob:
Qvglvgsgaevkkpgssvkvsckasgvafssywmmwvrgapggglewiggiw
pedagdinyngkfkgratitadesistaymelssirsedtavyycarretitveryyvam
dywgggttvivssastkgpsviplapesrstsestaalgelvkdyfpepyvtvswnsgal
tsgvhtfpavigssglysissvvivpsssigtktytenvdhkpsntkvdkrveskygpp
cppepapetiggpsvitfppkpkdtimisrtpevicyvvdvsgedpevgtnwyvdg
vevhnaktkpreegfnstyrvvsvitvihgdwlngkevkckvsnkglpssicktiska
kggprepagvytlppegeemtkngvshwelvkgfypsdiavewesnggpennykit
ppvidsdgsffivskitvdksrwgegnviscsvmhealhnhvigksisisigk

SEQ ID NO: 13

Light
chain A
{Anti-
CD19(B34
L)

Anti-CDI9(B34)-L:
Divitgspaslavspggratitckasgsvdyvdedsylnwyqakpggppkilivdasn
tvsgvparfsgsgsgtdftitinpveandtanyveggstedpwifggetideikrtvaap
svitfppsdegiksgtasvvclinnfypreakvgwkvdnalgsgnsqesvieqdskd
stysisstitiskadyekhkvyvacevthgglsspyvtkstnreec

SEQID NO: 14

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

Anti-CD28 x Anti-CD3-H_Hole:
Qvglvgsgaevvkpgasvivsckasgpefispyihwyrgapgqglewigsi
ypgnvamyagkfqgratitvdisistaymelstlrsddtavyycirshygldw
nfdvwekgttvtvsssqvglvesgggvvgpgrsiriscaasgfiftkawmhw
viqapgkalewvagikdksnsyatyyadsvkgrftisrddskntlylgmnsly
aedtavyycrgvyvalspfdywgqgtivivssrtastkgpsviplapesrstses
taalgelvkdyipepvtvswasgaltsgvhifpavigssglysissvvivpsssl
gtktytenvdhkpsntkvdkrveskygppeppepapeflggpsvitfppkpk
dtlmisrtpevicvvvdvsgedpevgfnwyvdgvevhnaktkpreeqfnst
yrvvsvltvthgdwingkevkekvenkglpssiektiskakggprepqvetlp
psgeemtkngvsiscavkgfypsdiavewesnggpennyktippvidsdgs
fitvskltvdksrwgegnviscsvmhealhnhytgkslsisigk

SEQIDNG: 3

Light
chain B
{(Anti-CD3
X Anti-

Aunti-CD3 x Anti-CD28-L:

Divimtgtplsisvipggpasisckssgsvhinnantylawvigkpegspgslivhvs
nrfsgvpdrfsgsgsgtdtilkisrveacdvgvyyegggigypftfosathveikggpk
aapdigmtgspssisasvgdrvtitcgasgrivywinwyqokpgkapkllivkasnl

SEQID NO: 4
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CD28-1)

btgvpsrisgsgsgtdfiltissigpediatvyeggggtypyifpgetkietakgpsriva
apsviifppsdegiksgtasvvelanfypreakvgwkvdnalgsgnsgesvteqds
kdstyslsstitiskadvekhkvyacevthgglsspvtksfnrges

Binding Protein 3 Nucleotide Sequences

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

Anti-CDI%(B34)-H Kneb:
caggtocagetagigcagageggogcogaagigaagaagecigacageagogtgas
gatgagetgcaageccageggotaigecticageagetactagatgaactagetsagg
caggcacciggecagggcectggagtegataggocaaatatggecigecgatggcgac
accaactacaaccagaagticaagggcagagegacctigaccgeogacgagagoace
ageaccgegtacategagctgageagoctgaggagcgagoacaccgccgigtactatt
gegecagaaggoagaccaccacegtgggeaggtactactacgecatggactactggy
gecagggaaccacegtgacegteageagegcctcgaccaagggcccateggigtice
ctefggococtigeageagaageaccagegaatctacageegeectggactacctogty
aaggactactticcogageccgteacegtgtectggaactciggegetctgacaageag
¢gigeacacctticcagecgtgctccagageageggoctgtacictotgageagegtcgt
gacagigeccageageagoctgegcaccaagacctacacciglaacgiggaccacaa
geocageaacaccaaggiggacaagegggiggaatctaagtacggoccteectgecet
cottgeccageocctgaatticigggeggacceicegtgticctgticcccocaaagocca
aggacaccctgatgatcagecggaccocegaagigacotgogtogtisgtooatototc
ccaggaagatcocgaggtocagttcaatiggtacgiggacggogiggaagtacacaac
geoaagaccaagoccagagageaacagiicaacageacctacegggtgaigtccgiyg
cigaccegigotigoaccaggactggctgaacggeaaagagtacaagtecaaggigtcca
acaagggectgeccagetecatcgagaaaaccalcagoaaggecaagggocageoce
gegagectcaagigtataceetgeccectigecaggaagagatgaccaagaaccaget
gtcoctgtggintctegigaaaggctictaccecagcgacatigecgiggaatgggagag
caacggcecagocogagaacaactacaagaccaccococctgtgetggacagegacgy
cfeaticticetgtactocaagotgaccgtgeacaagagoceggiggagsaagscaacy
tegttcagotgotecgtgatecacgaggooctgeacaaccactacacccagaagiocctgt
cietgtecciggecang

SEQ D NG: 15

Light
chain A
{Anti-
CD19(B34
L

Anti-CDIS(B34)-1:
gacctegtgetgacecagagooctgogagectggcigigagecctggoecagagagee
accatcacctgeaaagecagecagagegtegactacgacggegacagetacctcaact
gotaccageagaageetggecagoecceccaageigeigatttacgatgccageaacct
gotgagogacgtacctgetagaticagegaciceggoagegacacegacticaceoty
accatcaacccogtggaggoecaacgacacegecaactactactgecageagageacy
gaggacccciggaccticggecagggoacaaagctggagatcaagegtacggiggoe

getoccagegigticatcticocacctagegacgageagetgaagtocggeacagecict

gtegtgtgcctgctgaacaactictacocccgogaggecaaagigcagtaogaaggiosa
CaacgCoctgCagagesaaacagecagyanagcgigaccgagcagzacageaag
gactccacctacagectgageageacecigacactgageaaggecgactacgagaag
cacaaggigtacgectgegaagigaccoaccagggectgtctagecocgigaccaaga
gcticaaccggggcgagtist

SEQID NO: 16

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

Anti-CD28 X Anti-CD3-H Hole:
caggtocagctogiocagictegogeogaggicgtgaaacciggogectetgigaagy
tgtectgeaaggecageggotacacctttaccagetactacatecactgggtgcgecag
gecectggacagggactggaatggatcgacageatciaccecggeaacgigaacace
aactacgeccagaagticcagggoagagecaccetgaccgiggacaccagoatcage
accgectacatggaactgagecggcigagaagegacgacaccgecgtgtactactigea
cocggicocactacggcctggattegaacticgacgtgigggocaagggcaccacegt

gacagigictageagecaggtigeagcigatgoaatctgeeagcggagtooiocagcct
ggcagaagectgagactgageigtgocgocageggceticaccticaccaaggoctaga
tgcactggetaceccaggoecoctiggaaageagetggaaigogtoacecagatcaagy
acaagagcaacagctacgecacctactacgocgacagegigaagggccgaitcaccat

SEQIDNG: 7
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cageogggacgacageaagaacacecigtacetigeagatgaacagoctgegggaccga
geacaccgeegtetactactgtcggggogtatactaigeccigagecccticgattacie
gogocagggaacccicgigacegigtetagicggaccgocageacaaagggoecate
gotgticoctetggoeoccttgeagcagaageaccagegaatctacagecgeceigggot
gectcgtgaaggactactticocgagecegigacegigtectggaactctggeecteiga
caageggegtecacacctitecagecgtactecagageageggectgtactetetgage
agegtegtoacagtgeccageageagectgggcacoaagacctacaccigtaacstgs
accacaagceccageaacaccaaggtggacaagegggtogaatciaagtacggeccic
octgecctectigeccagecoctgaattictgggoggaccofoegtgticcigticoccee
azagoccaaggacaccoigatgaicagoeeggacceccgaagigacctgegisgiagaty
gatgtgtcocaggaagatecegaggtgcagticaatigetacgtocacgoogtogangt
geacaacgocaagaccaageccagagagaaacagiicaacageacctacegzgignt
gtecgtgetgacegigeigcaccaggactggotigaacggcaaagagtacaagtgeaag
gtziccaacaagggoecigeccageiocatcgagaaaaccatcageaaggecaaggogc
cageoccgegagecteaagigtgtaccctgeceoctagecaggaagagatgaccaaga
accaggigtocctgagetgtocgigaaaggcticiaccccagegacatigecgtggaat
gggagagcaacggccagecegagaacaactacaagaccaceccecctgigetggac
agogacggcteaticticctggtgtccaagetgacegiggacaagagecggiggragy
aaggcaacgigticagetgetcogtgatgracgaggecctgeacaaccactacaccea
gaagtccotgicictgicectggocaag

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

Anti-CD3 X Anti-CD28-L:
gacategtgatgacocagaccocceigagectgagegtgacaceiggacagectgoca
geatcagotgoaagageagecagagectggigcacaacaacgecaacacctacciga
getgotalctgeagaageocggecagageccccagicoctgatctacaaggigicoaac
agaticagegecgtoccegacagatictccggeageggeictggeaccgacttcaccct
gaagatcageoggeigeaagecgaggacgtuoocoiotactatigtogccagegcac
ccagtaccectteacctiiggeageggcaccaaggizggaaatcaaggoccagoccang
geogeocecgacatecagatgacccagagecccageagoeotgtcigecagegiggac
gacagagtgaccatcacctgtcaggocagecagaacatctacgigtegctgaactggta
tcagoagaageccggeaaggoccccaageigeigatctacaaggecageaacetgea
caccggeogtgeccageagatitictggeagegactocggcaccgacticacectgacaa
tcagetecctgeageccgaggacatigecacctactacigecageagggecagacciac
coctacacctitggocagggeaccaagctagaagtcaagaccaaggeecccageegta
cgatgoccgcicceagegtgticatcitcccacctagegacgageagetgaagicegac
acagoctetgtegtgtacctgotigaacaactictacccecgegaggecaaagtgeagis
gaagetooacaacgeccigeagageggoeaacagecagganagegigaccgageag
gacageaaggactecacctacagecigageageacceigacactgageasggecgac
tacgagaagcacaaggigtacgeotgegaagtaacceaccagggectgtetagecceg
tgaccaagagettcaaccgggacgastot

SEQIDNG: 8

Binding Protein 4 Amine Acid Sequences

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

Anti-CD19(B34)-H_Knob:
Qvglvgsgaevkkpgssvkvsckasgyafssywmnwyvrqapgqglewiggiw
pededinyngkfkeratitadeststavmelssirsedtavyycarretttvgryyvam
dywgggttvivssastkgpsviplapesrstsestaalgelvkdyfpepvtvswasgal
tsgvhtfpavigssglysissyvtvpssslgtktyvtenvdhkpsnthvdkrveskygpp
cppepapeflggpsvitippkpkdtimisrtpevtcvvvdvsgedpevgfnwyvdg
vevhnaktkpreegfnstyrvvsvitvihgdwlngkevkckvsnkglpssicktiska
kggprepgvvtlppegeemtkongvsiwelvkgfypsdiavewesnggpennyktt
ppvidsdgsfilvskitvdksrwgegnviscsvmhealhnbvigkslsisigk

SEQ ID NG: 13

Light
chain A
(Anti-
CDI%(B34

Anti-CDI%(B34)-L:

Divitgspaslavspggratitckasgsvdvdgdsyvinwyvqgkpggppkilivdasn
tvsgvparfsgsgsgtdfiltinpveandtanvycqgstedpwitggetkicikrtvaap
svhifppsdegiksgtasvvclinnfypreakvgwkvdnalgsgnsqesviegdskd

SEQ D NG: 14
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L)

stysisstitlskadyekhkvvacevthgglsspyvtksfinrgec

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

Anti-CD28 x Anti-CD3-H_Hole:
Qvglgesgpglvkpsqtlsttetvsglsisdygvhwyvrgppgkglewlgviw
agggtnynpslksrktiskdtskngvslidssviaadtavyycardkgysyyys
mdywgggtivtvsssqvglvesgggvvgpgrsiriscaasgftftkawmhw
vrgapgkglewvagikdksnsyatyyadsvkgrttisrddskntlylgmnsle
aedtavyycrgvyyalspfdywgqgtivivssrtastkgpsviplapcesrstse
staalgclvikdytpepvtvswasgaltsgvhtfpavigssglysissvvivpsss
Igtktytenvdhkpsntkvdkrveskygppeppepapetiggpsvilfppkp
kdtlmisrtpevtevvvdvsgedpevgfnwyvdgvevhnaktkpreeqtns
tyrvvsvitvihgdwlngkeykckvsnkglpssiektiskakggprepgvetl
ppsqeemtkngvsiscavkgtypsdiavewesnggpennykitppvlidsd
astfivskitvdksrwqgegnviscsvimhealhnhytakslslsigk

SEQIDNG: S

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

Anti-CD3 x Anti-CD28-L:
Dhvmtgiplsisvipggpasisckssqstvhnnantviswylgkpggspgshivkvsn
rfsgvpdrtsgsgsgtdfilkisrveacdvgvyvegggtgyvpftfgsgtiveikggpka
apdivitgspaslavspggratitcrasesvevyvislmgwyggkpggppklifaas
nvesgvparfsgsesgtdfthtinpveandvanyyegygsrkvpytfggetkieiktkg
psrtvaapsviifppadeglksgtasveellnnfypreakvgwhkvdnalgsgnsgesv
tegdskdstysisstittskadyekhkvyacevthgglsspviksfargec

SEQ ID NG: 1¢

Binding Protein 4 Nucleotide Sequences

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

Anti-CD1I9(B34)-H Knob:
caggtocagctogigragagegecgocgaagigaagaagectgacageagegtigaa
gotgagetgcaaggecagegectatgecitcageagotactggatgaacteggteasy
caggceacctggccagggoctggagtggataggecaaatatggeciggogatggegac
accaactacaaccagaagiicaaggacagagcgacctigacogeogacgagagcace
agcaccgegtacatggagetgagcagectgaggagegaggeacacegecegigtactatt
gcgecagaagggagaccaccacegiggacaggtactactacgocatggaciaciggy
gecagggaaccaccgtgaccgtgageagegecicgaceaagggcccatoggiatice
ctetggeocctigeageagaageaccagegaatctacagecgecctgggcetacctegty
aaggactactitcocgageecgtgacegtgicciggaaciciggegctctgacaagegy
cgtgeacacctticcagocgtgetccagageageggectgtacicictgageagegtogt
gacagigeecageageagectgggcaccaagacctacacctglaacgiggaccacaa
geccageaacaccaaggiggacaagegggtggaatetaagtacggeccteceigecet
cottgeccagecccigaatticigggeggaccetocgtgticctgticeccecaaagecca
aggacaccotgatgatcagocggacocccgaagigacctgegtgotaogtagataistic
coaggaagatccogaggtgcagticaatiggtacgigeacggegiggaagiocacaac
geeaagaccaagoeocagagaggaacagticaacageacctaccgggtogisicogiy
ctgacegtgctgcaccaggactggotgaacggcaaagagtacaagigcaageiotecs
acaagggocigeccagetecatcgagaaaaccatCagcaaggloaaggaccagocad
gcgagcecicaagigiataccetgececctigecaggaagagatgaccaagaaccaggt
gteectgtiggteicicgigaaagactictaccccagegacatigecgtggaatgggagag
caacggocageocgagaacaactacaagaccacceccoctigigetggacagegacgg
cteattcticotgtactceaagetgacegiggacaagagecggigecaggaagocancy
{gttcagetgetecgtgatgeacgaggeccigeacaaccactacacceagaagieoctgt
ctefgtecetigggcaag

SEQ ID NO: 15

Light
chain A
{Anti-
CD19(B34
L)

Anti-CD19(B34)-L:
gacctcgigeigacccagagocctigegagectiggeigtoascectiggocagagagoc
accatcacctgcaaagecagecagagegtogactacgacggegacagetacctcaact
gataccageagaageciggocagecceccaagetgetgatitacgatgecageaacct
gotgageggcegtoccigetagaticageggctocggcageggeaccgacticacectyg
accatcaaccocgtggageccaacgacacegecaactactacigecagagagoacy
gaggacceciggaccticggccaggecacaaagetiggagatcaagegtacgoigece

SEQ ID NO: 16
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getcocagegigticatcticecacctagegacgageagetgaagiceggeacagectet
gtcgtoteccigetgaacaactictacceoegogaggecaaagtecagiggaageizga
caacgeocigeagageggoaacagecaggaaagegigaccgagcaggacageaag
gactecacctacagoeoigageageacoctgacactgageaaggecgactacgagaag
cacaaggigtacgectgegaagigacocaccagggectgictageccegigaccaaga
gettcaaccggggegagsiol

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

Anti-CD28 b'q Anti-CD3-H Hele:
caggtocagetacaggaatctggecctggectegigaagoctagocagacectzagee
tgacotgtacegtgtecggcticagectgagegactacggegtgcactgggtecgccag
ccacciggaaaaggociggaatgactaggoogtgatctigggctggeggaggeaccaac
tacaaceccagecigaagtocagaaagaccatcageaaggacaccageaagaaccag
gtgteocigaageigageagegigacagecgocgatacegecegtatactactgegeca
gagacaagggotlacagetactactacageatggactaciggggecagggeaccaccgt
gaccgigteatecteicaggtocagetggigeaateiggeogeggagtegtacagecty
gcagaagectgagactgagetgtgocgocageggcticaccticaccaaggectggat
geactggotocgocaggeccotggaaageagetggaatgggtgocceagatcaagga
caagageoaacagctacgecacctactacgeegacagogigaaggeccggticaceate
agoegggacgacageaagaacacecigtacctgeagatgaacagectgegggeega
gaacaccgeegtatactactgicgggocgtgtactatgccctigageeccticgatiactyg
geoccagggaaccotegigacegigictagicggacegettcgaccaagggocealeg
gtettcectetggococtigeageagaageaccagegaaictacagecgecctigggcty
ectegteaaggactactitoccgagecegtgacegtatectggaactotggegetcigac
aageggegtgcacacciitccagoegtgctccagagcagegaccigtacicictgagea
gegtegtgacagtecccageageagectggacaccaagacctacacctgiaacgtgga
ccacaageccageaacaccaaggiggacaagoegaatgoaatctaagiacggecctce
ctgeoctectigoccagecoctgaatitctigaaoggaccateegigticeigticoececea
aageccaaggacaccectgatgatcagocggacoeccgaagtigaccigegtggtegty
gatgtetcccaggaagatccegaggtocagitcaatiggtacgigsacggcgtagaagt
geacaacgocaagaccaageccagagaggaacagticaacageacctacogggiogt
gteegtgotgacegigetgeaccagaactggctgaacegcaaagagtacaagtgcaay
gtgtccaacaagggecigeocageiccatcgagaaaaccateageaagaccaaggec
cagecocgogagectcaagigtataceetgececctagecaggaagagaigaccaaga
accaggigicoctgagetgtacegigaaaggctictaccecagegacatigeegtggaat
ggoagascaacggecagecogagaacaactacaagaccaccececeigigoetggac
agegacggoteaticticetggtgtecaageigacegiggacaagagocggiggrags
aaggcaacgigttcagetectecgigatgeacgagecoctgeacaaccactacaceca
gaagtccctgicteigtecctiggocaay

SEQ ID NO: 11

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

Anti-CD3 X Anti-CD28-L:
gacatcgigatgacccagaccecccigagectgagegtgacaceiggacagocigeca
gealcagctgcaagagcagecagagectiggigcacaacaacgocaacacctacctga
getgotatotgeagaageceggocagagoccecagteceigatetacaaggtgiocaac
agaticageggegtocecgacagaticteeggeageggoictggoacegacticacoct
gaagatcageogggiggaagecgaggacgiggocgigtactattgizgccagggcac
coagtaccecticacctiiggeagogaeaccaaggtegasatcaaggarcageecaay
geogeeccegacategtgetgacacagagecctgetagectggeegtgtetoctggaca
gaggeccaccatcacctglagagecagegagagegiggaatattacgtgaccagectyg
atgeagtgatatcageagaagecoggocagececccaagetigetigatiticgecgocag
caacgtggaaageggcgigccagecagattitceggragoggeictggeacogactte
accctgaccatcaaccocgiggaagecaacgacgtggocaactactactgecageaga
geoggaaggtoccctacacctitggocagggoaccaagetgganatcaagaceaagg
geoeccagecgtacggtgoccgetcecagegtgticateticccacctagegacgageag
ctgaagtceggcacagectetgicgigtgoctigetgaacaactictaceoecegogagec
caaagigoagiggaageiosacaacgccoigeagascegcaacasccageaaagcg

SEQ IDNG: 12
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tgacogageaggacageaaggactecacctacagoctgageageaccotgacaciga
geaaggocgactacgagaageacaaggigtacgecigogaagigacocaccaggge
cigtetagececgtigaccaagageticaaccggggcgagist

Binding Protein S Amino Acdid Sequences

Heavy
chain A
(Anti-
CD38-

H knob)

Anti-CD38-H_Kaob:
Qvglvgsgaevakpgtsvkdsckasgytftdyvwmagwvkgrpegglewigtivpg
dedtgvagkfgekatltadkssktvymhisslasedsavyveargdvyesnsidyw
gagtsvivssastkepsviplapesrstsestaalgelvkdyfpepvivswnsgaltsg
vhifpavlgssglvsissvvtvpssslgtitytenvdhkpsatkvdkeveskveppep
pepapeflgepsvilfppkpkdtinusripevicvvvdvsgedpevgfnwyvdgve
vhnaktkpreegfnstyrvvsvitvihgdwingkevkekvsnkglpssiektiskak
ggprepgvyvtippegeemtkngvsiwelvkgfypsdiavewesnggpennyktip
pvidsdgsfilyvskitvdksrwgegnviscsvimhealhnhvtgksisisigk

SEQ 1D NG: 17

Light
chain A
{Anti-
CD38-1)

Anti-CD38-L:
Divetgshismstslgdpvsitckasgdvstvvawygogkpggsprelivsasyryig
vpdritgsgagtdfiftissvgacdlavyyeqaghysppytisegtkieikrtvaapsvi
fppsdeglksgtasvvellnntypreakvgwkvdnalgsgnsgesvieqdskdstys
Isstitlskadyekhkvvacevthgglsspvtksfargec

SEQ D NG: 18

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

Anti-CB28 ¥ Anti-CD3-H Hele:
Ovalvgsgaevvkpgasvkvsckasgytfisyyihwvrgapgaglewigsi
ypgnvatyagktqeratitvdisistaymelstrsddtavyvetrshygldw
nfdvwekgtivivsssqvalvesggevvapgrstrscaasgfifikawmhw
vraapgkalewvagikdhsnsyatyyadsvkgrfusrddskntlylgmnslr
aedtavyycrgvyyalspfdyweqgtivivasrtastkgpsviplapcesrstses
taalgclvkdytpepvtvswnsgaltsgvhtipavigssglyslssvvtvpssst
gtktytenvdhkpsntkvdkrveskygppeppepapeflggpsvilippkp
kdtlmisrtpevtevvvdvsqedpevgfnwyvdgvevhnaktkpreegfus
tyrvvsvitvlhqdwingkevkckvsnkglpssiektiskakgaprepgvetl
ppsqgeemtknqvsiscavkgfypsdiavewesnggpennykitppvidsd
gsfflvsktvdksrwgegnviscsvmbealhnhvighksislsigk

SEQ 1D NO: 3

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

Anti-CB3 x Anti-CD28-L:
Divintqtplsisvtpggpasisckssgshviinrantylswylgkpeaspgslivivs
nrfsgvpdrfsgsgsgtdfilkisrveacdvgvyyvegggegypitfosatkveikagpk
aapdigmigspssisasvgdrvtiicgasgrivewlnwyggkpgkapkilivhasot
htgvpsrisgsgsptdfiltissigpediatyyegggagiypyefogetkleiktkgparty
aapsviifppsdeglksgtasvvcilnnfypreakvgwkvdnalgsensgesviegd
skdstyslsstltiskadyekhkvvacevthqalsspviksforgec

SEQ 1D NO: 4

Binding Protein § Nucleotide Sequences

Heavy
chain A
{Anti-
CD38-

H Knob)

Anti-CD38-H Knob:
caggtgcagctggiocagictggogecgaagtogccaageciggoacaagegigaag
ctoagetgeaaggecageggotacaccticaccgactactggatgeagigggtcaage
agagocecaggecagggociggaatggatcggcacaatetatcecggogacggcgata
ceggolacgoccagaagiticagggcaageecacceigaccgocgacaagageagta
agaccgtgtacatgeaccigageagectggecagegaggacagegocgigtactattg
cgecagaggegactactacggeageaacagectggactatigggaccagggeaccag
cgigacagigtctagtgegtogaccaagggcccateggtgticectctggeccotigeag
cagaageaccagegaatctacagecgeecigggotgoctegigaaggactacttioccg
ageecgtgaccgigicctggaaciciggegeictgacaagegaegtgcacacetiteen
geogtgotocagageageggcctgtactetetaageagegtegtgacagtacccagea
geagectgggoaccaagacciacaccigiaacgiggaccacaageceageoaacacea
aggtgoacaagegggtegaatciaagtacggecctocctgoectectigeccageocct
gaattictgggcgeacccticcgigticetgticcocccaaageccaaggacaccceigaig

atcagecggaccoccgaagigacctigogigetosiooateotoicccaggaagatcccy

fe

SEQIDNG: 198
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aggtgcagticaattggtacgtggaca scgtyggaagizcacaacgleaagaccaaged
cagagaggaacagticaacagracctaccgggtggtetcegtecteacegtgctgcac
caggactggctgaacggcaaagagtacaagtgeaaggtgiccaacaagggoctacce
agctecatcgagaaaaccatcageaaggecaaggaccagoccegogagocticaagty
tataccetgecooctigecaggaagagaigaccaagaaccaggigtcecigtogtgicte
gigaaaggctictaccccagegacatigecgtagaalgegagas cascgeccagece

gagaacaactacaagaccaccococcigigeiggacagegacggoteaticttectgta

ctecaagcigaccgiggacaagagecggtegcaggaaggcaacgtettcagetigetoe
gigatgcacgaggcecctgeacaaccactacaccoagaagtcoctgictetgicectiggg
Caag

Light
chain A
{Anti-
CD38-L)

Anti-CD38-1:
gacatcgtgateacccagagecacctgageatgagoaccagectgggegaccecgigt
ccatcacetgtaaagocagecaggacgigiccacegigatggoctagiatcageagaa
goetggecagagecccagacggeigatctacagegecagetatcggtacatcggente
cecgacagaticaccggaagoggagecggeaccegacttcaccitcaccatcagetetgt
geaggcecgaggacctggoecgigtactacigocageageactacageocecoctacace
ttiggoggaggcaccaageiggaaatcaagegtacggtgacogetcccagegigiicat
cttcccacctagogacgageagcetgaagiceggracagoctetgicgigtooctgeiga
acaacttctacccccgegaggecaaagtgcagtggaaggtooacaacgeocigeaga
geggceaacagecaggaaagoegtigaccgagoeaggacagcaaggactecacctiacage
ctgageagceacectgacactgageaaggocgaciacgagaageacaagatetacsco
tgogaagigacecaccagggcectatctageocegigaccaagageticaacesgggec
gagtet

