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CD3 BINDING POLYPEPTIDES

[601] This application claims priority to and benefit of U.S. Provisional Patent Application No.
62/221,180, filad on Septamber 21, 2015, The conlents of this application are herein

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

[602] The contents of the text file submitted electronically herewith are incorporated herein by
reference in their entirety: A computer readable format copy of the Seguence Listing (Tlename:
APVO 052 01WO _Seqglist_ST25.txd, date recorded: Sepiember 21, 2016, file size 544
kilobytes).

FIELD OF THE DISCLOSURE

[303] The present disclosure relates to molecules that specifically bind {o CD3, which may have
at lzast one humanized CD3-binding domain. A protsin therapsutic binding to CD3 may be a
monospecific protein therapeutic or a multispecific protein therapeutic. A mulispecific protain
therapeutic may bind both a tumor antigen and CD3 subunits of the T-cell receptor complex on

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

[0604] Targeting the T-cell receplor complex (TCR) on human T-cells with anti-CD3 antibodies
has been proposed for treatment of autoimmune disease and related disorders, such as for
treatment of organ allograft rejection. In addition to monospecific therapeutics that target CD3,
muitispecific polypeplides that bind selectively to both T-celis and tumor cells could offer a
mechanism to redirect T-cell cytoloxicity towards the tumor cells. Such multispecific

polypeptides may be useful for treatment of cancer.

[605] Clinical use of some anti-CD3 antibodies has been hampered by serious side effects. For
example, OKT3, a mouse monocional antibody specific for human CD3, induced T-cell
proliferation and cytokine production in vitro and led {o a large scals release of cytoking in vivo
{Hirsch et al. (1989) J. Immunol 142: 737-43). The cytokine release (also referred to as
‘cytokine storm’) in turn led o a “flu-like” syndrome, characterized by fever, chills, headaches,
nausea, vomiting, diarrhea, respiratory distress, septic meningitis and hypoiension (Chatenoud
(2003) Nature Reviews 3:123-132).
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[608] There is a need for CD3-binding molecules that have improved thermal stability with a

favorable manufacturability profile and reduced adverss effacis.

SUMMARY OF THE DISCLOSURE
[007] The disclosure encompasses CD3-binding domains and polypeptides that have an
advantagesous manufacturability profile. FPolypsptides comprising CD3-binding domains
disclosed herein may be thermally stable. In some cases, a polypeptide has an improved
thermal stability comparad to ancther 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 cytokines when administered to a subject).
[308] In certain embodiments, the disclosure relates o a CD3-binding domain that binds
specifically to human CD3 and that comprises an immunoglobulin light chain variable region and
an immunoglobulin 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 8% identical or at least about 89%
identical to the amino acid sequsnce in SEQ 1D NO:88; or (b} at least about 94% identical, at
least about 95% identical, at least about 97% identical, at least about 98% identical or at least
about 89% identical to 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, al isast about
80% identical, at least about 92% identical, at least about 85% identical, at lsast about 87%
identical, at least about 98% identical or at least about 99% identical o the amino acid
saguence in SEQ 1D NO:856. 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 95% identical, at least about 97% identical, at least about 98% identical or at least
about 88% identical to the amino acid seguence in SEQ D NOG:83 or SEQ ID NO:84. A CDS-
binding domain may comprise SEQ D NO:83 or SEQ 1D NG:84.
[009] In one embodiment, a CD3-binding domain comprises an immunogiobulin light chain
variable region that comprises an LCDR1 amino acid sequence of SEQ 1D NO:94, an LCDR2
amino acid sequence of SEQ ID NO:85, and an LCDR3 amino acid sequence of SEQ 1D NG:96
and an immunoglobulin heavy chain variable region that comprises an HCDR1 amino acid
sequence of SEQ D NO:91, an HCDR2 amino acid seguence of SEG 1D NG:92, and an
HCDR3 amino acid sequence of SEQ 1D NO:93. in another embodiment, a CD3-binding
domain comprises an immunogiobulin light chain variable region that comprises an LCDR/
amino acid sequence of SEQ ID NG:202, an LCDRZ amino acid sequence of SEQ 1D NO:203,
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and an LCDR3 amino acid sequence of SEQ 1D NC:204 and an immunoglobulin heavy chain
variable region that comprises an HCDR1 amino acid sequance of SEQ 1D NG:198, an HCDR2Z2
amino acid sequence of SEQ ID NG:200, and an HCDRS3 amino acid sequence of SEQ ID
NC:201.

[0010] In certain aspects, & CD3-binding domain may comprise an immunogiobutin light chain
variable region and an immunoglobulin heavy chain variable region that comprise framework
ragions and al 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 germiine amino acid sequence. In ancther embaodiment, an immunogliobulin
heavy chain variable region comprises framework regions based on the human IGHV1-69702
germiline amino acid sequence.

[06011] In some embodiments, the amino acid residug 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 to the IMGT numbering system
of the immunogiobulin 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: (8) the amino acid
residue at position 9 according to the IMGT numbering system of the immunoglobulin heavy
chain variabls region is proline; (b} the amino acid residusg at position 53 according to the IMGT
numbering system of the immunoglobulin heavy chain variable region is isoleucine; and {(¢) the
amino acid residue at position 21 according to the IMGT numbering system of the
immunoglobulin light chain variable region is methionine. The amino acid residue at position 87
according to the IMGT numbering system of the immunoglobulin heavy chain variable region of
a CD3-binding domain may be tyrosine. The aminoc acid residue at position 86 according to the
IMGT numbering system of the immunoglobulin heavy chain variable region of a CD3-binding
domain may be aspartic acid. In one embodiment, the amino acid residue at position 86
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.

[0012] The disclosure encompasses a CD3-binding domain that is a single chain variable

fragment (scFv). In some aspacis, an scFv may comprise a linker between the haavy chain
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variabie region and the light chain variable region. In one embodiment, a linker between the
heavy chain variable region and the light chain variable region comprises the amino acid
sequence QRHNNSSLNTGTOGMAGHSPNS (SEGQ 1D NO:148). In some embodiments, the
heavy chain varigble 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 varable region of the scFv.

[80013] The disclosurs encompasses a CD3-binding domain that has a thermal stabilily thatis
increased at least about 10% when compared to the thermal stability of a CD&-binding domain
comprising a light chain variable region comprising SEQ 1D NO:90 and a heavy chain variable
region comprising SEQ 1D NO:87. The thermal fransition 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 6°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 SEG 1D NG:80 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 35%C, at Isast about 56°C, or at least about 57°C and
up to about 72°C. The thermal stability or the thermal transition midpoint of a CDS-binding
domain may be measured by differential scanning calorimetry or differential scanning
fluorimetry.

[06014] A CD3-binding domain as disclosed herein may have storage stability that is increased
at least about 5%, at least about 10%, at least about 20%, at isast about 30%, at least about
40%, at least about 50%, at least about 80%, 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:80 and a heavy chain
variable region comprising SEQ 1D NO:87. Slorage stability may be measured afier a CD3-
binding domain is siored in PBS at about 25%C. In oneg embodiment, a CD3-binding domain is
stable in siorage in PBS at about 25°C for at least about 8 days, at lsast about 10 days, or at
least about 13 days and up to about 90 days.

[0015] In some aspecis, 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 ID NO:90 and & heavy chain variable region comprising SEQ 1D
NO:87.
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[6016] The disclosure also relates {0 a CD3-binding domain that binds to human CD3 with an
ECED of about 10 nM or lower. In some smbodimants, a CD3-binding domain of the disclosurs
may also bind specifically to cynomolgus CD3. For example, a CD3-binding domain may bind
to cynomolgus CD3 with an EC50 of about 30 nM or lower.

[0017] The disclosure encompasses a CD3-binding domain that binds specifically to human
CD3 and that comprises an immunogiobulin 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 ID NO:94, an LCDR2 amino acid sequence
of SEQ 1D NO:95, and an LCDRS3 amino acid sequence of SEQ 1D NO:96 and wherein the
immunogiobulin heavy chain variable region comprises an HCDR1 amino acid sequeance of
SEQ 1D NO:81, an HCDRZ amino acid sequence of SEQ 1D NO:82, and an HCDR3 amino acid
saqguence of SEQ ID NO:83; or (b) the immunoglobulin light chain variable region comprises an
LCDR1 amino acid sequence of SEQ 1D NG:202, an LCDR2 amino acid sequence of SEQ ID
NO:203, and an LCDR3 amino acid sequence of SEQ 1D NO:204 and wherein the
immunogiobulin heavy chain variable region comprises an HCDR1 amino acid sequeance of
SEQ ID NO:199, an HCDRZ amino acid sequence of SEQ 1D 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 protein comprising the CD3-binding domain) is at least about 54°C, at least
about 55°C, at least about 56°C, or at lzast about 57°C and up to about 72°C; (ii) the CD3-
binding domain {(or a protein comprising 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 to
about 80 days; (iii} 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 cynomaolgus CD3 with an EC50 of
about 30 nM or lower.

[0018] The disclosure also relates {o a CD3-binding polypeptide comprising any of the CD3-
binding domains described herein. In some variations, a CD3-binding polypeptide may comprise
an immunogicbulin constant region. This immunogiobulin constant region may comprise
immunoglobulin CH2 and CH3 domains of IgG1, igG2, 1gG3, 1gG4, 1gAt, IgAZ2 or gD, In some
embodiments, an immunoglobulin constant region comprises a human IgG1 CH2 domain
comprising the substitutions L234A, L235A, G237A, and K322A, according o the EU numbering
system. In certain embodiments, an immunoglobulin constant region comprises a human igG1
CHZ domain comprising one or more of the substitutions L234A L238A, G237A, and K322A,
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according to the EU numbsring system. In some embodiments, a CD3-binding polypeptide
when bound to a CD3 protein on a 7 cell does not induce or inducas a minimally detectable
cytokine release from said T cell. In cerlain aspects, a CD3-binding protein or polypeptide
exhibiis reduced cyiokine release in a patient as compared o the cylokine released when anti-
CD3 antibody OKT3 is administered to a patient. In some cases, a CD3-binding polypeptide
may induce T-cell aclivation or T-cell proliferation.

[8019] in certain aspects, a2 CD3-binding polypeptids 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
(8.g., PSMA, CD19, CD20, CD37, CD38, CD123, Her2, ROR1, RON, glycoprotein A33 antigen
{gpA33) or CEA).

[80020] The disclosurs further encompasses a CD3-binding polypeptide comprising: () a CD3-
binding domain and (i) a second binding domain. In some embodiments, a CD3-binding
polypeptide comprises, in order from amino-terminus o carboxyl-terminus or in order from
carboxyl-terminus o aminc-terminus, (i) a CD3-binding domain, (i) a hinge region and (i) an
immunoglobulin constant region. In some embodiments, a CD3-binding polypeplide comprises,
in order from amino-terminus to carboxyl-terminus, (i) a second binding domain, {ii) 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 o aminc-terminus, (i) a second binding domain, (ii} a hinge ragion, {iii) an
immunoglobulin constant region, {(iv) an amino-terminus linker, and (v} a 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.g., (Gly,Sen) repeats and linkers derived from (i) a stalk regionofatype H C
fectin or (i) an immunoglobulin hinge region. in certain aspects, a carboxyl-terminus linkar {(or
an amino-terminus linker) comprises or consists of SEQ 1D NO:186. in some aspects, the
disclosure relates to a CD3-binding polvpeptide (&.g., mullispecific), wherein (i) the CD3-binding
domain comprises {a) an immunoglobulin light chain variable region comprising LCDR1,
LCDR2Z, and LCDRS, and (b) an immunoglobulin heavy chain variable region comprising
HCDR1, HCDR2, and HCDBRS; and (i) the second binding domain comprises (a8) an
immunoglobulin light chain variable region comprising LCDR1, LCDR2, and LCDRS3, and (b) an
immunoglobulin heavy chain variable region comprising HCDR1, HCDR2, and HCDR3.

(00211 The disclosure encompasses a CD3-binding polypeplide that induces redirected T-cell
cytotoxicity (RTCC). For example, a CD3-binding polypeptide may induce RTCC with an EC530
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of about 30 pM or lower. In some smbodiments, a CD3-binding polypeptide does not exhibit or
exhibits minimal antibody-dependent cell-mediated cytoloxicity (ADCC) activity and/or
complement-dependent cytotoxicily (CDC) activity. in certain aspects, null ADCC and/or CDC
activity is accomplished through mutations in the hinge region and [g constant region {e.g, Fc).
(00221 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, (b) a first
hinge region, (¢) a first immunogiobulin consiant region, and (d) a first immunogiobulin
heterodimerization domain; and (i) a second polypeptide chain comprising, in order from amino-
terminus to carboxyl-terminus or from carboxyl-terminus o amino-terminus, (8"} a second hinge
region, (b a second immunoglobulin constant region, and (2" a second immunogicbulin
heterodimerization domain that is different from the first immunoglobulin heterodimsrization
domain of the first single chain polypeplide, wharein the first and second immunogliobulin
heterodimerization domains associate with each other to form a heterodimer. Inone
embodiment, the first immunoglobulin heteradimerization domain comprises an immunoglobulin
CH1 domain and the second immunoglobulin heterodimerization domain comprises an
immunogiobulin CL domain, or wherein the first immunogiobulin heterodimerization domain
comprises an immunogicbulin CL domain and the second immunogiobulin hetercdimerization
domain comprises an immunogiobulin CH1 domain. At least one of the first and second
immunoglobulin constant regions may comprise immunoglobulin CH2 and CH3 domains of
IgG1, 1gG2, IgG3, IgG4, IgAt, 1gA2, 1gD or any combination thereof, an immunoglobulin CH3
domain of igG1, 1gG2, 1gG3, IgG4, igAt, igAZ, gD, gk, igM or any combination thereof, or
immunoglobulin CH3 and CH4 domains of IgE, 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-terminai to the second hinge region.

[8023] 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-V1. CD3-VH CD3.

[0024] The disclosure also relates to an isvlated 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 CO3-binding polypeplide
described herein, wherein the nuclsic acid segment is opsratively linked to regulatory
sequences suitable for expression of the nucleic acid segmentin a host cell. A recombinant
host cell comprising an expression vector is included in the disclosure.

[30258] The disclosure encompassss an expression vector comprising first and second
expression units, wherein the first and second expression unils respectively comprise first and
sacond nucleic acid segments encoding the first and second polypeptide chains of &
heterodimeric CD3-binding polypeptide, and wherein the first and second nucleic acid segments
are operably linked to regulatory sequences suilable for expression of the nucleic acid
segments in a host cell. A recombinant host cell comprising an expression vecior comprising
first and second expression units is part of the disclosure.

[0026] The disclosure further relates to a method for producing a CD3-binding polypeptids, the
method comprising: culturing a recombinant host cell comprising an expression vecior
described herein under conditions whereby the nucleic acid segment is expressed, thereby
producing the CD3-binding polypeptide. In some embodimentis, a method for producing a
heterodimeric CD3-binding protein comprises: culturing a recombinani host cell comprising first
and second expression units, wherein the first and second expression unils respectively
comprise first and second nucleic acid segments encoding the first and second polypeplide
chains of a heterodimeric CD3-binding protein, wherein the first and second nucleic acid
segments are operably linked to regulatory sequences suitable for expression of the nucleic
acid segments in a host cell, and wharein said culluring is undsr conditions whereby the first
and second nucleic acid segments are expressed 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 protsin.

[8027] The disclosurs encompassss a pharmaceutical composition comprising a CD3-binding
polypeptide disclosed herein and a pharmaceutically acceptable carrier, diluent, or excipient.
The disclosure also relates o a method for inducing redirected T-cell cytotoxicity (RTCC)
against a cell expressing a tumor associated antigen, the method comprising: contacting said

tumor associated antigen-expressing cell with a2 CD3-binding polypeptide, whersin said
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contacting is under conditions whereby RTCC against the umor associated antigen-expressing
cell is induced. Ons aspeact of the disclosure includes a method for inhibiting tumor growth in a
subject in need thereof, comprising adminisiering a therapeutically effective amount of a CD3-
binding polypeptide or a pharmaceutical composition described hersin 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 pharmaceutical composition described herein o the subject. Non-limiting
examples of cancer that may be treaied by mathods and CD3-binding polypseptides described
herein include prostate cancer, colorectal cancer, renal cell carcinoma, bladder cancer, salivary
gland cancer, pancrealic cancer, ovarian cancer, non-smail cell lung cancer, breast cancer
{e.g., triple negative breast cancer). melanoma, adrenal cancer, mantle cell lymphoma, acuts
iymphoblastic leukemia, chronic lymiphoovtic lsukemia, Non-Hodgkin's lymphoma, acute
myeloid leukemia (AML), B-lymphoid leukemia, blastic plasmocytoid dendritic neoplasm
{BPDCN), and hairy cell leukemia.

[3028] The disclosure encompassss a CD3-binding domain that binds specifically to human
CD3 and that comprises SEQ ID NOG: 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, 58, 58, or 80.

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

[0030] These and other embodiments and/or other aspecis of the disciosurs will become
evident upon reference 1o the following detailed description of the disclosure and the attached

drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Figure 1 {iop panel} is a graph showing the results of a flow cytomefry study measuring
the binding of CD3-binding domain constructs to Jurkat 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 (boitom panel) shows the ECxg
values obtained from the data in the graph.

[80032] Figure 2 {iop panel} is a graph showing the results of a flow cytomefry study measuring
the binding of CD3-binding domain constructs to a subclong of the Jurkat T-cell line with higher

levels of CD3 expression. Mean fluorescence intensity (MFH of bound molecules on live cells is
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shown on the y-axis. Concentration (nM) of the CD3-binding domain construcis is shown on the
x-axis. The table {botiom panel) shows the ECs, values obtained 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 constructs. The figure also shows the thermal transition
midpoint {Tm) values obtained from the data in the graph.

[6034] Figure 4 is a graph showing the resulis of a flow cytomeiry study measuring the binding
of CD3-binding domain construcis to a subcione of the Jurkat T-cell line with higher levels of
CD3 expression. Mean fluorescence intensity (MFD of bound molscules on live cells is shown
on the y-axis. Concentration (nM) of the CD3-binding domain consiructs is shown on the x-axis.
[3038] Figure 5 is a graph showing the resuits of a flow cylometry study measuring the binding
of CD3-binding domain constructs 1o a subclone of the Jurkal T-csll line with higher levels of
CD3 expression. Mean fluorescences intensity (MFI} of bound molecules on live celis is shown

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

[0036] Figure 6 (lop panel} is a graph showing the resulls of a chromium-51 release assay
measuring the effectiveness of bispecific anti-PSMA and anti-CD3 constructs at inducing target-
depandent T-cell cytotoxicity with human PBMC in 4 hours against C4-2B cells. Percent specific
lysis relative to a iotal lysis control is shown on the y-axis. Concentration {pM) of the CD3-
binding domain consiructs is shown on the x-axis. The table (boitom panel) shows the ECsq

values obtained from the data in the graph.

[0037] Figure 7A and Figure 7B ars graphs showing the results of a flow cylometry study
measuring the binding of CD3-binding domain constructs to 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 constructs is shown on the x-axis of each

graph.

[0038] Figure 84 and Figure 8B ars 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
spacific lysis relative {o a total lysis control is shown on the y-axis of each graph. Concentration

(oM} 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 anti-CD3 constructs to Cynomolgus T-cells. Mean fluorescence

intensity (MF1) of bound molecules on live cells is shown on the y-axis. Concentration (nM) of
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the CD3-binding domain consiructs is shown on the x-axis. TSC394 DY refers to the TSC394
construct including the E86D and F87Y substitutions.

[0040] Figure 10 (lop 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-cell cytotoxicity with Cynomaoligus PBMC in 4 hours against Ramos celis. Percent
specific lysis relative to a total lysis control is shown on the y-axis of each graph. Conceniration
(M} 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. TSC394 DY refers
to the TSC394 construct including the £E86D and F87Y substitutions.

[3041] Figure 11 is a graph showing the results of a study measuring the storage stability of
CD3-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.

[0043] Figure 13 shows an alignmeant of the aming acid sequences of the DRAZ22 scFv (8EQ
ID NO:85), TSC455 scFv (SEQ 1D NO:83), and TSC456 scFv (SEQ 1D NO:84). The sequences
of these constructs are also shown in Table 14.

[06044] Figure 14 is a graph showing the results of a study measuring serum concenirations of
anti-PSMA X anii-CD3 bispecific binding molacules in BALB/c mice as a function of ime.
Results are expressed as mean serum concentration (pg/mLb) over iime for each of the
treatment groups. Each point shows the mean (+standard deviation) of individual animals.
[00458] 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 serum concentrations
of anti-ROR1 X anti-CD3 bispecific binding muolecules in NSG mice as a function of time.
Resulls are expressed as mean serum concentration (ug/mL) over time for each of the
treatment groups.

[06047] Figure 174 and Figure 178 are tables showing a comparison of pharmacokineatic
paramsters of anti-ROR1 X anti-CD3 bispecific binding molecules in NSG mice. Figure 174
shows pharmaccekinetic parameter estimates calculated using NCA for IV dosing with sparse

sampling and uniform weighting for each freatment group. Figure 17B shows pharmacokinetic
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parameter estimates determined using a 2 Compartment IV model with 1/Y weighting for each
treatment 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 1% is a graph showing the results of a study analyzing the effects of anti-ROR1 X
anti-CD3 bispecific binding molscules on Kasumi-2 xenograft tumor growth. Resuits are shown

for human T-cell donor #336.

DETAILED DESCRIPTION OF THE DISCLOSURE
(3050} The disclosure provides binding domains that specifically bind to CD3 {(cluster of
diffsrentiation 3) and binding molecules (e.g. polypeptides and proteins) that specifically bind to
CD3. These binding moleculss may bind specifically to CD3 and 1o at least one othear targst. In
some embodiments, a CD3-binding molecule described herein has a favorable
manufacturability 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 molscules with improved and novel properties. Accordingly, the disclosure relales 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 to other anti-CD3 binding domains and profeins. In some aspects of the
disclosurs, a CD3-binding molecule is thermally stable. For example, the molecule may have
improved thermal stability comparsad {o another CD3-binding molecule {(e.g., DRA222). CD3-
binding molecules may have a high production vield and a long serum half-life and long storage
half-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.

[0051] 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),
unless 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 {e.g., "or™) should be understoond o 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 polypeptides comprising the various

combinations of the components (s.g., domains or regions) and substituents described hersin,
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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, arlicles, 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 term’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 bs taken as an acknowledgment, or any form of suggestion, that they
constitute valid prior art or form part of the common general knowladgs in any country in the

waorld.

[0053] As used herein, the term “binding domain” or "binding region” refers to the domain,
region, portion, or site of a protein, polypeptide, oligopeptide, or peptide or antibody or binding
domain derivad from an antibody that possesses the ability to specifically recognize and bind to
a target molscule, such as an antigsn, lgand, receptor, 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, chemokines).
In certain embodiments, the binding domain comprises or consists of an antigen binding site
{s.g., comprising a variable heavy chain sequence and variable light chain sequancs or three
light chain complementary determining regions (CDRs) and three heavy chain CDRs from an
antibody placed into allernative framework regions {(FRs) (e.¢., 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
Westarmn bloi, ELISA, phage display library screening, and BIACORE® interaction analysis. As
used herein, a CD3-binding polypeptide can have a “first binding domain” and, optionally, a
“second binding domain.” In certain embodiments, the “first binding domain” is 2 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 tumor antigen-binding domain. In other smbodimants, the second binding domain is a
second CD3-binding domain. In yet other embodiments, the second binding domainis &

binding domain other than a tumor antigen-binding domain.
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[6054] 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
dornains with a K, of at ieast 10’ M, at least 10° M, at least 10° M, at least 10" M at least
10" M7, atleast 10" M7, or atleast 10" M. “Low affinity” binding domains refer to those
binding domains with a K, ofup 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 o 10" M). Affinities of binding dornain polypeptides and single chain
polypeplides according io the present disclosure can be readily determinsd using conventional
technigques (see, e.g., Scatchard et al. (1848) Ann. N.Y. Acad. Sci. 51:660; and U.S. Patent
Nos. 5,283,173, 5,468,614, or the equivalent).

[0055] “CD3” is known in the art as a mulli-protein complex of six chains (see, e.¢., Abbas and
Lichtrman, 2003, Janeway ef a/., p. 172 and 178, 1988}, which are subunits of the T-cell receplor
complex. In mammals, the CD3 subunits of the T-csll receptor complex are a CD3y chain, &
CD35 chain, two CD3¢ chains, and a homodimer of CD3 chains. The CD3y, CD3J, and Ch3¢
chains are highly related cell surface proteins of the immunoglobulin superfamily containing a
single immunoglobulin domain. The transmembrane regions of the CD3y, CD36, and CD3¢
chains are negatively charged, which is a characteristic that allows these chains o associate
with the positively charged T-cell receptor chains. The intraceliular tails of the CD3y, CD3%, and
CD3¢ chains sach contain a single conserved motif known as an immunoreceptor tyrosine-
based activation motif or ITAM, whereas each CD3{ chain has three. i is believed the ITAMs
are important for the signaling capacily of a TCR complex. CD3 as used in the present
disclosurs can be from various animal species, including human, monkey, mouse, 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 amino acid that has similar properties. Exemplary conservative
substitutions are well-known in the arl (see, e.g., WO 97/09433, pags 10, published March 13,
1997, Lehninger, Biochemistry, Second Edilion; Worth Publishers, Inc. NY:NY (1875}, 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 leucing o sering substitution,
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[6057] As used herein, the term "derivative” refers to a modification of ong or more amino acid
rasidues of a peplide by chemical or biclogical means, either with or without an enzyme, e.g., by

glycosylation, alkvlation, acylation, sster formation, or amide formation.

[0058] As used herein, a polypeptide or amino acid sequence “derived from” a designaied
polypeptide or protein refers {o the origin of the polypeptide. in ceriain embodiments, the
polypeplide or amino acid sequence which is derived from a particular sequence (sometimes
raferred to as the "starting” or "parent” or "pargntal” sequence) has an amino acid sequence that
is essentially identical {o the starting sequence or a portion thersof, wherein the portion consists
of at least 10-20 amino acids, at least 20-30 amino acids, or at least 30-50 amino acids, or at
feast 5C-150 amino acids, or which is otherwise identifiable to one of ordinary skili in the art as
having iis origin in the starting sequence. For exampls, a binding domain can be derived from

an antibody, 8.q., a Fab, F(ab)2, Fab’, scFv, single domain antibody (sdAb), etc.

[0059] Polypeptides derived from another polypeptide can have one or more mutations relative
to the starting polypeptide, e.g., one or more amino acid residues which have been substituted
with another amino acid residue or which has one ar more amino acid residue insertions or
delstions. Ths polypeptide can comprise an amino acid sequence which is not naturally
ocourring. 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% amino acid sequence identity or similarity with the aming acid
saguence of the starting polypeptide. In another embodiment, the variant will have an amino
acid sequence from about 75% 1o less thant 100%, from about 80% o less than 100%, from
about 85% to less than 100%, from about 90% to less than 100%, from about 85% 1o less than
100% amino acid sequence identity or similarity with the amino acid sequence of the starting

polypeptids.

[0100] As used hersin, unless otherwiss provided, a position of an amino acid residug in a
variable region of an immunoglobulin molecule is numbered using the IMGT crileria (Brochet, X,
et al, Nucl. Acids Res. (2008) 36, Wh03-508), and a position of an aming acid residue in a
constant region of an immunogliobulin molscule is numbered according {o EU nomenclature
(Ward ef al, 1885 Therap. Immunol. 2:77-94). The Kabat numbering convantion (Kabat,
Sequences of Proteins of immunological interest, 5™ ed. Bethesda, MD: Public Health Service,
National Institutes of Health (1991)) is an alternative system used to refer to a position of an

armino acid residue in a variable region of an immunoglobulin molecule.
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[6060] As used herein, the term “dimer” refers to a biclogical entily that consists of bwo subunils
associated with each othsar via one or mors forms of inframolecular forces, including covalent
bonds {e.g., disulfide bonds} and ather interactions (8.g., electrosiatic interactions, salt bridges,
hydrogen bonding, and hydrophobic interactions), and is stable under appropriate conditions
(e.g., under physiological 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 “heterodimesr” or “heterodimeric protein,” as used hersin, refers to a dimer
formed from two different polypeptides. A heterodimer does not include an antibody formed
from four polypeptides (i.e., two light chains and two heavy chains). A “homodimer” or

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

[060861] in some embodiments, a CD3-binding polypeplide comprises, in order from aming-
terminus to carboxyl-terminus or in order from carboxyl-terminus o amino-terminus, (i) a second
binding domain, {ii) a hinge region, (iii) an immunoglobulin constant region, (iv) a carboxyl-
terminus linker {(or an aminc-terminus linkern, and {v) a CD3-binding domain. As used herein
and depending on context, a *hinge region” or a “hinge” refers to a polypeptide region betwsen
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 Vy and V_regions in a single-chain Fv (scFv)or(2) a
polypeptide region between an immunoglobulin constant region and a second binding domain in
a CD3-binding polypeptide comprising two binding domains. A polypeptide region belween an
immunoglobulin constant region and a CD3-binding domain in a CD3-binding polypeptide
comprising two 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
include fiexible linkers comprising glycing-sering repeats, and linkers derived from (&) an
interdomain region of a transmembrane protein (e.g., a typs | ransmembrane protsin); (b) a
stalk region of a type Il 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 to the same target molecule as an antibody that
comprises the same light and heavy chain variable regions. In certain embodiments, a linker is

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

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

middie hinge amino acid sequences interposed between and cannecting the CH1 and CH2
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domains (for ig, IgA, and igh) or interposed between and connecting the CH1 and CH3
domains {(for IgE and IgM) found in the heavy chain of an antibody. In certain embodimants, a
wild type immunoglobulin hinge region sequence is human, and can comprise a human IgG

hinge region.

[30863] An “altered wild-lype immunogliobuiin 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% aming acid substitutions or deletions), or (b) a
portion of a wild type immunoglobulin hinge region that has a length of about 5 amino acids
{e.g.,about 5,6,7,8, 9,10, 11,12, 13, 14, 15,16, 17, 18, 19, or 20 amino acids) up o about
120 amino acids (for instance, having a length of about 10 1© about 40 amino acids or about 15
to about 30 amino acids or about 15 {o about 20 amino acids or about 20 to about 25 amino
acids), has up to aboui 30% amino acid changes {(e.g., up fo about 25%, 20%, 15%, 10%, 5%,
4%, 3%, 2%, or 1% amino acid substitutions or deletions or a combination thereof), and has an
IgG core hinge region as disclosed in US 2013/0129723 and US 2013/0095097.

[3064] As used herein, the term “humanized’ refers 1o a process of making an antibody or
immunoglobulin binding proteins and polypsptides derived from a non-human species {e.¢.,
mouse or rat) less immunogenic {0 humans, while still refaining antigen-binding properties of the
original antibody, using genetic engineering technigues. In some embodiments, the binding
domain(s} of an antibody or immunogliobuiin 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 grafling (Jones of 8/, Nafure 321,522 (1988}) and
variants thereof, including “reshaping” (Werhoeyen, ef al., 1988 Science 239:1534-15386;
Riechmann, ef al., 1988 Nafure 332:323-337; Tempest, ef al., Bio/Techno/ 1991 9:266-271),
“hyperchimerization” (Queen, et af, 1989 Proc Natl Acad Sci USA 86:10029-10033; Co, et a/,
1991 Proc Nat! Acad Sci USA 88:2869-2873; Co, ef ai., 1992 J Immunol 148:1149-1154}, and
‘veneering” (Mark, ef /., "Derivation of therapeutically active humanized and venesred anti-
Ch18 antibodies.” in: Metcalf BW, Dalton BJd, eds. Cellular adhssion: molecular definition to
therapeutic potential. New York: Plenum Press, 1984: 291-312). i derived from a non-human
source, other regions of the antibody or immunogiobulin binding proteins and polypeplides, such

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

[0085] An “immunogiobulin dimerization domain” or “immunoglobulin heterodimerization
domain”, as used herein, refers io an immunoglobulin domain of a polypeptide chain that

preferentially interacls or associates with a different immunoglobulin domain of a second
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polypepltide chain, whersin the interaction of the different immunoglobulin heterodimesrization
domains substantially coniributes to or efficiently promotes heterodimerization of the first and
second polypeptide chains (i.e., the formation of a dimer bebween two different polypeptide
chaing, which is also referred {0 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
raduction in the dimerization betwsen the first and second polypeptide chains in the abssncs of
the immunoglobulin helerodimerization domain of the first polypeptide chain and/or the
immunoglobulin heterodimerization domain of the second polypeptide chain. In cerfain
emibodiments, when the first and second polypeptide chains are co-expresssd, at least 60%, at
least about 60% {0 about 70%, at least about 70% to about 80%, at lsast 80% to about 80%,
91%, 92%, 83%, 84%, 95%, 896%, 87%, 88%, or 88% of the first and second polypstpide chains
form heterodimers with each other. Representative immunoglobulin heterodimerization
domains include an immunaoglobulin CH1 domain, an immunoglobulin CL domain {(e.g., Cxor CA
isotypes), or derivatives thereof, including wild type immunoglobulin CH1 and CL domains and

altered {(or mutated) immunoglcbulin CH1 and CL domains, as provided tharein.

[0086] An “immunogiobulin constant region” or “constant region” is a term defined herein fo
refer to a peptlide 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 or is derived from part or all of one or more constant region domains, but
not all constant region domains of a source antibody. In certain embodiments, the constant
ragion comprises IgG CH2 and CH3 domains, e.q., 1gG1 CH2 and CH3 domains. In cerlain
embodiments, 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 embodimenis
{for exampls, in cerlain variations of a CD3-binding polypeptide or protain), 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 complement-
dependent cytotoxicity (CDC)Y, while retaining the ability to bind some F. receptors (such as
F-Rn, the neonatal Fc receptor} and retaining a relatively iong half life in vivo. in other
variations, a fusion protein of this disclosure includes constant domains that refain 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 1gG1 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 (1235}, glycine at position 237 (G237}, glutamate at position 318 (£318), lysine at position
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320 (K320}, lysine at position 322 (K322), or any combination thereof (numbering according to
EL). For example, any ong or more of thess amino acids can be changed to alaning. In a
further embodiment, an lgG1 Fc domain has each of L234, 1235, G237, E318, K320, and K322
{according fo EU numbering) mutated {0 an alanine {(i.e., L234A L2358A, G237A, E318A,
K320A, and K322A, respectively), and optionally an N297A mutation as well (i.e., essentially

eliminating giycosylation of the CH2 domain).

[8087] “Foregion” or “Fo domain” refers 1o a polypeptide sequence corresponding to or derived
from the porlion of a source antibody that is responsible for binding to antibody receplors on
cells and the C1g component of complement. Fo stands for "fragment crystalline,” the fragment
of an antibody that will readily form a protein crystal. Distinct protein fragments, which were
originally described by protecivlic digestion, can define the overall general structure of an
immunoglobulin protein. As originally defined in the literature, the Fc fragment consists of the
disulfide-iinked heavy chain hinge regions, CH2, and CH3 domains. However, 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 disuifide-linked dimer with a second such chain. For a review of
immunoglobulin structure and funclion, see Putnam, The Plasma Profeins, Vol V {Academic
Press, Inc., 1987), pp. 49-140; and Padlan, Mol Immuncl. 31:169-217, 1994, As used herein,

the term Fc¢ includes varianis of naturally occuring sequences.

[6068] in some embodiments, a CD3-binding protein comprises a protein scaffold as generally
disclosed in, for example, in US Patant Application Publication Nos. 2003/0133839,
2003/0118582, and 2005/0136049. A CD3-binding protein may comprise, in order from amino-
terminus to carboxyl-terminus, a first binding domain, a hinge region, and an immunoglobulin
constant constant region. In other embodiments, a CD3-binding protein comprises a protein
scaffold as generally disclosed in, for exampls, in US Patent Application Publication No.
2008/0148447. A CD3-binding protein may comprise, in order from carboxyl-terminus o amino-

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

[0069] CD3-binding polypeptides and proteins disclosed herein may incorporate a multi-specific
binding protein scaffold. Mulli-specific binding proteins and polypeptides using scaffolds are
disclosed, for instance, in PCT Application Publication No. WG 2007/146868, 1.8, Patent
Application Publication No. 2006/0051844, PCT Application Publication No. WO 2010/040105,
PCT Application Publication No. WG 2010/003108, U.S. Patent No. 7,166,707 and U.S. Patent
No. 8,408,577, which are each incorporated herein by reference in their entirety. A CD3-binding

protein may comprise twe binding domains (the domains can be designed to specifically bind
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the same or diffsrent targets), two hings regions, and an immunogiobulin constant region. A
Ch3-binding protein may be a homodimeric protein comprising two identical, disulfide-bonded

polypeptides.

[0070] As used herein, the “stalk region” of a type Il C-lectin refers to the portion of the
exiracellular domain of the type ll C-lectin that is located between the C-type lectin-like domain
(CTLE,; e.g., similar o CTLD of natural killer cell recepiors) and the transmembrane domain.
For example, in the human CD%4 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 stalk region of
the human CD%4 molecule includes amino acid residues 34-60, which is found between the
membrane and the CTLD (see Boyington ef a/., Immunity 10:75, 1899, for descriptions of other
stalk regions, see also Beavil ef &/, Proc. Na#l Acad. Sci USA B8.753, 1982; and Figdor ef al.,
Nature Rev. Immunol 2:77, 2002). These type |l 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 amino acids. Other type il C-lectins, as well as their extracelluiar ligand-bind
domains, interdomain or stalk regions, and CTLDs are known in the art {(see, e.g., GenBank
Accession Nos. NP_0019983.2; AAHD7037.1, PRI July 15, 2008; NP_001773.1, PRI June 20,
1010; AALB5234 1, PRI January 17, 2002, and CAAQ4925.1, PRI November 14, 2006, for the
sequences of human CD23, CDBY, CL72, NKG2A and NKG2D and their descriptions,

respectively).

(00717 As used herein, the “interdomain region” of a fransmembrane protein (e.g., a typs |
fransmembrane protein) refers 10 a portion of the extracellular domain of the transmembrane
protein that is located between two adjacent domains. Examples of interdomain regions include
regions linking adiacent g domains of immunoglobulin superfamily members (e.g., an
immunoglobulin hinge region from igG, igA, IgD, or IgE; the region linking the igV and IgC2
domains of CD2Z; or the ragion linking the gV and IgC domains of CD80 or CD86). Anocther
example of an interdomain region is the region linking the non-lg and 1gC2 domain of CD22, 3

type | sialic acid-binding ig-like lectin.
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(607 2] A polypeplide region “derived from” a stalk region of a type | C-lectin, or “derived from” a
transmembransg prolein interdomain region {&.¢., an immunoglobulin hings region), refers {o an
about five to about 150 amino acid sequence, an about 5 to 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 to about 25 amino acid sequence, an
about 5 to about 20 amino acid sequence, an about 10 io about 25 amino acid sequence, an
about 10 to about 20 amino acid sequencs, about 8 to about 20 amino acid ssquence, about 8
to 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 seqguence, about 13 to about 20
amino acid sequence, about 14 1o 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 amino 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%, 80%, or 95% amino acid sequence
identity with either (i) or (ii}; or {iv) sither {i) or (i} in which one, two, three, four, or five amino
acids have a deletion, insertion, substilution, or any combination thereof, for instance, the one or
more changes are substitutions or the one or more mutations include only one deletion. In
some embodiments, a derivative of a stalk region is more resisiant o proleclyiic cleavage as
compared 1o 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.

[0073] As used harsein, the term “junction amino acids” or “junclion aming acid residuas” refers
to one or more {e.g., about 2-10) amino acid residues between two 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
immunoglobulin variable domain or an adjacent immunoglobulin constant region. Junction
amino acids can result from the construct design of a polypeptide {e.g., amino acid residues
rasulting from the use of a resiriction enzyme site during the construction of a nucleic acid

molecule encoding a polypeptide).

[607 4] 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 5-18, about 6-10, about 7-10, about 8-10, about
9-10, about 8-12, about 9-12, or about 10-12) amino acid residues between the C- terminus of 3
CH3 domain (e.g., a wild type CH3 or a mutated CH3) and the N-ierminus of a CH1 domain or
CL domain {e.g., Ck}.
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[6075] As used herein, the term “patient in need” or “subject in need’ refers o a patient or a
subject at risk of, or suffering from, a disease, disorder or condition that is amsnable {0
freatment or amslioration with a CD3-binding protein or polypeptide or a composition thereof

provided herein.

[3076] As used herein, the term "pharmaceutically accepiable” refers to molecular entities and
compositions that do not generally produce ailergic or other serious adverse reaclions when
administered using routas well known in the art. Molecular entities and compositions approved
by a requlatory 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.”

[0077] As used harsin, the term "promoter” refers 1o a region of DNA involved in binding RNA

polymerase {o initiate transcription.

I6078] As used herein, the terms "nucleic acid,” "nucleic acid meleculs,” or "polynucieoctide”
refer to deoxyribonucieotides or ribonuciectides and polymers thereof in either single- or double-
stranded form. Unless specifically limited, the terms esncompass 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 nuclectides. Unless
otherwise indicated, a particular nucleic acid sequence also implicitly encompasses
conservatively modified variants thereof (e.g., degenerate codon substitutions) and
complementary sequences as well as the sequence explicitly indicated. Specifically, degenerate
codon substitutions can be achieved by generaling sequences in which the third position of ons
or more selected (or ally codons is substituted with mixed-base and/or deoxyinosine residues
(Batzer ef al. (1991) Nucleic Acid Res. 19:5081; Ohtsuka ef g/ (1985) J. Biol Chem. 260:2605-
2608; Cassol ef a/. (1992}, Rossolini ef a/. (1994) Mol Cell. Frobes 8:91-88). The term nucleic
acid is used intarchangsably with gene, cDNA, and mRNA encoded by a gene. As used herein,

the terms "nucleic acid,” "nucleic acid molecule,” or "polynucleotide” are intended o include
DNA molecules (e.g., cDNA or genomic DNA), RNA molecules (e.g., mRNA), analogs of the
DNA or RNA generated using nucleolide analogs, and derivatives, fragments and homologs

thereof.

[0079] The term “expression” refers to 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 into MRNA and the translation of mRNA into

one or more polypeptidss.
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[6080] The terms “expression unit” and “expression cassette” are used interchangeably herein
and denots a nucleic acid segment encoding a polypeptide of interest and capable of providing
expression of the nucleic acid segment in a host cell. An exprassion unit typically comprises a
transcription promoter, an open reading frame encoding the polypepiide of interest, and a
transcription terminator, all in operable configuration. In addition {o a transcriptional promoter
and terminator, an expression unit can further include other nucleic acid segments such as, e.g.,

an enhancer or a polyadenylation signal

[0081] The term “expression vector,” as used herein, refers {0 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 nucleic acid segments such as, for example,
ona or more origins of replication or one or more selectable markers. Exprassion vectors ars

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

(00821 As used herein, the term “sequence identity” refers to a relationship between two or
more polynucieotide sequences or between two or more polypeptide sequences. When a
position in ong 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 to yield 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, 160, 170, 180, 190, 200, 300, 400, 500, 600, 700, 800, 900 or
1080 or mors nucleic acids in length. The comparison windon for polypeptide sequences can
be, for instance, atleast 20, 30, 40, 50, 60, 70, 80, 80, 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 poiynucleotide 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, sven with gaps, produces the greatest possibls
number of “identical” positions belween the reference and comparator sequences. Percentags
“sequence identity” between two sequences can be delermined 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
programs are based on the algorithm of Karlin and Altschul (Proc. Nall. Acad. Sci. USA
90(12):5873-5877, 1993). When utilizing "BLAST 2 Sequences,” parameters that were default
parameliers as of September 1, 2004, can be used for word size (3), open gap penally (11),
extsnsion gap penalty (1), gap dropofi (50), expect valus (10) and any other required
parameter including butl not limited io matrix option. Two nuclestide 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 90%, at least 95%, at

feast 96%, at least 97%, at least 8%, or at least 98% sequence identity relative to each other.

[0083] As used harsin, 3 "polypeptide” or “polypepiide chain” is 3 single, linear and contiguous
arrangement of covalently linked amino acids. | does not include two polypeptide chains that
link together in a non-linear fashion, such as via an interchain disulfide 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 one or more intrachain disulfide bonds. With regard to
polypentidas as described herein, reference to amino acid residuas corresponding to thoss

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

[0084] As used herein, "CD3-binding protein” may be used interchangeably with “CD3-binding
polypeplide.” Such molecules specifically bind to cluster of differentiation 3 protein (CD3) (e.g.,
human CD3).

[0085] A “protein” is a macromolecule comprising oneg or more polypeptlide chains. A profsin
can also comprise non-peptidic components, such as carbohydrate groups. Carbohydrates and
other non-peptidic substituents can be added to a protein by the cell in which the proleinis
produced, and will vary with the type of cell. Proteins are defined herein in terms of their amino
acid backbons structures; substituents 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.

[0088] The tarms “amino-lerminal” and “carboxylterminal” are used herein to denste positions
within polypeptides. Where the context allows, these terms are used with reference to a
particular sequence or portion of a polypeptide o denote proximity or relative position. For

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

necessarily at the carboxyl-terminus of the complete polypeptide.

[0087] “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 o major histocompatibility
complex (MHC) molecules. It consists of a disuifide-linked heterodimer of the highly variable o
and B chains in most T-cells. In other T-cells, an alternative recepior made up of variable v and
3 chains is expressed. Each chain of the TCR is a member of the immunoglobulin superfamily
and possessas 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 Lichtman, Cellufar and Molecuiar immunology (5th £d.), Editor: Saunders, Philadsiphia,
2003; Janeway ef al., Immunobiology: The Immune System in Health and Disease, 4" Ed.,
Current Biology Publications, p148, 149, and 172, 1998). TCR as used in the present

disclosure can be from various animal species, including human, mouse, rat, or other mammals.

[6088] “TCR complex,” as used herein, refers {0 a complex formed by the association of CD3
chains with other TCR chains. For sxampig, 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
TCRB chain. Alternatively, a TCR complex can be composed of a CD3y chain, a CD33 chain,
two CD3¢ chains, a homodimer of CD3C chains, a TCRy chain, and a TCRJS chain.

[608%] “A component of a TCR complex,” as used hersin, refers to a TCR chain (e., TCRaq,
TCRB, TCRy or TCRE}, a C3 chain (e, CD3y, CD3%, CD3e 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 TCRS, a complex of CD3¢ and CD33, a complex of CD3y and CD3¢, or a sub-TCR
complex of TCRa, TCRB, Ch3y, CD3B, and two CD3¢ chains).

[0030] "Antibody-depsndent cell-mediated cylotoxicity” and "ADCC," as used herein, refer to a
cell-mediated process in which nonspecific cyiotoxic cells that exprass FovRs (8.g., monocylic
cells such as Natural Killer (NK) cells and macrophages) recognize bound aniibody (or other
protein capable of binding FeyRs) on a target cell and subsequently cause lysis of the target
cell. In principle, any effector call with an activating FeyR can be triggered to mediate ADCC.
The primary cells for mediating ADCC are NK cells, which express only FoyRill, whereas
monocytes, depending on their stale of activation, localization, or differentiation, can express
FoyRE FoyRI, and FoyRIL For a review of FoyR expression on hemalopoietic cells, seg, .9,
Raveich et al., 1291, Annu. Rev. Immunol., 8:457-82.
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[6091] The term “having ADCC activily,” as used herein in reference to a polypeptide or protein,
means that the polypeptide or protein (for example, one comprising an immunoglobulin hinge
region and an immunoglobulin constant region having CH2 and CHS domains, such as derived
from IgG (e.g., IgG1)), is capable of mediating antibody-dependent cell-mediated cytoloxicity
{ADCC) through binding of a cytolytic Fe receptor (e.q., FoyRID on a cyiolytic immune effector

cell sxpressing the Fe receptor {8.g., an NKcell).

[6092] "Complement-dependent cytotoxicity” and "CDC," as used herein, refer {o a process in
which components in normal serum ("complement”), together with an antibody or other Clg-
complemeni-binding protein bound 1o a target antigen, exhibil 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 seqguence 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 requires antigen-antibody complexes for intiation and involves the activation,
in an orderly fashion, of nine major protein components designated C1 through C89. For several
steps in the activation process, the product is an enzyme that catalyzes the subsequent siep.
This cascade provides amplification and activation of large amounts of complement by a

relatively small initial signal.

