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CD3 BINDING POLYPEPTIDES

[681] This application claims pricrity {o and benefit of U.S. Provisicnal Patent Application No.
82/221,180, filed on September 21, 2015, The conients of this application are herein

incorporated by reference in their entirely.
DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY

[0602] The contents of the text file submitted electronically herewith are incorporated herein by
reference in their entirety: A computer readable format copy of the Sequence Listing (filename:
APVO 052 _01WO _Seglist_ST25.txd, date recorded: Seplember 21, 20186, file size 544
kilobytes).

FIELD OF THE DISCLOSURE

[0603] The present disclosure relates 1o molecuies that specifically bind to CE3, which may have
at least one humanized CD3-binding domain. A protein therapeutic binding to CD3 may be a
monospecific protein therapeutic or a multispecific protein therapeutic. A mulispecific profein
therapeutic may bind both a tumor antigen and CD3 subunits of the T-cell receplor complex on

T-cells to induce target-dependent T-cell cytotoxicity, activation and proliferation.
BACKGRCUND OF THE DISCLOSURE

[004] Targeting the T-celi recepior complex (TCR) on human T-celis with anti-CD3 antibodies
has been proposed for treatment of autoimmune disease and related disorders, such as for
freatment of organ allograft rejection. In addition to monospecific therapeutics that target CD3,
multispecific polypeptides that bind salectively 1o both T-cells and tumor cells could offer a
mechanism to redirect T-cell cytoloxicity towards the tumor cells. Such multispacific

polypeptides may be useful for freatment of cancer.

[605] Clinical use of some anti-CD3 antibodies has been hampered by serious side effects. For
exampie, OKT3, a mouse monocional antibody specific for human CD3, induced T-cell
proliferation and cytokine production in vitro and led o a large scale release of cytoking in vivo
(Hirsch et al. (1989) J. Immunol 142: 737-43). The cytokine release (also referred to as
‘cyvtokine storm”) in turn led 1o a “fiu-like” syndrome, characterized by fever, chills, headaches,
nausea, vomiting, diarrhea, respiratory distress, septic meningitis and hypotension {(Chatenoud
(2003) Nature Reviews 3:123-132).
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[0606] There is a need for CD3-binding molecules that have improved thermal stability with a

favorable manufacturability profile and reduced adverss effecis.

SUMMARY OF THE DISCLOSURE
[007] The disclosure encompasses CD3-binding domains and polypeptides that have an
advantageous manufacturability profile. Polypeptides comprising CD3-binding domains
disclosed herein may be thermally stable. In some cases, a polypeplide has an improved
thermal stability comparsd to another CD3-binding polypeptide. CD3-binding domains and
polypeptides disclosed herein may have reduced side effects {for example, may lead to release
of low levels of cylokines when administered to a subject).
[0608] In certain embodiments, the disclosure relates to a CD3-binding domain that binds
specifically to human CD3 and that comprises an immunoglobulin light chain variable region and
an immunogiobulin heavy chain variable region; wherein the immunoglobulin light chain variable
region comprises an amino acid sequence that is (a) at least about 93% identical, at least about
95% identical, at least about 97% identical, at least about 98% identical or at least about 99%
identical to the amino acid sequence in SEQ {D NO:88; or (b} at least about 94% identical, at
least about 85% identical, at lzast about 97% identical, at ieast about 88% identical or at least
about 99% identical to the amino acid sequence in SEQ ID NO:89; and wherein the
immunoglobulin heavy chain variable region comprises an amino acid sequence that is at least
about 82% identical, at least about 85% identical, at least about 87% identical, at isast about
90% identical, at least about 92% identical, at least about 85% identical, at lzast about 97%
identical, at least about 98% identical or at least about 99% identical to the amino acid
seguence in SEQ ID NO:86. A CD3-binding domain may comprise an amino acid sequence
that is at least about 87% identical, at least about 90% identical, at least about 92% identical, at
least about 85% identical, at least about 97% identical, at least about 88% identical or at least
about 89% identical to the amino acid seguence in SEQ 1D NG:83 or SEQ D NO:84. A CD3-
binding domain may comprise SEQ 1D NO:83 or SEQ 1D NO:84.
[0609] in one embodiment, a CD3-binding domain comprises an immunogiobulin light chain
variable region that comprises an LCDR1 amino acid sequence of SEQ ID NO:94, an LCDR2
amino acid sequence of SEQ ID NO:95, and an LCDR3 amino acid sequence of SEQ 1D NO:G6
and an immunoglobulin heavy chain variable region that comprises an HCDR1 amino acid
sequence of SEQ 1D NO:91, an HCDR2 amino acid sequence of SEQ ID NC:92, and an
HCDR3 amino acid sequence of SEQ 1D NO:93. In another embodiment, a CD3-binding
domain comprises an immunogliobulin light chain variable region that comprises an LCDRA1
amino acid sequence of SEQ ID NG:202, an LCDRZ2 amino acid sequence of SEQ D NG:203,
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and an LCDR3 amino acid sequence of SEQ 1D NO:204 and an immunogiobulin heavy chain
variable region that comprises an HCDR1 amino acid sequance of SEQ 1D NO:198, an HCDR2
amino acid sequence of SEQ 1D NO:200, and an HCDR3 amino acid sequence of SEQ ID
NO:201.

[06010] In certain aspects, a CD3-binding domain may comprise an immunogiobulin light chain
variable region and an immuncglobulin heavy chain variable region that comprise framework
ragions and at least one of the immunogliobulin light chain variable region and the
immunoglobulin heavy chain variable region may be humanized. In one embodiment, an
imrmunogiobulin light chain variable region comprises framewaork regions based on the human
IGKV3D-20%1 germline amino acid sequence. In another embodiment, an immunoglobulin
heavy chain variable region comprises framework regions based on the human IGHV1-69"02
germiine amino acid sequence.

[6611] In some embodiments, the amine acid residue at position 52 according to the IMGT
numbering system of the immunoglobulin light chain variable region of a CD3-binding domain is
arginine and/or the amino acid residue at position 53 according 1o the IMGT numbering sysitem
of the immunoglobulin light chain variable region of a CD3-binding domain is tryptophan. The
amino acid residue at position 27 according io the IMGT numbering system of the
immunoglobulin heavy chain variable region of a CD3-binding domain may be tyrosine. In some
embodiments, a CD3-binding domain comprises one or more of the following: {a) the amino acid
residue at position 9 according to the IMGT numbering system of the immunoglobulin heavy
chain variable region is proline; {b) the amino acid residue at position 53 according to the IMGT
numbering system of the immunoglobulin heavy chain variable region is iscleucine; and {¢) the
amino acid residue at position 21 according to the IMGT numbering system of the
immunoglobulin light chain variable region is methionine. The aming acid residue at position 87
according to the IMGT numbering sysiem of the immunoglobulin heavy chain variable region of
a CD3-binding domain may be tyrosine. The amino acid residue at position 86 according fo the
IMGT numbering sysiem of the immunoglobulin heavy chain variable region of a CD3-binding
domain may be aspartic acid. In one embodiment, the amino acid residue af position 36
according to the IMGT numbering system of the immunoglobulin heavy chain variable region of
a CD3-binding domain is aspartic acid and the amino acid residue at position 87 according to
the IMGT numbering sysiem of the immunoglobulin heavy chain variable region of a CD3-
binding domain is tyrosine.

[6012] The disclosure encompasses a CD3-binding domain that is a single chain variable

fragment (scFv). in some aspects, an scFv may comprise a linker between the heavy chain
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variable region and the light chain variable region. In ong embodiment, a linker between the
heavy chain variable region and the light chain variable region comprises the amino acid
sequence QRHNNSSLNTGTQMAGHSPNS (SEQ 1D NO:148). In some embodiments, the
heavy chain variable region of an scFv is amino-terminal {o the light chain variable region of the
scFv. In other embodiments, the light chain variable region of an scFv is amino-terminal to the
heavy chain variable region of the scFv.

[80013] The disclosurs encompasses 2 CD3-binding domain that has a thermal stability that is
increased at least about 10% when compared to the thermal stability of a CD3-binding domain
comprising a light chain variable region comprising SEQ D NOG:90 and a heavy chain variable
region comprising SEQ D NO:87. The thermal transition midpoint (Tm} of a CD3-binding
domain may be increased at least about 3°C, at least about 4°C, at least about 5°C, or at least
about 8°C increased and up to about 20°C when compared to the Tm of a CD3-binding domain
comprising a light chain variable region comprising SEQ ID NG:90 and a heavy chain variable
region comprising SEQ 1D NO:87. The thermal transition midpoint of a CD3-binding domain
may be at least about 54°C, at least about 55%C, at Isast about 58°C, or at least about 57°C and
up to about 72°C. The thermal stability or the thermal transition midpoint of 2 CD3-binding
domain may be measured by diffsrential scanning calorimetry or differential scanning
fluorimetry.

[0014] A CD3-binding domain as disclosed herein may have storage stability that is increased
at least about 5%, atleast about 10%, at least about 20%, at lsast about 30%, at ieast about
40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, at lsast
about 90% and up to about 100% when compared {o the siorage stability of a CD3-binding
domain comprising a light chain variable region comprising SEQ 1D NO:30 and a heavy chain
variable region comprising SEQ 1D NO:87. Siorage stability may be measured afler a CD3-
binding domain is stored in PBS at about 25%C. In one embodiment, a CD3-binding domain is
stable in storage in PBS at about 25°C for at least about 6 days, at least about 10 days, or at
least aboul 13 days and up to about 80 days.

[06015] In some aspects, a CD3-binding domain as disclosed herein has a level of high
molecular weight aggregates produced during recombinant expression that is at least about 5%,
at least about 10%, at least about 20% decreased, at least about 30% decreased and up o
about 50% decreased when compared to the level of high molecular weight aggregates
produced during recombinant expression of a CD3-binding domain comprising a light chain
variable region comprising SEQ 1D NO:90 and a heavy chain variable region comprising SEQ D
NO:87.
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[86616] The disclosure also relates to a CD3-binding domain that binds to human CD3 with an
ECS0 of about 10 nM or lower. In some embodiments, a CD3-binding domain of the disclosurs
may also bind specifically to cynomelgus CD3. For example, a CD3-binding domain may bind
to cynomolgus CD3 with an EC50 of about 30 nM or lower.

[06017] The disclosure encompasses a CD3-binding domain that binds specifically to human
CD3 and that comprises an immunoglobulin light chain variable region and an immunogiobulin
heavy chain variable region, wharein (a) the immunoglobulin light chain variable region
comprises an LCDR1 amino acid sequence of SEQ 1D NO:94, an LCDR2 amine acid sequence
of SEQ ID NO:95, and an LCDR3 amino acid sequence of SEQ 1D NO:86 and wherein the
immunoglobulin heavy chain variable region comprises an HCDR1 amino acid sequence of
SEQ D NO:81, an HCDRZ amino acid sequence of SEQ D NO:92, and an HCDRS3 amino acid
saguence of SEQ 1D NO:93; or (b) the immunoglobulin light chain variable region comprises an
LCDR1 amino acid sequence of SEQ ID NG:202, an LCDR2 amino acid sequence of SEQ ID
NO:203, and an LCDR3 amino acid sequence of SEQ ID NO:204 and wherein the
immunoglobulin heavy chain variable region comprises an HCDR1 amino acid sequence of
SEQ 1D NO:199, an HCDR2 amino acid ssquence of SEQ D NO:200, and an HCDR3 amino
acid sequence of SEQ 1D NO:201; and wherein the CD3-binding domain has any one or more
of the properties described herein. For example, (i) the thermal transition midpoint of the CD3-
binding domain {(or a profein comprising the CD3-binding domain) is at least about 54°C, at least
about 58°C, at least about 56°C, or at Isast about 57°C and up to about 72°C; (ii) the CD3-
binding domain (or a protein compyrising the CD3-binding domain) is stable in storage in PBS at
about 25°C for at least about 6 days, at least about 10 days, or at least about 13 days and up fo
about 80 days; (ili) the CD3-binding domain (or a protein comprising the CD3-binding domain)
binds to human CD3 with an EC50 of about 10 nM or lower; and {iv) the CD3-binding domain
(or a protein comprising the CD3-binding domain) binds to cynomeolgus CD3 with an EC50 of
about 30 nM or lower.

[0018] The disclosure also relates to a CD3-binding polypeptide comprising any of the CD3-
binding domains described herein. In some variations, a CD3-binding polypeptide may comprise
an immunoglobulin constant region. This immunoglobulin constant region may comprise
immunoglobulin CH2 and CH3 domains of IgG1, 1gG2, 1gG3, 1gG4, IgA1t, 1gA2 origD. in some
embodiments, an immunoglobulin constant region comprises a human IgG1 CH2 domain
comprising the substitutions L234A, L235A, GZ37A, and K322A, according io the EU numbering
system. in certain embodiments, an immunogiobulin constant region comprises a human 1gG1
CHZ2 domain comprising one or more of the substitutions L234A, L235A, G237A, and K322A,
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according to the EU numbering system. In some ambodiments, a CD3-binding polypeptide
when bound to a CD3 protein on a T cell does not induce or induces a minimally detectable
cytoking release from said T cell. In cerfain aspects, a CD3-binding profein or polypeptide
exhibits reduced cylokine release in a patient as compared fo the cylokine released when anti-
CD3 antibody OKT3 is administered to a patient. In some cases, a CD3-binding polypeptide
may induce T-cell activation or T-cell proliferation.

[8019] In certain aspects, a CD3-binding polypeaptide further comprises a second binding
domain. The second binding domain may be a single chain variable fragment (scFv). In some
embodiments, the second binding domain binds or interacts with a tumor associated antigen
(e.g., PSMA, CD19, CD20, CD37, CD38, CD123, Her2, ROR1, RON, glycoprotein A33 antigen
{gpA33) ar CEA).

[6020] The disclosurse further encompasses a CD3-binding polypeptide comprising: (i) a CD3-
binding domain and (i) a second binding domain. In some embodiments, a CD3-binding
polypepltide comprises, in order from amino-terminus 1o carboxyl-terminus or in order from
carboxyl-terminus to amino-terminus, (i) a CD3-binding domain, (if) a hings region and (i} an
immunogiobulin constant region. In some embodimenis, a CD3-binding polypeptide comprises,
in order from amino-terminus to carboxyl-terminus, (i) a second binding domain, (i) a hinge
region, (i} an immunoglobulin constant region, (iv) a carboxyl-terminus linker, and (v} a CD3-
binding domain. In other embodiments, a CD3-binding polypeptide comprises, in order from
carboxyl-terminus to amino-terminus, (i) a second binding domain, (i) a hinge region, (iii) an
immunoglobulin constant region, (iv) an amino-tarminus linker, and (v} 2 CD3-binding domain.
In certain variations, the first and/or the second binding domain is an scFv. Non-limiting
examples of carboxyl-terminus and amino-terminus linkers include flexible linkers comprising
glycine-serine (e.q., (Gly,Sen) repeats and linkers derived from (i) a stalk region ofatype H C
fectin or (i) an immunogiobulin hinge region. in certain aspects, a carboxyl-terminus linker {or
an amino-terminus linker) comprises or consists of SEQ 1D NO:1986. In some aspects, the
disclosure relates to a CD3-binding polypeplide (&.g., mullispecific), wherein (i) the CD3-binding
domain comprises (&) an immunoglobulin light chain variable region comprising LCDR1,
LCDR2, and LCDR3S, and () an immunogiobulin heavy chain variable region comprising
HCDR1, HCDR2, and HCDRS; and (i) the second binding domain comprises (a) an
immunoglobulin light chain variable region comprising LCDR1, LCDR2, and LCDR3, and (b) an
immunoglobulin heavy chain variable region comprising HCDR1, HCDR2, and HCDRS,

[6021] The disclosure encompasses a CD3-binding polypeptide that induces redirected T-cell
cytotoxicity (RTCC). For example, a CD3-binding polypeptide may induce RTCC with an EC50
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of about 30 pM or lower. In some embodiments, a CD3-binding polvpsptide does not exhibit or
exhibits minimal antibody-dependent cell-mediatad cytoloxicity {ADCC) activity and/or
complement-dependent cytotoxicity {(CDC) activity. In certain aspecis, null ADCC and/or CDC
activily is accomplished through mutations in the hinge region and Ig constant region (e.g, Fc).
[06022] A CD3-binding polypeptide may further comprise an immunoglobulin heterodimerization
domain. In some embodiments, an immunoglobulin heterodimerization domain comprises an
immunogliobulin CH1 domain or an immunoglobulin CL domain. In some aspects, a CD3-
binding polypeptide is a heterodimeric CD3-binding protein comprising (i) a first polypeptide
chain comprising, in order from amino-terminus to carboxyl-terminus or from carboxyl-terminus
to amino-terminus, (a) a CD3-binding domain that specifically binds human CD3, () a first
hinge region, {c) a first immunogicbulin consiant region, and (d) a first immunoglobulin
heterodimerization domain; and (ii) a second polypaptide chain comprising, in order from amino-
ferminus to carboxyl-terminus or from carboxyl-terminus to amino-terminus, {8") a second hinge
region, (b) a second immunoglobulin constant region, and (¢') a second immunogiobulin
heterodimerization domain that is diffsrent from the first immunoglobulin heterodimerization
domain of the first single chain polypeptide, whersin the first and second immunoglicbulin
heterodimerization domains associate with each other to form a heterodimer. Inone
embodiment, the first immunoglobulin heterodimerization domain comprises an immunoglobulin
CH1 domain and the second immunoglobulin heterodimerization domain comprises an
immunoglobulin CL domain, or wherein the first immunogiobulin heterodimerization domain
comprises an immunoglobulin CL domain and the second immunoglobulin heterodimerization
domain comprises an immunoglobulin CH1 domain. Atleast one of the first and second
immunoglobulin constant regions may comprise immunoglobulin CH2 and CH3 domains of
IgG1, 1gG2, IgG3, IgG4, IgAt, IgA2, IgD or any combination thereof, an immunoglobulin CH3
domain of IgG1, igG2, 1gG3, IgG4, IgA1, igA2, igD, IgE, IgM or any combination thereof, or
immunoglobulin CH3 and CH4 domains of Igk, IgM or a combination thereof. In some aspects,
the second polypeptide chain of a heterodimeric CD3-binding protein may further comprise a
second binding domain. In certain embodiments, the second binding domain may be amino-
terminal or carboxy-terminal to the second hinge region.

(00231 In some variations, a CD3-binding polypeptide may be a bispecific single chain antibody
molecule comprising a CD3-binding domain and a second binding domain, wherein the binding
domains are arranged in the order VH CD3-VL CD3-VH second binding domain-VL second
binding domain or VL CD3-VH CD3-VH second binding domain -VL second binding domain or
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VH second binding domain-VL second binding domain-VH CD3-VL CD3 or VH second binding
domain-VL second binding domain-VL CB3-VH CD3.

[06024] The disclosure also relates to an isolated nucleic acid molecule encoding a CD3-binding
domain or a CD3-binding polypeptide described herein or a portion of said CD3-binding domain
or polypeptide. In some aspects, the disclosure encompasses an expression vecior comprising
a nucleic acid segment encoding a CD3-binding domain or a CD3-binding polypeptide
described harein, wherein the nucleic acid segmaeant is operatively linked to regulatory
sequences suitable for expression of the nucleic acid segment in a host cell. A recombinant
host celi comprising an expression vector is included in the disclosure.

[80258] The disclosure encompasses an expression vector comprising first and second
expression units, wherein the first and second expression units respectively comprise first and
sacond nucleic acid segments encoding the first and second polypeplide chains of a
heterodimeric CD3-binding polypeptide, and whearein the first and second nucleic acid segments
are operably linked to regulatory sequences suitable for expression of the nucleic acid
segmenis in a host cell. A recombinant host celi comprising an expression vector comprising
first and second expression units is part of the disclosure.

[0028] The disclosure further relates to a method for producing a CD3-binding polypeptids, the
method comprising: culiuring a recombinant host cell comprising an expression vector
described herein under conditions whereby the nucleic acid segment is expressed, thereby
producing the CD3-binding polypeptide. In some embodiments, a method for producing a
heterodimeric CD3-binding protsin comprises: culturing a recombinant host cell comprising first
and second expression units, wherein the first and second expression units respectively
comprise first and second nucleic acid segments encoding the first and second polypeptide
chains of a heterodimeric CD3-binding protein, wherein the first and second nucleic acid
sagments are operably linked to reguiaiory sequences suitable for expression of the nucleic
acid segments in a host cell, and whersin said culturing is under conditions whereby the first
and second nucleic acid segments are expressad and the encoded polypeptide chains are
produced as the heterodimeric CD3-binding protein. These methods may further comprise
recovering the CD3-binding polypeptide or the heterodimeric CD3-binding protein.

[0027] The disclosurs encompasses a pharmaceutical composition comprising a CD3-hinding
polypeptide disclosed herein and a pharmaceuiically acceptable carrier, diluent, or excipient.
The disclosure aiso relates 10 a method for inducing redirected T-cell cytotoxicity (RTCC)
against a cell expressing a tumeor associated antigen, the method comprising: confacting said

tumor associated antigen-expressing cell with a CD3-binding polypeptide, wherein said
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contacting is under conditions whereby RTCC against the fumor associated anligen-expressing
call is inducad. One aspect of the disclosure includes a method for inhibiting tumor growth in a
subject in need thereof, comprising adminisiering & therapeutically effective amount of a CD3-
binding polypeptide or & pharmaceutical composition described harein to the subject. The
disclosure encompasses a method for treating cancer or an autoimmune disorder in a subject in
need thereof, comprising administering a therapeutically effective amount of a CD3-binding
polypeptide or a pharmacsutical composition described herein to the subject. Non-limiting
examples of cancer that may be treated by methods and CD3-binding polypeptides described
herein include prostate cancer, colorectal cancer, renal cell carcinoma, bladder cancer, salivary
gland cancer, pancreatic cancer, ovarian cancer, non-small cell lung cancer, breast cancer
{e.q., triple negative breast cancer). melanoma, adrenal cancer, mantie cell lymphoma, acute
tymphoblastic leukemia, chronic lymphocyiic lsukemia, Non-Hodgkin's lymphoma, acute
myeloid leukemia (AML), B-lymphoid lsukemia, blastic plasmaocytoid dendritic neoplasm
(BPDCN), and hairy celi leukemia.

[0028] The disclosure encompasses a CD3-binding domain that binds specifically to human
CD3 and that comprises SEQ ID NO: 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,
36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, or 60.

[0028] The disclosure also relates to a CD3-binding protein that is a dimer of two identical
polypeptides, wherein each polypeptide is any of the CD3-binding polypeplides disclosed
herein.

[6838] These and other embodiments and/or other aspects of the disclosurs will become
evident upon reference o the following detailed description of the disclosure and the attached

drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[80631] Figure 1 (iop panel) is a graph showing the results of a flow cytometry study measuring
the binding of CD3-binding domain consiructs to Jurkai T-cells. Mean fluorescence intensity
(MF1) of bound molecules on live cells is shown on the y-axis. Concentration (nM) of the CD3-
binding domain constructs is shown on the x-axis. The table (bottom panel) shows the ECx
values obtained from the data in the graph.

[0032] Figure 2 (iop panel} is a graph showing the results of a flow cytometry study measuring
the binding of CD3-binding domain consiructs to a subclone of the Jurkai T-cell line with higher

levels of CD3 expression. Mean flucrescence intensity (MFI) of bound molecules on live cells is
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shown on the y-axis. Concentration (nM) of the CD3-binding domain constructs is shown on the
x-axis. The table (botiom panel) shows the EC;; values obtainsed from the data in the graph.
[0033] Figure 3 is a graph showing the resulis of a differential scanning fluorimetry study
performed with CD3-binding domain construcis. The figure also shows the thermal transition
midpoint {Tm) values obtained from the data in the graph.

[0634] Figure 4 is a graph showing the results of a flow cytomeiry study measuring the binding
of CD3-binding domain constructs to a subclone of the Jurkat T-cell line with higher levels of
CD3 expression. Mean fluorescence intensity (MF1) of bound molecules on live calis is shown
on the y-axis. Concentration (nM) of the CD3-binding domain constructs is shown on the x-axis.
[8038] Figure 8 is 2 graph showing the results of a flow cylometry study measuring the binding
of CD3-binding domain consiructs to a subclone of the Jurkat T-cell line with higher levels of
CD3 expression. Mean fluorescence intensity (MF1} of bound molecules on live cells is shown

on the y-axis. Concentration (nM) of the CD3-binding domain constructs is shown on the x-axis.

[0036] Figure 8 (top panel) is a graph showing the results of a chromium-51 release assay
measuring the effectiveness of bispecific anti-PSMA and anti-CD3 canstructs at inducing target-
dependent T-cell cytoioxicity with human PBMC in 4 hours against C4-2B cells. Percent specific
lysis relative to a total lysis control is shown on the y-axis. Concentration (pM) of the CD83-
binding dormain constructs is shown on the x-axis. The table (botftom panel) shows the ECs

values obtained from the data in the graph.

[0037] Figure 7A and Figure 78 are graphs showing the resuits of a flow cytometry study
measuring the binding of CD3-binding domain constructs fo Cynomolgus T-cells. Mean
fluorescence intensity (MFD of bound molecules on live cells is shown on the y-axis of each
graph. Concentration (nM) of the CD3-binding domain consiructs is shown on the x-axis of each

graph.

[0038] Figure 8A and Figure 8B are graphs showing the results of a chromium-51 release
assay measuring the effectiveness of CD3-binding domain consiructs at inducing target-
dependent T-cell cytotoxicity with Cynomolgus PBMC in 4 hours against C4-2B cells. Percent
specific lysis relative {o a {otal iysis control is shown on the y-axis of each graph. Concentration

(pM) of the CD3-binding domain constructs is shown on the x-axis of each graph.

[0039] Figure 9 is a graph showing the results of a flow cytometry study measuring the binding
of bispecific anti-CD37 and ant-CD3 constructs to Cynomeigus T-cells. Mean flucrescence

intensity (MF1) of bound molecules on live celis is shown on the y-axis. Concentration (nM) of
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the CD3-binding domain constructs is shown on the x-axis. TSC384 DY refers to the TSC394
canstruct including the E88D and F87Y substifutions.

[0040] Figure 10 (top panel) is a graph showing the results of a chromium-51 release assay
measuring the effectiveness of bispecific anti-CD37 and anti-CD3 constructs at inducing target-
dependent T-celi cytotaxicily with Cynomaelgus PBMC in 4 hours against Ramos celis. Percent
specific tysis relative to a total lysis control is shown on the y-axis of each graph. Concentration
(phh) of the CD3-binding domain constructs is shown on the x-axis of each graph. The table
(bottom panel) shows the ECs, values obtained from the data in the graph. TSC384 DY refers
to the TSC384 construct including the E86D and F87Y substitutions.

[0041] Figure 11 is a graph showing the results of a study measuring the storage stability of
CD2-binding domain constructs at 25°C over the number of days specified on the x-axis.
CAS105 is a control consiruct comprising the DRA222 CD3-binding domain.

[0042] Figure 12 is a graph showing the results of a study measuring the serum stability in
human serum of anti-ROR1 x anti-CD3 bispecific molecules over the number of days specified
on the x-axis.

10043} Figure 13 shows an alignment of the amino acid ssqguences of the DRA222 scfFv (SEQ
D NO:85), TSC455 scFv (SEQ ID NO:83), and TSC456 scFv (SEQ D NO:84). The sequences
of these constructs are also shown in Table 14.

[0044] Figure 14 is a graph showing the resulis of a study measuring serum concenirations of
anti-PSMA X anti-CD3 bispecific binding molecules in BALB/c mice as a function of time.
Resulis are expressed as mean serum concentration {(ug/ml) over fime for each of the
treatment groups. Each point shows the mean (+standard deviation) of individual animals.
[0045] Figure 18 is a table showing a comparison of pharmacokinetic parameters of anti-PSMA
X anti-CD3 bispecific binding molecules in BALB/c mice.

[0046] Figure 16 is is a graph showing the results of a study measuring ssrum concsantrations
of anti-ROR1 X anti-CD3 bispecific binding molecules in NSG mice as a function of time.
Resulis are expressed as mean serum concentration (ug/ml) over time for each of the
treatment groups.

[0047] Figure 17A and Figure 178 are tables showing a comparison of pharmacokinetic
parameters of antib-ROR1 X anti-CD3 bispecific binding molecules in NSG mice. Figure 17A
shows pharmacokinetic parameter estimates calculaied using NCA for IV dosing with sparse

sampling and uniform weighting for each freatment group. Figure 178 shows pharmacokinetic
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parameter estimates determined using a 2 Compartment IV modei with 1/Y weighting for each
treaiment group.

[0048] Figure 18 is a graph showing the resulis of a study analyzing the effecis of anti-ROR1 X
anti-CD3 bispecific binding molecules on MDA-MB-231 xenograft tumor growth.

[0049] Figure 19 is a graph showing the results of a study analyzing the effects of anti-ROR1 X
anti-CD3 bispecific binding molecules on Kasumi-2 xenograft tumor growth. Resuits are shown

for human T-cell donor #336.

DETAILED DESCRIPTION OF THE DISCLOSURE
[8650] The disclosure provides binding domains that specifically bind to CD3 (cluster of
differentiation 3) and binding molecules (e.g. poiypeptides and proteins) that specifically bind to
CD3. These binding molecules may bind specifically to CD3 and to at least one othar targst. in
some embaodiments, a CD3-binding molecule described herein has a favorable
rmanufacturability profile, having one or more of the properties described below. In certain
embodiments, CDRs from the Cris7 anti-CD3 antibody have been used o engineer CD3-
binding molacules with improved and novel properties. Accordingly, the disciosurs relates io
humanized anti-CD3 binding domains and proteins that have improved properiies {e.g., thermal
stability, storage stability, serum half-life, reduced formation of high molecular weight
aggregates) compared io other anti-CD3 binding domains and proteins. In some aspects of the
disclosure, a CD3-binding molecule is thermally stable. For example, the molecule may have
improved thermal stability compared to another CD3-binding molecule {e.g., DRA222). CD3-
binding molecules may have a high production yield and a long serum haif-life and long storage
haif-life. Further, CD3-binding molecules described herein may have a low risk of adverse side
effacts when administered to a subject. For example, CD3-binding molecules may lead to

release of low levels of cytokines.

[06051] In the present descriplion, any concentration range, perceniage range, ratio range, or
integer range is to be understood fo include the value of any integer within the recited range
and, when appropriate, fractions thereof (such as one tenth and one hundredth of an integer),
uniess otherwise indicated. It should be undersiood that the terms "a" and "an” as used herein
rafer to "one or more” of the enumerated components unless otherwise indicated. The use of
the alternative (a.q., "or") should be understood {0 mean either one, both, or any combination
thereof of the alternatives. As used herein, the terms "include” and "comprise” are used
synonymously. In addition, it should be understood that the polypeplides comprising the various

combinations of the components (e.g., domains or regions) and substituents described herein,
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are disclosed by the present application to the same extent as if sach polypeptide was set forth
individually. Thus, selection of particular components of individual polypeptides is within the

scope of the present disclosure.

[0052] All documents, or portions of documents, cited herein, including but not limited to
patents, patent applications, articles, books, and treatises, are hereby expressly incorporated by
reference in their entirety for any purpose. In the event that one or more of the incorporated
documents or portions of documents define a term that contradicts that termv’s definition in the
application, the definition that appears in this application controls. However, mention of any
reference, article, publication, patent, patent publication, and patent application cited herein is
not, and should not be taken as an acknowledgment, or any form of suggestion, that they
constituie valid prior art or form part of the common general knowledgs in any country in the

world.

[0053] As used herein, the term “binding domain” or “binding region” refers to the domain,
region, portion, or site of a profein, polypeptide, cligopeptide, or peptide or antibody or binding
domain derived from an antibody that possesses the ability to specifically recognize and bind to
a target molscule, such as an antigen, ligand, recaptor, substrate, or inhibitor (e.g., CD3}.
Exemplary binding domains include single-chain antibody variable regions (e.g., domain
antibodies, sFv, scFv, scFab), receptor ectodomains, and ligands (e.g., cylokines, chemokings).
in certain embodiments, the binding domain comprises or consists of an antigen binding site
(2.g., comprising a variable heavy chain sequence and variable light chain sequance or three
light chain complementary determining regions (CDRs) and three heavy chain CDRs from an
antibody placed into alternative framework regions (FRs) {e.g., human FRs optionally
comprising one or more amino acid substitutions). A variety of assays are known for identifying
binding domains of the present disclosure that specifically bind a particular target, including
Western blof, ELISA, phage display library screening, and BIACORE® interaction analysis. As
used herein, a CD3-binding polypeptide can have a “first binding domain” and, optionaily, a
“second binding domain.” in certain embodiments, the “first binding domain” is a CD3-binding
domain and the format is an antibody or antibody-like protein or domain. In certain
embodiments comprising both the first and second binding domains, the second binding domain
is a tumior antigen-binding domain. in other embodiments, the second binding domain is a
second CD3-binding domain. In vet other embodiments, the second binding domainis a

binding domain other than a tumor antigen-binding domain.
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[0854] A binding domain or protein “specifically binds” a targst if it binds the target with an
affinity or K, {i.e., an equilibrium association constant of a particular binding interaction with
units of 1/M) equal to or greater than 10° M, while not significantly binding other components
present in a test sample. Binding domains can be classified as “high affinity” binding domains
and “low affinity” binding domains. “High affinity” binding domains refer to those binding
domains with a K, of at least 10° M, at least 10° M, at least 10° M, at least 10" M, at least
10" M7, atieast 10 M7, or atleast 10" M. “Low affinity” binding domains refer to those
binding domains with a K, of up to 10" M7 up to 10° M, up to 10° M. Alternatively, affinity can
be defined as an equilibrium dissociation constant (Ky) of a particular binding interaction with
units of M {e.g., 10° M fo 107> M). Affinities of binding domain polypeptides and single chain
polypeptides according to the present disclosure can be readily determined using conventional
techniques (see, e.g., Scatchard et al. (1948) Ann. N.Y. Acad. Sci. 51:660; and U.S. Patent
Nos. 5,283,173, 5,468,614, or the equivalent).

[06055] “CD3J” is known in the art as a multi-protein complex of six chains (see, e.¢., Abbas and
Lichtman, 2003, Janeway ef a/., p. 172 and 178, 1999}, which are subunits of the T-cell recepior
complex. In mammals, the CD3 subuniis of the T-cell receptor complax are a CD3y chain, a
CD35 chain, two CD3¢ chains, and a homodimer of CD3Z chains. The CD3y, CD33, and CD3¢
chains are highly related cell surface proteins of the immunoglobulin superfamily containing a
single immunoglobulin domain. The transmembrane regions of the CD3y, CD38, and CD3¢
chains are negatively charged, which is a characleristic that allows these chains to associate
with the positively charged T-cell receptor chains. The infraceliular tails of the CD3y, CD3%, and
CD3¢ chains each contain a single conserved motif known as an immunoreceptor tyrosine-
based activation motif or ITAM, whereas each CD3( chain has three. 1 is believed the [TAMs
are importani for the signaling capacily of a TCR complex. CD3 as used in the present
disclosure can be from various animal species, including human, monkey, mouss, rat, or other

mammals.

[0056] As used herein, a “conservative substitution” is recognized in the art as a substitution of
one aming acid for another aming acid that has similar properties. Exemplary conservative
substitutions are well-known in the art (see, e.g., WO 97/09433, page 10, published March 13,
1997, Lehninger, Biochemistry, Sscond Edition; Worth Publishers, Inc. NY:NY (1975}, pp.71-77;
Lewin, Genes IV, Oxford University Press, NY and Cell Press, Cambridge, MA (1980), p. 8). in

certain embodiments, a conservative substitution includes a leucine o serine substitution.
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[0057] As used herein, the term "derivative” refers to a modification of oneg or more amino acid
residues of a peptide by chemical or biclogical means, either with or without an enzyme, e.g., by

glycosvylation, alkylation, acylation, ester formation, or amide formation.

[0058] As used herein, a polypeptide or amino acid sequence “derived from” a designated
polypeptide or protein refers {o the origin of the polypeptide. In cerain embodiments, the
polypeptide or amino acid sequence which is derived from a particular sequence (sometimes
raferred to as the "siarting” or "parent” or "parental” sequence} has an amino acid sequences that
is essentially identical {o the starting sequence or & portion thersof, wherein the portion consists
of at least 10-20 amino acids, af least 20-30 amino acids, or at least 30-50 amino acids, or at
feast 50-150 amino acids, or which is otherwise identifiable to one of ordinary skill in the art as
having iis origin in the slarting sequence. For exampls, a binding domain can be derived from

an antibody, e.q., a Fab, F(ab))2, Faly’, scFv, single domain antibody (sdAb), etfc.

[0059] Polypeptides derived from another polypeptide can have one or more mutations relative
to the siarting polypeptide, €.q., one or more amino acid residues which have been substituted
with another amino acid residue or which has one or more amine acid residue insertions or
delstions. The polypeptide can comprise an amino acid sequence which is noi naturally
occurring. Such variations necessarily have less than 100% sequence identity or similarity with
the starting polypeptide. In one embodiment, the variant will have an amino acid sequence from
about 60% io less than 100% aminc acid sequence identily or similarity with the amino acid
saquence of the starting polypeptide. In another ambodiment, the variant will have an amino
acid sequence from about 75% 10 less thant 100%, from about 80% 1o less than 100%, from
about 85% to less than 100%, from about 0% to less than 100%, from about 85% io less than
100% amino acid sequence identity or sirilarity with the amino acid sequence of the siarting

polypeptids.

[6100] As used hersin, unlsss otherwise provided, a position of an amino acid residus in a
variable region of an immunogiobulin molecule is numbered using the IMGT criteria (Brochet, X,
et al, Nucl. Acids Res. (2008) 36, W503-508), and a posilion of an amino acid residue in a
canstant region of an immunoglobulin moiecule is numbered according to EU nomenclature
(Ward ef al., 1885 Therap. Immunol. 2:77-94). The Kabat numbering convention (Kabat,
Sequences of Proteins of Immunological Interest, 5" ed. Bethesda, MD: Public Health Service,
National Institutes of Health (1991)) is an aliernative system used to refer to a position of an

amino acid residue in a variable region of an immunogiobulin molecule.
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[0068] As used herein, the term “dimer” refars o a biclogical entily that consists of two subunits
associated with each other via one or more forms of inframolecular forces, including covalent
bonds (e.g., disulfide bonds) and other intsractions (8.g., electrostatic interactions, salt bridges,
hydrogen bonding, and hydrophobic interactions), and is stable under appropriate conditions
(e.g., under physiclogical conditions, in an agueous solution suitable for expressing, purifying,
and/or storing recombinant proteins, or under conditions for non-denaturing and/or non-reducing
slectrophoresis). A *heterodimer” or “hsterodimeric protein,” as used hersin, refers to a dimer
formed from two different polypeptides. A heterodimer does not include an antibody formed
from four polvpeplides (i e., two light chains and two heavy chains). A “homodimer” or

“‘homodimeric protein,” as used herein, refers o a dimer formed from two identical polypeptides.

[6661] In some embodiments, a CD3-binding polypeplide comprises, in order from amino-
terminus to carboxyl-terminus or in order from carboxyl-terminus o amino-terminus, (i) a second
binding domain, (i} a hinge region, (ill) an immunoglobulin constant region, (iv) a carboxyl-
terminus linker (or an amino-terminus linker), and {v) a CD3-binding domain. As used herein
and depending on context, a “hinge region” or a “hinge” refers to a polypeptide region between
a binding domain {e.g., a CD3-binding domain or a second binding domain) and an
immunoglobulin constant region. As used herein and depending on context, a “linker” may refer
to (1) a polvpeptide region between Vg and V| regions in a single-chain Fv (scFvy or (2) a
polypeptide region between an immunogiocbulin constant region and a second binding domain in
a CD3-binding polypeptide comprising two binding domains. A polypeptide region befween an
immunoglobulin constant region and a CD3-binding domain in a CD3-binding polypeptide
comprising fwo binding domains may also be referred {o as a “carboxyl-terminus linker” or an
“amino-terminus linker.” Non-limiting examples of carboxyl-terminus and amino-terminus linkers
inciude flexible linkers comprising giycine-sering repeats, and linkers derived fram (a) an
interdomain region of a transmembrane protein (e.q., & type | ransmembrane protein); (b) a
stalk region of a type lt C-lectin; or {¢) an immunoglobulin hinge. Non-limiting examples of
hinges and linkers are provided in Tables 1 and 2. In some embodiments, a “linker” provides a
spacer function compatible with interaction of the two sub-binding domains so that the resulting
polypeplide retains a specific binding affinily o the same target molecule as an antibody that
camprises the same light and heavy chain variable regions. In certain embodiments, a linkeris

comprised of five to about 35 amino acids, for instance, about 15 to about 25 amino acids.

[0062] A “wild-type immunoglobulin hinge region’ refers {o a naturally ocourring upper and

middle hinge amino acid sequences interposed between and connecting the CH1 and CH2
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domains (for IgG, IgA, and igD) or interposed between and connscling the CH1 and CH3
domains (for IgE and ight) found in the heavy chain of an antibody. In certain embodiments, a
wild type immunoglobulin hinge region sequence is human, and can comprise a human IgG
hinge region.

[8063] An “altered wild-type immunoglobulin hinge region” or “altered immunogiobulin hinge
region’ refers to (a) a wild type immunoglobulin hinge region with up to 30% amino acid
changes {(e.g., up to 25%, 20%, 15%, 10%, or 5% amino acid substilutions or deletions), or (b) a
portion of a wild type immunoglobulin hinge region that has a length of about 5 amino acids
(¢.g.,about 5,86,7,8, 9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, or 20 amino acids) up io about
120 aming acids (for instance, having a length of about 10 to about 40 amino acids or about 15
o about 30 amino acids or about 15 {o about 20 amino acids or about 20 to about 25 amino
acids), has up to about 30% amino acid changes (e.g., up o about 25%, 20%, 15%, 10%, 5%,
4%, 3%, 2%, or 1% amino acid substitutions or deletions or a combination thereof), and has an
IgG care hinge region as disclosed in US 2013/0129723 and US 2013/0085097.

[0064] As used herein, the term “humanized’ refers {0 a process of making an antibody or
immunoglobulin binding proteins and polypeptides derived from a non-human species (&.g.,
mouse or rat) less immunogenic to humans, while still retaining antigen-binding properties of the
original antibody, using genetic engineering techniques. In some embodiments, the binding
domain(s) of an antibody or immunoglobulin binding proteins and polypeptides (e.g., light and
heavy chain variable regions, Fab, scFv) are humanized. Non-human binding domains can be
humanized using technigues known as CDR grafting (Jones ef al |, Nature 321:522 (1988)) and
variants thereof, including “reshaping” (Verhoeyen, ef a/., 1888 Science 239:1534-1536;
Riechmann, ef a/., 1988 Nature 332:323-337; Tempest, ef al., Bio/Technof 1991 9.266-271),
“hyperchimerization” (Queen, ef al, 1989 Proc Natl Acad Sci USA 86:10029-10033; Co, et al,
1991 Proc Nat! Acad Sci USA 88:2869-2873; Co, ef al,, 1992 J Immunol 148:1149-1154), and
‘veneering’ (Mark, ef &/, "Derivation of therapeutically active humanized and veneered anti-
CD18 antibodies.” In: Metcalf BW, Dalton Bd, eds. Cellular adhesion: molecular definition to
therapeutic potential. New York: Plenum Press, 1984: 291-312). If derived from a non-human
source, other regions of the antibody or immunoglobulin binding proteins and polypeptides, such

as the hinge region and constant region domains, can also be humanized.

[86865] An “immunoglobulin dimarization domain” or “immunoglobulin heterodimerization
domain”, as used herein, refers io an immunoglobulin domain of a polypeptide chain that

preferentially interacts or associates with a different immunoglobulin domain of g second
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polypeptide chain, whersin the interaction of the different immunoglobulin heterodimerization
domains substantially contributes to or efficiently promotes heterodimerization of the first and
second polypeptide chains (i.e., the formation of 3 dimsr between two different polypeptide
chains, which is also referred to as a “helerodimer”). The interactions between immunoglobulin
heterodimerization domains “substantially contributes to or efficiently promotes” the
heterodimerization of first and second polypeptide chains if there is a stalistically significant
reduction in the dimerization betwsen the first and second polypeptide chains in the absence of
the immunoglobulin heterodimerization domain of the first polypeptide chain and/or the
immunogiobulin heterodimerization domain of the second polypeptide chain. In cerlain
embodiments, when the first and second polypeplide chains are co-expressed, at least 60%, at
least about 60% to about 70%, at least about 70% to about 80%, at isast 80% to about 80%,
91%, 92%, 93%, B4%, 95%, 86%, 87%, 88%, or 98% of ths first and sacond polypetpide chains
form heterodimers with each other. Representative immunoglobulin heterodimerization
domains include an immunoglobulin CH1 domain, an immunoglobulin CL domain {e.g., Ck or CA
isotypes), or derivalives thereof, including wild type immunoglobulin CH1 and CL domains and

altered (or mutated) immunogiobulin CH1 and CL domains, as provided therein.

[6066] An “immunoglobulin constant region” or “constant region” is a term defined herein fo
refer io a peplide or polypeptide sequence that corresponds o or is derived from part or all of
one or more constant region domains. In certain embodiments, the immunoglobulin constant
region corresponds to oris derived from part or all of ene or more constant region domains, but
not all constant region domains of a source antibody. In cartain embodiments, the constant
region comprises lgG CH2 and CH3 domains, e.g., 1gG1 CH2 and CH3 domains. In cerlain
embaodiments, the constant region does not comprise a CH1 domain. In certain embodiments,
the constant region domains making up the constant region are human. In some embodiments
(for exampls, in ceriain variations of a CD3-binding polypeptide or protsin}, the constant region
domains of a fusion protein of this disclosure lack or have minimal effector functions of antibody-
dependent cell-mediated cytotoxicity (ADCC) and complement activation and complemeni-
dependent cytotoxicity (CDC), while retaining the abilily to bind some F¢ receptors (such as
FeRn, the neonatal Fc receptor) and retaining a relatively long half lifs in vivo. in other
variations, a fusion protein of this disclosure includes constant domains that retain such effector
function of one or both of ADCC and CDC. In certain embodiments, a binding domain of this
disclosure is fused to a human IgG1 constant region, wherein the IgG1 constant region has one
or more of the following amino acids mutated: leucine at position 234 (L234), leucine at position

235 (L235), giycine at position 237 (G237), glutamate at position 318 (E318), lysine at position
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320 (K320}, lysine at position 322 (K322}, or any combination thereof (numbering according to
EU}. Forexample, any ons or more of these amino acids can be changed to alanine. Ina
further embodiment, an igG1 Fc domain has each of L234, L235, G237, E318, K320, and K322
(according fo EU numbering) mulated to an alanine (i.e., L234A L2358A G237A, E318A,
K320A, and K322A, respectively), and optionally an N297A mutation as well (i.e., essentially

eliminating glycosylation of the CH2 domain).

[0887] “Fe region” or “Fc domain” refers o a polypeptide sequence corresponding to or derived
from the portion of a source antibody that is responsible for binding o antibody receptors on
cells and the Clg component of complement. Fc stands for “fragment crystalline,” the fragment
of an antibody that wili readily form a protein crysial. Distinct protein fragments, which were
originally describsd by proteolytic digestion, can define the overall general structure of an
immunoglobulin protein. As originally defined in the literature, the Fe fragment consists of the
disulfide-linked heavy chain hinge regions, CH2, and CHS3 domains. Howeaver, more recently
the term has been applied to a single chain consisting of CH3, CH2, and at least a portion of the
hinge sufficient to form a disulfide-linked dimer with a second such chain. For a review of
immunoglobulin structure and function, see Putnam, The Plasma Profeins, Vol V {Academic
Press, Inc., 1987), pp. 49-140; and Padlan, Mo/l immunol. 31:168-217, 1984. As used herein,

the term Fc includes variants of naturally ccouring sequences.

[0068] in some embodiments, a CD3-binding protein comprises a protein scaffold as generally
disclosed in, for example, in US Patent Application Publication Nos. 2003/0133838,
2003/0118592, and 2005/0136049. A CDS3-binding protein may comprise, in order from amino-
terminus to carboxyl-terminus, a first binding domain, a hinge region, and an immunoglobulin
constant constantregion. In other embodiments, a CD3-binding protein comprises a protein
scafiold as gensrally disclosed in, for sxample, in US Patent Application Publication No.
2009/0148447 . A CD3-binding protein may comprise, in order from carboxyl-terminus {o amino-

ferminus, an immunoglobulin constant region, a hinge region and a first binding domain.

[06069] CD3-binding polypeptides and proteins disclosed herein may incorporate a multi-specific
binding protein scaffoid. Multi-specific binding proteins and polypeptides using scaffolds are
disclosed, for instance, in PCT Application Publication No. WO 2007/146868, U.S. Patent
Application Publication No. 2006/0051844, PCT Application Publication No. WO 2010/040105,
PCT Application Publication No, WO 2010/003108, U.S. Patent No. 7,166,707 and U.5. Patent
MNo. 8,409,577, which are each incorporated herein by reference in their entirety. A CD3-binding

protein may comprise two binding domains (the domains can be designed to specifically bind
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the same or different targets), two hinge regions, and an immunoglobulin constant region. A
CD3-binding protein may be a homodimeric protein comprising two identical, disulfide-bonded

polypeptides.