SEQ ID NO: 20

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

Anti-CD28 X Anti-CD3-H Hole:
caggtocagctggigeagictggegocgagpicgigaaacciggegoctctgtgaags
{gicctgcaaggecageggctacacctitaccagetactacatecactigggigegecag
gecectggacagggactggaatggatcggeageatotaceocggeancgigaacace
aactacgeccagaagticcagggoagagceacectgaccgiggacaccageatcage
accgectacatggaactgagecggcigagaagegacgacaccgecgigtactactgea
coeggicocactacggectggattggaacticgacgtgteggscaagggcaccacegt
gacagtgtctageagocaggigcagcetgatgpaatciggcggcgeagteatocagoct
ggcagaagectgagactgagotgtgeogocagoggoticaccticaccaaggocigga
{geactgggtacgecaggeccotggaasageagetggaalgggtogcccagatcaagy
acaagagceaacagotacgecacctactacgoecgacagegigaagggocggttcaceat
cageogggacgacageaagaacacccigiacetigeagatgaacagocieogggccy
aggacaccgecgtgtactactgicgggacgtgtactatgecotgageocettegatiact
gggoccagggaacoctegtgacegigtetagicggaccgecageacaaagggoecat
cggtgttcociciggecectigeageagaageaccagegaatetacageecgoeoctggg
ctocctegtgaaggactactticcogagecegigacegigtectggaactctggegctet
gacaageggcgtecacaccticcageegigetccagagcageggecigtaciciciga
gcagegtegtoacagtecccageageagectgggcaccaagacctacaccigiaacgt
ggaccacaageccagoaacaccaaggiggacaageggptiggaatctaagtacggce
ctecctgeoctectigeccagecectgaatitctggecggaccctoegtgticctgticece
ccaaagoccaaggacacecigatgatcagoeoggaccocegaagtgaccigogtosis
gigeatgtotcecaggaagatccogaggtecagticaatigetacaiggacggegtioga
agtgeacaacgecaagaccaageccagagaggaacagticaacageacctacegest
gateteogigetgacegigotgcaccaggactggctgaacggcaaagagtacaagiac
aaggtstecaacaagggectgeccagetocatcgagaaaaccatcageaaggecaag
ggccagecocgegagecteaagigtataceotgococctagecaggaagagaigace
aagaaccaggigtcoctgagctgtoccgigaaaggctictaccccagogacatigeegt
ggaalggeagageaacggocageccgagaacaactacaagaccacceccectgiyct
goacagegacggeteaticttectggtgiccangetgacegiggacaagagecggisg
caggaagecaacgtgticagetgctecgigatgcacgaggcecctgcacaaccactaca

SEQ ID NO: 7
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cecagaagicectgicicigtocctgggacaag

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

Anti-CDh3 X Anti-CD28-L:
gacatcgigatgacccagacceceeigagectgagegtgacacciggacagecigeca
gcatcageigeaagageagecagagcctggtgeacaacaacgecaacacctacetga
getgotatotgoagaagecoggocagagoecccagtecetigatetacaaggtgtecaac
agattcageggegtocecgacagatictecggcageggoiciggeacegacticacoct
gaagatcagecgggtogaageogaggacgigeecgiotactattgigaccaggecac
ccagtaceecticaccttiggeageggcaccaaggiggasatcaagueccageecaay
gecgecocegacatecagataacceagagocccageagectgictgecageginggse
gacagagtgaccatcacctgicaggecagecagaacatctacgigigactaaactasta
fcagcagaageocggeaaggeccecaagetgetgatotacaaggocageaacctigea
caccggegtigeccageagatiticiggeageggeteoggeacogacticaccctgacaa
tecagcetecctgeagecegaggacattgecacctactactgecageagggocagaccia
cocctacaccttiggocaggecaccaageiggaaaticaagaccaaggaecccagecgt
acggtgoccgctoccagegigticatcticocacctagegacgageagetgaagicegg
cacagectetgtegtgtgcctactgaacaactictacecocgegaggccasagigcagt
ggaaggiogacaacgoccigoagageggcaacagecaggaaagogigaccgagea
geacagcaaggactccacctacagecigagoagoaccctgacactgagcaaggeoga
ctacgagaagcacaaggigtacgoctigogaagigacecaccagggecigictageoes
gigaccaagageticaaccggggcgagiot

SEQGIDNG: 8

Binding Protein 6 Amine Acid Sequences

Heavy
chain A
{Anti-
CD38-
H_ knob)

Anti-CD38-H_Kaob:
qvglvgsgacvakpgtavkisckasgvtftdywmgwvkqrpggglewigtivpgd
gdtgvagkfggkatitadksskivymhisslasedsavvycargdyvgsnsidywg
getsvivssastkgpsviplapesrsisestaalgelvkdvipepvtvswnsgaltsgy
htfpavigesglysissvvivpssslgtkeytenvdhkpsnthvdkrveskyeppopp
cpapeflggpsvilfppkpkdilmisttpevicvvvdvsgedpevgfowyvdgvev
hnaktkprecgfnstyrvvsvitvihgdwingkevkckvankglpssiektiskakg
gprepgvvtippegeemikngvslwelvkefypsdiavewesnggpennvkiipp
vidsdgstilyskitvdksrwagesnviscsvmhealhnhyigksisisigk

SEQ ID NO: 17

Light
chain A
{Anti-
CD38-L)

Anti-CD38-L:
Divmtgshlismstslgdpvsitckasgdvstvvawygakpggsprriivsasyrvig
vpdrftgsgagtdftfiissvgaedlavvvegghvsppyifegatkieikrtvaapsvhi
fopsdegiksgtasvvclinnfypreakvgwkvdnalgsgnsgesvieqdskdstys
testhtlskadvekhkvvacevthgglsspvtksfurgee

SEQID NG: 18

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

Anti-CD28 x Anti-CD3-H _Hole:
Qvglgesgpglvkpsqgtisitetvsglslsdygvhwvrgppgkglewlgviw
aggginynpsiksrktiskdtskngvslidssviaadtavyycardkgysyyy
smdywgggttvtvsssgvglvesgggvvagpersiriscaasgftfikawmh
wyvrqapgkglewvaqgikdksnsyatyyadsvkgritistddskntlylgron
slraedtavyycergvyvalspfdyweqgtivivssrtastkgpsviplapesrst
sestaal gclvkdytpepvivswnsgaltsgvhtfpavigssglyslssvvivp
ssslgtktytenvdhkpsntivdkrveskygppeppepapetiggpsvilipp
kpkdtimisrtpevtcvvvdvsgedpevgfnwyvdgvevhnaktkpreeq
fnstyrvvsvitvihgdwingkevkckvsnkglpssiektiskakgaprepgv
ctlppsgeemitkngvsiscavkgfypsdiavewesnggpennykttppvld
sdgstflvskitvdksrwgegnviscsvmhealhnhytgkslsisigk

SEQGIDNG: 9

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

Anti-CD3 x Anti-CD2Z8-L:
Dhvmtgiplslsvipggpasisckssgsivhnnantyviswylgkpggspgslivivs
nrfsgvpdrfsgsgsgtdfilkisrveacdvevyyegqetgypftfesgthveikggp
kaapdivligspaslavspgqratitcrasesveyyvisbngwyggkpgqppkllifa
asnvesgvparfsgsgsgtdfitinpveandvanyyvegygsrkvpyitfaggtkleiktk

SEQID NOG: 10
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gpsrivaapsviifppsdeglksgtasvvclinnfypreakvgwkvdnalgsgnsge
svtegdskdstyslsstitiskadvekbkvvacevthgglsspyvtksfurgec

Binding Protein 6 Nucleotide Sequences

Heavy
chain A
{Anti-
C38-

H Knob)

Anti-CB38-H Knob:
caggtocagetggigeagtctggogeogaagigoccaagectggcacaagegigaag
ctgagetgeaaggecageggotacaccticacegactactggatacagtogetcaage
agaggccaggocaggacciggaatagatcggcacaatetateccggegacggesata
coggctacgeocagaagtitcagggeaaggecaccotgaccgecgacaagageagea
agaccgigtacatgeaccigageagectiggecagogaggacagegecgigtactatig
cgecagaggegactactacggeageaacagectggactatigggoocagggeaccay
cgigacagigictagtocgtogaccaagggcccatcggtaticocticiggecectigeag
cagaageaccagcegaatctacagecgeectgggotgoectiegigaaggactactticcog
agecogtgacogtgtcctggaactetggegeictgacaageggegtgcacacctticea
goegigctccagageageggcectgtacteictgageagegticgtgacagtocccagea
geagcectggacaccaagacctacaccigtaacgiggaccacaageecageaacacca
aggtecacaagcgggoteoaaiciaagtacggeecicoctgecctoctigeccagoecoct
gaattictgggcggacccicegigticcigticcoocccaaageccaaggacaccoigalg
atcageeggacceccgaagtgacctgegiggtooiogatotoicocaggaagatoccy
aggtgcagticaattggtacgtggaca scgtyggaagizcacaacgleaagaccaaged
cagagaggaacagticaacagracctaccgggtggtetcegtecteacegtgctgcac
caggactggctgaacggcaaagagiacaagtgeaaggigiccaacaagggoctacce
agctecatcgagaaaaccatcageaaggecaaggaccagoccegogagocticaagty
tataccetgecooctigecaggaagagaigaccaagaaccaggigtcecigtogtgicte
gigaaaggctictaccecagegacattigecgtagaalgegagascancasecagece
gagaacaactacaagaccaccoccccigtgctggacagegacggctcaticttcctgia
ctecaagcigaccgiggacaagagecggtegcaggaaggcaacgtettcagetigetoe
gigatgcacgaggcecctgeacaaccactacaccoagaagtcoctgictetgicectiggg
Caag

SEQ ID NO: 19

Light
chain A
{Anti-
CD38-L)

Anti-CD38-1:
gacatcgtgateacccagagecacctgageatgagoaccagectgggegaccecgigt
ccatcaccigtaaagecagecaggacgigtecaccgigatggoctagiaicageagaa
goetggecagagecccagacggeigatctacagegecagetatcggtacatcggente
cecgacagaticaccggaagoggagecggeaccegacttcaccitcaccatcagetetgt
geaggcecgaggacctggoecgigtactacigocageageactacageocecoctacace
ttiggoggaggcaccaageiggaaatcaagegtacggtgacogetcccagegigiicat
cttcccacctagegacgageagetgaagtccggoacagectotgicgigiooctgetga
acaacttctacccccgegaggecaaagtgcagtggaaggtooacaacgeocigeaga
geggceaacagecaggaaagoegtigaccgagoeaggacagcaaggactecacctiacage
ctgageagceacoctgacactgageaaggocgactacgagaageacaaggtgtacgce
tgogaagigacecaccagggcecigtctageccegtgacoaagageticaaceggggc
gagtet

SEQ ID NO: 20

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

Anti-CD28 X Anti-CD3_Hole:
caggtocagctgcaggaatciggecctiggectegigaagectagecagaccctgagoe
{gacctgtacegtgtecggcticagectgagegactacggegtgeactigggigegecag
ccacciggaaaaggeciggaatggctigoocgigalcigaaciggogaagocaccaac
tacaaceccagectgaagiccagasagaccatcageaaggacaccagiangaaccas
gigtccotgaagotgageagegtgacagecgecgatacegecgigtactactgegeca

gagacaaggectacagctactactacageatggactactggggccagggcaccaccegt
gaccgigtcatecteteaggtgcagetggiggaatctgecggoggagiggtocagccty
geagaagecigagactgageigtaccgocageggcticaccticaccaaggectgaat

geactigggigegecaggocectggaaageageiggaatgggtigrcccagatcangga
caggageaacagetacgecacctactacgecgacagegigaagegcegaticaccaie
agecgggacgacagoaagaacacceigtaccigeagaigaacagectgogggocga

SEQ ID NO: 11

197




ggacaccgecgtgtactactotcggaacetatactatgeecigagececticgatiactg
gagocagggaaccctcgteacegtgtetagteggaccgettcgaccaagggeocateg
gigticcetctggecccttgeageagaageaccagegaaictacagocgecotiggegcte
cotegtgaageactactticocgageocgigaccgigicctggaacteiggogetctgac
aageggegtgeacacciticecageegtgeiccagageageggecigiacicicigagea
gogiogtgacagigeccageageagectgggcaceaagacctacaceigtaacgiegga
ceacaageccageaacaccaaggtggacaagegggtagaaictaagiacggeccice
ctgoectectigeocageocctgaattictgggeggacoctecgtgticetgticcoceea
aagceocaaggacaccctgatgatcagecggacceccgaagtgacctgegiggispte
gatgtgtoccaggaagatecegaggtgoagticaatigetacgtegacggcgtggaagt
geacaacgecaagaccaageccagagaggaacagticaacageacctacegggiont
giecgtgctgaccgtgetgeaccaggaciggoigaacggcaaagagtacaagtgoeaag
gigtccaacaaggacctigeccagetocatcgagaaaaccalcageaaggecaaggec
cageoccgegagecteaagigigtacectgecccctagecaggaagagatgaceaag
aaccaggigtecctgagctgieccgtgaaaggcttctaccecagegacatigeegigga
atgggagageaacggocageocgagaacaactacaagaccaccecccctgigetgga
cagegacggceteattcticeiggigtecaagetgaccgiggacaagagecgpiegcag
gaaggcaacgigitcagetgetcogigatgcacgaggocctgoacaaccactacacce
agaagtcoctgteteigiocctggacaas

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

Anti-CD3 X Anti-CD28-1L;
gacatcgtgatgacccagaccececigagectgagegteacacciggacagectigeca
geatcagetgeaagageagecagageciggtocacaacaacgecaacacctacciga
gctgetalctgeagaageocggecagageccceagicoctigatetacaaggigticcaac
agattcageggogtoccogacagatictecggcageggeteiggeaccgacticacect
gaagatcagocgegigoaagocgaggacgigggegigtactatigiggccaggescac
coagtaceocticaccitiggeageggoaccaaggiggaagtcaagggccageccang
geegeecocgacategtgotgacacagagecotgotagectggocgigicteciggac
agaggegccaccatcacctgtagagecagogagazgogtggaatattacgigaccagect
gatgcagtegtatcagcagaagcecggocagoccceccaagetgctgatittegecgee
agcaacgiggaaageggcgigecagecagattticcggeagoggetetggcacogact
tcacccigaccatcaaccocgiggaagecaacgacgigeccaactactactgeoagea
gageeggaaggtuccctacaccitiggecagggeaccaagetggaaaloaagaccaa
ggoccccageegtacggtggocgeticecagegigitcateticecacetagegacgag
cagcigaagtocggeacagectetgtegigtgectgotgaacaactictacccecgega
goccaaagigeagiggaaggtggacaacgecoigeagageggcaacagecaggaaa
gegtgaccgageaggacageaaggaciceacctacagectgageageacectgacac
[gageaaggeegactacgagaageacaagetotacecctgogaagtigacccaccagy

gootgtctageoccegigaccaagageticaaceggegogagtot

SEQ D NG: 12

Binding Protein 7 Amino Acid Sequences:

Heavy
chain A
{Anti-
LAMPI-
H knob)

Anti-LAMP1-H_Knob:
gvglvgsgaevkkpgssvkvsckasgyifinpnilnwvklspeqglewigaivpgs
gdapvsgkiggkatltadtststtvmelsslrsedtavyvevranwdvafaywaggtl
vivssastkgpsviplapcsrsisestaalgcivkdvipepvivswnsgaltsgvhifpa
vigssglysissvvivpsssigtktytenvdhkpsntkvdkrveskyeppeppepape
figgpsvilfppkpkdimisttpevtevvvdvsgedpevgfowyvvdgvevhnakt
kpreegfostyrvvsvitvihgdwingke vickvsnkeglpssicktiskakggprep
qvytlppegeemtkngvsiwelvkgfvpsdiavewesnggpennvkitppvidsd
gsfilyskltvdksrwgegnviscsvmhealhmhvigksisislok

SEQ IDNG: 21

Light
chain A
{Anti-
LAMP1-
L)

Anti-LAMP1-L:
Bigmitgspsslsasvedrvititckasgdidrymawyqdkpgkaprilihdistigsg
vpsrisgsgsgrdytitisnlepedfatyyclgydniwetoggthveikrtvaapsvhifp
psdeglksgtasvvellnmmfypreakvgwkvdnalgsgnsqesviegdskdstvsiss
thtlskadvekhkvvacevthggisspvtksfnrgec

SEQ 1D NO: 22

Heavy

Anti-CD28 x Anti-CD3-H_Hole:

SEQGIDNG: 3
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chain B
(Anti-
Ch28 x
Anti-CD3-
H Hole)

Qvglvgsgaevvkpgasvkvsckasgyefisyyihwyrgapggglewigsi

ypgnvamyagktqgratitvdtsistaymelstrsddtavyyetrshygldw
nfdvwekgttvtvsssqvglvesgggvvgpgrsiriscaasgfiftkawmhw
viqapgkglewvagikdhsnsyatyyadsvkgritisrddskntlylgmnsly
aedtavyvergvyvalspfdywgggtivivssrtastkgpsviplapcsrstses
taalgclvikdyfpepvivswnsgalisgvhtfpavigssglysissvvivpsssl
gtktytenvdhkpsntkvdkrveskygppeppepapeflggpsviltppkpk
dtlmisrtpevitcvvvdvsgedpevgfnwyvdgvevhnaktkpreeqfnst

yrvvsvitvihgdwingkeykekvankglpssiektiskakggprepqvctlp
psgeemtknqgvslscavkgfypsdiavewesnggpennykttppvldsdgs
fitvskltvdksrwgegnviscsvmhealhnhytgkslsisigk

Light
chain B
{Anti-CD3
¥ Anti-
CD281L)

Anti-CD3 x Anti-CD28-L:
Divimtgtplslsvipggpasisckassgsivlimnantylawvigkpegspgslivivs
nrfsgvpdrfsgsgsgtdfilkisrveacdvgvyyvegggegypitfosatkveikagpk
aapdigniigspssisasvgdrvtitcgasgrivvwinwyggkpgkapkilivkasol
htgvpsrisesgsptdftitissigpediatyyeggegiypyefoggtkieiktkgpsrtva
apsviifppsdegllsgtasvvelnntypreakvgwkvdnalgsgnsgesvieqds
kdstyslsstltiskadyvekhkvvacevthgglsspvtksfnrgee

SEQ IDNG: 4

Binding Protein 7 Nucleotide Sequences

Heavy
chain A
{Anti-
LAMPI-
H Knob)

Anti-LAMPI-H_ Koob:
caggtgcagctagtocagtctggogeogaagigaagasacccggeageagegigaagy
gigtcctgoaaggecageggotacatcticaccaactacaacatccactgggicaagaa
gicoccaggocagggoctegaatgoatcggoegecatctatcocgganaacggegacse
cocttacagocagaagticeaggecaaggocacceigacogeogataccageacetee
accacctacatggaacigageagecigeggagegaggacacegeegigtactatigey
tgcgogccaactgggatgtgoccticgectatigggaccagggcacactogigacogty
fcctctgegticgaccaagggceccatcggigtteccictggeccatigeageagaagcac
cagogaatctacagecgecctggectigectegtgaaggactactticocgageecgtga
cogtgtectggaactciggogotctgacaageggogtgcacacciticcagecgtgctce
agagcageggectgtactoictgageagegicgigacagtgoceageageagoctiggg
caccaagacciacaccigtaacgtggaccacaageccageaacaccaageiggacas
gegggtggaatctaagtacagoccteecigeccioctigeccagecectgaatiteiggy
cggaccetecgigttectaticococcaaagoccaaggacacecigatgatcageesga
coeccgaagtgacctgegtggtegtaoatatotoccaggaagatcccgaggtgcagtic
aatiggtacgiggacggegiogaagiocacaacgecaagaccaageocagagaggan
cagticaacageacctaccgggtegigtccgipotgacegigetgeaccaggactgact
gaacggceaaagagtacaagigeaaggtgiccaacaagggectgeccagetecatega
gaaaaccatcageaaggcecaagggceagecocgegagecicaagigtatacectgee
cocttgecaggaagagatgacoaagaaccaggtgtocctgtogigteicgigaaagact
tctaccecagegacatigocgtggaatgggagageaacggocageccgagaacaact
acaagaccaccccccotgigetggacagegacggoteaticttcetgtactocaageiga
cegtggacaagagecggtgpcaggaaggcaacgigticagctgcteegteatecacga
ggccctgoacaaccactacacceagaagicectgteteigtocctegecaay

SEQ ID NO: 23

Light
chain A
(Anti-
LAMPI-
L)

Anti-LAMPI-L:
gacatccagatgacceagageccecageagectgictgecagegtgggogacagagte
accatcacatgeaaggecagccaggacatcgatcgetacatiggectggtatcaggaca
ageccggeaaggceccccagacigetgatccacgataceageacactgeagageggece
tgcocageagattitccggoiciggeageggcagagactacacectgaccatcageaac
ctggaacocgaggacticgecacctactacigectgeagiacgacaaccigtggacctic
gocggaggcaccaaggtegaantcaagoegtacggiggecgeicecagegtgticaict
tcecacctagegacgageagetgaagiecggcacagecicigtegtatgectecteaac
aacitctacceocgegaggecaaagigeagiggaaggtroacaacgeocigeagage
ggoaacagecaggaaagegigaccgageaggacagcaaggaciceacctacagect

SEQ ID NO: 24

199




gagcagcacecigacacigageaaggecgactacgagaageacaaggtetacgocty
cgaagtgacccoaccagggcctgtctagecocgigaccaagagcettcaaccgggagega
gigt

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

Anti-CD28 X Anti-CD3-H_Hole:
caggtocagctggigeagictggoegocgaggicgigaaacctggegoctctgtgaags
{gicctgcaaggecageggctacacctitaccagetactacatecactigggigegecag
geeoctggacagggactggaatggatcggcageatctacceeggraacgigaacace
aactacgeccagaagticcagggoagagceacectgaccgiggacaccageatcage
accgectacatggaactgagecggcigagaagegacgacaccgecgigtactactgea
coeggicocactacggeciggattegaacticgacgtgtogeocaagggcaccacegt
gacagtgtctageagocaggigcagcetgatgpaatciggcggcgeagteatocagoct
ggcagaagcectgagactgagetgtgocgecageggeticaccticaccaaggoctgga
tgeactgggtocgecaggocectggaaagoagotggaaigggtogcccagatcaagy
acaagagcaacagctacgecacciactacgocgacagegigaagggoecggticaccat
cageoggzacgacageaagaacacceigtaccigoagatgaacagocigeggeccga
goacaccgecgtetactactgicgggpogtgtactatgeecigagececticgatiacie
ggpgocagggaacceicgigacegigtctagtcggaccgocagcacanagggoocate
gotgticectetggocccitgcageagaageaccagegaaictacageogeociggect
gectegtgaaggactactticcegagecegtgacegigtectggaactctggegetciga
caagcegaogtgeacacctiteccagecgtgetecagageagoggoecigiacteicigage
agegtegtgacagtgcecageageagoctggacaccaagacctacacoigtaacgtgg
accacaagcecocageaacaccaaggtggacaagegggtogaatctaagtacggocotc
cetgecctoctigeccagoccetgaatticigggeggaccotecgtgticctgttecccoee
aaagececaaggacacceigatgatcagoecggacceccgaagigacctgegtoginete
gatgigtecccaggaagatccegaggigcagticaatiggtacgtaggacgoogtooangt
geacaacgocaagaccaageccagagaggaacagticaacageacciacegggtagt
gtocgigetgacegtgetgeacoaggaciggctgaacggcaaagagtacaagigoaag
gigtccaacaagggectigeccageiccatcgagaaaaccatcageaaggecaaggec
cagececgegagecteaagtgigtacectgeccectagoecaggaagagatgaccaaga
accaggtgicoectgagetgiscegtigaaagoctictaccccagegacatigecgiggaat
£99aKagcaacgaceagecegagaacaaciacaagacecaccocecetgigetggac
agegacggotcaticticotggigtecaagetgacegiggacaagagecggtggeagy
aaggcaacgigitcagetgeticcgtgatgracgaggcectgeacaaccactacaccea
gaagtccotgtctctgicectgggoaag

SEQGIDNG: 7

Light
chain B
{Anti-CD3
x Anti-
CD2z8-L)

Anti-CD3 X Anti-CD28-L:
gacatcgtgatgacccagaccececetigagectgagegtgacacciggacagectgeca
geatcagetgoaagageagocagageciggtecacaacaacgoecaacacctacctga

getgotatctgeagaagoceggecagageccccagicoctgatetacaaggigtecaac
agattcageggegtocecgacagatictecggcageggcteiggeacegacticacect
gaagatcageoggatggaagccegaggacgigeocaiotactatigigoccagggcac

ccagtaccecticaccttiggeageggcaccaaggiggaaatcaagggecagoccaag
geogeccocgacatecagatgacccagagecccageagectgictgecagegiggac
gacagagigaccatcacctgicaggocagecagaacatetacgigiggcteaactgata
tcagceagaagoccggeaaggeccccaagetgcigatetacaaggoecageaaceigea

caccggegtigcccageagatitictggeagegacteeggcacegacticaccctgacaa
tcagctecctgeageccgaggacatigecacctactacigecagcagggocagacctac
cectacacctitggecagggeaccaageiggaaatcaagaceaaggaceccagecgta
cggtegccgcteccagegtgticatcttceccacctagegacgageageigaagiccgge
acagcctetgtegtgtocctgeigaacaactictacecocgegaggecaaagigcagis

gaaggtesacaacgeccigeagageggeaacagicaggaaagegigaccgagcag

gacageaaggactecacctacagectigageageacectigacactgageaaggecgac
tacgagaagcacaaggigtacgecigegaagigacccaccagagectigtctageceeg

fgaccaagagceticaaccgggacgasigt

SEQ ID NO: 8
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Binding Protein 8§ Amine Acid Sequences

Heavy
chain A
{Anti-
LAMPI-
H knob)

Aunti-LAMPI-H_Kuob:
qvglvgsgacvkkpgsavkvsckasgyiftynilwvkkaspggglewigaivpgn
gdapvsgkfggkatitadiststivmelsslsedtavyyevranwdvafaywaggtl
vivssastkgpsviplapesrstsestaalgclvkdyfpepvivswasgaltsgvhtfpa
vigssglysissvvtvpsssigtktvicnvdhkpsntkvdkrveskveppeppepape
flggpavilfppkpkddmisrtpevicvvvdvsgedpevgfnwyvdgvevhnakt
kpreegtnstyrvvavitvlhgdwingkeykekvsnkglpssiektiskakggprep
qvvtippegeemtkngvsiwelvkgfvpsdiavewesnggpennvitippvidsd
gsfflysklivdksrwgegnviscsvmbealhnhyigkslsisigk

SEQ ID NO: 21

Light
chain A
(Anti-
LAMP1-
L)

Anti-LAMPI-L:
Digmtgspsslsasvedrvtitchasgdidrymawyadkpgkapribihdestlygsg
vpsrisgsgsgrdytitisnlepedfatyyclgydniwifogatkveikrtvaapsviifp
psdeglksgtasvvellnnfypreakvgwkvdnalgsgnsgesviegdskdstysiss
thtdskadvekhkvvacevthgglsspvtksforgec

SEQ D NG: 22

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

Anti-CD28 x Anti-CD3-B Hole:
Qvglgesgpglvkpsqgtisitetvsglslsdygvhwvrgppgkglewlgviw
aggginynpslksrktiskdtskngvslidssviaadtavyycardkgysyyys
mdywgqgtivivsssqvglvesgggvvpgrsirlscaasgftftkawmhw
vrgapgkglewvagikdksnsyatyyadsvkgrftisrddskntlylqmnsic
aedtavyycrgvyyalspfdywgqetivivssrtastkgpsviplapcesrstse
staalgclvkdytpepvtvswasgaltsgvhifpavigssglysissvvivpsss
lgtktytenvdhkpsntkvdkrveskygppeppepapetiggpsvilfppkp
kdtlmisrtpevtevvvdvsgedpevgfnwyvdgvevhnaktkpreeqtns
tyrvvsvitvihgdwingkeykckvsnkglpssiektiskak ggprepgvetl
ppsqeemtkngvsiscavkgtypsdiavewesnggpennvkttppvidsd
asttlvskitvdksrwgegnviscsvimhealhohytgksislsigk

SEQ ID NO: 9

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

Anti-Ch3 x Anti-CD28-L:
Divmtgiplslsvipggpasisckssgsivhnnantyiswvlgkpgaspgslivkvsn
risgvpdrisgsgsgtdfilkisrveacdvegvyvegggtgypftfgsgthveikggpka
apdivitgspaslavspggratitcrasesvevyvistmgwyggkpggppktifaas
nvesgvparfsgsgsetdftitinpveandvanyveqgstkvpytfagetkicikikg
psrtvaapsviifppadeglksgtasvecllonfyvpreakvgwkvdnalgsgnsgesy
tegdskdstyslssiltiskadvekhkvvacevthgglsspviksfnreec

SEQ 1D NO: 16

Binding Protein 8 Nucleotide Sequences

Heavy
chain A
{Anti-
LAMP1-
H Knob)

Anti-LAMPI-H_Knob:
caggtecagctegigcagictggegocgaagigaagaaaccoggcageagogigaag
gigtoctgeaaggecagegectacatcticaccaactacaacatccactgggicaagaa
giocccaggecagggectggaatggatcggogecatetatocogganacggegacge
cecitacagocagaagticcagggcaaggocaceeigacegeegataccageacetee
accacctacatggaactgageagcectgeggagegagaacacegecgigtactatigeg
tgoegggocaactgggatgtggccticgoctatigggoccagggeacacicgigaccgty
fecteigegtcgaccaagggoccateggigticectotggececttgoagoagaageac
cagcegaatctacagecgoecigggetgoctegtgaaggactactiicecgageccegtga
cegtgtoctggaactcetggegctctgacaagoeggegigeacacetticeagecgtgotee
agageageggoctigtacicictgageagegtegigacagtgcccageageagectggs
caccaagacctacacctgtaacgiggaccacaageocageaacaccaaggiggacaa
gegggtogaatetaagtacggeoctecctigeccioctigeecageecotgaatiictogy
cggacceicegtgttectaitccocccaaageccaaggacaccetgatgatcagecgga
cecccgaagigacctgogtggtgetagatgteicccaggaagatcccgaggigcagtic
aatiggtacgiggacggegiggaagtocacaacgecaagaccaageccagagageaa
cagticaacageacctaccgggiogtiatcegtioctgacegtactgcaccaggactgoct