[8094] The term “having CDC activity,” as used herein in reference to a polypeptide or protsin,
means thai the polypeptide or profein (for example, one comprising an immunoglobulin hinge
region and an immunaoglobulin constant region having CH2 and CH3 domains, such as derived
from igG (e.g., IgG1)) is capable of mediating complement-dependent cytotoxicity (CDC)

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

[0095] "Redirected T-cell cytoloxicity” and "RTCC," as used herein, refer to a T-cell-mediated
process in which a cylotoxic T-cell is recruited to a target cell using a multi-specific protein that
is capable of specifically binding both the cytotoxic T-cell and the target cell, and whereby a
target-dependent cytotoxic T-cell response is elicited against the {arget cell. Polypeplides and
proteins comprising CO3-binding domains, as disclosed hersin, and tumor antigen-binding

domains are capable of RTCC.

[0096] As used herein, the term “freatment,” “treating,” or "ameliorating” refers to gither a
therapeutic treatment or prophylactic/preventative treatment. A treatment is therapeutic if at

least one symptom of disease in an individuai receiving treatment improves or a ireatment can
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delay worsening of a2 progressive disease in an individual, or prevent onset of additional

associated diseases.

[0097] As used herein, the term “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 sympioms of the disease being treated in a
statistically significant manner or a statistically significant improvemaeant 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 therapeulically effective dose
refers to combined amounts of the active ingredients that result in the therapeutic effect,
whether administered serally or simultaneocusly (in the same formuation or concurrently in

separate formulations).

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

into a cell. The transferred nucleic acid can be introduced into a cell via an expression veclor.

[0098] As used herein, the ferm "variant” or “variants” refers io a nucleic acid or polypeptide
differing from a reference nucleic acid or polypeptide, but retaining essential properties thereof,
Generally, varianis are overall closely similar, and, in many regions, identical {0 the reference
nucleic acid or polypsptide. Forinstance, 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
lsast about 98% or al least about 99% sequence identity compared to the active portion or full

length reference nucleic acid or polypeptide.

[30100] The terms “light chain variable region” (aiso referred to as "light chain variable domain”
or “WYL” or V) and *heavy chain variable region” (also raferred to as “heavy chain variable
domain” or “WH” 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, well-defined sub-
regions known as “complementarity determining regions” (CDRs) and “framewaork regions”
(FRs), generally comprising in order FR1-CDR1-FR2-CDR2Z-FR3-CDR3-FR4 from amino-
terminus to carboxybterminus. In one embodiment, the FRs are humanized. The ferm “CL7
rafers to an “immunoglobulin light chain constant region” or a “light chain constant region,” ie., 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 isolype into CH1, CHZ, and CH3 (igA, igD, 1gG), or CH1, CH2, CH3, and CH4
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domains (Igk, IgM). A "Fab” (fragment antigen binding) is the part of an antibody that binds to
antigens and includes the variable region and CH1 domain of the 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 to a tumor antigen {(e.g., PSMA, CD1¢8, CD20, CO37, CD38, CD123, Her2,
ROR1, RON, glycoprotein A33 antigen (gpA33) or CEA). The polypeptides and proieins
comprising binding domains of this disclosure can further comprise immunogiobulin constant
regions, linker peptides, hinge regions, immunogiobuiin dimerization/heterodimerization
domains, junctional aming acids, tags, efc. Thase components of the disclosed polypeptides

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 mullispecific moleculs}. Non-limiting
examples of bispecific molecules include a scFv-Fo-scFv molecule. Some bispecific moleculss
typically comprise or consist of an anti-lumor anligen scFv linked io an anti-CD3 scFv and
typically do not include 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 ganerally includes at
lsast one CD3-binding polypeplide chain comprising (8) a CD3-binding domain as sat forth
herein. In certain variations, the CD3-binding polypeptide further includes (b) a hinge region
carboxyl-terminal to the CD3-binding domain, and (¢} an immunoglobulin constant region. in
further variations, the ROR1-binding polypeptide further inciudes (d) a carboxyl-terminus linker
carboxyl-terminal to the immunoglobulin constant region, and (&) a second binding domain

carboxyl-terminal to the carboxyl-lerminus linker.

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

region carboxyl-terminal to the hinge region
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[60108] In some embodiments, CD3-binding polypeptides are capable of homodimerization,
typically through disulfids bonding, via the immunoglobulin constant region and/or hinge region
(e.g., via an immunoglobulin constant region comprising 1gG 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.

[60108] In other embodiments, a CD3-binding polypeptide includes a heterodimerization
domain that is capable of helercdimerization with a different heterodimerization domainin 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 disclosure, two non-identical polypeptide chains, one comprising the CD3-binding
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 2013/0085097 and US 2013/0129723.

[60107] In some embodiments, a CD3-binding domain, protein or polypeptide is conjugated to a

drug or a {oxic moiety.

[00108] CD3-binding polypeptides, proteins, and their various components used in the present

disclosure are further described below.

[30109] As indicated above, the disclosure relates to binding domains that specifically bind CD3
{e.g., human CD3). A CD3-hinding domain may comprise aming acid sequences shown in
Table 14. In soms embodiments, a CD3-binding polypeptide or protein comprises a signal
sequence. The disclosure also encompasses 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 thess sequences. CD3-binding domains and polypeptides, their internal designations,
and their sequances are summarized in Table 15, In some cases, CD3-binding domains of the
disclosure contain aming acid substitutions. For example, TSC370 has the amino acid
sequence of TSC342 with the glycine residue at position 27 according to the IMGT numbering

system substituted with tyrosine.

[80110] In cerlain embodiments, the disclosurs relates to a CD3-binding domain that binds

specifically to human CD3 and that comprises an immunoglobulin light chain variable region and
an immunoglobulin 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 89%
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identical to the amino acid sequence in SEQ ID NO:88; or (b} at least about 94% 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 D NO:89; and whearein the
immunoglobulin heavy chain variable region comprises an amino acid sequence that is at least
about 82% identical, at least about 85% identical, al 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 lsast about 98% identical or at least about 99% identical to the amino acid
sequence in SEQ 1D NO:86. A CD3-binding domain may comprise an amino acid sequence
that is at least about 87% ideniical, at least about 90% identical, at least about 82% identical, at
least about 95% identical, at least about 87% identical, at least about 98% identical or at least
about 99% identical to the aminoc acid sequence in SEQ ID NO:83 or SEQ ID NGC:84. A CD3-
binding domain may comprise or consist of SEQ 1D NO:83 or SEQ ID NO:84. In some
embodiments, a CD3-binding domain comprises an amino acid ssquence that is at least about
87% identical, at least about 90% identical, at least about 92% identical, at least about 95%
identical, at ieast about 97% identical, at least about 898% identical, at least about 99% identical,
or 100% identical {o the amino acid sequence in SEQ 1D NO4, 8, 8, 10, 12, 14, 18, 18, 20, 22,
24,26, 28,30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, or 60.

[60111] In some 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
NG54 by at least one amino acid substitution, an LCDRZ amino acid ssquence that diffsrs from
SEQ 1D NO:85 by at least one amino acid substitution, and an LCDR3 amino acid sequence
that differs from SEQ 1D NO:96 by atieast one amino acid substitution, and an immunoglobulin
heavy chain variable region that comprises an HCDR1 amino acid sequence that differs from
SEQ 1D NO:91 by at least one amino acid substitution, an HCDRZ2 amino acid sequence that
differs from SEQ 1D NO:92 by at least one amino acid substitution, and an HCDR3 amino acid
sequence that differs from SEQ 1D NO:83 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 LCDR 1 amino acid sequence that differs from SEQ 1D NO:202 by at
least ane amino acid substitution, an LCDR2 amino acid sequence that differs from SEQ 1D
NG:203 by at least one amino acid substitution, and an LCDR3 amino acid seguence that differs
from SEQ 1D NO:204 by at least one amino acid substitution, and an immunoglobulin heavy
chain variable region that comprises an HCDR1 amino acid sequence that differs from SEQ 1D
NO:199 by at least one amino acid substitution, an HCDR2 amino acid sequence that differs

from SEQ 1D NC:200 by at least one amino acid substitution, and an HCDR3 amino acid
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sequence that differs from SEQ 1D NO: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 atisast
one amino acid substitution. The at least one amino acid substitution may be a conservative or
a non-conservative amine acid substifution. In some embodiments, a LCDR1, LCDR2Z, LCDRG,
HCDR1, HCDR2, and/or HCDRGS differs from an above-listed CDR sequence by 1,2, 3,4, 5, 6,
7,8, 9, or 10 amino acids. in cerlain embodiments, a CDOR of the present disclosure contains
about one or more {(8.¢., about 2, 3,4, 5,6, 7, 8, 9, 10) inssrtions, about one or more {&.¢.,
about?2, 3,4,5,6,7, 8, 9, 10) deletions, about one or more (e.g., about 2, 3,4, 5,6,7, 8,9, 10)
amino acid substitutions {e.g., conservative amino acid substitutions 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.

[80112] When dascribing 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 immunoglobuiin light chain variable region of a CD3-
binding domain is argining and/or the amino acid residug at position 53 of the immunoglobulin
light chain variable region of a CD3-binding domain is tryptophan. The amine acid residue at
position 27 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 of the immunogiobulin heavy chain variable region is
proline; {b) the amino acid residue at position 53 of the immunoglobulin heavy chain variable
ragion is isoleucine; and (¢) the amino acid residue at position 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 immunoglobulin heavy chain variable region of a CD3-
binding domain may be aspartic acid. In ons embodiment, the amino acid residue at position 88
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 immunoglobulin heavy chain variable region of a
CD3-binding domain is tyrosine.

[80113] In certain embodiments, a CD3-binding domain comprises humanized immunogliobulin
VL and/or VH regions. Technigues for humanizing immunogiobulin 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 ragion and an immunoglobulin heavy chain variable region that comprise
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framework 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 IGHV1-69*02
germiine amino acid sequsnce. in some aspscis, an immunoglobulin heavy chain variable
ragion comprises framework regions based on the human IGHV1-2702 (H7), IGHV1-46%02 (H8),
IGHV1-3*01(H9), or IGHV1-68702 (H10) germline amino acid sequence. An immunoglobulin
light chain variable region may comprise framework regions based on the human IGKV3-11*01
(L4}, IGKV1-33“01 (L5}, IGKV1-39*01 (L7), or IGKV3D-20*1 (L8) germline amino acid
sequence.

[80114] The disciosurs relates to CD3-binding domains that havs improved propertiss
compared to the DRAZ222 CD3-binding domain. DRAZ222 has a light chain variable region
comprising SEQ 10D NO:90 and a heavy chain variable region comprising SEQ 1D NO:87.
DRAZ22 is described in WO 2013/158856. DRA222 is sometimes referred to as TSC311 or
TEC312 in this disclosure. Fo DRAZ2Z2Z has the amine acid sequencs of SEQ IDNG:2. The
disclosure encompasses a CD3-binding domain {(or a protein comprising said domain) that has
a thermal stability that is increased ai least about 10% when compared to the thermal stability of
a CD3-binding domain comprising a light chain variable region comprising SEQ 1D NO:90 and a
heavy chain variable region comprising SEQ 1D NG:87. The thermal transition midpoint (Tm) of
a CD3-binding domain {or a protein comprising said domain) may be at isast about 3°C, at least
about 4°C, at least about 5°C, or al least about 6°C increased and up to about 20°C increased
when compared {o 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 1D 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 lsast about 55°C, at least about 58°C, or at isast about 57°C and up
to about 72°C. The thermal stability or the thermal transition midpoint of a CD3-binding domain
(or a protein comprising said domain) may be measured by differential scanning calorimetry or
diffsrential scanning fluorimetry.

[80115] A CD3-binding domain as disclosed herein (or a profein 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 80%, at least
about 70%, at least about 80%, at least about 90% and up to about 100% when compared to

the storage stability of 3 CE3-binding domain comprising & light chain variable region
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comprising SEQ 1D NO:90 and a heavy chain variable region comprising SEQ 1D NO:87.
Siorage stability may be measured afier a CD3-binding domain {or a protein comprising said
domain) is siored in PBS atf about 25°C. In one embadiment, a CD3-binding domain {ora
protein comprising said domain) is stable in storage in PBS at about 25°C for at least about 8
days, at least about 10 days, or at least about 13 days and up to about 90 days.

[60118] In some aspects, a CD3-binding domain as disclosed herein (or a protein comprising
said domain) has a lsvel of high molscular weight aggregates produced during recombinant
expression that are al lsast about 5%, at least about 10%, atleast 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 NG:90 and a heavy chain variable
region comprising SEQ {D NO: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 to
cynomalgus CD3 with an EC5B0 of about 38 nM or lower. Binding io cynomolgus CD3 aliows the
anti~CD3 therapeutic {0 be fested 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 LCDRZ amino acid sequence of SEQ D
NO:85, and an LCDR3 amino acid ssguence of SEQ ID NO:86 and wherein 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
saguence of SEQ ID NO:93, and wherein the CD3-binding domain has any one or more of the
properties describad herein. For example, (i) the thermal transition midpoint of the CD3-binding
domain (or a protein comprising the CD3-binding domain) is 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,; (i) the CD3-binding
domain {(or a protein comprising the CD3-binding domain) is stable in siorage in PBS at about
25°C for at least aboui & days, at least about 10 days, or at least about 13 days and up to about
90 days; (iii) 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 cynomolgus CD3 with an EC50 of about
30 nM or lower.
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[60119] In some embodiments, a CD3-binding polypeptide when bound o a CD3 proteinona T
cell does not induce or induces a minimally detectable cytokine release from said T cell. In
certain aspecis, a CDS3-binding protein or polypeptide exhibits reduced cytokine release in a
patient as compared to the cytokine released when anli-CD3 antibody OKT3 is administered {o

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

[60128] In certain embodiments, a CD3-binding protsin can comprise one or more additional
binding domains (8.¢., second binding domain} that bind a target other than CD3. These othar
binding domains can comprise, for example, a pariicular cyiokine or a molecule that targets the
binding domain polypeptide o a particular cell type, a toxin, an additional cell receplor, an

antibody, efc.

[60121] In certain embodiments, a CD3-binding polypeptide used in the methods and
compositions described herein is a bispecific single chain molecule comprising a CD3-binding
domain and a second binding domain. In some embodiments, 2 CD3- and/or a second binding
dommain is derived from an antibody and comprises a variable heavy chain (VH) and a variable
fight chain (V1). 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 SBD-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 refars o "second binding domain™). In cariain aspects, the
pairs of VH regions and VL regions in the binding domain binding to CD3 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
orientation than in the VH-VL orientation, or vice versa. The VH-region may be positionsd N-
terminally to a linker ssgquence. The VL region may be positioned C-tarminally 1o 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 molecuie may comprise an scfFv binding to a
second binding domain linked to an scFv binding to CD3. These scFvs may be linked with 2
short peptide. In some embodiments, bispecific single chain molecules do noi comprise a hings
region or a constant region (see, for example, US 2013/0285121, US 2013/0129730, US
2011/0293619, US 7,635,472, WO 2010/037836, WO 2004/106381 and WO 2011/121110;

each incorparated herein by refergnce in iis entirety).
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[60122] In some embodiments, a binding domain is a single-chain Fv fragment {scFv) that
comprises Vy and ¥V regions specific for a targset of inferest. In certain embodiments, the Vy
and V| regions are human or humanized. In some variations, a binding domain is a single-chain
Fv {scFv) comprising immunoglobulin V, and V regions joined by a peptide linker. The use of
peptide linkers for joining V. and ¥V 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
QRHNNSSLNTGTOQMAGHSPNS (SEQ 1D NG: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 technology, as well as
selective infective phage technology, has been used to diversify and ssiect appropriate linker
sequences (Tang ef al., J. Biol Chem. 271, 15682-15686, 1996, Hennecke of al., Protein Eng.
11, 405-410, 1888). In certain embodimants, the V| and Vy, regions are joined by a peptids
linker having an amino acid sequence comprising the formula (Gly,Ser),, wherein n = 1-5 (SEQ
1D NO:1984). 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.Sern);,
(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 to the heavy

chain variable region of the scFv.

[30123] In some embodiments, a CD3-binding polypeptide comprises, in order from amino-
terminus to carboxybterminus (or in order from carboxyl-terminus to amino-terminus}, (i} a
second binding domain, (i) a hinge region, (i} an immunoglobulin constant region, (iv) a
carboxyl-terminus linker {or an amino-terminus linker), and (v) 2 CD3-binding domain. As used
herein in the context of a polypeptide construct comprising & first binding domain and a second
binding domain, & “hings region” or & *hings’ refers to a polypeptide ragion betweaan the first
binding domain and the Fc region. A “carboxyl-terminus linker” or “an amino-terminus linker”
rafers to a polypeptide region between the Fc region and the second binding domain. In some
embodiments, 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 immunoglobulin hings
ragion. In certain other ambodiments, 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,” “R8S3,” "TG," or "T," or at the hinge carboxyl-terminus can be "SG",

(PN
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or & hinge deletion can be combinsd with an addition, such as AP with "SG” added at the

carboxyl-ierminus.

[00124] In certain embodiments, a hinge, a carboxyl-terminus linker, or an amino-terminus
linker is an altered immunoglobulin 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.g.,

serine or alanine).

[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 alaning). An altered immunoglobulin hinge can
additionally have a proling substituied with another aming acid {e.g., sering or alanine). For
example, the above-described allered human IgG1 hinge can additionally have a proline located
carboxyl-terminal to the three cysteines 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 polypeptide comprises or is a sequence that is at least 80%, at least 81%, at least 82%, at
least 83%, atleast 84%, at least 85%, at least 86%, at least 87%, at least 88%, atleast 88%, at
least 90%, atleast 91%, at least 82%, at isast 93%, at least 94%, at least 95%, ai least 96%, at
least 87%, atleast 898%, or at least 88% identical to a wild type immunoglobulin hinge region,
such as a wild type human IgG1 hinge, a wild type human 1gG2 hinge, or a wild type human

IgG4 hinge.

(80127} In further embodiments, a hinge, a carboxyl-terminus linkar, or an amino-terminus linker
present in a CD3-binding polvpaptids can be a hinge thatl is not based on or derived from an
immunoglobulin hinge (/. e., not a wild-type immunoglobulin hinge or an altered immunogicbulin
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 transmembrane protein or
stalk region of a type il C-lectin, for instance, peplides of about eight to 25 amino acids and

peplides of about seven to 18 amino acids.

[060128] In certain 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 certain embodiments, interdomain or sialk region hinges, carboxyi-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 {o 150 amino acid fragments from the stalk
ragions of CDBY, CD72, CD94, NKG2A and NKG2D. A hinge, a carboxyl-erminus linker, or an
amino-terminus linker may also be a flexible linker seguence comprising (Gly,Ser) repeats. In
some embodiments, a hinge is a 15mer consisting of three repeats of a Gly-Gly-Gly-Gly-Ser
amino acid sequence ((Gly,Serjy) (SEQ ID NO:193). In ceriain embodiments, a hinge has an
amino acid seguence comprising the formula (Gly,Ser),, wherein n = 1-5 (8EQ D NO:194). in
some embodiments, a Gly,Ser sequence may be repeated between 6 and 10 times. Other
suitable hinges can be oblained by optimizing a simple linker (e.¢., (Gly.Sern, (SEQ 1D NO:184))

through random mutagenesis.

[00129] In certain embodiments, hinge, carboxyl-terminus linker, and amino-terminal linker
sequences have about 5 to 150 amino acids, 5 to 10 amino acids, 10 to 20 amino acids, 20 to
30 amino acids, 30 to 40 amino acids, 40 to 50 amino acids, 50 to 60 amino acids, 5 to 80
amino acids, 5 to 40 amino acids, 8 {o 20 amino acids, or 10 {o 15 amino acids. The hinge or
linker can be primarily flsxible, but can also provide more rigid characteristics or can contain
primarily a~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 another region or domain, such as an heterodimerization domain)
connected as well as one or more activities of the Fc region portions to which the hinges or

linkers are dirgclly or indirsclly connected.

[00130] In certain embodiments, hinge, carboxyl-terminus linker, and amino-terminal linker
sequences are stable in plasma and serum and are resistant {o proteolytic cleavage. The first
tysine in the IgG1 upper hinge region can be mutated to minimize proteolytic cleavage, for
instance, the lysine can be substituted with methionine, threonine, alanine or glycing, oris
deleted.

[60131] In some embodiments of the disclosure, the CD3-binding polypeptide is capable of
forming a heterodimer with a second polypeptide chain and comprises a hinge rsgion (&)
immediately amino-terminal to an immunoglobulin constant region {e.g., aminc-terminal to a
CHZ domain wherein the immungobloubolin constant region includes CH2 and CHS 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, (¢} interposed between and connecting a



(Vg

16

[
(¥4

20

immunogiobulin heterodimerization domain and an immunoglobulin constant region (2.g.,
wherein the immunoglobulin constant region includes CH2 and CH3 domains or CHS and CH4
domains), (d) interposed between and connecting an immunoglobulin constant region and a
binding domain, {&) at the amino-terminus of a polypeptide chain, or {f) 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 polypeptide chain to form a heterodimeric protain
provided hargin, and ths heterodimer formad will contain a binding domain that retaing is farget

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 immunogiobulin hinge, such as a wild-type immunogiobulin
hinge region or an altered immunoglobulin hinge region thersof. In certain embodimenis, a
hinge of one polypepiide chain of 3 heterodimeric protein is identical to a corresponding hinge of
the other polypeplide chain of the helerodimer. In ceriain 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 haterodimer is able o preferentially bind to the
target of one binding domain over the target of the other binding domain. For example, in
certain embodiments, a heterodimeric protein has a CD3-binding domain in one chain and a
second binding domain in another chain. Having two different hingas in the two chains may
allow the helerodimer o bind to the second target first, and then to a CE3 component second.
Thus, the heterodimer may recruit CD3" T-celis to the second targst-expressing cells (e.g.,

tumor or cancer cells), which in turn may damage or desiroy the second targst-expressing cells.

[00133] Some exemplary hinge, carboxyl-terminus linker, and amino-terminus linker sequences
suitable for use in accordance with the present disciosure are shown in the Tables 1 and 2
below. Additional exemplary hings and linkar regions are set forth in SEQ 1D NOs: 241-244,
601, 78, 763-701, 228, 379-434, 618-745 of US 2013/0129723 {said sequences incorporated by

reference herein).

Tabie 1. Exemplary hinges and linkers

sss{s)-higG1 hinge | EPKSSDKTHTSPPSS SEQ ID NO:121
oso{s)-higG1 hinge | EPKSCDKTHTSPPCS SEQ ID NO:1122
sse{s)-higG1 hinge | EPKSSDKTHTSPRCS SEQ ID NO:123
sce(s)-higG1 hinge | EPKSSDKTHTCPPCS SEQ D NO:124
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css(s)-higG1 hinge | EPKECDKTHTSPRPSS SEQ ID NO125
ses{s)-higG1 hinge | EPKSSDKTHTCPPSS SEQ ID NO:126
cee(s)-higG1 hinge | EPKECDKTHTSPRCSE SEQ ID NO:127
cce(p)-hlgGt hinge | EPKSCDKTHTSPPCP SEQ ID NO:128
$s3(p)-hlgG1 hinge | EPKSSDKTHTSFPSP SEQ ID NO:128
esc{p)-higG1 hinge | EPKSCDKTHTSPPCP SEG 1D NO:130
ssc{p)-higG1 hinge | EPKSSDKTHTSFRCP SEQ ID NO:131
566(p)-higG1 hinge | EPKSSDKTHTCPPCP SEG 1D NO:132
css(p}-higGt hinge | EPKSCDKTHTSPPSP SEQ D NO33
scs{p}-hlgG1 hinge | EPKSSDKTHTCPPSP SEQ D NOI134
Scppep SCPPCP SEQ ID NO:135
STD NYCGGGESGECEEGEGESGNS SEQ D NGC:136
85702 NYGCGESGGEGEICGEESGNY SEQ D NG:137
GGEGSGCEEEGRGEIGNE
H1 NS SEQ D NC:138
H2 CGEGSENS SEQ D NOGI139
H3 NYGGCGESGNS SEQ D NG:140
4 GGEEGESGGEGEENS SEQ D NG:141
H5 NYGCGESGGEGESGNS SEQ D NG:142
8 GGEEESGEEEEEGEEEEGNS SEQ D NG143
7 GCPPCPNS SEQ D NG44
(G483 GEGEEGGEEESEGEES SEQ D NO:145
H105 SCGEGESCEEEEGEHEES SEQ D NG:148
(ETRIN GEGEEGGEEESEGEGIGGEES SEQ D NO147
H75 (NKG2A QRHANNSSLNTGTQMAGHSPNS SEQ D NG:148
guadruple mutant}
H83 (NKG2A SELNTCGTQMAGHSPNS SEQ D NOG:149
derived)
H106 (NKG2A QRHNNSSLNTGTQMAGHE SEQ D NQ:150
derived)
H81 (NKG2D EVQIPLTESYSPNS SEQ D NG5
derived}
HO1 (NKG2D NSLANQEVQIPLTESYSPNE SEG ID NG:152
derived)
Ho4 SBCEEEEGCEEESEEEGESPNS SEQ D NG153
H111 SEEEESGEEGEREEEEESPGS SEQ D NG:196

Tabie 2. Exemplary hinges and linkers {derived from H7 hinge, stalk region of a type H C-
lectin, or interdomain region of a type | ransmembrane protein)
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Hinge Amino Acid Sequence Molecule andior SEQ D NO:
Region hinge from
which derived
H18 LSVKADFLTPSIGNS cpso EEQ ID NO:154
H17 LEVKADRFLTPSISCPPCPNS Ccosl + HY7 SEQ D NO1ES
H13 LEVLANFSQPEIGNS cD8e SEQ ID NO:156
H19 LSVLANFSQPEISCPPCPNE CD86 + M7 SEQ ID NO:157
20 LKIQERVEKPKISNS ch2 SEQ D NO158
H21 LKIQERVEKPKISCPPCPNS CD2Z + H7 SEQ ID NO:158
H22 LNVSERPFPPHIGNS chz22 SEQ ID NO:160
23 LODVSERPFPPHIQSCPRPCPNS D22 +H7 SEQ D NO161
H24 REQLAEVTLSLKANS CDao SEQ ID NO:162
H25 REQLAEVTLSLKACPPCPNS CD80 + M7 SEQ ID NO:163
28 RIHQMNSELSVLANS D86 SEQ D NO164
H27 RIHQMNSELSVLACPPCPNS CD86 + HY SEQ ID NO:165
H28 DTKGKNVLEKIFSNS cD2 SEQ ID NO:166
30 LPPETQESQEVTLNS CcDaz2 SEQ D NOaY
H32 RIHLNVSERPFPPNS ch22 SEQ ID NO:168
H33 RIHLNVSERPFPPCPPCPNE CD22 +HY7 SEQ ID NO:168
H36 CCPPCPGGGGENS H7 SEQ D NOI1T0
H40 GCPPCPANS 7 SEQ ID NO:171
41 GCPPCPANS H7 SEQ ID NO:172
H42 GCPPCPNE H7 SEQ D NO1T3
H44 CGCASCHPPCPGNS 7 SEQ ID NO:174
H45 GGGASCPPCAGNS H7 SEQ ID NO:1T5
46 COCASCPPCANS H7 SEQ ID NO:I176
Ha7 LSVKADFLTPSIGNS Cogo SEQ ID NO:177
H48 ADFLTPEIGNS CDag SEQ ID NO:178
H50 LEVLANFSQPEIGNS D86 SEQ D NOI1T9
H51 LSVLANFEQPEIGNS CcD8s SEQ 1D NO:180
H582 SQPEIVPISNS CDes SEQ ID NO:181
H53 SGPEIVFPISCPPCPNS CD86 + HY SEQ ID NO:182
H54 SVLANFSQPEISCPPCPNS coss + H7 SEQ D NOI183
H55 RIHOQMNSELSVLANE CcD8s SEQ ID NO:184
H58 QMNSELSVLANS Chgs SEQ ID NO:185
H&7 VSERPFPPNS ch22 SEQ ID NO:188
H58 KPFFTCGSADTCPNS cD72 SEQ D NO18Y
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Hinge Amino Acid Sequence Molecule andior SEQ D NO:
Region hinge from
which derived
H59 KPFETCGSADTCPNS co72 SEQ ID NO:188
HE0 QYNCPGEQYTFSMPNS @ty SEQ D NO189
He1 EPAFTPGPNIELQKDSDCPNS Cho4 SEQ ID NO:180
H&2 QRHNNSSLNTRTGKARHCPNS NKG2A SEQ ID NO:181
HB3 NSLFNGEVQIPLTESYCPNS NKG2D SEQ ID NO:1s2

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

domain.”

[001358] An “immunoglobulin dimsrization domain” or “immunoglobulin heterodimerization
domain,” as used herein, refers io 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 promoies heterodimerization of the first and
second polypeptide chains (i.e., the formation of a dimer bebween two different polypeptide
chains, which is also referred to as a “helerodimer” or *heterodimeric protein”). The interactions
between immunoglobulin heterodimerization domains “substantially contributes to or efficiently
promotes” the heterodimerization of first and second polypeptide chains if there is a statistically
significant reduction in the dimerization belween the first and second polypeptide chains in the
absence of the immunodglobulin heterodimerization domain of the first polypeptide chain and/or
the immunoglobulin heterodimerization domain of the second polypeplide chain. In certain
embodiments, when the first and second polypeptide chains are co-expressed, at least 60%, at
least about 60% {0 about 70%, at least about 70% to about 80%, at lsast 80% to about 80%,
91%, 92%, 83%, 84%, 95%, 896%, 87%, 88%, or 88% of the first and second polypstpide chains
form heterodimers with each other. Representative immunoglobulin heterodimerization
domains include an immunoglobulin CH1 domain, an immunogliobulin CL1 domain {e.g., Ck or
CA isotypes), or derivatives thereof, including wild-type immunoglobulin CH1 and CL domains

and altered (or mutated) immunoglobulin CH1 and CL domains, such as provided herein.

[00136] Dimerization/helerodimerization domains can be used where it is desired {o form
heterodimers from two non-identical polypeptide chains, where one or buth 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 polypepiide chain. The immunoglobulin heterodimerization
domains 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. Immunoglobuiin heterodimerization domains provided herein
allow for efficient heterodimerization betwsen different polypeptides and facilitate purification of

the resulting helerodimeric protein.

[00137] As provided herein, immunoglobulin heterodimerization domains useful for promoting
heterodimerization of two different singie chain polypeptides (s.g., one short and one long)
according to the present disclosure includs immunoglobulin CHY 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, 1gG4, 1gA1, IgA2, 1gD,
IgE, or igM CH1 domain. In further embodiments, an immunoglobulin heterodimerization
domain is a wild-type human IgG1, 1gG2, 1gG3, 1gG4, igA1, IgAz, IgD, Igk, or igM CH1 domain
as set forth in SEQ ID NOS:114, 186-192 and 184, respectively, of US 2013/0128723 (said
sequences 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 2013/0128723 (said sequence incorporated by reference herein).

[00138] In further embodimenis, an immunoglobulin heterodimerization domain is an altered
immunoglobulin CH1 domain, such as an altered IgGH1, 1gG2, 1gG3, igG4, 1gA1, 1gA2 Igh, IgE,
or igM CH1 domain. In certain embodiments, an immunaoglobulin heterodimerization domain is
an altered human IgG1, 1gG2, 1gG3, IgG4, IgA1, IgAZ, IgD, 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 disulfids bond with a wild type immunoglobulin CL domain {s.g., a human
CL) is deleted or substituted 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.

[30139] In certain embodiments, an immunogiobulin heterodimerization domain is a wild-type
ClL domain, such as a wild type Cxk domain or a wild typs CA domain. In cartain embodiments,
an immunoglobulin heterodimerization domain is a wild type human Cxk or human CA domain as
set forth in SEQ 1D NOS:112 and 113, respectively, of US 2013/01209723 (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 Cx or

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

[00148] In certain embodiments, a cystsine 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 allered
CL domains can further comprise an aming acid deletion at their amino-termini. An exemplary
Ck domain is set forth in SEQ 1D NO:141 of US 2013/0128723 (said sequence incorporated by
reference herein), in which the first arginine and the last cysieine of the wild type human Ck
domain are both deleted. In certain embodiments, only the last cysteine of the wild type human
Ck domain is deleted in the altered Ck domain because the first arginine deleted from the wild
tvne human CK domain can be provided by a linkar that has an arginine at its carboxyl-lerminus
and links the amino-terminus of the altered Ck domain with ancther domain (e.g., an
immunoglobulin sub-region, such as a sub-region comprising immunoglobulin CH2 and CH3
domaing). An exemplary CA domain is set forth in SEQ 1D NO: 140 of US 2013/0129723 (said
sequencs incorporated by reference herein), in which the first arginine of a wild type human CA
domain is deleted and the cysteine involved in forming a disulfide bond with a cysieine in a CH1

domain is substituted by a serine.

[00141] In further embodiments, an immunoglobulin heterodimerization domain is an altered Ck
domain that contains one or more amino acid substitutions, as compared to a wild type Cx
domain, at positions that may be involved in forming the interchain-hydrogen bond network ai a
Ck-Ck interface. For example, in certain embodiments, an immunoglobulin heterodimerization
domain is an altered human Ck domain having one or more aming acids at positions N2%, N30,
Q52, V55, THG, S68 or T70 that are substituted with g 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 ID NO:141 of US 2015/0128723 (said sequence incorporated by reference herein}. In
certain embodiments, an immunoglobulin heterodimerization domain is an altered human Ck
domain having one, two, three or four amino acid substitutions at positions N29, N30, V55, or
T70. The amino acid used as a substituie al the above-noted positions can bs an alanine, or an
amino acid residue with a bulk side chain moiety such as arginine, iryptophan, tyrosineg,
glutamate, glutamine, or lysine. Additional amino acid residues that can be used o substiluts
amino acid residues of the wild type human Ck sequence at the above noted positions (e.g.,
N30} include aspartate, methionine, serine and phenvalanine. Exemplary altered human Cx
domains are sst forth in SEQ ID NOS:142-178 of US 2013/0129723 (said sequences
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incorporated by reference herein). Altersd human Ck domains are those that facilitate
hsterodimerization with a CH1 domain, but minimize homodimerization with another Cx domain.
Representative altered human Ck domains are set forth in SEQ ID NOS: 160 (N2O0W VESA
T704A), 1681 (N29Y VE5A TT0OA), 202 (TT7OE N28A N30A V55A), 167 (N30OR V55A T70A), 1868
(NIOK WBBA T70A), 170 (N3OE V55A TT70A), 172 (VE5R N29A N30A), 175 (N2SW N30Y VELA
T70E), 176 (N29Y N30Y V55A T70E), 177 (N30E V55A T70E), 178 (N30Y V55A T70E), 838
(N30D V55A T70E), B39 (N3OM VB5A T70E), 840 (N330S V55A T70E), and 841 (N30OF V55A
T70E) of US 2013/0128723 (said sequences incorporated by reference herain).

[00142] In certain embodiments, in addition to or alternative to the mutations in Ck domains
described herein, both the immunogiobulin helerodimerization domains {(i.e., immunogiobulin
CH1 and CL domains) of a3 polypeptide hsterodimer have muiations so that the resulting
immunogiobulin heterodimerization domains form salt bridgss {/.e., ionic interactions) belween
the amino acid residues at the mutated sites. For example, the immunogiobulin
heterodimerization domains of a polvpeptide heterodimer can be a mutated CH1 domain in
combination with a mutated Ck domain. In the mulated CH1 domain, valine at position 68 (V68)
of the wild type human CH1 domain is substituted by an amino acid residue having a negative
charge (e.g., aspariate or glulamate), whereas leucine af position 29 (L29) of a mutated human
Ck domain in which the first arginine and the [ast cysteine have been deleted is substituted by
an amino acid residue having a positive charge (e.g., lvsing, arginine or histidine). The charge-
charge interaction between the amino acid residue having a negative charge of the resulting
mutated CH1 domain and the aming acid residue having a positive charge of the resulting
mutated Ck domain forms a salt bridge, which stabilizes the helerodimeric interface between the
mutated CH1 and Ck domains. Allernatively, V68 of the wild type CH1 can be substituted by an
amino acid rgsidue having a positive charge, whersas L29 of a muiated human Ck domain in
which the first arginine and the [ast cysteine have bsen deletsd can be subsiituted by an amino
acid residue having a negative charge. Exemplary mutated CH1 sequences in which VB8 is
substifuted by an amino acid with either a negative or positive charge are set forth in SEQ D
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 2013/0128723 (said

sequences incorporated by reference hersin).

[00143] Positions other than V638 of human CH1 domain and L29 of human Ck domain can be

substituted with amino acids having opposite charges to produce ionic interactions betweean the
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amino acids in addition or altemnative to the mutations in V68 of CH1 domain and L29 of Ck
domain. Such positions can be identified by any suitabls method, including random
mutagenesis, analysis of the crysial structure of the CH1-Ck pair to identify amino acid residuss
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.q., propensily {o engage in ionic

interactions, proximity {0 a polential partner residue, &ic.).

[80144] In cerlain embodiments, polypeptide heterodimers of the present disclosure contain
only one pair of immunoglobulin heterodimerization domains. For example, a first chain of &
polypepltide heterodimer can comprise 2 CH1 domain as an immunoglobulin heterodimerization
domain, whils a second chain can comprise a Cl domain {e.g., a Cxk or CA) as an
immunoglobulin heterodimerization domain. Alternatively, a first chain can comprise a CL
domain {(&.g., a Ck or CA) as an immunogiocbulin heterodimerization domain, while a sscond
chain can comprise a CH1 domain as an immunoglobulin heterodimerization domain. As set
forih herein, the immunoglobulin heterodimerization domains of the first and second chains are

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

[00148] In certain other smbodimants, heterodimeric proteins of the present disclosure can
have two pairs of immunoglobulin heterodimerization domains. For example, a first chain of a
heterodimer can comprise two 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 sscond chain can have two CH1 domains that associale with
the two CL domains in the first chain. In certain embodiments, a first polypepiide 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 polypeplide chain.

[80146€] In the embodiments where a helerodimeric protein comprises only one
heterodimerization pair (i.e., one immunoglobulin helerodimerization 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 immunogiobulin
heterodimerization domain in each chain can be located carboxyl-terminal {o the

immunoglobulin constant region of that chain.

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

heterodimerization domains in each chain can be localed amino-terminal to the immunogiobulin

Ao
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constant region of that chain. Allernatively, both immunogicbulin 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 lecated amino-terminal to the immunoglobulin constant region of that chain, while the
other immunaoglobulin heterodimerization domain of each chain can be located carboxyl-terminal
to the immunoglobulin constant region of that chain. In other words, in those embodiments, the
immunoglobulin constant region is interposed between the two immunogiobulin

heterodimerization domains of each chain.

[00148] As indicated herein, in certain embodiments, CD3-binding polypeptides of the present
disclosurs comprise an immunogiobulin constant region (also referred to as a constant region)
in a polypeptide chain. The inclusion of an immunogiobulin constant region slows clgarance of
the homodimeric and heterodimeric proteins formed from two CD3-binding polypeptide chains
from circulation after adminisiration o a subject. By muiations or other alierations, an
immunoglobulin constant region further enables relatively easy modulation of dimeric
polypeptide effector functions (e.g., ADCC, ADCP, CDC, complement fixation, and binding o F¢
receptors), which can sither be increassd or decreased depending on ths disease being treated,
as known in the art and described herein. In cerlain 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 ong or more of these
effector functions in other embodiments, one or more of these effector functions are reduced or
absent in an immunogiocbulin consiant 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 example, for dimeric CD3-binding
polypeplides designed to elicit RTCC, such as, e.g., via the inclusion of a second binding
domain, an immunoglobulin constant region may have reduced or no effscior function relative to

a corresponding wild-type immunoglobulin constant region.

[060149] An immunoglobulin constant region present in CD3-binding polypeptides of the present
disclosurs can comprise or is derived from part or ali of. 8 CHZ domain, a CH3 domain, a CH4
domain, or any combination thereof. For example, an immunoglicbulin constant region can
comprise a CHZ domain, a CHS domain, both CHZ and CHS domains, both CHS and CH4
domains, two CH3 domains, a CH4 domain, two CH4 domains, and a CH2 domain and partof a
CH3 domain.
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[60150] A CHZ domain that can form an immunoglobulin constant region of a CD3-binding
polypeptide of the present disclosure can bs a wild type immunogiobulin CH2Z domain or an
altered immunoglobulin CH2 domain thereof from cerlain immunoglobulin classes or subclasses
{a.g., 1gG1, 1gG2, 1gG3, 1gG4, IgAt, IgA2, or igD) and from various species (including human,

mouse, rat, and other mammals).

[60151] In certain embodiments, a CHZ domain is a wild type human immunogiobulin CH2
domain, such as wild type CH2 domains of human 1gG 1, 1gG2, IgG3, 1gG4, 1gAT, IgA2, or igD,
as set forth in SEQ ID NOS:115, 198-201 and 185-197, respectively, of US 2013/0128723 (said
sequences incorporated by reference herein). In certain embodiments, the CH2 domainis a
wild type human igG1 CH2 domain as set forth in SEQ 1D NO:115 of US 2013/8129723 (said

sequence incorporated by reference herein}.

[00152] In certain embodiments, a CH2 domain is an altered immunoglobulin CH2 region {e.q.,
an altered human IgG1 CH2 domain) that comprises an amino acid substitution at the
asparagine of position 297 (e.g., asparagine fo alanine). Such an aminoc acid substitution
reduces or eliminates glycosylation at this site and abrogates efficient F¢ binding to FeyR and
C1g. The sequence of an altered human igG1 CH2 domain with an Asn o Ala substitution at
position 297 is set forth in SEQ ID NO:324 of US 2013/0128723 (said sequence incorporated by

reference herein).

[60153] In certain embodiments, a CHZ domain is an altered immunoglobulin CHZ region {e.g.,
an altered human igG1 CH2 domain) thai comprises at least one substifition or deletion at
positions 234 1o 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 236, positions
234 and 237, positions 234 and 238, positions 234-236, positions 234, 235 and 237, posilions
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 (8.g., two, three, four or five)
amino acid deletions at positions 234-238, for instance, at one of position 236 or position 237
while the other position is substituted. The above-noted mutation(s) decrease or eliminate the
aniibody-dependent cell-mediaied cytotoxicity (ADCC) aclivity or Fe receptar-binding capability
of a polypeptide heterodimer that comprises the allered 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 aminc 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., alanins or sering).

[00154] In certain other embodimeants, a CH2 domain is an altered immunoglobulin CH2 region
{e.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, thras, four,
five or six amino acids at positions 253, 310, 318, 320, 322, and 331. The above-noled
mutation(s) decrease or eliminate the complement-dependent cytotoxicity (CDC) of a

polypeptide heterodimer that comprises the altered CHZ domain.

[001858] In certain other smbodimants, in addition to the amino acid substitution at position 297,
an altered CH2 region {e.q., an altered human 1gG1 CH2 domain) can further comprise one or
more {e.9., two, three, four, or five) additional substitutions at positions 234-238. For example,
an immunogicbulin CHZ2 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, posilions 234, 235,
237 and 297, posilions 234, 236, 238 and 287, positions 234, 235, 237, 238 and 297, posilions
236-238 and 297, or any combination of two, three, four, or five amino acids at positions 234-
238 in addition to position 297. In addition or alternatively, 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 238 or position 237. The additional mutation(s) decreases or eliminates the antibody-
dependent cell-mediated cylotoxicity (ADCC) aclivily or Fe receplor-binding capability of a
polypeptide heterodimer that comprises the altered CHZ domain. In cerfain 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 amino acids at positions 234-238 can

be substituted with ancther amino acid {e.qg., alanine or serine).

[060158] In certain embodiments, in addition {0 one ormore {e.g., 2, 3, 4, or 5) amino acid
substitutions at positions 234-238, a mutated CHZ region (e.g., an altered human iga1 CHZ
domain) in a fusion protein of the present disclosure can contain one or more {e.g., 2, 3, 4, 5, or
£} additional amingo acid substitutions {e.¢., substiiuted with alaning)} at ons or more positions
involved in complement fixation (e.g., at positions 1253, H310, E318, K320, K322, or P331).
Examples of mutated immunoglobulin CH2 regions include human igG1, 1gG2, IgG4 and mouse
IgG2a CHZ regions with alanine substitutions at positions 234, 235, 237 (if present), 318, 320

48



(Vg

16

[
(¥4

20

and 322. An exempilary mutated immunoglobulin CH2 region is mouse iGHGZc CH2 region
with alanine substitutions at L2534, L235, G237, E318, K320, and K322,

[001587] In still further embodiments, in addition to the amino acid substilution at position 297
and the additional deletion(s) or substitution(s) at positions 234-238, an altered CH2 region
(e.g., an altered human 1gG1 CH2 domain) can further comprise one or more (e.g., two, three,
four, five, or six) additional substitutions at positions 253, 310, 318, 320, 322, and 331. For
example, an immunoglobulin CH2 region can comprise a (1) substitution at position 297, (2} one
or more substitutions or deletions or a combination thereof at positions 234-238, and one or
more {e.g., 2, 3, 4, 5, or 6) amino acid substitutions at positions 1253, H310, E318, K320, K322,
and FP331, such as ong, two, three substilutions at positions E318, K320 and K322. The amino

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

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

and amino acid subsilitutions 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 CHZ region with alaning substitutions at L234,
L235, G237 and N297 and a deletion at G236 (SEQ 1D NG:325 of US 2013/0128723, said
saguence incorporated by reference herein), human IgG2 CH2 ragion with alanine subsiitutions
al V234, G236, and N297 {(SEQ 1D NO:326 of US 2013/0128723, said sequence incorporated
by reference herein), human lgG4 CH2 region with alanine substitutions at F234, L235, G237
and N297 and a deletion of G236 (SEQ 1D NO:322 of US 2013/0129723, said sequence
incorporaied by referance herein), human IgG4 CH2 region with alanine substitutions at F234
and N297 (SEQ 1D NO:343 of US 2013/0129723, said sequence incorporated by reference
herein), human lgG4 CH2 region with alanine substitutions at L235 and N297 (SEQ 1D NO:344
of US 2013/0129723, said sequence incorporated by reference herein), human igG4 CH2
region with alanine substitutions at G236 and N297 (SEQ 1D NQG:345 of US 2013/0129723, said

49



(Vg

16

[
(¥4

20

seguence incorporated by reference herein), and human igG4 CH2 region with alanine
substitutions at G237 and N287 (SEQ D NO:346 of US 2013/0128723, said sequence

incorporated by referance herein).

[00160] In certain embodiments, in addition to the amino acid substitutions described above, an
altered CHZ2 region {&.4., an altered human IgG1 CH2 domain) can contain one or more
additional amino acid substitutions at one or mores positions other than the above-noted
positions. Such amino acid substitutions can be conssrvative or non-conservative amino acid
substitutions. For example, in certain embodiments, P233 can be changed 1o E233 in an
aliered IgG2 CH2 region (see, e.g., SEQ 1D NO:328 of US 2013/0128723, said sequence
incorporated by reference hersin). In addition or alernatively, in certain embodiments, the
altered CHZ region can contain ong or more amine acid insertions, delstions, or both. The
insertion(s), deletion(s) or substitution(s) can be anywhere in an immunoglobulin CHZ2 region,
such as at the N- or C-terminus of a wild type immunoglobulin CH2 region resulting from linking
the CH2 region with another region {(e.g., a binding domain or an immunoglobulin

heterodimerization domain) via a hinge.

[60161] In certain embodiments, an altered CHZ region in a polypeptide of the present
disclosure comprises or is a sequence that is at least 80%, at least 91%, at least 92%, ai least
93%, at least 94%, at least 95%, atleast 88%, at least 87%, atleast 98%, at least 99% identical
to a wild typs immunoglobulin CHZ region, such as the CH2 region of wild type human igG1,
g2, or igG4, or mouse igG2a {e.g., IGHG2:).

[00162] An altered immunoglobulin CH2 region in a CD3-binding polypeptide of the present
disclosure can be derived from a CH2Z region of various immunoglobulin isotypes, such as IgG1,
g2, igG3, 1gG4, IgAt, IgA2, and IgD, from various species (including human, mouss, rat, and
other mammals). In certain embodiments, an altered immunoglobulin CH2 region in a fusion
protein of the present disclosure can be derived from a CHZ region of human IgG1, 1gG2 or
lgG4, or mouse 1gG2a {e.q., IGHG2¢), whose sequences are set forth in SEQ 1D NOS:115, 199,
201, and 320 of US 2013/0129723 (said sequences incorporated by reference herein).