[0070] As used herein, the “stalk region” of a type |l C-lectin refers to the portion of the
exiraceliular domain of the type Il C-lectin that is located between the C-type leclin-like domain
(CTLD; e.g., similar to CTLD of natural killer cell receptors) and the transmembrane domain.
For example, in the human CD84 molecule (GenBank Accession No. AACS0281.1, PRI
November 30, 1995), the exiracellular domain corresponds to amino acid residuss 34-179,
whereas the CTLD corresponds to amino acid residues 61-176. Accordingly, the sialk region of
the human CD94 molecule includes amino acid residues 34-60, which is found between the
membrane and the CTLD (see Bovington ef al., Immunity 10:75, 1999, for descriptions of other
stalk ragions, see afso Beavil ef af., Proc. Nat'l. Acad. Sci. USA 89:753, 1982; and Figdor ef al,,
Nature Rev. Immunol. 2.77, 2002). These type il C-lectins can also have from six to 10 junction
amino acids between the stalk region and the transmembrane region or the CTLD. In another
example, the 233 amino acid human NKG2A protein {GenBank Accession No. P26715.1, PRI
June 15, 2010) has a transmembrane domain ranging from amino acids 71-83 and an
extracellular domain ranging from amino acids 94-233. The CTLD is comprised of amino acids
119-231, and the stalk region comprises amino acids 99-116, which is flanked by junctions of
five and two aming acids. Other type l C-lectins, as well as their extraceliular ligand-bind
domains, interdomain or stalk regions, and CTLDs are known in the art (see, e.g., GenBank
Accession Nos. NP_001993.2; AAH07037.1, PRI July 15, 2006; NP_001773.1, PRI June 20,
1010; AALB5234.1, PRI January 17, 2002, and CAAC4925.1, PRI November 14, 2006, for the
sequences of human CD23, CD69, CD72, NKG2A and NKG2D and their descriptions,

respectively).

[8871] As used herein, the “intardomain region” of a transmembrane protein (e.g., a typs |
fransmembrane protein) refers to a portion of the extraceliular domain of the transmembrane
protein that is located between two adjacent domains. Examples of interdomain regions include
regions linking adjacent g domains of immunoglobulin superfamily members (2.¢., an
immunoglobulin hinge region from Ig3, IgA, Igh, or IgE; the region linking the igV and IgC2
domains of CD2; or the region linking the gV and igC domains of CD80 or CD88). Another
example of an interdomain region is the region linking the non-lg and IgC2 domain of CD22, a

type | sialic acid-binding Ig-tike lectin.
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[8672] A polypeptide region “derived from” a stalk region of a type I C-igctin, or “derived from” a
transmembraneg prolein interdomain region {&.g., an immunoglobulin hinge region), refers o an
about five to about 150 amino acid sequence, an about 5 o about 100 amino acid sequence, an
about 5 to about 50 amino acid sequence, an about 5 to about 40 amino acid sequence, an
about 5 to about 30 amino acid sequence, an about 5 1o about 25 amino acid sequence, an
about 5 to about 20 amino acid sequence, an about 10 to about 25 amino acid sequence, an
about 10 to about 20 amino acid sequence, about 8 to about 20 amino acid sequence, about 8
o about 20 amino acid sequence, about 10 to about 20 amino acid sequence, about 11 to about
20 amino acid sequence, about 12 to about 20 amino acid sequence, about 13 to about 20
amino acid sequence, about 14 {o about 20 amino acid sequence, about 15 to about 20 amino
acid sequence, oran about 5,6,7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 aminoc acid
saguence, wherein all or at least a portion of which includes (i} a wild-type stalk region or
interdomain region sequence; (i) a fragment of the wild-type stalk region or interdomain region
sequence; {iii) a polypeptide having at least 80%, 85%, 90%, or 95% amino acid sequence
identity with either (i} or (ii}); or {iv) either (i) or {ii) in which one, two, three, four, or five amino
acids have a deletion, insertion, substitution, or any combination thereof, for instancs, the one or
more changes are substitulions or the one or more mutations include only one deletion. In
some embodiments, a derivative of a stalk region is more resistant {o proteolyiic cleavage as
compared {o the wild-type stalk region sequence, such as those derived from about eight to
about 20 amino acids of NKG2A, NKG2D, CD23, CD84, CD72, or CDY4.

[8073] As used hersin, the term “junction amino acids” or “junction amino acid residues” refers
to one or more {e.g., about 2-10} amino acid residues between iwo adjacent regions or domains
of a polypeptide, such as between a hinge and an adjacent immunoglobulin constant region or
between a hinge and an adjacent binding domain or between a peptide linker and an adjacent
immunogiobulin variable domain or an adjacent immunoglobulin constant region. Junction
amino acids can result from the construct design of a polypeptids {e.g., amino acid residues
rasulting from the use of a resiriction enzyme site during the construction of a nucleic acid

molecule encading a polypeptide).

[0074] As used herein, the phrase a “linker between CH3 and CH1 or CL” refers to one or more
{8.g., about 2-12, about 2-10, about 4-10, about 5-10, about 6-10, about 7-10, about 8-10, about
9-10, about 8-12, about 8-12, or about 10-12) amino acid residues between the C- terminus of a
CH3 domain (e.g., a wild type CH3 or a mutated CH3) and the N-terminus of a CH1 domain or
CL domain {e.g., Ck}.
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[0075] As used herein, the term “patient in need” or “subject in need’ refers 1o a patientora
subject at risk of, or suffering from, a disease, disorder or condition that is amenable to
freatment or amelioration with a CD3-binding protein or polypeptide or a composition thereof

provided herein.

[3076] As used herein, the term "pharmaceutically acceptable” refers to molecular entities and
compositions that do not generally produce allergic or other serious adverse reactions when
administered using routes well known in the art. Molecular entitiss and compositions approved
by a requiatory agency of the Federal or a state government or listed in the U.S. Pharmacopeia
or other generally recognized pharmacopeia for use in animals, and more particularly in humans

are considered to be “pharmaceutically acceptable.”

[0877] As used herein, the term "promoter” refers to a region of DNA involved in binding RNA

polymerase to initiate transcription.

o

[6078] As used herein, the terms "nucleic acid,” "nucleic acid molecule,” or "polynucieotide”
refer to deoxyribonuciectides or ribonuciectides and polymers thereof in either single- or double-
stranded form. Unless specifically limited, the terms sncompass nucleic acids containing
analogues of natural nucleotides that have similar binding properties as the reference nucleic
acid and are metabolized in a manner similar to naturally occurring nucleotides. Unless
otherwise indicated, a particular nucieic acid sequence also implicitly encompasses
conservatively modified variants thereof (e.g., degenerate codon substitutions) and
complamentary sequences as well as the sequence explicitly indicated. Specifically, degenerate
codon substitutions can be achieved by generaling sequences in which the third position of one
or more selected (or all) codons is substituled with mixed-base and/or deoxyinosine residues
(Batzer ef /. (1991) Nucleic Acid Res. 19:5081; Ohtsuka ef g/ (1985) J. Biol. Chem. 260:2605-
2608; Cassol ef a/. (1982); Rossolini ef a/. (1994) Mol Cell. Probes 8:91-88). The term nucleic
acid is used interchangeably with gene, cDNA, and mRNA encoded by a gene. As used herein,

the terms "nucleic acid,” "nucleic acid molecule,” or "polynucieotide” are intended fo include
DNA molecules (e.g., cDNA or genomic DNA), RNA molecules (e.g., mRNA), analogs of the
DNA or RNA generated using nucleotide analogs, and derivatives, fragmenis and homologs

thersof.

[0079] The term “expression” refers o the biosynthesis of a product encoded by a nucleic acid.
For example, in the case of nucleic acid segment encoding a polypeptide of interest, expression
involves transcription of the nucleic acid segment intc mRNA and ths translation of mRNA into

one or more polypeptides.
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[0088] The terms “expression unit” and "expression cassetie” are used interchangeably hearein
and denots a nucleic acid segment encoding a polypeplide of interest and capable of providing
expression of the nucleic acid segment in a host cell. An expression unit typically comprises a
transcription promoter, an open reading frame encoding the polypeptide of inlerest, and a
franscription terminator, all in operable configuration. In addition {o a transcriptional promoter
and terminator, an expression unit can further include other nucieic acid segments such as, e.g.,

an enhancer or a polyadenylation signal.

[06081] The term “expression vector,” as used herein, refers to a nucleic acid molecule, linear or
circular, comprising one or more expression units. In addition {o one or more expression units,
an expression vector can also include additional nucieic acid segments such as, for example,
one or moere origins of replication or ons or more selectable markers. Expression vectors ars

generally derived from plasmid or viral DNA, or can contain slements of both.

[0082] As used herein, the term “sequence identity” refers to a relationship between two or
more polynuclectide sequences or between two or mare polypeptide sequences. When a
position in one sequence is occupied by the same nucleic acid base or amino acid residug in
the corresponding position of the comparator sequence, the seguences are said o be “identical”
at that position. The percentage “sequence identity” is calculated by determining the number of
positions at which the identical nucleic acid base or amino acid residue occurs in both
sequences 1o vieid the number of “identical” positions. The number of “identical” positions is
then divided by the total number of positions in the comparison window and multiplied by 100 to
vield the percentage of “sequence identity.” Percentage of “sequence identity” is determined by
comparing two optimally aligned sequences over a comparison window. The comparison
window for nucleic acid sequences can be, for instance, at least 20, 30, 40, 50, 60, 70, 80, 80,
100, 110, 120, 130, 140, 150, 180, 17C, 180, 190, 200, 300, 400, 500, 600, 700, 800, 300 or
1000 or more nucleic acids in length. The comparison windon for polypeptide sequences can
be, for instance, at least 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 180, 170,
180, 190, 200, 300 or more amino acids in length. In order {o optimally align sequences for
comparison, the portion of a polynucieotide or polypeplide sequence in the comparison window
can comprise additions or deletions termed gaps while the reference sequence is kept constant.
An optimal alignment is that alignment which, even with gaps, produces the graatest possible
number of “identical” positions between the reference and comparalor sequences. Percentags
“sequence identity” between two sequences can be determined using the version of the

program “BLAST 2 Sequences” which was available from the National Center for Biotechnology
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information as of September 1, 2004, which program incorporates the programs BLASTN (for
nucleotide sequence comparison) and BLASTP (for polypeptids sequence comparison), which
pregrams are based on the algorithm of Karlin and Altschul (Proc. Natl. Acad. Sci. USA
90(12):5873-5877, 1993). When utilizing "BLAST 2 Ssquences,” parameters that were default
parametiers as of September 1, 2004, can be used for word size (3), open gap penalty (11),
extension gap penalty (1), gap dropoff (50), expect value (10) and any other required
parameter including but not limited o matrix option. Two nucleotide or amino acid sequences
are considered to have “substantially similar sequence identity” or “substantial sequence
identity” if the two sequences have at least 80%, at least 85%, at least 0%, at least 95%, at

least 96%, at least 97%, at least 98%, or at least 99% sequence ideniity relative to each other.

[0683] As used herain, a “polypeptide” or “polypeptide chain” is a single, linear and contiguous
arrangement of covalently linked amino acids. H does not include two polypeptide chains that
link together in a non-linear fashion, such as via an interchain disuifide bond (e.g., a half
immunoglobulin molecule in which a light chain links with a heavy chain via a disulfide bond).
Polypeptides can have or form ane or more infrachain disulfide bonds. With regard to
polypaptidas as described herein, reference to amino acid residues corresponding to thoss

specified by SEQ 1D NO includes post-transiational modifications of such residues.

[6084] As used herein, "CD3-binding prolein” may be used interchangeably with “CD3-binding
polypeptide.” Such molecules specifically bind {o cluster of differentiation 3 protein (CD3) (e.g.,
human CD3}.

[0085] A "protein” is a macromolecule comprising one or more polypeptide chains. A protein
can also comprise non-peptidic components, such as carbohydrate groups. Carbohydrates and
other non-peptidic substituents can be added o a protein by the cell in which the proteinis
preduced, and will vary with the type of ceil. Proteins are defined herein in terms of their amino
acid backbone structures,; subsiituents such as carbohydrate groups are generally not specified,
but may be present nonetheless. A protein may be an antibody or an antigen-binding fragment
of an antibody. In some embodiments, a protein may also be an scFv-Fe-scFv molecule, scFy-

scFv dimer, or a diabody.

[0886] The terms “amino-terminal” and “carboxyl-terminal’ are used herein to denote positions
within polypeptides. Where the context allows, these terms are used with reference fo a
particular sequence or portion of a polypeptide to dencte proximily or relative position. For

example, a certain sequence positioned carboxyl-terminal to a reference sequence within a
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polypeptide is located proximal to the carboxyl-terminus of the reference sequence, but is not

necessarily at the carboxyl-terminus of the complete polypeptide.

[6087] “T-cell receptor” (TCR) is a molecule found on the surface of T-cells that, along with
CD3, is generally responsible for recognizing antigens bound to major histocompatibiiity
camplex (MHC) molecules. [t consists of a disuifide-linked heterodimer of the highly variable a
and B chains in most T-cells. In other T-cells, an alternative receptior made up of variable v and
3 chains is sxpressed. Each chain of the TCR is a member of the immunoglobulin superfamily
and possesses one N-terminal immunoglobulin variable domain, one immunoglobulin constant
domain, a transmembrane region, and a short cytoplasmic tail at the C-terminal end (see Abbas
and Lichiman, Cellular and Molecufar iImmunology (5th £d.), Editor: Saunders, Philadsiphia,
2003; Jansway ef al., Immunobiology: The Immune System in Health and Disease, 4™ Ed.,
Current Biology Publications, p148, 148, and 172, 1999). TCR as used in the present
disclosure can be from various animal species, including human, mouse, rat, or other mammals.

[0688] “TCR complex,” as used herein, refers to a complex formed by the association of CD3
chains with other TCR chains. For exampig, a TCR complex can be composed of a CD3y
chain, a CD38& chain, two CD3¢ chains, a homodimer of CD3 chains, a TCRa chain, and a
TCREB chain. Alternatively, a TCR complex can be composed of a CD3y chain, a CD338 chain,
two CD3¢ chains, a homodimer of CD3Z chains, a TCRy chain, and a TCRS chain.

[0688] “A component of a TCR complex,” as used herein, refers to a2 TCR chain (fe., TCRuy,
TCRB, TCRy or TCRE), a CD3 chain {(ie., CD3y, CD33, CD3¢ or CD3Z), or a complex formed by
two or more TCR chains or CD3 chains {e.g., a complex of TCRa and TCRB, a complex of
TCRy and TCR&, a complex of CD3¢ and CD3YS, a complex of CD3y and CD3¢, or a sub-TCR
caomplex of TCRa, TCRB, CD3y, CD33, and two CD3¢ chains).

[6688] "Antibody-dependent cell-mediated cylotoxicity” and "ADCC " as used herein, referto a
cell-mediated process in which nonspecific cylotoxic cells that express FeyRs (8.g., monocytic
cells such as Natural Killer (NK) cells and macrophages) recognize bound antibody (or other
protein capable of binding FoyRs) on a target cell and subsequently cause lysis of the target
cell. In principle, any sffector cell with an activating FeyR can be triggered to mediate ADCC.
The primary cells for mediating ADCC are NK cells, which express only FoyRIH, whereas
monocytes, depending on their staie of activation, localization, or differentiation, can express
FeyRI, FeyRI, and FeyRIH. For a review of FoyR expression on hematopoietic cells, see, e.g.,
Ravetch et al., 1981, Annu. Rev. Immunocl., 9:457-92.
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[6691] The term "having ADCC activily,” as used herein in reference {o a polypeptide or protein,
means that the polypeptids or protein (for example, one comprising an immunoglobulin hinge
region and an immunoglobulin constant region having CH2 and CH3 domains, such as derived
from 1gG (e.g., lgG1)), is capable of mediating antibody-dependent cell-mediated cylotoxicity
(ADCC) through binding of a cytolytic Fe receptor (e.g., FoyRHD on a cyiolytic immune effector

cell expressing the Fc receptor {e.g., an NK cel).

[0092] "Complement-dependent cytotoxicity” and "CDC " as used herein, refer {0 a process in
which components in normal serum ("complement”), together with an aniibody or other Clg-
complement-binding protein bound {0 a target antigen, exhibit lysis of a target cell expressing
the target antigen. Complement consists of a group of serum proteins that act in concert and in

an orderly sequence to exert their effect.

[0093] The terms “classical complement pathway” and “classical complement system,” as used
herein, are synonymous and refer to a particular pathway for the activation of complement. The
classical pathway reguires antigen-antibody complexes for initiation and involves the activation,
in an orderly fashion, of nine major profein components designated C1 through C8. For several
steps in the activation process, the product is an enzyme that catalyzes the subsequent siep.
This cascade provides ampilification and activation of large amounts of complement by a

relatively small initial signal.

[8094] The term *having CDC activity,” as used herein in reference {0 a polypeptide or protain,
means thal the polypeptide or profein (for example, one comprising an immunoglobulin hinge
region and an immunoglobulin constant region having CH2 and CH3 domains, such as derived
from igG (e.g., lgG1)) is capable of mediating complemsni-dependent cyiotoxicity (CDC)

through binding of C1g complement protein and activation of the classical complement system.

[0095] "Redirected T-cell cytotoxicity” and "RTCC," as used herein, refer to a T-cell-mediated
process in which a cyliotoxic T-cell is recruited to a target cell using a multi-specific protein that
is capable of specifically binding both the cvtotoxic T-cell and the target cell, and whereby a
targei-dependent cytotoxic T-cell response is elicited against the farget cell. Polypeplides and
proteins comprising CD3-binding domains, as disclosed hergin, and tumor antigen-binding

domaing are capable of RTCC.

[00986] As used herein, the term "treatment,” "reating,” or "ameliorating” refers to either a
therapeutic treatment or prophylactic/preventative treatment. A ireatment is therapeutic if at

least one symptom of disease in an individual receiving treatment improves or a ireatment can
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delay worsening of a progressive disease in an individual, or prevent onset of additional

associated diseases.

[6097] As used herein, the ferm “therapeutically effective amount (or dose)” or "effective amount
{or dose)” of a specific binding molecule or compound refers to that amount of the compound
sufficient to result in amelioration of one or more symptoms of the disease being treated in a
statistically significant manner or a statistically significant improvement in organ function. When
raferring to an individual active ingredient, administered alone, a therapsutically effective dose
refers to that ingredient alone. When referring to a combination, a therapeutically effective dose
refers to combined amounis of the active ingredients that result in the therapeutic effect,
whether administered serially or simultaneously (in the same formuation or concurrently in

separate formulations).

[0098] As used herein, the term "transformation,” “transfection,” and "transduction” refer to the
transfer of nucleic acid (i.e., a nucleotide polymer) into a cell. As used herein, the ferm "genetic
transformation” refers to the transfer and incorporation of DNA especially recombinant DNA|

into a celi. The transferred nuclsic acid can be introduced into a cell via an expression vecior.

[0099] As used herein, the term “variant” or “variants” refers o a nucleic acid or polypeptids
differing from a reference nucleic acid or polypeptide, but retaining essential properties thereof.
Generally, varianis are overall closely similar, and, in many regions, identical to the reference
nucleic acid or polypeptide. For instance, a variant may exhibit at least about 70%, at least
about 80%, at least about 80%, at least about 85%, at least about 6%, at least about 97%, at
least about 98% or at least about 99% sequence identity compared to the aclive portion or full

length reference nucieic acid or polypeptide.

[860100] The terms “light chain variable region” {also referred to as “light chain variable domain’
or VL7 or V) and *heavy chain variabls region” (alsc referred to as “heavy chain variable
domain” or “VH” or V) refer to the variable binding region from an antibody light and heavy
chain, respectively. The variable binding regions are made up of discrete, weli-defined sub-
regions known as “complementarity determining regions” (CDRs) and "framework regions”
(FRs), generally comprising in order FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 from amino-
terminus to carboxyl-terminus. In one embodiment, the FRs are humanized. The lterm "CL”
refers to an “immunoglobulin light chain constant region” or a “light chain constant region,” i.e., a
constant region from an antibody light chain. The term “CH” refers to an “immunoglobulin heavy
chain constant region” or a “heavy chain constant region,” which is further divisible, depending
on the antibody isotype into CH1, CH2, and CH3 (IgA, igh, 1gG), or CH1, CH2, CHS3, and CH4
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domains (Igk, IghM). A "Fab” (fragment antigen binding) is the part of an antibody that binds to
antigens and includes the variable region and CH1 domain of ths heavy chain linked to the light

chain via an inter-chain disulfide bond.

[00101] The present disclosure describes binding domains that specifically bind CD3 (e.qg.,
human CD3), as well as polypeptides and proteins comprising these binding domains. in some
embodiments, the CD3-binding proteins and polypeptides comprise a second binding domain,
which may bind tc a tumor antigen {e.g., PSMA, CD1¢, CD20, CD37, CD38, CD123, Her2,
ROR1, RON, glycoprotein A33 antigen (gpA33) or CEA). The polypeptides and proteins
comprising binding domains of this disclosure can further comprise immunogiobulin constant
regions, linker peptides, hings regions, immunogiobulin dimerization/heterodimerization
domains, junctional amino acids, tags, efc. Thase components of the disclosed polypeptidas

and proteins are described in further detail below.,

[00102] Additionally, the CD3-binding polypeptides and proteins disclosed herein can be in the
form of an antibody or a fusion protein of any of a variety of different formats (e.g., the fusion
protein can be in the form of a CD3-binding bispecific or multispecific moleculg). Non-limiting
examples of bispecific molecules include a scFv-Fe-scFv molecule. Some bispecific molecules
typically comprise or consisi of an anti-tumor antigen scFv linked {o an anii-CD3 scFv and
typically do notinclude other sequences such as an immunoglobulin constant region. In other

embodiments, a CD3-binding protein is a diabody.

[80103] A CD3-binding protein in accordance with the present disclosure generally includes at
least one CD3-binding polypepiide chain comprising (a) a CD3-binding domain as set forth
herein. In certain variations, the CD3-binding polypeptide further includes (b) a hinge region
carboxyl-terminal {o the CD3-binding domain, and (¢) an immunoglobulin constant region. In
further variations, the ROR 1-hinding polypeptide further includes {(d) a carboxyl-terminus linker
carboxyl-terminal to the immunoglobulin constant region, and (&) a second binding domain

carboxyl-terminal {o the carboxyl-ierminus linker,

[00104] In yvet other variations, the CD3-binding polypeptide comprises (b) a hinge region
amino-terminal to the CD3-binding domain, and (¢) an immunoglobulin sub-region amino-
terminal {o the hings region. In some variations, the CD3-binding polvpsptide comprises (b} a
hinge region carboxyl-terminal to the CD3-binding domain, and (¢} an immunoglobulin sub-

region carboxyl-terminal {o the hinge region
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[66165] In some embodiments, CD3-binding polypeptides are capable of homodimerization,
typically through disulfide bonding, via the immunoglobulin constant region and/or hinge region
(e.g., via an immunaoglobulin constant region comprising IgG CH2 and CH3 domains and an IgG
hinge region). Thus, in certain embodiments of the present disclosure, two identical single

chain CD3-binding polypeptides homodimerize to form a dimeric CD3-binding protein.

[66168] In other embodiments, a CD3-binding polvpeptide includes a heterodimerization
domain that is capable of heterodimerization with a different heterodimerization domain in a
second, non-identical polypeptide chain. In ceriain variations, the second polypeptide chain for
heterodimerization includes a second binding domain. Accordingly, in certain embodiments of
the present disciosure, two non-identical polypeptide chains, one comprising the CD3-hinding
domain and the second optionally comprising a second binding domain, dimerize to form a
heterodimeric CD3-binding protein. Examples of types of heterodimers include those described
in US 2013/0095097 and US 2013/0129723.

[868187] In some embodiments, a CD3-binding domain, protein or polypeptide is conjugated to a

drug or a toxic moiety.

[060108] CD3-binding polypeptides, proteins, and their various componentis used in the present

disclosure are further described below.

[80109] As indicated above, the disclosure relates to binding domains that specifically bind CD3
{e.q., human CD3). A CD3-binding domain may comprise aming acid sequences shown in
Table 14. In some embodiments, a CD3-binding polypeptide or protein comprises a signal
sequence. The disclosure also sncompasses CD3-binding domains and proteins comprising or
encoded by any of the sequences shown in Table 14, excluding the signal sequences that are
part of these sequences. CD3-binding domains and polypeptides, thair internal designations,
and their sequences are summarized in Table 15. In some cases, CD3-binding domains of the
disclosure contain amino acid substitutions. For example, TSC370 has the amino acid
sequence of TSC342 with the glycine residue at position 27 according to the IMGT numbering

systermn substituted with tyrosine.

[88110] In certain embodiments, the disclosure relates to a CD3-binding domain that binds

specifically to human CD3 and that comprises an immunoglobulin light chain variable region and
an immunogiobulin heavy chain variable region; wherein the immunoglobulin light chain variable
region comprises an amino acid sequence that is (a) at least about 93% identical, at least about

95% identical, at least about 87% identical, at least about 98% identical or at least about 99%
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identical to the amino acid sequence in SEQ 1D NO:88; or (b) at least about 4% identical, at
least about 85% identical, at least about 97% identical, at least about 98% identical or at least
about 89% identical io the amino acid sequence in SEQ 1D NO:89; and wherein the
immunoglobulin heavy chain variable region comprises an amino acid sequence that is at least
about 82% identical, at least about 85% identical, at least about 87% identical, at least about
80% identical, at least about 82% identical, at least about 95% identical, at least about 97%
identicai, at ieast about 88% identical or at least about 99% identical to the amino acid
sequence in SEQ ID NO:8&. A CD3-binding domain may comprise an amino acid sgquence
that is at least about 87% identical, at least about 90% identical, at least about 92% identical, at
least about 95% identical, at least about 97% identical, at least about 98% identical or at least
about 99% identical to the amino acid sequence in SEQ D NO:83 or SEQ ID NO:84. A CD3-
binding domain may comprise or consisi of SEQ 1D NO:83 or SEQ 1D NO:84. in some
embodimenis, a CD3-binding domain comprises an amino acid sequence that is at least about
87% identical, at least about 90% identical, at least about 92% identical, at least about 95%
identical, at lsast about 87% identical, at least about 98% identical, at least about 98% identical,
or 100% identical {o the amino acid sequence in SEQ ID NG4, 6, 8, 10, 12, 14, 18, 18, 20, 22,
24,26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 58, 58, or 60.

[00111] In some embodiments, a CD3-binding domain may comprise an immunogiobulin light
chain variable region that comprises an LCDR1 amino acid ssquence that differs from SEQ D
NO:94 by at least one amino acid substitution, an LCDRZ amino acid sequence that differs from
SEQ D NO:85 by at least one amino acid substitution, and an LCDR3 amino acid sequencs
that differs from SEQ 1D NO:9G by at least one amino acid substitulion, and an immunoglobulin
heavy chain variable region that comprises an HCDR1 amino acid sequence that differs from
SEQ D NO:91 by at least one amino acid substitution, an HCDRZ amino acid sequence that
differs from SEQ 1D NO:82 by at least one amino acid substitution, and an HCBR3 amino acid
sequence that differs from SEQ ID NO:93 by at least one amino acid substitution. In other
embodiments, a CD3-binding domain may comprise an immunoglobulin light chain variable
region that comprises an LCDR1 amino acid sequence that differs from SEQ 1D NO:202 by at
least one amino acid substitution, an LCDR2 amino acid sequence that differs from SEQ D
NG:203 by at least one amino acid substitution, and an LCDR3 amino acid saguence that differs
from SEQ 1D NO:204 by at least one amino acid substitution, and an immunogiobulin heavy
chain variable region that comprises an HCDR1 amino acid sequence that differs from SEQ 1D
NQO:199 by at least one amino acid substitulion, an HCDRZ2 amineo acid sequence that differs
from SEQ 1D NO:200 by at least one amino acid substitution, and an HCDR3 amino acid
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sequence that differs from SEG 1D NG:201 by at least one amino acid substitution. The CDR
amino acid sequence of a CD3-binding domain may differ from the recited sequence by at least
one amino acid substitution. The at least one amino acid substitution may be a conservative or
a non-conservative amino acid substitution. In some embodiments, a LCDR1, LCDR2, LCDRS,
HCDR1, HCDR2, and/or HCDRS differs from an above-lisied CDR sequence by 1,2, 3,4, 5, 6,
7, 8,9, or 10 amino acids. In cerfain embodimenis, a CDR of the present disclosure contains
about one ormore (e.g., about 2, 3,4, 5,6, 7, 8, 9, 10} insartions, about one or more {(e.q.,
about2,3,4,5,6,7,8,9, 10) deletions, aboutone or more (e.g., about 2, 3,4,5,6,7, 8,9, 10)
amino acid substitutions {(e.g., conservative amino acid substitulions or non-conservative amino
acid substitutions), or a combination of the above-noted changes, when compared to the CDR
sequence of a known monocional antibody.

[60112] When describing the amino acid substitutions in this disclosure, a position of an amino
acid residue in a variable region of an immunoglobulin molecule is usually numbered using the
IMGT criteria (Brochet, X, et al, Nucl Acids Res. (2008) 36, W503-508). In some embodiments,
the amino acid residus at position 52 of the immunoglobulin light chain variable region of a CD3-
binding domain is arginine and/or the amino acid residus at position 53 of the immunoglobulin
tight chain variable region of a CD3-binding domain is tryplophan. The amino acid residue at
position 27 of the immunoglobulin heavy chain variable region of a CD3-binding domain may be
tyrosine. In some embaodiments, a CD3-binding domain comprises one or more of the following:
(a) the amingc acid residue at position 9 of the immunoglobulin heavy chain variable region is
preline; {b) the amino acid residue at position 53 of the immunoglobulin heavy chain variable
region is isoleucine; and (c) the amino acid residue at pasition 21 of the immunoglobulin light
chain variable region is methionine. The amino acid residue at position 87 of the
immunoglobulin heavy chain variable region of a CD3-binding domain may be tyrosine. The
amino acid residue at position 86 of the immunogiobulin heavy chain variable region of a CD3-
binding domain may be aspartic acid. In one embodiment, the amino acid residue at position 86
of the immunoglobulin heavy chain variable region of a CD3-binding domain is aspartic acid and
the amino acid residue at position 87 of the immunogiobulin heavy chain variable region of a
CD3-hinding domain is tyrosine.

[80113] In certain embodiments, a CD3-binding domain comprises humanized immunoglobulin
VL and/or VH regions. Techniques for humanizing immunoglobulin VL and VH regions are
known in the art and are discussed, for example, in U.S. Patent Application Publication No.
2006/0153837. In certain aspects, a CD3-binding domain may comprise an immunoglobulin

light chain variable region and an immunoglobulin heavy chain variable region that comprise
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framewark regions and at least one of the immunoglobulin light chain variable region and the
immunoglobulin heavy chain variable region may be humanized. In one embodiment, an
immunoglobulin light chain variable region comprises framework regions based on the human
IGKV3D-20"1 germline amino acid sequence. In another embodiment, an immunoglobulin
heavy chain variable region comprises framework regions based on the human IGHY1-69%02
germiine aminc acid sequence. In some aspects, an immunogiobulin heavy chain variable
ragion comprises framework regions based on the human IGHV1-2"02 (H7), IGHV1-46*02 (H8),
IGHV1-3"01(H9), or IGHV1-69702 (H10) germiine amino acid sequence. An immunoglobulin
light chain variable region may comprise framework regions based on the human IGKV3-11*01
(L4y, IGKV1-33*01 (L5}, IGKV1-39701 (L7), or IGKV3D-20*1 (L8} germline amino acid
sequence.

[60114] The disclosure relates {o CD3-binding domains that have improved propertiss
compared to the DRA222 CD3-binding domain. DRA222 has a light chain variable region
comprising SEQ 1D NO:90 and a heavy chain variable region comprising SEQ 1D NO:87.
DRAZ22Z is described in WO 2013/158856. DRA222 is sometimes referred to as TSC311 or
TSC312 in this disclosure. Fo DRAZ22 has the amino acid sequence of SEQ ID NG:2. The
disclosure encompasses a CD3-binding domain {or a protein comprising said domain) that has
a thermal stability that is increased al lsast about 10% when compared to the thermal stability of
a CD3-binding domain comprising a light chain variable region comprising SEQ ID NO:90 and &
heavy chain variable region comprising SEQ 1D NO:87. The thermal transition midpoint (Tm) of
a CD3-binding domain {or a protein comprising said domain) may be at least about 3°C, at least
about 4°C, at least about 5°C, or at least about 6°C increased and up to about 20°C increased
when compared to the Tm of a CD3-binding domain comprising a light chain variable region
comprising SEQ 1D NO:90 and a heavy chain variable region comprising SEQ D NO:87. The
thermal transition midpoint of a CD3-binding domain (or a protein comprising said domain) may
be at least about 54°C, at least about 55°C, at least about 56°C, or at least about 57°C and up
to about 72°C. The thermal siability or the thermal transition midpoint of a CD3-binding domain
(or a protein comprising said domain) may be measured by differential scanning calorimetry or
differential scanning fluorimetry.

[80115] A CD3-binding domain as disclosad herein (0r a protein comprising said domain) may
have storage stability that is increased at least about 5%, al least about 10%, at least about
20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least
about 70%, at least about 80%, ai least about 90% and up 1o about 100% when compared to

the storage stability of a CD3-binding domain comprising a light chain variable region
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comprising SEQ 1D NO:80 and a heavy chain variable region comprising SEQ 1D NO:87.
Siorage stability may be measured after a CD3-binding domain {or a protein comprising said
domain) is stored in PBS at about 25°C. In one embaodiment, a CD3-binding domain {(or a
protein comprising said domain) is slable in storage in PBS at about 25°C for at least about 6
days, at least about 10 days, or al least about 13 days and up to about 90 days.

[66118] In some aspects, a CD3-binding domain as disclosed herein (or 2 protein comprising
said domain) has a level of high molecular weight aggregates produced during recombinant
expression that are at least about 5%, at least about 10%, atleast about 20% decreased, at
least about 30% decreased and up 1o about 50% decreased when compared to the level of high
molecular weight aggregates produced during recombinant expression of 3 CD3-binding domain
comprising a light chain variabie region comprising SEQ ID NG:90 and a heavy chain variable
region comprising SEQ 1D NQO:87.

[00117] The disclosure also relates to a CD3-binding domain that binds o human CD3 with an
EC50 of about 10 nM or lower. A CD3-binding domain of the disclosure may bind specifically to
both human CD3 and cynomoigus CD3. For example, a CD3-binding domain may bind {o
cynomaolgus CD3 with an EC50 of about 30 nM or lower. Binding o cynomolgus CD3 aliows the
anti-CD3 therapeutic {0 be {ested in non-human primates.

[00118] The disclosure encompasses a CD3-binding domain that binds specifically to human
CD3 and that comprises an immunoglobulin light chain variable region and an immunogiobulin
heavy chain variable region, whersin the immunoglobulin light chain variable region comprises
an LCDR1 amino acid sequence of SEQ 1D NO:84, an LCDR2 amino acid sequence of SEQ ID
NO:85, and an LCDR3 amino acid ssquence of SEQ ID NO:96 and whersin the
immunoglobulin heavy chain variable region comprises an HCDR1 amino acid sequence of
SEQ 1D NO:91, an HCDRZ2 amino acid sequence of SEQ 1D NO:92, and an HCDR3 amino acid
sequence of SEQ 1D NO:93, and wherein the CD3-binding domain has any one or more of the
properties described herein. For example, (i) the thermal transition midpoint of the CDS3-binding
domain (or a protein comprising the CD3-binding domain) is at least aboui 54°C, at least about
55°C, at least about 56°C, or at least about 57°C and up to about 72°C; (i) the CD3-binding
domain {(or a protein comprising the CD3-hinding domain) is siable in siorage in PBS at about
25°C for at least about 8 days, at least about 10 days, or at lsast about 13 days and up {0 about
90 days; (iiiy the CD3-binding domain (or a protein comprising the CD3-binding domain) binds to
human CD3 with an EC50 of about 10 nM or lower; and (iv) the CD3-binding domain {(or a
protein comprising the CD3-binding domain) binds to cynomelgus CD3 with an EC50 of about

30 nM or lower.
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[66119] In soms embodiments, a CD3-binding polvpeplide when bound to a CD3 proteinona T
call does not induce or induces a minimally detectable cytokine release from said 7T cell. In
certain aspects, a CD3-binding protein or polypeptide exhibits reduced cytokine release in a
patient as compared to the cytokine released when anti-CD3 antibody OKT3 is administered 1o

a patient. A CD3-binding polypeptide may induce T-cell activation or T-celi proliferation.

[66128] In certain embodiments, a CD3-binding protsin can comprise one or more additional
binding domains (e.g., second binding domain} that bind a target other than CD3. These other
binding domains can comprise, for example, a particular cyiokine or a molecule that targets the
binding domain polypeptide o a particular celf type, a toxin, an additional cell recepior, an

antibody, efe.

[868121] In certain embodiments, a CD3-binding polypeptide used in the methods and
compositions described hersin is a bispecific single chain molecule comprising a CD3-binding
domain and a second hinding domain. In some embodiments, a CD3- and/or a second binding
domain is derived from an antibody and comprises a variable heavy chain (VH} and a variable
light chain (VL). These binding domains and variable chains may be arranged in any order that
still retains some binding to the target(s). For example, the variable domains may be arranged
in the order such as VH SBD-VL SBD-VH CD3-VL CD3; VL 8BD-VH SBD-VH CD3-VL CD3; VH
SBD-VL SBD-VL CD3-VH CD3; VL SBD-VH SBD-vL CD3-VH CD3; VH CD3-VL CD3-VH SBD-
Vi SBD,; VL CD3-VH CD3-VL SBD-VH SBD,; VH CD3-VL CD3-VL SBD-VH SBD; or VL CD3-VH
CD3-VH SBD-VL SBD (where SBD refers to *second binding domain™). In ceriain aspects, the
pairs of VH regions and VL regions in the binding domain binding to CD2 are in the format of a
single chain antibody (scFv). The VH and VL regions may be arranged in the order VH-VL or
VL-VH. In certain embodiments, the scFv may bind more effectively to CD3 in the VL-VH
crientation than in the VH-VL orientation, or vice versa. The VH-region may be positionsd N-
terminally to a linker sequence. The VL region may be positioned C-terminally o the linker
sequence. The domain arrangement in the CD3 binding domain of the bispecific single chain
molecule may be VH-VL, with said CD3 binding domain located C-terminally to the second
binding domain. In some cases, a bispecific molecule may comprise an scFv binding tc a
second binding domain linked to an scFv binding to CD3. These scFvs may be linked with a
short peptide. In some embodiments, bispecific single chain molecules do not comprise a hings
region or a constant region (see, for example, US 2013/0285121, US 2013/0128730, US
2011/0293619, US 7,835,472, WO 2010/037836, WO 2004/106381 and WO 2011/121110;

geach incorporated herein by reference in its entirety).
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[66122] In soms embodiments, a binding domain is a single-chain Fv fragment (scFv) that
comprises Vy and V regions specific for a target of inferest. In certain embodiments, the Vi,
and ¥V, regions are human or humanized. In some variations, a binding domain is a single-chain
Fv {scFv) comprising immunoglobulin V_ and Vy regions joined by a peptide linker. The use of
peptide linkers for joining Vi and V4 regions is well-known in the art, and a large number of
publications exist within this particular field. A linker may comprise the amino acid sequence
QRHNNSSLNTGTQMAGHSPNS (SEQ 1D NO:148). In some embodiments, a peplide linker is
a 15mer consisting of three repeats of a Gly-Gly-Gly-Gly-Ser amino acid sequence {({(Gly,Ser);)
(SEG 1D NO:193). Other linkers have been used, and phage display fechnology, as well as
salective infective phage technology, has been used to diversify and select appropriate linker
sequences (Tang ef &/, J Biol Chem. 271, 15682-15686, 1998; Hennecke ef a/., Protein £ng.
11, 405-410, 1998). In cerlain embodimants, the V| and V, regions are joined by a peptide
linker having an amino acid sequence comprising the formula (GlysSen),, wherein n = 1-5 (SEQ
ID NO:184). In some embodiments, a Gly,Ser sequence may be repeated between 6 and 10
times. Other suitable linkers can be obtained by optimizing a simple linker (e.g., (Gly:Ser),
(SEQ 1D NO:184)) through random mutagenesis. In some embodiments, the heavy chain
variable region of an scFv is amino-terminal to the light chain variable region of the scFv. In
other embodiments, the light chain variable region of an scFv is amino-terminal io the heavy

chain variable region of the scFv.

{30123} In some embodiments, a CD3-binding polypeptide comprises, in order from amino-
terminus to carboxyl-terminus (or in order from carboxyl-terminus to amino-terminus}, (i} a
sacond binding domain, (i) a hinge region, {iii} an immunoglobulin constant region, (iv) a
carboxyl-terminus linker {or an amino-terminus linker), and {v} a CD3-binding domain. As used
herein in the context of a polypeptide consiruct comprising a first binding domain and a second
binding domain, a *hings region” or a *hings” refers to a polypeptide ragion betwsean the first
binding domain and the Fcregion. A “carboxyi-terminus linker” or “an amino-terminus linker”
rafers to a polypeptide region between the Fe region and the second binding domain. in some
embaodiments, a carboxyl-terminus {or an amino-terminus linker) linker comprises or consists of
SEQ ID NO:196. In certain embodiments, a hings is a wild-type human imwmunoglobulin hinge
region. in certain other embodiments, one or more amino acid residues can be added at the
amino- or carboxyl-terminus of a wild type immunoglobulin hinge region as part of a fusion
protein construct design. For example, additional junction amino acid residues at the hinge

amino-terminus can be "RT,” *RES,)” "TG," or "T," or at the hinge carboxyl-terminus can be "SG”,
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or a hinge deletion can be combined with an addition, such as AP with "SG" added at the

carboxyl-ferminus.

[60124] In certain embodiments, a hinge, a carboxyl-lerminus linker, or an amino-terminus
linker is an altered immunaogiobulin hinge in which one or more cysteine residues in a wild type
immunoglobulin hinge region is substituted with one or more other amino acid residues (e.¢.,

serine or aianine).

[00125] Exemplary altered immunoglobulin hinges, carboxyl-terminus linkers, and amino-
terminus linkers include an immunogiobulin human IgG1 hinge region having one, two or three
cysteine residues found in a wild type human 1gG1 hinge substituted by one, two or three
different amino acid residues (e.g., serine or alanine). An altered immunoglobulin hinge can
additionally have a proline substituied with ancther amino acid {e.g., serine or alanine). For
example, the above-described altered human 1gG1 hinge can additionally have a proline located
carboxyl-terminal {o the three cysieines of wild type human IgG1 hinge region substituted by
another amino acid residue (e.g., sering, alaning). In one embodiment, the prolines of the core

hinge region are not substituted.

[00128] In certain embodiments, a hinge, a carboxyl-terminus linker, or an amino-terminus
linker polypeplide comprises or is a sequence that is at least 80%, al least 81%, at least 82%, at
feast 83%, at least 84%, at least 85%, at least 86%, atf least 87%, at least 88%, atleast 89%, at
least 90%, atleast 81%, at least 82%, at Isast 93%, at least 84%, atleast 85%, at least 96%, at
least 97%, atl lsast 98%, or at least 99% identical to a wild type immunoglobulin hinge region,
such as a wild type human 1gG1 hinge, a wild type human lgG2 hinge, or a wild type human
igG4 hinge.

[60127] In further embodiments, a hinge, a carboxyl-terminus linker, or an amino-terminus linker
present in a CD3-binding polypsptids can be a hinge that is not based on or derived from an
immunogiobulin hinge (i e., not a wild-type immunoglobulin hinge or an altered immunoglobulin
hinge). Examples for such hinges and carboxyl-terminus linkers include peptides of about five
to about 150 amino acids derived from an interdomain region of a fransmembrane protein or
stalk region of a type Il C-lectin, for instance, peptides of about eight to 25 amino acids and

peptides of about seven to 18 aming acids.

[00128] In cerfain embodiments, interdomain or stalk region hinges, carboxyl-terminus linkers,
and amino-terminus linkers have seven to 18 amino acids and can form an a-helical coiled coil

structure. In ceriain embodiments, interdomain or stalk region hinges, carboxyl-terminus
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linkers, or amino-terminus linkers contain 0, 1, 2, 3, or 4 cysteines. Exemplary interdomain or
stalk region hinges, carboxyl-terminus linkers, and amino-terminus linkers are peptide fragments
of the interdomain or stalk regions, such as ten io 150 amino acid fragments from the stalk
regions of CD6Y, CD72, CD94, NKG2A and NKG2D. A hinge, a carboxyl-terminus linker, or an
amino-terminus linker may also be a flexible linker sequence comprising (Gly,Ser) repeats. In
some embodimenis, a hinge is a 15mer consisting of three repeats of a Gly-Gly-Gly-Gly-Ser
amino acid sequence ((Gly,Ser)s) (BEQ ID NO:183). In certain embodiments, a hinge has an
amino acid sequence comprising the formula (Gly,Ser),, wherein n = 1-5 (S8EQ ID NQ:194). In
some embodiments, a Gly,Ser sequence may be repeated between 6 and 10 times. Other
suitable hinges can be obtained by optimizing a simple linker (8.¢., (Gly:Ser), (SEQ 1D NO:194))

through random mutagenesis.

[00128] In cerfain embodiments, hinge, carboxyl-terminus linker, and amino-terminal linkar
sequences have about 5 1o 150 amino acids, 5 to 10 amino acids, 10 to 20 amino acids, 20 to
30 amino acids, 30 fo 40 amino acids, 40 o 50 amino acids, 50 to 60 amino acids, 5 1o 60
amino acids, & to 40 amino acids, 8 {o 20 amino acids, or 10 to 15 amino acids. The hinge or
linker can be primarily flexible, but can also provide more rigid characteristics or can contain
primarily o-helical structure with minimal B-sheet structure. The lengths or the sequences of the
hinges and linkers can affect the binding affinities of the binding domains to which the hinges
are directly or indirectly {via ancther region or domain, such as an heterodimerization domain)
cannected as weil as one or more activities of the Fc¢ region portions to which the hinges or

linkers are direclly or indirectly connected.

[60130] In cerfain embodiments, hinge, carboxyl-terminus linker, and amino-terminal linker
sequences are stable in plasma and serum and are resistant {o proteolytic cleavage. The first
lysine in the IgG1 upper hinge region can be mutated to minimize proteciytic cleavage, for
instance, the lysine can be substiiuted with methionine, threonine, alanine or glycineg, or is
delsted.

[60131] In some embodiments of the disclosure, the CD3-binding polypeptide is capable of
forming a hetercdimer with a second polypsptide chain and comprises a hinge region (a)
immediately amino-terminal to an immunogiobulin constant region {e.g., amino-terminal to a
CHZ2 domain wherein the immungobloubolin constant region includes CH2 and CH3 domains, or
amino-terminal to g CH3 domain wherein the immunoglobulin sub-regions includes CH3 and
CH4 domains), (b) interposed between and connecting a binding domain (e.¢g., scFv) and a

immunogiobulin heterodimerization domain, {C) interposed between and connecting a
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immunogiobulin heterodimerization domain and an immunogiobulin constant region (e.¢.,
whergin the immunoglobulin consiant region includes CH2 and CH3 domains or CH3 and CH4
domains), (d) interposed between and connecting an immunogliobulin constant region and a
binding domain, (&) at the amino-terminus of a polypeptide chain, or () at the carboxyl-terminus
of a polypeptide chain. A polypeptide chain comprising a hinge region as described herein will
be capable of associating with a different polvpeptide chain to form a heterodimeric protsin
provided harein, and the heterodimer formsd will contain a binding domain that retains its target

specificity or its specific target binding affinity.

[00132] In certain embodiments, a hinge present in a polypeptide that forms a heterodimer with
another polypeptide chain can be an immunoglobulin hinge, such as a wild-type immunogiobuiin
hinge region or an altered immunoglobulin hinge region thereof. In certain embodimenis, a
hinge of one polypeptide chain of a heterodimeric protein is identical fo a corresponding hinge of
the other polypeptide chain of the heterodimer. in certain other embodiments, a hinge of one
chain is different from that of the other chain (in their length or sequence). The different hinges
in the different chains allow different manipulation of the binding affinities of the binding domains
to which the hinges are connected, so that the hetercdimer is able to preferentially bind to the
target of one binding domain over the target of the other binding domain. For example, in
certain ernbodiments, a heterodimeric protein has a CD3-binding domain in one chain and a
second binding domain in another chain. Having two differsnt hinges in the two chains may
aliow the heterodimer {0 bind to the second target first, and then {o a CD3 component second.
Thus, the heterodimer may recruit CD3™ T-cells to the second target-expressing ceils (e.g.,

tumor or cancer cells), which in tum may damage or destroy the second targset-expressing cells.

[060133] Some exemplary hinge, carboxyl-terminus linker, and amino-terminus linker sequences
suitable for use in accordance with the present disclosure are shown in the Tables 1 and 2
below. Additional exemplary hinge and linker regions are set forth in SEQ 1D NOs: 241-244,
601, 78, 763-791, 228, 379-434, 618-749 of US 2013/0129723 (said sequences incorporated by

reference herein).