SEQ ID NO: 23
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gaacggcaaagagtacaagtgcaaggtetecaacaagggcctgoeccageiccaicga
gaaaaccatcageaaggocaagggocageocogegagectcaagtgtatacecigee
cocttgccaggaagagatgaccaagaaccaggtgicoctgtggtototegigaaaggct
tetaccecagegacattgecgiggaatggsagagcaacggecagoccgagaacaact
acaagaccaccecccectgigelggacagegacggoteaticticctgtaciccaagetga
cogtgoacaagagecggtoggcaggaagocaacgigticagetgctecgigaigcacsa
gacccigeacaaccactacacocagaagicccigicictgliceciggacaag

Light
chain A
{Anti-
AMPL-

L)

Anti-LAMPI-L:
gacatecagatgacccagagecccageagecigictgecagegtagacgacagagts
accatcacatgeaaggecagecaggacatcgateggtacatggeciggtatcaggaca
ageocggceaaggoccecagactgetgatocacgataccageacactgeagagegacg
tgoccageagattitocggctoiggeageggcagagactacacectgaccatcageaac
ctgeaaccegageacticgecacctactactgoctgeagtacgacaaccigtggacetio
ggcggagocaccaaggiggaaaicaagegtacgatgoccgeicceagegtgticatet
teecacctagegacgageagetgaagiceggeacagecteigtegtgtgoctectgaac
aacttctacceccgogaggecaaagigeagiggaaggissacaacgeceigeagage
ggcaacagocaggaaagegigaccgageaggacagcaaggactecacotacagect
gagcagcacccigacactgageaaggecgaciacgagaagcacaaggtetacgoctg
cgaagigacccaccagggectgtctagoceegigaccaagagceticaaccggggoga
glgt

SEQ IDNOG: 24

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

Anti-CD28 X Anti-CD3-H Hole:
caggtgcagctacaggaaictggecctggectegigaagoctagecagacectzageo
tgaccigtacegtgtecggoticagectgagegactacggegtgcactgggtecgocag
ccacciggaaaaggeciggaatgectiggacgigalctgggciggoggaggcaccaac
tacaaceccagectgaagtocagaaagaccatcageaaggacaccageaagaaccag
gigtcectgaagetigageagegtgacageegecgatacegecgtgtactactgogeea
gagacaagggotacagotactactacageatggactactggggocagggcaccacegt
gaccgigtcatcctctcagatocagetogiggaatctgaceocggastggtaocagecty
gcagaagcecigagactgagetgtgocgocageggcticaccticaccaaggectggat
geactggatacgocaggeccotggaaageageiggaatgggiggcceagaticaagga
caagageaacagetacgecacctactacgecgacagegtgaageoccggticaccate
agocgggacgacageaagaacacceiglacctgeagatgaacagectgogggocga
gaacaccgecgtatactactgtcggogcetgtactatgcocigageccoticgatiacty
ggoccaggraaccetegigacegigictagteggaccgeitcgaceaagggoccateg
gigticectctggoecetigeageagaageaccagegaatetacageogeoctegacis
cctegtgaaggactacticccgageccgtgacegtgtcctgeaacteiggegctetgac
aageggegtgcacacctticcageegtgctccagagcageggccigtacicictgagea
gegtegtoacagtococageageagectggacaccaagacctacaccetigtaacgigna
coacaageccageaacaccaaggigeacaagegentegaatetaagtacggoccice
ctgcectecttgeccagecoctgaattictggacggacceteegtgticcigticocecca
aagoccaaggacaccetgatgatcagecggaceccegaagtoacctgegiggioots
gatgtgtcocaggaagaicocgaggtecagticaatiggtacgigsacggcgtaggaagt
glacaacgocaagaccaageccagagaggaacagticaacageacctacegggiggt
giteegtgotgacegtgeigeaccaggaciggotgaacggcaaagagtacaagtgoeaag
gigtccaacaagggecigeccageiccatogagaaaaccaleageaaggeaagsee
cagocecgogagectcaagtgigtacectgeecectiagoecaggaagagateaccaagsa
accaggtgicoctgagetgigeogtgaaaggctictaccecagegacatigecgtggaat
gggagagcaacggocagecegagaacaactacaagaceacceeoccigigeiggac
agegacggoteaticticetggtgtccaagetgacogiggacaagagocgetggeagy
aaggcaacgigttcagetgcicegtgatgeacgaggcectgeacaaccactacaceea
gaagtecctgicteigicectgggcaag

SEQ D NO: 11

Light
chain B

Anti-CD3 X Anti-CD28-L:
gacatcgigatgacccagacceceeigagectgagegtgacacciggacagecigeca

SEQ ID NO: 12
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{(Anti-CD3
X (%nti-
CDz8-L:)

gcatcageigeaagageagecagagcctggtgeacaacaacgecaacacctacetga
getgotatotgoagaagecoggocagagoecccagtecetigatetacaaggtgtecaac
agattcageggegtocecgacagatictecggcageggoiciggeacegacticacoct
gaagatcagecgggtogaageogaggacgigeecgigtactattgigaccaggocac
ccagtaceecticaccttiggeageggcaccaaggiggasatcaagueccageecaay
goegeeccegacategigetgacacagageccigetagectggeegigtcicetggaca
gagggccaccatcacotgiagagecagegagagogtggaatattacgtgaccagecty
atgeagtggtatcagoagaageccggecagecceocaagotgotgattitegeegecag
caacgtggaaagcggcgtgccagocagatiticoggrageggcictggeaccgacttc
accctgaccatcaaccocgtggaagecaacgacgiggocaactactacigecageaga
goeggaaggteccctacacciitggecagggcaccaageigganatcaagaccaagg
geeccagocgtacggtooccocteccagegteticateticecacctagegacgagcag
ctgaagiceggcacagectetgiogigtgoctgctgaacaacitetaceocegogaggc
caaagtacagigraasstonacaacgeco{gragaglagcaacagicagganaseg
{gaccgagcaggacageaaggaciccacctacagectgageageaccetgacaciga
geaaggecgactacgagaageacaaggtotacgoctgcgaagigaccoaccaggge

cigtctageecegtaaccaagageticaacegeeooganist

Binding Protein 20 Aming Acid Sequences

Heavy
chain A
{Anti-
CD20-

H knob)

Anti-CDB26-H Knob:
Ovglggpgaelvkpgasvkmsckasgyifisyrmhwvkgipgrglewigaiypg
ngdtsyngkikgkatitadkssstaymglsshtsedsavyyvearstyyggdwyfavw
gagttvtvsaastkgpsviplapcsrstsestaalgelvkdyfpepvivawnsgaltsgy
hifpavigssglysissvvivpsssigtktvienvdhkpsntkvdkrveskveppepp
cpapeflggpsvilfppkpkdtimisrpevicvvvdvsqedpevgfnowyvdgvev
hnaktkpreegfnstyrvvsvitvihgdwingkevkckvsnkglpssickiiskakg
gprepgvytlppogeemtkagvslwelvkefypsdiavewesnggpennvkitpp
vidsdgsfflyskltvdksrwgegnviscsvmheathnhytgkslslalgk

SEQ D NG: 114

Light chain
A

{Anti-
CD20-1)

Anti-CD28-L:
Qivisgspailsaspgekvtmitcrasssvspihwiqgkpgsspkpwivassalasgy
pvrfsgsgsetsysitisrveacdaatyycggwisapptiogstiieikrtvaapsviif
ppsdegiksgtasvvellnntypreakvgwkvdnalgsgnsgesviegdskdstyst
sstitiskadyekhkvyacevihgglsspvitksfurgec

SEQIDNG: 115

Heavy
chain B
(CD28 x
CD3-

H Hole)

CD28 x CD3-H_Hole:
Qvglvgsgaevvkpgasvkvsckasgyefisyvihwvrgapeqglewigsi
ypgrvamyagkfggratitvdisistaymelsrrsddiavyycershygld
nfdvwgkgttvtvsssgvglvesgggvvgpgrsiriscaasgfifthawmhw
vrgapgkaglewvagikdksnsyatyyadsvkgrttisrddskatlylgmnsly
aedtavyyergvyvalspfdywgqetivivssriastkgpsviplapesrstses
taalgclvkdyfpepvtvswnsgaltsgvhtfpavigssglyslssvvtvpsssl
gtktytenvdhkpsntkvdirveskygppeppepapeflgepsvilfppkp
kdtlmisrtpevievvvdvsgedpevgfnwyvdgvevhnakikpreegfng
tyrvvsvitvihgdwlngkeykckvsnkglpssiektiskakggprepgvetl
ppsqeemikngvsiscavkgtypsdiavewesnggpennykttppvidsd
gsttivskitvdksrwaegnviscsvmhealhnhvigkslsisighk

SEQIDNO: 3

Light chain
B(CD3x
CD28-1)

CD3 x CD28-L:
Divmtgtplslsvipgapasisckssgshimnantylswylgkpggspgslivhvs
nrisgvpdrisgsgsgtditikisrveacdvevyyegggigypitfosgtkveikggpk
aapdigmtgspssisasvgdrvtitegasgriyywinwyggkpgkapklliykaesnl
htgvparfagsgsgtdfthtissigpediatyveggggtypyefogetkleiktkgpsrty
aapsviifppsdeglksgtasvvellnnfypreakvgwkvdonalgsgnsqesviegd
skdstyslssthtiskadvekbkvvacevthgelsspyvtkstnrgee

SEQID NO: 4

Binding Protein 20 Nucleotide Sequences

Heavy

| Anti-CD20-H_Knob:

SEQIDNO: 116

203




chain A
(Anti-
CD20-

H Knob:)

caggtocagetgcageagecigeegocgaactegtgaaacciggogecticegigaag
atgagcetgcaaggccageggotacacciicaccagcetacaacatgeactgggicaagc
agaccoccggeagaggectggaatggateggegecatetacceoggoaacggogac
acctectacaaccagaagticaag gocaageeeacectgaccgeegacaagagcauc
ageacagectacatgeagetgtccagectigaccagegaggacagegoegigtactact
gegecagaageacctactacggepgegactaotacttcaacgtgtegogagecggca
ccaccgtgacagigtetgotgoticgaccaagggceccateggtgtteecteiggocectt
gcagcagaagceaccagegaatctacagoegoectgggctgecicgigaaggactactt
tcecgagoccegigacegigicctggaactctggogotetgacaageggegtacacacct
ttccageegtigeiccagageageggocigtacicictgageagegtcgtgacagtocee
agcagcagceotgggcaccaagacciacacetgtaacgiggaccacaagoecagcaac
accaaggiggacaagegggtggaatctaagtacggoeccteectgeecicctigeecag
ceectgaattictogacggacecteogtgticeigticcocecaaageocaaggacacce
tgatgatcageeggacoccegaagigaccigegiggtogtogatatsteccaggaagat
cecgagetgcagticaatiggtacgiggacggcgiggaagtocacaacgocaagacea
ageecagagaggaacagitcaacageacctacegggiggtotecgtgctgacegigct
geaccaggactgectgaacggcaaagagtacaagtgcaaggtatecaacaaggeoct
geccagetecalcgagaaaaceatcageaaggecaageacragoeoegigagectc
aagtgtataccceigeccoctigocaggaagagatgaccaagaaccaggigtecetgies
tgtetegtgaaagactictaccocagegacattgecgiggaatggeagagcaacggeca
geocgagaacaactacaagaccacceoccctgtgetggacagegacggcteatictioc
tgtacteoaagetgacegigeacaagageeggiggcaggaagocaacgigticagoty
cteegtoatgcacgaggcocigcacaaccactacacecagaagiocctgictetgicoct
gggtaag

Light chain
A {(Anti-
CD20-L)

Anti-CD20-1L;
cagategtgetgageeagagcectgecatectgagegeticeocaggegagaaagiea
ccatgacetgeagagocageageagegtigicctacatecaciggticcageagaagec
gggcageagecccaagectiggatctacgecaccageaatotggecageggagigect
gigeggtitagegectctggeagegecacaagetacagoctgaccatcageoggeisg
aagecgaagatgecgecacctactactgecageagiggaccageaacccoaccacatt
tggeggaggcaccaagetegaaatcaagegtacggigeccgeicccagogtgticate
ttcccacctagegacgageagetgaagtecggcacagoecictgtegtotgoctactana
caactictacceccgegaggccaaagigeagtggaagoiggacaacgcoctaeagag
cggcaacagecaggaaagegtpaccgageaggacageaaggeaciceacctacagee
tgageageaccotgacactgageaaggecgactacgagaageacaaggigtacgect
gegaagtgaccoaccagggoctgictagocoegtgaccaagageticaaccggggeg
agigt

SEQ D NG: 117

Heavy
chain B
(CD28xCD
3-H Hole:)

CD28xCD3-H Hole:
caggtacagetagtocagictggogeogagoicgtgaaacciggogecteigioangg
tgtectgoaaggcecagoggetacacctitaccagetactacatocactgggiacgocag
gecoctggacagegactggaatggatcggeageatctacecoggoaacgtgaacace
aactacgecoagaagticcagggoagagocaceotgaccgtggacaccageatoage
accgectacatggaactgagecggctigagaagegacgacacegeogigtactacigea
coeggteccactacggeciggattegaacticgacetgtogoocaaggecaccacegt
gacagigtctagcagecaggigcagciggtgoaateiggeggcggagtaotocagect
ggcagaagcectigagactgagctotgocgocageggcticaccticaccaaggecigga
tgoactggetsceccaggoceetggaangeagotggaatggetoscecagatcaagy
acaagagcaacagctacgecacctactacgoecgacagegigaagggocggticaccat
cageogggacgacageaagaacacecigtacctigeagatgaacagocigogeaces
aggacaccgecgigtactacigteggascegtatactatgeoctgagecocttegatiact
gggoccaggoaaccotegtgacegigtctagicggacegecageacaaagggeccat
cgatgticccictggoccciigeageagaageaccagegaatctacagecgecetsgg

SEQIDNG: 7
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ctecctegtaaaggactactitcecgageecgtgaccgtgtectggaaciciggegetct

gacaageggogigoacacctiiccagecgtgetccagageageggectgtacteiciga
geagegtegtgacagtgeccageageagectgggcaccaagacctacacoigtaacgt
ggaccacaagoeocageaacaccaaggiggacaagegggatgeaatctaagtacggoc

ctecetgecctectigeccagecectgaatitcteggoeggacectecgigticotgiteoce
ccaaageccaaggacaccetgatgaicageoggaccoccgaagigaccigogiggty

giggatototeccaggaagateccgaggtgcagticaattggtacgtpgacggestaga
agigcacaacgecaagaccaagoccagagaggaacagiicaacageacctacegggt
geotgtecgtgeigacegtgotgoaccaggactggctgaacggcaaagagiacaagige
aaggtotccaacaagggccigeccagetccategagaanaccatcagoaaggocaag

gaccagecccgegagecteaagigtgtacectgeceectagecaggaagagatgace

aagaaccaggigicoctgagotgtgcegigaaagactictaceccagegacattacest

gaaatggeagagcaacgaccagecegagaacaactacaagaccaccecceatgiaet
ggacagcgacggctcaticticetggigiocaagetgaccgtagacaagageogstog

caggaaggeaacgteticagetgetocgtgatgeacgaggocctgeacaaccactaca
cecagaagtecctgicictgticectggocaag

Light chain | CD3 x CD28-L_Hole: SEQID NO: 8

B

(O3 | geatcageigeaagageagocagagectggtocacaacaacgecaacacciaceiga
A e - = - - ” i )
8-L Hole:) gotggtatctgeagaageccggecagageceecagtcoctigatctacaaggtgiccaac

gacaicgtgatgaccoagaccecectigagectigagegigacacctggacagectgeca

agaticageggogtgocogacagaticteceggeageggcictggeacegacticacect
gaagatcagecggeiggaagecgaggacgiggacgigtactaitgigaccagggcac
ccagtaceccticaccitiggeageggeaccaaggigeaaatcaagggccageocaag
goecgecccogacatecagatlgacccagagocccageagecigtotgocagegiggse
gacagagtgaccatcaccigtcaggecagecagaacaictacgigtggctgaactggta
fcageagaagoccggeaaggeccccaagetgetgatctacaaggecageaaccigea
caccggegigeccageagatiticiggeageggetecggeaccgactticacectzacaa
teageteccigeagoecgaggacatigecacetactactgecageagggccagaccta
cecctacacettiggocagggeaccaageiggaaatcaagaccaagggccceageegt
acggtegecgeteccagegtgticateticccacotagegacgageageigaagtccag
cacagectetgtegtgteccigetgaacaactictacccocgogaggcecaaagigeagt
ggaaggotegacaacgeccigeagageggraacagecaggaaagegigaccgagea
goacageaaggactecacctacagectgageageacceotigacacigageaaggeocga
ctacgagaagceacaaggtgiacgecigegaagigacccaccagggectigictagecoe
gigaccaagagceticaaccgggecgagist

Binding Protein 21 Aming Acid Sequences

Heavy | Anti-CD203-H Kaeb: SEQ ID NO:
chain qvilqgpegacivkpgasvikmsckasgyifisyrmbwykgtperglewigaiypgngdisyngkf | 114
A kokatltadkssstayvmyleshisedsavyycarstyygadwyfavwaagtivivsaastkgpsvipl
(Anti- apestsisestaalgelvkdyvipepvtvswasgaltsgvhtfpavigssglyslssvvtvpssalgtkevt
CD20- cnvdhkpsnEkvdkrveskygppcppcpapeﬂggpsvﬂfppkpkdtlmisrtpevtcwvdv:sq
H kno edpevqﬁwWwdgvcyhnaktkprﬁ:eqfnstj,xwvs‘\fl'wlhqdwingkeykckvsnkglpssw
- ktiskakggprepgvytippeqeemtkngvstwelvkgfypsdiavewesnggpennyktippvl
b) dsdestfflysklivdksrwgegnviscsymbealhnhytgksisisisk
Light | Anti-CD20-L: SEQ ID NO:
chain qivisgspatisaspgekvimicrasssvsyihwiqgkpgsspkpwivatsniasgvpvrisgsgsgt | 115
A syshtisrveagdaatyyeggwisnpptipgetileikatvaapsviifppsdeglksgtasvvclinnf
(Anti- ypreakvqwkvdnalgsgnsqesviegdskdstysisstitlskadyekhkvyacevthgglsspvt
CD20- ksthrgec
L)
Heavy | CD28 x CD3-H_Hole: SEQ ID NO:
chain B | gvalgesgpelvkpsqtisitetvsgfslsdygvhwyrgppgkglewlgviwagggtnynp | 9

slksrktiskdtskngvsiklssviaadtavyycardkgysyyysmdywgggttvtvsssgy
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(CD28
x CD3-
H Hol

glvesgggvvqpgrsiriscaasgfiftkawmhwvrgapgkglewvagikdksnsyatyy
adsvkgrftisrddskntlylgmunslraedtavyycrgvyvalspfdywgqgtivtvssrtast
kgpsviplapcsrstsestaalgclvkdytpepvtvswnsgaltsgvhtfpavigsselysiss
vvivpsssigtktyvicnvdhkpsntkvdkrveskygppeppepapeflggpsvilfppkpk
dtlmisrtpevtevvvdvsgedpevgfnwyvdgvevhnaktkpreegfnstyrvvsvitvi
hgdwingkeykekvankglpssiektiskakggprepqvetlppsgeemtingvslscav
kgtypsdiavewesnggpennyktippvldsdgsfflvskitvdksrwgegnviscsvimb
calhnhytgkslsisiek

Light
chain B
(CD3 x
CD23-
L)

CD3 x CD28-L
divmtgtpisisvtpggpasisckssgsivhnnantyliswylgkpgaspgshvkvsnrfsgvpdrfs
gsgsgtdtitkisrveacdvevyyegggtqypfifasgtkveikggpkaapdivitgspasiavspggr
atitcrasesvevyvistmgwyaqakpegppklitfaasnvesgvparfsgsgsgtdttitinpveandy
anyvoggsrkvpyifgggikleiktkgpsrtvaapsviifppsdeglksgtasvvellnnfypreakvg
wkvdnalgsgnsgesvtegdskdstyslsstitiskadyvekhkvvacevthgglsspyvtkstnreec

SEQ 1D NO:
10

Binding Protein 21 Nucleotide Sequences

Heavy
chain A
{Anti-
CD20-
H Knob
9

Anti-CD20-H Knob:
caggtgcagetgeageagectggegeogaactegigaaaceiggegectocgigaagatgagotoca
aggecageggcetacaccticaccagetacaacatgeacigggicaageagacceccggeagagacct
ggaatggaicgocgccatctaccceggeaacggegacaccicctacaaccagaagitcaagggcan
goccaccctgaccgecgacaagageageageacagoctacatgeagcetgtccagectgaccagega
ggacagegccgigtactactgegecagaageacctactacggeggegaciggtacticaacgtietsg
ggageoggcaccacegigacagtotcigetgcticgaccaagggeccateggigticoctetggecee
ttgcageagaageaccagegaatctacagocgoectgggctgectegigaaggactactitceogage
cegteaccgtotectggaacicigoegetctaacaageggcgtgcacacatitccagecgtgeiccaga
gcageggcectgtacicictgageagegtogtgacagigeccageageagecigggoaccaagaccia
cacctgtaacgiggaccacaagoccagoaacaccaaggiggacaagogggtegaatctaagtacgg
cectoectgoectectigeccageocotgaatiictggacgoacectecgigticetgitceccccanag
cecaaggacaccotgatgatcagecggacecocgaagigacceigegigatgotooatotoicccagg
aagatceccgaggtgcagticaatigotacgtagacgoogiogangtercacascgeraagaccaagec
cagagaggaacagticaacageacctaceggategtatccgtactgacogtgetgcaccaggacteg
cigaacggcaaagagtacaagtgcaaggtgiccaacaagggectgeocagetecategagaaaacca
fcagcaaggcecaagggcecagecocgegagecicaagigtatacectgececctigecaggaagagat
gaccaagaaccaggtgtcecigtggtptetcgigaaaggctictaccecagegacatigecgtggaats
ggagageaacggecageccgagaacaactacaagaccacececoeigtgotggacagegacggcet
cattcticetgtaciccaagetgacegiggacaagagecggtoscaggaaggocaacgigttcagetget
cegtoatgcacgaggccctgcacaaceactacacceagaagtcccigictetgicoctggacaag

SEQ ID NO:
116

Light
chain A
(Anti-
CD20-
L)

Anti-CD20-L:
cagatcgigctgagocagagecctgecatectgagegeticeccaggegagaaagigaccatgacct
gcagagecageageagegtgtectacatecactggticcageagaageocgelagrageaceaage
cttggatctacgecaccageaatctggecagoggagisectatgeggtitageggctciggeagesse
acaagctacageoctgaccatcagoecgggiggaagoecgaagatgocgocacciactactgecagoagt
ggaccageaacceecocacatitggoggagacaccaagctgeaaatcaagegtacggiggeogeic
ccagegtatteateticecacetagegacgageagetigaagtcoggcacagectotgtegtgtgoctac
tgaacaacttetaceccogegaggecaaagigeagtegaagatooacagcgeccigeagagcggca
acageeaggagagogtgacogageaggacageaaggactecacctacagecigageageaceotyg
acactgagcaaggccgactacgagaagceacaaggigtacgoctgegaagigaccoaccagggecets
tctagecocgtgaccaagageticaaccggggcgagiot

SEQ ID NO:
117

Heavy
chain B
(Ch28 x
Ci3-

H Hole:

D28 x CD3-H _Hole:
caggtocagetgcaggaatciggecciggecicgigaagectagecagacoctgagecigaccigtac
cgtetceggettcagectigagegactacggogtgcactgggtecgecagecacctggaasagocctg
gaatggciggecgteateiggocigaceoagacaccaactacaaccccagoctgaagiocagasag
accatcageaaggacaccageaagaaccaggtgicoctigaageigageagegtgacageegoeegat
accgeegtatactacigegecagagacaagggctacagetactactacageatggactacigggocca

SEQ 1D NO:
118
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gggcaccacegtgacegigicatecicticaggtacagetagtggaatetggegacggagtastocag
cetggeagaagoctgagactgagetgigeegecageggcticacctitcaccaaggoctggatocacte
ggtecgecaggocccigganagcagotggaatggategcocagatcaaggacaagageaacagot
acgecacctactacgecgacagegigaaggoccggitcaccatcagocgggacgacagoaagaaca
cectgtaccigeagatgaacagectgegagecgaggacaccgocgigtactactgicgegocgiota
ctatgecctgageccectiegattactgggoccagggaacectegtgacegtgtctagtcggacegctic
gaccaagggoccatcggigticocictggececttgeageagaageaccagegaatctacagocgoc
cigggetgectegigaaggactactticcogageccgigacegtigicctggaacictggegotetgaca
agcggcgtgcacacotticcagecgigeiceagageageggectgtacicteigageagegtegtgac
agtgoccageageagoctgggeaccaagacctiacaccigiaacgtggaccacaagoccaglaacac
caaggteggacaagogagtiogaatctaagtacggecctioectgooctectigeccageccotgaattict
ggacggacccicegigticctgiccececaaaglecanggacacectgalgatcageeggaccocs
gaagigacctgegigateotoeatatotcccaggaagatccogaggtgcagticaatiggtacgtoga
cggogiggaagtacacaacglcaagaccaageccagagaggaacagticaacageacctaccggat
gotgtocgtoctgaccegigetgeaccaggactgactgaacggcaaagagtacaagigoaaggigico
aacaagggoctgcccagetocalcgagaaaaccalcagraaggeiaaggecageeecggages
tcaagigtgtacectgeccectagecaggaagagaigaccaagaaccagatgteccigagotataces
tgagaggctictaceccagegacatigecgiggaatgggasgageaacggecagocogagaacaacta
caagaccacococcctgigeiggacagegacggcteaticticetggtgtecaagetgaccgiggaca
agagocggtopcaggaaggcaacgtgticagetigetecgtgatgracgagegccetgeacaaccacta
cacccagaagicocigtctcigicectgggcaag

Light
chain B
(CD3 C
D28-L:)

(CD3 _CD28-L:
gacatcgigatgacccagacecocotigagectgagegtigacacciggacagecigecageatcaget
gcaagageagcecagageciggigeacaacaacgocaacacctaceigagetggtatetgoagaagec
cggoecagagoocecagiccctgatctacaaggteiccaacagaticageggegtgeccgacagatict
ceggeageggctetggcacegacticaccetgaagatcagocgggigeasgoecgaggacgtgoocy
tatactatigigaccaggocacceagtaccocttcacctitggcageggoaccaaggiggaaatcaagy
gocageocaaggacgecoccgacategigeigacacagagecctgetagectggeogtgicicoigs
acagagggccaccatcacctgiagagecagegagagegtegaatattacgigaccageotgatgoag
tegtatcageagaagoeecggocagocccccaagetgetgatiticgecgecageaacgiggaaagcg
gegtgccagocagattttccggeageggetciggeacegacttcaccoigaccatcaaccecgtggaa
gecaacgacgiggccaactactactgocageagagecggaaggioccctacaccitiggecagggca
ceaageiggaaatcaagaccaaggeccccageegtacgetgoocgetcecagegigticateticoca
cctagegacgageagcetgaagiccggeacagectctgtegtatgcctactaaacaactictaceeocg
cgaggecaaagigcagiggaaggiggacaacgocoigragagegacaacagecaggaaagogiga
ccgageaggacageaaggacicoacctacagectgageageacectgacactgageaaggcegact
acgagaagcacaaggigtacgoecigegaagigaccoaccagggectgictagoccegtigaccaaga
gcticaaccgggecgagtat

SEQ 1D NO:
119

Table 3: Heavy and light chain sequences of binding proteins specifically directed to I

4, FL-13 and/or TNFa.