[30163] In certain embodiments, an altered CH2Z domain is a human 1gG1 CHZ domain with
alanine substitutions at positions 235, 318, 320, and 322 (&, 2 human IgG1 CH2 domain with
L2354, E318A, K320A and K322A substitutions) (SEQ 1D NG:595 of US 2013/0120723, said
sequence incorporated by reference herein), and oplionally an N297 mutation {e.q., 1o alanine).
in certain other embodiments, an allered CH2 domain is a human IgG1 CHZ domain with
alaning substitutions at positions 234, 235, 237, 318, 320 and 322 {i.e., a human IgG1 CH2
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domain with L234A, L235A, G237A, E318A, K320A and K322A substitutions) (SEQ 1D NO:586
of UGS 2013/0128723, said sequsncs incorporated by reference herein}, and optionally an N287

mutation {e.g., to alanine).

[00164] In certain embodiments, an altered CH2 domain is an altered human IgG1 CH2 domain
with mutations known in the ari that enhance immunological activities such as ADCC, ADCP,

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

[00165] 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 immunoglobulin CH3 domain thereof from certain immunoglobulin classes or subclasses
(e.g.. 1gG1, IgG2, igG3, igi4, IgAtl, IgAZ, igD, IgE, IgM) of various species (including human,
mouse, rat, and other mammals). In certain embodimsnts, a CH3 domain is a wild type human
immunoglobulin CH3 domain, such as wild fype CH3 domains of human IgG1, 1gG2, 1gGS,
IgG4, IgAt, 1gA2, lal, IgE, or igM as set forth in SEQ 1D NOS:116, 208-210, 204-207, and 212,
respectively of US 2013/0129723 (said sequences incorporated by reference herein). In certain
emibodiments, the CHS domain is a wild type human igG1 CH3 domain as set forth in SEGQ 1D
NO:116 of US 2013/0129723 {said sequence incorporatad 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,
1gG3, igG4, IgA1, IgAZ, IgD, igk, or igM antibodies. For example, an altered CH3 domain can
be a human 1gG1 CH3 domain with one or two mutations at positions H433 and N434 (positions
are numbered according fo EU numbering). The mulations in such positions can be involved in
complement fixation. In certain other embodiments, an altered CH3 domain can be a human
IgG1 CH3 domain but with one or two amino acid substitutions at position F405 or Y407, The
amino acids at such positions are involved in interacting with another CH3 domain. In certain
smbodimeants, an aliered CH3 domain can be an allered human 1gG1 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).

[30166] In certain embodiments, CD3-binding poiypeptides forming a polypeptide heterodimer
comprise a CHS pair that comprises so called “knobs-into-holes” mutations (see, Marvin and
Zhu, Acta Pharmacologica Sinica 26:648-58, 2005; Ridgway ef &/, 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 cther. For example, a CH3 domain in ons
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single chain polypeplide of a polypeplide heterodimer can contain a T366W mutation (a “knob”
mutation, which substitutes a small amino acid with a larger one), and & CH3 domain in the
other single chain polypeptide of the polypepiide heterodimer can contain a Y407A mutation (a
*hole” mulation, which substitutes a large amino acid with a smaller one). Other exemplary
knobs-into-holes mutations include (1) a8 T368Y mutation in one CH3 domain and a Y4077 in
the other CH3 domain, and (2) a T366W mutation in one CHS domain and T386S, L368A and
Y407V mutaiions in the other CH3 domain.

[00167] The CH4 domain that can form an immunoglobulin constant region of CD3-binding
polypepltides of the present disclosure can be a wild type immunoglobulin CH4 domain or an
altsred 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 IgQE and IgM molecules as sei forth in SEQ 1D NOS:213 and 214,
respectively, of US 2013/0128723 (said sequences incorporated by reference hearein). In
certain embodiments, a CH4 domain is an allered human immunoglobulin CH4 domain, such as
an altered CH4 domain based on or derived from a CH4 domain of human igE or igh
molecules, which have mulations that increase or decrease an immunolagical activity known to

be associated with an IgE or IgM Fc region.

[00168] In certain embodiments, an immunoglobulin constant region of CD3-binding
polypeplides of the present disclosure comprises a combination of CHZ, CH3 or CH4 domains
{i.e., more than one constant region domain selected from CH2, CHS and CH4). For example,
the immunoglobulin constant region can comprise CH2 and CH3 domains or CH3 and CH4
domains. In cerlain other embodiments, the immunoglobulin constant region can comprise two
CH3 domains and no CH2 or CH4 domains (e, only two or more CH3). The mulliple constant
region domains that form an immunoglobulin constant region can be based on or derived from
the same immunoglobulin molscule, or the same class or subclass immunoglobulin molacules.
In cerfain embodiments, the immunogiobulin constant region is an igG CH2CHS (e.g., 1gG1
CHZCHS3, 1gG2 CH2CH3, and igG4 CH2CH3) and can be a human {(e.g., human igG1, 1gG2,
and igG4) CH2CH3. For example, in certain embodiments, the immunogiobulin constant region
comprises (1} wild type human IgG1 CH2 and CH3 domains, (2) human IgG1 CHZ with N297A
substitution (Le., CH2{N287A)) and wild type human IgG1 CHS, or (3) human 1gG1 CHZ(NZ297A)
and an allered human 1gG1 CH3 with the last lysine deleted.

[00169] Allernatively, the muliple constant region domains can be based on or derived from

different immunoglobulin molecules, or different classes or subclassas immunoglobulin
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molecules. For example, in ceriain embodiments, an immunoglobulin constant region
comprises both human IgM CHS domain and human igG1 CHS3 domain. The mulliple constant
region domains that form an immunoglobulin consiant region can be directly linked together or

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

[30170] Exemplary immunogiobulin constant regions are set forth in SEQ 1D NOS:305-309,
321, 323, 341, 342, and 762 of US 2013/0128723 (said sequencss incorporated by reference

hergin}.

[60171] In certain embodiments, the immunoglobulin constant regions of both CD3-binding
polypepltides 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 othsr
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 consiant region of the heterodimeric protein can contain a CH3 domain with a

“hole” mutation.

[00172] 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 constructs 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 or

VL aming acid sequeancas, 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, 66, and
68}, anti-CL37 x anti-CD3 binding molecules (SEQ 1D NOs:72, 74, 76, 78, 80, and 82), anti-
ROR1 x anti-CD3 binding molscules (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
gntiraty. The CD3-binding proleins may comprise two non-identical polypeptide chains, each
polypeptids chain comprising an immunogiobulin heterodimsrization domain. Ths interfacing
immunoglobulin helerodimerization domains are different. In one embodiment, the
immunoglobulin heterodimerization domain comprises a CH1 domain or a derivative thereof. In

ancther embodiment, the immunogiobulin helerodimerization domain comprises a CL domain or
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a derivative thereof. In one embodiment, the CL domain is a Cx or CA isotyps or a derivative

thereof

[00178] Ths disclosure also includes nucleic acids (e.g., DNA or RNA) encoding CD3-binding
domains, proteins and polypeptides described herein, or one or more polypeptide chains of g
homodimesric or heterodimeric CD3-binding protein as described herein. Nucleic acids of the
disclosure inciude nucleic acids having a region that is substantially identical {o a polynuciectide
as listed in Table 14, infra. In certain embodiments, a nuclsic acid in accordances with the
present disclosure has at least 80%, typically at least about 80%, and more typically ai least
about 95% or at least about 98% identity 1o a polypeptide-encoding polvnucleotide as listed in
Table 14. Nucleic acids of the disclosure also include complementary nucleic acids. in some
insiances, the sequences will be fully complementary (no mismaiches) when aligned. In othar
instances, there can be up to about a 20% mismatch 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 sequences provided
herein can be expioited using codon oplimization, degenerate ssquence, silent mutations, and
other DNA techniques o optimize sxpression in a particular host, and the present disclosure

encompasses such sequence modifications.

[00176] The disclosure relates {o an isolated nucleic acid molecule encoding CD3-binding
domains, proteins and polypeptides {(or porions thersof) described herein, wherein said nucleic
acid moleculs comprises a nucleotide sequence setforth in SEQ D 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 59.

[060177] Polynucleotide molecules comprising a desired polynucleoctide sequence are
propagated by piacing the molecule in a vector. Viral and non-viral veciors are used, including
plasmids. The choice of plasmid will depend on the type of ceil in which propagation is desired
and the purpose of propagation. Certain vectors are useful for amplifying and making large
amounis of the desired DNA seguence. Cther vectors are suilable for expression in cells in
culture. Still other vectors are suitable for transfer and expression in cells in a whole animal or
person. The choice of appropriate vector is well within the skill of the art. Many such vaclors are
available commercially. The partial or full-length polynuclectide is inserted info a vector typically
by means of DNA ligase attachment io a cleaved resiriction enzyme sile in the vecior.
Alternatively, the desired nucleotide sequence can be inserted by homologous recombination in
vivo. Typically this is accomplished by attaching regions of homology o the vecior on the flanks

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

homaology and a portion of the desired nucleotide sequence, for example.

[00178] For expression, an exprassion cassetie or sysiem may be emploved. To express g
nucleic acid encoding a polypeptide disclosed herein, a nucleic acid molecule encoding the
polypeptide, operably linked to reguilatory sequences that control transcriptional expression in an
expression vector, is introduced into a host cell. In addition {0 transcriptional regulatory sequences,
such as promoters and enhancers, expression vectors ¢an include translational regulatory
sequences and a marker gene which is suilable for selection of cells that carry the expression
vecior. The gene product encoded by a polynucleotide of the disclosure is expressed in any
convenient expression system, including, for example, bacterial, yeast, insect, amphibian and
mamimalian systems. in the expression vecior, the polypeplide-encoding polynucleotide is
linked to a regulalory sequence as appropriate to obiain the desired exprassion properiies.
These can include promoters, enhancers, terminators, operators, repressors, and inducers.
The promoters can be regulated {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 nuclectide sequancs using the lechnigues
described above for linkage {o vectors. Any fechniques 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
linked under the transcriptional control of the transcriptional initiation region, and a

transcriptional and translational terminatlion region.

[00179] An expression cassetie ("expression unit”) can be introduced into a variety of vectors,
e.q., 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, where the vectors are
normaily characterizaed by the ability to provide selection of celis comprising the expression
vectors. The vectors can provide for extrachromosomal mainienance, particularly as plasmids
or viruses, or for integration into the host chromosome. Where extrachromosomal mainienance
is desired, an origin sequencs is provided for the replication of the plasmid, which can be low- or
high copy-number. A wide variety of markers are available for selection, particularly thoss
which protect against toxins, more particularly against antibiotics. The particular marksr that is
chosen is seleciad in accordance with the nature of the hosi, where, in some cases,
complementation can be employed with auxotrophic hosts. Introduction of the DNA construct

can use any convenient method, including, e.g., conjugation, bacterial transformation, calcium-
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precipitated DNA, elsciroporation, fusion, transfection, infection with viral vectors, bislistics, and
the like. The disclosurs relates {o an expression veclor comprising a nucleic acid segment,
wherein said nucleic acid segment may comprise a nucleotide sequence set forth in SEQ 1D
NOG: 3,5, 7,9, 11,13, 15,17, 19, 21, 23, 25, 27, 28, 31, 33,35, 37, 39, 41, 43, 45, 47, 49, 51,
53, 55, 57, or 58.

(60188 Accordingly, proteins for use within the pressnt disclosure can be produced in
genetically engineered host celis according to conventional techniques. Suitable host cells are
those cell types that can be fransformed or transfected with exogenous DNA and grown in
culture, and include bacteria, fungal cells, and cultured higher eukaryotic cells (including
cultured cells of muiticellular organisms), particularly cultured mammalian cells. Techniques for
manipuiating clonsd DNA molscules and introducing exogenous DNA inio a variety of host cells
are disclosed by Sambrook and Russell, Molecular Cloning: A Laboratory Manual (3rd ed,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 2001), and Ausubel of a/., Short
Frotocols in Molscular Biology (4th ed., John Wiley & Sons, 1899).

[30181] For example, for recombinant exprassion of a homodimeric CD3-binding protein
comprising two identical CD3-binding polvpeptides as describad herein, an sxpression vecior
will generally include a nucleic acid segment encoding the CD3-binding polypeptide, operably
linked to a promoter. Forrecombinant expression of a heterodimeric CD3-binding protein,
comprising different first and second polypeptide chains, the first and second polypeptide chains
can be co-exprassed from separate veclors in the host cell for sxpression of the entire
heterodimeric protein. Allernatively, for the expression of heterodimeric CD3-binding proleins,
the first and second polypeplide 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 to a host cell by conventional techniquss, and the transfecled celis are
then cultured by conventional techniques to produce the encoded polypeptide(s) to produce the

corresponding CD3-binding protein.

[00182] To direct a recombinant protein info 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 seguence can be that of the native form of the recombinant protein, or can be
derived from another sacreted protein or synthesized de nove. Ths secretory signal ssguence
is operably linked to the polypeptide-encoding DNA sequence, 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. Secretory signal sequences arg commonly
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positioned 5 to the DNA sequence encoding the polypeptide of interest, although certain signal
saguences can be positionsd eisewhers in the DNA ssquence of interest (see, e.g., Welch ef
al., .5 Patent No. 5,037,743; Holland ef &/, U.S. Patent No. 5,143,830}, In certain variations,
a secretory signal sequence for use in accordance with the present disclosure has the aming
acid sequence MEAPAQLLFLLLLWLPDTTG (SEQ 1D NO:185).

[60183] Culiured mammalian celis are suitable hosts for production of recombinant proteins for
use within the present disclosure. Methods for infroducing sxogenous DNA into mammalian
host cells include calcium phosphate-mediated transfection (Wigler ef al., Cell 14.725, 1978,
Corsaro and Pearson, Somatic Cell Genetics 7:603, 1981. Graham and Van der Eb, Virology
52:456, 1973), electroporation (Neumann ef a/l., EMBO J. 1:841-845, 1982), DEAE-dexiran
mediated transfection (Ausubsl ef 8/, supra), and liposome-mediated transfection (Hawley-
MNelson ef al., Focus 15:73, 1843, Ciccarone ef a8/, Focus 15:80, 1893). The production of
recombinant polypeptides in cultured mammalian cells is disclosed by, for example, Levinson ef
al., .S, Patent No. 4,713,338; Hagen ef ¢/, U.S. Patent No. 4,784 950; Paimiter et a/, U.S.
Patent No. 4,579,821, and Ringold, U.S. Patent No. 4,656,134, Examples of suitable
mamimalian host cells include African green monkey kidney cells (Vero; ATCC CRL 15873,
human embryonic kidney cells (293-HEK,; ATCC CRL 1573), baby hamsier kidney cells (BHK-
21, BHK-570; ATCC CRL 8544, ATCC CRL 10314), canine kidney celis (MDCK; ATCC CCL
343, Chinese hamster ovary cells (CHO-K1; ATCC CCLE1; CHO DG44; CHO DXB11 (Hycione,
Logan, UT), see also, e.g., Chasin ef &, Som. Cell. Molec. Genet. 12:555, 1988)), rat pituitary
cells (GH1, ATCC CCLE2), Hela 83 cells (ATCC CCL2.2), rat hspatoma cells (H-4-lI-E; ATCC
CRL 1548) SV40-transformed monkey Kidney cells (COS8-1; ATCC CRL 1650) and murine
embiryonic cells (NIH-3T3; ATCC CRL 1658). Additional suitable cell lines are known in the art
and available from public depositories such as the American Type Cuiture Collection,
Manassas, Virginia. Strong transcription promotars can be used, such as promoters from 8-
40 or cytomegalovirus. See, e.g., U.8. Patent No. 4,958 288, Other suitable promoters include
those from metallothionein genes (U5, Patents Nos. 4,579,821 and 4,601,8978) and the

adenovirus major late promoter.

[60184] Drug seisction is generally used io select for cultured mammalian cells inio which
foreign DNA has been insertsd. Such cells are commonly referred {0 as “iransfectants.” Celis
that have been cultured in the presence of the selective agent and are able 1o pass the gene of
interest to their progeny are referred to as “stable transfectanis.” Exemplary selectable markers

include a gene encoding resistance {o the antibiotic neomycin, which allows selection to 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
xanthing-guanine phosphoribosyl transferase, which permits host cell growth in the presence of
mycophenolic acid/xanthine; and markers that provide resistance to zeocin, bleomycin,
blastocidin, and hygromycin (see, e.q., Gatignol ef al., Mol Gen. Genet 207:342, 1887,
Drocourt ef al., Nucl Acids Res. 18:4009, 1990). Selection systems can also be used to
increase the expression level of the gene of interest, a process referred to as “amplification.”
Amplification is carried out by culturing transfectants in the presence of a low level of the
selective agent and then increasing the amount of selective agent {o select for cells that
produce high levels of the products of the introduced genes. An exemplary amplifiable
selectable marker is dihydrofolate reductase, which confers resistance to methotrexate. Other
drug resistance genes {e.g., hygromycin resistance, muiti-drug resistance, puromycin

acstyliransferase) can also be usead,

[00185] Other higher eukaryotic cells can also be used as hosts, including insect cells, plant
cells and avian cells. The use of Agrobacferium rhizogenes as a veclior for expressing genes in
plant cells has bsen reviewed by Sinkar ef a/., J. Biosci. (Bangalore) 11.47-58, 1887.
Transformation of insect celis and production of foreign polypeptides therein is disclosed by
Guarino ef al,, US 5,162,222 and WO 94/06483,

[00186] Insect cells can be infecied with recombinant baculovirus, commonly derived from
Autographa californica nuclear polyhedrosis virus {AcNPV). See King and Possee, The
Baculovirus Expression System: A Laborafory Guids (Chapman & Hall, London}; O'Reilly ef a/f |
Baculovirus Expression Veciors: A Laboratory Manual (Oxford University Press., New York
1994); and Baculovirus Expression Profocols. Methods in Molecular Biclogy (Richardson ed.,
Humana Press, Totowa, NJ, 1885). Recombinant baculovirus can also be produced through
the use of a transposon-based system described by Luckow ef af. (J. Virol 67.4566-4579,
1983). This systam, which ulllizes transfer vectors, is commercially availabis in kit form (BAC-
TO-BAC kit; Life Technologies, Gaithersburg, MD). The transfer vector {(e.g., PFASTBACHT,; Life
Technologies) contains a Tn7 transposon to move the DNA encoding the protein of interest into
a baculovirus genome maintained in £ coli as a large plasmid called a *bacmid.” See Hill-
Perkins and Posses, J. Gen. Virol 71:971-876, 1990; Bonning et al., J. Gen. Virol. 75.1551-
1556, 1884, and Chazsnbalk 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 transfer vector containing

a protein-encoding DNA sequence is transformed info £, cofi host cells, and the cells are
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scraened for bacmids which contain an interrupted lacZ gene indicative of recombinant
baculovirus. The bacmid DNA containing the recombinant baculovirus ganome is isolated,
using common technigues, and used o transfect Spodoptera frugiperda cells, such as 59 cells.
Recombinant virus that expresses the protein or interest is subseguently produced.

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

[60187] For protein production, the recombinant virus is used {o infect host cells, typically 2 cali
line derived from the fall armyworm, Spodoptera frugiperda (e.g., 518 or 8121 cells) or
Trichoplusia ni (e.g., HIGH FIVE cells; Invilrogen, Carlsbad, CA). See generally Glick and
Pasternak, Molecular Biotechnology, Frinciples & Applications of Recombinant DNA (ASM
Press, Washington, D.C., 1994). See also U.S. Patsnt No. 5,300,435, Serum-free media are
used to grow and mainiain the cells. Suitable media formulations are known in the art and can
be obtained from commercial suppliers. The cells are grown up from an inoculation 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 (MOD of 0.1 to 10, more typically near 3. Procedures
used are generally described in available laboratory manuals (see, e.g., King and Possee,

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

[00188] Fungal cells, including veast cells, can also be used within the present disclosure.
Yeast species of in this regard include, e.g., Saccharomyces cerevisiae, Pichia pastoris, and
Pichia methanolica. Methods for transforming S. cerevisiae cells with exogsnous DNA and
producing racombinant polypeptides therefrom are disclossad by, for example, Kawasaki, U.S.
Patent No. 4, 599,311, Kawasaki ef g/, U.S. Patent No. 4,831,373; Brake, U.5. Patent No.
4,870,008, Welch ef &/, U.S. Patent No. 5,037,743, and Murray ef a/., U.S. Patent No.

4,845 075, Transformed cells are selected by phenotype determined by the selectable marker,
commonly drug resistance or the ability to grow in the absence of a particular nutrient {(e.q.,
feucine}. An exemplary vector system for use in Saccharomyces cerevisiae is the POTT vector
system disclosed by Kawasaki ef a/ (U.S. Patent No. 4,831,373), which allows transformed
cells o be selected by growth in glucose-containing media. Suitable promoters and ferminators
for use in yeast include those from glveolytic enzyme genes (see, e.q., Kawasaki, U.S. Patent
No. 4,589,311, Kingsman ef a/., U.S. Patent No. 4,615,974, and Bitter, U.S. Patent No.
4,877,092) and alcohol dehydrogenase genes. See afso U.5. Patents Nos. 4,880 ,448;
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 guiflermondii, and Candida
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malfosa are known in the arl. See, e.g., Gleeson et al., J. Gen. Microbiol 132:3459-3465, 1886;
Cragg, U.S. Patent No. 4,882,279, and Raymond ef g/, Yeast 14:11-23, 1998, Aspergifius cells
can be utilized according to the methods of McKnight ef 8/, U.8. Patent No. 4,835,345,
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. 4,488,533, Production of recombinant proteins in Fichia methanolica is disclosed in
U.S. Patents Nos. 5,716,808, 5,736,383; §,854,039; and 5,888,768.

[00189] Prokaryolic host cells, including strains of the bacteria Escherichia coli, Bacillus, and
other genera are also useful host cells within the present disclosure. Technigues for
transforming these hosts and expressing foreign DNA sequences cloned therein are well-known
in the art (see, e.g., Sambrook and Russell, supra}. When expressing a recombinant protein in
bacteria such as £ cofi, the proiein can be retained in the cytoplasm, typically as insoluble
granules, or can be dirscted to the periplasmic space by a bacierial secration sequence. In the
former case, the cells are lysed, and the granules are recovered and denatured using, for
example, guanidine isothiccyanate 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, followsd 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 prolein is recovered from the cell as an aqueous
exiract in, for example, phosphate buffered saline. To capturs the protein of interest, the extract
i3 applisd 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 osmatic shock)
to release the contents of the periplasmic space and recovering the protein, thereby obviating
the need for denaturation and refolding. Antibodies, including single-chain antibodies, can be
produced in bacterial host cells according to known methods. Sse, e.g., Bird ef al,, Scignce
242:423-426, 1988; Huston ef al., Proc. Natl Acad. Sci. USA 85:5879-5883, 1988, and
Panioliano ef al., Biochem. 30:10117-10125, 1991.

[601980] Transformed or transfected host cells are cultured according to conventional
procedures in a culture medium containing nuirients and other components required for ths
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 selgct for celis
containing the exocgenously added DNA by, for example, drug selection or deficiency in an
essential nutrient which is complemented by the selectable marker carried on the expression

vecior 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 LKB Biotechnology, Uppsala, Sweden,
1988); Scopes, Profein Purificafion: Principles and Practice (Springer-Verlag, New York 1884).
Proteins comprising an immunoglobulin Fc 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 obiain the desired level of purity or o provide for desalting, buffer exchange, and the
like.

[00192] CD3-binding molecules disclosed herein may be used in a method for treating 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 subject in nesd of such treatment

a CD3-binding protein as described herein.

[060193] CD3-binding molecules disclosed herein may be used in a method for treating a subject
(for example, a human or a non-human primaie) or for manufaciure of a medicament for treating
a subject. Generally, such methods include adminisiering to a subject in need of such treatment
a CD3-binding protein as described herein. In some embodiments, a CD3-binding protein
comprises al least one effector funclion selected from antibody-dependent cell-mediated
cylotoxicity (ADCC) and complemeni-dependent cylotoxicity (CDC), such that the CD3-binding
protein induces ADCC and/or CDC against CD3-exprassing ceils in the subject.

{00184} In some 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 to 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 treatment of T cell mediated
dissase, 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-
cells and/or do not induce cytokine release, they are advantageous over other molecules

directed against the TCR complex {&.g., anti-CD3 antibodies) for having no or reduced side
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effects such as cytokine rslease syndrome and acule toxicily. In another case, a CD3-binding

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

[060185] 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,
CDz20, CD37, CD38, CD123, Herz, ROR1, RON, glycoprotein A33 antigen {(gpA33) and CEA.
Generally, such methods include administering 0 a subjsct in nesd of such treatment a
therapeulically 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 protein
induces rediracied T-cell cytotoxicity (RTCC) against tumor antigsn-expressing cells in the
subject. Exemplary cancers amenable o treatment in accordance with the present disclosure
include, for example, prostate cancer, colorectal cancer, renal cell carcinoma, bladder cancer,
salivary gland cancer, pancreatic cancer, gvarian cancer, non-small cell lung cancear,
melanoma, breast cancer (e.g., triple negative breast cancer), adrenal cancer, mantle cell
iymphoma, acule lymphoblastic leukemia, chronic lymphocytic lsukemia, Non-Hodgkin's
lymphoma, acute mysloid leukemia (AML), B-lymphoid lsukemia, blastic plasmocyioid dendritic
neoplasm (BPDCN), and hairy cell leukemia.

[00196] The disclosure also provides methods for treating cancer or an autoimmune disorder
comprising administering a therapeutically effective amount of the compaositions or CD3-binding
polypeptides described herein to a patient in need thereof.

[0019877 In some embodimenis, the disclosure provides a method of freating 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 rsgion and an immunogiobulin heavy chain variabie region; wherein the
immunoglobulin light chain variable region comprises an amino acid sequence that is (a) at least
about 83% identical, at least about 95% identical, al least about 97% identical, at lsast about
98% identical or at least about 98% identical to the amino acid sequence in SEQ D NO:&8; or
(b) at least about 94% identical, at least about 85% identical, at least about 97% identical, at
least about 98% identical or at least about 99% identical to the amino acid sequence in SEQ ID
NG:89; and wherein the immunogiobulin heavy chain variable region comprises an amino acid
sequence that is al least about 82% identical, at least about 85% identical, at least about 87%
identical, at least about 90% identical, at least gbout 82% identical, at least about 85% identical,
at least about 97% identical, at least aboul 98% identical or at least about 99% identical fo the

amino acid sequence in SEQ 1D NO.86.
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[60198] In some embodiments, for trealtment methods and uses described herein, a CD3-
binding protein is deliversd in a manner consistent with conventional methodologies associated
with management of the disease or disorder for which treatment is sought. In accordance with
the disclosure herein, a therapeutically effeciive amount of the CD3-binding protein is
administered to a subject in need of such freatment for a time and under conditions sufficient to

prevent or treat the disease or disorder.

[800198] Subjects for administration of CD3-binding proteins as described hergin 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
treaiment 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 cells.

[60208] In prophylactic applications, pharmaceutical compositions or medicants ars
administered to a patient susceptible {o, or otherwise al risk of, a particular disorder in an
amount sufficisnt to eliminate or reduce the risk or delay the onset of the disorder. In
therapsutic applications, compositions or medicants are administered to a patisnt suspected of,
or already suffering from such a disorder in an amount sufficient fo cure, or at least partially
arrest, the symptoms of the disorder and its complications. An amount adeguate {o accomplish
this is referred {0 as a therapsutically effective dose or amount. In both prophylactic and
therapeutic regimes, agents are usually adminisiered in several dosages until a sufficient
rasponse has been achieved. Typically, the response is monitored and repeated dosages are

given if the desired response starts {o fade.

[60201] To identify subject patients for reatment according o the methods of the disclosure,
accepted screening methods can be emploved {o dstermine risk faciors associated with specific
disorders or fo determine the stalus 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. Scresning methods can also include, for exampls,
conventional work-ups o determine familial siatus for a particular disorder known io have a
heritable component. For example, various cancers are also known io 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 {o modulate immune suppression of cells like NK cells and T-celis, either dirsctly
or indirectly (see, e.g., Ljunggren and Malmberg, Nafure Rev. Immunol 7.329-338, 2007,
Boyton and Altmann, Clin. Exp. imimunol 148:1-8, 2007}, Toward this end, nuclectide probes
can be routinely employed {o identify individuals 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
immunocassay methods are available and wsll-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 sympiomology, age factors, related risk factors, efc. These methods
allow the clinician o routinsly select patients in nesd of the methods describsd herein for
treatment. in accordance with these methods, targeting pathological, tumor antigen-expressing
cells can be implementad as an indspendent treatment program or as a follow-up, adjunct, or

coordinate treatment regimen to other treatments.

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

buffering agents, albumin to prevent protein loss on vial surfaces, efc.

[060203] 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 dosags form, an intradermal unit dosage form, an
inframuscular unit dosage form, an intraperitoneal unit dosage form, a subcutaneous unit
dosage form, an epidural unit dosags 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, emulsions,

syrups, elixirs, sustained-release formulations, asrosols, and sprays.
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[60204] A pharmaceutical composition comprising a CD3-binding protein therapsutic may be
administered o a subject in a therapsutically effective amouni. According to the methods of the
present disclosure, a CD3-binding protein can be administered to subjects by a variely of
administration modes, including, for example, by intramuscular, subcutaneous, infravenous,
intra-atrial, intra-articular, parenteral, intranasal, intrapulmonary, transdermal, intrapleural,
infrathecal, and oral routes of administration. For prevention and treatment purposes, an
antagonist can be administered to a subject in a single bolus delivery, via continuous dslivery
{e.g., continuous transdermal delivery) over an exiended time pericd, or in a repeated

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

[30208] Determination of effective dosages in this context is typically based on animal model
studies followsd up by human clinical trials and is guided by determining effective dosages and
administration protocols that significantly reduce the occurrence or severity of the subject
disorder in mode! subjects. Effeclive doses of the compositions of the present disclosure vary
depending upon many different factors, including means of administration, target sile,
physiclogical state of the patient, whether the patient is human or an animal, other medications
administered, whether treatment is prophylaciic or therapeutic, as well as the specific activity of
the composition itself and its 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 adjusted 1o provide an oplimum therapeutic response, i.e., to optimize
safety and efficacy. Accordingly, a therapsutically effective amount is aiso one in which any
undesired collateral effects are outweighed by the benesficial effacts 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 fo 100 mg/kg or 1 ug/kg to about 50 mg/kg, and more usually 10 ug to
5 mg/kg of the subject’s body weight. In more specific embodiments, an effsctive amount of the
agent is betwsen about 1 ug/kg and about 20 mg/kg, between about 10 ug/kg and about 10
mag/kg, or between about 0.1 mg/kg and about 5 mg/kg. Dosages within this range can be
achieved by single or multiple administrations, including, e.g., muliiple administrations per day
or daily, weekly, bi-weekly, or monthly adminisirations. For example, in certain variations, a
regimen consists of an initial administration followed by muitiple, subsequent administrations at
weekly or bi-weekly intervals. Another ragimen consists of an initial administration followed by
multiple, subsequent administrations at monthly or bi-monthly intervals. Alternatively,
administrations can be on an irregular basis as indicated by monitoring clinical symptoms of the

disorder.
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[60208] Dosage of the pharmaceutical composition can be varied by the aitending clinician to
maintain a desired concantration at a target 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 liler, sometimes batween about
1.0 nanomole per liter and 10, 15, or 25 nanomoles per liter depending on the subject's status
and projected measured rasponse. Higher or lower concentrations 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 administered formulation, e.g.,
nasal spray versus powder, sustained release oral or injected pariicles, transdermal
formulations, efc. To achieve the same serum concentration level, for example, slow-release
particles with a releass rate of 5 nanomolar (under standard conditions) would be administered

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

[00207] The anti-CD3 therapeutic (&.g., CD3-binding protein) may also be administered at a
daily dosage of from about 0.001 1o about 10 milligrams {mg) per kilogram {mpk) of body
weight, preferably given as a single daily dose or in divided doses about two {o six times a day.
For administration {o @ human adult patient, the therapeutically effective amount may be
administered in doses in the range of 0.2 mg o 800 mg per dose, including but not limited 10 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 myg per dose, and 400 mg per dose, and mulliple, usually consecutive
daily doses may be administered in a course of treatment. The anti-CD3 therapeutic can be
administered at different times of the day. In one embodiment the optimal therapeutic dose can
be administered in the evening. In another embodiment the optimal therapeutic dose can be
administered in the morning. The fotal 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 to about 1200 mg. 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 offen range, as noled above, from about 0.2 mg to about 800 mg.

[30208] With particular regard to treatment of solid tumors, protocols for assessing endpoints
and anti-tumor aclivity are well-known in the art. VWhile sach protocol may define fumor
rasponss assessments differently, the RECIST (Response evaluation Criteria in solid fumors)
criteria is currently considered to be the recommended guidelines for assessment of fumor
response by the National Cancer Institule (see Therasse ef a/., J. Nall. Cancer Inst. 92:205-218,

2000). According to the RECIST criteria tumor response means a reduction or elimination of all
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measurabie lesions or metasiases. Disease is generally considered measurable if it comprises
lesions that can be accuralely measured in at least ons dimension as > 20mm with conventional
techniques or > 10mm with spiral CT scan with clearly defined margins by medical photograph
or X-ray, compuierized axial tomography (CT), magnetic resonance imaging (MRI}, or clinical
examination (if lesions are superficial). Non-measurable disease means the disease comprises
of Issions < 20mm with conventional techniques or < 10mm with spiral CT scan, and truly non-
measurabie lssions (oo small to accurately measurs). Non-measureable diseass includss

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) Complete Response (CR), defined
as complate disappearance of all measurable disease; no 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 farget lesions (3) Progressive Disease (PD),
defined as 20% increase in the sum of the longest diameter of target lesions or appearance of
any new iesion; (4) Stabls or No Response, defined as not qualifying for CR, PR, or Progressive

Disease. (Ses Therasse ef &/, supra.)

[060210] Additional endpoinis that are accepled within the oncology art include overall survival
(QO8), disease-free survival (DFS), objective response rate (ORR), time fo progression (TTP),
and progression-free survival (PFS) (see Guidance for industry: Clinical Trial Endpoints for the
Approval of Cancer Drugs and Biclogics, Aprit 2005, Centsr for Drug Evaluation and Research,
FDA, Rockville, MD.)

[60211] Pharmaceutical compositions can be supplied as a kit comprising a container that
comprises the pharmaceutical composition as described hersin. A pharmacsutical composition
can be providsd, for example, in the form of an injectable solution for singie or muitiple doses, or
as a sterils powder that will be reconstiluted before injection. Alternatively, such a kit can
include a dry-powder disperser, liquid aerosol generaior, or nebulizer for administration of a3
pharmaceutical composition. Such a kit can further comprise written information on indications

and usage of the pharmaceutical composition.

[00212] Thes disclosure will be further clarified by the following examples, which ars intendead to

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

Example 1. Generation of stabilized CD3-binding moleculss

[060213] To improve thermal stability of the CD3-binding molecule DRA222, an engineered
variant of the humanized Cris7 antibody, the Cris7? variable domains were re-humanized using
alternate human germiine framework sequences. The DRAZZZ variable heavy chain domain is
SEQ 1D NO:87, and the DRAZ222 variable light chain domain is SEQ ID NO:80. Fc DRA222 is
somelimes refsrred o as TSC311 or TSC312 {amine acid seguencs is SEQ 1D NO:2; nucleic
acid sequence is SEQ 1D NO:1). See, Reinherz, E. L. et al. (eds.}, Laukocyte typing 1,
Springer Verlag, New York, (1986) for description of parent Cris7 antibody. Additional changes
were also made o improve affinity and thermal siability.

Methods

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

[060215] Differential Scanning Calorimetry {D8C). Thermograms for recombinant proteins
purified by standard purification techniques were obtained on a GE VP-Capillary DSC
instrument equipped with an autosampler. Approximately 550 ul of each sample (typically 8.5
mg/mb} in PBS was injectad into the sample capillary, using PBS as a control in the second
capillary. Analysis was conducted al temperatures from 25°C o 130°C, with a healing rate of
1°C per min. Feedback was set to 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 concantration and baseline comrecied.

[0021¢6] Differential Scanning Fluorimetry (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 ul of each
sample in a concentration of 0.8 mg/mlb in PBS was mixed with 5 ul. of pre-diluted SYPRO
Orange Dye (Catalogue # S-6650, Life Technologies). A melling curve protocol was setup as
ramping the temperafure up from 25°C 1o 90°C, 0.2°C per siep. Fluorescent signals were
collected through the TexasRed Fluorescent Dye filler set, which is 575/30X Excitation Filter
and 620/30M Emission Filter. The collected fluorescent intensity data was exported 1o data
analysis software Prism 6 (GraphPad Software, Inc.}. Protein thermal Tm value was calculated
as the temperature whan second derivatives of fluorescent intensity against temperature —
d(RUFYdT2=0.

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

standard flow cylometry-based staining procedures using the CD37 Jurkat T-cell line. All
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labeling and washes were performed in U-boitom 96-well plates in saline buffer with 3% BSA
and 2mbM EDTA. Jurkat cells were plated at 200,000 celis per well and incubated with a range of
0.1 nM to 200 nM concentrations of fest molecules in 50 pl volume/well, for 30 minutes on ice.
Cells were washed three limes then incubated for another 30 minutes on ice with flucrescently-
labeled minimum cross reactive secondary polycional antibody, F(ab)? goat anti-human igG,
(Jackson immuncResearch Laboratories) and the viability dys 7-AAD. The cells were then
washed twice, and the samples acquired in a BD LSRRI flow cytometer. The sample files were
analyzed using Flowdo software; the mean fluorescence intensity (MF1) of the live population of
Jurkat cells in each well was calculated after gating on live cells (forward vs. side scatier, then
7-ARAD cells).

[060218] Homology modeling, Spatial Aggregation Propensity analysis. Homology modsls
were construcied within Accelrys Discovery Studio 4.0 for variable domains using the Annolate
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.

[0021%8] Chromium release assays with Human T-cslis. 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 cells (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 Isclation Kit {(catalogus®130-086-535, Miltenyi
Bictec, Bergisch Gladbach, Germany) using the manufacturer's protocol. lsolated T-cells were
aliquoted and stored long term in Liguid Nitrogen. The pre-prepared T-cells weare 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 to 0.01 pM
wers added {o 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 freated with 0.125 mCi of °'Cr and incubated
for 90 minuies in a 37°C, 5% CO; humidified incubator. Afler incubation, cells were washed 4
times with diluted assay media (RPM with 1% human serum) and re-suspended in 12.5 mL of
the complets assay media (RPM! with 10% human serum). From this suspension, 58 yl was
dispensed per well into 98 well U-boltom plates (approximately 10,000 cells per well) o bring
the fotal volume to 200mbL perwell, and the T-cell to target cell ratic {o 10:1. A zero lysis control

was generaled by target cells only, omitling the T-cells.
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[60221] Plates were incubated for 4 hours {and occasionally also for 24 hours) at 37°C, 5% CO;
in a humidified incubator, after which they ware centrifuged at 1000 rpm for 3 minutes, and 25
ul. of supernatant was transferred from each well 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.

[80222] Percent specific lysis was calculated using the formula: ({(signal in drug treated sampls
-~ background signal from samples with Target Cell only)/{signal in total lysis wells - background
signal from samples with Target Cell only))=100.

[30223] Flow Cytometry on Cynomolgus T-celis. Cynomolgus macaque peripheral blood
coliscled in heparin tubes was shipped overnight from a vendor (Charles River laboratories).
Vhen received, peripheral blood celis (PEMC) were isolated using dansity separation fubes
(CPT tubes, Beckton Dickinson). Blood was diluted 1 fo 1.5 in saline buffer prior to fransfer into
CPT tubes. CPT tubes were centrifuged and the separated PEMC population was collected and
washed with saline buffer containing 0.2% BSA and 5nM EDTA. Remaining red blood cells in
the praparation were lysad using Ammonium-Chioride-Potassium red blood lysis buffer. Cells
were washed an additional time {o remove remaining platelets.

[060224] PEMC labeling and washing steps were performed in U-bottom 96-well plates in saline
buffer with 0.2% BSA and 2mM EDTA. PBMC were plated at 200,000 cells perwell and
incubated with a rangs of 0.1 nM to 300 nM concentrations of test molecules in 50 yl
volume/well, for 30 minutes on ice. Cells were washead three times, then incubated for another
30 min on ice with fluorescently-labeled antibodies o non-human primate CD2 and CD16
(Biolegend), anti-idiotypic antibodies to sither 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%
formaidehyde solution in saline, washed again, and acquirsd in & BD LSRRIl flow cytometsr. The
sample files were analyzed using FlowlJo software, the msan fluorescence intensity (MF of test
molecule binding on T-cells in each well was calculated after galing on live T-cells (forward vs.
side scatier, 7-AALD, CD2" CD16" cells).

[60228] Chromium Release assays with Cynomoigus PBMC. C4-2B and Ramos cell lines
were both cultured according to the provided protocols. Peripheral blood mononuclear cells
(PBMC) were isolated from cynomolgus macaque peripheral blood using BD VACUTAINER®
CPT™ Cell Preparation Tube with Sodium Heparin (Cat#382753). The isolated cells were

washed in saline buffer. Concenirations of bispecific molecules with final conceniration ranging
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from 10000 pM 10 0.0128 pM were added to isolated PBMC (approximately 100,000). A total
lysis control was generated by including 0.04% NP-40 as the treaiment.

[00226] Approximately 5x10° target C4-2B or Ramos cells were freated with 0.25 mCi of *'Cr
and incubated for 75 minutes af 37°C. After incubation, cells were washed 4 times with the cell
culture media (RPM! with 10% FBS, 1% NEAA, 1% sodium pyruvate, Na Glutamine and 20 mM
HEPES) and re-suspended in 25 mlL of media. From this suspension, 50 yk was dispensed per
well into 86 well U-boltom platss (approximately 10,000 celis/iwell) to bring the T-cell to targst
cell ratio to 10:1.

[00227] Plates were incubated for 4 hours at 37°C, 5% CO; in a humidified incubator, after
which they were centrifuged at 225 x G for 3 minutes, and 25 pyl of supematant was transferred
from each well {o the corresponding well of a 98-well Luma sampie plate. Sample plates were
allowed to air dry in a chemical safety hood for 18 hours, and then radicactivity was read on a
Topeount scintillation counter using a standard protocol.

Resulis

[30228] Step 1: Generation of Initial Humanized CD3-Binding Construcis

[0022%8] Ths Cris7 variable domainsg were re-humanized using four human variabls heavy
germiine sequences (IGHV1-2*02 (H7), IGHV1-48%02 (H8), IGHV1-3*01(HS8) and IGHV1-69*02
(H10)) and 2 human variable light chain germline sequences (IGKV3-11"01 (L4) and IGKV1-
3301 (L5)) based on sequence homology. A total of 12 single chain variable fragment (scFv)
consiructs were generated in the Fo anti-CD3 scFv format using the H75 linker
(QRHNNSSLNTGTOMAGHSPNS; SEQ 1D NO:148) (Table 3). Sequences of the 12 consirucis
and the control molecule Fo DRA222 (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)
H? H7L1 (TSC313) H7.4 (TSC314) H7L5 (TSC315)
H8 H8L1 (TSC318) H8L4 (TSC317) H8LS5 (TSC318)
HS HOL1 (TSC319) Hal4 (TSC320) HAL5 (TSC3z21)
H10 H10L1 (TSC322) H10L4 (TSC323) H10LS (TSC324)

[00230] All 12 construcis were expressead transiently in HEKZ293 cells, purified and tssled for

binding {o Jurkat T-cells and evaluated for thermal stability. Constructs containing the L4 light

chain or H9 heavy chain had lower levels of protein 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 {TSC312) as measured by the midpoint of thermal denaturation (Tm) using Differential
Scanning Calorimetry (DSC) (Table 5), the level of binding saturation observed on Jurkai T-cells

was reduced by varying levels (Figure 1). The most siable construct, TSC324, had a nearly 50%

(Vg

reduction in observed median flucrescence intensily at saturation and an two-fold increase in
the ECS0 of hinding (3.6 nM) when compared to the original humanized construct (TSC312,
also known as DRA222).

Table 4. Expression and Purity of Transiently Expressed Material

Molecule Database Name 1st step titer Final vield {mg) Analytical Analytical
{lag/mi) SEC - Main SEC -
Peak (%) Recovery %

Fc DRA222 TSC312 43.8 4.12 92.6 100.3
Fe H7L1 TSC313 5.2 2.66 95.3 90.2
Fo H7L4 T5C314 57.8 5.78 58.8 36.0
Fc H7LS TSC315 52.6 6.99 30.6 93.3
Fe HaL1 T5C316 39.9 3.73 934 899.5
Fc H8L4 TSC317 52.9 4.85 66.5 97.6
Fe HaL5 TSC318 48.1 4.83 92.1 96.2
Fe DRA222 T5C312 16.1 1.41 95.4 97.8
Fe HoL1 TSC3198 8.0 0.71 80.0 85.8
Fc HSL4 TSC320 43.1 3.60 £9.3 102.5
Fo HOLS T8¢321 31.1 2.66 52.6 88.6
FeHIOLL TSC322 45.6 3.94 73.2 56.7
Fe Hi0L4 T5¢€323 50.6 4.58 67.3 106.7
Fc HIOLS TSC324 331 2.85 80.7 104.0

10 Table 5. Thermal Stability as Measured by Differential Scanning Calorimetry

Molecules Tm of improvement in Tm
anti-CD3 scFv {°C) {over DRA222)
TSC312 {DRA222) 53.02
TSC313 {H7L1) 54.47 1.45
TSC315 {H7L5) 54.99 1.97
TSC316 {HBL1) 53.70 0.68
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TSC318 (H8LS5) 55.16 2.14
TSC312 {H701) 52.88 -0.14
TSC321 {HSL5} 53.10 0.08
T5C324 {H10L5) 55.83 2.81

[00231] Step 2: Initial optimization to restore binding to CD3

[60232] The goal of the next step was to improve binding to CD3 while maintaining improved
thermal stability over BRA222. Three additional light chain sequancas 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 {0 RW), and this light chain was named
LE. Two additional germiine light chains were also used (1GKV1-39"01 (L7) and IGKV3D-2071
(L8} containing the same two amino acids reverted atf position 52 and 53. The 3 new light chains
{L6, L7 and L8) were combined with 3 heavy chains (H7, H8 and H10} in the Fc anti-CD3 scFv
format to give the following scFv combinations (Table 6):

Table 6. Variable Domain Composition of Second Round Constructs

Light chain

Heavy chain 6 7 8

H7 H7LE (1SC334) H7L7 (1SC335) H7L8 (T5C336)
HE HBLE (TSC337) HBL7 (T3C338) HABLS (TSC339)
H10 H10L6 (TSC340) H10L7 (TSC341) H10L8 (TSC342)

[00233] These 9 constructs were expressed transiently in HEK293 cells and examined for
protein guality, expression, binding and thermal stability. The sequences of these 9 constructs
are found in Table 14. The H10 series of molecules (TSC340, TSC341, T5C342) 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 Tm over TSC312 using
Differantial Scanning Fluorimetry (DSF) (Figure 3). Of these three molecules, TSC342 was

pickaed as the lead molecule for further optimization due to s improvemeant in thermal stability.
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[60234] The parent murine sequence was then examined for polential hotspols to mutate to
improve binding. Thres residues were chosen for revarsion and back-mutated independently:
G27Y(TSC370), MA3ITSC371) and 1I21M{TSC372). Binding studies of these three consiructs
on Jurkat T-cells 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 mutation did not improve T,
surprisingly, both of the remaining mutations, M53{ on the heavy chain and 12Z1M on the 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 {°Q)
MNo mutation TSC312 52.8 -
T3C342 G27Y TSC370 536 0.8
T5C342 M53| TSC371 55.97 3.17
TRC342 121M TSC372 56.55 3.75

[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 polential aggregation. One mutation, ASF on the heavy chain, was
identifisd to reduce a potential aggregation hotspot in the homology model. This mutation was
introduced into the TSC370 backbone to produce TSC380. This mulation alone had a mild
effect on improving Tm (0.25°C). A9P mulation was combined with the M531 and 121M

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

Table 8, Rationale behind Mutation Set of Fourth Round Constructs

Constructs G27Y ASP M531 121M
(improved affinity}  {improved stability}  {improved stability}  {improved stability)

TSC380 X X

TSC391 X X X

TSC392 X X X
TSC393 X X X
TSC384 X X X X
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Table 9. Thermal Stability of Fourth Round Construcis Assessed by DSC

Mutations Mame Tm ATm
Mo mutation TS8C312 52.8 -
TSC370_A9P T5C€380 53.05 0.25
TSC370_ASP_M53| T5C391 56.57 3.77
TSC370_ASP_121M TSC392 59.15 6.35
TSC370_ M5B31_121M TSC393 58.29 5.49
TSC370_ASP_M531_121M TSC394 59.3 6.5

(00237 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
AZP mutation was also synergistic with the other mulations, providing anywhere froma 110 2.8
C increass in stability compared to the matched constructs not featuring the ABP mutation.
More importantly, the stabilizing mutations did not affect the binding o CD3 (Figure 5).