Table 1. Exemplary hinges and linkers

585(s3-higG1 hinge | EPKSSDKTHTSPRSS SEQ D NO:121
esci{s)-higG1 hinge | EPKSCDKTHTSPPCS SEQ D NO:122
sso(sy-higG1t hinge | EPKSSDKTHTSPRCS SEQ D NO:123
sce(s)-higGt hinge | EPKSSDKTHTCPPCS SEQ D NO124
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css{s)-higB1 hinge | EPKSCDKTHTSPPSS SEQ ID NQ:125
ses(s)-higG1 hinge | EPKSSDKTHTCPPSS SEQ 1D NC:128
coc{s)-higB1 hinge | EPKSCDKTHTSPPCS SEQ ID NO:127
ceo(p)-hlgG1 hinge | EPKSCDKTHTSPPCR SEQ 1D NC:128
sss(p)-hlgG1 hinge | EPKSSDKTHTSPRSP SEQ ID NQ:128
esc(p)-hlgG1 hinge | EPKSCDKTHTSPPCP SEQ D NO:130
ssc{p)-hlgG1 hinge | EPKSSDKTHTSPRCPR SEQ 1D NO:131
see(p)-hlgG1 hinge | EPKSSDKTHTCPPCP SEQ 1D NO:132
css{p)-hlgG1 hinge | EPKSCDKTHTSPPSP SEQ 1D NO:133

scs{p)-nlgG1 hinge

EPKSSDKTHTCPPSP

SEQ D NO134

Scopep SCPPCP SEQ 1D NO:135
STD1 NYCOGGSCECGESCEOESENS | SEQ ID NO126
STDR2 NYCGGGSGOGGSGOGGSGNY | SEQID NG:137
GGGGSEGEGSEEGEIGNS

H1 NS SEQ ID NO:138
H2 GGGGSENS SEQ D NG:139
H3 NYGGGGSENS SEQ ID NO:140
H4 GOGCSGGEGEGNS SEQ 1D NO:141
HE NYGGGESGEEESENS SEQ D NO:!142
HB GOGCSGEEGICEEEEGNS SEQ 1D NO:143

GCPPCPNS SEQ 1D NO:144
(Ga8)s clelelellelelcielelelelels) SEQ D NO:145
H105 Helelelcilele elereleleler SEQ D NO:148
(Ga8)s GEGESGOGESCECGSEGaGS | SEQ D NO:147

H75 (NKG2A
guadruple mutant)

QRHNNSSLNTGTQMAGHSPNS

SEQ D NC:148

H83 (NKG2A SELNTGTQMAGHSPNS SEQ D NQ:149
derived)
H106 (NKG2A QRHNNSSLNTCTQMAGHE SEQ ID NQC:150
derived}
H81 (NKG2D EVQIPLTESYSPNS SEQ D NO:151
derived}
HO1 (NKG2D NSLANQEVQIPLTESYSPNE SEQ D NO:152
derived)
Ho4 SCEGEESGEEESGEEEESPNS SEQ D NO:153
H111 SGEEGESGGEEEEEEESPGS SEQ D NO:196

Table 2. Exemplary hinges and linkers {derived from H7 hinge, stalk region of a type Hi C-

lectin, or interdomain region of a type | fransmembrane protein}
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Hinge Amine Acid Sequence Molecule andlor SEQ ID NO:
Region hinge from
which derived
H18 LSVKADFLTPSIGNS cDso SEQ ID NO:154
H17 LEVKADFLTPSISCPPCPNS Chao + H7 SEQ D NO:155
H18 LEVLANFSQPEIGNS cDag SEQ ID NO:158
H19 LSVLANFSQPEISCPPCPNE CD86 + H7 SEQ ID NO:157
H20 LKIQERVEKPKISNS ch2 SEQ D NO:158
H21 LKIQERVSKPKISCPPCPNS CD2 + H7 SEQ ID NO:158
H22 LNVSERPFPPHIGNS ch22 SEQ ID NO:160
H23 LOVSERPFPPHIQSCPPCPNS Ch22 ++7 SEQ D NO:181
H24 REQLAEVTLSLKANS CDag SEQ D NO:162
HM25 REQLAEVTLSLKACPPCPNS CD80 + H7 SEQ ID NO:163
26 RIHQMNSELSVLANS CD8s SEQ D NG 164
H27 RIHQMNSELSVLACPPCPNG CD8s + HY SEQ D NO:165
Ha28 DTKGKNVLEKIFSNS ch2 SEQ ID NO:1686
H30 LPPETQESQEVTLNS cD22 SEQ D NO:187
H32 RIHLNVSERPFPPENS cD22 SEQ ID NO:1638
H33 RIHLNVSERPFPPCPPCPNE CD22 + H7 SEQ ID NO:169
H38 GCPPCPGGGGSNS H7 SEQ D NO:170
H40 GCPPCRPANS H7 SEQ ID NO:171
H41 GCPPCPANS H7 SEQ ID NO:172
H42 GCPPCPNE H7 SEQ D NO:i173
H44 GGGASCPPCPGNS H7 SEQ D NO:174
H45 GGGASCPPCAGNS H7 SEQ ID NO:175
45 CGEASCPRPCANS H7 SEQ D NO:176
H47 LSVKADFLTPSIGNS Chao SEQ D NG:AH77
H48 ADFLTPEIGNS cDao SEQ ID NO:178
H50 LEVLANFSQPEIGNS CD8s SEQ D NO:179
H51 LSVLANFSQPEIGNE CcDes SEQ ID NO:180
H52 SQPEIVPISNS cDas SEQ 1D NG:181
H53 SGPEIVFISCPPCRNS CD8s + H7 SEQ ID NO:182
H54 SVLANFSQPEISCPPCENS cDss + H7 SEQ D NOG:183
H55 RIHOQMNSELSVLANS cD8s SEQ ID NO:184
Ha8 QMNSELSVLANS chss SEQ ID NO:185
H57 VSERPFPPNS D22 SEQ D NO:188
H58 KPFFTCGSADTCPNS co72 SEQ D NO:187
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Hinge Amino Acid Sequence Molecule andior SEQ ID NG:
Region hinge from
which derived
59 KPFETCGSADTCPNE co72 SEQ D NO:188
HG0 QYNCPGQYTFSMPNS cDBY SEQ D NO:18¢
HB1 EPAFTPGPNIELQKDSDCPNS g4 SEQ 1D NO:1eg
H&2 QRHNNSSLNTRTOKARHCPNS NKG2A SEQ ID NO:1g1
HE3 NSLFNGQEVQIPLTESYCPNS NKG2D SEQ D NO:182

[00134] In certain embodiments, a CD3-binding polypeptide or protein of the disclosure can
comprise an “immunogliobulin dimerization domain” or “immunoglobulin heterodimerization

domain.”

[601358] An “immunogiobulin dimerization domain” or “immunogiobulin heterodimerization
domain,” as used herein, refers {o an immunoglobulin domain of a polypeptide chain that
preferentially interacis or associates with a different immunoglobulin domain of another
polypeptide chain, wherein the interaction of the different immunoglobulin heterodimerization
domains substantially coniributes to or efficiently promotes hstercdimerization of ths first and
second polypeptide chains {(i.e., the formation of 3 dimsr between two different polypeptide
chains, which is also referred {0 as a *heterodimer” or *heterodimeric protein”). The interactions
between immunoglobulin heterodimerization domains “substantially contributes fo or efficiently
promotes” the heterodimerization of first and second polypeptide chains if there is a statistically
significant reduction in the dimerization between the first and second polypepiide chains in the
absence of the immunoglobulin heterodimerization domain of the first polypeptide chain and/or
the immunoglobulin heterodimerization domain of the second polypepiide chain. In certain
embaodiments, when the firsi and second polypeptide chains are co-expressed, at least 60%, at
least about 60% 1o about 70%, at least about 70% to about 80%, at lsast 80% to about 80%,
91%, 92%, 93%, B4%, 895%, 96%, 87%, 88%, or 88% of the first and sscond polypetpide chains
form heterodimers with each other. Representative immunoglobulin heterodimerization
domains include an immunoglobulin CH1 domain, an immunoglobuiin CL1 domain {e.g., Ck or
CA isotypes), or derivatives thereof, including wild-type immunoglobulin CH1 and CL domains

and altered {or mutated) immunogiobulin CH1 and CL domains, such as provided herein.

[00138] Dimerization/heterodimerization domains can be used where it is desired to form
heterodimers from two non-identical polypeptide chains, where one or both polypeplide chains

comprise a binding domain. In certain embodiments, one polypeptide chain member of certain
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heterodimers described herein does not contain a binding domain. As indicated above, a
heterodimeric protein of the present disclosure comprises an immunoglobulin
heterodimerization domain in each polypeptide chain. The immunoglobulin heterodimerization
domaing in the polypeptide chains of a heterodimer are different from each other and thus can
be differentially modified to facilitate heterodimerization of both chains and to minimize
homodimerization of either chain. Immunoglobulin heterodimerization domains provided herein
allow far efficient heterodimerization between different polypeptides and facilitate purification of

the resulting heterodimeric protein.

[00137] As provided herein, immunoglebulin heterodimerization domains useful for promoting
heterodimerization of two different single chain polypeptides {e.g., one short and one iong)
according to the present disclosurs include immunoglobulin CH1 and CL domains, for instance,
human CH1 and CL domains. In certain embodiments, an immunoglobulin heterodimerization
domain is a wild-type CH1 domain, such as a wild type IgG1, 1gG2, 1gG3, igG4, IgAt, 1ga2, Igh,
IgE, or igh CH1 domain. In further embodiments, an immunoglobulin heterodimerization
domain is a wild-type human IgG1, 1gG2, 1gG3, igG4, IgAt, IgAZ, Igb, IgE, or ight CH1 domain
as set forth in SEQ ID NOS:114, 186-192 and 194, respectively, of US 2013/0128723 (said
sgguences incorporated by reference herein). In certain embodiments, an immunoglobulin
heterodimerization domain is a wild-type human IgG1 CH1 domain as set forth in SEQ 1D

NO: 114 of US 2013/0129723 (said sequence incorporated by reference herein).

[60138] In further embodimenis, an immunogiobulin heterodimerization domain is an altered
immunoglobulin CH1 domain, such as an altered IgGH1, 1gG2, 1gG3, igG4, IgAt, IgA2 Igh, IgE,
or lgM CH1 domain. In certain embodiments, an immunoglobulin heterodimerization domain is
an aftered human IgG1, IgG2, 1gG3, 1gG4, IgA1, IgAZ, 1gD, IgE, or IghM CH1 domain. In still
further embodiments, a cysieine residue of a wild-type CH1 domain (e.g., a human CH1)
involved in forming a disulfide bond with a wild type immunogiobulin CL domain (e.g., a human
CL) is deleted or subsiituted in the altered immunoglobulin CH1 domain such that a disulfide

bond is not formed between the altered CH1 domain and the wild-type CL domain.

[60139] In certain embodiments, an immunogiobulin heterodimerization domain is a wild-type
ClL domain, such as a wild type Ck domain or a wild type CA domain. In cerlain embodiments,
an immunoglobulin helerodimerization domain is a wild type human Ck or human CA domain as
set forth in SEQ 1D NOS: 112 and 113, respectively, of US 2013/0129723 (said sequences

incorporated by reference herein). In further embodiments, an immunoglobulin
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heterodimerization domain is an altered immunoglobulin CL domain, such as an altered Ck or

Ch domain, for instance, an allered human Cx or human CA domain.

[68144] In certain embodiments, a cysteine residue of a wild-type CL domain {e.g., @ human
CL) involved in forming a disulfide bond with a wild type immunoglobulin CH1 domain (e.g., a
human CH1) is deleted or substituted in the altered immunoglobulin CL domain. Such aliered
CL domains can further comprise an amino acid deletion at their amino-termini. An exemplary
Ck domain is set forth in SEQ 1D NO:141 of US 2013/0129723 (said sequence incorporated by
reference herein), in which the first arginine and the last cysteine of the wild type human Ck
domain are both deleted. In certain embodiments, only the last cysieine of the wild type human
CKk domain is deleted in the aliered Ck domain because the first arginine deleted from the wild
type human Ck domain can bs provided by a linker that has an arginine at its carboxyl-ierminus
and links the amino-terminus of the altered Ck domain with another domain (e.g., an
immunoglobulin sub-region, such as a sub-region comprising immunoglobulin CH2 and CH3
domains). An exemplary CA domain is set forth in SEQ 1D NO:140 of US 2013/0129723 (said
saquence incorporated by reference herein), in which the first arginine of a wild type human CA
domain is daleted and the cysteine involved in forming a disulfide bond with a cysieine in a CH1

domain is substituled by a serine.

[68141] In further embodiments, an immunogiobulin heterodimerization domain is an altered Ck
domain that contains one or more amino acid substitutions, as compared to a wild type Ck
domain, at positions that may be involved in forming the intsrchain-hydrogen bond network at a
Ck-Cx interface. For example, in certain embodiments, an immunogliobulin heterodimerization
domain is an allered human Ck domain having one or more amino acids at positions N2%9, N30,
Q52, V55, TH8, 868 or T70 that are substituled with a different amino acid. The numbering of
the amino acids is based on their positions in the altersd human Ck sequence as set forth in
SEQ 1D NO:141 of US 2013/0128723 (said sequence incorporated by reference herein). In
certain embodiments, an immunoglobulin heterodimerization domain is an altered human Ck
dormain having one, two, three or four amino acid substitutions at positions N29, N30, V55, or
T70. The amino acid used as a substitule at the above-noted positions can be an alanine, or an
amino acid residue with a bulk side chain moiety such as arginine, iryptophan, tyrosine,
glutamate, glutamine, or lysine. Additional amino acid residues that can be used to substilute
amino acid residues of the wild type human Ck sequence at the above noted positions {e.g.,
N30) include aspartate, methionine, serine and phenyalanine. Exemplary altered human Cx
domains are set forth in SEQ ID NOS:142-178 of US 2013/0129723 (said sequences
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incorporated by reference herein). Altersd human Cx domains are those that facilitate
heterodimerization with a CH1 domain, but minimize homodimerization with another Cx domain.
Represeniative altered human Ck domains are set forth in SEQ ID NOS: 180 (N22W V554
T70A), 161 (N29Y VE5A T70A), 202 (T70E N20A N30A VEBA), 167 (N30R VB5A TT0A), 168
(NBOK VB5A TT0A), 170 (N30OE V55A TT0A), 172 (VEER N29A N30A), 175 (N2SW N30Y VE5A
T70E), 176 (N29Y N30Y V55A T70E), 177 (N3OE V55A TT70E), 178 (N30Y V55A TT0E), 838
(N30D VB5A T70E), 839 (N30OM VB5A T70E), 840 (N3CS V55A T70E), and B41 (N3OF V55A
T70E) of US 2013/0129723 (said sequences incorporated by reference herein).

[00142] In certain embodiments, in addition to or alternative to the mutations in Ck domains
described herein, both the immunogiobulin heterodimerization domains (i.e., immunoglobuiin
CH1 and CL domains) of a polypeptide heterodimer have mulations so thati the resulting
immunoglobulin heterodimerization domains form salt bridges {i.e., ionic interactions) between
the amino acid residues at the mutaled sites. For example, the immunoglobulin
heterodimerization domains of a polypeplide heterodimer can be a mutated CH1 domain in
cambination with a mutated Ck damain. In the mutated CH1 domain, valine at position 68 (V88)
of the wild type human CH1 domain is substituted by an amino acid residue having a negative
charge (e.g., aspariate or glutamate), whereas leucine at position 29 (L29) of a mutaied human
CK domain in which the first arginine and the last cysteine have been deleted is substituted by
an amino acid residue having a positive charge (e.g., lysing, arginine or histidine). The charge-
charge interaction between the amino acid residue having a negative charge of the resulting
mutated CH1 domain and the amino acid residue having a positive charge of the resulting
mutated Ck domain forms a salt bridge, which stabilizes the helerodimeric interface bebween the
mutated CH1 and Ck domains. Allernatively, V68 of the wild type CH1 can be substituted by an
amino acid residue having a positive charge, whereas L29 of a muiated human Ck domain in
which the first arginine and the last cysteine have been dsleted can be subsiituted by an amino
acid residue having a negative charge. Exemplary muiated CH1 sequences in which VB8 is
substifuted by an amino acid with either a negative or positive charge are set forth in SEQ ID
NOS:844 and 845 of US 2013/0129723 {(said sequences incorporated by reference herein).
Exemplary mutated CK sequences in which L29 is substituted by an amino acid with either a
negative or positive charge are set forth in SEQ ID NOS:842 and 843 of US 2013/0129723 (said

sequences incorporated by reference herein).

[060143] Posilions other than V63 of human CH1 domain and L29 of human Ck domain can be

substituted with amino acids having opposite charges to produce ionic interactions between the
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amino acids in addition or alternative to the mutations in V68 of CH1 domain and L29 of Ck
domain. Such positions can be identified by any suitable method, including random
mutagenesis, analysis of the crysial structure of the CH1-Ck pair to identify amino acid residuas
at the CH1-Ck interface, and further identifying suitable positions among the amino acid
residues at the CH1-CK interface using a set of criteria (e.g., propensity {0 engage in ionic

interactions, proximity ¢ a potential partner residue, aic.).

[808144] In ceriain embodiments, polypeptide hsterodimers of the present disclosure contain
only one pair of immunoglobulin heterodimerization domains. For example, a first chain of a
polypeptide heterodimer can comprise a CH1 domain as an immunoglobulin heterodimerization
domain, while a second chain can comprise a CL domain {e.g., a Cx or CA) as an
immunoglobulin heterodimerization domain. Altarnatively, a first chain can compriss a CL
domain {e.¢., a Cx or CA) as an immunogiobulin heterodimerization domain, while a sscond
chain can comprise a CH1 domain as an immunoglobulin heterodimerization domain. As set
forth herein, the immunoglobulin heterodimerization domains of the first and second chains are

capable of associating to form a heterodimeric protein of this disclosure.

[68148] In certain other smbodiments, heterodimeric profeins of the present disclosure can
have two pairs of immunoglobulin heterodimerization domains. For example, a first chain of a
heterodimer can comprise fwo CH1 domains, while a second chain can have two CL domains
that associate with the two CH1 domains in the first chain. Alternatively, a first chain can
comprise two CL domains, while a second chain can have two CH1 domains that associaie with
the two CL domains in the first chain. In certain embodiments, a first polypeplide chain
comprises a CH1 domain and a CL domain, while a second polypeptide chain comprises a CL
domain and a CH1 domain that associate with the CH1 domain and the CL domain,

respectively, of the first polypeptide chain.

[868148] In the embodiments where a helerodimeric protein comprises only one
heterodimerization pair {i.e., one immunoglobulin heterodimerization domain in each chain), the
immunoglobulin heterodimerization domain of each chain can be located amino-terminal to the
immunogiobulin constant region of that chain. Alternatively, the immunoglobuiin
heterodimerization domain in each chain can be located carboxyi-terminal {o the

immunogiobulin constant region of that chain.

[00147] In the embodiments where a helerodimeric profein comprises two heterodimerization
pairs (i.e., two immunoglobulin heterodimerization domains in each chain), both immunogliobulin

heterodimerization domains in each chain can be located amino-terminal to the immunoglobulin
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constant region of that chain. Alternatively, both immunoglobulin heterodimerization domains in
gach chain can be located carboxyl-terminal to the immunoglobulin constant region of that
chain. In further embodiments, one immunoglobulin heterodimerization domain in each chain
can be localed amino-terminal to the immunoglobulin constant region of that chain, while the
other immunogiobulin heterodimerization domain of each chain can be localed carboxyi-terminal
to the immunoglobulin constant region of that chain. In other words, in those embodiments, the
immunoglobulin constant ragion is interposed between the two immunoglobulin

heterodimerization domains of each chain.

[00148] As indicated herein, in certain embodiments, CD3-binding polypeptides of the present
disclosure comprise an immunogiobulin constant region (also referred to as a constant region)
in a polypeptide chain. The inclusion of an immunogliobulin constant region slows clsarance of
the homodimeric and heterodimeric proteins formed from two CD3-binding polypeptide chains
from circulation after adminisiration to a subject. By muiations or other alierations, an
immunogiobulin constant region further enables relatively easy modulation of dimeric
polypeptide effector functions (e.g., ADCC, ADCP, CDC, complement fixation, and binding fo F¢
receptors}, which can sither be increased ar decreased depending on the disease being treated,
as known in the art and described hersin. In certain embodiments, an immunoglobulin constant
region of one or both of the polypeptide chains of the polypeptide homodimers and
heterodimers of the present disclosure will be capable of mediating one or more of thess
effector functions In other smbodiments, one or more of these effector functions are reduced or
absent in an immunogiobulin constant region of ong or both of the polypeptide chains of the
polypeptide homodimers and heterodimers of the present disclosure, as compared io a
corresponding wild-type immunoglobulin constant region. For exampie, for dimeric CD3-binding
polypeptides designed to elicit RTCC, such as, e.g., via the inclusion of a second binding
domain, an immunogiobulin constant region may have reducad or no sffector function relative to

a corresponding wild-type immunogiobulin constant region.

[00149] An immunoglobulin constant region present in CD3-binding polypeptides of the present
disclosure can comprise oris derived from part or all of. a CH2 domain, a CH3 domain, a CH4
domain, or any combination thersof. For example, an immunogliobulin constant region can
comprise a CHZ domain, a CHE domain, both CHZ and CH3 domains, both CHS and CH4
domains, iwo CH3 domains, a CH4 domain, two CH4 domains, and a CH2 domain and partof a
CH3 domain.
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[66150] A CHZ domain that can form an immunogiobulin constant region of a CD3-binding
polypeptide of the present disclosure can be a wild type immunoglobulin CH2 domain or an
altered immunoglobulin CH2 domain thereof from certain immunoglobulin classes or subclasses
(e.g., 1gG1, 1gG2, IgG3, 1gG4, IgA1, IgAZ, or igD) and from various species (including human,

mouse, rat, and other mammals).

[868151] In certain embodiments, a CH2 domain is a wild typs human immunoglobulin CH2
domain, such as wild type CH2 domains of human 1gG1, 1gG2, 1gG3, 1gG4, IgA1, IgA2, or gD,
as set forth in SEQ ID NOS:115, 199-201 and 1985-1897, respectively, of US 2013/0120723 (said
sequences incorporated by reference herein). In cerlain embodiments, the CH2 domainis a
wiid type human 1gG1 CH2 domain as set forth in SEQ D NO: 115 of US 2013/0129723 (said

sequence incorporated by reference herein).

[00152] In cerfain embodiments, a CH2 domain is an allered immunoglobulin CH2 region (e.g.,
an aftered human IgG1 CHZ2 domain) that comprises an amino acid substitution at the
asparagine of position 297 {e.g., asparagine to alanine). Such an amino acid substitution
reduces or eliminates glycosylation at this site and abrogates efficient Fc binding to FeyR and
C1g. The sequence of an altersed human IgG1 CH2 domain with an Asn {o Ala substitution at
position 297 is set forth in SEQ 1D NO:324 of US 2013/0129723 (said sequence incorporated by

reference herein).

[8661583] In certain embodiments, a CH2 domain is an allered immunoglobulin CHZ region (e.g.,
an altered human 1gG1 CH2 domain) that comprises at least one substifution or deletion at
positions 234 to 238. For example, an immunoglobulin CH2 region can comprise a substitution
at position 234, 235, 236, 237 or 238, positions 234 and 235, positions 234 and 238, positions
234 and 237, positions 234 and 238, positions 234-236, positions 234, 235 and 237, positions
234, 236 and 238, positions 234, 235, 237, and 238, positions 236-238, or any other
combination of two, three, four, or five amino acids at positions 234-238. in addition or
alternatively, an altered CH2 region can comprise one or more (e.¢., two, three, four or five)
arnino acid deletions at positions 234-238, for instance, at one of position 236 or position 237
while the other position is subslituted. The above-noted mutation{s) decrease or eliminate the
antibody-dependent cell-medialed cviotoxicity (ADCC) aclivity or Fc recepior-binding capability
of a polypeptide heterodimer that comprises the altered CH2 domain. In certain embodiments,
the amino acid residues at one or more of positions 234-238 has been replaced with one or

more alanine residues. In further embodiments, only one of the amino acid residues at
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positions 234-238 have been delsted while one or more of the remaining amino acids at

positions 234-238 can be substituted with another amino acid (e.g., alaning or serineg).

[60154] In certain other embodiments, a CHZ2 domain is an altered immunoglobulin CH2 region
{(&.g., an altered human IgG1 CH2 domain) that comprises one or more amino acid substitutions
at positions 253, 310, 318, 320, 322, and 331. For example, an immunoglobulin CH2 region
can comprise a substitution at position 253, 310, 318, 320, 322, or 331, positions 318 and 320,
positions 318 and 322, positions 318, 320 and 322, or any other combination of two, thres, four,
five or six amino acids at positions 253, 310, 318, 320, 322, and 331. The above-noted
mutation(s) decrease or eliminate the complement-dependent cytotaxicily (CDC) of a

polypeptide heterodimer that comprises the allered CHZ domain.

[08158] In certain other embodiments, in addition to the amino acid substitution at position 297,
an aitered CH2 region (&.g., an altered human IgG1 CH2 domain) can further comprise one or
more {(e.g., two, three, four, or five) additional substifutions at positions 234-238. For example,
an immunoglobulin CH2 region can comprise a substitution at positions 234 and 297, positions
234, 235, and 297, positions 234, 236 and 297, positions 234-236 and 297, positions 234, 235,
237 and 297, positions 234, 236, 238 and 297, positions 234, 235, 237, 238 and 297, posiiions
236-238 and 297, or any combination of two, three, four, or five amino acids at positions 234-
238 in addition o position 297. In addition or alteratively, an altered CH2 region can comprise
one or more (e.g., two, three, four or five} amino acid deletions at positions 234-238, such as at
position 236 or position 237. The additional mutation(s) decreases or eliminates the antibody-
dependent cell-mediaied cylotoxicity (ADCC) aclivity or Fe receplior-binding capability of a
polypeptide hetsrodimer that comprises the aliered CH2 domain. In certain embodiments, the
amino acid residues at one or more of positions 234-238 have been replaced with one or more
alanine residues. In further embodiments, only one of the amino acid residues at positions 234~
238 has been deleted while one or more of the remaining amine acids at positions 234-238 can

be substituted with another amino acid {e.g., alanine or serine).

[060156] In certain embodiments, in addition o one or more (e.g., 2, 3, 4, or 5) amino acid
substitutions at positions 234-238, a mutated CHZ region {e.g., an aitered human igG1 CH2
domain) in a fusion protein of the pressnt disclosure can contain one or more {e.g., 2, 3, 4, 5, or
8} additional amino acid substitutions {e.g., substituted with alaning) at one or more positions
involved in complement fixation (e.g., at positions 1253, H310, E318, K320, K322, or P331).
Examples of mutated immunogiobulin CH2 regions include human IgG1, 1gG2, IgG4 and mouse
igG2a CHZ2 regions with alanine substitutions at positions 234, 235, 237 (if pressnt), 318, 320
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and 322. An exemplary mutated immunoglobulin CH2 region is mouss IGHGZ2c CH2 region
with alanine substitutions at L234, L235, G237, £318, K320, and K322,

[601587] In still further embodiments, in addition to the amino acid substitution at position 287
and the additional deletion(s) or substitution(s) at positions 234-238, an aitered CHZ region
(e.g., an altered human igG1 CHZ2 domain) can further comprise one or more (&.¢., two, three,
four, five, or six) additional substitutions at positions 253, 310, 318, 320, 322, and 331. For
exampie, an immunoglobulin CH2 region can comprise a {1) substitution at position 287, (2} one
or more substitutions or deletions or a combination thereof at positions 234-238, and one or
more {e.qg., 2, 3, 4, 5, or 8) amino acid subslitutions at positions 1253, H310, E318, K320, K322,
and P331, such as ong, fwo, three substitutions at positions £E318, K320 and K322, The amino

acids at the above-noted positions can be substituted by alanine or serins.

[00158] In cerfain embodiments, an immunoglobulin CH2 region polypeptide comprises: (i) an
amino acid substifution at the asparagines of position 297 and one amino acid substitution at
position 234, 235, 236 or 237; (i) an amino acid substitution at the asparagine of position 297
and amino acid substitutions at two of positions 234-237; (ili) an amino acid substitution at the
asparagine of position 287 and amino acid substitutions at three of positions 234-237; (iv) an
amino acid substitution at the asparagine of position 287, amino acid substitutions at positions
234, 235 and 237, and an amino acid deletion at position 238, (v} amino acid substitutions at
three of positions 234-237 and amino acid substitutions at positions 318, 320 and 322; or {vi)
amino acid substitutions at thres of positions 234-237, an amino acid deletion at position 238,

and amino acid substitutions at positions 318, 320 and 322,

[00159] Exemplary altered immunoglobulin CH2 regions with amino acid substitutions at the
asparagine of position 297 include: human igG1 CH2 region with alanine substifutions at L234,
L235, G237 and N297 and a deletion at 3236 (SEQ D NO:325 of US 2013/0129723, said
saguence incorporated by reference hearein), human igG2 CH2 ragion with alanine subsiitutions
at V234, G236, and N297 (SEQ 1D NO:326 of US 2013/0129723, said sequence incorporated
by reference herein), human lgG4 CH2 region with alanine substitutions at F234, L235, G237
and N287 and a deletion of G238 (SEQ 1D NO:322 of US 2013/0128723, said sequence
incorporated by refsrencs herein), human 1gG4 CHZ region with alanine substitutions at F234
and N287 (SEQ ID NO:343 of US 2013/0128723, said sequence incorporated by reference
herein), human lgG4 CHZ region with alanine substitutions at L235 and N297 (SEQ 1D NO:344
of US 2013/0128723, said sequence incorporated by reference herein), hurman IgG4 CH2
region with alanine substitutions at G236 and N297 (SEQ 1D NO:345 of US 2013/0129723, said
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sequence incorporated by reference herein), and human IgG4 CH2 region with alanine
substitutions at G237 and N2987 (SEQ D NO:348 of US 2013/0129723, said sequence

incorporaied by referance herein).

[001640] In certain embodiments, in addition to the amino acid substitutions described above, an
altered CHZ region (e.g., an altered human IgG1 CH2 domain) can coniain one or more
additional amino acid substitutions at one or more positions other than the above-noted
positions. Such amino acid substitutions can be conservative or non-conservative amino acid
substitutions. For example, in cerfain embodiments, P233 can be changed to E233 in an
altered IgG2 CHZ region (s8¢, e.g., SEQ D NO:326 of US 2013/0129723, said sequence
incorporated by reference hersin). In addition or allernatively, in certain embodimenis, the
altered CH2 region can contain ong or more amino acid insartions, deletions, or both. The
insertion(s), deletion(s) or substitution(s) can be anywhere in an immunoglobulin CHZ region,
such as at the N- or C-terminus of a wild type immunoglobulin CHZ2 region resulting from linking
the CHZ2 region with another region {(e.g., a binding domain or an immunoglobulin

heterodimerization domain) via a hinge.

[68161] In certain embodiments, an altered CH2 region in a polypeptide of the present
disclosure comprises or is a sequence thatis at least 30%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, ati leasi 98%, atleast 97%, atleast 98%, at least 89% identical
to a wild type immunoglobulin CH2 region, such as the CH2 region of wild type human igG1,
1952, or igG4, or mouse igG2a {(e.g., IGHG2c).

[60162] An altered immunoglobulin CH2 region in a CD3-binding polypeptide of the present
disclosure can be derived from a CHZ region of various immunoglobulin isotypes, such as igG1,
IgG2, 1gG3, 1gG4, IgAt, IgA2, and gD, from various species {including human, mouse, rat, and
other mammais). In certain embodiments, an altered immunoglobulin CH2 region in a fusion
protein of the present disclosure can be derived from a CH2 region of human IgG1, IgG2 or
igG4, or mouse 1gG2a {e.g., IGHG2c), whose sequences are set forth in SEQ 1D NOS:115, 199,
201, and 320 of US 2013/01298723 (said sequences incorporated by reference herein).

[80163] In certain embodiments, an altered CH2 domain is a human IgG1 CH2 domain with
alanine substifutions at positions 235, 318, 320, and 322 (J.e., 2 human IgG1 CH2 domain with
L2354, E318A, K320A and K322A substitutions) (SEQ 1D NO:585 of US 2013/0129723, said
sequence incorporated by reference herein), and oplionally an N297 mutation (e.g., {o alanine).
in certain other embodiments, an allered CH2 domain is a human IgG1 CHZ domain with
alanine substitutions at positions 234, 235, 237, 318, 320 and 322 {i.e., a human lgG1 CH2
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dornain with L234A, L235A, G237A, E318A, K320A and K322A substitutions) (SEQ 1D NO:586
of US 2013/0129723, said sequence incorporated by reference herein}, and optionally an N287

mutation {(e.g., {0 alanine).

[00164] In certain embodiments, an altered CHZ domain is an altered human 1gG1 CH2 domain
with mutations known in the art that enhance immunological activities such as ADCC, ADCP,

CDC, complement fixation, Fc recepltor binding, or any combination thereof.

[001865] The CH3 domain that can form an immunoglobulin constant region of a CD3-binding
polypeptide of the present disclosure can be a wild type immunogiobulin CH3 domain or an
altered immunaogliobulin CH3 domain thereof from certain immunoglobulin classes or subclasses
(e.g., 1gG1, 1gG2, IgG3, iga4, IgA1, 1gAZ, IgD, Igk, Ight) of various species (including human,
mouse, rat, and aother mammals). In certain embodimants, a CH3 domain is a wild type human
immunoglobulin CH3 domain, such as wild type CH3 domains of human IgG1, 1gG2, 1gGSs,
igG4, 1gAt, 1gA2, IgD, IgE, or igM as sel forth in SEQ 1D NOS:118, 208-210, 204-207, and 212,
respectively of US 2013/0129723 (said sequences incorporated by reference herein). In ceriain
embadiments, the CH3 domain is a wild type human igG1 CH3 domain as set forth in SEQ 1D
NO:116 of US 2013/0128723 {said sequence incorporated by reference herein}. In certain
embodiments, a CH3 domain is an altered human immunoglobulin CH3 domain, such as an
altered CH3 domain based on or derived from a wild-type CH3 domain of human 1gG1, igG2,
IgG3, igG4, IgA1, 1gAZ, IgD, igE, or igM antibodies. For example, an aitered CH3 domain can
be a human IgG1 CHS domain with one or two mutations at positions H433 and N434 (positions
are numbered according to EU numbering). The muiations in such positions can be involved in
complement fixation. In certain other embodiments, an allered CH3 domain can be a human
igG1 CH3 domain but with one or two amino acid substitulions at position F405 or Y407, The
amino acids at such positions are involved in interacting with ancther CH3 domain. in certain
embadiments, an altered CH3 domain can be an aliered human IgG1 CH3 domain with its last
lysine deleted. The sequence of this altered CH3 domain is set forth in SEQ 1D NO: 761 of US

2013/0129723 (said sequence incorporated by reference herein).

[860166] In certain embodiments, CD3-binding polypeptides forming a polypeptide heterodimer
comprise a CHS3 pair that comprises so called “knobs-into-holas” mutations (see, Marvin and
Zhu, Acta Pharmacologica Sinica 26:649-58, 2005; Ridgway ef al, Protein Engineering 8:617-
21, 1966). More specifically, mutations can be introduced into each of the two CH3 domains of
each polypeptide chain so that the steric complementarity required for CH3/CH3 assaciation

obligates these two CH3 domains to pair with sach other. For example, a CH3 domain in ong
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single chain polypeptide of a polypeplide heterodimer can contain a T366W mutation {(a "knob”
mutation, which substitutes a small amino acid with a larger ong), and a CH3 domain in the
other single chain polypeptide of the polypeplide heterodimer can contain a Y407A mutation (a
“hole” mutation, which subsiitutes a large amino acid with a smailler ong). Other exemplary
knobs-into-holes mutations include (1) a T366Y mutation in one CH3 domain and a Y4077 in
the other CH3 domain, and {2) a T366W mutation in one CH3 domain and T3663, L368A and
Y407V mutations in the other CH3 domain.

[00187] The CH4 domain that can form an immunoglobulin constant region of CD3-binding
polypeptides of the present disclosure can be a wild type immunoglobulin CH4 domain or an
altered immunoglobulin CH4 domain thereof from IgE or igM molecules. in certain
embodiments, the CH4 domain is a wild type human immunoglobulin CH4 domain, such as wild
type CH4 domains of human IgE and lgM molecules as sef forth in SEQ 1D NOS:213 and 214,
respectively, of US 2013/0128723 (said sequences incorporated by reference herein). in
certain embodiments, a CH4 domain is an altered human immunogiobulin CH4 domain, such as
an aitered CH4 domain based on or derived from a CH4 domain of human igE or igM
molecules, which have muiations that increase or dacrease an immunoclogical activity known to

be associated with an IgE or IgM Fe region.

[68168] In certain embodiments, an immunogiobulin constant region of CD3-binding
polypeptides of the present disciosurs comprises a combination of CHZ, CH3 or CH4 domains
{(i.e., more than one constant region domain selected from CH2, CH3 and CH4). For example,
the immunoglobulin constant region can comprise CH2 and CH3 domains or CHS and CH4
domains. In certain other embodiments, the immunoglobulin constant region can comprise two
CH3 domains and no CHZ2 or CH4 domains (i.e., only two or more CH3). The muiltiple constant
region domains that form an immunoglobulin constant region can be based on or derived from
the sams immunoglobulin molecule, or the same class or subclass immunoglobulin moleculss.
in certain embodiments, the immunogiobulin constant region is an IgG CH2CHS3 (e.g., 1gG1
CH2ZCHS3, 1gG2 CH2CHS3, and igG4 CH2CH3) and can be a human {e.g., human IgG1, 1gG2,
and igG4) CH2CH3. For example, in certain embodiments, the immunogicbulin constant region
comprises (1) wild type human 1gG1 CH2 and CH3 domains, (2) human IgG1 CHZ with N287A
substitution {fe., CH2{N287A}) and wild type human 1gG1 CH3, or (3) human 1gG1 CHZ{(N297A)
and an altered human lgG1 CH3 with the last lysine deleted.

[00169] Alternatively, the multiple constant region domains can be based on or derived from

different immunoglobulin molecules, or different classes or subclasses immunoglobulin
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molecules. For example, in certain embodiments, an immunoglobulin constant region
camprises both human IghM CHS domain and human IgG1 CH3 domain. The multiple constant
region domains that form an immunoglebulin constant region can be directly linked together or

can be linked to each other via one or more (e.¢., about 2-10) amino acids.

[80170] Exemplary immunoglobulin constant regions are set forth in SEQ D NOS:305-309,
321, 323, 341,342, and 762 of US 2013/0129723 (said sequencas incorporated by reference

herein}.

[60171] In certain embodiments, the immunoglobulin constant regions of both CD3-binding
polypeptides of a polypeptide homodimer or heterodimer are identical to each other. In certain
other embodiments, the immunoglobulin constant region of one polypeptide chain of a
heterodimeric protein is different from the immunoglobulin constant region of the other
polypeptide chain of the helerodimer. For example, one immunoglobulin constant region of a
heterodimeric protein can contain a CH3 domain with a "knob” mutation, whereas the other
immunoglobulin constant region of the heterodimeric protein can contain a CH3 domain with a

“hole” mutation.

[060172] The disclosure relates to CD3-binding proteins and polypeptides that may comprise any
of the sequences shown in Table 14. Amino acid sequences for polypeptide construcis may or
may not include signal sequences. CD3-binding proteins may comprise any of the CD3-binding
domains described above. In some aspects, CD3-binding proteins comprise humanized Vy; ar

V. aming acid sequances, or both.

[0017 3] Examples of bispecific CD3-binding polypeptides are provided in Tables 12 and 13.
Such examples include anti-PSMA x anti-CD3 binding molecules (SEQ 1D NOCs:62, 64, 68, and
88), anti-CD37 x anti-CD3 binding molecules (SEQ 1D NOs:72, 74, 76, 78, 80, and 82), anti-
ROR1 x anti-CD3 binding molecules (SEQ 1D NOs:100, 104, 108, 112, 116, and 120), and anti-
CD123 x anti-CD3 binding molecules (SEQ 1D NOs:187 and 198).

[00174] CD3-binding molecules may be made using scaffolding as generally disclosed in US
2013/0129723 and US 2013/0085097, which are each incorporated hersin by reference in their
entirety. The CD3-binding proteins may comprise two non-identical polypeptide chains, each
polypaptids chain comprising an immunoglobulin heterodimerization domain. The interfacing
immunogiobulin heierodimerization domains are different. In one embodiment, the
immunoglobulin heterodimerization domain comprises a CH1 domain or a derivative thereof. In

another embodiment, the immunogiobulin heterodimerization domain comprises a CL domain or
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a derivative thereof. In one embodiment, the CL domain is a Ck or CA isotyps or a derivalive

thereof.

[68178] The disclosure also includes nuclsic acids (e.g., DNA or RNA) encoding CD3-binding
domains, proteins and polypeptides described herein, or one or more polypeptide chains of a
homadimeric or heterodimeric CD3-binding protein as described herein. Nucleic acids of the
disclosure include nucleic acids having a region that is substantially identical {o a polynucieotide
as listed in Table 14, infra. In certain embodiments, a nucleic acid in accordance with the
present disclosure has at least 80%, typically at least about 80%, and more typically at least
about 95% or at ieast about 98% identity 1o a polypeptide-encoding polynucleotide as listed in
Table 14. Nucleic acids of the disclosure aiso include complementary nucleic acids. in some
insiances, the sequences will be fully complemsntary (no mismaiches) when aligned. In other
instances, there can be up to about a 20% mismaich in the sequences. In some embodiments
of the disclosure are provided nucleic acids encoding both first and second polypeptide chains
of a heterodimeric CD3-binding protein of the disclosure. The nucleic acid seguences provided
herein can be exploited using codon optimization, degensrate ssquence, silent mutations, and
other DNA technigues to optimize expression in a particular host, and the present disclosure

encompasses such sequence modifications.

[G68176] The disclosure relates {o an isolated nucleic acid molecule encoding CD3-binding
domains, proteins and polypeptides (or portions thersof) described herein, wherein said nucleic
acid molecule comprises a nucleotide sequence seiforth in SEQ ID NO: 3,5, 7, 8, 11, 13, 15,
17,19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, or 58.

[060177] Polynucleotide molecules comprising a desired polynucleotide sequence are
propagated by placing the molecule in a vector. Viral and non-viral vectors are used, including
plasmids. The choice of plasmid will depend on the type of cell in which propagation is desired
and the purpose of propagation. Certain vectors are useful for amplifying and making large
amounis of the desired DNA sequence. Other vectors are suitable for expression in cells in
culture. Still other vectors are suitable for transfer and expression in cells in & whole animal or
persan. The choice of appropriate vector is well within the skili of the art. Many such veciors are
available commercially. The partial or full-length polynucieotide is inserted info a vector typically
by means of DNA ligase aftachment {o a cleaved resiriction enzyme site in the vecior.
Alternatively, the desired nucleotide seguence can be inserted by homologous recombination in
vivo. Typically this is accomplished by attaching regions of homology to the vecior on the flanks

of the desired nuclectide ssquence. Regions of homology are added by ligation of
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oligonucieotides, or by polymerase chain reaction using primers comprising both the region of

homology and a portion of the desired nucleotide seguencs, for example.

[060178] For expression, an exprassion cassetle or sysiem may be emploved. To express a
nucleic acid encoding a polypeplide disclosed herein, a nucleic acid molecule encoding the
polypsptide, operably linked to regulatory sequences that control transcriptional expression in an
expression vector, is introduced into a host call. in addition o tfranscriptional reguiatory sequencss,
such as promoters and enhancers, expression vectors can include translational regulatory
sequences and a marker gene which is suitable for selection of cells that carry the expression
vector. The gene product encoded by a polynucleotide of the disclosure is expressed in any
canvenient expression system, including, for example, bacterial, yeast, insect, amphibian and
mammalian systems. In the expression vector, the polypeptids-encoding polynucleotide is
linked to a regulatory sequence as appropriate to oblain the desired exprassion properties.
These can include promoters, enhancers, terminators, operators, repressors, and inducers.
The promoters can be regulaied {(e.g., the promoter from the steroid inducible piND vector
(Invitrogen)) or constitutive (e.g., promoters from CMV, SV40, Elongation Factor, or LTR
sequences). These ars linkad io the desired nucleotide sequencs using the techniques
described above for linkage o vectors. Any techniques known in the art can be used.
Accordingly, the expression vector will generally provide a transcriptional and translational
initiation region, which can be inducible or constitutive, where the coding region is operably
finked under the transcriptional controf of the franscriptional inifiation region, and a

transcriptional and translational termination region.

[60179] An expression cassetie ("expression unit”) can be introduced into a variety of vectors,
e.g., plasmid, BAC, YAC, bacteriophage such as lambda, P1, M13, efc., plant or animal viral
vectors (e.g., retroviral-based vectors, adenovirus vectors), and the like, whsre the vectors are
normally characterized by the ability to provide selection of cells comprising the exprassion
vectors. The vectors can provide for extrachromosomal mainienance, particularly as plasmids
or viruses, or for integration into the host chromosome. Where extrachromosomal maintenance
is desired, an origin sequence is provided for the replication of the plasmid, which can be low- or
high copy-number. A wide varisty of markers are available for selection, particularly thoss
which protect against toxins, more particularly against antibiotics. The particular marker that is
chosen is selecied in accordance with the nature of the host, where, in some cases,
complementation can be employed with auxotrophic hosts. Infroduction of the DNA construct

can use any convenient method, inciuding, e.g., conjugation, bacterial transformation, calcium-
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precipitated DNA, electroporation, fusion, transfection, infection with viral vectors, biolistics, and
the like. The disclosure relales {o an expression vacior comprising a nucleic acid segment,
wherein said nucleic acid segment may comprise a nuclectide sequence set forth in SEQ ID
NC:3,5,7,8, 11,183, 18,17, 19, 21, 23, 25, 27, 28, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51,
53, 55, 57, or 59.

[66188] Accordingly, proteins for use within the present disclosure can be produced in
genetically sngineered host cells according to conventional techniques. Suitable host cells are
those cell types that can be transformed or transfected with exogenous DNA and grown in
culture, and include bacteria, fungal cells, and cultured higher eukaryotic cells (including
cultured cells of multiceliular organisms), particularly cultured mammalian cells. Techniques for
manipulating cloned DNA molecules and infroducing exogenous BNA into a variety of host cells
arg disclosed by Sambrook and Russell, Molecular Cloning: A Laboratory Manual (3rd ed|
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 2001), and Ausubel ef a/., Short
Frotocols in Molecular Biology {(4th ed., John Wiley & Sons, 1999).

[860181] For exampile, for recombinant expression of a homodimeric CD3-binding protein
comprising two ideniical CD3-binding polypsptides as described herein, an axpression vector
will generally include a nucleic acid segment encoding the CD3-binding polypeptide, operably
linked {0 a promoter. For recombinant expression of a heterodimeric CD3-binding protein,
comprising different first and second polypeptide chains, the first and second polypeptide chains
can be co-sxprassed from separate veciors in the host cell for expression of the entire
heterodimeric protein. Alternatively, for the expression of heterodimeric CD3-binding proieins,
the first and second polypepiide chains are co-expressed from separate expression units in the
same vector in the host cell for expression of the entire heterodimeric protein. The expression
vector(s) are transferred {0 a host celi by conventional techniguss, and the transfacled cslls are
then cultured by conventional techniques to produce the encoded polypsptida(s) to produce the

corresponding CD3-binding protein.

[060182] To direct 2 recombinant protein into the secretory pathway of a host cell, a secretory
signal sequence (also known as a leader sequence) is provided in the expression vector. The
secretory signal sequence can be that of the native form of the recombinant protein, or can be
derived from another secreted protein or synthesized de nove. The secretory signal ssguence
is operably linked to the polypeptide-encoding DNA sequence, i.e., the two sequences are
joined in the correct reading frame and positioned to direct the newly synthesized polypeptide

into the secretory pathway of the host cell. Secoretory signal sequences ars commonly
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positioned 5 to the DNA sequence encoding the polypeptide of interest, although certain signal
saguences can be positionsd elsswhers in the DNA ssguence of interesi {see, e.g., Welch ef
al., U5 Patent No. §5,037,743; Holland ef a/,, U.S. Patent No. 5,143,830). In certain variations,
a secretfory signal sequence for use in accordance with the present disclosure has the amino
acid sequence MEAPAQLLFLLLLWLPDTTG (SEQ 1D NO:185).

[66183] Cultured mammalian cells are suitable hosts for production of recombinant proteins for
use within the present disclosure. Methods for introducing exogenous BNA into mammalian
host cells include calcium phosphate-mediated transfection (Wigler ef a/., Cell 14725, 1878;
Corsaro and Pearson, Somatic Cell Genetics 7:603, 1981: Graham and Van der Eb, Virology
52:456, 1973), electroporation (Neumann ef g/, EMBQO J. 1:841-845, 1982), DEAE-dexiran
medialed transfsction (Ausubsl ef &/, supra), and liposoms-mediated transfection {(Hawlsy-
Nelson ef al., Focus 1573, 1993, Ciccarone ef al., Focus 15:80, 1993). The production of
recombinant polypeptides in cullured mammalian cells is disclosed by, for example, Levinson ef
al., U.S. Patent No. 4,713,338; Hagen ef g/, U.S. Patent No. 4,734 850; Palmiter et a/, U.S.
Patent No. 4,579,821, and Ringold, U.5. Patent No. 4,656,134, Examples of suitable
mammalian host cells include African green monkey kidney cells (Vero; ATCC CRL 1587),
human embryonic kidney cells (293-HEK, ATCC CRL 1573), baby hamster kidney cells (BHK-
21, BHK-570; ATCC CRL 8544, ATCC CRL 10314), canine kidney celis (MDCK; ATCC CCL
34}, Chiness hamster ovary cells (CHO-K1;, ATCC CCL61, CHO DG44; CHO DXB11 (Hycions,
Logan, UT); see also, e.g., Chasin ef al., Som. Cell Molec. Genet. 12:555, 19886)), rat pituitary
cells (GH1; ATCC CCL82), Hela 83 cells (ATCC CCL2.2), rat hepatoma cells (H-4-lI-E; ATCC
CRL 1548) SV40-transformed monkey kidney cells (COS-1; ATCC CRL 1850) and murine
embryonic celis (NIH-3T3; ATCC CRL 1658). Additional suitable cell lines are known in the art
and available from public depositories such as the American Type Culture Collection,
Manassas, Virginia. Strong transcription promotars can be used, such as promoters from SV-
40 or cytomegalovirus. See, e.g., U.S. Patent No. 4,856 288, Other suitable promoters include
those from meiallothionein genes (U.S. Patenis Nos. 4,679,821 and 4,601,878) and the

adenovirus major late promoter.