Binding Protein 9 Amino Acid Seguences

Heavy
chain A

HC
EVOLVESGGGLVQPGRSLRLSCAASGFTIFDDYAMHWYRQAP
GRGLEWVSAITHNIGHIDY ADSVEGRFTISRBNAKNSLY LM
NSLRAEDTAVYYCAKVSYLSTASSLDYWGQGTLVTIVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVEDYFPERPVTVEWNSGALTS
GVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTY ICNVNHKPSNT
KVDKEVEPKSCOKTHTCPPCPAPELLGGPSVEFLFPPKPKETLMI

SEQ ID NO:
60
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SRTPEVTCYVVVDVEHEDPEVEFNWY VDGVEVHNAKTKPREEQ
YNSTYRVYSYVLTVLHODWLNGKEYRKCKVSNEKALPAPIEKTISK
AKGOPREPQVUTLPPSRDELTKNQVSLSCAVKGEFYPSDIAVEW
ESNGQPENNYKTIPPVLDSDGSFFLVSKLTVDKSRWQQGNVES
CSVMHEALHNHYTOQRSLSLSPG

Light
chain A

LG
DIQMTQSPSSLSASVGDRVTITCRASUGIRNYLAWYQQKPGKA
PKLLIYAASTLOSGYPSRESGSGSGTDFTLTISSLOPEDVATYYC
ORYNRAPYTFGQGTKVEIKGQPKAAPSVTLFPPSSEELQANKAT
LYCLISDFYPGAVIVAWKADSSPVKAGVETTTPSKQSNNKYA
ASSYLSLTPEQWKSHRSY SCOVTHEGSTVEKTVAPTECS

SEQ ID NO:
61

Heavy
chamn B

HC:
QVOLOQSGPELVKPGASVKISCKASGYSFTSYWIHWIKQRPGQ
GLEWIGMIDPEDGETRLNQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRLAEYGNYDSFYFDYWGAGTLVTVESEVQLK
ESGPGLVAPGGSLAITCTIVSGFSLIDSSINWYRQPPGKGLEWLG
MIWGBGRIDY ADALKSRLSISKBSSKSQVFLEMTSLRTDDTAT
YYCARDGYFPYAMDFWGQGTSVTIVSSASTKGPSVFPLAPSSKS
TSGGTAALGCLVKDYFPERPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTOTYICNYNHKPSNTKVDKKVEPKSC
DKTHTCPPCPARPELLGGPSVELFPPKPRKDTLMISRTPEVICVVY
DVSHEDPEVEFNWYVDGVEVHNAKTRKPREEQYNSTYRVVSY
LTVLHODWLNGKEYKCKVSNEKALPAPIEKTISKAKGOQPREPQY
YTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLY SKLTYDESRWOQGNVFSCSYVMHEAL
HNRFTQKSLSLSPG

SEQ ID NO:
62

Light
chain B

LG
DIVLTOSPASLAVSLGQRATISCRASESVDSYGOSYMHEWYQQK
AGOQPPKLLIVIASNLESGVPARFSGSGSRTDFTLTIDPVQAEDA
ATYYCOONAEDSRITGGGTRKLEIKGGSGRSGSGGDIOMTOSPA
SLSVAVOGDTITLTCEASONIDVWLSWEFCGQKPGNIPKLLIYKASN
LHTGVPSRFSGSGSGTGFTLTISSLOPEDIATYYCQOAHSYPFTY
GGGTKLEIKGGSGSSGSGGRTVAAPSVEIFPPSDEQLESGTASY
YCLENNFYPREAKVOWRKVDNALQSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPYVTKSFNRGEC

SEQ ID NO:
63

Binding Protein 9 Nucleotide Sequences

Heavy
chain A

HC:
gagetocagotggigoaangcegeggagoactiogtocagcceggeagaagectgagactgage
tgegecgecageggcticaccticgacgactacgecatgeactggatecgecagaceceiggeaa
gogcctggaatgagigtccgecateacciggaacageggecacatogactacgocgacagegty
gaaggcoggticaccatcagecgggacaacgocaagaacagocigtaccigeagatgaacagee
tgcgggocgaggacaccgecgigtactactgogecaaggtetectacctgageacogecagoag
cotggactactggogccagggcaccotggigacagigiccagegeticcaccaagggecocage
gtgticecoctggeecotageageaagageacatetygoggeacageegeecigagctgoctogt
caaggactacticeccgagoeccegigacagtgicctagaactciggogeoctgaccageggagtoc
ataccticcctgecgtgcetgeagtocageggcctgtacagcetigageagegtggicacagtgecca
goageagoctgggcacccagacctacatctgoaacgigaaccacaageccageaacaccaaggt
goacaagaaggiggaacceaagagotgogacaagacccacacctgtcecocetgocctgoecct
gaactgetgegcugacoctcegigitectgticoccccaaageecaaggacacceigatgatcage
cggacceccgaagtgacctgegtagtastiooacgteicccacgaggaccctigaagtgaagticaa
ttgetacgtegacogcgtazaagtigcataacgecaagaccaageocagagaggaacagtacaac
ageacctaccggetogigteegtigeigacegigetigeaccaggaciggetgaacggcaaagagia
caagigcaaggtgtccaacaaggecctgectigeococatcgagaaaaccatcageaaggccaag
ggocagectagagagcoccaagicigeacectigeocoecageagagatgagcigaccangaace

SEQ ID NO:
64

208




aggtgtcectgageigegcogigaaggogctictaccreagegatatcgecgiggaatggoagage
aacggoceageccgagaacaactacaagaccaccececctgtgeiggacagegacggcteatictt
cotgetotccaagetgacagiggacaagagecggiggcageagggcaacgigticagetgeage

gtgatgcacgageocctgeacaaccatiacacccagaagiccotgagoecigagoeocogge

Light
chain A

L
gacatccagatgacocagagecocageagectgagegecagegtgggcgacagagteaccalc
acctgtcgggaccagecagggceateeggaactacciggectggtatcageagaagocoggeange
ceeccaagetgetgatetacgocgecageacactgeagageggogigeccageagaticagegg
cageggctecggeaccgacticaccotgaccateageagectaeageocgaggacgizgecace
tactactgecageggtacaacagagececctacaccticggocaggacaccaagatggaaatcaa
gggacageccaaggetgococctcggtcaccetgticococccaageagegaggaactacagsoe
aacaaggcecaccotegtgigectgatcagegactictacectggegecgtgacegtggoctiggaag
geegatagetctocogigaagoccaacgliogaaaccaccactoocagiangtagagraacaac
aaatacgecegectecagetacctigagectgacooccgageagiggaagtieccaceggicctacag
cigccaggicacacacgaggeocageaccgiggaaaagacegigocceccaccgagigocage

SEQ ID NO:
65

Heavy
chain B

HC:
caggigeagetgeageagageggocctgagetiggtcaagectagegccagegigaagaicaget
geaaggoecageggetacagettcaccagetactggatccactggateaageageggoceigeeca
gogcctggaatggatcggcalgatcgaccecagegacggcgagacacggcigaaccagagatic
cagggcagagccaccecetgaccgtggacgagageaccageaccgeciacatgeagetgegaage
cecaccagegageacagogccgigtactacigoaccoggeigaaagagtacggcaactacgaca
gctictacttcgacgtetggoeagocggoaccotggicaccgtgiccagogaagigoagotganag
aaagceggecectggectggignecectggogecagectgagcatcaccigtacegigtecggctic
agecigaccgacageageatcaactggatecgacageccoctiggeaagggcctegagiagncisg
gaatgatcigapgcgacgaceggategactacgcegacgeccigaagteceggotgageateag
caaggacagcageaagagecaggigticctggaaatgaccagecigoggaccgacgacacoge
cacctactactgogecagggacggetacticcectacgecatggatitctgeggccagggeaceag
cgigaccgigtecictgeticcaccaagggocccagegigliceciotggoccctageagoaagag
cacatctggeggaacageegeccigagotgociggicaaggactactitccegagecegigacest
gtectggaactctggtocectgacaageggagtgeataceticectgocgigeigeagageagegg
cotglactetcigageagegtggtcacegigecaageageagectgggcacceagacciacatety
caacgtgaaccacaagecctccaacaccaaggiggacaagaaggiggaacecaagageigega
caagacccacaccigtocteoctgtoctgececigaacigeigggeggaccotoegtaticeigtice
ctocaaageccaaggataccctgatgatcagecggaceccigaagtgaccigegtggiggteoac
gtgtoccacgaggatcecgaagigaagticaatiggtacgiggacggegiggasstocataacgee
aagaccaageccagagaggaacagtacaacageacctaccggatagtatecgtactgacagtge
tgcaccaggaciggotgaacggcaaagagtacaagtgcaaggtgtccaacaaggecotigocage
coctatcgagaanaccateageaaggecaagggocageacoegegagecteaggigtacacactg
cctecatgecgggacgagctgaccaagaaccaggtgteceigtggtecctegtgaaggactictac
coctecgatatogeegtegaat g ooasaorcanceereageeegagaacaactacangaccacce
cltecegigeiggacagegacggcteaticttectigtacageaageigacegiggacaagiocosy
ggcageagggcaacgigticagetgctetgigatgeacgaggeccigeacaaccggticacccag

aagtcectgagectgageecigge

SEQ ID NO:
66

Light
chain B

LC:
Gacatcgtgctzacceagagoccigecagecizgecgigtetctgggccagagagecaccatea
getgocgggccagegagagegtggacagetacggecagagctacatgeactggtatcageagaa
goccggecagecceccaagetgetgatctacctiggecageaacoiggaaageggoegtgcocgec
agaticageggcageggeoageagaaccgacticacecigaccategaceoegigeaggocgagg
acgeegecacctactactgecageagaacgoegaggacagocggaccticggeggagecacca
agctegaaatcaagggeggetocggeageagegectictggogacgataiccagatgacecagic
cocogecteccigagegtgiocgigaacgacaceatCacectgacatgecacgeeageeagasca
tcgacgigtogactoagetggticcageagaagectggcaacatcectaageigetcatetataagge
cteccaaccigeacacoggegtgoccagoaggitttcoggeteiggragoggcaceggetttacect
gacaatcageagecigeagoccgaggatatcgecacatattactgicageaggoecacagetace

SEQ ID NO:
&7
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coticacctitgacggcggaacaaagotogagatiaaggacgecageggaagcioccgootecgg
cggacgtacggtgoccactecttcegigitcalcticecicectccgacgageagctgaagicogge
accgecticogtgetstetctigetgaacaactictaccctcgggaggocaaggtocagiggaaggts
gacaacgeoctgeagiceggeaacicocaggagicogicaccgageaggactocaagaacagea
cctactecctgiccticcacectgacectgiccaaggeegactacgagaagcacaaggigtacgect
gtgagoigacccaccaggeectgiccageccigigaccaagiccticaaccgggocgagtoc

Binding Protein 10_Amino Acid Sequences

Heavy
chain A

HC .
EVOLVESGGGLVQPGRSLRLSCAASGFTIFDDYAMHWYRQAP
GRKGLEWVSAITWNIGHIDY ADSVEGRFTISRBDNAKNSLYL(M
NSLRAEDTAVYYCAKVSYLSTASSLDYWGQGTLVTIVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVEDYFPERPVTVEWNSGALTS
GVHTFPAVLOSSGLYSLASVVTVPSSSLGTOTYICNVNHKPSNT
KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVEFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHODWILINGKEYKCKVSNKALPAPIEKTISK
ARGQOPREPOVCTLPPSRDELTRENQVSLSCAVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDRSRWOQOGNVES
CSVMHEALHNHYTOKSLSLSPG

SEQ 1D NO:
60

Light
chain A

LC:

DIOMTQSPSSLSASVGDRVTITCRASOGIRNYLAWY QQKPGKA
PRLLIVAASTLOSGVPSREFSGSGSGTDFTLTISSLOQPEDVATYYC
ORYNRAPYIFGQGTKVEIKGOPKAAPSVTLEPPSSEELQANKAT
LVCLISDFYPGAVIVAWKADSSPVKAGVETTIPSKQSNNKYA
ASSYLSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTECS

SEQ ID NO:
61

Heavy
chain B

HC:
EVQLKESGPGLVAPGGSLSITCTVSGFSLTDSSINWYVROPPGKG
LEWLOMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTIVSSOVQLOQOQSGPE
LYKPGASVKISCKASGYSFISYWIHWIKQRPGOGLEWIGMIDE
SDGETRLNQRFOQGRATLTVDESTSTAYMQLRSPTSEDSAVYYC
TRIKEYOGNYDSFYFDVWGAGTLVTYVSSASTKGPSVFPLAPSSK
STSGOGTAALGCLVKDVYIPERPVTVEWNSGALTSGVHTFPAVL(S
SGLYSLSSVVTVYPSSSLGTOTYICNYNHEPSNTKVDKKVEPKSC
DRETHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCYVVY
DYSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLHODWELNGKEYKCKVSNKALPAPIEKTISKAKGQPREPGQY
YTLPPCRDELTEKNQVSLWCLVKGFYPSDIAVEWESNGGQPENN
YKTITPPYVLDSDGSFFLYSKLTVEKSRWOQOGNVEFSCSVMHEAL
HNRFTQKSLSLSPG

SEQ 1D NO:
68

Light
chain B

LC:
DIGMTQSPASLSVSVGDTITLTCHASONIDVWILSWEQQKPGNIP
KLLIYKASNLHTGVPSRFSGSGSGTGFTLTISSLOGPERDIATYY (O
OAHSYPFTFGGGTKLEIKGGSGSSGSGGDIVLTOSPASLAVSLG
QRATISCRASESVDSYGOSYMHEWY QQRKAGQOPPRKLLIYLIASNLE
SGVPARFSGSGSRTDFTLTIDPVOQAEDAATYYCQONAEDSRIT
GGGTKLEIKGGSGSSGRGGRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOWEKVDNALOSGNSQESVTEQDSKDSETYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:
69

Binding Protein 10 Nudeotide Sequences

Heavy
chain A

HC:
gaggiocagctggtogansagoggcggaggacigstecageccggragaagecigagacigage
tgcgocgecageggcticaccticgacgactacgecatgeactgggtecgecaggaecectiggoaa
gooccigeaatggototccgocateacciggaacageggocacategactacgecgacagogte

SEQ ID NO:
64

210




O
tgcggacogaggacaccgeegtetactactgegecaaggtgtectaccigageaccgocageag
cotggactactggegoccagggcaccotggigacagigtecagegceticoaccaagggececage
gtgticecoctggeocctagcageaagageacatciggoeggeacagoeogeociggeoigoectiogy
caaggactacttececgagecegigacagigteciggaaciciggegocctgaccageggagtiac
ataccticoctigeegtgetgeagtccageggectgtacagocigageagegigaicacagtgecea
geageagectgggcacceagacctacaictgeaacgigaaccacaagoccageaacaccaaggt
ggacaagaaggigsaacccaagagetgegacaagacccacacctgtecceectgeoctgeocct
gaactgetgggcggaccceicegtgttcctatitccocccaaageccaaggacacceigatgatcage
cggacccccgaagtgaccigegtggtogtocgacgtotcccacgaggaccetigaagteaagticaa
tiggtacgiggacggegigeaagtocatascgecaagaccaagoccagagaggaacagtacaac
agcacctaccggategtotccgtgetgacegtgetigeaccaggaciggctigaacggcanagagta
caagigcaaggtgiccaacaaggeectgecigococcatcgagaaaaccateageaagacaag
geccagectagagagecocaagictgeaccotgecacocageagagatgageigaccaagaace
aggigtecctgageigegecgigaagggctictacceecagegatatcgecgtggaatggsagage
aacggocageccgagaacaactacaagaccaccececeigtgotggacagegacggcteatictt
cctgetgtecaagetgacagtgeacaagageeggigecagcagggcaacgtaticagotacage
gtgatgcaceaggoccigeacaaccatiacaccoagaagteoctgagccigagceoegge

gaaggocggttcaccatcageogggacaacgecaagaacagectgtacctgeagatgaacagec
S

Light
chain A

L
gacatccagatgacccagagocccageagoecigagegecagegigggegacagagtgaccate
acetgtegggecagecagggcatceggaactacciggectggtatcageagaageocggeaags
ccoccaagetgetgatetacgecgecageacacigeagageggoegigeccageagaticagegg
cagcggctecggeaccgacticaccotgaccatcageagectgeageecgaggacgiggocace
tactactgecageggtacaacagagececctacaccticggocagggeaccaaggtegaaatcan
gggacageccaaggotgococcteggicaccetgticococcaageagegaggaactgeagsee
aacaaggcecaccctegigigocigatcagegactictacectggogecgigacegiggectaggaay
gecgatagetcicocgigaagaeegaogiggaaaccaccactoicagoaagragagcaacaac
aaatacgcecegcectecagetacctgagoctgacecocgageagiggaagicccaceggicciacag
ctgecaggicacacacgagggceageaccgtggaaaagacogigacceccaccgagigeage

SEQ
65

D

Heavy
chain B

HC .
gaggtgcagetgaaagagiceggocciggactggiggeccceiggeggeagectgageatcacct
gtaccgtgiccggceticagectgacogacageageatcaactgggtecgacagecoectggeaag
ggoctggaatgectgeacatgatcigggaogacggocggatogactacgocgacgeccigaagt
ceoggotgagcatcageaaggacagoageaagagocaggigticctggaaatgaccageotgeg
gaccgacgacaccgecacctactactgegecagggacggotactticoectacgecatggatitetg
gagecaggeraccagegtoaccgtotecagtcaggiceagetgeageagageggcectgaget
gotcaagectggogecagegigaagatcagotgeaaggocageggotacagettcaccagetact
ggatccactggatcaagcageggectiggocagggecicgagtggateggaatgategaccccag
cgacggogagacacggctgaaccagagattccagggcagagocaccoigacegiggacgagag
caccageaccgectacatgeageigeggageccoaccagegaggacagegoeegigtactacige
acecggetgaaagaatacggcaactacgacagettctacticgacgigtegggoagccggoaccet
gotcaccgtgtciageacticcaccaagggecceagegigticeotetggococtageageangag
cacatctggeggaacageegeectgggotgoctggtcaaggactactitocogagecegigacegt
gtcetgeaactotggigeccigacaageggagtocataccticectgocgigeigcagagcagegy
cotgtactcicigageagegtggicacegigecaagcageageotgggcacceagacctacatety
caacgtgaaccacaageoctccaacaccaaggiggacaagaaggtiggaacccaagageigega
caagacceacacetgtectocctgtcetgecectgaactgotgggcggacceicegtaticcigitce
ciccaaagoccaaggatacecigatgatcageoggaccecigaagtgacctgegtogioetaoac
gtgteccacgageatecegaagteaagticaatiggtacgiggacggegiggaagtacataacgce
aagaccaagecoagagaggaacagtacaacageacotaccgggtagtstecgtgotgacagtoc
tgeaccaggactggotgaacggcaaagagtacaagigeaaggigiccaacaaggocotgoecage
cectatcgagaaaaccateagoaaggocaaggeocageocegegagecticaggtgtacacacty
cotecatgecgggacgagetgaccaagaaccagatgteceigtugteoccicgigaaggoctictac
cectocgatategecgtagaalgesagagcaacggrcaglocgagaacaactacaagaccacee
cteceglactggacagegacggctcaticticcigtacageaageigacegiggacaagticceggt

i
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gocagoagggcaacgigticageigeicigtgatgcacgaggecctgeacaaccggticacccag
aagtcocigagecigageceigge
Light LC: SEQ ID NG
chain B gacaiccagatlgacocagagecocgacagectgagegtatecgtaggogataccatcacecigac | 76

ctgecacgecagecagaacatcgacgigigectgagciggttccageagaageccggcaacatce
ccaagetgetgatctacaaggcecagoaaccigeacacoggogigoccagoagaticageggotet
gocageggcaccggcttiaceeigaceatcageagectgragocogaggatatogecacctacta
ctgecageaggcccacagetaceecticaccticggoggaggcaccaageiggaaatcaageec
gacageggeagoiccggoiciggoggcgatategtpotgacecagtctecegecicactggeegt
gtcictggpocagagagecaccateageigecgggocagegagagegiggacagetacggeca
gagctacatgeactggtatcageagaaggeeggacageocectaaactgctcaictacciggecte
caacctgganageggegigeocgocaggttitcecggcageggetecagaaccegacticaceotga
caatcgaccecgtgeaggecgaggacgocgocacatattacigicageagaacgcogaggacag
cagaacctitggoggcggaacaaageicgagattaageooggctecggetecageggatetase
ggacgtacggtgoccgctecticegtgtteatoticectooctecgacgageageigaagiceggea
cegectecgigatotgtcigetgaacaactictaccoteggaaggccaaggtecagiggaageisgs
acaacgeoctgeagtceggeaactcccaggagtecgtoaccgagcaggactocaaggacageac
ctacteecigtcctccaccctgaccetgiccaaggecgactacgagaageacaaggtptacgectgt
gagotoeacccaccagggocigiccagoecctgigaccaagiccticaaccggggooagtiec

Binding Protein 11 Amine Acid Sequences

Heavy
chain A

HC:
EVOLVESGGGLVQPGRSLRLSCAASGFIFDDYAMEBWVRQAP
GRGLEWVSAITWNYGHIDY ADSVEGRFTISRDNAKNSLYLOM
NSLRAEDTAVYYCAK VS YIS TASSLDYWGQGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVKDYFPERVTVSWNSGALTS
GVHTFPAVLOSSGLY SLASSVVTVPSSSLOTOTYICNVNHKPSNT
KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPRPKDTLMI
SRTPEVTCVVVDVSHEDPEVKINWYVRDGVEVHNAKTKPREEQ
YNSTYRVVSYVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPOVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLVSKLTYVDESRWOQQGNVES
CSVMHEALHNHYTQKSLSLSPG

SEQ 1D NO:
60

Light
chain A

LG

DIQMTQSPSSLSASVGDRVTITCRASQGIRNYLAWY QQKPGKA
PRLLIVAASTLOSGVPSRESGSGSGTDFTLTISSLOPEDVATYYC
ORYNERAPYTTGOUGTKVEIKRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOWERVDNALQSGNSQESYVTEQDSKDSTYS
LSSTUTLSKADYEKHKVYACEVTHOGLSSPYVTEKSFNRGEC

SEQ ID NO:
71

Heavy
chain B

HC:
EVOLKESGPGLVAPGGSLSITCTVSGFYLTDSSINWVROQPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSOVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSQVQLOQSGPE
LVKPGASVKISCKASGYSFISYWIHWIKQRPGQGLEWIGMIDP
SDGETRLNORFQGRATLTVDESTSTAYMQOQLRSPTSEDSAVYYC
TRIKEYGNYDSFYFDVWGAGTLVTVSSASTRKGPSVFPLAPSSK
STSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTIFPAVL(S
SGLYSLSSVVTVPRSSSLGTOTYICNVNHKPSNTKVDEKKVEPKSC
DETHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTOVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVY
LTVLHOQDWLNGREYRKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPCRDELTEKNQYVSLWCLVEKGEFYPSDIAVEWESNGQPENN
YKTTPPYLDSDGSFFLY SKLTVDKSRWOQOQGNYVFSCSVMHEAL
HNRFTQKSLSLSPG

SEQ 1D NO:
68

Light

LC:

SEQ 1D NO:




chain B

DIOMTQSPASLSVSVGDTITLTCHASONIDVWESWEFQQKPGNIP
KLLIYKASNLHTGVPSRESGSGSGTGFTLTISSLOPEDIATYYCQ
OAHSYPFIFGGOTKLEIKGGSGRSGSGODIVLTQSPASLAVSLG
QRATISCRASESVDSYGOSYMEWY QURAGQPPRLLIYIASNLE
SGVPARFSGAGSRTDFTLTIDPVOAEDAATYYCOONAEDSETY

GGOTKLEIKGGSGSSGSGGRTVAAPSVEIFPPSDEQLKSGTASY
VCLENNFYPREAKVOQWKVDNALOQSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSEFNRGEC

69

Binding Protein 11 _Nucleotide Seqguences

Heavy
chain A

HC:
gagetocageiggiggaaagoggcggagoaciggigcageccggcagaagocigagacigage
tgcaocgecageggcticaccticgacgactacgecatgeacigggicegeraggececiggeaa
gagcctggaatgoototecgecateactggaacageggecacategactacgecgacagogty
gaaggocggttcaccatcageegggacaacgecaagaacagectgtacetgeagatgaacagec
tgegogccgaggacacogecgtatactactgegecaaggigicctaccigageaccgocageag
cotggactactggeoccagggcacciggigacagigtecagegeticoaccaagggecocage
gtgticccoctggoccctageageangageacatciggeggeacagocgecctgggotgectggt
caaggactacttececgagecegigacagigteciggaaciciggegocctgaccageggagtiac
ataccticectgeogtgctgeagtccageggoctgtacagecigageagegtggicacagtgeoca
gcagcagectgggcacccagacctacatctgeaacgigaaccacaageccageaacaccaaggt
ggacaagaaggiggaacccaagagoetgegacaagacecacaccigiccocectigeocigeoect
gaactgctgegcegacoctecgigticetgticcocccasageccaaggacaccoigatgatoage
cggaccecegaagtigacetgegtggtegtogacgigicccacgaggaceetgaagigaagitcaa
tigatacgipgacggcgiggaagtocataacgccaagaccaageccagagaggaacagiacaac
agcacctaccggategtotccgtgetgacegtgetigeaccaggaciggctigaacggcanagagta
caagigcaaggigticcaacaaggeectgecigocoecatcgagaaaaccatoageaaggocaag
goccagoctagagagecocaagicigeaccolgococccageagagatgagetgaccaagaace
aggtoteccigagotgogoecgigaapeoctictaccocagegatatcgecgtiggaalgosacasc
aacggecageocgagaacaactacaagaccacccoocetigigoiggacagegacggcteaticott
cctgetgtecaagetgacagtgeacaagageeggigecagcagggcaacgtaticagotacage
gteatgcacgaggcccigcacaaccatiacacccagaagicocigagecigagecocgge

SEQ ID NO:
64

Light
chain A

LC:
gacatecagatgacceagageoccageagectigagegecagegtggacgacagagtaaccato
acctgteggpocagecagggeatcoggaactacctggectggtatcageagaageccggeaags
ccoccaagetgetgatctacgecgecageacacigeagageggogigeccageagaticagegg
cageggctecggcaccgacticaccetgaccatcageagecigeageccgaggacgtggocace
tactactgecageggtacaacagagececctacaccticggocagggeaccaaggtegaaatcan
gegtacggtogecgetoctteogigticatettecciocctcegacgageagotgaagicoggeace
gectocgtgatotiatctoctgaacaacttctaccetegggaggccaaggtocagiggaagotaosac
aacgcecctgeagiccggcaacicocaggagicogteacegageaggactecaaggacageacct
actcectgtecicoaccctgacccigicecaaggecgactacgagaageacaaggtgtacgectgtg
aggtoacccaccagggcctgtecageccigteaccaagiocticaaccggggcgagioc

SEQ ID NO:
72

Heavy
chain B

HC .
gaggtgcagetgaaagagiceggocciggactggiggeccceiggeggeagectgageatcacct
gtaccgtgtecggcticagectigacogacageageatcaacigggteogacagoccectggaag
geccteeaatooctgoocatgatclggoocgacggecgeatcgactacgeegacgoecigaagt
cocggctgageatcageaaggacagcageaagagccaggigticetggaaatgaceagectgeg
gaccgacgacaccgecacetactactgegecagggacgectacticcectacgecatggatitety
gagecaggeraccagegtoaccgtotecagtcaggiccagetgeageagageggecctgaget
gotcaagectggogccagegigaagatcagetgcaaggecageggctacagettcaccagetact
ggatccactggatcaageageggectggocagggoctogagtggateggaatgategaceccag
cgacggegagacacggetgaaccagagaticcagggeagagecacecigacegiggacgagag
caccageaccgectacatgeageigeggagececaccagegaggacagegeegtatactactge
acceggctigaaagaatacgacaactacgacageitetacticgacgigteggnagecggcacect

SEQ ID NO:
97

213




gatcaccgtgtctagegeticcaccaagggececagegigticocictggeccotageageaagag
cacatctggeggaacagecgecctgggetgeciggicaaggactactiiccegageccgigaccegt
gtectggaacictggtecectgacaageggagtgoataceticoctgecgtgotgagageagegg
cctgtacteteigageagegtgetcacegigocaagoagoagoctgggoacceagacctacatety
caacgigaaccacaagecctccaacaccaaggiggacaagaaggiggaacceaagagctgega
caagacccacacctgiectcocigtectgeecctgaactigeigggoggacectecgigticetgitee
ciccaaageccaaggatacectgatgatcagocggacecctgaagizacctgegtagiggigoac
gtoteccacgaggatcccgaagtgaagticaatiggtacgigeacggegiggaagtgcataacgce
aagaccaagceocagagaggaacagiacaacageacctacegggigpteicegigetgacagige
tgcaccaggaciggetgaacggoaaagagtacaagigcaaggigtocaacaaggeocigecage
coctatcgagaaaaccatcageaagaccaaggoocagecccgegagecicaggtotacacactg
cctecatgecgggacgagetgaccaagaaccaggtsteccigiggtocctegtgaagggctictac
cectiocgatatezeegtggaatgeeasagcaacg gCeageeogagaacaactacaagaccaccs
ctocogigotggacagegacggctcaticticeigtacageaagetgacegtggacaagteecggt
ggcageagggcaacgigticagetgeteigigatgeacgageccctgeacaaccggticacceag
aagtcoctgagoctgagecctgac