[00238] Bispecific molecules targeting PSMA and CD3 were also 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) activity. The original humanized construct (DRA222) is
highly efficient at redirecting T-cell cylotoxicity (see, g.q., US 2014/0161800). The new
constructs were tested for their ability to show similar activity. Four different anti-PSMA x anti-
CD3 constructs were made using TSC381, TSC3982, TSC383 and TSC3%4 and these were
named as TSC408, TSC409, TSC410 and TSC411 respectively. All the four constructs had
sirmilar RTCC activity as a molecule built with the parental DRAZ222 scFy (TSC248) (Figure 8),
verifying that cytotoxic aclivity as well as binding was comparable with human T-cells.

[00239] Step 4: Optimization step to resiore Cynomelgus cross-reactivity and activity
[30240] The criginal humanized construct (DRAZ22) was praviously shown to also bind
cynomaolgus monkey T-calls and redirect their cylotoxic activity towards target celis when used
in a bispecific format. TSC408, TSC408, TSC410 and TSC411 were all evaluaied for binding
and cytotoxic activity with cynomolgus T-cells. Unexpectiedly, TSC408, TSC408, TSC410 and
TSC411 all had reduced binding to cynomolgus monkey T-cells (Figures 7A and 7B) and
significant reduction in RTCC activity using cynomolgus T-cells as effector celis when compared
to an anii-PESMA x anti-CD3 bispecific molecule containing DRAZ22 (Figurss 8A and 8B). This
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was not anticipated as the binding and activity with human T-cells was directly comparabls to
constructs containing DRAZ22.

[060241] Two approaches were used to altempt to restore binding to cynomolgus CD3. One
approach was to combine the light chain from TSC384 with the heavy chain from DRAZ222 or fo
combine the heavy chain from TSC394 with the light chain from DRAZ22 to see if framework
residues specific to one framework were contributing to binding. The second approach was {0
back mutaie residues al positions 86 and 87 on ths light chain of TSC384. Residues at these
two positions inferact with light chain CDRs that could influence binding to cynomolgus CD3.
These variants were incorporated info anti-CD37 x anti-CD3 bispecific molecules (Table 10).
Same of the variants, especially TSC455, TSC456 and TSC452 displayed improved binding to
cynomaigus T-celis when compared o anti-CD37 x TSC394 (TSC445), as reflected by higher
levels of binding at saturating concentrations (Figure 8). A cynomolgus RTCC assay was also
performed that showed TSC456 and TSC452 had comparable activity o CAS105 (Figure 10). In
addition, these molecules had superior thermatl stability compared 1o CAS105 (Table 11) as
shown by a higher Tm1 when analyzed by DSC. Alignments of the DRA222 scFv, TSC455
scFvy, and TSC456 scFv are shown in Figure 13,

Table 10. Fifth Round of Optimized Consiructs

Anti-CD32 Constructs Description of anti-CD37 X anti-CD3 bispecific molecules
CASIOS anti-CD37 x DRA222

TSC445 anti-CD37 x TSC394

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

TSCA53 anti-CD37 x (TSC384VH + DRA222 VL)

TSC454 anti-CD37 x TSC394 £86D0

T5C455 anti-CD37 x TSC394 F&7Y

TSC456 anti-CD37 x TSC394 £E86D FR7Y

Table 11. Stability of Bispecific Consfrucis

Anti-CD3 Constructs Description of anti-CD37 X anti- Tm i
CD3 hispecific molecules

CAS105 Anti-CD37 x DRA222 53.04

TSCA45 anti-CD37 x TSC394 55.45
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T5C452 anti-CD37 x (TSC384VL+ DRAZ22 55.37

VH)
T5C453 Anti-CD37 x {TSC394VH + DRA222 56.54
Vi)
TSCA54 Anti-CD37 x TSC394 E86D 57.94
TSCA55 Anti-CD37 x TSC394 F87Y 56.73
TSCA56 Anti-CD37x TSC394 E86D F87Y 55.45

Example 2. Impacts of improved Thermal Stability on Storage Stability
[60242] In principie, proteins with improved thermodynamic stability should also be more
rasistant to aggregation upon storage, and should have enhanced storage siability compared to
lass siable proteins. To determing whether or not the increases seen in Tm corrslated with
improved storage stability, the proteins listed in Table 10 were evaluaied for siorage stability in
PBS at 25°C aver two weeks.
[60243] Each protein was buffer exchanged into PBS using preparative size exclusion
chromatography and the protein concentration was adjusted o 1 mg/ml. For every protein io
be assessed, four vials each containing approximately 120 ul. were prepared. One vial was
used at each stability fime point. Purity was determined by analyzing 25 ul (or 25 ug) on an
analytical size exclusion HPLC column equilibrated in PBS and measuring the absorbance at
280 nm. Triplicate injections were performed for each construct af sach time point. Foliowing
completion of the SEC method, the chromatograph was integrated using the Agilent
ChemStation software. The percent purity of each prolein was calculated by dividing the peak
area of the infact molecule by the total peak area, then multiplying by 100.

{peak area of intact molecule) / (lotal peak area) x 100 = %Purity
[60244] The reported purily was an average of the values obtained from thres injeclions from
the same vial. Purity was typically determined at T=0, 3, 7 and 14 days. Purity values were
plotied on a graph as a function of time and a linear regression analysis was performed. The
slope of the regression line represented the rate at purity was decreasing for each protein. The
rate of purity decline was used to estimate the number of days of storage that would cause a
2% decrgass in purily. The stability of different variants was compared by ranking them by ths
highest {o lowest number of days estimated {o cause a 2% decline. To mitigate inler-assay
variability, storage siability values were not compared across different experiments, constructs

within the same experimental group were only ranked against each other.



(V4]

16

20

[602458] All new moleculss 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- # of days to

Construct €03 hispecific molecules drop 2%
CAS105 Anti-CD37 x DRA222 4
TSC445 Anti-CD37 x TSC394 8
TSC450 Anti-CD37 x TSC313 12
T8Ca51 Anti-CD37 x TSC316 12
T5C452 Anti-CD37 x (TSC394VI+H4) 7
TSC453 Anti-CD37 x {TSC394VH+L1)

TSC454 Anti-CD37 x T5C394 £462D 7
T5C455 Anti-CD37 x TSC394 F463Y 10
TSCASE Anti-CD37 x TSC394 DY 10

[00248] This data showed that almost all constructs had a two-fold or greatsr increase in
storage stability at 25°C when compared o the consiruct containing the original ant-CD3 scFv
(DRAZ22).

Example 3. impacts of improved Thermal Stability on Serum Slability

(30247} 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.

[00248] To test if the improvements in thermodynamic stability impacted the overall serum
stability, one of the stabilized anti-CD3 scFv molecules (TSC394 F483Y) was evaiuated for
sarum stability in the contaxi of an anti-ROR1 x anti-CD3 bispecific molscule (ROR193). A
similar bispecific moleculs was also evaluated simultansously which contained the original anti-
CD3 scFy, DRA222 {(ROR133). The parent rabbit anti-ROR1 antibody R11 used to generale
the ROR1-binding domains is described in, for example, U.S. Patent Application Publication No.
2013/0251642 and Yang et al., PLoS ONE 6(8): 821018 2011).

[800249] Human serum donaied by a random healthy donor was collectsd in a Red/Grey
Vacutanor (BD# 367988), and was prepared according to vendor suggested protocol. Test
articles were spiked into 50 pl serum at a concentration of 1 uM in sterile PCR tubes, and were
incubated in a humidified 37°C tissue culture incubator for up o 21 days. Specific tims points
were 21, 14, 7, 3 and 0 days. Samples were incubated in a reverse chronological order starting

as “assay day 217, and all samples were assessed simultaneously using a chromium relgass
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RTCC assay at the end of incubation on “experiment day 07 following the protocol listed above
in Example 1. EC50 valuss were fit from titration curves conductad with samples at each time
points and were normalized against the EC5H0 value measured for each construct at day 0.
[060250] Plotting the EC50 values over time showed a dramatic difference for the observed
serum stability of ROR133 vs ROR193 (Figure 12}, with a 2.5 fold loss in observed EC50 over
21 days for ROR133 but minimal change in EC530 for ROR183. This demonstrates that a
moderate change in thermodynamic stability can have a noticeable impact on serum siability.
Example 4. Impacts of Improved Thermodynamic Stability on Protein Expression and
Cuality

[30251] Previously, it has also been shown that improvements in thermodynamic stability can
result in improvements in protein expression and overall protein quality, as measured by the
production of high molecular weight aggregates during profsin production.

[00252] To test whether or not the improved thermodynamic stability of the new anti-CD3 scFv
regions translated info improved protein expression or profein quality, one of the anti-CD3
domains {TSC3940Y) was compared to DRAZ2Z in the conlext of five different pairs of anti-
ROR1 x anti-CD3 bispecific molecules, sach featuring the same anti-ROR1 scFv (Table 13).

Table 13. Relative Expression and Protein Quality

%

CD2 hinding  Expression % SEC {post- % HMW reduction
BD pair  Construct 1D domain {ug/ml} improvement  Prod} aggregate  aggregate
A ROR134 DRAZZ22Z 26 78 22
ROR189 TSC394DY 37 42% 89 11 50%
] ROR154 DRAZ222 i6 91 9
ROR1&5 TSC394DY 26 63% S4 b 33%
C ROR179 DRAZZ2 14 33 17
ROR186 TSC384DY 27 33% 38 12 25%
D ROR181 DRAZ22 25 81 19
ROR191 TSC384DY 33 32% S0 10 47%
£ ROR182 DRAZ22Z 16 80 10
ROR192 T5C384DY 21 319% 92 8 20%

[60253] With each molecule pair, a highser titer of overall protein sxpression was seen — from
31% 1o 93% higher — with the consiruct featuring the stabilized anti-CD3 scFv (TSC384DY).
Also, within each molecule pair, the construct featuring the stabilized anti-CD3 scFv had a lower
level of high molecular weight aggregates afier proiein A purification (anywhere froma 20% 1o

50% reduction in aggregate levels). This confirms that inclusion of a stabilized anti-CD3 scFv

79



(Vg

16

[
(¥4

20

[\
[V

can result in improved protein expression and improved protein quality when compared to the
original anti-CD3 scFv.

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

[002584] 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 DRAZ222 CD3 binding domain) was transferred inlo 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 inlo
formutation 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 ime points {n = 30 total). The
fime points were 15 min and 2, 6, 24, 48, 72, 96, 168, 338, and 504 hr post-administration of the
bispecific molecules. Terminal bleeds were used to coliect larger volumes. Serum
concentrations 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 respective bispecific molecules +/-
biotin.

[002858] More specifically, the following ELISA methods were usad. Concenirations of anti-
PSMA X anti-CD3 bispecifics were determined using 96-well plates coated with a mouse
monacional antibody (mAb 1H5) {o capture the anti-PSMA portion of each construct. The other
ends of consiructs were detected using a biotin conjugated mouse monoclonal antibody
targeting the anti-CD3-binding domain (mAb 5H5), so only intact protein would be measured
with this ELISA method. To quantify bound immune complexss from ssrum samples and assay
controls, polymerized horseradish peroxidase (poly HRP) and a fluorogenic peroxidase
substrate were used, with results measured on a fluorescent plate reader. Standard curves
used to calculate serum concenirations consisted of various known concenirations of the
appropriate PSMA bispecific construct spiked into ELISA diluent. SOFTMAX® Pro software was
used to calculate serum concentrations using a 4-parameter logistic equation, as well as
precision and accuracy for standards and test samples.

[00256] Resulis of these studies are shown in Figures 14 and 15. By non compartmental
analysis (NCA) using Phosnix-64 WinNonlLin Software, TSC471 had about a 2-fold
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improvemsnt in haif-lifs, with a 3-4 fold reduction in clearance parameter, over TSC266. The Fc
of TSC471 maintained functional characteristics of TSC286 {(no ADCC or CDC activity,
equivalent FcRn binding) with improved stability. The Fcof TSC471 comprises a stability
improved version of the CH2 domain. The mutations are the same in the ‘234-236 region of the
molecule as in the TSC266 Fe, but the TSC471 Fe has a reduced number of mutations in the
CDC ragion, mainiaining only the K322A mutation, rather than all three found in the null Fc
CHZ2. The anti-CD3 scFv of TSC471 maintainsd binding and activity on human and cynomoigus
T-cells. The linker used in TSC471 had enhanced resisiance {o 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 Molscules

[800257] The pharmacokingtics of anti-ROR1 x ant-CD3 bispecific molecules containing either
the less stable DRA222 CD3 binding domain or the more stable TSC456 CD3 binding domain
were compared. The following constructs were evaluated. The sequences of the consiructs are

provided in Table 14.

Construct Anti-RORA1 Anti-CD3

RORZ2406

(CHO fine: ROR2064a) Binding domain A [DRA222

ROR287

(CHO fine: ROR207a) Binding domain A [TSC458

ROR208

(CHO fine: ROR208a) Binding domain B [DRA222

ROR209

Binding domain B {TSC456

(CHO line: ROR20%a)

[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-administration as well as at one time
point pre-dose. The tims points ware 15 min and 2, 6, 24, 48, 72, 96, 1868, 336, and 504 hr
post-administration of the bispecific molecules. Terminal bleeds were used to collect larger
volumes. Serum concentrations were determined using ELISA methods o detect the intact
molecule. Serum concentrations over time were used to determine PK parameter estimates by

non-compartmental analysis (NCA) and compartmental analysis.
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[6025%] More specifically, the following ELISA methods were used. Concenirations of anti-
ROR1 X anti-CD3 bispecifics wers determined using B8-well plates coated with ROR1 ECD-
AFH {ROR177) to capture the anti-ROR1 portion of each construct. The other end of ROR
constructs was detected using a biotin conjugated mouse monoclonal antibody targsting the
anti-CD3-binding-domain {(mAb 5H5), so only infact protein would be measured with this ELISA
method. To quantify bound immune compisxas from serum samples and assay controls,
polymerized horseradish peroxidase (poly HRP) and a flucrogenic peroxidase subsirate were
used, with results measured on a flucrescent 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 to calculate serum
concentrations using a 4-parameter logistic equation, as well as precision and accuracy for
standards and test samples.

[002680] Results of these studies are shown in Figures 16, 17A and 17B. By NCA and
compartmental analysis, ROR209a had the longest half-life. ROR207a had the lowest
clearance and volume estimates by both analysis methods. Both anti-ROR1 bispecifics with the
DRAZ22 CD3 binding domain had shorter half-life and faster clearance paramesters. Notably,
constructs with the improved anti-CD3 binding domain (TSC458) had beilter pharmacokinetics
than those with the less stable anti-CD3 binding domain (DRAZ22).

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

[00261] MDA-MB-231 cells were co-mixed with donor T-cells and matrigel and implantad into
the flank of NOD/SCID mice on day 0 of the study. Each group contained N=5 animals, with T-
cells from one donor. Figure 18 shows an example graph which shows minimal impactof T-
cells on tumor growth by the donor T-cells. Animals were treated with PBS orwith 30 ugor 3
Mg of ROR208 (DRA222 anti-CD3 binding domain) or ROR208 (TSC456 anti-CD3 binding
domain). Ths dose was administered on day 0, 4, and 8. Tumor growth was measursd with
calipers over time of study.

[00262] Significant inhibition of tumor growth was seen after treaiment 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 were no significant differences between animals
freated with ROR208 compared to ROR209 at any dose level, indicating the stability improved
anti-CD3 binding domain had the same polency as the non-stable anti-CD3 binding domain.
Example 8. Effects of Stabilized Anti-CD3 Binding Domains on In Vive Efficacy of Anti-
ROR1T X Anti-CD3 Binding Molecules
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[60263] Kasumi-2 cells were co-mixed with donor T-cslls and matrigel and implanted into the
flank of NOD/SCID mice on day O of the study. Each group containsd N=10 animalis, with T-
cells from one donor. Animals were freated with PBS or with 30 ug, 3 ug or 0.3 ug of ROR243
{TSC456 anti-CD3 binding domain) as shown in Figure 18, The dose was administered on day
0, 4, and 8. The route for administration was intravenous (IV), with exception of one group,
where the dose was administered subcutaneously (8C). Figure 19 shows resulis of the assay.
Tumor growih was measurad with calipers over time of study.

[00284] No inhibition of fumor growth was seen in the presence of T-cells in the absence of
RORZ243 or with ROR243 treatment in the absence of T-cells. Significant inhibition of tumor
growth was seen at 0.3 ug per dose, with dose dependent titration. No difference in route of

administration was seen.
Table 14. Binding Domain and Polypeptide Seqguences and Componenis

DMA sequence of Fe DRA222 (TSC311 or TSC312):

at gldagudﬁ cagcgcaget tcectecttccte ctgectactect ggcet a taccaccggt &0

: ¢ gt goocs c¢ tgaagocgog 120
Uut c»hfqt e a agg acaccocteat gatctococgygy 180
accocectgagy tcacatgegt ggtggtggac gtga acg aagaccctga ggtocaagttc 240
aactggtacy tggacggegt gagg*gcat aatgccaaga caaagocygeg ggaggageag 300
tacaacagea cgtacegtyglt cteacegtece tgcaccagga ctggetgaat 260
ggcaaggcat acgcogtgego aaagccctoe cagoccccat cgagaaaacc 420
atctc ccaaagggca ccacaggtgt acaccetgee cocatoecagyg 480
gatga ccasgaacca acctgoctygyg aaaggetbtt ctatecaage 540
gacat tggagtggga cagcoggaga acaactacaa gaccacgoecet 600
cecgt actccegacgy ctetacagea agotceacegt ggacaagagco 660
aggty aggggaacgt > teogtgatge atgaggetceh geacaaccac 720
tacac agagcctete ggtcagagge aca te tteccctgaat 780
acagy agatggocagg aattctecagyg t© ot ggagtotgoy 840
ggcgyg tgcagectygy aggctyg L g te tgg cacc 9¢o
tttac ctacgatgea caggoc g g ct ggaatggatt 960
ggatac atcoctageag aattac c & aa ggacaggttc 1020
acaate ¢ to geotteotge ol ag cctgaggocc 1080
gagyge goegte tt ¢ raagbce actatgatta caascgggttt 1140
cott gooaa < act ¢ tctagog gtgge g gtotggggot 120
ggce gaggtyg y caa gacatocaga tgace t¢ tocaagoago 1260
ctgt geghy cacc stgacctygca gtge te aagtgtaagt 132¢
taca ggtac GOQgC aaggocoocca aaag at ttatgactca 1380
taoca cttot toge ttoagt a gtggc gg gac ctat 1440
acoe Ccage cgaa gabt a ctta Ly ccageagtay 1580
agte caccs gggg acca ¢ aaat atc ctcoccagotaa 1560

Ny
{(SEQ B NO: D)
Signal sequence is residue 1 to 60. F¢ region ig residue 61 - 753. Linker is 754 to 816. Znti-CD3
scFv ig 817 to 1560

Mature protein seguence of Fe DRA222 (TSC311 or TSC312)

EPKSSDKTHT CPPCEFAPEARA GA FLEPP KPKDTLMISR TEREVICVVVD VSHEDFPEVKE &0

NWYVDGVEVE NAKTKPREEQ " LTVLEQDWLN AYACAVSEN KALPAPIEKT 120
ITSKAKGOPRE POVYTLPPSER ; TCLVKGEYPS DIAVEWESNG > ENNY 180
PVLDSDGSFF LYSKLTVDKS SVMHEALHN KSLSLSPE B 3 240
TGTOMAGHSE h“””OLVEQG SRSL RLSCKASGYT FTRSTMEWVR QAPGQGLEWI 300
GYINPSSAYT NYNQKEFKDRE AFLOMDSLRP EDTGVYFCAR PQVHYDYNGE 380
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PYWGQGTPVT VS3GGGGESGE LSASVGDRVT MTCSASS3VS 420
YMNWYQQKPG KAPKRWIYDS TLTISSLOPE DFATYYCQOW 480
SRNPPTEFGGG TKLOITSSS 499

(SEQ ID NO:2)

L

DMA seqguence of Fe H7L1 (TSC3133

atggaagcac cagcgcageh tetcottecte ctgetactet ggotcecaga taccacceggt &80
gagoccasat cttectgacaa sacltoacaca tgcccacogt go C googoy 120
ggtgecacegt cagtcttect ctt a aaacccaagg acaccecteat gatoctecogg 180

10 accectgagy teacatgegt ggt o gtgagocacyg gaccctga ggtocaagttc 240
aac tgubacc tggacggegt gygac T aatgccasaga a ggaggageadg 300
tacaacagesa cygtacoegtgl ggtcagegte cteaccgteo ctyggetgaat 0
ggcaaggcat acgecghtgege ggtctacaac aaagecocatoco gaaaacc 0

. etct cecasagggea J Jaa atoccygy 0
15 gatgagehbga ccaagaacca oty anp"thg ctatccaage 0
{ tggagtggga ggg cagooggaga : a gaccacgeot 600
acta cgy tto ctotacs caagago 50
aggggaacgt < tgo P"qtqaugc acaaccac 720
agagoctete ¢ cog ggtcagaggo coctgaat 780

Y :
20 agatc cog asattoteagy agtotggyg 840
agaa ctecagty asaggbetect atacacc 9¢o
ctac ggtgega tg gtggatg 960
at ttatact aattacsasatc acagggtc 1020
accatgacea ggga cagcaca gectacatgy ¢ gagatct 1080

o) ) oy p At e e 4 ;

25 gacgacacgyg cogt tgegaga coccaagtee actatga cgguttt 1140
cettactggg gaca ggtcace gtetoctecag gtggaggcyy aggcgya 12¢0
ggtggateeg gogyg! gyggtyge ggceggatetyg acs L gacccagtet 1260
ccaadg ce tgtet gggogac agggtcacca tgacctgecag tgccagetca 132
agtgt T acat ccagoay aagocygggca aggoccocaa aagatggatt 1280

2 N “

30 t cteat ccaa tggagte cctgetoget tecagtggeay tgggtechgge 1440
accgact ceoctecacaat tyg cagccocgaag atttcgecac ttattactoc 150
cagoagtgga gtegtaacce t¢ ggagggggga ccaagcetaca aattacatoc 1560
tccagotaa 1569

~ . )

35 i ig residue 61 - 75 Linkexr ig 754 to €16. Anti-CD03

40 Mature protein sequence of Fo H7L1 (TSC313):

EPKSSDKETHT CPPCPAFEAA GAPSVEFLEPP KPKDTLMISR TPEVICVVVD VSHEDPEVEE &0

NWYVDGVEVHE NAKTKPREEQ YNSTYRVVSV LTVLHQDWLN GKAYACAVSN KALPAPIEKT 120
ISKAKGQPRE PQVYTLPP3R DELTRKNQVSL TCLVKGEYPS DIAVEWESNG QPENNYKTTP 180
FVLDSDGSEFE LYSKLTVDKS RWQOGNVESC SVMHEALHNH YTQKSLSLSP GQRHNNSSLN 240

45 ] LVQSG AEV” GASV KVS,KA'"‘m FTRSTMEWVR QAPGQGLEWM 300
TSLST AYMELSRLRES DDTAVYYCAR PQVHYDYNGE 360

PSSLSASVGD RVT@TCSASS 420

TDYTLTISSL 480

QQWSRNPPR! S3 502

50 (SEQ ID NO:4)

o
£
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e
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cagcgcagct tctcttcctc ggctcccaga tac 60
ctteotgacasa aactcaca Qu. agcacc tg 120
535 cagtettoot cttoeo acaccchteat ga 180
tcacatg sgtggtggac aagaccctga ggbtcaagttce 240
tggacgge Jgaggtgcat caaagcogog ggaggagoaqy 300
cgtacag ggtcagegte tgcaccagga ctggotgast 360
acgogtg g a cageocceat 420
60 ccaaagy g 480
coaagaa ol 540
v g g G600
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aggrgs aggggaac
tacacgcaga agagocctete <
acaggaacte agatggeagg tecattcteocyg
getgaggtbga agaagectgyg ggectecagty
ttcaccagat ctacgatgea ctgggtgcga
ggatacatta atcctageag tgettatact
ac gggacacgte catcagcaca
gacgacacgg ccgtgtat ctgtogcgaga
cettactogy gocaaggaas cctgghaaca
ggtggatceg geggtggegg ategygtgge
ccageocacce tgtetttgte tocaggggaa
agtgtaagtt acatgaacts gtaccaacag
tatgactcat ccaaactgge ttoetggeate
acagactitca citctcaccalt cagcagecta ¢
cagtoga ghtcegtaacce acccacttte
ct aa

(SEQ ID

Signal sequence is residue 1 to €0
Mature protein seguence of Fo H7L4

EPKISDKTHT CPPCPAPEAA GAPIVFLEPP
NWYVDGVEVE NAKTKPREEQ YNS
ISKAKGQPRE PQVYTLEPSR DELTKNQVSL
PVLDSDGSFFE LYSKLTVDKS RWQQOGNVESC
TCTOMAGESP NSQVQLVQOS3G AEVKKPGASV
NYNQKFKDRV TMTRDTSIST
VESGGEGESGE GGGGE3GE
KPGQAPRLLI YDRSSKLASGI

J”WSRMLP F GGGTKVEIKR SS538

(SEQ ID NO:6)

VVSV

E"'LS {(TSC318)

toetettecte

DNA sequence of Fe

atggaagcac
gagoccaaat ot aactcacaca
ggtgecacegt cag "t cttcceccecea
acocctys gotggtggac
aactqgy ge J< ggaggtgeat
tacaac o g ggtcagegte
ggcaagy g gc ggtctacaac
atcbtocaaag ccaaagggea goceogagaa
gatgagctga ccaags o cageocty
gacategecy tggag g caatggg
ceogtgetgy ac s) cttette

tggecage agggy ctcatge

acgcaga agago gtetcoog «

ggaactc agatyg tteteog

gectgaggt agaagcctgy ggcctcecagtyg a
ttoaccag ctacgatgea ctgggtgacga ¢
ggatacatts atoctageay tgcttatact
accatgacca gggacacgte catca
gacgacacygg caegbgtatta ctgitge
tactgyg gccaaggsac oo
ggtggatccy geggtggegy at
ccatoctece tgtotgeoate t
agt g acatgaacty ¢
ta cat ccaaactgge tt
-t ctctecaccat ca
o oy
gt ac
aa

go atga
dqtcagaggc acaacaattc
aattcecteagyg tgcagctggt
aaggbcetect geaaggetto
caggecccty gacaagggcet
aattacaatc agaasattcaa
goeotacatgyg agetgageag
ccocaagtoe actatgatta
gtetectcag gtggaggeag
ggcggatetyg aaattgtgtt
¢ tctoctgeag
¢ aggcetocecag
= g

¢t

cagoecadqg

(o)
e
t
[te]
9
P>

sagcctgaay attttgcagt
ggcggaggge ccaaggtgge

{T8C314) -

KPRKDTIMISR TPEVICVVVD
LTVLEQDWLN GKAYACAVSN
TCLVKGFYPS DIAVEWESNG

MHEALHNE
KVSCKASGYT
AYMELSRLRS DDTAVY

Y”Y’-\L\Q 1;:‘{")

LSE

LD Ja

ggctoccaga
a gocecagoace
aaacccaagyg acaccecteat
gtgagccacy aagaccctga
aabtgccaaga casagecgey
ctcacegtoe tgcaccagga
aaagccctoo cagocoacat
ceacaggic acaccctgec
acctgeoctgg tcaaaggetbt
cageaggaga acaactacaa
ctotacayg JC ccgt
tecgtgatyg ctet
Jgtcagagge a atte
adtk_vxaqg Tgcagetggt
aggtctecet geaaggeottce
caggaccctyg gacaagggcet
aattacaatc agaaalttcas
yectacatgy agcetgageag
cececaagtoe actatgatta
gt ctecag gtggaggegy
ggcggatcectyg acs gat
agagtcacca tcactigeag
aaaccaggga aagoococtas
ccatcaagygt tcagtggeag
caacctgaag attitgcasc
gycggaggyga <

20
LA

caagagce
caaccac
ttcectyg
goagtotggg
tggatacacc
tgagtggatyg
ggacaggytc
getgagatet
caacgggttt
ttecaggegsa
gacacagtot
t tca

0 Q
Q
¥

ot
9]

agc
cte

tQ
o)
[ e
O

tgggtetygog
ttattactgt

e s lolods
gavcaaacoyg

VSHEDPEVEKE
KALPAPIEKT
QPENNYKTT?

QREPNQQMN

T ACCggh
tgaagccgey
gatciccocgg
ggtcaagttc
ggaggagc
ctyggetyg
cgagaas
at

cee At oo
cocatcoecyy
ctatccaage
gaccacgeet
ggacaagagc
gr accac
t tgaat
o ororn
gc cCeggy
tggatacac
tgagtggatyg
ggacagggtce
gotgagatet
- -
caacgggttt
e oy e o
Ctecaggegye
gacccagtet
ctea
A
gatc
tggatetggy
ttactactgt
e T e
Javcaaacgyg

W W0 o -~ -2
G O o N
(s eNeNeNe]

—
(@]

1572

60

fany

b
[ee]

[S3 IR
oo

Lo W
Ot
WO oo oo

3N
DO

Q0 Do

N g
DI

o

[
OO O O

~1 Oy NoUT e s 0 0
N 3O 6N
oo

[}

o
O O 0w
W N O oA W
o> NeloleoNeoNollel
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46
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)

[
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60

Signal seguence isg residue 1 to 5!

Mature protein sequence of Fo H7LE (T5C315):

EPKSSDKETHT FDP"PAPEAA.GAP“VWLWPD
WYVRGVEVE NAKTKPREEQ YNSTYRVVS

ISKAKGOPRE POVYTLPPSR DF*”K”?VJu
EVLDS D'SEE LYSKLTVDES RWQQGNVESC
mm-Q

N

NSQVQINQSG ARVKEPGASY
GYI NYNQKEFKDRYV TMTRDT3IST
PYWG~\ VE5GGEGESGE GGEGGEGESGE
SVSYD KPGRAPKLLT YDSSKLASGY

QOWSRN GGGTKVEIKR 538

PTE
(SEQ 1D NO:8§)
DNA seqguence af Fc. HSL], (TSCSM):

a*csaaq”~

(‘.‘

ggtggtggac
aggtgcat

—cagegte

ot

o Q Q
vl O
{
0

) kQ

o Q
le)
r!’
W WG
(ka3

O
[loantat

jOgauM

acagca

o
0
o
3
o

QG

r oot
Q
jte}

ot

q"at acgegtgoge gg cta C
ccaaagggoa goccag a
ccaagaaccs ggteag ot
tggagtggga gagcaatggy
actcogacgg ctocttette

€ C aggggaacgt cttctecatge
tacacgcaga agagectete ccectgtetecy
acaggaactc agatggoagg teattctoag
getgaggtgs agaagectgy ggoctcagty

¢ gat crtac gea ctggagtgaega
s} tta atcctagecag tgcttatact
a gggacacgtbe cacgagcaca
gaggacacgyg Cce [ ctgtgctaga
ccttactggy geocaagy cctggteace
ggtggaugcg geggtggegy atcgggtage
ccaac >ty g gggac
ag ac & a

o
n
s

@
]
Q

-
C

a
tc

foRte}
[

}
o

enee i

Fo HELL

PCPAPEAA GAPSVELEPRP
NVYV'GVEVP NA KTEPR EQ YNSTYRVVSV

bR DELTENQV
(S RWQQGNVESC
I\H_Q\/(" Q5G AEVEKPGASV
NYNQEK F‘}<Dr(\/ TMTRDTETST
T VSSGGGGSGE GGEGEGESEG
(PGKAPKRWI YDSSKLASGV
QOWSRNPETF GGGTKLQITS 55

(SEQ ID NO:10)

37
fon)

PVLDSD&SFF

TGTOMAGESE

310
1

KPKDTLMISR
[ LIVLEQDWLN

TCLVKGEYPS
SVMHEALHNH
KVSCKASGYT
AYMELSRLRS

GGEDIOMTOS
PERESGSGSG

o]
aatgccaaga
ctecaceg
saagoeocek
ccacaggt

cc

T

¢!

[T

T
Q

pas

Q
e
s
O

@ ¢

S BUC I
[OI:
o oa
Q
9]

U ORI}
SIS MY
[ Ne! QG
ot (s te]
L Q o ot
0w a0 Ot
[l O S
Qw00
@ Q8 oo 0w
PERLO TN BT Be W (]

t
9]
t
@ QO Q

{T35C318} ¢

KPKDTLMISR
LT"J HODWLN
VKGFYFS
Eﬂlkkh

86

TRPEVTCVYVE
GRAYACAVSN
DIAVEWESNG
YTOKSLSLAP
FTRSTMEWVR
DDTAVYYCAR
PSSLSASVGD

ST T QT
FTLTISSL

my
L

aca

v
oo

[eRute]

t
acaacaattc
tgcagetyggt
geaaggcate
ga gggcet
agaaattcaa
agctgageay
actatgatta
gtggaggeygy
acatccagat
tgacctgeay
aggcceocaa
Teagbggeay

- R
L)

TPEVTCVVVD
GKAYACAVSN
DIAVEWESNG
YTOKSLSLS
FTRSTMEWVR
EDTAVYYCAR

3
PSSLSASVED

TDYTLTISSL

VSHEDPEVKE
KALPAPIEKT
OPENNYKTTP

GQRENNSSI
T

IS
o
=

QRAPGQGL

UDK THYD

o

L

RVTIT

gogtcaagttc

ggaggadgcag
o I

ctggetgast

creps

ale) 3

coccatoco

g
c

g
aag
I

wogoct
ggacaagagc
gracaaccac
ttcecctgasat
gcagtctygg
tggatacacc
tgagtggaty
ggacagagtc
cotgagatet
caacgggtt
ttcaggegga
gacoccagtet
tgccagetca
aagatggatt
tgggtetggy
ttattactge
aattacatcc

VSHEDPEVKE
KALPAFPIEKT
QFENNYKTTP
GQRHNNS3LN
QAPGQ CQ_W
POQVHYDYNG

RVIMTCSASS
QFEDFATYYC

&0

R
oo N
o O

»

oW DN
faniyte
[

N
o N O <
wo oo

&
<

N
=)

Vo«

—

Pod N b2
OO

Sy U B
O O DY Oy O os
SO O 00O

D0 00 w1 I Y
O b 6N Oy &
oD OO OO

[a

[
-

(NS I
D OO OO

O s 0N

N o
OO O«

3

Y e e el
U UF ks W h

N O oA

O

1569
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DNA sequence of Fe H8L4 (TSC317):

atggaagceac cagcegeagelhb tetottocte chx actct ggctecocaga taccaccoggt 60
] chtotgacas aactcacaca gococcageace tgaageoegaed 120
;tcct ctbtocceoca g acaccchtceat gatctocogg 180

tcacatgegt ggtggtggac ¢ aagaccotoga ggtcaagttc 240

7 tggacggogt gygaggtgeat a caaagocgcy ggaggagcsy 300

cgtaccgtgt ggtcagpltc ¢ tgcaccagga ctggcetgaat 360

acgegbgage ggtctocaac a ¢ cagcecccat cgagaaaacc 420

g ccaaagggca gooocgagaa : L acaccctgeo teecgy 480

s} gctyga ccaagaacca ggbcagectyg acctgoectogg toaaaggett coaage 540
g cgecg tggaghggga gagcaatggg cagocggaga acaactacaa gaccacgoct 600
o goetygg & gacgg cteetbtctte ctectacagea tecaccegt ggacaagagae 660
agobtggcage aggggaacgt cttctecatge teecgtgatge aggctct gcacaaccac 720
tacacgcaga agagectete cetgtectoag ggtcagagge caattc thtocctgaat 780
acaggaactc agatggcagg tcattctecyg aattcteagg getggt geagtcetggyg 840
getgaggtyga agaagoectygg ggcectcecagty aaggttbtoct goaaggcate tggatacacce 900
ttcaccagat ctacgatgca ctggghtgoga caggcocechtyg gacaagggeh tgagtggatyg 980
ggatacatta atcctageag tgcttatact sattscaatce agaaattcaa ggacagaghtco 1020
ac gacca gggacacgic cacgagecaca gtctacatgg agectgagcag cctgagatct 1080
cacgy cogtgtatta ctotgotaga ccoccaagtce actatgatta caacgggttt 1140

tggy g aggaac cctggt o] ag gtggaggcegg ttcaggogga 1260

stecy geggtygegy atoegggtgge tyg aaattgbgtt gacacagtcet 12&90

acce tgtetittotoe tccagygggas ce tetcoctgeayg tgecagetca 1320

agtt a gaactqg gtaccaacaqg o aggetoccsy gotceoteato 1380

cteat ccasactgge ttctggeatce gt teagtggecag tggatotggg 1440

ttca ctetcaccat cagcagecta o gaag atttbtgcagt ttattactgt 15C0
agtgga gtogt o acccactttc ggcocggaggga agotgga gatcaaacgg 158

oo

seguence iz residue 1 to &0

Mature protein sequence of Fe HS8L4 (TRC317):

PAPEAA GAPSVELE F: KPRKDTLMISR TPEVTCVVVD VSHEDPEVKE
PREEQ YNSTYRVVIV LTVLEQDWLN GKAYACAVSN KALPAPIEK
LPESR DZLTBNDVSV TCLVKGEYPS DIAVEWESNG JENNYF“TD
KLTVDKS RWO SVMHEALHNH YTQOKSLSLSP
QSG AEVI\LG SVOKVSCKASGYT FTR3TME
TMTRDTSTST VVI_LSCLKS EDTAVYYCAR

I
(@]

L]
-3 (3
_,

‘}Q
-
N oy
[

T,

=)

Z 0
[O RN

C<‘
=

[s¢]
e

L—!
<

W DNy
fisN

»}
O ¢

Hb,.
Z =
w0
Z 0 »n
=
e

v R Qe TOS PATLSLSPGE y,
d =

V53 GGSGGGESGEE GGSEIVLTOS PATLSLSPGE 420

KPG ‘DSSKLASGL PARFSGIGSG TDEFTLTISSL 480

GGG 538 5032

(SEQ 1D NO:12Y)
DNA seqguence of Fe H8LS (TSC318):

atggaagcac cagcgcaget tcectottoctce ggctceccaga taccaccyggh 60
] ctgacas aactcacaca tg goocageace tgaageoeged 120
[sfs; ttcoot ctbtcecocceeca aaacccaagyg acaccchtceat gatctocogg 180
ac tcacatgegt ¢ gtgu;gd c gag ¢ aagaccotoga ggtcaagttc 240
E cg tggacggogt ggaggtgceat satgocaaga caaagocygod ggaggagesy 300
= gca cgtaccgtgt ggtcagpltc ctecaccghtcee tgcaccagga ctggctgaat 360
g geat acgegtgege ggtceteocaac aaagocochteo cagoecccecat cgagaaaaca 420
a aayg ccaaagygces gooocgagaa ccacaggtghb acacccetgeo cocgyg 480
o a ccaagaacca ggbcagectyg acctgectgy tocaaaggett atccaagce 540
g g tggagtggga gagcaatgygg cagcoccggaga acaactacaa gaccacgcoct 600
o goetygg & jacgg ctecettctte ctetacagea agetcacogt ggacaagaga 660
agobtggcage ag aacgt cttctecatge teocgtgatge atgaggcotct geacaaccac 720
—ACacIcags g tetce ~tgtctcocecg g o) aggce acaacaattc ttcocctgaat 780
tacacgcaga ag ctete cetgtetoag ggtcagagge acaacaattce ttocctgaat 750
acaggaactc ag goagy teatbotecg aattetcagyg tgcagetbgglh geagtcetggyg 840
getgaggtga ag cetygg ,q"cth‘*tq aaggttbect geaaggcate tggatacacce 900

cagat ct atgca ga caggcccocty gacaagggcet tgagtggatg 960




(Vg

16

b
<&

a2
¥4

4G

53

o}
[te}
o
t

accatgaccs
gaggacacgg
cettactogg
ggtggatccg
cecatcctece
agtgtaagtt
tatgactcat
acagatttca

acagtgga

[te]
e
ct

-

{SEQ ID NO:13

Signal sequence i

t
[te}
9]
ot
2Ne)
o3
o
o
ot

!
gggacacgtc cacgagcaca
cegtgtatta ctgtgetaga
gocaaggaac cctggheaca
geggtggegy ategggtyge
tgtctgeate tgtaggagac
acatgaacty gtatcagcag

aactgge ttoetggggte
cteteocaccat cagecagtcetyg
gtegtaacce acccacttte
aa

3 regidue 1 to 60

aattacaatc
gtotacatygy
cececaagtee

&
o3}
Qg o

sgtcectecteag
ggcggatetyg
agagtcacca
aaaccaggga
ccatcasggt
caacct

o
by

\!) Q)

O W
te]
o

Mature protein sequence of ¥Fc HBLS (TSC318):

EPKSSDKTET
NWYVDGVEVE
ISKAKGQPRE
PVLDSDGSFF
TGTOMAGHESP
GYINPSSAYT
PYWGQGTLVT
SVSYMNWYQQ
QOWSRNPPTF ¢

CPPCPAPERA
N2 )
POVYTLPPSR
LYSKLTVDKS
N3QVQLVOSG
NYNQKFKDRY
VS SGGGEEEGE
KPGKAPKLLI
GGETEVEIKR 35S

GAP
YNS

SVEFLEPP
YRVVSY

NQV3L
RWQ’Y NVEST

AEVEKP

(SEQ ID NO:14)

DNA sequence of Fc

dLQUdPg.dV

goccaaat

9 Q9 e

&3

-

=
a

Q@ o
Q0 8

ot

iacthq

atccg

8]
ot
i

Q

0 Q
e
Yo

ag

g g

agtgtaag

tatgact

accgac
ageagt

HQLI (1“8{3319)"

ctettecte

'ﬂ)
[
W
o #

[e RN ¢!
o

[
[$]
O
oo
[$]
ot
oo 0
{1
o :') W
O
{

O

(o]
)
0w

o)
Q
O

0
a
lus
0
o
[ws

9}
0@
O Q9 Q
=
tell)
of
[CeItsITO Lo
tajgtel
o @
Q
@ 0
o
[¢]

ot
o
¢

acgegtgoge
ccaaagggea ¢ Taa
ccaagaacca g tg
tggagtggga ¢ 99
actccgacygy < te
aggggaacgt ¢ gC
agagoctete < yate)
agatggcagyg t ccg
agaagcctgy ggectecagtyg
ctacgatges ttgggtgcgc
atcctageay tgcttatact
gggacacate cgcgay
ctgtgtatta ctgtge
gecaaggaac cctggteace
gcggtggegy atcgggtyge
tgtcectgeaay cgtgggggac
acatgaacty gtaccageag
ccaaactogge ttcectggagte
cecctocacaat cagccgcc

o
ﬂ
g
@
o

(SEQ ID NO:15)

B
lgonad

seguence i

Mature protein

egquence of

g residus 1 to &1

KPKETIMISR
LTVLEQDWILN
TCLVKGFYPS
s VMH EALHNH
KVECRASGYT

‘VWMLDVL<S

GG“”IQMLQQ

[o !