[06184] Drug selection is generally used {o select for cultured mammalian celis into which
foreign DNA has been inserted. Such cslis are commonly referred to as “iransfectants.” Celis
that have been cultured in the presence of the selective agent and are able {o pass the gene of
interest to their progeny are referred {0 as “stable transfectants.” Exemplary selectable markers

inciude a gene encoding resistance {o the antibiotic nsomycin, which allows selection o be
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carried out in the presence of a neomycin-type drug, such as G-418 or the like; the gpt gene for
xanthine-guanine phosphoribosy! transferase, which permits host cell growth in the presence of
mycophenolic acid/xanthing; and markers that provide resistance to zeocin, bleomycin,
blastocidin, and hygromycin (see, e.g., Gatignol ef al, Mol Gen. Genel. 207:342, 1987,
Drocourt ef af., Nucl. Acids Res. 18:4009, 1990). Selection sysiems can also be used to
increase the expression level of the gene of interest, a process referrad to as “amplification.”
Amplification is carried out by culturing fransfectants in the presence of a low level of the
selective agent and then increasing the amount of selective agent io select for cells that
produce high levels of the products of the introduced genes. An exermplary ampilifiable
salectable marker is dihydrofolate reductase, which confers resistance to methotrexate. Other
drug resistance genes (e.g., hygromycin resistance, muiti-drug resistance, puromycin

acetyliransferase) can also be used.

[G0188] Other higher eukaryotic cells can also be used as hosts, including insect cells, plant
cells and avian celis. The use of Agrobacterium rhizogenes as a vector for expressing genes in
plant cells has been reviewed by Sinkar ef g/, J. Biosci (Bangalore) 11:47-58, 1987.
Transformation of insect cells and production of foreign polypeptidss therein is disclosed by
Guarino et &/, US 5,162,222 and WO 94/064863.

[401886] Insect celis can be infected with recombinant baculovirus, commoniy derived from
Autographa californica nuclear polvhedrosis virus {AcNPV). See King and Possee, The
Baculovirus Expression System: A Laborafory Guids (Chapman & Hall, London); O'Reilly ef a/,,
Baculovirus Expression Vecitors: A Laboratory Manual (Oxford University Press., New York
1994); and Baculovirus Expression FProfocols. Methods in Molecular Biology {Richardson ed.,
Humana Press, Totowa, NJ, 1985). Recombinant baculovirus can also be produced through
the use of a transposon-based system described by Luckow ef a/. (J. Virol 67:.4566-4579,
1993). This system, which utilizes transfer vectors, is commercially available in kit form (BAC-
TO-BAC kit; Life Technoiogies, Gaithersburg, MD). The transfer vector (e.g., PFASTBACHT,; Life
Technologies) contains a Tn7 fransposon to move the DNA encoding the protein of interest into
a baculovirus genome mainiained in £, coff as a large plasmid called a “bacmid.” See Hill-
Perkins and Posses, J. Gen. Virol 71:971-976, 1990; Bonning et a/., J. Gen. Virol 75:1551-
1556, 1884, and Chazenbalk and Rapoport, J. Biol Chem. 270:1543-1548, 1885, In addition,
fransfer veciors can include an in-frame fusion with DNA encoding a polypeptide exiension or
affinity tag as disclosed above. Using techniques known in the art, a fransfer vecior containing

a protein-encoding DNA sequence is transformed info £. coli host cells, and the celis are



16

[
¥4

20

N2
(A

scraened for bacmids which contain an interrupted lacZ gene indicative of recombinant
baculovirus. The bacmid DNA coniaining the recombinant baculovirus genoms is isolated,
using common technigues, and used o transfect Spodoptera frugiperda cells, such as 519 celis.
Recombinant virus that expresses the protein or interest is subsequently produced.

Recombinant viral stocks are made by methods commonly used in the art.

[066187] For protein production, the recombinant virus is used o infect host cells, typically a cell
tine derived from the fall armyworm, Spodoptera frugiperda (e.g., 59 or Sf21 cells) or
Trichoplusia ni (e.g., HIGH FIVE cells; Invifrogen, Carisbad, CA). See generally Glick and
Pasternak, Molecular Biotechnology, Principles & Applications of Recombinant DNA (ASM
Press, Washington, D.C., 1994). See a/so U.S. Patent No. 5,300,435, Serum-free media are
used to grow and maintain the cells. Suitable media formulations are known in the art and can
be obtained from commercial suppliers. The cells are grown up from an incculation density of
approximately 2-5 x 10° cells to a density of 1-2 x 10° cells, at which time a recombinant viral
stock is added at a multiplicity of infection (MG of 0.1 to 10, more typically near 3. Frocedures
used are generally described in available laboratory manuals (see, e.9., King and Possesg,

supra; O'Reilly ef al, supra; Richardson, supra).

[00188] Fungal cells, including yeast cells, can also be used within the present disclosure.
Yeast species of in this regard inciude, e.g., Saccharomyces cerevisiae, Fichia pastoris, and
Fichia methanolica. Methods for fransforming S. cerevisiae cells with exogenous DNA and
producing recombinant polypeplides therefrom are disclosed by, for example, Kawasaki, U.S.
Patent No. 4 599,311, Kawasaki ef a/., U.S. Patent No. 4,831,373; Brake, U.5. Patent No.
4,870,008, Welch ef a/, U.S. Patent No. 5,037,743; and Murray ef al., U.S. Patent No.
4,845,075, Transformed cells are selected by phenotype determined by the seleclable marker,
commonly drug resistance or the ability to grow in the absence of a particular nutrient (e.q.,
leucine). An exemplary vector system for use in Saccharomycss cerevisiae is the POTT vecior
system disclosed by Kawasaki ef a/. (U.S. Patent No. 4,931,373), which allows transformed
cells 1o be selected by growth in glucose-containing media. Suilable promoters and ferminators
for use in yeast include those from glveolytic enzyme genes {(see, e.g., Kawasaki, U.S. Patent
No. 4,599,311, Kingsman ef a/., U.S. Patent No. 4,615,974, and Bilter, U.S. Patent No.
4,877,082) and alcohol dehydrogenase genes. See afso U.S. Patents Nos. 4,880 446;
5,063,154; 5,139,936; and 4,661,454, Transformation systems for other yeasis, including
Hansenula polymorpha, Schizosaccharomyces pombe, Kluyveromyces lactis, Kluyveromyces

fragilis, Ustilago maydis, Pichia pastoris, Pichia methanolica, Pichia guillermondii, and Candida
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malffosa are known in the arl. See, e.g., Gieeson et al, J. Gen. Microbiol 132:3459-3465, 1986;
Cregg, U.S. Patent No. 4,882,279; and Raymond ef al., Yeast 14:11-23, 1988, Aspergifllus cells
can be utifized according to the methods of McKnight ef /., U.S. Patent No. 4,935,348,
Methods for transforming Acremonium chrysogenum are disclosed by Sumino ef a/, U.S.
Patent No. 5,162,228, Methods for transforming Neurospora are disclosed by Lambowitz, U.S.
Patent No. 4,486 ,533. Production of recombinant proteins in Pichia methanolica is disclosed in
U.S. Patents Nos. 5,718,808; 5,736,383, 5,854,039; and 5,888,768,

[00189] Prokaryotic host cells, including strains of the bacteria Escherichia cofi, Bacillus, and
other genera are also useful host cells within the present disciosure. Technigues for
transforming these hosis and expressing foreign DNA sequences cloned thersin are well-known
in the art {see, &.g., Sambrook and Russell, supra). When expressing a recombinant protein in
bacteria such as £. cofi, ths proiein can be retained in the cytoplasm, typically as insoluble
granules, or can be dirscted to the periplasmic space by a baclerial secretion sequence. in the
former case, the cells are lysed, and the granules are recovered and denatured using, for
example, guanidine isothiocyanate or urea. The denalured protein can then be refoided and
dimerized by diluting the denaturant, such as by dialysis against a solution of urea and a
combination of reduced and oxidized glutathione, followed by dialysis against a buffered saline
solution. In the alternative, the protein can be recovered from the cyloplasm in soluble form and
isolated without the use of denaturants. The protein is recovered from the cell as an aqueous
exiract in, for exampile, phosphate buffered saline. To capture the protein of interest, the extract
is applied directly to a chromatographic medium, such as an immobilized antibody or heparin-
Sepharose column. Secreled proteins can be recovered from the periplasmic space in a
soluble and functional form by disrupting the cells (by, for example, sonication or osmotic shock)
to release the contents of the periplasmic space and recovering the protein, thereby obviating
the need for denaluration and refolding. Antibodies, including single-chain antibodies, can be
preduced in bacterial host cells according to known methods. See, e.g., Bird ef al, Science
242:423-426, 1988; Huston ef al., Proc. Natl. Acad. Sci. USA 85:5879-5883, 1888; and
Pantoliano ef a/, Biochem. 30:10117-10125, 1991.

[866184] Transformed or transfected host cells are cultured according to conventional
procedures in a cuiture medium confaining nuirients and other components required for the
growth of the chosen host cells. A variety of suitable media, including defined media and
complex media, are known in the art and generally include a carbon source, a nitrogen source,

essential amino acids, vitamins and minerals. Media can also contain such components as
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growth factors or serum, as required. The growth medium will generally select for cells
cantaining the exogenously added DNA by, for example, drug selection or deficiency in an
essential nutrient which is complemented by the selectable marker carried on the expression

vacior or co-transfecied into the host cell.

[80191] CD3-binding proteins may be purified by conventional protein purification methods,
typically by a combination of chromatographic techniques. See generally Affinity
Chromatography: Principles & Methods (Pharmacia LKE Bictechnology, Uppsala, Sweden,
1988); Scopes, Profein Purification: Principles and Practice {Springer-Verlag, New York 1884).
Proteins comprising an immunoglobulin Fe region can be purified by affinity chromatography on
immobilized protein A or protein G. Additional purification steps, such as gel filtration, can be
used to obtain the desired level of purity or to provide for desalting, buffer exchange, and the
like.

[060192] CO3-binding molecules disciosed herein may be used in a method for freating a subject
(for example, a human or a non-human primate) or for manufacture of a medicament for treating
a subject. Generally, such methods include administering 1o a subjact in nead of such treatment

a CD3-binding prolein as described herein.

[08193] CD3-binding molecules disciosed herein may be used in a method for trealing a subject
(for example, a human or a non-hurman primate) or for manufacture of a medicament for treating
a subject. Generally, such methods include administering to a subject in need of such treatment
a CD3-binding protein as described harein. In some embodiments, a CD3-binding protein
comprises at least one effector funclion selected from antibody-dependent celi-mediated
cytotoxicity (ADCC) and complement-dependent cytotoxicily (CDC), such that the CD3-binding

protein induces ARDCC and/or CDC against CD3-exprassing cells in the subject.

[66184] In soms aspects, the present disclosure provides methods for treating a subject with a
disorder characterized by over-expression of CD3. In one case, a monospecific CD3 binding
polypeptide is administered {o a patient suffering from an autoimmune disease {(e.g., rheumatoid
arthritis). In certain variations, a CD3-binding protein provided herein could be used for the
modulation of T-cell function and fate, thersby providing therapeutic freatment of T call mediated
disease, including autoimmune or inflammatory diseases in which T-cells are significant
contributors. Because some CD3-binding proteins of the present disclosure do not aclivate T-
celis and/or do not induce cytokine release, they are advaniageous over other molecules

directed against the TCR complex (g.g., anti-CD3 antibodies) for having no or reduced side
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effects such as cytokine release syndrome and acule foxicily. In ancther case, a2 CD3-binding

polypeptide is administered to a subject about to undergo an organ transplant.

[66195] In another aspect, the present disclosure provides a method for treating a disorder
characterized by overexpression of a tumor antigen, such as cancer. Examples of tumor
antigens that may be recognized by bispecific CD3-binding proteins include PSMA, CD19,
CD20, Ch37, CD38, CD123, Her2, ROR1, RON, glycoprotein A33 antigen (gpA33) and CEA.
Generally, such meathods include administering to a subject in nesd of such treatmeant a
therapeutically effective amount of a CD3-binding protein comprising a second binding domain
that binds a tumor antigen as described herein. In some embodiments, the CD3 binding profein
induces redirected T-cell cytotoxicity (RTCC) against tumor antigen-expressing celis in the
subject. Exemplary cancers amenable o treatment in accordance with the present disclosure
include, for example, prosiate cancer, colorectal cancer, renal cell carcinoma, bladder cancer,
salivary gland cancer, pancreatic cancer, ovarian cancer, non-small cell lung cancer,
melanoma, breast cancer (e.g., triple negative breast cancer), adrenal cancer, mantle cell
lymphoma, acute lymphoblastic leukemia, chronic lymphocytic lsukemia, Non-Hodgkin's
lymphoma, acuts mysloid leukemia (AML), B-lymphoid lsukemia, blastic plasmocytoid dendritic
neoplasm (BPDCN), and hairy cell leukemia.

[60188] The disclosure also provides methods for treating cancer or an autoimmune disorder
comprising administering a therapsutically effective amount of the compositions or CD3-binding
polypeptides described herein to a patient in need thereof.

[80187] In some embodiments, the disclosure provides a method of treating a patient with a
cancer, comprising administering to the patient a CD3-binding polypeptide comprising a CD3-
binding domain that binds specifically to human CD3 and that comprises an immunoglobulin
light chain variable region and an immunogiobulin heavy chain variable region; wherein the
immunogiobulin light chain variable region comprises an amino acid sequence that is (a) at least
about 3% identical, at least about 95% identical, at least about 87% identical, at lsast about
98% identical or at least about 99% identical to the amino acid sequence in SEQ 1D NO:88; or
(b) at least about 84% identical, at least about 85% identical, at least about 97% identical, at
least about 88% identical or at least about 89% identical o the amino acid sequence in SEQ ID
NG:89; and wherein the immunoglobulin heavy chain variable region comprises an amino acid
sequence that is at ieast about 82% identical, at least about 85% identical, at least about 87%
identical, at least about 90% identical, at least about 82% identical, at least about 85% identical,
at least about 97% identical, at least about 98% identical or at least about 98% identical io the

amino acid segusncs in SEQ 1D NO:886.
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[66198] In some embodiments, for treatment msethods and uses described herein, a CD3-
binding protein is deliverad in a manner consistent with conventional methodologies associated
with management of the disease or disorder for which freatment is sought. In accordance with
the disclosure herein, a therapeutically effective amount of the CD3-binding protein is
administered to a subject in need of such treatment for a time and under conditions sufficient to

prevent or treat the disease or disorder.

[66198] Subjects for administration of CD3-binding proteins as described herein include patients
at high risk for developing a particular disorder as well as patients presenting with an existing
such disorder. Typically, the subject has been diagnosed as having the disorder for which
treatment is sought. Further, subjects can be monitored during the course of treatment for any
change in the disorder {(e.g., for an increase or decrease in clinical symptoms of the disorder).
Also, in some variations, the subject does not suffer from another disorder requiring treatment
that involves targeting CD3-expressing celis.

[06288] In prophylactic applications, pharmaceutical compositions or medicants are
administered to a patient susceptible o, or otherwise at risk of, a particular disorder in an
amount sufficient to eliminate or reduce the risk or delay the onset of the disorder. In
therapeutic applications, compositions or medicants are administered to a patient suspected of,
or already suffering from such a disorder in an amount sufficient o cure, or at least partially
arrest, the symptoms of the disorder and its complications. An amount adequate {o accomplish
this is referred to as a therapsutically effective dosa or amount. In both prophylactic and
therapeutic regimes, agents are usually administered in several dosages until a sufficient
response has been achieved. Typically, the response is monitored and repeatsd dosages are

given if the desired response staris io fade.

[866281] To identify subject patients for ireatment according to the methods of the disclosure,
accepted screening methods can be smployed io determine risk faclors associated with specific
disorders or fo determine the staius of an existing disorder identified in a subject. Such
methods can include, for example, determining whether an individual has relatives who have
been diagnosed with a particular disorder. Screening methods can also include, for exampis,
conventional work-ups to determine familial status for a particular disorder known {0 have a
heritable component. For example, various cancers are also known {o have certain inheritable
components. Inheritable components of cancers include, for example, mutations in mulliple
genes that are transforming (e.g., Ras, Raf, EGFR, cMet, and others), the presence or absence

of certain HLA and killer inhibitory receptor (KIR) molecules, or mechanisms by which cancer
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cells are able to modulate immune suppression of cells like NK cells and T-celis, either directly
or indirectly (see, e.g., Ljunggren and Malmberg, Nature Rev. Immunol 7:328-339, 2007;
Boyton and Altmann, Clin. Exp. immunol 142:1-8, 2007). Toward this end, nuclectids probes
can be routinely smployed lo identify individuais carrying genetic markers associated with a
particular disorder of interest. In addition, a wide variety of immunological methods are known
in the art that are useful to identify markers for specific disorder. For example, various ELISA
immuncassay methods ars available and well-known in the art that employ monocional antibody
probes to detect antigens associated with specific tumors. Screening can be implemented as
indicated by known patient symptomology, age factors, related risk factors, eic. These methods
allow the clinician {o routinely select patients in need of the methods described herein for
treatment. in accordance with these methods, targsting pathological, tumor antigen-expressing
calls can be implemented as an independent treatment program or as a follow-up, adjunct, or

coordinate treaiment regimen to other treatments.

[00202] For administration, a CD3-binding protein may be formulated as a pharmaceutical
camposition. A pharmaceutical composition may comprise: (i) a CD3-binding polypeplide; and
(i) a pharmaceutically accaptable carrier, diluent or excipient. A pharmaceutical composition
comprising a CD3-binding protein can be formulated according to known methods o prepare
pharmaceutically useful compositions, whereby the therapeutic molecule is combined in a
mixture with a pharmacsutically acceptable carrier, diluent or excipient. A carrieris saidiobe a
“‘pharmaceutically acceptabie carrier” if its administration can be tolerated by a recipient patient.
Sterile phosphate-buffered saline is one example of a pharmaceutically acceptable carrier.
Other suitable carriers, diluents or excipients are well-known to those in the arl. (See, e.g.,
Gennaro {ed.), Remington's Pharmaceutical Sciences (Mack Fublishing Company, 19th ed.
1895).) Formulations can further include one or more excipients, preservatives, solubilizers,

buffering agents, albumin to prevent protsin ioss on vial surfaces, efc.

[00203] A pharmaceutical composition may be formulated in a dosage form selected from the
group consisting of. an oral unit dosage form, an intravenous unit dosage form, an infranasal
unit dosage form, a suppository unit dosage form, an intradermal unit dosage form, an
intramuscular unit dosage form, an intraperiioneal unit dosage form, a subcutanecus unit
dosage form, an epidural unit dosage form, a sublingual unit dosage form, and an intracerebral
unit dosage form. The oral unit dosage form may be selected from the group consisting of:
tablets, pills, pellets, capsules, powders, lozenges, granules, solutions, suspensions, emuisions,

syrups, elixirs, sustained-release formulations, aerosols, and sprays.
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[06284] A pharmaceutical composition comprising a CD3-binding protein therapsutic may be
administered to a subject in a therapsutically effective amount. According to the methods of the
present disclosure, a CD3-binding protein can be administered to subjects by a variety of
administration modes, including, for example, by intramuscular, subcutaneous, intravenous,
intra-atrial, intra-articular, parenteral, intranasal, intrapuimonary, transdermal, intrapleural,
intrathecal, and oral routes of administration. For prevention and treatment purposes, an
antagonist can be administered to a subject in a single bolus delivary, via continuous dslivery
{(e.g., continuous transdermal delivery) over an sexiended time period, or in a repeated

adrinistration protocol (e.g., on an hourly, daily, weekly, or monthly basis).

[60205] Determination of effective dosages in this context is typicaily based on animal model
studies followed up by human clinical irials and is guided by determining effsclive dosages and
administration protocols that significantly reduce the occurrence or severity of the subject
disorder in model subjects. Effective doses of the compositions of the present disclosure vary
depending upon many different factors, including means of administration, target site,
physiological state of the patient, whether the patient is human or an animal, other medications
adminisiered, whether {reatment is prophylactic or therapsutic, as well as the specific activity of
the composition itself and iis ability to elicit the desired response in the individual. Usually, the
patientis a human, but in some diseases, the patient can be a nonhuman mammal. Typically,
dosage regimens are adjusied o provide an oplimum therapeutic response, i.e., to optimize
safety and efficacy. Accordingly, a therapeutically effective amount is aisc one in which any
undesired collateral effects are outweighed by the beneficial effects of administering a CD3-
binding proiein as described herein. For administration of a CD3-binding protein, a dosage may
range from about 0.1 ug to 100 mg/kg or 1 ug/kg to about 50 mg/kg, and more usually 10 ugto
5 mg/kg of the subject’s body weight. In more specific embodiments, an effective amount of the
agent is betweasn about 1 ug/kg and about 20 mg/kg, between about 10 ug/kg and about 10
mg/kg, or between about 0.1 mg/kg and about 5 mg/kg. Dosages within this range can be
achieved by single or multiple adminisirations, including, e.g., mulliple adminisirations per day
or daily, weekly, bi-weekly, or monthly administrations. For example, in certain variations, a
regimen consists of an initial administration followed by multiple, subsequent administrations at
weekly or bi-weekly intervals. Another regimen consisis of an initial administration followed by
multiple, subsequent administrations at monthly or bi-monthly intervals. Alternatively,
adrministrations can be on an irregular basis as indicated by monitering clinical symptoms of the

disorder.

65



16

[
¥4

20

N2
(v

[06208] Dosage of the pharmaceutical composition can be varied by the aitending clinician to
maintain a desired concentration at a {arget site. For example, if an intravenous mode of
delivery is selected, local conceniration of the agent in the bloodstream at the target tissue can
be between about 0.01-50 nanomoles of the composition per liter, sometimes between about
1.0 nanomole per liter and 10, 15, or 25 nanomoles per liter depending on the subject's staius
and projected measured responss. Higher or lower concenirations can be selected based on
the mode of delivery, e.g., frans-epidermal dalivery versus delivery to a mucosal surface.
Dosage should also be adjusted based on the release rate of the adminisiered formulation, e.g.,
nasal spray versus powder, sustained release oral or injected particles, transdermal
formulations, efe. To achieve the same serum concentration level, for example, siow-release
particles with a release rate of 5 nanomoiar {(under standard conditions) waould be administered

at about iwice the dosage of particles with a release rate of 10 nanomolar.

[66207] The anti-CD3 therapeutic {e.q., CD3-binding protein) may also be administered at a
daily dosage of from about 0.001 io about 10 milligrams {mg) per kilogram {mpk) of body
weight, preferably given as a single daily dose or in divided doses about two 1o six times a day.
For administration to @ human adul patient, the therapeutically effective amount may be
administered in doses in the range of 0.2 mg to 800 mg per dose, including but not limited to 0.2
mg per dose, 0.5 mg per dose, 1 mg per dose, 5 mg per dose, 10 mg per dose, 25 mg per dose,
100 mg per dose, 200 mg per dose, and 400 mg per dose, and mulliple, usually consecutive
daily doses may be administersd in a course of treatment. The anti-CD3 therapeutic can be
adminisiered at different times of the day. In one embodiment the optimal therapeutic dose can
be administered in the evening. In ancther embodiment the optimal therapeutic dose can be
administered in the morning. The total daily dosage of the anti-CD3 therapeutic thus can in one
embodiment range from about 1 mg to about 2 g, and often rangss from about 100 mg to about
1.5 g, and most ofien ranges from about 200 myg o about 1200 myg. In the case of a typical 70
kg adult human, the total daily dose of the anti-CD3 therapeutic can range from about 2 mg to

about 1200 mg and will often range, as noied above, from about 0.2 mg to about 800 mg.

[00208] With particular regard to treatment of solid tumors, protocols for assessing endpoints
and anti-tumor activity are well-known in the art. Vhile each protocol may define tumor
rasponse assessmenis differently, the RECIST (Responss evaluation Criteria in solid fumors)
criteria is currently considered to be the recommended guidelines for assessment of tumor
response by the National Cancer Institute (see Therasse ef af., J. Nall. Cancer inst. 92:205-216,

2000). According to the RECIST criteria tumor response means a reduction or slimination of ail
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measurable lesions or metastases. Disease is generally considered measurable if it comprises
lesions that can be accurately measured in at least one dimension as > 20mm with conventional
techniques or > 10mm with spiral CT scan with clearly defined margins by medical photograph
or X-ray, computerized axial tomography (CT), magnetic resonance imaging (MR, or clinical
examination (if lesions are superficial). Non-measurable disease means the disease comprises
of lesions < 20mm with conventional techniques or < 10mm with spiral CT scan, and truly non-
measurable lesions (oo small to accurately measure). Non-measureable dissase includes

pleural effusions, ascites, and disease documented by indirect evidence.

[00209] The criteria for objective status are required for protocols to assess solid tumor
response. Representative criteria include the following: (1) Compiete Response (CR), defined
as complete disappearance of all measurable disease; nc new lesions; no disease related
symptoms; no evidence of non-measurable disease; {2) Partial Response (PR) defined as 30%
decrease in the sum of the longest diameter of larget lesions (3) Progressive Disease (PD),
defined as 20% increase in the sum of the longest diameter of target lesions or appearance of
any new lesion; (4) Stable or No Response, defined as not qualifying for CR, PR, or Progressive

Disease. (See Therasse ef a/., supra.)

[00210] Additional endpoints that are accepted within the oncology art include overall survival
(08), disease-free survival (DFS), objective response rate (ORR), time {o progression (TTP),
and progression-free survival (PFS) (see Guidance for Industry: Clinical Trial Endpoints for the
Approval of Cancer Drugs and Biologics, April 2005, Center for Drug Evaluation and Research,
FDA, Rockvills, MD.)

[060211] Pharmaceutical compaositions can be supplied as a kit comprising a container that
camprises the pharmacesutical composition as described hergin. A pharmacesutical composition
can be provided, for example, in the form of an injectable solution for singie or muitiple doses, or
as a sterile powdasr that will be reconstituted before injection. Alternatively, such a kit can
include a dry-powder disperser, liquid aerosol generator, or nebulizer for administration of a
pharmaceutical composition. Such a kit can further comprise written information on indications

and usage of the pharmaceutical composition.

[066212] The disclosure will be further clarified by the following examples, which are intendsd o

be purely exemplary of the disclosure and in no way limiting.
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EXAMPLES

Example 1. Generation of stabilized CU3-binding molecules

[66213] To improve thermal stability of the CD3-binding molecule DRA222, an engineered
variant of the humanized Cris7 antibody, the Cris? variable domains were re-humanized using
alternate human germiine framework sequences. The DRA222 variable heavy chain domain is
SEQ D NO:87, and the DRAZ22 variable light chain domain is SEQ D NO:90. Fc DRA222 is
sometimes referrad o as TSC311 or TSC312 (amino acid sequence is SEQ 1D NO:2; nuclsic
acid sequence is SEQ ID NO:1). See, Reinherz, E. L. et al. {eds.), Leukocyte typing .,
Springer Verlag, New York, {1888) for description of parent Cris7 antibody. Additional changes
were also made to improve affinity and thermal stability.

Methods

[00214] The foliowing methods were used to obiain results shown in this example:

[662185] Differential Scanning Calorimetry (DSC). Thermograms for recombinant proteins
purified by standard purification techniques were obtained on a GE VP-Capillary DSC
instrument equipped with an autosampler. Approximately 550 yl of each sample (typically 0.5
mg/mL) in PBS was injectad into the sample capillary, using PBS as a contrel in the second
capillary. Analysis was conducted al temperatures from 25°C io 130°C, with a healing rate of
1°C per min. Feedback was set {o low, and a sampling time of 8 ms was used. Data analysis
was conducted using Origin. Sample thermogram was corrected for heat capacity of the buffer
by subtracting a previous buffer/buffer scan using formulation vehicle, and normalized based on
sample concentration and bassline corrected.

[00216] Differential Scanning Fluorimeiry (DSF). In a high throughput format, thermograms
for recombinant proteins purified by standard purification technigues were also obtained by DSF
assay run on a Real Time PCR machine {Bio-Rad iCycler iQ5). Approximately 40 pl of each
sample in a concentration of 0.8 mg/ml in PBS was mixed with 5 ul of pre-diluted SYPRO
Orange Dye (Catalogue # S-6650, Life Technologies). A melting curve protocol was set up as
ramping the temperature up from 25°C to 80°C, 0.2°C per siep. Fluorescent signals were
coliected through the TexasRed Fluorescent Dye filter set, which is 575/30X Excitation Filter
and 620/30M Emission Filter. The collected fluorescent intensity data was exported (o data
analysis software Prism 6 (GraphPad Software, Inc.}. Protein thermal Tm value was calculated
as the temperaiure when second derivatives of flucrescent iniensity against temperature —
d(RUF)/dT2=0.

[00217] Flow cytometry on human Jurkat T-cells. Binding studies were performed by

standard flow cytometry-based staining procedures using the CD3™ Jurkat T-cell line. All
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labeling and washes were performed in U-bottom 96-well plates in saline buffer with 3% BSA
and 2mM EDTA. Jurkat cells were plated at 200,000 cslls par well and incubated with a range of
0.1 nM to 200 nM concentrations of test molecules in 50 ul volume/iwell, for 38 minutes on ice.
Cells were washed thres fimes then incubated for another 30 minutes on ice with fluorescently-
labeled minimum cross reactive secondary polyclonal antibody, F(ab’)? goat anti-hurnan 1gG,
(Jackson ImmunoResearch Laboratories) and the viability dye 7-AAD. The cells were then
washed twice, and the samples acauired in a BD LSRRI flow cytometer. The sample files were
analyzed using Flowdo software; the mean fluorescence intensity (MF!) of the live population of
Jurkat cells in each well was calculated after gating on live cells (forward vs. side scatter, then
7-AAD celis).

[66218] Homology modeling, Spatial Aggregation Propensity analysis. Homology modeals
were consfrucied within Accelrys Discovery Studio 4.0 for variable domains using the Annoiate
Antibody Sequence, ldentify Framework Templates, Model Antibody Framework, and Model
Antibody Loops protocols. Spatial Aggregation Propensily analysis was also conducted within

Accelrys Discovery Studio 4.0 using the Calculate Aggregation Scores protocol.

[66218] Chromium release assays with Human T-cells. Targst positive tumor cell lines
(MDA-MB-231, Kasumi-2, C4-2B and Ramos cell lines) were all cultured according to the
provided protocols. Peripheral blood mononuclear celis (PBMC) were isolated from human
blood using standard ficoll gradients. The isolated cells were washed in saline buffer. T-cells
were additionally isolated using a Pan T-cell Isolation Kit (catalogue#130-086-535, Miltenyi
Bictec, Bergisch Gladbach, Germany) using the manufacturer's protocol. Isolated T-cells were
aliquoted and siored long term in Liquid Nitrogen. The pre-prepared T-cells were thawed one
day before the assay into warm RPMI media with 10% human serum. During the assay,
concentrations of bispecific molecules with final concentration ranging from 200 pM t0 0.01 pM
were addsd io the pre-prepared T-calls {approximately 100,000 per well}. A total lysis control
was generated by including 0.04% NP-40 as the treatment.

[00220] Approximately 2.5%10° target cells were treated with 0.125 mCi of *'Cr and incubated
for 90 minutes in a 37°C, 5% CO; humidified incubator. After incubation, cells were washsed 4
times with diluted assay media (RPMI{ with 1% human serum) and re-suspended in 12.5 mbL of
the complete assay media (RPMI with 10% human serum). From this suspension, 50 pyl was
dispensed per well info 96 well U-bottom plates (approximately 10,000 cells per well) o bring
the fotal volume to 200mL per well, and the T-cell to farget cell ratio to 10:1. A zero lysis control

was generaled by target cells only, omitling the T-cells.
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[06221] Plates were incubated for 4 hours (and occasionally also for 24 hours) at 37°C, 5% CO;
in & humidified incubalor, after which they were centrifuged ai 1000 rpm for 3 minutes, and 25
ul of supernatant was transferred from each weall to the corresponding well of a 96-well Luma
sample plate. Sample plates were allowed to air dry in a chemical safety hood for 18 hours, and
then radioactivity was read on a TopCount microplate scintillation counter (PerkinElmer) using a
standard protocol.

[00222] Percent specific lysis was calculated using the formula: ((signal in drug treated sample
-~ background signal from samples with Target Cell only)/(signal in total lysis wells - background
signal from samples with Target Cell only))=100.

[80223] Flow Cytometry on Cynomolgus T-cells. Cynomolgus macaque peripheral blood
collected in heparin tubes was shipped overnight from a vendor (Charles River laboratories).
When received, peripheral blood cells (PEMC) were isolated using density ssparation tubes
(CPT tubes, Beckton Dickinson). Blood was diluted 1 10 1.5 in saline buffer prior to transfer into
CPT tubes. CPT tubes were centrifuged and the separated FBMC population was collected and
washed with saline buffer containing 0.2% BSA and &nM EDTA. Remaining red biood celis in
the praparation were lysed using Ammonium-Chloride-Potassium red blood lysis buffer. Cells
were washed an additional time {o remove remaining platelets.

[00224] PBMC labeling and washing steps were performed in U-boltom 96-well plates in saline
buffer with 0.2% BSA and 2mM EDTA. PBMC were plated at 200,000 celis per well and
incubated with a range of 0.1 nM to 300 nM concentrations of test molecules in 50 yl
volume/well, for 30 minutes on ice. Celis were washed three times, then incubated for another
30 min on ice with fluorescently-labeled antibodies to non-human primaie CD2 and CD16
(Biolegend), anti-idiotypic antibodies fo either anti-PSMA or anti-CD37 binding domains, and the
viahility dye 7-AAD. The samples were washed twice, fixed for 20 minutes on ice with 1%
formaldehyde solution in saline, washed again, and acquired in a BD LSRII flow cytometer. The
sample files were analyzed using FlowJo software; the mean fluorescence intensity (MF1) of test
molecule binding on T-cells in each well was calculated after galing on live T-cells (forward vs.
side scatier, 7-AAD", CD2" CD16 cells).

[00228] Chromium Release assays with Cynomoigus PBMC. C4-2B and Ramos cell lines
were both cultured according to the provided protocaols. Peripheral blood mononucisar cells
(PBMC) were isolated from cynomolgus macaque peripheral blood using BD VACUTAINER®
CPT™ Cell Preparation Tube with Sodium Heparin (Cat#362753). The isolated cells were
washed in saline buffer. Concentrations of bispecific molecules with final concentration ranging
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from 10000 pM 10 0.0128 pM were added to isolated PBMC (approximately 100,000). A total
tysis control was generated by including 0.04% NP-40 as the treaimeant.

[002286] Approximately 5x10° target C4-2B or Ramos cells were treated with 0.25 mCi of °'Cr
and incubated for 75 minutes af 37°C. After incubation, cells were washed 4 times with the celi
culture media (RPMI with 10% FBS, 1% NEAA, 1% sodium pyruvate, Na Glutamine and 20 mM
HEPES) and re-suspended in 25 mbL of media. From this suspension, 50 ubL was dispensed per
well into 86 well U-bottom plates (approximately 10,000 cslis/well) 10 bring the T-cell to targst
celi ratio to 10:1.

[00227] Plates were incubated for 4 hours at 37°C, 5% CO; in a humidified incubator, afier
which they were centrifuged at 225 x G for 3 minutes, and 25 ul of supematant was transferred
from each well to the corresponding well of a 96-well Luma sampie piate. Sample plates were
allowed to air dry in a chemical safety hood for 18 hours, and then radioactivity was read on a
Topcount scintillation counter using a standard protocol.

Results

[30228] Step 1: Generation of initial Humanized CD3-Binding Constructs

[0022%8] Ths Cris7 variable domains were re-humanized using four human variable heavy
germiline sequences (IGHV1-2*02 (H7), IGHV1-48*02 (H8), IGHV1-3*01(H9) and IGHV1-69*02
(H10}) and 2 human variable light chain germline sequences (IGKV3-11*01 (L4) and IGKV1-
33*01 (L5)) based on sequence homaology. A total of 12 single chain variable fragment (scFv)
consiructs wers generated in the Fo anti-CD3 scFv format using the H75 linker
(GRHNNSSLNTGTOMAGHSPNS,; SEQ 1D NO:148) (Table 3). Sequences of the 12 construcis
and the control molecule Foc DRAZ222 (TSC311 or TSC312) are provided in Table 14.

Table 3. Variable Domain Composition of initial Constructs

Light chain
Heavy chain L1 {original light L4 L5
chain}
H7 H7L1 (TSC313) H7L4 (TSC314) H7L5 (TSC315)
HS H8L1 (TSC316) H8L4 (TSC317) HB8LS (TSC318)
H9 HIL1 (TSC319) HaL4 (TSCa20) HBLS (TSCa21)
H10 H10L1 (TSC322) H10L4 (T8C323) H10LS (TSC324)

[06238] All 12 constructs were expressed fransiently in HEK293 cells, purified and tested for

binding io Jurkat T-cells and evaluaied for thermal stability. Consiructs containing the L4 light

chain or H9 heavy chain had lower levels of profein expression (see final yield column in Table

4} and/or higher levels of high molecular weight aggregates (see analytical SEC column in

Table 4) and were eliminated in the subsequent optimization step. While most of the other




constructs had some improvement in thermal stability of the scFv over the original humanized
domains (T3C312) as measured by the midpoint of thermal denaturation (Tm) using Differential
Scanning Calorimetry (DSC) (Table 8), the level of binding saturation observed on Jurkat T-cells
was reduced by varying levels (Figure 1). The most siable construct, TSC324, had a nearly 50%

5 reduction in observed median flucrescence intensity at saturation and an two-fold increase in
the £EC50 of binding (3.6 nM) when compared to the original humanized construct (TSC312,
also known as DRAZ222).

Table 4. Expression and Purity of Transiently Expressed Material

Molecule Database Name 1st step titer Final yield {mg) Analytical Analytical
{lig/mi} SEC - Main SEC -
Peak {%) Recovery %

Fc DRA222 TSC312 43.8 412 92.6 100.3
Fe H7LL TSC313 35.2 2.66 95.3 80.2
Fe H7L4 T5C314 57.8 5.78 58.8 96.0
Fe H7LS TSC315 52.6 6.99 90.6 83.3
Fc HBL1 TsC316 39.5 3.73 93.4 99.5
Fc H8L4 T8C317 52.5 4.85 66.5 97.6
Fe HBLS TSC318 48.1 4.83 92.1 96.2
Fc DRA222 T8C312 16.1 1.41 954 §7.8
Fc HoL1 TSC319 8.0 0.71 80.0 85.8
Fe HSLA TSC320 43.1 3.60 £9.3 102.5
Fe HOLS T8C321 31.1 2.66 92.6 98.6
FeHIOLL TSC322 45.6 3.94 73.2 56.7
Fc HIOL4 T5C323 50.6 4.58 67.3 106.7
Fe HIOLS TSC324 33.1 2.85 390.7 104.0

10 Table 8. Thermal Stability as Measured by Differential Scanning Calorimeiry

Molecules Tm of Improvement in Tm
anti-CD3 scFv {°C) {over DRA222)
TSC312 {DRAZ22) 53.02
TSC313 (K711} 54.47 1.45
TSC315 (H7L5) 54.99 1.97
TSC316 {HBL1) 53.70 0.68
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TSC318 (H8L5) 55.16 2.14
TSC312 (H7L1} 52.88 -0.14
TSC321 {HIOL5} 53.10 0.08
T5C324 {H10L5] 55.83 2.81

[060231] Step 2: initial optimization to restore binding to CD3

[866232] The goal of the next step was to improve binding to CD3 while maintaining improved
thermal stability over DRA222. Three additional light chain sequances were introduced at this
step. The first light chain was based on the L5 sequence containing two amino acid reverted {o
the parental murine residues at positions 52 and 53 (LL to RW), and this light chain was named
L8. Two additional germiing light chains ware also used (IGKV1-39701 (L7) and IGKV3D-20*1
(L8} containing the same two amino acids reverted at position 52 and 53. The 3 new light chains
(L8, L7 and L8) were combined with 3 heavy chains (H7, H8 and H10)} in the F¢ anti-CD3 scFv
format to give the following scFv combinations (Table 6):

Table 8. Variable Domain Composition of Second Round Constructs

Light chain
Heavy chain 6 7 8
H7 H7L8 (TSC334) H7L7 (TSC335) H7L8 (TSC338)
H8 H8LE (TSC337) H8L7 (TSC338) HB8L8 (TSC339)

H10

H10LE (TSC340)

H10L7 (TSC341)

H10LS (TSC342)

[00233] These 9 constructs were exprassed transiently in HEK293 cells and examined for
protein quality, expression, binding and thermal stability. The sequences of these 9 constructs
are found in Table 14. The H10 series of molecules (TSC340, TSC341, TSC342) had the best
binding of all the new consiructs (Figure 2}, and achieved comparable levels of binding
saturation on Jurkat T-cells as TSC312. However, the EC50 measured for binding was siill two-
fold higher than the original molecule, TSC312. The H10 series of molecules also had
significant improvement in thermal siability as measured by increase in T over TSC312 using
Differantial Scanning Fluorimetry (DSF) (Figure 3). Of these three molecules, TSC342 was

picked as the lead molecule for further optimization due to its improvemeant in thermal stability.
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[066234] The parent murine sequence was then examined for poiential hotspols o mutate t©
improve binding. Three residues were chosen for reversion and back-mutated independently:
G27Y(TSC370), MASHTSC371) and I21M{TSC372). Binding studies of thess three consiructs
on Jurkat T-celis revealed that the G27Y mutation on the heavy chain restored binding to CD3
to comparable levels as the original construct TSC312 (Figure 4). The stability of these three
constructs was also evaluated by DSC. While the G27Y muiation did not improve Tm,
surprisingly, both of the remaining mutations, M53! on the heavy chain and [21M on ths light
chain independently improved Tm by 3-4°C (Table 7).

Table 7. Thermal Stability of Mutants Designed to improve Binding

Mutations Constructs Tm {°C) ATm {°C)
No mutation TSC312 52.8 -
150342 G27Y TSC370 536 0.8
T5C342 M53 TSC371 55.97 3.17
T5C342 121M TSC372 56.55 375

[00235] Step 3: Final optimization step to improve thermal stability

[00236] The homology model of TSC370 was examined using Spatial Aggregation Propensity
to identify hotspots for potential aggregation. One mutation, ASP on the heavy chain, was
identified 1o raduce a potential aggregation hotspot in the homology model. This mutation was
introcduced into the TSC370 backbons {o produce TSC280. This mutiation alone had a mild
effect on improving Tm (0.25°C). ASP mulation was combined with the M53[ and 121M

mutations described above {o generate the following Fe anti-CD3 constructs (Table 8):

Tabie 8. Rationale behind Mutation Set of Fourth Round Construcis

Constructs G27Y ABP M531 121M
{improved affinity}  {improved stability)  {improved stability}  {improved stability}
TSC350 X X
TSC381 X X X
TSC392 X X X
TSC383 X X X
TSC384 X X X X
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Table 9. Thermal Siability of Fourth Round Construcis Assessed by DSC

Mutations Name Tm ATm
No mutation T5C312 52.8 -
TSC370_ASP T5C380 53.85 0.25
TSC370_ASP_M53 T5C351 56.57 3.77
TSC370_ASP_121M TSC392 59.15 6.35
TSC370_ M531_121M TSC383 58.29 5.49
TSC370_ASP_M531_121M TSC394 59.3 6.5

[060237] Combining two or more of these mutations seemed to have beneficial effect on thermal
stability as shown by a substantial increase in Tm from DSC analysis (Table 9). Surprisingly, the
ASZP mutation was also synergistic with the other mutations, providing anywhere froma 110 2.8
C increase in stability compared to the matched constructs not featuring the AP mutation.
More importantly, the stabilizing mutations did not affsct the binding to CD3 (Figure 5).

[60238] Bispecific molecules targeting PSMA and CD3 were aiso built using these new anti-
CD3 scFv molecules to study the effect, if any, of the changes to the anti-CD3 scFv on
radirected T-cell cytotoxicity (RTCC) actlivity. The original humanized construct (DRA222) is
highly efficient af redirecting T-cell cylotoxicity (see, &.g., US 2014/0161800). The new
constructs were tested for their ability {o show similar activity. Four different anti-PSMA x anti-
CD3 constructs were made using TSC3%1, TSC382, TSC393 and TSC3%4 and these were
named as TSC408, TSC408, TSC410 and TSC411 respectively. All the four constructs had
similar RTCC activity as a molecule buillt with the parenial DRA222 scFv (TSC249) (Figure 8},
verifying that cytotoxic activity as well as binding was comparable with human T-celis.

[00239] Step 4: Optimization step to resiore Cynomolgus cross-reactivity and activity
100240} The original humanized construct (DRA222) was pravisusly shown 1o also bind
cynomolgus monkey T-cells and redirect their cytotoxic activity fowards target cells when used
in a bispecific format. TSC408, TSC408, TSC410 and TSC411 were all evaluated for binding
and eytotoxic activity with cynomolgus T-cells. Unexpectedly, TSC408, TSC408, TSC410 and
TSC411 all had reduced binding to cynomolgus monkey T-cells (Figures 7A and 78) and
significant reduction in RTCC activity using cynomolgus T-cells as effector cells when compared
to an anti-PSMA x anti-CD3 bispecific molacule containing DRAZ22 (Figures 8A and 8B). This
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was not anticipated as the binding and activity with human T-cells was directly comparable to
canstructs containing DRA222.

[00241] Two appreaches ware used to attempt o restore binding to cynomolgus CD3. One
approach was o combine the light chain from TSC384 with the heavy chain from DRAZ222 or to
combine the heavy chain from TSC394 with the light chain from DRAZ22 to see if framework
residues specific to one framework weare contributing o binding. The second approach was fo
back mutate residues at positions 86 and 87 on the light chain of TSC384. Reasidues at these
two positions interact with light chain CDRs that could influence binding to cynomolgus CD3.
These variants were incorporated into anti-CD37 x anti-CD3 bispecific molecules (Table 10).
Some of the variants, especially TSC485, TSC458 and TSC452 displayed improved binding to
cynomaoigus T-cells when compared o anti-Cl37 x TSC384 (TS5C445), as reflected by higher
tevels of binding at saturating concentrations (Figure ). A cynomolgus RTCC assay was also
performed that showed TSC456 and TSC452 had comparable activity to CAS105 (Figure 10}, In
addition, these molecules had superior thermal stability compared to CAS105 (Table 11) as
shown by a higher Tm1 when analyzed by DSC. Alignments of the DRA222 scFv, TSC455
scFvy, and TSC4586 scFv are shown in Figure 13,

Table 10. Fifth Round of Optimized Consfructs

Anti-CD3 Constructs Description of anti-CD37 X anti-CD3 bispecific molecules
CAS105 anti-CB37 x DRA222

TSC445 anti-CN37 x TSC384

T5C452 anti-CD37 x {TSC394Vi+ DRA222 VH])

T5C453 anti-Co37 x (TSC324VH + DRA222 Vi)

TSC454 anti-CD37 x T5C384 £86D

T5C455 anti-CD37 x TSC394 Fa&7Y

TSC456 anti-CD37 x T5C3%4 £86D FR7Y

Table 11. Stability of Bispecific Constructs

Anti-CDR3 Constructs Description of anti-CD37 X anti- Tm1
CD3 bispecific molecules

CAS1GS Anti-CD37 x DRA222 53.04

TSC445 anti-CD37 x TSC394 55.45
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T5C452 anti-CD37 x {TSC394VL+ DRAZ222 55.37

VH)
T5C453 Anti-CD37 x (TSC3D4VH + DRA222 56.54
Vi)
TSCA54 Anti-CD37 x T5C394 E86D 57.94
TSC455 Anti-CD37 x TSC394 F87Y 56.73
TSCA56 Anti-CD37x TSC394 E86D FB7Y 55.45

Exampie 2. Impacts of improved Thermal Stability on Storage Stability
[06242] In principle, proteins with improved thermodynamic stability should also be more
resistant to aggregation upon storage, and should have enhanced storage siability compared to
less stable protsins. To determing whether or not the increases seen in Tm correlated with
improved storage stability, the proieins listed in Table 10 were evaluaied for siorage stability in
PBS at 25°C over two weeks.
[00243] Each protein was buffer exchanged into PBS using preparative size exclusion
chromatography and the protein concentration was adjusted to 1 mg/mbL. For every protein o
be assessed, four vials each containing approximately 120 yb were prepared. One vial was
used at each stability time point. Purity was determined by analyzing 25 ul {(or 25 pg) on an
analytical size exclusion HPLC column equilibrated in PBS and measuring the absorbance at
280 nm. Triplicale injections were performed for each construct at each time point. Following
camplation of the SEC method, the chromatograph was integrated using the Agilsnt
ChembStation software. The percent purity of each protein was calculated by dividing the peak
area of the infact molecule by the iotal peak area, then multiplying by 100,

{(peak area of intact molecule) / (total peak area) x 100 = %Purity
[00244] The reported purily was an average of the values obtained from three injections from
the sams vial. Purity was typically determined at T=0, 3, 7 and 14 davs. Purity values were
plotted on a graph as a funclion of time and a linear regression analysis was performed. The
slope of the regression line represented the rate at purily was decreasing for each protein. The
rate of purity decline was used {0 estimate the number of days of siorage that would cause a
2% decresase in purily. The stability of different variants was compared by ranking them by the
highest to lowest number of days estimated o cause a 2% decline. To mitigate inter-assay
variability, siorage stability values were not compared across different experiments, constructs

within the same experimental group were only ranked against each other.
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[00245] All new molecules displayed superior solution stability in PBS at 25°C compared {o
CAS105 (Figure 11). The time {o the formation of aggregate was also calculated for sach
construct {Table 12).

Table 12. Relative Storage Stability at 25°C

Anti-CD3 Description of anti-CD37 X antl- #ofdays to

Construct €03 bispecific molecules drop 2%
CAS105 Anti-CD37 x DRA222 4
TSC445 Anti-CD37 x T5C394 8
TSC450 Anti-CD37 x TSC313 12
TSCA51 Anti-CD37 x TSC316 12
T5C452 Anti-CD37 x {TSC384VI+H4) 7
TSCA53 Anti-CD37 x {TSC394VH+L1)

T5C454 Anti-CD37 x T3C394 E4620 7
TSC455 Anti-CD37 x TSC394 F463Y 10
T5C456 Anti-CD37 x TSC384 DY 10

[00248] This data showed that almost all constructs had a two-fold or greater increase in
storage stability at 25°C when compared o the consiruct containing the original anti-CD3 scFv
(DRAZ222).