Light
chain B

L
gacatccagatgacocagagecocgocagectgagegigtecgigggogataccatcacecigac
cigecacgeocagecagaacategacgigigecteageiggticcageagaageccggeaacatce
ccaagetgetgatctacaaggecageaacetgeacaccggegigoccageagaticageggetct
gacageggcacceggettiacccigaccatcageagectgeageocgaggatatcgecacctacta
ctgeeageaggoccacageiaccocticaccticggogaaggcaccaagetggaaatcaaggec
gocageggcageiceggeiciggogacgatategigotgacceagtcteccgecicoctggeegt
gtcictgggocagagagecaccateageigecggaocagegagagegiggacagctacggcca
gagctacatgeactggtatcageagaaggocggacageccoctaaactgetcatctacciggectc
caacciggaaageggegtgoccgecaggtiitecggcageggctecagaaccgacticaceetga
caatcgacccegtgcaggeegaggacgcogecacatatiactgicageagaacgocgaggacag
cagaacctitggegacggaacaaagetogagattaagggogectcoggciccageggatetgge
goacgtacggiggccgotccticegtgticateticcctecotccgacgageagctgaagtecggea
cogectocgtggtetatctecigaacaactictacectogggaggccaaggigcagtgsaagaigs
acaacgeoctgeagiceggoaacteccaggagicegicaccgagcaggactocangeacageac
ctactcectgtectecaccotgaceeigiccaaggecgactiacgagaageacaaggigtacgoectgt
gaggigacccaccagggectgtocageccigizgaccaagiccticaaccgggocsagioc

SEQ ID NO:
70

Binding Protein 12 Amino Acid Sequences

Heavy
chain A

HC .
EVOLKESGPGLVAPGGSLSITCTVSGFSLTDSSINWVRQGPPGERG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDIFWGQUTSVTIVSSASTKGPSVEPL
APSSKSTSGGTAALGCLVKDYFPERPVTVSWNSGALTSGVHTTP
AVLQSSGLYSLSSVVTVPSSSLGTOTYICNVNHE PSNTKVDKK
VEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEV
TCYVVDYSHEDPEVEKFNWY VDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHODWLNGRKEYKCKVYSNKALPAPIER TISKAKGQ
PREPOQVCTLPPSRDELTKNOQVSLSCAVRKGEFYPSDIAVEWESNG
OPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWOQOGNVESCSY
MHEALHNHYTQKSLSLSPG

SEQ 1D NO:
73

Light
chain A

LG

DIVLTOSPASLAVSLGOQRATISCRASESVDSYGOSYMHWY QQK
AGQOPPKLLIVLIASNLESGVPARFSGSGSRTDFTLTIDPVGAEDA
ATYYCOONAEDSRIYGGGTKLEIKGOPKAAPSVTLFPPSSEELQ
ANKATLVCLISDEFYPGAVIVAWKADSSPVKAGVETTTIPSKOS
NNEKYAASSYLSLTPEQWEKSHRSYSCOVTHEGSTVEKTVAPTEC
S

SEQ ID NO:
74

Heavy

HC:

SEQ ID NO:
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chain B

QVQLQQSGPELVKPGASVKISCKASGYSFISYWIHWIKQRPGO
GLEWIGMIDPSDGETRLNQRFQGRATLTVDESTSTAY MOLRSP
TSEDSAVYYCTRLEEYGNYDSFYFDVWGAGTLYTVSSEVQLY
ESGGGLVOQPGRSLRLSCAASGFTFDDYAMHWYROAPGKGLE
WVSATTWNSGHIDY ADSVEGRFTISRDNAKNSLYLOMNSLRA
EDTAVYYCAKFSYLSTASSLDYWGQGTLVTVSSASTKGPSVEP
LAPSSKSTSGGTAALGCLYVKDYFPEPVTYVSWNSGALTSGVHTE
PAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDK
KVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VTICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKG
QPREPQVYTLPPCRDELTKNQVSLWCLYKGFYPSDIAVEWESN
GOQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOQOQGNVFESCSY
MHEALHNRFTOKSLSLSPG

~3
s

Light
chain B

LC:
DIQMTQSPSSLSASVGDRVTITCRASOGIRNYEAWY QUQKPGKA
PKLLIYAASTLOSGVPSRFSGSGSGTDFTLTISSLOPEDVATYYC
ORYNRAPYTFGQGTKVEIKGGSGSSGSGGDIQMTQSPASLSVS
/GDTITLTCHASONIDYVWILISWEFQQKPOGNIPKLLIYEKASNLHTG
VPSRFSGSGSGTGFTLTISSLOGPEBIATYYCQUAHSYPFTYFGOOT
FLEIKGGSGSSGSGGRTVAAPSYFIFPPSDEQLKSGTASVVCLL
NNFYPREAKVOWKYDNALQSGNSQESVTEQDSKDSTYSLSST
LTLSKADYEKHKVYACEVTHOGLSSPYVTKSFNRGEC

SEQ 1D NO:
7%

Binding Protein 12 Nucleotide Sequences

Heavy
chain A

HC:
gaggetocagcigaaguagageggcocogecctggiggoccceggeggeagectgageateace
tgcaccgigageggoticagectzaccgacageageateaactgasigcgocageociecgeca
agggoctggagtpectgpgcatgaicigggacgacggcegeaicgactacgocgacgecctigaa
gagecgectgageatcagoaaggacagoagcaagagecaggtgticctggagatgaccagecty
cgeacegacgacaccgocacotactactgegecogegacggetacticcoctacgecatggacttc
tgeeoccagggcaccagegigacegigagcagogecageaccaagggecccagegtgiteoce
ciggeccctageageaagageacatetggeggcacagecgecctgggetgectgaicaagaact
acttcecegageccegigacagigtoctggaacictggcgecotgaccageggagigcatacatice
cigeogtgotgeagtccageggoctigtacagectaageagegiggtcacagigroageageagc
ctgggcacceagacctacatetgeaacgtgaaccacaagecoageaacaccaaggtggacaaga
aggtgoaacccaagageigogacaagacccacacoigicococctgeecigoecctgaacigots
gacgeacectecgtgticetgticcccccaaageccaaggacacceigatgateagocggaccee
cgaagtgacctgegigateotgoacatotcccacgaggacceoigaagtoaagttcaatiggotacst
gEacggogtggaagtgcataacglcaagaccaagocoagagaggaacagtacaacageacceta
cegggtpatatecgigcigaccgigeigcaccaggaciggotgaacggcaaagagtacaagigea
aggteiccaacaaggoccigectigocecoategagaaaaccatcageaaggocaagggecagoe
tagagagecccaagictgcacoctgecccccageagagatgagetgaccaagaaccaggtgioc
cigagctecgocgtgaagggctictaccecagegatatcgecgiggaalgggagagcaacggeco
agecogagaacaactacaagaccacceceectgigeiggacagegacggcteatictieciggtat
ccaagetgacagiggacaagagecggiggcageagggcaacgigticagetgeagegtgataca
ceaggeccigeacaaccattacacecagaasiocetgagectgagcecegse

SEQ ID NO:
77

Light
chain A

LG
gacategtgctgacccagageccigecagectggecgigteictggoccagagagecaccatcag
cigeogggocagegagagegtegacagotacggecagagetacatgeactggtatcageagaag
gecggecagocceccaagetgctgaictacetggecageaacciggaaageggcegigeoregoca
gaticageggeagoggeageagaacegacticaccetgaccategacoecgigeaggecgagea
cgecgecacctactactgecageagaacgeegaggacagecggaceticggeggagacaccaa
getggaaatcaaggracageccaagectacccccteggicacoetgiicoccccaasgeagegag
gaactgeaggecaacaaggecacecicgigigectgatcagegacitetacectggesocgigac

SEQ ID NO:
78

215




cgtggoctogaagacegatagetcliccegligaaggecgolsigraanccactacececageaag
cagagcaacaacaaatacgeegocageagetacctgagectgacecocgageagiggaagioce
accggtectacagetgeoaggicacacacgaggacageacegiggaaaagacegiggeococa

ocgagtacagse

Heavy
chain B

HC .
caggtgcagcetgcageagageggeccigagetegtcaageciggogccagegigaagateaget
gcaaggecageggctacagettcaccagetactggatccactggatcaagcageggcciggeca
ggocctggaatgoatcggcataatcgacoccagegacggegagacacggctigaaccagagatic
cagggoagagecaccofgaccgiggacgagageaccagcacegectacatgeagetgogsage
cocoaccagegaggacagegocgigtactactgeaceeggeiganagagtacggeaactacgaca
gottctacticgacgigtggagagecggeaccetegicacegigtecagegaagigeagetgsteg
asageggcggaggoctggtocagocoggeagaagecigagacigagotgogcogecageggot
teaccticgacgactacgecatgcacigggtccgacaggocociggeaaaggactgeaatggoty
teegecatcacciggaacageggocacategactacgecgacagegiggaagoccagsitcaceat
cagecgggacaacgecaagaacagectgtaceigeagatgaacagectgogagccgaggatac
cgecgtgtatiatigegecaaggigtectacctgageaccgecageagectggactactgggacea
goocacceiegtgacagigtectcegeticcaccaagggocccagegigticoctetggecectag
cageaagagcacateiggeggaacagecgocctggactgoctiggtcaaggactactttccegage
cegtgaccgtgteciggaaciciggteccctgacaagoggagigeataceticoctgeogtgotgea
gagcagcegocctgiactetetigageagegigatcacegtgocaageageageotgggracceag
acctacatctgeaacgigaaccacaagecciccaacaccaaggtosacaagaageiggaacoecsa
agagctgegacaagacceacaccigtectecctgicotgecoctgaactgetgeecgoacciceg
tgttoctgticectocanageccaaggatacectgatgatcagecggaccectgaagtigaccigegt
gotootogacgtatcccacgaggatcecgaagtgaagticaattgetacgieoacogcaigoaay
tgcataacgocangaccaageccagagaggaacagiacaacageacctaccgggtogtioteogt
gcteacagtectecaccaggactggctoaacggcaaagagtacaagigoaaggigiccaacaag
geectgocageoectategagaaaaccaicageaaggecaagggecagoceegoegagocicag
gigtacacactgectecatgecgggacgagcetgaccaagaaccaggtgtecctgigatgecicgty
aagggcttctaccoctecgatategecgtegaalggeagagcaacgoccagoccgagaacaacta
caagaccaccccieccgigctggacagoegacggcicatteticotgtacageaagetigacegigga
caagicccggtegcageagggeaacgteticageigeictgtgatgcacgaggoecigeacaace
gaticacceagaagicocigagectigagooctege

SEQ ID NO:
79

Light
chain B

LC:
gacatecagatgacceagageoccageagocigagogecagegtgggogacagagtgaccatc
acctgicgggecagecagggeatecggaactaceiggociggtatcageagaagecegreasgy
cococaagetgetgatetacgeegocageacactgeagageggcgisgeccageagaticagogg
cageggotceggoaccgacttcacoctgaccatcagagectgeageceageacgigccace
tactactgecageggtacaacagagoccectacaccticggecagggcaccaaggiggaaalcaa
goocgocteiggcageiccggeagegecggagacaticagatgacacagiccccegocagecty
tecgtgtocgtgggogataccatcacoctgacatgecacgecagecagaacategacgigtoscty
agetggticcageagaaacciggcaacatcectaagetgotcalctataaggecageaaccigeac
acaggacgtaccctccagatictceggcetctggcetctggeaceggctitacactgacaateagitetct
geagectgaggatatcgecacatattactgtcageaggcccacagetacoctitcaccticggagec
gocaccaagetiegagatiaagggoggaagcggctectcoggetceggeggacgiacggiggoc
getecticegtgttcatcticectecotocgacgageagcigaagtccggeaccgectcegiggtoty
tetgctgaacaactictacectogggaggocaaggtigcagiggaaggategacaacgeoctgcagt
ceggeaactcocaggagticogicaccgageaggaciccaaggacageacctacteectgiectes
accotgacectgiccaaggocgactacgagaageacaaggtgtacgectgigaggtsacceacca
gagcctgiceagocctgigaccaagicctiicaaccggoargagiac

SEQ ID NO:
86

Binding Protein 13 Anuno Acid Seguences

Heavy
chain A

HC .

EVQLKESGPGLVAPGGSLSITCTVSGFSLTDSSINWVRQPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVEFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTIVSSASTKGPSVEPL

SEQ ID NO:
73

216




APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEP
AVLOQSSGLY SLSSYVTVPSSSLOTOTYICNYNHKPSNTKYVDKK
VEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEY
TCYVVVDVSHEDPEVKFNWY VBOVEVHNAKTKPREEQYNSTY
RVVSVLTVLEHODWINGREYRKCKVSENKALPAPIEKTISKAKG(Q
PREPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWESNG
OQPENNYKTTPPYLDSDGSFFLVSKLTVDESRWOQOQGNVESCSY
MHEALHNHYTOKSLSLSPG

Light
chain A

LG

DIVLTOSPASLAVSLGOQRATISCRASESVDSYGOSYMHWY QQK
AGOQPPKLLIVIASNLESGVPARFSGSGSRTDFTLTIDPVQAEDA
ATYYCQONAEDSRITGGGTKLEIKGOPRKAAPSYTLFPPSSEELQ
ANKATLVCLISDEFYPGAVIVAWKADSSPVKAGVETTTIPSKOS
NNEKYAASSYLSLTPEQWEKSHRSYSCOVTHEGSTVEKTVAPTEC
S

SEQ ID NO:
74

Heavy
chain B

HC:
EVQLVESGGGLVQPGRSLRLSCAASGFTIFDDYAMITWYVRAP
GKGLEWYSAITWNSGHIDY ADSVEGRFTISRDNAKNSLYLOM
NSLRAEDTAVYYCAKVSVLETASSEDYWGOQGTLVTVSSQVQL
QOSGPELVKPGASVKISCKASGYSFISYWIHWIKQRPGQGLEW
IGMIDPSDGETRIENQRFQGRATLTVDESTSTAY MOLRSPTSED
SAVYYCTRIKEYGNYDSFYFDVWOAGTLVTVSSASTKGPSVER
LAPSSKSTSGOGTAALGCLYVKDYFPEPVTVSWNSGALTSGVHTT
PAVLQSSGLY SLSSVVTVPSSSLGTOTYICNVNHEPSNTKYVDK
KYEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPE
VICVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTIVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKG
QPREPOQVYTLPPCRDELTENQVSLWCLVKGFYPSDIAVEWESN
GOPENNYKTTPPYVLDSDGSFFLY SKLTVDKSRWQOGNVESCSY
MHEALHNRFTOKSLSLSPG

SEQ ID NO:
81

Light
chain B

LC:
DIQMTQSPASLSVSVGDTITLTCHASONIDVWLSWFQQKPGNIP
KLLIYKASNLHTGVPSRESGSGSGTGFTLTISSLOPEDIATYYCO
OAHSYPFTFGGGTRKLEIKGGSGSSGSGGDIOMTQSPSSLSASVG
DRVTITCRASQGIRNYIAWY QQKPGKAPKLLIYAASTLOSGVPS
RFSGSGSGTDFTLTISSLOPEDVATYYCQRYNRAPYTIFGQGTIKY
EIKGGSGSSGRGGRTVAAPSVFIFPPSDEQLEKSGTASVVCLLNN
FYPREAKVOWEVDNALOGSOGNSQESVTEQDSKDSTYSLSSTLTL
SKADYEKHKVYACEVTHQGLSSPVTRKSFNRGEC

SEQ ID NO:
82

Binding Protein 13 Nucleotide Sequences

Heavy
chain A

HC:
gaggtocagcigaaggagagegeccocggeciggiggcceccggoggeagoctgageatcace
tgcacegigageggcticageotgaccgacageageaicaactggaigceecageoceeeggea
agggeciggagtaoctooocaipatctogoacgacgacegcaicgactacgecgacgeceigaa
gageegectgageatcageaaggacageageaagagecaggtoticciggagatoaccagecty
cgcaccgacgacaccgecacotactactgegeccgegacggetacticcoctacgecatggactic
tggopccagggcaccagogigaccgigageagcgecageaccaagggocccagegigticcee
ciggecectageagoaagagcacatetggegecacagecgeccigggetgectggicaagaact
acttcecegageccgigacagigicctggaactictggegocctgaccageggagigeatacctice
cigeegtgetgeagtecageggootigtacagectgageagegtagicacagigeccageageage
ctggocacceagacctacatetgeaacgtgaaccacaageceageaacaccaaggtggacaaga
aggigoaacccaagagoigogacaagacccacaceigicocoectgeecigoccctgaactgety
gocggaccceicegtgttcctgitoccocccaaageccaaggacaccetgatgatcagoggaccce
ceaagtgacctgeatgptosieoacatsicccacgaggaccotgaagtogaagticanttggtacet

SEQ 1D NO:
77

217




gEacggogtggaagtgcataacglcaagaccaagocoagagaggaacagtacaacageacceta
cegggtpatatecgigcigaccgigeigcaccaggaciggotgaacggcaaagagtacaagigea
aggteiccaacaaggoccigectigocecoategagaaaaccatcageaaggocaagggecagoe
tagagagecccaagictgcacoctgecccccageagagatgagetgaccaagaaccaggtgioc

ctgagctacgecgtaaaggacticiaccecagegataicgoecgtagaalgeagascascgece

agecogagaacaactacaagaccacceceectgigeiggacagegacggcteatictieciggtat
ccaagetgacagtggacaagagecggiggcageagggeaacgigticagetgeagegizataca

ceaggeccigeacaaccattacacecagaasiocetgagectgagcecegse

Light
chain A

LG
gacategtgctgacccagageccigecagectggecgigteictggoccagagagecaccatcag
cigeecgggocagegagagegtegacagotacggecagagctacatgeactggtatcageagaag
geeggecagocceccaagetgetgalctacctggocagoaacciggaaageggegtococgeca
gaticageggeagoggeageagaacegacticaccetgaccategacoecgigeaggecgagea
cgecgecacctactactgecageagaacgeegaggacagecggaceticggeggagacaccaa
gciggaaatcaagggacageccaaggetgecoecicggtcaccetgticecoccaageagegag
gaactgeaggocaacaaggecacectcgigigectgatcagegacitetaceotggegocgigac
cgtegccipgaaggccgatagetcicoegigaaggeeggogtggaaacoaccacceccagaag
cagagcaacaacaaatacgecgecageagotaccigagecigaccocogageagtggaagicce
aceggtectacagctgocaggicacacacgaggecageaccgiggaaaagacegtgercocea
cegagiocage

SEQ ID NO:
78

Heavy
chain B

HC:
gaggtocagotggieoaangogocggageaciggtocagcceggoagaagoctgagactgagc
tgegecegecageggceticaccticgacgactacgecatgeacigggicogacaggeoeciggeaa
gagoectggaatggototccgecateacciggaacageggecacatcgactacgocgacagegts
gaaggccggticaccaicagecgggacaacgocaagaacagoctgtaccigeagaigaacagee
tgcgggocgaggacaccgecgigtactactgogecaaggtetectacctgageacogecageag
cctggactaciggggocagggeacectggteaccegigiccagicaggiccagetgragoagage
ggeceigagetggicaagectggegecagegigaagatcageligeaaggecageggetacaget
tcaccagctactggatecaciggaicaageageggoctggocagggecicgagtogategacaty
atcgaccocagegacggegagacacggcigaaccagagaticeagggeagagecacceigace
e LACgALaTcaccageaccLeciacatgcagcigosgagceloaccaglgazzatagesce
gtotattattgcacceggcetgaaagagtacggcaactacgacagotictacttcgacgtgigsegas
coggeaccctegtgacagtgioctecgettccaccaagggecceagegtgticecictggeoccta
gcagcaagagcacatctggeggaacageogeoctgggotgoctggtcaaggactactitcecgag
ceegigacegtgtectggaactctggigeccigacaageggagtigeatacctteectgccgigetge
agagcagoggcctgtactetctigageagegtggtcacegigecaageageageetgggeaccea
gacctacateigraacsigaaccacaagecctocaacaceaaggtgeacaagaagoteoancee
aagagctecgacaagacccacacctgtecteccigicotgoccctgaactgetgggeggacecics
gtgticetgticectccaaagoccaaggataceotgatgatcagecggacoectgaagigaccetgeg
tegtgptogacgigtcocacgaggatcocgaagigaagticaatiggtacgiogacggcgtogan
gtgcataacgocaagaccaageccagagaggaacagiacaacageacctacegggtogiotecy
tgeigacagigetgeaccaggactgactgaacggeaaagagiacaagigcaageigtecaacaag
geecigecagecectaicgagaaaaccalcageaaggocaagggecageocogegagecicag
gtotacacactgecteeatgecgggacgagctgaccaagaaccaggiateccigigetgoctcgte
aagggottctacoecctccgatategecgtggaatgggagagcaacggocageccgagaacaacta
caagaccaccectcocgigeiggacagegacggcteaticticcigtacageaageigacegigea
caagiceoggtggcageagggcaacgigticagetgetctgigatgcacgagaccctgeacaace
gattcacccagaagtcectgagectigagcectgad

SEQ ID NO:
83

Light
chain B

L
gacatccagatgacceagageoocgecagoectigagegigtoogigggcgataccaicaccetgac
cigecacgecagecagaacategacgtgigactgagetggticcageagaagoeccggeaacaiec
ccaagetgetgatctacaaggocageaacctgeacaccggegigeccageagaticageggcetct
ggcagoggeaccggottiacectgaccateageagectgeageocgaggatatcgecacotacta
cigecageaggeecacagetaccocticaccticggoggaggcaccaageiggaaatcaaggad

SEQ ID NO;
84

218




gacagoggeageiccggeagegacggagacaticagatgacacagtoecccageagoctgice
gccagegtggacgacagagigaccaicacoigicgggccagecagggeatecggaactaccigg
cotggtatcageagaaacctggeaaggecectaaactgetcatotacgeegocageacactgeagt
ctggegtococtocagaticteeggaagoggoicoggoaccgatitcaccctgacaatctcateictyg
cagectgaggacgtegocacatattactgecagagatacaacagagoeocectacaceitiggecag
ggcaccaaggicgagattaageocgsateoggotecageggcageggageacgtacegtasce
gctocttecgtgticatcticecteectcegacgageagetgaagtcoggeacegoctecgtzgiols
tetgotgaacaactictacectcgggagaccaaggtgoagiggaaggtegacaacgocctgeagt
ccggeaacteccaggagicegtcaccgageaggacticcaaggacageacctactecctgicctoc
accetgacectgiccaaggocgactacgagaageacaaggigtacgectgtgagetgacceacca
saoccigiccagecctgigaccaagiccticaaceggugcoantoc

Binding Protein 14 Amino Acid Sequences

Heavy
chain A

HC:
QVOLOQSGPELVKPGASVKISCKASGYSFISYWIHWIKQRPGQ
GLEWIGMIDPSDGETRINGRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRIKEYGNYDSFYFDVWGOGAGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTIVSWNSGALTS
GVHTFPAVLOSSGLYSLASVVTVPSSSLOGTQTYICNVNHKPSNT
KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGYVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHODWLNGEEYKCKVSNKALPAPIEKTISK
AKGQPREPOQVCTLPPSRDELTRNQVSLSCAVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDRSRWOQOGNVES
CSVMHEALHNHYTOKSLSLSPG

SEQ ID NO:
85

Light
chain A

L

KLLIY KASNLHTGVPSRESGSGSGTGEFTLTISSLQPEDIATYYCQ
QAHSYPFIFGGGTKLEIKGQPKAAPSYTLFPPSSEELQANKATL
VCLISDFYPGAVITVAWKADSSPYVKAGVETTTPSKQSNNKYAA

SSYLSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTECS

SEQ ID NO:
86

Heavy
chain B

HC:
EVOLKESGPGLVAPGGSLSITCTVSGFSLTDSSINWVROPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSOQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWOQUOTSVIVSSEVOLVESGGG
LVQPGRSLRLSCAASGFTFDDYAMHWVRQAPGKGLEWVSALST
WNSGHIDY ADSVEGRFTISRDNAKNSLYLOMNSLRAEDTAVY
YCAKVSYLSTASSLDYWGQGTLVTVSSASTRGPSVEPLAPSSKS
TSGGTAALGCLVEKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSYVTVPSSSLGTOTYICNYVNHEPSNTKYDKKVEPKSC
DRETHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCYVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTVILHODWINGKEYRKCKVSNKALPAPIEKTISKAKGQPREPGY
YTLPPCRDELTENQVSLWCLVEKGFYPSDIAVEWESNGQPENN
YKTTPPYVLDSDGSFFLYSKLTVDKSRWQOQGNVFSCSVMHEAL
HNRFTQKSLSLSPG

SEQ 1D NO:
87

Light
chain B

LC:

IGMTOQSPSSLSASVGDRVTITCRASQGIRNY LAWY QQKPGKAP
KLLIYAASTLOSGVPSRESGSGSGTDEFTLTISSLOPEDVATY YO
RYNRAPYTFGQGTREVEIKGGSGSSGSGODIVLTOSPASLAVSLG
QRATISCRASESVDSVYGOSYMHEWY QQKAGQPPRKLLIVLIASNLE
SGVPARFSGSGSRTDFTLTIDEVOAEDAATYYCOONAEDSRTY
GGGTKLEIKGGSGSSGSGGRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOQWERVDNALOSGNSGQESVTEQDSKDRTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPYVTKSFNRGEC

SEQ 1D NO:
88

219




Binding Protein 14 Nucleotide Sequences

Heavy
chain A

HC:
caggtocagctagcageagagoeggeccogagetiggtgaageocggegccagegigaagatcage
tgcaaggccageggotacageticaccagetactggattcaciggatcaageagegocoeggeca
gegcctggagtgeatcgpratgatcgaccecagegacggegagaccogectgaaccagegotic
cagggocgogeracecigaccgiggacgagageaccageacogectacatgeagotigogeage
cccaccagegaggacagegecgtgtactactgeaccegectgaaggagtacggeaactacgaca
getictacticgacgtgtogoococeggcacecigeigaccaigagagogeoagoactaagy
coccagogtgttecceciggocectageageaagageacatetggeggeacagocgocoigggct
gectggteaaggactacticecegageccgtigacagigtectggaactctggocgeceigaccageg
gagtocataccticeotgecgigetgeagtecageggectgtacagectigageagegiggtcacag
tgeecageageagectigggeaccoagacctacatcigeaacgtgaaccacaagoccageaacac
caaggiggacaagaaggiggaacecaagagoigegacaagacccacaccigtececoctgeoct
geoecctgaactgctegocgeacecicegtgticctgiiccccccaaagoccaaggacaccetigaty
atcagecggaccoecgaagigaceigegtggiggotesacgtoicccacgaggacectgaagigan
gtitcaattggtacgtagacggcgtogaagigeataacgocaagaccaageccagagaggaacagt
acaacagcacctacogggiggtetcogigeigacegigetigeaccaggactggctgaacggcaaa
gagtacaagtgcaaggtotccaacaaggecetigectgeceocatcgagaaaaccaicageaagec
caagggocagectagagagecccaagicigeacoctgeoccecageagagatgagetgaccaag
aaccaggigtcocigagotgogeogigaaggocttctaceccagegatategeogtggaatgesa
gagcaacggecageccgagaacaactacaagaccaceccoceigtgetggacagegacggcic
attettcctggtatccaagetgacagtggacaagagceggigacagcagggoaacgigicagety
cagegigatgcacgaggoccigoacaaccattacacecagaagiccotgageotgageocogse

SEQ ID NO:
89

Light
chain A

LC:
gacatecagatgacceagagecccgecagectigagegtgicegiggocgataccatcaccigac
ctgecacgecagocagaacatcgacgtgiggceigagetgeticcageagaagoccggcaacaiee
ccaagotgetgatctacaaggecageaacctgeacaccggegigeccageagaticageggctct
ggcageggeaceggeiitacectgaccatcageagectigeagoeecgaggatategecacctacia
ctgecageaggeecacagetaceocticacctiteggeggagacaccaagetgeaaateasgega
cageccaaggctgeccocieggicacectgticcocecaagetetgaggaactgeagaeeaacaa
gaccaccotegtgigectgateagegactictacectggegecgtgacegtagociggaagsecy
atagctctecegtgaaggceoggogtsgaaaccaccacceccageaageagageaacaacaaata
cgecgecageagetaccigagoctgaccocecgageagiggaagteccaceggicctacagetge
caggicacacacgagggcageaccgtogaaaagaccgigococccaccgagtiocage