0w

T

09 Q
[SI i aNtepyte)

O

@
P
L]

Q
(e}
i
¥

3
2
n
2

e}
0
G
Q
sl

gccta
ccccaaqg
gtctocteayg
ggcggatctg
agggtcacca
aagcogggcsa
cebgeteget
cagcccgaag
ggrggggaga

Fo HSL1 (TSC319):

88

agaaattcaa
agetgageag
actatgatta
gtggaggegy
acatccagat
tcacttgcayg
aagccactaa
tcagtggeay
attttgcaac
ccaaggtgoga

TEEVTCVVVD
GRAYACAVSN
DIAVEWESKNG
YTORSLSLSE
FTRSTMEWVR
EDTAVYYCAR

o]
)
o
0
¢

Q& Q
[e RN ¢!
N
O 0
10w
0 0O Q
SR N e
O W
Q
(9]

n
£
)

QO

o

o
s
{

(9]

o

W
[oRNte]
Te}

ot
e}

Q

I
09 Q

W0

ot

0
o
[o]
0
0
9]
[}
3
s

[e RN ¢!
o W
(¢}
Q

o

o)

B
QN

(2

Q

ot

o

o W
.
ot
o
n
p
&

&3

[ Uaate

ﬂ

ceoca
quca

cgecac
aagctaca

¢
0
[SRe]

o
Tom o

V]
s
e
r1- @

9}
]
C

[o]
(e
o
O
o>
(e
o
e
t
0

o
[
¢}
ct

ceotgag

caacgggttt
ttecaggegsa
gacccagtet
tgccagetea
gctoctgate
ey ety
Cggatctgayg
ttactactgt
At A S o
gatcaaacgy

VSHEDFEVKE
KALPAPIEKT
QPENNYKTT®

GORHNNSSLN

QAPGQGLEWM
POVHYDYNGE
RVTITCSASS

QFEDFATYYC

Taccacegygt
tgaagccygceg
gatctccoogg
ggtcaagttc
ggaggagcag
ctggectgaat
cgagaaaacc
cecatcecgyg
ctatccaage
gaccacgoect
ggacaagage
gcacaaccac
Ttococtgast
geagtctggy
tggetacacc
tgagtggatyg

acagggte
cotgagatcet
caacgggttt
ttcaggcgga
gacccagtet
tgccagetea
aagatggatt
tgggtctggg
ttattactgce
aattacatcc

[

b=k
OO
OO
DO O OO

-

50
Paa v

126

1320

1380

144
5

—
o
sy}

Oy O
PO OO

—
&
~J
N

»

)

Vo«

3%
—

INTCRN NS
Q0

S
@ PN O
PO D OO 00

o
O
(O3]

>
;
:

N
[ine
o

1560
1569
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55

EPKSSDKTHT

TWYVDGVEVE

AgKAKU“PRE

PVLDDDG:F“
(

TGTC

(SEQ ED N( :16)
DNA sequence of Fc HOL4 (TSC320):

(SEQ

Sicona

o
M

oo
[SER

o
n
0

Q
[g e}

W

a“LquP”

gaagacacgyg

ccttactggy
ggtggatcceg
ccagecaccs

get

‘0 1‘7)

segquence iz

CPPCPAFEAA
NAKTKPREEQ
POVYTLPPSR
LYSKLTVDKS
NSOVOLVASG
NYNQKFKDRV
VSSGEGESES

KPGKAPKRWI

cagoegeaget

[§]
0o

{

9}

o

Qo

gcagg

ctgy

o QG
oG oG

[OR
tQ W
[eRe TN e}

-+

[JNte]
0 «Q

W0
(Ol
o

(a3
[eRate}
[fe)

at

s
[e]

GAFPSVFLFPP
YNITYRVVSV
DELTKNQV3L
RWOQOGNVE
ABRVKKPGAL
TITRDT3AS]
GGSGL

WS

r
“
A

|
)] t;

[#5] (j) w
] <

P
U
LGy

[

[}

GGEGG
5K \

7Ty
L v

G

(]
=
S
[

Y
S

wn

tctettecte

gqtcaqn Tu

e 9
ggtctecaac
gecoecgagaa
ggtcagoetyg
gagcaatggy
cteettette
cttctecatge
tecyg
tcattctcce
ggcctecagt
g

gLt ga

g cc
atcgggtgge
tccaggggasa
gtaccaacag

ot
-
{

residue 1 to 50

Mature protein sequence of Fao

QQWSENPETF

(SEQ ID NO:18)

DNA seq&zeme of Fe H'

CEPCPAPEAR
NAKTKPREEQ
POVYTLPESR
LYSKLTVDKS
NSOVOLVOSE

agcet

caa

B9L4

GAPSVFELEPP
YNSTYRVVIV
DELTKNQVSL
RWQCGNVESC
A“VK\L GASY

SLE (TSC321):

tctecttocte

aactcacaca

KPKDTLMISR
TVLEQDWLN
TCLVKGFYES
m HEALHNH
SGYT
AYMELSSLRS
G

GSDIQMTQS
<

ggc

T QO

s

=
Ra I
las

o

o O
¢

¢

-

caggceee

aattacaa
“a

¢}
WQ

Q

oot

uuwgau

LQ

(1
A

ccecaagh

tetecotes

_"!‘Q
[pRte e}

{T8C320) :

KPKDTLMISR
TAVLEQDWILY
CLVKGEYFES

SVMHEALHNH

KVSCKASGYT

:-c

3

ctgctactat

tgococcacc
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ISKAKGOPRE POVYTLPPSR DELTENQVSL TCLVKGFYPS DIAVEWESNG TE 180
PVLDSDGSFF LYSKLTVDKS RWQQGNVFESC SVMHEALHNH YTQOKSLSLSPE LN 240
TGTOMAGHESE NSQVQLVQOSG AEVEKPGSSV KVSCKASGGT FSRSTMHWVR WM 300
GYINPSSAYT NYNQKEKDRYV TITADKSTST AYMELSILR3 ED WYCAR GE 380
PYWGOGTLVT VoguGGGSGG GGSGGGGEGGE GGSEIVLTQS PATLSLSPGE ASS 420
SVSYMNWYQQ KPF RLLI YDSSKLASGI PARFSGSGSG TDFITLTISSL YYC 480

QOWSRNPPTE

(SEQ ID NG:24)

IKER 3888

503

L3 (TSC324):

DNA sequmw of F
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gaagcac tetettocte ctgcetactet taccaceggt
gagcccaaat aactcacaca tgccecaccgt tgaagcegaed
ggtgcacegt cttooococoa aaacocaagy gatctoceyg q
g ggtggtggac gtgagccacy ggtcaagttc
gacgy ggaggtocat aatgccaaga ggaggagcadg
taccy gotcagogte ctocaccghceo ctggetgaat
ggca cgagt gatctecaac aaagecctoe cageccocal ¢ga aace
atct Jooccoogagaa ccacaggtat acaccchtgee cccatoocgy
gatyg ggtcagecty acctgcctgg Tecaaaggett ctatococaage
gaca cog gagcaatygyg acaactacaa gaccacgect
cecogtgectygy ctecttette agctcaccegt ggacaagagce
aggtggcage agygy cttcteatge tccgtga;gc atgaggctet geacaaccac
tacacgceag ag e cetgtetecy ggbtceagagge acaacaattc ttecctgaat
acaggaactc agatggeagg tecattcteocyg aattctcecagy tocagebtggt goaatcoctggyg
getgaggtga agaagoctygg gtoctegghty aaggtator g ggctte tggaggeacc
ttcagecagat ctacgatgos gtgcga caggooce gacaaggget tgaghbtggatbyg
ggatacatta atcctagear atact agaaattcaa ggacagagtc
acgattaccy cggacaaat gagroaca goctacatgg agoetgagcecag cctgagatot 1080
q cacgy cogtgrtatt gtgcgaga ccccaagtce actatgatta cascgggttt 1140
o] ctggy goo: aac cctggtcace gtotcectecayg gtygaggogy ttcaggegoa 12380
ggtggatceg gog cgg atogggtgge ggoggatcety a ccagat gacccagtct 12€0
ccabtcectece tgt atc tgtaggagac agagbcacca bcecactitgeag bgccagotcea 132¢
agtgtaagtt acat ctyg gtatcagcag aaaccaggga aagceccctaa gcetoctgate 1380
tatgactceat ccaaactgge ttctggggte ccatcaaggt tcoagtgogcag tggatctyggg 1440
acagatttcs : at cagcagtctyg caascctgaag attttgocaac ttactactgt 1560
caacagtgga actttc ggcgoaggga ccaaggbgoa gatcaaacsg 15&0
toctecaget aa 1572

Mature protein seguence of Fo HI0LE (TS5C324)

EPKSSDKTHT CPPCPAPEAA GAPSVFLEPP KPKDTIMISR TREVICVVVD VSHEDPEVKE &0
NWYVDGVEVE RAK”\LREb) YIST RVVSV LTVLEQDWLN GKAYACAVSN KALPAPIEKT 120
ISKAKGQOPRE 3L TCLVKGEYPS DIAVEWESKNG QPENNYKTTP 180
PVLDSDGSFF LYDK mVDKb RWQQGNVFSC SVMHEALHNH ”T“V‘L LSP GORHNNSSLN 240
TGTOMAGESP ; SRETMEWVR QAPGQGLEWM 300
Y INPSSAYT EDTAVV”(HP POVHYDYNGE 360
BYWGQGTLVT S G G JIOMTQS PSSLSASVGD RVTITCSASS 420

SYMNWYOO KPGKALK LT YDS3KLASGY PSRESGSGSG TDFTLTISSL QPEDFATYYC 480
QbWSRnPPTF GGGTKVEIKR SS8 503

(SEQ ID NO:26)

DMA sequence of Fe H7L6 (TS5(C334):

atggaa gﬂaw cagcegeaget totettcocte tacca &80
gac asat cttctgacaa sactcacaca tgaag ¢ 120
thuc»ruqt gatcboceygyg 180
accoctgags ggtroaagttc 240
aa tguvacu ggaggagoa 300
tacaacag ctggotgaat 260

92
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ge acgcatgoege
a’aag ccaaagggesa goeoocgagas
gatgagetyga ccaagaacca ;gtca’ﬂctg
gacategeceg tggaghtgsga gagcaatgyg
ccegtgetygy actecgacgg ctecttette
agobtggcage aggggaacgt cttcectecatge
tacacgcaga agagectetce cctgtctccg
acaggaacte agatggcagy tasa Melef
getgaggtyga agaagoectygg ggec g
ttcaccagat ctacgatgca ctggghgoga
ggatacatta atcctageag tgcttatact
accatgacca gggacacgte catcagoeaca
gacgacacgy ccghtgtatia gogayg:

cttactggy gocaaggaac gt

ceyg geggtyggegyg ategggtggc
cece tgteotgeate tgtaggagac
gtt acatgaactg gtatocageag
cat ccaaactgge ttctggggte
tca ctoteacceat ;agcagtctg
caacagtgga gtogtaacceo acccactite

tector

9]
o
o3
a

(SEQ 1D NO:2 7)

Signal seguence 1s residue 1 to 60

v

cecacaggtg
acctgectyy
cagccggaga
ctctacagea
tcecgtgatge
ggtcagaggce
aattctocagy
aaggtctect
cagg

I

satt

W

)

o

Mature protein seguence of Fo HTLS (TS8C334):

KSSDKTHT
N W YVDGVEVE
ITSKAKGOPRE
PVLDSDGSFF LVDYLm DKS
TGTOMAGHESE NSQVQLVOS
GYINPSSAYT hYNﬁKbKDRV
PYWGOGTLVT VSSGGGEGEG
SVSYMNWYQQ I’PCK}\DG\WI
QOWSRNPPTE GGGTEVEIKR

(SEQ D NO:28)

SAPSVELEFEP
YNSTYRVVEV
DELTK\Q /3]

WQOGNVESC
ﬁ‘r‘ VEKPGASY
TM.“““ ST

o

e

RDTSIST

DMA seqguence of Fe H7L7 (TSC3358)

ccte

tetett
aact

cttee

atggaagcac
gagcocaaat
ggtgecacogt cag

cagcgeaget
cttotgacaa
Cottoct
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accocectgagy tcacatgegt ggtggtggac
aactggtacy tggacggaegt ggaggtgeat
tacaacag cgtaccgtgt ggtcagegtce
gucaaggcalt acgcabgege ggbtcetecaac 2
atcteccaaag ccaaagggea
gatgagctga ccaagaacca
gacatogoaey tggoqtgqga caatygy
ceogtogetgy actocacgacygy ctccttcttc
aggtggeags aggggaacgrt “ttctcetgc
tacacy agagcotete
acagga agatggcagg
gctgag agaagcetygg
ttcace ctacgatgea
ggatacatta atcctageag
accatgaccs ggg cgte
A cogtgtatta
gecaaggaac cctg
gcggtggeyge atcgyatgge
¢ tgtetttgte tceccaggggaa
acatgaacty gtaccagcag
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Fo H7L7 (TSC335):

EPKISDKTHT CPPCPAPEAA GAPSVFLEPP KPRKDTIMISR TPEVICVVVD VSHEDPEVKE

NWYVDGVEVH NARKTKPREEQ YNSTYRVVSV L HODW! GKAYACAVSN FALP PIEK
POVYTLEPPSR DELTKNQVSL TCLVKGEFYPS DIAVEWESNG QPENNYKTTPE
PVLDTIGSFF LYSKLTVDKS RWQQGNVESC SVMHEALHENH YTQKSLSLSP GQRHNNISLN
TGTOMAGESP N%Q”Q*\ODG AEVEKKPGASY j M
5

\\
7
o

E O

3
C
0
[

YT FTRSTMEWVR QAPGQGLEWM
S DDTAVYYCAR PQVHYDYNGE
PY 3 QS PATLSLSPGE RATLSCSASS
SV3 YMNWY 20 KPGLAPRRWI YDSSKLASGI PDRESGSGSG TDFTLTISRL EPEDFAVY
VSRNPPTE GGGTKVEIKR SS&

(SEQ 1D NO:36)

T AYM

YNQKEKDRY TMTRDTSI

”SSGGGGSGG GGSGGEGEIGE GG

DNA seqguence of Fe H7LE (TSC336):

atgcaagcac cagogcaget totettacte g taccaccggt
gag cttotgacaa sactcacaca ¢ g ge tgaagooegoy
ggtucar gt cagrcbtﬂct ctteecccocecea aaacccaagg acacccetecat gatctcececgg
accectgagy teacatgoegt ggtggtggac gtgagecacyg aagaccctga ggtcocaagttc
aactggtacy tggacggegt ggaggtgeat aatygcecsaga casageogey ggaggagoag
ggbtcagegte ctecaccgtoc tgcaccagga ctggetgaat

ggtctaecaac aaageccetoo cagoccocat cgagaaaaca

goecogagaa ccacagghbgt acacccetgeoe cocatocegy

ggtcageoetyg acctgectgg tcaaaggebt ctatccaage

gagcaatggg cagceeggaga acaactacaa gaccacgect

; s} ctocttotte ctoetacagea agetcacegt ggacaagago
aggtyggeage agggga cttectcecatge teegtgatge ctet goacaaccac
acacyg agagoate cetgtetocg ggtcagagge acaacaatte ttoccctgast
agy agatggcaygg teattcecteog sattctecagy Tgcagetggt geagbotggy
gctg agaagcctgy ggcectecagty aaggtcectecect geaaggeotbce tggatacacc
tteca ctacgatgea ctgggtgcga caggeccety gacaaggget tgaghtggatg
ggat atocctageay tgottatact aattacsatce agaaattcas ggacagggtco
accatgacecsa gyggacacgte catbtcageacs gectacatgy agetgageayg gebgagatet
g ccgtgtatta ctgtgcgaga cocceaagtoc actatgatta caacgggttt

g gocaaggsac cctggtca ; toctecag gaggegyg ttcecaggogga

g gcggtg atecgggtyge ggeggatcetyg tceagat gacccagtcot

[ acce tgtet tgtaggagac agagtcacca tcacttgcag tgecagetca
ag agtt gtatcagcag aasccaggga aagoeccctas gagatggatt
ta teat ttetggggte cecatcaaggl tcagoggeayg tggatcechggy
ac ttca cagcagecty cagoctga attttgecaac ttattactge
joks tgga gtcegt acccactite ggcggagygga coaaggbgga gatcaaacgy
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(SEQ ID NO:

Signal segquence

|- pood
0w’

Mature protein sequence of Fo H7LS (TSC338):
EPKSSDKTHT CPPCPAPEAA GAPSVFLEPE KPKDTLMISR TPEVICVVVD VSHEDPEVKE
NWYVDGVEVH NAKTKPREEQ YNSTYRVVSV LTVLHCDWLN GKAYACAVSN KALPAPIEKT
ISKAKGQOPRE PQVYTLPPSR DELTKNQVSL TCLVKGEFYPS DIAVEWESNG QPENNYKTTP

FVLDSDGSEFE LYSKLTVDKS RWQOGNVESC SVMHEALHNH YTQKSLSLSP GQRHNNSSLN
TGTOQMAGHSP NSQVQLVQSG AEVKKPGASY KVSCKA'"‘m FTRSTMHWVR QAPGQGLEWM
GYINPS3AYT NYNQEEKLRV‘TMTRDT%JST AYMELSRLRS DDTAVYYCAR PQVHYDYNGE

VESGGGEGESGE GGEGGEEGESGE GGEDIOMTQS PSTLSASVGD RVIITCSASSE
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SVSYMNWYQQ KPGKAPKRWI YDSSKLASGV PSRESGSGSG TEFTLTISZSL QPDDFATYYC 480
{SRNPPTF GGEGTKVEIKR S357* 504

(SEQ ID NO:32)

(Vg

DMA sequence of Fe HEL6 (TSC337:

atggaagcac cagcgcageh tetettecte tactct ggcoctceocaga taccacceggt &80
gagoccasat cttectgacaa sacltoacaca tgcccacogt go g C googoy 120
10 ggtgecacegt cagtcecttoct cttcecccoccea aaacccaagyg acaccctceat gatocitcceocgg 180
accectgagy gotggtggac gtgagocacg aagaccctga ggtbocaagttc 240
aa tgouCJ ggaggtgcat aatgccsaga < g gg: goag 300
ggtcagegte ctcaccgtece a cty gaat 360
sgtctocaac aaagooctoo s aaace 420
15 goocogagaa ¢ c tgt cyy 480
ccaagaacca ggtcagoctg a gg tc caagc 540
tggagtyggga gagcaatggg ga acaactacaa gaccacgaecet 600
actecgacgy ctocttette A e gt ggacaagagc 560
aggy gt cttecteatge P"qtqauga ¢t gcacaaccac 720
20 agag cto cctgtoteog ggtcagagge tc ttcoccctgaat 780
agatggcs tcattcteooy sattotocagyg oo setgot geoagtotggy 840
agaagecbtgyg ggectecagty saggbtteoct ges geatc acacc 9¢o
ctacgatgcea ctgggtgoga caggcccotyg gacaagogct ggatg 960
atcctageag tgottatact aattacsatc agsaattcas gagtc 1020
25 accatgacecsa gyggacacgtce cacgagceaca gtetacatgy agetgageag gatct 1080
E g ccgtgtatta ctgtgctaga ccccaagtcoe actatgatta gyttt 1140
g gocaaggsac cctggtca ; toctecag gaggegy gogga 12¢0
g gcggty cgggtygge ggeggatety tocagat gacccagtet 1260
c ctoce tgtetg aggagac agagtcacca cttgcag tgccagetca 1320
30 ag sagtt acat geag aaaccaggga cecctas gagatggatt 1280
ta cteat ccas ggte cecatcasggth gtggeay tggatchbggy 1440
acagatttca tctyg caacctgaag atitttgcaac ttactactgt 50
caacagtgga acccacttte ggoeggaggga craaggtgga gatcaaacgy 1560
tectocaget 1572

35 (SEQ ID NO:33)

il\ul 1 sequence is residue 1 to &0

40 Mature protein sequence of Fe H8L6 (TSL337):

SDEKTHT CPECPAFEAA GAPSVEFLEPP KPRKDTLMISR TPEVICVVVD VSHEDPEVKE &0

DGVEVE NAKTKPREEQ YNSTYRVVSV LTVLHQDWLN GKAYACAVSN KALFAPIEKT 120

45 ISKAKGQOPRE PQVY LPP3R DELTRNQVSL TCLVKGEFYPS DIAVEWESNG QPENNYKTTP 180
SKLTVDKS RWQOGNVESC SVMHEALHNH YTQKSLSLSP GQRIHNNSSLN 240

QL\WSG AEVKKPGASV KVS,KA'"‘M W“PQT"PWVR QAPGQGLEWM 300

JKEKDRV TMTRDTSTST VYMELSSLRS hﬁmAvf YT E 360

GGGESGE GGSGGGESGE GD RVTITCSASS 420

50 KAPKRWI YDSSKLASGV 5L QPEDFATYYC 480
GTRVEIKR sS38~* 504

{SEQ D NO 34)
DNA sequence of Fe H8L7 (TSC338):

55 cagegeaget btetetteete ctgetactot ggetoccaga accggt 60
cttctgacaa aactcacaca tgcccaccegt geccageacce gecogeyg 120

cagtcttcoct ctteccoceca aaacccaagyg acaccctcat gatoctoocgg 180

tecacatgegt ggtyggtggac gtgagecacy aagaccotga ggtcocaagttc 240

B tggacggegt ggagotgeat aabtgccaaga casagcecgeyg goaggageag 300
60 cgtacegtgt o gte ctecaccgtoo tgcaccagga ctggotgaat 380
g acgeatgoge gg aac cagecoccceat cgagaaaacc 420

a cc gggca gococgagaa acaccctgee cccateccgg 480

g: cc aacca ggtcagootg tcaaaggett ctatccaagc 540

95
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cgecy tggagtgggs atggyg cagcoccecggaga
ceegtgetygy actocgacyy Ctette ctetacages
aggtyggeage aggggaacgt atgce tccogtgatgce
tacacgcaga agagoctete tgtcoteog ggtcagagge
acaggaactc agatggcagyg tetecy aattc*caqg
getgaggtga agaageoctgy cagty aaggtttcect
ttcaccagat ctacgatgea yoga 1u\VCﬂctg
ggatacatts atoctageay tact aattacsatc
accatgacca gggacacgte [oF: gtetacatygy
gaggacacygg caegbgtatta taga cccocaagtoo
cettactggg gocaaggaac cace gtcectocteag
ggtggatccyg geggtggegy tgge ggcggatctyg
ccagocacce tgtetttgte ggaa agagecacco
agtgtaagtt acatgaacty g gcag aaacctggeo
tatgactcat ccaaactgge ttetggeate ccagacaggt
acagacttceca ctctoaccat cagcagactyg gagoctgaag
Cagfggtggg gtc acce acccacttte ggcggaggga
tectecaget aa

(SEQ ID NO:35)

Signal seguence is residue 1 to 60
Mature protein sequence of Fc H8L7 (TSC338):

EPKSSDKTHT CPPCPAPEAA GAFPSVFLEPP
NWYVDGVEVE NAKTKPREEQ YNITYRVVSV
AGKAKuuPRE POQVYTLPP3R DﬁLT' NQV3SL T
FVLDSDGSFE LYSKLTVDKS RWQOGNVESC 5V
NSQVQINQSG AERVEKEPGASY KVS
NYNQKEKDRV
VISGGEGESGE
KPGLAPRRWI
QOWSRNEPTE GGGTKVEIKR

(SEQ ID NO:36)

KPKDTLMISR
TVLHQDWLN
CLVKGEYPS
/MHEALENH

CKASGYT

DNA seqguence of Fe H8LE (TSC339%):

atggaagcac cagcegeagelt tetcecttoecte ctg ct
gagcccaaat cttcectgacas aactcacaca tgo gt
gutgecaccgt cagtcecttech ctbocceccoca aa qq
acccoctgagg tcecacatgegt ggtgogtggac gt =g
aactyggtacyg tggacggegt ggagghtgcat aatg ga
tacaacagea cgtaccgbgt ggtecagegte ctecaccghoc
ggcaaggeat acgcatgege ggtctecocaac aaagocctcce
at 3 ccaaagggca goccagagaa ccacagghgt
g a ccaagaacca ggbcagocty acctgectygy
gacatcgeeg tggaghtggga gagcaatggyg cageoggaga
cecogtgetygy actocgacygg ctecttcatte ctetacagoa
aggtggcage aggggaacgt cttetecatge tecgtbgatge
tacacgcaga agagcectete ceotgteteeg Yol
a gaactc agatggocagg tceattctoag T
g aggtgs agaagcotgg ggcoctcagtyg aaggtitect
t ccagat ctacgabtgca ctggghgega caggooecty
acatta atcctageag tgcttatact aattacaate
tgac gggacacgtc cacgagcaca T
gaggacacgg ccgtgtatta ctgt [
cecttactggy goocaaggaac g
ggtggatcey geggtggegy 9
cettecacce tgtoetgeate L CCE
agtgtaagtt acatgaactg gya
é caaactgyge gyt
acagaatica ctchcaccat cagcecagectyg cagectgaty
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(SEQ ID N&ﬂ}

Slgnal seguence 1s residue 1 to 60

Mature protein seguence of Fo H8L8 (TSC339):

EPKSSDKTHT CPPCEFAPEAA GAPSVFLFPP KPKDTLMISR TPEVICVVVD VSHEDEFEVKE &0
NWYVDGVEVE NAKTKPREEQ YNSTYRVVSYV LTVLHQODWLN GKAYACAVSN KALPAPIEKT 120
ISKAKGQOPRE POVYTLPPSR DELTENQVSL TCLVEKGFYPS DIAVEWESNG 180
PVLDSDGSFF LYSKLTVDKS RWQOGNVESC qVMHEALFNI—T YTOKSLSLSE GQORHNNSSLN 240
TGTOMAGHSE NSQVQLVQSG AEVEKPGASY KVSCKASGYT FTRSTMHEHWVR QAPGQGLEWM 300
GYINPISAYT NYN“*”VD&V TMTRDTSTST VYMEL3SLRS EDTAVYYCAR PQVHYDYNGE 380
EYWGQGTLVT VSSGGGGEEG GGSDIQMTOS PSTLSASVGD RVIITCSASS 420
SVSYMNWYQOQ IPFKAD&hWI S ESRF3GSGEG TEFTLTISSL QPDDFATYYC 480
QOWSRNPPTF GGGTHRVELIKR 835 504
(SEQ ID NO:38)
DMA sequence of Fe H10L6 (T5(346):
abtggaagcac cagcgoagel tetettocte ctgetactern taccaceggt &0
gaguﬁ”aaat Lgcccaccgt tgaagoegey 120
ggtgcacogt aaacccaagg gatctooogy 180
C tcacatgegt ggtggtggac gtgagocacy aa ctga ggtcaagtto 240
tggacggeglt ggaggtgcat aatgccaaga caaagecogeg ggaggagcead 300
cgtaccgtgt ggtcagogto ctcaccgtoc ccagga ctggcotgaat 360
acgcabgege ggtctccadc aaagcectee cccocalb cgagaasace 420
ccaaagggca 1 ggtagt ccetgee coccatocogg 4380
gatgagcotga ccaagaacca gtcaMpcfg acctgcocetyyg toaaaggett ctatocaage 540
gacatcgeey tggagtggga gageaaty cagecggaga acaactacaa gaccacgecot 600
cecogtgotgg actcececgacygyg ctccttcttc ”tcfacagca agctcaccegt ggacaagagce 660
aggtggcage aggggaacgt cttctecatge teoegtgatge atgaggctet geacaaccac 720
tacacgceagsa agageoctete ccectgtetocy ggtceagagge acaacaatte ttecctgaat 780
acaggaactc agatggeagg tecattcteocyg aattctcecagy tocagebtggt goaatcoctggyg 840
ol gogtyga agaagcctygg gtectoeggtyg aaggtceteoct goaaggette tggaggeace 9¢
ttcagecagat ctacgatgea ot ) g gacaagggcet bgagtggatyg 960
ggatacatta atcctageag ~atact aattacaatc agaaattcaa ggacagagtc 1020
acgattaccey cggacaaatc gagoaca goctacatgg agcetgagcag cctgagatet 1080
cgg cogtgtatta gtgcgaga coccaagtece actatgatta caascgggttt 1140
ggg gecaaggaac ccbgghcace gtotccteay gtyggaggogy ttcaggoegoa 12380
cog goggtggogg atogggtgge gyoggatcoty acatcocagat gacccagtcot 12€0
cce tgto te tgtaggagac agagtcacca teacttgesy tgccagoetoa 1320
gttt acatgaacty gtatcagcecag aaaccaggga aagcocctaa gagatggatt 1380
cat ccaaactgge ttctggggtc ccoatcaaggt tcagtggeag tggatctgog 1440
tcs ctoteaccat cageagtotg ﬁaaumﬁcaag attttgeaac ttactactgt 1560
tgga gbcgtaacee acccactitte ggcggaggga ccaagghbgga gabcaaacgo 1560
ot aa 1572
3:39)
rience 18 residue 1 to 60

EPKSSDKTHT CPPCPAPEAA GAPSVFLEPP KPKDTIMISR TREVICVVVD VSHEDPEVKE &0
NWYVD G.F”H NAK“KDREFQ YNS SV LTVLEQDWLN GKAYACAVSN KALPAPIEK 120
LEPSR DEL VEL TCLVKGEFYPS DIAVEWESKNG QPENNYKTTP 180

LYSKLTVDKS RWQ FSC SVMHEALHNH YTQESLSLSP GQRHNNSSLN 240

NSQVOLVO3G AEVKKPGSSV KVSCKASGGT FSRSTMEWVR QAPGQGLEWM 300

GTLLPSSAYT NY Nf5WKDRV TITADKSTST AYMELSSLRS EDTAVYYCAR PQVHYDYNGE 360
BYWGQGTLVT VSSGGGGEGE GGSGGGEEEGE GGSDIOMTQS PSSLSASVGD RVITITCSASS 420
SVSYMNWYQQ ALGKMLKPWI YDS3KLASGY PSRFSGSGSG TDFILTISIL QPEDFATYYC 80
QOWSRNPPTE GGGTKVEIKR SE3 503
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(SEQ 1D NO:40)
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DNA sequmce uf Fe Hl

atggaagea aget ctgetactet ggctcecccaga
q aat acas tgcccac
o] accygt tcat aaaccca

tgagyg

e
e
ot

¢
gtgag

aactggtacy tggacggogt aatq"c a g
tacaacageca cgtaccgtgt cteaccy tgcaccagga
ggco gauqm acg tgege cagececocat
aft caaag ccaaagggca tgt acaccchgee
ctga ccaagaacca tgg tcaaaggett

goog tggagtgoga aga acaactacaa
cecegtgetgy ac gacygy o ctecacegt
agobtggcage ag aacgt c ot gaggctcet
tacacgeags agagectete ¢ g g aacaattc
acaggaacte agatggeagyg tecatteteocyg a cagetggh
getgaggtyga agaagectgg gtecteggty aag sbect goaaggctte
ttcecageagat ctacgatgea ctggghtgoga cag coty caagggot
ggatacatta atcctageag tgcttatact asat aatc aaattcaa
acgattaccy gacaaatc cacgagcaca gcc atgg ctgagcag
gagyg g3 gtgtatta ctgtgogaga ccc ghea tatgatta
cott atel caaggaac ccbtggtbcace gtetceccteayg gtygaggegy
gatgy ggtggegg atcggytgge ggcggatcty aaattgtgte
ccage Tthetittgte tecaggggaa agagecacoe tohoctgeay
agtgt gaacty gtaccageag ac goegoccayg
tatg tgge ttctggoatce agtggcag
acag cecat cagcagactg ¢ Jaag tttgcagt
acce acccacttte g9 ggga ccaaggbggsa

(SEQ ID ) NO: 41)

Signal segquence is residue 1 to 60

Mature protein seguence of Feo HI0L7 (TSC341):

EPKISDKTHT CPPCPAPEAA GAPIVFLEPP
NWYVDGVEVE NAKTKPREEQ YNSTYRVVSY

I

MISR TPEVICVVYD

KPRDT

v LTVLEQDWLN GKAYACAVSN
LSKRKGOPRE POVYTLPPSR DELTKNQUSL TCLVKGEYPS DLAVEWESNG
PVLDSDGSFF LYSKLTVDKS RWQOGNVFSC SVMHEALENH YTQKSLSLSP
TGTOMAGESP NSQUOLVOSG AEVKKPGSSV KVSCKASSGT FSRSTMEWVR

SYINPSSAYT NYNQKFKDRV TITADKSTST AYMELSSLRS EDTAVYYCAR
PYWGQGTLVT VSSGGGGIGE GGSGGGGEEGE GGSEIVLITQS PATLSLSPGE
SVIYMNWYQQ KPGLAPRRWI YDS3KLASGI PDRFESGSGSG LTISRL
QOQWSRNEPTEF GGGTKVEIKR S35
(SEQ ID NO:42)
DNA sequence oflwc EH(}LS (T5C342):
atggaagcac cagoet tetettcecte ctgetactot
ct a aactcacaca ¢ gt
ggtgecaccgt ca cttcoceoccocea aacs gg
ac agyg to gogtggtggac gtgagocacyg
as cg tggacggegt qathJudc aatgccaags
ta yea cgtaccegtgt ggtcagegte cteacegtoco
[sfe cat acgcatgcge ggtctocaac aaagceoctoo
at ag a ggca goccogagaa ccacayggtygt
é a gtﬁ geot acctgee
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(SEQ ID NG4S

Signal se

Mature protein sequence of

KSSDETHT CPPCUPAPEAA
IWYVDGVEVE NAKTKPREEQ
FQVYTLPESR
DGSFF LYSKLTVDKS
TGTOMAGHSP Nugvoﬁvam

s NYNQKFKDRV

‘u@ub%@b

v <
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agobggcage aggggaacgt
ACACYCE agagcectete
agatggcagy
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gat ctacgatgoa

tta atcctageag

ccg cggacaaatc

cgy cocgtgtatts

a9y caaggaac
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{SE 47}

Signal seguence is residue 1 ¢

Mature protein seguence of TS8O

EPKSSDKTHT
NWYVDGVEVH NAKTEKPREEQ
ITSKAKGOPRE POVYTLPPSER
PVLDSDGSFEF LYSKLTVDKS
TGTOQMAGHESP N3QVQLVQSG
GYINPSSAYT NYNQKEKDRV
PYWGEQGTLVT VSSGGGGSGE
JV%‘IH\ IYQQ KPGKAPKRWI
QOWSRNPPTEF GGGTKVEIKR

CPPCPAPEAA

guence is residue 1 to &0

TRC370:

GAPSVFEFLEPRP
YNSTYRVVIV
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(SEQ ID NO:48)

DNA sequmce of TRL372;

[8]
<

12
(v

(Vg
-

Vg
(Vg

atggaagcac cagogoaget ctgotactet ggotoccaga taccoac &0
o0 aat - ‘as tgoccac : tga 120
g accgt ct aaaccca gat 180
E “tgagg gt gtgag ggt 240
aactqﬂpacg tggacggoegt aatq"c a g ggaggagcag 3C0
tar agca cgtaccgtgt ctocaccy tgcaccagga ctggctgaat 360
ggcaaggcat ac tgoge cagoococat Cgagaaaacc 420
at ccaaag ccaaagggesa tgb acaccchbgoo coccatcooogg 480
gagctga ccaagaacca tgyg tcaaaggett ctatccaage 540
toegoeg tggagtggga aga acaactacaa gaccacgoot 600
cecegtgetgy ac gacygy o ctecaccegt ggacaagaga 660
aggtgocage ag aacgt ¢ t gaggctcet gcacaaccac 720
tacacgeaga agageototo ¢ s e} aacaattc ttooctgaat 780
acaggaacte agatggeagyg tecatteteocyg a getggh geaatctggd ]
getgaggtyga agaagectgg gtecteggty aag coi Fgctte tggaggcacce
ttcecageagat ctacgatgea ctggghtgoga cag [siute agggot Tgagtggaty
ggatacatta atcctageag tgcttatact asat te attcaa ggacagagtc
acgat gacaaatc cacgagcaca geco tgg gagcag cctyga ot 8
gs gtgtatta ctgtgogaga ccc cc tgatta caacg tt O
> caaggaac ccbggtbcace gtet cay gaggegy ttcecaggegga 0
s} gtggegg atcegogtggce ggeggatety ccagat gacccagtot &0
o} ctgcate tgtaggagac agagtcacca tgacttgeag tgccagetca 0
ac gaactyg gtatcageag aaaccaggga aagecocctaa gagatggaltt 80
o actgge ttcectggggtce ”caf‘aaggt tcageggcay tggatctyggg 40
caceat cagcagocetg cagectgatg attttgcaac ttattactge [5G0
ceo acccacttte ggoggaggga ccaagghbgga gabcaaacgg 154

Signal seguence is residue 1 to
Mature protein seguence of
EPKSSDKTHT

CPPCEAPEAA GAPSVELEEP

NWYVDGVEVH NAKTKPREEQ YNSTYRVVSV
TSKAKGOPRE POVYTLPPSR DELT L

KNQVS
RWQOGNVESC

Aﬁ\;K”?S%f
g

PVLDSDGSFF LYSKLTVDKS
TGTOQMAGHESP N3QVQLVQSG
GYINPSSAYT NY FKDRV
PYWGEQGTLVT VSSGGGGSGE

SVSYMNWYQQ KPGKAPKRWI YDSSKLASGV
OWSRNPPTE GGGTEKVEIKR 833

(SEQ D NO:SG)

FNOK

N

DMA sequence of TSC390:

atggaagcac cagcgcagceh toeteticecte
gagctc asat cttctgacaa asactcacaca

gtgcacegt
cococtygagy

i

f.)

a“ﬂtgubacg aggtgcat
tacaacagces gbteagegte
s} ttctecaac
a goeooogagaa
oF: ggtcageetyg
ek gcaatdggg
ca cettctte
a tteteatge
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KWVECRASGET
AYMELSZSLRS

GGSDIOMTQS

PSREIGSGIG

TEEVTCVVVD
GRAYACAVSN
DIAVEWESNG
YTOKSLSLS
FSRSTMEWVR
EDTAVYYCAR
P 1L:A“V
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ggctcoccaga
goocageaca
acaccceteat
aagaccctga
casageoyeyg
tgcaccagys
cagecoocs
acacoctgoa
tcaaaggeltt
acaactacaa
agctcaccgt
atgaggetet
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KALPAPIE
QPENNYKTTP
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DAPGQGLEWM
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(SEQ I

Signal

(SEQ ID NO
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residue 1 t

POVYTLEPSR
LYSKLTVDKS
NSQVQLVOSG
NYNOKFEDRY
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DMA sequence of TRC391:
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Mature protein sequence of TEC391:

(]
L
[y
(@}

EPKSSDKTHT CPPCPAPEAA GAPSVFLEPP KPKDTLMISR TPEVICVVVD VSHEDPEVKE
NWYVDGVEVHE NAKTKPREEQ YNSTYRVVSV LTVLHQDWLN GKAYACAVSN KALPAPIEKT
ISKAKGQOPRE PQVYTLPP3R DELTRNQVIL TCLVKGEYPS DIAVEWESNG QPENNYKTTP

SVMHEALHENH YTQKSLSLSP GQRHNNSSLN

R
oo N
o O

FVLDSDGSEFFE LYSKLTVDKS RWQOGNVESC 240
TGTQMAGHSP N LVQSG PEVKKPGSSYV KVSCKASGYT FSRSTMHEWVR QAPGQGLEWT 300
10 GYINPS3AYT N y&FKDRV'TITAL' ST AYMELSSLRS EDTAVYYCAR PQVHYDYNGE 360
PYWGQGTLVT GGGSGGE GGSGGGGESGE GGSDIOMTQS PS“L“AQV”D RVTITCSASS 420
SVSYMNWYQQ KPCY%PRRWI YDSSKLASGY PSRESGSGSSG "TLTISSL QPDDEATYYC 480
QQWSRNPPTE GGGTKVEIKR S38 503

(SEQ ID NO:54)

DNA sequence of TSC392;

atggaagcac cagegeagelt tetcettocte ctgctactet ggeotoccaga taccacceyggt 60
20 gagaccaa at cttetgacaa aactcacaca tgcccacogt gcoccagcace tgaagacgaeg 120
gutgecaccgt cagtcettech ctbocccocs aaacccaagy acacccheat gabtctocoegy 180
tcacatgegt ggtgogtggac gtgagocacy aagaccctga ggtcaagttce 240
tggacggegt ggaggtgcat aatgccaaga caaagoogeyd ggaggagead 300
d g < g g < g gdgaggayg

cgtacegbgt ggtcagegte ctcaccegtoe Tgcaccagga chggectgast 360
25 acgcatgege ggtctcococaac aaagocctcee cagcecocccat cgagaaaacc 420
ccaaagggoa goccagagaa ccacagghgt acacactgece cccatacagg 480
ccaagaaccs ggbcagocty acctgectgy tceaaaggobl ctatcecaage 540
Cggaghgoga gagcaatggyg cagcecoggaga acaactacaa gaccacgoct 600
actcogacygg ctecttette ctetacagea agetcacoght ggacaagage 660

Y : : . I
30 aggggaacgt cttctecatge teegtgatge atgaggetot geoacaaccac 720
agagecctete cetgtecteceg ggtcagagge acaacaattce ttocctgaat 780
3 tcattctocg aattctcagg tccagehbggt geoaatcotygg 840
ggtgs g gtocteggtyg o ygotte tggatatacce 900
agcagalb ctac Bl gcga g gacaagggceh tgagtggaty 960
35 ggatauatn atcctageag tact atc agaaattcaa ggacagagtc 1020
ecgautacuo o ate gcaca g agctgageayg cotgagatet 1080
g o tta cgaga ¢ actatgatta caacgggttt 1140
cc goroaaggaac toace g gtggaggcecgg ttcaggogga 1260
ge goggtggegy gtgge ggaog g acatccaygal gacocagtct &0
40 ol tgtctygeate gagac agagtcacca tgactitgoeag tg tca 13220
ag acatga agcag aaaccaggga aagcocccetaa gag att 1380
tatge cca ggggtc ccatcaagygt tcagoggcsy tgg [slete) 1440
acagagt cte agcageety cagectgatyg atttbgeaac Ltattactge 15¢0
caacagtgga gte actttc ggcggagygga ccaaggbgga gatcaaacgg 1560
45 teccotccaget aa 1572

50 Mature protein seguence of T8C392:

EPKSSDKTHT CP APEAA GAPSVELEPP KPKDTLMISR TEE”TCVVVP V3HEDPEVKE 60
NWYVDGVEVH NAKTKPREEQ YNSTYRVVSV LTVLHQDWLN GKAYACAVSH h‘LPAPLLKE 120
55 ISKAKGQFPRE FQVYTLPESR DELTENQVSL TCLVKGEYPS DIAVEWESNG QPENNYKTITP 180
PVLDSDGSFF LY3KLTVDKS RWQQOGNVESC SVMHEALHNH YTQOKSLSLSP GQRHNNS3LN 240
TGTOMAGHSE NSQVQLVQSG PEVEKKPGSSYV KVSCKASGYT FSRS3TMEWVR QAPGQGLEWM 300
GYINPSSAYT NYNQKEFKDRV TITADKSTST AYMELSSLRS EDTAVVY‘Ph POQVHYDYNGF 3e0
PYWGOGTLVT V3SGGGEGEGG GGSGGGGSGGE GGSDIOMTQS PSTLSASVGD RVIMTCSASS 420
0 SVSYMNWYQQ KPGKAPKRWI YDSSKLASGY EF3REFSGSGSG TEFTLT SSL QPDDFATYYC 480
QOWSRNPETE GGGTKVEIKR 58S 503

(SEQ ID NO:56)

[o)
(¥4

DNA sequence of TS{393:
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Mature protein seguence of T 39:
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BEKT T hAKLO

TTEPVLDSDG

SLNTGTOMAG
EWMGYINPSS
NGFEYWGQGT

ASSEVSYMNW
YYCQOWIRNP

atggaagcac
ga tccaga

atcacttgee
ggga agttc
cggttcagty
gaagattttyg
gygaccaagy
ggtggetete
gtgsaggtet
cgacagq
actag
acage
agatcggaty
tectegagtyg
gaageogoyy
atcteccegga
gtcaagttca
gaggagcagt
tggctgaaty
ga aacca
ccatecocoggg
tatccaageg
accacgecete

Lccc?gw
caatctggygy
ggatatacct
gagbtggatag
g;uggagtca

MSASVGDRVT
FTLTISSLOFE
GAEVKKPGAS
VIMTRDTSIS
THTCEPCEAP
EVHNAKTKPR
PREPQVYTLP
SFFLYSKLTV
HSENSQVOLY
AYTNY Ngh"?
L"\/""“ [SSGG
)4¢] OKP"KAQK
PTEGGGTKVE

(SEQ ID NO:64)

DMA sequence of TRC4140:
cagcgeaget
tgacccagte

o Q
ct
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o
W
Q
o @
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o
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e
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te]
I
e}
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[O R

90O @

[
[gate]

0
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jol
[te]

@
SI

é

aaggogtsa
ctecaaage
atgagctgac
acatcegeogt
ccgitgetgga
ggtggcagcea
acacgoagas
caggaactca
ctgaggtoaa
tcageagatae
gatacattas
cgattacege
aggacacgge

ITCRASKSIS
EDFATYYCQD
VKVSCKASGY
TAYMELSSLR
EARGAPSVFEL
"“O\/J‘\\ S":VDXVT
PSRDELTKND
DKSRWZQGNV
QSGPEVKKPG
DRVTITADKS
SGGEGESGGES
RWIYDSSKLA
IKR33S

tectettecte
tecatccgoe
y gagcattage
catccattcet

tgggacagaa

+

ngv“aduﬂﬁ

ACY

cacatgegty
ggacggegtyg
gtaccgtgtyg
cgegtgegey
caaagggeayg
caagaaccag
ggagtgggag
ctcocegacgge
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(SEQ ID NO:65)
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(SEQ 1D NO:66)
DNA sequence of TSC411:
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(SEQ T
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atcaascggt
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(SEQ D NO:68)
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Mature protein sequence of THC411:
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(SEQ 1D NO:69)

Signal seguence isg residue 1 to 5!

Mature protein sequence of CAS10S5:

EVQLVQSGAE VKKPGESLKI SCK GYNMNWVROM PGKGLEWM &0
NREFKGQVTL SADKSISTAY LQ TAMYYCARSYV GPEFDSWGY 120
SGGGGESGEGEE S5GGEGIGEEG SE TLSLSPGERA TLSCRASENV 180
PGOAPRLLIY GIP AR DETLTISSLE PEDFAVYYCQ HHSDNEWIFG 240
QGTRVEIKSS AGAPSVELER PKPKDTIMIS RTPEVICVVV 3

DVSHEDPEVK F"\E "’VF' \/’EV QYNITYRVVS VLTVLHQODWL NGKAYA 3
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RPOVHAYDYNG FRYWGQGTPV TVS3GGGGSG SLSAZVGD
TMTCSASSSV SYMNWYQQKP GKAPKRWIYD SSKLASGVPA YTTmLSUIQF 72
EDFATYYCQQ WSRNPPTEFGG GTKLQITSSS

(SEQ ID NO:76)
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tggeg gtggetetgg cggaggtgga bocggtggcg 480
aattyg tgttgacaca gtctecagee accctgtett 40
ctect go aag tgsaaatgtl tacagctact >0
gecagy choctaggel ccteatetat ttbtgcasaas ga aggtattcca 0
ggtteca gtggocagtygg ctecgggaca gactbcacte tecaccatcecayg cagectagad 720
aagatlt Ltgcagttta ttactgtcaa catcattoocg ataatcoccgtyg gacattegge 780
ggacca aggtbggaaalt caaatcctog agtgagceocca aatcehbitctga caaasctcac 840
geccac cgtgeccage acctgaagece gegggot cgtecagtctt ccectottecoe 9C0
ascccs aggacaccct catgatoetcee cggac aggtcacatg cgtggtggtg 960
acgtgagee acgaagacee tgasgghbcaag ttcaa acgtggacgy <g agc 1020
agacaaagcs goggy ag cagtacaaca goacy cg tgtggtcage 1080
toctgoacca ggact tg aatggcaagg catac tg cgocggtotec 1140
aacaaagccece btoccageccee categ aa accabcteca aagecaragyg geageocega 1260
gaaccacagy tgtacaccct gecce cc cgggatgage tgaccaagaa ccaggtcage 1260
ctgacctgee tggtcaaagg cttet ca agcgacatcyg cagtggagtyg agagcaat 13
gogcagocygy agaacaactsa 3 cg cchbecegtge tggactooga goteotta J;%O
ttcoctetaca geaagetecac cgtggacaayg ageaggbgge agecaggggaa scttetea 1440
tgcteogtyga tgcatgagge tctguacaac cactacacge agaagagoct cectgtet 1580
gyggtcaga ggcacaacaa Ltcthbccctyg asatacaggaa ctcecagatgge aggtcattot 1560
ccgaattcte aggtccaget ggtgcaatct gggectgagy btgaagaagece tgggtcoctoeg 162
gtgaacgtct cetgeaagge tictggatat accttcagea gatectacgat geactgggtg 1680
cgacaggocns ctggacaagyg getbtgagtgg goataca ttaatcoctag cagtgettat 1740
actaattaca atcagaaatt caaggacaga gtcacgatta cocgcoggacaa atce 1880
acagcctaca tggagotoag cagoctgaga totgaggaca cggeoocgtgta tra 18€0
agaccccaag € tatga ttacaacggg tttoottact ggggoos: g aac 1920
accgtcectoct cag cgogttcagge ggaggtogat ccogg gy cgg g 1980
ggoggecggat oty gatgacccag tctoottoca coctg gc atctgtagga 2040
gacagagbcs ccatgactty cagtgcoccage tcasagtgtaa gtta aa ctggtatcecag 2100
g ggaaagccce taagagatgy atttatgach cat foln 2160
a ggttcagegg cagtggatcet gggacagagh toa
g atgattttgce aacttattac tgccsacagt ggag
g ggaccaaggt ggagatcaaa cggtocteca gotasa
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(SEQ ID NO:75)

Signal seguence isg residue 1 to 5!

Mature protein sequence of Anti-CD37 X TSC453:

EVQLVQSGAE VKKPGESLKI SCK GYNMNWVROM PGKGLEWM &0
NREFKGQVTL SADKSISTAY LQ AMYYCARSY GPEDSWGQ 120
SGGGGESGEGEE S5GGEGIGEEG SE TLSLS GERA TLSCRASENV 180
PGOAPRLLIY GIP AR DETLTISSLE PEDFAVYYCQ HHSDNEWIFG 240
QGTRVEIKSS AGAPSVELER PKPKDTIMIS RTPEVICVVV 3
DVSHEDPEVK F"\E"’VD QYNSTYRVVSE T DWL 3
NKALPAPIEK TL"KAK EPQVYTLPPS REELTKNQVS GEYP 42
QPENNYKTT PRPVLDS FLYSKLTVDK SRWQQGNVES LHN 4
PGQRHINCDL NTGTTMAM 3 PNSQVQLVOS GPEVEKPG3S VKVSCKASGY 540
ROAPGOGLEW IGYINPSSAY TNYNQKFKDR ’”l”K“K““S TAYMELSSLR 600
RPOVHAYDYNG FRYWGQGT TVS3GGGEGESG GGGIGE 660
DRVIMTCSAS SSVSYMNWYQ QKPG KAPFF' TYF;S 720
LOPEDFATYY CQQWSRNPPT FGGGTKLQOIT S358 753

(SEQ ID NO:76)

ence of Anu— f}}37 X Ts(454:

ct tcectettecte atgota

3N
DO

Ty geagte tqja tgasa iz
t cggbta ctca tac 180
g ggagty gatg gat 240
ga tcaagggeecas ggbca cgocgaca 200
atgga gecagectogaa ggoct gcooatgt 360
ttteg actectggyg ccagyy ygtcacty 420
tggeg gtggetetgg cggaggtgga bocggtggcg 480
aattyg tgttgacaca gtctecagee accctgtett 40
ctect go aag tgsaaatgtl tacagctact >0
gecagy choctaggel ccteatetat ttbtgcasaas ga aggtattcca 0
ggtteca gtggocagtygg ctecgggaca gactbcacte tecaccatcecayg cagectagad 720
aagatlt Ltgcagttta ttactgtcaa catcattoocg ataatcoccgtyg gacattegge 780
ggacca aggtbggaaalt caaatcctog agtgagceocca aatcehbitctga caaasctcac 840
geccac cgtgeccage acctgaagece gegggot gtecagtctt cctottecce 9C0
ascccs aggacaccct catgatoetcee cggac aggtcacatg cgtggtggtyg 960
acgtgagee acgaagacee tgasgghbcaag ttcaa cgtggacgy cg agc 1020
agacaaagcs goggy ag cagtac cacy cg tgtggtcage 1080
toctgoacca ggact tg aatgge atac tg cgocggtotec 1140
aacaaagccece btoccageccee categ aa accatcet sagecaragyg geageoccega 1260
gaaccacagy tgtacaccct gecce cc ”gwqatgagc tgaccaagaa ccaggtcage 1260
ctgacctgee tggtcaaagy cttet ca agcgacatcg cagtggagtyg ggagagcaat 13
gogcagocygy agaacaactsa cg cchbecegtge tggactooga cggotectto J;%O
ttcoctetaca geaagetcecac cgtggacaayg ageaggbgge agcecaggggaa cghtcettctea 1440
tgcteogtyga tgcatgagge tctguacaac cactacacge agaagagcoct ctocctgtet 1580
gygtcaga ggcacaacaa Ltcthbccctyg asatacaggaa ctcecagatgge tecattot 1560
ccgaattcte aggtceccaget ggtgcaatct gggectgagy tgaagaagcoc ggtccteg 162
gtgaacgtct cetgeaagge tictggatat accttcagea gatectacgat goactgggtg 1680
cgacaggocns ctggacaagyg getbtgagtgg goataca ttaatcoctag cagtgettat 1740
actaattaca atcagaaatt caaggacaga gtcacgatta ¢ aa atc 1880
acagcctaca tggagotoag cagoctgaga totgaggaca cg ta tta 18€0
agaccccaag € tatga ttacaacggg tttcottact gg gg aac 1920
accgtcectoct cag ags cggttcagge ggaggtogat cco gg 1980
ggoggecggat oty a gatgacccag tctocttcocoa cc gc 2040
gacagagtca cca g cagtgccage tcaagtgtaa gt as 2100
: g ggaaagccce taagagatgy atttatgach ca 2160
a ggttecagegg cagtggatcet gggacagatt to ac
g atgattttgce aacttattac tgccaacagt gy aa
g ggaccaaggt ggagatcaaa cggtocteca go
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(SEQ D NO:77)

Signal seguence isg residue 1 to 5!