Example 3. Impacts of improved Thermal Stability on Serum Stability

[00247] Similar to storage stability, molecules with higher thermodynamic stability are aiso
frequently more resistant to proteclysis, which can improve siability in human serum. This can in
turn improve overall serum pharmacokinetics and the overall exposure of a therapeutic.

[060248] To testif the impravements in thermodynamic stability impacied the overall serum
stability, one of the stabilized anti-CD3 scFv molecules (TSC394 F463Y) was evaluated for
sarum stability in the context of an anti-ROR1 x anti-CD3 bispecific molacule (ROR193). A
similar bispecific molecule was also evaluated simultansously which contained the original anti-
CD3 scFv, DRAZ222 {(ROR133). The parenti rabbit anti-ROR1 antibody R11 used to generaie
the ROR1-binding domains is described in, for example, U.S. Patent Application Publication No.
2013/0251642 and Yang ot al., PLoS ONE 6(8) 821018 (2011},

(802481 Human serum donailed by a random healthy donor was collected in a Red/Grey
Vacutanor (BD# 367988), and was prepared according to vendor suqgesied protocol. Test
articles were spiked into 50 yl serum at a conceniration of 1 yM in sterile PCR tubes, and were
incubated in a humidified 37°C tissue culture incubator for up to 21 days. Specific time points
were 21, 14, 7, 3 and C days. Samples were incubated in a reverse chronological order starting

as “assay day 217, and all samples were assessed simultaneously using a chromium release
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RTCC assay at the end of incubation on “experiment day 07 following the protocol listed above
in Example 1. ECE0 values were fit from titration curves conductad with samples at each time
points and were normalized against the EC50 value measured for each construct at day 0.
[00250] Plotting the EC50 valuss over lime showed a dramatic difference for the observed
serum stability of ROR133 vs ROR193 (Figure 12}, with g 2.5 fold loss in observed EC50 over
21 days for ROR133 but minimal changs in EC50 for ROR183. This demonstrates that a
modarate change in thermodynamic stability can havs a noticeable impact on serum siability.
Example 4. Impacts of Improved Thermodynamic Stability on Protein Expression and
Cuality

[80281] Previously, it has also been shown that improvements in thermodynamic stability can
resuit in improvements in protein expression and overall protein quality, as measured by the
production of high molecular weight aggregates during protein production.

[00252] To tesi whether or not the improved thermodynamic stability of the new anti-CD3 scFv
regions translated into improved protein expression or profein quality, one of the anti-CD3
domains (TSC3940Y) was compared {o DRAZ222 in the context of five different pairs of anti-
ROR1 x anti-CD3 bispecific moleculss, sach featuring the same anti-ROR1 scFv {(Table 13).

Table 13. Relative Expression and Protein Quality

%

CD3 binding  Expression % SEC {post- % HMW reduction
B0 pair  Construct 1D domain {ug/mi} improvement  ProA} aggregate  aggregate
A ROR134 DRAZ222 26 78 22
ROR189 TSC394DY 37 42% 89 11 50%
B ROR154 DRAZ222 16 g1 2]
ROR185 TSC394DY 26 63% 94 6 33%
C ROR179 DRAZZ2 14 &3 17
ROR186 TSC384DY 27 93% 88 12 2%
D ROR181 DRAZ22 25 81 19
ROR191 TSC354DY 33 32% S0 10 47%
£ ROR182 DRAZ22 16 S0 10
ROR192 TSC394DY 21 31% 92 g 20%

[60253] With each molecule pair, a higher titer of overall protein expression was seen — from
31% 1o 93% higher — with the consiruct featuring the stabilized anti-CD3 scFv (TSC3840Y).
Also, within each molecule pair, the construct featuring the stabilized anti-CD3 scFv had a lower
level of high molecular weight aggregates afler proiein A purification (anywhers from a 20% o

50% reduction in aggregate levels). This confirms that inclusion of g stabilized anti-CD3 sckv
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can result in improved protein expression and improved protein quality when compared fo the
original anti-CD3 scFv.

Example 5. Effects of Stabilized Anti-CD3 Binding Domains on Stability and
Pharmacokinetics of Anti-PSMA X Anti-CD3 Binding Molecules

[00254] To test the effects of a stabilized anti-CD3 scFv on stability and pharmacokinetics of a
bispecific binding molecule, the PSMA-binding domain of TSC266 {(an anti-PSMA X anti-CD3
bispecific molecule comprising the DRA222 CD3 binding domain) was transferred into a
bispecific molecule utilizing the TSC456 anti-CD3 scFv. This new bispecific molecule is referred
to as TSC471. BALB/c mice were dosed intravenously with TSC266 and TSC471 at
approximately 10 mg/kg. TSC266 was diluted into PBS, while TSC471 was diluted info
formulation buffer, which was used for all dilutions (5mM succinate, 6.5% sucross, 0.02%
Tween8(, pH 4.8). Serum was collected from 3 animals at 10 time points {n = 30 total). Ths
fime points were 15 min and 2, 6, 24, 48, 72, 96, 168, 336, and 504 hr post-administration of the
bispecific molecules. Terminal bleeds were used to collect larger volumes. Serum
cancentrations were determined using ELISA methods capluring the anti-PSMA binding domain
and detecting the anti-CD3 binding domain. Serum concentrations over time wers used to
determine pharmacokinetic (PK) parameter estimates by non-comparimental analysis (NCA)
and compartmental analysis. Serum samples from late time poinis were also tested for anii-
drug antibodies using a standard bridging ELISA with the respeciive bispecific molecules +/-
bictin.

[002588] More specifically, the following ELISA msthods were used. Concenirations of anti-
PSMA X anti-CD3 bispecifics were determined using 96-well plates coated with a mouse
monocional antibody (mAb 1H5) to capture the anti-PSMA portion of each consiruct. The other
ends of constructs were delected using a bictin conjugated mouse monoclional antibody
targeting the anti-CD3-binding domain {(mAb S5HS), so only intact protein would be measured
with this ELISA method. To guantify bound immune complexas from serum samples and assay
controls, polymerized horseradish peroxidase (poly HRP) and a fluorogenic peroxidase
subsirate were used, with results measured on a fluorescent plate reader. Standard curves
used to calcuiate serum concenirations consisted of various known concenirations of the
appropriate PSMA bispecific construct spiked into ELISA diluent. SOFTMAX® Pro software was
used to calculale serum concentrations using a 4-parameter logistic equation, as well as
precision and accuracy for standards and test samples.

[060256] Resulls of these studies are shown in Figures 14 and 15. By non compartmental
analysis (NCA) using Phoenix-64 WinNonLin Software, TSC471 had about a 2-fold
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improvemsent in haif-life, with a 3-4 fold reduction in clearance parameter, over TSC266. The F¢
of TSC471 maintained functional characteristics of T5C266 (no ADCC or CDC activity,
equivalent FcRn binding) with improved stability. The Fc of TSC471 comprises a stability
improved version of the CH2 domain. The mutatlions are the same in the ‘234-238’ region of the
molecule as in the TSC266 Fe, but the TSC471 Fe has a reduced number of mutations in the
CDC region, mainiaining only the K322A mutation, rather than all three found in the null Fe
CH2. The anti-CD3 scFv of TSC471 maintained binding and activity on human and cynomolgus
T-cells. The linker used in TSC471 had enhanced resistance to CHO proteases and other
PTMs and does not contain an N-linked glycosylation site.

Example 8. Effects of Stabilized Anti-CD3 Binding Domains on Pharmacokinetics of Anti-
ROR1 X Anti-CD3 Binding Molacules

[00257] The pharmacokinatics of anti-ROR1 x anti-CD3 bispecific molecules conilaining either
the less stable DRA222 CD3 binding domain or the more stable TSC458 CD3 binding domain
were compared. The following constructs were evaluated. The sequences of the constructs are

provided in Table 14,

Construct Anti-ROR1 Anti-CD3

RORZ06

(CHO line: ROR206a) Binding domain A [DRA222

ROR287

(CHO line: ROR207a) Binding domain A [TSC458

ROR208

(CHO line: ROR2084) Binding domain B [DRA222

ROR209

(CHO line: ROR208a) Binding domain B [TSC456

[00258] NSG mice were dosed intravenously with the anti-ROR1 X anti-CD3 bispecifics at
approximately 10 mg/kg. All bispecifics were diluted into PBS. Serum was collected from 3
animals at 10 time points (n = 30 for each construct) post-adminisiration as well as at one time
point pre-dose. The time points ware 15 min and 2, 6, 24, 48, 72, 96, 168, 336, and 504 hr
post-administration of the bispecific molecules. Terminal bleeds were used to collect larger
volumes. Serum concenirations were determined using ELISA methods to detect the intact
molecule. Serumn concenirations over time were used to determine PK parameter estimates by

non-compartmental analysis (NCA) and compartmental analysis.
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[0625%9] More specifically, the following ELISA meathods were used. Concenirations of anii-
ROR1 X anti-CD3 bispecifics were determined using 98-wsll plates coated with ROR1 ECD-
AFH (ROR177) to capture the anti-ROR1 portion of each construct. The other end of ROR
constructs was delected using a bictin conjugated mouse monoclonal antibody targeting the
anti-CD3-binding-domain (mAb 5H5), so anly intact protein would be measured with this ELISA
method. To quantify bound immune complexes from serum samples and assay controls,
polymearizad horseradish peroxidase (poly HRP) and a fluorogenic peroxidase substrate were
used, with results measured on a fluorescent plate reader. Standard curves used o calculate
serum concentrations consisted of various known concentrations of the appropriate ROR
construct spiked into ELISA diluent. SOFTMAX® Pro software was used io calculate serum
concentrations using a 4-parameter logistic equation, as well as precision and accuracy for
standards and {est samples.

[00280] Results of these studies are shown in Figures 18, 17A and 17B. By NCA and
compartmental analysis, ROR20%a had the longest half-life. ROR207a had the lowest
clearance and volume estimates by both analysis methods. Both anti-ROR1T hispecifics with the
DRAZ222 CD3 binding domain had shorter half-life and faster clearance paramesters. Notably,
constructs with the improved anti-CD3 binding domain (TSC4586) had belter pharmacokinetics
than those with the less stable anti-CD3 binding domain (DRAZ222).

Example 7. Effects of Stabilized Anti-CD3 Binding Domains on /n Vivo Efficacy of Anti-
ROR1 X Anti-CD3 Binding Molecules

[06261] MDA-MB-231 cells were co-mixed with donor T-cells and matrige! and implanted into
the flank of NOD/SCID mice on day 0 of the study. Each group contained N=5 animals, with T-
celis from one donor. Figure 18 shows an example graph which shows minimatl impactof T-
cells on turnor growth by the donor T-cells. Animals were treated with PBS orwith 30 ug or 3
ug of ROR208 (DRA222 anti-CD3 binding domain) or ROR208 (TSC458 anti-CD3 binding
domain). The dose was administered on day 0, 4, and 8. Tumor growth was measursd with
calipers over time of study.

[060262] Significant inhibition of tumor growth was seen after treatment with both ROR
bispecifics. No significant difference of tumor growth was seen with T-celis from the donor
(Figure 18) compared to tumor only. There wers no significant differences between animals
freated with ROR208 compared 1o ROR209 at any dose level, indicating the stability improved
anti-CD3 binding domain had the same potency as the non-stable anti-CD3 binding domain.
Example 8. Effects of Stabilized Anti-CD3 Binding Domains on In Vive Efficacy of Anti-
ROR1 X Anti-CD3 Binding Molecules
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[06263] Kasumi-2 cells were co-mixed with donor T-celis and matrigel and implanted info the
flank of NOD/SCID mice on day 0 of the study. Each group contained N=10 animals, with T-

cells from one donor. Animals were freated with PBS or with 30 ug, 3 ug or 0.3 pg of ROR243

(TSC456 anti-CD3 binding domain) as shown in Figure 19. The dose was administered on day

0, 4, and 8. The route for administration was intravenous (1V), with exception of one group,

where the dose was administered subcutaneously (8C). Figure 19 shows resulis of the assay.

Tumor growth was measured with calipers over time of study.

[66284] No inhibition of tumor growth was seen in the presence of T-cells in the absence of

RORZ243 or with ROR243 freatment in the absence of T-cells. Significant inhibition of turmor

growth was seen at 0.3 pg per dose, with dose dependent titration. No difference in route of

adminisiration was seen.
Table 14. Binding Domain and Polypeptide Sequences and Components

DMHA sequence af Fc BRA222 (TSC311 or TSC312):
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(SEQ ID NO: 1)

Signal sequence is residue 1 to 60. F¢ region is residue 61 - 753, Linker is 754 to
scFv is 817 to 1550.

Matare protein sequence of Fc DRAZZZ (TQ(‘SEE or TSFZ&EZ}
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DNA sequence of Fc H7L1 (T8SC313):
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(SEQ
regidue 1 to 60. Fc region isg residue 61 - 75

Mature protein sequence of Fe H7L1 (TSC313):

CPPCPAPEAA GARSVEFLE KPKDTLMISR TPEVTCVVVD
NAKTKPREEQ YNSTYRVVSV LTVLHECDWLN GKAYACAVSN
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DNA sequence of Fc H71L4 (TSC314)
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ttattactgt
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SDEEVKE
KALPAPTEKT

QPENNYKTTE
GORHNNSSLN
OAPGOGLEWM
PQVHYDYNGF
RATLSCSASS
EPEDFAVYYC

ta ggt
tgaagocgeyg
ctccogg
gtte

geag

gaat

sl
)
Q
O

cc ceyyg
ctatccaage
gaccacgcet
g gagc
g ccac
ttcectgaat
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Signal seguence is residue 1 to 50
Mature protein sequence of Fo HTLE (T5C315

EPKS

‘D"THT CPPCPAFPEAA
NAKTKPREEQ
POQVYTLPPSR
SKLTVDES
NSQVQLVQSG
NYNQKFKDRV
VESGGEGESGE
KPGRAPKLLIL
GGGTKVEIKR

SVIYMNWY
QOWSRNE

F
(SEQ ID NO:8)

GAFSVEFLEPP
YNSTYRVVSV
DT*”KNOVST
RWOQQGNV

(@]

AEVKKPGASY
TMTRDTSIST
GGEGGEGSGE

SKLASGV

DNA sequence af Fc H3L1 (TSC316):

atgg agcgcaget

C
Si)

of o
Qo0

a
gac
t

oAUgcgt
g

cgtaccgtgt
acqgegtgege
ccaaagggca
ccaagaacca
tggagtg
actcogacygg
é gC aggggaacygt
tacacgecaga agagoctetae
acaggaactc agatggcagg
getgaggtgs agaageooctgy
ttcaccagat ctacgatgca
ggatacatta atcctageag
a gggacacgte
coo

a

g9
oo
tgy
Iote
gc

O Q
ct

a gaact

e acte

c cac
aa

Mature protein segquence of Po

CPPCPAPEAA
NAKTKPREEQ
POQVYTLPESR
LYSKLTVDKS

NSQVOLVO
NVNAK:RDKV

SGG

e

V33GGGGE
KPGKAPKRWI
GGGTKLQITS

(SEQ ID NO:10)

tctecttecte

aactcacaca

cttecceccocea
ggtggtggac g
gcah

ggaggt
ggtcage
"gtctc

[

) i€

gt
tcattctecag
ggecto 9
ctggat El
tge
cac
ot ctag:
tcacc
tgge

o Q
WQ

gac
gcag
gagtc
gecty
cgttce

HEL1

GAPSV“l'
YNS

D.v,
RWQQ

F
AEVKKEGASV
TMTROTATST

2Ll
J 3 \K'rJ\J(.:S :G
YDSSKLASGY
58

KPKDTI

LTV

F1:

MISR

HODWLN

VEKGEFYPS

TCIA

SVMHEALHNH
KVSCKASGYT
AYMELS

GGSDICQMTOQS

aaagoockh
gz

cca

P3RES

ca

SGS

gtetecte

goc

g
ggcggatc

cag
g9

{T8C316) :

LRS

GSG

tgt

it}
<

Y QO Q

o)
[

0

-~

ot EL‘
@ Qa0

[¢]

¢
oo

aqogqua

DTLMISR

VLHQDWLN

TCLVKGFYPS
SYMHEALENH

86

TPEVTCVVVD
GRAYACAVEN
D AVEWESNG
YTQKSLSLSP
FTRETMENVR
SDTAVYYCAR
PSSLSASVGD
$SL

51

cc
tt
aa
[op
ot
caattc
gctggt
aaggcatc
caagggceh
aaattcaa
tgagcayg
abgatt:
gaggcgyg
tccagat
cetgeay
ccecocaa
cagtggeay
atttogecac
ccaagcetaca

TPEVTCVVVD
GKAYACAVSEN
DIAVEWESNG
YTOKSLSLSP

FTRSTMEWVR
EDTAVYYCAR
PS3LSASVED

SSL

VSHEDPEVKE
KALPAP]
QPENNYKTTP
GQRHNNSSLN
QAPGQGLEW]
POQVHYDYNG
PVTI ﬂCtASS
QPEDEATY

Bl

gatet
ggtc:
ggaggagcag
ctggotgaat

3

gaccacy
Jgacaagsq
goacaac
cteecetyg
gecaghct
tggata
tgagtggaty
ggacagagtc
cctg €
¢ t

Q
ct

o)
0 Q
©
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DNA sequence 0!" Fe H8ELA4 (TSC317)

atggaagcac 9wgcaoct tctettecte tac gt
gagcccaaat ttctygacas aactcacaca tyg cgey
ggtoca gtcrtCﬁt cttcccecca gatctoccogyg
accect acatgﬂgt ggtggtggac ggtcaagtte
aactyg s g9 ggaggtgeat < ggaggagcay
tacaacagca cgtaccgtgt ggtcac» ctcaccgtbce tgcaccaq ctggctgaat
ggcaaggeat acgegtgege ggtctocaac aaagecchtoo cageoccea cgagaaaacc
atctccaaag ccaaagggca gooccgagas ggtgt acaccct cecatcocegqg
gatgagctga ccaagaacca ggtcagecty gectgy tcaaagg ctatccaage
gacatcgecg tggagtggga gagcaatggg ga acaacta gaccacgcct
ceegtgetygg actecgacygg ctocttette ca agctoac ggacaagagce
aggtgocage aggggaacgt cttectecatge gaggct gcacaaccac 20
tacacgcecaga agagcctetc cctgteteeg caa ttccocctgaat 780
acaggaac agatggcagy teattcteeg agcet gecagtetyggyg 840
gaggtga agaagcectygg “tcagty graagygc tggatacacc 900
ceagat ctacgatgea gtgcga gacaagg tgagtggaty 980
ggatacatta tagcag ttatact agaasatt gyacagagtc 1020
-5 .

ace

atgacca ggg agcaca g agctgagcag cctgagatcet 1080
gaggacacgy ccyg ctaga c actatgatta caacgggttt 1140
cecttactagy gocaag teacao rag gtggaggoegy ttecaggogga 1260

ceg goggty gtggce tg aaattgtgtt gacacagtcet 12&0

cc ctt igggaa cc tctcctgeag tgecagetca 1320
agtgtaagtt atga aacad oo aggetoccay goteocteato 1380
tatgactcat Aasac gcatc gt agbggcag | [sfefe) 1440
acagacttca ctca geoeta ag “tttgcagt tgt 15C0
cagcagtgga gtaacc cttto ga gotgga aaacgqg 1560
Ccctecaget 1572

(SEQ ID NO:11)

Signal seguence 1s resicue 1 to 60

Mature protein sequence of Fe H8L4 (TSC317):
CPPCPAPEAA GAPS VﬁbLP KPKDTLMISR TPREVITCVVVD VSHEDPEVKE
NAKTKPREEQ YNSTYRVV VLEQDWLN GKAYACAVSN KALPAPIEKRT 1
POVYTLPESR DLA‘INW” L TCLVKGFYPS DIAVEWESNG QPENNYKTTP 1
LYSKLTVDKS RWQCGNVESC SVMHEALHNH YTOKSLSLSP GQRHNNSSLN 2
N \“I Q3G AEVEKKPGASY KVSCEKASGYT FTRSTMEWVR QAPGQRGI :
DRV TMTRDTSTST VYMELSSLRS EDTAVYYCAR ‘W”N-DVN”ﬂ

~CGG°GG GGIEIVLTO! D’\"‘I.‘L‘D"L RATLSCSASS

PARE'SGSG hPhDEAVYYV

©
ol

[s€]
o OO

1(}) u)

N

S

21

G3GS

[

QQWSRNE
(SEQ ID NO: 12}

DNA sequence of Fe HSLS {(TSC318)

cagcgeaget totettocte

ot &0

ot
Z

caa aactcacac

It
-l
N
(@]

““thCL gatct g 180
ggtca c 24
aa Y g caaag ggagy g 30
tacaacagca cgta cgtgt ggtrauuqtc tgcaccagga ctggctgaat 360
ggcaaggeat acgcegtgege ggtctocaac cageccoceccat cgagaaaacc 420
atctcocaaag ccaaaggges qcccccaaaa . [ cecgyg 480
gatgagcetga ccaagaacca ¢ [efs! 540
gacatogoog tggagtgoga ot 600
ceegtgetygg acteogacygg g 660
agobggcage aggggaacgt cttctcea tccqtga gc ac
tacacgcaga agagcc ggtcagagge at )
acaggaa agatgy aatt ag 840
gaggtga agaagoc co 900
ccagat ctacga tg 960




(o]

42
Ay

ggatacatts atact aatt tcaa 1020
accatgaccs gcaca gtotacat getgageay 1080
gaggacacyyg ctaga cocccaagtcoe actatgatta gougt 1140
ccttactogg tcace gtotectcag gtggaggogg ggcgga 1200
gotggateey gegutggegy ategggtygge ggeggatetyg acatocagat gaccceagtot 12€0
ccatcctcecee tgtectgeate tgtaggagac agagbtcacca tcacttgcecag tgcocagetca 1320
agtotaagtt acatgaactg gtatcagcag aaaccaggga aageccctaa getoctgatc 1380
tatgactcat ccaaactgge ttotggggte ceatcasggt tecagtggeag tggatctggg 1440
acagattteca ctctcea cagcagtcty caacctgaag attttgcaac ttactactot 1500
cagtgga cgta acccacttte ggcggaggya ccaaggtgga gatcaaacgy 1560

c t 1572

is I bo 60

Matore protein seguence of Foe HBLS (TSC318)

EPKSSDKTHT CPPCPAPEAA GAPSVELFFP KPKDTLMISR TREVICVVVD VSHEDPEVKE
NWYVDGVEVE NAKTKPR ) YNSTYRVVEY VLEQDWLN GRAYACAVSN KALPAPI
ISKAKGQOPRE P”W””'PP iR DELTKNQVSL TCLVKGEYPS D AVEWESNG QPEDNYI_
PVLDSDGSFF LYSKLTVDKS RWQQOGNVESC SVMHEALHNH COKSLSLSP GORH
TGTOMAGESP NSQVQLVQOS3G AEVEKPGASV KVSCKASGYT RSTHYWVR QAPGC&

Ty i<l
3 H

<

3 i A
GYINPSSAYT NYNQKFKDRYV TMTRDTSTST VYMELSSLRS EDTAVYYCAR RPOQVHYDYNGE
PYWGOGTLVT VSSGGGGEGG GGSGGGGEGEE GuuZ'IQ‘\TQS PSSLSASVGD RVTITCSASS
SVSYMNWYQQ KPGKAPKLLI YDSSKLASGY PSRFSGSGSG 38L QPEDFATYYC

QOWSRNPPTE GGGTKVEIKR SSS

(SEQ ID NO:ig

DNA sequence of ]ﬂc HY1L1 (1 %{,319)

atggaageac caget tetettecte getactoet gget taccaccgyt
gagcccaaat CtLLtjd”aj aactcacaca tbtgcccaccgt goccagcace tgaagccegaeg g
ggtgcaccgt cagtcttoct cttecccoccocca aaacccaagg acaccctceat gatcotccogg 30
acccctgagy tcacatgeght gotggtggac gtgagccacy aagacccotga ggtcaagttce 0
aactggtacyg tggacgge gtgeat aatgccaaga casagcecogey ggaggageag 300
agca cgtaccgt tcagcgte ctecaccgtocoe tgcaccagga ctggctgaat €0
rgcat acgegtgo aac aa cag ccat cgagaaaacc 420
ccaaagygg gagaa < t aca goo cccatcocogg 480
ccaagaac goetg ctt ctatccaagce 540
tggagtygg caatggy caa gaccacgect 600
actcce toette cgt gg gage 6&0
agggga tet go cac 720
agagac tte tt aat 780
acagy agabgc tgt g fefel 840
gctyg agaaqg tte & cc 9GO
ttta ctacgs: ¢ gob & tg 960
ggatacatta atccta ttatact cas te 1020
accattacca gggaca agcaca cag ¢ ct 1080
gaage cgg ctgtgt gogaga tta «© L 1140
cctrac g gccaag gtcacc gCgy 12¢0
ggtgg g gcoggty ggtyge agat 1260
ccaages > tgtety ¢ ggggac siv} gCag 1320
agtgtaagtt acatgaacty cagcag aagc ccaa 1280
tatgactcat ccaaactoge ggagte cct gcag tg el 1440
accgactata ccctcoacaat gcagccty cag ccac tt [ofe! 1500
cageagtgga gtegtaacce acccacghbte gga caagctaca aa cc 15¢0
tccagotaa 1569

(SEQ D NO:15)

Signal seguence is residue 1 to 5¢

Mature protein sequence of Fe HIL1 (TSC319):

88
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EPKSSDKTHT CPPCPAPEAA GAFSVFLEPE
NWYVDGVEVE NAKTKPREEQ YNSTYRVVSV
ISKAKGQPRE PQVYTLPPSR DELTKNQVIL
FVLDSDGSFF LYSKLTVDKS RWQfG’VVS"
TET SP NSQVQLVQSG
NYNQKFKDRV
VESGGEGESGE
KPGKAPKRWIL
GGGTKLQITS

QN){GA

SVIYMNW
WSRNP

(SEQ D NO:16)

DNA sequence of F

atggaagcac cagcygcag
gagc g
ggtgc €
acccet gg
aact gce
tacae gtcagcy
ggca ggtectccaac
atct "a gocccgagaa
atgagctga ¢ a ggtcagectg
qacatogeey tyg gga gagcas st
ccegtgetgg actccgacgg ctoct C
gtggcage aggggaacgt cttct [e!
cacgcaga agagoectete g
aggaactc agatgg cg
‘tgaggtga agaagc -G
tactagat ct ! o
ggataca at
accatta g
gaagacacgg c g g:
cettactyggyg gecaaggaac cctggtcocac
ggtggatcey geoggtggegy atcgggtyg
ccagecacceo tgthetitgteo tecaggyyg
agtotaactt acatgasactg ctaccaacag
tatgactcat ccaaactgge ttetggeato
acagacttca ctcectcaccat cagcagecta
[oF: agtgga gtogtaacce acccactttc
tceoctecaget aa

0:17)

Sicma]. sequence is& residue 1 to 60

&

Mature protein sequence of Fo HIL4

CPPCPAPEAA GAPSVELEPP
EQ YNSTYRVV3V
E”VV”LPPDR DELTRKNQVSL
LYSKLTVDKS RWQCGNVESC
NSQVQLVQSG AEVKKPGASV
NYNQKFKDRV TITRDTSAST
V33GGGEGSGGE GGIGGEGEESEE

YDSSKLASGT

588

DNA sequence of Fe H

atggaagcac cagcgcagcet tcectettoctce

OLA (TSC321):

aactca

ccaaat cttotgs

gac

KPKDTLMISR
LITVLHQDWLN

TCLVKGFEYPS
SVMHEALHNH
KVSCRASGYT
AYMELSSLRS
GGSDIQMTQS

PARFSGSGSG

Q

0 Q
[quteTNe!

caggoeccey
aattacaatc
goctacatygg
ccccaaghoc
< g

-9

L
aaacctggece
ccagceccaggh
gagceotgaay
ggcggaggga

{TBC320) ¢

KPKDTLMISR
VLEQDWLN

TCLVKGEYFES
SVMHEALHNH

KVSCKRASGYT

AYMELSSLRS
GGSEIVL

PARE'SGS

J‘ IL,

TOS
GSG

e ete
ctgc

89

TPEVTCVVVD SHEDPEVKE

GKAYACAVSN f\A PAPTEKT
DIAVEWESNG QPENNYKTTP
YTQKSLSLEP GQORINNSSLN

FTRSTMHEWVR QAPGQRLEWM

EDTAVYYCAR PQVHYDYNGE
PSNLCA\V D RVITMTCEASS
Py 51, QPEDFATYYC

0 Q
o a
ot

juieaate]

ce

ct g9

gz gc

tacas cgoct

accgh agagce

getet accac

artbc tgaat
£ gettgt g ctggg
gcaaggette tg acacc
gacaaaggcet tgagtggatg
agaaatbcaa ggacagggtce
agctgageag ccoctgagatct
actatgatta acgggttt
gtggaggcygg caggcgga
aaattgtgtt gacacagtct
tctoctgeayg tgocagetca
aggcteccag getectcecate
teagtyggeag tgggtotggy
attttgcagt ttattactgt
ccaaggtygga gatcaaacgygg

TRPEVTCVVVD EDPEVKE
GKAYACAVSN KALPAPIE
DIAVEWESNG QFPENNYKTTP
YTOKSLSLSP GQRHNNSSLN
FTR3TMEWVR QAPGQ
EDTAVYYCAR DO”HYDYNG?
PATLSLSPGE RATLSCSAS
TDETLTLSSL EPEDF A"Y

3
¢

360
420
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gy
<
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o
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D O OO

~3 =3
o N
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8
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1260
1320
1380
1440
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1560
1572
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ggtgeaccegt 79
acccctgagy acatyg ggtggtggac gtgagecacy
aactggtacg tggacggcegt ggaggtgcat aatgccaaga
tacaacagca cgtaccecgtgt ggtcagegte ctecaccgteco
ggcaaggeat acgegtgege ggtetcecaac saagoecchoc
atctccaaag ccasagggcea gocccgagaa ccacagotgt
gatgagctga ccaagaacca ggtcagoctg acctgectgg
gacatogecy tggagtgoga gagcaatggy aga

0 WQ

ol

[
9]

Q

Ot

T QN
(o)
TS

@ g
4 Q

aqg

[qte}

AN aate}

a0

oot

c tggcagy
a agaagccoctgg ggecteagte gttt
t ctacg tgeca t'”qqu:g cag qvc”\

a aat*sr e
a goct t
ge g ga <
c o tcace g
g g gtgge g
C o gagac a
[ agcay
t jggte ¢
tttca te

tcc:c;agct

(SEQ D NO:19)

Sicnal seguence lis residue 1 to 50

Mature protein sequence of Fo HILE (T5C321):
EPKSSDETHT CPPCPAPEAA GAFPSVFLEPP KPKDTLMISR

2
(o]

NWYVDGVEVE
GQPRE

ISKAKGY

NAKTKP

EQ
POQVYTLPPSR

YNSTYRVVSV
DELTKNQVSI

NI s

it

LITVLEQDWLN
TCLVKGFYPS

BVLDSDGSEF LYSKLTVDKS RWQ; VESC SVMHEALHNHE
TGTQMAGESP NSQVQLVQSGE AEVKKPGASYV KVSCKASGYT
GYINEPSSAYT NYNQKFKDRV TITRDTSAST AYMELSSLRS
PYWGQGTLVT V33GGGEGSEE GGIGGEEESGE GGSDICMTOS
SV3Y] KPGRAPKLLL YDSSKLASGV P3REFSG3IGSG

(4]

¥4

GGGTKVEIKR S$38

(SEQ 1D NO:20)

DNA sequence of Fe HI10E1 (TSC&ZZ):

atggaagcac cagcgcaget tctett
gagcccaaat cttctjavna aﬂtC?
ggtgcaccgt caqt ch cttecoaod ot
acccctga:g teca gu t ggtgogtggac gtgagecacy
aactggtacg tg ggaggtgcat aatgccaaga
t é og cqtcaqut, gtac

cgtgc cc
aaggg gt
agaac Y g9
agtggda gagca g ga
cocgacgg ctocttett ca
¢ gggaac £

tacacgcaga agagcect cctgteteeg

acaggaactc agatggcagg tcattctceg

getgaggtgs agaagectgy gtocteggty

ttcagcagat ctacgatgca ctgggtgcga caggcccectyg

ggatacatta atcctagcag tgcttatact aattacaatce

acgattacceg cggacaasatc cacgagcaca goctacatgg

gaggacacgg abta ctgtgcgaga

ccttactggs gaac cctggtocacco

90

acccteat
aagaccctga
caaagccgey
tgcaccagga
cageocceat
acaccctgoc
tcaaaggett
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aagccecta
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TPEVTCVVVD
GRAYACAVEN
DIAVEWESNG

vrr-/\K \LQLQL

mT e
LTISSL

ggctcoccoccaga
Joecoccagcecacc
acacccteat

acaactacaa
agctecacogt
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ggrg cty gacc

cca 3 cca tgcca
agtgtaagtt gca aagatggatt
tatgactcat got tgggtetggy
accgactata aag ttattactge
cagcagtgga gga aattacatcc
tccagctaa

(SEQ ID NO:21)

Sicnal seguence ig resid 1 to 50

ol
o
&

Mature protein segquence of PC H1OLY {(TSC322) :

CPPCPAPEAA GAPSVELEPP KPKDTLMISR TPEVICVVVD VSHEDPEVKE

NAKTKD?EmQ YNSTYRVV3V LTVLHQODWLN GKAYACAVSN KALPAPILEKRT

FQVY DELTKNQVSL TCLVKGEFYEPS DIAVEWESNG QFENNYKTTP

LYS L_ RWOQOGNVESC SVMHEALHNH YTOKSLSLSP

NSOQVQI AEV' G8SV KVSCKASGGT FSRSTMEWVR QAPGQGI

NYNQKFK TITADKSTST AVWZLFQLRS EDTAVYYCAR PQVHYDYNGE
PYWGQGTLVT V38GGGG Gu GGIGEGESEE PSSLSASVGD RVIMTCBASS
SVSYMNWYQQ KPGRAPKRWI YDSSKLASGY TDYTLTISSL QPEDFATYYC
QQWSQUPPTF GGGTKLQITS 88

(TSC323):
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cagcgcaget LPfCL””LL” ctgctactet gat
cttetyg gcyg
g cagtet cyy
a tcacatgegt be
aact tggacgge
taca cgt gt
gea acy ¢
atct ccaaaggy
gatgag ccaagaacc
gacatc tggagtgy
cecegty actccgac
aggtyg jaac
a
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cag ctc gycagyg =
getgaggtga agaagectygg gtocte
ttcagcagat ctacgatgea gty a 3¢ ggatyg
ggatacatta atcctagcag tgctta gaaattcaa g gagtc
acgattaccyg cggacaaatc cacgagcoa gectgageag cctgagatet
gaggacacgy cegtgtatta ctgtgcgaga ychbaavupc actatgatta caacgggttt
ccttactogg aggaac cctggtcacce gtcetcecctecay gtggaggeoyg ttcagocgoa
ggtogatceg tggecgyg ategggtgge ggwguatcf aaattgtgtt gacacagtct
ceagecaccs tttgte toccaggggaa tetectgeayg © ca
agtgtaagtt acatgaactyg gtaccaacag aaac:_ggc ctceccag gctc; catc
tatgactcat ccaaactgge ttctggoatc ccagecag agtggcag tgggtctyggg
acagacttca cf [o at cagcagocta gagectgaac ttgcaglh ttattactgt
cagtgga acccactttec ggcggaggga ccaaggbgga gatcaaacgy
tcecaget aa

is residue 1 to 60

Mature protein seguence of Fo H10L4 (TSC323):

PKSSDKTHT CPPCPAPEAA GAPSVELEFPPR KPKDT
NWYVDGVEVH NAKTKPREEQ YNSTYRVVSV LTVLE

(MISR TPEVTCVVVD SDPEVKE
DWLN GKAYACAVSN KALPAPIEKT
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(SEQ D NO:24)
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(SEQ ID

Signal sequence
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Mature protein seguence of

EPKSSDKTHT
NWYVDGVEVH
ISKAKGOPRE
PVLDSDGSFEF
TGTOMAGESP
GYINPSSAYT
BPYWGQGTLVT A
Q
QOWSRNPPTF

SVSYMNWYO

(SEQ ID NO:26)

ﬂ-

HI0LS (TSC324):

cayg tebettocte
cttety aactcacaca
cagtbot cttceocceoca
tcacat ggtggtggac
tgga ggaggtgcat
cgtacag gogtcagegte
acgcgige ggtctecaac
aaagge geccocgagaa
agaa ggtcagecty
gty gageaatggg
cga ctecttette
aggggaac cttctecatge
agagcecetcete cehbgtetecy
agatggecagg tcattctceceg
agaagcctygg tecgoty
ctacgatgea gtgcga
atcctagecag tgcttatact
cgga ¢ cacgagca
cegtgtatts ctgtgega
gecaaggaac ccbggtceace
gcggtyggegg ategggtgge
tgtetgeate tgtaggagac
acatgaactyg gtatcagcag
ccaaactgge ttctggggtce
ctotcaccat cageagtoetg
gtcgtaacce acccacttte
aa
sidue 1 to 60

Fo H10LS (

CPPCFAPEAR GAPSVELEEP
NAKTKPREEQ YN
POVYTLEFPSR DEL
LYSKLTVDKS
NSQVQLVQ3G
NYNQRKEKDRY

VSSGGGEGERGE uGSG:o
KPGKAPK

LLI ¥DsS
GGGTE

VSV
KNQVSL
RWQQGNVESC

hr_‘/}\KPGS» v

S5
VEIKR S%S

DNA sequence of Fc H7L6 (TSC334):

atggaa grn

or o

cagccvauut tctettecte

TCLVKGEYPS
QV"V[H EALFN

T
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ctgctactet
tgcccacegt
saaccocaagy
gtgagccacy
aatgccaaga

cegteo

tcrgtga gc

oac

beagad
aattctcag
aaggtctco
cecty

3
] gg e
agagbcacca
aaaccaggga
ccatcaaggt
cascctgaag
ggcggaggga

P5C324) ¢«

KPKDTLMISR
LTVLEQDWLN
TCLVKGEYPS
SVMHEALHNH
Kv ChﬁSGrJ
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ggcaaggcat ¢ tctoccaac aa tC goooo
abtctccaaag co [ofe; cegagaa ccacaggyt acaccehbgee
gatgagctga ccaagaacca ggtcagectyg acctgectygy toaaaggett
gacatcgecg tggagtggga gagcaatggg cagccggaga acaactacaa
ceegtgebgy actecgacgg ctecttetbte cte agca agctcacegt
agagtgocage aggggaacgt cttectecatge tcec atgc atgaggctcet
tacacgcaga agagcactete cctgtectecacg ggt agge acaacaattce
acaggasactc agatggcagy tcattotcecyg aatt cagyg tgcagetggt
gctgaggtga agaagecetygg tcagty aag ¢ geaaggette
tcaccagat ctacgatgca gtgcga cag gacaagggct
ggatacatta atcctagcag ttata aat agaaattc
accatgacca gggacacgtc agcaca ¢ gy agctgage
gacgacacgg ccogtgtatta gcgaga < tcc actatgat
coettactggy gocaaggaac ggtcacoe ¢ ag gtggaggoeg
ggtogatceyg gegatygg oggtgge ggcggatety acatccags
ccatcecectcecea tgtetge ggagac agagtcacca tcacttg
agtgtaagtt acatgaactg cageayg saaccaggga aagooce
tatgactcat ccasactggc ttctggggtc ggt
acagatttca ctcoctcaccat gtctyg aag
caacagtgga gtaog cttte gga
Coctecag aa

(SEQ ID NOPZ’?’)

Signal seguence 1is residue 1 to 60
Mature protein seguence of Fo H7LS (TSC3I34) :

EPKSSDKTHT KPKDTLMISR TEFEVTCVVVD

UI‘

NWYVDGVEVE TKP I LHQDWLN GKAYACAVSN
ISKAKGQOPRE POVYTL DEL )V TCLVKGEYPS DIAVEWESNG
P”LD%D”°ﬁF LYSKLT PWQQCNJF,A SVMHEALENHE YTQOKSLSLSPE
TGTOMAGESE NSQVCL ﬁ“VKKPlAS” KVSCKASGYT FTRSTMHWVR

GYTNDQwAVT NYNQ AYMELSRLRS DDTAVYYCAR

PYWGOGTLVT VS S GGSDIQMTQS PSSLSASVGD
SVSYMNWYQQ KP Y SSK V' PSRF3GSGSG TDEITLTISSL
QOWSRNPPTE GGGTKVEIKR SS5S7*

(SEQ ID NO:28)

DMA seguence of Fe H7TL7 (T8C338):

atggaagcac cagcgeaget tectetitcectce ctgetactcet ggcteoccaga
gagcceccaaat cttctgacaa aactcacaca tgcccaccgh goccageacae
ggtgeacegt cagtcttoct cttcoccccca saacccaaygyg acaccctceat
acccctqagu tcacatgegt ggtggtogac gtoagecacg aagaccctga
¢ tggacggegt ggaggtgcat aatgccaaga caaagccygag
cgtaccgtgt g [ ce tgcaccagga
ggcaag oL cc cagcececcat
atctccaaa [ofe gt acaccctgcee
gatgag gy gy tcaaaggett
gacatc gageaaty ¢ acts
ccogty ctecttot
agytgy cttecteat .
tacacy o cehbgtetecy g acaacaattc
acagga gatggecagg tcattctocyg agyg a
getgagotga agaagectgg ggccteagty cot G
ttcaccagat ctacgatgea ctgggtgcga cetyg ga g
ggatacatta atcctageag tgcttatact atc agaaattcaa
accatgaccs gggacs o catcagcaca tgg agctgageag
gy cogt tgega tee atgatta
gqg geca —ggtca ag gtggaggcoyg
[slelivie cogggtyg Ly aaattgtgtt
ce tyg agggy co betectgeag
tt ac ccagcag cc tggegeccag
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Mature prote

EPKSSDKTHT
NWYVDGVEVE
ISKAKGQOPRE
PVLD3DGSEE
TGTOMAGESP
Y INPSSAYT
PYWGO
b'( 7"“-\/"'\/(

QOWSRNPPT ]f'

(SEQ ID NO:30)

DNA sequence of ¥

atggaagcac
agcccaaat
tgcaccgt

[te)
u

DY Q
w0 W
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[Sne]
[telaNe]
Qoo
ot
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0 Q
G

tacaacagcea

gatgacctga
gacatcgooy
ceocgtgetgy
aggtggcage
tacacgcaga
acaggaacte

gctgacgtga
ttcaccagat

;atgacca

cgacacgg

tractggg
ggtggatcey
cettecacce
agtgtaagtt
tatgactcat
acagaattca
caacagtgga
tcectecaget

(SEQ ID NO: 31)
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Mature protein sequence of Fo

CPPCPAPEAA
NAKTKPREEQ
POVYTLEPSR
LYSKLTVDKS
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o
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c cgcagtt
cttetgacaa
cagtcttect
tcacatgegt
tggacggegt
cgtaccgtgt
acgcatgcge
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LTQBLTVDKS

oo

I
iy

I7L8 (TSC336):

tL,‘L‘CT’ toocte

153
o
I}
G
Q
9}

0

=
0

[oltenNe]
[te)

0w

ot
e}

Kol e}
19
o

Q9 Q
ot

Y

G0
ey
Y G
10
(9]
t
O

W WG
-
Q
o
¢l

{

[t}
QO waC

{

ol

,\
N

o2
e}
o
5}

Q
Qo

O Q

& Q
o

O
)
tQ

0w
ot WO
0 Qg

,
[
¢}
g3
o}

(

a0
@
o
o
[tS s}
a0

o of

o)

[aEts]

¢

a0

o 0
[equte]

s

o)

I3
(Lo}
[te}

&
[}
9]

Q@
0

o
jto}

@ Q
[
[
e
I8
e}
-
JURe]

T Q
P 0w

G
o
X3
o
o

)

O QN
o
D QG
I
Il
Q
9N
v

QO

O

(a3

[¢]
{olnts]

T

»
0oQ o

«Q

Q O
oY
Qo
ct
©
[ulite]
Xe]

V)

«Q
Q

a
QN

o
e

o

Y BDTLMTQR

lN\”’hVVSV

TPEVTCVVVD
GKAYACAVSN
DIAVEWESKNG

geicccadca
C 3

o]
o]
,\
O
Q
ol

0
o]

P QQ

o
0
o
G

O
Q

o
o
[Co I}
2
Q
00 0
Q
t
O
V)

oF
Lo
Q
ju}

Q Q9
O
won

0 Qg
W0

T Q

o

¢}
Q

o
Q

¢ gctggt
gecaaggettc
gacaagggct
agaaattcaa
ot cagy

o o®Q
o
o
o

0

hgeYs)
0

TPEVTCVVVD
GKAYACAVSN
DIAVEWESNG
YTQKSLSLSP

FTRSTMEWVR
DDTAVYYCAR
PSTLSASVGD

VSHEDPEVKE
KALPAPIEKT
QPENNYKTTP

GORHNNSSLN
QAPGOGLEWM

POVHYDYNGE

taccaccggt
tgaagocgey
A e e

Jatci cgg
ggtcaagttc

sy
Q
(8}

goot
g gagc

Q@
9]
Q

cr
09 Q

o2}

@ WQ

o0 G

e
[gte]

&

Y
[

gacccagtc

tgccagetea

gagatggatt

tggatetgag

ttattactge
t o

VSHEDPEVKE

KALPAPIEKT
QPENNYEKTTP
uQPhU'SELN

KN

S

o
>

oo
<

.

o

—
NO OO

o

~J

N

NS

DD OO0 00O

[

A QO

(%)
<

NSO
[CARNRIPON
o

5y

8)
(&)

P

J—
N
N

= QO

N
[ -

pl

o <

[Se]
OO OO

s

U1 s W

O«

~1 v Oy
N O
OO OO

> ~d
[ee}

O
O >

OO

(o)

—
[N

[N e N BNe]
DO O OO

P e
(SR
oo QO

1

3 O

<

(a3}

Lo o o0

o

O

(o)

3
3
4

N
()



10

15

[x.]
W

35

40

45

56

|4
(V4]

o

SVSYMNWYQQ KPGKARPKRWI YDSSKLASGV PSRESGSGSG
QUWSRNPPTFEF GGGlK”FIKR Sg8*

(SEQ ID NO:32)

DNA sequence of F¢c HBLG (TS8C337):

g?aag“aT ,Qchvauut tctettecte

tte aactcacs
gutocahcgt cag ctteecee agg
accecctgagyg tcacatgegt Mgtgg*ggfc acg
aactggtacy tggacggcegt ggaggtgeat saga
tacaacagca cgtaccgtgt ggtcagegtce tece
ggcaaggcat acgcatgceyge ggtctocaac toc
atcte ceasagggea goocogagaa gtgt
atga ccaagaacca ggtcagectyg
acat tggagtyggga gagcaatggg
ogt actccgacgy ctocttotte E
C a sacgh t tge tecgtgatge

g

g
cac

o

ietel ,gtcagg g
aatte y

Y
O
(@]
Q

[o VIR

o
te)

aacqt'

gelc c
ttca caggaceote
ggatacatts a »at.ac sat
accatgaceca g e:

ggzacacgyg ccgtgtatta b

ttactggg gccaa ca
ggtggatecy ¢ ¢ gtygce
ccatcctece t gagac
agtgtaagtt g: agcag [ste)
ta tcat E gggte ag
ac ttca gtety ga
ca ctote ggga

(=

EPKSSDKTHT CPEPCPAFPEAA GAFSVFLEFPEP KPKDTLMISR
NWYVDGVEVHE NAKTKPREEQ YNSTYRVVSV LTVLHCDWLN

ISKAKGQPRE PQVYTLPP3R DELTKNQVSL TCLVKGFYPRS
EVLDSDGSFF LYSKLTVDKS RWQUGNVEFSC SVMHEALHNE
TGTQI ISP NSQOVQLVQSG AEVKKPGASYV KVSCKASGYT
GY YT NYNQRKFKDRV TMTRDTSTST VYMELSSLRS
PYV VE3GGEGESGE GGSGGGGESGE
SVS3 KPGKAPKRWI KLASGV

GGGTKVEIKR S538~*
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{(SEQ ID N():34)
DNA seqguence of Fe HBL7 (TSC338):

atqggaageac gcaget

ctgetactet

gagcccaaat cttctgacaa aca btgcccaccgt
ggtgcacegt cagtcettecot cttcecocoooa aaaccecaagyg
acccctgagy tcacatgegt Vqrqq gac gtgagccace
aactggtacg tggacggegt
rtaccgtgt
q etgc;@t
agggca gocccgagaa ccacaggugt
gaacca ggtcagcocetg acctgectgg
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cecogtgetgy acte ~ct
aggtggcagc aggg c
tacacgcaga agag g
acaggaactc agatggcecagy beattcteceg
gectgacgtga agaagcectgy ggcctcagtyg
ttcaccagat ctacgatgcea ctgggtgoega ¢
ggatacatts atcctagecag tgottatact
accatgacca gggacacgtc cacgagcaca
gagy gg ccegbgtatta ctgtget

t g aagqg o

ggtggatceg geggtggegg gtgge
ccagccacce tgtotttgte gggaa
agtgtaag agcag
tatgactc gecate
acagactt t ¢ gacty
cageagtgga gtaacce scccacttte

tc,ucéagct éa
(SEQ ID NO:35)
Signal seguence is res

idue 1 to 50

Mature protein sequence of Fo HEL7

EPKSSDKTHT CPPCPAPEAA GAPSVFLEPE
VDGVEVE NAK {TK" 1Q YNSTYRVVSV

YTLPPSR DELTKNQV3L
LTFBLﬁVD“u RWQOGNVESC
NSQVQLVQSG AEVKKPGAS
NYNQKEFKDRV T”‘Vf"[‘T{"W TS
VESGGEGESGE
KPGLAPRRWI YD
GGGTKVEIKR S38