SEQ ID NO:
90

Heavy
chain B

HC :
gaggtocagctgaaagagicoggeociggactggtpoocociggeggeagectgageaicacct
gtaccgtgtocgecticagectgaccgacageageatcaacigggicegacagocoectggoaag
ggcctggaatggctgoocatgatctgggocgacggecggatcgactacgecgacgeecigaagt
cocggetgageatcageaaggacageageaagagecaggigticetggaaatgaccagoctocy
gaccgacgacaccgecacctactacigegecagggacggctacticecctacgecatggatitctyg
gogocagggcaccagegteacegtetectocgaagigeagetggiggaaageggoggagecct
gotgeageccggcagaageotgagacigagetgegecgecageggcticaccticgacgactac
geeatgeactggetecgecaggciccoggaaagggactegagiggatoteceecatcacctiggas
cageggecacategattacgecgatagegiggaageccggitcaccalcagooegggacaacgee
aagaacagoctgtacctgeagatgaacagoectgagagecgagegatacegecgtgtactactoige
caaggiatectaccigagraccgecageagectggactactggggacagggaaccoiggicacc
gtgtecagegcticcaccaagggocccagegigticoctetggecectageageaagageacaict
ggcggaacageogeocigggetgectgatcaaggactactticecgageecgtgacegigtectyg
gaactetggtococtgacaageggagigeataccticectgecgtgctgcagagagoggocigta
ctetetgageagegtggtcaccgigecaageageagoctgggcacceagacctacatetgcaacgt
gaaccacaagecctecaacaccaaggiggacaagaaggiggaacccaagageigegacaagac
ccacacctgiecteoctgtectgececigaactgetgapeggaccoteegigticctgticoctecaa
ageccaaggatacectgatgatcagecggacocctgaagtigacctgegtggiegtpgacatgioc
cacgageateccgaagtoaasticaatigotacgtggacggogiggaagtecataacgccaagad

pete

SEQ 1D NO:
91

220




caagoccagagaggaacagtacaacageacctaccggatagtatecgtacigacagtgctacace
aggactggcigaacggoaaagagiacaagigcaaggigiccaacaaggeoctgecageccctato
gagaaaaccatcageaaggecaagggecagececgegagectcaggigtacacactgecteoat
geegegacgagcigaccaagaaccaggigiccctgiggtecctiegtgaagggctictaceectce

gatatcgecgtggaaigggagageaacggocageoecgagaacaactacaagaccacooctoccg
tgctggacagegacggctcaticticetgtacageaagetigacegiggacaagicceggiggoage
agggcaacgigttcagetgetetgigalgeacgaggocctgeacaaccggticacceagaagiooe

tgagcetigageecigge
Light LC: SEQ 1D NO:
chain B gacatccagatgacccagagecccageagecigagegecagegigegcgacagagtzaceate | 92

acctgteggpccagecaggpoatecggaactacciggectggtatcageagaageceggeaagg
cccccaagetgctgatetacgocgecageacactgeagageggogigoccageagaticagegy

cageggcetecggeaccgacticaccctgaccatcagoagecigeageocgaggacgiggocace

tactactgecageggtacaacagagecccctacaccitcggecagggeaccaaggtggaaatcaa
goocgocteiggeageiccggciciggepgogatategtgcteacccagtetecogecagectiyg

cogtgictctggaecagagagecaceatcagetgcagagecagegagagegiggacagetaceg
ccagagetacatgeattggtatcageagaaagecggecagectectaaactigetcatetacciggee
agcaacctggaatecggegtacccgecaggtiticoggeageggeageagaaccgatticacact

gacaatcgaccecgtgoaggecgaggatgocgocacatattactgicageagaacgeogagaac

ageeggaccticggeggaggcaccaagetegagatiaaggocgoaageggctocageggeagt

gacggacgtacggigeccectecticegteticatcticecteccticogacgagcagetgaagiceg
geaccgectcegiggtatetctigcigaacaactictacecicgggaggocaaggigeagtegaagg
tgeacaacgeectgeagiceggeaacicccaggagicogicaccgageaggactocaaggacag
cacctacteoctgtoctecaceeigaceotgicceaaggecgactacgagaagcacaaggigtacge
cigtgaggetoacccaccaggeccigiccageectgigaccaagtocticaaccgegacgagioc

Binding Protein 15 Amino Acid Sequences

Heavy
chain A

HC:

OVOLOOSGPELVKPGASVKISCKASGYSFTS YWIHWIKQRPGO
GLEWIGMIDPSDGETRINQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRELKEYGNYDIEFYFDVWGAGTLVTVSSASTKG
PSVFPLAPSSKSTSOGOGTAALGCLVKDYFPEPVTVSWNSGALTS
GVHTFPAVLOASGLY SLSSVVTVPSSSLGTQTYICNVNHKPSNT
KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPEDTLMI
SRTPEVTCVVVDVSHEDPEVEFNWYVDGVEVHNAKTKPREEQ
YNSTYRVYVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISK
AKGOPREPOVCTLPPSRDELTENQVSLSCAVKGFYPSDIAVEW
ESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVES
CSYMHEALHNHYTQRKSLSLSPG

SEQ ID NO:
8%

Light
chain A

L
DIOMTQSPASLSVSVODTITLTCHASONIDVWLSWRQQKPGNIP
KLLIWKASNLHTGVPSRESGSGSGTGFTLTISSLOQPEDIATY YOO
OAHSYPFTFGGGTKLEIKGOPKAAPSYTLFPPSSEELQANKATL
YCLISDFYPGAVTIVAWKADSSPVKAGVETTTPSKQSNNKYAA
SSYLSLTPEQWKSHRSYSCOVTHEGRSTVEKTVAPTECS

SEQ 1D NO:
86

Heavy
chamn B

HC:
EVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHWYROAP
GKGLEWVSAITWNSGHIDY ADSYEGRFTISRDNAKNSLYLGM
NSLRAEDTAVYYCAKVSYLISTASSLDYWGQGTLVTVSSEVQL
KESGPGLVAPGGSLSITCTVSGFSLTDSSINWVRQPPGRKGLEWL
GMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRTBDTA
TYYCARDGYFPYAMDFWGQGTSVTVSSASTKGPSVEPLAPRSS
KSTSGGTAALGCLVEDYFPEPYVTIVSWNSGALTSGVHTFPAVL
QSSGLYSLSSVVTVPSSSLGTQTYICNYVNHKPSNTKVDKKYVEP
KSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVTC

SEQ ID NO:
93

221




VVVDVSHEDPEVKFNWYVDOVEVHNAKTKPREEQYNSTYRY

VEVLTVLHODWLNGKEYKCKVSENKALPAPIEKTISKAKGOPRE
POVYTLPPCRDELTEKNQVSLWCLVKGEFYPSDIAVEWESNGQPE
NNYKTTPPYLDSDGSEFFLY SKLTVRRKSRWQOQGNVESCSVMHE

ALHNRFTORKSLSLSPG

Light
chain B

L

DIVLTQSPASLAVSLGOQRATISCRASESVDSYGONYMHWY QOK
AGOPPKLLIYVIASNLESGVPARFRGSGSRTDFTLTIDPVQAEDA
ATYYCOONAEDSRTFGGGTKLEIKGGSGSSGSGGDIOMTGSPS

SLSASVGDRVTITCRASOGIRNYVEAWY QQRPGKAPKLLIVAAST

LOSGVPSRESGSGSGTDFTLTISSLOPEDVATYYCORYNRAPYT
FGOQUGTKVEIKGGSGSSGSGOGRTVAAPSVEIFPPSDEQLESGTAS
VVCLINNFYPREAKVOWEKVDNALQSGNSQESVTEQDSKDSTY
SLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:
94

Binding Protein 15 Nucleotide Sequences

Heavy
chain A

H{:
caggtgcagctgeageagagegacoccgagetgetgaageccggegecagegigaagaicage
tgcaaggocagegactacageticaccagetactggaticactggateaageagoegecocggeca
gggcctgeagtesatcggcatgategacoccagogacggogagaccegoctgaaccagegctic
cagggeoegegecacceigacegiggacgagageaccageacegectacaigeagetigegeage
cecaccagoegaggacagogeogtgtactactgcaccegectgaaggagtacggcaactacsaca
gettciactticgacgigligegecgecggeaceotgaizgaccgizgaglaglgcagraccasges
ccccagegtgticcocoiggecectagoageaagageacatctggeggcacagecgecctgggct
gectggtcaaggactacticcocgageocgigacagigtcciggaacictggegeoctgacoageg
gagtocataccticoctgeogigetgeagtccagoggoctgtacagectigagcagegtggtoacag
tgcccageageagectgggcacccagaccetacatctigeaacgigaaccacaageecageaacac
caaggiggacaagaagategaacecaagageigegacaagacecacaccigiccococtgeoct
goccctgaactgetgggcgeacecicogigticetgticcocccaaageccaaggacacectgaty
atcagecggacccccgaagtgaccigogiggigstggacgtgicocacgaggaccoigaagiga
agttcaattggtacgtsgacggegigeaagtgoataacgicaagaccaagocoagagaggaaca
glacaacagcacctaccgggtegtotecgtgctgacegtgetgeaccaggaciggetgaacggea
aagagtacaagtecaaggtgiccancaaggecctgectgececcategagaaaaccatcageaag
gocaagggecagectagagagecceaagictgeacectgocceccageagagatgagetgacca
agaaccaggtgicectgagetgogeogtgaaggoctictaccecagegatategecgiggaatog
gagagceaacggecagoccgagaacaactacaagaccacececocigigeiggacagegacggc
teaticticetggtgtecaagetigacagiggacaagagocggiggeageaggecaacgtgticage
tgcagegtgatgeacgaggoccigeacaaccatiacacccagaagtcectgagecigagoeocogg
¢

SEQ ID NO:
89

Light
chain A

LC:
gacatceagatgacceagageccogecagectigagegigticogiggocgataceatcacectgac
ctgccacgecagecagaacategacgtgteoctoaociggticcageagaageceggcaacatce
ccaagctgetgatctacaaggecageaaccigeacaccggegigeccageagaticagegacict
ggcageggoacceggottiaccotigaccatcageagectgeageccgaggatategecacctacta
ctgccageaggoecracagotaccecttcaccticggeggaggeaccaageiggaaaicaaggea
cagcoccaaggctacoccctoggtcaccetgticeccccaageictgaggaactgeaggecaacaa
ggocaccetogtgtoccigatcagegactictaccctggogeogigacogiggeciggaaggocg
atagctcteocgigaaggecggegiggasaccaccacceccageaageagageaacaacaaata
cgcegecageagetacctgagectgaccecegageagtggaagicecaccggioctacageigc

caggicacacacgagggcageaccgizgaaaagaccgiggoccccacegagigcage

SEQ 1D NO:
90

Heavy
chain B

HC:
gagatecageigoigganagcgocggagpactggtecagecoggcagaagccigagactgagc
tgcgecgecageggctteaccticgacgactacgecatgeactggatccgacaggoccctggeaa
ggoecctggaatogsteicogecatcacctggaacageggccacaiegactacgecgacagegty
gaaggcoggttcaccatcagecgggacaacgocaagaacagectgtacctgeagatgaacagoc

SEQ ID NO:

95

222




tgegesccgaggacaccgocgtgtactactigegecaaggtgicctaceigageaccgecagcag
cctggactactggggccaggecaccetggtcaccgtgicctocgaagtgcagetgaaagagiccg
geoctggectggtgocccctiggcggcagecigageatcaccigtacegigiceggoticageciga
cegacagceageatcaacigggtocgecagecteccggaaagggactegagtoaciggecatgat
ctgggocoacgeccggatcgatiacgeegatgccctgaagicceggetgageatcageaaggac
agcageaagagocaggtgticoiggaaatgaccagectigagaacegacgacacegecacctact
actgtaeecgggacgactacticecctacgecatggatitctgggsacaggoaaccagegtgace
gigtccagogcttccaccaagggecccagegigticecictggeecctageageaagageacatet
gacggaacageegoecigggetigoctggicaaggactactticecgageccgtgacegtgtoctg
gaactctgetoocctgacaageggagigeataccticectgoegtgetgeagageagegeccigta
cicictgageagegtegicacegigccaageageageciggacacccagacctacatotgoaacy
tgaaccacaagecciccaacaccaaggtiggacaagaaggiggaacccaagagetgcgacaaga
ccecacaccigtectecctgicctgococtgaactgetggacggacccicegigitectgticoctaca
aageccaaggataccctgatgatcagecggaccocigaagigacetgegigotaatosacsiotc
ccacgaggatcecgaagtgaagticaattgetacgtggacggegtggaagigcataacgecaaga
ccaagceccagagaggaacagtacaacageacctaccggatgetoiocgtoctgacagigeigea
ceaggactegctgaacgecaaagagtacaagtygcaaggigiccaacaaggeceigecageocct
atcgagaaaaccatcageaaggecaagggocageccegegagecteaggtigtacacactgecte
catgecgggacgageigaccaagaaccaggtatecctgigatoceicgigaaggectictacecet
ccgatatcgecgtggaatgggagagcaacggecagoccgagaacaactacaagaccaccocted
cgtgotggacagegacggcteaticticetgtacagcaagetgacogtggacaagtcecggtsgca
gcagggoaacgieticageigotctgigalgcacgaggoccigeacaaccggticacccagaagic

cetaagectaagcecigge
Light LC: SEQ 1D NO:
chain B gacatcgtgctgacceagageoctgecagectggeogtgictctgggccagagagecaceaicag | 96

ctgecegggecagegagagegigeacageiacggecagagetacatgeaciggiatcageagaag
gocggecageococcaagcetgeigatctacotggecageaacciggaaageggogtgecegcca
gattcageggcageggeageagaaccgacticaccetgaccatogaccecgigraggecgagsa
cgecgecacctactactgocageagaacgocgaggacagecggaccticggegeaggeaccaa
gctggaaatcaaggecggotccggoageageggoictggoggcgatatccagatgacecagioc
cecageagectgagegecagegiggacgacagagigaccatcacctgiagagecagecaggac
atcoggaactacctggctiggtatcageagaaacccggaaaggccoctaaactgoteatetacgee

gecageaccetgeagiccggegigecaageagatictecggotetggeagegacacegatticac

actgacaatcageagcectigeagecogaggatgipeccacetattatigecagagatacageagage
ceectacaccttcggecagggcaccaaggtcgagatiaagggcggaageggoageiceggetoe
gecggacgtacggtgeccgctocticegtgttcateticectecctccgacgageageigaagicog
geaccgecteogtegtptgtctactgaacaactictacecicgggageccaaggtgcagiggangy
tggacaacgeectgeagtecggeaacicecaggagtcegtcacegageaggactecaaggacag
cacctacteectgicctecacoectgacectgiccaaggecgaciacgagaageacaaggigtacge

cigigaggigacccaccagggecigtocageccigigaccaagiccticaaccggggcgagige

Binding Pro

temn 16 Apmuno Acid Seguences

Heavy
chain A

HC
EVOQLEESGPGLVAPGGSLSITCTVSGFSLTBSSINWYRGPPGKG
LEWLGMIBGDGRIDY ADALKSRLSISKDSSKSOQVFLEMTSLRT
DDTATYYCARDGYFPYAMBDFWGQGTSVIVSSASTRGPSVEPL
APSSKSTSGGTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFR
AVLOSSGLYSLSSYVVTVPSSSLGTOTYICNVNHKPSNTKVDKK
VEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPRPKDTLMISRTPEY
TCVVVDVSHEDPEVEKFNWY VDGVEVHNAKTKPREEQYNSTY
RVVSVLUTVLHQDWLNGKEYRKCRVSNKALPAPIERTISKAKG(
PREPOVCTLPPSRDELTENQVSLSCAVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWOQOQGNVESCSY
MHEALHNHYTQKSLSLSPG

SEQ 1D NO:
73

Light

L

SEQ ID NO:

223




chain A

DIVLTOSPASLAVSLGQRATISCRASESVDSYGOSYMHW Y QQK
AGQPPKLLIVIASNLESGVPARFSGSGSRTDFTLTIDPVQAEDA
ATYYCQUNAEDSRIFGGOTRKLEIKGQPKAAPSVTLFPPSSEELQ
ANKATLVCLISDEYPGAVTVAWKADSSPVKAGVETTIPSKQS
NNEYAASSYLSLTPEQWRSHRSYSCQVTHEGSTVEKTVAPTEC
S

74

Heavy
chain B

HC:
EVOQLEESGPGLVAPGGSLSITCTVSGFSLTBSSINWYRGPPGKG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSQOVOLQQSGPE
LYKPGASVKISCKASGYSFISYWIHWIKRPGOGLEWIGMIDP
SDGETRINQRFQGRATLTVDESTSTAYMOQLRSPTSEDSAVYY(C
TRIKEYGNYDSFYFDVWGAGTLVIVSSASTKGPSVEPLAPSSK
STSGGTAALGCLVEDYFPEPVIVEWNSGALTSGVHTFPAVLOS
SGLYSLSSVVTVPSSSLOGTOTYICNYNHKPSNTKYDEKVEPKSC
DKTHTCPPCPAPELLGGPSVELFPPKPRDTLMISRTIPEVTICVYY
DVSHEDPEVKFNWYVYDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQY
YTLPPCRDELTENQVSLWCLVEGEFYPSDIAVEWESNGQPENN
YRKTTPPVLDSDGSFFLYSELTVDKSRWOQOQGNVESCSVMHEAL
HNREFTQKSLSLSPG

SEQ 1D NG
68

Light
chain B

LC:

DIQMTQSPASLSVSVGDTITLTCHASONIDVIVLSWFQQK PGNIP
KLLIVKASNLHTGVPSRFSGSGSGTGFTLTISSLOPEDIATYYCO
CAHSYPFTYGGGTKLEIKGGSGSSGSGGDIVLTOSPASLAVSLG
QRATISCRASESVDEYGORNYMHAHWY QUKAGQPPKLLIVIASNLE
SGVPARFSGSGSRTDFTLTIDPVQAEDAATYYCOONAEDSRIT
GOOTKLEIKGGSGSSGSGGRTVAAPSVEFIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOWEVDNALQSGNSQESYTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ 1D NO:
Y

Binding Protein 16 Nucleotide Sequences

Heavy
chain A

HC:
gaggtocagetgaaggagagegaccecggectgatggoccocggeggcagocigageatcace
tgcaccgtgagoggcticagoctgaccegacageageatcaactgggigogeoagecoceeggca
agggectgeagstosctegoocatgateiggeocgacggccgeategactacgecgacgeecigas
gageogectgageateageaaggacageageaagagecaggigticciggagatgaccagecty
cgoaccgacgacaccgecacctactacigegecegogacggetacticeectacgecatggactic
tgggoccagggcaccagogigacegigagcagegecagoaccaagggocccagegigticeee
ctggccectageageaagageacatciggoggeacagecgeccigggetgeciggicaaggact
acticcocgageccgigacagigtociggaaciciggegecctgaccageggagtecatacotice
ctgcogtgetgeagtecageggocigtacagectgageagegiggtcacagigeccageageage
cigggcacccagacctacateigoaacgtgaaccacaageccageaacaccaaggiggacaaga
aggtgeaaccoaagageigegacaagacccacacetgteccocotgeceigeccetgaactigctg
ggcggacccteogigticctgticcecocaaageocanggacacoeigatgatcagecggaccoe
cgaagtgacctgogiggtgptogacgigicccacgaggaccotgaagigaagtticaatiggtacgt
ggacggegtgpaagtocataacgccaagaccaageccagagaggaacagtacaacageacctia
cegggtggtotcegtactoacegtactecaccaggactggctgaacggcaaagagtacaagigca
aggteiccaacaaggocofgoctgececeatcgagaaaaccatcageaaggoecaaggoecagoc
tagagagcoccaagicigeacectgeococcageagagatgageigaccaagaaccaggigice
ctgagetgegecgtgaagggctictaccecagogatategecgiggaatggoagagcaacgge
agcecgagaacaactacaagaccacccccectgigetgeacagegacggeicaticticotggtst
ccaageotgacagiggacaagagooggtggoeageagggeaacgiaticagetgeagegigatgea
CgageelctEeacaaccatiacacecagaagticCetgageCigageeeoses

SEQ ID NO:
77

Light

LC:

SEQ 1D NO:

224




chain A

gacatcgtgctigacecagagecctgecagectggecgtgictctggaccagagagecaceatcag
ctgeegggcecagegagagegiggacagetacggecagagetacatgeactiggtatcageagaag
geoggecagececceaagotgotgatetacciggecageaaceiggaaageggegigeocgeca
gattcageggragoggoageagaaccgacttcacccigaccategacecegtgcaggccgagga
cgecegecacctactactgecageagaacgeogaggacagecggaccticggeggagecaccaa
getggaaatcaagggacageocaaggotgoeccocteggicaccetgiteccoccaageagegag
gaactgeaggoecaacaaggecacectegigtgectaatcagegactictacectggegeegtzac
cgtggcctiggaagoccgatagoictcocgigaaggooggogtegaaaccaccacccccageaay
cagagcaacaacaaatacgecgecageagetacetgagectgacceccgageagiggaagicce
accggtectacageigecaggtcacacacgaggegcageaccgiggaanagacegteoccccea
cegagtacage

78

Heavy
chain B

HC:
gaggtgcagctgaaagagiccggeoctiggactiggtggoccetggeggoagoctgagcatcacet
gtacegtgticeggettcagectigacegacageageateaactgggteogacagecccetggeaag
ggociggaatgoctogncatgateiggeocgacggecggategactacgecgacgeccigaagt
ceeggotgageateageaaggacageageaagagecaggtgticctggaaatgaccagectgeg
gaccgacgacaccgocacctactactgegecagggacggctacticoectacgocatggattictg
gggccagggcaccagegtgacogtgicoagicaggtocagetgeageagageggocctgaget
getcaagociggegccagegtgaagatcagetgeaaggecagoggctacagoticaccagetact
ggatccactiggatcaagcageggeciggecagggocticgagtggateggaatgategaceecag
cgacggegagacacggctgaaccagagaticcagggeagagecaceeigacegtggacgagay
caccageaccgedctacatgeageigeggagecccaccagegaggacagegecgigtactactae
acccgegcteaaagaatacggceaactacgacagctictacticgacgigtggggagocggeaccct
getcaccgtgictagegcticcaccaagggccecagegtgticecticiggeccotageageaagag
cacaictggeggaacagecgeoctgggotgeotgetcaaggactactitcocgagoccgigacegt
gtectggaactctgetoccctgacaageggagigeataccticectgecgiaeigeagagoagesy
cotgtactetctgageagegtagticaccgigccaageagcagoctgggeacecagacctacatoty
caacgtgaaccacaagecciccaacaccaaggtggacaagaaggiggaacecaagageigega
caagacccacaccigiccicectgtoctigeocetgaactgeigggeggaccetioegtgticctgttce
ctocaaageocaaggataccctgatgatcagecggaccocigaagtgacctgogigatostogac
gigtcecacgageatcccgaagigaagticaatigatacgiggacggegtggaagtocataacgco
aagaccaageccagagaggaacagtacaacageacetaccgggtogietcegtuctgacagioc
tecaccaggactggctigaacgacaaagagtacaagtgcaaggtotecaacaaggeceigecage
cectatcgagaaaaccateageaaggocaagggecageccegegagecteagetgtacacacty
cctecatgecgggacgagetigaccaagaaccaggigtecctetggigectcgtgaagggcetictiac
ceciccgatategeegtggaatgggagageaacggocagecogagaacaactacaagaccacce
ctecogtgctggacagegacggeicaticticotgtacageaagetgacegiggacaagtoccggt
gacageagggcaacgigticagetgeictgigatgcacgaggeccigeacaaccggticaccoag
aagtecctgagecigasecctase

SEQ 1D NO:
a7

Light
chain B

LC:
gacatceagatgacceagageccogecagectigagegigticogiggocgataceatcacectgac
ctpccacgecagecagaacategacgtgtagctaagcetggticcageagaagecoggcaacatce
ccaagcetgctgatctacaaggecagcaaccigeacaccggegigooecageagaticagoggcict
ggcageggoacceggottiaccotigaccatcageagectgeageccgaggatategecacctacta
ctgccageaggoccacagetaccocticaccticggeggaggeaccaageiggaaatcaaggac
gacageggeageiceggeiciggeggogatategigeigacceeagtcicecgeciccctggeoegt
gictctgggccagagagecaccatcageigerggeccagegagagegiggacagetacssccs
gagctacatgeactggtatcageagaaggceoggacagececetaaactgeteatctacciggectc
caacciggaaageggoegteccegecaggtittecggeageggeticcagaaccgacticaceotga
caatcgaccocgigeaggocgaggacgeegccacatattacigtcagcagaacgecgaggacag
cagaacctitgecggoggaacaaagetcgagattaaggecggctceggeiccageggatctgec
ggacgtacggtgpocgctecticogigticatcticectecctecgacgageagotgaagiccggea
cegecteogtggtatatetactoaacaactictacceicgggaggccaaggiocagigoaaguioy
acaacgeectgeagtcoggeaacicccaggagtecgicacogageaggactceaaggacageac
ctactecctglectecacoctgaccecigiccaaggccgactacgagaageacaaggigtacgectigt

SEQ 1D NO:
70
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l gaggigacceaccaggaccigiccagecctgigaccaagiccticaacoggggogagiac

Heavy
chain A

HC:
QVOLOGSGPELVKPGASVKISCKASGYSFISYWIHWIKQRPG(Q
GLEWIGMIDPSDGETRINQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRLEEYGNYDEFYFDYWGAGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVKDYFPEPYVTVSWNSGALTS
GYVHTFPAVLQSSGLY SLSSVVTVPSSSLGTQTYICNVYVNHKPSNT
KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMI
SRTPEVTCVYVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHODWILINGKEYKCKVSNKALPAPIEKTISK
AKGQOPREPOVCTLPPSRDELTKNQVSLSCAVEGFYPSDIAVEW
ESNGOPENNYRKTTPPVLDSDGSFFLVSKLTVDKSRWOQOQGNVES
CSVMHEALHNHYTQKSLSLSPG

SEQ ID NO:
85

Light
chain A

LC:
DIOMTOSPASLSVSVGDTITLTCHASONIDVWLSWEQQKPGNIP
KLLIYRASNLHTGVPSRFSGRSGSGTGFTLTISSLOPEDIATYYCQ
OAHSYPFITGGGTRLEIKGOQPKAAPSVTLFPPSSEELQANKATL
VCLISDFYPGAVTIVAWKADSSPVKAGVETTTPSK(QSNNKYAA
SSYLSLETPEQWKSHRSYSCOQVTHEGSTVEKTYAPTECS

SEQ ID NO:
86

Heavy
chain B

HC:
EVQLKESGPGLVAPGGSLSITCTVSGFSLTDSSINWYROPPGKG
LEWLGMIBGDGRIDY ADALKSRLSISKDSSKSOQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSQOVQLQQSGPE
LYKPGASVKISCKASGYSFISYWIHWIKRPGOGLEWIGMIDP
SDGETRINQRFQGRATLTVDESTSTAYMOLRSPTSEDSAVYYC
TRIKEYGNYDSFYFDVWGAGTLVIVSSASTKGPSVEPLAPSSK
STSGGTAALGCLVEDYFPEPVIVAWNSGALTSGVHTEFPAVLAQS
SGLYSLSSVVTVPSSSLOGTOTYICNYNHKPSNTKYDEKVEPKSC
DKTHTCPPCPAPELLGGPSVELFPPKPRDTLMISRTIPEVTICVYY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQY
YTLPPCRDELTENQVSLWCLVEGEFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLY SKLTVDKSRWOQOGNVESCSVMHEAL
HNREFTQKSLSLSPG

SEQ ID NO:
68

Light
chain B

LC:

DIQMTQSPASLSVSVGDTITLTCHASONIDVIVLSWFQQK PGNIP
KLLIVKASNLHTGVPSRFSGSGSGTOFRFTLTISSLOPEDIATYYCO
CAHSYPFTYGGGTKLEIKGGSGSSGSGGDIVLTOSPASLAVSLG
QRATISCRASESVDEYGORNYMHAHWY QUKAGQPPKLLIVIASNLE
SGVPARFSGRGSRTDFTLTIDPVQAEDAATYYCOONAEDSRIF
GGOTKLEIKGGSGSSGSGGRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOWEVDNALQSGNSQESYTEQDSKDSTYS
LSSTLTLSKADYEKHEKVYACEVTHQGLSSPVTKSFNRGEC