Mature protein sequence of Anti-CD37 X TEC454:

EVQLVQSGAE VKKPGESLKI SCK GYNMNWVROM PGKGLEWM &0
NREFKGQVTL SADKSISTAY LQ AMYYCARSY GPEDSWGQ 120
SGGGGESGEGEE S5GGEGIGEEG SE TLSLS GERA TLSCRASENV 180
PGOAPRLLIY GIP AR DETLTISSLE PEDFAVYYCQ HHSDNEWIFG 240
QGTRVEIKSS AGAPSVELER PKPKDTIMIS RTPEVICVVV 3
DVSHEDPEVK F"\E"’VD QYNSTYRVVSE T DWL 3

NK}\,L PAPIEK T

s EPQVYTLPPS REELTKNQVS
QPENNYKTT PRPVLDS

FLYSKLTVDK SRWQQGNVES
~n

EGQRHINCDL NTUATMAH 3 PNSQVQLVQS GPEVKEPGSS 540
ROAPGOGLEW IGYINPSSAT TNXNQKFKDR VITITADKSTS 600
RPOQVHYDYNG FRPYWGQ TVS3GGEGE3E GGEIGEEESE 660
DRVIMTCSAS SSVSYMNWYQ QKPGKAPKRW ITYDSSKLASG 720
LOFDDFATYY CQQWSRNPPT FGGGTKVEIK RSSS 754

(SEQ ID NO:78)

ence of Anu— f}}37 X TS{458:;

ct totettecte ctgceta

3N
DO

Ty geagte tgﬁag"d tgasa iz
t cggbta ctcat tac 180
g ggagty gatg gat 240
ga tecaagggoeca gghbcac cgocgaca 200
atgga gecagectogaa ggoct gcooatgt 360
ttteg actectggyg ccagyy ygtcacty 420
tggeg gtggetetgg cggaggtgga bocggtggcg 480
aattyg tgttgacaca gtctecagee accctgtett 40
ctect go aag tgsaaatgtl tacagctact >0
gecagy choctaggel ccteatetat ttbtgcasaas ga aggtattcca 0
ggtteca gtggocagtygg ctecgggaca gactbcacte tecaccatcecayg cagectagad 720
aagatlt Ltgcagttta ttactgtcaa catcattoocg ataatcoccgtyg gacattegge 780
ggacca aggtbggaaalt caaatcctog agtgagceocca aatcehbitctga caaasctcac 840
geccac cgtgeccage acctgaagece gegggot cgtecagtctt cctottece 9C0
aacccs aggacaccct catgatetce cggacce aggtcacatyg cgtggtggtg 960
acgtgager acgaagaccee tgaggbcaag ttcaact acgtggacygy < gaggty 1020
agacaaagoe goggy ag cagtacaaca goacg cg tgtggtcage 1080
toctgoacca ggact tg aatggcaagg catac tg cgocggtotec 1140
aacaaagcoce bteccageoee cateyg aa accabcteoca aagecaaagyg geagooccga 12¢0
gaaccacagy tgtacaccct gecce cc cgggatgage tgaccaagaa ccaggtcage 1260
ctgacctgee tggtcaaagg cttet ca agcgacatcyg cagtggagtyg agagcaat 13
gogcagocygy agaacaactsa 3 cg cchbecegtge tggactooga goteotta J;%O
ttcoctetaca geaagetecac cgtggacaayg ageaggbgge agecaggggaa scttetea 1440
tgcteogtyga tgcatgagge tctguacaac cactacacge agaagagoct cectgtet 1580
gygtcaga ggcacaacaa Ltcthbccctyg asatacaggaa ctcecagatgge tecattot 1560
ccgaattcte aggtceccaget ggtgcaatct gggectgagy tgaagaagcoc ggtccteg 162
gtgaacgtct cetgeaagge tictggatat accttcagea gatectacgat geactgggtg 1680
cgacaggocns ctggacaagyg getbtgagtgg goataca ttaatcoctag cagtgettat 1740
actaattaca atcagaaatt caaggacaga gtcacgatta co aa atc 1880
acagcctaca tggagotoag cagoctgaga totgaggaca cg ta tta 18€0
agaccccaag € tatga ttacaacggg tttcottact gg gg aac 1920
accgtcectoct cag ags cggttcagge ggaggtogat cco gg 1980
ggoggecggat oty a gatgacccag tctocttcocoa cc gc 2040
gacagagtca cca g cagtgccage tcaagtgtaa gt as 2100
: g ggaaagccce taagagatgy atttatgach ca 2160
a ggttcocagegg cagtggatcet gggacagagh at ac
g atgattttgce aacttattac tgccaacagt gy aa
g ggaccaaggt ggagatcaaa cggtocteca go

114



[
)
‘e’

15

b
<&

25

30

957
e

B
Y
=
L

Joa
(¥4

(Vg
)

55

(SEQ 1D NO:7

seguence isg residue 1

ul‘.ano H

Mature protein

EVQLVQSGAR
NREFKGOVTT
SGGEGESGE
PGOAPRLLIY
QGTKVEIKSS
DVSHEEDPEVK
RIAAHHPIbK
QPENNYRKTT
PuQRH‘NCDu
GQGLEW
Q”QVHYFYNF
DRVIMTCSAS

L JDUEATYY

9

egquence of

(SEQ ID NO:80)

O = Gy @
o4y 8 3
-3 Q) 3
morm G

allo!
O <
i
A <

PYWGOGTLY
SSVSYMNWYQ
COQWSRNPPT

to 51

Anti-~CD37

CKGSGYSE
WSSLEAS

1O

YO
Y

1
I SR |

o
r:1
]
o
(G
]
i
o

ENAKTKPREE
EPQVYTLPPS
FLYSKLTVDK
PNSQVQLVQS
TNY NQYFRDP
TVS3GGEE
QKPGKAPKRW

FGGGTKVEIK

GGSG

X TEC455:

GYNMNWVROM

TA "I{\ Cf RSV

DrTLTISSLE
AGAPSVELEP
QYNSTYRVVSE
ROELTKNQVS
SRWOQGNVES
=P EVhKPwa%

TADKSTS

I—l

DMA sequence of Anti-CD37 X 'TS{C456:

atgcaa

aggtg
tc;tgtdagg
cccgggaaas

gaagt

gcac

O NQ W0
[ SO R A VA R
[SRRteINTe]

+
O

0 oot
SRS

O
{
W0 Q0

(ORI
OB OR)
¥ o Q

53

8]

gt g
cgacagy
actaatt:
acagcctaca
agaccccoaag
accgtetoct
ggcggeggat
gacagagtca
a

ok ) 1) @ Q)

o’

gcuvauut

grdeag
gcteceggtbts
gcoctggagty
tcaagggocs
gecagectgaa
actcotggygg
gt tygg

G

acac
ogoaads
gcaad
aggct

Mo

o Q
o
)

«Q

ot

oo
Yoy o
0 Q

U]
[eRRte}

vl

¢
-
{

caggtggagy
ctgacatcca
ccatgactitg
ggaaagoceoe
ggttcagegy
atg ttge

O

(o]
)
0w

tctettecte
tggagcaga

ctcatp»avp

gatgggcaat

gogtcactate

ggccteggac

ccagggeaca

cyggaggtgga

gtctecagec

tgaaaatgtt

ccteataetat

ctoocgggacsa

ttactgtcaa

caaa Tog

o cé

cc

LYot

ag

ctyg

aa

e

O 0 Q QW

o oF 0

g
cagyc

cggtt
”atqao

D

)
&
32
e
3 kQ
2 f)
a.)
[SRRXORRTO Ry )
0 Q

taagaqat g
cagtggaton
aacttattac

ggagatcaaa

Q

4
[
.
[

[t}

o opoQ
fte]
a
9}
[t}
o
[}

o O

Q
W@
oF

o)
O
Q
or

O
[gte:

W Q)

ot
Qo0
9]

T O

o
o
o

ot

[SRNe!
o0
QT
0 Q
i

o)

0 f

ac
ta

rr
ot
o

e}
a
o
o
2]
»
»

o]
3%
9]
o

:
O

Q

o)

s

[S I
)

ot
[

atagga

GL‘acqa La

atc
~orogacacats
gggacagatt
tgccaacagt
cggteocteoca

115

GPEDSWGQGET
TLSCRASENV
PEDFAVYYCQ
PRKPKDTLMIS
VLTVLHODWL
LTCLVKGEYP
CSVMEEALEN
VEVICKASGEY
TAYMELSSLR

GGGIDIOMTO
VPSRFIGSGE

Befetatsialelers
ggctccaca
<

O
o]
[to}

o

1]

,'\.
Lo}

L

el

tgaactgggt
attatggtgg
agtccatceaqg
attactgtge
ctoctetgy
geggastetgy
tgtctcoccagg
Eageeto
tagcetggta
Ttagcaga
tcaccatcay
ataatccegtyg
aatchbtctga
S et e el ok
cgtcagtett
aggtcacatyg
acgtggacgyg
gecacgtacey
ca cgtyg
ARagy
agaa
agtyg
coga
ggggaa
gagcch
Jatgge
gaagoc
tacgat
tcctag
J
cegeggacasa
cggecygt
ggggccas:
ceggegs
ceetgt
gttaca
catcca

o
o

O Q W
[tel
o

P QN
o
Q
-

IS
O

9]
¢t
o

<
u <

LAW YQOK
NEWIEFG

RTPEVTCVVV

o]
sy
o
=y
"D 9}
L‘J

“Z‘\.\”_’Yx__ Y

Taccaco
caccacc

W
ot

ot
9]
ot
(e
o
o
[t}

o B Q
fus
p

T
0
9]
O
o

as
0 Q

By
0 0 WQ
a oo
)
0
0 0 WQ
533

C
s3]

0

Ie}

[e]
oo
b

0

Q

) 1) 0

o
¢!
o
IS
9]

[

]

0 Q W
o]

t

[tel
o
O QG Q
W
Q

U Q
[t}
{3

T W
[»i Yo}
Q

o
s3]
&0

te]
j]
(e
QD Qw
te]

a0

0 Qs
ju
&

o>

[te]

e Ito V)

ot
o
t
¢}
{1
ol

(8]
o
o

[

{1

o]

i

ot
[oRs
0QQ

0

Q

0
P
i

s
]

t

o
o
s3]
&
9]
{1

O
(8]

s

]

ot

o
Qo
92

19

9}

el
e
t

a
o
[tolyte}

¢!
O Q
ot
e}

o
ot
el

Ao RIS
s3]

tgtggteage
cgcggtetee
goagooocga
ccaggtecage
ggagagcaat
cggeotectte
cgtettetea
ctecctgtet
aggtcatict
ggtcocteg
actgggtyg
gtgcttat
atccacgage
tgtgey
rcctggta
gatcggyt
gtagga
tatcag
tetggy
agcage
coe

20

R

[EV NS
O s
oo

o
[

-
N Sy
» OO

180
240
20
1

O

e

(6, BN
g 0 DN
s e NeNele

Sy Oy
N O
L,

N &

1

I N
M b D O W0 WO 0D ~d
o N O d @

(SRS N S I W

=
[S3 28]

Do QO
(s ol e NeNe]

by Oy

1380
1440
50
1560
1620

1680

-
-

N

ol

o
[aeu
o

N e

0O O o
o o N Oy
SO O OO0

N

> b e O
fisN

h
N
o

(=)}
o

SSENS)

2280
2325



16

535

Signal seguence isg residue 1 to 5!

EVQLVQOS GYNMNWVROM KGLEWMGN &0
NRK F‘f(\:’“/' I TAMYYCARSY FDSWGQGT 120
S3GGEGSGEGEE . TLSLSPGERA SC SE 3_80
FGQAPRLLIY F . DFAVYYCQ 240
QGTKVEIKSS ¢ PPCPAPEA PRKDTLMIS EVTCOVVY 300
DVSHEDPEVK FNWYVDGVEV ENAKTKPREE QYN “T‘ YRVVS VLTVLHQDWL YACAVS 360
NKALPAPIEK TISKAKGQPR EPQVYTLPPS RDELTRNQVS LTCLA TE 420
G4 ‘PE‘Nl\ YKTT PPVLDSDGSE FLYSKLTVDK SRWQOGNVES C“v’M.& HN 480

GQRHNNS3L, N- MAGHS PNSQVQLVQS GP \,’KKPuJS 540
E gAPu : Y TNYNQKFEKDR 600
RPOVHYDYNG FPYWGQG TLV TVSSGGGG3G G 660
DRVIMTCSAS SSVIYMNWYQ QKPGKAPKRW VPSRESGIGS 720

LOPDDFATYY COQWSRNPPT FGGGTKVEIK

(SEQ ID NO:82)

Protein sequence of TSC455 anti-CD3 sckv

'O

WVOLVOSGPEVKEPGS SVEVSCKASGYTESRSTMHWVRQAPGOGLEWIGY INPSSAYTNYNQKEKDEVTITADK
STQTAYMELSSLPSFDTAVYYCX#PQVHYDYRGV, QGTLVTIVSSGGEEESGEEESGEEESGEEESDIOMTQOS
PSTLSASVGDRVT 4LMLASSSVQ{MVWEO“vahdFKRTIYDSSKLASGVP@RFSGSUS GTEYTLTISSLOPDD
FATYYCQOWSRNEPPTEGGGTKVEIKRESS

(SEQ ID NO:83)

A

Protein sequence of TSC436 anti-CD3 scky

CVOLVOSGPEVKEKPGESSVKVSCRASGYTEFSRETMHEHWVRQAPGOGLEWIGYINPSSAY TNYNOQKFKDRVTLITADK
STSTAYMELSSLRSEDTAVYYCARPOVHYDYNGEPYWGQOGTLVIVSSGGGEESGEGEGES buC‘GSbuC'.DI“MTQS
PETLSASVGDRVIMTCSASSSVSYMNWYQOKPGRKAPKRWIYDSSKLASGVPSREFSGSGSGTDYTLTISELOPDD
FATYYCQOOWSRNPPTFGGGETKVEIKRESS

(SEQ ID NO:84)

Protein sequence of DRA222 anti-CD3 sckv

QVOLVESGGGVVOPGRSLRLSCKASGYTHFTRSTMHEWVRQAPGOGLEWIGYINEPSSAYTNY
SKSTAFLOMDSLRPEDTGVYFCARPQVHYI JCFPiWCQuT“VmVSQGGL_SGG?GS G
LSASVGDRVIMTCSASSSVSYMNWYQORKPGKAPKRWIYDSSKLASGVPARE
YYCOOWSRNPPTFGGGTKLQITSSS

(SEQ ID NO:35)

&
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Protein sequence of TSC455 and TSC456 variable heavy domain

CVOLVOSGPEVRKKPGSSVKVSCKASGYTESRETMEWVROAPGQGLEWIGYINESSAYTNYNQKFKDRVT L TADK
STETAYMELSSLREEDTAVYYCARPQVHYDYNGE VSS

(SEQ D NO:86)

Protein sequence of DRA222 variable heavy domain

OVOLVESGGGVVOPGRSLRLSCKASGYTEFTRSTMEWVROAPGOGLEWIGYINPSSAYTNYNQKEFKDRETISADK
SKST AFLOMDSLRPEDTGVYFCARPQVHYDYNGERPYWGQGTEVTIVSES
¢ ID

NO:87)

1i6
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Protein sequence of TS{45S variable light domain

DIOMTOSPSTLSASVGDRVIMTCESASSSV
SSLOPPDFATYYCOQWSRNPPTEFGGGTKV

(SEQ D N(O:88)

SYMNWYQOKPGKAPKRWIYDSSKLASGVEPSRESGSGSGTEYTLTI

¢k

Protein sequence of TS{456 variable light domain
DIOMTOSPSTLSASVGDRVTMTCSASSSVSYMNWY QQKPGKAPKRWIYDSSKLASGVPSRFSGSGSGTDYTLTI
SSLOPDDFATYYCOOWSRNPPTFGGGTKVEI KRS

(5EQ D NO:89)

Protein sequence of DRAZ222 variable light domain
DIOMTQOSPSSLSASVGDRVIMTCSASSSVEYMNWYQOKPGKAPKRWIYDSSKLASGVPARESGSGSGTDYTLTE
SSLOPEDEFATYYCQOWSRNPRPTFGGGTKLOITS

(SEQ D NG9Oy

Cris7 and DRA222 VH CBR1 (Kabat) RSTMH (SEQ 1D NG:91)

Cris7 and DRA222 VH CDR2 (Kabat) YINPSSAYTNYNQKFK (SEQ ID NG:92)
Cris7 and BRA222 VH CDR3 (Kabat) QVHYDYNGEFPY (SEQ ID N(:93)

Cris7 and DRAZ222 VI CDR] (Kabat) SASSSVSYMN (SEQ 1D NG:94)

Cris7 and DRAZ222 VL CDR2Z (Kabat) DSSKLAS (SEQ [D N(:95)

Cris7 and DRAZ222 VL CDR3 (Kabat) QOWSRNPPT (SEQ ID N(G:96)

Cris7 and DRA222 VH CBR1 (IMGT) GYTFTRST (SEQ 1D NG:1%9)
Cris7 and DRA222 VH CBR2 (IMGT) INPSSAYT (SEQ D NO:200)
Cris7 and DRA222 VH CDR3 (IMGT) QOWSRNPPT (SEQ ID NG:201)

Cris7 and DRA222 VL CDR1 (IMGT) ASSSVEY (SEQ 1D NG:202)
Cris7 and DRA222 VL CDR2 (IMGT) DSS (SEQ 1D NO:203)
Cris7 and DRA222 VL CDR3 (IMGT) QOWSRNPPT (SEQ ID N(:204)

DNA sequence of ROR133:
atggaagcaccagegcageticteitectectgetacteiggctcccagataccaceggigacatocagaigacocagicoccctcCtocctg
tccgectcogiggocpacegggtsacceatcaactgecaggectcecagiccategaciccaacciggeciggitccagcagaagecegac
aagecocccaagetgetgatetaccgggectecaacetggectecggegigeoctoceggiicteeggctecggeiccggracegactica
coctgaccatctectocctgeageocgaggacgiggecacciactacigectgggoggcatggocgoegtgtectaceggacciocticy
geggogecaccaaggtogagatcaaggatggagacppticaggeggagetogatecgocggtggogactecggiggcggggatct
saggtocageiggipsagiceggcggcegectggigcageccggecggicectgeggetigtcctgcaccgecteoggcteogacatea
acgactaccccaictoctgggtegcggcaggoccoggeaagggcctggagigoategecticatcaactecggoggceticcacciggiac
geotectgggigaagooccggticaccatcteccgggacgacticcaagiccatogectaccigeagatgaacteccigaagaccgaggac
accgeogtgtactatigegeecgggactaciccacctactacggegacticaacatcigggoccagggeacoetggtoacegtatecicga
gtgageccaaatctictgacaaaacicacacatgeccaccgigeccageaccigaagecgcggatgcaccegtcagteticetottcoecoea
aaacccaaggacacecteatgateicceggaceocigaggtcacatgegtogtogtggacgtgagecacgaagacectgaggteaagtic
aactggtacgiggacgpcgtgeagetocataalgocaagacaaagocgeggpaggageagtacaacageacgiacegigiggatcagey
tecteaccgtectgeaceaggactggetgaatggeaaggaatacaagtgcgeggictecaacaaagocecteccagececcaicgaganaa
ceatetccaaagecaaagggeageocegagaaccacaggigtacacectgeccecatecogggatpagetgaccaagaaccaggicag
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cotgacctgectggtcaaaggctictatccaagegacategecgtggagigpoagageaatgggcagecggagaacaactacaagacea
cgoctoccgtgetggactcegacggctecticticeictacageaageticacegtggacaagageaggtggcageaggggaacgicticic
atgctecgtgatgcatgaggcicigcacaaccactacacgeagaagagectetecetgicicoggettetogtpgagocggoticagoegsa
gotgocteccggogatoocpgatcgccgogcteicaggiccagetiggiggagictggooocgoagtostgcagectgggepgtcactyga
goctgtectgcaaggcetictggotacacctitactagatetacgatgeactgogtaaggcaggoccctggacaaggicigoaatggatigoa
tacattaatectageagtyctiatactaatiacaatcagaaattcaaggacaggticacaateagegeagacaaatocaagageacagectic

cigcagatggacagectigaggeccgaggacaccggegictatiictgtgeacggecceaagtecactatgattacaacgggtticctiacty

sggccaaggractecegteacigicictageggiggopgagguictgggootuscggatecggaggatoptggctcigeacaagacatec
agatgacccagiciccaageagoctgtetgcaagegtgggggacagggteaccatgacetgeagtgecagetcaagtgtaagitacaiga

actggtaccageagaagecgggcaaggececcaagagatggatttatgacicatccaaactggotictggagtecctgetegeitcagteg

cagtggetetgooaccgactatacectcacaateageagectgeageccgaagatticgecactiatiactgecageagtggagicgtaace
cacceacgticggaggggggaccaagotacaaatiacatectecagetaa

OO0

(SEQ ID NO:97)

Mature protein sequence of ROR133:
digmtgspssisasvgdrviinegasgsidsonlawlfqgkpgkppklilivrasnlasgvpsrisgsgsatdfiltissiqpedvatyvelggy
gavsyrisfggethvelkggogsgoegsgogosgogosevglvesgoglvapearsirisctasgsdindypiswvrgapgkglewigf
msgastwyaswvkgritisrddsksiaylgmnsiktedtavyycargysty vgdfniwgqetivivsssepkssdkthteppepapea
agapsvilppkpkdtimisrtpevtevvvdvshedpevkinwyvdgvevhnaktkpreegynstyrvvsvitvihgdwingkeyk
cavsnkalpapiektiskakggprepgvytippsrdeltkngvshicivkgtypsdiavewesnggpennyktippvidsdgsffiyski
tvdksrwgqggnviscsvmhealhnhytgksislspgsggogsgoogsgogospesqvglvesgggavyvapgrsirlsckasgyifirst
mhwvrgapgqglewigyinpssaytnyngkfkdrftisadkskstaflgmdsirpedtgvy fearpgvhydyngfpyweqgtpvty
ssggggsgooosgooosaqdigmtqspssisasvgdrvimicsasssvsymnwyqakpgkapkrwiydssklasgvparfsgsgs
gtdytitissigpedfatyyeqqwsmpptfeggtkiqitsss

(SEQ I} NO:98)

DNA sequence of ROR193:
atggaagcaccagcgeagcticteticctectgetactctggcicccagataccaccggtioacatccagatgacccagiccecctecicoctyg

o8

tccgoctocgtggoceaccggatoaccatcaactgecagecctecoecagiccatecgactccaacetggectggticcageagaageccgec

aagcoccccaagetgctgatctaccggocctccaacciggectecggegigeccicceggtictecggctcegactccgacacegacitca
ceotgaccatetectocctgeagecegaggacgtggecacctactactgectggpeggogiggocgcegigicctaceggacctecticg
gegocggcaccaagetggagatcaagegtggaggeggttcagacgagptgpaiceggogotpacgaciccggiggogocggatct
gagotpcagctggtigoagticogocggcgacciggigcageccggccggicecigeggctgicctigeaccgeciceggiccgacatca
acgactaccccatotccigggotgcggcaggecoecggcaagggcciggaptgpalcggcticaicaactecggeggciccacciggiac
gectectgggioaaggocogoticaccateicecgggacgactecaagiccatcgectacetgcagatgaacteccigaagacegaggac
accgocgtgtactatigegeccggggctactecacciactacggegacticaacatetgggaccagggcaceciggtsacegtgtoctoga
gtgagcecaaatettotgacaaaactcacacatgeccacegtgeccageacetigaagecgegggtacacogicagicticeicticeooeca
aaacccaaggacaccotcatgatetecocggacoccigagpteacatgegtggigoiosacgigagecacgaagaceotgaggicaagiic
aaciggtacgigpacggogtygagpigcataatgccaagacaaagecgoggagaggagcagtacaacageacgtacegigtgatcageg
tectcacegtoctgoaccaggactggetigaatygcaaggaatacaagigcgeggiciccaacaaageccicocagoceccatogagaaaa
ccatctocaaagecasagggeagecocgagaaccacaggtgtacaccetgeooccatoccgggatgagctgaccaagaaccaggicag
cetgacctgoctggicaaaggetictatecaagoegacatcgeegtggagigggagageaatgggcagoecggagaacaactacaagacea
cgoetccegtgetggactecgacggetecticticoteiacageaageteacegiggacaagagcaggiggeageaggggaacgicticic
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atgctecgtgatgcatgaggcicigcacaaccactacacgeagaagagectetecetgicicoggettetogtpgagocggoticagoegsa
gotgocteccggegetgocgpaicgooggacteicaggiccagetiggtocaatetggpccigaggtoaagaagoctggotecicggtaaa
gototectgcaaggctictggatataccttcageagatctacgatgcaciggeiacgacagoccectggacaagaegctigagiogatagoat
acattaatcctageagtgctiatactaatiacaatcagaaaticaaggacagagtcacgattaccgeggacaaaiccacgageacagectaca
tegagctgageageotgagaictgageacacggcecgtigtatiacigtgcgagaccocaagiccactatgattacaacgggiticettactgyg

sgecaaggaaceotggteacegictocteaggtigpaggeggitcaggoggagptggatecggeggtgocggaleggotggeggoggat
ctgacatccagatgacccagtetecttccacectgictgeateigiaggagacagagicaccatgactigeagigecagetcaagigiaagit

acatgaactggtatcagcagaaaccagggaaageocctaagagatggattiatgactcatecaaactggetictgggateccatecaaggttc
ageggcagtggatetgegacagagtatacicteaccatcageagectgeagoctgatgatitigeaactiattactgecaacagtpgagtogt
aacceacecactticggeggagegaccaaggtogagatcagacggicctocageias

(SEQ D NO:99)

Mature protein sequence of ROR193:
Digmtgspssisasvgdrvitinegasgsidsnlawtggkpekppkilivrasnlasgvpsrfsgsgsgtdftiissigpedvatyyclgg
vgavsyristfogetkveikgoggspososoogosoovosevglvesgaglvaparsitisctasgsdindypiswvrgapgkglewt
ghinsggstwyaswvkgritisrddsksiaylgmnslktedtavyycargystyygdfniwgggtivtvsssepkssdkthteppepap
eaagapsvitfppkpkdtimisrtpevicvvvdvshedpevkfnwyvdgvevhnaktkpreeqynstyrvvsvitvihgdwlingke
vkcavsnkalpapiektiskakggprepqvytlppsrdeltkngvsitclvketypsdiavewesnggpennyktippvidsdgsttly
skitvdksrwagqggnviscsvimhealhohytoksisispgsgegesgogosggogspesqvglvgsgpevkkpassvkvsckasgy
tfsrstmhwvrgapgqglewigyinpssaytnyngkfkdrvitadkststaymelssirsedtavyyearpgvhy dyngfpy weqst
Ivivssggegsgogosgogosgogosdigmigspstisasvedrvtmtcsasssvsymnwyqgkpgkapkrwiydssklasgvps
rfsgsgsgteytitissigpddfatyycqqwsmppifgggtkveikrsss

(SEQ ID NO:100)

DNA sequence of ROR134:
atggaageaccagegeagetictettectectgetactctggeicccagataccacceggigacatecagatgacccagicococtoctocctg
tccgoctocgtggoceaccggatoaccatcaactgecagocctcocagiccatecgactccaacetggectggttccageagaagoccgec

aagcoccccaagetgctgatctaccggocctccaacciggectecggegigeccicceggtictecggctcegactccggacaccgacitca
cectgaccateicctocetgeageccgaggacgtogccacctactactgeetgggcegocetooocaccgigicciaccggacciecttcg
geggcggcaccaaggtggagatcaaggaiggaggegeticagacggaggtgpaiceggcggtgacggctecggiggegacggatct
gagotocagciggigoagiccgocgocgacciggtgcageccggcgacteectgogoctigicctgeaccgectecggctiecgacatea
acgactaccccatciccigggoigcggcaggoeccecggeaagggaccigeagtosalcggcticatcaactecggoggceiccacctggtac
gccgacteggtgaaggoccggaticaccatctecocggeactiectecaagaacaccetgtaccigeagatgaactcectgeggaccgaggac
accgocgtgtacticigogeccgggactactecacciactacggegacticaacatetgggaccaggpcaceeiggtsacegtgtoctoga
gtgagcecaaatettotgacaaaactcacacatgeccacegtgeccageacetigaagecgegggtacacegicagicticeicticeoceca
aaacccaaggacaccotcatgatetcceggacecctgagptcacatgegtegtgetosacgigagccacgaagacectgaggicaagiic
aaciggtacgigpacggogtygagpigcataatgccaagacaaagecgoggagaggagcagtacaacageacgtacegigtgatcageg
tectcacegtoctgoaccaggactggetigaatygcaaggaatacaagigcgeggiciccaacaaageccicocagoceccalogagaaaa
ccatctecaaagecaaagggragecoegagaaccacaggtgtacaccotgeccccateocgggatgagetgaccaagaaccaggicay
cctgaccigectggtcaaaggctictatccaagogacatcgeogiggagigggagagcaatggpcagecggagaacaactacaagacca
cgcciccegtoctggactoegacggctecticticetctacageaagetcaccgiggacaagagcaggtogcageaggggaacgicticic
atgcicogtgatgcatgaggcictgeacaaccactacacgeagaagagectcteccigicicegggtictggiooasocppticaggcgga
gotogctocgpcggtegegeategocggacicteaggtecageigeiggastotyoooocgsagigoigcagectgggcggicaciga
goctgtectgeaaggcitctggctacacetttactagatetacgatgeactgggtaaggcaggeccetggacaaggiciggaatggattgga
tacattaatcctageagigcttatactaattacaatcagaaaticaaggacaggticacaatcagegeagacaaatccaagageacagoectic
ctgragatggacagoctgaggeccgaggacaceggcgtetattteigtgcacggcoccaagtecactatgattacaacgggtticcttacty
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gpgccaaggpactecegteactgicictagegeigocpgagaoictgopootpocgoatccggaggotostpgoctctgeacaagacatee
agatgacccagictccaageageotgtotgcaagegtggoggacagoptcaccatgacetgeagtpecagetcaagigtaagttacatga
actggtaccageagaagecggacaaggcceccaaaagatggatitatgacicatccaaaciggetictggagicectgcicgcticagiog
cagtgggtcigggaccgactataccectcacaatcageagecigeageocgaagatticgccactiatiactgocageagtggagicgtaace
cacccacgticggagoogooaccaagetacaaatiacatectocagetaa

(SEQ D NOG: 101

Mature protein sequence of ROR134:

Digmtgspssisasvgdrvitinegasgsidsnlawtggkpekppkilivrasnlasgvpsrfsgsgsgtdftiissigpedvatyyclgg
vgavsyrisfogetkveikgoogospososoooososoosevglvesgaglvgpagsidsctasgsdindypiswvrgapgkglewt
glinsggstwyadsvkgrfusrhsskntlvigronsiraedtavvicargystyyadfniwgqativivsssepkssdkthicppepape
aagapsviltppkpkdtinusripevtcvvvdvshedpevkinwyvdgvevhnakikpreeqynstyrvvsvitvihgdwingkey
kcavsnkalpapiektiskakgqprepgvvilppsrdeltkngvshtelvkgtypsdiavewesnggpennykttppvidsdgstilys
kltvdksrwaqgnviscsvmhealhnhvigkslsispasggogsgooosgogospasgvglvesggevvgpgrsirisckasgyift
rstmhwvrgapgqglewigy mpssayinyngkfkdrfusadkskstaflgmdsirpedtgvy fearpgvbydyngfpyweqetp

vivssggoosggegsgooosaqdigmtgspssisasvgdrvimicsasssvsymnwyqakpgkapkrwivdssklasgvparfag
sgsgtdytitissigpedfatyyeqqwsmpptfgggtkigitsss
(SEQ ID NO:102)

DNA sequence of ROR189%:;
atggaageaccagegeagetictettecteetgetactctggcicccagataccaceggigacatecagatgacccagicococtectocctg
tecgeetecgigoocgaceggotoaccatcaactgecaggecicecagiecatcgactccaacctggoctggttecageagaageoegge
aagcoccccaagetgctgatctaccggocctccaacciggectecggegigeccicceggtictecggctcegactccggacaccgacitca
cectgaceatcicctocetgeageccgaggacgtogecacctactactgectgggegocetooocaccgigicciaccggacciccttcg
geggcggcaccaaggtggagatcaaggaiggaggegeticagacggaggtggaiceggcggtgacggciccggiggegacggatct
gagotocagctggtieoagiccgocgocggcciggigcageccggcgactcectgogoctgicctgeaccgectecggeiccgacatea
acgactaccccatcicciggotgcggcaggoeccecggeaagggocciggagtopatcggcticatcaacteeggeggciccacctggiac
gccgacteggtgaaggoccggaticaccatcteccggeactectecaagaacaccetgtaccigeagatgaaciccetigegggecgaggac
accgecegtgtactictgcgeccgggactactecacctactacggegacticaacatctgggoccagggcacceciggtgacegtgtectcga
gtgagcecaaatettotgacaaaactcacacatgeccacegtgeccageacetigaagecgegggtacacegicagicticeicticeoceca
aaacccaaggacaccotcatgatetcceggacecctgagptcacatgegtegtgetosacgigagccacgaagacectgaggicaagiic
aaciggtacgiggacggogtygaggtgcataalgccaagacaaageogegggageagcagtacaacagcacgtacogigigotcageg
tectcacegtoctgoaccaggactggetigaatygcaaggaatacaagigcgeggiciccaacaaageccicocagoceccalogagaaaa
ccatctecaaagecaaagggragecoegagaaccacaggtgtacaccotgeccccateocgggatgagetigaccaagaaccaggicay
cctgaccigeciggicaaagpctictatccaagogacatcgecgtggagigggagagcaatgggcagocggagaacaactacaagacca
cgcciccegtoctggactoegacggctecticticetctacageaagetcaccgtggacaagagcaggiggcageaggggaacgictictc
atgcicogtgatgcatgaggcictgeacaaccactacacgeagaagagectcteecigiciccgggtictggiooagocpgticaggegga
gotooctocgpcggigacggatcgccggacictcaggtecageiggigcaatetgggoctgagoipaagaagccigggtecticggtgaa
gotctectgeaaggoticiggatataccticageagateiacgatgcactgggtgogacaggoccetggacaagggctigagiggataggal
acattaatcotageagtgettatactaatiacaatcagaaaticaaggacagagicacgatiaccgeggacaaatecacgageacagectaca
tggageigagcagoectgagalctgaggacacggeegtgiatiactgtgegagacoccaagiccactatgatiacaacgggatttccttactgg
goccaaggaaccctggtcacegtetecteaggiggaggcgoticagacggaggatogatccggCggiggeggatcggatoocoocggat
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cigacatccagatgacccagtciccticcaccotgictgeateigiagpagacagagicaccatgactigeagtgecagetcaagigtaagtt
acatgaactggtatcagcagaaaccagggaaagoocctaagagatygatttatgacicatccaaactggctictggpatoccatcaaggttc
ageggcagtegateigogacagatiatacicicaccatcageagectgeageotgatgattitgcaactiatiactgocaacagtiggagicgt
aacccacceactttcggeggagpgaccaaggtggagatcaaacggtocteccagetaa

(SEQ D NG:103)

Mature protein sequence of ROR189:
digmtgspssisasvgdrviinegasgsidsonlawlfqgkpgkppklilivrasnlasgvpsrisgsgsatdfiltissiqpedvatyvelggy
gavsyrtstogatkveikggegsgpoosgooospooosevglvesgaglvgpagsitisctasgsdindypiswvrgapgkglewig
finsggstwyadsvkgritisrhsskntlylgmnslraedtavyfeargystyvgdfowgqgtivivsssepkssdkthteppepapea
agapsvilfppkpkdtimisripevtevvvdvshedpevkinwyvdgvevhnakikpreeqynstyrvvsvitvihgdwingkevk
cavsnkalpapiektiskakggprepgvytippsrdeltkngvshiclvkgtypsdiavewesnggpennyktippvidsdgsfilyskl
tvdksrwgggnviscsvmhealthnhytgksisispgsgggesgooosgovaspesqvalvgsgpevkkpgssvkvsckasgytfs
rstmhwvrgapgaglewigyinpssayinyngkfkdrvtitadksistaymelssirsedtavyycarpgvhydyngfpyweqetlv
tvssgggosgouosoooosourasdiqmigspstisasvgdrvtmicsasssveymnwygakpgkapkrwiydssklasgvpsef
sgsgsatdviltissigpddfatyveagwstopptfggatkveikrsss

(SEQ D NO:104)

DNA sequence of ROR1584:
atggaageaccagegeagetictettectectgetactctggeicccagataccacceggigacatecagatgacccagicococtoctocctg
tecgeetecgigoocgaceggotoaccatcaactgecaggecicecagiccatcgactccaacctggoctgaticcageagaageceggd
aagceecccaagetgetgatctaceggoectecaacciggectecggogtgeccteceggtictecggcteegacteeggeacegactica
cectgaccatctectocctgeageccgaggacgtogecacctactacigoctgggegocatooocgccgtgicciaccggacciocticg
geggeggcaccaaggiggagaicaageotggagocooticagocggagotigoalecgpegoteecosociccggtoocgocggate!
gaggtgcagciggtegaoicocggcggcgoccigetocageccggecggiccctgcggeigtectgeacegectecggotecgacates
acgactaccccatcaccigggotocggcagaccoecggeaagggccigeagtopalcggcticatcaactecggeggceiccacctiggiac
gcctectgggtoaaggoceggticaccateteccggeacgactccaagtecategectacctgcagatgaactecectgaagacegaggac
accgecegtgtactatigcgeccgggactactecacctactaccgggacticaacatctggggccagggcacceiggtgacegtgtectcga
gtoagcecaaatcttctgacaaaactcacacatgeecacegigeecageaccigaagecgegggtocacegicagicticeicticecaeca
aaacccaaggacaccetcatgatetcecggaceccigaggtcacatgcgtggtogiooacgioagccacgaagaccatgaggicaagtic
aactggtacgigoacopcatogapotocataatgccaagacaaagecgegggagoagcagtacaacageacgtacegigliggtcageg
tectcaccgtectgeaccaggactegetgaatggcaaggaatacaagigegcggictecaacaaageccicecageccecategagaaaa
ccatctecaaagecaaagggragecoegagaaccacaggtgtacaccotgeccccateocgggatgagetgaccaagaaccaggicay
cctgaccigeciggicaaagpctictatccaagogacatcgecgtggagigggagagcaatgggcagocggagaacaactacaagacca
cgcciccegtactggactoegacggctecticticetctacageaagetcaccgiggacaagagcaggtiggcageaggggaacgicticic
atgcicogtgatgcatgaggcictgeacaaccactacacgeagaagagcectcteecigicicegggtictggigoagocpgticaggegga
gotooctocgpcggtegogeategocggacicteaggtecagetigeiggagtotogooocgsagiggtocagecigggeggicaciga
goctgtectgeaaggcitctggctacacetttactagatoetacgatgeactgggtaaggcaggeccetggacaaggiciggaatggattoga
tacatiaatcctageagtgctiataciaattacaatcagaaaticaaggacaggitcacaatcagegeagacaaatcoaagageacagectic
ctgcagatggacagectgaggoccgaggacaceggegictatticigtgcacggecccaagtecactatgatiacaacgggtttoctiacig
gooccaagggactcecgicactgicictageggtggcggagootctiggguotoocasatocggaggtegigoctctgcacaagacatcc
agatgacccagtciccaageagectgictgcaagogtggogoacagggicaccatgaccigeagigecageticaagigtaagttacaiga
actggtaccagcagaagceogggocaaggoccccaaaagatggatitatgactcatecaaactggettotggagicectgotegettcagtsg
cagtgggeictggoacegactatacectcacaatcageageotgeageccgaagatticgecactiattactgecageagiggagiegiaace
cacceacgticggagggoaoaccaagetacaaatiacatectocageiaa
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(SEQ D NO:105)

Mature protein sequence of ROR154:
digmtqgspsslsasvgdrviincgasgsidsnlawtfqgkpgkppklliyrasnlasgvpsrisgsgsptdfitltissiqpedvatyyelggy
gavsyrtstogatkveikggegsgpoosgooospooosevglvesgaglvapgrsirisctasgsdindypitwyvrgapgkglewigt
insggstwyaswvkgritisrddsksiaylgmnsiktedtavyycargystyvedfiwgqgtlvtvsssepkssdkthteppepapea
agapsvilfppkpkdtimisripevtevvvdvshedpevkinwyvdgvevhnakikpreeqynstyrvvsvitvihgdwingkevk
cavsnkalpapiektiskakggprepgvytippsrdeltkngvshiclvkgtypsdiavewesnggpennyktippvidsdgsfilyskl
tvdksrwgggnviscsvmhealthnhytgksisispgsgggesgogosgovospesqvglvesgggvvgpgrsirlsckasgytfirst
mhwvrqapgaglewigyinpssayinyngkfkdrfusadkskstaflgmdslrpedigvyfearpgvhydyngfpyweaqatpviv
ssggggsgooosgogosaqdigmiqspssisasvgdrvimicsasssvsymnwyqqakpgkapkrwivdssklasgvparfsgsgs
gidytitissigpedfatyveggwsmpptfeggtkiqitsss

(SEQ D NO:106)

DNA sequence of ROR185:
atggaagoeaccagegeagceticteitectectgetactetggetoccagataccaceggtgacatecagatgacecagioccoctectocctg
tecgeetecgigoocgaceggotoaccatcaactgecaggecicecagiccatcgactccaacctggoctgaticcageagaageceggd
aagececccaagetgotgatetaccgggectecaacctggectecggegtaccetcccggticicegactecggctecggeaccgactica
cectgaccatctectocctgeageccgaggacgtogecacctactacigoctgggegocatooocgccgtgicciaccggacciocticg
geggeggcaccaaggiogagatcaagogtggapsocooticagocggagotigoalecgpegotgecogoctocggtooscgocggatet
gaggtgcagcigotegaoiccggcggcgocciggigeageceggecggicectgeggeigtectgeacegectecggotecgacates
acgactaceccatcacciggotocgecagoccoccggeaagggeciggagtooalcgocticatcaactecggoggeiccacctgalac
gectectgpgtgaaggoccgoticaccatoteccgggacgactecaagtccategectacctgeagatgaactoectgaagaccgaggac
accgeegtgtactattgegcccgggactactecacctactaccgggacticaacateigggoccagggeaccetiggtgacegtgtecticga
gigagceccaaatetictgacaaaactcacacatgeccacegigeccageaccigaagecgeggptgcaccegtcagieticetettecceeea
aaacccaaggacaccetcatgatetcecggaceccigaggtcacatgcgtegiogtooacgioagecacgaagaccotgaggicaagtic
aactggtacgiggacoocetooagotocataatgccaagacaaagecgegoeagoagcagtacaacagcacgtacegigliggtcageg
tectcaccgtectgeaccaggactegetgaatggcaaggaatacaagigegeggictecaacaaageccicecageccccategagaaaa
ceatctocaaagecaaagggeagecoegagaaccacaggigiacaccotgeccocatcoccgggatgagetgaccaagaaccaggicag
cetgacctgectogicaaaggctictatccaagegacalcgecgiggagigogagcagcaatggocagecggagaacaactacaagacea
cgectccegtgetggactocgacgectecticitcctctacagcaagetcacegtggacaagagcaggtogcageaggogoaacgicticte
atgciccgtgatgceatgaggcictegcacaaccactacacgeagaagagecicteccigictccgggtictggtogagsocgoticaggcgea
gotooctocgpcggigacggatcgecggacictcaggtecageiggtigcaatetgggoctgagoisaagaagccigggtecticggtgaa
gotctectgoaaggeticiggatataccticageagateiacgatgcactgggtgogacaggoccotggacaaggactigagtggataggat
acattaatcotageagtgotiatactaatiacaatcagaaaticaaggacagagicacgattaccgeggacaaatccacgageacageotaca
tgoagcigagcagectgagatctgaggacacggoegtgtatiacigigegagaceecaagiccactatgattacaacgggtticettacigg
goccaaggaaccctggicacegtciccticaggtiogagocggticaggcggaggotopateeggcggigecggatcgoatoocgscgat
ctgacatccagatgacccagictecticcaccectgictgeateigtagoagacagagicaccatgactigeagtgccagetcaagigtaagtt
acatgaactgptatcagcagaaaccagggaaageccotaagagatggatttatgactcatccaaactggeticigggoicecatcaaggtic
agcggragtggatctgggacagatiatacicicaccatcageagectgeagoctgatgatitigeaacttattactgecaacagtggagicgt
aacccacccactiteggcggaggooaccaagptggacatcaaacggicciccagetaa

{(SEQ D NG:107)

Mature protein sequence of ROR18S:
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digmtqgspsslsasvgdrviincgasgsidsnlawtfqgkpgkppklliyrasnlasgvpsrisgsgsptdfitltissiqpedvatyyelggy
gavsyrtsfogotkveikogegsgoposeoeosppposevglvesgoglvapgrsirisciasgsdindypitwvrgapgkelewigt
msgostwyaswvkgritisrddsksiaylgmnslktedtavyycargystyvrdfniweqetivtvsssepkssdkthteppepapea
agapsvifppkpkdtimisripevtevvvdvshedpevkfnwyvdgvevhnaktkpreeqynstyrvvsvitvlhgdwingkeyk
cavsnkalpapiektiskakggprepgvytippsrdeltkngvshiclvkgtypsdiavewesnggpennyktippvidsdgsfilyskl
tvdksrwgggenviscsvmhealthnhytgksisispgsggggsgogosgooospasqvglvgsgpevkkpgssvkvsckasgytfs
rstmhwvrgapgaglewigyinpssayinyngkfkdrvtitadksistaymelssirsedtavyycarpgvhydyngfpyweqetlv
tvssgggosgouosoooosourasdiqmigspstisasvgdrvtmicsasssveymnwygakpgkapkrwiydssklasgvpset

sgsgsatdviltissigpddfatyveagwstopptfggatkveikrsss
(SEQ 1D NO:108)

DNA sequence of ROR179%:
atggaagoeaccagegeagcetictettectectgetactetggoteccagataccaceggtgacatocagaigacocagiocoectoectocctg
teegectecgtggocgaceggotgaceatcaactgecaggecteccagtecategactecaacciggectggiceageagaageeeggd
aagececccaagetgetgatctaccgggoctocaacctggecteeggegtgeocteceggtictocggeteeggetecggeaccgactica
coectgaccaiciectoccigeageeegaggacgtgoccacciactactgectgggeggegtggucgeogtigicctactggacciccticgg
cggegocaccaaggtggagatcaagggtegagoeggitcaggeggaggtooatecgpcggigecggciceggtygcggoggatety
aggtocagetgotosantocgecggcgocctgotocagoccggecggtocctgeggeigtectgeacegectecggotecgacatcaac
gactaccccatcacctggotpcggcaggeccecggeaaggoectgoagtooatcoocticatcaactccggeggctecacctggtacge
ctectgggtoaagooccooticaccalctcecgggacgactecaagiccatcgectacetgeagatgaactooctigaggacegaggacac
cgecgtgtactatigegoceggggotactecacctactacegggacticaacatetggogecagggcaceciggigacegigtectegagt
gagcccaaatctictgacaaaactcacacatgeccacegtgeccageacctgaagecgegggtgcacegtcagtettecteticeccecaa
aacccaaggacacccteatgateteceggaccectgaggtcacatgegtggtiggtoogacotgaoccacgaagacecigaggatcaagtica
actggtlacgtggacggcegtooasotacataatoecaagacaaagoecgegggagoagcagtacaacageacgtacegigtgotcagegt
coteaccgtectgeaccaggactggoligaatggcaaggaatacaagtgegeggteiccaacaaageccteccagoceocatogagaaas
ceatetecaaagecaaagggeagecccgagaaccacaggtgtacaceetgeccecatoecgggatogagetgaccaagaaccaggicay
cetgacctgectogicaaaggctictatccaagegacatcgeogiggagigosacagcaatggocagecggagaacaactacaagaccea
cgectccegtgetggactocgacgectecticitecctctacageaagetcacegtggacaagageaggtogcageaggogoaacgicticte
atgciccgtgatgceatgaggcictegcacaaccactacacgeagaagagcecicteccigicticcgggtictggtogasocpoticaggcgga
gotooctccggeggtoococatcoccggocicicaggtccagetogigoagtctgaooacogastooiocagcetggocagicaciga
goctgtectgeaaggctictogctacacctitactagatetacgatgeactgogtaaggcagoccoctggacaaggiciggaatgsatigoa
tacattaatcctageagtgcttataciaattacaatcagaaaticaaggacaggticacaatcagegeagacaaatccaagageacagectic

ctgcagatggacagectgagocecgageacaceggegtctatitcigtgcacggccaocaagtccactatgattacaacgggtttcettactg

gooccaagggactcecgicactgicictageggtggcggagootctiggguotoocasatocggaggtegigoctctgcacaagacatcc
agatgacccagtciccaageagectgictgeaagogtiggoooacagggicaccatgaccigeagigecageticaagigtaagtiacaiga
actggtaccagcagaagceogggocaaggoccocaaaagatggatitatgactcatecaaactggetictggagtocctgotegeticagtyg
cagtgggictggoaccgactataceotcacaatcagoagectgcageccgaagatticgecacttattactgecageagiggagtogtaace

cacccacgitcggaggogoooaccaagetacaaatiacateoticcagetaa
{(SEQ D NO:169)