ISKAKuuPRE PQ
PVLDSDHQ"E

OQWSRNPPTF

(SEQ ID NO:36)

DNA seguence of Fe H8L8 (TSC33%):
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(SEQ ID NO:38)

abtggaagcac
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DMNA sequence of Fe H10L6

HB8L8 (TS8C339):

GAPSVEFLEFPP
YNSTYRVVEV
DELTENQVSL
RWQQGNVESC
AEVEKPGASV
™T
GGSGGGGEGEE
YDSSKLASGY
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(SEQ 1D NO:40)

BNA sequmce of Fe HIOL7 (FSC341

5 atggaagca @aucqndoot tetett

&0

h
Q

: aa aa tge 120
ct et aaa g 180
gt g gtg ga g c 240
ggcgt g aatc cegog ggaggageay 300
10 t g ot cagga ctggotgaat 360
o g aa cocat cc 420
taaag o cgagaa ccacadgy cetgee [ofs} 480
gctga ggtcagcecty acctgoctyy aggett o 540
cgecg tyg ggga gagcaatggyg < cggaga acaactacaa ct 600
15 gebgg actecgacgg ctecttetbte acagca agcetcaccegt 660
ycagce agqg acgt cttctcatge t tgatge a ggctet 720
graga agas cotgtotceeyg g gagge acaacaattco 7850
sactc aga cecattetecy cte: tccagebggt 240
ggtga aga teggty g ggctte 900
20 gcagat cta gtgoga gacaaggget tyg 960
ggatacatta atc ag tgcttatact a agaaattcaa gg 1020
acgattaccy cggacaaatc cacgagcaca ¢ agctgagcag ©C 1080
gaggacacgy ccghgtatta ctgtgcgaga ¢ St actatgatta ca 14
cettactggy caaggaac cchbggbcace gtetcctbecag gtyggaggegy ttoe 1230
25 gatggatcecey gtggegy atcgoggtgge ggcggatcty aaattgtgtt gac 12¢0
ccageeaced ctttgte teccaggggaa agagccacce totectgeag tgo 1320
agtgtaagtt tg gtaccageag saacctggoc bggegoccag gagabgg 1380
tatgactcat ttctggecate coagacaggt tcagtgocag tggotctyggg 1440
acagacttca cagcagactg ¢ g attttgcagt gtattactgt 1500
30 cagcagtaga acccacttte g a ccaaggbgga gatcaaacgq 15&0
'cctc:agct aa 1572
(SEQ ID NO:41)
Signal se 7uence is residue 1 to 60
35
40 Mature protein seguence of Fo HIQL7 (TSC341):

v

EPKSSDKTHT CPPCPAPEAA GAPSVELFPP KPRDTLMISR TPEVTC ‘J’\/\/L CDPEVKE &0

TVLE

PAPIEKT

o

NWYVDGVEVE NAKTKPREEQ QDWLN GKAYACAV

% S ? ! 120

ISKAKGOPRE PQVYTLPPSR ST TCLVK(—E'VPS IJJ.!&\/EN\JLSI\‘G QOPENNYKTTP 180

45 PVLDSDGSFF LYSKLTVDKS RWQQGNVESC MHEALHENE YTQKSLSLSP GQRHNN3SLN 240
TGTOMA P NSQVQLVQSG AF’.'\:’; GS3V K‘\/SCI"\AS\JGT FIRSTMEWVR QAP "’f LEWM 300

SOGLEY
5 D

(]

IPSSAYT NYNQKE

b4
YWGQGET

KDRV T
LVT VSSGGGGESGE GG:S GQ:ur;'rS GG
VIYMNWYQQ r(;: GLAPRRWI YDSSKLASGI
50 QQWSRNPP* " GGGTKVEIKR SS58

(SEQ ID No:4z)

YNGE
RI\ ”"LS CSAS8S
EPEDFAVYYC
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o B W

DNA sequence of 1< E}.GLS {TS5C342):
55 atggaagcac jegcaget tetettecte
gageoecaaat

fte]

gactcacs

o O

QO
(9}

[CS NS RNeN

1
ggtgcaccgt cttecceocea a aca ga 180
accectgagy g gt aaga ga ggt 240
i aactggtacyg tg g oy 2 casageogey gga 200
60 tacaacagca g g g tgcaccagga ctg 360
g t ac g o1 g cagcccooat g 420
oo gg ot ac aca oo 480
ccaagaacca g tca c 540
tggagtggga g aca g 600

98



(N ]
(4

a ga tectte
aggtygy agy a beteatge
tacacgcaga agagcctcte cctgtctecy
acaggaacte agatggcagg tcecattcteocg s
gcetgagghga agaagectgy gtecteggtyg
ttcagcagat ctacgatgca ctoggtgcga
ggatacatta atcctageag tgcttatact
acgattaccy cggacaaatc cacgagcaca
gaggacacgg ccgtgtatta
cecttact g gccaaggaac a
ggtyy cg geggtygegy gtg
cettecacce tgtctgeatc gagac
agtgtaagtt acatgaactyg agcag
tatgactcat ccaaactggo ggggte
acagaattca ctctcaccat 'agcctg

aacagtogga gtcgtaacce actttc
cteccaget aa

(SEQ ID NO:43)

Signal sequence is resgidue 1 to €0
Mature protein seguence of Fc H10L8 (TSC342):

EPKSSDKTHT CPPCPAPEAA GAPSVFLEPR
NWYVDGVEVH NAKTKPREEQ 1 VSV
ISKAKGQPRE PQVYTLPP3R VST
PVLDDDGMF’ LYSKLTVDKS F3C
ISP NSQVQLVQSG K S8V

NPSBAYT NYNQKEKDRV ADKSTST
PVVGO VE3GGGEGESGE GGSGGGGESGE

@
<548

SVSYMNWYQQ KPGKAPKRWI YIS
QQWSRNPPTE GGGTKVEIKR S$853

(SEQ ID NO:44)

DNA sequence of TSC370:
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(SFQE NO:4S)
Signal seguence is residue 1

Mature prot

EPKSSDKTHT CPPCPAPEAA
NWYVDGVEVH NAKTKPREEQ

ISKAKGY FOVYTLPESR
PVLDSDG LYSKLTVDKS
TGETOMAG NSQVQLVQ
CV1N S NYNQKE

aae

V38GGE

.
QQWSRNP

(SEQ ID NO:46)

DNA sequmce of TR{37%

atggaagca gagigceaot
gagee a»dr chtctgacaa
ggtocaccgt cagtcttect
ac Xoke) acatgogt

[CORN i ]
QW
c
[
I}
I}
0o oot

to 60

in sequence of THC370:

GAPSVEFLEPP
YNSTYRVV3V
DELTKNQVSL
RWQQOGNVESC
AEVEKKPGSSV
TI TADKST‘ST

at g a gecccgagaa
ga a ggtcagecty
ga g gagcaatgygy
ceegtgetygg ctecttette
aggtggcage cttectecatge
tacac ga cetgtetecy
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t agat ggtgcya
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ggtggatceg ggcgg atcgggtgge
ccttececacea gcate tgtaggagac
agtgtaagtt gaacty gtatcageag
tatgac t ractgge tteotggggte
acagaa a t cagcageoctg
caacag 3 o acccacttte
CLcctee L

(SEQ ID NO:47)

Signal seguence 1s residue 1 to 60

Mature protein seguence of TSC371:

EPKSSDKTHT
NWYVDGVEVH NAKTEKPREEQ
ISKAKGQPRE POVYTLPPSR
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TGTOMAGESP NSQVQLVQO3G
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(SEQ ID NO:48)

DNA sequmce of T5C372:

atggaagca cadcqnacot tcte
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. aa aac tgc 1
ct et aaa g 180
gt g gtg ga g c 240
ggcgt g aatc cegog ggaggageay 300
t g ot cagga ctggotgaat 360
o g aa cocat cc 420
taaag gecocgagaa ccacady cetgee [ofs} 480
gctga ggtcagcecty acctgoctyy aggett o 540
cgecg tyg ggga gagcaatggg o cggaga acaactacaa ct 600
gebgyg acteccegacgg ctecttette o acagca agctcaccgt 660
ycagce agqg acgt cttctcatge t tgatge a ggctet 720
ts graga agas cotgtotceeyg g gagge acaacaattco 7850
ar sactc aga cecattetecy cte: tccagebggt 240
getgaggtga aga teggty g ggctte 900
ttcagcagat cta gtgecga gacaaggget ty 960
ggatacatta atc gettatact a agaaattcaa gg 1020
acgattaccy cggac cacgagcaca ¢ agctgagcag ©C 1080
gagyg cgy coghg ctogtgcgaga < Tt actatgatta ca 140
ol afates caay cebggtcace gtotecteayg gtyggaggegyg tt ggoa 1230
q ccg gty atcgggtgge ggcggatcetyg acatccagat ga gtct 12¢0
o ceo ctyg tgtaggagac agagtcacca tgacttgeag tgccagetca 1320
EXe gtt tga gtatcageag aaaccaggga asageocctaa bt 1380
T cat 4 ttctggogte co aggt tcagoggcag gg 1440
a tca cagcagoctyg cagectoatg attttgcaac gc 1500
ca gga v acccacttte gge ga ccaagghtgga [ofs 15&0
tcct ot 1572
(SEQ ID NO:49)
Signal seguence 1s residue 1 to 60

EPKSSDKTHT CPPCPAPEAA GAPSVFLFPP KPKDTLMISR TEPEVTCVVVD VSHEDFEVKE
NWYVDGVEVE NAKTKPREEQ YNSTYRVVSV LTVLHODWLN GKAYACAVSN KALPAPIEKT
ISKAKGQOPRE POVYTLPPSR DELTENQVSL TCLVKGEFYPS DIAVEWESNG QPENNY
PVLDSDGSFF LYSKLTVDKS RWQQGNVESC SVMHEALHNH YTQOKSLSLSP GQRHNNES
TGTOMAGESP NSQVQLVQOS3G AEVEKPGSSV KVSCKASGGET FSRSTMHWVR

ol
= g

™M 30
GYINPSSAYT NYNQE EADRV TITADKSTST AYMELSSLRS EDTAVYYCAR GF 360
PYWGOGTLVT VSSGGGGEGG GGSGGGGEGE GGSDIOMTOS PSTLSASVEG ASS 420
SVSYMNWYQQ KPGKA KPWI YDS3KLASGY PSREF3GSGSG 38L TYYC 480

QOWSRNPPTE GGGTKVEIKR SSS

(SEQ ID NO:S§

DNA seqguence of TSC390:

atggaagcac cagcegceaget tectettecte ¢ taccaccggt

gageccoccasat cttetgacaa sactcacaca © tgaagecegey

ggtgcacegt cagtcttrct ctteoce El gatchoceygy

accece t ggtyggty g ggtcaagttc

a g ggaygty a ¢ ggaggagcag

tacaacagces ggbcagegte < a g ctyggcetgaat

ggcaaggcat acgcatgcecgce ggtcteccaac ¢ [ (oF: cgagaaaacce

atcteccasag ccaaagggea goccocgagaa Jefe [ ge cceat

gatgagehga ccaagaacca ggtecagectg acctgochg aagget 540

gacatcgecy tggagtggga gagcaatggg cagecggag a 6C0

ccogtgctgg actccgacgy ctecttcotte ctetacage 660
gt gc aggggaacghb ctbctecatge tecgtgatg 720




b2

W

a2
Ay

t 3 agagcecteto 1s1 780
acaggaactce agatggcaggy toeteey tecag geaatchggy 840
cctgaggtga agaagectyg “tcggty aag gcaag tggatatacc 900
ttcagcecagat ctacgatgca gtgcga cag ¢ gacaa tgagtggaty &
ggatacatta atcctageag tatact aattacaatc agaaa ggacagaghbc
acgattaccg cggacaaatc agcaca gectacatgg agctgagcecag cctgagatct
gaggacacgy ccghtgtatta gogaga ccoccaaghtac actatgatta caacgggttt
cettactggy gocaaggaac gtcace gtetecteag gtggaggegg ttcaggecgga
ggtogatceyg geggtyggeygg ggtggce tg acatccagat gacccagtct
cct c jtetgeate ggagac t ttgcag tgccagctca
agtgtaagtt acatgaactg gt agcag a ccctaa gagatggatt
tatgactc gc ttctggoggtce tcagogyg rtggatctyggg 1440
acagagtt at cagcagcoccetg a tgc ttattactge 15C0
caacagtyg co acccacttto ygt gatcaaacgqg 1560
Ccctecag 1572
- )

{(SEQ ID NO:5Y)

Signal seguence 1s residue 1 to 60

Mature protein seguence of TS8C33%0:
EPKS3DKTHT CPPCPAPEAA GAPSVELFPP KPKDTLMISR TPEVICVVVD VSHEDFEVKE 60

NWYVDGVEVE NAKTKPREEQ YNSTYRVVSV LTVLHODWLN GKAYACAVSN KALPAPIEKT
TSKARGQOPRE POVYTLPPSR DELTENQVSL TCLVKGEYPS DRIAVEWESNG QPENNYKTTP
PVLDSDGSFF LYSKLTVDKS RWQQOGNVESC SVMHEALHNH YTOKSLSLSE GQORHNNESSL
TGTOMAGHESE NSQVQOLVOSG PEVEKPGSSV KVSCKASGYT FSRSTMHWVR QAPGQOGLE
GYINPISAYT NYNQKFKDRYV TITADKSTST 7 VYYCAR PQVHYDYNGE
EYWGQGTLVT VSSGGGGEGG GGSGGGGEGESE
SVSYMNWYQQO KPGKAPKRWI YDSSKLASGV F
QOWSRNPPTE GGGTKVEIKR 888

(SEQ ID NO:S2
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DMA sequence of TRC391:

atggaagcac cagcgcagcet tctce ggctcccaga taccaccggt
gagcccaaat cttctgacaa aa gococageace tgaagoocgey
ggtgcaccgt ct ac cteat gatchoceyyg
accectgagg te gogt aagaccctga ¢g gttc
aactggtacy tg geogt caaagcogeyg dg gcag
tacaac a cgt gtot t ggoa gaat
ggcaaggcat acgecatgego a age oF cat aacc
atctccaaag ccaaagggceca goccoocgagaa ccacaggbgh a geo ¢ cyg
gatgagctyga ccaagaacca ggtcagec : tcaas ctt age
gacatcgeey tggagtggga acaactacaa ¢ geet
ccocgtgetgy ac gacgg agctcaccgt ¢ agagce
aggtggcage aggggaacgt atgaggctet g LACCAC
tacacgcags aga i olels) acaacaattc ttccctgaat
acaggaactc aga cog tocagetggt goaatotggyg
cectgaggtga aga jgty aag graaggcette tggatatacc
ttcagcagat cta cga cag gacaaggget gata
ggatacatta atcc act aat ¢ agaaattcaa gagtc
acgattaccy cgga ca goco Lgg agctgagoag agatct

ggacacdgyg ccgtgta cga caagtee ach atta gagttt
cettactogyg gecaaggs gtcace gtcetcecctecag gty gcaog ggcgsa 1200
ggtggatocy geggtgge ggtgge ggcggatetyg aca agat gacccagtot 1260
cethecacce tgtetge ggagac agagbtcacca tcacttgeag tgod 1320
agtgtaagtt acatgaa cagcag aaaccaggga ctaa gag 1380
tatgactcat ccaaactg ggggtec ccatcaaggt gecag tgg 1440
acagagtt agocty cagectgaty caac tta 15380

cagtoga gtcgta actttc ggcggaggga tgoa gat 5¢0
tcetecaget aa 1572

(SEQ 1D NO:53)

Signal sequence is residue 1 to &0
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Mature protein sequence of TSC391:

W
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EPKSSDKTHT CPECPAPEAA GAESVFLFPE KPKDTLMISR TPEVICVVVD VSHEDPEVKF g
NWYVDGVEVE NAKTKPREEQ YNSTYRVVSV LIVLEQDWLY GKAYACAVSN KALPAPIEKT
POQVYTLPPSR DELTKNQVSL TCLVKGFYPES N AVEWESNG OPENNYKTTE 1
LYSKLTVDES CNVFSC SVMHEALHENE YTQKSLSLSP GORHNNSSLN
TGTQ! NSQVQLVQSG PEVKKPGSSV KVSCKASGYT F3RSTMEWVR QAPGQGL
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PYWGQGTLVT VISGGEGSGE GGIGGEGSGE G DQTLSA:VUD RVIITCSAS 20
SVBYMN KPGKAPKRWI YDSSKLASGV PSRESGS LTISSL QPDDFATYYC 30
OQWSRNPPRTEF GGGTKVEIKR S58 503
s (SEQNO:S4)
DNA sequence of TSC392;
atggaagcac cagcegeaget tetcecttecte ctgetactet ggetoccaga taccaccyggt &0
20 ga g”Cﬂa aat cttctga »aa aactcacaca tgeccceaccegt goccagecacce tgaagcocgaeg 120
gyt ¢ ctbteocoocca aaace g acaccchbeat gatotooogg 180
a sgbtggtggac gtgagccacyg aagaccctga ggtcaagttce 240
a ggaggtgcat aatgccaaga casa gog ggaggagoag 300
tacs ggtcagcegt C t agga ctgast 360
25 gg ggtctccaac c ccccat ¢ ce 420
ate gooococgagaa acaccoctgoo © gg 480
gat gotcagocty of gt ggctt < gc 540
E! Loggagiggga gagcaatggy cagecggaga ctacaa gacc ot 60
o actcogacygg ctocttctte ctetacageoa a caccgt ggac 680
30 aggggaacgt cttctecatge tecgtygatge atgaggetot geac 720
agagcctecte ag caacaattc ttccctgaat 780
aca agatggcagy tggt gcaatctgog 840
cot agaagcoctgy ctte tggatatacc 940
e ctacgatgea L tgagtoggatg 9¢0
35 fofe) atcctagcag cagagte 1020
E cggacaastc tet 1080
ga C gtatta C tht 1140
[ gooaaggaac cag cgga 12060
g 3 goggtggegy cty gtet 1280
40 cottecacce tgtetgeate scca ctea 1320
agtgtaagtt acatgaactg ggyge atggatt 1380
tatgactcat ccasactgge aggt atctggy
ac tea ctetcaccat gatyg trtactge
ca gga gtogtaacce sgga caa’acyyg
45 te get aa
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Ui
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(SEQ ID NO:55)

seguence is residue 1 to 40
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Mature protein segquence of T8C392:

EPKSSDKTHT CE . FLEPP KPKDTLMISR TPEVICVVVD VIHEDPEVKE &0
NWYVDGVEVE NAKTKP VBV LTVLHQDWLN GKAYACAVSN KALPAPIEKT 20
55 ISKAKGCEFRE POVYTL OVSL TCLVKGFYPS DIAVEWESNG QPENNYKTTP 180
P”TDEDGSFF LYSKLT 7ES8C SVMHEALHNH YTQKS ICLV- GQRHNNSSLN 240
S I S8V KVSCKASGYT FSRS3TMHWVR gH”GgCAEWM 200
Y] STST AYMELSSLRS EDTAVYYCAR POVHYDYNG 3&0
GSGG GGSDIOMTQS PSTLSASVGD VTMTCSASS 420
0 LASGYV PSRF3GSGSG TEFTLTISSL DDFATYYC

B
[N}
w o

(SEQ 1D NO:56
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DNA sequence of T5(393;
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(SEQ ID NO:88)
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gagcccaaat cttcetgacaa
ggte cagbcttcoct
accoc tcacatgegt
aactgotacyg tggacggcegt
tacaaca cgtaccgtgt
ggcarag acgcatgego
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DNA sequence of TSC409:
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equencea of TSC408:
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(SEQ I NO:64)
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(SEQ ID NO:65)

Signal seguence
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(SEQ ID NO:69)

ignal seguence ig residue

Mature protein sequence of CAS105:
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QGTRVEIKSS SEPKSSDKTH TCRPCRAPEA AGAPSVELEPR MIS 300
DVSHEEDPEVK FNWYVDGVEV HENAKTKPREE QYNSTYRVVS DWL 3260
NKALPAPIEK TISKAKGQPR EPQVYTLPPS RDELTKNQVS LT GEYP 420
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EDFATYYCQQ WSRNPPTFGG GTKLQITSSS

(SEQ ID NO:70)
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aaca ce teccagecce bcteca sagecaaagyg gcagoecoccga
gaac gy tg gagc tgaccaagaa ccaggtcage
ctga ce tg tcg cegtggagtg ggagagcaat
gggce g9 ag gtge tggac ga cgg c
ttce ca gc tggc agcagygg it
tget a t acgc agaagag
¢ a ga ggaa ctcagat
cegaattcte aggtccaget ggtgcaatc ctgagg tgaagaa
gtgaaggtct cctgcaagge ttctggat tcagca gatctac
g i acaadgy gettgagtgg ataggataca ttaatc
t gaaatht caaggacaga gtcacgatta ccgcggac
acagcctac agctgag cagecctgaga tetgaggaca cggeocgtg
agaccccaa actatga ttacaacgyg tttcocttact ggggeocaagy a tc
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ctge rctg atgatt ttattac gt ggagtcgtaa cocacccact
ttege g ggaccaa gatcaaa ca gctaa
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(SEQ 1D NO:71)

g residue 1 to 5¢

equence of Anti-CD37
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(SEQ ID NO:72)
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(SEQ ID NO:75)
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Mature protein
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EVQLVQSGAE VKK
NRZFK?OVT 3
SGGGGSGGGEG SGGGGESGE
PGOAPRLLIY FAKTLAEG
QGTRVEIKSS SEPKSSDKTH
DVSHEEDPEVK FNWYVDGVEX
NKALPAPIEK TISKAKGQPR
GOPENNYKTT PPVLDIDGSF
PGORHNNSSL NTGTOMAGHS
ROAPGOGLEW IGYINPSSAY
RPOVHYDYNG FRYWGQGTLV
DRVIMTCSAS SSVSYMNWYQ
LOPEDFATYY CQQWSRNPP T

<

(SEQ ID NO:76)

ig residue 1 to &¢

Anti-CD37
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(SEQ 1D NO:77)
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Mature protein
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QGTRVEIKSS SEPKSSDKTH
DVSHEEDPEVK FNWYVDGVEX
NKALPAPIEK TISKAKGQPR
GOPENNYKTT PPVLDIDGSF
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ROAPGOGLEW IGYINPSSAY
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(SEQ ID NO:78)
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(SEQ 1D NO:79)

ignal seguence ig residue 1 to 8¢

Mature protein sequence of Anti-CD37 X TEC455:

EVQLVQSGAE VKKPGESLKI SCKGSGYSEFT GYNMNWVROM PGRKGLEWMGN I
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(SEQ ID NO:80)

(3

DNA sequence of Anti-CD37 X TS{C456:

atggaagcac cagcauautt tetettccte ctgectacteot ggotcoccaga
gaggtgcagae cagte tggagcagag gtg go coggagagtc
tc tgtdagu gctceceggtta ctecattcact ggctacaata tgaactgygt
geotggagty gatgggcoaat attgatcectt attatgotgg )
tcacgg 18 ngpﬂffgtf s gaca agtccatcag 80
gcagoc ’ gtoc gt 360
actc ctgg ggagge 420
gtgy gyga tgy cgggggtgge 480
tgtt geo gy cgaaagagoc 540
gtt gta ccaacagaaa 600
gq tat aga agghtattcca 660
goo ghtggcay ggaca catcag cagocta 720
ccetgaagatt thgeagt gtcaa tcogty gacatto 780
caagggacca aggbgga cotog ttctga caaaact 840
acabgcecac cgtgoc 2AYCC o ¢ gtett cctette 9¢0
ccaaaacccoa aggaca atctcoc 1 aggtcacatyg it 960
tgageo acgaag gtcaag acy qg ra 1020
atgcca agacaaa g gca cg 1080
o caccyg tccot g catacgegty 1140
EE agoos T aagy g 1200
gaaccacagg tgtacac gc caagaa ccaggtcago 1260
ctgacctgoe tggtcaa atcca tog cogtggaghbyg ggagagcaat 1320
gggcageagy agaacaa ccacyg tgce tggactccoga cggotcocttc
ttecctetaca go cgbggacaay ggc ageaggggas cgtcettetcea
tgctec tctgecacaac cgc agaagagcect ctcectgtet
cocgagt ttettoccty gaa ctcagatggc cattct
cegaattete ggtgcaatct agy tgaagaagoc cectey
gtgaacgtct ttctggatat gea gatcta g gggtyg 1680
cgacaggocs gottgagtgg aca ttaatcctag cagtgcttat 1740
actaabttacsa caaggacaga tta cecgeggacas gage 1800
acagcotaca cag gaga ggaca cggccghtgta ttactgtgeg 18€0
agaccocaag ttacaacggyg tccttact ggggccaagg aacccotggtce 1920
accgtcoteoct agyc ytggat ccggeggtygy at t 1980
ggcggeggat ct ccag cca ccoctgtetge a 2040
gacagagtca cc caga taa gttacatgaa g 2160
cagaaaccay ggaa Y act catccasact g 2160
gtcccatcaa gygtte gatt atactctcac 2220
tgcagoctg atgat cagt ggagtcgtaa o 2280
c g ggacc coca gotaa 2325
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Signal seguence is residue 1 to 50

Mature protein sequence of Anti-CD37 X TS(456:

EVQLVQOSGAE VKKPGESLKI SCKGSGYSET GYNM PGRGLEWMGN I &0
NREFKGQOVTI SADKSISTAY LOWSSLKASD TAMY GPEFDSWGQGT LVT 120
3GGGGSGEGE SGGGESGEGE SEIVLTQSPA TLS TLSCRASENV Y3YLAWYQOK 180
PGOAPRLLIY FAKTLAEGIP ARFSGSGESGT DFTLTISS PEDFAVYYCQ HHSDNEWIFG 240
QGTKVEIKSS SEPKSSDKTH TCPPCPAPEA AGAPSVFELEP PKPKDTLMIS RTPEVICVY \/\’ 360
DVSHEDPEVK FNWYVDGVEV ENAKTKPREE QYNSTYRVVS VITVLHQDWL RKAYACAVS 360
NKALPAPIEK TISKARGQPR EPQVYTLPPS TRNQVE LTCLVKGEYE 420
GQPENN"/ KIT PPVLDSDGSE FLYSKLTVDK QOGNVES CSVMHEALHN 480
GQRHNNSS3L NTGTQOMAGHS PNSQVQLVQOS JKKPGSS VRKVSCKASGY 540
"\gr‘f‘ Q IGYINPSSAY TNYNQKFKDR ‘P DKSTS TAYD 600
P 660

RPOVHYDYNG FPYWGQGTLV TVS SCUCGQG C
DRVIMTCSAS SSVIYMNWYQ Y K“’U I3
LOPDDFATYY CQOQWSRNPPT

(SEQ ID NO:82)

GGGG3G GG "C‘D QMT’\
8 3

SG VPSRFSGIGS

Protein sequence of TSC455 anti-CD3 sckv

[N @]

VOLVOSGPEVKEPGS SVEVSCRKASGY TESRSTMHWVRQA]

TSTAYMELDQTPQFDTWJYYCK#PQVHYDYRF PYWGQGT
SASSSVSYMNWYQOKPGKAPKRWIY

SGGTKVETIKRSSS

<

PSTLSASVGDRVTMTCS
FATYYCQQWSRNPPTFG
(SEQ 1D NO:33)

Protein sequence of TSC436 anti-CD3 sckv

OVOLVOSGPEVKKPGESVKVSCRASGYTEFSRETMEWVRQAPGOGLEWIGY INPSSAYTNYNQKFKDRVTITADK
STSTAYMELSSLRSEDTAVYYCARPQVHYDYNGEPYWGQGTLVIVSSGGCEESEGEESGEEESEEEESDIOMTOS
PSTLSASVGDRVIMTCSASS SVSYMNWYQOKPGRAPKRWIYDSSKLASGVPSRESGSGSGTDYTLTISSLOPDD
FATYYCQOQWSRNPPTFGGGTKVEIKRESS

(SEQ ID NO:84)

Protein sequence of DRA22Z anti-CD3 sckv

T“JVESGGGVVQDGRSLR]\VKASGYT?TPQTAEW” CAPGOGLEWIGYINPSSAYTNYNQKEE
KSTAFLOMDSLRPEDTGVYFCARPOVHYDYNGEFRPYWCGQGTEVIVISSGGEESGGEESGGEESAQR
LDAQVGDRVTMTCSXSSSVSWWVWYﬁ JKPGKAPKRWIYDSSKLASGVPARFSGISGSGTDYTLTI
YYCQOQWSRNPPTFGGGTKLQITSSS
(SEQ ID NO:35)

{DRETISADK

Protein sequence of TSC455 and TSC456 variable heavy domain

CVOLVOSGPEVKKPGSSVKVSCKASGY TESRSTMEWVRQAPGQGLEWIGY INPSSAY TNYNQKEFKDRVT L TADK
STETAYMELSSLREEDTAVYYCARPQVHYDYNGERPYWGOGTLVTVSES
(SEQ D NO:86)

Protein sequence of DRA222 variable heavy domain
Q”Q VESGGGVVQOPGRSLRLSCKASGYTEFTRSTMEWVROAPGOCGLEWIGY INPSSAYTNYNQKFKDRETISADK

STAFLOMDSLRPEDTGVYFCARPQ Vq.uVNG??VTbQ S TEVTVSS
(&,M) 1D N(:87)
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Protein sequence of T5C455 variable light domain

DIOMTOSPSTLSASVGDRVIMTCEASSSVEYMNWYQOQKPGKAPKRWIYDSSKLASGVESRESGSGSGTEYTLTI
SSLOPDDFATYYCOQWSRNPPTFGGGTKVEIKRS

(SEQ D N{O:88)

Protein sequence of TE{456 variable light domain

OTO

DIOMTOSPSTLSASVGDRVTIMTCSASSSVSYMNWYQOKPGKAPKRWIYDSSKLASGVESRESGSGSGTDYTLTI
SSLOPDDFATYYCOOWSRNEPRPTFGGGTKVEIKRS

{(SEQ ID NO:8%

Protein sequence of DRA222 variabie light domain
DIQMTOSPSSLSASVGDRVIMTCEASSSVEYMNWY QQKPGRKAPKRWIYDSSKLASGVPARESGSGSGTRYTLTL
SSLOPEDFATYYCQOWSRNPPTFGGGTKLOITS

(SEQ ID NG:90)

Cris7 and DRA222 VH CDR1 (Kabat) RSTMH (SEQ ID NO:91)

Cris7 and DRA222 VH CDR2 (Kabat) YINPSSAYTNYNQKFK (SEQ ID N(:92)
Cris7 and DRA222 VH CDR3 (Kabat) QVHYDYNGFPY (SEQ ID NO:93)

Cris7 and DRA222 VL CDR1 (Kabat) SASSSVSYMN (SEQ 1D NO:94)

Cris7 and DRA222 VL CDR2 (Kabat) DSSKLAS (SEQ ID NG:95)

Cris7 and DRA222 VL CDR3 (Kabat) QQWSRNPPT (SEQ 1D NO:96)

Cris7 and DRA222 VH CDR1 (IMGT) GYTFTRST (5EQ ID N{:199)
Cris7 and DRA222 VH CDR2 (IMGT) INPSSAYT (SEQ D NO:266)
Cris7 and DRAZ22 VH CDR3 (IMGT) QOWSRNPPT (5EQ ID NG:201)
Cris7 and DRA222 VL CDR1 (IMGT) ASSSVEY (SEQ 1D NO:202)
Cris7 and DRAZ22 VL CDRZ (IMGT) PSS (SEQ H>» NO:203)

Cris7 and DRAZ22 VL CDR3 (IMGT) QOWSRNPPT (SEQ ID NG:204)

DNA sequence of ROR133:
atggaagcaccagegeagcettoteticctectgetaciciggoctoccagataccaceggtgacatccagaigacocagteccectectocetg
tecgectecgigggegaccgggtgaccatcaactgecaggecicecagtccategaciccaacctggectggitccageagaagcceggc
aagccccccaagetgetgatctaccgggecteccaacctggecteoggegtgeoctoccggtictocggctecggetecggeaccgactica
cectgaccaictectocctgeageecgaggacgiggecaceiaciactgectgggoggegtggaocgoeestgicctaccggacciccticyg
geggegecaccaaggiggagatcaagggiggaggecgaticaggoeggaggiggatocggoggiggogacteeggtpgcgcggatct
gaggtecagetggtogagtocggcggeggectggigcageocggecggtecctgeggoigicotgeaccgectecggetocgacatea
acgactaccccaictectgggtgogocaggooccogoeaagggoctggagiggategocticatcaactceggoggctecacetggtac
geotectgggtgaagggoecggticaccatcteccgggacgactocaagiccategoctacctgeagatgaacicectgaagaccgaggac
accgeogtgtactatigegeocggggctaciccacetactacggegacticaacatciggggoecagggcacoctggtgaccgigicetiega
gtgageccaaaictictgacaaaacticacacatgeccaccgigeccageacctgaagecgegggtacacegicagicticetettcoecoea
aaacccaaggacacecteatgateiocceggaceectgaggtcacatgegigategtggacgtgagecacgaagacecigaggtcaagiic
aactggtacgiggacggcgtggaggtocatagigecaagacaaagoogegggaggageagtacaacageacgtacegtgiggtcagey
tecteacegicctgeaccaggactggctgaatggeaaggaatacaagtgegeggictccaacaaggoectieccageceecaicgagaaaa
ceatctecaaagecaaagggeageccogagaaccacaggigtacacectgoeccecaiccegggatgagetyaccaagaaccaggteag
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cotgacctgectggtcaaaggctictatccaagegacategecgtggagiggoagageaatgggeagecggagaacaactacaagacca
cgoctocegtgctggactecgacggctecticticeictacageaageticacegtggacaagageaggtggcageaggggaacgtcticic
atgetocegtgatgcatgaggcetctgcacaaccactacacgcagaagagoctoteccctgicteoggattctggtaggaggogeitcagecasa
ggtgoctecggogetgacggategecggectetcaggtecagetggiggagictgggoocegagtgotgcagecigggocgatcactga
ggctgtectgcaaggctictggetacacctttactagatctacgatgeactgggtaaggcaggececiggacaaggtctggaatggatigga
tacattaatcctageagtgctiatactaatiacaatcagaaattcaaggacaggticacaateagegeagacaaatecaagageacagectio

ctgcagatggacagectgaggecegaggacaccggegtctattictgigeacggececaagiccactatgattacaacgggtitccttactg

gggecaagggacteeegteactgictetageggigeocggagoaictggoootggcggatceggaggatgategctctgracaagacates
agatgacccagiciccaageagectgtetgcaagegtggggeacagagteaccatgacctgeagtgecagetcaagigtaagitacatga

actggtaccageagaagecgggeaaggeccccaaaagatggattiatgacicatccaaaciggetictggagicectgeicogeticagteg

cagtgggtetggoaccgactatacecicacaatcageagectgeageoegaagatitcgecactiatiactgecageagtggagtcgtaace
cacccacgticggaggggaoaccaagetacaaattacatectecagetaa

DOOOOD

(SEQ ID NO:97)

Mature protein sequence of ROR133:
digmtqspssisasvgdrviinegasgsidsnlawlqgkpgkppkilivrasnlasgvpsrisgsgsgtdfiltisslgpedvatyyelggy
gavsyrisfggethveikgoogsgosasoosossgogsevglvesggatvapgrsitlsctasgsdindy piswvrgapgkglewigf
msgastwyaswvkgrftisrddsksiaylgmmslktedtavyycargystyygdfniwgqgtivivsssepkssdkthteppepapea
agapsvilfppkpkdtimisripevtevvvdvshedpevkinwyvdgvevhnaktkpreegynstyrvvsvitvihgdwlngkeyk
cavankaipapiektiskakggprepgvytippardeltkngvslicivikglypsdiavewssnggpennyktippvidsdgsfiyski
tvdksrwaqgenviscsvmhealhnhytgksisispgsgegesgsgosgsegspgsqvglvesgggvvqpgrsirlsckasgytfirst
mhwvrqapgqglewigyinpssaytnyngkfkdriftisadkskstaflgmdsirpedigvyfearpqvhy dyngfpywgqgtpvty
ssgggasgoossgoaosaqdiqmitgspssisasvgdrvtmicsasssvsymnwyqakpgkapkrwiydssklasgvparfsgsgs
gidytitissligpedfatyyeqqwsmpptfogatkiqusss

(SEQ ID NO:98)

DNA sequence of ROR193:
atggaagcaccagegeagcetictettectectgetacictggeicccagataccaccggteacatecagatgacceagtoceectecticoety

<

tccgeoctecgtggocgaccggateaccatcaactgecaggocteecagiceategactccaacetggectggticcagragaageecggc

aagceccccaagetgetgatctacegggectecaacciggectocggegtacectecoggticiceggetccggetceggcacegactica
cecigaccatctectecotgeageccgaggacgiggecacctactactgectggacggegigggcgecgigtectaceggacctecttcg
gegacggcaccaaggtggagatcaagagtgpagygcggitcagecpoaggtggatccggeggtaacgaciccggiggeggcggatet
gaggtgcagctggtegagtccggeggcggectgatacageccggecggtoccigeggctgiectigeaccgeciceggeiccgacaica
acgactaccccateicctggotacggeaggecceeggcaaggacciggagtggaicggcticaicaacteeggcggeiccacctggiac
gcctoctgggteaagggecggttcaccatetcccgggacgactccaagiccatcgeciacetgeagatgaactecctgaagacegaggac
accgecgtgtactatigegeccggggctactecaceiactacggogacticaacatetggggecagggcaccectggtgaccegtgicotcga
gtgagcccaaatettictgacaaaactcacacatgeecacegigoccageacctgaagoegegggtgcacegteagtcticeicticeocoeca
aaacccaaggacaccetcatgateteceggaceccigaggtcacatgegtggtagiggacgigagccacgaagaccetgaggtcaagitc
aactggtacgtopacgecgtagaggtocataatgecaagacasagecgoggeeaggagcagtacaacageacgtacegtgtggtcageg
tectcacegtoctgeaccaggactggctgaatgscaaggaatacaagigegeggictecaacaaageccteccageccccatcgagaaaa
ccatctecaaagecaaagggeageceegagaaccacaggigtacaccotgeocecateoegggatgageigaccaagaaccaggicag
cctgaceigectggicaaaggctictatecaagoegacategecgtggagigggagagcaatgggcagecggagaacaactacaagacca
cgeetecegtgetggaciecgacggotecticttcctetacageaagetcacegtggacaagageaggtogcageaggggaacgicticic
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atgetoccgtgatgeatgaggctetgcacaaccactacacgcagaagagoctotecoctgictecggatictogtaggaggoggtitcaggessa
gotgectccggeggtapcggaicgecggectcicaggtecagetggtgcaatotgggectgagagtgaagaagectgggtecteggtgaa

gototcctgoaaggctictggatataccttcageagatctacgatgcacigggiocgacaggecectggacaagggctigagioggataggat
acattaatcctageagigettatactaatiacaatcagaaattcaaggacagagtcacgattaccgeggacaaatccacgageacagectaca
tggagetgageageotgagatctgaggacacggecgigtatiacigtgcgagaccocaagtccactatgatiacaacgggtticctiactgg

ggccaaggaaccetggteacegictecteaggtggaggeggttcaggegpagatggatccggoggtgncggategggtggeggeggat
ctgacatecagatgacceagtetiecttecacectgtetgeatetgiaggagacagagicaccatgactigeagtgocagetcaagtgtaagtt

acatgaactggtatcageagaaaccagggaaageoccctaagagatggatitatgacicatecaaactggotictggggteccatcaaggtte
ageggcagtggatctgggacagagtatacicteaccatcageageotgcagoectgatgatitigeaacttattactgecaacagtggagtegt
aacceaceeactticggeggagggaccaaggiggagatcaaacggicctecagctag

(SEQ D NO:99)

Mature protein sequence of ROR193:
Digmigspsslsasvadrviineqasqsidsnlawtfggkpgkppkihivrasnlasgvpsrisgsgsgtdftitisslgpedvatyyelgg
vgavsyrtstogotkveikggegesgpoosgooospooosevglvesguglvgpgrsirisctasgsdindvpiswvrgapgkglew:
gfinsggstwyaswvkgrfusrddsksiavigmnslktedtavyycargystyygdfuwgqggtivivsssepkssdkthteppepap
eaagapsvitippkpkdtimisrtpevicvvvdvshedpevkfnwyvdgvevhnakikpreegynstyrvvsvitvihgdwlngke
vkeavsnkalpapiektiskakgqprepgvytlppsrdeltkngvsitclvkgtypsdiavewesnggpennyktippvidsdgstily
skltvdksrwagenviscsvmbeathnhytaksislspesggeesgoogosgeoospesqvglvgsgpevkkpgssvkvsckasgy
tfsrstmhwvrgapgqglewigy inpssayinyngkfkdrviitadkststaymelsslrsedtavy yearpgvhy dyngfpy weqst
ivivssggggsgogosgesosoooosdigmigspstisasvgdrvimicsasssvsymnwyqakpgkapkrwiydssklasgvps
risgsgssteytiissiqpddfatyycqqwsmpptigggtkveikrsss

(SEQ ID NO:100)

DNA sequence of ROR134:
atggaagcaccagegeagettcteticctectgetacictggeteccagataccaceggigacatccagatgaccecagiceccetectecetg
tccgectecgtggocoaccgggtoaccatcaactgecaggectcocagiccatcgactccaacetggoctggticcagoagaageccggce

aagececocaagetgetgatctaccgggectecaacciggectecggegtgecciccoggtictiecggetecggotcoggeaccgactica
ccctgaccatctectecotgeageccgaggacgtiggecacctactactgeotggaocggcgiggacaccgigtcctaccggaceiccitcg
geggeggcaccaaggtggagaicaagggatasaggcggticagecggaggtogatccggeggtgacggctccggtgecggoggatet

gaggtocagctggtogagiceggogocgacciggigcageccgacggcticectgeggctgiccigeacegectecggetecgacatea
acgactaccecatcicctggetacggeagacccecggeaaggacctegagtggatcggcticatcaactocggeggciccacctggtac
gcegactcggteaaggoccggttcaccateteccggeacicctecaagaacaccetgtaccigeagatgaactecetgegggocgaggac
accgeegtgtactictgegeccgggeectactecacciaciacggegacticaacatctgggaccagggcaccetggigacegtgtocicga
gtgageccaaatettcigacaaaactcacacatgeecacegigeccageaccigaagoegegggtgcacegteagteticctcticecocca
aaacccaaggacacccteatgatcteceggacceectgaggtcacatgegtegigotagacgigagecacgaagaccetgaggicaagtte
aaciggtacgiggacgecgigpaggtecataatgccaagacaaagecgegagaggagcagiacaacageacgtacegtgtggteageg
tectcacegtoctgeaccaggactggctgaatagscaaggaatacaagigegeggictecaacaaageccteccageocceatogagaaaa
ccatctecaaagecaaagggeageceegagaaccacaggigtacacectgececcateccgggatgagetgaccaagaaccaggicag
cctgaccigectggtcaaaggcttctatccaagogacatcgecgtggagtegggagagcaatgggcagecggagaacaactacaagacca
cgeciccogtactggactocgacggctecticttcctetacageaagetcaccgiggacaagagcaggtigocageagggoaacgicticte
atgetccgigatgeatgaggeictgeacaaccactacacgeagaagagcectcteccigtetccggatictggtogaggocggticaggogga
gotooctceggeggtggoggatcgecggacicicaggtccagetggiggagtctgggggcggagiggtgcagectgggeggtcaciga
goctgtectgeaaggetitctiggetacaccttiactagatetacgatgeactgggtaaggcaggeccctggacaaggtctggaatggatigga
tacatiaatcctageagtgetiatactaattacaatcagaaaticaaggacaggticacaatcagegeagacaaatecaagageacagecttc
ctgeagatggacagoctgaggoccgaggacaceggegictattteigtgeacggecccaagtecactatgattacaacgggtittectiactg
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gggccaagggacteoegteactgictetageggigecggagaotctgggogtggcggatccggaggtaatggctictgeacaagacatee
agatgacccagiciccaageagectgictgcaagegigggggacagagteaccatgaccetgeagtgecageteaagigiaagitacatga
actggtaccageagaagecgggeaaggecoecaaaagatggattiatgacicatccaaaciggetictggagicectgetegeticagteg
cagtggateigggaccgactatacccicacaatcageagectgeagoccgaagatticgecactiattacigecageagtggagicgtaace
cacceacgticggaggggggaccaagetacaaatiacatectecagetaa

(SEQ 1D NO:101)

Mature protein sequence of ROR134:

Digmigspssisasvgdrviincgasqsidsnlawfggkpgkppkllivrasniasgvpsrisgsgsgtdftitisslgpedvatyyclgg
vgavsyrtstfogetkveikggeosopoosoooospooosevgivesgaatvapggsidsctasgsdindvpiswvrgapgkglewt
ghinsggstwyadsvkgrfusrhsskntlvigmnslraediavyicargystyygdfmwgqgtivivsssepkssdkthicppepape
aagapsvilfppkpkdtimisripevtevvvdvshedpevkfnwyvdgvevhnakikpreeqynstyrvvsvitvihgdwingkey
keavsnkalpapiektiskakgqprepgvvtlppsrdeltkngvsitelvkefypsdiavewesngapennyktippvidsdgstilys
kltvdksrwaggnviscsvmhealhnhvigkslslspgsgegespoposggoaspasgvglvesgggvvapgrslrlsckasgyift
rstmhwvrgapgqglewigyinpssaytnyngkfkdrftisadkskstaflgmdslrpedtgvy fearpgvbydyngfpyweqetp

vivssggoosggaaosoooosagdigmigspssisasvgdrvimtcsasssvsymnwy qokpgkapkrwivdssklasgvparfag
sgsgtdytitissigpedfatyyeqqwstnpptfoggtiklgitsss
(SEQ ID NO:162)

DNA sequence of ROR1I8%:
atggaagceaccagegeagetictetiectoctgotacictggctcccagataccaceggtgacatecagatgacccagicoccctiectecctg
tcegectecgtggoegacegggtoaccatcaactgecaggecteecagtceatcgactecaacetggectggticcageagaageeegge
aagcoccccaagetgetgatetacegggcectecaacciggectecggegigecciceeggticiceggetecggetceggeaccegacitca
ceotgaccateticctcectgeageccgaggacgtegccacctactactgectgggeggegigeecgccgigicctaccggaceiccitcg
geggcggcaccaagatggagalcaagagiggaggcggticagecogaggtopatccggeggtgacggciccggtagcggacggatet
gaggtocagcetggtogagiceggeggcgacciggtgcageccggeggetcectgoggctgicctgeacegectecggeiccgacatea
acgactaccccatcicctgggtacggcaggeccecggeaagggcciggagiggatcggcticatcaactecggeggcetccacciggtac
gcegacteggteaaggoccggattcaccatetccocggeactectecaagaacaccetgtaccigeagatgaaciceotgeggoccgaggac
accgecgtgtactictgegeccgggoectactecacctactacggegacticaacalctggggecagggcaccctggigaccegtgicetcga
gtgagccocaaatetteigacaaaactcacacatgeecacegtgeccageaccigaagecgegggtecacegtcagtcticeicticeoceca
aaacccaaggacacccteatgatcteceggacceectgaggteacatgegtegtogtogacgigagocacgaagacectgaggicaagite
aactggtacgtggacggcgtggaggtecataatgecaagacaaagecgeggeaggageagtacaacageacgtaccegigtggtcageg
tcctcacegtoctgeaccaggactegctgaatgacaaggaatacaagtgegeggictecaacaaageccteccageocceatogagaaaa
ccatetecaaagecaaagggeageceegagaaccacaggigtacaceotgececcateoegggatgageigaccaagaaccaggicag
cctgacctigectggicaaaggctictatecaagogacatcgecgtggagtegggagagcaatggocagocggagaacaactacaagacca
cgectecegtgetgeactecgacggetecticticetctacageaagetcaccgiggacaagagcaggatggeageaggggaacgicticte
atgeiccgigatgeatgaggeictgcacaaccactacacgeagaagagcctcteecigtcteegggtictggtogagocaaticaggegga
gotooctocggeggtggeggategecggacictcaggiccagetggtgcaatetgggoctgagatoaagaagecigggtocteggigaa
gotctoctgoaaggcetictggatataccttcagcagatciacgatgcactggatgcgacaggeccectggacaaggactigagiggataggat
acattaatcctageagtactitatactaatiacaatcagaaaticaaggacagagicacgatiaccgeggacaaatecacgageacagectaca
tggagctgagcagecigagatetgaggacacggeogtgtatiactgigegagacoccaagiccactatgattacaacgggatticcttacigg
ggccaaggaacectggicacegtetccicaggigeagocggticaggeggaggtgoatecgglggigeegeategeotoocoocegat
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ctgacatccagatgaccceagtciccttccaccetgictgcatctgtaggagacagagicaccatgactigeagtgecageticaagtgtaagtt
acatgaactggtatcagcagaaaccagggaaageocctaagagatggatttatgacicatccaaactggctictggggtoccatcaaggtic
agoggcagtggatetgggacagatiatactcicaccatcageagectgeagecigatgattitgeaactiatiactgocaacagiggagtegt
aacceacccacttteggeggagagaccaaggiggagatcaaacggtcetccagetaa

(SEQ 1D NO:103)

Mature protein sequence of ROR189:
digmtgspssisasvgdrvtincgasgsidsnlawtqakpgkppkiliyrasnlasgvpsrisgsgsatdfiltissiqpedvatyyclggy
gavsyrisfogetkveikgooosposasoooosoooosevalvesggatvapagpsidsctasgsdindvpiswvrgapgkglewig
finsggstwyadsvkgritisrhsskntlylgmushaediavyicargystyyadimwaggtivivsssepkssdkthicppepapea
agapsvilfppkpkdtimisrtpevtevvvdvshedpevkinwyvdgvevhnaktkpreegynstyrvvsvitvihgdwingkeyk
cavsnkalpapiektiskakggprepgvytlppsrdeltkngvshiclvkgfypsdiavewesnggpennvktippvidsdgsfilyskl
tvdksrwggenviscsvmhealhnhytgkslslspgsgggaseooosgoaospesgvglvagsgpevkkpgssvkvsckasgyifs
rstmhwvrqapgqelewigyinpssayinyngkfkdrvtitadkststaymelssirsedtavyycarpgvhy dyngfpywgqathy
tvssggogsggugsgogosaoaosdigmigspstisasvadrvtmicsasssvsymnwyqakpgkapkrwiydssklasgvpsef
sgsgsatdviltisslgpddfatyyegawsrapptinggtkveikrsss