SEQ 1D NO:
Y

Binding Protein 17 Nucleotide Sequences

Heavy
chain A

HC:
caggtocagetgeageagageggocoegagciggtoaageccggogecagogigaagatoage
tgcaaggocagoggotacagettcaccagetactggaticactggatcaagoagogoeccggeca
gogectgeagtogatcggcatgatcgacoccagegacggegagacecgoectgaaccagegetic
cagggecgegeeaceetgacegiggacgagageaccageacegoectacatgeagetgoscage
ceeaccagegaggacagegecgtgtactactgeacecgecigaaggagtacggeaactacgaca
gottetacttegacgigtopgpogcoggeaceciggigacegioagcagtgCoagtaccaagsy
ceecagegtgticocoetggeocctageageaagageacateiggeggeacagecgoeciggget
goctggtcaaggactacticecogagecogigacagigtectiggaacictgaegoccigaccageg

SEQ ID NO:
89
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gagigcataccticectgocgigetgeagiccageggectatacagectgageagogtggicacag
tgcccageageagectgggeaccoagacctacaictigeaacgtgaaccacaagoecageaacac
caagglggacaagaaggtegaacceaagageigegacaagacceacacctgiocococigeoct
gococtgaactgctgggcgeaccctcegigticctgticcocccaaageccaaggacaccceigaig
atcageeggacccccgaagigaccigegiggtogtecacetotcccacgaggacecigaagiga
agttcaattggtacgiggacgecgiggaagigcataacgecaagaceaageroagagaggaaca
glacaacagcacctaccgggtzgtgtocgigetgaccgigetgeaccaggaciggcizaacggea
aagagtacaagtgcaaggtgicoaacaaggocctgoctgececcalcgagaaaacoatcageaag
gocaaggeccagectagagagoeccaagtoigeacectgoececcageagagatgagetgacca
agaaccaggtigicoctgagetgegoogigaageactictaccocagegatatcgecgiggaatogs
gagageaacggeeagecegagaacaactacaagaceacceccectgtgeiggacagegacggc
teattcticciggigtecaagetgacagtpgacaagageoggiggecageaggacaacgigiicage
tgragegtgatgcacgaggcecctgeacaaccattacacccagaagicecigagectigagecocgg
C

Light
chain A

LC
(Gacatccagatgacccagageocegecagacigagegigicegigggegataccatcaceotga
cctgecacgecagecagaacategacgtgtegcetgagetggitccageagaageocggeaacate
cecaagetgetgaictacaaggecageaaccigeacaceggogigeccageagaticageggcte
tggeageggeaccggactitacectgaccatcageagecigeagecegaggatategocacctacta
ctgccageaggeccacagetaceccticaccticggeggaggeaccaagetggasatcaaggoa
cagceecaagactocccecteggteacccigiicececcaageictgageaacigeaggecaacaa
ggocacectegtgtgectgatcagegactictacectggogeogigacegtggectiggaaggecg
atagctcicoogigaaggocggogtgganaceaccacceccageaageagagcaacaacaaata
cgecgecageagotacctgagectgaccocogageagtggaagicocaccggicctacagotge
caggicacacacgaggecagcaccgiggaaaagaccgtggoccecaccgagigeage

SEQ 1D NO:
90

Heavy
chain B

H(C:
gaggtocagctgaaagagiccggocctggaciggtogoccciggeggcagectgageatcacct
glacegtglceggolicagectgacegacageageatcaacigggliccgacageccoetggeaag
gacctggaatgoctosocatgatciggogocgacgaccggategactacgeegacgeocigaagt
ceeggcetgageatcageaaggacageageaagagccaggigticotgeaaatgaccagectacg
gaccgacgacaccgecacctactactgegecagggacggoctacticcoctacgecatggatitetg
ggeccaggpcaccagegigacegtigtecagicaggiccagetgeageagageggeoctgaget
ggtcaagectggogecagegigaagatcagetgcaaggocageggctacageticaccagetact
geatccactggatcaageageggeotgeccagggoctegagiggatcggaateatcgaccocag
cgacggegagacacggcteaaccagagaticeaggecagagecacecigacegtegacgagag
caccagcaccgectacatgeageigoggagecccaccagegaggacagegceegigtactactge
acccggotgaaagaatacggoaactacgacagctictacticgacgigtogagagceggcacact
ggteaccgtigictagegoticcaccaagggocccagegigiceetotggececiagoageaagag
cacatctgecggaacagocegocctgggotgoctggtcaaggactactiteccgagecegigacegt
gicctggaactctgetpoccigacaageggagtgcataccticocigocgtgetgeagageagegy
cetgtacteictgageagegtggteacogigecaageageagectagocacccagaccetacatety
caacgigaaccacaagecctecaacaccaaggiggacaagaaggigoaacccaagagetgesa
caagacceacaccigtectecotgicctgecectgaactgctgegcggacecicegtgitectgtice
ciccaaageccaaggataccctgatgatcagecggacecctgaagtoacctgegiggtogtssac
gigtcccacgaggatccegaagigaagticaatiggtacgtiggacggestegaagtagcataacgce
aagaccaageccagagaggaacagiacaacageacctaccgggtegigtcogigotgacagioc
tgcaccaggaciggeigaacggcaaagagtacaagtgcaaggtotccaacaaggeocigecage
cectatcgagaaaaccatcageaaggcecaaggaceagececgegagectcaggtotacacactyg
cotecatgecgggacgageigaccaagaaccaggigtecctgtggteccicgigaagapotictiac
cectecgatategecgtggaalgggagageaacggecagoeccgagaacaactacaagaccacce
ctecogigetggacagegacggcicaticticctgtacageaagetgaccgtggacaagtcoeggt
ggcageagggcaacgigticagetgetoigigatgcacgaggocctigeacaaccggticacccag
aagteectgagectgagoecigge

SEQ ID NO:
97

Light

LC:

SEG 1D NO:
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chain B

gacatccagatgacceagagceccgecagecigagegtotiecgtogacgataceaicacceigac
ctgocacgecagecagaacatogacgtetgpotgagetggticcageagaagecoggeaacates
ccaagcetgctgatctacaaggecagcaaccigeacaccggegigooecageagaticagoggcict
geeageggeaccggotttaccoigaccatcageagectgeagoeccgaggatatcgecacctacta
ctgccageaggececacagetaceccticaccticggeggaggcaccaagetiggasatcasggoc
gacageggeageticeggoeictggoggegatategigeigacceagicicecgecticectggeegt
gictetggoccagagagocaceatcagetgecggaccagegagagogiggacagotacggoca
gagctacatgeactggtatcageagaaggooggacagececctaaactgeteatctacciggecic
caacciggaaagceggegtgccegecaggttttceggeageggotccagaaccgacticacectga
caategaccocgigeaggocgaggacgecgecacatattacigicageagaacgocgaggacag
cagaacctitggcgocggaacaaagetcgagatianggocggoiccggeiccageggatctgac
ggacgtacggteoccgctccticegigticateticectecctcogacgageagetgaagiocggea
cegecteogtggtatotetactaaacaactictacccicgggaggccaaggtacagiggaagstog
acaacgeectgeagtcoggeaacicccaggagtecgicacogageaggactceaaggacageac
ctactecctgtectecacoctgacectgtccaaggccgactacgagaageacaaggigtacgectgt
gaggtoacccaccaggaccigtocageoctgigaccaagiocticaaccgggacgagtac

70

Binding Pro

tein 18 Amino Acid Seguences

Heavy
chain A

HC:
EVOLKESGPGLVAPGGSLSITCTVSGFRFSLTBSSINWYVROPPGRG
LEWLGMIWGDGRIDY ADALKSRLSISKDSSKSOQVFLEMTSLRT
DDTATYYCARDGYFPYAMDFWGQGTSVTVSSASTKGPSVEPL
APSSKSTSGOTAALGCLVEDYFPERVTVSWNSGALTSGVHIFP

VEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEY
TCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGO)
PREPOVCTLPPSRBDELTENQVSLSCAVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYVSELTVDBKSRWQOQGNVESCSY
MHEALHNHYTOKSLSLSPG

SEQ 1D NO:
73

Light
chain A

LC:
DIVLTQSPASLAVSLGORATISCRASESVDSYGOSYMHWY QQK
AGOPPRLLIVLASNLESGVPARFSGSGSRTDFTLTIDPVQAEDA
ATYYCQOONAEDSRIFGGGTKLEIKGQPKAAPSVTLFPPSSEELQ
ANKATLVCLISDFYPGAVIVAWKADSSPVKAGVETTTPSK(S
NNKYAASSYLSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTEC
S

SEQ 1D NO:
74

Heavy
chain B

HC:
OVQLOOSGPELVKPGASVKISCKASGYSFTSYWIHWIKQRPG(
GLEWIGMIDPSDGETRINQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRIKEYGNYDSFYFRVWOAGTLVTVSSEVRLK
ESGPGLVAPGGSLSITCTVSGFSLTDSSINWVROPPGKGLEWLG
MIWGDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRTDDTAT
YYCARDGYFPYAMDFWGQGTSVTVSSASTKGPSVFPLAPSSKS
TSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSS
GLYSLSSVVTVPSSSLGTOTYICNYVNHKPSNTEKVDKKVEPKSC
DKTHTCPPCPAPELLOGGPSVEFLFPPKPKDTLMISRTPEVTICVVY
DVSHEDPEVEIFNWYVDGVEVENAKTKPREEQYNSTYRVVSY
LTVLHODWLNGKEYKCKVSNEKALPAPIEKTISKAKGQPREPOQVY
YTLPPCRDELTEKNQVSLWCLVEKGFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCSVMHEAL
HNRFTQKSLSLSPG

SEQ ID NO:
62
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Light
chamn B

LC:

DIVLTQSPASLAVSLGOQRATISCRANSES VDS YGOSR YMHAWY QK
AGQOPPKLLIYIASNLESGYVPARFSGSGSRTDFTLTIDPYVGAEDA
ATYYCOONAEDSRITGGGTKLEIKGGSGSSGSGGDIOMTORPA
SLSVSVODTITLTCHASONIDVWESWFQOKPONIPKLLIVEASY
LHTGYPSRFSGSGSGTOFTLTISSLOPEDIATY Y COOAHSYPFTR
GGGTKLEIKGGSGSSGSGGRTVAAPSVEIFPPSDEGLKSGTASY
VCLLNNFYPREAKVOWKVDNALQSGNSQESYTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSEFNRGEC

SEQ ID NO:
63

Binding Protein 18Nucleotide Sequences

Heavy
chain A

HC:
gaggtocagetgaaggagagegaccecggectgatggoccocggeggcagocigageatcace
tgcaccgtgageggceticagectgaccgacageagealcaacigggtgegecagecceocggea
agggectgeagstosctegoocatgateiggeocgacggccgeategactacgecgacgeecigas
gageogectgageateageaaggacageageaagagecaggigticciggagatgaccagecty
cgoaccgacgacaccgecacctactactgegeocgogacgactacticcectacgecatggactic
tgggsocagggcaccagogigacogtgageagegecageaccaagggecccagegigticoce
ctggccectageageaagageacatciggoggeacagecgeccigggetgeciggicaaggact
acticcocgageccgigacagigtociggaaciciggegecctgaccageggagtecatacotice
ctgcogtgetgeagtecageggocigtacagectgageagegiggtcacagigeccageageage
cigggcacccagacctacateigoaacgtgaaccacaageccageaacaccaaggiggacaaga
aggtgeaaccoaagageigegacaagacccacacetgteccocotgeceigeccetgaactigctg
ggcggacccteogtgticetigttccecccaaageocaaggacacceigatgaicagccggaccoee
cgaagtgacctgogiggtgptogacgigicccacgaggaccotgaagigaagtticaatiggtacgt
ggacggcatogaagtocalaacgecaagaccaageccagagaggaacagtacaacageaceta
cegggtggtotcegtactoacegtactecaccaggactggctgaacggcaaagagtacaagigca
aggteiccaacaaggocofgoctgececeatcgagaaaaccatcageaaggoecaaggoecagoc
tagagagcoccaagicigeacectgeococcageagagatgageigaccaagaaccaggigice
ctgagetgegecgtgaagggctictaccecagogatategecgiggaatggoagagcaacgge
agcecgagaacaactacaagaccacccccectgigetgeacagegacggeicaticticotggtst
ccaagcigacagiggacaagagecggiogcageagggeaacgteticageigeagegtgatgca
CgageelctEeacaaccatiacacecagaagticCetgageCigageeeoses

SEQ ID NO:
77

Light
chain A

LC:
gacatcgigeigacccagageccigecagectggecgigicictgggccagagagecaccaticag
ctgeogggecagegagagoegtggacagetacggecagagetacatgeactggtalcageagaag
geogaccagececocaagetgotgatetacciggecageaacctiggaaageggegiageocgeca
gattcageggeageggcageagaaccgacticacocigaccatcgacecegtgeaggcogagga
cgocgocacciactactgecagoagaacgeogaggacageeggacoticggoggaggcaccaa
gotgeaaatcaagggacagecoaaggetgeecocteggicaccetgtiocceocaagoagogag
gaactgcaggocaacaaggecaccctegtgtgectgatcagegactictacectggegocgigac
cgiggectggaagocegatageicicocgingaassocggegtgeazaccactacoeocageaas
cagagcaacaacaaatacgeogecageagetacctgagectgaccecegageagiggaagicce
accggtcctacageigecaggicacacacgagggeageacegiggaaaagacogiggocecea
cegagtgcagd

SEQ D
NG:78

Heavy
chain B

BC:
caggtgcagctgeagcagagoggeoctgagoiggicaagectggegecagegigaagatcaget
goaaggcecageggctacageticaccagetactggatecactggatcaageageggoctggacoa
gggcctgeaatggatcgecatgategaceccagegacggogagacacggctgaaccagagatic
cagggeagagecaccoigacegiggacgagagcaccageaccgectacatgeagetgeggagc
ceocaccagegaggacagegeogtgtactacigeaccogactgaaagagtacggcaactacgaca
gettciacticgacgtgligeggagecggcaccotggicacogtgiccagegaagigeageiganag
aaageggeceiggectggigoccectggoggcagectgagcateacctgtacceigiccgacttc

SEQ 1D NO:
66
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agcctgacegacageageatcaactggotocgacagecccetiggeaagggecicgasigoctog
gaatgatcigggecgacggceoggatcgactiacgecgacgeoctgaagicecggeigageatcag

caaggacagcageaagagecaggigticotggaaatgacoagecigoggaccgacgacaccge

cacctactactgogecagggacgectacticecctacgecatggatitctggeoccagggcaccag
cgteaccegtetecteigeticcaccaagggeoccagegigiteccteiggocectiageageaagag

cacatctggeggaacagecgeectgggotgoctggtcaaggactactiteccgagecegtgacegt
gleotggaacteiggtgeecigacaageggagigeataccticecigeogtgetgeagageagogg
cctgtacteictgageagegtggtcacegtgccaageageagectgggcacceagacctacatetg
caacgtgaaccacaagecoiccaacaccaaggiggacaagaaggiggaacceaagageiacga

caagacceacaccigtoctecctgicoigecectgaactigetigggeggacceicogtgticctgtice
ciccaaageocaaggatacectgatgatcagecggaccocigaagtoacctecgiegtosiooac

gigteccacgaggatecegaagigaagticaatigetacatggacggcetasaagtocataacgce
aagaccaageecagagaggaacagiacaacageacctaccgggtagigtocgigctgacagiac

tgcaccaggactggetgaacggcaaagagtacaagigcaaggtaiccaacaaggooectaocage

cectatcgagaaaaccatcageaaggecaagggccagececgegagectcaggigtacacacty

cctecatgeegggacgageigaccaagaaccaggigtocctgtggtocctegtgaaggpoticiac
coctecgatatcgecgigeaalggoaragcaacggCeagoelogagascaactacasgaccaccs
ctecogtgetggacagegacggeicaticticctgtacageaagetgacegiggacaagteccggt

ggcageagggcaacgigttcagetigeicigigatgcacgaggcocigeacaaccggticacecag

aagfcectgagectgagocciage

Light
chain B

LC:
Gacatcgigeigaccoagagecctgecagoctiggecgtgiciciggaccagagagecaccaica
gctgeogggecagegagagegiooacagetacggocagagotacatgcactggtatcageagan
geocggecageccoccaagetgetgatetaceiggecageaacciggaaageggegigccegee
agattcageggcagoggeageagaaccgacticacectgaccategacoccgigcaggecgage
acgeegecacetactactgecageagaacgecgaggacagecggaccticggeggaggeacea
agcetegaaatcaagggeaacteeggcageagegacicigacggcgatatecagatgacecagic
ceecgecteoctgagegtgtcegtggocgacaccatcaccetgacatgocacgoecagecagaaca
tegacgtetgactgagciggticcageagaagectiggeaacatecctaagetgetcaictataagge
ctecaacctgeacaccggegtgeccageaggtiticcggetctggcageggeaccggcetttacect
gacaatcagcagecigeagocegaggatatcgecacatatiacigtcageaggeccacagetace
coticacctifggogacggaacaaageicgagattaaggocgocageggaageteeggeicegs
cggacgtacggtooccgetccticegigticateticectecctcegacgageageigaagieogee
accgectecgigotatotetactgaacaactictacecicgggaggocaagetacagiggaagste
gacaacgeectgeagiecggcaactcecaggagicegicaccgageaggaciccaaggacagaa
cctactcoctgtectecacectgaccectgiocaaggecgactacgagaagcacaaggtetacgoct
gigaggteacccaccagggcectgiccageecigtgaccaagiocticaaccggegcaagtac

SEQ ID NO:
67

Binding Protein 19 Amuno Acid Seguences

Heavy
chain A

HC:
OVQLOOSGPELVKPGASVKISCKASGYSFTSYWIHWIKQRPG(
GLEWIGMIDPSDGETRINQRFQGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRELKEYGNYDIEFYFDVWGAGTLVTVSSASTKG
PSVFPLAPSSKSTSOGOGTAALGCLVKDYFPEPVTVSWNSGALTS
GVHTFPAVLOASGLY SLSSVVTVPRSSSLGTQTYICNVNHKPSNT
KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPEDTLMI
SRTPEVTCVVVDVSHEDPEVEKFNWY VDGVEVHNAKTKPREEQ
YNSTYRVYVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISK
AKGOPREPOVCTLPPSRDELTENQVSLSCAVKGFYPSDIAVEW
ESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVES
CSYMHEALHNHYTQRKSLSLSPG

SEQ ID NO:
8%

Light
chain A

LC:

DIGMTQSPASLSVSVGDTITLTCHASONIDVWLSWFQOKPGNIP
KLLIWKASNLHTGVPSRESGSGSGTGFTLTISSLOQPEDIATY YOO
OAHSYPFTFGGGTK LEIKGOPRKAAPSYTLFPPSSEELQANKATL

SEQ 1D NO:
86
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VCLISDFYPOGAVTVAWEKADSSPVKAGVETTTPSKQSNNKYAA
SSYLSLTPEQWEKSHRSYSCOVTHEGSTVEKTVAPTECS

Heavy
chain B

HC:
QVOLOOSGPELVEPGASVRISCKASGYSFTNYWTHWIKQRPGQ
GLEWIGMIDPSDGETRINQRFOGRATLTVDESTSTAYMQLRSP
TSEDSAVYYCTRILKEYGNYDSFYFDVWGAGTLVTVSSEVQLK
ESGPGLVAPGGSLSITCTVSGFESLTDSSINWVROQPPGKGLEWLG
MIWGEDGRIDY ADALKSRLSISKDSSKSQVFLEMTSLRTDDTAT
YYCARDGYFPYAMDFWGQGTSVTVESASTRKGPSVEFPLAPSSKS
TSGGTAALGCLVKDYFPEPVTYVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQTYICNYVNHKPSNTKVDKKVEPKSC
DKTHTCPPCPAPELLGGPSVELFPPKPRKDTLMISRTPEVTICVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVEY
LTVLHQDWLNGKEYRCEVSNKALPAPIEKTISKAKGQPREPQY
YTLPPCRDELTKNOQVSLWCLVKGFYPSDIAVEWESNGQPENN
YEKTTPPVLDSDGSFFLY SKLTVDKSRWOOGNVESCSVMHEAL
HNRFTQKSLSLSPG

SEQ ID NO:
62

Light
chain B

LC:

DIVLTOSPASLAVSLGQRATISCRASESVDSYGOSYMHAWY QQK.
AGQPPKLLIYLASNLESGVPARFSGSGSRTDFTLTIDPYVQAEDA
ATYYCQONAEDSRTFGGGTKLEIKGGSGSSGRSGGDIOMTQSPA
SLSVSVGDTITLTCHASONIDVWESWEFGORKPGNIPKLLIYEASN
LHTGVPSRFSGSGSGTGHFTLTISSLOPEDIATYYCQOAHSYPFTY
GGGTKLEIKGGSGSSGSGGRTVAAPSVFIFPPSDEQLEKSGTASY
YVCLLNNFYPREAKVOWRKVDNALQSGNSQESVTEQDSKDSTYS
LSSTLUTLSKADYEKHKYVYACEVTHOGLSSPYTKSEFNRGEC

SEQ 1D NO:
63

Binding Protein 19 Nugcleotide Sequences

Heavy
chain A

HC:
caggtgeageigeageagageggacccegagetggtgaageceggegecagegigaagaleage
tgcaaggccageggctacageticaccagetactggaticactegatcaagoagogeecoggeca
goocctggagtogatoggcatgatogaccocagegacggegagaccegectgaaccagegctic
cagggeogegecacecigaccgiggacgagagoaccageaccgectacatgeagctgegcage
cecaccagogaggacagogeogtgtactacigeaccegecigaaggagtacggcaactacgaca
gctictacttcgacgtgiggagegocggcaccctggigaccgigagCagegocaglaccaaggyg
ceecagegtatteccoctiggeoectageageaagageacateiggogacacageegeociggect
goctggteaaggactacticecogagecegigacagigicciggaactetiggegeectgaccageg
gagtgcataccttecotgoegigeigcagiccageggcecigtacageetgageagogtggicacag
tgcccageageagectgggeaccoagacctacaictigeaacgtgaaccacaagoecageaacac
caagglggacaagaaggtecaacccaagageigegacaagacccacaccigtoccecctgeoct
geocctgaactgctagoogeaccctocgigticctgitecceccanageccaaggacacecigaty
atcageeggacccccgaagigaccigegiggtogtecacetotcccacgaggacecigaagiga
agitcaattggtacgtggacgocgiggaastocataacgecaagaccaageocagagagsaaca
glacaacagcacctaccggetgptgtocgigeigaccgigetigeaccaggactggcigaacggca
aagagtacaagtgcaaggtgicoaacaaggocctgoctgececcalcgagaaaacoatcageaag
gocaaggeccagectagagagoeccaagicigeacectgoececcageagagatgagctgacca
agaaccaggtigicoctgagetgegoogigaageactictaccocagegatatcgecgiggaatogs
gagageaacggeeagecegagaacaactacaagaceacceccectgtgeiggacagegacggc
teattcticciggigtecaagetgacagtpgacaagageoggiggecageaggacaacgigiicage
tgragegtgatgcacgaggcecctgeacaaccattacacccagaagicecigagectigagecocgg
C

SEQ ID NO:
89

Light
chain A

LC

gacatccagatgacceagageecogocagecigagegigicegtgggcgataccatcaccetgac
ctgocacgecagecagaacatogacgtetgpotgagetggticcageagaagecoggeaacates
ccaagetgetgatctacaaggocageaaccigeacaccggegigeccageagaticageggcict

SEQ 1D NO:
99
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ggcagegecaccggcitiacecigaccatcageagectgeageccgaggatategocacctacta
ctgecageaggeocacagcetacecettcaccticggeggaggcaccaagotggaaatcaaggsa
cageccaaggotgoccecteggtcaccetgticcecccaagetcigaggaactgeaggocaacaa
geocaccetegigtgectgatcagegactictacectggegeogtgacegtagcciggaageecg
atagcetctecegtgaaggocggogiggaaaccaccacecocageaageagageaacaacaaata
cgoecgocageagetacetgagectgacecccgageagiggaagicocaceggicctacagetyc
caggicacacacgagggcageacegtggasaagacegiggeocecaccgagigcage

Heavy
chain B

HC:
caggtgcagetgcageagagoeggcoctgagotggtcaagectggcgecagegigaagatcaget
goaaggcecageggotacageticaccagetactggatecactggatcaagoeageggoctggoeca
ggacctgeaatggatcggcatgategaccccagegacggegagacacggctgaaccagagatic
caggeeagagocaccoigacegiggacgagageaccageaccgectacaigeagetgeggage
cecaccagegaggacagegocgtglactacigeacecgectgaaagagtacggcaactacgaca
gettetacticgacgtgiggooasceggeaccctggtcaccgigiccagegaagtgcageigasay
aaageggecciggectgateoceoctggoggeagectgagcatcacctgtacegtgiccggettc
agcctgacegacageageatcaactggotocgacagecccetiggeaagggecicgasigoctog
gaatgatctgggocoacgecoggatcgactacgecgacgeoctgaagicecggcigageatcag
caaggacagceagcaagageeaggigticcigganatgaccagecigeggaccgacgacaccge
cacctactactgogecagggacgectacticecctacgecatggatitctggeoccagggcaccag
cgteaccegtetecteigeticcaccaagggeoccagegigiteccteiggocectiageageaagag
cacatctggeggaacagecgeectgggotgoctggtcaaggactactiteccgagecegtgacegt
giectggaactetggtocectgacaageggagtgcatacctteccigecgtgetgcagascagegy
cctgtacteictgageagegtggtcacegtgccaageageagectgggcacceagacctacatetg
caacgtgaaccacaagocctccaacaccaaggiegacaagaagoisoaacceangagetacsa
caagacceacaccigtoctecctgicoigecectgaactigetigggeggacceicogtgticctgtice
ciccaaageocaaggatacectgatgatcagecggaccocigaagtoacctecgiegtosiooac
gigteccacgaggatccegaagieaagticagtigetacgiggacggegtooaagtocataacgce
aagaccaageccagagaggaacagiacaacageacctaccgggtggigtccgigetigacagiac
tgcaccaggactggctgaacggcaaagagiacaagtgcaaggtgtccaacaaggoecigeoage
cectatcgagaaaaccatcageaaggecaagggecagececgegagectcaggigtacacacty
cctecatgeegggacgageigaccaagaaccaggigtocctgtggtocctegtgaaggpoticiac
coctecgatatcgecgigeaalggoaragcaacggCeagoelogagascaactacasgaccaccs
ctecogtgetggacagegacggeicaticticctgtacageaagetgacegiggacaagteccggt
ggcageagggcaacgigttcagetigeicigigatgcacgaggcocigeacaaceggticacecag
aagtcectgagectgagocciage

SEQ ID NO:
66

Light
chamn B

L
gacategtgetgacccagageccigecagectagocgigictetaggocagagagoecaccateag
ctgecgggecagegagagogtgeacagetacggccagagetacatgeactggtatcageagaag
gocggecageococcaagetgctgatetacetiggecageaacciggaaageggcgiaccogeca
gattcageggcageggcagcagaaccgacticaccotgaccategaccocgigeaggocgagga
cgeogecacciactactgerageagaacgegaggacageeggaccticggegeagecacca
gotggaaateaagggcgactecggeageagegecictiggcagegatatccagatgacecagice
ceegectecotgagegtgtecgtgggogacaccalcacectgacatgecacgecagecagaacat
cgacgtgtgsctgagctggticcageagaagectggeaacatecotaagotgoteaictataagge
ctecaacctgcacaccggegigeocageaggttttccggotctegeageggcaccggotttacect
gacaatcagcagecigeagoccgaggatatcgecacatatiactgteageaggeccacagetace
coticacctifggogacggaacaaageicgagattaaggocgocageggaagetceggeicegg
cggacgiacggtgoccgcetecticegigticatetteccteccicogacgageagetigaagiccgge
accgectecgigotatotetactgaacaactictacecicgggaggocaagetacagiggaagste
gacaacgoectgeagtecggcaactcccaggagiocgicaccgageaggactccaaggacagea
cctactcoctgtectecacectgaccectgiocaaggecgactacgagaagcacaaggtetacgoct
gigaggteacccaccagggcectgiccageecigtgaccaagiocticaaccggegcaagtac

SEQ ID NO:
67
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Table 5: VH/VL sequences of binding proteins

VOLVESGGGLVOPGGSLRLSCAASGFNIKDTY | DIOMTOSPSSLSASVGDRVTITCRASGDY
sogi. | [HWVROAPGKGLEWVARIFPINGYTRYADSVK | NIAVAWYQOKPGKAPKLLIYSASFLYSG
Hops | GRETISADTSKNTAYLOMNSLRAEDTAVYYCSR | VPSRFSGSRSGTDFTLTISSLQPEDFATYY