Mature protein sequence of ROR179:

digmtgspssisasvgdrvtincgasgsidsnlawfggkpgkppklliyrasnlasgvpsifsgsosgtdftitissigpedvatyyelggy
cavsywisfogotkveikgogospoposoooosgpopsevglvesgpplvgpgrsirisctasgsdindypitwvrgapgkelewig
finsggstwyaswvkgrftisrddsksiaylgmunslktedtavyyeargystyyrdfniwgqativivsssepkssdkthicppepape
aagapsvilfppkpkdtlmisrtpevicvvvdvshedpevkfowyvdgvevhnaktkpreeqynstyrvvsvitvihgdwingkey
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kcavsnkalpapiektiskakgqprepgvytippsrdeltkngvsitclvkefypsdiavewesnggpennykttppvidsdgsfilys
kltvdksrwaggnviscsvmhealhnhvigkslslspgsegggspogesgogospasqvglvesggevvapgrsirisckasgytft
rstmhwvrgapgqelewigyinpssayvinyngkfkdritusadkskstaflgmdslrpedigvyfearpgvhydynefpywaqatp
vtvssgegosgpoosoooosagdigmtgspssisasvedrvtmicsasssvsymnwyqakpgkapkrwiydssklasgvparfsg
sgsgtdytltssigpedfatyyeggwsrnpptfgggtklgitsss

(SEQ 1D NO:110)
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DNA sequence of ROR186:
atggaagcaccagegcageticteitectectgetacteiggctcccagataccaceggigacatocagaigacocagicoccctoctocctg
tccgectcogiggocpacegggtgaceatcaactgecaggecteccagiccatogaciccaacciggeciggitccagcagaageceac
aagecocccaagetgetgatetaccgggectecaacetggectecggegigeoctoccggiictoeggctecggeiccggracegactica
coctgaccalctectocctgeageccgaggacgtgaccacciactacigectgggeggcgiggocgocgtgicctactggacctocticgy
cggegocaccaaggtggagatcaagggtegagoeggitcaggeggaggtooatecgpcggigecggciceggtygcggoggatety
aggtgcagetgatosagtocggeggegeectggtgeagoceggecggtecctgeggotgtectacaccgecteeggoteogacatcaac
sactaccccateaccigggtogcggeaggococoggeaagggeciggagtggatocggetteatcaactocggeggeticcacctgglacge
clectgggtoaaggoooggticaccaictcecgggacgactecaagiccatcgectacotgeagatgaacteccigaagaccgaggacad
cgecgtgtactatigegoceggggetactccacctactacegggacticaacatetggggecagggeaceciggigacegigtectogagt
sageccaaatetictgacaaaactcacacatgeccacegigeccageacctigaagecgegggtocacegteagtetteoteticeececaa
aacceaaggacacccteatgateteceggaccectgaggtcacatgegtgetiggtgpacgigagecacgaagacectigaggicaagtica
actggtacgtggacggogtpgaggtecataatgecaagacaaagecgoggeaggageagtacaacageacgtacegtgtggtcagoegt
ceteaccegtectgeaccaggactggetgaatpgcaaggaatacaagtgegeggtciccaacaaageoctoccagoccocatogagaaas
ceatetccaaagecaaagggeageccegagaaccacaggtgtacacoctgeccecatecogggatpagetgaccaagaaccaggicag
coetgacctgectggicasaggctictatecaagegacatogeegtggagigggagageaatgggeageoggagaacaactacaagacea
cgectecegtgetggacteegacggetocticticeictacageaageicacogtggacaagageaggtggeageaggggaacgictictic
atgciccegtoatgeatgagocictgcacaaccactacacgeagaagagocicteccigictecggetictogtooagocggticagoroga
gotooctecggcgotoocooatcgecgggcteteageticcagetggtocasictgggectgaggateaagaagectgeotocicgetona
ggtetectgeaaggcticiggatataccttcageagatctacgatgeactggeotgcgacagpecociggacaagggctigagtooatagoatl
acattaatcclageagtigctiatactaatiacaatcagaaaticaaggacagagtcacgattaccgeggacaaatccacgageacagectaca
tgoagcigageagectgagatcigagoacacggcegigtatiacigtgegagaceecaagtccactatgatiacaacgggtttectiacteg
ggecaaggaacectggtcacegicioctcaggtogagocggettcagocggaggotocatecggegotoocgoalegoatogocggcooat
ctgacatccagatgacccagtctecttecaccctgictgcatetgtaggagacagagticaceatgactigeagtgecagetcaagtgtaagtt
acatgaactggtatcageagaaaccagggaaageccctaagagatogatttatgactcatecaaactggctictgggetcccateaaggtic
agceggeagtggatetgggacagatiatactcicaccatcageagecigeagoctgatgatittgcaactiattactgecaacagtggagtegt
aacccacecactticggeggagocaccaaggtigsacatcaaacggicciccagetaa

(SEQ D NO: 11D

Mature protein sequence of ROR186:
digmtgspssisasvgdrvtincgasgsidsntawlfqgkpekppkiliyrasnlasgvpsrisgsgsgtdfiltissigpedvatyyelggy
cavsywtsfogotkveikgggessooosoooosoooosevglvesggglvapgrsirisctasgsdindypitwvrgapgkglewig
finsggstwyaswvkgrftisrddsksiaylgmnsiktedtavyycargystyyrdfniwgqativivsssepkssdkthicppepape
aagapsviifppkpkdtlmisrtpevicvvvdvshedpevktfnwyvdgvevhnaktkpreegynstyrvvsvitvihgdwingkey
kcavsnkalpapiektiskakggprepqvytlppsrdeltkngvshcivkgfypsdiavewesnggpennykitppvidsdesfilys
kltvdksrwgggnviscsvmhealhnhyigksisispesgppeseoogspoogspesqvalvgsgpevkkpgssvkvsckasgyt
fsrstmhwvrgapggglewigyinpssayinyngkfkdrviitadkststaymelssirsedtavyyecarpgvhydyngfpywgagtl
vivssggpgseggesgpoosoooasdigmtqspstisasvgdrvimtesasssvsymnwyqggkpgkapkrwivdssklasgvpsr
fsgsgsgtdytlussigpddfatyyeqgwsmpptfeggthveikrsss

{(SEQ D NO:112)



(Vg

957
e

DNA sequence of ROR181:
atggaagcaccagegcageticteitectectgetacteiggctcccagataccaceggigacatocagaigacocagicoccctoctocctg
tccgectcogtggocpaccgggtgaceatcaactgecaggccteccagtecategaciccaacciggeciggitccageagaagooegac
aagecocccaagetgetgatetaccgggectecaacetggectecggegigeoctoceggiicteeggctecggeiccggracegactica
coctgaccalctectoectgeageccgaggacgigaccacctactacigectgggoggcatggocgoegtgtectaceggacciocticy
geggeggeaccaaggiggagatcaagggtggagocpoticaggeggageiggatecgoeggtggeggctocggtgpcggeggatet
saggtgcagoiggiggagicegglggeggoctggigeageocgglggeicectgeggeigtectgcacegigiceggeacegacatea
acgactaccccaictectigggigeggeaggoecceggeaaggegectiggagtggateggoticatcaactecggoggotccacctggtac
gocgacteggtgaaggeocggticaccateteceggeactectecaagaacaceetgtacotgeagatgaactoccigeggaccgaggac
accgeegtgtactictgegecegggactactecacctactaccgggacticaacatetggggecagggeacectggtgacegtgiectega
gigagoccaaatetictgacaaaacicacacatgeccacegigeccageaccigaagecgoggatocaccegicagicticctotteeceeca
aaacccaaggacacecteatgateicceggaceoctgaggicacatgegtogtpgtggacgtgagecacgaagacectgaggteaagtic
aactggtacgiggacgpcgtgeaggtgcataaigocaagacaaagocgeggraggageagtacaacageacgiacegigiggteageg
tecteaccgtectgeaceaggactggetigaatggeaaggaatacaagtgcgeggictecaacaaagocecteccagececcaicgagaaaa
ceatetccaaagecaaagggeageccegagaaccacaggtgtacacectgeccecatecogggatpagetgaccaagaaccaggicag
coetgacctgectggicasaggctictatecaagegacatogeegtggagigggagageaatgggeagcoggagaacaactacaagacea
cgectecegtgetggacteegacggetocticticeictacageaageicacogtggacaagageaggtggeageaggggaacgteticic
atgciccegtoatgeatgagocictgcacaaccactacacgeagaagagocicteccigictecggotictogtooagocggticagoroga
gotooctecggcegotopcooatcgccgggcteteagetccagetggtegagtcigeeeocggagtootocagectggocootcaciga
goctgtectgeaaggettctggctacacetitactagatetacgatgeactggotaaggcaggccectiggacaaggtciggaatggatigga
tacattaatcctageagtgctiatactaattacaatcagaaaticaaggacaggticacaaicagegcagacaaatccaagageacagectic
ctgcagatgpacagectigaggocegaggacaccggegtctatiictgtocacggeccecaagtccactatgatiacaacgggtticcttactyg
gggccaagggactocegicacigicictageggigocogagooictoogoootooceoatecggaggtootooctcigeacaagacatee
agatgacccagtetccaageagectgictgeaagegtogogggacagggtcaccatgacctgcagtgecagetcaagigtaagitacatga
actggtlaccageagaagocgggcaaggoccecaaaagatggatitatgacicatecaaactggctictggagicectgctcgettcagigg
cagtgggtciggoaccgactatacecteacaatcageagectgeagecegaagatttcgecacttattactgecageagiggagtcgtaace
cacecacgticggagoooooaccaagetacaaatiacateciccagetaa

(SEQ D NO:113)

Mature protein sequence of RORI181:
digmtgspssisasvgdrvtincgasgsidsntawlfqgkpekppkiliyrasnlasgvpsrisgsgsgtdfiltissigpedvatyyelggy
cavsyrisfogethveikggggseoogsgogasgegosevglivesgeglvgpggsirisctvsgidindypiswvrgapgkglewig
finsggstwyadsvkgrftisrhsskntlylgmnslraedtavyfeargystyyrdfniwgggtivtvsssepkssdkthteppepapeaa
eapsvilfppkpkdtinusrtpevtevvvdvshedpevkinwyvdgvevhnaktkpreeqynstyrvvsvitvihgdwlngkevke
avsnkalpapiektiskakggprepgvytippsrdeltkngvsliclvkgfypsdiavewesngqgpennykttppvidsdgstilyskit
vdksrwqqgnvfscsvmhealhnhytgksislspgsgegospogesgooosposqvaglvesgegvvgpgrsirisckasgytftrst
mhwvrgapgaglewigyinpssaytnyngktkdrftisadkskstaflgmdsirpedtgvyfearpgvhydyngfoyweqgtpvty
ssgogesgegouspooosaqdigmigspssisasvgdrvtmicsasssvsymnwyqakpgkapkrwiydssklasgvparfsgsgs
etdytitissigpedfatyyeggwsrnpptigggtkigitsss

{(SEQ D NO:114)
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DNA sequence of ROR191:
atggaagcaccagegcageticteiteotectgctacteiggetcccagataccaccggigacatecagatgacocagicocectectoccig
tccgectcogiggocpacegggtgaceatcaactgecaggecteccagiccatogaciccaacciggeciggitccagcagaageceac
aagecocccaagetgetgatetaccgggectecaacetggectecggegigeoctoceggiicteeggctecggeiccggracegactica
coctgaccalctectocctgeageccgaggacgigaccacctactacigectgggoggcstggacgocgigiectaccggacciocticy
geggeggeaccaaggiggagatcaagggtggaggoopoticaggeggageiggatecgoeggtggeggctocggtgocggeggatet
saggtgcagoiggiggagicegglggeggoctggigeageocggeggoiceetgeggeigtectgeacegigiceggacegacatea
acgactaccccaictectigggigeggeaggoccceggeaagggectggagiggateggoticatcaacticcggeggotecacetggtac
gecgacteggigaaggeceggticaccatctoceggeactectecaagaacaceetigtacotgeagatgaactoccigoegggecgaggac
accgeegtgtactictgegecegggactactecacctactaccgggacticaacatetggggecagggeacectggtgacegtgtectega

gigagoccaaatetictgacaaaacicacacatgeccacegigeccageaccigaagecgoggatocaccegicagicticctotteeceeca
aaacccaaggacacecteatgateicceggaceocigaggtcacatgegtogtogtggacgtgagecacgaagacectgaggteaagtic

OO
aactggtacgiggacgpcgtgeaggtgcataaigocaagacaaagocgeggraggageagtacaacageacgiacegigiggteageg

tcctcacegtectigeaccaggactggeigaatggeaaggaatacaagigegeggictccaacaaagoocicccageceecategagaaaa
ceatetccaaagecaaagggeageecegagaaccacaggigtacacoctgeccecatecegggatpagetgaccaagaaccaggicag
coetgacctgectggicasaggctictatecaagegacatogeegtggagigggagageaatgggeageoggagaacaactacaagacea
cgectecegtgetggacteegacggetocticticeictacageaageicacogtggacaagageaggtggeageaggggaacgteticic
atgciccegtoatgeatgagocictgcacaaccactacacgeagaagagocictoccigictecggeotictogtooagocggticagoroga
gotooctecggcgotoocooatcgecgggcteteagetccagetggtocasictggacctgaggtgaagaagoectgggtccticgotons
ggtetectgeaaggcticiggatataccttcageagatctacgatgeactggeotgcgacagpecociggacaagggctigagtooatagoatl
acattaatcclageagtigctiatactaatiacaatcagaaaticaaggacagagtcacgattaccgeggacaaatccacgageacagectaca
tgoagcigageagectgagatcigagoacacggcegigtatiacigtgegagaceecaagtccactatgatiacaacgggtttectiacteg
ggecaaggaacectggtcacegicioctcaggtogagocggettcagocggaggotocatecggegotoocgoalegoatogocggcooat
ctgacatccagatgacccagtctecttecaccctgictgcatetgtaggagacagagticaceatgactigeagtgecagetcaagtgtaagtt
acatgaactggtatcageagaaaccagggaaageccctaagagatggatttatgactcatecaaactggotictgggootcccateaaggetic
agceggeagtggatetgggacagatiatactcicaccatcageagecigeagoctgatgatittgcaactiattactgecaacagtggagtegt
aacccacecactticggeggagocaccaaggtigsacatcaaacggicciccagetaa

(SEQ D NO: 118

Mature protein sequence of ROR191:
digmtgspssisasvgdrvtincqasgsidsnlawfggkpekppkiliyrasnlasgvpsrisgsgsetdftitissigpedvatyyclgey

cavsyrisfogethkveikggggsegegsgogasgegosevgivesgeglvgpggsirisctvsgidindypiswvrgapgkglewig
finsggstwyadsvkgrftisrhsskntlylgmnslraedtavyfeargystyyrdfniwgggtivtvsssepkssdkthteppepapeaa
eapsvilfppkpkdtinusrtpevtevvvdvshedpevkinwyvdgvevhnaktkpreeqynstyrvvsvitvihgdwlngkevke
avsnkalpapiektiskakggprepgvytippsrdeltkngvsliclvkgfypsdiavewesngqgpennykttppvidsdgsttlyskit
vdksrwqqagnvfscsvmhealhnhyigksislspgsgggosogoesgooosposqvalvgsgpevkkpgssvkvsckasgytfsr
stmhwvrgapgqglewigyinpssaytnyngktkdrvtitadkststaymelssirsedtavyycarpgvhy dyngfpywgggtivt
vssgogesggoesoogosgooosdiqmigspstisasvgdrvtmicsasssvsymnwygakpgkapkrwivdssklasgvpsris
esgsotdvtitissigpddfatyyeqgwsrnpptfaggtkveikrsss

{(SEQ D NO:116)
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DNA sequence of ROR182:
atggaagcaccagegcageticteitectectgetacteiggctcccagataccaceggigacatocagaigacocagicoccctoctocctg
tccgectcogiggocpacegggtgaceatcaactgecaggecteccagiccatogaciccaacciggeciggitccagcagaageceac
cageeocccaagetgctgatcetaccgggectecaacctggectcoggegtgeocgaceggtictecggetocggetoeggcacegactic
accctgaccateicciceotggaggeogaggacgtggccacctactactgectgggcggogigogcgcegtgtcctaccggaceiccttc
ggcggoggcaceaaggtggagatcaggggteggagocaaticaggcggaggtogatecggeggtggoggcteeggtzocggcggate
tgaggtocagetagtggagiccggeggoggectggtocagoccggecggtoccigoggotgicctgeacegectocggetecgacatea
acgactaccccaicacctigggtecggeaggecccoggecagggectggagiggateggoticatcaactecggeggotccacctggiac
geoctectgggtgaaggeceggticaccatotoccgggacgaciccaagiccatogoectacctgeagatgaactoectigaagaccgaggac
accgeegtgtactattgegecegggactactecacctactaccgggacticaacatetggggecagggeacectggtgacegigiccicga
gigagoccaaatetictgacaaaacicacacatgeccacegigeccageaccigaagecgoggatocaccegicagicticctotteeceeca
aaacccaaggacacecteatgateicceggaceocigaggtcacatgegtogtogtggacgtgagecacgaagacectgaggteaagtic
aactggtacgiggacggegtgeaggtgcataaigocaagacaaagoegcggraggageagtacaacageacgiacegigiggteageg
tecteaccgtectgeaceaggactggetigaatggeaaggaatacaagtgcgeggictecaacaaagocecteccagececcaicgagaaaa
ceatetccaaagecaaagggeageecegagaaccacaggigtacacoctgeccecatecegggatpagetgaccaagaaccaggicag
coetgacctgectggicasaggctictatecaagegacatogeegtggagigggagageaatgggeageoggagaacaactacaagacea
cgectecegtgetggacteegacggetocticticeictacageaageicacogtggacaagageaggtggeageaggggaacgteticic
atgciccegtoatgeatgagocictgcacaaccactacacgeagaagagocictoccigictecggeotictogtooagocggticagoroga
gotooctecggcgotopcooatcgccgggacteteagetccagetggtegagtcigeeeocggagtootocagectggocootcaciga
goctgtectgeaaggettctggctacacetitactagatetacgatgeactggotaaggcaggccectiggacaaggtciggaatggatigga
tacattaatcctageagtgctiatactaattacaatcagaaaticaaggacaggticacaaicagegcagacaaatecaagageacagectic
ctgcagatgpacagectigaggocegaggacaccggegtctatiictgtocacggeccecaagtccactatgatiacaacgggtticcttactyg
gggccaagggactocegticacigicictageggigocogagooictoooootoocggatecggaggtootooctcigeacaagacatee
agatgacccagiciccaageagectgictocaagegtgooooacagootcaccatgaccigeagtgecagetcaagigtaagttacaiga
actggtlaccageagaagocgggcaaggoccecaaaagatggatitatgacicatecaaactggctictggagicectgctcgettcagigg
cagtgggteigooaccgaciatacectcacaatcageagecigeagoeecgaagatticgecacttattactgecageagiggagicgtaace
cacecacgticggagoooooaccaagetiacaaatiacateciccagetaa

(SEQ D NO: 117y

Mature protein sequence of ROR182:
digmtgspssisasvgdrvtincgasgsidsnlawlfqgkpegppkiliyrasnlasgvpdrisgsgsgtdfthiissieaedvatyyelggay
cavsyrisfogethkveikggggsegegsgogosgegosevivesgaglvgpersirisctasgsdindypitwyrqapgaglewigl
msggstwyaswvkerftisrddsksiayvligmnslktedtavyycargystyyrdfniwgqativtvsssepkssdkthtcppepapea
agapsviippkpkdtimisrtpevicvvvdvshedpevkfnwyvdgvevhnaktkpreegynstyrvvsvitvihgdwingkevk
cavsnkalpapiektiskakgqprepqvytippsrdeltkngvshtcivkgfypsdiavewesnggpennvkttppvidsdgsfilyskl
tvdksrwaqgnvisesvmhealhnhytgksisispgsggegsgpposgogospgsqvglvesggovvapersirisckasgyiftrst
mhwvrgapgaglewigyinpssaytnyngktkdrftisadkskstaflgmdsirpedtgvyfearpgvhydyngfoyweqgtpvty
ssgogesggouspooosaqdigmigspssisasvgdrvtmicsasssvsymnwyqakpgkapkrwiyvdssklasgvparfsgsgs
etdytitissigpedfatyyeggwsrnpptigggtkigitsss

{(SEQ D NO:118)
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DNA sequence of ROR192:
atggaagcaccagegcageticteitectectgetacteiggctcccagataccaceggigacatocagaigacocagicoccctoctocctg
tccgectcogiggocpacegggtgaceatcaactgecaggecteccagiccatogaciccaacciggeciggitccagcagaageceac
cageeocccaagetgctgatcetaccgggectecaacctggectcoggegtgeocgaceggtictecggetocggetoeggcacegactic
accctgaccateicciceotggaggeogaggacgtggccacctactactgectgggcggogigogcgcegtgtcctaccggaceiccttc
ggcggoggcaceaaggtggagatcaggggteggagocaaticaggcggaggtogatecggeggtggoggcteeggtzocggcggate
tgaggtocagetagtggagiccggeggoggectggtocagoccggecggtoccigeggotgtoctgeacegectocggetecgacatea
acgactaccccaicacctigggtecggeaggecccoggecagggectggagiggateggoticatcaactecggeggotccacctggiac
geoctectgggtgaaggeceggticaccatotoccgggacgaciccaagiccatogoectacctgeagatgaactoectigaagaccgaggac
accgeegtgtactattgegecegggactactecacctactaccgggacticaacatetggggecagggeacectggtgacegigiecticga
gigagoccaaatetictgacaaaacicacacatgeccacegigeccageaccigaagecgoggatocaccegicagicticctotteeceeca
aaacccaaggacacecteatgateicceggaceocigaggtcacatgegtogtogtggacgtgagecacgaagacectgaggteaagtic
aactggtacgiggacgpcgtgeagetocataalgocaagacaaagocgcggpaggageagtacaacageacgtacegigiggatcageg
tecteacegtectgeaccaggactggeigaatggeaaggaatacaagtgcgeggictecaacaaagoeecteccageceocatcgagaaaa
ceatetccaaagecaaagggeageccegagaaccacaggtgtacacoctgeccecatecogggatpagetgaccaagaaccaggicag
cetgaccotgectggicaaaggctictatecaagegacatogecgtggagtigggagageaatgggeagecggagaacaaciacaagacea
cgectecegtgetggacteegacggetocticticeictacageaageicacogtggacaagageaggtggeageaggggaacgictictic
atgciccegtoatgeatgagocictgcacaaccactacacgeagaagagocicteccigictecggetictogtooagocggticagoroga
gotooctecggcgotopcooatcgccgggactetcagatccagetggtocasictggaccigaggtgaagaagectggetoctcgotons
ggtetectgeaaggcticiggatataccttcageagatctacgatgeactggeotgcgacagpecociggacaagggctigagtooatagoatl
acattaatcclageagtigctiatactaatiacaatcagaaaticaaggacagagtcacgattaccgeggacaaatccacgageacagectaca
tgoagcigageagectgagatcigagoacacggcegigtatiacigtgegagaceecaagtccactatgatiacaacgggtttectiacteg
ggecaaggaacectggtcacegicioctcaggtogagocggettcagocggaggotocatecggegotoocgoalegoatogocggcooat
ctgacatccagatgacccagtctecttecaccctgictgcatetgtaggagacagagticaceatgactigeagtgecagetcaagtgtaagtt
acatgaactggtatcageagaaaccagggaaageccctaagagatogatttatgactcatecaaactggctictgggetcccateaaggtic
agceggeagtggatetgggacagatiatactcicaccatcageagecigeagoctgatgatittgcaactiattactgecaacagtggagtegt
aacccacecactticggeggagocaccaaggtigsacatcaaacggicciccagetaa

(SEQ D NO: 119

Mature protein sequence of ROR192:
digmtgspssisasvgdrvtincgasgsidsnlawlfqgkpegppkiliyrasnlasgvpdrisgsgsgtdfthiissieaedvatyyelggay
cavsyrisfogethkveikggggsegegsgogosgegosevivesgaglvgpersirisctasgsdindypitwyrqapgaglewigl
msggstwyaswvkgrftisrddsksiayligmnslktedtavyycargystyvrdfniwgqgtivivsssepkssdkthicppepapea
agapsviippkpkdtimisrtpevicvvvdvshedpevkfnwyvdgvevhnaktkpreegynstyrvvsvitvihgdwingkevk
cavsnkalpapiektiskakgqprepqvytippsrdeltkngvshtcivkgfypsdiavewesnggpennvkttppvidsdgsfilyskl
tvdksrwaqgnviscsvmhealhnhytgksisispgsggegsgpoosgooospgsqvglvgsgpevkkpessvkvsckasgyifs
rstmhwvrgapgqglewigyinpssaytnyngktkdrvtitadkststaymelssirsedtavyycarpgvhydyngtoyweggtlv
tvssgggosgooospoposoooasdigmtgspstisasvgdrvimtesasssvsymnwyqggkpgekapkrwivdsskiasgvpsif
sgsesgtdytitissigpddfatyyeggwsmpptfegetkveikrsss

{(SEQ 1D NO:120)

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

Dimmsqgspsslavsvgekftmickssgsiffgstgknylawyqokpgaspkllivwastresgvpdritgsgsgtdftiaissvmped
lavyyeqgyynypwifggptkleikppposoooospooosoooosvalgesgpglivkpsgsisitesvidysitsgyywnwirgfp
gnklewmgyisydgsnnynpslknrisitrdtskngfflklssvitediatyyesrgegfvidsweggttltvsssepkssdkthteppep
apeaagapsviltppkpkdtimusripevievvvdvshedpevidfnwyvdgvevhnaktkpreeqynstyrvvevitvlhgdwing
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kevkecavsnkalpapiektiskakggprepgvytlppsrdeltkngvsliclvkgtypsdiavewesngqpennyktippvidsdgstt
yskltvdksrwqgenviscsvmhealhnhytgksislspgsgggosooogsgooesposqvglvgsgpevkkpgssvkvsckas

gytfsrstmhwvrgapggglewigyvinpssaytnyngkfkdrvtitadkststaymelssirsedtavyycarpgvhydyngfpywe

qetlvtvssggppsgogesppoosoooosdigmtgspstisasvgdrvimtcsasssvsymnwyqgkpekapkrwivdssklasg

vpsrisgsgsetdytitssigpddfatyycggwsrpptfeggtkveikrsss (SEQ HD NG:197)

Chimeric bispecific anti-CD123 (VHVL) x anti-CD3 (TSC456) sckv-Fe-sekFy
Vglqesgpelvkpsgslshcsvtdysitsgyywnwirgfpgnklewmgyisydgsnnynpstknrnisitrdiskngftikissvitedt
atyvesrgegtytfdswgqgttitvssggggsggogsgoggsoogosdimmsqgspsslavsvgekfimickssgslffgstgknylaw
vqakpggspklliywastresgvpdritgsgsgtdftlaissvmpedlavyyeggyynypwifgggtkleiksssepkssdkthteppe
papeaagapsvilfppkpkdilmisrtpevicvvvdvshedpevkifnwyvdgvevhnaktkpreegynstyrvvsvitvihgdwin
gkevkcavsnkalpapiektiskakggprepgvytippsrdeltkngvshiclvkgtfypsdiavewesngqpennyktippvidsdgs
fivskltvdksrwaagnviscsvmhealthnhytgkslslspgsgeggsgeegsgeggspgsgvglvgsgpevkkpgssvkvscka
sgytfsrstmhwvrgapgqglewigyinpssaytnyngktkdrvtitadkststaymelsslrsedtavyycarpgvhydyngfpyw
gagthvivssggeesgocgspooosgooasdigmiqspsilsasvgdrvtmtesasssvsymnwyqgkpgkapkrwiydssklas
gvpsiisgsgsetdytltisslgpddfatyyveqqwsrppifeggtkveikrsss (SEQ D NO:198)

DNA sequence of TSC471:
atggaagcaccagegcagotictetiectectgetactetggetcccagataccaceggtgatatccagatgacecagictecatoegecaty
tetgeatetgtaggagacagagtcaceatcactigecgggegagtaagagcatiageaaatattiagectggtticageagaaaccagggaa
agttectaagotecgeatecatictggatetacttigeaatcaggggicccatetcggticagiggcagtggatctgogacagaatttacictea
ceatcageagectgeageetgaagatittgecaactiattactgtcaacageatatigaataceegtggacgticggecaagogaccaaggty
gaagaagectggggcttcagtgaaggtctectgcaaggetictggatacacattcactgactactacatgeactgggtgegacaggocccty
gacaagggocitgagigoatggoatattitaatectiataatgattatactagatacgcacagaagitccagggcagagtcaccatgaccaggy
acacgtctatcageacagectacalggagctgageagectgagateigacgacacggecgigtatiacigigeaagateggatggtiactac
gatgctatggactactiggggtcaaggaaccacagicaccgictectcgagtgageccaaalctictgacaaaacticacacatgeccacegty
cccageacetgaagecgegogiocacegicagiciteeteticeecccaaaacccaaggacacectcatgateticccggaccectgaggic
acatgegtogtooiooacgicagccacgaagaccetigagotcaagitcaacigotacgtogacggcotooagsotucataatgccaagac
aaagecgeggoaggagcagtacaacageacgtacegigtogtcagegicetcacegiccigeaccaggacigocteaatggcaaggaat
acaagtgcgcggtctccaacaaageccteccageccccatcgagaaaaccatciccaaagecaaagggeagecccgagaaccacaggt
gtacacccetgeccccateccgggatgagetgaccaagaaccaggtcagectgacotgectggicaaaggettctatecaagegacatege
cgtggagtoooaogocaatgogcagecggagaacaactacaagaccacgocteecgtectggaciccgacggctecticticctctacag
caagctcaccgigoacaagagoaggaiggocageaggggaacgtictictcatgoicegigatgeatgaggetcigeacaaccactacacgca
gaagagectoiccotgictecggoticeggagptgocgaticggpaggtoocggotcaggagstgogsaciciceticacaggtiacaget
gotocagictgptoctgagotoaaaaagectggeiccagegigaaggtptoctgcaaggccageggatacacctttagecggiccaccat
gcatiggotoaggcagectcctggacaggacctiggagtgoatcggctacatcaaccccageagegotiataccaactacaatcagaagttt
aaggaccggptgaccatcaccgecgataagiccaccageacegectacatggagotgtccagectgaggagogaggataccgoegtgta
ctatftgegoecggeoccaggiccattacgactacaacggettcecctatiggooccagggaacceiggigacegtgiccageggtgocegt
gocageggegecgecgacictggcggagatoocageggeggagaanocticegacaticagatgacecagteccectecacceigice
gctagegtggpcgaicggptgaccatgaccigcagegecageagetecgigicotacalgaactggtaccageagaagcocgeeaagec
tcccaagaggtpgatitacgaciccageaagetggccictggigiccccageaggtictciggtagoggcageggeacagactacacecty
accatcicctecotgcagoccgacgatitcgecacctactatigecageagtiggtceeggaateccoctacctitggogocgocaccaaggat
ggagatcaagageagctaa (SEQ 1D NO:205)
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Mature protein sequence of TSC471:
Digmtgspsamsasvgdrvtitcrasksiskylawfggkpekvpklrihsgstigsgvpsrisgsgsgteftitissiqpedfatyyeqgh
ieypwifeqetkveikrgpgpsgoogosgooosqvqlvgsgaevkkpgasvivsckasgytfidyymhwvrgapgqglewmgyf
npyndytryagkfggrvtmtrdtsistaymelssirsddtavyycearsdgyydamdywgggttvtvsssepkssdkthicppepapea
agapsvilfppkpkdtlmisripevtevvvdvshedpevkinwyvdgvevhnaktkpreeqynstyrvvsvitvlhqdwingkeyk
cavsnkalpapiektiskakggprepgvytippsrdeltkngvshiclvkgtypsdiavewesnggpennyktippvidsdgstilysk]
tvdksrwgggenviscsvmheathnhytgksisispgsgggesgegosgooospsgvglvgsgpevkkpgssvkvsckasgytfsrs
tmhwvrgapgqglewigympssaytnyngkfkdrvtitadkststaymelsslrsedtavyycarpgvhydyngtpyweggtivty
ssggggsggoosgogosoovosdigmtgspstisasvgdrvimtesasssvsymnwyggkpgkapkrwivdssklasgvpsrisg
sgsgtdytlussigpddfatyyeqqwsmpptfgggtkveikrs (SEQ 1D N(O:206)

DNA sequence of ROR243:
atggaggctecegetcagotgetgticctectgeigeteiggetgeccgacaccacaggegacatecagatgacecagiceccttectecct
giccgctagegtgggegatagggtgaceatcaactgecaggoecteccagiccatigactocaateiggoctygticcageagaagecegg
acagoeoccocaagetgetgatttacagggociccaacctggeticeggegtgoectgacaggtictecggatocggeageggeaccegactto
accctgaccateiccteectggaggeegaggatgicgecacotactactgictgggeggegtaggocgetatgagctateggacctecticog
geggegecaccaageteeasalcagggeegeecgocgeCageggcgaCeECegcagleeCegcggageCciceggCegcegcagc
agegagetocageiggtogaaageggagoagocctgotocageciggaagaiccctgagacigtcctgcacagecageggeiccgac
atcaacgactaccecatcacctgggtgagocaggctectggecagggoctggaatggategactitatcaacageggegocageacety
gtatgcttcetggotoaaggoccgoticaceatiageagggacgactecaagiceattgectacetgeagatgaacicectgaagacegag
gacacegecgtgtactactgegocagggoctacageacclattacegggactitaacatetggooccagggeacactggicacegtoicct
cgagteageccaaalcticigacaaaactcacacalgeecacegigeccageacetgaagecgegggtgcacegtcagicticetcticee
cecaaaacecaaggacacecteatgaicteecggaceectgaggteacatgegtgetgotogacoigagocacgaagacecigagoica
agltcaactggtacgiggacgocgiggagotocataatoccaagacaaagoecgegggagoagcagiacaacageacgiacegigtogtc
agegtectcaccgicctgeaccaggactiggctgaatgecaaggaatacaagtocgeggtctcraacaaageecteccageoceeatega
gaaaaccatctecagagocaaaggaagoccegagaaccacaggigtacaceeigooeccateccgggatgagetoacoaagaaccayg
gicagectgacctgoctegicaaaggactictaiccaagegacategccgiggagtigooagagcaalgoocagccggagaacaactacaa
gaccacgecteoegtgeiggactecgacggctoeticttcctctacageaagetcaccgiggoacaagageagotgocageaggogaacet
cttctcatgetccgteatgeatigagocictgcacaaccactacacgeagaagagecteteccigicteogggticecggagoagoooottcag
gtgooooaootictgocgocoooooaascocttcacaggtigcaactiggiocagagiogaceegaggtiaaaaaaccagggicciccgtt
aaggtiagctocaaagecictggctacacatittccaggagtacaatgcactgggotoagocagoctceiggacagggacicgagigoatcg
gotatatcaacceatctagegectataccaattacaaccaaaagtitaaggaccgagttaccattaccgeigacaaatecaccagiacagetta
tatggagctoteatetcitaggtecgageacacigetgtttattactgegetcgicctcaggticactatgactataaiggttitcectactggpot
cagggaaccoiggtgactgicictictggeggtgoaggcagcggigggaatggictggaggoggigecagiggogocpoaggcicty
atattcagatgactcagicicctageacicicagegecagogtagoggaicgtotgacaatgactigetccgctageagtagtgtoictiacat
gaatiggtatcagcagaagoecgggaaageacctaagegetggatotatgacicticcaagetggoaagigototccecicacggiictcty
gcteaggttctggtactgactatactitgactatctectoectecageccgatgatticgetacctattatigtcageagiggagecgtaacecac
ccactticggaggegetaccaaagigeagatcaagaggtcatga (SEQ D NG:207)

Mature protein sequence of ROR243:

Digmtgspssisasvedrvtincgasgsidsnlawfggkpgappklhiyrasnlasgvpdrfsgspsgtdftitissleaedvatyyclgg
veavsyrisfggpthveikgpposooeosppopsoeoasevglvesggglvgpersirisctasgsdindypitwvrgapgqglew:
efinsggstwyaswvkgrftisrddsksiaylgmnslktedtavyycargystyyrdfniwgggtivivsssepkssdkthicppepap
eaagapsvilfppkpkdtimisripevtevvvdvshedpevkfnwyvdgvevhnaktkpreeqynstyrvvsvitvihgdwlingke
vkcavsnkalpapiektiskakggprepgvytlppsrdeltkngvsltclvkgfypsdiavewesnggpennykttppvidsdgsitly
skltvdksrwqqgovisesvimhealhnhyigksisispgsgegesspaosegeespsqvalvgsgpevkkpessvkvsckasgyt
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fsrstmhwvrgapgqelewigyinpssaytnyngktkdrvtitadkststaymelssirsedtavyycarpgvhvdyngfpyweggetl
vtvssgegosgooosogoasgooosdigmtgspstisasvedrvimtesasssvsymnwyqakpgkapkrwiydssklasgvpsr
fsgsgsotdytitissiqpddfatyveqgwsrapptfaggtkveikrs (SEQ 1D NO:208)

DNA sequence of T5C266:
atggaagoeaccagegeagcetictettectectgetactetggetoccagataccaceggtgataiccagatgacccagictecatocgecatyg
ictgeatetgtagpagacagagtcaccateacttgecgggegagtaagageatiageaaatattiagectggtitcagagaaaccagggaa
agttectaagotecgeatecaticiggatetacttigeaatcaggggteccateteggticagiggeagtyggatctgggacagaatttactotea
ceatcagceagectgeagecigaagatitigeaactiattacigtcaacageatattgaatacecgtggacgticggecaagggaccaaggle
saaatcagacgaggiggeggagagteigeooatoocovatecggaggtigatoocictcaggtccagetggtacagicigggacigagst
gaagaagectggggcitcagtgaaggictoctgeaaggctictggatacacattcactgactactacatgeactgggtocgacaggaccocty
sacaagggettgagtgeatggoatattttaatoctiataatgatiatactagatacgecacagaagitccagggcagagtcaccatgaccaggy
acacgtctatcageacagectacatggagcetgageagoectgagateigacgacacggeogtgtatiacigtgeaagateggatggtiactac
satgctatggactactggggtcaaggaaccacagtcacegictectcgagtgageocaaateticigacaaaactcacacatgeocacegiyg
cecageaceigaagecgepggtgeacegicagicticcicticcceccaaaacccaaggacacecteatgatctoccggacecetigaggte
acatgegtogtgoiggacgigagocacgaagacectigaggtcaagitcaactggtacgtggacggcgtggaggetocataatgecaagac
aaageogegggaggageagtacaacageacgtacegtgiggteagegtcetcacegtoctgcaccaggactggctgaatggcaaggont
acgegtogcgeggteiccaacaaageccteccageccecategagaaaaceatctccaaagecaaagggcagoecccgagaaceacaggt
gtacaccctgeceecatcccgggatgagetgaceaagaaccaggicagoectgaccetgectggtcasaggettctatecaagegacatege
cgtogagtoooacagcaatgoocagccggagaacaactacaagaccacgecteecgtgctggacicegacggctecticticctetacag
caagctcacegigoacaagageaggigocageaggggaacgicticteatgcicegigatpcatgaggctctgeacaaccactacacgea
gaagagecteiccctgtctecgggicagagocacaacaattcttcectgaatacaggaacicagatggcaggteatictecgaatictcaggt
ceagetggtopactctgoogocooactootocascctigoocootcacigagoctotoctacaaggcticigactacacctttactagatet
acgatgcactgggtaaggcaggcccctggacaaggictggaatggatigoatacatiaatcctageagtoctiatactaattacaatcagasa
ttcaaggacaggticacaatcagoegeagacaaatecaagageacagecticetgeagatggacagectgaggoccgagoacaccggegt
clatttctgtogcacggocccaagiceactatgattacaacgggtitecttactggogecaagggacteccgicactgicictageggtoooog
aggotcioooooioocooatccggagetiootoocictgcacaagacatccagatgacccagictecaageagectgictgeaagegiog
gooacagggicaccatgaccigeagigccagetcaagtgtaagttacatgaaciggtaccagragaagocgggcaaggeccecaaaaga
tggatttatoactcatecaaactggceticiggagtecctoctcgeticagtggcagtigopotetogoacegactatacccicacaatcagoage
ctgcageccgaagatttcgecacttattactgecageagtggagtegtaacccacecacgtiicggagoooooaccaagetacaaatiacat
cctecagetaa (SEQ I NO:209)

Proten sequence of TS5{266:
Digmtgspsamsasvgdrviitcrasksiskylawfggkpgkvpklrihsgstlgsgvpsifsgsesgteftitissigpedfatyveqggh
ievpwifggptkveikregogsgpopsoooosqvglvgsgaevkkpgasvkvsckasgythidyymhwyvrqapggglewmeoyf
npyndytryagkfqervimirdisistaymelssirsddtavyycarsdgyydamdyweqgttvivsssepkssdkthteppepapea
agapsvippkpkdtimisrtpevicvvvdvshedpevkfnwyvdgvevhnaktkpreeqynstyrvvsvitvlhgdwingkava
cavsnkalpapiektiskakgqprepqvytippsrdeltkngvshcivkgfypsdiavewesnggpennvkitppvidsdgsfilyskl
tvdksrwaqgnvisesvmhealhnhytgksisispgarhnnssintgtqmaghspnsqvglvesgegvvapersirlsckasgytftr
stmhwvrgapgqglewigyinpssaytnyngktkdrftisadkskstatlgmdslrpedtgvytearpgvhydyngfpyweqggipv
tvssgggpsgogospoposaqdigmigspssisasvedrvimtesasssvsymnwyqggkpgekapkrwivdssklasgvparfsgs
esgtdytlitissigpedfatyycggwsrnpptfegetklqitsss (SEQ 1D N(O:210)

DMA sequence of ROR206:

atggaagcaccagegeagcttctettectoctgetacictggetcecagataccaceggigacatccagatgaccragieccectectencty
tcegectecgtgggcgaccgggtgaccatcaactgecaggecteccagiccategactecaacetggectggticcageagaageccgge
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aagecocccaagetgetgatetaccgggectecaacetggectecggegigeoctoceggiicteeggctecggeiccggracegactica
coctgaccalctectoectgeageccgaggacgigaccacctactacigectgggoggcatggocgoegtgtectaceggacciocticy
geggogecaccaaggtogagatcaaggatggagacppticaggeggagetogatecgocggtggogactecggiggcggggatct
saggtocageiggiggagiceggcggcggcctggiocageoeggeoggiccotgcggcigicctgcaccgectecggctecgacatea
acgactaccccaicacctgggtocggcaggoocccggeaagggoctggagiggategecticatcaactecggoggceticcacctggiac
gectectgggtgaaggeceggticaccatotoccgggacgactecaagiccatogoectacctgeagatigaactocctigaagaccgaggac
accgeegtgtactattgegeceggguctactecacctactaccgggacticaacatetggggecagggeacectggtgacegigiecticga
gigagoccaaatetictgacaaaacicacacatgeccacegigoccageaccigaagecgoggatocacegicagicticctetteecceca
aaacccaaggacacecteatgateicceggaceocigaggtcacatgegtogtogtggacgtgagecacgaagacectgaggteaagtic
aactggtacgiggacgpcgtgeaggtgcataaigocaagacaaagocgigggaggageagtacaacagoacgiaccegigiggteagey
tecteaccgtectgeaccaggactggetgaatggeaaggaatacaagtgcgeggictecaacaaagoeocteccageceecatcgagaaaa
ceatetccaaagecaaagggeageecegagaaccacaggigtacacectgeccecatecogggatpagetgaccaagaaccaggicag
cetgacotgectggieaaaggctictatecaagegacatogecgtggagtigggagageaatgggeagecggagaacaactacaagacces
cgectecegtgetggacteegacggetocticticeictacagaageicacogtggacaagageaggtggeageaggggaacgteticic

atgctecgtpatgeatgaggcictgcacaaccactacacgeagaagagocteteocctgicteoggettetggtgpgaggoggticaggogga

v b R cnck
ggtggcteccggeggtoocggatcgecgggctcicaggiccagetggiggagicigggggeggagtagtgcagectigggeggtcaciga
sectgtectgeaaggcotictggetacacctitactagatetacgatgeactigggtaaggcaggecoctggacaaggiciggaatggatigga
tacattaatcctageagtgctiatactaattacaatcagaaaticaaggacaggticacaalcagegeagacaaatccaagagcacagoctic
ctgcagatggacagectgaggeccgaggacaceggegtctatiictgtgcacggccccaagtecactatgattacaacgggatticettacty
gggccaagggactocegticacigicictageggigocogagooictoooootoocggatecggaggtootooctcigeacaagacatee
agatgacccagiciccaageagectgictpeaagegtgooooacagootcaccatgaccigeagtgccagetcaagistaagttacaiga
actggtlaccageagaagocgggcaaggoccecaaaagatggatitatgacicatecaaactggctictggagicectgctcgettcagigg
cagtgggteigooaccgaciatacectcacaatcageagecigeagoeecgaagatticgecacttattactgecageagiggagicgtaace
cacceacgticggagggoogaccaagetacaaattacatectcecage (SEQ B NO:211)

Proten sequence of ROR206:

MEAPAQLLFLLLIWIL PDTTGDIGMTQSPSSLSASVGDRVTINCQASQSIDSNLAWF(QKP
GRKPPKLLIYRASNLASGVPSRFSGSGSGTDFTLTISSLOPEDVATYYCLGGVGAVSYRTSF
GOGOTRVEIKGOGGGSGOGGSGOGGSGOGGSEVQLVESGGGLYVQPGRSLRLSCTASGS DI
NDYPITWVRQAPGKGLEWIGFINSGGSTWYASWVRKGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGOGTLYVTVSSSEPKSSDKTHTCPPCPAPEAAGAPSVEL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHODWLNGKEYKCAVSNKALPAPIERKTISKAKGQPREPOVYTLPPSRDELT
KNQVSLTCLVRKGFYPSDIAVEWESNGOPENNYKTTPPYVLDSDGSFFLYSKLTVDKSRWQ
QGNVFSCSVMHEALHNHY TQKSLSLSPGSGGGGSGGHGGSGGHGGSPGSQVOLVESGGGY
VOPGRSLRLSCKASGYTFIRSTMHWYVRQAPGOGLEWIGYINPSSAYTNYNQKFKDRFT]
SADKSKSTAFLOMDSLRPEDTGVYFCARPOQVHYDYNGFPYWGQGTPVTVSSGGGGSG
GGGSGGGGSAQDIOMTOSPSSLSASVGEDRVTMTCSASSSVSYMNWYQQKPGKAPKRWI
YDSSKLASGVPARFSGSGSGTDY TLTISSLOPEDFATYYCQOQWSRNPPTFGGGTKLOITS
SS (SEQ 1D NO:212)

DMA sequence of ROR287:
atggaagcaccagcegeagcticicticctoctgeiacictggeicccagataccaccggigacaiccagatgacccagicoecctecteocty
tccgecteegtgggcgaccggateaccatcaactgecaggectoocagiccaicgactecaacctggeotggiiccageagaageccgec
aagecccocaagetgeigatetacegggoctecaaceiggectecggegigeoctecoggtictecggoteeggctecggeacegacitea
coetgaccatetectccotglagecegaggacgiggecacciactactgoctgggeggegigggegeegigicotaceggacotetiog