(SEQ ID NO:104)

DNA sequence of ROR154:
atggaagceaccagegeagettctetiectoctgotacictgecteccagataccacegatgacatccagatgaccecagicoccctiectecctg
tccgectecgtgggegacegggtgaccatcaactgecaggocteecagtecatcgacticcaaceiggectggitecageagaageeegge
aagcecccccaagetgotgatctacegggectecaacciggectecggegtgccciceeggticiceggeticcggetceggeacegaciica
cectgaccatctectecctgeageccgaggacgtagocacctactactgectigggeggogiggacgccgigicciaceggaccicoiicg
geggegocaccaaggtgoaoaicaaggotgcasocooticagecggaggatooalccggcgoigocgociceggtogcggcggatet
gaggtocageigotogagiccggeggcggccigotgcageccggecggteectgcggetgtectgeaccgectecggetecgacatea
acgactaccccatcaccigggtacggcagoccoecggeaaggacciggagtggatcggcticaicaactecggeggceiccacciggtac
goctectgggteaaggoccggitcaccateicccgggacgactecaagiccategectacetgeagatgaacteectgaagaccgaggac
accgecgtgtactatigegcccgggoectacteccacciactaccgggacticaacatctggggecagggcaccetggigacegtgicetega
gtgagcccaaatcttcigacaaaactcacacatgeecacogigeccageaccigaagecgegggtgoacegtcagicticcicticeceeca
aaacccaaggacacceicatgatetcecggacecctigaggicacatgogtggtegiggacgigagecacgaagacceigaggtcaagtiic
aaciggtacgiggacggcgtiggaggtecataatgecaagacaaagecgegggaggageagiacaacagcacgtacegigtggtcageg
tccicaccgtoctgeaccaggactggctgaatggcaaggaatacaagtgcgcggictecaacaaageccticccageocceatcgagaaaa
ccatctocaaagecaaagggeageceegagaaccacaggigtacaccotgeccccateoegggatgageigaccaagaaccaggicag
cetgacctgectggicaaaggctictatecaagegacatcgecgiggagigggagageaatgggcagecggagaacaactacaagacca
cgecteccgtgetgeactecgacggetecticticetelacageaagetcaccgiggacaagagcaggtggeageaggggaacgicticic
atgciccgigatgeatgaggeictgcacaaccactacacgeagaagagcctcteccigtctecgggtictggtegagocgaticaggrgga
gotooctoeggeggtegogeategecggacictcaggtccagetggiggantotggggocggagtegtgcagectgggeggtcaciga
goctgtectgeaaggcttctggctacacctttactagatctacgatgeactgggtaaggcaggecoctggacaaggtetggaatggatigga
tacattaatcctageagtgotiatactaattacaatcagaaaticaaggacaggttcacaatcagogeagacaaatccaagageacagecttc
ctgeagatggacageotgaggeecgaggacaceggegtetatttcigtacacggcccecaagtecactatgattacaacgggtttecttacty
gooccaaggeacicecgicactgteictageggiggcggagegtctgggggigocagatccggagategigactctgcacaagacatce
agatgacccagtciccaageagectgictgeaagegigggggacagggicaccatgacctgeagigecagetcaagigtaagttacatga
actggiaccagcagaageogeecaaggoccccaaaagatggattiatgactcatecaaactggettciggagteectgetegettcagtyy
cagtgggictgggaccgactataccetcacaatcageageetgeageccgaagatitegecacttattactgocageagiggagtogtaace
cacccacgticggaggooooaccaagetacaaatiacatectecagetaa
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(SEQ ID NO:105)

Mature protein sequence of ROR154:
digmtgspsslsasvgdrvimncgasgsidsnlawtqgkpgkppklliyrasnlasgvpsrisgsgsptdftltissiqpedvatyyelggy
gavsyristogotkveikggeospoovsgooospovosevglvesgaglvaparsirisctasgsdindy pitwvrgapgkglewigt
insggstwyaswvkgritisrddsksiavigmnsikiedtavyycargystyyrdfniwgggtlvivsssepkssdkthteppepapea
agapavilfppkpkdtimisripevtevvvdvshedpevkinwyvdgvevhnaktkpreeqynstyrvvsvitvihgdwlingkeyk
cavsnkalpapiektiskakggprepgvytippsrdeltkngvslicivketypsdiavewesnggpennyktippvidsdgsfflyskl
tvdksrwgggnviscsvmhealhnhytgkslsispgsgguaseooosgususpesgvilvesggavvaparsirlsckasgyifirst
mhwvrgqapgqglewigyinpssayinyngkfkdrfiisadkskstaflgmdsirpedigvyfearpqvhydyngfpyweqgtpviy
ssggggsgoouseooosaqdigmiqspsslsasvgdrvimicsasssvsymnwyqakpgkapkrwivdssklasgvparfsgsgs
gtdytitisslgpedfatyycqqwsmpptfeggtkiqisss

{(SEQ D NO:106)

DNA sequence of ROR185:
atggaageaccagegeagetictettecteotgetacictggctoccagataccaccggtgacatecagatgacecagiccocctoctoocty
tccgectecgigegcgaccggatoaccatcaactgecaggecicocagtecatcgactccaacciggoectiggttccagragaageeegge
aageeccccaagetgetgatetacegggectecaacctggectecggoegtacecteccggticiecggetccggetceggeacegactica
cectgaccatctectecctgeagecegaggacgtggocacctactactgectgggeggogtiggacgecgigicciaceggacciccticg
geggeggeaccaaggtggagatcaagaotogaggcggticaggeggaggtgpatceggeggtgacgocteeggtggegacygatet
gaggtocageigotogagiccggeggeggecigotgcageccggecggieectgeggeigtectgeaccgectecggeteegacatea
acgactaceccatcaccigggtgcggeaggeccecggeaagggeciggagigeaicggcticaicaactecggeggotecacetiggtac
gectectgggtgaagggocggticaccaicteccgggacgactecaagtocategectacetgeagatgaactcectgaagacegaggac
accgeegtatactattgegeccggggctacticcacctactaccgggacticaacatctggggccagggcacectggigacegigicctcga
gigageccaaatcticigacaaaacicacacatgeecaccgigeccageaceigaagecgegggtgeaccgtcagicticeteticececea
aaacccaaggacacceicatgatctcecggaceectgaggicacatgegtggigeiggacgigagecacgaagacceigaggtcaagitc
aactggtacgtggacggcgtggaggtecataatgecaagacaaagecgoggeeaggagcagtacaacageacgtaccgigtggtcageg
tcctcaccgtoctgeaccaggactggctgaatggcaaggaatacaagtgegeggictccaacaaagecctcccagoccceatcgagaaaa
ccatctocaaagecaaagggeagecccgagaaccacaggigtacaceetgeceecatccegggatgagetgaccaagaaccaggteag
cctgaccigectggicaaaggctictatccaagegacategecgiggagisggagageaatgggeagecggagaacaactacaagacca
cgectecegtgctegactecgacggctecticticetctacageaagetcaccgtggacaagageaggtegcageaggoggaacgictictc
atgctecgigatgceatgaggcictgeacaaccactacacgeagaagagecicteccigtctecgggtictggtegaosacgoticaggcgga
gotooctocggeggigecggategecgggcictcaggtccagetggtgcaatctgggoctgaggigaagaagecigggtecicggteaa
goictectgoaaggetteiggatataceticageagatetacgatgcactgggtgogacaggecectggacaagggcttgagiggataggat
acattaatcotageagtgettatactaatiacaatcagaaaticaaggacagagicacgatiaccgeggacaaatecacgageacagectaca
tggagceigagcagectgagatetgagaacacggocgtatattactgigegagaceccaagtecactatgatiacaacgggtttcctiacigg
goccaaggaacccetiggicacegtcicetcaggtiggaggcaaticaggcggagatggateceggcggtggcggateggeioocsscggat
ctgacatccagatgaccceagictecticcaccetgictgeatetgtageagacagagtcaccatgacttgeagtaccagetcaagigtaagit
acatgaactggtatcageagaaaccagggaaageccctaagagatggatitatgactcatecaaactggettctgggoicccatcaaggtic
agcggcagtggatctgggacagatiatacteicaccaicageagectgeagoctgatgatitigcaacttattactgecaacagiggagtegt
aacccacccactitcggeggageeaccaaggtggagatcaaacggicciccagetaa

{(SEQ ID NG:367)

Mature protein sequence of ROR18S;
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digmtqspsslsasvedrvtincgasgsidsnlawtqgkpgkppkilivrasnlasgvpsrisgsgsgtdftitissigpedvatyyclggy
gavsyristogatkveikogogspoossoooaspososevglvesgaglvaparsirsctasgsdindypitwvrgapgkglewigt
msgpstwyaswvkgritisrddsksiaylgmnslktedtavyyeargystyyrdfniwgggtivtvsssepkssdkthteppepapea
agapsvilfppkpkdtimisripevtevvvdvshedpevkinwyvdgvevhnaktkpreeqynstyrvvsvitvlhgdwingkeyk
cavsnkalpapiektiskakggprepgvytlppsrdeltkngvsliclvketypsdiavewesnggpennyktippvidsdgsfilyskl
tvdksrwggenviscsvmhealhnhytgksislspgsggggsgooosgooospasqvglvgsgpevkkpgssvkvsckasgyifs
rstmhwvrgapgqglewigyinpssaytnyngkfkdrviitadkststaymelssirsedtavyycarpgvhydyngfpywgqstlv
tvssgogesggpgsggogsgoasdiqmigspstisasvgdrvtmicsasssvsymnwyqakpgkapkrwivdssklasgvpsef

OO0 SO000

sgsgsotdytitissiqpddfatyyeqqwsropptiggatkveikrsss
(SEQ 1D NO:108)

DNA sequence of ROR17%:
atggaageaccagegeagetictettectectgetactetggoteccagataccaceggtgacatecagaigacecagicecectectioccty
tecgectecgigggogacegggatgaccatcaactgecaggectcccagtecategaciccaacciggoctggiiceageagaagocgge
aagececccaagetgetgatctacegggectecaacetggecteeggegtgeecteceggticiceggetecggeiccggeacegactica
cectgaccatctectecctgeageecgaggacgtggecacetactactgectgggeggogtggecgecgtgioctactggacciocticgy
cggeggcaccaaggtggagatcaagggtggagacggticaggeggagetogatccgacggtggeggctecggtggegacggatelg
aggtgcagctggtooaosicocgacgocggcctggtocageccggocggtoccigeggcigicctgeaccgectecggctcogacatcaadc
gactaccccatcacctgggtgcggeaggececcggeaaggooctggagtooatcggeticateaactceggeggetecacetggtacge
ctoctgggetoaaggoccggticaccaicicccgggacgactecaagiceategoctaccigeagatgaactcocigaagaccgaggacac
cgecgtotactatigegeccgggectactocacciactacegggacticaacatctggegocagggcacectggigacegigtoctegagt
gageccaasictictgacaaaacicacacatgeccaccgigeccageacctgaagecgegggiocacegtcagtettecteticeccecaa
aacccaaggacacectcatgateicceggaceectgagatcacatgegtggtogtogacotoaoccacgaagacecigaggtcaagtica
actggtacgtogacggogtegagotigcataatgecaagacaaagocgegggaggagcagtacaacageacgtacegigiggtcagegt
cotcacegtectgcaccaggaciggctgaatggcaaggaatacaagigegegoteiccaacaaageocicecagececcategagaaaa
ceatctecaaagecaaagggeagececgagaaccacaggigtacacectgeccecatoccgggatgageteaccaagaaccaggicayg
cctgaccigectggicaaaggctictateccaagegacategecgiggagigggagagoaalgggcagecggagaacaactacaagacca
cgectccegtgctegactecgacggctecticticetctacageaagetcaccgiggacaagagcaggtogcageaggegogaacgictictc
atgctecgigatgeatgaggcictgeacaaccactacacgeagaagagcecicteccigtcteegggtictggtegagocgaticaggcgea
getggactecggeggtegegeategecgggcictcaggiccagetggiggagtciggggacggagtegigcagectgggcgatcactga
goctgtoctgeaaggotictggctacaccttiactagatetacgatgeactgggtaaggcaggoccectggacaaggtctggaatggatigoa
tacattaatcctageagtgcttatactaattacaatcagaaaticaaggacaggttcacaatcagegcagacaaatccaagageacagectic

peterd

ctgcagatggacagootgaggcccgaggacaccggegictatitcigigeacggececaagiccactatgattacaacgggtttecttactg

gooccaagggactecegicactgicictageggtggeggagagtcteggeootoocooatecggaggtegtogctetgcacaagacatcee
agatgacccagictccaageagectgictgoaagegigggeoacagggtcaccatgaccigeagigecageticaagigtaagttacatga
actggtaccagcagaagecgggacaaggoccccaaaagatggatitatgactcateccaaactggetictggagtocctgctegeticagtgg
cagtgggtctgggaccgactatacectcacaatcageagectgcageccgaagatitegecacttattactgecageagtggagtegtaace
cacecacgticggaggeoooaccaagetacaaatiacatectccagetaa

(SEQ ID NO:169)

Mature protein sequence of ROR179:
digmtgspssisasvgdrvtincqgasgsidsnlawfggkpekppkilivrasnlasgvpsifsgsgsetdftitissigpedvatyyelgey
eavsywisfogptkveikgogoosgoposgooosppoosevalvesgaglvapgrsirisctasgsdindy pitwvrgapgkglewig
finsggstwyaswvkgrftisrddsksiaylgmustktedtavyveargystyvrdfniwgqativivsssepkssdkthicppepape
aagapsvilfppkpkdilmisrtpevtevvvdvshedpevkfowyvdgvevhnaktkpreeqynstyrvvsvitvihgdwingkey



keavsnkalpapiektiskakgqprepgvytippsrdeltkngvsitclvkefypsdiavewesngapennykttppvidsdgstilys
kltvdksrwqqgnviscsvmhealhnhytgksislspesgegespgegsesogspasqvglvesggevvapgrsirisckasgyift
rstmhwvrgapgqelewigyinpssayinyngkfkdritisadkskstaflgmdshrpedigvyfcarpgvhydynefpywgagtp
vtvssgegosgpoosooogsaqgdigmtgspsslsasvgdrvtmicsasssvsymnwygakpgkapkrwiydssklasgvparfsg
sgsgtdytlussigpedfatyyeggwsrnpptfoggtkigitsss

(SEQ D NO:110)
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DNA sequence of ROR186:
atggaagcaccagegeageticteticctecigetacteiggeteccagataccaceggtgacatecagatgacecagteccoctoctioccty
tecgectecgigggegacegggtgaccatcaactgecaggectcccagtccatcgaciccaacciggectggitccagcagaagecegge
aagcececcocaagetgetgatctaccgggoctecaacctggecteoggegtgeoctoccggtictocggeteeggcticcggraccgactica
coctgaccatetectoccigeageoegaggacgtggecacctaciactgectgggeggegtgggcgoegtgtoctactggacctecticgy
cggeggcaccaaggtegagatcaagggiggagocggticaggeggagetogatecgacggtggeggctecggtggegacggatelg
aggtgcagetggtogastecgacggeggoctggtgcageccggecggtecctgeggetgtectgeaccgectecggotecgacatcaac
gactaccccateaccigggiogcggeaggoeccecggcaaggacctggagtggategacttcaicaactocggeggeticcacetggtacge
ctectggetoaaggeocggticaccateteccegggacgactecaagiecategectacctgeagatgaactocctgaagaccgaggacac
cgeogtgtactatigegoceggggetactecacciactacegggacticaacatetggggccagggcaceciggigacegigtectegagt
gageccaaatctictgacaaaacteacacatgeccaccgigeccageacctgaagecgegggiocacegteagtettecteticeccccaa
aacceaaggacaccecteatgateieceggaceoctgaggicacatgegtggtogtggacgtgagecacgaagacectgaggicaagtica
actggtacgtagacggogtyggaggigcataatgocaagacaaageogoegggaggageagtacaacageacgtacegtgtegtcagegt
cetcacegtectgeaccaggaciggctgaatggcaaggaatacaagigegeggteiccaacaaageocicocageccecatogagaaas
ceatetecaaagecaaagggeageccegagaaccacaggigtacacecigeccecatocegggatgagetgaccaagaaccaggteag
cetgacctgectggteaaaggctictatecaagegacategecgtggagigggagagcaatgggeagecggagaacaactacaagacea
cgecteccgtgotggactcegacggetocticticeictacageaageicacogtggacaagageagetegcageaggagaacgicticte
atgctecgtoatgcatgaggoctctgcacaaccactacacgeagaagagecicteccigictecggotictgotogagocgooticagecgsa
ggitgoctecggeggtaogeggategecgggctetcaggticcagetggtgeaaictgggoctgaggigaagaagectggatectcggteas
gotctectgeaaggctictggatataceticageagalctacgatgeactgggtocgacaggccceiggacaagggctigagiopatagoat
acattaatcctageagtgetiatactaatiacaatcagaaaticaaggacagagtcacgattacegeggacaaatccacgageacagectaca
tgoaoctogagcagectgagatctgaggacacgocegigtatiacigtocgagacceecaagtccactatgatiacaacgggiticctiacigy
goccaaggaaccectggteaccegictecteaggtggaggeggttcaggcggaggiggatecggeggtggcggategggiggeggeggat
ctgacatccagatgacceagictecttecacectgictgeateigtaggagacagagicaccatgacitgeagtgccagetcaagtgiaagtt
acatgaactggtatcageagaaaccagggaaageccctaagagatggatitatgacicatecaaactggotictggggteccatcaaggttc
agceggeagtggatetgggacagatiatacicicaccatcageagectgeagectgatgatittgeaactiatiactgecaacagtiggagtegt
aacccacccactiicggeggagegaccaaggtggagatcaaacggicciccagetaa

(SEQ BB NO: 11D

Mature protein sequence of ROR186:
digmtgspssisasvgdrvtineqasgsidsnlawfggkpgkppkiliyrasnlasgvpsrfsgsgsgtdfiltissigpedvatyvelggey
cavsywisfogotkveikggogospooosgooossooosevalvesggglvgpgrsirisctasgsdindypitwvrgapgkglewig
finsggstwyaswvkerfusrddsksiaylgmnslktedtavyycargystyyrdfniwgqgtivivsssepkssdkthicppepape
aagapsvitfppkpkdtlmisripevicvvvdvshedpevkfowyvdgvevhnakikpreeqynstyrvvsvitvihgdwingkey
kcavsnkalpapiektiskakeqgprepgvytippsrdeltkngvshicivkgfypsdiavewesnggpennykitppvidsdesfilys
kltvdksrwgggnviscsvimheathnhyigksislspesgogesegeosogoospesqualvasgpevkkpgssvkvsckasgyt
fsrstmhwvrqapggglewigyinpssayinyngkfkdrviitadkststaymelsslrsedtavyycarpqvhydyngfpywgggtl
vtvssggpgsegoasgoaosoooosdigmiqgspstisasvgdrvimtcsasssvsymnwygakpekapkrwivdssklasgvpsr
fsgsgsetdytlussigpddfatyyeqawsrnpptfgggthveikrsss

(SEQ D NO:112)
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DNA sequence of ROR181:
atggaagcaccagegeageticteticctecigetacteiggeteccagataccaceggtgacatecagatgacecagteccoctoctioccty
tecgectecgigggegacegggtgaccatcaactgecaggectcccagiceategaciccaacciggectggitccagcagaagecegge
aagcececccocaagetgetgatctaccgggoctecaacctggecteoggegtgeoctoccggtictocggeteeggciccggraccgactica
coctgaccatctectoccigeageocgaggacgtggecacctactiactgectgggoggegtgggcgoegigicctaccggacctecticy
geggeggcaccaaggiggagatcaagggtggaggeggticaggcggaggiooateoggcggiggeggcteeggtggcggoggatet
yaggtgcagetggotggasiccggcggeggociggigeagoccgacggeicectgeggetgtectgcacegigiceggeaccgacatea
acgactaccecatctectgggtgeggeaggeceoggeaagggectggagtggateggcticatcaacteoggeggotecacetggtac
geegacteggtgaagggocggticaccateteceggeactectecaagaacacecigtacctgcagatgaaciecetigegggeogaggac
accgecgtgtactictgegeccgggactactecacctactacegggacticaacateiggggoecagggeacectggigacegtgiectega
gtgageccaaaictictgacaaaactcacacatgeccacegigeccageaccigaageegeggatacaccgteagteticotetteccceca
aaacccaaggacacectcatgatetecceggaceectgaggicacatgegtogtggtggacgtgagecacgaagacectgaggicaagtic
aactggtacgiggacggcegiggaggtacataatgecaagacaaagocgcggaaggageagtacaacageacgtaccgigiggteagey
tecteacegicetgeaccaggactggeigaatggeaaggaatacaagigegeggtetccaacaaageocicccagecoecaicgagaaaa
ceatetecaaagecaaagggeageccegagaaccacaggtgtacacecigeccecatocegggatgagetgaccaagaaccaggteag
cetgacctgectggteaaaggotictatecaagegacategecgtggagigggagagcaatgggeagecggagaacaactacaagacea
cgectecegtgotggactcegacggetocticticeictacageaageicacogtggacaagageaggtagcageaggggaacgicticte
atgctecgtoatgcatgaggoctctgcacaaccactacacgeagaagagecicteccigictecggotictgotogagocgoticagecgga
gotgoctecggeggtggeggategecgggcteticaggtccagetggiggagiciggoeoacooagtaotocagecigggcgotcaciga
goctgtectgcaaggotictgoctacaccittactagatctacgatgeactgggtaaggcaggccoctggacaaggictggaatggatigga
tacattaatcetageagtecttatactaattacaatcagaaaticaaggacaggticacaatcagegagacaaatccaagageacagoctic
ctgeagatggacagoectgaggoccgaggacaccggegtctatiicigigeacggececaagiccactatgattacaacgggtitecttactg
gegoccaagggactecegicacigicictageggtggcggaggetctgggootoacgeatccggaggtagtgacicigeacaagacatce
agatgacccagiciccaageagectgictgcaagegigggggacagagtcaccatgacctgeagtgecagetcaagigtaagitacatga
actggtaccageagaagecgggacaaggoccocaaaagatggatttatgactcatccaaaciggctictggagtcectgctegeticagigg
cagtggetctggoaccgactatacecticacaatcageagectgeagoecgaagatitcgocacttattactgecageagtggagtegtaace
cacccacgticggagggocoaccaagetacaaattacateciccagetaa

(SEQ BB NO: 113

[o 3

Mature protein sequence of ROR181:
digmtgspssisasvgdrvtineqasgsidsnlawfggkpgkppkiliyrasnlasgvpsifsgsgsgtdfiltissiqpedvatyvelggy
eavsyrisfogethveikggooseooosgoposgovosevylvesgoglvapgesirliscivsgidindypiswvrgapgkglewig
finsggstwyadsvkarftischsskntlylgmnslraedtavyfeargystyyrdfniwgggtivtvsssepkssdkthteppepapeaa
eapsvilfppkpkdilnmusripevicvvvdvshedpevkinwyvdgvevhnakikpreeqynstyrvvsvitvihgdwingkevke
avsnkalpapiektiskakggprepgvytippsrdeltkngvsliclvkgtypsdiavewesnggpennyktippvidsdgsttlyskit
vdksrwqggnviscsvmhealhnhytgkslslspesgeggsoogesgoguspesqvglvesgggvvgpgrsirisckasgytfirst
mhwvrgapggelewigyinpssaytnyngktkdrftisadkskstaflgmdsirpedtgvytearpgvhyvdynglpyweggtpvtv
ssggegsegogsgagesaqdiqmtgspssisasvgdrvimicsasssvsymanwyqgkpgkapkrwivdssklasgvparfsgsps
otdytitisslgpedfatyycqqwsrpptfogetkigitsss

(SEQ D NO:114)
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DNA sequence of ROR191:
atggaagcaccagegeagetictettcctecigetactctgactoccagataccaceggtgacatecagatgacecagicccectoctoccty
tecgectecgigggegacegggtgaccatcaactgecaggectcccagtccatcgaciccaacciggectggitccagcagaagecegge
aagcececccocaagetgetgatctaccgggoctecaacctggecteoggegtgeoctoccggtictocggeteeggciccggraccgactica
coctgaccatctectoccigeageocgaggacgtggecacctaciactgectgggoggegtgggcgeegigtoctaccggacctecticy
geggeggcaccaaggiggagatcaagggtegaggeggticagecggaggipoateogecggiggeggcteeggtggcggeggatet
yaggtgcagetggotggagiccggcggeggociggigeagoecggcggcicectgeggetgtectgcacegigiceggeaccgacatea
acgactaccecatctectgggtgeggeaggoeceoggeaagggectggagtggateggcticatcaactceggoggotecacetggtac
geegacteggtgaagggocggticaccatcteceggeactectecaagaacaceeigtacctgcagatgaactecctigegggecgaggac
accgecgtgtactictgegeccgggactactecacctactacegggacticaacateiggggoecagggeacectggigacegtgtectega
gtgageccaaaictictgacaaaactcacacatgeccacegigeccageaccigaageegeggatacaccgteagteticotetteccceca
aaacccaaggacacecteatgatetecoggaceectgaggtcacatgegtogtggtggacgtgagecacgaagacectgaggtcaagtic
aactggtacgiggacggcgiggaggtacataatgecaagacaaagocgcggaaggageagtacaacageacgtaccgigiggteageg
tecteacegicctgcaccaggactggctgaatggeaaggaatacaagtgegeggtetccaacaaageecteccagececcatcgagaaaa
ceatetecaaagecaaagggeageocegagaaccacaggigtacacecigeccecatccegggatgagetgaccaagaaccaggteag
cetgacctgectggteaaaggctictatecaagegacategecgtggagigggagagcaatgggeagecggagaacaactacaagacea
cgecteccgtgotggactcegacggetocticticeictacageaageicacogtggacaagageaggtggcageaggggaacgicticic
atgctecgtoatgcatgagocictgcacaaccactacacgeagaagagecicteccigicteeggotictgotogagocgooticagecgsa
ggtgoctecggeggtageggategecgggctetcaggiccagetggtgeaaictggacctgaggigaagaagectggotecticggtoas
gotctectgeaaggctictggatataceticageagalctacgatgeactgggtocgacaggccceiggacaagggctigagiopatagoat
acattaatcctageagtgetiatactaatiacaatcagaaaticaaggacagagtcacgattacegeggacaaatccacgageacagectaca
tgoaoctogagcagectgagatctgaggacacgocegigtatiacigtocgagacceecaagtccactatgatiacaacgggiticctiacigy
goccaaggaaccectggteaccegictecteaggtggaggeggttcaggcggaggiggatecggeggtggcggategggiggeggeggat
ctgacatccagatgacceagictecttecacectgictgeateigtaggagacagagicaccatgacitgeagtgccagetcaagtgiaagtt
acatgaactggtatcageagaaaccagggaaageccctaagagatggatttatgacicatecaaactggotictggggtcccatcaaggtic
ageggeagtggatetgggacagatiatacicicaccatcageagectgeagectgatgatittgeaactiatiactgecaacagtggagtegt
aacccacccactiicggeggagegaccaaggtggagatcaaacggicciccagetaa

(SEQ B NO: 118

[o 3

Mature protein sequence of ROR191:
digmtgspssisasvgdrvtincqasgsidsnlawfggkpgkppkilivrasnlasgvpsrfsgsgsgtdftitissigpedvatyvelggy
eavsyrisfogethveikggoosgeogsgoposgoposevylvesgoglvapgesirlscivsgidindypiswvrgapekglewig
finsggstwyadsvkarftischsskntlylgmnslraedtavyfeargystyyrdfniwgggtivtvsssepkssdkthteppepapeaa
eapsvilfppkpkdilnmusripevicvvvdvshedpevkinwyvdgvevhnakikpreeqynstyrvvsvitvihgdwingkevke
avsnkalpapiektiskakggprepgvytippsrdeltkngvsliclvkgtypsdiavewesnggpennyktippvidsdgsttlyskit
vdksrwqggnviscsvmhealhnhyigkslslspesgegespeoesgopospesgvalvgsgpevkkpgssvkvsckasgyifsr
stimhwvrgapgqelewigyinpssayinyngkfkdrvtitadkststaymelssirsedtavyycarpgvhydyvngfoywegethvt
vssggggsgggesgogosgooosdigmigspstisasvgdrvtmicsasssvsymnwyggkpgkapkrwiydssklasgvpsrfs
esgsotdytitissigpddfatyyeqgwsrnpptiaggtkveikrsss

(SEQ D NO:116)
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DNA sequence of ROR182:
atggaagcaccagegeageticteticctecigetacteiggeteccagataccaceggtgacatecagatgacecagteccoctoctioccty
tecgectecgigggegacegggtgaccatcaactgecaggectcccagtccatcgaciccaacciggectggitccagcagaagecegge
cagecceccaagetgctgatetaccgggectecaacctggecteoggegtgeccgaceggtictcoggctecggeteeggcaccgactic
accctgaccatetecicectggaggecgaggacgtiggecacctactactgoectgggcggegigggegecgigtectaccggacctecttc
ggcggeggcaccaaggigeagatcaagggtegagocoaticagacggaggeiggatecggeggtggeggctecggtagcgacggate
tgaggtocagetggtggagiceggeggoggectggtgcagoccggocggtecctgeggctgtectgeaccgectecggetecgacatea
acgactaccecaicacctgggtgeggeaggeeceoggecagggectggagiggateggcticatcaacteoggeggotecacetggtac
geoteotgggtaaagggoecggticaccateteccgggacgactccaagiceategectacctgeagatgaacteoctgaagacegaggac
accgecgtgtactattgegeccgggactactecacctactacegggacticaacateiggggoecagggeaccotggigacegtgiectioga
gtgageccaaaictictgacaaaactcacacatgeccacegigeccageaccigaageegeggatacaccgteagteticotetteccceca
aaacccaaggacacecteatgatetecoggaceectgaggtcacatgegtogtggtggacgtgagecacgaagacectgaggtcaagtic
aactggtacgiggacggegtggaggatocataatgecaagacaaagocgcggaaggageagiacaacageacgtaccgigiggteagey
tecteacegicetgeaccaggactggeigaatggeaaggaatacaagigegeggtetccaacaaageocicccagecoecaicgagaaaa
ceatetecaaagecaaagggeageocegagaaccacaggigtacacecigeccecatccegggatgagetgaccaagaaccaggteag
cetgacctgectggteaaaggctictatecaagegacategecgtggagigggagagcaatgggeagecggagaacaactacaagacea
cgecteccgtgotggactcegacggetocticticeictacageaageicacogtggacaagageaggtggcageaggggaacgicticic
atgctecgtoatgcatgagocictgcacaaccactacacgeagaagagecicteccigicteeggotictgotogagocgooticagecgsa
gatgoctecggeggtggeggategecgggcteticaggtccagetggiggagicigoeoocooagtaotocagecigggcgotcaciga
goctgtectgcaaggotictgoctacaccittactagatctacgatgeactgggtaaggcaggccoctggacaaggictggaatggatigga
tacattaatcetageagtecttatactaattacaatcagaaaticaaggacaggticacaatcagegagacaaatccaagageacagoctic
ctgeagatggacagoectgaggoccgaggacaccggegtctatiicigigeacggececaagiccactatgattacaacgggtitecttactg
gegoccaagggactecegteacigicictageggtggcggagootctoggootogcggatccggaggtagtigacicigeacaagacatce
agatgacccagiciccaageagectgictgcaagegigggggacagagicaccatgaccigeagtgecagotcaagigtaagtiacatga
actggtaccageagaagecgggacaaggoccocaaaagatggatttatgactcatccaaaciggctictggagtcectgctegeticagigg
cagtggetctggoaccgactatacecticacaatcageagectgeagoecgaagatitcgecacttattactgecageagtggagicgtaace
cacccacgticggagggocoaccaagetacaaattacateciccagetaa

(SEQ BB NO: 117

Mature protein sequence of ROR182:
digmtgspssisasvgdrvtineqasgsidsnlawfggkpeggppkilivrasnlasgvpdrisgsgsetdititissleaedvatyvelggy
eavsyrisfogethveikggooseeoosgoposgooosevilvesgoglvapersirisciasgsdindy pitwyrqapgqglewigf
msgestwyaswvkgrftisrddsksiaylgmnslktedtavyycargystyyrdfniwg qotivivsssepkssdkthicppepapea
agapsvitfppkpkdtimisrtpevicvvvdvshedpevkinwyvdgvevhnaktkpreegynstyrvvsvitvihgdwingkeyk
cavsnkalpapiektiskakgqgprepgvytippsrdeltkngvshcivkgfypsdiavewesnggpennvktippvidsdgsfilyskl
tvdksrwaqonviscsvmhealhnhyigksisispgsgegesgpspsegoaspgsqvglvesggevvapersirisckasgyiftrst
mhwvrgapggelewigyinpssaytnyngktkdrftisadkskstaflgmdslrpedtgvytearpgvhyvdynglpyweqggtpvtv
sspogesegouspooosaqdiqmigspssisasvgdrvtmicsasssvsymnwyqagkpgkapkrwivdssklasgvparfsgsgs
otdytitisslgpedfatyycqqwsrpptfogetkigitsss

(SEQ D NO:118)
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DNA sequence of ROR192:
atggaagcaccagegeageticteticctecigetacteiggeteccagataccaceggtgacatecagatgacecagteccoctoctioccty
tecgectecgigggegacegggtgaccatcaactgecaggectcccagtccatcgaciccaacciggectggitccagcagaagecegge
cagecceccaagetgctgatetaccgggectecaacctggecteoggegtgeccgaceggtictcoggctecggeteeggcaccgactic
accctgaccatetecicectggaggecgaggacgtiggecacctactactgoectgggcggegigggegecgigtectaccggacctecttc
ggcggeggcaccaaggigeagatcaagggtegagocoaticagacggaggeiggatecggeggtggeggctecggtagcgacggate
tgaggtocagetgatggaciceggeggeggectggtgcagoccggocggtecctgeggctgtectgeacegectocggetecgacatea
acgactaccecaicacctgggtgeggeaggeeceoggecagggectggagiggateggcticatcaacteoggeggotecacetggtac
geoteotgggtaaagggoecggticaccateteccgggacgactccaagiceategectacctgeagatgaacteoctgaagacegaggac
accgecgtgtactattgegeccggggctactecacctactacegggacticaacateiggggoecagggeacectggigacegtgiectioga
gtgageccaaaictictgacaaaactcacacatgeccacegigeccageaccigaageegeggatacaccgteagteticotetteccceca
aaacccaaggacacecteatgatetecoggaceectgaggtcacatgegtogtggtggacgtgagecacgaagacectgaggtcaagtic
aactggtacgiggacggcegiggaggtacataatgecaagacaaagocgegagaggageagiacaacageacgtaccgigiggtcagey
tecteacegicetgeaccaggactggeigaatggeaaggaatacaagigegeggtetccaacaaageocticccagececcaicgagaana
ceatetecaaagecaaagggeageccegagaaccacaggigtacacecigeccecatocegggatgagetgaccaagaaccaggteag
cetgacctgectggteaaaggcotictatecaagegacategecgtggagtaggagageaatgggeagecggagaacaactacaagacca
cgecteccgtgotggactcegacggetocticticeictacageaageicacogtggacaagageagetegcageaggagaacgicticte
atgctecgtoatgcatgaggoctctgcacaaccactacacgeagaagagecicteccigictecggotictgotogagocgooticagecgsa
ggtgoctecggeggtggeggategecgggcteicaggtccagetggigeaatctggaectgagaigaagaagecigggicctcggtgaa
gotctectgeaaggctictggatataceticageagalctacgatgeactgggtocgacaggccceiggacaagggctigagiopatagoat
acattaatcctageagtgetiatactaatiacaatcagaaaticaaggacagagtcacgattacegeggacaaatccacgageacagectaca
tgoaoctogagcagectgagatctgaggacacgocegigtatiacigtocgagacceecaagtccactatgatiacaacgggiticctiacigy
goccaaggaaccectggteaccegictecteaggtggaggeggttcaggcggaggiggatecggeggtggcggategggiggeggeggat
ctgacatccagatgacceagictecttecacectgictgeateigtaggagacagagicaccatgacitgeagtgccagetcaagtgiaagtt
acatgaactggtatcageagaaaccagggaaageccctaagagatggatitatgacicatecaaactggotictggggteccatcaaggttc
agceggeagtggatetgggacagatiatacicicaccatcageagectgeagectgatgatittgeaactiatiactgecaacagtiggagtegt
aacccacccactiicggeggagegaccaaggtggagatcaaacggicciccagetaa

(SEQ BB NO: 11D

Mature protein sequence of ROR192:
digmtgspssisasvgdrviineqasgsidsnlawfggkpggppkiliyrasnlasgvpdrisgsgsatdftitissleaedvatyvelgey
eavsyrisfggothveikggogsgogospogasegogsevglvesggelvqpersirlsciasgsdindy pitwvrgapgqglewigl
msgegstwyaswvkerfiisrddsksiaylgmnsiktedtavyycargystyvrdinmiwgqgtivivsssepkssdkthicppepapea
agapsvilfppkpkdtimisrtpevicvvvdvshedpevkfnwyvdgvevhnaktkpreegynstyrvvsvitvihgdwlngkevk
cavsnkalpapiektiskakggprepqvytippsrdeltkngvshicivikgfypsdiavewesnggpennvkitppvidsdgsfilyskl
tvdksrwgqgnvisesvmhealhnhyigksisispgsgegesguspsogoaspgsqvglvgsgpevkkpessvkvsckasgyifs
rstmhwvrgapggglewigyinpssaytnyngktkdrvtitadkststaymelssirsedtavyycarpgvhydyngfpyweggtly
tvssgggasgeoosgooosgooosdigmigspstisasvgdrvimtcsasssvsymnwyqgkpekapkrwiydssklasgvpsrf
sgsgsgtdytitissigpddfatyyeqgwsrnpptfoggtkveikrsss

(SEQ D NO:120)

Chimeric bispecific anti-CD123 (VLVH) x anti-CB3 {TSC456) scFv-Fe-sckv

Dimmsgspsslavsvgekftmickssgslffgstaknylawyqakpgqspkllivwastresgvpdritgsgsetdftiaissvmped
lavyyeqagyynypwifspatkleikggpasgooosspnosoecosvglgesgpalvkpsasisitesvidysitsgyywnwirgfp
gnklewmgvisydosnnynpslknrisitrdeskngfflkissvitediatyyesrgegfvidswagattltvsssepkssdkthicppep
apeaagapsviltppkpkdtimisrtpevicvvvdvshedpevkfnwyvdgvevhnakikpreeqynstyrvvsvitvlhgdwing
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kevkcavsnkalpapiektiskakggprepgvyilppsrdeltkngvsliclvkgfypsdiavewesnggpennykttppvidsdgstt
lyskltvdksrwqqgnvfscsvmhealhnhytgksislspgsegggsgopasgooespasqvglvgsgpevkkpgssvkvsckas

gytfsrstmhwvrgapggglewigyinpssaytnyngkfkdrvtitadkststaymelsslrsedtavyycarpgvhydyngfpywe

qetlvivsspggppsoogesppossoooosdigmtqspstisasvgdrvimtesasssvsymnwyqggkpgkapkrwiyvdssklasg

vpstfsgsgsgtdytitissigpddfatyyeggwsrnpptfegetkveikrsss (SEQ D NO:197)

Chimeric bispecific anti-CD123 (VHVL) x anti-CD3 (TSC456) scHv-Fe-scFv
Valgesgpelvkpsgslshicsvtdysitsgyywnwirgfpgnklewmgyisydgsnnynpslkorisitrdtskaqtfikissvitedt
atyyesrgestyfdswaqgttltvssggggsgoposeogusoooosdimmsgspsslavsvgekftmickssgsiffgstgknyviaw
vgagkpagspkllivwastresgvpdritgsgsgtdftlaissvmpediavyveggyynvpwifagatkleiksssepkssdkthteppe
papeaagapsvilfppkpkdilmisripevicvvvdvshedpevkinwyvdgvevhnaktkpreegynstyrvvsviivihgdwin
gkevkecavsnkalpapiektiskakggprepgvytippsrdeltkngvsliclvkgtypsdiavewesnggpennyktippvidsdgs
flyskltvdksrwaagnvfscsvmheathnhvigkslslspgsgeggsgoegsgasaspesqvaglvgsgpevkkpgssvkvscka
sgytfsrstmbhwvrgapggglewigyinpssaytoyngktkdrvtitadkststaymelssirsedtavyycarpgvhydyngfpyw
gqgtivivssgggasgogespaossosoosdigmiqepstisasvgdrvimtesasssvsymnwyqagkpgkapkrwivdssklas
gvpsrisgsgsgtdytitisslgpddfatyveqgwsmpptfeggtkveikrsss (SEQ D NO:198)

DNA seguence of TSC471:
atggaagcaccagegoagetictetiectoetgetacictggeteccagataccaceggigatatecagatgacceagiciccatecgecaty
ictgeatcigtaggagacagagicaccatcacttgecgggogagiaagageatiageaaatattiagectggtitcageagaaaccagggaa
agttectaagetecgeatecatictggatetactitigeaatcaggagicecatcticggticagieggeagtggatcigooacagaatitacictea
ceatcageagectgeagectgaagatittgeaactiatiacigicaacageatattgaataccegiggacgticggocaagggaceaaggty
gaaalcaaacgaggigecggaggotciggooatoocooatccggagatogtoocicticaggtecagetggtacagictggggcigaggt
gaagaagectgggagcticagigaaggiciectgeaaggcticiggatacacaticacigaciactacaigeactgggigrgacaggceccty
gacaaggocitgagigoatoooatatittaatectiataatgatiatactagatacgeacagaagiteccaggecagagtcaccatgaccageg
acacgictatcagcacagectacatggagctgageagectgagatetgacgacacggecgtgtatiacigigcaagateggatgatiactac
gatgclatggactactggggtcaaggaaccacagtcaccgictectegagigageocaaaictictgacaaaactcacacatgeccaccgiy
cccageacctgaagecgegggigcaccgicagtcticetcticcecccaaaacceaaggacacectcatgatetcccggacceoctgagegte

fetory ftel

acatgcgtggtegiogoacgigagccacgaagaccotgaggatcaagticaactegtacgiggacgocgtogagotycataatgccaagac

[t =t=)
aaagccgegggaggagcagtacaacageacgtaccgigtggtcagegtcctcacegiceigeaccaggaciggactgaatggcaaggaat
acaagtgcgeggictecaacaaagecetcocagooceceatcgagaaaaccatciccaaagecaaagggcagecccgagaaccacaggt

gtacaccctgececcatcecgggatgagetgaccaagaaccaggicagecigacetgectggicaaaggctictatecaagegacatege

cgtggagtoooaoaocaatggocagecggagaacaactacaagaccacgocteecgtgctggactecgacggcetecticticeictacag
caagctcaccgtggacaagagcaggiggocageaggggaacgicticteatgetccgigatgeatgaggoicigeacaaccactacacgca
gaagagocicteoctgictecggattceggaggtaggcggttcgggageioocggatcaggagatggagacictecticacaggtgcaget
gotocagictggtoctgaggetoaaaaagoctggeiccagegtgaaggtatectgeaaggecageggatacaccittageeggtecaccat

gcatigggtoagocagoctoctggacagggcctggagtggatcggciacaicaaccecageagcgcitataccaaciacaatcagaagttt
aaggaccgggtgaccatcaccgecgataagtccaccageacegectacatggageigteccagectgaggagegaggataccgoegigta
ctattgegoccggeoccaggiccatiacgactacaacggottcecctatiggegccagggaaccetggtgacegtgiccageggtggcggt
ggcageggoggcggeggcictggcggagotyocagegocggagggaacicegacaticagatgacccagiceccctccacectgice

gctagegtapacgaicgggtgaccatgacetgcagegecageagetccgigtectacatgaactggtaccageagaagecegecaaggc
tcccaagaggtogatitacgaciccageaagetggocictggigiceccageaggticteiggtageggcageggeacagactacacectg
accatciccicectgeageccgacgatitegecaccetactattgecageagiggteccggaateccectacctitggeggeggcaccaaggt
geagatcaagaggagcetaa (SEQ ID NG:285)
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Mature protein sequence of TSC471:
Digmigspsamsasvgdrvtitcrasksiskylawfgqkpgkvpklrihsgstigsgvpsrisgsgsgtefiltissigpedfatyyeqgh
ieypwifeqetkveikrgpgpsgooospoposqvglvgsgaevkkpgasvkvsckasgytftdyymhwvrgapgqglewmgyf
npyndytryagkfggrvtmtrdtsistaymelssirsddtavyyearsdgyydamdywgqgtivivsssepkssdkthicppepapea
agapsvilfppkpkdtlmisripevtevvvdvshedpevkfnwyvdgvevhnaktkpreeqynstyrvvsvitvlhgdwingkeyk
cavsnkalpapiektiskakggprepgvytippsrdeltkngvshicivketypsdiavewesnggpennyktippvidsdgsfflyskl
tvdksrwgggnviscsvmheathnhytgkslsispgsgggeseooosguonspasgvalvgsgpevkkpgssvkvsckasgytfsrs
tmhwvrgapggglewigympssaytnyngkfkdrviitadkststaymelsslrsedtavyycarpgvhydyngfpyweggtivty
ssggggsgoooseoousoovosdigmtgspstisasvedrvimtcsasssvsymnwyggkpgkapkrwivdssklasgvpsifsg
sgsgtdytitissigpddfatyyeqqwsmpptfeggtkveikrs (SEQ 1D MNO:286)

DNA sequence of ROR243:
atggaggcteccgetcagetgetgticctectgetgeteiggetgeccgacaccacaggogacatecagatgaceeagtoccciteoteoct
gtecgetagegtgggegatagggtgaccatcaactgecaggocteccagiccatigactecaatctggeotgaticcageagaagoecegg
acageoccccaagetgetgatifacagggeciccaacciggcticegacgigectigacaggticiceggateeggeageggeacegactic
accetgaceatetecteectggaggcegaggatgicgecacetactactigictgggeggegtgsacgetgtgagotateggacotecticg
glggeggraccasgglgeagaltaggggeggraocggeagogooggegaCegragegglggoggagpiceggeggrggoggc
agegaggotocagetggigoaaagegoagoagocciggtiocageciggaaggiccctgagacigicoigeacagoageggaeicegac
atcaacgactaccccatcacctgggtgaggcaggctectggocagggoectggaatggateggettiatcaacageggeggeageaccty
gtatgettectgggtgaaggooccgeticaccatiageagggacgactecaagiceattgectacctgeagatgaaciecetgaagacegag
gacaccgecgitgtactacigegecagggegoctacageacciatiaccgggactitagcaictggogccaggocacactggtcacegtotect
cgagtgageccaaatettctgacaaaactcacacatgeccacegigeccageacetgaagecgegggtgcaccgteagicticeicticee
cccaaaacccaaggacaccetcatgatcteccggaceectgaggteacatgegtegtegtooacetogagecacgaagacectigaggica
agttcaactggtacgtggacggcgtggagotocataatgccaagacasagecgegggaggageagtacaacageacgtacegtgtagic
agegtectcacegicctgeaccaggactggctgaatggcaaggaatacaagligcgeeoteiccaacaasagoecioccageeecatega
gaaaaccatctecaaagecaaagggeageccegagaaccacaggtatacaceetgeecceateecgggatgagetgaccaagaaccag
gtcagoctgaccigectggicaaaggctictaiccaagegacategecgigeagtogoagcagcaatgggcagecggagaacaactacaa
gaccacgectecegtgetogactecgacggctecticticctctacageaagetcaccgiggacaagageaggaiggcageaggggaacgt
cttetcatgetecgtgatgcatgaggcictgocacaaccactacacgcagaagagectetoccigictecgggticcggaggagoooottcag
gtgggggagotictggcggceeoocaagcocticacaggtgcaactggigeagagiggacecgaggtiaaaaaaccagggicciccgti
aaggtiagctgcaaagcectctggotacacatittccaggagtacaatgcacigggigaggcagactectggacagggactcgagiggateg
gotatatcaacceatctagegectataccaattacaaccaaaagtitaaggaccgagttaccatiaccgetgacaaatecaccagtacagetta
tatggaoctgtcatetettaggtecgaggacacigetgittattactgegctegtectcaggticactatgactataatgatiticectactgggot
cagggaaccotggigactgteicticiggoggtagagacagepgtygaaptoggictypaggcggigocagiggcggcggagacicty
atattcagatgacteagtctectageactetcagegocagegtaggogatcgtgtgacaatgactigeiccgetageagtagtgigtctiacat
gaattggtatcagcagaagoccgggaaageacctaagegotggatctatgacicticcaagetggeaagtggigtcecctcacggticictyg
gctcaggtictggtactgactatactitgactatetecteoctocageccgatgatticgetacetattatigtcageagtggagecgtaacccac
cecactticggaggcegetaccaaagigeagatcaagagetcatga {(SEQ 1D NO:207)

Mature protein sequence of ROR243:

Digmtgspssisasvadrvtincgasgsidsnlawfggkpg qopkliiyrasnlasgvpdrfsgsgsetdftitissieasdvatyyclgg
veavsyrisfgggthveikgpposgooosaponseooosevylvesggalvgpersirisctasgsdindypitwvrgapgqglewt
efinsggstwyaswvkgrfiisrddsksiavigmnstktedtavyycargystyyrdfniwgqgtivivsssepkssdkthtcppepap
eaagapsvilfppkpkdtimisripevtevvvdvshedpevkfnwyvdgvevhnaktkpreeqynstyrvvsvitvihgdwingke
vkcavsnkalpapiektiskakgqprepgvytippsrdelikngvsliclvkgfvpsdiavewesngqpennvkitppvidsdestily
skltvdksrwqqgovtscsvimhealhnhyigksislspgsggeesgeooseeoespsgvglvgsgpevikkpessvkvsckasgyt
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fsrstmhwvrgapggelewigyinpssaytnyngktkdrvtitadkststaymelssirsedtavyycarpgvhyvdyngfpyweqetl
vivssggoosgpoosoocaspaoosdigmigspstlsasvgdrvimicsasssvsymnwyqakpgkapkrwiydsskiasgvpsr
fsgsgsptdytltisslqpddiatyyeqqwsrnpptiggatkveikrs (SEQ 1D NO:208)

DNA sequence of TSC266:
atggaageaccagegcagetictettectectgetactetggcteccagataccaceggtgatatecagatgacecagictecatocgecaty
tetgeateigiagegagacagagicaceatcacttgecgggoegagtaagageatiageaaatattiagectggtticagcagaaaccagggaa
agttectaagetecgeatecattetggatetacttigeaatcaggagicecatcteggticagtggeagtggatctgggacagaatttacictea
ccatcageagectgeageotgaagatittgeaactiatiactgicaacageatatigaataceegtggacgticggecaagggaccaaggte
gaaatcagacgaggiggeggagggteiggeocioocooatccggagetggigoctcicaggtccagetggtacagictggggeigagat
gaagaagectgggacticagigagggictectgeaaggotictggatacacatteacigactactacatgeactgggigegacaggoceciy
gacaagggotigagtggatgpaatatittaatectiataatgatiatactagatacgeacagaagitccagggcagagteaccatgaccaggg
acacgictatcageacagectacatggagcetgageagectgagatetgacgacacggeogtgiatiactgigeaagateggatggtiactac
gatgctatggactaciggggicaaggaaccacagtcaccgictectegagtigageccaaatetictgacaaaactcacacatgeecacegiy
cecageaccigaagecgeggatgeacegicagicticcicticcccccaaaacccaaggacaccetcatgatcteecggaceccigaggto
acatgegtggtegtggacgtgagecacgaagacectgaggteaagticaactgatacgtggacggcgtggagetgcataatgoecaagac
aaageoegeggeaggageagtacaacageacgtacegtgtggicagegiccicacegtectgcaccaggactggetgaatggcaagocat
acgegtgcgeggtetecaacaaagoccteccageccccategagaaaaccatctecaaagoecaaagggeagecccgagaaccacaggt
gtacaccctgececcateecgggatgagetgaccaagaaccaggteagecigacetgoctggicaaaggotictatecaagegacatege
cglggagtiggoagagcaatgggcageoggagaacaactacaagaccacgocicecgtactggacicegacggotecticticctctacag
caagcetcacegtggacaagageaggicocageaggooaacgicticteatgeicegigatgeatgaggcictgcacaaccactacacgea
gaagagccteiccctgicicegggicagaggeacaacaaticticectgaatacaggaacicagatggeaggicatictecgaaticicaggt
ccagetggtogagictogooocggagtggtgcagectggacggicactgaggetgtectgcaaggctictggctacacettiactagatet
acgatgeactgggtaaggcaggeocctiggacaaggictggaatgoatiggatacattaatectageagtgetiatactaatiacaatcagaasa
ttcaaggacaggitcacaatcagegeagacaaatecaagageacagecticetgeagatggacagoectgaggoccgaggacaccggegt
ctatttctgigeacggocccaagiccactatgattacaacgggtitectiactggggccaagggacteccgtcactgicictageggtoocog
agggtciggoootoocggatccggaggtggigoctctgcacaagacalccagatgacceagicteccaageagectgictgcaagegteg
gooacagggtcaccatgacctgeagtgccageicaagtigtaagttacatgaaciggtaccagragaagocgggeaaggecoocaaaaga
tggatitateactcatccaaactggctictggagtecctgctegeticagtggeagtggotctgggacegactatacecicacaatcageage
ctgcageccgaagaittcgecactiattactgecageagtggagtegtaacccacceacgitcggaggggggaccaagetacaaatiacat
cctecagetaa (SE} 1D NG:269)

Proten sequence of TS5{266:
Digmtgspsamsasvgdrviiterasksiskylawfggkpgkvpklrihsgstlgsgvpsifsgsgsgteftiussigpedfatyveggh
ievpwifggptkveikreggogosppposoooosqvalvagsgaevikkpgasvkvsckasgytiidyymhwvrgapggglewmgyf
npyndyirvaqkfqgrvimirdisistaymelssirsddtavyycarsdgyydamdyweqgttvtvsssepkssdkthteppepapea
agapsvilfppkpkdtimisrtpevicvvvdvshedpevkfnwyvdgvevhnaktkpreegynstyrvvsvitvihgdwlngkaya
cavsnkalpapiektiskakgqgprepqvytippsrdeltkngvslicivkgfyvpsdiavewesnggpennvkttppvidsdgsfilyskl
tvdksrwiggnviscsvmhealhnhytgkslsispgarhnnssinigtgmaghspnsqgvglvesgggvvapersirisckasgyiftr
stmhwvrgapgqgelewigyinpssaytnynqgktkdritisadkskstaflgmdslrpedigvyfearpgvhydyngfpyweqgipy
tvssggggsgegosppoosaqdigntgspssisasvedrvimtcsasssvsymnwyqgkpgkapkrwiydssklasgvparfsgs
esgtdyiitissigpedfatyyeggwsrnpptfegetklqitsss (SEQ ID MNO:218)

DNA sequence of ROR206:
atggaagcaccagegeagctteteticetectgetacictggeteocagataccaceggtgacatecagatgacecagteccectecteocty
teegectocgtgggcgaccgggtgaccateaactgecaggoecteccagiccategactocaacctggeotaggticcageagaagocegge

D00



15

[9¥]
W

aagecccccaagetgetgatcetacegggectecaacetggectecggegtgcoctcecggtiiciceggctecggceiceggeaccgactica
cectgaccaictectocctgeageocgaggacgtggecacctactacigectggecggegtggacgccatgicctaccggacciecticy
geggeggeaccaaggigeagatcaagggtggaggegaticaggcggaggipgateeggoggiggeggcteoggtggceggcggatet
gaggtecagetggtogagtocggeggcggectggtocageocggecggtecetgeggctgtectgcaccgectecggctecgacatca
acgactaccccatcacctgggtgcggeaggoecccggeaagggoctggagigoatoggcticatcaacteoggeggetccacetggtac
geotectgggtaaagggocggticaccateteccgggacgactecaagiceategectacctgeagatgaactcoctgaagacegaggac
accgeegigtactatigegeecggggetaciccaceiactaccgggacticaacatetggggccagggeacectggigacegtgiceioga
gtgageccaaatctictgacaaaactcacacatgeccacegigeceageaccigaageegegggtacacegieagteticotetteocceca
aaacccaaggacacecteatgatetoceggaceectgaggtcacatgegtagtgate gacgtgagecacgaagacecigaggtcaagitc
aactggtacgiggacggcegiggaggtacataaigecaagacaaagoogeggaaggageagtacaacageacgtacegigiggtcagey
tecteacegicetgeaccaggactggetgaatggeaaggaatacaagigegeggtetccaacaaagoocicccagecoocaicgagaana
ceatetccaaagecaaagggeageoccegagaaccacaggigtacacecigeccecatccegggatgagetaaccaagaaccaggteag
cetgacctgectggteaaaggcotictatecaagegacategecgiggagtgggagagcaatgggeagecggagaacaactacaagacca
cgecteccgtgetggactecgacggetecticticeictacageaagetcacegtggacaagageaggtggcageaggggaacgicticte
atgctecgtgatgeatgaggcetetgeacaaccactacacgeagaagagecicteccigictecgggttetgatogaggeggttcaggeegga
getggctceggeggtsocgaategecgggctetcaggiccagotggtggagiciggggoegeagigatucagectgggoggteactga
gactgtcctgcaaggotictggctacacctttactagatctacgatgeactgggtaaggcaggeocctiggacaaggiciggaatggatigga
tacattaatcetageagtecttataciaatiacaatcagaaatticaaggacaggticacaatcagegeagacaaateraagageacagoctic
ctgeagatggacagectgaggoccgaggacaccggegtctatiicigigeacggececaagiccactatgattacaacgggtitecttactg
gooccaagggactecegteacigicictageggiggcagagooictogoootaogcggatccggaggtagtigacicigeacaagacatce
agatgacccagiciccaageagectgictgeaagegigooooacaggotcaccatgacctgeagtgecagetcaagigtaagtiacaiga
actggtaccageagaagoecgggaaggoccocaaaagatggatttatgactcatccaaaciggetictggagteectgotegeticagigg
cagtgggtctggoaccgactatacecticacaatcageagectgeagoecgaagatitcgecacttatiactgecageagtggagicgtaace
cacceacgticggaggegogaccaagctacaaatiacatectecage (SEQ 1D MO:211)

Proten sequence of ROR206:
MEAPAQLLFLLLLWLPDTTGDIQOMTQSPSSLSASVGDRVTINCQASQSIDSNLAWFQQKP
GRKPPRLLIYRASNLASGVPSRFSGSGSGTDFTLTISSLOPEDVATYYCLGGYVGAVSYRTSF
GGGTRVEIKGGGGSGGGGSGGGGSGOGGSEVQLVESGGGLVOPGRSLRLSCTASGS B
NDYPITWVRQOQAPGKGLEWIGFINSGGSTWYASWVKGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGQGTLVTYVSSSEPKSSDKTHTCPPCPAPEAAGAPSVEL
FPPEKPKDTLMISRTPEVTCVVVDVSHEDPEVEKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHQDWINGKEYKCAVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGOPENNYK TTPPYLDSDGSFFLYSKLTVDKSRW(Q
QOGNVESCSVMHEALHENBEYTOKSLSLSPGSGOGGSGGHGSGGOGSPGSOVOLVESGGGY
VOPGRSLRLSCKASGYTFTRSTMHWVYRQAPGOGLEWIGYINPSSAYTNYNQKFKDRETI
SADKSKSTAFLGMDSLRPEDTGVYFCARPQVHYDYNGFPYWGOQGTPVTYSSGGGGSG
GGGSGGGGSAQDIQMTOSPSSLSASVGDRVTMTCSASSSYVSYMNWYQQKPGKAPKRWI
YDSSKLASGVPARFSGSGSGTDY TLTISSLOPEDFATYYCQOQWSRNPPIFGGGTKLOITS
S8 (SEQ 1D NG:212)

DMNA sequence of ROR287:
atggaagcaccagegeagcetictcticctoctgetacictggeteccagataccaccggigacatccagatgacceagtececctecicecty
tcecgectecgtggpcgaccgggteaccatcaactgocaggecteocagiecaicgactecaacctggectggticcageagaageccggce
aageoccecaagotgetgatetacegggectecaaceiggectecggegigocctcceggtictecggeteeggetecggcacegacitea
ceetgaccatetectcectgeagecegaggacgiggocacctactactgectgggeggcgiggecgccgigicctaceggacetectteg
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geggoggeaccaaggiggagatcaagggiggaggacggticaggcggaggipgatceggoggiggeggcteeggtggeggcggatct

gaggtocageiggtapagtecggeggegeoctggiecageceggcoggiccetgeggctigteotgcaccgeetecggeteccgacatea

acgactaccccatcacctgggtecggeaggoocccggeaagggoctggagtggategocticatcaactecggogactecacctggtac
geotectgggtgaagggoccggticaccatcteccgggacgactecaagtccategoctacctgeagatgaacicectgaagaccgaggac
accgeogtgtactattgegeocggggctaciccaccetactacegggacticaacatcigggoecagggcacoctggtgaccgigiccticga
gtgagoccaaatetictgacaaaacicacacatgeccacegigeceageaccigaageecgegggigcacegteagteticototteoococa
aaacecaaggacacecteatgateteceggacecctgaggtcacatgegtogtaggtegacgtgagecacgaagacecigaggteaagtic
aactggtacgiggacggcgtggaggtocatagigecaagacaaagecglgggaggageagtacaacageacgtacegtgiggteagey
tecteacegicetgeaccaggactggetgaatggeaaggaatacaagigegeggtetccaacaaageccteccageceecatcgagaaaa
ceatetecaaagocaaagggeageccegagaaccacaggigiacacoectgeccecatecegggatgagetgaccaagaaccaggtcag
cotgacctgectggteaaaggetictatccaagegacategecgiggagtggeagageaatgggeagecggagaacaaciacaagacca
cgectecegtgetggactecgacggetecticticeictacageaagetcacegtggacaagageaggtggeageaggggaacgicticte
atgcteogtgatgcatgaggctetgcacaaccactacacgeagaagagoctioteectgicteegggtictggtagaggeggitcagecasa
gotgoctceggeggtogcggatcgecgggcteicaggiccagotggtgeaaictgggecigaggtgaagaagectgggtecteggtoaa
getetcctgeaaggctictggatataccttcageagaictacgatgeactggetocgacaggececiggacaagggctigagtogoatagoat
acattaatcctagceagtgetiatactaattacaatcagaaattcaaggacagagtcacgatiacegeggacaaatccacgageacagectaca
tggagotgageagectgagatctgageacacggecgtigtatiacigtgcgagaceecaagtecactatgattacaacgggtitectiactgy

ggocaaggaacectggtcacegiciecticaggtgoagacgottcaggoggaggotooatecggcgotescooaicgeoicocoocooat
ctgacatcecagatgacccagictecticcacectgictgcatetgtaggagacagagicaceatgactigeagtoccagetcaagtgiaagtt

acatgaactggiatcageagaaaccagggaaageccctaagagatogatitatgactcatecaaactggetictggggteccatcaaggtic
ageggceagtgeatetiggoacagatiatacicicaccatcageagectgeagectgatgatittgcaactiatiactgecaacagiggagtogt

aacccacccactticggeggaggeaccaaggtogagatcaasacggtectecage (SEQ (B NG:213)

Protein seguence of ROR207:
MEAPAQLLFLLLLWLPDTTGDIOMTOSPSSLSASVGDRVTINCQASQSIDSNLAWFQQKP
GKPPKLLIYRASNLASGVPSRFSGSGSGTDFTLTISSLOPEDVATYYCLGGVGAVSYRTSF
GGOTRVEIKGGGGSGGGGSGGGGSGGGGSEYQLVESGGGLVQPGRSLRLSCTASGS D
NDYPITWVYROAPGKGLEWIGFINSGGSTWYASWVKGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGQGTLYVTVSSSEPKSSDKTHTCPPCPAPEAAGAPSVEL
FPPEKPKDTLMISRTPEVTCVYVDVESHEDPEVEKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHOQDWINGKEYKCAVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELT
KNQVYSLTCLVKGFYPSDIAVEWESNGOPENNYKTIPPYLDSDGSFFLYSKLTVDKSRW(
QONVEFSCSVMHEALHNHYTQKSLSLSPGSGGGGSGGOGSGGGGSPGSQVOLYVQSGPEY
KKPGSSVEYSCKASGYTFSRSTMHWVRQAPGOGLEWIGYINPSSAYTNYNQKFKDRVT
ITADKSTSTAYMELSSLRSEDTAVYYCARPGVHYDYNGFPYWGQGTLVTVSSGGGGSG
GGGSGOGGSGGGGSDIGMTOSPSTLSASVGDRVTMTCSASSSVSYMNWYQOKPGKAP
KRWIYDSSKLASGVPSRESGSGSGTDYTLTISSLGPDDFATY YCQOWSRNPPTFGGGTKY
EIKRSSS (SEQ 1D NO:214)

DNA sequence of ROR208;
atggaageaccagegeageticicticctectgetacictggeteccagataccaccggigacaiccagatgacccagtecccctecicooty
tecgectocgtgggegaccgggtgaccateaactgecaggoctoccagiccategactecaacctggeotggticcageagaageccggd
cagececcceaagetgctigatetaccgggectccaacciggectecggegtgeccgaccggitciceggciccggetccggoaccgactic
accotgaccatetecteoctggagoecgaggacgtggecacctactacigectgggacggeatggocecegtgicctaccggacciectic
ggeggeggaccaaggigpagaicaagegigoagacggiicaggeggaggtggatccggeggiggegacicegaiggeggoggatc
tgaggtgcagetggtogagtecggcgacggectggigeageceggecggiccetigeggetgtectgeacegeciceggetecgacatca
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acgactaccccatcaccigggtecggeaggeoecccggecagggoctggagtggateggocticatcaacticeggoggctecacctggtac

gootectgggtgaagooccggticaccatctecoegggacgactocaagiccategoctacctgeagatgaacicectgaagaccgaggac
accgecgtatactatigegoeocgggactaciccacctactacegggacticaacatciggooccagggraccetggigacegigiccicga
gtgageccaaatctictgacaaaacicacacatgeccacegigeccageaccigaagecgegggtgcaccgicagtcticeteticoccoea
aaacccaaggacaccctcatgatetcccggaccoctgaggetcacatgegtggtggtegacgtigagocacgaagaccectgaggtcaagtic
aactggtacgiggacggcgiggaggtacataatgecaagacaaagocgegagaggageagiacaacageacgtacegtgiggtcagey
tecteacegicetgeaccaggactggcigaaiggeaaggaatacaagtgegeggiotccaacaaggoocicecagecoccatcgagaaaa
ceatetecaaagecaaagggeageocegagaaccacaggigtacacecigoeccecatccegggatgagetgaccaagaaccaggteag
cetgacctgectggteaaaggcotictatecaagegacategecgtggagtaggagagcaatgggeageeggagaacaactacaagacca
cgecteccgtgotggactcegacggctocticticeictacageaageicacogtggacaagageaggtagcageaggggaacgicticic
atgcteogtgatgeatgaggctetgeacaaccactacacgeagaagagecicteccigictecgggttctgatogaggegattcaggecgga
ggtggeteeggeggtggcggategecgggcteicaggiccagetggiggagictgggggoggagtggtgeagecigggegateaciga
ggctgtectgeaaggcotictggelacacctitactagatetacgatgeactgggtaaggcaggeocciggacaaggteiggaatggatigga
tacattaatectageagtgcetiatactaattacaateagaaattcaaggacaggticacaaicagegeagacaaatecaagageacageotio

ctgeagatggacagectgaggecegaggacaccggogtctattictgtecacggocceaagiceactatgatiacaacgggtitecttacty

gggecaaggpacteeegteactgictetageggtggoggaguptctgggogtogcggatecggaggtagtggeictgeacaagacatee
agatgacccagictecaageagectgictgcaagegtgggggacagggtcaccatgacctgeagtgecageticaagigtaagitacatga

actggtaccageagaagecgggacaaggoccocaaaagatggatttatgactcatccaaaciggctictggagtcectgctegeticagigg

cagtggetctgggaccgactatacccicacaaticageagectgeagocegaagatticgocactiattactgecageagtggagicgtaace
cacceacgticggaggggegaccaagctacaaatiacatectecage (SEQ BB NO:215)

Protein sequence of ROR208:
MEAPAQLLFLLLLWLPDTTGDIQOMTQSPSSLSASVGDRVTINCQASQSIDSNLAWF(QQKP
GOPPKLLIYRASNLASGVPDRFSGSGSGTDFTLTISSLEAEDVATYYCLGGVGAVSYRTS
FGGOGTEVEIKGGGGRGGGGRGGEGRGGGGSEVOLVESGGGLVOPGRSLRLSCTASGSDI
NDYPITWVYRQAPGQGLEWIGFINSGGSTWY ASWVKGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGQGTLYTYVESSEPKSSDKTHTCPPCPAPEAAGAPSVEL
FPPRPKDTLMISRTPEVTCVYVDYVSHEDPEVEKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVEHQDWINGKEYKCAVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELT
KNQVYSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPYLDSDGSFFLYSKLTVDKSRW(
QONVEFSCSVMHEALHNHY TQKSLSLSPGSGGGGSGGHGSGGHGGSPGSQVOLVESGGGY
VOPGRSLRESCKASGYTFTRSTMHWYRQAPGOQGLEWIGYINPSSAYTNYNOQKFKDRETE
SADKSKSTAFLQMDSLRPEDTGVYFCARPQVHYDYNGFPYWGQGTPVTYVSSGGGGRG
GGGSGGGGSAQDIOMTQSPSSLSASVGDRVTMTCSASSSYVSYMNWYQQKPGKAPKRWI
YDSSKLASGVPARFSGSGSGTDY TLTISSLOPEDFATYYCGQOWSRNPPTFGGGTKLOITS
S8 (SEQ ID NO:216)

DNA sequence of ROR269:
atggaagcaccagegeagcttctcticctoctgetaciciggoteccagataccaccggtgacatecagatgaccecagicoccotectecetg
tecgectocgtgggegaccgggtgaccatcaactgecaggoctoccagiccategactocaacctggectggticcageagaageccggc
cageeccccaagetgeigatetaccgggectecaacciggecteeggegigeccgaceggttetcegaciccggeiccggraccgactic
accetgaccatetecteoctggaggoecgaggacgtggccaccotactacigectggecggcgigggcgocgtgicctaccggacctectic
ggcgocgcaccaagetygagatcaagggtgpagygcggticagecgoagatgpatccggoggtoocgaciccggiggoggacggate
tgaggtecagctggtogagtcegacggcggoctggtgrageceggecggicccigeggctgiccigeaccgeciceggotecgacatica
acgactaccceateaccigggtacggraggececcggecagggcctggagtggatcggticatcaactecggeggetecacctggtac
goctectgggigaagggecggtteaccatetcccgggacgaciccaagiccategectacetgeagatgaacteccigaagacegaggac
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accgecogtgtactattgegeecggggctaciccacctactacegggacticaacatctgggogecagggcacceiggtgacegtgiccicga
gtgagceccaaatctictgacaaaactcacacatgeccacegigeccageaccigaagecgegggtgcaccgteagtettceteticoeccea
aaacccaaggacacccicatgateicccggaccoctgaggicacatgogtogtagtggacgtgagecacgaagacectgaggicaagiic
aactggtacgtggacggcgtegagotocataatgecaagacaaagocgegggaggageagtacaacageacgtaccgigiogtcagey
tecteaccgiccigeaccaggactggctgaatggcaaggaatacaagtgegeggiciccaacaaagoecteccageceecaicgagaaaa
ceatetccaaagocaaagggcageccegagaaccacaggigtacacectgoeccocatecegggatgagetgaccaagaacecaggteag

cotgacctgectggteaaaggcetictatccaagegacategecgiggagtoggoagageaatgggeagecggagaacaaciacaagacea
cgoectecegtgetggactecgacggetecticticeictacageaagetcacegtggacaagageaggtggeageaggggaacgioticte
atgctecgtgatgcatgaggetctgcacaaccactacacgeagaagagoectcteectgicteogggttetgatggagoegoticagocgoa
getgectceggoggtagcggategecgggctcicaggiccagotggtgcaatetgggectgaggtgaagaagectgggtocteggtgaa
ggtetcetgeaaggotictggatatacettcageagatctacgatgeactigggtocgacaggecectggacaagggectigagtogataggoat
acattaatcctageagtgotiatactaattacaatcagaaattcaaggacagagtcacgatiacegeggacaaatccacgageacagoctaca
tggagotgageagectgagatctgageacacggecgtgiattacigtgcgagaceecaagtecactatgattacaacgggtttectiactgy

D00
ggocaaggaacectggteacegictecteaggtggaggegeitcaggeggaggtggatecggoggtggcgratcggetggcgecogat

ctgacatccagatgacceagtetecttecaccetgictgeatetgiaggagacagagicaceatgactigeagtgecagetcaagtgtaagtt
acatgaactggiatcageagaaaccagggaaagecectaagagatggatitatgacicatecaaactggetictgggatoccatcaaggtic

ageggeagiggatetgggacagatiatacicicaccatcageagectgeagectgatgatittgeaacttattactgecaacagtggagtegt
aacccacccactticggeggagggaccasggtopagatcaasacggicctecage (SEQ 1D NG:217)

Protein sequence of ROR209:
MEAPAQLLFLLLLWLPDTTGDIOMTOQSPSSLSASVGDRVTINCQASQSIDSNLAWFQQKP
GOPPKLLIYRASNLASGVPDRESGSGSGTDFTLTISSLEAEDVATYYCLGGVGAVSYRTS
FGGGTREVEIKGGGGRGGGGSGGGGSGGGGSEVOLVESGGGLYQPGRSLRLSCTASGSDI
NDYPITWVRQAPGOQGLEWIGFINSGGSTWYASWVRGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGOQGTLVTVSSSEPKSSDKTHTCPPCPAPEAAGAPSVEL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEINWYVDOGVEVHNAKTEPREEQYNSTY
RVVSVLTVLHODWLNGKEYKCAVSNKALPAPIEKTISKAKGQPREPOVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDRKSRW(Q
QONVFSCSVMHEALHNHY TQKSLSLSPGSGGGGSGGOGSGGOGSPGSQVOLYVQSGPEY
KKPGSSVKVSCKASGYTFSRSTMHWVRQAPGQGLEWIGYINPSSAYTNYNGKFKDRVT
ITADKSTSTAYMELSSLRSEDTAVYYCARPQVHYDYNGFPYWGQGTLYVTVSSGGGGSG
GGGSGGGGSGGGGSDIOMTOSPSTLSASVGDRVIMTCUSASSSVSYMNWYQUKPGKAP
KRWIYDSSKLASGVPSRFSGSGSGTDYTLTISSLOPDDFATYYCQOQWSRNPPTFGGGTKY
EIKRSSS (SEQ 1D NG:218)

DNA sequence of ROR231:
atggaggcaccegeccagetgetgtictigtigetgetgtggctecctgataccaceggagacatecagatgacceaateccctictagictot
cegetagegteggagacegegigaccatcaatigicaageatetcagagtatigacagceaatetcgectagtitcageagaagecaggaaa
gecacccaagetectgatttataggectageaacetggctictggtetecctagtaggticagegecteigogagtggcacagacticacect
gaccattagtagictgcageccgaagatgtegetacctattactgecteggaggagigggtacogitictiatcgeaccicattiggagotoge
accaaagiggagatcaaaggiggtggoggcicogggggioocopoteaggoooocaagaaiciggagacgacggatcagaagtica
gctggtegaatetggaggaggtctggtgcagecaggeaggtecciceggotgagetigeactgcatceggotcigacattaatgaciacect
atcaccigggigaggcaggeecccggtaaaggectiggagtegatcgggttcatcaatictggtggatctactiggtacgcaageigggtsa
aaggacgcticacaattagtagagacgactetaagtctategeatatctgeagatgaatagetigaagacagaggacacegecgtgtaciatt
gtocaagaggatactccacttactaccgegatticaatatetgggaoccagggaacccotggigacagigtecteogagtgageccaaatoticig
acaaaactcacacatgeecacegigeccageaceigaagoeogeggatgeacegtcagtcticeicticeecccaaaacccaaggacacee
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tcatgatctcccggaccecctigaggtcacatgegigetogtopacgigagoecacgaagaccectgaggtcaagitcaactggtacgtgsace

gcgtggaggtocataatgccaagacaaagocgegggaggageagtacaacageacgtacegigtagtcagegtoctcaccgiccigeac
caggactggctgaatggcaaggaatacaagtgcgoggictccaacaaagecctcccagecceccategagaaaaccatciccaaagecaa
agggceagocecgagaaccacaggigtacaccetgececcateccgggatgagctgaccaagaaccaggtcagectgacctgectggte

aaaggctictatccaagegacatcgecgtggagtogggagagcaatgggcagecggagaacaactacaagaccacgecteoegigotgg

actcegacggeicctieticcictacageaageicacegtggacaagageaggiggeageaggggaacgicticteatgetcegigatgeat
gaggetctgeacaaccactacacgeagaagagecteiccoigteiocggeticeggaggegaegacicCggeggeggoggcageggc

ggcggeggcageoccggatcccaggtgeagetggtgcagictggtectgaggigaaaaagectggetccagegtgaaggtatectacaa
ggccageggatacacctttagecggtecaccatgeatigggtgagacaggoteotggacaggecctggagtgsateggetacatcaacce
cagcagoegottataccaactacaatcagaagtitaaggacegggtgaccatcacegeogataagtccaceageacegectacatggaget

gtecagectgaggagegaggatacegecgigtactatigegeceggececaggtocattacgactacaacggcticeoctattgggacea

gggaaccetgotaacegtglccageggagecEgCggrageegCygoggeecagoggeeEagaggcageggiggaggagecic
cgacattcagatgacccagiccecciccaccectgteegetagegtggaegatcgggtgaccatgaceigeagegecageageicegigtc

ctacatgaactggtaccageagaageceggeaaggetcccaagaggtggatitacgactecageaageiggeciciggigiceecageag
gtictetggtageggcageggeacagactacaceetgaceateicciceotgeageccgacgatitegecacctactattgecageagiggt
cecggaatececctaccttigecgocggcaccaaggtggagatcaagaggagetccage (SEG ID N(G:219)

Protein sequence of ROR231:
MEAPAQLLFLLLLWLPDTTGDIQMTQSPSSLSASVGDRVTINCQASQSIDSNLAWFQOKP
GEPPKLLIVRASNLASGVPERFSGSGSGTDFTLTISSLOPEDVATYYCLGGYVGAVSYRTSF
GGGTRKVEIKGGGGSGGGGSGGGGSGGGGSEVOLVESGGGLVOPGRSLRLSCTASGSDI
NDYPITWVROAPGKGLEWIGFINSGGSTWYASWVRKGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGOGTLVTVSSSEPKSSDKTHTCPPCPAPEAAGAPSVEL
FPPRPKDTLMISRTPEVTICVVVDVSHEDPEVEINWYVDGVEVHNARTRPREEQYNSTY
RVVSVLTVLHODWLINGKEYKCAVSNKALPAPIEKTISK AKGQPREPOQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTIPPYVLDBSDGSFFLYSKLTVDESRW(G
QGNVFSCSVMHEALHNHYTQKSLSLSPGSGGGGSGGGGSGGGGSPGSQVOQLYVQSGPEY
KRPGSSVKVSCKASGYTHFSRSTMHWVROAPGOGLEWIGYINPSSAYTNYNGRFKDRVT
ITADKSTSTAYMELSSLRSEDTAVYYCARPQVHYDYNGFPYWGQGTLYVTVSSGGGGSG
GGGSGGGGSGGGGSDIGMTOSPSTLSASVGDRVTMTCSASSSVSYMNWYQOKPGKAP
KRWIYDSSKLASGVPRSRFSGSGSGTDYTLTISSLGPDDFATYYCQOUQWSRNPPTFGGGTRY
EIKRSSS (SEQ 1D NG:220)

DNA sequence of ROR233:
atggaggcteccgetcagcetgctgticetectigetgeictggetgccegacaccacaggcgacatocagatgacecagiccoctiecicoct
gtccgetagogtogacgatagggtgaccatcaactgecaggecteccagtecatigaciccaatoiggectggttccageagaagooegg
acagoccoccaagetgctgatitacagggcectccaacciggcticcggogiaccigacaggticticeggatecgoeageggeaccgactic
accotgaccatctecteoctggagoecgaggatgtcgoecacctactactgtctggacagegtiggocgctgtigagctatcggacciecticy
gegacggcaccaaggtzgagalcaaggaegacggeegagiygcggrgacgacagegecgacyageciccggrgaeaacyyc
agcgaggtgcagetggtggaaageggaggagecctggtgeagectggaaggotecctgaggotgtoctgcacagecageggotecgac
atcaacgactaccecatcacctgggigaggcaggctectggocagggectggaatggatcggctiiatcaacagcggeggragcaccty
gtatgcttcctgggteaagggccggticaccattageagggacgaciccaagiccattgoctacctgeagatgaactcoctgaagaccgag
gacaccgcogigtactactgegecaggggctacageacctattaccgggacitiaacaictggggecagggeacactggtcacegigicct
cgagtgageccaaalcetictgacaaaactcacacatgeccaccgigeccageacctgaagecgegggtacacegicagteticeteticee
ceeaaaacceaaggacacecteatgateicccggaccectgaggteacatgegiggtootasacgioagceacgaagacectgaggica
agticaactggtacgtggacggcgtggaggetgcatagtgecaagacaaageegegggaggageagtacaacageacgtacegigiggic
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agcgtectcacegicctgeaccaggactggetgaatgpgcaaggaatacaagtgegoggtciccaacaaageceteccageecccatcga

gaaaaccatctccaaagecaaagggcageccegagaaccacaggtgtacacecigeceecaicceggeatgagetgaccaagaaccag
gtcagectgacctgectggtcaaaggetictatccaagegacategecgtggagtggoagagcaatgggcagecggagaacaactacaa
gaccacgecteccgigetggacteogacggetecticticetctacageaageicacegtggacaagageaggiggecagcaggagaacyt
citctcatgetcogtgatgcatgagoctetgcacaaccactacacgcagaagagoctetecctgtetecgggticeggagacggeggctee

gEcggrggcocageggeggcgcggragecceggateccaggtgcagetggtgeagtetggtectgaggtgaaaaagectiggetoe
agegtoaaggetotectgcaaggccageggatacacetitageeggtecaccatgeatigggtgaggcaggetcciggacagggecigga

gtggatcggetacatcaacoccageagegettataccaactacaatcagaagittaaggacegggtgaccateacegecgataagiccace
ageaccgectacatggagetgtccagectgaggagcgaggataccgcegigtactattgegeocggececaggiccatiacgactacaac
gacticecctatiggggeeagggaaccetggizacegigecagegeagacEategrageggcggeggrggcageggoggaggasy
cageggeggaggagectecgacattcagatgacecagteccectecaceetgiccgetagegtgggegategggetgacecatgacctgea

gegecageagcetcegtgtectacatgaactggtaccagoagaageccggraaggeteccaagaggiggattiacgactecageaagelg

geetetggtatecccageaggtictetggtageggcageggeacagactacacectgaceateiccteeetgeageccgacgatitegoeca

cotactattgccageagtgetcceggaateccectacctttggeggecggeaccaaggtggagatcaagaggagctccage (SEQ D

M:221)

Protein seguence of ROR233:
MEAPAQLLFLLLLWLPDTTGDIQOMTOSPSSLSASVGDRVTINCQASQSIDSNLAWFQQKP
GOPPKLLIYRASNLASGVPDRFSGSGSGTDFTLTISSLEAEDVATYYCLGGVGAVSYRTS
FGGOTEVEIKGGGGSGGGGRGGGGRGGGGSEVOLVESGGGLYVQPGRSLRLSCTASGSDI
NDYPITWVRQAPGQGLEWIGFINSGGSTWYASWVRKGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGQGTLVTVSSSEPKSSDKTHTCPPCPAPEAAGAPSVFL
FPPRKPKDTLMISRTPEVTCVVVDVSHEDPEVEKFNWYVDGVEVHNAKTEKPREEQYNSTY
RVVSVLTVLHODWINGKEYKCAVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDBSDGSFFLYSKLTVDKSRWQ
QONVFSCSVMHEALHNHYTQKSLSLSPGSGGGGSGGOGSGGGGSPGSQVOLVQSGPEY
KKPGSSVKVYSCKASGYTFSRSTMHWVROAPGOQGLEWIGYINPSSAYTNYNQKFKDRVT
ITADKSTSTAYMELSSLRSEDTAVYYCARPQVHYDYNGFPYWGQGTLYVTYVSSGGGGSG
GGGSGOGGSGGGGSDIGMTOSPSTLSASVGDRVTIMTCSASSSVSYMNWYQOKPGKAP
KRWIYDSSKLASGYPSRFSGSGSGTDYTLTISSLGPDDFATYYCQOQWSRNPPTFGGGTRY
EIKRSSS (SEQ ID N(:222)



Table 15. Summary of SEQ D NOs

Designation Description DRNA SEQIDNO | Protein SEQID NO
TSC311 or TSC312 Fc DRAZ22 1 2
TSC313 Fe H7L1 3 4
TSC314 Fe H7L4 5 6
TSC315 Fc H7LS 7 8
TSC316 Fc HELE 9 10
TSC317 Fc HEL4 11 12
TSC318 Fc HELS 13 14
TSC318 Fc HSLL 15 16
TSC320 Fc HOL4 17 18
TSC321 Fc HSLS 19 20
TSC322 Fc H10L1 21 22
T5C323 Fc H10L4 23 24
T5C324 Fc H10L5 25 26
75334 Fec H7LS 27 28
T5C335 Foc H7L7 29 30
T5C336 Fo H71.8 31 32
13337 Fo HBLE 33 34
15(338 Fo HBL7 35 36
T5C339 Fe H8L8 37 38
T8C340 Fc H10L6 358 40
TSC341 Fe H10LY 41 42
TSC342 Fec H10L8 43 44
TSC378 TSC342 G27Y 45 46
TSC371 TSC342 M53I 47 48
TSC372 TSC342 121M 49 50
TSC35880 TSC370 ASP 51 52
TSC3%81 TSC370 ASP M531 53 54
TSC392 TSC370 AP 121M 55 56
TSC393 TSC370 M531i21M 57 58
TSC3%94 TSC370 ASP MbL31121M 59 &0
TSC408 Anti-PSMA X TSC391 61 62
T5C409 Anti-PSMA X T5C392 63 64
T5C410 Anti-PSMA X T5(C393 65 66
T5C411 Anti-PSMA X T5(394 67 68
T5C471 Anti-PSMA X T5C456 205 206
13266 Anti-PSMA X DRAZ22 {huVL-VH 107- 209 210
1A4 scFv-Fe-DRAZ222 scFv)
CAS1I05 Anti-CD37 X DRA222 69 70
Anti-CD37 X Anti-CD37 XTSC384 71 72
T5C445
Anti-CD37 X Anti-CD37 X {TSC394 Vi + DRA222 VH) 73 74
TSC452
Anti-CbB37 X Anti-CD37 X {TSC394 VH + DRA222 Vi) 75 76




1SC453

Anti-CD37 X Anti-CD37 X TSC394 ER6D 77 78

TSC454

Anti-CD37 X Anti-CD37 X T5C394 F87Y 79 80

TSC4A55

Anti-CD37 X Anti-CD37 X TSC394 ERED FR7Y 81 82

T5C456

T5C455 TSC394 FR7Y scfy {(anti-CD3 schv) a3

TSC456 TSC394 EBBD FR7Y scfv {anti-CD3 scFv}) 84

DRAZ222 Anti-CD3 schv 85

TSCA55 and TSCA55 and TSC456 variable heavy 36

T5C456 VH domain

DRA222 VH DRAZ22 variable heavy domain 87

TSCA55 VL TSCA55 variable light domain 38

TSCA56 Vi TSCA56 variable light domain 39

DRA222 VL DRA222 variable light domain a0

Cris7 and DRA222 Anti-CD3 VH CDR1 91

VH CDR1 {Kabat}

Cris7 and DRA222 Anti-CD3 VH CDR2 92

VH CDR2 (Kabat)

Cris7 and DRAZZ22 | Anti-CD3 VH CDOR3 93

VH CDR3 (Kabat)

Cris7 and DRA222 Anti-CD3 VL CDRL 84

VL CDR1 {Kabat)

Cris7 and DRA222 | Anti-CD3 VL CDR2 95

VL CDR2 {Kabat)

Cris7 and DRA222 Anti-CDB3 VL CDR3 96

VL CDR3 {Kabat)

Cris7 and DRA222 | Anti-CD3 VH CDR1 199

VH CDR1L {IMGT)

Cris7 and DRA222 Anti-CD3 VH CDR2 200

VH CDR2 {IMGT)

Cris7 and DRAZ22 | Anti-CD3 VH CDR3 201

VH CDR3 {IMGT)

Cris7 and DRA222 Anti-CD3 VL CDRL 202

VL CDR1 {IMGT}

Cris7 and DRA222 | Anti-CD3 VL CDR2 203

VL CDR2 {IMGT)

Cris7 and DRA222 Anti-CD3 VL CDR3 204

VL CDR3 (IMGT)

ROR133 Anti-RORL {R11 L7H15) X DRAZ222 g7 g8

ROR193 Anti-RORL {R11 L7H15) X TSC394 F87Y | 99 100

ROR134 Anti-ROR1L {R11 L7H10} X DRAZ222 101 102

ROR189 Anti-RORL (R11 L7HI0) X TSC394 E86D | 103 104
Fa&7Y

ROR154 Anti-ROR1L {R11 L7H16) X DRAZ222 105 106

ROR185 Anti-RORL {R11 L7H15) X TSC384 E8GD 107 108
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F87Y

ROR179 Anti-ROR1 {R11 L8H16) X DRAZ222 1038 110

ROR186 Anti-RORL (R11 L8H16) X TSC394 E86D | 111 112
F&7Y

ROR181 Anti-ROR1 {R11 L7H17) X DRA222 113 114

ROR191 Anti-RORL {R11 L7H17) X TSC384 E8GD 115 116
F87Y

ROR182 Anti-ROR1 {R11 L9H18) X DRA222 117 118

ROR192 Anti-ROR1 {R11 19H18) X TSC394 E86D 118 120
F87Y

ROR243 Humanized, codon optimized anti-ROR1L | 207 208
X anti-CD3 {parent anti-ROR1 molecule
is ROR192) scFv-Fe-scFv

RORZ206 ROR133 5407 GLI3R X DRA222 F¢ 211 212
ADCC-K322A-H111in pEE12.4

ROR207 ROR133 5407 G113R x TSC456 Fc ADCC- | 213 214
K322A-Hillin pEE12.4

ROR208 ROR174 S40T G113R x DRAZ22 k¢ 215 216
ADCC- K322A-H11lin pEE12.4

ROR209 ROR174 S40T G113R x TSC456 Fc ADCC- | 217 218
K322A-H111in pEE12.4

ROR231 Anti-RORL X anti-CD3 218 220

ROR233 Anti-ROR1L X anti-CD3 221 222
Chimeric bispecific anti-CD123 {(VLVH) x 197
anti-CD3 (TSC4586) scFv-Fe-sefy
Chimeric bispecific anti-CD123 {(VHVL) x 188

anti-CD3 {TSC456) scFv-Fe-sefy
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CLAIMS:

1. A CD3-binding protein comprising a CD3-binding domain that binds specifically
to human CD3 and that comprises a humanized immunoglobulin light chain variable region and a
humanized immunoglobulin heavy chain variable region wherein the immunoglobulin light chain
variable region comprises an LCDR1 amino acid sequence of SEQ ID NO:94, an LCDR2 amino
acid sequence of SEQ ID NO:95, and an LCDR3 amino acid sequence of SEQ ID NO:96 and
wherein the immunoglobulin heavy chain variable region comprises an HCDR1 amino acid
sequence of SEQ ID NO:91, an HCDR2 amino acid sequence of SEQ ID NO:92, and an HCDR3
amino acid sequence of SEQ ID NO:93;

wherein the amino acid residue at position 9 according to the IMGT numbering system of
the immunoglobulin heavy chain variable region is proline; and

wherein the amino acid residue at position 21 according to the IMGT numbering system
of the immunoglobulin light chain variable region is methionine; and

wherein the amino acid residue at position 87 according to the IMGT numbering system

of the immunoglobulin light chain variable region is tyrosine.

2. The CD3-binding protein of claim 1, wherein the immunoglobulin light chain
variable region comprises framework regions based on the human IGKV3D-20*1 germline amino

acid sequence.

3. The CD3-binding protein of claim 1, wherein the immunoglobulin heavy chain
variable region comprises framework regions based on the human IGHV1-69*02 germline amino

acid sequence.

4. The CD3-binding protein of claim 1, wherein the amino acid residue at position 52
according to the IMGT numbering system of the immunoglobulin light chain variable region is
arginine and/or the amino acid residue at position 53 according to the IMGT numbering system of

the immunoglobulin light chain variable region is tryptophan.
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5. The CD3-binding protein of claim 1, wherein the amino acid residue at position 27
according to the IMGT numbering system of the immunoglobulin heavy chain variable region is

tyrosine.

6. The CD3-binding protein of claim 1, wherein the amino acid residue at position 53
according to the IMGT numbering system of the immunoglobulin heavy chain variable region is

1soleucine.

7. The CD3-binding protein of claim 1, wherein the amino acid residue at position 86
according to the IMGT numbering system of the immunoglobulin light chain variable region is

aspartic acid.

8. The CD3-binding protein of claim 1, wherein the CD3-binding domain comprises
SEQ ID NO:83 or SEQ ID NO:84.

0. The CD3-binding protein of claim 1, wherein the CD3-binding domain is a single

chain variable fragment (scFv).
10. The CD3-binding protein of claim 9, wherein said scFv comprises a linker between
the heavy chain variable region and the light chain variable region of said scFv and wherein said

linker comprises the amino acid sequence QRHNNSSLNTGTQMAGHSPNS (SEQ ID NO:148).

11. The CD3-binding protein of claim 9, wherein the heavy chain variable region of

said scFv is amino-terminal to the light chain variable region of said scFv.

12. The CD3-binding protein of claim 1, wherein the CD3-binding protein binds
specifically to cynomolgus CD3.

13. The CD3-binding protein of claim 1, wherein the CD3-binding protein comprises

an immunoglobulin constant region.
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14. The CD3-binding protein of claim 1, further comprising a second binding domain.

15. The CD3-binding protein of claim 14, wherein said CD3-binding protein is a single
chain molecule comprising, in order from amino-terminus to carboxyl-terminus, (i) the second
binding domain, (ii) a hinge region, (iii) an immunoglobulin constant region, (iv) a carboxyl-

terminus linker, and (v) the CD3-binding domain.

16. The CD3-binding protein of claim 14, wherein the second binding domain
comprises (a) an immunoglobulin light chain variable region comprising LCDR1, LCDR2, and
LCDR3, and (b) an immunoglobulin heavy chain variable region comprising HCDR1, HCDR2,
and HCDR3.

17. The CD3-binding protein of claim 15, wherein the hinge region is derived from an

immunoglobulin hinge region.

18. The CD3-binding protein of claim 15, wherein the carboxyl-terminus linker

comprises or consists of SEQ ID NO:196.

19. The CD3-binding protein of claim 13, wherein the immunoglobulin constant region
comprises immunoglobulin CH2 and CH3 domains of IgG1, 1gG2, 1gG3, 1gG4, IgAl, IgA2 or
IgD.

20. The CD3-binding protein of claim 19, wherein the immunoglobulin constant region
comprises a human IgG1 CH2 domain comprising the substitutions L234A, L235A, G237A, and
K322A, according to the EU numbering system.

21. The CD3-binding protein of claim 14, wherein the CD3-binding protein induces
redirected T-cell cytotoxicity (RTCC).

22. The CD3-binding protein of claim 14, wherein the second binding domain is a

single chain variable fragment (scFv).
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23. The CD3-binding protein of claim 14, wherein the second binding domain binds a

tumor associated antigen.

24. The CD3-binding protein of claim 23, wherein said CD3-binding protein induces

T-cell-dependent lysis of cells expressing the tumor associated antigen.

25. The CD3-binding protein of claim 23, wherein the tumor associated antigen is
selected from the group consisting of PSMA, CD19, CD20, CD37, CD38, CD123, Her2, RORI,
RON, glycoprotein A33 antigen (gpA33), and CEA.

26. The CD3-binding protein of claim 1, wherein said CD3-binding protein further

comprises an immunoglobulin heterodimerization domain.

27. The CD3-binding protein of claim 26, wherein the immunoglobulin
heterodimerization domain comprises an immunoglobulin CH1 domain or an immunoglobulin CL

domain.

28. The CD3-binding protein of claim 1, wherein said CD3-binding protein is a
bispecific single chain antibody molecule comprising a CD3-binding domain and a second binding
domain, wherein the binding domains are arranged in the order VH CD3-VL CD3-VH second
binding domain-VL second binding domain, VL CD3-VH CD3-VH second binding domain -VL
second binding domain, VH second binding domain-VL second binding domain-VH CD3-VL
CD3 or VH second binding domain-VL second binding domain-VL CD3-VH CD3.

29. A pharmaceutical composition comprising the CD3-binding protein of claim 1 and

a pharmaceutically acceptable carrier, diluent, or excipient.

30. The CD3-binding protein of claim 23 for use in the treatment of cancer in a subject

in need thereof.
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31.  Use of the CD3-binding protein of claim 23 for the manufacture of a medicament

for treating cancer in a subject in need thereof.

32. The CD3-binding protein of claim 30 for use in the treatment of cancer, or the use
of claim 31 for the manufacture of a medicament for treating cancer, wherein the cancer is prostate
cancer, colorectal cancer, renal cell carcinoma, bladder cancer, salivary gland cancer, pancreatic
cancer, ovarian cancer, non-small cell lung cancer, breast cancer, melanoma, adrenal cancer,
mantle cell lymphoma, acute lymphoblastic leukemia, chronic lymphocytic leukemia, Non-
Hodgkin’s lymphoma, acute myeloid leukemia (AML), B-lymphoid leukemia, blastic
plasmocytoid dendritic neoplasm (BPDCN), or hairy cell leukemia.

33. A CD3-binding protein that is a dimer of two identical proteins, wherein each

protein is the CD3-binding protein of claim 15.

34, The CD3-binding protein of claim 1, wherein

(a) the immunoglobulin light chain variable region comprises SEQ ID NO:88 and the
immunoglobulin heavy chain variable region comprises SEQ ID NO:86; or

(b) the immunoglobulin light chain variable region comprises SEQ ID NO:89 and the

immunoglobulin heavy chain variable region comprises SEQ ID NO:86.

35. The CD3-binding protein of claim 1, wherein

(a) the immunoglobulin light chain variable region comprises an amino acid sequence that
is at least 96% identical to SEQ ID NO:88 and the immunoglobulin heavy chain variable region
comprises an amino acid sequence that is at least 96% identical to SEQ ID NO:86; or

(b) the immunoglobulin light chain variable region comprises an amino acid sequence that
is at least 96% identical to SEQ ID NO:89 and the immunoglobulin heavy chain variable region

comprises an amino acid sequence that is at least 96% identical to SEQ ID NO:86.
36. The CD3-binding protein of claim 32 for use in the treatment of cancer, or the use

of claim 32 for the manufacture of a medicament for treating cancer, wherein the breast cancer is

triple negative breast cancer.
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