WGGDGFYAMDYWGQGTLVTVSS COOHYTTPPTFGQGTKVEIK
(SEQ ID NO:150) (SEQ ID NO:151)
OVOLVERGGGVVOPGRSLRLSCAASGFTFTEA | DIVMTOTPLSLSVIPGOPASISCKASOSLY
Angi. | PMEWVRQAPGKOLEWVAQIKDESNSYATYYA | HNNANTYLSWYLOKPGQSPOSLIYKVSN
cns | DSVKGRETISRDDSKNTLYLQMNSLRAEDTAVY | RESGVPDRFSGSGSGTDETLKISRVEAED
YCRGVYVALSPFDYWGQGTLVIVSS VGVYYCGOGTOYPFTFGSGTKVEIK
(SEQ ID NO:152) (SEQ ID NO:153)
QVOLVESGGGVVOPGRSLRLSCAASGFTFTKA | DIVMTQTPLSLSVIPGOPASISCKSSOSLY
Amgie | PMEWVRQAPGKGLEWVAQIKDESNSYATYYA | HNNGNTYLSWYLQKPGQSPQLLIYKVSN
Chso | PSVKGRETISRDNSKNTLYLOMNSLRAEDTAVY | RESGVPDRFSGSGSGTDFTLKISRVEAED
- YCRGVYYALSPFDYWGQGTLVTVSS VGVYYCGOGTOYPFTFGGGTKVEIK
(SEQ 1D NO:154) (SEQ ID NO:155)
QVOLVOSGALVKKPGSSVEVSCKASGYAFSSY | DLVLTOSPASLAVSPGORATITCKASOSY
Aot | PMNWYRQAPGQGLEWIGQIWPGDGRINYNG | DYDGDSYLNWYQOKPGOPPKLLIY DASN
cpio | KFKGRATLTADESTSTAYMELSSLRSEDTAVYY | LVSGVPARFSGSGSGTDFTLTINPVEAND
CARRETTTVGRYYYAMPYWGQGTTVTVSS TANYYCQOSTEDPWITGQGTKLEIK
(SEQ 1D NO:156) (SEQ ID NO:157)
OVOLOOPGAELVKPGASVKMSCEASGYTFISY | OIVLSOSPALLSASPGEKVIMTICRASSSVS
At | MMHWVKOTPGRGLEWIGAIYPGNGDTSYNQKF | YIHWFQOKPGSSPKPWIYATSNLASGVP
cpap | KORATLTADKSSSTAYMOLSSLTSEDSAVYYCA | VRFSGSGSGTSYSLTISRVEAEDAATYYC
A RSTYYGGDWYFNVWGAGTTVTVSA GOWTSNPRTFGGOTRLEIK
(SEQ ID N(:158) (SEQ ID NO:159)
QVOLVOSGAEVVKPGASVK VSCKASGYTFTSY | DIOMTOSPSSLSASVGDRVTITCOASONT
Anti | YHWVROAPGQGLEWIGSIPPGNVNINYAQKE | ¥WVWLNWYQOKPGKAPKLLIYKASNLHT
cpagg | QGRATLTVDTSISTAYMELSRLRSBDTAVYYCY | GVPSRFSGSGSGTDFTLTISSLQPEDIATY
: RSHYGLDWNFDVWGKGTTVTVSS YCOQGOTYPYIFGQGTRLEIK
(SEQ ID NO:160) (SEQ ID NO:161)
QVOLQESGPGLVEPSQTLSLTCTVSGFSLSDYG | DIVLTQSPASLAVSPGQRATITCRASESY
ot | VHWVRQPPGKGLEWLGVIWAGGGINYNPSLE. | EYYVISEMOWYQOKPGQPPKLLIFAASN
cpap | SRETISKDTSKNQVSLKLSSVTAADTAVYYCAR | VESGVPARFSGSGSGTDFTLTINPVEAND
- DEGYSYYYSMDYWGQGTTVIVSS VANYYCQOSRKVPYTTGOGTKLEIR
(3EQ ID NO:162) (SEQ I} NO:163)
OVOLVQSGAEVAKPGTSVKLSCKASGYTFTDY | DIVMTQSHLSMSTSLGDPVSITCKASODY
| BPMOWVKQRPGQGLEWIGTIYPGDGDTGYAQK | STHVAWYQQKPGQSPRRLIVSASYRYIG
Anti- | POGKATLTADKSSKTVYMHLSSLASEDSAVYY | VPDRFTGSGAGTDFTFTISSVQAEDLAVY
CBI8 | CARGDYYGSNSLDYWGOGTEVTVSS YCOOHYSPPYTFGGGTKLEK
(SEQ ID N(:164) (SEQ ID NO:165)
QVOLVOSGABVKKPGSSVEVSCKASGYIFTINYN | DIOMTOSPSSLSASVGDRVTITCKASOD]
ot | [HFWVEKSPGQGLEWIGAIYPGNGDAPYSQKFQ | DRYMAWYQDKPGK APRLLIHDISTLOS
anipy | GKATLTADTSTSTTYMELSSLRSEDTAVYYCVR | GVPSRFSGSGSGRDYTLTISNLEPEDFAT
A ANWDVAFAYWGQGTLVTVSS (SEQ ID NO:166) | YYCLQYDNLWIFGGGTK VEIK
(SEQ ID NO:167)
EVOLVESGGGLVOPGRSLRLSCAASGFTFDDYA | DIOMTOQSPSSLSASVGDRVTITCRASOGE
Apg. | MEWVRQAPGKGLEWVSAITWNSGHIDYADSY | RNYLAWYQOKPGKAPKLLIYAASTLOSG
TNEy | EGRETISRDNAKNSLYLOMNSLRAEDTAVYYC | VPSRESGSGSGTDFTLTISSLQPEDVATY
' AKVSYLSTASSLDYWGQGTLVTVSS YCQRYNRAPYTFGOGTKVEIK
(SEQ 1D NO:168) (SEQ ID NO:169)
Anti- | QVOLOOSGPELVKPGASVKISCKASGYSFTSYW | DIOMTQSPASLSVSVGDTITLTCHASONI
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¥4

THWIKQRPGOGLEWIGMIDPSDGE TRLNORFQG
RATLTVIESTSTAYMOLRSPTSEDSAVYYCTRE
KEYGNYDSFYFDVWGAGTLVTVSS

(SEQ ID NO:170)

DVWESWTFQOQKPGNIPKLLIYKASNLHATG
VPSRFSGSGSGTGFTLTISSLOPEDATYY
COQAHSYPFTFGGGTKLEIK

(SEQ ID NO:171h

Anti-
IL13

EVQLKESGPGLVAPGGSLSITCTVSGFSLTDSST
NWVRQPPGKGLEWLGMIWGDGRIDY ADALKS
RLSISKDSSKSOVFLEMTSLRTDDTATYYCARD
GYFPYAMDFWGQGTSVTVSS

(SEQ D NO:172)

DIVLTQSPASLAVSLGQRATISCRASESY
DSYGOSYMAWYQUKAGQPPKLLIYEAS
NLESGVPARFSGSGSRTDFTLTIDPVQAE
DAATYYCQONAEDSRIFTGGGTKLEIK
(SEQ ID NO:173)

Note: CDR sequences are bolded and italicized in amino acid sequences above.




What isclaimed is;

1. A binding protein comprising four polypeptide chains that form three antigen binding sites
that specifically bind one or more target proteins, wherein afirst polypeptide chain of the binding
protein comprises a structure represented by the formula:
Viz2-L1-Via-L2-CL [1]
and a second polypeptide chain of the binding protein comprises a structure represented by the
formula:
VHi1-L3-VH2-L4-Chi-hinge-Cr2-Crz  [1]
and athird polypeptide chain of the binding protein comprises a structure represented by the formula
VHz-Chi-hinge-Crz2-Chis (1]
and a fourth polypeptide chain of the binding protein comprises a structure represented by the
formula:
Vis-Co (V]
wherein:
V1 isafirst immunoglobulin light chain variable domain;
V2 isasecond immunoglobulin light chain variable domain;
Vzisathird immunoglobulin light chain variable domain;
V1 isafirst immunoglobulin heavy chain variable domain;
V2 Is a second immunoglobulin heavy chain variable domain;
Vs isathird immunoglobulin heavy chain variable domain;
CL isan immunoglobulin light chain constant domain;
Ch1 isan immunoglobulin Cx1 heavy chain constant domain;
Chz isan immunoglobulin Cyx2 heavy chain constant domain;
Chs isan immunoglobulin Cxs heavy chain constant domain;
hinge is an immunoglobulin hinge region connecting the Cx: and Cx2 domains; and
L1, L2, Lz and L4 are amino acid linkers;
wherein the polypeptide of formula | and the polypeptide of formulall form a cross-over
light chain-heavy chain pair; wherein V1 and V1 form a binding pair and afirst antigen binding
site, V2 and V2 form a binding pair and a second antigen binding site; and Vus and Vi3 form a

binding pair and athird antigen binding site.
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2. The binding protein of claim 1, wherein (a) L1, L2, Lsand L4 each independently are zero
amino acidsin length or comprise a sequence selected from the group consisting of
GGGGSGGGGS (SEQ ID NO:104), GGGGSGGGGSGGGGS (SEQ ID NO:105), S, RT, TKGPS
(SEQ ID NO:106), GQPKAAP (SEQ ID NO: 175), and GGSGSSGSGG (SEQ ID NO:148); or (b)
L1, Lo, Lzand L4 each independently comprise a sequence selected from the group consisting of
GGGGSGGGGS (SEQ ID NO:104), GGGGSGGGGSGGGGS (SEQ ID NO:105), S, RT, TKGPS
(SEQ ID NO:106), GQPKAAP (SEQ ID NO: 175), and GGSGSSGSGG (SEQ ID NO:148).

3. The binding protein of claim 2, wherein

(&) L1 comprises the sequence GQPKAAP (SEQ ID NO: 175), L comprises the sequence
TKGPS (SEQ ID NO:106), L3 comprises the sequence S, and L4 comprises the sequence RT;

(b) L1 comprises the sequence GGGGSGGGGS (SEQ ID NO:104), L> comprisesthe
sequence GGGGSGGGGS (SEQ ID NO:104), Lz is0 amino acidsin length, and L4 is 0 amino

acidsin length; or

(c) L1 comprises the sequence GGSGSSGSGG (SEQ ID NO:148), L comprisesthe
sequence GGSGSSGSGG (SEQ ID NO:148), L3 is0 amino acidsin length, and L4 is 0 amino acids
in length.

4. The binding protein of claim 1, wherein L1, L2, L3, and/or L4 comprise the sequence Asp-
Lys-Thr-His-Thr (SEQ ID NO: 525).

5. The binding protein of claim 1, wherein the binding protein is trispecific and capable of
specifically binding three different antigen targets.

6. The binding protein of any one of claims 1-5, wherein the binding protein specifically binds
three target proteins that correspond to two target proteinson T cells and to one tumor target

protein.
7. The binding protein of claim 6, wherein one of said target proteinson T cellsis CD3.

8. The binding protein of claim 6 or claim 7, wherein one of said target proteinson T cellsis
CD28.
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9. The binding protein of any one of claims 6-8, wherein said tumor target protein is CD38.

10. The binding protein of any one of claims 1-5, wherein the binding protein specifically binds
three target proteins that correspond to two target proteinson T cells and to one target protein
selected from the group consisting of A2AR, APRIL, ATPDase, BAFF, BAFFR, BCMA, BIyS,
BTK, BTLA, B7DC, B7H1, B7H4, B7H5, B7TH6, B7H7, B7RP1, B7-4, C3, C5, CCL2, CCL3,
CCL4, CCL5, 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, CD137L, CD152, CD154, CD160, CD272, CD273, CD274,
CD275, CD276, CD278, CD279, CDH1, chitinase, CLECY9, CLEC91, CRTH2, CSF-1, CSF-2,
CSF-3, CX3CL1, CXCL12, CXCL13, CXCR3, DNGR-1, ectonucleoside triphosphate
diphosphohydrolase 1, EGFR, ENTPD1, FCER1A, FCER1, FLAP, FOLH1, Gi24, GITR, GITRL,
GM-CSF, Her2, HHLA2, HMGB1, HVEM, ICOSLG, IDO, IFNa, IgE, IGF1R, IL2Rbeta, IL1,
IL1A, IL1B, IL1F10, IL2, IL4, IL4Ra, IL5, IL5R, IL6, IL7, IL7Ra, IL8, IL9, IL9R, IL10, rhiL10,
IL12,1L13, IL13Ral, IL13Ra2, IL15, 1L17,IL17Rb, IL18, IL22, IL23, IL25, IL27, IL33, IL35,
ITGB4, ITK, KIR, LAG3, LAMPL, leptin, LPFS2, MHC class |1, NCR3LG1, NKG2D, NTPDase-
1, OX40, OX40L, PD-1H, platelet receptor, PROM1, S152, SISP1, SLC, SPG64, ST2, STEAP2,
Syk kinase, TACI, TDO, T14, TIGIT, TIM3, TLR, TLR2, TLR4, TLR5, TLR9, TMEF1, TNFa,
TNFRSF7, Tp55, TREM1, TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and
XCRL

11. The binding protein of claim 1, wherein the binding protein is capable of inhibiting the
function of one or more target proteins.

12. The binding protein of claim 11, wherein the one or more target proteins are selected from
the group consisting of A2AR, APRIL, ATPDase, BAFF, BAFFR, BCMA, BlyS, BTK, BTLA,
B7DC, B7H1, B7H4, B7H5, B7H6, B7TH7, B7TRP1, B7-4, C3, C5, CCL2, CCL3, CCL4, CCL5,
CCL7,CCL8, CCL11, CCL15,CCL17, CCL19, CCL20, CCL21, CCL24, CCL25, CCL26, CCRS3,
CCR4, CD3, CD19, CD20, CD23, CD24, CD27, CD28, CD38, CD39, CD40, CD70, CD80, CD86,
CD122, CD137, CD137L, CD152, CD154, CD160, CD272, CD273, CD274, CD275, CD276,
CD278, CD279, CDH1, chitinase, CLEC9, CLEC91, CRTH2, CSF-1, CSF-2, CSF-3, CX3CL1,
CXCL12, CXCL13, CXCR3, DNGR-1, ectonucleosi de triphosphate diphosphohydrolase 1, EGFR,
ENTPD1, FCER1A, FCER1, FLAP, FOLH1, Gi24, GITR, GITRL, GM-CSF, Her2, HHLAZ2,
HMGB1, HVEM, ICOSLG, IDO, IFNa, IgE, IGFIR, IL2Rbeta, IL1, IL1A, IL1B, IL1F10, IL2,
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IL4, IL4Ra, IL5, IL5R, IL6, IL7, IL7Ra, IL8, IL9, IL9R, IL10, rhiL10, IL12, IL13, IL13Ral,
IL13Ra2, IL15, IL17, IL17Rb, IL18, 1L22, IL23, IL25, IL27, IL33, IL35, ITGB4, ITK, KIR,
LAGS3, LAMPL, leptin, LPFS2, MHC class |, NCR3LG1, NKG2D, NTPDase-1, OX40, OX40L,
PD-1H, platelet receptor, PROM1, S152, SISP1, SLC, SPG64, ST2, STEAP2, Syk kinase, TACI,
TDO, T14, TIGIT, TIM3, TLR, TLR2, TLR4, TLRS5, TLR9, TMEF1, TNFa, TNFRSF7, Tp55,
TREM1, TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1.

13. The binding protein of claim 1 or claim 6, wherein V11 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 ID NO:30; Vi1
comprises a CDR-L 1 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-L 3 comprising the amino acid
sequence of SEQ ID NO:48; and Vn2 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; V.2 comprisesa CDR-L 1 comprising the
amino acid sequence of SEQ ID NO:52, a CDR-L 2 comprising the amino acid sequence of SEQ ID
NO:53, and a CDR-L 3 comprising the amino acid sequence of SEQ ID NO:54.

14. The binding protein of claim 1, wherein the C43 domain of the second polypeptide chain
comprises amino acid substitutions at positions corresponding to positions 354 and 366 of human
1gGL1 or 1gG4 according to EU Index, wherein the amino acid substitutions are S354C and T366W;
and wherein the Cyz domain of the third polypeptide chain comprises amino acid substitutions at
positions corresponding to positions 349, 366, 368, and 407 of human 1gG1 or 1gG4 according to
EU Index, wherein the amino acid substitutions are Y 349C, T366S, L368A, and Y 407V.

15. The binding protein of claim 1, wherein the Ciz domain of the second 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 Y 349C,
T366S, L368A, and Y 407V; and wherein the C1z domain of the third polypeptide chain comprises
amino acid substitutions at positions corresponding to positions 354 and 366 of human 1gG1 or
1gG4 according to EU Index, wherein the amino acid substitutions are S354C and T366W.

16. The binding protein of any one of claims claim 1, wherein the Crz domains of the second

and the third polypeptide chains both comprise amino acid substitutions at positions corresponding
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to positions 428 and 434 of human IgGL1 or 1gG4 according to EU Index, wherein the amino acid
substitutions are M428L and N434S.

17. The binding protein of any one of claims 1 and 14-16, wherein the C1s domains of the
second and the third polypeptide chains are human 1gG1 or 1gG4 Chz domains, and wherein only
one of the Cnz domains comprises amino acid substitutions at positions corresponding to positions
435 and 436 of human 1gG1 or 1gG4 according to EU Index, wherein the amino acid substitutions
are H435R and Y 436F.

18. The binding protein of any one of claims 1 and 14-17, wherein the Cns domains of the
second and the third polypeptide chains are human 1gG4 Cyz domains, and wherein the Chz
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 S228P and
R409K .

19. The binding protein of any one of claims 1 and 14-18, wherein the Cxs domains of the
second and the third polypeptide chains are human 1gG4 Cyz domains, and wherein the Chz
domains each comprise amino acid substitutions at positions corresponding to positions 234 and
235 of human 1gG4 according to EU Index, wherein the amino acid substitutions are F234A and
L235A.

20. The binding protein of any one of claims 1 and 14-18, wherein the Cns domains of the
second and the third polypeptide chains are human IgG1 Crz domains, and wherein the Chs
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.

21. The binding protein of claim 1, wherein V1 and V1 form afirst antigen binding site that
specifically binds human CD3, wherein V2 and V2 form a second antigen binding site that
specifically binds human CD28, and wherein Vs and V.3 form athird antigen binding site that
specifically binds a human tumor target protein.

22. The binding protein of claim 1, wherein Vi1 and V1 form afirst antigen binding site that

specifically binds human CD28, wherein V2 and V2 form a second antigen binding site that
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specifically binds human CD3, and wherein Vs and V3 form athird antigen binding site that
specifically binds a human tumor target protein.

23. The binding protein of claim 21 or claim 22, wherein the third antigen binding site

specifically binds a human tumor target protein selected from the group consisting of CD19, CD20,

CD38, Her2, and LAMPL.

24. The binding protein of any one of claims 21-23, wherein the antigen binding site that

specifically binds CD3 comprises:

(a) aheavy chain variable domain comprising the amino acid sequence of SEQ ID NO:

and alight 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 ID NO:

and alight chain variable domain comprising the amino acid sequence of SEQ ID NO: 155.

25. The binding protein of any one of claims 21-24, wherein the antigen binding site that

specifically binds CD28 comprises:

(8) aheavy chain variable domain comprising the amino acid sequence of SEQ ID NO:

and alight chain variable domain comprising the amino acid sequence of SEQ ID NO: 161; or

(b) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO:

and alight chain variable domain comprising the amino acid sequence of SEQ ID NO: 163.

26. The binding protein of any one of claims 21-25, wherein the antigen binding site that

specifically binds a tumor target protein comprises:

(8) aheavy chain variable domain comprising the amino acid sequence of SEQ ID NO:

and alight chain variable domain comprising the amino acid sequence of SEQ ID NO: 157;

(b) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO:

and alight chain variable domain comprising the amino acid sequence of SEQ ID NO: 159;

(c) aheavy chain variable domain comprising the amino acid sequence of SEQ ID NO:

and alight chain variable domain comprising the amino acid sequence of SEQ ID NO: 165;
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(d) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 150
and alight chain variable domain comprising the amino acid sequence of SEQ ID NO: 151; or

(e) aheavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 166

and alight chain variable domain comprising the amino acid sequence of SEQ ID NO: 167.
27. The binding protein of any one of claims 1-26, wherein:

(a) the CL 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 C. domain; or

(b) the CL domain of the first polypeptide chain is a human lambda C. domain, and the C.

domain of the fourth polypeptide chain is a human kappa C. domain.

28. The binding protein of claim 1, wherein the first polypeptide chain comprises alambda C.
domain; wherein the C13 domain of the second polypeptide chain comprises amino acid
substitutions at positions corresponding to positions 354 and 366 of human 1gG1 according to EU
Index, wherein the amino acid substitutions are S354C and T366W; wherein the Cxz 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 Y 349C, T366S, L368A, Y407V, H435R, and Y 436F; and wherein the fourth
polypeptide chain comprises a kappa C. domain.

29. A binding protein comprising afirst polypeptide chain, a second polypeptide chain, athird
polypeptide chain and afourth polypeptide chain wherein:

@ the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 4; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 3; the third polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 1; and the fourth polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 2;

(b) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 10; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 9; the third polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 1; and the fourth polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 2;

242



(c) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 4; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 3; the third polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 13; and the fourth polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 14;

(d) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 10; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 9; the third polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 13; and the fourth polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 14;

(e) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 4; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 3; the third polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 17; and the fourth polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 18;

() the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 10; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 9; the third polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 17; and the fourth polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 18;

(@ the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 4; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 3; the third polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 21; and the fourth polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 22;

(h) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 10; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 9; the third polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 21; and the fourth polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 22;

0] the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 63; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 62; the third
polypeptide chain comprises the amino acid sequence of SEQ ID NO: 60; and the fourth polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 61;

() the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 69; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 68; the third
polypeptide chain comprises the amino acid sequence of SEQ ID NO: 60; and the fourth polypeptide
chain comprises 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 ID NO: 69; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 68; the third
polypeptide chain comprises the amino acid sequence of SEQ ID NO: 60; and the fourth polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 71;

0] the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 76; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 75; the third
polypeptide chain comprises the amino acid sequence of SEQ ID NO: 73; and the fourth polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 74;

(m)  thefirst polypeptide chain comprises the amino acid sequence of SEQ ID NO: 82; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 81; the third
polypeptide chain comprises the amino acid sequence of SEQ ID NO: 73; and the fourth polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 74;

(n) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 88; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 87; the third
polypeptide chain comprises the amino acid sequence of SEQ ID NO: 85; and the fourth polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 86;

(0 the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 94; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 93; the third
polypeptide chain comprises the amino acid sequence of SEQ ID NO: 85; and the fourth polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 86;

(p) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 69; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 68; the third
polypeptide chain comprises the amino acid sequence of SEQ ID NO: 73; and the fourth polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 74;

(a) the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 69; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 68; the third
polypeptide chain comprises the amino acid sequence of SEQ ID NO: 85; and the fourth polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 86;

(N the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 63; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 62; the third
polypeptide chain comprises the amino acid sequence of SEQ ID NO: 73; and the fourth polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 74;
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(9 the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 63; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 62; the third
polypeptide chain comprises the amino acid sequence of SEQ ID NO: 85; and the fourth polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 86;

® the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 4; the
second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 3; the third polypeptide
chain comprises the amino acid sequence of SEQ ID NO: 114; and the fourth polypeptide chain
comprises the amino acid sequence of SEQ ID NO: 115; or

(W the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 10;
the second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 9; the third
polypeptide chain comprises the amino acid sequence of SEQ ID NO: 114; and the fourth
polypeptide chain comprises the amino acid sequence of SEQ ID NO: 115.

30. Anisolated nucleic acid molecule comprising a nucleotide sequence encoding the binding

protein of any one of claims 1-29.

31. An expression vector comprising the nucleic acid molecule of claim 30.
32. An isolated host cell comprising the nucleic acid molecule of claim 30.
33. An isolated host cell comprising the expression vector of claim 31.

34, The isolated host cell of claim 32 or claim 33, wherein the host cell is amammalian cell or

an insect cell.

35. A pharmaceutical composition comprising the binding protein of any one of claims 1-29
and a pharmaceutically acceptable carrier.

36. The binding protein of any one of claims 1-29 or the composition of claim 35 for usein
treating cancer in a patient, wherein the binding protein comprises two antigen binding sites that
specifically bind T-cell surface proteins and another antigen binding site that specifically binds a

tumor target protein.

37. The binding protein for use or the composition for use of claim 36, wherein the binding

protein comprises afirst antigen binding site that specifically binds CD3, a second antigen binding
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site that specifically binds CD28, and athird antigen binding site that specifically binds atumor
target protein selected from the group consisting of CD19, CD20, CD38, Her2, and LAMPL.

38. The binding protein for use or the composition for use of any one of claims 36-37, wherein

the binding protein is co-administered with a chemotherapeutic agent.

39. The binding protein for use or the composition for use of any one of claims 36-38, wherein
the patient is a human.

40. The binding protein for use or the composition for use of claim 36, 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,
B7H1, B7H4, B7H5, B7H6, B7H7, B7RP1, B7-4, C3, C5, CCL2, CCL3, CCL4, CCL5, 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, CD137L, CD152, CD154, CD160, CD272, CD273, CD274, CD275, CD276,
CD278, CD279, CDHZ1, chitinase, CLEC9, CLEC91, CRTH2, CSF-1, CSF-2, CSF-3, CX3CL1,
CXCL12, CXCL13, CXCR3, DNGR-1, ectonucleosi de triphosphate diphosphohydrolase 1, EGFR,
ENTPD1, FCER1A, FCER1, FLAP, FOLH1, Gi24, GITR, GITRL, GM-CSF, Her2, HHLAZ2,
HMGB1, HVEM, ICOSLG, IDO, IFNo, IgE, IGFIR, IL2Rbeta, IL1, IL1A, IL1B, IL1F10, IL2,
IL4, IL4ARa, IL5, IL5R, IL6, IL7, IL7Ra, IL8, IL9, IL9R, IL10, rhiL10, IL12, IL13, IL13Ral,
IL13Ra2, IL15, I1L17, IL17Rb, I1L18, 1L22, 1L23, IL25, 1L27, L33, IL35, ITGB4, ITK, KIR,
LAGS, LAMPL, leptin, LPFS2, MHC class I, NCR3LG1, NKG2D, NTPDase-1, OX40, OX40L,
PD-1H, platelet receptor, PROM1, S152, SISP1, SLC, SPG64, ST2, STEAP2, Syk kinase, TACI,
TDO, T14, TIGIT, TIM3, TLR, TLR2, TLR4, TLR5, TLR9, TMEF1, TNFa, TNFRSF7, Tp55,
TREM1, TSLP, TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1.

41. A method of purifying a binding protein produced by a host cell, comprising:

(a) producing the binding protein of any one of claims 1 and 14-26 in a host cell, wherein
only one of the C43 domain of the second polypeptide chain and the Cyz domain of the third
polypeptide chain comprises amino acid substitutions at positions corresponding to positions 435
and 436 of human IgGL1 or 1gG4 according to EU Index, wherein the amino acid substitutions are
H435R and Y 436F;

(b) contacting the binding protein produced in (a) with Protein A; and
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(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 Cnz domains comprising the
amino acid substitutions are H435R and Y 436F.

42. The method of claim 41, wherein the C. domain of the first polypeptide chain is ahuman
kappa C. domain, and the C. domain of the fourth polypeptide chain is a human lambda C.
domain; or the C. domain of the first polypeptide chain isahuman lambda C. domain, and the C.
domain of the fourth polypeptide chain is a human kappa C. domain, and the method further
comprises.

(d) contacting the binding protein eluted in (c) with akappa 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 C,

domains.
43. The method of claim 42, further comprising, after (e):

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

(9) 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.

44, The method of claim 41, wherein the C. domain of the first polypeptide chain isahuman
kappa C. domain, and the C. domain of the fourth polypeptide chain is a human lambda C.
domain; or the C. domain of the first polypeptide chain isahuman lambda C. domain, and the C.
domain of the fourth polypeptide chain is a human kappa C. domain, and the method further
comprises.

(d) contacting the binding protein eluted in (c) with alambda 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.
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45, The method of claim 44, further comprising, after (e):

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

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

only lambda C. domains.

46. The method of any one of claims 41-45, wherein the first polypeptide chain comprises a
lambda C,. domain; wherein the Cz domain of the second polypeptide chain comprises amino acid
substitutions at positions corresponding to positions 354 and 366 of human 1gG1 according to EU
Index, wherein the amino acid substitutions are S354C and T366W; wherein the Cns 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 Y 349C, T366S, L368A, Y407V, H435R, and Y 436F; and wherein the fourth
polypeptide chain comprises a kappa C. domain.

47. The method of any one of claims 41-46, wherein the binding protein is detected in one or

more of (c) and (e) using hydrophobic interaction chromatography (HIC).

48. The method of any one of claims 41-47, wherein the C1z domains of the second and the third
polypeptide chains are human 1gG1 or 1gG4 Cnsz domains.
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