(Vg

15

957
[

geggogecaccaaggtogagatcaagggtggagacppticaggeggagetogateeggcggtggogactecggigacggeggatct
saggtocagetogtpsagiccggeggcogectggigcageccggecggiceetgeggctigtcctgcacegecteoggcteogacatea
acgactaccccaicacctgggtocggcaggoocccggeaagggoctggagiggategecticatcaactecggoggceticcacctggiac
geotectgggtgaagooccggticaccatctoccgggacgactecaagiccategectaccigeagatgaactceoigaagaccgaggac
accgeogtgtactatigegeecgggactaciccacctactacegggacticaacateigggoccagggeacoctggtoacegtatecicga
gigagoccaaatetictgacaaaacicacacatgeccacegigeccageaccigaagecgoggatocaccegicagicticctotteeceeca
aaacccaaggacacecteatgateicceggaceocigaggtcacatgegtoptogtggacgtgagecacgaagacectgaggteaagtic
aactggtacgiggacgpcgtgeaggtgcataaigocaagacaaagocgeggraggageagtacaacageacgiacegigiggteageg

OO
tecteaccgtectgeaceaggactggetigaatggeaaggaatacaagtgcgeggictecaacaaagocecteccagececcaicgagaaaa

ceatetccaaagecaaagggeageccegagaaccacaggtgtacacectgeccecatecogggatpagetgaccaagaaccaggicag
cotgacctgectggtcaaaggctictatecaagegacategecgtggagigogagageaatgggeageoggagaacaaciacaagacea
cgecteccgtgotggactecgacggctecticticetctacageaagetcacegtagacaagageaggtggeageaggggaacgicticte

i 2 i i)
atgctecgtpatgeatgaggcictgcacaaccactacacgeagaagagoctetecctgicteoggettetggtggaggoggticaggogga
sgtggcteeggeggtgocggaicgeegggcteicaggiccagotggtgeaaictgggecigaggtgaagaagoctgggtecicggtzaa
ggtetectgeaaggcotictggatataccticageagatctacgatgeactgggigcgacagaccectggacaagggctigagtooatagaat

acattaatcctageagigetiatactaatiacaatcagaaaticaaggacagagtcacgattaccgoggacaaatccacgageacagectaca
tggagctgageagectgagalctigaggacacggecgtgtatiacigtgegagaceecaagicoactiatgattacaacgggittecttactgg
ggecaaggaacectggtcacegicioctcaggtogagocggettcagocggaggotocatecggegotoocgoalegoatogocggcooat
ctgacatecagatgacecagictecttecacectgictgcatctgiaggagacagagtcaccatgactigcagtoccagetcaagtotasgtt
acatgaactgglatcageagaaaccagggaaageccctaagagatogatttatgactcatecaaactggctictgggetcccateaaggtic
agceggeagtggatetgggacagatiatacteicaccatcageagecigeagoctgatgatittgcaactiattactgecaacagtggagtegt
aacccacccactticggegpagegaccaaggtgeagatcaaacggtectecage (SEQ ID NG:213)

Protein sequence of ROR207:
MEAPAQLLFLLLLWLPDTTGDIOMTQSPSSLSASVGDRVTINCQASQSIDSNLAWF(QQKP
GRPPKLLIYRASNLASGVPSRFSGSGSGTDFTLTISSLOPEDVATYYCLGGVGAVSYRTSF
GGGTRVEIKGGGGSGOGESGGGGSGGGGSEVOLVESGGGLVOPGRSLRLSCTASGSDI
NDYPITWVROQAPGKGLEWIGFINSGGSTWYASWVKGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGOQGTLYVTVSSSEPKSSDKTHTCPPCPAPEAAGAPSVEL
FPPRPKDTLMISRTPEVTCVYVVDVSHEDPEVEKFNWYVDGVEVHNARKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCAVSNKALPAPIEKTISK AKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPYVLDSDGSFFLYSKLTVDRSRWQ
QGNVFSCSVMHEALHNHYTQKSLSLSPGSGGGGSGGGGSGGGGSPGSQVOLVQSGPEY
KKPGSSVEVSCKASGYTHFSRSTMHWVRQAPGOQGLEWIGYINPSSAYTNYNGQKFKDRVT
ITADKSTSTAYMELSSLRSEDTAVYYCARPQVHYDYNGFPYWGOQGTLYVTVSSGGGGSG
GGGSGGGGSGGGEGSDIGMTOSPSTLSASVGDRVTMTCSASSSVSYMNWYQOKPGKAP
KRWIYDSSKLASGVPSRESGSGSGTDYTLTISSLOPDDFATYYCQOWSRNPPTFGGGTKY
EIKRSSS (SEQ ID NO:214)

DMA sequence of ROR208:
atggaagcaccagcegeagcticicticctoctgeiacictggcicccagataccaccggigacaiccagatgacccagicoecctecteocty
tccgectoegtgggcgaccggateaccatcaactgecaggocteoecagiceatcgactecaacctggeotggiiccageagaageccgec
cagecoocccaagetgoetigatotaccgggectecaacciggecicoggegigeccgaccggticiecggeiccggoiccggracogactic
accetgaccatctecteoctggageccgaggacgtgoccacotactactgecigoecgocgtggocgocgtigicctaccggacciectic
ggeggoggcaccaaggtiggagalcaageetpeagaCegticaggegeaggtygalcCggegglgcgalieCygtggeegrggatc
tgaggigeagetggiggagicoggcggeggoctiggtgcageocggecggiceotgeggcigicetgcacegociceggotocgacatea
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acgactaccccaicacctgggtocggeaggocccoggecagggectggagiggateggcticatcaacicoggoggctccacciggiac
geotectgggigaagooccggticaccatctoccgggacgactecaagiccatogectacctgeagatgaacteccigaagaccgaggac
accgeogtgtactatigegeecgggactaciccacctactacegggacticaacateigggoccagggeacoctggtoacegtatecicga
gtgageccaaatctictgacaaaacicacacatgeccaccgigeccageaccigaagecgcggatgcaccegtcagteticetottcoecoea
aaacccaaggacaccctcatgateicecggaccoctgaggtcacatgogtagtogtegacgigagecacgaagaccecigaggtcaagtic
aactggtacgiggacgpcgtgeagetocataalgocaagacaaagocgeggpaggageagtacaacageacgiacegigiggatcagey
tecteaccgtectgeaceaggactggetigaatggeaaggaatacaagtgcgeggictecaacaaagocecteccagececcaicgagaaaa
ceatetccaaagecaaagggeageocegagaaccacaggigtacacectgeccecatecogggatpagetgaccaagaaccaggicag
cetgaccotgectggicaaaggctictatecaagegacategeegtggagtgggagageaatgggcageoggagaacaaciacaagaces
cgectecegtgetggacteegacggetocticticeictacageaageicacogtggacaagageaggtggeageaggggaacgteticic
atgctecgtpatgeatgaggcictgcacaaccactacacgagaagagoctoteectgictecgggttctaggtppaggoggticaggogsa
ggtggcteceggeggtoocagatcgccgggctetcaggtcecagetggiggagicigggggeggagtagigeagectgggeggtcaciga
sectgtectgeaaggcotictggetacacctitactagatetacgatgeactigggtaaggcaggecoctggacaaggtciggaatggatigga
tacattaatectageagtyctiatactaatiacaatcagaaattcaaggacaggticacaatcagegeagacaaatocaagageacagectic

cigcagatggacagectigaggeccgaggacaccggegictatiictgtgeacggoecceaagtecactatgattacaacgggtticctiacty

sggccaaggractecegteacigicictageggiggopgagguictgggootuscggatecggaggatoptggctcigeacaagacatec
agatgacccagiciccaageagoctgtetgcaagegtgggggacagggtcaccatgacetgeagtgccagetcaagigtaagttacaiga

actggtlaccageagaagocgggcaaggoccecaaaagatggatitatgacicatecaaactggctictggagicectgctcgettcagigg

cagtggotctgogoaccgactataccctcacaateageagectgeageccgaagatitcgccactiattactgecageagiggagicgtaace
cacccacgticggagggoegaccaagetacaaatiacatectccage (SEQ D NO:218

Protein sequence of ROR20E:
MEAPAQLLFLLLLWLPDTTGDIGMTOSPSSLSASVGDRVTINCQASQSIDSNLAWEF(QQKP
GOPPKLLIYRASNLASGVPDRFSGSGSGTDFTLTISSLEAEDVATYYCLGGVGAVSYRTS
FGGOGTRVEIKGGGGRSGGGGRGGGGSGGGGSEVQLVESGGGLYVQPGRSLRLSCTASGSDI
NDYPITWVRQAPGQGLEWIGFINSGGSTWYASWVRKGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGOQGTLYVTYVSSSEPKSSDKTHTCPPCPAPEAAGAPSVEL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEKFNWYVDGVEVHNAKTRPREEQYNSTY
RVVSVLTVLHODWLNGKEYKCAVSNKALPAPIEKTISKAKGQOPREPOVYTLPPSRDELT
KNOQVSLTCLYKGFYPSDIAVEWESNGOPENNYKTTPPYLDSDGSFFLYSKLTVDKSRW(G
QONVFSCSVMHEATL HNHYTQKSLSLSPGSGGGGSGGOGGSGGOGGSPGSQVOLVESGGGY
VOPOGRSLRLSCKASGYTFIRSTMHWYRQAPGOGLEWIGYINPRSSAYTNYNOKFKDRFT]
SADKSKSTAFLOMDSLRPEDTGVYFCARPOQVHYDYNGFPYWGOQGTPVTVSSGGGGRG
GGGSGGGGSAQDIQMTOSPSSLSASVGEDRVTMTCSASSSVEYMNWYQQKPGKAPKRWI
YDSSKLASGVPARFSGSGSGTDYTLTISSLOPEDFATYYCQQWSRNPPTFGGGTKLOITS
SS  (SEQ ID NO:216)

DNA sequence of ROR269:
atggaagcaccagcegeagcticicticctoctgetacictggetcccagataccaceggigacaticcagatgacecagicoccotecteocty
tccgectoegtgggcgaccgggtgaccatcaactgecaggectoocagiceatcgactecaacetggeotggiiccageagaageccgec
cagecoocccaagetgotgatotaccgggcectccaacctiggeciceggegigeccgaccggiteiecggciceggotccggeaccgactic
accetgaccatctecteoctggageccgaggacgtgoccacotactactgecigoecgocgtggocgocgtigicctaccggacciectic
gecgocggcaccaaggtggagatcaagggtpgaggoggticaggoggaggtggalceggoeatagcpaCieCygtegeeacygatc
tgaggtocagctggtogagiccggcggcggoctggtgoageceggecggicecigeggcigiccigeacegectccggoteogacaica
acgactaccccatcaceigggtaeggaggecoocggecagggeciggastiggateggeticatcaactecggeggeticcacctggiac
gectectgggtgaageocegattcaccateicccgggacgactccaagtecategectacetglagatgaactoocigaagacogaggac
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accgeogtgtactatigegeecgggactaciccacctactacegggacticaacateigggoccagggeacoctggtoacegtatecicga
gtgageccaaatctictgacaaaacicacacatgeccaccgigeccageaccigaagecgcggatgcaccegtcagteticetottcoecoea
aaacccaaggacaccctcatgateicecggaccoctgaggicacatgogtogtpgtgoacgigagocacgaagacecigaggtcaagtic
aactggtacgiggacggcgtggagatycataalgecaagacaaagocgegggaggagcagtacaacageacgiacegigiggtcagey
tcctecaccegicecigeaccaggactggetigaatggoaaggaatacaagigegeggiciccaacaaagoccicccagecoccaicgagaaaa
ceatetccaaagecaaagggeageocegagaaccacaggtgtacacectgeccecatecogggatpagetgaccaagaaccaggicag

coetgacctgectggicasaggctictatecaagegacatogeegtggagigggagageaatgggeageoggagaacaactacaagacea
cgectecegtgetggacteegacggetocticticeictacageaageicacogtggacaagageaggtggeageaggggaacgteticic
atgctecgtpatgeatgaggcictgcacaaccactacacgagaagagoctoteectigictecgggitetogtggaggoggticagoopga
ggtgoctceggeggtaocggatcgcegggctcicaggiccagetggigoaatetgggocigaggigaagaagectgggtocicggtaaa
ggtetectgeaaggotictggatataccttcageagatctacgatgeactgggipegacaggeccctiggacaagggctigagtopataggat
acattaatcctageagigetiatactaattacaatcagaaaticaaggacagagtcacgattaccgoggacaaatecacgageacagoctaca
tggagctgageagectgagalctigaggacacggecgtgiatiacigtgegagaceecaagiceactiatgattacaacgggittecttactgg

sgecaaggaaceotggteacegictocteaggtgpaggeggitcaggoggagptggatecggeggtgocggaleggotggeggoggat
ctgacatccagatgacccagtetecttccacectgictgeateigiaggagacagagicaccatgactigeagigecagetcaagigiaagit

acatgaactggtatcagcagaaaccagggaaageocctaagagatggattiatgactcatecaaactggetictgggateccatecaaggtto
ageggcagtggatetgegacagatiatacicicaccateageagectgeageotgatgatiitgeaactiattacigocaacagiggagicgt

aacccacccactticggeggagegaccaaggtgoagatcaaacggtectecage (SEQ 1D NG:217)

Protein sequence of ROR209:
MEAPAQLLFLLLLWLPDTTGDIOMTQSPSSLSASVGDRVTINCQASQSIDSNLAWF(QQKP
GOPPKLLIYRASNLASGVPDRFSGSGSGTDFTLTISSLEAEDVATYYCLGGVGAVSYRTS
FGGOGTEVEIKGGGGRGGGGRGGGGSGGGGSEVOLVESGGGLYQPGRSLRLSCTASGSDI
NDYPITWVROQAPGOQGLEWIGFINSGGSTWYASWVKGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGOQGTLVTVSSSEPKSSDKTHTCPPCPAPEAAGAPSVEL
FPPRPKDTLMISRTPEVTCVVVDVSHEDPEVEFNWYVDGVEVHNARKTKPREEQYNSTY
RVVSVLTVLHODWLNGKEYKCAVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDRSRWQ
QGNVFSCSVMHEALHNHYTQKSLSLSPGSGGGGSGGGGSGGGGSPGSQVOLVQSGPEY
KKPGSSVRKVSCKASGYTHFSRSTMHWVRQAPGQGLEWIGYINPSSAYTNYNGQKFKDRVT
ITADKSTSTAYMELSSLRSEDTAVYYCARPQVHYDYNGFPYWGRQGTLVTVSSGGGGSG
GGGSGOGGSGGGGSDIGMTOSPSTLSASVGDRVTIMTCSASSSVSYMNWYQUKPGKAP
KRWIYDSSKLASGVPSRESGSGSGTDYTLTISSLOPDDFATYYCQOQWSRNPPTFGGGTKY
EIKRSSS (SEQ 1D NO:218)

DNA sequence of ROR231:
atggagocaccegeccagetgctgtictigttpcigetgtggctocctgataccaceggagacatecagatgacccaaiecectictagictot
ccgelagegticggagaccgegtgaccatcaatigicaageatctcagagtattgacageaateicgeotggtitcageagaagecaggaaa
gccacccaageticcigatitatageoctageaacctggetteiggtistcoctagiaggticageggectcigggagtgocacagacticaccect
gaccattagtagictgcageccgaagatgtegeiacctattactgecteggaggagigogtoccgitictiategeaccicatitggagotpnc
accaaagigoagatcaaagolgptygCgecicegeeeetooceaotcageeoagecanoaiciggagacgacagatcagaagtica
gctggtegaateiggagoagotciggtgeagecaggcaggiceciccggotgageigeacigcatccggeictgacattaatgactacect
atcaccigggtpagocaggocccecggtaaaggcctggagigoateggoticatcaatictggtggatctactigotacgraagetgggotsa
aaggacgcticacaatiagtagagacgacictaagictatcgeataictgcagatgaatagetigaagacagaggacacogecgigtactatt
gtocaagagpataciccacttactaccgegatticaatatetgggpccagggaacectggtgacagigticetegagigagoocaaatottctg
acaaaactcacacatgeecacegtgecageacctgaageegegggigeacegicagtcticcicticcCoeaanraceCaaggacacce
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tcatgatctcccggaccoctgaggicacatgegtgotootogacgtsagccacgaagacecigaggtcaagitcaactygtacgiggace

gegtggasotocataatgecaagacaaagocgegggaggagcagiacaacageacgtacegigtggtcagegtoctcacegicetigeac
caggaciggctgaatggcaaggaatacaagtgegoggiciccaacaaageccteccagoeecceatogagaaaaccateiccaaagocaa
agggeagcececgagaaccacaggigtacaccotgooceccatoccgggatgagctgaccaagaaccaggicagoectgacetgoctggte

aaaggctictatccaagegacaticgeogiggagtegoagagcaalggacagecggagaacaactacaagaccacgectcoegigeigg

actecgacggetocticticotctacageaagoicacegiggacaagageaggiggcagcagggeaacgtcticteatgetecgigatgeat
gaggetctgeacaaccactacacgeagaagagectetcecigteteegggitecggaggogacgaCicCggeggegeoggcagogge

ggcggeggcagececggateccaggtgcagetggigeagtctggtcctgaggtgaaaaagectggetecagegtgaaggtotectacaa
sgecageggatacacctttagoeggiccaccatgeatigggtoaggcaggotectggacaggaooectggagtggategpctacatcaaceo
cageagogettataccaactacaatcagaagtitaaggacegggtgaccatcacegecgataagtecaccageacegectacatggaget

giccagoctgaggagegaggatacegecgiglactatigegeceggocccaggtocattacgactacaacggeticcoctatiggggcca

gggaaceoiggtzacogtgtccageggagoceuCggCageygCggrggcEocagiggcegagsaggcagcggcyggagaagacto
cgacattcagatgacecagiceccctccaceetgteogotagegtagaocgatecgggigaccatgaceigcagegecageageicegigic

clacatgaactggtaccageagaageceggeaaggetcecaagaggtogatitacgaciccageaagetggeciciggtgtcoocageag
gtictetggtageggcageggeacagactacaccetgaccateticciocctgeageccgacgatitegecacctactattgecageagtegt
cecggaatccccctaccttiggegecggcaccaaggtggagatcaagaggagctccage (SEQ ID NO:219)

Protein sequence of ROR231:
MEAPAQLLFLLLLWLPDTTGDIOMTONPSSLSASVGDRVTINCQASQSIDSNLAWFQQKP
GRPPKLLIYRASNLASGVPSRFSGSGSGTDFTLTISSLOPEDVATYYCLGGVGAVSYRTSF
GGGTKVEIRGGGGSGGGGSGGGGSGGGGSEVOLVESGGGLVOPGRILRLSCTASGSDI
NDYPITWVROQAPGKGLEWIGFINSGGSTWYASWVKGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGOQGTLVTVSSSEPKSSDKTHTCPPCPAPEAAGAPSVEL
FPPRPKDTLMISRTPEVTCVVVDVSHEDPEVEFNWYVDGVEVHNARKTKPREEQYNSTY
RVVSVLTVLHODWLNGKEYKCAVSNKALPAPIERKTISK AKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDBSDGSFFLYSKLTVDRESRWQ
QGNVFSCSVMHEALHNHYTQKSLSLSPGSGGGGSGGGGSGGGGSPGSQVOLVQSGPEY
KKPGSSVRKVSCKASGYTHFSRSTMHWVRQAPGQGLEWIGYINPSSAYTNYNGQKFKDRVT
ITADKSTSTAYMELSSLRSEDTAVYYCARPQVHYDYNGFPYWGOQGTLVTVSSGGGGSG
GGGSGOGGSGGGGSDIGMTOSPSTLSASVGDRVTIMTCSASSSVSYMNWYQUKPGKAP
KRWIYDSSKLASGVPSRESGSGSGTDYTLTISSLOPDDFATYYCQOQWSRNPPTFGGGTKY
EIKRSSS (SEQ 1D NG:220)

DNA sequence of ROR233:
atggaggoctcocgeicagetgetgticctiecigetgeictggetgccogacaccacaggegacatocagatgaccecagiccocticctocct
gtccgetagegtogocgatagggigaceatcaactgccaggecteccagiccatigaciceaateiggectggticcageagaagoccgg
acagocccccaagetgetgatttacagggcciccaacotggcticcggogtocotgacaggtictccggatecggcageggeaccgactic
accetgaccatctecteoctggaggocgaggatatecgocacctactactgtotggocgacgtgeocactgigagctatcggacciccticg
gegacggcaccaageiggagalcaaggacgaCygCegraglgglggreacaacagcgecsaCyagglicogereocaacgsd
agcgagetocagotgotopaaagcgpaggagocciggigcagectgpaagotcoctigaggotatectgcacagecageggoiccgac
atcaacgactaccocatcacetgggtgagecaggcicctggocagggectggaatggateggcttiatcaacagoggeggeageaccty
gtatgcttoctgggteaaggoccgettcaccattageagggacgaciccaagiccatigectacctgeagatgaactcoctgaagacegag
gacaccgeogigtactactgegocaggggctacageacciattaccgggacittaacaictggggocagggeacactggtcaccgigicct
cgagtgageccaaatcticigacaaaacicacacatgeccaccgigeccageacctgaageogegggtacacegicagicttectoticee
ceeaaaacccaaggacacecteatgatcteccggaceoctgaggtcacatgegtggigatgpaceigagecacgaagacectgaggica
agticaactggtacgtegacggcgtaggaggtiocataatgccaagacaaageegegggaggagcagtacaacageacgtacegtgtggetc
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agegicctcacegioctgeaccaggactiggctgaatggcaaggaatacaagigegoggiciccaacaaageccteccagoecceatoga

gaaaaccatciccaaagecaaagggcagoccegagaaccacaggigtacacceigecoecateccogggatgagetgaccaagaaccay
gtcagectgacctgectggtcaaaggetictatccaagegacategeegtggagiggogagsageaatgggragecggagaacaactacaa
gaccacgecteccgigetggactccgacggetecticticcictacageaagetcacegtggacaagageaggtggcageaggeoaacgt
citcteatgetecgtgatgcatgagoctetgcacaaccaciacacgeagaagagocteticcetgictcoggoitocggagscggcggotee

sECggLgeeggcageggcgocgacggrageceeggateccaggigeagotgatgeagtetggicotgageigaaasageciggotec
agegtgaaggigtectgeaaggecageggatacacctitageoggtecaccatgeatigggigaggcaggeicetggacagggeoctgga

gtggateggetacateaaceccageagegettataccaactacaatcagaagitiaaggacegggtoaccatcacegecgataagiccace
ageaccgectacatggagetgiccagecigaggagegaggatacegeegigtactatigegeecggeoccaggiccatiacgactacaac
sgcttecectatiggggecaggaaccotggigacegigicCagegeagacgECggageggegoggrggcageggcsgaguagsy
cagegpeggaggaggcteocgacaticagatgacceagteccectecacecigicegetagegigggegategggtoaccatgaccigea
gegecageagetecgigtectacatigaactggtaccagragaageccggeaaggetoeccaagaggiggatifacgacticcagaagelg

gectetggtetecccageaggtictetggtageggcageggeacagactacaceeigaceatetectecetgeagoccgacgatttegoeca

cotactattgccageagtggteceggaateceoetacetttggegecggcaccaaggtiggagatcaagaggaogciceage (SEQ D

M(3:221)

Protein sequence of ROR233:
MEAPAQLLFLLLLWLPDTTGDIOMTQSPSSLSASVGDRVTINCQASQSIDSNLAWF(QQKP
GOPPRLLIYRASNLASGVPDRFSGSGSGTDFTLTISSLEAEDVATYYCLGGVGAVSYRTS
FGGOGTEVEIKGGGGRGGGGRGGGGSGGGGSEVOLVESGGGLYQPGRSLRLSCTASGSDI
NDYPITWVROQAPGOQGLEWIGFINSGGSTWYASWVKGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGOQGTLVTVSSSEPKSSDKTHTCPPCPAPEAAGAPSVFEL
FPPRPKDTLMISRTPEVTCVVVDVSHEDPEVEFNWYVDGVEVHNARKTKPREEQYNSTY
RVVSVLTVLHODWLNGKEYKCAVSNKALPAPIERKTISK AKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDBSDGSFFLYSKLTVDRSRWQ
QGNVFSCSVMHEALHNHYTQKSLSLSPGSGGGGSGGGGSGGGGSPGSQVOQLVQSGPEY
KKPGSSVRKVSCKASGYTHFSRSTMHWVRQAPGQGLEWIGYINPSSAYTNYNGQKFKDRVT
ITADKSTSTAYMELSSLRSEDTAVYYCARPQVHYDYNGFPYWGRQGTLVTVSSGGGGSG
GGGSGOGGSGGOGGSDIGMTOSPSTLSASVGDRVTIMTCSASSSVSYMNWYQUKPGKAP
KRWIYDSSKLASGVPSRESGSGSGTDYTLTISSLOPDDFATYYCQOQWSRNPPTFGGGTKY
EIKRSSS (SEQ 1D N(G:222)



Table 15. Summary of S8EQ D NOs

Dasignation Description DA SEQ ID NG Protein SEQ ID NO
TSC311or TSC312 | Fo DRAZ22 1 2
TSC313 Fe H7LL 3 4
TSC314 Fec H714 5 6
TSC315 Fe¢ H7L5 7 8
TSC31e Fe HaLl 9 10
TSC317 Fc Hal4 11 12
TSC318 Fc HE8LS 13 14
TSC318 Fc HOLL 15 i6
TSC320 Fc Hol4 17 13
TSC321 Fc HOLE 18 20
TSC322 Fc H10LL 21 22
T5C323 Fc H10L4 23 24
T5C324 Fc H10LS 25 26
T5(334 Fc H7L6 27 28
T5C335 Fc H7L7 29 30
T5(336 Fc H7L8 31 32
T5¢337 Fe HBLE 33 34
15338 Fe HBLY 35 36
TSC338 Fc H3L3 37 38
TSC340 Fc H10L6 33 40
TSC341 Fe H10LY 41 42
TSC342 Fec H10LR 43 44
TSC370 TSC342 G27Y 45 46
TSC371 TSC342 M53I a7 48
TSC372 TSC342 121M 45 50
TSC380 TSC370 ASP 51 52
TSC391 TSC370 ASP M53H 53 54
TSC392 TSC370 AP 121M 55 56
TSC393 TSC370 M531121M 57 58
TSC394 TSC370 ASP MBE31121IM 59 &0
T5C408 Anti-PSMA X T3C391 61 62
T5C409 Anti-PSMA X T3C392 63 64
T5C410 Anti-PSMA X T5(393 65 66
T5C411 Anti-PSMA X T5(394 67 68
TSC471 Anti-PSMA X TS(456 205 206
TSC266 Anti-PSMA X DRA222 {huVL-VH 107- 209 210
1A4 scFv-Fe-DRA222 scFv)
CAS105 Anti-CD37 X DRA222 69 70
Anti-CD37 X Anti-CD37 X TSC394 71 72
T5C445
Anti-CD37 X Anti-CD37 X {TSC394 VI + DRAZ22 VH) 73 74
TSC452
Anti-CD37 X Anti-CD37 X {TSC394 VH + DRA222 VL) 75 76




TSC453

Anti-CDB37 X Anti-CD37 X TSC334 ER6D 77 78

TSC454

Anti-CD37 X Anti-CD37 X TRC384 FR7Y 79 80

TSCA55

Anti-CD37 X Anti-CD37 X TSC3%4 ERGD FR7Y 81 82

T5C456

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

TSCA56 TSC394 E86D F87Y scFv {anti-CD3 scFv) 84

DRA222 Anti-CD3 scFv 85

TSC455 and TSCASS and TSC456 variable heavy 86

TSCA56 VH domain

DRAZ22 VH DRAZ22 variable heavy domain 87

TSCA55 VL TSCA55 variable light domain 38

TSCA56 VL TSCA56 variable light domain 89

DRAZ222 VL DRAZ222 variable light domain a0

Cris7 and DRA222 | Anti-CD3 VH CDR1 91

VH CDR1 (Kabat)

Cris7 and DRAZ22 | Anti-CD3 VH CDR2 92

VH CDR2 {Kabat)

Cris7 and DRAZZ22 | Anti-CD3 VH CDR3 93

VH CDR3 {Kabat)

Cris7 and DRA222 | Anti-CD3 VL CDR1 94

VL CDR1 {Kabat)

Cris7 and DRA222 | Anti-CD3 VL CDR2 95

VL CDR2Z {Kabat)

Cris7 and DRA222Z | Anti-CB3 VL CDR3 36

VL CDOR3 {Kabat)

Cris7 and DRA222 | Anti-CD3 VH CDR1 199

VH CDRL {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 CDR1 202

VL CDR1 {IMGT)

Cris7 and DRA222 | Anti-CD3 VL CDR2 203

VL CDR2 (IMGT}

Cris7 and DRA222 | Anti-CD3 VL CDR3 204

VL CDOR3 (IMGT}

ROR133 Anti-RORL {(R11 L7H15}) X BRAZ22 97 98

ROR133 Anti-RORL {R11 L7H1I5) X TSC384 F87Y | 99 100

ROR134 Anti-RORL (R11 L7H10} X DRAZ222 101 102

ROR189 Anti-RORL (R11 L7H1I0} X TSC324 E&ED | 103 104
F&7vY

ROR154 Anti-RORL {R11 L7H16} X BRAZ22 105 106

ROR185 Anti-RORL {(R11 L7H15} X TSC384 E&ED | 107 108
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RORL79 Anti-ROR1L {R11 L&H16) X DRAZZ2 109 110

ROR186 Anti-ROR1 (R11 L8H16) X TSC324 E86D | 111 112
F&7vy

ROR181 Anti-RORL {R11 L7H17) X DRAZ22 113 114

ROR1S1 Anti-RORL {R11 L7HL7) X TSC384 E86D | 115 116
FR7Y

ROR18Z Anti-ROR1 {R11 19H18) X DRA222 117 118

ROR192 Anti-ROR1 {R11 LOH18) X TSC384 £86D | 118 120
F87Y

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

ROR206 ROR133 5407 G113R x DRA222 Fc 211 212
ADCC- K322A-H111 in pEE12.4

ROR207 ROR133 5407 G113R x TSC456 Fc ADCC- | 243 214
K322A-Hillin pEE12.4

ROR208 RORL74 S40T G113R x DRAZ22 Fc 215 216
ADCC- K322A-H1llin pEEL2.4

ROR209 ROR174 S40T G113R x TSC456 Fc ADCC- | 217 218
K322A-Hi1lin pEF12.4

ROR231 Anti-ROR1L X anti-CD3 218 220

ROR233 Anti-ROR1 X anti-CD3 223 222
Chimeric bispecific anti-CD123 (VLVH) x 197
anti-CD3 {TSC456) scFv-Fe-sefy
Chimeric bispecific anti-CD123 (VHVL) x 198

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

1. A CD3-binding domain that binds specifically o human CD3 and that comprises
an immunoglobulin light chain variable region and an immunoglobulin heavy chain variable
region;

wharain the immunogiobulin light chain variable region comprises an amino acid
saguence that is

(a) at least about 83% identical, at least about 85% identical, at least about 97%

identical, at least about 88% identical or at least about 89% identical io the amino
acid sequence in SEQ 1D NG:88; or

{b) at least about 4% identical, at least about 85% identical, at least about 97%

identical, at least about 88% identical or at least about 99% identical to the aming
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 90% identical, at least about 82% identical, at least about 95% identical,
at least about 97% identical, at least about 98% identical or at least about 98% identical to the

amino acid sequence in SEQ 1D NO:86.

2. The CD3-binding domain of claim 1, whsrein the CD3-binding domain comprisss
an amino acid sequsances that is at least about 87% identical, at least about 80% identical, at
least about 82% identical, at least about 95% identical, at least about 97% identical, at least
about 88% identical or at least about 99% identical to the amino acid sequence in SEQID
NO:83 or SEQ D NO:84.

3. The CD3-binding domain of claim 1, wherein the immunoglobulin lght chain
variable region comprises

{(a) an LCDR1 amino acid sequence of SEQ 1D NC:84, an LCDRZ amino acid
sequence of SEQ ID NO:85, and an LCDR3 amino acid sequence of SEQ (D NO:96 and
wherein the immunoglobulin heavy chain variable region comprises an HCBR1 amino acid
sequence of SEQ D NO:91, an HCDR2 amino acid seguence of SEG 1D NG:92, and an
HCDR3 amino acid sequence of SEQ ID NOG:93; or

{b} an LCDR1 amino acid sequence of SEQ 1D NO:202, an LCDRZ2 amino acid
sequence of SEQ 1D NO:203, and an LCDR3 amino acid sequence of SEQ 1D NG:204 and
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wherein the immunogiobuiin heavy chain variable region comprises an HCER1 amino acid
saguence of SEQ ID NO:199, an HCDR2 amino acid sequence of SEQ 1D NO:200, and an
HCDR3 amino acid sequance of SEQ 1D NOC:201.

4, A CD3-binding domain that binds specificaily 1o human CD3 and that comprises
an immunoglobulin fight chain variable region and an immunoglobulin heavy chain variable
ragion, wherein
€} 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:25, and an LCDRS aminc acid sequences of SEQ ID NO:986 and whersin
the immunogiobulin heavy chain variable region comprises an HCDR1 amino
acid sequence of SEQ ID NO:81, an HCDRZ amino acid sequence of SEQ 1D
NO:92, and an HCDR3 amino acid sequence of SEQ D NO:83; or

) the immunoglobulin light chain variable region comprises an LCDR1 amino
acid sequence of SEQ ID NO:202, an LCDR2 aming acid sequence of SEQ
D NO:203, and an LCDRS amino acid seguence of SEQ 1D NO:204 and
wharein the immunoglobulin heavy chain variable region comprises an
HCDR1 amino acid sequence of SEQ 1D NO:188, an HCDR2 amino acid
sequence of SEQ 1D NG:200, and an HCDR3 amino acid sequence of SEQ
D NO:201; and

wharain the CD3-binding domain has any one or more of the following properiies:

B the thermal transition midpoint of the CD3-binding domain is 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;

(it} 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 o about 90 days;

(i} the CD3-binding domain binds o human CD3 with an EC30 of about 10 nbM or
fower; and

(iv} the CD3-binding domain binds o cynomolgus CD3 with an EC50 of about 30 nM

or lower.

5. The CD3-binding domain of any one of the preceding claims, wherein the
immunoglobulin light chain variable region and the immunoglobulin heavy chain variable region
comprise framework regions and wherein at least one of the immunoglobulin light chain variable

region and the immunoglobulin heavy chain variable region is humanized.
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8. The CD3-binding domain of any one of claims 3-5, wherein the immunogiobulin
light chain variable region comprises framework regions based on the human IGKV3D-20"1

germiine amino acid sequence.

7. The CD3-binding domain of any one of claims 3-6, wherein the immunogiobulin
heavy chain variable region comprises framework regions based on the human [GHV1-69702

germiline amino acid sequance.

8. The CD3-binding domain of any one of the preceding claims, whearsin the amino
acid residue at position 52 according to the IMGT numbering system of the immunogiobulin light
chain variable region is arginine and/or the amino acid residus at position 53 according to ths

IMGT numbering system of the immunoglobulin light chain variable region is trypiophan.

9. The CD3-binding domain of claim 1, whsrein the amino acid residue at position
27 according to the IMGT numbering system of the immunogliobulin heavy chain variable region

is fyrosing,

10. The CD3-binding domain of claim 1, wherein the CD3-binding domain comprises
one or more of the following:

{a} the amino acid residug at position 8 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 immunogiobulin heavy chain variable region is isoleucine; and

(b} the amino acid residue at position 21 according to the IMGT numbering system

of the immunoglobulin ight chain variable region is methionins.

11. The CD3-binding domain of claim 1, wherein the amino acid residue at position
87 according o the IMGT numbering system of the immunogiobulin heavy chain variable region

is tyrosins.,
12. The CD3-binding domain of claim 1, wherein the amino acid residue at position

86 according to the IMGT numbering system of the immunoglobulin heavy chain variable region

is aspartic acid.
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13. The CD3-binding domain of claim 1, wharein the amino acid residus at position
86 according to the IMGT numbering system of the immunogiobulin heavy chain variable region
is asparlic acid and the amino acid residue at position 87 according to the IMGT numbering

system of the immunoglobulin heavy chain variable region is tyrosine.

14, The CD3-binding domain of any one of the preceading claims, whersin the CD3-
binding domain comprises SEQ ID NO:83 or SEQ 1D NO:84.

15. The CD3-binding domain of any one of the preceding claims, whersin the CD3-

binding domain is a single chain variable fragment (scFv).

18. The CD3-binding domain of claim 15, 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 QRHNNSSLNTGTAQMAGHSPNS (SEQ
D NO:148).

17. The CD3-binding domain of claim 15, wherein the heavy chain variable region of

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

18. The CD3-binding domain of claim 1, wherein the CD3-binding domain has a
thermal stability that is increased at least about 10% when compared to the thermal stability of &
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.

19. The CD3-binding domain of claim 1, wherein the thermal transition midpoint (Tm)
of the CD3-binding domain is increased at least about 3°C, at leasi about 4°C, at least about
5°C, or at least about 6°C increased and up to about 20°C when compared {0 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 1D NO:87.
20. The CD3-binding domain of claim 1, wherein the thermal transition midpoint of

the CD3-binding domain is at least about 54°C, at least about 55°C, at least about 56°C, or at
least about 57°C and up o about 72°C.
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21 The CD3-binding domain of any one of claims 18-20, wherein the thermal
stability or the thermal transition midpoint is measured by differantial scanning calorimetry or

differential scanning fluorimstry.

22. The CD3-binding domain of claim 1, wherein the CD3-binding domain has
storage stability that is increased at least about 5%, at Isast about 10%, atlsast about 20%, at
lsast about 30%, atleast about 409%, at least about 50%, at least about 80%, at least about
70%, at least about 80%, at least about 90% and up to about 100% when compared o the
storage stability of 2 CD3-binding domain comprising a light chain variable ragion comprising
SEQ ID NO:80 and a heavy chain variable region comprising SEQ 1D NO:87.

23. The CD3-binding domain of claim 22, wherein the CD3-binding domain is stored
in PBS at about 25°C.

24. The CD3-binding domain of claim 1, wherein 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 to about 90 days.

25. The CD3-binding domain of claim 1, whsrein the CD3-binding domain has a level
of high molecular weight aggregates produced during recombinant expression that are at least
about 5%, at least about 10%, at least about 20% decreased, at lsast about 30% decreased
and up to about 50% decreased when compared to the level of high molecular weight
aggregates produced during recombinant expression of a CD3-binding domain comprising a
fight chain variable region comprising SEQ 1D NO:90 and a heavy chain variable region
comprising SEQ 1D NO:87.

26. The CD3-binding domain of claim 1, wherein the CD3-binding domain binds {o

human CD3 with an EC50 of about 10 nM or lower.

27. The CD3-binding domain of claim 1, wherein the CD3-binding domain binds

specifically to cynomolgus CD3.
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28. The CD3-binding domain of claim 27, wherein the CD3-binding domain binds {o
cynomolgus CD3 with an ECBE of about 30 oM or lower.

29. A CD3-binding polypeplide comprising the CD3-binding domain of any one of the

preceding claims.

30 The CD3-binding polypeptide of claim 28, wherein the CD3-binding polypeptide

comprises an immunoglobulin constant region.

31. The CD3-binding polypeptide of claim 29 or 30, wherein the CD3-binding
polypeptide when bound to a CD3 protein on a T cell does notinduce or induces a minimailly

detaciable cyiokine release from said T cell.

32. The CD3-binding polypeplide of any one of claims 29-31, wherein the CD3-

binding polypeptide induces T-cell activation or T-cell proliferation.

33 The CD3-binding polypeptide of any one of claims 29-32, further comprising a

second binding domain.

34. The CD3-binding polypeptide of claim 33, wherein said CD3-binding polypeptide
comprises, in arder from amino-terminus to carboxyh-terminus, (i) the second-binding domain,
{ity a hinge region, (ili) an immunoglobulin constant region, (iv) a carboxyl-terminus linker, and
(v) the CD3-binding domain.

35. The CD3-binding polypeptide of claim 33 or 34, wherein
(i the CD3-binding domain comprises (a) an immunoglobulin light chain variable
ragion comprising LCDR1, LCDR2, and LCDR3, and {b) an immunoglobulin heavy chain
variable region comprising HCDR1, HCDR2, and HCDR3; and
(i) the second binding domain comprises {a) an immunoglobulin light chain
variable region comprising LCDR1, LCDRZ2, and LCDR3, and (b) an immunoglobulin heavy
chain variable region comprising HCDR1, HCDRZ2, and HCDR3,

36. The CD3-binding polypeptide of claim 34 or 35, wherein the hinge region is

derived from an immunoglobulin hinge region.
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37. The CD3-binding polypeptide of any one of claims 34-368, wherein the carboxyl-

terminus linker comprises or consists of SEQ 1D NO:186.

38. The CD3-binding polypeptide of any one of claims 27-37, wherein the
immunoglobulin consiant region comprises immunoglobulin CHZ and CH3 domains of igG1,
g2, 1gia3, 1gG4, IgAt, IgA2 origD.

39, The CD3-binding polypeptide of claim 38, wherein the immunogiobulin constant
region comprises a human IgG1 CH2 domain comprising the substitutions L234A, L235A,
G237A, and K322A, according to the EU numbering system.

40, The CD3-binding polypeptide of any one of claims 33-39, wherein the CD3-
binding polypeptide induces redirected T-cell cytotoxicity (RTCC).

41, The CD3-binding polypsptide of claim 40, whersin the CD3-binding polypeptids
induces RTCC with an ECA0 of about 30 pM or lower,

42. The CD3-binding polypeptide of any one of claims 33-41, wherein the second

binding domain is a single chain variable fragment (scFv).

43. The CD3-binding polypeptide of any one of claims 33-42, wherein the second

binding domain binds or interacts with a tumor associated antigen.

44, The CD3-binding polypeptide of claim 43, wherein said CD3-binding polypeptide

induces T-cell-dependent lysis of cells expressing ths tumeor associated antigen.
45, The CD3-binding polypeptide of claim 43, wherein the tumor associated antigen
is selected from the group consisting of PSMA, CD19, CD20, CD37, CD38, CD123, Her2,

ROR1, RON, giycoprotein A33 antigen (gpA33), and CEAL

48. The CD3-binding polypeptide of any one of claims 29-45, wherein said CD3-

binding polypeptide further comprises an immunoglobulin heterodimerization domain.
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47. The CD3-binding polypeptide of claim 46, wherein the immunogiobulin
heterodimerization domain comprises an immunogiobulin CH1 domain or an immunoglobulin CL

domain.

48. The CD3-binding polypeptide of any one of claims 29-47, wherein said CD3-
binding polypeptide is a heterodimesric CD3-binding protein comprising (i) a first polypeptids
chain comprising, in order from amino-terminus to carboxyl-terminus or from carboxy-tsrminus
fo amino-terminus, (a) a CD3-binding domain that specifically binds human CD3, (b) a first
hinge region, (¢) a first immunogiobulin constant region, and (d) a first immunogiocbulin
heterodimerization domain; and (il) a second polypeplide chain comprising, in order from amino-
terminus to carboxyl-terminus or from carboxyl-terminus o amino-terminus, (8} a second hinge
ragion, (b} a second immunoglobulin constant region, and {¢'y a second immunogiobulin
heterodimerization domain that is different from the first immunoglobulin heterodimerization
domain of the first single chain polypeptide, wherein the first and second immunoglobulin

heterodimerization domains associale with each other to form a heterodimer.

49, The CD3-binding polypeptlide of claim 48, wherein 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.

50. The CD3-binding polypeptide of claim 49, wherein at least one of the first and
second immunoglobulin constant regions comprises immunoglobulin CHZ and CH3 domains of
lgG1, igG2, 1gG3, 1IgG4, IgAt, IgAZ, 1gD or any combination thereof, an immunogliobulin CH3
domain of IgG1, 1gG2, 1gG3, IgG4, IgAt, igA2, 1gD, gk, IgM or any combination thereof, or

immunoglobulin CH3 and CH4 domains of IgE, IgM or a combination thereof.

51. The CD3-binding polypeptide of claim 48, wherein said second polypeptide chain

further comprises a second binding domain.

52. The CD3-binding polypeptide of claim 51, wherein the second binding domain is

amino-terminal {o the second hinge region.
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53. The CD3-binding polypeptide of any one of claims 29-45, wherein said CD3-
binding polypeptide 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 or VL CD3-VH CD3-
VH second binding domain -VL second binding domain or VH second binding domain-ViL
sacond binding domain-VH CD3-VL CD3 or VH second binding domain-VL second binding
domain-VL CD3-VH CD3.

54. An isolated nucleic acid molecule sncoding the CD3-binding domain of any one
of claims 1-28 or the CD3-binding polypeptide of any one of claims 29-53 or a porion of said
Ch3-binding domain or polypeptide.

55. An expression vector comprising a nucleic acid segment encoding the CD3-
binding domain of any one of claims 1-28 or the CD3-binding polypeplide of any one of claims
28-47, whersin the nucleic acid segment is operatively linked to regulatory sequences suitabls

for expression of the nucleic acid segment in a host cell.

56. A recombinant host cell comprising the expression vector of claim 55,

57. An expression vector comprising first and second expression uniis,

wherein the first and second expression units respectively comprise first and second
nucleic acid segments encoding the first and second polypeptide chains of the helerodimeric
CD3-binding polypeptide of any one of claims 48-52, and

wherein the first and second nucleic acid segments are operably linked to regulalory

sequences suitable for expression of the nuclsic acid segments in a host cell.
58. A recombinant host cell comprising the expression vector of claim 57.
58, A method for producing a CR3-binding polypeptide, the method comprising
culturing a recombinant host cell comprising the expression vector of claim 56 under

conditions whereby the nucleic acid segment is expressed, thereby producing the CD3-binding

polypeptide.
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60. The method of claim 59, further comprising recovsring the CD3-binding
polypeptide.

81. A method for producing a heteradimeric CD3-binding protein, the method
comprising

culiuring a recombinant host call comprising first and second expression units, wherein
the first and second expression units raspectively comprise first and second nucleic acid
segments encoding the first and second polypeptide chains of a heterodimeric CD3-binding
protein as set forth in any one of claims 48-52, wherein the first and second nucleic acid
segments are operably linked to regulatory sequences suitable for expression of the nucleic
acid segments in a host cell, and

wherein said culturing is under conditions wheareby the first and second nucleic acid
segments are expressed and the encoded polypeplide chains are produced as the

heterodimeric CD3-binding protein.

82. The method of claim 81, further comprising recovering the hetsrodimeric CD3-

binding proiein.

&3. A pharmaceutical composition comprising the CD3-binding polypeptide of any

one of claims 29-53 and a pharmaceutically acceptable carrier, dilusnt, or excipient.

64, A method for inducing redirected T-cell oytotoxicity (RTCC) against a cell
expressing a tumor associated antigen, the method comprising: confacting said tumor
associated antigen-expressing cell with the CD3-binding polypeptide of any one of claims 44-53,
wherein said contacting is under conditions whereby RTCC against the tumor associated

aniigen-expressing cell is induced.

85. A method for inhibiting tumor growth in a subject in need thereof, comprising
administering a therapeutically effective amount of the CD3-binding poiypsptide of any one of

claims 28-53 or the composition of claim 83 o the subject.
66, A method for treating cancer or an autoimmune disorder in a subject in need

thereof, comprising adminisiering a therapeutically effective amount of the CD3-binding

polypeptide of any one of claims 29-53 or the composition of claim 63 {o the subject.
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67. The method of claim 86, whearsin the cancear is prosiate cancer, colorectal
cancer, renal cell carcinoma, bladder cancer, salivary gland cancer, pancreatic cancer, ovarian
cancer, non-small cell lung cancer, breast cancer (e.g., triple negative breast cancer).
melanoma, adrenal cancer, mantle cell iymphoma, acute lymphoblastic leukemia, chronic
lymphocytic leukemia, Non-Hodgkin’s lymphoma, acute mysloid leukemia (AML), B-lymphoid

leukemia, blastic plasmocytoid dandritic neoplasm (BPDCN), or hairy cell leukemia.

&8, A CD3-binding domain that binds specifically to human CD3 and that comprises
SEQIDNO: 4,6, 8,10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 38, 38, 40, 42, 44, 46, 48,
50, 52, 54, 56, 58, or 60.

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

polypeptide is the CD3-binding polypeptide of any one of claims 29-45.
70, The CD3-binding polypeptide of any one of claims 28-53, whersin the CD3-

binding polypeptide does not exhibit or exhibils minimal antibody-dependent cell-msdiated

cytotoxicity (ADCC) activity and/or complement-dependsnt cyiotoxicity (CDC) activity.
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